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The Taseko -Bridge River map area covers about  3200 
square  kilometres of mountainous  terrain  centred 200 kilo- 
metres  north of Vancouver. It lies  between  latitudes SO"45' 
and 5l'lS'north and  longitudes 122"OO'and  123"3O'west, 
and  covers  NTS  map  areas 920/2 and 920/3 and  portions 
of map  areas 920/1,92J/14,92J/IS and  92J/16.  Geological 
mapping of the area was  funded  by  the  1985-1990  Canada 
- British  Columbia  Mineral  Development  Agreement.  Its 
main  objectives  were  to  stimulate and focus  mineral  explo- 

providing a geological  framework  within  which to interpret 
ration  by  improving the geoscience  database for the area  and 

mineral  occurrences, alteration zones and geochemical 
anomalies. This information  contributes to an  assessment of 
the  overall  mineral  resource  potential of the  area, thus pro- 
viding  guidelines for future  mineral  exploration  and  land- 
use designations. 

Belt,  which is underlain by a number  of distinct  Late  Paleo- 
The map area  comprises part  of the southeastern  Coast 

zoic to Mesozoic  lithotectonic  assemblages  that  originated 
in  ocean  basin,  volcanic  arc  and  clastic  basin  environments. 
These  assemblages are juxtaposed  across  complex  systems 
of contractional,  strike-slip  and  extensional  faults of mainly 
Cretaceous  and  Tertiary age, and are intruded by plutonic 
rocks of mid-Cretaceous  through  early  Tertiary age. This 
strongly  tectonized  belt  extends  southward  into  the  north 
Cascade  Mountains  of  northern  Washington  state,  and  sepa- 
rates  the  Intermontane  Belt  to  the east from  predominantly 
plutonic  rocks of the  southwestern  Coast  Belt. 

leozoic  and  Mesozoic  rocks of the  Bridge  River,  Cadwal- 
The Taseko -Bridge River area is underlain  by late Pa- 

lader and  Methow  terranes,  together  with  Permianophiolitic 
rocks of the  Shulaps  and  Bralome-East  Liza  complexes,  and 
Jura-Cretaceous  clastic  sedimentary  strata of  the  Tyaughton 
basin. These Paleozoic  and  Mesozoic  rocks are locally  over- 
lain by Paleogene  volcanic  and  sedimentary  rocks,  and  by 
Miocene  to  Pliocene  plateau  lavas.  They are intruded by 
Cretaceous  and  Tertiary  stocks  and  dikes of mainly  felsic to 
intermediate  composition,  and  by a batholith of Late  Creta- 
ceous  granodiorite  which  occupies  much of the  southwest- 
ern  part  of the map area. 

Bridge  River  Complex, an assemblage of chat, argillite, 
The Bridge River Terrane is represented  mainly  by  the 

greenstone,  gabbro,  blueschist,  serpentinite,  limestone  and 
clastic sedimentary  rocks,  with no coherent  stratigraphy. 
Dated  cherts  and  limestones  within  the  complex  range  from 
Mississippian  to  late  Middle  Jurassic in  age,  and  blueschist- 
facics mctamorphic  rocks  yield  Middle  to  Late  Triassic Ar- 
Ar radiometric  dates.  Their  wide age range  and  structural 
complexity,  together  with  the  presence of blueschist-facies 

accretion-subduction  complex  that  formed  in  Middle  Trias- 
metamorphic rocks, suggest that these rocks represent an 

sic  to  latest  Middle  Jurassic  time. The upper  part of Bridge 
River  Terrane  comprises a succession of clastic  sedimentary 
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rocks,  formerly  included in the  Noel  Formation, that are here 
assignedtotheinformalGunLakeandDowntonLakeunits. 
These rocks are included  within the Cayoosh  assemblage, a 
thick  coherent  succession  of  clastic  metasedimenlary  rocks 
that  conformably  overlies  the  Bridge River Comp1,:x to the 

related  with  the  basal  part  of  the  Tyaughton  basin su :cession 
south  of  the Taseko - Bridge River area. They are :tlso cor- 

taceous  Truax  Creek  conglomerate,  which  occurs ;as a nar- 
(lower  Relay  Mountain  Group) to the north. The Jxa-Cre- 

row  fault-bounded  lens  spatially  associated  with  the  Gun 
Lake unit,  may  represent a younger part of  the  Cayoosh  as- 

Mountain  Group. 
semblage, correlative with the middle part of the Relay 

wallader and Tyaughton groups together with Lower to 
Cadwallader  Terrane includes  the  Upper  Triassic  Cad- 

Middle  Jurassic  rocks of the  Last Creek formation  and  Junc- 
tion  Creek  unit. The most extensively  exposed  component 
is the  Hurley  Formation  of  the  Cadwallader  Group,  which 
consists of upper  Carnian to upper  Norian  sandstone,  silt- 

deposited  mainly as turbidites. The Hurley Fomation is 
stone,  conglomerate  and  minor  micritic  limestone  that  were 

stratigraphically  underlain  by  mafic  volcanic  rocks  that are 
also  part of the  Cadwallader  Group,  and is locally werlain 
by a succession of Lower  to  Middle  Jurassic  shales,  siliceous 
argillites  and  siltstones  assigned  to  the  Junction Crwk unit. 
The Tyaughton Group and  Last Creek formatihn,  which are 
restricted to the northwestern exposures of Cadwallader 
Terrane, are facies  equivalents of the  Hurley  Formation  and 
Junction  Creek  unit. The Tyaughton Group compri.;es  mid- 
dle to  upper  Norian  nonmarine  and shallowmarine con- 
glomerate,  sandstone and minor  limestone,  wXle  the 
overlying  Last  Creek  formation is a transgressive s:quence 
comprising  upper  Hettangian to Sinemurian  conglomerate 
and  sandstone  grading  upward into upper  Sinemurian  to 
middle  Bajocian  shale. The volcanic  rocks OF the  Cadwal- 
lader Group have  trace  element  compositions  simi:ar to is- 
land arc tholeiites, and the  clastic  rocks  of the Hurley 
Formation, Tyaughton Group and Last Creek formation 
contain  clasts of limestone,  basalt,  andesite,  dacite,  rhyolite 
and  granitoids. The Cadwallader  Terrane is therefore  inter- 
preted as part  of a Late  Triassic  volcanic  arc  and  [ringing 
clastic  apron. 

assigned  to  the  Shulaps  Ultramafic  Complex and the 
Ophiolitic  rocks in the  Taseko - Bridge  River  area are 

Bralome-East  Liza  Complex. The Shulaps Complv 
most of the  northern  Shulaps Range and  consists of ~.wo ma- 

,. covers 

jor structural  divisions:  an  upper unit of harzburgite  and 
dunite  with a mantle  tectonite  fabric,  and a structurally  un- 

pentinite with knockers of ultramafic cumulates, la.{ered to 
derlying  serpentinite mtlange unit  comprising  sheared ser- 

isotropic  gabbros,  amphibolite,  rodingite,  and  volcanic  and 
sedimentary  rocks.  Late  Paleozoic  radiometric  dates  from 
plutonic  and  metamorphic  knockers  within  the  sercentinite 
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mklange  unit are interpreted as the  age of ocean-floor plu- 

Shulaps  oceanic crust.  Large-scale  structural  inversion  of 
tonism and metamorphism  associated  with  construction  of 

the  original ophiolite stratigraphy occurred  in  mid.-Creta- 
ceous time during its thrust-emplacement  above  Cadwal- 
lader Terrane,  which lies beneath the Shulaps  Complex 
across a southwest-vergent  thrust  system that is exposed  in 
the southwest corner of the Shulaps Range. The Bralorne- 
East Liza  Complex consists of greenstone,  diorite,  tonalite, 
gabbro  and serpentinite that are imbricated  with  Cadwal- 
lader Terrane  throughout the southern  part  of  the  Taseko - 
Bridge  River area. It includes rocks  previously  assigned to 
the Bralorne and  President  intrusions, as well as some  rocks 
that had  been included in  the  Pioneer  Formation of the Cad- 
wallader  Group. These rocks are lithologically  similar to the 
plutonic and volcanic  knockers  found  within the Shulaps 
serpentinite mClange unit, and have  yielded  similar1,ate Pa- 

laps oceanic  crust  that  were  imbricated  with  Cadwallader 
leozoic  radiometric dates. They  may  represent  slices of Shu- 

Terrane during  obduction of the  Shulaps  Complex. 
Rocks  assigned  to  Methow Terrane underlie  the  north- 

rated  from  the  other  major  tectonostratigraphic  assemblages 
eastern part of the Taseko - Bridge  River  area  and are sepa- 

of the  area by the  Yalakom  dextral strike-slip fault or by the 
pre-Yalakom  Camelsfoot fault. The oldest  part of the  suc- 
cession  (units  ImJys,  mJyv  and d c s )  consists of Lower  to 
Middle  Jurassic  siltstone,  shale,  volcanic-lithic  sandstone 
and  local  volcanic  rocks that correlate with  the  arc-derived 
Dewdney  Creek  Formation  of the Ladner  Group. The base- 

cast of the Taseko - Bridge  River  area,  where it comprises 
rnent  to  these  Jurassic rocks is locally  exposed  to  the  south- 

trarnafic  plutonic  rocks  of  the Spider Peak  Formation  and 
poorly dated  mafic volcanic and associated mafic to ul- 

Coquihalla serpentine belt. These ophiolitic  rocks  may cor- 
relate  with  the  Shulaps  Ultramafic  Complex,  which  is 

Taseko - Bridge River  area.  Jurassic  rocks of the  Methow 
faulted  against  the Jurassic rocks of Methow Terrane in the 

Terrane are disconformably  overlain  by a thick  succession 
of Lower to mid-Cretaceous clastic sedimentary  rocks  that 
comprise the Jackass  Mountain  Group.  Although  they are 
lithologically and stratigraphically distinct, provenance 
studies indicate that the Jackass  Mountain  Group  correlates 

basin.  Furthermore,  Jura-Cretaceous  rocks  within  parts of 
withpartsoftheTaylorCreekGroupintheupperTyaghton 

MethowTerraneontsidetheTaseko-BridgeRivermaparea 
correlate with  the  Relay  Mountain  Group of the  Tyaughton 
basin,  which overlies both  Bridge  River  and  Cadwallader 
terranes. The Upper  Jurassic to mid-Cretaceous  rocks  in- 
cluded  in  Methow Terrane are therefore part  of  an  overlap 
assemblage  (Tyaughton - Methow  basin)  that  links  the  Mid- 
dle  Jurassic and older part  of  Methow Terrane with  Bridge 
River  and Cadwallader terranes. 

Cretaceous clastic sedimentary  rocks that extends  from  the 
The  Tyaughton  basin is represented by a belt  of  Jura- 

Taseko-BridgeRiverareanorthwestwardtobeyondChilko 
Lake. The lower  part  of  the  basin is represented  mainly by 

Mountain  Group,  which is well  exposed  in  the  central part 
the upper Middle  Jurassic to Lower Cretaceous  Relay 

of the  map area. Local occurrences of Lower  Cretaceous 
volcaniclastic  strata near the western  limit of Relay  Moun- 

_- 

may  represent a transitional  unit  between Relay Mountain 
tain  exposures,  here  assigned to the Tosh  Creek  succession, 

clastics and coeval volcanic  rocks  within  the  western ?art 
of the  Coast  Belt. The basal contact of the  Relay  Mountain 

was  deposited  on the Bridge  River  Complex,  which is in- 
Group is not  exposed,  but indirect evidence suggests that it 

ferred to underlie  the  main  belt  of Tyaughton basin rccks 
from  the  study area northwestward to Chilko Lake. H.,w- 
ever, since correlative Jura-Cretaceous siltstones and fine- 
grained  sandstones that are  exposed  very locally in the 
Camelsfoot  Range  (Grouse  Creek  unit) are. in  apparent ma- 
tigraphic  contact  with Cadwallader Terrane, and a separate 
belt of Jura-Cretaceous rocks assigned to the Relay Mwn- 
tainGroup 1OOkilometres  to thenorthwest isin stratigraphic 

unit is interpreted to be  an  overIap  assemblage. 
contact  with  Middle  Jurassic rocks of Methow  Terrane,  the 

The  upper  part of the  Tyaughton  basin consisti of 

Group and Silverquick formation, which  were  deposited 
synorogenic clastic sedimentary  rocks  of the Taylor C ~ e k  

during  the episode of  mid  to Late Cretaceous  contractional 
deformation that characterizes the southeastern  Co;st - 
north Cascades orogen. These strata rest unconformably 

map  area, and  disconformably above the Relay Mountain 
above  the Bridge  River  Complex  in the southern part ol'the 

Group farther to the  northwest.  They contain detritus de- 
rived from uplifted  Bridge  River Complex,  Cadwallader 
Terrane and  associated  ophiolitic complexes within  the  oro- 
gen  itself, as well as detritus derived  from a volcanic source 

comprises  the  upper  part  of  Methow  Terrane,  consists 
to the  west. The  coeval  Jackass Mountain  Group,  which 

mainly  of  arkosic  sedimentary  rocks that were  derived from 
a source area to the east or northeast.  However, to the south- 
eastoftheTaseko-BridgeRiverarea,mid-Cretaceousrocks 
of the  Methow Terrane also include chert-rich  units that 

eastern  Coast - north  Cascades  orogen. These relations'dps 
were  derived from a western  source  area  within the south- 

suggest  that  mid-Cretaceous rocks were  deposited  in  two 
sub-basins  (Tyanghton  and  Methow) that were  largely stpa- 
rated by intrabasinal  highlands  underlain  mainly  by Br dge 
River  Terrane. Separation of the  two  sub-basin.  was  not 
complete,  however, as provenance  studies,  including fis- 

arkosic  sedimentary  rocks  within  the  Taylor  Creek G~oup 
sion-track  dating of detrital  zircons, indicate that. a unit of 

was  derived  from  the same source area as the  voluminous 
arkosic  sediments of the  Jackass  Mountain  Group. 

The Tyanghton  basin deposits are overlain by  Upper 
Cretaceous  nonmarine  volcanic  and  volcaniclastic  r0ck.s of 
the  Powell  Creek formation, across contacts that  range  from 
conformable to  markedly  unconformable. These volcanics 
are part  of a magmatic arc that  migrated  eastward  acros::  the 
Coast  Belt  in  Early to Late Cretaceous  time. Clastic sedi- 

groups,  which  underlie the  main exposure belt of the  PoNell 
mentary rocks of the Taylor  Creek and Relay Mountain 

Creek  formation,  were  deposited  in a back-arc  setting  with 
respect to older volcanic  and plutonic components  of  this 
arc,  which occur farther west  in  the  Coast  Belt. 

nated by a system of northwest to north-trending faults that 
The structure of the Taseko -Bridge River area is domi- 

reflect a protracted  history of mid-Cretaceous to Tertiary 
contractional,  strike-slip  and  extensional  deformation. 
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These  Cretaceous to Tertiary  map-scale  structures are su- 
perimposed  on older structures that  have  been  documented 
only  within  the  Shulaps  and Bridge River  complexes. The 

plutonic faults and ductile shear zones  that formed during 
early  structures  within  the Shulaps Complex comprise  syn- 

Early  Permian  construction of Shulaps oceanic crust.  Those 
within  the  Bridge  River  Complex include penetrative folia- 
tions  within Middle Triassic blueschist-facies  rocks,  as  well 
as the outcrop-scale brittle faults that  pervade the complex, 

These structures are attributed  to  deformation  within  an  ac- 
leading to a pronounced lenticularity of lithologic units. 

ently operative, perhaps  episodically,  from the Middle 
cretion-subduction  complex. This deformation  was  appar- 

Triassic to at least late Middle  Jurassic  time, after which  the 
Bridge River Complex  was  depositionally  overlain by clas- 
tic sedimentary  rocks of the  Relay  Mountain  Group  and 
Cayoosb assemblage. 

The oldest map-scale structures within  the area are  sys- 
tems  of  mid to early Late Cretaceous  contractional  faults. 
These are recognized  across  much of the  map  area,  but  their 
continuity is disrupted  by  younger  faults.  Synorogenic  clas- 
tic rocks of the  upper  Tyaughton  basin  were  deposited  dur- 
ing this contractional  deformation, as indicated by the 

formities beneath  the  Albian  Taylor  Creek  Group  and  the 
predominanceoflocallyderiveddetritusandangularuncon- 

Upper  Cretaceous Silverquick and Powell Creek forma- 
tions. The most  prominent structures are southwest-vergent 
thrust faults that imbricate mid-Cretaceous  and older rocks 
of the  Tyaugbton  basin,  Bridge  River  Complex,  Cadwal- 

plexes. The most  common  stacking  order  preserved  in  these 
lader Terrane  and Bralorne-East  Liza and  Shulaps com- 

thrust belts consists of the Shulaps Ultramafic  Complex 
above imbricated Cadwallader  Terrane and  Bralome-East 

Complex  and  Relay  Mountain  Group.  Somewhat  younger 
Liza  Complex,  which  themselves are above  Bridge  River 

southwest-vergent reverse and reverse-sinistral faults lo- 
cally reverse this  predominant stacking order and place the 
Bridge River Complex above the  Cadwallader  Group  and 
Bralorne-East  Liza  Complex.  Northeast-vergent thrust 
faults and  folds are evident locally,  and  may in part he coeval 
with the southwest-vergent reverse and reverse-sinistral 
faults. 

The mid to Late Cretaceous contractional faults are cut 
by younger  systems  of dextral strike-slip faults, which 
formed  in Late  Cretaceous through  Middle to Late  Eocene 
time. These are the most prominent and continuous  struc- 
tures  in the Taseko - Bridge  River  area.  They include the 
Yalakom fault, which  was  the locus of about 115 kilometres 
of dextral displacement. Several of  the  dextral  faults are 
linked  through transfer zones or steps, which localized 

most  prominent transfer zone occurs  within the Shulaps 
zones  of  transpressional or transtensional defolmation. The 

Range between  the  Yalakom fault and  the  Marshall  Creek 

phibolite facies schists  derived  from  the  Bridge  River  Com- 
fault to the southwest. This zone  includes  greenschist  to  am- 

inverted  metamorphic aureole related to mid-Mesozoic  ob- 
plex,  which  had  previously  been  interpreted as part of an 

duction  of a hot Shulaps ophiolite.  However,  more recent 
data show  that  the schists formed  during  emplacement  of 
Middle Eocene granitoid intrusions, and  underwent  syn- 

metamorphic dextral transpressive deformation that was 

Yalakom  fault. The schists are in part bounded  by  system 
probably  related to dextral  movement along the  sdjacent 

of late Middle Eocene normal faults that postdate he tram 
spressional  structures.  Uplift  and  exhumation  of  the  meta- 
morphic  rocks  beneath  this  normal  fault  system  is 
interpreted  to  have  resulted  from the initiation of  the  Mar- 
shall  Creek fault as an important  component  of tht: dextral 

ping extensional  transfer zone between it and  the  northwest- 
fault system,  with  consequent  development of a right-step- 

ern  part of the  Yalakom  fault. 
The  Taseko - Bridge River map area includes the north- 

ern part  of the Bridge  River  mining camp, British  Colum- 
bia's foremost historical  gold  producer.  Most  of  thc  camp's 
production came  from the Bralorne and  Pionem  mines, just 
to the  south of the Taseko -Bridge River  area,  which  oper- 

than 7 million  tonnes of ore grading about 13 g/t Au and 4 
ated from  the late 1920s to 1971 and produced a little more 

g/t Ag. The production from these mines, and fron similar 
deposits  in  tbe  southern  part of the  map area, cane from 
mesothermal  gold-quartz  veins  associated  with  early Late 

latter stages of the  protracted episode of  Cretaceous  contrac- 
Cretaceous reverse-sinistral faults that formed  during  the 

tional deformation.  Coincident  with  development of  Struc- 
turally-controlled  Bralorne-style  mesothermal  veins  in  the 
Bralome - Gold  Bridge  area,  was  intrusion  of a large  Late 
Cretaceousgranodioritebatholith tothe west andnorthwest. 
The batholith itself contains numerous  porphyry  occur- 
rences,  and a single hypothermal  sulphide-arsenide-oxide 
vein  occurrence. The porphyry  occurrences  pass  outward 
into vein occurrences in the adjacent  country ~ ~ o c k  that  occur 
locally for 40 kilometres  along  the  northeastern cmtact of 
the  pluton.  In  the  western part of the  area,  miner21  assem- 

batholith  suggest conditions transitional  between  porphyry 
blages  in  an extensive alteration zone directly nolth of  the 

and  epithermal  environments. 

tion  occurred  in latest Cretaceous to Paleocene  time. 1nm- 
A younger  pulse ofmagmatism and  related  mineraliza- 

sions and  associated mineral  occurrences of  thi::  age are 
concentrated  along  the  dextral-slip  Castle Pass fault system 
between  Carpenter  Lake  and  Tyaughton  Creek,  and may in 
part  have been controlled  by a prominent extensicnal bend 
in the fault system.  Mineral  occurrences are m:linly po- 
lymetallic  and stibnite veins,  including the past-producing 
Minto and  Congress  mines,  but the belt  also  includes  skarn 

currences that occur  along the general strike of the belt  west 
and  mercury  showings.  Polymetallic  vein  and  porphyry  oc- 

of  Big  Creek are associated  with  porpbyry  intrusions  that 
may also be of this  age. 

veins  also occur within  and adjacent to Middle Ecene  gra- 
Porphyry  occurrences  and  associated  polynetallic 

nodiorite  plutons that were localized  within  uanspressional 
transfer zones linking the Yalakom, Fortress Ridge and 

alization at Big  Sheep Mountain is associated wth a plu- 
Chit,  Creek  dextral fault systems.  Epithermal-style  miner- 

younger extensional transfer zone between  the Marshall 
tonic-volcanic  stock  that was intruded  into a slightly 

Creek  and  Yalakom  faults. Eocene dextral  strike-!;lip faults 
also host a number  of  CinnahatYstibnite  occurrences,  some 
of which are past  producers  of  mercury. Higher ternperature 
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British Columbia 

scheelite-stibnite  veins occur locally  along  one  of  these fault 

phyry dikes. 
systems,  in  an area with  abundant  syn-faulting  feldspar  por- 

Late  Paleocene to early Eocene porpbyty  mineraiiza- 
tion  at  the  Poison Mountain deposit is associated  with small 
quartz  diorite stocks that intrude Methow  Terrane. 'This is 
the only  mineral  occurrence in the area northeast of the 
Yalakom fault; because it predates  much of the Eocene dex- 
tral strike-slip, it may  have  originated a considerable dis- 

the other side of the  fault. 
tance  northwest of the main  belt of mineral  occurrences  on 

The  geological relationships established within the 
Taseko - Bridge  River  area,  in  combination  with data from 
other parts of the belt, suggests the following  general  sce- 
nario for the  tectonic  evolution  of the southeastern  Coast - 
north  Cascades  orogen: 
(1) Easterly-directed  subduction of the  Bridge  River  ocean 

basin  in  Middle Triassic to latest  Middle  Jurassic  time, 
beneath  an  overriding oceanic plate represented by late 
Paleozoic ophiolitic socks of the  Shulaps  and  Bralorne- 
East  Liza  complexes.  Upper Triassic to Middle  Jurassic 
asc volcanics and  arc-derived clastic sedimentay rocks 
of  Cadwallader  and  Methow terranes formed on the 
overriding plate in  response to this  subduction,  and  the 
northeastern part of the  Bridge River Complex  accnmu- 
lated  as  an  accretionary  complex  at  the  leading edge of 

(2) Emergence or arrival  of a western crustal block,  inclnd- 
the overriding  plate. 

ing  the southwesternCoast Belt  and WrangelliaTerrane, 
in late Middle  Jurassic  time. The subsequent  Late  Juras- 
sic to Early Cretaceous history  of  Bridge  River,  Cadwal- 
lader  and  Methow  terranes is dominated  by  deposition 
of clastic sediments derived  mainly or entirely  from  this 
western  block. In the  north,  these clastic deposits are 
represented by the Relay  Mountain Group, which  over- 
laps  Methow  and Cadwallader terranes, as well  as  the 
adjacent Bridge  River accretion-subduction  complex. 
Clastic sediments farther south are represented  by  the 
Cayoosh  assemblage,  which  was deposited, in part, 
above stratigraphically coherent portions  of  the 13ridge 
River  Complex  which  were  not  affected by subduction- 
related  deformation. 

(3) Final collapse of the Bridge  River  basin,  including  over- 
lying clastics of the Cayoosh  assemblage  and Relay 

Mountain  Group,  in  Early to Late  Cretaceous lime,  giv- 
ing rise to the  southeastern  Coast - north  Cascades con- 
tractional orogen. Shortening of the basin, ky way of 
predominantly  southwest-directed  thrust fa& (' wasco- 
incident  with  east-dipping  subduction of adjacent we- 
anic lithosphere along the outboard margin of the Insular 
Belt, and eastward  migration of the  resultant magmltic 
arc from the  western  Coast Belt to the eastern G a s t  B elt. 
Synorogenic  clastic  sediments of  the  Tyaughtcn - 
Methow basin  were  derived partly from the weslern 
Coast Belt, partly from uplifted highlands within the 
orogen itself, and partly from  a continental source cast 
of the  orogen. The influence of the latter source  mea 

Coast - north Cascades  orogen may have included its 
suggests that the deformation  within the southeasfern 

collapse against theNorth American  continental mar$n, 
andlor have  been coincident with  major  uplift  of adja- 
cent North  American  rocks.  Although  many gwlogi- 
cally-based  interpretations  suggest  that the eastern 
source terrane  comprised adjacent rocks of  the  Inter- 
montane and Omineca  belts,  paleomagnetic  data  sugj:est 
that this interaction occurred 3000 kilometres fmher 
south  along  the continental margin. 

(4) Late  Cretaceous  to Late  Eocene dextral strike-dip fault- 

ocean  plates  from east to  northeast-directed orthogcnal 
ing,  following  an abrupt  change in  motion  of offshore 

convergence  with  the  North  American  margin to no:tb- 
directed  oblique  convergence. These dextral Faults in- 
clude the Yalakom - Hozameen  and  Frases  River - 
Straight Creek fault systems,  which  account for 200 to 

magnetic  data suggest that  this  tectonic  regime also re- 
300 kilometres  of  mainly  Tertiary  displacement.  Paleo- 

Paleocene  northward  translation  of the entire southe:ist- 
solted  in  about 3000 kilometres  of Late  Cretacwu!: to 

ern Coast - north  Cascades  orogen, together with  the 
western Coast and Insular belts, from the latitude  of 

North  American  craton. More than  half of this  displace- 
northern  Mexico to its present  position relative to the 

present  day  boundary  between the southern Coast and 
ment  apparently  occurred  on smcmres along ornear the 

Intermontane  belts, although fault systems with the ap- 
propriate sense and timing of displacement  have not 
been  documented along this  boundary. 
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Ministv of Employment and Iwestment 

CHAPTER 1 
INTRODUCTION 

" 

LOCATION,  TOPOGRAPHY  AND 
ACCESS 

The  Taseko - Bridge River  map  area  covers  about 3200 

metres north  of  Vancouver. It lies  mainly  within  the  Chil- 
square kilometres of mountainous  terrain  centred 200 kilo- 

cotin Ranges of the Coast Mountains,  but also covers paas 
of the adjacent Leckie,  Dickson  and  Bendor  ranges  to  the 

northeast. It lies between  latitudes 50"45' and  .51"15'north 
southwest, as well as a part of the  Camelsfoot Range to the 

and longitudes 122"OO' and 123"3O' west,  and  covers  NTS 
map areas 92012  and  92013  and portions of map areas 
92011,92J114,92J115 and 92Jl16. 

lakes,  flows  eastward  along  the  southern  margin of the  map 
The  Bridge  River,  including  Downton  and  Carpenter 

area to empty into the  Eraser  River  near  Lillooet, 5 kilome- 
tres east of  the area's eastern  boundary  (Figure 1). Major 
tributaries of the Bridge  River that flow  southeastward 

creeksandtheYa1akomRiver.Majordrainagesinthenorth- 
through  the  map area include Gun,  Tyaughton  and  Relay 

em part of the  area,  including  the  Taseko  River  and  Beece, 
Big,  Dash  and  Churn  creeks,  flow  northward  to the Chilcotin 
and  Fraser  rivers. 

considerable: Taseko Mountain  in the northwestern comer 
Total relief  within  the  Taseko - Bridge  River  area is 

of the  area reaches a height of 3061 metres  above sea level 
(Photo I), while  the  elevation  along  the  Bridge  River  in  the 

northwestern  part  of  the  area,  west of Big  Creek  and  south 
southeastern corner of the area is only 300 metres. The 

rugged  mountains.  Elevations  range from 1500  metres to 
and  southwest of Mount  Sheba, is characterized by high, 

over  3000  metres,  with treeline at about I800 melres.  The 
mountains are somewhat  lower,  and distinctly lesr rugged 
to the southeast,  where elevations range from 601) metres 
along  Carpenter  Lake to 2700 metres on  Relay  M.ountain. 
The terrain gradually becomes  lower  and ]nore subdued 
northward,  and is characterized by rolling tree.covered 
ridges  and  bmad  valleys along the northern  margin of the 
map  area,  in  the  vicinity of Chum, Dash and  Lone Valley 
creeks  (Photo  2). This area  marks a transition into he CMI- 
cotin  Plateau  to  the  north;  west of Big Creek,  this t :ansition 
occurs  along  the  Dil  Dil  Plateau  at  elevations  of 2000 to 
2300 metres.  The  Shulaps  Range,  in  the  southeaslern  seg- 
ment of the  map  area, is an  isolated  welt of high,  rugged 
mountains  ranging up to almost 2900  metres  in devation 
(Photo 3). These are bounded by the  Yalakom  River  and 

and  Carpenter  Lake  to  the  south  and  southwest,  and by a belt 
Camelsfoot  Ranges  on  the  northeast, by the Brid;:e River 

of relatively subdued  topography  bordering  Tyanghton 
Creek to the west. 

Permanent  settlement in  theTaseko - BridgeRiver map 
area is restricted to the area  around  Gold  Bridge  (Photo 4) 

vicinity of Moha,  along the lower  Yalakom  River  valley  in 
and Bralome, in  the  southwestern comer of the area,  and the 

margin of the  map  area, is by a good gravel road  that  follows 
the southeast.  Access to these areas, and  the entire $outhem 

Lillooet.  Gold Bridge and Bralome can  also be reached  from 
the  Bridge River and  Carpenter  Lake  from  Gold Iiridge to 

~~ ~~~ .~ ~ 
~ ~~ ~. ~~ .~ 
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Photo 1. Taseko  Mountain,  viewed  southwestward from just north of the  study  area. 
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Figure 1. Location of the Taseko - Bridge  River  map  area. 
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Photo 2. View  to  the  northeast  from  the  slopes  west  of  upper  Mud  Creek: Red Mountain  on  right-hand  skyline 

Photo 3. North  end of thc  Shulaps  Range,  viewed  southward  from  the  Camelsfcot  Range 
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Photo 4. The  town of Gold  Bridge  viewed from the  north  side of the  Bridge  River;  Mount  Fergusson in the  background 

Pemberton by  way of a seasonal road along the  Hurley 
River.  A  road  that  branches  from  the  Carpenter  Lake  road 

roads  that  covers  parts of the  drainage  basins of Liza,  Noaxe, 
at  Marshall Creek leads to an  extensive  network  of  logging 

Mud,  Relay  and  Paradise  creeks. This network is also ac- 
cessible  via  the  Tyaughton Lake road,  which  branches  from 
the Carpenter Lake road 10 kilometres  northeast of Gold 
Bridge,  and  by a road  that  follows  the  Yalakom  River  to 
Poison  Mountain  and  then  extends  eastward to Mud  Creek 
through the drainage divide at  Swartz  and  Mud I'akes. A 
seasonal  road  that  extends  eastward from Poison  Mountain 
leads  to a Fraser  River  ferry-crossing at Big  Bar  Creek. 

entire 920/3 sheet, is not  accessible  from  Gold  Bridge  by 
The northwestern part  of  the  map area, including  the 

road,  but is traversed  by  an  excellent  network of trails,  with 
[railheads at Gun Creek, Tyaughton  Lake,  Taylor  Creek,  the 
junction of Tyaughton  and  Relay  creeks,  and  upper  Relay 
Creek. The northwestern  part of the  area  can also be ac- 
cessed  from  Highway 20 between  Williams  Lake  and  Bella 
Coola,  via a road  that  extends  southwest  from  Hanceville  to 
the  Nemaia  valley.  A  seasonal  road  that  branches  southward 

and  Granite  creeks. 
from this  road  follows  the  Taseko  River as far as Battlement 

Permanent  helicopter bases are located  in  Pemberton 
Meadows, 45 kilometres  south of Gold  Bridge,  and  in  Lil- 

helicopter bases are commonly established in the Gold 
looet, 65 kilometres  east-southeast ofGold Bridge.  Seasonal 

Bridge area during  the  summer  months. 

REGIONAL  GEOLOGIC  SETTING 
The Taseko - Bridge  River  project  area lies along  the 

northeast  margin of the  southern part of the Coast  Belt, one 
of the five morphogeological belts of the Canadian Co~dil- 
lera. The Coast Belt  extends for more  than 1700 kilometres 
from  northern  Washington  state  to  the  southern  Yukon,  and 
is characterized  by  rugged  mountains  underlain in large part 

Plutonic  Complex. The Intermontane Belt to the east is un- 
by Late Jurassic  to  early  Tertiary  granitic  rocks of the Cmst 

derlain  by  Quesnel,  Cache  Creek  and Stikine tenanes (In- 
termontane superterrane), which were amalgamated  and 

to Middle  Jurassic  time. The Insular  Belt to the west is un- 
accreted  to  the  western  margin of North  America  by  Early 

derlain  by  the  composite  Insular  superterrane,  which  [:on- 
sists  mainly of Wrangellia  and  Alexander  terranes. 
Mid-Cretaceous  southwest-directed  contractional  faults are 
prominent  structnres in several  areas  within  and  along  the 

younger east-directed  thrusts are  locally prominent  in  the 
western margin of the  Coast Belt,  and coeval  to  slightly 

eastern  part of  the  belt  (Rubin et al., 1990; Rusmore  and 
Woodsworth,  1991b). These structures  and  associated  mag- 
matism  were  interpreted  by  Monger et al. (1982) to  reflect 
crustal  thickening  associated  with the accretion of theInsn- 

(Intermontane  superterrane) in mid-Cretaceous  time.  Other 
lar  superterrane to the  western  margin of North  America 

workers,  including  van  der  Heyden (1992), suggest thal the 
Insular  snperterrane  was  amalgamated  with  the hternlon- 
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tane superterrane by Middle  Jurassic  time,  and  the  Coast 
Belt is a long-lived  (Middle  Jurassic to Tertiary) Andean- 
style magmatic arc built  across both superterranes.  In this 
interpretation, the mid-Cretaceous  contractional  structures 
within  the  Coast Belt are intraplate structures  that  in  part 
collapsed a series of intra-arc basins.  Further  debate  about 

belts relates  to  their  mid-Cretaceous  paleolatitudes.  Many 
the relationships between  Insular,  Coast  and  Intermontane 

geological  models  place  them  at  approximately  their  present 

sets oftilt-correctedpaleomagnetic datasuggest thatin mid- 
location along the  North  American  margin,  whereas  several 

Cretaceous  time parts of the  Coast  Belt  lay  about 1800 km 
south  of  presently  adjacent  rocks  of  the  Intermontane Belt, 

current  position  with  respect to the  North  American  craton 
which  themselves  were  about  1200  kilometres  south of their 

(Ague  and  Brandon,  1992:  Irving etal., 1993;  Wynne  et al., 
1993). 

Recent geological studies indicate that the  southern 
Coast  Belt  can  he  divided into western  and  eastern  parts 

and  structural  style  (Monger e /  al., 1990;  Monger  and 
(Figure 2) based  on  differences  in  plutonic  rocks,  terranes 

Journeay,  1994). The southwestern  Coast  Belt  consists of 
about 80 per cent Middle  Jurassic to mid-Cretaceous  plu- 
tonic  rocks. Its western  boundary is a Late  Jurassic  mag- 
matic front along which  granitic  rocks of the  Coast  Belt 
intrude Triassic and  Jurassic rocks of Wrangellia Terrane 
along  a linear system of northeast-side-down  Jurassic  faults 

rocks  extend across  the entire width of the  southwestern 
(Nelson,  1979;  Monger,  1991a). The  Late Jurassic  plutonic 

Wrangellian  rocks  in !he western  and  central  portions.  At 
Coast Belt, and  enclose  pendants  and septa of Jurassic 

the southeast corner of the  southwestern  Coast  Belt,  this 
same suite of  Jurassic  plutonic  rocks  intrudes  lower  units oi 

argillites and  mafic  volcanics  (Camp  Cove  Formation)  over- 
the Harrison  Terrane,  which  includes  Middle  Triassic  cherty 

lain  by Middle Jurassic  andesitic  to  dacitic  volcanics of  the 
Harrison  Lake  Formation  (Arthur  et al., 1993).  Stratigraphi- 
cally above the  Harrison  Lake  Formation  are  upper  Middle 
Jurassic to Upper  Jurassic  sedimentary  and  andesitic  vol- 
canic rocks that are coeval with  some of the  Jurassic  plutons 
in  the  southwestern  Coast Belt. These are unconformably 
overlain by Lower Cretaceous  sedimentary and  volcanic 
rocks of the  Peninsula  and  Brokenback  Hill fo~mations. A 
similarunconformity is present  elsewhere  in  the  southwest- 
ern  Coast  Belt,  where it separates  volcanic  and  sedimentary 
rocks  of  the  Lower  Cretaceous  Gambier  Group  from  older 
assemblages,  including  Late  Jurassic  plutonic  rocks  (Mon- 
ger,  1993). 

Bridge  River  area,  contains a smaller  percentage of granitic 
The southeastern  Coast Belt,  including  the  Taseko - 

rocks  than the southwestern  belt,  and  these are mid-Creta- 
ceous  through  Early  Tertiary  in age. Supracrustal  rocks  in- 
clude  a  number of distinct, partially coeval lithotectonic 
assemblages,  including  Bridge River, Cadwdllader  and 
Methow  terranes, that originated  in  ocean  basin,  volcanic 

are Late Paleozoic  to  Cretaceous  in age, and are juxtaposed 
arc  and  clastic  basin  environments. These lithotectonic  units 

across  complex  systems of contractional,  strike-slip  and  ex- 
tensional faults of mainly  Cretaceous  and  Tertiary  age. Up- 
per  greenschist to amphibolite  facies  metamorphic  rocks are 
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exposed  in  the  south-central  part of the belt,  whcre  they 

contractional  deformation  (Journeay,  1990; Journ:ay  and 
formed and were  exhumed during early Late Crr:taceous 

Friedman,  1993). Thesemetamorphicrocks rest  structurally 
above  rock  units  comprising  the  eastern  edge of  th: south- 

ping early Late  Cretaceous  thrust  faults. The metamorphic 
western  Coast  Belt  across  an imbricate system  of  east-dip- 

grade  decreases to prehnite-pumpellyite  facies farther north, 
where  terranes of the  southeastern  Coast Belt are imbricated 

rected,  mid  to early Late Cretaceous contractional  faults  in 
across similar polyphase,  predominantly southrvest-di- 

Northlatitnde,rocksoftheeasternCoastBelt;ueimbricated 
the Taseko - Bridge  River area. Still farther north,  near 52" 

by slightly  younger  northeast-directed  thrust  faults  of  the 
Eastern  Waddington  thrust  belt  (Rusmore and Woodsworth, 
1991b, 1994).ThenpperfanltsofthisLateCretaceo~sthrust 
system separate theserocks from  overlying  Jurassic  plutonic 

Heyden e/ al., 1994). 
rocks  characteristic  of  the  southwestern  Coast Belt (van  der 

structures of the  southeastern  Coast  Belt extend southward 
Lithotectonic  units  and  mid-Cretaceous  contractional 

into  the  north  Cascade  mountains of Washingtc~n  State 
(Misch,  1966;  McGroder,  1991;  Monger,  1991b;  Monger 
and  Journeay,  1994).  which  includes acentral belt c.f green- 
schist  to  amphibolite facies metamorphic  rocks  (Cascade 
metamorphic  core)  flanked by lower  graderocks to  the  west 
and east (Figure 2). The western  belt is an  imhricr.te  stack 
of west-vergent  thrust  sheets  referred  to as the  nmthwest 
Cascades  and  San  Juan Islands thrust  systems. Thf .  eastern 
part of the  orogeu,  referred to as the  eastern C:asca(les fold- 
belt,  comprises low-grade rocks deformed  by bothnortheast 
and  southwest-directed folds and thrust  faults.  Methow  and 

eastern Cascade foldhelt and, after restoring shout  100 kil- 
Bridge River  terranes are the principal componens of the 

ometres of dextral  offset along the Fraser fault, they  extend 
northwestward into easily  identified  correlatives  within  the 
southeastern Coast Belt exposed in  the Taseko . Bridge 
River  area.  Bridge River Terrane also has  probable  correla- 
tives  within  the Cascade metamorphic core, as well  as  in  the 
upper  thrust slices of the  northwest  Cascades  and  San  Juan 
Islands thrustsystems (Monger,  1991b; Millereral., 1993b; 
Monger  and  Journeay,  1994).  The  northwest  Cascades  sys- 
tem  marks  an abrupt southern  limit  to the extensivs belt of 
Jura-Cretaceous  plutonic  rocks  which  characterize the 
southwestern  Coast  Belt, although lower  thrust slic:s of the 
system  locally include rocks correlative with Hamlon Ter- 
rane.  Furthermore,  Monger  (1991b)  and  Monger  and 
Journeay  (1994)  point  to  the  possible  correlati.on  of  the  Cre- 
taceons-Tertiary  Western  Mklange  Belt  in  the focthills of 
the  northwest Cascade  system with  the Pacific R in  Com- 
plex  and  Leech  River  schist,  which are thrnst benea! h Wran- 
gellia along the  western  and  southern  coasts of Vancouver 
Island (see Figure 2). This correlation suggests that the 

can he regarded as the  southern end of a huge block that  has 
southwestern  Coast  Belt  and  adjacent  Wraugellia  Terrane 

been  incorporated into a long-lived accretionary  complex 
represented in part by the southeastern  Coast - north  Cas- 
cade orogen  (Monger, 1986; Monger  and Journea), 1994). 

southeastern  Coast - north Cascade orogen is the  l'asayten 
East of the Fraser fault the eastern boundary of the 
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fault zone,  which  has  been  traced  continuously formore than 
200 kilometres  and  separates  Methow  Terrane  from a belt 
of Mesozoic  plutonic  rocks along the  western  edge  of  the 
Intermontane  Belt  (Monger,  1989;  Monger  and  McMillan, 

the  Mount  Lytton  Complex,  which  has  been  correlated  with 
1989).  This  belt includes Late Triassic granodiorite  within 

similar  plutons of the Quesuel Terrane (Parrish  and  Monger, 
1992),  the  Middle to Late  Jurassic  Eagle  tonalite,  which  in- 
trudes  the  Nicola  Group  of  Quesnel  Terrane  (Greig,  1992; 

rocks that include the  Okanogan Range batholith (Hurlow 
Greig et al.,  19921, and a suite of Early  Cretaceous plutonic 

and  Nelson,  1993)  and  the  Fallslake  plutonic suite (Greig et 
al., 1992). The Cretaceous  plutons  are  probably  related  to 
continental  arc  volcanics of the  late  Early  Cretaceous 
Spences  Bridge  Group,  which  overlaps  Qnesnel  and  Cache 

kelsonandSmith,1989).LatestmotiononthePasaytenfault 
Creek  terranes a short distance  east of the  boundary  (Thor- 

zone was  Eocene,  and  this  was  superimposed  on a zone  of 
mid-Cretaceous sinistral transpressional  deformation  docu- 
mented  within the plutonic rocks  along  the  western  edge  of 
the Intermontane Belt (Greig,  1992;  Hurlow,  1993). 

West of the  Fraser fault, the  northeastern  boundiuy of 
the  southeastern  Coast  Belt is largely  obscured by Eocene 
and  younger  deposits,  but  corresponds  in  part  to  the  Slok 
Creek and  Hungry  Valley fault systems,  which separate 

and  sedimentary  rocks to  the  northeast. (Tipper,  1978;  Read, 
Methow Terrane from a succession of Cretaceous  volcanic 

1988;  Monger  and  McMillan, 1989). These  Cretaceous 
rocks of the Intermontane Belt  include  Lower  Cretaceous 
volcanic  and  comagmatic  intrusive  rocks  correlated  with  the 
Spences Bridge  Group, as well as overlying  mid  to  Upper 
Cretaceous sedimentary  and  volcanic  rocks  that  have  been 
correlated with  the  Silverquick - Powell  Creek  succession 
of the  adjacent  Coast  Belt  (Green,  1990; Hiclcson, 1992; 
Mahoney et al., 1992).  Farther to the  northwest,  the  Eocene 

the  Coast and  Intermontane belts, as well  as  the  northeastern 
Yalakom  fault  marks  the  physiographic  boundary  between 

limit of terranes  and clastic basin  deposits  that are unequivo- 
callypartofthesoutheastemCoastBelt(Riddelletal.,1993; 

assemblages are juxtaposed against  Jurassic  volcanic  rocks 
Schiarizza et  al.,  1995).  In  the  vicinity of Chilko  Lake these 

included  within  Stikine  Terrane  (Tipper,  1969a,h; 
Schiarizza ef al., 1995),  demonstrating  that the northeastern 

cuts obliquely  across  the  triad  of  terranes,  Quesnel,  Cache 
boundary  of  the  southeastern  Coast - north  Cascade  orogen 

Creek  and  Stikine,  that  make  up  the  Intermontane  Belt. The 
lithotectonic  assemblages  and  mid-Cretaceous contrac- 
tional structures characteristic of the southeastern Coast 
Belt  are  not  recognized  beyond 52' North  latitude,  having 
apparently  pinched  out  between Stikine Terrane to the 
northeast  (across  the  Yalakom fault), and Jurassic-creta- 
ceous  plutons characteristic of  the  southwestern  Coast  Belt 
to  the  west  (in  part  across  the  Eastern  Waddington  thrust 
belt). 

PREVIOUS  GEOLOGICAL WORK 
Interest in the geology  and  mineral potential of the 

southern  part  of  the Taseko - Bridge  River  area  was first 
aroused  in  1858,  when  placer  gold  was  discovered  in  the 

lower  Bridge  River.  Prospecting  up-river  soon le1 to the 
discovery  of  gold  in  Gun Creek,  and then  in  the  Hurlcy  River 
and  Cadwallader  Creek. The first claims covering lode gold 

and  many  of the  important  mineral  properties  in  tht:  Bridge 
occurrences  were  staked along the Hurley  River in  1896, 

River  area  were  located  prior to the  turn of the  cenlury. 

1911;  Camsell, 1912, 1919;  Bateman, 1914a,h;  Brewer, 
Early reports on the Bridge  River area (Robertson, 

1914)  were  concerned  mainly  with  descriptions  of  individ- 
ual  mineral  occurrences and mining  operations.  Drysdale 
(1916,  1917)  provided  the first regional geologic map (to- 
gether  with  cross-sections and a table of formations) of the 
area encompassing  the Bridge  River valley  from Gun Lake 
to the Shulaps Range. This  same area was described by 
McCann  (1922),  who  published a revised geo1ogi:al map 
and  the first complete description of the lithologc units, 
structure and  mineral  occurrences of the area. A later de- 
tailedstudybyCairnes(l937)coveredaheItextendingfrom 
Cadwallader Creek  north-northwest to lower G u l  Creek 
that  included  all  known  occurrences of Bralorne-style 
mesothermal gold-quartz veins. Cairnes (1943)  extended 

north as Tyaughton Creek and  Mount Sheba; mercury  and 
this  mapping  westward into the Dickson Range ar.d as far 

tungsten  deposits  in  the eastern part of this :area were de- 
scribed by Stevenson  (1940,  1943).  Leech  (1953)  mapped 
most  of  the Shulaps Range,  from  Shulaps  Creek  nwxhwest- 
ward  to Quartz  Mountain, and provided  the first detailed 
descriptions of the Shulaps  Ultramafic  Complex. Iloddick 
and  Hutchison  (1973)  incorporated  the  work. of Drysdale, 
McCann,  Cairnes  and  Leech, as well as more recen studies 
by Jeletzky (1967,1971) and  J.W.H.  Monger  (Camcron  and 
Monger,  1971). into their  1:250  000-scale  map and brief 
summary report of the Pemberton (East Half) map  area. 
Their map was in turn incorporated  into  Ploodsworth's 
(1977)  1:250 000-scale compilation of the entire Pe:nberton 

by  Pearson  (1975,  1977)  in  the Bridge  River mining  camp 
(925)  map  sheet.  During  the same time  period, furtt.er work 

posed  by  Woodsworth e t a l .  (1977). 
led to an  interpretation of district-scale metal  zoning  pro- 

The northem  part of the  study area was less accessible, 
and  consequently  explored  considerably  later than the 

Bateman  (1914a).  whose  reconnaissance  survey  between 
Bridge  River  district. The earliest published report is that of 

Lillooet  and  Chilko  Lake  included traverses along the 
Taseko  River  valley  and  Battlement  Creek.  Bateman  made 
brief  mention of the limonite (hog  iron)  deposits,  within  and 
adjacent to the  Taseko  River  valley, that had first been  dis- 
covered and staked  several  years  earlier. Mac Kenzie 
(1921a)  described  the geology around  these  limonite  depos- 
its  in  considerable  detail,  and also briefly  discussed the ge- 
ology  between  Taseko  Lake  and  French Bal Creek 
(MacKenzie,  1921b).  Dolmage  (1929)  provided  more de- 
tailed  coverage of the area extending  from  Powell  and  Gran- 
ite creeks eastward  to  Relay  Mountain  and  Gun Cltzk. His 
geologic  map accurately portrays the division between 
mainly  Cretaceous  volcanic  rocks  west of Mount S t  eba  and 
Big Creek, and  older, fossiliferous sedimentary  roc:^ to the 
east. The  work of Cairnes (1943)  established  that thme sedi- 
mentary  rocks  range  from Late Triassic to Early  Crt:taceous 
in  age,  and  subsequent  workers  in  the  northern  part of the 
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area concentrated  mainly  on  the  stratigraphy  and  paleontol- 

include descriptions of the Upper Triassic Tyaughton  Group 
ogy of these fossiliferons sedimentary rocks. These studies 

by Tozer  (1967,1979); of  Lower  and  Middle  Jurassic  rocks 
by Frebold  (1951, 1967). Frebold et al. (1969), Tipper 

of  latest  Middle Jurassic through  Lower  Cretaceous  rocks 
(1977),O’Brien(1985)andPouftonandTipper(l991);and 

and Tipper (1  968).  Many of these studies were  undertaken 
by Jeletzky  (1967),  Frebold  and Tipper  (l967), and  Jeletzky 

in support of regional  mapping of the  Taseko  Lakes (920) 
area,  begun  in  1961 by  H.W. Tipper; the  geology  of  part  of 
this  area  was  published  in 1963 at 1253 440-scale (Tipper, 

was  published in  1978 at 1:125  000-scale (Tipper,  1978). 
1963),  and the geology of the entire Taseko Lakes  map  area 

Published studies relating to the economic  geology  of  the 
northern part of the area include a description  of  the  Poison 
Mountain  porpbyry copper deposit  by  Seraphim  and  Rain- 
both  (1976).  and  McMillan’s  (1983)  study  of  the  porphyry 
copper deposits in  the  Granite  Creek area. 

A number of recent theses studies were  completed 

ject, and  have  contributed significantlytoourunderstanding 
within  the  Taseko - Bridge River area just prior to our pro- 

of  many aspects of the geology.  These include Nagel’s 
(1979)  research  on  part  of the Shulaps  Ultramafic  Complex; 
astudybyKleinspehn(l982.1985)oftheJackassMountain 
Group; work by Potter (1983, 1986)  and  Cordey (1986, 

lader  Group  by  Rusmore  (1985,  1987);  and  investigations 
1988)  on  the  Bridge  River  Complex; a study of the  Cadwal- 

of alteration  and  mineralization  adjacent to the  lower  Taseko 
River by Bradford  (1985)  and  Price  (1986). 

Descriptions  of  the  geology  in  the  vicinity  of  many of 
the  mineral occurrences within the area  are  found  in  Annual 
Reports of the British Columbia Minister  of  Mines  dating 
from the  turn of the century. Further  descriptions  of  specific 
mineral showings may be found  in  assessment  reports  on 
file at the offices of the  Ministry of Energy,  Mines  and  Pe- 
troleum Resources in  Victoria  and  Vancouver. 

PRESENT STUDY 
The  Taseko - Bridge  River 1 5 0  000-scale regional 

British Columbia  Mineral  Development  Agreement. Its 
mapping  program  was  funded by the  1985-1990  Canada - 

main objectives were to stimulate and focus mineral  explo- 
ration  by  improving  the geoscience  database for the  area  and 
providing a geological  framework  within  which to interpret 
mineral  occurrences, alteration zones  and  geochemical 
anomalies. This information  contributes to an  assessment of 
the  overall  mineral  resource  potential  of the area,  thus  pro- 
viding  guidelines for future mineral  exploration  and  land- 
use  designations. 

The project is based  on four years of geological  map- 
ping,  carried out during the  summers  of 1986 through  1989. 
The first two  years  were  directed by J.K Glover  and  the final 
two by P. Schiarizza. Preliminary  interpretations  were  pub- 

following each field season (Glover and Schiarizza, 1987; 
lished as 150 000-scale  Open  File  maps  and short papers 

Glover et al., 1887, 1988a,b; Schiarizza et al., 1989a,b, 

Gaba during the following two  years  led  to significant revi- 
1990a,b).  Office-based  studies by  P. Schiarizza  and R.G. 
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sion  and  refinement of these earlier interpretations. Thme 
revisions are incorporated in 1 5 0  000-scale Geoscierlce 
maps  covering the entire project area (Schiarizza et al., 
1993a,b,c,d),  and  in  the final report presented  here.  ‘The po- 
ject’s database is also incorporated in the January 1992 
MINFILE  releases  covering  the  Pemberton (92J) and 
Taseko  Lakes (920) map  areas. 

The Taseko -Bridge River  mapping  program  was  car- 
ried  out  in  conjunction  with  detailed  mapping  in the Re:  ay 
Mountain  and  Eldorado  Mountain areas by P.J. UmhoeFer 
and J.I. Garver as part  of  their  doctoral  research at the  Uni- 
versityof Washington (Umhoeferetal., 1988; Garveretd., 

ping  in  the  Shulaps Range - Mission Ridge area was carred 
1989a.b;  Umhoefer,  1989; Garver,  1989). Part  of our m;lp- 

out  in  cooperation  with M.E. Coleman  who  was conduct ng 
research for an  M.Sc. thesis at Carleton  University  (Cole- 
man, 1989,1990,1991).  The project was also supported by 
a 4oA,-39A,radiometric dating program carried out by D A. 
Archibald  of  Queen’s  University  (Archibald et al. 19.39, 
1990,  1991a.b);  by a detailed  study  of  part of the Shul;lps 
Ultramafic  Complex  undertaken  by T.J. Calon,  J.G. Malpw 

foundland  (Calon et al., 1990;  Macdonald,  1990a,b);  and by 
and  R.W.J.  Macdonald  of  the  Memorial  University of New- 

Geological  Survey of Canada  (Cordey, 1990,1991; Cordey 
a radiolarian  dating  program  conducted by  F. Cordey of he 

and  Schiarizza,  1993). 

overlaps  the  area  mapped by B.N.  Church  of  this  Ministry 
The southern part of the Taseko - Bridge River  area 

during a contemporaneous  mineral deposit study  of  :he 
Bridge  River  mining  camp  (Church,  1987a.  1989,  1990:1,b, 
1996;  Church  and  MacLean, 1987a,b,c; Church et d., 

Church,  1992,  1994).  Another mapping project directed by 
1988a,b,  1995;  Church  and Pettipas, 1989; Dostal i.nd 

G.P. McLaren  of  this  Ministry  covered the Taseko  Lakes 
(McLaren  and  Rouse,  1989a.b)  and Chilko Lake  (McLaren, 
1990)  areas  directly  west of the Taseko - Bridge  River area. 

projects by the Geological Survey of  Canada: one directed 
Our program also interleaves with  two  regional  mapping 

by  J.M.  3ourneay  in  the  Pemberton  map area (Journeay and 
Csontos,  1989;  Journeay, 1990,1993; Journeay and North- 
cote,  1992;  Journeay ef al., 1992;  Journeay  and  Friedman, 
1993;  Journeay  and  Mahoney,  1994;  Mahoney 2nd 
Jonrneay,  1993; Monger  and Journeay,  1994);  and  one di- 
rected by  C.J.  Hickson covering the Taseko  Lakes map area 
(Hickson,  1990,  1992;  Hickson etal., 1991,  1994;  Hick:;on 
and  Higman,  1993;  Read,  1992;  van der Heyden  and  Met- 
calfe, 1992;  Friedman  and  van der Heyden,  1992;  Broxter 
and  Huntley,  1992;  Mahoney, 1992,1993; Mahoney et al., 

nificant  contributions to our understanding of regional  met- 
1992).  Contemporaneous  theses studies that have  made iiig- 

allogeny  include  C.H.B.  Leitch’s  work  on  the 
Bralome-Pioneer  mine  (Leitch,  1989,  1990;  Leitch et al., 
1989, 1991a,b), and a study by P.J. Maheux on fluid intlu- 
sions  and  stable isotopes from a spectrum  of  deposits  within 
the Bridge  River  camp  (Maheux,  1989;  Maheux et d., 
1987). 
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CHAPTEIR 2 
LITHOLOGIC UNITS 

INTRODUCTION 
The Taseko - Bridge  River  map  area is underlain by 

several distinct, partially  coeval, Late Paleozoic  to  Meso- 

are juxtaposed across a complex  system  of faults of  mainly 
zoic  tectonostratigraphic  assemblages  (Figures 4 and 5) that 

rocks are intruded  by Cretaceous and  Tertiary  stocks  and 
Cretaceous  and Tertiary age. These Paleozoic  and  Mesozoic 

dikes  of  mainly felsic to intermediate  composition,  and are 

rocks and  by Miocene to Pliocene  plateau  lavas.  They are 
locally overlain by Paleogene volcanic and  sedimentary 

intruded by a large mass of Late Cretaceous  granodiorite, 
referred to as the Dickson-McClure batholith, along the 

tonostratigraphic  assemblages  within the map  area  are 
southwestern  margin of the  map  area. The pre-Tertiary  tec- 

briefly  described  in  the  following  paragraphs. 
Bridge  River  Terrane:  The Bridge  River  Terrane is rep- 
resented  mainly by the Bridge  River  Complex, an assem- 
blage of cherr, argillite, greenstone,  gabbro, blueschist, 
serpentinite,  limestone  and clastic sedimentary  rocks  with 
no coherent stratigraphy  (Potter,  1983,  1986).  Dated cherts 
and  limestones  within  the  complex  range  from  Mississip- 
pian to late Middle  Jurassic in age (Cordey  and  Schiarizza, 

and  blueschist-facies metamorphismoccurredin  theMiddle 
1993; F. Cordey,  Appendix 2; M.J. Orchard,  Appendix I), 

to  Late Triassic (Archibald ef al., 1990,  1991a,b). The wide 
age  range, structural complexity and presence  of  blueschist- 

cumulated as an accretion-subduction  complex.  The  upper 
facies metamorphic  rocks  suggest  that  this  assemblage  ac- 

part  of Bridge River Terrane comprises a thick  coherent  suc- 
cession of clastic metasedimentary  rocks  referred to as the 

River Complex to the south of the Taseko - Bridge  River 
Cayoosh  assemblage  that  conformably  overlies the Bridge 

area  (Journeay  and  Northcote,  1992;  Mahoney  and 
Journeay,  1993;  Journeay and Mahoney,  1994).  The 
Cayoosh  assemblage is locally  represented in the sonthem 
part of the Taseko - Bridge River  area by  an  undated suc- 
cession of siltstones and  sandstones  that  were  in  part  in- 
cluded  in  the  Noel  Formation  of Caimes (1937,  1943).  and 
are here  assigned to the  informal  Gun  Lake  and  Downton 

conglomerate,  here  referred  to  as  the  Trnax Creek  conglom- 
Lake  units. A narrow  fault-bounded  lens of Jura-Cretaceous 

erate, is spatially  associated  with  the  Gun  Lake  unit  and may 
have  been  derived  from  higher  in the section. 
Cadwallader  Terrane: Cadwallader Terrane includes  the 
Upper Triassic Cadwalladerand Tyaughton  groups  together 
with  Lower to Middle  Jurassic  rocks of the Last Creek  for- 
mation  and  Junction  Creek  unit  (Rusmore,  1987,  Umhoefer, 
1990).  The  most  extensively  exposed  component is the Hur- 
ley  Formation of the Cadwallader Group,  which  consists of 
upper  Carnian to  upper  Norian  sandstone,  siltstone,  con- 
glomerate and  minor  micritic  limestone  that  were  deposited 

mainly as turbidites. The Hurley  Formation  is  stratigraphi- 
cally  underlain by mafic  volcanic rocks that are alsc'  part of 
the  Cadwallader  Group,  and is locally  overlain by a succes- 

and siltstones assigned to the Junction  Creek urlit. The 
sion of Lower to Middle Jurassic  shales, siliceous argillites 

Tyaugbton  Group  and  Last  Creek  formation arc: facies 
equivalentsoftheHur1eyFormationandJunctionCn:eknnit 
that are in fault contact with the Cadwallader Group north- 
west  of  Gold Bridge. The Tyaughton  Group  comprises  mid- 
dle  to  upper  Norian  nonmarine  and  shallow-marine 
conglomerate,  sandstone  and minor limestone, w;de the 
overlying  Last  Creek  formation is a transgressive sfquence 
comprising  upper  Hettangian to Sinemurian  conglomerate 

middle  Bajocian  shale. The volcanic  rocks of the  Cadwal- 
and sandstone  grading upward into upper  Sinemmian to 

lader  Group  have  trace element compositions  simi1.u to is- 
land  arc tholeiites, and  the  clastic  rocks of the  Hurley 

contain  clasts of limestone,  basalt,  andesite,  dacite, lhyolite 
Formation,  Tyaugbton  Group  and  Last Creek folmation 

and  granitoids,  suggesting that Cadwallader  Terran,:  repre- 
sents part of a  Late Triassic volcanic arc and  fringini:  clastic 

more  and  Woodsworth  (1991a) point out general similiui- 
apron.  Rusmore ef al. (1988). Umhwfer (1990)  and Rus- 

ties  between  Cadwallader Terrane and  the Triassic - :iurassic 
rocks of Stikine terrane,  and  suggest that they  may be cor- 
relative or related  portions  of  the same arc system. 
TyaughtonBaQn:  TheTyaughton basin (Jeletzkyznd Tip- 
per,  1968) is a belt of Jura-Cretaceous  clastic  sedimentary 
rocks that extends  from the Taseko - Bridge R i ~ e r  area 
northwestward  to  beyond Cbilko Lake. The lower  part of 
the  basin is represented  mainly  by the upper  Middle  Jurassic 
to Lower  Cretaceous  Relay  Mountain  Group, whict. is well 
exposed  in  the  central part of the Taseko - Bridge R i b  er area, 

Tosh Creek unit are locally exposed in the northwestern part 
southeast of Big  Creek.  Volcaniclastic  strata  assigned to the 

canic facies within the upper part of the  group. The basal 
of the map area and  may represent a Lower  Cretaceous  vol- 

contact  of  the  Relay  Mountain  Group is not  expo!:ed,  but 
indirect evidence  suggests  that it was  deposited on the 

of the  Cayoosh  assemblage.  However,  Jura-Cretaceous  silt- 
Bridge  River  Complex,  and  therefore is a facies equivalent 

locally  in  the  Camelsfoot Range (Grouse Creek unit  of  Fig- 
stones  and  fine-grained  sandstones  that are r:xposl!d very 

ure 4) are in  apparent  stratigraphic  contact  with  Cadwallader 
Terrane,  whereas  1OOkilometres to thenorthwestaseparate 
belt  of  Jura-Cretaceous  rocks  assigned  to the :Relay  Mouu- 
tain  Group is in  stratigraphic  contact  with  Middle  i'urassic 
rocks of Methow Terrane (Tipper, 1969a: Schiarizza et al., 
1995). These relationships suggest that the Relay  Mountain 
Group  and correlative rocks constitute an overlap assem- 
blage  linking  Bridge  River,  Cadwallader  and  Methow ter- 

___ 
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Figure  4.  Major  tectonostratigraphic  assemblages  of  the  Taseko - Bridge  River  area.  Abbreviations,  from left  to  right,  are: nKPC=Povd 
Creek  formation;  IuKTC,  IKTC=Taylor  Creek  Group;  IKWS=Tosh  Creek  succession; muJRM1, 3-2, IKRM3=Relay  Mounlain 
Group;  luKSQ=  Silverquick  formation;  JKT= T N ~ X  Creek  conglomerate; I K G k  Gun  Lake  unit; DL= Downton  Lake unit: MJBR= 
Bridge Rivcr  Complex;  hnJLC=Last  Creek  formation;  u'K=Tyaughton  Group;  JKG=Gmnse  Creek  unit;  ImlJC=Junction  Creek  unit; 
uTCH=Hurlcy Formation; nTCV=volcanic unit of the Cadwallader  Group; PBEkBralorne-East Liza  Complex; PSMSbnlaps ser- 
pentinite  m6lange  unit;  PSH=Shnlaps  harzbnrgite  unit;  IKJMyl,  IKJMy2,  IKJMcl,  IK.JMcZ=Jackass  Mountain  Group;  ImJys,  mlyv, 
mIcs=Jurassic  rocks  correlated  with  the  Dewdney  Creek  Formation;  KDC=Dash - Chum  succession. 

ranes. The upper part of the Tyaughton  basin  consists of 
synorogenic  clastic  sedimentary rocks of the  Taylor  Creek 

deposited during mid-Cretaceous  contractional  deforma- 
Group  and  overlying  Silverquick  conglomerate,  which  were 

tion. These strata  were  deposited above the  Bridge  River 
Complex in the Bridge River area, and above the Relay 
Mountain Group farther to the  northwest.  They  include  de- 

Complex, Cadwallader Terrane and  associated  ophiolitic 
tritus  derived  from  the  Relay  Mountain  Group,  Bridge  River 

rocks, as well as detritus  derived  from  a  volcanic  terrain to 
the  west,  and a newly  uplifted  metamorphic - plutonic  belt 

Tyaughton  basin  deposits are capped  by  Upper  Cretaceous 
to the east  (Garver,  1992,  Garver  and  Brandon,  1994). The 

nonmarine  volcanic  and  volcaniclastic  rocks of the  Powell 
Creek  formation. These rocks are extensively  exposed in the 

Creek  Group  across an angular unconformity.  Local  expo- 
northwestern  part  of  the area, where  they  overlie the Taylor 

the  underlying  Silverquick  conglomerate. 
sures  farther  east,  however, are in gradational  contact  with 

Bridge  River  area are assigned to the Shulaps Ultramafic 
Ophiolitic Complexes:  Ophiolitic rocks in the Taseko - 
Complex  and  the  Bralome-East  Liza  Complex. The Shnlaps 
Complex  covers  most of the  northern  Shnlaps  Range  and is 
subdivided  into two major  structural  divisions  (Calon et al., 

tectonite  fabric,  and  a  structurally  underlying  serpentinite 
1990): an  upper  unit of harzburgite  and dunite with a mantle 

melange  unit  comprising  sheared  serpentinite withknockers 

of ultramafic  cumulates,  layered to isotropic  gabbros, am- 
phibolitic dike fragments,  rodingite,  and  volcanic and sedi- 
mentary rocks. Late  Paleozoic  radiometric  dates  from 
plutonic  and  metamorphic  knockers  within the serpentinite 
mdangeunit (Archibald etal. ,  1991a;  R.  Friedman, Apptn- 
dix 8) are interpreted to be the age of ocean-floor  p1utoni:;m 
and  metamorphism  associated  with  construction of  Shulrips 
oceanic  crust  (Calon etal . ,  1990).  Large-scale  structural in- 
version of the  original ophiolite stratigraphy is inferred to 
have  occurred in mid-Cretaceous time during its thrust-e n- 
placement  above  Cadwallader  Terrane,  which lies beneflth 
the  Shnlaps  complex  across  a  southwest-vergent  thrust S:IS-  

tem  that is exposed in the southwest comer of the Shulpps 
Range. The Bralome-East  Liza  Complex  consists  of  green- 
stone,  diorite,  tonalite, gabbro and  serpentinite  that. are im- 
bricated  with  Cadwallader  Terrane  throughout  the  sonthe rn 
part of the  Taseko -Bridge River  area. It includes  rocks  tflat 

Cairnes  (1937, 1943) as well as some  rocks  that Caimes 
were  assigned to the Bralome and  President  intrusions by 

included in the Pioneer  Formation of the Cadwallader 
Group.  These  rocks are lithologically  similar to the plutonic 

m€lange  unit,  and have yielded  similar Late Paleozoic IB-  
and  volcanic knockers found within the Shnlaps serpentinite 

diometric  dates (hi tch et al., 1991a). They may n:presf:nt 
slices  of  Shulaps  oceanic  crust  that were imbrical:ed w th 

plex. 
Cadwallader  Terrane  during  obduction  of the Shulaps Coin- 
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Methow  Terrane: As  used  here,  Methow  Terrane  refers to 
a distinctive assemblage  of  Lower  Jurassic to mnidCreta- 

the  southeastern  Coast - north Cascade orogen  from  the  vi- 
ceous  rocks that outcrops along the  northeastern  margin  of 

cinity of Chilko Lake  southeastward  to  northern  Washing- 
ton state. This stratigraphic succession  has traditionally 
been  referred to as the Methow  basin  where it occurs  in  the 
eastern Cascade foldbelt. It includes two  main  components: 
a lower interval of  Lower to Middle  Jurassic  sedimentary 
and volcanic  rocks that are in part lithologically  distinct 

River  terranes,  and  a thick succession of overlying  mid-Cre- 
from age-equivalent rocks  found  in Cadwalladerand Bridge 

taceous clastic sedimentary  rocks.  Although the latter suc- 
cession  is lithologically and  stratigraphically distinct, 
provenance studies (Garver, 1989,  1992) link it to age- 
equivalent strata  within  the  upper  part  of  the  Tyaughton  ba- 
sin.  This link was  probably  established  by  Late  Jurassic  time 
because  Upper Jurassic rocks that are locally preserved 
within  Methow Terrane beyond  the  limits  of  the  Taseko - 

Tyaughton basin strata (Schiarizza e# al., 1995). In the 
Bridge  River  map  area have also been correlated with 

Taseko - Bridge  River area Methow  Terrane forms a  con- 
tinuous  belt  that is separated from other components of the 
southeastern Coast Belt in  part  by  the  Tertiary  Yalakom 
fault and  in part by  the  pre-Yalakom  Camelsfool fault (Fig- 
ure 5). The oldest part of the  succession  (units l d y s ,   d y v  

shale, volcanic-lithic sandstone and  local volcanic rocks  that 
and  mJcs)  consists of Lower  to  Middle Jurassic siltstone, 

Ministry of Emplovmenr andlnwstnrent 

correIate  with  the  Dewdney Creek Formation of the  Ladner 
Group  (O'Brien, 1986,1987;Mahoney. 1992,1993:. These 
rocks  are  disconformably overlain by a  thick  succemion of 
Lower  Cretaceous clastic sedimentary rocks comprising the 

relative facies belts,  each consisting of an  upper  unit of Al- 
Jackass Mountain  Group, which occur as two  broadly  cor- 

bian  arkosic  sandstones  and  conglomerates and an 
underlying  Barremian - Aptian unit of mainly  vcdcanic- 
lithic sandstones and  conglomerates (Figure 4). 
Intermontane  Belt The  Intermontane Belt  directllr  north- 
east of the Taseko - Bridge  River  map  area is undedain by 
Cretaceous  and  Tertiiuy  volcanic,  sedimentary  and $flutonic 
rocks.  Mid-Cretaceous(?)  volcanic  and  sedimentary  rocks 
that are part of this assemblage  outcrop within the n a p  area 
near  the  confluence  of  Dash  and Chum creeks,  where  they 
are in fault contact  with  Methow Terrane to the  soLthwest. 

to overlie upper  Lower  Cretaceous  rocks  that  corre1;lte  with 
The  Dash-Churn  succession  apparently extends noithward 

of the  main  belt of Spences  Bridge rocks,  which  overlies 
the  Spences  Bridge  Group. These may he an offset portion 

Quesnel  and Cache  Creek terranes to the southeast, on  the 
opposite  side of the Fraser fault. 

The  tectonostratigraphic  assemblages  witlin  the 
Taseko - Bridge fiver map area are cut and jUXtapxd hy 
a  system  of  northwest to north-trending faults that  reflect  a 
complex  history of contractional,  strike-slip  and extf nsional 

Tertiary  in  age,  and postdate  much of the intemal d1:forma- 
deformation.  These strnctures are mainly  Cretaceous  and 

~~~ 

Figure  5.  Simplified map showing  distribution of the  major  tectonostratigraphic  assemblages  in the Taseko - Bridge  River mrp area. 
YF=Yalakom  fault. 
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tion  of the Bridge River Complex,  which is inferred to  re- 

duction  complex.  Southwest-vergent  thrust  faults of 
flect its accumulation as a Triassic - Jurassic  accretion-sub- 

mid-Cretaceous  age  are the earliest map-scale structures 
recognized.  These  structures  separate  the  Shulaps U1- 

rane  and  Bralome-East  Liza  Complex  in the Shulaps Range. 
tramafic  Complex from the  underlying  Cadwallader  Ter- 

Elsewhere they  commonly separate imbricated  Cadwal- 
lader Terrane and Bralome-East Liza  complex  from  the  un- 
derlying  Bridge  River  Terrane  and  Tyaughton basin. 
Somewhat  younger  contractional  structures,  of  Late Creta- 
ceous age, include  southwest-vergent  reverse-sinistral 
faults as well as northeast-vergent  thrust  faults  and  folds. 
The latest Cretaceous to early  Tertiary  structural  history of 
the area is dominated by northwest to nortl-striking faults 

clude the  prominent  Yalakom fault, and  were  active into the 
with dextral strike-slip and  normal  movement.  These  in- 

tures. 
Eocene. Neogene plateau lavas postdate all major  struc- 

BRIDGE RIVER TERRANE 

BRIDGE RIVER COMPLEX 
The Bridge  River  Complex  includes  variably  metamor- 

phosed  and  structurally  imbricated  chert,  argillite, clastic 
rocks,  limestone,  mafic extrusive and  intrusive  rocks,  and 
serpentinite. It underlies  much of the southem part of the 
map  area, from the Camelsfoot Range to Downton  Lake, 

__ 

and  occurs  in  fault slivers that extend as far north as lower 

previously  assigned to the Bridge  River Series by lkysdale 
Relay  Creek  and  Mud  Lakes  (Figure  6). These rocks were 

(1916)  and  McCann (1922). to the Fergnsson Series by 

Roddick  and  Hutchison  (1973) and Tipper  (1978).  They  in- 
Cairns (1937,  1943),  and to the Bridge  River  Group  by 

MacLean  (1987a)  and  Church et al. (198%)  but,  in a p e -  
clude  rocks  assigned to the  Fergusson  Group by Church 2nd 

units  that  Church  assigned to the Pioneer Formation of .he 
ment  with earlier workers, also include some  greenstme 

Cadwallader  Group.  The  term  “complex” (after Potier, 

wide age range,  diverse  lithology  and lack of a coher~mt 
1983,  1986) is preferred to “Group”,  because  of the unit’s 

stratigraphy. 
The Bridge  River  Complex throughout most ofthe map 

area comprises prehnite-pumpellyite-grade chert and grel:n- 
stone,  together  with  lesser  amounts  of argillite, tuff,  lime- 
stone, sandstone, conglomerate,  gabbro  and serpentin.te. 
These rocks are equivalent to the  Carpenter Lake assem- 
blage of Potter (1983,  1986),  and  contain  radiolarians  2nd 
conodonts  ranging from Mississippian to late Middle Juras- 
sic in  age.  They are characterized  by a high degree of infer- 
nal  disruption  and  brittle faulting, such  that 1itholo::ic 
contacts are commonly faults, and individual litholo,gic 

rocks,  metamorphosed  in  the late Middle  Triassic, OCI:UI 
units  are  traceable for only short distances.  Blueschist-fac  ies 

within thecomplex  betweenlowerTyaugbton  Creekand :he 
headwaters  of Taylor Creek. Penetratively deformed grel:n- 

Figure 6. Simplified  map  showing distribution of the Bridge River Terrane and microfossil age control  for the Bridge River Complcx. 
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schist to amphibolite facies schists and phyllites assigned to 
the Bridge  River  Complex  occur  in the southern  Shulaps 
Range and  contiguous  Mission  Ridge.  They  comprise the 

rish (1991). and  were  metamorphosed  and  structurally un- 
Bridge River schists of Potter (1986)  and  Coleman  and  Par- 

roofed  in Eocene time,  within a structural regime  linked to 
the  bounding  Yalakom  and Marshall Creek  faults. 

LITHOLOGIC  COMPONENTS 

Chert, Argillite 
Chert is the  dominant  and  most characteristic sedimen- 

tary  rock  type  found  within the Bridge  River  Complex. It is 
mainly light to medium  grey but locally is red,  green or 
black. It typically occurs as thin, 1 to  6-centimetre-thick 
beds  separated by  very  thin interbeds or partings of argil- 
laceous rock (Photo 5). Thicker beds  occur  locally,  and rare 
unstratified  beds or lenses  of  massive  chert are up to a metre 
or more  thick. The chert beds are generally cut by networks 
of fractures and quartz veinlets, most of which are at a high 
angle to bedding.  Individual  beds may be of more  or  less 
constant  thickness  and  persistent for several  metres or more, 
but most are lenticular  and  display  complex  terminations 
and bifurcations across  argillaceous  partings  and  slip snr- 
faces that are oriented  at  low  angles to bedding. 

Argillite typically occurs as partings or millimetre- 
scale interbeds within  bedded chert intervals, but  locally  at- 
tains  bedding  thicknesses  approaching  those of the 

interbedded chert. Rarely, darkgrey argillite is the dcsminant 
component,  and contains subordinate chert as narrow,  dis- 
continuous  lenses. 

Chert occm throughout theBridgeRivercomplex and 
is typically structurally interleaved with greenstc'ne and 
other Bridge  River  lithologies  on the scale of  an  inc.ividua1 

ever, structural  thicknesses of several  hundred meres are 
outcrop or series of  closely  spaced  outcrops. In places, how- 

comprised  mainly or entirely of bedded chert; stlvctural 

these  thick  sections, and is suspected  in  most otheIs. Con- 
thickening by internal folds and faults is evident in  r:ome of 

tactswithotherBridgeRiverlithologiesaremostcorunonly 
faults.  but  in  places chert has  been  observed  in  depositional 
contact  with  limestone, clastic rocks and greenstone. 

Bridge  River  chert contains radiolarians and conodonts 
which provide much  of the age control for the complex. 
Most of the presently  available dates range from  Middle 
Triassic to Middle  Jurassic (Figure 6). but Permian  chert is 
known  from  several localities and Carboniferous  chert oc- 
curs in 2 known localities (Appendix 1, Sample 88.lIG-40- 

attributes specific to cherts of a certain age  have been  noted. 
15: Appendix 2, Sample 89FC-BR-28). No litllologic 

Greenstone,  Diabase,  Gabbro 
Greenstone,  derived from  mafic volcanic  rocks, is a ma- 

jor constituent  of  the  Bridge  River  Complex. Molt com- 
monly it is structurally imbricated  with chert and other 

Photo 5 .  Bedded chert of the Bridge River Complex near the headwaters of Taylor  Creek;  view  is to the northeast with overturned 
strata of the mid-Cretaceous  Silverquick  conglomerate in the  background. 
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Bridge  River lithologies on  the scale of an  individual  out- 
crop,  but  locally it is the only lithology  exposed for hundreds 
of  square  metres. The  greenstones are predominantly  dark 
green or grey-green in colonr, but  locally are chocolate- 
brown, purple or mottled  green  and  purple.  They are mas- 

and  commonly  amygdaloidal.  Rarely they contain phe- 
sive to pillowed  (Photo 6). aphanitic to  very fine grained, 

Most  thin sections examined  contain amesbworkofrandom 
nocrysts  of  plagioclase or altered  ferromagnesian  minerals. 

or  aligned  saussuritized  plagioclase  laths  interspersed  with 
an alteration assemblage typically dominated by calcite, 
chlorite and pumpellyite; these same alteration minerals 
commonly  occur as amygdules and veins.  Clinopyroxene, 
generally titaniferous augite, is preserved  locally  within  the 
groundmass or as relict phenocrysts. 

Greenstone breccias occur locally  within  the  Bridge 
River  Complex  and consist of angular fragments,  np to sev- 
eral tens  of  centimetres  in size, within a green  calcareous 
matrix;  the larger fragments  commonly  comprise  pieces  of 
broken  pillows.  Bedded  tuffs are also present  and  are  inter- 
calated  with  greenstone,  limestone  and  chert.  They  consist 

a fine-grained  altered  matrix.  One sample of bedded tuff 
of ash  to  lapilli-sized  fragments  of  mainly  greenstone  within 

from  the  south side of Carpenter Lake  consisted  mainly  of 
altered  glass  shards. 

Medium to coarse-grained diabasic and  gabbroic  rocks 
occur  locally  within  the  Bridge  River  Complex but are  not 

west  of Crane  Creek, where  diabase  and  medium-grained 
abundant. The most extensive exposures  occur on the  ridge 

gabbro  occur as sills intercalated  with  Upper Triassic lime- 

of  medium-grained  clinopyroxene  gabbro were also ob- 
stone,  chert  and argillite of Unit  u7;BRglc. Irregular bodies 

Lake,  where  they are intrusive into bedded  chert. The chert 
served  in  several  outcrops  northwest  of  the  north end of  Gun 

in this area has yielded  Early  Permian  to  Middle Triassic 
radiolarians,  although  the specific chert  bodies  intruded by 
gabbro  have  not  been  dated.  Gabbro also occurs at sewaal 
localities on the  north side of Carpenter Lake,  between  Gun 

but elsewhere contacts are faults or are not  exposed. 
and  Tyaughton  creeks. It intrudes  greenstone at one locality, 

None of the greenstone bodies  within  the  Bridge River 

including  that  within Unit uTBRglc (Figure 3), is Late 'hi- 

Complex  have  been  directly  dated. Some of the  greenstc  ne, 

assic  in  age  because it is in  depositional  contact  with  Upper 
Triassic  limestone.  The  greenstone  protolith  for  the 
blueschist facies rocks  within  the  complex is older, since it 
was  metamorphosed  in late Middle Triassic time (see Inter 
section). It is suspected  that  the greenstone within  the  Bridge 
River  Complex  spans a considerable time range,  compma- 
ble  to  that  of  the  associated  Mississippian to Jurassic  chert. 

Potter  (1983)  obtained chemical analyses  on PO green- 
stone samples  from  the  Bridge  River  Complex. The green- 
stones he analyzed  have  variable  geochemical  signatures 
thatresemblethoseofoceanfloortholeiitesandmorealkdic 
ocean island-type basalts. Macdonald  (1990b)  obtained 
similar results,  and  concluded  that  the  Bridge  River vol- 
canics formachemically  diversevolcanic suite that inch  jes 
mid-ocean  ridge,  within plate, and  alkalic  basalts.  Church 
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Photo 6. Pillowed  greenstone of the Bridge River Complex,  Carpenter  Lake  road  near the Congress Mine. 



(1990a)  and Dostal and  Church  (1992,  1994) also discuss 

River area. They  refer  to  the  volcanic  suite as the Pioneer 
the  geochemistry of mafic  volcanic  rocks  from  the Bridge 

Formation, but the samples they discuss are almost  entirely 
from  what is  here considered  to he the  Bridge River Com- 

Their results are consistent  with  those  of  Potter  and  Mac- 
plex (sample locations  provided by  B.N.  Church,  1992). 

ocean  island to mid-ocean  ridge  origin. 
donald in that  the  geochemistry  of  their  samples  suggests  an 

Limestone 

River Complex, and is a  significant  component of a  unit 
Light  grey  limestone  occurs  locally  within  the  Bridge 

areas: at  the  north  end of Marshall  Ridge,  between 
designated as u7;BRglc. This unit  outcrops  in  three  separate 

Tyaughton  Creek  and  Marshall Lake; on the  ridge  system 
that extends from west of Crane Creek to the heads of North 
Cinnabar and Taylor creeks; and on  both  sides  of  Carpenter 
Lake a short  distance cast of Gold  Bridge  (Figure 3). Unit 
uXBRglc is dominated by greenstone,  but is unique  in  that 
limestone is more abundant than  other  sedimentary  rock 
types. The limestone occurs as tabular  beds,  from  a few cen- 
timetres  to  morc  than a metre  thick,  intercalated  with  bedded 
chert andlor  red  calcareous  argillite  (Photo 7); as podiform 

tres  thick  within greenstone; and locally as large lenses 
lenses ranging  from a few centimetres to several  tens of me- 

stone, pebbly  mudstone  and  greenstone.  Limestone  beds 
(Photo8)structurallyinterleaved withcontortedchert,sand- 

and  lenscs  within  Unit  u7;BRglc  have  yielded  several  col- 

lections  of Late Triassic  (Early  Norian) conodonts (Appen- 
dix I). 

Complex, hut is not nearly so common as it is in Unit 
Limestone occurs elsewhere within the ‘Bridg: River 

uTBRglc. It occurs mainly as discontinuous pods a d  lenses 

Triassic conodonts (Appendix 1). The most persistent  body 
within  greenstone, a number of which have yie1dt:d Late 

of limestone  within the Bridge River Complex,  however, is 
a thin  layer  that  has  been  traced for about 3 Idlom~tres in 

unit is enclosed  by a highly sheared assemblage of cherts, 
the  vicinity of lower Mud Creek (Figure 3). This limestone 

chert-pebble  conglomerates and limestone..greenstonc- 
chert breccias. Chert within this area is Lower to Middle 
Jurassic  in  age, suggesting that the limestone  may also be 
Jurassic;  this  would  explain  why samples collected from this 
limestone  body  did not yield  conodonts. 

Clastic Rocks 
Sandstone and pebble conglomerate are a relati\  ely mi- 

nor component  of the Bridge River Complex, but occur lo- 

intervals typically comprise planar, thin to mediu n beds 
cally  intercalated  with chert and argillite.  Individual  clastic 

with  total  thicknesses  of  only a few metres;  thicker al:cumu- 
lations,  up  to  several tens of  metres, occur hut are rare. Con- 
tacts  with  enclosing  chert  and  argillite are generally 
concordant,  although one eight-metre-thick lens ol’chert- 
pebble  conglomerate near the outlet of  Tyaughton :;ake is 
strongly  channeled  into  underlying  bedded  chert. E/lost of 
the sandstones and pehhleconglomerates arecompo!;edpri- 
marily of grain-supported chert clasts,  locally with  minor 

Photo 7. Light grey limeslone beds intcrcaletcd with red  calcareous  argillite,  Unit  u7;BRglc  west of CrancCreek. 
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Photo 8. Limestone  lcns  within  Unit  u7;BRglc at the  mouth  of  Tyaughton  Creek 



_____ 

proportions of volcanic  rock  fragments  and  quartz  and  feld- 
spar  crystals.  None of these  chert-rich  clastic  unils are dated 
or  are in depositional contact with  dated  chert,  but  they are 
scattercd throoghout much  of the complex and occur in 
proximity to dated  Permian,  Triassic  and  Jurassic  cherts. 
Less common are sandstones and pebble conglomerates 
composed  primarily  of  volcanic  rock  fragments  and  feldspar 
and quartz crystals. These rocks  typically  contain  subordi- 
nate amounts of  chert, and locally  contain  minor  amounts 
of quartz tectonite,  siltstonc,  clinopyroxene,  epidote, horn- 
blende  and  biotite. The volcanic-rich  sandstones  are also 
undated,  but one three-metre-thick  interval  occurs  in close 
proximity to Jurassic chert west of the  mouth of Gun  Creek. 
Volcanic-rich  sandstoncs also occur adjacent  to  lower  Mud 
Creek,  betwecn Horse Lake and  Quartz  Mountain,  and arc 
reported by Pottcr (1983, 1986) northeast  of  lower  Carpen- 
ter  Lakc. 

of  a unit, dcsignated  JBRas,  that  outcrops in several  areas 
Argillite,  sandstone  and chert are the main  components 

betwccn  Liza  and  Gun  lakes  (Figure 3). It  is  overlain by 

clastic uni t  in sevcral  of  these  areas,  and  in  part also shows 
more  cohercnt  clastic  scdimentary  rocks of the  Gun Lake 

a  spatial  relationship  with  units XBRb  and  uTBRglc. Sand- 
stone within Uni t  JRRas  includes  both  chert-rich  and  vol- 

intcrcalated  with chert and  argillite  and  also as tabular  lenses 
canic-rich  varicties. It  occurs as thin to medium beds 

and angolarclasts within ashearedargillaceousmatrix. Peb- 
ble conglomerate occurs locally  and  consists  mainly ofchert 
and volcanic clasts together with argillitc, siltstone and 
limestone  clasts.  Chert  within  Unit  JBRas  varies  from  well- 
beddcd  to  brecciated  and  fragmented,  and  parts  of  the  unit 
comprise a  mixture of chert and clastic  fragments  within 
shearcd argillite.  Locally,  Unit  JBRas  includes  narrow  fault- 
bounded  lenses of greenstone,  serpentinite  and  limestone. 
Well-bedded  chert  within  Unit  JBRas  on  the  ridge  between 
Taylor  and  Pearson creeks contains  radiolarians  of  probable 
Jurassic  age  (Fabrice  Cordcy, personal communication, 
1992). 

Serpentirzile 

Complex, typically as narrow  slivers  along  outcrop-scale 
Serpentinitc occurs locally  within the Bridge River 

fault zoncs. As many of these  occurrences  are  along  faults 
of only  local significance, and  are far removed  from  other 
scrpentinite-bearing  map  units ( q .  Bralorne-East  Liza  and 

gral  part of the  Bridgc  River Complex. Areas  of  particularly 
Shulaps  complexes),  the  serpenlinite  is  considered an inte- 

abundant  serpentinite occur on  the ridge at the head of 
Freiberg  Creek, in thc  upper  part  of  Pearson  Creek and on 
thc  southwcstcm  slopcs  of  the  Shulaps  Range  east  of  Mar- 
shall  Lakc.  Serpentinite is structurally  interleaved  with  a 

is designated as Unit MJBRs on Figure 3. The Freiberg 
variety of other  Bridge River rock  types  in  these  areas and 

Creek  unit,  howevcr,  occurs in the  convergence  zone  of  the 
Steep Creek  and  Eldorado faults, and  in  part  contacts  the 

zonc of tectonic  mixing  along  a  relatively  young  fault zone 
Bralornc-East  Liza  Complex; it  may,  therefore,  comprise a 

rather  than  being  part of the  Bridge  River  Complex. 

Minisfry of Empioymenf and Invesrmenr 

Blueschist 
Blueschist-facies metamorphic rocks occur vrithin  a 

North  Cinnabar Creek southeastward about 14 kilometres 
narrow,  discontinuous belt that extends from the :head of 

to  Tyaughton  Creek  (Unit TBRb, Figure 3). The blu  :schist- 
facies  mineral assemblages occur within  protoliths that in- 
clude pillowed and  massive basalt, diabase, gahhro and 
chert;  they are therefore  inferred to  be  an integral part of the 
Bridge River Complex. In the western  part of the belt  tlie 
blueschists are unconformably  overlain  by  the  A1bi.m  Tay- 
lor  Creek  Group, and locally occur as pebbles and boulders 
within the basal beds of the group (Garver, 1989). 'The  un- 
conformity is exposed on the overturned limb of a northeast- 
vergent  syncline,  and  the  blueschists  are struc:turally 
overlain  by  Unit  uTBRglc across a southwest-dipping  thrust 
fault (Garver, 1991). In the eastern part of the M I ,  the 
blueschists are in contact with the Bralorne-East Li2 a Com- 
plex  to the north and with  clastic  rocks  of the Bridpe River 
complex  (Unit JBRas) to the south. The contacts were ob- 
served  only  along Tyaughton Creek, where they me both 
west-dipping  thrust(?)  faults. 

dark blue, fine grained, strongly foliated and crenulated 
The most  characteristic  lithology  within  Unit XBRb is 

schist. The schists  consist  mainly of blue amphibol:  (glau- 
cophane andor crossite) andlawsonite. White micais  acon- 
spicuous  component of some  blueschis ts   and  is  

common  within the unit are green,  massive  to  weakly  foli- 
accompanied  by blue amphibole,  epidote  and  garn(:t.  Also 

broic  rocks. The massive  to  weakly  foliated  rocks gmerally 
ated  greenstones,  pillowed  greenstones  and  diabasic  to  gab- 

display  relict igneous minerals (clinopyroxene  and/or pla- 
gioclase) and textures in thin  section, but commonly  contain 
blue amphibole, and locally  lawsonite,  within  alterztion  as- 
semblages  dominated  by  chlorite,  stilpnomelane  2nd  leu- 

commonly have blue amphibole preferentially deieloped 
coxene.  Pillowed greenstones in the eastern part of the belt 

along the outer,  variolitic  margins of the pillows  (Photo 9), 
as well as in  narrow  veins cutting thepillows. Grey to green- 

within  Unit  TBRb,  and  rare  pods offinely crystalline  calcile, 
ish-grey metachert and quartz-rich schists occur locally 

possibly derived from limestone  lenses, occur within  mas- 
sive to  weakly  foliated  greenstones. 

Garver et al. (1989~) reported  preliminary  whole-rock 
and white  mica  K-Ar  dates  from  Bridge  River  blu-schists 
that  ranged from 19556 to 25029 Ma. More recently,  two 
different  samples  of white mica from blueschist at the head 

plateau dates of  229.8k1.0 Ma and 230.1 k1.0 Ma, respec- 
of North  Cinnabar Creek have yielded  well-defined  Ar-Ar 

lively  (Appendix 7, Samples TL-88-la and TL-88..16; see 
Archibaldetal., 1991a,fordiscnssionofsampleTL.88-le). 
Three  other  samples  of  white mica from the same atea gave 
slightlyyoungerplateaudatesof221+1.2Ma,223.9::1.8Ma 

cating that the area was effected  by  a low-temperatue ther- 
and 224.9k1.0 Ma, as well as low-temperature steps indi- 

mal event in post-Late  Triassic  time  (Appendix 7, Samples 
WIG-39-8-1, TL-90-2-4 and TL-90-2-2; see Archihald et 
ai., 1990, 1991a,  for  discussion of sample 88JIG-39-8-1). 
The two  older  Ar-Ar  dates,  with age spectra that do not  re- 
cord any later  thermal  event,  provide the most  relia Ae esti- 



Brirish Columbia 

mate of the  age  of  blueschist-facies  metamorphism,  and  sug- 
gest that it was a Middle Triassic or older event that  ended 
by 230 Ma. 

Biotite-Grade Schists 

Range  and  contiguous  Mission Ridge is in part represented 
The  Bridge  River  Complex in the southem  Shulaps 

by penetratively  deformed  greenschist to lower  amphibolite 
facies phyllites and schists. These rocks  were  referred to as 
the Bridge  River  schists by Potter (1983, 1986) who  sug- 

Mesozoic emplacement of a hot Shulaps ophiolite complex. 
gested that they  were  deformed and  metamorphosed  during 

They  were also called Bridge  River schists by Coleman 
(1990) and  Coleman  and  Parrish (1991) who  demonstrated 
that  much of their  deformation  and  metamorphism  was Eo- 
cene in  age, as was  their  exhumation  by  extensional  faulting. 

During  the  present study, biotite-bearing  upper  green- 
schisttoloweramphibolitefaciesschistsoftheBridgeRiver 
Complex  have  been  separated  out  and  designated as Unit 
MJBRm on Figure 3. This unit is restricted to the area 
bounded  by  the  Marshall  Creek,  Mission Ridge and  Brett 
Creek faults. Also within this area are sub-biotite grade 
rocks of the  Bridge  River  Complex,  Cadwallader  Group  and 
Shulaps serpentinite m6lange  unit, as well as Eocene  intru- 

phyry.  The  rocks  in  this area, which  range  from 
sive  rocks  of  the  Mission Ridge pluton  and  Rexmount  por- 

prehnite-pumpellyite to lower  amphibolite  facies  metamor- 
phic  grade, are collectively  referred  to as the  Shulaps-Mis- 

metamorphism  and ductile deformation  of  the  Bridge Ri ver 
sion  Ridge  metamorphic  belt.  Following  Coleman (19510), 

juxtaposed against  other  map units within  and  adjacenl. to 
schists is interpreted to be mainly  Eocene  in  age.  They are 

the  Shulaps-Mission Ridge metamorphic  belt acro.: Gsaccm- 
plex system of contractional, extensional and strike-slip 
faults  that are thought  to  have  formed  during  dextral  strike- 
slip on  the  Yalakom-Marshall  Creek-Relay  Creek fault sys- 
tem (see Chapter 3). 

part of the Shulaps-Mission  Ridge metamorphic  belt, on 
SchistsofUnitMJBRmarebestexposedinthesouth:m 

both  sides of the  Bridge  River  canyon  and nodwestward 

the  Eocene  Mission Ridge pluton and numerous  syntectonic 
to Jones Creek. There they are intruded by  granodiorite  of 

grade schists also comprise a fault-bounded lens that :x- 
dikes and sills of  similar  composition  (Photo IO). Biot.te- 

tends from  lower LaRochelle  Creek to the  head  of Bet t  
Creek,  and  occur in a belt that extends  from the middle 
reaches of Brett  Creek  eastward  to  Holbrook  and Shuhps 
creeks  (Figure 3). The  schists are strongly foliated and 
lineated,  and reclystallized to  the extent that primary t,:x- 
tures  and mineralogies  are  generally obscure. ?be most 
common  lithology is grey  quartzose schist comprising mil- 
limetre-scale quartz laminae separated by phyllosilicate- 
rich partings containing  varying  proportions of biotite, 
chlorite,  muscovite and locally  garnet.  Other  common  li- 
thologies are plagioclase-epidote-chlorite-actinolite  schist 
and  biotite-actinolite-quartz  schist.  Narrow lenses of mafde 

Photo 10. Bridge River  schists intruded by syntectonic dikes,  Bridge River  canyon. 
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sion. Their composition suggests that the schists were de- 
and  ralc-serpentine schist occur locally within  the  succes- 

rived  from a protolith similar to the  lower-grade  portions of 
the Bridge River  Complex  exposed  elsewhere  in  the  map 
area. This conclusion is supported  by  relationships  in  the 
vicinity  of  Rex  Peak and Holhrook  Creek,  where  biotite- 
grade  schists  grade,  presumably  across a metamorphic 

cherts and greenstones  that are clearly a part of ehe Bridge 
isograd, into a succession of sub-biotite-grade pbyllites, 

River  Complex. Their inclusion as part of the  Bridge  River 
Complex is also corroborated by conodonts of probable  Car- 

enclosed within  biotite-grade  phyllites  near  the  headwaters 
honiferous age that were  extracted  from a carbonate  lens 

of Bighorn Creek (Appendix 1, Sample 88BER-637). 

INTERNAL AND EXTERNAL RELATIONSHIPS 
The  Bridge  River Complex  throughout the Taseko - 

Bridge  River area is characterized by a monotonous  repeti- 
tion  of  mainly chert and greenstone pervaded by outcrop- 
scale brittle faults and  folds. The combined  effect of these 
and larger-scale structures is to produce a complex  array of 
lenticular blocks  which  generally  prohibits  the  tracing of 
individual  lithologic  units for more  than a few  hundred  me- 
tres.  Larger-scale  units  with  recognizable  lithologic  attrib- 
utes (e.g. units  uTBRglc  and TBRb) can  locally be traced 
for several  kilometres,  but  these constitute only a small pm- 
portion  of  the  complex, and individual  lithologic  compo- 
nents  within  these  units  can  rarely be traced  beyond a few 

contrasts markedly  with  the coherent stratigraphic  succes- 
closely spaced outcrops. This fault-induced lenticnlarity 

~~ 

and  Methow  terranes  and  the  Tyaughton  basin, and is attrib- 
sions  found  within coeval  and  youngerrocks of Cad\r.allader 

nted to accumulation of the Bridge River  Complex as an 

roborated by the wide  age  range  documented  foi cherts 
accretion-subduction complex. This interpretation is cor- 

within the complex  (Cordey and Schiarizza, 1983) and  in 
particular  by  the local presence of blueschist-facies.  rocks. 
Accumulation of thecomplex within asubduction-accretion 
setting  was  apparently a protracted event, extending  from at 
least the late  Middle Triassic (the  age of Bridge  River 
hlueschists) to latest  Middle  Jurassic time (the agi of the 
youngest  known  chert  imbricated  within  the  complex). The 
distributionofknownageswithintheBridgeRiverComplex 
(Figure 6)  provides  no clear indication of the  pol;nity of 

part  be  attributed to post-accretionary deformation  which 
accretion. The lack of a systematic age distribution  may in 

involved  several  phases of mid to Late  Cretaceous tlimsting 
and  folding as well  as later translation along the  major  dex- 
tral  strike-slip  faults that transect the area. 

the  Bridge  River  Complex  and other tectonostratigraphic 
The structural  and  stratigraphic  relationships  between 

assemblages  within  the map area are summarized  in  Figure 
7. The oldest rocks inferred to rest stratigraphicall)  above 
the  Bridge  River  Complex are sandstones and shale; of the 
Gun  Lake  unit,  which occur locally in  several  fault-bcmnded 
domains  near  the  west  end  of Carpenter Lake (Jre following 
section). The Gun  Lake  unit is not dated,  but is infmed to 
correlate with  the Jura-Cretaceous Cayoosh  assemblage, 
which overlies the  Bridge River  Complex in thici well- 
documented sections to  the  south  (Journeay  and Mhoney, 

Figure 7. Summary of external  structural and stratigraphic  relationships of the  Bridge  River  Complex.  CT=imbricated  Cadwillader 
Terrane  and  Bralome-East  Liza  Complex. ShShulaps Ultramafic  Complex.  Other map unit  codes as in  Figures 3 and 4. 
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Mountain  Group, comprising the base of the  Tyaughton ba- 
1994). It may also correlate with  the  lower  unit  of  the  Relay 

sin to the  north,  although  no  unfaulted contacts between  the 
Relay Mountain Group  and  Bridge  River  Complex are ob- 
served. 

The Bridge River Complex is unconformably  overlain 
by the  Albian  Taylor  Creek  Group  in a belt  that extends from 
the  heads  of Taylor and North Cinnabar creeks southeast- 
ward across Tyaughton  Lake  (Gamer,  1989). It may also be 
stratigraphically overlain by  the  Taylor  Creek  Group  north 
of Big  Sheep Mountain, although the  contact is not exposed 

detritus derived  from  the  Bridge  River  Complex,  and  pro- 
in  this  area. The synorogenic Taylor Creek  Group  contains 

vides  the first record  of  uplift and erosion of the  complex, 

thrust  tectonics  (Gamer,  1989). The Taylor  Creek  succes- 
which is interpreted to have resulted from  west-vergent 

sion  that overlies the Bridge  River Complex  in  the  Taylor 
Creek area passes  northward into a thicker,  more  basinal 
succession that overlies the  Relay  Mountain  Group  in  the 

consistent with  the  interpretation  that  the  Relay  Mountain 
vicinity of Relay  Mountain  (Figure 7). This  relationship is 

was  locally  removed  by  erosion  before  deposition of the 
Group  was  deposited above the  Bridge  River  Complex  and 

Taylor  Creek  Group. 
The Bridge  River  Complex is unconformably  overlain 

by somewhat  younger  mid-Cretaceous  rocks of the  Silver- 
quick  conglomerate on  Mission  Ridge,  and by Eocene  sedi- 
mentary  and  volcanic rucks of the Jones Creek  succession 
in  the  vicinity  of Jones Creek.  Contacts  with  other  tectonos- 
tratigrapbic  assemblages  within themapareaarecretaceous 
or Tertiary  faults. 

In the  southeastern  part  of  the  map  area  the  Bridge  River 
Complex  occurs  structurally  beneath  imbricated slices of 

across  thrust faults that are exposed  in  the  Camelsfoot Range 
Cadwallader  Terrane  and  Bralorne-East  Liza  Complex 

younger  faults,  most of which are related  to the Yalakom- 
and  to  the  west  of  Liza  Lake (Figure 7). Other  contacts are 

position of the Bridge RiverComplex within  the  Camelsfoot 
Marshall  Creek fault system. The relatively  low  structural 

and  Liza  Lake  thrust stacks (of presumed  mid-Cretaceous 
age) is consistent with  relationships  in  the  intervening  Shu- 
laps-Mission Ridge metamorphic  belt,  where  the  Bridge 
River  Complex is in  part at a higher  metamorphic grade than 

and at least  in  part  occurs  beneath  these  units  across  normal 
Cadwallader  Terrane  and  the overlying Shulaps Complex, 

faults (see Chapter 3). 
Structural  relationships are more  complex  west  of  the 

both  structurally  beneath  and  structurally  above  imbricated 
Castle Pass fault, where  the  Bridge  River  Complex  occurs 

plex (Figure 7). This  complexity  is,  at least in  part,  due  to 
slices of Cadwallader Terrane and  Bralorne-East  Liza  Com- 

further  imbrication of a previously  assembled  thrust  stack 
by younger  faults  of  the Late Cretaceous  reverse-sinistral 
Eldorado fault system.  West  of  the  Eldorado fault, however, 

unit are structurally overlain by imbricated  Bralorne-East 
the  Bridge  River  Complex  and  overlying  Gun  Lake clastic 

Liza  Complex and Cadwallader Terrane just as they  are  in 

Cadwallader Terrane within  this same hangingwall  thrust 
the  eastern part of the  map  area.  Farther to the  northwest, 

sheet is structurally above the  Relay Mountain Group, pm- 

between  the  Relay  Mountain  Group and  Bridge River Ccm- 
viding  further  corroboration  of a stratigraphic relationship 

plex. 

in  the  previous  paragraphs suggest that the Bridge  River 
The  structural  and stratigraphic relationships descrilled 

rocks  of  the  Tyaughton  basin and Cayoosh  assemblage  in 
Complex  was  depositionally overlainbyclasticsedimentuy 

IateMiddleJurassic  toLate Jurassic  time. Uplift anderosion 
of  the  complex  occurred during mid-Cretaceous  contrac- 
tional  deformation, at which time it was  in  part depositi,m- 

Creek  Group and  structurally overlain by thrust slices  of 
ally overlain by synorogenic clastic rocks of the Taylor 

Cadwallader  Terrane  and  associated ophiolitic rocks. In de- 
tail the  present outcrop pattern is largelycontrolled by Late 
Cretaceous  and  Tertiary faults, but  shows a general tra~~si- 
tion from Bridge  River  Complex  in the southeast to  younger 

This pattern  probably reflects a northwestward plunge of the 
clastic  sequences of the  Tyaughton  basin to the northw,:st. 

Bridge River Complex  beneath the overlying sedimentary 
rocks of the  Tyaughton  basin,  away from a structural cul.ni- 

deformation. 
nation that developed  during  mid-Cretaceous  contractional 

CAYOOSH ASSEMBLAGE 

M. Journeay  and  co-workers to a succession of Jura-Crcta- 
Cayoosh  assemblage is an informal  name  applied by 

ceous(?) clastic  metasedimentary  rocks that is well expoied 

Bridge  River  Complex  (Journeay  and  Northcote,  1992; 
south of the  project  area,  where it conformably overlies the 

Journeay, 1993;  Mahoney and Journeay,  1993; .Iournt:ay 
and  Mahoney,  1994).  Within the southern part of the Tascko 
- Bridge  River  area  the  Cayoosh  assemblage is represented 
by sandstone, siltstone and argillite of the Gun Lake unit, 
which  overlies  the  Bridge  River  Complex at several  locnli- 
ties between  Gun  Lake and  lower Tyaughton  Creek. A nar- 
row lens of UpperJurassic conglomerate  that  occurs  within 
the  Bridge  River  Complex  near  Truax  Creek may represent 

dominantly fine grained clastic rocks that are in fault conl.act 
a stratigraphically  higher  unit  within the assemblage. he-  

also be part of the  Cayoosh  assemblage;  alternatively,  :.his 
with the  Bridge  River  Complex  north of Downton  Lake n a y  

unit  may correlate with  Lower to Middle  Jurassic  rock!; of 
Cadwallader  Terrane. 

GUN LAKE UNIT  (JKGL) 

separate areas  in the southern  part of the  Taseko - Briclge 
Rocks  assigned  to the Gun Lake unit are mapped  in 5 

River  map  area.  None of the outcrop belts are extensive,  but 
in  each area the  unit  comprises a similar  succession  of  sand- 
stone,  siltstone  and argillite that is known or inferred to stra- 
tigraphicallyoverlietheBridgeRiverComplex. Theserocks 
are  thought to represent  the  lower part of  the  Cayoosh as- 

above  the  Bridge  River  Complex,  and their general li- 
semblage  based  on their stratigraphic position directly 

Mahoney  and Journeay (1993)  and  Journeay  and lllaho:~ey 
thologic  similarity  to  the  Cayoosh  assemblage  describec. by 

argillite,  slaty argillite and siltstone intercalated  with gener- 
The Gun  Lake  unit consists of  medium  to  dark  grey 

(1994). 
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ally lighter  coloured  grey to green fine to coarse-grained 

closed by slaty  argillite, as medium to thick  normally  graded 
sandstone. Sandstone  occurs variably as thin lenses eu- 

beds, and locally as massive outcrops within  which  me- 
dium-scale  bedding is defined only by discontinuous,  wispy 

nated by volcanic lithic fragments, quartz and feldspar. 
dark  grey shale laminae.  Sand grains are typically  domi- 

Quartz  grains are commonly  angular,  and  some  preserve 
delicate embayments, suggesting derivation  from a proxi- 
mal  volcanic  source.  Dark  grey shale intraclasts  are  com- 
monlocally,andcbertgrainsareamajorconstituentofsome 
sandstones. 

lower  part of the Tmax Creek  road, where it passes eastward 
The base of the  Gun  Lake unit is best exposed along the 

into a more  heterogeneous  assemblage  comprising  imbri- 
cated chert, argillite, sandstone,  greenstone,  limestone  and 
serpentinite assigned to Unit  JBRas of the Bridge River 

Complex are strongly sheared, with  foliation,  nlesoscopic 
Complex. Both  the  Gun Lake unit  and  the  Bridge  River 

shears  and  bedding  dipping  moderately to the  west or south- 
west.  Graded  bedding  and  crosslaminations from several lo- 
calities  within  the  Gun  Lake  unit  indicate  that  it is 
overturned  and faces to the  east,  away  from  the  Bridge  River 

presumably  related to their  position  in  the footwall of  the 
Complex.  Despite  the shearing  within  both units,  which is 

Late  Cretaceous Truax  Creek fault system (see Chapter 3), 
there does  not  appear to be a major structural  break  between 
the  Bridge  River  Complex  and  the  Gun  Lake  unit. The con- 
tact is therefore interpreted to be a stratigraphic contact 

deposited  above  the  Bridge  River  Complex. 
(presently  overturned)  across  which  the  Gun  Lake  unit  was 

Unit  JBRas  of the Bridge  River  Complex  along  lower 
Clastic rocks  assigned to the Gun  Lake  unit also overlie 

Tyaughton  Creek and in a belt that extends  from  the  vicinity 
of Mount &la northwestward  across  Gun  Lake  to  near  the 
lower  reaches of Leckie Creek. Facing  directions  were not 
determined  in the latter area,  hut  these  rocks are apparently 
disposed as a tight  syncline,  outlined  in  part by the  underly- 
ing  Bridge  River  rocks,  in  the footwall of  the  Eldorado  and 

as Noel Formation by Cairnes (1937, 1943).  who also 
Sumner Creek faults. This belt of clastic rocks  was  mapped 

mappedaseparateoutlierofNoe1 Formation two kilometres 
to the  southwest;  this latter belt  was  not  examined  during 
the  present  study,  but is shown as the  Gun  Lake  unit  on 
Figure 3. A thin  belt of well  bedded  sandstones  and argillites 
mapped  between two strands of the Castle  Pass  fault  along 
Pearson  Creek is also assigned to the  Gun  Lake  unit.  This 
unit is faulted  against  Bridge  River  serpentinite to the  north, 

blage  of  Bridge  River  chert,  greenstone  and argillite to the 
and is in structural or stratigraphic  contact  with an assem- 

south. 
Ingenera1,thesandstonesoftheGunLakeunitarequite 

similar to the  volcanic-rich  sandstones  that are intercalated 

Complex. These sandstones are most  common  within  por- 
with chert and argillite within  the  underlying  Bridge  River 

Lake  unit  (specifically  Unit JBRas), suggesting  that  the  con- 
tions of the Bridge  River  Complex  directly  beneath  the  Gun 

assemblage does not  display  the  tectonic  disruption  charac- 
tact is in a general sense gradational. Since the  Cayoosh 

teristic  of  the  Bridge  River  Complex,  this  contact  apparently 
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reflects an increase in clastic input broadly coincidmt with 
the final stages of accretionary tectonics within  this part of 
the  Bridge River Complex.  Although  the  Gun  Lake  unit is 

Middle  Jurassic  time, as this is the age of the younge It dated 
not  dated,  this  transition is thought to have  occurred in late 

chert  imbricated  within the Bridge  River  Complex as well 
as the  age of the basal unit of the  Relay  Mountain  Group, 
which  may correlate with  the  Gun  Lake  unit. 

DOWTON LAKE UNIT (JDL) 
Rocks  assigned to the  Downton  Lake unit crop out on 

the  north  side  of  Downton  Lake,  where  they are 'in fault 

truded by Late  Cretaceous granodiorite of the D'ckson- 
contact  with  Bridge  River  Complex to the east and are in- 

McClure  batholith to the west  and  north. The succelsion is 
dominated by rusty-weathering,  dark  grey to black siliceous 

Also present are thin to medium, locally graded  beds of  fine 
argillite and siltstone that occur in  thin to thick plannr  beds. 

grained  sandstone,  medium beds of  silty  limestone,  2nd  thin 
lenses  of  black  carbonaceous calcarenite and  carbortaceous 
limestone. Beds of conglomerate  occur locally, and  ':onbin 

within a calcareous  matrix. No macrofossils  were  found  in 
pebbles of argillite,  limestone  and feldspathic volcaric rock 

the  succession,  and  calcareous  samples  processed  foI  micro- 
fossils  were  barren of conodonts or radiolaria. 

Rocks  assigned to the  Downton Lake unit  were  rnapped 
as Noel  Formation by Caimes (1943).  They comphe the 
north  end  of a belt that was  traced  south-southeast  across 

Hutchison  (1973)  and  Woodsworth  (1977). These workers 
Green  Mountain  to  Noel  Mountain  by  Roddick  and 

Formation.  Rusmore  (1985)  examined  the  rocks on Noel 
assigned  most  of  the  rocks  within  this  belt to the  Hurley 

Mountain  and  provisionally  accepted  the  Hurley  correla- 
tion,  while  noting  that,  in  comparison to the  Hurley  :?orma- 

sandstone,  the  sandstones contain less quartz, and  the  com- 
tion  of  the  Eldorado  Creek  area,  the  section  contains  less 

position of the  conglomerates is more  restricted. Th.: rocks 
exposed  north of Downton  Lake do not  resemble  the  Hurley 
Formation  exposed  elsewhere in the Taseko-Bridg~: River 
area,  but  are,  in  part, similar to the  Lower to Middle  Jurassic 
rocks of Cadwallader  terrane,  with  which  they were corre- 
lated by Schiarizza etal. (1993a).  However, as much ofthis 
section also resembles  the  Gun  Lake  unit,  we  presently  ac- 
cept the  more  recent correlation of Joumeay and  Milhoney 
(1994),  who suggest that  this  belt of rocks comelatcs with 
the  lower to middle  portion of the  Cayoosh assemblige. 

TRUAX  CREEK  CONGLOMERATE  (JKT) 

fault-bounded  lens  within  the  Bridge River Complex  on  the 
The  Truax  Creek  conglomerate  occurs as a narrow 

south  side  of  Carpenter  Lake, 11 kilometres north:ast of 

unit by Church  and  MacLean  (1987b),  who mappel them 
Gold  Bridge. These rocks  were first recognized as a distinct 

lected  from a thin siltstone lens within  the  coarser  rocks, 
as Relay  Mountain Group on the  basis of fossils tht:y col- 

which  were  identified  by  T.  Poulton as Buchia sp. oi'possi- 
ble Late Jurassic  (Volgian?)  age. 

The Truax  Creek  unit  consists  almost  exclusively  of 
massive, unstratified, poorly  sorted  pebble to cabbie con- 
glomerate  (Photo 11). Clasts are dominated by felsic to in- 
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Photo 11. Truax Creek conglomerate 

termediate  volcanic  rocks,  but  also include significant  pro- 
portions of mafic volcanic  rocks, granitic to gabbroic  plu- 
tonic  rocks  and shale. Clasts  of chert, limestone,  sandstone 
and granule to small pebble  conglomerate,  the latter prob- 
ably  of intraformational origin, also occur,  but are not abun- 
dant. Volcanic  and plutonic clasts vary from  angular to 
moderately  well  rounded,  with larger clasts tending to be 
better  rounded. Shale clasts are rarely  larger  than  pebble size 
and  tend to be angular.  Pebble  conglomerates are commonly 
clast-supported, whereasthelargerclastsincoarservaaieties 
tend  to be supported by a well indurated, siliceous,  gritty  to 
sandy  matrix. 

gritty  sandstone  occurs  locally  within the Truax  Creek  con- 
Massive,  well  indurated coarse grained  sandstone  and 

glomerate, where it forms poorly  defined  beds or lenses  that 
range from tens of centimetres to a few  metres  thick. Clastic 
grains are dominated by volcanic-lithic  fragments,  angular 
quartz,  feldspar, chert and siliceous argillite, but also in- 
clude  hornblende,  siltstone,  polycrystalline  quartz  and 
quartz-feldspar  aggregates,  and quartz tectonites. 

conglomerate  and adjacent  units  are  unknown, as it occurs 
Stratigraphic relationships between the Truax  Creek 

as anarrow, southwest-dippingfault-boundedlensenclosed 
within  the  Bridge  River  Complex.  Footwall  Bridge  River 
Complex to the northeast, however,  passes  eastward into 
overturned  Gun  Lake clastic unit  comprising  the  base of the 
Cayoosh  assemblage  in  this  area.  It is possible,  therefore, 
that  the  Trnax  Creek  conglomerate is a faulted  repetition 

.__ 

that  has  preserved a higher  stratigraphic  level of the 
Cayoosh  assemblage, or an overlying unit. 

CADWALLADER  TERRANE 

CADWALLADER GROUP 

canic and  sedimentary  rocks that outcrop in several fault- 
The  Cadwallader  Group  comprises  Upper Triassic V O -  

bounded  panels in the  southern  part of the  map  arca, 

ward to the  western slopes of  the  Camelsfoot  Range, east of 
extending from Eldorado Creek  and Downton  Lake  east- 

the  Yalakom  and  Bridge rivers (Figure 8). Cairnes (1937, 

Formation and Hurley  Group for rocks  in  the Bralome and 
1943) first used the designations Noel Formation,  Pioncer 

Eldorado  Mountain areas which had previously  been :n- 
cluded  in  the  Cadwallader Series of  Drysdale  (1916,  1917) 
and  McCann  (1922). The Noel, Pioneer and  Hurley  were all 
assigned  formational status by Roddick  and Hutchism 
(1973),  and  included  within  the Cadwallader Group. Rus- 
more  (1985,  1987)  was the first to  study  the  Cadwallatler 
Group  in  detail. She concluded  that  the Noel Formalion as 
not a coherent  unit  and  should be abandoned.  Her  revised 
stratigraphy,  based  on sections west of Eldorado  Mountmn, 
comprised  mafic  volcanic  rocks of the Pioneer  Formatiwn, 
and  conformably overlying siltstone,  sandstone  and cm- 
glomerate of the  Hurley  Formation;  neither  the  stratigraphic 
base  nor  the  stratigraphic  top  of  the section was  recognized. 
Rusmore  assigned the Cadwallader Group a Late Trias!;ic 
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age on the  basis of latest Camian or earliest Norian  to  middle 
Norian  conodonts  collected  from  the  Hurley  Formation. 

Roddick  and  Hutchison’s  three-fold  division of the Cadwal- 
Church (1987) and  Church et al. (1988a,b) retained 

lader Group.  However,  they  assigned  all  mafic volcanic 
rocks  in the Bralome map  area to the  Pioneer  Formation, 
including greenstone units  that  previous  workers  had as- 
signed to the Bridge River Complex.  They  used  the  term 
Noel  Formation for black  argillite, siltstone and  calcareous 

Bralome - Gold Bridge area. This usage  excluded  some 
siltstone exposed in  several  areas  in  the  Downton  Lake - 

rocks  originally  assigned  to the formation by Caimes (in- 
cluded by Church et al., in  the  Bridge  River  Complex),  and 
locally  included  some  rocks  previously  assigned to the  Hur- 
ley  Formation.  Their  assignment  was  apparently  based  on 
lithology,  regardless of stratigraphic  position, as they in- 
cluded  some  rocks that occur between  their  Pioneer  and 
Hurley  formations,  whereas  previous  workers  had  assigned 
the  Noel  Formation a stratigraphic  position  beneath  the  Pio- 
neer  Formation. 

Further  confusion as to  the status of  the  Cadwallader 

U-Pb  crystallization ages from  diorite  and  soda  granite of 
Group  arose  when  Leitch (1989) obtained  Early  Permian 

the  Bralorne  igneous  complex. This conflicted  with  the Tri- 
assic  age  assigned to the  Cadwallader  Group by  Rusmore 
(1985, 1987)becauserockstraditionallyincludedinthePio- 

play  complex  interfingering  to  gradational contacts with  the 
neer  Formation of the  Cadwallader  Group  commonly  dis- 

Bralome diorite, suggesting  an  intrusive  and  possibly co- 
magmatic relationship (Caimes, 1937,  1943; Leitch, 1989; 
Leitcb et al., 1991a). 

study  correspond  to the Upper Triassic CadwalladeI Group 
Rocks  assigned to  the Cadwallader Group in the present 

as redefined  by  Rusmore (1985,1987). It comprises I lower 
volcanic  unit  together  with  overlying  sedimentary rc~cks as- 
signed to the Hurley  Formation; the contact between the two 
main  units is locally  gradational and defined by  an  interven- 
ing transitional  unit that is included in the Hurley Fonnation. 
Rocks  assigned to the  Noel  Formation  by Caimes (1937, 

Creek  and  Downton  Lake  units,  which are correlatcd with 
1943) have  in large part  been included in the infom,.al Gun 

the  Jura-Cretaceous  Cayoosh assemblage of  Bridgl: River 
Terrane. The volcanic  unit  of the Cadwallader Group  in- 
cludes  some rocks that  have  traditionally  been assiped to 
the  Pioneer  Formation,  but  much of the Pioneer  Folmation 
as defined  by Caimes (1937,  1943) is here included  in  the 
PermianBralorne-East  LizaComplex. Because greenstones 
in  the  type  area of the Pioneer  Formation, at the Pioneer 
mine,  apparently fall into the latter category, the name  “Pio- 
neer” is not  used for the Cadwallader Group  volcanic:  rocks. 
This  two-fold  division of rocks  that  had  previously  been 
included  in  the  Pioneer  Formation  alleviates  some of the 
confusion  introduced  with  Leitch’s (1989) Lower Pmnian 
dates for the Bralome diorite. It is supported  by  available 
geochemical  data  (Macdonald, 1990a,b), as volcanit:  rocks 
assigned to the  Cadwallader  Group  on  the  basis  of otserved 

chemistry of island  arc  tholeiites,  whereas  greenstones in- 
stratigraphic contacts with  the  Hnrley  Formation  disFlay  the 

cluded  within  the  Bralome-East  Liza  Complex,  which  com- 
monly  interfinger  with  intrusive  rocks of the  comple:c,  have 
the  chemical characteristics of  ocean floor basalts. 

menclature, as well as continuing  difficulties in distiuguisb- 
Much of the  confusion  over  Cadwallader  Group  no- 
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ing Cadwallader volcanics from Bralome-East  Liza vol- 
canics,  results  from  the close spatial relationship  of  the  Cad- 
wallader  Group and the  Bralorne-East  Liza  Complex 

stratigraphic relationship,  with the Cadwallader  Group  hav- 
(Figure 8). This spatial relationship may  reflect an original 

by the Bralorne-East  Liza  Complex.  This  has  not been 
ing  been  deposited above an  oceanic  basement  represented 

proven  in  the Taseko - Bridge River  map  area,  however, as 
all  observed contacts between the two  units are faults 

VOLCANIC UNIT(u7;CV) 
The volcanic unit of the Cadwallader Group  includes 

pillowed and  fragmental mafic  volcanic  rocks that are  li- 

Bralome-East Liza  Complex  and  the  Bridge  River  Com- 
thologically similar to mafic  volcanic units of both the 

plex. The map  units to which  these  mafic  rocks  have  been 
assigned are based largely on  the  rocks  with  which  they are 
associated,  but  this  presents  difficulties  in  separating 
Bralome-East Liza  volcanics  from  Cadwallader  Group  vol- 
canics  because  the  two  map  units are everywhere  spatially 
associated. Consequently, rocks  assigned to the  volcanic 

rocks  observed or inferred  to be in  depositional  contact  with 
unit of the Cadwallader Group include only  those  volcanic 

the  Hurley  Formation.  They outcrop in  only  four  widely 
separated  localities,  and are of limited  aerial  extent.  Rela- 
tionships are best  displayed  west  of  Eldorado  Creek,  where 
Rusmore  (1985,  1987)  describes  stratigraphic  contacts be- 
tween thevolcanic unit andoverlyiug Hurley  Formation  that 
vary  from abrupt to gradational:  the  gradational contacts are 
marked by a transitional unit  comprising  greenstone  and 
bedded tuff intercalated  with  sedimentary  rocks  similar  to 
those thatcharacterize the  overlying  Hurley  Formation  (Fig- 
ure  9). A similar gradational  contact  was  observed  between 
the  Hurley  Formation  and  underlying  volcanic  rocks  along 
a northwest-trending ridge four kilometres northwest of 
Liza  Lake.  Volcanic  rocks  assigned to the Cadwallader 
Group alsooutcropeast and southeastofGoldBridge, where 
they  occupy a narrow  fault-bounded  belt  between  the 
Bralome-East Liza  Complex  and the Bridge  River  Com- 

Hurley Formation, which at several localities was  observed 
plex. These volcanics outline a tight  syncline  cored by the 

in  conformable  depositional  contact  with the volcanic rocks. 
The  other  area  underlain by the Cadwallader  Group  volcanic 
unit is on  the  lower slopes northeast  of  the  Yalakom  river, 
between Ore and  Junction  creeks.  There,  volcanic  breccia 

also includes volcanic conglomerate that  contains sparse 
(Photo  12) is assigned to the  Cadwallader  Group  because it 

clasts of limestone  and  green cherty tuff  that are common 
as  clasts in overlying conglomerate of  the  Hurley  Forma- 
tion. 

of green, grey-green or purple,  massive and pillowed  basalt, 
The Cadwallader Group  volcanic unit consists mainly 

together  with  pillow  breccia  and  agglomerate.  Massive  and 
pillowed  flows are commonly  aphyric orplagioclase phyric, 
but locally include phenocrysts  of  both  plagioclase  and cli- 

sists of intergrown  plagioclase  laths  and  clinopyroxene 
nopyroxene. The aphanitic  to  fine-grained  groundmass con- 

morphic  minerals  that include chlorite,  calcite,  actinolite, 
crystals  together  with  opaque grains and  low-grade  meta- 

epidote and  pumpellyite. The  flows are almost  invariably 

Figure 9. Schematicstratigraphic  sections of CadwalladexTerrane. 
Tyaughton Creek section after  Umhoefer (1989,  1990). Eldorado 
Creek section  after  Rusmore (1985,1987). 

amygdaloidal,  with  amygdules of calcite,  calcite-chlorite, 
calcite-pumpellyite  and  quartz-epidote.  Unstratified brw- 

crudely stratified mafic agglomerates occurrarely. 1)iaba;ic 
cias comprised  largely ofpillow  fragments are common, and 

to gabbroic sills occur  locally  within the volcanic  unit,  and 
Rusmore (1985,1987) reports a small body  of  quart:c-phy i c  
rhyolite  in the unit near  Eldorado  Creek. 

been  dated,  but since basalt flows are intercalated  with the 
The volcanic  unit  of the Cadwallader Group  has rot 

transitional  unit  of  the  Hurley  Formation,  which  contains 

age. 
early  Norian  conodonts, it  is inferred to be of Late Triasic 

Rnsmore  (1985,  1987) reports trace element compri- 
tions  of  ten  basalt  samples  from  the  Cadwallader  Group  in 
the  Eldorado  Creek  area  (six  from  the  volcanic  unit  and  fa ur 
from  the  overlying  transitional  unit of the  Hurley Foma- 
tion)  and analyses them  using various published  trace-eie- 
men! discriminant  diagrams. The samples fall mainly  in the 
fields of island-arc  tholeiites,  although  some overlap ir to 

that the  Cadwallader hasalts probably  erupted  in or near an 
ocean-floor  basalt  compositional  fields.  Rnsmore  concludes 

island arc. Trace  element  compositions of Cadwallader 
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Photo 12. Volcanic  breccia in the lower part of the  Cadwallader 
Group, nonbeast  side  of the Yalakom River above the mouth of 
Shulaus Creek. 

Group  volcanic  rocks  from elsewhere in the map  area  sup- 
port the conclusions  of  Rusmore as they  also plot mainly  in 
island-arc  tholeiite  compositional  fields  (Macd.mald, 
199Oa.b). 

HURLEY FORMATION 

Transitional Uni! (uTCHv) 

of basalt  and  bedded tuff intercalated  with sandstont, con- 
The transitional  unit of the Hurley  Formation cansists 

glomerate  and  minor  amounts of micritic  limestone. It oc- 
curs  locally  between  the  volcanic  unit  and  overlying 
sedimentary  rocks of the  Hurley  Formation. It is included  in 
the Hurley  Formation following  Rusmore (1987),  who  took 
the  stratigraphically lowest occurrence of clastic nxks to 

mappable entity only in two separate fault slices in  the El- 
mark  the base  of the formation.  The transitional  unit is a 

dorado Creek area,  where it was  originally  defined by Rus- 
more (1985,1987). A similar transitional interval WSS noted 
at the contact  between the volcanic unit and  Hurley  Forma- 
tion  on  the ridge northwest  of  Liza  Lake,  but is not suffi- 
ciently well  defined to constitute a mappable un..t. Rare 
volcanic rocks observed elsewhere in the Hurley Fomation 
likewise are not sufficiently extensive or well defin8:d to be 
separated out as a  mappable  subdivision. 

The transitional  unit is described  in  detail by Rnsmore 

from  her  work. It includes pillowed  and massive flows  and 
(1985, 198’7). and the following brief  summary is mainly 

pillow breccias that are very  similar to those within  the  vol- 

micritic limestones that resemble  rocks in uhe olrerlying 
canic  unit,  as  well as conglomerates,  sandstones md rare 

sedimentary  member  (Photo 13). However, it also includes 

of crystal tuff  that are common only in the transitional  unit. 
thick  beds  of felsic tuffaceous sandstone and  thinner  beds 

The felsic tuffaceous  sandstones dominate much  of the  unit, 
and  generally Dccur as massive, dark green  beds sev  era1  me- 

Photo 13. Well-bedded sandstone,  tuffaceous  sandstone and conglomerate  in  the  transitional  unit of the  Hnrley  Formation,  east of 
Spruce  Lake. 
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tres  thick.  They  contain  fragments  of  basalt,  pumice  and 

quartz crystals, within a chloritic  tuffaceous  matrix.  Rus- 
devitrified glass, together with euhedral plagiociase  and 

marine pyroclastic deposits.  Thin  beds of bright  blue-green 
more suggests that they are redeposited  ash-fall tuffs or sub- 

crystal  tuff  that are intercalated  with the tuffaceous sand- 
stone beds also characterize the transitional  unit.  This  tuff 
consists of a chloritic matrix containing scattered euhedral 
crystals of plagioclase, quartz and clinopyroxene, as well as 
relict  glass  shards  replaced by calcite and  chlorite. 

Sedintentary Una (uTCU) 
The sedimentary  unit of the  Hnrley  Formation consti- 

tutes most  of  the Cadwallader Group  exposed  within  the 

sandstones, calcarenites and  shales,  locally  punctuated  by 
map  area.  It comprises a sequence of generally  well  bedded 

distinctive beds  of polymict  conglomerate. It locally in- 
cludes  limestone beds and  lenses,  and  rarely  contains  cha- 
otic deposits of limestone-basalt breccia associated  with 
pebbly  mudstone and conglomerate. 

medium to  coarse-grained, brownish  weathered  sandstone 
The sedimentary unit consists largely  of  thin  beds of 

alternating with  dark  grey shale or siltstone. The sandstone 
beds  commonly have  sharp bases and graded  tops.  Scattered 
throughout  the  succession are intervals  of finer grained silt- 
stone-shale couplets, as well as beds  of  medium  to  thick- 
bedded  sandstone  and calcarenite. The thicker beds  are 
mainly coarse  tomediumgrainedand  arecommonly graded. 
Rarely  they include granules and small pebbles  in  their  basal 
portions. Rip-up clasts  of shale or siltstone are also present 
near  the bases of some beds. The sandstones are mainly  vol- 
canic-lithic arenites and calcarenites containing variable 
proportions of mafic to felsic  volcanic  rock  fragments, 
quartz and feldspar crystals, and  carbonate  clasts  (including 
fossil fragments).  Much of the detrital quartz is volcanic  in 
origin  as  many  crystals  have  embayed  margins  or a 
bipyramidal habit (Rusmore, 1985). Rare clasts of  inter- 
grown quartz and  feldspar  derived  from a plutonic  source 
are  seen  in  some samples, and  clasts of shale and  siltstone 
may also be present. 

Although distinctive pebble to boulder  conglomerates 
are a subordinate  component of the  sedimentary  member, 

mation. Similar conglomerates are present  within the tran- 
they  were  observed  in  all  outcrop belts of  the  Hurley  For- 

sitional unit. The  conglomerates commonly form single 
beds  several  metres  thick,  but  locally  occur  in  groups of 
beds,  with or without  intercalated  sandstone,  that may total 
several tens of metres  in  thickness.  Most  conglomerate  beds 

bases;  some  relatively  thin  beds grade upward into  planar 
are lenticular and unstratified, with strongly channeled 

sandstone caps. The  conglomerates generally cotlsist of 
poorly  sorted  pebbles  and  cobbles of limestone  (commonly 
fossiliferous), felsic to mafic volcanic mcks  and granitoid 
plutonic  rocks, set in a sandy  matrix  that is commonly cal- 
careous.  Volcanic clasts are  generally  more  abundant  than 
plutonic  clasts,  but  the  proportion of igneous clasts versus 
limestone  clasts  varies  considerably  and is independent of 
stratigraphic position (Rusmore, 1985, 1987). Clasts are 

clasts are commonly rounded,  and limestone clasts vary 
generally subangular to subrounded,  although plutonic 

from  markedly  angular to well  rounded. Distinctive claits 

similar to the  thin  tuff  beds  found  in the volcaniclastic  mein- 
observed  in  most  conglomerates include bright  green  tuff 

ber  (Rusmore,  1985),  and  light  green to grey  rhyolite or 
dacite  with  large  quartz and feldspar phenocrysts. 

Rusmore (1985,  1987) describes tabular deposits of 
limestone-basalt breccia intercalated with conglomera'es 
and  pebbly  mudstones  within the sedimentary  member wI:st 
of Eldorado  Creek, and suggests  that  they are submarine 
talus deposits  that  accumulated at the base of a steep slope 

blocks up to 4 metres across.  Angular limestone blocks up 
or scarp. The breccias consist of  unsorted,  clast-supported 

to several metres across also occur within  thick intervals of 
polymict  conglomerate that occur in two separate thmst 
slices on  the slopes southwest of Mount Bishop. 

Thin  to  medium beds of micritic limestone or laminaied 
to crosslaminated  silty  limestone  occur  locally  within the 
Hurley Formation,  where they are commonly  associaved 
with beds of calcareous siltstone or calcarenite. Thicker 
limestonebodiesarenotcommon,butamassivelensof)i;:ht 
grey  limestone  west of upper  Eldorado  Creek is several tms 
of  metres  thick  (Photo  14). 

a late Camian or early  Norian to Middle Norian age, based 
Rusmore (1985,  1987)  assigned the Hurley Format,,on 

on conodonts  (identified by  M.J.  Orchard)  extracted f m n  
both  the  transitional  and  sedimentary  units. She also col- 
lected a poorly  preserved ammonite from  the  transitional 
unit,  which  was  assigned a  Carnian or Norian age by  E:.T. 
Tozer  of  the  Geological Survey  of Canada.  Rusmore  noted 
that conodonts  from clasts in conglomerate show a similar 
age  range  to  those  within  limestone  beds,  indicating  that 

poraneous with  deposition of the clastic rocks of  the forma- 
deposition and  erosion  of  the limestone source was contun- 

tion. Limestone  and calcarenite beds sampled  during the 
present  study,  and by  B.N.  Church of this  Ministry, hwe 
yielded  several  additional collections of Late Triassic cono- 
donts  and  radiolarians  (Appendix 1). but do not increase the 
age range  reported by Rusmore.  However, M.J. Orchard re- 
ports that one of  Rusmore's samples previously assignal to 
the  Middle  Norian is probably of Late  Norian age (Appendix 

nificant, as it indicates that the Hurley  Formation is in part 
1, Sample  83-WV-R-5).  This  revised  interpretation is :;ig- 

the  same  age as the  Tyaughton  Group. 

TYAUGHTON GROUP (u7;T) 

per Triassic nonmarine to shallow  marine  sedimentary rc cks 
The Tyaughton  Group is a distinctive succession  of '3p- 

that outcrops  over a limited area extending from Bonanza 

Tyanghton  creeks (Figure 8). The  only  exposure of the 
Creek  northwestward to the  divide  between  Relay and 

group  known  outside  this  belt is a small  klippe restin$, on 
the  Jura-Cretaceous  Relay  Mountain  Group east of Lorna 

Group as consisting  of  these  Upper  Triassic  rocks, but the 
Lake.  Cairnes  (1943) originally defined the Tyaughton 

definition  was  extended  by  Tipper  (1978)  and  Glover er al. 
(1987) to also include overlying  Lower to Middle Jurassic 

tailandrestrictedtheTyaughtonGrouptotheTriassicrocks, 
rocks.  Umhoefer  (1989, 1990) studied  the  succession in de- 

as originally defined by Cairnes; he introduced the n m e  
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Photo 14. Limestone lens within  the Hurley Formation, near Eldorado Creek. 

Last Creek formation as an informal designation for the 
overlying Jurassic rocks. 

The main  belt  of  Tyaugbton  Group rocks is truncated 
by the Castle Pass fault to the northeast,  across  which it is 
juxtaposed against Jura-Cretaceous sedimentaly rocks of 
the Tyaughton  basin. The group is bounded by a thrust slice 
of Last Creek  formation to the west,  and by a different  tbrust 
fault to the southeast, across  which it is structurally  overlain 
by the Cadwallader Group. The Tyaughton  Group  within 
the belt is strongly deformed by both thrust and strike-slip 
faults, sncb that no single complete  stratigraphic section is 
exposed.  However,  the distinctive stratigraphy of the  group 
allowed  Umhoefer  (1990) to estimate a total  thickness  of 
about  600 metres,  based  on internal correlation of several 
individual  sections. The base  of  the  group is nowhere  ex- 
posed, but the stratigraphic top is locally  defined by a dis- 
conformity  beneath  overlying Jurassic rocks of the Last 
Creek  formation. 

Umhoefer  (1989,  1990)  subdivides  the  Tyaughton 
Group into five  informal map units,  following  Tipper (un- 
published  1965  mapping)  and Tozer (1967):  lower  redbeds; 

clastic unit; the Cussiunellu beds;  and  an  upper  green clastic 
the massive to thin-bedded  limestone unit; a lower  green 

unit (Figure 9). The group is undivided  on the 1:lOO OOO 
scale map  of Figure 3, but the  distribution of these  units is 

a less detailed two-fold  subdivision is presented by  Umhoe- 
shownonthe1:20000scalemapofUmhoefereful. (1988); 

fer  (1990)  and Schiarizza et ul. (1993a,c,d). The following 

of Umhoefer  (1989,  1990). 
summary of the group is based  on  the  detailed  descriptions 

The redbeds comprising the lowest  exposed ptnion of 
the  Tyaughton  Group consist of  nonmarine  conglomerates 

and  limestone  clasts, together with  minor  plutonic  clasts. In 
and  sandstones containing mainly felsic to mafic volcanic 

interbedded  pebble conglomerate and  sandstone,  to  fine- 
general,  the unit fines upward  from cobble conglolrterate to 

grained  sandstone  and  siltstone. The lower part comprises 
amalgamated  red  to  green  pebble  to cobble-congl.~memte 
beds, typically 1 to IOmetresthick, with minorpebbly sand- 
stone interbeds. The  conglomerates are clast supported, 
poorly  sorted and massive to poorly  stratified  (Photo  15). 
Overlying  rocks are mainly  interbedded red to  gre'y-green 
pebble  conglomerates  and  pebbly to medium-grained, me- 
dium to thick-bedded  sandstones.  Conglomerate  is  mcder- 
ately  sorted,  tabular or trough  crossbedded,  and co:nmonly 
grades  into sandstone. Finer  grained  beds show  parallel 
laminae or are massive to crudely  stratified. 7'be upper part 
of  the  unit is red, fine to  medium-grained  sandstone  and 

laminae. 
sandy siltstone with  thin, planar bedding  and herizontal 

The redbed unit is overlain by limestone  (Photo  16) 
across a disconformity  with  no evidence of erosion. The 
limestone  unit  consists  predominantly of bioclastic  pack- 
stone  to  wackestone  in  medium to very thick,  planar to wavy 
beds. It includes  interbedded  limestone  and quartz-rich 
sandstone  in  beds 20 to 50 centimetres thick, and locally 
includes  minor  amounts of grey  chert. The top of the  unit 
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Photo 15. Conglomerate  in  the  basal  unit of the  Tyaughton  Group,  northeast of Tyaughton  Creek. 

Photo 16. Limcstone  and  overlying clastic rocks, including  Cassianella  beds, of the  Tyaughton  Group, west of Castle Peak. 

30 Geological Survey  Brunch 



Ministry of Employment and Ins-t 

commonly consists of yellow  and  grey,  thin-bedded  micrite. 
The lower part of  the  limestone  unit  contains  the  large fossil 
bivalve Neomegaludus  canadensis (Shimer), as well as 

stone that locally marks the  top of the unit  contains  the early 
other bivalves, corals and  bryozoa. The thin-bedded  lime- 

late Norian  index  bivalve Monotis subcirculuris Gabb 
(Tozer,  1967). 

The lower  green clastic unit overlies the  limestone  unit 
across an erosional unconformity. Its base is locally  marked 
by limestone-pebble-cobble  conglomerate  comprising 
closely packed, grey  limestone  clasts  with  minor  quartz- 

into pebble conglomerate and  then into red to orange-weath- 
granule matrix. The basal  conglomerate  beds grade upward 

taining  limestone  pebbles.  Overlying  rocks  are green, 
ering  quartz-granule  conglomerate to coarse sandstone  con- 

display  tabular and trough  crossbedding. These x e  interca- 
medium to coarse-grained lithic sandstones  that  commonly 

pebbly  sandstone  containing  subrounded clasts of felsic to 
lated  with  lenticular  beds of sandy  pebble  conglomerate to 

rock. 
intermediate  volcanic  rock,  limestone  and  minor  granitoid 

The  overlying Cassianella beds  comprise  brown- 
weathering,  poorly  stratified,  fine-grained  calcareous  sand- 
stone interbedded with  bivalve-rich sandy calcarenite to 
calcareous  sandstone,  dominated by the pelecypod Cassian- 
ella lingulatu. The fossil-rich calcarenite  beds  are  10 to 40 
centimetres thick and are laterally  continuous for at least 
hundreds  of  metres. Tozer (1979)  designated the Cassian- 

ella beds as the type locality of the Amoenum zcne, the 
middle  ammonite zone of the  upper  Norian,  based  on the 
index species Cochlocerus  umoenum (Mojsisovics). 

unit of the Tyaughton  Group,  referred to as the uppir green 
The  Cussiunelh  beds grade  upward into the npprmost 

clastic unit,  which consists of  green to brown-greeh  sand- 
stone  and  small-pebble  conglomerate. The sandstdnes are 
medium to coarse grained  with  low-angle  tabular  crossbed- 
ding,  horizontal  laminations,  and  thin  pebble  and Y!ivalve- 
rich  layers  (Photo 17). The  conglomerate beds are 10 to 100 
centimetres thick,  locally  crossbedded,  and local!f grade 
upward into pebbly  sandstone. Tozer (1979) denc!ted the 
upper  green clastic unit as the type locality for the Cri ckmayi 
zone,  the  uppermost  ammonite zone of the Triassic (latest 
Norian  age);  ammonites  within the unit include the  index 
fossil Choristocerus crickmuyi Tozer. 

The  limestone and overlying  clastic rocks of the 
Tyaughton Groupspan  mostofLateNorian time.  Limestone 

early middle  Norian  conodonts (M.I.  Orchard in Unlhoefer, 
clasts  in  the  underlying  redbeds have yielded late early to 

1990); the redbeds are therefore most likely middle  Norian 
in  age.  Based  on  these  constraints and the Camian tcc middle 
Norian  age  range then  known for the Hurley  Fo'rmation 
(Cadwallader Group),  Umhoefer  (1990)  inferred that the 
redbeds are either the  nonmarine equivalent of thc  upper- 
most  Cadwallader  Group or were deposited  over the Cad- 

is now thought  to extend into the upper Norian (Appendix 
wallader  after  rapid  uplift.  However, the Hurley Formation 

Photo 17. Sandstone and pebble conglomerate from the upper part of the Tyaughton Group, klippe east of the north end of Lorna Lake. 
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(Junction  Creek  nnit)  that are broadly  equivalent  to theLast 
I), and is known to be directly  overlain by Jurassic  rocks 

Creek formation. These new data suggest that the entire 
Tyaughton  Group  may be a nonmarine to shallow  marine 
facies  equivalent of the  upper  part of the  Hurley  Formation. 

LAST CREEK FORMATION  (ImJLC) 

duced  by  Umhoefer  (1989,  1990) for Lower to Middle Ju- 
The  informal name Last Creek  formation  was  intro- 

rassic clastic rocks that comprise the uppermost unit of 
CadwalladerTerranein  theTyaughtonCreekarea.  Themost 
extensive exposures of the  formation  form a continuous  belt 
that  follows  the  southwest margin of the main belt of 
Tyaughton  Group exposures (Figure 8). These rocks  occur 
mainly as a northeast-dipping  thrust  slice  imbricated  be- 

Mountain  Group to the  southwest. Less extensive exposures 
tween  the  Tyaughton  Group  and  the  Jura-Cretaceous  Relay 

occur  within  the  Tyaughton  Group  belt  itself,  where  the Last 

lying Triassic rocks  in  the core of a syncline  northwest of 
Creek  formation is in  stratigraphic  contact  with  the  under- 

Castle Peak, and within a thrust window  exposed  to the 
southeast along Tyaughton Creek.  The  Last Creek  forma- 
tion also outcrops  north of the Fortress  Ridge fault, where 
it is apparently  the  offset  extension of the  main  belt to the 

Fortress Ridge and  Castle  Pass faults (Figure 3). 
south,  and  locally forms thin  fault-bounded  slivers  along  the 

No complete section of the  Last Creek formation is 
known. It is,  however,  richly  fossiliferous,  and  has  yielded 

tween  the  upper  Hettangian  and  middle  Bajocian  (Umhoe- 
ammonites  from all Lower  and  Middle  Jurassic  stages  be- 

fer, 1990).  Upper  Hettangian  rocks at the  base  of  the tn i t  

brown to green, coarse to medium-grained  sandstone. Tht:se 
comprise  interbedded  volcanic-pebble  conglomerate  and 

rocks rest stratigraphically above the Tyaughton  Grcop 
across  an  erosional  disconformity.  Conglomerate  beds are 
20 to 400 centimetres  thick  and  massive or graded. Sand- 
stone beds are massive, parallel laminated, or low-angle 
crossbedded,  and are commonly  graded. Layers  ofreworked 
shells occur as thin  discrete  beds, or at the  base of graded 
beds  of  conglomerate to pebbly  sandstone.  Sinemurian 
rocks change up-section from brown calcareous sandstone 
and  sandy siltstone to siltstone and silty shale Figure 9). 
The upper part of the Last  Creek  formation (upper  Sine- 
murian to middle  Bajocian) is generally  poorly  exposed, and 
consists of blackcalcareous shales,  commonly  with  calcare- 
ous concretions,  intercalated  with  thin to medium  beds of 
tan-weathering  calcareous siltstone (Photo 18). Beds of fine 
to coarse-grained sandstone  occur locally, and thin, yellow 
to white,  clay-rich layers that may be ash beds  occur rarely 
(Umhoefer,  1989,  1990). 

JUNCTION CREEK  UNIT (ImJJC) 
The  Junction  Creek  Unit consists of  Lower to Middle 

Jurassic  siltstones  and  argillites,  locally  intercalated \r,ith 
beds of limestone  and  calcareous  sandstone. These rocks 
outcrop  in the western  Camelsfoot  Range,  where  they JC- 
cupy  several different thrust slices within  the CarnelsfJot 
thrust  belt (see Chapter 3). They  were  included  in the Upper 
Triassic Hurley  Formation by Schiarizza ef al., ( I  990a b), 
but are now separated  out as a separate unit because Fabrice 

Photo 18. Contorted  shales  with calcareous siltstone  interbeds,  Last  Creek  formation,  head of Paradise  Creek. 
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Cordey  identified  Jurassic  radiolarian  fauna  in  two  samples 

9-2) was  assigned a Middle  Jurassic,  Aalenian to Bajocian 
of the  unit.  One of these  (Appendix 2, Sample 89APS-15- 

age,andtheother(Sample89BGA-8-lc)anEarlyorMiddle 
Jurassic,  Hettangian  to  Bajocian  age. These rocks  therefore 

Last Creek  formation.  They are generally  similar  to  the  fine- 
correlate with at least part of the Lower  to  Middle  Jurassic 

grained  upper  Sinemnrian  to  middle  Bajocian  portion of the 
Last Creek  formation  in its type  area, hut differ  in  the  ap- 
parent absence  of  the  basal  conglomerate - sandstone  unit 
of the Last Creek  formation.  They  also  differ  in  their  strati- 
graphic  relationships,  as  they  rest  directly  above the Hurley 
Formation,  whereas  the  Last  Creek  formation  was  deposited 

The contact between the  Hurley  Formation  and  Junction 
above shallow-marine equivalents of the  Tyaughton  Group. 

an abrupt  decrease in  the  amount of sandstone  and coarser 
Creek  unit is not well  defined,  but is drawn  to  coincide  with 

rocks,  which are characteristic of  the  rocks  known to be Tri- 
assic  in  age hut very  uncommon  higher  in  the  section. There 
is no indication of an angular discordance  between  the  Hur- 
ley  Formation  and  Junction  Creek  unit,  but the age  control 
is not sufficient to preclude there being a significant  discon- 
formity  between  the Triassic and  Jurassic  rocks. 

"be  Junction  Creek  Unit consists mainly of interbed- 
ded,  dark grey, siliceous, well-indurated siltstone and  argil- 

centimetres thick; siltstone beds are commonly  laminated 
lite (Photo 19). Individual beds are mainly  less  than 15 

beds  of limestone and  calcareous  sandstone are scattered 
and  crosslamiuated,  and are locally  graded.  Medium to thick 

sparsely throughout  the  section.  Limestone  beds are me- 

dium to dark  grey,  huff to brown  weathering,  commonly 

Medium to coarse-grained calcareous sandstone  beds are 40 
silty,  and  generally  laminated to crosslaminated (Photo 20). 

to 70 centimetres  thick,  medium  grey,  brown-wealhering, 
and locally graded. Some  sandstone  beds  contain  small 
limestone pebbles and  volcanic rock fragments. 

TYAUGHTON  BASIN 

RELAY MOUNTAIN GROUP 
Middle Jurassic to Lower  Cretaceous clastic sedimen- 

tary rocks  now  assigned to the  Relay  Mountain  Group  were 
included  in  the  Eldorado Series by  Dolmage (1929) and  the 
Eldorado  Group by Caimes (1943) and  Tipper (196:3). This 
followed  the  work of Drysdale (1916) and  McCanu (1922). 
who  introduced the term  Eldorado  Series for pn:sumed 
Lower  Cretaceous  rocks  exposed along Eldorado  Crcxk  and 
near  Eldorado  Mountain. Because  rocks in  the  type area of 
the Eldorado Series were later found to be Triassic xnd late 
Early  Cretaceous  in  age,  Jeletzky  and Tipper (1968) discou- 
tinued  use  of  the  term  and  proposed  the  name  Relay  Moun- 

Cretaceous (Neocomian)  rocks of the Tyaughtor basin. 
tain Group for the uppermost  Middle Jurassic to Lower 

They  chose  the  well-exposed sections on  the  northeastern 
and  northwestern slopes of Teepee Mountain as the  type 
area of the group (Sections 11 to 15 of Jeletzky  and  Tipper, 
1968). Jeletzky  and  Tipper  recognized 19 fossil zones 
within  the  Relay  Mountain  Group,  but  did not subdivide it 
into formal  lithologic  subdivisions  because of its lithologic 
monotony,  the  lack of persistent  markers,  and  the  presence 

Photo 19. Well-bedded  siltstone and argillite of the Junction  Creek unit, south of Beaverdam  Creek, 
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British Columbia " 

Photo 20. Crosslaminated silty limestone  bed,  Junction  Creek unit, west of Applespnhg  Creek. 

Photo 21. Thin-bedded  siltstone and  shale of the lower  unit of the Relay Mountain  Group, 2 kilometres  east of Tyoax  Pass. 
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of pronounced  and irregular lateral facies changes.  They 

Callovian(?) to lower  Oxfordian shale unit),  which is not 
only  briefly  described the basal  unit of the group (tbeirmid- 

was  expanded  by  Tipper  (1978) to also include middle  Cal- 
well  exposed  in  the  type  area of the  group. This basal  unit 

lovian rocks which  were  described  by  Frebold  and  Tipper 
(1967). This usage is continued  here,  although  this  basal  unit 

Iovian  from  Oxfordian strata. 
may include a significant hiatus separating middle  Cal- 

The Relay  Mountain  Group  outcrops  in  several fault- 
bounded  domains  extending  from  near  the  confluence  of 
Relay  and  Tyaughton  creeks  westward to the  vicinity of Big 
Creek (Figure 5). The group is subdivided into three units 
(Figure IO) following Umhoefer  (1989). The  lower unit 
(mnJRM1) is dominated by thin to medium-bedded  shale, 
siltstone and sandstone which are commonly  disrupted  by 
faults and  folds to a greater extent than  younger  components 

l O C O r n  

500 

0 

Figure 10. Composite  stratigraphic  section of the Relay 
Mountain  Group,  after  Umboefer  (1989). 

of the  group. The base of this  succession,  which  has  ,yielded 

exposed. The middle  Relay  Mountain  Group (JKRM2) con- 
fossils of middle  Callovian and early Oxfordian age:, is not 

stones that commonly  contain  the  bivalve Buchla a s  a 
sists of upper  Oxfordian to Valanginian  sandstones 2nd silt- 

unit  of  the  group  across  an abrupt conformable or iiscon- 
distinctive  element. These  rocks typically overlie th:: lower 

formable contact. The upper unit (1KRM3) is a tbick  se- 
quence of Hauterivian  (and  younger?)  shale, siltstone and 
minor sandstone that commonly contains scattmd frag- 
ments of Inoceramus shells. This unit generally disldays  an 
abrupt  conformable to disconformable contact with t he mid- 
dle unit of the  group,  but  locally  rests  directly  ab.,ve  the 
lower  unit  across  an  angular  nnconformity. 

LOWER UNIT (muJRM1) 
The lower  unit of the Relay  Mountain  Group  includes 

lower  Oxfordian  and(?) older rocks described  by  Jeletzky 
and Tipper(1968) as theirmid-Callovian(?) to lo we^. Oxfor- 
dian  shale  unit, as well as middle  Callovian  rocks  briefly 
described by Frebold  and Tipper (1967). The unit Goes not 
occur  within  Jeletzky  and  Tipper’s  type  section of thc group, 
although it may  be  partly  represented  by a fault-bounded 
sliver of shale and siltstone (ton small to be shown 011 Figure 
3)  that  bounds  the  base of the  type section along the  Relay 
Creek fault (Umhoeferetal.,  1988; Schiarizzaet al., 1993~). 
The unit is well  exposed,  however,  in a belt that extends 
from  Lizard Creek northwestward to Lorna  Lake, a.1d in  an 
adjacent belt  extending from near  Elbow  Mountain  east- 
ward to the  head  of  Paradise  Creek. It also outcrops,  as  nar- 
row  slivers  along the Relay  Creek  and  Fortress Ridgs faults, 
and  in the core of an anticline exposed  on  the  ridge  between 
Leckie  and  Gun creeks (Figure 3). 

fine-grained  sandstone,  with local beds of coarser  grained 
Unit muJRMl consists mainly of shale, siltstone and 

sandstone  and granule tn pebble conglomerate. R a z  inter- 
vals of siliceous argillite are also present, as are metre-thick 
intervals  of  thin-bedded clastic limestone. The unit is char- 
acterized  by  rusty  weathered,  green to brown siltstone and 
fine-grained  sandstone,  which occur as thin  beds  rhythmi- 
cally  interbedded  with  dark  grey shale (Photo 21). ?’be beds 
are  commonly  graded and locally  have  ripple or contorted 

fine to coarse-grained  sandstone, calcareous sandstone  and 
laminaein theupperparts.Thickerhedsofmedium-bedded, 

They are commonly graded, with  massive  bases ard paral- 
calcarenite occur locally within the finer graind rocks. 

lel-laminated tops. Wood  fragments  are present in some 
sandstone beds,  and the top parts of some  beds contain 
Chondrites  trace fossils. 

dium  to  coarse-grained  sandstone  occurs  locally 81s pack- 
Granule to pebble conglomerate interbedded  with me- 

ages 10 to 25 metres  thick  within  the 1owerRelay Mountain 

graded,  and  poorly  to  moderately  sorted. The conglcmerates 
Group.  Conglomerate  beds are broadly  lenticular at the  base, 

typically  contain  moderately  well  rounded  cla.sts of felsic to 
intermediate  volcanic  rocks  together  with  lirnestone  clasts 
and  belemnite  fragments.  Rounded  clasts of sandstlme,  silt- 
stone  and chert(?) are common  in  some conglomerate units. 

A distinctive lithofacies  that is apparently  restricted to 
the  upper  (lower  Oxfordian) part of the lower Rela,j Moun- 

__- 
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tain  Group consists mainly  of  black siltstone and  shale  con- 
taining intervals with  abundant  rusty  weathered  siliceous 
concretions 1 to 3 centimetres  in  diameter.  Interbedded  with 
these rocks are thin beds of  tan-weathering  calcareous silt- 
stone  and, less commonly,  medium to thick  beds  of  brown- 
weathering  medium  to  coarse-grained  calcareous 

base  and  laminated at the  top,  and  contain  abundant  mud- 
sandstone. The  sandstone  beds are pebbly,  massive at the 

stone rip-ups. 
A single fossil locality  discovered  within  Unit ImRMl 

during the present  study  contains  ammonites  of  probable 

5-2 to 86PS-44-5-5).  This is consistent with  previous  sludies 
Callovian or Oxfordian  age  (Appendix 3, Samples  86PS-44- 

which  have  established that the  unit contains fossils of mid- 
dle Callovian  and early Oxfordian age (Frebold  and  Tipper, 
1967; Tipper  and Jeletzky, 1968). It may  extend into the 
lower Callovian,  if  an  ammonite  of  probable  early  Callovian 
age collected from Tyaughton  Creek,  above  the junction 
with Spruce Lake Creek (Appendix 4), also  belongs  to  the 
unit.  However,  because  no  well-defined  sections  of  the  unit 

range is not known. Furthermore, as no late Callovian am- 
are  known and the base is nowhere exposed, its full age 

monites  have  been found, it is not  known  whether  the  middle 
Callovian  and  lower  Oxfordian  rocks  included  in  the  unit 
are  part  of a  continuous section, or are separated by  an  un- 
conformity or disconformity. 

MIDDLE UNIT (JKRM2) 

to  Valanginian) is characterized by shallow  marine  sand- 
The middle  Relay  Mountain  Group  (upper  Oxfordian 

stones and siltstones that are massive  to  thick-bedded  and 

pods are common  throughout  the  unit  and  allow  detailed 
display few good  sedimentary  structures.  Buchiu  pclecy- 

biostratigraphic correlation of different  sections,  many of 
which  are  described  in  detail  by  Jeletzky  and  Tipper  (1968). 
A complete,  unfaulted section of the  unit  occurs  on  the  north 
flank of Teepee Mountain.  where it occupies  the  north limb 

part of the most extensive belt of exposures of the  unit, 
of the Teepee Mountain  syncline (Figure 3). This section is 

which extends  fromTeepee, Relay and Cardtable  mountains 
southeastward to the confluence of Relay  and  Tyaughton 
creeks. Parts of the unit are also  well  exposed to the  west, 
near  Elbow  Mountain,  but  there it is extensively  imbricated 
by mid-Cretaceous thrust faults of the Elbow Mountain 
thrust  belt (see Chapter 3). An apparently  complete  scction 
of the unit also occurs  within a belt  that  extends  from  Lizard 
Creek  Southeastward to Leckie  Creek.  It is not  well  exposed 
within  much of this  belt,  however,  and  has  not  been  studied 
in  detail. More limited  exposures occuralong Fortress Ridge 
(mainly Jurassic rocks), as narrow  fault-bounded lenses 
along portions  of  the  Relay  Creek  and  northern  Castle Pass 
fault systems, and as isolated inliers beneath  the  Tosh  Creek 
succession  and  Miocene  plateau  basalts  north of Tosh 
Creek. 

Mountain  Group is based  largely  on  the  detailed  biostrati- 
The following  general  description of the  middle  Relay 

graphic studies of Jeletzky and Tipper  (1968)  combined 

al., 1988). 
with the detailed  mapping  of  Umhoefer  (1989;  Umhoefer et 

______~ ______ _ _ _ _ _ _ ~ ~  ~ _______ ~~~ 

part  of  the  middle  Relay  Mountain Group consists of silt- 
The lower  (upper  Oxfordian to lower Kimmeridgisn) 

stone,  sandstone  and  conglomerate. The siltstone and  sard- 
stone  are  typically  massive,  possibly  due  to  complcte 
reworking of primary structures by bioturbation. Hnin- 

but is not common.  Decimetre-scale  beds of calcareous  silt- 
mocky  cross-stratification is locally  present  in  sandstone, 

stone to fine-grained  sandstone  with ripple and planar  lami- 
nae are interbedded  with  massive siltstone throughout  much 
of the section.  They  display discrete burrows,  but are not as 
thoroughlyreworkedby bioturbationas the enclosirrgroclo. 
These beds  commonly  contain  wood debris andBuchiu,  and 
are interpreted to be storm-generated deposits (Umhoef%r, 
1989).  Pebble  conglomerates are  a relatively  minor comro- 
nent of this  part  of the section in the Relay  Mountain and 
Elbow  Mountain  areas,  where  they form lenticular boditx, 
np  to 50 centimetres  thick,  composed  of  moderately w.:ll 
rounded clasts of volcanic  and plutonic rocks, commorJy 
accompanied by belemnite  fragments.  On theridge between 
Gun  and  Leckie creek's, however, conglomerate dominales 
a section  about 200 metres thick within rocks of  apparen.:ly 
the same  age (Appendix 3, Sample 88APS-PUM-8-1-1) 3n 
the west limb of an anticline  cored  by Unit muJRM1. The 
conglomerates are massive to thick bedded, predorninanly 
clast-supported,  and consist of rounded cobbles and  pebbles 
of  mainly  tonalitic to granodioritic  plutonic  rocks  and felsic 
to intermediate volcanic  rocks. 

The middle  Kimmeridgian to middle  Tithonian  part of 
the  Relay  Mountain  Group consists of thick-beddd sand- 
stones,  locally  intercalated  with  lesser  amounts of siltstone. 

ing. Where  bedding is seen, it is a few  decimetres  tllick  and 
The  sandstones are grey to brown  and  red-brown  weathw- 

planar to broadly  lenticular.  Sedimentary  structure- d are un- 
common,  but  include  trough and tabular  crossbedding.  Peb- 

locally.  Woody debris occurs  throughout  much  of this ptut 
ble  stringers  and  sandy  small-pebble  conglomerates  occur 

of the  section;  the  largest  fragment  observed  was a log mclre 
than 1 metre  long  and 1.5 centimetres  in  diameter. Buckiu 
and  belemnites are scattered  sparsely  throughout  the inter- 
Val. 

Upper  Tithonian to middle Bemasian rocks are mair.ly 
siltstones and shales containing  calcareous concretions. 
Near Elbow Mountain,  however, a contrasting facies of 
sandstones  and  pebble  conglomerates is exposed. These 
rocks are similar to the  underlying  sandstone-rich  unit, kat 
commonly  contain  abundant  Buchiu-rich  intervals. 

group contains distinctive beds  of  white-weathering Bud iu 
The upper Bemasian to middle  Valanginian part oft  he 

coquina  with siltstone matrix  in the east, and  Buchia-rizh 
sandstone  and siltstone to the  west. The  coquina beds  (Phcto 
22) range  from  decimetre-scale  units  interbedded  with  sand- 

in  the type area. The Buchiu-rich  beds are locally lenticnhr, 
stone or siltstone to a layer of coquina that is 45 mehes thi :k 

but  may be continuous for tens or hundreds of metres. 
The coquina beds  of  the  middle  Relay  Mountain G r o ~ p  

are generally  overlain by upper  Valanginian siltstone ald 
sandstone  containing  local  Buchiu-rich  beds.  These  in  turn 
are  abruptly  overlain by Hauterivian  shales of the upper R e- 
lay Mountain  Group. 
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Photo 22. Valanginian Buchia  coquina,  middle  unit of the ReIay Mountain  Group, north of Relay  Mountain. 

UPPER UNIT (lKRM3) per, 1968). The unit is not  well  exposed  in  the  belt  that ex- 

nated by black  to  dark  brown  shales,  but  locally  includes 
The upper  unit  of the Relay  Mountain  Group is domi- 

coarser  grained  rocks on the  southwestern side of  the  map 

throughout the unit,  mainly in sandstone  layers  and  calcare- 
area.  Fragments of  inoceramid  bivalves  are  scattered 

ous concretions, and belemnites  and  wood  fragments are 
also  present. This unit is well  exposed  in  the core of the 
Teepee Mountain  syncline,  where  it  comprises part of 
Jeletzky  and  Tipper’s  type section of the  Relay  Mountain 

been  traced for 8 kilometres east of Relay  and  Cardtable 
Group, as well  as  in a narrow  belt  to  the  south  which  has 

belts between  Elbow  Mountain  and  Lorna  Lake,  and  as  part 
mountains. It also outcrops within 3 separate fault-bounded 

extends from  Lizard  Creek  southeastward to Leckie  Creek, 
of the  continuous  belt  of  Relay  Mountain  Group  rocks  that 

where it  is truncated by the Late  Cretaceous  Dickson - 
McClure batholith  (Figure 3). 

In the Teepee Mountain  and  Cardtable  Mountain  areas, 
the upper  Relay  Mountain  Group  consists  of  lower  and  mid- 

amounts of intercalated sandstone. Near  Elbow  Mountain 
dle  Hauterivian  shales  and  siltstones,  with  only  minor 

the oldest dated rocks are middle  Hauterivian  shales  and 
siltstones. These are  overlain  by  an interval, locally  more 
than 100 metres  thick,  consisting  largely of fine to coarse- 
grained  sandstone,  gritty  sandstone and pebble  conglomer- 
ate dominated by clasts  of siltstone and shale, which is in 
turn  overlain  bv  ooorlv  dated  shales  and siltstones of oossi- 

present are also dominated by dark  shales  and  siltstones. 
iends from Lizard  Creek to Le& Creek,  but  the  outcrops 

West  of Spruce Lake,  however,  the  basal 100 metres  of  the 
section is mainly  massive, fine to medium-graint:d  lithic 
sandstone  (Jeletzky  and  Tipper,  1968). 

PROVENANCE 

Group is based  on data presented  by  Umhoefer (19<9) who 
ThissummaryoftheprovenanceoftheRelayMountain 

point-counted 43 sandstone  thin sections and  conducted 20 
pebble counts  on  conglomerates. 

Callovian  sandstones  from the lower unit of the group 

grains and  feldspar, generally accompanied by only minor 
are dominated by subequal  proportions of volcanic lithic 

proportion of volcanic quartz. The volcanic  provenance  in- 
dicated  by  the  sandstones is confirmed by the compositions 
of Callovian  conglomerates,  which consist almost  entirely 
of  felsic  to  intermediate  volcanic clasts with a minor cou- 
ponent of limestone. In contrast, lower Oxfordian sand- 
stones  from  the  upper part of the lower unit are .ukases, 

portions  of  polycrystalline  plutonic lithic grains md plu- 
dominated by plagioclase  accompanied by significant pro- 

tonic quartz. This change in composition signifies an abrupt 

Early  Oxfordian  time. 
change from a volcanic to a dominantly  plutonic smrce in 

Sandstones  throughnut the entire overlying section, 
reoresented bv the middle  and umer units of the Relav , I  , 

hle upper  Hauterivian to Barremian  age  (Jeletzky a d  Tip-  Mbuntain  Group, are of relatively  uniform  composition in- 
.. 
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dicating derivation from a mixed  volcanic - plutonic  source. 

but also include significant proportions  of  volcanic  and  plu- 
They are dominated by feldspar and  volcanic lithic @ins, 

tonic quartz and polycrystalline  plutonic  grains;  biotite, epi- 
dote  and  hornblende  are  commonly  present  in  small 

diau  through  Hauterivian  rocks  within the Relay  Mountain 
quantities. The compositions  of  conglomerates from  Oxfor- 

dominated by volcanic  clasts, but also contain a significant 
succession reflects a similar  mixed  provenance.  They are 

percentage  of  granitoid  plutonic  clasts,  and  fewer  sedimen- 
tary  and  metamorphic clasts. 

When  plotted  on  the  Q-F-L and Qm-F-Lt  diagrams of 
Dickinsou et al. (1983),  the  Relay  Mountain  sandstones fall 
within  the  “magmatic  arc”  provenance  terrane  and  span  the 
entire range  from  undissected  arc  to  dissected arc (Umhoe- 
fer,  1989). This spread of individual sample points is similar 
to  patterns found in  many forearc and  backarc  basins  (Dick- 
inson and  Suzcek, 1979:  Dickinson et al., 1983). The one 
exception  within  the  Relay  Mountain suite are the  Lower 

of the  “continental block”  provenance  terrane. 
Oxfordian  arkoses, which plot in the basement  uplift field 

INTERNAL AND EXTERNAL  RELATIONSHIPS 

units of the Relay  Mountain  Group is exposed or closely 
The stratigraphic  contact  between  the  lower  and  middle 

constrained at several  places  in  the  Elbow  Mountain  area as 

and  Leckie creeks. There is no  indication of an  angular  dis- 
well as on  both  limbs  of  the anticline exposed  between  Gun 

cordance in any of these areas, although the contact is 
abrupt,  and  in  the  Elbow  Mountain area is commonly  de- 

belemnite fragments. The turbidites  and  related  deposits of 
fined by a pebble  conglomerate  unit  containing  abundant 

sent a prograding delta, whereas  the  middle  unit  represents 
the  lower  unit are interpreted by Umhoefer  (1989) to repre- 

depositionthatpersistedforabout30millionyears.Thecon- 
a subsequent  period  of  relatively  uniform  shallow-marine 

posed  in  the  vicinity of Teepee,  Relay and  Cardtahle 
tact  between the middle  and  upper  units  of  the  group is ex- 

mountains  and  on the slopes west  of  Spruce  Lake. This con- 
tact is sharp but  apparently  conformable  wherever it was 
observed, although  Jeletzky  and  ‘Tipper (1968) suggest thal 
the top of  the  middle  unit  may  have  locally  undergone some 
pre-Hauterivian  erosion  based  on an abrupt  thinning of the 
uppermost  Valanginian  faunal  zone.  Umhoefer (1989) sug- 
gests that the shales and  siltstones  of  the  upper  unit are outel 
shelf to slope deposits that  accumulated  during a period of 

lowing  the  long  period of stable conditions represented by 
renewed  subsidence  and  increased  sedimentation rates fol- 

the  middle  unit. 

the Relay  Mountain  Group is missing and Hauterivian 
In a small area east of Lorna  Lake the middle  unit of 

shales of the upper  unit  rest  directly above the  Callovian 
strataofthe lower  unit  across  an  angular  unconformity  (Fig- 
ure 3). The  lower unit is strongly  deformed by mesoscopic 
folds  and  faults  in  this entire belt,  which  extends  from  Lizard 

relationships  may  reflect a pulse of pre-Hauterivian  defor- 
Creek  northwestward  to  the  west  side of Lorna  Lake. These 

mation that was  concentrated  in  this  relatively small area 

Unit muJRMl also seem to be more  strongly  deformed  than 
(see Chapter  3).  However, it is worthy of note  that parts of 
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younger  units of the group in its other major outcrop bclt, 

lain  by  unit JKRM2. This raises the  possibility  that  at lelst 
east of Elbow  Mountain,  where it is stratigraphically ova- 

predates  deposition  of  the  middle  unit. The apparently con- 
some of the deformation  within  the  basal unit of the group 

tact  does  not  support  an  angular  unconformity at this 
formable or disconformable  nature  of the lowerlmiddle  con- 

boundary,  but  the apparent hiatus  between  middle  Callovian 
and lower Oxfordian rocks of the lower unit suggests that 
and  unconformity may actually  occur the lower  unit 
of the  group. The abrupt change of provenance  recorc.ed 
between  the  Callovian  and  Lower  Oxfordian  rocks  of .he 
lower  unit  lend some  support to this speculated tectolic 
event. 

The  stratigraphic  base of the  Relay  Mountain  Group is 

preted to have  been  deposited  above the Bridge  River Co  m- 
nowhere  exposed  but,  as  will be discussed  below, it is infer- 

plex.  The  stratigraphic  top  of  the group is most commonly 
defined by the  base  of  the  overlying Taylor Creelc Group, 

westemmost  exposures of middle  unit of the Relay  Motm- 
which  comprises  the upperpart of the  Tyanghton  basin. The 

cession,  which may be a volcaniclastic facies of the upper 
tain  Group,  however,  are  overlain by the Tosh  Creek sac- 

Taylor  Creek  Group. 
unit of the  group, or may correlate with  the  lower part of’the 

hasin  was  deposited  upon  the Bridge River  Complex  comes 
Direct evidence that  the  upper part of the Tyaughton 

from  the  southern  margin of the  basin,  where  the  mid-Cre- 
taceous  Taylor  Creek  Group unconformably overlies the 
Bridge  River  Complex  near  the  headwaters of Taylor,nnd 
North  Cinnabar creeks (Figure 3; Garver,  1989). The thin 
mid-Cretaceous  section  in  this area passes  northward  in! o a 
thicker  section  that  overlies  the  Relay  Mountain  Group. E,:+ 
dence that  this entire thick  Jura-Cretaceous section (Relay 
Mountain  Group + Taylor  Creek  Group) also overlies the 
Bridge  River  Complex  comes  from a local  fault-.bounded 
zone of  uplift  within  the  Tyaughton  basin  belt, along the 
Relay  Creek fault system.  There, a lens of Bridge River 
Complex is flanked  by  thin slivers of Jurassic  Relay  Moun- 

the  northeast  and  southwest.  Furthermore,  these  exposures 
tain  Group  then extensive belts of mid-Cretaceous  rocks to 

of  Tyaughton  basin  strata  (mainly  mid-Cretaceous  rocks, 
but  with  local  exposures  of  Relay  Mountain  Group) extmd 

for 80 kilometres to Chilko Lake,  where  they are bounjed 
continuously  along  the southwest side of the Yalakom fault 

plex  (Riddell et al., 1993). suggesting that the Bridge River 
to the  north  by a fault bounded  panel of Bridge River  Com- 

belt. These relationships suggest that  the  present soutkem 
Complex  underlies the full length of this  Tyaughton  basin 

margin of the  Tyaughton  basin  belt  in the Taseko - Bridge 
River area corresponds  to the mid-Cretaceous  margin of the 
basin (i.e. the Taylor  Creek  basin),  which  was defined by a 
mid-Cretaceous zone of  uplift that exhumed  both  the ojder 
part of the  basin,  represented  by the Relay  Mountain  Group, 
and the underlying  Bridge  River  Complex (Figure 11). ‘ R e  
Relay  Mountain  Group  was  presumably  removed by  ero!.ion 
along  the  mid-Cretaceous  basin  edge  in  the  North Cinnztbar 

to the  north. The Cayoosh  assemblage,  which overlies the 
Creek  area, but is present  in the more  distal  parts  of  the h.xin 

Bridge  River  Complex farther south, may represent the 
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Figure 11. Schematic model for the evolution of the southem  margin  of the upper Tyaughton  basin  (Taylor  Creek  Group)  cast of t x  Castle 
Pass fault,  showing  inferred  relationship between the  older  part of the basin  (Relay  Mountain  Group)  and  the  Cayoosh  assembhge. 

southern  extension  of  the  Relay  Mountain  basin  (Figure 11). 
Within  the  southern  part  of  theTaseko - Bridge  River  area, 
locally  preserved  remnants  of  this  part  of the basin are rep- 
resented by the Gun Lake Unit,  which  may correlate with 
the lower  unit of the Relay hlountain Group, and the TNaX 
Creek conglomerate,  which correlates with the middle  unit 
of the Relay  Mountain  Group. 

the basement to the  Relay  Mountain  Group is also supported 
The interpretation that  the  Bridge  River  Complex  forms 

by  relationships along the northeastern  margin of the Late 
Cretaceous Dickson - McClnre  batholith  north  of  Downton 
Lake.  There, clastic metasedimentary  rocks of the  Gun  Lake 
Unit,  which  stratigraphically overlie the Bridge  River  Com- 
plex, pass  northwestward into clastic sedimentary  rocks  that 
are clearly  part of the Relay  Mountain  Group. The actual 
transition  between the two clastic packages is obscured  by 
a zone about 1.5 kilometres wide occupied by Quaternary 
alluvium  and Late  Cretaceous granodiorite  near  the  mouth 
of Slim  Creek  (Figure 3). Although  this  covered  interval 
makes other interpretations possible  (Figure 12). the sim- 
plestandmostlikelyinterpretationisthattheGunLakeUuit 
and  Relay  Mountain Group are part of a single belt  that  stra- 
tigraphically overlies the Bridge River  Complex  (Figure 
12a). This interpretation is consistent  with  the  fact  that  the 

two clastic packages are structurally  overlain by different 
parts of the same composite thrust slice of imbricaled  Cad- 
wallader Terrane and  Bralorne-East  Liza  Complex.  Alter- 
natively,  however,  the  Bridge  River  Comp':ex  and 
overlying  Gun  Lake clastic unit  might be separated.from  the 
the Relay  Mountain  Group  by  a thrust fault that has been 
obscured by the  Dickson  McClure  batholith  (Figure  12b). 
Such a  thrust  fault  might be part of the system of faults that 
defined the southern  margin of the  Taylor  Creek  basin, as 
shown  in  Figure 11.  

wallader  Terrane and  Bralorne-East  Liza  Complex that 
Farther to  the north, the thrust  panel of imbrica.:ed  Cad- 

overlies  the  Gun  Lake Unit and  Relay  Mountain  Group near 
Slim  Creek includes  the  type areas of  the  Tyaughton Group 
and Last Creek  formation. The well  studied Late TIiassic  to 
Middle Jurassic successions there are in close proximity to 
well-studied sections of the Middle  Jurassic 1.0 Lower  Cre- 

This close spatial relationship has led to a  common  interpre- 
taceous  Relay  Mountain  Group  in  and  around its t)pe area. 

tation  that  the  two  packages are part of a single stratigraphic 

based  on  data  from a much  broader  area,  where ilrbricated 
succession.  The alternative interpretation  presented  here is 

slices of Cadwallader Terrane and  Bralorne-East  Liza  Com- 
plex are preserved  in  several different fault-bounded  do- 

~~~ 
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Figure 12.Threepossibleinterpretationsofthestmctural/suatigraphicrelationshipsbelweenBridgeRiverTerraneandtheRelayMour.tain 

extensions  through  the  area  now  occupied by the Late  Cretaceous  Dickson - McClure  batholith. 
Group  west  of the Eldorado  fault.  Solid  lines  show  mapped  structures and stratigraphic  contacts;  dashed  lines  show  theu  pos!:ible 

mains  that  typically  form  structurally  high  panels  resting contractional  deformation (see Chapter 3). However,  this 
above  the  Bridge  River  Complex  and/or  Tyaughton  basin does not  preclude the possibility  that the Relay  Mountain 
strata. A stratigraphic  relationship  between  these  two  foot- Group  represents just pm of a much  broader  basin  that also 
wall  assemblages is reasonably  inferred  from  the  relation- overlapped  Cadwallader  and  Methow  terranes. - 
ships  described  in the previous two paragraphs,  whereas  the 
various slices of Cadwallader  Terrane are interpreted to  be T0.W G'm#ZX s u c c ~ ~ s ~ o ~  @TVS) 
dismembered  parts of a composite  thrust  stack  that  was  em- 
placed  above  the  Bridge  River  Complex  and  stratigraphi-  consisting  mainly of conglomerates  containing  volcanic  and 

The Tosh  Creek  succession is an  undated  assemblage 

cally overlying Tyaughton basin during mid-Creraceous  sedimentary  clasts,  with  lesser  amounts of volcanic  breccia, 
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Tosh  Creek, directly east of Powell  Pass.  There, it appar- 
shale and  sandstone. It is best  exposed  on  the  north  side  of 

and conglomerates of the  Relay  Mountain  Group,  although 
ently overlies a small inlier of Buchia-bearing  sandstones 

the contact is not  exposed. It is in  turn  overlain  by  the  vol- 
canic unit of the Taylor Creek  Group, but locally, as on  the 
south side of  Tosh  Creek,  it is unconformably  overlain by 

cluded  in theTosh Creek  succession also underlie theTaylor 
the upper Cretaceous Powell  Creek  formation.  Rocks  in- 

Creek  volcanic unit at the  southwest  end of Cluckata  Ridge, 

Mountain  Group  and  Powell  Creek  formation  above  Tosh 
and  form a narrow  fanft-bounded sliver between  the  Relay 

Creek  on  the  south side of the Dil Dil Plateau. 

to boulder conglomerates containing  poorly  sorted,  angular 
The Tosh Creek succession  consists  mainly of pebble 

to snbronnded clasts of volcanic  and  sedimentary  rock 
within a sandy  matrix  (Photo 23). The conglomerates are 
generally  poorly  stratified, hut locally  contain  discontinuous 
intervals of medium to thick-bedded  granule to pebble  con- 
glomerate.  Volcanic  clasts  predominate.  These  include 

quartz feldsparporphyry and hornblendefeldsparporphyry. 
green to grey  aphyric  varieties as well as feldsparporphyry, 

Sedimentary clasts are usually  present  in  subordinate  quan- 
tities and include dark  grey  shale,  siltstone  and  chert. The 
fault sliver on  the  south  side  of  the  Dil  Dil  Plateau  locally 
includes conglomerate consisting mainly  of  sedimentary 
clasts,  including  shale,  siltstone,  sandstone  and rare angular 
blocks of grey to buff-weathering  silty  limestone. 

Ministry ofEmploymentandln~~esesm2enr 

Volcanic-rich  conglomerates of the  Tosh  Creek  sncces- 
sion  locally grade into volcanic breccias  comprising  .mgnlar 

grains  and  crystals  of feldspar and mafic minerals.  Well- 
fragments  of  volcanic  rock  in a matrix  of  volcanic lithic 

components  of the succession,  and  locally  include  thin eo 
bedded,  dark  grey shale and siltstone are relatively  minor 

medium  beds of sandstone and  granule  conglomerste with 
volcanic  and  sedimentary  clasts. 

The Tosh  Creek  succession has  not yielded  fosxils,  but 
is thought  to be Hauterivian or younger because it {appears 

Mountain  Group. It may be  a lateral equivalent of  thc  upper 
to rest  stratigraphically  above the middle unit of thc Relay 

J a r  to Hauterivian  sedimentary  and  volcanic roch which 
unit of the  Relay  Mountain  Group as it is lithological ly simi- 

outcrop 30 kilometres to the west, between  Taseko and 
Chilko lakes (Tipper,  1978;  McLaren,  1990). Fnrthla simi- 
larity is provided by the stratigraphic position of the Hau- 
terivian rocks to the west, which underlie volcanic and 

Group; these Taylor  Creek rocks are lithologically  similar 
sedimentary rocks that are assigned to the Taylo~. Creek 

to  the  volcanic  unit  and Beece Creek  succession  which  over- 
lie  the  Tosh  Creek  succession  within  the  present study area. 
An alternative  interpretation is that the  Tosh  Creek  sncces- 
sionisAptianorAlbianinageandcorre1ateswiththe.Elbow 
Pass or Paradise  formations of the Taylor Creek Group. 

GROUSE  CREEK UNIT (JKG) 
The Grouse Creeknnit  comprises Jura-Cretaceous  silt- 

stone that crops out  in a restricted area  along the slopes 

Photo 23. Volcanic  conglomerate of the Tosh Creek unit, north of upper Tosh Creek. 
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northeast  of  the  Yalakom  River  between Ore and  Junction 
creeks.  Lower Cretaceous (Valanginian)  Buchia  were first 
collected from this  unit  by  Leech  (1953).  Jeletzky  (1967) 

in  the same general area (see Jeletzky  and  Tipper,  1968, 
later measured a short section  through  unfossiliferons  strata 

section 18).  but  his descriptions suggest  that he was in un- 

unit.  During the present  study  Buchia-bearing siltstone was 
derlying  rocks of the  Hurley  Formation  and  Junction  Creek 

recognized  only  along a south-trending  ridge due north  of 
the  mouth  of Shulaps  Creek. Coquina  within  light  brown 
siltstone,  apparently  very close to Leech’s Valangiuian  fos- 
sil  locality,  yielded Buchia of  probable  latest  Jurassic 

3, Sample  89KGL-7-10).  The Buchia-bearing unit com- 
(Tithonian),  but  possible earliest Cretaceous  age (Appendix 

prises shale and siltstone that may be as  much as 250 metres 
or as little as 100 metres  thick. It is underlain,  possibly  stra- 
tigraphically, by siliceous mudstone  assigned to the Junc- 

across a  northeast-dipping  fault, by greenstone of the 
tion Creek  unit. To the northeast, it is structurally  overlain, 

Bralome-East Liza  Complex. The unit  does  not  appear to 
extend for a great distance laterally, although it may be more 
extensive than  presently  shown  on  the  geological  map  and 
be included  in  rocks  assigned to the  Junction  Creek  unit. 

Unit JKG is the same age as the  middle  unit  of  the  Relay 
Mountain  Group, to which it was assigned by Jeletzky 
(1967)  and Schiarizza et al. (1990a.  b).  However,  because 

been displaced  more than 100 kilometres southeastward 
it  occurs  on  the  northeast  side  of  the  Yalakom  fault, it has 

relative to the exposures of Relay  Mountain  Group  presently 

appearstositstratigraphicallyabovetheJunctionCreekunit 
across  the fault to the  northwest.  Furthermore,  Unit  JKG 

of Cadwallader  Terrane,  whereas  the  Relay  Mountain 
Group  in  inferred to have been  deposited  on  Bridge  River 
Terrane. The Buchia-bearing  shales  and  siltstones  between 
Ore and  Junction creeks are therefore informally  referred to 
as the  Grouse  Creek  unit  [named after the creek that enters 
the  Yalakom  River from the  Camelsfoot Range almost  di- 
rectly opposite the mouth  of Shulaps Creek  (Leech,  1953, 
p. 21); this creek  is  not named  on modern  topographic 
maps].  This neither requires  nor  precludes  their  correlation 
with  the  Relay  Mountain  Group:  such a correlation, if es- 

mentary rocks are an overlap assemblage above both  Bridge 
tablished,  would  demonstrate that the  Jura-Cretaceous sedi- 

River and  Cadwallader terranes. 

TAYLOR  CREEK  GROUP 
The Taylor Creek Group consists of mid-Cretaceous 

clastic sedimentary  rocks and local  volcanic  rocks  that form 

duced  the  name Taylor Group for these  rocks  where  they 
the  upper  part  of  the  Tyaughton  basin. Caimes (1943)  intro- 

outcropinthevicinityofTaylorCreekandTyaughtonLake. 
He  did not  find any  diagnostic fossils within  the  succession, 

sic in  age.  Jeletzky and Tipper  (1968)  renamed  the  ‘‘Taylor 
but suggested that they  were  probably  Middle to Late h a s -  

Group”  the “Taylor Creek  Group”  because of the similarity 
of the original name to the  Taylor  Marl in Texas.  They sug- 
gested, on  the  basis  of fossils, that  most or all of  the group 
was  Albian  in  age. The map of Tipper  (1978)  showed  the 
distribution of the Taylor  Creek  Group, as it was then  nn- 
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derstood,  in  the central and  northwestern  part  of  the  Taseko 
Bridge  River area. 

Creek  Group  between Big Creek and the Shulaps Range. He 
GaNer (1989)  conducted a detailed  study of the Tay::or 

subdividedthegroupinto4informalunits,eachwithdistillct 

units  encompass  most  of  the  Taylor  Creek  Group as mapped 
compositional  and  sedimentological characteristics. Thc.se 

by Tipper  (1978),  but also include some  rocks that  Tipper 
included  in  the  overlying  Kingsvale  Group  (which is 1argi:ly 
equivalent to the Powell  Creek formation of this study). 
Garver  also  introduced  the  term Silverquick conglomer:lte 
for a distinctive assemblage of nonmarine  conglomerakas 
and  associated finer grained clastic rocks that overlie !he 
Taylor  Creek  Group  across a slight angular  unconformity  in 
the  Taylor  Creek area. These  rocks had  been  included  in I he 
Taylor  Group  of Cairnes, but had  been  assigned to the 
Kingsvale  Group by Tipper (1978). 

The subdivisions of the Taylor  Creek Group  and a s m  
ciated  rocks of the Silverquick and Powell  Creek formatirns 
adopted here are shown  in Figure 13. The  Taylor Creek 
Group  includes  the  Paradise,  Elbow  Pass,  Dash  and Lizslrd 
formations of Garver (1989) as well as two other subdih- 
sions,  the  volcanic  unit  and Beece  Creek succession,  which 
are exposed  mainly  west of Big Creek. The term  Silverqui  ck 
formation is retained for Garver’s Silverquickcong1omer;Ite 
in its type  area  near Taylor and  lower  Tyaughton  creelcs, 

basis of its nonmarine nature, its unconformable contact 
where it is excluded from the  Taylor Creek  group on the 

with  the  underlying  Lizard formation, and its gradational 

ever, the Silverquick formation is very similar to the  Beece 
contact  with  the overlying Powell  Creek  formation. Hog- 

position  and  stratigraphic  position. The Beece  Creek  suc- 
Creek  succession of the Taylor Creek  Group  in  both  co:n- 

cession is finer grained and distinctly more shale rich than 
the Silverquick  formation,  and also differs in  that it is cca- 
formable with  underlying  Taylor Creek rocks  and is sepa- 
rated from the overlying  Powell  Creek  formation by an 
angular  nnconformity.  Based on these criteria, rocks  that 
rest  gradationally  above  the  Lizard  formation  in  the core of 
the Red Hill syncline are here included  in  the  Beece  Creek 
succession (Figure 13). although  they  were  mapped as Sil- 

assigned to the Silverquick conglomerate in  the core of the 
verquickconglomerate by Garver  (1989).  Rocks  that Ganw 

are also included  in  the Beece Creek  succession, as they 
Prentice  Lake  syncline (Panlos Creek section of Figure 13) 

appear  to be part  of a continuous  belt that extends to the west 
side of Big Creek,  where it is unconformably  overlain by 
the  Powell  Creek  formation  (Riddell et al., 1993a,b). The.se 
different  interpretations are not of  major  significance, h o w  
ever, as the  similarity  in  composition  and  stratigraphic €0- 
sition suggest that the Silverquick  formation  and  Beece 
Creek  succession are lateral equivalents  that  were  deposited 
in different parts  of the synorogenic  upper Tyanghton bas in. 

PARADISE FORMATION (IKTCP) 

of the Taylor  Creek  Group  in the Relay Mountain area. (Red 
The Paradise formation  (Garver,  1989) is the basal u lit 

Hill  section  of  Figure  13). It outcrops in a restricted  area  that 
extends from Cardtable  Mountain  northwestward to upl’er 
Relay  Creek,  where it occupies several  northwest  trending 

_- 
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Figure 13. Generalized  stratigraphic  sections and relationships of the Taylor  Creek Group, Silverquick  formation  and  Powell  Creek 
formation.  Heavy  line  separates  the  Powell  Creek  formation from the underlying  Taylor  Creek  Group  and  Silverquick  formation.  ,Sections 
3 ,4  and 5 are  after  Gamer (1989, 1992). Map unit codes are the same  as in Figure 3. 

The  type section is on the southem flanks of  Relay  Moun- 
fault panels  that cross the upper reaches of Paradise Creek. 

tain,  where over 900 metres of continuous  section is ex- 

not exposed. It is inferred to have  been  deposited  above  the 
posed. The stratigraphic  base  of  the  Paradise  formation is 

Relay  Mountain  Group because the two successions are 
presently  interleaved  across  a  series of high  angle faults, and 

siliferous clasts derived from the  Relay  Mountain  Group 
conglomerates of the Paradise formation  locally  contain  fos- 

(Appendix 3, Samples 86JG-12,  86JG-31,  86JG-87B  and 
86JG-317A). 

The Paradise formation comprises about 80 per cent 
shale  with  interbedded  sandstone,  and about  20 per cent len- 
ticular  units of thick-bedded  volcanic-pebble  conglomerate 
(Photo 24). Fine-grained facies include friable, black to 
grey, laminated shale and interbedded  thin-bedded  sand- 
stone (Photo 25). The sandstone  beds  have  sharp  bases  and 
Tce  Bouma  sequences. A few medium to thick-bedded 
sandstone  beds  with  complete  Bouma  sequences  (Tabce) 

and  convolute  bedding are also present. Sections devoid of 

tan-Weathering  concretions 15 to 35  centimetres  long. 
interbedded  sandstone  locally containunits characterized by 

Conglomerate of the Paradise formation  occurs  i n pack- 
ages 50 to 200 metres thick that generally become finer 
grained  and  thinner  bedded  upwards.  Conglomerales  tbat 

out laterally over a  distance of several  kilometres, suggest- 
are well  exposed south of  Relay  Mountain  appear to pinch 

ing that  they are lenticular on  a  large  scale. Most individual 
conglomeratebedsarel to7metresthickandlenticularover 
hundreds of metres. "bey are typically  normally ;:raded, 
clast supported,  and  contain  moderately  well  roundcd  peb- 
bles  and  cobbles.  Also  present are beds of inverse to nor- 
mally  graded, poorly-sorted, clast-supported  cobble to 
boulder  conglomerates  2 to 5 metres  thick. A few  be:ds 3 to 
7 metres thick are very  poorly sorted, matrix-supportcd,  nor- 
mally-graded  cobble to boulder conglomerates  that  pass  up- 
ward  into  matrix-supported  pebble  conglonterate. 
Interbedded  with  these  various conglomerate facies :ire me- 
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Photo 24. Resistant  conglomerate ribs within  recessive  shales  and  sandstones of the  Paradise  formation, south flank of  Relay  Moun- 
tain. The  mountain  is capped by  Neogene  basalt flows of the  Chilcotin  Group. 

Photo 25. Thin-bedded  shales  and  sandstones  of  the  Paradise  formation,  south  of  Relay  Mountain 
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dium to thick-bedded,  coarse-grained  amalgamated  sand- 

upward sequences. Convolute  laminations,  mudstone  rip-up 
stone  beds (Taa and Tbe) which  typically  occur  in  thinning- 

clasts, and slump folds are common. 

canic arkoses dominated by volcanic lithic grains and  pla- 
The sandstones  within  the Paradise formation are vol- 

gioclase.  Conglomerates consist mainly of intermediate  to 
felsic volcanic  and  metavolcanic  clasts,  but include clasts 
of sandstone, siltstone, argillite and limestone. as well as 
minor  amounts  of  tonalitic  to  dioritic  plutonic  clasts. Pa- 
leocnrrent  indicators are sparse,  but  suggest  that  transport 

gests that the formation  was  deposited as a submarine fan 
was to the east and southeast (Garver,  1989). Ciarver sug- 

plutonic and metamorphic rocks as a substrate  to  the  vol- 
derived from a volcanic pile to the  west,  with  sedimentary, 

canic  centres. 

above the  upper unit of the Relay  Mountain  Group,  of Hau- 
The Paradise formation  probably  rests  disconformably 

terivian to Barremian(?)  age, and is in turn overlain  grada- 
tionally by the  middle  Albian  Dash  formation. The Paradise 
formationitself is not well datedpaleontologically. although 

lay  Mountain  has  been  tentatively  assigned an Albian age 
an  ammonite collected from its upper  part  northwest of Re- 

peak  date  of 113h.5 Ma from detrital  zircon  reported  by 
(Appendix 3, Sample 86-JG-16). The youngest  fission-track 

Garver and Brandon  (1994)  suggests  an  Aptian to early Al- 

bian  depositional  age,  which is consistent with the p~esently 
known stratigraphic and paleontologic  constraints. 

ELBOW PASS FORMATION  OKTCE) 
The Elbow Pass formation  (Garver,  1989) comists of 

interbedded  sandstone, conglomerate  and shale thal is well 

belt,  where it occupies a syncline beneath 0verthruc.t Relay 
exposed  south of Elbow Pass, in  the  Elbow  Mountain  thrust 

Mountain  Group. It also  outcrops  in a belt that extends  from 
Lizard  Creek  southeastward to the east end of the  Mount 

there to be mapped  separately,  and so is included in :he gen- 
Sheba ridge system,  but i t  is not sufficiently well-r:xposed 

era1 map  unit  1uKTC. The Elbow Pass formation is t'x basal 
unit of the  Taylor Creek Group  in both these areas,  and  ap- 
parently  lies  stratigrapbically  above  Hauterivian shales of 
the  upper  Relay  Mountain Group, although the contact is 
nowhere  well  exposed. The Elbow Pass formation is in turn 
overlain by the  Lizard  formation  southeast of Lizard  Creek 
(Figure  13.  Section2). 

of the  Elbow Pass formation  typically occur in well  -defined 
Interbedded  pebble  conglomerate, shale and  sandstone 

thinning and  fining-upward units 10 to 30 metrzs thick 

well  sorted,  graded,  and  commonly  amalgamated.  Channel- 
(Garver,  1989). The conglomerates are poorly  to  moderately 

beds  contain  ripup  clasts. Sandstone  beds are generally  me- 
ing is common.  especially in the coarser  units,  and  many 

dium  bedded,  amalgamated units with Taa., Tbt' or Tab 

Photo 26. Medium to thin-bedded  turbidites of the Elbow Pass formation,  east of Big Creek.  View  is to the  uorthea!:t. 
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Bouma  sequences photo 26). Slumped  bedding  and  convo- 
lutions occur locally, and are  common  in  the  overturned  part 
of the succession  directly  west of Elbow  Pass.  Black,  lami- 
nated shale is interbedded  with  the coarser grained  rocks  and 
locally contains brown-weathering  concretions. 

Sandstones within the Elbow Pass formation  consist 
predominantly of volcanic lithic grains accompanied by 
lesser  amounts of plagioclase  and  minor  amounts  of  vol- 
canic quartz (Gamer, 1989). Conglomerates consist almost 
entirely  of intermediate to mafic  volcanic clasts. This  re- 
stricted  composition suggests that the  formation  was  derived 
from  an  undissected juvenile volcanic  terrain. The sedimen- 
tary  structures suggest that the formation  was  deposited  in 
the  proximal  part of a submarine  fan,  and  relatively  abun- 
dant flutes and grooves  on the bottoms of conglomerate  and 

to east (Gamer, 1989). 
sandstone  beds indicate that  paleotransport  was from west 

No fossils were  recovered  from  the  Elbow Pass forma- 
tion  during  the  present  study,  but  Jeletzky  and  Tipper (1968) 
report that an ammonite  resembling Brewericeras hule- 
nense Anderson  was  collected  from  the  formation  east of 
Elbow  Pass. This tentative  identification  suggests  that  the 
Elbow Pass formation is, at least in  part, late early  Albian 
in  age. This is consistent with  the  stratigraphic  position of 
the  formation  in the Lizard  Creek - Mount  Sheba area, where 
it occurs beneaththemiddle to late AlbianLizardformation. 

DASH FORMATION (IKTCD) 
The Dash formation (Dash conglomerate of Gan.er, 

Shulaps  Range, but is restricted to the northeast side of the 
1989) outcrops  in  several areas between  Big Creek and the 

Castle  Pass fault (Figure 3). It is well  exposed  northwest:  of 
Relay  Mountain,  where it outlines the  Red  Hill  syncline as 
well as in a narrow  belt that extends from Eldorado Mom- 

in  several  fault-bounded lenses along the  Relay  Creek fmlt 
tain  southeastward  across  Tyaughton  Lake. It is also found 

system, and  in a series of fault lenses within the Qua tz  
Mountain fault system  between  Big  Sheep  Mountain md 

mably  above  the  Bridge River Complex  in  the south, m d  
Lone Valley  Creek. The Dash formation rests unconior- 

west. It is everywhere  stratigraphically  overlain by the Liz- 
lies  conformably above the Paradise formation to the no~th- 

ard formation.  The  Dash  formation is characterized by 
layers of distinctive  orange-weathering chert-pebble c x -  
glomerate.  These conglomerate layers are commonly  inter- 
c a l a t e d   w i t h   c h e r t - q u a r t z   s a n d s t o n e s   a n d  
dark-grey-weathering siltstones and  shales. 

Tyaughton  Lake  area is a relatively thin (ZOO to 500 metres) 
The  Dash  Formation  in  the Eldorado Mountain - 

basin  margin  assemblage that rests  unconformably  above 
the  Bridge  River  Complex (Figure 13, Section 5). The baa1 
unconformity is exposed for about three kilometres  near  the 
head of North Cinnabar  Creek (Photo 27). where it rests on 
a variety  of  rock  types  in  the Bridge River  Complex, inchd- 
ing  blueschist,  greenstone,  chert, limestone and  serpentinite. 
A boulder  to  pebble  conglomerate at the  base of the D,sh 
formation  contains  clasts  of all of these lithologies (Phxo 

Photo 21. Overturned  unconformity  with the middle Albi.an Dash conglomerate  depositionally  overlying  metachert and blue:ichist ,of 
the Bridge  River  Complex.  View  is to the southeast across the headwaters of North  Cinnabar  Creek. 
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28), and the immediate substrate is generally better: repre- 
sented  than  other  rock  types  at  any  particular locality 
(Gamer, 1989). The basal conglomerate passes up.section 
into 30 metres of massive to cross-stratified  pebble con- 
glomerate  and  sandstone interbedded  with  mottled red  and 
green siltstone that  locally contains full-leaf  fossils.  Over- 
lying  rocks,  comprising most of  the  section,  consisl. of me- 
diumto thick-beddedpebbleconglomerateintercalaled with 
fine-grained  sandstone. The  conglomerate  beds within  this 
interval are both  normal  and inversegraded  and locally are 
crossbedded. The top of the  formation in this area cmnprises 

that contain  pelecypods,  ammonites  and  abundant plant 
several  tens of metres of bioturbated  sandstone  and siltstone 

bash  and  wood  debris. 

Dash  Formation is more  than 1 0 0 0  metres thick (Figure  13, 
In the  Red  Hill  area,  northwest  of  Relay  Mounfain,  the 

Section 3). There, it lies above the Paradise formati.on  with 
a transitional  conformable  contact 20 to  30 metres  thick  in 
which  chert-rich  sandstone is intercalated with thhbedded 

This  transitional  interval is overlain by 500 to 600 metres of 
sandstone  and shale typical of the  underlying  formation. 

and medium  to  thick-bedded chert-pebble conglcmerate. 
shale intercalated  with  thin-bedded,  graded sandstcne beds 

The  conglomerate  beds are typically stratified and  graded, 
but locally are very-poorly sorted, disorganized  and  matrix- 
supported.  This interval is overlain  by 100  metres of con- 
cretionary shale with  subordinate  thin-bedded  sandstone, 
which in turn is overlain  by  bioturbated siltstone containing 
intercalations  of  massive to trough-crossbedcled  sandstone 
and minor conglomerate. The  top of the section consists 
mainly of massive to crossbedded chert pebble tc cobble 
conglomerate  in  beds  that are locally  lenticula]:  with  scoured 
bases  (Photo 29). Photo 28. The  basal Dash conglomerate at Noah Cinnabar  Creek. 

coin and elsewhere) and greenschist. 
Angular  pebbles  include  greenstone,  chert,  blucschist  (under  the 

Photo 29. Resistant  ridge of Dash  chert-pebble  conglomerate on the  northeast  limb of the Red Hill  syncline.  These  ate  overlain by  shales 

and conglomerates of the  Beece  Creek  succession. 
and sandstones of the  Lizard  formation  within  the  recessive  area to the  left,  which are in turn overlain  by  well  stratified  sandstones,  shales 
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Cinnabar  Creek area were  clearly  derived  from the under- 
Clasts within the basal  Dash  conglomerate  in the North 

lying  Bridge  River  Complex.  Conglomerates  higher  in the 
section in  the  North  Cinnabar  Creek  area,  and  throughout 
the  formation  elsewhere  in the map  area,  typically  contain 

derived from the Bridge River  Complex. This inference is 
70 to 90 per cent chert,  which is also  inferred to have  been 

pebbles at several localities within the area,  which include 
supported by the ages of radiolarians  extracted  from  chert 

Triassic and  Mississippian  forms  (identifications by  D.L. 
Jones,  reported  in  Garver,  1989). In addition to chert, the 
conglomerates  typically  contain 10 to 20 per cent white to 

cally  contain quartz phenocrysts.  Also  present  in  relatively 
cream-weathering felsic volcanic  rock  fragments  that lo- 

minor quantities areclastsofsandstone, argillite,  greenstone 

rocks,  commonly  with  hornblende-feldspar or quarta-feld- 
and  quartz,  as  well as rare clasts of  hypabyssal  intrusive 

spar  phenocryst  assemblages.  Sandstones are dominated by 
chert  grains,  typically  accompanied  by  a  significant  but  sub- 
ordinate  percentage of monocrystalline quartz, as well as 
volcanic lithic, sedimentary lithic  and  plagioclase  grains. 
Heavy  mineral suites commonly include abundant chrome 
spinel that  may  have  been  derived  from ultramafic rocks  in 
the source area (Garver,  1989).  Paleocurrent  data  from  the 
Dash formation are abundant only  in the Red  Hill  area, 
where  they indicate an eastern  source  (Garver, 1989). These 
data,  combined  with its  sedimentologic features and strati- 

resents a fluvial-dominated  deltaic  complex  that  built 
graphic  relationships, suggest that the  Dash  formation  rep- 

westward into the  basin  away  from  an  eastern  source  terrain 
~~ . ~ ~ ,- ~ - ". 

dominated by uplifted Bridge  River  Complex (Garvta, 
1989). 

Dash  formation at widely  scattered localities are presenkd 
Reports  on 12 collections of  macrofossils  from t'le 

in  Appendix 3. Many  of  these constrain the  formation tcl a 
mid-Alhian  age, as is also suggested by its stratigraphic PO- 
sition  beneath the middle to upper Albian Lizard formath  
and  above the Aptiau to early Albian Paradise formation. 

LIZARD  FORMATION QKTCL) 
The Lizard  formation  (Garver,  1989) is a  distinctive 

sequenceofmica-hearingquaazofeldspathicturbidites. The 
type  area  comprises  a  section of thin-bedded sandstonesand 
shales  that are well-exposed  on  the slopes south of  upper 
Lizard  Creek  (Photo 30). where  the  formation is underlhin 
by the  Elbow  Pass  formation. It is more extensively  expo$ed 
in  several  different outcrop belts to the  north  and  east,:on 
the  northwest side of  the Castle Pass fault, where it is vn- 
derlain  by  the  Dash  formation. The largest of these exposhre 
belts is situated between the Relay Creek  and Yalakom 

Mountain  and Big Creek (Figure 3). The Lizard  formathon 
faults,  and extends for 40 kilometres  between Big  Shcep 

Hillsyncline,andinthebeltofTaylorCreekrocksthato~er- 
is also  well  exposed  northwest  of  Relay  Mountain in the P.ed 

and  Tyaughtou  Lake. Where complete sections are  exposed 
lies the Bridge  River  Complex  between  Eldorado  Mountain 

it is typically on the order of 500 metres thick. 

laminated shale with  interbedded  medium to thin-bed*ed, 
The Lizard  formation is composed  primarily  of bhck 

light  brown to grey-weathering sandstone. In shale-domi- 

Photo 30. Taylor  Creek  Group  exposed on the  south side of Lizard  Creek.  Lower  part of the slope is  underlain  by  well-bedded  sands!ones 

volcanic  unit,  which  is  in  tum  overlain by a shale-dominated  interval  tentatively  included in the  Beece  Creek  succession.  More  ma.jsive 
and shales  of  the  Lizard formation. These  are  overlain by an interval of slumped  volcanic  conglomerate  included in the  Taylor  (!reek 

unit at the very top of  the  section  comprises  conglomerates at the  base of the Powell  Creek  formation,  which  are  separated fro11 the 
underlying rocks by an  angular  unconformity. 
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nated sections sandstone beds are generally  thin  bedded  and 
display Tae,  Tbc  and Tce Bouma  sequences.  The  sandstone 
beds are thicker (medium  to  locally thick bedded)  in  sand- 
stone-dominated intervals, where they typically display 
Tbc, Tab and Taa Bouma  sequences.  Flutes  and  grooves are 
common  on the bottoms of sandstone beds  and fine-grained, 
disseminated  plant  hash  occurs  locally  along  laminae at the 
tops of sandstone beds. Slump structures and convoluted 
bedding are also  common. 

The  sandstones of the Lizard  formation are fine to 
coarse-grained  quartzofeldspathic  litharenites  (Garver, 
1989).  They consist of subequal  proportions of quartz,  feld- 

detrital mica  (muscovitekbiotite).  Feldspar  grains  are 
spar and lithic grains,  and are characterized by abundant 

mainly  plagioclase, although potassium  feldspar is present 
in  minor quantities. The characteristics of  the quartz grains 
suggest that they  were  derived from plutonic,  volcanic  and 
metamorphic  source  rocks  (Garver,  1989). Mostofthe lithic 
grains were  derived  from  volcanic  rocks,  although  meta- 
morphic detritus, including quartz-mica  tectonites  and  foli- 
ated quartz aggregates, is also present.  Flutes  and  grooves 

Garver  (1989) suggests that  the  Lizard  formation  was de- 
define a paleotransport direction to the  north-northeast,  and 

ported  sediment  longitudinally  along  the  axis of the 
posited  within a very large submarine  fan  system that trans- 

probably  underlain by plutonic rocks  with  associated meta- 
mid-Cretaceous  Tyaughton  basin. The source  terrain  was 

morpbic  and  volcanic  rocks. The provenance  studies,  in- 
cluding  fission-track  dating of detrital  zircons,  of  Garver 

this  was  the same source  terrain  that  supplied detritus to  the 
(1989,  1992) and Garver  and  Brandon  (1994) indicate that 

much thicker sequence of arkosic deposits that charac- 
terized  the  mid-Cretaceous  portion of the Methow  basin  to 
the east. 

Pass formation  south of Lizard  Creek (Figure 13,  Section 
The Lizard formation apparently overlies the  Elbow 

2), although the  contact is not  exposed.  Elsewhere  in  the 
area it lies above  the  Dash  formation  (Figure 13, Sections 
3,4 and 5). In the Red  Hill and North Cinnabar  Creek  areas 

of  laminated  black shale containing a few  thin  beds of mi- 
thebaseoftheLizardformationismarkedby10ro30metres 

caceous  quartzofeldspathic  sandstone.  The  contact  is 
abrupt,  but  in the North Cinnabar  Creek  area  rare  thick  beds 

the Dash Formation, are intercalated with  typical  Lizard 
of coarse-grained  chert-lithic  sandstone,  similar  to  that  of 

data from  these  beds  of  chert-lithic  detritus indicate east- 
sandstones  and  shales  higher  in  the  section.  I’aleocurrent 

west  transport,  similar  to  those  in  the  underlying Dash for- 
mation,  suggesting that they represent  minor  sediment 
influx  from  the same source  (Garver,  1989).  Farther to the 
east, in exposures  extending  from Big Sheep  Mountain 
north and northwest  to  beyond Mud Creek,  the  base  of the 
Lizard  formation is marked by  an interval of  intercalated 

Most  of  the  conglomerates within this unit contain  angular 
conglomerates  and  sandstones  (Unit  IKTCLc  on  Figure 3). 

locally serpentinite, that  were  probably  derived from the 
toroundedpebbles ofgreenstone, chert,gabbro, diabaseand 

Bridge  River  Complex.  Some  conglomerates,  however, 
contain  mainly intermediate volcanic  and volcaniclastic 
clasts along  with  minor  amounts  of  chert,  gabbro  and rare 
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medium  grained quartz dioritic pebbles. The conglo~neratcs 
of unit  IKTCLc are intercalated  with  green lithic sanjstones 
and  gritty  sandstones,  which dominate  some portion,s of lhe 

diate volcanic  grains,  with  lesser  amounts of plagioclase  and 
unit. These sandstones consist of  altered mafic to interme- 

a relatively  small  proportion of angular quartz grains.  Mica- 
bearing  quartzofeldspathic  sandstones  similar  to  those 
throughout  the  rest of the Lizard  formation art: also  present 
within  this  unit,  and  become more prominent  westvrard. 

An lnoceramus fossil collected  from  the central part  of 
the  Lizard  formation in the Red Hill syncline is of probable 
middle to late Albian age (Appendix 3, Sample 87JG-Z38B), 
as is an Inoceramus fossil from one of the fault-bounded 
panels of the formation that crosses Mud  Creek  (Appendix 
3, Sample 88JKG-18-2-1). Plant fossils collected from  the 
contact  zone  between  the  Lizard formation and  Beec,e  Creek 
succession  in  the  Red Hill syncline  have been a s s i p d  an 
Albian  to Cenomanian  age  (Appendix 5, Samplc 86JG- 
178). These sparse paleontologic data are consisttnt with 
the stratigraphic  relationships  of the Lizard  formation, 
which is underlain by the  mid-Albian  Dash  formation  and 
overlain by the Albian  to  Cenomanian Beece Creek  succes- 
sion  and  Silverquick  formation. 

VOLCANIC ROCKS OKTCV) 

in  several areas west ofBig Creek,  where it is locallf under- 
The  volcanic unit of the Taylor  Creek  Group  outcrops 

lain  by the Tosh  Creek  succession and is stratigraphically 
overlain  by the Beece Creek  succession. It is  exposd north 
and east of Dome Peak, at the  southwest  end  of  Cluckata 
Ridge,  on  the  ridges  south of Vic Lake, and  on the ridges 
dividing  Beece  Creek  from  Chita and  Powell  creeks. 

liethePowellCreekformationsouthoftheTchaika,ranfauIt 
Strongly-altered  volcanic  and  sedimentary  rocks that under- 

also occur locally to the east of Big Creek,  where  they are 
are also included  in this unit. The Taylor  Creek  volcanics 

best  represented  by  volcanic  and  volcaniclastic rccks that 
outline the Prentice Lake syncline between Mud C-eek and 
the headwaters  of  Dash  Creek. These rocks  occupy a strati- 
graphic position between the Lizard  formation  and the 
Beece  Creek  succession. An interval of  channel cmglom- 
erates containing cobbles and  boulders  of felsic and  inter- 
mediate  volcanic  rocks that is exposed  on the south side of 
Lizard Creek is also included  in the Taylor  Creek  volcanic 
unit (Photo 30). This  interval,  which is 1 0 0  to 150 metres 
thick, was interpreted by Garver  (1989) as a lens  within  the 
Lizard  formation,  but is here interpreted to mark  thc  contact 
between  the  Lizard  formation  and  overlying  shales  and silt- 
stones of the Beece Creek  succession. 

mainly  of intermediate to felsic flows  and fragmenlal  rocks, 
West of Big Creek,  the  Taylor  Creek  volcanics  consist 

locally  intercalated  with  minor  amounts  of  dark  grey  shale 

light green, and commonly  weather to  somewhat darker 
and  sandstone.  Volcanic  rocks are generally ligh: grey to 

shades of brownish  grey to green;  locally the rock!;  contain 
np to 1 per cent disseminated pyrite and  weather  rusty.  Vol- 
canic flows are generally  massive,  and consist of ax aphani- 
tic to very fine grained  feldspar-rich  groundmass  containing 

Rarely,  narrow zones of flow  banding define flow  contacts, 
small feldspar or feldspar and  hornblende phenocrysts. 
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and  in one such case the flow  grades  from  sparsely  por- 
phyritic  margins into an interior containing more and larger 
phenocrysts.  Fragmental  rocks are mainly  crystal-lithic  tuffs 
and lapilli tuffs composed  of feldspar and hornblende  crys- 
tals  together  with fragments of  intermediate to felsic vol- 

rarely  exceed  several  centimetres  in size (Photo 31). The 
canic rock. The  angular to subrounded lithic fragments 

fragmental rocks are generally  only  poorly  stratified,  but 
locally  form distinct medium-thick  beds.  Sedimentary  inter- 
vals  of sandstone  and shale occur mainly  near  the  contact 
with the overlying Beece Creek  succession;  sandstones are 
compositionally similar to those  within  the  Beece  Creek 
succession. 

fault and Dickson-McClure batholith  comprise a poorly  ex- 
Rocks  assigned to unit IKTCv  between  the Tcbaikazan 

posed  succession of altered volcanic  and volcaniclastic 
rocks intercalated with  sandstones  rich  in quartz and  chert. 
This succession is apparently  continuous  with  a  belt of Tay- 
lor Creek  volcanic  and  sedimentary  rocks that outcrops 
south of  the Tchaikazan fault to  the  west  (McLaren  and 
Rouse, 1989a,b;  McLaren,  1990).  Altered  volcanic rocks 

ping  cap that is inferred to represent  unconformahly  over- 
higher  in  the  section  appear to form a  relatively  gently-dip- 

lying  Powell Creek formation. 

Photo31. Volcanic  brecciaof tbeTaylorCreekvolcanicunit, west 
of Vic  Lake. Clasts are in part  accentuated by epidote  alteration. 

The  volcanic  and  volcaniclastic rocks that  outcrop  be- 
tween  Mud  Creek and upper  Dash  Creek  were  assigned to 
the  Kingsvale  and Taylor  Creek groups by Tipper (1978) 
and  to  the  Powell  Creek  formation  by  Glover et d .  
(1988a.b).  Although  unfaulted external contacts were  not 

Prentice Lake syncline, indicates that it occupies a strati- 
obsenred, the distribution of the unit,  which outlines (he 

graphic  position above the  Lizard  formation  and  below rhe 
Beece  Creek  succession (Figure 13, Section 4). It is there- 
fore included  in  the  Taylor  Creek  volcanic  unit,  althopgh 
lithologically  much of it is more similar to the Powell  Creek 
formation  than to the Taylor  Creek volcanics  west of J%ig 
Creek. The volcanics  in  the  &entice Lake syncline con:& 

prising poorly sorted angular to subrounded clasts in a  ma- 
largely of  green,  grey  and  purple  volcanic breccias, ccm- 

trix of smaller lithic clasts and feldspar and hornblende 
crystals.  Clasts  commonly range from less than 1 centimr:tre 
to 10 centimetres  across,  and consist mainly of intermdate 
porphyritic  and  aphyric  volcanic  rocks;  porphyritic  varielies 
generally dominate and contain the  phenocryst  assemblages 
hornblende-plagioclase, plagioclase, and  clinopyroxene- 
plagioclase.  Green, N S ~ Y  brown  weathering flows occul  lo- 
cally  within the breccias, and contain the same phenoc yst 
assemblages.  Dark  green to grey, brownish weather'ng, 
crudely to moderately  well  stratified  volcanic  conglomer- 

volcanic  sandstone, are also  present,  mainly  in theupper !art 
ates  and  laharic  breccias,  locally intercalated with  beds of 

poorly  sorted,  angular to rounded clasts floating in  a  friable, 
of the  unit. The coarser grained  rocks consist rnainl:? of 

diameter,  and  consist  mainly ofintermediate porphyritic  and 
silty  to  sandy  matrix. Clasts locally  range up to 1 metre  in 

tuffs and  volcanic  breccias. 
aphyric  volcanics as well as hornblende-feldspar-bearing 

The volcanic  rocks  included  in  the  Taylor  Creek  GI  oup 
all occur at a  similar  stratigraphic level, directly  beneath the 
Beece Creek  succession.  They overlie the  Lizard  forma tion 
east of Big  Creek  and  the  undated Tosh Creek  succession 

this  stratigraphic  level in the Red  Hill syncline northwest of 
west of the  Creek.  Volcanic rocks are generally  absent from 

Relay  Mountain,  although  the  volcanic  unit  may be repre- 
sented  by a hornblende-pbyric andesite flow or sill, about 5 

contact at one locality near the core of the  syncline.  The 
metres  thick, that was  seen  near the Lizard - Beece Creek 

the Eldorado  Mountain - Tyaughton Lake area,  although 
volcanic unit is also absent  from this  stratigraphic level in 

formation  across a slight angular unconformity. 
there the Lizard  formation is overlain by the Si1verc.uick 

The Taylor  Creek volcanic unit is not dated,  but is pre- 

on  its  stratigraphic  position above the  middle to late Albian 
sumed to be late Albian  (and/or  Cenomanian)  in  age b e d  

Lizard  formation and beneath the Albian to Cenomnnian 
Beece Creek  succession.  Hornblende  separated  from a !;mall 
plug of hornblende-feldspar  porphyry that intrudes the: vol- 

date of 104.5*16.6 Ma (Appendix 7, Sample TL-87-14). 
canic  unit  near  upper  Relay  Creek  yields an Ar-Ar phteau 

to the stratigraphically  inferred age of the host volcmics, 
Despite  the  large  analytical  uncertainty,  this  date is si'nilar 

and  suggests that the intrusive suite may be comaglnatic 
with  the  volcanics.  Geological  relationships  in  the  areti per- 
mit  this  interpretation,  because althoughporpbyries intrude 

__ ~ 
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the  volcanics  and  underlying  Lizard  formation,  they  were 
not observed cutting the overlying Beece Creek  succession 
(Figure 3). 

BEECE CREEK SUCCESSION (IuKTCB) 

shales and  conglomerates  that  comprise  the  uppermost  unit 
The  Beece  Creek  succession consists of sandstones, 

of the Taylor  Creek  Group. These rocks overlie the  volcanic 

absent,  they are directly  above  the  Lizard  formati.on.  Where 
unit  in  most  areas,  but  locally,  where the volcanic  unit is 

the  upper contact of the succession is exposed,  mainly  to  the 
west of Big  Creek, it is overlain  by  the  Powell  Creek  forma- 

Beece  Creek succession  outcrops  mainly  within a belt that 
tion  across an angular  unconformity.  West of Big  Creek,  the 

comer of  the  map area. There are smaller  exposures on the 
extends from  the  head of Tosh  Creek  to  the  northwestern 

ridge between Big and  Grant  creeks,  on  the  slopes  south of 
Nadila Creek, and adjacent to the creek  that  flows  northward 
from Mount Vic. The succession also occurs on the east side 
of Big Creek,  where it comprises  rocks that were  assigned 
to  the Silverquick formation by Garver (1989) in  the  cores 
of the Prentice Lake and  Red  Hill  synclines. Shales that  oc- 
cur  in the uppermost  part  of  the  Taylor  Creek  Gsoup  on  the 
south  side of Lizard  Creek are also assigned  to  the  Beece 
Creek succession, as these rocks occur  above  volcanic  con- 
glomerates  assigned  to  Unit  IKTCv  and  unconfonnably be- 
neath  the  Powell  Creek  formation. 

The  Beece Creek  succession consists of shale  and  silt- 
stone  together  with  about equal amounts of coarser  clastic 
rocks, althougheitherfine orcoarse-grainedrocks generally 
dominate any  given section. Fine-grained  intervals  consist 
of  medium to dark  grey  shale  with  thin  beds  of  somewhat 
lighter grey siltstone and  scattered  thin to medium  beds of 
fine to  medium-grained  sandstone. The sandstone  beds are 
massive to graded, locally  with  scoured  bases.  Laminated 
limestone  and  marly  mudstone occur locally  within  the  unit 
near the core of the Prentice Lake  syncline,  where  they are 
associated  with  red-weathering siltstone containing  minor 
intercalations of sandstone  and  pebble  conglomerate. 
Coarser  grained intervals within  the  Beece  Creek  succession 
are dominated by medium to dark  grey, light grey  weather- 
ing, fine tocoarse-grainedsandstone. Itmay  be poorly  strati- 

Tab and Tce Bouma  sequences. Poorly to moderately  well 
tied or form well-defined thin to medium beds  that  display 

sorted  granule  to  pebble  conglomerate is common  in  sand- 
stone-dominated  intervals,  where it occurs as thin to very 
thick beds, commonly with channeled  bases and rip-up 
clasts. Locally  pebble to cobble  conglomerate  occurs as 

up IO metres  or more in  thickness. 
massive,  unstratified,  predominantly  matrix-supported  units 

dominated by clasts  of  chert,  siltstone,  sandstone  and  inter- 
Conglomerates  within the Beece  Creek  succession  are 

mediate to felsic volcanic  rock;  clasts  of  vein quartz and 
granitic  rock Dccur locally. Clasts are  generally  angular  to 
subrounded,  although  chert clasts are locally  well  rounded. 
Sandstones  contain a similar lithic  component,  accompa- 
nied by abundant quartz and  feldspar.  They also contain 
clasts of  massive to foliated  quartzite,  foliated  granitic  rock, 

covite, epidote and  biotite. Sandstone grains  are  typically 
and  quartz-mica  schist, as well as scattered  grains of mus- 

angular.andafewquartzgrainshavedelicateembay3dmar- 
gins  suggesting,  in  part, a local  volcanic  source. 

overlies  the  Lizard  formation  across a gradational  contact 
The  Beece  Creek succession  in  the  Red Hill syncline 

defined by the intercalation of chert-rich conglo1,nerates 
with  Lizard-like  arkosic  sandstones.  West  of  Big  Creek it 
overlies the  Taylor  Creek  volcanic  unit  across a conlact  that 

cal of the  Beece  Creek  succession are locally inte~calated 
is also gradational, at least  in  part,  because  sandstones  typi- 

with  fragmental  volcanic rocks in  the  upper part of .he vol- 
canic succession. The Beece  Creek succession  in thee  areas 
is interpreted to be primarily marine because  of its grada- 
tional contact  with the marine  Lizard  formation  and iig depo- 
sition as turbidite  deposits. The  Beece Creek  succession  in 
the core of the Prentice Lake syncline has a somewha thigher 
percentage of conglomerates  than elsewhere in  the  area,  and 
includes  substantial sections of  redbeds that may indicate 

is apparently abrupt in  this m a ,  although no  unfaulfed  cou- 
nonmarine  deposition. The basal contact of the succession 

tacts  between it and  the  underlying Taylor Creek  vcdcanics 
were  observed. This succession  was  mapped as Silverquick 

a much  higher  percentage  of  fine-grained  material (han the 
conglomerate by Garver (1989) who  noted  that it contains 

bar  Creek drainage basins.  He  suggested that it was depos- 
type  Silverquick  area  in  the Taylor Creek  and North Cinna- 

ited  in a fluvial system more distal  than  the  Taylor  Creek 
section,  perhaps  in a broad fluvial plain.  Although  the  rocks 
in  the core of the Prentice Lake syncline are here included 
in  the  Beece  Creek  succession,  they are thought to npresent 

type area and the Beece Creek  succession elsewhae in the 
a transitional facies between the Silverquick formati  >n  in its 

area. 
The Beece Creek  succession is probably late Albian to 

Albian  Lizard  formation  and is itself  unconformab::.y  over- 
Cenomanian  in age because it overlies  the  middle to late 

mation. It has not yielded  any  diagnostic  fossils,  although 
lain by the Cenomanian  (and  younger?)  Powell Crmk for- 

plant  fossils  collected from the  contact zone between  the 
Lizard  Creek  formation  and Beece Creek  succession in the 
Red  Hill  syncline  have  been  assigned a general  Albian to 
Cenomanian age (Appendix 5, Sample 86JG-178). 

SILVERQUKK FORMATION (luKSQ) 

of Garver, 1989) consists  of  nonmarine  conglomerates  and 
The Silverquick  formation  (Silverquick  conglomerate 

associated finer grained clastic rocks that  form ths upper 
part of the  Tyaughton  basin near its southeastern  margin. 
These rocks are well  exposed  in  several  adjacent  faul t panels 
that  outcrop  in  the drainage basins  of Taylor and  North  Cin- 
nabar creeks and the adjacent  portions of Tyaughto I creek. 
The type  section is on  the  overturned limb o f  a northeast- 
verging  syncline  that Dccurs between the Castle Eiss fault 
and a splay of  the  Fortress Ridge fault to the  east. 7% belt 
includes  the  past-producing  Silverquick  mine,  which  pro- 
duced  mercury  from  mineralized  shears  related to ihe For- 
tress Ridge fault. The Silverquick formation  in  this  area 
overlies  the  Lizard  formation  across an abrupt contact 
marked by  an angular  discordance of 10 to 20 degrees 
(Garver, 1989). The underlying  Lizard  formation fcsrms the 
upper  part of a condensed section of Taylor Creek strata that 
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unconformably overlies the Bridge River Complex (T"g 
13, Section 5). Rocks included  in  the  Silverqnick  formation 

-1 ure 

east, where  they rest directly above  the  Bridge  River  Com- 
also outcrop  on Mission Ridge, 50 kilometres to the south- 

plex  (Figure 13, Section 6) .  The  upper  stratigraphic 
boundary of the Silverquick formation is exposed  in  several 
places  in  and  near its type section,  where it is a gradational 
contact  with overlying volcanic rocks of the  Powell  Creek 
formation.  This contact is marked by the  intercalation  of 
chert-rich conglomerates typical  of  the  Silverquick  forma- 
tion with volcanic-rich conglomerates  containing clasts 
typical  of the Powell Creek  formation (Garver,  1989). 

TAYLOR  CREEK  AREA 

where it is well  exposed  on  the ridges north  and south of the 
The Silverquick formation is about  1500  metres  thick 

middle reaches of Taylor Creek. It consists of about 80 per 
cent rusty-brown to grey-weathering  conglomerate  and 20 
per cent grey to greenish-grey sandstone to siltstone. These 

sequences  ranging from a few  metres to more  than 10 metres 
lithologic units are arranged  in  numerous  fining-upwards 

fining-upwards  sequences is dominated by massive,  poorly 
thick  (Photo 32). The lowest and thickest  part  of  individual 

Photo32. SilverquickconglomeratesouthofTaylorCreel~.Eroded 
shale  interval  (occuppied by geologist  and  dog)  provides a view of 
the same  unit  on the adjacent  ridge,  where the well-defined come 
stratification of the unit  is apparent. 

sorted  cobble conglomerate locally  showing  low-angle ha- 
sal scour and  internal,  low-angle  cross-stratification. This 
lower unit passes  upward  into horizontally stratified to 
cross-stratified  conglomerate  and  locally  graded  conglorn- 
erate.  Metre-scale  channeling is common  in the conglomz- 
ates in this  part of the sequence. The  conglomerate units are 
capped hy  an interval of  fine-grained sediments composed 
of structureless  sandstone to siltstone containing gmded  in- 
terbeds  of  medium to coarse-grained sandstone wirh  len:;es 

contain stick and  leaf  fossils.  Locally,  they are red to marcon 
of conglomerate. These fine-grained intervals commonly 

weathering  and  contain  root  traces and mud  cracks. 

east, along  Tyaughton  Creek,  show a similar arrangement 
Fault  panels of Silverquick formation exposed  fartiler 

of coarse and  fine-grained  intervals,  but are commonly  Ied, 

intervals within these redbeds are generally thicker than 
maroon, or mottled  red-green-weathering. The fine-grained 

those  within  the  Taylor  Creek  exposures, and typically csn- 
tain a higher proportion of siltstone relative to sandston.:. 

Conglomerates  within the Silverquick  formation  tj'pi- 
cally  contain  about 50 per cent chert clasts, 20 to 30 percent 
sedimentacy  rock  fragments and  15 to 25 percent intenne- 
diate volcanic  clasts.  They also contain clasts of greenstme, 
quartz and  dioritic plutonic rocks, as well as minor amounts 

rock  fragments include abundant clasts of calcarenitic sand- 
of serpentinite,  limestone  and  bluescbist. The sedimenfary 

stone  and  muscovite-bearing quarlzofeldspathic sandstone 

Lizard  formation,  respectively. Sandstones within the Sil- 
that  may  have  been  derived  from the Hurley  Formation  and 

accompanied by quartz, feldspar,  and  volcanic  and  sedinlen- 
verquick  formation consist largely of chert grains, which. are 

tary lithic grains.  Detrital mica (muscovite  and  biotitf:) is 
invariably  present  in  minor quantities (less  than  1 per cent). 

The upper  part  of the Silverquick  formation  in its type 
area includes beds of volcanic  conglomerate  intercal;hted 

sediments.  The  beds  of  volcanic  conglomerate are typically 
with  the  typical  chert-rich  conglomerates  and finer grained 

1 to 3 metes thick and occur over  several  hundred  metre.s of 
section  (Garver ef al.. 1989b).  They are predominantly  ma- 

bles of plagioclase,  hornblende  and  pyroxene-phyric 
trix supported and contain  poorly-sorted pebbles and  cob- 

contemporaneous  volcanism  in  this part of  the Tyaug:lton 
volcanics.  These  conglomerates are the first indication of 

basin,  which  culminates in the deposition of  volcanic trec- 
cias and flows of the  overlying  Powell Creek formatio 2. 

The Silverquick  formation is interpreted to have  been 
deposited primarily  in a braided fluvial system  (Gwver, 
1989).  Flutes  and  grooves on the bottoms of conglommte 

palmtransport was  dominantly  from east to west  (Garver, 
and  sandstone  beds  in  the Taylor Creek area indicate that 

rived  largely  from  the  Bridge River Complex,  presumably 
1989). Detritus within  the Silverquick formation war:  de- 

from  the same source area that supplied  chert-rich detritus 
to the older Dash  formation. The Silverquick  has  a  more 
varied  provenance,  however,  and  also  includes  sandstone 
clasts that were  probably  derived from the  Hurley Foma- 
tion;  these provide the first record  of  eroded  Cadwaljader 
Terrane  supplying  detritus to the  upper  part of the 
Tyaughton  basin. The Silverquick conglomerates also  con- 
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both sides of  upper  Lizard  Creek,  where it is 150 to ZOO 
metres thick (Figure 14); from there it was  traced 4 kilome- 
tres  to  the  southeast,  beyond  which  the  base  of  the  formation 
is missing  due  to  faulting. A thin interval of conglomerate 
assigned to the basal  unit is also exposed  on  the  slopes  north 
of Gun  Creek, 1.5 kilometres  northeast of Hummingbird 
Lake (Figure 3). The contact  between  unit  uKPCbs  and  the 
underlying Taylor  Creek Group  was  observed  at  both  the 
Lizard  Creek  and Hummingbird Lake localities; at both 
places  the  contact is abrupt and  marked  by  an  angular  dis- 
cordance of 20 to 30 degrees. 

Unit uKPCbs consistsmainlyofpoorly-beddedcobble- 
boulder conglomerate containing angular  to  rounded  clasts 
of  mainly  sandstone, siltstone and intermediate to felsic vol- 
canic  rocks; sandstone and siltstone clasts are commonly 

fossils (Appendix 3, Sample 86KG-36-24),  Subordinate 
laminated or cross-laminated and  locally  contain Buchia 

clast types include chert, siliceous mudstone,  limestone, 
granitoidrocks and serpentinite. Interbedded  with thecoarse 
conglomerates are intervals of well-bedded  pebble  con- 
glomerate, as well as thin  beds  of  sandstone  and  siltstone. 

and granuleconglomerate is also present,  and  contains  clasts 
Light grey, medium to thick-bedded  tuffaceous  sandstone 

of plagioclase,  volcanic quartz, sanidine  and  biotite. On the 
west side of Lizard  Creek  two  ash  flow  tuff  units  occur 

~~ ~ ~~ ~.~~ ~~ ~~ ~~~~~~~ 
~ ~~~ 

~~~ ~ ~ 

I 

within  the  upper  past of the  unit; the upper  one is about 20 
metres  thick and passes  upward into lapilli tuff at the  base 
of unit uKF'Cm. The ash flow tuffs  were not recognized east 

by a transition from  bedded conglomerate  containing 
of Lizard  Creek, where  the top of unit uKF'Cbs is marked 

mainly sedimenmy clasts upwards into massive, poody 
sorted  volcanic clast conglomerate,  which  in turn grades up- 
ward into volcanic  breccia  of Unit uKPCm. 

MIDDLE UNIT (uKPCm) 
The  middle  unit of the  Powell Creek formation undx- 

lies most of the  Battlement Ridge belt,  where it has been 
subdivided into three subunits: a lower  division  of  tuffs, 
breccias  and  flows (uKPCml); a middle  division of volcanic 
sandstones  and  bedded tuffs (uKPCm2); and an  upper  divi- 
sion of massive  volcanic  breccias  (uKPCm3). 

Division uKPCml outcrops  in  the  southern half of h e  
Battlement Ridge belt,  where it is well  exposed  on  the  high 
ridges and  peaks  around  Lizard  Lake  and  Warner Pws 
northwestward to Denain Spur (Photo  33).  Cross sections 
constructed  from  the  base of the division, near  Lizard  Lake, 
to  Mount  Warner,  and from there to the top of  the  division 
north  of Feo Spur, suggest that it is about 2500 metres  thick. 
It  consists  mainly  of  moderately to poorly  stratified  lapilli 
and  ash tuffs containing  andesitic lithic fragments  and  cqrs- 

~~~ ~ ~~~~ ~ 

Figure 14. Simplified map of the Powell Creek  formation  in  the  Battlement  Ridge belt. RS=Rae  Spur;  FS=Feo  Spur;  DS=Denain Spur, 
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Photo 33. Resistant  section  in  the  left  parr  of  the  view  comprises  genfly-dipping  volcanic  breccias,  tuffs  and  rare  flows ofthe Icwer  part 
of the Powell Creek formation, north of  Lizard  Lake.  The upper part  of  the  basal  sedimentary  unit  occurs  at the base  of  the sect on. Less 
resistant  rocks to the  right  (north)  consist  of  highly  deformed  shales  and  sandstones  of  the  lower  unit of the  Relay  Mountain Group, which 
are  separated from the Powell  Creek  formation  by a normal  fault  related  to  the  Chita  Creek  system. 

tals of mainly  feldspar  and  hornblende.  Coarser  intervals of 
compositionally  similar  volcanic  breccia  and  volcanic cob- 
ble  conglomerate occur locally, as do thin  intervals  of  well- 
bedded  volcanic  sandstone. The latter  units are rarely  more 
than a few metres  thick,  although a 250 metre-thick  section 
of well-bedded  volcanic sandstone and conglomerate 
(uKF'Cmls) is exposed 2.5 kilometres west ofMount Sheba. 

sion, and include  light to medium grey  homblende-feldspar- 
Volcanic flows occur mainly  in the  lower  part  of  the  divi- 

phyric andesites as well as more  mafic  pyrox.ene-phyric 
varieties. The latter  include  distinctive  rusty  hrown-weath- 
ering clinopyroxene-feldspar-phyric basalt  flows  that  were 
noted at several  places  along  the  ridge  system  that  extends 
from  Lizard Lake southeastward to Mount  Sheba. 

of volcanic  sandstones, conglomerates,  tuffs  and shales  that 
Division  uKPCm2 comprises a distinctive succession 

forms  an  east-striking  belt  extending  from  the Taseko River 
to Rae Spur (Figure 14). It  is well  exposed  along  1owerPow- 
ell Creek,  where it  is ahout 300 metres  thick,  and  directly 
east of  Battlement Creek where it  is locally  folded  through 
an  anticlinelsyncline  pair. This division is dominated  by 
well-bedded  sandstone,  tuffaceous  sandstone,  and  ash  to 
fine lapilli  tuff, in medium  to  dark  shades  of  grey,  purplish 
grey  and  green  (Photo 34). Clasts  include  feldspar  and  horn- 
blende  crystals  together  with  grey  and  purple  intermediate 

intercalated  with  the  coarser  clastic  rocks  and it, together 
volcanic-lithic  fragments.  Dark  grey  carbonaceous shale is 

with adjacent sandstone, commonly  contains  plant  frag- 

ments.  Pebble to boulder  conglomerate OCCUIS loc.1lly  and 

rare clasts of chert  and  fine-grained  clastic  sediments. A 
contains  mainly intermediate volcanic clasts, along  with 

hornblende-feldsparporphyIy silloccurs withinthesiivision 
along Powell Creek, and a similar sill or flow c'utcrops 
within it east of  Battlement  Creek at Palisade Bluff. Sand- 
stone and  tuff  within  the  division are locally  silicified  near 
Powell  Creek, and lapilli  tuffs are in part strongly dicified 
near  Palisade  Bluff.  Eastward from there, the divisic'n is ten- 

been  traced to the Dorrie Peak  stock at the  nortt:.  end  of 
tatively  mapped  as a narrow belt of silicified tuffs that has 

Warner Ridge. 
Division  uKPCm2 is overlain  by  division  uKI'Cm3  in 

a  belt  that  extends  from  Iron Pass to the  western bmndary 
of the  map  area,  and is bounded  to  the nolth by tile Chita 
Creek fault (Figure 14). The rocks of this  belt  are  broadly 
warped  by a number of east-trending  folds,  and  have  an 
overall  synformal  aspect  such  that thenpper unit ofthe Pow- 
ell Creek  formation  caps the high  ridges in the  central  part 

tion of flows  and  tuffs  that  probably  correlate  with  division 
of  it.  This  synformal  aspect is also  reflected  in  the  preserva- 

uKPCml along  the  northern  boundary of the belt, ,,Idjacent 
to the  Chita  Creek fault on the  ridge  south of the  hesdwaters 
of  Beece  Creek. 

ded,  massive,  unsorted  breccias  comprising  angular to sub- 
Division uKPCm3 is characterized  by  generally  unbed- 

rounded  fragments  within a finer  matrix  of  lithic  and  crystal 
grains. The clasts are mainly  feldspar  and  homnbler.de-feld- 
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Photo 34. Well-bedded  tuffaceous  sandstone of the Powell  Creek  formation (Unit uKPCm2),  lower  Powell  Creek. 

spar-phyric andesitic volcanics  in shades of grey, green  and 
purple.  They  commonly range up to 10 centimetres  across, 
and  locally are as large as 60 centimetres. A well-exposed 

metres  thick  and,  with  the  exception  of a 30 metre  interval 
section on the  west side of lower  Powell  Creek is about 500 

most entirely of these  massive  breccias.  Elsewhere, the mas- 
of thick-bedded  laharic  breccias  in the centre, consists al- 

sive  breccias  are  locally  punctuated by intervals up to 
several  tens  of  metres  thick  of  well  bedded  volcanic  pebble 
conglomerate,  sandstone and siltstone. Homblende-feld- 
spar-phyric  flows  and sills also occur locally  within  this di- 
vision,  but are not  common. The base of division  uXPCm3 
was  observed along Powell  Creek,  where afive-metre-thick 

stone  in the upper  part ofunderlying division  nKPCm2, sug- 
layer of massive breccia is interbedded  with  volcanic  sand- 

defined by an abrupt  contact  with  the  distinctly  stratified 
gesting a gradational contact. The top of the division is 

tuffs of Unit uKPCU. 

UPPER UNIT (uKPCu) 
The upper  unit of the  Powell  Creek  formation consists 

mainly of lapilli  tuff  and  volcanic  breccia, It is exposed  only 
along  the  upper parts of Battlement Ridge and  the  unnamed 
ridge to the  west,  where it sits above division uKPCm3 of 
the  middle  unit  (Photo 3.5). The top of the  upper  unit is no- 
where  seen;  the  maximum  exposed  thickness is estimated 
to be  on the order of 300 to 400 metres. The following  de- 

scription is based  mainly on a section  that  was  measurec. on 
the  west  side of lower  Powell  Creek. 

The  base  of  the  upper  unit is marked by about 100 me- 

contrast markedly with the underlying resistant massive 
tres  of  recessive,  distinctly  stratified lapilli and  ash tuffs {hat 

breccias  (Photo 35). The tuffs are predominantly purpl~: in 
colour, but  range  to  maroon,  brick  red,  and light grey to 

mainly of feldspar  and  hornblende crystals together  with 
green.  They are friable,  thin to thick bedded,  and  composed 

these same minerals as phenocryst  assemblages.  Clinopy- 
angular  volcanic rock fragments that commonly comain 

present  in  subordinate  amounts,  while  volcanic quartz ays- 
roxene andclinopyroxene-phyric volcanicclasts areusu,illy 

but  absent  from  others.  Accretionary  lapilli are locally 4 -  
tals and  quartz-phyric  volcanics are abundant in some bcds, 

containing  angular  to  subrounded  andesitic  rock  fragmcnts 
dent  but not  common.  Clast-supported volcanic brecia, 

up to 1.5 centimetres  across, is a relatively  minor  cornportent 
of this  lower  interval  but  locally forms resistant ribs from 2 
to 10 metres  thick. 

The recessive interval at  the  base of the upper  unlt is 

to vaguely  stratified  volcanic breccias a little less than 100 
overlain  by a somewhat more resistant interval of massive 

metres thick. It consists of angular,  homblende..felds:?ar- 
phyric,  feldspar  phyric  and  aphyric  volcanic  rock fragm1:nts 
floating within amatrix that includes abundant  feldspar  and 
hornblende  crystals. 
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Photo 35. View to the north,  acmss  the  Taseko  River,  showing Powell Creek formation on the unamed ridge west of Powell  Creek.  Massive 
rocks  making UP the  lower parl of  the  section  are  mainly  volcanic  breccias  of Unit uKPCm3 and  overlying  well-stratified  breccias  belong 

unit comprises more  than  100  metres  of  mainly  massive, 
Theresistant,uppermostpastoftheupperPowellCreek 

unstratified  volcanic  breccia that is compositionally  and  tex- 

tains clasts more than 1 metre in size. The  base of this 
turally  similar  to the underlying interval, but  locally  con- 

tied, thick-bedded,  matrix-supported  laharic(?)  breccia  that 
interval,  however, consists of about  30 metres of well-strati- 

includes a significant proportion of rounded  clasts  (Photo 
36). 

TASEKO  MOUNTAIN  BELT 

curs in  the  northwestern corner of  the  map  area,  north  of  the 
The  second major  belt of Powell  Creek  exposures oc- 

Cbita Creek fault and  west  of  Big  Creek. In this area  the 
formation typically caps the higher ridges and  plateaus, 
while  the  underlying Taylor  Creek Group  outcrops on lower 
ground (Figure 3). The main areas of  Powell  Creek  exposure 
are, from west to east, the  high  peaks and ridges  around 
Taseko Mountain, the ridge  system  extending  north from 
Mount Vic, the mountains  west of the Dil Dil Plateau,  and 
the  ridges  south of Tosh  and  Grant  creeks. The basal  contact 
of the Powell  Creek  formation was observed at several 

places  within  this  belt,  and is a pronounced  angular  uncon- 
formity  (Photo  37).  It  most  commonly rests above  thcBeece 
Creek  succession of the  Taylor  Creek Group, but  locally 
overlies the Taylor  Creek  volcanics, the Elbow Pass forma- 
tion,  and  the  Tosh  Creek  succession. 

The Powell  Creek  formation  of the Taseko  Mountain 
belt  correlates  with  the  middle  unit  of  the  formation  exposed 

clearly  absent,  and  the  high  stratigraphic  levels at wk ich the 
in  the  Battlement Ridge belt; the basal sedimentaq unit is 

upper  unit  would  be  expected are apparently  not  attained 
beneath  the  present  erosion  surface. It consists  mainly  of 
lapilli and ash  tuffs (Photo 38). together  with  hornblende- 
feldspar and clinopyroxene-feldspar  porphyry flows, and 
relatively minor amounts  of  well-bedded  volcanic  sand- 
stone  and  conglomerate. These rocks  closely  resemble  those 
of division uKPCml of the Battlement Ridge belt.  The sec- 
tion at Mount  Vic,  however, consists of massive  breccias 
that are most similar to those of division nKF'Cm3. 

McCLURE CREEKAREA 
Rocks  assigned to the  Powell  Creek  forrnatiorl  along 

the  western  boundary  of  the  map  area  near  McClure  and 
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Photo 36. Coarse  volcanic  breccias of Unit uKF'CU,  west of Powell  Creek. 

Honduras  creeks consist of crystal lithic tuffs,  breccias, 
flows and epiclastic sedimentary  rocks  that are similar  to 
those of Unit uKPCml of  the Battlement  Ridge belt.  These 
rocks are bounded to the  south by Late Cretaceous  grano- 
diorite of  the  Dickson - McClure  batholith,  and are within 
an extensive zone of advanced argillic alteration  that  ff 
rocks on the  northern  margin  of this part of the  batholith 

'I eCtS 

(Figure 3). They dip gently  and  are  underlain,  at  lower ele- 
vations  to  the  north,  by  an  assemblage of altered  volcanic 
and volcaniclastic  rocks  that  appears  to  dip  more  steeply  and 
contains  intercalations of chert-quartz  sandstone.  This suc- 
cession is tentatively  assigned  to  unit  lKTCv  of  the  Taylor 
Creek  Group,  and is inferred  to lie unconfonnably  beneath 
the  Powell  Creek  formation,  although  this  relationship is not 

truncated by the  Tchaikazan fault to  the  north,  which  sepa- 
well  exposed  in  this  area. The Taylor  Creek  assemblage is 

rates it fmm extensive exposuresofPowel1 Creek  formation 
forming  the  western  end of the Battlement Ridge hell. 

cia typical of the  Powell  Creek  formation  (Garver,  1989). 
This  transitional  contact is exposed along Taylor  Creek  and 
the  ridge  systems  north  and  south of the creek. As mapped 
here  (Figure 3). the  transitional interval is included  in  the 
Silverqnick  formation,  and the Powell  Creek  formation 
comprises  overlying  andesitic  breccias,  bedded tuff:; and  py- 
roxene-phyric  flows. As thus  defined, the Powell  Creek fix- 
mation  outcrops  in  two areas along the  south-central  splay 
of the  Fortress Ridge fault, and as two  narrow slivers in Ihe 
thrust-faulted core of the North  Cinnabar  syncline. 

AGE OF THE  POWELL  CREEK  FORMATION 
The  Powell  Creek  formation nnconfonnably overlies 

the late Albian or younger Beece Creek  succession  in the 
western  part of the  map  area,  and  rests  gradationally  above 

east. It is in  turn  unconformably  overlain by volcanics  of 
the  Cenomanian or younger Silverquick formation to the 

probable  Paleogene  age at Mount Sheba, on  Cluckala Ridge 

TYAUGHTON CREEK AREA and  in  the  mountains  west of the Dil Dil  Plateau, andis 

Exoosures of Powell  Creek  formation  in  the soutl-1-cen- The oldest  nluton to intrude the  formation is the t)icksc,n- 
intruded  by  several  Late Cretaceous  and Tertiary  plutons. 

tral  paGof  the  map  area are restricted to small  areas oneither McClure Gtholith, which  cuts Unit uKF'Cml along the 
side of Tyaughton  Creek,  north  of  Tyaughton  Lake.  In  this southern  margin of the  Battlement  Ridge  belt  and has 

quick formation  across a gradational  contact  defined by the son (Pamsh, 1992).  This  constraint,  combined  with  that of 
area the formation  rests  stratigraphically  above  the Silver- yielded a 92.4a.3 Ma U-Pb zircon age from Mount Dic k- 

underlying  formation  with  volcanic  conglomerate  and  brec- Creek  formation is probably  Cenomanian  in age. This is 
intercalation  of  chert-rich conglomerate characteristic of the underlying  rocks, indicates that  the  lower  part of the Powcll 

~~ ~ ~ ~~~~~ ~, 
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Photo 37. Angular  unconfonnity between massive  volcaNc brec- 
cias of the Powell  Creek  formation and underlying well-bedded 
sandstones  and  shales of the  Taylor  Creek  Group  (Beece  Creek 
succession),  2.5 km northeast of  Mount Vic. 

consistent with  the  Albian to Cenomanian age assigned to 
plant fossils collected from unit uKpcm2 slightly  higher  in 
the section  (Appendix 5, Samples 86KG-18-2  and  86KG- 
22-3).  Price  (1986)  reports  that  plant fossils collectei from 
this same unit, along and east of Battlement  Creek,  were 
assigned  a Late Cretaceous age by Stanley A. J. Potock of 
Esso Resources  Canada  Limited; this suggests  that a 
Cenomanian age is most likely for Unit  uKPCm2. 

Paleomagnetic data obtained  from  Unit uKsCm by P.J. 

netizations,  consistent  with themid-Cretaceous  ageinferred 
Wynne  of  the Pacific Geoscience  Centre  have normd mag- 

from other lines of evidence.  However, reverse maf;netiza- 
tions  were  obtained from Unit  uKPCu in the upper par! of 
the formation. suggesting that this unit is younger han 83 
Ma (P.J. Wynne,  personal  communication,  1990). A Cam- 
panian or younger age is therefore suspected for Unit uK- 
PCu,  and  because it is not overlain by  any other roc'k  unit  a 
very Late Cretaceous or early Tertiary  age cannot I K  ruled 
out. Together, the  paleomagnetic data for Uni.t  uKI'CU  and 
fossil data for Unit uKPCm2 suggest that the  intervening 
Unit uKPCm3 was either deposited over a time interval of 
10 million  years or longer,  or the abrupt contact at b e  base 
ofUnit uKPCu is asignificant disconformity. In either case, 
the data suggests that rocks  included  within the Powell 
Creek  formation  were  deposited  both  before and  affer  inhu- 
sion  of the Dickson-McClure  batholith. 

ell Creek  formation  in the Mount  Tatlow area to the west, 
Thesedataareconsistentwithh-ArdatingoflhePow- 

where J.A. Maxson  has  obtained a date of 9 2 3 . 3  Ma 

Photo 38. Lapilli tuff of the Powell  Creek formation, south of Tosh  Creek. 
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of 7924.1  Ma (Campanian)from  the  highest levels of the named the Shnlops volcanics by Drysdale (1916, 19l'r), 
(Cenomanian) from  near the base of the  formation  and a date The ultramafic rocks of the Shulaps  Complex were 

formation  exposed  in  the core of the Mount  Tatlow  syncline  who  included  them  within  the  Jura-Triassic(?)  Cadwallaber 
(Wynne et al., 1995). Series. McCann (1922) also referred to them as the Shulaps 

(new spelling) volcanics,  but  suggested  that  they  were ex- 

OPHIOLITIC ASSEMBLAGES 

SHULAPS  ULTRAMAFIC  COMPLEX 

laps  Range,  which  occupies  the  east-central part of  the  map 
The  Shulaps Ultramafic  Complex  outcrops  in  the  Shu- 

area. It is bounded by the  Yalakom fault to the  northeast, 

faults on  the  north,  west,  south  and  southeast,  where it is 
and  by a complex  network of thrust, normal  and strike-slip 

juxtaposed against the Bridge River  Complex,  Cadwallader 
Group  and Bralome-East Liza  Complex. 

Uuded~unconformably  above the Pennsylvanian-Permian 
Bridge River Series prior to deposition of the Upper  Triassic 
Cadwallader  Series. The complex  was first studied in detail 
by Leech (1953), who  concluded that it was an intrusive 
body,  emplaced  in  the  Late Triassic or Early  Jurassic,  and 
later redistributed,  possibly by solid flow, along fault zones 
to the  west  and  northwest. Later workers  (Monger, 19'17: 
Nagel,  1979;  Wright et al., 1982; Potter, 1983,  1986) srlg- 
gested that the Shulaps and Bridge  River complexes  to- 
gether constitute a dismembered ophiolite. The pre$:nt 
study,  and  in  particular the detailed  mapping by Calon et al. 

~. ~~ ~ 

h \ -Eocene aranodiorite. Shuiaos Ultramafic ComDlex 

Figure 15. Simplified map of the Shulaps Range showing  internal and external  relationships of the Shulaps Ultramafic Complex. 
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Minisfry of Emvloymeni and Inbeshneni 

(1990) along the  southwestem  margin of the complex,  has 
confirmed that the Shulaps Complex is part of a dismem- 
bered ophiolite. Structural relationships  within  the  area sug- 
gest, however, that the Shulaps  and  Bridge Rivercomplexes 
originated  on opposite sides of Cadwallader Terrane, and 
are not,  therefore,  derived  from a single ophiolite  succes- 
sion. 

The  Shulaps Complex is here  subdivided into two  map- 
pable  components  (Figure 15). The  structurally  and  topog- 

harzburgite and dunite with a mantle  tectonite fabric (Unit 
raphically  highest  part of the  complex  consists of 

PSH). The harzburgite unit is structurally  underlain by ser- 
pentinite  m6lange  (Unit  PSM) that is well  exposed along the 
southwestem  edge  of the  complex,  and also outcrops along 
its northeast  and  southeast  margins.  The  serpentinite 
mklange comprises sheared  serpentinite,  derived  from an 
ultramafic  cumulate protolith, with  knockers of ultramafic 
cumulates,  layered to isotropic  gabbros,  amphibolitic  dike 
fragments,  and  volcanic and sedimentary rocks. The  Shu- 

ophiolite  in  which  the  original  igneous  stratigraphy  has  been 
laps Complex  is  therefore  regarded as a dismembered 

mation  was  apparently coincident with  thrust  emplacement 
inverted during structural  telescoping. The internal  defor- 

plex  and Cadwallader Group  across a southwest-vergent 
of theShulaps Complex above  theBralorne-EastLiza Com- 

thrust  system  that is exposed  in  the upper reaches of East 
Liza Creek. Elsewhere,  the  Shulaps  Complex is juxtaposed 
against rocks of Methow Terrane across the Yalakom  fault, 

or is in  contact  with  the  Bridge  River  Complex axoss a 
networkofnormalandoblique-slipfaultsrelatedtotlreMar- 
shall Creek - Yalakom - Mission Ridge system. 

HARZBURGITE UNIT (PSEF) 

waters of Burkholder  Creek  northwestward to Big  Dog 
The  rugged core of the  Shulaps  Range, from th- head- 

Mountain, is underlain by Unit PSH, comprising \&ably 

roxenite. The harzburgite  weathers to a rusty-brow 1 or or- 
serpentinized  harzburgite  with  lesser dunite and orthopy- 

ange-brown colour and is characterized  by a warty  texture 
resulting from resistant orthopyroxene grains weathzring in 
relief  against the more  abundant  but less resistant grains of 
olivine and  serpentinized olivine. Individual minerzl grains 

millimetres in size. The  harzburgite is locally layered, 
are typically anhedral and  commonly range Rom 0.5 to 5 

of  orthopyroxenite  and  rarely by wider  bands of dunite,  or- 
(Photo 39), with  layering  defined  by  centimetre-wide  bands 

thopyroxenite  and  harzburgite.  Chromite is generally  evi- 
dent  in  accessory  quantities,  and  locally  defines  (logether 

lineation that is typically  parallel, or at a low  angle IO, corn- 
with orthopyroxene) a penetrative mineral foliation and 

positional  layering.  This foliation is commonly a,: a high 
angle to faults  and fabrics related to mid-Cretaceous  thrust 
emplacement of the  Shulaps  Complex,  and is interpreted by 
Calon et al. (1990) to be  a mantle  tectonite  fabric. 

Dunite is distinguished from harzburgite by~its tau- 
weathering colour and  smooth-textured  surface. 1t.consists 

Photo 39. Layered haaburgite of the Shulaps  Lllframafic  Complex, north of East Liza Creek. 
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of variably serpentinized olivine accompanied by  minor 
amounts of chromite and,  locally, rare grains of orthopy- 
roxene.  Dunite  locally defines layering  within  barzburgite, 
but is more  common as nnoriented  pods  and  lenses,  some of 
whichcrosscut layering  and  foliation  within the harzburgite. 
This may  reflect  an  upper  mantle  origin for the  harzburgite 
unit,  in  the  lower  part of the  transition  zone to overlying 

nication,  1988). 
ultramafic-mafic cumulates (T.J.  Calon,  personal  commn- 

Internal zones of  sheared  serpentinite suggest that  the 
harzburgite unit is thrust  imbricated,  but  these  structures 
have not been  mapped  in  detail. The unit  lies  structurally 
above  cumulate-derived  serpentinite  m6lange  along  its 
southwestern  margin,  where  the  contact is a northeast-dip- 
ping thrust system (Calon et al., 1990). The structural  base 
of the harzburgite in this area comprises  foliated  serpentinite 
that superficially  resembles  the  sheared  serpentinite  form- 
ing the matrix to the underlying mklange; it is distinguished, 
however, by the  absence  of  mafic  plutonic,  volcanic  and 
sedimentary  knockers, and by the composition ofrelatively 
less serpentinized blocks  and kernels of  peridotite  (Calon er 

in a small window  north of upper Peridotite Creek,  but  there 
al., 1990). This thrust contact is also exposed farther east, 

barzburgite that contrasts markedly  with the underlying  ser- 
the  base  of the unit is massive,  relatively  unserpentinized 

pentinite  m6lange. The barzburgite  unit also sits structurally 
above serpentinite mklange along its northeastern  margin, 
but  there  the contact is poorly  defined. It may,  however, be 
a repetition  of the southwestem  thrust  contact,  implying  that 
the  barzburgite  unit is exposed  in  the core of a broad  north- 
west-trending  synform.  Elsewhere,  the  harzburgite  unit is in 
contact with the Bridge  River  Complex  across  relatively late 
faults. These include a steeply dipping  west-striking com- 
ponent of the  Mission Ridge fault system  that  bounds the 
southern  margin  of the Sbulaps  Complex  north of Serpen- 
tine Lake,  and  the easternmost strand  of  the noh-striking 
Quartz  Mountain fault system, that bounds  the  western  mar- 
gin  of  the  complex  west  of  Big  Dog  Mountain. 

SERPENTINITE MfiLANGE UNIT (PSM) 
The  lower part of the Shulaps  Ultramafic  Complex 

comprises foliated serpentinite containing  blocks of nl- 
tramafic, gabbroic, volcanic  and  sedimentary rock.  The 
largest  knockers,  up to hundreds  of  metres  across,  derive 
from an igneouscomplex which includeslayeredultriunafjc 
cumulates,  layered  gabbro  and  varitextured  gabbro, all cut 

to be the  remnants ofaplutonic-volcanic suitecharacteristic 
by swarms  of  mafic to intermediate  dikes. These are inferred 

of the upper part of an ophiolite complex  (Calon et al., 

less  common,  and include basalt,  bedded  chert,  limestone, 
1990).  Volcanic  and sedimentaq knockers are smaller  and 

sandstone  and pebbleconglomerate.  These presumably r e p  
resent stili higher levels of the  original ophiolite succession 
and/or a sampling of the footwall succession  across  which 
the  Sbulaps  complex  was  emplaced. 

The  serpentinite  mklange  unit is best  exposed  in  the 
southwestern  part  of  the  Shulaps  Complex,  between East 
Liza and Hog creeks,  where it outcrops as a broad eastmend- 
ing antiform  (Figure 15, Section A). The  well-exposed 
northern  limb of the antiform  comprises several I, aast to 

northeast-dipping  thrust  duplex  structures  sandwiched be- 

Complex  and  Cadwallader  Group  below  (Calon et d ,  
tweentheharzburgitennitaboveandtheBralorne-EastLjza 

1990);  the  lower  contact is exposed only in a small half-wi  n- 
dow  along East Liza  Creek,  at the west end of the m6lange 
belt  along  the crest of the antiform. The southern limb of the 
antiform is truncated by the  west-trending Brett Creek faldt, 

Bridge River schists. The m6lange  belt is also truncated on 
across which the serpentinite mklange is placed against 

the east by a northwest-trending  splay of the Mission Ridge 
fault  system,  where it is juxtaposed against the harzburgite 
unit. 

The serpentinite m6lange unit is repeated  along the 
nortbeastern  margin  of the Shulaps Complex,  where it c0.m- 
prises the northeast limb of a broad  synform  cored by the 
overlying  harzburgite  unit  (Figure 15, Section A). There, it 
consists of serpentinite containing small knockers  of di- 
abase,  amphibolite, gahbm, and rare greenstone  aud chm. 
The  knockers  are  similar to those  in  the soutbwest1,:rn 
m6lange  belt but, in  contrast,  rarely  exceed a few  metres  in 
size. This belt is moderately  well  exposed between rhe 

Creek,  and is also represented by scattered  exposures n;:ar 
northern tip of the complex  and the  month  of Peridoiite 

yond  the  main  part  of  the Shulaps Complex, as a poorly 
Lake La Mare. It continues  southeastward from there, be- 

exposed  lens  between  the  Yalakom fault to the northeast 2nd 
the Mission Ridge fault and a related  splay(?) to the south- 
west  (Figure  15,  Section  C). 

south  of the  main  part of the Shulaps Complex,  where f t  is 
The serpentinite m6lange  unit is also repeated to .:he 

imbricated  with the Cadwallader Group and  Bridze RPJer 
Complex  and outlines a faulted west-trending fold t'lat 
formed during  Eocene  deformation within  the Shulaps - 
Mission  Ridge  metamorphic  belt  (Figure  15, Section B). It 
also occurs as narrow fault slivers witbin the Quartz Mom- 
tain  fault  system a short distance to the  west  and  northwest 
of the main part of the Sbulaps Complex  (Figure 3). 

The matrix of the serpentinite mklange unit cons;sts 
mainly  of  sheared  and foliated dark  green  serpentinite  c.m- 

era1  metres  in size, of more  massive,  variably serpentinixd 
taining lenses and  blocks, from several  centimetres to s w  

ultramafite. Where  protolith  compositions can be discenled 
they  comprise  wehrlites,  dunites and clinopyroxenites, in- 

derivedfromultramaficcumulates,ratherthanfron~corr~:la- 
dicating  that the matrix of the serpentinite m6lange  unit was 

ul., 1990). Theserpentinitecommonly displays several gen- 
tives of the  structurally overlying harzburgite  unit  (Calon et 

places  these  fabrics are chaotic,  but  elsewhere they show 
erations of foliations and slickensided shear surfaces. In 

systematic  orientations  and  relationships  that,  in  part,  relate 
to southwest-directed  thrusting  within  the  m6lange  unit (we 
Figure  21). The latter occurrences include narrow  zone!:  of 
mylonite,  some  with  well-developed  S-C  fabrics, that occur 

knockers  within the unit.  Locally, and particularly  in  the 
along the  base of the  unit and  along contacts with  large 

formed into schists  containing  regenerated olivine porphy- 
vicinity  of Shulaps Peak, the serpentinite has been trans- 

adjacent to a suite of late kinematic dioritic dikes (see Chap- 
roblasts within  narrow  zones  of prograde  metanlorphsm 

ter 3). 
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mtlange unit  comprise mafic and  ultramafic plutonic rocks. 
The majority of blocks  within  the  Shulaps  serpentinite 

These range from less  than a metre  in size to more  than 3 
kilometres in longest  dimension,  and  include  fine to coarse 
grained isotropic gabbros,  layered  gabbro, dioritic and di- 
abasic dikes, clinopyroxenite,  wehrlite  and  dunite. These 
rock  types are found  in  isolation or as various  combinations 
in different  blocks.  Most of the  common  lithologic variants 
occur within the large block  exposed near Shulaps Peak 
(Photo40), which is presumed tooffer afairly representative 
section through a part of  the plutonic complex from which 
most of the  knockers were derived. The base  of  this  block 

rocks intruded by a swarm of diabasic dikes.  The  ultramafic 
comprises a section, about 200 metres thick,  of  ultramafic 

rocks (in  part equivalent to the  “clinopyroxenite”  unit  of 
Leech,  1953 and  Nagel,  1979)  consist  mainly of wehrlite 
and clinopyroxenite that contain local irregular pods  of 

clic sequences  that typically include a  relatively  thin  basal 
dunite.  Locally,  however,  they  comprise  poorly  defined  cy- 

nopyroxenite layer (Calon e# al., 1990). The ultramafic 
dunite layer, an overlying wehrlite  layer,  and  an  upper cli- 

rocks are at least locally  overlain by a section of distinctly 
layered  gabbro,  although  the  external  contacts of this  unit 
are largely obscured by younger dioritic dikes.  Layering 
within  the  gabbro is defined by alternating  clinopyroxene- 
rich and plagioclase-rich  layers  that  range  from a few cen- 
timetres to a few tens of centimetres  wide. The upper  and 
volumetrically dominant paa of this composite plutonic 
block  (referred  to as the  “main” gabbro by  Nagel,  1979) 

comprises a heterogeneous  assemblage of varitextucd gab- 
bros. It consists  predominantly ofmedium to coarse ;grained 
isotropic clinopyroxene & orthopyroxene gabbro, which is  
cut  by, or grades into,  dikes  and  pods  of coarse grain-d peg- 
matitic  gabbro  and  leucogabbro. The gabbro  also encloscs 
lenses of clinopyroxenite and fault-bounded  domains of fo- 
liated  gabbro,  and is cut by a suite of diabasic and  dioritic 
dikes. 

plutonic complex in the upper reaches of Jim Creek, where 
Light  grey tonalite forms a part of the ulu;lmafir:-mafic 

itoccursasasmallpod,about10metresacross,thatintrudes 
gahbrowithinaplutonichlockabout1S0metfesindiameter. 
Themedium-grained tonaliteconsistsofshearedand broken 

quartz (30 to 40 per  cent), along with minor  amc:unts of 
crystals of altered albitic plagioclase (50 to 60 per cmt) and 

secondary  epidote, chlorite, calcite and opaquemine::als  that 
typicallyoccurinrandomlydis~butedpatchesandelusters. 
U-Pb  dating of four zircon fractions extracted from a sample 
of this tonalite yield a collinear discordia line with an  upper 
intercept of 288 +17/-11  Ma,  which is interpreted as the  best 
estimate  for  the  magmatic  age  (Appendix 8, !;ample 
89TCA-2-6-1). 

plutonic  complex represented by  blocks  in the Shulsps ser- 
Synplutonic deformation within the ultramafi:-maftc 

pentinite  melange unit is indicated by deformation f.:atures, 
including  ductile  and brittle fault zones and foliated  gabbro 
units, that are crosscut by  younger phases of the plutonic 
suite (see Chapter 3). Mineral assemblages  associated  with 
these deformation  fabrics  formed  under  amphibolite to 

Photo 40. Large  gabbro  knocker,  several  hundred  metres  wide,  within  the  Shulaps  serpentinite  m6lange  unit at the  headwater!. of Jim 
Creek.  PSM=sheared  serpentinite  above and helow  the  knocker. 
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greenschist facies conditions (Calon et al., 1990).  Amphi- 
bolite  that is inferred to have  formed during this event is a 
widespread, although  not volumetrically  abundant,  compo- 
nent of the serpentinite m6lange  unit. It occurs as knockers 
ranging  from  a meue to several  tens of metres  in  size, that 
comprise a foliated andlor lineated intergrowth of  horn- 
blende andplagioclase, locally  grading into fine to  medium- 

partially replaces  pyroxene.  Hornblende  separates  from  two 
grained  diabasic-textured  rocks  in  which  amphibole  only 

One, fromthe northwestern  margin ofthe Shulaps  Complex, 
of these knockers have  been  dated  by the Ar-AI method. 

yieldsaplateaudateof271+16Ma(Archibalderal., 1991a; 
Appendix 7,  Sample TL-88-23). The other, from  the  south- 
western corner of the Shulaps Complex, yields a  plateau date 

mian dates are somewhat younger  than the U-Pb  magmatic 
of 25128 Ma (Appendix 7,  Sample TL88-4). These Per- 

age of 288+17/-11 Ma  from the tonalite  (although the 
271~16 Ma date from sampleTL-88-23 is the same within 
ana1yticalerror);theyareinterpretedtobetheageofcooling 

lated to conshuction of Shulaps  oceanic crust. 
following metamorphism,  deformation and  plutonism re- 

Dikes  and  boudinaged dike fragments are a  common 
component of the Shulaps serpentinite  m6lange unit, and 
probably  encompass  a  wide  range  of ages. Gabbroic  dikes 
that occur as  boudinaged  fragments  arranged  in  linear or en 
echelon arrays may  in  large  part be related to the Early  Per- 
mian plutonic suite represented by the large ultramafic- 

partially or completely altered to white  rodingite  (Photo 41). 
mafic plutonic blocks. Many of these dike fragments  are 

consisting  mainly of diopside, tremoliteactinolite, plag,io- 
clase, colourless garnet, chlorite and vesuvianite (Lm:h, 

probably  younger,  however, as they are lithologically simni- 
1953,  Nagel,  1979).  Some  gabbroic  dike  fragments me 

lar to a suite of mid-Cretaceous  sheeted  hornblende gablao 
dikes  that intrude the Bridge River  Complex south of $he 
Shulaps Range (Archibald et al., 1991a; Appendix 7, Sam- 
ple TL-88-10), Diorite, quartz diorite and homhlende-fdd- 
spar porphyry  comprise a suite of dikes that are inferret!  to 
be mainly Late Cretaceous  in  age,  based  on  Ar-Ar dating; of 
two  samples from the  northeastern part of the Shulaps Ccmm- 
plex  (Appendix 7,  Samples TL-87-11  and  -89-6). These 
dikes intrude both the serpentinite rn6lange  unit.  and .the 
overlying  hanburgite unit.  They locally preserve  chilled 
margins against the enclosing serpentinite, and some.  of 
them occur within  prograde  metamorphic  aureoles  contain- 
ing regenerated olivine porphyroblasts. Most dike cont'ots 
are sheared,  however,  and these dikes, too, are commdnly 
boudinaged  where they intrude the serpentinite m61a.oge 
unit.  They  may  have  been intruded late in the conlractictnal 
deformation episode that  included  imbrication and thtlst- 

may be related  to the subsequent episode of dextral  str'ke- 
emplacement of the Shulaps Complex, or their  deformaiiou 

slip  along  the Yalakom fault (see Chapter 3). 

pentinite mklangeunit, but  relatively small knockers ofnias- 
Volcanic  rocks are not  common  within the Shulaps per- 

places  containing  lenses  of  limestone and chert, OCCUI. lo- 
sive  greenstone,  pillowed basalt and  pillow breccia, in 

cally. Trace  element geochemistry of these  blocks suggests 

Photo 41. Rodingite  dike  boudin  within  the  Shulaps  serpentinite  m6lange  unit,  south of the mouth of Blue  Creek. 
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basalts (Macdonald,  1990a,b). Some samples  overlap  the 
derivation from alkalic, within plate and  mid-ocean ridge 

compositional  field  of  volcanic  rocks  within  the  Bralorne- 
East Liza  Complex,  which is thought to correlate with  the 
Shulaps Complex. These volcanic rocks may  have  origi- 
nated  in  the  upper  levels of the original  ophiolite  stratigra- 
phy  that is best  represented  by  the  ultramafic-mafic plutonic 
rocks  that  also occur as blocks  within  the  m6lange.  Other 
volcanic  blocks  are  chemically similar to basalts of the 
Bridge  River  Complex,  which  may  represent  accumulations 
from a separate oceanic plate.  These  may be exotic  blocks 
of BridgeRiver Complex  incorporated into them8langedur- 
ing its thrust  imbrication  and  emplacement.  Alternatively, 
they  may  simply reflect the  diversity of the oceanic crust 
represented by the Shulaps and  Bralome-East  Liza  com- 
plexes. 

Blocks of clastic sedimentary  rock,  and less common 

pentinite  melange  unit hut only a few are sufficiently large 
chert and  limestone, are widespread  within  the  Shulaps  ser- 

to be shown  on the geological  map  (Figure 3). 'he largest 
mappable  block  outcrops  between East Liza  and  Jim  creeks, 
two  kilometres  north of Marshall  Lake,  and  consists of a 
poorly stratified assemblage  of  sandstones, slates and  gran- 
ule to small pebble  conglomerates. Clastic grains are domi- 
nated by chert, cherty argillite and  plagioclase  feldspar, hut 
also include  monocrystalline  and polycrystalline quartz, 
feldspathic volcanic rock, siltstone and quartz tectonite. 
Similar coarse clastic rocks outcrop as a separate(?)  smaller 
block along  Jim  Creek, one kilometre to the east, and as a 
relatively small mappable block southwest of Rex Peak, 
within  the  belt of serpentinite m6lange  south of the main 
part  of the Shulaps  Complex. In each of the latter occur- 

stantial intervals of light to medium grey bedded  chert. 
rences,  however, the clastic rocks are intercalated  with sub- 

Other sedimentary  knockers,  most too small to be shown  on 
the  geological  map, comprise various  combinations  of  bed- 

Sandstone  compositions generally resemble those of the 
ded chert, argillite, slate, phyllite,  siltstone  and  sandstone. 

large knockers  described  above,  although  one  block of thin 
to  medium  bedded  turbiditic  sandstone  in  the  upper  reaches 
of Hog Creek  contains  mainly plagioclase feldspar and 
quartz grains.  Limestone occurs rarely, either as separate 

tic rocks.  One  limestone  knocker,  from the  narrow  belt  of 
small  blocks, or as discontinuous  narrow lenses  within  clas- 

serpentinite mClange in  the  southeastern  corner of the  map 
area, has  yielded  Late Triassic conodonts  (Appendix 1, 
Sample 89RMA-28-4-1). The only other dated  sedimentary 
block  within the serpentinite melange  unit  comes  from 2.5 

yieldedPermianorTriassicconodonts (Appendix I ,  Sample 
kilometres  west  of  Shulaps  Peak,  where a chert  knocker  has 

89RMA-15-3A). 

BRALORNE-EAST LlZA COMPLEX 
The  Bralorne-East  Liza  Complex  consists of ser- 

pentinite,  gabbro,  diorite, tonalite and  greenstone  that occur 
as structural slices interleaved  with  the  Cadwallader  Group 
throughout  the  southern part of the  Taseko - Bridge River 
map area (see Figure 8). In  the  western part of the  area  it 
includes  rocks  that  were  assigned to the  Bralorne  and  Presi- 
dent  intrusions by Cairnes  (1937,  1943) as well as some 
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volcanic  rocks that were  previously  included  in  the  pioneer 
Formation  of the Cadwallader  Group. It also includes gab- 
bro and greenstone that outcrop near the  head  of  East  Liza 
Creek  and  had  previously  been  referred to as the Elst Liza 
igneous suite (Calon eral., 1990;  Macdonald, 199O:i,b), the 
East Liza  gabbro and  East Liza  volcanics  (Nagel,  1979) or 
greenstone-gabbro  complex  (Leech,  1953, his map mit C). 
Other  rocks  presently  included  in the complex, mar Liza 
Lake  and  in  the  southwestern  Camelsfoot  Range,  had  pre- 
viously  been  mapped as Bridge  River  Complex  (Sclliarizza 
eral., 1989a,b, 1!390a,b; Coleman, 1990,1991). A11 tJftheSe 
fault-bounded  panels  of  rock presently included in the 
Bralorne-East  Liza  Complex are similar in that they include 
mafic  volcanic  rocks  with the chemistry of ocezn floor 
tholeiites, as well as ultramafic,  mafic and intermediate  plu- 
tonic  phases that are readily  interpreted as associated  rocks 

tonic  rocks are remarkably similar to the large gabbro  blocks 
within  an  original ophiolite succession.  Many  of (he plu- 

they are inferred to correlate. This correlation is supported 
within  the  ShuIaps serpentinite m6lange  unit,  with  which 

by similar  Early  Permian radiomehic dates that hate been 

Leitchetal.,1991a).ThedifferentstrucNralpanelsassigned 
obtained  from  both  complexes (R. Friedman,  App+ndix 8; 

to  the Bralome-East Liza  Complex are also linked by their 
invariable spatial association  with the Cadwalladel,  Group 
(Figure 8). This spatial relationship may  reflect  an  'original 
stratigraphic  relationship,  with  the Cadwallader Group  hav- 
ing  been  deposited  above an oceanic basement  represented 
by the Bralorne-East  Liza  Complex.  This has not been 
proven  in the Taseko - Bridge River map  area,  howsver, as 
all  observed contacts between  the two units are faul.ts. 

In most areas, ultramafic  rocks  of  the  Bralorue-East 

serpentinite that occur locally within  the  unit or as slivers 
Liza  Complex are represented by fault-hounded  lenses of 

along external  bounding fault zones. More extensive expo- 
sures occur in  the  vicinity  of  Roxey  and  Snmner  creeks, 

as well as in the lowest fault panel  exposed  southwest  of 
along the  southern  margin of the  belt  that crosses Gun  Creek, 

Liza  Lake,  and at the  northwest end of  the  belt that is truu- 
cated by the Dickson - McClure  batholith  near Mowt Pen- 
rose.  Primary  compositions  are  largely  obscrred by 
serpeutinization,  but  the  protolith lithologies included, at 
least in  part,  clinopyroxenite  and  wehrlite.  This is consistent 
with  the  correlation  of  the  Bralome-East  Liza  Comp;ex  with 

the  Shulaps  serpeutinite  mdlange  unit.  In  contrast, tl le fault- 
the  blocks  of  ultramafic-mafic  plutonic  rocks  found  within 

hounded  Pioneer  Ultramafic  Complex  (Wright er al., 1982) 
that is exposed a short distance  south  of  the  map are.1, about 

and dunite that  probably  correIate  with the Shulaps  karzbur- 
5 kilometres southeast of Bralorne,  comprises  harzburgite 

gite unit. 

posed  near East Liza  Creek  and  in  the fault panel  that  crosses 
Gabbro  of  the  Bralorne-East  Liza  Complex is well ex- 

Pearson Ridge and  the  lower  reaches of Tyaughtor  Creek. 

the southwestern  Camelsfoot Range,  and also wiihin  the 
Gabbro  occurs  locally  within  the extensive thrust  panel  in 

ferred to as the  Sumner  gabbro  by  Cairnes  (1937). 'I he gab- 
fault block  that crosses Gun Creek,  where it was in part re- 

broic  rocks  within  the  complex consist mainly  of  medium 
to coarse grained  clinopyroxene  gabbro,  locally  containing 

- 
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pods of clinopyroxenite,  and  commonly cut by small pods 
and dikes of  pegmatitic  gabbro, and by  abundant  gabbroic, 
diabasic and dioritic dikes. Sparse grains of  orthopyroxene 
occur  locally  within the predominant gabbroic phase,  and 
serpentine pseudomorphs after olivine were  reported by 

by alternating  clinopyroxene-rich  and  plagioclase-rich  lay- 
Caimes (1937) from the Sumner  gabbro.  Layering,  defined 

East  Liza  Creek, as do local  plastic shear zones  that  predate 
ers  several  centimetres  wide,  occurs  within  the  gabbro at 

intrusion of some pegmatitic gabbros  and  diabasic  dikes 
(Calon e/ al., 1990; Macdonald, 199Oa). Similar features 

pentinite mt5lange unit, and support  the  interpretation  that 
occur within plutonic blocks of the overlying Shulaps  ser- 

the  Bralorne-East  Liza  Complex  and  Sbulaps  Complex  are 
correlative. 

Diorite,  referred to as the Bralorne diorite by Cairnes 
(1937, 1943). is the plutonic phase  dominating  the  three 
structural  panels of Bralorne-East  Liza  Complex  exposed 
near  Gold  Bridge,  Gun  Creek  and Lajoie Lake.  Medium to 
fine-grained  hornblende diorite is also present  within  the 
complex  near East Liza  Creek,  where it occurs  as  late-stage 

zone between gabbro and overlying volcanic rocks. The 
dikes  and pods that are concentrated within  the  transition 

Bralorne diorite is typically  a  mottled  grey  and  green,  me- 
dium-grained  equigranular  rock  consisting  predominantly 
of altered  plagioclase  and  hornblende,  with  accessory 
sphene, apatite, opaque oxides and quartz. Augite,  partly 
altered to amphibole, is reported to occur locally (Caimes, 

the  present  study area. The  primacy  minerals are partizlly 
1937). but  was  not  observed  in  thin sections examined  from 

altered to an  assemblage that includes various  combinations 

quartz,  carbonate,  prehnite  and  pnmpellyite. These secon- 
of chlorite,  epidote,  clinozoisite,  leucoxene,  biotite,  seric ite, 

coloured veinlets that are characteristic of the rock. 
dary  minerals  also occur within  networks of narrow  light- 

The  Bralorne diorite is inferred to be a relatively  young 
phase of the  Bralorne-East  Liza  Complex  because, at the 

matrix of an intrusion  breccia  that contains xenoliths  cd  a 
B.C. hydro quarry north of Gold  Bridge, it locally forms the 

bro and greenstone (Photo 42). This interpretation i s  con~jis- 
wide  variety of rock  types, including clinopyroxenite, gab- 

tent with  the  observations  of Leitch (1989) farther to the 
south,  who  noted  that diorite locally intrudes serpentinite, 
and  that  local  hybrid  zones  referred to as “greensrone-riio- 
rite” at the  Bralorne  mine comprise contact zones  that dis- 
play  varying  degrees of assimilation of older ultramafic or 
volcanic  rock  by  cross-cutting  diorite. Similar complex  in- 

of the contacts between diorite and associated volcanic 
terfingering  and  gradational  relationships are characteristic 

rocks of the  Bralorne-East  Liza  Complex elsewhere in the 
area. These relationships led Cairnes (1937, 1943) to sug- 

in the Pioneer  Formation of the Cadwallader Group) origi- 
gest that the diorite and  volcanic rocks (which he inchled 

intruded  during  a long period of igneous activity. 
nated  from  the same magma  body,  and  were  erupted md 

Photo 42. Intrusion  breccia,  Bralome-East  Liza  Complex,  Gold  Bridge quarry. 
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ples of  Bralome diorite collected at the  Gold  Bridge qnany 
Hornblende and zircon  separates  from different sam- 

yielded  K-Ar and U-Pb  radiometric dates of 287f20 Ma 
(Leitch ef al., 1991a) and  293 513 Ma  (Church,  1996).  re- 
spectively. A homblende separate from  diorite  at the same 
location  yields an Ar-Ar  plateau date of 279d.O Ma  and  an 
integratedageof295536.4Ma(Appendix7,SarnpleGBQ). 

mine indicate a  minimum age of  267 Ma  (Leitch el al., 
U-Pb dating of zircons from two samples  from  the Bralome 

1991a). A hornblende separate from one of these  samples 
has  yielded an Ar-Ar  plateau date of 275.5k29.8  Ma  and  an 
integrated age  of 298.7*441.0 Ma  (Appendix 7, Sample 
C093A). These data suggest that the diorite in  this  part of 
the Bralome-East  Liza  Complex crystallized and cooled 
through the argon  retention  temperature of homblende  in 
Late  Carboniferous  to  Early  Permian  time. 

Caimes, 1937) is an  important component of the  Bralome- 
Light  grey tonalite  (the Bralorne soda  granite of 

East Liza  Complex  in  the fault block  exposed near Gold 
Bridge. It also occurs  in  the sonthem extension of this fault 
panel,  which  hosts the Bralorne  and Pioneer  mines (see Fig- 
ure 20). The tonalite occurs as irregular  dikes  and  veins 
within  diorite,  from  a  few  centimetres  to  a  few  metres  in  size 

metes  in  longest  dimension. In places it clearly intrudes the 
(Photo  43).  and also as larger  bodies  that are more  than 100 

Bralome diorite, but elsewhere contacts are gradational  and 
indistinct, or else sheared. The tonalite  consists  of  a fine to 
medium  grained, equigrannlar intergrowth of sodic plagio- 
clase and quartz, accompanied by chlorite,  epidote,  carbon- 

ate, leucoxene, sericite and opaque oxides, which  are  largely 
alteration  products of original mafic grains. U-Pb d,lting of 
zircons  extracted  from  two  samples  of Bralome soda  granite 
at the Bralome mine suggest a  minimum age of :!72 Ma 

that obtained  from the Bralome diorite in  the same area, 
(Leitch et al., 1991a).  This date is, within  error,  the :same as 

although  field  relations  there, as well  as in the  present  study 

younger  than the diorite. These relationships, as well as geo- 
area, indicate that  the  soda granite (tonalite) is somewhat 

chemical  arguments  presented by Leitch  (1989),  suggest 
that the  soda  granite as a differentiate of  the  same  magma 
that  produced  the diorite. 

Bralome-East LizaComplex  exposedintheTa.seko:. Bridge 
Volcanic  rocks  occur  within  all  fault  panels of 

River  map area. They consist mainly of green, iusty to 
brown-weathering pillowed to massive  flows  ank pillow 
breccias  (Photo 44). The flows are commonly  amygJaloida1 

mixtures of carbonate, chlorite, epidote, pnmpellyite  and 
and  locally  porphyritic. Amygdules are generally fi1;ied with 

prehnite. Relict phenocrysts of plagioclase and  6linopy- 
roxene are enclosed  in a fine-grained groundmas; of the 
same minerals  together  with opaque grains and alteration 
products that include sphene-leucoxene, chlorite, sericite, 
epidote, clinozoisite and  carbonate. The contact !,etween 

Liza Creek,  where it is a zone several tens of meties  wide 
volcanic rocks  and gabbro is locally  well-exposed  n car East 

consisting of abundant diabasic and dioritic dikes,  gabbro 
pods  and narrow screens of volcanic rock  (Calon et al., 
1990). Similar complex  contact zones characterize [be tran- 

Photo 43. Tonalite  intruding  diorite,  Bralome-East  Liza  Complex,  north of Gold  Bridge. 
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Photo 44. Deformed  pillow  breccia,  Bralome-East  Liza  Complex, north of Downton  Lake. 

sition from diorite to volcanic  rocks  in  the  Gold  Bridge - 
Bralorne  area  (Cairnes,  1937;  Leitch,  1989).  In  the 
Camelsfoot  Range,  pillowed and massive  volcanics are as- 
sociated  with diabase and  breccia  comprising  pebble-sized 
clasts of fine-grained greenstone and  diabase in a sheared 
and  veined  calcareous  matrix. 

not readily distinguished from  those of the Bridge  River 
Volcanic  rocks of the Bralorne-East Liza Complex are 

Complex  on  the scale of an  individual  outcrop,  but  charac- 
teristically occur within  mappable  units  that  also  include 
gabbroic  to dioritic plutonic rocks, and  are  invariably  struc- 

integrity of the Bralome-East Liza  Complex  mapped  by 
turally  imbricated  with rocks of  Cadwallader  Terratie. The 

these criteria is confirmed by the  chemistry of the  volcanic 
rocks,  which  invariably  display  chemical  characteristics  of 

they ad is t inc t  from  greenstones of the BridgeRiver Com- 
ocean-floor basalts (Macdonald, 1990a,b). On this  basis 

plex  (typically  within plate and  alkalic  basalts;  Potter,  1983) 
and  from  those of the  Cadwallader  Group  (mainly  island  arc 
tholeiites;  Rusmore, 1987). 

Bralorne-East Liza Complex, but were  observed in  two 
Sedimentary  rocks  are  not  common  within  the 

places.  The f i r s t  is near the mouth  of  Shulaps  Creek,  where 

of  interbedded  chert  and  siltstone. The other is about 2 kil- 
pillowed  greenstone of the  complex encloses a narrow  lens 

limestone is in  depositional  contact  with  pillowed  green- 
ometres  west of Liza  Lake,  where  light  grey  recrystallized 

tact  with  the  underlying  Cadwallader  Group.  The 
stone  of  the  Bralorne-East  Liza  Complex  near its thrust  con- 

underlyingfaultzoneis, throughoutitsentirelength,marked 

hy a zone of sheared  and  brecciated chert, limestone and 
greenstone  that  may  also  have  been  derived  from  the 
Bralome-EastLizaComplex. Limestonefrom  thefaultzone 

lying  pillowed  greenstone  were  processed for microforsils 
and from the  body  that is in  depositional contact with  over- 

but  none  were  found.  The  ages of the  sedimentary rccks 
associated  with  the  Bralome-East  Liza  Complex =e t h e -  
fore unknown. 

METHOW  TERRANE 

JURASSZC ROCKS (ImJys, mJyv, mJcs) 

near  the  mouth of Blue  Creek by Leech  (1953),  and  were 
Jurassic clastic sedimentary  rocks  were  recognized 

further  described by Frebold et ~ l .  (1969).  They  were 

Tipper(1978),butthepresentstudyhasestablishedthat~hey 
mapped as a fault-bounded  lens along the  Yalakom fault by 

comprise  the  northwest end of a belt  that extends  alrlost 
continuously to the  southeast comer of the  map  area, a dis- 

ImJys) is bounded by the Yalakom  and  Camelsfoot f d t s  
tance of 40 kilometres. This belt  of  Jurassic  rocks  (IJnit 

on the southwest and is in stratigraphic contacl:  with  the 
Yalakom  Mountain  facies  of  the  Lower  Cretaceous  Jackass 
Mountain  Group  to  the  northeast.  Rocks  tentatively cwre- 
lated  with  this  Jurassic  succession also occur within a s:pa- 

Yalakom  fault,  where  they are locally intercalated witt, an- 
rate  fault-bounded  lens farther to  the northwest alonp the 

desitic  volcanic  breccia  of  Unit d y v .  A separate,  lithologi- 
cally distinct succession of Middle Jurassic fine-grained 
sandstones,  which  outcrops  north of the Yalakom ::auk 
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along  Lone Valley  Creek,  was  alsoidentified during thepre- 

neath the Churn  Creek facies of the Jackass  Mountain 
sent study  (Unit  mJcs). These rocks  sit  stratigraphically  be- 

Group. 

Camelsfoot faults extend  southeastward into rocks that  had 
The  Jurassic  rocks  northeast of the  Yalakom  and 

previously  been  mapped as Lower  Cretaceous Lillooet 
Group by  Duffel1 andMcTaggart (1952).  These  rocks,  along 
with at least  parts of the  Lillooet  Group, are readily  corre- 

Formation of the Ladner  Group, as defined by O'Brien 
lated  with the Lower to Middle  Jurassic  Dewdney  Creek 

(1986,  1987),  on  the  basis  of  age,  lithology  and  stratigraphic 
position  beneath the Jackass Mountain  Group  (Schiarizza et 

Bridge  River map  area,  the  Jurassic rocks of Unit  ImJys 
al., 1990a;  Mahoney,  1992, 1993). Within  the Taseko - 

comprise a steep to moderately  dipping  (locally  overturned 
along  the  Yalakom fault) east to northeast-facing  succession 

lesser amounts of granule to pebble  conglomerate.  The 
of sandstone,  siltstone  and  mudstone, intercalated with 

sandstones are mainly coarse to medium  grained,  locally 
gritty,  green to grey  wackes  and arenites containing  variable 
proportions of plagioclase feldspar and  volcanic-lithic de- 
tritus,  accompanied by less abundant  fine-grained  sedimen- 
tary rock fragments and  minor  amounts of quartz.  Leech 
(1953)  reported detrital chromite,  including some  euhedral 
grains, from  a heavy mineral  concentrate of a sandstone 

sample,  but it is not apparently  a major component of the 

in  sandstone  beds,  and are common  in  intercalated siltstone 
rock.  Carbonaceous chips and plant  fragments OCCUI locally 

and  mudstone. 

as  massive,  apparently  unbedded  intervals  several  tens of 
The  sandstone occurs both as medium to thick beds  and 

metres  thick. The  sandstone in  well-bedded  intervals is typi- 
cally  intercalated  with  thin to thick beds of dark grc:y mud- 
stone  and  siltstone  (Photo 45) .  Sandstone beds are 

and  rip-up  clasts  of  dark  grey siltstone and carbo:laceous 
commonly  graded, and some  display sole marks, load casts 

mudstone. Thick  beds of granule to small-pebble  conglom- 
erate are common locally, and contain  mainly volcmic and 

of  grey argillite and siltstone that were probably lwal rip- 
fine-grained  sedimentary clasts, including lenticuhr clasts 

ups.  Dark  grey siltstone and  mudstone define interv  %Is  up  to 
several  tens  of  metres thick within the coarser  rockr. These 

nated  mudstone  and siliceous mudstone  containing  thin  in- 
intervals  typically consist of thin  bedded,  commonly  lami- 

and  crosslaminated  siltstone. 
terbeds  of  buff to brown-weathering  calcareous  mudstone 

Ammonites  collected from the  banks of the  'I'alakom 
River,  300 to 800  metres above the mouth  of Blue Creek, 

McLeam (in Leech,  1953,  p. 23)  and an early  Bajocian  age 
were  assigned a probable  late  Lower  Jurassic  age by 

by Frebold et ul. (1969). More recent study of mmonites 

Photo 45. Well-bedded  siltstone,  sandstone  and  granule  conglomewte of Unit ImTys, west  side of the  Yalakom  River north of Blue 
Creek. 
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collected  from  the same area indicates that  this  part  of  the 
section is predominantly  Aalenian  in  age,  possibly  ranging 
down into the late Toarcian (Poulton  and  Tipper,  1991). 
Stratigraphically  higher parts of  the  section are probably  Ba- 
jocian in  age,  based  on  two  probable  occurrences of Bajo- 

Yalakom  River 1.5 kilometres north of the  mouth of Blue 
cian  ammonites; one  along the  northeast  bank of the 

Creek (Photo 46).  and the other opposite  the  month  of Re- 
taskit Creek, 7 kilometres to the southeast (Appendix 3, 
Sample F2-4TD66). 

truncated to the southwest by the Yalakom  and  Camclsfoot 
The stratigraphic base of Unit  lmJys is not seen as it is 

faults.ThefossiliferouslateToarcian(?)toBajocianinterval 

proximately  equal  thickness  of  lithologically similar clastic 
exposed near  Blue Creek is about 700 metres thick. An ap- 

rocks sits stratigraphpically above it, and is in  turn  overlain 
by distinctive granitic-clast conglomerate  and arkose of the 
Jackass  Mountain  Group  (Unit  IKJMy2  of this report). 
Schiarizza et a[. (1990a,b)  took  this distinctive contact  to 
mark  the  base  of  the Jackass Mountain  Group,  and  conse- 
quently  mapped all rocks beneath  the distinctive arkoses as 
part of the Jurassic succession. A critical fossil location  on 
the  south slopes of  Yalakom  Mountain  supplied by H.W. 
Tipper  (Appendix 3, Sample F2-2TD66), as well as fossil 
locations reported by Jeletzky (in Roddick  and  Hutchison, 
1973) from farther southeast along  the  belt,  however, indi- 
cate that  most  of  the interval above  the fossiliferous Jurassic 
rocks is Lower  Cretaceous  (Barremian-Aptian)  in  age,  and 
comprises a lower  unit of the Jackass Mountain  Group  (Unit 

IKJMyl of this report). The upper  contact  of  the  Jurassic 
section is not  well  defined but is tentatively  placed a short 
distance above the  uppermost  siltstone/mudstone interval 
containing  Jurassic fossils. 

The main  belt of Jurassic  rocks  assigned to Unit  lmlys 
appears to by  truncated along the  Yalakom fault a short  dis- 
tance  north o f  Blue Creek.  However, rocks tentatively as- 
signed to this  unit also outcrop within a separate fault-bomd 
lens  farther to the  northwest  along the Yalakom fault. ib i s  
lens extends from the headwaters  of  Churn  Creek  northw~:st- 

of the  Yalakom fault on  the southwest and  by a sub-parallel 
ward to Lone  Valley  Creek; it is bounded  by the main  branch 

splay  on the northeast  (Figure 3). Rocks  witbin  the  lens are 
not well  exposed,  but include a substantial thickness of thin- 

jacent to the  Yalakom fault northeast of Quartz Mounth. 
bedded,  laminated  mudstone  and siltstone that outcrops,ad- 

Overlying  rocks to the northeast are mainly m e d i d  to 
thick-bedded arkosic-lithic sandstones  with  thin interbeds 

ates containing  mainly  intermediate  volcanic  clasts. Theup- 
of dark  grey  shale,  and  granule to small-pebble conglonler- 

permost  part of the  succession,  exposed  along a'ri(ige 

breccias  and  conglomerates  together  with  feldspathic  an- 
northwest  of Swartz Lake, is an  assemblage of volcanic 

desitic flows (Unit  mJyv). The contacts of this  assemblage 
are  not exposed, and  our  preliminary  map showed  these 
rocks as a narrow  fault-bounded lens of Upper  Cretaceous 

indicates  that  clasts  in  breccia  and  conglomerate of the 001- 
volcanics  (Glover et al., 1988). More detailed  petrogr3Jhy 

canic  assemblage are very  similar to those  in  underlying 

Photo 46. Middle  Jurassic  ammonite  within  the  upper part of Unit lmlys,  east  side of the Yalakom  River north of Blue  Creek 
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conglomerates  of  the  sedimentary  section,  suggesting  an as- 
sociation.  Assignment  of a Jurassic age to the volcanics 
hinges  on  the  correlation  of the underlying  sedimentary  sec- 
tion  with  the  Jurassic  section at Blue Creek.  This is consis- 
tent  with  the  regional  geology of Methow  Terrane, as 

Dewdney Creek Formation  in its type  area to the  south- 
andesitic flows  and pyroclastic rocks are present in  the 

southeast (O'Brien, 1987). 
Jurassic rocks  along  the  lower  reaches of Lone  Valley 

Creek  (Unit d c s )  are represented  by  scattered  exposures of 
sandstone,  one  of  which  contains  Early  Bajocian  ammonites 
(Appendix 3; Sample 87PS-35-6). The sandstones are me- 

wackes.  They are typically  massive and display  spheroidal 
dium to dark  grey-green, fine to  medium-grained  arkosic 

were  observed,  but are rare. The Jurassic  sandstones  appar- 
weathering  patterns; laminations and  thin to medium  beds 

no&  and east they are overlain  by  volcanic  conglomerate 
ently  occupy  the core of  an  east-plunging  anticline. To the 

and  sandstone  of  the  lower  part of the Chum Creek  facies 
of the Jackass Mountain  Group  (Unit IKJMcl).  The contact 
was not seen, but there is no  suggestion  of a structural  dis- 
cordance between  the  Jurassic  and  Cretaceous  rocks. The 
western  and  southwestern  boundaries of the  Jurassic  rocks 
are not closely constrained, but are thought  to be faults 
across  which  they are  juxtaposed against the Yalakom 
Mountain facies of the Jackass  Mountain  Group  (Figure 3). 

JACKASS  MOUNTAIN GROUP 

first used  by  Selwyn (1 872) for conglomerate  and  associated 
The name Jackass Mountain  Conglomerate  Group  was 

finer grained clastic sedimentary  rocks  exposed  on  the east 
slopes of the  Fraser  River,  west of Jackass  Mountain. The 
name  was  changed  to  Jackass  Mountain  Group  by  Richard- 
son (1876)  and  the group has  subsequentIy  been  mapped  in 
a discontinuous belt that extends for about 450 kilometres, 
from  sonth of the  International  Boundary  northwestward to 
Tatlayoko Lake  (Roddick et ai., 1979).  Rocks  within  the 
present study area comprisepart of the southwestemmargin 
of a continuous  belt  of  Jackass  Mountain  Group  exposures 
that extends from  south  of  Lillooet  northwestward  almost 

belt, in the Ashcroft map  area, was described by Duffell and 
150 kilometres to Big Creek. The southeastern pan of this 

McTaggart (1952) and Trettin  (1961). Exposures in  the 
Pemberton map area to the northwest  were  described  by 
Jeletzky (1971,  and  quoted by Roddick  and  Hntchison, 

Lakes  map  area, were mapped  hy  Tipper  (1978)  and  de- 
1973, p. 6-9),  and  those farther northwest,  in  the  Taseko 

Mountain  Group  exposures in the southeastern  Taseko 
scribed by Jeletzky and Tipper  (1968). Selected Jackass 

Lakes  area  and  northeastern  Pemberton area were  sub- 
sequently  described  in  detail by Kleinspehn  (1982,  1985). 
The  westernmost  exposures  of the Jackass  Mountain  Group 
are  southwest of the  Yalakom fault in  the  western Taseko 

area,  where  they  were  described  by Tipper (1969)  and Kle- 
Lakes  map  area  and the adjoining  Mount  Waddington map 

inspehn  (1982,  1985). 

Mountain  Group  has beensuhdividedintofourdistinctmap- 
In the Taseko - Bridge River  map  area,  the Jackass 

pableuuits (Gloveretal., 1988a). Thesennits areinterpreted 
to comprise two  broadly correlative facies  belts,  each  cou- 

.~ ~ ~~~ 

Yalakom Mountain Facies 
'..,, _. 

Churn Creek -acieS 

.. . .  

"" 

Figure 16. Schematic  stratigraphic  sections  comparing Yalakom 
Mountain  and  Chum  Creek  facies  of  Methow  TeIrane. 

sisting of two  mappable  units (Figure 16). The E'alakom 
Mountain facies is the more extensive of the two, and  has 
been  mapped  across the entire width  of  the  area,  from  Ap- 
plespring  Creek  northwestward to the  head of Dash Creek. 
The  lower  unit of the Yalakom  Mountain  facies (lkIMyl) 
comprises  green  volcanic-lithic  sandstone  intercalated  with 
lesser amounts of granule to pebble conglomerate,  fiiltstone 
and shale. It is restricted  to  the  southwestern  margin  of  the 
Jackass  Mountain  belt, where it is in  part stratigrq?hically 
underlain by Jurassic  rocks of Unit ImJys  and in part 
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bounded by the  Yalakom  and  Camelsfoot  faults. The vol- 
canic sandstone unit has  yielded sparse fossils of Barremian 
and  Aptian  age  (Roddick and Hutchison,  1973;  this  report). 
To the  northeast, it is overlain by a succession  dominated 
by arkosic  sandstone,  pebbly  sandstone,  and  conglomerate 
(Unit lKJMy2) containing significant  amounts  of  granitoid 
detritus not seen  in the underlying  unit. The arkosic  sand- 

Hutchison, 1973; this  study). 
stone unit has  yielded fossils of Albian age (Roddick  and 

The Chum Creek facies of the Jackass Mountain  Group 
outcrops  in  the  northeastern comer of the map  area, from 

lower unit (IKJMcl)  comprises sandstone.  conglomerate 
the  vicinity  of  Red  Mountain  westward  to Chum Creek.  The 

and finer grained  rocks that are rich  in  volcanic detritus and 
are characterized  by  abundant fossil plant  remains. A col- 

has  been  assigned  an  Aptian age (W.A.  Bell, in Jeletzky  and 
lection of plants from  this  unit  northwest of Red  Mountain 

Tipper,  1968, p. 44). Unit IKJMcl is abruptly  overlain by a 
distinctive conglomerate unit (1KJMc2). dominated by peb- 
ble to boulder  conglomerate  intercalated  with  lesser 
amountsof sandstone, siltstoneandshale. Theconglomerate 

nantly volcanic detritus in the underlying unit; no fossils 
unit is rich  in granitoid clasts, in  contrast with the domi- 

have  been  collected  from it. The basement  to  the Chum fa- 
cies is exposed only  along the lower  reaches of Lone  Valley 
Creek, where Middle Jurassic fine-grained  sandstones of 
Unit d c s  underlie  Unit IKJMcl. 

An abrupt  transition from volcanic-rich  clastics  to  those 
rich  in  plutonic detritus marks  the contacts between  the  map- 
pable  units of both the Yalakom  Mountain  facies  and  the 

Yalakom  Mountain facies (Unit 1KJMyl) is at least  in  part 
Churn  Creek  facies.  Moreover,  the  basal unit of the 

the same  age as Unit 1KJMcl at the  base  of  the Chum Creek 
facies. The two facies are therefore inferred to be broadly 
coeval, and  the  contacts  between  the  two  mappable  units 

of late Early  Cretaceous uplift of the  source  terrain.  The 
within each facies are interpreted to reflect  the same pulse 

contacts  between  the  Yalakom  Mountain  and Chum Creek 
facies are not  well  exposed, hut appear to be mainly late 
northeasterly striking faults.  At  one locality within  Chum 
Creek valley, however,  Unit  IKJMy2 of the Yalakom  Moun- 
tain facies overlies Unit lKJMcl of  the  Chum  Creek  facies 
across a moderately  south-dipping fault (Figure 3). This 
fault  may  reflect  structural  telescoping of the  Jackass  Moun- 
tain  Group  basin during mid-Cretaceous  contractional tec- 
tonism, or it may be a younger  thrust  fault  kinematically 
related to the  Yalakom fault (see Chapter  3). In either case, 
the  general  position of the more  proximal Chum Creek  fa- 
cies to the  northeast of the  Yalakom  Mountain facies is con- 
sistent  with  the  paleocurrent data presented by  Kleinspehn 
(1985).  which  indicates  that  the  Jackass  Mountain  Group 
sediments  were  derived from a source  terrane to the  north- 
east. 

VOLCANIC SANDSTONE UNIT (IKJMy1) 

base of the  Yalakom  Mountain facies, outcrop as a discon- 
Rocks  of  the  volcanic  sandstone  unit,  comprising  the 

tinuous  northwesterly  trending  belt  along  the  southwestern 
margin of the  Methow  Terrane  exposures. The southeastern 
segment of the  belt extends from near Horse Lake, where it 

apparently  pinches  out  along the Yalakom fault, to the 
southeastern  limit  of  the  map  area. These  rocks are bounded 
to the  southwest  in  part hy the Yalakom  and  Camelsfoot 
faults,  and  in part by stratigraphically  underlying Jurasic 

em segment of the belt extends  from the tributary  of C h m  
sedimentary rocks of Unit lmJys (Figure 3). The northwest- 

Creek  draining Swartz Lake  northwestward to the headwa- 
ters  of  Dash  Creek along the northern  boundary of the map 
area. It is bounded  on  the southwest by the  Yalakom fmlt 
and  related  Swartz  Lake  splay,  and is truncated  on the sor.th- 
east by an apparently older north-northeast-striking fault 
that juxtaposes it against  the Chum facies. 

The volcanic sandstone unit consists mainly of come  
to medium-grained,  green to grey  volcanic-lithic  sandstone 

by variable,  but  generally  significant  proportions offeldspar 
and  gritty  sandstone. The volcanic grains are accompanied 

and  quartz,  and  commonly  by  several  per cent pyroxene ;and 
hornblende  grains.  Plutonic  and  fine-grained  sedimentary 
rock  fragments are rare.  Locally, quartz occurs as conspicu- 
ous  glassy  grains  that  display corroded  and embayed  mar- 
gins  in  thin  section,  suggesting a nearby  volcanic sourc,:. 

volcanic  sandstone  belt,  the sandstone  typically occur$: as 
Within  the  southeastern, more extensive segment of the 

distinct,  thin  to  thick,  locally gradedbeds with  relatively  thin 
caps or interbeds of grey  shale. The sandstone is intercalated 
with  lesser  amounts of thick to very thick bedded granult: to 
pebble  conglomerate containing mainly  volcanic clasts. as 
well as with  intervals  of  thin-bedded,  laminated  to 
crosslaminated siltstone and  shale.  Brown-weathering  bcds 
of calcareous  sandstone, conglomerate  and siltstone occur 
locally,  and  thin  to  medium  beds of silty limestone were 
noted  rarely.  Sandstone in the  northwestern  segment of the 
belt  occurs  mainly as massive  exposures  in  which  rare  bed- 
ding is apparent only as subtle variations  in  grain size oi: as 

grooves  and  rip-ups  along  their bases occur  locally. 
trains  of  siltstone  intraclasts.  Thick,  graded beds with  flu’ies, 

(1971)“variegatedclasticdivision”oftheJackassMounlain 
The volcanic  sandstone  unit is equivalent  to  Jeletzky’s 

Group  (mapped as Unit  7b by Roddick and Hutchison, 

of fossils collected by Jeletzky  and H.W. Tipper  from  the 
1973). It is assigned a Barremian to Aptian  age  on  the bisis 

southeastern  segment of the  belt,  between  Applespring 
Creek  and  Yalakom  Mountain.  These include two collec- 
tions of Barremian faunas from the ridge southeast of An- 
toine  Creek,  and  an  Aptian fauna collected from the  upper 
part of  the  unit  along  the  west slopes of Ore Creek (see Rod- 
dick and  Hutchison,  1973, for locations  and  description:;  of 
Jeletzky’s  collections).  Belemnites collectedduringthepre- 

ties,  were  not  diagnostic  beyond a general  Middle  Juramic 
sent  study,  from the vicinity of Jeletzky’s  Barremian  locali- 

to Early  Cretaceous age (Appendix 3, Sample 89APS-3 1-8- 
3).  Fossils  collected by H.W. Tipper  from the south slopes 
of  Yalakom  Mountain are from  the  northwestern  end of the 
same  belt  of  volcanic  sandstones; these were  assigned aE;ar- 
remian  age  by  Jeletzky  (Appendix  3; Sample F2-2TD6fi). 

The  volcanic  sandstone unit is underlain by Jurassic 

Yalakom  River  from the vicinity of Yalakom  Mounlain 
rocks  of  Unit  lmJys  along  the  slopes  northeast of the 

southeastward to Antoine  Creek. The contact is inferred to 
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discordance in  bedding attitudes between  the Jurassic  and 
be stratigraphic because there is no evidence for a fault or 

Cretaceous  packages  along several ridges that cross the 
boundary. The contact is not well defined, however, as the 
Cretaceous and Jurassic  rocks are lithologically  very  simi- 
lar, and fossil control is limited. The large  time interval b e  
tween  the  youngest  fossils  from  the  Jurassic  section 
(Bajocian) and  the  oldest fossils from  the  Cretaceous  unit 

formity. 
(Barremian) suggests that the contact is a significant  discon- 

CROSSBEDDED SANDSTONE UNIT (1KJMcl) 

facies of the Jackass  Mountain  Group,  and is inferred to be, 
Unit IKJMcl  comprises the base  of  the  Churn  Creek 

at least  in  part, a facies equivalent of  the  volcanic  sandstone 
unit(Figure16).ItoutcropsintheupperpartofChumCreek 
west of Poison  Mountain,  in  lower reaches of the  creek  near 
its confluence with Lone Valley Creek, and to the  north  and 
northwest  of  Red  Mountain. Unit  IKJMcl consists  of  green 
to grey, brown,  grey or mottled green and  white-weathering 
sandstone,  pebbly sandstone and  pebble  conglomerate, lo- 
cally intercalated with  dark  grey siltstone and  mudstone 
(Photo 47). These rocks are commonly  arranged  in  fining- 

contain abundant tree branches,  coal  seams,  full-length  fern 
upward sequences with  basal  crossbedded  sandstones,  and 

Ministo of Emgloymem andlnveslment 

fossils  and other fossil plantremains. These features suggest 
deposition  within a fluvial  environment.  Sandstones  contain 
mainly  feldspar and volcanic-lithic  grains;  conglomerates 
are dominated by intermediate volcanic  clasts,  hut locally 
contain  granitoid  fragments. 

JeletzkyandTipper(1968,p.44)reportthatacollection 
of  plant fossils obtained  from the crossbedded  saldstone 
unit  northwest  of  Red  Mountain  were  assigned an Aptian 
age by  W.A. Bell. This is the only age constraint p~.esently 
available for the Unit. 

by Middle Jurassic sandstones  of Unit d c s  along fi:e lower 
The crossbedded sandstone unit is apparently u~~derlain 

reaches of Lone  Valley Creek,  although the contact was not 

Churn  Creek facies (unit IKJMc2)  north  of  Red  MOuntain, 
seen. It is abruptly  overlain  by  the conglomerate unit of  the 

Poisoumount  Creek.  Other external contacts are faults. 
and in a northwest-trending belt along Chum C m k ,  west of 

These include a south-dipping  thrust(?) fault that places  Unit 
lKJMcl beneath the arkose unit of the  Yalakom  Mountain 
facies along Chum Creek, 4.5 kilometres  north-northeast of 
Swartz  Lake.  This fault may relate to telescoping of the  two 
facies of the Jackass Mountain  Group, either during rnid- 
Cretaceous  time or during a later structural regim,:  domi- 
nated by dextral  movement along the  Yalakom  fault. 

Photo 41. Well-bedded  sandstone,  siltstone  and  mudstone of Unit IKJMcl, Chum  Creek. 
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ARKOSIC SANDSTONE UNIT qKJMy2) 

of the  Yalakom  Mountain  facies,  consists of arkosic  sand- 
The arkosic sandstone  unit,  comprising  the  upper  part 

stones and gritty to pebbly  sandstones,  together  with  lesser 
amounts of pebble  conglomerate, siltstone and shale. It sits 

the most  extensively  exposed  unit of the  Jackass  Mountain 
stratigraphically  above the volcanic  sandstone unit and is 

from  the  southeastern comer at  Applespring  Creek,  north- 
Group  within the map  area. There are continuous  exposures 

westward to Poison  Mountain.  There, the belt is truncated 
by anortheast-striking fault that places it against  the Chum 
Creek facies of  the  Jackass  Mountain  Group. The arkosic 
sandstone  unit also outcrops farther to the  northwest,  west 
of Chum Creek,  where it is well  exposed  on the ridges  north 
and  south of Dash  Creek. 

The sandstones of Unit lKJMy2 are predominantly  me- 
dium to coarse-grained feldspathic-lithic wackes,  com- 
monly  with  sparsely  scattered  granules to small  pebbles of 
volcanic,  plutonic  and  sedimentary  rock  fragments.  They 
range  in colour  from olive-green to blue-green,  and  com- 
monly  form  bold  buff to brown-weathering  exposures 
(Photo 48). The sandstones are commonly  massive,  with 
bedding  only  locally  defined by pebble  concentrations or 
trains of siltstone intraclasts.  Locally,  however, as in expo- 
sures along the  Yalakom  River  and  Dash  Creek,  the  sand- 
stones are thick  to  medium-bedded  turbidites  with  partial 
and  complete  Bouma  sequences  well  displayed. Siltstone 
and  shale, occurring as distinct  thin  beds  that  may be graded 
or crosslaminated, are most  common  in  the  lower  part of the 
unit,  where  they  locally  dominate  intervals  up  to  several 
hundreds of metres thick. Similar fine-grained intervals 
higher  in the section  generally  range  from  less  than a metre 
to  only  several  tens  of  metres  thick  (Photo 49). Pebble  to 
cobble conglomerates occur mainly at or near  the  base of 
the  arkosic  sandstone  unit,  and  rarely as thick beds of gran- 
ule to small-pebble  conglomerate  intercalated  with  sand- 

~~~~ ~ ~. 
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stones higher  in the section. The conglomerates,  together 
withgrittyandpebblysandstonesfoundthronghouttheunit, 
contain clasts of aphyric  and feldspar-phyric intermedate 
volcanic rocks, granitic  to dioritic plutonic rocks, feldsi~ar, 
quartz, and  relatively  minor  proportions  of  sedimentary lind 
metamorphic  rock  fragments. 

The arkosic  sandstone  unit, as mapped  here, is apfiar- 
ently equivalent to Jeletzky's (1971)  grey  siltstone-sha1e:di- 
vision  and  overlying  massive  greywacke  division  (mapped 
as Units 7c and  7d by Roddick  and  Hutchison, 19733). 
Jeletzky  collected  lower  Albian fossils from the  lower i~art 
of the unit  (his  grey siltstoneshale division)  in  the  upper 

section (within his  massive  greywacke division) in the same 
reaches of Ore Creek,  and  Albian fossils from higher in'the 

area (see Roddick  and  Hutchison,  1973, for locations :md 
descriptions of Jeletzky's  collections). An Albian age'for 
the  unit is confirmed by lower  Albian  ammonites co1lec;ted 
from it in  the  canyon  of Chum Creek, 4 kilometres nolth- 

dix 3, Sample 87JG-302). 
northeast of Swartz Lake, during the  present  study  (Appen- 

The base  of the arkosic sandstone unit  was seen at one 

was  closely  approached  in several other places to the sovth- 
locality, 5 kilometres east of  the  mouth  of Blue Creek, m d  

Dash  creeks  to  the  northwest. The unit is concordant with 
east, as well as at two localities between Lone Valley  and 

the  underlying  volcanic  sandstone unit in all these locaticns, 
although  the  contact is typically  marked by several  metres 
to tens of  metres of conglomerate at the base of the  arkose 
unit. The two  units  are  lithologically  distinct  because the 
conglomerate,  together  with  overlying  sandstones,  contains 
abundant plutonic detritus that is not  seen  in  the  un.derly ing 
strata. The top  of  the  arkosic sandstone unit  was not mapped 
during the present study. It was  tentatively  identified by 
Jeletzky  (1971),  however, a short  distance  outside  the  map 
area,  north  and east of Mount  Birch and Mount  Dunc.an. 
There,  his  massive  greywacke  division of the Jackass Moun- 
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tain  Group is overlain by a succession  of  apparently  nonma- 
rine sandstones and granule to fine-pebble  conglomerates 
(unit 9 of Roddick  and  Hutchison,  1973). 

CONGLOMERATE UNIT (IKJMc2) 
Boulder to cobble conglomerate of  Unit  IKJMc2 is the 

most distinctive lithology within  the  Jackass  Mountain 
Group. Similar conglomerate  occurs  west  of  Jackass  Moun- 

well as farther north along the Fraser  River,  north and  south 
tain, where  the group was first described  (Selwyn, 1872),  as 

of  Lillooet  (Duffell  and  McTaggart,  1952).  Exposures 
within  the  present  study area extend  eastward  to  the  upper 
reaches of French  Bar Creek, and  northwestward along the 
south side of Hungry  Valley  (Jeletzky  and  Tipper,  1968). 
These  rocks were  described as the French  Bar  Formation by 
MacKenzie  (1921b)  and  assigned  an  Oligocene  age.  They 
were  recognized as part of the Jackass Mountain  Group by 
Jeletzky  and Tipper (1968).  and  correlated  with  the similar 
conglomerates  exposed  near Jackass Mountain  and  Lillooet. 

The  conglomerates  contain poorly sorted, predomi- 
nantly  well-rounded clasts of mainly granitic and interme 
diate  volcanic  rocks,  together  with  metamorphic  and 
foliated  plutonic  rocks,  chert  and clastic sedimentary  rocks 
(Photo SO). In the area northwest of Poisonmount  Creek,  the 
base of the conglomerate unit  comprises  about '700 metres 
of massive  conglomerate with  relatively little intercalated 
finer  grained  material. This passes  upward into layers of 

massive  conglomerate,  generally  between 50 and ::OO me- 

grained rock. The finer grained layers are dominated by 
tresthick,altematingwithlayersofsimilarthicknessoffjner 

massive,  gritty to pebbly  sandstones,  but  locally  include  in- 
tervals,  up  to  several  metres  thick,  of  thin  bedded  sandstone- 
siltstone couplets.  Farther  northeast,  near RrA Mountain, 
inverse  to  normally graded  conglomerate beds  up  to  several 
metres thick alternate with  generally  thinner intejvals of 
sandstone  and  siltstone. 

The  conglomerate  unit overlies the  crossbedded  sand- 
stone unit  of  the  Chum  Creek  facies  north  of  Red  Mountain 
and  west of Poisonmount  Creek. The contact is abrupt,  but 
there is no  indication  of  an  angular  discordance  across it, At 

overlain by the Paleogene(?)  Red  Mountain vokanics. 
Red Mountain  the  conglomerate unit is unconfcrmably 

north-northeast  and  northeast-sttiking  structures thlt sepa- 
Other external contacts are faults. These include inportant 

rate  the conglomerate unit from the  arkosic  sandstone  unit 
of the Yalakom  Mountain  facies  northeast of Swartz Lake 
and  west of Poison  Mountain,  respectively. 

study  area,  but  must be Aptian or younger if the Apl,ian  age 
The conglomerate unit is not  dated  within  the  present 

assigned to the  underlying  fluvial  unit is correct. The con- 

into the Chum Creek facies, just as the  arkosic  sandstone 
glomerate  records  the first major input of granitic detritus 

unit  does  in  the  Yalakom  Mountain  facies. This suggests 

Photo 49. Interval of thin-bedded  siltstones and fine-grained  sandstones,  about 5 metres  thick,  within  thick-bedded  coarse-glained 
sandstones of Unit IKJMy2; slopes northeast of the  Yalakom  River,  west of Evelyn Cmk. 

- 
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Photo 50. Boulder-cobble  conglomerate of Unit IKJMc2,  Buck  Mountain. 

that  the  two  units  may be correlative and,  therefore,  that  the 
conglomerate unit is Alhian  in age. 

The conglomerates of Unit 1KJMc2  probably  represent 

ment. Their sharp contact with underlying nonmarine  to 
channel deposits within a proximal  submarine fan environ- 

shallow-marine  sandstones of Unit IKJMcl suggests  abrupt 
subsidence of  this  part of the Jackass Mountain  basin. This 

indicated by the  abrupt appearance of abundant  granitic  de- 
subsidence  was coincident with uplift of  the  source  area,  as 

tritus. These events reflect  an  important pulse of  mid-Cre- 
taceous  tectonism  within  the  region. 

INTERMONTANE  BELT 

ROCKS  ALONG  DASH AND  CHURN CREEKS 
(KDCI,  KDc2,  KDC3) 

generally  regarded as the eastemmost tectonic element  of 
Methow Terrane, described  in  the previous section, is 

the  southern  Coast  Belt.  Rocks farther to the east and  north- 
east are included  in the Intermontane Belt.  Rocks of the II- 
termontane Belt are not well  represented  in  the  Taseko - 
Bridge  River area, where  they  comprise a succession of vol- 
canic and volcaniclastic  rocks  exposed  over a small  area 
near  the confluence of  Dash  and Chum creeks. The infor- 
mally  named Dash-Churn  succession is separated  from 
Methow Terrane to the  south by a northwest-striking fault, 
previously  mapped as the Hungry Valley fault (Tipper, 
1978). 

thologic  units,  although  the  regional persistence and sign  ti- 
The Dash-Chum  succession is subdivided into three li- 

cance of these  divisions is unknown. The  lowest  unit 

tied, dark  grey  to  black  carbonaceous  sandstones  and grm- 
(KDCl; base  not  exposed) consists mainly  of  poorly  strati- 

ule  to  pebble  conglomerates containing rounded  aphyric  and 
feldspar-phyric  intermediate  volcanic  clasts. Coarr;er 
grained  volcanic-cobble-boulder  conglomerates  were 
mapped  near  the  top of the unit. The middle unit (KDCZ) 
consists of green to purple volcanic  breccias  and rare feld- 
spar-phyric  flows,  locally  intercalated  with  thin  intervals of 
bedded  volcanic sandstone and  pebble to boulder  conglom- 
erate.  Breccia  fragments and clasts in  conglomerates consist 

phyric,  volcanic  rocks. The upper  unit  (KDC3; top not cx- 
almost exclusively of intermediate, commonly feldspx- 

posed) consists of matrix-supported laharic breccias and 
volcanic  conglomerates,  with  local intercalations of  thin  to 
medium-bedded  volcanic  sandstone. The breccias  and con- 
glomerates  typically  occur as distinct beds  ranging  from 0.5 
to 5 metres  thick. Clasts are rounded to snbangular,  range to 
more  than a metre  in  diameter,  and  consist almost entirely 
of intermediate volcanic  rocks,  commonly  with  the  phe- 
nocryst  assemblages plagioclase,  plagioclase-hornblende 
and plagioclase-clinopyroxene. 

Units  KDC2  and  KDC3, are lithologically similar to the Cp- 
Rocks of the  Dash-Chum  succession,  and  in particu.ar 

per Cretaceous  Powell  Creek  formation,  with  which  they 
were  correlated by Tipper (1978, his  Kingsvale  Group). The 
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Dash-Chum  succession,  however, is in  fault  contact  with 
the northeast  side of Methow  Terrane,  whereas  the  Powell 
Creek  formation was deposited above Tyaughton basin 
rocks to the  southwest of Methow  Terrane. The intervening 
Methow  Terrane  does  not  contain  any  potentially  correla- 
tive  rocks  within  the Taseko - Bridge  River  area,  although 
Powell  Creek  correlatives do outcrop  in  Methow  Terrane  to 

Formation;  McGroder er al., 1990). 
the  southeast,  near  the International  border  (Midnight  Peak 

The Dash-Churn  succession is in apparent  continuity 
with rocks  exposed  farther north  that have also been 
correlated  with  the  Powell  Creek  formation  and  associated 
rocks of the Tyaughton basin. These include chert-rich 
conglomerates  that  pass  up-section  into volcanic-clast 
c o n g l o m e r a t e s ,   v o l c a n i c   b r e c c i a s   a n d   l o c a l  
hornblende-feldspar-phyric flows, comprising a succession 
that  has  been  correlated  with  the  Silverquick - Powell  Creek 
section of the Taseko - Bridge  River  area  (Green,  1990; 

is supported by sparse  palynomorph collections  that  have 
Hickson eral., 1991;  Mahoney et al., 1992).The  correlation 

been  assigned Late Cretaceous  (L.V.  Hills, in Green,  1990; 
Mathews  and  Rouse,  1984) and late  Albian  to  Early 
Cenomanian  (Hickson et al., 1991)  ages. 

The rocks  correlated  with  the  Silverquick  formation  to 
the  north  of the present  study  area lie unconformably(?) 
above mid-Cretaceous  volcanic  rocks  that  have  been cone- 
lated  with  the Spences Bridge  Group  (Mathews  and  Rouse, 

Spences  Bridge Group comprises  late  Albian  volcanic  and 
1984; Rouseetal., 1990;  Green,  1990;  Hickson,  1992). The 

the  Fraser  fault,  to  the east and  southeast of  the  Taseko - 
volcaniclastic  rocks  that  outcrop  mainly on the  east  side of 

Bridge  River area, where  they  unconformably  overlie  a  va- 
riety  of  older  rocks  of  the  Quesnel  and Cache Creek  terranes 
(Thorkelsonand Rouse,  1989). Thebasementto theSpences 
Bridge Group west of the  Fraser  fault is not  exposed.  Nev- 
ertheless,  the  inferred  deposition of Silverquick  and  Powell 
Creek  formations on both  Tyaughton  basin  and  Spences 
Bridge Group requires  that  the  southeastern  Coast  Belt  was 
tied to the adjacent Intermontane belt by late Albian to 
Cenomanian  time.  This  tie is contradicted  by  two  recent  sets 
of tilt-corrected  paleomagnetic  data: one from  the  Spences 
Bridge Group east of the  Fraser  fault  (Irving et al., 1995) 
and  other  from  the  Silverquick - Powell  Creek  succession 
nearMountTatlow,ashortdistancenorthwestoftheTaseko 
-BridgeRiverarea(Wynneetal., 1995).Thesedataindicate 
that,  in  mid-Cretaceous  time,  the  Silverquick - Powell  Creek 
succession  and  associated  rocks  of  the  southeastern  Coast 
Belt were  situated  about 2000 kilometres south of  the 
Spences  Bridge Group and  associated  rocks of the  lntermon- 
tane Belt. These data suggest  that  correlation of volcanic 
and  sedimentary  rocks in the  Chum  Creek - Gang  Ranch 
area,  including  the  Dash-Churn  succession  described  here, 
with  the  Silverquick  and  Powell  Creek  formations  may  be 
suspect.  Alternatively, it may be the  Spences  Bridge  corre- 
lation or the  paleomagnetic  data  that are erroneous. 

TERTIARY  VOLCANIC  AND 
SEDIMENTARY  ROCKS 

PALEOGENE SUCCESSIONS 
Intermediate  to  felsic  volcanic  rocks,  with 1ocr.l mafic 

volcanic  and  sedimentary  intervals, overlie Uppa Creta- 
ceous  and  older  rocks at several  localities  within  the  study 
area. These include  the Red Mountain  volcanic  complex, 
which  overlies  Methow  Terrane  northeast of the  Yalakom 
fault, as well as four  separate  volcanic  accumulations on the 
southwest side of  the fault (Figure 17). The volcanic  rocks 
are commonly  associated  with  felsic  intrusive xocks  of units 
PEp and  Ep,  and  appear  to  represent a number  of  discrete 
volcanic  centres. They are not well dated, but availal~le con- 

cene  to Middle or Late Eocene in age. 
straints  and  correlations  suggest  that  they  range  from  Paleo- 

MOUNT SHEBA COMPLEX (PESv, PESb) 

lower  unit of dacitic to rhyolitic  rocks  locally  intel'calated 
The volcanic  succession  at  Mount Sheba com;)rises  a 

with  sandstone  and  conglomerate  (Unit  PESv)  and an upper 

are extensively  intruded  by  dacitic  porphyries of unit  PEP, 
unit of basalt  and  basaltic  breccia  (Unit  PESb). Boh units 

The volcanic  succession is exposed in a  belt  that  extc:nds for 
whichunderliethesummitofMountShebaitself(Ph,~to51). 

11 kilometres  northwest  and  southeast  from  Mount  Sheba, 
along  the  ridge  system  between  Tyaughton  and  Gun  creeks. 
A  small  outlier  outcrops  on  the  ridge  top  south of Lizard 
Lake, 1.5kilometreswestofthemainbelt.TheiMountSheba 
volcanics  overlie  the  Powell  Creek  formation  thrcnghout 
most  of  this  belt, but sit directly above the  Elbow PASS for- 
mation  of  the  Taylor  Creek Group north  and east of Mount 
Sheba.  Felsic  volcanic  rocks of unit PESv  also  outcrop  over 

metres north-northeast of Mount Sheba;  there,  they overlie 
a  small area  on  the  north side of Tyaughton C!reek, 8 kilo- 

the  Last  Creek  formation  and  Relay  Mountain Gro~lp, and 
are associated  with  a  large  intrusive  body of homblendebi- 
otite-quartz-feldspar  porphyry  assigned to Unit PEP. 

felsic to intermediate  rocks of unit  PESv.  Most  comrnon are 
The Mount  Sheba  volcanic  succession is dominated  by 

purple. grey  and  light  green  weathering,  aphyric ta) hom- 
blende-feldspar-phyric  dacitic  flows  and flow breccias 
(Photo 52). These are characterized  by  planar to contorted 
flow banding, on a  scale  of a few  millimetres Eo a fc.w cen- 
timetres,  that  imparts  a  distinct  fissility  to  the  rock; else- 
where  the  rock is more  massive  and  lacks  the  dislinctive 
flow banding.  Also  present, but less common, are glassy 

Payne  and  Russell  (1988). a welded  crystal-lapilli  ash-flow 
quartz-phyric  rhyolite  flows  and, at one locality  noted by 

tuff. 

Mount  Sheba,  where it consists  mainly  or  entirely of sedi- 
Unit  PESv is relatively  thin  directly  south  and  west of 

mentary  rocks. The sedimentary  section  comprises  .Irkosic 

ing  well-rounded  granite  and  hornblende  feldspar  pcrphyry 
sandstone  intercalated  with  boulder  conglomerate cmtain- 

clasts  in a sandy  matrix of quartz,  biotite  and  felds'?ar.  At 
least  locally,  this  sedimentary  interval  lies  directly  above 
Upper  Cretaceous  volcanic  rocks of the  Powell  Creek  for- 
mation,  and is in  turn  overlain  by  the  upper  basalt  unit of the 
Mount  Sheba  complex.  Sedimentary rocks also o c m  far- 
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Figure 17. Distribution of Tertiary  volcanic  and  sedimentary  rocks  in  the  Taseko - Bridge  River  map  area. 

Photo 51. Mount  Sheha, on the  left-hand  skyline, is  underlain  hy  intrusive  porphyry of Unit PEP, which  comprises  part of the Mxmt 
Sheha  volcanic-plutonic  complex.  View  is  to  the  east-southeast  down Gun Creek,  including  Trigger  and  Hummingbird  lakes.  Stratified 
rocks  in  the  middle  ground,  west of Mount  Sheha,  are  volcanic  and  sedimentary  rocks of the  Powell  Creek  formation,  which  underlies 
the  Mount  Sheha  complex. 
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Photo 52. Intermediate flows and flow breccias of the Mount Sheba  Complex,  northeast of Mount  Sheba. 

ther to the  northwest,  where  green  lithic  sandstone,  con- 
glomeratic sandstone and pebble conglomerate occur as 
relatively  minor  intercalations  within  typical  dacitic  rocks 
of unit  PESv. 

dark  grey,  brown to reddish  brown-weathering  basalt  (Unit 
The upper  part of the Mount  Sheba  complex  comprises 

PESb)  that  outcrops for about 7 kilometres  along  the  upper 

of  distinctly  layered,  flat-lying  flows  and flow breccias  that 
part of the Mount  Sheba  ridge  system. It occurs as a  series 

are one to  several  metres  thick. The basalts  locally  contain 
clinopyroxene  phenocrysts,  and  are  commonly  vesicular or 
amygdaloidal,  with  quartz,  calcite  and  chlorite  amygdules. 
They lie above either dacitic  volcanics or sedimentary  rocks 

an  uneven  paleosurface in the  underlying  rocks  (Payne  and 
of Unit  PESv,  and  locally  seem  to fill depressions,  reflecting 

Russell,  1988). 

cene by Caimes (1943)  and  were  likewise  assigned  to the 
The basalts  of  Unit  PESb  were  thought to be post-Eo- 

Miocene-Pliocene  Chilcotin  Group  by Tipper (1978).  They 

together  with  underlying  rocks  of  Unit  PESv,  they are in- 
are  presently  included in the  Mount Shebacomplex because, 

Schiarizza,  1987;  Payne  and  Russell, 1988). A hornblende 
truded by dacitic  porphyries of Unit PEp (Glover and 

flank of Mount  Sheba  summit,  yielded an Ar-Ar  total  fusion 
separate  from a sample of Unit  PEP,  collected  from  the  west 

Appendix 7, Sample TL-87-1). The volcanic  and  sedimen- 
radiometric  date of 57.2k1.4 Ma (Archibald et al., 1989; 

be very  early  Eocene or older  in  age. As pointed  out by 
tary  rocks of units  PESv  and PESb are  therefore  inferred  to 

Payne  and  Russell,  extrusion of Unit  PESb  basalts  sometime 

between  extrusion of Unit  PESv  volcanics  and  intrusion of 
compositionally  similar  porphyries ofUnitPEpis somewhat 
enigmatic,  and  argues  against  the  porphyry  unit  being a di- 
rect  feeder for the  dacitic to rhyolitic  volcanics. N:verthe- 
less, the  clear  spatial  association of these  three  uilits,  and 

or older  age,  suggests  a  relationship  within  a  perhaps  long- 
their  common  Late  Cretaceous or younger  and  early  Eocene 

lived  and  chemically  complex  volcanic  centre. 

CLUCKATA RIDGE SUCCESSION (PECv) 
Volcanic  and  sedimentary  rocks  assigned to Unit PECv 

outcrop for about 3.5 kilometres  along  the top of (!luckata 
Ridge,  and as a separate  outlier 3 kilometres to the north, on 
the  north  side of Tosh  Creek. In both areas the Teaary suc- 

Creek  formation  and is bounded on the west  by  northwest- 
cession  lies  above  Upper  Cretaceous rocks of the Powell 

striking  faults  (Figure 3). 

medium  grey,  columnar-jointed  feldspar  and  quartz  feldspar 
Unit PECv consists  mainly of dark  brown  weathering, 

porphyry  flows.  These are intercalated  with  light  grcy  quartz 
feldspar  porphyry  flows,  pink  to  grey  quartz-bearing  crystal 
tuffs,  and  breccias  with aphyric and  feldspar-phyric  vol- 

phyric  rhyolite. On Cluckata  Ridge, the  base of the  unit is 
canic fragments and rare  clasts of flow-banded quartz- 

commonly  marked  by a complex  interfingering of laterally 
discontinuous  sedimentary  rocks,  volcanic  flows  and  brec- 
cias overlying an  irregular  paleosurface above the Powell 
Creek  formation (see Plate 3-4-4 of Glover  and  Schiarizza, 
1987). The sedimentary  rocks are light  grey to greenish 
grey,  medium lo thin-bedded  sandstones  and g r a d e  topeb- 
ble conglomerates,  locally  associated  with  thinly  parallel 
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bedded to laminated  ash tuffs, tuffaceous  shales  and  mud- 
stones. Similar sedimentary  rocks occur within  the  succes- 
sion  north  of Tosh Creek,  where  they are intercalated  with 

the  base  of  the  unit. Wood fragments are common  in  the 
the  volcanic rocks at one or more stratigraphic  levels  above 

ered. 
sedimentary intervals, but  no  diagnostic fossils were  discov- 

The  Cluckata  Ridge  succession is not dated, but is 
thought to be  Paleocene or Eocene in age because it clearly 

across  an erosional unconformity,  and is compositionally 
overlies the Upper  Cretaceous  Powell  Creek  formation 

cene intrusions of the Mount  Sheba  complex. 
similar to the volcanic  rocks and  associated  Paleocene-Eo- 

JONES CREEK SUCCESSION @Jv) 

underlie the slopes northeast  of Carpenter Lake,  where  they 
Volcanic  and  sedimentary  rocks  assigned  to  Unit  EJv 

form a conspicuous  belt  of outcrops that crosses the  middle 

cession lies unconformably  above  the  Bridge  River  Com- 
reaches of Jones Creek. This gently  northeast  dipping  suc- 

plex  and is truncated to the  northeast by the  Marshall  Creek 
fault. A small  patch  of  similar  volcanic  rocks  lies  uuconfor- 
mahly above the Bridge  River  Complex I5 kilometres  to  the 
northwest, 2 kilometres  north  of  Liza  Lake. 

The  main  belt  of Unit EJv consists of nearly  1000  me- 
tres of light grey to buff-weathering volcanic flows and 
breccias,  locally  underlain  by several tens of  metres of sedi- 
mentary  rocks. The volcanic  rocks are mainly  hornblende, 

consist of conglomerate,  sandstone  and  shale,  with  local  nar- 
biotite, quartz and feldspar-phyric  dacites. The sediments 

glomerate include chert  with lesser amounts of granitic  and 
row  seams of lignite (McCann,  1922).  Clasts  in  the con- 

felsic  volcanic  rock. 

palynology  was unsuccessful. Garver et al. (1994)  report a 
An attempt to date the basal  sediments of Unit H v  by 

. ~ ~ ~~ ~~~~~ ".. "_ ~ 

zirconfission-trackageof43.5~6.1Mafromvolcanicro~:ks 
in the lower part of the section,  which  they interpret as a 
depositional age. This Middle to Late  Eocene age is con::is- 
tent with the interpretation that the Jones Creeks  volcanics 
are an extrusive  equivalent  of  the  Rexmount  porphyry 
(Drysdale,  1916;  Roddick and Hutchison,  1973),  which  in- 
trudes  Bridge  River schists 3 kilometres  northeast of  the 
volcanic  belt,  on  the opposite side of the Marshall  Crcek 
fault (Figure 17). The Rexmount  porphyry intrudes the 47 

phyry  unit  that  was  intruded into the Mission Ridge fiult 
Ma Mission Ridge pluton,  and  may be equivalent to apor- 

zone late in its Middle  to Late  Eocene movement  history 
(Coleman,  1990). 

BIG SHEEP MOUNTAIN VOLCANICS (EBv) 

crops  on the main  summit  of Big  Sheep Mountain is as- 
Columnar-jointed quartz feldspar porphyry  that cut- 

signed to Unit  EBv. It consists of sparse to ahundaot qurrtz 

a very fine grained,  Iight  grey to buff quartzofeldspathic 
and  feldspar  phenocrysts, up to 2 millimetres  in size, wielin 

groundmass. The porphyry is locally flow banded  and some 

In  the  single  thin  section  examined the quartz phenocrysts 
areas  contain  vuggy cavities lined  with small quartz crystals. 

are euhedral  to  strongly  embayed,  and  both  feldspar p;m 

rhyolite  porphyry is in  contact  with  Lower  Cretaceous mi- 
nocrysts  and  groundmass are largely  altered to sericite.  The 

caceous  sandstones  of  the  Lizard  formation to the  north  2nd 
east, but  to  the  south  and  west it overlies hornblende-bioti te- 
feldspar porphyry  (Unit  Ep) that comprises  part of an elm- 
gate intrusive body that extends for 3.5 kilometres in a 

not well defined, unit EBv is thought to  be  an extlusive or 
north-south direction. Although contact relationships ,Ire 

very  high-level  intrusive  phase  within  this  igneous compb:x. 
These  rocks are not  dated,  but are tentatively  correlated  with 

Photo 53. Red Mountain, viewed from the  south  near  Poison Mountain 
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the compositionally  similar  Middle to Late Eocene Jones 
Creek  volcanics and Rexmount  porphyry. 

RED MOUNTAIN COMPLEX (ERa, E&, ERs) 
The Red  Mountain  volcanic  complex  consists  of  inter- 

layered andesites and rhyolites that  extend  from  Red  Moun- 
tain to beyond the northeastern  corner of  the  map area 
(Photo  53). These volcanics,  as  well as a small outlier  of 
andesitesthatcapsaridgecrest4kilometresson~~-southeast 
of Red  Mountain,  unconformably overlie Unit IKJMc2 of 

poorly  exposed  belt along the northern  boundary  of the map 
the Jackass Mountain  Group. Similar andesites  underlie a 

area, 10 kilometres  north  of  Red  Mountain.  These  rocks are 
separated from the Jackass Mountain  Group  that  underlies 

ing fault. 
the  main  Red  Mountain  volcanic  complex  by an east-strik- 

The volcanic  succession  exposed  at  Red  Mountain is 
ahout  800 metres  thick. It consists mainly of reddish  brown- 

ERa)  that are locally  vesicular  and/or  amygdaloidal  and  in 
weathering, platy to massive,  aphyric andesite flows  (unit 

places me columnar jointed. Flow  breccias  and  brick-red 
regolith  zones locally mark flow contacts.  Massive andesite 
flows at the  base of the succession are porphyritic  and  con- 
tain  phenocrysts  of  pyroxene,  hornblende  and  plagioclase. 
Discontinuous units of light grey to white-weathering  flow- 
banded rhyolite (ERr),  commonly with phenocrysts of 
quartz and/or feldspar, are exposed at three  different  strati- 
graphic levels within the Red  Mountain  succession.  The 

The rhyolites include significant  zones of flow  breccia, ve- 
most extensive unit is locally  more  than  150  metres  thick. 

sicnlar glass  and  glassy  breccia. Siliceous sinter(?)  deposits 
with  botryoidal  textures  occur  locally. 

Sedimentary rocks  (Unit  ERs)  occur  locally  within  the 
Red  Mountain  succession,  where  they  comprise  lenses of 
rusty  brown  and  chalky  white  weathering  thin-bedded  vol- 
canic sandstone and siltstone which  range  up  to  several  tens 
of  metres  thick. The sedimentary  intervals  occur  along  rhy- 
olite-andesite contacts, or as lateral  equivalents of rhyolite. 
Volcanic conglomerate  outcrops at one locality,  2.5  kilome- 
tres  northeast of Red  Mountain  summit,  where it separates 
a rhyolite  unit from underlying  andesite. It comprises  un- 
sorted,  angular andesitic to  dacitic  volcanic  clasts,  up to 80 
centimetres  across,  within a friable siltstone matrix. 

are locally  common  within  the  Red  Mountain  volcanics. 
North-northeast-trending  dikes  of andesite and felsite 

dikes of the same orientation,  and as small intrusive  plugs 
Quartz-biotite-hornblende-feldspar  porphyry  occurs as 

(Unit  Ep).  Flow-banded  rhyolite at the  base of the  volcanic 

cally  grades into similar quartz-biotite-hornblende-feldspar 
succession  (Unit  ERri) is at  least  in  part  intrusive,  and lo- 

Quartz-biotite-hornblende-feldspar porphyry of Unit  Ep 
The Red Mountain  volcanic  rocks  are  not  dated. 

that intrudes andesite 2 kilometres  northwest of Red  Moun- 
tain  bas,  however, beendated(Archibaldetal., 1989).  Hom- 
blende  and biotitefrom a sample of this  porphyry  (Appendix 
7, Sample  TL-87-8) yield discordant Ar-Ar total fusion 
dates of 53.5d.8 and 47.4d.5 Ma,  respectively.  Although 
the  reason for the  spread  in  the  two dates is unknown, an 
Early to Middle  Eocene age i s  indicated. This may be close 

porphyry. 

to the age of  the  volcanic  succession  itself,  given  the.  spatial 
relationship of the  porphyry to the  volcanics  and  the  local 
gradation from flow-banded  rhyolite to porphyry. 1,iarly to 
Middle Eocene K-Ar dates have also been  obtained  on  vol- 
canic  rocks from several localities to the  north  and  northeast 
(Mathews  and  Rouse,  1984;  Church,  1987;  Hickso.1 et al., 

51.5*1.9  Ma on  hornblende  separates  from  dacite at Black 
1991);tbeseincludedatesof48.4+1.6Ma,50.~ji1.8Maand 

Dome  Mountain, 15 kilometres north-northeast of Red 
Mountain. 

NEOGENE  PLATEAU  BASALTS OF THE 
CHILCOTIN GROUP  (MPC) 

Flat-lying  basalt  flows  of  the  Chilcotin  Group (Tipper, 

central  part  of  the  map area where  they  unconformably  over- 
1978;  Bevier,  1983;  Mathews,  1989) outcrop in th,: north- 

lie a variety of rock  units  and structures, including the 
Yalakom fault (Figure  17).  They comprise part of th: south- 
ern  margin of an extensive belt of Early  Miocene io Early 
Pleistocene  plateau lavas that covers about 25 OOCl square 
kilometres of the Interior Plateau of south-central  British 
Columbia  (Mathews,  1989). The basalts outcrop most ex- 
tensively  on a series of  high  plateaus,  including th$Dil Dil 
Plateau,  extending for about  25 kilometres along thk  north- 

tinuous  outcrop  belt is now dissected by the draicages of 
em boundary of the  map  area;  this  presumably once  con- 

Dash, Big and  Nadilla  creeks,  exposing  older,  underlying 
rocks.  The  basalts also occur as two  small  isolated outliers 

peaks  and  ridges farther south,  in the area between  Relay 
south and  southwest  of the Dil Dil Plateau,  and cap several 

and  Tyaughton  creeks. The most extensive exposum in  the 
latter  area  are  on  Relay  and  Cardtable  mountains  and  For- 
tress  Ridge  (Figure  3). 

Within  the  map  area,  Cbilcotin  Group  basalt O:CUTS as 

flows. Individual  flows  typically  range from 1 to ?' metres 
reddish  brown,  grey or brick-red  weathering vesicular 

thick (Photo 54), and commonly  display  pahoehoe  texture 
and  columnar jointing. Fresh  basalt is commonly  medium 

consists  of  variable  proportions  and  combinations of feld- 
to dark  grey, locally light grey, purple or red,  and  g.:nerally 

spar, olivine and  clinopyroxene  phenocrysts  within a very 
fine grained  groundmass. 

Basalts  from  two  localities in the  cluster  between 
Tyaughton  and  Relay creeks  have yielded  Early to Middle 

yielded a whole-rock K-Ar date of 18.6fl.6 Ma  (Mathews, 
Miocene dates. One  sample,  from  Cardtable  Mountain, 

gave a date of 14.2H.4 Ma  by the same method  (Farqnhar- 
1989);  the  other, from  a different outlier  in  the same area, 

son and Stipp, 1969; recalculated using  new  dec,ay con- 
stants).  Regionally,  basalts  included  in the Chilcotil Group 

ranging  from  Oligocene to Early Pleistocene, Eluptions 
by Mathews  (1989)  have  yielded  whole-rock  K-Ar dates 

were  particularly  abundant  during the Miocene,  at '16 to 14 
and 9 to 6 Ma, and during  the  Pliocene  and  Early  Pleisto- 
cene, at 3 to 1 Ma. 

Chilcotin  basalts  varies  from 2230 to 2470 metres in the  area 
Within  the  map  area,  the  elevation of the base of the 

between  Tyaughton and Relay  creeks,  and  generally  from 
2000 to 2430  metres  on  the Dil Dil and adjacent plateaus 

Bulletin 100 81 



Photo 54. Flat-lying  basalt flows of the  Chilcotin Group, east  side  of  the  Dil  Dil  Plateau. 

along  the  northern  boundary  of  the  area. The base is highest 
beneath a small  isolated outlier that caps a mountain  peak 
directly  northeast of Powell  Pass,  where it is at 2590 metres 
elevation. It appears, therefore that the  basalts  were depos- 
ited on a fairly  regular  paleosurface of low to moderate  re- 
lief. Abrupt irregularities are apparent locally, as on the 
southern  margin  of  the  Dit Dil Plateau,  where  paleohills up 

KTp. The thickness of the  basalts is not great; it is apparently 
to 100 metres  high are centred on intrusive plugs  of Unit 

between 300 and 350 metres  where the greatest  vertical  ac- 
cumulation is exposed  on  Relay  Mountain. 

BRIDGE  RIVER  ASH 

canic  ash  are conspicuous throughout  much of the  Bridge 
Deposits of  light  grey, unconsolidated,  postglacial  vol- 

River  valley  and adjacent slopes,  where  they  were first re- 
ported by Robertson  (191  1). The ash  locally attains a thick- 
ness  approaching a metre  in the valley  bottoms  south  and 

thick. It comprises  ash to lapilli-sized  fragments of dacitic 
east of Gun Lake, but is more  commonly 1 to  10  centimetres 

pumice  that contain feldspar and mafic phenocrysts; the 
largest  fragment  seen  during  the  present  study  measured  8.5 
centimetres  across. The ash  was  derived  from  the  vicinity 
of Plinth Peak, 53 kilometres  west-northwest of Gold 
Bridge,  in  the  Pliocene to Recent  Meager  Mountain Vol- 
canic Complex  (Read,  1979;  Green etal., 1988; Stasiukand 
Russell.  1989). The ash  thins  and fines dramatically to the 
east of  the  Bridge  River,  but  has  been  recognized as far east 

as western  Alberta; its known distribution defines a narrow 
fan that extends more  than 500 kilometres  east-northeast of 
Plinth  Peak  (Nasmith ef al., 1967). 

Read  (1979)  assigned the proximal tephra depcNsits 
northeast  of  Plinth  Peak an age of 2350k50 years  BP,  based 
on a radiocarbon date of 2500+50 years BP obtained  from 
the centre of a charred tree within the tephra  (Lowden  and 
Blake,  1978)  combined  with a correction for the appraxi- 
mate  age of the tree. More recent radiocarbon dates fro111 the 

the eruption occurred  between 2704 years BP and  2349 
outer rings of  trees  entombed  within the tephra indicate that 

al., 1995). A comparable age of 233260 years BP is. re- 
years  BP,  and  probably  around 2360 years BP (Clagu,e ef 

ported  by  Leonard  (1995) for the  distal  Bridge  River  ash  in 
southwesternAlberta,basedonavarvecountofvarvedsedi- 
ments  that  enclose the 1 centinetre-thick  ash  layer  in  Hector 
Lake. 

CRETACEOUS AND TERTIARY 
INTRUSIVE  ROCKS 

Intrusive rocks are widespread  in  the Taseko - Bridge 
River  map  area,  where  they  comprise  numerous  mappable 
plutons  and stocks of intermediate to felsic composition, as 
well as abundant felsic to mafic  dikes.  Currently available 
dates indicate that igneous intrusion, at times  associated 
with  volcanism,  occurred  during  much of the interval liom 

These  intrusions  coincided  with majordeformational e\ ents 
the  mid-Cretaceous through to  the  Neogene  (Figure  18). 
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X K-AI or AI-Ar date 
fl U-Pb d a t e  

Dikes 

1 hb-fsp  porphyry cut t ing Ep, Rex Peak 
2 Lamprophyre. Bralorne mine 
3 bio-fsp  porphyry  cutting MJBR, Pearson Creek 
4 Myionllic IelS~c dike with,"  MJmm 
5 ISP Porphyry,  Congress Mine 
6 Microdiorite  porphyry,  Mint0  Mine 
7 bio-lap  porphyry cutting LKgd, Mohawk Showing 
8 hb-fsp  porphyry. Bralorne Mine 
9 cpx-hb porphyry cutting iuKrCe, Beece Creek 

10 Albitite, Bralorne Mine 
11 Sheeted  gabbroic  dlkes  cutting MJBR, Carpenter  Lake 

Figure 18. Summary of isotopic  dates for Cretaceous and Tertiary  intrusive  rocks  in  the  Taseko - Bridge  River map area.  cpx;.clinopy- 
roxene;  hb=homblende;  bi-biotite;  fsp=feldspar. Map unit codes as in  Figure 3. SW=southwest of the Yalakom  fault;  NE-oJtheast of 
the Yalakom fault. 

in the region,  and  spanned the change from a dominantly 
contractional  structural  regime  in  the  middle to Late Creta- 
ceons to one of dextral strike-slip and  normal faulting in the 
latest Cretaceous and  Tertiary. 

Coarse  to  medium-grained equigranular granitic rocks 
make  up the Late Cretaceous  Dickson - McClure batholith 
(LKgd),  the latest Cretaceous  to  Early  Tertiary  Eldorado 
pluton (KTqd)  northeast of the  batholith,  and three Eocene 
plutons (Egd)  that are localized  in  uplift  zones  within  dextral 
strike-slip fault systems.  Overlapping  in age with  these  plu- 
tons are stocks of mid-Cretaceous to Early  Tertiary(?)  hom- 
blende  feldspar  porphyry  (KTp)  and  diorite  (KTd), as well 
as more felsic hornblende-biotite-qua-feldspar porphyry 
stocks of mainly  Paleocene to Eocene age (PEp, Ep). The 
youngest  dated  pluton is a small Oligocene  hornblende  por- 
phyry  stock (Op) east of Lizard  Lake,  although  small  maFk 
plugs (MPmp)  that  may he Neogene  in  age  occur  locally. 
Dikes are mainly  porphyritic  rocks  containing  variable  pro- 
portions  and  combinations of hornblende,  feldspar,  biotite 
and quartz phenocrysts; available dates range from  Late 
Cretaceous  to  Miocene.  Mafic  dikes  also  occur,  and include 
rare, sheeted gabbroic dikes dated as late Early  Cretaceous, 
as well as basaltic  dikes that probably  fed  Neogene  plateau 
lavas.  Lamprophyre  dikes  are, at least  in  part,  Eocene  in  age. 

EARLY  CRETACEOUS  SHEETED GABBA.'OIC 
DIKES 

within  the  map  area:  within the  Bridge  River  Complex on 
Sheeted  gabbroic dikes were  noted at two locations 

the  north side of Carpenter Lake, 8.5 kilometres  west of the 
Terzaghi  dam,  and  within serpentinite milange on the  south 
side of the Shulaps  Ultramafic  Complex, 1 kilomelre  south 
of Shulaps  Peak.  Those  within  the Bridge  River (,:omplex 
comprise a set of  nearly  east-striking,  steeply  dipping  dikes 

2 metres  thick  and typically  display  only  one  chilled margin, 
approximately 15 metres  wide. Individual dikes are lessthan 

commonly  their  southern  contact. The dikes are apparently 
intrusiveintopillowedgreenstoneoftheBridgeRiverCom- 
plex,  although  the  southernmost dike appears  to bl: chilled 
against,  and  to  follow, a linear,  altered  breccia  zone. Some 
internal contacts and  most fracture surfaces in the  dikes  and 
the  enclosing  volcanic  rocks  have  slickensides with highly 

comprise a similar sequence, 15 to 20 metres  wide.  External 
variableorientations. Thedikes within  theShulaps(:omplex 

hut it is not clear if the  dikes  intruded serpentinia or the 
contacts with  serpentinite are sharp  and  possibly  intrusive, 

serpentinite  protolith. 

and  green  amphibole,  clinopyroxene,  saussuritized  plagio- 
In thin  section,  the  dikes are seen  to consist c C  brown 

clase, chlorite, quartz and calcite.  Clinopyroxene rnccucs as 
remnants  largely  altered to green amphibole and  chlorite, as 
rounded  inclusions  in  amphibole,  and as microphe'nocrysts 
within  chilled  margins. The  amphibole occurs as subhedral 
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ing a thin  rind  around  brown amphibole grains. 
to euhedral prisms,  with  green  amphibole  commonly  form- 

dike 1.5 metres thick within the dike complex  north of Car- 
A separate of  brown amphibole from  the centre of a 

peuter  Lake  was  dated by  Ar-AI  step-heating  (Appendix 7, 

Ma, a plateau date of 1 0 5 6  Ma, and a well-defined  corre- 
Sample  TL88-IO). It  yielded  an  integrated  date of 108k7 

sidered the  best estimate of the  cooling age of  the  dikes 
lation  plot  isochron  date of 107k3 Ma;  the latter date is con- 

(Archibald e ta l . ,  1991a). 

(1989a) to be  components  of  the  Bridge  River  and  Shulaps 
The sheeted dikes were  presumed by Schiarizza et al. 

complexes,  respectively,  emplaced  in spreading-centre en- 
vironments  within the Bridge River  and  Shulaps  ocean ba- 
sins. It is unlikely,  however,  that  the late Early  Cretaceous 
date obtained  from the dikes in  the  Bridge  River  Complex 
reflects the age of relict Bridge  River  oceanic  crust,  because 
cherts from the immediate area are Late Triassic in age and 
are only  known to be as young as late Middle  Jurassic for 
the  complex as a whole  (Cordey  and  Schiarizza,  1993; see 
also Appendix  2). It might he argued  that the green  amphi- 

ficient to reset the K-Ar  system of amphibole,  but  there is 
bole rims reflect reheating of the dikes under  conditions  suf- 

no evidence of  such a metamorphic event in  surrounding 
Bridge  River  rocks  which are at prehnite-pumpellyite  meta- 
morphic  grade. It is considered  more  likely  that the dikes 
are the products of a younger  magmatic  event,  and  that  the 
multiple emplacement of the  dikes  provided  the  heat  for 
their alteration. Assuming  that dike intrusion  was not a pro- 
tracted event, the  107  Ma date is thought to provide a good 
estimate of their  age. The sheeted  dikes  in the Shulaps  Com- 
plex are thought to belong to the same suite because  they 
are  virtually  identical  in  composition,  texture  and  general 
appearance. 

in  the  area,  but  none are dated. These may in part be  related 
Gabbroic to diabasic dikes  are also exposed elsewhere 

to the sheeted  gabbroic  dikes,  but  some  diabasic  dikes  are 
clearly  younger  because  they  intrude the upper  Cretaceous 
Powell  Creek  volcanics.  Others  may be older,  such as di- 
abasic  and  gabbroic dikes within  the  Bridge  River  Complex 
that may  in part be intrusive equivalents of basaltic  rocks 
that are widespread  within the complex. 

LATE CRETACEOUS  PYROXENE 
HORNBLENDE  PORPHYRY  DIKES 

blende porphyry dikes were  seen at several localities be- 
A distinctive suite of Late Cretaceous  pyroxene  horn- 

tween  the  head  of Beece Creek  and  Vic Lake These dikes 
cut  the Beece Creek  succession of the  Taylor  Creek  Group, 
and  typically  occur  as  swarms of parallel  dikes  separated by 
thin  screens of sedimentary  rock. The dikes consist of abun- 
dant  hornblende phenocrysts,  locally  to 2 centimetrees  in 
size,  and  fewer  and  smaller  clinopyroxene  phenocrysts,  in 
part  rimmed  by  hornblende,  within a dark  grey to green  fine- 
grained  groundmass. The groundmass  consists of a mesh- 
work  of plagioclase  laths  and  mafic  grains  largely  altered to 
chlorite and  epidote.  Ar-Ar  step-heating of a hornblende 
separate from  one  of  these  dikes  has  yielded a plateau age 
of 91.64 +I .65  Ma (Appendix 7, Sample 86PS-26-9-2).  This 

" 

to the Powell  Creek  volcanics which overlie the Bewe 
date  suggests that these dikes may be part  of a feeder  system 

Creek  succession  in this area. 

DICKSON - McCLURE  BATHOLITH  (LKgd) 
Late Cretaceous granodiorite that  outcrops  over a broad 

area  in  the  southwestern corner of  the  map area is here  re- 
ferred to as the  Dickson - McClure  batholith. It compri,ses 
part of a suite of Late  Cretaceous granodioritic to tonalitic 
plutons that are common  within the eastern part of me south- 
ern Coast Belt (Monger and Journeay,  1994). The n0rth.m 
contact  of  the  Dickson - McClure batholith  trends  roughly 
east-west  near  the  western  boundary  of  the  map  area,  where 
the  granodiorite  intrudes  volcanic  rocks  of  the Taylor Crcek 

kazan  fault. The contact  then  trends  southeasterly for about 
GroupandPowellCreekformation,andtruncatestlleTchai- 

30  kilometres,  from  the  mouth of Denain Creek to the c'm- 
fluence of  Slim  and  Leckie creeks. It intrudes the Powell 
Creek  formation  over  most  of  this  distance,  but  cuts  the Tay- 
lor  Creek  and  Relay  Mountain  groups  in  the  southeast. F r m  

to the  southern  boundary  of  the map area, but  locally di- 
there,  the  granodiorite  contact  has a general southerly  trend 

verges as an east-trending apophysis that extends fr.xn 
Dixon  Peak to the  northwestern shore of Gun  Lake. The 
granodiorite  in  this  area  intrudes  the  Bridge  River  Complex, 
Cadwallader  Group  and  Bralorne-East  Liza  Complex,  and 
truncates  northwest-striking  structures of the  Lajoie LAe 
fault system. 

consists of light grey,  massive, coarse to  medium-grained 
Within the map area,  the  Dickson - McClure batho:.ith 

hornblende biotite granodiorite  of rather uniform  composi- 
tion. The granodiorite is locally cut by dikes  and  small plugs 
of hornblende  feldspar  porphyry, quartz feldspar  porphyry, 
diorite and  granite. 

batholith,  near  Dickson Peak,  have  yielded a U-Pb  crysial- 
Zircons extracted from the southeastern part of  the 

lizationageof92.4G.3 Ma (Parrish, 1992;Sample 86WV-2 
on  Figure  49). A biotite separate from a sample  collected 
about 5 kilometres to the  north,  near Slim Creek, has yielded 

Ma  and 92.34d.15 Ma, respectively  (Gamer et a[., 1934: 
similar Ar-Ar total  fusion  and  plateau dates of 91.35d.21 

Appendix 7, Sample  9 1JG-44). Ar-Ar and  K-AI  radiometric 
dates from  the  northwestern end of  the  pluton are younzer 

known  if  this  reflects  significantly  different  crystal1izat:on 
and  more  variable,  but  in  the  absence of U-Pb data it is .tot 

ages for the  granodiorite, or thermal  overprinting  related to 

nized  within  and  adjacent to the  batholith  in  this area (,ree 
zones  of  hydrothermal  alteration  and  mineralization  recog- 

Chapter  4). These dates  come from Wilson  Ridge, 25 kilo- 
metres  northwest of the  Slim  Creek  locality,  and Grar.ite 
Creek, 10 kilometres farther to the  west, near the westt:rn 
boundary  of  the  map  area. The  sample collected  from  Wil- 
son Ridge gave  Ar-AI  total-fusion dates of  82.1k2.0  Ma on 
hornblende  and 71.8&0.6 Ma  on biotite (Archibald et pl.. 

rates  from  granodiorite  and a crosscutting dike near Grarite 
1989;  Appendix 2, Sample TL-87-4),  whereas  biotite sep- 

Creek  yielded  K-Ar dates of  86.7k2.6  Ma  and  84.7k2.5 MaIa, 
respectively  (McMillan,  1983). 
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HORNBLENDE  FELDSPAR  PORPHYRY 
STOCKS AND  DIKES  (KTp) 

man in  the  map  area,  where  they  form a number of mappable 
Hornblende feldspar porphyry intrusives are very com- 

stocks and plugs and also occur as abundant  dikes. The few 
radiomehic dates available suggest that they  range from 
mid-Cretaceous  to  Paleocene  in  age. 

Hornblende feldspar porphyry is particularly  abundant 
in  the  western  part  of the map area,  where it comprises sev- 
eral large stocks and  numerous  plugs  and  dikes  that intrude 
the  Powell  Creek  formation  and  Taylor  Creek  Group  in a 
belt that extends westward from Warner Lake  and  Big  Creek 
(Figure 3). The porphyry consists of variable  proportions of 
plagioclase and  hornblende phenocrysts  within a grey to 
green aphanitic to very  fine-grained  groundmass.  It  locally 

monly displays varying degrees of chlorite-epidote altera- 
grades into equigranular medium-grained  diorite  and com- 

tion. The three largest stocks in  this  area crop out at  Warner 
Lake, Dome Peak, and Vic Lake.  Only  the Dome Peak 
stock has been  dated.  Hornblende  from a sample  collected 
from FeO Spur, 4 kilometres southwest of Dorrie  Peak, 
yielded  an  Ar-Ar total-fusion date of 64.722.1 Ma (Ar- 
chibald et al., 1989;  Appendix 7, Sample TL-87-6). This 
date suggests Early Paleocene  cooling of the  stock. 

Hornblende  feldspar  porphyry is also common  in a belt 
thatextendsfromupperRelayCreeknorthwestwardtoDash 
Hill,  where it forms  stocks,  plugs  and  dike  swarms  that in- 
trude the Taylor Creek  Group. These porphyries  comprise 
variable  proportions of hornblende  and  feldspar  phe- 

grey  aphanitic  groundmass.  Carbonate,  propylitic  and 
nocrysts,  up to several  millimetres  in  size,  within a massive, 

sericitic alteration is common  in the porphyries  and  adjacent 
country  rocks,  and  the area has  been  explored for porphyry 
copper and  disseminated  gold  deposits.  Hornblende  sepa- 
rated from a small stock  that  intrudes  the  Taylor  Creek  vol- 
canic unit 7.5 kilometresnorth-northeastofRelay Mountain 
yielded an Ar-Ar  plateau  date  of 104.5 i16.6 Ma  (Appendix 
7, Sample TL-87-14).  This  date  has  large  analytical  uncer- 
tainty, but suggests that the  hornblende-feldspar  porphyry 
in this area may be comagmatic  with the Taylor  Creek  vol- 
canics. 

Hornblende  feldspar  porphyries  exposed in and  adja- 
cent to  the Blue Creek  watershed  were  referred to as Blue 
Creek  porphyries by Leech  (1953).  They  locally grade into 
equigranular diorite and  hornblende-biotite quartz diorite. 
They  occur as abundant  dikes  and  small  plugs  that intrude 
both  harzburgite  and  serpentiuite mtlange units  in  the  north- 

in the southern  part  of the complex,  where  they include a 
ern part of  the  Shulaps  Complex. Similar rocks also outcrop 

suite of  hornblendekfeldspar  porphyry  dikes  that  caused lo- 
cal  synkinematic  metamorphism  within  serpentinite 

Two  of  the  largest Blue Creek  porphyry plugs cut the har- 
mtlange (Archibald etal.,  1989,  1990;  Calon el al., 1990). 

zburgite  unit 6 kilometres  west of the  mouth  of Blue Creek 
and  host  the  Elizabeth  and  Yalakom  gold-quartz  vein  sys- 
tems. Ar-Ar step-heating of hornblende  from  the  northwest- 
ern  plug  has  yielded a plateau date of 70.27i5.25  Ma 
(Appendix 7, Sample  TL-89-6).  This may be a more  accu- 
rate cooling  age than a whole-rock K-Ar date  of 58.4 Q.0 
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Ma  reported  by  Church  and Pettipas (1989) for this sanle 
plug. A hornblende  feldspar  porphyry dike thae intrudes ser- 
pentinite  m6lange along the  Yalakom fault, 4 kilometres to 
the  northwest,  has also been  dated.  Fresh  hornblende sepa- 
rates  from this rock  give  an Ar-Ar total-fusion date of 
75.6i2.8 Ma, and a plateau date of 76.5i9.6 Ma liom an 
Ar-Ar step-heating experiment  (Archibald et al., 1989, 
1990;  Appendix 7, Sample TL87-11). As there is no evi- 
dence in the age spectrum of a later thermal overprint or of 
the  presence  of initial argon, these dates are considered  to 
be a reliable cooling  age for the  dike. 

DIORITE PLUGS (KTd) 

Upper  Cretaceous  and older rocks in scattered lcaalities 
Small  plugs  of  diorite, none of  which are dated, intrude 

throughout the northwestern and western  part of the map 

with  hornblende feldspar porphyry  of Unit KTp  in  some 
area. These rocks  in part resemble diorite that is gradational 

large stocks,  and  may be related. They are most conunon in 
the  northwestern  corner  of the area,  where five plugs have 
been  mapped  on  the  west, east and  south  margin+  of the 
Beece  Creek  pluton.  These  plugs intrude the Powe.!l Creek 
formation  and  the Beece Creek  succession of  the Taylor 
Creek  Group.  They  are  locally juxtaposed directly  against, 
and  thought to be intruded  by,  Eocene granodiorits of the 
Beece  Creek  pluton;  however,  contact  relationshipr  are not 
well  exposed. The dioritic rocks  comprise  medium ,!reen to 
grey,  medium-grained, equigranular intergrowths  of mafic 
grains and  plagioclase,  with lesser amounts of inlerstitial 
quartz, opaque grains and apatite, and alteration assern- 

clase is relatively  fresh andesine to labradorite that is in part 
blages  that include epidote, chloriteand calcite. Theplagio- 

normally  zoned.  The mafic grains include hornblende  in  one 
thin  section,  and  clinopyroxene  together  with  uralitic asn- 
phibole  and rare biotite flakes in another. 

of  Lorna  Lake.  There, it intrudes Jura-Cretaceous lacks of 
Diorite also outcrops on the slopes east of the north  end 

the Relay  Mountain  Group  and  structurally  overlying  rocks 
of the Tyaughton  Group,  apparently crosscutting tke thmst 
fault separating  the  two  groups. The medium green, fine to 
medium-grained diorite consists of a meshwork o? suhhe- 
dral  sodic  plagioclase laths intergrown  with raggei grains 
of actinolitic amphibole,  patches of chlorite, epidote and 
leucoxene,  and small grains of apatite, quatz and  calcite. 

sufficiently  large  to be portrayed  on the geological  map, 
The  only other diorite body  assigned to IJnit KTd,  and 

occurs  north of the confluence of  Gun  and  Eldoradc'  creeks. 
There, a small dioriteplug and peripheral dikes intrude shale 

cluded  within  the Bralorne intrusions by Cairnes  (1943), 
and sandstone of  the  Hurley  Formation. This body  was  in- 

who  thought  they  were  Jurassic  in age and  intrusive  into the 
Cadwallader  Group  and  Bridge  River  Complcx.  The 
Bralorne diorite is now  known  to be Permian  in  age  and 
structurally  imbricated  with  the  younger  Cadwallader 
Group,  while the diorite body  north of the  mouth of 1% 
dorado Creek is truly intrusive into the  Cadwallader  Group. 
It is therefore Late Triassic or younger  in  age,  and is tenea- 
tively  included  in Unit KTd,  which is predominantly  Creea- 
ceous or younger. 



British  Columbia .~ 

CRETACEOUS TO TERTIARY  QUARTZ 
DIORITE  STOCKS  (KTqd) 

blende quartz diorite and  granodiorite  of latest Cretaceous 
Equigranular,  medium  to  coarse-grained,  biotite  horn- 

age comprise a small stock  that  outcrops  mainly  west  and 
south of Eldorado  Mountain,  in  the  west-central part of the 
map area. The main  body of this  pluton  intrudes  the  El- 
dorado  fault  and  adjacent  rocks of the  Hurley  Formation, 

The eastern part of the  pluton  intrudes  the  Castle  Pass  fault 
Bralorne-East  Liza  Complex and Bridge  River  Complex. 

zone  and rocks of  the Taylor Creek  Group  which  occur east 

trally offset by about 200 metres from the main  body of the 
of the fault. The eastern lobe of the  stock appears to he dex- 

pluton  across the Castle Pass fault, although  no evidence of 
faulting  was  observed  within  the  pluton  itself. It is also  fault- 
bounded to the east, where it is in contact  with the 'Taylor 
Creek  Group  across another northerly-striking  splay  of  the 
Castle  Pass  system.  Nevertheless,  the  minor  offset,  if  any, 
of the  stock  across the main  strand  of  this  major fault system 

dates most  movement  on  the  Castle Pass fault. This is cor- 
(see Chapter 3), indicates that  the Eldorado  pluton  post- 

roborated by a tight  fold  in  the  Eldorado  fault  where it is 
truncated by the Castle Pass fault. The geometry of this  fold 
suggests that it formed  during  dextral  translation  along the 
younger  Castle Pass fault, and  this  fold is clearly  intruded 
by the  Eldorado  pluton (Figure 3). 

central  part of the  Eldorado  stock  yielded  an  excellent  pla- 
An Ar-Ar  step-heating  experiment  on  biotite  from  the 

teau date of 67.2a.7 Ma  (Garver er al., 1994; Appendix  7, 

older than a Paleocene  date of 63.7i2.2 Ma  obtained by 
Sample  TL-88-17).  This latest Cretaceous date is slightly 

that hosts the  Rohson  polymetallic  vein  occurrence just to 
K-Ar  dating of biotite  from  the  lithologically  similar  plug 

Dikes  and  plugs  of feldspar porphyry  and  biotite-hom- 
the northwest of the  Eldorado  pluton  (Leitch et al., 1991a). 

blende-feldspar porphyry that may he of similar age are 
common  within a broad  zone  adjacent to the Castle Pass 

vicinity  of Castle Peak  and  southward  to  beyond  Carpenter 
fault that extends northward  from  the  Eldorado  pluton  to  the 

Lake  (mapped  as  KTp  on  Figure 3). Whole-rock K-Ar dat- 
ing of dikes  within  this  belt at the  Minto  and  Congress  mines 
yielded dates of 69.4G.4 Ma  and 67.1i2.2 Ma,  respectively 
(Pearson,  1977;  Leitch etal., 1991a).  This  belt of intrusions 
is along strike from  Bendor suite of granodioritic  plutons 
which intrude Bridge  River Terrane to the  south of the  map 

date  (Friedman  and h s t r o n g ,  1990),  and  several l'aleo- 
area. The Bendor  pluton has yielded a 6 3 e  Ma  U-Ph  zircon 

cene to Early  Eocene dates have  been  obtained  by  K-Ar  and 
Ar-Ar  dating of hornblende and biotite  from it and  associ- 

al., 1994). 
ated  plutons  within  the  belt  (Wanless et al., 1978;  Garver et 

A small  plug of altered,  medium-grained quartz diorite 
that intrudes  the  Relay  Mountain  Group 1 kilometre  west- 

It  consists of altered sodic plagioclase  and  quartz,  together 
southwest of Elbow Mountainis also assigned  to  Unit  KTqd. 

altered mafic grains. The intrusive  rocks are locally  silici- 
with clots of chlorite, sericite and  calcite  that may represent 

fied, and  the  plug  appears to he the centre of a zone of py- 
rite-silica alteration that extends for 500 to 700  metres 

~~ 

- 

outward into the adjacent sedimentary  rocks. The plu;: is 
undated,  hut  must be late Early Cretaceous or younger  he- 
cause it intrudes  Hauterivian rocks of  Unit IKRM3; it is p o -  
visionally  included  within  Unit  KTqd  because  its 
composition  and  texture  more  closely  resemble  those of the 
Eldorado  stock  than other intrusive suites in  the  area. 

PALEOCENE TO EOCENE  PORPHYRY 
STOCKS (PEP) 

Rocks  assigned to Unit  PEP  outcrop  mainly in the 
Tyaughton  Creek area, where  they are part of the Mount 

grey  to  white-weathering  porphyritic intrusions, containing 
Sheha  volcanic - plutonic complex.  They  comprise light 

quartz phenocrysts  within  an aphanitic to very fine grained 
variable proportions of feldspar, hornblende, biotite ;and 

quartzofeldspathic  groundmass. These intrusions are most 
common  along a northwest-trending belt, centred  near 
Mount Sheha  summit, that extends from  west  of Spmce 
Lake to Lizard  Creek. Stocks and  plugs  of Unit  PEP within 
this belt intrude the  Mount  Sheha  volcanic  succession as 
well as underlying  rocks  of  the  Powell  Creek  formation m d  
Taylor  Creek  Group. Similar porphyry crops out 8 kiloxne 
tres north  of  Mount Sheha, where a large stock  intrudes Ju- 
rassic  rocks  of  the Last Creek  formation  and  structur;Jly 
underlying  Relay  Mountain  Group  northeast of  up:)er 
Tyaughton  Creek.  This  stock  also intrudes a small area  of 
felsic to intermediate volcanic rocks correlated with  the 
Mount Sheba  volcanics  (Unit  PEsv), and is therefore in- 
ferred to he  an  offshoot or outlier of the  Mount  Sheha ig le- 
ous complex.  Two small porphyv plugs that also intrude 
the Last Creek  formation  and  Relay  Mountain  Group east 
of the  main  stock  may  represent equivalent rocks  dextrally 
offset by the  Fortress  Ridge fault (Figure 3).  Hornblende 
from a sample of Unit  PEP,  collected  from  the  west  flank of 
Mount  Sheha  summit,  yielded  an Ar-Ar total-fusion  date  of 
57.2i1.4 Ma,  suggesting Late Paleocene to Early  Eocf:ne 
cooling  (Archibald etal.,  1989;  Appendix  7, SampleTLII7- 
1). 

tained from porphyritic  intrusions  near  Poison  Mountain, 
Similar  Late  Paleocene  cooling  ages have  been oh- 

northeast of the Yalakom fault. There,  several small stocks 

rating  the  Churn  Creek  and  Yalakom  River drainage hasi.ns 
intrude  the  Jackass  Mountain  Group  near  the divide sepa- 

host  porphyry  copper-molybdenum-gold  mineralization of 
(Figure 3). The  two  western  intrusions,  mapped as Unit PI ?p, 

altered cores of equigranular to porphyritic hornblende 
the  Poison  Mountain  deposit. Thesecomprise relatively  un- 

quartz diorite to granodiorite that pass  outward into biotite- 
altered feldspar porphyry  containing sparse primary  biotite 
and  hornblende  phenocrysts. Sulphides occur  in  the  hioti te- 
altered outer margin  of  the  stocks as well as within adjacmt 
biotite-hornfels of the  Jackass  Mountain  Group (Seraph'm 
and  Rainhoth,  1976).  Hornblende  from  the  unaltered  ccae 
of the  largest  mineralized  intrusion has yielded a K.-Ar dnte 
of 59.3k2.7  Ma,  and  K-Ar dates of  61.4+2.1  Ma a'ld 
57.3k2.0 Ma have  been  obtained  from  primary  hornblende 
and  biotite,  respectively,  within  the  altered  and mineralized 
outer  portion  of  the  stock  (Brown,  1995). 

posit are mapped  as Unit  KTp  on Figure 3. One of these is 
Two stocks that occur east of the Poison  Mountain c:e- 
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a north-trending  body  underlying  Poison  Mountain  itself, 
and  the other outcrops about 3 kilometres  to  the east. These 
stoiks are apparently  unmineralized  but  they,  along  with  the 
adjacent sedimentary  rocks, are locally  chloritized  and  epi- 
dotized.  They  consist ofcrowdedfeldsparporphyrycontain- 
ing large  plagioclase  phenocrysts,  and  smaller and less 
common  hornblende  and biotite phenocrysts,  within a fine- 

ing Poison  Mountain have  yielded  biotite K-Ar dates of 
grained  grey  groundmass.  Samples  from  the  stock  underly- 

that these stocks are of  about  the  same  age  as  the  nlineralized 
58.2S2.0 Ma  and 57.8r2.0 Ma  (Brown, 1999, suggesting 

porphyry  directly to the  west. 

EOCENE  GRANODIORITE  PLUTONS  (Egd) 
Light grey, equigranular, medium to coarse-grained 

hornblende biotite granodiorite to quartz monzonite of Mid- 

Taseko - Bridge  River map area. These are the Mission 
dle Eocene age  occurs as three separate plutons  within  the 

Ridge pluton  in  the southeast comer of the  area,  the  Lorna 
Lake  stock at the head  of  Big  Creek  and  the  Beece  Creek 
pluton  in  the  northwest comer of the area. All  three  plutons 
are in structural settings suggesting  that  they  were  intruded 
and  uplifted during Eocene  dextral  strike-slip  faulting. 

elongate  body of coarse-grained  granodiorite  that extends 
The Mission Ridge pluton  (Potter, 1983) is a markedly 

from 4 kilometres  sonth of the  study area (Coleman, 1991) 

brook  Creek.  It  intrudes  Bridge  River  schists  over  this entire 
for about 30 kilometres  northwestward  to  the  head  of Hol- 

length. The pluton  and  enclosing  Bridge  River  schists are 
separated  from  lower  grade  rocks of the  Bridge  River  and 
Shulaps  complexes to the  northeast,  northwest  and south- 
west by the South Shnlaps, Mission  Ridge  and  Marshall 

truded by the  younger  Rexmonnt  hornblende-biotite- 
Creek  faults. The Mission Ridge granodiorite is itself in- 

bounding South  Shulaps and  Mission Ridge faults. 
quartz-feldspar  porphyry,  which also crosscuts  the 

The Mission Ridge pluton is approximately  concordant 

belt,  hut it locally  transects  foliation  in  the  schists.  Grano- 
with the northwest-southeast  structural  grain of the  schist 

diorite in the interior of the pluton is massive,  but it has 
foliated, commonly  mylonitic  margins  and,  within  the  schist 
belt, is accompanied  by  strongly to weakly  deformed  dikes 
of similar composition (see Photo 10). Fabrics in these  foli- 
ated plutonic  rocks are congruent  with  those  in  the  enclosing 
schists,  and indicate dextral  shear  along  gently  northwest or 
southeast-plunging  stretching lineations (Coleman, 1990). 
Intrusion  of  the  Mission  Ridge  pluton  and  associated  dikes 
is therefore  interpreted to have  been  synkinematic  with re- 
spect to foliation  development  in the surrounding  schists, 

motion along the  Yalakom fault system  (Coleman, 1990). 
which is inferred to have  occurred  during  dextral  strike-slip 

theMissionRidgepluton,fromnearitssouthwestandnorth- 
Uranium-lead  analyses of zircons  from  two  samples of 

east margins  in  the  Bridge  River  canyon,  yielded dates of 
47.5k0.2 Ma  and 47.3+0.2 Ma respectively (Coleman, 

from near the northern end of the pluton has a slightly 
1990; Samples MC89-1  and MC89-3 on  Figure 4.9). Biotite 

younger  K-Ar date of 43.6k2.4 Ma (Wanless ei d., 1978). 
Coleman (1990) also analysed zircons from two grano- 
dioritic dikes  that  intrude  Bridge  River  schists. A strongly 

foliated dike that is concordant with  foliation  in  the  enclos- 

Ridgepluton,yieldedadateof48.5+0.1Ma(Sample~MC89- 
ing  schists  in  the  Bridge  River  canyon,  north of the :.Mission 

2 on  Figure 49); a date of 4624.2 Ma  was 0btain.d from 
a less  deformed dike south  of  the  present  map  area, ,Iear the 
east end of Seton  Lake. She reports that the youn>:er dike 
crosscuts  foliation  in  the enclosing Bridge  River  sch'ists,  but 

indicating northeast-southwest  directed  dextral shew. Dex- 
has a subparallel  mylonitic foliation, with C and S fabrics 

46.5 Ma. Later uplift of the Mission Ridge pluton  and  en- 
tral  shear  within  the schist belt therefore continued tc, at least 

closing schists  was,  in  part,  accommodated  by extmsional 
faulting,  mainly  along the South  Shulaps and  Mission  Ridge 
faults.  Movement along the  Mission Ridge fa.ult pcstdated 
dextral  mylonitic fabrics in the Bridge  River schists and as- 
sociated  intrusions,  but  may  have  predated  dextra':.  strike- 
slip on the Marshall  Creek fanlt and at least par: of the 

uplift of the  Mission Ridge pluton  appear,  therefore, to have 
Yalakom  system  (Chapter 3; Coleman, 1990); intrusion  and 

been  synchronous  with  dextral  strike-slip  faulting. 
The Lorna  Lake  stock intrudes the  upper  Cretaceous 

muJRM1. The pluton  has a narrow  chlorite-epidote: altera- 
Powell  Creek  formation  and, locally, Jurassic rocks of Unit 

tion  envelope  and  minor  associated chalcopylite-m Aybde- 
nite  mineralization.  Fresh biotite from  near  the  northwest 

43.5H.3 Ma  (Archihald ei ai., 1989; Appendix 7, Sample 
margin of the stock  yielded  an  Ar-Ar  total-fusion date of 

TL-87-7). 

Group  and  overlying  Powell Creek formation, as well as 
The  Beece  Creek  pluton intrudes the Taylol. Creek 

several  small  diorite  stocks. A prominent  roof  pendant of 
the  Taylor  Creek  Group  in the southwestern  part  of  %e  plu- 
ton  suggests  that, at least there,  the  present  level  of  erosion 
is close to the  top of the  intrusion. The granodiorite  is  locally 
cut by small  quam-tourmaline-epidote veins and  stoclc- 
works,  and  mafic grains within it are locally  altered I:O chlo- 
rite.  Chlorite-epidote  alteration  is  extensive  in  rocks 
peripheral to the  pluton.  Fresh  biotite from the  plutlm,  col- 
lected  on  the  west side of Beece Creek, just north  of t he map 

chibald et al., 1989; Appendix 7, Sample TL-87-201. 
area,  yielded  an  Ar-Ar  total-fusion date of 43.9M.6 Ma  (Ar- 

The  Beece  Creek pluton  and Lorna Lake stock are ap- 
parently  undeformed, and external contacts are intrusive 
wherever  observed. The nnifom northeastern  contact  of  the 
BeeceCreekplutonappears,howevertobecontinuol~swith, 
and  perhaps  controlled  by, a fault that represents the: north- 
west end of  the  Fortress Ridge fault system.  Fifteen Iilome- 
tres to  the  southeast,  the  Lorna  Lake  stock  was  intrucled into 
a  zone of  complex faults at the southwest end  of th: Chita 
Creek fault system. The intervening  zone,  bounded by the 
northwestern  segment of the Fortress Ridge fault anti  Beece 
Creek  pluton  on  the  northeast.  and  by  the  southeast si:gment 
of  the Chita Creek fault and  Lorna  Lake  stock  on the, south- 
west,  has  been  uplifted relative to surrounding area?, as in- 
dicated by the stratigraphic levels  now  exposed (Fif,nre 3). 
This zone  of  uplift is thought to reflect a left-steppin):  trans- 
fer of dextral motion from the Fortress Ridge fault system 
to the  Chita  Creek fanlt system. The Beece  Creek  anti  Lorna 
Lake intrusions were apparently localized in extmsional 
settings at the  terminations  of  the respective fanlt  systems, 



and  may  now he exposed due to the  broad uplift within  the 

Mission Ridge pluton  was intruded and  uplifted,  hetween 
zone.  This setting may he  analogous to that in  which  the 

the  Yalakom  and  Marshall  Creek faults (Chapter  3).  The 
K-Ar cooling  age on  biotite  from the Mission  Ridge  pluton 

Beece  Creek  pluton.  This  suggests  that  that  intrusion  and 
is identical to those  obtained  from the Lorna  Lake  stock  and 

uplift of these  Middle  Eocene  plutons,  although  localized  in 
different dextral fault systems,  was  approximately  synchro- 
nous over  the entire width  of the map  area. 

MIDDLE TO LATE  EOCENE PORPHYRY 
STOCKS (Ep) 

within a belt that extends  from the Bridge River,  in  the 
Porphyritic  intrusions  assigned to Unit Ep are common 

southeast corner of  the  map  area,  northwestward  about 60 
kilometres to the slopes north  of  Tyaughton  Creek. These 
stocks  and plugs contain  variable  proportions of feldspar, 
quartz, biotite and  hornblende  phenocrysts  within a light 
grey, aphanitic to very fined grained quartzofeldspathic 
groundmass.  They are lithologically  similar  to  the  Mount 
Sbeba  intrusions  (Unit  PEP),  hut are somewhat  younger  in 

in  part  associated  with  volcanic  rocks  (Jones  Creek  and Big 
age. Like the Mount Sheba intrusions, those of Unit 13p are 

also occur locally  within  the  Red  Mountain  volcanic  com- 
Sheep  Mountain  volcanic  successions).  Similar  intrusions 

plex,  northeast  of  the  Yalakom  fault. 

the  southeastern  part of the  map area have  been  referred to 
The felsic porphyritic  intrusions  assigned  to  Unit  Ep  in 

asRexmountporphyry (Drysdale,  1916;Leech.  1953).They 
outcrop  mainly  in  the Shulaps  Range between  LaRochelle 
and  Hog creeks and  may he an  intrusive  equivalent  of the 
dacitic  volcanics  (Unit Wv) that are exposed on the other 

~~ .. . -. 

British Columbia " 

side  of  the  Marshall  Creek  fault, 3 kilometres to the south- 
west  (Drysdale,  1916; RoddickandHutchison, 1973). In the 
southwestern  part  of  this  belt  the  porphyry occurs as dii:es 
and sills cutting  Mission Ridge granodiorite  and adjacmt 
Bridge  River  schists  along  the  northeastern  margin of *e 
pluton.  The  younger  porphyry becomes the  dominant  intru- 
sive  phase to the  northwest,  and extends from the head of 
Holhrook  Creek  10  kilometres  northwestward as a moder- 
ately  northeast-dipping  sheet cutting Bridge River schists 
and  Shulaps serpentinite m6lange (Photo 55). Separate hod- 
ies of porphyry  comprise  the  Hog Creek stock to the  west 
as well as a series of small  plugs extending several  kilome- 
tres  to  the east. Hornblende-phyric felsite that intrudes b')th 
hangingwall  and  footwall  rocks along the  Mission Ridge 
fault south  of  the  Bridge  River  (Coleman, 1989,1990) may 

hut must he younger than the47.4d.3 Ma  (Coleman, 19!)0) 
also he correlative. The  Rexmount porphyry is not dat:d, 

Mission Ridge pluton,  and is older than a 21 S d . 8  Mad k e  
that cuts  the  porphyry east of  Rex Peak (Appendix 7, Satq?le 
DAA-1-12-1). The 43.5k6.1  Ma  zircon  fission-track  date 
that is interpreted as a stratigraphic age for the Jones Crwk 
volcanics  (Garver et al., 1994)  may  also he a reasonaMe 
estimate  of  the age of the Rexmount  porphyry. 

Porphyritic  intrusions  assigned to Unit  Ep  northwest of 
the  Shulaps  Range  include a stock  that  intrudes  the 
Bralome-East  Liza  Complex  and  Cadwallader  Group  north- 
west  of Liza Lake, and  the  Big Sheep Mountain  stock that 

north. The latter stock seems to include several discwte 
intrudes the Taylor Creek Group 2 to 3 kilometres to Ihe 

phases,  including biotite-hornblende-feldspar porphyiy, 
quartz feldspar  porphyry and flow-handed porphytitic rhy- 
olite that  underlies  the  summit of Big Sheep Mountain. Far- 
ther northwest, Unit Ep is represented by two stocks of 

, ~ . ~ 

Photo 55. View  to the south-southwest at Rex  Peak  and  unamed  flat-topped  peak  to  the  north. The peaks  are  underlain hy a sinple 
northeast-dipping  sheet of Rexmount  porphyry.  Darker  coloured  rocks of the  underlying  Bridge  River  schists are exposed  in an erosior.al 
window  between  the 2 peaks. 
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hornblende-biotite-quartz-feldspar porphyry that outcrop 
on  the  slopes  north of Tyaughton  Creek,  west d i t s  conflu- 
ence with  Relay Creek.  The largest  stock  crosscuts the For- 

assigned to unit  PEP farther northwest  which  may be offset 
tress Ridge fault (Figure 3), in  apparent  contrast  with  rocks 

by this same fault. 

are found  mainly  in  association  with  plutons of the same 
Dikes  of  hornblende-biotite-quartz-feldspar  porphyry 

composition,  but also occur elsewhere in  the  map area. One 
such occurrence is a  hornblende-biotite-feldspar  porphyry 
dike that cuts Bridge River chert 4  kilometres  south  of  El- 
dorado  Mountain. A biotite separate from  this d i e  yielded 

TL-90-8).  Light grey to yellowish  weathering,  commonly 
an  Ar-Ar  plateau date of 46.1d.5 Ma  (Appendix  7, Sample 

flow-banded dikes of quartz feldspar  porphyry  show  a  more 
general  distribution, and commonly  form  parallel  swarms 
with dikes of hornblende-feldspar  porphyry.  None  of  these 

Tertiary  intrusions of units  PEP  and  Ep,  although  some  may 
are dated, but it  is suspected that some are coeval with  the 

be older. 
Porphyritic intrusions  assigned to Unit Ep are not  com- 

plugs  and  dikes  cutting  the  Eocene  volcanic-sedimentary 
mon  in  the  Red  Mountain  area,  but  occur  locally as small 

complex. Some of these grade into flow-banded  rhyolite of 
Unit E&. Hornblende  and  biotite  from  a  sample  of  this  por- 
phyry,  collected 2 kilometres  northwest of the  Red  Monn- 
tain  summit,  yielded  discordant  Ar-Ar  total-fusion  dates of 
53.5a.8 and 47.4d.5 Ma,  respectively  (Archibald et al., 

may be caused by excess argon  in  the  hornblende or argon 
1989;  Appendix 7, Sample TL-87-8).  The  spread  in  the dates 

indicated for the  porphyry,  and  probably  also  for  the  enclos- 
loss from the  biotite.  Nevertheless,  a  general  Eocene age is 

ing  volcanics,  with  which it is in  part  gradational. 

PORPHYRY  PLUGS AND DIKES (Op) 
OLIGOCENE TO MIOCENE  HORNBLENDE 

The youngest  mappable  intrusive  body  known  in  the 
area is a  small  stock  (500 m diameter)  that  intrudes  the  Pow- 
ell  Creek  formation  3  kilometres east of  Lizard  Lake. It con- 
sists of light  grey hornblendeporphyry, comprising  slender 
hornblende  needles  within a very fine grained  feldspathic 
groundmass.  Hornblende  from  this  stock  yielded  an  Ar-Ar 
total-fusion  date  of  34.7k1.9 Ma (Archibald el al., 1989; 
Appendix  7, Sample TL-87-16). This Oligocene  date  pro- 
vides  an  upper  limit for faulting  and  alteration  in  this  part  of 

the  area, as it crosscuts  a  relatively late northwest-!rending 
fault and a  rusty  carbonate-alteration  zone  in the Powell 
Creek  volcanics. 

lar hornblende porphyry dike that intrudes Rexmbmt por- 
A younger date was  obtained  from  a  lithologicaily  sinli- 

phyry  (Unit  Ep)  one  kilometre  east-northeast of R<:x  Peak. 
This  dike  consists of black, euhedral  hornb1enJe phe- 
nocrysts  within  a  grey  aphanitic  matrix. A hornblende  sepa- 
rate from  the dike yielded  a Miocene Ar-Ar  plateacG  date of 
21.5d.8 Ma  (Appendix  7, Sample 89DAA-1-12-1'). 

LAMPROPHYRE AND BASALT  DIKES 

phyre,  up to several  metres  wide, are exposed  throughout 
Dikes of dark  brown to grey biotite-phyric  lampm- 

much  of the map  area,  but are not abundant. Their orienta- 
tions are variable,  but  they  generally strike northerly  and  dip 
steeply.  They  have  chilled  margins,  but  their contacts are 
commonly  sheared. Biotite separated from a  lamprophyre 
dike at the Bralorne mine, just south of the map area, pro- 
vided  a  Middle  Eocene K-Ar date of  43.521.5  Ma  (Leitch 
etal., 1991a). 

Dikes  of  dark  grey to green basalt also crop  ont :;parsely 
throughout  the  map area. They are typically vcry fine 
grained to aphanitic,  commonly  vesicular  andlor 
amygdaloidal,  and  locally contain olivine and/or  p:,roxene 

but  they are thought to be feeders,  at least in  par:, to the 
phenocrysts. These dikes  may  encompass  a  number of ages, 

Neogene Chilcotin Group basalts. Leech (1953) reports 
xenoliths of Rexmonnt  porphyry  in  a  basalt dike that in- 

confirming  a post Middle  Eocene age for this  dike. 
trudes  the  Sbulaps  Complex  southeast  of Burkholdta Lake, 

NEOGENE  MAFIC  PLUGS (MPmp) 

grey,  very fine grained,  columnar-jointed  mafic  rock,  occur 
A cluster of three small circular plugs,  comprising  dark 

in  a  northerly  trending  array east of  Eldorado  Creek,  where 
they cut sedimentary  rocks of the Hurley  Formation. A 
fourth  plug  intrudes  the  Hurley  Formation  5  kilometres  far- 
ther  north, east of Spruce Lake. These plugs rnay  rc:present 

gested by Cairnes (1943). A small mafic volcanic  neck  on 
feeder  vents for Neogene Chilcotin  Group  basalts, as sug- 

the  south  branch of Relay  Creek, 2 kilometres nortt.west of 
RelayMonntain,describedbyMacKenzie(19%1),mayhave 
a  similar  origin. 

Bulletin 100 89 



British Columbia _- 

90 Geological Survey Branch 
_- 



Ministry of Employment and Investment 

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- 

_ _  
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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 

96 
.~ 

British Columbia 

- 

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. 

I04 Geological Survey Bronch 



(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 
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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. 
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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- 

~ 

Ministry of Employment and Investment 

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, 

Bulletin 100 115 



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. 

118 Geological Survey Branch 



Ministry of Employment and Investment 

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. 
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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 

BRC=Bridge  River  Complex; CdSadwallader Group: S h S w  
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- 
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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. 
~~~ ~~ ~~~ ~ ~ ~ 
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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 
DOMINANT 

DEPOSIT TYPE CHARACTER 
HlToNnAL METALLIC TEXTmEsei 
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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 
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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. 

Bulletin 100 
_" 

143 



British  Columbia _- 

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- 

Bulletin 100 

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 
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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. 
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CHAPTEIR 5 
TECTONIC  IMPLICATIONS "- 

REGIONAL  CORRELATION AND which extends continuously along the southwest side of  the 
SIGNIFICANCE OF MAIN Yalakom fault for 80 kilometres to Chilko Lake (Figure 39). 

LITHOTECTONIC  ASSEMBLAGES At the southeast end of  this belt, within  the Taseko . Bridge 
River  map area, this clastic succession is inferred to have 

BRIDGE  RIVER  TERRANE been  deposited  above the Bridge River  Complex ($e? Chap- 
ter 2). The Tyaughton  basin  belt is also bounded  on its north- 

Bridge  River  Complex, which includes Mississippian  to  (Riddell eT 1993a,b), indicating that the Bridge River 
Middle Jurassic chert, pillowed  and massive greenstone, Complex probably  underlies, in the subsurface, th3 entire 

River map area encompasses the northwestern end Of the west end of the belt, east of Chilko Lake, are bounded to the 
limestone, clastic rocks  and  blueschist. The Taseko - Bridge belt of clastic sedimentary The exposures at th north- 

to the  northwest is the main exposure belt  of  Jura-Creta- terranes, and are the exposures of tl,e 
ceous clastic sedimentary rocks  of  the Tyaughton basin, Bridge River complex. 

The Bridge River Terrane is represented the West side by sparse exposures ofthe Bridge  River Complex 

mainoutcrop beltoftheBridgeRiverComplex~A1ougstrike north by fault-bounded  panels  OfCadwaIlader  and p/Iethow 

Figure  39. Map showing  the  distribution of major  tectonostratigraphic  elements of the  southeastern  Coast  Belt in the Pemhrton, Taseko 
Lakes and Mount Waddington map sheets.  BRC=narrow  lens of Bridge River Complex east of Chilko  Lake. Map is basec on the 
compilations of Schiarizza et ai. (1994) and Monger and Joumeay  (1994). 



The  Bridge  River  Terrane also includes  local  exposures 
of clastic sedimentary  rocks  assigned to the  Gun  Lake  and 
Downton  Lake  units  in  the  southern  part  of  the  Taseko - 
Bridge  River  map area. These  undated  rocks rest strati- 
graphically above  the Bridge  River Complex,  and are cor- 

Jura-Cretaceous clastic sedimentary  rocks that conformably 
related  with  the Cayoosh  assemblage,  a  thick  succession of 

overlies the  Bridge  River  Complex farther to the south 
(Journeay and  Northcote,  1992; Mahoney and Journeay, 
1993;  Journeay  and  Mahoney,  1994). Parts of  the  Cayoosh 
assemblage, including the Gun Lake unit,  may conelate 
with  the  basal  unit of the Relay  Mountain  Group,  which is 
also inferred to have been deposited directly above the 
Bridge  River  Complex. Parts of the Caywsh assemblage are 
probably  older,  however, as basal  turbidites of the assem- 
blage locally  overlie,  with apparent conformity,  limestone- 
bearing  portions  of  the  Bridge River Complex  which  have 
yielded  Upper Triassic (Norian) conodonts (Journeay  and 
Mahoney,  1994). This suggests that the  onset of sustained 

Bridge River basin. 
clastic sedimentation  was  markedly  diachronons  within  the 

The Bridge  River  Complex  and  overlying  Cayoosh  as- 
semblage  outcrop in a belt that extends for about  150  kilo- 

is truncated bytheFraserRiverfault.Rockscorre1ative with 
metres  southeastward  from  the  Bridge  River area, where it 

prise Permian to Jurassic chert, greenstone and pelite of  the 
the  Bridge  River  Complex  on the east side  of  the fault com- 

Hozameen  Group,  which  outcrops  within the eastern  Cas- 
cade foldbelt of southern British Columbia and  adjacent 
Washington state (Haugerud, 1985; Monger,  1989).  The 
metachert  and  metabasite-bearing  Napeequa unit (Mad 

Metamorphic Core may also correlate with  the  Bridge  River 
River  Terrane)  and  Twisp valley schists of the Cascade 

tentially  correlative  assemblages  include  the  Cogburn 
Complex  (McGroder, 1991; Miller et al., 1993h). Otherpo- 

Group  within the metamorphic  culmination of the  south- 
easternCoastBelteastifHarrisonLake,andtheElbowLake 
Formation  within thenorthwest  Cascadesystem tothe south 

within  this  part  of  the  orogen may correlate with  the 
(Monger  and Journeay, 1994). Structurally higher levels 

Cayoosh  assemblage; these include the Settler schist. of the 

Chiwaukum schist of Nason Terrane within  the Cascade 
southeastern  Coast  Belt,  (Monger  and  Journeay,  1994),  the 

Metamorphic Core (McGroder,  1991)  and  the Danington 
phyllite  and  Shuksan  greenschist-blueschist  of  the  North- 
west Cascades  Thrust  System (Monger,  1991h). 

chert,  basalt  and  limestone  of  the  Deadman  Bay Terrane 
The  Bridge  River Complex  may also correfare  with 

(including  Deadman  Bay  volcanics  and  Orcas  chert,  Bran- 
donetaZ.,1988),whichisacomponentoftheSanJuanthrnst 

close correspondence  in  the  known  ages  of  chert, as those 
system (see Figure  42). This correlation is based  on  a  very 

in  the  Deadman  Bay Terrane are mainly  Permian to Lower 
Jurassic, hut also include a single Mississippian locality 

of hasalts,  which  resemble  tholeiitic  and  alkalic  basalts  of 
(Whetten et al., 1978),  as  well  as  comparahle  geochemistry 

modem Ocean islands (Potter,  1983,  1986,  Brandon et al., 

also includes Upper Triassic limestone,  comparable to most 
1988;  Macdonald, 1990a.b). The Deadman  Bay Terrane 

limestone bodies  in the Bridge  River  Complex, hut also in- 

cludes  Permian  limestone  containing  Tethyan fusilin :ds 
(Brandon et 41.. 1988). 

area is thought to have  accumulated as an accretion--suhduc- 
The Bridge  River  Complex in the Taseko - Bridge  River 

tion  complex  on  the  basis  of its wide age range,  the  appanmt 
lack of an internal stratigraphy,  commonly  observed out- 
crop-scale  tectonic  disruption,  and  presence  of  Middle to 
Late Triassic blneschist.  Accretionary  tectonics,  presnm- 
ably  related to subduction, apparently continued until at 
least  latest  Middle Jurassic time, as cherts of  this age ue 
known to be imbricated  within the complex  (Cordey 2nd 

complex  (Gun  Lake unit and  Relay  Mountain  Group)  (lis- 
Schiarizza,  1993)  whereas clastic rocks which overlie the 

recorded  across  the contact between more coherent sectims 
play a coherent stratigraphy. The  continuous sedimentation 

of Bridge  River  Complex and the overlying Jura-Cretaceous 
Cayoosh  assemblage farther to the south indicates that the 
early to mid  Mesozoic  phase of accretionary  tectonics iid 
not effect all  parts of the  complex or completely close the 
Bridge River ocean  basin.  However, by late Middle Jurassic 
time the  basin  had  narrowed to the extent that  younger sedi- 

rived  from  flanking  arc  terranes  (Mahoney  and  Journeay, 
mentation  was  dominated  by clastic deposits,  perhaps $e- 

1993;  Journeay  and  Mahoney.  1994). A later pulse of sib- 
duction-related deformation  within  Bridge  River Termne 
may be recorded by Early Cretaceous blueschists of the 
Shuksan Terrane of the  North Cascade Mountains,  which 
have  been  correlated  with  the Settler schist and Caymsh 
assemblage  of  the  southeastern  Coast Belt (Monger. 1991b, 
Monger  and  Journeay,  1994).  This episode may  have  led  to 
final  closure of the  Bridge  River  basin,  and  culminated  in 

that characterizes the  sontheastern  Coast - north Cascade 
the  mid to early Late Cretaceous contractional deformation 

ited in the Tyaughton - Methow  basin during this conuac- 
orogen.  Mid-Cretaceous clastic sedimentary rocks deFos- 

River  Complex and  provide the first record of uplift ,md 
tional  deformation  contain detritus derived from the Bri,ige 

erosion of Bridge  River Terrane  (Gamer, 1989, 1992). 

Woodsworth,  1991a)  have  correlated  the  Bridge  River 
Some workers (e& Rusmore etal., 1988;  Rusmore  .md 

Complex with parts of the Cache Creek Terrane, which out- 
crops between  Quesnel and Stikine terranes  in  the  Intermon- 
taneBelt.Althoughthetwoassemblagesarebroadlysimi1ar 
in  structural style and lithologic components,  including 'hi- 
assic  bluescbists, there are also important differences ,hat 

parity  in  the  youngest  known  radiolarian  cherts,  which are 
argue against  their  correlation. The first is a  significant (lis- 

late Middle  Jurassic  in the Bridge  River  Complex  and  Late 
Triassic  in  southern Cache Creek Terrane; Early or Micldle 
Jurassic radiolarians extracted from  the  westem CaEhe 
Creek are in tuffaceous argillite,  and therefore record a dif- 
ferent  type of sedimentation  (Cordey et al., 1987;  Cordey 
and Schiarizza, 1993). A second  important different,: is 
based  on  the structural relationships  exposed  in  the Taszko 
- Bridge  River  map  area  (Chapter 3). which  suggest  !hat 

m e .  This  does  not support the  proposed reconstructions of 
Bridge  River Terrane originated  west  of Cadwallader 7%- 

Rusmore  and  Woodsworth  (1991a)  which suggest that  the 
Cache  Creek - Bridge River basin  lay a of  a  system of 
arcs represented by Stikine and Cadwallader terranes.  Fi- 
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nally,  relationships  in  the  southeastern  Coast  Belt indicate 
that the  Bridge River ocean  basin  remained  open  well into 
the latter part of  the Mesozoic (Joumeay  and  Mahoney, 
1994).  and  that its final collapse,  coupled  with  uplift  and 
erosion of its contents,  did  not occur until  mid-Cretaceous 
time (Garver, 1989,1992). This  contrasts  markedly  with  the 
history of Cache Creek  Terrane,  which  was  uplifted  and 
eroded  following its amalgamation  with adjacent terranes  in 
Early  Jurassic time (Monger et al., 1982). 

The  above differences indicate that  the  Bridge  River 
and Cache Creek  terranes  had  distinctly different mid to late 

Cache Creek  and  Bridge River terranes  contain  remnants of 
Mesozoic  histories.  They do  not preclude  the  possibility  that 

the same late Paleozoic - early  Mesozoic  ocean  basin, or that 
the Triassic component of accretion  within the Bridge  River 
Complex  may  have  somehow  been  linked to that  of Cache 
Creek  Terrane. A late Paleozoic link between  the  two  terra- 
nes is supported by some  faunal data, as Permian  limestones 
within  both  the Cache Creek Terrane and  the  Bridge  River - 
correlative(?) Deadman  Bay  Terrane of the San  Juan  Islands 
contain  Tethyan fusilinids (Monger  and  Ross,  1971). 

CADWALLADER TERRANE 

area of  Cadwallader  Terrane  (Rusmore,  1987;  Umhoefer, 
The Taseko - Bridge  River  map area includes the type 

Tyaughton groups together  with  Lower  to  Middle  Jurassic 
1990),  which  includes the Upper Triassic Cadwallader  and 

rocks of the Last Creek  formation  and  Junction  Creek  unit. 
The chemical characteristics of the  volcanic rock:s, together 
with  the  compositions of associated clastic rocks,  suggest 
that  Cadwallader Terrane represents  part of a Late Triassic 
volcanic  arc  and  associated  Late Triassic to Middle  Jurassic 
fringing sedimentary apron (Rusmore et al., 1988). The 
rocks  of Cadwallader  Terrane are imbricated  with  Permian 
ophiolitic  rocks  of  the  Bralorne-East  Liza  Complex 
throughout  the  Taseko - Bridge  River  map  area.  Together, 

thrust sheet that typically occurs structurally above the 
these two  assemblages  comprise a widespread composite 

Bridge  River  Complex  and  Tyaughton  basin  across  south- 
west-directed thrust faults. The Cadwallader  Terrane - 
Bralome-East Liza  thrust  sheet is in  turn  structurally  over- 
lain by the Shulaps  Ultramafic  Complex in the Shulaps 
Range. 

rane  extend for ahout  35 kilometres south of the Taseko - 
Rocks  that are readily correlated with  Cadwallader Ter- 

Bridge  River  map  area,  where the Cadwallader  Group  and 
Bralorne-East Liza Complex are imbricated  with  Bridge 
River  Complex  and  Cayoosh  assemblage  in  the  southeastern 

west of Anderson  Lake  (Figure 39;  Journeay, 1993). A sepa- 
continuation of the  Eldorado ~ Bralorne  fault system  north- 

rate belt of Cadwallader  Terrane  rocks  outcrops east of 
Chilko  Lake,  about  100  kilometres  northwest  of  Gold 
Bridge  (Figure 39). This  belt consists of  the  Hurley  Forma- 
tionandoverlyingJunctionCreekunit,andisinfaultcontact 
with  Methow Terrane to the  north  and  Bridge  River  Com- 
plex  and  Tyaughton  basin to the  south (Riddell et al., 
1993a.b). It is interpreted as an offset continuation  of  the 
Cadwallader  Terrane exposed  in  the  Camelsfoot Range of 
the Taseko - Bridge  River  map  area,  which  has  been  dis- 
placed  about  115  kilometres  along  the  Yalakom  fault. 

Cadwallader Terrane is inferred to have  originaled east 
of  Bridge  River Terrane because it typically  occur!;  struc- 
turally  above  the  Bridge  River  Complex across son:.hwest- 

paleogeographic  positioning is consistent with  the  ?resent 
directed  thrust  faults  (Chapter  3). This  relative 

distribution  of  terranes  along  the  northeastern  margin of the 
southeastern  Coast Belt in the Camelsfoot  Range  and its 
offset  counterpart east of Chilko Lake,  comprisinj:,  from 
northeast  to  southwest,  Methow,  Cadwal1ade.r  and  Bridge 
River  (Figure  39). It is also consistent with  the inlariable 
structural  association  of Cadwallader  Terrane with ophioli- 

may correlate with  the Spider Peak  Formation  and  Coqui- 
tic  rocks  of  the Bralome-East Liza  Complex, as these  rocks 

Methow Terrane in  the East  Cascade fold  belt to the  soutb- 
halla serpentine  belt,  which  comprise  the  basenent to 

east (Ray,  1986). The  Cadwallader  and Bridge  Rivca  terra- 

rocks  of  the  Tyaughton - Methow  basin  (see later section), 
nes are overlapped by Jura-Cretaceous clastic sedirnentaty 

whereas older arc-related volcanism  and  sedimentation 

duction-related deformation  and  metamorphism within 
within  Cadwallader Terrane overlapped  in  time  with sub- 

Bridge  River  Terrane. It is reasonable to infer,  iherefore,  that 
the  two  terranes may have  been  linked  by  Middle  to  Late 
Triassic time,  with  the Cadwallader arc forming on  5n over- 
riding plate above the Bridge River subduction zonl:. 

A separate  belt containing Upper  Triassi.c awrelated 
rocks  that  have  been  assigned  to  the  Cadwallader  Group 

Bridge  River Terrane (Figure 39). The Triassic rocks of this 
outcrops in the Lillooet Lake area, to the !;outhNest  of 

belt  contain a more  varied  assemblage  of  mafic t3 felsic 
volcanic  rocks  than are found  in  the  type  area of the Cad- 

thick  sedimentary  intervals  that  can be unequivocally cor- 
wallader  Group  (Riddell,  1992), and they do not include 

related  with  the  Hurley  Formation,  which  dominates  expo- 
sures  of  the  Cadwallader  Group  in the vicinity of its  type 
area.  Furthermore,  the Triassic rocks of the I A o o ~ t  Lake 
belt are locally  overlain by Lower to Middle  Jurassic  arc- 
like volcanic  rocks  correlated  with Hamson Lake  Forma- 
tion (Figure  40;  Journeay  and  Mahoney, 1994); which 
contrast  markedly  with  the  Lower  to  Middle  Jurassi:  shales 
of Cadwallader  Terrane  in its type  area to the  northeast  (Urn- 
hoefer,  1990;  Riddell etal., 1993a;  this  report). Alorg strike 
tothenorthwestoftheLillooetLakebeltisanoZhersc~uence 

which  has  been correlated with Stikine Tenane (Mount 
of Triassic arc  volcanics  (Niut  belt  of  Figures 39 2nd  40), 

Moore  and  Mosley formations, Rusmore  and'Woodsworth, 

Lake  belt  on  the  basis of general  lithologic  similarity,  their 
1991a). Theserocksmaycorrelatewiththoseofthe Lillooet 

along strike position,  and the presence of Triassic:  quartz 
dioritic intrusive rocks within both belts (Riddell, 1992, 
Mustard  and  van  der  Heyden,  1994).  Furthermore,  the  Tri- 
assic  successions  within  both belts are associat,:d  with 
younger  sequences of volcanic  and  sedimentary  rocks  that 

(Cerulean  Lake  unit of the  Lillooet  Lake  belt,  Riddeil,  1992; 
may correlate with the Lower  Cretaceous  Gambier  Group 

Rusmore  and  Woodsworth,  1989).  The  relationship  of  the 
Ottarasko and Cloud Drifter formations of the  Niut  belt, 

Lillooet  Lake  and  Niut belts to the type Cadwallader  Group 

River  Terrane.  Their  present  distribution  (Figure 39) sug- 
is uncertain, as they are presently  on  opposite  sides ofBridge 
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Figure 40. Correlation  chart of tectonostratigraphic  assenlhlages  in  the  southeastern  Coast  Belt.  Harrison  Terrane (Arthur ef al., 1993): 
lKBH=Brokenback Hill Fm; lKP=Peninsnla Fm; uJBC=Billhook  Creek  Fm;  mJMC=Mysterious  Creek  Fm; I ~ I I L = H ~ ~ ~ s o I I  Lake  Fm; 
wCC= Camp  Cove  Fm.  Lillooet Lake Belt  (Riddell,  1992;  Journeay and Mahoney,  1994): JKCkCemlean Lake unit; JKCY=Cayoosh 
assemblage;  loLIHL=Hanison  Lake Fm; u7;C=Cadwallader  Gp.  Niut  Belt (Rusmore and  Woodsworth,  1991a;  Umhoefer ernl., 1!)94): 
IKCD=Cloud  Drifter  fm;  lKO=Ottarasko  fm; uW=Mosley  fm; moTMM=Mount Moore fm. Tyaughton  Basin  (this  study): uKpC=p~,well 
Creekfm;  IuKSQSilverquickfm; IKTC and luKTC=TaylorCreekGp;  IKtvscTosh  Creeksuccession; IKRM~, JKRM2 and mulRMl.=Re- 
lay  Mountain  Group.  Bridge  River  Terrane  (this  study;  Mahoney  and  Journeay,  1993;  Journeay  and  Mahoney,  1994):  JKCl'=Cayoosh 
assemblage;  h'LlBR=Bridge  River  Complex,  Cadwallader  Terrane  (this  study):  JKG=Gmuse  Creek unit: ImJLC=Last  Creek fm; 
ImJJC=Junction  Creek  unit;  ul;T=Tyaughton Group; uTC=Cadwallader  Group.  Ophiolitic  Complexes  (this  study):  PBEL=BrdlorneEast 
Liza  Complex:  PSM=Shnlaps  serpentinite  m6lange  unit;  PSH=Shulaps  harzhurgite  unit.  Methow  Terrane  (this  study;  Coates,  1974; 
O'Brien, 1986, 1987;  Ray,  1986;  Schiarizza et ai., 1995;  Schiarizza,  1996):  lKJM=lackass  Mountain  Group;  JKRM=Relay  Mountain 

uk=upwr Triassic  rocks  along  Tatlavoko  Lake;  Tqd=Mount  Skinner  Igneous  Complex;  SP=Spider  Creek  formation;  Cq=Coquihalla 
Group; u.lTL=Thunder Lake  sequence;  mJs=Callovian  shale unit; ImJD=Dewdney creek Fm;  lmJH=Hucklebeny hn, Imn=*adne:: Gp; 

serpenlie belt. 

gests the possibility  that the Lillooet,  Niut  and  Cadwallader 
belts are components of a  once-continnous arc system  that 
bounded  the Bridge River ocean  basin to the  west,  north  and 
northeast.  Alternatively,  the  Lillooet  Lake - Niut  belt  and 
the  Cadwallader  Terrane  may  represent  completely  differ- 

River ocean  basin.  Other  interpretations are also possible, 
ent arc sequences  that formed on opposite sides of the  Bridge 

but must be consistent  with the contrasting  structural  posi- 
tions of the  type  Cadwallader  Terrane  and the Lillooet Lake 
belt, on opposite  sides  of  Bridge  River  Terrane. One other 
way to achieve  this  distribution is by  pre-Hauterivian  sinis- 
tral  displacement of thenorthern portion of the  Cadwallader 
arc  system to a  more  southerly  and  outboard  position  now 
represented  by  the  Lillooet Lake belt (e.g. Monger et al., 
1994). 

Conglomerates  exposed in the Iutennontane Belt  north 
of  the  Chilcotin  River,  more  than 100 kilometres  north of 
the  type area of the  Cadwallader  Group,  were conelated 
with  the  Hurley  Formation by Rusmore  and  Woodsworth 
(1991a),  although  they  did  not  map  the  area or study the 

- 

conglomerates  in  detail. The correlation is based on gensral 

and  plutonic  rock  fragments,  and the presence of rare cllsts 
similarity of clast  types,  which include limestone, vo1c;mic 

of bright greenish-turquoise-coloured siliceous tuff that ap- 
pear  identical  to  those in the  type  area  of  the  formation @:us- 
more, 1985,1987). This area was subsequently  mapped by 
Read  (1992,1993),  who  established  that  the  conglomerates 
are in the  upper part  of a  thrust-imbricated  succession  that 
lies  structurally  beneath  the Cache Creek Terrane, and in- 
cludes  Mississippian to Pennsylvanian  greenstone with mi- 
nor  limestone  lenses,  Upper  Permian  felsic to m;lfic 
volcanics, Late Permian quartzmonzonite, granodiorite  and 
diorite,  Middle  to  Upper  Triassic  limestone  and  associated 

and quartz-bearing  feldspathic  sandstone,  and  Lower Juras- 
siltstone  and  calcareous  sandstone,  undated  conglomerate 

erates, which have yielded  a limestone clast c$ontairling 
sic shale (Bald  Mountain Belt of Figure 39). The 8congl.xn- 

Middle to Late Triassic  conodonts, were correlated  witk  the 
Hurley  Formation  by  Rusmore  and  Woodsworth  (1991a), 
butwereassignedaJurassicagebyRead(1992,1993).More 
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relationofRusmoreandWoodsworth,andrefertotheentire 
recently,  however,  Read et al. (1995)  have  accepted  the cor- 

Mississippian to Jurassic  succession  within  the  Bald  Moun- 
tain  belt as Cadwallader Terrane.  Nevertheless, we consider 

Bald  Mountain belt are dissimilar to those assmiated with 
the correlation suspect,  in  part  because  the olderrocks of  the 

Cadwallader  Terrane in its type area. An alternative  corre- 
lation,  more consistent with the overall stratigraphy  of  the 
Bald  Mountain  belt, as well as its structural  position  beneath 
Cache Creek  Terrane, is that  the Late Permian mafic to felsic 
volcanics  and  associated intrusions correlate with  similar 
Late Permian to Early Triassic bimodal  volcanic  rocks  and 
associated intrusions of the Kutcho  Formation  (Thorstad 
and  Gabrielse,  1986;  Thompson ef ai., 1995)  in  northern 
British Columbia  and  potentially  correlative  rocks of the 
Sitlika assemblage (Paterson,  1974)  in central British  Co- 
lumbia. If this  correlation is correct,  then the Triassic lime- 
stone and  associated  conglomerates,  sandstones  and  shales 
of theBaldMountain heltmightcorrelate withlithologically 
similar Triassic and Jurassic rocks of the  Sinwa  and  Inklin 
formations,  which overlie the Kutcho  Formation. 

METHOW TERRANE 
Within  the Taseko - Bridge  River  map  area,  Methow 

Terrane consists of  Lower  to  Middle  Jurassic  sedimentary 
and  local  volcanic rocks that correlate, at least  in  part,  with 
the Dewdney Creek Formation of the Ladner  Group, to- 
gether with overlying Lower  Cretaceous  clastic  sedimentary 
rocks of the Jackass Mountain  Group.  This  follows  the  defi- 
nition  of  Methow Terrane by  Wheeler et al. (1991).  and is 
consistent with the distinctive lithologic  and  stratigraphic 

succession,  when  compared to coeval  rocks  ofBridge River 
attributes of  both the Jurassic  and  Cretaceous  parts  of  the 

provenance studies of Garver  (1989,  1992)  and  Garver  and 
and  Cadwallader terranes and the Tyaughton basin. The 

Brandon  (1994)  indicate,  however, that the  Jackass  Moun- 
tain  Group correlates with  parts  of  the  Taylor  Creek  Group 
of theTyaughton basin.  Furthermore,  Jura-Cretaceous  rocks 

River map  area correlate with the Relay  Mountain  Group  of 
within parts of  Methow Terrane outside  the Taseko - Bridge 

the  Tyaugbton  basin  (Schiarizza et al., 1995).  which  over- 

rassic to Lower  Cretaceous  rocks  included in Methow 
lies Bridge River and  Cadwallader  terranes. The Upper Ju- 

Terrane are therefore part  of  an  overlap  assemblage  that 
links  the  lower  part of the  terrane  with  Bridge  River  and 

later section  on the Tyaughton - Methow  basin,  whereas  the 
Cadwallader  terranes. These rocks  will be discussed  in  a 

term  Methow Terrane is retained for Middle  Jurassic  and 
older rocks,  which  will be discussed  here. 

Methow Terrane, together  with  overlying  Jura-Creta- 
ceous clastic sedimentary  rocks  comprising the Methow 

northeastern element of  the  southeastern  Coast - north  Cas- 
portion  of the Tyaughton - Methow  basin,  cornprises  the 

cade orogen  from  the  vicinity of Chilko  Lake  southeastward 
to northern  Washington  state (see Figure  31).  Within  the 

Lower to Middle Jurassic rocks of Methow Terrane consist 
Eastem Cascades fold belt, east of  the  Fraser  River  fault, 

of  mainly  fine-grained clastic sedimentary  rocks of the  Lad- 
ner  Group,  which  in its upper part includes  a distinctive as- 
semblage of upper  Toarcian to Bajocian  volcanic  and 
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sedimentary rocks assigned to the Dewdney  Creek  Forma- 

includes  a  proximal eastern facies that includes arc-related 
tion  (O'Brien,  1986,1987). TheDewdney  CreckFolmation 

pyroclastic mcks and lava flows together with  clastic s e d -  
mentary  rocks,  and a more distal  western facie!; that consists 
of  volcanic-derived  coarse-grained  sandstones  and  con- 
glomerates intercalated with  thin-bedded sandstone, silt- 

rocks  are  markedly different from  age-equivalent strata 
stone  and argillite (Mahoney,  1993). These Middle  :'urassic 

found  within other major  tectonostratigraphic  assemblages 
of  the  southeastern Coast Belt, as the Middle Jurasric por- 

coarser clastics and no volcanic rocks (Umhoefe!;  1990; 
tion of Cadwallader  Terrane is predominantly shale with no 

Bridge  River  Terrane is mainly  chert  (Cordey  and 
Schiarizza et al., 1993b). and the Middle Jurassic of the 

Schiarizza,  1993).  The  base of the Ladner Group is exposed 
locally,  where  it  rests stratigraphically above ;% seqtence of 

m k  assigned to the Spider Peak  Formation and Coqnihalla 
ocean floor basalts and associated  gabbro and ultramafic 

serpentine belt  (Ray,  1986). These basement rocks are not 
directly  dated,  but  may  in  part be Lower Triassic if interpil- 

of  an  Early Triassic chert clast within  the overlying Ladner 
low  chert breccias in  the Spider Peak  basalts  were th~: source 

Group  (Ray,  1986). 

Terrane comprises p a t  of a belt  that  has  been  traced con- 
Within  the Taseko - Bridge  River  map  area,  Methow 

tinuously for about 140 km (see Figure 31). It is separated 
from  adjacent  tectonostratigraphic  assemblages of the 
southeastern  Coast Belt to the southwest hy the  Yalakom 

Terrane m k s  in  the East  Cascade fold belt along ths: Fraser 
and Camelsfoot faults,  and is offset from the k,lt of  Methow 

River fault. The Jurassic rocks (including Units ImJys,  mJcs 
and mJyv of this report) are correlated with the D:wdney 
Creek  Formation  (specifically the western facies of Ma- 

jocian  age range, and stratigraphic position. bemath the 
honey,  1993)  on  the hasis of  lithology, late Toarcia to Ba- 

Jackass  Mountain  Group (Schiarizza et al., 199Oa;  Ma- 
honey,  1992,  1993). Older rocks, equivalent to the Boston 
BarFormation of  O'Brien (1986,1987) havenotbemposi- 
tively  identified  within  this  belt,  but  might be reptesented 
by shales and siltstones  in the lower part of lhe fadt slice 
that crosses Swartz  Lake (Figure 3). 

were included  in Cadwallader  Terrane by Plheeha et al. 
Lower to Middle  Jurassic  rocks  in the Chilko L k e  area 

(1991)  but  are  assigned  to  Methow Terrane by  Ridd:ll ef al. 
(1993a)  and Schiarizza et al. (1995)  (Figure 39). 'This as- 
signment is based  on correlation of  Aalenian to E.ajocian 
rocks  within  the  succession,  which include thick  beds of 
volcanic-derived  sandstone  and granule  conglomfrate, as 
well  as  local  occurrences of andesitic breccias, hiffs and 
flows,  with  the  Dewdney  Creek  Formation. 11: is consistent 
with  their stratigraphic position  beneath  the  Jackas!  Moun- 
tain  Group, as well as with  structural  arguments  which in- 
dicate that these rocks are an  extension of the Methow 
Terrane belt exposed in the  Taseko - Bridge River m ap area, 

Yalakom fault (Riddell et al., 1993a). The Jurassic ::ocks of 
offset by 115 kilometres  of  dextral  displacement along the 

Methow Terrane west  of Chilko Lake are locally  underlain 
by Upper Triassic shallow  marine to nonmarine clastic 
rocks, including  granitoid-bearing  conglomerates, that 
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overlie quartz  diorite  plutons  of early Late Triassic age 
(Schiarizzaetal., 1995;  Schiarizza, 1996).TheseUpperTri- 
assic rocks resemble parts of the Tyaughton Group  (Cad- 
wallader Terrane) in lithology  and faunal content  (Tipper, 

Methow  terranes are different facies of a single arc - basin 
1969).  which suggests the  possibility that Cadwallader and 

system. This is consistent with  their  shared  paleogeographic 
position east of Bridge River Terrane, and the  fact  that  both 
terranes include arc volcanics  that are coeval with subduc- 
tion-accretion  tectonics  within the Bridge  River  Complex. 

OPHIOLITIC ASSEMBLAGES 
Late  Paleozoic ophiolitic rocks  in  the  Taseko - Bridge 

River  map area are assigned to either the  Shulaps  Ultramafic 

Complex  includes  most  of  the  elements  of a complete 
Complex or the  Bralorne-East Liza Complex. The  Shulaps 

ophiolite succession,  but  the  original igneous stratigraphy 
has  been  dismembered  and  largely  inverted  during  struc- 
tural  telescoping. The internal deformation  was  apparently 
coincident with thrnstemplacementoftheShulapsComplex 
above  Cadwallader  Terrane  and the Bralorne-East Liz, 
Complex,  which  lie  beneath the Shulaps  complex  across a 

headwaters  of East Liza  Creek. Other external contacts are 
southwest-vergent thrust  system  that is exposed  near  the 

younger  strike-slip  and  normal  faults  related to theYalakom 
- Marshall  Creek fault system.  Greenstone,  gabbro,  diorite 

imbricated with Cadwallader  Terrane  throughout the 
and  associated  rocks  of  the Bralome-East Liza  Complex are 

related  with  plutonic  blocks found within  the  Shulaps  ser- 
Taseko - Bridge  River  area (Figure 8). These rocks are cor- 

pentinite  m6lange unit on  the  basis of lithologic  similarity 
and coincident isotopic ages. 

Wright ef al., (1982)  included  the  Shulaps  and 
Bralorne-East  Liza  complexes  in  their  Bridge  River 
Ophiolite  assemblage,  and Potter (1983,  1986)  included the 
Shulaps  Complex within  Bridge River Terrane  and  inter- 
preted it to be a fragment of oceanic mantle  and c m t  that 
formed the basement to the Bridge River  Complex. The 
structural  relationships  documented  during  the  present 
study,  however, indicate that  the Shulaps and  Bralorne-East 
Liza  Complexes are thrust  above  and  imbricated with Cad- 
wallader Terrane, and  that theBridge River  Complex  occurs 
at a lower structural level, beneath Cadwallader Terrane, 
within the southwest-vergent  thrust stack generated  in  mid- 

laps  and  Bralorne-East  Liza  complexes  are  not part of 
Cretaceous  time. These relationships  suggest  that  the  Shu- 

Bridge River Terrane,  hut,  rather,  represent oceanic crust 
that  originated  beneath, or east of,  Cadwallader  Terrane. 

Greenstones  and  gabbros of the Bralome-East  Liza 
Complex  and  Shulaps serpentinite melange  unit  are li- 

Peak  Formation  and  associated  Coquihalla serpentine belt 
thologically  and chemically similar to those  of the Spider 

Cascade fold  belt  (Ray,  1986).  Derivation  of  the  Shulaps 
which  comprise the basement  to  Methow Terrane in  the  East 

Complex  from  Methow  Terrane is possible  given  that the 
Shulaps Complex is the structurally  highest  and  presumably 
most  easterly-derived element of the  mid-Cretaceous  thrust 
stack exposed  west of the  Yalakom fault. Furthermore, 
when  the  115 kilometres of dextral displacement  known 
from other correlations is restored along the  Yalakom - 

Hozameen fault system  (after it is restored to a single fault 
by removing 70 to 80 kilometres  of  dextral offset along )he 
Fraser  River fault) the Shulaps Complex and Coquihalla ser- 
pentine belt are brought  together (see Figure  31).  Assuming 
that  this  correlation is correct,  the  intimate.  relationship Ibe- 
tween  Cadwallader  Terrane  and the Bralorne-East  Liza 
Complex  may  reflect  their  imbrication  within a wide dup lex 
zone generated  during  obduction of the Shulaps ophioiite 
above  Cadwallader Terrane.  Alternatively, or in additim, 
this  intimate  relationship  may reflect a stratigraphic rda- 
tionship  between Cadwallader  Terrane and the Ikalorne- 
East  Liza  Complex,  which  would  indicate  that the 
Cadwallader  and  Methow  terranes  were  deposited  above  the 
same or similar  oceanic  basement. 

A model  consistent  with  the  structural  relationships md 

East Liza  and  Coquihalla complexes as part of an ocemic 
correlations summarized  above has the Shulaps, 13ralome- 

plate that  originated to the east of a separate oceanic plate 
from  which the Bridge River  Complex  was  derived. Trias- 
sic-Jurassic  subduction of the Bridge River plate bencath 
the Shulaps plate formed  the Bridge River accretion-mb- 
duction  complex,  and also generated  the Late Triassic and 
Middle  Jurassic  arc  magmatism that formed  Cadwallader 
and  Methow  terranes on the overriding plate. 

TYAUGHTON - METHOW  BASIN 
The Tyaughton - Methow  basin is a belt of Jura-Cleta- 

ceous clastic sedimentary rocks that occurs along the nmh- 

where it was  deposited  above Bridge River,  Cadwallader 
east side of the  southeastern  Coast - north Cascade orozen, 

and  Methow  terranes. The basin  developed  in  two disinct 

of predominantly  shallow  water  marine deposition in Late 
timeintervals.Theolderp~recordsarelativelylc~ngperiod 

Jurassic  and  Lower Cretaceous time, that postdated a pro- 
tracted episode of Triassic-Jurassic  accretionary tectcmnics 
within the Bridge  River  Complex.  Rocks  deposited in this 
time interval are only locally  exposed, in part becau!:e of 
erosion represented by a widespread  mid-Cretaceous un- 
conformity to disconformity  (Schiarizza et al., 1995). The 
upper pan of the  basin comprises mid-Cretaceous  syrtoro- 

this  unconformity. These rocks  were  partitioned  into  two 
genic  clastic  sedimentary rocks that were deposited amve 

stratigraphically  distinct  sub-hasins,  Tyaughton  and 
Methow, that were  separated  by an intervening  landmass 
uplifted  during  Cretaceous  contractional  deformation 
(Garver,  1989,  1992). 

Within  the  southeastern Coast - north Cascade  omgen, 
the lower  part of the  Tyaughton - Methow  basin is k t  ex- 

represented  by theRelay Mountain  Group. The stratigmphic 
posed  in the Taseko - Bridge  River  map area, ,where it is 

base  of  the  group is not  exposed  in  this  area  hut, a r  discussed 
in  Chapter 2, there is strong evidence that it was depcNsited 

Complex  underlies the main belt of  Tyaughton  basin rocks 
above the Bridge  River  Complex, and that the Bridge river 

that extends from  the  present study area northwestwud to 
Chilko  Lake. This interpretation implies correlation of  the 
Relay  Mountain  Group  with at least parts of the  Cayoosh 
assemblage,  which overlies the Bridge River  Complex to 

honey,  1994). This correlation is supported by the  lithologic 
the  south  (Mahoney  and  Journeay,  1993;  Journeay and Ma- 
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Group and  the  Gun Lake unit  (Cayoosh assemblage) ex- 
similarity between the basal unit of the Relay  Mountain 

posed  in the southern part of  the Taseko - Bridge  River  map 
area,  and by the  presence of Lower  Cretaceous  Buchia-bear- 
ing sandstones  in the upper part of the Cayoosh  assemblage 
farther to the southeast (Journeay  and  Mahoney,  1994).  The 
Jura-Cretaceous,  Buchia-bearing  Truax  Creek  conglomer- 
ate may also represent a Relay  Mountain-correlative  within 
the  Cayoosh assemblage directly south of  Carpenter Lake, 
but,  because it occurs as a fault-bounded lens,  stratigraphic 
relationships  have  not  been  established. 

Although  the  main  belt  of  Tyaughton  basin  rocks  within 
and northwest  of the Taseko - Bridge  River map area is in- 
terpreted  to have been  deposited  above the Bridge  River 
Complex, Jura-Cretaceous siltstones and  fine-grained  sand- 
stones that are exposed  locally  in the Camelsfoot thrust belt 
(Grouse  Creek unit of  this  report) are in  apparent  strati- 

separate belt of Relay  Mountain  Group  rocks  that is well 
graphic contact with  Cadwallader  Terrane.  Furthermore, a 

exposed 100 kilometres  northwest of the  type  area,  between 
Chilko  and Tatlayoko lakes (Tipper,  1969a;  Figure  39), is 
in  stratigraphic  contact  with  Middle Jurassic rocks  that are 
correlated  with  the  Dewdney Creek Formation of Methow 
Terrane (Schiarizza e? al., 1995).  Correlative  Late  Jurassic 
Buchia-bearing  sandstones also occur within the Methow 
Terrane belt of the  Eastern  Cascades  fold  belt,  where  they 
were  assigned to the Thunder Lake  sequence by O'Brien 
(1986,  1987)  and inferred to disconformably overlie the 
Ladner Group.  Within  the same belt,  however, a separate 
interval of Upper Jurassic argillites containing  thin  Buchia- 
bearing  sandstone  horizons is included  within  the  Ladner 

ous Lower to Upper Jurassic sedimentary interval (Ray, 
Group  and  inferred to represent the upper  part of a continu- 

1986). 

tain Group  and correlative rocks  overlap  Methow,  Cadwal- 
The  above relationships indicate that  the  Relay  Moun- 

lader and Bridge  River  terranes.  Age-equivalent  rocks are 
largely absent  from the westem part of the southeastem 
Coast Belt (Niut  and  Lillooet  Lake  belts  of  Figure  39) al- 
though correlatives may occur locally, as Joumeay and  Ma- 
honey (1994) suggest that an undated  succession  of 

Lake  belt  may  comprise part of the  Cayoosh  assemblage 
volcaniclastic  sandstones  and siltstones within the Lillooet 

tain  Group  occur  locally  within  the southwesternCoastBelt, 
(Figure 40).  Rocks that may correlate with  the  Relay  Moun- 

where  they comprise the  Mysterious  Creek, BillhookCreek, 
Peninsula  and  lower  Brokenback  Hill  formations  of  Harri- 
son Terrane (Arthur et al., 1993). These upper  Middle Ju- 
rassic to Lower  Cretaceous  rocks include shales,  sandstones 
and  conglomerates that are lithologically  similar to the  Re- 
lay  Mountain  Group,  but  the  succession also contains  vol- 

Mountain  Group.  They rest stratigraphically  above the Har- 
canic tuffs and  breccias  that are not present  within  the  Relay 

rison  Lake  Formation,  which is intruded  by the easternmost 
representatives  of a suite of Late Jurassic  plutons that ex- 

rocks  of  Wrangellia Terrane along  the  western  margin of the 
tends  across  the entire southwestern  Coast  Belt,  and  intrudes 

belt  (Nelson, 1979; Monger,  1991a;  Monger  and  Journeay, 

Formation  do correlate with the Relay  Mountain  Group, 
1994).  Therefore, if the  rocks  overlying the Harrison  Lake 
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they link the terranes  of  the  southeastern  Coast Bdt with 
those of the western  Coast Belt and adjacent Insular Belt by 
late Middle  Jurassic time. 

Hauterivian  volcanic  and  sedimentary rock.s, age- 
equivalent to the upper part of the Relay  Mountain  Group, 
occur within  the  Niut  belt, where they are represented by the 
Ottarasko  and  Cloud Drifter formations  (Figure 43; Rus- 
moreandWoodsworth, 1989;MustardandvarIder€[eyden, 

sedimentaq rocks  of  the  Gambier  assemblage  in th~: south- 
1994). These rocks resemble age-equivalent volcanic  and 

western  Coast Belt (Monger  and  Journeay,  1994).  and may 
also correlate with part of  the  undated,  but  post-158  Ma, 
Cerulean  Lake  unit  of  the Lillooet Lake belt (Riddell,  1992). 
They are distinguished from the Relay  Mountain  Group  by 

be preserved  in the southern  part  of the Niut  belt,  between 
theirvolcanic component,  although atransitionalfaciesmay 

Taseko  and  Chilko lakes,  where  Hauterivian  volcanic  rocks 

lar to  the  Relay  Mountain  Group  (Tipper, 1978; McLaren, 
interfinger  with  Lower Cretaceous sedimentay rocks simi- 

represent a part  of  this  transitional facies, but it night be 
1990). The Tosh  Creek  unit  of  the  present study a m  may 

younger and correlate with  volcanic-derived  unib: of the 
Taylor  Creek  Group.  Nevertheless, these relationships sug- 
gest that in  Hauterivian  time,  arc-related  volcanic  and sedi- 
mentary  rocks  in the southwestern  Coast Belt and  western 
part of  the  southeastern Coast Belt  were  transitional  east- 
ward into purely  sedimentary rocks deposited  in the upper 
part of the  Relay  Mountain  Group of the Tyaughtcn basin 
(Umhoefer er al., 1994). 

sists of thick sequences  of synorogenic clastic sedimentary 
The upper  part  of  the Tyaugbton - Methow  ba.,'  ('In con- 

rocks that were  deposited during mid-Cretaceous  contrac- 
tional  deformation. These rocks occuras two  distiuc!.assem- 
blages of contrasting lithology and stratigraphy, h a t  are 
inferred to have been deposited in  two  sub-.basins  parti- 
tioned  by  an  intervening  highland  that  was  upliftec!  during 

The eastern, Methow  sub-basin  was filled mainly from the 
mid-Cretaceoustectonism(Figure41; Garver, 1989,1992). 

highland to the  west. The western,  Tyaughton  sub-basin  was 
east, but locally received detritus shed  from the  intervening 

also infitled from both sides, and includes deposits that were 
derived from the same eastern  source as the  Methow  part of 
the  basin,  which  must  have  bypassed  the  intra.basina1  high- 
land. 

Mid-Cretaceous  rocks  in  the  Tyaugbton  part ol'the ba- 
sin are represented by  the  Taylor Creekcroup andoverlying 
Silverquick formation, which  were  deposited abwe the 
Bridge  River  Complex  and  Relay  Mountain Ciroup. Within 

rocks  have  been  subdivided into 6  informal  interfingering 
the  Taseko - Bridge  River  map  area,  these  mid-Cretaceous 

units that represent 3 distinct petrofacies (Garvel;  1989, 

Elbow Pass formations,  was  derived from a western source 
1992). The volcanic  petrofacies,  including the Paradise  and 

terrane  dominated by intermediate  volcanic  rocks,  probably 
represented by Hauterivian to Albian  volcanic rocks of  the 
Gambier  Group andcorrelatives, which outcropin the  west- 
em Coast Belt and  the  western  part of the southeaste~n Coast 
Belt  (McLaren,  1990;  Monger,  1993; Arthur et al., 1993; 

includes theDash andSilverquickformations and theBeece 
Umhoefer eral., 1994;  Lynch,  1995). The cherty  petzofacies 
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Creek  succession. Provenance and  paleocurrent data indi- 
cate that these rocks were  derived  from a source  terrain  to 
the east that  was  underlain  by the Bridge  River  Complex 
(Figure 41). In addition to detritus supplied  from  the  Bridge 

Beece  Creek  succession also contain a significant  propor- 
River  Complex,  however,  the Silverquick formation  and 

Triassic Hurley  Formation of Cadwallader Terrane, and 
tion of sandstone clasts. Some of these resemble the Upper 

some were  probably  derived from the  underlying  Lizard for- 
mation, indicating more than one pulse of  uplift  along  the 
eastern  margin of the basin  (Garver,  1989,  1992).  The  ark- 
osic petrofacies  of  the  Tyaughton  sub-basin is represented 

sion-track dating of detrital zircons, indicate that  these  ark- 
by the  Lizard  formation.  Provenance  studies,  including fis- 

osic  turbidites  were  derived  from  the same source  terrain as 
the  much  thicker  arkosic  deposits  of  the  Methow  sub-basin 
to  the east (Garver,  1989,  1992; GarverandBrandon, 1994). 
suggesting that the  highland  separating  the  two  sub-basins 
was  locally  bypassed. 

the  Taseko - Bridge  River area northwestward to Chilko 
The  Taylor Creek  Group  outcrops  continuously  from 

Lake. The northwestern poaion of the belt is cornposed 

erates  that  are  lithologically similar to the  Beece  Creek  suc- 
mainly of shales and chert-bearing  sandstones  and  conglom- 

cession  of the Taseko - Bridge  River area (Riddell et al., 

north by a fault-bounded  belt  of  Cadwallader  Terrane,  and 
1993a; Schiarizza et al., 1995). The belt is truncated  to  the 

thin  intervening slivers of  Bridge  River  Complex  and  Relay 
Mountain  Group. Since the lattertwounits  areknown  torest 
stratigraphically  beneath  the Taylor Creek  Group  in  the  pre- 

this entire belt. A separate belt of Taylor Creek  rocks out- 
sent study area, they are inferred to underlie the group within 

crops  on  the  southwest  side  of the Tchaikazan  fault fiom the 
western  part of the present study area to  beyond Tatlayoko 
Lake  (Figure 40; McLaren,  1990;  Rusmore  and 
Woodsworth, 1993;Mustard etal., 1994). This beltincludes 
abundant  felsic,  intermediate  and  local  mafic  volcanic 

pebble conglomerates.  Although these rocks extend into the 
rocks, as well as shales, lithic sandstones  and  chert-beaxing 

Figure 41. Schematic summary of the  tectonic  setting  and  inferred  sediment  sources of mid-Cretaceous  rocks in the  Tyaughton 
Methow  basin.  after  Gamer  (1989,1992). 

Niut Belt, external contacts are mainly faults, and  strati- 
graphic  ties  with older rocks of the  belt are  not documented. 

formation  stratigraphically overlie themid-Cretaceous clas- 
Upper  Cretaceous  volcanic rocks of the PoweIl  Cmzk 

tic rocks  of  the  Tyaughton  suh-hasin,  with  basal contxts 

The most extensive exposures  of the formation extend  from 
that  range  from  conformable to markedly unconfomal~le. 

of the Tchaikazan  fault.  Exposures  of more limited extent 
the  present study area to  Chilko Lake, on  the  northeast side 

Lake, and  along the  Klinaklini Riverin the northwest corner 
occur  along the  southwest side of  the fault, west  of  Chilko 

of Figure 40 (McLaren,  1990; Rusmore and  Woodsworth, 

rocksmayrepresentthefinalpulseofCretaceousarc-relzted 
1993;  Mustard et al.. 1994; Schiarizza etal., 199.5). These 

volcanism  within  the  southern  Coast  Belt. Their distribution 

this  volcanism  through  time, as they are deposited a b v e  
suggests a general  eastward  migration  of the main,  locu!;  of 

predominantly  sedimentiuy  rocks  of  the  Tyaughton  basin, 
which  apparently pass westward into Hauterivian Lo Allian 
volcanic-dominated  successions  represented  by  western  ex- 
posures of the Taylor  Creek Group  and  the  Gambier  Grcup. 

Mid-Cretaceous  rocks of the Methow  sub-basin are 
characterized  by  thick deposits of easterly-derived arkosic 
sandstone,  and  conglomerate containing granitoid  and vol- 
canicc1asts.TheserocksmakeupmostoftheJackassMoun- 

as the  predominantly  nonmarine  Pasayten  Group, wt.ich 
tain  Group,  which occurs throughout  the  sub-basin, as vel1 

overlies the Jackass Mountain  Group  in the Canadian 1101- 

tion of the  Eastern Cascades Fold Belt (Coates,  1974;  Mon- 
ger,  1989). Rockscorrelative with  the JackassMountain  md 
Pasayten  groups  in  northern  Washington State include the 

the  Winthrop  sandstone  (Barksdale,  1975;  McGroder et al., 
Goat  Creek, Panther Creek  and  Harts Pass formations, and 

1990). The  arkosic rocks of the  Methow  sub-basin  are 
mainly  Albian  in  age,  although  they include somewhato:der 
and younger  strata  in  places WcGrcder et al., 1990). South- 
west  of  the  Yalakom fault, near Chilko  and  Tatlayoko  lrkes 
(Figure 40). arkosic  rocks  make up the entire Jackass Mc un- 
tain  Group  and  rest either directly above Middle  Jurassic 
rocks  of  Methow  Terrane, or above an  intervening sliver of 

- 
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Upper  Jurassic  Relay  Mountain  Group  locally  preserved  be- 
neath a sub-Jackass  Mountain  Group  unconformity 
(Schiarizza et ai., 1995). Farther to the  southeast,  however, 
the  arkoses  generally overlie an  interval of Lower  Creta- 
ceous volcanic-lithic  sandstones,  conglomerates  and  asso- 
ciated finer grained  rocks  that are included  in the basal  part 
of the Jackass  Mountain  Group  (Units IKJMyl and l a c 1  
of  this  report;  Division A of Duffell and McTaggart, 1952 
andTrettin,1961;Unit7andpartofUnitSofCoates,1974). 

from Hauterivian to Aptian  in  age.  They,  at  least  in  part, may 
These basal rocks of the Jackass Mountain  Group  range 

prior to the  major uplift and unroofing of the metamorphic 
record the initial emergence of the eastern  source  terrane, 

arkoses within  the Jackass Mountain  Group  (Garver, 1989, 
and  plutonic rocks that  supplied  detritus to the  overlying 

1992). Relationships  may he more  complex,  however, as 
their ages partially overlap those  of  Hauterivian and Barre- 
mian(?)  rocks in  the  upper part of the Relay  Mountain 
Group,  which at the  northwest  end  of the Methow  sub-basin 
were deposited  at  the  end  of  a  protracted  period ofJura-Cre- 
taceous  Relay  Mountain  sedimentation,  then  partially 
eroded  prior to deposition of the Jackass Mountain  arkoses 
(Schiarizza ef al., 1995). 

tionships indicate that the  arkosic  sediments  of  the  Methow 
Paleocurrent  data,  thickness  variations  and  facies  rela- 

sub-basin  were  derived from  the east to  northeast  (Cole, 

studies,  including fission-track analyses of detrital  zircons, 
1973; Coates, 1974: Kleinspehn, 1982,  1985). Provenance 

indicate that the  source area included  contemporaneous vol- 
canic rocks as well as metamorphic rocks and  S-type  plu- 
tonic rocks (Cole,  1973; Garver, 1992; Gamer and  Brandon, 

ments were  derived from highlands  within  the presently ad- 
1994). A common interpretation is that  the arkosic  sedi- 

jacent Intermontane Belt,  including the Early  Cretaceous 
Okanogan - Spences Bridge  arc,  and/or  from the Omineca 
Crystalline Belt farther east (Coates, 1974; Kleinspehn, 

and  Nelson, 1993). However, these interpretations are not 
1985; Thorkelson and  Smith, 1989; Gamer, 1992: Hurlow 

consistent with  recent sets of tilt-corrected  paleomagnetic 
data, which suggest that the  southeastern  Coast  Belt  lay 
about 2000 km south of the presently  adjacent  Intermontane 
Belt in mid-Cretaceous  time  (Ague  and Brandon, 1992; 
Wynne et aE., 1995; Irving ef al., 1995). A mid-Cretaceous 

paleomagnetic data places it at the  latitude ofnorthern Mex- 
reconstruction of the  southern  Coast Belt based  on  these 

ico,  where  a  possible  source for the  easterly-derived  arkoses 
of  the  Methow  basin  might be the  Peninsular Ranges batho- 
lith of southern California, which  also  restores to this mid- 
Cretaceous  paleolatitude  (Garver and  Brandon, 1994; 
Cowan, 1994). 

chert-bearing  sandstones  and  conglomerates interfinger 
In the  Eastern Cascades Fold Belt, westerly-derived 

with  easterly-derived  arkoses of the Methow  sub-basin  at 

northern  Washington State, where  they  comprise  the  Middle 
two different stratigraphic  levels.  They are best  exposed  in 

to Late Albian  Virginian Ridge Formation  and  the  Late  Al- 
bian to Cenomanian  Ventura  member of the  Midnight  Peak 
Formation  (Cole, 1973; Tennyson  and  Cole, 1978; Trexler, 

correlates these  chert-bearing units  with  the Dish and Sil- 
1984,  1985; McGroder ef al., 1990). Garver (1989,  1992) 

verquick  formations,  respectively. This correlation is sup- 

the  chert-bearing  units, as well as by the overlying stratigra- 
ported  by  the  composition and available age constrhts of 

phy, as the  Ventura  member grades upwards into andesitic 
volcanic breccias and flows of the Midniibt Peak  Forma- 
tion,  which is correlated  with the Powell  Creek fo~mation 
oftheTyaughtonsub-basin.Corre1ationofthechert-bearing 
units implies that uplift within the tectonic  highland that 
partitioned the  Tyaughton - Methow  basin in  mit.-Creta- 

pulse was recorded  in chert-rich clastic detritus, derived 
ceous time occurred  in at least two  distinct  pulses.  Each 

into both  the  western  (Tyaughton)  and  eastern  (Methow) 
from  Bridge  River Terrane, that was  shed, simultaeously, 

sub-basins (Figure 41). 
An interesting aspect of the mid-Cretaceous Ty:mghton 

basin  was  deposited  above Bridge River Terrane and  the 
- Methow  basin is that,  while  the Tyaughton portion of the 

Methow  portion above Methow  Terrane, there is nc.  known 

mcks and Cadwallader Terrane.  Furthermore,  Cadwallader 
stratigraphic contact between the mid-Cretaceous clastic 

Terrane is only very  locally overlain by  Jura-Cretaceous 

older part of the  Tyaughton - Methow  basin  (Grouse  Creek 
clastic sedimentary  rocks that probably correlate with  the 

unit  of  this  study).  However,  the  mid-Cretaceous locks of 
the  Tyaughton  basin contain detritus that can be linked  to 

presumably  derived  from the Shulaps  and 13ralorne-East 
Cadwallader  Terrane, as well as ophiolitic detritus I hat  was 

Liza  complexes  (Garver, 1989,  1992). These observations, 
as well as the present position of Cadwallader Terrane, 

Terrane, suggest that Cadwallader  Terrane and aswciated 
structurally  above  the  Tyaughton  basin  and  Bridge  River 

ophiolitic  rocks  occurred  mainly  within the tectonic  ally  up- 
lifted zone that  separated the Tyaughton and Methow  basins 

posited  and older deposits  may  have been lar,sely  removed 
(Figure 41); mid-Cretaceous  rocks  may neverhavelxen de- 

by erosion during mid-Cretaceous  uplift. 

REGIONAL  SIGNIFICANCE OF :MAIN 
DEFORMATIONAL  EPISODES 

THE  QUESTION OF MIDDL.E JURASSIC 

AMALGAMATION 
DEFORMATION AND TERRANE 

Potter (1983,  1986) suggested that deformation  within 

cific events that he assigned  to the Middle Jurassic included 
Bridge  River Terrane began  in  Middle  Jurassic  tirne.  Spe- 

obduction  of the Shulaps  Ultramafic  Complex  (u,hich he 

theBridgeRiverschists,andthmstimbricationofth~:Bridge 
interpreted as basement to the Bridge  River Compl- =x ) over 

RiverComplex along “ducti1e”faultzonesthat fomjedprior 

and  mudstones  in  the  Carpenter  Lake  assemblage. I!usmore 
to complete  litbification of Triassic  to  Middle  Jurassic  cherts 

cated  with  the  Bridge River and Shulaps cornplex8:s along 
(1985,  1987) noted  that  the  Cadwallader  Group  wzs  imbri- 

Potter’s  arguments for Jurassic deformation ofBridge River 
the  western  margin of the Shulaps Range  and, atxepting 

Terrane,  suggested that Bridge  River and Cadwalladder  ter- 
ranes  were  amalgamated  by  thrusting in the  Middle .furassic. 
Rusmore (1985) further speculated  that the Eldondo fault 
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might be a structure similar to the Shulaps  thrust  and may 
have  formed during the Middle Jurassic juxtaposition of  the 
Bridge  River  and  Cadwallader terranes. Rusmore ef al .  
(1988)  suggested that Bridge  River  and  Cadwallader terra- 
nes  were  mutually juxtaposed and  accreted to the  Intermon- 
tane  terrane  in theMiddle Jurassic.  They citedthe arguments 
of Potter (1983,  1986)  and  Rusmore  (1985,  1987),  and  fur- 
ther  suggested that the  Relay  Mountain  Group  might be an 
overlap assemblage  deposited  unconformably  above  both 
Cadwallader and  Bridge River terranes after their  amalga- 
mation.  They  pointed out that  this  model  allowed, but did 
not require, correlation of the Cadwallader  Terrane with 
Stikinia and  the  Bridge  River  Complex  with  the  western  belt 
of the Cache  Creek Terrane. Rusmore and Woodsworth 
(1991a)  expanded on this point, and  suggested that the 
Bridge  River  Complex  and  western  Cache  Creek Terrane 
were  part  of a single ocean  basin that closed  in  Middle Ju- 
rassic  time,  resulting  in  the final accretion of an outboard 
Stikine-Cadwallader island arc to the western  margin  of 
North  America. 

mapping that encompasses the type areas of Cadwallader 
The present study provides the first detailed  systematic 

andBridge River  terranes, the Shulaps Ultramafic  Complex, 
and  the  Tyaughton  basin. It revises  many earlier interpreta- 
tions  regarding the stratigraphic  relationships  between  the 

the area, and  the  terrane  affinities  of  ophiolitic  rocks. Spe- 
Tyaughton  basin  and  older  rocks,  the  ages of structures  in 

by the  workers  cited above are assigned  here  to  the  mid-Cre- 
cifically, many  structures that were  thought  to be Jurassic 

taceous.  In  the  following  paragraphs  we evaluate the evi- 
dence  for  Middle  Jurassic  deformation  and  terrane 
amalgamation  presented by previous  workers,  and  summa- 
rize  what is known of the  Middle  Jurassic  tectonic  evolution 
of the  area  in  the context of more recent  data  and  interpre- 
tations. 

The  Middle Jurassic age for obduction  of  the  Shulaps 
Ultramafic Complex, as interpreted by Potter  (1983,  1986). 

Jurassic  deformation  and  terrane  amalgamation. Potter in- 
is the  main  piece of evidence advanced  in favour of  Middle 

schists  beneath the Shulaps Complex,  and  suggested that the 
ferred  an  inverted  metamorphic gradient in  Bridge  River 

metamorphic heat source  was hot upper  mantle  of  the  ob- 

Jurassic in age in order for the Shulaps allochthon to be 
ducted Shulaps Complex. He reasoned  that  the  thrusting  was 

rooted  in a high heat-flow setting related to subsea  volcan- 
ism in  the  Triassic-Middle Jurassic Bridge  River basin. 
More recent work  has established, however,  that  most  of  the 
metamorphism  and deformation of the  Bridge  River schists 
was  Eocene  in  age,  and  that  the  schists  were  exhumed  and 
juxtaposed against  the  overlying  Shulaps  Complex along a 
system of normal  faults  related  to  the  Yalakom - Mmhall 

metamorphic gradients noted  by  Potter  (1983,  1986),  be- 
Creekdextral strike-slip fault  system. Theapparent inverted 

neath  his inferred Middle  Jurassic Shulaps thrust, are there- 
fore interpreted to be the result of juxtaposition across 
Eocene  normal,  thrust,  and  dextral  strike-slip  faults, as dis- 
cussed  in Chapter 3. Furthermore  ophiolitic  rocks of the 
Shulaps  Complex are now  known  to  be Late Paleozoic, 
rather  than Triassic - Jurassic,  and are interpreted as part  of 
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the  basement to Methow and(?) Cadwallader terranes  rat her 
than  Bridge  River  Terrane. 

chromite found  in  lower  Middle  Jurassic  (Aalenian)  sand- 
Potter (1983,  1986)  suggested that detrital euhecral 

stone  beds  in  fault  contact  with the eastern  margin  of h e  
Shulaps Ultramafic  Complex  might  have  been  derived  from 
the complex,  and therefore record its uplift and erosim. 

ImJys).  They are separated from the adjacent Shulaps  Ccm- 
These sandstones are now  assigned to Methow  Terrane (unit 

plex  by the Yalakom fault, and  therefore  restore to a posit.on 
about 115 kilometres  northwest of the Shulaps exposures. 
Nevertheless, as ophiolitic rocks of  the Shulaps Complex 
and  Coqnihalla serpentine belt are thought to represent Ihe 
basement of Methow Terrane, the chromite might  reflect 
local  uplift of this oceanic basement during arc-related tx- 
tonism. It does  not  reflect  tectonism  related to closure  of the 
Bridge  River  ocean  basin,  because cherts imbricated  wit2in 

known  to be at least as young as upper Callovian (Cortley 
the northern part  of  the Bridge  River  Complex are n3w 

and  Schiarizza,  1993). 
Rusmore  (1985,  1987)  suggested  that rocks of the  C,ad- 

along the  northern  extension of Potter’s  (1983,  1986) Sllu- 
wallader  Group in the western Shulaps  Range occurred 

laps thrust.  Accepting a Middle  Jurassic age for imbricat:on 
of the  Shulaps  and  Bridge River  complexes along  this stmc- 

infer  that  Cadwallader  and Bridge River  terranes were jux- 
ture, she used the presence of Cadwallader rocks  along it.  to 

taposedduring Middle Jurassicthrusting. Our study hascon- 
firmed  that  the  Shulaps  Complex  is  thrust  above 
Cadwallader Terrane in  the  western Shulaps Range,  but we 

ceous  rather than a Middle Jurassic event. Although the (de- 
suggest  that this  west-directed  thrusting was a mid-Creta- 

formation is not  well  dated  in the Shulaps Range it is infened 
to have  been  coincident  with  westerly-directed  thrust-imbri- 
cation  of Cadwallader  Terrane and  ophiolitic rocks of  :he 
Bralome-East  Liza  Complex elsewhere within  the  map  area. 
These  thrusts  are  constrained to be post-Valanginian  in he 
western  Camelsfoot  Range,  where  they also imbricate clas- 
tic sedimentary  rocks of the  Grouse Creek unit.  They ,ue 

dated  west-vergent  contractional structureselsewherein he 
inferred  to be mid-Cretaceous  because  this is the age of  wt:ll- 

region,  and  because  the  mid-Cretaceous  Silverquick  fornla- 
tion is the  oldest  component  of the Tyaughtou  basin ilat 

and  associated ophiolitic rocks.  The Bridge  River Comp: ex 
contains detritus that  can be linked to Cadwallader Terrane 

typically  occurs  beneath  the Cadwallader  Terrane within 
this west-vergent thrust system,  suggesting that Bridge 
River  Terrane  originated  west  of the Cadwallader Terrme. 
This  paleogeographic  arrangement does not  support  corre- 

Stikine and Cache Creek  terranes, as suggested by Rusmore 
lation of the Cadwallader - Bridge  River  couplet  with 

ef 01. (1988)  and  Rusmore  and  Woodsworth (19511a). be- 
cause Stikine Terrane occurs  west of Cache Creek  Terrane. 
Therefore, the Middle Jurassic amalgamation of Cache 
Creek  and Stikine terranes  (Monger et al., 1982;  Cordey ef 
al., 1987,  and  references  therein) cannot  be used  as indirtxt 
evidence supporting a similar timing for thrust-imbrication 
of Cadwallader  and  Bridge  River  terranes. 

that  deformation  associated  with the Middle  Jurassic  amal- 
Rusmore et al. (1988)  and  Umhoefer  (1989) sugges~ed 
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gamation  of  the  Bridge  River and Cadwallader  terranes is 
reflected by  an angular unconformity  between  Cadwallader 
Terrane  and  overlying  Upper  Jurassic  rocks  of  the 
Tyaughton  basin. This unconformity  was  inferred from ex- 
posures  on  the  north side of  the  Fortress  Ridge iiult, about 
3 kilometres southwest of  Relay  Mountain.  There,  expo- 
sures  of  the  Lower to Middle  Jurassic Last  Creek formation 
of Cadwallader  Terrane  display  numerous  tight  folds, 
whereas  adjacent  rocks of the lower  unit of the Relay  Moun- 
tain Group face away  from  the older formation  and are gen- 
erally homoclinal,  with only a few  mesoscopic  folds. The 
interpretation  that the Relay  Mountain  Group  was  deposited 
above  an angular  unconformity  hinges  on  the  assumption 
that its contact with  the  adjacent  Last  Creek  formation is 
stratigraphic.  However, theLastCreekformationinthis area 

posures of CadwalladerTerrane that occursoutb of theFor- 
is most likely an offset remnant  of the more extensive ex- 

Tyaughton  basin  and  Bridge  River  Complex  across a major 
tress  Ridge fault, where  it  is  juxtaposed  above  the 

Creek  formation  north of the  Fortress Ridge fault is there- 
system of thrust faults (Figure 3). The small area of Last 

lay  Mountain  Group,  rather  than  an inlier of older rocks that 
fore interpreted as a klippe  that  structurally  overlies  the Re- 

tural disparity  between the two  units is probably a reflection 
stratigrapbically  underlies  the  group,  and  the  apparent  struc- 

of  hangingwall  versus footwall deformation  patterns  within 
this part of the  thrust system. Furthermore,  indirect  evidence 

probably  deposited above Bridge  River Terrane rather  than 
suggests that  the  Relay  Mountain  Group  in this area  was 

basin deposits here inferred to have been  deposited  above 
Cadwallader Terrane (see Chapter 2). The only  Tyaughton 

Cadwallader  Terrane are those of  the  Grouse  Creek  unit  in 
the  western  Camelsfoot  Range. There is no  obvious  angular 
discordance  between the Grouse Creek  siltstones andunder- 
lying Cadwallader Terrane, but  such  a  relationship  would 
be difficult to discern due to the limited  strike-length  ex- 
posed and the  intensity  of  Cretaceous  deformation. 

Middle Jurassic  deformation  within  Bridge  River Ter- 
rane  was  postulated by Potter  (1983,  1986)  mainly  on the 
basis of his model for Shulaps thrusting  which, as indicated 
above, is no longer considered  valid. As corroborative evi- 

Triassic and Jurassic mudstone  and chert of  the  Bridge  River 
deuce,  however, he pointed to “ductile” fault zones  within 

cation of the rocks. He  suggested several scenarios that 
Complex,  which were inferred to pre-date complete lithifi- 

might  account for this style of  deformation,  including  de- 
formation  within a subduction  complex. Our work confirms 
that the  Bridge  River  Complex is characterized by complex 
outcrop-scale faulting,  and  consequently  does  not exhibit a 
coherent stratigraphy. Subsequent work has also docu- 
mented a much  wider  age  range for the  complex  than  rec- 
ognized by Potter, and has  led to the  discovery of Triassic 
blueschists  within it. The intricate network  of  structures that 

preted to reflect its accumulation  within an  accretion -sub- 
characterize the Bridge River  Complex are therefore inter- 

duction  complex.  This  style  of  deformation  apparently 
operated, either continuously orintermittently, from  the late 
Middle Triassic (the age  of  Bridge  River  hlueschists) to lat- 
est Middle  Jurassic (the age of the youngest  known cherts 
to be imbricated  within the complex).  Jura-Cretaceous  clas- 
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tic  sedimentary  rocks of the Relay Mountain Group, which 
were  apparently  deposited above the Bridge River C omplex 
(Chapter 2), display a coherent stratigraphy and are there- 
foreinferred to postdate  the subduction-relateddeformation 
within the northern part of the  complex. 

Potter (1983,  1986)  used  the  presence of granitic and 
metamorphic clasts in lower  Upper Jurassic (Oxibrdian) 
conglomerate  of  the  Relay  Mountain  Group  (Jeletzky  and 
Tipper,  1968) as supporting evidence for Mi.ddle  .Jurassic 
deformation  within  the  region.  Rusmore et al., (19B) reit- 
eratedthispointandalsospeculatedthattheRelayMountain 
Group  might be an overlap  assemblage deposited urconfor- 
mably above  both  Cadwallader  and Bridge Itiver terranes 
after their  amalgamation. The present  study  indicates  that 
there is no  preserved stratigraphic contact at the bwe of  the 

map area.  On  the hasis of indirect evidence we infer  that the 
Relay  Mountain Group  within  the Taseko - Bridge  River 

Relay  Mountain  Group  was most likely deposited  above the 
Bridge River  Complex, although correlative rocks  in  the 
Camelsfoot  Range (the Grouse Creek  unit)  may  have  been 
deposited above  Cadwallader Terrane,  and  those  near Tat- 

with  Methow  Terrane.  We therefore concur with Rasmore 
layoko  Lake to the nolthwest are in stratigraphic contact 

et al., that  the  Relay  Mountain  Group  overlap!; at 1e;ist  parts 
of Bridge  River,  Cadwallader  and  Methow  terrane;.  How- 
ever,  the  Relay  Mountain  Group does not  resembb:  an  ab- 
normally  thick  syn- or post-tectonic  basinal assembhge, and 
is not known to contain detritus derived from the Bridge 
River  Complex,  the Shulaps Complex or any  of  the  distinc- 
tivelithologies withinCadwalladerTerrane Ch:lpter%). 
Furthermore,  the  early to mid Mesozoic phase  of accretion- 
ary tectonics  that  pre-dated  deposition  of  the Rela). Moun- 

because  continuous  sedimentation is recorded  ac:oss  the 
tain  Group  did  not  completely close the  Bridge Rivtx basin, 

contact  between the Bridge River  Complex  and  overlying 
Jura-Cretaceous  Cayoosh  assemblage  south  of  the 3tseko - 
Bridge  River  map  area  (Mahoney  and  Jonrneaj,  1993; 
Journeay  and  Mahoney,  1994).  Final closure may  ht: related 
to a younger  pulse of subduction-related deformaticn that is 
indicated by Early Cretaceous blueschists of  the  Cayoosh- 
correlative(?) Shuksan Terrane of  the  North  Cnscadl:  Moun- 
tains  (Monger.  1991b;  Monger  and  Journeay,  1991).  This 
closure  culminated  in  the  mid to early Late Cretaceous  con- 

Coast - north  Cascades orogen,  and  resulted  in  the  deposi- 
tractional  deformation that characterizes the  southeastern 

tion  of  voluminous detritus derived  from  the  uplilted  and 
eroded  Bridge  River  Complex in  the  synologenic 
Tyaughton - Methow  basin  (Garver,  1989,  1992). 

Taseko - Bridge River area is documented  only within  the 
In summary, Middle Jurassic deformation within  the 

Bridge  River  Complex,  and is a component  of a pratracted 
episode of  Middle Triassic to late Middle  Jurassic  accretion- 
ary tectonics  within a subduction  zone. The  presenccof Late 
Triassic and Middle  Jurassic  arc-derived  rocks  within  Cad- 
wallader  and  Methow  Terranes suggests that  this  dcforma- 
tion represents offscraping at a convergent plate margin 
where  Bridge  River oceanic crust subducted  eastward  be- 
neath  an  adjacent oceanic plate that developed the Cadwal- 
lader  and  Methow  arc  sequences.  Howevw, this 
subduction-related  deformation  did  not  culminate in com- 
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plete closure of  the  Bridge  River  basin,  and  did  not  involve 
either uplift and thrust-imbrication of Bridge  River  rocks 
withadjacentterranesorobductionofophio1iticrocks.Clas- 
tic  deposition  within  the  Tyaughton - Methow  basin  was 
initiated  in Late Middle  Jurassic  time,  and  overlapped  de- 
formed  Bridge  River  rocks along this  convergent  margin as 
well as adjacent arc sequences of  Cadwallader  and  Methow 
terranes.  Partially  coeval,  but finer grained  clastic  rocks of 
theCayooshassemblage weredepositedconformably above 
relatively  undeformed  Bridge  River  rocks  within that part 
of  the  basin  that  remained  open to the  south. This initiation 
of  sustained clastic sedimentation  within  the  Tyaughton - 
Methow  basin  and  Cayoosh  assemblage  may  reflect  the  nar- 
rowing  of  the  Bridge  River  basin  related  to the emergence 
or amval of the  western  Coast Belt, as discussed  in  the  final 
section of this  chapter.  Final closure of the  Bridge  River 
basin,  coupled  with  uplift  and  erosion of Bridge  River  Ter- 
rane  and its thrust-imbrication  with  Cadwallader Terrane 
and  associated  ophiolitic  rocks,  occurred  in  Early to mid- 

contractional  faults  in  the  area as well as by the  stratigraphic 
Cretaceous  time. This  event is documented by the  timing of 

Methow  basin. 
record  preserved  in  the  upper part of the Tyaughton - 

DEFORMATION 

folds that are exposed  in different parts of  the Taseko - 
The systems of mid-Cretaceous  contractional  faults  and 

Bridge  River  map  area (Figure 19) are thought to comprise 
segments of the same Cretaceous  thrust  belt  that  has  been 
disrupted and  deformed by later strike-slip  related  struc- 

ever these early structures are  recognized suggests that, 
tures. The persistent  stacking  order that is apparent  wher- 

prior to this late deformation,  imbricated  Cadwallader  Ter- 

thrust sheet that  lay above footwall  Bridge  River  Complex 
rane  and Bralorne-East Liza  Complex  comprised a large 

and  Tyaughton basin  across  much  of  the  map  area.  This 
thrust sheet was  in  turn  overlain  by  the  Shulaps  Ultramafic 
Complex,  which is presently  exposed  only  in the northern 
Shulaps  Range.  Deformation was predominantly south- 
west-vergent,  although  northeast-directed  structures  occur 
locally. The southwest-vergent  structures are best  dated in 
the  Gun  Creek - Elbow  Mountain  thrust  belt,  where  they 
deform  Albian  rocks,  but  predate  deposition of the  Cenoma- 
nian  and  younger  Powell  Creek  formation,  and  intrusion of 
the  92  Ma  Dickson - McClure  batholith. Some of  the  defor- 

Creek  Group  records  uplift  and  erosion of  the  underlying 
mation  is  older,  however, as detritus in the  Albian  Taylor 

Bridge  River  Complex  and  Relay  Mountain  Group, as well 
as source  terrains  to  the  west  and  east  (Garver,  1989). Still 
earlier pulses  of  Cretaceous  deformation  may  be  reflected 
in the angularunconformity between  Hauterivian  shales  and 
underlying  Jurassic  rocks  of  the  Relay  Mountain  Group  near 
Lorna  Lake,  and a 130 Ma date from  the first step of an 
Ar-Ar  step-heating  age  spectrum  for  Bridge  River 
blueschists  at the head  of  North  Cinnabar  Creek.  The  young- 
est structures to form  within this protracted  episode  oECre- 
taceous deformation include northeast-dipping  reverse  and 
reverse-sinistral faults of  the  Eldorado  system,  which  prob- 
ably  formed  between 91 and 86 Ma. 

MID-CRETACEOUS  CONTRACTIONAL 

reflect an important  episode of mid-Cretaceous contrac- 
The fault  systems  in  the Taseko - Bridge  River  area 

tional  deformation  that is well  documented  throughout the 

However, theEldoradofault  systemis  theonly structnre  that 
southeastern  Coast - north Cascades orogen (Figure 42). 

has  been  traced for any  distance  beyond the study area. It 
continues  southeastward to the  Fraser  River fault, 130 kilo- 
metres southeast of Bralorne, as the Bralorne - Kwo:ek 
Creek  fault  system  (Woodsworth,  1977;  Rusmore,  19:%5; 
Monger,  1986;  Journeay,  1990). This system,  which is lo- 
cally up to  several  kilometres  wide, comprises  an anasto- 
mosing  network of east to northeast-dipping faults f3at 
imbricate  Bridge  River  Complex,  Cayosh assemblage md, 
in  the  north,  Cadwallader Terrane and  Bralorne-EIast  Liza 
Complex (Monger  and  Joumeay, 1994). Individual fault 
strands generally dip east to northeast.  They cut two  sets of 
southwest-vergent  folds, and  commonly  place  highly 
strained  hanging  wall  rocks  above a less  deformed  Ibotw;ill, 
suggesting  that  they  ramped  upsection to the  southwest  from 
deeper tectonic levels (Journeay, 1990;  Journeay ef d., 
1992). 

Althoughnomap-scale mid-Cretaceous structuresheve 
been  traced  northwestward  from the Taseko - Bridge  River 
area,  mesoscopic  folds  that  may he of this  age occur within 
the  Taylor  Creek  Group  in a continuous  belt  that exter ds 
from  the  present  study area to Chilko Lake. A mid-Creta- 
ceous  age  for  these  structures is based  on  recognition of the 
angularunconformity that separates theTaylorCreekGroup 
from the overlying Powell  Creek  formation as far to  Ihe 
northwest as the  north  end  of Taseko Lake  (Riddell ef d., 

Cadwallader Terrane  and the  Bridge River  Complex,  which 
1993a).  Just to the  north of this  belt are rocks  belonging  to 

outcrop  east of Chilko  Lake,  between  the  Konni  L,ake  and 
Taseko faults (Figure 42).  Mesoscopic  folds  that defo~m 
these  rocks are also  inferred to be of  mid-Cretaceous  age, 
as this  belt is interpreted to be  the offset counterpart of the 
Cameisfoot  thrust  belt  (Riddell ef al., 1993a). 

Journeay  and  Friedman  (1993) describe early Late C1.e- 
taceous  southwest-directed  thrust  faults  in the Lillooet  Lake 
- Hamson Lake  area,  and refer to  them as the  Coast B:lt 
thrust  system  (Figure 42). These structures  formed  in earli- 

early Cenomanian thrusting within  the Taseko - Bridge 
est Late  Cretaceous time, coincident with late Albian  to 

River  area, 100 kilometres  to  the  north (stage 2 of Figure 
24). The foreland of the  Coast  Belt thrust system  comprises 

rison  Terrane  and  correlative  rocks of the  western  CoastB(:lt 
predominantly  east-dipping  thrust  faults  that imbricate Hx- 

post-kinematic  plutons  which  yield  U-Pb  zircon  dates of 
(Figure  40).  The  time of thrusting is bracketed by late and 

94r2 Ma  and 91 +4/-3 Ma, respectively (Journeay  and 
Friedman,  1993). The foreland  belt is structurally  overlain 
by  an  imbricate  zone of folded  thrust  sheets that are cut by 
high-angle  reverse  faults.  These  thrust  sheets  include  green- 

tary  rocks  assigned  to the Slollicum  and  Twin  Island schiss, 
schist  to  amphibolite  facies  metavolcanic  and  metasedimen- 

which  may correlate with  Upper  Jurassic  and  Lower Creta- 
ceous  rocks of Hamson  Terrane (Journeay  and  Friedman, 
1993).  They  extend  along strike to the northwest  .into Uie 
Lillooet  Lake  belt of figures 39 and 40, which  includes  Up- 
per Triassic rocks that have  been  assigned  to  Cadwallader 
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Figure 42. Map  showing  the  distribution  of  midCretaceous  contractional  fault  systems  within  the  southeastern  Coast - north  Cascades 
orogen.  BFS=Bralorne  fault  system;  CF=Camelsfoot  fault:  KCF=Kwoiek  Creek  fault;  KLF=Konni  Lake  fault;  PRS=Potatc  Range 
syncline;  TF=Taseko  fault. H=Hope; LLillooet; P=Pemberton;  V=Vancouver.  Sources  of  information are  indicated  in  the  text. 
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Terrane, as well as overlying Lower to Middle  Jurassic  rocks 
that have  been correlated with  the  Harrison  Lake  Formation 
(Jonrneay  and  Mahoney,  1994;  Monger  and  Journeay, 
1994). Synkinematic  plutons  emplaced  during the early 
stage of  thrusting  within  the  imbricate  belt  have  yielded U- 
Pb  zircon dates of 97+1 Ma  and 96 +6/-3  Ma,  whereas  the 
later  stage of reverse faulting is bracketed by the  emplace- 
ment  of  synkinematic  and  postkinematic  plutons  with  U-Pb 
zircon dates of 96 +6/-3  Ma  and 94 +6/-5  Ma,  respectively 

bounded to the  northeast by a major  northeast-dipping  duc- 
(Jonrneay  and  Friedman, 1993). The  imbricate  zone is 

ment  (Jonrneay  and  Friedman,  1993).  The  hinterland 
tile shear zone referred to as the  Central  Coast  Belt  detach- 

portion of the Coast Belt thrust  system,  in  the  hangingwall 
of this  shear  zone,  consists of folded  and  thrust-imbricated 
amphibolite-grade  metamorphic  rocks of the Cogburn 
Creek  Group  and Settler schist, which are correlated  with 
the Bridge  River  Complex and  Cayoosh  assemblage,  re- 

Journeay,  1994).  Synkinematic Barrovianmetamorphismof 
spectively (Journeay  and  Friedman,  1993;  Monger  and 

these  rocks  and  those of the underlying  imbricate zone is 
attributed to tectonic  burial  associated  with  the  stacking of 
thrust  sheets,  coincident  with  the  emplacement of synkine- 
matic  mid-Cretaceous  plutons of the Spuzzum suite at 
depths of 20 to  30  kilometres  (Journeay,  1990;  Journeay  and 

younger phase of lower pressure Buchan-type metamor- 
Friedman,  1993).  Subsequent uplift was followed by a 

plutons of the 86 to 84 Ma Scuzzy  and  Mount  Rohr  suites, 
phism  associated  with  the  emplacement  of  post-kinematic 

at  depths  of  10 to 20 kilometres  (Journeay,  1990; Pamsh 
and  Monger,  1992). 

Beltthrust systemcorrelate with thosein  theupper structural 
The  metamorphic  rocks  in  the  hinterland  of  the  Coast 

levels of the Cascade metamorphic core (including  Cogburn 
Creek  Group, Twisp Valley  schist,  Mad  River  Terrane  and 
Chiwaukum schist), which likewise underwent  synkine- 
matic  metamorphism  and  intrusion  in  mid  to  early  Late Cre- 

LateCretaceous  (Taboretal., 1989;  McGroder,  1991).  This 
taceous  time,  followed by relatively  rapid  uplift  in  the  early 

cident with the assembly of thrust sheets  in  the  Northwest 
deformation  and  metamorphism  was,  at  least  in  part, coin- 

Cascades - San Juan thrust  system  to  the  west,  which is con- 
strained by stratigraphic evidence on the  San  Juan  Islands 
to  have  occurred  between 100 and 84 Ma  (Brandon et al., 
1988). An earlier phase  of  subduction-related  deformation 

the Shuksan  metamorphic suite (Brown  and  Blake,  1987). 
is  documented by 130  to 120 Ma blueschist-facies  rocks of 

which  comprises the upper  structural  level of the  Northwest 
Cascades  thrust  system  (Misch,  1966; Tabor ef al., 1989). 
The Shuksan suite is correlated  with  the Settler schist and 
Cayoosh assemblage of the  eastern  Coast  Mountains by 
Monger (199lb). whereas  structurally lower levels of the 
Northwest  Cascades  system include basalt  and  chert of the 
Elbow  Lake  Formation,  which may correlate with the 
Bridge  River  Complex  (Tabor et al., 1989;  Monger and 
Journeay,  1994). The lowest  structural  levels  of  the  North- 
west Cascades system comprise the Jurassic  Wells Creek 

tary  rocks of the Jura-Cretaceous  Nooksack  Group  (Tabor 
volcanics  and  stratigraphically  overlying  clastic  sedimen- 

et al., 1989),  which  were  interpreted by Misch  (1966)  to be 

autochthonous or parautochthonons  beneath  the  structurally 

correlated  witb  Jurassic  and Cretaceous volcanic  and  cla:itic 
overlying  elements of the  thrust  system. These rocks  are 

part  of  the  western  Coast Belt just to the  north  (McGrotler, 
sedimentary  rocks  of  Harrison Terrane within  the  sontharn 

1991; Mongerand Jonrneay,  1994).  Structural  relationships 
within  the  northern Cascade Range are therefore  rnnch the 

cated  and  metamorphosed  assemblages  of  the  eastern Ccast 
same  as  in  the  southern  Coast Belt, where  strongly  imbri- 

blage)  were  thrust  westward over  a relatively  more  rigid 
Belt  (including  Bridge  River Terrane and  Cayoosh  assem- 

block  comprising  the  western  Coast Belt (including Hami- 
son  Terrane).  McGroder  (1991) suggests that  this  relatively 
rigid  western  block (his Greater Insular Terrane)  extends 
eastward into the Cascade Metamorphic  Core,  where it is 
represented by  the  Skagit gneiss and Cascade River  schist 
(Misch,  1966),  which  he interprets to  occupy the deepest 
structural  level of the  core.  In contrast to  structurally  over- 
lying rocks (correlated with  Bridge  River  Terrane 2nd 
Cayoosh  assemblage), which were uplifted  shortly alter 
metamorphism  in  the Late  Cretaceous, these underlying 
rocks  probably  remained  at  relatively deep crustal levels un- 
til  early  Tertiary  time, as demonstrated by  K-Ar dates on 
biotite  (McGroder,  1991). 

documented in the  Eastern  Cascades  foldbelt, to the  east of 
Mid-Cretaceous  contractional  deformation is also  well 

IheCascademetamorphiccore (Figure42). There,  Jura-Cre- 
taceous  strata of the  Methow Terranebasin are deformed hy 
predominantly  east-northeast  vergent  folds  and  thrust  faults 
that  formed  between 100 and 88 Ma (McGroder,  1989). (:o- 
incident  with late Albian - Cenomanian  southwest-directed 
thrusts in  the  Taseko - Bridge  River area (stage 2 of Figitre 
24). An earlier pulse of deformation is inferred  from  the 
stratigraphic  record, as it also is in  the Taseko - Bridge  River 
area,sinceMiddleAlbianchert-richdepositsoftheMethow 
basin (Virginia Ridge  Formation)  were  derived fron a 
newly  uplifted  source  terrane to the west.  This  chert detrilus 

relative Hozameen  Group,  which is inferred  to  have  been 
was  probably  derived  from  the  adjacent  Bridge  River-cor- 

uplifted along  a west-vergent  thrust  system  that  marked the 
onset of crustal  loading  experienced by correlative rocks 

Terrane)  in the adjacent  Cascade  metamorphic  care 
(e.g. Cogbum CreekGroup,  TwispValley schist, MadRi\er 

early  Late  Cretaceous,  to  the  Northwest  Cascades - San Ju an 
(McGroder,  1991). The shortening  stepped  westward in the 

Methow Terranebasin are  interpreted  as  backthrusts  in  tne 
thrust  system,  and  the  coeval  east-vergent  structures in the 

rear of the predominantly  west-vergent  Cascade orog:n 
(McGroder,  1989,  1991). 

structures  within  the  southeastern Coast - north  Cascad-s 
The northernmost  system  of  Cretaceous  contractional 

orogen is a belt  of  northeast-directed  thrust  faults  and relat~d 
folds,  referred  to  as  the  eastern  Waddington  thrust  belt  (Fig- 

River  (Tipper,  1969;  McLaren,  1990;  Rusmore  and 
ure 42). which  extends from  Chilko Lake to the  Klinaklini 

Woodsworth,  1991b, 1993,1994; Mustard ef al., 1994; vim 

der Heyden et al., 1994). These structures deform Triassic 

40),  together  with LateCretaceousplutonicrocks. The wert- 
and  Lower  Cretaceous  strata of the  Niut  belt  (Figures 39 and 

ern limit  of  the  thrust  belt is largely  defined  by post-kin:- 
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matic latest Cretaceous to Tertiary  plutons,  but Late Jurassic 
plutonic rocks are locally  incorporated  in its western part 
(Rusmore and Woodsworth,  1994;  van der Heyden et ut., 
1993), suggesting that  the  western  Coast  Belt  was  involved 
in the thrusting.  Cretaceous  contractional  structures  that are 

Methow Terrane  and basin to the east, although folds occur 
coeval  with the thrust belt are not documented within  the 

locally (e.g. Potato Range syncline  of  Figure  42) that might 
be  of  the same age  (Schiarizza et al., 1995;  Umhoefer  and 
Kleinspehn,  1995). 

Thrust  Belt  formed  in  early Late Cretaceous  time, as they 
Northeast-directed thrusts of  the  Eastern  Waddington 

deform the synkinematic 87 Ma  Pagoda  orthogneiss,  but are 
truncated by the 68 Ma  Enchanted  Valley  pluton  (Parrish, 

which  accompanied and outlasted  deformation,  generated a 
1992;  Rusmore  and  Woodsworth,  1994).  Metamorphism, 

series of southwest-dipping isograds that demonstrate a 
northeast to southwest increase in  metamorphic  grade.  Rus- 
more  and  Woodsworth  (1994) suggest that  the  heat for this 

plutonic  rocks  derived from the active Coast Belt magmatic 
inverted  metamorphic gradient was  provided  by  Cretaceous 

arc, which  may  have  been  thrust  northeastward  over  the 
presently exposed part of the thrust belt. However, the 

the metamorphism  occurred  under  conditions ol: relatively 
thrusting  accommodated  only  limited crustal thickening, as 

low pressure (Rusmore  and Woodsworth,  1994).  Coeval 
metamorphism  within  the Coast Belt  thrust  system to the 

with  the  emplacement of 86 to 84Mapost-kinematic plutons 
south  was also of  the  low-pressure  type,  and  was  associated 

episode of southwest-directed contractional deformation 
(Journeay and Friedman,  1993).  There,  however,  an earlier 

substantially thickened the crust and  was  accompanied  by 
synkinematic  high  pressure  metamorphism  associated  with 
theemplacementof97to94Maplutons.Althoughnoearlier 
southwest-directed  structures  have  been  documented at the 
latitude of  the  Eastern  Waddington  Thrust  Belt,  Rusmore 
and  Woodsworth  suggest  that  the  Eastern  Waddington  Belt 

predominantly  southwest-directed  Coast  Belt  contractional 
comprises a set of  relatively  young  backthrusts  within  the 

orogen. 

LATE  CRETACEOUS - PALEOGENE 
DEXTRAL STRIKE-SLIP  FAULTING 

Taseko - Bridge  River area is dominated by dextral  strike- 
The Late Cretaceous to Eocene  structural  history  of  the 

slip faults and related transpressional and transtensional 
structures. The oldest structureknown to have  dextral  move- 
ment is the Castle Pass fault, which  truncates  the  youngest 
contractional  structures  in  the area, including  the  North  Cin- 
nabar  fold-fault  system and the 91 to 86 Ma  Eldorado fault, 

Late  Cretaceous, prior to intrusion  of  the 67 Ma  Eldorado 
Most  movement along the Castle Pass fault occuned in the 

pluton. Otherprominent dextralfaultsin thearea  wereactive 
mainly  in  the  Paleocene and Eocene,  although  there is some 

Yalakom fault between 80 and 70 Ma  (Chapter  3). 
evidence for transpressional deformation adjacent to the 

Dextral  strike-slip  faults  and  related  structures in the 
Taseko - Bridge  River area are part of a larger system  of 
dextral faults that has  been  traced for about  600  kilometres 
along the  eastern side of the  southeastern  Coast - north Cas- 

cades orogen  in  southern British Columbia  and northern 

mid-Late  Cretaceous  time to the Late Eocene. T h e :  switch 
Washington (Figure 43). This system  was active from about 

from Early and early Late Cretaceous  contractional  defor- 
mation to Late Cretaceous and early Tertiary  dextral  strike- 

Coast - north Cascades orogen. It probably  relatf:s to an 
slip  deformation is evident  throughout the soutk.eastern 

abrupt change in  motion of offshore oceanic platf s, from 
east-directed orthogonal  convergence of the Fardlon or 

rected  oblique  convergence  of the Kula plate (Engebretson 
Kula plate with the North  American  margin to north-di- 

et ul., 1985,1995; Umhoefer and Schiarizza, 1995). 

Coast - north  Cascades  orogen is the Fraser River - ;Straight 
The  youngest  dextral structure within  the  southeastern 

Creek fault, which truncates structures of the I’alak(~m fault 

Taseko - Bridge  River  map area (Monger  and  McMillan, 
system  between 40 and 50 kilometres  southeas). of the 

1989).  Restoration of 70 to 160  kilometres  of  dextra ~ slip on 

belts within  the  southeastern  Coast Belt with correlalive fea- 
the  Fraser  River fault matches structures and litholectonic 

tures  in the Cascade Mountains of British  Colum5ia  and 
Washington State (Monger  and  Journeay,  1994). The most 

metamorphic complex 

Miasion Ridge lault 

CCF Chits  Creek fault 
CPF Castle Pass Fault 
C I  ChlWBnkUm schist 
DCF Downton Creek fault 
PCF Petch Creek fault 
Ss Settler schist 

~ M e l h o w  Terranelhasin 

ChiliiwaCk batholith 
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Mount Stewart bathol i th  

Figure 43. Simplified map showing  the  major  Late  Cretacwus  and 
Paleogene  dextral  strike-slip  faults  along  the  eastern pan of  the 
southeastern  Coast - north Cascades  orogen.  Sources of irforma- 
tion  are  indicated  in  the text. 
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likely  offset  correlative of the  Yalakom  fault  is  the 
Hozameen fault (Monger,  1989;  Ray,  1986). as both  struc- 
tures lie between the Bridge  River  Terrane (Bridge  River 

Terrane to the east. The Hozameen fault extends southward 
Complex and Hozameen  Group) to the west  and  the  Methow 

into the  North  Creek  and  Foggy  Dew faults along the  south- 
west  side  of  Methow  Terrane  in  Washington  State 
(McGroder,  1987). The southern  portion  of  the  Hozameen- 
Foggy  Dew fault separates older rocks  on the west  from 
younger  rocks  on  the east, contains kinematic  indicators  that 
indicate dextral-slip,  and  was active between 85 and 50 Ma 
(McGroder,  1987; Miller and  Bowring,  1990). 

Petch  Creek fault, from  which it is offset by about 100 kil- 
The  Mission Ridge  fault has been correlated to the 

ometres  along the  Fraser  River fault (Coleman  and Panish, 
1991). The Petch  Creek fault is considered  the  northern ex- 
tension  of  the  Ross  Lake fault (Ray,  1986).  All  three  faults 
are east-dipping and separate low-grade rocks of  the  Bridge 
River terrane on the east from high-grade  metamorphic 
rocks  on the west that have dextral kinematic  indicators 
(Ray,  1986;  Coleman  and Panish, 1991;  Haugerud,  1985). 

ometres  has  been  estimated for the  northern  Ross  Lake fault 
Late-stage,  down-to-the-east normaldisplacement of20kil- 

near  the  U.S.-Canada  border  (Haugerud,  1985),  and IO to 

gested for the  Mission Ridge fault (Coleman  and Panish, 
I 8  kilometres of similar  normal  movement  has  been  sug- 

1991). 
Correlation of the  Mission  Ridge-Petch  Creek-northern 

Ross  Lake  faults suggests that  metamorphic  rocks in the 

parts  of the Custer  and Skagit gneisses. These rocks  formed 
Shulaps  Range  (Bridge River  schists) correlate with  at  least 

a north-south elongate metamorphic  complex before dextral 

rated  them.  Final  unroofing  of  the  lower plate metamorphic 
movement on the  Fraser  River - Straight Creek  fault  sepa- 

rocks  in  both areas occurred during and  after  dextral,  ductile 
deformation that has  been  dated at between  48.5  and  45  Ma 
(Coleman  and Panish, 1991;  Haugemd,  1985; Haugerudet 
al., 1991). Biotite K-Ar cooling ages are 44-45 Ma in  the 
lower plates of both  complexes  (Wanless et al., 1978; 
Haugerud et al., 1991). 

fault system is interpreted to continue southeastward for at 
The  Late Cretaceous to early Paleocene Castle Pass 

least 60 kilometres as the Downton  Creek  fault  (Journeay et 
al., 1992), whichpredates63MaplutonsoftheBendorsuite, 
and has  evidence for both  southwest-vergent  thmst  faulting 
and dextral strike-slip faulting. The  projected  southeast ex- 
tension  of  the  Downton Creek fault  intersects  the  Fraser 
River fault about  90-100 km north  of the northwest  exten- 

Ross Lake fault zone is a complex, mid-crustal dextral- 
sion of the main Ross Lake fault. The southern  part  of  the 

oblique fault zone that resembles  the Castle Pass - Downton 
Creek fault system in  structural style and  timing of faulting. 
It was first active  in its present form as a left-stepping  con- 
tractional zone between  the  Gabriel  Peak  tectonic  belt  and 
the Twisp River fault zone,  which  connects to the  south with 

Hozameen fault system (Miller and Bowring, 1990; Miller, 
the Foggy Dew fault, the southern end of the  Yalakom- 

1994). The Ross  Lake stepover was  active at about 68 to 65 
Ma,  but it may  have  been active before  this  time,  and may 
have  remained active until  about 57 Ma. 

which  forms a belt 30 to 40 kilometres wide  between the 
The  Skagit crystalline core of the North Cascaies, 

Ross  Lake fault zone and the Entiat fault, was also the :site 
of deformation at the same  time as the early stages  of dexral 
strike-slip  faulting  in the Taseko  -Bridge  River area. It wn- 
tains mylonitic  shear  zones that are dominated by south- 
west-vergent  reverse  faults,  northwest-striking  dextral 
strikeslip faults,  and oblique dextral-thmst  zones  (Hurlow 
and  Nelson,  1991).  The 73 Ma  Cardinal  Peak plut.on 

zone within  this  belt  (Miller, 1991). Recent mapping rmd 
(Haugerud et al., 1991)  was intruded into an active shear 

U-Pb dating of deformed  and undeformed dikes dem,,n- 
strates that the Entiat fault was active as a dextral strike-dip 
fault in  the  period 70 to 67 Ma  (Hurlow and Nelson, 195 I), 
synchronous  with Castle Pass faulting. 

The Fraser  River - Straight Creek fault zone cuts all of 
the faults of  the  Yalakom fault system  and its southern (ex- 
tensions  except  the  Marshall  Creek  fault,  which  appears to 
merge  with  the  Fraser  River fault (Monger  and McMillm, 
1989). There is ample  evidence that the  Fraser  River - 

slipmotion, butestimatesofoffset varyconsiderably. Misch 
Straight Creek  fault  zone  experienced  mainly  dextral  strike- 

(1977)  correlated  the  Mount Stuart Batholith  and associami 
Chiwaukum Schist in  the  southern  North  Cascades to :he 
Spuzzum  Batholith  and  associated Settler Schist in British 
Columbia,  which  suggests 160 to 190  kilometres of offset 
across  the Straight Creek fault (Figure 42). This argummt 
for  at  least  160  kilometres of dextral  offset  has  been 
strengthened by a number  of  recent  studies  which  dernon- 
strate similarities in  petrology,  geochronology  and stn~c- 

Brown  and Walker,  1993;  Miller  and  Paterson,  1992; 
tural  history for the  two areas (Ague and Brandon,  19!)0; 

Journeay andFriedman, 1993).  However, Vance (1985) has 
argued for 80 to 90  kilometres  of dextral displacemmt 
across  the Straight Creek fault based  on  the apparent off.ret 
of northwest-striking high-angle faults and parts of the 
Shuksan  metamorphic  belt,  and Miller et al. (1993a) also 
argue for 90 kilometres of offset based  on  restoring  tivo 
similar mBlange belts across the  fault. Similar variation [:x- 
ists  in  displacement estimates across  the  Fraser  River fadt 
system to the north. These include 70 to 90 kilomew-s  off:;et 
of  the  Yalakom  and  Hozameen faults and the northern 
boundary  of  the Jackass Mountain  Group  (Monger,  1985; 

between the  Mission Ridge and  Petch  Creek faults (Co:e- 
Monger and  Journeay,  1994). about 100  kilometres off:;et 

man  and  Parrish,  1991).  and  135 to 160  kilometres  off!:et 
between the Late  Permian Fanveil and  northern  Mount Lyt- 
touplutons (Friedman  and  van  der  Heyden,  1992).  This  vari- 

unique  piercing  points due to the  smearing out of truncatd 
ability may  in part reflect the difficulty in  establishiig 

structures  and  geological  units along the Fraser River fault 
(see  maps  of  Monger, 1989  and  Monger and MoMillrn, 

tions  across the fault. Furthermore,  although  latest  motion 
1989). as well as the  possibility of differential vertical mo- 

on the  Fraser  River - Straight Creek fault postdates  most or 
allotherstructuresintheregion,theearlieststagesofmotil)n 
were probably  coincident  with  deformation  along  and 
within  many of the  faults  and  geological  units  that  were sub- 
sequently  displaced. As a result, the amount  of  dextral dis- 
placement  probably  varies  from  place to place along  le 
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Fraser  River - Straight Creek fault, as some of the  movement 

transpressional  and  transtensional  structures  that are now 
along parts of the fault system  was  transferred to strike-slip, 

truncated by it. 

parently inactive by the end of the  Eocene, as it is truncated 
The Fraser River - Straight Creek  fault  system  was  ap- 

by the  35  Ma  Chilliwack  batholith  near  the  International 
boundary  (Monger  and  Journeay,  1994).  The latest stages 
of  movement  resulted  in  about  100  kilometres  of  dextral 
offset of the post 46.5  Ma  Mission Ridge fault (Coleman 
and  Parrish,  1991).  However,  activity  on  the Straight Creek 

have  influenced  sedimentation  patterns  in  Lower to Middle 
fault  commenced by  at  least  about 50 Ma,  as it is inferred to 

Eocene rocks  of the adjacent Swauk  basin  (Taylor et al., 

rocks  (Tabor et al, 1984). This suggests  that some of  the 
1988).  and to have  localized  pre-47  Ma  folding  of  these 

movement along the Straight Creek  and southem Fraser 
River  faults  was coincident with  activity  along  the  Yalakom 
fault, and that the southern continuation of  the  Yalakom 
fault has  changed through  time.  Early  movement on  the 
Yalakom fault probably  extended into the  Hozameen  fault, 
but after about 50 Ma the latter structure  became  inactive, 
and  subsequent movement along the Yalakom fault was 

45 Ma movement along the Straight Creek - Fraser  River 
continuous  with  that  on  the Straight Creek  fault. At  about 

tally  switched  the  local strain conditions  in  the  Shulaps-Mis- 
fault  diverged into the  Marshall Creek fault, and  Jimdamen- 

sion  Ridge  metamorphic  belt from dextral-transpression to 
transtension (see Figure 30). Most of the  post  45 Ma  move- 
ment  along  the Straight Creek fault must  have  transferred  to 
the  northern  part  of  the  Fraser  River fault, however,  to  ac- 
count for the offsets of  the  Yalakom  and  Mission Ridge 
faults  from,  respectively,  the  Hozameen  and  Petch  Creek 
faults. 

metres  northwest of the Taseko - Bridge  River area. The 
The Yalakom fault  has  been traced for about 150 kilo- 

Relay  Creek  and Castle Pass fault systems,  however,  have 
not been  recognized asimportant stmctures  to  the  northwest 
(Riddell et al., 1993a,b; Schiarizza et al., 1995),  suggesting 
that they either die out ormerge with  the  Yalakom fault. The 
Chita  Creek fault  may connect with  the  Tchaikazan  fault  in 
the Mount Waddington  map area (Umhoefer  and  Klein- 
spehn,  1995), and the  Tchaikazan fault may  merge  with  the 
Yalakom fault near its apparent  northwestern  termination 
(van der Heyden et al., 1994;  Mustard et al., 1994). 

The Yalakom  fault  apparently  ends  along  the  south- 
western  margin  of  the Tatla Lake  Metamorphic  Complex, 
although Schiarizza et al. (1995) infer that a kinematically 
linked extensional fault segment extends north-northwest- 

morphic tectonites that are locally exposed  beneath  an 
ward  from there to mark the  western  limit of a belt of meta- 

extensive cover of  Quaternary  alluvium  and Late Tertiary 
volcanics (Tipper,  1969b; see Figure 31). Friedman  and 
Armstrong  (1988)  document 55 to 47.5  Ma extensional 
shear along subhorizontal  west-northwest-trending  mineral 

part of the  Tatla Lake  Complex,  followed by folding  and 
lineations within the  mylonite  zone  comprising  the  upper 

brittle faulting  during  the  final  stages  of  uplift.  This exten- 
sional deformation is inferred to be kinematically  linked to 
the  Yalakom fault (Coleman  and  Parrish,  1991;  IJmhoefer 
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and  Kleinspehn,  1995; Schiarizza etal., 1995), andoverlaps 

Intermontane  belts of southern British Columbia a d  north- 
in age with  major extensional faulting in the Omineca  and 

ern Washington,  which  occurred from 58 to 4.5 Ma ipanish 
et al., 1988). Panish and  Coleman  (1990) link: the t:rmina- 
tion of the  Yalakom fault near Tatla Lake to this  broad  zone 
of extensional  faulting,  which  they interpret as a transfer 

Rocky  Mountain Trench fault system. This interpreration is 
zone linking the Yalakom  fault to the Tintina-Northern 

and Price and  Carmichael (1986), who inferred .hat the 
a modification of an earlier model  presented  by  Price:  (1979) 

Fraser  River  Fault  system,  rather  than  the  Yalakom, was the 
main  locus of Early to Middle Eocene  dextral strikmlip in 
southwestern  British  Columbia. 

MID-CRETACEOUS  PALEOLATI[TUI)E 
OF THE  SOUTHERN  COAST  BELT 

Coast Belt and the Intermontane belt to the east are uncer- 
Pre-Tertiary relationships between the southeastern 

tain.  This  boundary is largely defined by the  Pasayten  fault, 
which  marks  the  eastern  boundary  of  Methow  Terrane.  The 
adjacent Intermontane Belt is underlain mainly  by early 
Mesozoic  arc-derived  volcanic and plutonic rocks of Ques- 
ne1 Terrane,  Late  Paleozoic  to early Mesozoic  volcanic  and 
sedimentary rocks of the oceanic  Cache  Creek Terrane,  and 
overlapping  Early Cretaceous plutonic  and  volcani:  rocks 
of  the  Okanogan - Spences Bridge  arc  (Monger, 1981';  Mon- 
ger and  McMillan,  1989;  Hurlow  and  Nelson,  1993). Al- 
though  these rocks have little in  common  with  thosc  of the 
adjacent  Coast  Belt, a common  interpretation is that 
Methow Terrane has  been directly west  of these Intmnon- 
tane Belt  rocks  throughout  much of the  Meso:zoic, md the 
more  westerly elements of the  Coast  Belt  have  heen axreted 
during one or more  episodes of Mesozoic  subduction-re- 
lated  tectonics  (Coates,  1974;  Anderson,  1976; Te.~nyson 
and  Cole,  1978;  Monger et al., 1982;  O'Brien et al., 1992). 
According to this interpretation, the Early to mid-Cretn- 
ceous  Spences  Bridge  arc  might  have  been  generr.ted by 

ocean  basin  within  the  southeastern  Coast  Belt, ar.d age- 
eastward  subduction  of the last  vestiges  of  the IBridg,: River 

Tyaughton - Methow  basin (e.g. Jackass  Mountain  Group) 
equivalent  easterly-derived clastic sedimentary rock; of  the 

would  have  been  derived from this  arc andlor from  associ- 
ated  highlands  in other parts of the Intermontane Bel! or the 
adjacent  Omineca  Crystalline  Belt  (Kleinspehn,  1985; 
Monger,  1986;  Thorkelson and  Smith, 1989; Garver. 1992; 
Hurlow  and  Nelson,  1993). 

lenged  by  three sets of  tilt-corrected  paleomagneti.:  data, 
The  above interpretations have recently bee11 chal- 

which  suggest  that  the  southeastern Coast Belt lay about 
2900 km south  of its present latitude in mid-Cretaceol~s time 

mid-Cretaceous  Spences  Bridge Group on  the adjacznt In- 
(Ague andBrandon, 1992;  Wynne eta[., 1995), wber:as the 

termontane Belt was  deposited  1200 km south  of its present 
latitude  (Irving et al., 1995). A mid-Cretaceous reco~~struc- 
tionofthesouthernCoastBeltbasedonthesepaleom~.gnetic 

possible  source for the easterly-derived ark:oses  of the 
data places it at the  latitude  of  northern  Mexico,  where a 
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Tyaughton - Methow  basin  might be the  Peninsular  Ranges 
batholith  of  southern California, which also restores to this 
mid-Cretaceous paleolatitnde (Garver  and  Brandon,  1994; 
Cowan,  1994). 

Wynne et al. (1995) come  from the Silverquick and  Powell 
The  discordant  paleomagnetic  data  presented  by 

Creek  formations  near  Mount  Tatlow, about  30 kilometres 

tigraphic  and  provenance links provided by these  rocks and 
east-northeast of the Taseko - Bridge  River  map  area.  Stra- 

tain groups  demonstrate that the diverse tectonic  assem- 
slightly older strata of the  Taylor Creek and Jackass IVioun- 

Terrane,  were  tied  together  by  mid-Cretaceous  time 
blages  of  the  southern  Coast  Belt,  including  Methow 

(Garver,  1992;  Garver  and  Brandon,  1994). The mid-Creta- 

coeval  and  somewhat older Lower  Cretaceous volcanic 
ceous Tyaughton basin deposits interfnger to the  west  with 

rocks of the  Gambier arc, which is inferred to have  devel- 

Insular  and  Coast belts (Garver,  1992;  Thorkelson  and 
oped above  and east-dipping  subduction zone beneath  the 

Smith,  1989).  Because  this  Coast  Mountains arc is presently 
separated  from  the  Okanogan - Spences Bridge  arc  of  the 
Intermontane by coeval clastic sedimentary rocks of the 
Tyaughton - Methow  basin  and a major  belt  of  contractional 

ping  Cretaceous  subduction  zones, one  beneath  the  Insular- 
deformation,  some  tectonic  models have  invoked 2 east-dip- 

Coast and the other beneath  the  Intermontane  Belt. In these 
models, convergence across the Intermontane  subduction 
zone generates the Spences Bridge arc and  leads  directly to 
collision  between the Intermontane  and  Insular  superterra- 

paleomagnetic data suggest an  alternative  model,  whereby 
nes  (Monger ef al., 1982; Thorkelson and  Smith,  1989). The 

ferent latitudes along the continental  margin  and  were sub- 
the  two  Early to mid-Cretaceous arc systems formed at dif- 

sequently  juxtaposed  by  orogen-parallel   dextral  
displacement  of  the  Coast Belt relative to  the  Intermontane 
Belt.  Models  derived  from  paleomagnetic  data  require  that 
this  major  displacement  occurred  in  Late  Cretaceous  to  Pa- 
leocene  time, as lower  Middle  Eocene  rocks  within  the  In- 
sular Belt yield  paleopoles  that are concordant  with  Early to 
Middle Eocene paleopoles  from the Intermontane  Belt of 
southern  British  Columbia and cratonic North  America (Irv- 
ing and  Brandon,  1990). 

Creekpaleomagnetic sitesarepresently separated bypromi- 
The discordant Spences  Bridge and Silverquick-Powell 

nent dextral strike-slip faults of  the  Yalakom  and  Fraser 
River fault systems,  but these faults  have a combined dis- 
placement  of only 200 to 300  kilometres and were  active 
mainly  in Eocene  time (Monger,  1985;  Kleinspehn,  1985; 
Riddell etal., 1993a:  Umhoefer  and  Schiarizza,  1993;  Mon- 
ger  and  Journeay,  1994). The paleomagnetic data suggest 
that a somewhat older system  of  faults,  with close to Zoo0  
kilometres  of dextral displacement,  occurs  along  the  bound- 
ary between  the  Coast  and  Intermontane  belts. East of  the 
Fraser  River  fault,  this  boundary  coincides  with  the 
Pasayten  fault  zone (see Figure 2). This is a major  geological 
boundary that has  been  traced  continuously for mort: than 
200 kilometres, and across  which  mid-Cretaceous  and older 

common  (Monger, 1989; Monger and  McMillan,  1989). 
stratigraphic,  plutonic  and  structural elements have little in 

The oldest  structures  documented  along  the  Pasayten fault 

zone are ductile fabrics within plutonic rocks of thc. .eastern- 
most  Intermontane  belt that formed during an episode. of 
Early to mid-Cretaceous sinistral strike-slip to transpl'es- 
sional  deformation  (Greig,  1992,  Hurlow,  1993). No cone- 
sponding  structures are present  within  rocks  of the adjacent 
Coast  Belt  (Methow  Terrane),  indicating that the  most re- 
cent movement  along  this  boundary is younger  than nid- 
Cretaceous. In the Coqnihalla  River area, studied  in  detail 

Middle  Eocene  east-directed thrust fault, as well as pjst- 
by Greig (1989,  1992).  these  younger stn~ctures i.nclude a 

Middle  Eocene  northeast-side-up and syn-Early  Miocene 
northeast-side-down  faults. Farther south, thePasaytenfault 

Late  Cretaceous to Middle Eocene  time (Hurlow, 1993:. 
zone also contains brittle deformation fabrics that  formed  in 

The lack  of evidence for Late  Cretaceous dextral  move- 
ment along the Pasayten fault may  reflect significant Terti- 
ary dip-slip  movement along the fault zone.  Varsek ef al. 

that  the  Pasayten fault dips eastward and  places plutonic 
(1993).  on  the  basis  of  deep seismic reflection data,  sugg;est 

rocksoftheIntermontaneBeltaboveMethowTerranestma 

tiary  reverse  movement  on  this fault then it may  have o\ er- 
of the  Coast  Belt.  If there was a significant amount  of 'I'er- 

ridden a steeply-dipping  dextral  fault  that juxtaposed the 
Intermontane  and  Coast belts in  Late  Cretaceous tirne. 

Pasayten fault could also effectively  hide  an older dexml 
Young  normal-sense  movement  on  the  east-dipping 

gently to the east than  the  younger  normal  fault. 
strike-slip  fault,  providing  that  the  dextral fault dipped m m  

West  of  the Fraser River fault, the boundary  betwcen 
the  Coast and Intermontane belts is defined, in  part,  by the 

rate Methow Terrane  from  an  assemblage of Cretaceous 
Slok  Creek  and  Hungry  Valley fault systems,  which %?a- 

rocks  that  includes  volcanic  rocks  correlated  with ,:he 
Spences  Bridge  Group  (Tipper,  1978; Read, 1988; Mon::er 

Slok Creek fault and  eastern  portion of the  Hungry  Valiey 
and McMillan, 1989; Green,  1990;  Hickson,  1992). The 

system are dextral  strike-slip faults that cut rocks as yorng 
as Eocene. The western  part  of  the  Hungry  Valley  system, 
however,  has a more  westerly  trend  and  cuts only Creta- 
ceous  rocks  (Figure  39). It was  mapped as a northeast-di- 
rected thrust fault by Tipper (1978). but the !regmcnt 
exposed  in  Churn  and  Dash creeks was  probably  the lwus 
of dextral  strike-slip  movement  (Chapter  3). This rcould be 
a remnant  of a Late Cretaceous  -Early  Tertiary fault system. 

an older fault  system. 
Alternatively, it could  be an  Eocene structnre that has offret 

The volcanic and  comagmatic intrusive  rocks  corre- 
lated  with  the Spences  Bridge Group  northeast of the Hun- 
gry  Valley fault are overlain by  mid to Upper Cnstacecbus 

with  the  Silverquick-Powell  Creek  succession  of the Coast 
sedimentary  and  volcanic  rocks  that  have  been  correlaled 

Belt  (Green,  1990;  Hickson,  1992;  Mahoney et al., 1992). 
Similar mid-Cretaceous  non-marine  chert-rich conglom:r- 
ates and  sandstones also occur within  the  Intermontane  Belt 
east of the Fraser River  fault,  where  they overlie the Cache 
Creek  and(?) Spences Bridge groups (Monger  and  McMil- 
Ian,  1989:  Read,  1990).  Correlation of these  sedimentzcy 
and  volcanic  rocks  within  the Intermontane Belt  with the 
Silverquick-Powell  Creek  succession  in its type ansa  in the 
Coast  Belt  clearly  contradicts the discordant  paleomagnetic 
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results presented by Irving et al. (1995)  and  Wynne et al. 
(1995). This correlation is based on similarities in  age,  li- 
thology and depositional  environment,  but  the  correlated 

Jura-Cretaceous rocks of Methow Terrane as well as several 
rocks are not in physical  continuity  and are separated by 

major  strnctures.  Furthermore, chertclasts intheTyaughton 
basin deposits (including Silverquick in its type area) were 
derived  from the Bridge  River Complex  of  the  Coast  Belt 
(Garver,  1992),  while  those stratigraphically above  the 

Cache Creek  Complex  of  the Intermontane Belt (Hickson 
Spences  Bridge  Group  were probably  derived from the 

et al., 1991;  Mahoney et al., 1992). This suggests  that, d e  
spite their similarities, the  two  successions  formed  in  differ- 
ent depositional  systems. It is therefore possible  that  the  two 
successions represent similar depositional environments, 
but  were  developed  at  widely  separated  places  along  tbe 
mid-Cretaceous  Cordilleran  margin, as the  paleomagnetic 
data indicate. 

neticmodelformajorLateCretacwus-Paleocenelatitudinal 
As outlined in  the  preceding  paragraphs,  the  paleornag- 

displacement  of  the  Coast  Belt  relative to the  Intermontane 
Belt contradicts a number of geological  models  that  were 
based  on  inferred  links  between  the  two  belts. These links 
include provenance  relationships  in  wbicb  Lower  Jurassic 
to mid-Cretaceous clastic sedimentary  rocks of Methow 
Terrane  are inferred to have a source  in  the  adjacent  Inter- 
montane Belt (e& Coates, 1974;  Anderson, 1976; Ten- 
nyson and Cole, 1978; O'Brien et al., 1992), as well as 
stratigraphic correlations of  mid-Cretaceous  rocks  within 
the  two  belts (e.& Mahoney et al., 1992). This dilemma r e  
mains to be resolved (see discussion by Cowan,  1994).  but 
the problem is sufficiently  well  defined  in  this  area to be a 
focus for paleomagnetic  and  geologic  studies  designed to 
test the hypothesis  of  major  latitudinal  displacements. 

TECTONIC  EVOLUTION 
A Late  Cretaceous restoration of the  southeastern  Coast 

- north  Cascades  orogen is presented  in  Figure 44. It is based 

Fraser River - Straight Creek fault system  (matching the 
on first removing 80 kilometres of dextral offset on the 

Yalakom  and  Hozameen  faults),  and  then  restoring  115  kil- 
ometres of dextral offset on the Yalakom - Hozameen  fault 
system  (matching  the  Konni  Lake  and  Camelsfoot  faults, as 
well as the  Shulaps  Ultramafic  Complex  and  Coquihalla  ser- 
pentine belt).  Although  the  displacement  histories  of  these 
faults  were  probably  more  complicated,  as  discussed  in a 
previous  section,  this  first-order  restoration  provides a rea- 
sonable  base for viewing  the  distribution of major  tectono- 

contractional fault systems  within  the  orogen  prior to Late 
s t ra t igraphic   assemblages  and  mid-Cretaceous 

Cretaceous andearly Tertiary strike-slipfaulting. Xn this sec- 
tion  we  will first summarize  the  relationships  of  these  tec- 

model for the  Mesozoic  to early Tertiary  tectonic  evolution 
tonostratigraphic assemblages and  then  present a  simple 

of  the area. 

linear belt  that extends for most  of  the  length  of  the  south- 
Oceanic  rocks  of  Bridge River Terrane underlie a long 

eastern  Coast  Belt.  In the northern  part of this  belt ehe Bridge 
River  Complex  accumulated  as a Middle Triassic to late 

Middle  Jurassic  accretion-subduction complex that was  un- 
conformably  overlain by latest Middle Jurassic to nud-Cre- 
taceous clastic sedimentary rocks of  the  Tyawghton  basin. 

play  no evidence of  this  subduction-related deformaion and 
Farther  south,  however,  western  parts  of  the  complex  dis- 

grained clastic sedimentary  rocks of  the  Jura-Cretaceous 
are gradationally and conformably  overlain  by  mairlly fine- 

Journeay  and  Mahoney,  1994).  Near  the  interrational 
Cayoosh  assemblage  (Journeay and Northcote,  1992; 

boundary,  Bridge River  Terrane  is  represented by the 
Hozameen  Group  in the east, and  by high-gr .L d e mztamor- 
phic rocks that probably correlate with  the  Bridge  River 
Complex  and  Cayoosh assemblage within  the struchxal and 
metamorphic  culmination  of  the  southeastern Coas~: - north 

the Twisp Valley schist, Napeequa  unit and Chiwaukum 
Cascades  orogen to the  west. The latter assemblages include 

Miller et al., 1993b). and the  Cogburn Creek Group  and 
schist  of  the  Cascade  Metamorphic Core (McGroder,  1991; 

Journeay,  1994). Correlatives of  the Bridge River  Complex 
Settler schist  in  the  southeastern  Coast Belt (Monper  and 

also  occur  farther  west,  south  of the western Coast Belt, 
where  they include the  Elbow  Lake  Formation of  th,:  north- 

of  the San  Juan Islands thrust system  (Miller et al., 1993h). 
west Cascade thrust system  and the Deadman  Bay  'Terrane 

The  Shuksan  metamorphic suite of the Northwest  Cascades 
thrust  system  may correlate with  the  Cayoosh  assemblage, 

ger,  1991b).  Early  Cretaceous  bluescbist-facies  mctamor- 
representing the upper part of Bridge  River  Terrane (Mon- 

phism  of the  Shuksan  suite  (Brown and Blake,  1987) 
indicates  that a pulse of subduction-related  deformation af- 
fected  the  southern part of the Bridge  River - Cayoor h basin 
at  the  onset  of the major episode of Early to Late Cre:aceous 
contractional  deformation  that  affected  the  orogen. 

Methow  basin  occupy a belt that occurs directly east of 
Methow  Terrane and  overlying clastic rocks  of the 

Bridge  River  Terrane.  Methow Terrane includes  Lower to 
Middle  Jurassic clastic and  arc  volcanic  rocks that ;ire rea- 
ognized  over  the entire length of this  belt. In the central part 

basement  of  the Coquihalla serpentine belt (Xay,  1986), 
of  the  belt  these  rocks rest unconformahly above oceanic 

ophiolitic  rocks  of the Shulaps Ultramafic  Complex  in  the 
which  restores to, and is inferred to correlate with,  otsducted 

Taseko - Bridge  River area (Figure 44). At the  north  end of 
the  belt,  the  Jurassic  rocks  of  Methow Terrane were  depos- 
ited  above  Upper Triassic clastic rocks that resembl;  those 
of Cadwallader  Terrane,  which  in  turn  were  deposited  non- 
conformably  above  Middle to Late Triassic tonalitic to 
dioritic plutons  (Schiarizza ef al., 1995;  Schiarizza,  1996). 

Cadwallader  Terrane  includes  Upper Triassic arc  vol- 
canics  and  arc-derived  clastics,  together  with  Lower lo Mid- 

confidently  correlated  with  Cadwallader Terrane within  and 
dle Jurassic  mainly fine-grained clastic rocks.  Rocks 1 hat are 

near its type area comprise numerous  small fault-b~~unded 
lenses distributed  across a limited  area  west  of  the  Late  Pa- 
leozoic  Shulaps  Ultramafic  Complex  (Figure  44). Tl e Cad- 
wallader  rocks  in  this  area are invariably  imbricated  with 
Shulaps-correlative ophiolitic rocks of  the  Bralome-East 
Liza  Complex,  and are inferred to comprise  remnants of a 
large, composite,  Cretaceous thrust sheet that was thrust 
westward  over  the Bridge  River Complex  and TyaJghton 
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Figure 44. Map showing the  distribution of Bridge  River  Terrane  and  associated  tectonostratigraphic  assemblages  in  the  sontheasttm 
Coast - north  Cascades  orogen  after  restoring  latest  Cretaceous  to  Tertiary  dextral  strike-slip  displacement  on  the  Fraser  River - Straight 
Creek  and  Yalakom - Hozameen  fault  systems.  CCG=Coglmm  Creek  Group;  HG=Hozameen Group; SS=Seltler  schist. 
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basin. This thrust sheet is in  turn  structurally  overlain by the 
Shulaps Ultramafic  Complex,  which is inferred to have  been 
derived from beneath  Methow  Terrane.  These  relationships 

geographic position  between Bridge  River  and  Metbow  ter- 
suggest  that  Cadwallader Terrane  occupied a paleo- 

ranes. This is consistent with  relationships  farther  to  the 
north,  where the most  continuous  belt  of  Cadwallader  rocks, 
corresponding to the  restored  Camelsfoot  and  Konni  Lake 
belts (Riddell et al., 1993a).  occurs  between  Bridge  River 
and  Methow  terranes (Figure 44). The lithologic  similarity 
between the Upper Triassic Tyaughton  Group  of  Cadwal- 

Methow Terrane near Tatlayoko Lake suggest  that  Cadwal- 
lader Terrane  and correlative rocks in  the lower part of 

lader and  Methow terranes may  actually  comprise  different 
parts  of a single arc - basin  system.  This link is consistent 
with  the fact that  both  terranes are associated  with  Late  Pa- 
leozoic  ophiolitic  rocks,  and  both  terranes include arc  vol- 
canics that are coeval with  subduction-accretion  tectonics 
within the adjacent  Bridge River Complex. These relation- 

parts  of  an  arc  system that formed  above Late Paleozoic 
ships suggest that Cadwallader and  Methow  terranes are 

ocean  crust  in  response to subduction  of  the  Bridge  River 
oceanic plate to the  west. 

The western  part of the southeastern  Coast  Belt  com- 
prises Triassic through  Cretaceous  arc-derived  volcanic  and 
sedimentary  successions  assigned  to  the  Niut  and  Lillooet 
Lake belts (see Figures 39 and  40).  Upper Triassic arc  vol- 
canic  rocks  of the Lillooet  Lake  belt  had  previously  been 
assigned to the  Cadwallader  Group  (Roddick  and 
Hutchison,  1993; Riddell, 1992; Monger  and  Journeay, 

Group  in  the Taseko - Bridge  River  area  because  the  two 
1994). butareheredifferentiatedfromthe type-Cadwallader 

successions  apparently  restore to opposite  sides of Bridge 
River Terrane (Figure 44). The Triassic rocks  of  the  Lillooet 
Lake  belt are stratigrapbically  overlain by Lower to Middle 
Jurassic  arc  volcanic  and  sedimentary  rocks  correlated  with 
the Harrison  Lake  Formation of the adjacent western  Coast 
Belt (Journeay  and  Mahoney,  1994). The southern  end of 
the Lillwet Lake  belt includes metavolcanic  and  metasedi- 
mentary rocks of  the  Slollicum  schist,  which  correlate,  at 
least in part, with the Lower  Cretaceous  Peninsula  and  Bro- 
kenback Hill formations  (Monger  and  Journeay, 1994). 
These  formations  occur in  the  upper  part of Hamson Ter- 
rane (Arthur et al., 1993)  and  comprise  part of the  Lower 
Cretaceous  Gambier  volcanic arc assemblage, which is 

and  Journeay,  1994). 
widespread  within  the southwestern Coast  Belt  (Monger 

The Niut  belt is underlain  mainly  by  Middle  to  Upper 
Triassic arc  volcanic  and  sedimentary  rocks  of  the  Mount 

tons,  and  Lower  Cretaceous  volcanic  and  sedimentary  rocks 
Moore andMosley formations, associatedLateTriassicplu- 

assigned to the Ottarasko  and  Cloud Drifter formations 
(Rusmore  and  Woodsworth,  1991a;  Mustard  and van der 
Heyden,  1994:  Schiarizza,  1996). The Lower  Cretaceous 
rocks  (Umhoefer et al., 1994) are lithologically similar to 
age-equivalent  rocks of the  Gambier  assemblage,  whereas 

Terrane  (Rusmore and  Woodsworth,  1991a).  While  not  dis- 
the Triassic rocks  have  been  correlated  with  those  of Stikine 

puting  the latter correlation, we suggest that this  belt of Tri- 
assic rocks  continues  southeastward to also include the 

Lillooet  Lake  Belt.  This correlation is suggested  by  their 

ence of Triassic quartz dioritic intrusive rocks within  both 
along strike position,  general  lithologic  simil;uity, !he pres- 

belts  (Riddell,  1992;  Mustard  and  van  der Heydm, 1994; 
Schiarizza,  1996).  and  their  mutual associati~~n with 

that probably correlate with  the  Lower  Cretaceous  Gambier 
younger  sequences  of arc volcanic  and sedirnentay rocks 

tion is consistent  with the recent discovery  of  Middle  Trias- 
Group  (Riddell,  1992,  Umhoefer etal., 1994).  This  correla- 

sic (Ladinian)  chert and siliceous siltstone intercalated  with 
mafic volcanic  rocks  in the Mount  Moore folmaticn of  the 
Niut  belt (F. Cordey  and P.S. Mustard,  personal  communi- 
cation,  1994; Schiarizza, 1996). These  rocks may torrelate 

mafic  volcanic  rocks at the base of  Harrison  Terranl:  (Camp 
with  Middle Triassic (Ladinian) siliceous siltstone and 

Cove Formation, Arthur et al., 1993),  which  may in turn be 
linked  to  the Triassic rocks  of  the Lillooet Lake  belt  by  their 

mation  (Journeay  and  Mahoney,  1994). 
mutual  association  with the overlying Harrison  Lake  For- 

As summarized  above, rocks within the Lillocet Lake 
- Niut belt have  stratigraphic  ties to the adjacent western 

Bridge  River Terrane over  most  of its length, and was  in- 
Coast  Belt. The Lillooet  Lake - Niut  belt  occurs  west of 

volved  in  the early Late Cretaceous structural telescoping 
of  Bridge  River Terrane over the western  Coast  Belt  in  the 
vicinity  of  Lillooet  and Hanison lakes (Journeay an3 Fried- 
man,  1993). In the  north,  however, the Lillooet  Lake - Niut 
belt  is  juxtaposed against Methow  Terrane,  habing  cut 
across  the  contacts  between  Bridge  River,  Catlwalk.der  and 

boundary  may  correspond, at least in  part, to Tertiaq dextral 
Methow  terranes  near Chilko Lake (Figure44). The  present 

kilometres of displacement (Umhoeferet al., 1994;  IJmhoe- 
strike-slip  faults, hut as these are inferred to have only  a few 

fer and  Kleinspehn,  1995).  this  truncation  boundsry  may 
relate  to  the  emplacement  of  the  Lillooet  Lake - Niut  Belt 

terranes of the  eastern  Coast Belt at some earlier date.  The 
(together  with  the  western  Coast Belt) against  the rdjacent 

may  have  been as early as the latest Middle  Jurassic. This 
time  of this original  emplacement is not well defined,  but 

inference is based  on the distribution  of the oldest rocks 
within the Tyaughton - Methow  basin, the latest Middle Ju- 
rassic to Lower Cretaceous Relay  Mountain  Group,  which 
defines a belt  that  cuts  across  the  MethowlCadwal- 
ladermridge River  terrane contacts, but  follows, ard is di- 
rectly east of,  the  boundary  of the Lillooet Lake - Kiut belt 

Jura-Cretaceous clastic sedimentary rocks probably  contin- 
(Figure  44).  Although  not  shown  on Figure 44, this belt  of 

ues  southward  to  beyond  the international boundary,  where 
it is represented  by  the  Cayoosh assemblage  and mctamor- 
phic equivalents (Journeay and Mahoney,  1994;  Monger 
and  Journeay, 1994). Initiation of clastic sedimentation 
WithintheTyaugbton-Methow-Cayooshclasticbaxinmay 
have  been  diachronous  in detail (Journeay  and Mhoney, 
1994).  but we infer  that  this long period of sustained clastic 

this  western  crustal  block by late Middle  Jurassic  tin:e.  This 
sedimentation  was a response to the emergence or arrival  of 

is consistent  with the stratigraphic  record  within mort of the 

Jurassic  and  lowermost  Cretaceous  rocks are largely  absent, 
Lillooet  Lake,  Niut  and  western  Coast  belts,  where  Uppar 

suggesting that this  western crustal block  was emergmtdur- 
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jacent basin (Figure 40). It is also permitted  by  the prove- 
ing this interval and may have supplied  sediment to the  ad- 

nance of clastic detritus within  the  Relay  Mountain  Group, 
which was  derived  from a mixed  volcanic  and plutonic 
source  within a magmatic arc (Umhoefer,  1989).  Facies  pat- 
terns are generally not well  defined  within  the  lower  part of 
the  Relay  Mountain  Group,  but  thick  intervals  of Late Ju- 
rassic conglomerate are found only within  western  expo- 
sures of  the group (Tipper,  1969;  Schiarizza,  1996; b k i e  
Creek  area  of  this  study),  suggesting that it was  derived, at 
least  in  part,  from a western  source.  Lower  Cretaceous  rocks 
of the  Relay  Mountain  Group  also become coarser in the 
west(Umhoefer,1989),andintheToshCreekareatheupper 
(Hauterivian) part of the group may be transitional into 
coarse volcanic conglomerates and  breccias (Tosh Creek 

with the interpretations  of Tipper (1969)  and  Umhoefer et 
succession of this  report). These relationships are consistent 

al. (1994). who  suggested that Hauterivian  volcanic and 
sedimentary  rocks of the  Niut Belt, comprising  the  eastern 
part of an early Cretaceous arc within  the  western  Coast 
Belt,  were  transitional  eastward into clastic  rocks  of  the  Re- 
lay  Mountain  Group. 

Tyaughton - Methow  basin indicates that volcanic-lithic 
The  stratigraphic  record  in  the  upper  part of the 

sedimentary  rocks  derived  from the west  continued to be 

but were  mixed  with  chert-rich  detritus  derived  from  intra- 
deposited  within  the  western  part of the  basin  in  Albiau  time, 

basinal  highlands  formed  by  uplifted  Bridge  River  Complex 
(Carver, 1992). Contractional deformation may  have re- 

of the Taseko - Bridge  River  area,  as  this  part of the belt 
sulted  in  emergence  of  most of the Bridge  River  belt  south 

sin to the  northwest (see Figure 1 I), as well as to the  southern 
supplied  chert-rich clastic detritus to the  Tyaughton  sub-ba- 

Monger, 1989).However,mostofthevastquantitiesofmid- 
part of the  Methow  sub-basin to the east (Trexler,  1985: 

Cretaceous arkosic  sediment  deposited  in  the  Methow  sub- 
basin,  and  locally  in  the  Tyaughton  sub-basin,  were  derived 
from  an eastem source terrane that  included  contemporane- 
ous volcanic  rocks as well as plutonic and  metamorphic 
rocks  (Kleinspehn, 1985;Garver, 1992). Thesestratarecord 
the first major influx of clastic detritus that was clearly  de- 
rived from  a continental  source  terrane  external to the  Coast 
Belt. Available provenance data suggest  that  this  source  ter- 
rane  might be rocks of the  Intermontane  and  Omineca  belts 
that are presently  adjacent to the  basin (e.g. Kleinspehn, 
1982,1985; OBrien et al., 1992;  Garver,  1992),  but do not 
rule out a source 3000 kilometres farther south along the 
continental margin (Cowan, 1994; Garver  and Brandon, 

magnetic data (Ague and Brandon,  1992;  Irving et al., 1995; 
1994), as indicated by several sets of tilt-corrected paleo- 

Wynne et al., 1995). 
The relationships summarized in  the  previous  para- 

graphs suggest that the Mesozoic to early Cenozoic evolu- 
tion of the  southeastern  Coast  Belt  can be summarized  in 
terms of 4 time periods,  as  indicated  on  Figure  45  and  dis- 
cussed  in  the following paragraphs. 

TRIASSIC TO MIDDLE JURASSIC 
Middle Triassic to latest Middle Jurassic time  was 

marked  by  subduction  of the Bridge  River Ocean basin  be- 

.~ 
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Figure 45. Schematic summary of the  Mesozoic  and  early Teniiry 
tectonic  evolution of the southeastern Coast ~ noah  Cascar:es 
orogen.  BC=Billhook  Creek  Fm;  BH=  Brokeuback  13ill Fn; 
CY=Cayoosh  assemblage; GSambierGroup; GC=GrouseCreek 
unit;  JM=Jackass  Mountain  Gp;  MC=Mysterious  Creek Fm; 
P=Peninsula Fm; RM=Relay  Mountain  Group;  TC=Taylor  Creek 
Group;  %Thunder Lake sequence. 
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neath  an  overriding oceanic plate represented,  in  part, by 

East  Liza complexes.  Upper Triassic to  Middle  Jurassic  arc 
late Paleozoic opbiolitic rocks  of the Shulaps  and  Bralorne- 

volcanics and arc-derived clastic sedimentary  rocks  of  Cad- 
wallader  and Methow  terranes  formed  on the overriding 
plate in  response  to  this  subduction. The imbricated  assem- 
blage  of  sedimentary,  volcanic  and  metamorphic  rocks  that 

plex  accumulated as an accretionary complex at the leading 
comprises the nortbeastern part of  the  Bridge liiver Com- 

edge of the ovemding plate. More coherent sections of  chert 
and greenstone that constitute major  parts of the complex 
farther to the south  (western  assemblage  of  the  Bridge  River 
Complex  described  by  Journey  and  Northcote,  3992)  repre- 

during this  early  to  mid-Mesozoic  phase of subduction-ac- 
sent more distal  parts  of this ocean  basin  that  remained  open 

cretion tectonics. 

LATE  MIDDLE  JURASSIC  TO  EARLY 
CRETACEOUS 

Lake - Niut  belt and adjacent western  Coast  Belt, defining 
Late Middle Jurassic time saw the  arrival of the  Lillooet 

a western  margin to the Bridge  River  basin prior to its com- 
plete collapse by  subduction. The subsequent Late Jurassic 
to Early  Cretaceous  history  of  Bridge  River,  Cadwallader 
and  Methow  terranes is dominated by the  deposition  of  clas- 
tic sediments derived  mainly or entirely  from  this newly-a- 
rived  western  crustal  block. In the north, these clastic 
deposits are  represented by  the Relay  Mountain Group, 
which  overlaps  Methow  and  Cadwallader  terranes, as well 
as the  adjacent  Bridge  River  accretion-subduction  complex. 
Clastic  sediments  farther  south  are  represented by the 
Cayoosb  assemblage,  which  was  deposited,  in  part,  above 
coherent  oceanic crust of the  western  Bridge  River  complex, 
which  bad not been affected by subduction-related  defor- 

deposited above  Cadwalladerand Methow  terranes, respec- 
mation. The Grouse  Creek  unit  and  Thunder  Lake  sequence, 

tively,  in the northeastern  part  of  the  orogen  (Figure 4 3 ,  
might  represent  distal  parts of the Relay  Mountain  deposi- 
tional  system.  Alternatively,  these  sediments  may havebeen 
derived  from  local  uplifts  within these terranes  themselves, 
or from a separate sonrce to the east. 

Niut  belt, the western  Coast  Belt  and  Wrangellia  may  have 
The crustal block  represented  by  the  Lillooet  Lake - 

been emplaced to the  west  of  Bridge  River Terrane along a 
system of sinistral faults (Figure 45). as suggested by Mon- 
ger et al. (1994).  (Note,  however, that Monger et ai. pre- 
ferred  an  Early  to   mid-Cretaceous  age  for   this  
displacement.)  This  process  may  have  been part of a general 

American craton due to left-oblique  convergence  of adja- 
southward migration of arc terranes bordering  the  North 

cent oceanic lithosphere during Triassic to mid-Cretaceous 
time  (Av6  Lallemant  and  Oldow,  1988).  Deformation  asso- 
ciated  with emplacement of the  western  Coast  Belt  may be 
reflected  in  pre-Callovian folds documented  in  the  Harrison 
Terrane by  Mahoney et al. (1995).  Middle  Jurassic  defor- 
mation is also documented  near  the  boundary  between  the 
western  Coast  and Insular belts (Monger, 1991a, 1993), 
where it included folding as well as sinistral  displacement 
alongnorthweststrikingfaults(WebsterandRay,1990;Ray 
and  Kilby,  1996). Subduction of oceanic lithosphere be- 
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neath its western  margin,  which  may  have  begun in the Tri- 
assic,  continued after emplacement of  the cnlstal liagment 
to the  west of Bridge  River Terrane  and was  responsible for 
the  generation  of late Middle Jurassic through  Lower  Cre- 
taceous  plutons  that occur within the western  Coast  Belt 
(Friedmanetal., 1995).Upliftanderosionaccompaniedthis 
plutonism  throughout  much of the belt,  such that i1e block 
supplied detritus to the adjacent clastic basin  repres :nted  by 
the  Relay  Mountain  Group and Cayoosh  assemblage. Su- 
pracrustal  rocks  deposited  in  the  western Coast Bell  arc  dur- 
ing  this  interval are well  preserved only in  Harrison  Terrane, 
where  they comprise Callovian to Valanginim strata  of  the 
Mysterious  Creek,  Billhook  Creek  and Peninsul. f 
tions  and  the  lower part of  the  Brokenback  Hill  Formation 

,L orma- 

(Arthur et af., 1993). These rocks include a nlixtur:  of  vol- 
canic and  sedimentary  rocks,  in contrast to the  entirzly  sedi- 
mentary character of  the coeval Relay  Mountair  Group, 
which  was  deposited  in a hack-arc  setting. 

Bridge River  basin in early to mid-Mesozoic  time,  sug- 
An alternative mechanism for the nanowin.:  of the 

gested  by Arthur et ai. (1993), is subduction to both the east 
and  the  west,  thus  generating coeval arc  sequences  on  both 
its eastern  (Cadwallader - Methow)  and  western (Nut - Lil- 
looet  Lake -Harrison) margins.  However,  this is no: consis- 
tent  with  the  geochemical and isotopic data prewnted by 
Mahoney  and  DeBari  (1995)  who  suggest  that the Harrison 
Lake  Formation comprises the eastern side of an m: system 
that also includes the Bonanza  and  Bowen  Island  groups  of 
Wrangellia,  and  that theseLower to Middle  Jurassic arc vol- 
canics  were  generated by eastward subduction  of  oceanic 
crust  along  the  western  margin  of  Wrangellia. Furtt ermore, 
the  sinistral  emplacement  model  provides  an explan.ttion for 
the  apparent  absence  of Bridge River Terrane or traces of 
an oceanic suture  within  the  Coast Belt north  of 52' latitude. 
It also presents  tbe  possibility  that, prior to their solthward 
displacement in Late  Middle Jurassic time, Triawic and 
Lower to Middle  Jurassic arc sequences  in  the  Lillooet  Lake 
and  Niut belts were  the  northern  continuation  of the similar, 
coeval  arc  sequences  represented  by Cadwallah and 
Methow  terranes. 

EARLY  TO  LATE  CRETACEOUS 

overlying  clastics of the Cayoosh  assemblage,  occurred  in 
Final collapse of the Bridge  River basin, including 

Early to Late  Cretaceous  time, and  gave rise to t h t :  south- 
eastern Coast - north  Cascades  contractional orogm. This 
collapse was initiated in  Hauterivian to Barremian tine with 
subduction of some of  the  remaining  Bridge  River  oceanic 

dates from  blnescbists  in  the  Cayoosh-correlative  (Monger, 
crust, as indicated by the clustering of  K-Ar radiomehic 

1991b)  Shuksan  metamorphic suite (Browm  and Blake, 

southwest-directed  thrust  faults,  continued  until the early 
1987).  Shortening  of  the  basin, by  way  of  predominantly 

Late Cretaceous  and  was  accompanied hy synorogenic  clas- 
tic  sedimentation  in  the  Tyaugbton - Methow basic. These 
sediments  were  derived  partly  from  the  westem  Coast  Belt, 
partly  from  uplifted  highlands  within  the  orogen  itself,  and 
partly  from a continental  source east of  the  orogen (Garver, 
1989,  1992;  Garver  and  Brandon,  1994). The influence  of 
the latter sonrce  area suggests that the defomnatior  within 

__- 
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the  southeastern  Coast - north  Cascades  orogen  may  have 
included its collapse against the North  American  continental 
margin, andlor have  been  coincident  with  major  uplift  of 
adjacent  North  American  rocks.  Although  many  geologi- 
cally-based interpretations suggest  that  the  eastern  source 
terrane comprised  adjacent rocks of the Intermontane  and 

action  occurred 3000kilometres farther south along the  con- 
Omineca  belts,  paleomagnetic data suggest  that  this  inter- 

tinental  margin  (Ague  and  Brandon,  1992;  Wynne et al., 
1995). 

eastern  Coast - north Cascades orogen  probably  occurred 
The Early  to Late  Cretaceous development  of the south- 

within a framework  of  continuing  east-dipping  subduction 
of adjacent oceanic lithosphere along the  outboard  margin 
oftheInsularBelt(Armstroug, 1988;vanderHeyden,1992; 
Friedman et al., 1995).  Arc  volcanics  related to this subduc- 
tion include the  Early  Cretaceous  (Hauterivian to Albian) 
Gambier  assemblage of the  western  Coast Belt and  correla- 
tive Ottarasko  formation  of  the  Niut  belt.  Hauterivian  strata 

mentary, hut the  overlying  (Albian)  Taylor  Creek  Group 
within the hack-arc  Relay  Mountain  Group are entirely  sedi- 

locally includes a significant volcanic  component (this 
study;  McLaren,  1990).  Still  younger  volcanics,represented 
by the  Upper  Cretaceous  Powell Creek formation  are  re- 
stricted to  the  eastern  Coast  Belt.  This  eastward  shife  in arc 

rocks  within  the  southern  Coast  Belt:  Jura-Cretaceous  plu- 
magmatism  with  time is also  reflected  in  the  ages  of  plutonic 

tonism  within the western  Coast  Belt  spread  eastward into 
the  western part of  the  eastern  Coast  Belt at ahout 100 Ma 

eastward at ahout  90 Ma,  such  that  Upper  Cretaceous  plu- 
(Albian),  and  the  locus  of  plutonism  then  shifted  abruptly 

tons are restricted to the  eastern Coast Belt  (Friedman et al., 
1995). 

The polarity of the short-lived subduction  event re- 
corded by Early  Cretaceous blueschists of the Shuksan 

presents  geochemical  data  suggesting  that  volcanic  rocks  of 
metamorphic suite is unknown.  However,  Lynch  (1995) 

CoastBeltcomprisepartofaneast-facingarcsituatedabove 
the Gambier  assemblage at the  south  end  of  the  western 

the large-scale patterns of magmatism  within  the  Coast  Belt 
a west to southwest-dipping  subduction  zone.  In  contrast, 

from  the adjacent seafloor ofJurassic to Tertiary  subduction 
(Armstrong,  1988;  van  der  Heyden,  1992).  and  the  record 

of oceanic crust beneath  the  continental  margin  (Engebret- 
son et al., 1985,  1995),  suggest  that  the  bulk  of  the  Coast 
Plutonic Complex  and associated volcanic rocks are the 
products of a long-lived  east-dipping  subduction  zone  along 

arc polarity  suggested for the southern  part of  the  Gambier 
the  outboard  boundary  of the  Insular  Belt. The anomalous 

assemblage  may indicate that  the  Early  Cretaceous  suhduc- 
tion  of the  remnants  of  the  Bridge  River  ocean  basin  was to 
thewest,heneaththesouthernpartofthewesternCoastBelt. 

ceous contractional  structures which characterize the south- 
The tectonostratigraphic assemblages  and  mid-Cleta- 

eastern  Coast - north  Cascades  orogen  have  not  been 
recognized  north of 52"  latitude, where they  pinch  ont  be- 
tween  the  Yalakom fault and  the Late Jurassic  Wilderness 
Mountain  pluton.  Van  der  Heyden et al. (1994)  suggest  that 
the  Wilderness  Mountain  pluton  comprises  the  hanging vall 
of a west-dipping  fault at the northern  end  of  the  Eastern 
Waddington  thrust  belt.  They link the northem te~mina:ion 

Tyaughton  basin, suggesting that  the  contractional  deforma- 
of the  thrust  belt to the original  northern  termination of the 

tion  involved  rotational collapse of the basin about a hinge 
coinciding with  this  northern  paleogeographic bounday. 
This  model  may  apply to the entire southeastem Coa t  - 
north  Cascades  orogen,  which is centred about the renmmts 
of the Bridge River  ocean hasin together with overlying 
clastic deposits  of the Tyaughton  basin and Cayoosh ass8:m- 
blage. A northward-tapering  paleogeography to this  system 
of basins  may he inferred from the  northward plunge of the 

nation  near the international boundary,  where McGrcder 
orogen,  away  from  the  structural and metamorphic culmi- 

east-west  shortening. The inferred  northward-tapering ge- 
(1991)  postulates a minimum  of 400 to 500 kilometre:; of 

with  Monger et al.5 (1994)  model  of  sinistral displacerrent 
ometry, prior to mid-Cretaceous  contraction, is consislent 

of the  western  Coast  Belt as a mechanism for hounding  the 
Bridge  River  hasin to the west (Figure 45, Stage '2). 

LATE  CRETACEOUS  TO  EOCENE 

within  the  southeastern  Coast - north Cascades orogen was 
Mid to early Late Cretaceous  contractional  deformation 

followed  by  dextral strikeslip during Late Cretaceouc; to 
late Eocene  time.  This change in  tectonic style probably re- 
lates to an  abrupt change in  motion  of offshore ocean  plates, 
from east to northeast-directed orthogonal  converge:lce 
with  the  North  American  margin to north-directed oblique 
convergence (Engehretsonetal., 1985,1995). Dextral  faults 
are most  prominent  along  the  eastern edge of the orogen, 
where the Yalakom - Hozameen  and  Fraser  River -, Straight 
Creek  fault  systems account for 200 to 300 kilometres of 
mainly  Tertiary  displacement  (Umhoefer  and  Schiarizza, 

3000 kilometres  of  Late Cretaceous to Paleocene northw,ud 
1993). This tectonic  regime  may  have also resulted  in  ab3ut 

translation  of  the entire southeastern Coast - north  Cascades 
orogen,  together  with  the  western  Coast  and  Insular belts, 
from  the latitude of  northern Mexico to its present positon 
relative to the  North  American craton (Ague  and  Brandon, 

ment  apparently  occurred  on  structures  along or near he 
1992;  Wynne et al., 1995). More than  half  of  this  disp1a:e- 

present  day  boundary  between the southern  Coast  and  [n- 

though fault systems  with  the appropriate sense and timing 
termontane belts (Cowan, 1994; Irving et al., 1995), al- 

boundary. 
of  displacement  have  not  been  documented  along  t:lis 
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APPENDIX 1 

Conodont  Identifications 

Geological  Sutvey of  Canada 
By M.J. (Orchard 

Vancouver, British  Cdumbia. 

BRIDGE RIVER COMPLEX 

Fieid No. 70-MV-26 
NTS 92Jl15 

GSC  LOC. No. 0-86300 
Northing 5636705 Easting 528139 

Lake  road. 
East  side  of  Tyaughton  Creek  immediately  above  the  Carpenter 

Carbonate. 
Unit:  uKBRgic 
Microfossils:  conodonts,  sphaeromorphs 
Conodonts: 
ramiform  elements (12) 

Ep@ondolellaquadrafaOrchard 1991  (13) 

Neogondolellanavicula  (Huckriede 1958)  (23) 
Mefa,o&gnafhus  sp. (3) 

Age: Late  Triassic;  Early  Norian quadratazone 
CAI: 3.54.5 

Comment:  Processed and originally  identified by B. Cameronas late 
Ladinian  (Cameron  and  Monger, 1971). 

Field No. 87BNC-BBC424b GSC  LOC.  No. C-117578 
NTS 92Jl15 
South  of  Downton Lake,  east  end, on new  road. 

Northing 5628950 Easting 506250 

Carbonate. ~~~ ~ ~ 

Unit:  MJBR 
Conodonts: 

Neogondolelanavicu/a(Huckriede 1958) (6) 
Ep@ondolella  tdangulads(Budurov 1972)  (3) 
ramifon elements i t )  

Age:  Late  Triassic;  Early  Norian 
CAI: 3.5-4 

Field No. 87BNC-BBG0121 GSC  LOC.  No. C-117582 
NTS 92511 6 Northing 5631550 Easting 537400 
South  shore of  Carpenter  Lake,  south  of  Marshall  Creek. 
Limestone  blocks in greenstone. 
Unit: MJBR 
Microfossils:  conodonts,  spicules 
Conodonts: 

CAI: 6.5-7 
Age: Late  Triassic;  Camian 

Field No. 87BNC-BBC-0135 
NTS 92Jl15 Northing 5637400 

GSC Loc. No. C-117586 

-2800 m west-southwest of mouth of  Tyaughton Creek, on 
Easting 524450 

south  shore of Carpenter Lake. 
Carbonate. 
Unit: MJBR 

Conodonts: 
Microfossils:  conodonts,  echinoderms 

Mefa,o&gnatbus sp. (3) 

Nmavifella sp. (2) 
Metapolysnathus  nodosus  (Hayashi 1968) (4) 
ramiform  elements (2) 

Age: Late  Triassic;  Late  Carnian 
CAI: 4.5-5.5 

NTS 92Jl15 
Field No. 87BNC-GBB-050 

Northing 5640200 
-1600 m southwest  of  Marshall  Lake  at  foot  of  ridge. 

Easling 527350 

Unit:  uKBRglc 
Carbonate. 

Microfossils:  conodonts,  ichthyoliths 

GSC LOC. No. C-117567 

Conodonts: 
ramifon elements (17) 

Ep@oncl*e//a quadrakorchard 1991 (3) 
Ep@ondolella sp. (6) 

Epfgondolela tdangulans(Budurov 1972)  (1) 
Neogondolella navicula (Huckriede 1958)  (20) 
ramifom elements (13) 

CAI: 3.5-4.5 
Age:  Late  Triassic;  Early Norian 

Field No. 87ENC-MJE-0376 GSC  Loc.  No. G117596 

Conodonts: 

ramiform  elements (2) 
Epigondolella sp. (4) 

Age: Late  Triassic;  probably  Early  Norian 
CAI: 2.5-3.5 

Field No. 8BAPS6-9-1 

West  of  Crane  Creek. 

Unit:  u7;BRglc 
Limestone. 

Conodonts: 

CAI: 4.5 
Age:  Late  Triassic; Norian 

NTS 92Jl15 
Field No. WAPS4-10-1 GSC  Loc.  No. C-168323 

Northing 5644280 Eastin(l513070 
West of Crane  Creek. 
Limestone. 

Conodonts: 
Unit:  uKBRglc 

NTS 92J/15 Northing 5644550 
GSC  LOC.  No. C:-168332 

IFasting 512650 

Ep@ondolella sp. (2) 

Ep~ondole/e//aquaU~faOffihard 1991 (35) 
ramiform  elements (1) 

CAI: 6-7 
Age: Late  Triassic;  Early  Norian,  quadrafaZone 

Field No.  88APS-18-1 
NTS 92J/15 Northing 5645800 

GSC  Loc. No.  C:-168320 
I:astin!l512150 

Head of Peanon Creek. 
Carbonate. 

Conodonts: 
Unit:  u'KBRglc 

Ep@ondolella  sp. (2) 
Neogondolellanavlcula  (Huckriede 1958) (5) 
ramiform  elements (7) 

CAI: 4-6 
Age: Late  Triassic;  Early  Norian 

Fieid No. WEER-168 GSC  LOC. No. C:-154009 
NTS 92J/15 Northing 5629045 13asting 532936 
Tommy  Creek, 3.7 km  south of  Carpenter  Lake. 
Limestone  breccia. 

Conodonts: 
Unit: MJBR 
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Metapo&gnathus  sp. (1) 
CAI: 6-6.5 
Age: Late  Triassic;  Camian 

Field No. 88BER-604 GSC LOC. No. C,154015 
NTS 925115 
South of Liza Lake. 

Northing 5642752 Easting 525940 

Limestone  alternating  with  bands  of  chert. 
Unit:  uTBRglc 
Conodontsi 

Epigondolella sp. (3) 
Ep&ondolella  tr/angular/s(Budurov 1972) (1) 

Age:  Late  Triassic; Early?  Norian 
CAI: 3-4 

Field No. 88BER-537 
NTS 925116 

GSC  Loc.  No. C-1=54018 

Ridge  between  Bighorn  and  Fell  creeks. 
Northing 5633545 Easting 544112 

Carbonate  lens  in  phyllite. 
Unit:  MJBRm 
Conodonts: 

CAI: -5 
icfoprioniodus?  sp. (1) 

Age:  Carboniferous? 

NTS 92J/i6 
Field No. 88BER-654 

Northing 5632121 
GSC  Loc. NO. C-154019 

Ridge  between  Bighorn and Fell creeks. 
Easting 543714 

Carbonate  lens  in  greenstone. 
Unit:  MJBR 
Conodonts: 

CAI: 6-7 
Metapokgnathus sp. (5) 

Age: Late  Triassic:  Camian 

Field No. 88JIG-20-15B 

Chert. 
Headwaters  of  Taylor  Creek. 

Microfossils:  conodonts.  spumellarian  radiolarians,  sponge  spicules 
Unit:  uTBRglc 

Conodonts: 

NTS 92J/15 
GSC  Loc.  No. GI68334 

Northing 5647730 Easting 51 1250 

EpJgondoJella  sp. (1) 
ramiform  elements (2) 

CAI: 7 
Age: Late Triassic:  Early? Norian 

Field No. 88JIG-40-15 
NTS 92J/15 

GSC Loc. No. C:-168339 
Northing 5646100 

Headwaters  of  Eldorado  Creek. 
Easting 508420 

Chert. 
Unit:  MJBR 
Conodonts: 

blade  fragment (1) 
icfoprionlao'us?  sp. (1) 

Age:  Carboniferous 
CAI: 4-4.5 

NTS 925115 
Field No. 88TP-20-12 

Northing 5644720 
GSC  LOC.  NO. C-168347 

Ridge  separating  the  headwaters  of  Lick  and  Eldorado  creeks. 
Easting 508840 

Unit:  MJBR 
Carbonate. 

Conodonts: 
Neogondoellasp. (1) 
ramiform  elements (2) 

CAI: 3.5-4 
Age:  Permian - ?Triassic 

Neogondoellasp. (1) 
ramiform  elements (2) 

CAI: R 5-4 
Age:  Permian - ?Triassic 
-. . . . -. . . 

Field  No. 89APS-5-43 
NTS 925/15 

GSC  Loc.  No. I>-168101 
Northing 5636340 Easting 512560 

Carpenter  Lake Road, 3 krn  north of  Gold  Bridge. 

Chert. 
Unit: uTBRab 
 microfossil^ conodonts,  sphaeromorphs 
Conodonts: 

CAI: 4-6 
Neogondoleila? sp. indet. (1) 

Age:  Triassic 

NTS 92Y15 
Field  No. 89APS-5-49 GSC LOC. NO. c-16e102 

Northing 5636500 
Carpenter  Lake  Road, 3 krn  north  of  Gold  Bridge. 

Easting 512670 

Chert. 

. . . . . . . 

Conodonts: 
Unit:  uTBRglc 

Age:  Ordovician -Triassic 
CAI: 5.5 

ramiform  elements (3) 

Field No. 89APSb-6-2 GSC Loc. NO. C-1611287 
NTS 921115 
Carpenter  Lake Road, 3 km  north of Gold Bridge. 

Northing 5636570 Easting 51:!720 

Carbonate. 
Unit:  uTBRglc 
Conodonts- 

Epigondolellasp.  indet. (30) 
Epigondolella  tn&ngularis(Budurov 1972) (1) 
€ ~ ~ ~ e l l a s p a ~ u f a ~ a ( H a y a s h i  1968) (3) 
ramiform  elements (6) 

Age: Late Triassic; late Early Notian  tnangulansZone 
CAI: 5.5-7 

Fieid No. 89APS-5-69 GSC  Loc.  No. C-1611288 
NTS 925/15 Northing 5636660 Easting 512820 

Carbonate. 
Carpenter  Lake  Road, 3 km north of  Gold Bridge. 

Unit:  uTBRglc 
Conodonts: ~~ . . ~  ~~. 

Epfgondolellasp. (i2) 
ramiform  elements (2) 

CAI. AA 
Age: Late Triassic:  probably  Early Norian 

Field No. 89APS-7-1-2 GSC  LOC.  No. C-163291 
NTS  92JM 5 
Carpenter  Lake  Road, 3 km  northeast  of  Gold  Bridge. 

Northing 5636750 Easting 51 2800 

Carbonate. 

Conodonts: 
Unit:  uTBRglc 

-. . . . . - 

ramlform  elements (13) 
Ep&ondolefia  sp. (1 1) 

CAI: 4-5 
Age: Late  Triassic;  probably  Early  Norian 

Field No. 89APS-22-5 GSC Loc. No. C-lbB103 
NTS 92Jl15 Northing 5638520 
Northwest  of  Gun  Lake. 

Easting 507500 

Chert - . . . . .. 
Unit:  MJBR 
Micrfossils:  conodonts,  sponge  spicules,  sphaeromorphs 
Conodonts: 

Neogondolellasp.  indet. (3) 
ramiform  elements 110) 

CAI: 4-6 
Age:  Permian - Tn'assic. 

Field No. 89BGA-11-1 GSC  Loc.  No. C-If8260 

Road south of  Carpenter Lake, 2.5 km northeast of Gold  Bridge. 
Carbonate. 

Conodonts: 
Unit:  uXBRglc 

NTS 925115 Northing 5635840 Easling 513030 

Ep/gondolellasp.  cf. E Inangularis(Budurov 1972)  (3) 
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CAI: 5.5 
Age: LateTriassic: probably  Early  Norian Epigondolella quadnta Orchard 1991  (13) 

Field No. 89BGA-H-3-2b 
NTS 92J115 Northing 5635900 Easting 513060 CAI: 4-6 
Road  south  of  Carpenter  Lake, 2.5 km  northeast of Gold  Bridge.  Age: Late  Triassic:  Early  Norian 
Carbonate. 

ramifon elements (2) 

Epigondolella sp.  cf. E. spatulafa  (Hayashi 19li8) (2) 
GSC LE.  NO. C-168263 Neogondolella hall..taltens;s(Mosher 1968) (4) 

Unit:  uKBRglc 
Conodonts: 

Age:  Carboniferous - Triassic 
CAI: 5.5-6.5 

ramiform  elements (15) 

Field No. 89JG-7-11 
NTS 92JI15 

GSC L E .  No. 1:-168126 
Northing 5645900 

Headwaters  of North  Cinnabar  Creek. 
Eastin 3 5134.25 

Carbonate. 
Unit:  uTBRQIc 

Field No. 89BNC-BRC-449 GSC  Loc.  No. C-158871 Conodonts: 
NTS 92J/15 Northing 5632500 Easting 513320 
2 km  east-southeast  of Gold Bridge. 
Limestone  interbedded  with  chert. 
Unit:  uKBRQIc  Age: Late  Triassic:  Early  Norian 

Epigondolellasp. cf. E. spatulata(Hayashi 19158) (1) 
&~ondolellasp. indet. (3) 

CAI: 4-4.5 

Conodonts- 
CADWALLADER TERRANE 

Cadwallader Group: Hurley Formation 

Field No. 83-WV-R-616 GSC  LOC.  No. C-103604 
NTS 920102 Northing 5649800 
Approximately 3 km  east-southeast  of  Spruce  Lake;  peak  south of 

Easting 503900 

Peak 7150. 
Thin  black  mlcrite  bed. 
Unit:  uKCHv 
Fossils:  conodonts,  foraminifers,  radiolarians,  ichthyoliths 

. ~ ~ 

Conodonts: 
Metapo/ysnhus nodosus (Hayashi 1968) (2) 
Meta~o/us.laspn~~~us(Mosher 1970)  (85) 
Neooondo;elllanavicoalHuckriede 1958)  (60) 

Age: Late  Triassic;  Early  Norian, UpperpnmKusZone 

NTS 92JI15 
Field No. 84-WV-R-23 GSC  LOC.  No. GI03619 

Northing 5644900 
0.75 km  south-southwest  of  Peak 7450. 

Easting 504600 

Micritic  turbidite. 

Fossils:  conodonts,  ostracodes.  radiolarians 
Unit:  uKCHv 

Conodonts: 
ramiform  elements (1) 
Ep~gondolell.aquedntaOrchard 1991  (12) 

-. . . . . . 

CAI: 4-4.5 
Age: Late  Triassic;  Early  Norian.  quadrataZone 

Field No. 84-WV-R-29 GSC Lm. NO. C-103620 
NTS 925115 Northing 5645100 
0.75 km  southwest  of  Peak 7450. 

Easting 504800 

Micritic  turbidite 
Unit: u K H  
Fossils:  conodonts,  ichthyoliths,  radiolarians,  silicified  ostracodes. 
foraminifers,  sponge  spicules 
Conodonts: 

Ep!gondc;ella  sp. (26) 
Epigondo;ell.asp.  aff. E. spatulata(Hayashi 1966)  (4) 
Eoiaondo;ella auadmta  Orchard 1991  134) 

CAI: 4-4.5 
Age:  Late  Triassic:  Early  Norian 

ramiorm eIeme;lts'(iO) 

Field No. 64-WV-R-ill GSC LOC. No. C-103627 
NTS 92JI15 Northing 5647500 Easting 505200 
1 km  south of Peak 7810. west of Eidorado  Creek. 
Carbonate.  Float in snow. 
Unit:  uKCHv 

Fossils:  conodonts, ichthyoliths. shell fragments, chzetognath 
spine?,  holothurians 
Conodonts: 

€pigondole/lap~te~(Kozurand Mostler 1971) (16) 
Nengondolella steinbecqens;s (Mosher 1968) (1 ) 
ramifon elements (4) 

CAI: 4 
Age: Late  Triassic:  Middle  Norian, postaraZone 

Field No. 86BNC-BCCA-BCR-40 GSCLoc. NO. I:-117(i18 
NTS 92J/15 Northing 5626610 
200 m east  of  the  north  end of  Gwyneth  Lake. 

Easting 509200 

Carbonate. 
Unit:  uKCH 
Microfossils:  conodonts.  ichthvoliths 
Conodonts: 

Ep!~ondolell.a triangularis(Budurov 1972)  (2) 
Neogondolella sp. (1) 

CAI: 5 
Age: iate Triassic: late Early  Norian,  triangularisZone 

Field  No. 87BNC-GBB-0205 
NTS 92J/15 Northing 5648150 
-5 km  northwest of  Liza  Lake, on ridge crest. 

Eastirtg 520630 

Carbonate. 
Unit:  uTCH 

Conodonts: 
Microfossils:  conodonts,  ichthyoliths 

CAI: 4-4.5 
Age:  Probably Late  Triassic,  Norian 

Field  No. 88BER-03 
NTS 92JI15 

GSC Loc. No. C-154006 
Northing 5647100 

West  of  upper  Eldorado  Creek. 
Eastirlg 505900 

Carbonate. 
Unltl [ITCH 

GSC LE. No. C-117572 

Epigondolellasp.  indet (2) 

Microfossils:  conodonts,  ichthyoliths 
Conodonts: 

. ~ .~ 

Epigondo;ell.aex  gr. bldentataMosher '1968(:) 
ramifon elements (1) 

Age: Late  Triassic;  Middle-Late  Norian 
CAI: 3.5-4 

Field No. 88BGA-8-2 GSC LE. No. C-168311 
NTS 92JI15 Northing 5645620 
2.6 km  north of  lower  Eldorado  Creek. 

Eastirlg 503480 

Carbonate. 
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Unit:  uKCH Lwse block of limestone on ridoe 
Conodonts: 

CAI: 3.5 
Age: Late  Triassic;  ?Norian 

Epigon&le/, sp.  indet. (1) 

Field No. 89APS-23-12-3  GSC LOC.  No. C-168296 
NTS 92Jl16 Northing 5631900 
West  of  Applespring  Creek. 

Easting 564750 

Carbonate. 

Microfossils:  conodonts.  ichthyoliths 
Unit:  uXCH 

Conodonts: 

CAI: 4 
Age: Late Triassic;  probably  Early  Norian 

Field No. 89EGA-22-3b 
NTS 92Jj15 

GSC LOC. NO. C-168269 

East of Brexton  townsite. 
Northing 5631340 Easting 512940 

Carbonate. 
Unit:  uKCH 
Cmndnnts: 

€pigono'oesp. cf. E quadfataOrchard 1991 (2) 

~ 

Epigondole/e//p. cf. E qoadrataorchard 1991 (3) 
ramiform  elements (1) 

CAI, 7-R 
Age: Late  Triassic;  Early  Norian 
- . . . . . - 

Unit: ~ X C H  
Microfossils:  conodonts, ichthydiths 

" 

Conodonts: 
Metaoo/~atbusDnm~iusfMosher 1970) f I )  . .- . . .  

CAI: 2-3 
Age: Late  Triassic;  Late  Carnian - Early Norian primiusZone 

Field No. B9BNC-BRC-501 GSC  LOC. NO. C-158374 
NTS 92JI15 
Head of Eldorado  Creek. 

Northing 5648200 Eastirlg 505320 

Limestone. 
Unit: uKCH 
Microfossils:  conodonts,  radiolarians 
Conodonts: 

Epigondole/lasp.  indet. (3) 
Neogondo/elia  sp. (1) 

CAI: 3.5-4 
Age: Late Triassic:  probably  Early Norian 

Field No. 89RMA-161-7 
NTS 92Jl15 Northing 5645240 

GSC Loc. NO. C-168,120 
Easting 52E300 

3.5 km  northwest of Shulaps  Peak. 
Carbonate. 

Conodonts 
Unit:  uXCH 
.~ ". 

Field No. 89BGA-27-2b GSC  Loc.  No. C-168273 
NTS 92Jl15 Northing 5631000 
North  side of Downton  Lake. 

gondolelloid (1) 
ramiform  elements (2) 

Easting 505600 CAI: 4.5-5 
Aae:  Permian -Triassic 

Carbonate. 
Unit:  uTCH 
Microfossils:  conodonts,  ichthyoliths 
Conodonts: 

Field No. 89RMA-21-3-2 GSC LW. NO. C-lM1122 
NTS 92Jl15 Northing 5644630 Easting 5211820 

€pigondo/e/lasp.  cf. E quadrataorchard 1991 (4) 
Epigondolellasp. cf. E. triangu/aris(Budurov 1872) (1) Carbonate. 

4 km  west of Shulaps  Peak. 

NeOgOndO/d/&? sp. (1)  Unit:uXCH 
CAI. 5 Microfossils:  conodonts.  ichthvoliths 
Age:  Late  Triassic;  Early  Norian 

Field No. 89BNC-BRC-472 
NTS 92J/15 Northing 5642800 
Ridge  parallel  to  B&F  Creek. 

~~~~i~~ 5 ~ 6 5 ~ ~  Age: Late  Triassic 

_. ... - 
Conodonts: 

Metapolvgnathu8 sp.  indet. (1) 
GSC LOC. No. C-158872 CAI: 5 

Hurley Formation - conodont-bearing clasts in conglomerates: 

Field No. 82-MVV-LST3 
NTS 92Jl16 

GSC  LOC.  No. C-087475 Field No. 84-WV-R-17 
Northing 5644748 

GSC LoC.  NO. 0703621 
Easling 549365 NTS 92Jl15 

East  Side  of  the  Yalakom  River. 0.5 km southeastolJunction Creek.  East of Gun Creek. 0.5 km east-northeast of Peak 7220. 
Northhing 5646100 Easling 503650 

Limestone  pebbles from congiomerate. 
Unit:  uXCH 
Fossils:  conodonts,  ichthyoliths 
Conodonts: 

Ep/gondo/e/la  sp. (2) 
CAI: 3-3.5 
Age: Late  Triassic;  Early?  Norian 

Carbonate  cobbles  from  conglomerate. 
Unit:  uTCH 
Fossils:  conodonts,  ichthyoliths, shell  fragments 
Conodonts: 

EpgondoIe/la  sp.  indet. (2) 
CAI: 3.5 
Age:  Late  Triassic 

Field No. 83-WV-R-5 
NTS 92Jl15 Northing 5647700 
1.75 km  northwest of Peak 7550, east  of  Eldorado  Creek. 2 km east of Spruce  Lake. 
Clast in pebbly  mudstone. 
Unit:  uKCH 

Conodonts: 
Fossils:  conodonts,  ichthyoliths. foraminifers Fossils:  conodonts,  forarninfers,  ichthyoliths 

GSC  LOC.  No. C-103614 Field No. 84-WV-R-114A GSC  LOC.  No. C-103641 
Easting 508000 NTS 920/02 Northing 5650250 Easling 5C3300 

Carbonate  clast  from  conglomerate. 
Unit:  uKCH  or uKT (Tyaughton  Group) 

Conodonts: 
€uioondo/el/a enolandiorchard 1991 (8) MetamVvanathus so. aff. M. comfnun/stiHavashi 1968 
~&gon&/das~ indet. (1) 
Epigondolel/amosher/(Kozur and  Mostler 1971)  (2) 

. .  
(1) 

. .- 

CAI: 5 
Age: Late  Triassic;  Late  Nonan 

Metapolygnathus  sp.  indet. (1) 
CAI: 3-3.5 
Age: Late  Triassic;  probably  Late  Carnian. ?mmmunistZont! 
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Field No. 84-WV-R-114C GSC  Lac. No. 0103642 Conodonts: 
NTS 920102 
2 km  east  of  Spruce  Lake. 

Northing 5650250 Easting 503300 

Carbonate  clast  from  conglomerate. 
Unit:  uKCH  or u*T (Tyaughton  Group) 
Fossils:  conodonts,  foraminifers.  ichthyoliths 
Conodonts: 

Age: Late  Triassic:  Late  Camian - Early  Norian,  pnmiiliusZone 
CAI: 3-3.5 

Field No. 8eWV-R-119C 
NTS 92J/15 Northing 5646375 

GSC  LOC.  No. C-103630 

RidgecrestO.75 km south-southwestof  Peak8680,  Shulaps  Range. 
Easting 528550 

Several  small  carbonate  clasts  from  conglomerate,  mixed  sample. 

Me/a~~~na/huspn'mi/ius(Mosher 1970) (1) 

Unit:  uKCH 
Fossils:  conodonts,  ichthyoliths,  microgastropods 

Epigondole/asp.  indet. (1) 
CAI: 5 
Age: Late  Triassic:  Early-Middle  Norian. 

Field  No. 88BER-576 
NTS 92J/15 

GSC  Loc. No. ('154014 

2 km  south of Gold  Bridge. 
Northing 5631085 Easting 511287 

Limestone  pebbles  from  limestone-pebble  conglomerate. 
Unit: uKCH (7) 
Microfossils:  conodonts,  ichthyoliths 
Conodonts: 

Me/apo/ygna/hunoS,  sp. (1) 
ramiform  elements (2) 

CAI: 5 
Age:  Probably  Late  Triassic 

SHULAPS  ULTRAMAFIC COMPLEX 

Conodont-bearing knockers in serpentinite melange 

Field  No. 69RMA-15-3A 
NTS 92Ji15 

GSC  LOC. No. C-168119 
Northing 5645220 Easting 529660 

2.5 km  west  of  Shulaps  Peak. 
Chert  knocker  within  serpentinite  mblange. 
Unit: PSM 
Conodonts. 

Neogondolela sp. (1) 
CAI: 6 
Age:  Permian - Triassic 

Field No. 89RMA-2841 
NTS 92J/16 Northing 5633050 

GSC  LOC.  No. C:-154100 

5 kin southeast of  the confluence of the Yalakom  and  Brid 3e rivers. 
IEasting 552860 

Limestone  block  within  serpentinite. 

Conodonts: 
Unit:  PSM 

Mefapo/ygna/hussp.  cf. M zoaeOrchard 1991 (2) 
Neocavife/lasp. (3) 

M8/apo/ysna/hus nodosa  (Hayashi 19611) (1 6C) 
ramiform  elements (5) 

CAI: 55-65 
Age:  Late  Triassic:  Late  Carnian,  Middle? nodosa%one 
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APPENDIX 2 

Radiolarian  Identif ications 

311-1080 Pacific St. 
By F. Cordey 

Vancouver,  BC L'6E 4C2 

BRIDGE RIVER COMPLEX 

Fieid No. 88JIG-20-15B 
NTS  92Jl15 

GSC LOC.  No.  C-168334 
Northing  5647730  Easting 51 1250 

Headwaters of Taylor Creek. 
Chert. 

Microfossils:  Conodonts.  spumellarian  radiolarians,  sponge  spic- 
Unit:  uXBRglc 

ules. 
Radiolarians: 

Age: Late  Triassic;  Late  Carnian-Middle  Norian. 
Capnodocesp. 

Field No.  89FC-BR-2 
NTS  920102 

GSC  LOC.  No.  C-301365 
Northing  5655033 

East  side  of  Noaxe  Creek,  3.7  km  northwest of Big  Sheep  Mountain. 
Easting  520795 

Red  chert. 

Radiolarians: 
Unit:  MJBR 

Parahsuumsp. 
Pri?econocayommasp. 

Age:  Early  or  Middle  Jurassic;  Pliensbachian-Bajocian. 

Fieid No.  89FC-BR-3  GSC LOC. No.  C-301366 
NTS 920i02 Northing  5655033  Easting  520795 

Greedvolcaniclastic chert. 
East  side  of  Noaxe  Creek,  3.7  km  northwest  of Big Sheep  Mountain. 

Unit: MJBR 
Radiolarians: 

?BagotummodestumPessagno and  Whalen 
Paracanopfumanulatum  (Pessagno  and  Poisson) 
?Hsuum optiinus Carter 
Parahsuumso. 
Praeconooa+omma  cf. media Pessagno and  Poisson 
Slichocapsasp. 

Age:  Early  Jurassic;  Pliensbachian-Toarcian. 

Field No.  89FC-BR-4 
NTS 920/02 

GSC  LOC.  No.  C-301367 
Northing  5655033  Easting  520795 

East  side  of  Noaxe  Creek,  3.7  km  northwest  of Big Sheep  Mountain. 
Green  chert. 
Unit:  MJBR 
Radiolarians: 

Canoptumsp. 
?Hsuum iucidum Yeh 

LaMorum(?) jurassicumlsozaki and  Matsuda 
Hsuumaff.  maclaughhniPessagno et  al. 

Praeconocayomma cf. media Pessagno  and  Poisson 
Age: €a*  Jurassic:  Piiensbachian-Toarcian. 

Field No. 89FC-BR-6 
NTS  920102 

GSC  Loc.  N0.C-301368 
Northing  5655033  Easting  520795 

East  side of Noaxe Creek.  3.7 krn  northwest of Bio SheeD  Mountain. 
Browdgrey chert. 

Radiolarians: 
Unit:  MJBR 

Parahsuumsp. 
Praeconocaryomma  sp. 
Trillus elkhornansis  Pessagno  and  Biome 

Age:  Early or Middle  Jurassic;  Pliensbachian-Bajocian. 
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Fieid No.  89FC-BR-7 GSC LOC. No. G301369 
NTS  920102 Northing  5655033 
East  side of Noaxe  Creek, 3.7 krn northwest of Big Sheep h lountain. 

liastin{l520795 

Dark  green  chert. 
Unit:MJBR 
Radiolarians: 

? Canopfum spinosum Yeh 
?Paracanopturn  anulatum(Pessagno  and  Poisson) 

Hsuumaff.  maclaughliniPessagno  et al. 
Age:  Early or Middle  Jurassic;  Piiensbachian-Bajocian. 

Field No.  69FC-BR-8 
NTS  920102  Northing  5653337 
East  side  of  Noaxe  Creek.  3.8  km  west of Bio  Sheeo  Mountain. 

Eastin!]  520083 
GSC LOC. NO.  C-301370 

" 
Red  chert  (not in place). 
Ilnit: MJRR 
Radiolarians: 
. . . .. . . . - . . 

?CanutusizeensisPessagno and  Whalen 
Hsuumsp. K  Kishida and Sugano 
Orbicuforma sp. 

Parasatumasaff. vigrassiYeh 
Parahsuum aff.  snowshoense  Pessagno and Whalen 

Praeconocaryomma  cf. media  Pessagrlo  and  Poisson 
Age:  Early  or  Middle  Jurassic:  Piiensbachian-Bajocian. 

Field No.  8SFC-BR-9 
NTS  920102  Northing  5652906 

GSC Loc. No.  (2-301371 

East  side of Noaxe  Creek,  3.8  km west of Big Sheep  Motinlain. 
Easting  520010 

Red  chert. 
Unit:  MJBR 
Radiolarians: 

Emi7uwa sp. 
Parviinguiasp. E  Kishida and Sugano 

Xiphosplus helense (Blorne) 
Tetrairabs  sp. 

Age:  Early  or  Middle  Jurassic;  Toarcian-middle Callovian 

Field  NO.  89FC-BR-11 
NTS  $20102 

GSC Loo. No.  IC-301372 
Northing  5652946 

East  side  of  Noaxe  Creek,  4.3  km  west of Big  Sheep  Mountain. 
Easting  519593 

Grey  chert. 
Unit:  MJBR 
Radiolarians: 

Archaeodic~omjfrasp. F Kishida and Sugan,, 
Hsuumcf. beltiafulum Pessagno and VJhalen 

Hsuumcf. vatidurnyeh 
Hsuumcf. IupheriPessagno  and  Whalen 

Hsuum (?) cf. sp. F  Pessagno  and  Whaien 

Wrangeiifum  sp. 
7dmmc8ma sp. 

Age:  Eafty  or  Middle  Jurassic; possibly  Toarcian-Bajociall. 

Fieid No.  89FC-BR-15 
NTS  920102 Northing  5652336 
Southeast side of lower Noaxe  Creek. 

Eastirlg  519340 

Black  chert. 
Unit:  MJBR 
Radiolarians: 

GSC LO:.  NO. S-301373 

Hsuumcf. mulleriPessagno  and  Whaien 

___ 
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5-07 
Praeconocaiyommacf. immodlca Pessagno  and  Pois- 

Tdflusso. 

Age:  Early  or  Middle  Jurassic;  Pliensbachian-Bajocian. 
Naporasp. 

Field No.  89FC-BR-16  GSC  Loc.  No.  C-301374 
NTS  920102  Northing  5652336 
Southeast  side of lower  Noaxe  Creek. 

Easting  519340 

Black  chert. 
Unit:  MJBR 
Radiolarians: 

Acanlho#rcus  suboblongus  (Yao) 
AmphIbracch1um  sp. 
Orbicufifonna  sp. 
Pramnocaiyornma cf. immodlca  Pessagno  and  Pois- 

son 
T'iI1us sp. 
Xiphosly/uscf.  helense(B1ome) 

Age:  Middle  Jurassic:  Aalenian-Bajocian. 
Reference:  Cordey  and Schiariua (1993,loc.  IO). 

Field  No.  89FC-BR-17 
NTS 920/02 

GSC LOc. NO.  C.301375 
Northing  5652336  Easling  519340 

Southeast  side  of  lower  Noaxe  Creek. 
Black  chert. 
Unit: MJBR 
Radiolarians: 

Napora sp. 
Parahsuumsp. 

Xiphostyscf. helense(B1ome) 
Praemnocaiyomma immodica Pessagno and  Poisson 

Age:  Early  Jurassic;  Piiensbachian-Toarcian. 

Field No.  89FC-BR-18  GSC Loc. NO.  C-301376 
NTS  920102 Northing  5652336  Easting  519340 
Southeast  side  of  lower  Noaxe  Creek. 
Black  chert. 
Unit MJBR 
Radiolarians: 

Napora sp. 
Parahsuurnsp. 
Praeconocaiyomma  immodlca  Pessagno and Poisson 
Xiphosvlus sp. 

Age:  Early  Jurassic:  Pliensbachian-Toarcian. 

Fieid No.  89FC-BR-19 
NTS 920/02 

GSC  LOC.  No.  C-301377 
Northing  5652336 

Southeast  side  of  lower  Noaxe  Creek. 
Easting  519340 

Xiphospiussp. 
Parahsuum sp. 

Age:  Early  or  Middle  Jurassic 

Field No.  89FC-BR-21 
NTS  920102  Northing  5652190 

GSC  Loc.  No.  C-301378 
Easting  519109 

Southeast  side  of  lower  Noaxe  Creek. 
Green  chert. 

Radiolarians: 
Unit:  MJBR 

Xiphos~/ussp. 
Praewnocaiyommasp. 

Age:  Early  or  Middle  Jurassic; Pliensbachian-Caliovian. 

Field No.  89FC-BR-22 
NTS  920102 Northing  5652190  Easting  519109 
Southeast  side of lower  Noaxe Creek. 
Red chert. 

Radiolarians: 
Unit:  MJBR 

GSC L E .  NO. C-301379 

Parahsuurnsp. 
Praemnocaiyommsp. 

Age:  Early  or  Middle  Jurassic;  Pliensbachlan-Bajocian. 

Field No.  89FC-ER-23 
NTS  920102 

GSC Loc. No.  C-301380 
Northing  5652190  Easting519109 

Southeast  side of lower  Noaxe  Creek. 
Red chert. 
Unit:  MJBR 
Radiolarians: 

Andromeda praecrassa Baumgartner 
MinTusus sp. 

Pramnocaiyommasp. 
Parahsuumsp. 

Pseudmcallasp. 
Tnactomaaff.  bIakei(Pessagno) 

Age:  Middle  Jurassic:  Eajocian-Bathonian. 

Field No. 69FC-BR-24 
NTS  920102 

GSC L~c .  NO.  C-301381 

Southeast  side  of  lower  Noaxe  Creek. 
Northing  5652190  Easting  615'109 

Red  chert. 
Unit:  MJBR 
Radiolarians: 

Andromeda  praecrassa  Baumgartner 
MiflfU5U5 sp. 
farasuumaff. fndomilus(Pessagno and Whalen) 
Praeconocaiyommasp. 
Pseudocruceliaaff.  sanflippoae(Pessagno) 
Triactornaaff.  blaket(Pessagno) 

Age:  Middle  Jurassic;  Bajocian-Bathonian. 

Field No.  89FC-BR-25  GSC Loc. No. C-30 382 
NTS 920102 
Southeast  side of lower  Noaxe  Creek. 

Northing  5652045  Easting  51fJ938 

Rad chart. . . . - -. . . . . . 
Unit MJBR 
Radiolarians: 

?Pivlops1um1spa~aensePessagno and Poisson 
Canopturn  sp. 

nasseliarians  and  undescribed  spumeliarians 
Age:  Mesozoic, possibly  Early  Jurassic. 

NTS 920/02 
Field No.  89FC-BR-26  GSC Loc. No. C-30 1383 

Northing  5652045  Easting  51:3938 
Southeast  side of lower  Noaxe  Creek. 
Red  chert. 
Unit:  MJBR 
Radiolarians: 

Orbiculiforma  sp. 
nasseilarians and undescribed  spumellarians 

Age:  Mesozoic. 

Field No.  89FC-BR-31 
NTS  920102  Northing  5655307  Easting  521502 
3.3  km  northwest  of Big  Sheep  Mountain. 
Grey bedded  chert. 
Unit MJBR 
Radiolarians: 

GSC  Loc.  NO.  (2-301384 

Triassocampa  sp. 
Sarla sp. 

Age: Late Triassic:  Carnian-Norian. 

NTS  920102 
Field No.  89FC-BR-32  GSC LW. NO.  C-301385 

Northing  5655307  Easling  521502 
3.3  km  northwest  of  Big  Sheep  Mountain. 
Light  grey  bedded  chert. 
Unit:  MJBR 
Radiolarians: .. .~ ~~ 

Acanthocircus  suboblongus  (Yao) 

Mesosafumafis tetrasp~inus Yao 
Hsuum aff.  vafidum  Yeh 



Age: 

Triactomaaff.  blakei(Pessagn0) 
Zarluscf. jurassicus Pessagno  and  Whalen 

: Middle  Jurassic:  Bajocian-Bathonian. 

Fieid No.  89FC-BR-28 
NTS 92J/15 

GSC  LOC.  No.  C-176289 
Northing  5647812  Easting  517353 

North  side of North  Cinnabar  Creek, 0.7  km  west of Tyaughton 
Creek. 

Unit:  MJBR 
Red chert 

Radiolarians: 

Schaifenbergia rustaa (Ormiston  and  Lane) 
Scharfenbepa concentrica (Rust) 

? TetragregnonsycamorensisOrmlston and Lane 
Age:  Mississippian:  Visean. 
Reference:  Cordey  and  Schiarizza  (1993. loc .  1). 

Field No.  89FC-BR-37 
NTS  9ZJ/15 

GSC  LOC.  No. GI76298 
Northing  5636295  Easting  511139 

Grey  chert. 
East  side  of  northern  Gun  Lake. 

Unit:  MJBR 
Radiolarians: ~~ ~ ~ 

Pseudosty/os,,haera /ongis,inosa  Kozur  and  Mostler 
Tn'asocampe sp. 
Yehara;aannulataNakaseko and  Nishimura 

Age:  Middle  Triassic:  Ladinian. 
Reference:  Cordey  and Schiariua (1993.  loc.  4) 

Field No.  89FC-BR-38  GSC  Loc.  No.  C-176299 
NTS  92J/15  Northing  5635998  Easting  510888 
East  side  of northern  Gun  Lake. 
Grey  chert. 
Unit:  MJBR 

Radiolarians: 
Pseudoalbaillellacf. longicvmislshiga and  lmoto 

Age:  Permian:  possibly  Sakmarian-Kazanian. 

Field No. 89FC-BR-39 
NTS  92Ji15 

GSC  LOC. No.  C-3D1386 
Northing  5635912  Easting  510807 

Grey chert 
East  side of northem  Gun  Lake. 

Unit: MJBR 
Radiolarians: 

?Latenf~/~stu/akak.amigonensis(De Weverand  Caridroit) 
Pseudoalbaillellacf. sw@rata Hoidsworth  and  Jones 
Pseudoalbailiella  iongicornis  lshiga  and Inioto 

Age:  Permian:  Sakmarian-Kazanian. 
Reference:  Cordey and Schiariua (1993,  ioc.  2). 

Field No.  89FC-BR-44 
NTS  92Jl15 

GSC  Loc.  No.  C-301363 

South  side of Carpenter  Lake, 5 km  northeast  of  Gold  Bridge. 
Northing  5636739  Easting  515534 

Grey  chert  (not in place). 
Unit:  MJBR 
Radiolarians: 

Praeconocayommasp. 
Trillussp. 

Age:  Early  or  Middle  Jurassic:  Piiensbachian-Bajocian. 

Field No.  89FC-BR-45 
NTS  92Ji15  Northing  5636739 Eosting  515534 
South  side of Carpenter Lake, 5 km northeast of Gold  Bridge. 
Grey chert  (not in place). 
Unit:  MJBR 
Radiolarians: 

GSC Loc. No. C-301364 

Parahsuumsp. 

Age:  Early or Middle  Jurassic. 

Field No.  89-FC-GL-1 GSC Loc.  No.  C-300418 
NTS  92Jl15  Northing  5638620 
Northwest of Gun Lake. 

EIastinSi  507500 

Red  chert. 
Unit:  MJBR 
Radiolarians: 

A/bafVelia tlingukn3lshiga. Kilo and lrnoto 
Hegieria rnammifera Nazarov  and  Ormiston 
Ouadiicaufls sp. 

Age:  Permian;  Kazanian-Tatarian, 
Reference:  Cordey and Schiariua (1 993,  loc.  3). 

Field NO. 90FC-AFF-2-1  GSC LE.  NO.  C:-301367 
NTS 920/02 
Northeast  bank  of  Relay  Creek, 1 km northwest  of oonflumce with 

Northing  5656610 liasting 515150 

Tyaughton  Creek. 
Black  chert. 

Radiolan'ans: 
Unit:  MJBR 

Age: Late Triassic: Late  Norian. 
Reference:  Cordey and Schiariua (1993. roc. 6). 

Field No.  91FC-AFF-106 
NTS  920102 

GSC  Loc. NO. 0-301388 
Northing  5656050 

1.2 km east of lower  Mud  Creek. 
Easting  517200 

Green  chert. 
Unit:  MJBR 
Radinlarimv 

tivarelia sp. 

. - ._ . 
Archaeodictyomitra exigua Blome 
EucyrtMelium sem&ctum  Nagai and Mizutani 
Panicnguia preacuum Blome 
TricolocapsaplicaNrnYao 

Age:  Middle  Jurassic: early-middle  Callovian. 
Tn&/ocapsa rus(iTan 

Reference:  Cordey  and Schiariua (1993, loc .  12). 

Field No.  91  FC-AFF-128  GSC  Loc.  No.  (:-301402 
NTS 92Jl15 
West  side of Tyaughton  Creek, 0.5 km  south of  Cinnabar  Creek. 

Northing  5647500  Easting  517500 

Black  siliceous  siltstone. 
Unit:  MJBR 
Radiolarians: 

Capnuchosphaara  cf. triassiw De  Wever 
Veahicvcflacf. haackeli Kozurand Mostler 

Age: Late  Triassic:  Camian. 
Wias&spnguscf. subsphaericusKozur  and  Mostler 

Field No.  92FC-AFF-312 
NTS  92J/15  Northing  5630250  Easting  508300 
North  side  of  eastern  Downton  Lake,  2.2 km from L.ajoie Ilam. 
Greyblack chert  interbedded  with  black  siliceous  siltston$!. 
Unit:  MJBR 
Radiolarians: 

Age: Late  Triassic;  Late  Norian. 

Field  No.  92FC-AFF-323-1 
NTS  92Oi2  Northing  5657150 

GSC  LOD.  NO.  1:-301389 
Easting  515650 

East  side of Relay  Creek, 3 kin from  Tyaughton  Creek. 
Greylred chert, isolated outcrop. 
Unit:  MJBR 

GSC  Loc. NO.  1:-300433 

Livaralla sp. 

Radiolarians: 

Age: Late  Permian:  Kazanian-early  Tatarian. 
FoIflcucuflus~ho~asticusOrmiston and Babcwk 

Field  No.  92FC-AFF-326-2  GSC  LOC.  No.  'C-301390 
NTS  920102 Northing  5652800 
East  side of Noaxe  Creek,  4.3  km  west of Big Sheep  Mountain. 

Eastirg 519400 

Red  chert. 
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Unit:  MJBR 
Radiolarians: 

Acanthmircus suboblongus  (Yao) 
Eucyrtid  gen.  et sp.  indet.  Baumgartner 
HsuommaxwelllPessagno 

Poaobursasp. 
Unumacf. echhatuslchikawa and  Yao 

Tn'mlmpsapfiwNmYao 
Age: Middle  Jurassic;  Bathonian. 

Field No.  92FC-AFF-328-1 
NTS  920102 

GSC  Loc.  No. C-301391 
Northing  5651250  Easting  517600 

0.05  km north of bridge  at  mouth of  Noaxe  Creek. 
Greylgreen  chert. 
I IniP M.IRR 
Radiolarians: 
- . . . . . . . ._ - . . 

Archaeodlclyomitra  mirabilis Aita 
Eucyn'idlellumplyctum(Riedel and  Sanfilippo) 
Eucyn'idleilum  unumaensis  (Yao) 
Hsuum brevlmtatum(0zvddova) 

S(y/ampsa dhnguia Kocher 
HsuummanvelllPessagno 

Age:  Middle  or Late  Jurassic;  middle  Cailovian-middle  Oxfordian. 

Field No.  92FC-AFF-334-2 
NTS 920/02 

GSC  Loc.  No.  C-301392 
Northing  5651200 

0.05  km  south  of  bridge at mouth  of  Noaxe  Creek. 
Easting  517500 

Grey  chert  interbedded  with  siliceous  siltstonelsandstone. 
Unit:  MJBR 
Radiolarians: 

Ampb@w&tsunoenss Aita 
Eucyftidellumppctum(Riedel and  Sanfilippo) 

Age:  Middle  or Late  Jurassic:  middle  Callovian-middle  Oxfordian. 

Field  No.  93FC-CH-6 
NTS  92JI15 

GSC  Loc.  No.  C-301393 
Northing  5635700 

East  side of northern  Gun  Lake. 
Easting  510200 

Greybrown ribbon  chert,  isolated  outcrop,  west of  greenstone. 
Unit: MJBR 
Radiolarians: 

~~ 

P~u~ i~ l J8 iUe /k / i sh iga  and irnoto 
Pseudoalballleiia lomentarla lshiga  and  lrnoto 

Schadenbergia  sp. 
Age:  Early  Permian: late Asselian-early  Artinskian. 

Field  No.  93FC-CH-8  GSC  LOC.  No.  C-301403 
NTS  92Ji15 
East  side  of  northern  Gun lake. 

Northing  5635800  Easting  510500 

Red and  grey  ribbon  chert,  50  m  east  of  pillow-lavas. 
Unit:  MJBR 
Radiolarians: 

Pseucfosty/osphaera japonica ( N  a  k  a s e  k 0 a  n  d 
Pseudosplosphaerahellcata(Nakasekoand Nishmura) 

Nishimuraj 
Pseudosplosphaera  longispinosa  Kozur  and  Mostier 
Pseudospiosphaera tenuis (Nakaseko  and  Nishimura) 
PiatkerlummhieatumlNakaseko and  Nishimura) 

Age:  Middle  Triassic:  Anisian-Ladinian. 
San'acf.  kretaensls  Kozur  and  Krahl 

NTS 92Jl15 
Field  No.  93FC-CH-9  GSC Loc. No.  C-301394 

Northing  5636100 
East  side of  northem Gun  Lake. 

Easting  510950 

Grey and black  ribbon  chert, asmiated with  thin  greenstone  tec- 
tonic  slice. 
Unit:  MJBR 
Radiolarians: 

Archasosemantlssp. 
unidentified  entactiniids 

Age:  possibly  Early  Triassic. 

- 
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Field  No.  93FC-CH-21 
NTS  92Jl15 

GSC Loc. NO. C-301395 
Northing  5635900  Eastirtg  510900 

East  side of northern  Gun Lake. 
Grey ribbonchert. disNptedchertsection in contact  with  thin  green- 

contact  previous  to  decollement. 
Stone tectonicslice;  Contactis tectonic,possibiyformerstratigr&IJhic 

Unit:  MJBR 
Radiolarians: 

Age:  Late  Permian:  Kazanian. 
Folllcucullusmona~nthusonecanlhuslshiga and  lmoto 

Field No.  93FC-CH-22 
NTS  92J/15 

GSC  Lcc.  No.  C-301396 
Northing  5635650  Easting  510700 

East  side  of  northem  Gun  Lake. 
Greybrown ribbon  chert.  isolated  outcrop. 
Unit: MJBR 
Radiolarians: 

Hegierlacf.  mammiferaNazamv and Ormiston 
Pseudoalbaliiella  fusifomls(Ho1dsworth  and  Jones: 
Pseudoaiballiellagiobosa lshiga and lmoto 
Quinqueremiscf. mbustaNazarov and  Ormiston 

Age: late Permian;  Kungurian. 

NTS  92Ji15 
Field No.  93FC-CH-23 

Northing  5635700 
GSC Loc. NO. C-301397 

Easting  510700 
East  side  of northem  Gun Lake. 
Greyhmwn ribbon  chert,  isolated  outcrop. 
Unit:  MJBR 
Radiolarians: 

Alballlella sinuata lshiga and lmoto 

Caridroit) 
Latentlbifistula c f  . kamigoriensfk (De  Wever  and 

Pseudoalbaflella fusifom;s(Holdsworth and Jones; 
Quadrlremhsp. 
Quinqueremiscf. mbustaNazarov and Ormiston 

Age:  Permian: late  Artinskian-Kungurian. 

Fieid No.  93FC-CH-12 
NTS  92J/15 

GSC Loc. No. C-301398 
Northing  5635300  Easting  51 1800 

Northwest  side of Carpenter  Lake,  4.5 km north  of  Gold  Bridge. 
Grey ribbon chert, isolated outcrop. 
Unit:  MJBR 
Radiolarians: 

poorly  preserved  spumeliarians and nasseliarians 
? Pmudoslylosphaera sp. 

Age:  probably  Middle  or Late  Triassic. 

Field  No.  93FC-CH-14-3 

South  side  of  Carpenter Lake, 3  km  northeast of Gold  Blidge. 
Red ribbon chert, isolated outcrop. 
Unit:  uTBRglc 
Radiolarians: 

NTS 92Jil5 Northing  5635500 
GSC  Loc. NO. C-301399 

Easting  512700 

poorly preserved  spumeiiarians and nasseiialians 
?Pseudoslyimphaera sp. 
?Sariasp. 

Age:  Middle  or Late  Triassic. 

Field No.  93FC-CH-17  GSC  Loc.  No.  C-301400 
NTS  921115 Northing  5635000  Easting 511!iOO 
Northwest  side  of  Carpenter  Lake,  4.0  km north  of  Gold  Bridge. 
Greedbrown ribbon  chert,  isolated  outcrop  with  unciearreiation:;hip 
with  local  greenstone. 
Unit:  MJBR 
Radiolarians: 

?Ept,~giummanfred/Dumitri'ca 
Oen'fispongus  inaequispinosus  Dumitrica.  Kozur  and 
Mostler 
Pseudosplosphaera aff. compacta (Nakaseko ,and 
Nishimura) 

Age:  Middle  Triassic:  Anisian-Ladinian. 



Field NO. 93FC-CH-19 
NTS  92J115 

GSC  LOG.  No.  C-301401 
Northing  5635600 

Northwest  side of Carpenter  Lake,  4.75 kin north  of  Gold  Bridge. 
EasUng511600 

Grey  ribbon  chert,  isolated  outcrop. 

Radiolarians: 
Unit:  MJBR 

Canoptum  sp. 

PseudosfyJospbaera  sp. 
Parattriassoastrum  sp. 

Age: Middle  or  Late  Triassic:  Ladinian-Camian. 
Jriassocampe  sp. 

Field No. 801-10 GSC  LOC.  No.  C-300401 
NTS  92J/16 
South  side of Carpenter  Lake,  3.5 kin southwest of Terzaghi  Dam. 

Northing  5623923  Easting  552500 

Chert. 
Unit:  MJBR 
Radiolarians: 

Capnuchosphaera  sp 
Kalhrosphaerasp. 
Pouipusphasmafodes De  Wever 
San'acf. nat1vMadensi.s  Pessagno 
Pseudostyfosphaera  spinulosa ( N  a  k  a s e  k o a n d 
Nishimura) 
Pseudosfyfosphaera  compacta ( N  a k a s e k o a  n  d 
Nishimura) 
Tetraporobrachla  sp. 

Age: Late  Triassic:  Carnian. 
References:  Cordey  (1986;  1988). 

Field  No. 802-01 GSC  LOG.  No.  C-300402 
NTS  92J116 
1.4 km  north  of  Mission  Pass. 

Northing  5622732  Easting  553825 

Chert. 
Unit: MJBR 
Radiolarians: 

Capnodoce  mtrisa  De  Wever 
Gorgansium  sp. 

Age:  Late  Triassic;  Late  Camian-Middle  Norian 
Saria sp. 

References:  Cordey  (1986;  1988). 

Field  No. 803-01 GSC Lw. No.  C-300403 
NTS  92J116 
0.5 km north of Mission  Pass. 

Northing  5622271  Easling  554085 

Chert. 
Unit MJBR 
Radiolarians: 

Staurmnfiurncf. rninoenseNakaseko  and  Nishimura 
Plafkerium mhfeatum(Nakaseko and  Nishimura) 

Nishimmrraj 
Pseudosfyiosphaera helicefa ( N  a k a s e k 0 a n  d 
........ -. - 
Pseudosiylosphaera  spinulosa ( N a k a  s e ko a n  d 

Age:  Late  Triassic;  Carnian. 
Nishimura) 

References:  Cordey (1986 1988) 

Field  No. 804-03 
NTS 92J118 Northing  5622949 
1.8  krn north of Mission  Pass. 

Easling  553882 

Grey  chert. 
Unit:  MJBR 
Radiolarians: 

GSC LOC. NO. C-300404 

. ............ 

Kozurasfrum sp. 
Gorgansium sp. 

Pseudosvfosphaera sp. 
Age:  Late  Triassic;  Camian. 
References:  Cordey  (1966:  1988). 

Field  No. 805-01 GSC LOC. No. C-300405 
NTS  92J115 
Carpenter  Lake  road,  200 rn west  of  Gun  Creek. 

Northing  5637770  Easting  515810 
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Unit:  MJBR 
Radiolarians: 

Paracanophmanuiafum (Pessagno  and Poismn) 
Orbitufifonna sp. 
paiaeosaturnaik sp. 
Pantaneillum sp. 
Pseudocrucelia  sp. 

Age:  Early  Jurassic:  late  Sinemurian-Toarcian. 
Reference:  Cordey  and  Schiarizza  (1993; loc. 7). 

Field  No. 806-02 
NTS  92J/15  Northing  5638361  Easting  517581 

Grey  chert. 
North  side of Carpenter  Lake,  South  of  Mowson  Pond. 

Unit:  MJBR 
Radiolarians: 

Age: Late  Triassic;  Early-Middle  Norian. 
References:  Cordey  (1986;  1988);  Cordey  and Schiariua (1993, 

GSC LOC.  NO. G300406 

Sarfa  vetusfa  Pessagno 

J O G .  5). 

NTS  92J/15 
Field  No. 807-01 GSC Lw. NO.  C"300407 

Northing  5634574 
North side of Carpenter Lake, 6.2 km southeast of rlouth of 

tiasting  532843 

Tyaughton  Creek. 
Grey  chert. 
Unit M.IRR .... 
Rat 

.. ..  

jiolarians: 
Paracanoptumanulatum(Pessagno and  Poisson) 

CmceJa  aff. squmna (Kozlova) 
Canufusizssnsls Pessagno  and  Whaler, 

Eucy~i ernum  and  Nakaseko) Wellumaff.  gwbensis (Tak 
Hagiasfrum sp. A 
Homoeoparonaella sp. 
Hsuum sp. 
Kafroma sp. 
Napora mitmta Pessagno 

Orbimfifonna ra6afa De  Wever 
orbicufifoma  callosa Yeh 

Parahsum sp. 
Praeconocafyomma  immod/ca  Pessagno  and  ;?oisson 

son 
PraeconocafyommapaMMamma Pessagno  and  Pois- 

Praeconocap'omma  aff . magnlmamma ( R fist) 
Praeconocayommaaff.  media  Pessagno  and  Poisson 
Pseudmruceifa sp. 
Spongostaurussp. 

~. 

Saifoum  sp. 
+mpaneides  charioi7ensisCarter 
Zafius tbajwiPessagm and  Blome 

Age:  Early  Jurassic;  Toarcian. 
References:  Cordey  (1986;  1988):  Cordey  and  Schiarizz3.  (1993, 
IOC. 9). 

Field  No. 809-01 GSC Lw. No. C-:300409 
NTS  92J116 Northing  5630278  Eastinci 541283 
North  side  of  Carpenter  Lake,  0.6 km south of mouth of Bighorn 
Creek. 
Grey  chert. 
Unit:  MJBR 
Radiolarians: 

Canoptum  friassicurn  Yao 

Pentaspongodkcus (7) sp. 
Capnodocesp. 

Sadasp. 
Age: Late  Triassic;  Early-Middle  Norian. 
References:  Cordey  (1986:  1988). 

Field  No. 610-02 
NTS 92J/16  Northing  5628130  Eastinf  542944 

Grey  chert. 
North  side of Carpenter  Lake,  west  of  Fell  Creek. 

Unit:  MJBR 
Radiolarians: 

GSC Lw. No. C-300410 
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Canopfum tn'assicum 'fa0 
Panfanefiumsp. 

Age: Late  Triassic;  Early-Middle  Norian. 
References:  Cordey (1986 1988). 

Sariasp. 

Field No. 811-04 GSC Loc. No.  C-300411 
NTS 9ZJll6 Northing  5628039  Easting  543200 
North  side  of  Carpenter  Lake,  east of Fell Creek. 
Grey  chert. 
Unit:  MJBR 
Radiolarians: 

Capnwhosphaem triassica  De  Wever 
Kalherosphaem sp. 
Praeobicuflformefla sp. 
Pseudoheliodscus sp. 
Pseudosfylosphaara spinulosa ( N  a  k  a s e  k o a  n  d 
Nishimura) 
Tefmspongodiscus  sp. 

Age: Late  Triassic;  Camian. 
References:  Cordey (1986 1988). 

Field No. BIZ-02 GSC LE.  No. C-300412 
NTS 92Ji16 
North  side  of  Carpenter  Lake,  0.7  km  southeast  of Viera Creek. 

Northing  5623963  Easting  550227 

Grey  chert. 
Unit: MJER 

Age: Late  Triassic;  Late  Camian-Middle  Norian. 
References:  Cordey  (1986;  1988). 

Fieid No. 813-01 GSC  Loc.  No.  C-300213 
NTS 92Ji16 
North  side  of  Carpenter  Lake,  0.9  km  southeast  of  Viera  Creek 

Northing  5623902  Easting  550.935 

Grey  chert. 
Unit:  MJBR 
Radiolarians: 

Canoptum haeticum Kozur  and  Mostier 

Kozumsfrum sp. 
Capnodocesp. 

Panfanefiumsp. 
Sarfapriefoensis  Pessagno 

Age:  Late  Triassic; Late  Camian-Middle  Norian 
References:  Cordey (1986 1988). 

NTS 92Jll6 
Field No. 815-02 GSC L E .  No.  C-300115 

Northing  5629231 
Northeast  side  of  Bridge  River,  2  km  west  of  Applespring  Creel:. 

Eastirjg 565'358 

Grey  chert. 
Unit:  MJER 
Radiolarians: 

Radiolarians: 
~~ ~~~~~~~~ 

Capnodom baldiensis Elome 
Capnuchosphaera  deweveriKozur and Mostier 
Japonocampe nova p'ao) 
Renziumsp. 

CADWALLADER  TERRANE 

Faickpongus calcaneum Dumitrica 

Paroedlispongus sp. 
Piassocapedewevan'(Nakaseko and  Nishimura) 

Aae:  Middle  Triassic: late Anisian-Ladinian. 

oeriflspngus sp. 

Riferences: Cordey'(1986 1988). 

Hurley  Formation 

Fieid No.  87BNC-EEC-201 
NTS 920i02 Northing  5653500 
3.5  km  northwest  of  Eldorado  Mountain. 

Easting  508520  NTS  92J/15  Northing  5648200 

Carbonate. 
Unit: u K H  
Microfossils:  icthyoliths,  nasseiiarian  radiolarians 
Radiolarians: 

Age: Late  Triassic  to  Early  Jurassic. 
identification  by E.S.  Carter  Age:  Middle  or  Late  Triassic;  Ladinian-Camian. 

GSC Loc. No.  C-117588  Field  No.  89BNC-BRC-501 GSC Loc. No.  C-158(174 
Easting 5051120 

Head of Eldorado  Creek. 
Grey  fossiliferous  limestone. 
Unit:  u'KCH 
Microfossils:  conodonts,  spumellarian  radiolarian 
Radiolarians: Canopfum?  sp. 

PlaiWeriumcf. cochleafum(Nakaseko  and  Nishimurii) 

Junction  Creek  Unit 

Field No. 89APS-15-9-2 GSC  Loc.  No.  C-168293 
NTS  92Jl16  Northing  5630000 
West  of  Applespring  Creek. 

Easting  565760 

Carbonate. 
Unit:  lmJJC 
Radiolarians: 

Andromeda  sp. 
Crucefla  sp. 

Hsuumcf. befi'asfuiumPessagno and  Whalen 
Eiodumcf. cameronicarter 

Parashuumcf.  snowshoense(Pessagn0  and  Wiialen) 
Paronaeflacf. grahamensiscarter 
Pawicingula sp. 
Panipyridium sp. 
Praeconoca/yommasp. 
Profoperispyridbm sp. 

Age:  Middle  Jurassic;  Aalenian-Eajocian. 

Field No. 898GA-8-lc 
NTS  925116  Northing  5647540 
3 km northwest  of  mouth  of Junction  Creek 
Carbonate. 
Unit:  ImJJC 
Radiolarians: 

Turanfa bafiam Pessagno  and  Elome 

GSC Loc. No.C-168::59 
Easting  547070 

Acaeniopie sp. 
Canopfumsp. 
Eucyrfis sp. 
?Emiluvia sp. 
Parashuumso. 

Age:  Early or Middle  Jurassic;  Hellangian-Eajocian;  possibly T o w  
cian-Eajocian. 
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APPENDIX 3 

Macrofossil  Identif ications 

T.P. Poulton, Geological  Survey of Canada,  Calgary,  Alberta. 
By: 

J.A. Jeletzky, Deceased,  formerly of  the  Geological  Survey of  Canada,  Ottawa,  Ontario. 
J.W. Haggalt, Geological  Survey of Canada,  Vancouver. British C Aumbia. 

CADWALLADER TERRANE 

Last  Creek Formation 

Field  No.  87KG-PS30-1A 
NTS 920/02 Northing  5658380  Easting  508460 Tmefocerask/rkiWestermann 
North  of  Lower  Tyaughton  Creek. 
Unit:  ImJLC ostreiid  bivalves  sp. 

Pseudoliocerassp. 

Fauna: Age:  Aalenian,  probably  Upper  Aalenian 
Reference:  Poulton.  Report No. J14-1987-TPP 

GSC  LOC.  No.  (2.154053  Fauna: 

TmefoceraskMiWesiermann 
Pseudoliocerassp. 
Erycifoides(?)  sp.  Field  No.  88BGA-7-16 
P/anammafom?ras(?)  sp. 
ostreiid(?)  bivalves sp. 

GSC  LOC.  No.  C-154091 
NTS  92J/15  Northing  5648850 Eastin([  501000 
Small  tributary  on  east  side  of  Gun  Creek. 
Unit:  IrnJLC Age:  Aalenian.  probably  Upper  Aalenian 

Reference:  Poulton,  Report  No.  J14-1987-TPP  Fauna: 

Fieid No.  87KG-PS30-1A 
Phy//oceraas(?)  sp. 

GSC  Loc. No. C-154074 Hawid?) sp. 
NTS 920/02 
North  of Lower  Tyaughton  Creek. 

Northing  5658380  ti^^ 508460  Age:  Late Toarcian 

Unitr IrnJl~C 
Reference:  Poulton,  Report No. J1-1988-TPP 

. . .. 
TUAUGHTON BASIN 

Grouse  Creek Unit 

Field No.  89-KGL-7-10  GSC  LoC. NO. C-168107 
NTS 92J/16  Northing  5643630  Easting  552150  Age:  probably  Late  Jurassic:Tithonian; perhapsearliestCrm?taceous 
2 km north of the  mouth of Shulaps  Creek. 
Unit: JKG 
Fauna: 

Buchasp. aff. piochi(Gabb) 

Reference:  Poulton. J8-1990-TPP 

Relay  Mountain  Group: Unit muJRMl 

Field No. 86PS-44-5-02 
NTS 920/03 

GSC  LOC. No. C-150235 
Northing 5662560 

On spur 1.8 km east  of  Trail  Ridge. 
Easting  491000 

Unit: muJRMl 
Fauna: 

Age: Callovian (?) 
Reference:  Poulton.  Report  No.  J6-1987-TPP 

Cardioceratid (?) ammonites 

Field No.  86PS-44-5-03  GSC  LOC.  NO.  C-150236 
NTS 920/03 
On spur  1.8  km  east  of Trail Ridge. 

Notthing  5662560  Easting  491000 

Unit: muJRMl 
. " . 

Cardioceratid (?)ammonite 
Age: Callovian (?) or  Oxfordian (?) 
Reference:  Poulton.  Report  No.  J8-1987-TPP 

Field No. 86PS-44-5-04 GSC  LOC. No. C-I50237 
NTS 920/03 Northing  5662560  Easting  491000 
On spur 1.8 krn east of Trail Ridge. 
Unit: muJRMl 
Fauna: 

Cadoceras (?) (Sfenocadoceras'?)  sp. 

Age:  Callovian (?) 
Reference:  Poulton.  Report No. J8-1987-TPP 

Fieid No.  86PS-44-5-05  GSC  LOC.  No. (:-I50244 
NTS 920/03 
On  spur 1.8 km east  of Trail Ridge. 

Northing  5662560 Eastiy 491000 

Unit: muJRMl 
Fauna: 

Myophore//a  sp. 
Asfade sp. 

Age:  Middle  Jurassic through  Lower  Cretaceous,  undiffer(?ntiable 
Reference:  Poulton.  Report  No.  J8-1987-TPP 

Field No.  87-KG-28-6-1 
NTS 920/02 

GSC  Loc.  NO.  C-154065 

Relay  Creek  mad. 
Northing  5658600 Eastin83 513780 

Unit: muJRMl 
Fauna: 

ily and  genus. 
Perisphinclidammonite,indetenninateastothttsubfam- 

Age:  Middle  Jurassic  (Bathonian  Stage) to  Mid-Lower  Early  Creta- 
ceous  (Barremian  Stage). 
Reference:  Jeletzky. Km-4-1988JAJ 
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Relay Moantain Group: Unit JKRM2 

Field No.  85UMR  U85-1  GSC LE. No.  C-117035 
NTS 920i02 Northing  5660326  Easling  501680 
1.8 km  NNW  of  Castle  Mountain,  slopes  east of South  Paradise 
Creek. 
Unit:  JKRM2 
Fauna: 

Euchia cmssicolfis  (Keyserling) 
Olcosfephanus (7) sp. 
Phylloceras sp. 

Age:  Upper  Valanginian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  85UMR  U85-7A  GSC  Loc.  No.  C-117296 
NTS  920102 Northing  5660086  Easling  501854 

2040 m. 
1.5 km  NNWof  Castle  Peak.justeastof  South  Paradise  Creek, elev. 

Unit:  JKRM2 
Fauna: 

Euchiasp. aff. uncifoides(Pavlow) (?) 

Age:  Upper Berriasian  or  Lower  Valanginian.  possible  mixed 
Euchiasp. aff. keyserhhgi(Lahusen) (?) 

Reference:  Poulton, J6-1987-TPP 

NTS  92OiO2 
Field No.  85UMR  U85-11 

Northing  5660246 
GSC LOC. No.  C-117297 

Easting  501777 
1.7 km  NNW  of  Castle  Peak,  east  of  Paradise  Creek,  elev.  2040 m. 
Unit:  JKRM2 
Fauna: 

Age:  probably  Upper  Valanginian 
Reference:  Poulton.  J6-1987-TPP 

Field No.  85UMR U85-16 
NTS 920i02 Northing  5659773 

GSC  LOC.  No. GI17298 
Easting  502266 

1.1 km north of  Castle  Peak,  east of  South  Paradise  Creek,  elev. 
2195 m. 
Unit:  JKRM2 
Fauna: 

Age:  Upper  Oxfordian to Volgian.  more likely  Volgian 
Reference:  Poulton,  J6-1987-TPP 

Euchiasp. cf. cnsicofik(Keyserling) 

Euchia fischeriana  (dOrbigny) (?) 

Field  No.  85UMR  U85-17 
NTS  92OiO2 

GSC  LOC.  No. C417299 

1.1 km  north of  Castle  Peak,  east of  Paradise  Creek,  elev.  2195 m. 
Northing  5659773 Easling502266 

Unit:  JKRM2 
Fauna: 

Euchia crassi~lfis(Keyserling) 

ferred  to  Oi&ofomifes 
Homoisomifes  quafsinoensis  (Whiteaves),  formely re- 

belemnite,  indet. 
Age: Upper  Valanginian 
Comment:  Samples U85-I7 and 16  are  from  the  same  locality. 
Reference:  Poulton.  J6-1987-TPP 

NTS  920103 
Field No.  85UMR  U85-30  GSC  Loc.  No. C-I17300 

Northing  5661912 
1 .I  km  N  of  confluence  of  Lizard  and  Tyaughton  Creeks,  elev.  1920 

Easting  494507 

m. 
Unit:  JKRM2 
Fauna: 

Age:  Upper Berriasian (?) 
Reference:  Poulton.  J6-1987-TPP 

Buchiasp. aff. uncifoides(Pavlow) 

Field No.  85UMR  32.9 
NTS 920i03 Northing  5666488 

GSC  Loc.  No.  C-143251 
Easlirlg  491  161 

1.1  km norhlwest  of  Elbow  Mountain,  N-trending  spur,  t?lev.  2300 
m. 
Unit: JKRM2 
Fauna: 

Age:  Upper  Oxfordian or Lower  Kimmerldglan 
Reference:  Poulton,  J6-1987-TPP 

Field No.  85UMR  32.3  GSC  Loc.  No.  C-143252 
NTS 920i03 Northing  566512  Eastirlg  491 369 
0.8 km  northwest  of  Elbow  Mountain on N-trending spur,  elev.  2300 
m. 
Unit:  JKRM2 
Fauna: 

Age:  Upper  Berriasian (7) 
Reference:  Poulton,  J6-1987-TPP 

Field No.  85UMR U85-39 
NTS 920i03 

GSC  Loc.  No.  C-143:?53 
Northing  5663519 

0.8 km  SSW  of  Tyoax  Pass on knob 0.7 kin south of  Toong's  Ricge, 
Easling  494129 

elev.  2255 m. 
Unit:  JKRM2 

Buchia mncenfn'm (Sowerby) 

Buchia uncifoides(Pavlow) (?) 

Fauna: 
Euchia  okensis  (Pavlow) 

Age:  Lower  Berriasian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  86UMR  U86-11  GSC  LOC.  No.  C-143:!54 
NTS 920i02 
1.1 kmnorthwestofCardlableMounlain,onnorthslopeabovePlira- 

Northing  5661624  Easling 5031128 

dise  Creek,  elev.  2150  m. 
Unit: JKRM2 
Fauna: 

Age:  Volgian 
Reference:  Poulton.  J6-1987-TPP 

Field No.  86UMR U86-2 
NTS  920102 

GSC  LOC.  No.  C-143:!55 
Northing  5661930  Easting  503047 

1.3  km  northwest  of  Cardtable  Mountain,  on north slope  southeast 
of  Paradise  Creek,  elev.  2070  m. 
Unit:  JKRMZ 
Fauna: 

Buchiasp. cf. piochfi (Gabb) 

Buchia mosquensis (?) 

Age:  probably  Upper  Kimmeridgian or Volgian 
Cylihdrofeufhis (?) sp. 

Reference:  Poulton,  J6-1987-TPP 

Field  No.  86UMR  U86-25 
NTS 920i02 Northing  5662003 
1.4  km northwest  of  Cardtable  Mountain,  south  of  Paradise  Cre?k, 

Easling 5025163 

elev.  1980  m. 
Unit:  JKRM2 
Fauna: 

GSC  Loc.  No.  C-143256 

. ~ .~.  
Euchiapioch#(Gabb) or B. fischeriana(d'0rbigny) 

Age:  Volgian 
Reference:  Poulton,  J6-1987-TPP 

NTS  920102 
Field No.  86UMR  U86-26 

Northing  5662029 
GSC  Loc.  No.  C-143157 

Easting  503C89 
1.4  km  northwest  of  Cardtable  Mountain, south  of  Paradise Cre,?k. 
elev.  1980 m. 
Unit: JKRMZ 
Fauna: 

Age:  probably  Lower Berriasian (7) 
Reference:  Poulton.  J6-1987-TPP 

Euchia  okensis  (Pavlow) (7) or B pibchI(Gabb) 
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Field No.  86UMR U86-34 GSC  Loc.  No. C-I43258 

1.3 km  southeast of Relay  Mountain.  northwest  of  paradise 
Creek,  elev.  2135  m. 
Unit:  JKRM2 
Fauna: 

Euchia sp. 
Age:  Volgian to Valanginian 
Reference:  Poulton,  J6-1987-TPP 

NTS  920102 
Field No.  86UMR  U86-36  GSC  Loc.  No.  C-143260 

1.2 km  southeast  of  Relay  Mountain.  northwest  of  Paradise  Creek, 
Northing  5663990  Easting  502170 

elev. 2225 m. 
Unit:  JKRM2 
Fauna: 

NTS 920/02 Northing  5663636  Easting  502162 

Euchia crassim//is(Keyser(ing)  or E. pacifica Jeletky 
Euchia sub1aevisor E. M a f a  (Toula) 
Euchia okensis(Pavlow) (?) 

Age: mostly Mid-toLateValanginian, possiblywithBerriasianmixed 
in. 
Comment:  Probably  a  mixed  collection. 
Reference:  Poulton.  J6-1987-TPP 

Field No.  86UMR U86-39 GSC  LOC.  No.  C-143261 
NTS 920i02 
1.6  km  southeast of Relay  Mountain,  northwest of Paradise  Creek. 

Northing  5663479  Easting  502404 

Unit:  JKRM2 
Fauna: 

Age:  Lower  Berriasian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  86UMR U86-48 
NTS  920102 

GSC  Loc.  No.  C-143262 
Northing  5562390  Easting  503532 

1.6  km norih of Cardtable  Mountain,  south of  Paradise  Creek,  elev. 
1705 m. 

Euch1a okensis  (Pavlow) 

Unit:  JKRM2 
Fauna: 

Euchia sp. 
Age:  Volgian  or Berriasian  most  likely 
Reference:  Poulton,  J6-1987-TPP 

. . . . . . . . 

Field No.  86UMR 52-7 
NTS  920102 

GSC  LE.  No. C-143264 
Northing  5667073  Easting  503216 

1.25  km north  of  peak 8222,500 m southwest  of  peak  7413. 
Unit:  JKRM2 

Reference:  Poulton,  J6-1987- 

Field  No.  66UMR  52-21 
NTS 920/02 

GSC LOC.  No. C-143265 
Northing  5665923 

On knob  1.1  km north of peak  8222,  3.6 km northeast  of  Relay 
Easting  503021 

Mountain,  elev.  2345  m. 
Unit:  JKRM2 
Fauna: 

Age:  probably  Upper Berriasian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  86UMR 53-3 
NTS  920102 Northing  5666491 

GSC Loc. NO.  C-143266 
Easting  503964 

1.6 km  northeast  of  peak  8222.  near  saddle  3.8  km  northeast  of 
Relay  Mountain,  elev.  2165 m. 
Unit:  JKRM2 
Fauna: 

Age:  probably  Voigian 

Euchk? uncifoides  (Pavlow) 

Euchia flscheriana (d'orbigny) (?) 

Reference:  Poulton,  J6-1987-TPP 

NTS 920/02 
Field No.  86UMR 53-14 

Northing  5666405 
GSC  Loc.  No.  C-143267 

Eastins1  503875 
0.9  km  northeast  of  peak  8222 on NE-trending  spur,  elev.  2240  m. 
Unit:  JKRM2 
Fauna: 

Euchiasp. cf. fischeriana(d'0rbigny) (?) 
Fronae//a (?) sp. 

Age:  probably  Upper  Voigian or Lower  Berriasian 
Reference:  Pouiton.  J6-1987-TPP 

NTS  920102 
Field No.  86UMR  53-20 

Northing  5662017 
GSC  Loc.  No.  C-143268 

600 m northeast of peak  8222,  elev.  2315 m. 
Eastingi  503736 

Unit: JKRM2 
Fauna: 

Age:  Upper Berriasian  or  Lower  Valanginian 
Reference:  Poulton. J6-1987-TPP 

NTS 920/02 
Field  No.  86UMR  U86-86  GSC  Loc.  No.  C-143269 

Northina  5665229  Eastinrt  502349 

Euchiauncioides(Pavlow) o r B  toimaftShawi(Sokolov) 

1.7  km  northeast  of  Relay  MGuntain,  elev.  2285 m. 
Unit:  JKRM2 
. ". 

Euchla sp.  aff. Mafa (Toula) or aff. 8. /feyserMgi(La- 
Euchia  pacifica  Jeletzky 

Age:  Middle  Valanginian 
Reference:  Poulton.  J6-1987-TPP 

husen) 

Field  No.  86UMR 86-189 
NTS  920103 

GSC  Loc.  No.  C-143272 
Northing  5666935 

Southwestspurof'GraveyardMountain",1.8kmNEofElboNMoun- 
Eiasting  493559 

taln,  elev.  2250  m. 
Unit:  JKRMZ 
Fauna: 

Euchiasp. cf. fischeriana(d'0rbigny) 
Meieagnnefia  sp. 
bivalve 

Age:  probably  Upper Volgian  or  Lower  Berriasian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  86UMR  86-190 
NTS 920/03 

GSC Loc. No. C.143273 
Northing  5666914  Easting  493407 

Southwest  spur  of  'Graveyard  Mountain",  elev.  2180  m. 
Unit: JKRM2 
Fauna: 

Age:  probably Lower  Valanginian,  possibly  Upper  B#?rriasian 
Reference:  Poulton.  J8-1987-TPP 

NTS 920/03 
Field No.  86UMR  86-193 

Northing  5666341 
GSC  Loc.  No. GI43274 

Easting  494351 
Low on southeast  spur  of  "Graveyard  Mountain",  2.6  km  east of 

Unit:  JKRMZ 
Elbow  Mountain,  elev.  2105 m. 

Fauna: 

Euch.uncifoides(Pavlow) or B fo/mafscbowi(!3okolov) 

Euchiapiochi(Gabb) (?) 

Age:  probably  Upper  Kimmeridgian  or  Volgian 
Reference:  Poulton,  J6-1987-TPP 

asfa&(?) sp. 
Age:  probably  Upper  Kimmeridgian  or  Volgian 
Reference:  Poulton,  J6-1987-TPP 

asfa&(?) sp. 

meld  NO.  86UMR 86-201 GSC  Loc.  No.  C.  143275 
NTS  920103 
0.5kmwestofthepassbetweensouthRelayCreekandnorlhPara- 

Northing  5662750  Easting  499427 

dise Creek,  2.1  km  southwest  of  Relay  Mountain. 
Unit: JKRMZ 
Fauna: 

Age:  Upper  Kimmeridgian  or Volgian 
Reference:  Poulton,  J6-1987-TPP 

EuchiapiocM(Gabb) 

- 
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Fieid No.  86UMR  287-4  GSC  LOC.  No.  C-143276 
NTS 920/03 Northing  5663953  Easting  494313 
0.4 km southwest  of  Tyoax  Pass,  3.2  km SE of  Elbow  Mourltain. 
Unit:  JKRM2 
Fauna: 

Euchiasp. aff.  unCitoides(Pavlow) 
Euchiasp.  aff.  okensis(Pavl0w) 

Age:  Lower  or lower  Middle  Berriasian 
Reference:  Pouiton,  J6-1987-TPP 

Field No.  86UMR  86-365  GSC  Loc.  No.  C-143280 
NTS 920i03 
500m E  of  Tyoax  Pass, near  top of  peak,  elev.  2285 m. 

Northing  6664148  Easting  495173 

Unit:  JKRM2 
Fauna: 

Euchia flscheriana (7) (d'orbigny) 
Asta/fe sp. 

Age:  Upper  Oxfordian to Volgian,  probably  Volgian 
Reference:  Poulton.  J6-1987-TPP 

~~ ~~ 

Field No.  86UMR 86-371 GSC LOC.  No. C-143281 
NTS  920103 Northing  5663624 
700 m south  of  Tyoax  Pass on east  slope  of  S-trending  spur at end 

Easting  494653 

of  Toong's  Ridge,  elev.  2120 m. 
Unit:  JKRMZ 
Fauna: 

Age:  Upper  Oxfordian  or Lower  Kimmeridgian 
Reference:  Poulton,  J6-1987-TPP 

Fieid No.  86UMR  86-395  GSC  LOC.  No.  C-143282 

Euchla concentnca  (Sowerby) 

NTS  920102 
1.2 km ENE  of Castle Peak,  eiev.  2195 m. 

Northing  5659008  Easting  503635 

Unit:  JKRM2 
Fall"R: . " . 

Euchiapibchll(Gabb) 
Age:  Upper  Volgian 
Reference:  Poulton,  J6-1987-TPP 

Field No.  86KG-52-20-1  GSC LOC.  No. C-150220 
NTS  920103 
North-south  ridge NE of Tyaughton  Creek. 

Northing  5656020  Easting  498920 

Unit:  JKRM2 
Fauna: 

Age:  Middle  Valanginian 
Reference:  Poulton.  J7-1987-TPP 

Field No.  86KG-52-20-1 
NTS 920i03 

GSC Loc. No.  C-150249 
Northing  5656020  Easting  498920 

North-south  ridge NE  of  Tyaughton  Creek. 
Unit:  JKRM2 
Fauna: 

Age:  Middle  Valanginian 
Reference:  Poulton.  J7-1987-TPP 

Field No.  86PS-1-7-01 
NTS  920103 

GSC  LOC.  No.  C-150246 
Northing  5670780 

Southeast  side  of  Dii-Dil  Plateau. 
Easting  489850 

Unit:  JKRM2 
Fauna: 

Euchlapaciflca Jeletzky 

EuchiapaciflcaJeleWky 

other  bivalves,  indet. 
Euchiasp. 

gastropods,  indet. 
Age:  Upper  Oxfordian through  Vaianginian,  probably  Volgialr 
Reference:  Poulton,  Report  No.  J8-1987-TPP 

NTS 920i03 
Field No.  86PS-1-7-02 

Northing  5670800 
GSC  Loc.  No.  C-150245 

Easting489920 
Southeast  side  of  Dil-Di!  Plateau. 

Unit:  JKRM2 
Fauna: 

belemnites,  indet. 
bivalves,  indet. 

Age:  Middle Toarcian  through  Cretaceous,  undifferentiable 
Reference:  Poulton,  Report  No.  J8-1987-TPP 

Fieid No.  86PS-1-7-03  GSC  Loc.  No.  C-150247 
NTS  920103  Northing  5670820 
Southeast  side  of Dil-Dil Plateau. 

Eastirlg 489340 

Unit:  JKRM2 
Fauna: 

belemnitids,  cf.  Acroteulhissp. 
indeterminate  juvenile  bivalves 

Age:  Late  Jurassic to Early  Cretaceous,  possibly  Berriasian  to  Bar- 
remian. 
Reference:  Haggart,  JWH-1989-02 

NTS 920i03 
Field No. 86PS-3-4-02 

Northing  5672040  Easting 488:3ZO 
South  side  of  Dil-Dil  Plateau. 
Unit:  JKRM2 
Fauna: 

Age:  Middle  Jurassic  through  Cretaceous.  undifferentiable 
Reference:  Pouiton,  Report  No.  J8-1987-TPP 

Field No. 86PS-3-4-03 
NTS 920/03 

GSC L E .  No.  lC-150:131 
Northing  5671040 

South  side of Dil-Dil  Plateau. 
Easting  488320 

Unit:  JKRM2 
Fauna: 

GSC LE. No.  C-150134 

Phyllocems (7) sp. 

. " . 
Euchlasp. cf. blanfordiana(Stoliczka) 

Age:  Upper Kimmeridgiaflolgian 
Reference:  Poulton,  Report  No.  J8-1987-TPP 

Fieid No.  86PS-3-5-01 
NTS  920103 

GSC  Loc.  No. 1:-150:!38 
Northing  5671030  Easting  488!i60 

South  side  of  Dil-Dil  Plateau. 
Unit:  JKRM2 
F;l#,"W . ". 

perisphinctid  ammonite. indet.. constticted  microconchs 
Buchiasp. cf.  fischenana  (d'orbigny) 

Age:  Volgian (7) 
Reference:  Poulton.  Report  No.  J8-1987-TPP 

Field No. 86PS-36-01 GSC  LOC.  No.C-150:!48 
NTS 920/03 Northing  5671030 
south  side  of  Dil-Dil  Plateau. 

Easting  488ti60 

Unit:  JKRMZ 
Fauna: 

oerisohinctid  ammonite.  indet. 
micrdconchs  and  macroconch 
Phy~//ocassp. indet. 

other  bivalves,  indet. 
"_..."I_. 

Age:  Volgian (7) 
Reference:  Pouiton.  Report  No.  J8-1987-TPP 

Field No. 86PS-21-13-01 GSC  Loc.  No. GI50227 
NTS 920/03 
Elbow  Mountain. 

Northing 5666100 Easting  491740 

Unit:  JKRM2 
. ". 

Euchiasp. aff.  pioch/?(Gabb) 
Age:  Volgian (7) 
Reference:  Pouiton,  Report  No.  J8-1987-TPP 

Field  No. 86PS-403-01 
NTS 920/03 

GSC  Loc.  No.  C-150228 
Northing  5666740  Eastin!]  491 120 

1 km northwest  of  Elbow  Mountain. 
Unit:  JKRMZ 
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Fauna: 
Eelemnofeufhis(7) sp. 
Asfade (7) sp. 
Mach (7) sp. 
Meleagrinella (7) sp. 

Age:  Upper  Jurassic (7) 
Reference:  Pouiton,  Report  No.  J8-1987-TPP 

Field  No.  86PS-40-16-01  GSC LOC.  No. C-I50229 
NTS 920i03 Northina  5668380  Eastina  492420 
120 m eastof summit  2.3  km-north ofElbow Mountain. - 
Unit:  JKRM2 

Age: Volgian  or  Berriasian 
Reference:  Poulton,  Report  No.  J8-1987-TPP 

Field No. 86KG-45-8-01 
NTS  920103  Northing  5664400 
Ridge 1 km  west  of  Tyoax  Pass. 
Unit:  JKRM2 
Fauna: 

Age: Middle  Valanginian 
EuchiapaciXca  Jeletzky 

Reference:  Poulton.  Report  No.  J7-1987-TPP 

GSC LOG. No.  C-150224 
Easting  4935660 

Field NO. 86KG-45-15-01  GSC Loc. No. C-15025 
NTS  920103  Northing  5666320 
1.9  km northwest  of  Tyoax  Pass. 

Easting  493120 

Unit:  JKRM2 
Fauna: 
Buchia sp. 

Age: probably  Berriasian  or  Valanginian 
Reference:  Pouiton.  Report  No.  J7-1987-TPP 

Field No. 86KG-48-7-03  GSC  LW.  No. C-I50232 
NTS  920103 
Summit 3  km  southwest  of  Tyoax  Pass. 

Northing  5664000  Easting  494380 

Unit:  JKRMZ 
Fa,,"il: . " . 

Perisphinctid  ammonite  similar  to  Decipia 
Age:  Upper  Oxforclian (?) 
Reference:  Pouiton,  Report  No.  J7-1987-TPP 

Field  No.  87-KG-PS-25-6-1A GSC  LOC.  No. C-154051 
NTS  920102 
Paradise  Creek  road. 

Northing  5658796  Easting  512725 

Unit:  JKRM2 
Fauna: 

Buchiacf.  blanfodiane(Stoliczka 1866)  of  Jeletzky  1965 
(prevalent  but  mostly  represented  by  small  early  forms) 
Euchia forms transitional behveen B. cf. blanordhna 
(Stoliczka 1866) of Jeletzky  1965  and U. russiensis 
(Pavlow  1907) vaL faimyrensis ZakharOv 1981  (fairly 
common) 
Buchian/ssiensis(Pavlow 1907) s. lato  (=Buchian. sp. 
aff.  piWhI7of  Jeietzky  1968)  (relatively  rare) 
cf. Euchiamosquansis(von  Buch)s.  lato  (rareand poorly 

Age:Lowerpartof Euchbcf. bbnford&na(Stoliczka 1866)Zoneas 
preserved) 

defined  by  Jeletzky (in Jeletzky  and  Tipper,  1968).  Uppermost  part 
of  the Lower  Tithonian  (=iowerVolgian)  or  Portlandian s. str. 
Reference:  Jeletzky,  Km-4-1988-JAJ 

Field No. 87-KG-PS-25-6-1B  GSC LOC.  No. C-154072 
NTS 920i02 Northing  5658800 
Paradise  Creek  road. 

Easting  512720 

Unit:  JKRM2 
Fauna: 

(prevalent  but  mostly  represented  by  small,  eady  forms) 
Euchiacf. blam'orrd/ana(Stoliczka  1866)  of Joietzky  1965 

Euchia  forms  transitional  between B. cf.  blanfordiana 
(Stoliczka 1866) of Jeietzky  1965  and U. russiensis 

(Pavlow  1907)  var. laimyrensis  (Pavlow 190;') s. lato 
(=Euchian. sp.  aff. p i x h i o f  Jeletzky  1968)  (,elativeiy 
rare) 
cf. Euchiamosquensis(von  Buch 1837) :i. lato irareand 

Age:ThesameasforUlelotC-154051.Uppermostpa~ofU~eLower 
poorly  preserved) 

Tithonian  (=lower  Volgian) or Portlandian s. str. 
Comment:  Same locality as C-154051. 
Reference:  Jeletzky, Km-4-1988JAJ 

Field No.  87-KG-PS-25-6-2A GSC LOc. NO.  C-154052 
NTS  920102 
Paradise  Creek  road. 

Northing  5658800  tiasting  512720 

Unit:  JKRM2 
Fauna: 

E&& forms transitional  between Bonhia n/ssienss 
(Pavlow  1907)  var. talmyensis (Zakhamv  1081)  and 

lorevalent\ 
Euchiacf.blanforrd/ana(Stolicz~l866)ofJelelrky1965 
> v ~ - ~ - ~ - ~ ~ ~ ,  

Buchia c f .  blanfodiana  (Stoliczka 1866) of Jeletzky 
1965,  fairly  common  but  represented  mostly  by  small. 
early  forms  described  as  Auceliacf. A. mosquevsis(An- 
derson  1945)  (fairly  rare) 

harov  1981  (relatively  rare) 
Buchia  russiensis (Pavlow  1907)  var. l&inyrensis Zak- 

Onychessp. indet. (a belemnite  arm  hook) 
Age:  The lot C-I54052 is derived  either  from  the  basal  beds of 
Buchiacf. blanforrd/anaZone  or  from  the  transitional  beds  oetween 
Euchiacf. blanfordianaand  Euchiarussiansiss.  lato Zone;.  At  any 
rate the  lot GI54052 is  either  only  slightly  older  than  the lot C- 
154051  or  (less  likely)  about  contemporaty  with  it. 
Reference:  Jelelzky,  Km-4-1988-JAJ 

Field  No.  67-KG-PS-25-6-26 
NTS  920102 

GSC Lw.  No.  C-154073 

Paradise  Creek  road. 
Norlhing  565880 EFastinC 512720 

Unit:  JKRM2 
Fauna: 

Euchia forms  transitional  between Eurhia ntssiansis 
(Pavlow  1907)  var.  faimyrensis Zakharov 1!)81  and 
Euchiacf.  bianfordana(Stoliczka  1866)ofJeIet!ky 1965 
(prevalent) 
Euchiacf.blanforrd/ana(Stoiiczka1866)ofJelet:ky1965 
(fairly  common,  but  represented  mostly  by  sm2ll,  early 
formsdescribedas Aumlacf. A. mosqut?nsisbyAnder- 
son  1945 

Age:  The  same  as for the lots C-154052,  C-154069  and  C-154070 
(upper  part of  the Lower  Tithonian  (=Early  Volgian)  or  Poltlandian 

Comment Same  locality  as  C-154052, 
s. str). 

Reference:  Jeletzky,  Km-4-1988-JAJ 

Field No. 87-KG-PS-30-7-1  GSC Lw. No. C-154054 
NTS  920102  Northing  5657880  E'asting  509400 
North of Lower  Tyaughton  Creek. 
Unit:  JKRM2 
Fauna: 

Poorly  preserved  Late  Jurassic  Euchiaforms  wtiich  may 
belong  either  to  the  late (Le. early  Portlandian  oi'earliest 

s. lato or  to  Buchiarussiensis(Pavlow 1907) s. lato 
Tithonian)  forms  of  Euchiamosquensiss(von Buch 1837) 

Age: Late  Jurassic.  The  lot C-I54054 is derived  either  front  the  up- 
per (Le.  Lower  Portlandian s. Str. OrearliestTithonian)  part of Euchia 
mosquensis s. lato Zone  or to some part of the later, bul  not  the 
latest,  Portlandian s. str.  (=later  but  not  the  latest Titiionianl Euchia 

Comment:  Lot C-I54054 is definitely  older  than  either of  the lots 
mssiensiss.  lato Zone. 

C-154051  and  C-154052, 
Reference:  Jeletzky, Km-4-1988JAJ 

NTS 920i02 
Fieid  No.  87-KG-PS-30-12 

Northing  5657810 
GSC LE. No. C.154055 

Easting 510600 
North of  Lower  Tyaughton  Creek. 
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Unit:  JKRM2 
Fauna: 

Age:  Greater  middle part of Buchia rusienSiS S. lato  Zone Of the 
RelavMountainGroup;  mid-EarlyTithonian  (=mid-Podandians. Str. 

Bucha  msiensis (Pavlow  1907) 5. lato 

or mfd-Early  Volgian): 
Comment: Lot  C-154055 is distinctiv  older  than  the lots C-154051 

~~~~~~ ~ ~ ~~~ 

and C-154052. 
Reference:  Jeletzky,  Km-4-1988-JAJ 

Field No.  87-KG-PS-36-11  GSC  LOC.  No.  C-154058 
NTS 920i02 
Lower  Paradise  Creek. 

Northing  5661330  Easting  510220 

Unit:  JKRM2 
Fauna: 

Buchia cf. b/anfordiana (Stoliczka 1866)  of  Jeletzky 

Buchia forms  transitional  between B. cf.  bianfordiana 
(Stoliczka 1866) of Jeletzky 1965 and E. russiensis 
(Pavlow  1907)  var.  taimyrensisZakharov  1981 

Age:  The main  part  of Buchiacf. blanfordianazone.  Uppermost  part 
Bucha russiensis(Pavlow  1907) s. lato 

of  the  Lower  Tithonian (=lower  Volgian  or  Portlandian s. Str.). 
Comment: The lot C-154058 is slightly  younger  than  the  lot  C- 
154051. 
Reference:  Jeletzky,  Km-4-1988-JAJ 

Field  No.  87-KG-PS-36-14 
NTS  920102 

GSC  LOC.  No.  C-154059 
Northing  5661210 

Lower  Paradise  Creek,  east  end  of  outcrop. 
Easling  516450 

Unit:  JKRM2 
Fauna: 

1965 

Buchia forms transitional between Buchia  mssiensis 
(Pavlow 1907) var. taimyrensisZakharov 1981 and 
Buchia cf. blanfordiana (Stoliczka 1866)  of  Jeletzky 
1965  (prevalent) 
Buchia cf. blanfordiana (Stoliczka 1886) of Jeletzky 
1965 (common. but represented  almost  exclusively  by 
small,  early formsdescribed as AuceIacf. A. rnosquen- 
sis(Andenon 1945) 

var. tairnyrensisZakharaov  1981 
Buchia russiensis  (Pavlow  1907) s. lato  including B. I: 

Indeterminate  pelecypods 
Age:  The  same as for  the lots C-154052 and C-15406%  upper part 
of  the  Lower  Tithonian  (=Early  Volgian)  or  Portiandian s. str. 
Reference:  Jeietzky.  Km.4-1988-JAJ 

Fieid No.  87KG-9-3 
NTS 920102 
Lower  Mud Creek. 
Unit:  JKRM2 
Fauna: 

GSC  Loc.  No.  C-154061 
Northing  5657580  Easting  516530 

MeieagnneIa sp. 
O@orna(?) sp. 
bivalves,  indet. 

fish scales(?)  sp. 
terebratuild  brachiopods(?) sp. 

Age:  Early  Portlandian 
Reference:  Poulton,  Report  No.  J14-1987-TPP 

Field No. 87-KG-9-5 
NTS 920/02 

GSC  LOC.  No.  C-154062 

Lower  Mud  Creek. 
Northing  5657480  Easling  516440 

Unit:  JKRM2 
Fauna: 

common B. I:  var. taimyrensisZakharov  1981)  (preva- 
Buchia  russiensis  (Pavlow  1907) s. lato  (including  less 

lent) 
Buchia cf. and aff.  late  forms of B. mosquenss (von 

Age:  Approximately the same as for the lot GI54465 mid-Early 
Buch  1837)  (rare) 

Tithonian  (=mid-Portlandian s. str.  or  mid-early  VOlgian). 
Reference:  Jeletzky,  Km-4-1988-JAJ 

Fleld No.  87-KG-9-6  GSC  LOC. NO. C-154175 
NTS  920102 
Lower  Mud  Creek. 

Northing  5657390 Easling 516350 

Unit:  JKRM2 
Fauna: 

Buchia forms transitional behveen  6.cf. blanfordd?na 

(Pavlow  1907) s. lato  (prevalent) 
(Stoliczka 1866) of Jeletzky 1965 and B. NSSie,7SiS 

Buchia russensis (Pavlow  1907) s. lato  (including 13. 1. 
var. taimyrenskZakharov 1981: fairly  common) 

Age:  Tithonian.  Upper part of the Buchia russiensiss. lab  Zont!. 
Comment:  Float at base  of  cliff. 
Reference:  Jeletzky,  Km-4-1988-JAJ 

Fieid No. 87-KG-28-1 GSC LOG. No.  C-154083 
NTS  920102 
Relay  Creek  road. 

Northing  5655050  Easting  516.320 

Unit:  JKRM2 
Fauna: 

Buchiaex gr. B. mosquansis(von Buch  1837) S. la111 

served  right  valves) 
B. msiensis(Pavlow 1907) s. lato  (rare  and por ly l~re- 

Age: General  mid-Kimmeridgian  to  early  Portlancian 
(=earliest  Lower  Tithonian). 

Reference: Jelehky,  Km-4-1988-JAJ 

NTS  920102 
Field No.  87-KG-28-2  GSC  LOC.  No. C-154064 

Northing  5658570  Easling  514!i30 
East  of  Relay  Creek  road. 
Unit:  JKRM2 
Fauna: 

Lateformsof Buchiarnosquensis(v0n  Buch  1837) s. la10 
(strongly  prevalent), , 
Bucha forms  transltlonal  between B. mosquensis(jron 
Buch) and B. mssiansb(Pavlow) (fairly  rare) 

only; rare) 
Buchia msienSl.9 (Pavlow  1907) s. la10 (early folms 

Age:  Upper  part  of  fluchia rnosquensi. s. lato Zone.  Early  P,)rt- 
landian s. str.  (=earliest Tithonian  or  earliest  Early Volgian). 
Reference:  Jeletzky.  Km-4-1988-JAJ 

Field No.  87-KG-39-6-2  GSC  Loc.  No.  C-154069 
NTS  920102  NorthinQ  5657200 Easling  511560 
North  of  lower  Tyaughton  Creek. 
Unit:  JKRM2 
Fauna: 

Buchiaforms transitional  between B. mssiensis(Pavi0w 
1907)  var.  ta1myrensisZakharov 1981 and 8. cf. b/an'or- 
diana(Stoliczka  1866) of Jeiehky 1965 (prevalent) 
Buchlacf.  b/anfordiana(Stoilczka  1866)ofJeletZky IC165 
(exclusively  small.  early  forms  described  by  Anderson 

common) 
(1945)  as Auceilacf. A. mosquensis: considerably loss 

Buchia mssiensis (Pavlow  1907)  var. tairnyrensisZnk- 

Age: Transitional beds  between Buchia msssianais S. lato and 

the  io1  C-154052 (upperpart of  the LowerTithonian  (=EarlyVoigihn) 
Buchiacf. blanfordianazonesandapproximatelycontemporalyw4th 

or  Portlandian s. str). 
Reference:  Jeletzky.  Km-4-1988-JAJ 

Fieid No.  87-PU-RM-05 
NTS 920/02 

GSC  LOC.  No.  C-163760 
Northing  566553 

About 3.1 km NE of  Relay  Mountain 
Eastlny  502E47 

Unit:  JKRM2 

hamv  1981  (fairly  rare) 

Fauna: 

Argenfinicerascf. nodulfemrn(Steuer 1897) 
Buchi8 sp. 

Protothunnannian. sp. B  of  Jeletzky (1984, plate  2) 

Jeletzky,  1984) 
Age: Probably  early  Berriasian, zone of Buchia  okansis S.S. (see 

Reference:  Haggart,  JWH-1989-02 
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Field  NO.  87-PU-RM-06  GSC  LOC.  NO.  C-163761 
NTS 920/02 Northing  566406 
About  3  km  NE  of  Relay  Mountain. 

Easting  502897 

Unit:  JKRM2 
Fauna: 
berriaselid ammonite,  genus and  species  indeterminate 
Phylfmrascf. knoxviense(Stan1on 1896) 
Buchia okensis(Paviow,  1907) 
Buchia ex  aff. okensis (Pavlow.  1907) 

Age:  Early  Berriasian.  zone  of Buchia okensis S.S. (see Jeletzky. 

Comment:  Stratigraphically  above  GSC  Loo.  '2-163760. 
1984) 

Reference:  Haggart.  JWH-1989-02 

Field No.  87-PU-54  GSC  Loo.  No.  C-143130 
NTS 920i02 
North  of  Tyaughton  Creek. 

Northing  5658370  Easting  507600 

Unit:  JKRM2 
Fauna: 

Buchia(Anauce1a)cf.  concen/rica(Sowerby) s. lato (ap- 
parentlylateformsonly,including B.(A.)  concenfricavar. 
erringfoni(Gabb) (numerous;  no  other  Buchia forms 

Age:  Presumably the  upper  part of Buchia (Anaocelfa)  concenfnba 
noted) 

s. lato  Zone of  lower to  middle  Kimmeridgian  age.  This  assignment 

specimens  available. 
must  remain  tentative  because of a  poor  preservatmn  of ail Bud& 

Reference:  Jeletzky.  Km-6-1988-JAJ 

Field No.  87-PU-55  GSC  Loo.  NO.  C-143131 
NTS 920/02 Northing  5658170 
North of  Tyaughton  Creek. 

Easting  507910 

Unit:  JKRM2 
Fauna: 

sively late forms.  including B. (A,)  concenfnca  var. er- 
Buchia(Anauceiia)  concen/rica(Sowerby) s. lato  (exclu- 

nhgfoni(Gabb)  (numerous; nootherBuchiafomsnoted) 
Age: The same  as for the lot C-143130 (lower to middle  Kim- 
meridgian)  but  the  dating  of  the lot C143131 is offered  without  res- 
ewation because  of  a  much  bener  presewation  of  its  buchiids. 
Reference:  Jeletzky, Km-6-1988-JAJ 

Field No. 87-PU-64 
NTS 920i02 

GSC  Loo.  NO.  C-143132 
Northing  5661590 

NE  of  Cardtable  Mountain. 
Easting  504420 

Unit:  JKRM2 
Fauna: 

lure of  early and late forms)  (numerous) 
Buchia(Aneuce//e)  concen/rioa(Sowerby) s. lato (a mix- 

Age:  Some part  of  Buchia(Anauceiia)  concen/ricas.  lato Zone. It is 
Buchiacf. fenuisfria/a(Lahusen 1888) (rare) 

impossible to say  whether  the  lot  C-143132  represents  the  Upper 
Oxfordian  or  the  Lower to Middle  Kimmeridgian  part of the  zone. 
Reference:  Jeletzky,  Km-6-1988-JAJ 

Field No.  87-PU-66 
NTS 920i02 

GSC  Loo. NO. C-143133 
Northing  5661730  Easting  504700 

NE of  Cardtable  Mountain. 
Unit:  JKRM2 
Fauna: 

Buchia foimafschowiiSokolov 1908) irare) 
BuchiapacificaJeletzky 1965 (prevalent) 

Age:  Lower part  of Buchiapacifi&Zone; Lower  Valanginian 
Reference:  Jeletzky, Km-6-1988-JAJ 

~~~~ ~ I I ~~ ~, 

NTS 920/02 
Field No.  87-PU-69  GSC LOC.  No. C-143135 

Northina  5662730  Eastina  505510 " 
NE of  Cardtable  Mountain. 
Unit:  JKRM2 
Fauna: 

Pwrly presewed Buchiaex gr. pacifica Jeletzky  1965 

Age:  Presumably  represents  some  part  of Buchia pad/& Zone 
(Lower  Valanglnian).  However,  because  of  the poor  presewation of 
allspecimensavallable,thelotC-143135couldalsorepres~~ntsorne 
partofthensxtolderBuchia/olma~chowiZone(sesJeletzo/,19t14, 
for  further  details). 
Reference:  Jeletzky. Km-6-1988JAJ 

NTS 920/02 
Field No.  67-PU-70  GSC  Loo. NO. GI43136 

NE of  Cardtable  Mountain. 
Northing  5661680 I~astin{~505190 

Unit:  JKRMZ 
Fauna: 

Age: Late  Kimmeridgian; Buchia tenuisfnataZone 
Reference:  Jeletzky, Km-6-1988JAJ 

Field No.  87-PU-73 
NTS 920i02 Northing  5681100 

GSC Loo. No.  C:-143137 

NE of Cardlable  Mountain. 
Eastin!l505020 

Unit:  JKRM2 
Fauna: 

Buchia fenius/riafa(Lahusen  1888) 

Poorly presewed Buchiaexgr. u n c i f o i d e s - p a c ~ ~ ~ ( ~ n -  

Age: late Berriasian (=Bucha unoifoides s. lato Zone) to early 
not be identified  any  closer) 

Valanginian (=BuchiapacifiwZone) 
Reference:  Jeletzky. Km-6-1988JAJ 

Field NO.  67-PU-74 
NTS 920/02 Northing  5661040 

GSC  Loo.  No.  C-143138 

NE  of  Cardtable  Mountain. 
Eastin((  504860 

Unit:  JKRMZ 
Fauna: 

Buchia(Anauceiia)  concen/rica(Sowerby) s. la1 J (preva- 
lent;  apparently late forms  only) 
B. (A,) c.  var. ernhgfoni(Gabb)  (fairly  common'! 

Age:  early to mid-Kimmeridgian;  upper  part  of  Buchia  (Amuce//a) 
concenfricas. lato  Zone 
Reference:  Jeletzky, Km-6-1988JAJ 

Field No.  87-PU-83  GSC  Loo.  No.  C-143140 
NTS 920i03 
SE  of  Elbow  Mountain. 

Northing  5665850  Eastin(l492000 

Unit:  JKRM2 
Fmna: . ". 

Buchia uncifoides  (Paviow  1907)  var. spasskwsoides 
(Crickmay  1930)  (prevalent) 
Buchia okensis (Pavlow  1907) (late form; a solitary 

Ape:  earlv late  Berriasian;  lower Dart  of Buchia ur~cifoidts s. lato 
specimen) 

&e 
Reference:  Jeletzky, Km-6-1988JAJ 

Field No.  87-PU-87 
NTS 920i03 

GSC  Loo. NO. C-143141 
Northing  5666200 

250  m east  of  Elbow  Mountain. 
Eiasting  492100 

Unit JKRM2 
Fauna: 

Buchiauncifoides(Pavl0w 1907)  f.  typ. (commm) 

mav  19301 Immmon\ 
Buchiauncifoides(Pavl0w  1907)var. acufisfria;a(Crick- 
~~, ~~, 

Buchia uncifoides  (Pavlow  1907) var. spassknsoides 

Age: late Berriasian;  some  part  (more  likely  middle) of Buckia unci- 
(Crickmay  1930)  (rare) 

toidess.  lato  Zone 
Reference:  Jeletzky. Km-6-1988JAJ 

Field No.  87-PU-91 
NTS 920/03 Northing  5666400 E:astinc 491850 
300 m north  of  Elbow  Mountain. 
Unit:  JKRM2 
Fauna: 

GSC  Loo.  No.  C-143143 

Buchiafenuisfnn'ata(Lahusen 1888)  (numerous;  no  other 
buchiids  seen) 

Bullerin 100 2.13 
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Age: late Kimmeridgian; Buchia fenuisfnafaZone 
Reference:  Jelelzky, Km-6-1988JAJ 

Field No. 87-PU-93 
NTS  920103  Northing  5666200 

GSC  Loc.  No.  C-143144 
Easting  491840 

150 m north of  Elbow  Mountain. 
Unit:  JKRM2 
Fauna: 

Buchia uncifoldes(Paviow  1907) f. typ.  (common) 
B. u. var. acufisfriafa(Crickmay  1930) (common) 
B. u var. spasskenoides(Crickmay 1930)  (very  rare) 

Age:  the  same as for  the lot C-143141  (late  Berriasian) 
Reference:  Jelelzky, Km-6-1988JAJ 

Field No.  87-PU-95  GSC  Loc.  No.  C-143145 
NTS  920103  Northing  5667060 
1 km  NNE of  Elbow  Mountain. 

Easting  492100 

Unit:  JKRM2 
Fauna: 

Buchiacf. mssiensis(Pavl0w  1907) s. lato (common) 
Euchiasp.  indet.  (small toverysmall juvenilespecimens 
not  identifiable  specifically;  prevalent) 

Age:  Presumably  some part of Buchiarussiensiss. lato  Zone  (late 

age is offered  as  a  tentative  suggestion  only  because of a poor 
Portlandian s. str.  =late  early Tithonian  or  late  early  Volgian).  This 

preservation of  all specimens  available. 
Reference:  Jeielzky, Km-6-1988JAJ 

Fieid No.  87-PU-99 
NTS  920103 

GSC  Loc.  No.  C-'143146 
Northing  5567500 

1.5  km north of  Elbow  Mountain. 
Easting491600 

Unit:  JKRM2 
Fauna: 

Euchiacf. russiensis(Pavlow  1907) s. lato  (three  frag- 
mentary  specimens) 

Age: the same as forthe lot C-143145.  The  zonal  assignment is just 
as  tentative  as  for  the  latter  lot.  However,  the two lots are  definitely 
of  a late Late  Jurassic  (Tithonian  or  Voigian) age. 
Reference:  Jeielzky, Km-6-1988JAJ 

Field No.  87-PU-102 
NTS  920103  Northino  5668300 

GSC  Loc.  No.  C-143147 
Eastino  491800 

2 km N  of  Elbow  Mountain 
Unit:  JKRM2 
Fauna: 

BuchiapacikaJelelzky 1965  (numerous  and  typical; no 

Age:  Approximately the  same as for  the lot C-143133  (early to mid 
other Buchiaspecies noted) 

Valanginian)butappeantorepresentahigherpart(middletoupper) 
of EuchapacjficaZone because  of  the  absence of B. fo/matshowi 
and an invariably  typical  appearance of B. pacifica. 
Reference:  Jeletzky,  Km-6-1988-JAJ 

Field  No.  87-PU-103  GSC LOC. No.  C-143148 
NTS  920103 Northing  5668360 
2.3  km north  of  Elbow  Mountain. 

Easling  491 850 

Unit:  JKRM2 
Fauna: 

Buchiaex gr.  russiensis(Pav1ow  1907) s. lato  (rare  and 

Age:  The  same as  for  the iols C-143145  and  C-143146  (late  Late 
poorly  preserved:  no  other Buchiaforms noted) 

Jurassic) 
Reference: Jeielzky,  Km-6-1988-JAJ 

Fieid No.  87-PU-104 
NTS  920103 Northing  5668400 
2.4 km  north of Elbow  Mountain. 

Fauna: 
Unit:  JKRM2 

GSC  Loc.  No.  C-143149 
Easting  492000 

vanced  forms  close to  or  identical  with B. I: var.  faimyren- 
Buchia russiensis (Paviow  1907) s. lato (mostly  ad- 

siszakharov 1981) (prevalent) 

Buchia sp. transitional to B. d. blanfoniiana of Jelelzky 
1965  (small  forms  only;  rare) 

Age:  Middle to upper  part of the Buchia msslenslss. lato  Zone ('ate 

lot C-143149 Is probably  approximately  contemporary  with lo& C- 
Portlandian s. str.  =late  early  Tithonian  or  late  early  Volgian). 'The 

143145,  C-143146, and  C-143148  but,  unlike  these loti, it is as- 
signed  unreselvedly to the Buchia msslenslss. lato Zone. 
Reference:  Jeletzky, Km-6-1988JAJ 

Field No.  87-PU-106 
NTS 920/03 Northing  5668450 
2.3  km north of  Elbow  Mountain. 

Easting  492 150 

Unit:  JKRM2 
Fauna: 

GSC  Loc.  No.  C-143150 

Euchia russiensis (Pavlow  1907) s. lato (mostly ad- 
vanced  formsclose to or  identical  with B. I: var. faimpn- 
sisZakharov 1981)  (prevalent) 
Euchiasp.  transitional  from B. I: var. faimyrensisto  srnaii 
forms of B. cf.  blanfordianaof  Jelelzky  1965  (very  rare) 

Age:  The  Same as forthe lot C-143149  (late  PorNandian s. str. =ate 
early  Tithonian  or late early  Volgian). 
Reference:  Jeletzky, Km-6-1988JAJ 

Field No.  87-PU-112  GSC LOC. No.  C-154077 
NTS  920103 
2.4 km  north  of  Elbow  Mountain. 

Northing  5668400  Easting  492!iOO 

Unit:  JKRM2 
Fauna: 

Buchia(Anaucel1a) mncen&a(Sowerby) s. lato (apl:  ar- 
entlylate B. (aJc. var. ernhgfonl(Gabb)-like forms o~lly: 
prevalent) 
Buchia  (Anaucella) cf.  hhds/rveml(Sokolov) (a solitary 
valve) 

Age:  The  same as  for lot C-143138  (early  to  mid-Kimmeridgian) 
Reference:  Jelelzky, Km-6-1988JAJ 

Field No.  87-PU-114  GSC LOC. No.  C-154078 
NTS  920103 
2.2  km north of  Elbow  Mountain. 

Northing  5668240  Easting 492L.60 

Unit:  JKRM2 
Fauna: 

entiy  late B (A,) c. var. errigfoni(Gabb)-like variants 
Buchia(AnauceI1a)  mncenflrica(Sowerby) s. lato  (appar- 

only;  prevalent) 
Buchia transitional between B (A,) c. var. ernbgdoni 

s. lato  (rare) 
(Gabb)  and  the  early  forms  of B. mosquensis(v. Bu':h) 

Buchiacf. 8. tenuisfnata(Lahusen)  (very  rare) 

mentary  casts  only) 
Cy~ndrofeufhis (Cyhlrofeufhii? sp.  indet.  (poor frag- 

Pleuromya sp.  indet.  (a solitary cast) 
Age: Approximately  the  same as for  the lots C-143138  and  C- 
154077  (early  to  mid-Kimmeridgian).  However,  the lot C-154C78 

the  upper  part  of Buchja (Anaucefi4 mncenfnoa s. lato i!one and 
maybeslightlyyoungerand representthe bedstransitional  between 

Buchia fenusfdafaZone (e.g. the lot C-143143). 
Reference:  Jelelzky, Km-6-1988JAJ 

Field  No. 88APS-PUMI-1 
NTS  920102 

GSC LOC. No.  C-154092 
Northing  5651850 

1  km NNW  of  Spruce  Lake. 
Eastin(]  501750 

Unit:  JKRM2 
Fa,,"% . ".  ." 

Buchiapacif2a Jelelzky 
Age:  Valanginian 
Reference:  Poulton,  Report  No.  J1-1988-TPP 

Field No. 88APS-PUMI-2 
NTS  920102  Northing  5651950 

GSC  Loc.  No.  C-154034 

1 km north of Spruce  Lake. 
Easting  501730 

Unit:  JKRM2 
Fauna: 

Buchapacifica Jeletzky 
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Age:  Middle  Valanginian 
Euchia infafa (Toula) 

Reference:  Poulton,  Report  No.  J1-1988-TPP 

Reference:  Poulton.  Report  No.  J1-1988-TPP 

Field No. 88JIG-41-8 GSC LE.  NO.  C:-154098 

Field No.  88APS-PUM8-1-1 
NTS 920/03 Northing  5670350  f:asting  497270 

NTS 92Jl15  Northing  5644950  Easting  500450  Unit:  JKRM2 
GSC No. c-154095 Upper  Relay  Creek, 3  km  southeast  of  Dash  Hill. 

Between  Leckie and Gun creeks. 
Unit:  JKRM2 
Fauna: 

Age: Late  Oxfordian  through  Valanginian,  most  likely  Late  Oxior-  ~~d~ or Middle valanginian 
dating and identification. 
dian.Thesinglefragmentistoopoorlypreservedtowarrantdetailed Reference: Poulton, J8.1990.Tpp 

Reference:  Poulton,  Report  No.  J1-1988-TPP 

Field No.  88APS-PUM8-8  GSC  LOC.  No. C-I54093 NTS 920i02 
NTS  92J/14 
Leckie Ridge, south of Gun  Creek. 

Northing  5646380 Unit:  JKRM2 

Unit:  JKRMZ Fauna: 

~ ~~~~~ ~~ 

Fauna: 
Buchia  foimafschowi(Sokolov) (?) 
Euchiapacifica Jeletzky 
ammonite,  indet. Buchla concenfrica  (Sowerby) (7) 

Field No. 88-PPS-15-3 GSC LE. No.  C-154096 
Northing  5657150 Easting  51  3820 

EaSting 499350 Confluence of Relay  and  Tyaughton  creeks. 

Buchia concenfrica  (Sowerby) (7) 
Fauna: 

fragment  of  terebratulid  brachiopod 
probable  beriasellid  ammonite,  comparable  to  XTanella 

bte oxfordIan valanginian, likely ~~~l~ ~ i ~ .  Age: A tentative  age  of Berriasian  to  Valanginian is suggested 
meridgian.  The  specimens  are  too  poorly  preserved  to  warrant  de- Reference: Haggad, JWH-1989-03 
tailed  identification  and  dating. 

Relay  IMountain Group: Unit IKRM3 

Field No. 86PS-18-7-01 
NTS 920i03 

GSC  Loc.  No. C-I50230 
Northina  5663880  Eastina  489520 

Cliff  800  m  east  of  north  end of Lorna  Lake. 
Unit:  IKRM3 

._ 

Age: Hauterivian  through  Aptian (?) 
Reference:  Poulton,  Report  No.  J8-1987-TPP 

Field No.  86PS-18-7-01  GSC  LOC.  No.  C-150239 
NTS  920103  Northing  5663880  Easting  489520 
Cliff 800 m  east of north  end of  Lorna  Lake. 
Unit:  IKRM3 
Fauna: 

heteromorph ammonite. cf. Anisoceras charlotense 
(Anderron 1958) 

Age:  The  specimen  is flattened  and  fragmentary,  but  still  shows 
ribbing  and  nodes  similar  to  that  seen  on  Anderson's  species.  The 
original A. charlatensecomes from  the  Queen  Charlotte  Islands, 

could  also  be an anisoceratid  ammonite,  however;  a  general  Early 
probably  from  Albian  age  strata.  The  specimen  from  loc. C-I50239 

Cretaceous  age  is  suggested for the  locality. 
Reference:  Haggart,  Report  No.  JWH-1989-02 

Field  No.  86PS-18-7-01 
NTS 920/03 

GSC LE. No.  C.150243 
Northing  5663880 

Cliff 800 m east  of north  end of Loma  Lake. 
Easting  489520 

Unit:  IKRM3 
Fauna: 

belemnites 
Inoceramussp. 

Age:  Middle  Jurassic  or  Cretaceous,  probably  Hauterivian 
Reference:  Poulton,  Report  No.  JB-1987-TPP 

Field No.  87-PU-67 
NTS 920/02 

GSC  Loc.  No.  C.143134 
Northing  5661890  Easting  504900 

NE  of  Cardtable  Mountain 
Unit:  IKRM3 
Fauna: 

Acrofeuthis  (Eoreiofeufhiij cf. impressa (Gabb)  (a  frag- 
ment) 

Age:  Hauterivian to  Barremian 
/naceramus(s.  lato)  sp.  indet.  (shell  fragments) 

Reference:  Jeletzky, Krn-6-1988JAJ 

Taylor Creek Group: Paradise Formation 

Fieid No.  86JG-16  GSC  LOC.  No.  C-149604  Field  No.  86JG-18  GSC  LOC.  No.  C-117050 
NTS  920103 
ENE  of  elbow in SE  drainage of Red  Hill,  elev.  2080  m. 

Northing  5666287  Easting  499689  NTS 920/02 Northing  5661528  Easting  500821 

Unit:  IKTCP 
Fauna: 

Age: A general  Albian  age  is  tentatively  suggested  as  the  specimen  Cyhfldrofeufh/s(?)  sp. 
is too  poorly  preserved  for  positive  identification. 
Reference:  Haggart.  JWH-1989-02 

West  branch  of  Paradise  Creek. 
Unit:  IKTCP 
Fauna: 

Age:  Middle  Jurassic  through  Cretaceous, undifferenliable 
Reference:  Poulton.  J5-1987-TPP 

desmoceratid  ammonite,  possibly  Erewericerassp. 

Paradise  Formation  -Fossils From Clasts in Conglomerate 

Field No. 86JG-12 
NTS 920/02 Northing  5661551  ti^^ 502671  Age:  probably late  Early  Volgian 
Prominent  ribs on western  Cardtable  Mountain,  elev.  2085  m.  Comment:  Clast in conglomerate  of  the  Paradise  formation. 
Unit: IKTCP 
Fauna: 

GSC  LOC. No. C-I17049 Euchiasp. aff.  bianfordiana(Stoliczka) 

Reference:  Poulton.  J5-1987-TPP 
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Fieid No. 8MG-31 GSC  LOC.  No.  C-149601 

South of Cardtable  Mountain at first  rib on south-flowing gully  above 
prominent  triple  confluence at 2080 m elev. 
Unit:  IKTCP 
Fauna: 

NTS 920i02 Northing  5660850  Easting  502707 

6uchiasp.aff.  volgensis(Lahusen) 
Buchiasp.aff.  unci/oides  (Pavlow) 

Age:  probably Middle  to  Late  Berriasian 
Comment:  Clast in conglomerate  of  the  Paradise  formation. 
Reference:  Poulton.  J5-1987-TPP 

Field No. 86JG-876 GSC Loc. No. C-I49603 
NTS  920102 
SSE  of  Relay  Mountain  summit.  elev.  2175  m. 

Northing  5663163  Easting  501881 

Unit:  IKTCP 
Fauna: 

Age:  probably  Middle  Oxfordian through  Vaianginian 
Bucbi6(?) sp. 

Comment:  Clast in Conglomerate  of the  Paradise  formation. 
Reference:  Poulton,  J5-1987-TPP 

NTS  92OiO2 
Field  NO.  8MG-317A  GSC Loc.  No.  C-149612 

Northing  5662549 
South  flanks of  Relay  Mountain.  elev.  2225  m. 
Unit:  iKTCP 
Fauna: 

Easting  500428 

Buchiasp. aff. keysedihgi(Lahusen) (7) 
Euchiasp.  aff.  subiaevis(Keyserling) (?) 

Age:  Valanginian  probably, possibly  younger  Lower  Cretaceolls if 
the  poorly  preserved  bivalves  are  actually  some  buchiiform spa:les 
of /nocsrsmus. 
Comment:  Clast in  conglomerate  of  the  Paradise  formation. 
Reference:  Poulton,  J5-1987-TPP 

Taylor Creek Group: Dash Formation 

Field No.  86JG-53C  GSC  LOC.  No.  C-149602 
NTS 920i02 Northing  566709  Easting  504313 
Eastem  knob, NE of  Relay  summit and peak  8222, eiev.  2230 m. 
Unit:  IKTCD 
Fauna: ~ ~~~ ~~~~ 

Pferotngonia (Pfemtnrigoniaj  sp. 

Age:  Aibian,  or  younger  Cretaceous 
Entohnsp. 

Reference:  Poulton.  J5-1987-TPP 

Field No. 86JG-119B  GSC Loc. No.  C-149606 
NTS  920103 Northing  5666442 
NE  of  elbow in SE  drainage of Red  Hill,  elev.  2195 in. 

Easting  498232 

Unit:  IKTCD 
Fauna: 

Age: Middle  Aibian  to  Cenomanian 
Comment:  The  specimen is poorly  preserved  and  fragmentaly, but 
is definitely  of  the  genus  TetragonitesKossmat  which  ranges  from 
Middle  Albian  through  the  Cenomanian. It bears  a  resemblance  to 
~bearsk7hensefromtheQueenCharfoltelslands(McLearn. 1972). 
Reference:  Haggart,  JWH-1989-02 

Field No.  86JG-210C  GSC  LOC.  No.  C-149609 
NTS  920103 
East  side  of  Red  Hill,  up  from NE drainage  that  flows SSE. 

Northing  5666781  Easting  498951 

Unit: IKTCD 
Comment: Lot C-I49609 was  examined  by  Poulton  and  Haggart. 
Fauna: 

TefrEgonifescf.  beaffikinense(McLeam  1972) 

ammonite.  indet.,  poorly  preserved,  small  fragments, 
could be a species  of Gasfmpfifes, such  as G. canaden- 
sis. 

Age:  possibly late Middle  Albian 
Reference:  Poulton,  J5-1987-TPP 
Fauna: 

ammonite fragment, possibly P@choceraS  sp. 
ammonite fragment, possibly Douvilleiceras?  sp. 

Age:  The material is too  poorly  preserved  to  suggest an age  beyond 
a  general  Cretaceous  one. 
Reference:  Haggart.  JWH-1989-02 

NTS  92J/15 
Field  No. 87JG-58 

Northing  5647835 
GSC  Loc.  No. C443126 

Easting  51  1509 
approx. 800 m NE of  peak  741 8, Taylor  Basin. 
Unit:  iKTCD 
Fauna: 

?Marsbafi/essp. indet.  juven. 
?Desmoceras  (Pseudouhhgeiiajsp.  indet.  juven. 
Inoceramuscf. concenricus(Parkinson) 
lnoceramusex gr. angIcusWoods 

Lima(s. lato)  sp. indet. 

Acia(s. lato)  sp.  indet. 
Indogrmmatooonsp indet. 

pelecypods  (more  than  one  genus),  indet. 
gastropods  (more  than  one  genus),  indet. 
sponge ?, indet. 

Age:  Almost  certainly  some part of  the  Albian  stage.  However,  the 
Cenomanian  age  of  this  rich but poorly  preselved  fauna  canna: be 
ruled out. Its only  generically  identifiable  ammonites are knowll to 
range up into  the  basal  Upper  Cretaceous (Le.  Cenomanian) ,md 
the  same is true of  the only  tentatively  identified Inocarmus ( w -  
centricus  Parkinson. 
Reference:  Jeletzky,  Km-6-1988-JAJ 

Field No. 87JG-60 GSC  Loc.  No. GI43122 
NTS  920102 
South  side  of  North  Cinnabar  Creek,  600  m  NE  of  peak 7260. 

Northing  5646075  Easting 513700 

Unit:  IKTCD 
Fauna: 

trigoniid?. indet. 

pelecypods  (more  than  one  genus),  indet. 
Leda(s. fato)  sp.  indet. 

Age:  presumably Jurassic  or  Cretaceous. 
Reference:  Jelelzky, Km-6-1988JAJ 

NTS  920102 
Field No. 87JG-74 GSC LE.  No. C-143 124 

Northing  5659560  Easting  523‘50 
2.5 km  SE  of  Quartz  Mountain,  200 m SW  of  peak  7049. 
Unit:  IKTCD 
Fauna: 

slender,  feebly ribbed  variant) 
Cleoniceras (Giyck) cf. perezianum (Whiteaves) (a 

Aoe:  Presumablv  mid-Albian.  However. this  date is tentative be- 
&use of poor  preservation of  the  only  fragment  available. 
Reference: Jelelzky,  Km-6-1988-JAJ 

Field No. 87JG-210C GSC  Loc.  No. C-143’18 
NTS  920102 
Red  Hill,  3.4  km  NW  of  Relay  Mountain. 

Northing  5667000  Easting  499000 

Unit:  IKTCD 
Fauna: 

Cleoniceras (Giycia) perezianum (Whiteave..), c ’ an ?x- 
tremeiy  coarsely  and  sparsely  ribbed,  somewhat Gas- 

Age:  mid-Albian;  some  part of  the  Cleoniceras  (Gryci)perezlanum 
troplifeslike variant;  compare  McLeam  (1972) 

Zone 
Comment:  Same  locality  as  C-149609. 
Reference:  Jeletzky,  Km-6-1988-JAJ 
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Field No. 88JlG-13-26 
NTS  92J/15 

GSC Loc. No.  C-154087 
Northing  5645950  Easting  514340 

Ridge  between  North  Cinnabar  Creek  and  Crane  Creek. 
Unit:  IKTCD 
Fauna: 

Age:  tentatively  middle  or late Aibian 
Reference:  Haggart,  JWH-1989-03 

Field No. 88JIG-26-5-1 
NTS 920/03 
Red  Hill.  approx.  3 km NW of Relay  Mountain.  Southwest  gully 10 

Northing  5666400  Easting  498410 

m  downsection  from  GSC  LOC.  No.  C-168256. 
Unit:  IKTCD 
Fauna: 

Pseudhelimras? sp. 

GSC  Loc.  No.  C-168255 

. .. . . 

Puzosiasp. juv. 
Cymatoceras? sp. 

hamitid ammonite,  new  genus? 
Age:  Probably  Aibian 

Reference:  Haggart.  JWH-1989-03 

Fieid No. 88JlG-26-5-2 
NTS 920/03 Northing  5666400 

GSC  LOC.  No.  C-168256 
Easting  498410 

Red  Hill,  approx.  3 kin NW  of  Relay  Mountain.  Southwest  gully 10 
in stratigraphicaiiy  above  GSC  LOC.  No.  C-168255. 
Unit:  IKTCD 
Fauna: 

desmoceralid?  ammonite  fragment 

hamitid ammonite,  new  genus? 
bivalve fragments.  indet. 

Age:  Indeterminate,  probably  Early  Cretaceous 
Reference:  Haggart,  JWH-1989-03 

Field No. 88JiG-41-1 
NTS  920103 Northing  5566720 
Red  Hill,  approx.  3  km NW  of  Relay  Mountain. 

i!astin!l498550 

Unit:  IKTCD 
Fauna! 

GSC  LOC.  NO. GI68253 

. ". 
Cwnatocerassp.  (nautiloid) 

Age:  Upper  Jurassic to Oligocene 
Reference:  Haggart, JWH-1989-03 

Field No. 88JIG41-2 GSC  Loc.  No. GI68254 
NTS  920103 Northing 5666800 Eastins!  498480 
Red  Hill,  approx.  3 krn NW  of  Relay  Mountain. 
Unit:  IKTCD 
Fauna: 

PUZOSia?  sp. 
heteromorph  ammonites,  genus  indet. 
hoplitid 7 ammonite, genus  indet. 
trigoniid  bivalve,  genus  indet. 

Age: A  general  Lower to midCretaceous (Albian  to  Turor  ian)  age 
is  suggested  by  the  possible  occurrence  of Puzosia; othelwise  the 
io1 is undatable  beyond  Late  Jurassic to Cretaceous, 
Reference:  Haggart,  JWH-1989-03 

Taylor Creek Group:  Lizard  Formation 

Field NO. 87JG-2388 GSC  LOC.  No.  C-143121  Age:  indeterminate. wssibly Cretaceous 
NTS 920/02 
Red  Hili, 6.2 km  SE of  Dash  Hill. 

Northing  5667780  ti^^ 498800  Reference: Haggart,.JWH-i98903 

Unit:  IKTCL 
Fauna: 

Age: tentative  middle to upper  Albian 
Reference:  Jelelzky.  Km-6-1988-JAJ 

Inocerarnuscf.  anglicus Woods 

Fieid No.  88-JKG-18-2-1  GSC LOC. No. C-154080 
NTS 920/02 Northing  5560130  Easting  517280 
On  Mud  Creek road (at junction  with  another  logging  road  that 
crosses  Mud  Creek) 5.5 km  NNW  of  confluence of lyaugllton and 
Mud  creeks 

Field No. 88JlG-414 GSC  Loc.  No.  C-158252 C3,,n3. 

. . . . - -. . -. " 
Unit:  IKTCL 

NTS  920103  Northing  5667500  Easting  498450  /nocemfnusex.  gr. ang l i cus~mds  1911) 
Red Hili. appmx. 4  km NW  of  Relay  Mountain. 
Unit:  IKTCL 

Age:  Albian,  probably middle or late. 
Reference:  Haggart.  JWH-1989-03 

. . .. . 
Bivalve.  possibly  /noceramussp. In general  outline  the 
valve  bears  some  resemblance  to  the L angficusgroup. 

POWELL CREEK  FORMATION - FOSSILS  FROM CLAST  IN CONGLOMERATE 

NTS 920/03 
Field No.  86KG-36-2-02 

Northing  5657520 Easting  492080  Age:  Upper Berriasian 
On ridge  4 km southwest  confluence of  Tyaughton and  Lizard  comment: clast in conglomerate 
creeks. 
Unit:  uKPCbs 

GSC  LOC.  NO.  C-150223 Buchia unci?oides (Paviow) 

Reference:  Poulton,  Report  No.  J7-1987-TPP 

Fauna: 
METHOW  TERRANE 

Jurassic Rocks 

Field No.  F2-4TD66 
NTS  920101 

GSC LOC. No.  74830 
Northing  5650708  Easting  542583 

Near  mouth  of  Retaskit  Creek, north  side  of  Yaiakom  River. 
Unit:  lmJys 

Ammonite  resembling  Hauterivian Sirnbimkitesor Bajocian 
Fauna: 

Stephanocems 
Age:  Hauterivian  or  Bajocian. 
Reference:  Jeietzky,  Report  No.  Km-13-1967-JAJ 

Field No.  87KG-PS-35-4GSC  Loc.  No.  C-154056 

Lone  Valley  Creek. 
NTS  920102  Northing  6673080  Easting  520610 

Unit:  mJcs 
Fauna: 

serpulids(?),  spiral form, small 

Age:  undeterminable 
Camptonectessp.  small 

Reference:  Poulton.  Report  No.  J14-1987-TPP 
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Field No.  87KG-PS-35-6 GSC Loc. NO. C-154057  Aae:  Earl"  Baiocian 
Stephanoceras sp. cf. skidegatenris (Whiteavss) 

NTS 920/02 
Lone  Valley  Creek. 

Northing  5673350  Easting  520660 Riferenk: Poulton,  Report  No.  J14-1987-TPP 

Unit:  mJcs 
Fauna: 

Jackass Mountain  Group:  Unit IKJMYl 

Field No.  F2-2TD66  GSC  LOC.  No.  74815 
NTS 920/01 Northing  5652857  Easting  -0909  Field NO. 89APS-31-8-3 
South  side  of  Yalakom  Mountain. 
Unit: IKJMyl 
Fauna: 

Reference:  Jeletzky,  Report No. Km-13-1967-JAJ 

GSC  Loc.  No.  IC-168'109 
NTS 92Jll6 Northing  5634600  Easting 564'150 
About 4 km ENE of the  confluence  of  Antoine  Creek and the  Bridge 
River. 
Unit: IKJMyl 
Fauna: 

Ancylmras(Acrioceraaj sp.  indet. 
f~oceras(Protetragoniteaj sp.  indet. 
Shastlcrioceras? sp. indet. 
indeterminate  belemnite 
Pleuromyacf. vancowerensis Whiteaves  Age:  Middle  Jurassic to Early  Cretaceous, not differentiable 

pectinid  pelecypods 
Tnaoniasp.  indet. 

Cyhndroteuthissp. 

Reference:  Poulton,  JB-1990-TPP 
Age:  Barremian  (possibly  lower  part of the  stage ?) 

Jackass Monntain  Group:  Unit IKJMYZ 

Fieid No. 87-JG-302 GSC  Loc.  No.  C-143127 
NTS 920/02 Northing  5670700 
Chum Creek. 

Easting  522250 

Unit: IKJMyZ 
Fauna: 

Brewenceras(=feconteiresj deansi(Whiteaves) 
Brewedceras(=Lecontelteaj /econtei  whieavesidones, 

Anagaudycerascf. sacya (Forbes) 
Murphy  and  Packard 

Anagaudyceras? sp.  indet. 
Aucelhhagryphaeoides(J.  de C. Sowerby) 
Indeterminate  pelecypods 
Belemnitida  Zinel  emend.  Jeletzky  1956 (a poor  frag- 
ment) 

Age:  basal  Albian, BrewedcerasIeconteiZone 
Reference:  Jeletzky,  Km-6-1988-JAJ 

Field No.  89APS-42-10-2  GSC Loc. No.  C-168110 
NTS 920/01 Northing  5652440 
2  km  north of  the  confluence  of  Retaskit  Creek with  the  Yalak,xn 

Easting  542765 

River. 
Unit:  IKJMyZ 
Fauna: 

Apiotngoni@?)  sp. 

bivalves,  indet. 
Columbitngoni@?)  sp. 

belemnite.  indet. 
Age:  Early  Cretaceous: HauteNivian to Albian. not differentiabk 
Reference:  Poulton,  J8-1990-TPP 
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APPENDIX 4A 

Upper  Triassic (Late Norian)  Biostratigraphy of the  Tyaughton  Group, 
Taseko  Lakes Map Area,  British  Columbia 

Geological Suwey of Canada  Contribution No. 25595 

Geological  Survey ol' Canada 
ByH.W. Tipper 

Vancouver,  B.C.  \'6B 1R8 
100 West  Pender Street 

INTRODUCTION 

The Vaughton Group is exposed on the  ridges  around 
Castle Peak and southward to the hills immediately east of 
Spruce Lake. The  group is entirely sedimentaly with a low 
metamorphic grade and, as a result. has a rich  fauna  com- 
prised  of  macrofossils  and  microfossils.  Preservation is poor 
to excellent.  Ammonoids  and  conodonts are by far the  most 

and age interpretations. Bivalves are  abundant  but are of a 
important fossils in  the group for structural,  stratigraphic 

somewhat lesser value for precise correlation, although 
some are critical such as Monotis subcircnlaris. 

This report is a synopsis  of a more extensive compila- 

F.H. McLeam, E.T. Tozer and  M.J.  Orchard  from theirbios- 
tion  (Umhoefer  and  Tipper,  in  press)  of  results  obtained  by 

tratigraphical  studies. The writer first mapped  the  rocks  in 
1963 and made extensive collections  which  were  submitted 

to  Tozer. The biostratigraphy  was  interpreted by Tcmzer and 
Orchard. 

PREVIOUS  AND  PRESENT WORK 
C.E. Cairnes  in 1937 and C.H. Crickmay in  1939 

mapped and named the Vaughton Group (Caimer, 1943) 
and  many  collections  were  made from this  group.  From a 
study of the bivalves collected  by Caimes and  Crickmay, 
F.H. McLeam published a paper on the CassEonella fauna 
(1942).In1963E.T.Tozerandthewritermapyedthisgroup 
in  greater  detail and many collections were  made syr temati- 
cally. Tozer published a bulletin (1967) in  which  he  de- 
scribed  two  measured sections which  together form 1 be  type 
section of the  group. The ammonoid  fauna  was  listed and 
assigned to zones. Later  he revised the zonation  (Tozer, 

defined  the  highest stage of  the Triassic as Norian; the  upper 
1979) and  presented a North  American scheme in which he 

'Onelomenlc 1imWO"C El limy Silinonci 
..:.:.:.:. ::::.:.:.. rundr,o"c 

svniir,nnc 

.. .... :... . . . . . . . 

. . . . . , . . .. . . , . . . . . . . .:..:.::: 

Figure 46. Upper  Triassic  (Upper  Norian)  Biostratigraphy of Tyaughton Group. 
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Norian is essentially the time  range of the  Tyaughton  Group 

prising three zones. The highest two,  the  Amoenum  and 
(Figure 46). The upper  Norian  substage  was  defined as com- 

Crickmayi,  were  defined  from  the Taseko Lakes  map  area: 
the  presence  of  the  lower  zone,  the  Cordilleranus  zone, is 
indicated by the occurrence  of Monotis  subcircularis. M.J. 
Orchard  collected  samples for conodont  extraction  and s a -  
ples  were  submitted to him  by  Umhoefer and by the writer. 
As a result conodonts were  recovered  from three lithologic 
units  which  represented  each  of  the three ammonoid  zones 
(Figure 46). Despite further mapping, study, and  collecting 
Tozer’s  biostratigraphic (1979) and  lithostratigraphic  inter- 
pretations  (1967) of the Tyaughton  Group  have  remained 
essentially  intact. In a current  study by Umhoefer  andTipper 
(in press) the Tyaughton  Group  has  been  reduced  to a for- 
mation and the lithologic units  have  been  defined  as  seven 
members  (Figure  46). 

DISCUSSION OF THE STRATIGRAPHIC 
UNITS  AND  THEIR  FAUNAS 

The basal red conglomerate is in  fault  contact  with older 
rocks,  the Cadwallader Group.  However clasts from this 

precisely  date  this  unit. 
group are the  main  clasts of the  conglomerate. No fossils 

bivalves;  the large Neomegalodus  canadensis is one species 
The massive  limestone is characterized by  numer$,us 

that is readily  identified. Conodonts have  also  been r e c w  

Monotis limestone is present  in  the type section  but ccm- 
ered  and  identified  by  Orchard  (Figure  46). The overlying 

monly is missing or not recognized  elsewhere. No cmo- 
donts are associated. 

The  limestone  cobble  conglomerate  and  the  lower 
green clastics are devoid  of fossils except near the top of he 

the bivalve fauna of the overlying Cassionella beds. 
latter member  where a few  bivalves indicate the advenl. of 

The calcareous  sandstone  of the Cassionella beds are 
replete  with a diverse bivalve fauna. Cassionella  lingulata 
is the characteristic  and distinctive form hut the fauna is 
abundant  and  well-preserved. Conodonts were  extracted at 

preserved  and  useful guide fossils. The upper  green c l a s h  
several  levels.  Ammonoids are not abundant  but are w(:ll- 

have  few  fossils. The heteromorphic  ammonoid Choristo- 
ceras  crickmayi and the conodont Misikella postharnstt ini 

the  latest Triassic zone.  Until  recently  this  was  the only rwck 
are the  two forms that  clearly indicate the  Crickmayi  zone, 

unit  in  Canada  of  this  age  defined  by  fossils.  This  fauna n,,w 
has  been identified in  Queen Charlotte Islands. 
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APPENDIX 4B 

Lower  Jurassic  Ammonite  Biostratigraphy of the  Last  Creek  Formation, 
Taseko  Lakes Map Area,  British  Columbia 

Geological  Survey of Canada  Contribution No. 25495 

Geological  Survey  ol’Canada 
By H.W. Tipper 

Vancouver,  B.C. \’6B 1K8 
IC4 West  Pendzr  Street 

INTRODUCTION 
The  Last  Creek Formation  of  Early  and  Middle  Jurassic 

age is exposed at the headwaters of Last  Creek,  north of 

west of Relay  Mountain.  Ammonoids are the  most  impor- 
Castle Peak,  and  on the ridges  and  valleys  south  and  south- 

tant  fossils  for  the interpretation of age, structure, and 
stratigraphy of the  formation.  Bivalves,  gastropods, 
colwids, and  nautiloids do  occur sparingly or, in  places, 
abundantly  but none, at present, are particularly valuable as 
guide fossils. So far no  microfossils  have  been  helpful  in  the 
biostratigraphical  interpretation  of  these  Jurassic  strata  and 
radiolarians or foraminifers  have  not  been  extracted  from 
any  collection. 

PREVIOUS  AND  PRESENT WORK 
Frebold  (1967)  published  his  study  of  the  faunas  of the 

nemurian-Hettangian  boundary  (Figure  47).  This is the  only 
Canadensis zone which is now  believed to straddle the Si- 

published  biostratigraphic  study of the  Lower  Jurassic  fau- 
nas  of Taseko Lakes  map area. Frebold  (1951)  descrihed a 
few  Sinemurian forms and  C.H.  Crickmay  identified a few 
Lower Jurassic forms during  the  course  of  mapping  (Crick- 
may in Caimes, 1943). Since beginning  work  in  the  area  in 

Last Creek  Formation  and  some  of  these  have  been  identi- 
1963,  the  writer  has  collected  an  abundant  fauna  from the 

fied in internal reports by Frebold, G.K. Jakobs,  and  the 
writer. Other collectors, particularly P.J. Umhoefer, J.A. 
O’Brien  (1985)  and  T.P.  Poulton,  have  provided  important 
material. The current studies  of  the  Lower Jurassic faunas 
from  this  map area are based  on  all  the  material  available  in 

report is a synopsis  of a much  more  complete r e p ?  on  the 
the  collections  of the Geological Survey of Canada  and  this 

Creek  Formation  (Umhoefer  and  Tipper,  in  press). 
stratigraphy,  sedimentation,  and  biostratigraphy  of  the  Last 

GEOLOGICAL  SETTING 

Cadwallader  Terrane. It is a unit resting  with an erosional 
The  Last  Creek Formation has  been included in the 

or non-depositional hiatus upon latest Triassic sandstone of 
the  Tyaughton  Group; a slight angular  tectonic  relation pos- 
sibly exists. The formation  has  been  folded  and  faulted into 
slices so that a restored  section  from  many short sections is 
the only means of obtaining a meaningful  interpretation. A 

It ranges  in age from Late  Hettangian to Early  Bajocian;  the 
total thickness of 250 to 400 metres is considered  possible. 

Aalenian to Lower  Bajocian  strata  discussed by Pofton in 
Appendix 4c of this  bulletin are part of the formation. 

named  unit  (Cairnes,  1943), later it was  included  with  the 
The strata of  the  Last  Creek  Formation first wa:; an un- 

Tyaughton  Group,  (Tipper,  1978;  Glover  and  Schiarizza, 
1987;  Glover et ul., 1988a).  O’Brien  (1985)  informally re- 

Tyaughton  Group as the Last Creek  Formation  (1985).  Um- 
ferred  to  Sinemurian  and  Hettangian  beds  above  the 

hoefer  and  Tipper  (in  press)  formalized  the  name ;and de- 
scribed  the Last Creek  Formation as “a transgressive 
sequence  comprising  Hettangian to Sinemurian  sl~allow- 
marine coarse clastic rocks that grade up into Uppf r Sine- 
murian to Bajocian  deeper-marine  shales”. 

DISCUSSION OF THE AMMONITE 
BIOSTRATIGRAPHY OF THE LAST 
CREEK  FORMATION 

diverse, relatively  abundant, and  well-preserved.  In  Figure 
The ammonite  fauna  of the Last Creek  Formation is 

47  the  more  important  genera  and species are listed  nccord- 
ing  to  the stage and zone in  which  they  appear. Thi; is not 
a complete listing as the studies of the faunas  are  not com- 
plete and  there are several  unidentified  genera  and : ; p i e s  
that may be new or endemic to the east Pacific faunal  realm. 

The Hettangian stage is represented by forms charac- 
teristicofLateHettangiantime.Theirpositionisdetemined 

gon  studied  by J. Guex  (1980)  and  David  Taylor.  The.  oldest 
largely by a comparison  with forms from  Nevada  ar.d  Ore- 

and the most significant forms are Sunrisites  sun7isensis 
fauna is referred to the  informal “Oregonensis” assemblage 

Badouxiu which  together indicate a Late Hettangim age. 
Guex, Pseudaetomocerus sp.,  and a new  species  of 

These appear to be older than the Canadensis zone :>ut the 
Sunrisites and Badouxiu n. sp. may continue into the earliest 
beds of this  zone. 

rassic zone in  North America. It was  studied  and  described 
The Canadensis zone  was the first established  Esrly Ju- 

by Frebold  (1967)  who  believed it to be of Hettangim age. 
The  material  collected  was all from  the  Last CTeek Forma- 
tion. The age  of  the zone became  controversial  wher.  Guex 

biostratigraphy would indicate that the zone was Sine- 
and Taylor (1976)  argued  that a comparison  with  Eurapean 

murian.  This was disputed by GertBloos (1983) whoxgued 
for an  Hettangian  age.  Although  the  question  of age is not 
fully  resolved,  the current interpretation is that  thc  zone 
straddles the Hettangian-Sinemurian  boundary  (I’aylor, 
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Paitechiocems spp., phylloceratids 

Asfcroceras sp., Epophiocerur sp., Arniocerus sp., 
oxynaticeratids 

Anzioceras  amouldi, A .  miserabile, arietitids, Caeftisites :::::::::::.:.:._: ........... 
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............... 
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. . _  

Dominant  Lithologies  Present 

conglomerate hiatus 
0 o o y  0 

siltstone,  shale 

* Informal assemblage names are shown in quotes (e.& "Amouldi") 

Figure 41. Lower Jurassic  ammonoid  zones and assemblages of the Last Creek Formation. 
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by the writer  but further studies are in  progress. 
1986: PAlfy, 1991): this interpretation is tentatively  accepted 

of the species Badouxia  canadensis (Frebold). The lower 
The  Canadensis  zone is presently  defined as the range 

part of the  zone,  the  Hettangian  part, is characterized  by  the 

Angulaticeras marmoreus, Eolytoceras  tasekoi,  Metophio- 
common and  abundant Occurrence of this species as well as 

part of the  zone, the earliest Sinemurian  part, is marked by 
ceras  rursicosratum and Badouxia  occidentalis. The upper 

Badouxia canadensis, define  the  upper  range of the zone. 
the incoming of Badowia  columbiae and, together with 

part continue into the  upper  part. A few  forms,  such  as Ca- 
Several of  the  genera  and species of the lower  (Hettangian) 

Sinemnrian upper  part. 
navarites? sp.  and Vermiceras sp.  occur  infrequently  in  the 

The “Coroniceras”  assemblage is made  up of several 
species of  arietitids and Coroniceras spp.  which are gener- 
ally well-preserved  and  of  moderate to large size,  up to 50 
cm.Tmaegocerassp.,Arniocerassp.,andpossiblenewgen- 
era are uncommon  but  characteristic of this  assemblage. The 
beds  in  which  they are found are greywackes  and  together 

Formation  form  most  of  the coarse clastic beds of the for- 
with  the earlier conglomerates  and grits of the Last Creek 

assemblage names  were  suggested by Pilfy (1991) from 
mation. This assemblage  name  and  the  younger  Sinemurian 

Queen Charlotte Islands. 

species of Amioceras, the  two  most  common  being A. ar- 
The “Amouldi” assemblage is characterized  by  several 

nouldi and A. miserabile. The upper part of the  assemblage 
is marked  by  the  incoming and  dominance of  asteroceratids 
such as Caenisites. This latter fauna is uncommon in North 
America. 

not diverse and  occurrences are few.  The  “Varians”  assem- 
Late Sinemurian  assemblages (Figure 47) are gf nerally 

blage is represented  by  rare Asteroceras,  Epophioceras sp., 
and  oxynoticeratids. The “Harbledownensis”  assem’Aage is 

Plesechioceras(?) species are dominant and  iocallf abun- 
dominated by echioceratids  of  which Pa1techioce:as and 

dant. 
The youngest assemblage of  the  Sinemurian,  “Tetraspi- 

doceras”,  and the first zone of the Pliensbachian stlge, the 
Imlayi  zone, are not recognized  in  the  faunas  of &is area. 
Ammonoids of the  later  Early  Pliensbachian  zones, 
Wbiteavesi  and  Freboldi, are present  in  coarser clastic beds 
which  may indicate a short period of non-deposition or ero- 

Pliensbachian  time. 
sion  at  about  the  boundary  between  Sinemurian  and 

Upper  Pliensbachian  and Toarcian strata are entirely 
black shale or fine siltstone and fossils are sparse and  poorly 
preserved.  As  indicated  in Figure 47, several  zones  are  pre- 
sent  but there is no  reason to believe the lack  of  evic.ence  of 
the  presence  of some zones suggests that hiatuses exist. The 
uniformly fine clastic  nature  of these strata  and  the  o1,erlying 
Aalenian  and  Lower  Bajocian  beds,  which are alsc  part of 
the Last Creek  Formation (see Poulton,  Appendix 4: of this 
volume) characterize the  upper part of the formation. 

Bulletin 100 
___ 

223 



Ministry ofEmploymenf and Investment 

APPENDIX 4C 

Middle  Jurassic  to Lower Cretaceous  Macrofossil  Biostratigraphy, 
Taseko  Lakes Map Area, British  Columbia 

Geological  Survey of Canada  Contribution No. 24892 

Geoloeical  Survev of Canada 
By T.P. 'Poulton 

INTRODUCTION 
Jurassic  and  Lower  Cretaceous  strata are preserved  in 

those  parts  of the Taseko Lakes map area that are assigned 

Tyaughton  basin.  Ammonites are the  leading guide fossils 
to Bridge  River, Cadwallader  and Methow  terranes, and the 

in  most ofthese successions;  they  have beeninvaluable tools 
in  the  interpretation  of the stratigraphy, strncture and  tec- 
tono-stratigraphic  history of the area. In Tyaughton  basin, 
bivalves of the genus Buchia areexceptionally abundant  and 
valuable for biostratigraphic age determinations  and  corre- 
lations. The fossils found  in  the  area  have  provided  much  of 
the basis for a regional zonation of the Upper Jurassic 
through  Early  Cretaceous (e& Jeletzky, 1965) and give im- 

leobiogeographic  affinities  throughout the entire Jurassic. 
portant  data  regarding  the  faunal  associations  and  their  pa- 

Other fossils are important for correlations  in  special  cases, 
including  particularly  radiolaria  in  the  oceanic  Bridge  River 
Complex  (Cordey, 1986; Cordey  and  Schiarizza, 1993). 

PREVIOUS WORK 

Aalenian and Early  Bajocian  ammonites,  and  Poulton  and 
Frebold et al. (1969) described  and  illustrated  various 

Tipper (1991) reviewed the Aalenian  ammonites  and  illus- 
trated  additional  specimens.  Frebold  and  Tipper (1967) de- 

ammonites. Late Jurassic  and  Early  Cretaceous fossils have 
scribed  and  illustrated a number  of  Middle  Callovian 

been the subject of intensive study by  J.A.  Jeletzky  who  has 
illustrated, described  and  zoned  many species of the  domi- 
nant guide bivalve Buchia  and of the  uncommon  associated 
ammonites  (Jeletzky, 1965,  1984). Identifications of Juras- 
sic fossils were  included  in  geological  reports by Cairnes 
(1943),JeletzkyandTipper(1968)andcompiledbyFrebold 
and  Tipper (1970). 

CADWALLADER  TERRANE 
The Aalenian  and  Early  Bajocian  shales  and  siltstones, 

with  minor  sandstones,  appear to occur in  continuous  se- 
quence above the Lower  Jurassic.  They are included  in  the 
Last Creek  Formation. 

AALENIAN 
Fossiliferous marine  Aalenian  strata  occur  in a unit  of 

Tyaughton  Creek  and  Taseko  River  areas  (Frebold et al., 
variably calcareous shale, siltstone and sandstone in  the 

1969; Poulton  and  Tipper, 1991). The ammonites  present 

Tyaughton Creeksequence, although the lowermost and up- 
suggest  that  much  of the Aalenian stage is present  in the 

permost  parts are not proven. 

TYAUGHTON CREEK AREA 

Relay  creeks,  documented by fossils collected  in four pri- 
Aalenian  strata are exposed  between  Tyaughlon and 

Tipper, 1991). These include Tmetoceras  sp.  cf. T. rcissum 
mary  areas (see also Frebold et al., 1969 and Poulton  and 

(Benecke),  together  with ostreiid bivalves,  from  Tyaughton 
Creek,  above  the  month  of  Bonanza  Creek. The amrnonites 
Erycitoides sp. aff. E. howelli  (White),  Tmetoceras  sp.  cf. 

matoceras(?), together  with  the bivalve Inoceramus and os- 
T. scissum, T. kirki  Westermann, Pseudolioceras, Planam- 

of  Castle  Peak,  on  the ridge extending  eastward  from  that 
treiids  have  been  found  at a locality about 6 ki1omet:es east 

peak. The col just south of the peak  of  Cardtable  Mountain 
has  produced  the  ammonite  Erycitoides kialagtikensis 
(White). The precise  relations  with  nearby  Dwmortieria  of 
probable  Late  Toarcian  age are uncertain.  Tmetocems scis- 
sum (Benecke), T. kirki Westermann, 2'. sp. cf. 1: &xi- 

kialagvikensis(White), E. levis  Westermann,  Erycitc,ides(?) 
costaturn Westermann,  Erycitoides  howelli (Whi.te), I?, 

s p . i n  d e t . , Pseudolioceras, Planamnurtocc:ras(?), 
Zurcheria(?), Lissoceras(?), Phylloceras, and  Holcophyllo- 
ceras, together  with ostreiid and other bivalves  (including 
Pieuromya  and Inoceramus), gastropods and rhynchonellid 
brachiopods  occur  on  the  ridges  southwest  of  Relay  Moun- 

Two  assemblages are present  there,  a  Lower M e n  an one 
tain,  near  the  head of the  southwest  branch of Relay  Creek. 

dominated by T. scissum and an Upper  Aalenian one char- 
acterized by E. howelli. 

TASEKO  RIVER  AREA 

CreekFonnation that outcrop to thenorthwest ofthe'raseko 
Lower to Middle Jurassic strata  correlated  with t he Last 

- Bridge  River  map area occur as an east-trending  belt  bc- 
tweenChilkoLakeandtheTasekoRiver(Tipper.1978;Rid- 
dell et al., 1993a,b). A collection  of fossils from  the  west 
side of  the Taseko River,  north  of  Taseko  Lake, coritains a 
large ammonite  fragment that may represent the Upper 

Lim,Myophorella  andMcleamia(?) among olhers.'Father 
Aalenian  genus Erycitoides, together  with !:he bivalves 

west,  poorly  preserved ammonites that  may be A:Jenian 
Tmetoceras occur with bivalves north of  Mount  Tatlow, 
above  Nemaia  Lake. 
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EARLY  BAJOCIAN 
The Bajocian is not  richly  fossiliferous in Taseko Lakes 

area. The stratigraphic relationships  of  the  few  assemblages 
that occur are unclear;  the  positions  shown  in  Figure 48 are 
unproven,  based  primarily on stratigraphic  relations  estab- 
lished  elsewhere. The youngest  Jurassic fossils in  the  Cad- 
wallader  Terrane are Early  Bajocian,  occurring  in 
apparently  continuous sequence  above the Aalenian,  in a 

concretionary shale  unit. 
thin and sporadically  recognized,  but  perhaps  widespread 

ites from the area southwest of Relay  Mountain,  near  the 
Frehold et  ul. (1969) describe Early  Bajocian  ammon- 

head  of  Relay Creek Stephunocerus  (Skirroceras) sp.  cf. S. 
kirschneri Imlay, Witchelliu(?), and Holcophylloceras sp. 
cf. H. costisparsum Imlay.  Other species of Stephunocerus 

drocerus and of Sonniniu,  Pseudoliocerus or Eudmetoceras 
(sensu  1ato)and otherammonites,probably  speciesof Chon- 

ciated as are fish scales(?) and the bivalve Inocerumus. 
also occur near  the  head of Relay  Creek.  Aptychi are asso- 

These fossils are found in  limestone  concretions  in a domi- 
nantly shale unit. A coarse-grained  volcaniclastic  bed  in  the 
same vicinity yields Chondroceras, together with small 
fragments  of stephanoceratid(?) ammonites,  gastropods  and 
the bivalve Myophorella  yellowstonensis Imlay. 

ity  of  the  head of Relay  Creek  contain other ammonites  of 
Shale with limestone  concretions  exposed  in  the  vicin- 

probable  Early  Bajocian  age.  Their  relationship to the  am- 
monite-bearing  strata  described above remains  uncertain. 
The dominant  ammonites are stephanoceratids,  of  which  the 
most  common is probably a species  of Kumatostephanus, 
and a less  common  form  resembles S. (Skirrocerus), or a 
similar stephanoceratid. Associated  ammonites  include 
abundant  specimens of probable Asthenoceras, and less 

cerus,  Dorsetensiu,  Fontannesia, and other sonniniids. Am- 
common specimens that may  represent Phylloceras,  Lisso- 

monite aptychi are relatively  abundantly  preserved. Other 
fossils are rare, including bivalves  such as Inocerumus, os- 
treiids and pectinaceans, fish scales(?)  and  belemnites, some 
of which  were identified by  J.A.  Jeletzky as Acrocoelites. 

Tyaughton  Creek, between the mouths of Spruce  Lake 
Creek  and  Bonanza Creek,  has yielded Chondroceras  mar- 
shulli (McLearn),  described by Frebold et ai. (1969).  They 
also identified Oedania(?) sp. from  Spruce  Lake  Creek 

represent Pseudoliocerus. 
south of Tyaughton  Creek. This last single fragment may 

METHOW  TERRANE 

AALENIAN 
A section  through  marine  Aalenian  strata is exposed 

along Yalakom  River,  northward  from  the  mouth of Blue 
Creek,directlynortheastoftheYalakomfault(Leech, 1953; 
Poulton and Tipper,  1991).  The  strata are primarily  thin- 
platy siltstones rich  in  ammonites. The fauna is dominated 
by ammonites,  on  many of which small ostreiid  bivalves are 
attached. They seem to form a continuous  sequence  above 
similar Toarcian strata. 

The  lowest ammonites  that are possibly  Aalenian are 
Pleydelliu(?) sp. cf. P .  urgentina Maubeuge  and Lan~hert. 

Some  23 metres above them, are the lowest Occurrences of 

delliu(?) may  in fact represent the Late  Toarcian. 'Younger 
the  Aalenian guide ammonite Tmetocerus, so that the P k y -  

Westermann, T.flexicostutum Westermann, Erycitoides jp. 
Aalenian  ammonites  from  Yalakom  River include T. kirki 

aff. E.  howelli (White), Pseudolioceras sp.  cf. P.  whiteuvwi 

in  these  beds.  They include ostreiid bivalves as well  as It!o- 
(White)  and Piunummutocerus. Other fossils are uncommon 

cerumus, Oxytomu(?), Asturte.  Propeamussium(?)9 belem- 
nites, and  rhynchonellid  brachiopods.  A compl.ete,  Imt 
somewhat  sheared  sequence  through the Aalenian stage 
may be present  here, although there is no  paleontologic evi- 
dence for the  latest  Aalenian.  Further  stratigraphic detsils 
are given  by  Frebold et al. (1969)  and  Ponlton and  Tipper 
(1991). 

Poorly  preserved specimens of  probable T m e t o c e m  
have  been  found  in the sparsely fossiliferous sequence north 
of  Konni  Lake  in  western Taseko Lakes area (F'oulton and 
Tipper,  1991).  Associated fossils are the  bivalves C'qtonla, 
Inocerumus, and  belemnites. These strata are interpreted as 
the northern  extension of the section exposed aYong the 
Yalakom  River,  offset along the  Yalakom  fault  (Riddell et 
al., 1993a). 

EARLY  BAJOCIAN 

found  in a road outcrop near the mouth of Blue Creek ( x e  
The  Early Bajocian ammonite Skirrocerus has been 

Photo 46 of  this  bulletin),  in  rocks that are stratigraphically 

River.  Frebold et ul. (1969)  identified Stephunoceras and 
above the  Aalenian  section  described  along  the  Yalakom 

Stemmutocerus from the ridge top north  of  Nemaia  Lake,  in 
the northern  counterpart  of the Yalakom River bel.t, ofhet 
along the Yalakom fault (Riddell et ul., 1993a). 

Stephunoceras sp.  cf. S. skidegutensis (Whiteaves) ( e  

reaches  of  Lone  Valley  Creek. These Lower  Bajocian rocks 
curs in  fine-grained sandstones exposed along the lov.er 

occupy  the core of an  east-plunging anticline, and are stm- 
tigraphically(?) overlain by Lower Cretaceous rocks  of the 
Chum Creek  facies  of  the Jackass Mountain  Group. 

TYAUGHTON  BASIN 
The  Relay  Mountain  Group contains Callovian a m  

monites at several localities in Taseko  Lakes map  area.  Th :y 
are the  oldest fossils in the Tyaughton  basin. The  Callovim 
ammonites,  of  Early  and  Middle  Callovian age, occur ir. a 
thick,  monotonous shale and siltstone complex of ' d e e p  
water'  character,  which  may be the basal, fine grained  early 
component of a sequence which becomes ShallOTNer a d  
coarser in  the  Upper  Jurassic. 

The  possible  presence  of  Upper  Callovian strata cann ot 
be proved or disproved by the small and poorly  preserved 

Mountain. If any  Upper  Callovian  strata a& present, tht:y 
ammonite  fragments at some  localities  south O F  Rehy 

are certainly  very  thin,  and a hiatus may separate the  Lower 
Oxfordian  from the Middle  Callovian. 

The contact interval with the Oxfordian is not wdl  
known. The Lower  Oxfordian  through  Valanginian se- 
quence is a thick  and  richly fossiliferous, shelf  sandsto:le 
and  shale  sequence  with  minor conglomeratic  and coqui- 
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noid limestone units.  Richly fossiliferous Hauterivian  sand- 
stones and shales occur in sequence above  the  Valanginian 
in  much of the area, hut a  local  sub-Hauterivian  tectonic 
event is suggested  hy the unconformity  in  the  vicinity  of 
Lorna  Lake, where Hauterivian  strata overlie Middle Cal- 
lovian  shales. 

EARLY AND MIDDLE  CALLOVIAN 
A specimen  of the genus  Cadoceras, probably  of  Early 

Callovian age,  has  been found on  Tyaughton  Creek,  above 
the junction with Spruce Lake  Creek. 

three localities west  of  Relay  Mountain  and south or south- 
Lilloettia lilloetensis Crickmay,  was  described from 

east of  Elbow  Mountain,  and  assigned  a  Middle  Callovian 
age by Frebold and Tipper  (1967).  The  long-ranging am- 
monite Adabofoloceras (formerly  assigned to Part- 
schiceras) is associated, as are the bivalves  Pleuromya  and 
Goniomya.  Xenocephalites,  the  supposed micrtxonch di- 
morph  of  Lilloettia, occurs with L. sp. cf. L lilloetensis 
southeast of  Elhow  Mountain. 

Other  ammonites, also assigned to the Middle Cal- 
lovian, were  described (Frebold  and Tipper, 1967)  from 

striatum Imlay, C. (S.) sp.  cf. S. striatum, C. (S.) sp.  cf. S. 
south  of  Relay  Mountain:  Cadoceras  (Stenocadoceras) 

iniskinense  Imlay,  and  their  supposed  microconch  dimorphs 
Pseudocadoceras petelini (Pompeckj)  and P. sp.  cf. P. 
grewingki  (Pompeckj).  No  association  of  these  cadoceratid 
ammonites  with  the  enrycephalitinids  such as Lilloettia  has 
been  documented  with  certainty, so that  the  ranges  of  the 
species of the latter group are not  calibrated  precisely  with 

Myophorella  sp.  cf. M. pachrdi (Crickmay) is associated. 
the  boreal  time scale established for the  former. The bivalve 

a  cadoceratid  such as Stenocadoceras, occur  in  some  abun- 
Poorly  preserved  small  ammonites  that may represent 

dance in the beds outcropping on  the  ridges east of  Lorna 
Lake. Associated bivalves include Myophorella,  Astarte, 
and Pholadomya, and  belemnites are not uncommon. To the 
southeast, in the ridge overlooking  Lizard  Creek to the 
southeast, ammonites that may  represent  the  cadoceratids 

foloceras  have been  found. 
Stenocadoceras and  Pseudocadoceras, as well as Adabo- 

tia and  the  cadoceratid faunas have  long  been  a  problem 
The relative ages  and  stratigraphic  positions of Lilloet- 

(e.g.  Crickmay,  1930)  and are still not  very  well  known. The 
range  of  Lilloettia  has  been  interpreted  as  Early  Callovian 
by Callomon  (1984).  based  on  data  from  Alaska  described 

basin  in Spatsizi map  area  support this  interpretation,  and 
by  Imlay  (1953). Preliminary data from  northern  Bowser 

suggest that one species may  occur  in  the Late Bathonian as 
well poulton et ai., 1991). The  age of Stenocadoceras re- 
mains unclear also; it is currently assigned to the  Middle 
Callovian on inconclusive grounds. The appearance  of  Lil- 
loettia, an East Pacific genus of theEurycephalitinae, within 
the  Early  Callovian  range of the  Boreal  cadoceratid Cado- 
cerm, but theirapparentfailnre to occur togetheranywhere, 
suggests strong  differentiation of the two  faunal  provinces 
in Callovian  time and alternation, hut not  mixing, of water- 
masses from the  Pacific  and  Arctic  in  western  British  Co- 
lumbia. 

EARLYAND MIDDLE  OXFORDIAN 
The general  vicinity of the head of Big Creek offers 

well  exposed sections of  a  thin  succession  with  a  sequence 
of Cardioceras faunas,  and there are Cardioc,eras-lmring 
localities north of Qaughton Creek, east of Grizzly  Creek. 
These  ammonitesare still unstudied, hut  speciesresenhling 

suggest that a complete, condensed sequence is present 
C. martini Reeside and C. cordifonne (Meek and Hayden) 

starting about the base of the  Oxfordian. Some of  th~: sand- 
stones  in  this  thin,  mainly  siltstone, sequence are richly  fos- 
siliferous, and contain a  small quantity of other ammonites 
occasionally,  including  perisphinctids, oppeliids(?), Lyto- 

Astarte dominates. Myophorella is conspicuous in some 
ceras and  phylloceratids.  Among the rich bivalve .!annas, 

lower beds. Probable  Amoeboceras  occurs in the  upper 
Cardioceras-bearing beds, where there is also an m l y  spe- 
cies of  Buchia,  closely similar to B. (Anaucella) conc.?ntrica 

younger  Buchia is unusual  in  North America, indicating 
(Sowerby). The  overlap of Cardioceras  with  generally 

what is probably the late Middle  Oxfordian o r  the  earliest 
Late Oxfordian. 

The  only published  description of Early or MidtUe  Ox- 
fordianfossilsfromtheareaisbyReeside(1919),in:~major 
early  monograph  of  American Cardioceras.  He described 

canadense Whiteaves and C. whiteavesi  Reeside, f r m  the 
C. lilloetense Reeside and  listed  what he identified as C. 

Cardioceras-bearing beds at the head  of Big Creek. C. lil- 
loetense  may indicate a later part of  the  Early Oxlordian 
(CalIomon,  1984). The  presence  of the last two  speci 2s can- 
not now be confirmed, hut if  correctly  identified su,:gest a 
Middle  Oxfordian  age. The ammonites  were  identified  from 
a single collection, in  which  a  belemnite  and  a  species of 
Aucella  related to A. bronni [now  included  in Buch,a con- 
centrica (Sowerby)] also occur. The lithology of the matrix 
surrounding  the  Buchia  specimen led Reeside to sugg:st that 
it comes  from  a different horizon from the  anunonib:s. 

LATE  OXFORDIAN TO EARLY 
KIMMERIDGIAN 

of shale and  immature sandstone is characterized by the bi- 
A sequence comprising siltstones with  lesser quantities 

valve  Buchia concentrica (Sowerby), nominate species for 
the important and widespread B. concentrica Zone  which 
comprises  this  interval.  Other fossils are nncommcn,  and 
include  belemnites, a small variety of longranging hi- 
valves,  and rare and  poorly  preserved  ammonites  that  in- 
clude, but  are  not restricted to, the cardioceratid genus 
Amoeboceras. One  specimen of B. concentrica (var. er- 
ringtoni) was illustrated by Jeletzky (1965);  the  charac- 
teristics of the strata were described by Jeletzky  and ripper 
(1968). 

YOUNGER  LATE  JURASSIC TO 
VALANGINIAN 

provincialism  in  the  latest  Jurassic  and earliest Cretaceous, 
Because of the particularly extreme degree of faunal 

distinct zonations  have  been erected for different  parts of 
the  world  and  correlation  between  them  remains  difficult. 
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Bivalves of the genus Buchia are the  dominant  faunal ele- 
ment  in  northern  and  western  Canada,  almost to the cxclu- 
sion  of other fossils, in contrast to northern Europe and  Asia 

have provided  independent  zonations. The buchias are char- 
where  abundant  associated  ammonites  of boreal  character 

acteristic of the  northern  parts  of  the  northem  hemisphere 
(Boreal  Realm),  and are useful  tools for correlation within 
this area. 

basis for the succession  of Buchia zones erected  by J.A. 
The  Taseko Lakes  area  has  provided  a major part of the 

Jeletzky for the Late Jurassic  and  Early  Cretaceous of the 
western  Cordillera. The zones and their  contained fossils, 
described in other reports (Jeletzky, 1964,  1965, 1984; 
Jeletzky  and  Tipper,  1968), are summarized  in  Figure  48. 
Some of the Buchia species, such as B.  terebratuloides (La- 
husen), B. okensis (Pavlow)  and B. pacifica Jeletzky, exhibit 

jority are more difficult, however,  because  of their  generally 
a distinctive and  readily identifiable  external form. The ma- 

similar external form  and the  intergradation as well as repe- 
tition  of  form  among  them.  Jeletzky  (1965)  has  indicated 
the  importance  of  having available large  and  well  preserved 

r 

collections  in  which the hinge line and curvature of the beak 
can be seen.  Individual  morphological species have ran):es 
beyond  their  nominal  zones  in  some  cases, and  occur S ~ O -  

boundaries  being  somewhat  arbitrarily  located  wimin gra- 
radically  within larger assemblages  in  most  cases, the zo11a1 

dational or repeated  sequences. Because of  the  widespread 
distribution and distinctive chatacter of B.  okensis, it iil a 
widely  used,  near-basal  Cretaceous marker species Chrough- 
out the  boreal  realm. 

Occasional  beds  in  the  thick sequence in  Taseko Lakes 
and other areas contain  a small variety  of other fossils, some 
of them  Tethyan  in  character. Meleagrinella is one of  Ihe 
bivalves, Turbotrigonia(?) another. 

Of  particular  importance,  some  of  the  ammonites that 
occuruncommonly within theintervaldominated by Buclria 
are critical for international correlation and deserve special 
mention.  However, there are still controversies about th-ir 
taxonomy  and  stratigraphic  significance, so that  worldwide 
correlations are still under  discussion (e.g. Jeletzky, 191:4; 
Zeiss,  1984). 

Bathonlan 

Bajoclan 

Aalenlan 

Figure 48. Middle  Jurassic to Hauterivian  macrofossil  assemblages,  Taseko  Lakes map area 
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APPENDIX 5 

Plant Fossil Identifications 

Department  of  Geological  Sciences, 
By J.F. Ilaslnger 

University  of  Saskachewan, 
Saskatoon,  Saskachewan. 

TaylorCreekGroup-LlzardformatlonlBeeceCreeksuccession 

Field No.  86JG-178  GSC LE.  No. C-149608 
NTS 920t03 Northing  5667460 

North of most prominent  drainage  in  centre  of  Red Hill massif. 
Easting  497340 

North of  eastern  fork, near headwaters.  elev.  7730  feet. Collection 

and  overlying  Beece  Creek  succession. 
comes  from  area  of  gradational  contact  between  Lizard  formation 

Unit:  IKTCLnuKTCB 
Flora: 

Spbenopferissp. 
Ctadophlebis  (Gleichenifes)  cf. C. ushenBell 

Menispermifes cf. M pofomacensis  Berry 
Ctadophtebis  sp. 

cf.  Myricaephynum 
misc. unidentifiable  angiosperm leaf fragments 

comments:  The  remains  generally  conform to those  expected  from 

possible  due  to  the  limited  amount of material  available  and to the 
mid-Cretaceous  deposits.  Identification lo the  species  level  is  not 

generally  poor  quality  of  preservation.  Bell  figures  similar  fossil  ma- 
terial  in  his  reports on the  Kingsvale  Group  (Bell,  1956)  and  his  flora 
of the  Nanaimo  Group  (Bell.  1957). 

Poorly  preserved  material  has been figured in a  number  of  Albian 
There  are  a  few  very  Small  leaves  that I had  difficulty  with. 

through  Campanian  reports,  but until i am  able to properly  identify 
it,  let's just  leave it at  cf.  Myricaepbyttum. 

tude  floras.  On  the basis  of  the  material  available,  and  indeed  on 
The  fossil flora is typical  of  the  Albian ~ Cenomanian  mid  iati- 

the  basis  of  Bell's  more  extensive  coliections. it is probably  not pos- 
sibie to be more  precise on the  age. Bell  assigns  the  Kingsvale flora 
to the  Albian,  but it is  my  opinion that  the  flora  could be younger. 

The  similarity  with  the  Nanaimo  flora  should  not be taken as 
an indication of a  post-Cenomanian  age, ior h e  taxa in common  are 
long-ranging. 
Reference:  wrinen  report  by  J.F.  Basinger,  Jan.  22,  1988. 

Silverquickformation 

Field No. JG87-196 GSC Loc. No.  C-143128 
NTS  92Jt15  Northing  5647770 
Ridge  between  Taylor  and Norlh Cinnabar  creeks. 

Easting  514480 

Unit:  IuKSQ 

Spbenopfenssp. 

cf. Arahaepbyttum 
Menispermifessp. 

misc. unidentifiable  angiosperm  leaf  fragments 
Comment:  The  sample  preserves  several  leaf  fragments  within  a 
siltstone  matrix.  Details  of  higher  order  venation  are  not  apparent. 

level. but generic  assignment  has  been  possible  for two of  the  taxa, 
It has  not  been  possible to identiw the  specimens to the  speciiic 

men1  of  one leaf  fragment  to  cf.  Aratiaephynumis  based  upon  the 
Spbenopferis  and Menispemifes. A questionable  generic  assign- 

apparently  lobed  naiure of the  leaf:  however,  since  venation is not 
well  preserved. it is not possible to be sure  that  the  leaf  margin is 
truly  lobed or has  been  damaged. 

The  taxa  present are typical of  the  flora  of  mid-Cretaceous 
strata of the  middle  latitudes.  Since  the few  specimens  available  are 
not  well  preserved. it is not  possible  to  assign an age  with  any  great 

degree  of  confidence.  However,  they  are mnsistent wi:h an  Al- 
biantcenomanian  age,  which  has  been  suggested  for Sedimentary 
beds  of  the  Kingsvale  Group. Bell  (1956) figures similar bssii ma- 
terial in his  report on the  Lower  Cretaceous  Floras  of Wes!em  Can- 
ada,  which includesspecimensfrom the  KingsvaleGroup.  Uotethat 
Bell  indicated an  Albian  age  for  the  plant-bearing  beds, bul that it is 

age. 
my  opinion  that  the flora cannot be used to exclude a Cenomanian 

Reference: written  report  by J.F. Basinger,  Feb.  24,  1988. 

Powell Creek formation 

Fieid No.  86PS-13-6-1 
NTS 920t03 Northing  5663760 
Lower  Powell  Creek 

1Iasting  471340 

Unit:  uKPCm2 
Flora: 

Comment:  Oniy  fragments  of the  leafy  shoots  of lhis conifer  are 
present.  This is a  form  taxon  that is preferred  for  the assigiment of 
thistypeoftaxodiaceousvegetativematerial.Itisabundantthrough- 
out the  Cretaceous  and is difficult  to  use in biostratigraphy. 
Reference:  written  report  by J.F. Basinger,  Jan.  22,  1988. 

GSC  LoC.  NO.  C:-150219 

Etafmtadus sp. 

Field  No.  86KG-18-2 
NTS 920t03 Northing  5663160 
North  bank  of  the  Taseko  River,  1.5  km  west  of Powell Creek. 
Unit:  uKPCm2 
Flora: 

Comment:  See  general  comments.  Numerous  taxa  of fens of  the 
Ctadophtebis  type occur in Jurassic  through to Late  Cn?taceous 
rocks.  Although  generally  not an easy  group to deal with, lhis speci- 
menconformstothatfiguredbyBell(1956)asCtadopbteb~;albe~. 

Field  No.  86KG-22-3 
NTS 920t03 Northing  5662860 

GSC  Loc.  No. C-I50217 

Southeast  side  of  Banlement  Creek. 
Unit:  uKPCm2 
Flora: 

GSC LW. NO. C-150216 
Easling 469320 

Ctadophtebis atberta  (Dawson) Bell 

tiastin(l477410 

Arahaephyttum  sp. 
unidentifiable  stem  impressions 

Comment:  Only  half  of a  leaf  is  present, but enough to rwognize 
this leaf form. This  represents  a  morphological  type thatappears 
firstinmidtolateAlbian,andbecomesimportantintheCenc~manian. 

3eneral comments on lots  C150216 and C-150217: 
Amh~ephyliumsp. and C/adoph/ebka/Lwrtaoccurin Inid-Cre- 

iceous strata of  the  middle latitudes  and  have  been  repotted  from 
he Kingsvale  Group  by  Bell  (1  956).  Since  the  few  specimens  avail- 
%hie are not well  preserved, it is not possible  to  assign an age  with 
my great  degree of  confindence.  However,  they  are  consistent  with 
In  AibiarJCenomanian  age, which  has  been  suggested  for  sedi- 
nentaly beds of  the  Kingsvale  Group. Note  that  Bell  indicated  an 
4lbian  age for  the  plant-bearing  beds,  but  that it is rny opiiilon that 
he  flora  cannot be used to exclude  a  Cenomanian  age. 
3eference: written  report  by J.F.  Basinger,  Jan. 22, 1988. 
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APPENDIX 6 

Prdlynomorph  Identifications 

By A R. Swmt 
Palwntoloev  St,bdivision 

Institute of Sedimentary and Pe&um Geology, 
Geological Snwey of Canada, 

Silverquick  Formation 
Report  on  four  samples  from  a  partial  section  beginning 2.5 km 

south-southeast  of  Eldorado  Mountain  (88JIG-21-1)  and  extending 
(upsection)  0.7  km to the  east  (88JIG-21-8). 

Fieid  No.  88JIG-21-1  GSC  Loc.  No.  C-171084 

2.5 km  south-southeast  of  Eidorado  Mountain. 
Unit:  IuKSQ 

NTS  920102  Northing  5650000  Easting  513070 

Selected  flora: 
Aoanthotdletessp. (a-116.3x7.2,  116.0x12.4. 
118.8~4.2; b-113:3~11.6) 
Birssporitessp. (a-120.2x18.4) 
Classopoo/lissp.  (b-129.5x13.6) 
Cvath~~~esssso. (abundant: a-113.0~10.9) 
&cadopiteskp.'(rare;  b-107.4~21.0) ' 

Distaltdangu~~poritessp. (rare;  a-130.2x11.7; 
117.3~19.3) 
Eucommiktes  minorGroot  and Penny, 1960  (a- 
11 6.0x7.7) 

110.6x18.0I 
Gleicheniiditessp. (common;  a-113.2x11.2;  b- 

~ 

Laevgatospor2essp. (common;  a-113.0x10.9, 
175~RX70~2) 
Lywpodiumspodtessp. (a-119.9x18.4) 

tricoipate  pollen  (?a-117.6x20.3,  126.5x12.3) 
Stereisporitessp.  (a-127.4~13.3) 

. " . -. ." .-, 

Comments:  Recovery  good;  preservation  poor;  sample  highly  car- 
bonized:  the  abundant  exinite is black to translucent  white;  modern 
contamination  abundant. 

Field No. 88JIG-21-3  GSC LOC.  No. C-171086 
NTS 920i02 Northing  5650000  Easting  513450 
2.75 kin south-southeast of Eldorado  Mountain. 
Unit:  IuKSQ 

Vitreisporitessp.  (a-142.8x5.8) 

Selected  flora: 

174 RuQ RI  
C/assopo~ssp. (abundant; c-11.4x4.4.  123.2x7.3. 

Cpthiditessp. (common; c-119.9~18.6) 
fungal  spores  (scarce;  b-134.4x17.3) 
Eummmiidites minorGroot  and Penny,  1960 (c- 

. - . . -.  .- ._, 

115.8~16.3) 
K1uk;spdtessp.  (c-114.1x13.4) 

114.1x10.2) 
Vitreisporites palhdus (Reissinger)  Nilsson,  1958 (c- 

Comments:  Recovery  and  preservation  Door;  fusinite  abundant; d0- 
gree  of  carbonization is high, 

Cdgxy. Albetta. 

Field No. 88JIG-21-7  GSC  Loc.  No.  C:-171090 
NTS 920/02 Northing  5650030 
2.95 km south-southeast of Eldorado  Mountain. 

llastingl  513640 

Selected  flora: 
Unit:  IuKSQ 

Classopolfissp.  (scarce;  c-109.4x9.7. 112.9~' 8.3) 

Laevgatosporitessp.  (b-123.3x13.3; c-11~5.8~4.2, 
CyEthid;tessp. (abundant;  c-109.4x14.0) 

Comments:  Recoveryand preservationpoor;fusiniteabundant;de- 
120.1x13.7,  132.4x10.2) 

gree  of carbonization  high 

NTS  920102 
Fieid  No.  88JIG-21-8  GSC LOC.  No. C-171091 

Northing  5650100 
3.05 km south-southeast of Eidorado  Mountain. 

tIastin!l513750 

Selected  flora: 
Unit:  IuKSQ 

Cicatnmimdtesssso. (?b-115.2x17.6) 

fungi (b-119.8x5.6) 
Concentncjstessp.'(rare; a-114.6x7.3) 

b-l14.2x11.2\ 
Vitreispodtespaliidus(Reissinger) Nilsson,  1958)  (rare; 

Comments: Recoveryazd preservationpoor;fusiniti?abunjant; de- 
gree  of carbonization  high 

~~ ~~ 

Age:  The  most probable age  for  section  88JIG-21 is an i nrefined 
middle  Cretaceous.  Unfortunately  none  of  the  species iisti!d above 
differentiate  between  an  Albian  and  a  Cenomanian  or  somewhat 
youngerage.indeeditisoniyonthebasisoftwoquestionatiespeci- 
mens  of  tricolpate  pollen in sample  C-171084  that  one i!; able to 
restrict  the  age  from  a  more  general  Early to mid  Cretacecus  age. 
Reference:  Report  AS-88-09 

Powell Creek Formation 

Field  No.  86PS-13-6-2 
NTS 920/03 Northing  5663769 
Lower  Powell  Creek. 

Eastinc,  471327 

Unit:  uKPCm2 
Palvnnflora! 

GSC  LOC.  NO, 0-150212 

Cicaln~wsispodtessp. (b-124.2x13.4) 
Cyathiditessp.  (b-139.7x20.1) 
fungal  spores  (b-133.0x15.1) 
Gleicheniditessp. (a-124.6x14.3) 
Osmundaciditessp.  (b-132.7x18.0) 

Zomments:  Recovery  sparse,  preservation  poor.  Organic  residue 
moderately  carbonized. 
4ge:  Cretaceous  or  younger.  Most  probably  Cretaceous. 
Qeference:  Rewort  AS-1987-07 
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APPENDIX 7 

Ar-Ar Radiometric Dates 

By L A .  Archibald 
Department of Geological  Sciences 

Quem’s  U~liversity 
Kircgstonl Ontaio 

4oAr/39Ar  ANALYTICAL  METHODS 

netic separator, heavy  organic liquids and,  where appropri- 
Mineral separates were  prepared  using a Frantz  mag- 

ate, by hand-picking. 

irradiated with fast neutrons in position SC of the McMaster 
Samples  and four to six flux monitors (standards) were 

Nuclear  Reactor  (Hamilton,  Ontario) for either 25 or 30 
hours. The monitors  were distributed throughoutthe irradia- 
tion container, and J-values for individual samples  were  de- 
termined by interpolation. 

monitors  were  done  in a quartz tube  heated using a Lindberg 
Both  step-heating experiments and analysis of the 

furnace. The bakeable, ultra-high vacuum, stainkss-steel ar- 
gon extraction system is operated on-line to a substantially 
modified A.E.I. MS-IO mass-spectrometer  run  in the static 

position turret system  and resistively-heated, tanralum-tube 
mode. Total-fusion analyses  were  done  using a custom, five- 

crucibles. Measured  mass  spectrometric ratios were ex- 

trapolated to zero-time, corrected to an All Ar atmos- 
phericratioof29S.S,andcorrectedforneutroni~dnced~~hr 
from  potassium,  and 39Ar and 36Ar from  calcium.  Ages  and 
errors were calculated using  formulae  given  by  Dalrymple 

Jager (1977). The errors represent the analytical p:ecisiou 
et al. (1981) and the constants recommended by Stc ger  and 

at 2-sigma  assuming that the error in  J-value is zero. 

PRESENTATION OF THE DATA 
Presented in this appendix  are  isotopic data for 18 

40Ar139Ar total-fusion determinations  on 15 samp:es,  and 

which also have total fusion dates. The locations of the sam- 
31 step-heating experiments  on 30 samples,  including 3 

ples are plotted in Figure 49. Total fusion data is  pr-sented 
in  Table 2 and the step-heating data are presented as indi- 

The final section summarizes the dates and  geologiml  con- 
vidual data tables and  age spectra in the following iection. 

text of each  dated  sample. 

40 .36 

~ ~~~~~~~ ~ 

Figure 49. Ar-Ar and U-Pb  isotopic date locations,  Taseko - Bridge  river  map  area 
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TABLE 2 
40Ar/39A~ TOTAL FUSION DATA 

Sample No. Mineral 38ArpgAr  "'Arf'Ar Vol. 39ArK % 4gAr Date i20 
rad m11 x107 

cm3NTP 
" 

TL-87-1 Hb 7.4950 
TL-87-3a 

0.0087 
Ser 7.8370 

6.1320 
0.0014 

0.1645 
0.0080 

71.5  57.2 +1.4 
1.2146 

TL-87-4 
94.4 

Hb 11.3620  0.0144  8.6470  0.2080 68.1 
78.1 &.I3 

TL-87-4 Bi 
82.1 &.I) 

TL-87-6 
8.6060  0.0061  0.0460 

Hb 12.1500 
1.7620 78.8 

0.0239 
71.8 &.I3 

13.0800 
TL-87-7 Bi 

0.1080  49.8 
5.5040  0.0048  0.0270 

64.7 &. I 
1.7910 

TL-87-8 
74.2 

Hb 
43.5 4.3 

7.6710 0.0108 
TL-87-8 Bi 6.5770 

7.2450 
0.0072 

0.1547 
0.2350 

65.3  53.5 4.3 

TL-67-11 Hb 15.6900  0.0320 11.6900 
1.0650  67.7 
0.0926 

47.4 &.:j 

45.2 
TL-87-12 Ser 3.2790  0.0024 0.0130 77.9 27.3 4.2 

75.8 i2.R 
2.9810 

TL-87-14 
0.0204  52.6 

A. P. 9.0620  0.0095  2.1390  0.2680 
131 .O t7.d 

TL-87-16 Hb 
70.3 

10.4120 
67.6 4 . 1 3  

0.0274 
TL-87-17  Maf.  56.9100  0.1841  140.6000 

12.3400  0.1460  30.9  34.7 *I;> 

TL-87-17 
0.0144 

F.P. 10.4350 
22.9 

0.0121 
148.8 k14. I 

TL-87-17 W.R. 
6.3550  0.2020  70.2  77.6 

TL-87-20 Bi 
6.8420  0.0059  0.9887  74.6  54.4 4.3 
5.3560 

0.5810 
0.0042 0.0710 

DH-87-163.3 A h  
1,2250 

8.2440 
76.8 

0.0042 
43.9 4 . 1 ;  

0.0110 6.1280 84.6  73.7 &.!j 

TL-87-13a  Maf. 21.9700  0.0067 127.1000 

" 

Abbreviations:  Maf. = mafic  concentrate obtained by heavy liquids and Frantz  magnetic  separator; F.P. =fresh 
plagioclase: A.P. =altered (sericitized) plagioclase; W.R. = whole-rock:  Ser = sericite * quartz; 
Aln =alunite, nearly  pure; Bi = biotite separate: Hb = hornblende  separate. 

True ratios corrected for fractionation and  discrimination e Ad Ar atmos.=295.5) 
Ratios are not  corrected  for  system  blank,  Ar, but 
Vol. of blank 40Ar is 1x10-* cc  STP for 50O0Cd'<1O50"C  and 2.2x10-* cc STP for T=SOO"C and  T>1O5O0C. 
Vol. of blank  36Ar is 3 ~ 1 0 . ' ~  cc STP for 500"C<T<1050°C  and 7 . 4 ~ 1 0 " ~  cc STP for T=5OO0C and  T>105OnC. 

0 36 

37Ar/39Ar is corrected for the  decay  of  37Ar  during  and  after  irradiation  (h137=1.975xl0-2  days-1). 

Volume of 39Ar  determined  using  the  equilibration  peak  height  and mass spectrometer  sensitivity. 

Isotope  production  ratios for the  McMaster  Reactor  (Masliwec,  1981): 

(36/39)Ca=0.390169 
(40/39)K=0.0156 

(37/39)Ca=1536.1 

precision  only ( i e .  error in  J-values=O).  Flux  monitor used DA-83-48-BB  biotite  (97.5  Ma)  referenced  to mmHb-1 hom- 
Ages  calculated  using the constants  recommended by Steiger  and Jager (1977).  Errors  represent  the  analytical 

blende  and  LP-6  biotite. 
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~~~ ~- ~ ~~~ 

C093A Hornblende 
Run: D B m  
Data:  June  27, 1988 

STEP HEATING DATA 

Total 39Ar: 8989 E-9 cm3NTP Appro% 0.47% K 
Integrated  AQE: E a 7  +/- 41 .O Ma 
Plateau Age: 2755 +I-  298 Ma (725% of Arm, steps marked by 7 

Tarp 4WE Wm 37/39 V d m  139 %4W A- +I-  Enrx < 
m 

C € 4  mU R c d  Ma 2- 

660 52910 1.9BM 0.9 0.103 0.015 7.6 614 +I- 750 
650 26880 0.7580 m . 0  0.023 0.023 3.6 1 4 5 5  +I. 542 1 w. 

GBQ Hornblende 
~~ ~ 

Run: 0-WZ 
Data: December 8 1 9 3 3  

Total39Ar: 119.898E-lOcm3NTP Appror87%K 
Integrated Age: 2955 +I- 334 Ma 
Plateau &a: 279.0 +I- 20 Ma (1 21  %of Arm, steps markad hy 7 

Mass: 
J Value: 0.00701 

360 mQ 

m 
7m 
775 

876 
845 

219.0 + I .  
1760 +I. 
2280 +I. 
1 19.0 +I. 

3680 +I. 
550 +I. 

3480 +I. 
3l7.0 +/- 
301.0 +I. 
279.0 +I- 
294.0 +/. 
3060 +/. 
2950 +/. 

a 0  +I. 
1990 +I. 

2950 +I. 

2220 
51 4.0 
8520 
267.0 
175.0 
1840 

Sa0 
9.0 

1 a0 
20 

n.o 
ao 

780 

1550 
1M.O 

11.0 
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TL-87-1  K-feldspar 
Run: 0-698 C34/p21 
Date: Oct. 4,1991 

Mass: 
J Value: 0.005982 

54 mg 

Total 39Ar:  3.910 E 4  cm3 NTP  Approx.  1.7% K 
Integrated Age:  41.79 +/- 2.89 Ma 
Plateau Age: 36.83 +/- 14.10 Ma (15.% of 39Ar,  steps  marked by *) 

44.44 +/- 1.05 Ma (34.8% of Ar33, stops marked by -) 

Temp 40138 38/59 37m  Vd38h 138 Age +I. Enor 
c E 4  cm3 Rad. MD 2 rlgma 

. Sm 7.M1 0.M87 0 . W  1,382 0.348 58.W 
BUI 4 . m  0.0014 0 . W  1.927 0.493 6i.M 

44.44 +I. 1.05 
41.51 +I. 0.58 

* 750  3.370 0.- @.My) 0.252 0.W 81.M 
* BUI 10 .W 0.G217 0 . W  0.W 0.025 38.18 

33.52 +/. 8.43 
39.00 +I- 21.55 

* 1W 8.687  0.0173 0 . W  0.127 0.032 41.04 3811  +/- 8.45 
1200 32.736 0.- 0 . W  0.068 0.018 11.18 39.08 +/- 23.44 

* OY) 12.380 0.- O.W 0.077 0.020 26.98 a30 +I. 28.88 

TL-87-11 Hb (80/115) 

J Value: 0,03718 
Mass: mg 

Total 39Ar. 2 9 . 1  68 E-9 cm3 NTP Approx 2% K 
lrrtegrated Age: 754 +/- 1 2 1  Me 
Plateau  Age: 785 +/-a6 Ma [=%of Ara, steps marked by 7 

Run: 0.663 C76/P42 
Dale: Jan. 5 1991 J Value: 0.- 

Maus: 439 mg 

Total 39Ar: 1.449 €4 cm3 NTP 
Integrated Ag 11 1.2 +/- 21.6 Ma 

Approx. 0.068% K 

Plateau Age: 104.5 +/- 16.6 Ma (91.7% ofAr39,  steps  marked by *) 

am 38/59 37/58 

118.213 0.4128 tW.150 
21.m .o.czlB J.4a 
14.029 0.0103 2 . m  
27.346 0.M11 13.280 
21.983 0 . W  13.720 
3 8 . m  0.1078 2 7 . W  
62.370 0.1827 30.880 
77.070 0.2341 20.315 

~ 0 . 7 7 5  0.6213 4 . m  .......... 

Vd 39A 
E a  s m ~  

0.070 
0.m 
0 . W  
0.533 
0.215 
0 . m  
0.062 
0 . W  
0.011 

"1 
m 
01 
m- 
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Run: 0-574 C3l lP16 
Date: April 11, 1988 

Mass: 2% mg 
J Value: 0.005982 

Total 39Ac 1.395 E-8 cm3 NTP Approx.  0.13% K 
Integrated Age: 84.63 +I- 12.42 Ma 
Plateau Age: 73.48 +/- 2.57 Ma (51.9% of SAr, steps  marked by *) 

Temp 40/38 Jerj9 37/38 Vo138b~ nS W Ago +I- Elm 
C E 4  cm3 Rad. Ma 2 dgma 

550 177.280 0.5681 13.22s 0.m o . 0 ~  s.68 105.30 +I. 8z.m 
850 3o.w 0.- 14.051 0.me 0.029 45.42 144.50 +I. 3d.10 
750 38.028 0.0731 5.581 0.021 0.015 44:- 171.30 +I. 47.50 
830 10,818 0.0124  10.875 0.150 0.107 7288 81.10 +I. 1 . 4 0  

7410 +I- 4.10 890 9 . ~ 7   o m 7  12.780 0 .41~ 0.288 7 8 3  
* 920 8 . W  0.014 11.834 0.308 0.221 78.46  72.80 +I. 0.50 

€4 0.877 0 . W  11.803 0.178 0.128 80.33 
950 18.381 0.0303 14.529 0 . W  0.045 51.92 

81.40 +I- 270 

em 35.i88 0.0635 2O.807 0.m 0.015 49.M 178.50 +I- 15.40 
89.m +I. 8.50 

1055 2 7 . W  0.0839 20.286 0.048 0 . W  18.63 48.80 +I- 41.30 
1tM 27.792 0.0582 17.128 0.07% 0.056 C I S  123.90 +I- 20.80 
1 x L l  81.121 0.2281 18.873 0.019 0.014 18.43 153.80 +I- 88.80 

Run: D m  
Date: May 17.198D 

Totd 39Ar: 351 63 E-8cm3 NIP Approx 7.%K 
IntegratedAge: ? X 9  +I-1.3Ma 
Plateau Age: 2238 +I-  1 .O Ma (94.0% of M33, steps marked by 7 

'"I 



TL-88-4 Hornblende (80/115) 

Run: D-678 C79/P26 Mass: 300 mg 
Date:  Sept. 1. 1991 J Value: 0.005015 

Total  39Ar:  1.296 E-8 cm3 NTP Approx. 0.1% K 
Integrated  Age: 207.55 +/- 10.33 Ma 
Plateau  Age: 251.11 +/- 8.13 Ma (66.8% of 39Ar.  steps  marked  by *) 

I ~ . t . d ~ : X R € s + , . t & ~  

Temp 40138 38138 
C 

7W 38.315 0.1097 
Bm 21.385 0.0549 
875 20.539 0.0387 
925 58.488 0.0478 

* 975 37.285 0.0318 
1m 37.815 0.- 

* 1 m S  49.597 0.0788 
* 1065 45.927 0.0657 
* 11M 35.124 0.0273 
* 1 2 m  37.389 0.0381 

19.m 0.m 0.074 
18.428 0.083 0.071 

27.842 0.140 0.1M 
18.480 0.102 0.079 

29.175 0.204 0.157 
28.951 0.144 0.111 
31.282 0.064 0.034 
32.219 0.054 0.042 
28.899 0.243 0.187 
30.889 0.177 0.158 

%4W Ape +I- Elmr 
Rad. Ma 2 Olgmll 

21.11 74.47 +I- 21.98 
28.77 57.33 +I. 14.18 
51.19 83.84 +I- 10.90 
88.81 211.53 +I. 13.m d .  . . . . . .  
8 0 . 5 2  257.49 +I- 5.09 
78.22 248.33 +I. 11.71 
57.58 245.88 +I- 21.83 
82.79 248.48 +I. 31.49 
83.25 251.42 +/- 3.42 
77.47 249.30 +I. 4.65 

ck$ 
""I 

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

TL-88-10 Brown  Hornblende 8W20 mesh 
~~ ~ 

Run: 0- Mass: 
Date: December 19, 1 9 3 3  J Value: 0.W7 

Total 3 9 A r :  3565 E23 cm3 NTP Apprar 0.36%K 
Integrated  Age:  107.8 +I- 87  Ma 
Plateau Age: 1 E 2  +/- 5 7  Ma (79.3% of A I S ,  steps  marked  by 7 

m9 

Aga +I- Error 
Mo 2- 

1M6 + I .  18.4 
1184 +I. 1 . 1  

104.6 +I .  43.9 

im.8 +/. 7.7 
1164 +I. 136 

1 S 6  +I. 4.7 
11133 +I. 82 
1m9 +I- 1.7 
107.8 +I. 4.4 
104.5 +I- 128 
ea8 *I- u1 

12I.s +I. 221  

~ 
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TL-88-10 Green Hornblende 120/140 

Run: 13-658 C76/P44 
Date: Dec. 29/90 J Value: 0.W69 

"9: 250 mg 

Total 39Ar: 3.593 E43 cm3 NTP Approx. 0.30% K 
Integrated Ag 102.8 +/- 10.0 Ma 
Plateau Age: 98.5 +/- 4.4 Ma (86.1% of A M ,  steps marked by *) 

40130 

80232 
23.940 
19.m 
20.858 
22.705 
18.W 
10.074 
0.433 
8.W 

10.380 
15,481 

3(v38 

0.1w 
0 . W  
0.0114 
0 . W  
0.U271 
0.- 
0.- 
0.0072 

0 . m  
0 . m  

O . O p 0  

37138 

10.084 
3.528 

1e.m 
38.270 
22.470 

12482 
10.107 

9.338 
9.e.m 

9.385 

V d  344 
EQ cm3 

0.108 
0 . W  
O.M1 
0 . m  

0.072 
0.038 

0.5% 
1.448 
0 . m  
0 . W  
0.121 

0.011 72.01 
0.m €am 

TL-88-16 White Mica +16 
Run: 78/52 Mass: 
Date: January 2 1 9 9 1  

113 mg 

Total 39Ar. 29.348 E-8 cm3 NTP  Approx 81% K 
IntegratedAge: ZZ39+/-1.3Ma 
Plateau  Age: 230.1 +/- 1 .O Ma (932% of Arm, ateus marked by 7 

JValue: 0.- 

3 - 1  n-88. l .¶w.u, .+lb 
n.w*.drw:PO.O+r.I.,u. 

- m 

T-Q 
C 

m 
m 
875 
725 

240.0 +I. la4 
z a 3  +I. 60 
2 2 9 . 5  +I. 3.3 

m.9 +I- 1.1 
2332 +I. 1.3 

2301 +I. 1.8 
2299 +I- 0.7 
2294 +I. a8 

2 3 . 1  +I. a4 
229.6 +I- KO 

m . 7  +I. a7 
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TL-88-17 Biotite (40/60) 
Run: 0-670 C79/P25 
Date: July 1.  1991 J Value: O.CQ501 

Total 39Ar: 27.263 E-8 cm3 NTP Approx. 7.7% K 
Integrated Age: 67.05 +/- 0.88 Ma 
Plateau Age: 87.21 +I- 0.69 Ma (98.7% of 39Ar. stops marked by *) 

Mass: 100 mg 

40/38 

40.742 
23.347 
14.201 

8.108 
8.547 

8 . 0 s  
7.989 
8.082 
7.880 
7.888 

38138 

0.1188 
0.0577 
0.0277 

0.0018 
O . M B 7  

0.0018 
0.0012 

0.MOg 
0.0018 

0.0010 

37/38 

0.278 
0.058 
0.034 

0,010 
0.007 

0.009 
0.013 
0.087 
0.087 
0.04 

Vo138A 138 
E.8 cm3 

0.118 0.m 
0.250 0.m 
0.472 0.017 

2.454 0.090 
1.814 0.058 

1.578 0 . m  
1.40s 0.052 
2.138 0.078 

10.169 0.373 
7.068 0.239 

W A ,  
Rad. 

15.23 
2f1.90 
52.84 
7s.w 
8 3 . 0 0  
83.71 
95.37 
8400 
w.43 
M.08 

Ass 
Ma. 

55.24 

87.04 
55.88 

88.88 
88.91 

88.95 
87.58 
87.48 
87.49 
67.08 

Run: 0835 
Date:  May 1 a 19GU 

Mass: 
J Value: 0.W7 

mQ 

Integrated Age: W 7  +I- 14.7 Ma 
Total 39/\r: 1.4W E-8 crn3 M P  Approx 0.1 5% K 

Plateau AGE: Z628 +I- 1 R7  Ma (881 96 of AS, meps marked by 7 

+/- Ermr 
2 r5ma 

+I. 25.18 
+I. 9.32 
+/. 2.82 
+/. 0.88 
+I. 1.19 
+/. 1 . 2 9  
+/. 1.- 
+I. 1.04 
+/- 0.44 
+/. 0.29 

ln18gr8180  Age: a 7  +/- 1 4 7  Ma 

4m 
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TL-88-24 Biotite 80/140 mesh 
Run: 0637 
Date:  May 25 1583 J Valuo: am7 

Mass: 1 8 5  mg 

Total 38Ar: 6 2 1 0 5  E 8  cm3 NTP  Appro,:. 68% K 
integrated Age: 484 +I-  a8 Ma 
Plateau Age: 466 +/- a5 Ma (963% of Arm, steps  marked by 7 

~~ ~~ ~ 

R-88-24 BloUte BY1 40 mssn 
Integrated Age: 4 6 4  +I-  a6 Ma 

403 T--"-- 
4wz3 

21217 
8846 
4.789 
4.196 

4.299 
4 . m  

4.662 
4.694 
4.m 
4 . ~ 1  
a= 
4.073 
6ZSs 
7.299 

3939 

a0697 
Urn16 

arm 5 
a m 7  

arm 9 
am 2 

am34 
a m  
a m 4  
Urn38 
a m 7  
arm 1 
a m  
amm 

Vd 39*r 
E . 8 4  

0,523 

3.596 
1.283 

7.742 

33M 
2031 
2127 

9.073 
11.216 
9 . a  

0.538 
a809 

a784 

a m 9  

lrni 

TL-89-6 Hornblende (80/115) 

Run: 0669 C791P30 Mass: 
Date: June 3 0 ,  1991 

250 mg 

Integrated Age: 70.55 +I-  6.56 Ma 
Total 39Ar: 2.795 E.8 cm3 NTP Approx. 0.31% K 

Plateau Age: 70.27 +/- 5.25 Ma (89.4% of 39Ar.  steps marked by *) 

J Value: 0.005015 

Temp 40m 36/39  37/38  V0139A (38 96401\1 Ape + I .  EIIW 
C E4 m3 Fad Ma 2dPma 

7W 38.523 0.0974 5110 0.188 0.087 22.13 
80 20.848 0.0428 5.283 0.109 0.038 40.57 

71.93 +I .  14.99 

* 875 14.283  0.0248 18.421 0.112 0.040 57.43 
74.51 +I- 2212 

825 12.391 0.0197 17.755 0.274 0.098 83.51 
73.39 + I .  12.01 
70.- +I.  6.41 " 

* 975 11.088 0.0151 14.128 0.854 0.234 88.91 88.44 +I. 2.72 
* 1CCO 10.359 0.0119 12.950  0.479  0.171  74.98 
* iU3U 10.888 0.013 13.819 0.239  0.085 72.24 

88.m +I. 3.10 
70.47 +I. 8.43 

* 1oBo 13.081 0.0214  17.552 0.145 0.052 81.33 71.07 +I- 10.45 
* 1100 11.788 0.0181 15.411 0.288 0.088 88.13 72.88 + I .  7.48 
* ? X U  12.438 0.0184 18.154 0.328 0.117 83.36  70.85 +I-  3.88 
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Date: J a n u w  1. 1591 
Run: 0-66078153 

Total 33Ar: 28m5 E-8 cm3 NTP 
Integrated Age: 21 83 +I- 1.3 Ma 

Approx 8 l % K  

Plateau Age: 224.9 +I- 1 .O Ma (51.5% of ARS. steps marked by 7 

J V ~ U ~ :  a m  
Mass: 111 mg 

am 2628 
a m 7  23n 
a m 7  2334 
0.(124 2544 

VUUI 
R a d  

4633 
87.07 
91 . a  

9202 
9261 
93.W 
%.rn 

9604 
96 74 

97.49 
96M 

97.% 
53% 

219.6 +I. 1.1 
m . 7  +/. 1.0 
221.4 +I. 1.6 
224.5 *I. 1.0 
m o  +/. a7 
m8 +I. as 
me *I. 4.4 

A m :  068278154 
Date: Januan/ 4. 1931 J Val& ( K C 5 9 3  

Mass: 187  mg 

Total 38Ar: 17.962 € 4  cm3 NTP Approx 23% K 
Integrated Age: 2l87 +I-  2 7  Ma 
Plateau Age: 223,s +I- 1.8  Ma (665% of Arm, steps m d e d  by 7 

393s 

a m  
a m  
0.0041 
0 . m  
0.- 
a m  
a m  
a m  
am8 
arms 

a m 3  
a m 2  
a m y  
a m 9  

37/39 

0.540 
1.293 
1.266 
an 8 
atm 
a m  
a074 
a m  
arm 
a m  
a m  
a m  

0 . m  

6.243 

Vd 394r 
E B d  

0.476 

a m  
a m  

a m  
a m  
a m  

1.23 

2247 
1.091 

1 . m  
28p 
a196 
a565 
a443 

Age +I. Error 
Ms 2- 

s . 2  +I- 3.4 
1821 +I. a 7  

2160 +I. a2 
n a i  +I. 6s 

219.3 +I. at 
219.4 +I- a9 
215.8 +I- P6 
221.0 +I- 25 
m 7  +I. 21 
m2 +I. 28 
2234 +I- 1.7 

Z i . 0  +I- 3 2  
2153 +I- 7.5 

m2 +I. as 

+-- 
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Ministry ofEmployment and Investment 

TL-90-4 Whole Rock 16/35 
Run: 0.651 Mass: 
Oate:  December 27. 1 s80 

288 m 9  
JValue: 0.m599 

Total 39Ar: 3991 E-8cm3NTP 
Integrated Age: 1913 +I- 9.7 Ma 

Approx fl.33%K 

Plateau Age: 197.2 +I- 4.3 Ma (563%of Arm steps marked by 7 4 7  

-1 

TL-90-8 Biotite +28 H.P. 

A a  +I- Ecra 
Ma zaigna 

69.9  +I- M O  
107.5 +I- 27.0 

2 m 9  +I. 260 
1505 +I- no 
ms +I. 4.8 
2m3 +I. 8.2 
1981 +I. 4.2 
I969 +I- 3 4  
1983 +I. a2 
1976 +I- 6 2  
189.9 +I. 290 
1622 +I- 19.0 
1350 + I .  iao 
197.3 +I. 2 m o  

Run: 0-673 C79IF-26 
Date: July6, 1591 J Value: 0.005014 

Total 39Ar: 27.m E-8 cm3 NTP Approx. ‘7.5% K 

Plateau Age: 46.14 +I- 0.50 Ma (98.8% of 39Ar, steps marked by *) 
Integrated Age: 46.35 +I- 0.63 Ma 

Mass: 101 mg 

“” 

T L . O M B h r n . + 2 8 H . P  
,“1c.:.@H+,.a.LL)U. 

Z ’  
T I ,  

550 411216 0.1128 0.412 0.191 0.097 18.08 €9.81 +I- 7.77 
850 8.888 0.0128 0.127 1.584 0.058 58.45 

* 750 5.54 0.W13 0.033 4.83) 0.178 62.85 
48.80 +I. 2.0% 
45.82 +I- 0.45 

* 950 5.417 O.WO7 0.W 8.154 0.227 85.42 48.18 +I- 0.35 

* 1100  5.425 O.mo9 0.088 2.217 0 . W  8486 
1 2 w  8.838 0.W5 4.184  0.141 0.025 70.83 

48.0, +I. 1.P 
5 4 . 5 0  +I. 15.38 

* ea 5 . w  0.- 0 .m 4.108 0.1% 86.58 48.0% +I. 0.3s 

* 1025 5.328 owad 0 . ~ 9  7.858 a m  87.10 dBi8 +I- 0.22 

(16 
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TL-90-9  SERlClTlC WR 80/120 
Run: iJ-753  93/11 Mass: 276 ma 
Dale:  September 27 1992 

Total 39Ar:  34.447 E 8  cm3 NTP 
Intearated Aae:  152.41 +/- 0.75 Ma 

Approx.  2.7% K 

- 
J Value: 0.006536 

15.873 
8.300 

18.128 
1 8 . m  
18.888 

20.301 
19.521 

20.521 
18.804 

21.188 
22521 
23.018 
28.704 

0.0078 
0.- 
0.0025 
0.- 
0.W21 
0.W25 
0.- 
0.0018 
0.W24 
0 . m 1  
0.0138 
0.0188 
0.0372 

0.545 2.837 0.085 75.P 
0.040 3.108 0.080 84.54  188.53 +I. 0.80 

80.82 +I- 0.72 

4.082 5.555 0.181 88.77 m.48 +I. 0.55 
4.W 3.831 0.114 88.W 184.08 +I- 0.62 

4.084 4.- 0.130 88.m m.38 +I. 0.51 
4071 3.070 0.089 88.15 208.40 +I. 0.88 
-0.182 2.428 0.070 8 8 . z  218.31 +I. 0.37 
-0.040 4818 0.134 87.17 214.41 +I. 0.43 
4.082 2.548 0.074 88.53 218.27 +I. 0.43 
o , m  0.881 0.028 81.52 215.08 +I- 1 . 3 8  
0.087 0.315 0.m 82.21 205.88 +I. 5.48 
0 . w  0.348 0.010 74.81 182.54 +I. 3.80 
0.815 0.218 0 . W  81.88 187.88 +I- 7.02 

TL-90-10  MAFIC WR 80/120 
Run: D-750  93/12 
Date: September24 1992 JValue: 0.006536 

Total 39Ar:  1.891 E-8 cm3 N P  
lnlegrated Age:  167.86 +/- 13.39 Ma 

Approx.  0.15% K 

Plateau Age:  189.19 +/- 5.43 Ma (40.5% of 39Ar, steps  marked by *) 

M a s s :  276 mg 

-1 I I  
II 
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Ministry ofEmployment and Investment 

TL-90-11 SERlClTlC WR 80/1,a 

Run: 0-759  93/13 M a s s :  
Dale:  October  10 1592 J Value: 0.w6536 

196 mg 

Total 39Ar: 21.856 E 4  cm3 KTP Approx. 2.4% K 
Integrated Age:  197.25 +/- 0.92  Ma 
Plateau  Age:  299.10 +/- 4.83 Ma (3.0% of 39Ar, steps marked by *) 

229.71 +/- 0.94 Ma (5.9% of Ar39, steps marked by -) 
206.09 +/- 0.51 Ma (36.5% of Ar39 steps marked by +) 

"_ 
I-at.d.40.: tW.s+ i -OD2M.  

_I 
Temp 40138 38138 37138 Vd3S/\r MB W/\r Ago +I-  Enor 
C E 4  cm3 Rad. Ma 2.1gma e--- 

yx) 11.887 0.M32 4.140 2.870 0.131 91.84 121.88 +/- 0.48 
s a  17.357 0 . m 4  6 . 1 ~  3.918 0.178 86.80 185.81 +I- 0.43 
580 19.081 0.&4 6.145 4.275 0 . m  m.35 20411 +I- 0.88 

~~ 

+ 820 19.220 O.oM7 6.185 4.814 0.ZM WS.88 204.73 +I. 0.48 
+ 880 1 8 . M  0 . W  6.114 3.158 0.145 W5.G 208.18 +I. 0.58 
. 7M 21.813 0.0034 6.127 1.280 0 . D  95.43 pS.71 +I. 0.84 

740 28.823 0 . W  6.183 0.545 0.025 93.04 270.23 +I- 241 

~~ 

- 780 28.m 0.00s~ 6.373 0.477 0 . w  m.41 288.19 +I. 3.20 
* 820 31.474 0.01~~ -1.070 0 . m  0 . w  87.98 288.87 +I- 8.23 

880 33.471 0.0241 1.828 0.087 0.004 78.71 288.14 +I- 8.87 
Bw 3 3 . 8 8 1  0.0302 4.w o.oB1 0.m 73.- 288.43 +I- 20.47 
1 Z O  33.499 0.0571 0.030 0.185 0.W8 48.85 185.88 +I. 10.85 

TL-90-18 WR 16/25 
Run: 0658 
Date:  December 24, 1 5 9 0  JValue: 0.03683 

Total 39Ar: 13848 E-8 cm3 NTP 
Integrated Age:  181.7 +I- 3 4  Ma 

Appror 1.3% K 

Plateau  Age: 1920 +I- 1.5  Ma (423% of A133 8tep8 mahed by 7 

Mam 1 5 8  mg 

1285 +I- 
884 ti- 

161.0 rl- 
1e4.9 +I. 
1me +I. 
1539 +/- 
21 9.1 +I- 
m e  +/- 

< 284.8 +I- . 272.3 +I- 
51.0 +I- 

8.8 
a4 
3.0 
21 
1.7 

4.1 
1.2 

183 
6 7  

1 8 4  
1430 
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Brilish Columbia __ 

TL-91-1 Whole Rock (80/1201 

Run: D-726  C93/P14 
Date: June 28.  1992 

Mass: 203 mg 
J Value: 0.006535 

TOW 39Ar 3.369 E 8  cm3 NTP 
Integrated Age:  150.63 +I- 22.74 Ma 

Approx. 0.36% K 

Plateau Age:  194.36 +/- 8.96 Ma (37.2% of 39Ar.  stops marked by *) 

4x1 28.578 0.- 1.- 0.080 0.024 14.89 51.25 +I- 108.51 
YX 15.871 0 . W  1.079 0.080 0.024 18.47 
540 14.840 0.0273 1.855 0.2W 0.075 44.87 

31.13 +I- 13271 

580 22.248 0.0525 23.112 0.388 0.108 58.75 18418 +I- 22.07 
820 18.328 0.0108 4.903 0.482 0.137 83.38 165.15 +I. 1413 

' 855 20.404 0.0085 2.189 0.484 0.158 87.80 201.31 +I. 10.44 
* Bgg 18.542 0 . W  1.269 0.428 0.127 88.W 190.41 +I- 10.88 

780  18.520 0.0134 2.188 0.229 0.068 77.88 184.44 +I- 18.BB 

77.25 +I. 44.84  

* 725  18.783 0 . ~ 8 7  1.198 0.381 0.107 85.43 w.08  +I. 478 

835 11.174  0.0213 8.884 0.171 0.051 43.58 
785 15.7820 0.meO 5.820 0.105 0.031 50.85 S7.08 +/- 43.4, 

82.70 +I. 25.14 
9w 12.820 0.0180 4.483 0.142 0.042 57.84  87.80 +I- 28.47 
1030  12.787 0 . W  27.828  0.185 0.W 45.20 
1203  25.873 0 . W 8  21.oi5 0.041 0.012 2270 90.88 +I. 35.46 

81.80 +I. 8.01 

TL-91-2 WR 80/120 
Run: D-754  93/15 
Date: September 30 1992 J Value: 0.006532 

Totel 39Ar:  10.915 E-8 cm3  NTP 
Integrated Age:  180.57 +I- 1.58 Ma 
Plateau Age:  218.45 +/- 1.53 Ma (13.1% of 39Ar, stops marked by *) 

Mass: 207  mg 

Approx.  1.1% K 

Temp 4oim W3a 37138 V d 3 m  139 W,A, Ago +I- E m  
C E.8 em3 Fad. Ma 2 sigma 

550 11.815 0.82074 0.888 1.882 0.171 81.54 111.58 +I- 1.48 
Bw 20.051 0.0033 2489 1.271 0.118 85.10 213.55 +I. 1.88 

* 850 20.530 0 . m  0.508 1.434 0.131 85.81 218.45 +I- 1.53 
7W 20.084 0 . W  0.435 1.517 0.138 85.85 213.17 +I- 1.44 
Bw 18.585 0.w24 0.m 3.588 0.327 88.14 1sB.51 +I- 0.78 

11ae 11.253 0.075 5 . 7 ~ ~  0.433 0.040 80.42 108.43 +I. 4.33 
8M 11.173 0 . W  3.850 0.831 0.078 88.81 118.28 +I- 3 . U  

I N :  
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Ministry of Employment and Invesrmcnt 

TL-92-2D WR:2M-1 O%HN03 NJ3CJ 
Run: D-810 108/A2 
Date: July25 1993 J Value: 0.006425 

Total 39Ar: 9.878 E-8 cm3 NTP 
Integrated Age:  182.1 1 +/- 6.50 Ma 
Plateau  Age:  188.89 +/- 3.41  Ma  (75.1% of 39Ar. steps marked  by *) 

Mass: 283 mg 
-" 

muc,.f*dA.(j.:IBL,t +l.(i$OM. 
Approx.  0.77% K 

5 

Temp 40139 36139 37139 Vol39Ar WAI Age +I- Errol ' 
C E 4  cm3 Rad. M I  2 sigma -==L t 

540  31.415  0.0521  57.882 0.283 0.027  51.04 229.62 +I. 28.42 
620 18.684  0.W87  3.847  1.212  0.123  89.37  187.10 +I. 3.48 
560  17.889  0.0176  27.613 0.690 0.070  70.95  166.24 +I- 10.50 

* 7W 19.238 0.W38 0.978  2.487 0.252 93.83 
* 880 18.585 0.W43 1 . W  1.758  0.178 93.13 191.85 +I. 3.07 

186.79 * I .  2.07 

5 w  3 2 . m  a0883 34.688 0 . m  0 . ~ 2 0  3842 18227 +I. 31.35 

~~ 

735 17.993 0.w33 0.730 1.967 0.199 94.65 197.65 +I- 5.39 
770 17.557 0.W70 2.407 0.696 0.070 88.2U 173.13 +I- 3.81 
870 13.174 0.0131 8.204 0.351 0.036 70.55 111.63 +I- 25.91 
1200 17.335 0.0292 21.223 0.260 0.026 50.24 118.88 +I- 23.83 

~ . , ~~~ 

TL-92-8 WRWM 801120 

Run: 13-799 108IA1 
Date: July3 1993 

Mass: 260  mg 
J Value: 0.00644 

Total 39Ar:  7.204 E-8 cm3 NTP Approx.  0.61% K 
Integrated  Age:  204.29 +/- 5.62  Ma 
Plateau  Age: : 

Terne 40139 
C 

5w 34.318 
540 50.189 
880 35.218 
620 20.658 
870 21.540 
720 10,877 

* 840 20.835 
780 19.980 

* 980 21.379 
920 22.869 

1 m  40.491 
960 28.024 

12M 35.141 

Bullerin 100 

0.0910  2.532  0.148 0.02.2 
0.1232 2.871 0.m 0.026 
0.0706 21.674 0.264 0.039 
0.0186 5.531 0.290 0.040 

~ ~~~ 

0.0116  1.454 0.288 0.040 
~~ ~ 

0.WJS 0.310 0.765 0.108 
0.W26 0.084 2.354 0.327 
0.W16 0.034 1.981 0.272 
0.W48 0.849 0.590 0.082 
0.0179 1.996 0.121 0.017 
0.0328 4.890 0.054 0.W8 
0.1047 12.221 0.032 0.004 
0.0822 45.411 0.095 0.013 

220.73 +/- 2.83  Ma  (35.4% of 39Ar,  steps  marked by *) 

~ 

W A C  Bad. 
21.85 
27.48 
40.77 
78.* 
84.12 

95.90 
91.m 

97.47 
93.28 
76.98 
82.96 
23.50 
30.84 

155.60 +I- 16.14 
88.23 +I- 22.69 

179.m +I. 6.19 

2w.14 + I .  16.33 
161.03 +I- 14.13 

m.10  +I. 4.44 
209.60 +I. 1.11 
221.47 + I .  2.19 
216.28 +I- 4.96 
195.35 + I -  20.43 
185.15 ti- 49.08 
118.27 +I- 74.24 
162.88 +I-  20.03 

- 
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British Columbia ____ __ 

86PS-26-9-2 HORNBLENDE +40(H.P1 
Run: 0-736 89/36 
Date: Augusta 1992 

Mass: 424 mg 
J Value: 0.003307 

Total 39Ar:  2.985 E 4  cm3 M P  Approx.  0.30% K 
Integrated Age:  91.09 +I- 5.13 Ma 
PlabaU Age:  91.64 +/- 1 .65 Ma (80.7% of 39Ar. steps marked by 1) 

Tamp 40139 
C 

7 w  365.432 
Bw 188.812 
ga) 240284 
975 38.437 
1 M o  34857 
1025 34528 

* 1076 19.812 
1050 24804 

* 11W 20.113 
* 1125 28.884 
* 1 x 0  25.534 

38138 

1.2348 
0.5318 
0.n31 
o.mn 
0.0870 
0.0631 

0.0154 
0.0354 

o.oin 
0.0407 
0.&379 

37m 

5.243 

24.381 
5.878 

12.278 
8.571 

12.428 

10.255 
11.313 

10.315 
10.880 
10.793 

> 
V d W  ns %4oAI 
€4 sm3 Rad. 

0 . m  0.023 5.35 

0.088 0 , m  492 
0.043 0.014  5.72 

0.085 0.022 32.54 
0.062 0.014 42.85 
0.055 0.018 48.m 
0.214 0.072 57.51 
1.443 0.484 78.81 
0.353 0.118 73.98 
0.240 0.080 51.92 
0.371 0.124 58.32 

88JIG-39-8-1 MS 
Run: OB17 
Date: June 24, 1989 

ne0 +I- Ern, 
Ma 2 sigma 

121.45 +/- 41.41 
5 8 . 5 8  +I. u.55 
78.85 +/- 12.27 
Bo.81 +I. 31.56 

80.07 +/- 18.M 
98.28 +/- 19.57 

92.51 +I- 0.81 
87.81 +I. 3.88 

91.48 +I. 2.48 
80.42 +I. 423 
98.20 +/- 2.47 

Mass: 
JValue: am718 

mg 

Total 39Ar: 2a.Bc8 E-8 cm3 NTP Approx 0.%K 
ImEgrarEdAge: 2181 + / - I . Q M s  
Plateau  Age: Z3 .O +/- 1.2 Ma ( 8 8 8 %  of Ar3, step!i rnsrked by 7 

T a p  40139 38139 
C 

1 a 4  +I- 5.6 
197.3 +I- 5.0 
Em3 +/. 1.4 

z 2  +I. 1.5 
22.8 +/. 1.1 

2202 +I- 1.2 
m i  +/. 80 
176.8 +I. 67 

2168 +/. 726 

2184 +I. as 

271.7 +I. a0 

500 " 

lntsgrated Age: zlal +I- 1.8kla 
WIG-38-8-1 MS 

'*I 

- 
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Run: D-671  C79/P29 
Date: July 3. 1 5 9 1  

Mass: 251 mg 
J Value: O.CQ5015 

Total 39Ar: 3.467 E4 cm3 NTP Approx. 0.3% I< 
Integrated Age: 24.17 +/- 5.04 Ma 
Plateau Age: 21 .M I  +/- 0.80 Ma (68.3% of 39Ar. steps marked by *) 

0.465 0.215 0.082 15.84  28.07 +I- 10.28 

1.438 0.m 0.018 52.73 
2.577 o.cJ1 0.008 25.87 

65.45 +I- 47.25 
47.88 ' I .  5492 

10.827  0.115 0.035 24.38 
12.% 0,301 0.087 3081 

27.47 +I. 15.30 
27.58 +I. 10.78 

12.485 2.257 0.883 4891 21.48 +I. 0.80 
11.934 0.131 0.W 2698 31.51 +I. 17.84 

12.581 0.252 0.073  33.79 24.94 +I. 8.91 

Run date: 1994 /07 /06  
Recalc  date: 1994 /07 /07  Mass: 

CanjPos :  124/46 
1 5 0 . 0  mg 

Ministry of Emplgment and Ir:vesrmenf 

~~ ~ 

S Value: 0 .007007  
f 0.000082 

volume 39Ar :  427 .72  x 1E-9  un3 NTP 
Integrated Age: 9 2 . 1 6  f 1 . 1 3  Ma 

Correlation Age: 9 2 . 0 6  .t 0 . 9 4  Ma ( 95 .9% of 39Ar ,  steps marked by >) 
I n i t i a l  40/36:  3 8 0 . 2 5  f 9 0 . 7 7  (MSWD = 2 . 6 6 ,  isochron between 0 . 5 0  and 2 . 0 0 )  

Plateau Age: 9 2 . 3 4  f 1 . 1 5  Ma ( 71.1% of 39Ar,  steps marked by <) 

A p p r o x .   5 . 7 4 %  R 
0 . 1 7 %  :a 

550 0.00140995 0.00000000 0.086740 0.000000 -0.060  0.03 53.24  0.88 
500 0.00312752f0.00022569  0.017229f0.003186 0.318 0.03 6.78 0.64 0.982f0.878 

C 600 0.00083078 0.00000000 0.100908 0.000000 -0.112 0.03 72.01 2.15 
6.725  0.838 
7.477 0 . 4 4 1  

< 6 5 0 )  0.00021157  0.00003752 0.124450 0.000418  -0.091  0.03 91.60 6 . 0 6  
< 700> 0.00014192 0.00000000 0.127639 0.000000 -0.087  0.03 94.07 8.47 

7.533 0.181 
7.506 0.093 

Age 

12.37f11.33 
83.07 10.12 
92.13 5.L9 
92.80 2.17 
92.41 1 . 1 2  

< 750, 0.00008241 0.00000001 0.130011 0.000000 -0,076  0.03  96.29 13.80 
800> 0.00001798 0.00000000 0.130633 0.000000 -0,147 0.03 97.35 7.40 

1.501 0.016 92.41 0.31 

850, 0.00009623 0.00000000 0.128555  0.000000 -0.211 0.03 94.82  6.45 
1.614 0.094 93.18 1.13 

900, 0.00028919 0.00000000 0.118968 0.000000 -0.395 0.03 8 8 . 1 6  3.83 
1 . 5 5 8  0.112 93.09 1 . 1 4  

950, 0.00004974 0.00006719 0.129084 0.002007  -0.100 0.02 96.62 9.33 
7.687 0.097 94.65 L L 6  
7.633 0.103 94-00 1.14 

<1000> 0.00008269 0.00006164 0.131685 0.002066 -0.191 0.03 95.71 10.75 7.408 0.066 
<1050> 0,00002240  0.00005367  0.132259 0.002810 -0 .065  0.03 98.25 25.69 
<1100> 0.00005980 0.00031017  0.130506 0.00'1641  -0.265 0.03  93.23 4.14 

7.511 0.057 

1200 0,00035467  0.00191089 0.118507 0.040265 -0.423 0.03  53.12 0.39 
7.527 0.188 
7.554  1.947 

91.30 0.30 
92.53 0.59 
92.73 2.26 
93.05 23. I8 
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SUMMARY OF 4oArF9Ar DATES 

Sample:  C093A 
Rock  unit:  Diorite,  Bralorne-East  Liza  Complex 
Material  datedlage:  Hornblende - Integrated age of 298.7i41 .O Ma; 

Comment:  The U-shaped  age  spectrum  indicates  excess  argon,  but 
Plateau  age  of 275.5iZ9.8  Ma 

the  plateau  segment  may be a  good  indication  of  the  age. 

Sample:  DH-87-163.3 
Rock  unit:  Alteration, Taylor-Windfall  occurrence 
Material  datedlage:  Alunite -Total fusion  date of 73.74.5 Ma 

Sample:  GBQ 
Rock  unit:  Diorite,  Bralorne.East  Liza  Complex 
Material  datedlage:  Hornblende - Integrated  age  of 295.5i36.4 Ma; 
Plateau  age  of  279.0e.O Ma 
Comment: As with C093A,  the  shape of the  age  spectrum  suggests 
excess  argon,  but  the  plateau  segment  may  be  a  good  indication  of 
the  age. 

Samnln: TL-R7-1 
Rock unit: Hornblende-biotite-quam-feldspar porphyry  intrusion, 
Mount  Sheba  complex 
Material  datedlage:  Hornblende - Total  fusion  date  of 57.2ij.4 Ma. 

36.83i14.10 Ma and 44.44 i1.05 Ma 
K-feldspar - Integrated  age  of  41.79t2.89 Ma; Plateau  ages  of 

r.-. .-  -. . 

Sample: TL-87-3a 

Material  datedlage:  Sericite -Total fusion  date  of 78.14.6 Ma 
Rock  unit:  Alteration,  Warner  occurrence 

Sample: TL-87-4 
Rock  unit:  Granodiorite,  Dickson - McClure  batholith 

Biotite - Total  fusion  date of 71.8S.6 Ma 
Material  datedlage:  Hornblende -Total fusion  date  of 82.1 e . 0  Ma. 

Sample:  TL-87-6 
Rock  unit:  Hornblende  feldspar  porphyry,  Dorrie  Peak  stock 
Material  datedlage:  Hornblende - Total  fusion  date  of 64.7Q.1 Ma 

Sample: TL-87-7 

Material  datedlage:  Biotite -Total fusion  date  of 43.54.3 Ma 
Rock  unit:  Quartz  monzonite,  Lorna  Lake  stock 

Sample: TL-87-8 
Rockunit: Hornblende-biotite-quartz-feldsparporphyrystockcuning 
Red  Mountain  volcanic  complex 
Material  datedlage:  Hornblende -total fusion  date  of 53.54.8 Ma. 
Biotite -total fusion  date of 47.4S.5 Ma 

Sample:  TL-87-11 

pentinite  melange  adjacent  to  the  Yalakom  fault 
Rock  unit:  Hornblende  feldspar  porphyry  dike  within  Shulaps  ser- 

Material  datedlage:  Hornblende - Total  fusion  date of 75.6e.8 Ma: 
Integrated  age of 75.4i12.1 Ma;  Plateau  age of 76.5i9.6 Ma 

Sample: TL-87-12 
Rock  unit: Silicified  and  sericitized  volcanics  underlying  the  summit 
of  Big Sheep  Mountain 
Material  datedlage:  Sericite-rich Separate - Total  fusion  date of 
27.34.2 Ma 

Sample: TL-87-13a 

Material datedlage: Mafic concentrate - Total fusion date of 
Rock  unit:  Andesite.  Powell  Creek  formation 

Comment:  This  date is considerably  older  than  is  geoiogically  rea- 
131.0i7.4 Ma 

sonable  for  the  Powell  Creek  formation.  It may  reflect  excess argon 
within  the pyroxene-rich mafic concentrate  that was dated (Ar- 
chibald etal., 1989) 

Sample:  TL-87-14 

lor  Creek  Group 
Rock  unit:  Hornblende  feldspar  porphyry plug that  intrudes  the  'ray- 

67.64.6 Ma.  Hornblende - Integrated  age of  111.2t21.6  Ma;  Pia- 
Material  datedlage:  Sericitized  plagioclase - Total  fusion dats of 

teau  age of 104.5t16.6  Ma 
Comment:  The  104.5  Ma plateau  date is a  reasonable  intrusive  age 
for  the  plug if it is related  to  the  Taylor  Creek  volcanics  which it 
intrudes. 

Sample: TL-87-16 

formation  and  the  Chita  Creek  fault 
Rock  unit:  Hornblende  porphyry plug that IntNdes the  PaNell Cleek 

Material  datedlage:  Hornblende -Total fusion  date of  34.7t1.9  Ma 

Sample: TL-87-17 
Rock  unit:  Andesite.  Powell  Creek  formation 
Material datedlage: Mafic concentrate - Total  fusion datr:  of 

Ma.  Whole rock - Total fusion  date of 54.44.3 Ma 
148.8t14.1 Ma. Fresh plagioclase -Total fusion  date 0 1  77.6::1.5 

Comment:  The  148.8 Ma  date for the  mafic  concentrate is consid- 
erably  older  than is geologically  reasonable  for  the  Powell  Creek 
formation,  and  may  reflect  excess  argon  within  the  apparently  py- 
roxene-rich  concentrate  that  was  dated.  The  younger  dates nay 
reflect  post-volcanic  alteration,  as  discussed  by  Archibald e,'aL 
(1989). 

Sample: TL-87-20 
Rock  unit:  Granodiorite.  Beece  Creek  pluton 
Material  datedlage:  Biotite -Total fusion  date  of 43.94.6 Ma 

Sample: TL-87-22 

,,"it 
Rockunit:Amphibolite knockerwithinShulapsserpentinitem6lange 

ende - Integrated  age  of  84.63+12.42 

ceous  andlor  early  Tertiary  thermal  events in the  southern  Shukrps 
Range,  as  discussed in chapter  3. 

Sample: TL-88-la 
Rock unit:  Blueschist.  Bridge River  Complex 
Material  datedlage:  White  mica - Integrated  age of 229.9t1.3 Ma: 
Plateau  age  of 229.8i1.0  Ma 
Comment:  This  date  is  interpreted  as  the  time  of  cooling  following 
blueschist-facies  metamorphism. 

Sample:  TL-88-4 
Rock  unit:  Amphibolite  knocker  within  Shulaps  serpentinite  m61ar8ge 
unit 

hibolite (e.g samples TL-8C 

Maierial  datedlage:  Hornblende - Integrated  age of 207.55i10 33 
Ma;Plateauageof251.11i8.13Ma 

amphibolite  of  sample  TL-88-23.  but  may  have been  partially re:;et 
Comment: This  knocker  probably  correlates  with  the  Early  Permian 

during  heating  associated  with  Late  Cretaceous  dike  emplacement, 
as  discussed in chapter 3. 

Sample: TL-88-10 
Rock  unit:  Sheeted  gabbroic  dikes  that  intrude  the  Bridqe  River . 
Complex 
Materialdatedlage:  Brown  hornblende- lntegratedageof 107.6Aj.7 
Ma;  Plateau  age  of 105.2i5.7 Ma. Green  hornblende - lntegraled 
age  of 102.8i10.0 Ma;  Plateau  age of 98.5t4.4 Ma 
Comment: A correlation plot for  the  plateau Segment  of  the  broNn 
hornblende  spectrum  yields  a  well-defined  isochron  age  of 107i3 
Ma  (ZG)  which  provides  the  best  estimate of  the  age of this sample 
(Archibald eta,! 1991).  The  brown  hornblende is rimmed  by gresn 
amphibole  which  yields  slightly  younger  dates,  probably  reflecting 
autometamorphism  associated  with  the  multipledikeemplacemeat. 

Sample: TL-88-16 

Material  datedlage:  White  mica - Integrated  age of 229.9:t1.3 Mia; 
Rock  unit:  Blueschist, Bridge  River  Complex 

Plateau  age  of 230.1i1 .O Ma 

Geologicul Survey Brun:h 
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Comment:  Almost identical  to  sample TL-88-la. These  dates  are 
interpreted  as  the time of cooling  following  blueschist-facies  meta- 
morphism. 

Sample: TL-88-17 
Rock  unit:  Granodiorite.  Eldorado  pluton 

teau  age  of  67.21to.69  Ma 
Material datedage: Biotite - Integrated  age  of  67.05to.88 Ma;  Pla- 

Sample: TL-88-23 
Rockunit:  Amohibolite knockerwithinShulaDsseroentirdtem6lanae - 
unit 
Material datedage: Hornblende - Integrated  age  of  253.7e14.7  Ma: 
Plateau  age  of  260.8t10.7  Ma 
Comment:  An Ar-Ar  correlation  analysis  done  for  the  plateau  seg- 
ment  revealed an initial 40Ar/36Ar ratio of 257ffi8  (slightly  less  than 
the  expected  atmospheric  argon  ratio  of  295.5)  and an older  age  for 
the  plateau  segment of 271t16 Ma  (Archibald et a/, 1991).  This 

the  sample. 
correlation plot date is considered  to  be  a  reliable  cooling  age  for 

Sample: TL-88-24 
Rock unit:  Biotite-rich  reaction  zone  adjacent to a 1 to  2-metre  sili- 
ceous  phacoid  (felsic  dike  fragment?)  within  serpentinized  harzbur- 
gite  of  the  Shulaps  Ultramafic  Complex. 
Material datedage: Biotite ~ Integrated  age  of  46.4to.6 Ma;  Plateau 
age  of  46.6to.5 Ma 
Comment:  The date may rellect the  time of cooling  following  em- 
placement  of  a  dike  related  to  the  Mission  Ridge  pluton. 

Sample:  TL-89-13 
Rockunit:Hornblendefeldsparporphyryplug(partoftheBlueCreek 

the  Yalakom gold-quam vein  system 
porphyry  suite)  that  intrudes  the  Shulaps  harzburgite  unit  and  hosts 

Material datedage: Hornblende - integrated  age  of 70.556.56 Ma; 
Plateau  age  of 70.27t5.25  Ma 

Sample: TL-90-2-2 
Rock unit:  Blueschist  clast  within  the  basal  conglomerate of the 
Dash  formation 
Material  datedage:  White  mica - Integrated  age of 218.3t1.3 Ma: 
Plateau  age  of 224.9t1.0  Ma 

Sample: TL-90-24 
Rock  unit; Blueschist clast within the  basal  conalomerate  of the - 
Dash  formation 
Material  datedlage:  Separate  containing 60% white  rnica - Inte- 
grated  age  of  21  6.7Q.7  Ma.  Plateau  age of  223.9t1.8  Ma 

Sample: TL-90-4 

Material datedage: Whole  rack - Integrated  age of 190.3t9.7 Ma. 
Rock  unit:  Blueschist,  Bridge  River  Complex 

Plateau  age of 197.2i4.3 Ma 

Sample: TL-90-8 
Rock  unit: Biotite  feldspar  porphyry  dike  that  intrudes the  Bridge 
River  Complex 

teau  age of 46.14to.50 Ma 
Material  datedage:  Biotite - Integrated  age of  46.35to.63  Ma.  Pla- 

Sample: TL-90-9 
Rock  unit:  Retrograded  blueschist,  Bridge  River  Complex 
Material datedlage: Sericitic whole rock - Integrated age  of 
192.41to.75 Ma.  Plateau  age of  219.27to.43  Ma 
Comment:  Low-temperature  step  suggests  that  retrograde  meta- 
morphisdthermal overprinting  occurred  in  Late  Cretaceous  time. 

Sample: TL-90-10 
Rock  unit:  Blueschist,  Bridge  River  Complex 
Material  datedlage:  Mafic  whole rock - Integrated age of 
167.86t13.39 Ma.  Plateau  age  of  189.19t5.43  Ma 

Sample:  TL-90-11 

Material datedlage: Sericitic whole rock - Integrated age of 
Rock  unit:  Retrograded  blueschist,  Bridge  River  Complex 

197.25to.92  Ma.  Plateau ages of 299.10i4.83 Ma,  229.71:@3.94  Ma 
and  206.09to.51  Ma 

Sample: TL-90-18 
Rockunit:  Metachert.  Bridae  RiverComplex:  structurallvinlbricated - 
with  blueschist 
Material  datedage: Whole  rock - Integrated  age  of 181.7.63.4  Ma. 
Plateau  aae of 192.0+1.5 Ma 
CommencLow-temperature stepsuggeststhat themlalovf printing 
occurred in Late  Cretaceous  time. 

Sample: TL-91-1 
Rock  unit:  Blueschist,  Bridge  River  Complex 
Material  datedage:  Whole rock. Integrated  age of  150.€3Q2.74 
Ma.  Plateau  age  of 194.366.96 Ma 

Sample: TL-91-2 
Rock  unit:  Blueschist,  Bridge  River  Complex 
Material  datedage:  Whole rock- lntegratedageof 180.57t1.58  Ma. 
Plateau  age of  218.45t1.53  Ma 

Sample:  TL-92-2D 
Rock  unit:  Blueschist.  Bridge  River  Complex 
Materialdatedage:Wholerock-lntegratedageof182.11+(i.50Ma. 
Plateau  age of 188.89t3.41 Ma 

Sample: TL-92-8 

glomerate 
Rock  unit:  Blueschist  cobble  from  the  base  of  the  Silverqbick  con- 

of  204.29.t5.62  Ma.  Plateau  age of 220.73i2.83  Ma 
Material datedage: Partial  separate  of  white  mica - integrated  age 

Sample:  86PS-26-9-2 

Taylor  Creek  Group 
Rock unit:  Clinopyroxene  hornblende  porphyry  dike  that .cuts  the 

Material  datedlage:  Hornblende - Integrated  age  of  91.09k.[;.13  Ma. 
Plateau  age  of  91.64t1.65  Ma 
Comment: Its age and  composition  suggest  that  the  dike i:; part  of 
a  feeder  system  to  the  overlying  Powell  Creek  volcanics. 

Sample: 88JIG-39-6-1 
Rock  unit:  Blueschist, Bridge  River  Complex 
Material datedage: White mica. Integrated  age  of  218.1t1.9 Ma. 

Comment:  The difference  between this plateau  age  and  the.230 Ma 
Plateau  age  of 221 .Otl.2 Ma 

plateau  ages of  samples TL-88-la and  TL-88-16  probably  reflects 
partial  argon  loss  during  a  Cretaceous  low-temperature  overprint, 
as  indicated by  the  500%  step in the Spectrum  (Archibald elal. 
1990,1991). 

Sample:  89DAA-1-12-1 
Rock unit: Hornblende  porphyry  dike  that  intrudes  the  Rexmourlt 
comhvrv r-.r..,., 
Material  datedlage:  Hornblende - Integrated  age of 24.17t5.04 Ma. 
Plateau  age  of  21.48to.80 Ma 

Sample:  91JG-44 
Rock  unit:  Granodiorite,  Dickson - McClure  batholith 
Material datedage: Biotite - Integrated  age  of 92.16i1.13 hla. Pla- 
teau  age of 92.34t1.15  Ma 
Comment:  This  date is very  close  to  the  U-Pb  Zircon  age  r<!ported 

86WV-2  on Figure 49). Sample  91JG-44  has  also yielded 5. zircon 
by  Parrish (1992) from about  5  kilometres  to  the south (Sample 

fission-track  age  of 90.7t13.2 Ma  (Gatver etal, 1994). The:;e data 
indicate  very  rapid  cooling of this  part of  the  pluton,  probably  at a 
demh  of  less  than  9  kilometres  (the  aooroximate  closure  deDth of 
fission-tracks in zircon). 
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APPENDIX 8 

U-Ph Radiometric  Dating of Shulaps  Tnnalite 

Depamnent of Geological  Sciences 
By RIM. Friedman 

The  University of British  Columbia 
Vancouver.  British  Cdumbia 

U-Pb ANALYTICAL PROCEDURES 
SAMPLE  PREPARATION 

Zircons were separated  from an approximately 20 kg 

liquid  extraction  techniques.  Zircons  were  then split into 
sample  using  standard crushing, Wilfley  table  and  heavy 

specific fractions based  on  grain size, shape, and magnetic 
susceptibility, as well as physical  attributes  such as colour 
and  clarity of individual clystals. Some fractions were air 

J?rior to dissolution all zircon fractions were  washed  in  warm 
abraded  using  techniques similar to those of Krogh  (1982). 

3N HNO3 for 10-20  minutes  followed  by  rinsing  in  high- 
purity Hz0 and acetone. 

U-Pb METHODS 

fication are carried out using a  procedure  modified from 
Sample dissolution and U and  Pb  separation  and pnri- 

Parrish  (1987). The dissolution is in small-volume Teflon 
capsules contained in  a  large Pan bomb  (Parrish,  1987). 
Both  Pb  and  U are eluted into the same beaker  and  loaded 
and  run  sequentially,  together  on the same Re filament, us- 
ing a silica gel/phosphoric  acid  emitter, at a  temperature of 
1300.C. A  Daly collector is used to improve the quality of 

centrations are determined  with  a  mixed 205Pb/235U spike 
measurement of low-intensity 2?b signals U and Pb con- 

(Parrish  and  Krogh,  1987).  Pb wascorrectedfor0.0043/amu 

iZO% (Daly collector runs), and 0.0012/amu :GO% (Fara- 
day collector runs),  determined by repeated  analysis of Na- 
tional  Bureau  of  Standards  SRM981  Pb  standards. 
Laboratory  blank  amount and isotopic composition are  de- 
termined  from  running  procedural  blanks with each  batch 
of unknowns. Pb and U blanks  were  5-15 pg (GO%),  and 

89TCA-2-6-1 

Serpentinile Melange 

R 

0.m 
" 

0.26 

207Pb/ '"U 
0.32 

Figure 50. Concordia diagram for  sample  89TCA-2-6-1 of the 
Shulaps  serpentiuite  m6lange unit. 

TABLE 3. U-PB ZIRCON ANALYTICAL  DATA 
Fraction1 Wt. U Pb2 Pb'208pbs Isotopic ratios(*lo,%)6 Isotopic dates(Ma,+20)~ 

_" 

mg ppm ppm 2MPb pg % , 23sU/206Pb 207PbP35U 207Pb/2MPb 2MPb/238U 207Pbf35U 207Pb,206Pb 
Shulaps melange knocker: 89TCA-2-6-1 
B m,NS,p 0.033 195 6.5 722 18 14.4  0.03154*0.13  0.2251*0.49  0.05176*0.42 200.2&0.5 2062t1.8 274.li&19.1 

D f,NS,p 0.024 296 13.0 573  33 15.0 0.04115+0.21  0.2950+0.76  0.0520@L0.78 260.0;tl.l 262.5M.O 285,:;rZ.O 
C f,NS,p 0.043 229 9.2 2260 IO 15.0 0.03754*0.10 0.2684i0.26 0.05186*0.19 237.e0.5 279.3+1.1 279.:;*8.5 

E f.NS,p 0.059 325  14.6  2211  22  16.7 0.04140+0.14 0.2968+0.27 0.05200+0.20 261.5i0.7 263.W1.3 285.::+9.0 

" 

"- 

'All fiactions are air abraded; Grain size,  smallest  dimension: c= >134pm, m=<134pm and 
>74!.~m, f=<74pm; Magnetic codes: Franz magnetic separator sideslope at which grains are 
nonmagnetic; e.g., Nl=nonmagnetic at lo; Ficld strength for all fractions =1.8A; Front slope 
for all fractions=20";  Grain character codes:  p=prismatic 
2Radiogenic Pb 
?Measured ratio corrected for spike and Pb fractionation of 0.0043/amu 120% (Daly collector) 
4Total common Pb in  analysis  based on blank isotopic composition 

6Corrected for blank Pb, U and common Pb (Stacey-Kramers  model  Pb composition at the 
5Radiogenic Pb 

z07PbPPb date of fraction, or age of sample) 

_" 
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APPENDIX 9 

Mineral Occurrences, Lithogewhemistry, Moss Mat Geochemistry and Regional Stream Geochemistry 
of the Bralorna: and Dickson Range Map Areas 
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Figure 5i. Kinerai occurrences and gewhemicai sample sites in lhe Bralome and Dickson Range  map  areas. See Figure 52 for list of symbols. 



MlNFlLE OCCURRENCES, 92J114, 15 
TABLE 4 

MlNFlLE 
NUMBER  NAME N P E  

DOMINANT 
DEPOSIT DEPOSIT  METALLIC 

CHARACTER  COMMODITIES  MINERALS  STATUS  RESERVES (R) 
HOST 
ROCKS 

PRODUCTION (P) 

92JNE-020 

92JNE-021 

92JNE-022 

92JNE-023 

92JNE-024 

92JNE-025 

92JNE-026 

92JNE-027 

92JNE-028 

92JNE-029 

92JNE-030 

92JNE-03 

California 

Why  Not 

Gloria  Kitty 

Forty Thieves 

Arizona 

Golden Gate 

Haylmore 

Pilot 

Shulaps 
Copper 

Congress 

Wayside 

.. veritas 

Low-sulphide 

gold-quartz wins 
(mesothermal) 

Low-sulphide 
(mesothermal) 
gold-quartz wins 

Low-sulphide 

gold-quartz  veins 
(mesothermal) 

Low-sulphide 
(mesothermal) 
gold-quae veins 

Low-sulphide 
(mesothermal) 
gold-quartz  veins 

Low-sulphide 
(mesothermal) 
goldquartz veins 

Placer 

Low-sulphide 

gold-quartz  veins 
(mesothermal) 

Vein 

Stibnite veins 

vein 

vein, 
stockwork 

vein, 
disseminations 

vein 

alluvial 

vein 

vein 

irregular pads, 
veins and 

Low-sulphide 
(mesothermal) 
goldquartz veins 

Polymetallicveins 

vein 

vein,  stockwork 
(quartzdorninated) 

Au. A g :  W 

Au. As 

Au. As 

Au. Ag 

Au. As. W; 
Pb,  Zn 

A" 

A" 

Au. Ag 

c u  

Au,Ag,  Sb: 
c u  

Au,Ag ICu. 
Pbl 

Au:  Pb,  Cu 

PY. apy 

PY, tet 

detrital native Au 

CCD 

sti, PY. apy: 
sp.  tet, cn. Im 
km, mar 

tel, gn. tet. sp 
PY. spy. CCP; 

[sti. native Au] 

diorite-greenstone, 
tonalite 

diorite-greenstone, 
tonalite 

diorite-greenstone, 
albitite 

diotite-greenstone, 
dadte porphyry 

diorite-greenstone, 
tonalite 

diorite-greenstone, 
albitite 

nuvial gravels 

quartz diorite 

greenstone-gabbro 

greenstone.  ribbon 
chert 

diorite 

greenstonediorite 

Developed 
prospect 

Developed 
PV3Spect 

Developed 
prospect 

Developed 
Prospect 

Developed 
Prospect 

Prospect 

Past 
Producer 

Developed 
Prospect 

Showing 

Past 
Producer 

Past 
Producer 

PrOSDeCt 

(P) 467gAu 
311 g Ag 

(P) >280009 
placer gold 
(total metal) 

(P)  2582 g Au 

38 !q C" 
1306gAg 

(P)  166122 g Au 
26064 g Ag 



MINFILEOCCURRENCES. 923114.15 
TABLE 4 

DEPOSIT  DEPOSIT 
TYPE CWRACTER ROCKS  STATUS 

METALLIC 
COMMODITIES  MINERALS 

PRODUCTION (PI 
RESERVES (R) 

MlNFlLE 
NUMBER  NAME 

HOST 

9ZJNE-032 

92JNE-033 

92JNE-035 

92JNE-037 

92JNE-039 

9ZJNE-MI 

92JNE-045 

92JNE-046 

9ZJNE-064 

92JNE-065 

92JNE-068 

92JNE-070 

92JNE-073 

92JNE-075 

9ZJNE-076 

92JNE477 

92JNE-086 

LUCkv Jem vein 
disseminations 

veins  and 
replacements 

vein 

stratabound, 
massive, 
irregular 

vein 

veins, 
disreminations 

vein 

disseminations 

lenses, pods 
(lode) 

lenses, pods 
(lode) 

veins. lenses. 
disseminations 

veins,  pods 

veins, 
disseminations. 
breccia 

lenses 
banded veins. 

veins,  pods 

veins. lenses 

massive, 
irrewlar 

Au,  Ag;  Pb, 
zn 

granodiotite Developed 
Prospect 

Developed 
Prospect 

Prospect 

Showing 

Showing 

Prospect 

Developed 
Prosped 

Showing 

Showing 

Showing 

prospect 

Showing 

Prospect 

Past 
Producer 

Prospect 

ProSCect 

Prospect 

(P) 217gAu 
2 1 1 6 g 4  
336  kg  Pb 
31 kg Zn 

Reliance 

Summit 

Wide West 

Stibnite veins 

Polymetallic vein 

Skarn 

Sb.  Au,  Ag 

Au.  Ag; Zn. Pb 

Au. Cu 

sti, apy greenstone.  ribbon 
Chert 

greenstone,  argillite, 
ribbon chert 

limestone. slate, 
conglomerate, 
granodiorite 

chert, argillite 
serpentinite 

greenstone,  ribbon 
chert, argillite 

serpentinite. chert, 
argillte, granodiode 

argillite 

serpentinite. argillite, 
ribbon  chert 

serpentinite.  argillite, 
ribbon chert 

granodiorite 

py. PO, apy, sp: gn. 
[bn. sti] 

pa. CCP 

Primrose 

Lillomer 

Lucky Strike 

Tyaughton 

4-Ton 

Blue 

Little Gem 

Vein Au,  Cu 

Hg 

Au, Ag; Zn, Cu 

Hg 

nephriteiade 

nephritejade 

Co,  Au. U; 
MO 

chrysotile 

Au. Ag: Zn 

Cinnabar 

Poiymetaiiic veins 

Cinnabar 

Nephrite Jade 

Nephrite  Jade 

Sulphide-anenide- 
oxide (hypothermal) 
veins 

Chrysotile 

Palymetallic veins 

dn. lo. sfl, apy; 
mo.  ur, ery. skt 
[sch.  native  Au] 

Mount  Penrose 

Dauntless 

serpentinite 

chert.  argillite. 
greenstone 

Minto Polymetallicveins Au, As: Pb, Cu (P) 546 115  g AU 

56436kgPb 
1 573 338 g A5 

9 674 k5 Cu 

Peeriess Polymetallic veins Au. Ag: Zn. Pb sp,  native  Au.  py. 
5n 

sti: PY. apy. SP 

mt, ccp, ma 

greenstone, argillite 

Golden 

Manners Zone 

Stibnite veins 

Skarn 

Sb:  Au,  Ag 

Au, A g :  Mo 

greenstone,  argillite 

chert, argillite, 
greens!one, dIG& 



MINFILE OCCURRENCES, 925114. 15 
TABLE4 

MlNFlLE 
NUMBER  NAME  CHARACTER  COMMODITIES  MINERALS 

DEPOSIT 
TYPE 

DEPOSIT METALLIC  HOST  PRODUCTION (PI 
ROCKS STATUS RESERVES (R) 

92JNE-089 

92JNE-092 

92JNE-095 

92JNE-099 

92JNE-100 

9ZJNE-102 

9ZJNE-105 

9ZJNE-107 

92JNE-108 

92JNE-111 

92JNE-120 

92JNE-I21 

9ZJNE-123 

92JNE-I24 

9ZJNE-127 

92JNE-129 

92JNE-130 

Whynot Stibnite veins Au. Ag shale,  conglomerate 
greenstone 

serpentinized 
peridotite, gabbro 

serpentinite,  diorite 

Showing 

Prospect 

Prospect 

Showing 

Showing 

Showing 

Prospecl 

prospect 

Past 
Producer 

Showing 

Showing 

Developed 
prospect 

Showing 

Prospect 

Showing 

Prospect 

prospect 

I 

Leckie Poiymetallic  vein 

Polymetallicvein 

Chromite 

Au,Ag: Cu, 
Pb, 2" 

Noithem 
Light 1 

Au, As vein 

Shulaps 
Range 

Taylor  Basin 

Liza Lake  A 

podiform, 
disseminated 

disseminated 

veins. pods 

serpntinized 
pendoite 

serpentinite 

quartz-carbonate- 
maripositealtered 
ultramafic rocks 
(lishvanite) 

quartzdiorite 

Chromite 

Magnesite 

Cr 

magnesite 

Northem 
Light 6 

Biliya  Zone 

Polymetallicvein vein Au.  Ag:  Cu 

A",  Ag:  Cu 

A", As: Cu 

SKam 

Polymetallic  vein 

vein,  massive. 
irregular 

vein Jewel serpentinite,  diorite (P) 3732 g Au 
404 9 Ag 
199 kg cu 

Jim  Creek 

Paul 

Nephrite Jade 

Cinnabar 

tabular.  irregular 

veinlets. 
disseminations 

disseminated to 
massive pods, 
lenses 

lenses 

vein 

nephrite 

Hg 

Au.  Cu. Zn 

serpntinite 

greenstone cn 

CCP. SP: gn. PO Massive  sulphide greenstone 

Marshall Ridge 

Commodore 

Limestone 

(mesothermal) 
Low-sulphide 

goldquartzveins 

Magnesite 

limestone 

Au. Ag 

cheit, argillite 

tonalita PY. apy 

Liza Lake E veins. pods magnesite qrrart2carbonate- 
rnariposite-altered 
ultramafic rocks 
(lishvanite) 

chelt. argillie, 
grernsione 

chert, argillie, 
greenstone.  diorite 

Kelvin Polymetallicvein vain Au, Ag Cu. Zn 

Au, Sb Hillside Zone Stibnite veins 



MlNFlLE OCCURRENCES.  92J114.15 
TABLE4 

MlNFlLE DEPOSIT  DEPOSIT  METALLiC  HOST  PRODUCTION (PI 
NUMBER  NAME  CHARACTER  COMMODITIES  MINERALS 
92JNE-I29 

TYPE 
Keivio Polymetaliic  vein  vein 

ROCKS STATUS RESERVES (R) 
A". Ag: Cu.  Zn CCP. PY. a w  chert argillite. prospect 

greenstone 

chert, argillte. 
greenstone.  diorite 

chert,  argillne. 
greenstone. 
feldspar  porphyry 

92JNE-130 

92JNE-131 

92JNE-132 

gZJNE.133 

92JNE-I34 

92JNE-136 

92JNE-139 

92JNE-140 

92JNE-141 

92JNE-149 

92JW-028 

Hillside  zone 

Lou Zone 

Howard  Zone 

Paul zone 

Norma 

senator 

Bill Miner 

Lira Lake  C 

Peridotite 
Creek 

Mudmain 

Native  Son 

Stibniteveins 

Stibniteveins 

Au, Sb prospect 

Developed 
prospect 

Developed 
Prospect 

Developed 
Prospect 

Showing 

prospect 

Showing 

Showing 

Showing 

Showing 

Showing 

PY. sti. tet. aPY (R) Proven: 
34466t: 

Probable: 
2.74 QJl AU 

897931: 
2.40 @ Au 

(R) Probable 
and Possible: 
26750%: 
11.31 $tAu 

(R) Possible: 
83444 1: 
9.6 gn AU 

veins. 
disseminations 

Au, Sb: 
As. c u  

A".  Sb: 
As. Cu 

PY. apy.  sti. tel 
[native Au] 

chert.  argillite, 

feldspar  porphyry 
greenstone.  gabbro. 

AU. Ag: 
Cu. Sb 

py.  apy, tei, sti greenstone. 
feldspar  porphyry 

Vein 

Stibnite veins 

Vein 

Magnesne 

nu,& 

Sb:  Au.  Ag 

A" 

magnesite 

vein 

veins, pods 

vein 

veins, pods 

w 
sti 

greenstone 

greenstone.  chert 

greenstone.  chert 

quark-carbonate- 
maripos'#tPaltered 
ultramafic rocks 
(listwanite) 

serpentinized  dunite 
and  harzburgite 

quark-carbonate- 
maiipositPaitwed 

(iishuanite) 
ultramafic mcks 

sandstone,  shale. 
quartz diorite 

chr  Chromite 

Magnesne 

disseminated Cr 

magnesite banded and 
comb-temred 
veins.  pods 

Polvmetallic  vein fractureantrolled 
replacement; 
quartr-calate 

A",  Cu.  Pb.  Zn 



OCCURRENCE 

MINOR MINERAL OCCURRENCES, 925/14.15 
TABLE 5 

DESCRIPTION (Metallic Minerals. Vein  Description.  Assays,  etc.) REFERENCES 

1 ccp,  sp (qtz vein) 

2 apy. (cal vein) 

3  apy (qtz-carb vein;  2.02 ppm Au over 10 cm) 

4 Cn 

5 cn 

6 sti 

7 gn,  apy,  sp  (3.80 ppm Au; 28.3 ppm Ag;  1542 ppm As;  38 ppm Sb; 375 ppm Cu; 8818 ppm P b  

1798 ppm Zn) 

8 sti, apy, sp (massive vein 20-30 cm wide  with adjacent stringers:  5.90 ppm Au;  8.9 ppm As: 3629 ppm As; 

239 ppm Sb; 71 ppm Cu;  626 ppm Pb;  582 ppm Zn) 

9 apy  (4.67 pprn Au;  4.5 ppm A% 228 ppm As: 46 ppm Sb; 249 ppm Cu; 104 ppm Pb; 6685 ppm Zn) 

10 py. gn, sp  (ALPHA  vein:  10.0 pprn Au and 8.91 ppm Ag over 1.0 m) 
11 py,  sp, gn (BETA vein: 3.40  ppm Au and  6.17  ppm  Ag over 1.0 m) 
12 apy,  py.  sp. gn (MANHATTAN vein: up to  12.0 ppm Au over 2.0 m) 
13 apy,  py,  sp. gn (NAX vein: up to 40.8 ppm Au over 1 .O m) 
14 sti.  py (OR0 A  vein: up to 13.17 ppm Au  and  16.11 ppm Ag  over  2.0 m) 

15 py. sti (OR0 E vein: up to 9.63 ppm Au,  590 ppm Ag and 0.10%  Sb) 

16 apy,  py. sti (up to 4.42 ppm Au over 9.5 m) 

17 py (5.18 ppm over 1.0 m) 
18 apy,  py. sti (up to 6.34 ppm Au over 2.0 m) 

19 apy,  py  (2.19 ppm Au over 1 .O m) 

Abbreviations:  AR = ECMEMPR Assessment Report, apy = arsenopyrite. cal = calcite, carb = carbonate,  ccp = chalcopyrite, 
cn = cinnabar, gn = galena, py = pyrite, PO = pyrrhotite, qtz = quartz, sp = sphalerite, sti = stibnite 
Sampson refers to unpublished data obtained by C.J. Sampson, 1991 

AR 9526 

AR 15399 

AR 15399 

AR 9062 

Pearson  (1975) 

AR 9062 

AR 17790 

AR 17790 

AR 17790 

AR 17062 

AR 17062 

Sampson 

Sampson 

Sampson 

Sampson 

Sampson 

Sampson 

Sampson 

Sampson 



L6801 
16803 
L8804 
18606 
L8808 
L8809 
La10 
L6811 
La12 
L8813 
La614 
L6815 
L8817 
L8622 
L8823 
La24 

LAR42 
LAR43 

2 
1 
1 

3 
1 

162 
1 
4 
3 
9 
10 
1 
7 
2 
! 
1 
1 

1 
1 

1 
1 

7 
3 
3 
3 
3 
3 

56 

220 
5 

5 
5 

c 0.5 
C 0.5 

32 

C 0.5 
750 

0.12% 
<0.5 15 
< 0.5 272 

c0.5 
0.6 4000 

12000 
C0.5 15 

C 0.5 
0.5 

1500 
66 

c 0.5 1400 
0.5 168 
0.5 

C 0.5 
422 

0.6 
1 47 
180 

<0.5 15 
C 0 . 5  
c0.5 

404 
35 

< 0.5 
0.5 

460 

< 0.5 
24 

0.5 
36 

0.3 
20 

35W 
0.2 28W 
0.2 5000 
0.2 1600 

c0.2 
0.2 1450 

241 5 
< 0.2 .20w 
< 0.2 >ZOW 
< 0.2 

0.2 
> 40W 

< 0.2 
3% 

1100 
0.2 1560 

< 0.2 230 
0.6 
1.4 
1 3  
0.4 
"9 

C l  

C l  

8 

2 

570 
12 

11 
2 

120 
3 

13 

15 
1 

13 
6 
1 
<I 
C l  

7 
2 

4 1  
3 

27 
6 
2 

12 
2 

8 
T 2  

6 
- 2  
320 
- 2  
< 2  

220 
128 

1715 
450 

156 

0.5 
8 

0.7 
1 

3 

< 0.5 
120 

0.3 

1.05 
1 

378 
0.6 

9 
0.9 

2 
3 

< 0.5 
C 0.5 

0.7 
13 

< 0.5 
3 

54 
14 

1 
1 

< 2  
< 2  

4 
< 2  
48 
< 2  
c 2  
< 2  

3 

86 
35 
15 
6 

107 
128 
36 
16 
76 

3 

38 
4 

7 

0.29 
47 

212 
6 
7 

43 
23 

77 
49 
40 
17 
55 

20 
55 

42 
42 
22 
59 
36 
10 

20 
33 

55 
6 

19 
4 ,  

3 
3 

48 
6 
4 
9 

15 
4 
6 
4 
3 
5 

26 
3 

4 
6 

50 
3 

16 
76 

19 
4 

1 
1 
1 
1 

4 
1 

7 
9 

16 
6 

5 
6 
2 

67 
3 

7 ,  .I? 

103 
93 

32 
47 

191 
62 
75 
18 

148 
6 

11 
E6 

365 
39 

220 
20 

16 

49 
15 

121 
16 
48 
60 
32 
60 
32 
33 
48 
58 
42 
58 
66 
31 
38 

138 
35 

26 
92 
22 

65 
25 

0.13% 
20 

380 
40 

23 
6 

1 07 
87 

96 
142 

0.16% 
46 
:0 
92 

0.13% 
570 

140 
2 

16 
68 

- . . .. 
qtzlarb-mrp an (fmm AR 18869) 

8 30 22 1 qtzcarb-mip a t  (fmm AR 168691 LAR46 5 1.9 181 
113 . .  _. 2 qtzerb-mm an (from AR 18869) ," 

Abbreviations:  AR = BCMEMPR  Assessment  Report. ank = ankerite. alt i: aneration. cab = carbonate, ccp = chalcopyrite, 
Im = limonite, mal = malachite, rnm = mariposite. py i: pyrite. 00 =Pyrrhotite. atL = aualtl. 

11 
36 

56 

502 

85 

271 
79 

4 
4 
2 
2 

< 5  
2 

c 5  

1 
7 
2 

fmm AR 9526 
( f rm AR 9526) 
f r o m  AR 9526 
f r o m  AR 9528 

<arb veins (from AR 13709) 
qtrlarb veins (from AR 13709) 

ank an lfmm AR 137091 

. . . . . . . . . 

diss PY (fmn AR 13709) 
a t l  vein% d i u  DY lfmm AR 19709) 

LAR data is from B.C. Ministry of Energy,  Mines  and  Petroleum Resources assessment reports. 
Analytical  Techniques: AU by fire assay  and  atomic  absorption spectroswpy: Ag. As. Sb.  Cu,  Pb. Zn, Ni and  Mo  by  atomic  absorption spedrosmpy; Hg by  nameless wid vapour  atomic  absorption 
spedmswpy. 



TABLE 7 
STREAM SEDIMENT GEOCHEMICAL ANALYSES, 92J/15 

SAMPLE  A" Ag HQ As Sb C" Pb Zl7 Ni MO W CO Ba 
(ppb) IPPm)  IpPb)  (PPm) (Ppm) (PPm) IPPm) (PPm) (ppm) IPpm) (ppm) (PPm) ( P P ~ I  

S811022  3  0.1 10 21.5  1.0 48 1  1  1  23 770 
S811023 4 0.2 

68 
10 

280 
19.0 

S811030 
1.0  49 1 68 260 

32 0.1 
2 

90 
1 

45.0 5.0 13 
24 800 

5811031 16 
4  100  110  2  1  24  790 

0.4  80  55.0 
S811032  33  1.1 

4.2 
110  132.5 

52 14 105  300  2 1 32 650 
13.8 110  12 

S811033  25  180  53.5 
200 

0.2 
240 6 1 

4.4 
35 1400 

62 
S811034 

4  100  235 
8 0.1 

2 
70 

1 29  1100 
18.0  1.8  63  2  92  260 

S811035 10 0.1  170 
1 1 29  1100 

95.0 5.8 
S813034  4  0.1 

45  3 
70  24.0 

74 90  1  16  550 
2.6 

1 
63 

S813035 11 
1 75  475 

0.1  40  38.5  1.2 
1 1 28  240 

S813036  4  0.1  40 
46  1  59  158  1  1  19  480 

6.0 0.8 50 1 37  248 
S813037 11 

2 
0.1  240  132.5  8.0 

1 
50 

17 390 

S813039 
5 60 53 

5 0.1  70 
5 3 

5.5 0.8 
13  790 

46 
S813040 

2  78 
4 

370 
0.1 80 

2  1 
3.0 

33 
0.6 

990 

S813042 6 
45 

0.1 1650 
2 

12.0 
89  275  2 1 

3.0 
25  1100 

49 
S813043  7 

1 
0.2  1400 

93  420 
14.5 

2 
4.2 53 

1 35  1800 

S813044 
4 

2 
96  114  1 

0.1  160 
1 

4.5 
26 680 

6.0 32 
S813045  8 

2 
0.2 

58 82 1 14 550 
410 

1 
16.0 

Sa13046 9 
2.2 

0.2 230 
60 3  115  2  1  28  1600 

16.5 
162 

2.0 
S813048 10 0.1  140  21.5 

79 5  120  171 3 1  29  1500 

S815015 10 0.1 
1 .o 41  1 64 190  3  1 17 500 

20  14.5 
S815016 

0.4 25  1  26 48 
0.1 10 

1  4 6 350 
16.0 

S815017 
40 

7 
4 

0.3 
80 38 2 12 

80 19.0 
8 

3.0 
S815018 

56 
2 0.1 

1  105  100 2 
50 2.0 

1 
0.4 

18 
28 

51 0 

S815019 
1  25 8 

2 0.3  480 
1  1 

12.0  3.8 60 
5 670 

S815020  2 
2 

0.3 
145 

70 
24  1  1  12  1400 

7.0 
S815023 10 0.4 130 55.0  4.2 

1.0 43  1 86 15  1  1 11 200 
49 

S815024 16 0.4  150 
1 

75.0 
94  850  2  1  53 

11.2 
520 

S815025  22 
68 5  125  135 

0.3 60 83.0 
3 

5.6 
1  27 

80 
630 

S815026 8 
4 

0.2 
115  165 

190 15.0 
5 

2.6 
1 30 

50 
520 

S815027 
1  91  630  2 

21 0.2  140  73.0 
1  43  740 

15.0 
S815028 

€6 
7 0.3  30 

6 
5.5 

115  230 2 1 30 720 

S815029 
0.8 44  2 56 980 

2 0.3 90 
1  1 

3.0  0.4 
55 100 

39 
5815030 

1  74 680 
2 0.2 130 3.5 

1 
0.4 

1  48  420 

5815116 
37  1 

4 0.1 250 82.5  1.4 55 1 28  490 
72 

1 
680 

115 
1 

280 
1 

1 
96 420 

Data for most elements are from Reqional Geochemical SuNey EC RGS-9,1981: Ag. Cu. Pb, Zn. Ni, Mo and Co by atomic absorptim spectmsrnpy: Hg by flameless 
cold vapur  atomic  absorption  Spectroscopy: As by hydride generation atomic  absorption  spectroscopy: Sb by HCI digestion wnh organic exiraction followed by atomic 

Au and Ba data extracted from Regional Geochemical SuNey  BC RGS41,1993, which re-analysed sediment  pulps saved from the 1961 program  using  instrumental 
absorption  spectroscopy: W by mlourimetric determination using fusion followed by organic  extraction. 

nel*:cn  ac:ivstioii. 

NO. 



TABLE 8 
MOSS MAT GEOCHEMICAL ANALYSES, 92J/14,15 

S M P L E  Au As Sb C" Pb MO W CI pt 
NUMBER 

A9 H9 Z" Ni 
( Pb (ppm) (PPb)  (PPm)  PPm) m l  (ppm ( (PPrn) (PPm b 

M88 34 
M88  35 
M88  37 
M88 38 
M88 39 
M88 40 
M88 41 
M88 42 
M88 43 
M88 44 
M88 45 
M88 46 
M88 47 

M88 49 
M88 48 

M88 50 
M88 51 
M88 52 
M88 54 
M88 55 
M88 56 
M88 57 
M85  58 
M58 59 
M88 80 
M88 51 
M88  52 
M88 63 
M88 €4 
M88 65 
M88 66 
M88  67 
M88 68 
M88 69 
M88  74 
M88 75 
M88 78 
M88 77 
M88 78 
M88  79 
M88 80 

M88 82 
M88 81 

M88 83 
M88 84 
M88  85 
M88 86 
MRR 87 

2 
4 

212 
3 

592 
1M 

2 
2 

11 
3 

68 
1 
I 

204 
1 
1 
2 

10 
8 
3 

I 4  
1 

1103.1 
3 

1 347 
13 

57 
4 

11 
3 

3 
2 

28 
4 

133 
12 

225 
1 
7 
9 

105 
2 

21 
3 

13 
3 

1 

0.2 
0.1 
0.2 
0.2 
0.4 
0.2 
0.2 
0.1 
0.2 
0.2 
0.3 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.3 
0.1 
0.4 
0.1 
0.4 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.3 
0.3 

0.1 
0.2 

0.1 
0.1 
0.2 
0.1 

0.4 
0. I 

0.1 
0.1 
0.1 
0.1 
" 4  

155.9 
90.7 

82.3 
8.9 

15.6 
3.7 

10.1 
17.5 
3.7 
5.5 
4.7 
3.4 

20.9 
5.4 

20.4 
11.6 
33.3 
37.2 

156.8 
8.3 

101.9 
e47 
5.1 
7.3 

23.9 

20.2 
11.8 

15.5 

362 
3.5 

15.1 
47.0 
57.5 

11.3 
4.9 

116.8 

27.5 
13.0 

2B8.0 
36.2 

143.2 
32.7 

110.7 
39.4 

3.0 
5.9 

10.3 
2.2 

13.2 
9.3 
1.0 
2.3 
4.1 
1.5 
1.6 
0.7 

0.8 
1.2 

0.7 
1 .o 
1 a 
0.7 
2.4 
4.6 
2.7 
3.3 
2.8 
3.3 
1.3 
1.4 

2.6 
1.0 

0.8 
0.8 
1.3 
0.5 
0.7 

5.7 
1.2 

7 2  
1 .o 
1.6 
1.7 
1.2 
1.5 

2.6 
2.5 

2.5 
3.0 
1 .o 
6.1 
0.2 

74 
43 
40 
92 
ea 
ea 
33 
27 
58 
49 
37 
23 
25 

36 
56 

38 
46 
56 
74 
39 
47 
40 

108 
63 
78 
53 
49 
72 
52 
33 
M 
29 

240 
30 

50 
€a 
27 
M 
XI 
82 
59 
71 

111 
62 

121 
76 
31 
23 

14 
7 

8 

24 
I 3  

18 
3 
3 
7 
3 

10 
2 
8 

6 
2 

9 
4 
4 
8 

4 
2 

5 
4 
9 
7 
2 
5 
9 
3 
2 
2 
7 
4 
5 

11 
4 
2 
8 

I1 
5 

5 
5 

10 
2 

17 
5 
5 

1 67 
57 
62 

117 
147 
102 
83 
37 

117 
97 

167 
81 

58 
80 
72 
60 
49 
49 

743 
136 
56 
50 

152 
141 
113 
105 
89 
71 
35 
34 
53 
36 
47 
51 

1 02 
135 

2 s  
86 

134 
78 

86 
92 

229 

234 
134 

115 
48 

119 
39 

155 
271 
198 
103 
73 
35 

101 
34?6 
103 
58 
560 

519 
477 

603 
515 
262 

1085 
268 
1M 
41 

322 
90 

275 
47 

298 
270 
578 
57 
41 
9 

311 

225 
146 

251 
777 
98 

759 
973 
280 
298 
110 
284 
1  02 
53 

19 
6 

2 
3 
1 
3 
3 
1 
1 
1 
1 
1 
1 
1 
I 

1 
1 

1 
1 

2 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 

2 
1 

1 
2 
1 
4 
I 
2 
I 
1 
5 

2 
1 

1 
1 
1 

2 
5 
1 
1 
1 
1 
1 
2 
1 
I 
1 
1 
1 

1 
1 

2 
1 

2 
1 
1 
1 
1 

2 
1 

5 
1 

2 
I 

1 

3 
1 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
4 
2 
1 
1 

33 
73 

158 
155 
158 
88 
11 
20 
82 
23 
85 
51 

188 

556 
353 

293 
571 

493 
274 

1 02 
109 
35 

218 
25 

2 M  
43 

248 

282 
101 

40 

65 
34 

125 
82 

227 
1 72 

50 
717 
498 

In 

351 
28 

191 
28 
30 
8 

1 
1 
1 
2 
2 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
2 
4 
1 

41 
1 
1 
1 

2 
1 

1 
2 
2 
2 
5 
1 
1 
1 
1 
1 
1 
3 
3 

5 
1 

5 
3 

1 
1 

1 
1 
1 
1 
1 
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SYMBOLS 

Sulphids-arsenide-oxide  (hypothermal)  veins ........ ..A 

Low-Sulphide  (mesothermal)  gold-quartz  veins ......... 0 

Porphyry  copper (f molybdenum) .................................... 0 

Porphyry  molybdenum ............................................................. @ 

Polymetallic  veins ............................................................... 0 
Skarn ........................................................................................... D 

Slibnite Veins ................................................................................. 

Scheelite~stibnite  veins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 

Cinnabar (t s t l bn i td  veins and  disseninations ........ 

Disseminated  (epithermal)  gold ....................................... * 
Placer  gold ............................................................................ ..........x 
Bog iron ........................................................................................ +% 

Miscellaneous  prospects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..+ 

Minor mineral  Showings  (not i n  MiNFILE) ....................... x 

Stream  sediment Sample location ................................... + 
Lithogeochemical  sample  location ..................................... + 
MOSS mat s a m m  location ................................................... + 

Figure 52. Minemi occurrences  and geochemicai sampie  sites  in the  Bridge iiiver map area. 



TABLE 9 
MlNFlLE OCCURRENCES, 92J116 

MlNFlLE 
NUMBER  NAME  TYPE 

DOMINANT 
METALLiC  HOST DEPOSIT DEPOSIT 

CHARACTER  COMMODITIES  MINERAL  ROCKS  STATUS 
PRODUCTION (P) 
RESERVES (Rl 

Spokane 

Rhodes 

Eagle 

Birkenhead 

HDrSehOe 
Bend 

Red  Eagle 

Moha 

Marshall 
Creek 

Broker Hill 

Shulaps 

Jones 

Alpine 

Shulaps 
Mountain 

Horseshoe 
Bend 

King 

Cub 

Lisa Dawn 

Au, As: Cu, 
Bi 

92JNE-034 

92JNE-040 

92JNE-062 

92JNE-063 

92JNE-074 

92JNE-078 

92JNE-083 

92JNE-085 

9ZJNE-087 

92JNE-088 

92JNE-091 

92JNE-101 

92JNE-112 

92JNE-117 

92JNE-126 

92JNE-146 

92JNE-148 

Polymetaliic  vein vein SP. PO. PY 

Aul 
[native  Bi.  native 

granodiorite. 
hornblende  feldspar 
POrPhYry 

iime5tone. 
ribbonchert. 
argillite. ganodiwite 

greenstone 

serpentinlte.  ribbon 
chert granodiorite 

fluvial  gravels 

Prospect 

Showing 

Prospect 

Past 
Producer 

Pest 
Producer 

Developed 
Piospect 

Showing 

Prospect 

Prospect 

Showing 

Showing 

Showing 

Showing 

Showing 

Showing 

Prospect 

Prospect 

Poiymetaiiic vein vein Au.  As; Cu w. Po;  CCP 

Cinnabar 

Nephrite  Jade 

Placer 

veins. 
disseminations 

tabular  lode 

alluvial 

Hg 

nephrite  jade 

A" 

cn: PY (P) 172 kg Hg 
(R) see 92JNE-078 

(Pi 100 kl 
nephritejade 

(P) > 31290 9 
placer  gold 
(total mecalj 

(PI 232 kg Hg 
(R; s4i7S2 i at 

(includes reserves 
10.2 kglt Hg 

for92JNE-062) 

(P)  319 Au: 939 Ag 

detrital native Au 

cn Cinnabar veins. 
disseminations 

Vein 

Vein 

Polymetaliic vein 

Vein 

veins, 
disseminations 

veins. 
silicified zones. 
fractured zones 

vein 

lenses 

Stockwork. veins. 
disseminations 

fracture surface 
slipdbres 

auuvki bouiders 

vein 

Stockwork. 
disseminations. 
reins 

Stockwork, 
disseminations. 

greenstone 

chert.  argillite, 
greenstone 

Chert-quaene. Slate. 
granodiorite. 
porphyritic  dacite 

Vein 

LignRe coal 

Porphyry 

Chrysotile 

Nephdte  Jade 

Palymetailic  vein 

Porphyry 

A". Ag: Cu 

lignite 

MO 

chrysotile 

nephrite 

Au.  Ag:  Pb. Zn 

Ma, Au, Cu 
(Bi, Pb] 

Mo.  Cu. Au 

argillite.  serpentinite 

shale.  sandstone. 
dacitic tuff 

granodioite 

serpentinite 

serperninfie 

PY. PO 

ma: ocp 

chert.  siltstone. 
gmodiorite 
granodiorite 

Porphyry granodlaRe 

Abbreviations:  apy = arsenopyriie. ccp = chalcopyrite. cn = cinnabar, gn = galena, ma = molybdenite, py  = pyrite, po = pyrrhotite. sp = sphalerite 
wins 



Ministry of Empkyment and In vestment 

MINOR  MINERAL  OCCURRENCES,  92J116 
TABLE 10 

OCCURRENCE  DESCRIPTION (Metallic Mineral, Vein Description, Assays. etc.) 
NO. 

REFERENCE!; 

1  apy (5 ppb Au; 0.2 ppm Ag; 3000 ppm As: 0.3. ppm Sb) 
"_ 

2 apy ( 30 ppb Au;  0.1 ppm Ag: 700 ppm hs; 0.5 ppm Sb) 
AR 15397 
AR 15397 

apy(6300ppbAu:ll.2ppmAg:z10000ppmAs26.0ppmSb) AR 15397 
apy.mal(510ppbAu;0.1ppmAg;~10000ppmAs;3.8ppmSb) AR 15397 

6 
AR 15397 

7 
apy (960 ppb Au; 0.6 ppm Ag; > 10 000 ppm As; €4.0 ppm  Sb) 
apy(50ppbAu:O.lppmAg;5400ppmAs1.6ppmSb) 

AR 15397 
AR 15397 
AR 15397 

10 
AR 1.5445 

11 
apy, ccp ( c 10 ppb Au;  9 ppm As: 85 ppm Cu) AR 11758 
ccp (30 ppb Au; 14 ppm As > 10 000 ppm  Cu) AR 11758 

13 
AR 11758 

ccp ( < 10 ppb Au: 24.0  ppm Ag; 150  ppl)  Hg;  6 ppm As: 1.2. ppm Sb: 7500 ppm Cu: 4  ppm Mo) AR 11758 
14 apy. cpp (60 ppb Au; 0.8 ppm Ag; 10 ppb Hg; 340 ppm As: 0.7 ppm Sb: 180 ppm Cu; 15 ppm Pb: AR 11758 

15 
16 

3 
4 
5 apy(1650ppbAu;0.7ppmAg;~10OOOppmAs;15.8ppmSb) 

8 apy (370 ppb Au;  0.1 ppm Ag; > 10 000 ppm As; 16.6. ppm Sb) 
9 rusty qlz vein (2120 ppb Au) 

12 apy ( < 10 ppb Au; 2 ppm As 50 ppm  Cu) 

79 ppm Zn; 4 ppm Mo; 45 ppm W) 
cn Stevenson  (1943) 
placer AU (production:  1906 to 1910: 6514 g; 1931-1935:  446 g; Total 6960 gnu) Holland(1950)~& 

Abbreviations: AR = BCMEMPR  Assessment Report. apy = arsenopyrite. ccp = chalmpyrile. cn = cinnabar. mal = malachite; qtr = quam 

LITHOGEOCHEMICALANALYSES, 92J116 
TABLE 11 

NUMBER 
SAMPLE  AU & As Sb 

(ppb) (PPm) (ppb) (PPm) (P m 
C" Pb Zn Ni MO 

L8818 1 < 0.5 e10 25 I 
L6819 2 c 0.5 

5 
62 

3 15 48 4 qkvein.lm 

L8620 1 
L8621 1 

0.5 
< 0.5 

179 22 0.5 
93 398 1 

480 
930 

46 294 315 
29 340 540 

<6 d m p y  
6 dww 

Ha 
(PFm)  (PP m) @pm) (PP m) (ppm) DESCRIPTION 

5 e0.5 0.37%  0.11%  31 17 -5 qk _in. py. s c p ,  nul. az 

L6827 4 
L6902 21 

c 0.5 
< 0.5 

4 0  7 1 222 
288 3 

3 40 54 <6 mal, w 

16903 12 0.5 
3 12 <6 27 0.17% qtze,mrpan 

L89W 4 < 0.5 2300 
5104 6 

21 
2 
7 

<6 24 0.13% 4 qbcarb-mrpan 

.. 

28 l2 8 79 26 



STREAM  SEDiMENT  GEOCHEMICALANALYSES. 92J116 
TABLE 12 

SAMPLE 
NUMBER (ppb)  (ppm)  (ppb)  (ppm) 

MO W co Ba 
(ppm) (ppm) (ppm)  (ppm)  (ppm)  (ppm) (ppm) 

?9 
(ppm) 

6W 

A" ns H9 AS Sb C" Pb Z" Ni 

300 58110  24 8 0~3 90 20 5 12 1 1 
(ppm) 

4 R  2 95 
58110  52 
58110 60 
58110  62 
48110  63 
58110 64 
58110  65 
58110 66 
58110  67 
S8110 68 

.~ ~ ~ 

581  10  69 
581  10  70 
581  10  71 
581  10  72 
58130  10 
S8130 11 
58130  12 
58130 13 
58130  14 
58130  15 
S8130 16 
58130  17 
58130  I8 
58130  19 
58130 20 
58130  49 
58130 50 
58130 51 
58130  52 
58130  53 
58130 54 
58130  55 
56130 56 
S8155  96 
S8155  97 
S8155  99 
58156 00 
58156  02 
58156  03 

3 
2 
5 
2 
4 
4 
6 
2 
2 
3 

10 
3 

2 
2 
2 
3 
2 
2 
2 
13 5 

36 

27 
3 

6 
2 
5 
9 
3 
2 
3 
7 
5 
6 
7 
3 
2 
6 
2 
5 

0.1 
0.1 
0.2 
0.4 
0.4 
0.2 
0.2 
0.4 
0.3 
0.2 
0.2 
0.1 
0.4 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 
0.2 
0.1 
0.3 
0.3 

~~~ 

0~3 

~~ 

10 
10 
30 
30 
20 
20 
20 
120 
70 
30 
80 
20 

870 
40 

120 
90 
80 
180 
40 
40 
60 
30 
30 
30 

140 
30 

260 
610 
120 
100 
100 

160 
40 

50 
20 

20 
10 

20 
10 

20 

12.5 
21.5 
19.5 
18.0 
14.5 
18.0 
8.5 
3.5 
7.5 
7.5 
7.5 
5.0 
8.5 
7.0 
5.5 

11.5 
5.5 

26.5 
4.5 

18.0 
17.5 

17.5 
8.5 

15.0 
7.5 
11.5 
18.0 
10.0 
5.0 

14.5 
7.0 

35.5 
9.5 

13.5 
9.5 
8.0 
7.5 
7.5 
1 5  

0.6 
0.6 
0.2 
0.6 
0.6 
0.8 
0.2 
0.6 
0.6 
0.6 
0.6 
0.1 
1.8 
1.8 
0.6 
0.8 

0.6 
1.0 

1.2 
1.0 
1.2 
1.0 
1.2 
1.8 
0.8 
1.2 
2.2 
1.2 
0.4 
0.4 
0.4 
1.0 
1 .O 
1.0 
0.4 
0.2 
0.4 
0 ~ 2  

41 
86 
49 

105 
56 

90 

40 
92 

45 
60 

47 
65 

43 
26 

53 
24 
24 
30 
23 
46 
50 
55 
40 
50 
54 

82 
36 

150 
82 
86 
38 
39 
45 
56 
20 
45 
20 
18 
30 
rn 

.. 
4 
3 

1 
3 
2 
3 
1 
1 
4 

4 
5 

3 
5 
1 
1 
5 
5 
2 
2 
2 
2 
5 
3 
1 
5 
12 
6 
1 
I 
3 
6 
1 
1 
1 
1 
1 
1 
1 

85 
89 
87 

115 
95 

120 
120 
110 
89 
125 
103 
90 
70 
135 
1 50 
80 
60 
93 
75 
74 
70 
86 

20 
94 

66 

115 
86 

165 
92 
120 
50 
75 
92 
97 
42 
36 
33 
30 
42 
M 

.. 
405 
175 
140 
150 
160 

." 

90 

40 
90 

240 
150 

235 
160 
50 
21 
54 
830 
800 
345 
37 
430 
230 
360 

222 
195 

73 

101 
39 

75 
70 
72 
17 

650 
50 

340 
800 

1300 
300 

1300 
1150 
1s 

3 
3 

3 
1 

2 
3 
4 
2 
2 
2 
2 
2 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

4 
2 

10 
2 
3 
1 
1 
2 
3 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
! 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

-~ 
35 
28 
21 
17 
32 
27 
26 
10 
23 
24 
27 
27 
12 
16 
17 
45 
45 
28 

35 
1 1  

27 
35 
25 
28 
17 
15 
20 
21 

43 
32 

9 

49 
13 

30 
40 
29 
55 
52 
59 
6 

600 
570 
790 
650 
450 
690 
670 

. .. 

410 
270 
940 
830 
800 
600 
600 
820 
360 
280 
590 

4M 
690 

660 
610 
800 

1300 
810 

1100 
1500 
2400 
3 M  
190 
310 
760 
550 
810 
290 
100 
1W 
120 
1M 

~~ 

58156  04 
58156 05 
58156 06 3 0.2  70  7.5  1.2 

0.2 
32 

Data  for  most  elements are from  Regional  Geochemical  Survey EC RGS-9, 1981: A g ,  Cu,  Pb.  Zn,  Ni. Mo and  Co by  atomic  absorption  spectroscopy;  Hg  by  flameless  cold  vapour  atomic 
absorption  spectroswpy; As by  hydride  generation  atomic  absorption  spectroscopy;  Sb  by HCI digestion  Wilh  organic  extraction  followed  by  atomic  absorption spectroswpy; W by 
colourirnetric  determination  using  fusion  followed by organic  extraction. 
Au  and Ba  data  extracted  from  Regional  Geochemical  Survey EC RGS-41, 1993, which  re-analysed  sediment  pulps  saved  from  the  1981  program  using  instrumental  neutron  activation. 

~ ~ ~ . .  
... 
0.2 

. " 
.. ._ _ .  .- 

3 150  23 1 9 570 1 
650 



MOSS MAT GEOCHEMICAL ANALYSES, 92J116 
TABLE 13 

SAMPLE Au As Hg As Sb c u  Pb Zn Ni Mo W Cr R 
NUMBER (ppb) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (wm) (ppm) (wm)  (ppb) 

M8835 202 0.4 20  23 2 91 14 66 456 1  1 440 2 

M8853 592 0.3 34 2  83 9 132 1  06 2 1 104 1 

M8870 5 0.2 16 2 101 15 161 97 5 1 72 1 

M8871 6 0.3 17 2  130 15 169 65 11 1 29 1 

M8872 1 0.1 6 2 82 7 119 69 1 1 83  1 

M8873 1 0.2 11 2  98 3 105 72 1  1 91 1 

Samples were collected by staff of the  B.C.  Geological  Survey Branch, and analyses  performed  by Acme Analytical Laboratory Ltd., Vancouver,  6.C. Au  and R by 
fire assay and mass spectroscopy;  Ag, As. Sb.  Cu. Pb,  Zn, Ni, Mo. W and Cr by  ICP spectroscopy; Hg by flameless cold vapour  atomic absorption spectroscopy. 



British Columbia " 

APPENDIX 11 

Mineral Occurrences, Lithogeochemistry, Moss Mat Geochemistry and Regional Stream Geochemistry 
of the Noaxe Creek and  Big Bar Creek Map Areas 

270 Geological Survey Branch 
" 



figure 5% iviinerai occurrences and geochemicai  sample sites in  the Koaxe Creek and Eig Bar Creek map areas. See Figure 52 for iisi of sym30:s 



TABLE 14 
MINFILE OCCURRENCES, 920/1,2 

MINFILE DEPOSIT 
WMBE,? N K E  

DEPOSIT 
TYPE 

DOMINANT 
CYAWCTE8 C3:.::r:OCl7iES :r:zr. :dlNEwLs iioci(s D l A l U D  RESEKVZS (2) 

HOST  PRODUCTION  (P) 

920412 

920-013 

920-014 

920415 

920-017 

920-018 

920-020 

920-023 

920-026 

920-030 

920-046 

920-iri7 

Elizabeth- 
Yalakom 

Blue  Creek 

Sunny 

Apex 

Silverquick 

Tungsten 
Queen 

Tungsten 
King 

Manitou 

Robson 

Poisonmount 
Creek 

Poison 
Mountain 

aig Sheep 
Mountain 

Low-sulphide 
(mesothermal) 
gold-qualtrveinr 

Nephrite  Jade 

Magnesite 

Cinnabar 

Cinnabar 

Scheelte- 
stibniteveins 

Scheelie- 
stibnite veins 

Cinnabar 

Polymetailic 
veins 

Disseminated 

add 
(epithermal) 

botryoidal  pods 

banded  and 

veins 
wmb-textured 

lenses, veinlets, 
disseminations 

disseminations. 
lenses. smears 
on fault planes 

banded. crustifid 
and  comb-textured 
veins 

banded  veins 

veins, 
disseminations, 
smears  along 
foliation 

veins and seams 
of solid sulphide 

allwial 

stockwork, 
disseminations. 
veins 

disseminations; 
veinlets 

Au.  As: 
Pb. Zn 

nephtitejade 

magnesite 

Hg 

Hg 

W, Sb.Au 

W Sb 

Hg 

Au,  As; 
Pb. Zn. Cu 

A" 

Cu. Mo.  Au 

A":  Ag 

apy. PY.CCP. gn. 
sp,  native  Au; 
p a ,  mt,  mo. 

cn 

m 

sch: sti [ml 

sch;  sti [cn] 

cn 

detrital native Au 

PY. ccp. mo. bn. 
c c ,  N. 

py: tet, Im 

porphytitic quartz diode 

serpentinite  melange: 
talc-silicate alteration 
zones 

qualtr-carbonate- 
mariposite-altered 
serpentinite  (listwanite) 

qualtr-carbonate- 
mariposite-altered 
serpentinite (llshvante) 

chert-pebble  conglomerate, 
sandstone.  shale 

quarkcarbanate- 
matiposite-altered 
serpentinite  (listwanite) 

limestonedolomite: 
listWan$e 

foliated  greenstone: 
contacts between 
greenstone  and  chert 

granodiorite and 
related  porphyrRicdikes 

fluvial  gravel 

hornblende-biatiie quaitz 
diorite and granodiorite. 
biotie hornfels 

quartzfeldspar 
parphyritio rhyolie 

Developed 
Prospect 

Showing 

Showing 

Prosped 

Past 
Producer 

Past 
Producer 

Past 
Producer 

Past 
Producer 

Developed 
Prospect 

Past 
Producer 

developed 
prospect 

Prospect 

(P) 1559Au; 155gAg: 
24 kg Pb: 8 kg Zn: 
[from  Ellzabeth  veins] 

(PI 3247.5 kg Hg 

(P) 7896 kg WO, 
concentrate 

(P)  1.8 kg WO, 
concentrate 

(P)  2208 9 Au 

2640 kg Pb 
18071  g Ag 

1+14393 kg Cu 

(P) 2644 g  placer  gold 
(total metal) 

(R) m a  52s ow t: 
0.23% Cu. O.w7% Mo. 
0.122gItAu 



MlNFlLE DEPOSIT DEPOSIT 
NUMBER NAME 

DOMINANT 
N P E  CHARACTER 

HOST 
COMMODITIES  MET. MiNERALS 

PRODUCTION (P) 

920.056 Eva Stibnite veins 
ROCKS 

veins, 
STATUS 

Au,  Sb: 
RESERVES  (R) 

disseminations 
sti. spy,  bsmn. 

Cu. Bi 
mnglomerate, sandstone, 

CCP. PY 
Prospect 

siltstone, feldspar porphyry 

920.059 

920-064 

920.065 

520656 

Mugwump Cinnabar disseminations:  Hg: Sb c n ;  sti 
veinlets 

chert- pebble 
mnglomerate; qua*- Prospect 
carbonatemariposite 
altered serpentinite 
(lishvanite) 

Developed 

XYZ Porphyry disseminations. Cu, Mo. Au CCP. mo: apy. qua*-feldspar  porphyry. Showing 
veins SP. PO. horneblende-feldspar 

porphyry.  sandstone,  shale 

ABC Porphyry disseminations C" 

Noaxe Creek Magnesite irregular 
pods, veins 

magnesite 

CCP. PY. PO qua*-feldspar  porphyry. 
homeblende-feldspar 
porphyry.  sandstone.  shale 

quartz - carbonate - 
marioosite-altered 

Showing 

Showing 

serientinite (iistwanite) 

Abbreviations: apy = anenopyrito, bl5 = boulange~e, bn = bornite, bgmn = bismuthinite, oc E chakmite, a p  = chalcopyite, cn = cinnabar, 
N = covellhe. ga = galena, jm = jamesanite, Im = limonite, mo = molybdenite, pa = pyrrhotite, py = pyrite,  pya = pyrargyrite, s th  = scheelite, 
sp = sphalerite, sti =stibnite. tet 5 tetrahedrite, 



TABLE 15 
MINOR MINERAL OCCURRENCES, 920/1 ,2  

OCCURRENCE ESC!?!P?!O?! 
NO. 

EEFEREXCES 

1 aPY (275 ppb Au)  AR 1 1037 
2 apy,  sp, PO, tet (DDH RYC.OO1: up to 1 ppm  Au  over 5.0 met! 

CCP, mo 
4 CCP, mo 
5 CCP AR 8866 

3 
AR 18780 
AR 8866 
AR  8866 

6 
7 

SP 

CCP 
AR 8866 
AR 4597 

8 CCP AR 4597 
9 cn AR 1916 
10 cn 
11 
32 

cn 
cn 

13 sti. apy (2700 ppb  Au; 1.5 ppm  Ag; 4167 ppm  Sb)  AR 14932 
14 wo  (skam) 
15 sti.  apy (4500 ppb  Au; 0.9 ppm  Ag; 8812 ppm  Sb) 

AR 17331 

17 spy, SP 

AR 14932 

18 
AR 5659 

PF 
Leech (1953) 

PF 

apy  AR 5659 

apy  AR 6002 

pn I PO 

19 spy, CCP 
20 
21 
22 
23 
24 

cn  Stevenson (1940) 

25 
cn  Stevenson (1940) 
cn AR 10948 

26 sp,  ccp (IO ppb Au; 23.2 ppm Ag) AR 10925 

AR 6002 

sti (7 cm  wide  vein) AR 5659 
Church and Maclean (1987~) 

Abbreviations: AR = BCMEMPR  Assessment  Report, PF = BCMEMPR  Property  File,  apy = arsenopyrite, 
ccp = chalcopyrite. cn =cinnabar, mo = moiybdenite. pn = pentlandite, PO = pyrrhotite,  sp = sphalerite, 
sti = stibnite,  tet = tetrahedrite,  wo = wollastonite 



TABLE 16 
LITHOGEOCHEMICAL  ANALYSES, 920/1.2 

S.A"WLE PI? A.9 u: .As Sh cu Ph 
NO. 
L8701 

(ppb) (ppm) (ppb) 
zn Ni uo w 

(ppm) (ppm) (ppm) (ppm) (ppm) (pp 
7 

m) DESCRIPTION (ppm) (ppm) 
R O  <0~5 600 63 2 31  9s  115 a n  @-=arb vein -~ ~ 

L8702 
L8703 
L87W 
L8705 
LE706 
L8707 
L8706 
L8709 
L8710 
L8711 
L8712 
L8713 
L8714 
L8715 
L8716 
L8717 
L6718 
L8719 
L8720 
L8721 
L87Z 
L8723 
L8724 
L8725 
L8726 
L8727 
L8728 
L8729 
L8730 
L8731 
L8732 
L8733 
L8734 
L8735 
L8736 
L8737 
L6738 
Le139 
L8740 
L8741 
L8742 

c20 

c20 
31 

QO 
<20 
<20 
21 

c20 
c20 
c20 
c20 
c20 
'20 

62 
21 

c20 
23 

c20 
e20 
e20 
QO 

c20 
30 

<20 
QO 
Q O  
36 

<20 
<20 
<20 
e20 
<20 
<20 
s20 
<20 
c20 
c20 
<20 
e20 

c20 
26 

~~ 

c0.5 
<0.5 
4.5 
c0.5 
4 5  
4.5 
4 . 5  
c0.5 
4 . 5  
c0.5 
4.5 
4 . 5  
c0.5 
4 . 5  
4.5 
4 5  
4 5  
c0.5 
4.5 
4.5 

4 . 5  
<OS 

c0.5 
c0.5 
4 .5  
4 . 5  
4.5 
c0.5 
s0.5 
4.5 
4 . 5  
4 . 5  
c0.5 
4.5  
4 . 5  
4 . 5  
4.5 
c0.5 

4.5 
4.5 

4.5 

.~~ 
725 
810 
515 

120 
110 

3400 
20 

29 
30 

20 
25 
10 
62 

17WO 

1880 
15 

130 
43 

830 
10 

4 0 
25 

4 0  
300 
323 
231 
30 

-40 
52 

32 
1350 
172 
15 
92 
60 

4 0  
16 

310 
30 

380 
2750 

22 
11 
15 
13 
6 

10 
3 
8 

11 
6 
5 
2 
1 

133 
10 
18 
3 

27 
1 

22 

3 

.. 

d 9 

3 
3 

24 
12 

22 
41 

430 
16 

5 
5 
3 
5 
6 

11 
2 

1 
4w 

2 

- 
10 
4 

0. 9 
3 

<0.5 
7 
2 
0 

10 
5 

<0.5 
0.7 

<OS 
820 

5 
6 
1 

c0.5 
18 
7 
2 

C0.5 
1 

0.9 
0.5 

<0.5 
0.6 

q0.5 

0.5 
5 

26 
<0.5 

0.5 
0.5 
0.7 

g0.5 
0.5 

c0.5 
0.5 
43 
3 

20 
24 
22 

400 
173 
40 
14 
4 
5 
3 

18 
5 
7 

257 
5 

30 

41 
23 

36 
27 
74 
90 
13 

299 
5 

32 
9 

43 
7 

43 
34 

107 
257 

135 
35 

17 

31 
3 

45 
10 
5 

24 
8 
3 

12 
3 
8 

43 
3 

c3 
23 
c3 

c3 
3 

-3 
-3 
7 
4 
4 

180 
5 

6 
4 

c5 
22 
4 

12 
7 

9 
6 

13 
9 

1 
5 
9 
9 

F5 
-6 
<5 
c5 
c5 
c5 

200 
43 
36 

20 
12 

58 
27 
21 
28 
20 
40 

30 
10 

32 
28 
82 
83 

760 
115 

54 

28 
34 

38 
34 
10 
72 
e4 
50 
81 
99 
63 
33 

74 
15 

70 
54 
20 
30 
64 
25 
33 

~- 
61 
13 

25 
37 
12 
57 
25 

0.14% 
0.16% 
0.10% 
0.14% 

730 
0.12% 

530 
7 

190 
34 
18 
12 
5 
3 

15 
0.11% 

4 
43 
20 
4 
2 
CJ 

20 
22 

43 

25 
7 

0.15% 
33 

0.17% 
0.11% 

8W 
182 

0.15% 

<lo 
SI0 
<IO 
ClO 

SI0 
<lo 
<IO 
<lo 
<IO 
C10 
C10 
<IO 
1 0  
c10 
<IO 
SI0 

4 0  
C10 

<IO 
<IO 

<IO 
d o  

<lo 
SI0 
*IO 
<10 
C10 
C10 
4 0  
<IO 
<lo 
<IO 
4 0  
<IO 
ClO 

4 0  
4 0  
<IO 

<IO 
<lo 

4 0  

.. 
@arb vein 
carb all 
carb an Im. diss po 
FP. diss pa-py 
carb an 
@-cart, vein 
qk-carb-mrp an 
@arb-mrp ait 
@ a r b - m r p  all 
@%arb-mrp all 
@%arb-mrp an 
@%arb-mrp an 
q t z a r b m r p  an 
caic-silicate ab. diss py 
cart, an 
FP carb all 
FP carb all 
arb all 
calc-silicate at. diss py 
calcsilicate an. diss py 
HFP, PY 
@ an 

diss py 
Im 

carb aR 
qtz vein, Im 
@vein, Im 
Im all 
diss py 
altered FP 
@ an, diss py 
QFP. qlz all 

@ an, PY 
HFP, diss py 

qlz-arb-mrp an 
@arb veins  in qharb-mrp an 

mgs veins in CeIk-ahered bx 
cdy veins in qb-arbmv an 

q l z a b m r p  alt 
qtzcarbmrp all 



LITHOGEOCHEMICAL  LANALYSES.  920/1,2 
TABLE  16 

SAMPLE AU  Ag Hg AS Sb C" 
NO. (ppb) (ppm) 

Pb Z" 
(ppb) 

Ni 
(ppm) 

Mo W 
(PPW 

L8743  <20 850  11  10 15  13 58 C l O  FP carb an , diss PV 
(ppm) 

4 . 5  
(ppm) (ppm) (ppm) (ppm) (pp 

18 
m) DESCRIPTION 

L8744 

L8746 
i s 4 5  

L8747 
L8748 
L8749 
L8750 
L8751 
L8802 
L8805 
L8807 
L8816 
L8825 
L8826 
L8828 
L8829 
L8BM 
L8833 
L8834 
L8835 
L8901 
LE910 
LAR02 
LARD3 
LARD4 
LARD5 
LAROG 
LAR07 
LAR08 
LAROS 
LARI 0 
LARI 1 
LARI 2 
LAR13 
LAR14 

LAR16 
LAR15 

LAR17 
LARIB 
LARI9 
LAR20 
SR21 
LAW2 
LAR23 
LARz4 

c20 
36 

c20 
34 

c20 
20 

c20 
27 

1 
7 
1 
1 
1 
4 
3 
4 
2 
1 
1 
1 

13 
10 

3 
3 

1100 
3 

250 
30 

3 
3 

2740 
410 

3900 
2100 
2700 

1 

C5 
5 

10 
I* 
I,. 

5 
5 
5 

c0.5 
6.5 
~ 0 . 5  
a 5  
c0.5 
c0.5 
a . 5  
4.5 
a 5  

0.8 
c0.5 
4 . 5  
c0.5 
4 . 5  
eJ.5 
a 5  

C0.5 
e . 5  

a . 5  

4 . 5  
-3.5 

c0.5 
3.2 
0.2 
0.2 
0.2 
9.8 
0.2 

0.2 
0.2 

0.4 
0.7 
5.5 
0.7 

-3.2 
0.2 

0.4 .. 
I., 

0.3 
&I 

0.2 

<IO 
4 0  
4 0  
422 
1 78 

325 
78 

15 
90 

200 
2WO 

113 
31 
16 

156 
344 .^ ic 
200 
100 
51 5 
.sa 
42 

5WO 

2400 
1300 

160 
11W 
5075 

5WO 
690 

3300 
16W 

.5WO 
770 

490 
300 

71875 
5cin 

1310 

8 
2 

11 
4 

3 
6 

12 
4 
3 

4 
1 

I 
1 
1 

4 
2 

2 
IOW 

8 

30 
1 

1OW 

ZlOW 
20 

10 

> l o w  
5% 

4 

1 

72 
5 

23 

40 
d 

a.5 
5 

4 . 5  
3 

a 5  
1 

0.7 
0.5 
0.6 

3 
-4.5 
0.7 

2 
1 

2 
0.5 
0.5 
0.5 
13 

0.7 

IOOW 
0.5 

1 
3 

230 
6 

17 
1 

14 
6 

4.6 
<5 
20 
3 

'1 

1 

29 
26 

233 
76 

530 
540 

40 
18 

234 
32 

219 
48 

7 
6 
5 
8 
!6 
8 

53 
6 

7 
4 

42 
57 
20 
22 
24 
28 

30 
27 
11 

10 
3 

3 i  
5 
5 

11 

28 
7 
8 
7 
6 
3 

12 
3 

35 
4 

4 
9 

23 
15 

6 
3 
3 
3 
6 
6 
c3 
<6 
5 
2 
1 
1 

575 
1 

1 
1 

18 
25 
r a  
33 
!e 
10 

48 
49 
49 
78 
37 

30 
14 

93 
104 
24 

126 
126 
81 
54 
24 
23 
38 
28 
10 
27 
17 

32 
16 

210 
40 
56 

148 
47 

63 
85 

19 

19 

23 
6 

20 
40 
47 
46 

40 
4 

44 

93 
10 

16 
I 1  
4 

0.18% 
0.14% 
0.:7% 
0.17% 

520 
14 

0.14% 
0.17% 

60 
40 
34 
19 

249 
287 

3 
2 
2 
2 
3 
4 

2 
6 

5 

4 

cabsilicate an. diss py 
HFP, diss py 
PY 
FP carb an , diss po 
diss PO- py 
diss PO- py 
HFP. carb an 
altered andesite 
Im an, trace cn 
p a ,  PY. Im 
mrp 
qh veins. a w .  CCP. PY 
QFP. Im veins 
QFP. pyccp stringers 
arb alt. diss. py 
caw mrp alt. trace cn 
q i i a r t t m r p  an 
qtz-carb-mrp an, sti 
q t z a r b - m r p  at. sch 
qtz-carb-mrp a t  
qtz-carb-mrp an 
q t z a r b - m r p  an 
from AR  9526 
from AR  9526 
from AR  9526 
fmm AR  9526 
fmm AR  9526 
from AR  9526 
from AR WO2 
from AR 9438 
from AR  9439 
FP. qtz veins (from AR 8866) 
qh-carb veins (from AR  9876) 
qtz veins (from AR  9876) 
qh veins, trace apy ( from AR  9876 ) 
(from AR  9878) 
from AR 10376 
qtz-bio a t  (from AR  17953) 
qtz-carb-mrp a t  (from AR 18303) 
day alt, Im-hem (from AR 18214) 
shear zone  (from AR  18099) 
myveinlets. Im (from AR 18099) 
clay& at, arb. Im (from AR  18099) 

fmm AR 9526 

. .  

_.,.,.-:"-L- IS" A D  .D"\ 
_.".".I.. _._\.." .... ~ . .  I.I"", 



LITHOGEOCHEMICAL  LANALYSES. 920/1,2 
TABLE 16 

SAMPLE  A"  A9 Hg 
NO.  (ppb)  (ppm)  (ppb) 

AS Sb 
(ppm) 

C" Pb 2" Ni Ma W 
(ppm)  (ppm) 

LAR25 3 0.2  1600 2 
(ppm) (ppm)  (ppm)  (ppm)  (ppm)  DESCRIPTION 

1 
LAR26 

31 3 68 
3 0.2  1950 5 1 22 50 5 3 framAR9526 

1  2 fromAR9526 

LAW7 
3 

Abbreviations: an = alteration. apy = arsenopyrite,  AR = BCMEMPR Ases5mnt Repoit, bio = biotite. bx = breccia. cab = carbonate.  ccp = chalmpyfie, cdy = chalcedony, cn = dnnabar, d i s  = 
disseminated,  FP = feldspar  porphyry.  hem = hemafie. HFP = hornblende  feldspar  porphyry. Im i limonite.  mgs = magnesite, mrp = mariposb. pa = pymhotib. py = pyrite. e= quartz, sch = scheelite, 
sti = stibnite 
L87. L88 and  L89  samples were collected  by staff af the B.C. Geaicgical  Survey  Branch,  and  analyses performed by the Analytical Sciences Section.  except  gold  which was analysed  by Acme Analytical 

Analytical Techniques: Au by fire assay and atomic  absorption  speclmampy: Ag by standard fire assay (L87 and L88 samples) or by  atomic  absorption  SpeCtmsMpy  (L89  samples); As. Sb. Cu.  Pb. Zn, 
Laboratory  Limited, Vanmuver. B.C. 

Ni and Mo by  atomic  absorption  speclmscopy: Hg by  nameless cold vapour atomic  absorption  spectmsmpy. 
LAR data is fmm B.C. Ministry  of  Enemy. Mines and  Petroleum  Resources assessment reports. 

4 2 qncarbmrp aii (imm AR 888Mj 



SAMPLE 
NO. 

A" 
(ppb) 

5791023 
S793026 

2 

S793M7 
25 
4 

S793028  2 
S793029 5 
5793030 2 
5793031 2 
S793032  2 
5793033 3 
s793034 8 
s793035 2 
5793036 2 
S793M7 2 
5793036 2 
s793039 6 
s793040 3 
S793042 
S793043 

2 
6 

s793044 
5793046 

2 

s793047 
62 
2 

5793048 2 
s793049 7 
s793050 2 
S793051 
S793052 

2 

s793053 
26 
2 

s793054 41 
5793055 28 
s793056 2 
s793057 2 
5793058 2 
5793059 2 
s793060 2 
S793062  2 
5793063 2 
5793064  2 
s793035 2 
8793066 2 
s793067 2 
8793068 
s793069 

2 
12 

STREAM SEDIMENT  GEOCHEMICAL  ANALYSES, 920/1,2 
TABLE 17 

.% 
(ppm) 

Hg . &e ._ Sb c; io aa 
(ppb) (ppm) (ppm) 

26 
(ppm) 

xi 
(ppm) 

hi0 

(ppm) (ppm) (ppm) (PW) (ppm) 

nL 
7" 

... 
"I 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

80 
400 

moo 
370 

210 
210 
200 
150 
200 
990 
120 

380 
110 

220 
370 
320 
250 

4 w  
300 

900 
80 

110 
80 

80 
2000 

330 
600 

230 
180 

60 

100 
80 

370 
90 

90 
80 
60 
50 
50 
40 
50 
40 

60 
2 

6.5 
15 
13 
10 
4 

3.5 
12 
11 

2.5 
5.5 
11 
7 

4.5 
12 

7 

5.5 
5 

17 
11 

9.5 

0.5 
33 

3.5 
7 

6.5 

21 
19 

4 
3 
5 

3.5 
3 

3.5 

3 
5 

3.5 
5 

7.5 
3 

5.5 

0.4 

1.5 
10 

34.2 
1.7 
1.5 
1.3 
0.8 
1.9 
1.9 

1.6 
1 

2.4 
3 

2.8 

2.3 
1.9 

1.7 
1.5 
0.9 
0.3 
0.4 
2.4 
0.2 
1.7 
0.6 
2.6 
2.9 
2.8 
0.7 
0.6 
1.1 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.4 
0.7 

0.4 
7 a  

27 

40 
51 

39 
39 
41 
19 
32 
86 
95 
38 
29 
41 
48 
30 
25 
22 
26 
29 
44 
15 
14 
21 

32 
15 

30 

400 
26 

390 
22 

24 
18 

26 

26 
19 

20 
19 

23 
i 5  
22 
1% 
32 

3 
8 
1 
5 
3 
4 

3 
2 
3 
3 
2 
3 
5 
1 

3 
2 
2 
2 
1 
3 
4 

45 
86 
76 
80 

112 
66 

€4 
61 
78 

78 
80 

115 
140 

74 
92 

€4 
€4 
60 
68 

1 32 
33 
30 
34 
26 
86 
74 
92 
72 
70 
60 
56 
60 
70 
52 
56 
44 
49 
54 
28 
56 
% 
34 

196 
49 

445 
190 
29 
21 
37 

1  74 
76 

180 

36 
99 

200 

200 
92 

42 
38 
34 
72 

1700 
39 

1650 

2050 
1800 

210 
550 
260 

28 

26 
24 

26 
26 
24 
32 
44 

1500 
67 

1900 
62 

40 
?CC 

1700 

1  1 
1 
1 

I 

2 
1 

1 
30 

1 
1 1 
1 
1 

1 

1 
1 
1 

2 
1 

1 

2 
1 
1 

2  1 
2  1 
1  1 
1  1 
1  1 
1  1 

2 
1  1 

1 
1 I 
1  1 
1 I 
1  1 
1  1 
1  1 
1  1 
3  1 
3 1 
1  1 
1  1 
1  1 
1 1 
1 1 
1 1 
1 1 
1  1 
1  1 
1 1 
1  1 

1  2 

11 
25 
36 
23 
16 
15 
13 
15 
20 
20 
21 
16 
23 
23 
22 
14 
10 
12 
15 
18 
70 
66 
77 
66 
24 
37 
24 
17 
16 
13 

11 
8 

13 
6 

11 
63 
I1 
12 
72 
12 

77 

" 
LI 

570 
610 
700 
MO 
580 

490 
760 

530 
550 
560 
620 

440 
610 

520 
480 
600 
540 
560 
540 
480 
100 
110 
110 
100 
600 
610 
490 
560 
570 
640 
560 
600 
540 
490 
530 
240 
590 
580 
100 

" I  " "" 

100 



STREAM  SEDIMENT  GEOCHEMICAL ANALYSES, 920/1,2 
TABLE 17 

SAMPLE A" Ag Hg As Sb C" Pb Z" 
NO. (ppb) (ppm) (ppb) 

Ni MO co Ba 
(ppm) 

W 
(ppm) 

5793070 
(ppm) 

12 0.1  150 7 2.5  30 3 158 
(ppm)  (ppm) (ppm) 

215 
(ppm)  (ppm) 

3 
(ppm) (ppm 

1 21  720 
5793071 
SiS30i2 
5793085 
5795333 
5795334 
5795335 
5795336 
5795337 
5795338 
5795339 
5795340 
5795342 
5795343 
5795344 
5795345 
5795347 
5795348 
5795349 
57953% 
5795351 

5795353 
5795352 

5795354 
5795355 
5795356 
5795357 
5795358 
5795359 
5795360 
5795362 

5795364 
5795363 

5795365 
5795386 
5795367 
5795394 
5795400 
5795403 
5795404 
5795405 

5795407 
5795406 

S7954M 
5795409 
$?E-??! 

2 
2 
2 
3 
2 
4 
2 
2 
2 
7 
30 
2 
4 
7 
2 
4 
9 
2 
6 
3 
3 
2 

11 
2 

2 
14 
2 

588 

2 
8 

2 
2 
3 
3 

484 
2 
2 
3 

2 
2 
2 
2 

0.1 
5.i 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
".? 

50 
65 
90 
50 

1400 
470 

1100 
400 
380 

420 
390 

240 

9200 
200 

230 
260 

1100 
200 
240 
330 

310 
200 

180 
60 

1200 
170 
110 

200 
190 

4 M  
240 
160 
110 
100 
130 
120 
100 
180 
160 
140 
160 
1 70 
100 
60 

2°C 

2.5 
3 

0.5 
3.5 
5.5 

7 
6.5 

6 

5.5 
5 

5.5 
5 

I1 
31 

7.5 
14 

3.5 
5 

5.5 
3 

4.5 
5 

6.5 

16 
4 

4 
9.5 

8 
5 

7.5 
16 

5 

2.5 
2 

3.5 
5 

2.5 
4 

5.5 
3 

2.5 
3 

1 
3 ., - 

1.4 
0.6 
0.6 
0.3 
1.3 
I .6 
1.2 
1.3 
1.2 
1.3 
2.4 

2.7 
1.1 

3 
2.3 
1.2 
1.1 
1.7 
1.3 
1.4 
1.6 
1.4 

0.6 
1.4 

0.7 
2.4 
1.9 

1.7 

0.9 
2 

0.7 
0.7 
0.7 
1.1 
0.9 

1 
0.6 
1.1 

0.9 
0.4 
0.6 
n. -._ 

18 
iY 
I 9  
14 
24 
39 
34 
44 
38 
38 
23 
26 
39 
42 
43 
27 
29 
37 
33 
29 

24 
29 

26 
61 
48 
37 
43 
36 
36 
48 

27 
33 

17 
24 
23 
31 
20 
29 
28 
25 
25 
22 
25 
30 

~~ 

.= ... 

1 
2 
2 

3 
1 

4 
2 

5 
1 

1 
5 
2 
6 
5 
6 

4 
3 

4 
3 

4 
4 

4 
3 

2 
4 
4 
3 
3 
1 
4 
3 
4 
3 

4 
3 

4 
3 
5 
5 

2 
1 

2 
3 
2 

72 

48 
56 

30 
62 
68 
76 
71 
74 
68 
56 

136 
46 

67 
135 

64 
83 

98 
82 
88 
93 
78 
84 
75 
80 
62 
76 
79 
88 
78 

68 
71 

48 
55 
63 
85 
57 
71 
68 
64 
64 
61 
60 
67 
- *  e., 

~ 

520 
30 
37 

1400 

525 
115 

120 
435 
200 
440 
915 

I100 
33 
75 
21 
58 
28 
55 
89 
58 
67 
64 
69 
57 
45 

126 
34 

126 
154 
82 
93 
49 
20 
25 
33 
98 
28 
49 

49 
53 

26 
21 
17 
16 
", 
I 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

2 
1 

3 
1 

2 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 

1 
1 

2 
1 
1 
I 
1 

2 
1 

1 
1 
1 
I 
1 
L 

1 
1 
1 
1 
1 
1 
1 

3 
1 

1 
1 

1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

27 
10 
14 
68 
16 
37 
20 
34 
20 

51 
33 

57 
14 
18 
14 
17 
13 
17 
I 6  
18 
17 
15 
16 
19 
17 

25 
13 

24 
28 
18 
19 
16 

10 
9 

I1 
22 
12 
15 
12 
13 
12 
11 
13 
12 
,, 
, I  

350 
580 
560 

420 
100 

370 
560 
260 
500 

250 
390 

750 
130 

360 
870 
540 
610 
520 
450 
490 
530 
520 
460 
KH) 

350 
440 
400 

560 
470 
450 
550 
430 
430 
350 
570 
500 
420 
530 

480 
490 
610 
C" """ 



STREAM SEDIMENT GEOCHEMICAL  ANALYSES, 920/1.2 
TABLE 17 

SAMPLE Au Ag Hg Sb cu Pb Zn Ni 
NO. 

As 
(ppb) (ppm) (ppb) 

MO W CO Ba 
(ppm) (ppm) 

5795476 16 
(ppm) (ppm) 

0.1  270  115 
(ppm) (ppml  (ppm)  (ppm) (ppm) (pp 1 

9.2  70 
m 

5795477 19 
9 162 

0.1 500 215  13.8 
24 3  1  17 790 

s7sE.47e 3 
53  11  71  2  1  16 540 

0.: 
120 

5795479 
S 

2 0.1 
3 43 4 266 54 2 i i d  820 

250 9.5 
5795482  2 0.1 

1.8  37 2 129  18 
170 8.5 

1 
1.5 

1 
41 

15 440 

5795483 
3  123 

6 0.1 
16 

110 
2 

9 
1  13  610 

1.2  40 
5795484 10 

1  100 
0.1 

14 
100 

1 
50 

1 
3.9 

17 330 

5795485 
41 

2 0.1  120 
8 96 15 1  1 13 $50 

10  2.8 
5795486  2 0.1 

30 1 65 7 1  1 11  290 
160 

5795548  2 0.1 
2 0.7 e4 4  82 44 1  1 20 IC00 

100  11 
s795553 

1.4 
120 

54 
0.1 

4 
90 

131 22 1 1 15 640 
13 

5795551 
1 42 

2 
9 

0.1 
87 

100  11 
28 1  1 15  1103 

5795552 
1  40  8  84 

3  0.1  100 
26 

10 
I I 

1.5 
15 900 

5795553  3 
50 

0.1 
8 120 26 

110  17 
2 1 

3.5 
18 640 

s795554 
54 6 186 24 

2 0.1  100  10  1.4 
3 1 16 710 

5795555  3  0.1  120 
46 5 

6 
118  27  2 1 16  670 

5795556 
1.2 

2 
32 

0.1  250 
3  72  38 1 1  12  520 

5795557  3 0.1 
2.5  0.7 23  3 66 30 1 1 

290 4.5 
12  510 

5795558  4 
1  28 

0.1  480 
4 

12 
77 30 1 1 I! 520 

s795559 
2.2  42 4 

2 0.1 170 
62 40 1 1  17 480 

15 1.5 
57955M1  40 

56 5 85 
0.1  930  11 

29 
2.7 

1  1 
122 

14 510 

5795562 
3  76 

2 0.1  120 
60 

13 
2  1  16 460 

5795563 2 
1.3 50 

0.1  130  11 
8 92  32 1  1  13 770 

5795571  2 
1.3 44 7 99 1  1 

0.1 
46 

270 5 0.6 
17 580 

5795572 2 
23 

0.1 
4 

60 
54 24 1  1  11 

6 
700 

5795573  2 0.1 
0.5 

80 
36 1 62  17  1  1 

3.5 
14 300 

0.4 
5795574 

37 
2 

2 
0.1 60 

60 21 1  1 
2.5  0.3  42 

14 MO 

5795633  2 0.1 
1 

60 
66 

2 
22 

0.5 
2  1 

23 2 61  31 1  1  15 700 
16  470 

Rameless  cold  vapouratomic  absorption  spectroscopy; AS by  hydride  generation  atomic  absorption  spectroscopy; W by  wlourimetric  determination afler  pyrosulfate 
Data for  most  elements  are  from  Regional  Geochemical  Survey  BC RGS-3,1979: Ag. Cu, Pb.  Zn.  Ni. Mo and Co by  atomic  absorption spectroswpy;  Hg by 

fusion  and a dithiolcarbonate  complexing. 
Au. Sb  and  Ba  data  extracted  from  Regional  Geochemical  Survey  BC RGS-35,1993, which  re-analysed  sediment  pulps  saved  from  the 1979 program  using 
instrumental  neutron  activation. 

Ian 
I.," 



TABLE 18 
MOSS  MAT  GEOCHEMICAL  ANALYSES, 920/1,2 

SAMPLE Au Hg AS 
NO. 

As 
(ppb) (wm) 

Sb 
(ppb) (ppm) 

c u  Pb 
(ppm) 

Z" 
(ppm) (ppml 

Ni MO 

(ppml (ppm) (ppm) (ppm) 
W Cr R 

(ppml (PPb) 

M8802 
M8801  2  0.1  140  9  2 

4 0.1 
58 

170 
9  147  21  2  1 18 2 

10 
M88W 

3  78 17 
4 0.1  23000 14 

91  532 1 1  282  6 
15 

M8804  3  0.1 1moo 
28 

7 
11 

2 
54 

39 
148 1 6  78  2 

M8805  1 
19 98 

0.1 880 
90  1  27  76  2 

7 
M8806  113  0.1  6200 

2 28 12 71 62  1 1 66 2 

M8807 
9 

2 0.1 
2 29 15 

404 6 
70  46 1  1  57  2 

PA8808 
2 

8 0.1 
31 13 79 

260 13 2 40 
49 1 1 47 2 

M88W 
7 

8 0.3 
83  41 

160 21 
1 2  35 1 

M8810 
2 

10 
45 17 

0.1  180  35 3 
82 49 

87 
1 3 47 1 

M8811 18 0.2 430 15  2 
8 95 50 1 6 53 1 

178 
M8812  15 

7 91 
0.1  130 59 

56 2  1 63 1 
2 

3 9.1  420 
52 9  167  37  1 1 4 4 2  

M8814  1 
2 

0.1 
43 14 8s 248 42 14s 1 

230 2 
M8815 

2  53 89  361  1  3 
2 

12 
0.1  280 6 

241  2 

M8816 
2 

3 0.2  550 
48 12 103  387 1 1  165  3 

9 
M8817 3 0.2 820  15 

2 69 13 96 564 1 1  291 8 

M8818 1 
3 52 5 82 

0.1 73600 10 2 
684 1 1 265  2 

35 
M8819  2  0.2  290 

9 e4 1  72 1 2  130  1 
13 

M8820 
2 

1 
39 

0.2 
13 153  1 1 29 1 

90 
35 

12 
M8821 

2  41 13 
34 0.1  120 11 

1  74 26  1  1  24  1 

M8822  1 
2 44 16 125  46 

0.2  220  31 
1  1  38  2 

M8823 40 
2 43 15 

0.1 80 
136 

14 
25 1 1 17 1 

M8824  1  0.1 
2 31 12 116  31 

50 7 
1 1  32 1 

M8825  1  0.4 40 
3  35 19 92 33  1 1 40 1 

9 
M8826  129 

2 39 11 1 00 1 1 3 6 1  
0.3 

31 
50 9 

M8827 
3 

1 
32 

0.3 60 10 
14 

2 
72 41  1  3  45 1 

26 
M8828 

11 
2 0.4 50 

e4 
12 

48  1  2 47 1 

M8829 1 
2 32 

0.3 
16 

40 12 
73 63 1  3 58 1 

M883 
2  33 13 68 

7 0.5 
76 

70 15 
1 2 66 1 

M8831  4 
4 

0.2  1900 
43 

11 
17 1  24 80 1 3 63 1 

M8832 
2 

5 0.5 780 
43 14 97  214  1 1 160  1 

M8833 21 0.9 
8 

70 
2 41 

17 2  9 77 
14 

299 
87 514  1  3 

39  2  1 4 4 1  
465  2 

!.?e813 I" 
i v  

Samples were mlleded by staff ofthe B.C. Geological Survey Branch. and analyses performed by ~ c m e  Analytical Laboratory LM., VBIIIMUVBT, B.C. AU and R 
by fire a w y  and mass SpechMXIPy: A$ As. Sb. Cu. Pb, 2% Ni, Mo, Wand Cr by ICP w d m s m p y ;  Hg by flameless mld vapaur atomic absorption 
spectmscopy. 
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MlNFlLE OCCURRENCES, 92013 
TABLE 19 

DEPOSIT  DEPOSIT  COMMODITIES  DOMINANT HOST STATUS PRODLICT!ON  [P! 
RESERVES  (R) 

MlNFlLE NAME 
. " , . . ~ ~ R  
,.Vl"l I ,re Cni\KACiER MET.  MINERALS  ROCKS 

920401 

920-003 

920-004 

920-005 

920406 

920-007 

920408 

920409 

920-010 

920-011 

920424 

920-025 

920628 

920429 

920433 

Mohawk 

Copper 
Mountain 

Spokane 

Battlement 
Creek 

Rae Creek 

Feo Creek 

Denain Creek 

Forrest 

Limonite 

Chilmtin 

BJB 

Rowboltom 

Taylor- 
Windfall 

Phair 

Empress 

StOckwOrk. 
breccia 

stockwork. veins. 
breccia 

veins, stockwork 

surflcial 

surflcial 

surflcial 

surficial 

surficial 

surflcial 

SUrfiCkl 

stockwwk. 
veins 

disseminations, 
fracture fillings 

tourmaline  and 
sulphide-rich  veins 

eluvial 

veinlets in 
shearzone 

fracture coatings. 
disseminations. 

:.,... ."..,," 

Cu.  Au. A s :  
Mo 

Cu. As. Mo; 
Zn. Pb 

Cu.  Au. A s ;  
W 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

FE 

Cu: Mo 

Cu; Mo 

Au.  Ag 

Au 

cu; As 

Cu: AU 

CCP, PY; mo 

CCP: PY. bn. 
mo, SP. gn 

CCP. w. PY; 
sch 

Im 

im 

Im 

Im 

Im 

Im 

Im 

ccp; mo 
[SP. gnl 

ccp: ma 

PY. ten,  ccp; 
SP, gn.  tet. 
eng. native Au 

detrital 
natile Au 

PY. ccp 

PY. ccp: 
mo. bn 

biotite  granOdiorite 

hornblende  biotite 
granodiorite 

biotite  hornblende 
granodiorite 

alluvium 

alluvium 

alluvium 

alluvium 

alluvium 

andesite.  volcanic 
breccia  and tuff 

h o m b h d e  quartzdiorite, 

porphyly dikes 

dacitic  and  andesitic 
tuff 

quarb feldspar 

eluvium 

g r a d l t e  

andesitic flows. 
volcanic breaia and biif 

hornblende bidie 

Prospect 

PWSped 

Prospect 

Pmsped 

Prosped 

Prosped 

Prosped 

Prospect 

Pmsped 

Prospect 

Showing 

prospect 

Past 
Producer 

Past 
Producer 

Showing 

Showing 

(R) 12 000 1: 
49% Fe 

(R)  9800 1: 
49%  Fe 

(R) 15 900 1: 
48% Fe 

47% Fe 
(R)  20 WCt 

(R) 74 ooa 1: 
45% Fe 

(R) 348 OW 1: 
45% Fe 

(R) H 4  OW 1: 
49% Fe 

(P) 14525 g Au 
lM!JAg 

(P) 3484 g placer 
gold (total metal! 

(R)IOW4OWt 
0.61% Cu 
0.789 sn AU 



MlNFlLE OCCURRENCES, 92013 
TABLE 19 

MiNFlLE NAME 
NUMBER 

DEPOSIT 
TYPE 

DEPOSIT 
CHARACTER 

COMMODITIES  DOMiNANT  HOST  STATUS PRODUCTION  (P) 
RESERVES  (R) MET.  MINERALS  ROCKS 

920634 

920435 

920-036 

920.037 

920038 

920639 

920-048 

920463 

92-7 

920670 

920-075 

920076 

920-W4 

920695 

92MS7 

Taylor 
Mountain 

Westside 

Canyon 

TOP 

BWrW 

Bur 

Brass 
Tags #3 

Teek 

Massena 

Grab 

Warner 
Creak 

Task0 
Mountain 

BK 

Porphyw 

Big Creek 

Polymetallic 
veins 

Polvmetailic 

stockwork, 
disseminations 

stockwork. 
disseminations 

stockwork. 
disseminations 

disseminations 

stodiwork 

StOdiwOrk 

fracture fillings. 
breccia, 

disseminations 

disseminations 

vein 

disseminations. 
veinlets 

vein, stockwork 

veins,  stockwork 

veins. 
disseminations 

veins. 
disseminations 

veins,  stockwork 

Cu.  MO 

c u  

C" 

Mo.  Cu.  Au 

Cu. Mo: 
AU. As 

cu: Ma 

AU 

C" 

Au 

C" 

As;  Cu. 
Zn, AU 

Au. Ag. 
Cu.  Zn 

Ag. Zn. Pb 

Cu: Ag. Au 

SD. aDv: 

quartz  diorite 

hornblende biotiie 
quartzdiorite 

quartzdiorite 
hornblende biotite 

granodiorite 
pegmatite dike in 

diorite 
porphyritic  quartz 

grano<nrit0 

sinstone. biotitefeldspar 
pophyry. quartz Porphyry 

gamdiorite 

porphyritic  dike. 
quartz diorite 

quartz  eye  rhyolite.  andesite. 
diorite:  argiliiie.  sandstone. 
conglomerate 

andesiteflows 

andeiiic brecda, 
lapilli tuff.  andesite to 
basalt Rows 

andesitic  agglomerate 

feldspar hornblende 
porphyry.  agglomerate 

andesitic tuff and breccia 

Showing 

Showing 

Showing 

Showing 

Showing 

S M n g  

Showing 

Showing 

Showing 

Showing 

Showing 

Showing 

Showing 

Showing 

Showing 

(R) 4 990 WO 1: 
0.35% C" 

veins  disseminations 
Au, Ag. Zn; . . .. 
c u  CCP. PY 

Abbreviations: apy = swnopyrite, bn = bamite. cq, = chaiqyrite. cn = cinnabar. N = wvellte. eng = enargite. gn = galena, Im = limonite, 
rno = molybdenite. pa = pmotite. py = pyrite. sch =Scheelite. sp = sphalerite. sti = stibnite, ten = tennanfne, let = tetrahedrite 



2 

4 
3 

6 
5 

7 
8 
9 
10 
11 
12 
13 
14 
15  16 

17 
18 

20 
19 

21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
35 
37 
38 
39 

40 
41 
42 
43 
44 
45 

MINOR MINERAL OCCURRENCES, 920/3 
TABLE 20 

OCCURRENCE 
NO. 

DESCRIPTION  REFERENCES 

1 2w 
ccp. mal. cv. SP 

A 0  <,<a . - . - . - - 
Em 

AR 5159 
AR SqSQ ~.~ 

ccp.  gn, SP 
ccp.  gn. SP AR  5159 

. .. . - . - - 
AR  5159 

CCD. an S O  AR S1S.9 ~~ 

SP 
cy, 
ccp, az, mo 
cy, 
cy, 
gn, SP (410  ppb Au; 3000  ppm  As:  10  ppm  Sb) 
Ccp 

mo 
ccp. mo 
ccp. mo 

, . _. .~ 

mo 

Ccp 
ccp 

cy, 
Ccp 

cy,, mal 
cy, 

cy, cy,. mal 
cy, 
cy,, mo 
apy.  sp.  ccp  (20 cm wide  quartz  vein:  180  ppb  Au:  83.0  ppm A g ;  
7.4 Dum HO: 730 DDm AS: 2600 oom Cu:1200 oom Znl 

. .. . - . - 
AR  5159 
AR  5159 
AR 5159 
AR 5159 
AR 5159 

AR8890.10089 

AR 3850 
AR 3850 

AR  3850 
AR  3850 
AR 3850 
AR  3850 
AR  3850 
AR 3850 
AR 3850 
AR 3850 
AR  3850 
AR 3850 
AR 3850 
AR 3850 
AR 3850 
AR10191 

. .  -. . .  
mo 

~ , .  . . .  ~~, 
AR 3850 

ccp.  bn 
gn. SP. apy 
Ccp 
bog Im 
ccp. mal 
Ccp 
mal. az 
s~.mai.let~535ppbAu:15.8ppmAg:1916ppmCu:138ppmZn) 
mal 
mal iI45ppbAu: 1.7ppmAg:2.5ppmUg: 

ma5 SP. bn ( sse L86026,  L86027. and L86028  for  assays ) 
281 ppm Cu: 359  ppm  Pb,  1326  ppm Zn) 

ccp. mal. az (see La840 for assay ) 
ccp. mo 
mo 
mo 

. . . . . . . 
AR 9753 
AR 9753 
AR 19466 

ECMMAR  (1920)  p.166 
AR  9550 
AR  17358 
AR 17358 
AR  13742 

AR 13742 
AR 17358 

PF 920424 
PF 920-024 
PF 920474 

mo 
. . ". " . 
PF B20474 



LITHOGEOCHEMICALANALYSES, 97.0/3 
TABLE 21 

SAMPLE AU As Mo DESCRIPTLON 
NO. 

Hg As Sb 
(ppb) 

cu 
(ppm) 

Pb 
(ppm) 

zn 
(ppm) 

Ni 
(ppm) (ppm)  (ppm) (ppm) (ppb) wpm) 

Law01 
L86002 
Le6003 
L88004 
L86005 
L86006 
L86007 
L86008 
L86009 
L86010 
L86011 
L86012 
L86013 
L86014 
L86015 
L66016 
L86017 
L86018 
L86019 
L86020 
L86021 
L86022 
L86023 
L86024 
L86025 
La6026 
La6027 
La6028 
L86029 
La6030 
L86031 
La6032 
L86033 
La6034 
L86035 
L86036 
L86037 
La6038 
L86039 
L86040 
L86041 
L 8 W 2  
L86M3 
L a m  
L 8 W 5  
L 8 W 6  
L 8 N 7  

c20 
<20 
<20 
<20 
QO 
<20 
QO 
4 6  
4 6  
24 

4 6  
<le 
22 
46 

4 6  
<16 
22 
20 

4 6  
25 

<20 
17 

c20 
117 

QO 

26 
58 

80 
c20 
<20 

c20 
26 

<20 
<20 
c20 
104 
<20 

26 
34 
31 
23 
32 
24 
c2s 
c20 
<20 
<20 

4 0  
4 0  
d o  
c10 

4 . 3  
4 0  

<0.3 
19 

4 0  
11 

4 0  
11 

<IO 
< lo 

14 
I O  

<IO 
11 

24 
10 

C0.3 
4 0  

C0.3 
4 . 3  
4 . 3  
377 
340 
331 

4 . 3  
4 . 3  

C0.3 
10 

<0.3 
<0.3 
<0.3 
C0.3 
C0.3 
<0.3 
<0.3 
<0.3 
4.3 

0.4 

c0.3 
1.3 

4 0  
4 0  
4 0  

c20 
30 

c20 
44 
50 
20 
23 
44 
32 
75 
20 

22 
35 

<20 
<20 
c20 
433 

56 
270 
687 

402 
29 

c20 
QO 
c20 
356 

15W 
762 

43 

734 
30 

33 
35 
<20 

14W 
99 

943 

c20 
23 

c20 
<20 
c20 

2% 
239 

c20 
c20 
25 

Q5 
Q5 
0 5  
Q5 
Q5 
4 0  
4 0  
QO 
QO 
QO 
0 0  
0 0  
0 0  
Q O  
Q O  
QO 
QO 
QO 
0 0  
0 0  
0 0  
4 0  
I19 
67 
4 0  
4 0  
4 0  
4 0  
4 0  
4 0  
423 
4 0  
4 0  

4 0  
40 

4 0  
4 0  
149 
4 0  
4 0  
4 0  
4 0  
4 0  

25 
4 5  
Q 5  

.̂ , 
IL I 

34 

31 
3 

81 

<IO 
19 

39 
38 
31 
83 
57 
15 

52 
16 

55 

550 
58 

20 
11 

15 

44 
20 

188 
I 86 

1.06% 
59 

2.01% 
1.92% 

400 
37 

1.71% 
35 
33 
22 
32 
28 
75 
58 

40 
21 

141 
40 

18 
68 
30 
74 
47 

10 
15 

62 
15 

11 
12 

4 0  
10 

42 
10 

43 
7 

11 
7 

150 
9 

47 
10 

111 
15 

c5 
18 

4 0  
4 0  
4 0  
96 

102 
96 

4 0  
10 

4 0  
4 0  
4 0  
4 0  

4 0  
19 

4 0  
4 0  
4 0  
4 0  
<IO 
23 

<lo 
<lb 

13 
9 

7 

54 
33 
3s 
20 
11 

4 0  
24 

113 
72 

293 
271 

77 

1  49 
75 

1 70 
82 

70 
c3 
30 
33 
5 

119 
1  27 
109 

22% 
31 

6986 
5283 

37 

41 
10 

4 0  
78 
46 
43 
E4 
49 
93 

35 
15 

1 25 
35 

10 
75 
35 
23 

102 

e3 
10 

28 
8 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 

30 
'I6 

clay an 

qtz an 
clay an 
qtz-lm an 
qtz (cdy) aR 

H F P - W a t w  
qtz an: PY 
m a t  PO 
qlz an: PY 

QFP . ser all 

HFP . d r l - e p  an;  py 

diss  py 
chl an: py 
chl-qh an; py 
*an: PY 
cdy vein 
FP - day an 
FP - day an 
chl  an; PO 
qtz alt 
FP ~ diss  py 

ephem an 
ep an: mal, PY 
ep an: mal, PY 
ep an; mal, PY 
epchkqlz-ser-pyan 
Im ait 
qtz-carbvein; mal 
qtz-lm an 
qtz-py an 
q w  an 
clay an 
clay an 
q h  veins 
diss py 

ser-qk-py an 
qtz-ser an 
qtz-ser ait 
sar-clsy an 
clay an 

+nu =n 
*-PY an 

e-PY an 
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SAMPLE A" 
NO. 
L86048 

(ppb) 
<20 

L86049 
L86050 

<20 

36953 
C20 

L86052 
C20 
c20 

L86053 e20 
L86054 c20 
L W 5 5  c20 
L86056 C20 
L86057 <20 
L86058 C20 
L86059 C20 
Le6060 C20 
La6061 <20 
L86062 e20 
L86063 e20 
L86064 C20 
LE6065 <20 

L86067 
L 8 W 6  22 

27 
L8%C%B 
L a m 9  

22 

L86070 
42 
34 

La6071 
L86072 

<I6 
4 6  

Law73 4 6  
L86074 4 6  

La6076 
L86075 4 6  

<16 
L86077 
L86078 

41 

L86079 
-46 
c16 

L86080 4 6  
L86081 4 7  
L86082 17 
L86083 
L86084 

4 6  

L86085 
4 6  

L86086 
<I6 
<I6 

L86087 4 6  
L86088 C16 
L86089 
L86090 

38 

L86091 
<16 
4 6  

L86092 
L86093 

<I6 
C16 

L86094 4 6  
L86095 4 6  
L86096 ClB 
L86097 <16 
L86098 18 

* i0 

~~ 

. ̂ ^^" 
L O W 3 3  

129 
4 0  526 
4 0  3140 
4 0  
4 0  

41 

4 0  2010 
29 

26 
e10 

239 

4 0  
24 
40 

d l 0  c20 
d l 0  63 
d l 0  
4 0  43 

21 

4 0  184 
4 0  169 
4 0  <20 
'1 0 
4 0  

QO 

4 0  
56 
50 

G G  is3 
4 0  
4 0  193 

83 

130 
11 196 

1390 
c10 
4 0  

262 

4 0  
307 

4 0  
385 
176 

4 0  605 
12 
'I 0 

162 

4 0  3780 
6W 

4 0  1060 

<IO 
e10 28 

17 
<20 
<20 

137 30 
10 c20 
4 0  
4 0  

c20 

4 0  
23 

4 0  QO 
21 

e10 <20 
4 0  

10 
<20 

16 
20 

c20 
26 

<IC 
57 

-20 
4 0  

10 
51 

225 
IU I1 

.. 

AS 
(ppm) 
<25 
C25 
c25 

<25 
<25 

c25 
162 

c25 
72 

c25 
28 
34 
35 

Q5 
c25 
e 5  
c25 
<25 
e 5  
-25 

0.12% 
135 

QO 
72 

33 
33 

QO 
QO 
QO 
86 

QO 

QO 
140 

54 
e20 
600 
c20 
<20 
c20 
QO 
QO 
QO 
QO 
Q O  
QO 

d 0  
159 

<20 
<20 
c20 
s20 
-20 

Sb C" 
(ppm) (ppm) 

c5 87 
c5 95 
<5 
c5 

46 
46 

4 
c5 35 

36 

6 
7  76 

34 
c5 23 
c5 
c5 

37 

c5 
140 
23 

c5 6 
c5 
c5 180 

31 

c5 
<5 

23 

s5 
6 

<5 
107 
13 

c5 
c5 87 

14 

c5 43 

<IO 
<5 61 

4 
<IO 132 
<IO 30 
<IO 42 
<IO 14 
<IO 
4 0  380 

60 

4 0  39 
4 0  27 
<IO 36 
-40 
<lo 

78 

-40 
330 
900 

4 0  118 
< l o  
< I  0 49 

68 

<IO 33 
<IO 290 
<IO 
<IO 

20 

4 0  
54 

4 0  
54 

<IO 
114 
33 

4 0  360 
-40 35 

<lo 
.I" 23 

18 
4 0  
<lo 

17 
26 

_. n 

._ 

10 

5 19 
R 

_ .  
16 

. .  
13 60 
51  23 
40 
50  325 

22 

40 550 
14 128 

_. 

." 
26 115 
10 
7 

11 
4 

<5  123 
<5 
c5 

e 
4 

42  21 
17 e 
12 
<5 

17 

59 
5 

20 
301 

14 
435 
51 

10 
27 45 

62 

18 35 
10 38 
20 1 07 
8  6 

11 
9 

25 
26 

10 
9 

39 
95 

55 e6 
6 52 
9 
5 

70 
76 

4 
10 

<3 
5 

(ppm) (pp 
Ni Mo DESCRlPTlON 

40 
m) 
c3 

40 c3 
diss py 
diss py 

110 5 
86 

chi-pall 
c3 

12  c3 
chl-pall 

10 
clay  an 

200 103 
<3 QFP ~ Y ~ T  an 

qtz-lm all 
189 210 
49  c3 

stz an 

81 
str an 

17 
32 c3 

an 

<3 
qtz-py an 

c3 
8 3 

qtz+er-taur an 

7 
qtz an 

c3 
14 

carb an 

15 
4 clay an 

<3 clay an 
11 10 qb-w a t  
39 10 q b  an 
c3 12 
<3 

QFP - day alt 

30 <3 
9 QFP - day alt 

32 
QFP - Im an 

58 
5  man 

c3 
0 

py vein 
9 

0 
QP - ser all 

8 
0 8 

qb-w an 

0 4 
diss py 

0 2 
d i i  PY 

clay  an 
qtz all 
q t z w  an 
des py 
qtz-lour-py wins 
chi-epall; py-tourveins 
chbp all; py 
chl-pqtz an; py 
qtz an 
diss py 
w-PY an 
chl-ep all; py 
chl-epall; py 

diss py 

chl-ep all 
c n k p  all; py 
s0r an;  py 

clay a t  py 
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NO. 
SAMPLE AU As Hg AS Sb c u  

(ppb)  (ppm) 
Pb zn Ni MO 

(ppb) 
DESCRlPTiON 

L86100 20 4 0   7 w  
(ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) 

e o  
(ppm) 

4 0  
L86101 21 4 0  2120 <20 

4  4  <3 0 5 qtz act: PY 
13 

La6102 4 6   4 0  26 <20 
4  3 c3 0 6 qtzclay alt 

4 0  
i86i03 <$6 

18 17 
4 0  c20 <20 

80 0 7 clay an: py 

L86104  17 10 
4 0  15 10 

8 w  
39 

c20 20 
0 2 clay  an 

L86105 Cl6 < lo  790 
82 21 

<20 
429 0 2 sar  ait:  py 

13 
L86106 306 4 0  551 c20 

9  3 c3 0 4 day an 
4 0  

L86107 <16 4 0  77  167 
52 3 55 0 64 dayqtz-py an 

L86108 C16 4 0  35 60 4 0  
4 0  83  14  229 0 6 qtz an: PY 

L86109 
43 

c0.3  39 4 0  
4  3 0 11 day an: PY 

L86110  297 
<5 

4 0  
35 12  72 0 <5 qtz all 

L861 11 c20 a 3  c20 672 
45 

45 
-40 57 0 <5 q h e r b  vein 

L861 12 21 c0.3  129 
c5 -40 4 0  20 0 <5 qtzzarb vein 

4 0  
L86113 

c5 
<20 

14 
c0.3 

4 0  
30  167 

44 0 <5 QFP ~ arb an 

L86114  c0.3 
c5 90  125 0 <5 

26 
-40 

68 
La61 15 <20 c20 c0.3 

c5 95 61 0 7 ser a t  
135 

-40 
66 14 

L861 16 
15 

e o  4 . 3  
4 0  18 

28 4 0  
0 e5 s r  an 

L86117 
c5 

a . 3  
148 

220 
d O  

4 0  
70 0 <5 diss py 

L86118 <20 e o  a 3  
c5 112 30 0 <5 saran 

c20 
-30 

4 0  
L86119  79 

c5 191 
a 3  235 4 0  

<IO 27 0 <5 w a n :  py 

L8S12C 
c5 

e o  
774 

<?. c 
<IO 

".- czi. 4 0  
9264 0 <5 diss py 

L86121 -3.3 
<5 

<20 
32 <TO €4 0 c5 s e r  an:  py 

4 0  
L86122 "O e o  C0.3 

<5 
98 

24 
4 0  

<IO 35 0 10 ser  alt:  py 

L86123  <0.3 
<5 

32 
4 0  <10 4 0  0 <5 qtzalt: w 

4 0  
L86124 c20 c20 a . 3  25 

<5 
4 0  

22 4 0  63 0 24 

L86125 <20 4 . 3  c20 
c5 <IO  e10  43 0 27 

4 0  
L86126 e o  

<5  35  29 
a 3  c20 a0 

L86127 c20 
<5 37 

0.6 c20 
4 0  

4 0  
69 0 <5 qtz an 

L86128 28 29 
c5 53 

2100 4 0  
4 0  

41 
L86129  92  13 

38  140 0 11 clay an; qk-py veins 
3200 

25 
4 0  

L86130 
13 

e o  18 
38 35 0 15 clay an; qhpy  veins 

81 
17 

4 0  
L86131 

14 < I  0 
<20 29  169 

51 13 0 21 clay an; qk-py veins 
4 0  

LE840 
14 

16 204 8 
10 90 0 <5 

0.13% 
12 

120  0.39% 
clay a t  qk-py veins 

LAR 01 
1.18% 

<IO 
270 13 635 

420 
qtzvein:  ccp. mal, az. py 

Abbreriatims: an = aneretion. AR = BCMEMPR AsseJsment Report. BZ = azurite. tarb = carbonate.  ccp = chalmpytile. cdy = chalcedony. chi = chlorite, diss = disseminated.  ep = epidde. FP = feldspar 
porphyry. hem = hematite.  HFP = hornblende felspar porphyry, Im = limonite. mal = malachite, py = pyrite. PO = pymhdite,  QFP = quartz feidspr porphyry. QP = quark porphyry, q h  = q u a a  ser = sen'$ 
tour = tourmaline. 

Analytical  Techniques: Au by fire assay  and atomic absorption spedrosmpy; Ag by  Standard fire assay; As. Sb. Cu,  Pb. Zn. Ni and  Mo  by  atomic  absorption  spectroscopy:  Hg by flameless cold vapaur 
LE6 and L88 aarnples were mileded by staff of the B.C.Geoiogicai  Suwey  Branch.  and  analyses  performed  by the Analyticai  Sciences Sedion. 

atomic absorption spedmsmpy. 
LAR data is fmm B.C.  Mini*  of  Energy.  Mines and Petmleum  Resources assssmnt  report. 

c20 a . 3  <5 

54 0 c5 qtzan: py 

128 0 <5 qlz alt; PY 

0.1 3w0 39 10 13 chiAer ait:  py (AR 10191) 



SAMPLE 
NO. 

S793124 
S793125 
S793126 
S7931TI 
S793128 
S793129 
S793133 
S793134 
S793135 
S793136 
5793137 
S793138 
5795194 
S795195 
S795196 
S795197 
S795198 
S795199 
S795200 
S795202 
S795203 
5795277 
5795278 
5795279 
S795280 
S795282 
S795283 
S795284 
S795285 
S795286 
S795287 
S795288 
S795289 
S795290 
S795291 
S795292 
S795294 
S795295 
S795296 
S795297 
S795298 
S795388 
S795389 

s795393 
s795390 

s795484 
S795465 
s795466 

A" 
(ppb) 
26 ~~ 

31 
5 
2 
2 
2 
7 
13 
39 
70 6 

3 

16 
14 
2 
2 
2 
2 

25 
2 

4 
2 
3 
4 
2 
8 
3 
7 

30 
2 

2 
2 
3 
2 
2 
2 
2 
4 
2 
2 
2 
2 

22 
2 

20 
2 

44 
(ppm) 
0 1  
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
1 

0.6 
I 

1.2 
0.1 
0.1 
0.1 
0.6 

0.1 
0.1 

0.1 
0.1 
0.2 
0.1 
0.1 
0.1 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.4 

0.1 
0.2 
0.1 
0.1 
0.1 
0.1 

0.1 
0.2 

0.1 
0.1 

0.1 
0.i 
0.1 
0.1 
0.1 

.. . 
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330 
(ppb) 

270 
220 
210 
150 
90 
160 
190 
130 

100 
90 

270 
60 
60 
120 
90 
60 .. 
80 

110 
50 

60 
40 
70 

80 
70 

80 

160 
70 

80 
90 
80 

60 
90 

60 
110 
60 
70 
60 
70 
90 
60 
70 
80 
70 

1150 
70 
70 
380 

Y"-- 
As 

20 
10 
11 
8 

26 
2 

2.5 
65 
28 
47 
12 
I8 

30 
10 

12 
17 

3.5 
18 

80 
15 
13 
14 
7.5 
12 
25 
4.5 
17 
5 

9.5 
5 
13 
12 
I1  
17 

1.5 
3 

1.5 
3 

1.5 
18 

41 
25 
5 
8 
3 
3 
18 

Pb -. 7- . 
(ppm) (ppm) 

Ni 
(ppm) 

"I co Ba 

4 
(ppm) (ppm) 

36 
(ppm) 

16 
(PPrn) 

3 
4  2  14 650 

53  12 3  2  15 
4 80 17 1  1 13  510 

770 

5 62 
2 46 

17 
15 

1 
1 

1 13 
1 

520 

1 
11 

30 11 1  1 
420 

50 78 
8 

6 2 
420 

4 
3 ea 9 80 

7 680 

85 91 
45 7 

8 
810 

1 
62  102 

1 
9 

9 770 

44 
3  2 

80 IO 
9 650 

3 33 12 
4 
3 

9  9  720 
2 

34 124  16 I 
18 880 

11  51 
1 6 

23 
4 

108  14 
1 I 4 950 

8 
1 

77 30 I I 
1  7 

:2 
600 
e10 

9 73  27 
7 e6 

1  1 11 750 
34 1 

1 
1 

49 
15 

21 1  1 11 
520 

7 65 
450 

22 1  4 
1 72 

13 
23 

4 24 
1  2  13 4 w  

15  2 1 
2 20 7 

9 
4 

550 
1 

4 59 
3 

15 
480 

1 
9 70 

1 
21 

9  480 

26 
1 1 13 

119  24  1  9  13 
450 

8 84 
590 

11  69 
24 1  1 13 
13 1 

450 
1 

2 
17 

18 8 
410 

17  78 
6 13 

23 
7 

4 1 I 8  
880 

2 10 6 5 
720 

26  92  21 6 5 
14 5 830 

9 
19 

40 
670 

8 
12 

39 
3 

10 
6 

4 
8 530 

14  69  18 6 
5 8 850 

8 34 
3  15  720 

14 2 
1 

1 
22 8 2 

8 830 

3 34 
1 

15 
5 730 

1 5 
7  24 8 1 

9 620 
1 5 410 

6 
2 

46 22 27 
16  7 

80 14 
1 

820 

28  147 50 2 
1 5 890 

15 
1 

122 36 
25 

1 
450 

1 
8 

16 
66 

570 
35 1 1 12  430 

5 96 71 1 1 
1 12 

18 
6 

520 
4 

! 
4 8 

12 
820 

3 57 24 3 17 740 1 

.._ 
l.," 

(1, 

" " - " " - ". 
OL" 
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SAMPLE AU As Hg As 
NO.  (ppb) 

Sb c u  Pb Zn Ni 
(ppm)  (epb) 

Mo W CO Ba 
(PPI) ( P P I  

S795467 2 0.1 60 0.5 1 1fi 
(ppm)  (ppm) 

1 
(ppm) 

17 
(ppm) (ppm)  (ppm)  (ppm)  (ppm) 

5 1  1 6 780 
1 

~ ~~ . . 
S795468 
s195469 

2 
2 

s7%.i7il h 
~ ~. ~. 
S195471  2 

s795473 
S795472  230 

2 
s795474 2 
s795475 
S795487 

2 

5795488 
2 
4 

S795489 2 
s795490 
S795491 

9 

S795492 
3 

s795493 
25 
2 

5795494  2 
s795495 4 
s795497  5 
S795498  7 
S795492 
5795500 

58 
3 

s795502 
s795503 

41 
17 

s795504 2 
5795505 2 
S795506 
s795507 

2 

S795508 
12 
8 

S795518  2 
S795519  2 
S795520  5 
s795522 3 
s795523  2 
s795524  2 
s795525 10 
S795526  2 
5795527  2 
s795564  3 
5795565  2 

0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.: 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

60 
70 

360 
190 
120 
110 
370 

480 
120 

110 
270 

160 
70 

100 
300 
310 
100 
100 
130 

100 
56 

110 
90 
80 
50 
70 
70 

150 
80 

100 
120 
160 
80 
150 
100 

170 
90 

270 
90 

~~ 

17 
1 

28 
11 

4.5 
3 

14 
6 

8.5 
32 

39 

22 
13 

80 
85 
70 
15 

49 
95 

25 
18 

13 
8.5 
22 
I 1  
11 
17 
12 

19 
8 

I1 
15 
17 
31 
3 
8 
6 
a 

0.9 
0.9 
4.7 
8.7 
5.3 

1.2 
1 

1.1 

3.3 
1.8 

3.1 
1.2 

I .4 

10.2 
3 

11.1 
3.8 

10.6 
4.9 

17.2 
10 

6.4 
1.5 
3.1 
2 

1.9 
2 

2.1 
3 

2.5 
2.3 
2.5 
1.5 
4.5 
1.6 
1.5 
0.8 
1.5 

,- - 
IO.' 

23 
20 
48 

IO0 
52 

54 
42 
40 

41 

61 
59 

66 
59 

60 
57 
60 
59 
46 
I12 
62 
78 
45 
31 
29 
25 
23 
23 
35 
25 
48 
26 
26 
53 

23 
62 

42 
36 

31 

3.3 

1 
1 

15 
6 

48 
13 

4 
5 

6 
2 
7 
10 
7 

11 
8 

11 
9 

6 
19 
36 
8 
17 
13 
6 
7 
6 
6 
8 

4 
5 

9 
5 
7 
8 

6 
8 

4 
3 
2 
_I 

22 

65 
23 

280 
80 

88 
68 
70 
90 
106 
109 
1  74 
98 
255 
112 
112 
94 
270 
133 
92 
54 
164 
34 
a3 
61 
69 
73 
72 
80 

118 
76 

15 
83 
105 
118 

87 
54 

113 
93 

.- 
13 
8 
27 
31 
22 
34 

26 
38 

26 
17 

26 
53 

44 
30 
48 
47 
29 
25 
24 
18 

36 
16 

9 
34 
38 
34 
35 
33 
34 
ea 

24 
19 

32 
16 
16 
30 
61 
35 
32 

1 
1 
1 
2 
4 
1 
1 
1 
1 
3 
1 
5 
1 
6 
3 
2 
1 
5 
1 

3 
1 

3 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
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Data for  most elements  are from Regional Geahemical Survey BC RGS-3.1979: A g ,  Cu. Pb. Zn. Ni. Mo and Co by  atomic  absorption sPectr0yX)py: Hg by flameless 
mld vapour  atomic  absorption spertmsmpy: As by hydride generation  atomic  absorption spedmsmpy: W by colourimetricdetermination affer pymsuifate  fusion 
and  a  dithiolcarbanale  mmpiexing. 
Au, Sb and Ba data extracted from Regional  Geochemical Survey BC RGS95.1993. which  re-analysed  sediment pulps saved  from  the 1979 program  using 
instrumental neutron activation. 
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