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INTRODUCTION 

has  long  been  recognized to contain a mixture  of  alkaline  potassic, 
The  belt  of  Upper  Triassic  volcanic  sequences  of  central  British  Columbia 

is  also  found  in  the  Lower  Jurassic  seauences  that  occur  within  this  belt 
alkaline  sodic, as well  as  calc-alkaline  suites. A similar  association 

and in  the  Eocene  sequences  of  the  Cotsa  Lake-White  Lake  belt. 

This  paper  demonstrates,  and  in  some  cases  confirms,  the  shoshonitic 
nature  of  the  alkaline  potassic  suites  of  Upper  Triassic,  Lower  Jurassic, 
and  Eocene  age.  Interest  in  the  recognition  of  such  volcanism  was 
prompted  at  first  by  the  identification,  from  chemical  data,  of 
shoshonitic  lenses  (Basic  Schist IJnit  of Thorstad, 1983) intruding,  or 
interlayered  with,  the  arc  tholeiitic I(lltcho Creek  Formation  and  by the 
subsequent  preliminary'examination of data  from  Upper  Triassic  and  Lower 
Jurassic  sequences  as  part  of  a  general  review  of  the  chemical 
composition  of  volcanic  sequences in  British  Columbia. 

A brief  bibliographic  review  of  the  shoshonitic  association in  the  world, 
followed  by  the  chemical  pattern  of  these  shoshonites  obtained  from 
certain  petrologic  diagrams,  serve  as  an  introduction to the  review  of 
shoshonitic  associations  of  central  British  Columbia.  The  latter  include 

LOwer  Jurassic  Toodoggone,  Horsefly,  and  Rossland  sequences;  and  a  few 
suites  from  the  Upper  Triassic  Stuhini,  Takla,  and  Nicola  Groups; the 

placed on shoshonites  for  petrological,  tectonic,  and  economic  reasons: 
sequences  from  the  Eocene  Kamloops  and  Penticton  Groups.  Emphasis is 

( 1 )  shoshonites,  once  considered  a  petrological  oddity,  have  gained  full 
petrological  status - at  least  amongst  island  arcs  petrologists - since 
so many  shoshonitic  suites  have  been  recognized  in  arcs  of  the  southwest 
Pacific,  Italy,  Puerto  Rico,  and  Kamtchatka; ( 2 )  they  reflect  collision 
periods  and  disturbance  of  subduction  zones  and  therefore  may  shed  light 
on the  collision  history  of  allochthonous  terranes  of  central  British 
Columbia; ( 3 )  associated  copper  and  gold  deposits  occur  commonly  as 
epigenetic  vein  systems  in  the  shoshonitic  volcanic  piles  and  as  porphyry 
copper-gold in comagmatic  alkaline  intrusions. 

THE SHOSHONITIC  ASSOCIATION 

described  and  named  by  Iddings (1895)  in the  Eocene  units  of  Yellowstone 
Shoshonite,  together  with  shonkinite, absarokite,  and  banakite,  were 

Park.  About  the  same  time,  Washington (1897,  1906) described the 
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ciminite-vulsinite-toscanite s e r i e s  and a s soc ia t ed   l euc i t i c   rocks  of 
wes te rn   I ta ly ,and  Ransome ( 1 8 9 8 )   t h e   l a t i t e   s e r i e s   o f   S i e r r a ,  Nevada. 
A l l  t h e s e   s e r i e s   a r e   e q u i v a l e n t  and  belong t o   t h e   s h o s h o n i t e   a s s o c i a t i o n .  
Johannsen  (1938),  however,  thought  that  these  terms  represented 
pe t ro log ica l   odd i t i e s  and should be discarded:  Streckeisen  (1967)  ignored 
them. In  'Alkaline Rocks'  (Sorensen,  1974)  only  shonkinite is b r i e f l y  
mentioned  and  nothing i s  sa id   about   a lka l ine   rocks  of i s l a n d   a r c s .  

The chemical  and  tectonic  importance  of  shoshonites as the  product  of a 
s p e c i f i c   a l k a l i n e   p o t a s s i c  magma were recognized by Jop l in  :1964,  1965, 
1968) while  comparing  rocks  from  Australia;  Yellowstone  Park;  Sierra, 
Nevada; I ta ly;   and  Indonesia .  She po in ted   ou t   t he   cha rac t e r i s t i c   va lue  
o f   t h e   r a t i o  K20/Na20 >, 1 ,  t h e  low T i  content  and the   h igh  1i1 content  
occurr ing  with Ca and Mg abundances s i m i l a r   t o   s u b a l k a l i n e   r o c k s   ( i n  
s p i t e  of t h e  very  high  potash  content).  she  proposed  the tt!rms 

b a s a l t   t o   r h y o l i t e ,   t r a c h y t e ,  and phonolite,  depending on the   degree 'of 
' s h o s h o n i t e   a s s o c i a t i o n '   t o  encompass an   a lka l ine   po ta s s i c  series froln 

s i l i c a   s a t u r a t i o n ,  and divided it i n t o  two groups (1)   ' near -sa tura ted '  

t r achy te ,  and ( 2 )  ' unde r sa tu ra t ed '   i nc lud ing   t he   r a r e r   l euc i t i c   rocks .  
including  shoshoni tes  sensu stricto,  a lka l ine   rhyo l i t e ,   and  

J o p l i n   a l s o   p o i n t e d   o u t   t h a t   t h i s   p a r t i c u l a r   t y p e  of volcanism occurrcad 
a t  a time of s t a b i l i z a t i o n ,   a t   t h e   c l o s e  of a per iod of active  tecton.ism. 
Nichol l s  and  Carmichael  (1969). on t h e   o t h e r  hand,  thought  that it wa:; 
unnecessary t o   e l e v a t e   t h e   s h o s h o n i t i c   a s s o c i a t i o n   t o  a s p e c i a l   s t a t u ; .  

F i j i  (Dickinson, 1968; G i l l ,  1970), New Hebrides ( G i l l  and  Gorton,  19'71). 
Subsequently, numerous s t u d i e s  documented the   ex i s t ence  of nhoshonitee i n  

Papua-New Guinea (Jakes and  White, 1969: Johnson,  1971;  Mackenzie  and 
Chappell, 1972; Smith,  1972), Solomon Is lands  (Hackman, 1971) ,   I t a ly  
(Appelton, 1972;  Ninkovich  and Hays,  1972; Barb ier i ,  et a l . ,  1974). 
and Puerto  Rico (Jolly, 1971). 

These s t u d i e s   s u b s t a n t i a t e   t h e   v a l i d i t y  of J o p l i n ' s  chemical. d i s t i n c t i o n  
and i t s  tec tonic   s ign i f icance .  A l l  authors,  Ninkovich  and F!ays excepted, 
a t t r i b u t e   t h e   g e n e r a t i o n  of s h o s h o n i t e s   t o   c o l l i s i o n  of p l a t e s   r e s u l t i n g  
i n  the dis turbance of the subduction  zone, i t s  'jamming' an?!, i n  some 
cases ,  its reve r sa l .  

To the   shoshon i t i c   a s soc ia t ion  of volcanic  rocks  and  associated 

u l t r amaf i c   i n t rus ions  of  Alaskan  type. I n  Alaska,  Irvine  (1973) 
comaqmatic in t rus ive   rocks   def ined  by Joplin,   one must  add t h e   a l k a l i n e  

demons t r a t ed   t ha t   t he   a lka l ine   p i c r i t i c   po ta s s i c   basa l t s  of Bridget Cove 

u l t r amaf i c   i n t rus ions  of Early  Cretaceous  age.  Similarly, h e  l inked  t:he 
could  be  the  source  (by  crystal   se t t l ing)  of the  nearby  a lkal ine 

Upper Triassic a lka l ine   u l t r amaf i c   i n t rus ions   o f   Br i t i sh  Columbia t o  t.he 
surrounding more d i f f e ren t i a t ed   vo lcan ic   rocks  of the  Takla  Group 

t h e   r e l a t e d  Alaskan-type  ultramafic  intrusions,  were recognized  as  
( I rvine,   1976) .  It seems,  however, tha t   these   vo lcanic   rocks ,  and  hence 

belonging t o   t h e  newly es tab l i shed   shoshoni t ic   assoc ia t ion   on ly  by 
Delong  (1975) fo r   t he   Br ige t  Cove basa l t s   and  hy Meade (1977)   for   the 
Takla  volcanics.  
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High-K calc-alkaline  volcanism commonly precedes or i s  associated  with 

complete  gradation from high-K andes i t e s   t o   shoshon i t e s  and a s imi l a r  
shoshoni tes   (Eol ian  Is lands,  Papua-New Guinea, New Hebr ides ,   F i j i ) .  A 

Mackenzie  and  Chappell  (1972). In areas  devoid of recognized 
t race-element   s ignature   throughout   the series were  documented by 

shoshoni tes ,   the   presence of high-K andes i t e s  may imply s i m i l a r   t e c t o n i c  
condi t ions.  

NOMENCLATUPZ AND CHEMICAL PROFILE 

The petrographic  nomenclature i s  complex  and  confusing  as it r e f l e c t s   t h e  
o r i g i n a l   d e f i n i t i o n s   g i v e n   t o   s i m i l a r   r o c k   t y p e s  by seve ra l   au tho r s  
(see Jopl in ,   1968) .  As a r e s u l t ,  some authors  even reject s p e c i f i c  
names in   f avour  of t h e  more general  terms. The nomenclature  given i n  
Table 1 i s  t h a t  of  Mackenzie  and  Chappell  (1972) fo r   t he   shoshon i t e s  of 
t h e  Highlands  of New Guinea, t o  which t rachyte   and   l ipar i te   have   been  

For the   ra re r   ' undersa tura ted '   g roup ,   Apple ton ' s   c lass i f ica t ion   for   the  
added. T h i s  nomenclature applies only   for   the   'near -sa tura ted '  group. 

l e u c i t i c   r o c k s  of t h e  Roman Province i s  used. 

NOMENCLATURE OF THE NEAR-SATURATED ASSOCIATION 
TABLE 1 

SI02 bnge Name I nc I udes General Name 

< 50% Absaroklte 
Shoshonlte 50-575 

57-63%  Lat i te 
K2 sa 
High+ trachyte 

>6H 
K 2  6% 
Toscanlte 
Llparlte 

Clmlnlte  Trachybasalt 
Banak I te Trachybasalt 

V u l s l n l t e  
Lat l t e  Low-SI Trachyandeslte 

Q banaklte High-SI trachyandesite 
V u l s l n l t e  Trachyte 

Q latite Alkallne  dacite 
Alkallne rhyolite 

Shoshonites were descr ibed by J o p l i n  as having K2O/Na20 >, 1,   toge ther  
with  high A l ,  Ca, and My and low T i .  Mackenzie  and  Chappell  (1972) 
proposed K20/Na20 >, 0.6 f o r  50 per cent   Si02 and >,I f o r  56 per c e n t  Si02. 
T h i s   c l a s s i f i c a t i o n   h o l d s   f o r  most shoshoni tes   except   for   those  of 
Bufumbira  (Uganda)  which  have a high T i  content .  More impor tan t ly ,   there  
a r e   o t h e r   a l k a l i n e   p o t a s s i c   r o c k s   w i t h  similar KZO/Na20 r a t i o s ,  which 
do have l e u c i t i c  members, and  with  which  shoshonites may be and  have  been 
confused.  These f a l l   i n t o  two unrelated  groups:  potasso-sodic  ( including 
the  kamafugi tes)  and o r e n d i t i c .  
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The  variation  diagrams  used  were MgO, CaO,  Na20,  K20,  Alk,  FeOT,  and  Al2O3, 
as  well  as  TiOZ  versus  FeOT.  Specific  compositional  domains  have  been 
defined on all  except  A1203:SiOz  as  illustrated  for  the  Upper  Triassic 
suites on Figures  135  to  143  (pages  438 to 442). 

All  three  potassic  series  were  found to plot  in  the  alkaline  domain  of 

high-K  (EHK)  domains  of K20 versus  SiO2;  most  are  in  the  su'balkaline 
Alk  versus  Si02  (Kuno's  boundary),  and in  the  very  high-K  (VHK)  and  extreme 

domain  on  MgO  versus  SiO2.  All  three  series  also  show  regular  decrease 
in  Fe  content  and  a  steep  increase  from  10 to 12  per  cent  AL2O3 in 
picritic  basalts  and  up  to 22 per  cent  for  some  trachytes  and  phonolites 
of  the  shoshonitic  and  potasso-sodic  series.  An  A1203  decrease 
appears  only  for  latites  and  rhyolites.  Orenditic  suites h8we typically 
lower  A1203  contents,  increasing  from 7 to 12  per  cent. 

Titanium  was  found  to  be  characteristic  of  the  tectonic  setting  just  as 

potasso-sodic  basalts  of  island  arcs  and  continental  margin;;  plot in  the 
in  subalkaline  basalts. On Ti02  versus  FeOT,  shoshonitic  and 

low-Fe  part of the  island  arc  and  ridge  domains  (these  doma.ins  were 

potasso-sodic  suite,  as  well  as  the  continental  Bufumbira  shoshonites, 
defined  for  subalkaline  basalts),  whereas  the  continental  and  oceanic 

plot  in  the  within-plate  domain.  Orenditic  suites  are  all .in the  within- 
plate  domain. 

Shoshonitic  and  potasso-sodic  series  are  best  separated  by  their  Na 
content.  Shoshonitic  series  fall  within  the  subalkaline  domain on 
NaZO:SiOZ,  whereas  the  potasso-sodic  series  are  above  it. 'In addition, 
Ca  content  of  shoshonitic  series  tend  to  be  higher:  CaO  va:Lues  are 
mainly in  the  subalkaline  domain,  though  those  of  the  more  undersaturated 
suites  are  below  it,  whereas  all  potasso-sodic  suites  plot  below, or at 
best  straddle,  the  lower  subalkaline  boundary. 

Orenditic  series  differ  from  the  shoshonites  by  their  lower  A1203 

markedly  more  potassic. 
contents;  in  the  critial  10 to 12  per  cent  A1203  range,  orendites  are 

SHOSHONITES OF BRITISH COLUMBIA 

The  suites  examined  include: (1) the  Upper  Triassic  Stuhini  Group  in  the 

a l . ,  1976)  and  further  east,  near  the  Hotailuh  batholith  (Anderson, 
Galore  Creek  area  (Panteleyev,  personal  communication, 1984,: Allen, et 

Group  south  of Kamloops (Preto,  1979),  and  the  Basic  Schist  unit  of t h e  
1983).  the  Takla  Group  near  the  Hoqem  batholith  (Meade, 197'1). the  Nicola 

Kutcho  Creek  Foramtion  (Thorstad,  1983); (2) the  Lower  Jurassic 
Toodoggone  volcanics  (Schroeter,  1982;  Forster, 19841, Horst?fly  Group 
(Morton, 1976). and  Rossland  Group  (Daly,  1912;  Little,  1960); (3)  thcs 

Penticton  Group  (Church,  1973). 
Eocene  Kamloops  Group  (Ewing,  1981;  Church  and  Evans,  1983)  and  the 
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The shoshoni t ic   charac te r  of t h e   a l k a l i n e   p o t a s s i c   s u i t e s  was recognized 
by Meade (1977)   for   the  Takla  Group ( u n i t s  7b,  7c, 8 )  and by Church f o r  
the   Pent ic ton  Group  (high-K t rachyandes i te   and   t rachyte   o f   the  'B '  
series). A t  Galore  Creek, i n   t h e   S t u h i n i  Group, Allen et al. (197t6)  
compared the  unusual  l euc i t ic  phono l i t e s   and   syen i t e s   t o   t he  
Mediterranean  and  western  Alaskan  assemblages.  Other  authors,  such  as 
Lefebure  (1976)  and  Preto  (1979)  for  the  Nicola Group and Morton (1976) 

volcanics  of Gough and Tr i s tan   da  Cunha I s l ands  which a r e ,  however, more 
fo r   cyc le  I of the   Horsef ly  Group,  compared  them t o   t h e   p o t a s s i c  

Ewing ( 1 9 8 1 )   c l a s s i f i e d   t h e   b a s a l t s  of the  Stuhini   and Kamloops Groups a s  
sodic  and T i  r i c h ,   b e f i t t i n g   t h e i r   o c e a n i c   s e t t i n g .  Anderson (1983) and 

h igh   a lka l i   con ten t .  Both au tho r s   imp l i c i t l y   de f ine   a s   a lka l ine ,   on ly  
calc-alkaline  because of the i r   sa tura ted   composi t ion ,  i n  s p i t e  of t h e i r  

oversaturated  rocks,  and  hence many shoshoni tes ,  from t h e   a l k a l i n e  
rocks   def ic ien t  i n  s i l i c a  and therefore   e l imina te  many sa tu ra t ed  and 

family.  

UPPER TRIASSIC 

Shoshonites 

To s impl i fy   and   reduce   the   g rea t  number of petrogenetic  diagrams,  only 
da t a  from the  shoshoni t ic   sequences  within  the  Stuhini ,   Takla ,   and  Nicola  

chemica l   charac te r i s t ics .  The assoc ia ted   suba lka l ine   and   a lka l ine ,  more 
( c e n t r a l   b e l t )  Groups  were p lo t t ed   (F igs .  135 t o  143) t o   i l l u s t r a t e   t h e i r  

sodic ,   volcanic   analyses  were omi t t ed   de l ibe ra t e ly .  

The occurrences of t h e  most common a l t e r a t i o n s ,  which involve Ca and/or 
Mg (and   therefore  N a )  were assessed  on MgO/CaO diagrams,  on  which a l l  
s u i t e s ,  from c a l c i c   t o   t h e  most a lka l ine   ( cumula t e s   excep ted ) ,   p lo t   i n  a 
domain l abe l l ed   ' una l t e red '   ( de  Rosen-Spence, 1976).  This domain i s  

p l o t   i n  t he   ' una l t e red '  domain, t hus  providing a sound base f o r  
narrow enough t o  make it use fu l  f o r  screening da ta .  Of 71 samples, 40 

interpret ing  other   diagrams.   Twenty-three  analyses   plot   as   a l tered  and 
eight  have  gained C a  o r  have  plagioclase  cumulates. The Nicola 
shoshoni tes   a re  by f a r   t h e  most a l t e r ed   w i th   on ly  two 'unaltered'   samples 
among the   ava i l ab le   ana lyses .  

The M g U  content  of  most samples p l o t  i n  t he   ' suba lka l ine '  domain of 
MgO/Si02 (Fig.   136) ,  none  above it. There i s  t h u s  no evidence of 
ex tens ive  Mq metasomatism. 

Figures 137 t o  139 show t h a t   t h e  Upper Tr i a s s i c   po ta s s i c   vo lcan ic s  of 
c e n t r a l   B r i t i s h  Columbia are   unequivocal ly   shoshoni tes .  The CaO content  

rocks. Only t h e  most undersaturated  t rachybasal ts   and  phonol i tes   of  
(Fig.  137) of t h e   u n a l t e r e d  samples is e q u i v a l e n t   t o   t h a t  of suba lka l ine  

Galore   Creek   a re   def ic ien t   in  CaO. Most a l te red   samples ,  however, show 
an  expected  overal l   decrease  in  CaO r e l a t i v e   t o   t h e   u n a l t e r e d  samples. 
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The Na20 contents   (F ig .   138)   o f   una l te red   samples   a re   a l so   s imi la r   to  

much higher,  and  plot  predominantly i n  the   very  high-K (VHK) and  extreme 
those  of subalkaline  rocks,   whereas  the K 2 0  contents   (Fig.   139)   are  

high-K (EHK) domains. Most of the  extreme  values  belong t o   t h e   h i g h l y  
undersaturated Upper uni t   of   Galore  Creek (Stuhini  Group).  The few 
abnormally  high  and low Na values  can  be  ascribed t o  replacement of Ca 
and/or K by Na, and Na by K r e s p e c t i v e l y   a s   t h e  same samples  display 
corresponding low Ca and/or K and  extreme high-K values .  

The a lka l ine   charac te r ,   ev ident  on Alk versus  Si02  (Fig.  140)  where 
Kuno's boundaries   are   t raced,  i s  due  mainly t o   t h e   h i g h  K20 contents .  
The Irvine-Baragar's  boundary would c u t  across   the  lower  c luster   of  
po in ts   g iv ing  a fa lse   impression  of  mixed c h a r a c t e r   t o   B r i . t i s h  Columbia 
shoshoni t ic   rocks.  

~ 1 ~ 0 ~  (Fig.  142) a r e  t y p i c a l  of a l k a l i n e  po ta s s i c  sui tes .  The p l o t  
The regular  decrease i n  FeOT (Fig.  141) and  dramatic  incre,sse i n  

of T i 0 2  va lues   fo r   basa l t s  w i t h  48 5 Si02 g50.5, i n  t h e   i s l a n d   a r c  
domain of T i 0 2  versus FeOT (Fig.  143)  confirm t h e  t e c t o n i c   s e t t i n g  of 
these   shoshoni tes ,  which could  be  surmised  from  their   clos,e  association 
with high-A1 and ca lc -a lka l ine  s e n s u  s t r ic to  sequences. 

A l l  sui tes ,  except   the  Galore  Creek Upper u n i t   ( S t u h i n i ) ,  'belong t o   t h e  

mainly of shoshonites s e n s u  s t r i c to  accompanied by some absaroki tes .  
'near-saturated '   group  as   def ined by Jopl in .  A l l  s u i t e s   a r e  composed 

La t i t e s   occu r   a l so  i n  the  Galore Creek Lower u n i t  (S tuhin i )   and  
t o s c a n i t e s  have  been i d e n t i f i e d  i n  t h e   T r i a s s i c - J u r a s s i c   v d c a n i c  
sequence which o v e r l i e s   t h e   S t u h i n i  Group near   the   Hota i luh   ba thol i th .  

The Galore  Creek Upper u n i t  is composed mainly  of  rocks  of t h e  

flows. The analyses  compare well wi th   the  least Undersaturated  rocks of 
'undersaturated'   group, and pseudoleuc i te   has   been   ident i f ied  i n  s eve ra l  

t h e  Roman Province  and  comprise   phonol i t ic   tephri tes ,   tephri t ic  
phonol i tes ,  and l euc i t e   phono l i t e s .  A few near -sa tura ted   shoshoni tes   a re  
a l so   p re sen t .  

Associated Rocks 

Subalkal ine  rocks  associated  with  the  shoshoni tes   belong t '3  medium-K. and 

T h e i r   s t r a t i g r a p h i c   p o s i t i o n  i s  u n c e r t a i n   i n  many cases ,  a.nd they  could 
high-K ca lc -a lka l ine  ( s e n s u  s t r ic to)  and  high-A1 b a s a l t i c   s u i t e s .  

i n t e r f inge r   w i th   t he   shoshon i t e s   a s  i n  t h e  Toodoggone volcanics  and 
Pent ic ton Group. The following were i d e n t i f i e d :  

( 1 )  medium-K and high-K andes i tes  i n  the   Galore  Creek Lower u n i t ;  

( 2 )  high-K and high-A1 b a s a l t s  showing Fe enrichment i n  t h e  Stuhini  
Group, Hotailuh  area:  
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( 3 )  in  the  Takla  Group,  high-K  basaltic  andesites  (unit  4c),  probably  a 
time  equivalent  with  the  shoshonites  (units  7b,  7c, 8 ) ;  medium-K 
basalts  and  basaltic  andesites  with  high-A1  (unit  6b)  and  tholeiitic 

andesite  (unit  9c)  above  the  shoshonites,  and  separated  from  them  by 
(unit  7a)  affinities  below  the  shoshonites;  medium-K  calc-alkaline 

a  more  sodic  alkaline  unit  (9a);  and 

(4) in  the  Nicola  Group  (central  belt),  medium-K,  high-Al,  Fe-enriched, 
basalts  at  the  alkaline  limit  are  probably  the  lateral  extension  of 
similar  andesites  and  rhyolites  of  the  western  belt  which  are 
thought to be  younger  than  the  shoshonites  (Preto, 1979). This 
high-A1  sequence  is  similar to that  of  the  Newberry  volcano  which 
sits  behind  the  Cascades  chain. 

Alkaline  sodic  rocks  may  have  medium to very  high-K  contents  and  may  be 
nepheline  or  quartz  normative.  The  tend to follow  (with  one  exception) 
the  shoshonites  and  separate  them  from  medium-K  calc-alkaline  volcanism. 
The  following  were  identified: 

( 1 )  in cycle I of  Triassic-Jurassic  volcanics  overlying the Stuhini 
Group  (Hotailuh  area):  high to very  high-K,  Ne-normative 

by  cycle  I1  comprising  medium-K  basaltic  andesites  and  dacites; 
trachyandesites,  associated  with  shoshonitic  toscanites  and  followed 

(2) in the Takla  Group:  medium to high-K  trachybasalts  and 
trachyandesites  (units  2,  4a)  underlie  or  are  equivalent to the 
shoshonites;  mildly  alkaline,  quartz-normative  andesites  (unit  9a) 
are  intermediate  between  latites  and  mildly  sodic  trachyandesites 
and  overlie  the  shoshonites;  and 

( 3 )  in the  Nicola  Group:  medium to high-K,  Q-normative  trachyandesites 
are  associated  with  shoshonites  of  the  eastern  belt;  similar 
comaqmatic  microdiorites  intrude the shoshonites  of  the  central 
belt. 

All  associated  rocks,  whether  subalkaline  or  alkaline,  have  titanium 
contents  typical  of  island  arcs,  with  the  exception  of  the  high-A1 
sequence  of  the  Nicola  Group  which  plots  in  the  ridge  domain. 

LOWER JURASSIC 

Shoshonitic  sequences,  similar to those of Upper  Triassic  age  have  been 
identified  amongst  the  Lower  Jurassic  sequences  which  overlie the 
alkaline  Upper  Triassic  belt  previously  described.  Calc-alkaline  and 
alkaline  sodic  sequences  are  also  present. 

The  Toodoggone  volcanics  are an assemblage  of  high-K  calc-alkaline  and 
shoshonitic  lavas  and  tuffs. In the area  sampled  by  Schroeter  (1982) 
high-K  andesites  occur  with  latite  flows  and  are  overlain  by  altered 
trachyte  tuffs. In  the area  studied  by  Forster (1984), the sequence  is 
composed  of  high to near  medium-K  andesites  and  dacites  with  only  minor 
interbedded  shoshonitic  trachyte.  These  successions  suggest  the 
coexistence  of  two  different  volcanic  centres  erupting  concomitantly 
alkaline  and  calc-alkaline  magmas. 
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In   the   Horsef ly  Group,  where  Morton (1976)  recognized  threl?  successive 
cycles ,   only  cycle  I conta ins   absaroki tes  and shoshonites.  Cycles I1 and 
I11 a r e  more sodic:   cycle  I1 is high-K sodic ,  and cyc le  ILI is very 
high-K potasso  sodic   with K 2 0  = Na20. 

In the  Rossland Group (Daly, 1912; L i t t l e ,  1960) t h e  sequence is composed 
of shoshonites  and la t i tes  and  had  been c l a s s i f i e d   a s   l a t i ' t i c  (Ransome's 
d e f i n i t i o n )  by Daly. 

EOCENE 

I n  t h e  Kamloops Group, t h e  Salmon A r m  b a s a l t s  and  andesite:;  (Church  and 

mildly  a lkal ine.  They p lo t   a s   shoshon i t e s   l ead ing   t o  an oversaturated 
Evans,  1983)  and the   basa l t s   ana lysed  by Ewing (1981)   are   potassic  and 

t rend.  Those analysed by Ewing are   assoc ia ted   wi th   ca lc -a lka l ine  
andes i tes  and rhyo l i t e s .  

In the   t ime-equivalent   Pent ic ton Group,  Church  (19731  recocjnized 
shoshoni t ic   t rachytes   (group 'B') interbedded  with  calc-alkal ine 

porphyry  and  phonolite. A few  of  Church's  andesites  are  shoshonites, 
andesi tes   and  rhyol i tes   (group ' A ' ) ,  underlain by more sod:tc a l k a l i n e  

l e s s   a lka l ine   t han   t he   t r achy te s .  In more d e t a i l ,   t h e   K i t l e y  Lake 
t r achy te ,  Kearns  Creek  shoshonites,  and  Nimpit Lake t r achy tes  form a 
f i r s t  group,  and t h e  White Lake shoshonites and  Skaha t r achy tes  a second 
group,  separated by calc-alkal ine  andesi tes   (Park R i l l )  and   rhyol i te  
(Marama) . 
TECTONIC AND OTHER IMPLICATIONS 

The recogni t ion of the   a lka l ine   po tass ic   vo lcanism i n  Brit:tsh Columbia a s  
shoshoni t ic  i s  important   for  its tec tonic   s ign i f icance ;   shoshoni t ic  
volcanism is  l inked   wi th   co l l i s ion   of   p la tes ,   d i s turbance ,  even  reve.rsa1, 
and f ina l ly   dy ing  of a subduction  zone. I t  is the re fo re  m o s t  i n t e r e s t i n g  
t o  observe   tha t   the  Upper Triassic and Lower Jurass ic   shoshoni tes  
occurred  during  the  per iod of 'docking' of t h e   S t i k i n i a ,  Cache Creek, 
Quesnel l ia ,  and Eas t e rn   t e r r anes  and t h e i r   a c c r e t i o n   t o  North America. 
The occurrence i n  a narrow b e l t  of  contemporaneous medium-$:, high-K,  and 
very high-K volcanism  requires a steeply  dipping  subduction zone during 
Upper Tr iass ic   and  Lower J u r a s s i c  times. The coexis tence   dur ing   the  

Hazelton  arc t o   t h e  west, would r equ i r e  a d i s t inc t   subduc t ion  zone f o r  
Lower Ju ras s i c   o f   t he  narrow  Toodoggone-Rossland a r c  and  the wide 

the  Hazelton arc. 

I f   the   Phi l ipp ines   a rcs   (Div is ,   1980)   a re   t aken   as  a model,  one  could 
env i sage   t ha t   t he  Upper Triassic   subduct ion  zone,   af ter   bei .ng  dis turbed 
by t h e   c o l l i s i o n  of the   a l lochthonous   t e r ranes  and having  generated  the 
calc-alkaline-shoshonitic Nicola-Takla-Stuhini arc a s  it became 
subve r t i ca l ,  was eventua l ly   reversed   dur ing   accre t ion   to   Nor th  America 
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before  dying,  generating  hence  the  Toodoggone-Rossland  arc.  At  that  time 
a  new  subduction  zone  was  already  operating  further  west  generating  the 
Hazelton  arc.  This  model is  intended,  of  course, to be  very  general  and 

blocks, nor the possibility  that  the  Upper  Triassic  arc  was  actually 
does  not  take  into  account  relative  north-south  motions  of  the  different 

double,  separated  by  the  Cache  Creek  terrane. 

The  Eocene  shoshonites  probably  are  linked  to  the  disturbance  of  the 

allochthonous  terranes  also  may  have  played  a  role. 
subduction  zone  at  their  time  of  formation.  Collision  of  other 

The  Upper  Jurassic-Lower  Cretaceous  shoshonites  of  western  Alaska  also 
occurred  after  'docking'  of  the  Wrangellia  and  Alexander  terranes. 

From  a  practical  point  of  view  the  abundance  of  shoshonite  and 
alkali-rich  rocks is  encouraging to the  explorationist.  The  alkaline 
character  of  numerous  porphyry-type  deposits  has  been  known  for  many 
years in the  Canadian  Cordillera  but  the  possible  association  of 
epithermal  gold  systems  with  alkali-rich  sequences is a  much  more  recent 
concept. 
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Flgure 135. Upper Trlasslc  shoshonltes. Mg0:CaO p l o t  deslgned t o  Screen ' u n a l t e r e d '   ( f i l l e d  
c l r c l e s ) ,   ' a l t e r e d '  (open c l r c l e s )  samples, and samples wl th  'added Ca' or 
plagloclase  cumulates  (squares).  Unaltered domaln f ran  de Rosen-Spence (1976). 

Flgure 136.  Upper Trlasslc  shoshonltes. MgO:S102 plo t ,   no t ice  absence of   data  polnts 
above the  'subalka l lne '  domaln. Boundaries from de Rosen-Spence 11976). 
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Flgure 137. Upper T r l a s s l c  shoshonltes. CaO:S102 p l o t  shows mJorlty of 'unaltered'  data 
J 

polnts In  'subalkallne' domaln. Boundarles from de Rosen-Spence 11976). 
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Flgure 138. Upper T r l a s s t c  shoshonltes. Na$:S102 p l o t  s h a s  rmst  ditta polnts I n  

from de Rosen-Spence (1976). 
'subalkallne'  domain. Those above It have lower K20 con'tents. Boundarles 
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F lgu re  139. Upper T r l a s s l c  Shoshonltes. S102 p l o t  i l l u s t r a t e s   t h e   h l g h l y   p o t a s s i c  
n a t u r e  of t h e  Shoshonltes. P!%s belar the  'very  h1gh-K'   domln  correspond t o  
sanples w l t h  above normal Na F lgu re  138. Lar (LK), medium (Mo, and  hlgh 
(Ho K20 donalns from G l l I  ( very  hlgh (VM) and extreme high ( E H O  
K20 dana lns   f ran   t h l s   s tudy .  
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F igu re  140. Upper Tr lass lc   shoshon l tes .  
the shoshonites. The extremtly Alk:SI? a l k a  Ine samples a r e   l e u c i t e   p h o n o l l t e s .  
Boundaries fran Kuno (1966).  high-AI d o m l n   r e l a b e l l e d   ' C a I c - a l k a l i n e '  and 
t h o e l l t l c  domaln 'calcic'. 

plot I I I u ' s t r a t e s   t h e   a l k a l i n e   n a t u r e   o f  
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Flgure 141,  Upper Tr lass lc  shoshonltes. Fe0T:SfO plot.   'Fe-rlch'   ( thole1 
'Fe-poor' ica lc-a lka l lne)  domains deffned f r m  plot of   p lgeonl t lc  and 
hypersthenlc sultes of Japan. 'Fe- lntermdlate '  domaln Is a zone of 
overlap  (de Rosen-Spence, 1976). 
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Figure 142.  Upper Tr lass lc  shoshonltes. Al&,:S102 Plot  Shms the Increase I n  
Al2O3 w l t h  d l f fe rent la t lon .  
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Flgure 143. Upper Trlasslc  shoshonltes. T102:FeO deslgned l n l t l a l l y  for subalkal lne  
basal ts  w l t h  48 Per cent ,< SI02 6 50.3 per  cent (de Rosen-Spence. 1976). 
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