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INTRODUCTION 

Close  geochemical  association  of  potassium  and  rubidium  haS  led to t.he 
extensive  use  of K/Rb ratios  in  petrogenetic  analysis  of  igneous  systems. 
Ionic  radii  of  the  two  elements  do  not  differ  by  more  than 15 per  cent 

substitutes extensively  for K+ sites  in  potassium-bearing  ninerals, 
(K+ = 1.33A and Rb' = 1.47A), and  rubidium  as  a  minor  element 

especially  in  micas,  in  which K+ sites  are  larger  than in Eeldspars. 
Because  of  its  geochemical  similarity to potassium,  the  ditstribution of 
rubidium  during  magmatic  processes  is  controlled  mainly  by  the 
availability  of K+ sites.  Being  larger in size,  rubidium  .accumulates 
in  residual  melts  more  rapidly  than  does  potassium.  Hence,,  with 
progressive  differentiation  the K/Rb ratio  of  rocks  should  decrease  .with 
increasing  acidity.  Therefore K/Rb ratios  can  indicate  the?  extent or 

of  oceanic  volcanic  rocks  decreases  from 1 300 in  oceanic  tholeiites to 
direction of differentiation in  a  suite  of  igneous  rock. !fie WRb ratio 

et a l . ,  1965) .  In orogenic  andesites  the K/Rb ratio  also  decreases 
about 350 in  alkali  basalts and is as  low  as 300 in  trachytes  (Engel, 

with  increasing  potassium  or  acidity  (Gill, 1978) .  For  crustal  rock:;  the 
K/% ratios  range  from 130 to 300 (Taylor, 1965) .  

The K/Rb ratio  in  igneous  rocks  can  be  used to recognize  di,fferent 
magmatic  processes  that  may  have  affected  a  particular  suite;  for 
example,  processes  related to source  or  parent magma and  the  extent  and 
trend  of  magmatic  differentiation. 

Here we consider  the  distribution  of K/Rb ratios  in  rocks  of  the  Guichon 
Creek  batholith.  Since  major  element  chemistry,  field  evidence,  and 
phase  equilibria  show  that  the  Guichon  Creek  batholith is  a  highly 
differentiated  composite  body  ranging  from  quartz-diorite  at  the  marqin 
to quartz  monzonite  in  the  core  (Northcote, 1969; McMillan, 1976; and 
others),  the K/Rb ratio  would  be  expected to decrease  with  increasing 
acidity.  However,  the K/% ratios  of  Guichon  rocks  do  not  follow  this 
expected  trend;  instead,  the  ratio  increases  with  increasing  acidity 

literature,  one  example being  the  Blue  Mountain nepheline  syenite  in 
(Fig. 133) .  Few  similar X/% ratio  trends  have been  reported  in  the 

Ontario  (Payne  and  Shaw, 1967) .  As well  as  the anomalous  t.rend, K/Rb 
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TABLE 1 
VARlATlOW OF WTASSlUl ( In  welght per cent)  A H )  RUBlOlUl ( In  ppm), 

AND K/Rb  RATIO IN GUlCHoN CREEK B A M L I T H  ROCKS 

SI02 K Rb  K/Ab K* Rb* W b *  K** Rb** K/Rb** 

61.8 1.73 52 333 2.01 48  419 1.80 38  474 
Border Phase 
Gulchon Var le t y  

58.9 1.33 39  341  1.66  33  503  1.70 38 468 

Chataay   Var le ty  64.2 1.75 41  312 2.01 50 402 1.81 37 489 
Bethlehem Phase 65.2 1.85 38  487 1.89 41  402 1.93 38  509 
Bethsafda Phase 73.7 2.83 34 832 2.70 73  370 1.89 37 511 

NOTE: Starred columns conta ln   va lues  ca lcu lated  f rom  the  Rayle lgh  f ract lonat lon model. 
*values  represent K ,  Rb, and K/Rb r a t l o   c a l c u l a t e d   u s l n g   t h e   a c t u a l   m d a l   m l n e r a l o g y  of 

*Xvalues  are frm adjusted  mlneralogy t o  produce  the K/Rb r a t i o   t r e n d  of b a t h o l l t h   r o c k s  
Gu I chon batho I I t h   rocks  
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Figure 133. A p l o t  of average K/Rb r a t l o s  of major 

u n i t s  of t h e  Gulchon  Creek b a t h o l i t h  
versus K (weight  per  cent) .  
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r a t i o   l e v e l s  are abnormally  high i n   t h e  Guichon  Creek bathol i th ,   ranging 
from 300 t o  over 800 (Table 1 ) .  Expected  ranges  of K / F b  r a t i o s  
ca lcu la ted   f rom  theore t ica l   concent ra t ions  of  potassium  and  rubidium 
using  equi l ibr ium  fract ionat ion  models   (Table  1)  are narrower. Thus t h e  
range of the  K/Rb r a t i o  and i ts  anomalous t rend  probably  indicates  t h e  
a c t i v i t y  of processes   o ther   than   c rys ta l   f rac t iona t ion .  

K/Rb RELATIONS It4 GUICAON  CREEK BATHOLITH RoQ[s 

Compositionally,  the  Guichon  Creek  batholith  parent magma was 
approximately  andesite,  with  Si02  about 63 weight  per cent..  The la rge  

i n  andes i t i c  and o ther   ca lc -a lka l ine  rocks, dependent most;.y on t h e  
l i thophi le   e lements ,   such as rubidium, show a very  wide  range of values  

source of the   paren t  magma. For t h e  Guichon  Creek ba thol i th   average  
rubidium  abundances  range  from 52 ppm i n   t h e  Guichon v a r i e t y   t o  34 p,pn i n  
the  Bethsaida  phase. The p a t t e r n  is shown on Figure 134, which a l s o  
shows tha t ,   in   genera l ,   rub id ium  increases   wi th in   phases  as; s i l i ca  
increases .   This  contrasts wi th   the   genera l   t rend   for   the   ba thol i th ,  
where  rubidium  decreases  as si l ica increases .  
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Figure 134. Fib versus S102,  Guichon Creek  batholith. 
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DISCUSSION 

and  rubidium  and  lead to an  increase in K / P b  ratio  with  progressive 
Several  mechanisms  have  been  suggested  that  could  fractionate  potassium 

differentiation: 

( 1 )  mica  crystallization, 
( 2 )  olivine,  clinopyroxene,  and  garnet  crystallization  (Jakes  and  White, 

( 3 )  amphibole  crystallization  (Harts  and  Aldrich, 1967) ,  and 
( 4 )  the  effect  of  an  aqueous  phase  (Payne  and  Shaw, 1967) .  

1970) ,  

ORIGINAL MODAL UINERALCGY USED IN CALCULATING K/Rb TREND 
TABLE 2 

M l n r a l s  Phase  Varlety Varlety Phase Phase 

Plagloclase 55 
K-feldspar 

50 54 
3 

49 
10  11  10 

52 
11 

Quartz 
B io t i te  

18  18 21  
7 9 

21 
5 

29 
3 

Hornblende 
6 

10 
K/Rb 

8 
503 

7 
419 

4 
402  402 370 

0.4 

b d a r  Gulchon  Chataway b th iehem  Bathsa lda  

MINERAL  MCQES  AFTER PROWRTIDNS WERE  ADJUSTED TO PRODUCE K/Rb 
TREND OF BATHOLITHIC ROCKS 

K-feldspar 
Plagloclase 50 

3 
50 
10 

50 
7 

48 50 

Blot i te  
6 

9 6 
Hornblende 

3 
38  34  40 

2 

K/Rb 468 474 509  511  489 
42 

7 
2 

43 

Considering  these  possible  mechanisms,  the  second  does  not  apply to the 
Guichon  Creek  batholith  because  the  minerals  specified  are  either  not 
present  or  occur  as  very  minor  phases.  Processes ( 1 )  and ( 3 )  were 
modelled  theoretically  using  distribution  coefficients of andesitic  rocks 
for  these  elements.  The  distribution  coefficients  of  potassium  and 
rubidium  used  in  modelling  are 5.63 and 3.26 in  biotites  and 0.33 and 

these figures,  comparative K/W ratios  are about 2 for  biotite  and 23 for 
0.014 in  hornblende  respectively (Philpotts and Schnetzler, 1970) .  From 

hornblende.  Therefore,  mica  fractionation  could  not  lead to any 
appreciable  increase  in K/W ratio,  and  cannot  account  for  the  observed 
K/W variation of the  Guichon  rocks.  With  a  larger  K/Rb  ratio,  variation 
in  amphibole  content  could  indeed  lead to systemic  changes in K/W ratio. 
However,  the  changes  in  modal  mineralogy  of  Guichon  Creek  rocks  needed to 
produce  the  observed  trend  requires  much  higher  fractions  of  amphibole 
than  are  observed  (Table 2 ) .  This  data  suggests  that  changes in  the 
K / W  ratio  in  Guichon  rocks  could  reflect  the  result  of  the  combined 
biotite-hornblende  fractionation  but  requires  some  other  process to 
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account  for  the  magnitude of the  changes.  Process ( 4 1 ,  t h e   e f f e c t  of an 
aqueous  phase, may be the  cause. The e f f e c t  of an  aqueous  phase is very 
d i f f i c u l t   t o  document quant i ta t ive ly   because   d i s t r ibu t ion   coef f ic ien ts  

not   avai lable .  However, t h e   r e l a t i v e   d i s t r i b u t i o n  of these  two elements 
for  potassium and rubidium  between s i l i c a t e   m e l t  and an  aqueous phase  are 

can be in fe r r ed  from their   general   chemistry.  Rubidium has lower melting 
and boiling  points  than  potassium. Hence, rubidium g a s i f i e s  more readi ly  
than  potassium  [Rb(,)>Rb(g)l   and  enters  the  volati le  phase more readi ly .  
Thus,  development of a vapour  phase  could  cause  separation  between 
potassium  and  rubidium. The more ready  par t i t ioning of  rubidium i n t o  a 
volat i le   phase  depletes   the  res idual  melt of rubidium,  causing  an 
increase  of K/Rb r a t i o  i n  t he   r e s idua l  melt with  progressive 
c r y s t a l l i z a t i o n .  Because  of the  behaviour of the   vo la t i le   phase ,   rap id  

have  high and e r r a t i c   r a t i o s ;  both  these  features   are   observed  in   the 
formation and release, f o r  example, t h e  K/Rb ratio  could  vary  widely and 

Guichon  Creek ba thol i th .  

CONCLUSION 

Thouqh experimental   ver i f icat ion is needed t o  confirm empir:ical evidence 
about   the   e f fec ts  of an  aqueous  phase on K/Rb r a t i o s  i n  maqnatic  systems, 
it seems l ike ly   t ha t   t he   va lue  and t r end  of the   ra t io   can   be   used   to  
ind ica t e  whether t he re  was v o l a t i l e   p h a s e   a c t i v i t y   i n   t h e  mngma. For t h e  
Guichon  Creek ba tho l i th ,   t he   t r end   o f  K/Rb r a t io s   sugges t s  Ithat t h e  magma 
contained a   h igh   water   conten t   tha t   resu l ted   in   ear ly   sa turd t ion ;   hence ,  
t h e  K/Rb r a t i o  is an   ind i rec t   ind ica tor  of re la t ive  degree (of 
d i f f e r e n t i a t i o n .  In t h e  Guichon  Creek b a t h o l i t h ,   t h e  i n i t i a l  water 
content  is e s t ima ted   t o  have  been  between 2 and 3 weight per cent. 
Sa tura t ion  was reached  after  about 72 per   cen t   c rys ta l l iza t . ion ,  which 

phase. The t iming of vo la t i le   phase   re lease  during magmatic 
coincides  with  completion of c r y s t a l l i z a t i o n  of t h e  Highland  Valley 

d i f f e r e n t i a t i o n  is consistent  with  that  determined  independently  based on 
zoning i n  p lag ioc lase  (Westerman, 1970) and  formation of  dykes, b recc ias ,  
and  mineral  deposits (McMillan, 1976). 
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