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INTRODUCTION 

A worldwide  associat ion is known t o   e x i s t  between  tabular  to  1ent. icular 
bodies   of   magnet i te-apat i te  and a lka l ic   rocks   occur ing  i , n  a vo lcanic   o r  
subvolcanic  environment.  Major  examples  include: ( 1 )  Park 's   (1972)  
b r i e f   d e s c r i p t i o n s  of the  occurrences of magnet i te-apat i te   bodies  i n  
Chi le ,  P e r u ,  Mexico, Ca l i fo rn ia ,   Ph i l ipp ine   I s l ands ,  and Aus t r a l i a ;  ( 2 )  
Gei je r ' s   (1931,   1960)   descr ip t ions  of the famous apa t i t . e   i ron   o res  of 
Kiruna, Sweden; ( 3 )  Kisvarsanyi  and  Proctor 's   (1967) work on i r o n  
d e p o s i t s  i n  southwest  Missouri; and ( 4 )  Kolker's  (1982)  review of i ron-  
t i tanium  oxide and a p a t i t e   l o c a l i t i e s  i n  Vi rg in ia ,  New York, plebec, 
Norway,  and  Sweden. 

Magnet i te-apat i te   bodies   associated  with  Precambrian  a lkal ic   rocks  in  
Canada  have  been  noted i n  t he  Great Bear ba tho l i th ,   Nor thwes t   Te r r i t o r i e s  

Mesozoic  rocks a t  Galore  Creek  porphyry  copper  deposit,  northw,estern 
(Badham  and Wrton ,   1976) .  I n  B r i t i s h  Columbia similar lodes  occur i n  

B r i t i s h  Columbia  (Davis,  1962), and i n  t he  Copper Mountain i n t rus ion   nea r  

This  study is  concerned  with  magnetite-apati te  lodes in the Iron Mask 
the  Ingerbel le   porphyry  copper   deposi t  i n  south-cent ra l  B r i t i s h  Columbia. 

b a t h o l i t h .  

GEOLOGICAL SIWIIHG 

The Iron Mask b a t h o l i t h   l i e s  i n  a n o r t h e r l y   t r e n d i n g   b e l t  of  Upper 
Tr i a s s i c   vo lcan ic   rocks  known as   the  Nicola  Group (Fig.   93),   which  range 

Cockfield,  1948; Pre to ,   1977) .   Argi l l i t e ,   l imes tone ,  and conglomerate 
i n  composi t ion  f rom  basal t   to   t rachyte-daci te   (Northcote ,   1975;  

have  also  been  noted  within  the  group i n  o ther   a reas   (Cockf ie ld ,  1948; 
McMillan,  1978;  Schau,  1970). To t h e   n o r t h   t h e   b a t h o l i t h  is o v e r l a i n  by 
Early  Tert iary  volcanic   and  sedimentary  rocks.  

Two major p lu tons  form the I ron  Mask ba tho l i th   (F ig .   93 ) .  The l a r g e r  one, 
t h e  Iron Mask p lu ton ,   cons i s t s  of a number  of successively  emplaced, 
d i f f e r e n t i a t e d  u n i t s ,  whereas the smal le r ,  more northerly  Cherry  Creek 
p l u t o n   c o n s i s t s  of only  the  youngest u n i t .  Figure 94 sholas the  northwest 
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F i g r e  94. S l n p i l f i e d   g e o l o g   ( a f t e r   N o r t h c o t e ,  1977a) shar ing  abundance of disseminated 

Cherry  Creek unlts.  b t a  on m a g n e t i t e   a r e   f r o m   t h i s  study  and M a t h w s  (1941). 
m q l n e t i t e   a n d   d l s t r l b u t l o n  of magnet i te -epat i te  dykes i n  Fbthook ( d i o r i t e )  and 
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major  rock u n i t s  and  magnetite-apati te  lodes  can be oblserved.  These 
end of the   I ron  Mask p lu ton ,  where r e l a t i o n s h i p s  among seve ra l  of the  

u n i t s   a r e   d e s c r i b e d  below,  with  emphasis on assoc ia ted   magnet i te  

d e s c r i p t i o n s  by Northcote  (1975,  1977a,  1977b). 
mine ra l i za t ion .   Subd iv i s ion   o f   t he   un i t s   i n   t he   I ron  Mask pluton  fol lows 

P icr i te  occurs   as  small, faul t -bounded,   lent icular   bodies .   ( too small t o  

commonly associated  with  copper   prospects  (Carr, 1956; Qrr and  Reed, 
show on Figs.  93  and  94) of s e r p e n t i n i z e d   b a s a l t i c   r o d : .   P i c r i t e  i s  

1976).   Chromium-rich  magnetite  occurs  as  f ine  anhedral  grains i n  t he  
mat r ix   and   as   g ra ins   a long   f rac tures   in   se rpent in ized   o l . iv ine .  Volume 
c o n t e n t  of  magnetite i s  genera l ly   h igh ,  but v a r i e s  from t r a c e  amounts t o  
15 per   cent .  

mafic fragments i n  a d i o r i t i c  matrix. Magnetite and  copper su lphides  are 
I ron  Mask hybrid u n i t  is agmat i t ic ,  c o n s i s t i n g  of  angular and  rounded 

common i n   t h i s   u n i t .  Only  one  sample of the  uni t ,   cont , l ining  about   10 
volume per   cent   magnet i te ,  was taken for minor e leme~l t  a n a l y s i s  of 
magnetite. 

Pothook d i o r i t e   u n i t ,   g r a d a t i o n a l  i n  composition  between  Iron Mask hybrid 
and  Cherry  Creek  ' syeni te ' ,  is medium to   coarse   g ra ined ,   1 .oca l ly   d i sp lays  
cumulate textures,  and i s  mafic   r ich.   Magnet i te   content   averages  about  
1 0  p e r  c e n t  a n d   o c c u r s   a s   i n t e r s t i t i a l   g r a i n s .  Most known magnatite- 
a p a t i t e   l o d e s  and a l s o  a number of small  copper  showings  which  are 
commonly assoc ia ted   wi th   b recc ia   occur   wi th in   the   un i t   (F ig .   94) .  

Sugar loaf   un i t   (Pre to ,   1968) ,   no t  known wi th in   t he   a r ea  cbf Figure 94, i s  
a d io r i t e   con ta in ing   ho rnb lende  and fe ldspar   phenocrys ts  and only   t race  
magnetite.  Copper mine ra l i za t ion  is common i n   t h i s   u n i t .  

Cherry  Creek  'syenite'   (Preto,  1968) i s  a p o r p h y r i t i c   u n i t  rangi.ng i n  

atundant.   Subhedral magnetite gra ins ,   about  5 per c e n t  by volume, occur 
conpos i t ion  from d ior i te  to  syen i t e .  A monzonite  conposit ion is t h e  most 

e i t h e r   i n t e r s t i a l   t o ,   o r   w i t h i n ,   m a f i c   m i n e r a l s .   I r r e g u l a r   b o d i e s  of 

pluton  and  host   porphyry-type  copper   mineral izat ion.  The Afton  copper 
i n t r u s i o n   b r e c c i a   a r e  common along  the  northern  margin c8f the   I ro~n Mask 

depos i t   (F ig .   94 ;  Qrr and  Reed,  1976) i s  the  most  important  porphyry 
d e p o s i t   i n   t h e   I r o n  Mask b a t h o l i t h  and i s  located  only 1.25 k i lomet res  
no r thwes t   o f   t he   l a rges t   magne t i t e - apa t i t e   l odes ,  which a r e  known a s  the 
Magnet  showings  (Fig.  94). 

Magnetite  atundance i n  t he   p rev ious ly   men t ioned   un i t s   a r e  shown schemati- 
c a l l y  on Figure 94. A discordant  decrease  in  magnetite  alxndance  between 
t h e  Pothook d i o r i t e  and the  Cherry  Creek  'syenite'  i s  ev ident  :in the 
diagram and  from d a t a  i n  Table 1. A corresponding  increase i n  a p a t i t e  
between  Pothook  and  Cherry  Creek un i t s   (Tab le  1 )  has  alrio  been  noted by 
Mathews (1941).  
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FORM AND DISTRIBUTION 

wi th   sharp ly   def ined   wal l s   tha t   vary  i n  width  from less than 1 cen t imet re  
Most magnetite  lodes  (Cann,  1978)  occur  as  steeply  dipping  tabular  bodies 

mine.  Although  lodes  are  generally  steeply  dipping, some d i p   a s  l i t t l e  
t o  3 metres a t  the  Magnet  showing  (Fig.  94)  and 6 metres  a t  the  Glen  Iron 

as 40 degrees south  ( f o r  example, Eloose showing, Fig. 94) .  The lodes 

has   been  fol lowed  for  more than 200 metres, i n  p a r t   b e c a u s e  of l imi t ed  
t e n d   t o   s p l i t   a t   i r r e g u l a r   i n t e r v a l s  and  end abrupt ly .  No s i n g l e   l o d e  

outcrop. 

Along the  northwestern  margin  of  the  Iron Mask p lu ton  and a t   t h e  Glen 
Magnet i te   lodes   a re   concent ra ted   a t   the   nor thwes t   end   of   the   ba thol i th .  

I r o n  mine,  most l odes   t r end   ea s t e r ly ;  however,  those a t  the Magnet  and 
I ron  Cap t rend  northwester ly .  They are i n t e r p r e t e d  to be dykes. 

MINERALOGY AND TEXTURES 

e x c e l l e n t .  Lodes a t   t h e  Magnet showing cons i s t   p redominan t ly  of  massive 
The  Magnet showing was s tud ied  i n   t h e  most de t a i l   because   exposures   a r e  

m a g n e t i t e   t h a t   c o n t a i n s   w h i t e   o r   p a l e   p i n k   e u h e d r a l   a p a t i t e   c r y s t a l s  up 
t o  3 cent imetres   long,  and p r i sma t i c   amph ibo le   c rys t a l s  up t o  6 c e n t i -  
metres   long.   Amphibole   and  apat i te   crystals   f requent ly   occur  i n  l a y e r s  

walls of the   lodes ;  t e x t u r e s  a r e  sp in i f ex - l ike  and  might   resul t  from 
a d j a c e n t  t o   t h e  walls of the  lodes. Long axes are p e r p e n d i c u l a r   t o  t h e  

quenching a t  the  margin  of  the  dyke.  Polished  sections  of  massive 
magnet i te  show an   euhedra l   o r   subhedra l   g ranu la r   t ex tu re ,   w i th   i nd iv idua l  
grains   ranging  f rom 0.1 t o  0.5 mi l l ime t re  i n  d iameter .   Tra ins   o f   sp ine l  

boundaries.  When etched  with  bromic  acid,  one sample displayed  an 
i n c l u s i o n s  less than 30 microns i n  d i a m e t e r   p a r a l l e l  some g r a i n  

ex t r eme ly   f i ne   c rys t a l lo -g raph ic   exso lu t ion   t ex tu re  of i lmen i t e  i n  
magnetite.  

Ad jacen t   t o   t he  main dykes ,   numerous   subpara l le l   dykele t s   a re   o f ten  
a l n d a n t  enough t o  form a cr isscrossing  network;   most   are  less than 5 
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met res )   a r e   b recc i a s   con ta in ing  numerous angular  t o  subrounded  inclusions 
cent imet res  wide. Some dykes  of  intermediate width (1 I) t o  15 c e n t i -  

o f   hos t   rock .   Dykele t s   a re  commonly enclosed by a 1 to   Z-~ni l l imetre-wide 
p ink   a lb i t i zed   enve lope ,  and  occasional ly   contain narrow  e.pidote  cores. 

A t  t he  Magnet showing p y r i t e  and cha lcopyr i te   occur  i n  veins   a long 

mine ra l i za t ion  i s  pos t -magnet i te .  In   genera l ,   magnet i te , -apa t i te   bodies  
f r a c t u r e s  i n  m a g n e t i t e - a p a t i t e  d y k e s ,   i n d i c a t i n g   t h a t   s u l p h i d e  

a t  Afton  are  sulphide  poor,   probably  because  they  contain f e w  f r a c t x r e s .  
Late-s tage  veins  of d rusy   ca l c i t e   c ros scu t   magne t i t e  and  sulphide 
minera l iza t ion .  

MINOR AUD MAJOR EL- IN MAGNETITE J?RM IROW IUSK BATHOLITH 

Charac te r i za t ions  of magnetite from the   I ron  Mask b a t h o l i t h  have  been 

by electron  microprobe  and i n  terms of minor   e lement   content   a lone  as  
done on overal l   composi t ion  based on major  and  minor  oxides  as  determined 

determined by atomic  absorption.  For  conparative  purposes  magnetite 
samples have  been  grouped by form (disseminated  or  massive)  and  host   rock 
( s y e n i t e ,   d i o r i t e ,   p i c r i t e ) .   S y e n i t e   a s   u s e d  i n  t h i s   s t u d y  i s  equ iva len t  

D i o r i t e  i s  equ iva len t   t o  the Pothook  and Iron Mask hybrid u n i t s  (Fig.  
t o   t h e  Cherry  Creek u n i t ,  which inc ludes   syeni te ,  monzonite, and d i o r i t e .  

9 4 ) .  Samples were  grouped on t h e   b a s i s  of   pe t rographic   ana lys i s ,  mapping 
by Northcote  (1977a.  1977b1,  and  examination  of  samples by Northcote 
(personal  communication,  1977). 

and  disseminated  magnetite  through a jaw  and cone  crusher ,   fol lohed by 
L ibe ra t ion  of  magnetite was achieved by pass ing  a l l  sanples  of  massive 

pulver iza t ion   be tween  ceramic   p la tes  u n t i l  t he  sample passed  through a 

concentrated u s i n g  a repeated  cycle  of  underwater  magnetic  separation  and 
100-mesh nylon sieve.  Massive  magnetite w i t h  little gan ,pe  w a s  r ead i ly  

g r ind ing  by hand wi th   ce ramic   mor t a r   and   pes t l e   un t i l   t he   des i r ed   pu r i ty  
of grea ter   than  95 volume per  c e n t  magnetite w a s  obtained.  Magnetite 
d i s semina ted   i n   i n t rus ive   rocks  and massive  magnetite  with  alxindant 
gangue   requi red   in i t ia l   rough  separa t ion   wi th   an   Ec iez  Wet Drum Magnetic 
Separa tor   and   dens i ty   separa t ion  i n  bromoform before   us ing   the  method 
descr ibed   prev ious ly .  

p l a n t i t a t i v e   a n a l y s i s   o f   m a g n e t i t e   € o r   c o b a l t ,  chromium,  copper, 
manganese,  magnesium, nickel,   lead,  t i tanium,  vanadium, arid z i n c  was done 

used   fo r  chromium, copper, magnesium,  manganese,  vanadium,  and z inc  
by atomic  absorption  spectrophotometry.  A Varion-Techtron A?+-4 u n i t  was 

a n a l y s i s ,  and a Perkin-Elmer  model 303 uni t   wi th   background  cor rec t ion  
(Fletcher ,   1970)  was used  to  determine  cobalt ,   nickel,   and  lead. 
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Titanium was determined a t  a commercial f a c i l i t y ,  Min-En Labora tor ies ,  
North  Vancouver. Sample d i g e s t i o n  and a n a l y t i c a l  methods were similar to 
those  of Nakagawa (1975) ,   except  that  i n   t h i s   s t u d y  (calcium w a s  n o t  
removed  from s o l u t i o n s   p r i o r   t o   a n a l y s i s .  

Microprobe  analyses were done on an ARL-SEMQ ins t rument  (Cann, 1979).  

c o r r e c t i o n s  were app l i ed   u s ing  a computer  program  developed by Fucklidge 
Background,  deadtime,  absorption,  atomic number, arid f luorescence  

and Gaspar r in i  ( 1969). 

CWPOSITION OF MAGNETITE SAMPLES PROM IRON I(ASK BATHOLITH 

determined  using  the  e lectron  microprobe.   Resul ts  of t.he ana lyses  are 
Compositions of 1 3  disseminated  and  massive  magnetite  samples: were 

d i s p l a y e d   i n   T a b l e  2 and p l o t t e d  on Figure 95. A minimum of t h r e e  
m a g n e t i t e   g r a i n s   p e r  sample were analysed.  For  purposes;  of  determining 

were cons idered .   Molecular   per   cen t   u lvospine l  was ca lcu la ted   based  on 
average  conposi t ions,   only  analyses   with  totals   exceed: tng 97  pe.r c e n t  

the  measured  t i tanium  content.  

Cr203+Ti02 DISSEMINATED 

0 Syenite host 

A Diorite host 

0 .Picrite host 

MASSIVE 
Syenite host 

A Diorite host 

FeO Fe203 

Flgure 95. Conposition of magnetite from  Iron b s k  b a t h o l i t h  In terms  of  molecular per cent  
FeO-Fe203-TIOpCr203. 
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F i g r r e  96. Mean minor  elermnt  content  of masslve and  disseminated  magnetlte 

i n   s y e n i t e ,   d l o r l t e ,  and p l c r l t e ,   I r o n  Mask b a t h o l i t h .   E r r o r  
bars s h w  t h e   s t a n d a r d   e r r o r   o f   t h e   m a n .  b t a   a r e  from  Table 2. 
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h a s  a composition which is d i s t i n c t  from disseminata3  and  massive 
Inspect ion  of   f igure 95  shows t h a t  chromium-rich  magnetite from p i c r i t e  

m a g n e t i t e   i n   s y e n i t e   a n d   d i o r i t e .  me composition  of  this;  chromium-rich 
magnet i te  is similar to  composi t ions   repor ted   for   magnet i tes  from 
b a s a l t i c   r o c k s   ( T a b l e  Hg-20 i n  Haggerty,  1976). 

Lode magnetite  and  disseminated  magnetite from s y e n i t e   a n d   d i o r i t e   p l o t  
i n  a compact   c luster .  There is  no s t a t i s t i c a l  d i f f e r e n c e  ( a t  99 per  c e n t  
conf idence  limits) between  the means and   s tandard   devia t ion   of   ox ides   in  
disseminated  magnet i te   f rom  syeni te   or   f rom  dior i te .   Comparison  of  
ox ides   i n   d io r i t e -hos t ed   mass ive   magne t i t e  t o  those j.n d i o r i t e  and 
syeni te -hos ted   d i sseminated   magnet i te  shows a s ign i f i can t   #d i f f e rence   on ly  

CaO. lhe a lmos t   i den t i ca l   compos i t ion  of  lode  and  disseminated  magnetite 
i n  t h e  mean V202  content   and t h e  s tandard   devia t ions   o f  Si02,  Ti02, and 

f r o m   s y e n i t e   a n d   d i o r i t e   s u g g e s t s  close g e n e t i c   a s s o c i a t i o n s .  

COMPOSITION OF APATITE IN  UAGNETITE LODES 

The apat i te  a n a l y s i s   i n   T a b l e  3 is the  average  of s i x  e lectron  microprobe 
a n a l y s e s  of t h r e e   c r y s t a l s  of apat i te   in   massive  magnet i te   f rom  the G l e n  
I r o n  mine (Fig.  93).  Composition  of apat i te  is uniform  between  crystals.  
A d d i t i o n a l   a n a l y t i c a l   t r a v e r s e s  from centre to edge of an  i n d i v i d u a l  
c r y s t a l  showed  no  zoning.  Glen  Iron a p a t i t e  is f l u o r i n e   r i c h ,  whj~ch is 
a l s o   t y p i c a l   o f   a p a t i t e  i n  t he  magmatic  Kiruna i r o n   o r e s   ( F r i e t s c h ,  
1978). 

MINOR ELJSlENTS IN  HAGNETITE 

Mean minor  element  abundances i n  disseminated  magnet i te   f rom  syeni te ,  
d i o r i t e ,   s y e n i t e   p l u s   d i o r i t e ,  and picri te,  and  minor  element  abundances 
i n  magnetite'  f rom  syeni te   and   d ior i te -hos ted   magnet i te -apa t i te   lodes   a re  
summarized i n  Table 4. A l l  var iab les   repor ted   have   lognormal   dens i ty  

d e v i a t i o n s   a r e  repor ted .  Zero va lues  were assumed t o  be 0.1 f o r  purposes 
d i s t r i b u t i o n s ;  consequent ly ,  geometric means and CorresFonding s tandard  

of log transformations.   Copper and  lead   a re   no t   inc luded ,   due   to   poor  
a n a l y t i c a l  or sampl ing   prec is ion  as revealed by a nes t ed   ana lya i s  of 
va r i ance   (Gr i f f i t h s ,   1967) .  

Element  abundances i n  massive  magnetite  and i n  syen i t t ? ,   d io r i t e ,  and 
p ic r i te -hos ted   d i sseminated   magnet i te  are shown schemat ica l ly  on Figure 
96 .   Severa l   po in ts  are  well d isp layed  by the  diagram,  namely: 

( 1 )  minor  element  abundances are very similar i n   d i o r i t e  and  syeni te-  
hosted  disseminated  magnet i te ,  

( 2 )  minor element abundances  in  disseminated  magnetite i n  p i c r i t e  are 
marked ly   d i f f e ren t  from those i n  a l l  o ther  magnetite!;, and 
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( 3 )  minor  e lements   in   massive  nagnet i te  show a similar d i s t r i b u t i o n  to 

f o r   s t r o n g   d e p l e t i o n   o f  chromium and  titanium,  and weak d e p l e t i o n  of 
t h o s e   i n   s y e n i t e  and  dior i te-hosted  disseminated  magl le t i te ,  except 

vanadium in  massive  magnet i te .  

S t a t i s t i c a l   c o m p a r i s o n  of means and  variances a t  99 per cent   conf idence  

i n  s i x   o u t  of eight  elements,   abundances  in  massive  magnetite are 
limits confirms the previous ly   descr ibed   observa t ions   and  also shows t h a t  

s i g n i f i c a n t l y  closer to those   in   d i sseminated   magnet i te  frcmm syen i t e   t han  
to those  in   disseminated  magnet i te  from d i o r i t e  (Cann,  1979). 

COIPARISON OF MINOR EL- I N  NAGNETITB LODES I N  IRON IVSK ~ ~ L I ! ~  
WITe WINOR ELEMENTS Ils UAGNETITE DmOSITS I11 OTHER AREAS 

Variances and means of  elements i n  Iron Mask magne t i t e - apa t i t e   depos i t s  
h a v e   b e e n   s t a t i s t i c a l l y  compared to those  of Missouri and Swedish 
depos i t s   and  show that a t  the 99 per cen t   con f idence   l eve l  s ta t i s t ica l  
d i s t r i b u t i o n  of most minor  elements i n  magnet i te   of   the  1:ron Uask lodes 
are similar (Fig.  97) to those f o r  magnet i te   f rom  thr t?e   deposi ts   in  
Missouri   (Kisvarsanyi   and  Proctor ,   1967)   and  four   deposi ts  i n  Kiruna, 
Sweden (Pardk,  1975, pp. 199-202). %is s ta t i s t ica l  s i m i L a r i t y  for most 
elements  is read i ly   appa ren t  on Figure 97,  and r e in fo rces   t he   i n t e r -  
p r e t a t i o n   t h a t  Iron Mask magnet i te-apat i te   lodes  have an  i n t r u s i v e -  
magmatic   or igin,   l ike   the  Kiruna  and  Missouri   deposi ts .  
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FIgure 97. klthnetlc means of m l n a  element abrndances In 
magnetlte  from Iron Mssk lodes, and mqmtlc 
magnetiteapatite deposlts tromMIssouri, U.S.A. 
and  Kiruna,  Sweden. See text for reterences to 
data. 
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I SYMBOLS 1 Cherry  Creek  Breccia  Massive  Magnetite- 
Apatite 1 1 m l  Nicola  Agglomerate (melt,  laminated,  lode) 

r] 2-,>;:, ,',;' ;I Pothook  Diorite 

ml Iron Mask  Hybrid 

F l y r e  98. Dlagrammtlc   cross-sect lms  ( lmzklng  east )  I l l u s t r a t l n g   g e n e s i s   o f   m a g n e t i t e  
a p e t l t e   l o d e s  I n  the   nor thwest   end   o f   I ron  h s k  pluton (see Flg. 94). Ib ference 
should be made t o   t h e  tex t  f o r   d e s c r l p t l m s  of t h e   s t a g e s  I I l u s t r a t e b  
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For s t a t i s t i c a l  comparison  with  Iron Mask magnet i te   deposi ts ,  minor 
e lement   data   for   f ive  metasomatic   magnet i te   deposi ts   and  one  hydrothermal  
magnet i te   depos i t  i n  t he  U.S.S.R. (Borisenko, e t  dl., 1969) were com- 
p i led .   ' lhese   da ta   sugges ted   tha t   metasomat ic   depos i t s  have  one-hundredth 
to  one-thousandth  the  nickel  and chromium con ten t s  of magmatic  magnetite- 

c a n t l y  less c o b a l t  and chromium than  magmatic  magnetite  deposits. 
a p a t i t e   d e p o s i t s  and that   hydrothermal   magnet i te   deposi ts   have  s ignif i -  

DISCUSSION 

Major  and  minor  element  data on magnetite and p e t r o l o g i c   a n a l y s i s   l e a d   t o  
s eve ra l   impor t an t   conc lus ions   r ega rd ing   t he   genes i s  of  magnetite  lodes i n  

on t h e   b a s i s  of the chromium  and n i c k e l  con ten t s ,   sha rp   con tac t s ,  and  the 
t h e   I r o n  Mask b a t h o l i t h .  A metasomatic  origin  can  probably be discounted 

counted on t h e   b a s i s  of higher  chromium content  than  other  hydroth'ermal 
tabular   nature   of   the   lodes.   Origin  as   hydrothermal   veins   can be d i s -  

a p a t i t e '  melt f eas ib l e   a t   geo log ica l ly   accep tab le   t empera tu res ,  a high 
ve in   depos i t s .   Never the less ,   to  make the   ex i s t ence  of  a 'magnetite- 

v o l a t i l e   c o n t e n t  is probably  necessary.   Park  (1972) and Geijer  (1967) 
po in t ed   ou t  the appa ren t ly   h igh   vo la t i l e   con ten t  of  magnetite-apati te 
dykes .   F luo r ine - r i ch   apa t i t e  i n  I ron Mask dykes  suggests   that   f luorine 
is a s i g n i f i c a n t   v o l a t i l e  component. 

C ~ L U S I O U S  

A model f o r   t h e   o r i g i n  of magnet i te-apat i te   lodes is presented on Figure 
98. It is  based on our   t race  e lement  i n  magnet i te   data  and on experi-  
menta l  evidence  for   magnet i te-apat i te   lodes.  

The sequence of events  is p ic tured  as fol lows:  

Po thook   d io r i t e .  With c o n t i n u e d   d i f f e r e n t i a t i o n  the r e s i d u a l  magma 
POTHOOK STAGE. C r y s t a l   s e t t l i n g   o f   p l a g i o c l a s e  and  pyroxene  to  form 

becomes inc reas ing ly   r i ch  i n  i r o n  as suggested by i n t e r s t . i t i a 1  
magnetite i n  Pothook  d ior i te   (Table  1 ) .  

a l k a l i c  i n  charac te r ,   the  magma e n t e r s  a n  immisc ib iL i ty   f i e ld   t ha t  
IMMISCIBLE STAGE. Near the p a i n t  where the  residual.  magma becomes 

is  expanded by h i g h   v o l a t i l e  components ( P h i l p o t t s ,  1967)  and  the 
' ox ide -apa t i t e '  melt s epa ra t e s  from t h e   s i l i c a t e  magma. The heavy 

and   coa lesce   to  form l a y e r s  and pools i n  Pothook d i o r i t e   a t   t h e  
' ox ide -apa t i t e '   d rop le t s  settle to  the  bottom  of t h e  magma chamber 

margins of t he  magma chamber (see Ramdohr, 1969, p. 8 ) .  

94;  Table l ) ,   c o n t i n u e s   c r y s t a l l i z i n g   a s   C h e r r y   m e e k   ' s y e n i t e . '  
MAGNET S T G E .  Res idua l   a lka l i c  magma,  now depleted i n  i ron   (F ig .  

Extrusion of Nicola  agglomerate  containing  Cherry ICreek fraqments 
(Northcote,   1977a)  occurs and emphasizes  the  near  surface and 
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cogenet ic   na ture  of the   i n t rus ion  and  Nicola  volcanic  rocks. 
I n j e c t i o n  of   magnet i te-apat i te  melt i n t o   f r a c t u r e s  formed i n  t he  now 
consol ida ted   sur rounding   in t rus ion   occurs   synchronous ly  w i t h  
e r u p t i o n s  of a l k a l i c  magma to   the   sur face .  Such a c t i v i t y   m i g h t   i n  
p a r t  resul t  from i n c r e a s i n g   v o l a t i l e   p r e s s u r e s .  

( 4 )  AFTON STAGE. I n c r e a s i n g   v o l a t i l e   p r e s s u r e   a t   t h e  end of magmatic 
d i f f e r e n t i a t i o n   e x c e e d s  external load   pressure   and   tens i le   s t rength  
of  the  surrounding  rocks  (Norton and Cath les ,   1973)   resu l t ing  i n  
explosive  emplacement  of  Cherry  Creek  breccias.  Orthomagmatic 
hydro thermal   f lu ids   fo l low  the   b recc ia   and   resu l t  i n  copper 
mine ra l i za t ion   a t   Af ton  and elsewhere i n  the  Cherry  Creek unit. 
Copper mine ra l i za t ion  C K O S S C U ~ S  t he   ea r l i e r   magne t i t e   l odes .  

Comparison  of  cross-section D (Afton  stage,  Fig.  98) to t h e   s i m p l i f i e d  
geologica l   p lan  of the  northwestern  end of the ba tho l i th   (F ig .   94 )  shows 
r e m a r k a b l e   s i m i l a r i t i e s   d e s p i t e   t h e   d i f f e r e n c e s   i n   p e r s p e c t i v e .  The 
de f i c i ency  of  magnetite  in  Cherry  Creek  syenite compared t o  Pothook 
d i o r i t e   ( F i g .  94;  'lbble 1)  is well explained by f r a c t i o n a t i o n  of the 
immiscible   i ron  oxides  from t h e   a l k a l i c  magma t h a t  crystal l izes  t o  form 
the  Cherry  Creek  unit .  The model a l s o   e x p l a i n s   t h e   c l o s e   s p a t i a l   a s s o c i -  
a t i o n  of the  lodes w i t h  m e r r y  Creek u n i t  as w e l l  as their common 
occurrence   wi th in   o r   near   the   i ron- r ich   Pothook  d ior i te .  

An impor tan t   impl ica t ion  from the model, regarding the r e l a t i o n s h i p  
between  magnetite-apati te  and  copper  mineralization a t  Afton, i s  t h a t   t h e  
same mgma phase was pa ren t  to both  the  magnetite  and  copper miner- 
a l i za t ion .   Magne t i t e   l odes  were formed before  a sulphide-rich  hydro- 
thermal  system became important.  Elsewhere i n  t he   ba tho l i th   magne t i t e  
occurs   as   f ragments  i n  a Cherry  Creek  phase  indicating  magnetite 
emplacement w a s  not  the last magmatic event  to take  place  (Cann,  1979). 

P i c r i t e s   a p p e a r   t o   b e  more p r imi t ive  and g e n e t i c a l l y   d i s t i n c t  from 
a l k a l i c  and d i o r i t i c   r o c k s   i n   t h e   b a t h o l i t h .  Thus copper   mineral izat ion 
t h a t  is s p a t i a l l y  and p o s s i b l y   g e n e t i c a l l y   r e l a t e d  to p i c r i t e ,   s u c h   a s  
t he   I ron  Mask mine, might  not be r e l a t e d   d i r e c t l y  to Afton-type 
minera l iza t ion .  This conc lus ion   has   d i r ec t   imp l i ca t ions  to mineral  
explorat ion  because it s u g g e s t s   t h a t   d i f f e r e n t   g e o l o g i c a l  models  apply to 
d i f f e r e n t   t y p e s  of  copper  occurrences  in  the  Iron Mask b a t h o l i t h .  

Our model f o r   i r o n  and copper   mineral izat ion  suggests   that   copper  
mine ra l i za t ion  is produced by l a t e - s t age  magmatic f l u i d s   t h a t   r e s u l t e d   i n  
formation of Cherry  Creek  breccias. A m g m a t i c   o r i g i n   f o r   c o p  er 
mine ra l i za t ion  is supported by Hoiles   (1978) ,  who found t h a t  the 6 s 
va lues  of su lphides  from the  Afton  deposi t   are   comparable   to   other  
d e p o s i t s  of magmatic  hydrothermal  origin  because  they are c lose  t o  0 per 
m i l  w i t h  a small   standard  deviation.  Alkaline-type  porphyry  deposits,  
such as Afton, are known to be s i g n i f i c a n t   o n l y  i n  the North  American 

Poss ib ly  the unique a l t e r a t i o n  and  mineralogy  of a l k a l i c   p o r p h y r i e s  
C o r d i l l e r a  i n  t he  region from Alaska t o  Idaho ( H o l l i s t e r ,   1 9 7 8 ) .  

34 
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r e s u l t  from s t rong   d i f f e ren t i a t ion ,   whereas   mine ra l i za t ion  i n  .talc- 
a l k a l i c   p o r p h y r i e s  i s  due to   co l laps ing   hydro thermal  systems t h a t  
involved  both  meteoric  and magmatic waters  (Taylor,  1974;  Whitney, 
1975) .  
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