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ABSTRACT 

Lead isotope  data from quartz-gold  vein  deposits and volcanogenic  and 
re la ted   depos i t s   in  the Insular  Belt group f a l l  i n  f o u r   d i s t i n c t   c l u s t e r s  

hos t  rock  category. Two para l le l   evolu t ionary   t rends   in   the   l ead  
on Pb-W p lo t s .  Each cluster  corresponds to a specific deposit   type and 

isotopic   composi t ion  exis t :  ( 1 )  Sicker-hosted  volcanogenic  deposits to 

paramagmatic  deposits to Karmutsen and Bonanza-hosted veins.  The t rends 
Sicker-hosted  veins, and ( 2 )  Karmutsen and Bonanza-hosted  volcanogenic or 

ind ica t e  a gene t ic   re la t ionship  between host  rock and i so topic  
composition. These observations  favour a host   rock  source  for  the  lead 
i n  vein deposits and, by assoc ia t ion ,  a comparable source for gold. 
Plutonic   or   abyssal   d i rect   sources  of metals   are   not   consis tent  w i t h  the  
lead isotopic data. 

We suggest  that  the  gold was ex t rac ted  from the  country  rock, 

plutons.  Vein deposi ts  are i s o t o p i c a l l y   d i s t i n c t  from volcanogenic and 
concentrated as veins by hydro thermal   ac t iv i ty   re la ted  to Tbrt iary 

related  deposi ts ,   providing a model for   dis t inguishing  syngenet ic  from 
epigenet ic   deposi ts  i n  a general  way. Karmutsen and Bonanza-hosted 
depos i t s  are more depleted  in  207Pb than similar deposi ts   in   Sicker  Q-oup 
rocks ,   ind ica t ing   s ign i f icant ly   d i f fe ren t   sources   for   vo lcanic  components 
of  these two impor tan t  rock  units. 

INTRODUCTION 

been  compiled a t  the University of Br i t i sh  Columbia since 1978 as part of 
Galena-lead  isotope data  from mineral depos i t s   in   Br i t i sh  Columbia have 

a systematic  study of galena-lead  isotopes  applied to metallogeny  in  the 
Canadian  Cordillera. One aspect  of that  data  considered  here  concerns 
isotopic  compositions of lead from volcanogenic and re la ted   depos i t s  and 
quartz-gold  veins  in  the  Insular Belt, as they relate to the metallogeny 
of gold-bearing  deposits. 

A l l  the  data  used  in  this  study  are  l isted  in  Table 1. Information 
regarding the geological   se t t ing,   mineral   associat ions,  and deposit   type 
was ex t rac ted  from MINDEP and M I N F I L E  computer f i l e s  of mineral   deposi ts ,  
annual  reports o f  the   Bri t ish Columbia Ministry of h e r g y ,  Mines  and 
Petroleum  Resources, and assessment  reports  submitted to the   Br i t i sh  
Columbia  government. Ihe appendix  describes the 18 depos i t s  used i n  this 
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TABLE 1. LEAD  ISOTOPE  ANALYSES  ON  GALENA  FRO\I  MINERAL  DEPOSITS 

I n s u l a r   B e l t ,  B.C. 

G79CL Cowichan CL 48.7  124.3 

G79CL Cowichan CL 48.7  124.3 
-001 Lake 

-002 Lake 
G79CL Cowichan CL 48.7  124.3 

*average f o r  Cowichan  Lake 
-003  Lake 

*G79IC Iron Clad I C  48.85  123.68 

LN 48.87  123.78 
-001 

-001 

-002 

G79LN Lenora 

G79LN Lenora 

*average for Lenora 

LN 48.87  123.78 

*G79TY 
-001  Tyee "Y 48.87  123.78 

G79W Western: WM 49.57  125.59 

679W Western: UM 49.57  125.59 
-001 Nyra 

-002 Myra 2 
G79!i?l Western !+W 49.57  125.59 

Standard   devia t ion  = S 
Standard error = S G k  
Clus te r  2 :  Upper T r i a s s i c   - J u r a s s i c  

*30335 Nutcracker  335  49.75  124.59 

*30366 Ban 366  50.26  126.67 

30314 S t a r l i g h t  314 49.02  124.71 

-001 

-001 

-001 
Average for  C l u s t e r  2 (n=2) 

Standard   devia t ion  = S 
Standard error = S n 4  

c l u s t e r   3 :   T e r t i a r y  

30317 Lone Star 
-001 -ReyOro 

317 50.02  126.79 

30317 Lone Scar 317 50.02 126.79 
-001 -ReyOro 

 er age for   one Star-ReyOro 

*30318  White Star  31LI 50.03  126.81 

"30320 P e e r l e s s  320  50.04  126.84 

*30334  Lucky S t r i k e  334 50.06  126.84 

*30349 P r i v a t e e r  341 50.03 126.81 

-001 

-001 

-001 

-001 

-001  Beta 
~ ~ e r a g e  f o r  C lus t e r  3 (n=5) 

Standard   devia t ion  = S , 
Standard error mean = Sn-* 

G79AB Alpha  and AB 48.73  124.09 

Lead Isotooe Data ( r e l a t i v e  :. S ~ I T O T  as 5 )  
208pb,20dpb 

18.646(.03) 

18.666(.02) 

18.702(.07) 

18.671(.04) 

18.682(.08) 

18.534(.04) 

18.562(.08) 

18.548(.06) 

18.558(.08) 

18.506(.06) 

18.488(.07) 

18.484(.06) 

[18.595(.06)1 
18.493(.06) 

0.081 
0.036 

18.609(.07) 

18.587(.06) 

18.592(.07) 

D8.598(.07U 

0.016 
0.011 

18.940(.08) 

18.950(.10) 

18.945(.09) 

18.867(.10) 

1 8 . 9 w . 0 6 )  

18.827(.05) 

19.011(.08) 

1 8 . 8 8 2 ( . 0 3 )  

p8.926(.07)1 

0.078 
0.035 

* A s t e r i s k   d e n o t e s   a n a l y s i s  used i n   c a l c u a l t i o n  of averages 

zo7Pb/204Pb 

15.581(.05) 

15.589(.07) 

15.546(.10) 

15.572(.07) 

15.581(.07) 

15.538(.09) 

15.572(.08) 

15.555(.08) 

15.577(.07) 

15.579(.04) 

15.554(.07) 

15.551(.09) 

[15.569(.07)1 
15.561(.07) 

0.011 
0.005 

15.521(.09) 

15.526t.04) 

15.562(.09) 

n5.524(..07fl 

0.004 
0.003 

15.569(.03) 

15.571(.06) 

15.57 (.OS) 

15.499(.04) 

15.56 (.IO) 

15.532(.03) 

15.581(.09) 

15.581(.05) 

D5.548(.06fl  

0.033 
0.015 

38.276(.10) 

38.396(.10) 

38.086(.30) 

38.252(.16) 

38.304(.12) 

38.216(.04) 

38.23  (.09) 

38.223(.06) 

38.123(.11) 

38.186(.07) 

38.089(.06) 

38.115(.03) 

[38.206(.10)1 
38.130(.05) 

0.079 
0.035 

38.048(.10) 

38.086(.10) 

38.196(.05) 

p8 .067(  .08)] 

0.027 
0.019 

38.445(.07) 

38.378(.03) 

38.4111 .as) 

38.245(,05) 

38.4531.08) 

38.405(.09) 

38.505i.06) 

38.406:.07) 

p8.411:.05)1 

0.099 
0.044 
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TABLE 1 (Continued) 

Si l lp le  
Ncmber Deposit  Name Name North West 

~ a p  Lato Long' Lead Isotope  Data  (re lat ive  1 S error as I )  

206Pb/zo4Pb  207Pb/204Pb  zo8Pb/204Pb 

C l u s t e r  4 :  T e r t i a r x ?  

*30313  Golden  313 49.11  124.59  19.007(.08)  15.621(.07)  38.577(.12) 

*30315 V i c t o r i a  
-001 Eagle 

-001 
315 49.18  124.66  18.828(.04)  15.646(.04)  38.733(.04) 

30323 Fandora 323  49.25  125.68 18.856(.07) 15.526(.04) 38.290(.04) 

*30355 Cream Lake 355  49.49  125.54 19.171(.04) 15.585(.04) 38.796C.07) 
-001 

-001 
Average f o r  C lus t e r  4 (n=3) 

S tandard   devia t ion  = S 
Standard error mean = S n 4  

@9.002(.05)]  p5.617(.05)l  [r38.702(.08)1 

0.172 
0.099 

0.031 
0.018 

0.133 
0.065 

* Aste r i sk   deno tes  analysis used i n  c a l c u l a t i o n  of averages.  

s tudy and lists the  chief  sources of information  for  each.  Locations of 
the deposi ts  are shown  on Figure 1. 

ANALYTIC&  TECHNIQUES 

was obtained  using  anion columns and anodic  electro-deposit ion.  Samples 
Lead i n  galena from the samples was dissolved  using HC1. Purif ied  lead 

were analysed  using  single-filament si l ica gel  techniques on a 90-degree, 
12-inch,  solid  source mass spectrometer.  In-run  precision,  reported in 
the   tables  as per cent   s tandard  deviat ion  within  the  brackets   fol lowing 
mean i so top ic   r a t io s ,  i s  general ly  better than 0.1 per cent a t  one 
standard  deviation.  Multiple  analyses of  Broken H i l l  No. 1 s tandald 
shows that the reproducib i l i ty  of sample analyses is about 0.1 per c e n t  
a t  one standard  deviation. A l l  data   in   the  tables  have  been normalized 
t o  the Broken Hill No. 1 standard;  normalizing  procedures assumed the 
following  composition  for  this  standard:  207Pb/204W = 15.389, 
206W/204Pb = 16.003,  208Pb/204Pb = 35.657. All analyses were done i n  
the  Geology-Geophysics  Laboratory,  the  University of B r i t i s h  Columbia. 

DATA 

Galena-lead  isotope  data from Table 1 faLl i n t o  f o u r   d i s t i n c t   c l u s t e r s  on 

deposit   type and host  rock  group. Vein depos i t s   a re   cons is ten t ly  more 
the W-Pb p lo t s  of Figures 2 and 3. Qch cluster  corresponds to a 

hosted  deposits are general ly  more enriched i n  207Pb  than  the  Karmutsen 
enriched i n  206E% than  are  volcanogenic and related  deposits.   Sicker- 

and Bonanza-hosted deposi ts .  ?he c lus t e r s ,  numbered 1 to 4 (Figures 2 
and 3) ,  are described i n  more d e t a i l  below. 
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Figure 2. Galena- led  p lo t   o f  207Pb/20%'b versus 20%'b/204Pb (Table 1).  Open 

symbols are used fo r   ve lns ;   c i rc les  denote  deposlts  related  to Karmutsen 
or Bonanza  Group rocks;  square symbols are  tor  deposits  related t o  
Sicker Group rocks.  Unreasonable  analyses  are  crossed and are  not used 
In our Interpretat ion.  Bars mark standard  error  of  the mean and l i nes  
extends t o  standard  devlatlon.  Lines 1 and 2 represent  the  evolut lon ot 

known wi th   cer ta in ty   (see  text ) .  The average grarth  curve shown i s  
lead from t l  t o  t2 for  varying  values  of )I; t2 for Cluster 4 i s   n o t  

Stacey and Kramars (1975) curve for average crustal   lead growth. 

CLUSTER 1: SICKER GROUP VOJXANOGENIC AND RELATED DEPOSITS 

The Sicker Group is made up  of dominantly  andesit ic  volcanic  rocks and 
interbedded  sedimentary and limestone units of  Carboniferous-Permian age 
(Northcote, e t  d l . ,  1972). On the   basis  of paleontological  evidence 
(Muller and  Carson,  1969),  an  age of 270 Ma has been  assigned i n  this 
study to the depos i t s  which make up t h i s  cluster. 

contained  in  the Sicker Group, the best known being Western Mines 
Several  volcanogenic massive sulphide  deposits  (and  related  showings) are 

(Figure 1 ). Lead isotope  data  from these  deposi ts  form a t i g h t  cluster 

and Kramers (1975)  curve  for  average  crustal  lead  growth,  but  within  the 
i n  the pb-Pb plo ts   (Clus te r  1 ,  Figures 2 and 3)  centred below  the  Stacey 

f i e l d  of  'ocean volcanics '   described by b e  and ar tman  (1979) .  me 
compositions are too  enriched  in 2 0 6 ~  and too  depleted  in  207F?J to plot  
on any 270-Ma isochron of the Stacey and Kramers (19751, Cumming and 
Richards ( 1975).  or Doe and Zartman ( 1979)  lead  evolution  models. 
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Flgure 3. Galena-lead  plot of 20$b/20+b versus 206pb/204Pb (Table 1);  for symbol 

descrl tplon see Figure 2. Llnes 3 and 4 represent the evcNlutlon of lesad 
frm t l  to t2 for  varylng  values  of w I f  K Is 3.3 and 3.9 respect lvely 
(Table 2). 

The Iron  Clad  deposit  (Appendix) has not been c lass i f ied   p rev ious ly   as  
volcanogenic. We n o t e  t h a t  the composition of the  lead is the same am 
other  volcanogenic  deposits i n  the Sicker Group. Consequently, we 
bel ieve   th i s   depos i t  to be cogenetic  with  volcanogenic  deposits  within 
the  Sicker Group. 

CLUSTER 2: KARMUTSEN AND BONANZA GROUP VOLCANOGENIC AND RELATED DEE’OSITS 

Karmutsen Group volcanic  rocks form a thick  sequence of Triassic ( c i r c a  
200 Ma) t ho le i i t i c   p i l l ow  basa l t s ,   f l ows ,  and breccias ,  which a re  similar 
in   chemistry to those of mid-ocean r idges (Monger, e t  a l . ,  1972). Muller 

which formed close to a trench. They ove r l i e  the  Sicker Group i s l and   a r c  
( 1971 ) and souther (1977) suggested  that  they are  volcanogenic arc  rocks 

assemblages and lack  gabbro,  chert, and ultramafic  rocks which usual ly  
are associated  with  ocean  basalts. In other  words,  they  probably 
represent volcanic  rocks  generated  above a B n i o f f  zone during  ear ly  
s tages  of subduction. 

Bonanza  Group volcanic  rocks  are flows and pyroc las t ic  layers ranging i n  
composition from basa l t  to rhyol i te .  ‘Ibey overl ie   the Karmutsen Group 
and are dated as Middle Ju ras s i c   ( c i r ca  160 Ma) on the  basis  of 
radiometric ages from coeval  granitic  plutons  (Muller and Carson, 1969). 
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"vn depos i t s   def ine  C l u s t e r  2; both are enclosed by Karmutsen volcanic 
rocks;  consequently, an  age of 200 Pa was assigned to hoth deposi ts   for  
our purposes i n  in te rpre t ing   lead   i so topic   da ta ,  C l u s t e r  2 p l o t s  below 
the  growth  curve of Stacey and Kramers ( 1  975)  for  average  crustal   lead 
(Figure 2) and is more deple ted   in  207Pb than  Cluster 1 .  If the age 
d i f fe rence  between Clusters  1 and 2 is taken  into  account,   the  difference 
i n  isotopic  composition would be more pronounced,  since  Cluster 2 would 
have been even less radiogenic a t  270 Pa. 
The twu deposi ts  which def ine  this   c luster   are   not   demonstrably 
volcanogenic and the t e r m  paramagmatic (White, e t  al.,  1971) may be more 
su i tab le .  Paramagmatic is the name given to epigenet ic   deposi ts  which 
can  be  shown to be a n  i n t e g r a l   p a r t  of a magmatic event. The lead 
isotopic  composition of such a deposi t   probably  ref lects   the  composi t ion 
of lead  in   the magma a t  its time of formation. We think  that   the 
relatively  non-radiogenic  Pb-isotope  character of Cluster  2 r e f l e c t s   t h e  
i s o t o p i c   c h a r a c t e r i s t i c s  of the  enclosing Karmutsen volcanic rocks. "ne 
Star l igh t   depos i t   (Table  1 ,  Appendix)  might  belong to t h i s   c l u s t e r ,   b u t  
no mention is m d e   i n   t h e   l i t e r a t u r e  of its host rock  group,  although  the 
lead-isotopic  composition  plots  within an area  underlain by the Karmusten 
Group on regional  geological maps (Muller,  1963). We exclude  this 
deposi t   in   our   calculat ions  but   inclusion of t h i s  datum wuuld make l i t t l e  
d i f fe rence  to the mean pos i t ion  of C l u s t e r  2 .  

CLUSTER 3: TERTIARY VEINS I N  KARMUTSaJ OR BONANZA GROUP VOICANIC ROCKS 

gold  veins from which,  galena-lead  isotope  data wre obtained. "nese 
Bonanza  and Karmutsen Group volcanic  rocks are host  to several   quar tz-  

carbonate and general ly   contain pyrite, spha ler i te ,   cha lcopyr i te ,   ga lena ,  
veins  vary i n  width. They are predominantly of quartz  with  minor 

quar tz   d ior i te   s tocks   (Nor thcote  and bb l l e r ,  1972). "nree of the w i n s  
arsenopyri te ,  and gold.   Spat ia l ly   they  are   c losely  re la ted to T e r t i a r y  

are within the Eocene Zeballos  pluton  (Appendix).  Consequently, an age 
of 30 Ma was assigned to th is   c lus te r   (Bancrof t ,  1940; Stevenson, 1950; 
Wanless, et  a l . ,  1967). 

Galena from the veins which make up C l u s t e r  3 has a uniform  lead 

Cluster  1 ,  but is enriched i n  206Pb, 207Pb,  and 208Fb relative to Clus te r  
composition,  the  average of which is depleted  in   207Pb  re la t ive to 

2. The data  plot   beneath  the  Stacey and Kramers (1975)  curve  for  average 
c r u s t a l   l e a d  and the average  has a fu ture  model age. 

Alpha and B e t a  deposit   (Table 1 ,  Appendix)  belongs  with  Cluster 3 on 
geological  evidence,   but was excluded from calculations  because of a 
highly anomalous  207Pb/204Fb  value  (Figure 2 ) .  It plots   with  Cluster  3 
on Figure 3 but  with  Cluster 4 on Figure 2. Its high  value i n  207Pb 
poss ib ly   resu l t s  from a n a l y t i c a l   e r r o r  which is g rea t e r   fo r  207Fb than 
f o r  2 0 6 ~  and  208Pb. 
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CLIJSTER 4: TERTIARY VEINS I N  SICKER GROUP ROCKS 

Quartz-gold  veins in   S icker  Group rocks  that  form C l u s t e r  4 on Figures 2 
and 3 have the same general  appearance and mineralogy as those of Cluster 
3 (Muller and Carson,  1969). 

Although C l u s t e r  4 forms a d i s t i n c t l y   d i f f e r e n t  group relative to C l u s t e r  
3, there   are   only  three  data   points  which are qui te   widely  scat tered on 

radiogenic  than  the  average  for any of the  other   c lusters .  Although  the 
the Pb-Fb p lo t s .  The average  composition of the   c lus te r  is more 

age of those  veins is not known w i t h  c e r t a i n t y  an  age of 30 Ma was 
assigned on the basis of t he   s imi l a r i t y   i n  206Pb  content  with  (Cluster 3, 
and the  assumption  that  they  are  related to the same phase of :intrusive 
a c t i v i t y .   v i c t o r i a  showing  (Table 1, Pppendix) may be an o1de:c deposi t  
re la ted  to the Jurassic   Is land  Intrusions.  The age t2  of C l u s t e r  4, 
however, is n o t  crucial to the  hypothesis  proposed i n  this  study. 
Fandora deposit  (Table 1, Appendix)  belongs to t h i s  group on geological 
grounds,  but was not  included i n  the discussion  because of its 
anomalously low radiogenic  lead  contents;  the  sample is to be re- 
analysed. 

LEAD ISOTOPE  MODELS 

pa ra l l e l   t r ends .  One is from Sicker-hosted volcanogenic to vein  deposits 
Distr ibut ion of the four clusters on Figure 2 gives  the appearance of two 

( l i n e  1,  Clusters 1 and 4) ,  the other  from Karmutsen and Bonanza-hosted 
volcanogenic and related  deposi ts  to vein  deposits ( l i n e  2 ,  Cl.usters 2 
and 3 ) .  

Four possible  explanations  for  these  groupings are: 

( 1 )  vein  lead is unrelated to the volcanogenic  lead, 
( 2 )  vein  lead lies on an isochron  with  the  volcanogenic  lead, 
( 3 )  vein  lead lies on a growth  curve  with  volcanogenic  lead,  and 
( 4 )  vein  lead  l ies   c lose to a growth  curve  with  volcanogenic  lead  but is 

preferent ia l ly   enr iched  in   radiogenic  lead. 

The f i r s t   hypothes is   appears   un l ike ly  on the  general  grounds  that  the 
r e l a t i v e   p l o t   p o s i t i o n s  of the two 'volcanic '   c lus te rs  are ident ical   wi th  
the r e l a t i v e  plot pos i t ions  of  the tm younger vein clusters. One 
'volcanic '  and one v e i n  cluster have evolved i n  environments  with low 
uranium/lead  ratios ( C l u s t e r s  2 and 3) compared w i t h  the  other  volcanic- 
vein  pair  of c lus t e r s .  %is seems an unreasonable  coincidence. It is 
more l ikely  that   volcanic-vein  pairs  of c l u s t e r s  are somehow genet ica l ly  
re la ted .  The re l a t ionsh ip  was tes ted by ca lcu la t ing  the slopes of the 
l ines   that   pass   through  Clusters  1 and 2 (Figure 2, Lines 1 and 2), wi-th 
p a i r s  of ages 270 and 30 Ma, and 200 and 30 Ma respectively,   using 
Equation 3 (Table 2 ) .  In both  cases t h e  l i n e s  pass  through the i r  

clusters (Figure 2). This result shows tha t   the   para l le l   t rend  is 
respect ive v e i n  clusters but  not  through the  averages of  the v e i n  

s i g n i f i c a n t  and therefore  hypothesis one can be eliminated. 



Equation 1 : [%] = + u(e h l t l  - e h t 2 )  

'04Pb t2 '04Pb tl 

Equation 3 :  M207-206 = 1 207Pb/204Pb1f2 - - [ 
137.88 

206Pb/204Pb]t2 - [ 

P =  

X1 = 0.155125 x lo-' (Jaffey &., 1971) 
X2 - 0.98485 x lo-' (Jaffey " e t   a l . ,  1971) 

X3 = 0.049475 x lo-' (LeRoux  and Glendenin, 1963) 

238 204pb u/ k =  232Th/w8U W = ku 

M207-206 and M208-2Q6 are  slopes of  isochrons on t h e  Pb-Pb plo ts .  

TABLE 2. EQUATIONS USED IN LEAD ISOTOPE MODEL CALCULATIONS 

Hypothesis two can be dismissed on geological  grounds since there  is 
c l e a r l y  a large age  difference between  the  syngenetic  wlcanogenic 
depos i t s  and epigenetic  veins.  The d i s t i n c t i o n  between  vein  and 
volcanogenic  lead  in z06Pb/204Pb r a t i o  is marked  and provides a method 
for   dis t inguishing  epigenet ic   versus   syngenet ic   deposi ts   in  the Insu lar  
Belt. A l l  the   epigenet ic   deposi ts  have  206Pb/204Pb r a t i o s  greater than 

is an  example of one  showing  which was thought to be epigenet ic   but  which 
18.8, and the  syngenetic  deposits have ratios less than 18.7. Iron Clad 

is l ike ly   syngenet ic  on the  basis  of its isotopic  composition. 

Hypothesis  three  can be tes ted  by calculat ing  the apparent 238U/204F% ( p )  
value which would be required to produce  the vein lead  compositions from 
the volcanogenic  lead  compositions  in  the time i n t e r v a l s  270 to 30 Ma and 

the assumption  that  the volcanogenic  lead is representa t ive  of the  
200 to 30 Ma, using  equations 1 and 2 (Table 2) .  lhis method is based on 

composition of the  lead  in   the volcanic host  rocks a t  their time of 
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formation ( t , )  to the time of vein  mineralization ( t2) .  The amount Of 

change i n  the rat ios   over  any time in t e rva l  depends on the va.lue Of 
238~/204pb ( p )  and 232~h/204pb ( w ) .  Apparent p values were clalculated 
and  found to be h igh   re la t ive  to expected  values  (Fame, 1977; Coe and 
Zartman,  1979). %us, the v e i n s  are mre enriched  in  radiogenic  lead 
than would be expected i f  they f e l l  on growth  curves w i t h  the  
volcanogenic  lead. mis causes us  to reject hypothesis th ree .  %e 
apparent  high p values  noted  above,  however,  might be because  radiogenic 
lead is mre e a s i l y  removed  from source  rocks  than is common lead 
(because of its unstable   posi t ion i n  mine ra l   l a t t i ce s ) .  An ore-forminq 
f lu id   wu ld   t he re fo re  be able  to scavenge more radiogenic 1ea.d than 

high  apparent u. This process of radiogenic  enrichment  has been observed 
common lead and so would give rise to a lead  deposit  w i t h  an a r t i f i c a l ' l y  

a t  Beaverdell  (Watson, e t  a l . ,  i n  preparat ion)  and in   the  Mississ ippi  
valley  (Heyl, e t  d l . ,  1974) and supports hypothesis  four. 

Strong  support  for  hypothesis  four comes from the observatiorls  that lines 

clusters, have slopes which give  geologically  reasonable 232Tph/238U (k )  
3 and 4 (Figure 3 ) ,  which pass through the centres  of both pairs of 

values. k values were calculated  using  equation 4 (Table 2) and found to 
be 3.9 for  l i n e  3 and 3.3 fo r  l i n e  4. These values  are  close to those 
l is ted  for   volcanic   rocks by Faure  (1977). 

SOURCE  OF GOLD 

summarized t h r e e   p o s s i b i l i t i e s :  
The Source of gold in   vein  deposi ts  is controversial .  Boyle 1:1979) 

(1 ) gold comes from an abyssal  source  such as the  mantle, 
( 2 )  gold comes from a plutonic  source,  and 
( 3 )  gold comes from the  host  rocks by processes  such as metilmorphic 

secre t ion  OK hydrothermal  extraction and deposit ion.  

Each of these  hypotheses is discussed w i t h  respect  to the  lead  isotope 
data, based on the assumption  that the or ig in  of the lead is the same as  
that  of the associated  gold.  

due to the absence of uranium and thorium-rich  minerals i n  tho  mantle 
Lead from an abyssal source would have a depleted  isotopic  composition 

(Faure,  1977).  Galena i n  the Bonanza and Karmutsen-hosted  veins  (Cluster 
3, Figures 2 and 3) is notably  depleted  in  207Pb and must therefore have 
a source which is less radiogenic  than  the  Sicker  volcanic  rocks ( C l u s t e r  
1 ,  Figures 2 and 3 ) .  If   this  source was the r m n t l e ,  then a l l  the quar tz -  
gold  veins of the sa.= age and within a limited  geographical  area, would 
have a uniform  lead  composition  irrespective of host  rock  group. 

corresponding to d i f f e r e n t  h o s t  rock  groups,  tends to negate  this 
Recognition of two groups of veins w i t h  d i f f e r e n t  isotopic  compositions,  

hypothesis. The unradiogenic  nature of the KdKmUtSen  and  Bonanza 
volcanic  rocks  (Cluster 2, Figures 2 and 3 )  provides an  adeqlmte  source 
for  the  lead  without  appealing to an  ahyssal  source. 
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Cluster  3 (Figures 2 and 3)  depos i t s   (Pr iva teer ,  White Star,  an3 Lone 

occur  within  the  pluton itself (Appendix).  If  the  source of the metals 
Star) are a l l  s p a t i a l l y   r e l a t e d  to the  Zeballos  pluton,  the lat ter two 

i n  each  vein was plutonic,   then one might expect to see e i t h e r  a uniform 
composition of lead   in  the veins,   unrelated t o  host  rock, or var i a t ions  
i n  the vein  lead  compositions  corresponding to d i f fe ren t   p lu tons .  The 
c lose   cor re la t ion  between  vein  composition and host  rock  group is too 
persuasive to a l l o w   f o r   a l l  of the metal t o  have  been introduced from 
plutons.  

C lose   spa t i a l   a s soc ia t ion  of the quartz-gold  veins to Ter t ia ry   quar tz  
d io r i t e   i n t rus ions   sugges t s   t ha t  the plutons  play a ro le   in   the  
mineralizing  process.  We sugges t   tha t  the plutons  provided a heat  source 
that   c i rculated  hydrothermal   f luids   through  the  host   rocks;   these  f luids  

prec ip i ta ted   these  metals in  quartz  veins.  This model i s  in  accord  with 
extracted  radiogenic  lead and gold from the  volcanic  terrane and 

Boyle’s  third  proposit ion,  namely t h a t  the host  rocks  provided the metals 
which were mobilized and concentrated by igneous,  hydrothermal  activity. 
Consequently,  the  isotopic  composition of the lead   i n  the veins is a 
r e f l e c t i o n  of i t s  host  rock. 

CONCLUSIONS 

Lead isotope  data from volcanogenic and quartz-gold  vein  deposits  in  the 
Insu lar  Belt suggest that the gold in   veins  was derived from the i r   hos t  

hydrothermal  fluids  mobilized  in  geothermal cells generated  adjacent to 
rocks.  Extraction,  concentration, and deposi t ion were probably  by 

Tert iary  plutonic   centres .  

Lead isotopic  compositions  for  quartz-gold  veins of the  southern  Insular 
Belt are depleted i n  207Pb r e l a t i v e  t o  s i lver-bear ing  veins   in  the Yukon 
Ter t ia ry  (Godwin, et  a 1  ., i n  press ), r e f l e c t i n g  the more primitive 
volcanic  source  terrane of the Insular  Belt. The uniformity of the vein 
lead  compositions of Clus te r  3 contrasts   with the l inea r   pa t t e rns  of da t a  
for  vein  deposits  elsewhere i n  the  Cordi l lera  ( D o e  and Zartman, 1979; 
Godwin, e t  al., i n  p r e s s ) .  There is  also  evidence  that   radiogenic  
ewichment of lead in veins ,   noted  in  the Insular  Belt quartz-gold  veins, 
occurred  in   other   s i lver-gold  veins ,  for example, i n  the Beaverdell camp 
in   south-cent ra l   Br i t i sh  Columbia (Watson, e t  al., i n   p repa ra t ion ) .  

From a p r a c t i c a l  p a i n t  of  view, isotopic   analyses  of galena  appears 
u se fu l   i n   d i s t i ngu i sh ing  young epigenetic  vein  deposits from older  
volcanogenic  deposits  (parhaps w i t h  related ve ins ) .   Th i s   d i s t i nc t ion  
will have an e f f e c t  on the  approach to detai led  explorat ion  within  the 
Insu lar  B e l t .  
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APPENDIX 

Western Mlnes:  Lat. 49.57';  Long.  125.59';  92F/12E 

Samp I e Nos. : G79WM-001, 002. and 003. 
Descript ion: I t  Is a kuroko-type  masslve  sulphlde  deposit. Lenses, velns. and mDDLses 

of  pyrl te,  chalcopyrlte,  sphalerl te. and galena  occur In  Sicker GroUF' 
r h p l l t i c   v o l c a n l c  rocks. 

Metals Recovered:  Copper, zlnc, lead,  gold, s l lver ,  cadmium,  and bar l te .  
Reference: MDI No. 092/071. 

Lenora: Lat. 48-87.;  Long.  123.78.;  92B/13W 

Sample Nos. : 
Descript ion: 

G79LN-001  and 002. 
Thls i s  descrlbed  as a 'replacement' ore, but Is probably a volcanogenic 
masslve sulphide  In  Slcker Group folded  tuffs. Two ore  types  occur: 
b a r i t e   o r e  Is a flne-gralned  mixture  of  pyrite,  chalcopyrlte, 
sphalerl te, and galena I n  a bar l te,   calc i te,  and quartz gangue;  and 
quar tz   ore Is malnly  quartz and chalcopyrite. 

Metals Recovered:  Zlnc, copper, s l lver,   bar l te,  and  lead. 
Reference: M)i No. 092F/O01. 

Tyee:  Lat. 48-87.;  Long.  123.78.;  92B/13W 

Sample No.: 
Descript ion: 

G79TY-001. 
Thls Is descrlbed as a 'replacement'  ore, but Is probably a voIcanogenlc 
masslve sulphlde  In  Slcker Group folded  tuffs. Two ore  types  occur: 
b a r l t e   o r e  Is a flne-gralned  mlxture  of  pyrite,  chalcopyrlte, 
sphalerlte. and galena  In a bar i te,   calc l te.  and quartz gangue;  and 
quartz  ore i s  mainly  quartz and chalcopyrite. 

Cowlchan  Lake: Lat. 48-7.;  Long. 124.78.; 92C/16W 

Samples Nos. : G79CL-001. 002, and 003. 
Descrlptlon:  Penno-Carbonlferws  Buttle Lake Fonnatlon  limestone (Sicker Group) I!; 

underialn by Slcker Group cherts,  tuffs, and brecclas and over la ln  by 
Karmutsen Formation  basalt and dlabase. 

p.  16. 
References: B.C. Mln ls t ry   o f  Energy, Mines 6 Pet. Res., Bull .  40,  p.  46; B u l l .  3 1 .  

Iron Clad:  Lat. 48-85.;  Long.  123.68';  92B/13E 

Descript ion: 
Sampls No.: G791C-001. 

Sphalerite,  pyrrhotlte, and chalcopyrite minera l i za t lon   occurs In a 
shear zone of   quartz-ser lc l te  schlst  of Slcker Group. 

Metals Recovered: Zlnc and copper. 
References: Min is te r   o f  Mines, B.C.,  Ann. Rept.  1904, p. 253; Assess%ent  Report 19. 

Bon : Lat. 50.27.;  Long.  126.67.; 92L/7E 

Samp I e No. : 
Descrlpt lon: 

30366-001. 

Kannutsen  Formation In  the  type  area (GEM, 1970,  pp. 274-278). Pr lnc lpa l  
The E m  mlneral  Occurrences  are  In  predmlnantly  volcank  rocks  of  the 

e l t h e r  magnetic  or  pyrrhotlte. h e  con f i l c t i ng   repo r t   sages t5   t ha t  Ebn 
showlngs are  replacements  of  certain  volcanic  layers by jkarn  wlth 

Is I n  Bonanza  Group rocks (Assessment Report 1821). 
Metals Recovered: Iron and copper. 
References: B.C. Mln ls t ry   o f  Energy, Mlnes d Pet. Res., GEM, 1970,  pp.  274-278; 

Assessment Report 1821. 
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Lat. 49.75';  Long.  124.59.; 92F/IC€ 

30335-001. 
Brown p o r p h r i t e  (Karmutsen ?) i s   t raversed by several f i s s w e  zones  3 
t o  4 feet wide, r a r e l y   c a p l e t e l y   f i l l e d   w i t h  quartz.  Usually  narrow 
ve in le t s  occupy t h e  zones. A contact  with  the  Marble Bay Llmestone 

MDI No. 092/359; Assessment Report 6414. 
occurs t o   t h e  southeast. Galena and chalcopyr i te occur in  the  quartz. 

Nutcracker: 

Descript ion: 
Sample Nos. : 

References: 

S tar l igh t :  

Descript ion: 
Samp I e Nos. : 

References: 
Metal  Recovered : 

Cream Lake: 

Samp I e No. : 
Descript ion: 

Lat. 49-06.;  Long.  125.54.; 92F/3E 

30314-001. 
Fine-grained  free  gold I s  associated  wlth  galena  that I s  f i n e l y  

t%ld. 
disseminated  through  extensively  altered diabase. 

M)I No. 092/216; Geol. Surv.,  Canada, Nap 49-1963. 

Lat. 49-49.;  Long.  125.54';  92F/5E 

30355-001. 
Velns o f   quar tz   w i th   lesser   s lder l te  and ca lc i te   conta ln   va lues  In  
s i l ver ,  gold,  zinc, and  copper. They are  underlain by volcanic  rocks 
and lesser  sedimentary  rocks  of Permian age  and over la in  by Karmutsen 

two. The Western Mines' orebodies l i e   t o  the  north  wi th in t h i s   b e l t .  
volcanic rocks. A d i s t i n c t  band o f  Permian limestone  occurs between the  

Metals Recovered: G o l d ,  s l i ver ,  copper, and zinc. 
Reference: Assessment Report 1884. 

Golden  Eagle: 

Sample No.: 
Descript ion: 

Metal Recovered: 
References: 

Victor ia:  

Samp I e No. : 
Descript ion: 

Lat. 49.11.; Long.  124-59';  92F/2E 

Gold occurs  In a vein of ribbon  quartz  and'pyrite  with  other  minor 
30313-001. 

Gold. 
sulphides  in a small Intrusion  of   fe ldspar porphyry. 

MlI No. 092F/080; Geol. Surv.,  Canada, Paper 68-50. 

Lat. 49-18.;  Long.  124.66'; 92F/2E 

Gold and pyr i te   are  assoc iated  wi th   quar tz   ve ins  In  sheared sect ions  of  
30315-001. 

andesitic  f lows and tu f fs .  The rock  groups observed were placed 
ten ta t i ve l y   I n   t he   S i cke r  Group, though gove rmen t   geo log i s t s   l e f t  them 
in  the  Island  serles. The depos i t   i s  adJacent t o  a s tock   re la ted   to   the  
Coast Range B a t h o l i t h   ( t h a t  Is. t h i s   v e i n  I s  probably an older  vein  than 
the other<> - . . ._ - . . . -. - . 

Metals Recovered: Gold, s i l ver ,  and copper. 
References: MDI No. 092F/079; Geol. Surv.,  Canada, Paper 68-50; Assessnent Report 

4914. 

Fandora: Lat. 49.25.;  Long.  125.68'; 92F/5E 

Sampl e No. : 
Descript ion: 

30323-001. 

c r y s t a l l i n e   p y r i t e ,  and ra re l y   l e r l t e   cu t   a l t e red   vo l can ic   rocks  near 
Gold and si lver-bearing  veins of quar tz   wi th  sane carbonate, f i n e l y  

andesl t lc  dykes In  one working  ciow, t o  a small mass of   ln t rus lve  quar tz  
dior i te.  

Metals Recovered: Gold, s i l ver ,  copper,  lead, and zinc. 
References: MDI No. 092F/040; Geo l .  Surv..  Canada, Paper 68-50. 
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Whlte  Star: Lat. 50.30';  Long.  126.81.;  92L/2W 

Sample No.: 30318-001. 
Descript ion: 

dykes and subsequently j o in ted  I n  three  direct ions.  puartz  veins w l t h  
Quar t z   d lo r l t e   o f  Eocene Zeballos  pluton i s  cut  by feldspar  porphyry 

pyrl te, galena, arsenopyrlte,  sphalerlte, and gold occur In gangue  and 
breccia zones along which f a u l t   m o v m n t  has taken  place. lhe sulphlder; 
are  usually  concentrated  In bands along  the wal I s  of   the velns. 

Metals Recovered: Gold, s i l ver ,  lead, and zinc. 
References: MDI No. 092L/010;  Geol. Surv.,  Canada, Paper 40-12. 

Lone Star-Rey-Oro:  Lat. 50.02';  Long.  126.79.; 9W2W 

Descrlption: 
Sample No.: 30317-001. 

Quartz d i o r i t e  of Zeballos  pluton Is  c u t  by a p l i t e  and ande:;ltic and 

chalcopyrite, and sphaler i te occur In  shears In   j o ln ted   qua r t z   d lo r i t e  
feldspar porphyry. Fbny quartz  veins  with galena, arsenopyrite, gold, 

and the  dykes. 

References: 
Metals Recovered: Gold, s l l ver ,  zinc, lead, and copper. 

M)I No. 09W015; MINDEP 05841. 

Sample No. : Peer less: Lat. 50.04.; Long. 125.84.;  92L/ZW 

Descrlpt lon: 
30320-001. 
A quartz  vein 5 centimetres wide fol lows a contact between 23 feldspar 
porphyry dyke and feldspathlzed  andeslte  of Lower Jurassic  lbnanza 
Group. Quartz  contalns abundant c a l c i t e  and small amounts (of spha ler i te  
and chal copyr I te. 

Metals Recovered: Gold. zlnc, and copper, 
References: MDi No. 092L/025; MINDEP  05851. 

Pr ivateer:  Lat. 50.03.;  Long. 126.81'; 9K/2W 

Sample No.: 30349-001. 
Descript ion:  puartz  veins  wlth  pyri te,  sphalerl te. galena, arsenopyrite,  pyrrhotite, 

and nat ive  gold  cut  massive Bonanza  Group volcanlc rocks, lime 
s l l i ca tes ,  and small  bodies  of JuraSSlC lntruslve  quartz  d ior i te.  

Metals Recovered: Si lver,  gold,  copper, and lead. 
References: M)i No. 092L/008; Geol. Surv.,  Canada, Paper 1940-12. 

Alpha, Beta: Lat. 48.73';  Long.  124.09';  92C/9E 

Sample M.: 
Descrlpt lon: 

G79AB-001. 
Frank1 in Creek  (Karmutsen Formation)  andesite and lenses o f  Quatslno 
limestone  are  cut by dykes of   granodlor l te.   granl te porphyry, and 
d i o r i t e  porphyry. Llmestone, andeslte, and granod lor l te   a re  p a r t l y  
a l te red   to  garnet-epldote-pyroxene  skarn  with  chalcopyrite,  magnetite, 
and pyr i te   loca l l y .  

p. 291; 1 9 7 1 ,  p.  226. 
References: M ) I  No. 09'E/039; B.C. Min is t ry  of Energy, Mines h Pet. Res., GEM, 1970, 

Lucky S t r l  ke: Lat. 50.06';  Long.  126.84.;  92L/2W 

Sample No.: 
Descript ion: 

30334-001. 
The Vancarver4 1 shear, whlch folicus a feldspar  porphyry dyke I n  
d i o r i t e  and granodlorlte  breccia,  contalns  lenses of quartz 5 t o  7.5 
centimetres wide w i th   py r i t e  and free gold. 

Metals Recovered: l .01  No. 092L/030; MINDEP 05856; Geol. Surv.,  Canada, Mem. 272, p. 59. 
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