
£111ERPRETATION OF BALENA LEAD ISOTOPE SIGNATURES OF MINERAL 

DEPOSITS OF THE PELL Y - CA5SIAR PLATFORM 

:!... I n t r o d u c t i on 

The Pel.lv - C a s s i s r P l a t f o r m (F'CP) i s a 600 k i l o m e t r e lonq, 

c u r v i 1 i near seamen t a f the west e m \ lorth Amer i can mi oqeoc l i n e 

outboard of the c r s t o n and separated -from it. by the Selwvn Basin 

and kechika "!roi..iah. i t has been v a r i o u s l y i n t e r p r e t e d as a 

segment of the F'er-ace R i ver Ar ch that was tr a n s p o r t e d 

northwester 1 v over 600 ki i ometres by Cretaceous to Eocene 

dex.traJ t r a n s c i t r r e n t f a u l t i n g ( S a b r i e l s e . 1985*, and as a h o r s t 

t armed dur i nq La te froterosoic or Es»r1Cambri an r I f t inq whi ch 

has undergone aboi i t ::l k i J ome feres o f de>j t r a l t r anspor t 

(Roddick, L964. lempelman •- K l u i t , I- ; H o r t e n s o n , 1981)-

From Lower 0 smbri sn to tipper I M '•- on 1 an 11 me? the PCP was the 

s i t e of accumulati on of t h i c k shal i o.w water carbonate and 

si l i c i c l a s t i c «he.l f sediments and : • ••• t h i n bedded c a l c a r e o u s 

s i 11. stones dnd valea-nic rocks. ; : - - t h i c k b a s i n a l s h a l e s and 

cher t s were depo? I f • d i 11 I:he Se ! i-- > basin, the Pal eozoi c b a s i n a l 

s u c c e s s ! on a vei !. nc d t >nt o t he Ft' f i • - o i nn i na i n .L at est Devon i an 

time?, s,i« :••.. ! et i: i - e r i f- t i n q . I)!. or i - - i \ i nq-, -md subsidence 

occurred alone? > h< i-.t»? ™ f'(•:.•.-ri"i in^'ru ; • •: -r !• h Rmei-1 ica» Deyono •¬

1 ii ss i. s s i p j an b : \ •• •! Successi oi i ; 1 b : i dJ. tes compri se the 

Ear n Group. wh i t.i • ?TM i s i s ts ot » .-. n -r. t a i debr i -s der i ved f rotn 
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r e l a t i-ve} v upJ L f t e d p l a t f o r m a ] b l o c k s ( G o r d e y e t a l „ „ 1986;„ 

G a l e n a l e a d I s o t o p e d a t a f o r m i n e r a l d e p o s i t s occur!-" i n q 

N I t h :i n t h e P C P a n d i n o -,• E T 1 v i n q a S. 1 o c h t h o n o u s o c e a n i c r o c k : s a r e 

p r e s e n t e d i n T e b i e 1.. 1 h e s o d a t a a r e d r a w n f r a m a v a r i e t v o f 

s v n q e n e t 1 c a n d e p i. q e n e t i c d o p e s i t t v p e s i n d 1 f f e r e n t 

1 :L t h o t e c t ori i c s e t t i r; q s a f i d t hi e r e f o r e i * >..: t a p o s e d i v e r s e s o u r c e 

r e q :i. o n E aiad m i: n e r a I i z a I:: i o n p a t hwa v s ™ R e c e n t. e>; p 1 o r a t . i o n i n t e r e s t 

h a s t o c u s s e d o'n ep :i. q e n e t i c: c a r b o n a t e -; h o s t e d s k a r n a n d man t o 

d e p o s i Ls d<et•:: a R i v e r „ I i n t i . n a S i 3. v e r » H i dwav , S i 1 v e r H a r t ) „ 

G o l d -• q u a r t s v e i n s i n t h e S y l v e s t e r - A l l o c b t h o n w i t h a f f i n i t i e s 

t o A r c h a e a n qo 1. d d e p o s i t, s c o n s t i t u t e an eye h e r s i qn i f i c a n t 

ex p I o r a t i. o n t a r q e t „ a n d s u p p o r t t wo mi h e s i n t h e C a s s i a r a r e a . 

2 „ L e a d S o u r c e [ e r r a n e s 

i.'a t h t he;? i-: s 'O;:• o i c BUCCBS S :!. or;s o f i: h e S e l wvn B a s i n a r i d 

K e c h i k a f r o u q h , . a n d s i 1 i c i c l a s t i c s h e l f a n d t u r b i d i t e s e d i m e n t s 

o f t r i e P C P r e p r e s e n t r e c A: 1 eel Rf e c amor i a n m a t e r i a l d e r i v e d 

u l fci ma t e l v f r o m t h e kior t h Amer i c ar i c r a t o n . B o t h b a s i n a l a n d 

p.! a t i:: o r m a i f a c I e s c omp r :l. s o h i qh 1 ••• r ... ri i c o o n i c u p p e r c r u s t a i 

m a t e r i a l wh i c h hi 3 s beer; r e i at. i v e !. ' i. s o i a t e d t r DID S I qn i f i c a n t 

m a n t l e i n p u t s i n c e E a r l y H a d r i n i a n t i m e . Sediment': n e s t e d b a s e 

m e t a l (SHBM ) d e p o s i t s i n t h e b e i w\ n B a J . n ., K e c h i k a T r o u g h ., a n d 

i n t h e s o u t h e r n C o r d i 11 e r a w e r e u s e d b v Gociwi n a n d S i h c l a i r 

C 1 9 8 2 ) t o B e ; i n e I e a d q r o w t h c u r •, e s ...qp j c a b .1 e t o p a l e n a .1. e a d 

d e r 1 v e d f r om 1' ioi- d i hmer :i c an UDTTV r.r U S t a I mat e r i a I , A q e o f t.h e s o 
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d e p o s i t s i s . . w e l l c o n s t r a i n e d bv t h e aeie o f t h e i r h o s t s e d i m e n t s . , 

E v o l u t i o n o f l e a d i n t h i s s o u r c e t e r r a n e b y a d d i t i o n o f 

r a d i o q e n i c 1 e a d o v e r t i me up u n t :i 1 t h e mi n e r a l i i no e v e n t c an 

t h e r e f o r e b e used t o suppor t m o d e l ages f or deposi t s i. n wh i c h 

1 e a d i s p r e d o m i n a n 11 v o f t h i s t y p e - S i n e e t r i e i s o t op .1 c 

c h a r a c t e r i s t i cs o f I eadWi t h i n ch i s t e r r a n e a r e appro;-; i ma te.! y 

k n o w n f o r & aiyen aqe„ t h e r e l a t i v e c o n t r i b u t i o n of l e a d from 

t h i s s o u r c e c a n b e a s s e s s e d f o r d a t e d d e p o s i t s i n w h i c h t h e 

s o u r c e o f 1 e a d i s i n q u e s t i o n . F h i s c a n p r o v i id e i n t o r ma t i o n o: i 

t h e n a t u r e o f t h e mi n e r a.!. i 2 i nq s v s t e m a n d f 1 u i d p a t h w a y s . 

11 i. s i mo; >r !- ar; t. t o n o t e howe ••• er - !/ I'; a t t h e " sh a 1 e c u r v e s !' 

a r e a v e r ' ag e p r o w t h •;:( u '•s f (v" I h e an a d i an C o r ri i i i er a ,. I ™ ot. o p i c 

i i ii u •)• i' .a one.! M os i rh .i n t h e sou.:' c. e-- ;-- --'-ne ;r:av q i v e r i se t o 

a i cni i i c a n t d e n a r t u r o s ?• v - i -; h I ••• .ri • :dc .1 ^ o e a ,. F u r t h e r , i t 

t vHnortant tf i r*c«*cjftv-2:£> +» uAv*i? e ^ N ^ f s p e c i f i c t e c t o n i c 

p r e . a s such as he f*Ctr t̂ vixy K«*v*- i s o t o p i c c h a r a c t e r i s t i c s 

d e V i a! :)!';•.••; •£( r M r \ e a v e r a g e s . 

d: t h e Re! : M o u n t a i n s , Earn Group s t r a t a c o n t a i n a l k a l i c 

i'O'i :-;;jr. o i r -ah 1 c s. w h i c h host s e v e r a l s h o w i n g s o f v o l canogen i c 

m a s s i ve s u l phi de (VMS) a f f i n i t y (Morten son , 1979,, 1 9 8 1 ) . The 

t e c t o n i c s e t t i n g of these s h o w i n g s i s an unusual combination of 

a r i f t e d marginal basin w i t h f e l i c v o l c a n i c s i n a p r e v i o u s l y 

m i o g e o c l i n a l t e r r a n e . L e a d i n t h i s s e t t i n g may be d e r i v e d i n 

p a r t f r o m surrounding e u x i n i c b a s i n s t r a t a , or from u n d e r l y i n g 

s h e l f s e d i m e n t s , and t o t h i s extent should f i t a s h a l e curve 



model. Howler, 1ead d e r i ved from the v o l c a n i cs would f i t the 

s h a l e curve o n l y i f they were melts formed from North American 

upper c r u s t a l m aterial? otherwise some lower c r u s t a l or mantle 

i nput i s 1i k e l y . 

Al1ochthonoug t e r r a n e s o v e r l y i n g t h e P C P i n c l u d e t h e 

S y l v e s t e r and A n v i l - Campbell A l 1 o c h t h o n s , , o f U p p e r P a l e o z o i c 

to T r i a s s i c age.These c o n s i s t m a i n l v o f o c e a n i c s e d i m e n t s and 

v o l c a n i c s , a n d w i d e s p r e a d u J. t r a m a f l t e s . The l o w e r m o s t d i v i s i o n 

of the S y l v e s t e r A l 1 o c h f n o n may b e t r a n s i t i o n a l t o north 

Amer i c an rnarq i n a l b a s i n f a c i e s ( E a r n Group) „ and con t a i n s 

i m b r i c a t e s o f c o n f i n e n t a l 1 y d e r i v e d m a t e r i a l cut by b a s a l t i c 

f e e d e r s y s t e m s - "the S y l v e s t e r a l s o c o n t a i n s a s u b s t a n t i a l 

i n t e r m e d i a t e r i f t or arc v o l c a n i c component and i n t r u s i v e 

e q u i v a l e n t s (Nelson et a l . , 1988). Lead der ivedWom these 

packages may be complex and heterogeneous, but probably c o n t a i n s 

a s i g n i f i c a n t mantle component. 

A f i n a l complexity i n the source t e r r a n e model f o r the PCP 

i s i n t r o d u c e d by Mezozoic - Cenozoi c i n t r u s i o n s , which are 

a s s o c i ated with a v a r i ety of epi geneti c deposi t s . Dependi ng on 

type of i n t r u s i o n , d e r i v a t i o n of melts, and subsequent 

c o n t a m i n a t i o n 7 these may c o n t r i b u t e lead with i s o t o p i c 

c h a r a c t e r i s t i c s s i gni f i cant1y d i f f e r e n t from country rocks 

host i ng the deposi t s . 

At 1 east three separate Mezozoi c - Cenozoi c i n t r u s i ve events 



have occurred w i t h i n or adjacent t o the PCP. The o l d e s t i s 

represented by the C a s s i a r b a t h o l i t h , a voluminous 110 - 95 Ma 

p l u t o n i c welt s u t u r i n g North American r o c k s and outboard suspect 

t e r r a n e s (Cache Creek, Klo n d i k e - Obligue, S t i k i n i a , 

Quesnel1i a ) . 

Younger, v o l u m e t r i c a l 1 y s m a l l e r s e t s of i n t r u s i o n s are 

widespread throughout the PCP, and are a s s o c i a t e d with 

e p i g e n e t i c d e p o s i t s to a f a r g r e a t e r degree than the C a s s i a r 

b a t h o l i t h . Late Cretaceous (70 - 75 Ma) i n t r u s i o n s i n c l u d e the 

T r o u t l i n e , Kuhn, and Windy s t o c k s i n the C a s s i a r area, and a 

b u r i e d i n t r u s i o n southeast of the Midway d e p o s i t i n the 

Rancheria d i s t r i c t (Panteleyev, 1985, Bradford and Godwin, 

1988). These i n t r u s i o n s host Mo — W m i n e r a l i z a t i o n and are 

a s s o c i a t e d with s i g n i f i c a n t F anomalies and Sn be a r i n g Ag-Pb-Zn 

showi ngs. 

The youngest major set of i n t r u s i o n s i s of Eocene age (58 -

50 Ma), and i n c l u d e s the Mount Haskin - Mount Reed s t o c k s , east 

of C a s s i a r , i n t r u s i o n s a s s o c i a t e d with the B u t l e r Mountain (YP) 

Ag-Pb-Zn, F i d d l e r Sn, and Hot W p r o s p e c t s i n the Rancheria 

d i s t r i c t , and b u r i e d i n t r u s i o n s a s s o c i a t e d with Au-Ag mantos i n 

the Ketza R i v e r camp ( r e f e r e n c e s ) . These f e l s i c i n t r u s i v e s are 

a s s o c i a t e d with F, Sn and w* anomalies, and i n some cases c o n t a i n 

f l u o r i t e or topaz and may be conside r e d A - type (anorogenic) 

g r a n i t e s (W.D. S i n c l a i r , personal communication, 1986). An 

I n i t i a l Sr value of .7125 f o r the B u t l e r Mountain stock i s more 
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t y p i c a l of a I t h o p h i l e element e n r i c h e d upper c r u s t a l (S - type) 

The younger i n t r u s i o n s were emplaced duri n g C o r d i l l e r a n -

wide d e x t r a l t r a n s c u r r e n t f a u l t i n g which was accompanied by more 

l o c a l i z e d e x t e n s i o n and compression. In the Rancheria d i s t r i c t , 

a north t r e n d i n g zone of e x t e n s i o n a l f a u l t i n g c o n t a i n s 

i n t r u s i o n s of both Late Cretaceous and Eocene epidodes. The 

presence of f e l s i c g r a n i t e s i n d i s t r i c t - s c a l e zones of 

e x t e n s i o n may r e p r e s e n t an i n f l u x of lower c r u s t a l l y d e r i v e d 

m a t e r i a l , v a r i a b l y contaminated by upper c r u s t a l m a t e r i a l during 

magmatic ascent ( C o l l i n s et a l . , 1982, Whalen et a l . , 1987). 

Lead i n a s s o c i a t e d d e p o s i t s may r e f l e c t t h i s v a r i a b l e lower 

c r u s t a l s i g n a t u r e . 

In summary, the c h a r a c t e r of lead i n d e p o s i t s i n the PCP 

r e f l e c t s c o n s i d e r a b l e v a r i a b i l t y i n source t e r r a n e s . The 

d i s t i n c t l y upper c r u s t a l P a l e o z o i c p l a t f o r m and b a s i n 

s u c c e s s i o n s may d e v i a t e from average C o r d i l l e r a n growth curve 

models and may c o n t a i n i n t e r n a l inhomogeneities, the a l k a l i c 

f e l s i c v o l c a n i c s i n the P e l l y Mountains being a conspicuous 

example. Al1ochthonous t e r r a n e s o v e r l y i n g the PCP c o n t a i n 

oceanic v o l c a n i c s , sediments, u l t r a m a f i t e s , and i n t e r m e d i a t e 

r i f t or arc v o l c a n i c s , and represent a heterogeneous source with 

a s i g n i f i c a n t mantle component. F i n a l l y , post mid — Cretaceous 

i n t r u s i o n s may have introduced a lower c r u s t a l component with 

v a r i a b l e upper c r u s t a l contamination i n t o widespread e p i g e n e t i c 



deposi t s . 

3. Interpretation_g£_Lead_ 

Lead i s o t o p e data from PCP d e p o s i t s t a b u l a t e d i n Table 1 i s 

p l o t t e d on Pb 207/Pb 204 versus Pb 206/Pb 204 (7/4-6/4) and Pb 

208/Pb 204 versus Pb 206/Pb 204 (8/4-6/4) diagrams i n F i g u r e s 1 

and 2. Major d e p o s i t groups as l i s t e d i n Table 2 are c i r c l e d , 

and s h a l e curves of Godwin and S i n c l a i r (1982) are superimposed 

on both p l o t s . 

3.1. S y n g e n e t i c D e p o s i t s 

The data show good s e p a r a t i o n of d e p o s i t types on both 

p l o t s , with l i m i t e d o v e r l a p of C a s s i a r Ag and C a s s i a r Au, and 

C a s s i a r Ag and Rancheria - Ketza groups on the 7/4-6/4 p l o t . 

D e p o s i t s i n t e r p r e t e d as syngenetic i n P a l e o z o i c s t r a t a are 

d i s t i n c t from e p i g e n e t i c d e p o s i t s of Cretaceous and younger age. 

T h i s s i g n a t u r e can be used to c o n s t r a i n models f o r d e p o s i t s of 

u n c e r t a i n o r i g i n . For example, the Howru showing c o n s i s t s of 

p o o r l y stratabound disseminated galenfii i n S i l u r o - Devonian 

s i 1 i c i c l a s t i c s ( r e f e r e n c e ) . Lead data demonstrably r u l e s out an 

e p i g e n e t i c replacement model f o r t h i s showing, which must have a 

s y n d e p o s i t i o n a l or d i a g e n e t i c o r i g i n . 

Syngenetic d e p o s i t s g e n e r a l l y show poor correspondance with 

s h a l e curve model ages. Earn Group VMS d e p o s i t s i n the P e l l y 



Mountains^ of M i s s i s s i p i a n t o Pennsylvanian age d e f i n e an 

elongate group i n t e r s e c t i n g the growth curve at the Devono -

M i s s i s s i p i a n boundary. E l o n g a t i o n of data c l u s t e r s with steep 

s l o p e s i s probably due t o Pb 204 e r r o r or f r a c t i o n a t i o n . The 

lead s i g n a t u r e i s Pb 206, 207, and 208 - poor r e l a t i v e t o growth 

curve averages f o r lead of t h i s age of m i n e r a l i z a t i o n . The Blue 

showing, an Earn Group SHBM d e p o s i t of probable E a r l y 

M i s s i s s i p i a n age, shows an even more marked s h i f t t o the l^ f e f t 

on both p l o t s , p l o t t i n g near the O r d o v i c i a n - S i l u r i a n boundary. 

Thus Earn Group b a s i n a l d e p o s i t s of the PCP appear t o be 

dep l e t e d i n r a d i o g e n i c l e a d r e l a t i v e t o the C o r d i l l e r a n average, 

r e f l e c t i n g lower ̂ { and <>J val u e s f o r t h e i r host s u c c e s s i o n . 

SHBM d e p o s i t s of Cambro - O r d o v i c i a n age (Meister, S i r John 

A) appear to be e r r a t i c a l l y d i s t r i b u t e d . The Meister d e p o s i t , i n 

Lower Cambrian Atan Group m e t a p e l i t e s ( r e f e r e n c e ) , p l o t s near 

the Cambro ~ O r d o v i c i a n boundary on the 7/4-6/4 p l o t , and near 

the O r d o v i c i a n - S i l u r i a n boundary on the 8/4-6/4 p l o t . The S i r 

John A showing i n Cambro - O r d o v i c i a n Kechika Group p h y l l i t e , 

p l o t s near the S i l u r i a n - Devonian boundary on the 7/4-6/4 

diagram and near the Devono - M i s s i s s i p i a n boundary on the 

8/4-6/4 p l o t . The two showings thus show enrichment i n 

r a d i o g e n i c l e a d r e l a t i v e t o s h a l e curve averages. 

The apparent s h i f t from r e l a t i v e enrichment i n syngenetic 

d e p o s i t s i n p l a t f o r m a l r o c k s t o r a d i o g e n i c lead d e p l e t i o n i n 

d e p o s i t s i n l a t e r b a s i n a l s u c c e s s i o n s may r e f l e c t d i f f e r e n c e s i n 



and lO among the Selwyn Basin, PCP, and Earn Group. More 

analyses are needed t o adeguately document t h i s h e t e r o g e n e i t y . 

The data shown here e x h i b i t poor c o r r e l a t i o n with s h a l e curve 

model ages, with the d e v i a t i o n s being s u g g e s t i v e of a higher /*-<. 

and u) ̂ PCP r e l a t i v e t o C o r d i l l e r a n averages, and input of l e s s 

r a d i o g e n i c lead i n t o d e p o s i t s hosted i n the Earn Group, perhaps 

d e r i v e d from lower c r u s t a l or mantle sources. 

3.2. E p i g e n e t i c Deposits 

E p i g e n e t i c d e p o s i t s of the C a s s i a r area are markedly l e s s 

r a d i o g e n i c than d e p o s i t s from the Rancheria and Ketza R i v e r 

d i s t r i c t s . C a s s i a r d e p o s i t s i n c l u d e t h r e e groups: <1) <$old -

guartz v e i n s i n the S y l v e s t e r A l l o c h t h o n ( E r i c k s o n , Cusac); (2) 

Ag-Pb-Zn and W skarns and replacements i n p l a t f o r m a l carbonates, 

r e l a t e d t o 72 Ma i n t r u s i o n s (D Zone, Weisman, Coast Ag, Ray 2, 

C o n t a c t ) ; and (3) VMS d e p o s i t i n the S y l v e s t e r A l l o c h t h o n (Lang 

Creek). 

Potassium - argon dates on s e r i c i t e from quartz v e i n s of 

Group 1 d e p o s i t s c l u s t e r around 1U5 Ma (Sketchley et al.. , 1986). 

These v e i n s may be r e l a t e d t o deep f l u i d i n f i l t r a t i o n along 

f a u l t s , d r i v e n by anomalous geothermal g r a d i e n t s preceding 

emplacement of the C a s s i a r b a t h o l i t h . Lead i s o t o p e data shows 

poor c o r r e l a t i o n of K-Ar ages with s h a l e curve model ages, which 

range from Permian to mid - J u r a s s i c on both p l o t s . In a d d i t i o n , 

the data f a l l s well below the 8/4-6/4 growth curve, and somewhat 



below the 7/4-6/4 curve. T h i s suggests input of lead from a low ^ 

and oU source, probably the b a s a l t - a r g i l l i t e - u l t r a m a f i t e 

host sequences. On the 7/4-6/4*plot, E r i c k s o n l e a d shows a 

moderate - s l o p e l i n e a r t r e n d (one a n a l y s i s excepted) which i s a 

p o s s i b l e mixing l i n e ( c f . Andrews et al^. , 1984). Moreover, on 

the 8/4-6/4 p l o t Pb 208 d e p l e t i o n r e l a t i v e t o the s h a l e curve 

l i e s i n the d i r e c t i o n of the Lang Creek VMS showing, generated 

i n a thorium depleted environment of mantle o r i g i n . Lead 

s i g n a t u r e s f o r these d e p o s i t s l*\ thus compatible with mixing of 

lead from a s h a l e curve - type upper c r u s t a l t e r r a n e (the PCP 

u n d e r l y i n g the S y l v e s t e r ) with l e a d d e r i v e d from the host 

s t r a t a , which c o n t a i n a s i g n i f i c a n t mantle component. 

Group 2 C a s s i a r d e p o s i t s f a l l i n t o an elongate c l u s t e r 

p a r a l l e l to Pb 204 e r r o r l i n e s . The c l u s t e r i n t e r s e c t s the s h a l e 

curves at mid - J u r a s s i c and mid - Cretaceous model ages on the 

7/4-6/4 and 8/4-6/4 p l o t s , r e s p e c t i v e l y . These d e p o s i t s thus 

show a s l i g h t d e p l e t i o n of r a d i o g e n i c lead r e l a t i v e t o s h a l e 

curve averages. Enrichment of Pb 208 r e l a t i v e t o group 1 

d e p o s i t s i s not due t o younger age of m i n e r a l i s a t i o n , s i n c e the 

enrichment o c c u r s at a steeper s l o p e than the growth curve. T h i s 

probably r e f l e c t s lack of input of low oO - lead from the 

S y l v e s t e r A l l o c h t h o n . The s l i g h t d i f f e r e n c e from s h a l e curve 

model ages may be a f u n c t i o n of poor analyses, d i s t i n c t i v e n e s s 

of PCP l e a d from s h a l e curve average l e a d , or input of upper 

c r u s t a l l e a d from i n t r u s i o n s (Cooke and Godwin, 1984). 



Lead i s o t o p e s i g n a t u r e s from e p i g e n e t i c d e p o s i t s of the 

Rancheria and Ketza R i v e r d i s t r i c t s are d i s t i n c t l y more 

r a d i o g e n i c than C a s s i a r area d e p o s i t s of s i m i l a r age. The 

Rancheria - Ketza group i n c l u d e s d e p o s i t s a s s o c i a t e d with l a t e 

stage d i f f e r e n t i a t e s of the C a s s i a r b a t h o l i t h (Amy, "^95 Ma), 

d e p o s i t s a s s o c i a t e d with Late Cretaceous i n t r u s i o n s (Midway, 

Si 1 v e r k n i f e ? , ~̂ 70 Ma), and d e p o s i t s a s s o c i a t e d with Eocene 

i n t r u s i o n s (Ketza R i v e r , ^ 5 8 Ma, and YP and F i d d l e r , ^ 50 - 55 

Ma). The most r a d i o g e n i c of these d e p o s i t s g i v e f u t u r e model 

ages r e l a t i v e t o the s h a l e curve. 

The Midway d e p o s i t i s unique among t h i s group i n f a l l i n g 

well below the s h a l e curve on the 7/4-6/4 p l o t w h ile p l o t t i n g 

above the s h a l e curve on the 8/4-6/4 p l o t . The elongate Midway 

c l u s t e r i n t e r s e c t s the s h a l e curve i n the Late Cretaceous on the 

7/4-6/4 p l o t , showing good c o r r e l a t i o n of K-Ar and lead model 

ages. However, low Pb 207 v a l u e s and an elongate data c l u s t e r 

with a shalower s l o p e than e r r o r and f r a c t i o n a t i o n l i n e s suggest 

w i t h i n d e p o s i t mixing between a s h a l e curve - type and low JA. and 

thorium e n r i c h e d lead source. Poor e l o n g a t i o n of the data 

c l u s t e r on the 8/4-6/4 p l o t may be due t o swamping of Pb 208 

from one of the lead sources, or to the mixing l i n e being 

s u b p a r a l l e l t o the growth curves. In any case, mixing i n v o l v i n g 

a l o w y A , high uj source i s s u g g e s t i v e of lower c r u s t a l i n p u t , 

perhaps d e r i v e d from the i n t r u s i o n . 

D espite some s c a t t e r , lead data from the Ketza R i v e r camp 



shows reasonable c o r r e l a t i o n of s h a l e curve model ages and K-Ar 

d a t i n g . The Ketza c l u s t e r i n t e r s e c t s the s h a l e curve at a mid -

T e r t i a r y age, i n d i c a t i n g a s i g h t l y more r a d i o g e n i c environment 

than t h a t r epresented by the s h a l e curve at ^ 6 0 Ma. No 

e l o n g a t i o n of the Ketza data c l u s t e r i s apparent; w i t h i n d e p o s i t 

mixing i s t h e r e f o r e u n l i k e l y . Lead data from the YP and F i d d l e r 

d e p o s i t s i n d i c a t e s a h i g h l y r a d i o g e n i c l e a d source. T h i s may be 

due t o l o c a l d e v i a t i o n of fj^ and CO v a l u e s i n PCP s t r a t i g r a p h y 

from s h a l e curve averages, or may be due input of h i g h l y 

r a d i o g e n i c l e a d from an upper c r u s t - contaminated i n t r u s i v e 

source. The l i n e a r t r e n d of YP data on the 7/4-6/4 p l o t i s 

s u g g e s t i v e of the l a t t e r , as the s l o p e i s s u b p a r a l l e l t o the 

Midway t r e n s . 

E a r l i e r i n t e r p r e t a t i o n of PCP lead data by Dawson et 

a!.(1986) d e s c r i b e d a T e r t i a r y mixing l i n e i s o c h r o n due t o 

v a r i a b l e upper c r u s t a l contamination of melts from which le a d 

was d e r i v e d . There are s e v e r a l problems with t h i s model. F i r s t , 

a v a i l a b l e r a d i o m e n t r i c d a t i n g of i n t r u s i o n s and a l t e r a t i o n 

a s s o c i a t e d with these d e p o s i t s i n d i c a t e s t h a t they are r e l a t e d 

t o t h r e e p e r i o d s of m i n e r a l i z a t i o n spanning 100 t o 50 Ma. A 

mixing l i n e model r e l a t i n g a l l of the Rancheria - Ketza d e p o s i t s 

t o a s i n g l e mixing event t h e r e f o r e obscures the d i f f e r e n c e s i n 

age of m i n e r a l i z a t i o n among the d e p o s i t s . Second, while w i t h i n 

d e p o s i t mixing has a mixing mechanism i n the m i g r a t i o n of 

hydrothermal f l u i d s through d i f f e r e n t source t e r r a n e s , a mixing 

l i n e model f o r the whole of the PCP has no r e a l mechanism, 



r e l a t i n g as i t does, d e p o s i t s spread over a huge area, i n 

d i f f e r e n t 1 i t h o t e c t o n i c s e t t i n g s , and with d i f f e r e n t ages of 

m i n e r a l i z a t i o n . T h i r d , the s l o p e of the PCP mixing l i n e i s 

a c t u a l l y not very d i f f e r e n t from the s l o p e of the s h a l e curves, 

and the spread of d e p o s i t s along i t i s a c t u a l l y due t o normal 

lead growth w i t h i n the PCP, which i s a major source t e r r a n e f o r 

these d e p o s i t s . Fourth, no analogous mixing l i n e i s d i s c e r n a b l e 

on the 8/4-6/4 curve. As po i n t e d out above, t h i s may be 

e x p l a i n e d i n two ways: (1) the bulk of th o r o g e n i c l e a d i s 

d e r i v e d from one of the sources, thus swamping out development 

of l i n e a r t r ends, <2) the mixing l i n e i s a c t u a l l y s u b p a r a l l e l t o 

growth curves f o r lead i n the r e l e v a n t source t e r r a n e s . The 

l a t t e r p o i n t a p p l i e s only i f t h e r e i s i n f a c t a l i n e a r t r e n d , 

which i s not the case f o r Rancheria - Ketza d e p o s i t s as a 

group. F i f t h , the end p o i n t s of the mixing l i n e would have t o 

l i e beyond the data c l u s t e r s f o r the most r a d i o g e n i c (YP) and 

l e a s t r a d i o g e n i c (Midway) d e p o s i t s . The PCP mixing l i n e r e g u i r e s 

f o r example, th a t data f o r Midway be e x p l a i n e d i n terms of 

mixing from a h i g h l y r a d i o g e n i c source whose lead r a t i o l i e s 

above and t o the r i g h t of the YP d e p o s i t , when the a c t u a l Midway 

le a d s i g n a t u r e bears no r e l a t i o n t o such a source. F i n a l l y , the 
ot_r 

PCP mixing model i m p l i e s that the sourcesof l e a d Hm, the 

i n t r u s i o n s . While some lead may be of magmatic d e r i v a t i o n , 

widespread a l t e r a t i o n haloes i n s i 1 i c i c l a s t i c s t r a t a of t h e PCP 

i n the v i c i n i t y of many of these d e p o s i t s i m p l i e s t h a t f l u i d -

country rock i n t e r a c t i o n was e x t e n s i v e , and th a t much of the 

lead i n these d e p o s i t s was probably d e r i v e d from the PCP. 
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