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INTRODUCTION 

Large stratiform, syngenetic  deposits commonly yield galena-lead  isotope  'model' ages that agree closely 
with the stratigraphic ages of their host  rocks.  However,  analyses in Table 1 from stratiform,shale-hosted 
deposits  (located on Fig.  701 of Cambrian to Devono-Mississippian age in or adjacent to the  Selwyn  Bar,in 
in British Columbia and Yukon  Territory do not give reasonable ages if the models of Stacey  and  Kramers 
(1975) or Cumming  and  Richards  (19751 are  used. In fact, ages calculated with these  models  are  unrea- 
listically young,  although isotopic analyses from the British Columbia  and Yukon  Territory deposits, 
plotted  on a 207Pbi204Pb versus 206Pb/2004Pb graph form  dirtinctclusters  (Fig.71). Each clustercan be 

characterized  by a specific  deposit age  and the  locations of the clusters are in an appropriate  order  and 
position to define a growth curve (Fig. 70). The four clusters identified  on Figure 71 are: 

(1) Devono-Mississippian (circa 370 Ma), for example,  MacKenzie area, British Columbia 
and  Tom-Jason, Yukon  Territory. 

(2) Silurian (circa 425 Mal, for example,  Howards Pass, Yukon  Territory-Northwest Terri- 
tories. 

(3) Ordovician (circa 475 Ma), for example,  MacKenzie Fold Belt,  Northwest  Terrirories. 
(41  Cambrian (circa 550 Ma), for example, Anvil  district,  Yukon  Territory. 

Growth curves on the 20'Pb/204Pb versus 206Pb/204Pb  plot can  be calculated in several  ways.  Here,we 
postulate that the growth curve for the shale-hosted deposits  started from some point on the 'average 
crustal' growth curve of Stacey  and  Kramers. An appropriate point in time to begin the curve is about 2.0 
Ma  ago, which is  near the expected time of homogenization of continental basement by the Hudsoni.sn 
orogeny,  and slightly older  than the basement  source age ipdicated by the galena-lead  isotope  isochron for 
pre-Ordovician  ('old')  carbonate-hosted  deposits that we  have defined  elsewhere a t  1.887  Ma  (Godwin, et 
a/ . ,  in press).  Using the 'old'  deposit age and  measured  lead-isotope ratios as constraints, an  average 
uranium to lead ratio  of 11 .E  was calculated for an  'average  shale' growth curve that passes through each 
average  and closely  predicts the mean ages of the four clusters. We conclude from the relatively hiph 
uranium to lead ratio  that the  Precambrian  basement  source is 'upper  crustal'  (Doe  and  Zartman, 1979). 
therefore  probably sialic and  an appropriate source for the abundant  lead  commonly found in these 
deposits. 

Figure 72 illustrates  our  model for an  'average  shale' growth curve  which is applicable to the northern 
Canadian Cordillera, The 'average  shale'  curve is in reality the last  part of a three-stag#!  model for lead 
evolution. A  meteoric  growth  curve  generated in an environment with a relatively low uranium-lead ratio 
of 7.19 is  applicable for the period between  4.57  and 3.7  Ma. Much  evidence  indicates that near  3.7  Ma  an 
accretional stage of continental growth began. At this time a uranium-enriched differentiated crust formed 

with a slightly higher  uranium-lead ratio of 9.74. Evolution  of lead in average crust followed this growth 
curve until about 2.0 Ma  ago, From this point onward  the  lead  evolved in an  even more uranium-rich 

environment with  ratio 11.82. 
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In the northern Canadian  Cordillera, a t  least, our 'average shale'growth  curve is more  suitable for calculat- 
ing  model ages of  stratiform shale-hosted  deposits than any published  models. Because  we  can either 
calculate  model ages from the growth curve  or  assign  ages to deposits if their measured isotopic ratios 
coincide with established  clusters,  we  can  make  some interesting and  significant interpretations. 

'Young'  (post-Cambrian)  carbonate-hosted  zinc-lead  deposits have  galena-lead isotope 
ratios  (Table 1) that plot  within the  Devono-Mississippian shale cluster but are  dis- 
tinct  from shale clusters of other ages (Figs. 71 and  731. This  strengthens  arguments 
made  elsewhere (ibid.1 that these two types of deposit,  although formed in different 
environments, are related to the same metallogenic  event - namely,  dewatering of the 
Selwyn shale  basin during Devono-Mississippian time. 
Vulcan  deposit, Northwest Territories, has galena-lead  isotope ratios  that plot near the 
centre of the  Oevono-Mississippian shale cluster on Figure  71. A year  ago host  rocks for 
this deposit  were thought to be of Ordovician to  Silurian age. Recent field mapping, 
however, has shown  the  host  rocks to be Early to Middle Devonian in age (R.  Hewton, 
1980,  personal communication). It is significant to geological exploration  that  our 
galena-lead  isotope  data indicate  that the  deposit is syngenetic; by the  earlier  stratigraphic 
interpretation it was epigenetic. It apparently formed  during a Devono-Mississippian 
metallogeny  related to dewatering of the  Selwyn shale  basin  and  consanguineous  depo- 
sition of  stratiform, syngenetic  shale-hosted  deposits like the  Tom-Jason  deposit in 
Yukon  Territory and  those north  of MacKenzie. 
The  Rough  showing is situated close to the newly discovered  shale-hosted  deposits in 
northeastern British Columbia but lies in a possible  shear  zone in Ordovician  carbonates. 
Lead isotope  data from this deposit fall in the field of Devono-Mississippian  deposits  on 
Figure  71, so the  deposit is probably epigenetic. 
Matt Berry  and Maxi deposit, Yukon  Territory, have  galena-lead isotope ratios  that plot 
in the Silurian shale cluster (Fig. 71).  Both deposits  occur in  phyllite  with a poorly de- 
fined Early  Paleozoic age. Thus, the deposits formed  during a Silurian metallogenic 
event  and it is plausible that they are syngenetic. 
Anvil district, Yukon  Territory  (point 4,  Figs.  70  and 73) is, according to isotopic evi- 
dence, Cambrian in age (Fig.  71). as suspected by others. 
The CarnefEg  deposit, Yukon  Territory  (point 5, Figs. 7Oand 731, is in Hadrynian shale. 
Galena-lead  isotope ratios from this deposit give a model age, based on our average  shale 
growth curve, of about 520 Ma. Consequently.  the  deposit is probably epigenetic.  Co- 

carbonate  rocks  determined previously by us from galena-lead  isotopes (ibid.), minor ele- 
incidentally, perhaps, this is the age of  mineralization in most  pre-Ordovician ('old') 

ments in sphalerite,  and  stratigraphic distribution  of the  deposits  (McLaren  and  Godwin, 
1979a  and 1979bl. 
The Hart River  deposit, Yukon  Territory  (point 6,  Figs. 70 and 73). is in Helikian argil- 
lite. Galena-lead  isotope  ratios from  this deposit give a model age of about 1.43  Ma.  This 
is slightly older than ages reported in Morin  (1979) calculated from models of Stacey  and 
Kramers (about 1.3  Ma)  or Cumming and  Richards labout 1.2 Ma). Since the  host rock 
age is apparently  the same as the  deposit  model age, the deposit is likely to be syngenetic. 
The McMillan (Quartz  Lake)  deposit, Yukon  Territory  (point 7,  Figs. 70 and 73). hosted 
by  Helikian sedimentary  rocks, is  unlikely  to be syngenetic as is widely believed.  Galena- 
lead  isotopes from this deposit are highly radiogenic  suggesting a complex history of 
formation. It is perhaps significant  that  our average  shale growth curve  defines a model 
age for this deposit of about 120 Ma (Cretaceous). Granitic  intrusions in the vicinity  of 
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this deposit are  also  Cretaceous. We conclude that the  deposit is  epigenetic  and  speculate 
that the granitic intrusions might be  responsible for i t s  formation. 

(91  Galena-lead  isotopes from several deposits plot  in a field on  Figure  73 that we previously 
defined (ibid.) for vein  and  skarn  deposits of Cretaceous  age. From  our average  shale 
growth curve,  negative ages were obtained for these  deposits. Although the field relation 
ships of these deposits could not conclusively  distinguish  whether  they are metamor- 
phosed  syngenetic  deposits or epigenetic  skarn  deposits,  the isotopic evidence  shows 
them to be the latter. 

We believe that  definition  of our average  shale growth curve for the northern Canadian Cordillera  on 
Figures  71  and  72  has both  theoretical and  obvious exploration applications. From galena-lead  isotope  data 
we  are  able to define: 

(1 I basement  source  ages  and  geochemistries, 
(2) a series of major  metallogenic  events  and  relationships  between different classes of 

(31  the age of a deposit in many  instances,  and 
(4) whether a deposit is syngenetic or epigenetic. 

deposits. 

This information,  particularly the last two items,  can  be of critical importance in defining  exploration 
models for  the evaluation of properties. 
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Figure 70. Location of galena-lead isotope analyses on Figure 71. Small  circles are 'old  carbonate' hosted, small 
squares are 'young  carbonate' hosted, and small triangles are 'silver rich' vein and rkarrb deposits. Large 
numbered  diamonds  locate  those sale-hostec deposits with analyses in Table 1. 1 = Devono-Mississip- 

age. I = Intermontane  Belt; 0 = Omineca  Crystalline  Belt;SB = S e l w n  Basin; OFB = Clgilvie Fold Belt; 
pian; 2 = Lower  Silurian: 3 = Ordovician; 4 = Cambrian; 5 = Cambrian  model age; 8 ii negative model 

WFB = Wernecke Fold Belt; RFB = Richardson Fold Belt; MFB = Mackenzie Fold Belt; EFB = East 
Fold  Belt. 
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