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ABSTRACT: Protero~oic base metal deposits in the rocks of ihe Indian plate occur along 
its northern margin at the Parang and Lahor propert ies near Besham. 711 ese are stratiforrn 
exha(ative type deposits which are highly deformed and regionally metamorphosed. Lead 
isofope szudies were carried out on these deposits. Lead isotope ratios yield model ages  cf 
2120-2199 Ma (Prozerozoic) for both  he Parang and Lahor deposi ts .  The assumed minitnuln 
age of ,nineralization is 2077 Ma, as suggested by the secondary isochron. These deposirs 
are ,nore primitive in t e r m  of age and have lower p values relative to the well known 
sediment-hosted deposizs elsewhere in the world. The non-radiogenic isotopic cornposition 
and the homogeneity of the ore lead in  bolh Pazang and Lalror ores  suggest a well-mixed 
common source and siinilar processes for the formation of these ares .  

INTRODUCTION 

Sediment-hosted base metal (Zn, Pb, and 
Cu) mineralization in the rocks of the Indian 
plate occurs along its northern margin in the 
footwall of the Main Mantle thrust (MMT) 
around Besham. The rocks of the Indian 
plate, south of MMT, have a complex tectono- 
metamorphic his tory wi th  po lyphase  
deformation and metamorphism. These rocks 
have been divided into the Besham, Pazang 
and Karora groups. The first two groups are 
part of the basement complex and the third is 
composed of a cover of metasediments that 
unconformably overlie the basement gneisses 
(Fletcher et a]., 1986; Treloar et al . ,  1989). 
The base metal mineralization is confined to 
the Pazang group (Fig. 1), a supracrustal 
sequence of metasediments, which has been 
thrust over the basement gneisses of the 
Besham group (Fletcher et al., 1986). 

The rocks of the Pazang group  a re  
seperated into Pelitic Formation, Sulfide 
Formation, and Metaquartzi te/Meta-arkose 
Formation from bottom to top (see Fletcher 
et al., 1986; Shah, 1991). The two areas, 
Lahor and Pazang, which are of prime im- 
portance for their base metal mineralization, 
are situated about 1370 meters and 1680 

meters above sea level on western and east- 
ern side of the Indus River, respectively 
(Fig. 1). The Sulfide Formation contains the 
Zn-Pb mineralization and constitutes the most 
distinct portion of the Pazang group in both 
of these localities. The base metal mineral- 
ization in the Besham area has been considered 
to be  of different genetic types: (a) skarn 
type (Ashraf et a]., 1980), (b)  derived from 
metamorphitic rocks and remobilized during 
the process of anatexis (Butt, 1983), and (c)  
stratiforrn exhalative type (Fletcher et  a1 . , 
1986; Shah, 1991). 

The lead isotope compositions af ores 
provide a powerful tool in solving the gtob- 
lems of petrogenesis and metallogenesis. The  
isotopic composition of  lead in galena re- 
ma in s  u n c h a n g e d  a f t e r  i t s  i n i t i a l  
crystallization because of its ex trernely low 
U/Pb and Th/Pb ratios. The lead isotope 
ratios of galena are,  therefore, used to calcu- 
late the model ages of the deposits in which 
galena crystallized. 

Various lead evolution msdels have been 
proposed in the past (see Holmes, 1942; 
Houtermans, 1946; Stacey and Kramets,  
1975; Afifi et  al., 1984; Deb et al., 1989).  
The Plumbotectonics model is another irn- 
portant contribution by Doe  and Zartrnan 
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Fig. 1. Geological map of the area around Besham, northern Pakistan. 
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Fig. 2 .  =07pb/2wPb diagram for the massive sulfide ore leads from the Lahor and Pazang prospects. The primary 
growth curves are after Staccy and Kramers (1975) and Cumming and Richard (1975). 

(1979) and Zartman and Doe (1981) in the 
systematics of Pb isotopes. In this model 
they presented parameters for three geologic 
environments or reservoirs (1) mantle, (2) 
upper crust, and (3) lower continental crust, 
which have appreciable amount of U, Th,  
and Pb. They interpreted another geologic 
environment (orogene) which is responsible 
for the gross terrestrial isotopic patterns. 
The plumbotectonics model, therefore, dealt 
with restricting the fields for average mod- 
ern mantle, upper crust, lower crust and 
orogene lead. 

The Stacey and Kramers (1975) model 
yields reasonable age estimates and is par- 
ticularly applicable for galena lead from 
Precambrian massive sulfide deposits that 
are syngenetic with the host rocks (see Stacey 
et al., 1977). The Proterozoic model has 
yielded reasonable estimates of model ages 
for the sediment-hosted base metal deposits 
elsewhere in the world ( Deb et al . ,  1989). 
Both these models are, therefore, used to get 
reliable estimates of the ages of the Besham 
base metal deposits and to correlate these 
deposits with the host metasediments. 

RESULTS AND INTERPRETATION 

Three samples from Lahor and two samples 
from Pazang massive sulfide ores, several 

kilometers apart, were collected from under- 
ground workings for Pb-isotope studies. The 
lead isotopic compositions were measured in 
the mass spectrometry laboratory of the De- 
partment of Physics, University of Alberta, 
Edmonton, Canada. The ratios are  normal- 
ized to the National Bureau of  Standard 981 
common lead standard, The accuracy of the 
analyses fo r  Pb isotope composition of ga- 
lena is in the range of  20. 

The Pb-isotope analyses, along with com- 
puted model ages and their p values, are 
listed in Table 1 and plotted in conventional 
Pb-isotope diagrams in Figures 2-6. The 
lead isotope ratios are non-radiogenic and 
very similar in both the Lahor and Pazang 
prospects, This isotopic uniformity and the 
207Pb/204Pb ratios, which are  close to 15.10, 
are characteristic of well mixed sediments. 
This isotopic homogeneity of  the ore  leads 
in both the Pazang and Lahor deposits sug- 
gests that (a) these ores were formed by 
similar processes, and (b) the lead was 
derived from a common source which was 
isotopically well mixed. The homogeneous 
and non-radiogenic nature of the studied 
galena is in accord with the pattern for sedi- 
ment-hosted exhalative deposits (Large,  
198 1). 



Fig. 3. m 8 P b P P b  diagram far the massive sulfidc ore Fig- 4- An expanded plot of the isotopic compositions 
leads from the Lahorand Pazangprospects . The of the Lahor and Pazang massive sulfide ore 
primary growth curves are after Stacey and leads. 
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The model ages of the Pazang and Lahor 
deposits have been calculated (Table 1) ac- 
cording to the Stacey and Krarners (1975) 
model and the Proterozoic model of Deb et 
al. (1989). The Proterozoic model yields 
ages about 7 0  million years higher than those 
of the Stacey and Kramers model. Average 
model ages of 2 120 2 34  Ma (according to 
the Stacey and Kramers model) and 2 199 & 
35 Ma (according to the Proterozoic model) 
are obtained for these deposits. No isotopic 
ages have yet been determined for the host 
and underlying basement gneisses: however, 
a Proterozoic age is assigned to both the host 
rocks and the underlying basement gneisses 
on the basis of field observations (see Fletcher 
et al . ,  1986; Treloar et a l . ,  1989). The ore  
bodies and the host rocks were subjected to 

thermal and regional metamorphism, but it is 
unlikely to say that the isotopic composi- 
tions of the deposits were affected by 
metamorphism in a way to completely reset 
the age. 

Doe and Zartman (1979) found that lead 
derived from most upper crustal sedimentary 
rocks (that have not been involved in or 
derived from granulite or  high grade meta- 
morphic rocks) by lateral secretion processes 
plot close to o r  above the Stacey and Karamers 
(1975) evolution curve in the 207Pb1204Pb vs 
206Pb120JPb diagram and close to or below the 
evolution curve in their '08Pb/204Pb vs 706Pbl 
?04Pb diagram. The lead isotope analyses for 
the Pazang and Lahor ore bodies plot very 
close to the evolution curve in 207Pb1'04Pb vs 
206Pb1204Pb diagram (Fig.2) and above the 
evolution curve in 208Pbl'04Pb vs 206Pb/104Pb 
diagram (Fig.3) of Stacey and Kramers 

TABLE 1. LEAD ISOTOPE COMPOSlTIONS AND MODEL AGES OF STRATIFORM ZINC-LEAD DEPOSITS 
FROM LAHOR AND PAZANG PROSPECTS, BESHAM, NORTHERN PAKISTAN 

- - - - - - - - - I - - - - -  

1 a 
2oaPbPMPb 207PbP03Pb 2oRPb/?hiPb Model age p Model age p 

Lahore deposit 14.821 15.106 34.581 2154 9.69 2234 10.16 

Pazang deposit 14,844 15.096 34.5 17 2124 9.58 2201 10.02 

Model ages and p values @resent day YJPMPb of  the lcad source) according to (1) the Stacey & Kramers (1975) model 
. and (2) the adjusted Proterozoic model of Dcb st al. (1989). 



Fig .5. Isotopic composition of Lahor and Pazang massive sulfide ore lead in relation to growth curves of 
plumbotectonic model (version ii, Zartman and Doe, 1981). Approximate primary isochrons arc after 
Johansson and Rickard, 1985. Other sediment-hosted deposits also shown for comparison are taken from 
Deb et al. (1989). These are: (1) Koongie Park, (2)  Broken hill, (3) Mt. Isa, and (4) McArthur River in 
Australia (Gulson et al., 1983; Gulson, 1984, 1985); (5 )  Sullivan in Canada (LeCoutcur, 1973); (6)  Balmat 
district in United States (Fletcher, 1979; Fletcher and Farquhar, 1983,); (7) Gamsberg and (8) Aggencys in 
South Africa (Koeppel, 1980); (9) Rampura Agucha and (10) Rajpura-Dariba in India (Deb et al., 1989). 

(1975). One explanation for the slightly 
higher 208Pb/204Pb values could be that they 
reflect derivation of the lead, in part, from a 
source terrane that contained rocks subjected 
to granulite facies or high grade metamor- 
phism at asignificantly earlier time in the 
Precambrian (see Wedepohl et al . ,  1978). 
Such a metamorphism causes a preferential 
loss of U relative to Th and, therefore, yields 
high Th/U ratios (Doe and Zartman, 1979). 
The high 208Pb/204Pb ratios, therefore, imply 
lead evolution in a source material with a 
higher average ~ h / P b  ratio than assumed in 
~ t a c e y  and Kramers model or  an episodic 
increase of the Th/Pb ratio as a result of high 
grade metamorphism. 

Four out of five data points form a very 
linear array with a slope of 0.258 on the plot 
of 207Pb/204Pb vs 'O6PblX4Pb (Fig.4). This 
linear relationship implies that a small radio- 
genic component was added to those samples 
at a commen time. Tf this line is considered 
to be a true secondary isochron, then the 
calculated 2077 Ma (tain) age is a minimum 
age for the source of the radiogenic lead 

component, most likely the host sedimentary 
rocks, and also for the mineralization if this 
is indeed syngenetic. This is also the maxi- 
mum age for remobilization and addition of 
a radiogenic lead component. If  an age of 
2200 Ma is assumed for the mineralization 
and for the source of the small radiogenic 
lead component added to at least most of the 
ore specimens, two stage calculation yields 
an age of about 1950 Ma for the radiogenic 
a d d i t i o n  a n d  probabTe m e t a m o r p h i c  
remobilization of the ore. It can be con- 
cluded from the Pb-isotope data of the Besham 
ore bodies that: (a) the component o f  ordi- 
nary lead was separated from its source 
reservoir 2120 f 33  Ma (according to the 
model of Stacey and Kramers, 1975) o r  2 199 
f 35 Ma (according to the Proterozoic model 
of Deb et al., 1989); (b) small components 
of radiogenic lead were then subsequently 
added to the common lead sometime after 
2077 Ma. The data further suggest that there 
was probably little o r  negligible time differ- 
ence between the age of the associated rocks 
and the time of mineralization. 



Fig .6. Isotopic composition of Lahor and Pazang massive sulfide ore lead in relation to growth curves of the 
plumbotectonic model (version ii, Zartman and Doe, 1981). 

In terms of the general plumbotectonic 
model of Stacey et  al. (1977), Doe and 
Zartman (1979), and Zartman and Doe 
(1981), the Pazang and Lahor lead isotope 
data plot between the evolution curves for 
average orogene and average mantle on the 
'07Pb/'04Pb vs 206Pb/204Pb diagram (Fig.5) and 
between average orogene and average lower 
crust on the "O"Pb/'04Pb vs 106Pb/104Pb diagram 
(F ig .6 ) .  T h e  model  a g e s  by t h e  

where in the world. 

CONCLUSIONS 

The Lead isotopic compositions give Prot- 
erozoic model ages for the base metal deposits 
of the Besham area. The non-radiogenic na- 
ture and isotopic uniformity of the ore lead 
are suggestive of an isotopically well mixed 
source for these deposits. 
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