
• Gedenkband zum 100. Todestag von Dionys Stur Redaktion: Harald Lobitzer & Albert Daurer

Jb. Geol. B.-A. I ISSN 0016-7800 I Band 136 I Heft 4 S.897-917 I Wien, Dezember 1993

Archean Crust as a Source of Common Lead
in the Bohemian Massif

By PETRRAJLlCH, ADOLFSOKOL& ZDENKAKADOUNOVA*)

With 6 Text-Figures and 1Table

Tschechische Republik
Böhmische Masse
Geochronologie

Krustenentwicklung
Blei-Isotope

Contents

Zusammenfassung 895
Abstract. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 895

1. Introduction 895
2. The Dynamic Model of AMov (1983) 896
3. Data 896
4. Ore Lead Isotope Characteristics of the Bohemian Massif 896
6. Conclusion 914

References 914

Archäische Kruste als Quelle gewöhnlichen Bleis in der Böhmischen Masse
Zusammenfassung

Die Isotopen-Zusammensetzungvon gewöhnlichemBlei in der BöhmischeMassezeigt, daßdie Krustesich aus überprägterarchäischerKruste
entwickelte.DasanthorogenenIsotopenangereicherteBleiwird durchMigmatisierungundMagmatismuserklärt undeinHomogenisierungsereignis
vor 1.200Mio Jahrenvermutet.

Abstract
The isotopical composition of common lead indicates that the crust of the BohemianMassif developedfrom the reworkedArcheancrust. The

commonleadenrichedin thorogenic leadindicatethat the strongly metamorphosedcrustal materialprevailedin the source.

1. Introduction

The regionally sampled isotopic data of common lead
beside the model age estimations have proven useful in
1) metallogenetic analysis: HEYL et al. (1974), Kuo and

FOLINSBEE(1974), CHURCHet al. (1986),
2) in geological blocks definition: PATOtKA et al. (1984)

and
3) in geotectonic considerations: DOE and ZARTMAN

(1979), KÖPPEL(1983).
For the metallogenetic analysis the method of cluster-

ing of similar isotopic compositions called the finger print

method is mostly used (GULSON, 1983) and the source of
ore minerals from specified country rocks can be defined.
The liaison of the defined isotopical composition to speci-
fied horizons or blocks can be evaluated in the terms of
tectonostratigraphical blocks and terranes. The fact that
the isotopical composition of lead may reflect the geotec-
tonic history was successfully employed by DOE and
ZARTMAN (1982) and the geotectonic reservoirs called
mantle, old crust, orogen - with mixed lead and upper
crust were separated by these authors. A further step in

*) Authors' addresses: PETRRAJlICH,Hajkova 6, CZ-13000 Praha 3; ADOLFSOKOL,PUDIS, Prague, Legerova 169, Praha 1 Nove Mesto;
ZDENKAKADOUNOVA,Czech Geological Survey, Malostranske namesti 19, CZ-11821, Praha 1.
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the evaluation of the isotopic evolution of common lead is
the continuous dynamic model of AMOV(1983). This model
was used in the present study of the isotopical composi-
tion of common lead in the Bohemian Massif and will be
described in more detail.

2. The Dynamic Model of AMOV (1983)

as an effective (weighted mean) value that depends on the
amount of materials from an older or younger crust or from
the mantle. The common lead isotopic composition can
be used in this way as the geochemical indicator of crustal
evolution in the given region. For the Phanerozoic time the
model parameter T has the following values for the three
main zones i.e. T = 3.35 b.y. for the upper continental crust,
T = 3.1 for the orogene and T = 2.7 b.y. for the mantle.

The model of AMOV (1983) is based on the assumption
that as a result of chemical fractionation U, Th and Pb ac-
cumulated predominantly in the Earth's crust so that the
U/Pb, Th/Pb, Ii = 238U/204Pband W = 232Th/204Pb increased
in the course of the geological time. The other assumption
is that the temperature is the main factor determining the
intensity of chemical fractionation and exchange of mate-
rials between the different crustal and mantle layers from
which it is logical to assume that the Ii and W rates of
change increased in the initial stages of the Earth's dif-
ferentiation and after attaining a maximum started de-
creasing because of the surface cooling of the Earth. The
maximum was attained earlier in the upper crustallayers,
whereas in the lower layers it was attained later or not at
all, since the latter cooled more slowly. The transition from
increasing to decreasing Ii and Wrates of change in a given
layer of the crust can be connected with its having been
formed from mantle and reworked older crustal materials.
In the model the 1m and T parameters are calculated and
they indicate the source-type. The time 1m in the model,
when the Ii and W rates of change attained their maxim-
ums is a model parameter, depending on the age of forma-
tion of the different layers of the crust or, in mixing pro-
cesses, on the participation of materials from the older or
younger crust and mantle. The 1m parameter indicates
thus the residence times of lead in different reservoirs
such as mantle, old and younger crust during the earlier
crustal evolution and it is similar to ENd values. For the tec-
tonic considerations the residence time 1m brings other in-
formation than the mineral ages reported for instance by
zircons which indicate mainly the last thermal reworking
(fusion). The Tvalue may be compared with the a, band c
curves of DOE & ZARTMAN (1982) characterizing tectonic
environment. The Tparameter can be in this way accepted

3. Data

A total number of 271 published and unpublished ana-
lyses of are lead compositions from 185 localities of gale-
na mineralizations of the Bohemian Massif represents the
basic data file processed in this study. Data on the isotope
composition of are Pb used, have been obtained in the
Isotope Geology Laboratory of the Geological Survey,
Prague. They are taken from published and unpublished
reports of LEGIERSKI(1967, 1971, 1973). LEGIERSKIand VA-
NECEK(1965). BERNARDet al. (1979) and POSMOURNYand
LEGIERSKI(1981). As several samples from the same depo-
sit were measured, the mean values were calculated and
resulting set of 185 localities (representing the original
271 analyses) was processed. The maximal error of the
estimation of the isotopical composition can be due to
older techniques as high as 0.5 %, see also RAJLlCH et al.
(1983). The values of LEGIERSKIbefore processing were re-
calculated to values of DOE and ZARTMAN(1979). using the
galena from Bleiberg. The constants are 0.99512 for the
206Pb/204Pb, 0.99052 for the 207Pb/204Pb and 0.99793 for
the 208Pb/204Pb ratio.

4. Ore Lead Isotope Characteristics
of the Bohemian Massif

The data are summarized in the Table 1 and Figs. 1a, 1b.
An important feature of the Bohemian Massif is the similar
isotope composition of Pb of the ore deposits differing
substantially in mineralogy and structure, such as vein-
type and strata bound base metal deposits or Pb-Zn vein
deposits and greisen stock Sn deposits (containing a
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Text-Fig. 1.
Isotopical composition of common lead in the Bohemian Massif with the common lead evolution curves according to the model of ÄMOV (1983).
a) 206Pb/204Pb versus 207Pb/204Pb plot.
b) 2oapb/204Pb versus 206Pb/204Pb plot.
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Text-Fig. 2.
a) Selected 1mcurves of the uranogenic common lead from the Bohemian Massif. The heavy dashed line indicates the value /l = 9.21. The limit for

Archean crust development, with greater acceleration of the /l increase is around 1m= 4.0.
b) Selected 1mcurves of the thorogenic common lead from the Bohemian Massif.

negligible amount of Pb minerals). This similarity seems to
favor the idea of a common source of lead in ore deposits
of various genetic types and the derivation of Pb from
country rocks.
According to the frequency curve from Fig. 4 which is

centered around the Tvalue "'" 3.1 with broader symmetri-
cal parts comprising mainly upper continental crust and
with the complete drop in the mantle field, the common
lead of Bohemian Massif is mainly of orogene type with
some participation of lower and upper crustallead. This
points to the dominant influence of a crustal source of ore
lead. The data in the 2oapb/204Pb and 206Pb/204Pb diagram
(Fig. 1b) plot closer to the orogenic curve T = 3.2. than the

same diagram for uranogenic leads. This phenomenon
noted also as older ages for the thorogenic lead by HÖHN-
DORF and DILL (1986) can be possibly explained as due to
the derivation of lead from metamorphic rocks depleted in
U as a result of high-grade metamorphism, WEDEPOHL et
aI., (1978), see also KÖPPEL and GRÜNENFELDER (1982), VA-
N~CEK et al. (1985).

Following to the 1m value the lead shows almost continu-
ous transition from the old (Archean) crustal source typical
with high acceleration of J1 in the initial stages of develop-
ment (curves 61, 243, 232, 267) to the curves with incor-
porated younger crust (37, 59, 256, 282, 422, 988). The
boundary 1mvalue of this transition is Im"'" 4.0 and the fre-
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Text-Fig. 3.
Frequency curve of the 1mvalues of the common lead of the Bohemian
Massif.

Text-Fig.4.
Frequency curve of the T values of the common lead of the Bohemian
Massif.

899



u;
'"<..>c:~:;
<..>
<..>o..,
'"'ö.a
Ul

'"oS
Ö
Ul

.~
(jj

"äi
(j
ell
(;;
.c:
<..>
(ij
:;::;
c:

'"UlUl
UJ

900

....
<l>.....
....
co

GI
N.... .....

Q) tn
"0.... .~
o 0
Q!

'B...,.....
~
.3

<\)
,- ,
.....0
c.... z

>.
.D

.D

""..co
N.......
.D

""."<>
N

.D
a....
<>
N.......
.D
0..
<-
<>
N

..0

"".,.
<>
N.......
..0
P.
<D
Q

N

.....
o
GI....ou

o..,.,.....

lO.....
co
M

''"'-

-.".
o
.,",

co
o

I.......
+

co ""'<D 0

''"'0- ,
.......
+

<D t-
-0

000- I.......
+

.-.<-
N
.-.<

coo-

.....-~
N

co
o

M
o

Cl
on

.........o
]
<\)
..0....
W

t-
o.....

.n
to

OJ
M

."
'0

.....
.-.<

al

""

.'"'o

<Xlo
'"

M
t-

c::.....

m
o

N.....

<D
o......

N
co
M

lO
0>

C"'?

to
C"'?

00
M

N
<0

00
.-.<

Cl....

N
M

Cl

Cl
'0

00
M

N
<0

'0-
<D
N

co.....

Clo........,
'"N.....
.-{

'"....Cl)
C.....
e
c::.....
<\)
;.
I
:::>

<:>
M

N-

0>
<:>
<'oJ



m
<Xl
N

,,..,
<::>....

N....

,n
m

....
o

N
M

<0.... <X.
o

co
o
C")

N.... Cl:
o ce

ce
00
CO

M

<D
<'I

I
"-+

o....
eo
C")

<D....
co
C")

....
r-
co
M

<Xl
N

N....
<Xl
M

.n
<0

CO
M

MOn <Xl NI'" _
Or) 0.... In.... .n.... .n.... ,n....

m
Or)

on....
0,",
to

on....,
"-+

o....
co.... eo 0.... co....

o
M

eo.....

u:
N

<Xl..... co....
'n.... m

00....
r-
r-

eo....
I

"-+

.....

.~ ~
'01') .........B
0\ <II
El.c
o
CO

.<:
+>....
;r

c:....
III [J)
:> III

C~
III 00"0 ....
.... III
.<: c:n. l>Il
:3 c:
CI} ....

;) <IIU ....
I ...c: L.
'" 0I ;)
..0 ......c.. .....

..,.

r-
N

".,.....

N....

.....
M

<0..,.
N....

.....n

........
M.... M....

r-
0,",

M
N

.-.n
M
M

M....

co....
Cl'>....

o
M

Cl'>....

o
<0

M,n o
N

m....
On.... on....

.-o
tl....
:>

""....
N

o
<0
N

:..
'"o:t:
:..
:>o
";ij
.co....
::s;:

....
On

L<o
CO

eo,,..,
N

o
N
<'.I

M
N

901



902

.n
o
on

o
'"

o...,
....,
.....

co
er..-......

o.....

<0
'0

u>....
m....

'<ll
:-o
0......

...:l

....
N

'"

'"........,.

on
o
M

.....
o
CO
C'?

co.....

'"'"
00
.n

....
to

'"

'"M
00
M

'"tc
on.....

00
N

00......

....

<:>.n

C'?
<0

...,
CO...,.

.n.....

.n
m
C'?

.n
o
00
M

.....
to

on......

.....
o
co......

.........
<:>
'0

..........
'"

...,.
'"
M

.".......
00......

~.....
:.
r;::.....
<ll 0
;. \..,

.0N.o
.oJ ~
\.., \lIl

~ c;
r;;t' .....

..".......

o
.0

o......

.n.....

...,

......
00.....

.....

....

m.n
M....
.........

o
In

~o.....
'g
Z

00
N

M

C'?
o
....

.n

......

.".....
<:>

N.,.,
C'l....

o
o
'"

'0o
C'?

I
"-+

r- .....
li"l .....

'n 0....
I
"-+

C":' f'_

0 .....

co 0......
I
"-+

C>....

m
<0
'Cl

m
C'?

o
C'l

'n.....

t- •.....

.n
M

."......
on......

.,.,

<00'" ....
co 0
M
I
"-
+

In C")

'" 0
li"l0

I
"-
+

-r t,_

.....0

ce 0......
I--..
+

or>

C'l....
..........

.......
-r
In

eh...,.

o
'"

'".....

.n.....

oNo
00.....

o
on.........

M
.n

00....



N
o.,.

I.......
+

'00.....
I.......
+

'" <D'.0 0
,...a.....

I.......
+

o.,.

.."......
<Xl..,.

<::>

I..........

,no.... ,
.......
+

0> 0>
0-

co 0.....
I..........

<::>
M

.n.....

r-
.n

'"o
M

,n
CO

M

t_
M

r-
,n
,n.....

No
co.....

....

,-.....
CD
N

In

M
'0

o

<V
()
.r<
>o
..c:
UC])~,
N

'0

'"M

I.......
+

...........,., .....
,no.....

I.......
+

I.......
+

,n.....

""
o
In

(j)
U
'M...,

<V
.-l
n\
>.c:
U

<D
o
N

co

"".....

o
N

l:-
t--

.n.....

co.....

o.n
0>....

Ei.,.,

o.....
N

M
N

M

""o
-1'

.t')....

,-

(fl
IV
.-l
.D~
'"e

~ .5
......
r.., c:
<1J 0
rl -rl
<II+-'
..c: '"CoN
(fl ......
I rl

~ ~
C]) C])...... c:
n\ .rlMe

.-
N

l;-
M

......-

Ol
.".

o.....
0>

<T> CO
....0

000
M

I.......
+

,no....
I.......
+

<Xl -1'
00

oe 0.....
I.......
+

N

o
on

'n.....
l:-
N

M
on
en..,.

<D.....

en.....
.r:

'"''-'
,n.....

....

,,.,...,.
''1-
o...,.
.n

'"

M
''-'
.n.....

N
o
<Xl.....

t--....

tn
M

:>.
L,
o

, ::t:

t-- I".

o
IX 0
M

I.......
+

t.- M.,-,0
,no.....

I.......
+

") -::t'
00

oe 0.....
I.......
+

,e
,r:

1'--
<',

c:.....
.jJ
:j
..c:o
<:0

903



C
N

904

o
'"

'" <',ON

00 0
M

I.......
+

cn Cl
U"l ......

"-'0....
I.......
+

.... M
0 .....

00 0....
I.......
+

.........

Q)
U....
>0
C
oSr..,
>

,n

I.......
+

...... (')
<00

I.......
+

C> <D
-0

oe 0- I.......
+

-t'.....
Cl

'"
00
M

en....

1.-

.".

I.......
+

.-< cn
<0 Cl

In Cl.....
I.......
+

'" 0--
00 0.....

I.......
+

..........

.....

.......,..
en.....

o-

1(')

o
M

""00
M

Cl......
00
M

In.....

-o
00.....

...........

."......
w..,..
en
M

en....

......
o
..".

00co,

In....

en..............
...,.
.....
M...
..".
M

0>....

In
In

,-.....

....

t-.....
..".-
..........
t-
N

en.....

N......

N
-r
on

......
In
.(')......

,-.....

en
M

.-<
N

r-
N

en.....

M......

........
0(')

-t'
C>

er.

'"

1(')

r.-
cn
,-

00
M

N-.....
N

0>
.".

....

......

'".....

....

w
on
<0....
...........

o
M

en.....

'"....

o
C'J
,(')

<0
en
N

o,,..

U"l
C>

00
C")

1(').....

to
M

N....
o
M

en
.".

1..-



.r')

c,
.r')

.-..,...,.
o
-r..., '"C.:)..,.

,.,
m...,

or,
00
<"~

mIt,.,.., N
C-.'
"'"

00

'".....
(".,
o
..".

..,.

.- co
0'

N

coo
,-.
o
M

mo
M

m
o
M

N
N

m
o

.n
o
M

en
""

..,.
G'

M

co
l.D

m
00

M

l.D
l.D

M

,-
CO

M

en
00

M

en
00

t"')

.-
m
t"') C-,

-r
00

t"')

m
o..,.

co
t"')

m
l.D

.....
t"')

00...,
'0

'"
CO
M

CO
M

co
M

COO
M
I

'--+-

N
.-<

00
t"')

00
M

'0
N

..,.
o
CO
M

o
'"
00
M

00

'"
CO.,..,

In.- .n.-

o
on
In
.-<

In

N
.n
.r)....

m
'0
or,
.-<

en
on

I

'"+
lO......

m
'0

10
.-<

C
l.D

In......
It,.... .n....

co.n
In
.-<

In......

CO
m
1.-....

m
o
CO....

o
In

00.-

.-<

.-<
In-
00.... 00.....

\'.1 00
_0

co 0
.-<

N
N

00-
N-co
.-<

...,.....
00
.-<

co
.-<

co- 00.-

lO
-,'0

co-I

'"+

'"

~....
"'.0
- ;;I

~~e-
O 1II

Q)::l':~
1Il 0
nl " 0.D ......s....

1II
Q)-
~ 1II
13 Q)
+>c: ....

..... -o
~~
Q),,<::
.-. 0-

~Iil

..... .....

It'.....
...,.
......

...,.- ...,.-
.n
M

.n.- 'r').... .n....

.....
M

t"')

M

lO
.-<

In
.-<

m

In
.-<

00
If}

In
.-<

m....
l.D
.-<

M
'0

o

co
'"

Q)
o....
.\.1o
.0....
+>
nl
0::

'"In to".,

nl

iso
nlc.. -I_ ....
B.c:
c: 1lI
'>' LI.1::0
U ..c

to
.-<

:::B
..... EI.c: .....

•LI
~ .c:,.... .-.
d Q)
.11I c..
Q)

,~ ~
:.:: c:

m
u"

':g
Q)
IN
Q)....,

Q)
o.......o
't:J
N
Q)....,

m....

Q).-.
-'t:J
nl ....... -f1IlQ)

- .0:5nl....,z

m.... m....

t'o
:t:

'Q)e
.0.....
'tl
en

en..,.

III
".,
>o
LI
'....:s:::

N", en
t"')

m
M

m..,.

m..,.
""t"') .-<

N

'"...
>0.....
'LI

N
QI
:>::
'Q)
".,-Q)>

m...... In
o
N

•r)......
N

....
<'oJ

o
M ""......

N

-r...... 00
.-<
<'oJ

905



00
M

""to
'0.....

...,.

.....

M
N

o

.....
'"

906

t-
O'>

00

'"
00
M

""<C>

...,......
CO....

...

.....
M

...,.

......

Ql....
>.
.r:J

~
Ql
:z;

<0
N

en

""...,.

00
o
M

...,.
CO

.,..,

00
M

00
.0

00.....

...

...
'".....
M

...,.

......

...,.

.n
<0
10

00....

,-
00

'"

'"'0

I-
M

'"...,.
ll":J....

o
o
00.....

...

'n......

.....
N

M
o
'"

'0
<0

ll":J....

.....
M

'"......

(J)

'"
t-

OJ
U........
"d
III
Q:\

aO.....
'"

1:-
0'>

M

co
M

...,.

o
In

Q)
U....
~o
Cl

o
M

'"

coo
M

to
00

M

00

10
00

10....

r-....

...,.....
00
N

<0....
o
00

.n
o
M

10
00

M

In.....

to....

o".,

'0
to
<C>

o
o
M

r-....

o
In

<0
00

'"

t-
O

M

000
M

I........
+

I
........
+

o (1l
MO

to 0.....
I........
+

o
'0

""'M

...,.
C'...,.

M
o

o

<0
In
ll":J.....

oo
00.....

ee
'0

...,.

.....
00

'"...,....,.
o
00

'0
CO
(J)

'0
o
M

00
M

r-
IO

C',
o
00.....

.....
'"
ll":J......

....
'"...,....
o
on

OJ
U.....
ß
.J::.
U....
.1.4
0.

l-

ee
'"

<'I
00
00

<C>
o
00
M

ll":J.....

o
(J)

CI....
cl.....
Ql
:.

10.....
....
N

<'I..,.
o
ll":J

~ ~
cl N
0-..... ....,
.r:J
III cl
.....,0

0'>co
N

o
(J)

N
10

r-...
In.....

c:o.......'III
N........
'"1.4Q)
c:....
e
1II....
.1'3
Q)
S

Ql
11l
III~

M

'0....

Ql
U....
cl
+'>.
-"o
Q:\

co
co
0'>



f1l
1.,
Ql
N....

",
'"""

c;o t:-
U'> 0

c;o 0
M

I......
+

I......
+

"'" ...,.... 0

c:o 0.....
I......
+

oor,

o
<:>
...;

I.......
+

r,- t--
U'> 0

.n 0.....
I......
+

I.......
+

U'>
N

c:o
M

on.....

1I
Ql
Q..

'I>.~
f1l
>
Ul

.n,"or,

"'"c>
N

-r

'"

..........
00
C">

'"or>

~.....

.n.....

.....
M

M
..".

o
•n

....
'H
.0o

.n
o.....

Clo
-4J
::l.....
0.

..,.
C>

M

I......
+

.n 0.....
I......
+

~ C>.....
1.....
+

.....
'0

N
..".

.n.....
00

<Xl
M

o
U'>

"'..".t- .....

I.....
+

o t-
.00

U'> 0.....
I.....
+

'" 00.n c>

1.....
+

.........
o......

<Xl

'"'"

c>
<0.....

<0
U'>

00
C"'>

...........

'"",
c:o.....

00.....
o
U'>

u

<:-.1

..,.
N

.n.....

U'>.....

U'>.-.....

ox::.r:

c:o
C"'>

.-

.n

c:o.....

c>o

'"-<

<D
c>

.....

.n

ox::
o
M

<:>
M

00
M

.n.....

M.
ex:.....

c:o....
-4J

:.1 Cl.... is!
..... Q)

l.':~
Q) GI
<::.0....
EI Q)c::c:: 0
.... N
Q);.+>.....
QI ::l
..... f1l.... '-
~ Cl.c .....

..,.

<.0
..".

<:>.n

M.....
-<

907



on
Cl
N

o
N..,. 00

'"t-
N
o
M

Cl
o
M

co
CO

Clo 00
N

M

<-
CO

u')

I"-
00
en
M

to
o...

ClO
M

-to
on-

OM
_M

1

"-+

_N
onN
onO.....

I
"-+

on
\0

on.....

.....
to

on......

00
."..

CO
M

on.....

\0..,. .....
o
CO
M

M
ce

",-
on
on
'n-

.....
o
00
M

on
'"
'"-

..... en
-0

co 0
M

I
"-+

1--...
+

M
M

CO.....

C"J 10
_N

CO0-
......
to

t-.....

Cl-
CO..... 00-

o
'"
00..... 00.....

...... to'
MO

00 <=>-I
"-+

-
I........
+

''''

N
M

0>
M

'...
cl

'"o:c

Cl.....

I"-.n
N....

...

.n
oon

0>
M
N

I"--

GI
Uc::
GI 0

~£
u>
g :ä
~'c
GI 0
..... >
'" GItlIlO

Cl....

1

N--............

Cl
.9
tln
GI
l.<

:ä....
III
GI........
en
1
111....
>
~o
:F.:

~
'"GI+'
III

'"I.:l

N
N

en....

1-.....

-..".
o

GI
U....
=-
~
Po.

.....
M
N

o
N

en.....

N
M

.....

o
..".

to-

~........
<11

1il
Cl....
Ii
1
.0
Q.

15.U
<11
Q,
GI.....
t.c:

~o
Q,
Ii Cl....0
3+:

o
on

....
M
N

CO-

'~
.U....
~:c

I"-.....

o
on

to.....

oen
N

..,.
N

.".-

to......

to-

GI
U....
c:
.0.g
N

to......

CO
M

....
on

o
\0

."......

......

.....
N

.........
d
:::>

t.-
O.c

'4)
-'"U.........
l.<
o
GI.c.....
I

M
"-....

'...
Cl
l.<o
::>::

GI
U....
.....
Ill!o
::>::

o.'"

o.....

......n
IN

.r..........
30

Cl....
dl
=-

to-

""--

CO
M

to.....

to
M

o.n

908



,-
.n
N

('.,....
co
M

to C>
M

I
'-+

,.
a>
('.I

.....
M

to
M

CO)
N
M

<0
0>

t> 00
NO

to 0
M

I
'-+

".
M
M

.".
to

M

co
M

t ••
<D

'"

oe,
C>

'n
to

M

coco
N

Cl
<D
N

<0
o
M

M
a
....

co
M

co
M

0"o..,.

<D
o
M

<n 0
MM

co 0
M

I
'-+

<0....
,n.....

....

Ln....

.....
'"co.....

''''0.....
I
'-+

M .n
MO

to <::>.....
I
'-+

M

It,.....

N...,
co.....

=

r- ....I_n (:)
'r> 0.....

I
'-+

r- on
NO

~O
I
'-
+

ce
or.

,n.....

.....

Lr>.....

M
N

co......

co
<0

.n.....

M
M

co......

.....

.n..... on.....

.....

oe,.....

M
M

co.....

0:;
or>

,n
......

Lr>.....
co......

.....

do....

N oe,
.r> .....

on C>.....
I
'-+

NM
M ......

tOo.....
1

'-+

<0....
<0..,.
'"..,.

.......,.
N

r-.....

GI
U....
'1.4> ....

,~ ~
11l~

~ ä
.n
-r

""

to
M

,,.,....

o....

....C"',

........
co

........
'"..,.

GI
U....
15.........
o-g
~

Ln
N

M....

.~
'CI)

15......
o

'"•n

co
M
N

co.....

111
,1;
GI
aI

Clo
.:.:....
Cl
Co....
...:I

C>.....
N

co....
<n....

..... t-..... .....

cuu....
>o.c~ g

d .......... ~
;:I QJ~ .....

EI

,n
M
N

co....
o....

QJ
U....
iG....
l/I

.~

....
U)

:J....
1II
GI........
U)

.\,....
>
l1l~o~
e
GI....
111
GI:..:
I

M

'-..........
........
Cl~

1-,.....

..........
C>
on

909



m
o
M

.-.
m
M

....
M

CO
M

.-.
<D

'"......

co.-.

N
U")

o

'"-
o
U")

'~
H
ce

o
'"N

910

o:l.-.

co
CO

M

M
lD

CO
M

".,......

.....
In
CO-

v Clen 0"' ....J;j~

.<:: :s~ ...........
~ ~
<:l GJ.... c::CV ....
:> EI

~~aB

m
M

co

t--
'n....
M.-.

....
'"N

<D....
N

o.-.

......
m
M

co C>
00

CO0
M

I

"-...

...... ....
<D 0

If' 0......
I.........

o <D
....0

co 0......
I.........

..,.

..,.
N

00....
r--
o
'0

........
I
0.: II!.-.
N 0
' ... ..c;. QJ
•.., Lo
V 0
0.:.0

t-....

M
o
M

M
o
M

.......-.
00
M

".,.-.

........,.
<Xl-

l--
en......
M....
o
It")

r-....
en

<v
o
N

l-.-.

co 0
M

I

"-...

U") CO
lD 0

1t")0.-.
I
"-...

<D C>
""0
CO0......

I

"-...

00......

co..,.
M
N

t-....

If")....
o
10

~o::c
'v..
"'........,
If")

..".

.-.
CO

M

....
o
CO
M

'0......

<Xl
M

00...

t--
m
N

en
'"

to....

oo
M

o.-.
M

N......
00
M

....
<D

It")......

N
M

<Xl-

....
'"o......
r-....

15
'ld
•Lo
,Qo
Cl

t-
M
N

<D
o
N

co 0
M

I
"-...

", ....
lD 0

", 0.....
I.........

<D <D
....0

co 0.-.
I
"-...

CO....

r-.-.

CO
.n
C>.....

....eo::c
........

..,.
o

If").-.

co..,.
co......

..,.

o
M

.....
'"

Cl..,.
C>....

M.....

<D

'".....

co......

oo

CO......

..c
Cl U
.... 1II
QJ

~ ~
:J~v ....
15 c::oGJJ;j
gj ~
.0 U

r-......

en....

cv
u....

..,.

......

.0......

co......

8....~
:-'l.........
"'H
II!
Cl....
EI

1II
-ill!:J gjv ....
e V

Cl
V bIl
(II
III c:
.0 ....

00

o
Of")

co.-.
N

co......

C>
C>

M

00 0
M

I
"-...

.n ce
<D 0

'00......
I

"-...

....0..,. ......
CO0......

I

"-...

....

-If'

....
o-



....
'"'"

'"o
N

N
M".,

.n
Cl..... '"<0.....

m
o

.....

.n

'"
o
00
.-<

....
N

M

M
M

00..... .n.....
M

M
o

<0
en

N
o
....

N
.-<

M
o
....

co
o
....

N
r-

<Xl
M

.-<
(X)

<Xl
M

...,.
<D

<Xl
M

-0
<D .-<

I.......
+

M
.".

Cl
M

In
o
0:>"
M

en
<D

(X)

M

.....
o
00
M

<00
M

I.......
+

t- <0
<00

M
m

,-
'n

r- t-
'no

o
In

In.... .n
.-<

.no..... ,
.......
+

on..... .n..... on..... on..... .n..... .no.....
I.......
+

.n....

0:>
M

<Xl....
o
.n
00..... 00.....

('oJ t-
....0

00 0-
M
<Xl

<Xl....
(X)
.".

00..... <Xl..... <Xl
.-<

o.n
<Xl
.-<

or-
""'0

(X)O....
o
tp

<0....
I.......
+

I........
+

..... ..... .....

LI
OJ
"'-
0.
:::>

IIIa QJ
....+'....
Ill .....a_

.... >.
QJ..c
;. 0.

u U
.-1 .....

- 0nl N
+' 0

QJ LI,;~
o t;
0. a..

clo..,
+'
~
.... <II
..... 01)
1II <IILI UI
OJ ....
<::l OJ.... Cl
El "'"

.~ ~
OJ 0.
>, c::
:::> ....

III
Cl....
OJ
:>

III.....
11
GI III
Ill+'

III
OJ ....

::J~
.0111

nlu....
e
Cl....

c::.... OJ
OJ..c
>+'

.... .... .... M

c::o....
~..,....
m
..co
<Xl

N
.-<

on
N

oon

r-
.".

o
M

N
.-<

Cl....
o.n

o
M

.....
M

N
.-<

Cl.....
o
'n

N
.-<

N.....
N
N

o.n

<Xl
on
00
N

"".....
0:>
on
o.....
o
on

<Xl
N

M
CO')

N.....

o.n

t-
M

N
.-<

.-<

o
on

co....

M
.-<

ce....
<D
on
N
.-<

o
M

M.....
...
M

......,.
en...,.

+'....
Cl
:::>

cl....
OJ
+'
IIIa
OJ

-'<:
U
OJ
Cl
..c
U

(f)

GI
U.........
III

~
l>t::

01)
U 0.........

.....'0
UI ...
nl .....
1.<.01)
~<Xl

...
to

....
~.....
o

....
Cl.....
01)
+'
IIIo
l>t::..,
.n
N

....
c::
LIo:r:

.....
In

GI
U....
>Ill
00<:

,-
on

0>
•n

ß
-'<:....-....

Cl....

911



.....
M
N

M
o
M

M
co
M

co
M

'"ll'>
".,.....

M
.".

co.....

....
on

'"•n

,-
ll'>

<.0
M

'"....

QI
U....
~
QI
'U

o
<.0

912

<'I
N

M
o

........

<.0
<.0

<C.,.....

M
M

co.....

N.....
on....
t-....
'"....

ß.c:
u

~....
o

......-
N

....
o
N

.-<.-

'"M
(X)

M

N
to

to.....

t-....
<Xl.....

.n
M

N.....
M.....

<Xl
M

'"....

M

'"N

N
<0.-

.- '"on .....
0:> 0
M

I
"-+

to (X)

to 0

'00.....
I
"-+

CO"> '""'''0
00 a.....

I
"-+

N.....
M.....

.~
'1II.....
o
.c:
U

o.n

U">
N

M

M
to

co.....

Cl....
Clo
.... tII
..... 1II"' ....N 111.... .c:....m
'"~ U
<11 .....
Cl 0
.... N
13 0
I.l

Cl <11...........bea..a..

C'I
M...
M....

M
M

'"....

....
<0
N

....
N

M

N.....
(X)

M

<.0
to

.n....

0>
M

00....

Cl
Cl ....
N bIl

.b ~a.. 13

.........
M....

.....
"-...............
.........
Cl
:::>

N
on.....

a
N

M...
co
M

.n
""
00....

...:
Cl U
.S e.....
~1l
~~
ell ....~ ....
<11 ...
Cl VI

.... J
S U....
Cl '"NU
I

.DC:
0.. ....

o.....
N.....

..........

....
M

en....

.....
t--
N

.........

r,..
00

....
to

.n.....

.....
00

co.-

Clo..............
C1l 0
N

.... 111

..... ..0.:

~ g
Ql ~
Cl
.... U .....e .....t .....~e.~
~Ql ~o ~U
E ....

Ql :-
Ql S C1l
~ Cl a
.D .... :I;;

....
•n

o
N

to.....
0:>.....

to
<.0
N

00r_ .....

00 a
M

I,
+

100..... ,,
+

to <.0
""0

00 C>.....
1

"-
+

..........
C>
N

<D....
00....
.....
M

0>
.".

00
t-
N

0>
0>

M

.....
('.,

00
M

.n.....

.,..,
M

(X).....

.....

.........

........
co
N

'~
>No
Q;:

N
o
'"

0>
o
M

1
"-+

...., C>.....
I
"-+

..... ""M ....

co C>.....
1
"-+

....

........
('oJ.....

co....
co
N

en....

'...c:.....
o
o

N
on.....

<.0.....
....

<.0
<.0

0:>
M

.f").....

0>
0>

CO....

C>
N

<D.....
C>
lt")

o
M

'"....

0'
M

C>
C>

.....
00

M

0:>
M

en.n
.n.....

co.....

Cl 1IIO.c:...............ro ClN ...........
~. Ql

~r;;
1II .....
Cl
.... U
S .........
111 "'.....15
~1Il

~1J
1II

1II I!

~ .....
.D 0

.....
N

<.0.....
..........

0>....

'...
Co
1II

'W

'...
~::r
....
<.0
N



\

~
U....
::-
I'd
loto
::E
(11

.c
+'...o
1Il
(11....

.c+'~ ....
e 3

"'1'
M

1

00.....

.n....

N
<Xl

CO....

.....

l-
N

<0.....

'.~
N

.-<
M

0>
.".

00
<0
N

'"CO
N

-Cl
M

ll")

M

00....

.-<
M

o
M

<0....
M....

a>....

<0
l-
.-<

o,n

o
00

00
M

N
CO

ll")
.-<

N
o
a>
.-<

,.,

o
M

<0
.-<

00
f:-

00 0
M

I.......
+

0> N
<0.-<

In 0
.-<

I......
+

ON
a> .-<

000
.-< ,......

+

....

00
on

<0
.-<

OJ
U....
Cl
(11

:\I....

.-<
o

1:- In
MO

00 0
M

I.......
+

OM
<00

'00
.-<

I.......
+

00 .n
.....0

00 Cl....
I......

+

a>.....
....
N

<0
.-<

a>....

Ql

U....
+'......
o
lot
(11

::r

...
<0

"'1'

0>
M

M

,-
.-<

<0
<0

00
M

tc
t-

'0....

00
1-

00
.-<

o....

a>
.-<

.n
a>

M.n

....

.-<
a>

00
M

.n

.-<

..........

a>
.".

~
nI
EIo

Cl

o
<0

M
o
....

o
to

co
M

.n-
a>
<0

00
.-<

...
<0
M

<0
.-<

<0
M

.t)....

ä....
"0OJ
lot
(11
.c
j

1

'"...................
+'....
d

:::>

o
.n

a> c>
M

I.......
+

'n 0.-.
I.......
+

-'1" r.-
a> 0

00 c>
.-< ,

.......
+

Cl....
III
d...
(11
>....

Z III

bll
t.> ...
1 .....
.... 0
lXl.D
1 .....

"".c-1: ."

~ fij

.....-........
'.n
'"o
'0

00 0
M ,

.......
+

M 1--
<00

'00.-.

00
to (".J

00 Cl- I........,

d....

.....
?-. III

bt:
t.> ....

I .c
.... U
lXl III
I

Illlnl
-'f. u
I ....

:::> e

o
N

on.n

'"N
o.n

.n
to

.n
a>
N

a>
o

o
a>

00
M

,n....

'n

.n....
o,n

;:l
I'd
0.o
.cu
III...,
00
.-<....

to
N
"'1'

<0....

o
N

N
'0

c>.n

o
'".-<

'0
to

'"

....
c>

t- .-<
t- N

00 0
M

1.......
+

<0 _

<0 ....

Il'>O- I.......
+

,- -M_

00 c>......
I.......
+

c>
N

M.....

N
o
.-<

913



CJ"l......,.

........

.....
C'l

M

..... ..,.
on ....
co 0
M

I-.........

o on
<00

<no....
I-.........

N cD
.....0

COO....
I-.........

.....
N

M-
<n

""

oo...

914

N
<0....

00....

o
o

00
CJ"lN

00 0
M

I-.........

on 0.....
I-.........

M cD
.(') .....
co 0- I-.........

0-
<n

o
on

CV
.>0:
U:e
..0
VI.....
'":t::
M
o....

M
o..,.

,(').....

M
M

CO.....

o
N

C"')-
oo-",
'"fl....
.t:
U
III
ltle
Cl

r-.....-

N
o....

000
M
I-.........

.n 0- ,-.........
<nln
_0

CO0.....
I-.........

~
1II
1II....
cv
::F.:
Cl....

:-..
~"8
..... ..0
CV
> CII

-l-'
Cl ....
NdI CV
..0>.
o.VI

M

COo
....
In

..,.
o-

0'
N..,.

..,......

<D
t-

o..,.

Cl
.... 1II
CII CII
> 1II
ltl

CII ....
-l-' CII
.... d
l.I bna
::l Cl.........
..... ltl

~~1l
..., 0'1 ......
.... 0 :ä
~ äl' l.I
..0 '0 bn

cD
M

CJ"l
M

M....

M.....
o
.n

-.:
I'll

~.....
o
::IE:

00
l:"-
N

....
N
M

M
CO

M

,n
M

00
M

00
'n

C'l
IN

CO....

<0-
M....
o
on

o
M

M

..,.

<0 0'>
00 ....

00 .....
M

I-.........

,
-.........

CO IN
I:"- 0'>

000- I-.........

.(')-w..,.
M....

........

~g
'...
U

<C
o

,n
CO

,-
c::>
00
M

00or,
.n.....

0">
o
00.....

....
N

M.....
M.....

'....
Cl
l.Io
:t::

<D
N
('oJ

0>
00..,.

.....
W

o
CJ"l

....
on
,n.....

-o
00-

.t:
+>.....
:r CV

-l-'
Ill ....
Cl "".....0
CV ::l~ .........
III ltl
..... 'OCV

Jl :ä :::CV ....
13 CV CV

-l-' Cl
CV .... tin

::I ~ Cl
..0 ..0 ....

M
.".

M-
o
.n

£5....
::l~.....
To

M
on
COC",

.(')....

CO....

.....
M

M....
M....
N
M

Ol
M

o.n

<D
cD

..........

o
N

.....
0'>

CO.....

l:"-
N

.(')....
M.....
o-
CO
M

o
on

ß
-"=.....
d
CV...,
N
CO
N

or,
o
<L;

.....
N

....

.....
CO

<n.....

M
cD

C'l....

I:"-.n
N
..".

M.....

r-
M

o
.n

ß
u
.t:
U
::l
Cl

)



..". <0 ..". .... Cl <0 0> N 0> 0 '",n <0 to '" '" <0 Cl 0> M N I,-
M .... .... .... ...... ...... ...... ...... ......

......, I , I ,

I:- <0 <0 In 0> .... 0 "" ..". N -".... en ...... "" ...... 0 M .... ...... ...... ....
M N M M M M M M M M M

Cl <0 en l:- N "., 0 0> 1- .... c->
0 t- O> 0 Cl OJ .... ...... '" 0> 0>

.... ~ M .... .... M ..". ..". ~ M M

<0 OJ ..,. r:- <0 MM OJ OJ ....
<0 '"

N tC 'n '" CO
0>

<0 .,.., <0 .... 0 ,nM CO"'" .... <0 Cl tC tC ..,. <0 .... M

en 0 CO '" 0 CO 0 CO 0 <Xl <Xl 0 cÖ CO 0 CO 0 CO
M M M M M M M M M M M

I I , '. I , ,
"- "- "- "- "- "- "-+ + + + + + +

0> M r:- t- "':'t" ...... .,.., CO en 0 .... r:- N In .... MO> M
<0 .,.., '" <00 r:- ...... <0 ...... <0 r:- 0 er.) to C".J <00 <0

'no '" 'no ,no ,no In 'no In 'no '00 ,n...... .... ...... ...... ...... ..-I ..-I .... ...... ...... ......, , I , I , ,
"- "- "- "- "- "- "-+ + + + + + +

.... Cl'> 0 MN <0 CO <0 ...... .". .....-I t- O> .,..,t- O CO '"M '"
r:- OO

'" N
0> .". ,n <00 M r:- M to 0 '"..

Cl'> 0 <Xl
'" 0

CO 0 COa CO OJ a 0 CO 0 CO 0 CO...... ..-I ...... ...... ...... ...... ..-I N ...... .... ....
I I I I , I ,
"- "- "- "- "- "- "+ + + + + + +

N ...... N In '" .... N ...... .... N ....
, 1JI :äIII Q) Q)
N.jJ .jJ 1JI 6 g1J <:...... """, ..... Q) g N..... N

~
1-0 , t:l I :gj1lIlli Q) .... 0 Q) .c .D

~ -0 6 .jJ u c: ..... .jJ 0.. QJ .... ,..... .... 1JI Q) lJI .... ..... !;',<: 1:: 1JI~ -0 <: <: 6 0 :. -0 '".... 0' ..... • ....t .,.... g, :ä tlO 0-e Q) ~ u'~ m III t:lal~ III 0

~
f-o c:.><: <: .c u

Q) g, e-o 0
~

0 lJI .... III .jJ .....
.jJ d d .... .... .... Ql --: <: .... III..... ..... ..... Ql ..... QJ :ä .jJ .jJ III ~ .. 0 :r.c

g~ .c 0.. ~ ~ g Q) .c .... u
III

.jJ~-o ~H u lJI.jJ .jJ.jJ <:, d 1JI ..... 1-0 I I .......... .... ~ .... -0
: ..... f-o .... III .9.8 :ä Ql ..... Q)'O : : llJ 1-0 ;l- QJ :äI ..... Q) Q) 6 ~ ~ :ä , I .jJ >. .... ..

cL .S ,..jJ .jJ 1-0 d Q) 0- ll) .........
m

Q) lJI.jJ Q) Q) Q) d e 0 <: III N Q)
.jJ d ~ 1-0 ;::l III Cl e d 0 lJI d .... 1-0

~ +'..... d N U 0 >-. ............ .... ~.><: Q) Q) Q) Q) ....
~ .8 , III .... c: 1-0 '" Tal EI u l/I l/I > c: 1-0

.D l/I '" 0 Q) .... d.ue III ~ I .... • >-.
.D.jJ 0.. Q) 1>0 u .....u :::> III .D :::> EI C'g,

.... ..". M .... .... ..". .... ..,. .". .... .".

OJ l:- I- 0 r:- <0 r:- 0> N .... Cl'>
.". ..". .... M ...... .... ..". c-., ......
0 <0 0 co 0 a M ...,. Cl <0 <0
.n .... ...... .n .n 'n ,n
.,.., M ..". M ..,. <0 <0 <0 1.- <0 to.... .... .... .... .... ...... .... ...... .... ...... ......

.n .n '" en M N 00 00 a M co... ...... ...... '" ..... In N ...,. M <'I

00 t- ...... M N I:- ..". Cl M ...... '"M M ..". ...... .... M M M N 'N N

0 0 0 0 0 0 0 0 0 0 0
"n In '" on .n 'n on '" 'n on In

.,..,
0:: a Q) I Q)
f-o r:- U Q) 0.

N Q) .... u ~ 1-0 0.
Q) .... >-. ..... .... •... 0 0
U;::) 0 'l-' ~ IQ) is :ä d .....11 .... .~.....'-' .c 'lJI 0 Ö 'Q) I-o.c lJI
.... Q) 0 .jJ 1-0 .><: > t:l o u 'Q) ~0. -0 1-0 j N -0 m 'lrl -0 >. ,. .... .jJ .....
~:ä,.g 0 Q) III .j> llJ Q) 0 .", 1-0

0: """ ::r: o:c 0: p:: "",,:rof-o N f-.

<0 Cl r:- .n Cl'> en 0 ...... co '" N
t- oo <0 t- t- o ...... ..... .... .". 'n
N '" N N ..-I ..... ...... N N

quency curve has the
maxima around this
value with symmetrical
bell shape to both
sides. From this it can
be concluded that the
lead developed from
ancient crust. The con-
tinuous lead develop-
ment is recorded also
in the plot of model age
against the tm values
(Fig. 6) which shows
that the J-anomalous
lead (DOE 1970) deve-
loped mainly from the
Archean crustal type
curves.
The overall scatter of

Pb isotope data from
the Bohemian Massif
does not conform the
theoretical lead evolu-
tion curves. This pro-
vides evidence for dif-
ferent values of /Ja in
the source materials of
ore bearing fluids as
examplified by the less
radiogenic isotope
composition of Pb ores
located in metamor-
phosed limestones
and in some other geo-
chemically primitive
sediments (Table II).
This points also to pos-
sible existence of Pre-
cambrian limestones
in Bohemian Massif
and to existence of
less differentiated
crust. All other leads
are products of select-
ive extraction from
pre-existing rocks dur-
ing following periods.
The slope of the line
fitted to the scatter is
0.1480 :t0.0117 and the
strong reworking and
lead redistribution of
older materials before
1.200 Ma (see also
PLJUSNINand BRANDT,
1972) can be assumed
in the geological his-
tory of the Bohemian
Massif.
Calculated model

ages (provided that
they are taken only as a
rough assessment of
the age of lead minera-
lization source), indi-
cate that the majority
of Pb values for the Bo-
hemian Massif is found
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Text-Fig.5,
Frequency curve of the model ages of the common lead of the Bohemian
Massif calculated with use of the model of AMOV(1983).

Text-Fig.6,
Model ages versus 1mvalue plot. The J-anomalous lead is typical for the
higher 1m(Archean) values.

in the interval between isochrons 800 to a m.y, see also
HÖHNDORF and DILL (1986). Considering the available
geochronological dating and geotectonic history, the indi-
vidual metallogenic phases which had occurred in the Bo-
hemian Massif best fit to intervals of 800 to 600 m.y., 450
to 250 m.y. and 50 to 0 m.y.
The analysis of relation of Pb isotope composition to the

development of the crust in the Bohemian Massif resulted
in the separation of three metallogenetical units Table I
(PATOCKAet aI., 1984; VANECEKet aI., 1985) such as
1) Core unit (Moldanubian crust) and its fragments inside

other parts of the Bohemian Massif with the least radio-
genic leads and with comparatively high content of
20sPb isotope and with strong Variscan plutonism and
older migmatitization which enabled enrichment in
20sPb from the lower crust,

2) transitional unit (Proterozoic crust) with ore Pb enrich-
ed in 20sPb and 207Pb isotopes and probably consolida-
ted in the pre-Variscan era and

3) area of samples with highest enrichment in radiogenic
Pb isotopes and with widespread Tertiary volcanism
and Mesozoic-Cenozoic sedimentation (Saxothuring-
ian and Cretaceous basin area). This area has also low
initial 232Th/23sUvalues (VANECEKet aI., 1985).
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5. Conclusions
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