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Abstract. Lead isotope data on galenas from the Bambui
group, Minas Gerais have been assembled and discussed.
The 1sotope data. when plotted on the Single Stage Model
I lead isotope development curve of Cumming and
Richards (1975). vield 207/206 ages of 650+50 m.y and
a lincar array of data points with negative model ages,
which intercept the growth curve at 650260 m.y and
1850+ 150 m.y. The radiometric dates coincide with the
two major orogenic episodes, the Brazilian and the Trans-
amazonian. The data are interpreted in terms of a two
stage model. where the source of lead for galenas, formed
during Brazilian orogeny. is the basement rocks of Trans-
amazonian age. The calculated Th/U value for the source
rock is 2.910.3. The geographical distribution of lead iso-
tope ratios shows a zonation in Vazante Paracatu region. an
area contamning large deposits of zine, The implication of
the distribution on the ore formation is discussed.

Introduction

The Bambui group, a sedimentary cover of hundreds of
meters thick, extends over an area of more than
400,000 Sq. Km. in central Brazil (Almeida et al., 1976).
This group contains major lead-zinc deposits. which are
thought to be of the “Mississippi Valley Type” (Robertson,
1963: Amaral, 1968a). Based on radiometric dates (Amaral
and Kawashita. 1967; Bonhomme, 1976: Cordani et al.,
1978: Couto et al., 1981) and fossil content (Cloud and
Dardenne, 1973: Marchese. 1974) the sediments were
probably deposited during the Upper Proterozoic.

Lead isotope analyses of galenas from Bambui group
have been reported by Amaral (1968a) and Cassedanne
and Lasserre (1969). Recently eighteen galenas have been
analysed for their lead isotope composition by the author
in his laboratory and the preliminary data have been pub-
lished in Couto et al. (1981). In that publication lead iso-
tope data on galenas together with the Rb-Sr isotope data
for whole rock samples from the Bambui group have been
discussed. In the present paper the lead isotope data in
general are discussed emphasising the aspects of the age of
mineralisation and the age of the source rocks that provid-
ed lead to the deposits. A comparison of the lead isotope
data of Bambui with those of “Mississippi Valley Type™ de-
posits is attempted.

Regional Geology

The name “Bambui group™ is applied to an extensive se-
quence of clastic and carbonaceous sediments that occur
mainly in the Sdo Francisco Valley, which includes part of
the State of Minas Gerais. Bahia and Goias (Fig. | of Cas-
sedanne, 1973). The group is represented essentially by
unmetamorphosed or poorly metamorphosed limestones,
dolomites and pelitic rocks with minor amounts of quartz-
ites, arkoses and grevwackes. Misi (1979) has reviewed the
geology. strauvmphv and the mineralization of the Bambui
group in the State of Bahia. In the State of Minas Gerais
the Bambui group occupies nearly one third of the area of
the State and is the major source of zinc, lead and phos-
phate minerals. The analysed galenas are from different lo-
calities in the State of Minas Gerais (Fig. 1) extending from
Vazante in the west to Itacarambi in the east. The paleo-
geography and the mineralization of the region has been
studied by Robertson (1963), Amaral (1968 b), Cassedanne
(1973) and Dardenne (1979). Cassedanne (1973) observed
rapid and frequent variation in the lithological profile in
the zone between Itacarambi and Vazante and attributed it
due to different sedimentation conditions. According to
Cassedanne (1973) the mineral deposits in the region are of
three types, veins. stratabound occurrences and secondary
{altered). all of which are practically without iron. The
sedimentary cover rocks in which the deposits occur are
poorly metamorphosed or unmetamorphosed.

Recently Alecrin (1982) summarnised the geology of the
zinc-lead deposits from Vazante area. Paracatu area and
Januaria-lItacarambi-Montalvania-region. The Vazante-
Paracatu-region contains almost the whole of lead-zinc re-
serve of the State of Minas Gerais and a major part of the
Brazilian national reserve of zinc. Mineralogically the de-
posits in Vazante are composed mainly of calamine and
willemite formed from the decomposition of sulphides
present in the Vazante sequence. Two types of deposits can
be found in somewhat parallel strips:

a) Western Strip: hematite-willemite with sulphides two to
five meters thick.

b) Eastern Swrip: blocks between carbonate rocks with
calamine mineralization.

According to Dardenne (1979) the primary mineralization
was remobilised in the form of sphalerite, galena and
hematite in normal longitudinal faults with later supergene
alteration producing hydrated zinc silicates.
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Fig. 1. Location map for galenas from Bambui group. Minas
Gerals state, Brazil

In Paracatu the major deposit is that of Morro Agudo,
stratiform  lenticular bodies of different thickness found
within the dolarenitic layers and consist essentially of lead
and zinc sulphides (Pb to Zn ratio 2 : 3) with some cad-
mium and large amounts of pyrite.

In the Januaria-ltacarambi-Montalvania-region there
are many small deposits, where the primary sulphide min-
erals are essentially sphalerite and galena with local
alteration to willemite, cerussite and anglesite (Robertson,
1963: Alecrin 1982). This mineralization is accompanied by
fluorite, barite, vanadinite etc. The deposits occur in the
form of karstic lenses and pockets interstratified in the
dolomitic rocks which are rose in color and saccoroid in
nature.

Lead Isotope Data

The lead isotope data discussed in this paper are based on
the work of Amaral (1968a), Cassedanne and Lasserre
(1969} and fresh measurements carried out in the labora-
tory on the samples reported in Couto et al. (1981). The
isotope analyses were carried out using a Varian TH-5
Mass Spectrometer coupled to an on line computer system
for data collection and processing. The data reported in
Cassedanne and Lasserre (1969) are isotope analyses using
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Table 1. Lead Isotope Analyses of Galenas from Bambui

07 P.hf'E(M I_)h

10¥Ph/2%Pb  Ref.

Sample No 208 PR 204 Ph

v, 17.85 1581 37.39 1
v, 17.68 15.62 37.06 I
v, 17.64 15.56 37.06 1
I, 20.30 16.10 40.90 1
I, 20.54 16.36 41.56 1
T 19.60 15.85 3887 1
F 19.06 15.90 38.99 1
DP6() 17.61 15.59 3690 2
DP61 19.02 15.52 37.63 2
DP68 19.34 15.78 38.34 2
DPe3 19.95 16.00 3953 2
DP69 19.96 16.10 39.45 2
DP62 19.86 15.86 38.08 2
DP74 19.92 15.96 39.21 2
MM 19.72 15.79 3855 3
MM2 20.24 15.94 40.09 3
MM3 20,02 15,93 3985 3
MM4 19.83 15.85 3905 3
MMS 18.92 15.83 3864 3
MMo6 18.94 15.80 38.48 3
MM?7 24.87 16.29 46.05 3
MME 36.43 18.21 4563 3
MM9 20,52 15.48 4393 3
MMIL0 19.95 15.29 3721 3
MMI1 18.92 15.75 37.95 3
MMI12 32,12 17.69 4493 3
MMI3 17.69 15.57 36.89 3
MMI4 17.79 15.60 36.98 3
MMI15 17.91 15.81 37.60 3
MMI16 18.91 15.62 37.89 3
MMI17 19.13 15.82 38.54 3

1y Amaral (1968 a).
2y Cassedanne and Lassere (1969).

3) Present work.

triple filament ionization source. The precision of the
analysis varied from 0.2 to 0.4%. The isotope ratios mea-
sured in author’s laboratory were carried out using single
filament silica gel method and some of the samples were
reanalysed using a double filament. The data reported
were normalised using the values obtained for Broken Hill
Standard Ore (Cooper et al.. 1969) which was run repeat-
edly. The uncertainties of the isotope ratios, which include
estimates of reproducibility and internal precision of the
analysis, varied from 0.08% to a 0.21% at 95% confidence
limit.

Results and Discussion

The lead isotope data are plotted on the Single Stage
Model [II isotope development curves of Cumming and
Richards (1975) (Fig. 2a, 2b). It can be seen from the
Fig. 2a that the lead isotope ratios of most of the galenas
are anomalous indicating future ages (J type lead). How-
ever lead isotope data for galenas from Vazante and Para-
catu region (MM 13, MM 14, V1. V2, V3 and DP 60) plot
close to 650 m. y. on the evolution curve. The isotopic linear
Model I1I ages for these galenas are calculated and shown
in Table 2. A model age of 65050 m. y. can be assigned to
the galenas of the Vazante-Paracatu-region on the basis of

CE ENERGIA NUCLEAR/SP - IPEN



134 oll2)
147
OF&ge o
16.0 e oP7L .D'r’ﬁ/
MM O MMI? T s MM2
MM Y, o .I-D'*Sf‘é:z
MME_2""8 gt | 2T 02
[ Oy, | MM,
MY opes
I:|M10 MMG
DPE1 K
~ ~ MMI10
el +
o (B50:50m.y.]
:: “‘, Q2150my )
5150
o .
= 18.0 A
~ & +
s MM12
S 17.0
o Amaral 119694 5 L
® Cossedane and Losserre 11969 A *MM7
+ Presen! wark 21601
206Pb/204Pb
25.0 30,0 35.0
TS.OL ! 1
L. 1 AR T 1 | — L A 1
14.0 5.0 16.0 17.0 18.0 190 20.0 21.0
206P0/204Fb
L
. o
Lo Cx}
INEAN] MMB
7N ' +
Ld 0t Mr:19 £.50
EL40
430 ™ 3op
_ 420
LZ20 L1.0
41.0 i
o 25, 35.0
%00 206Pb/204Pb
o
(¥ [ \l'
3 33,0 oS F MMiTDP7L
£ 390/ et
MM T, OP82
= e MBS y
& 380 - a’W Dpeg MM
t ' ~TMM15 MM1t @
7.0 N i Mmtg o
40 & MMIT
DPE0 M_b;lﬂ.
M1
3601 o Amoral {1969A)
[ * {gssedane and Lasserre [1969)
350 + Present work
Fi_(j‘[
l A — - ST TT A — j I i
17.0 18.0 19.0 200 1.0 22.0 23.0
206Pb/204Pb

Fig. 2. a Data points for galenas from Bambui group on the Single State Model 11T lead isotope evolution diagram (Cumming and Richards,
1975) 2P7Ph/**Ph against 2°°Pb/?*Pb. b Data points for galenas from Bambui group on the Single State Model 111 lead isotope evolution
diagram (Cumming and Richards, 1975) 2**Pb/2%'Pb against °Ph/?%¢Pb

calculated **7Pb/*°*Pb ages. A detailed Rb-Sr isotope dating
study carried out on whole rock samples by Couto et al.
(1981) vields isochron ages in the range of 590 to 680 m.y.
for the Paraopeba formation in Paracatu, ltacarambi and
Formiga, Pirapora formation in Pirapora and Trés Maria
formation in Felixlandia. All the samples analysed for the
Rb-Sr dating programme are from the same area where the
lead 1sotope study has been carried out. The Rb-Sr iso-
chron dates confirm the isochron age of 600£20 m.y. ob-

tained by Amaral and Kawashita (1967) for rock samples
from this area.

[n the Paracatu region Couto et al. (1981) obtained a
Rb-Sr 1sochron age of 68010 m.y. with an nitial *’Sr/
#6Sr ratio of 0.7255. This isochron age as well as the initial
ratio are higher than those obtained for rock samples for
Paraopeba formation in Itacarambi. Formiga [640%
IS5 m.y.; (*7Sr/%°Sr) initial =0.7109]; Trés Maria Formation
in Felixlandia [620+40 m.y.; (*”Sr/**Sr) initial=0.7125]:




Table 2. Calculated Linear Model III Ages of Galenas from
Varante

Sample number

207 Pb),n’ZO{'! Ph 208 Pb

age age

MY M Y.
v, 750 750
v, 650 850
v, 650 830
DP60 650 950
MMI3 630 980
MM 14 600 970

MMILS 730 630

and Pirapora formation in Pirapora [590£40 m.y. (*’Sr/
#Sr) imtial =0.7115]. Couto et al. (1981) interpreted the
age data as being related to the sedimentation process
(590-640 m.y.) in Pirapora, Trés Maria and Paraopeba for-
mations, whereas in Vazante-Paracatu- region the 680 m.y,
age may be related to isotope homogenization event as-
sociated with tectonic/metamorphic regional event. The
linear model ages of galenas from Vazante and Paracatu
region (Table 2) are in agreement with the 680 m.y. Rb-Sr
isochron age obtained for the whole rock samples from the
area. Though the lead isotope data are different. the de-
posits of Vazante-Paracatu do not seem to show any clearly
distinguishing features in relation to deposits of other
areas. The data points. when plotted on Fig. 2 (a) show a
linear trend and using the method of York (1966) a straight
line with a slope of 0.142+0.005 can be fitted on the 2°7Pb/
2%Pb — *"*Pb/?**Pb diagram. The straight line intercepts
the growth curve at two points, namely 650260 m.y. and
1850150 m.y. The isotope data for galenas from Vazante
and Paracatu region that plot close to 650 m.y. have been
excluded from the calculation. The inclusion of these data
points will make the isochron line compulsorily intercept
the growth curve at 650 m.y. The radiometric ages 650 m.y.
and 1850 m.y. correspond to two of the most important
orogenic cycles recorded in Brazil, namely, Brazilian
(450-750 m.y.) and Transamazonian orogenic cycles
(1800-2200 m.y. Cordani et al.. 1973). The Brazilian orog-
eny 1s widespread and more than four million square kilo-
meters area have been affected by it. In Sdo Francisco
craton, where the Bambui group is deposited the granitic-
migmatitic rocks that generally underlie them are related
mainly to the Transamazonian cycle (Hasui and Almeida,
1970. Brito Neves et al., 1980).

From Fig. 2 (b} it is seen that a thorium lead line can be
fitted for majority of the galenas suggesting an anomalous
lead mixing pattern. The slope of the line is calculated to
be 1.08£0.11. which yields Th/U value of 2.94+0.3 for the
integrated source. The linear pattern indicates that the lead
in the region evolved in a crustal environment with a re-
stricted or narrow range of Th/U values. However. when
the U/Pb and Th/Pb values in the individual samples are
calculated for the time interval of 1850 and 650 m.y., they
are found to have the following range.

38/209Ph — 97 to 80.12
25012 Ph — 0060 0.54
232ThH /204 Ph — 29 to 152

The lead isotope system of Bambui group in Minas
Gerais can be interpreted to have evolved in two stages. In
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the first stage, during Transamazonian orogeny. the lead
isotope system homogenised to a certain degree and then
probable U/Pb and Th/Pb fractionation occurred. The sec-
ond stage evolution started with the growth of the lead iso-
tope ratios and terminated 630 m.y. ago when the lead was
incorporated nto galenas. In some cases, as in Vazante-
Paracatu, lead isotope system may have evolved under
single stage condition during Brazilian cycle. This alterna-
tive can not be ruled out.

The origin of the lead zinc deposit in the Bambui group
has been discussed by Robertson (1963). Amaral (1968 a)
and Cassedane (1973). Robertson (1963) classified the de-
posit as hydrothermal in origin, probably mesothermal to
epithermal. The source of the ore and the gangue minerals
was considered unknown by him. Amaral (1968a) con-
sidered that the lead of the deposits of the Bambui group
was remobilised from rocks of this group and from base-
ment in varying amounts during the Upper Cretaceous or
Lower Tertiary. Cassedanne (1973), on the other hand.
considered the deposits to be of sedimentary origin. where
in heavy metals deposited in the carbonate formations
were remobilised and precipitated during the Assyntric
orogeny (700 to 300 m.y.) either in fractures or in some
preferential beds. The lead isotope investigation demon-
strates a two stage evolution for the lead system. The
1850 m.y. intercept of the isochron line on the growth
curve and the calculated Th/U value of 2.940.3 for the in-
tegrated source ndicate that the source of lead in galenas is
the Transamazonian basement rocks.

Lead-zinc deposits of Bambui group are considered 1o
be “Mississippt Valley Type” (Robertson. 1963; Amaral,
1968 a.b; Bez. 1978). Brown (1970) listed eleven common
characteristics for Mississippi Valley deposits and noted
that the distinguishing characteristic feature of a truely
Mississippi Valley lead-zinc deposit is the presence of
J-type anamolous lead. Heyl et al. (1974) concur with such
a view on their discussion of the isotopic evidence for the
origin of Mississippt Valley Type deposits. According to
these authors all deposits contain markedly radiogenic
J-type lead with 2°¢Pb/?°*Pb ratios greater than 20 and the
enrichment in the radiogenic isotopes can be interpreted as
signifying a shallow crustal source for the lead from the
underlying Precambrian basement rocks and/or Paleozoic
sandstone and carbonate rocks. Doe and Delevaux (1972)
argued that the Lamotte Sandstone was the probable
source of lead, based on whole rock lead isotope investi-
gation of basement rocks as well as overlying sediments.
Bjorlykke and Thorpe (1982) argue that the lead. rather
than having been derived from the Lomotie Sandstone,
could have been derived more directly from the same base-
ment area that served as a source for the Lamotte Sand-
stone.

Heyl et al. (1974) observed that each major district of
Mississippi Valley has a distinct regional isotope pattern in
lead and sulphur that reflect the direction of solution flow,
buried heat source, the area of localization of ore fluids.
The lead isotope data from Bambui show a large spread in
the value of ***Pb/2°*Pb (17.61 to 36.43). The geographical
distribution pattern of the isotope ratios in galenas is inter-
preted here with a view to gain some insight into the mech-
anism of ore formation, direction of fluid flow and clues for
future prospecting. The distribution pattern is presented
following the method of Kuo and Folinsbee (1974). Figure
3 shows the pattern using 2°¢*2°7'Pb/?**Pb and *°*Pb/
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24Pb ratios. Even though the data are few, the Figure
demonstrates that the lead 1sotope system close to the fault
zone along the Vazante-Paracatu region is least radiogenic
and an isotopic zonation can be observed away from the
region as the lead isotope ratios became more radiogenic,
In the region near ltacarambi the lead isotope ratios mea-
sured are intermediate in values between those found in
the zonation around Vazante.

In order to explain the zonation in the lead isotope ra-
tios in the Vazante-Paracatu region a model of Heyl et al.
(1974) can be invoked. This model involves incomplete
mixing of a solution containing common lead with a solu-
tion containing varying proportions of radiogenic lead or a
mixing of a solution containing radiogenic lead with vary-
ing proportions of common lead. The zoning in the region
extends over a distance of over 200 km. which is probably
large for a process of single flow. A plausible explanation
may be that solutions of different “strength™ and during
different lengths of tme attacked the basement rocks. A
slight and short attack will preferentially remove radiogenic
lead and a prolonged and strong attack will eventually
liberate the feldspar lead, which normally is the least
radiogenic lead of the rock. Thus the zoning 1s a result of
the preferential removal of lead isotopes.

Recently Bjorlykke and Torpe (1982) investigated the
source of lead 1in Osen Sandstone lead deposit in Baltic
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Shield. Norway and argued that the lead was derived from
the basement granite and that mineralization took place
soon after sedimentation. They interpreted the isotopic
composition of lead within Osen to be probably due to
changes in the proportions of groundwater supplied from
different basement areas within the drainage basin or by
changes in the weathering process. The lead isotope data of
other Sandstone deposits hosted by Cambrian sedimentary
rocks that lie on Proterozoic basement rocks of Baltic
Shield showed a regional variation. which was interpreted
by the authors as due to the complex isotope nature of
basement rocks.

The implication of the distribution pattern combined
with the present knowledge of the occurrences of different
types of mineral deposits and their geographical distribu-
tion can be used as clues for prospection and evaluation of
ore deposits (Doe and Stacey, 1974: Kuo and Folinsbee.
1974). Doe and Stacey (1974) suggest that the difference in
lead isotope composition may be used as a tool for evaluat-
ing a prospect. According to these authors most base metal
deposits of the world have characteristic lead isotope ratios
and many appear to have a lead isotope composition that
evolved under conditions approximating single stage
growth. This characteristic has been recommended as a
tool for evaluating ore prospects. It is interesting to note
that the galenas of the Vazante-Paracatu region have lead
isotope compositions that appear to have evolved under
single stage conditions and thereby yield model III ages
(Cummmg and Richards, 1975) of 600-700 m. y. {Table 2).
Kuo and Folinsbee (1974) observed that anomalous ore
leads are frequently encountered peripheral (o region in
which conformable ore leads occur, and this seems to be
the case in Vazante rgion,

Bez (1978) reviewed the lead isotope data of galenas
from difterent parts of Brazil based on the data available at
that ume. It was observed that galenas from Vazante and
Morro Agudo have lead isotope compositions that evolved
under single stage conditions. whereas galenas from
Boquira, Bahia (Cassedanne and Lasserre, 1969) a lead-
zinc mine, have lead isotope composition that plot above
the single stage lead growth curve. However these leads are
much less radiogenic in comparison with galenas of Bam-
bui from Minas Gerais.

Further lead isotope study of lead ore minerals 1s to be
undertaken. It will be interesting to see if zoning of 1s0tope
distribution can be observed in other areas. Additional
work may reveal reverse zoning of isotope distributions,
which may yield clues for economic deposils. A study of
the sulfur isotope systematics in the area is warranted for a
better understanding of the transport mechanism of ore
fluids and to identify reactions that cause base metal sul-
fides to precipitate from solution.

Conclusions

The lead isotope data of galenas from Bambui group from
Minas Gerais State, Brazil are discussed. The data can be
interpreted in terms of two stages of isotope development
where the source for the lead in galenas has to be soughtin
the basement rocks of Transamazonian age and the lead
was separated and concentrated in deposits during the Bra-
zilian orogeny. However, near Vazante-Paracatu region,
the lead isotope system seem to have developed under



single stage condition yielding Model 111 ages in the range
of 600-700 m.y. In the Vazante-Paracatu region a zonation
in the lead-isotope ratios is observed, which may be used
as a clue for future prospecting.
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