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Introduction

The Neoproterozoic Brasília Fold Belt (BFB) has evolved along the western margin of the São

Francisco Craton (SFC) (Fig. 1). The basement rocks exposed in the External Zone of the BFB

represent an extension of the cratonic basement (Almeida 1981; Cruz & Kuyumjian 1993) and

include the Almas-Conceição Terrane (ACT, formerly refereed as Tocantins Terrane) (Fig. 2). Gold

deposits are known in basement rocks, Meso-Neoproterozoic metasedimentary cover and in the

Neoproterozoic juvenile arc systems located to the west of the BFB. In most cases these deposits

are structurally controled (Araújo Filho & Kuyumjian 1996). Isotopic dating is not available for the

great majority of gold deposits. However, the few ages and structural correlations suggest gold

mineralizing events associated with the Brasiliano Orogeny. Also related to the Brasiliano Orogeny

are lead and zinc deposits hosted by the metasedimentary units that cover most of BFB basement

units and large cratonic areas (Iyers et al. 1992). In this work, we interpret Pb-Pb data of mineral

deposits of this large region in order to determine the isotopic composition of the main lead

reservoirs at the orogenic scale. Also, we discuss lead isotopic data from the Córrego Paiol gold

deposit (CPD) ore pyrite and of whole-rock samples of host-amphibolite and surrounding granite-

gneiss complexes of the ACT in order to constrain the local source rocks of lead and, by analogy, of

gold (Cruz 2001). Additionally, C and O stable isotopes data from ore associated carbonates from

the CPD are used to constrain a metallogenetic model for the deposit. It is inferred that the lower

crust and overlying Meso-Neoproterozoic units (Natividade, Bambuí and Paranoá groups)

contributed fluids, solutes, and perhaps gold, to the mineralizing system.

Major regional lead reservoirs

Reinterpretation of previously published data has led to the identification of the following

reservoirs:

i) A lower crustal reservoir that has supplied lead with high 238U/204Pb (µ) and Th/U ratios, is found



in the Bambuí Group Type II lead of Babinski (1993), the most radiogenic galenas from Morro do

Ouro, Morro Agudo and Vazante ores, and the least radiogenic galena from Monte do Carmo gold

showings. This lead has most likely a Paleoproterozoic age.

ii) An upper crustal reservoir that corresponds to J-type lead of Bambuí Group galenas, Type III

lead of Babinski (1993) and the least radiogenic galenas from the Morro do Ouro, Morro Agudo

and Vazante ores. This lead has a great dispersion of 206Pb/204Pb and evolution with lower Th/U

ratios, that represents an Archaean source.

iii) Type I lead of Babinski (1993) is found in calcareous rocks of the Bambuí Group, and has a

source with high U/Pb ratios and a post depositional evolution and may indicate formation during

later deformational events.

iv) Neoproterozoic mantle represented by galena of Zacarias Au-Ag-Ba deposit (µ of 9.56-9.61)

sited in the Western Goiás Magmatic Arc (Poll 1994).

In this new approach, most of the above mentioned deposits are best explained by a mixture of

lower and upper crustal lead, with the exception of Zacarias that has  mantle lead. These mixtures

yielded the observed linear arrays of lead isotope data for the deposits. Lead isotope data for this

large region are best explained in lead evolution by a cratonic or continental environment of Doe &

Zartman’s (1979) pumblotectonic model , instead of the orogen curves of Stacey & Kramers (1975).

Local Reservoirs

Zircon and titanite U-Pb SHRIMP ages (Cruz et al. 2000) and whole-rock lead analyses of

granite-gneiss complexes and granitoid plutons of ACT were used to model initial µ values using

the Stacey & Kramer (1975) growth curve. Obtained source µ values were 10.27 for 2,2Ga low-K

calc-alkaline metaluminous granitoids (Suite 1), 10.69 for 2.2Ga low-K calc-alkaline peraluminous

granitoids (Suite 2), and 10.77 for 2.45Ga low-K calc-alkaline peraluminous granitoids (Ribeirão

das Areias Complex, RAC). Amphibolites of Córrego Paiol Formation are intruded by 2,45Ga

granitoid, and if this age is considered the minimum age of the amphibolites, the obtained µ (for

2,45Ga), fitted to amphibolite whole-rock lead analysis, would be too low to account for the  pyrite

ore lead for the CPD.

Pyrite Lead Isotopic Data

All pyrite samples plot above the Stacey & Kramer (1975) curve in an uranogenic lead diagram

with µ varying form 10.31 to 11.16. 206Pb/204Pb ratios range from 15.830 to 17.414 and 207Pb/204Pb

from 15.531 to 17.414. Model ages of 1959-1120Ma are much older than the age of mineralization

of 535.4±0.7Ma, as given by Ar-Ar dating in hydrothermal muscovite. In the thorogenic lead

diagram, pyrite samples plot slightly above Stacey & Kramer’s (1975) curve, which indicates a



lower crustal reservoir (lower Th/U ratios). 208Pb/204Pb ratios range from 35.888 to 37.218.

Source of Lead in Pyrite

Constructions of paleoisochrons of granite-gneiss complexes to 535Ma indicate Suite 2 as the

best candidate for the local source of lead in CPD pyrite. Suite 2 has isotopic ratios as low as those

of pyrite and µ in the same range. RAC granitoids have a suitable µ, but its isotopic ratios are much

higher than those of ore pyrite. However, the least radiogenic lead in pyrite has a lower crustal

signature (higher Th/U) suggesting that mineralizing fluids percolated through lower crustal rocks.

Modelled µ (10.69-10.77) for the source region of Suite 2 and RAC indicate that the lower crust of

ACT has 238U/204Pb ratios high enough to yield such a signature. The generation of granulitic belts

during the Transamazonian Orogeny (~2.1Ga) in adjacent basement terranes (SFC and Porto

Nacional Complex) may have depleted the lower crust of ATC in uranium. Therefore, the delayed

isotopic evolution of CPD lead may be produced by granulite facies metamorphism of ACT lower

crust. Further, granulitic enclaves are described amongst granite-gneiss complexes (Costa 1984).

Moreover, the most radiogenic lead of CPD pyrite may represent a mixture of upper crustal lead

with local sources such as Suite 2 granitoids.

Carbonate C and O Isotopes

Ore ankerite was analysed for C and O stable isotopes. δ13C (PDB) values (-2.2 to –0,7‰) is

typical of marine carbonate and/or calcareous rocks. Moreover, these values are in agreement with

those found in calcareous rocks of Meso-Neoproterozoic cover (Bambuí and Paranoá Groups) that

range from –2.6 to +16.1‰ (Babinski 1993, Santos et al. 2000), with the lowest values coming

from the basal units of these groups. δ18O (PDB) values (-17.6 to –16,6‰) are more negative than

those of Meso-Neoproterozoic cover (-13.9 to –0.2‰) and suggest that fluids derived from, or

interacted with, a deep source. Therefore, stable isotopes are in agreement with lead results

indicating deep and upper (Bambuí, Paranoá and Natividade? groups) crustal reservoirs.

Conclusions

Isotopic data of CPD ore indicates that auriferous fluids interacted with rock units of both

lower and upper crustal origin. Lead isotopic ratios suggest that a Pb reservoir with high initial
238U/204Pb ratios (µ) that was depleted in U by granulitization during the Transamazonian Orogeny

is present in the lower crust of ACT and SFC. δ13C values points to the participation of components

from Meso-Neoproterozoic rocks in the auriferous hydrothermal systems and places a genetic link

between the basement-hosted CPD and deposits hosted by Meso-Neoproterozoic cover, such as the

Santa Rita Prospect (Olivo et al 1991).
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Fig. 1. Brazilian structural provinces (simplified
after  Almeida .  1981).   Brasília  Fold  Belt
(BFB); São Francisco Craton (SFC)
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Fig. 2. Geological map of Almas-Conceição
Terrane (simplified after Padilha 1984)


