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ABSTRACT
The Fazenda Brasileiro gold mineralization is hosted by a gabbroic sill, intrusive into metavolcanic-
metasedimentary rocks of the Rio Itapicuru Greenstone Belt, Sdo Francisco Craton. The 2.05 Ga old miner-
alization is associated with intense shearing and hydrothermal alteration, and the host gabbro is altered to a
series of rocks rich in sericite, chlorite, actinolite, carbonate and quartz.

Twelve whole-rock samples of the gold mineralization, representing varied degrees of alteration, from rocks
with preserved igneous textures to the ore (quartz-carbonate-sulfide-chlorite), were studied by the Sm-Nd
method. All analytical points resulted in an isochron (MSWD = 1.9) indicating the age of 2142 +/— 47 Ma
(1s) and Epsilon Nd (T) of +1.2. Chlorite-sericite-carbonate rich hydrothermal rocks indicate the age of 2148
+/— 57 Ma and Epsilon Nd (T) of +1.1. The positive Epsilon Nd (T) suggest limited or no contamination
with older continental crust, compatible with an oceanic setting for the tholeiites.

Combined with REE data, the Sm-Nd isotopic results reveal that the hydrothermal alteration, although intense,
was unable to alter significantly the Sm/Nd ratios of the original igneous rocks and did not cause important
scatter of the analytical points, providing a rare example of robust behavior of the isotopic system, even under
intense hydrothermal alteration.

Key words: Rio Itapicuru greenstone belt, Fazenda Brasileiro, Paleoproterozoic, gold mineralization, Sm-
Nd, hydrothermal alteration.

INTRODUCTION ore deposits, age of metamorphic events, among oth-
During the last two decades, the Sm-Nd isotopicers (e.g. De Paolo and Wasserburg 1976, DePaolo

systematics has been applied to investigate the mog't%l’ Dkam and McNutt 1989, Murphy and Nance
varied aspects of crustal evolution, such as the petroz-ooz' Pimentel et al. 2001, Stern 2002, Thorogood
genesis of granite batholiths , continental crust for—lggo) :

mation and growth, sediment provenance, origin of The systematics is based on the alpha decay
of 7Sm to*3Nd (r #’Sm of 654 x 10'%/year).
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Contrasting with other natural decay systems, then such cases, significant scatter in the isochron dia-
geochemical properties and behavior of the parentgram should be expected, preventing construction
daughter pair are very similar and the Sm/Nd ratio isof the isochron. In this study we report Sm-Nd
normally considered to be resistant to changes duesotopic data for whole-rock samples of extremely
to intracrustal processes. This enables the calculaand variably hydrothermally altered and metamor-
tion of Tpy model ages which are able to provide phosed mafic complex, transformed mostly into mi-
information on the age of regional crustal formation caschists, which hosts the Paleoproterozoic Fazenda
events, although it has been demonstrated that mod@rasileiro gold mineralization, Itapicuru greenstone
ages not always equate to crust formation ages, anelt, Bahia. Samples representing varied degrees
that they may only be used with caution. It is gen-of hydrothermal alteration were analyzed and the
erally believed, however, that some processes suctesulting data represents an example of robust be-
as the fractionation of LREE-bearing phases (mon-havior of the Sm-Nd system even after extreme hy-
azite or allanite) or intense hydrothermal alterationdrothermal alteration.

canindeed modify substantially the Sm/Nd ratio of a

rock (e.g. Pimentel and Charnley 1990) and, there- GEOLOGICAL SETTING
fore, interfere with Sm-Nd model and isochron age
calculations. THE R10 ITAPICURU PALEOPROTEROZOIC

The Sm-Nd system has often been used to dat&REENSTONE BELT

mafic and ultramafic complexes. During crystalliza-The Rio Itapicuru greenstone belt is located in the
tion of mafic magmas, Nd is slightly more incom- northeastern part of the S&o Francisco Craton (Fig-
patible than Sm, becoming relatively more enrichedure 1).
in the residual liquids. Therefore, the most differ- The Itapicuru volcano-sedimentary sequence
entiated melts have lower Sm/Nd ratios, enablingand associated granite-gneiss terrains underlie an
the construction of whole-rock Sm-Nd isochrons. area of ca. 8400 kfnconsisting mostly of strips of
For a group of whole-rock samples from the samesupracrustal rocks extending in the NNW direction.
magma source, which has not been substantially afonly in the southern part of the belt the foliation has
fected by subsequent alteration events, the isochroan EW regional trend. These supracrustals are as-
diagram yields the crystallization age of the com-sociated with tonalitic-granodioritic gneissic units
plex. However due to the natural limited varia- forming the gneissic basement, and are intruded by
tion in Sm/Nd ratios, the Sm-Nd isochron age datalarge N-S elongated granitoid domes (Figure 2). A
are always less precise than those obtained witikomplete review of the Rio Itapicuru sequence and
other methods such as U-Pb in zircon and badelits gold mineralization was presented by Silva et al.
leyite or the Ar-Ar method. The advantage is that(2001a, b).
the isochron also indicates the initial isotopic com- The supracrustal sequence of the Rio Itapicuru
position of the system, convertedsigy value, which  greenstone belt was initially compared to Archean
has significance to the petrogenesis of the originafjreenstone belt sequences during the pioneer geo-
magma and to tectonic interpretations. logical studies carried out in the 70’'s (Mascaren-
The calculation of reliable Sm-Nd whole-rock has 1973, Kishida and Riccio 1980) when the Rio
isochron ages for igneous rocks depend on the adtapicuru Greenstone Belt was characterized. Later
sumption that Sm/Nd ratios of the samples used havgeochronological studies have revealed the Paleo-
not been substantially modified by metamorphism proterozoic age of the Rio Itapicuru volcanic rocks
hydrothermal alteration or weathering. Different and associated granitoid domes (Brito Neves et al.
degrees of alteration in the rock samples investi-1980, Silva 1992, 1996, Mello 2000).
gated may variably alter their Sm/Nd ratios, and, The volcano-sedimentary pile can be divided
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GBRI - Rio Itapicuru Greenstone Belt

Fig. 1 — Geological sketch map of the Sao Francisco Craton showing the location of the Rio Itapicuru Greenstone Belt (RIGB).
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Fig. 2 — Geological map of the Rio Itapicuru Greenstone Belt showing the location of the Fazenda Brasileiro gold mine (after Silva et
al. 2001b). UVS-Volcano-sedimentary unit, UVF — Felsic volcanic unit, UVM — Mafic volcanic unit.
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into the following units. Metamorphic mineral assemblages in the

supracrustal rocks indicate an early low-grade,

ocean floor alteration event originating spilites, fol-

i : lowed by a regional metamorphic event at the green-

features such as pillows, flow breccias, and | . y . g . . P g
schist facies conditions in the central part of the

vesicular textures. Thin layers of pelitic . L .
anhite schist) and chemical (metachert. iro volcano-sedimentary belts and amphibolite facies
raphite schist) and c i achert, iron . . .

(grap ) ( conditions near the contacts with the granitoid

and manganese formation) sediments are com- . .
o , . domes. The regional metamorphic event was dated
mon; small mafic intrusions similar in compo-

. i o by the Ar-Ar method on hornblende at ca. 2.08 Ga
sition to the volcanics are also found within the
S (Mello 2000).
volcanic pile;

1. Basal mafic volcanic unit formed by meta-
basalts displaying abundant primary volcanic

2. Felsic-intermediate volcanic unit formed by
. . " THE FAZENDA BRASILEIRO Au MINERALIZATION
lavas and pyroclastic deposits of andesitic to

dacitic composition, and also by small coeval The Fazenda Brasileiro gold mineralization is lo-
subvolcanic intrusions; cated in an EW section of the supracrustal sequence,
in the southern part or the Rio Itapicuru greenstone
beltand is mainly hosted by a differentiated gabbroic
sill, emplaced along the contact of mafic and felsic
The basal mafic volcanics and associated smalnetavolcanic rocks (Kishida et al. 1991). Itis the
gabbroic intrusions are equivalent to Fe-rich tholei-most important deposit of the volcano-sedimentary
ites, and have general chemical characteristics of ersequence, having produced. 53 t of gold since
riched MORB's, while felsic to intermediate meta- 1984. The mineralization is associated with an EW
volcanics are calc-alkaline (Silva 1987). Whole- shear zone and intense quartz veining and hydro-
rock Rb-Sr and Pb-Pb isochrons for meta-andesitethermal alteration, which have transformed the host
and metabasalts indicated ages of ca. 2.09 and 2.2jabbro into a series of hydrothermal rocks such as:
Ga, respectively (Brito Neves et al. 1980, Silva (i) quartz-chlorite-actinolite schist with variable
1992, 1996). Sm-NdJy model ages between 2.1 amounts of magnetite, known as CLX, which repre-
and 2.2 Ga for the mafic and intermediate rockssents the main direct host of the mineralization, (ii)
positive values foreng, as well as the low initial  sericite-chorite-actinolite-carbonate schist (CAX),
87SrP8Sr ratio for meta-andesites, indicate the prim-and (iii) albite+carbonate+sulfide rock cut by quartz
itive, oceanic, character of the igneous protolithsveins with gold, known as SUF, which represents
(Silva 1996). the main ore zone. Hydrothermal muscovite was
The supracrustal and regional gneissic terrainglated with the Ar-Ar method and revealed the ages
were intruded by a number of granitoid bodies form-of 2050+ 4 Ma and 2054+ 2 Ma, representing the
ing dome-like structures, elongated in the N-S di-best estimate available for the age of hydrothermal
rection (Figure 2). The intrusions vary in compo- alteration (Mello 2000).
sition from calk-alkaline rocks to alkali-rich and The work by Silvaetal. (2001b), based ontrace
shoshonitic granitoids. SHRIMP and conventionalelement data, reveals very similar REE patterns for
U-Pb ages for the domes are within the interval bethe metagabbros, CLX, CAX and SUF (see Figure
tween ca. 2.15 and 2.08 Ga (Batista et al. 199830 in Silva et al. 2001b). REE patterns are gen-
Alves da Silva 1994, Chauvet et al. 1997, Mello erally flat, with a small but noticeable enrichment
2000). Archean inheritance is observed in some ofn the LREE. However, different REE contents are
the northern intrusions, such as the Ambrésio domebserved for these lithologies, with the metagabbros
(Mello 2000). showing the lowesEREE. REE contents increase

3. Upper sedimentary unit comprising conglom-
erates, sandstones, siltstones, and shales.
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towards CAX and CLX and are the highest in the were normalized td*Nd/***Nd of 0.7219 and the
SUF rock. This has been interpreted as an originatlecay constantr) used was 64 x 1012, Isochron
igneous feature, resulting from magmatic differenti-age was calculated using Isoplot/Ex v.2.47 (Ludwig
ation of the gabbroic sill. Negative Eu anomalies are2001).
common in the most hydrothermally altered rocks,
and have been explained by the complete substitu-
tion of Ca-rich plagioclase by alteration products
such as albite, carbonate and white mica (Silva et alsSm-Nd isotopic results are listed in Table I. Twelve
2001b). This means that the hydrothermal alteratiorsamples of the several petrographic types associated
affecting the gabbroic sill was unable to significantly with the gold mineralization (MGB, CLX, CAX,
modify the REE patterns, a feature which is relevantSUF) were studied. Samples analyzed h&¥sm/
to Sm-Nd geochronology. 144Nd ratios varying between ca. 0.14 and 0.22 and
their REE concentrations, roughly agrees with the
observed by Silva et al. (2001a, b): metagabbro
samples have low LREE contents (Sm between 1.0
All samples used in this study come from two drill and 1.6 ppm and Nd between 3.2 to 4.6 ppm), while
cores inthe Fazenda Brasileiro gold mine. They rep-CLX and SUF hydrothermal rocks have higher con-
resent fresh, unweathered, examples of rocks whiclkentrations of LREE. Nd concentrations in the CLX
suffered varied degrees of hydrothermal alterationare between 3.3 and 27.5 ppm andis 23.7 ppm in the
ranging from metagabbros to micaschists (hydro-SUF sample. This increase in REE concentrations
thermalites). Samples MGB (metagabbro) showis not accompanied, however, by a change in the
preserved igneous sub-ophitic textures, while samSm/Nd ratio, with all petrographic types presenting
ples CAX and CLX are direct products of transfor- wide variations int4’SmA44Nd values.
mation of the gabbro. Sample SUF represents the A regression line with all twelve analytical
sulfide- and quartz vein-rich ore zone. points resulted in a reasonably well defined isochron
Sm-Nd isotopic analyses followed the method (MSWD = 1.9) indicating the age of 2142 47 Ma
described Gioia and Pimentel (2000) and were car{lo) andeng (T) of +1.2. The age is similar to those
ried out atthe Geochronology Laboratory of the Uni- Pb-Pb and Rb-Srisochron ages available in the liter-
versity of Brasilia. Whole rock powders (ca. 50 mg) ature for these rocks (Silva 1996, Brito Neves et al.
were mixed with'*9Sm-1°0Nd spike solution and 1980). The positiveng (T) value is also compatible
dissolved in Savillex capsules or in sealed Teflonwith the preliminary data from Silva (1996), which
bombs. Sm and Nd extraction of whole-rock sam-foundeng (T) values between +2 and +4 for mafic
ples followed conventional cation exchange tech-metavolcanics of the Fazenda Brasileiro region. Re-
niques, using teflon columns containing LN-Specgression calculated only with the hydrothermalites
resin (HDEHP - di-ethylhexil phosphoric acid sup- CLX and CAX yield an identical isochron age of
ported on PTFE powder). Sm and Nd samples wer@148+ 57 Ma(lo), with eng (T) of +1.2, and three
loaded on Re evaporation filaments of double fil-samples of fairly preserved metagabbro define aline
ament assemblies and the isotopic measurementgith a slope indicating the age of ca. 2.18 angd
were carried out on a multi-collector Finnigan MAT (T) of +1.1. Therefore, despite intense hydrother-
262 mass spectrometer in static mode. Uncertainmal alteration, important scatter of analytical points
ties for Sm/Nd and“*Nd/**“Nd ratios are better inthe Sm-Nd isochron diagram is not observed, and
than+ 0.2% (20)) and+ 0.005%(20) respectively, the Sm-Nd isotopic system indicates the age of the
based on repeated analyses of international rockriginal igneous rock.
standards BHVO-1 and BCR-13Nd/***Nd ratios The positive value for theng (T) suggests lit-

RESULTS

SAMPLESAND ANALYTICAL PROCEDURES
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Fig. 3 — Cross section of the Fazenda Brasileiro mineralization and the Sm-Nd whole-rock isochron for the gabbro host-rock (after
Silva et al. 2001b). MVU — mafic volcanic unit, CCX — carbonate chlorite schist, CAX — carbonate albite schist, GRX — garnet schist,

CLX — chlorite schist, FVU — felsic volcanic unit.

tle or no contamination with older crustal material. CONCLUSIONS

The fact that the ore rich zone (SUF) also aligns.to sm_Nd isotopic results presented in this study,

within uncertainties, along the same regression "neassociated with previous REE studies on the same
suggests that the ore metals and the mafic mMagmagcks samples (Silva et al. 2001b), allow the fol-

are cogenetic. lowing conclusions:
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TABLE |

Sm-Nd isotopic data for the Fazenda Brasileiro gabbro and associated hydrothermal rocks.

Sample Sm(ppm) | Nd(ppm) | 147SmA4ANd | 143Nd/A“Nd | + 20 error
935-18 (CLX) 1.220 3.381 0.218 0.513034 08
1468-08 (CLX) 3.195 9.862 0.196 0.512694 11
1468-19 (CLX) 1.853 5.499 0.205 0.512777 11
935-02 (CLX) 4.154 12.887 0.195 0.512694 08
1468-02 (CLX) 6.441 27.544 0.141 0.511920 09

935-10 (cax) 2.249 8.067 0.170 0.512313 09
1468-24 (CAX) 0.239 2.663 0.212 0.512933 09
1468-25 (CAX) 0.926 2.724 0.206 0.512769 06
935-22 (MGB) 1.155 3.204 0.218 0.512976 08
935-24 (MGB) 0.965 3.658 0.159 0.512160 08
935-26 (MGB) 1.647 4.647 0.216 0.512987 07

1468-11(suf) 7.259 23.769 0.185 0.512555 07

1. Samples of metagabbro and its hydrothermal

alteration products, associated with the Fazen-
da Brasileiro gold mine, yielded a well defined
Sm-Nd isochron indicating the age of ca. 2.14
Gaandeng (T) value of +1.2. This agrees with
previously published ages for the metavolcanic
rocks associated with the gabbro sill, and is
here interpreted as the crystallization age of the
original mafic magma;

. Positive value foeng (T) (+1.2) is compatible

with little or no crustal contamination of the
original magma, which is compatible with an
oceanic setting for the sequence, in accordance
with the model put forward by Silva (1987), in
which the basal metabasalts in southern part of
the Rio Itapicuru sequence have oceanic geo-
chemical nature and were probably extruded in
a back arc setting;

. Concentrations of LREE seem to increase with

increasing hydrothermal alteration. Sm/Nd ra-
tios however do not show any clear trend, sug-
gesting that if the increase in REE concen-
trations results from the hydrothermal event,

An Acad Bras Cienc (2003)75 (3)

this was not capable of modifying substantially
the Sm/Nd ratio, allowing the calculation of a

meaningful Sm-Nd isochron; an alternative in-

terpretation for the increase in REE concentra-
tions is that suggested by Silva et al. (2001b),
which interprets this trend also as a primary ig-
neous feature, indicative of the fractionation of
the gabbroic sill;

. Extreme hydrothermal alteration did not sub-

stantially affect the Sm-Nd isotopic sys-
tem. Hydrothermal rocks with chlorite, actino-
lite, sericite, carbonate and quartz, representing
products of varied intensity of hydrothermal al-
teration of the original gabbro, still yielded a
Sm-Nd isochron with the age at ca. 2.14 Ga,
when one should have expected considerable
scatter in the isochron diagram. The ore rich
zone (SUF) also plots on the regression line,
suggesting that ore metals and original mafic
magma are cogenetic;

. The Sm-Nd isotopic composition of the Fazen-

da Brasileiro hydrothermal rocks represent a
case in which the whole-rock Sm-Nd isotopic
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system was not substantially disturbed, behav-
ing in arobust manner, and preserving the orig-
inal age of the mafic rock.

ACKNOWLEDGMENTS

391

REFERENCES

ALVEs DA Siva FC. 1994. Etude structurale du

“Greenstone Belt” paleoproterozoique du rio Itapi-
curu (Bahia, Brésil). Doctorate Thesis, Université
d’'Orléans, Orléans, France, 311p.

Batista JJ, NEBITT RW AND PIrRES PFR. 1998. Presenca

The authors are grateful to PADCT for the financial
support for field and laboratory work. Special grat-
itude is due to Dr. Onildo J. Marini-ADIMB for the
support and encouragement.

do embasamento Arqueano no Greenstone belt do
Rio Itapicuru (Bahia) — resultados geocronoldgicos
por ICP-MS/LA. In: CONGRESSO BRASILEIRO

DE GEOLOGIA, 40., Belo Horizonte, Anais... B. Ho-
rizonte, SBG, p. 67.

Brito NEVES BB, CorDANI UG AND TorQuaTO JRF.

RESUMO

A mineralizacdo de ouro de Fazenda Brasileiro é hospe-
dada por um sill gabroico intrusivo em rochas metavul-
canicas/metassedimentares do Greenstone Belt do Rio

1980. Evolugao geocronoldgica do Precambriano do
Estado da Bahia. InINnnaA HAV AND DUARTE FB
(eds), Geologia e Recursos Minerais do Estado da
Bahia: textos basicos. Salvador, SME/CPM, vol. 3,
123p.

Itapicuru, Craton do S&o Francisco. A mineralizagéo, CHAUVET A, GUERROT C, ALVES DA SILvA FC AND

com idade de ca. 2.05 Ga, esta associada com forte ciza-
Ihamento e alteragao hidrotermal, e o gabro hospedeiro
esté alterado para rochas ricas em clorita, actinolita, car-
bonato e quartzo. Doze amostras de rocha total repre-

FAURE M. 1997. Géochronologi€®’Pb?%pb et
40Ar/39r des granites paléoproterozoiques de la
ceinture de roches vertes du Rio Itapicuru (Bahia,
Brésil). CR Acad Sci Paris, Sér. |1 324: 293-300.

sentando graus variados de alteracdo hidrotermal, desd®EPaoLo DJ. 1981. Neodymium isotopes in the Col-

rochas com texturas igneas reliquiares até o minério
(quartzo-carbonato-sulfeto-clorita), foram estudadas pelo

orado Front Range and crust-mantle evolution in the
Proterozoic. Nature 29: 193-196.

método Sm-Nd. Os pontos analiticos formaram uma is6-PEPAOLO DJ AND WaSSERBURG GJ. 1976. Nd isotopic

crona (MSWD = 1.9) indicando a idade de 21#247Ma
(1s) e Epsilon Nd (T) de +1.2. Hidrotermalitos ricos em
clorita, sericita, actinolita, carbonato e quartzo indicam
uma idade de 214& 57 Ma (1s) com Epsilon Nd (T)
of +1.1. O Epsilon Nd (T) positivo sugere pouca ou ne-
nhuma contaminagdo com crosta mais antiga, compativel

variations and petrogenetic models. Geophys Res
Lett 3: 249-252.

DickiN A AND McNuTT RH. 1989. Nd model age map-

ping of the southeast margin of the Archean foreland
in the Grenville Province of Ontario. Geology 17:
299-302.

GioiA SMCL AND PIMENTEL MM. 2000. The Sm-Nd

com um ambiente oceénico para os toleitos.

Combinados com os dados de ETR, os dados isotopi-
cos Sm-Nd revelam que a alteracé@o hidrotermal, apesar

isotopic method in the Geochronology Laboratory of
the University of Brasilia. An Acad Bras Cienc 72:
219-245.

de intensa, foi incapaz de modificar substancialmente asKisHIpA A AND Riccio L. 1980. Chemoestratigraphy

razdes Sm/Nd das rochas igneas originais, ndo causou de-

salinhamento dos pontos, fornecendo um raro exemplo de

of lava sequences from the Rio Itapicuru greenstone
belt, Bahia, Brazil. Precamb Res 11: 161-178.

comportamento robusto do sistema isotopico Sm-Nd emKisHIDA A, SENA FO AND ALVES DA SiLva FC. 1991. Rio

condicgdes extremas de alterag&o hidrotermal.

Palavras-chave: greenstone belt Rio Itapicuru, Fazen-
da Brasileiro, Paleoproterozoéico, mineralizacéo aurifera,
Sm-Nd, alterac¢&o hidrotermal.

Itapicuru greenstone belt: Geology and gold min-
eralization. In: LApEIRA EA (ed) Proceedings of
Gold’ 91: The Economics, Geology, Geochemistry
and Genesis of Gold Deposits, Balkema, Rotterdam,
p. 49-59.

An Acad Bras Cienc (2003)75 (3)



392 MARCIO M. PIMENTEL and MARIA DA GLORIA SILVA

Lupwic KR. 2001. Users manual for Isoplot/Ex v. 2.47. SiLva MG. 1992. Evidéncias isotépicas e geocronolo-

A geochronological toolkit for Microsoft Excel. Ber- gicas de um fenémeno de acrescimento crustal

keley Geochronology Center Sp. Publ., 1a. transamazonico no craton do S&o Francisco, Estado
MascareNHAs JF. 1973. A geologia do centro-leste do da Bahia. In:CONGRESSO BRASILEIRO DE GEOLO-

Estado da Bahia. INCONGRESSO BRASILEIRO DE Gla, 37., S&o Paulo, Anais, v.2... Sé&o Paulo, SBG,

GEOLOGIA, 28., Salvador, Anais... Salvador, SBG, p. 181-182.

pp. 35-66. SiLva MG. 1996. Sintese e interpretagdo dos dados

MELLo EF. 2000. Estudos isotopicos do greenstone belt ~ 9eocronoldgicos do terreno granito-greenstone do
do Rio Itapicuru, BA: evolug3o crustal e metalogenia 10 Itapicuru (BA). In: CONGRESSO BRASILEIRO DE
do ouro. Doctorate Thesis, Universidade de Cam- ~ GEOLOGIA, 39, Salvador, Anais, v. 6... Salvador,
pinas, S&o Paulo, 200pp. SBG, p. 547-547.

MurpHY JB AND NANCE RD. 2002. Sm-Nd isotopic sys-  SILVA MG, CoELHO CES, TEIXEIRA JBG, ALVES DA SILVA
tematics as tectonic tracers: an example from West ~ FC, SILvA RA anD Souza JAB. 2001a. The Rio
Avalonia in the Canadian Appalachians. Earth-Sci  [tapicuru greenstone belt, Bahia, Brazil: geologic
Rev 59: 77-100. evolution and review of gold mineralization. Miner

PIMENTEL MM AND CHARNLEY N. 1990. Instracrustal Depos 36: 345-357.

fractionation and implications for Sm-Nd model age S1tvA MG, CoELHO CES, TEIXEIRA JBG, SILVA RA AND
calculations in late-stage granitic rocks: an example ~ ORLANDI PH. 2001b. Mineralizacdes Auriferas do

from central Brazil. Chem Geol 86:123-138. Greenstone Belt do Rio Itapicuru, Bahia, com énfase
PIMENTEL MM, DARDENNE MA, FUCK RA. VIANA MG, no Depdsito de Fazenda Brasileiro. lpsr }E Brob
JUNGEs SL. SEER HJ AND FiscHEL DP. 2001, Nd JA anp Queiroz ET. (eds), Caracterizagdo de De-

poésitos Auriferos em Distritos Mineiros Brasileiros,

isotopes and the provenance of sediments of the Neo- ] |
ed. Taguatinga: Barbara Bela.

proterozoic Brasilia Belt, central Brazil. J South Am
Earth Sci 14:571-585. STERN R. 2002. Crustal evolution in the East African
Orogen: a neodymium isotopic perspective. J

SiLva MG. 1987. Geochemie, Petrologie und geotek- - -
African Earth Sci 34: 109-117.

tonische Entwicklung eines proterozoischen Gruen-

steinguertel: Rio Itapicuru, Bahia, Brasilien. Doc- THOROGooD EJ. 1990. Provenance of the pre-Devonian

torate Thesis, Univ. Freiburg, Germany. sediments of England and Wales: Sm-Nd evidende.
J Geol Soc. London 147: 591-594.

An Acad Bras Cienc (2003)75 (3)



