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SM/ND DATA OF METASEDIMENTARY ROCKS FROM THE CENTRAL SEGMENT
OF RIBEIRA BELT, SOUTHEASTERN BRAZIL

DIANA RAGATKY 1, MIGUEL TUPINAMBA ! AND BEATRIZ PASCHOAL DUARTE ?

ABSTRACT  The central segment of Ribeira Belt, southeastern Brazil, comprises several tectonic domains where, during the Proterozoic,
extensive detritic material was deposited over pre-1.8 Ga basement rocks. This paper presents Sm-Nd isotopic data on the high-grade
metasedimentary rocks of this belt and discusses some possible implications on their sedimentary provenance. The pre-1.8 Ga basement rocks
display different Nd isotopic evolution and thus can be promptly discriminated as sources of different Nd modgh{)gmii(ﬂéotopic
characteristics such as: Mantiqueira Complex, 3.0 and 2.§) &sdchrons ages; Juiz de Fora Complex, 2.2 GaiSochron age and Quirino

Complex, 2.0 Ga and 3.2 Ga, Tages. At the Juiz de Fora Domain, metapelites from the Andrelandia Depositional Cycle display a very narrow
range of Sm/Nd values (0.15t0 0.17) arE)qA'lélges between 1.8 and 2.0 Ga. The corresponding meaﬁywdues {:N 0)] vary between —

20.8 and —29.1. The metapsammopelites of the Jardim Gléria Unit, in the same geologic domain, display very different isotopic characteristics:
higher Sm/Nd ratios (0.22 and 0.24), lowgl(0) values (-15.3 and —18.3) and Neoarchegndges (2.5 and 2.6 Ga). At the Paraiba do Sul

Klippe, the analyzed metapelites from the middle unit of Paraiba do Sul Group gmcmyé's Closeto 1.7 Ga Witnd({)) values of -14.10 and

-17.34. The metapsammopelites from the basal and uppermost units plot along the g 0i€eefiron and displag, (0) values varying

between -21 and -32. An isolateg Tof an amphibolitic body, probably intrusive in the metasedimentary rocks of PAraiba do Sul Group, yields

1.0 Ga T, age, with d4'smi4Nd"Value of 0.1428.
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INTRODUCTION The Ribeira Belt (Almeidat al 1973), in  units (Duarte 1998; Heilbroet al 2000): pre- 1.8 Ga orthogranulites
southeastern Brazil, is a Brasiliano/Pan-African belt that resulted fraf@uiz de Fora Complex); post-1.8 Ga metasedimentary cover of the
the agglutination of the Gondwana Supercontinent (750-500 Ma). Asidrelandia Depositional Cycle and associated amphibolites; and
central segment comprises several tectonic domains, most of thergmatitic semipelitic paragneisses of unknown stratigraphic position
presenting pre-1.8 Ga basement rocks and distinct Proteroz@iardim Gloria Unit). Brasiliano granitoids/charnockitoids occur as
siliciclastic covers. During the Neoproterozoic, both basement aptutonic bodies within this domain.
cover were intruded by several granitic plutons. Despite the well- Based on field relations, few Nd model ages and geological
determined ages of the Transamazonic basement and Brasili@norelation with other basinsyduw et al.(1997) attributed a time
granitic rocks (U/Pb in accessory minerals, Machtetdn. 1996), the interval of 1.0-0.6 Ga for the Andrelandia Basin. For the rocks from
time of deposition of the siliciclastic covers remains poorlylardim Gléria Unit, Tupinambét al (1997) obtained Rb/Sr reference
constrained. However, the preservation of detrital sedimentaigochronic ages of 2.3-2.4 Ga.
successions provides a record of the continental crust that was exposetihe pre-1.8 Ga rocks of the Paraiba do Sul Klippe comprise
and subject to erosion at the time of deposition. In this way, the Sm-Nhnitic to granodioritic orthogneisses with basic and calc-silicate
isotopic system, due to its relative immobility, is of particular intereseénclaves (Quirino Complex) of Paleoproterozic age. The overlying
Nd isotopic studies on detrital metasedimentary rocks constitute mretasedimentary cover belongs to the Paraiba do Sul Group. In the
important additional tool of investigation in areas of complesouthern segment of Rio de Janeiro State, Almeidal (1993)
geological evolution. proposed a subdivision of this group into three units: basal psammites
This paper presents Sm-Nd isotopic data of high-gradeith calc-silicate, marble and pelitic intercalations; intermediate
metasedimentary rocks from the central Ribeira Belt and discusgmdites; and a stratified top unit with psammitic and pelitic layers with
some possible implications about their sedimentary provenance. abundant marble, calc-silicate and Mn-rich rocks. Both basement and
metasedimentary rocks are intruded by Brasiliano granitoids.
GEOLOGIC SETTING The Ribeira Belt extends 1400 km along The stratigraphic relationship between pre-1.8 Ga rocks of the
the Brazilian Atlantic Coast. It was generated in the last orogenic sta@airino Complex and the cover are not clear and the time interval of
of the Brasiliano Collage. This complex belt borders the southeastasedimentation of the Paraiba do Sul basin is unknown. Recent
margin of the S&o Francisco Craton (Fig. 1). At the central segmenipafieogeographical reconstruction (Heilbreinal. 2000) related it to
the Ribeira Belt, the Brasiliano Collage was characterized lthe passive margin of Oriental Terrane associated to Rodinia
northwestward thrusting and intermediate pressure-tyf&upercontinent break-up and drift. Therefore, it is considered,
metamorphism, followed by the development of steep dextral sheantatively, a Neoproterozoic basin (1.0-0.6 Ga) and equivalent to
zones and refolding of previous structures (Heil@bal 1998). The Italva basin, at the Oriental Terrane.
first tangential tectonic episode has provided the major tectonic The selected samples and their mineralogical composition are
organization of the central segment of Ribeira Belt, defined by foshown on Table 1.
tectono-stratigraphic terranes (Heilbren al. 1998, 2000): a) the
Occidental Terrane (Heilbroet al 1995) constitutes the reworked RESULTS AND DISCUSSION A significant question about the
margin of the S&o Francisco Craton; it comprises an Autochthonossurce of a Neoproterozoic sedimentary rock that displays a
Domain and two crustal scale thrust sheets (Andrelandia and JuizMiesoproterozoic Nd model age {]) is if it represents a single
Fora domains); b) the Paraiba do Sul Klippe is the uppermost thrivésoproterozoic juvenile crust or a mixing of an Archaean and/or
slice of the central segment of the belt; c) the Oriental Terrane is thaleoproterozoic crust with a juvenile Neoproterozoic one. Another
locus of the Ribeira Magmatic Arc (fpinambaet al 1998). The question is the identification of sediment source areas. In this case, not
contact with the Occidental Terrane is given by a conspicuous Nily the T,,, and isotopic characteristics of probable source rocks
dipping shear zone (the Central Tectonic Boundary, Almeidd  should be IY|<nown, but also the crystallization age of the regional
1998); d) the Cabo Frio Terrane occupies a small coastal area in l@sement rocks capable of providing detritus for the sediments.
State of Rio the Janeiro. It is envisaged as a small fragment of theThe ¢, -**’Sm/**Nd isochronic plot allows a quick and easy
Congo Craton (Fonseca 1994). manner 0(1‘ comparing the isotopic composition of the sedimentary
In general terms, within each terrane three lithological associatiorecks and their potential source rocks, since the isotopic composition
were identified: a) pre- 1.8 Ga basement rocks; b) post- 1.8 @hthe sedimentsust plot in the same range as those of the source
metasedimentary cover including metabasic rocks of continentalnacks. This method was proposed by Reetl al. (1993) and
MORB geochemical affinity; and c) Brasiliano/Pan African granitoidssubsequently applied by Lang Farmer and Ball (1997) and Ball and
3 Lang Farmer (1998). The same method is applied in this study in order
JUIZ DE FORA DOMAIN AND PARAIBA DO SUL KLIPPE to determine sedimentary provenance at the central Ribeira Belt. We
The Juiz de Fora Domain is made up of three tectonic interlayeresed the measured,, -**’Sm/“/Nd values because the age of

1 Tektos - Geotectonic Research Group of the Faculty of Geology, Rio de Janeiro State University (UERJ), Brazil. Rua S&o Francisco Xavier, 524 — sala
4006, Maracana, Rio de Janeiro, RJ, Brazil. CEP: 20550-013.
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Figure 1-Tectonic map of the central Ribeira Belt. Modified from Heilbron et al. 2000.

Table 1 Mineralogy, location and isotopic characteristics of the metasedimentary rocks of central Ribeira Belt.

147Sm/

TECTONIC DOMAIN/ UNIT Mineralogy Location Sm Nd Sm/ MNAA*Nd Tpw &g
SAMPLE/ROCK ppm ppm Nd 4Nd (& o) (Ga) (0)
JUIZ DE FORA DOMAIN
Andrelandia Deposicional
Cycle
VAL-M274D metapelite pg, kf, bt, gt, gt, op,ms, zr, ap °48-2210' 8.26 49.35 0.17 0.1012 0.511506(22) 2.1 -22.1
TR-MMC26F metapelite pl, kf, gz, bt, gt, zr 9F'-2214 10.21 59.90 0.17 0.1030 0.511580(17) 2.0 -20.6
CJE-158 metapelite pg, kf, bt, gt, zr, ap, all, op, sef 0842214' 15.81 104.6 0.15 0.0914 0.511573(13) 1.8 -20.8
JF-CM297G metapelite pl, kf,, bt, gz, gt, op, ap, zr, ms®5214218 2.51 15.29 0.16 0.0991 0.511146(16) 2.5 -29.1
Jardim Gléria Unit
MB-CM242 Ametapsammopelite pl, or, gz, cpx, opx, gt, bt, op ° 2232745 4.01 17.55 0.24 0.1428 0.511892(20) 2.6 -15.3
MB-CM36A metapsammopelite pl, gz, or, opx, bt, gt, op, ap4&36'-21°49' 8.44 38.03 0.22 0.1337 0.511701(22) 2.5 -183
ms
PARAIBA DO SUL KLIPPE
Paraiba do Sul Group
Upper unit
BAN150B metapsammopelite pl, kf, gz, amp, ap, zr, op 02642241 3.38 22.00 0.15 0.0928 0.511336(13) 2.0 -254
Middle unit
BANO2A metapelite bt, sil, gr, pl, musc, gz, ap, chl °24'-2241' 6.60 34.74 0.19 0.1149 0.511915(12) 1.7 -14.1
NF067 metapelite bt, sil, gr, pl, kf, gz, ap, op °48-21°44° 7.36 44.60 0.16 0.0998 0.511764(24) 1.7 -17.4
Lower unit
BAN590 metapsammopelite kf, pl, gz, bt, ap, zr, all,op  °28+2244' 2.97 16.92 0.17 0.1066 0.511544(18) 2.0 -21.3
MMC17B metapsammopelite  kf, pl, gz, bt, ap, zr, op °UB-2205' 3.12 27.95 0.11 0.0675 0.510985(13) 2.0 -32.3
MMC17D amphibolite hbl, pl, bt, gz, opx, op, tit AB0'-2205' 4.71 19.95 0.23 0.1428 0.512556(13) 1.0 -1.2

Abbreviations used on the table: allanite: all; amphibole: amp; apatite: ap; biotite: bt; chlorite: chl; garnet: gt; clinopyroxene: cpx; hornblende: hbl; muscovite:

ms; opaque minerals: op; orthoclase: or; plagioclase: pl; k-feldspar: kf; orthopyroxene: op; quartz: gz; silimanite: sil; zircon: zr.

The isotopic analyses were carried out at the Laboratory of Geochronology of University of Brasilia (UnB), Brazil. Sm and Nd concentrations were determinate
by the isotope dilution method, using a mixé%m-"’Nd spike. Measurements were done on a Finnigan MAT 262 mass spectrometer. Sm and Nd data was

acquired in the static mode. The elements were loaded as phosphates on double Re filament. Total procedurmisiankf@® Ng for Nd. Values for La
Jolla Nd standardf®Nd/**Nd = 0.511853 7 (1o). Nd isotopic compositions were normalised*d/**ANd = 0.7219. Nd model ages calculated according

to DePaolo 1981.
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sediment deposition is not well determined. The isotopic data from the '@

analyzed samples are shown on Table 1. & s

Juiz de Fora Domain PRE-1.8 Ga BASEMENT ROCKSThe ?
available isotopic data of potential source rocks (data from Fischel 5 |-
1998; Sato 1998; Ragatkst al 1999), the Mantiqueira Complex

(MC) and Juiz de Fora Complex (JFC), are presented in Fig. 2. The™
graph shows that: a) the complexes display different isotopic evolution 15
trends; b) half of the JFC samples plot in the 2.2 Ga isochron; c) the
JFC include basic (0.125¥SmANd <0.15) and more acid rocks 20 |3
(ca.0.07**'sSm/A4Nd ); d) most of the MC samples plot along two .25 =
well-defined isochrons, an Archaean one (3.2 Ga) and a Neoarchean
one (2.6 Ga); e) MC samples display typitdsm/*4Nd values of 30

granitic rocks (0.08 to 0.12). -35 -
10 40 T T t T T t
> 0 1.0 2.0 3.0
@ 54 . . i p1G2)
DM Figure 3€yq versus Ty diagram for the rocks of Andrelandia Depositional
i}

Cycle and Jardim Gléria Unit. Amphibolite analytical data from Heilbron et
al. 1989. DM: depleted mantle evolution curve. Symbols: shaded area -
Andrelandia Depositional Cycle metasedimentary rocks; dashed lines -
Andrelandia Depositional Cycle intercalated amphibolites; full lines - Jardim
Gléria Unit metasedimentary rocks.
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Figure 2-Sm-Nd isotopic composition of the possible sousrr(];'e/ ro’glgs of the -251
Andrelandia Depositional Cycland Jardim Gléria Unit metasedimentary 30+
rocks (data from Sato 1998, Fischel 1998 and Ragatky et al. 1999). Reference

lines correspond to Nd model ages of ~2.2, 2.6 and 3.0 Ga. The enclosed areazss-
indicates the field for the Juiz de Fora basic rocks. DM: depleted mantle.
Symbols: circles - Juiz de Fora Complex; asterisk - Mantiqueira Complex. -4
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METASEDIMENTARY ROCKS Metapelites from the Andrelandia Sm/" Nd
Depositional Cycle_(ADC) show a very narrow range of Sm/Nd \./a.lu?f’ ure 4-Sm-Nd isotopic composition of Andrelandia Depositional Cycle and
(0.15 to 0.17). This homogeneity is usually attributed to eﬂ'c'erﬂa?'dim Gléria Unit rocﬁs. DM:%epIeted mantle. Referencpe lines and )énclosed
mixing of the detritus during transport and sedimentation (Taylor argea as in Fig. 2. Symbols: circles - Jardim Gléria Unit metapsammopelites;
McLennon 1985). The correspondentf’SmA4iINd values vary triangles - Andrelandia Depositional Cycle metapelites; squares -
between 0.0914 and 0.1030. THé3NdA4‘Nd isotopic values, Andrelandia Depositional Cycle intercalated amphibolites.
represented &g ,(0), range between —20.8 to —29.1.

Metapsammopelites from the Jardim Gléria Unit (JGU) have
contrasting concentrations of Sm and Nd (Table 1). However, boRaraiba do Sul Klippe PRE-1.8 Ga BASEMENT ROCKS:
show similar high Sm/Nd values (0.22 and 0.24) and consequeniliie basement rocks of this tectonic domain are the orthogneisses from
high *'Sm/“/Nd values (0.1337 and 0.1428). Thg(0) values are — the Quirino Complex (QC). The U/Pb crystallization ages of the
15.3 and —18.3. The different isotopic evolution of the rocks of ADQuirino gneisses are close to 2.1 Ga, with an Archaean inheritance
and the JGU are easily visualized in thg, Versuse, (0) diagram  (Machadoet al. 1996). For these rocks the only available Nd isotopic
(Fig. 3). data are due to Ragatkyal (1999) that report a Paleoproterozoic (2.1

The fact that the two analyzed samples of JGU, in spite of the veBa) and another Archaean (3.2 Ga), Values.
different Sm and Nd concentrations (Table 1 and Fig. 4), plot close to
the 2.5 - 2.6 Ga isochron, suggests that they derive from a sintflETASEDIMENTARY ROCKS: Metapelites from the middle unit of
source. This source seems to be distinct from the regional basentbrtParaiba do Sul Group (PSG) have higher Sm and Nd contents (6.6-
rock types, because MC rocks present lower Sm/Nd values and JF@ ppm and 34.7-44.6 ppm, respectively, Table 1) than
basic rocks, although chemically compatible, do not fit in the JGlhetapsammopelites from the basal and uppermost gait3 ppm of
isochron. Sm and 17-27 ppm of Nd). Thus, only the metapelites show the typical

For the ADC samples (Fig. 4), the main sedimentary sources seamsstal range of 30-40 ppm of Nd (Taylor and McLennan 1985). The
to be both the MC and JFC. However, the upward displacement of 8m/Nd values are distinct for all samples, varying between 0.15 and
ADC samples in relation to the basement isochrons suggests th&9, with exception of sample TR-MMC-17B that displays a Sm/Nd
participation of an younger source in order to explain the observedlue of 0.11. Thé*’Sm/A4/Nd values of all units range from 0.0928
isotopic characteristics. The only rocks already known in the Ribeita 0.1149, similar to continental fine-grained sediments (Goldstein
Belt that could represent this younger source are the metabasitke<984). Only sample TR-MMC-17B contains a loW&Sm/“Nd
associated to ADC metasedimentary rocks. These rocks display avialtie of 0.0675.
- 1.0 Ga T,,, ages (Heilbroret al 1989) (Fig. 4) and predominantly  Theg,,-**’Sm/*/Nd isochronic plot (Fig. 5) shows that, in spite of
continental\ﬂtholeiite chemical composition (Paciullo 1997). the large distance between the sample localities, the metasedimentary
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rocks of PSG may be divided into two groups, which are correlated The possible source for the metapsammopelites is the QC, mainly
with petrographic and field data: a group consisting afs granitic facies, which plots close to the 2.0 Ga isochron (Fig. 5). For
metapsammopelites of uppermost and basal units, wjifofica. 2.0 the metapelites, however, its 1.7 Ga isochron points to a single source
Ga and g,(0) varying between -21 and -32; and another group, withot yet found in the Paraiba do Sul Klippe. Due to the allochthonous
T\ ages close to 1.7 Ga and highe(0) values (-14.10 and -17.34). character of this terrane, source rocks from the pelitic group may be
The isochron alignment suggests that each7group derives from a sigtated elsewhere, probably at the Oriental Terrane.

source with the same initi g\ld/”"'l\ld, the'*’SmA*/Nd differences An isolated T,,, of an amphibolitic body, probably intrusive in the
arising from unmixing during sediment transport and deposition. metasedimentary rocks of PSG, yields 1.0 Ga, f&m/*4Nd value

of 0.1428.
10
= FINAL REMARKS The isotopic data of the central segment of the
W 5T oM Ribeira Belt, when integrated with field, petrographic and
litogeochemical data reveal that: a) pre-1.8 Ga basement rocks from

4]
the Juiz de Fora Domain (Juiz de Fora and Mantiqueira complexes) are
isotopically distinct; b) the source rocks from the Jardim Gloria Unit
metasedimentary rocks are presently unclear, but preclude both Juiz de
Fora and Mantiqueira complexes; c) the Andrelandia Depositional
Cycle metasedimentary rocks point to a mixing between pre-1.8 Ga
basement rocks and younger rocks, probably 1.0 age
interlayered amphibolites; d) for the psammaopelites of the Paraiba do
Sul Group, the granitic rocks of the Quirino Complex are the most
probable source rocks; but for the pelite rocks a 1.7 (3aa§e source

that is not described yet at the Ribeira Belt is necessary; e) the
widespread occurrence cd. 1.0 Gak ages amphibolites at the Juiz

40 Domain and the Paraiba do Sul Iidlppe is consistent with the time
- o1 o5 o interval proposed for the break-up of Rodinia Supercontinent (Brito
Neveset al 1996).

147Sm/144Nd

Figure 5-Sm-Nd isotopic composition of metasedimentary rocks of Paraiba cknom_lledgments . The amh-ors thank FAPERJ (Researc_h
Sul Group, amphibolite and basement rocks of Paraiba do Sul Klip eSuhndat|0(;1f0f Sr:atﬁ of R!olde Janequ) for polstbdoctoral gralnt to first
(analytical data from Ragatky et al. 1999). DM: depleted mantle. Symbol@Uthor and for the financial support given to laboratory analyses. We

triangles - metapsammopelites; circles - metapelites; square - amphibolid/€ grateful to M. Pimentel for facilities provided for the use of the
asterisk - basement rocks (Quirino Complex). Laboratory of Geochronology of University of Brasilia (UnB).

References

Almeida F.EM. de, Amaral G., Cordani U.G., Kawashita K. 1973. The Precambriateilbron M., Valeriano C.M.,Valladares C., Machado N. 1995. A orogénese brasiliana no
evolution of the South American cratonic margin south of Amazonas River. In: Nairn segmento central da Faixa Ribeira, Bré&vista Brasileira de Geociénci&s (4):

& Stille (eds),The ocean basin and margiris411-446, Plenum, New York. 249 - 266.

Almeida J.C.H., Eirado Silva L.G., Valladares C.S. 1993. O Grupo Paraiba do Sul e rochasg Farmer G. and Ball T.T. 1997. Sources of Middle Proterozoic to Early Cambrian
granitéides na regido de Bananal -SP e Rio Claro- RJ: uma proposta de formalizagdo  siliciclastic sedimentary rocks in the Great Basin: a Nd isotope shedyogical
litoestratigréafica. In: SBG, Simpoésio de Geologia do Sudeste, 3, Rio de Janeiro,  Society of America Bulletib09(9): 1193-1205.

Boletim de Resumo$55-160. Machado N., Valladares C., Heilbron M., Valeriano C. 1996. U-Pb geochronology of the

Almeida J.C.H., Tupinamb& M.A., Heilbron M., Trouw R. 1998. Geometric and kinematic central Ribeira Belt (Brazil) and implications for the evolution of the Brazilian
analysis at the central tectonic boundary of the Ribeira Belt, southeastern Brazil. In Orogeny.Precambrian Researcii9: 347-361.

SBG, Congresso Brasileiro de Geologia, Belo Horizohtajs 32. Paciullo F. 1997A sequéncia deposicional Andrelandiastituto de Geociéncias, Univer-
Ball T.T. & Lang Farmer G. 1998. Infilling history of a Neoproterozoic intracratonic basin: sidade Federal do Rio de Janeiro, Ph.D. Thesis, 245 p.
Nd isotope provenance studies of the Uinta Mountain Group, Western United Stateagatky D., Tupinambéa M., Heilbron M., Paschoal Duarte B., Valladares C. 1999. New Sm/
Precambrian Researci87: 1-18. Nd isotopic data from pre-1.8 Ga basement rocks of central Ribeira Belt, SE Brazil.
Brito Neves B.B., Winge M., Carneiro M.A. 1996. Orogéneses precedendo e tafrogéneses In: South American Symposium on Isotope Geology, 2, Cérdoba, Argentina,
sucedendo Rodinia na América do Rdletim Instituto de Geociéncias, Séde Expanded abstract€33-436.
entifica Universidade de S&do Pauly: 1- 40. Reed J.C.J., Ball T.T., Farmer G.L., Hamilton W. 1993. A broad view. In: J.C.J. Reed, M.E.
Depaolo D.J. 1981. Neodymium isotopes in the Colorado front range and crust-mantle  Bickford, R.S. Houston, P.K. Link, D.W. Rankin, P.K. Sims. & W.R. van Schmus
evolution in the Proterozoi®Nature 291:193-196. (eds) Precambrian: Conterminous U.S.: Boulder, ColoraGeological Society of

Duarte B.P. 1998Evolugéo tectonica dos ortognaisses dos complexos Juiz de Forae  America C-2: 597-636.

Mantiqueira na regido de Juiz de Fora, MG: geologia, petrologia e geoquimic&ato K. 1998Evolugao crustal da Plataforma Sul Americahastituto de Geociéncias,
Instituto de Geociéncias, Universidade de Sdo Paulo, Ph.D. Thesis, 287 p. Universidade de S&o Paulo, Ph.D. Thesis, 297 p.

Fischel D.P. 1998Geologia e dados isotépicos Sm-Nd do Complexo Mantiqueira e dbaylor S.R. & Mclennan S.M. 198%he continental crust: its composition and evolution
Cinturdo Ribeira na regido de Abre Campo, Minas Getagtituto de Geociéncias, Blackwell Scientific, Oxford. 312p.

Universidade de Sdo Paulo, M.Sc. Thesis, 99 p Trouw R.AJ., Ribeiro A., Paciullo F.V.P,, Andreis R.R. 1997. A passagem do

Fonseca A. 199&sboco geocronoldgico da regido de Cabo Frio, Estado do Rio de Ja- Mesoproterozéico para o Neoproterozoico na regiéo sul de Minas Gerais. In: SBG,
neiro. Instituto de Geociéncias, Universidade de S&o Paulo, Ph.D. Thesis, 186 p. Simposio de Geologia de Minas Gerais, 9, Ouro Phetais 10-11.

Goldstein S.L., O'Nions R.K., Hamilton P.J. 1984. A Sm/Nd isotopic study of atmospheriwpinamba M., Teixeira W., Duarte B.P., Heiloron M. 1997. Cordani & Delhal’s
dusts and particulates from major river systdeasth Planetary Sciencelette: geochronological data from the Ribeira Belt revisited after thirty years. In: South
221-236. American Symposium on Isotope Geology, 1, Campos de JoEmnded

Heilbron, M. 19950 segmento central da Faixa Ribeira: sintese geolbgica e ensaio de abstracts 320- 322.
evolugdo geotectonic&aculdade de Geologia, Universidade do Estado do Rio deupinamba M., Teixeira W., Heilbron M., Basei M. 1998. The Pan-African/Brasiliano arc-
Janeiro, Tese de Livre Docéncia, 115 p. related magmatism at the Costeiro Domain of the Ribeira Belt, southeastern Brazil:

Heilbron M., Goncalves M., Teixeira W., Trouw R.A.J., Padilha A., Kawashita K. 1989. new geochronological and litogeochemical data. In: International Conference on
Geocronologia da regiéo entre Lavras, Sdo Jodo del Rei, Lima Duarte e Caxambl  Basement Tectonics, 14, Ouro Pretbstracts12-14.

(MG). Anais Academia Brasileira de Ciénci@4(2): 177-199.

Heilbron M., Mohriak W.V., Valeriano C.M., Milani E.J., Aimeida J., Tupinamba M. 2000.
From collision to extension: the roots of the southeastern continental margin of Brazil.
In: W.V. Mohriak & M. Talwani (eds)Geology and geophysics of continental
margin, American Geophysical Union, Geophysical Monograph 115, 1-31.

Heilbron M., Tupinambéa M., Almeida J.C.H., Valeriano C.M., Valladares C.S., Duarte B.P.

1998. New constraints on the tectonic organization and structural styles related to the Contribution IGC-180
Brasiliano Collage of the central segment of Ribeira Belt, SE Brazil. In: International Received March 9, 2000
Conference on Basement Tectonics, 14, Ouro Pkésiracts 15-17. Accepted for publication May 20, 2000



