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GEOCHEMISTRY AND GEOCHRONOLOGY OF PALEOPROTEROZOIC
GNEISSIC ROCKS OF THE PARAIBA DO SUL COMPLEX (QUIRING UNIT),
BARRA MANSA REGION, RIO DE JANEIRO, BRAZIL
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RESUMO GEOQUIMICA E GEOCRONOLOGIA DE ROCHAS GNAISSICAS PALEOPROTEROZOI-
CAS DO COMPLEXO PARAIBA DO SUL (UNIDADE QUIRINO), REGIAO DE BARRA MANSA, RIO DE
JANEIRO, BRASIL Este trabalho apresenta e discute novos dados de geoquimica das rochas ortognaissicas do
Complexo Paraiba do Sul (CPS), aflorantes a0 NW do Estado do Rio de Janeiro, denominadas de Unidade Quirino.
Séo também discutidos os dados de geocronologia U-Pb, da referida Unidade (obtldos no GEOTOP-UQAM, Canada),
apresentados em Valladares (1996) e em Machado et al. (1996). A Unidade Quirino, juntamente com as unidades
metassedimentares do CPS e os granitdides intrusivos, estes Ultimos gerados durante a Orogénese Brasiliana,
compreendem 0 Dominio Tectonico Paraiba do Sul (DTPS) ou Dominio Tectdnico Superior, no 4mbito do segmento
central da Faixa Ribeira. A Unidade Quirino ocorre como extensos corpos de gnaisses homogéneos em ficies
anfibolito alto, com hornblenda e/ou biotita, perfazendo ca. de 50% da area mapeada e 70% em superficie do DTPS.
Foi gerada a 71853 Ma ¢ 2169+3 Ma (dados U-Pb em zircio), e estd temporalmente relacmnada a evolugdo do Ciclo
Transamazonico. Idades minimas de 2846 Ma e 2981 Ma (dados U-Pb em zircdo), revelam a pré-existencia de crosta
arqueana como fonte de Pb para parte dos gnaisses investigados. As investigacdes geoquimicas realizadas nos
ortognaisses da Unidade Quirino revelaram a existéncia de duas suites calcio-alcalinas: uma de médio- a alto-K ¢
outra de alto-K, enriquecida em LILE. As caracteristicas geoquimicas ¢ as idades U-Pb obtidas permitem uma
correlagdo tectonica da Unidade Quirino com granitdides calcio-alcalinos relacionados a arcos magmaticos, gerado
durante a Orogénese Transamazonica (2,2 - 1,9 Ga). Idades entre 605-503 Ma (dados U-Pb em zircdo e titanita)
indicam retrabalhamento da Unidade Quirino durante a Orogénese Brasiliana (700-450 Ma).

Palavras-chaves: Faixa Ribeira, granitoides calcio-alcalinos, Orogénese Tranasamazonica, Orogénese Brasiliana

ABSTRACT This paper presents and discusses new geochemical data from orthogneisses rocks of Paraiba do
Sul Complex (PSC) from the NW of the Rio de Janeiro State, denominated Quirino Unit. U-Pb geochronological data
(carried out on GEOTOP-UQAM, Canada), displayed in Valladares (1996) and Machado et al. (1996), are also
discuss. This Unit, as well the Metasedimentary Unit of PSC and intrusive brazilian granitoids, comprise the Paraiba
do Sul Tectonic Domain (PSTD) or Upper Tectonic Domain, at the central segment of the Ribeira belt. The Quirino
Unit occurs as extensive bodies of homogeneous gneisses of upper amphibolite facies metamorphism, with horn-
blende and or biotite comprising approximately 50% of the studied area and ca. 70% of the PSTD. This unit yields
U-Pb zircon ages of 2185+3 Ma and 2169+3 Ma, temporally related to the Transamazonian event. Minimum ages of
2846 Ma and 2981 Ma (zircon U-Pb data) reveal the pre-existence of Archean crust as Pb source of part of the
investigated gneisses. Geochemical studies of orthogneisses Quirino discriminate two calc-alkaline suites: one of
medium to high-K and other of high-K, with enrichment in LILE. The chemical characteristics and the ages U-Pb
allow to perform a tectonic correlation of the Quirino Unit with arc magmatic calc-alkaline granitoids, which were
generated during the Transamazonian orogeny (2.2 - 1.9 Ga). Ages between 605-503 Ma (zircon and sphene U-Pb

data) indicate reworking of Quirino Unit during Brazilian Orogeny (ca. 700-450 Ma).

Keywords: Ribeira belt, calc-alkaline granitoids, Transamazonian Orogeny, Brazilian Orogeny.

INTRODUCTION AND GEOLOGIC SETTING
This paper presents the new geochemical data, and discuss
U-Pb zircon and sphene ages, obtained by Valladares (1996)
and Machado et al. (1996), for the orthogneissic rocks of the
Paraiba do Sul Complex. The Paraiba do Sul Complex
(Rosier 1957) occurs within the Paraiba do Sul domain (PSD)
(Heilbron 1993) or upper domain (Heilbron 1995), at the
central segment of the Ribeira Belt (Cordani et al. 1973),
southeast Brazil, Figure la and 1b.

The PSD comprises the uppermost thrust sheet of Ribeira
Belt, imbricated SE/NW towards the Sdo Francisco Craton
(Almeida 1977), and emplaced under amphibolite grade
metamorphic conditions. This Complex displays two geneti-
cally rock sequences: the basal gneissic-migmatitic one, de-
nominated Quirino Unit (Valladares 1996), comprising ho-
mogeneous hornblende-biotite gneiss of tonalitic/grano-
dioritic to granitic composition, with mafic and calc-silicate
enclaves; and the Metasedimentary Unit, which includes me-

tasedimentary biotite gneiss with concordant intercalations of
holo-leucogranite layers (Tres B arras Unit) and metapelites
containing calc-silicate and sacaroidal marble lenses (Sao
Joao Unit). The first sistematic geological cartography (scale
1:50.000) in the southwest of Rio de Janeiro State was exe-
cuted by DRM/RJ, who denomineted this region as Bloco
Angra dos Reis (Castro et al. 1984). The Paraiba do Sul shear
zone (Almeida et al. 1975; Campanha & Ferrari 1984), a D3
related megastructure, divides the PSD in two subdomains:
the Northemn Paraiba and the Southem Paraiba (Machado &
Demange 1991). The mapped area, where were done the
geochemical studies (south of Volta Redonda 1:50,000 quad-
rangle, Fig. 2) is located in the latter.

SAMPLING AND ANALYTICAL PROCEDURES
The new geochemical studies were concentrated on the
gneissic rocks of Quirino Unit. Were select 5 samples of
homblende tonalitic-granodioritic gneisses and 11 samples of
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Figure la - Simplified Tectonic Map of Southeastern Brazil apresented in Heilbron (1995). This map was compiled and integrated from Hasui & Oliveira (1984), Campos Neto
(1992), Valeriano et al. (1993), Trouw et al. (1994). The inset shows the localization of the segment central of Ribeira Belt, studied by Heilbron (1995). Legend.:1- Phanerozoic
covers, a-Parand basin, b, ¢, d and e-Taubate, Resende, Volta Redonda and Guanabara vifts; 2-Bambui group, 3- cratonic basement; 4-Brazilian fold belts (ARGD- Alto Rio
Grande Domain), 5- Guaxupé nappe; 6- main vergence; 7- Sdo Francisco Craton limit.
Figure la- Tectonic Compartmentation proposed by Heilbron (1995) for the central segment ofRibeirafold belt, with the localization of investigated area and the U-Pb samples.
Legend: 1- Sdao Francisco craton; 2-authochtonous domain; 3- lower domain or Andrelandia Tectonic Domain,; 4- central domain orJuiz de Fora domain; 5- upper domain or
Paraiba do Sul domain; 6-Meso-Cenozoic alkaline rocks; 7- Phanerozoic covers; 8- Major thrust shear zones;, 9- Major late deformation axial traces; 10- brittle phanerozoic
faults; 11- cities: SJ - Sdo Jodo del Rei; AN - Andrelandia; JF -Juiz de Fora; VR - Volta Redonda; BP - Barra do Pirai; TR -Trés Rios; PE - Petrdpolis; RJ - Rio de Janeiro.
Figura la- Mapa tectonico simplificado do sudeste brasileiro, apresentado em Heilbron (1995), compilado e integrado com dados de Hasui & Oliveira (1984); Campos Neto (1992); Valeriano et al. (1993); Trouw et al.
(1984). A insercio mostra o segmento central da Faixa Ribeira, area estudada por Heilbron (1995). Legenda: 1-Coberturas Fanerozoicas: a- Bacia do Parand, b, ¢, d e e-Taubaté, Resende, Volta Redonda e Rift da Guanabara;
2-Grupo Bambui; 3- Embasamento Cratonico; 4- Cinturdes Brasilianos (ARGD - Dominio Alto Rio Grande); 5- Nappe de Guaxupé; 6- Direcdo principal de vergéncia; 7- Limite do Craton do S3o Francisco.
Figura 1b- Organizagdo tecténica proposta por Heilbron (1995) para o segmento central da Faixa Ribeira , com localizagdo da drea mapeada e localizagdo dos pontos com geocronologia U-Pb. Legenda: 1- Craton do Sdo
Francisco; 2- Dominio Autoctone; 3- Dominio Inferior ou Dominio Andrelandia; 4- Dominio Intermediario ou Dominio Juiz de Fora; 5- Dominio Superior ou Dominio Paraiba do Sul; 6-Rochas Alcalinas Meso-Cenozoicas;
7- Coberturas Fanerozoicas; 8- Zonas de Cisalhamento principals de baixo angulo (Empurrdo); 9- Tragos axiais de deformagdo tardia; 10- Falhas no Fanerozodico; 11- Cidades: SJ - Sao Jodo del Rei; AN - Andrelandia; JF
- Juiz de Fora; VR - Volta Redonda; BP - Barra do Pirai; TR - Trés Rios; PE -Petropdlis; RJ - Rio de Janeiro.
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Figure 2- Geologic Map of the investigated area (south of Volta Redonda 1:50,000 quadrangle), presented in Valladares (1996).
Legend: 1-Fortaleza Granite; 2- Getulandia Granite; 3- Rio Turvo granitoids, 4- Resgate granitoid; 5- Sdo Jodo Unit; 6- Trés
Barras Unit; 7- Quirino Unit. The numbers in the map are indicative of geochemical samples.

Figura 2- Mapa geoldgico da area investigada (sul da Folha Volta Redonda 1:50.000), apresentado em Valladares (1996). Legenda 1- Granito Fortaleza; 2- Granito
Getulandia; 3- Granitoide tipo Rio Turvo; 4- Granitoide Resgate; 5- Unidade S3o Jodo; 6- Unidade Trés Barras; 7-Unidade Quirino. Os niimeros no mapa indicam

amostras com andlises geoquimicas.

biotite granitic gneisses (Fig. 2), including 2 samples of
melanossomes. U-Pb geocronological analyses, presented in
Valladares (1996) and Machado et al. (1996), were carried
out on a sample of hormblende gneiss (Concei¢do quarry near
Valenga, state of Rio de Janeiro, sample 2, Fig. 1b) located on
Northern Paraiba Domain, and a sample of biotite gneiss
collected near the village of Bom Sucesso (sample 150, Fig.
2, sample 1, Fig. 1b), Southern Paraiba Domain. The horn-

blende gneisses are similar to the inferior lithostructural unit
of Paraiba do Sul Complex, described as Quirino Sequence
by Machado (1986) in Valenga, State of Rio de Janeiro. Based
on field observations, Heilbron et al. (1991) and Heilbron
(1993) suggest that the gneisses of Quirino Unit are intrusive
into the metasedimentary units as they contain xenoliths simi-
lar in composition to the surrounding metasedimentary rocks.
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The chemical analyses were carried out at ACT LABS Table 1- Chemical compositions for the medium to high-K
(Canada) for major, trace and rare earth element. The major calc-alkaline orthogneisses suite of the Quirino Unit.
and some trace elements were measured using ICP fusion and Tabela 1- Composicdes quimicas para os ortognaisses da Unidade Quirino
total digestion. The trace elements with minor concentration da suite calcio-alcalina de médio a alto-K.
and the rare earth element were detected by (INAA). During
this project, external quality control was performed by inclu- Sample 1 2 3 4 5
sion of M. Figueiredo's personal patterns. The abundance Number ~ VR-22b  VR-9%  VR-24 77 VR-20
patterns of REE were done using the concentration values $i02 57,39 58.40 61,15 64.13 6741

proposed by Boynton (1984) for chondrite normalization. For

calculation of the possible Eu anomaly, by the Ew/Eu* ratio, 102 093 109 051 0.64 06z
the Eu* value was determined by linear interpolation between AL0s 18,66 15,31 1607 1617 14,10
Sm and Tb, because Gd was not analysed. This procedure was Fez03* 1 847 5,69 511 4,69
previously used by Marques (1988). MO 0,11 0,18 0,12 0,11 007
The U-Pb geochronological analyses were carried out at Mz0 2,57 3,94 2,69 150 177
GEOTOP-UQAM, Canada. The analytical techniques in- a0 447 513 461 3.95 31
clude: crystal selection, chemistry, mass spectrometry and ’ ’ ’ " ’
data treatment. These techniques followed previously de- NaxO 432 3.50 331 4,50 291
scribed procedures (Corfu & Stott 1986, Krogh 1973, Krogh K20 2,90 2,78 2,64 2,68 2,88
1982, Machado et al. 1989). Avarage analytical precision at P:0s 0,50 032 0.28 0.20 026
95% confidence level is 0.5% and 0.1% for U-Pb and - 0.90 110 116 097 0.80

*7Pb/”®Pb, respectively. Regression lines and intercepts

were calculated using the method proposed by Davis (1982). TOTAL 9985 10022 2873 10036 98,62

Precision of the ages is quoted at 95% confidence level. Cr 19 153 28 7 38

Ni 10 4 20 9 1
RESULTS Geochemical characteristics Co 33 23 32 19 34
Geochemical analyses on major and trace elements, including v 121 a8 126 89 24

REE, of 16 gneissic rocks of the Quirino Unit were carried out

. X .. 4 1
at the investigated area. The new data from the Quirino Cu 31 8 ? 3
orthogneisses at the Paraiba do Sul domain (Figs. 1b and 2) Pb 19 19 1 1 20
discriminate two calc-alkaline suites (Fig. 3): one of medium Zn 218 74 87 90 101
to hlgh-K (Table 1) and another of hlgh-K, with enrichment K 24506 23484 22593 22499 24559
in LILE (Table 2). The major element abundances indicate
N R Rb 132 142 110 81 195
that these rocks bear characteristics of metaluminous to
Ba 816 536 718 584 352
Sr 389 473 442 386 187
Ta 031 0,61 0,93 0.7 247
Nb 52 10,4 158 12 41,9
Hf 3,26 549 4,33 543 5,96
Zr 156 178 139 148 195
Y 29 26 16 22 27
Th 18,32 7.94 12,37 7.24 8,73
U 1,83 1,02 2,16 1,51 1,75
K/Rb 185 165 204 276 126
La 63,42 43,25 33N 27,57 24,76
Ce 123,17 82,42 65,98 60,37 5342
Nd 509 346 24,74 26,16 21,57
Sm 10,18 743 5.05 5,94 534
Eu 1.6 1,25 112 1,24 0,88
Tb 1,43 092 0,62 09 0,92
Yb 1,95 1,82 2,04 1,48 1,61
Lu 0,29 0,28 0.3 0,22 0,24
FeO* Ybn 9,26 9,11 9,69 7,06 7,63
Figure 3 - AFM diagram (Irvine & Baragar 1971) for the Lax 203,1 13832 108 88,93 7948
orthogneisses of Quirino Unit. CA-TH: boundary between Lan/Ybn 21,93 15,18 11,15 12,59 1041
calc-alkaline and tholeiitic series. Legend: half filled square Lan/Smy 3,39 163 417 2,92 29
- medium to high K calc-alkaline suite; filled square - high K Sm/Lun 58 438 278 446 167

calc-alkaline suite.
Figura 3 - Diagrama AFM para os ortognaisses da Unidade Quirino. CA-TH: EwEu* 0,55 063 068 on 0,52

limite entre as séries célcio-alcalina e toleiitica. Legenda: quadrados metade
preenchidos - suite calcio-alcalina de médio a alto-K; quadrados preenchidos
- suite calcio-alcalina de alto-K.
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Table 2- Chemical compositions for the high-K calc-alkaline orthogneisses suite of the Quirino Unit.
Tabela 2- Composi¢des quimicas para os ortognaisses da Unidade Quirino da suite calcio-alcalina de alto-K.

Sample 1 2 3 4 5 6 7 8 9 10 11
pumber 150¢ 223¢ 150a 94a 29 201a 150b 99 222a 223a 08
§i0: 47,65 48,20 59,53 61,06 65,57 67,25 66,24 67,65 68,63 69,43 .77
TiO2 1,59 147 0,95 0,93 0,42 0,96 0,61 0,79 0,55 0,38 0,66
Al2Oa 11,37 10,23 15,53 15,86 15,68 14,53 13,69 14,70 14,74 13,94 13,07
Fe203* 10,25 891 6,47 5,89 3,95 4,97 39 4,05 3,29 272 4,41
MnQ 0,36 0,20 0,13 011 0,06 0,08 0,04 0,06 0,09 0,0% 0,06
MgO 9,96 10,59 4,03 1,98 1,38 143 2,11 1,18 1,22 1,23 1,50
Ca0 8,35 9.42 4,19 4,01 2,64 2,32 2,00 2,25 2,73 2,12 2,34
Naz0 1,14 0,74 3,34 393 371 2,43 2,69 292 2,84 2,75 2,34
K20 622 694 448 3,80 4,58 4,94 5,40 4,66 4,96 5,58 372
P20s 1,30 1,66 0,72 0,36 0,28 0,36 0,10 0,30 0,26 024 0,12
PF 1,64 1,14 1,38 2,06 0,90 1,09 0,38 1,06 0,75 1,30 1,03
TOTAL 99.83 99,49 100,75 99,99 99,17 100,36 97,68 99,62 100,06 99,78 100,98
Cr 439 519 131 26 13 25 5 20 18 25 44
Ni 222 201 62 9 12 7 7 46 10 12 16
Co 44 44 29 32 18 19 20 15 23 38 52
v 182 168 92 98 56 59 4 135 53 38 85
Cu 4 13 8 15 38 10 1 1 41 83 34
Fb 15 22 15 18 24 25 3 5 28 30 28
Zn 147 183 114 99 52 83 63 135 49 73 70
K 52065 59108 37672 32407 38846 41518 46502 30411 41598 47166 31034
Rb 359 376 262 143 188 222 258 254 181 210 190
Ba 1908 2452 1108 1216 1249 912 1134 570 1627 1225 682
Sr 467 520 585 534 433 190 317 152 384 343 202
Ta 1,2 0,81 272 1,33 0,31 1,51 1,14 1,93 1,01 0,91 14
Nb 20,4 13,8 46,2 22,6 52 257 19,3 32,8 17,1 15,5 23,8
Hf 7,98 10,17 6,24 8,99 814 10,07 10,33 842 7,05 599 84
Zr 338 369 298 381 323 397 429 306 234 171 265
Y 36 35 97 27 26 34 27 34 20 14 24
Th 9,88 28,47 4,83 14,3 48,85 46,34 72,32 41,6 31,22 33,51 24,01
U 6,49 4,17 5,53 398 4,38 4,94 6,82 6,7 3.73 3,35 7
K/Rb 143 156 143 225 206 186 178 155 229 224 162
La 81,64 119,97 313 36,35 143,48 8563 141,54 70,92 77.53 58,49 5743
Ce 168,66 233,83 103,65 88,84 261,52 188,38 285,15 157,26 160,1 105,61 116,06
Nd 80,84 111,83 69,44 41,87 103,8 91,67 118,81 71,02 63,44 43,66 48,02
Sm 1597 20,33 18,11 8,58 17,3 16,12 21,7 13,19 11,08 8,33 8.8
Eu 2,89 3,52 1,71 1,81 2,08 1,64 1,55 1,06 1,64 1,52 1,17
b 1.8 1,83 2,82 1,02 1,32 1,51 1,76 1,32 1,11 071 1
Yb 2,28 1,95 6,33 2,58 1,25 284 0,94 2,39 1,74 0,88 1,45
Lu 0,32 0,26 0,84 0,41 0,15 0.49 0,15 0,36 0,28 0,12 0,25
Ybn 10,87 9,30 30,20 12,30 7.25 13,54 4,48 11,40 8,30 4,19 6,92
Lan 263 383 119 117 461 276 454 228 250 188 185
Lan/Ybn 24,22 41,61 3,88 9,53 63,62 20,40 1019 20,07 30,13 45,03 26,77
Lan/Smn 322 367 1,28 2,66 520 3,34 4,08 3,37 4,40 4,40 4,39
Smn/Luy 8,24 12,92 3,56 3,46 19,08 544 23,93 6,05 6,53 11,48 543
EwEuw* 0,71 0,76 0.32 0,81 0,58 0,44 0,33 0,34 0,62 0,66 0,54
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Figure 4 - Shand’s indice diagram (Maniar & Piccoli 1989)
for the orthogneisses of Quirinoe Unit. Same symbols as in Fig
3

Figora 4 - Diagrama de indice de Shand (Mantar & Piccoli 1989) para os
orntognaisses da Unidade Quirino. Mesmos stmbolos que os da figura 3.

AN

A - Tonalite

B - Granodiorite
C - Adamaeliite

D - Trondhjemite
E - Granite

Figure 5 - O'Connor's (1965) An-Ab-Or normative classifi-
catory diagram for the orthogneisses of Quirino Unit. Same
symbols as in Fig 3.

Figura 5 - Diagrama normative AN-AB-OR (O'Connor 1965) para os ortog-
naisses da Unidade Quirino. Mesmos simbolos que os da figura 3.

slightly peraluminous granitoids, with ALOs/(CaO+K,0+
Na,0) molar percentage of 0.97 (Fig. 4).

The medium to high-K calc-alkaline suite comprises pre-
dominantly intermediate terms with composition of tonalitic
to granodioritic gneisses (Fig. 5). The SiO, content (anhy-
drous base) varies between 58 and 69%, Na,O between 3 and
4,5%, and K,O 3%, in media. The main characteristics are
K,0/Na,O <1; ALO; > 14%; CaO between 3-5%; Fe,Os
between 5-9%, and Cr between 19-153ppm (Table 1, Figs. 6

Revista Brasileira de Geociencias, \Volume 27, 1997

and 7). In terms of incompatible elements this suite displays
110-195ppm Rb, 352-8 16ppm Ba, 139-195ppm Zr and 8-
19ppm Th, (Table 1, Fig. 7).

Chondrite-normalized REE patterns are moderately frac-
tionated (LaN/YbN = 22-10), with flat HREE (YbN=9-7) pat-
terns, and negative Eu anomaly (EwEu* = 0,52-0,68). The
less differenciated terms display LaN values of about 200
times chondrite (Fig. 8). The total REE content, the Eu con-
tent, and fractionation decrease with differenciation. Decreas-
ing REE contents with differenciation have been found in
many calc-alkaline gneissic sequences (e. g., Arth et al. 1978,
Condie et al. 1982, Figueiredo & Campos Neto 1993) and are
generally considered as representing crystal-liquid equilib-
rium of igneous protolith, being either the result of partial
melting of a mafic source or fractional crystallization of basic
magmas.

The high-K calc-alkaline suite comprises predominantly
acidic terms (adamellitic-granitic gneisses, Fig. 5). With ex-
ception of the melanossomes (samples 1 and 2, Table 2), that
will be discuss latter, the SiO, content (anhydrous base)
varies between 59 and 72%, Na,O between 2 and 5%, K,O
betwwen 3-6%, in media 4,75%; K,O/Na,O >1, and CaO
between 2-4%. This suite is enriched in incompatible ele-
ments, including LILE, REE and high field strength elements
(HFSE), with 31034-47166 ppm K, 143-262 ppm Rb, 570-
1627 ppm Ba, 3-7 ppm U, 148-429 ppm Zr (Fig. 7, Table 2).
The Th content is extremely high, up to 72ppm, Figure 7.
Chondrite-normalized REE patterns are strongly fractionated
with LaN/YbN =4-100 and YDN = 4 to 14, with enrichment in
LREE (LaN/SmN = 3-5, Table 2, Figs. 9, 10 and 11). The total
REE content is moderate in the intermediate terms (LaN ca.
100 times chondrite, Fig. 9), to high, in the acidic terms (LaN
ca. 400 times chondrite, Figs. 10 and 11). The total Eu content
decreases with differentiation, showing varying degrees of
negative Eu anomaly (EwEu* = 0,32-0,81). The total content
of REE and the degree of fractionation, in general terms,
increase with differenciation. The melanossomes display
fractionated REE patterns (LaN/YbN-24-41), are enriched in
HREE, YbN=9-Il, and bear less significant Eu anomaly
(EwEu*=0,7 1-0,76). The total REE content is high, with LaN
up to 400 times chondrite (Fig. 12).

Tectonic Setting The lithological association of
medium to high-K suite is generally interpreted as being
produced in a pre-plate collision environment and the litho-
logical association of high-K calc-alkaline suite could be
interpreted as being produced in a post-collision environment
(Batchelor & Bowden 1985, Fig. 13). The Ocean Ridge Gran-
ite (ORG)- normalized incompatible element distribution pat-
terns (spidergrams, Pearce et al. 1984) for both suites exhibit
enrichment of large ion lithophile element (LILE) and de-
creasing values for the least incompatible elements, as well as
negative anomalies of Mb and Ta. These features have been
described for volcanic arc granites with envolvement of oce-
anic crust in a subduction environment. The envelope of
multi-element patterns, for both suites, show similarity with
granites from high K calc-alkaline series of active continental
margins (e.g. Chile, Figs. 14 and 15).

U-Pb Geochronology The Quirino orthogneisses
yield U-Pb zircon ages of 2185+3 Ma and 2169+3 Ma
(Valladares 1996, Machado et al. 1996). These ages are de-
fined by upper discordia intercepts, and were obtained from
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Figure 6- Variations diagrams of major elements for the
orthogneisses of Quirino Unit. The line which separates the
fields of medium-K and high-K, in the SiO, x K,O diagram,
after Le Maitre (1989). Symbols as in Fig. 3.
Figura 6- Diagrama de variagao para elementos maiores dos ortognaisses da
Unidade Quirino. A linha de separagdo entre os campos das séries médio-K
e alto-K no diagrama SiO, x K,0 segundo Le Maitre (1989). Simbolos como
na figura 3.
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Figure 7- Variations diagrams of trace elements for the orthogneisses of Quirino Unit. Same symbols as in Fig. 3.
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Figure 8 - Chondrite-normalized (Boynton 1984) rare earth
elements (REE) distribution patterns for the medium to high-
K calc-alkaline suite, Quirino Unit.

Figura 8 - Padrdes de distribuicdo de elementos de Terras Raras (ETR),

normalizados para condrito (Boynton 1984), para os ortognaisses da suite
célcio-alcalina de médio a alto-K da Unidade Quirino.
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Figure 9 - Chondrite-normalized (Boynton 1984) rare earth
elements (REE) distribution patterns for the intermediate
terms of high-K calc-alkaline suite, Quirino  Unit.
Figura 9 - Padides de distribuicdo de elementos de Terras Raras (ETR),
normalizados para condrito (Boynton 1984), para os termos intermedidrios
da suite calcio-alcalina de médio a alto-K da Unidade Quirino.

zircon crystals of several types from a sample of biotite
granitic gneiss collected near Bom Sucesso village (sample 1,
Fig.Ib), Southern Paraiba Domain; and from zircon crystals
of several types from a sample of homogeneous hornblende
gneiss (Conceicdo quarry near Valenga, State of Rio de Ja-
neiro, sample 2, Fig. 1b), Northern Paraiba Domain. The last
one yields U-Pb zircon minimum ages of 2846 Ma and 2981
Ma (Valladares 1996, Machado et al. 1996). The lower inter-
cepts in concordia diagrams yield ages of 605+3 Ma and
571 £3 Ma, respectively. Dark sphene grains from the biotite
gneiss yielded maximum growth ages of 577+1 Ma. Sphene
from leucossomes in mafic rocks of the Quirino Unit indi-
cates partial fusion at 584+2 Ma. Younger ages are obtained
on sphenes from the hornblende gneiss (535+2 Ma), from
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Figure 10 - Chondrite-normalized (Boynton 1984) rare earth
elements (REE) distribution patterns for the acidic terms of
high-K  calc-alkaline  suite, silica  between  66-68%.
Figura 10 - Padrdes de distribute de elementos de Terras Raras (ETR),
normalizados para condrito (Boynton 1984), para os termos acidos com silica
entre 66-68% da suite calcio-alcalina de médio a alto-K.
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Figure 11 - Chondrite-normalized (Boynton 1984) rare earth
elements (REE) distribution patterns for the acidic terms of
high-K  calc-alkaline  suite, silica between  68-72%.
Figura 11 - Padrdes de distribuicdo de elementos de Terras Raras (ETR),
normalizados para condrito (Boynton 1984), para os termos 4cidos com silica
entre 68-72% da suite calcio-alcalina de médio a alto-K.

biotite gneiss leucossome (53044 Ma), and from hormblende

gneiss leucocratic band (521 +£9 Ma). The youngest age

(503+8 Ma) was obtained on sphene from biotite gneiss.

Detailed discussion on U-Pb gechronology of Paraiba do Sul

Domain can be obtained in Valladares (1996) and Machado

etal. (1996).

CONCLUSIONS The Quirino Unit yields U-Pb pa-
leoproterozoic zircon ages of 2185+3 Ma and 2169+3 Ma,
obtained from the Southermn and Northemn Paraiba sub-do-
mains, respectively, chronologically related to the Transama-
zonian event. Minimum ages of 2846 Ma and 2981 Ma reveal
the pre-existence of Archean crust as Pb source of part of the
investigated gneisses. These data suggest that the Quirino
Unit could represent the basement of the supracrustal rocks of
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Figure 12- Chondrite-normalized (Boynton 1984) rare earth
elements (REE) distribution patterns for the melanossomes of
the  orthogneisses  of  high-K  calc-alkaline  suite.
Figura 12- Padides de distribuicdo de elementos de Terras Raras (ETR),

normalizados para condrito (Boynton 1984), para os melanossomas dos
ortognaisses da suite calcio-alcalina de médio a alto-K.

2500 T T T T T T
"1 - Mantle plagiogranites
2 - Pre-plate collision
| 3-Post-collision uptift a
2000 4 - Late orogenic
5 - Post-orogenic
2 6 - Syn-orogenic i
-
oo 1500 — -
=
~
+
o
% 1000 — -1
P4
[ ]
500 — -
6
5
0 1 L i 1 1 1
0 500 1000 1500 2000 2500 3000

R1=48i-11(Na+ K} - 2(Fe + Ti)

Figure 13- RI-R2 discriminant diagram, based on modern
granitoids (Batchelor & Bowden 1985), for the orthogneisses
of Quirino Unit. Same symbols as in Fig 3.
Figura 13- Diagrama discriminante R1-R2, baseado em granitoides moder-
nos (Batchelor & Bowden 1985), para os ortognaisses da Unidade Quirino.
Mesmos simbolos que os da figura 3.

Paraiba do Sul Complex. Geochemical studies of the Quirino
orthogneisses at the Southern Paraiba sub-domain discrimi-
nate two calc-alkaline suites: one of medium to high-K and
other of high-K, enriched in LILE. Both suites may have been
generated during the same Transamazonian collision, repre-
senting volcanic arc granites. Ages between 605-503 Ma
indicate reworking of Quirino Unit rocks during the Brazilian
Orogeny.
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Figure 14- Envelope of multi-element patterns for the high-K
calc-alkaline suite, normalized to Pearce et al. (1984) ORG
values, with plote of volcanic arc granite from Chile.
Figura 14- Diagrama de multi-elementos da sufte calcio-alcalina de alto-K,
normalizados para o granito de cadeia ocednica (ORG), definido por Pearce
et al. (1984), com plote do granito de arco vulcanico do Chile.
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Figure 15- Envelope of multi-element patterns for the me-
dium to high-K calc-alkaline suite, normalized to Pearce et
al. (1984) ORG values, with plote of volcanic arc granite

from Chile.

Figura 15 - Diagrama de multi-elementos da suite calcio-alcalina de médio a
alto-K, normalizados para o granito de cadeia ocednica (ORG), definido por
Pearce et al. (1984), com plote do granito de arco vulcanico do Chile.
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