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ABSTRACT

Supracrustal rocks of the Araí Group, together with coeval A-type granites represent a ca. 1.77-1.58 Ga

old continental rift in Brazil. Two granite families are identified: the older (1.77 Ga) group forms small

undeformed plutons, and the younger granites (ca. 1.58 Ga) constitute larger, deformed plutons.

Sr-Nd isotopic data for these rocks indicate that the magmatism is mostly product of re-melting of Paleopro-

terozoic sialic crust. Initial Sr ratios for both granite families are ca 0.726 and 0.720. Most TDM model ages

are between 2.58 and 1.80 Ga.εNd(T) values are between+3.6 and−11.9. Araí volcanics are bimodal, with

basalts and dacites/rhyolites interlayered with continental sediments. The felsic volcanics show Nd isotopic

characteristics which are very similar to the granites, and are also interpreted as reworking of Paleoproterozoic

crust.

Detrital sediments of the Araí Group revealed TDM model ages between 2.4 and 2.16 Ga, indicating that they

are the product of erosion of Paleoproterozoic crust.

The data indicate that the Araí rift system was established on crust that had just become stable after the

Paleoproterozoic orogeny.

Key words: Sr-Nd isotopes, Paleoproterozoic, tin granites, Transamazonian.

INTRODUCTION

The Araí Group sediments and volcanics represent a

well preserved Paleo- to Mesoproterozoic continen-

tal rift association in the central-eastern part of the

Tocantins Province, central Brazil (Figure 1). Vol-

canic rocks are represented by 1.77 Ga old alkali-

rich basalts and rhyolites near the base of the sedi-

mentary pile. These volcanics are known only in the

eastern part of the basin. Coeval alkali-rich A-type

granites are also abundant in the region and repre-

∗Member of Academia Brasileira de Ciências
Correspondence to: Márcio M. Pimentel
E-mail: marcio@unb.br

sent the plutonic counterparts of the Araí volcanics.

Younger granite intrusions (ca. 1.58 Ga) are known

also and form large bodies in the western part of the

area. These granitic rocks host several tin deposits

and this region is part of the so-called Goiás Tin

Province (Marini and Botelho 1986, Botelho and

Moura 1998). Recent studies have also revealed

important indium occurrences (Botelho and Roger

1990, Moura and Botelho 1994) associated with the

tin granites.

In this study we present new Sr and Nd isotopic

data for the granitic and volcanic rocks, as well as

for detrital sediments of the Araí Group, and discuss
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their significance with respect to the petrogenesis of

the original magmas and to the tectonic evolution of

the Araí rift system.

REGIONAL GEOLOGIC SETTING

The study area is located in the eastern part

of the Tocantins Province, in central Brazil (Figure

1). This province represents a large Neoprotero-

zoic orogen formed between theAmazon, São Fran-

cisco/Congo and Paraná (or Rio de la Plata) conti-

nental blocks. The Brasília Belt supracrustals oc-

cupy the eastern part of the Tocantins Province and

constitute a ca. 1000 km long N-S fold-and-thrust

belt formed along the western margin of the São

Francisco plate. According to the tectonic frame-

work described by Trompette (1994), the Brasília

Belt had a long-lived tectonic history, with sedimen-

tation starting at ca. 1.1 Ga and final ocean closure

at ca. 0.6 Ga.

In the study area, the Araí Group and

the granite-gneiss basement are overlain uncon-

formably by the Meso-Neoproterozoic sedimentary

rocks of the Brasília Belt (the Paranoá and Bambuí

groups; Figure 2). The rocks investigated in this

study, therefore, represent the basement on which

the Meso-Neoproterozoic sediments were deposit-

ed. All rock units were subsequently affected by the

Brasiliano/Pan-African orogeny at ca. 0.6 Ga. The

Neoproterozoic deformation is progressively less in-

tense towards the east, so that in the easternmost

parts of the studied area, the rocks hardly display

any effect of deformation and metamorphism.

THE ARAÍ GROUP AND ITS BASEMENT

The Araí Group is a ca. 1500m thick sedimentary

sequence made of continental to shallow marine sed-

iments. Its basal section comprise eolian and flu-

vial deposits corresponding mostly to alluvial fan

conglomerates and sandstones, and to fluvial sand-

stones. These continental sediments are well de-

veloped and exposed mostly in the eastern part of

the Araí Basin (Alvarenga et al. 2000). Alkali-

rich basalts, dacites, rhyolites and ignimbrites dated

at 1771± 2Ma (U-Pb zircon age; Pimentel et al.

1991) are associated with them. The upper part of

the group is formed by post-rift sediments constitut-

ing a transgressive marine sequence (Alvarenga et

al. 2000). They correspond to siltstones and mud-

stones and small carbonate lenses deposited in tran-

sitional and shallow marine environments. To the

west, the Araí Group is in fault contact with the

pelitic-psammitic sediments of the Serra da Mesa

Group, which has been interpreted as a lateral equiv-

alent of the marine sediments of the upper part of

the Araí Group (Marini et al. 1984, Alvarenga et al.

2000).

The Araí Group rests unconformably on: (i)

granite-gneiss complex of unknown age (Archaean/

Paleoproterozoic?), and (ii) an older metasedimen-

tary sequence formed by carbonaceous micaschist

and paragneiss (Ticunzal Formation) (Figure 2). In

the Cavalcante-Teresina de Goiás area, the granite-

gneiss complex is made mainly of hornblende-bio-

tite metatonalite with subordinate diorite and gran-

odiorite. Preliminary trace and major element geo-

chemistry indicate that these are typical arc-type

calc-alkaline suites (Botelho, unpublished results).

They have been intruded by several peraluminous

granites such as the Aurumina granite, a small, fo-

liated, two-mica granite which hosts a small gold

deposit (Botelho, unpublished results). Recent map-

ping has identified a large volume of such gran-

ites, which are presently known as the Aurumina

suite. In the whole region, these S-type granites host

greisens and pegmatites with cassiterite and tantalite

such as in the small intrusions in the Porto Real and

Monte Alegre de Goiás areas. In the latter, mus-

covite of a pegmatite has a K-Ar age of ca. 2.1

Ga and the cassiterite has U-Pb ages ranging be-

tween ca. 2.02 Ga and 2.27 Ga (Sparrenberger and

Tassinari 1998). K-Ar amphibole age for metaba-

sic rocks of the São Domingos volcano-sedimentary

sequence, to the northeast of the area studied here,

is also Paleoproterozoic (ca. 2.04 Ga) (Hasui et

al. 1980). These very preliminary geochronolog-

ical data suggest that the sialic basement of the Araí
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Fig. 1 – Tectonic sketch map of the southeastern part of the Tocantins Province (Brasília Belt).
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Fig. 2 – Geologic map of the study area.

Group has been strongly affected by the Transama-

zonian orogeny.

THE A-TYPE GRANITES

Several A-type intrusions are known in the area and

correspond, in part, to the plutonic equivalents of the

Araí volcanics. These intrusions have been grouped

into two tin-bearing sub-provinces, which have dis-

tinct field, structural, petrographic and geochemi-

cal characteristics: (i) the Rio Paranã Sub-Province

(RPS) in the east and (ii) the Rio Tocantins Sub-

Province (RTS) in the west (Figure 2).

Eight granite plutons constitute the RPS. They

intrude into rocks of the gneissic basement as well

as into micaschists of the Ticunzal Formation. No

intrusive relationships have ever been described be-

tween these granites and the Araí Group supra-

crustals. These plutons are small, with diameters

not exceeding ca. 15 km. Sub-volcanic textures

are common. The RTS contains nine plutons (Fig-

ure 2), which are generally larger than those of the

RPS. They are elongated in the NS direction forming

dome-like structures which deform the surround-

ing metasediments of the Serra da Mesa and Araí

groups. These granites are normally deformed, es-

pecially along the margins of the intrusions. The

field relationships between these plutons and the en-
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closing metasediments are obscure and have origi-

nated some controversy. Marini and Botelho (1986)

stress that there is no field evidence indicating that

they are intrusive into the supracrustal units. Other

authors, however, have described intrusive relation-

ships (Macambira 1983).

All granites in the RPS and RTS have general

petrographic and geochemical features which are

similar to those normally attributed to A-type gran-

ites. They are alkali-rich and have high F, Sn, Rb,

Th,Y, Nb, Ga, and REE contents (Botelho 1992). In

the RPS, two distinct families of granite intrusions

have been identified and are referred to as the g1 and

g2 granites. Those of the g1 family, identified only

in the RPS, are older (U-Pb zircon age of 1.77 Ga;

Pimentel et al. 1991) and coeval, therefore, with the

Araí rhyolites. They are potassic and display clear

alkaline affinity, with high Nb, Zr, Th, Y and REE

contents. The g2 granites are younger (1.6-1.5 Ga –

U-Pb zircon and Pb-Pb ages; Pimentel et al. 1991,

Reis Neto 1983, Rossi et al. 1992) and show metalu-

minous to peraluminous character, with lower K/Na

ratios and higher Li, Rb, Sn and Ta contents. g2

granites form the large intrusions in the RTS but oc-

cur also as subordinate facies of the granite plutons

in the RPS. Tin and indium deposits and occurrences

are dominantly associated with the g2 granites.

PREVIOUS GEOCHRONOLOGICAL DATA

The most reliable previous geochronological data

for these granites are the U-Pb and Pb-Pb data in

Pimentel et al. (1991), Reis Neto (1983), and Rossi

et al. (1992). The Soledade and Sucuri g1 gran-

ites in the RPS have been dated at 1769± 2Ma and

1767± 10Ma, respectively, and the Serra da Mesa

g2 granite yielded an unprecise U-Pb age falling in

the interval between ca. 1.57 and 1.61 Ga (Pimentel

et al. 1991). Zircons from this granite have a Pb-

Pb evaporation age of 1.58 Ga (Rossi et al. 1992).

Whole-rock samples of the Serra da Mesa and Serra

Branca g2 granites produced a Pb-Pb isochron with

the age of 1658± 44Ma (Reis Neto 1983). The

geochronological data available indicate, therefore,

a time interval of ca. 170 Ma between the emplace-

ment of g1 and g2 granites.

Previous Rb-Sr and K-Ar studies have indi-

cated the clear imprint of the Brasiliano/Pan-Afri-

can orogeny, resulting in open system behaviour of

these isotopic systems (Reis Neto 1983, Reis Neto

and Cordani 1984). K-Ar mineral ages are mostly

between 0.51 and 0.67 Ga (Hasui andAlmeida 1970,

Reis Neto 1983) and most Rb-Sr whole-rock

isochron ages are between 1.64 and 1.34, distinc-

tively younger than U-Pb zircon ages (for a review,

see Pimentel et al. 1991).

ANALYTICAL TECHNIQUES

Rb-Sr and Sm-Nd isotopic analyses were carried out

at the Geochronology Laboratory of the University

of Brasília.

Rb and Sr concentrations were determined by

isotope dilution. Sr was separated from whole-rock

powders using a conventional cation exchange pro-

cedure (Pankhurst and O’Nions 1973). Sr samples

were loaded onto double Re filaments and the iso-

tope measurements were carried out on a multi-

collector Finnigan MAT-262 mass spectrome-

ter. Mass fractionation corrections were made us-

ing 88Sr/86Sr ratio value of 8.3752. 1σ uncertain-

ties on the measured87Sr/86Sr and87Rb/86Sr ratios

were better than 0.2% and 2%, respectively. Iso-

tope dilution analysis are carried out with the use of

a 85Rb-84Sr spike and procedure blanks for Sr are

typically lower than 100pg. Uncertainties for the

isochronic age values were calculated using Isoplot-

Ex and are presented at the 95% confidence level.

Errors have been augmented by the square root

of MSWD/Crit-F.

Sm and Nd extraction from whole-rock pow-

ders followed the technique of Richard et al. (1976),

in which the separation of the REE as a group using

cation-exchange columns precedes reversed-phase

chromatography for the separation of Sm and Nd us-

ing columns loaded with HDEHP (di-2-ethyl-hexyl

phosphoric acid) supported on Teflon powder. We

have also used, more recently, the RE-Spec and
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Ln-Spec resins for REE and Sm-Nd separation. A

mixed 149Sm-150Nd spike was used. Sm and Nd

samples were loaded onto Re evaporation filaments

of a double filament assembly. Uncertainties on

Sm/Nd and143Nd/144Nd ratios are considered to be

better than±0.05%(1σ) and±0.00001(1σ) respec-

tively, based on repeated analyses of international

rock standards BCR-1 and BHVO-1.143Nd/144Nd

ratios were normalized to a146Nd/144Nd ratio of

0.7219. Nd procedure blanks were smaller than

100pg.

ISOTOPIC RESULTS

Sr and Nd isotopic data for the granite rocks and

Araí volcanics and sediments are listed on Tables I

and II.

Rb-Sr Data for the Serra da Pedra Branca

and Serra do Mendes Granites

The Serra da Pedra Branca granite is a small, circular

pluton exposed to the east of the town of Aurumina

in the RPS (Figures 2 and 3). It is made mostly

of a medium- to coarse-grained porphyritic biotite

granite belonging to the g1 family. In the south-

ern border and central part of the pluton, g2 facies

are also recognized. These are mainly equigran-

ular to porphyritic biotite granites and less volu-

minous zinnwaldite and topaz-bearing leucogran-

ite with cassiterite. Quartz diorite and granodiorite

have also been mapped along the southern margin

of the pluton. Like other dioritic rocks in the area

(e.g. in the Serra do Mendes and Mangabeira intru-

sions) these have been interpreted as part of the older

basement into which the granites have intruded. As

discussed below, this study indicated that at least

some of the diorites are part of the 1.77 Ga mag-

matic event, agreeing with the fact that these rocks

are only slightly deformed.

Whole-rock samples of g1 and g2 granites of

the Serra da Pedra Branca pluton have been analysed

for their Sr isotopic compositions. Two g1 granite

samples from the Serra do Mendes pluton have also

been included.

The Rb-Sr data for samples of the g1 gran-

ite reflect their very evolved geochemical nature.
87Rb/86Sr ratios vary from 3.9 to 79.4. The best fit

line through the all seven points (MSWD=21) (Fig-

ure 4a) have yielded an age of 1769±100Ma which

agrees with U-Pb zircon age of ca. 1769 Ma for

g1 granites of the Sucuri and Soledade intrusions.

The high initial ratio of ca. 0,718 indicates that the

original magma is the product of re-melting of older

sialic material. Regression calculated with the five

samples from the Serra da Pedra Branca intrusion

yielded a similar age of 1757± 132Ma and a very

poorly defined initial ratio of ca. 0.72.

Samples of the g2 granite facies of the Serra

da Pedra Branca intrusion also demonstrate its very

evolved character with87Rb/86Sr ratios varying be-

tween 10 and 75. Despite the very large spread

of the data points, they align reasonably well

(MSWD=7,5) and the regression line indicates the

age of 1555± 88Ma and initial ratio of ca. 0,720

(Figure 4b). The Rb-Sr age of ca. 1,57 Ga of the

Serra da Pedra Branca g2 granites agrees well with

U-Pb and Pb-Pb ages observed for g2 granites in the

RTS and confirm the large time interval between the

emplacement of the two granite families.

Initial Sr ratios for both g1 and g2 facies are

very poorly defined due to the strongly evolved na-

ture of the original magmas and consequent high

values of the87Rb/86Sr. Nevertheless, the high val-

ues(> 0.710) for these ratios suggest re-melting of

older continental crust.

Nd Isotopic Composition of g1 and g2Granites

and Araí Supracrustals

The granite and volcanic samples investigated show

relatively high REE contents, with Nd values nor-

mally above 100 ppm (Table II).147Sm/144Nd ra-

tios vary between 0.099 and 0.249. Values above

0.14 are observed in five samples and those were

not used for TDM model age calculations. The high
147Sm/144Nd values for some of the samples are due

to strong fractionation between Sm and Nd which

is common in very alkali-rich granitic and volcanic

An. Acad. Bras. Cienc., (2001)73 (2)
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Fig. 3 – Geologic map of the Rio Paranã subprovince. g1 and g2 granites within

the Serra da Pedra Branca granite are shown.

rocks. Similar cases have been described in other

granite plutons in Brazil such as the alkali granites of

Iporá and Israelândia in Goiás (Pimentel and Charn-

ley 1990) and of Japi, Rio Grande do Norte (Hol-

landa et al. 1999). The fractionation can normally

be accounted for by the separation of LREE-rich

accessory phases such as monazite or allanite.

TDM model ages of the granites vary between

2.77 and 1.8 (Table II) andεNd(T) values vary within

+3.6 and−11.9. Most of the TDM ages fall in the

interval between 2.5 and 1.8 Ga, suggesting that the

original magmas are melts derived mainly from Pa-

leoproterozoic crust, with limited contribution from

Archaean material. The dominance of Paleoprotero-

zoic model ages seems to indicate that most of the

sialic basement in the region was accreted during

the Transamazonian orogeny.

The Nd isotopic characteristics of g1 and g2

granites are illustrated in Figure 5. There are no ma-

jor differences between them, although some sam-

AABC 73 2 t2

An. Acad. Bras. Cienc., (2001)73 (2)



270 MÁRCIO M. PIMENTEL and NILSON F. BOTELHO

0,6

1,0

1,4

1,8

2,2

2,6

0 20 40 60 80 100

87
Rb/

86
Sr

8
7
S

r/
8
6
S

r

Model 3 Solution on 6 points

Age = 1555 ± 88 Ma (2s )

Initial 87/86=0,72 ± 0.14

MSWD = 7,5

g2 granites

0,4

0,8

1,2

1,6

2,0

2,4

2,8

3,2

0 20 40 60 80 100

87
Rb/

86
Sr

8
7
S

r/
8
6
S

r

Model 3 Solution on 7 points

Age = 1769 ± 100 Ma (2s )

Initial 87/86=0,718 ± 0.060

MSWD = 21

g1 granites

a

b

Sr
/

Sr
8

7
8

6
Sr

/
Sr

8
7

8
6

g2 granites
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ples of the g1 family are more radiogenic. This indi-

cates the presence of some mantle component in the

origin of the g1 granites. In fact, as discussed above,

dioritic/granodioritic rocks are associated with some

of the plutons in the RPS and could represent the

mantle end-member. One sample of these diorites

in the southern margin of the Pedra Branca intru-

sion yielded the most positiveεNd(T) value(+3.6)

and the youngest model age (1.80 Ga), only slightly

older than the crystallization age of the g1 granites of

that pluton. This confirms that these diorites are in

fact coeval with the granite magmatism and proba-

bly have a large proportion of the mantle component

involved in that magmatic event.

Nd isotopic compositions of basaltic and felsic

volcanics of theAraí Group are also displayed in Fig-

ure 5. Their compositions are within the same range

as for the g1 and g2 granites, withεNd(T) values from

−1.5 to−5.9, and model ages between 2.59 and 2.2

Ga. Basaltic rocks have high REE concentrations

and present the most negativeεNd(T) values, sug-

gesting strong contamination of the original mafic

magma with the Paleoproterozoic continental crust.

Four samples of fine-grained sediments of the

An. Acad. Bras. Cienc., (2001)73 (2)
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TABLE I

Rb-Sr isotopic data for g1 and g2 granites

Sample Rb(ppm) Sr (ppm) 87Rb/86Sr 87Sr/86Sr

(±2SE)

g1 granites

ME-01A1 194.0 145.0 3.91 0.81902(02)

ME-121 223.5 135.1 4.85 0.84547(02)

PB-452 262.5 129.2 5.99 0.88095(03)

PB-462 437.8 41.3 33.45 1.63457(03)

PB-512 371.3 31.5 37.35 1.68136(04)

PB-188A2 496.0 21.6 79.39 2.70090(02)

PB-1902 240.1 50.4 14.20 1.01531(03)

g2 granites

PB-47A2 367.2 29.6 39.22 1.65625(01)

PB-75A2 335.6 31.3 33.29 1.45634(02)

PB-81A2 419.8 18.9 75.36 2.47277(02)

PB-107A2 360.1 18.1 65.64 2.07796(04)

PB-1662 332.0 75.2 13.14 1.00672(03)

PB-171C2 192.9 57.1 10.01 0.94310(03)

1Serra do Mendes granite,2Serra da Pedra Branca granite. Precise

location of the sampling sites can be obtained directly from the first

author.

Araí Group were also analysed. TDM values are

also Paleoproterozoic, ranging between 2.41 and

2.16 Ga, indicating that they represent the products

of erosion of juvenile Paleoproterozoic continental

crust, with only very limited contribution from Ar-

chaean sources.

DISCUSSION AND CONCLUSIONS

The new Sr and Nd isotopic data for rocks of the

Araí rift system suggest the following:

1. In spite of the large uncertainties, Rb-Sr

isochron ages confirm the large time lag be-

tween the emplacement of g1 and g2 granites;

2. Initial 87Sr/86Sr ratios, although poorly defined,

are high, indicating that the original magmas

are melts derived from older sialic crust;

3. Sm-Nd model ages indicate that most of the

sialic crust that originated the parental mag-

mas to the tin granites was accreted during the

Paleoproterozoic and was probably involved in

the ca. 2.0 Ga Transamazonian orogeny;

4. Most detrital sediments of the Araí Group are

the product of erosion of the Paleoproterozoic

juvenile crust;

5. Nd isotopic data for g1 and g2 granites show a

very large spread inεNd(T) values, especially

for the g1 granites. This can be preliminarily

interpreted in two ways: (i) the original mag-

mas are the product of different degrees of mix-

ing between 1.7-1.8 Ga mafic magmas and fel-

sic crust-derived melts, or (ii) the sialic source

is very heterogeneous in terms of age and iso-
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TABLE II

Nd isotopic composition for the Araí rocks and A-type granites

Sample Sm Nd 147Sm/144Nd 143Nd/144Nd TDM (Ga) εNd(T)

(ppm) (ppm) (±2SE)

g1 granites

MM-1A1 13.17 68.75 0.116 0.511386(05) 2.58 −6.1

ME-082 13.43 66.44 0.122 0.511769(06) 2.10 0

PB-188A3 21.35 83.12 0.155 0.511824(03) – −6.5

SU-05A4 21.03 127.9 0.099 0.511677(04) 1.81 +3.4

ME-01A2 19.57 78.79 0.150 0.511388(05) – −13.9

SU-06A4 28.73 132.3 0.131 0.511675(05) 2.50 −3.9

SS-15 17.06 88.62 0.116 0.511479(04) 2.43 −4.3

g2 granites

84-GD-SM26 27.57 138.0 0.121 0.511356(04) 2.77 −7.9

PB-75A2 27.97 148.8 0.114 0.511423(06) 2.47 −3.9

PB-022 72.40 175.5 0.249 0.512639(04) – −11.9

SB-3227 25.51 116.1 0.133 0.511796(04) 2.34 −3.4

PE-2838 19.19 96.26 0.120 0.511761(05) 2.07 −1.4

SM-206 17.73 89.21 0.120 0.511572(03) 2.38 −5.0

MO-069 (greisen) 26.87 81.86 0.198 0.512307(06) – −6.3

Pedra Branca diorite

PB-152 2.547 12.190 0.126 0.512003(10) 1.80 +3.64

Volcanic rocks

PB-40 (rhyo) 8.44 31.83 0.160 0.511446(10) – −4.7

TF-95-II-72(β) 5.208 26.31 0.120 0.511444(05) 2.59 −5.9

TF-95-I-108(β) 3.600 18.95 0.115 0.511419(07) 2.50 −5.5

A-III-14B (dac) 16.70 86.85 0.116 0.511624(05) 2.20 −1.5

TF-95-IV-93 (rhyo) 16.92 89.29 0.115 0.511427(06) 2.49 −5.0

Sediments

FENG 39.04 208.6 0.113 0.511444 2.41 −4.3

CV-20 3.170 17.38 0.110 0.511497 2.21 −2.6

MORSOL 3.450 18.44 0.113 0.511559 2.24 −2.1

CACH120 4.090 23.31 0.106 0.511508 2.16 −1.5

1Mangabeira granite,2Serra do Mendes granite,3Serra da Pedra Branca granite,4Sucuri granite,
5Soledade granite,6Serra da Mesa granite,7Serra Branca granite,8Serra Dourada granite,9Mocambo

granite. Ages forε(T) calculations are 1.77 Ga for g1 granites and Araí volcanics, and 1.58 Ga for g2

granites. Precise location of the sampling sites can be obtained directly from the first author.
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Isotopic composition of Paleoproterozoic
gneisses from the S.Francisco Craton (Sato 1998,

and unpublished results)

ε N
d

T (Ga)T (Ga)

DM

CHUR

Pedra Branca Granite

Sucuri Granite

Serra da Mesa Granite

Mocambo Granite

Mangabeira Granite

Serra do Mendes Granite

Rhyolite

Diorite

Araí SedimentsBasalt

G2 G1

Fig. 5 – Nd isotopic composition of the granites, and Araí supracrustals, compared to the com-

position of Paleoproterozoic rocks of the São Francisco Craton.

topic characteristics. A combination of the two

alternative is also a likely possibility, especially

for the g1 granites, due to their spatial asso-

ciation with dioritic rocks. Therefore, the g1

magmatic event is bimodal and the melting of

Paleoproterozoic sialic crust was most prob-

ably triggered by the heat provided by mafic

magmas invading the crust, during the initial

stages of development of the continental rift;

6. Nd isotopic composition of the Serra da Pedra

Branca diorite indicates the depleted nature of

the mantle source, pointing to a lithospheric

source.

Similar associations of extension-related gran-

ites and volcanics occur in other parts of the world

in this same time interval (for a review see Wind-

ley 1993). In the northern hemisphere, 1.77 to 1.5

rapakivi granites and associated volcanic rocks are

emplaced almost always into Paleoproterozoic oro-

genic belts such as the Svecofennian, Ketilidian and

Penokean orogens, or as in theAmazon Craton. One

of the most studied of these associations is the one in-

cluding the classical rapakivi granites intruded into

the Svecofennian accretionary orogen of northern

Europe (Haapala and Rämö 1990). In that region,

the rapakivi granites were emplaced about 70-200

Ma after the last compressive events of the Paleo-

proterozoic Svecofennian orogeny.

The preliminary data presented here for the

Goiás tin granites seem to indicate a similar tectonic

situation, although precise ages for the Transamazo-

nian orogeny affecting the basement granite-gneiss

complex are not available. However, the Nd model

ages indicate that most of the country rocks was

accreted and subsequently deformed during the Pa-

leoproterozoic.

The time-lag observed between the final stages

of deformation of the Paleoproterozoic orogens and

the onset of extension and bimodal magmatism is

AABC 73 2 t2
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explained in terms of the thermal and tectonic state

of the lithosphere (Windley 1993). Two variables

control the time interval: (i) the initial Moho tem-

perature and (ii) the amount of thickening during

the Paleoproterozoic orogeny (Sonder et al. 1987).

Wherever thickening is limited (for example in ac-

cretionary orogens) and the Moho is heated up to

600◦C, it might still take ca. 100 Ma (or more)

for extension to start. Therefore, the Paleo-Meso-

proterozoic "anorogenic" granites that characterize

the Precambrian terrains in several continents might

still bear an orogenic connection, although their em-

placement took place much later (up to 200 Ma) after

the last tectonic events of Paleoproterozoic orogens

(Windley 1993).

Therefore we suggest a model to be tested,

which considers the 1.77 Ga A-type granites/vol-

canics of the Araí rift, together with those of the

Espinhaço Supergroup, as post-orogenic to a Pale-

oproterozoic orogen. As a suggestion for further

investigation, one might consider a model in which,

after the last deformational/crustal thickening events

of the Transamazonian orogeny in northern Goiás/

southern Tocantins, there was a long time lag be-

fore the continental crust became gravitationally un-

stable and crustal extension took place, leading to

upwelling and decompression melting of the man-

tle. The mafic magmas produced invade the crust,

triggering melting of gneisses/granulites/metasedi-

ments and producing granite magmatism. One can

envisage a situation in which continental blocks am-

malgamate along Paleoproterozoic orogens origi-

nating a large continental mass(es), which soon be-

comes unstable and rift attempts occur. The Araí

sequence is correlated with the basal parts of the Es-

pinhaço Supergroup in Bahia and Minas Gerais, ca.

600 km to the east. This indicates that this continen-

tal rift system covered large areas of the continental

crust at the end of the Paleoproterozoic, suggesting

an important attempt to rift a large continental plate

at that time.

To test the model suggested here, the major

questions to be addressed in the future are related to

the nature and precise timing of igneous and meta-

morphic events of the Paleoproterozoic terrains that

underlie the northwestern margin of the São Fran-

cisco Craton.
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RESUMO

As rochas supracrustais do Grupo Araí, e os granitos

tipo-A associados, representam um rift continental paleo-

mesoproterozóico. Duas famílias de granitos são iden-

tificadas: a mais antiga (ca. 1,77 Ga) forma pequenos

plutons circulares enquanto a mais jovem (ca. 1,58 Ga),

constitui corpos maiores e deformados.

Dados isotópicos Sr-Nd indicam que o magmatismo fél-

sico é predominantemente o produto de re-fusão de crosta

de idade paleoproterozóica. Razões87Sr/86Sr iniciais das

duas famílias são ca. 0,726 e 0,720. A maioria das

idades modelo TDM caem no intervalo entre 2,58 e 1,80

Ga e os valores deεNd(T) se distribuem entre+3.6 e

−11.9. Rochas vulcânicas do Grupo Araí são bimodais,

com basaltos e dacitos/riolitos intercalados em sedimentos

continentais. As vulcânicas félsicas mostram caracterís-

ticas isotópicas de Nd muito semelhantes às dos granitos

e também são interpretadas como produtos da re-fusão de

crosta paleoproterozóica.

Sedimentos do GrupoAraí indicaram TDM entre 2,4 e 2,16

Ga, demonstrando que são o produto da erosão de crosta

paleoproterozóica.

Os dados apresentados indicam que o rift Araí se instalou

em crosta recém estabilizada, após a orogenia Paleopro-

terozóica.

Palavras-chave: Isótopos Sr-Nd, Paleoproterozóico,

granitos estaníferos, Transamazônico.
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