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THE NEOPROTEROZOIC GOIAS MAGMATIC ARC, CENTRAL BRAZIL:
A REVIEW AND NEW Sm-Nd ISOTOPIC DATA

MARCIO MARTINS PIMENTEL, REINHARDT ADOLFO FUCK AND SIMONE MARIA COSTA LIMA GIOIA

ABSTRACT In this study we review the main characteristics and geochronological/isotopic data of metaigneous rocks of the juvenile
Neoproterozoic Goias Magmatic Arc in central Brazil. Some new Sm-Nd isotopic data are also presented for both the southern (Arenépolis) and
northern (Mara Rosa) sections of the arc. In the south, granitoids of the Choupana-Turvania area yielded a Sm-Nd whole-rock isochron age of
863 + 97 Ma and g(T) of +4.1. T model ages vary between 0.94 and 1.13 Ga. Metavolcanic rocks in the Pontalina region have a Sm-Nd
whole-rock isochron age of 762 £ P%7 Ma an §) of +2.9. -IET values are between 0.96 and 1.10 Ga. In the northern section of the Goiés Arc,
mylonitic gneisses of the Serra Azul ridge, an important MOE shear zone, were investigated and have a Sm-Nd isochron age of 3058 + 120 Ma
and initial e  value of ca. +2.1. This data suggests that the Serra Azul ridge might represent either a mylonitized fragment of the Archaean
terranes exposed just to the south, or the sialic basement of the Araguaia Belt supracrustals, along the eastern margin of the Amazon Craton.
The geochronological data available so far indicate a long history of arc formation and amalgamation on the western margin of the Sao Fran-
cisco-Congo continent during the Neoproterozoic. The history of convergence of continental masses is partially coeval with the fragmentation
of Rodinia, indicating that the western margin (present geographic reference) of that continent occupied a peripheral setting in the Rodinia
supercontinent.
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INTRODUCTION The Goiads Magmatic Arc (Pimentel and Fuckwe present a review of the geological and geochronological data for
1992) constitutes one of the most important components of ttree arc rocks and also present some new Sm-Nd isotopic data, which
Neoproterozoic Brasilia Belt in central Brazil. During the last decadieelped to constrain the extension of the juvenile terranes in northern
the discovery of several juvenile metavolcanic and orthogneissic urgtsd southern areas of the arc.

represented a major step to constrain the geological evolution of this

Neoproterozoic orogen (Pimentet al 1997, Viana et al 1995, THE GOIAS MAGMATIC ARC Two main areas of
Rodrigueset al 1999, Gioia 1997, Pimentel and Junges 1997Neoproterozoic juvenile crust have been identified in western and
However, detailed studies on the field, geochronological and isotopiorthern Goias. These are here referred to asrd@polisandMara
characteristics of the rock units constituting the Goias Magmatic ARosaarcs respectively (Figure 1). Most of the arc magmatism is
are still scarce. Therefore, the stratigraphic and structural relationshippresented, at the present level of erosion, by metaplutonic rocks
between the volcanic and plutonic rock units and even the reahging in composition from tonalite to granodiorite. They are exposed
geographical/geological limits of the juvenile arc and its relationshifietween narrow NNW to NNE belts of Neoproterozoic volcano-
with older adjacent terranes are still poorly constrained. In this studgdimentary sequences.
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Figure 1 — Geological sketch map of the Brasilia Belt, in the eastern part of the Tocantins Province, central Brazil
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The Arendpolis Arc The section of the magmatic arc known age.g. the Arenépolis, Sanclerlandia, Matrinxd, and Firminépolis
the Arendpolis arc underlies large areas in southwestern and southgmeisses). They show mineral assemblages indicative of
Goiés, extending from the vicinities of Bom Jardim de Goias in thmetamorphism under epidote amphibolite facies and commonly
west, to Firmindpolis (Fig. 1). The supracrustal and orthogneissic unilisplay relict igneous textures and structures, such as mafic enclaves,
that make this section of juvenile Neoproterozoic continental crust grerphyritic textures and magma mixing features. Major and trace
juxtaposed to each other along important NNE to NNW strike-sliplement data suggest that the igneous protoliths were metaluminous,
faults, which are part of the continental-scale Transbrasiliarealcic- to calc-alkaline, with high CaO, MgO @ and AEO
Lineaments. (Pimentel 1991). Low Rb/Sr, Zr, Nb, Y, LRE?E and Ga o? the
Large late- to post-orogenic K-rich granite bodies emplaced into tigendpolis, Sanclerlandia and Firmindpolis gneisses are comparable to
arc rocks at the end of the Neoproterozoic and beginning of thalues found in primitive M-type granitoids of intraoceanic island arcs.
Paleozoic (Pimentedt al 1996). Low K,O/NaO, high Ni, Cr and Sr contents, and strongly fractionated
REE patterns with high La/Yb and Sr/Yb ratios are features similar to
CALCIC- TO CALC-ALKALINE ORTHOGNEISSES These are modern adakites, which form in subduction environments where the
hornblende- and biotite-bearing metatonalites and metagranodiorigegducted slab is young (< 20 Ma) and hot and therefore capable of

Table 1 - Summary of geochronological and isotopic data for rock units of the Goias Magmatic Arc.

Rock Unit I Age (Ma) | EsrBesr); I Tom (Ga) | ena(T) I Refer
Orthogneisses
Arendpolis gneiss 899+7 @ 0.7042 1.0-1.2 +1.9/+3.2 1,2
81857
637°
Matrinxa gneiss ca. 895 0.7026 0.9 +6.0 2
Sanclerlandia gneiss ca. 940 0.7025 0.9-1.0 +4.0/+6.0 2
Firminépolis gneiss 628:65" 1.1-14 -1.7 3
Mara Rosa tonalite gneiss 856+13%
600:136 0.7032 0.9-1.0 +4.6 8,7
51716"
533 16"
Porangatu granite-gneiss 589:61° 0.705 12
Mylonitic granites
Santa Fé granite-gneiss 46710 0.705
Serra do Tatu granite 692110 0.7062
Porphyritic granite - Jaupaci 64319 0.7032 0.95 +3.2/+3.5
Mylonitic granite west of the Ipora 67375 0.7048 1.0-11 +0.4/+1.9
sequence
Volcano-Sedimentary Sequences
Metarhyolite—Arenépolis Sequence 920+82
93360° 0.7035 0.9-1.2 +2.5/+5.8 1
594
Anphibolite — Arenépolis Sequence 859+43° 7
Mylonitic meta-rhyolite — Fazenda Nova 60Q:31° 0.7036 0.9-1.1 +0.2/+2.4 2
Meta-rhyolite — Jaupaci Sequence 764+142 0.9-1.0 +3.8/+4.7 1,2
59437 0.7052
Meta-rhyolite — Ipora Sequence 636+62 1.0-1.1 +0.6/+5.0 6
597+52
Amphibolite — Mara Rosa 73@37° 7
Felsic metavolcanic - Chapada 360 0.7041 10
Biotite schist - Chapada 52442 10
532¢1f
Garnet biotite schist — Mara Rosa ca.'560 0.7045 0.9-1.0 8
Mylonite — Mara Rosa central belt 603:135 0.7035 9
Granada micaschist Mara Rosa western 73375°
belt 7656759 0.9-1.0 -3.0/+2.0 11
604:66°
610:529
Felsite — Posse Mine, Mara Rosa 862+8% 1.0-1.1 +3.7 8
632+4°¢

a — Zircon U-Pb age; b — Whole-rock Rb-Sr isochron; ¢ - Sphene U-Pb age; d — Whole-rock Sm-Nd age; e — K-Ar amphibole date; f—
Rb-Sr mineral isochron; g — Sm-Nd garnet-whole rock date; h - K-Ar biotite age. References: 1 — Rina¢rt691; 2 — Pimentelnd
Fuck 1994; 3 — Pimentelnd Gioia 1997; 4 — Barbowt al, 1979; 5 — Pimentalt al. 1985; 6 — Rodrigues 1996; 7 — Haauid Almeida
1970; 8 — Pimentedt al. 1997; 9 — Vian&t al 1995; 10 — Richardsoet al 1988; 11 — Pimentat al 1998; 12 - Tassinadt al (1981
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Figure 2 — Geological scketch map of the southern part of the Goias Magmatic Arc with the new Sm-Nd isotopic data.

undergoing partial melting. U-Pb, Sm-Nd and Rb-Sr isotopibetween 0.95 and 1.1 Ga and initig), values are positive (+0.4 to
determinations indicate ages between ca. 940 and 630 Ma (36&5, Table 1).
summary in Table 1). Initia¥’Srf°Sr ratios are low (<0.705) and
€,4(T) values are positive indicating the juvenile character of the o#OLCANO-SEDIMENTARY SEQUENCES ~ Several NNW to NNE
ginal magmas. strips of volcano-sedimentary rocks are known in western/
Hornblende-bearing granitoids exposed in the vicinities of Choupaeuthwestern Goias. From west to east these are the Bom Jardim de
na and Turvania (Fig. 2) have been investigated in this Stlﬂﬁy. T Goias, Arendpolis, Ipord/Amorinépolis and Jaupaci sequences. The
model ages are between ca. 0.94 and 1.13 Ga (Table 2). A whole rBokn Jardim de Goias Sequence consists of greenschist facies
Sm-Nd isochron indicates the age of 863 + 97 Maggn@) of +4.1, metabasalts, metandesites and metarhyolites (Seer 1985). The upper
indicating the primitive nature of the protolith (Figure 2). unit of the supracrustal sequence is made mainly of detrital sediments
To the south of Turvania, however, orthogneisses haymetaconglomerates, metarkoses, metasiltstones and phyllites)
Paleoproterozoic model ages (1.89 to 2.27 Ga) (Figure 2, Table 2),The Arenépolis Sequence (Pimerget Fuck 1986) is formed by
indicating the involvement of older sialic crust in between théwo main units, separated from each other by a very narrow strip of
Neoproterozoic juvenile rocks. Examples of involvement of smaditrongly deformed banded gneisses displaying Archaggmibdel
blocks of older rocks in between the juvenile rock units have beages (the Ribeirdo gneiss, Pimentel 1992). The western Cérrego do
described in previous studies in the Arendpolis arc (Pimentel 199%anto Antdnio Unit is made mainly of metapelites with garnet,
Rodrigueset al 1999). staurolite, kyanite and sillimanite, marbles, calc-silicate rocks,
metacherts, gondites and mafic-ultramafic bodies and is interpreted as
MYLONITIC GRANITES  Mylonitic granitic and granodioritic rocks an accretionary wedge (Pimentaid Fuck 1986). The Corrego da
occurring as narrow bodies elongated parallel to the NNW-NN@&n¢a Unit, east of the Ribeirdo gneiss, is dominated by calc-alkaline
strike-slip faults are common in southwestern Goias. They ameetavolcanics including metabasalts, metandesites, metadacites and
metaluminous or slightly peraluminous and show geochemicaletarhyolites, with lesser amounts of low-K metatholeiites,
characteristics similar to the high-K calc-alkaline series (Rodrigu@setagraywackes, fine-grained quartzites and metacherts. Geochemical
1996), being distinctively more evolved geochemically than théata for these rocks (low K, K/Na, Rb and REE) suggest a very
orthogneisses discussed above. Rb-Sr isotopic data for these rqmiitive nature for the original magma, which is confirmed by Sm-Nd
indicate isochron ages varying from ca. 470 to 690 Ma and ffifiel  isotopic data which shogy (T) between +2.5 and +2.8 (Pimergeld
86y ratios between 0.7032 and 0.7062. Sm-Ngd model ages are Fuck 1992). The volcano-sedimentary sequences in the Ipora area
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Table 2 — New Sm-Nd isotopic data for metaigneous rock units of the Gogano do Brasil Complex, for example, is a small layered intrusion

Magmatic Arc. (peridotite to gabbro) and the original tholeiitic parental magma
Sample Sm| Nd [147Sm] 143Nd/144Nd|Tom (Ga) displays arc characteristics (Nilson 1981). Gabbro and diorite also
epm) | (ppm) | 144Nd * 10) occur as small bodies inside the larger granite intrusions. Some of

these gabbro-dioritic intrusions have been dated by the Rb-Sr
CHOUP-1 | 2476 11.7] 0128 0.512426 (10) 1.0 isochron, giving poorly constrained ages of ca. 610-630 Ma with initial
TUR-1IE | 1.749] 1089 0.097 0512320 (0B) 0.94 87SrPsr ratios of ca. 0.703-0.704, suggesting little contamination with
older sialic crust material (for a review see Pimeetell 1996). The
TUR-1A 192 | 10.22) 0.114 0512395(09) 0.9 Americano do Brasil complex was recently dated by the Sm-Nd
CHOUP-4 | 1.787| 7.453 0.14p 0.512559 (20) 1.0 method at 612 + 66 Ma, with an initieriNd value of +3.1 also
CHOUP5 | 1.651] 7.023 0.14p 0512540 (21) 10 indicating little or no contamination with ancient crust (Nilssral

T

=T

1=

1997).
TUR-2A 3.66 | 19.47[ 0.114 0.512342(1%)  1.09 The granite intrusions form large bodies of K-rich calc-alkaline
AMB-1 3.02 | 14.34] 0.127 0512396 (13)  1.13 granites (e.g. Serra Negra, Serra do Iran, Caiap0, Ipora, Sanclerlandia

and Serra do Impertinente granites)(Pimeatell. 1996). Most are
completely undeformed and made exclusively of equigranular biotite
granites, although some have hornblende-bearing and porphyritic
facies (e.g. the Caiap6 granite, Pimeetedl 1996). In a broad regi-
onal scale, this igneous event is typically bimodal and has been
associated with post-orogenic uplift and extension.

AMB-2 3.318| 15.41] 0.139 0.512526 (12) 0.9%
FSP-2635 1.884 7.668 0.148 0.512596 (24) 14
PONT-1 7.343| 45.09 0.098 0.512317 (2B) 0.9
PONT-3 3.807| 21.94 0.10% 0.512296 (4p) 1.0
PONT-4A | 3.630f 24.04 0.09]1 0.512249 (21) 0.9
PONT-2 8.403| 4154 0.12 0.512438 (07) 0.9

S

3 The Mara Rosa Arc In northern Goias and southern Tocantins,
F the Goias Magmatic Arc is made largely of tonalitic/dioritic
PONT-4C | 5.010] 19.5¢ 0.15p 0.512570(05) 1.1 ortlhogneissdes, which underlie Iargehareaskin between narrowrl?IZO-BOE
] volcano-sedimentary sequences. The rock units comprising the Goias
PONT-4B | 7.014 39.92f 0.104 0512164 (1%) 1.2 Magmatic Arc in thi); re?:jion are better known in thepareag between
(amphibolite) Porangatu, in the north, and Chapada, in the south (Fig. 1). The
EDE-2A | 10.49( 51.43 0.123 0.511818 (08)  2.04 extension of these juvenile terranes towards the north is still unknown

EDE-1C 7786 3599 0.130 0511926 (08) 2.0p due to the lack of geochronological data.

INDI-IA | 18.85 | 99.56| 0.114 0511798 (09) 1.89 ORTHOGNEISSES  In the Mara Rosa - Chapada area, these are
medium- to coarse-grained dioritic to tonalitic metaplutonic rocks.

A=

PALM-2A | 3.620 16.47| 0.13§ 0.512504(14)  0.9§ They are geochemically very primitive with Si@ntents smaller than

PALM-2B | 6.903| 47.32] 0.084 0.512010(1})  1.25 60%, display calcic to calc-alkaline character with low Rb, Nb, Y, Zr
and REE, being similar to M-type granitoids of immature island arcs

PALM-1B 5.700| 31.32] 0.11d 0.511548 (09) 2.19 (Vianaet al 1995).

PALM-1A | 4.476| 22.75| 0.119 0.511626 (23) 2.27 Geochronologic and isotopic data for these rocks are in Table 1. U-

Pb zircon data indicate crystallization of the protolith at 856 + 13 Ma.
ALO-1 5.891] 27.70] 0124 0512219 (20) 1.4 Nd isotopic data, similarly to the orthogneisses from the Arenépolis
ALO-2 3.771| 18.68| 0.124 0.512365 (1?)  1.12 area, indicate the very primitive nature of the original magma, with

T.,, values of ca. 0.9-1.0 Ga and (T) of +4.6.
- D " .
PORANG-2| 2.560| 1269 012 0511176(12) 31 DIN/Iylonl‘uc orthogneisses expog,ded along the Serra Azul shear zone,
PORANG-3| 1.158| 5.231 0.13f 0.511549(23) 2.8 west of Porangatu, were investigated in this study and yielded
- Archaean model ages ranging from 2.9 to 3.1 Ga (Fig. 1; Table 2). A
- 4 2 . - ’

PORANG-8 | 3.194] 20.04 009p 0510752(18) 2.9 Sm-Nd whole-rock isochron for these rocks indicates the age of 3058

PORANG-9 | 2.560| 18.1Q 0.0845 0.510520 (09) 3.0

PORANG-10| 2.850 15.21 0.11B 0.511100 (1|0) 2.9

| RS R v

+ 120 Ma and initiale,, value of ca. +2.1 (Figure 1). This data
suggests that the Serra hzul ridge might represent either a mylonitized
fragment of the Archaean terranes exposed just to the south, in the
Crixas area, or the sialic basement of the Araguaia Belt supracrustals,
along the eastern margin of the Amazon Craton.
(Ipora, Jaupaci and Amorinépolis sequences) are poor in intermediate
volcanic rocks, comprising bimodal suites. THE SUPRACRUSTAL BELTS In the region between Chapada and

In the Pontalina area (Fig. 2), new isotopic data presented in tilsrangatu, regional mapping projects have identified a number of in-
study reveal that metavolcanic rocks exposed in that area also heixdual volcano-sedimentary sequences (Macledd 1981, Ribei-
juvenile Sm-Nd isotopic signature (Table 2), Tmodel ages for felsic ro Filho 1981, Lacerda 1986, Arantetsal 1991, Kuyumjian 1989).
rocks are between 0.96 and 1.10 Ga and a whole-rock isochron (Fidiiréhe Mara Rosa area, the supracrustal belts are made of metabasalt,
2) indicate the age of 762 + 77 Ma aa?\g(T) of +2.9. This new data |n'germeC1|ate and felsw metatpffs, flne-grglned graywackejs, garnet
shows that juvenile terranes extend well far to the east, close to Bi€aschist, chert, iron formations, quartzites and ultramafic rocks,
westernmost outcrops of the sedimentary sequences of the Brasilia tamorphosed in greenschist to amphibolite facies conditions. Within

(Araxa Group), demonstrating the very widespread distribution of t{&e supracrustal belts, small-elongated bodies of mylonitic granites
are units in southwestern Goias. have also been recognized (Palermo 1996), some of which were

previously misinterpreted as metavolcanic rocks. Amphibolites of the

LATE- TO POST-OROGENIC GRANITIC MAGMATISM AND Mara Rosa sequence are either tholeiitic, rich in Mg, Ni and Cr and

similar to boninites, or calc-alkaline. According to Palermo (1996), the
ASSOCIATED MAFIC AND ULTRAMAFIC BODIES Thelast 3 mer could represent fragments of the oceanic crust and the latter are
tectono-metamorphic event in the Brasilia Belt happened betw:

i : ated to the arc magmatism. In the Chapada area, the garnet and
0.63-0.59 Ga (U-Pb and Sm-Nd garnet ages). This was responsibleggigote amphibolites are chemically similar to modern arc tholeiites
the development of: (i) W-NW dipping foliation showing kinematicand were interpreted as being originated in a back arc setting
indicators revealing tectonic transport to the east (e.g. in the Mara Ragayumjian 1994).
arc area), and (i) wide and long subvertical, dominantly NE-trending Detrital metasediments represented by feldspathic garnet micaschist
mylonite zones, such as the Transbrasiliano Lineament (Fig. 1). ~and fine-grained biotite gneisses hayg, Values in the range 0.9-1.2
During the waning stages or immediately after this last deformatio@a, with only one analysis yielding a significantly older model age of
a number of small mafic-ultramafic layered complexes, gabbro-dioritic6 Ga. This indicates that they are the products of erosion of the arc
intrusions, and large granite plutons were emplaced into the westesoks, with little contribution from older sources. The deposition of the
part of the Brasilia Belt. The gabbro-dioritic intrusions and maficeriginal sediments must have taken place far from any old continental
ultramafic layered complexes (e.g. Lajeado intrusion and Americasource area and probably happened in an intraoceanic setting. Sm-Nd
do Brasil Complex, in western Goias) are either only slightly deformeghrnet-whole rock isochrons for these metasediments indicate ages of
or completely free of any pervasive deformational fabric. The Amera. 733, 765, 604 and 610 Ma. These were interpreted as resulting

OT
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from two metamorphic episodes: an early one at ca. 760 Ma and a latere accreted to the western margin of the S&o Francisco continent at
metamorphism with typical Brasiliano ages (Junges 1998, Pimental. 0.78-0.75 Ga. These juvenile terranes were later involved in the
andJunges 1997). continental collision between the Sdo Francisco and Amazon
continents at ca. 620 Ma (the Brasiliano orogeny).
CONCLUSIONS The new Sm-Nd isotopic data indicate that the This history of convergence of continental masses is in part coeval
juvenile terranes of the Neoproterozoic magmatic arc in central Brawiith the fragmentation of Rodinia, indicating that the western margin
underlie very large areas especially in the southwestern part of {peesent geographic reference) of the Sao Francisco-Congo continent
Brasilia Belt. In the southern part of the arc, juvenile rock units aoecupied a peripheral setting in Rodinia, along which subduction
found along a ca. 250 km long traverse in the E-W direction. Althougltcurred at the same time as the supercontinent broke up.
most of the Neoproterozoic arc rocks show juvenile character, in some
localities the igneous activity seem to have involved older (Archacaheknowledgements The authors are grateful to Conselho Na-
Paleoproterozoic) small continental blocks. cional de Desenvolvimento Cientifico e Tecnolégico — CNPq for
The evolution of these arc terranes started in intraoceanic island Besearch Grant to Marcio Pimentel (Proc. 000400166/97) and for
settings at ca. 900 Ma. Igneous activity happened during most of faeding part of the field and lab work (Proc. no 52.0682/94). FAP-DF
Neoproterozoic, and there is a trend of increasing maturity of tleroc. No 193.000.068/96) also provided funds for field and laboratory
magmatism towards the end of the Proterozoic. work. Two anonymous referees of RBG are also acknowledged for
Metamorphic ages suggest that at least some of these arc terrahe# critical review of the manuscript and helpful suggestions.
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