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THE MESOPROTEROZOIC VOLCANO-SEDIMENTARY SERRA DO ITABERABA
GROUP OF THE CENTRAL RIBEIRA BELT, SAO PAULO STATE, BRAZIL:
IMPLICATIONS FOR THE AGE OF THE OVERLYING SAO ROQUE GROUP

CAETANO JULIANI %, PETER HACKSPACHER? ELTON LUIZ DANTAS 3, ALLEN HUTCHESON FETTER 2

ABSTRACT  One of the fundamental problems to understanding the evolution of volcano-sedimentary sequences in southeastern Brazil is
constraining their depositional ages. Brasiliano tectonic and metamorphic overprinting either obscured or destroyed primary features, such as
unconformities, as well as other geologic relationships. This problem is exemplified by the Serra do Itaberaba and Sdo Roque groups, where the
lack of data about the timing of their deposition has prevented resolution of proposed one- and two-stage geotectonic/depositional models.
Recent U-Pb zircon data obtained from metavolcanic rocks in the Sdo Roque Group indicate that it was deposited between 628 and 607 Ma.
New U-Pb zircon data of 139510 Ma for a metandesite in the basal Morro da Pedra Preta Formation (Serra do Itaberaba Group) indicate the
maximum age for the beginning of the deposition of the pelites overlying MORB-like basalt. A metarhyolite of the upper unit, the Nhangucgu
Formation, contains two zircon populations. One yielded an age of 819a, which defines the crystallization age of the rock, and the other

an age of 1443 3 Ma, interpreted as inherited xenocrystal grains from older units of the Serra do Itaberaba Group. The younger metarhyolite
was affected only by the $liation, generated during the Brasiliano orogenesis, whereas the Middle Proterozoic metavolcano-sedimentary
sequence records additidnal metamorphic and deformational events, confirming the presence of two different geotectonic cycles.
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INTRODUCTION Previous geochronological studies of the Ribei- Some K-Ar geochronological data frdato sensiSRG lithologies
ra Belt primarily focused on obtaining the ages of granitic, gneissic asdggest that it was deposited at 1.4 Ga, with metamorphism occurring
migmatitic rocks, e.g., Almeidet al.(1976) and Hasuét al.(1984), between 650-600 Ma (Cordani & Bittencourt 1967, Cordani &
to help establish its geotectonic evolution. Only recently, howevélgixeira 1979). Subsequent K-Ar data for SIG metamafic rocks
have systematic studies been carried on to constrain deposition agesplied an age of 1690157 Ga (Juliargt al. 1986), suggesting that
for the Precambrian supracrustal sequences in the orogen. U-Pb zideposition and metamorphism of the volcano-sedimentary sequence
geochronological data obtained from metavolcanic rocks in thesecurred prior to the deposition of SRG.
sequences provide an important means to solve lithostratigraphicVan Schmugt al.(1986) obtained U-Pb zircon age of 104
relationships and tectonic problems. Ma from the Polvilho Hill metarhyodacite that is intercalated in the
The Serra do Itaberaba (SIG) and S&o Roque (SRG) groups are basal part of the SRG. The age was interpreted as representing
major lithostratigraphic units in the State of S&o Paulo (Fig. 1). Timagmatic crystallization, indicating that the deposition of SRG began
ongoing debate about the stratigraphic relationship of these units hesund 1.8 Ga, hence precluding a Neoproterozoic depositional age for
focused on whether or not an age gap separates the deposition of tlies&RG. More detailed mapping and petrography, however, show that
two groups (Coutinho 1955, Almeigaal. 1981, Hasui 1981, Juliani the apparent metarhyodacite is actually a meta-arkose that is
et al. 1986). intercalated with metaconglomerates in the basal portion of the SRG
According to Julianiet al. (1986) the SIG is composed of a(Juliani et al. 1997). The zircon grains in the arkose are mostly
volcano-sedimentary sequence and is more intensely deformed thamnded, detrital, which means that they place a maximum
the metasediments of SRG, usually wigfS3fabrics, and recording depositional age on the SRG, not the actual age of the onset of
medium-grade Barrovian metamorphism. In contrast, the SRsgdimentation.
contains §'S, fabrics without stratigraphic inversions, and abundant Based on U-Pb, Rb-Sr and K-Ar data, Tassinari (1988) proposed
sedimentary structures are preserved. Furthermore, the minetelt the deposition of the volcano-sedimentary sequence of the Sao
assemblages of the SRG indicate that it was only subjectedRoque/Serra do Itaberaba belt began at 1.8 Ga and was followed by
greenschist facies metamorphism. two magmatic-metamorphic events between 1.3-1.0 Ga and 800-720
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Figure 1 — Regional geological map. (1) Tertiary and quaternary sediments, (2) Mesozoic alkaline intrusions, (3) Brasiliano granitoids, (4) Sdo Roque Group,
(5) Serra do ltaberaba Group, (6) Amparo, Paraiba do Sul and ltapira groups and Igaratd Complex, (7) Embud Complex and (8) Costeiro Complex. Lines

represent the main transcurrent shear zones: (9) Ita, (10) Jundiuvira, (11) Taxaquara and (12) Rio Jaguari (modified from Almeida et al. 1981).
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Figure 2 — Geological sketch of the Itaberaba and Pedra Branca hills (Juliani 1993) showing the location of the analyzed metarhyolite (sample H633). Legend
(1) Sediments of the Sao Paulo Basin, (2) Wrench, normal and thrust shear zones, (3) Granitoids of the Porphyritic Suit (4) Non Porphyritic and (5) S&o Rc
que Group. The Serra do Itaberaba Group is constituted by the Pirucaia Fm. (6), Nhangucu Fm. (7) and Morro da Pedra Preta Fm., with metapelite (8), BIF
(9), tuffaceous metasediments (10) metamafic rocks and metatuffs (11), metagranitoids (12), discordantly to the Igaratd Complex (13) and shear zones (JS
Jundiuvira, (RJSZ) Rio Jaguari and (TGRMSZ) Tanque Grande — Ribeirdo dos Macacos.
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Figure 3 — Detailed geological map of the area where the metandesite was sampled (H631A) in the Serra do Itaberaba Group (Juliani 1993). (1) Quaternar
alluvium, (2) Pau Pedra Granitoids — Non Porphiritic Suit, (3) Metapelites, (4) BIF-manganesiferrous facies, (5) BlIF—silicate and oxide facies, (6) Calc-silicate
rocks, (7) Tuffaceous metasediment, (8) Metatuff and volcanic metaconglomerates, (9) Metandesite to metarhyodacite, (10) Metamafig/@cksit(E), S

(12) Normal faults, (13) Sampled outcrop.
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Ma, with a final phase of magmatism occurring from 620 to 550 Mand laterally there are volcanic metaglomerates grading to andesitic/
Detailed field studies and recent U-Pb zircon ages from metamafttyodacitic metatuffs that are covered by schists, commonly sulfurous
rocks of the SRG suggest that it represents a Neoproterozoic backeaard graphitic, and calc-silicate rocks.
basin sequence (Hackspacétal. 1999, Dantast al.1999). New U- The calc-silicate rocks occur as lenses usually adjacent to
Pb zircon results from basal metavolcanic rocks of the SIG now platetandesitic and metadacitic bodies, and are composed of tremolite,
constraints on the timing of its deposition as well. These new daatinolite, diopside, quartz, hornblende, carbonate, plagioclase,
provide important controls for reconstructing the geotectonic evolutignhlogopite and garnet. The iron formations are represented by
of the Ribeira Belt. ferruginous metachert or itabirites with hematite and magnetite. The
larger bodies are formed by Algoma BIF type, with rich beds of
GEOLOGICAL SYNTHESIS  SIG and SRG host rocks are grunerite or ferriferous/manganesiferous cummingtonite, garnet and
Paleoproterozoic gneisses and migmatites that are intruded raggnetite, with metachert or magnetite-rich intercalations. These rocks
Neoproterozoic plutons. Figure 2 shows the relationships between grade into manganesiferous facies both upwards and laterally (Fig. 3).
SIG and SRG and the surrounding geology in detail. Short descriptions
of the main units of SIG and SRG, as well as granitic rocks alHANGUCU FORMATION (NF) Is positioned concordantly over
presented below: the MPPF, with possible local angular discordance, or discordantly,
through tectonic contacts. It consists of a lower unit of iron-
Serra do Itaberaba Group MORRO DA PEDRA PRETA  manganesiferous metapelite that grade to calcium-rich pelites with
FORMATION (MPPF) This basal unit is composed mainly oflenses of carbonate rocks, metatuffs, metabasalt and small metarhyolite
metamafic and metapelitic rocks, with subordinate occurrences of cadedies. The upper unit is composed of fine rhythmitic schists
silicate and metavolcaniclastic rocks, graphitic and sulfur-richontaining quartz-rich lenses of muscovite, clorite, quartz and
metapelites, banded iron formations, metandesite, metarhyolifgdalusite.
tourmalinite and metahydrothermalites derived from mafic and felsic
rocks. The basal metamafic unit is composed mainly of plagioclasgrcaia FORMATION (PF)  Is composed primarily of larger

hornblende schist or hornblende amphibolite, sometimes with garet, t7ite bodies with intercalations of quartz-rich metapelite, feldspatic
and diopside, with some igneous or volcaniclastic textures preserved.
Locally there are metaspilite bodies, pillow lavas and, very rarely,
small vesicles, indicating eruptions in deep-sea water. The mafic ¥k — — - >
intermediate metavolcaniclastic rocks vary from volcanit NAGEES: | ISP ol il rie ol v i i -
metaglomerate to fine-grained metatuff, sometimes mixed with pelit¢ Ly B S "‘"f: e
Metahyaloclastite lenses are also present. risrrlpeiss 48295 = M.I"'“
The metapelitic unit is composed predominantly of muscovite an gy | * - TEEETEEE 1380
or biotite laminated to banded schists, thick- to fine-grainec ¥
commonly with garnet, staurolite, kyanite, sillimanite and cordierit
porphyroblasts. K-feldspar is sometimes present in the rocks of higl=
metamorphic grade. Frequently there are small intercalations f_
metatuff, ferruginous, manganesiferous, graphitic and carbonace(&
metasediments, BIFs and metachert.

Extensive banded or laminated tuffaceous metasediments
deposited over basaltic units. Small intercalations of metatuft
metachert, tourmalinite, iron formation, manganesiferous, magneti

and sulfurous bands are locally present. They are composed of ler

I 4
containing chlorite, hornblende, plagioclase, quartz, biotite ar HE31A
epidote, and subordinate lenses of biotite-rich schist. Metandesite

The intermediate to felsic rocks occur as small lenses on the tog
the basaltic crust, usually affected by hydrothermal processes prio 2'5 21 :,'q ._1"

metamorphism, forming associations as garnet-cordierit :
cummingtonite-anthophillite amphibolites and margarite-corundu pR U

schist. The forms of the bodies and the arrangement of the

hydrothermally altered rocks indicate an origin related to old pipe€gure 4 — Concordia diagram for zircon grains from metandesite (sample
intrusive in the basaltic crust and tuffs (Pérez-Aguilar 1996). Abovd631A) from the Morro da Pedra Preta Formation.

Table 1 — (1) NM = nonmagnetic, number in parenthesis indicate side tilt used on Frantz separator at 1.5 amp. Power first number = 1D# on Figures 4 an 5
(2) Total U and Pb concentrations corrected for analytical blank; (3) Not corrected for blank or non-radiogenic Pb; (4) Radiogenic Pb corrected for blank and

initial Pb:U corrected for blank; (5) Ages given in Ma using decay constants recommended by Steiger and Jager (1977).

Concentrations Observed Atomic Ratios Ages (Ma)
(2 (3) (4) 5
Fraction | Size U Pb “%pp “%pp GD) G “Pp “9Pp “V'pp
(1) (mg) (ppm) ppm) 204Pb 238U 235U 206Pb 238U 23@ 206pb
(+- 20)
H631A
M(0) 75 0.016| 2084 550 2740 0.2053D 2.5015 0.08849 1202 1272 1393 (1)
M(0) 13 0.004| 1155 255 1043 0.1904B 2.3413 0.08915 1124 12p5 1407 (2)
M(1) 76 0.006| 1755 528 1180 0.23343 2.9327 0.091112 13%2 1380 1449 (1)
M(2) 6 0.013| 1329 343 992 0.2042B 2.492[7 0.088b2 1198 1283 1394 (2)
M(3) 7 0.010( 747 211 2078 0.20784 2.538p 0.088b9 1237 1283 1396 (1)
H633
M(1) 11 0.006| 305 37 144 0.0900%2 0.760p 0.061p8 556 574 649(10)
M(0) 14 0.022] 323 34 1040 0.0990p 0.826B3 0.060p2 60D 612 622 (3)
NM(0)15 | 0.009| 2533 240 684 0.0845p 0.7180 0.06159 52B 550 66( (8)
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quartzite and, more rarely, small bodies of metarkose. The quartz
bodies grade into quartz-rich garnet-sillimanite schist containing sor |
biotite. The quartz schist contain rhythmic structures similar those Lol | H&33

turbidites. Metarhyolite

[ =]

Sao Roque Group It belongs to the Piragibu Formation (PiF),
according to Juliani & Beljavskis (1995), partially redefined here. Thi 008 =
group is dominated by feldspatic metarhytmites, with sma,=
intercalations of phyllite, sometimes graphitic, slate, metarenite
metarkose, rare metamafic bodies and lenses of polymict E ooe 4
metaconglomerate to metabreccia in the base. It is in contact with S&
through wrench or thrust shear zones, but occasionally the conta
appear to represent unconformities based on fragments of metam. 1
flintstones and schists, identical of the lithologies of the SIG, in th

basal metaconglomerate of the SRG.

1084 4 r"'.- Wexbel 1 Schubon miboul e decavcoms asson 3 ponl
Granitoid rocks PORPHYRITIC SUITE  These plutonic units -~ rwved irdercaprl 3100574 Mo
intruded subsequent to SIG ®liation, but commonly record a P Liper ":‘-:'.A:‘Fl__:_"g_'_3.;_;.‘:"- Me
subsequent foliation of cataclastic or mylonitic textures. Typicall oD A= ; HERL 'L“‘. Probatdty of i1 = 043 .
coarse-grained and pink to gray-colored, these units are predominal 6 072 178 0L o
of granitic compostion (3b), with granodiorites and monzonite At
occurring locally. Pa" U

[FTE ; ; Figure 5 — Concordia diagram for magmatic zircon grains from metarhyolite
NON-PORPHYRITIC SUITE ~ These granitic lithologies are medium- .
to coarse-grained, inequigranular, clear gray to pink in color witf2MP!e H633) from the Nhangucu Formation.
compositions varying between tonalitic to granitic. The contacts with

MPPF rocks are mainly tectonic. Two zircon populations are present, one of them colorless to rosy,

o with age of 1449 3 Ma and another of prismatic colorless crystals,
METAGRANITOIDS ~ Metagranitoids crop out as dark gray rocks,yith a%e of 619+ 3 Ma (Fig. 5 and T%ble 1). The older e)t/ge is
with strong gneissic or mylonitic foliation, commonly with sub-hori-nierpreted as reflecting inherited xenocrystals from SIG, and the
zontal attitude, probably, related to the thrust event of the SRG o unger age, as the crystallization age of the rhyolite. Such results re-
Fﬁte the interpretations of Juliagi al.(1996) that considered them as

the SIG. These rocks are primarily granodioritic to tonalitic i
composition, more rarely granitic, and commonly rich in biotite anf,etayolcanics of NF. This younger age indicates that the rhyolite is
intrusive in the formation.

hornblende.

Mylonitic and Cataclastic Rocks These rocks are related 0 piIscUSSION AND CONCLUSIONS The U-Pb age of 1395

the Jundiuvira, Rio Jaguari and Ribeirdo dos Macacos-Tanque Gr.i‘ﬁ'_ a obtained from the basal metandesite of the SIG indicates that

de shear zones and their smaller shear conjugates. Mylonites, deriyg

but cataclastic and ultramylonitic fabrics are sometimes present.
PETROGRAPHY AND GEOCHRONOLOGY The metandesite
of the Morro da Pedra Preta Formation is stratigraphically above tﬁ
basal MORB-like metamafic unit (Fig. 3), and is interpreted to be fianj (1993) and Juliargt al. (1997), it appears that the principal

small intrusion linked with the beginning of the sedimentation in thg,|canic event of MPPF took place in normal segments of oceanic
Serra do Itaberaba basin. The metandesite is a fine- to medium-grai édle ridges, in a depositional basin similar to the one of the Guilf of
volcanic rock that varies in composition from quartz andesite to daci gﬁn compared with Pearce (1982) geochemical data. The

and commonly is composed of oligoclase-andesine, hornblende angiamorphosed intermediate rocks, in spite of their hydrothermal
quartz, besides garnet, biotite, chlorite, epidote, magnetite, iimenilyeation, suggest an origin from partial melting of oceanic crust in an
sulfides, opaque, zircon, allanite, titanite, apatite and subordinaggqimatic subduction environment, in a back-arc setting, at the
tourmaline. The metandesite body grade into neighboring thiglgqinning of NF deposition (Juliani 1993). Initial depostion began in
metavolcaniclastic and the volcanic rocks, all of which suffered @gh 10w marine environment, with some local subaerial exposure.
strong hydrothermal alteration prior to medium-grade metamorphisfa ot res seen in the basal units indicate that they were exposed to

Metapelite and calc-silicate rocks are concordantly overprintedypa|ative activity. Deposition of iron-manganesiferous sediments and,
without indications of hydrothermal alterations, indicating that thejf\e hthmic structures of the fine-grained schists with andalusite on
were deposited after the eruption/intrusion of the metandesite. ¢ ton also suggest deposition by proximal turbiditic currents. Due
Five zircon fractions from the metandesite, yield an upper intercegiset along shear zones shear zones, PF stratigraphic positioning is
age of 1393 10 Ma (Fig. 4 and Table 1), which is interpreted as thg jear, but the formation corresponds mainly to the coastal facies of
crystallization age of the metavolcanic rock. This value placesyas hasin. The possible metaturbidites in the top of the MPPF suggest
maximum age constraint to the onset of sedimentation that followgk; their deposition began early in relation to the opening of the basin,
basaltic eruptions in an oceanic ridge environment. but its main phase of deposition occurred during the back-arc period,

. . . being therefore correlative to NF. Several geochemical analyses
Metarhyolite of the Nhangucu Formation A two meter-thick g;qqast thathe source area for MPPF metapelites was a volcanic arc
body of highly weathered metarhyolite was collected for U-Pb zircqy)

d YW C b h lcani K hereas for PF it was predominantly continental (Juliani 1993).
age determinations. Contacts between the metavolcanic rocl ?%gsequent to deposition of the SIG, a tectonometamorphic event of
surrounding manganesiferous metapelite are subconcordant with fag5\n age affected the group. Studies of the younger SRG indicate
compositional banding transposed %tﬁat dismembered and {5

A . S . t it was deposited on part of the SIG following this metamorphic
stretched parts of the metarhyolite. This foliation was defined hY,ent ' The assemblage of sedimentary and igneous units in the SRG

Juliani (1993) as tectono-metamorphic reworking of SIG by the Sa0:qnsistent with deposition in a small ocean basin and is interpreted

Roque event, as the associated minerals are indicative of a progréssivg record of back-arc basin development during the active collisional

regime of low pressure with a clockwise P-T-t evolutionphase of the Neoproterozoic Brasiliano orogeny (Hackpasthe
superimposed to the paragenesis of Barrovian regime presept inqg,

also with clockwise history, characteristic of the SIG event.

Petrographically the metarhyolite is composed of fine-graingﬂ knowledaments To FAPESP (qgrants 93/4550-0. 971397-7
quartz and muscovite, tiny zircon crystals, tourmaline and opa /00358-3)gand CNPq (grants 40(8490/94_3 5223'86/95-4) for
minerals, and relict feldspar grains. About 2 to 5% of guartz crys ancial support, and to two anonymous referees of RBG for critical

relicts show bipyramidal terminations and magmatic corrosioll % ;
features. review of the manuscript.

(Hackspacheet al. 1999). These new data support previous field
bservations, metamorphic and stratigraphic, that suggested distinctive
e differences between both groups. Based on previous studies by
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