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ABSTRACT
Carbon isotope fluctuations in Precambrian sedimentary carbonates between 2.8 Ga and 0.60 Ga in Brazil
are examined in this study. The carbonate facies of the BIF of the 2.8 Ga-old Carajas Formation, state of Para
in northern Brazil, has rather homogeneé&% (-5%0ppB), compatible with carbonatization of a silicate
protolith by a CQ-rich fluid from mantle degassing. The Paleoproterozoic Gandarela Formation, state of
Minas Gerais, displays a narrd#3C variation (-1.5 to +0.860) compatible with carbon isotope signatures
of carbonates deposited around 2.4 Ga worldwide. The Fecho do Funil Formation has probably recorded the
Lomagundi813C positive anomaly (+6.4 to +72boppg). The magnesite-bearing carbonates of the Orés
mobile belt, state of Ceara, exhibit carbon isotope fluctuation within the range for carbonates deposited at
1.8 Ga.
The C-isotope record of the Frecheirinha Formation, northwestern state of Ceara, shows aé’gm‘m:es
in its lower portion (-2/o0) and positive values up section (+1 to%®), which suggests this sequence
is a cap carbonate deposited after a glacial event around 0.95 Ga. The Jacoca and Acaua sedimentary
carbonate Formations, state of Sergipe, NE Brazil, show carbon isotope fluctuations very similar to each
other (average around %o), compatible with a deposition around 0.76 Ga. The younger Olho D’Agua
carbonate Formation, however, also in the state of Sergipe, displays nedd@vealues at the lower portion
of the Formation, changing dramatically up section to positive values as high 8&q;1® characteristic
compatible with a Sturtian cap carbonate deposited around 0.69 Ga.
On the light of the C isotope data discussed in this study, it seemsf@fluctuations in Paleoproterozoic
carbonates in Brazil are within the range found globally for metasedimentary carbonates of this age. Car-
bon isotope data proved to be very useful in establishing relative chronology of Neoproterozoic carbonate
formations for which precise radiometric ages are not available.
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tantinformation about the exogenic C cycle through-C isotopic excursions. The isotopically heavy car-
out Earth history (Veizer & Hoefs 1976, Knoll et al. bonates in the Lomagundi event$C up to 17%)
1986). Besides, the carbon isotope stratigraphy haare linked with the explosion of stromatolites, ex-
been one of the most powerful tools in Precambriampressed as a peak in the abundance and taxonomic
chronostratigraphy, especially when sediments lackliversity of stromatolites (Melezhik et al. 1997). In
recognizable animal fossils (Kaufman 1998) or arethe Neoproterozoic, the fragmentation of the ancient
radiometrically undatable. According to this au- Rodinia supercontinent was accompanied by inter-
thor, temporal variations af'3C are interpreted as mittent, but widespread glaciation in the 0.75-0.55
the product of long-term changes in the proportionGa interval. The isotopic excursions are enormous
of organic matter to carbonate buried in sedimentsin this time interval in comparison to excursions in
Carbon isotope variations may reflect episodic in-the preceding 1.2 billion years or in the Phanero-
troduction of12C into the ocean surface or almost zoic (Hoffman et al. 1998b). In this age interval, it
complete cessation of biological productivity. is common to observe post-glacial carbonate rocks
A $13C (PDB) chemostratigraphic curve for even in terrigenous-dominated sections.
marine carbonates has been compiled by Hoffman  The major scope of this work includes: (a)
etal. (1998a) starting at 2.5 Ga. A widespread posstudy of the fluctuation of carbon isotopes in some
itive 813C anomaly in the age interval of 2.33-2.06 Precambrian metasedimentary carbonates in Brazil
Ga age has beenrecognized (Baker & Fallick 1989aand how these fluctuations fit to variations of the
b, Melezhik & Fallick 1994, Melezhik et al. 1997, global C isotopic curve; (b) regional correlation of
Hoffman et al. 1998a). The remainder of the Pale-some Neoproterozoic diamictites/carbonates in
oproterozoic (2.0 to 1.6 Ga) and most of the Meso-Brazil with other continents that once were part of
proterozoic show3C near Gooppg, with slightly  the Gondwana supercontinent (e.g. West Africa)
positive values in the 1.1-1.0 Ga age interval (Hoff-and (c) inferring the age of some Neoproterozoic
man et al. 1998a). More recently, Kha et al. (1999)metasedimentary carbonate sequences on the basis
studied carbonates of the Bylot Supergroup, Baffinof their carbon isotope fluctuations versus 8h&C
Islands, Canada (1.27 to 0.72 Ga) and compiled neWPDB) chemostratigraphic curve for Neoproterozoic
and published data improving the Mesoproterozoiomarine carbonates.
to earliest Neoproterozoic global carbon isotopic
curve for this interval. In the Neoproterozoic, the SAMPLING PROCEDURE, LOCALITIESAND
813C secular variation curve shows strong positive- ANALYTICAL METHODS
negative excursions, four of the major negative onehe §13C stratigraphy of carbonate sequences from
being interpreted as the stratigraphic position of anseveral localities in Brazil examined in this study in-
cient ice ages which led to a more elaborated theorgludes the Carajas Formation, in the northern region
of Snowball Earth (Hoffman et al. 1998b, Hoffman of the country three Paleoproterozoic sequences
& Schrag 2000). Figure 1 represents a compilationGandarela and Fecho do Funil Formations, Minas
of the two above-mentioned seculdfC variation  Gerais, eastern Brazil, and magnesite-bearing car-
curves. bonates of the Or6s mobile belt, Ceara, northeast-
The two most striking phenomena recorded byern Brazil) and six Neoproterozoic Formations in
C isotopes in the Proterozoic are the widespreachortheastern Brazil (Frecheirinha and S&o José in
positives13C anomaly in the 2.33-2.06 Ga interval Ceara, and Jacoca, Olho D’Agua, and Acaua, state
(Lomagundi or Jatulian event) and the striking cli- of Sergipe, and Traipu-Jaramataia, state of Alagoas).
mate reversal with glacial deposits (four glaciations)The approximate location of the study areas is shown
blanketed by carbonate rocks between 0.75 Ga anih Fig. 2.
0.58 Ga ago (Sturtian-Vendian periods) with strong A total of almost five hundred carbonate rock
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Fig. 1 — Compilation of the secula*3C variation curves based on Hoffman et al. (1998a)
and Kha et al. (1999). The thin black line corresponds to the well-constrained Later
Neoproterozoic carbon isotopic curve (Hoffman et al. 1998a), while the thicker gray
line represents a preliminary compilation of carbon isotopic compositions (Hoffman et al.
1998a, Kha et al. 1999). Triangles indicate glacial events.

samples were collected along traverses, perpendi@agenesis because the volume of carbon within the
ular to the strike of the bedding (or major folia- carbonate rock is vastly greater than that in the pore-
tion in some cases), at a metric to centimetric scalewater reservoir and because the fractionation be-
from the Precambrian metasedimentary carbonatéveen calcium carbonate is relatively small at near-
sequences in this study. surface temperatures (Emrich etal. 1970, Scholle &
COy gas was extracted from powdered carbon-Arthur 1980). Most metasedimentary carbonates in
ates in a high vacuum line after reaction with 100%this study have been submitted to sub-greenschist to
phosphoric acid at 2% for one day (three days in greenschist facies metamorphism with only one ex-
the case of dolomite, calcite-dolomite mixtures orception (Traipu-Jaramatia Formation) that has been
ankerite), and cryogenically cleaned, according tosubmitted to amphibolite facies metamorphism.
the method described by McCrea (1950). gas
released was analyzed for O and C isotopes in a ARCHEAN SEDIMENTARY CARBONATE ROCKS

double inlet, triple collector SIRA mass spectrome-Sea water yields an integrated and weighted global

ter, using the BSC reference gas (Borborema Skargignal of events shaping the development of the solid

calcite) that was calibrated against NBS-18, NBS_Earth, life, ocean and air (Veizer et al. 1989a).
19 and NBS-20 standards, and ha%'%D value of . . . .
These signals are encoded in chemical sediments

_ Be = -
11.28%o0ppg ands™*C =-8.58%oppp. The pre precipitated from ancient oceans and, in particular,

cision of the method has been assessed by repeated , . .
isotopic signatures of oxygen, carbon, sulfur and

analyses of the BSC reference gas and the aceuragy, ontium are important tools in deciphering these

by comparison of NBS standards. The results are.. .
) i o i Signals. The chemistry of the Archean oceans has
expressed in the notatiai¥oo(per mil) in relation

] ) ) been buffered by the so-called "mantle” flux, that is,
to the international PeeDee belemnite (PDB) scale S . . .
_ O by pervasive interaction with oceanic crustiC of
Carbon isotope compositions of most of the

_ = —4 4 2%o0ppg; Veizer et al. 1989b).
bulk rock probably do not change much during di- . . :
Sedimentary carbonates are a relatively minor
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Fig. 2—Geographic location of sampled stratigraphic units in the present study:
Carajas Formation, state of Para, Frecheirinha and S&o José Formations, state
of Ceara, Acaud, Jacoca, Olho D’Agua, state of Sergipe, Traipu-Jaramataia,
state of Alagoas, and Gandarela and Fecho do Funil Formations, state of Minas
Gerais. In this Figure, it is also indicated the distribution of Neoproterozoic
carbonate rocks in South America, and a possible paleographic scheme during
the Vendian (adapted from Acefiolaza & Durand 1987).

component of Archean greenstone belts. Even sdlhe best estimate fé*3C for the Archean sedimen-
these rocks are important because they recordethry carbonates (3.5 Ga and 2:80.2 Ga) is about
chemical and isotopic properties of the co-+1.541.5%oppgwhile 8180 is of about—7%opps
eval oceans. Most Archean carbonates describe@V/eizer et al. 1989b). In the present study, we have
in the literature are regarded as of hydrothermal oriselected carbonate rocks associated with the banded
gin (e.g. Superior and Slave provinces of Canadairon formation of Carajas, state of Para, northern
Kapvaal Craton of South Africa and Pilbara block Brazil, for carbon and oxygen isotope determina-
of Australia) from field criteria, that is, they resulted tions.

from carbonatization of silicate protoliths. Only

few exceptions are known (e.g. Steep Rock Lakel. THE CARAJAS FORMATION (2.76 GA), STATE OF
Ontario, Canada) where a 3.0 Ga-carbonate platPARA, AMAZON REGION

form §uc<?e55|on, 509”‘ thick, Was c.ieposned by %he Carajas mineral province, northern Brazil (Fig.
combination of chemical and biological processes3) is known for its iron mineralization from lat-

(Veizer et al. 1989b, Kushy & Hudleston 1998). eritic weathering of banded iron formations (BIF)
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Fig. 3 — Location map of the Carajas mineral Province Formation, state of Para, northern Brazil (crossed
hammers for the location of N4E iron deposit). Modified from Teixeira et al. (1997).

and as the site for one of the largest operating irorbanding, locally folded, faulted and brecciated. The
mines in the world. The Carajas BIF constitute carbonate (dolomite, calcite) appears as light gray
the Carajas Formation of the Grdo Para Group, dands as well as in veinlets that cut the bedding.
2.76 Ga volcano-sedimentary belt (Machado et alHematite and pseudomorphs of magnetite are,
1991). This Group is the main stratigraphic unit mostly, corroded and partially replaced by carbon-
of the Serra dos Carajas and carries iron and mamates. Dolomite and calcite are the main carbonate
ganese protores and ores. The Grao Para Grouminerals.
is constituted by the predominantly volcanic Pa- Oxygen isotope data display20 values from
rauapebas (basalts and subordinate rhyolites), Cara-24 to —10%o0ppg, predominating values between
jas (BIF and basaltic sills), Igarapé Cigarra (basalts—15 to —10%o. The twenty five analyzed sam-
BIF, tuffs, sandstones and cherts) and Igarapé Bogles from drill-holes display3C predominantly
Sorte (siltites and shales) Formations. There is n@round—5%oppg (total variation from—3 to —6;
evidence of regional metamorphism in these rocksFig. 4), distinctly lighter than the inferred value for
basalts displaying well-preserved igneous texturesnormal Archean seawatét3C (near zero) (Veizer
The Carajas Formation is 220m thick in the et al. 1990).
N4E iron mine. Recent drillings in this mine re- Similar values were observeddf®C inthe car-
vealed carbonate-rich jaspilites that, perhaps, correébonate facies associated with the Archean Temagami
spond to the carbonate facies of these BIF. Unmetabanded iron formation in Canada (Bowins &
morphosed jaspilites exhibit milli- to centimetric Crocket 1994) which is about the same age as the
bands of hematite/magnetite alternating with band<Carajas BIF. Beukes et al. (1990) have proposed
of jasper/chert/ chalcedony. The carbonatic jaspilitehat basinal waters may be stratified with respect
is brown to dark gray, with preserved millimetric to carbon isotopic composition in response to hy-
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Fig. 4 — (a) and (b) Carbon and oxygen isotope profiles of the carbonatic jaspilite of the Carajas
Formation sampled in drill holes in the N4E iron deposit, state of Para.

drothermal fluid input, with deeper basinal waterspossible that one is dealing with sedimentary car-

characterized by lighter carbostC ~ —5%oppg)
compared to surface wated'¥C ~ 0%oppg). If

bonates equilibrated with deep basinal water. The
Earth’s mantle in the Archean was probably the main

this was the case for the Carajas carbonates, it isource for C@and these rocks likely retained¥C
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mantle signature{5%oppg). This CQ-rich fluid  pled from four sections around the Gandarela Farm
could be from mantle degassing or recycling of C in(Fig. 5). These carbonate rocks are gray, buff to red

a subduction-related environment. dolomites (~60m thick, next to the base of this car-
bonate sequence, in contact with iron formations)
PROTEROZOIC SEDIMENTARY CARBONATES to limestones which present light and dark-gray al-

. . rnating bands on a cm scale and, locally, displa
In comparison to Archean oceans, Proterozoic anée 9 y play

el . 3 _
Phanerozoic oceans have been buffered mostly b§/tromatol|t|c structure. In this sequenéé®C val

o .
river flux (Veizer et al. 1989a), which implies a “€> V&Y from—1.6 t0 +0.4%oppg. The r?ddISh

. . _ dolomites, at the base of the Formation, display the
much more pronounced C isotopic variation than )
most negative values(l to —1.3%oppg) followed

that observed in Archean carbonates. In con- onb - | 0.3%
sequence, positive excursions to anomalously higlfPSection by positive values (averag.37ooppe),

813C have been identified in Paleoproterozoic and'Mited to the buff dolomites, and succeeded, im-

Neoproterozoic strata. The Paleoproterozoic posi—m ediately above an intraformational breccia,

. . o .
tive §13C anomaly (Lomagundi event) in sedimen- by slightly negative values{0.3%opps) in buff,

tary carbonate rocksorintheirmetamorphicequiva-snghtIy clay-rich dolomites (Fig. 6b). The C-

lents has been kept as a single event which lasted fo|§otope variation in this Formation lies within the

about 260 million years. Buick et al. (1998), how- range for carbonates of this age in the C-isotope sec-

ever, detected three positi¥&*C anomalies in Pale- ular variation curve in F|g. 1. Oxygen lséotope ratios
. i . yary from —6.6 to —10.4%o0ppg. The§180 values

oproterozoic sedimentary carbonates in the Kapvaa]c he dolomiti ) ¢ thi

craton (2.43 to 1.93 Ga interval). Unfortunately, of the dolomitic portions of this sequence average

o . e .
from his work, it was not clear whether these excur- 7%oopps, While th? more calcitic portions average

. —9%o0ppe. Regarding the very low grade of meta-
sions reflect a global or a local process.

morphism these rocks underwent, these data, per-
haps, reflect environmental variations during lime-
stone deposition.

A) PALEOPROTEROZOIC SEDIMENTARY CARBONATE
SEQUENCES

1. THE GANDARELA FORMATION (2.4 GA), QUADRI- 2. THE FECcHO DO FUNIL FORMATION, PIRACICABA
EATERO FERRIFERO, MINAS GERAIS GROUP, MINAS GERAIS (2.1 GA)

The Minas Supergroup is a large sedimentary seThis Formation is represented by an association of
guence with a basal unit of clastic rocks (conglom-terrigenous and chemical sedimentary platform fa-
erates, quartzites and phyllites of the Caraca Group)ies. Light-gray, greenish and pinkish dolomitic
a middle unit composed of chemical rocks (iron for- rocks form a 60m thick lens with poorly preserved
mation and carbonates of the Itabira Group) and arolumnar stromatolite structures, exposed at the top
upper unit of interlayered clastic and chemical rocksof the sequence. A Pb-Pb isochron minimum age of
(Piracicaba Group). The ltabira Group has exten2.11+ 0.1 Ga for this Formation has been reported
sive banded iron formations and is divided into the(Babinski et al. 1995).
Caué and Gandarela Formations. The latter consists, Three representative samples from Morro do
dominantly, of carbonate rocks deposited in shallowBule locality, near Ouro Preto town (Fig. 5), were
water, and has a total thickness-0600m. Inthe analyzed for C and O isotopes in this stud{}3C
Gandarela Syncline, stromatolitic structures occuwvalues in these rocks vary fros6.4 to+7.1%opps
in the intermediate member of the Gandarela Fm. Awhile §180 varies from—9.4 to —9.1%oppg. The
Pb-Pb isochron age of2+ 0.02 Ga was reported §13C values are within the C-isotope range for 2.1
by Babinski et al. (1995). Ga sedimentary carbonates (Hoffman et al. 1998a),
About 60 carbonate samples were sam-and strongly suggests thatthe Lomagundi eventwas
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Fig. 5— Simplified map of the Quadrilatero Ferrifero (modified from Inda et al. 1984, Babinski et al.
1995), state of Minas Gerais. The two sampled localities (Gandarela Farm) and Morro do Bule are
indicated by solid circles. GF = Gandarela Formation, FFF = Fecho do Funil Formation. 1 = Minas
Supergroup; 2 = Rio das Velhas Supergroup; 3 = Minas Supergroup; 4 = Rio das Velhas Supergroup;
5 = granite-gneiss terranes.

recorded in sedimentary carbonates of this age i8. THE MAGNESITE-BEARING METASEDIMENTARY
South America. This suggests depositional condi-cARBONATES OF THE ORGS MOBILE BELT, CEARA
tions similar to that prevailing during the deposition (1.8 Ga)

of sedimen.tary carl.)onr?ltes-of equivalent ?ge in thﬁ'he Orés mobile belt represents a sigmoidal, con-
Lomagundi Formation in Zlmbabw_e (Schidlowski tinuous linear zone which extends for about 500 km
etal. 197(_3)' Kapvaal cr.aton, and |n.dolost0.nes Ofwith awidth from 2to 13 kmin the central part of the
the Ar.avalll Supergrouplln the Aravalli craton in In- Borborema Province, NE Brazil (Fig. 8), inthe state
dia (Fig. 7; Maheshwari et al. 1999). of Ceara. This belt is characterized by greenschist
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Fig. 6 — (a) Lithostratigraphy of the Minas Supergroup, state of Minas Gerais (Babinski et al. 1995). 1 = graywackes,
2 =phyllites, 3 = carbonate rocks, 4 = banded iron formations, 5 = quartzites, 6 = conglomerates; (b) Composite carbon
and oxygen isotope profiles for the Early Paleoproterozoic Gandarela Formation at the Gandarela Farm.

to amphibolite-facies metavolcano-sedimentary se-  Sixteen calcitic to dolomitic carbonate sam-
guences intruded by Meso- to Neoproterozoic granples from this discontinuous set of magnesian meta-
itoids. Calcitic, dolomitic and magnesitic marbles carbonate rocks display*3C values from—3.2 to
occur indiscontinuous lenses for about 140 kmin the+2.1%oppg. The calcitic limestones, deposited on
domain of this belt between Alencar (Ceara) and Picopen-marine environment, the older of these car-
IX (Piaui) villages. These marbles represent evapbonate sequences, display positd’€C (+0.5 to
orites deposited in a shallow marine environment+2.1%o) while dolomitic marbles to dolostones,
(Parente & Arthaud 1995). Zircons from metarhyo- deposited on less-open marine environment, display
lites of this belt yielded a U-Pb age 0f7fB+0.1 Ga  negative shift{0.7 to—3.2%oppg). Thistotab3C
(Van Schmus et al. 1995), probably correspondingvariation is within the limits for 1.8 Ga-old carbon-
to the age of sedimentation. ate rocks. The calcitic marbles displa}fO val-

The metacarbonate sequence is very abundantes from—6.5 to —10%oppg, While the dolomitic
and more calcic in the southwestern extremity ofones have values in the10 to —15%oppg range.
the belt, but less voluminous and more magnesiai®xygen isotope ratios were probably modified at
towards the northeastern portion of the belt, the highgreenschist to amphibolite-facies metamorphic con-
est Mg contents being observed in the Alencar-Oréglitions and, therefore, are of little use in tracing the
region. Magnesite deposits pass gradually intahermal history of the carbonate deposition.
metadolomites and then to almost pure calcitic mar-
bles westward the belt. B) NEOPROTEROZOIC METASEDIMENTARY CARBON-

ATE SEQUENCES
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India).

The C-isotope stratigraphy of some Neoproterozoicl. THE FRECHEIRINHA AND SA0 JOSE FORMATIONS,
metasedimentary carbonate sequences in northea§iearA

ern Brazil are discussed below, including the Fre-
cheirinha and S&o José Formations, NW Cearal he Middle Coreat Domain, northwestern region

Jacoca, Acaud, and Olho D’Agua Formations, Ser©f the state of Ceara is characterized by a series of
gipe, and Traipu-Jaramataia Formation, Alagoasdrabens and horstswhose boundary faults trend SW-
Together with other correlative deposits (e.g. ParaNE. The sediments of the Ubajara Group were de-
noa-Bambui Groups in central Brazil, Santos et al Posited in the Bambui-Jaibaras Graben, which is de-
Veizer 1998) these carbonate metasedimentary rock&Pne (considered part of the shield-scale Trans-
offer important information on events coeval with Brasilianolineament, Caby etal. 1991). Inthe Mar-

the initial and final break-up of the Rodinia super- tindpole graben, separated from the previous one by
continent & 1.0—0.75 Ga; Unrug 1997) applicable the Tucunduba horst (Fig. 9), sediments of the Mar-

to other cratons and belts of western Gondwana. tindpole Group, a possible correlative of the Ubajara
Group, have been deposited.

The sedimentary carbonate rocks and subor-
dinate pelites of the Frecheirinha Formation in the
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Fig. 8 — Simplified geologic map of the Or6s Mobile belt, state of Ceara, northeastern
Brazil (modified from Parente & Arthaud 1995).

Ubajara Group have been considered for long timginha Formation (0.61 Ga) is based on a poor Rb-Sr
as sedimentary deposits correlative to carbonates aochron (Novais et al. 1979) for clay fractions from
the Bambui Group in central and eastern Brazil (Figslates of the underlying Caicara Formation. The
9). The Frecheirinha carbonates rest on red slateBlucambo pluton intruded Frecheirinha Formation
and quartzites of the Caicaras Formation. Arkosesgarbonates at 0.54 Ga developing a thermal aureole,
graywackes and arkosic sandstones of the Coreagnd sets a minimum age for the Frecheirinha For-
Formation are found overlying the Frecheirinha car-mation. Mono-zircon fractions from the Saquinho
bonate rocks. The only inferred age for the Frecheimeta-trachyandesite, near the Coreau village, Ceara,
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Fig. 9 — Simplified map of northwestern state of Ceara, NE Brazil, showing the location of the
Bambui-Jaibaras (Ubajara Group), and the Martin6pole (Sao José Formation) grabens separated
by the Tucunduba horst.

in the Middle Coreal domain yielded concordanthave been regarded as the S&o José Group (Prado et
plots with an upper intersect of 1.78 Ga (Magini al. 1979). The lithologic units of this Group are well
et al. 1999) interpreted as an indication of Statherepresented in the Sao José hill, near the Ubatuba
rian crystallization. This would imply a probable village about 70 km west of Granja village, in the
Late Paleoprotereozoic age for the Ubajara Groumorthwerstern Ceara.
metasedimentary rocks, much older than previously ~ About 250 samples were taken on a meter scale
supposed, something which requires further confir-over~100m traverses across the strike of carbonate
mation. rocks of the Frecheirinha Formation, including sam-
Inthe Martindpole graben, the low-grade meta-ples from near the contact with the Caigaras slates
pelite-metapsamitic sequence of the Martindpole(bottom) and near the Coreal sandstones (top).
Group (schists, quartzites and slates) are overlain bilarly limestones in the lowermost portion of this
magnesian limestones, graywackes, sandstones, fesequence are replaced upsection by fine-grained, al-
ruginous metacherts and metavolcanic rocks whichmost pure, limestones (CaGG 85%).
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Frecheirinha Formation Ubajara highests180 values (6.9 to —5.3%oppg) in the
NW Ceara Group sequence. These marly carbonates were probably
50 g% Sandstone | Coreau Fm. deposited under lower temperature conditions, in a
‘ _ post-glacial transition to a warmer climate.
Gray limestone
(CaCO,> 85%)
,,,,,,,,,,,,,,,,,,,,,, Séao José Fm. Martinopole
Ceara Group
. 18 13 Quartzites,
Gray limestone € 00 o C red slates
(CaCO380%) I [T
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,,,,,,,,,,,,,,,,,,,,,, 2
Gray limestone _.9 n
tightly folded 82
,,,,,,,,,,,,,,,,,,,,,, EE
Marly limestone =9
to calcareous o
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Fig. 10 — Composite oxygen and carbon isotope profiles
for sedimentary carbonates of the Frecheirinha Forma-
tion, northwestern Ceard, NE Brazil.
| 1 | .
-6 212 -8 -4 0 Quartzites
%oPDB and schists

The §13C in four of the sampled sections is

o L
about+-1%oppg while in the upper carbonate layers Fig. 11 — Oxygen and carbon isotope profiles for the

. o . -
values jump t0+2.5 to +3.7%0(Fig. 10). Similar S&o José Formation, northwestern Cearda, NE Brazil.
813C pattern is also observed on the Paranoa Group

gray carbonates which are abobtppg (Santos et
al. in press) and in the lower portion of the Bam-
bui Group limestones, jumps up 42.6%oppg in-

Tensamples of carbonates of the Sdo José meta-
sedimentary carbonates were collected at the S&o

creasing to 1%-oupwards this unit (values as high as J05€ hill. All these samples display’C between
+16%o0ppg for the upper Bambui carbonates were —1-5 (bottom of the section) ane0.5%oppg Up-

reported elsewhere (lyer et al. 1995, Santos et aS€Ction, whiles®0 varies from—14 (bottom) to
in press). In the light of the present C-isotope data,~107eopos upsection (Fig. 11).

most marly limestones/limestones of the Frecheir- 3

inha Formation are isotopically equivalent to the 2. THE JACOCA, ACAUA AND OLHO D°AGUA For-
Paranoa limestones, while the upper section of th
Frecheirinha Formation is isotopically equivalent to The ESE-NNW trending Neoproterozoic, poly-de-

the limestones of the lower Bambui Group ¢16C  formed and poly-metamorphosed, Sergipano Fold-
>4%0 has been found in Frecheirinha Formationbelt is part of the Borborema Province, at its south-
carbonates).313C for the marly carbonates at the ern border with the S&o Francisco Craton (Fig. 12).
lowermost portion of the Frecheirinha Formation is Detailed studies carried out by D’el Rey da Silva

negative (8 to —1.2%oppg) coinciding with the  (1999) around the south-central part of this foldbelt

g[ATIONS, SERGIPE
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and its interface with the northern margin of the S&oargillite. In this study, twenty-one samples have
Francisco Craton demonstrated that sedimentatiobeen collected in a section of the Acaua carbonates
recorded the evolution of a passive continental marwith strata dipping about 300 northwestward, along
gin andis divided into two cycles, each one compris-the river at the Brejinho Farm, 10 km southeast of
ing a continental to shallow marine, basal siliciclas-Lagarto town, state of Sergipe.
tic megasequence overlain by a carbonate sequence. The Jacoca Formation overlies the pebbly phyl-
The cratonic cover encompasses cycle | and part dites/conglomerates of the Ribeirépolis Formation
the basal megasequence Il. All of these rocks spreadnd comprises two lithofacies: metacarbonates and
continuously across the craton margin into the Sergia mixed lithofacies of metasiliciclastics and meta-
pano Foldbelt where they occur around the Itabaian@arbonates (D’el Rey da Silva 1995). The metased-
and Siméo Dias basement domes and are overlaimentary carbonates are 300m thick around the
by a metadiamictite formation and a metacarbonatdtabaiana dome (Fig. 13a) with the best exposures,
formation that complete cycle Il. According to D’el inthe Capitdo farm, along the Salgado and Vaza Bar-
Rey da Silva (1999), basement and cover underwenis rivers southwest of the Macambira village, state
the same Neoproterozoic compressive deformatiolof Sergipe.
under sub-greenschist facies. A typical section of the Jacoca Formation as

The lower siliciclastic megasequence is repre-described in the Capitdo Farm by D’el Rey da Silva
sented by the Jueté (arkosic sandstone, conglomef1995), starts with a thick layer of laminated white to
ate lenses, diamictites), Itabaiana (conglomerategyray, 1-3cm thick beds of dolomites containing beds
quartzites, metasiltites) and Ribeirdpolis (silty phyl- of pyrite and chalcopyrite. This is followed upsec-
lites, metagreywackes, pebbly phyllites, diamic-tion by a 15m-thick layer of laminated dolomites,
tites) Formations and the lower carbonate megaseand dark gray to black phyllites and about 10m thick
quence is represented by the Acaua and Jacoca Farf massive dolomites. This unitis overlain by a 40m
mations. These two megasequences in cycle | comthick sequence of gray limestones, calcarenites and
prise the Esténcia-Miaba Group. dark gray to black phyllites. Finally, a sequence of

The upper siliciclastic megasequence (Simaaogray metadolomites, 200m thick, is observed.
Dias Group) is represented by the Lagarto-Palmares  In this study, about thirty-one samples of Ja-
(mudstones, siltstones, sandstones and lithic wasoca carbonate from a section along the Vaza Barris
ckes), the Jacaré (metasiltites to metasandstoneR)jiver atthe Capitdo Farm, and twenty-one carbonate
and the Frei Paulo (silty phyllites with intercalations samples from the Acaua Formation at the Brejinho
of metasandstones, metacarbonates and wackeBarm, have been analyzed for carbon and oxygen
Formations. This megasequence is overlain byisotopes and results are shown in Figure 13a, b.
metasediments of the Vaza Barris Group that In the Jacoca carbonates!3C varies from
is comprised of diamictites of the Palestina Forma-—6.4 to —2.8%oppg, With majority of the values
tion and the upper carbonate megasequence (Olhtear —4%oppg as seen in Fig. 13as'80 values
D’Agua Formation). vary little, mostly around-8%oppg. ThesC in

the Acaud carbonates, as in the Jacoca Formation,

The lower carbonate megasequence. The Acaud tend also to group around4%eoppg ands*®0 has
Formation conformably overlies the Jueté Forma-similar behavior to Jacoca carbonates with stronger
tion and unconformably the basement gneiss (D’ebscillation of values upsection (Fig. 13b). The car-
Rey da Silva 1999). It consists of basal limestone pon isotopic behavior of these two sequences seems
dolomite, calci-argillite with limestone lenses and to favor the assumption that Acaué and Jacoca For-
layers of limestone and dolomites with intercala- mations were deposited contemporaneously (D’el
tions of cross-bedded red sandstone and greeRey da Silva 1992) as well as that they probably
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Fig. 13 — Carbon and oxygen isotope profiles: (a) Jacoca Formation; (b) Acaud Formation; (c)
Olho D’Agua Formation (state of Sergipe) and (d) Traipu-Jaramataia Formation (state of Alagoas),
NE Brazil.

correspond to cap carbonates sequences. Frei Paulo Formation, which underlies Palestina di-
Five samples from a 10m-thick (meta) marl to amictites were collected north of the Pinh&o locality
marly carbonate lens intercalated in phyllites of thenear the junction with the road Carira-Frei Paulo.
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Thes'3C varies from+-3 to+8%oppg and from—9  Oxygen isotopes show a more limited variation with
to —6%0ppg. 8180 values ranging from-7 to —10%oppg.

The upper carbonate megasequence. The thick 3. THE TRATPU-JARAMATAIA FORMATION, ALAGOAS

Olho D'Agua Format|o.n is composed of a se- The Macururé tectonic domain (state of Alagoas,
guence of marbles and interbedded green, calcare-

hlori hi d sty ohvil ( the \i horthern part of the Sergipano foldbelt; Fig. 12)
ous C orite-schists ar_] silty p_ Y |t_es c_) t € azais separated from the Miaba-Vaza Barris Domain,
Barris Group and overlies the thick diamictites, peb-

described above, by the S&o José do Aleixo shear

bly metagreywackes of the Palestina Formatlon.zone_ While the carbonate to clastic sediments of the

Marble beds are interbedded with blue to black, f'ne'Miaba—Vaza Barris Domain were mono-deformed

grained metalimestone and gray metadolomite. In- . . . .
o - and subject to greenschist-facies metamorphism,
dividual marble beds vary from one to 40m thick

. . . the Macururé Domain metasediments were poly-
in the lower part of the Formation with only local

' _ ) deformed and mostly metamorphosed at the amphi-
one meter-thick beds in the upper part. Thicker andbolite facies

more abundant carbonate beds are observed in the

i o o ] The Traipu-Jaramataia Formation of the Macu-
south limb of the Pinh&o anticline. The thick carbon- | . .
ruré Group is characterized by a sequence of meta-

ates around the Sim&o Dias dome pass upward intQ . .
R ] ) ) ! greywackes, metasiltstones, metashales and minor
supertidal-intertidal facies with oolites, and wave-

T ~~ metasedimentary carbonates (marbles), besides fel-
reworked structures indicating a near shore environ- .

) ) sic, basaltic and ultrabasic igneous rocks metamor-
ment (D’el Rey da Silva 1992). Oolites to stromato- . - .
phosed in the amphibolite facies. Narrow and elon-

lites are very rare, and reducing conditions predom-
y 9 P gate carbonate lenses are observed along the Belo

inated during the carbonate deposition. StromatoMome Fault zone and near the road between Batalha
lites have been observed at Saco da Camisa Ioca{(—)Wn and Capivara village.

ity (Cassedane & Silva Filho 1982) and have been
classified astratifera undata, with a probable age

between 1.0 Ga and 0.55 Ga.

About twenty-five carbonate samples have

been collected at a metric scale across the strike of
a representative 80 m-thick lens by the point where
One hundred and twenty samples of OIhOthe road Batalha-Capivara branches off to the Jara-

D’Agua Formation were collected from 500 me- L

) i mataia village. These marbles are usually coarse-
ter of discontinuous outcrops across the southern _. . . L
i o o i grained, banded, pink to white, with intercalated
limb of the Pinh&o anticline, starting from the con-

mica-rich layers (locally with epidote), intercalated

tact with the Palestina diamictite/pebbly metagrey-in a gamet-rich biotite-schist. ThEC values in

wackes. Marly carbonates at the basis of the se; . . . .
i ) 7 T"this Formation are always positive (Fig. 13d) and
guence, near the contact with Palestina diamictite

, 13 . , Smost of them are in the-3 to +4%oppg interval, a
Filsplaya c valugs as low as-4.7%oppg, Which behavior which totally differ from that observed in
|nocrease upsection to values betwe<_an Z€ero anﬂ]e Jacoca and Acaua carbonates. This suggests that
1 /OOPDB', and at tf;e top chfange drama'tlcally t(_) vah e Traipu-Jaramataia carbonate rocks have been de-
uesas high as10 /(_JOPDB (Fig. 13¢). _Thls varla_tlon posited at a different time in relation to the Acaué
suggests that environmental conditions during dehnd Jacoca Formations in the state of Sergipe.
position at the base of this sequence were different
from those for carbonates at the top, allowing for
an enormous C-isotope oscillation. TBISC trend
on presumed cap carbonates, according to Kennedihe C isotope data presented and discussed here pro-
(1996), would suggest that the Palestina diamictitevide some important insights on Precambrian sedi-

would be correlatable to Sturtian glacial episode.mentary carbonate sequences from some localities

CONCLUSIONS
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in Brazil and may become useful for future inter andand values aroung9%oppg, at the top, consistent
intra-basinal correlations. Interpretations here arewith a cap carbonate deposition around 0.69 Ga on
however, mostly preliminary and require, in somethe Capitdo-Palestina diamictites.
cases, further detailed studies. All Neoproterozoic carbonate sequences in this
Carbon isotopes in the carbonate-rich jaspilitesstudy, some of which have been previously regarded
of the Archean Carajas (BIF) Formation demon-as chronocorrelatable to the Bambui Group carbon-
strate that, as in the majority of Archean carbon-ates, seem, based on their carbon isotope behavior,
ates, they have acquired a mantle signature througto be older than this Group. The Bambui Group dis-
carbonatization of a silicate protolith by a @@ich  playss13C values as high as16%oppg (lyer et al.
fluid from mantle degassing; or equilibrium with 1995, Santos et al. in press) or even higher in the
a deep basinal water with a composition aroundop carbonate Formations, which we interpret as in-
—5%0ppE. dication of a Post-Sturtian deposition, around 0.60
Carbonates of the Paleoproterozoic Gandarel&a. A similar age (595 5 Ma) has been recently
Formation display a C-isotope oscillation within the proposed by Kawashita (1999), based on the behav-
worldwide secular variation, and the Fecho do Funilior of the 8/SrfSr for the Bambui carbonates and
Formation seems to record the posits#*C Lo-  in a secular variation curve for the Neoproterozoic.
magundi (Jatulian) anomaly, a contention which re-
quires further investigation. ACKNOWLEDGEMENTS
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