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GEOCHEMISTRY OF HIGH-GRADE COMPLEXES OF BAHIA STATE, BRAZIL

MÁRIO C. H. FIGUEIREDO'

ABSTRACT The high-grade terrains of Bahia State can be divided into the granulitic Jequié
complex, probably of middle Archean age, surrounded by the younger (Iate Archean?) granulitic­
'gneissic-migmatitic Caraíba, Itabuna. and Paramirim complexes.

The Jequié granulites have essentially agranitic chemistry, presenting scattered enrichment
(Rb, Y, Zr, Nb, Da, REE, etc.} or non-depletion (Cs. D, etc.) of many trace elements which are
normally highly depleted in high-grade metamorphic roeks. The Caraíba and Itabuna gneisses
and granulites have a granodioritic-tonalitic composition, with subordinate mafic-ultramafic and
carbonate-calc-silieate lenses. Most of the Caraíba rocks show signs of remobilization and rein­
troduction or LIL elements. The mafic-u1tramafie rocks of the Caraíba eomplex can be separated
intotwo groups: one has a eomposition intermediate between high-Mg basalts and tholeiites, while
the other is essentially a LILE-enriehed thcleiite. The Caraíba and Itabuna roeks are more hetero­
geneous than the Jequié granulites and have a substantial supracrustal component. Granitic gneisses,
related to the early Proterozoic Jacobina Group, oceur associated with the Caraíba rocks. The
Piramirim complex is poorly known.

INTRODUCTION The major rock units of the state of
Bahia, located within lhe São Francisco craton (Almeida,
1977), consisl of high-grade metamorphic basement rocks
overlain by a succession ofyounger mainly metasedimentary
sequences. The high-grade rocks are divided into an older
(3.1 to 2.7 Ga) nueleus (lhe granulitic Jequié complex) sur­
rounded by younger (2.7 to 2.2 Ga) mobile belts (lhe granu­
litic-gncissic-migmatitic Caraiba, lhe granulitic Itabuna,
and lhe gneissic-migmatitic Pararnirim complexes).

The Jequié orogenic cyele (2.7 ± 0.2 Ga), a major isotopic
homogenization episode, is associated wíth the formation
and stabilization of almosl ali lhe high-grade lerrains of
Bahia State (Jardim de Sá et al., 1976) and probably dates
its main granulite facies metamorphic episode (Cordani
and Iyer, 1979). Several age dates for these high-grade ter­
rains are between 2.5 and 2.2 Ga and its geological signifi­
cance is still ·obscure. The Transamazônico orogeny
(2.0 ±0.2 Ga) prornoted a total or partial resetting of the
Rb/Sr system in large parIs of lhe high-grade terrains of
Bahia. The reworking of these lerrains during lhe Tran­
samazônico cycle is indicaled by several K/Ar age deter­
minations (Tavora et al., 1967; Figueiredo, 1976).

The predominant rock types in lhe Jequié complex are
felsic granulites, migrnatized granulites and augen gneisses,
at times interleaved wíth pegmatites and amphibolites, with
minor occurrences of metaquartzites and calc-silicate rocks
(Sighinolfi et ai., 1981). The Caraíba and ltabuna complexes
consist mainly of intermediate granulites, gneisses and
migmatites, with subordinale layers and lenses of meta­
sedirnentary rocks and subconcordant rnafic-ultramafic
bodíes (Sighinolfi, 1971; Figueíredo, 1980). A low-grade
volcanic-sedirnentary sequence (Rio: Itapicuru greenstone
belt, Kishida and Ríccio, 1980) occurs associated with the
Caraíba complex.

The late Archean Píramírim complex consists predomi­
nantly of felsic gneisses and migmatites (amphibolite facies)
with a few intercalations of rnafic-ultramafic bodies and
metasedimenrary rocks, with a NNW-SSE structural trend

(Jardim de Sá et ai., 1976). The Paramirim rocks are poorly
known in terms of Iíthogeochemistry.

JEQUIf: COMPLEX The Jequié complex (Cordani,
1973) consists mainly of granulite facies rocks, folded and
foliated in variable patteros NE-SW (Fig. 1). The predo­
minant rock types are banded granulítes, migmatized gra­
nulites and augen gneisses, Mafic granulites (two-pyroxene,
amphibole and plagioclase) occur interbedded with the more
abundanl felsic types (Hypersthene-bearing quartz-feldspa­
thic gneisses). Charnockitic rocks are recognizable in the
field by their darker colours and typical xcnoblastic textures.
Small lenses of melasedimentary rocks, metamorphosed lo
granulite facies, occur mainly in the western part of the
complex.

Rb/Sr isolopic investigations in lhe Mutuipe region
(e.g. Cordani and Iyer, 1979) yielded threetentative refe­
rence isochron lines: 3.16 ±0.06 Ga with initial "'Sr/"'Sr
ratio (Ro) of 0.711 ±0.004; 2.73 ±0.05 Ga wíth Ro =
= 0.7065 ± 0.0015; and 2.44 ± 0.04 Ga with Ro =
= 0.7066 ±0.0008. The 3.16 Ga isochron was generated by
data points of four samples from a single outcrop, while
lhe other two (like most Rb/Sr isochrons of Bahia State)
represent differenl rock types from very large areas. Accor­
ding to Cordani and Iyer (1979) lhe 2.7 Ga isochron indi­
cales a regional Sr homogenization event probably related
to the main granulite facies metamorphísm, while lhe 3.1 Ga
one reflects the presence of an older basement surviving
through lhe 2.7 Ga granulitization. The 2.4 Ga ísochron
was obtained from rocks from lhe eastern margin of the
Jequié complex (rocks from lhe western margin - Maracás
area - yielded similar ages) and could represent a retro­
gression of older rocks.

ln relation lo chemical composition, lhe charnockitic
rocks of the Jequié complex are quite distinct from lhe
more abundant granulites (Tables 1 and 2). The granulites
have essentially a granitic chemistry and are enriched or
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Figure I --' Geological sketch map of eastern Bahia, after Inda and
Barbosa (/978). madíjied

poínts: a granitic-andesitíc chemistry with scattered erirí­
chment of LIL elements; the strong and consistent Eu nega­
tive anomaly, indicating feldspar fractionation, and the
strong enrichment of total REE; the high initial "Sr/8·Sr

ratio of 0,711; and the middle Archean age with a late
Archean granulitization or isotopic rejuvenation,
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ITABUNA COM PLEX The !tabuna complex is compo­
sed of felsic to mafic granulites, with regional structural
trends mainly in a N-S direction, with tectonic and tran­
sitional contacts with the Jequié complex, The !tabuna and
Caraíba complexes appear to be in structural continuity
and accomodated around the older Jequié complex (Fig. I).
The characteristic mineralogical association of lhe !tabuna
granulites is orthopyroxene-plagioclase, but garnet-clino­
pyroxene-quartz is occasionally found (Sighinolfi, 1970).

ln the Salvador area occurs interbedded felsic and mafic
granulites, distinguished by the presence of alumínous mi­
nerals, such as sillimanite, garnet, corundum, sapphirine,
and cordierite, in the felsic rocks, while lhe mafic granulites
typically contain lhe orthopyroxene-plagioclase assemblage
(Fujimori, 1968). Stormer and Whitney (1977) indicated
conditions of 750-800 "C and 4-8 kb during lhe metamor­
phism of the Salvador granulites.

Cordani and Iyer (1979) reported a Rb/Sr isochron, for
ten samples of granulites from lhe !tabuna region, yielding
2.29 ±0.09 Ga and 0.703 ±0.001. ln their opinion, this

non-depleted in the large-íon Iithophile elements . (LILE),
while the composition ofthe chamockites resernblesaverage
andesites, with a great scatter of LILE values (Sighinolfi
et al., 1981). The enrichment of LILE seerl in most rocks
of the Jequié complex also ineludes the rare earth elements
(REE). The REE patterns of the Jequié granulites and
charnockites (Fig. 2) are strongly enriched in total REE,
particularly the light ones, and depleted in Eu, being
considerably different from most Archean granulítes and
gray gneisses. The strong and consistent Eu negative ano­
maly of ali Jequié rocks suggests that feldspar fractionation
was involved in the parent material. Thrs, together with the
high initial "Sr/8OSr ratio of 0.711, IS consrstent with a
derivation of these rocks from older crustal material.

Granulite facies rocks have been observed if.g.. Sighinolfi,
1971 ; Lewis and Spooner, 1973; Heier, 1.973; Tàrney, 1976;
Turner, 1980; Rollinson and Windley, 1980) to be usually
depleted in LIL elements. On the other hand, some gra·
nulitic areas presenl normal ,or even enriched LILE values
(e.g. Moine et al., 1972; Gray, 1977; Weaver, 1980). Sighi­
nolfi el ai. (1981) discussed three processes for the expla­
nation of the undepleted character of. the Jequié rocks:
retrograde metamorphism over wide areas was accompa­
nied by the reintroduction of LIL elements ;the rocks
underwent dehydration to become granulite faeies without
partial melting and substantial loss of trace elements; and,
the rocks were always dry and fluid loss (and partial melting)
during metamorphism was slight.

The concept of L1LE reintroduction by a later metaso­
rnatic event would alleviate the doubts about the general
understanding of lhe distribution of heat-producing ele­
ments at depth, and Sighinolfi et ai. (1981) suggested an
attractive model of thrusting of high-grade rocks over
younger, cooler and wetter low-grade rocks, produeing
retrograde metarnorphisrn of the overthrust slab. However,
this hypothesis is difficult to support since geochronological
studies of'the Jequié rocks (Cordani and Iyer, 1979) indicates
that lhe Rb/Sr system was not altered after at least 2.4 Ga
ago. If the chemical character of the Jequié rocks is due to
metasomatic overprinting, the present isotopic data suggest
an Archean age for such a processo .

As shown by Brown and Fyfe(I970), partial me1ting of
high-grade metamorphic rocks containing muscovite-bío­
tite-hornblcnde is a typical process, leaving granulitic rocks
as a residue. Another possibility for widespread granulitiza­
tion is a dilution of the fluid phase with CO, or other vola­
tiles (e.g. Touret, 1971, 1974, 1977; Hollister and Burruss,
1976; Newton et ai., 1980). However, ít has been suggested
(e.g. Collerson and Fryer, 1978; Weaver, 1980; Weaver and
Tarney, 1980) that CO,-rich fluids would also cause LILE
depletion in high-grade rocks. Therefore, ULE depletion
would be expected in any of the two processes discussed
so far for fluíd loss during granulitizatíon (partial melting
or dilution by CO,).

The alternative that the Jequié rocks are granitic-ande­
sitie and contained no water during metarnorphism could
explain their undepleted character and possibly even the
suggestion of Cordani and Iyer (1979) that lhe Mútuipe
granulites (3.1 Ga) could have survived through a 2.7 Ga
granulitization. But it is difficult to admit such a large vo­
lume of water-free rocks, particularly considering the
presence of supracrustal rocks.

Therefore, it appears that no definite conelusions can be
drawn at this time, regarding lhe origin of lhe Jequié com­
plex. Any attempt would have to consider the following



isochron represents an apparent age reflecting the formation
of secondary biotite and K-feldspar. However, it must be
noted that this isochron depends mainly on only one sam pie
(with a high "Rb(8·Sr ratio) and the other nine points
would yield an age of 2,55 Ga, making even more difficult
the task of interpreting such a reference isochron, The
Rb/Sr data for the Salvador area defined an isochron with
2,27 ±0,04 Ga and 0,703 ±0,001, This low initial "Sr(8·Sr
ratio and the aluminous character of the Salvador granulites
suggest that these granulites may in Iact be Transamazônico.

The ltabuna granulites (Sighinolfi, 1970, 1971) have a
composition (Table I) slightly more basic than most Archean
granulites and gray gneisses being, however, very similar in
chemistry 10 the granulites of the Musgrave Range in Aus­
tralia (Lambert and Heier, 1968), The average composition
of e1even sub-acid granulites from the Itabuna complex
(Sighinolfi, 1971) is fairly typical of Archean high-grade
rocks, being particularly comparable to the granulites from
Caraiba (Figueiredo, 1980) and New Quebec (Eade et ai"
1966), and with the gray gneisses from east Greenland and
Scotland (Sheraton et ai" 1973), The heterogeneity of the
ltabuna complex granulites. as well as the Salvador granu­
lites, led to an idea (e,g, Fujimori, 1968; Sighinolfi. 1970)
of a dominant sedimentary cornponent for the original
material.

Table 1 - Average compositions of lhe hígh-grade metamorphíc
rocks (~r eastcrn Hahia (oxides in IIf\,: trace clonients ln ppm:
F1'20J = (O/li! 11'011 as 1-1: 2°3)

2 3 4 5 6 7

Si02 68,77 60,95 60,70 65,65 71.48 48,51 47,82
Tí0 2 0.50 0,79 0,95 0.54 0,34 1.22 0,86
A\20 3 1 14,36 17,37 15,83 16,25 13,97 14,61 12,61
Fe203 3,84 6,61 7,82 4,64 2,67 12,59 11.97
MnO 0,06 0,09 0,11 0,05 0,05 0,20 0,18
MgO 0,54 2,75 3,02 UI 0,72 7,22 11.05
CaO 2,10 4,67 5,28 3,95 2,14 11.02 11.74
Na20 3,28 3,53 3,55 4,18 3,72 2,85 1.49
K,O 4,90 1.85 2,28 2,44 3.59 0,97 0,66
P20 5 0,18 0,29 0,24 0,12 0,18 0,09
Cr 3 147 71 12 13 222 598
Ni 21 93 8 9 65 251
Zr 430 340 222 205 312 91 54
Rb 168 37 46 31 145 15 II
Sr 177 338 543 544 196 214 107
Ba 839 725 1217 943 768 564 328
Y 72 19 II 31 27 16
K/Rb 296 774 626 645 207 537 498
Rb/Sr 0,95 0,11 0,09 0,06 0.74 0,07 0,10

1. Jequié granulites (Sighinolf et ai., 1981); 2. Jequié chamockites
(Sighinolfi et ai" (981); 3. ltabuna granulites (Sighinolfi, 1971);
4. Ncn-remobilized Caraíba gneisses and granulites (Figueiredo,
198{1j; 5. Jacobina gneisses (Figueiredo, 1980); 6. Caraíba LlLE­
-ennched mafic-ultrarnafic rocks (Figueiredo, 1980); 7. Caraíba
mafic-ultramafic rocks (Figueiredo, 1980)

CARAIBA COM PLEX The Caraiba complex (Barbosa,
19701 is composed predominantly of banded, felsic to inter­
mediate gneisses and granulites, with subordinare layers and
lenses of carbonate-cale-silicate rocks, banded iron-forma­
tions, graphite-rich rocks and subconcordant mafic-ultra-
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mafic bodies, Disseminated copper sulfide deposits. hosted
mainly in hypersthenitic and noritic bodies, and chromite­
-bearing ultramafic bodies, are found in the Curaçá and Ja­
curiei valleys, respectively. With intrusive characteristics are
found a large (over I ,000 .km") syenitic orthogneiss and gra­
nitic bodies, ranging from small Ienses to large plutons,

The Rio Itapicuru greenstone belt (Mascarenhas, 1976;
Kishida and Riccio, 1980), composed of a sequence of
mafic to felsic metavolcanic as well as metasedimentary
units, with stratabound gold deposits, occurs associated
with the Caraiba complex. There is a broad metamorphic
zonation, with greenschist facies rocks in the greenstone
belt area and granulite facies rocks in the Curaçà valley
region, amphibolite facies rocks intervening between these
two.

The metasediments of the Jacobina Group are also found
in northeastern Bahia. The Jacobina Group consists of
coarse-grained e1astic (quartzites and subordinate conglo­
merates) and pelitic sediments, with gold and uraruum
mineralization, and mafic-ultramafic intrusions, metamor­
phosed to amphibolite facies conditions (Leo et ai" 1964;
Cox, 1967; Sirns, 1977). The contact relations between the
Jacobina metasediments and the Caraíba complex, parti­
:ularly along the east side of the Jacobina Ridge where a
belt about 20 km wide of gneisses and migmatites, with
subordinate lenses of quartzites and occasional conglome­
rates, occurs, have been a subject of controversy, This
belt named the Senhor do Bonfim gneiss belt by Figueiredo
(1980), has been described either as highly metamorphosed
Jacobina sediments or as Caraíba complex basement rocks.
Other similar gneiss belts, such as the Caldeirão belt, which
could be related to the Jacobina Group, are found in nor­
theastern Bahia (Jordan, 1972; Figueiredo, 1980).

The Senhor do Bonfim and Caldeirão gneiss belts are
characterized by metamorphisrn of amphibolite to upper­
-amphibolite facies conditions, while the Caraiba complex
shows a variation from upper-amphibolite facies in its
southern parts towards granulite facies in the Curaçá valley,
The equilibration temperature of these granulites, determi­
.ned using two-pyroxene and e1inopyroxene-garnet geo­
thermometers, is estimated (Figueiredo, 1980) to have been
of the order of 750-850 'e.

Archean ages were determined by Rb(Sr data for the
Caraiba complex (Jardim de Sá et ai" 1976; Brito Neves
et ai" 1980), but isotopic disequilibriurn is fairly comrnon.
Recent unpublished data (Koji Kawashita, personal com­
munication, 1982) defined Archean ages for many rocks
of the Caraíba complcx, but Transamazônico ages were
indicated for over half of the samples analysed,

A Rb/Sr isochron for the Campo Formoso granite,
which is intrusive into the Jacobina metasediments, yielded
an age of 1.911 ±0,013 Ga with Ro = 0,708 (Torquato et al.,
1978), indicating an early Proterozoic age for 'lhe deposition
of the Jacobina Group, A Rb/Sr mineral isochron for the
ltiúba syenite (Figueiredo, 1976) defined an age (ofbiotite) of
1.8 Ga with Ro = 0,705, reflecting the metamorphism of the
syenite during the Transamazônico cycle. The Transama­
zônico reworking of the Caraíba cornplex is also shown by
K(Ar ages (Távora (I ai" 1967; Figueiredo, 1976),

Figueiredo (1980) demonstrated that over half of the
Caraíba gneisses and granulites were subjected to strong
remobilization of LIL elements. The non-remobilized rocks
have a granodioritic-tonalitic chemistry (Tables I and 2)
and are cornparable to other Archean high-grade rocks, as
discussed previously for the Itabuna granulites, Linden-



310 Revista Brasileira de Oeocténctas, Volume 12 (l~3), 1982

mayer (1980) suggested that these granodioritic-tonalítíc
rocks forrned a basement (ofunknown origin) for the mainly
sedimentary supracrustal rocks. On the other hand, Fi­
gueiredo '(1976, 1980) suggested that the close association,
and occasional gradation, of these gneisses and granulites
with the sediments would favor a supracrustal origin for
these granodioritic-tonalitic rocks. The chemistry of the
granodioritic-tonalitic gneisses and granulites, including
the REE (Fig. 2), is very similar to Archean dacitic-andesitic
rocks and arkose-graywackes,

'.000

The mafic-ultramafic rocks of the Curaçá valley can be
separated into two groups in terms of chemistry (Tables
I .and 2): one group (where the copper mineralization is
found) has a composition intermediate between tholeiites
and high-Mg basalis, and their REE patterns (Fig. 3) pre·
sent a slight enrichment of light REE, resembling the
enriched Archean tholeiites (Condie, 1976); the other group
(identical to the melanocratic portions in outcrop scale) has
a LILE·enriched character (Tables I and 2), and their REE
patterns (Fig. 3) show considerably more light REE enri­
chment and a small negative Eu anoinafy. According to
some geologists (e. g. Lindenmayer, 1980; Townend et ai.,
1980), these mafic-ultramafic rocks would correspond to
layered intrusions (differentiated tholeiitic sills) of the
Skaergaard type, with the copper mineralization being for­
med by separation of sulfide imrniscible liquid, also in­
volving assimilation ofsulfur from the ubiquitous carbonate
metasediments (sometimes with anhydrite, Leake et ai.,
1979)and graphitic rocks. The intimate association ofthese
mafic rocks with banded iron-formation: (and other metase­
diments) and the direct relationship between copper sulfide
and magnetite content, led Figueiredo (1976, 1980)to favour
a submarine volcanic origin for thesemaficrocksandcopper
mineralization .
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Figure 2 - Chondríte-normaltzed REE patterns for eastem Bahía
hígh-grade rocks. Sarne legend as Table 1. Chondríte "alues used
for normalízatton are Leedey chondrite data (Masuda et al., 1973)
divided by J.20

Table2 - Average rare earthelementcontents(inppm) ofhigh-grade
metamorphic rocks of eastern Bahia (CeN/YbN = chondrite-norma-
lízed Ce/Yb ratío; Eu· = interpolated value between Sm and Gd)

2 4 5 6 7

La 148 103 46 71 28.4 7.9
Ce 246 169 105 .150 62 19.6
Pr 41 30 10 16 7.4 2.8
Nd 143 83 41 59 14.3 18.3
Sm 29 17.5 7.1 11.3 4.1 5.1
Eu 3.5 2.1 2.2 1.9 1.5 1.6

.Gd 22.4 11.3 5.5 9.4 4.9 5.2
Dy 10.0 3.6 2.5 5.7 4.6 3.9
Er 7.3 1.6 1.2 2.7 2.4 1.5
Yb 7.0 1.3 1.0 2.2 2.0 0.8
CeN/ybN 9.0 33.3 28.0 17.6 5.8 2.5
Sm/Nd 0.20 0.21 0.17 0.19 0.29 0.28
Eu/Eu· 0.43 0.47 1.04 0.58 0.83 1.02

Sarne legeod as Table 1 (no REE dataavailable for lhe Itabuna
granulites)

Recent studies (Appel, 1980) índícated appreciable
amounts (similar to the Caraíba Mine ones) of copper sul­
tides in the carbonate, silicate and sulfide facies iron-for­
mation as well as in sultide facies admixed with basaltic
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Figure 3 - Chondrue-normattzed REE pattems for fe/sic to tnter­
medíate gnetsses. granulites and augen gneísses (continuous lines},
and mafic-ultramafíc rocks {dotted lines)from the Caralba complex
(b = bíotítítess. Chondríte "alues used for normalizatton are Leedev
chondrítc data (Masuda ct al., /973) divided by 1.20
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tuffs, of the Isua supracrustals from west Greenland, mainly
within intercalated layers of basaltic lavas and tuffs, banded
iron-formation. quartzites, carbonates and graphitic meta­
sediments. One of the sam pies of Caraíba Cu ore analysed
by Figueiredo (1980) had a very high iron content (55%
Fe,03) and its REE pattern is similar to those from the
banded iron-formations, being typical (as the REE patterns
of Caraíba marbles) of Archean chemical sediments (Fryeg,
1977). This additional evidence, together with the impressive
lithological and chemical similarity between the Caraiba
rocks and the Isua supracrustals, suggests rather strongly
that the Caraiba mafic-ultramafic rocks are basaltic volca­
nic rocks (lavas and tuffs) and that the copper mineraliza­
tion is of submarine exhalative origin, from brines related
to the basic volcanic rocks. .

The gneisses of the Senhor do Bonfim and Caldeirão
belts have a granitic chemistry (Tables I and 2) and their
REE pattems (Fig. 2) are quite distinct from those of the
Caraíba non-remobilized gneisses and granulites, showing
a greater fractionation between light and heavy REE and
strong negative Eu anomalies. The 'chemical differences
between the Caraíba rocks and the Senhor do Bonfim and
Caldeirão gneiss belts, from granodioritic-tonalitic to grani­
tic, the latter being enriched in K/Na. light REE and deple­
ted in Eu. seems to be related to the overall geochemical
change that occurred in the Archean to early Proterozoic
transition (e.g. Veizer and Jansen, 1979). This chemical dis­
tinction. together with the lithological (chemical sediments
as opposed to coarse-grained clastics) and metamorphic (gra­
nulite I'ersus amphibolite facies) differences between the
Caraíba complex on one hand and the Senhor do Bonfim
and Caldeirão belts on the other, indicates that these gneiss
belts with subordinatequartizte and conglomerate layers
and lenses are not related to the Caraíba Complex but to the
early Proterozoic Jacobina Group.

Clear evidence of K-metasomatism in the Caraíba com­
plex rocks is provided by biotitites replacing hypersthenites
and norites and by augen gneisses in fracture zones. Based
on K/Ar data .in biotites, Rb/Sr mineral isochrons and
Rb/Sr whole-rock isochrons for Kvgranites. it seems reli­
able to assume a Transamazênico age for the K-metaso­
matic event in the Caraiba complex. REE data for several
of the gneisses, granulites and mafic-ultramafic rocks of
the Caraíba complex (Fig. 3) provide clear evidence ofstrong
remobilization of the REE during high- T (upper-amphibo­
lite facies conditions) metasomatic processes. Other LIL
elements, such as K. Rb, Ba, Pb and Y. also show signs
of remobilization (Figueiredo. 1980).

Considering that over half of the felsic to intermediate
gneisses and granulites, as well as the mafic-ultramafic
rocks, of the Caraíba complex were subjected to strong
remobilization of LIL elements, it is not surprising that
over half of the Rb/Sr isotopic data for these rocks defined
Transamazônico ages, obviously reflecting the remobiliza­
tion processo
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The REE have been generally considered to be immobile
in most metamorphic conditions, but REE mobility has
been detected during hydrótherrnal alteration, spilitisation,
lower greenschist facies hydrous metamorphism, and wea­
thering (e.g. Hellman and Henderson, 1977; Wood et 01.•
1976; Hellman et 01.• 1979; Nesbitt, 1979). The Caraíba com.
plex rocks probably represent the clearest example of REE
remobilization in high-grade conditions. On the other hand,
some Caraíba rocks provide a remarkable example of
immobility of the REE. A few kilometers north of Poço
de Fora (Fazenda Capivara) gneisses and migmatites were
strongly retrogressed to greenschist facies conditions (chlo­
rite and epidote replacing almost totally the clinopyroxenes
and amphiboles), but the REE pattems ofthe retrogressed
rocks are virtually identical to the ones from the gneisses
and migmatites (Figueiredo. 1976. 1980).

CONCLUSIONS The high-grade rocks ofeastem Bahia
are comprised at an older nucleus (the Jequié complex),
surrounded by late Archean early Proterozoic mobile belts
(the Caraíba and !tabuna complexes).

The Jequié granulites and chamockites have essentially
a granitic-andesitic chernistry, with a LIL element unde­
pleted character. The fairly homogeneous composition of
these rocks, their LILE-undepleted character, the granitic­
-type REE patterns and strong Eu anornaly, and the high
initial "Sr/86Sr ratio of 0.711. suggest that the Jequié
complex consists Dfao orthogneiss terrain of crusta) deriva­
tion, possibly intruded into deep leveis of the crust and
metamorphosed to granulite facies, with a tectonic em­
placement of the minor lenses of supracrustal rocks.

The !tabuna and Caraíba complexes have a composition
considerably more heterogeneous, with a bimodal (grano­
dioritic-tonalitic and basic rocks) distribution, and probably
are dominated by supracrustal material. The chemistry of
the granodioritic-tonalitic rocks of the Caraíba complex,
including the REE patterns, is consistent with meta-dacites­
-andesites (or else, meta-granodiorites-tonalítes) and/or
meta-arkose-graywackes, The Caraíba basic rocks probably
represent basic lavas and tuffs associated with the meta­
sediments, and the copper sulfide mineralization found in
them is considered as having a submarine exhalative origin,
from brines related to the basic volcanics. Most Caraíba
rocks show clear sígns of remobilization ofLIL elements (in­
cluding the REE) during K-metasomatism of amphibolite­
-facies conditions. Such a remobilizatíon of LILE is re­
flected by partial and total Transamazônico (2.0±0.2 Ga)
resetting of Rb/Sr and K/Ar isotopic systems, respectively.

Amphibolite facies gneiss belt, with subordinate quartzite
and conglomerate lenses, of granitic composition, oceurring
in northeastern Bahia, are related to the early Proterozoic
Jacobína metasediments. The chemical differences between
these gneisses and the Caraíba complex rocks reflect the
overall chemical change which oceurred in the Archean­
-early Proterozoic transition.

REFERENCES

ALMEIDA, F.F.M. de - 1977 - O cráton do São Francisco. Rev. Bras.
Geoe.7(4):349-364.

APPEL, P.W.U. - 1980- On the Early Archaean Isua iron-formation.
west Greenland. Precambrion Res. 11:73-87.

BARBOSA, O. - 1970 - Geologia económica de parte da. região do
Médio São Francisco, Nordeste do Brasil. Dív. Fom. Prod. Min. Boi.
(140), 97 pp.

BRITO NEVES. B.8 .. CORDANI. V.G. e TORQVATO. l.R.E - 19S0.
- Evolução geocronológica do Precambriano do estado da Bahia.

ln: H.A.V. Inda e F.B. Duarte (eds.), Geologia e Recursos Minerais do
Estado da Bahia >- Textos Básicos 3:1-101, SME-CPM.

BROWN, O.c. and FYFE, W.S. - 1970 ~ The production of granitic
melts during ultrametamorphlsm. Cantrib, Mineral. Petroí, 28:310-318.
COLLERSON, K.D. and FRYER, B.J. _. 1978- The role of fluids in the



312 Revista Brasileira de Geociências, Volume 12 (1-3), 1982

formation and subsequent development of early continental crust, Con­
tribo Mineral. PeITo/. 67:151·167.

CONDIE. K.C. - 1976 - Trace elernent geochemistry of Archean greene­
tone belts. Barth Sei. Rev. 12:393·417.

CORDANI, V.G. - 1973 - Evolução geológica pré-cambrlana da faixa
costeira do Brasil, entre Salvador e Vitória. Inst. Geoc., Univ. São
Paulo, 98 pp. Unpublished Thesís.

CORDANl, V.G. and IYER, S.S. - 1979 - Geochronologícal invés­
tigation 00 the Precambrian granulitic terrain of Bahia, Brazil. Pre­
cambrian Res. 9:255-274.

COX, D.P. - 1967 - Regional environment of lhe Jacobina auriferous
conglomera te, Brazil. Econ. Geol. 62:773-780.

EADE, K.E., FAHRIG. W,F. and MAXWELL, J.A. - 1966 - Com­
posítlon of crystalline shield rocks and fractionating effects of'.reglonal
metamorphísm. Nature 211 :1245·1249.

FIGUEIREDO, M,C.H. - 1976 - Geologia e geoquímica da região de
Poço de Fora - vale do rio Curaçà - Bahia. MSc. Thesis Inst. Geoc..
Unív. Fed. Bahia, 87 pp. (unpublished),

FIGUEIREDO, M,C.H. - 1980 - Geochemistry of high-grade meta­
morphic rocks, northeastern Bahia, Brazil. Ph,D. Thesis, Dep. Geol..
Univ. western Ont.. 221 pp, (unpublished).

FRYER, B.J. - 1977 - Rare earth evidence in iron-fcrmations for
changing Precambrian cxidation states. Geochim. Cosmochim, Acta
41 :361-367.

FUJIMORI, S. - 1968 - Granulitos e charnoqultos de Salvador, Bahia.
An. Acad. Bras. Ciên. 40:181·202.

GRAY, C.M. - 1977 - The geochemistry of central AustraJian granulites
in relation to the chemical and isotopic effects of granulite fades meta­
morphism. Contrib, Mineral. Petrot. 65:79·89.

HEIER. K.S. - 1973 - Geochemistry of granulite facies rocks and pro­
blems of theír origino Philos. Trans. R. SOCo London A273:429-442.

HELLMAN, P.L. and HENDERSON, P, - 1977 - Are rare earth
elements mobile during spilitisation? Nature 267:38-40.

HELLMAN, P,L., SMITH, R,E. and HENDERSON, P. - 1979 - The
mobílity of the rare earth elements: evidence and Implications from
selected terrains affected by burial metamorphísm. Contrtb, Mineral.
Petrot. 71 :23-44.

HOLLlSTER, L.S, and BURRUSS, RC. - 1976 - Phase equihbria in
fluid inc!usions from the Khtada Lake metamorphic complex. Geochim.
Cosmochim. Acta 40:163-175,

INDA, H,A.V, and BARBOSA. J,P. - 1978 - Mapa geológico do estado
da Bahia. SME-CPM.

JARDIM' DE SÁ. s.r., BRITO NEVES. B.8., McREATH. I. and
BARTELS, R.L. -1976- Geocronologia e o modelo tectonomagmà­
tico da Chapada Diamantina e Bspinhaco setentrional. Bahia. An.
XXIX Congo Bras, ·Geol., Resumo dos trabalhos, p. 204.

JORDAN, H, - 1972 - Die Minas-Gruppe in Nordost-Bahia, Brasilien.
Geo/, Rdsch, 61 :441·469,

KISHIDA, A, and RICCIO. L. - 1980 - Chemostraligraphy of lava
sequences from the Rio Itapicuru greenstone belt, Bahia State, Brazi!.
Preeambrian Res. 11:161·178.

LAMBERT, LO. and HElER. K.S. - 1968 - Geochemical investigations
of deep-seated roeks in the Australian shíeld. Lithos 1:30-53.

LEAKE. B.E.. FARROW, CM. and TOWNEND, R. - 1979 - A
pre·2,OOO My old granulite fades metamorphosed evaporite from
Caraíba. Brazi!. Nature 277 :49-50.

LEO, G.W., COX,D.P. and CARVALHO. J.P.P. - 1964 - Geologia da
parte sul da Serra de Jacobina. Bahia. Brasíl. Div. Geol. Miner. BoI.
(209), 87 pp.

LEWIS, J,D. and SPOONER, CM, - 1973 - K/Rb ratios in Precambrian
granulite terrains. Geochim, Cosmoehim. Acta 37: 1111·1118,

LINDENMAYER. Z,O. - 1980 - Geologia dos corpos mMico-ultramá·
ficos mineralizados a cobre da região do vale do alto rio Curaçá, An,
XXXI Congo Bras. Geai. 3:1616·1628.

MASCARENHAS, J, de F. - 1976 - Estruturas do tipo "greenstone belt"
no leste da Bahia. An. XXIX Cong, Bras, Geol., Resumo dos trabalhos.
p. 185.

MASUDA. A.. NAKAMURA, N, and TANAKA. T. - 1973 - Fine
structures of mutually normalized rare-earth pattems of chondrites.
Geoehim. Cosmochím. Acta 37:239-248.

MOINE. B., de La ROeHE. H. and TOURET, J. - 1972 - Structure
géochimique et zonéographíc métamorphique dans le précambrien ca­
tazonal du Sud de-la Norvêge (Région d'Arendal). Scienees de la Terre
17:131-164.

NESBlTI, H.W: - 1979 - Mobility and fractionation of rare earth ele.
ments during weathering of a granodiorite. Nature 279:206-210.

NEWTON, RC.. SMITH, J.V:and WINDLEY, B,F.·- 1980 - Carbonic
metamorphism, granulites and crustal growth. Nature 288:45-50.

ROLLINSON, H.R. and WINDLEY, B.F, - 1980 - Selectiveelemental
depletion during metamorphism of Arehaean granulítes, Scourie, NW
Scotland. Contrtõ. Mineral. Petrol. 72:257-263,

SHERATON, J.W., SKINNER, A.C and TARNEY, J. - 1973 - The
geochemistry of the Scourian gneísses of the Assynt district. ln: R.G.
Park and J, Tarney (cds.) The Early Precambrian of Seotland and
Related Rocks of Greenland. Unív. Keele, pp. 13-30.

SIGHINOLFI, G.P. - 1970-lnvestigations into the deep leveis of the
continental crust : petrology and chemístry of the granulite faeies ter­
ralns of southern Bahia (Brazü). Atti Soe. Tosc. Se. Nat, Nem.
A77:327·341.

SIGHINOLPI, G.P. - 1971 - Investigations ínto deep crustal leveis:
fractionating effects and geochemical trends related to hígh-grade
metamorphism. Geochim. Cosmochim. Acta 35:1005·1021.

SIGHINOLFI, GP., FIQUEIREDO. M,CH.. FYFE, W.S. KRONBERG,
BJ. and TANNER OLIVEIRA, M,AF. - 1981 - Geochemtstry and
petrology of'the Jequlé granulitic complex (Brazü): an Archean basement
complex. Contrtb. Mineral. Petroí. 78:263-271.

SIMS, J.F.M, - 1977 - A geologia da Série Jacobina aurífera nas vizi­
nhanças de Jacobína, Bahia, Brasil. SICEG Bo/. 17:223-282.

STORMER, J.c. and WHITNEY, J.A. - 1977 - Two-feldspar geother­
mometry ln granulite faeies metamorphíc rocks. Sapphirine granu­
lites from Brazil. Contrib, Mtnerat, Petrol. 65:123-133.

TARNEY, J. - 1976 - Geochemistry of Archaean htgh-grade gneissess
with implications as to the origin and evolution of the Precambrtan
crust. ln: B,F. Windley (ed.), The Early Hístory of the Earth. John
Wiley & Sons. Lcndon, pp. 405-417.

TÁVORA, F.J., CORDANI, U.G. and KAWASHITA, ÍC - 1967 - De­
terminações de idade Potássio Argônio em rochas da região central da
Bahia. An. XXI Congo Bras. Geot.: 234·244, .

TORQUATO. J.R., TANNER OLIVEIRA, MAF. and BARTELS, R.L.
- 1978 - Idade radiométrica do granito de Campo Pormoso - uma
idade mínima para o Grupo Jacobina. Rev. Bras. Geoc. 8(3):171-179,

TOURET. J. - 1971 - Le faeies granulite en Norvêge méridionalei Z. Les
inclusions Iluides. Lithos 4:423-436.

TOURET, J. - 1974' - Faeies granulite et fluides carboniques. ln: P.
Michot (cd.), Buli, Ann, Soe, Geol. Belg" pp, 267·287. .

TOURET, J, - 1977 - The significance of fluid indusions in metamor­
phic roeks.ln: D.G. Fl"'aser (cd), Thermod)'namícs in Geology. D. Reidel,
Dordreeht. pp, 203-227,

TOWNEND, R.. FERREIRA. P.M. and FRANKE, N.D. - 1980 - Ca·
ralba, a new eopper deposit in Brazil. Trans, In~·t. Min. Metal/.
889:159-164.

TURNER, F.J. - 1980 - Metamorphic petralog)', 2nd. 'edition. McGraw­
-Hill, New York, 512 pp.

VEIZER, J. and JANSEN, S,L. - 1979 - Basement and sedimentar)'
ree)'ding and continental evolution. J. Geai, 87:341-370.

WEAVER, B.L. - 1980 - Rare·earth element geochemistry of Madras
granulites. Contrib. Minera/. Pelro/. 71 :271·279.

WEAVER, B.L. and TARNEY. J. - 1980 - Rare earth geoehemistry of
Lewisiall' granulite faeies gneisses, northwest Scotland: implications
for lhe petrogenesis of the Archaean lower continental crust. Earth
P/anel. Sei, Lell. 51 :279·296.

WOOD, D,A" GIBSON, I.L. and THOMPSON, R,N, - 1976 - Elemental
mobility during zeolite faeies metamorphism of the Tertíary basalls of
eastern leeland, Contrib. Mineral, Petrol, 55:241~254.

,Recebido em 31 de julho de 1982


