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ABSTRACT

The meta-igneous rocks of the Proterozoic (c. 1.8 Ga) Orés belt occur near the base of a
metamorphosed arenite-pelite-carbonate sequence. Locally, deeper water conditions are
registered by the presence of turbidites. A short volcano-exhalative episode is recorded
within the igneous-dominated horizons by a felsic tuff-chert-tourmalinite-oxide type BIF
association. Compositions of the meta-igneous rocks vary widely over a present distance of
about 200 km. Mafic magma types include T-MORB and CWPB. S4 et al. (1991) also
reported the presence of a mafic-intermediate suite with geochemical characteristics
suggesting that they are derived from a more enriched mantle. Felsic volcanics have
geochemical characteristics of WPG to SCG. Taking into account the bimodal nature of most
of the magmatism, together with the detritic sediment-dominated nature of the sequence as a
whole, it is suggested that the Ords belt represents an intracontinental rift, which developed
in relatively unattenuated crust and which may have evolved to a restricted ocean basin.
Mafic magmas were produced by partial melting of undepleted to enriched mantle types, and
mostly remained trapped at the base of the continental crust, where they caused extensive
anatexis. This rift represented a major discontinuity in the post-Transamazonian continental
crust, which probably influenced the behaviour of the crustal segments during the later
Brasiliano (Pan-African) orogeny.

RESUMO

As rochas meta-fgneas do cinturdo proterozdico (c. 1,8 Ga) de Orés ocorrem préximo 2
base de um conjunto metassedimentar continental, composto por arenitos, pelitos e rochas
carbonatadas. Ocorreram, localmente, aprofundamentos d’4gua, registrados pela presenga de
turbiditos. Um episédio curto de natureza vulcano-exalativa manifesta-se, na parte da se-
qiiéncia dominada pelas rochas fgneas, pela associacdo tufos félsicos-‘‘chert”’-turmalinito-
BIF do tipo 6xido. As composi¢cGes das rochas meta-fgneas apresentam importante variacdo
ao longo de c. 200 km atuais do cintur@o. As méficas incluem T-MORB e CWPB. S4 et al.
(1991) notaram a presenca de uma associagdo mdfica-intermedidria, cujas caracterfsticas
geoquimicas acusam a participacdo de um manto enriquecido. As félsicas possuem assinatu-
ras geoquimicas de WPG a SCG. Levando-se em conta a natureza bimodal da maior parte dos
produtos magméticos, bem como a dominédncia das rochas metassedimentares, conclui-se que
o cinturdo de Ords representa um rift intracontinental, desenvolvido em crosta pouca atenua-
da que talvez evoluiu para uma bacia oceénica restrita. Magmas méficos formaram-se a partir
de manto desde relativamente ndo empobrecido até enriquecido. A maior parte desses mag-
mas ficou retido na base da crosta, causando anatexia. O rift representou uma descontinuida-
de importante na crosta pés-transamazénica. E provédvel que tal descontinuidade tenha in-
fluenciado o comportamento dos segmentos crustais, durante a orogenia brasiliana (Pan-Afri-
cana) subseqiiente.

INTRODUCTION

The area studies lies within the Bor-
borema Province of gneiss-migmatite ter-
rains and fold belts of metamorphosed su-
pracrustal rocks, situated north of the S&o
Francisco Craton (Almeida et al., 1981,
Fig. 1, inset (A)). While the craton largely
escaped the tectono-magmatic effects of the
late Proterozoic Brasiliano (Pan African)
orogeny, the Borborema was intensely in-
volved in this orogeny.

Prominent amongst the folded supra-
crustal sequences is the Orés belt, which
forms a boomerang-shaped strip with a

total length of at least c¢c. 425 km, and
occurs in Ceard State (Fig. 1, inset (B)).
The Jaguaribe belt is found nearby. Early,
mostly regional scale studies of both belts
were briefly summarized by Santos et al.
(1984) and Santos & Brito Neves (1984).
More recently, the N-S arm of the Ords
belt (Fig. 1, main map (C)) has been the
subject of more detailed studies (Braga &
Mendonga, 1984; Mendongca & Braga
(1987; S4 et al., 1988; Macedo et al., 1988;
S4, 1991), while the E-W arm counts with
only isolated descriptions of detailed
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Figure 1 — Inset (A): tectonic elements of Northeast Brazil: 1- Sdo Francisco Craton; 2- Borborema
Province; 3- Paraiba and 4- Potiguar Phanerozoic basins. Inset (B): Main supracrustal sequences of
southeastern Ceard. Outlined area, see main map (C). CE = Ceard; RNG = Rio Grande do Norte; PB =
Paraiba. Main map (C): Geological ketch of study area, after DNPM (1983). 1- gneiss-migmatite base-
ment; (2) Or6s metavolcano-sedimentary sequences; (3) Phanerozoic sediments; 4- shear zones and
sense of movement; 5- contacts; 6- geological sections; 7- area studied by S4 et al. (1988, 1991); S4

(1991).

profiles (Ries, 1977; Bodenlos, 1950 in:
Santos et al., 1984). In fact, there is
considerable divergence as to the surface
expression of the supracrustal sequence in
the sector in small-scale studies (e.g.
DNPM, 1974, 1983).

This article presents the results of a
reconnaissance petrographical and geoche-
mical study of meta-igneous rocks from the
Ordés belt, mostly from its E-W arm. Taking
into account the geochemical affinities of
these rocks and the lithological associa-
tions found, the possible early geological
evolution of the belt is discussed.

GEOLOGICAL OUTLINE OF THE OROS
BELT

The N-S arm
The sequence is dominated by an are-

nite-pelite-carbonate, shallow-water assem-
blage, locally with turbidites representing

deeper water facies. The igneous compo-
nent includes volcanic rocks deposited near
the base of the supra-crustal sequence. S4
(1991) and S4 et al. (1991) compared the
basal mafic-intermediate association to vol-
canic arc shoshonites on the basis of sim-
ilarities between multi-element spectra
(‘‘spidergrams’’). Felsic volcanics strati-
graphically above rocks of the mafic-inter-
mediate suite have a different (87Sr/86Sr)
initial ratio (Ri = 0.702) from that of the
andesites of the suite (Ri = 0.705: Macedo
et al., 1988; S4, 1991), and have ‘‘spi-
dergrams’® which are typical of within-
plate granites (WPG). These felsic rocks
are therefore not cogenetic with the mafic-
intermediate suite. The age of the felsic
volcanics, together with associated intru-
sive rocks, shows that the deposition of the
sequence commenced between 1.8 and 1.7
Ga (Macedo et al., 1988; S4 et al., 1991).
Samples from two profiles in the N-S
arm were studied during this investigation.
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Table 1 — Analyses of meta-igneous rocks from the Orés belt - major and minor elements
(wt%) and trace elements (ppm).

(1 2 ATl A12 A13 RS1 RS2 RS3 AL1
Si0, 1.0 2.0 48.8 61.1 72.4 68.1 68.7 70.8 43.5
TiO, 2.0 5.0 2.6 0.92 0.18 0.44 0.35 0.36 -
Al,03 1.0 5.0 13.0 16.1 13.2 15.1 15.2 13.7 9.1
Fe,03 1.0 2.0 8.4 2.0 0.60 1.2 1.4 1.3 2.8
FeO 5.0 10.0 5.81 5.10 0.99 2.12 1.84 1.34 10.49
MnO 5.0 5.0 0.25 0.13 0.02 0.05 0.05 0.03 0.22
MgO 2.0 2.0 4.2 2.6 0.36 1.2 1.3 0.67 17.2
Ca0 1.0 1.0 12.1 3.7 1.3 2.3 3.1 8.2
Na,0 1.0 5.0 2.5 3.2 3.4 4.6 4.9 3.3 0.36
K;0 1.0 1.0 0.31 1.5 6.8 3.6 1.9 5.9 0.08
T.v.® 1.68 1.29 0.46 1.11 0.89 1.15 5.94
P»0s 5.0 5.0 0.32 0.35 0.16 0.20 0.12 0.15 0.34
Total 99.97 99.99 99.87 99.02 99.51 99.90 99.03
Rb 10 20 <10 190 140 77 230 45 <10
Sr 5 10 190 250 310 740 640 250 73
Ba 5 10 85 700 1730 1120 1090 1280 67
Ni 5 10 84 - - - . . 600
Cr 10 20 152 5 - - - - 1048
Y 10 30 68 72 <10 40 20 17 56
Zr 10 20 130 220 150 270 190 330 92
La 10 20 28.5 33.0 31.0 37.6 11.0 74.2 -
Ce 10 10 63.2 78.2 69.3 83.8 21.0 158.2 2
Nd 10 10 30.5 312 23.6 29.0 12.3 42.3 -
Sm 10 10 8.5 8.3 4.9 5.6 3.2 7.8 -
Eu 10 10 1.9 14 0.52 0.97 0.47 1.1 -
Gd 10 10 6.3 5.7 5 2.5 1.6 3.4 -
Dy 10 10 6.0 4.6 1.3 1.6 1.4 1.8 -
Ho 20 50 1.2 0.82 0.20 0.22 0.22 0.23 -
Er 10 20 3.5 2.4 0.50 0.60 0.61 0.65 -
Tm 20 50 0.52 0.39 0.08 0.10 0.10 0.11 -
Yb 10 20 3.7 2.6 0.75 0.79 0.74 0.82 -
Lu 20 50 0.39 0.32 0.14 0.10 0.09 0.09 -
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(Continuation Table 1)

AL2 AL3 AL4 ALS AL6 AL7 NOR1 NOR2 NOR3
Si0, 44.7 47.0 48.0 48.1 48.0 66.7 47.0 48.9 74.9
TiOg 1.0 1.8 1.2 1.2 0.88 0.77 2.5 3.6 0.68
Aly O3 12.6 11.9 14.7 13.6 13.0 14,2 12.8 12.6 11.9
Feo O3 5.0 3.3 1.7 2.8 2.3 1.2 5.4 8.6 1.6
FeO 6.09 1.06 10.35 9.64 8.15 4.39 4,25 6.38 1.84
MnO 0.19 0.21 0.20 0.19 0.19 0.07 0.16 0.22 0.05
MgO 17.2 10.5 6.9 8.3 8.9 3.0 6.2 5.2 0.68
CaO 18.9 9.1 13.3 12.1 13.3 1.8 14.4 9.5 0.99
Na; 0 0.71 1.9 1.8 1.9 2.1 3.5 3.0 3.0 2.7
K20 0.12 0.15 0.17 0.13 0.22 2.6 0.29 0.17 3.0
T.v.® 3.94 3.72 1.8 2,01 2.00 1.60 3.52 1.51 1.00
P,0g 0.12 0.40 0.12 0.11 0.09 0.26 0.43 0.43 0.16
Total 100.27 100.04 100.24 100.08 100.13 99.49 100.45 100.11 99.50
Rb <10 <10 <10 <10 <10 77 <10 <10 130
Sr 380 1280 200 160 140 140 700 260 140
Ba 24 78 14 54 43 660 170 55 530
Ni 156 440 140 140 160 - 150 50 N
Cr 248 819 438 114 362 - - - *
Y 36 64 L 34 28 34 26 67 16
Zr 77 340 83 79 44 120 230 220 220
La - - - - 2.4 - 47.9 28.5 348
Ce - - - - 12 - 94.7 71.0 80.4
Nd - - - - 6.2 - 37.0 34.4 28.5
Sm - - - - 1.9 - 8.5 10.0 75
Eu - - - - 0.62 - 2.2 2.3 1.0
Gd - - - - 1.9 - 5.6 7.0 4.8
Dy - - - - 2.3 - 3.7 5.6 4.1
Ho - - - - 0.48 - 0.61 1.1 0.80
Er - - - - 1.4 - 1.7 3.1 2.4
Tm - - - - - - 0.24 0.43 0.42
Yb - - - - 1.1 - 1.3 2.7 2.7
Lu - - - - 0.12 - 0.14 0.34 0.31

(1) Estimated relative probable precision 10 (%) based on data for replicate analyses and GEOLAB specifications
(2) Relative accuracy 10 (%) based on comparison of literature recommended values and results obtained by
GEOLAB
(3) Total volatiles = L.O.I. + 0.1113 x FeO (Lechlers & Desilets, 1987)
- not determined
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Analysed samples reported here are from
the NOR section, roughly along strike
northwards from Orés (Fig. 1, main map
).

The E-W arm

Seven detailed profiles, together with
intervening spot observations, were under-
taken in the E-W arm. Analysed samples
are from the AI, RS and AL profiles (Fig.
1, main map (C)). The observations gener-
ally confirm the map of DNPM (1983) as
far as the supra-crustal rocks are
concerned. The present outcrop pattern of
the supracrustal rocks shows the strong
influence of shearing whose last movement
was dextral. Phanerozoic sediments cover a
large part of the belt at the geometrical
flexure point of the belt, between the
towns of Alencar and Orés.

The sequence shows important differ-
ences from the pattern of the N-S arm only
in the sector near Alencar. Santos et al.
(1984, after Bodenlos, 1950) record the
presence of abundant amphibolites. Some
of these are associated with magnesite
deposits, which could be the products of
hydrothermal transformations of nearby
marbles, or even of meta-ultramafic rocks
which also occur there (Braga & Mendon-
ca, 1984). On the other hand, many of the
amphibolites retain textural relicts which
attest to their volcanics or plutonic origin.

In this sector, banded rocks composed
of thin alternating felsic tuffs and predom-
inantly cherty on tourmaliniferous beds are
in close proximity both to a massive, fine-
grained rock composed of c. 95% zoned
tourmaline, and to oxide-type banded iron
formation with local manganese enrich-
ment. Together, these rocks probably rep-
resent a volcano-exhalative deposit of lim-
ited extent (<1 m thick x <3 km long).

Metamorphic history of the belt

The rocks are in low (sections AI and
RS) to medium (sections AL and NOR)
metamorphic grade. The latter rocks
invariably show some signs of retrograde
reactions. In some cases, these reactions
were acompanied or followed by penetra-
tion of hydrothermal fluids along faults and
fractures. A common mineral assemblage
deposited by these fluids is represented by
epidote T chlorite T carbonate minerals. As
far as possible, in the analytical programme

samples with important quantities of this
late assemblage were avoided.

Metamorphism accompanied polyphase
deformation which largely destroyed pri-
mary igneous textures. Samples were selec-
ted on the basis of the presence of proba-
bly igneous relicts. On the other hand, a
few rocks are simply schists, which were
identified as probable metavolcanics on
geological grounds. Brief descriptions are
given in the Appendix.

GEOCHEMISTRY IN THE
IGNEOUS ROCKS

META-

Analytical methods

Major, trace and rare earth element
analyses were undertaken by the commer-
cial laboratory GEOLAB/GEOSOL, Belo
Horizonte, Brazil, using the standard wet
chemical and instrumental (AAS, XRF,
etc.) methods adopted by this laboratory
(e.g. rare earth elements by ion-exchange
and ICP measurement: Dutra, 1984). Dur-
ing this and other projects, external quality
control was performed by inclusion of
hidden duplicates, local and international
standards. Observed precision results and
estimates of probable accuracy, using the
most recent compilations of data for inter-
national standards available (e.g. Gladney
& Roelandts, 1988; Gladney et al., 1990),
are given in Table 1.

Screening of samples

Selection based on petrographical cri-
teria reduced the original collection of over
50 candidate samples to about 40. Most of
the samples rejected showed excessive hy-
drothermal or weathering modifications.
Many of the remaining samples are schis-
tose, and therefore chemical criteria, such
as those proposed by Garrels & Mackenzie
(1971) and La Roche (1972) for separating
igneous and sedimentary rocks, were used
to screen these samples.

At this point, light beige-coloured
schists with quartz ‘‘eyes’’ and magnetite
porphyroblasts, previously identified as
possible felsic metavolcanics (AL9, NOR4)
were rejected. They have intermediate SiO,
contents (61-62%), high Al,0O,; (19-21%),
low Na,O (0.53-0.65%), high K,O (5.1-
6.2%) and highly oxidized iron (Fe,Oy/
Fe,0O4 total = 0.78-0.83). Within the geo-
logical context, these rocks could be either
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hydrothermally modified intermediate-fel-
sic volcanic rocks, or products of intense
tropical sub-aerial weathering derived from
intermediate-acid volcanic protoliths.

Subsequently, the compositions of the
remaining samples were compared to the
igneous trends defined by Beswick & Sou-
cie (1978) on log molecular proportion
ratios (LMPR) plots. For mafic types, even
samples which show petrographical and
chemical evidence for advanced epido-
tization (high CaO contents, moderately to
highly oxidized iron, low total alkalies
contents: e.g. Condie et al., 1977; Jolly,
1980) do not depart far from the standard
trends (examples given in Fig. 2) for a
number of LMPR pairs. The mafic rocks
have alteration indexes (A.I. = (MgO+
K,0)/(MgO+K,0+Na,O0+Ca0) x 100: Ha-
cheguchi (1983) in Lafléche et al. (1992)),
in the range 23.6 (sample No. AIl) to 40.8
(ALS5). A.L. values for AL4, AL5, AL6 and
NOR?2 are within the range 36 I 8, consid-
ered normal for non-cumulate mafic rocks.
In contrast, some felsic rocks do not con-
form to the Beswick & Soucie (1978) ig-
neous trends, but all analyses fall within
Hughes’ (1973) ‘‘igneous spectrum’’ (Fig.
3), though some rocks are clearly bor-
derline cases.
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Figure 3 — Hughes’ (1973) ‘‘igneous spec-
trum”’. Symbols as in Figure 2.

The final sample collection includes
two clearly ultramafic rocks (AL1, AL3),
whose nodular textures may have been
formed by deformation of igneous cumu-
lates and subsequent recrystallization.
These rocks display post-tectonic blastesis
involving radial growth of elongated tre-
molite-actinolite crystals, which may have
been mistaken for spinifex textures by
some previous workers (e.g. Mendonca &
Braga, 1987).

1

3
Log, [(S10, =/K,On?

Figure 2 — Selected LMPR plots (A) FM/K,0 vs CaO/K,0O where FM (FeO, + MgO); (B) SiO,/K,0
vs CaO/K,0 for Orés metavolcanic rocks. Internal bands, igneous trends proposed by Beswick & Sou-
cie (1978); external envelopes include additional analyses (e.g. Gorgona Komatiites: Echeverria (1980);

Deception Island (McReath (1975), etc.).

- 158 -



Some of the mafic rocks would not
pass the criterion suggested by Pearce
(1976) and Condie (1985), CaO+MgO <
20%. On the other hand, this criterion
would eliminate clinopyroxene or plagio-
clase-rich, relatively undifferentiated rock

types.

Meta-ultramafic rocks

These have the high Ni and Cr con-
tents wusually associated with mafic-
mineral rich cumulates. Other geochemical
characteristics include high TiO, (1.8%)
and FeO (total) (c. 13%) contents, reflec-
ting the modal abundance of opaque min-
erals, and also relatively high P,0O5 (c.
0.37%) content, associated with apatite.
High Y contents (c. 60 ppm) are probably
associated with the amphibole-rich char-
acter of samples, but the relatively high Zr
contents are of uncertain origin, since no
zircon or baddeleyite grains were identified
unequivocally by the conventional optical
microscopic examination undertaken.

Metamafic rocks

All examples are subalkaline, with
(Na,O0+K;0) < 3.5% at c. 49% SiO,
(compare with MacDonald & Katsura,
1964; Irvine & Baragar, 1971). K,O and
Rb contents are also low, though these
features may be secondary, resulting from
K and Rb loss during epidotization or
chlorite X carbonate formation (e.g. Condie
et al., 1977). Mg# values (see e.g. Condie,
1985) show that AL2, AL4, AL5, AL6 and
NOR1 are the least differentiated rocks
(Mg# = 60-64). Even these are not likely
to have been in equilibrium with olivine-
bearing mantle (Mg# > c. 70: e.g. Hoo-
per, 1988). Samples AI1 and NOR2 are
more differentiated (Mg# = 44 and 40,
respectively). Higher Ni and Cr contents
are associated with higher Mg# values,
suggesting that this common igneous geo-
chemical feature is preserved, but co-
variance is not well marked, which in turn
could point to diverse origins for the
different mafic rocks.

Samples from near Aiudba and north
of Orés have higher TiO, (2.9 T 0.5%),
P,Os (0.39 X 0.05%), Zr (193 X 43 ppm)
and REE (154-204 ppm; sum includes only
the elements analysed) than rocks from the
Alencar sector, which have TiO, = 1.07 =
0.14%, P,O; = 0.11 £ 0.01%, Zr = 71

16 ppm. REE patterns normalized to
Evensen et al. (1978) chondrite values are
also different (Fig. 4). The former rocks
have LREE-enriched patterns (Cey/Yby =
4.4-18.9) with very discrete to significant
negative Eu anomalies (Eu/Eu* = 0.92-
0.76), while the single analysed sample
from Alencar has low REE, a rather flat
pattern (Cey/Yby = 2.82) and no Eu
anomaly. A marked Lay deficiency relative
to Cey and Ndy is apparent. Although this
could be an analytical artefact, since Pr
was not determined it is not possible to
comment on the possibility that a slight
positive Ce anomaly could be present.

The major element tectonic discrimi-
nation scheme proposed by Pearce (1976)
identifies the unaltered mafic rocks as
low-K tholeiites of MORB or CAB/IAT af-
finities in the Alencar sector, and WPB
near Aiudba and north of Orés (Fig. 5).
MORB-normalized (Pearce, 1982) spider-
grams have some of the geochemical fea-
tures shown by modern continental WPT
(Aiudba, north of Ords) or T-MORB (Alen-
car), though correspondences are not
perfect (Fig. 6).

Metafelsic rocks

These are meta- to slightly per-
aluminous, subalkaline and have very vari-
able Na,O/K,0 ratios. A clear division into
two types is possible on the basis of REE
patterns (Fig. 7):

(i) concave-up with strong negative
Eu anomalies (Eu/Eu* = 0.48-0.57) and
less extreme LREE/HREE fractionation
(Cey/Yby = 7.3-7.8) than type (ii). AI2,
RS2 and NOR3 are representative of this
type, which is thus widely distributed
along the belt.

(ii) highly LREE/HREE fractionated
(Cey/Yby = 23.0-49.9) with an approxi-
mately flat to concave-up segment from Dy
to Yb, and significant to strong negative
Eu anomalies (Eu/Eu* = 0.42- 0.69). This
type occurs in all sectors of the EW arm,
but was not found in the NS arm.

Samples of both groups show 2- to 3-
fold variations of REE. No relationships
between the different REE patterns and
Na,O0/K,0 ratios are found, but some other
geochemical differences between the two
types occur. Pattern (i) is found in rocks
with low K/Rb ratios (83-191), while
pattern (ii) occurs in rocks with higher
K/Rb ratios (402-1,087) and usually higher

- 159 -



200+

1 00—

w
[
- 5O
[+
g
2
:
E 20"
10
5—1

! i | T | T |
LacCe ' Nd ' S1ml::]u CLd : D;rl-l[of::r Tm Yb Lu

Figure 4 — Rare earth element patterns of mafic meta-volcanic rocks from the Oré6s belt normalized to
Evensen et al. (1978) chondrite values.

F 2 F 2

1.2
_1_2-1

=1.3=
1.3

"1.‘-1
1.
-1.54 Sy gl
B =1.6 =

0.1 0.2 0.3 0.4 F 1 T T

T T
-2.3 -2.4 -2.9 -2.6 F 3

Figure 5 - Pearce (1976) F1-F2 and F2-F3 discrimination diagrams, with fields as originally defined.
Symbols as in Figure 2, except those circled, which correspond to modified rocks (see text).

- 160 -



20
10+
e
&
0
2
N
3
O 1.0
7
o E o
i 2 > B -
S BB RGBS
0.1 T T T
Slr l](Rl:])B]aéebZrSIm"lliY Yo

| R |

L D R L
Sr KRbBaCePZrSe Ti

| S R L
St KRbBaCeP ZrSaTiYYb

Figure 6 — (A) Envelope of multi-element patterns, normalized to Pearce’s (1983) MORB values, for
Orés metamafic rocks. (B) Envelope of anomalous patterns for basalts from the northern Atlantic
ocean, including Iceland (Wood et al., 1979) and coastal basins of southeastern Brazil (Fodor & Vetter,
1984); (C) Continental WPB according to Pearce (1983).

Ba contents (1,090-1,730 ppm).

ORG-normalized (Pearce et al., 1984)
multi-element spectra show steep to very
steep inclinations and rather low Smy, Yy
and Yby values which are typical of some
within-plate (WPG) or syn-collision (SCG)
granites (Fig. 8).

DISCUSSION AND CONCLUSIONS
The EW arm and part of the NS arm

studied here show considerable diversity of
volcanic rock types. This diversity is

enhanced by the findings of S4 (1991) and
S4 et al. (1991), who escribe a mafic-
intermediate suite from the NS arm. The
mafic rocks are very different from those
found in this study, having Mg# in the
range 64-48, high K,;O (0.8-2.33%), Rb
(23-52 ppm), Sr (398-599 ppm), Ba (346-
1,613 ppm) and P,0O5 (0.4-0.55%), together
with low to intermediate TiO, (1.2-2.4%)
and Zr 160-205 ppm). REE patterns are
LREE- enriched (Cey 105-150, Yby ~
18). S4 (1991) called attention to the great
similarity of primitive-mantle-normalized
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‘‘spidergrams’® with those of modern
volcanic arc shoshonites. A key feature
here is the presence of negative Nb
anomalies. These are now known to be
unspecific as far as tectonic environment is
concerned, having also been documented in
continental within-plate rocks types (Gib-
son et al., 1991). The genesis of these
anomalies is also not exclusively linked to
retention of Nb in refractory phases (e.g.
Foley & Wheller, 1990), since they can be
generated by equilibration of basaltic
magmas with depleted mantle (Keleman et
al., 1990).

The ‘‘shoshonitic’’ basalts are asso-
ciated with andesites which have similar
geochemical characteristics. The ande-
sites have Ri values of ¢. 0.7055, and are

therefore not cogenetic with the more
abundant rhyolites of the NS arm, whose
Ri values are c. 0.7020. These rhyolites
have some of the general geochemical char-
acteristics of the rhyolites found in this
study, such as steep, WPG-like spidergrams
(S4, 1991). On the other hand, S4’s rhyo-
lites have much higher REE (601-644
ppm), K/Rb ratios in the range 170-240,
and Ba contents are always high (1,482-
2,205 ppm).

Although the diverse rock types are
distributed rather unsystematically over a
present distance of at least 200 km, all
rocks were probably emplaced over a rela-
tively short time span. It is therefore most
unlikely that the tectonic environment
could have suffered a radical change over
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Figure 8 — Envelope of multi-element patterns
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(SCQG) types.

this time period, and it is more likely that
the diversity of mafic and felsic rocks
types is due to heterogeneities in the
source rocks, together with different
evolutionary histories for the magmas. In
some modern cases of the initial phases of
continental break-up, mafic rocks may
show similar chemical diversity (Fodor &
Vetter, 1984). It is outside the scope of
this paper to present a detailed analysis of
possible petrogenetic schemes for all rock
types, especially since the sample popula-

for felsic metavolcanics, normalized to Pearce et al.
for within-plate (WPG1 & WPG2) and syn-collisional

tion of acceptable rocks encountered in this
study is small. On the other hand, in the
case of the mafic rocks, it is unlikely that
the three main types are related to each
other by different degrees of melting of
similar sources, or by different degrees of
fractional crystallization of similar primary
magmas. Vector dispositions on trace ele-
ment diagrams using compatible/incompati-
ble element pairs (e.g. Fig. 9) are very di-
vergent. Vector lengths lead to large dif-
ferences in degrees of partial melting or
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long fractional crystallization paths which
are clearly improbable when mass balance
considerations, using simple petrogenetic
models and other elements (e.g. MgO,
P,Os, REE) are taken into account.

The V1 vectors for rocks from Alencar
are compatible with a simple Rayleigh-type
fractional crystallization in which Ni be-
haves as a moderately compatible element
(D = c. 1.5), while Zr and Ti are relatively
incompatible (D = < c. 0.2). Differen-
tiation is limited, with fs (solidified frac-
tion) = 0.3-0.4. A gabbroic solid fraction-
ate would be adequate in this case. The V2
vectors for some of the shoshonitic rocks
from near Orés require that Ni is more
compatible, and Zr and Ti are somewhat
less incompatible. These vectors do not
explain all chemical variation for the
shoshonitic rocks.

In a similar fashion, the felsic rocks
have REE patterns which clearly indicate
that different mineral/magma equilibria
were involved in the genesis of the differ-
ent types. Published values of mineral/
magma distribution coefficients for felsic
rocks types (e.g. compilations of Cox, et
al., 1979; Henderson, 1984) can be used in
a qualitative evaluation.

The steep, hook-shaped patterns are
probably generated by amphibole I garnet
% zircon refractory residues or fractionates,
while the negative Eu anomalies show that

some of the rocks with this general pattern
may have crystallized from magma equilib-
rated with small quantities of feldspars.
The less steep patterns could be produced
by equilibration with feldspar £ amphibole
solid assemblages.

Brief descriptions (Mendonga & Bra-
ga, 1987; O. Figueiredo Filho & M.C.H.
Figueiredo pers. comm.) show that in many
respects the neighbouring Jaguaribe belt is
very similar to the Orés belt, except in the
relative proportions of igneous and sedi-
mentary rocks. In the Jaguaribe belt, the
former are somewhat more abundant.

In general, the arenite X pelite T car-
bonate sedimentary association indicates
rather shallow water conditions, while
local occurrences of rhythmites show that
some deeper water environments were pres-
ent. The tourmaliniferous volcano-ex-
halative deposit requires some continen-
tally-derived input (e.g. Palmer, 1991) and
may represent an effusion from a fault as-
sociated with graben formation (e.g. Pli-
mer, 1988).

A reasonable tectonic model for the
deposition of these two belts envisages ini-
tial rifting of slightly attenuated continen-
tal crust, accompanied by some escape of
basic magmas and a limited quantity of dif-
ferentiates, derived from very heterogene-
ous mantle. Much basic magma remained
pooled at the base of and within the con-
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tinental crust, causing widespread anatexis.
Later development of the rift was confined
to continued sedimentation, without ex-
pressive opening and accompanying forma-
tion of an ocean basin.

The Ords belt represents, therefore, a
crustal discontinuity formed in the early
middle Proterozoic immediately following
the c. 2.0 = 0.2 Ga Transamazonian oro-
geny. This discontinuity probably played a
role during the assemblage of Gondwana-
land during the Brasiliano (Pan African).
Black & Liégeois (1991) have suggested
that, in West Africa, the agglutination of
the supercontinent occurred by collage of
ancient crustal blocks and younger crustal

components. It is possible that the Orés
and Jaguaribe belts correspond to schist
belts present in SW Nigeria (e.g. Klemm et
al., 1984) and, together with the under-
lying basement, represent a limit of one of
these terranes.
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APPENDIX - Brief sample descriptions

Section Al

AIl - Fine-grained chloritic schist
with minor late epidote and oxidation.

AI2 - Felsic schist with minor
chlorite.

AI3 - Mylonite with quartz porphyro-
clasts and white mica.

Section RS

RS1 - Felsic schist with microcline
porphyroclasts, biotite, little late-stage
transformation (meta-tuff)?

RS2 - Felsic schist with microcline
porphyroclasts and some late white mica.

RS3 - Felsic schist with late chlorite
and white mica.

Section AL

AL1 - Medium-grained nodular meta-
ultramafic rock with schistose matrix.
Early hornblende overgrown by chlorite T
tremolite-actinolite, but no other late
products.

AL2 - Fine to medium-grained am-
phibole schist with mosaic aggregates of
small plagioclase crystals, possibly former
phenocrysts. Rather abundant late epidote
T chlorite + carbonate minerals.

AL3 - Massive nodular fine to me-
dium-grained amphitolite with hornblende
reacting to actinolite and late epidote +
chlorite + carbonate minerals.

AL4 - Amphibolite with possible relict
plagioclase phenocrysts, little actinolite
and almost no later products.

ALS5 - Fine to medium-grained amphi-
bolite, little actinolite and no late products.

AL6 - Somewhat nodular amphibolite
with schistose matrix, little actinolite and
no late products.

AL7 - Fine to medium-grained biotite
schist.

AL8 - Pyritiferous banded cherty
felsic tuff.

AL9 - Felsic schists with quartz eyes
and magnetite porphyroblasts.

Section NOR

NOR1 - Fine to medium-grained
actinolite schists with possible relict
plagioclase phenocrysts, early epidote and
some late products.

NOR2 - Plagioclase-phyric, strongly
epidotized and actinolitized meta-basalt
with minor late epidote.

NOR3 - Mylonitic meta-quartz por-
phyry.

NOR4 - Felsic schist with quartz eyes
and magnetite porphyroblasts.
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