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THE PERALKALIC MAGMATISM IN THE PRECAMBRIAN CACHOEIRINHA-SALGUEIRO
FOLDBELT, NORTHEAST BRAZIL: GEOCHEMICAL ASPECTS

VALDEREZ P. FERREIRA* ¢ ALCIDES N. SIAL¥*

ABSTRACT Peralkalic rocks of probable Brasiliano age intruded metasediments of the Precambrian

Cachoeirinha and Salgueiro Groups and their basement, between the geographic coordinates 37°W
and 40°W longitude and 7°S and 8°15°S latitude, Pernambuco and Parafba states. They enclose two
groups of aegirine andfor riebeckite-arfvedsonite-bearing rocks: ) siliea-saturated quartz-
-alkali-feldspar grayish-green trachytes and alkalifeldspar syenite, and (i) silica-oversaturated quartz-
- lkali-feldspar syenite to alkali-feldspar granite (fluorite and cassiterite-bearing). The first group forms
a dike swarm at Manaira, Paraiba, and Terra Nova, Pernambuco, batholiths and dikes adjacent to the
southern border of the Cachoeirinha-Salguciro foldbelt, constituting a syenitoid line, besides small
stocks piercing Cachoeirinha metasediments and the second one, dike swarms stocks and ring-dikes.
The first group is characterized by normative nepheline and K50 (from 9.7 to 12.8%) greater than
Na, O. Agpaitic index varies from 1.156 to 1.280 and in the second group ranges from 0.840 to 1.339,
The ZREE are usually fow and patterns for the two groups are very fractionated, LREE-enriched,
HREE-deplete and Eu anomaly is rather missing. A very discrete negative Eu anomaly is seen in some
of the satyrated rocks, while the oversatured rocks exhibit, sometimes, 2 discrete positive Eu anomaly.
Whole 8! %0 values are usually betow 10 permilgp Ow. except for the oversaturated subvolcanic dikes
which intruded Cachoeirinha metasediments. Intense, early pyroxene fractionation from an alkali
basic parental magma has been perhaps responsible for the generation of the Triunfo-syenite batholith,
Pernambuco, and other syenites in the peralkalic syenitoid line. The peralkalinity of the Macacos hill
oversaturated ring-dike next to Serrita, Pernambuco, may have resulted from Bowen’s plagioclase effect
in the crystalization of a magma with trondhjemitic affinity.

RESUMO Rochas peralcalinas de provdvel idade brasilisna intrudem metassedimentos pré-
cambrianos dos grupos Cachoeirinha e Salgueiro e seu embasamento, entre as coordenadas geogrificas
379 ¢ 40° de longitude W ¢ 7° e 8915 de latitude S, nos Estados de Pernambuco e Paraiba. Englobam
dois grupos de rochas: saturadas em stlica (dlcali-feldspato sienitos) e supersaturadas em sflica
{quartzo-dlcali-feldspato sienitos a dlcali-feldspato granitos, com flucrita e cassiterita). Esses corpos
formam batdlitos, stocks, enxames de diques e diques anelares, que cortam os metassedimentos
Cachoeirinha, ou sio adjacentes ao bordo sudeste do cinturdo de dobramentos Cachoeirinha-Salgueiro,
constituindo um “corddo de sienitdides”. O primeiro grupo é caracterizado por nefelina normativa
e K,0 (de 9,7% a 12,8%) maior que Na,0. O indice agpaftico varia de 1,156 a 1,280 ¢ no segundo
grupo varia de 0,840 a 1,339, Osg g REE sio normalmente baixos e anomalia de Eu estd quase ausente.
Valares 5180 em rocha total sio normalmente menores que 10 permilgMOW. exceto para alguns
diques supersaturados, subvulcinicos, que intrudem os metassedimentos Cachoeirinha. Intenso fracio-
namento inicial de piroxénio de um magma progenitor bdsico alcalino talvez tenha sido responsivel
pela geragio do batélito sienitico de Triunfo, e outros sienitos do corddo de sienitdides peralcalinos.
A peralcalinidade dos digues anelares de Serrita, Pernambuco, talvez tenha resuitado do ‘“‘efeito
plagiocldsio™ na cristalizacdo de um magma com afinidades trondhjemiticas.

of the Catingueira-type. A geochemical zoning of the gra-
nitoids within the Cachoeirinha-Salgueiro foldbelt (CSF)
was later verified by Sial (19844, 1984b) through REF and
stable-isotope studies. The peralkalic bodies of the Catin-
gueira-type seem to represent the latest magmatic activity

INTRODUCTION Only few occurrences of peralkalic
rocks have been recorded in Northeast Brazil. Among them,
it deserves references: @) Cabo granite, 25 km south of Reci-
fe, Pernambuco (Borba & Sial 1979, Sial e al. 1980, Long
et al in press); b} dikes of Independéncia and Taud, Ceard

(Almeida et al 1984); ¢) ring-complex structares at Tape-
ruaba, Cear4 (Haddab & Leonardos 1980), and d) dike at
Catingueira, Paraiba (Almeida ef al. 1967).

"In a pioneer work ou granitoids of Northeast Brazil, Al-
meida ef al (1967) identified four main types in the area
where the Cachoeirinha and Salgueiro Groups
metasediments crop out, to the west of Parafba and Per-
nambuco states: (i) granitoids of the Conceigdo-type (gra-
nodiorites, tonalites and porphyritic granites); (i) gra-
nitoids of the ltaporanga-type (extremely porphyritic
granodiorites, where microcline megacrystals up to 10 cm
long are common); (iif) granitoids of the Jtapetim-type
(late-orogenic biotite-granites); and (iv) peralkalic granitoids

of the Brasiliano cycle in this region.

Barbosa (1970) mapped the major granitoids in the
geographic space occupied by the metasediments of the Sal-
gueiro and Cachoeirinha Groups (Piancé-Alto Brigida
foldbelt of Brito Neves 1975), identifying granodiorites and
alkali-syenites, besides a dike swarm of peralkalic affinities
within the Salgueiro batholith. This was the first time that
alkalic plutons were recorded in the western portion of the
Cachoeirinha space. Santos (1971) recognized a syenitic
body similar to he Catingueira-type of Almeida et al
{1967) next to Moderna, Pernambuco, not far from the
Pernambuco lineament, and Vandoros & Coutinho (1966)
briefly described a body of this kind next to Sfo Gongalo,
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Paraiba. Sadowski (1973) studied the syenite batholith at
Triunfo, Pernambuco, briefly commenting on its petro-
graphy and relationships with the syenite described at Sdo
Gongalo.

Several graduation reports at the Department of
Geology, Federal University of Pernambuco, have identified
aegirine-bearing rocks in the area next to Terra Nova,
southwest of Salgueiro, Pernambuco (e.g., Casé, Paulo,
Duas Irmis, and Livramento ridges, Maior 1980, Souza
1980, S4 1982), next to Bernardo Vieira, Pernambuco
(Batinga and Campo Grande hills; Moura 1982, Aradjo
 Neto 1982), and next to Bom Nome, Pernambuco (Souza
1982). HM.B. de Assis (oral communication) reported
narrow riebeckite-bearing dikes next to Ouricuri, Pernam-
buco, crosscuting Cachoeirinha metasediments. Other
peralkalic bodies have been recognized in this area and a
detailed geological map is in preparation by the Department
of Geology, Federal University of Pernambuco.

Sial (1984a, 1984b) found that the stocks near Serrita,
Pernambuco, described by Caldasso (1967) are actually
ring-complexes with core composed of rocks with
trondhjemitc affinities, and ring-dikes of oversaturated
peralkalic rocks.

Recently, the Companhia de Pesquisa de Recursos Mi-
nerais (CPRM) finished a geologic mapping (Silva Filho
1985) of the CSF. Although the main granitoids have been
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mapped, no special attention was given to the peralkalic
bodies and the ring structures at Serrita have not been
identified as so. This mapping, however, has been very
useful in further identification of several peralkalic bodies
or with peralkalic affinities in this area. Among them, the
Cavalos and Quandu stocks, next to Sitio dos Moreiras,
which pierced Cachoeirinha metasediments, and the Cana
Brava stock, to the north of Carmo, Pernambuco, deserve
citation.

An elongate batholith, mainly constituted of tonalite to
granodiorite, is found at Solidio, Pernambuco, and has
been mapped by Sial & Menor (1969). This body which
resemblies somehow the Catingueira dike is one of the
largest peralkalic bodies in this region, and has pierced
metasediments of the Pajed-Parafba foldbelt.

At present, a detailed project aiming to study the
petrography and geochemistry of the granitoids within the
CSF is ongoing, financially supported by the PADCT
program. In this paper, special attention will be devoted to
the bodies of peralkalic affinities, found as batholith
(Triunfo or Baixa Verde batholith, Pernambuco), dike
swarms (Catingueira and Manaira, Paraiba), ring-dikes at
Serrita, and dikes at Santo Antdnio Creek (Minador) to the
north of Serrita, Pernambuco, These and other occurrences
of peralkalic bodies found in the region under consideration
are located in figure 1 and listed in table 1.
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Table 1 — Main occurences of peralkalic and with peralkalic affinities rocks in the Cachoeirinha-Salgueiro foldbelt, Northeast

Brazil
Locality Form of intrusion Wallrocks y;gg;ﬁg’:l Rock type Reference
OVERSATURATED ROCKS
Serrita, Pernambuco Ring-dikes in two stocks Salgueiro Group Microcline, altbite, Quartz, alkali-feldsp This work
(Macacos, Vassouras of about 70 km? each metasediments quartz, aegirine, syenite . :
and Serrita hills) magnetite and &
cassiterite
- Minador (Santo | Narrow dikes, 1 km long Cachoeirinha Microcline, quartz, Quartz-alkali-feldspar Sialet af.
Antonio Creek), 30 km | in average Group aegirine, riebeckite- syenite 1981a, 1981b
north of Serrita, metasediments arfvedsonite, brown
Pernambuco amphibole, magnetite
Catingueira, Campo Dikes, hundreds of Cachoeirinha ' Microcline, albite, Quartz-alkali-feldspar Almeida
Grande and Urtiga meters wide up to Group quartz, aegirine, ferro- syenite et al 1967
hills, Paraiba 12 km long, trending metasediments augite, magnetite &
- fluorite
Salgueiro, Pernambuco | Margins of the Salgueiro Salgueiro Group | Microcline, ferro Quartz-alkali-feldspar Silva Filho
batholith metasediments augite, quartz, syenite 1982, Sial
’ magnetited fluorite . et al. 1982
Cana Brava hill, Carmo Stock with about 12 km® Cachoeirinha Microcline, Granite Silva Filho
- - Group plagioclase, ferro 1985
metasediments augite, bluish-green
amphibole
Campe Alegre and Twao stocks with 20 and Cachoeitinha Microcline, Quartz syenite Moura 1982,
Batinga hills, Bernardo 15 km2, respectively Group plagioclase, quartz, Arailjo Neto
Vieira, Pernambuco metasediments bluish-green amphibole, 1982
thiotite, tfluorite
Barra da Siio Pedro, Narrow dikes, few meters Cachoeirinha Microcline, aegirine, Quartz-alkali-feldspar HM.B. de
Pau d’Arco, OQuricuri, wide, trending N--§ Group quartz, riebeckite- syenite Assis (oral
Pernambuco metasediments arfvedsonite, magnetite, communication)
teassiterite
S3o Gongalo, Paraiba Dike, 12 km long and Uaud Group Microcline, albite, Quartz-alkati-feldspar Vandoros &
500 m wide, trending gneiss guartz, soda-augite, syenite Coutinho
E-W richterite 1966
Teixeira and Palmeira, Batholith and stock, Archean (7) Microcline, Granite This work
Paraiba respectively gneiss-migmatite | placioclase, quartz,
complex bluish-green, amphibole,
. + biotite
Soliddo, Paraiba Batholith elongate Schits of the Plagioclase, microcline, | Tonalite to This work
SW--NE Pajéu-Paraiba quartz bluish-green granodiorite '
foldbelt amphibole
SATURATED ROCKS
Triunfo, Pernambuco Batholith occuzpying Uaud, Salgueiro Microcline, aegirine, Alkaii-feldspar Sadowski
about 600 km*, slightly Cachoeirinha riebeckite- : syenite 1973; this
elongate SW-NE Groups arfvedsonite, work
magnetite
Paulo, Duas Irmds, Dikes, up to 25 km Salgueiro and Microcline, aegirine, " Quartz-alkali-feldspar 84 1982,
Livramento and long Cachoeirinha quartz, albite, syenite Maior 1980,
Casé ridges, Groups magnetite Souza 1980
south of Salgueiro, metasediments
Pernambuco
Terra Nova, Dike swarm with Cachoeirinha and { Microcline, aegirine, Alkali-feldépar This work
Pernambuco variable length and Salgueiro riebeckite- ) syenite
) width metasediments arfvedsonite, dquartz,
magnetite
Salgueiro, Dike swarm with Granitic rocks of | Microcline, aegirine, Alkali-feldspar Souza 1982
Pernambuco variabie length and the Salgueiro quartz, riebeckite- syenite
width, in the N-§ batholith arfvedsonite,
direction magnetite
Quandu and Cavalos Two stocks with less Cachoeirinha Microcline, Adkali-feldspar This work

hills, Sitio dos
Moreiras, Pernambuco

than 10 km? each one

Group
metasediments

plagioclase, ferro
augite, X riebeckite-
arfvedsonite,

+ hiotita

syenite

Manaira, Princesa
Isabel, Pernambuco

Narrow dikes of
variable length, N-§
to SW-NE trend

Cachoeirinha
Group
metasediemnis
and granodiorite
of the [taporanga
type

Microcline, ortoclase,
albite, aegirine,
riebeckite-
arfvedsonite,
mughetile

Alkali-feldspar
syenite to alkali
trachyte

Barbosa 1970
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GENERAL DESCRIPTIONS OF THE BODIES The -

peralkalic plutons under consideration are of variable size
and among them the most voluminous one is the Triunfo
batholith, Pernambuco, which occupies an area of 600
km?. This body is slightly elongate in the SW—NE direction
and it exhibits fault or sharp contacts with biotite-schists of
the Salgueiro Group, migmatites of the Uaud Group, and

low-grade metamorphic rocks of the Cachoeirinha Group. -

In the southernmost portion of the batholith, it assumes
an arcuate structure, in topographic relief, which resembles

a ring dike structure, with the core topographically in
depression. The northern border of the batholith is in °

contact with a porphyritic granodiorite of the Itaporan-
ga-type (Fig. 2). Xenoliths of the porphyritic granodiorite
attest that the peralkalic igneous activity is younger than
the potassic one, at this site. , i

Three large faults cut through the batholith, developing
locally shear fabric. A primary lineation is given by sub-

-paralle] arrangement of the pyroxene or K-feldspar grains,
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Figure 2 — Simplified geological map of the Triunfo area,.
Pernambuco (modified from the Silva Filho 1985) '

ago.
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suggesting a syn- or late-tectonic emplacement. Numerous
pyroxenite autoliths, aligned, are found throughout the
Triunfo batholith. In some places they seem to be slightly

‘folded, suggesting they reached a plastic state during the

emplacement of the batholith. Locally, they are layered,
with pyroxene and gray microcline cummulates, and some .
of them reacted with the residual liquid and generated a
biue amphibole, often with a radial habit. Sulphides (pyrite
and chalcopyrite? } are present in some autoliths, Late,
narrow pyroxenite dikes cut the batholith and have been
partially disrupted by micro-faults or show boudinage and
narrow dikes of syenitic composition were probably
emplaced during a dilatation phenomenon as auto-
-intrusions.

-Biotite-schists are seen as xenoliths of variable size, often
showing reaction rims with the magma, which resulted in
the crystallization of pyroxene around the xenoclith. The
batholith, in topographic relief, has been levelled at about
1,000 m high. As xenoliths of the wall rocks, although in
small amount and size, are found throughout the batholith,
it is assumed that this body was unroofed not very long

Next to Serrita town, two round-stocks with trondh-
jemitic cote have been eroded down to the ground level,
while peralkalic ring-dikes next to the margins of the stocks
are in topographic relief (Macacos, Vassouras, and Serrita
hills, etc.). They are formed by a pink to gray quartz-alkali-
-feldspar syenite to alkali-feldspar granite, which locally
shows layering, with an alternation of aegirine and
K-fetdspar cummulates, These structures have been offset
by micro-faults in en echelon fashion. A number of narrow
dikes of uncertain relationships to the peralkalic rocks cut
the stocks, usually normal to their margins. These ring-
-complexes are within the domain of the Salgueiro schists.
The Salgueiro batholith, Pernambuco, occupies an area
of about 180 km?® and has been studied by Silva Filho
(1982), Silva Filho ef al (1982) and Sial er al (1983).
Although ferroaugite has been identified and acmite is
present in several norms, the partial peralkalic character of
the batholith was not recognized. Usually, the ferroaugite-
-bearing rocks are found at the borders of the batholith,
mainly in its eastern portion. Silva Filho's geological map
coupled with field observations suggests that the batholith
is formed by two adjacent ring-complexes (? )}, rocks with
peralkalic affinities being usually in topographic relief.
Rocks similar to the Serrita trondhjemitic, peraluminous,

. Na, O-enriched rocks are found eroded down in the rest of

the batholith.

About 30 km north of Serrita intruding the Cachoei-
rinha metasediments, there are few narrow dikes constitut-
ed by riebeckite-bearing quartz-enriched, with microcline
phenocrysts, grayish-blue, very fine-grained rocks of sub-
volcanic emplacement (Santo Antdnio Creek dikes).

Next to Catingueira, Paraiba, five dikes of peratkalic
rocks have been recorded (Fig. 3). The longest one is the
so-called Catingueira granite by Almeida ef al. (1967) which
intruded Cachoeirinha metasediments and developed a
contact aureole in the hostschists with large staurolite
crystals. Other dikes, topographic relief, are found at
Campo Grande, Urtiga parallelling the Catingueira dike, the
Patos lincament, and the Tigre fault. They have been
sheared and stretching lineation is weli developed. Deform-
ed pegmatite veins are sometimes present.
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Figure 3 — Simplified geological map of the Caringueira area, Paraiba (modified from Silva Filho 1985}

SATURATED ROCKS

OVERSATURATED ROCKS

Plutonic rocks

Subvolcanic rocks

Plutonic rocks

Subvolcanic rocks

Macacos, Vassouras and Serrita

ring dikes, Catingueira dike swarm,
Campo Alegre and Batinga (Bere
nardo Vieira) stocks, matgins of
the Salgueiro batholith, Soliddo
and Teixeira batholiths

Minadoer(Sante Antonio Creék)
Barra de Sdo Pedro (Quricuri)
dikes

Triunfo batholith, Bom Nome

Manaira-Princesa Isabel, Sal-

dike, Casé, Livramento, Duas
Irmis and Paulo dikes, Cavalos
and Quandu stocks

gueiro and Temra Nova dike
swarms

Mineralogy

Quartz Present

K-feldspar Present

Albite Present

Aegirine Present, except Soliddo, Teixeira

Ferro-augite and .

soda-augite

. Blue amphibole

one dike next Catingueira (Urtiga)
and margin of the Salgueiro ba-
tholith

Reaction of aegirine with .the

In the groundmass
Phenocrysts, groundmass

Present
in cores of some aegirines

In the groundmass

< 5%, when present -
Usually with exsolved albite

< 5%, when present
Usually with exsolved albite

As exsolution in microcline Present
Present Present
In cores of some aegirine Present

Reaction of aegirine with the '| Reaction of aegirine with the

magma magma magma
Blue-green Present in Solidio and Teixeira - - -
amphibole batholiths
Brown amphibole - Present in Minador, some- - -
' times
Surrounded by blue amphibole
Magnetite Present Present Present Present
Cassiterite Present Present in Ouricuri - -
Fluorite Present in Bernardo Vieira, Ca- - - -
tingueira and Salgueiro
. Textusal features i
K-feldspar Cross-hatched Cross-hatched, Carlsbad Cross-hatched, Carlsbad Cross-hatched, Carlsbad
Perthite type Film, flake, patch - Flame, film, patch, flake Flake
Primary feldspar | K-feldspar, albite K-feldspar K-feldspar K-feldspar
Grain size 1 Fine to medium Aphanitic to fine Medium to coarse Aphanitic to fine

Table 2 ~ Summary of the petrographic data for the peralkalic rocks od the Cachoeirinha-Salgueiro foldbelt, Northeast Brazil
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A well-developed dike swarm, trending SW—NE, is seen
to the north of the Triunfo batholith, between Princesa
Isabel and Manaiba, Paraiba, probably emplaced before the
batholith, since no dike intrudes it.

Another dike swarm intruded the Salgueiro batholith,
Pernambuco (Silva Fitho 1982, Sial er al 1983), and is
-characterized by narrow, long, N-—S trending dikes,

sometimes offset by micro-faults. These dikes are usually

dark with syenitic composition. Similar dikes are also found
to the south of this batholith, next to Terra Nova.

PETROGRAPHY A brief description of the
petrography of the two groups of rocks is summarized in
table 2.

Oversaturated rocks The ring-dikes in the ring-
“-complexes (Macacos, Vassouras, and Serrita hills) and dikes
next to Catingueira are predominantly composed of pink,
gray to white alkali-feldspar syenite to minor alkali-feldspar
granite. These rocks are made up of microcline, plagioclase,
aegirine, quartz, sphene, apatite, and magnetite. Plagioclase
is usually albite, oligoclase being only exceptionally seen
(e.g., Catingueira dike) showing some alteration to calcite
and epidote. Microcline, often in large subhedral grains,
shows exsolved albite as film, flame, patch or flake perthite.
Quartz occupies interstices and most of the time exhibits
wavy extinction. Aegirine is the main pyroxene, showing a
strong plechroism and subhedral crystals. In a few cases,
ferroaugite cores are observed in these pyroxenes, which
sometimes have margins partially transformed into a blue
amphibole (riebeckite-arfvedsonite). Soda-augite is found in
the Urtiga dike, not far from Catingueira. Early crystallized,
slender crystals of apatite, and sphene are very common,
usually included in microcline and aegirine. Subhedral
magnetite crystals are found in the Catingueira dike, which
seems to have crystallized under oxygen fugacity slightly
high. Zoned, euhedral crystals of cassiterite, although not
abundant, are seen at Macacos hill and interstitial fluorite,
in the Catingueira dike.

The dikes next to Ouricuid, Pernambuco, show micro-
cline phenocrysts including slender aegirine crystals, besides
many elongate blue amphibole, aegirine, and small quartz,
zoned cassiterite and euhedral magnetite crystals as acces-
sory phases. In the groundmass, microcline and quartz show
a striking preferred orientation.

The dikes which cut a stock of the Conceigfo-type about
30 km north of Serrita (Minador, Santo Anténio Creek) are
composed of very fine-grained alkali-feldspar syenite, with
microcline, quartz, aegirine, riebeckite-arfvedsonite,
ferrohastingsite (?), and apatite. These rocks show a
microporphyritic texture with an equigranular, micro-
crystalline, quartz-feldspar groundmass.

Large, euhedral microcline phenocrysts show sometimes
the Carlsbad-type twinning, indicating it crystallized as
orthoclase and inverted to micro¢line during the cooling.
- Some of them are mantled by albite and often show small,
elongate crystals of aegirine, alkali-amphibole or apatite
inclusions. In this rock, riebeckite-arfvedsonite is a primary
phase, crystallized straight from the magma, abundant in
the matrix, as very elongate prisms. Grains of euhedral
ferrohastingsite (7 ), sometimes surrounded by riebeckite-
-arfvedsonite have been observed in few cases. Clinopy-
rdxene, sometimes with ferroaugite core and aegirine
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Figure 4 — Chemical classification of peralkalic rocks in this
study, according to Streckeisen & LeMaitre (1979). Fields:
2, alkali-feldspar granite; 6, quartz-alkali-feldspar syenite;
6, alkali-feldspar syenite; and 6, alkali-feldspar syenite with
feldspathoid

margins, is found in the groundmass as euhedral crystals.
Apatite is a common accessory phase.

Aill samples studied le in the quartz-alkali-feldspar
syenite and alkati-feldspar granite fields of the Streckeisen’s
(1973) or Streckeisen & LeMaitre (1979) classifications
(Fig. 4).

Saturated rocks The Triunfo is the main body of this
kind here studied. This body is remarkably homogeneous,
composed of microcline (partially perthitic), aegirine,
sphene, apatite, magnetite, and interstitial quartz. Pegmat-
ite dikes are rare and only locally, narrow ones, up to 5 cm
wide cut the batholith, with black amphibole and white
microcline in comb-structures. Besides, fine-grained dikes,
up to 10 cm wide with identical composition to that of the
batholith, crosscut it.

Euhedral to subheudral microcline has often exsolved
albite, in flame, film, patch or flake patterns. In few cases,
orthoclase cores have been recorded in some of these
microcline crystals resulting from crystallization of a highly
potassic liquid on cooling, were prevented from exsolution,
not intersecting the albile-orthoclase solvus. Almost all
K-feldspar phenocrysts found in the Triunfo syenite are
gray and probably formed in the pre-peralkalic stage of the
evolution of the magma. This mineral occupies, in average,
79% of the volume of the rock.

Euhedral aegirine, sometimes zoned and twinned, is the
main pyroxene, eventually with ferroaugite cores. Small,
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euhedral crystals of aegirine are found around biotite-rich
xenoliths. This pyroxene has partially changed into a
needle-like or fibrous biue amphibole, at its margins or
along cleavages and fractures. Euhedral aegirine is often
found included in microcline, and the opposite situation,
although less common, is also observed. Aegirine occupies
about 17% of the volume of the rock. Beside the blue
amphibole a pale green one, weakly pleochroic, is tocally
observed (pargasite? ). Amphiboles exhibiting a radial habit
are seen in some slicken-side planes. Quartz is uncommon,
occupying less than 5% of the total volume of the rock,
restricted to the borders of the batholith, Usually, it is an
interstitial phase, deformed, built up of independent plates,
exhibiting flame-shadow patterns. Euhedral crystals of
sphene and apatite are found within aegirine or feldspar
grains. Only rarely iron oxide minerals are observed, usually
as a secondary phase, resulting from transformation of
aegirine to amphibole.

In some places, rocks next to the contact of the Triunfo
batholith have been slightly fenitized as already recognized
by Sadowski (1973)

The saturated rocks under discussion correspond to
alkali-feldspar syenite in the Streckeisen’s classification

{(1973) or alkali-feldspar syenite and alkati-feldspar syenite
with feldspathoid according to Streckeisen & LeMaitre
(1979 in Fig. 4). The fenitized rock (TRF-6) corresponds to
an alkali-feldspar granite. ‘

The dike swarm between Princesa Isabel and Manaira
and the one next to Terra Nova are composed of a variety
of rocks, which includes fine to intermediate grained, gray,
white, green to pink rocks. The fine-grained types are
composed of green to bluish alkalic rocks with orthoclase,
microcline, albite, aegirine, ferroaugite, hedenbergite (2),
blue amphibole, and apatite. Usually, they exhibit seriate to
microporphyritic textures and have been emplaced as
subvolcanic bodies. Some coarse-grained dikes, however, are
mineralogically and texturally very similar to the body of
Triunfo.

Microcline is by far the most abundant K-feldspar, found
as zoned, euhedral to subhedral crystals, showing Carlsbad
and cross-hatched twinning, suggesting inversion from
orthoclase. Only occasionally, flake perthite is observed.
Very often small, needle-like crystals of apatite and aegirine
are found included in microcline, preferentially next to the
core of zoned crystals. Albite is also found included in
microcline or surrounding deeply-weathered, sericitized
K-feldspar cores, or often as euhedral phenocrysts.

Pyroxene, represented by aegirine, ferroaugite, and
hedenbergite (7), is sometimes deeply weathered,
pseudomorphically replaced by amphibole or partially
transformed into riebeckite-arfvedsonite. This amphibole
appears as primary euhedral crystals in the groundmass,

-sometimes with radial habit, forming micro-porphyries.
Twinned crystals are often seen.

The rocks are alkali-feldspar syenite to alkali-feldspar

trachyte, according to Streckeisen’s classification {1973).

GEOCHEMISTRY Twenty-nine samples — 10 of which
from the Triunfo batholith (saturated group-SG) and 19
from the oversaturated group (OSG) — have been analysed
in the Geosol Laboratory, Belo Horizonte, Minas Gerais, for
major and trace elements. These chemical analyses and
respective CIPW norms are listed in table 3.
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Table 3 — Major and trace elements and CIPW norms of

peralkalic rocks of the Cachoeirinha foldbelt, Northeast
Brazil

OVERSATURATED ROCKS
DC1 | DOYA) PC3 | Do+ [ bos | pos | cart [caT2 |cars | cars

5i0y | 6970 [ 70.30 | 7150 | 7030 | 6610 [7L.50 }4é8.60 [ces0 | 6840 | 68,60
Tioy 018 § 016 | 011 § 050 [ 014 § 010 | 021 | 022 | 021 0.22
ARO3 | 1540 [ 1520 | 1480 | 1470 | 1680 {1420 [1490 [14.80 | 1480 | 1470
FeaQy | 0.24 | 0.32 | 040 | 0.87 120 | o082 L1 § 210 | 120 | 0.75
el 122 | s | o072 | 057 | 043 | 043 128 {129 | 100 | 100
M0 033 | 030 [ 010 [ 025 | 017 | 008 ) 043 | 041 | 043 | 048
Cal 120 | 110 | o045 | 060 | 057 | 03I 140 | 150 | a0 | 140
M0 | 560 | 570 ] s80- ) 610 | 640 | 530 | s00 | 480 | 510 | s20
K0 430 | 420 § 500 | 520 | 620 § 550 | 640 | 630 | 660 | 670
Py04 005 | 0.05 F 005 | 006 | 006 {<0.05 | 010 | et | 010 | an2
COqy | <0.05 0.09 | <0405 |<005 0.22 | <0.05 - - - -
Hy0 eil | 011 | &is | 015 § 009 | 008 | 0z | oa6 | 042 | oss
Hy 0" 002 | 020 [ 023 | 002§ 027 | 009 ! 0as | 015 } 006 | 006

Total 98.40 | 98,88 | 99.37 | 9587 | 9865 | 99.21 | 99.58 hoo.n 9942 99:93

Nb W <2 [<2 [<20 (I b1 10 21 18 16
Y <1 [<10 [ <10 | <10 10 16 1 13 10 15
Ba T.850 | 7.3501 32005 5200 2900 | 3.600 | s210 | 4450 | 4570 | 4870
Zn .. 59 55 54 53 n 43 - - - -
Rb 43 42 10 99 | 140 140 150 180 150 145
Sz 3000 7 2800 116G 260 1170 [ 1080 | 1320 ] 1270 § 1.520 | 1420
Ga < 5 i2 % 1 ¥ 4 - - - -
Zr 82 76 140 90 $06 220 70 140 130 150
ai. G900 | 0916 | 1010 1065 1.026 | 1.620 | 1.020 | 09%0 | 050 | 107
Dl Q003 [ 9321 | 9570 | 92.80 | 94.26 | 95.84 | 91.46 [ 9248 | 90.03 ) v0.48
Q 17.33 | 1B.16 17.86 | i5.4¢ 1572 | IB.35 12,63 [ 1420 | 11.64 1257
O 25.41 | 24.82 | 2054 | 30.72 | 3663 | 3250 | 37.81 |37.53 | 39.00 | 39.50
Ab 4139 14823 § 4800 | 46.67 | 5191 [ 4500 | 4102 [4095 | 3939 | 3832
An 4.19 3.49 0.00 0.00 G.00 0.60 0.00 0.24 c.00 060
No 0.00 0.00- 0.00 0.0¢ 0.00 0.00 0.00 0.00 ¢.00 0.00
At 0.00 .00 2,00 2.52 198 136 0.00 0.00 332 217
Ns 0.00 ©.00 0.00 0.49 0.00 0.60 0.00 0.00 5.00 0,73

BiWe 0.47 0.45 0.68 085 0.44 0.37 57 |- 200 259 2.57
Di-En 0.16 0.15 Q.14 0.39 0.30 0.14 1401 1.03 LoT 112
Di-Fs 0.33 0.31 Q.57 0.56 0.1 .24 153 0.92 154 345
Hy-En 0.67 0.60 .11 0.23 0.12 5.06 006 0.00 0.00 0.08

Hy-Fs 142 1.27 0.44 .32 0.04 0.0 0.0¢ 0.00 000 o140
Fa 0.00 0.00 0.00 0.00 0.00 ¢.00 0.0¢ 0.00 0.00 0.00
Fa 0.00 0.00 0.00 2,00 0.00 0.00 n.00 0.00 0.00 0.00
We 0.00 0.00 0.00 .60 000 Q.00 0.00 0.00 000 0.00
M1 033 0.46 0.23 0.00 0.75 0.21 1.02 0.65 0.08 0.00
i 0.34 0.30 0.21 919 0.27 0.19 040 1.61 040 042
Hm 0.00 0.00 0.00 000 0.0¢ 0.00 0.00 0.00 0.00 0.00
Ap 012 0.1z 612 0.14 0.14 0.12 024 042 0.24 0.28
Ce 211 0.20 0.1 0.14 0.50 .11 0.00 0.00 0.60 000

DCG-i  SM-1 SM-2 | SM-3 S5A-1 | S8A-2 | 585A-3 [ SER-6) |SER-44

50, | 6770 68.10 | 7110 | 66.00 | 6690 | 6670 | 6790 | 66.04 | 68.15
Ti0, 015 025 [ 030 | 031 | 046 | oa2 | o1s | o4s | 036
AlaOy | 1500 1530 | 1460 | 1660 | 400 [ 1500 |is00 | 4733 | 1460
Fea0y | 090 160 | 140 | 150 | 130 | e74 | 130 | 084 | 099
() 072 057 | o4 | os7 | o8 | 08 | 086 | 086 | Lo8
MgO 043 @25 | 027 | 018 | 033 | ara | 07 | o1s | om
a0 10 681 | oo | os1 | o7t | oas3 | o7 | 161 | La0
Na;O | 530 570 | 620 | 640 | 640 i 640 | 420 | 633 | ass
K20 710 580 | 340 | ss0 | 760} sg0 | 860 | 385 | 693
Ppg | 000 007 | cor | 08 [ o011 | 005 [ 016 | o352 | 024
Cop+ | <005 00t |<0o0s <005 | 044 | 005 | cos - -

* H30 048 047 | 035 § 016 | 034 | 013 { 014 | 004 | 010
H20- | 020 034 | 620 § 000§ 013 | 012 § 0137 108 | 048
Totel | 9893 9908 [99.38 i omse {9908 | 9894 | 9942 | 9877 i 99.49

Nb ] i 52 29 20 % | < 20 - -
Y <10 <0 <1 <1 < <10 | < 1o - -
Ba 1200 69007 3700 | 6.800 | 4.450 | 6.789 | 2.100 -

In 54 67 88 83 62 46 61 - -
Rb 100 78 5 T 170 1 190 - -
Sr 1,270 760 1.660 1.820 430 470 130 -

Ga 11 il 14 12 1 9 1< 5 - -
Zr i64 210 60 74 182 139 76 - -
ad. 1.093 1.023 | 0.951 1012 1.33¢ 1.285 1.081 0.840 { 1.061
D.I 96.30 92,58 | 92.53 | 9288 | 86.64 | 88.95 | 9140 | 87.09 | 89.94
Q 10.72 11.89 19.98 5.21 12.02 9.0 11.30 10.78 [ 1246
Cr 41.95 kL 20,09 | 34.27 | 44.90 | 47.36 | 50.81 2275 | 4095
"Ab 37.64 4642 | 5246 | $3.0 | 29.M1 3207 | 29.29 | 53.56 | 36.53
An 0.00 0.00 1.97 {4.00 .00 0.60 0.00 151 0.00
Ne ¢.00 0.00 Q.00 .00 0.00 0.00 0.00 0.00 0.00
Ac 2.60 1.60 .00 0.93 3.76 .16 176 0.00 z.86
Ms 0.9% 1.20 Q.00 0.00 4.70 4.57 0.46 0.00 .29
Di-Wa 1.87 1.20 093 0.99 0.01 0.83 1.04 0.09 2.21

Di-En 0.92 6.59 045 045 0.00 0.18 0.27 0.12 0.77
Bi-Is 0.92 0.58 046 0.53 4.01 a7 0.82 0.22 £.50
Hy-En 0.15 .03 0.22 0.00 0.82 0.17 0.15 0.25 0.00

Hy-l's 0.15 0.03 0.22 0.00 1.31 0.67 0.46 0.18 0.00
Fo .00 0.00 0.00 0.09 0.00 Q.00 0.00 0.00 £.00
Ta 0.06 0.00 0.08 0.00 0.00 0.00 8.00 0.00 £.00
Wo 0.00 0.60 .00 112 0.00 040 0.00 0.00 .00
M1 0.00 L0g 1.9 .94 0.00 0.00 0.00 1.22 0.00
il 0.28 0.49 0.57 8.59 .30 0.23 0.34 0.85 0.68
Hm 0.00 030 0.58 .53 000 0.00 0.40 .00 .00
Ap 0.24 017 0.17 0.1% 0.2 0.12 0.33 0.28 ¢.47
Ce 0.1 0.25 0.1t 0.1t 1.00 €11 0.11 0.00 0.00
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Table 3 - {continued)

|_SATURATED ROCKS
TRE:) | TR¥2 | tR¥3 | TRE4 | TRES | TRF.6 | TRF-11 [TRF-12 |TRF-13 [TRF-f4 -

Si0y 61.10 | 6050 | 5B.80 | 60.50 ]62.40 |70.E0 | 59.90 | 60.20 | 60.30 [ 61.00
Tioy 0.5% 0.68 .71 0.5% 049 0.32 0.46 0.34 0.40 0.50
AlzCOy | 1540 {1420 | 1350 (1410 §1400 |13.00 | 1490 | 1450 | 1470 § 15.20
Fe 0; 2.20 240 3.60 3.60 270 160 310 2.70 2.60 240
Fed 1.00 1.30 230 130 LES 1.15 11§ L3i0 122 0.80
MgC 0.87 140 2.30 1.20 1.00 043 1190 L70 1.20 1.00
a0 21 3.00 4.10 3.00 2.60 1.50 2.60 3.50 3.00 2.50
Ni; O 2.40 240 3.50 3.80 320 2.6C 3.80 3.20 110 210
K0 1280 {1220 910 | 1080 (1070 8.60 | 311.60 | 1130 | 3230 3 1220
P20y 0,32 0.26 033 426 0.27 011 0.2 0.33 0.29 0.26
<0y .05 0.05 0.05 0.1] Q.11 0.05 0.05 0.05 007 0.00
Hy O 0.l 0.0% .13 .17 .10 0.08 0.15 0.15 0.19 230
HyO | - 013 13 0.20 .10 0.10 0.09 0.18 0.02 0.01 .00
Totat 90.67 19951 |99.22 [90.55 190.32 [90943 | 99.27 | 9929 | 99.18 i 93.90

Nb 20 0 20 20 20 20 20 20 20 20
Y 10 10 36 10 10 106 10 10 10 10
Ba 4,300 | 3700 | 5600 | 3.800 {.4.600 | 2700 4.600| 6.000 | 4.400§ $.550
Zn 28 31 920 52 53 51 46 46 44 30
Rb 310 90 210 250 240 340 240 250 280 310
51 540 420 650 410 500 30 50 590 560 550
Ca 19 9 n 1 il £ 12 14 11 11
Zr 4 28 48 30 38 44 27 24 24 10
ai L1s6 | 1211 £.204 | 1.280 § 1.262 | 1.045| L262( 1206 1.252( 1.100
ol 8277 {7813 | 69.54 | 7366 (7879 |89.86 | 1744 | 7566 | 7736 | £1.20°
Q 0.00 0.00 Q.00 0.00 3.36 | 2040 0.00 600 0.00 000
o 15.62 | 72.28 | 57.27 | 6449 ;6338 | 50.60 | 68.3% | 6672 | 7284 | 720
Ab 4.45 4,06 8.86 1Y i1205 | 1886 5.50 5.89 1.93 110
An .00 0.00 0.60 0.60 0.00 0.00 0.00 0.00 006 0.00
Ne .70 119 341 1.29 0.00 0.0¢ 3.5% 3.05 269 1.20
Ac 6.47 693 | 1063 | 10.63 7485 .77 3.78 1.85 739 690
Ms .85 195 0.49 1.95 244 0.00 2,32 1.85 2.56 1.20

Di-Wo 3.13 522 177 437 394 2.0% 4.29 649 4.87 3.40
Di-En 2,10 150 4.17 300 2.50 1.00 2.70 4.20 300 2.50
Di-Fs .79 1.32 2.54 1.58 1.19 106 1.32 1.85 1.58 0.60
Hy-Fa 0.00 0.00 .00 2.00 .00 0.00 0.00 0.00 o0 0.00
Hy-§5 0.00 0.00 0.00 000 0.06 0.00 600 .00 0.0¢ 0.00

Fo 0.0 .00 1.30 0.00 0.00 0.00 oo 4.60 0.00 0.00
Fa ¢.00 0.60 .76 0.00 0.00 0.00 500 0.00 0.00 0.00
Wa 174 .52 .00 103 1.03 103 .52 017 1.03 1.50
Mt 0.00 0.00 .00 0.00 0.00 0.93 .00 0.60 0.00 0,00
il 1,22 1.22 137 0.9 1.06 0.61 .91 0.61 078 1.00
Hen 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 000 0.00
Ag 0.62 0.62 0.67 .67 0.67 0.31 0.62 0.62 0.62 0.62
Ce 0.00 0.00 0.00 00| 000 0.00 0.00 Q.60 0.00 0.00

DC, CAT = Catingueita dyke; DCG = Campo Grande dyke; SER-63,
SM = Macacos ring dyke; SER44, SSA = Santo Antdnio dyke;
TRF = Triunfo batholith. Major elements are found in wi% and
trace elements, in ppm
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Figure 5 — Al, O vs. K, O diagram

Major and trace elements The Triunfo batholith
exhibits an overail Si0, variation from 58.8 to 62.4 wt%,
except for one sample (TRF-6), which exhibitted 70.1 wt%
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of 8i0,. In the O8G, 88i0, lies-between 66.0 and 71.5
wt% and K, O varies from 3.4 to 8.6 wi%, while in the SG
this oxide reaches contents between 9.7 and 12.8 wit%.
These very high contents result from the high concentration
of K-feldspar (about 79% of the volume of the rock) whose
average K, O composition is around 14% (average K, O in
aegirine is 0.19% only, according to Deer ar al 1966).
The AL O3 vs. K,0 diagram (Fig. 5), where a positive
correlation is attained, attests that the whole-rock K,0
reflects the feldspar K, O contents (aegirine Al, 05 contents
averages 1.85% only), and that the Triunfo syenite
represents a cummulate rock.

In this body, K,Q is always greater than Na, O, with
K,0/Na, O ratios between 2.8 and 5.3. In the OSG, these
ratios are lower, between 0.55 and 2.05, The Fe, O3 in the
SG is greater than FeO and this reflects the presence of
Fe®*-rich minerals as magnetite and aegirine.

In Figure 6, several oxides have been protted against FeO,
enhancing the differences between the OSG and SG. P, 05,
Na, 0, and K, O plots suggest two independent population
of samples, while TiO,, MgO, and CaO plots failed to make
such a distinction. FeO is clearly much higler in the SG.
One sample (TRF-6) collected next to the contact in the
Triunfo batholith often departs from the trends delineated
by the other samples of this body. It shows much higher
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Figure 6 — Several oxides plotted against total FeO
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Si0,, lower K;0 and BaO, and as it exhibits a meta-
morphic fabric, may be it corresponds to a rock which
underwent syenitization along the contact of the batholith
(fenite).

Typically, the SG shows higher concentration of MgO
and CaO, which coupled with higher FeO, suggests that
these rocks keep a genetic link with a more mafic magma.
In the Harker’s diagram (Fig. 7), good correlations are
usually attained with two distinct groups. Negative cor-
relations are observed when MgO, Ca0, FeO, Fe, 04, and
K, O against SiO, . In the alkali-lime Peacock’s plot (Fig. 8),
the K, 0O + Na, O and CaO curves are about parallel to each
other and do not allow determining the alkali-lime index. .
The negative trend from 60% SiO, up is typical for rocks in
the alkaline series of Peacock.

Only eight trace elements — besides the REE group have
been analysed for the two groups of rocks, Sr, Ba and Rb,
found in very high concentrations much above average —
suggest that most rocks dealt with here represents feldspar
cummulates. Nb, Y, Zr, and Zn, however, are found in very
low concentrations if compared to values common to
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Figure 7 — Several oxides plotted against SiQ, (Harker’s
diagram)
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peralkalic rocks (e.g. Topsails Complex, Newfoundland,
Taylor & Strong 1980, Nigeria-Niger province, Bowden &
Turner 1974). Likely, accessory phases containing Zr, Nb,
and Y have been fractionated out of the liquid (e.g. zircon).
As zircon is virtually absent or found only in very low
amounts, it is possible that this phase has been cont-
inuously left behind during magma ascent, causing these
elements to be substantially dropped down.

Rare-earth elements Eleven samples had their REF
analysed at the Geosol Laboratory. As a standard analytical
procedure, they have been concentrated by ion-exchange
chromatography and then analysed by plasma spectrometry
(ICP, according to the method described by Dutra 1984).
Four other samples (all from the Catingueira dike) have
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Table 4 — Rare-earth elements of peralkalic rocks in the Cachoeirinha-Salgueiro foldbelt, Northeast Brazil

OVERSATURATED ROCKS
DC-1* DC-5* DCG-1* CAT-1** CAT-2** CAT-5°* CAT-6** SM-2*

La 20.61 (84.26) 14.61 (59.73) 30.59 (125.06) 28.72 (117.42) 24.40 (99.75) 27.35 (111.81) 25.54 (104.41) 80.37 (328.58)

Ce 34.10 (53.46) 28.10 (44.05) 47.60 ( 74.62) 74.68 (117.07) 51.81(81.22) 62.77 ( 98.40) 54.00 ( 84.65) 139.80 (219.16)

Nd: 16.87 (35.61) 14.43 (30.46) 20.38 ( 43.01) 36.83 ( 77.73) 23.18 (48.92) 28.09 ( 59.29) 26.89 ( 56.75) 59.87 (126.36)

Sm 3.60 (23.38) 3.58 (23.25) 4.38 ( 28.44) 9.53 ( 55.39) 4.86 (31.56) 5.77( 37.47) 5.81( 37.73) 12.48 ( 81.04)

Eu 0.94 (16.20) 0.91 (15.68) 1.05 ( 18.09) 2.57 ( 50.57) 1.69 (33.25) 1.88 ( 32.40) 2.06 ( 40.53) 2.91 ( 50.15)

Gd 2.22 (10.87) 2.54 (12.43) 2.73 ( 13.36) 6.69 ( 32.75) 3.50 (17.13) 4.11 ( 20.12) 4.39 ( 21.49) 6.75 ( 33.04)

Dy 1.51( 5.94) 2.02( 7.95) 1.85( 7.28) 4.41( 17.35) 2.19( 8.62) 2.62( 10.31) 2.77 ( 10.90) 3.86 ( 15.19)

Ho 0.16 ( 2.82) 0.17 ( 2.99) 0.18( 3.17) 0.74 ( 13.05) 0.26 ( 4.59) 0.36 ( 6.35) 0.17 ( 2.99) 0.57 ( 10.05)

Er 0.41 ( 2.47) 0.36 ( 2.17) 0.33( 1.99) 1.88 ( 11.32) 0.78 ( 4.70) 099 ( 5.96) 1.10( 6.63) 1.34 ( 8.07)

Tm 0.06 ( 2.34) 0.07 ( 2.73) 0.07 ( 2.73) - e s - 0.18( 7.03)

Yb 0.55 ( 3.33) 0.79 ( 4.78) 0.69( 4.18) 1.33 ( 8.06) 0.40 ( 2.42) 0.26 ( 1.57) 0.55( 3.33) 145( 8.78)

Lu 0.08 ( 3.15) 0.15 ( 5.51) 0.09 ( 3.54) = = - = 0.21 ( 8.27)
~ ZREE 81.11 67.72 109.44 166.38 67.07 78.45 75.74 309.79

Lap/Smp 3.60 2.57 4.39 2.10 3.13 2.96 2.74 4.05

Cep/Ybp 16.05 9.21 17.85 14,35 33.18 62.26 24.97 24.96

Eu/Eu* 0.94 0.87 0.86 1.02 1.22 115 1.22 0.88

SATURATED ROCKS
SM-3* S5A-2* TRF-2 TRF-3 TRF-6 TRF-11 TRF-14

La 60.03 (245.42) 16.44 (67.21) 39.41(161.12) 67.62 (276.45) 44.10 (180.29) 33.29 (163.10) 19.03 (77.80)

Ce 120.90 (189.53) 32.60 (51.11) 80.00 (125.41) | 123.10(192.98) 63.30 ( 99.23) 56.50 ( 88.57) 40.00 (62.71)

Nd 60.63 (127.96) 14.71 (31.05) 37.34 ( 78.81) 60.77 (128.26) 39.14 ( 82.61) 27.85( 58.78) 18.02 (38.03)

Sm 12.63 ( 82.01) 3.43 (22.72) 11.08 ( 71.95) 15.65 (101.62) 11.49 ( 74.61) 6.64 ( 43.12) 5.05 (32.79)

Eu 2.91( 50.15) 0.89 (15.34) 1.98 ( 34.13) 3.04 ( 52.39) 1.37 ( 23.61) 1.18 ( 20.34) 0.97 (16.72)

Gd 6.68 ( 32.69) 2.28 (11.16) 6.21 ( 30.39) 10.42 ( 51.00) 10.05 ( 49.19) 3.68 ( 18.01) 2.90 (14.19)

Dy 3.31( 13.03) 1.94 ( 7.63) 3.94 ( 15.51) 6.98 ( 27.47) 10.02 ( 39.43) 1.83 ( 7.20) 1.76 ( 6.93)

Ho 0.46 ( 8.11) 0.18 ( 3.17) 0.40 ( 7.05) 1.54 ( 2.72) 2.69 ( 47.44) 0.36 ( 6.35) 0.24 ( 4.23)

Er 0.85( 5.12) 0.64 ( 3.85) 0.99 ( 5.96) 3.54 ( 21.32) 7.29 ( 43.92) 0.85( 5.12) 0.56 ( 3.37)

Tm 0.14 ( 547) 0.10 ¢ 3.90) 0.12( 4.68) 0.42 ( 16.40) 1.08 (42.17) 0.13( 5.08) 0.10 ( 3.90)

Yb 0.83( 5.03) 0.96 ( 5.81) 0.98( 5.94) 2.54 ( 15.38) 5.37 (32.53) 0.59( 3.57) 0.50 ( 3.03)

Lu 0.11( 4.33) 0.16 ( 6.30) 0.11( 4.33) 0.39 ( 15.36) 0.83 (32.69) 0.16 ( 6.30) 0.70 ( 2.76)

ZREE 269.48 74.33 182.56 296.01 196.73 133.06 89.20

Lay/Smy 2.99 3.02 2.24 2.72 242 3.78 2.37

Cep/Yby 37.68 8.79 21.11 12.55 3.05 24.81 20.69

Eu/Eu* 0.87 0.92 0.66 0.68 0.38 0.66 0.71

* = Performed in the Geosol Laboratory; **= performed by A.N. Sial, in Newfoundland, Canadd; DC, CAT = Catingueira dike; DCG = Campo
Grande dike; SM = Macacos ring dike; SSA = Santo Antonio creek (Minador) dike; TRF = Triunfo batholith; REE are in ppm; numbers in parenthe-

ses are normalized to chondrite

been analysed by one of the authors (ANS) through the
X-ray fluorescence method, at the Department of Geo-
logical Sciences, Memorial University of Newfoundland,
Canada. In this procedure, the REF group was concentrated
by ion-exchange chromatography, and then placed in an
SA-2 jon-exchanged paper, before analysing by XRF, using
a tungsten tube. The chondrite values used were those of
Evensen et al. (1978). Results are listed in table 4 and
relative abundance patterns for each of two groups are
showning in figure 9. '

The two groups of rocks here studied are characterized
by a strong relative enrichment of the light REF, compared
to the average chondrite values and depleted in heavy REF,
in relation to the light rate-earths, in a patterns of negative
slope.

The saturated peralkalic rocks, except for one sample
(TRF-6), which presents a strong negative Eu anomaly
(Eu/Eu® = 0.38), are characterized by discrete negative Eu
anomaly (Eu/Eu® varies from 0.66 to 0.71). There is a
tendency for an increase of the ZREE with the decrease of
Si0, and K, 0, CaO showing opposite behavior. The ZREE
varies from 89.2 to 296 ppm. The patterns for the
oversaturated peralkalic rocks depart from the ones usually
observed for this kind of rocks (see for exemple Bowden &

Whitley 1974). They lack the typical deep negative Eu
anomaly. On the contrary, Eu anomaly is either missing or
slightly positive (Eu/Eu* varies from 0.86 to 1.199). The
ZREE varies from 67.07 to 309.79 ppm (samples from
Macacos hill ring-dike are much higher in ZREE). ,

The missing Eu anomaly may be reflects a rather high
oxygen fugacity, once the feldspar Eu anomaly decreases
with the FO, and temperature increase (Drake 1975,
Hanson 1980). Sial (1984a) had already called attention to
this problem, pointing out that the K-feldspar fractionation
had been responsible for the peralkalinity of the Catin-
gueira body and this process did not generate the usually
observed negative Eu anomaly. The crystallization of these
rocks took place at relatively high oxygen fugacity,
precluding Eu to enter the structure of the feldspar, as
usually. These rocks probably represent the stage were
K-feldspar crystallized was not removed from the liquid,
characterizing a transitional situation for a peralkaline
stage.

Almost all samples of this group display a discrete
negative Er anomaly (Er/Er* from 0.34 to 1.0). There is a
possibility that fractionation of Ta-rich minerals (fer-
gusonite and/or yttrotantalite, Er-rich phases) has been
responsible for such an anomaly, or that it is only an
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Figure 9 — Chondrite-normalized REE patterns. A: saturated rocks; B: oversaturated rocks. SiQ,, CaO and K,0 values for B

rocks in diagram B can be found in table 3

apparent one, due to slight Yb and Lu enrichment in
consequence of garnet in the residue of the melting in the
source area. The likelihood of analytical error cannot be
discarded. ' '

Oxygen isotopes All oxygen isotope analyses were
performed by reaction with fluorine at the Department of
Geology, University of Georgia, in Athens, USA, by one of
the authors (ANS). Isotope analyses were made using a VG
Micromass 602 C double collecting mass spectrometer.
Routine intercomparisons of samples with Rose quartz
standard were made, the standard being defined as +8.45
permil relative to SMOW. Results are found in table 5.,

An overview of the whole-rock oxygen data shows that
the Catingueira body and border of the Salgueiro body
exhibit values below 10 permil, while the dikes of the Santo
Anténio Creek, about 30 km north of Serrita, show 6§20
above 10 permil. These divergences could be ascribed to: ()
differences in the isotope composition of the protoliths; ()
different degree of differentiation; and (c) late alteration by
interaction with meteoric water. Due to the limited amount
of data, it is hard to decide which one of these hypotheses

.is true.

Although it is very important to analyse mineral
separates to test if the whole-rock §'®0 is original, only
four samples had quartz and feldspar analysed and one of
them (CAT-5) revealed an inversion, with feldspar heavier
than quartz in terms of oxygen isotope ratios. In this case,

Table 5 — Oxygen isotope analyses of peralkalic dikes in the
Cachoeirinha-Salgueiro foldbelt

W.R. Quartz Feldspar
Sample Rock type 5180 8180 5180
(SMOW) | (SMOW) | (SMOwW)

Locality

SER-43 | Subvolcanic fine-grained +12.21 - - Santo Anténio
SER-44 | riebeckite-aegirine-bearing | + 10.60 - - Creek (Minador)
rocks 30 km north of
Serrita, Pernambuco

Macacos hill, Serrita
Pernambuco (ring-dike)

+
il
o
=S

SER-63 | Aegirine-bearing granite

CAT-1 | Aegirine-bearing + B.69 + B.80 + B.45 | Catingueira dike,
CAT-2 | Quartz-alkali-feldspar + 9.35 - - Parafba

CAT-5 | syenite + 9.81 + 8.67 +10.37

CAT-6 + 8.12 = =

5-07 Ferroaugite-quartz + 8.92 +11.75 + 8.92 | Eastern porton of the
812 | syenite + 9.95 = - the Salgueiro batholith,
$-20 + 9.93 +12.22 + 9.92 | Pernambuco

$-30 + 9.35 - -

the whole-rock §'®0 is useless for petrogenetic purposes.
If, however, the other values are igneous ones, then there
are two populations of peralkalic rocks in this area. One
whose oxygen values are below 10 permil and other whose
values are above this, a critical value to tell apart igneous-
-source derived rocks from those metasedimentary-source
derived (O’Neil et al 1977).

The dikes of the Santo Antdnio Creek and the Catinguei-
ra dike cut the Cachoeirinha Group metasediments and the
discrepancy observed is not apparently related to dif-
ferences in host rocks as could be claimed. The ring-dike of
the Macacos hill intruded rocks with trondhjemitic
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affinities shows 620 below 10 permil and seems to belong
to the same group of peralkalic rocks of the Catingueira-
-type, that is, probably derived from the mantle or igneous
source with minor, if any, metasedimentary component.
The Santo Antdnio Creek dikes, however, may have derived
from metasedimentary source or have had substantial
crustal contribution, judging from their high §'®0. Being a
subvolcanic body, the possibility of interaction with
“meteoric water cannot be excluded.

Rocks of the eastern portion of the Salgueiro batholith
with peralkalic affinities (ferroaugite-quartz syenites)
show 820 values below 10 permil and are here considered,
in terms of oxygen isotopes, equivalent to the Catingueira
body, probably of similar derivation, ‘

DISCUSSICN A series of geological and petrological
features make the peralkalic magmatism in the CSF
attractive and worth studying. A number of peralkalic
bodies (Triunfo, Bom Nome, and Paulo, Duas Irmds, Casé
and Livramento ridges), most syenitic in composition, and
bodies with peralkalic affinities (Teixeira &. Solidao)
constitutes a trend adjacent to the southern boundary of
the CSF. Magnetite is the predominating oxide mineral in
these bodies and they form what is here named the
peralkalic-syenitoid line or magnetite-syenitoid belt in a
similar fashion to Ishihara’s magnetite-granitoid belt.

Pyroxenite autoliths found throughout the Triunfo
batholith suggest important pyroxene fractionation from a
‘pyroxenite or alkaline basic magma. Composed autoliths

. (pyroxenite and .gray K-feldspar cummulate) suggest a
layered structure for the batholith and that underneath the
syenite, a volume of early fractionated pyroxenite was
formed. Sulphides in these autoliths perhaps indicate
sulphide concentration at depth, in the pyroxenite.

The unusually high Ba and St contents indicate that, in
most cases, these rocks represent K-feldspar cummulates.
The REE signatures reflect a rather high oxygen fugacity
prevailing during crystallization, precluding significant Bu
anomaly to develop. Er anomaly in a few analyses could
result from fractionation of an accessory phase or just be
the consequence of analytical problems. The rather low Nb
suggests that either a Nb-rich phase was fractionated out of
the liquid or that magma was originally low in Nb.

In the light of available oxygen isotope ratios, it seems
that most of the peralkalic bodles is mantle-derived or
resulted from partial melting of igneuos protolith, except
for the dikes next to Santo Anténio.

The very high X, O in the Triunfo syenite suggests the
magma derived from an anomalous mantle or igneous
source with high potassium content. The K-enrichment in
the mantle is well documented, as for exemple through
richterite-bearing peridotite-xenoliths in kimberlites (Erlank
1976).
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Alkali-trachytes is usually regarded as derived from
alkaline basic magmas by crystal fractionation at high level
in the crust. The volume of these salic lavas in many
continental provinces equals or exceeds that of possible
parent basic magmas, and this has led to the assumption of
an origin by partial melting in the upper mantle (Wright
1969), to aécount for the excessive amount of these rocks.
The large volume of syenite at Triunfo and other bodies in
the syenitoid line is an awkward problem to account for in
the alkaline basic magma model, which, however, should
not be totally ruled out. The possibility of an alkali
trachyte magma fractionating early pyroxene is a
hypothesis which should be considered. Any of these two
hypotheses that stands further detailed isotopic work at
Triunfo will be valid for the other syenite bodies in the
syenitoid line. .

Oversaturated rocks as Catingueira, Urtiga and Campo
Grande may have a different history and it is difficult,
presently, to evaluate the crustal participation on their
formation, without a reliable isotopic data. The Teixeira
and Soliddo batholiths with slight peralkalic affinity may
have different petrogenesis. The Macacos hill ring-dike with
much higher ~ REF and the Santo Antdnio Creek dikes.
with much higher §'®0 may be formed through different
process and the possibility of late modification by
interaction with meteoric water cannot be excluded once
these are subvolcanic rocks. As the cores of the Serrita
stocks are composed of a rock with trondhjemitic affinity,
it is possible that Bowen’s plagioclase effect has been
responsible for the peralkalinity observed in the associated
ring-dikes.

Narrow, fine-grained dikes of identical composition to
the Triunfo batholith which crosscut it suggest a dilatation
process at the end of the crystallization of the batholith, as
auto-intrusion. This implies that this batholith was late-
-tectonically emplaced as well as the other syenites of this
nature in the peratkalic syenitoid line.

Recently, J.V. Valarelli (oral communication) developed
a way to use potassium from K-feldspar as fertilizer and
this potentially lends these syenites some economic
importance, since they are extremely enriched in potassium
and occupy quite a large volume.
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