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Xenoerysts in mafie dikes from the Fernando de Norol ,ilh ;._. t:iaipeiá go
M.NC. Ulbrich , V. Maringolo & S.R .F. Vlach (Instituto de Geociências. Universidade de São Paulo.

Brazi 1).

Ultramafic and mafic alkaline rock bodies may carry xenocrysts and xenoliths of cogenetic,
crustal or mantle materiais together with typical phenocrysts. Xenocrysts commonly appear as
megacrysts (Iarger grains with 1 cm or more; Schulze, 1987).

ln the dike rocks ot Fernando de Noronha larger grains are rare, but among the macrocryst
assemblage (grains with less than 0.5 cm ; Dessai et al ., 1990), xenocrysts of mafic or felsic minerais
in chemical and/or textural disequilibrium with their host appear to be quite common.

The dikes belong to the oldest unit (the Remédios Formation; Almeida, 1955) of the Fernando
de Noronha volcanic sequence. The Remédios Formation represents a poor1y exposed "Igneous
Central Complex" composed of a basal pyroclastic unit and subvolcanic bodies belonging to two
different trends: a sodic one characterized by numerous ultramafic-mafic dikes of basanitic to tephritic
compositions including alkaline lamprophyres (monchiquites, camptonites), a sill of essexite porphyry
and phonolite domes, and a subordinate mildly potassic trend mostly represented by plugs and dikes
of evolved trachyandesites to trachytes with rare alkali basalt (Almeida, 1955; Ulbrich et al., in press) .

Basanites, limburgites (basanites with glassy matrix) and some monchiquitic lamprophyres are
the more primitive rock types of the exposed sodic series. They are generally composed of variable
amounts of olivine (#mg=78-85) and yellow salitic clinopyroxene (#mg=75-83) phenocrysts,
accompanied by kaersutitic amphibole in the lamprophyres. Glomerules of olivine and/or pyroxene
are common in some rocks. They also carry xenoliths of alkaline rocks such as clinopyroxene and
amphibole gabbros, nepheline syenites, etc., probably belonging to the under1ying plutonic complex.

The pyroxene grains of some basanites and of the lamprophyres may exhibit idiomorphic or
resorbed zoned green cores of variable size. The compositions of the different zones and of the
whole green cores vary from dike to dike: they may show normal or inverse zoning and sometimes
have #mg values varying from 80 to 40 in the sarne grain. ln general they are ferrosalitic pyroxenes
with higher Ti and slightly higher Na content than the yellow salitic rims and matrix pyroxenes. These
green clinopyroxenes are xenocrysts derived from more evolved melts; they constitute a common
feature in alkali basalts. basanites and lamprophyres (Bédard et aI., 1988 ; Dobosi and Fodor, 1992).
Sparse xenocrysts of felsic minerais (more or less sodic plagioclase, alkali feldspar, nepheline) are
also commonly found .

A small group of rnafic dikes presents a different macrocryst suite. One of them , studied in
detail (sample #38), contains 35 to 40% of macrocrysts «0.5 cm, rarely up to 1.0-1.5 cm in size) set
in a fine-grained matrix composed of salitic clinopyroxene, titanomagnetile, ferro-kaersutite and
sparse alkali feldspar laths with interstitial glass. The macrocyst assemblage includes olivine (±12%),
dark yellow salitic clinopyroxene (±3-5%), green ferrosalitic clinopyroxene (±4-6%), almost colorless
magnesium-rich augite «1 %) , ferro-kaersutite (7-8%), nepheline (±7-9%), nosean (3-4%) and minor
titanite and Mg-AI-chromite, together with xenoliths of plutonic and subvolcanic alkaline rocks.

The textural features and the chemistry of the macrocysts, particularly those of olivine and
pyroxenes, are described below and also shown in Figure 1.

The otivine appears to belang to two different groups, with different texture and composition .
The OL1 group, most abundant, consists of isolated rounded grains (#mg=79-85; NiO=0.09­

0.12%) , rarely associated with sal itic clinopyroxene (CPX1 group), forming composite macrocrysts.
They present a seriate size distribution (up to 1.5 cm) , are part ially broken along the borders and
show strain features, varying from undulose extinction to subgrain formation . The crystals are
surrounded by a thin corona of tiny kaersutite prisms.

The OL2 group is composed of unstrained small gra ins (#mg=88; NiO=O.39%), set closely
together but separated by fine amphibole grains; they are occasionally accompanied by Mg-AI­
chromite (Cr/Cr+AI=O.52-0.56) .

The salitic ctlnopyroxenes (CPX1 group; #mg=73-80; Ti02=±2.5% , AI203=6.5-8%) appear as
subidiomorphic to rounded grains slightly zoned ano variably strained. The salite macrocrysts have
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compositions close to the rnatrix clinopyroxene (Fig . 1) excepl for lhe alumina conlent thal is lower in
the matrix pyroxenes (AIZ0 3=±4.0%).

The magnesium-rich augites (CPX2 group; #mg=86: TiOZ=±0.8%. AIZ03=±5.0%,
CrZ03=±0.5%, NaZO=±0.8%) occur as isolated crysta ls. They are subidiomorphic, unzoned,
unstrained. and show sieve texture.

The green ferrosalitic clinopyroxenes (CPX3 group; #mg=35-4Z: TiOZ=±1 .7%, NaZO=±1.8%)
are also idio-to subidiomorphic , slightly zoned , and conlain inclusions of titanite and litanomagnelile.
They appear mostly as isolated crystals but a cluster composed of several pyroxene gra ins
associated with titanite and nosean was observed.

Some larger ferro-kaersutite grains (#mg=±70: TiOZ= 5.0%) with irregular shape are unzoned,
except for a narrow rim of iron-richer amphibole (#mg=±57). This rim has the same composition as
lhe matrix amphibole.

The felsic minerais appear with different sizes and shapes. The nosean crystals are small and
idiomorphic wh ile lhe nepheline grains are larger, full of fluid incluslons, and rounded.

Discussion

The most common xenocrysts in the mafic dikes are lhe green ferrosalitic pyroxenes wilh
variable #mg values, derived from more evolved alkaline melts: they appear eilher as "green cores"
of salitic pyroxenes or as isolated crystals (as in sample #38 ). They may have l ilanomagnelile .
l itanil e and olher mineral inclusions. Common felsic minerais, also xenocryst ic. are feldspars and
feldspalho ids . The relatively Na-poor green cli nopyroxenes and lhe tels ic minerais (alkali feldspars
and/or nephel ine) certainly come from different magma batones. where Ihey poss ibly const itule lhe
phenocrysl su ite .

The olher ma fic minerais of lhe macrocrysl assemblage displayed by sample #38 requ ire
addi l ional discussion:
1 - OL1 and CPX1 have lhe same compositional range shown by the phenocrysts of olher mafic dikes
from lhe Remédios Formalion . Botn mineral groups, however, show stra in features and lhe CPX1
macrocysts have high alumina contents suggesting high pressure of crystal lization. They may come
from dis aggregated deep-sealed cumu lates.
Z - The lextural appearance and composil ion of OL2 are compatible wilh Ihose of disrup ted dunile (or
spinel peridotite?) xenolilhs.
3 - The composition and lextural fealures of CPX2 point lo a xenocryslic orig inoCP X2 has lower
alumi na thari l he AI-r ich augiles (with 8->10% AIZ03) common ly found as high pressu re rneqacrysts
in alkaline roc ks (Righter and Carm ichael , 1993; Schulze . 1987) . On lhe olher nane . Ihey are
relal ively rich in T iOZ and NaZO indicating alka line affin ily ; Ihey may have crystallized from a melt of
alkali basall composil ion .
4 - The larger, homogeneous, irregular shaped ferro-k aersuli l es may or may nol be xenocrysls.
Kaersutites may be deep-sealed phenocrysls in alka lic basa lt ic magmas, being stable up lo ±31kb
and 11OO °C (Schulze, 1987). Our data are insuffi cienl to discuss lhe problem further.

Conclusions

Many mafic dikes from Fernando de Noronha Rem édios Formatíon carry xenolilhs and
xenocrysts, mosl of Ihem of coqenetic orig in, accompanying Iypica l phenocrysls. The xenocrysl s are
genera lly small (rnacrocrysts): megacrysls. apparentl y common in olher alkal ine suites , are rare.
Some mafic dikes (sample #38 ) on lhe other nano. almosl only con la in xenocrysts and xenolil hs .
represenli ng more Ihan 40% of lhe rocks. These fealures suggesl tna t a main ly liqu id ma fic magma
incorporated pieces of wa ll rock and also cryslal lizi ng phenocrysls fro m magma chambers in il s rapid
ascent lo high er leve is.
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Fig . 1 - Olivines ano cl inopyroxenes frem sample #38 plotted in the Ca-Mg-Fe diag ram (wt . %; total
Fe as Fe2+) . Tie-Iine joins lhe ol ivine and the clinopyroxene of a composite macrocryst. See text for
descript ions and otne r chemical data.




