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ABSTRACT
Initial Nd, Pb, and Sr isotopic data from carbonatites and associated intrusive silica-undersaturated

rocks from the early Jurassic, Chilwa Island complex, located in southern Malawi, central Africa,
suggest melt derivation from a Rb/Sr- and Nd/Sm-depleted but Th/Pb- and U/Pb-enriched mantle
source. Initial 143Nd/14*Nd (051265-0-51270) isotope ratios from the Chilwa Island carbonatites are
relatively constant, but their initial 87Sr/86Sr (070319-070361) ratios are variable. The b^O^oy,
(9-53—14- 15%o) and (513CpDB ( — 3-27 to — l-50%o) isotope ratios of the carbonates are enriched relative
to the range of mantle values, and there is a negative correlation between <518O and Sr isotope ratios.
The variations in Sr, C, and O isotopic ratios from the carbonatites suggest secondary processes, such
as interaction with meteoric groundwater during late-stage carbonatite activity. The initial
.43Nd/i44Nd (0-51246-051269) and initial "Sr/^Sr (070344-070383) isotope ratios from the
intrusive silicate rocks are more variable, and the Sr more radiogenic than those from the carbonatites.

Most of the Pb isotope data from Chilwa Island plot to the right of the geochron and close to the
oceanic regression line defined by MORBs and OIBs. Initial Pb isotopic ratios from both carbonatites
(207pb/204pb i5-63_i5-7i; 206pb/204pb 1913-19-78) and silicate rocks (207Pb/204Pb 15-61-15-72;
206Pb/204Pb 1818—2012) show pronounced variations, and form two groups in Pb-Pb plots.

The isotopic variations shown by Nd, Pb, and Sr for the Chilwa Island carbonatites and intrusive
silicates suggest that these melts underwent different evolutionary histories. The chemical data,
including isotopic ratios, from the carbonatites and olivine nephelinites are consistent with magmatic
differentiation ofacarbonated-nephelinite magma. A model is proposed in which differentiation of the
carbonatite magma was accompanied by fenitization (metasomatic alteration) of the country rocks by
carbonatite-derived fluids, and subsequent alteration of the carbonatite by hydrothermal activity. The
chemical and isotopic data from the non-nephelinitic intrusive silicate rocks reveal a more complex
evolutionary history, involving either selective binary mixing of lower-crustal granulites and a
nephelinite magma, or incremental batch melting of a depleted source and subsequent crustal
contamination.

INTRODUCTION

Carbonatites and nephelinites are particularly useful for deciphering the nature of the sub-
continental upper mantle because (1) their low viscosity enables them to sample large mantle
volumes (McKenzie, 1985; Richter, 1985), and (2) their high Nd and Sr contents (especially
for carbonatites), well in excess of crustal abundances, buffer their isotopic composition
against possible changes brought about by crustal contamination. The isotopic composi-
tions of most carbonatites therefore reflect the average isotopic signature of their sub-
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continental mantle source, and provide a unique way of monitoring the evolution of the
mantle throughout much of geological time (Bell et al., 1982; Bell & Blenkinsop, 1987,1989).

The abundant carbonatite-nephelinite centres in the East African Rift Valley System are
ideal for such studies. Seventeen carbonatite complexes are located in southern Malawi and
adjacent Mozambique, at the junction of the north-south-trending fault system of the East
African Rift and east-west-trending fault system of the Zambezi Rift (Fig. 1; Garson, 1965,
1966). This region also contains major intrusions of peralkaline granite and syenite, and
somewhat smaller complexes of nepheline syenite and syenite (Woolley & Jones, 1987).
These intrusive centres, mainly early Jurassic in age, are unrelated to the modern rift system,
and form part of the Chilwa Alkaline Province (CAP). A general account of this province,
including its tectonic setting, has been given by Woolley & Garson (1970).

The Chilwa Island carbonatite ring-complex (Fig. 2), located within the CAP (Fig. 1) and
described in detail by Garson & Smith (1958), was the first carbonatite to be recognized in
Africa (Dixey et al., 1937). An age of 138±7 Ma (K-Ar, biotite; Snelling, 1965) has been
determined for the carbonatite, and a titanite fission track age of 126±8 Ma (G. N. Eby,
pers. comm., 1993) has been obtained for a microfoyaite.

Using Nd, Pb, Sr, O, and C isotopic ratios, as well as major and trace element data from
carbonatite, associated intrusive silicate rocks, and host rocks from the Chilwa Island
carbonatite complex, we attempt to (1) define the nature of the sub-continental mantle
source beneath the southern extremity of the East African Rift System, and (2) evaluate the
evolutionary history of the complex, in particular, the relationship between the carbonatite
and the younger, intrusive, silica-undersaturated rocks.

GEOLOGY

The Chilwa Island carbonatite (Fig. 2) intrudes Precambrian basement, which consists of
a series of quartzo-feldspathic gneisses and hornblende granulites, and pre-Chilwa 'older'
syenites. Fenitization accompanied carbonatite emplacement. The carbonatite and fenite
aureole are separated by either an agglomerate and/or a brecciated potassic fenite, and these
are followed inward by a ring of calciocarbonatite, ferrocarbonatite, and a central core of
sideritic carbonatite (Fig. 2). Detailed petrographic descriptions of carbonatite samples
analysed in this study are provided in the Appendix. The age of carbonatite intrusive activity
decreases from rim to core (Garson & Smith, 1958), and late-stage carbonatite activity at
Chilwa Island was accompanied by 'hydrothermal' activity, concentrated primarily in the
core region. Minerals such as fluorite, barite, quartz, galena, pyrite, Mn-rich oxides, and
dickite are found in veins and as localized disseminations (Garson & Smith, 1958).

Five per cent of the complex (Fig. 2) exposed at the surface consists of plugs and dykes of
alnoite, camptonite, ijolite, nephelinite, nepheline syenite, and trachyte (Garson & Smith,
1958; Garson, 1960). Although the intrusive relationships between the different phases of
carbonate and silicate rocks at Chilwa Island are difficult to unravel (Garson & Smith, 1958),
most of the silicate plugs and dykes cross-cut the main carbonatite, and are therefore younger
than the carbonatite (Woolley & Jones, 1987).

CHEMICAL RESULTS

Carbonatites

Whole-rock major and trace element analyses for carbonatites and the quartz-fluorite-
bearing sample, G 255, are given in Table 1. Four early carbonatite samples (G357, G 369, N
1290, and N 1295) from the outer parts of the complex are characterized by lower contents of
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FIG. 1. Inset shows location of the Chilwa Alkaline Province (CAP) at the southern extremity of the East African Rift
Valley System. Boxed area within inset is shown in the main diagram. Main diagram illustrates the regional geology
of Malawi and distribution of carbonatite centres (solid circles) within the CAP. Dashed area, Precambrian
basement; cross-hatched pattern, major intrusions of syenite and nepheline syenite; dark grey shaded area,
Permian-Tnassic Karoo sedimentary rocks; thick lines, major fault lineaments; light grey shaded area, alluvium.

[Modified after Bloomfield (1965).]

MgO, A12O3, MnO, and SiO2, and higher CaO contents than the younger, central
carbonatite phases (Table 1). Such trends are typical of differentiation observed in many
other carbonatites (Woolley & Kempe, 1989). Compared with the magnesio- (MW 166,
dolomite-rich) and ferrocarbonatites (MW 168, siderite-rich), the total Fe content of the
Chilwa Island calciocarbonatites is lower and fairly constant (Table 1). The higher Mn and Si
abundances found in the dolomitic and sideritic carbonatites can be attributed to late-stage
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FIG. 2. Geological map of the Chilwa Island carbonatite (modified after Garson & Smith, 1958). Units:
1—Precambnan basement complex, includes pre-Chilwa 'older' syenites; 2—potassic breccia; 3—calciocarbona-
tite; 4—magnesiocarbonatite; 5—ferrocarbonatite, 6—various intrusive silicate plugs; 7—various intrusive silicate

dykes; 8—major faults.

formation of secondary minerals such as Mn-rich oxides and quartz that characterize the
central core of the complex (Garson & Smith, 1958).

The condensed spidergram (Fig. 3) for the Chilwa Island carbonatite samples shows that
the Chilwa Island carbonatites are enriched in Ba, Nb, Nd, Sm, Sr, Zr, and Y, and depleted in
K, Rb, and Ti relative to primitive mantle, chemical features that have been observed in most
carbonatites (Nelson et al., 1988). The Chilwa Island carbonatites have comparable patterns
to average calcio-, magnesio-, and ferrocarbonatites (Woolley & Kempe, 1989), and mantle-
normalized values for Nd, Sm, U, Y, and Zr are also similar. The remaining elements shown
in Fig. 3, however, plot at significantly lower mantle-normalized values, especially K and Ti.

Silicate rocks

Whole-rock major and trace element data from the olivine nephelinites, camptonites,
nepheline syenites, and ijolites are given in Table 2. Petrographic descriptions of these rocks


