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Carbonatite Magmatism and Plume
Activity: Implications from the Nd,
Pb and Sr Isotope Systematics of

Oldoinyo Lengai

New Nd (0-51261-0-51268), Pb (**°Pb/*™*Pb: 19-24—
19-26), and Sr (0-70437—0-70446) isotopic composttions from
ten natrocarbonatite lavas, collected in June 1993 from Oldoinyo
Lengai, the only known active carbonatite volcano, are relatively
untform, and are similar to data from the 1960 and 1988 flows.
Three of the samples contain silicate spheroids, one of which
has Nd and St isotopic ratios simtlar to host natrocarbonatite,
consistent with an origin by liquid immiscibility or the mixing
of melis with similar isotopic compositions. Pb isotope data for
two samples of trona are inconsistent with its involvement in the
genesis of natrocarbonatite. New Pb isotope data from silicate
volcanic and plutonic blocks (ijolite, nephelinite, phonolite,
syenite) from  Oldoinyo ai are highly variable
ngb/”*Pb, 17-75-19-34;  ““Pb/*Pb, 15-41-15-67;
% pb/?0*Pb, 37-79-39-67), and define neardinear arrays in
Pb—Pb diagrams. The isotopic data for the silicate rocks from
Oldoinyo Lengat are best explained by invoking discrete partial
melting events which generate undersaturated alkaline silicate
magmas with distinct isotopic ratios. Pb isotope ratios from
mast tjolites and phonolites are predominantly lower and more
variable than from the natrocarbonatites, and are atiributed to
interaction between silicate melts involving HIMU and EMI
source components and an additional component, such as lower-
crustal granulites, DMM or PREMA (prevalent mantle).
Variations in Nd, Pb and Sr tsotope ratios from Oldoinyo
Lengai, among the largest yet documented from a single volcano,
are attributed to mantle source heterogeneity involving mainly
the mixing of HIMU and EMI mantle components. Based on
the new isotopic data from Oldoinyo Lengai and data from
other East African carbonatites, and mantle xenoliths, we pro-
pose a two-stage model in an attempt to explain the isotope
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variations shown by carbonatites in this area. The model
inpolves (1) the release of metasomatizing agents with HIMU-
like signatures from upwelling mantle (‘plume’) source, which
in turn metasomatize the sub-continental (old, isotopically
enriched, EMI-ike) lithosphere, and (2) variable degrees and
discrete partial melting of the resulting heterogeneous, metaso-
matized lithosphere.
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INTRODUCTION

Nd, Pb and Sr isotope data from carbonatites have
now been shown to be effective in monitoring the
nature and the temporal evolution of the sub-
continental mantle (e.g. Bell & Blenkinsop, 19874,
1987b; Nelson et al., 1988; Tilton & Bell, 1994). In
addition, recent studies of mantle xenoliths and high-
pressure experiments have demonstrated that
carbonatite melts may be important metasomatic
agents within the mantle (e.g. Dalton & Wood, 1993;
Rudnick et al., 1993). With their unusual chemistries
(Woolley & Kempe, 1989}, extremely low viscosities
(Dawson et al., 1990; Pinkerton et al., 1995) and low
dihedral wetting angles, carbonatite melts have all
the properties needed to bring about profound
chemical changes in the upper mantle. Some of the
major issues surrounding carbonatite genesis are: (1)
whether carbonatites are primary or secondary
magmas; and (2) whether the silicate rocks associated
with carbonatites represent conjugate liquids
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resulting from immiscibility, or are the products of
interaction between carbonatitic melts and mantle or
crustal wall rocks. The origin of carbonatite melts
remains a topic for debate, with some workers
favouring magmatic differentiation, including
immiscible separation from a carbonated, parental
silicate magma (Kjarsgaard & Hamilton, 1989;
Church & Jones, 1995; Jones et al., 1995; Kjarsgaard
et al., 1995), whereas others advocate a primary
mantle melt (Wallace & Green, 1988; Dalton &
Wood, 1993). On the basis of phase equilibrium
studies, Wallace & Green (1988) first proposed the
idea of a ‘primary’ sodic, dolomitic carbonatite
magma in equilibrium with an amphibole lherzolite
assemblage. Although the carbonatite melt was con-
sidered sodic, it contained only 55 wt% NagO.
However, closed system fractionation of the primary
melt could generate natrocarbonatites. Recent
experiments by Sweeney et al. (1995) failed to
duplicate these findings and showed that if dolomite,
olivine and spinel crystallized from such a liquid to
produce natrocarbonatite, then the primary melt
would have to be more silicic, less FeO rich, and have
a greater K/Na ratio than the primary liquid of
Wallace & Green (1988). Further experimental work
by Dalton & Wood (1993) demonstrated that it is,
however, possible to produce parental melts similar to
natrocarbonatites by low-pressure (<15 kbar) wall-
rock reaction between a primary calciocarbonate
melt and fertile lTherzolite.

As the only known active carbonatitic volcano,
Oldoinyo Lengai plays a key role in unravelling the
difficulties involved in understanding the evolution
and genesis of carbonatitic magmas. Although a
great deal of Nd, Pb and Sr isotope data is available
from carbonatites from several continents, there are
only a handful of case studies where carbonatites and
their associated silicate rocks have been investigated
involving all three isotope systems (e.g. Chilwa
Island, Simonetti & Bell, 19945). Samples from
Oldoinyo Lengai provide an opportunity to establish
a complete Nd-Pb—Sr isotope database for both car-
bonate and silicate rocks.

Oldoinyo Lengai

Situated within the eastern branch of the East
African Rift Valley (Fig. 1) in northern Tanzania,
the 2200 m cone of Oldoinyo Lengai is the youngest
of a series of Neogene—Quaternary nephelinite—
phonolite—carbonatite volcanoes. The volcano con-
sists mainly of nephelinitic and phonolitic ashes, tuffs
and agglomerates with minor flows of nephelinite
and natrocarbonatite; plutonic blocks occur within
the pyroclastics and are mainly cumulates, including
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jolite (roughly equal amounts of clinopyroxene and
nepheline), jacupirangite (mainly clinopyroxene
with some nepheline), nephelinite syenite and pyr-
oxenite. Although in the literature the most recent
eruptions of natrocarbonatite from Oldoinyo Lengai
have been highlighted [see review by Bell & Keller
(1995)], there is evidence for earlier periods of car-
bonatitic activity (Dawson, 1962).

The natrocarbonatite lavas from Oldoinyo Lengai
are chemically different from all other known car-
bonatites, whether plutonic or volcanic, in con-
taining large amounts of alkalis (up to 33 wt%
Nay;0 and 5 wt % K;0). Other chemical character-
istics unique to natrocarbonatites include: (1)
extremely high Ba contents (>10000 p.p.m.) and
Ba/Sr>1-0; (2) Nb <110 p.p.m. and Zr <5 p.p.m,;
(3) Mo and W abundances >90 p.p.m.; (4) ThjU
~1:0; (5) LREE concentrations > 1000 times chon-
dritic (Keller & Spettel, 1995; Simonetti et al.,
199654). The unusual chemical composition of natro-
carbonatite has been explained by crystal frac-
tionation of a sdvite parent magma (Gittins, 1989},
immiscible separation from a carbonated peralkaline
nephelinite (Kjarsgaard et al., 1995), and interaction
between a silicate magma and Na-rich evaporite
products such as trona or saline brine (Milton, 1968
Eugster, 1970). Natrocarbonatites are now con-
sidered to represent the products of protracted mag-
matic fractionation rarely encountered in nature
(Bell & Keller, 1995; Kjarsgaard et al., 1995).

A considerable amount of Nd and Sr isotope data
has been obtained in recent years from the natro-
carbonatites from Oldoinyo Lengai, and to a lesser
extent from related silicate rocks. Among the
findings are: (1) the G, Nd, O and Sr isotope ratios
are consistent with a mantle origin for the natro-
carbonatites (Deines, 1989; Bell & Blenkinsop, 1989;
Keller & Hoefs, 1995); (2) the Nd and Sr isotope
compositions of the natrocarbonatites fall close to the
intersection of bulk Earth and CHUR on an Nd-5r
1sotope diagram (Bell & Blenkinsop, 1987a; Keller &
Krafft, 1990; Simonetti et al., 19954); (3) Nd and Sr
isotope compositions of associated silicate flows and
plutonic blocks are extremely variable (Bell &
Dawson, 1995a), spanning almost two-thirds of the
East African Carbonatite Line (Bell & Blenkinsop,
19874), a line that mimics the ‘LoNd’ array of Hart
et al. (1986) based on data from oceanic island
basalts; (4) most lavas from Oldoinyo Lengai appear
to have been produced by discrete melting events
involving the mixing of the same two end-member
source components (Bell & Dawson, 19954); (5) the
Pb isotope compositions from the natrocarbonatites
fall close to or sli&htly above the NHRL in both
208ph/24ph  vs 2PL/2™Pb and °7Pb/*™Pb vs
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