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Introduction

The subcontinental lithospheric mantle (SCLM) is dynamic, continuously modified by partial melting,
mantle metasomatism and asthenosphere upwelling. These depletion and refertilisation processes result
in a heterogeneous and geochemically complex SCLM, composed of mantle domains differing in
composition and thermal state. They also play a major role in the generation of diamond and its
preservation in the lithospheric mantle prior to entrainment in the kimberlite, which makes it essential
to understand these processes when assessing the diamond potential of a kimberlitic province.
In striking contrast with other cratons worldwide, the lithospheric mantle beneath Central Africa, and
in particular the Congo Craton, is still poorly understood. The few studies carried out in the Congo
Craton have shown that it is thicker and cooler than other cratons in Africa (O’Reilly et al. 2009; e.g.
Begg et al. 2009; Robles-Cruz et al. 2012). Moreover, they suggest that the composition of the SCLM
beneath the Congo Craton differs from other African cratons (Batumike et al. 2009; Robles-Cruz et al.
2012; Ashchepkov et al. 2012). Unfortunately, most of these works are based on the study of xenocrysts
and megacrysts derived from mineral concentrates, resulting in a lack of petrographic information.
However, improving our current knowledge about the SCLM in the southwestern part of the Congo
craton has become essential, since it contains one of the main diamondiferous kimberlite clusters in
Africa. This work aims to provide a first insight into the metasomatic evolution of the SCLM beneath
the Lunda Sul kimberlitic province (NE Angola), based on the petrographic and compositional
characterisation of mantle xenoliths and large clinopyroxene megacrysts brought to the surface by the
Catoca and Cat115 pipes.

Petrography and composition of the mantle xenoliths

Both coarse and porphyroblastic (sheared) garnet peridotites were sampled by these two kimberlites.
As shown in fig. 1, sheared garnet peridotites are characterised by strong deformation of their
pyroxenes, as well as by the occurrence of olivine and orthopyroxene neoblasts, with interstitial, fine-
grained clinopyroxene. This clinopyroxene is enriched in incompatible elements (Zr, Hf, LREE) with
regards to the coarse Cr-rich diopside found in these xenoliths. These two garnet peridotite suites also
differ in the major- and trace-element composition of their rock-forming minerals. The garnet in sheared
peridotites is richer in Cr, Zr and Ti, while their olivine has lower #Mg. Such compositional variations,
as well as the Zr/Ga and Zr/Y ratios in garnet, are similar to patterns seen in most cratons worldwide
(Griffin et al. 1999). However, the mineral modes of the studied xenoliths significantly differ from those
described in the Kaapvaal craton and are more comparable to those reported in the Slave craton or in
oceanic peridotites.
The eclogites sampled by the Catoca kimberlite have textural and compositional features typical of both
type I and type II eclogites as defined by McCandless and Gurney (1989) and Gréau et al. (2011), which
suggests that this classification may not be applicable to the mantle eclogites of the Lunda Sul province.
Two groups of eclogites (i.e., high- and low-Mg) were identified, which is consistent with previously
published studies of eclogites from this kimberlite cluster (Nikitina et al. 2014).
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Typical metasomatic phases (phlogopite, Cr-diopside, ilmenite, amphibole) have been identified in
several of these xenoliths. Highly-metasomatised xenoliths typically include larger amounts of these
minerals, which are accompanied by amphibole, apatite, chromite and rutile. Supergene alteration of
some of these xenoliths resulted in the occurrence of phases typical of oxidising environments (barite,
celestine and calcite).

Geothermobarometric calculations reveal that the SCLM beneath the Lundas kimberlitic province is
composed of two clearly distinct garnet-peridotite layers: a shallow, low-T, coarse peridotite layer (820-
1080oC at 30-40 kbar) and a deep, high-T, porphyroclastic (sheared) peridotite layer (1160-1220oC at
46-52 kbar). An intermediate layer dominantly composed of low-Mg eclogites (1040-1140ºC, 43-49
kbar) is located between the two garnet-peridotite suites. Unfortunately, our current data are still
insufficient to explain the origin of this structure, which could be either explained by subduction
stacking or by upwelling and intrusion of mafic magmas.

Fig.1. a) BSE image of a sheared garnet-peridotite showing the occurrence of a second generation of interstitial
diopside (di) between the orthopyroxene neoblasts (opx). b) Chondrite-normalised REE patterns for garnet (grt)
and clinopyroxene (cpx) in coarse and sheared garnet-peridotites. Only one generation of clinopyroxene and
garnet is found in the coarse peridotites, whereas compositional differences between the core and the rim of
garnets, and the coarse- and fine-grained clinopyroxenes, are a characteristic feature of the sheared peridotites.

Mantle metasomatism in the SCLM in Lunda Sul: a multi-stage process

Complex, multi-stage metasomatic processes were identified in the SCLM beneath the Lunda Sul
kimberlitic province, which involved both modal and cryptic/stealth metasomatism. The study of the
trace element composition of garnet and clinopyroxene revealed that the low-T and high-T garnet
peridotite suites were modified by compositionally different metasomatic melts that percolated through
the lithospheric mantle at different times (Fig.1b). Although there is only a limited number of xenoliths
available, a possible model of the metasomatic evolution of the SCLM in NE Angola could be proposed.

Our data suggest that the upper SCLM was first metasomatised by silicate melts related to the ascent of
asthenospheric melts. This first metasomatic episode could thus be linked either to subduction of
oceanic lithosphere or to the ascent of a mantle plume that led to the current layered SCLM. It resulted
in the introduction of garnet (± cpx) into the originally depleted Archean lithosphere.
Subsequently, a high-T metasomatic event modified the composition of the garnet peridotites located
close to the new lithosphere-asthenosphere boundary. The melts involved in this process were of a
mixed nature (carbonatite-silicate) and were responsible for the refertilisation of this layer with both
clinopyroxene and garnet.
Percolative fractional crystallisation of these carbonate-silicate melts would explain the late formation
of clinopyroxene with a carbonatitic trace-element signature and phlogopite in the upper layer of the
SCLM. The differences in the calculated melts in equilibrium with garnet and clinopyroxene in the
coarse garnet peridotites is consistent with different metasomatic events for both phases. This
carbonatite-related metasomatism took place shortly prior to kimberlite eruption. Alternatively, if
clinopyroxene was previously present, cryptic carbonatitic metasomatism could be responsible for its
current composition.
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The latest metasomatic episode is defined by the crystallisation of fine-grained pyroxene along fractures
and grain boundaries in eclogites, clinopyroxene megacrysts and deep garnet-peridotites. The new
clinopyroxene is typically more enriched in Ti, Ca, REE and Nb, but commonly depleted in Na, and
crystallised together with a second generation of phlogopite. This metasomatism has been linked to
kimberlite eruption.

Conclusions

A detailed petrographic and compositional characterisation of 25 mantle xenoliths revealed a complex
metasomatic evolution of the SCLM beneath the Lundas kimberlitic province (NE Angola). The
shallow and the deeper parts of the lithospheric mantle were modified by different metasomatic
processes at different times. The model proposed here includes several episodes of mantle refertilisation
after the early Archean depletion, involving silicate, carbonate-silicate and carbonatite-related fluids,
as well as late kimberlite-related metasomatism. All these processes significantly modified the
composition of the diamond indicator minerals (i.e., garnet and clinopyroxene) and caution should be
taken when using them to assess the diamond grade of a kimberlite.
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