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AbStrAct 
Symplectites composed of Cr-rich spinel plus one or more of the minerals orthopyroxene, clino-

pyroxene, pyrope garnet, Mg-rich amphibole, and phlogopite, are common in depleted peridotites 
recovered from kimberlites. The symplectites are unusual for being fine-grained intergrowths in a much 
coarser matrix of grains, and for having high concentrations of Ca and Al in an environment generally 
depleted in these elements. Various processes, and combinations of processes, including diffusion, 
discontinuous precipitation, metamorphism, and metasomatism create and alter the symplectites. 
Clinopyroxene + spinel symplectites are the most basic symplectites and are assumed to be precursors 
to all other types of symplectites. These symplectites resemble cellular intergrowths formed in alloys 
during cooling, by processes of diffusion and by discontinuous precipitation. Garnet in symplectites 
is interpreted to form by prograde mineral reactions between matrix minerals and symplectites. Sym-
plectites containing amphibole and phlogopite are pyroxene + spinel ± garnet symplectites that have 
been modified by metasomatism.
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introduction

Depleted upper mantle peridotites commonly contain com-
plex mineral intergrowths called symplectites, composed of 
Cr-rich spinel and one or more of the common upper mantle 
silicates. The symplectites are generally small, but their size be-
lies their importance in the upper mantle. Symplectites are found 
in peridotite samples from around the globe. The intergrowths 
are found in the Horoman peridotite complex in northern Japan 
(Takahashi and Arai 1989), in ultramafic xenoliths in basalts 
from the Canary Islands (Neumann 1991), in peridotite xenoliths 
recovered from mafic lavas in the American southwest (Smith 
2000), and in xenoliths found in Siberian kimberlites (Zuyev 
1971). In a study of peridotites from South Africa (Field and 
Haggerty 1994), up to one third of harzburgites and garnet 
harzburgites contained symplectites. 

Symplectite-forming processes have been proposed in several 
papers. Williams (1932) suggested that spinel-enstatite-olivine 
symplectites were eutectic intergrowths. Dawson and Smith 
(1975) proposed breakdown of an AB2O4 phase as a mechanism 
of symplectite growth. Basu and MacGregor (1975) suggested 
formation of symplectites by contemporaneous exsolution of 
spinel and silicates from orthopyroxene into intergranular areas. 
Neumann (1991) favored crystallizing melt inclusions as a way 
of forming spinel + clinopyroxene symplectites in upper mantle 
xenoliths found in the Canary Islands. Green and Burnley (1988) 
proposed eutectoid-like decomposition of chromium garnet as 
a symplectite-forming process. Takahashi and Arai (1989) also 
argued that garnet is a precursor mineral of symplectites in spinel 

lherzolites from the Horman peridotite.
Symplectites are abundant in upper mantle peridotite xeno-

liths included in South African kimberlites. Symplectites are 
described from the DeBeers, Newlands, Monastary, Bultfontein, 
and Wesselton kimberlites (Dawson and Smith 1975), the Frank 
Smith Mine (Exley et al. 1982), and the Jagersfontein kimberlite 
(Dawson and Smith 1975; Harte and Gurney 1983; Winterburn 
et al. 1990; Field and Haggerty 1994). Symplectites in the South 
African peridotites vary in mineralogy and mineral abundance. 
Minerals commonly found in the symplectites are clinopyroxene 
(diopside), orthopyroxene (enstatite), Cr-rich spinel, pyrope 
garnet, Mg-rich amphibole, and phlogopite.

This study examines symplectites in peridotites recovered 
from South African kimberlites to characterize the suite of 
symplectites found in upper mantle peridotites, to characterize 
symplectite-bearing peridotites, and to determine the mechanism 
of formation of the symplectites. The peridotites come predomi-
nantly from the mine dumps scattered around Kimberley, South 
Africa. These samples will be referred to in this paper as the 
Kimberley peridotites. The Kimberley samples were collected 
from waste dumps by S.W. Field in 1989 and 1995, and by S.E. 
Haggerty in 1984. Peridotites from the Premier kimberlite and 
Newlands kimberlite were also studied. The Newlands and 
Premier kimberlite samples are in the peridotite collection at 
the University of Cape Town in South Africa. The symplectite 
mineral assemblages studied are clinopyroxene + spinel (cpx + 
spl), orthopyroxene + spinel (opx + spl), clinopyroxene + ortho-
pyroxene + spinel (cpx + opx + spl), garnet + clinopyroxene + 
spinel (grt + cpx + spl), garnet + spinel (grt + spl), amphibole + 
spinel (amph + spl ± cpx), and phlogopite + spinel (phl + spl). 
[All mineral abbreviations used in this paper are from Kretz * E-mail: field@tarleton.edu


