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Eclogite xenoliths from kimberlites worldwide display evidence 
of partial melting and metasomatism, caused by introduction of 
K-Na–rich fluids. There is compelling evidence for a late and 
multistage formation of diamonds in eclogites that is connected 
with partial melting and metasomatism [1,2]. The primary 
eclogite minerals and various secondary phases around 
diamonds in eclogites from the Udachnaya pipe were 
investigated by ESM with EDS in order to elucidate the 
relationships between diamonds and metasomatic processes. 

Diamonds in eclogites are distributed between rock-forming 
garnet and clinopyroxene, and in most cases surrounded by 
metasomatic minerals. These minerals represent different stages 
of metasomatic events that start as a partial melting of primary 
garnet and clinopyroxene. The crystallization products of this 
reaction, typically represented by a “spongy” cpx around 
primary omphacite, include secondary clinopyroxene (with 
lesser Na2O and Al2O3), feldspar and glass. Primary garnet also 
shows evidence for partial melting with typical development of 
kelyphitic rims. Intragranular veins of crystallized partial melt 
are represented by spinel, plagioclase, amphibole and 
phlogopite. Metasomatic assemblages around diamonds are rich 
in carbonate, apatite and sulfide blebs. 

The compositions of secondary phases suggest that these 
metasomatic and partial melting events took place at decreasing 
P and varying T, usually tlower than the equilibration T of the 
rock-forming garnets and clinopyroxenes. The compositions of 
newly-formed minerals indicate that melting was not 
isochemical, but involved the introduction of metasomatic 
fluids rich in alkalis, mainly K, and probably volatile elements, 
such as carbon. Fluids play an important role in initiating partial 
melting of eclogites and metasomatic growth of diamonds. 

The diamonds in xenoliths can have unusual forms of 
growth such as hopper crystals, which include partially melted 
clinopyroxenes. Some diamonds show skeletal growth and have 
captured secondary pyroxene as inclusions. There are also 
crystals that look like “coated” diamonds. These observations 
suggest that some of the diamonds in eclogites grew 
simultaneously with the metasomatic minerals in non-
equilibrium, metastable conditions. Diamonds crystallized in a 
volatile-rich melt or formed from a fluid. Metasomatic 
processes occurred over a broad spectrum of PT-conditions, as 
well as compositions of both original rocks and mantle fluids 
that are now recorded in the secondary mineral assemblages. 

The partial melting of primary eclogitic minerals was 
initiated by metasomatic fluids upon entrapment of xenoliths by 
the kimberlite magma, and continued during upward movement 
of the kimberlite to depths of ~30 km. Metasomatic growth of 
diamonds in eclogite xenoliths could be repeated and may have 
been closely associated with metasomatic influx that resulted in 
partial melting. Spatial correlations exist between the presence 
of some diamonds and the partial-melt products, as well as 
metasomatic zones. We propose that the growth of some 
diamonds was associated with partial melting and 
metasomatism that further promoted formation of second 
generation of diamonds, as well as last-stage fibrous diamond 
coatings, some microdiamonds, and cubes. 
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An interesting set of diamond samples (locality unknown) 
shows a variety of ‘maltese-cross’ sectorial growth features 
(Fig. 1). The samples are all in the form of plates cut from the 
centre of the original diamonds. They are characterised by high 
nitrogen concentrations (>1800 ppm) and 10–20% IaB nitrogen 
aggregation. 

 
Fig. 1: Images of 3 diamonds from the collection of 13. Images A are 

taken under visible light, B are taken under UV & C are false colour IR 
maps showing the relative intensity of the 3107 cm-1 (hydrogen) band 

(blue shows lowest absorption and red the highest). 

A new method of IR mapping that can deconvolute several 
thousand spectra from an individual stone is being applied to 
these samples. This novel technique can produce false-colour 
maps showing the distribution of nitrogen content and 
aggregation states, as well as hydrogen and platelet defects. 
These maps should allow for easier characterization of samples 
based upon their concentration and distribution parameters of 
these various defects [1]. They may also provide data regarding 
the preferential incorporation of nitrogen on the octahedral faces 
compared to the cube faces [2,3]. 

Nitrogen incorporation in diamond has been interpreted as 
being both compatible [4] and incompatible [5]. The 
incompatible-behaviour model suggests that high nitrogen 
concentrations occur due to rapid disequilibrium growth, while 
slow equilibrium growth would produce nitrogen-free (Type II) 
diamonds. How the interpreted growth histories of these 
samples fit into this argument will be of great interest. 
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