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Letter

Structural parameters of chromite included in diamond and kimberlites from Siberia:  
A new tool for discriminating ultramafic source
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Federation

abstract

Siberian chromite included in diamond, kimberlite, and spinel peridotite as well as Cr-spinel from 
garnet-spinel peridotite have been studied by single-crystal X-ray diffraction and electron microprobe 
analysis. Cell edges and oxygen positional parameters, u, of chromite in diamond and in kimberlite are 
comparable (cell edge, 8.3249–8.3390 Å; u, 0.26175–0.26213). The structural parameters of chromite 
in the spinel peridotite are similar to those of chromite grains from ophiolitic complexes, and those 
of Cr-spinel from garnet-spinel peridotite are comparable to those of Cr-spinel in lherzolitic mantle 
xenoliths. With the exception of the chromite in garnet-spinel peridotite, all analyzed spinels have a 
high Cr content. Recasting the chemical analyses according to spinel stoichiometry reveals negligible 
or no Fe3+. Chrome spinel may be present in heavy concentrates derived from serpentinized mafic 
and ultramafic rocks as the sole surviving primary mineral and, as such, their particular structural and 
chemical parameters may represent a new prospecting tool for discriminating the ultramafic source.
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been studied by others to determine their structural parameters 
(Della Giusta et al. 1986; Princivalle et al. 1989; Carbonin et al. 
1996; Carraro 2003; Bosi et al. 2004; Uchida et al. 2005; Lenaz 
et al. 2004a, 2007), but this is the first such study concerning 
chromite grains included in diamond.

geoLogicaL setting

The diamond deposits of Siberia (Russia) compose the Yaku-
tian kimberlite province, located in the northwestern region of 
the Siberian craton (Fig. 11). About 1000 kimberlite bodies of a 
wide range of emplacement ages from Early Paleozoic to Late 
Mesozoic are known within several kimberlite fields. However, 
all commercial diamond deposits including the Udachnaya mine 
(Daldyn kimberlitic field, close to Arctic Circle), the Mir and 
Internatsionalnaya mines (Malo-Botuobiya kimberlite field, 
about 500 km to the south) are all of Upper Devonian-Early 
Carboniferous age (e.g., Sobolev et al. 2004). The Obnazhen-
naya barren pipe of Upper Jurassic age is located farther north 
within the Kuoika kimberlite field (e.g., Sobolev 1977). All 
samples studied herein are from the Udachnaya, Mir, Internat-
sionalnaya high-grade diamond mines, and the barren pipe of 
Obnazhennaya.

exPeriMentaL MethoDs
X-ray diffraction data were recorded on an automated KUMA-KM4 (K-geom-

etry) diffractometer, using MoKα radiation, monochromatized by a flat graphite 
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introDuction

Cr-spinels are typical accessory minerals in a wide variety 
of ultramafic rocks including dunite, harzburgite, and lherzolite 
from a variety of different geological settings. Cr-spinel also is 
a common accessory mineral in graphite- and diamond-bearing 
garnet-peridotite xenoliths in kimberlite (Sobolev et al. 1984; 
Pearson et al. 1994). These disaggregated xenoliths are the 
source of the chromite macrocrysts in kimberlite concentrates. 
Chromite is also a typical inclusion in diamond (Sobolev 1977; 
Meyer 1987) associated with inclusions of olivine, subcalcic 
Cr-pyrope, and enstatite. 

Kimberlite xenoliths contain some extremely Cr-rich chro-
mite grains, and some of the most Cr-rich chromite grains found 
in nature are present as inclusions in diamond (Barnes and Roeder 
2001). These chromites show high Cr/(Cr + Al), low ferric iron, 
and low TiO2 (Barnes and Roeder 2001) and represent the so-
called “kimberlite trend,” a trend of increasing Fe3+ and TiO2 at 
nearly constant Cr/(Cr + Al). They also maintain nearly constant 
Fe2+/(Fe2+ + Mg) over a wide range in Fe3+ (Barnes and Roeder 
2001). The increase in Ti is a consequence of the increased 
tendency of Ti to partition into spinels with higher magnetite 
contents. Accessory chromite has been studied from several 
xenoliths of megacrystalline diamondiferous harzburgite, dunite, 
and kimberlite from Yakutia (Republic of Russia), the data for 
which are summarized by Sobolev et al. (1984), Sobolev and 
Yefimova (1998), and Sobolev and Logvinova (2005). Their 
compositional variation is narrow with Cr/(Cr + Al) within the 
range 80–95 and Mg/(Fe2+ + Mg) within 50–75 (Sobolev et al. 
2004; Sobolev and Logvinova 2004, 2005). 

Several geological occurrences of Cr-bearing spinel have 
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