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INTRODUCTION

Diamond inclusions (DIs) provide a unique set of mantle
data because of their potentially pristine nature, with isolation
from P-T-X changes subsequent to their encapsulation. One of
the most important applications of research on DIs has been to
establish the nature of the formation of diamonds, based upon
the assumption of syngenetic relationship between the inclu-
sions and their host diamonds. A series of investigations (e.g.,
Sobolev et al. 1998a, 1998b; Taylor et al. 1998, 2000) have
revealed extreme chemical variations among inclusions within
a single diamond, thereby addressing the co-genesis of the dia-
monds and their DIs. Thus, the “frozen-in” chemistry of these
DIs may record their evolutionary history prior to their mo-
ment of “capture” by the diamonds. This concept of syngen-
esis of the diamonds and their DIs is at the heart of
determinations of the ages of diamonds, for example, and is
seriously questioned in the present study.

Extraordinary large gem-quality diamonds (10–200 carats)
from kimberlites of Yakutia are stored in the diamond collec-
tions of the Kremlin in Moscow. We were fortunate to be able
to examine these diamonds and to obtain samples of DIs from
the Udachnaya, Mir, and Aikhal kimberlite pipes. In this re-
port, we present detailed major- and trace-element chemistry
of a special set of garnet and chromite DIs from this sampling.
This study is directed at the petrogenesis of these DIs, as this
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ABSTRACT

Large diamonds (10–200 carats) from Udachnaya, Mir, and Aikhal kimberlite pipes of Yakutia
contain variable mineral inclusions typical of diamonds of smaller size. Among these inclusions,
extracted from outer portions of these diamonds, the majority are garnets of harzburgitic paragen-
esis, with a small number of inclusions belonging to lherzolitic and eclogitic groups, in addition to
chromite diamond inclusions (DIs). The most striking feature of the garnet DIs is the sinusoidal rare-
earth elements (REE) patterns observed for all harzburgitic, and some lherzolitic garnets, whereas
eclogitic garnets form normal LREE-depleted patterns. These sinusoidal REE patterns are indicative
of a complex petrogenesis for the garnets, involving partial-melting, followed by metasomatic en-
richment, particularly of the LREEs/MREEs. The metasomatic agents were probably not those of
carbonatitic fluids, but rather C-O-H-N-S fluids, as indicated by the negative anomalies of Ba and Sr
in the garnets.

The general axiom among investigators that most, if not all, DIs are syngenetic with their dia-
monds is seriously questioned. The petrogenetic history of the harzburgitic garnet DIs involved com-
plex processing prior to their diamond encapsulation. That is, the garnet DIs retained a signature of
their earlier, pre-diamond encapsulation history. This result is taken as proof that basically all
harzburgitic garnet DIs are non-syngenetic (i.e., protogenetic) with their host diamonds.

may address the paradigm of syngenetic relationships between
DIs and their host diamonds.

ANALYTICAL METHODS

The rarity and high economic values of large diamonds nor-
mally limits their study to only nondestructive methods. There-
fore, mineral inclusions were extracted only when they were
located at or near the edge of a diamond. Of over 2300 large
diamonds investigated visually, 56 revealed garnet and chromite
inclusions that could be sampled effectively without causing
much damage to the host diamonds. A sharp steel needle was
used to remove these DIs; unfortunately, observations on the
morphologies of the inclusions were not recorded. The sam-
pling procedure and visual estimation of abundance of inclu-
sions, in addition to a preliminary report, were presented by
Sobolev et al. (2001). In the present investigation, fragments
of 16 garnets and 8 chromites were selected, based mainly on
their relatively large sizes (≥100 mm), for detailed study. The
inclusions are mono-mineralic, with no signs of alteration—
e.g., chemical zonation, as determined by electron microprobe
analyses. We believe that the chemical characteristics of the
DIs reported here are those at the instant of the diamond cap-
ture and encapsulation—i.e., the DIs are pristine.

Major-element compositions of DIs were determined with
a fully automated CAMECA SX-50 electron microprobe (EMP)
at the University of Tennessee. The EMP analytical conditions
employed an accelerating potential of 15 kV, with 30 nA beam




