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INTRODUCTION

The source of the carbon from which diamond forms has
been the subject of active debate for several years (Sobolev
and Sobolev 1980; Galimov 1991; Boyd et al. 1994; Navon
1999; Cartigny et al. 2001a, 2001b). We know that the miner-
alogy and petrography of the upper mantle is to a considerable
extent defined by the interactions between carbonates, silicates,
and C-O-H fluids (Brey et al. 1983; Eggler et al. 1979; Koziol
and Newton 1998; Luth 1999; Wyllie and Ryabchikov 2000).
Furthermore, in a number of reports (Navon et al. 1988;
Galimov 1991; Luth 1993; Cartigny et al. 2001a; Wang and
Gasparik 2001) it has been suggested that natural diamonds
may form from the carbon of carbonate minerals. However,
the synthesis of diamond as a result of reactions between
carbonates and silicates has not been accomplished experimen-
tally. Among the hosts for carbon in the mantle, carbonate phases
are of particular importance. These phases are stable under
mantle P-T conditions (Eggler et al. 1979; Brey et al. 1983;
Katsura and Ito 1990) within a relatively wide range of redox
values (Luth 1999). Inclusions of carbonates in diamond
(Bulanova and Pavlova 1987; Schrauder and Navon 1994; Wang
et al. 1996; De Corte et al. 1998) and the discovery of dia-
monds in carbonate-rich ultrahigh-pressure metamorphic rocks
(Sobolev and Shatsky 1990) containing magnesite (Shatsky et
al. 1995) indicate participation of the carbonate phases in the
diamond formation processes. Moreover, experimental data
show that carbonate-fluid melts are capable of providing trans-
port of carbon and diamond nucleation under the P-T condi-
tions of natural diamond formation (Pal’yanov et al. 1999a).
Lately, the relation between diamond-formation processes and
mantle metasomatism, with carbonate-fluid melts as active
agents (Green and Wallace 1988), has been extensively stud-

ied (Schrauder and Navon 1994; Taylor et al. 1998; Wyllie and
Ryabchikov 2000; Wang and Gasparik 2001). Yet, can carbon-
ates be the source of carbon in diamonds? Thermodynamical
calculations (Luth 1993; Ogasawara et al. 1997) and some
models of the mantle and metamorphic diamond formation
(Navon 1999; Cartigny et al. 2001a, 2001b; Wang and Gasparik
2001) assume such a possibility. However, in previous experi-
ments on diamond synthesis in the carbonate-carbon systems,
graphite was always used as the source of carbon (Akaishi et
al. 1990; Taniguchi et al. 1996; Litvin 1998; Pal’yanov et al.
1998). Furthermore, isotopic measurements showed that the
diamonds were formed from the carbon of the graphite, rather
than from carbonate phases (Taniguchi et al. 1996). Recently it
has been reported that decomposition of rhodochrosite
(MnCO3), at 6–8 GPa and temperatures greater than 2000 ∞C,
results in formation of graphite which is replaced by diamond
upon increasing the pressure to 12 GPa and above (Liu et al.
2001). In fact these P-T parameters correspond to the direct
graphite-to-diamond transition.

EXPERIMENTAL METHODS

This paper describes an experimental study of diamond and
graphite crystallization upon reaction of magnesite with coesite
and enstatite. The experiments were conducted using a multi-
anvil high-pressure apparatus of the split-sphere design. A high
pressure cell developed for the growth of diamond single crys-
tals was used in the study. This type cell has the shape of a
tetragonal prism 19 ¥ 19 ¥ 22 mm, and utilizes a graphite heater
9 mm in diameter and 15.8 mm in height. Pressure was cali-
brated at room temperature by the change in resistance of Bi at
2.55 GPa and of PbSe at 4.0 and 6.8 GPa, and at high tempera-
tures by the graphite-diamond equilibrium. Temperature was
measured in each experiment with a PtRh6/PtRh30 thermocouple.
The thermocouple was calibrated at 7 GPa by the melting of
Ni, and at 5.7 GPa by the melting of Ag, Au, and Al. We esti-* E-mail: palyanov@uiggm.nsc.ru
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ABSTRACT

Crystallization of diamond and graphite from the carbon component of magnesite, upon its de-
carbonation in reactions with coesite and enstatite at pressures of 6–7 GPa and temperatures of
1350–1800 ∞C has been accomplished experimentally. In a series of experiments, diamond was ob-
tained in association with enstatite, coesite, and magnesite, as well as with forsterite, enstatite, and
magnesite. Octahedral diamond crystals with sizes up to 450 mm were studied by FTIR spectroscopy
and were found to contain nitrogen and hydrogen, which are known as the most abundant impurities
in natural type Ia diamonds. We found that growth of diamond on the cubic faces of seed crystals
proceeds with formation of a cellular surface structure, which is similar to natural fibrous diamonds.
The isotopic composition of synthesized diamonds (d13C = –1.27‰) was determined to be close to
that of the initial magnesite (d13C = –0.2‰).


