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INTRODUCTION

Diamonds have been synthesized since the 1950s from 
graphite using molten transition metals as carbon solvents in 
high-pressure, high-temperature experiments (Bovenkerk et al. 
1959). These diamonds differ in morphology, inclusions, and 
other characteristics from natural diamonds (Bulanova 1995), 
and it is unlikely that these transition metal melts are the growth 
media for diamonds in the Earth�s mantle. A major uncertainty 
surrounding the formation of natural diamond is the source of 
carbon: is it pre-existing graphite, reduced carbon such as CH4, or 
oxidized carbon such as CO2, or carbonate? In large part, which 
of these possibilities are viable depends on the oxidation state of 
the mantle. Oxidation state is conventionally expressed in terms 
of the oxygen fugacity (fO2

) relative to buffer reactions such as 
fayalite + O2 = magnetite + quartz (FMQ) or iron + O2 = wüstite 
(IW). A reaction particularly relevant to the stability of carbonate 
is enstatite + magnesite = forsterite + graphite or diamond + O2, 
known as EMOG or EMOD depending on the carbon polymorph 
(Eggler and Baker 1982). This reaction dictates whether carbon-
ate or elemental carbon will be stable in a peridotitic mineral 
assemblage, which is generally accepted to constitute much of 
the upper mantle (e.g., Green and Falloon 1998). Recent studies 
of garnet + olivine + orthopyroxene equilibria of mantle-derived 
xenoliths of samples from both the Kaapvaal and Slave cratons 
document fO2

 values between EMOG/D and IW, with fO2
 gener-

ally decreasing with depth (Woodland and Koch 2003; McCam-
mon and Kopylova 2004). If these values are representative of 
sub-cratonic mantle, then carbonate would not be stable in the 
diamond stability Þ eld, at least in peridotitic parts of the mantle. 
In eclogite, the other major rock type of the upper mantle, the 
reactions that control the stability of diamond are different than 
those for peridotite, so the relative stabilities of carbonate and 
diamond in eclogite must be evaluated independently of their 

stability in peridotite (Luth 1993).
Experimental efforts to synthesize diamond in ways analo-

gous to nature can be categorized as (1) solvent-assisted recrys-
tallization of graphite, (2) oxidation of reduced carbon-bearing 
ß uids, or (3) reduction of oxidized carbon. The Þ rst group has 
been the most extensively explored, with solvents or catalysts 
(other than transition metal melts) such as kimberlitic melts 
(Arima et al. 1993), solid or liquid carbonate (Akaishi et al. 1990; 
Taniguchi et al. 1996; Pal�yanov et al. 1999a, 1999b, 2002a; Sato 
et al. 1999; Sokol et al. 2000, 2001a; Spivak and Litvin 2004; 
Tomlinson et al. 2004), sulÞ de melts (Pal�yanov et al. 2001; Sato 
and Katsura 2001), and both oxidized (CO2-H2O) and reduced 
(CH4-H2O) ß uids (Yamaoka et al. 1992, 2000, 2002a, 2002b; 
Akaishi and Yamaoka 2000; Kumar et al. 2000, 2001; Sun et al. 
2000; Akaishi et al. 2000, 2001; Sokol et al. 2001b; Okada et al. 
2002; Dobrzhinetskaya et al. 2004). To the authors� knowledge, 
no study has reported oxidation of a reduced, carbon-bearing 
(e.g., CH4-rich) ß uid to produce diamond in the absence of 
graphite or another source of carbon. Reduction of carbonate by 
interaction with reduced ß uids (Pal�yanov et al. 2002b; Yamaoka 
et al. 2002c), or with Si or SiC (Arima et al. 2002) have been 
reported. Yamaoka et al. (2002c) reduced CaCO3 to graphite, 
which then recrystallized to diamond at 7.7 GPa and 1500 °C, 
by reaction with a CH4-H2O ß uid. Pal�yanov et al. (2002b) re-
duced MgCO3 in the presence of SiO2 (±Na2CO3) via inß ux of 
H2 into the capsule. Although CH4-H2O or even H2 ß uids might 
be present in the mantle at fO2

 > IW, the presence of either Si 
or SiC would require much lower oxidation states (Ulmer et 
al. 1998). An alternative reducing agent is sulÞ de melt, given 
the frequent occurrence of sulÞ de as an inclusion in diamond 
(Bulanova 1995). We conducted initial experiments on FeS that 
veriÞ ed its melting temperature was too high to be molten at 
the experimental conditions of interest (≤1300 °C). Therefore, 
we explored the possibility that the eutectic liquid in the Fe-S-
O system (Urakawa et al. 1987) could be a reducing agent for 
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ABSTRACT 
Diamond may form in the Earth�s mantle by recrystallization of graphite, by precipitation from a 

C-bearing ß uid, or by reduction of carbonate. The latter mechanism could result from interaction with 
a reduced ß uid or another phase that would accommodate the oxygen produced by the reduction. One 
possible such phase is a sulÞ de-bearing melt, given that sulÞ des are common inclusions in diamond. 
Experiments at 1300 °C, 6 and 7.5 GPa successfully reduced magnesite in the presence of a eutectic-
composition Fe-S-O melt. Although graphite rather than diamond was produced by this reduction, 
these experiments demonstrate that this mechanism is a viable mechanism for reducing carbonate to 
carbon in the Earth�s mantle.
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