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INTRODUCTION

Natural diamonds hosted by kimberlite or lamproite display 
various morphological forms and surface textures reß ecting 
mantle source conditions during and following the growth of 
a diamond and also resulting from dissolution throughout the 
host magma emplacement (Mendelssohn and Milledge 1995; 
Taylor and Anand 2004; Gurney et al. 2004). Diamond dissolu-
tion results in various external forms and surface features such as 
etch pit and corrosion textures (Robinson 1978; Sunagawa 1984; 
Sunagawa et al. 1984; Robinson et al. 1989; Otter and Gurney 
1989; McCallum et al. 1994). Experimental studies suggest that 
diamond dissolution depends highly on the redox condition and 
temperature of the host magma (Arima 1998). In addition, it 
has been documented experimentally that H2O content in the 
system is yet another important factor considerably affecting the 
rates of diamond dissolution and the morphology of diamond 
(Kanda et al. 1977; Palʼyanov et al. 1995; Khokhryakov et al. 
2001, 2002). 

Fedortchouk et al. (2003) and Fedortchouk and Canil (2004) 
examined the relationship between diamond population (morpho-
logical forms and surface features) and crystallization conditions 
(temperature and oxygen fugacity) in several kimberlite pipes in 
the Lac de Gras kimberlite Þ eld. They suggested that the oxygen 
fugacity of the host kimberlite inß uences the diamond popula-
tion. Evaluation of the dissolution rate of diamond crystals in the 
host magma is therefore important for predicting preservation of 

diamonds (Fedortchouk et al. 2003). However, the rate of dia-
mond dissolution in kimberlitic and lamproitic melts is not well 
understood. The main objective of this study was to determine 
the dissolution rate of diamond in both kimberlitic and lamproitic 
melts and to examine the morphological variation of diamond 
crystals thus produced.

EXPERIMENTAL METHODS 
The dissolution of diamond crystals in kimberlitic and lamproitic melts was 

investigated at 1 GPa and 1300�1420 °C under wüstite-metallic iron (WI), mag-
netite-wüstite (MW), and hematite-magnetite (HM) buffers with a piston-cylinder, 
high-pressure apparatus having a 34-mm diameter borehole. The diamond crystal 
was loaded with kimberlite or lamproite powder in a sealed inner Pt capsule (4 
mm in diameter, 4 mm long, and 0.15 mm thick), which was placed in a sealed 
outer Pt capsule (6 mm in diameter, 6 mm long, and 0.15 mm thick) with mixed 
Fe-O buffer materials. Three sample capsules were loaded in the cell assembly 
(Fig. 1). A small amount of water was added into the outer buffer capsule to Þ x the 
hydrogen fugacity in the sample capsule. Platinum is permeable to hydrogen, which 
can freely pass through the wall of the Pt capsule. Thus, the hydrogen fugacity is 
Þ xed in the sample capsule and the oxygen fugacity in both the buffer and sample 
are equal (cf. Edgar 1973). After the run, we punctured the sample capsule and 
observed trace amounts of water released from the sample charge, suggesting the 
presence of ß uid during the run. As the melts in all run products totally converted 
to quench crystal aggregates, we could not evaluate the quality and quantity of 
ß uid during the run. 

The diamond crystals used were inclusion-free, smooth-faced natural octahe-
dral diamonds (0.8 to 1 mm in diameter) with pointed corners and sharp edges. The 
solvents used were an aphanitic kimberlite (1122B) from Wesselton Mine, South 
Africa and a phlogopite lamproite (WK-11) from Mount North, West Kimberley, 
Australia (Table 1). The aphanitic kimberlite is composed of olivine micropheno-
crysts set in a matrix consisting of calcite, monticellite, spinel, ilmenite, apatite, 
serpentine, and rare phlogopite (Shee 1984). This kimberlite is the same rock used in 
the melting experimental study by Edgar et al. (1988). The Mount North lamproite * E-mail: arima@ed.ynu.ac.jp
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ABSTRACT

To evaluate the dissolution processes of diamond crystals in kimberlitic and lamproitic magmas, a 
series of diamond dissolution experiments were carried out in the graphite stability Þ eld at 1300�1420 
°C and 1 GPa under the WI, MW, and HM buffers. Dissolution agents used include an aphanitic 
kimberlite from Wesselton Mine, South Africa, and a lamproite from Mount North, West Kimberley, 
Australia. With increasing run duration, diamond morphology changed from a sharp octahedron through 
combinations of octahedron and tetrahexahedroidal forms to spherical tetrahexahedroid having rounded 
faces. Negatively oriented trigons were formed on the octahedral {111} face. As the degree of diamond 
dissolution increased, the trigons changed from smaller shallow types to larger deep types. The dis-
solution rate in the kimberlitic solvent at 1300 °C was 0.12 mm/h under the HM buffer, 0.0034 mm/h 
under the MW buffer, and 0.0017 mm/h under the WI buffer, whereas that at 1420 °C was 0.014 mm/h 
under the WI buffer. In the lamproitic solvent, the dissolution rate was 0.0024 mm/h at 1420 °C under 
the WI buffer. The data indicate that diamond dissolves in silicate melts as carbonate ions through an 
oxidizing reaction. The degree of dissolution strongly depends on temperature, oxidation state, and 
the compositional dependence of CO2 solubility in the melts.


