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Studies of inclusions in natural diamonds suggest a genetic link between 
diamond formation and volatile- and alkali-rich mantle melts or fluids, broadly similar to 
kimberlite composition (Navon et a., 1988). Arima et al. (1993) demonstrated that 
diamond crystallized and grew in a volatile-rich silicate melt of kimberlite composition 
in high-pressure and high-temperature experiments (1800-2200°C and 7-7.7 GPa). 
This paper reports detailed morphological features of newly crystallized diamonds in 
the experiments by Arima et al. (1993). In addition, resorption (dissolution) of diamond 
in kimberlitic melts was studied experimentally in the graphite stability field (1300- 
1500°C and 2.5 GPa) under the W-l condition. This paper also reports a variety of 
resorption features observed on the seed diamonds. 

Crystallization and growth of diamond at 7 - 7.7 GPa 

Detailed experimental procedures were given in Arima et al. (1993). The 
kimberlite used in the experiments is an aphanitic kimberlite from Wesselton Mine, 
South Africa. In the runs at 1800-2200° C and 7-7.7 GPa, the kimberlite powder was 
loaded in a graphite capsule with and without a seed diamond (about 1 mm in 
diameter), which was emplaced in a Mo capsule. Diamond crystallized and grew from 
kimberlite melt in all the run. Newly formed diamonds occur in the interface between 
the kimberlite and graphite capsule, indicating the kimberlite acts as the solvent- 
catalysts. No systematic difference exists between the runs with seed diamond and 
those without seed diamond at the same P-T condition. No diamond was observed in 
the "dummy" run in which graphite was encapsulated in a Mo capsule without 
kimberlite powder. The kimberlite part of the run products consists of a fine-grained 
crystal aggregate. No glass was observed. Dendritic or acicular morphology of the 
crystals indicates that they are quench phases crystallized from the kimberlitic melt 
during quenching at high pressure. Overall, the results indicate that the diamond 
crystallized from kimberlitic melt and was not formed by solid-state transformation of 
graphite. 

The newly formed diamond crystals, up to 100 j/m in diameter, are colorless and 
transparent under optical microscope. They are isolated well faceted octahedron, 
hopper crystals, or dendritic crystals. The newly crystallized diamonds generally have 
well developed {111} face. In a rare case they have small rugged {100} face. 
Octahedron twinned on {111} twin plane is common. In a rare case, cyclic twins are 
present. The morphology of newly formed diamond in the present experiment indicates 
that the growth rate of {111} is several times lower than those of {100}, being resemble 
those of natural diamond but contrast to those of synthetic diamonds grown from metal 
solvent-catalysts. In addition, in the runs at 2000-2200°C, a depression at the center of 
the {111} face is locally present, and growth steps indicative of layer-growth are clearly 
observed in it. 
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No apparent change was noted in the original habits of the seed diamonds. 
However, all the seed diamonds had newly formed triangular patterns on the {111} 
faces. They correspond to growth hillocks that have rounded triangular, truncated 
triangular, or triangular shape, and have the same orientation as the original triangular 
{111} faces of the seed crystal. In a rare case, growth pyramids (-0.74 \im high) of 
triangular morphology clearly show growth steps similar to those observed on natural 
diamonds (Sunagawa, 1984; van Enckevort, 1992). These features suggest a spiral 
growth mechanism of the hillocks. It is likely that carbon atoms diffused from the 
graphite capsule through the kimberlite melt and deposited as diamond on the seed 
crystal. 

Experiment on resorption of diamond at 2.5 GPa 

Resorption of diamond in kimberlitic silicate melts was investigated at 2.5 GPa 
and 1300-1500° C for 10 to 120 min. using a piston cylinder high pressure apparatus. 
A natural diamond crystal and a resorption agent (kimberlite powder) were emplaced 
in a sealed inner Pt capsule. The inner sample capsule was then loaded with the W-l 
buffer powder in a sealed outer Pt capsule. The natural diamonds used are smooth¬ 
faced octahedral crystals (1 mm in diameter) with slightly resorbed rounded corner and 
edge. To examine the effect of carbon (or CO2) concentration in the melt on the 
diamond resorption, kimberlite compositions with variable carbon (or CO2) 
concentrations were prepared. They were (1) the natural group 1 kimberlite 
composition from Wesselton Mine, South Africa (4.77 wt.% CO2 and 6.2 wt.% H2O), 
(2) the graphite-doped compositions in which graphite powder (20 wt.%) was added to 
the Wesselton kimberlite, (3) the carbonate-doped compositions in which CaC03 (30 
and 50 wt.%) was added to the natural kimberlite, and (4) the synthetic kimberlite 
compositions in which SiC>2, Al2C>3,Ti02, MnO, MgC03, CaCC>3, Na2CC>3, and 
K2CO3 were mixed with Fe, FeO, or Fe203. No H2O was added to these synthetic 
compositions. 

All diamonds in the run-products exhibited a variety of resorption features on 
{111} face including both negatively and positively oriented trigons, hexagonal deep 
pit, and/or shallow depression with hexagonal morphology. In addition, in most of the 
run-products, except for those with graphite-doped kimberlite, the diamonds showed 
preferential resorption of corners and edges of octahedron. In the runs with the natural- 
kimberlite and carbonate-doped natural-kimberlite compositions, extensive resorption 
occurred and no octahedral faces were preserved after 120 min. In those run, knob¬ 
like asperities were noted on corners and edges. Kimberlite portions of the run- 
products were composed of dendritic quench-crystal aggregates. No graphite was 
present in all the runs, except for those with graphite-doped kimberlite composition. 

All diamonds in the runs-products with natural-kimberlite and carbonate-doped 
natural-kimberlite compositions showed negatively oriented trigon. A majority of the 
pits are sharply edged trigons but some shallow pits are in the rounded triangular 
shape with rounded bottom surface. The trigons include the types of pyramidal- 
shallow, pyramidal-deep, flat-bottomed-sallow, and flat-bottomed-deep, as classified 

9 



by Frank and Lang (1965). Small trigons (< 1 \im) of both flat-bottomed and pyramidal 
exists within the relatively large trigons. The size of trigon clearly increases with run 

temperature and run duration. Addition of carbonate to the kimberlite composition 
suppressed the resorption of diamond. 

In the runs with graphite-doped kimberlite composition, the diamonds 
exhibited no noticeable change in the original habit. No deep-trigon was observed in 
those runs. The diamonds were covered by graphite and showed shallow 
depressions with hexagonal morphology on {111} face but their corner and edge of 
octahedron were well preserved. 

In the runs with synthetic-kimberlite compositions, both negatively and 
positively oriented trigons were formed on {111} face. In some runs, sharply edged 
hexagonal deep pits were present on {111} face. The run with a melt containing iron 
of higher oxidation state showed higher degree of resorption features. For example, 
in the run with Fe203-doped synthetic composition at 1500°C and 2.5 GPa for 10 
min, corners and edges of octahedron were extensively resorbed and only 50 % of 
area of {111} face was preserved. To the contrary, in the run with FeO-doped 
synthetic composition at the same run condition, only 25 % of area of {111} face was 
resorbed, and no apparent change was noted in the original habit of the diamond of 
the run with Fe-doped synthetic composition. 

Resorption of diamond is thought to occur within transporting kimberlite 
magma (Robinson et al., 1989). The present experiments clearly demonstrate that 
diamond resorbed in the kimberlite melts in the graphite stability field. The resorption 
features observed are similar to those reported from natural diamonds (Frank and 
Lang, 1965; Robinson et al., 1989). The results suggest that the resorption of 
diamond to kimberlitic melt is a process controlled by temperature, time, carbon 
concentration and oxidation state of a resorption agent. Higher temperature, higher 
oxidation state, and lower CO2 concentration of the kimberlitic melts seem to be 
favorite conditions for the dissolution of diamond to kimberlite melt. It is likely that 
carbon was dissolved in the melt as CC>2„ 
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