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abstract

Experimental data demonstrates that the resorption morphology of diamond greatly depends on 
the composition of the reacting fluid and can be used to constrain the composition of mantle fluids in 
diamond source areas and magmatic fluid in kimberlite magma. This requires a model that describes 
how different fluids interact with the diamond surface. This study uses atomic force microscopy (AFM) 
to quantitatively characterize the crystallographic orientation of micro-faces that form individual etch 
pits on diamond surfaces produced naturally in a kimberlite magma and experimentally in H2O-rich 
and CO2-rich fluids at 1150, 1250, and 1350 °C and 1 GPa. Dissolution features were examined on 
{111} diamond faces with the AFM scan areas ranging from 30 × 30 to 1 × 1 µm. The study shows 
that the extremely different resorption features developed on diamond surface during dissolution in 
H2O- and CO2-rich fluids, are formed by the same set of micro-faces with angles ~7, 11, 16, and 22°, 
corresponding to the {433}, {322}, {221}, and {321} faces, respectively. This suggests that diamond 
has similar dissolution rates in the same directions of the diamond lattice in both H2O- and CO2-rich 
fluid but that the mechanism of material removal is different. Reaction with H2O-rich fluid develops 
regular features due to layer-by-layer carbon removal. In CO2-rich fluid, deep etch pits with irregular 
walls form when dissolution is focused around the outcropping dislocations. The size and shape of 
the etch pits and their association with the outcropping dislocations depend on temperature and could 
be used to constrain the crystallization conditions of kimberlite magma. Natural kimberlite-induced 
resorption features indicate high H2O:CO2 ratios in kimberlitic fluid.
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introduction

Dissolution features commonly observed on natural dia-
monds carry information about the conditions during diamond-
destructive events. Diamonds may undergo partial resorption 
and re-growth while residing in the mantle source as recorded 
in their complex zoning patterns (Bulanova 1995) and in the 
composition of the micro-cavities in fibrous diamonds (Klein-
BenDavid et al. 2007). Diamond further dissolves during 
ascent in kimberlitic and other diamond-bearing magmas. The 
diversity of diamond resorption features has been described in 
many studies (Afanasiev et al. 2000; Orlov 1963; Robinson 
1979; Robinson et al. 1989), but only some of the features were 
produced in experiments. The mechanism by which resorption 
features develop is still not clear. Temperature (T) and oxygen 
fugacity (fO2) can affect the orientation of the trigonal etch pits, 
called trigons (Evans and Sauter 1961; Yamaoka et al. 1980). 
Pressure has a large effect on diamond resorption morphology 
as evident from diamond dissolution experiments run at 100 

KPa and at 1 to 7 GPa (Arima and Kozai 2008; Fedortchouk and 
Canil 2009; Khokhryakov and Pal’yanov 2010). Furthermore, 
experimental studies show that the composition of the reacting 
media has a major effect on diamond resorption (Chepurov et 
al. 1985; Fedortchouk et al. 2007; Khokhryakov and Pal’yanov 
2008, 2010; Sonin et al. 1997). A better understanding of how 
different fluids interact with the diamond surface can help to 
constrain the composition and conditions of diamond-destructive 
fluids in kimberlitic melt and in the mantle.

Experiments on diamond oxidation at high T and ambient 
pressure show that surface morphology and oxidation kinetics 
differ dramatically for diamonds resorbed in water and CO2-
rich media. It was suggested that atomic-level mechanisms 
of diamond etching could be described by catalytic oxidation 
(Rudenko et al. 1967, 1979). Detachment of a carbon atom 
from a diamond surface requires the simultaneous breakage of 
2 or 3 C-C bonds, which requires substantial energy (165–220 
kcal/mol). However, in the case of oxidation by water or by 
hydrogenation by free hydrogen, complexes such as ≡C-H and 
≡C-OH are formed leading to the required energy gain. On the 
contrary, diamond oxidation by CO2 proceeds only in the pres-* E-mail: yana@dal.ca


