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INTRODUCTION

Diamond crystals from different bedrock sources
have specific typomorphic features, which are con-
trolled by the conditions of growth (physical and struc-
tural characteristics, trace element composition, etc.)
and postgrowth transformations. The latter are most
distinctly expressed in changes in crystal morphology
(dissolution patterns) [1]. The relation of certain
macro- and micromorphological features of crystals to
dissolution can be convincingly supported by the
experimental reproduction of their analogues [2, 3].
The genesis of rounded diamonds was hotly debated
until they were produced by high-pressure etching of
initially flat-faced crystals in silicate melt in the pres-
ence of water–carbon dioxide fluid [4, 5]. At present, an
important problem is not only the simulation of natural
forms and sculptures on diamond crystals during etch-
ing but also the determination of the boundary physic-
ochemical conditions of their appearance.

According to current concepts, diamonds from main
bedrock sources, kimberlites (lamporites), crystallized
in the mantle. The Earth’s mantle is heterogeneous in
terms of the redox potential and fluid regime. At high
oxygen fugacity, the composition of the fluid is domi-
nated by H

 

2

 

O and CO

 

2

 

, and carbonate phases are stable;
however, there is evidence for the existence of mantle
domains with low oxygen fugacity providing the prev-
alence of H

 

2

 

 and CH

 

4

 

 in the fluid and stability of free
carbon [6–11]. Magmas can be generated in the pres-
ence of both hydrogen–methane and water–carbon
dioxide fluid, which must probably be reflected in the
post-growth transformations of diamond crystals dur-
ing their transportation into the upper lithosphere.
However, the stability of diamond and the character of
its etching in silicate melts in the presence of hydro-
gen–methane fluid were never studied. It is known that

at temperatures less than 

 

1300°ë

 

, hydrogen reacts with
diamond only in the presence of catalysts: free transi-
tion metals (elements with incompletely filled 

 

d

 

-shells)
[12, 13]. According to available data, diamond shows
no interaction with the melts of alkali carbonates and
hydroxides in a hydrogen atmosphere [14].

Diamond etching in silicate melts can be simulated
to a first approximation at atmospheric pressure. This
paper reports the results of experimental interaction of
diamond crystals with silicate melts in a hydrogen
atmosphere. The goal of this study was to evaluate the
possibility of diamond etching in natural systems under
reducing conditions.

METHODS

Experiments were performed in a specially designed
microscopic thermal stage with internal heating, water
cooling, and a window for visual observation using a
method described elsewhere [15]. The furnace was
made from a molybdenum wire. Temperature was mon-
itored by a W–Re thermocouple with an accuracy of

 

±

 

5°ë

 

. The sample was placed on a ceramic base in the
center of the heated volume. The process was observed
using a binocular microscope.

The experiments were conducted with natural and
synthetic diamonds of octahedral habit 10–20 mg in
weight. The synthetic diamonds were grown in the field
of diamond thermodynamic stability by the method of
recrystallization in the Fe–Ni–C system [16].

The diamonds were etched by a melt of a natural
basaltic glass of the following composition (wt %):
47.0 SiO

 

2

 

, 2.20 TiO

 

2

 

, 16.3 Al

 

2

 

O

 

3

 

, 3.79 Fe

 

2

 

O

 

3

 

, 8.12 FeO,
0.15 MnO, 6.4 CaO, 4.55 MgO, 5.69 Na

 

2

 

O, and 5.0
K

 

2

 

O and a synthetic melt consisting of 20 wt % Na

 

2

 

O,
40 wt % B

 

2

 

O

 

3

 

, and 40 wt % SiO

 

2

 

. The latter composi-
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tion was prepared by fusing preliminarily dried high-
purity SiO

 

2

 

 and Na

 

2

 

CO

 

3

 

 and reagent-grade B

 

2

 

O

 

3

 

.

Since the experiments were performed under
strongly reducing conditions, the ampoule problem was
eliminated by placing silicate glass particles directly on
a diamond face. During the experiments, the silicate
glass was melted and occurred as drops on diamond
crystals. Visual observation allowed direct estimation
of the extent of the diamond interaction with the silicate
melt. The experiments were performed in a flow of
hydrogen, which was produced by an SGS-2 generator
and conveyed into the thermal stage with a rate of 3 l/h.
Wet hydrogen was produced by preliminarily passing it
through distilled water at room temperature (partial
pressure of water vapor of 3 

 

× 

 

10

 

–2

 

 kPa).

The experiments were carried out at 

 

1100°ë

 

 and
lasted up to 60 min, but every 10–15 min the samples
were quenched and examined in detail at high magnifica-
tion under an MBS-15 microscope. The diamond crys-
tals were also studied using a LEO 1430VP scanning
electron microscope equipped with an EDX OXFORD
energy-dispersive system running in a back-scattered
mode.

RESULTS AND DISCUSSION

The Fe-free silicate glass was synthesized by fusing
the components in air. In experiments with this glass in
a dry hydrogen atmosphere, numerous small gas bub-
bles appeared beneath the silicate melt drops over the
entire contact area with the diamond after heating for
15 min. When the desired temperature was attained, the
bubbles inflated and burst. These bubbles were proba-
bly formed owing to the presence of air entrapped by
the melt during the preparation of the starting glasses.
One to three gas bubbles with a lifetime of up to 5 min-
utes were simultaneously observed. During the repea-
ted heating of the diamond crystals with a silicate glob-
ule fused in a hydrogen atmosphere, no gas bubbles
were formed.

After the experiments (1 hour), the crystals showed
no change in weight and surface morphology. The faces
remained lustrous both beneath the silicate melt and
over the entire diamond area; i.e., no traces of diamond
etching were found. The contact surface between the
silicate globule and the crystal face also remained flat
and lustrous with imprints of irregularities and micro-
morphological sculptures present on the face prior to
the experiment.

Experiments performed in a wet hydrogen atmo-
sphere yielded the same results. Thus, the silicate melt

of the Na

 

2

 

O

 

–

 

B

 

2

 

O

 

3

 

–

 

SiO

 

2

 

 composition does not interact
with diamond in the presence of wet hydrogen.

Different results were obtained in the basalt–hydro-
gen system, which was caused by the presence of iron
in the silicate melt. In a hydrogen atmosphere, iron con-
tained in the melt was reduced to a free state. It
occurred on the surface of silicate globules as tabular
hexagonal grains and tiny particles grouped in “convec-
tive jets.” Irregular cavities were formed beneath rela-
tively large (tenths of a millimeter and larger) drops of
silicate melt on the faces of diamond crystals. The
depth of the cavities depended on the duration of the
experiments.

The energy-dispersive spectra of silicate glass parti-
cles support silicate melt differentiation and iron reduc-
tion and aggregation during the experiments. Figure 1
exemplifies the section of a basaltic glass globule,
which was cooled directly on the diamond face after a
10-min experiment, and the EDS patterns of its zones.
The light areas in the section correspond to iron segre-
gations. This indicates that the hydrogen-mediated dif-
ferentiation of the basaltic melt occurred already during
the first minutes of the experiments, which is even more
clearly seen in Fig. 2.

When smaller basaltic particles (powder) were
applied to the diamond surface, flat-bottomed etch pits
of complex shape were formed. It is noteworthy that the
individual etch pits often showed triangular outlines
and were oriented opposite to the triangular faces of the
octahedra (Fig. 3). Some etch pits acquired truncated
triangular or hexagonal shapes. Each pit contained a
sphere of solidified silicate glass, the size of which pos-
itively correlated with the linear size of the etch pits. In
addition, the size and depth of the etch pits depended on
the duration of the experiments. For example, heating
of a diamond crystal for 15 and 60 min resulted in the
formation of etch pits up to 0.04 and 0.08 mm across
and 0.2 and 0.42 mm deep, respectively.

The etch pits formed in these conditions are similar
in appearance to trigons known on natural diamonds.
However, there are some differences. The experimental
pits are always flat-bottomed, whereas natural dia-
monds contain pits of several morphological types
(pyramidal and truncated pyramidal), their linear con-
tours are disturbed with increasing size, and the seem-
ingly flat bottom consists of a few fragments with
curved margins.

Thus, diamond etching by Fe-bearing silicate melt
was caused by interaction with iron, which is reduced
from the melt in a hydrogen atmosphere and adheres
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more strongly to diamond than the silicate melt. Figure
4 shows the surface of a diamond crystal after its
10-min interaction with basalt, which was applied as a
powder and mechanically removed after the experi-
ment. The etch surface consists of numerous adjoining
flat-bottomed etch pits. The EDS patterns of the dia-
mond surface show the presence of Fe in the etch pit.
The presence of Cu in the spectrums is presumably
related to the fact that the remelted basaltic powder was
removed with a copper needle.

An increase in the sizes of the pits and cavities with
increasing experimental duration indicates that the

etching is not controlled by carbon solubility in iron but
is promoted by the catalytic hydrogenation of diamond.
It is known that iron is the most efficient catalyst of this
process [17, 18]. The process was accompanied by the
blackening of etch patterns owing to surface graphitiza-
tion. It was found that the etch patterns, including trian-
gular and hexagonal ones, were formed at temperatures
below the iron–carbon eutectics (

 

1153°ë

 

). It should be
noted that the character of the etching of natural and
synthetic diamonds is similar under the aforementioned
conditions.

 

Fig. 1.

 

 Image and energy-dispersive spectra of a polished basaltic globule, which was melted on a diamond face in a hydrogen atmo-
sphere at

 

1100°ë

 

 for 10 minutes.
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Fig. 2.

 

 Images and energy-dispersive spectra of a fragment of a polished basaltic globule, which was melted on a diamond face in
a hydrogen atmosphere at 

 

1100°ë 

 

for 20 minutes.
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Fig. 3.

 

 Etch pits on an octahedral diamond face after its interaction with molten basaltic particles in a hydrogen atmosphere.
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Fig. 4.

 

 Image and energy-dispersive spectra of the etch surface of a diamond crystal after its interaction with basaltic melt in a hydro-
gen atmosphere at 

 

1100°ë

 

 for 10 minutes.
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CONCLUSIONS

The following conclusions can be drawn from our
study.

Iron-free silicate melt does not interact with dia-
mond in a hydrogen atmosphere. Iron-bearing silicate
melt interacts with diamond through hydrogenation
catalyzed by free iron, that is reduced from silicate
melt. Therefore, the morphology of diamond crystals
produced by etching in the aforementioned conditions
is controlled by local interaction with iron aggrega-
tions.

This micromorphological study of diamond crystals
and previous data on iron–diamond interaction (with-
out silicate melt) [15, 18–22] indicate that natural dia-
monds, at least those borne by kimberlites, were prob-
ably not affected by dissolution under reducing condi-
tions. Alternatively, the morphological evidence of this
process could be eliminated by subsequent dissolution
in a medium with more oxidizing conditions in the
presence of water–carbon dioxide fluid. Further exper-
iments on diamond etching in iron-bearing silicate melt
in a hydrogen environment are required to answer this
question.
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