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Growth and crystallographic features of interpenetrant twins in natural diamonds
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ABSTRACT

The different morphologies of diamond crystals reflect the growth conditions and provide valuable
information about the processes that led to the formation of the diamond. Diamond twins only occur
during growth and only through reticular merohedry, which has a significant effect on the physical
properties of the diamond. However, due to the scarcity of samples, particularly samples with inter-
penetrant twins, few investigations have been conducted on their morphological features and related
formation mechanisms. In this study, natural diamonds with interpenetrant twins from the Republic of
the Congo were analyzed to investigate the crystallographic features and related growth formation
mechanisms using scanning electron microscopy and micro-computed tomography. The results reveal
that all the samples exhibit cubic habits with deformation and a rough appearance, accompanied by
fibrous growth layers, indicating rapid crystallization under high driving force conditions. Based on
the different features of the crystals’ macroscopic morphological properties, three types of theoretical
twin models are established. Cathodoluminescence imaging shows that there are two patterns regarding
the formation of interpenetrant twins in natural diamonds, including the origination of grains during the
nucleation stage of crystals in the form of twinned positions and changes in the orientation of the growth
layer arrangement during crystal growth. Moreover, a mixed type of twin structure was observed, indi-
cating the complexity of the diamond twin growth process, involving transformation of the crystalli-
zation habit of the crystal.
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INTRODUCTION

The different morphologies of diamond crystals reflect
the growth conditions and provide valuable information about
the processes that led to the formation of the diamond. Natural
diamonds occur as single crystals, polycrystals consisting of a
few crystals, and clusters of parallel microscopic fibers branch-
ing in the<111> direction. Based on differences in themorphol-
ogy and growth mechanisms, three principal types of diamonds
have been distinguished: monocrystalline, polycrystalline, and
fibrous. The habits of most naturally occurring monocrystalline
diamonds are restricted to three basic geometric forms: octahe-
dral, cubic, and rhombic dodecahedral forms. However, there
are many external conditions, such as pressure and temperature,
that affect the internal mechanisms that can change the morphol-
ogy of diamonds and produce aggregates, parallel intergrowths,
and twins (Tappert 2011). Twins consist of two or more
intergrown diamond crystals with specific orientations in rela-
tion to each other. Twinning can occur due to growth, thermal
transformation, or mechanical deformation. Machado (1984)
reported that diamond twins only form during growth and only
through reticular merohedry. In reticular merohedry, the lattices
of the two components of the twins do not have parallel orienta-
tions but rather exist as a multiple lattice continuing from one
component to the other. This lattice structure is known as a coin-
cidence lattice, and it possesses one or more symmetry elements

that are not exhibited by the single structure. This structure com-
plicates the determination of the correct space group and the
solution of the crystal structure (Machado 1984). The formation
of twin crystals can significantly alter the physical properties of
minerals, such as their hardness, cleavage, and optical proper-
ties. Previous studies have shown that the hardness of diamonds
can be enhanced via nano-structuring by means of nanograined
and nano-twinned microstructures. For example, nanograined
(ng) diamonds with grain sizes of 10–30 nm have been reported
to have Knoop hardness values as high as 110–140 GPa. A
nanotwinned (nt) diamond with an average twin thickness (λ)
of 5–8 nm, which was synthesized by compressing onion-struc-
tured precursors, was recently reported to possess a Vickers
hardness of 175–200 GPa (Xiao et al. 2020; Sun et al. 2022).

Most previous studies on twinned synthetic diamond crystals
addressed the synthesis of nano-sized polycrystalline diamonds
using the high-pressure and high-temperature (HPHT) method
and the microregion twinning phase of diamond films synthe-
sized by chemical vapor deposition (CVD). These studies dis-
cussed the twinning mechanisms of face-centered cubic (FCC)
structures from the perspective of crystalline simulations based
on first principles (Butler and Oleynik 2008; Zhu et al. 2007;
Németh et al. 2015; Gu et al. 2022). Regarding the crystallo-
graphic characteristics and growth mechanisms of twin crystals
in natural diamonds, the following observations have been
made. In terms of morphology, diamond twins primarily consist
of contact twins, in which only two components are in contact
along the twin symmetry plane, and interpenetrant twins, in
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