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LETTER

Growth zoning and strain patterns inside diamond crystals as revealed by Raman maps
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ABSTRACT
The Raman mapping technique provides a non-destructive means of studying internal growth textures and other micro-structural heterogeneity inside diamond single-crystals. Raman maps showing
distribution patterns of the bandwidth (FWHM) of the main Þrst-order lattice vibration of diamond
(LO=TO phonon at ∼1332 cm–1) along two-dimensional planes inside diamond crystals may reveal
the internal growth zoning of these crystals. The observed zoning is affected, and in some cases even
obscured in micro-areas adjacent to inclusions, by patterns of heterogeneous strain in the diamond.
We present Raman maps obtained from diamond crystals containing large, single-crystal graphite
inclusions, from the Panda kimberlite, Ekati Diamond Mine, Canada. The diamond growth texture
was always found to start from the graphite inclusion. This result implies that graphite must have
been the primary phase and was overgrown by diamond, whereas syngenetic growth of diamond and
graphite was unlikely.

INTRODUCTION
Graphite (α-C) is commonly found included in diamond
(β-C) crystals (e.g., Harris and Gurney 1979), however, such
inclusions are mostly thin, xenomorphic ßakes or lamellae. In
contrast, the occurrence of euhedral graphite crystals inside diamond crystals seems to be extremely rare, and their formation
has long been debated (e.g., Bulanova et al. 1979). In a recent
study, Glinnemann et al. (2003) described a suite of octahedral
diamond crystals from the Panda kimberlite (Slave Craton), part
of the Ekati Mine, N.W. Territories, Canada, each of them having
included a well-shaped graphite single-crystal of hexagonal-platy
habit, up to 300 µm in size. Glinnemann et al. (2003) found from
graphite lattice parameters determined by X-ray diffraction that
remnant pressures of up to 2.6 GPa act on the inclusions. Nasdala
et al. (2003) determined corresponding remnant pressures of
diamond micro-areas adjacent to the graphite inclusions, and
they found the presence of disordered graphitic (i.e., sp2) carbon
at disc-shaped cracks that surround the well-ordered graphite
single-crystals. Further detailed in situ analysis of these graphite
inclusions and their surrounding diamond, including synchroton
micro-analysis, is currently in process.
The formation of diamond crystals with an included euhedral
graphite crystal has not been understood thus far. In particular, it
has been discussed controversially whether such single-crystal
graphite inclusions are proto- or syngenetic in nature. Valuable
information contributing to genetic questions could be obtained
through the study of growth zoning in the diamond host close
to the diamond-inclusion boundary. The growth zoning of diamond is mostly observed applying the CL (cathodoluminescence)
imaging technique (e.g., Smirnova et al. 1999; Win et al. 2001;
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Davies et al. 2003). Due to the extremely low penetration depth
of an electron beam, however, CL imaging is rather a surface
technique and requires, in most cases, that the internal growth
texture of diamond be exposed to a polished surface. In our case,
this in turn would result in the irreversible pressure relaxation of
the diamond+inclusion couple, which is why detailed CL studies
cannot be done until all in situ studies will be completed.
As an alternative, confocal light spectroscopy techniques
[i.e., Raman and PL (photoluminescence) spectroscopy] have
the potential to reveal the growth zoning of diamond crystals
in situ. Photoluminescence induced with ultraviolet light has
been applied successfully to study the bulk growth zoning in
unprepared diamond specimens (e.g., Bulanova 1995); however,
attempts to produce depth-resolved images based on confocal
PL measurements have, to the best of our knowledge, not been
undertaken thus far. In this paper, we will demonstrate with the
example of the above-described Panda diamond crystals with
included graphite single-crystals that growth textures along
planes inside diamond crystals are revealed using the Raman
mapping technique. We discuss brießy the relevance of such
information in the context of the genetic relationships between
graphite inclusion and diamond host.

EXPERIMENTAL METHODS
Raman measurements were done in the confocal mode by means of a Jobin
Yvon (Horiba group) LabRam HR spectrometer. The system was equipped with
an Olympus BX41 optical microscope and an Si-based CCD (charge-coupled device) detector. A 100× long working distance objective (lwd ∼4.6 mm, numerical
aperture 0.75) was used. Spectra were excited with the 632.8 nm emission of a
He-Ne laser. The laser power was ∼3 mW, which is well below the threshold for
any spectral changes, or local sample destruction, which hypothetically could be
induced by local temperature increase due to heavy light absorption. The scattered
light was dispersed using a grating with 1800 grooves per mm, which resulted in
a spectral resolution of 0.8 cm–1. The wavenumber accuracy was 0.5 cm–1, how-

