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study has been widely cited in support of the natural occur-
rence of micrometre-size single crystals of hexagonal dia-
mond (Bean et al. 2025; Zhu et al. 2025; Chen et al. 2024; 
Németh et al. 2023; Thomas et al. 2023; Tomkins et al. 2022; 
Murri et al. 2019; Fan et al. 2018; Turneaure et al. 2017; 
Daulton et al. 2017; Jones et al. 2016; Boslough et al. 2012). 
However, aside the ongoing discussion within the scientific 
community regarding the natural occurrence of crystals with 
2H diamond structure (see for example (Daulton et al. 2010; 
Greshnyakov and Belenkov 2017; Németh et al. 2014) and 
the review by Dobrzhinetskaya et al. (2022)), Németh et 
al. (2022) have recently raised questions about the validity 
of the in Shumilova et al. (2011) published results. As the 
main findings by Shumilova et al. (2011) are based on trans-
mission electron microscopy (TEM) data collected at the 
authors’ facility, the author of the present study considered 
it necessary to re-evaluate this data in order to resolve this 

Introduction

In a widely recognized study with the title “Natural Mono-
crystalline Lonsdaleite”, Shumilova et al. (Shumilova et al. 
2011) reported in 2011 the discovery of natural monocrys-
talline 2H diamond (in the original publication, the term 
‘lonsdaleite’ was used as a synonym for the 2H diamond 
structure) in carbon-rich mineral samples from the Kum-
dykol (or Kumdy-Kol) diamond deposit, Akmola Region, 
Kazakhstan. Due to the significance of these findings, the 
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Abstract
This study re-evaluates the selected area electron diffraction (SAED) patterns and electron energy-loss spectrum (EELS) 
presented by Shumilova et al. (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​4​​/​S​1​​0​2​8​3​3​4​X​1​1​1​1​0​2​0​1), who have reported that they have found 
natural hexagonal 2H diamond in samples from the Kumdykol (Kumdy-Kol) diamond deposit. A thorough re-evaluation 
of the original SAED data indicates that a diffraction pattern previously attributed to monocrystalline 2H diamond is, with 
a very high degree of certainty, not the claimed phase, since it exhibits a much stronger resemblance with the calculated 
pattern of a high-pressure phase of 2H graphite, and even more with the pattern of a cubic, high-pressure form of sili-
con carbide. Due to the absence of EDX data, the question regarding the precise composition of this crystalline species 
could not be conclusively resolved. Furthermore, a second SAED pattern, previously interpreted as a 3C–2H diamond 
intergrowth, was found compatible with a topotactic 2H graphite–3C mineral association, known as ‘diaphite’, or with 
sp3-bonded polytypes (3C–2nH, n = 2, 4). A carbon core-loss EEL spectrum, which was used in Shumilova et al. (Dokl 
Earth Sci 441:1552–1554, 2011) to confirm the presence of 2H diamond, was found to match with that of the 3C diamond 
structure. While these results do not rule out the natural occurrence of 2H diamonds in general, the re-assessment of the in 
Shumilova et al. (Dokl Earth Sci 441:1552–1554, 2011) published SAED and EELS data provides no concrete evidence 
for the presence of monocrystalline 2H diamond in the earlier examined specimens from the Kumdykol site. A correction 
of the in Shumilova et al. (Dokl Earth Sci 441:1552–1554, 2011) made claims is therefore of significance, to avoid further 
bias in the ongoing discussion on the nature of the mineral lonsdaleite.
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issue. The following is a comprehensive re-evaluation of the 
original SAED patterns and the published EEL spectrum.

Key-findings of the earlier report

In their article, Shumilova et al. (2011) report that 2H dia-
mond was observed in the form of both individual mono-
crystalline crystals, with sizes of up to 5 µm, and extremely 
fine, platelet-shaped particles. According to the authors, 2H 
diamond was also found in coherent aggregates with cubic 
diamond (3C), forming superlattice-like structures, as well 
as in three-phase associations that included 2H graphite. In 
these composite structures, the (001) faces of 2H graphite 
are oriented perpendicular to the (111) planes of 3C dia-
mond and the (001) faces of 2H diamond. To confirm the 
monocrystalline nature of 2H diamond, the authors used 
selected area electron diffraction (SAED) and electron 
energy-loss spectroscopy (EELS). The absence of a π* peak 
around 284 eV in the shown EEL spectrum was interpreted 
as evidence for purely sp3-hybridised carbon and a prove 
for 2H diamond. Raman spectroscopy was also employed to 
assist identifying the phase in question. Since Raman analy-
sis lies outside the scope of the present author’s expertise, 
the following re-assessment will focus exclusively on the 
SAED and EELS data presented in Shumilova et al. (2011). 
However, in this particular context, the reader is referred 
to Németh et al. (2022), who found the Raman spectra 
presented by Shumilova et al. to be inconsistent with 2H 
diamond.

Re-assessment of the experimental SAED 
patterns

The original publication by Shumilova et al. (2011) 
includes two selected area electron diffraction (SAED) pat-
terns, which are shown as smaller insets in the correspond-
ing transmission electron microscopy (TEM) bright-field 
images. However, apart from some labels with diffraction 
spot indices on the SAED pattern, no additional informa-
tion is provided, such as d-spacings or identified zone axis 
orientations. In order to avoid confusion with references to 
Figures in this article, in the following, the SAED patterns 
shown as insets in Figs.  1 and 4 in the original publica-
tions will be referred in the following as first and second 
SAED pattern. For the sake of transparency, both the origi-
nal SAED patterns and the corresponding TEM bright-field 
images are shown here in full size for the first time in Fig. 1.

As documented by another TEM bright-field image (not 
shown here), the first SAED pattern in Fig. 1a was recorded 
at the position indicated by the white ‘ × ’ in Fig. 1b. The 

TEM bright-field image shows an extended crystalline 
platelet with alternating bright and dark bands (commonly 
referred to as thickness or wedge fringes (McLaren 1991)) 
that reach from the rim of the particle up to the centre. The 
presence of these fringes up to the particles center indicates 
that the object must be very thin and made of a material with 
a low atomic number due to almost absent absorption. How-
ever, it should be noted that crystals with thickness fringes 
extending to the centre are very atypical in these samples, 
as well as in general. Based on the SAED pattern in Fig. 1a, 
the authors of Shumilova et al. (2011) attributed the pattern 
to a monophase, monocrystalline 2H diamond.

Figure 1c shows the second SAED pattern, which appears 
to originate from a more complex material. The correspond-
ing TEM bright-field image (Fig. 1d) displays parallel ‘lath-
like’ features of dark contrast. These lath-like features are 
regularly spaced and extend in three directions at 60-degree 
angles to each other. The dark ‘lath-like’ features overlap in 
some regions, have no sharp edges, and have a diameter of 
about 10 nm and a spacing of about the same size from each 
other. This arrangement has been interpreted in Shumilova 
et al. (2011) as a coherent superlattice-like structure, and 
the SAED pattern shown in Fig. 1c was attributed to a 3C 
diamond–2H diamond two-phase composite.

To avoid introducing own bias in the here described re-
analysis of the SAED patterns by preselecting some struc-
tural data, it was mainly carried out with the program SAED 
Extension V1.3 included in the ICDD PDF-5 + database 
(Kabekkodu 2024). The within this re-examination used 
camera constants for the employed FEI Tecnai F20 and Jeol 
2000FX-II TEMs were recalculated from reference patterns 
of gold that were recorded at the time of the investigations. 
Refined lattice parameters from calibrated SAED patterns 
were obtained by help of the programs UnitCellSAED (Wei-
rich 2025) and UnitCell (Holland and Redfern 1997).

Re-assessment for the SAED pattern of an ascribed 
monophase monocrystalline 2H diamond

The first pattern in question in Fig. 1a was analysed with the 
program SAED Extension to search the ICDD PDF database 
for identifying the most likely carbon phase and it´s corre-
sponding zone axis orientation. A by SAED Extension pro-
vided quality parameter (FOM, figure of merit) for each hit, 
that values the agreement between the calculated and the 
user-defined experimental lattice, was employed to identify 
the most probable phases from the list of possible solutions. 
A list of 76 carbon-only structures was obtained for the pat-
tern shown in Fig. 1a, with an allowed deviation of 5% in 
d-spacing and 3° in the angle of the user-defined 2D cell. 
Aside some unusual and unlikely carbon phases with primi-
tive cubic, orthorhombic or trigonal lattices (which all do 
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not match the whole geometry of the experimental SAED 
pattern) there were only 2H graphite (space group P63/mmc) 
and 3C diamond (space group Fd-3 m) in the list, but no 2H 
diamond (space group P63/mmc). The latter is readily iden-
tified in the ranking list as the hexagonal 2H diamond phase 
has a lattice parameter c of approximately 4.1 Å, whereas 
the majority of the entries in the database for synthetic 2H 
graphite have a c-axis of around 6.7 Å. However, the most 
compatible match for the defined lattice with a FOM of 55 
was found for zone axis [1 −1 −1] of a 2H graphite with lat-
tice parameters a = 2.5714 Å, c = 6.8382 Å (PDF# 04-020-
4354). The latter material is a product from high-pressure 

solid-state metathesis (HPSSM) synthesis at 1873 K and 5 
GPa (Lei et al. 2013) and hence not unlikely as ultra-high-
pressure metamorphic (UHPM) events have been associated 
with the recovering site (Dobrzhinetskaya et al. 2006). For 
the history and details on this research, the reader is referred 
to Dobrzhinetskaya et al. (2022). In striking contrast to this 
result, the best match for 3C diamond had a FOM value of 
150 (PDF# 01-079-6061, a = 3.577 Å) for the [0 1 −1] ori-
entation. Both suggested solutions are presented as overlays 
on the experimental SAED pattern in Figs. 2a, b. As Shu-
milova et al. did not specify a zone axis for the proposed 
2H diamond phase in their report, the indices labels 101 and 

Fig. 1  Full-scale SAED patterns 
(inverted contrast) in a, c and TEM 
bright-field images in b, d that 
were used in the original article of 
Shumilova et al. (2011). The SAED 
pattern in a has been attributed by 
the authors to a monophase, mono-
crystalline 2H diamond crystallite 
and the pattern in c to a two-phase 
3C–2H diamond composite (Image 
Source: GFE TEM Archive)
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for the SAED pattern from an ascribed two-phase 3C-2H 
diamond particle" carried out tests for the 2H diamond 
phase with the second SAED pattern (Fig. 1c). As indicated 
already by the very different FOM values and confirmed by 
visual comparison too, the solution found for 2H graphite 
in Fig. 2a is the most likely one as its best matches with the 
experimental pattern geometry among all items listed as pure 
carbon phases in the PDF5 + database. In contrast, the simu-
lated pattern for 2H diamond in Fig. 2c shows significant 
mismatches regarding spot positions and the 2D reciprocal 
cell angle. This is perhaps also the reason why SAED Exten-
sion has failed to find a solution for hexagonal diamond. 

100 provided by the earlier authors, were used to determine 
the corresponding zone axis. The therefrom calculated [010] 
zone axis orientation represents however, a rectangular 
reciprocal lattice cross-section, that is not compatible with 
the experimental SAED pattern. Since SAED Extension also 
failed to find a solution for 2H diamond, a trial-and-error 
search was carried out to find the zone axis with the closest 
geometric match. This approach led finally to the in Fig. 2c 
shown [0–11] orientation. The data used for simulation of 
the 2H diamond pattern were taken from PDF-file # 04-016-
6276 (P63/mmc, a = 2.5239 Å, c = 4.1213 Å) since this was 
the best-found agreement for the in Sect.  "Re-assessment 

Fig. 2  Results from processing 
the SAED pattern from Fig. 1a 
with SAED Extension (ICDD 
PDF5 + database, (Kabekkodu 
2024)). As seen in a, the best 
match with the experimental pat-
tern for carbon only phases were 
obtained for a HP 2H graphite 
(PDF# 04-020-4354, P63/mmc, 
a = 2.5714 Å, c = 6.8382 Å) with 
zone axis [1 −1 −1]. For compari-
son, Figure b shows the best match 
for 3C diamond (PDF# 01-079-
6061, Fd-3 m, a = 3.577 Å) with 
zone axis [0 1 −1]. The overlay 
for 2H diamond in c is the result 
of a trial-and-error search as the 
database search yielded no result 
for this phase due to the large 
deviations with experiment. The 
data for the latter were taken from 
PDF-file # 04-016-6276 (P63/
mmc, a = 2.5239 Å, c = 4.1213 Å). 
As described in the main text, at 
a later stage SiC phases were also 
checked by a PDF5 + database 
search. The one and only result 
of this search yielded a HP phase 
of cubic SiC (PDF-file # 04-006-
7620, Fm-3 m, a = 3.684 Å). The 
corresponding overlay for the 
found match is shown in d. As 
clearly visible, the match of the 
calculated pattern geometry for 
cubic SiC is very good and, with a 
FOM value of 4, about an order of 
magnitude better than found for the 
HP phase of 2H graphite in a. The 
refined lattice parameter for the 
F-cell in d is a = 3.696(4) Å. Kine-
matical forbidden diffraction spots, 
which commonly appear in SAED 
patterns, are marked with stars

 

1 3

   30   Page 4 of 12



Physics and Chemistry of Minerals           (2025) 52:30 

in lattice parameter is the reason for the poor FOM received 
with the SAED Extension program. To confirm that the 
SAED data had not been collected in error, the analysis was 
repeated using another pattern from a different thin crystal 
in the same sample that had the same appearance and mor-
phology, as well as the same orientation. The refined lattice 
parameter found for this crystal was a = 3.709 ± 0.005  Å, 
which confirmed the earlier obtained result. A subsequent 
search in the PDF5 + database for a material with this lattice 
parameter suggested (among other phases) cubic HP silicon 
carbide SiC (PDF-file # 04-006-7620, Fm-3m, a = 3.684 Å, 
(Yoshida et al. 1993)) as the most likely phase. This phase 
was considered as likely since SiC has earlier been approved 
to be present in related samples (Dobrzhinetskaya et al. 
2022; Tretiakova and Lyukhin 2017). Processing of the pat-
tern in Fig. 1a with SAED Extension, and focusing strictly 

Based on this result, it must be concluded that the in Fig. 1b 
shown particle is with high probability 2H graphite and less 
likely cubic diamond, but definitely not 2H diamond, as 
claimed in Shumilova et al. (2011). This result is, however, 
based on the assumption that the investigated crystal is truly 
composed only of carbon. In order to exclude the possibility 
that the investigated crystal is a stressed and distorted 3C 
diamond, a lattice parameter refinement with the UnitCell 
program (Holland and Redfern 1997) was carried out for a 
cubic lattice. The latter yielded a = 3.696 ± 0.004 Å from 26 
d-spacings determined from the SAED pattern, which is sig-
nificantly larger than for the approved 3C diamond in Fig. 3. 
Furthermore, the small standard deviation obtained for the 
refined lattice parameter is not consistent with a distorted 
cubic lattice. Though there exists a good agreement in the 
basic pattern geometry for < 011 > 3C diamond, the mismatch 

Fig. 3  SAED < 011 > pattern in a 
and corresponding TEM bright-
field image in c from a verified 
cubic microdiamond that was 
investigated by the present author 
during a 2006 measurement cam-
paign on samples from the Kum-
dykol diamond deposit (sample 
provided by T. Shumilova). The 
overlay of rings around the diffrac-
tion spots in the pattern in b marks 
the positions of 18 diffraction spots 
that have been used for lattice 
parameter refinement with the pro-
gram UnitCell (Holland and Red-
fern 1997) to verify the nature of 
the material by its lattice parameter 
(a = 3.577 ± 0.005 Å). Note, that the 
kinematical forbidden diffraction 
spots (marked with stars) do not 
appear in the kinematical simulated 
overlay in Fig. 2b
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HP-SiC is indeed the correct solution, though this remains a 
highly speculative postulation at present, it is, based on the 
currently available data, impossible to determine whether 
this phase is a valid component of the sample and maybe a 
potential ‘signature’ for an impact event as proposed in Tre-
tiakova and Lyukhin (2017), or whether it is a contamina-
tion. For more on the issues with SiC in recovered samples, 
readers may refer to Dobrzhinetskaya et al. (2022) who dis-
cuss this matter in detail.

Re-assessment for the SAED pattern from an 
ascribed two-phase 3C-2H diamond particle

Analysis of the second SAED pattern shown in Figs.  1c 
and 4a with the program SAED Extension, revealed that the 
geometric arrangement of the diffraction spots is compatible 
with 2H graphite and 2H diamond, thus the earlier approach 
of using the FOM value to distinguish between different 
phases proved unreliable. Figure 4b, c illustrate this situa-
tion by showing overlays of the simulated SAED patterns for 
the geometric matches of [001] 2H graphite (PDF# 04-020-
4354, a = 2.5714 Å, c = 6.8382 Å), [001] 2H diamond (PDF# 
04-016-6276, P63/mmc, a = 2.5239  Å, c = 4.1213  Å), and 
for the strong diffraction spots of [111] 3C diamond (PDF# 
01-079-6061, Fd-3m, a = 3.577 Å). It should be noted that 
the 2H graphite phase with a lattice parameter of a = 2.57 Å 
is identical to the phase that was previously identified as a 
potential solution for the SAED pattern in Fig. 1a. For com-
parison, regular graphite has a much smaller lattice param-
eter of approximately 2.46 Å (PDF #00-056-0159) (Howe 
et al. 2003). To investigate this issue further and determine 
which phase (2H graphite or 2H diamond) contributed to 
the diffraction pattern shown in Fig. 4a, additional SAED 
patterns were used from the same TEM measurement cam-
paign and analysed. This procedure involved first defining 
and determining the dimensions and angles of the 2D recip-
rocal unit cell manually and then processing these patterns 
with the SAED extension program. For each SAED pattern, 
the with SAED extension calculated kinematic pattern of 
the most closely match of 2H graphite and 2H diamond are 
shown in the supplementary material section (Figures SM-1 
to SM-6). A subsequent evaluation of the SAED patterns, 
with an almost ideal cell angle of 60° in reciprocal space, 
yielded an average value of 2.536 ± 0.025 Å for the a-axis 
and γ = 119.9(1)° for the 2D projected cell in real space. Two 
more diffraction patterns (SM-5 and SM-6) with shorter cell 
axes showed cell angles that significantly deviated from 
120° (see Table SM-1). As these are results from data mea-
sured with two different TEM´s on the same samples, the 
larger values observed for the a-axis are considered real. 
However, to the present author’s knowledge, no other study 
has reported graphite with such large unit cell parameters, 

on Si–C compounds, yielded again only the aforementioned 
phase, with a nearly perfect lattice match and a FOM value 
of 4 (Fig.  2d). Contrary to the statement in the report by 
Shumilova et al. (2011) that the elemental composition of 
the particles had been verified by energy dispersive X-ray 
spectroscopy (EDXS), the present author was unable to link 
one of the few EDX spectra in the TEM archive with these 
crystals. This prevented post-mortem verification of the 
suspected chemical composition. Nevertheless, the striking 
morphologies of this particle, with thickness fringes up to 
the center region, differs significantly from that of the other 
constituents found in these samples, particularly all the par-
ticles identified as containing carbon only (see Fig.  3 for 
example). Assuming the validity of the assumption that a 

Fig. 4  The SAED pattern in ahas been originally identified as a two-
phase 3C–2H diamond particle by Shumilova et al. (2011). As shown 
by the simulation of kinematic SAED patterns, this interpretation dis-
regarded the fact that the geometry of the diffraction pattern is also 
compatible with [001] 2H graphite (PDF# 04-020-4354) in b, which 
matches with all positions of the experimental diffraction spots like 
2H diamond (PDF# 04-016-6276) in (c). For comparison with a the 
simulated diffraction pattern for 3C diamond (PDF# 01-079-6061) 
along [111] is shown in d, which matches the strong diffraction spots 
only. This allows interpretation of the pattern in a as a topotactic inter-
growth of 2H graphite and 3C diamond with the orientation relation-
ship {001}2H G || {111}3C and [001]2H G ||< 111 > 3C. Similar intergrowth 
structures has been observed by Garvie et al. (Garvie et al. 2014) and 
are known as ´diaphite´ (Németh et al. 2020) (see main text)
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a lattice parameter similar to that found for the HP-phase 
PDF# 04-020-4354 (a = 2.5714 Å, c = 6.8382 Å). Therefore, 
it can be postulated that both sp3 and sp2 bonded polytypes, 
in differing proportions, can be utilised to correspond with 
the experimental SAED patterns. This finding is consistent 
with the (unproven) claim of Shumilova et al. (2011), who 
reported the presence of three-phase aggregates of lonsda-
leite (2H diamond) monocrystals with cubic 3C diamond 
and 2H graphite in the samples. However, the latter links 
with another likely interpretation of the SAED pattern in 
Figs. 1c and 4a, respectively, which assumes a composite 
or intergrowth of 2H graphite and 3C diamond with the 
topotactic orientation relationship {001}2H G || {111}3C and 
[001]2H G ||< 111 > 3C. Similar intergrowth structures with 
the same relationship has also been observed by Garvie et 
al. (2014) in HRTEM images of material from the Gujba 
meteorite and are known as ‘diaphite’ (Németh et al. 2020). 
Furthermore, such 2H graphite–3C diamond intergrowths 
are also commonly found as inclusions in natural dia-
monds (Harris 1972; Harris and Vance 1972; Glinnemann 
et al. 2003) and were recognised by Tretiakova & Lyukhin 
(2017) as an indicator that the Kumdykol diamond-bearing 
deposit has been formed as the result of a comet impact 
that led to the formation of symplectite-like 2H graphite–
3C diamond intergrowths and 3C diamond crystals coated 
with 2H graphite rims. Other researchers (Korsakov et al. 
2010) have also suggested that the thick 2H graphite coat-
ings (sometimes larger than 100 µm) found around diamond 
crystals likely formed during the final stages of ultra-high-
pressure (UHP) conditions.

Nevertheless, as can be seen from the above discussion, 
the interpretation of this type of SAED patterns, and in 

except for the one in the aforementioned high-pressure 
study (Lei et al. 2013). However, unit cells with nearly this 
a-lattice parameter are reported for 2H diamond and have 
been proposed by Ownby et al. (1992) for a 4H (PDF# 
00-050-1082, P63/mmc, a = 2.522  Å, c = 8.237  Å) and an 
8H polytype (PDF# 00-050-1084, P63/mmc, a = 2.522  Å, 
c = 16.474  Å). The latter 8H polytype, but with a smaller 
lattice parameter, was later experimentally verified by Wang 
et al. (Wang et al. 2008) and is a composite structure with 
25% 2H and 75% 3C diamond (PDF# 00-061-0282, P63/
mmc, a = 2.479 Å, c = 16.300 Å). As the overlay of the cal-
culated pattern intensities for [001] 2H diamond in Fig. 4c 
does not appear to be compatible with the whole pattern, 
the simulated patterns for the two calculated polytypes of 
Ownby et al. appear to match the observed SAED pattern 
very well geometrically and in terms of their intensity distri-
bution, as demonstrated in Fig. 5b for the 4H polytype struc-
ture. This interpretation is in line with Smith et al. (2011), 
who concluded from an extended analysis of Raman spec-
tra, that Kumdykol diamonds are predominantly composed 
of mixtures of several sp3-bonded polytypes (3C, 2nH). As 
illustrated in the supplemental material, all experimental 
SAED patterns under consideration align within the same 
category of structures with respect to pattern geometry. 
However, a distinguishing feature are the varied intensity 
distributions of the diffracted spots, which in most cases 
cannot easily be assigned to a single structure or polytype. 
As demonstrated by the simulated SAED patterns presented 
in figure SM-7, it is also not restrictive for the interpreta-
tion to assume exclusively sp3 bonded carbon polytypes, 
since matching patterns can also be obtained with (hypo-
thetical) defect or disordered sp2 bonded 2H graphite with 

Fig. 5  SAED pattern from Fig. 4 in 
a and pattern of the theoretical pro-
posed hexagonal 4H polytype of 
carbon (Ownby et al. 1992) in pro-
jection along the principal c-axis 
in b. It is important to note that 
the pattern simulation for the 4H 
polytype (PDF# 00-050-1082, P63/
mmc, a = 2.522 Å, c = 8.237 Å) and 
the 8H polytype (PDF# 00-050-
1084, P63/mmc, a = 2.522 Å, 
c = 16.474 Å) yielded apparently 
identical results, so only the pattern 
for the 4H polytype is shown here. 
As the overlay of the calculated 
pattern intensities for [001] 2H dia-
mond in Fig. 4c does not appear to 
be compatible with the whole pat-
tern, the simulated pattern for the 
4H polytype matches the observed 
SAED pattern very well geometri-
cally and in terms of their intensity 
distribution (see discussion in the 
main text)
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Re-assessment of the experimental EEL 
spectrum

In Fig. 2 of their original publication, Shumilova et al. pres-
ent three carbon K-edge electron energy-loss (EEL) spectra. 
These include reference spectra for hexagonal 2H graphite 
and 3C diamond (both taken from the online database eelsdb.
eu), as well as one experimental spectrum recorded using 
the FEI Titan 80–300 STEM transmission electron micro-
scope at the ER-C, Jülich Research Centre (Ernst Ruska-
Centre 2016). As with the Raman and EDX spectra shown, 
the report in Shumilova et al. (2011) contains no additional 
information, such as TEM images or SAED patterns, that 
would enable the origin of the presented experimental EEL 
spectrum to be related to a specific particle. Nevertheless, 
as the experimental spectrum lacked the prominent π* peak, 
which is characteristic for sp2-bonded carbon, the authors 
concluded that the spectrum was indicative for the 2H dia-
mond structure.

For the purpose of re-assessment, the EELS data pre-
sented in Shumilova et al. (2011) were first reconstructed as 
XY-pixel values from the enlarged Fig. 2 and then calibrated 
according to the provided energy-loss scale (see Fig.  6a). 
To allow comparison with the calculated carbon K-edge 
EEL spectrum for 2H diamond in Sato et al. (2012); Sato 
et al. 2016), these data were also reconstructed using Fig. 3 
in Sato et al. (2016) (see Fig.  6b). As shown in Fig.  2 in 
Sato et al. (2016), the calculated EEL spectrum corresponds 
very well with the measured experimental spectra from 
2H diamond (spectrum P1). Thus, the calculated spectrum 
is considered here as a valid reference for hexagonal 2H 
diamond. Figure 6c shows a corresponding overlay of the 
reconstructed EEL spectra for the verified 2H diamond and 
the data from Shumilova et al. (2011).

As a complementary reference, Fig.  7a shows an EEL 
spectrum collected by this author in 2006 from a verified 
3C diamond crystal, originating from the Kumdykol dia-
mond deposit (the SAED pattern and the corresponding 
TEM bright-field image are shown in Figs.  3a, c, respec-
tively). Figure  7b shows an overlay of the collected EEL 
spectrum with the reconstructed spectrum from Shumilova 
et al. (2011).

A visual comparison of the two overlay images in 
Figs.  6c and 7c reveals that the match of the experimen-
tal EEL spectrum published in Shumilova et al. (2011) is, 
despite a minimal shift on the energy-loss scale, much bet-
ter for 3C diamond (sample P19) than with the calculated 
spectrum for 2H diamond. This finding indicates that the 
EEL spectrum presented by Shumilova et al. is very likely 
from 3C diamond and not from 2H diamond. This argument 
is further strengthened by comparing the calculated EEL 
spectrum for 2H diamond with a spectrum obtained from 

particular the one shown in Figs. 1c and 4a, is not unique, 
and the currently available experimental data with only one 
crystallographic projection do not allow a definitive con-
clusion to be drawn as whether the particle in Fig. 1d is a 
diaphite made of 2H graphite and 3C diamond (Németh et 
al. 2020), or if it is an even more complex mixture of poly-
types, as suggested by Smith et al. (2011).

Fig. 6  Extracted EEL spectrum from Shumilova et al. (2011) of a par-
ticle in the Kumdykol deposit in a and the extracted simulated EEL 
spectrum for hexagonal 2H diamond from Sato et al. (2016) in b. The 
overlay of both spectra in c reveals significant differences in shape 
between the two. This finding strongly implies that the particle inves-
tigated from the Kumdykol deposit is not from a crystal with a 2H 
diamond structure, as it was claimed by Shumilova et al. (2011)

 

1 3

   30   Page 8 of 12



Physics and Chemistry of Minerals           (2025) 52:30 

been extracted from Shumilova et al. (2011). After careful 
consideration of all the relevant details, it can be concluded 
with a high degree of certainty that the EEL spectrum pre-
sented by Shumilova et al. belongs to 3C diamond and not 
to 2H diamond.

Summary and Conclusion

The re-evaluation of the experimental data used by Shu-
milova et al. (2011) yielded the following results.

	● The geometric and intensity-based re-analysis of an 
SAED pattern that has been earlier interpreted as mono-
crystalline 2H diamond reveals that the pattern fits far 
more convincingly with a high-pressure form of 2H 
graphite than with any plausible orientation of hexago-
nal 2H diamond. Even the simulated diffraction pattern 
for 2H diamond that comes closest to the experimental 
pattern fails to adequately reproduce the true geometry. 
Thus, this finding proves the earlier made interpreta-
tion as monocrystalline 2H diamond as extremely un-
likely. However, it should be noted that the geometry 
of the SAED pattern in question matches remarkably 
well with the lattice structure of silicon carbide in its 
cubic high-pressure form (PDF file #04-006-7620). 
Moreover, judged from TEM bright field images, this 
species appears nearly defect-free and is characterised 

material found at the Tunguska impact site (Kvasnytsya et 
al. 2013). In this case, the close similarity of the two EEL 
spectra shown in Fig. 8 does indeed allow speculation about 
the presence of 2H diamond in the sample. A particularly 
prominent feature common to both spectra is the continuous 
decrease in intensity following the initial maximum. How-
ever, for 3C diamond, a pronounced secondary (V-shaped) 
bandgap between two σ* states of almost equal intensity at 
approximately 298 eV and 305 eV exists (see Fig. 7a). This 
characteristic feature of 3C diamond is also clearly visible 
in the experimental EEL spectrum shown in Fig. 6a that has 

Fig. 8  A comparison of the reconstructed EEL spectrum of a particle 
described as lonsdaleite from the Tunguska impact site (Kvasnytsya et 
al. 2013) with the calculated spectrum for hexagonal 2H diamond from 
Sato et al. (2016) shows a much higher similarity than in Fig. 6c. Nota-
bly, the gradual decrease in intensity following the initial peak, accom-
panied by three sub-maxima, is a common feature. This feature of a 
continued decrease in intensity is clearly not observable in the experi-
mental EEL spectrum shown in Fig. 6a. Therefore, it is unlikely that 
the recorded spectrum presented in Shumilova et al. (2011) is related 
to the 2H diamond structure. The unusual pre-edge EELS feature at 
around 285 eV in the energy-loss spectrum of the particle recovered 
from the Tunguska site indicates a diaphite interface, as has also been 
observed in Murchison nanodiamonds (Németh et al. 2021)

 

Fig.  7  The EEL spectrum in a was recorded from the verified 3C 
microdiamond shown in Fig. 3, that was found in a sample from the 
Kumdykol deposit (FEI Tecnai F20 with Gatan GIF2000, acquisition 
mode: parallel dispersive, illumination mode: TEM, exposure time: 4 s, 
dispersion: 0.1 eV/channel, Zero-loss FWHM: 0.9 eV, sample name: 
‘D4’, object identifier: ‘P19’). Overlaying this with the reconstructed 
experimental EEL spectrum from Fig. 6a shows the close similarity 
in intensity of the two spectra. It should be noted, that both spectra 
show a distinct V-shaped bandgap between the nearly equal height σ* 
states at approximately 298 eV and 305 eV. This feature is a charac-
teristic fingerprint for the 3C diamond structure and thus indicates that 
the spectrum from Shumilova et al. (2011) is from 3C diamond and 
not from 2H diamond. The origin of the visible small energy shift of 
approximately 1 eV between the two spectra could not be resolved, 
as the original data used in reference (Shumilova et al. 2011) were 
unavailable for this reassessment. Reasons for the shift may include 
spectrum drift during acquisition (which can occur during beam scan-
ning in a STEM), inaccurate calibration of the energy scale, or minor 
errors introduced during reconstruction from the published figure
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