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Introduction

Among all precious stones fancy coloured
diamonds represent a small but very interesting
part. Recent international auction prices for

top quality fancy pink diamonds have reached
USD5 million per carat. Pink diamonds rarely
occur in nature so there are also lab grown and

colour treated pink diamonds on the market.
Characterisation of natural pink diamond
properties is helpful for separating natural

pink diamonds from their synthetic and treated
analogues. Also, there are theories in literature
that pink diamonds have features that can tell
their geographic origin. Pink diamonds were found
in many deposits including Argyle (Australia),
Southern India (Golconda area), Brazil (Minas
Gerais), Tanzania (Williamson mine), Indonesia
(Borneo), Venezuela and South Africa (Premier/
Cullinan mine) (Gaillou et al., 2010). Apart from
that there are findings of pink diamonds in Siberia
(Internationalnaya pipe, see for example Yuryeva
et al., 2020), at the Anabar shield, and at the
Lomonosov deposit in Arkhangelsk region.

The set of faceted natural pink and purple
diamonds was studied at MSU Gemmological
Center. These diamonds were mined in Siberia and
Arkhangelsk region and have documented origin.
Diamond bearing fields in Siberia and Arkhangelsk
region belong to different geological structures:
Siberian craton and Baltic shield (Fig. 1). We will
report here properties revealed under our study
and discuss these properties in comparison to
other pink diamond features reported in the
existing literatures.

Materials and Methods

In this study we examined 33 natural faceted
pink diamonds that were submitted to the MSU
Gemmological Center. Regarding geographic
origin, most pink diamonds are related to

2024 Volume XLV

https://zz1.co/ZBVIZ & http://www.gahk.org/en/journal.asp 80



Proterozoic
shields/cratons

Proterozoic shield
~Jborders
Areas related to
pink diamond sources
Yakutian diamond

—|bearing province
Symbols:

1- Lomonosov deposit

near Arkhangel'sk (Severalmaz)
2 - Alan alluvial deposit,
Anabar area

3 - Other Yakutian diamond mines
LY

Fig. 1 Simplified scheme of pink diamond sources that are located in two different geological structures: Baltic shield and

Siberian craton. Modified after Marshak, 2005.
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Yakutian diamond bearing province (22 of 33

pink diamonds), the rest of them come from the
Lomonosov deposit of Arkhangelsk region (6 of 33
pink diamonds) and the Alan alluvial deposit in the
Anabar area (5 of 33 pink diamonds). The mass
of these samples vary from 0.16 to 0.50 ct, their
shape ranges from cushion (21 pcs), oval (7 pcs),
or pear (4 pcs), to round (1 pc). Gemmological
properties of all samples are shown in Table 1.
Our laboratory has graded the colour of all these
diamonds and performed measurements of
UV-Vis-NIR absorption, IR transmission,

PL (photoluminescence) spectra, and Raman
scattering of the inclusions.

Colour grades are varied from Faint Pink to Fancy
Deep Purplish Pink, most of these diamonds have
a purple body colour and in some cases pink.

The pink diamonds examined have brown, pink,
purple colour modifiers. Modifying colours such as
orange, purple, and brown are common in pinks.
Grey is also seen as a colour modifier, but rarely.
The saturation varies from Faint Pink to Fancy
Vivid Pinkish Purple. Fig. 2 illustrates the variety
of colours seen in pink diamonds from different
locations examined in this study: ranging from
pink through purplish pink and with some bearing
brownish tint. Most of our samples have “none”
fluorescence grade, and only two are graded as
“faint”.

Table 1 Gemmological properties of samples under study.
Yak - Yakutia; Alan - Alan, Anabar; Lom - Lomonosov mine,
Severalmaz.

WFFERE i 1) 8 0 B
Ref Mass |Shape |Colour Clarity | Fluor
(ct)

Yak 01 |0.21 |RD Deep 11 NONE
Purplish Pink

Yak 02 |0.21 |PS Fancy Si1 NONE
Purplish Pink

Yak 03 |0.31 |OV Fancy Purple |SI1 NONE

Yak 04 [0.16 |CUSH |Vivid 11 NONE
Pinkish Purple

Yak 05 |0.21 |CUSH |[Fancy SI1 NONE
Purplish Pink

Yak 06 |0.22 |CUSH |Fancy SI2 NONE
Purplish Pink

Yak 07 |0.22 |CUSH |Intense Purple |SI2 NONE

Yak 08 |0.22 |CUSH |Intense SI2 NONE
Purplish Pink

Yak 09 |0.22 |CUSH |Intense Purple (11 NONE

Yak 10 |0.20 |CUSH |Intense 11 NONE
Pinkish Purple

Yak 11 |0.21 |CUSH |Intense Purple |12 NONE

Yak 12 |0.28 |CUSH |Fancy VS1 NONE
Pink Purple

to be con’t next page

81 https://zz1.co/ccOll & http.//www.gahk.org/tc/journal.asp

The Journal of the Gemmological Association of Hong Kong



continue to previous page

Ref Mass |Shape | Colour Clarity | Fluor Ref Mass |Shape |Colour Clarity | Fluor
(ct) (ct)

Yak 13 |0.28 |CUSH |Intense Si1 NONE Lom 02 |0.31 |PS Fancy VS1 [NONE
Purplish Pink Purplish Pink

Yak 14 |0.23 |CUSH |Deep Si1 NONE Lom 03 |0.24 |0V Fancy Si1 NONE
Purplish Pink Brownish Pink

Yak15 |0.31 |CUSH |Fancy Purple [SI1 NONE Lom 04 |0.39 |0V Faint Pink VVS2 |FENT

Yak 16 |0.30 |CUSH |Fancy 11 NONE Lom 05 |0.50 |OV Fancy SI2 NONE
Pinkish Purple Brownish Pink

Yak 17 |0.35 |CUSH |[Fancy SI2 NONE Lom 06 |0.32 |CUSH |[Fancy VVWS2 |[NONE
Pinkish Purple Brownish Pink

Yak 18 |0.30 |CUSH [Intense Purple |11 NONE Alan 01 |0.40 |[PS Fancy Purple |VS2 NONE

Yak 19 |0.31 |CUSH [Intense Purple |11 NONE Alan 02 |0.23 |0V Fancy Light VS2 NONE

Purple
Yak 20 (0.31 |CUSH |Faint Pink 11 NONE P
Alan 03 |0.31 |0V Intense VVS1 [NONE

Yak 21 |0.33 |CUSH |Fancy Purple |I1 NONE Brownish Pink

Yak22 |0.31 |CUSH |Fancy 11 NONE Alan 04 |0.35 [0V [Fancy VWS2 |FNT
Pinkish Purple Brownish Pink

Lom 01 |0.23 |PS Fancy SI2 |NONE Alan 05 [0.28 |CUSH |Fancy SI1 |NONE
Brownish Pink Brownish Pink

e

Fig. 2 Pink and purple diamond samples used for this study: Lomonosov mine, Severalmaz (upper row), Alan, Anabar (middle
row), and Yakutia (bottom row). Size range is from 0.16 ct to 0.50 ct. Colour grades: from Faint Pink to Fancy Vivid Pinkish
Purple. FOV 45 mm. Photo by loanna Kirillina.
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UV-Vis-NIR spectra were recorded at room FTIR transmission spectra were collected from

temperature with an Ocean Optics QE65000 8000 to 500 cm™ range using a Bruker ALPHA
spectrometer with FOIS-1 integral sphere and spectrometer using 2 cm™ resolution, 32 scans, at
HL-2000-HP light source, with 400-1000 nm room temperature.

spectral range, using a 50 um slit, 1 second
exposure and averaging the results over 50 scans.

Fig. 3 The most common microscopic features of pink diamonds from this study as elaborated in next page: 1 - colour zoning
and internal graining (Yak 17), FOV 2 mm; 2 - external graining lines at the crown and pavilion facets (Lom 02), FOV 4 mm;

3 and 4 - this diamond shows anomalous birefringence that is viewed through crossed polarizers (right), indicating that the
lattice has been distorted due to plastic deformation (Yak 19), FOV 7 mm; 5 - a cloud under the table (Yak 11), FOV 8 mm;

6 - several inclusions with cracked halos (identified with micro-Raman as a mineral from pyroxene-omphacite group) (Yak 06),
FOV 2 mm. Photo by Oliga Yarapova.

A8 B A AT S POy AL S S SO BOBLARRI < 1 - BRI I BB (Yak 17) » FOV 2 mm 5 2 - 76 B 55 8 20 1 1y A1
BFLAR (Lom 02) » FOV 4 mm 5 3H14 - B IEAMRIR A () B > B0 SR AU B 90T > BUR GhA% I PS5 )
Hill (Yak 19) » FOV 7 mm 3 5 - 510 T BIZARY (Yak 11) > FOV 8 mm 5 6 - S #5450 Bl i RS (M Bk
7 AR M RIS ) (Yak 06) » FOV 2 mm ©
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PL spectra were collected from Aurora Diamond
Inspector S1 at liquid nitrogen temperature

(~77 K) using excitation wavelength of 365 nm,
390 nm and 520 nm at 365-1000 nm, 390-1000
nm and 520-1000 nm ranges respectively. Also,
for 18 samples PL spectra were recorded at liquid
nitrogen temperature (~77 K) on an EnSpectr
R532 Raman spectrometer with excitation laser
wavelength of 532 nm, laser power 30 mW

over the 365-900 nm range. PL images were
collected from Aurora Diamond Inspector V1 at
room temperature using UV lamps with excitation
wavelengths of 365 nm (long-wave UV), 254 nm
(short-wave UV) and 220 nm (Deep UV).

Raman spectra of inclusions and some
photomicrographs were collected using EnSpectr
R532 Raman spectrometer with excitation laser
wavelength of 532 nm, laser power 30 mW over
the 400-4000 nm range with Olympus BX-53
optical attachment and digital camera.

Microscopic Features

Most of the examined pink and purple diamonds
have microscopic features that are typical for
natural pink diamonds. They are shown on

Fig. 3 of the previous page. Aimost every pink or
purple diamond has classical features which are
consequences of stress and plastic deformation:
internal and external graining, anomalous

415

ABSORPTION

0 350 400 450 500

birefringence under crossed polarisers, colour
zoning. Some of our samples have fissures (cracks)
and inclusions with cracked halos. The clarity

of these samples was graded within VVS1 to 11
range. More details about mineral inclusions
identified using Micro-Raman spectroscopy can be
found below in the part of “Inclusions and
Micro-Raman Spectroscopy”.

UV-Vis-NIR Absorption Spectra

The optical absorption spectra were recorded

for all 33 samples. All the diamonds examined
showed common N3 absorption with 415 nm zero
phonon line and broad absorption band with a
maximum near 550 nm that contributes to the
pink colouration. Considering similarities and
differences of data obtained it was logical to divide
all spectra into 3 types (examples are represented
on Fig. 4): 1) 415 nm and 550 nm absorption
bands are relatively similar to each other by
intensity of absorption and clearly displayed

on the spectrum; 2) 415 nm is more intensive
than 550 nm absorption band or 550 nm line is
weak; 3) 415 nm is more intensive than 550 nm
absorption band and in between them we can see
a broad absorption band at 480 nm that usually
attributed to brown modifier in pink and purple
diamonds. The more intensive absorption bands
are on an optical spectrum, the brighter purple
colour is observed in a diamond (Fig. 5). As it was

600 650 700 750 800

WAVELENGTH (nm)
Fig. 4 UV-Vis-NIR spectra of 3 types of pink and purple diamonds: 1 - Fancy Pink Purple (Yak 12); 2 - Faint Pink (Lom 04);

3 - Fancy Brownish Pink (Alan 04).

SRR AL A0 A58 (0 8 A A SRAMIR-TT DB ALAMIER, © 1 - RHALEE A (Yak 12) 5 2 - BOHALE (Lom 04) 5 3 - BABALA

(Alan 04)
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Fig. 5 Correlation of UV-Vis-NIR absorption spectra and colour intensity of pink and purple diamonds. Colour grades and
locations: Fancy Light Purple (Alan 02); Fancy Pinkish Purple (Yak 16); Fancy Purple (Alan 01); Intense Purple (Yak 18);

Vivid Pinkish Purple (Yak 04).
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described and proved before, the colouration of
pink and purple diamonds strongly correlates

with intensity of 550 nm absorption band (Hofer,
1985). Regarding nitrogen centres, a 415 nm
absorption band is related to the presence of N3
defects. There are absorption windows in most

of samples between N3 and 550 nm absorption.
The visible colours are results of superposition

of absorption bands and absorption windows.
These superpositions are quite individual for each
sample and this explains broad varieties of visible
colours for all diamonds under study. There is not
any spectral feature that can explain why pink hue
dominates in one part of diamonds and purple
hue in another part. According to prior reports
purple diamonds has 550 nm band shifted slightly
towards longer wavelengths (see Eaton-Magana et
al, 2020) although our results do not support that
statement.

IR Spectra

Total content of nitrogen Ny calculated on the
base of IR spectra is 600 - 800 ppm, reaching
1200 ppm for a few samples. Hydrogen related
peak 3107 cm™ was found in 19 samples. This
peak is attributed in literature to the N3VH centre.
According to IR spectra all samples can be divided
into two groups: with and without 3107 cm™ peak
(see sample spectra at Fig. 6 in next page). This

peak is not correlated with other centres visible in
IR spectra and does not influence on colour. But
the total percentage of diamonds with hydrogen
related 3107 cm™ peak in much higher than for
colourless diamonds.

All diamonds are found to be laA type with
prevalence of A centres. Fig. 7 in next page
shows the degree of nitrogen aggregation from

A centre (two nitrogen atoms) to more complex
aggregates including B centres (four nitrogen
atoms plus vacancy) and other aggregates such
as H3 or N3, that are not detectable with IR.
Nitrogen aggregation degree is O - 21%. At the
same time samples have relatively high (for this %
B) platelets absorption 8 - 12 cm™, that suggests
active transformation of nitrogen defects. Usually,
platelets are formed due to A to B centres
transformation.

The plots for A centres versus B centres
concentration are used in previous studies of
pink and purple diamonds (Eaton-Magana at al,
2020). Some researchers discussed that such
data can be helpful for distinguishing diamonds
from specific deposits. But we cannot say that
our samples are fitted at one small area at the

N aggregation plot. Also there is no correlation
between the presence of hydrogen related

3107 cm™ peak and nitrogen aggregation degree.
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Fig. 6 Comparison of absorption spectra in the IR region with and without hydrogen related peak (3107 cm™). Sample with

H-related peak - Fancy Pink Purple (Yak 12); sample without H-related peak - Fancy Purplish Pink (Lom 02).
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Fig. 7 Total N concentration (Nwi= Na+Ns) versus percentage of B aggregates (%B) for samples with hydrogen related centres
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PL (photoluminescence) Spectra and

Images

All samples show fluorescence on PL images and
emissions in their PL spectra. The N3 centre with
zero phonon line 415 nm was detected in the PL

spectra of all samples. The stronger presence

of N3 in PL spectra, the brighter blue PL colour.

35

Also, most PL spectra show an H3 centre with
zero phonon line at 503 nm. The relative intensity
of the 415 and 503 nm peaks influences the
luminescence colour of the diamonds. In some
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® diamonds without hydrogen
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samples yellowish-green PL colour prevails
because of high concentration of H3 centre
(Fig. 8 - 2) in next page.
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Fig. 8 PL spectra (365 nm excitation) of pink and purple diamonds with blue (1), yellow (2) and violet (3) luminescence.
1 - Fancy Purplish Pink (Lom 02), 2 - Intense Purple (Yak 03), 3 - Fancy Pinkish Purple (Yak 17).

WAHBA ) ~ HEQMEES) EMMALAREAHAMPL X (365 nmilE) -

1 - BEMALEA (Lom 02) ~ 2 - AV (Yak 03) ~ 3 - BMALEK (A (Yak 17)

A weak H4 centre (peak at 496 nm) is observed

in several PL spectra. The H4 centre is detected in
4 samples with strong H3 absorption and yellow
luminescence, and H4 intensity is always weaker
than H3. Sometimes a 612 nm peak was detected
in the PL spectra. This 612 or 613 nm PL centre
has been reported in untreated brown and pink
diamond crystals from various deposits (Smith et
al., 2000; Gaillou et al., 2010; Titkov et al., 2008).
Other PL spectral features are 787 nm and

793 nm peaks. They are attributed in literature as

associated with hydrogen and/or nickel impurities.

A single peak at 787 nm is less common. It is
worth noting that samples in which an infrared
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band at 3107 cm™ (hydrogen related band) usually
show two PL peaks, 787 and 792 nm together.

Inclusions and Micro-Raman Spectroscopy

12 samples were examined for inclusions using
Raman spectroscopy. These samples were
selected for testing after visual inspection of

all samples under the microscope with crossed
polarisers. In 2 of 12 samples solid mineral
phases were identified. The first sample

(Yak 08) contained multiple inclusions identified
as clinopyroxene group mineral after comparing
the obtained spectra with the RRUFF database
spectrum (Fig. 9). In the second sample (Yak 21) a

or~ P WS N [

500 1000 1500

2500 3000 3500 4000

Raman Shift, cm™

Fig. 9 Clinopyroxene inclusions in diamond (Yak 08). All solid inclusions were identified as a clinopyroxene in this sample,

each of them is surrounded by a cracked halo.
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Fig. 10 Diopside inclusion in diamond (Yak 21).
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Fig. 11 Diopside inclusion in diamond (Yak 21).
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mineral of the pyroxene group, diopside, was also
found (Fig. 10 and 11). Both samples were cut
from diamonds mined in the Yakutian diamond-
bearing province. There are several diopside grains
in this pink diamond. Rutile was found unexpectly.
This has been rarely described in the literature as
inclusion in diamond (Fig. 12, Yak 21). Today it is
known that inclusions of clinopyroxene and rutile
are typical for eclogitic diamonds (Stachel et al.,
2022).

Results of the investigation are shown in Table 2.
They include total nitrogen, percentage of A and B
aggregates, platelets and hydrogen related peak
average mean and modal deviations. Diamonds
from all three locations are similar in total
concentration of nitrogen.

centres (this centre was found only in one sample)
and higher presence of platelets estimated to
absorption coefficient in IR spectra.

Samples from Alan, Anabar have lower
concentration of hydrogen related N3VH centres
(absorption coefficient 0-1 cm™; in one sample
5cm™), and relatively less platelets compared with
samples from Lomonosov. According to IR data
properties of Lomonosov and Alan diamonds are
quite similar.

Samples from Yakutian mines repeal a broader
range of nitrogen related centres but same
average values. Hydrogen related peak 3107 cm™
is detected in most samples with relatively higher
concentration: from O to 7 with average 3. Also,
platelets concentration is less in these samples.

Diamonds from Lomonosov deposit are
characterised by absence of hydrogen related

Table 2 Summary of obtained data 4%

Parameter Lomonosov Alan Yakutia
No of samples 6 5 22
Colour bands Observed Observed Observed
Pink graining Observed Observed Observed

Absorption peaks, nm

415 peak and 550 band,
in 4 samples 480 band

415 peak and 550 band,
in 2 samples 480 band

415 peak and 550 band

254 nm (short-wave UV) and
220 nm (Deep UV) lamps

N total, ppm* 710190 750490 590+120

A and B centres A>B A>B A>B

%B* 1842 18+2 1543

P, cm™* 943 7+3 6+2

Hydrogen, cm™* 1+1 1.5+1 3+3

Hydrogen In 1 sample In 2 samples In 15 samples

PL colours, Blue (5 samples) and Blue (all samples) Blue (11 samples)
365 nm (long-wave UV), yellow+pink (1 sample) yellow (6 samples)

purple (3 samples)
yellow+blue (2 samples)

PL spectra peaks,
365 nm, 390 nm and
520 nm lasers

Typically 415 and
503 nm

Typically 415 and 503 nm,
Rarely 787 nm

Typically 415 and 503 nm,
Rarely 496, 612, 787 and
793 nm

Inclusions

Not identified

Not identified

3 (pyroxene group,
diopside, rutile)

Colour grades

Faint Pink
Fancy Purplish Pink
Fancy Brownish Pink

Fancy Light Purple
Fancy Brownish Pink
Fancy Purple

Intense Brownish Pink

Fancy Purplish Pink

Fancy Pink Purple

Fancy Pinkish Purple

Fancy Purple

Fancy Intense Purplish Pink
Fancy Intense Pinkish Purple
Fancy Intense Purple

Fancy Vivid Pinkish Purple
Fancy Deep Purplish Pink

Result of our study grouped by deposits.
*Average mean and modal deviation

MM B BIFE 5 AR I 23 AL
P3RS AR IR 22
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Discussions

Natural diamonds have a long geological history.
They are subjected to post-growth processes such
as nitrogen aggregation, the formation of new
centres, plastic deformation, partial dissolution,
etching, crack formation, epigenetic changes of
inclusions, and others. We can observe evidence
of these processes using non-destructive research
methods.

In particular, plastic deformations in diamonds
can create brown, or more rarely pink or purple
colours. The nature of the pink colour of diamonds
was unclear for a long period of time, but then
more and more researchers began to associate

it with plastic deformation, which was confirmed
microscopically and appears as 550 nm band in
absorption spectra.

More detailed studies of the pink colour by

Titkov et al., 2008 using the EPR method made

it possible to associate the pink colour with the
M2 centre. The centre is formed by two non-
equivalent nitrogen atoms separated by three
carbon atoms, with the nitrogen atoms located
along the [001] direction, forming opposite
vertices of a polyhedron, similar in configuration
to an octahedron with reduced symmetry (Titkov
et al.,, 2012). The model of M2 centre is shown
at Fig. 13. It is likely that the M2 centre appears
in the visible range as a colour centre and is
responsible for the emergence of the 550 nm
absorption band (Titkov et al., 2008). In our
study, we can see a broad absorption band with
a maximum of 550 nm in all optical spectra of
examined samples, which is combined with a wide
photoluminescence band in the range of 600 -
730 nm, relatively low intensity. This is consistent
with the Eaton-Magana et al., 2020 and other
publications where authors show co-existence of
550 nm band in absorption with 600 - 730 band
in Pl spectra for pink diamonds.

Another important property is the presence of an
N3 centre in almost all analysed pink diamonds,
which is shown in absorption and luminescence

spectra with zero line 415 nm.

Pink diamonds of type lla are also described in
the literature, but we did not find such diamonds
in our studies. According to past observations,
nitrogen-free diamonds from the Anabar placers
are characterised by a pink colour (without
additional colour components) and weak blue PL
colour.

[100]

Fig. 13 The structural model of M2 optical centre according
to Titkov et al., 2012. Red circles - nitrogen atoms, black
circles - carbon atoms.
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The presence of inclusions (clinopyroxenes)

that were determined using the Micro-Raman
spectroscopy testifies to the diamond formation
in ultramafic or eclogitic rocks. Unlike type lla
pink diamonds, which are supposed to form at
sub-lithospheric depths, the stones we examined
show a typical lithospheric origin. But it should be
noted that it was not possible to determine most
of the inclusions that we saw due to their small
size and other limitations reliably.

Considering sources of the studied stones, the
Lomonosov deposit is a primary mine. Diamonds
are mined from kimberlite bodies. The age of the
pipes is estimated by geologists as 340 - 390 Ma
(Smit and Shor, 2017). The Alan mine is a placer
deposit, which, along with other placers, is located
in the Anabar shield area. Pink diamonds are
also found in other placer deposits in the area.
The primary sources of these placers have not
been found yet. The rest of the stones studied
were mined in deposits of Yakutia; where we do
not have data from which exact mines. But it is
known that mostly pink diamonds are mined in
the International pipe, Mirny region, which is the
primary mine. Kimberlites of Yakutia have different
geological ages. In particular, kimberlites of the
Mirny region are dated back to 344 - 370 Ma.
Diamonds are older than kimberlites, and we do
not have non-destructive methods to determine
the age of pink diamonds. The similarity of all
groups of diamonds indicates the similarity of the
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processes occurring in nature, which led to the
formation of plastic deformations in diamonds,
including those associated with pink colouration.
Similar geological processes take place in other
diamond bearing regions. Thus most of the pink
diamond properties are quite similar from one
region to another.

The question on the possibility of determining
the geographic origin of diamonds is complex
today. The groups of diamond deposits from
which we studied are located in different regions
at a considerable distance from each other.
However we have not established any differences
in the properties of diamonds of one group

from another. The properties of pink and purple
diamonds from different deposits are similar, and
the concentrations of impurities are overlapping.
Low aggregation state of nitrogen was found in
all studied samples. That was also mentioned by
(Kriulina et al, 2023) for other pink samples from
Lomonosov mine. Pink diamonds from the Argyle
deposit (Australia, now closed) have statistical
differences in the ratio of A and B centres, but
pink diamonds from all other deposits, including
those studied by us, are similar in properties.

Summary

Considering all results received by gemmological
and instrumental methods we can conclude

that all 33 pink and purple diamonds belong to

la physical type with A aggregates prevail on

B aggregates. Pink and purple colours are due

to 550 nm band recorded in visible part of their
absorption spectra. Pl images of diamonds under
study show different PL colours, sometimes with
PL colour zoning, under different Pl wavelength.
PL spectra obtained with excitation wavelength of
365 nm, 390 nm and 520 nm show presence of
various Pl centres and, most notable, broad 600
- 730 band, which may be weak in intensity but
correlates with 550 nm absorption band. Such
optical centres as N3 (415 nm) and H3 (503 nm)
are often seen in our samples, together with other
less common centres. Pink and purple colours
have uneven distribution and linked to plastic
deformation bands inside diamonds.

Generally, the properties of pink and purple
diamonds that we examined agree with the
data of earlier publications and with studies of
other natural pink and purple diamonds in our
laboratory. From a gemmological point of view, it
is interesting to study samples linked to various

deposits and mining regions. The rare pink and
purple diamond colouration is associated with
structural deformations that occur during the
post-growth history of diamond crystals. Revealed
properties are enough to identify these stones as
natural, untreated confidently. For the possibility
of determining the origin of generic diamonds that
come to laboratories from unknown sources, this
seems problematic at the moment, at least at the
current stage of analytical methods.

Acknowledgements

The authors thank Alrosa Company for providing
samples for study, Aleksandr Stolyarevich and
Valeria Mish’enkova for IR spectra recording and
Anna Alekseeva for organising work.

References

Eaton-Magana, S., McElhenny, G., Breeding, C.M., Ardon,
T., 2020. Comparison of gemological and spectroscopic
features in type lla and la natural pink diamonds. Diamond
and Related Materials, 19 (10), 1207-1220

Gaillou, E., Post, J.E., Bassim, N.D., Zaitsev, A.M., Rose,
T., Fries, M.D., Stroud, R.M., Steele, A., Butler, J.E., 2010.
Spectroscopic and microscopic characterizations of color
lamellae in natural pink diamonds. Diamond and Related
Materials, 19(10), 1207-1220

Hofer, S.C., 1985. Pink diamonds from Australia. Gems &
Gemology 21(3), 145-155

Kriulina, G.Yu., Vyatkin, S.V., Vasiley, E.A., 2023. Pink-
violet diamonds from the Lomonosov mine: morphology,
spectroscopy, nature of colour. Journal of Mining Institute
263, 715-723

Marshak, S., 2005. Earth: portrait of a planet. W.W. Norton
& Company, New York, 747

Smit, K. V. and Shor, R., 2017. Geology and Development
of the Lomonosov Diamond Deposit, Northwestern Russia.
Gems & Gemology 53(2), 144-167

Stachel, T., Aulbach, S., & Harris, J. W., 2022. Mineral
inclusions in lithospheric diamonds. Reviews in Mineralogy
and Geochemistry, 88(1), 307-391

Titkov, S. V., Shigley, J. E., Breeding, C. M., Mineeva, R. M.,
Zudin, N. G., & Sergeeyv, A. M., 2008. Natural-color purple
diamonds from Siberia. Gems & Gemology, 44(1), 56-64

Titkov, S. V., Krivovichey, S. V., & Organova, N. I., 2012.
Plastic deformation of natural diamonds by twinning:
evidence from X-ray diffraction studies. Mineralogical
Magazine, 76(1), 143-149

Yuryeva, O. P., Rakhmanova, M. I., Zedgenizov, D. A., &
Kalinina, V. V., 2020. Spectroscopic evidence of the origin
of brown and pink diamonds family from Internatsionalnaya
kimberlite pipe (Siberian craton). Physics and Chemistry of
Minerals, 47, 1-19

91 https.//zz1.co/ccOll & http://www.gahk.org/tc/journal.asp

The Journal of the Gemmological Association of Hong Kong



[ > b )
=39

N
=S /I
= =

[ > b )
=31

\

/-
|mm—)

—

]

s’ A

LEE HENG DIAMOND GROUP

OB K E
=

MR1949F e g5 Ko il XX
Dk hEA -LTREF  —HBER-—HED -
Creating value for our customers, stakeholders and shareholders

through integrity, excellence and dedication

HEHBEE BB 1R BEFE B PO 3 3/F Citicorp Centre, 18 Whitfield Road, Causeway Bay, Hong Kong
Telephone i : (852) 2526 1167 Facsimile ¥ : (852) 2868 0170 E-mail 83 : Ihdgroup@leeheng.com
Website #3t : www.leehengdiamond.com





