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Cover photo: An article on pp. 144-162 of this issue describes the

characteristics of different varieties of amber from Myanmar.

This Burmese amber carving, measuring 99 x 42 x 28 mm and
weighing 66.6 g, was inspired by the poem ‘A Night Mooring by
Maple Bridge’ written by Zhang Ji during the Tang Dynasty. The
piece incorporates the natural amber textures to show an autumn
scene outside Hanshan Temple, where a bridge is surrounded by

maple trees. Photo courtesy of Tengchong Huo Ren Carving Studio.
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What’s New

NEWS AND PUBLICATIONS

CIBJO Blue Books Freely Available

The Blue Books from CIBJO, The World Jewellery Confederation, are the most widely accepted
set of global standards for the gem and jewellery industry. In response to the economic
challenges created by the COVID-19 pandemic, in April 2020 CIBJO made all seven volumes
freely available for download, even to non-members. They cover standards for diamonds,
coloured stones, gemmological laboratories, pearls, precious metals, coral and responsible
sourcing. Download the PDFs at www.cibjo.org/introduction-to-the-blue-books-2.

Diamond Terminology Guidelines @ Eﬁ%%%%%l?s

In September 2019, the Diamond Producers Association, Sl
in conjunction with seven other leading diamond industry organisations,
issued a brief reference guide on standard terminology to use when referring
to natural and synthetic diamonds. The document also includes definitions
and recommendations based on the internationally accepted standard ISO 18323
(‘Jewellery - Consumer Confidence in the Diamond Industry’) and CIBJO’s Diamond
Blue Book. Download the one-page PDF at https://diamondproducers.com/
app/uploads/2019/09/Diamond-Terminology-Guideline-20190925.pdf.

GemGuide Articles Freely Available and a series on coloured stone value factors, design

Selected articles from Gemworld International’s and cut quality. Also freely available are GemGuide’s

bimonthly GemGuide publication are now freely ‘Gem Focus & Market Pulse’ articles, which focus
available at www.gemguide.com/category/web- on specific gem materials, at www.gemguide.com/
feature-articles. They cover topics such as Ethiopian category/gem-

emerald, Greenland ruby, Old European-cut diamonds, market-pulse. G E M G U I D E

GIT Lab Reports on Blue Richterite and a Zultanite Imitation A

In May 2019, the Gem and Jewelry Institute of Thailand (GIT) reported on a blue s
richterite submitted to their laboratory for identification. The marquise-shaped
cabochon, which was bezel-set in a pendant, had a spot RI of 1.60 and consisted of a
granular aggregate of blue and white mineral grains that Raman spectroscopy identi-
fied as richterite (blue) and feldspar (white). In May 2020, GIT reported on a 7.12 ct
oval modified brilliant showing a colour change that was represented

as Zultanite (diaspore). Gemmological, spectral and chemical charac- b uriare
teristics clearly identified it as a manufactured glass. Download these
and previous GIT lab reports at www.git.or.th/articles_technic_en.html.
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WHAT’S NEW

Jewelry Development
Impact Index Reports

Two more Jewelry Development Impact Index (JDI)
studies have been published by researchers from the
American University School of International Service,
which are titled A Comparative Case Study of Amethyst
Mining in Brazil and Tanzanite Mining in Tanzania
(December 2019) and A Comparative Case Study of
Diamond Mining in Guinea, Sierra Leone, and Zimbabwe
(April 2020). The reports examine the historical and
cultural background of mining these deposits, and then
provide numerical scores on a variety of areas (govern-
ance, economy, environment, health and human rights)
for the subject countries. Download these and other
JDI publications at www.sustainablegemstones.org/
jewelry-development-index-jdi.

Brendan M. Laurs

PLATINUM GUILD
INTERNATIONAL

Tectonic shifts: How the world is moving
and jewellery demand is respending

Platinum Jewellery Business Review, 2020
‘Web presentation
20" May 2020

Platinum Jewellery
Business Review 2020

Platinum Guild International’s (PGI) annual
Platinum Jewellery Business Review was released
in May 2020. The report analyses retail sales
of platinum jewellery, trade performance and
consumer sentiment in order to provide an

JEWELRY DEVELOPMENT IMPACT INDEX STUDY

in-depth analysis of platinum jewellery’s perfor-
mance in 2019, as well as COVID-19’s impact
in PGI’s four key international markets (China,
India, Japan and the United States). The report
focuses on three trends: digital consolidation,
mid-market extinction and branded storytelling.
To view a 45-minute video presentation or
download the report, visit https://platinumguild.
com/2020-platinum-jewellery-business-review.

Brendan M. Laurs

Tmes Tartaglia | Xeos lakowits
Academic Supervisor: Hrach Geegerian PRD
19 il 2000

SSEF Facette Magazine

Issue 26 of the Swiss Gemmological Institute SSEF’s annual
Facette Magazine was released in February 2020. The 76-page
issue is packed with short articles that cover boundaries for colour
varieties of gems, age dating of coloured stones, SSEF’s Gemtrack
rough-to-cut documentation service, laser inscription of gems,
DNA fingerprinting of pearls and corals, and identification of ivory
species, as well as numerous others on topics such as spodumene,
emerald, ruby, sapphire, garnet, vesuvianite, diamond, pearls,
historical gems and objets d’art. The issue ends with news and
announcements relating to SSEF, including the discovery of a
fraudulent SSEF report. To download this and previous issues of
Facette, visit www.ssef.ch/ssef-facette.
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WHAT’S NEW

OTHER RESOURCES

CENTURION

Centurion Jewelry Show’s
Lectures in Tucson

The Centurion Jewelry Show in Tucson, Arizona, USA,
hosted lectures at its Gem Education Day on 1 February
2020. Videos of six lectures are now available online.
These cover markets for Colombian emerald and red
beryl; rare and exotic gem materials; millennials and
younger demographics; emeralds; ruby and sapphire;
and East African gems. Visit www.youtube.com/channel/
UC6IT-m_06z_0mObphTTX2uQ.

Minerals,

. NIVERSITY oF
Materials 'S,
and Society EIAWARE

Programme

The Minerals,

Materials and Society programme at the University of
Delaware (Newark, Delaware, USA) launched in January
2020 and focuses on sustainability and corporate social
responsibility in mineral sourcing (https://sites.udel.
edu/ceoe-mms). Videos on gem and jewellery topics,
ranging from understanding coloured gemstones to
women’s participation in the jewellery supply chain
in Madagascar, are hosted on the programme’s
YouTube channel at www.youtube.com/channel/
UCJmN3DGOBVQErNI3HzRGqYA/videos.

Mozambique Ruby Video

In May 2020, GemResearch Swisslab AG (Lucerne, Switzerland) released a
documentary video on an exceptional suite of Mozambique rubies initially
acquired as rough at a Gemfields ruby auction in Singapore. The video begins
with an examination of the rough material by Dr Adolf Peretti, and then
follows the rubies through the cutting process in Sri Lanka and Thailand.
Each step, from the purchase of rough to the finished gems, is explained in
detail. Visit http://gemresearch.ch/mozambique-ruby-collection.

Webinars and Other Videos for Online Gemmological Education

A number of educational institutions and gem industry
organisations have provided webinars and other
archived video content on their websites or YouTube
channels, with many added since March 2020 due to the
quarantines mandated by the COVID-19 pandemic.

¢ The American Gem Trade Association (Dallas, Texas,
USA) has made its AGTA GemFair Tucson Seminar
Series freely available for the years 2018, 2019 and 2020.
The presentations cover gem identification, appraisals,
marketing strategies, industry trends and much more.
Visit https://agta.org/resources.

AGTA

American
Gem Trade
Association

¢ The Asian Institute of Gemological Sciences (Bangkok,
Thailand) has produced a series of ‘AIGS Gem Tips’
webinars presented by a diverse group of experts. Topics
include the history of emeralds, rubies from Greenland,
sapphires from Montana (USA), brown diamonds
and gem luminescence. Visit www.aigsthailand.com/
AIGS-News/4/master/en.

AlIGS Gem Tips
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WHAT’S NEW

¢ The Bahrain Institute for Pearls and Gemstones e Gemewizard (Ramat Gan, Israel) offers webinars

(DANAT; Manama, Bahrain) has webinars on natural
pearls of Bahrain, testing for natural vs. cultured pearls,
diamonds (natural, synthetic and imitation) and how to
buy a gemstone. Visit www.youtube.com/playlist?list=
PLa806T7AzU1E10TTBIMzhkpw0jn5SEv5n6.

covering coloured stone and coloured diamond
grading; colour trends in gemstones during pre- and
post-COVID-19 times; and grading, pricing and market
trends of yellow diamonds. Visit www.youtube.com/
channel/UCQKKaw5_kBupL6BMUSAEO2w.

-

Introduction to Colored Stones
Grading and Pricing
et
A L

s b, & L. 168 H a

e, 00 155

Branko Gems and Gemmological Research Indus-
tries Inc. (Vancouver, British Columbia, Canada)
offers webinars by gemmologist Branko Deljanin
focusing on gemmological instruments and the
screening and identification of coloured stones and
diamonds. The videos are available for a fee at www.
brankogems.com/shop/product-category/webinars.

CIBJO, The World Jewellery Confederation (Milan,
Italy) hosts gem and jewellery industry webinars at
www.cibjo.org/webinars, which are grouped into
different series such as ‘Home Gemmology’, ‘Jewellery
Industry Voices’ and ‘Mine to Design’.

GEM &
JEWELLERY
INDUSTRY
WEBINARS

GemfliX (New York, New York, USA) has a series of
‘online jewelry chats’ that feature jewellery design,
gem cutting, auctions, history and more at www.gemx.
club/gemflix. Chat-series videos are free, but other
GemfliX videos require a Gem X membership.

Gemmology Rocks (Maidstone, Kent, United
Kingdom) offers an extensive series of archived
videos and live online seminars by gemmologist Kerry
Gregory through its Facebook page at www.facebook.
com/pg/gemmologyrocks/videos. The videos cover
a wide range of topics such as origin of colour in

gem materials, how
GEMM&ELTGY

to use a polariscope,

gemstone inclu-
sions, and gems and
minerals of the UK.

e Gem-A (London) has produced a series of ‘Gem-A
Live’ webinars on glass-filled rubies and sapphires,
flux-healed rubies, composite gemstones, an intro-
duction to diamonds, fluorescence, fracture-filled
gemstones, and Be- and Ti-diffused sapphires. Also
available are ‘How-to Guides’ covering how to use
a 10x loupe and stone tongs. Visit www.youtube.
com/c/GemAOfficialChannel.

Gem-A

m Fluore
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WHAT’S NEW

¢ The Gemological Institute of America (GIA; Carlsbad,

California, USA) has produced a series of webinars
for its ‘GIA Knowledge Sessions’ that cover topics
such as diamond formation, synthetic diamonds,
jewellery design, origin determination and rubies from
Mozambique. Visit www.youtube.com/playlist?list=
PLWI1zLnp9A9J0dF3TjLYqpqQ3hAZOpNC9s.

®GIA

GIA Knowledge Sessions

The House of Giibelin (Lucerne, Switzerland) has
posted a variety of educational videos on their
YouTube channel at www.youtube.com/channel/
UCyeDwWZMMnXUNfnP_DWdAP7rA, which can be
found under the Gemmology and Giibelin Gem
Sessions categories.

¢ Justin K Prim (Bangkok, Thailand) explores many

facets of the lapidary arts and historical gemmology
at www.youtube.com/user/ilostmaterialism.

Z 3 . . B,
?’ Gemstone Faceting %ﬁ

and the Birth of American Cutting
; 51

¢ Manufacturing Jewelers & Suppliers of America

(Attleboro, Massachusetts, USA) lists future and past
webinars at https://mjsa.org/eventsprograms,/mjsa_
webinars. These focus on jewellery manufacturing and
marketing, particularly in context of the challenges
presented by the COVID-19 crisis. MJSA’s Article &
Video Library is also freely available at https://mjsa.
org/publicationsmedia/article_and_video_library.

REMatenaINers|s

MPEGLSIONEEWEINRYATT 'rll‘,”)ry
'E‘ y// )
Eeatarnng:

LAANA SINGETAACTIAT LOARENG NanCyRO5S
aalinlilaie b e iUl

The Responsible Jewellery Council (RJC, London)
offers educational videos from its Code of Practices on
topics such as product disclosure, provenance claims
and human rights requirements at www.youtube.com/
channel/UC6g86jYsgHHhQ1g5rUT8b9Q. As part of a
webinar series hosted by the United Nations Global
Compact, RJC also participated in a March 2020 event
on achieving gender equality in the jewellery industry;
the video is posted at www.youtube.com/watch?v=
ScGFywXHovo and slides of this webinar are available
at https://storage.pardot.com/591891,/188386/UNGC_
and_RJC_Presentation_Slides.pdf.

Gender Equality iny
Action

- -

Carol M. Stockton and Brendan M. Laurs
What’s New provides announcements of new instruments/
technology, publications, online resources and more. Inclusion
in What’s New does not imply recommendation or endorse-
ment by Gem-A. Entries were prepared by Carol M. Stockton
unless otherwise noted. :

THE JOURNAL OF GEMMOLOGY, 37(2), 2020 119


http://www.youtube.com/playlist?list=PLWlzLnp9A9J0dF3TjLYqpqQ3hAZ0pNC9s
http://www.youtube.com/playlist?list=PLWlzLnp9A9J0dF3TjLYqpqQ3hAZ0pNC9s
http://www.youtube.com/channel/UCyeDwZMMnXUNfnP_DWdP7rA
http://www.youtube.com/channel/UCyeDwZMMnXUNfnP_DWdP7rA
http://www.youtube.com/user/ilostmaterialism
https://mjsa.org/eventsprograms/mjsa_webinars
https://mjsa.org/eventsprograms/mjsa_webinars
https://mjsa.org/publicationsmedia/article_and_video_library
https://mjsa.org/publicationsmedia/article_and_video_library
http://www.youtube.com/channel/UC6g86jYsgHHhQ1g5rUT8b9Q
http://www.youtube.com/channel/UC6g86jYsgHHhQ1g5rUT8b9Q
http://www.youtube.com/watch?v=ScGFywXHovo
http://www.youtube.com/watch?v=ScGFywXHovo
https://storage.pardot.com/591891/188386/UNGC_and_RJC_Presentation_Slides.pdf
https://storage.pardot.com/591891/188386/UNGC_and_RJC_Presentation_Slides.pdf

Gem Notes

COLOURED STONES

Trapiche-like Pattern in Amethyst

Among the numerous optical phenomena displayed by
quartz are asterism and chatoyancy. However, amethyst is
one of the few popular gems that does not show asterism
in either reflected light (epiasterim) or transmitted light
(diasterism). Amethyst and ametrine displaying trapi-
che-like patterns were recently documented from Brazil
(Laurs 2018; Sun et al. 2018), and trapiche-like textures
have also been encountered in other quartz varieties (e.g.
Krzemnicki & Laurs 2014; Wang & Song 2019). Here, we
report on a trapiche-like pattern showing a prominent
fixed star in an amethyst sphere that reportedly came
from Brazil (Figure 1). The sphere was purchased by
author MPS at the Sainte-Marie-aux-Mines Mineral
& Gem Show in approximately 2005, and was briefly
documented many years later (Steinbach 2016, pp.
815-816).

The amethyst sphere measures 40 mm in diameter
and weighs 420.50 ct. It appears translucent due to the
presence of fractures and fluid inclusions. The whitish
trapiche-like pattern is conspicuous within the purple
body colour of the amethyst, and consists of a roughly
hexagonal core and six radiating arms. The hexagonal
symmetry of the core suggests that the trapiche-like
pattern developed along the basal pinacoid of the quartz
crystal. Each arm started its growth from one side of
the hexagonal core in that basal plane. The six arms
are therefore parallel to the growth direction of the first-
order hexagonal prism.

The arms consist of mostly fibrous or planar white
inclusions aligned parallel to their length, as shown
in Figure 2. Raman spectroscopy of the white inclu-
sions in both the arms and the core yielded only spectra
consistent with quartz.

The appearance of the trapiche-like pattern in this
amethyst is reminiscent of those seen in some trapi-
che-like sapphires and rubies (see, e.g., Steinbach 2016,
pp. 800-803). They both show a hexagonal-shaped core
that contains the same fibrous inclusions which form
the six arms. In corundum, white and light brown
trapiche-like patterns are caused, respectively, by the

presence of rutile and Fe/Ti-rich oxide inclusions
(Giibelin & Koivula 2008, pp. 212 and 308). The arms
broadened during growth, as typically shown by trapi-
che-like patterns.

The trapiche-like pattern in the present amethyst is
different from typical trapiche texture that is formed
by skeletal crystal growth (e.g. in ruby: see Giibelin &
Koivula 2008, pp. 88-90). The pattern in this amethyst
is also different from that shown by the recently
documented trapiche-like ametrine/amethyst from
Brazil (Laurs 2018; Sun et al. 2018), because in those
samples the arms were composed of relatively pure
quartz between heavily included areas, whereas the
arms in the present amethyst correspond to oriented
fibrous inclusions. In addition, the whitish core in the
present amethyst is distinctly different from the black
hexagonal core that is commonly present in the Brazilian
trapiche-like ametrine/amethyst. The relatively large size
of the amethyst specimen reported here is not surprising
for quartz, but it is exceptional compared to other quartz

Figure 1: The 420.50 ct amethyst sphere described here
displays a conspicuous whitish trapiche-like pattern.
Photo by J.-P. Gauthier.
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Figure 2: Each of the six arms constituting the trapiche-like
pattern consists of fibrous or planar white inclusions aligned
along the length of the arms. The colour of the core appears
slightly different from the arms due to the presence of green-
coloured polishing paste filling surface cavities in that area.
Photomicrograph by J.-P. Gauthier, in brightfield illumination.
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Aquamarine with Spodumene
Inclusions from the Oceanview
Mine, California, USA

Since 2000, mining operations at the Oceanview mine
in Pala, San Diego County, California, USA, have yielded
about 1 t of spodumene, 20 kg of tourmaline and small
amounts of beryl (i.e. aquamarine and morganite; Jeff
Swanger, pers. comm. 2020). This study documents
some unusual inclusions in aquamarine from this granitic
pegmatite. We studied a transparent, pale blue sample that
was attached to some albite matrix (Figure 3). One side
of the sample was cut and polished, while the other side
was kept in its natural state.

Refractive indices of this aquamarine were in the range
of iron-bearing beryls: n, = 1.588 and n, = 1.579, yielding a
birefringence of 0.009. The hydrostatic SG value obtained
from a chipped-off fragment was 2.72. Microscopic
examination revealed some interesting, well-crystallised,
monoclinic mineral inclusions (Figure 4). These were

specimens showing trapiche-like patterns, which have
been fashioned as slices or flattened cabochons (see
Krzemnicki & Laurs 2014; Wang & Song 2019).
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Figure 3: This specimen (6 cm in maximum dimension),
comprised of pale blue aguamarine and white albite from
the Oceanview mine, California, USA, was examined for this
study. Photo by T. Stephan.
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Figure 4: The angular, high-relief crystals in the aguamarine
were identified as spodumene. They show well-developed
{010} and {110} faces. Also present are two-phase (liquid-gas)
fluid inclusions. Photomicrograph by T. Stephan, in paraffin oil
with transmitted light; image width 4.1 mm.

analysed with confocal Raman spectroscopy (using a
Renishaw inVia Raman microscope with 514.5 nm laser
excitation), and after subtracting the contributions from
the host beryl, the resulting spectrum matched that of
spodumene (LiAlSi,O,) in the RRUFF database (Figure 5).
Because it is rather unusual for spodumene to be associ-
ated with iron-bearing beryl (aquamarine) in gem-bearing
pegmatites, we performed further analytical work to
confirm the identity of these inclusions.

Raman Spectra

A small piece of the sample was broken off and
polished until one of the spodumene inclusions was
exposed on the surface. Prior to chemical analysis
using laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS), the Si contents of both the
spodumene inclusion and the beryl host were measured
with electron probe micro-analysis (EPMA) in order to
serve as internal standards for ICP-MS analysis. The SiO,
content of the spodumene was 63.36 wt.% and that of
the host beryl was 64.75 wt.%. LA-ICP-MS analyses
of the spodumene and beryl were then conducted
with an Agilent 7500c quadrupole spectrometer, using
external standards NIST-SRM 610 and 612. Chemical
data obtained for the inclusion confirmed its identity as
spodumene, with 27.8 wt. % Al,O; and 8.59 wt. % Li,0.
Deviations from ideal formula values of 27.4 wt. % Al,O;
and 64.58 wt. % SiO, were due to a slightly elevated Li,O
content and the presence of trace elements such as Na,
Ca and others (Table I). Analyses of the aquamarine host
revealed highly enriched amounts of Li (3713-4051 ppm)
for iron-bearing beryl (cf. Viana et al. 2002), consistent
with the presence of the syngenetic spodumene inclu-
sions. A highly evolved composition of the pegmatitic
fluids that formed the aquamarine is also indicated by
the elevated alkali contents of this beryl (i.e. 7037-7816
ppm Na and 1886-4114 ppm Cs).

To the authors’ knowledge, this is the first report

Figure 5: A Raman spectrum
of one of the crystalline
inclusions (shown here after
subtracting the peaks from

Intensity ——»

Inclusion the host beryl) provides a
—— Spodumene good match with a reference
(RRUFF X050153) spectrum for spodumene
from Pala, California, in the
RRUFF database.
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Table I: Minor- and trace-element analysis by LA-ICP-MS
of a spodumene inclusion and its aguamarine host from the
Oceanview mine.?

Element Spodumene Aquamarine host?
(Ppmw) inclusion

Li 42112 3713-4051 (3910)
Na 929.5 7037-7816 (7480)
Mg bdl 8.40-21.61 (9.63)
K bdl 364.9-390.1 (375.9)
Ca 306.5 198.2-383.0 (270.1)
Ti 4417 12.10-16.80 (14.72)
Fe nd 1010-1555 (1455)
Zn 40.06 568.3-622.8 (597.1)
Ga 63.35 16.43-25.82 (20.04)
Rb bdl 260.8-302.6 (283.9)
Cs bdl 1886-4114 (2816)

@ Fe was measured with EPMA and Sc was below the detection
limit in all analyses. Abbreviations: bdl = below detection limit,
nd = not determined, ppmw = parts per million by weight.

® Range of 10 spots analysed in a line across the sample, with
average values given in parentheses.
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of spodumene inclusions in aquamarine (although
spodumene is known to form inclusions in the morganite
variety of beryl).

Acknowledgement: The authors thank Jeff Swanger
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Demantoid/Andradite Slices from Iran

Colour-zoned demantoid/andradite from Kerman Province
in southern Iran showing green/brown zones was first
documented by Karampelas et al. (2007), who found that
the green areas correlated to >0.7 wt.% Cr,0;. The two
faceted stones examined for that report were specifically
cut to display their brown-orange and green colour zoning.

During the February 2020 Tucson gem shows in
Arizona, USA, demantoid/andradite from Iran was newly
available as polished slices, which showed the colour

Figure 6: These colour-
zoned slices of demantoid/
andradite from Iran measure
5.7-8.5 mm wide. Gift of
Indra Man Sunuwar; photo
by B. M. Laurs.

zoning more effectively than faceted stones. Three such
slices (Figure 6) were kindly donated to Gem-A by Indra
Man Sunuwar (Nepali Bazaar Co. Ltd, Tokyo, Japan);
his supplier reportedly had cut about 450 carats of this
material. Stone dealer Bradley J. Payne (The Gem Trader,
Cave Creek, Arizona) also obtained some of the slices in
Tucson, as well as faceted stones showing colour zoning
(e.g. Figure 7). Some of the slices were trimmed into
polygonal shapes, while others retained their natural
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Figure 7: Attractive patterns are shown by these colour-
zoned Iranian demantoid/andradite slices, which weigh 1.68
ct (left) and 1.08 ct (right). The faceted stones at the bottom
centre were cut so that darker green colour zones are
centred under their tables; they weigh 0.67 ct (left) and

0.52 ct (right). Photo by Bradley J. Payne.
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Blue Diopside from Russia

Violane (or violan) is a term used for violet to blue
diopside with a massive polycrystalline texture that
mainly has been mined from the Praborna manganese
deposit in St Marcel, Italy, and is coloured by Mn
(Mottana et al. 1979). Although known for decades,
this ornamental material is rarely mentioned in the
gemmological literature (cf. Webster 1949). The term
violane has also been applied to massive polycrystal-
line blue diopside from Russia, particularly by sellers on
the Internet. In addition, similar material is known from
Baffin Island, Canada, which is coloured by Fe?*-Ti%*
intervalence charge transfer (Herd et al. 2000).

During the February 2020 Tucson gem shows,
Rare Earth Mining Co. (Trumbull, Connecticut, USA)
displayed some blue and blue/white cabochons repre-
sented as violane. According to Rare Earth's Bill Heher,
the rough material came to market in around August
2018 and was mined from the Lake Baikal region of
Russia. So far he has cut a few hundred cabochons that
ranged up to about 50 mm in maximum dimension.

Ornamental blue diopside is known from three local-
ities in Russia: the Khakassia area of eastern Siberia
(Shil’tsina & Vereshchagin 2000) and two areas near
Lake Baikal (Zadov et al. 2004; Simakin et al. 2019).
According to D. Belakovsky (pers. comm. 2020), the
Lake Baikal deposits are hosted by (1) the Yoko-Dovy-
renskiy (or Yoko-Dovyren) massif near the north end of
the lake and (2) the Tazheranskiy (or Tazheran) massif
near the lake’s south end.

Heher loaned three samples for examination (Figure
8), and they were characterised by authors CW and

outer surfaces along their edges. The slices that Payne
obtained ranged from 1 to 2 ct and the faceted stones
weighed 0.15-1.25 ct.

Although demantoid/andradite from Iran has been
known since 2001, this is the first time that this author
is aware of this material being cut into polished slices to
showcase its attractive colour zoning—as is commonly
done with multicoloured tourmaline.

Brendan M. Laurs FGA
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BW. They consisted of a blue oval cabochon weighing
17.88 ct (27.50 x 21.27 mm), and a matched pair of
bicoloured blue and white/tan rectangular cabochons
with a total weight of 35.71 ct (each measuring
approximately 26 x 15 mm). All displayed an obvious
polycrystalline structure that was fine- to coarse-grained
and showed variable depth of blue colour between grains
in the blue portions (Figure 9). A few sparkles seen as the
samples were moved apparently corresponded to cleavage
fractures in some of the diopside grains. Viewed with the
microscope, the blue areas of the samples also exhibited
variations in surface lustre between grains (again, see
Figure 9). Although individual grains were somewhat
transparent, the presence of abundant polycrystalline

Figure 8: These three cabochons containing blue diopside
(17.57-17.88 ct) are from Russia’s Lake Baikal region and were
studied for this report. Photo by B. Williams.
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Figure 9: Microscopic examination of the blue diopside
shows a polycrystalline texture with variations in surface
lustre between grains and a reflection from a cleavage
fracture (left centre). Photomicrograph by B. Williams and
C. Williams, in reflected light; image width 9 mm.

grain boundaries created an overall semi-translucent
appearance in the blue areas.

All three samples were confirmed as diopside in the
blue areas by Raman analysis using a Magilabs Gemmo-
Raman-532SG spectrometer. A Raman peak shift was
observed in the white/tan area of the bicoloured stones,
which might be due to the presence of additional mineral
phases occurring with the diopside. Indeed, Simakin et
al. (2019) reported that ‘bleached’ metasomatised zones
associated with blue diopside from Lake Baikal consist
of recrystallised white diopside and monticellite, while
Zadov et al. (2004) indicated that the light-coloured
zones consisted of foshagite and other minerals.

Spot RI readings of the cabochons could not be
obtained due to the polycrystalline nature of the
material. The hydrostatic SG value of the blue sample
was 3.23, which is slightly lower than the typical
range for diopside (3.24-3.33) but consistent with its
polycrystalline structure. The stones were inert to long-
and short-wave UV radiation. Energy-dispersive X-ray
fluorescence (EDXRF) chemical analysis of the blue
sample performed with an Amptek X123-SDD spectrom-
eter showed traces of the chromophoric elements V, Fe
and Cr (as well as very small amounts of Pt, consistent
with blue diopside from the Yoko-Dovyren massif
documented by Simakin et al. 2019).

Simakin et al. (2019) reported an average of 345 ppm
V in blue diopside from the Lake Baikal area, and
attributed its colouration to VO?**. Visible-near infrared
(Vis-NIR) absorption spectroscopy of the present blue
cabochon with a Magilabs GemmoSphere spectrom-
eter showed a large broad peak centred at about 630 nm
and a smaller absorption at about 430 nm (Figure 10).
This pattern is indeed consistent with colouration due
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Figure 10: Vis-NIR spectroscopy of the blue diopside shows
a large broad peak centred at about 630 nm and a smaller
absorption at about 430 nm, consistent with colouration
due to VO,

to tetravalent vanadium in the form of the vanadyl ion
(VO*), as seen for example in cavansite (Rossman 2014).
Vanadium-doped synthetic diopside also shows distinct
blue colouration and a similar absorption spectrum (see,
e.g., sample GRR 510 at https://minerals.gps.caltech.edu/
FILES/Visible/pyroxene/Index.html). Taken together,
all of these aspects provide confirmation that the blue
colouration of the Russian diopside studied for this report
is due to VO?*.
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diopside from Russia.
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A Collection of Cat’s-Eye Emeralds from Colombia

Fine cat’s-eye emeralds are quite rare, and have been
documented mostly from Brazil (e.g. Laurs 2012 and refer-
ences therein). However, flattened cabochons showing
chatoyancy have been reported from Colombia—specif-
ically the Coscuez mine in the Muzo region (Johnson
& Koivula 1996). More recently, Weldon and McClure
(2013) described the cutting of a fine matched pair of
Colombian cat’s-eye emeralds that weighed 75 ct by
husband-and-wife gem cutters Misael Angel Rodriguez
and Claudia Patricia Beltrdn Rubiano.

During the February 2020 Tucson gem shows, the
same emerald cutters showed this author an impres-
sive collection of 24 cat’s-eye emeralds from Colombia
(Figure 11). The stones ranged from 0.49 to 3.81 ct and
had a total weight of 37.90 carats. The collection was
assembled during 2019 from polished stones that they
obtained on the market in Colombia; all of them had
undergone clarity enhancement with cedarwood oil.
According to them, the stones showed characteristics
consistent with being cut from trapiche rough material
mined in the Muzo area.

The cat’s-eye effect was best seen when the stones were
displayed over a light-coloured reflective background.
Moreover, the chatoyancy appeared to be caused by very
fine-scale, parallel, transparent structures, which likely
correspond to the dislocations that were documented
by Pignatelli et al. (2015) in the ‘arms’ of Colombian
trapiche emeralds. These bundles of straight dislocations
are oriented perpendicular to {1010} faces, commonly
with parallel elongated voids and trains of fluid inclu-
sions. As documented by Weldon and McClure (2013),

Figure 11: Cat’s-eye emeralds from
Colombia are quite rare. The 24 stones in
this impressive collection weigh 0.49-3.81 ct.
Photo by Jeff Scovil.

rough material obtained from the arms of trapiche crystals
can be polished into attractive cat’s-eye cabochons if
it contains the appropriate structural properties and is
suitably oriented. As awareness grows of the potential for
cutting cat’s-eyes from trapiche rough material, these rare
chatoyant emeralds from Colombia may become more
available in the future.

Brendan M. Laurs FGA
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Gem-quality Euchroite from Slovakia

Euchroite, ideally Cu,(AsO,) (OH) * 3H,0, is a supergene
copper arsenate that was originally described by
Breithaupt (1823) from the Svatodusna (Svatoduska)
copper deposit near the village of Lubietovd, Banska
Bystrica Region, Slovakia. The mineral’s name is derived
from the Greek word eyxroia (eu = good and chros =
colour), in reference to its beautiful deep green colour. It
is orthorhombic and forms crystals typically up to 1 cm
(exceptionally 3 cm) that are equant to short prismatic
and transparent to translucent with vitreous lustre. Its
hardness is rather low at 3.5-4 on the Mohs scale. The
crystals range from bright ‘emerald’ green to darker
yellow-green, and typically form supergene encrustations
on fracture surfaces. The most commonly associ-
ated minerals are pseudomalachite [Cus(PO,),(OH),],
malachite [Cu,(OH),(CO;)], brochantite [Cu,(SO,4)
(OH),] and several other secondary copper minerals (see
Figuschovd 1977; Ridkosil & Medek 1981; and unpub-
lished data of Martin Stevko and Jit{ Sejkora).
Euchroite specimens were commonly found by
hobbyists in the tailings piles of the Svdtodusnd mine
from 1950 until recently, when all mineral collecting
activities at the site were forbidden. Gem-quality
euchroite is quite rare and such pieces are seldom
faceted because they are prized as crystal specimens.

Recently, four euchroite gemstones (see, e.g., Figure
12) were faceted by Czech gem cutter Svatopluk Prchlik
from damaged crystals that were collected in 1998 by a
group organised by one of the authors (RH). The stones
weighed 1.35 ct (round), 1.36 ct (octagon), 0.06 ct
(octagon) and 0.04 ct (octagon); all four of them were
examined for this report. Refractive indices were 1.695-
1.733, with a birefringence of 0.038. The SG of each
sample (measured with a pycnometer, as well as hydro-
statically) was 3.45.

The authors’ investigations of the euchroite rough
material using powder X-ray diffraction and electron probe
microanalysis (with an energy-dispersive spectrometer)
revealed the presence of various mineral impurities,
including olivenite, libethenite and pseudomalachite, as
well as limonite and other secondary minerals (Fe + Mn
+ Ba oxy-hydroxides). Microscopic examination of the
faceted stones showed a texture composed of radiating
aggregates of flat needles of euchroite with interstitial
fillings of olivenite and libethenite. Pseudomalachite was
present alongside individual crystals of the euchroite.
Limonite and other secondary minerals were present
as fillings in small cavities and as coatings along some
mineral grains (especially libethenite).

Euchroite is a rare mineral and encountering gem-

Figure 12: These
euchroite gemstones
were cut from rough
material obtained at
the Svatodusna copper
deposit in Slovakia. The
stones weigh (a) 1.36 ct
and (b) 0.06 ct. Photos
by R. Hanus.
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quality material is even rarer. Euchroite is quite difficult to
cut and polish due to the mineral’s softness and its texture
consisting of fibrous aggregates. Due to its extreme rarity
in cut form, euchroite is unlikely to be encountered on the
market, even as a collector’s stone. Although its colour
may closely resemble that of dioptase, gems cut from
dioptase typically have better transparency. In addition,
euchroite is commonly accompanied by inclusions of
libethenite, which are emerald green show a high lustre.
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Properties of Green Fluorite from England Showing

Daylight Fluorescence

A famous locality for fine-quality fluorite crystals is the
historic Weardale mining district in County Durham,
northern England. Weardale is the centre of the North
Pennines Orefield, which has been a source of lead, iron,
zing, fluorite and other mineral commodities for the past
millennium (Fisher 2013). In recent times, the most
prolific source of fluorite specimens for collectors has
been the Rogerley mine, which was first developed in the
early 1970s by a team of local collectors. In 1999, the
mine was taken over by a group of Americans and
operated as UK Mining Ventures LLC (Fisher 2013). In
the summer of 2017, the project changed ownership to
Ian and Diana Bruce under the name UK Mining Ventures
Ltd (www.ukminingventures.com/dianamaria.html).
They opened the Diana Maria mine about 400 m west of
the Rogerley main portal; both mines are currently being

worked throughout the year. The mineralised cavities are
hosted by vertical veins and by metasomatic zones or
‘flats’ that extend laterally from the veins, subparallel to
the limestone host-rock bedding. The fluorite is most
commonly green, yellow or purple, and the crystals
typically form penetration twins on {111} (Fisher 2004).

In 2017, one of the authors (JS) obtained some green
fluorite samples from UK Mining Ventures Ltd that came
from the Rogerley and Diana Maria mines. Author ZP
recently faceted three Diana Maria fluorites, consisting
of two matched square step cuts with dimensions of 4.50
x 4.50 x 3.29 (0.60 ct) each, and one rectangular step cut
measuring 5.30 x 9.45 x 4.28 (2.07 ct; Figure 13). Their
gemmological properties were comparable to those of
fluorite, with a singly refractive RI varying from 1.425
to 1.445 (although this range is somewhat wider than

Figure 13: These faceted fluorites (from left to right: 0.60, 2.07 and 0.60 ct) are from the Diana Maria mine in the Weardale
mining district of County Durham, northern England. (@) They are green when viewed with standard ‘warm’ or ‘cool’ white LED
illumination, but (b) appear more blue in daylight-equivalent illumination due to their strong UV fluorescence. Photos by J. Stubna.
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Figure 14: Two-phase (liquid-gas) inclusions displaying various shapes occur in the Diana Maria fluorites. Photomicrographs by
J. Stubfa; magnified 40x.

typically reported for fluorite) and a hydrostatic SG value
of 3.17-3.19. They appeared pink to red under a Chelsea
Colour Filter. Magnification revealed two-phase (liquid-
gas) inclusions (Figure 14), which are characteristic of
fluorite from various locations.

The most striking aspect of these green fluorites was
their exceptionally strong violetish blue fluorescence to
long-wave UV radiation (Figure 15), which was weaker
under short-wave UV. This fluorescence behaviour
is similar to that shown by fluorite from many other
Weardale localities, and most of the green and purple
fluorite from these deposits shows blue-to-violet overtones
resulting from daylight fluorescence (Fisher et al. 2004).
This colour effect was clearly seen in the faceted stones
examined for this study (again, see Figure 13).

Ultraviolet-visible (UV-Vis) spectroscopy of our green
fluorites revealed absorption bands at 376, 426, 444, 617
and 688 nm (Figure 16a). O’Donoghue (2006) reported
similar absorption features in green fluorite, with bands
at 427, 445, 582, 610 and 634 nm. Raman spectroscopy
showed numerous peaks, including a Raman band at
322 cm! (Figure 16b). Cermdkovd et al. (2014) indicated
that Raman bands at wavenumbers higher than 500 cm™!

Figure 15: Intense violetish blue
fluorescence is seen with long-wave UV
radiation in this Diana Maria fluorite. Note
also the subtle zones displaying magenta
fluorescence. Photomicrograph by

J. Stubnia; magnified 7.5x.

in fluorite are probably related to the presence of rare-
earth elements (REE).

The cause of the vivid green colour shown by
Weardale fluorite is still not clearly understood. However,
modern analytical techniques and observations of the
colour behaviour under different light sources suggest
the fluorite’s colouration is produced by colour centres
resulting from lattice defects caused by the presence
of REE (Fisher & Greenbank 2000). Weardale fluorite
is enriched in light REE such as Y, Ce, La, Sm and Nd,
and displays a strong negative Eu anomaly (Falster et
al. 2001; Ixer 2003). Although the role of these elements
in causing the green colour needs further study, they
are apparently responsible for the fluorite’s intense UV
fluorescence (Falster et al. 2001; Fisher 2004).

Drs Jdn Stubtia (janstubna@gmail.com)
and Zuzana Pulisovd

Gemmological Laboratory, Constantine the
Philosopher University, Nitra, Slovakia

Drs Jana Fridrichovd and Peter Bacik
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Figure 16: (a) This

representative UV-Vis
spectrum of the green
fluorite from the Diana

Maria mine shows
absorption bands at
about 376, 426, 444, 617
and 688 nm. (b) Raman
spectroscopy shows a
typical 322 cm! peak for
fluorite along with several
other peaks that are
probably associated

with REE.
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Jewellery Set with Green Fluorite from England

Fluorite from the Rogerley and Diana Maria mines in
the Weardale mining district, County Durham, northern
England, is prized by mineral collectors who appre-
ciate the well-formed crystal specimens. Particularly
well known from these mines is green fluorite showing
daylight fluorescence (see the previous Gem Note in
this issue).

During the February 2020 Tucson gem shows, Diana
Bruce (Crystal Classics, East Coker, Somerset) showed
this author a new line of jewellery created with faceted
fluorite that mainly comes from the Diana Maria mine
(e.g. Figures 17 and 18). Cutting of this material started
in late 2018 and the first batch yielded about 1,000
gemstones, of which 650 have been set into pendants
and earrings (called the Viridis Gems collection), and the
rest are being sold as loose stones. The vast majority of
the fluorites are green, although some purple and yellow
gems have been cut. The shapes include round, oval and
trilliant, in concave or fantasy cuts that mostly range from
6 x 6 mm to 14 x 12 mm; there are three sizes available
for earrings and four sizes for necklaces. The largest
stone faceted so far weighs approximately 28 ct. The
cutting styles employ relatively small tables so they are
less susceptible to scratching. (Viridis Gems fluorite is
accompanied by information on the care and cleaning of

Figure 17: Set in
rhodium-plated
sterling silver, these
concave-cut fluorites
from the Diana Maria
mine range from 8 to
12 mm (approximately
2.0-6.8 ct for the
rounds and 1.8-4.9 ct
for the trilliants). Photo
by Olga Kaspera,
Crystal Classics.

Figure 18: These concave-cut fluorites from the Diana Maria
mine weigh 4 ct (left, set in 18 ct gold) and 6 ct (right).
Photo by Olga Kaspera, Crystal Classics.

this delicate stone.) The fluorite is set in rhodium-plated
sterling silver, or in 14 or 18 ct gold. A few loose twinned
crystals of the fluorite have also been set as pendants.
The attractive green colour, custom cutting styles and
daylight fluorescence combine to make these fluorites
interesting as loose stones and jewellery items.

Brendan M. Laurs FGA
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Frankamenite as an Ornamental Gem Material

Frankamenite—K;Na;Ca;(Si;,05,) (F,OH), * H,0—is a
relatively new mineral (described in 1996) that occurs
together with charoite from the Sakha Republic
(formerly Yakutia), Russia. Frankamenite is a member
of the canasite group and is the hydrated, fluorine-dom-
inant analogue of canasite. It is triclinic and has a Mohs
hardness of 5%. It forms aggregates of prismatic crystals,
with individuals usually measuring about 1 cm (rarely
up to 10 cm) long. Its colour is typically grey but may
also be yellow, violet or (rarely) light blue or green
(Rozhdestvenskaya et al. 1996).

For this study, we examined a cabochon consisting
of frankamenite together with other minerals (Figure
19), which came from the Sirenevyi Kamen charoite
deposit, located near the confluence of the Chara and
Tokko rivers in the Murunskii massif, Aldan Shield,
Sakha Republic. The deposit covers an area of 12 km?
and the estimated charoite resource is around 20,000 t
(Ivanov et al. 2018). Although charoite is the name
of a mineral, it also refers to a rock with a distinctive
purple colour that is mostly comprised of charoite sensu
stricto with various other minerals. Charoite’s colour

and textural characteristics make it highly prized as an
ornamental material.

The sample described here was purchased at the source
locality many years ago. It was chosen for examination
because its colouration is significantly different from that
of charoite. The cabochon measures 43.3 x 34.5 mm and
weighs 121.32 ct. It shows a coarse-grained interlocking
texture, with individual crystals of about 15 mm long
and 4 mm wide. With Raman microspectroscopy, the
pale grey-green domains were identified as frankamenite.
The following peaks were recorded and are typical of
frankamenite: 461, 441, 386, 332, 266 and 187 cm™! with
important maxima at 1121, 645 and 625 cm™! (charoite
and quartz peaks were subtracted). The frankamenite
crystals showed perfect cleavage, and they fluoresced
intense pink to long-wave UV radiation and a weak, deep
red to short-wave UV. Associated minerals (labelled in
Figure 19) included charoite (purple), quartz (colour-
less), aegirine (black), tinaksite (orangey brown) and
fedorite (as lamellar inclusions in tinaksite); these were
identified by Raman spectroscopy of the cabochon or by
powder X-ray diffraction analysis of samples taken from

Charoite lamellae

Aegirine

Tinaksite
and fedorite

Frankamenite

Quartz

Tinaksite

Tinaksite and
fedorite

Figure 19: This 121.32 ct cabochon from the Sirenevyi Kamen charoite deposit in Russia consists of frankamenite (pale grey-green),
charoite (purple), tinaksite (orangey brown) and aegirine (black), together with small amounts of quartz and fedorite.

Photo by R. Hanus.
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an offcut of the stone. While not identified in the present
sample, celsian (barium feldspar) is also commonly
found in association with charoite.

Although charoite is a better known and visually more
appealing gem material, frankamenite is an unusual
collector’s stone and its presence together with the various
associated minerals creates an interesting appearance.

Dr Radek Hanus, Dr Jdn Stubria
and Kamila Jungmannovd
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Colour-Change Garnet from Tanga, Tanzania

Colour-change garnets are well known from East Africa,
and in Tanzania this material typically comes from the
Umba River Valley and consists of pyrope-spessartine that
can appear greenish blue in daylight and magenta in incan-
descent light (e.g. Jobbins et al. 1975). Recently, additional
production of colour-change garnet reportedly occurred
near Tanga, which is in the same region as Umba in north-
eastern Tanzania. Gem dealer Dudley Blauwet (Dudley
Blauwet Gems, Louisville, Colorado, USA) obtained the
rough material at the February 2017 Tucson gem shows.
He sent eight pieces of rough totalling 5.0 g to his cutting
factory and they yielded eight faceted stones ranging from
0.66 to 2.03 ct (7.31 carats total weight).

Blauwet loaned three of the gems for examination
(Figure 20), and they measured 8.47 x 6.97 x 4.37 mm
(2.02 ct oval), 6.41-6.47 x 3.86 mm (1.09 ct round) and
6.87 x 6.76 x 3.48 mm (1.07 ct triangle). In daylight,
the oval appeared dark reddish purple with flashes of
deep purplish pink, and the round and triangular stones
showed a strong, deep purple colour. All three changed
to purplish red in incandescent light. The RIs of the
oval, round and triangular samples were 1.759, 1.747
and 1.743, and their average hydrostatic SG values were
3.86, 3.77 and 3.76, respectively.

A prism spectroscope revealed absorption in the violet
and blue regions to about 460 nm. The oval specimen
displayed an absorption band at about 540-610 nm. In
the other two stones this absorption band was slightly
narrower (around 550-590 nm). All three gems were
inert to long- and short-wave UV radiation.

The oval and triangular stones were eye clean, but
microscopic examination revealed some needle-like
inclusions oriented in four different directions. The round
sample was slightly included, containing a partially
healed fissure and needles that were crystallographi-
cally oriented and in seemingly random orientations.

UV-Vis-NIR absorption spectra collected with an
Ocean Optics HR2000+ spectrometer gave a more
detailed picture of the features observed with the spectro-
scope. The round and triangular stones showed identical
spectra consisting of pronounced bands at about 410 and
573 nm (with a shoulder at 505 nm; Figure 21). The most
pronounced transmission windows were in the blue (at
about 477 nm) and red regions. The spectrum of the
oval stone was slightly different (again, see Figure 21):
it showed a somewhat asymmetrical band at 572 nm, a
feature at 484 nm, and weak shoulders at about 460 and
525 nm. Because of its relatively greater absorption in
the blue region, in daylight this sample displayed slightly
less of the blue component than in the other stones, and
therefore its colour change was less distinct.

The absorption spectra resembled those of colour-
change pyrope-spessartine described by Lind (2015)
and Schmetzer et al. (2009). Those samples revealed a
band at about 410 nm and a weaker feature at 484 nm
due to Mn?*; (weak) features at 505 and 525 nm, plus a
band at about 570 nm, due to Fe?*; and an intense band
at 573 nm due to Cr3* and V3+.

The RI values of the round and triangular stones were
(1) considerably lower than those reported by Lind (2015)

Figure 20: The three faceted colour-change garnets from
Tanga, Tanzania (2.02 ct oval, 1.09 ct round and 1.07 triangle)
examined for this report are shown here in daylight-equivalent
illumination. In incandescent light, all three stones appear
purplish red. Photo by J. C. Zwaan.
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UV-Vis-NIR Spectra

Figure 21: UV-Vis-NIR
absorption spectra of the
three colour-change garnets
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for colour-change garnets (1.751-1.771); (2) considerably
lower than those of V + Cr-bearing pyrope-spessartine
garnets from Umba (1.757; Jobbins et al. 1975) and from
Tranoroa, Madagascar (1.768-1.773; Schmetzer et al.
2002); and (3) similar but still lower than those of colour-
change garnets from Bekily, Madagascar (1.750-1.755;
Schmetzer et al. 2002), indicating a higher pyrope content
than is commonly present in colour-change garnets
(pyrope-spessartine solid solution: pyrope dominant RI
< 1.760 and spessartine dominant RI > 1.765; Lind 2015).

EDXRF spectroscopy obtained with an EDAX Orbis
Micro-XRF Analyzer revealed major amounts of Mg,
Mn, Al and Si (with Mg>Mn in all three stones), plus
minor Ca and Fe, with traces of Cr, V and Zn (Table II).
The 2.02 ct oval had a higher Mn content (about 13-14
wt.% MnO) than the other two stones (about 7-8 wt. %
MnO). Comparison of the Cr,0; + V,0; concentrations
to the spectra in Figure 21 indicates that only a slight
increase in Cr3* + V3+ can have a considerable impact
on the intensity of the 573 nm band (Lind 2015).

Table II: Minor and trace elements by EDXRF in colour-change
pyrope-spessartine from Tanga, Tanzania.

Ca0 36-39 25-26 18-19
FeO 19 34-35 25-26
Cr,0s + V5,05 | 0.40-0.42 0.60-0.64 0.64-0.67
Zno 0.03 0.05-0.06 0.05
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The extent of the colour change in the pyrope-
spessartine samples described here could be described
as moderate for the round and triangular stones, and
faint for the oval stone, when compared to the overall
range of colour change observed in garnets, some of
which display a very strong change from green to bluish
green in daylight to red-purple in incandescent light
(Schmetzer et al. 2009).

Dr J. C. (Hanco) Zwaan FGA
(hanco.zwaan@naturalis.nl)
Netherlands Gemmological Laboratory
Naturalis Biodiversity Center

Leiden, The Netherlands
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Hessonite from Somaliland

Somaliland is an autonomous region of Somalia in East
Africa, and has produced gem-quality garnet, opal,
emerald, aquamarine and several other gem materials
(Kinnaird & Jackson 2000). At the February 2020 Tucson
gem shows, one of the authors (AMY) had some recent
production of rough and cut orange garnets from
Somaliland. According to his contacts in the mining
area—including dealer Ahmed Shekh, a miner named
Abdikarim and archaeologist Mohamed Abdi Allamagan—
the garnet-bearing area is situated in an area measuring
approximately 10 x 10 km that is located just south-west
of the town of Daarbuduq (or Da’ar buduq), which is in
between the capital city of Hargeisa and the coastal city
of Berbera. Garnets have been mined from secondary
deposits in this area since the 1990s, although some stones
were collected from the surface before that time.

Both artisanal and mechanised methods have been
used to recover the garnets. Artisanal miners work in
groups of 3-5 persons and employ simple hand tools to
dig shafts that are 1 m wide and average 4-6 m deep;
sometimes three or four tunnels are interconnected. On
average, each miner collects about 1 kg of garnet rough
per day, although production may be greater during the
rainy season. Mechanised mining takes place mainly
along riverbanks, where about 50-100 persons work in
screening operations. Depending on the capacity of the
machinery used, the average daily production from each
one ranges from about 15 to 40 kg.

The rough garnets consist of medium to dark orange
broken fragments (rarely showing crystal faces) that
typically range up to 5 g each, with the largest stones
weighing 50 g. About 40% is of good quality and 60%
is comprised of lower-grade material.

Author AMY donated some rough and cut garnets

Figure 23: Etch tubes are prominent in this hessonite from
Somaliland. Photomicrograph by B. Williams; image width 6 mm.

to Gem-A (Figure 22), and the five faceted stones were
characterised by authors BW and CW. They weighed
5.66-8.16 ct and ranged from medium yellowish orange
(6.13 ct) to deep orangey red (6.04 ct). The RI ranged
from 1.740 (6.13 ct) to 1.749 (6.04 ct), and SG was
measured hydrostatically at 3.61 (6.13 ct) to 3.64 (6.04
ct). These values are all within the expected range for
grossular (hessonite), with those exhibiting a deeper,
more reddish colouration—along with higher RI and
SG values—inferred to contain greater amounts of iron.
The identification of all the samples as grossular was
confirmed by Raman spectroscopy using a Magilabs
GemmoRaman-532SG spectrometer. Between crossed
polarisers, some stones showed uneven, patchy,
anomalous extinction while others exhibited a more
striated and semi-parallel extinction pattern. Inclusions
consisted of partially healed fluid-filled fissures, etch
tubes (Figure 23) and colourless crystalline inclusions
with a prismatic or rhomboid shape that appeared to
be calcite and/or apatite. Absent was the roiled optical
effect that is commonly seen in hessonite.

Figure 22: (a) These rough pieces of hessonite from Somaliland range from yellowish orange to reddish orange and weigh 0.70-
2.47 g. (b) The five faceted hessonites examined for this report weigh 5.66-8.16 ct. Photos by (a) B. Williams and (b) C. Williams.
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FTIR Spectrum

Figure 24: A strong
absorption band in the
mid-infrared region

Absorbance

centred at around 3600
cmis indicative of a
high water content and
is typical of hessonite.
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Fourier-transform infrared (FTIR) spectroscopy using
a Magilabs GemmoFtir showed a distinctive water
absorption band centred at around 3600 cm™ (Figure
24), which in these authors’ experience is a consistent
feature of hessonite.

Kinnaird and Jackson (2000) documented three
different types of orange to red garnets from Somali-
land: grossular, pyrope and almandine. The grossular
was orange-red (i.e. hessonite) with a composition of
Grsgs oAnd, g, Alm, 5, (With traces of pyrope and spessa-
rtine components), and it contained a cluster of parallel,
tubular, partially liquid-filled inclusions. Clark (2014)
also documented a hessonite from Somalia, which was
orange and had an RI of 1.741; it was described as
containing small flake-like inclusions and transparent
needle-like and tabular crystals, descriptions consistent
with the inclusions noted in the present hessonites. In
addition, as in the present samples, the stone examined
by Clark (2014) lacked a roiled appearance.

The presence of hessonite in the Daarbuduq area is
consistent with the geology of the region. According to

..............................................................................
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the geological map presented by Kinnaird and Jackson
(2000), the area is underlain by Proterozoic marbles
and other metamorphic rocks of the Mora complex that
are intruded by granitic rocks of mainly Cambrian age
(500-550 million years old). The interaction between
marble and granitic rock is favourable for the formation
of skarn, which is a common host rock for grossular.

Bear Williams FGA and Cara Williams FGA

Abdiaziz Mohamed Yousuf
Addis Ababa, Ethiopia

Brendan M. Laurs FGA
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Laurentthomasite, a New Gem Mineral

In March 2020, the GIT Gem Testing Laboratory (GIT-GTL)
received two greenish blue faceted stones that weighed
0.98 and 1.67 ct for identification (Figure 25a). The stones’
owner indicated that they reportedly consisted of a
newly described mineral, laurentthomasite, named after
the French mineral dealer Laurent Thomas of Polychrom
France (www.mindat.org/min-53556.html). The mineral
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was discovered in Madagascar’s Toliara Province, and in
April 2019 it was approved by the International Miner-
alogical Association as a new member of the milarite
(osumilite) group—specifically the Mg analogue of
milarite (KCa,AlBe,Si;,0;, * 0.5H,0)—with an ideal
chemical formula of KMg,AlBe,Si;,0;, and hexagonal
symmetry (Ferraris et al. 2019).
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Figure 25: (a) The two laurentthomasite gemstones described here weigh 0.98 and 1.67 ct. (b) They exhibit strong dichroism in
greenish blue and light greenish yellow, as shown here for the 0.98 ct stone. Photos by (a) C. Kamemaganon and (b) P. Ounorn.

Figure 26: Magnification of the laurentthomasite gems shows (a) ‘fingerprints’, (b) negative crystals and (¢) primary two-phase
(liquid-gas) inclusions. Photomicrographs by P. Ounorn and C. Suphan, using darkfield illumination; image widths 3.2 mm (a) and
2.8 mm (b and ¢).

Both gems consisted of oval mixed cuts. Standard
gemmological testing showed the following proper-
ties: RIs—1.555-1.560, birefringence—0.005, optic
character—doubly refractive and uniaxial positive,
hydrostatic SG—2.59-2.63, and fluorescence—inert
to long- and short-wave UV radiation. Their most
distinct optical characteristic was strong dichroism in
greenish blue and light greenish yellow (Figure 25b).

UV-Vis-NIR Spectra
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o-ray
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Magnification showed various features, such as ‘finger-
prints’, negative crystals and primary two-phase (liquid
and gas) fluid inclusions (Figure 26).

Polarised UV-Vis-NIR absorption spectra of the two
samples in the range of 300-1500 nm, collected by a
PerkinElmer Lambda 1050 spectrophotometer, showed
features at 374, 407, 423, 441, 455 and 486 nm, along
with a broad band at around 600-1400 nm (Figure 27).

Figure 27: Representative polarised
UV-Vis-NIR spectra (recorded here
from the 0.98 ct stone) show broad
bands centred at around 900 nm for
the o-ray and 1040 nm for the e-ray,
which are responsible for the strong
dichroism of laurentthomasite. The
path length of the beam was about
5-6 mm.
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The strong dichroism corresponded to differences in
the intensity and position of this broad band, which
for the o-ray was centred at around 900 nm and for the
e-ray was centred at around 1040 nm (and relatively
weaker). As such, a distinct spectral window transmits
in the blue region for the o-ray, while relatively weaker
blue-green-yellow transmission is present in the e-ray
direction (again, see Figure 27). (Editor’s note: Raw data
for the UV-Vis-NIR spectra are available in The Journal’s
online data depository.)

The mid-infrared spectra of both samples, recorded
with a Thermo Nicolet 6700 FTIR spectrometer, showed
broad transmission in the 7000-2000 cm™! range along
with weak absorption features at approximately 5000,
3550, 3447 and 3253 cm™! (Figure 28a). Raman spectra,
collected with a Renishaw inVia spectrometer using 532
nm laser excitation, showed dominant peaks (Raman
shifts) at 287, 380, 490 and 566 cm™! (Figure 28b). The
overall pattern was similar to the reference spectrum
of milarite but showed somewhat different positions
for some peaks.

Semi-quantitative EDXRF chemical analyses of both
stones obtained with an Eagle III spectrometer revealed
enriched Si contents, minor amounts of Al, Mg, K, Fe, Sc
and Mn, and traces of Rb and Y (Table III). In addition, a
significant amount of Be was detected by laser-induced
breakdown spectroscopy (LIBS). The data obtained by
EDXRF were normalised to 100 wt. % but do not include
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Figure 28: (a) The mid-IR spectrum of laurentthomasite
shows weak absorptions at approximately 5000, 3550,
3447 and 3253 cm. (b) The Raman spectrum of laurent-
thomasite resembles that of a milarite reference spectrum,
with a shift in some peak positions.
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Table IlI: Semi-quantitative normalised EDXRF chemical data
for laurentthomasite.*

sio, 83.08 80.72
Al,O5 370 438
5¢,05 2.40 221
Y,05 0.54 0.56
Fe,Os 237 2.87
MnO 126 166
MgO 339 3.97
K,0 2.87 321
Rb,0 0.39 0.42
Sum 100.00 100.00

* Be cannot be detected by EDXRF, so the Si data shown
here are believed to be too high.

Be, so the actual content of Si (by far the most abundant
element) is expected to be somewhat lower than the
amount shown in Table II. Overall, the compositions
we obtained are consistent with the chemical formula
of an Al-Mg-K-Be silicate mineral (i.e. laurentthomasite)
containing minor amounts of Fe, Sc and Mn.

Raman Spectra

477

Milarite (RRUFF R120135)

Intensity ——»

Laurentthomasite (this study)

566

T T T T
200 400 600 800 1000
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Table IV: Properties of laurentthomasite.

Property This study C. Ferraris (pers. comm. 2020)
Colour Greenish blue Greenish blue
Pleochroism Very strong, in greenish blue and light Very strong, in ‘cobalt’ blue and greenish yellow

greenish yellow

Optic character

Doubly refractive (uniaxial +)

Doubly refractive (uniaxial +)

RI

1.555-1.560 (birefringence 0.005)

1.540-1.545 (birefringence 0.005)

SG

2.59-2.63

2.66

Hardness (Mohs) Not determined

Approximately 6

Cleavage Not observed

Poor

Fluorescence

Inert to both long- and short-wave UV

Inert to both long- and short-wave UV

Inclusions
(liguid-gas) inclusions

Negative crystals, ‘fingerprints’, primary two-phase

Dark elongated crystals (Fe-rich oxides)

UV-Vis-NIR spectrum

600-1400 nm

Absorption peaks at 374, 407, 423, 441, 455 and
486 nm with a broad absorption band at around

Not reported

FTIR spectrum

3550, 3447 and 3253 cm!

Broad transmission in the 7000-2000 cm-' range
with weak absorption features at about 5000,

Not reported

Raman spectrum Peaks at 287, 380, 490 and 566 cm-!

Not reported

Chemical composition Al-Mg-K-Be-Fe-Sc-Mn silicate

(K\Na,Y,Ca)(Mg,Sc,Fe?* Mn),
[(Be, AlLMg,Fe3),(Si,Al,050]

A summary of the properties obtained for the laurent-
thomasite samples we examined is presented in Table [V
and compared to data supplied by C. Ferraris (pers. comm.
2020; further information to be published in a future
mineralogical article). The gemmological characteristics
are similar except for somewhat higher RI and lower SG
values shown by the two stones examined in the present
study. Furthermore, the chemical data we obtained
by EDXRF and LIBS analyses are consistent with the
formula of laurentthomasite. Moreover, the Raman
spectrum indicates a close association with milarite.
Although the gemmological properties of laurentthom-
asite are similar to those of milarite (cf. www.gemdat.
org/gem-2710.html), laurentthomasite has distinctly
different colour/pleochroism than milarite, which is
colourless to pale yellow or green.
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Green Orthoclase with Chatoyancy from Vietnam

Gem-quality green feldspar from Vietnam is commonly
traded as amazonite, but rather than being a variety
of microcline it is actually orthoclase (Ponahlo et al.
2001; Laurs et al. 2005; Huong et al. 2012). Most of this
material has limited transparency and is therefore suitable
for cabochons or carvings, although rare transparent
material has been faceted into attractive gemstones. In
2008, one of the present authors (RH) obtained some
samples of green orthoclase from the Minh Tien pegma-
tites during fieldwork in the Luc Yen District of Yen Bai
Province in northern Vietnam. These pegmatites are also
known as a source of colourful tourmaline, as well as
smoky quartz and citrine (Nguyen et al. 2010).

Some of the samples obtained by author RH displayed
a sheen effect that suggested they could show chatoyancy
when polished as cabochons, and cutting of this material
yielded two cat’s-eye orthoclase gems weighing 13.18 ct
(22.50 x 12.80 mm) and 47.61 ct (26.10 x 19.50 mm,;
see Figure 29). Their RIs were 1.519-1.524 (birefrin-
gence of 0.005) and SG values were 2.45 and 2.51. The
stones were inert to long-wave UV radiation, but showed
strong blue-white fluorescence to short-wave UV. The
chatoyancy displayed by both cabochons was caused by
aligned voids and channels (e.g. Figure 30).

The previously known occurrences of green orthoclase
in the Minh Tien area have been exhausted and nowadays
this material is only rarely encountered in the trade.
However, light green orthoclase imitations are sometimes
offered at the local gem market in Luc Yen, including
transparent fluorite and included pieces of glass.

Drs Radek Hanus and Jdn Stubiia

Figure 30: The cat’s-eye effect in the Vietnamese
orthoclase is caused by linear arrays of voids and channels.
Photomicrograph by R. Hanus; image width 2.8 mm.
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Figure 29: These two cabochons of orthoclase from Vietnam display chatoyancy. The stones weigh (a) 13.18 ct and (b) 47.61 ct.

Photos by J. Stubna.
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Faceted Proustite from Chafarcillo, Chile

Proustite (Ag;AsS;), and its antimony analogue pyrargyrite
(Ag;SbS;), are commonly known as ruby silver. They both
are deep red and display an adamantine to submetallic
lustre, although proustite tends to be more transparent and
a lighter red than pyrargyrite. Proustite forms particularly
attractive crystal clusters that are highly prized by mineral
collectors, but they are very difficult to obtain:

Good proustites are almost impossible to field collect
and are typically available only from old collections
or once-a-century type finds in operating silver mines.
Consequently, this much-revered mineral...exemplifies
one of the truly difficult-to-acquire collectible species.
(Cook 1996, p. 345)

According to Cook (1996), collectible proustite crystals
are found in Canada, USA, Mexico, Peru, Chile, Czech
Republic, Germany, France, Italy (Sardinia) and Russia
(Siberia). More recently, Morocco has also produced
high-quality specimens. The finest proustites are widely
regarded as coming from the Dolores silver mine in the
Chanarcillo District of northern Chile. The district was
discovered in 1832, reached maximum production during
approximately 1860-1880, and continued to be mined
in underground workings until the early 20th century
(Sillitoe 2007). Proustite specimens from Chanarcillo have
found their way into private and museum collections
worldwide, and although faceted gemstones are very
rare, Hyr$l (2003) indicated that gems from this locality
are known to weigh up to 55.48 ct.

Given the scarcity of fine-quality proustite today—as
either specimen- or facet-grade material—this author was
surprised to see a recently faceted 43.21 ct Chanarcillo
proustite at the booth of Pala International (Fallbrook,
California, USA) during the February 2020 Tucson gem
shows. According to Bill and Carl Larson, the original
rough piece was traded out of an old museum collection

and then passed through another dealer before they
acquired it. Since it consisted of a broken piece that
was not very desirable as a mineral specimen (Figure
31a), the Larsons assessed its potential gem value and
determined that it contained a large area that was trans-
parent enough for faceting. The piece was entrusted
to Tim Condron (InOro Gems and Jewels, Sedona,
Arizona, USA). Preforming the rough (Figure 31b, c)
was challenging due to the brittle nature of proustite
(which is also quite soft, having a Mohs hardness of
about 2%) and the difficulty of seeing inside the piece.
Other factors that make proustite difficult to facet are its
distinct cleavage on {1011} and the common occurrence
of twinning. In addition, proustite is photochromic, so
prolonged exposure to bright light will cause it to darken
and acquire a dull tarnish on the surface.

Despite the challenges of working with this material,
Condron obtained the 43.21 ct stone shown in Figure 32,
along with a 2.49 ct round brilliant. A very light touch
was needed when cutting the gems, and Condron used
a homemade wax lap for the final polish. The stones
contained some feathers, partially healed fractures and
growth tubes, and the larger gem also hosted a surface-
reaching channel with an angular cross-section.

The red colouration of proustite is best appreciated by
passing some transmitted light through the gem (again,
see Figure 32). According to Loeffler and Burns (1976),
proustite is red because it is a semiconductor material
with a band gap of ~16,000 cm™ (or 625 nm). Light
wavelengths with energies greater than the band gap
are absorbed, while lower-energy wavelengths are trans-
mitted. The band gap of proustite at 625 nm is in the
orange region of the spectrum, so only the lower-energy
red wavelengths are transmitted.

This instance shows the value of examining rough
samples of proustite (or other rare collector’s stones) for

Figure 31: These images (taken
from video clips) show (a)

the original specimen before
cutting, and (b, ¢) two views

of the facetable portion of the
proustite during the preforming
process. Photos courtesy of
Tim Condron.
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Figure 32: The finished 43.21 ct proustite is shown here (a) under diffuse illumination and (b) with partially transmitted light.

Photos by Orasa Weldon.

their gem potential, particularly when they consist of
broken pieces that are undesirable as crystal specimens.

Brendan M. Laurs FGA
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Visit to a New Blue Spinel Mining Area in Vietham

In July 2019, this author heard rumours about a major find
of blue spinel—supposedly including some fine-quality
cobalt-coloured material—that occurred at a new deposit
in the Luc Yen District of northern Vietnam. The mine
is known as Bai Boui, which means ‘Pomelo mine’ in
Vietnamese. It is located north-west of Thac Ba Lake,
about 43 km north of the town of Yen Bai. The initial
discovery took place in June 2019 and was soon followed
by a mining rush, with up to 500 people digging in the
area. This lasted for several weeks until government
officials sent police to clear the area. (In recent years,
Vietnam has become more restrictive in allowing people to
mine, even on their own property.) Local dealers estimated
that during July-August 2019, rough and cut blue spinel
from this find sold for around USD500,000 at the local gem
market in Luc Yen. Some of the production was obtained
by Vietnamese dealers and most of the remainder was
purchased by gem merchants from Bangkok.

In November 2019, this author and his wife, Darunee
(Muy) Pisutadamongkol, went on a buying trip to Vietnam.
From the capital city of Hanoi it took 425 hours to drive
to Luc Yen. There we visited the gem market, and saw
some rough blue to violet spinel represented as being from
Bai Boui that was mostly dark coloured, had grey tones
and showed a colour shift to purple-grey in incandescent

THE JOURNAL OF GEMMOLOGY, 37(2), 2020

light. When viewed with a Chelsea Colour Filter, most of
the spinel showed no reaction, or appeared ‘murky’ pink
in the filter. Also, the spinel displayed almost no fluores-
cence when viewed with a 380 nm UV laser pointer. By
contrast, fine ‘cobalt spinel” appears bright red with the
Chelsea filter and it fluoresces intense red to long-wave
UV radiation. Therefore, it seemed likely that the blue
colour of most of the samples examined was due mainly
to iron rather than cobalt.

With the help of our local contacts, we arranged a trip
to the Bai Boui spinel mine. From Luc Yen we travelled
by motorbike for about 40 minutes to where steep karst
formations blocked further wheeled travel. We then hiked
to the site of the initial mining rush, which was marked by
pits of 1-2+ m deep in the alluvial soil between the karst
outcrops. Further examination showed that the soil had
been removed from almost every spot of the karst that was
wide enough for a person to enter. We continued climbing
through challenging karst terrain, sometimes crossing
bamboo bridges that traversed deep gaps between fins
of weathered marble. We passed several scattered areas
where digging was evident amongst the jungle growth.
After proceeding about 300 m we entered an area that
was about 75-100 m wide, spanning an elevation of 30-40
m, which had been cleared of most vegetation and was
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being actively worked (e.g. Figure 33). A mining camp
consisted of a large tarpaulin with open sides where the
miners slept and prepared food. Near the top of the area
was a large tarpaulin tank for capturing and storing water,
both for drinking and for washing the alluvial gravels.
The highest worked area was at an elevation of 475 m and
was located at coordinates 22°05.296’N, 104°47.271'E.

TR T

Figure 34: The spinel-bearing gravels are hand washed in a
small pond using shallow baskets. Photo by D. Blauwet.

Figure 33: (@) The Bai Boui spinel
mining area is situated in karst
terrain. (b) Gravels containing
blue spinel are mined from narrow
ravines in the weathered marble.
Photos by (a) D. Pisutadamongkol
and (b) D. Blauwet.

Approximately 20 people were
working in the area, and most of
the digging took place in narrow
ravines that were 0.5-2 m wide
where alluvial gravels had been
deposited. The gravels were
washed in a makeshift pond
using wide, flat, woven bamboo
baskets (Figure 34). We also saw
a small hand-turned trommel at
the site. Nevertheless, only small amounts of spinel had
been recovered recently. Although most of the material
we saw was not transparent enough for cutting, it could
be sold to artisans in Luc Yen for use in making gem
‘paintings’. The asking prices at the mine were too high to
even consider starting the bargaining process.

The following day, we returned to the gem market
and bought a parcel of small Bai Boui rough spinel for
a reasonable price. We also obtained a larger fragment
of Bai Boui spinel from our regular supplier that had
a redder appearance under the Chelsea filter and also
fluoresced, as well as showed a significant colour change.
Cutting of this piece in Sri Lanka yielded a 1.15 ct stone,
and some smaller gems were also cut from the other
rough material (e.g. Figure 35).

Additional blue spinel from Bai Boui will probably
enter the market in the future as more of the rough is cut.
It is also likely that other small deposits of blue spinel will
continue to be found in Vietnam in the future.

Dudley Blauwet (DudleyBlauwet@gmail.com)
Dudley Blauwet Gems
Louisville, Colorado, USA

Figure 35: Cutting of some of the rough Bai Boui spinel
obtained at the Luc Yen gem market yielded these blue to
violet gems (0.42-0.66 ct). Photo by D. Blauwet.
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FEATURE ARTICLE

Gemmological and
Spectroscopic Characteristics
of Different Varieties of
Amber from the Hukawng
Valley, Myanmar

With its broad range of varieties, Burmese amber may show various optical effects,
including ‘oil gloss’ (a red or green surface fluorescence effect) and phosphorescence phenomena.
Samples representing golden, brown, red (‘blood’), ‘beeswax’ and ‘root’ ambers were characterised,
as well as those showing red or green ‘oil gloss’; many of these also displayed phosphorescence.
Common internal features seen with optical microscopy include reddish brown dot-like inclusions in
brown amber and flow-banded concentrations of bubbles in ‘beeswax’ and ‘root” ambers (the latter
displaying patterns comprised of opaque light- and dark-coloured layers). SEM imagery revealed various
scaly or layered structures on freshly broken surfaces, micro-bubbles in some samples and distinc-
tive hollow micro-channels in ‘root” amber. Fluorescence spectra recorded luminescence centres at
432 and 470 nm in all samples, and additionally at 650 nm (+ 625 nm) in red ‘oil gloss’ amber. The
‘oil gloss’ appearance is caused by a mixture of surface fluorescence and the amber’s body colour.
Phosphorescence spectroscopy showed that the effect was strongest at 525 nm, and the phosphores-
cence lifetime measured at this emission wavelength ranged from 0.134 to 1.396 seconds.

The Journal of Gemumnology, 37(2), 2020, pp. 144-162, https://doi.org/10.15506/J0G.2020.37.2.144
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yanmar is a major source of Asian amber (e.g.

Figure 1), and Burmese amber (or Burmite)

has the longest geological history (about 98

million years old: Shi et al. 2012) and most
complicated formational patterns compared to material
from other localities around the world (Edwards et al.
2007; Dutta et al. 2011; Zong et al. 2014). For millennia,
Burmese amber has been highly valued for producing
art objects and jewellery (Zherikhin & Ross 2000), and
according to the authors’ research it currently represents
10%-20% of China’s amber market. Burmese amber is
also well known for its diversity of inclusions, including
invertebrates and plant materials (Laurs 2012; Lu et al.
2014), which have multidisciplinary importance to fields
such as geology, biology and palaeontology (e.g. Xing et al.
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2016). Most Burmese amber comes from the Hukawng
Valley in northern Myanmar (e.g. Cruickshank & Ko 2003),
although other deposits are known near Khamti in the
Sagaing Region of northern Myanmar (Liu 2018) and near
Hti Lin in the central part of the country (Tay et al. 2015).

Several distinctive types of amber are recognised
from Myanmar, and some of them have not been found
elsewhere. However, their gemmological properties
and fluorescence characteristics have not been studied
systematically until fairly recently (see Jiang et al. 2017,
2018, 2019; Xie et al. 2017; Xiao & Kang 2018—all in
Chinese). In this study, we characterise different types
of Burmese amber by observing their micro-structures
as well as fluorescence and phosphorescence spectra to
explain their appearance and optical effects.
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CHARACTERISTICS OF BURMESE AMBER

Types of Burmese Amber

Burmese amber can be broadly divided into two main
groups, according to whether it is mostly transparent
or opaque. The mostly transparent ambers are classi-
fied according to their colour into golden, brown and
red (or ‘blood’) varieties (Figures 2a-c), with brown
being the most common. The red colour of ‘blood’
amber is caused by oxidation and is concentrated near
the surface; when such material is sliced, the golden
colour of the interior becomes visible (Figure 2d). If the
coloured layer is particularly dark, it is called ‘black’
amber (Xiao et al. 2014; Zhang et al. 2017).

Figure 1: This large faceted Burmese
amber weighs 42.33 ct and shows
the attractive appearance of golden
amber from Myanmar. Photo by
Mark Smith, Thai Lanka Trading Ltd.
Part., Bangkok, Thailand.

There are two main opaque types of amber found
in Myanmar: ‘beeswax’ amber, which is a mixture of
opaque and transparent ambers displaying flow patterns
(Figure 3a); and ‘root’ amber, which shows a mixture
of colours (e.g. white, yellow, brownish yellow, orange
and/or brown) in patterns that resemble wood or tree
roots (Figure 3b).

Some transparent ambers display an ‘oil gloss’ surface
fluorescence effect when observed in sunlight and under
some artificial light sources. These samples may show
various body colours when viewed over a white back-
ground (yellow, greenish yellow, brown and brownish

Figure 2: Transparent Burmese amber may be divided into various colour categories, such as (a) golden, (b) brown, which is the
most common colour variety, and (c) ‘blood’ or red amber. (d) When ‘blood’ amber is sliced, the golden colour of the interior
becomes visible, since the red colouration is only present near the surface. The samples weigh (a) 156.15 ct, (b) 146.60 ct,

(c) 105.60 ct and (d) 2.83 ct. Photos a-c reprinted with permission from Wang (2018); image d by X. Jiang.
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Figure 3: The two types of opaque Burmese amber consist of (a) ‘beeswax’ and (b) ‘root’ varieties. The total weight of the
samples is (a) 78.77 g and (b) 25.20 g. Photos reprinted with permission from Wang (2018).

red), but appear to exhibit different surface hues over a
black background. For example, amber with a greenish
yellow body colour may show a reddish surface appear-
ance when viewed against a black background (Figure
4a, b). Also, reddish brown amber can show a greenish
surface appearance against a black background (Figure
4c), and is therefore sometimes known colloquially as
‘chameleon’ amber. Such amber is often referred to in
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China as having ‘machine-oil gloss’ because its appear-
ance may resemble that of machine oil.

Burmese amber may also show phosphorescence.
After being illuminated by bright light for a certain time
period (typically at least several seconds), the exposed
area will display greenish yellow phosphorescence for
a short time (typically 0.5-1 s; see Figure 4d). This
phenomenon may occur in various types of transparent

Figure 4: Some Burmese
amber displays an ‘oil gloss’
effect, in which the stone’s
true body colour is seen
against a light background, but
a different colour appearance
due to a surface fluorescence
effect is observed when the
amber is viewed against a dark
background. (@) This 81.75 ct
sample has a greenish yellow
body colour visible against

a white background, but (b)
it appears reddish against

a dark background. (¢) The
13.75 ct amber in this pendant
has a reddish brown body
colour, but it appears green
when viewed over a dark
background. (d) Transparent
Burmese amber (here,

96.35 ct) also commonly
displays greenish yellow
phosphorescence. Photos
a-c reprinted with permission
from Wang (2018); image d
by X. Jiang.



CHARACTERISTICS OF BURMESE AMBER

Figure 5: This light yellow Burmese amber (@) appears greenish in daylight-equivalent lighting (b) due to its blue long-wave UV

fluorescence (¢). The sample weighs 20.21 ct; photos by X. Jiang.

Burmese amber and is commonly known as a ‘glow-in-
the-dark’ effect.

Pale-coloured Burmese amber with blue fluores-
cence may appear green (from the combination of blue
luminescence and yellow body colour; see Figure 5) or

MATERIALS AND METHODS

Nine representative amber samples from the Hukawng
Valley in Myanmar were studied for this report (see Table
I and Figure 6). These included three pieces of trans-
parent amber (golden, brown and ‘blood’), both types

even blue when viewed in daylight, and is therefore
sometimes called ‘blue’ amber; such material is
known from various world localities and has been well
documented (e.g. Chekryzhov et al. 2014; Jiang et al.
2017), so it is not included in the present article.

of opaque amber (one ‘beeswax’ piece and two ‘root’
samples) and three ‘oil gloss” ambers (two showing red
‘oil gloss’ and one with green ‘oil gloss’). Phosphores-
cence was exhibited by most samples, but not by the
three opaque pieces or the ‘blood” amber.

Table I: General gemmological characteristics of the nine Burmese amber samples.

Golden JP Golden Phosphorescence Transparent 1.04 Reddish brown impurities and
amber calcite-filled fissures
Brown 7P Reddish brown Phosphorescence Mostly 1.04 Reddish brown dot-like
amber transparent inclusions directionally arranged
along flow patterns
‘Blood’ XP Red (surface) _ Transparent 1.05 No features seen
amber
‘Beeswax’ ML Yellowish white _ Opaque 1.04 Yellowish white flow patterns,
amber black inclusions
‘Root’ GP-1 Yellowish white Mostly opaque 1.02 Conspicuous yellowish white
amber and yellowish = flow patterns with opaque and
brown transparent zones
GP-2 Yellowish white — Opaque 1.04 Mottled structure
‘Oil gloss’ GX-1 Reddish brown Red ‘oil gloss’, Transparent 1.03 Fissures resembling a bird
amber phosphorescence feather or displaying iridescence
GX-2 Greenish yellow Red ‘oil gloss’, Transparent 1.03 Nearly free of inclusions
phosphorescence
GX-3 Reddish brown Green ‘oil gloss’ Transparent with 1.05 Dark opaque impurities
(or ‘chameleon’), | opagque impurities (foreign objects)
phosphorescence
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a Golden Amber (JP) b Brown Amber (ZP) (o ‘Blood’ Amber (XP)

1cm 1cm

d ‘Beeswax’ Amber (ML) e ‘Root’ Amber (GP-1) f ‘Root’ Amber (GP-2)

Tem Tem Tem
g Red ‘Oil Gloss’ Amber (GX-1) h  Red Oil Gloss’ Amber (GX-2) i Green ‘Oil Gloss’ Amber (GX-3)

T

Tcm Tcm

Figure 6: Burmese amber samples studied for this report include (a) golden, (b) brown, (¢) ‘blood’, (d) ‘beeswax’, (e and f) ‘root,
(g and h) red ‘oil gloss” and (i) green ‘oil gloss’ varieties. The colour appearance of the ‘oil gloss’ varieties is shown against both
white and black backgrounds. Photos by X. Jiang.
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Internal features in all samples were examined with a
gemmological microscope. In addition, the structural
characteristics in five of the samples—consisting of
the golden, brown and ‘beeswax’, as well as the two
‘root” ambers—were studied with scanning electron
microscopy (SEM), which was performed at the State
Key Laboratory of Geological Processes and Mineral
Resources, China University of Geosciences, Wuhan.
The samples were fractured and gold coated to provide
surfaces suitable for SEM examination (cf. Zhang &
Li 2010). We used an FEI Quanta 200 environmental
SEM operating under low vacuum with the following
conditions: 20 kV acceleration voltage, 3.5 nm electron
beam spot diameter, 1024 x 884 pixels resolution and
12.5-18.3 mm working distance.

Infrared spectroscopy of all samples was performed at
the Guangzhou laboratory of the Gemmological Institute,
China University of Geosciences. The specular reflection
method was used (Kramers-Kronig transformation) with
a Bruker Tensor 27 Fourier-transform infrared (FTIR)
spectrometer under the following conditions: 220 V
scanning voltage, 6 mm raster, 10 kHz scanning rate,
32 scans, 4000-400 cm™! range and 4 cm™! resolution.

The fluorescence of all samples was checked with a
standard 4 W long-wave UV lamp. Three-dimensional
fluorescence spectroscopy was performed on the five
samples showing fluorescence (JP, ZP, GX-1, GX-2
and GX-3) with a Jasco FP-8500 spectrofluorometer at
the Gem Testing Center, China University of Geosci-
ences, Wuhan. The parameters included a bandwidth
excitation of 5 nm and emission of 5 nm, response
time of 10 ms, excitation range of 220-500 nm (5 nm
interval), emission range of 240-750 nm (1 nm interval)
and scanning velocity of 2,000 nm/min. The data
were plotted according to excitation wavelength,
emission wavelength and fluorescence intensity, and
in addition we generated two-dimensional fluores-
cence spectra (emission wavelength vs. intensity) for
the optimum excitation wavelength of 365 nm and for
other excitations (400 and 460 nm). For comparison,
we also obtained two-dimensional fluorescence spectra
for samples GX-1 and GX-2 with another instrument, a
Qspec photoluminescence microspectrometer (405 nm
excitation), at the Guangzhou laboratory of the Gemmo-
logical Institute, China University of Geosciences.

Transient phosphorescence time-resolved spec-
troscopy was performed on the same five samples
at the Hubei Key Laboratory of Low Dimensional

CHARACTERISTICS OF BURMESE AMBER

Optoelectronic Materials and Devices, Xiangyang,
using an Edinburgh Instruments FLS980 steady-state
and transient fluorescence spectrometer with a 60 W
xenon lamp (365 nm) as the excitation source. We
measured the time-resolved phosphorescence spectra
and the phosphorescence lifetime of each sample. The
parameters included an emission range of 420-650 nm,
test frequency of 100 Hz, monochromatic bandwidth
excitation of 20 nm, luminous flux of 1,000, test time-
frame of 8 s, trigger delay time of 0.1 ms, step size of
5 nm and a test time at each fixed wavelength of 1
min. The optimum monitoring wavelength for each
sample was determined from the results of the tran-
sient phosphorescence time-resolved spectra, and the
phosphorescence lifetime was then measured at that
wavelength (525 nm). Each phosphorescence lifetime
test had a frequency of 100 Hz, monochromatic band-
width excitation of 20 nm, luminous flux of 1,000, test
time frame of 4 s and trigger delay time of 0.1 ms. Each
test utilised a total of 5,000 photons.

RESULTS

The golden amber showed reddish brown impurities
(Figure 7a) and surface-reaching fissures that were
filled with a white mineral showing good cleavage
(probably calcite; Figure 7b). The brown amber
contained concentrations of reddish brown dots that
were directionally arranged, resulting in dark flow
patterns (Figure 7c). The ‘blood’ amber sample did
not contain any inclusions, and there was no evidence
that its red colour was created artificially by heating
in the laboratory.

The ‘beeswax’ amber showed obvious flow patterns,
with lighter-coloured bands containing large amounts
of bubbles (Figure 7d; cf. Wang et al. 2016), as well as
black inclusions (Figure 7e). The ‘root” amber showed
two different types of features: (1) distinctive yellowish
white flow patterns that were locally concentric, with
well-defined borders between transparent and opaque
zones (sample GP-1; see Figure 7f), and (2) a mottled
structure (sample GP-2; see Figure 7g).

Of the three samples showing the oil gloss’ effect,
GX-1 contained fissures that in one case resembled a
bird feather (Figure 7h) or locally displayed iridescence.
Sample GX-2 was nearly free of inclusions, while GX-3
contained some dark impurities (Figure 7i) but lacked
the reddish brown dot-like inclusions.
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Figure 7: Various types of internal features are seen in the Burmese amber samples examined for this report. The golden amber
contains (a) reddish brown impurities and (b) fractures that are probably filled with calcite. (¢) The brown amber shows
abundant reddish brown dot-like inclusions in a flow-banded arrangement. Internal features in ‘beeswax’ amber consist of (d)
abundant bubbles or (e) flow patterns and dark inclusions. ‘Root” amber may display (f) conspicuous flow patterns or (g) a
mottled structure. (h) ‘Oil gloss’ sample GX-1 contains a fissure resembling a bird feather, while (i) GX-3 contains dark impurities.

Photomicrographs by X. Jiang.

Electron Microscopy:

Structural Characteristics

SEM examination of the golden amber showed a scaly,
layered appearance with no bubbles (Figure 8). The
surface of the brown amber was smoother, and the
dot-like inclusions (which appeared reddish brown with
optical microscopy; see Figure 7c) were directionally
oriented along flow patterns. The individual dot-like
inclusions had oval shapes (Figure 9a) and were of
various sizes. Higher magnification of these inclusions
revealed that they commonly contained an inhomoge-
neous texture (Figure 9b), consisting of smooth oval
areas within a slightly more scaly-appearing matrix
(Figure 9c, d).

The ‘beeswax’ amber contained locally abundant
bubbles along flow layers that corresponded to the
lighter-coloured, more opaque bands (Figure 10a, b).
The flow layers were probably caused by external

Figure 8: SEM imagery of the golden amber sample reveals a
scaly, layered structure. Image by X. Jiang.

150 THE JOURNAL OF GEMMOLOGY, 37(2), 2020



CHARACTERISTICS OF BURMESE AMBER

Figure 9: The structure

of the reddish brown
dot-like inclusions in the
brown amber is shown in
these successively higher-
magnification SEM images,
taken at (a) 150x, (b) 800x,
(€) 2,400x% and (d) 6,000x.
Images by X. Jiang.

temperature and pressure during burial of the amber,
which led to mutual extrusions between adjacent
bubbles. The darker, more transparent layers in the
‘beeswax’ amber lacked bubbles but still showed some
evidence of flow layering (Figure 10c).

The two samples of ‘root’ amber revealed different
characteristics. A lighter-coloured, opaque area of
sample GP-1 (Figure 11a) contained micro-bubbles
showing various shapes and sizes, along with thin,
curved, hollow micro-tubes (Figure 11b, right side of

image). In some cases, the bubbles occurred alongside
the tubes. A layered structure was also observed in the
areas containing the bubbles and tubes. An adjacent,
more transparent area of this sample appeared mostly
featureless in the SEM (Figure 11b, left side). ‘Root’
amber sample GP-2 was examined in a mottled area
that was free of consistent flow patterns (Figure 12). The
SEM images showed a fine-grained scaly appearance
along with elliptical bubbles of various size, although
they were significantly less abundant than in GP-1.

Figure 10: A closer look at the ‘beeswax’ amber (a) with the SEM reveals the microstructure of an opaque zone (b), which
contains bubbles of various size, and a transparent zone (c), which has a more featureless structure. Both areas show flow
patterns. Photomicrograph and SEM images by X. Jiang.
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Figure 11: The transitional zone between transparent (lower left) and opaque (upper right) areas of ‘root’ amber sample GP-1
(@) is shown in this SEM image (b). The transparent portion appears smooth and featureless, while the opague zone displays a
layered structure with curved hollow micro-tubes between the layers that are locally associated with bubbles. Photomicrograph

and SEM image by X. Jiang.

Figure 12: Examination of the mottled area of ‘root’ amber sample GP-2 (a) with the SEM reveals (b) heterogeneous surface
features with elliptical bubbles of various size and (c) a fine-scaly microstructure. Photomicrograph and SEM images by X. Jiang.

Infrared Spectroscopy

The FTIR spectra were highly consistent among the
different types of Burmese amber samples that were
analysed (Figure 13). Strong bands at around 2928-
2930 cm™!and at 2862 cm™! were caused by asymmetric
C-H stretching vibrations. Stretching vibrations of the
carbonyl (C=0) functional group caused a band at around
1719-1722 cm™L The bands at 1458 and 1375 cm™!
were caused by CH,-CH; and symmetric deformation
vibrations, respectively. Thus, the amber was confirmed
to be an aliphatic compound, and the bands at 1027-1034
and 972 cm™! were caused by lipid C-O-C and C-O
stretching vibrations, respectively (Marrison 1951;
Lambert & Frye 1982; Abduriyim et al. 2009; Wang
et al. 2015, 2017; Lan et al. 2017).

Fluorescence and Phosphorescence

The golden and brown ambers displayed violetish blue
long-wave UV fluorescence (Figure 14a, b), which is
the most common luminescence colour in Burmese
amber. The two samples displaying a red ‘oil gloss’
effect showed a peculiar magenta or violetish purple
fluorescence (Figure 14c, d), while the amber displaying
green ‘oil gloss’ showed whitish blue luminescence
(Figure 14e).

The ‘blood” amber and the opaque samples were inert
to long-wave UV radiation, and they were also inert to
the 220-500 nm excitation range utilised for fluores-
cence spectroscopy. Greenish yellow phosphorescence
was noted in all of the transparent samples except for
the ‘blood” amber.
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Figure 13: FTIR

FTIR Spectra spectra of the six
analysed specimens

of Burmese amber

show similar features.

2929
—— Golden amber

—— ‘Beeswax’ amber

—— Brown amber

—— Red ‘oil gloss’ amber (GX-1)
—— Red ‘oil gloss’ amber (GX-2)

—— Green ‘oil gloss’ amber (GX-3)
2862

1720

Absorbance ——F—»

T
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Wavenumber (cm-")

Golden Amber Brown Amber C Red ‘Oil Gloss’ Amber (GX-1)

d Red ‘Oil Gloss’ Amber (GX-2) € Green ‘Oil Gloss’ Amber (GX-3)

Figure 14: Viewed with long-wave UV fluorescence, Burmese amber typically fluoresces violetish blue (a and b). Less commonly,
it displays magenta (c), violetish purple (d) or whitish blue (e) luminescence. Photos by X. Jiang.
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Fluorescence Spectroscopy. Fluorescence spectra
obtained for the golden and brown samples, as well as
the three ambers showing the ‘oil gloss’ effect, recorded
various luminescence centres (Figures 15-18 and Table
II). Two luminescence centres in the 320-350 nm range
fell outside the range of visible light. Other luminescence

centres at 390 (+3) nm, 410 (+2) nm, 432 (+3) nm and
470 (+4) nm in the violet-to-blue region of the spectrum
were recorded in all samples except for the amber
displaying green ‘oil gloss’. By contrast, the green ‘oil
gloss’ sample showed emissions in the green region with
increasing excitation wavelength (Figure 15e).
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Figure 15: Three-dimensional fluorescence spectra are shown for the five Burmese amber samples in Figure 14: (a) golden, (b)
brown, (c) red ‘oil gloss’ GX-1, (d) red ‘oil gloss’ GX-2 and (e) green ‘oil gloss’ GX-3. The spectra reveal luminescence centres at
various wavelengths (see Table Il for specific centres in each sample).

Table II: Long-wave UV fluorescence, luminescence centres (in the visible range) and phosphorescence lifetimes of Burmese amber.

JP Golden amber Violetish blue 410, 432, 470 t,=0.375,t, = 1.396

ZP Brown amber Violetish blue 410, 432, 470 t;=0.265,t, =1.059

GX-1 Red ‘oil gloss’ Magenta 410, 432, 470, 625, 650 t,=0.134,t, = 0.447

GX-2 Red ‘oil gloss’ Violetish purple 410, 432, 470, 650 t;=0.154, t, = 0.607

GX-3 Green ‘oil gloss’ (or Whitish blue 432,470,503, 532 t;=0.134,t,=0.706
‘chameleon’)
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2D Fluorescence Spectra

365 nm Excitation

a
41.0
32 Golden Amber
4000
@ 3000
=
3
Q
o
2 2000
(72}
c
8
S
1000 |
04
T T T T T T T 1
400 450 500 550 600 650 700 750
Emission Wavelength (nm)
C
35007 .0
390 ‘ 432 H
3000 | \ Red ‘Oil Gloss” Amber (GX-1)
2500
0
S 2000 A
Q
ks
>
£ 1500 4
c
g
=
= 10004
500 -
04

T T T T T T T 1
400 450 500 550 600 650 700 750

Emission Wavelength (nm)

b

410
2000 ’ 4’32

Brown Amber

1500 4

1000

Intensity (counts)

T v T v T v T v T v T v T v 1
400 450 500 550 600 650 700 750

Emission Wavelength (nm)

3500 |

432 Red 'Oil Gloss' Amber (GX-2)
3000
2500
2000

1500

Intensity (counts)

T T T T T T T 1
400 450 500 550 600 650 700 750

Emission Wavelength (nm)

Figure 16: Two-dimensional fluorescence spectra reveal the luminescence centres at the optimum excitation wavelength
of 365 nm for four of the Burmese amber samples: (@) golden, (b) brown, (c) red ‘oil gloss’ GX-1and (d) red ‘oil gloss’ GX-2.

The emissions occur at 390, 410 and 432 nm.

Two-dimensional fluorescence spectra were generated
for the optimum excitation wavelength, which was 365
nm for all samples except for the amber showing green
‘oil gloss’ (which had an optimum excitation of 400 nm).
With 365 nm excitation, the spectra showed lumines-
cence centres at about 390, 410 and 432 nm (Figure 16).
When the excitation wavelength was increased to 400 nm
(i.e. in the visible range), a luminescence centre in the
blue region at 470 nm appeared (Figure 17). Moreover,
with 400 nm excitation the two red ‘oil gloss” ambers also
showed luminescence in the red region at 650 nm (+2 nm)
and also at 625 nm for sample GX-1. For the green ‘oil
gloss’ amber, the optimum excitation wavelength of
400 nm generated emissions at about 432 and 470 nm

(Figure 18a). At a higher excitation wavelength of 460 nm
(i.e. further into the visible region), the luminescence
centres shifted to the 500-550 nm range in the green
portion of the spectrum (Figure 18b).

Phosphorescence Spectroscopy. Transient time-resolved
phosphorescence spectroscopy showed that the strongest
phosphorescence occurred at 525 nm (Figure 19) for all
samples. Thus, the phosphorescence lifetime was measured
for an emission wavelength of 525 nm and calculated using
the decay function of Wang (2015). The results revealed
two phosphorescence lifetimes for all the samples, with
t, ranging from 0.134 to 0.375 s and t, ranging from 0.447
to 1.396 s (Figure 20; see Table II for details).
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2D Fluorescence Spectra
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Figure 17: Two-dimensional fluorescence spectra of the same samples as in Figure 16 with 400 nm excitation show
luminescence centres at 432 and 470 nm. In addition, red ‘oil gloss’ samples GX-1and GX-2 have emission(s) in the red
region at 650 nm £ 625 nm.
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Figure 18: Two-dimensional fluorescence spectra are shown for green ‘oil gloss’ amber GX-3. (a) At the optimum
excitation wavelength of 400 nm, the luminescence centres occur only at 432 and 470 nm in the violet-to-blue region.
(b) With 460 nm excitation, luminescence centres are revealed in the green region at 503 and 532 nm.
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Figure 19: Time-resolved phosphorescence spectra
demonstrate that the strongest phosphorescence
occurred at 525 nm in all the Burmese amber samples.
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DISCUSSION

The reddish brown dot-like inclusions in the brown
amber (Figure 7c) showed a scaly structure in SEM
images (Figure 9) that was clearly different from that
of the surrounding amber. We speculate that these
inclusions are related to some type of organic matter
contained in the amber (especially volatile substances),
rather than inorganic foreign material. Specifically,
the inclusions may correspond to devolatilised sporo-
pollen (chemically inert biological polymers) that were
subjected to oxidation, thereby leading to a reddish
brown appearance.

According to our observations with the SEM, the diameter
of the bubbles in the Burmese ‘root” amber samples was
micron-sized, typically ranging from 1 to 5.5 pm. In
sample GP-1, an opaque region measuring 0.03 mm?
contained 435 bubbles which took up 4.9% of the area. In
the same region, hollow tubes occupied 257.1 pm?. In the
transitional zone leading into a transparent area, another
0.03 mm? region contained 149 bubbles of 0.9-5.5 pm
diameter, which accounted for 3.1% of the area, and
the hollow micro-tubes occupied 56.7 um?. Bubbles
and hollow tubes were not present in the transparent
zone. For sample GP-2, a 0.03 mm? region contained 47
bubbles which took up 1.8% of the area, but no hollow
tubes. Thus, ‘root” amber samples GP-1 and GP-2 differed
considerably in their microscopic structural characteris-
tics, and we attribute the distinctive textures seen in ‘root’
amber to variations in these structures.

The hollow micro-tubes accompanying the bubbles
in ‘root” amber GP-1 might represent escape channels
for volatile components. The empty bubbles visible at
the ends of the hollow tubes could have been left over
when volatile components escaped along the tubes. The
lack of bubbles visible at the ends of some tubes does
not necessarily indicate an absence of bubbles, but may
simply be due to the single plane being observed. The
hollow tubes could also be related to cracks that appeared
as the resin was exuded. The resin that formed Burmese
amber was highly viscous, and as it was secreted in
stages, small cracks could have resulted from more rapid
hardening at the surface. However, the cracks could not
continue to spread owing to rapid coverage by newly
exuded resin. The ‘internal’ cracks were subsequently
subjected to geological processes during burial of the host
sediments. During this process, the healed fissures could
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have become channelways for escaping volatile compo-
nents. Bubbles that remained after the volatiles escaped
were mostly found along the curving, hollow tubes.

The ‘oil gloss’ appearance of the Burmese amber is
caused by a mixture of surface fluorescence and body
colour, as seen in samples GX-1, GX-2 and GX-3. The
effect is best seen against a black background because
it reduces the influence of a sample’s body colour on
colour perception. The different appearances of this
effect (red vs. green) depend on the luminescence
centres present in the amber.

Amber with Red ‘Oil Gloss’. Red surface fluorescence
was noted on reddish brown and greenish yellow
samples GX-1 and GX-2, respectively, when they were
viewed against a black background. As expected, both
showed emission in the red region at 650 nm (and also
at 625 nm in GX-1) with 400 nm excitation (Figure 17c,
d). Although this red emission was not recorded at
the optimum excitation wavelength of 365 nm, it was
present at a higher excitation wavelength in the range
of visible light (i.e. 400 nm), and therefore we suggest
that the red surface fluorescence of Burmese amber is
related to these luminescence centres.

Nevertheless, the two samples showing the red ‘oil
gloss’ effect also had strong luminescence centres in
the violet-to-blue region at 432 and 470 nm, raising
the question of how the 625 and 650 nm luminescence
centres contribute to the red fluorescence. However,
two-dimensional fluorescence spectroscopy of these
samples using the Qspec micro-PL spectrometer (405 nm
excitation) revealed that the red luminescence centres
at 625 and 650 nm in GX-1 were stronger than the blue
luminescence centres, and an additional red lumines-
cence centre was also present at 690 nm (Figure 21a). In
GX-2, the luminescence centres in the red region were
nearly the same strength as those in the violet-to-blue
region (Figure 21b). Therefore, it appears that different
instruments have different sensitivities according to
various emission wavelengths.

Amber with Magenta or Violetish Purple Fluorescence.
Burmese amber commonly fluoresces violetish blue to
long-wave UV radiation (e.g. Figure 14a). However,
samples showing red ‘oil gloss’ showed magenta or
violetish purple fluorescence under long-wave UV
radiation (Figure 14c, d). Therefore, the luminescent
centre(s) in the red region are not only responsible for
the red ‘oil gloss’ effect, but they also contribute to the
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Figure 21: Two-dimensional fluorescence spectroscopy using the Qspec micro-PL instrument (405 nm excitation) shows
luminescence centres in (a) red ‘oil gloss’ sample GX-1, which are much stronger in the red region at 625-690 nm than in

the violet-to-blue region at 432 and 470 nm. (b) Red ‘oil gloss’ sample GX-2 shows strong emissions in both the violet-to-
blue and red regions, but lacks a well-defined luminescence centre at 690 nm.

magenta or violetish purple fluorescence seen under
long-wave UV radiation. The combination of lumines-
cence centres in the red and violet-to-blue regions
appears to be responsible for the distinctive magenta
or violetish purple fluorescence of those samples seen
under long-wave UV radiation.

Amber with Green ‘Oil Gloss’. Reddish brown amber
sample GX-3 displayed green surface fluorescence
when viewed on a black background. In addition to the
luminescence centres at 432 and 470 nm, fluorescence
spectroscopy also revealed emissions in the green region
(again, see Figure 18b). The spectral data were converted
into Commission Internationale de L'Eclairage (CIE)
chromaticity coordinate points, but the corresponding
fluorescence did not plot in the green area—rather it
plotted in the blue region (Figure 22). This suggests that
the green ‘oil gloss” of sample GX-3 is not only derived
from green luminescence centres, but is also enhanced
by the mixture of blue fluorescence and the amber’s
reddish brown body colour.

Phosphorescent Amber

‘Glow in the dark’ Burmese amber shows phosphores-
cence. With an excitation wavelength of 365 nm (typical
long-wave UV radiation), the phosphorescent lumines-
cence centre with the highest intensity was at 525 nm
(yellowish green area of the spectrum), which is similar

to the visually observed greenish yellow phosphores-
cent colour of Burmese amber. Thus, we measured the
phosphorescence lifetime at 525 nm.
Phosphorescence lifetime is defined as the time it
takes for the phosphorescence to decrease to 36.8% of
the maximum strength (i.e. one lifetime), rather than the

CIE Colour Diagram

Figure 22: The CIE coordinate point calculated from the
spectral data for green ‘oil gloss’ amber sample GX-3
confirmed the fluorescence colour as blue.
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time to disappearance (when it becomes invisible to the
naked eye; for more information, see Diaz Garcia & Badia
20006). After phosphorescent amber is exposed to bright
light, a large number of photons are emitted, leading to
luminescence. The higher the intensity of the excitation
source and the longer the exposure time, the more photons
are excited in this process, resulting in longer times of
luminescent energy emission. Hence, longer duration
and higher intensity of irradiation contribute to longer
‘luminescence times’ (Xia 1992). However, after suffi-
cient exposure time, regardless of how much longer the
excitation lasts, the phosphorescence lifetime will remain
nearly the same. This indicates a threshold inherent in
the amber phosphorescence phenomenon. Once the
quantity of excited photons reaches the threshold, the
total number of active photons does not increase. At that
point, the absorption and release of luminescent energy
strike a dynamic balance.

Among the large number of
organic compounds that are known
to occur in amber, only a few can
emit strong fluorescence, which
is closely associated with their
structures. Amber is a mixture
of organic compounds, and may
display fluorescence and sometimes
phosphorescence when it contains
the appropriate natural fluorescent
impurities (e.g. Chekryzhov et al.
2014). Although Burmese amber
is commonly thought to be the
only fossil resin that displays the
‘glow-in-the-dark’ phenomenon,
in fact amber from many origins
may emit phosphorescence (e.g.
Dominican amber; see Liu et al.
2014). The results of the authors’
investigations of phosphorescence
in ambers from various localities
will be published in the future.

Figure 23: This Burmese amber carving
depicts a lohan from traditional Chinese
mythology. The amber displays a green
‘oil gloss’ effect in the transparent part,
whereas the opaqgue areas consist of
‘root” amber. The amber is 20.5 cm wide
and rests on a carved wooden stand.
Photo courtesy of Tengchong

Huo Ren Carving Studio.
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CONCLUSIONS

We characterised various types of Burmese amber,
including golden, brown, ‘blood’, ‘beeswax’ and ‘root’
varieties, as well as those showing ‘oil gloss’ surface
fluorescence effects and phosphorescence. Differences
in the original resin secretions are responsible for the
different amber types, as evidenced by the layered
structure of some specimens and the characteristics of
bubbles of various sizes and concentrations. It is also
possible for multiple types/phenomena to occur within
a single piece of Burmese amber (e.g. Figure 23).

The reddish brown dot-like inclusions in brown
Burmese amber are possibly related to reactions involving
volatile substances. The association of these inclusions
with flow patterns suggests they may be related to the
escape of volatile components. The opaque appearance



of Burmese ‘root” amber is primarily attributed to its
layered microscopic structure, as well as the abundance
of bubbles and microscopic hollow tubes in certain areas
of this material. The micro-tubes may have formed as
escape channels for volatile components or they may be
related to small cracks that formed during more rapid
hardening of the outer surface of the resin and were then
covered by successive resin exudations.

Red or green ‘oil gloss’ effects in Burmese amber
are produced by a mixture of surface fluorescence and
body colour, while the ‘glow-in-the-dark’ phenomenon
is produced by phosphorescence. Generally, Burmese
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Saltwater Cultured Pearls
from Pinctada radiata in
Abu Dhabi (United Arab

Emirates)

Since late 2007, Pinctada radiata molluscs have been used to produce bead-cultured
saltwater pearls in the Al Dhafra region of Abu Dhabi, United Arab Emirates (UAE). This bivalve is
seldom used for cultivation. The cultured pearls are harvested after two years, and some non-bead-
cultured by-products are also produced. The bead-cultured pearls average 5-8 mm in diameter and
show a range of body colours (principally white to yellow, and rarely grey or brown). An exami-
nation of 113 bead-cultured and 33 non-bead-cultured samples by X-ray imaging revealed classic
structures associated with both types of cultured pearls, sometimes with significant overgrowth and
radial-like structures rich in organic matter. Raman, photoluminescence and UV-Vis-NIR spectros-
copy indicated that a series of partially substituted (i.e. partially methylated) polyenes, sometimes
together with a type of porphyrin, contribute to the various body colours.

The Journal of Gemmology, 37(2), 2020, pp. 164-179, https://doi.org/10.15506/J0G.2020.37.2.164
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P. RADIATA CULTURED PEARLS FROM ABU DHABI

inctada radiata (P. radiata) is the native

mollusc of the Arabian Gulf region, and most

of the natural pearls fished there are obtained

from this relatively small mollusc. Although

this bivalve has rarely been used for pearl cultivation,

recently gem-quality bead-cultured pearls (Figure 1) were

produced from P. radiata in the Al Dhafra region of Abu

Dhabi, UAE. Pearl cultivation is allowed in the UAE, in

contrast to the Kingdom of Bahrain, where strict laws
prohibit the trade (import and sale) of cultured pearls.

In late 2007, the Abu Dhabi Pearls project was initiated

as a pilot study to assess the feasibility of producing

gem-quality cultured pearls in the warm waters of the

Arabian Gulf. Since its inception, the project has been

managed by the Environment Agency - Abu Dhabi.

Pearl cultivation has taken place at two sites in the Al

Dhafra region: Al Mirfa (24°06’21"’N, 53°28’01’’E) and

a
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Al Mughirah (24°03’46’'N, 53°34’07"'E; see Figure 2).
Other, smaller-scale farms using the same mollusc are
operating in the Arabian Gulf, but no specific informa-
tion on them is publicly available.

The feasibility of culturing pearls using P. radiata
was confirmed with the Abu Dhabi Pearls project’s first
harvest in January 2010. To date, approximately 150,000
cultured pearls have been produced, with around 25%
being of very good to excellent quality. They typically
range from 5 to 8 mm in diameter, and come in a wide
range of shapes and colours. No post-harvest treatment
is applied. For this study, representative medium- to
excellent-quality cultured pearls (both bead-cultured
and non-bead-cultured) were studied using various
imaging, spectroscopic and chemical methods. This is
the first published scientific documentation of cultured
pearls from P. radiata.

i
LN

Figure 2: (a) The Abu Dhabi Pearls project is located in the Arabian Gulf, off the coast of UAE. The inset shows the location of
the Abu Dhabi Pearls project within the Al Dhafra region in the Emirate of Abu Dhabi. (b) The project’s two pearl-cultivation
sites of Al Mirfa and Al Mughirah can be seen in this aerial photo (scale 1:130,000; courtesy of the Abu Dhabi Pearls project).
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PEARL CULTURING PROCESS

The cultivation process (Figure 3) employs methodology
that is similar to that used for akoya cultured pearls
(Pinctada fucata; see Otter et al. 2017). The mantle

tissue graft is obtained from a donor mollusc that is
carefully selected based on the colour and quality of
the nacre on the shell’s interior. The outer epithelium
layer of the mantle tissue is removed from the darker
part of the mantle and then cut into the square pieces

Figure 3: The culturing process employed by the Abu Dhabi Pearls project using P. radiata molluscs consists of several steps.
(a) A P. radiata donor mollusc displaying colourful shell nacre provides mantle tissue that will be used for the graft accompanying
the bead nucleus. (b) The outermost part of mantle epithelium layer cut from the donor mollusc is laid out in strips (top), which
are then cut into squares of about 2 x 2 mm each to create tissue grafts (bottom). The orange-red colour of the grafts shows
that they have been treated with antibiotics. (¢) Unionidae shell beads are used as cultured pearl nuclei; their yellow colour shows
that they have been coated with antibiotics. (d) A technician prepares a host mollusc for insertion of the bead and tissue graft.
(e) The technician makes an incision in the gonad area of the mollusc where the bead and tissue will be inserted. (f) The bead
with the tissue graft (red) are seen in the host mollusc after insertion. Photos by A. Al-Alawi.
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Figure 4: (a) The implanted molluscs are placed in cages to be immersed in the water. (b) The molluscs are removed from the
ocean on a regular basis for cleaning. Photos by A. Al-Alawi.

used for graft material (or saibo, sometimes also spelled
seibo in Japanese), each measuring approximately 2 x
2 mm. The valves of the acceptor molluscs are partially
opened using a special tool, and a small incision is made
in the gonad to allow the bead to be inserted together
with the graft (with the nacre-producing side facing
the bead). Cellular proliferation then rapidly forms a
so-called pearl sac, depositing nacre on the bead. Both
donor and acceptor molluscs are obtained from spat
that are grown to an age of less than three years before
they are used for pearl culture.

The bead nuclei range from 4 to 7 mm in diameter and
are derived from freshwater mollusc shells (Unionidae)
from the USA. Two types are used: normal white beads,
and yellow beads that have been coated with antibi-
otics to decrease the possibility of the acceptor ‘oysters’
being infected by pathogens. The molluscs are condi-
tioned before the operation, and this process is adjusted
according to the developmental status of the mollusc’s
gonad. Bead insertion (simultaneously with tissue graft
transplantation) takes place from November to April,
using host molluscs that measure approximately 5.5 cm,
which are then returned to the water (Figure 4a). The
water temperature in Abu Dhabi varies throughout the
year, ranging from 16°C to 37°C, and the salinity changes
from 44%o to 49%o depending on seasonal rainfall.

For successful pearl cultivation, the farm technicians
must keep track of the age of the molluscs, monitor their
health and ensure that the waters are not overcrowded.

In addition, to facilitate nacre growth, the molluscs are
cleaned by hand (Figure 4b) or with a high-pressure
sprayer to remove algae and other growths from their
shells. This is done weekly, except during August and
September when the water temperature is relatively high;
cleaning is then performed less often (i.e. biweekly)
to minimise stress on the ‘oysters’ since they become
weaker in the warmer water. The percentage of rejected
beads is still relatively high (about 30%).

Various experiments have been conducted to assess
the optimal bead size range and cultivation time. For
typical bead sizes of 4-7 mm in diameter, harvesting of
the cultured pearls takes place after two years (Figure
5). Longer cultivation times (four years) were attempted
for larger-sized beads of 7-8 mm in an effort to maintain
high quality and sufficient nacre thickness, but the
results were unsatisfactory. Experiments were also done
to test the effect of cultivation time on final cultured
pearl size. Regardless of the size of the bead used, the
implanted ‘oysters” were kept for either two years or four
years. However, in both cases the nacre thickness was
almost identical, and the ones that were cultivated for
four years actually had lower lustre and quality.

After harvesting, the cultured pearls are sorted,
cleaned and graded. The number of molluscs harvested
is currently slightly more than 100,000 per year, which
is a relatively low amount when compared to commer-
cial akoya cultured pearl farms such as Mikimoto
(1,000,000 molluscs), Kamimura (6,000,000 molluscs)
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Figure 5: After a period of two years, the molluscs are opened
to remove the cultured pearls. Photo by A. Al-Alawi.

and Kitamura (10,000,000 molluscs). Around 10,000
P. radiata cultured pearls of very good to excellent
quality are produced annually. A trademark for the term
Abu Dhabi Pearls was recently registered, and these
cultured pearls will become commercially available
in the near future. Currently, some of them have been
given to the School of Design in Abu Dhabi to use in
their future jewellery designs.

MATERIALS AND METHODS

For this study, we examined 113 P. radiata bead-cultured
pearls from the Abu Dhabi Pearls project weighing
0.83-5.88 ct and ranging from 4.87 x 4.81 to 15.07 x
11.51 mm. We also examined 33 non-bead-cultured
pearls found in the gonad after bead rejection (these
by-products are sometimes referred to as ‘keshi’ cultured
pearls); these weighed 0.34-1.31 ct and measured from
4.44 x 3.14 10 7.06 x 5.19 mm.

All samples were examined macroscopically, and
with a binocular gemmological microscope using magni-
fications of 10x-70x and fibre-optic illumination, as
well as 3 W long-wave (365 nm) and short-wave (254
nm) UV lamps. X-ray luminescence was tested for all
samples with a PXI GenX-100 unit set to 100 kV and 5
mA (500 W), and recorded with a Nikon D810 camera
using an exposure time of 8 seconds with F6.3 aperture
and ISO Hi 0.7; samples were placed about 20 cm from
the X-ray tube. X-ray microradiographs were acquired
for all samples in three directions perpendicular to each
other using a PXI GenX-90P instrument set to 90 kV and
80 pA, 100-120 milliseconds exposure time per frame
and 128 frames. X-ray computed microtomography

(micro-CT) scans were acquired on 46 samples (13 of the
bead-cultured and all non-bead-cultured pearls) using
a ProCon X-ray CT-Mini instrument with 800 projection
views in 360° (i.e. 0.45° increments), seven frames, 100
kV, 120 mA and 250 milliseconds/frame exposure time.

Raman spectra were obtained for all samples using a
Renishaw inVia spectrometer coupled with a microscope.
We used a laser excitation wavelength of 514 nm (diode-
pumped solid-state laser). Spectra were collected from
200 to 2000 cm™! with a resolution of around 2 cm™!, using
a grating of 1,800 grooves/mm, 40 pm slit, laser power
of 5 mW on the sample (to avoid any destruction of the
fragile organic material), 50x long-distance objective,
acquisition time of 30 seconds and seven accumulations.
The instrument was calibrated using the diamond Raman
line at 1331.8 cm™!. Photoluminescence (PL) spectra were
acquired for all samples using a mobile Raman spectrom-
eter (GemmoRaman-532) with 532 nm excitation and a
laser power of about 1 mW on the sample. Spectra were
collected from 540 to 700 nm with a resolution of about
1 nm, acquisition time of 50-700 milliseconds and 30
accumulations; calibration was likewise performed using
the 1331.8 cm™! diamond Raman line.

Diffuse reflectance ultraviolet-visible-near infrared
(UV-Vis-NIR) spectra were acquired for all samples using
a Cary 60 spectrophotometer with an external Harrick
diffuse reflectance accessory. Spectra were acquired
from 250 to 1000 nm, and the data sampling interval and
spectral bandwidth were set at 1 nm using a 100 nm/
minute scan rate. Black sample holders with a 2-mm-
diameter hole were used, and background spectra were
acquired using a white MgO reference (for 100% reflec-
tance) and with nothing (for 0% reflectance).

Chemical analysis of all samples was performed using
energy-dispersive X-ray fluorescence (EDXRF) spectros-
copy with a Thermo Scientific ARL Quant’X instrument
using various energies and filters. In addition, the
trace-element content of all samples was measured
using laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) using instrumentation
and analytical conditions that were identical to those
presented by Karampelas et al. (2019b). Several isotopes
were measured, but in this article only data for #*Na,
24Mg, >°Mn, %Sr and '3’Ba are presented. Three spots
were analysed on each sample, on areas consisting of
aragonite with nacreous microstructure (checked with
Raman spectroscopy and optical microscopy).

The exact taxonomy of P. radiata is still under discus-
sion, and in this article we use the terminology listed
by WoRMS (World Register of Marine Species; http://
marinespecies.org).
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RESULTS AND DISCUSSION

Physical Characteristics

The 113 bead-cultured pearl samples had a range of
colours (14 white, 29 light cream, 22 cream, six light
yellow, two yellow, 36 grey and four brown) and various
shapes (50 round, 13 near-round, eight near-button, 10
near-drop, three near-oval and 29 near-baroque). Half
the bead-cultured pearl samples were of high quality—
possessing high lustre, homogeneous colouration and a
surface free from blemishes that exhibited pink overtones
and iridescence—while others were of medium quality
and had minor surface blemishes.

The 33 non-bead-cultured pearl samples also showed a
range of colours (four white, 12 light cream, eight cream,
three light grey and six grey) and various shapes (one
near-round, one button, 11 near-button, one oval, five
near-oval and 14 near-baroque). They were of relatively
medium quality—possessing low to moderate lustre,
sometimes non-homogeneous colouration and minor to
moderate blemishes on the surface.

Viewed with the microscope, all samples presented
typical nacreous overlapping layers of aragonite (Figure
6a, b) and some showed surface blemishes (Figure 6¢).

UV and X-ray Luminescence

Most of the bead-cultured pearls (110) and all of the
non-bead-cultured pearls luminesced green to greenish
yellow to yellow under short-wave UV radiation, and
yellow to green under long-wave UV (all of moderate
intensity). Only two samples presented a different
reaction: moderate light brown under short-wave
UV radiation and moderate red under long-wave UV.
In addition, one cultured pearl luminesced moderate
yellowish orange under short-wave UV radiation and
moderate orangey yellow under long-wave UV. There
were no systematic variations in UV fluorescence
according to body colour. Greenish yellow phosphores-
cence of low intensity was observed for 1-2 seconds

in 35 of the bead-cultured and 30 of the non-bead-
cultured pearls.

When exposed to X-rays, most of the bead-cul-
tured pearls displayed yellow-green luminescence,
which varied from strong (58 samples) to moderate
(22 samples) to weak (13 samples). This luminescence
most likely originated from the underlying freshwater
shell bead (cf. Hanni et al. 2005; Karampelas et al.
2019b). The other 20 samples were inert, probably due
to their greater nacre thickness (>1.5 mm). All of the
non-bead-cultured pearls were inert to X-rays.

X-ray Imaging: Bead-Cultured Samples
X-ray microradiographs and micro-CT slices of selected
bead-cultured pearls are presented in Table I. All of the
images are in greyscale; lighter tones indicate materials
with higher density, such as calcium carbonate (usually
aragonite in most natural and cultured pearls), while
darker tones represent lower-density materials (usually
organic matter, cracks, cavities or voids).

Most of the bead-cultured pearls showed a slightly
lighter central region (corresponding to the bead) that
was surrounded by a typical demarcation line (which
appears dark due to organic-rich material; see, e.g.,
the micro-CT scans of samples XR-5132 and XR-5136).
Some of the cultured pearls showed pronounced demar-
cation lines around the bead, with multiple growth lines
or layers (e.g. XR-5190)—sometimes displaying radial-
like structures—along with thick organic-rich layers of
deposition. These radial structures appeared close to
those observed in cultured pearls from other bivalves,
supporting the idea that cultured pearls are formed by a
process similar to shell regeneration and not to a reverse-
shell mechanism as previously believed (see Cuif et al.
2011; Sato & Komaru 2019).

Some samples showed small (<2 mm) round features
that looked like ‘seed pearls’ within organic-rich matter
in layers following the demarcation lines around
the bead (e.g. XR-5189); these need further study to

Figure 6: The typical appearance of overlapping layers of nacre is shown on the surface of (a) bead-cultured and (b) non-bead-
cultured pearls. () Small bumps form blemishes on a bead-cultured pearl. Photomicrographs by Z. Ali; image widths 2.1 mm.
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Table I: Characteristics, X-ray microradiographs and micro-CT slices of selected samples of bead-cultured pearls from Abu Dhabi.*

XR-5093 Weight: 1.90 ct

Shape: Near barogue -
Colour: White and light cream [

Dimensions: 6.56 x £.38 mm '

Nacre thickness: up to
0.60 mm

N/A

XR-5096 Weight: 2.07 ct
Shape: Near barogue

Colour: Light cream ‘
and cream

Dimensions: 6.60 x 6.37 mm . ‘

Nacre thickness: up to
0.65 mm

N/A

XR-5104 Weight: 2.30 ct
Shape: Near barogue
Colour: Light cream

Dimensions: 8.71 X 6.62 mm

Nacre thickness: up to
1.55 mm

XR-5106 Weight: 2.02 ct
Shape: Near barogue

Colour: Light cream and
orangey cream

Dimensions: 7.47 x 6.36 mm

Nacre thickness: up to
1.05 mm

XR-5114 Weight: 1.89 ct

: )
Shape: Near baroque
Colour: Brown and grey
Dimensions: 7.26 x 619 mm
Distance from the bead’s
edge to the cultured pearl’s

surface: up to 1.05 mm

XR-5119 Weight: 1.97 ct
Shape: Near round
Colour: Grey
Dimensions: 6.61 x 6.46 mm
Nacre thickness: 0.60 mm

XR-5132 Weight: 0.90 ct
Shape: Near round
Colour: Brownish cream
Dimensions: 5.02 x 4.95 mm
Nacre thickness: 0.25 mm

00 ee 0
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XR-5136

Weight: 0.83 ct
Shape: Round
Colour: Yellow
Dimensions: 4.87 x 4.81 mm
Nacre thickness: 0.15 mm

XR-5163

Weight: 3.37 ct
Shape: Round
Colour: Light cream
Dimensions: 7.78 x 7.70 mm
Nacre thickness: 1.30 mm

N/A

XR-5189

Weight: 3.79 ct
Shape: Near barogue
Colour: White
Dimensions: 8.60 x 8.04 mm

Nacre thickness: up to
110 mm

XR-5190

Weight: 3.67 ct
Shape: Round
Colour: Cream
Dimensions: 8.05 x 8.01 mm
Nacre thickness: 0.95 mm

XR-5191

Weight: 5.65 ct
Shape: Near drop
Colour: Grey
Dimensions: 11.39 x 9.78 mm

Distance from the bead’s
edge to the cultured pearl’s
surface: up to 1.75 mm

XR-5195

Weight: 5.88 ct
Shape: Barogque
Colour: Cream and grey
Dimensions: 15.07 x 11.51 mm

Distance from the bead'’s
edge to the cultured pearl’s
surface: up to 3.60 mm

ol d il

*Note: The X-ray microradiographs and micro-CT slices do not necessarily show the same sample positions.
Abbreviation: N/A = not acquired. Photos by Ghadeer Abdali, DANAT.
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determine the nature of the round features. Some of the
samples (e.g. XR-5104) had ‘satellite pearls’ containing
pronounced concentric growth structures (particularly
visible with micro-CT imaging), which were similar
to those observed for some bead-cultured pearls with
attached non-bead-cultured pearls (by-products) from
Pinctada maxima (KrzemnicKki et al. 2010).

The higher-quality cultured pearls ranged in size from
7.00 to 8.50 mm, with beads of 5-7 mm and nacre
thicknesses of 0.50-1.50 mm; more than half had a
nacre thickness exceeding 0.90 mm. The largest samples
(>9 mm) were baroque shaped and presented large
areas of organic-matter deposition. For example, sample
XR-5195, with an 8 mm bead, contained large amounts
of organic material; the maximum distance from the
bead’s edge to the cultured pearl’s surface was 3.60 mm.
The cultured pearl with the thinnest nacre was XR-5136,
with a thickness of 0.15 mm. Some medium-quality
cultured pearl samples (e.g. XR-5114, XR-5191 and
XR-5195) had thick organic-matter deposition with mul-
tiple growth structures; they also showed mostly grey to

brown body colours. Micro-CT slices of sample XR-5195
presented dark areas that are most probably associ-
ated with voids; the sound of the bead moving inside a
hollow area could be heard when shaken.

Fourteen of the samples consisted of bead-cultured
blister pearls (e.g. XR-5093 and XR-5096) that had a point
of attachment to the inner shell of the mollusc. The nacre
thickness of these samples varied from 0.15 to 2.00 mm,
and in a few larger samples the distance from the bead’s
edge to the cultured pearl’s surface was up to 3.60 mm.

The 33 non-bead-cultured pearl by-products examined by
the authors were also X-rayed and studied using micro-CT
imaging (see some selected examples in Table II). These
samples revealed diverse types of voids, which were in
some cases linear in structure and of variable dimension.
They were similar to those observed in non-bead-
cultured pearls from other molluscs, and different from
those documented in natural pearls (see Sturman 2009;
Karampelas et al. 2010, 2017; Krzemnicki et al. 2010).

Table II: Characteristics, X-ray microradiographs and micro-CT slices of selected samples of non-bead-cultured pearls from Abu Dhabi.*

1-2-2 Weight: 0.68 ct
Shape: Near barogue

Colour: Light cream
and cream

Dimensions: 5.16 x
4,71 mm

1-2-4 Weight: 0.54 ct
Shape: Near barogue
Colour: Light cream

Dimensions: 5.43 x
4.33 mm

1-2-7 Weight: 0.73 ct
Shape: Near button
Colour: Cream

Dimensions: 5.84 x
4.40 x 410 mm

1-2-9 Weight: 0.53 ct
Shape: Near baroque
Colour: Cream

Dimensions: 4.86 x
418 mm
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1-2-13

Weight: 0.52 ct
Shape: Near oval
Colour: Light cream

Dimensions: 4.74 x
4.06 x 3.58 mm

3-0-2

Weight: 0.64 ct
Shape: Near button
Colour: Light cream

Dimensions: 5.43 x
452 x 357 mm

Weight: 0.52 ct
Shape: Near baroque

Colour: Light cream
and grey

Dimensions: 4.79 x
4.44 mm

Weight: 0.34 ct
Shape: Near oval
Colour: Light cream

Dimensions: 4.44 x
329 % 314 mm

Weight: 0.38 ct
Shape: Oval
Colour: Light cream

Dimensions: 4.41 x
3.44 x 3.43 mm

52=8

Weight: 0.49 ct
Shape: Near round
Colour: Light cream

Dimensions: 4.23 x
4.03 mm

3-4-1

Weight: 0.46 ct
Shape: Near barogque
Colour: Cream

Dimensions: 4.63 x
3.87 mm

*Note: The X-ray microradiographs and micro-CT slices do not necessarily show the same sample positions. In some of the
micro-CT images, an off-centre lighter-coloured patch (e.g. near the bottom of sample 3-2-3) is an artefact related to the
rotation axis of the sample during measurement. Photos by Ghadeer Abdali, DANAT.

THE JOURNAL OF GEMMOLOGY, 37(2), 2020



FEATURE ARTICLE

Raman Spectra

Figure 7: Raman
spectra are shown
for various P. radiata
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The linear structures observed in our non-bead-
cultured samples were related to some extent to their
exterior shape, and often had a thick and dense appear-
ance in the X-ray images (again, see Table II). These
structures were revealed in considerably greater detail in
the micro-CT images. In sample 3-1-1, a large irregular
central cavity is visible with white spots on the sides.
The organic material has a somewhat darker appearance
than in the X-ray microradiographs and is surrounded
by dark growth layers. An important factor to note is
that the voids observed in all saltwater non-bead-cul-
tured pearls do not change contrast significantly in
different directions, and they frequently show an abrupt
transition from darker to lighter colour (i.e. without
intermediate shades of grey). In sample 3-2-3, a lighter
core (most likely calcium-carbonate rich) is visible in
the centre—particularly with micro-CT imaging—and is
surrounded by fine concentric growth lines; this appear-
ance could easily be confused with the growth pattern
seen in saltwater natural pearls. However, natural pearls
typically have a darker core (richer in organic matter;
cf. KrzemnicKki et al. 2010). Also noted in a few samples
was a very small, fine, irregular central hairline feature
surrounded by growth lines, such as in sample 3-0-2 (see
also Sturman 2009). After being drilled, such cultured
pearls might be challenging to identify. Morever, in a
few samples, the central cavity was not clearly visible
by typical X-ray microradiography but was only seen in
the micro-CT images (again, see Table II).
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Raman spectra of all samples presented bands at around
1085 and 704 cm (Figure 7) due to the symmetric and
in-plane bending modes, respectively, of carbonate
molecules in aragonite. Also present was a series of
weak bands below 400 cm™! due to the lattice modes
of carbonate in aragonite (Urmos et al. 1991). The vast
majority of the studied samples (light cream, cream,
light yellow and light grey) had peaks at about 1130 and
1520 cm™! due to C-C and C=C stretching vibrations of
partially substituted (i.e. partially methylated) polyenic
pigments (Karampelas et al. 2019a). Similar Raman bands
are known in pearls from various molluscs, including
akoya cultured pearls (Fritsch et al. 2012; Otter et al. 2017;
Karampelas et al. 2019a). Only 10 white-to-light cream
coloured samples showed solely bands linked to aragonite
without the presence of those related to pigments (e.g.
the spectra for samples XR-5163 and 1-2-4 in Figure 7).

The PL spectra of the samples showed various apparent
maxima. Bands centred at 565 nm and at around 590
nm are both possibly due to organic compounds present
in the nacre. A band at 620 nm accompanied by two
other bands at 650 and 680 nm are probably due to a
type of porphyrin (Miyoshi et al. 1987; Hainschwang
et al. 2013; see 3-4-1 in Figure 8). Overall, the apparent
maximum in the PL spectra (as labelled in Figure 8)
was due to the relative intensity of the three bands
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Photoluminescence Spectra

Figure 8: PL spectra are shown for
the same P. radiata bead-cultured
pearls (XR-5163 and XR-5190) and
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at 565, 590 and 620 nm. For the vast majority of the
studied samples (110), the apparent PL. maxima were in
the orange to red region at 605-625 nm (e.g. XR-5190 in
Figure 8); for 27 samples the maxima were positioned in
the yellow to orange region at 580-600 nm (e.g. 1-2-4 in
Figure 8); and nine cultured pearls showed maxima in
the green to yellow region at 555-575 nm (e.g. XR-5163
in Figure 8).

UV-Vis-NIR Spectra

660

680 700

The UV-Vis-NIR spectra of all the studied samples
presented bands (appearing as minima in diffuse reflec-
tance; Figure 9) in the visible range at around 410, 435
and 460 nm—possibly related to partially substituted (i.e.
partially methylated) polyenic pigments—similar to those
observed for freshwater cultured pearls (Karampelas
et al. 2009). Some samples (of no particular colour)

Figure 9: UV-Vis-NIR
spectra for the same

P. radiata bead-cultured
pearls (XR-5163 and

% Reflectance

XR-5190) and non-bead-
cultured pearls (1-2-4
and 3-4-1) as in Figures
7 and 8 are shown

here for comparison.
The spectra have

XR-5190 been shifted vertically

50 for clarity (-20% for
40 XR-5163, +10% for 1-2-4
+ 0, -
30 4 and +15% for 3-4-1).
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10 A
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displayed an additional band at 495 nm, possibly linked
to a type of porphyrin (Nilpetploy et al. 2018; Karampelas
et al. 2019a). Taken together, the series of bands recorded
here differ from those of saltwater cultured pearls from
other species (P. maxima, P. margaritifera, P. maculata
and Pteria sp.; cf. Karampelas et al. 2011a, b; Karampelas
2012; Otter et al. 2017; Nilpetploy et al. 2018). Those at
435 and 460 nm have been observed in akoya cultured
pearls (i.e. from P. fucata). However, those at 410 and 495
nm, along with another band at around 395 nm, have
only been observed in P. radiata samples.

The chemical composition of the cultured pearls from
Abu Dhabi is presented in Table III and compared to
previously published data on natural pearls from P.
radiata fished off Bahrain, as well as bead-cultured pearls
from P. fucata cultivated off Vietnam (Karampelas et al.
2019b) and Japan (from the DANAT reference collection).

All studied samples from Abu Dhabi presented low
concentrations of Mn (always below the detection limit
of EDXRF and sometimes below the quantification limit
for LA-ICP-MS) and relatively high concentrations of Sr.
The cultured pearls from P. fucata presented relatively
higher amounts of Mn (>10 ppmw Mn) compared to
the other samples. It was suggested by Gordon et al.
(1970) that the water’s Mn content is the most important
factor affecting the Mn composition of molluscs, shells
and possibly natural and cultured pearls. On the other

hand, the Sr content of the inner part of saltwater arago-
nitic bivalves is influenced by the animal’s growth rate
(possibly linked to water temperature), as well as physio-
logical processes (Stecher et al. 1996; Poulain et al. 2015;
Wanamaker & Gillikin 2019). Some of the studied samples
from Abu Dhabi had slightly lower Sr values than the
other two types. Sodium was present in relatively high
amounts in all samples, and in biogenic carbonate this
element is related to water salinity and pH (Gordon et
al. 1970). The Na concentrations were similar in the
cultured pearls from Abu Dhabi and natural pearls from
Bahrain; however, Na was slightly lower in the cultured
pearls from Japan and Vietnam.

It has been suggested that Mg in aragonitic shells is
related to physiological processes (Foster et al. 2008;
Poulain et al. 2015). All samples in Table III presented
somewhat similar Mg contents; only nine of the 146
cultured pearls from Abu Dhabi contained >500 ppmw Mg.
Barium in biogenic aragonite shows a strong inverse corre-
lation with water salinity and food supply; shell growth
and an as-yet undetermined environmental factor are
also thought to influence Ba content (Gillikin et al. 2008;
Poulain et al. 2015). All the samples in Table III contained
very low Ba (sometimes below the quantification limit).
Natural pearls from P. radiata fished off Bahrain showed
slightly higher Ba, with 23 of the 248 samples having >1.5
ppmw Ba. Figure 10 presents a plot of Sr vs. Ba, suggest-
ing an overall positive correlation between these elements;
this apparent trend needs further investigation.

Table IlI: Chemical analysis by LA-ICP-MS (in ppmw) of P. radiata bead-cultured and non-bead-cultured pearls from Abu Dhabi,
P. radiata natural pearls from Bahrain, and P. fucata cultured pearls from Japan and Vietnam.2

Na 3440-7290 5200 (660) 4910
P. radliata Mg 55.2-1280 265 (166) 181
(Abﬂfgas:‘rﬁ‘et:red)’ Mn BQL-596 103 (102) 048
438 analyses Srb 448-1270 769 (186) 670
Ba BQL-0.85 0.22 (013) 015
Na 3340-7270 5250 (801) 5250
P. radiata Mg 29.5-477 147 (88.2) 131
<Bgz;a‘;r:fflgf‘)' Mn BQL-7.62 0.79 (138) BQL
248 analyses Sr 518-1650 944 (219) 902
Ba BQL-4.32 0.78 (0.60) 058
Na 2370-4950 4090 (502) 4150
P. fucata Mg 116-950 292 (165) 244
(Japan an%\g;er;n;glcultured), Mn 0.46-13 6.35 (492) 770
51 analyses Sr 888-1860 995 (222) 933
Ba 0.06-147 028 (0.34) 014

a The quantification limits of Mn were 0.26-1.28 and Ba were 0.02-0.17. Abbreviations: BQL = below quantification limit, SD = standard deviation.

b As measured by EDXRF spectroscopy, the contents of Sr in the same bead-cultured and non-bead-cultured pearls from Abu Dhabi were
734-1660 ppmw (average 1000 ppmw). Mn was below the EDXRF detection limit.
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Chemical Composition
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Figure 10: This binary plot compares the Sr and Ba contents of the P. radiata cultured pearl samples from Abu Dhabi with
P. radiata natural pearls fished off Bahrain and P. fucata cultured pearls from Japan and Vietnam. Some of the studied
samples from Abu Dhabi have lower Ba and Sr than the other two sample types.

CONCLUSION

This study of bead-cultured and non-bead-cultured
products from the Abu Dhabi Pearls project in the UAE
offers a complete gemmological analysis of cultured
pearls from P. radiata. They showed a vast range of
colours, from white to cream, light yellow to yellow,
brown and various tones of grey with pink overtones,
and some with iridescence. The vast majority of the
cultured pearls luminesced green to greenish yellow
under short-wave UV radiation and yellow to green
under long-wave UV. With X-microradiography and
micro-CT imaging, the bead-cultured pearls showed
typical strong demarcation lines around the nuclei and
sometimes large voids and calcium carbonate-rich areas
with radial-like structures. Most of the non-bead-cultured
pearls contained voids of variable dimension, similar
to those observed in non-bead-cultured pearls from
other molluscs, and different from those documented
in natural pearls. Raman bands due to partially substi-
tuted (i.e. partially methylated) polyenes were recorded

at around 1130 and 1520 cm™! for most of the samples.
Samples from P. radiata and P. fucata (i.e. akoya cultured
pearls) are the only nacreous saltwater-cultured pearls
found to date presenting such bands. UV-Vis spectros-
copy revealed bands at 410, 435 and 460 nm in all
samples, and these are also linked to the same partially
substituted (i.e. partially methylated) polyenic pigments
indicated by Raman spectroscopy. Some samples yielded
an additional band at around 495 nm, possibly linked to a
type of porphyrin. These bands differ from those recorded
for cultured pearls from other species (P. maxima, P.
margaritifera, P. maculata and Pteria sp.), and those at
410 and 495 nm are different from bands recorded for
akoya samples (i.e. P. fucata). Chemical analyses of the
most important trace elements in the studied cultured
pearls from Abu Dhabi show results similar to those for
P. radiata natural pearls fished off Bahrain.

Work is ongoing at the Abu Dhabi Pearls project to
decrease the rate of bead rejection and improve the
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percentage of gem-quality cultured pearls. A trademark
for the term Abu Dhabi Pearls was recently registered,
and these cultured pearls (Figure 11) will be commer-
cially produced in the near future. In addition, further
studies are needed of the non-bead-cultured pearl
by-products to characterise their internal structures,
as well as their chemical and spectroscopic features,
in order to properly separate them from natural pearls
from P. radiata fished off Bahrain and other regions in
the Arabian Gulf.

Figure 11: These white-to-cream bead-cultured pearls
were produced from the Abu Dhabi Pearls project.
They range from 5.5 to 8.5 mm in diameter. Courtesy
of the Abu Dhabi Pearls project.
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