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Cover photo: Thai rubies are rarely mined today, although the stones
Co LU M Ns continue to circulate in the market. An article on pp. 634-645 of this
issue provides a detailed view of the inclusions in these rubies. The
o o heat-treated stones shown here include loose rubies weighing 3-24 ct
Editorial 577 (courtesy of a private collector) and diamond rings set with 3.58, 4.43
and 3.26 ct centre stones (left ring courtesy of Thai Lapidary
, International Co. Ltd, Bangkok, Thailand, and the center and right rings
What S New 578 are from Prima Gems, Bangkok). Photo by Chanchai Kamemakanon.
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Editorial

THE JOURNAL JOINS THE PRESTIGIOUS SCIE DATABASE

am very pleased to announce that The Journal

of Gemmology has been accepted for coverage

in the Science Citation Index Expanded (SCIE)

database, in the Web of Science Core Collection.
This indicator of academic excellence for scientific
journals is a landmark accomplishment for The
Journal, which passed a rigorous selection process
involving numerous evaluative criteria to ensure that
it meets high standards of academic quality.

The SCIE is a comprehensive database covering
more than 9,200 scientific journals across 178 disci-
plines. Along with The Journal’s coverage in the SCIE,
it is also included in Clarivate Analytics’ Journal
Citation Reports and its Current Contents—Physical,
Chemical and Earth Sciences.

Importantly, coverage in the SCIE will allow The
Journal to obtain an impact factor (a measure of
citation activity). Although The Journal was previously
included in the Web of Science through its coverage
in the Emerging Sources

Journal Citation Reports (and posted on The Journal’s
website) in approximately June 2020.

Specialised publications such as The Journal
typically have relatively low impact factors compared
to those covering mainstream disciplines such as
chemistry and physics. This is certainly understand-
able, considering that citations are only counted from
journals already in the SCIE. There is currently only
one other gemmological journal in that database
(Gems & Gemology), although some citation activity
would also be expected from earth and materials
science journals in the SCIE.

As for any title covered by the SCIE, The Journal
must continue to maintain its quality and impact
criteria, as judged by Clarivate Analytics, in order to
remain in this database. The evaluation process and
selection criteria are described at https://clarivate.com/
webofsciencegroup/journal-evaluation-process-
and-selection-criteria.

The Journal’s coverage

Citation Index, that database
does not include an impact
factor. Since authors from
some academic institutions
can only receive ‘credit’ for
articles published in journals
with an impact factor,
The Journal’s coverage in
the SCIE will allow it to
attract even more high-quality research from around
the world.

A journal’s impact factor is calculated by counting
the number of citations to the articles it published
in the previous two years, and dividing this number
by the total citable articles that it published during
those two years. The Journal’s initial impact factor
will thus be determined by adding up the number of
citations received during 2019 for articles published in
2017 and 2018, and dividing this by the total number
of articles published in 2017 and 2018. Clarivate
Analytics will perform the calculations in early
2020, and the impact factor will be published in the

Science Citation Index
Expanded

in the SCIE reflects Gem-A’s
core values of providing
high-quality gemmolog-
ical education and sharing
cutting-edge research with
the gemmological and
earth science communities.
Inclusion of The Journal
in the SCIE will help
elevate gemmology even further with scientists
and academics. I thank The Journal’s Associate
Editors for sharing their expertise and maintaining
high scientific standards while reviewing articles
submitted for publication. I am also grateful to our
authors for sharing their research and for their perse-
verance during the review process. Finally, I thank
our readers for their ongoing support. Please join
me in celebrating this important milestone for The
Journal of Gemmology.

Brendan M. Laurs FGA
Editor-in-Chief

THE JOURNAL OF GEMMOLOGY, 36(7), 2019


https://clarivate.com/webofsciencegroup/journal-evaluation-process-and-selection-criteria
https://clarivate.com/webofsciencegroup/journal-evaluation-process-and-selection-criteria
https://clarivate.com/webofsciencegroup/journal-evaluation-process-and-selection-criteria

What’s New

INSTRUMENTATION

3DPro 360° Video Imaging System

In April 2019, ImaGem Inc. (Ardmore, Pennsylvania, USA) released 3DPro,
a digital photo box designed to capture videos of mounted and unmounted
gemstones during a 360° rotation. The 23 x 23 x 23 cm box comes with a
built-in rotary stage, lighting, camera, software and 12-volt adapter usable
worldwide. Operation requires a laptop computer. Lighting, background
colour, and camera position can all be modified. Output is 5 MP in a variety
of graphic formats. For additional information and sample videos, visit
https://imageminc.com/3d.

DiaTrue CS, CL and CM

In the first half of 2019, OGI Systems Ltd. (Israel)
launched its latest models in the line of DiaTrue
diamond detectors, accompanied by updates to the
entire DiaTrue line, which enable all of the models to
simultaneously scan and identify CVD- and HPHT-grown
synthetic diamonds, as well as CZ and synthetic
moissanite. DiaTrue CS is a compact desktop unit with a
5 x 5 cm tray that can accommodate small melee parcels
or ring-mounted samples in the D-K colour range. A scan
takes approximately 7-10 seconds. The unit measures 26.5
x 21 x 22.5 cm and weighs 6.5 kg. DiaTrue CL is the largest
of the three; the tray is 20 x 20 cm and the unit measures 28
x 25 x 50 cm (8.5 kg). DiaTrue CM is intermediate in size and capacity between the CS and CL. All models
can save test data and create printable DiaTrue reports. Visit www.ogisystems.com/diatruecs.html (for the
CS), www.ogisystems.com/diatruexl.html (for the CL) and www.ogisystems.com/diatrue.html (for the CM).

D D@

XSS

GLIS Mini

A portable version of the GLIS-3000 (see What’s New section, Vol. 35, No. 4, 2016, p. 271)
was released in early 2019. The GLIS Mini weighs ~3 kg and can test small batches of
loose or mounted diamonds within an area measuring 5 x 6 cm. As with the GLIS-3000,
the GLIS Mini uses UV fluorescence and phosphorescence to determine natural vs.
synthetic (CVD and HPHT) origin, yielding results in approximately 10 seconds. Visit
www.glismachines.com/collections/frontpage/products/mini-glis.

THE JOURNAL OF GEMMOLOGY, 36(7), 2019


http://www.glismachines.com/collections/frontpage/products/mini-glis
http://www.ogisystems.com/diatruecs.html
http://www.ogisystems.com/diatruexl.html
http://www.ogisystems.com/diatrue.html
https://imageminc.com/3d

Q-Chk++

Released in 2019, the third generation of this
synthetic diamond detector from GII Arotek
(Gemmological Institute of India and Arotek Scien-
tific Instruments) features expanded capabilities. It
can distinguish HPHT- and CVD-grown synthetic
diamonds of any shape, size and colour grade,
both loose and mounted (including pavé), within
an area of 11 x 6 cm. It can reportedly test up to
1,000 samples in as little as 7 seconds based on
UV fluorescence and photoluminescence together
with ‘optically stimulated luminescence’. The unit
has a footprint of about 60 x 60 cm. Visit https://
giionline.com/q-chk-adc or www.arotekscientific.
com/lan-grown-diamond-detector.html.

< !]

Smart-Raman Portable Spectrometer

From Napco Precision Instruments (China) comes this
2019 Raman unit packed in a portable case (40 x 31 x
17 cm), including laser, detector, cooling unit and laptop
computer with dedicated software and a Raman database.
It features a 100-500 mW continuously adjustable laser,
3950-150 cm! range and 8 cm! resolution. It is powered
by AC voltage or rechargeable lithium

batteries with an operating life
of about 3 hours. The unit can
display printable Raman spectra
with customisable features, and
can enable a trained gemmol-
ogist to identify a variety of
gem materials and screen
diamonds. Visit www.
napcobalances.com/product_
view_152_162.html.

WHAT’S NEW

VARNA-D~ 8» iMacewm

Varna-D Diamond
Colour-Grading Instrument

ImaGem Inc. released the Varna-D diamond colour-
grading instrument in April 2019. The self-contained unit
grades faceted diamonds in the colour range D-L from
0.25-5 ct with a repeatable accuracy of + %2 colour grade.
It is able to take into account fluorescence, zoning and
secondary hues. The unit measures 15.2 x 10.8 x 8.9
cm, weighs 1 kg, and operates on a USB-chargeable Li-ion
battery, making it relatively portable. An external battery
pack and stone calibration sets are available separately.
Visit https://imageminc.com/products/varna-d.

Vista

In May 2019, Gemlogis
(Hong Kong) released
the Vista for separating
HPHT- and CVD-grown
synthetic from natural
diamonds. This portable |
instrument can test both |
loose and mounted samples .
(open- or closed-back settings)

in the colour range D-J as small
as 0.02 ct. The unit weighs 0.73 kg

and measures 16.5 x 16.5 x 12.7 cm. The small
size of the unit limits its capability to one stone or
jewellery piece at a time. It is powered by a recharge-
able lithium battery and also comes with an AC
adapter. For additional information and to view the
video on the device, visit www.gemlogisusa.com/
gemlogis-vista.html.
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WHAT’S NEW

NEWS AND PUBLICATIONS

2017 and 2018
Dallas Mineral -\”. DALLAS
Collecti ‘" MINERAL COLLECTING
cymposium U2 SYMPOSIUM

Presentations

The Dallas Mineral Collecting Symposium is held annually
in August in Dallas, Texas, USA, and attracts mineral
enthusiasts from around the world. Presentations from
the 2017 and 2018 Symposia are now available online at
www.dallassymposium.org/videos, and include topics
such as gem minerals of Myanmar, colour in minerals,
treasures from Pakistan, notable gems and minerals in
French museums, and the history of the discovery and
mining of tsavorite.

Diamond
Disclosure
Reports from
De Beers

On 29 March 2019,
the De Beers Group
released two reports
on disclosure: Standard
Guidance: Undisclosed
Synthetic Diamonds
and Best Practice Princi-
ples: Disclosure Practice
Note 2019. The first of
these addresses the increased occurrence of undis-
closed synthetic diamonds within the diamond supply
chain and the potential damage they may cause to
the diamond industry, and proposes modifications to
the De Beers Group’s Best Practice Principles (BPP).
Download the full report at www.debeersgroup.com
/~/media/Files/D/De-Beers-Group/documents/
reports/library/2019/Standard-Guidance_Undisclosed
-Synthetic-Diamonds-2019.pdf. The second report is a
companion to the BPP that provides guidance to Sight-
holders and Accredited Buyers on how to reduce the risk
of trading in undisclosed synthetic diamonds. It includes
various approaches to screening and testing, with refer-
ences to De Beers’ AMS2 and SYNTHdetect instruments.
This report is available at www.debeersgroup.com/~/
media/Files/D/De-Beers-Group/documents/reports/
library/2019/Disclosure-Practice-Note-2019.pdf.

Abstract of Papers Presented at Annual

Meeting of the Gemmological Society of
NELE!

Gemmological Society of Japan
2019 Annual Meeting Abstracts

Abstracts of Special Lectures presented at the
2019 Annual Meeting of the Gemmological
Society of Japan are now available online. The 22
abstracts cover a wide variety of topics, including
synthetic diamond research and identification,
diamond fluorescence, origin determination of
gem corundum from Luc Yen (Vietnam), jadeite
from the Polar Urals (Russia), red corals (origins
and trace-element composition) and more. To
download the abstracts from this and previous
conferences, visit www.jstage.jst.go.jp/browse/
gsj/list/-char/en.

Jewelry
Development
Impact
Index Report
on Emerald
Mining

in Colombia
and Zambia

In May 2019,
researchers from
the American
University School
of International Service produced Jewelry Devel-
opment Impact Index: A Comparative Case Study
of Emerald Mining in Colombia and Zambia.
The 88-page report examines the historical and
cultural background of emerald mining in these
two countries, and then provides numerical scores
on a variety of areas (governance, economics,
environment, health and human rights) for both
localities. Download this and other recent JDI
publications at www.sustainablegemstones.org/
jewelry-development-index-jdi.
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WHAT’S NEW

MSA , y ;
Centennial Mmerafoglcaf Socwry
Symposium of America
H !
Presentations Cetiterinial vV/A What'sNewin ,
S : V' Respgpaible Sourcing?
The Mineralogical ympOSlum ~—————  PRESENTED AT MJSAEXPO, MARCH 10,2019

Society of America
celebrated its

100th anniversary
with a Centennial
Symposium, held
20-21 June 2019

in Washington DC,
USA. Sessions of
interest to gemmolo-

The Next 100 Years
of Mineral Sciences

June 20-21, 2019

Carnegie Institution
for Science Building
Washington, DC

gists included

‘Scientific Characterization of High-Value Gemstones’,
‘Mineral Inclusions in Diamonds from the Deep Earth’
and ‘Advances in Mineral Analysis’. Videos of all the
presentations and a report of the symposium are
available at www.minsocam.org/MSA/Centennial/MSA
_Centennial_Symposium.

N33

MJSA Expo Seminar Presentations

Videos of presentations and panel discussions
from the March 2019 Manufacturing Jewelers &
Suppliers of America (MJSA) Expo are available
at https://mjsa.org/eventsprograms/mjsa_expo/
expo_seminars. Presentations featuring experts in
jewellery marketing and design include ‘Where
does custom design go from here?’, “‘What’s new in
responsible sourcing?’, ‘You’ve lost that handcrafted
feeling’, ‘Celebrating the American jewelry design
movement” and ‘“Tracking your digital advertising’.

Platinum Jewellery Business Review 2019

Platinum Guild International released their 2019
Platinum Jewellery Business Review on 15 May
with a review of the 2018 market and outlook for
2019. It identifies the jewellery industry as the
second largest market for platinum and emphasises
the value of marketing to drive demand. In the four
largest markets, Japan continued to show a slight

Transforming metal into meanir

(1%) growth of retail sales through 2018, the USA
had notable (11%) growth, China experienced a
decline (7%) and India demonstrated significant
growth (17%). The predictions for 2019 are that
these trends will continue. Download the report at
https://platinumguild.com/research-publications/
platinum-jewellery-business-review.

Platinum Jewellery Business Review

London, 15" May 2019

PLATINUM GUILD

INTERNATIONAL

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

COLOURED STONES

Albite from Minas Gerais, Brazil

During the February 2019 Tucson gem shows in Arizona,
USA, Dr Marco Campos Venuti (Seville, Spain) had some
new faceted albite from Brazil. He obtained 50 kg of
rough material in August 2018 while visiting Brazil, and
was told that it was mined near Tedfilo Otoni in Minas
Gerais State. He processed the rough into 5 kg of cuttable
material and then faceted several hundred carats of the
albite. The largest clean gems weighed ~6.5 ct and the
more-included stones ranged up to 10 ct.

Dr Campos Venuti kindly donated a 2.50 ct faceted
albite to Gem-A (Figure 1), and it was characterised by
author AC for this report. The stone was colourless and
transparent with a vitreous lustre. The hydrostatic SG
was 2.65, the RIs were 1.535-1.542 (birefringence 0.007)
and the stone had a uniaxial positive optic character.
These properties are consistent with albite, and this
identity was confirmed by Raman analysis using a
Horiba LabRam II confocal Raman microspectrometer
equipped with a 532 nm laser and a high-resolution
diffraction grating. The stone fluoresced moderate
reddish under short-wave UV radiation and was inert
to long-wave UV.

Figure 1: This 2.50 ct albite from Brazil contains conspicuous
linear features. Gift of Dr Marco Campos Venuti; photo by
A. Costanzo.

Figure 2: In addition to containing two sets of lamellar
twinning with slightly different orientations, the albite
hosts elongate hollow inclusions that appear to be etched
dislocations. Photomicrograph by A. Costanzo; image
width 2.6 mm.

The most common internal feature was parallel-planar
lamellar twinning. A subordinate set of the twin planes
was angled at a slightly different orientation (Figure 2),
perhaps because the sample also contained another
twin law. Even more conspicuous than the twinning
were roughly textured linear features that were parallel
to the main set of twin planes (again, see Figure 2).
Raman microspectroscopy only yielded patterns for the
host albite, suggesting that these inclusions consisted
of etched dislocation channels running along twin/
cleavage planes. Their hollow nature was supported
by the presence of dark foreign material (probably
polishing residue) where they intersected the surface of
the stone.

Dr Alessandra Costanzo FGA DGA
(alessandra.costanzo@nuigalway.ie)

National University of Ireland Galway, Ireland

Brendan M. Laurs FGA
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Dark Blue Beryl from Pakistan

Pakistan is a well-known source of aquamarine, which
commonly occurs as lustrous, well-formed crystals that
are prized by mineral collectors. Most of the aquama-
rine comes from the Shengus-Dassu (or Shingus-Dusso)
and Chumar Bakhoor areas of Gilgit-Baltistan (Kazmi
et al. 1985; Appiani 2007). During the February 2019
Tucson gem shows, Meg Berry (Megagem, Fallbrook,
California, USA) showed one of the authors (BML) some
interesting dark blue beryl from a new find in Pakistan.
According to her supplier, Bryan Lichtenstein (3090
Gems, San Francisco, California, USA), it comes from
Khyber Pakhtunkhwa in northern Pakistan. The initial
discovery was made in September 2018 by Raza Shah
(Gems Parlor, Fremont, California), who has partnered
with Lichtenstein in providing the material to the gem
trade. Only a limited amount has been produced so far,
mostly as 1-2 g pieces, but some are in the 30-50 g range.
The largest crystal known so far weighs 236.7 g (Figure
3). The rough material is heavily etched, and some pieces
are colour zoned in dark blue to dark blue-green.
Berry cut a cabochon (Figure 4) from one of the larger
pieces of this beryl, and two offcuts from that sample
were provided to one of the authors (GRR) for analysis.
Semi-quantitative energy-dispersive X-ray fluorescence
(EDXRF) chemical analysis using an INAM Expert 3L
unit yielded an iron-rich composition with ~2.5 and 3.6
wt.% Fe in the two samples, as well as relatively high

Figure 4: This cabochon
of dark blue-green

beryl from Pakistan
weighs 7.49 ct. Pinpoint
reflections are created
by iridescent feathers

in the stone. Photo by
Orasa Weldon.

Figure 3: Shown from the side and
top views, this deeply etched dark
blue beryl crystal (236.7 g and 61 x 50 x
49 mm) is from Khyber Pakhtunkhwa
in northern Pakistan. Courtesy of 3090
Gems; photos by Sara Rey.

levels of Cs (1.5 and 2.3 wt.% Cs). Also present were
minor amounts of Mg and traces of Mn, Rb, S, Zn, Cu,
Ga, Ni and V.

Visible-near infrared (Vis-NIR) spectroscopy of
one of the beryl specimens was accomplished with a
combination of silicon-diode and InGaAs array microspec-
trometers. The spectrum shows that the beryl’s dark blue
colour is due to an absorption minimum in the 450-500
nm region that is bounded by absorption bands in the
visible region that arise from the presence of abundant
Fe (Figure 5). Absorption features centred near 830 and
1080 nm are from Fe?* while the band near 600 nm
is due to Fe**-Fe3* intervalence charge transfer. These
absorptions are strongly polarised, and are much more
prominent in the spectrum taken with light polarised
parallel to the c-axis. A weak, sharper feature near
440 nm is due to Fe3*. A series of sharp absorptions
near 1400 nm arise from overtones of the vibrations of
water molecules in the channels of the beryl structure.
Additional weaker water-related features appear near 970
and 1160 nm (Wood & Nassau 1967). None of the absorp-
tions commonly seen in Maxixe beryl were recorded in
the spectra of this material from Pakistan.

Brendan M. Laurs FGA

Dr George R. Rossman
California Institute of Technology
Pasadena, California, USA
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Vis-NIR Spectra
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Emerald from the Anuri Prospect, Nunavut, Canada

In the summer of 2012, a geologist working for North
Country Gold Corp. identified significant amounts of
emerald in drill core obtained in 2005 and 2006 from the
Anuri gold-and-silver prospect in Nunavut, Canada. The
prospect is located at 66° 27.4' N, 92° 31.0" W, approx-
imately 410 km north of Rankin Inlet, and is accessible
only by air. The area is underlain by the Committee Bay
Greenstone Belt, which forms part of the Rae domain of
the western Churchill Province, within the Neoarchean
volcano-sedimentary Prince Albert Group.

The emeralds occur in potassic-altered komatiites
(ultramafic, high-Mg volcanic rocks) and are associ-
ated with highly elevated Be values. Similar rocks have
been documented up to 7 km east of the Anuri prospect
(Turner 2007), which has implications for the potential
extent of emerald mineralisation in the area.

The emerald was found in seven ~1 m intervals from
three drill holes, from 76 to 180 m depth. Ten polished
thin sections of the seven intervals were studied with a
petrographic microscope, scanning electron microscope
and electron microprobe. The results show that the beryl
occurs within a texturally and mineralogically variable
matrix of phlogopite, muscovite, actinolite, plagioclase
and pyrite, with occasional quartz, calcite and accessory
minerals such as fluorapatite, titanite, rutile, chalcopy-
rite, molybdenite and rare tellurides.

The beryl can occur as large, slightly altered grains
in coarse-textured, hydrothermally altered, silici-
fied zones, as well as at altered protolith contacts, as
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inclusions in other minerals (such as amphibole), and
as a fine-grained, pervasive overprint that may represent
a sodic alteration event. In most cases the emerald is
present as rims on near-colourless beryl, and there
appears to be an association of emerald with molybden-
ite veinlets; some even have molybdenite inclusions.

Refractive indices of n, = 1.583 + 0.001 and n,, = 1.591
+ 0.001, yielding a birefringence of 0.008, were measured
from an emerald crystal. Electron microprobe analyses
(245 points) of the beryl showed a wide range of compo-
sitions, but the dominant chromophore in the emerald
was Cr (with essentially no V), with a maximum of 2.62
wt. % Cr,03, equivalent to 0.20 Cr per formula unit (pfu).
The emerald also contained unusually high concentra-
tions of Mg (up to 3.41 wt.% MgO or 0.48 Mg pfu) and
Fe (up to 1.99 wt. % FeO or 0.16 Fe pfu). The highest Mg
contents were observed in beryl inclusions in the cores
of euhedral amphibole crystals. Only emeralds from the
Ianapera deposit in Madagascar (Vapnik et al. 2010) show
more substitution at the Al site. The Anuri emerald also
showed unusually high concentrations of Na (up to 2.66
wt.% Na,O or 0.49 Na pfu).

Electron microprobe analyses identified the micas
as F-rich phlogopite, fluorophlogopite and muscovite.
Amphiboles ranged between tremolite and ferri-magne-
siohornblende, and were enriched in F and Na (0.2-1.2
F pfu; <0.42 Na pfu). The plagioclase was albite to oligo-
clase (<0.2 Ca pfu). Titanite had elevated contents of F
and Al (<0.17 F pfu, <0.14 Al pfu).
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Figure 6: Emeralds were recovered from drill cores at the
Anuri gold-and-silver prospect in Nunavut, Canada. Shown
here are (a) a 13.16 ct cabochon of emerald-bearing rock

and (b) a 0.27 ct opaque faceted emerald containing dark
amphibole and brassy pyrite inclusions. Both pieces were cut
by Bradley S. Wilson (Alpine Gems, Kingston, Ontario, Canada).
Photos by Tom Fa/Panotora.

The emerald likely formed via the interaction of the
komatiite with Be-, F- and Na-bearing fluids from an
unexposed pegmatite dyke or hydrothermal vein, with
later overprinting by a metamorphic event. The dyke

..............................................................................

or vein is probably associated with a nearby tonalite
dated 2,718 + 2 million years (Skulski et al. 2003) that
intrudes the komatiite and was intersected by a drill
hole approximately 100 m south of the main area inves-
tigated (Turner 2007).

The emerald-bearing rock has been polished into a
small number of cabochons, and one opaque emerald
containing amphibole and pyrite inclusions has been
faceted (Figure 6). It is unlikely that more material
will become available unless fieldwork shows that the
emerald-bearing horizons extend up to the surface.

Dr Lee A. Groat (groat@mail.ubc.ca)
and Allison Brand
University of British Columbia, Vancouver, Canada

Dr Jan Cempirek
Masaryk University, Brno, Czech Republic

Dr Joel Grice and Willow Wight
Canadian Museum of Nature
Ottawa, Ontario, Canada
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Aesthetic Mesolite Cabochons from India

Well known amongst mineral collectors, zeolite minerals
are sometimes encountered as collector gemstones (e.g.
pollucite, leucite, natrolite, analcime, etc.). Specimen-
and gem-grade zeolites commonly form as secondary
minerals within cavities in basalts, and perhaps the
most famous deposits are hosted by the Deccan volcanic
province in India (Ottens et al. 2019). During the past
few years, white cabochons composed of radiating

crystal clusters described as scolecite (a zeolite of the
natrolite subgroup) have been available from India. Early
in 2019, similar stones with mixed white and orangey
pink (‘salmon’) colouration exhibiting aesthetic patterns
entered the market from India’s Maharashtra State. Two
such samples (28.10 and 36.73 ct) were characterised
for this report (Figure 7).

Natrolite-subgroup zeolites are composed of three
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Figure 7: The cabochons from Maharashtra State in India
examined for this study (28.10 ct, bottom, and 36.73 ct, top)
show aesthetic patterns due to differently coloured mesolite
aggregates. Photo by T. Cathelineau.

main species: scolecite (CaAlLSi;O,, « 3H,0), natrolite
(Na,AlSi;0,, * 2H,0) and mesolite (Na,Ca,Si,Al;0;, ©
8H,0). They commonly form attractive sprays of slender
radiating crystals up to 30 cm in size, in colourless, white,
grey, brown, bluish, yellowish, or more rarely pink or
orange. The orthorhombic natrolite and the monoclinic
mesolite and scolecite all form pseudo-tetragonal prisms
with an almost square section. If a cabochon of such
aggregates is cut perpendicular to the prisms, a chequered
pattern may result, as shown by the 28.10 ct stone in
Figure 7. When cut parallel to the slender crystals, they

IR Reflectance Spectrum

produce a radiating acicular pattern, as shown by the
36.73 ct cabochon in Figure 7.

The 36.73 ct sample showed the following properties:
colour—‘salmon’ and white; diaphaneity—translucent
in the ‘salmon’ areas and opaque in the white ones;
RI—1.505; birefringence—could not be determined
from the RI readings (see below); hydrostatic SG—2.23;
magnetism—diamagnetic; Chelsea Colour Filter reaction—
none; fluorescence—faint white in white areas and inert
in ‘salmon’ portions when exposed to short-wave UV
radiation, and inert to long-wave UV; and spectroscope
spectrum—strong absorption in the violet and blue regions
with moderate absorption in the green. The 28.10 ct stone
showed the same properties except that it was opaque
and had an SG value of 2.18; no RI or spectrum could
be obtained. Both stones increased in weight when left
immersed in water for several minutes. The RI and SG
values are consistent with those reported for mesolite
by O’Donoghue (2006). (Although mesolite is biaxial
positive, all three RI values are ~1.505, so birefringence is
almost unobservable with a gemmological refractometer.)

Infrared reflectance spectra were collected from
several spots on the cabochons (both ‘salmon’ and white
areas), and all yielded the same pattern (e.g. Figure
8). The spectra are characteristic of a silicate mineral,
and comparison with the author’s Spec4Gem database
(www.specdgem.info/databases/irs/40) revealed an
exact match with mesolite samples analysed a few years
ago. The identification of the earlier samples as mesolite
was achieved by comparing their IR spectra to those of
the natrolite subgroup in the RRUFF database and to the
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Figure 8: The IR reflectance
spectrum characterises the stones in
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Figure 7 as mesolite, the main Ca-Na
member of the natrolite subgroup.
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indicate H,O bending vibrations.
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IR transmission spectra published by Chukanov (2014,
pp. 846, 848, 869). The 1655 and 1638 cm™! bands are
associated with H,0O bending vibrations (Geiger 2012).

A Vis-NIR spectrum (Figure 9) was collected from a
translucent ‘salmon’ area of the 36.73 ct cabochon with
the beam oriented nearly perpendicular to the mesolite
prisms. It showed strong absorption in the violet, blue
and green regions with an edge in the yellow-green
region caused by a prominent band at ~535 nm. Also
present was a moderate band at ~665 nm (red region), a
weak band at ~855 nm and a moderate band at ~980 nm
(NIR). The overall spectral pattern displayed an absorp-
tion continuum towards the UV, which is responsible
for the ‘salmon’ colouration. Iron is easily incorpo-
rated into zeolites, as demonstrated by Suhartana et al.
(2018); Fe-bearing zeolite is generally orange-brown,
which is similar to the ‘salmon’ colouration seen in the
present samples, although the author is not aware of
any corresponding Vis-NIR spectra. The 980 nm band
is very likely due to OH second overtones, as deduced
by the author from the OH stretching vibrations of H,0
between 3600 and 3100 cm ™! (Geiger 2012).

Photoluminescence of the white areas of the
cabochons was studied using 254 nm excitation,
in accordance with the fluorescence observations
mentioned above. (Other wavelengths at 377, 405 and
447 nm did not produce any photoluminescence.) The
254 nm source induced a broad but very weak emission
peaking at 480 nm (Figure 10). This spectrum is similar
to those of zeolites published without explanation by
Gorobets & Rogojine (2002, p 150). It is possible that
the luminescence could be related to organic molecules
and/or an oxygen centre.

Thierry Cathelineau
(thierry.cathelineau@specdgem.info)
Paris, France
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Figure 9: This Vis-NIR spectrum was collected from a
‘salmon’-coloured area of the 36.73 ct mesolite cabochon.

A continuum of absorption in the violet, blue and, to a lesser
extent, green regions gives the stone its ‘salmon’ colouration.
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Figure 10: The photoluminescence spectrum of a white area
of the 36.73 ct mesolite obtained with 254 nm excitation
shows a broad but weak emission centred at 480 nm.
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Quartz from Brazil with Biotite Inclusions

Figure 11: This 2.70 ct buff-top quartz, shown in (a) table-up and (b) table-down positions, contains abundant greenish brown
inclusions that proved to be biotite. Also visible is a large etch channel filled with a dark-coloured foreign substance. Gift of

Dr Marco Campos Venuti; photos by A. Costanzo.

During the August 2018 Feira Internacional de Pedras
Preciosas (FIPP) gem show in Tedfilo Otoni, Brazil,
stone dealer Dr Marco Campos Venuti obtained some
new rough quartz from Minas Gerais containing
abundant inclusions. Only a few of these quartz crystals
were available, and from them he cut 30-40 stones
(both faceted and buff tops), yielding a total of about
100 carats. Dr Campos Venuti displayed the gems at
the February 2019 Tucson gem shows, and he kindly
donated a 2.70 ct specimen to Gem-A for examination
(Figure 11).

The pear-shaped buff-top quartz was colourless and
heavily included with elongate greenish brown flakes
(Figure 12). They were mostly sub-parallel, but some
were present in different orientations. Observation with
a petrological microscope indicated the inclusions were
composed of a dark mica (e.g. biotite) showing
high-order interference colours in cross-polarised light
and straight optical extinction. The identification as
biotite was confirmed with Raman microspectroscopy
using a Horiba LabRam II confocal Raman microspec-
trometer equipped with a 532 nm laser and a
high-resolution diffraction grating. Also present in the
quartz were numerous liquid-rich two-phase (liquid and

vapour) inclusions, as well as solid-rich three-phase
(liquid, vapour and solid) inclusions. In addition, a large
etch channel filled with a dark-coloured foreign
substance (probably polishing compound) formed a
prominent columnar inclusion in the quartz (again, see
Figure 11).

Although quartz and biotite are both common

Figure 12: The biotite inclusions in the Brazilian quartz form
elongate flakes accompanied by smaller fluid inclusions.
Photomicrograph by A. Costanzo.
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rock-forming minerals, it is somewhat unusual to
encounter quartz in the gem trade containing monomin-
eralic biotite inclusions. Hyrsl & Niedermayr (2003, p.
205) documented quartz from Alpine-type veins in the
Ganesh Himal region of Nepal that contained large biotite
plates up to several centimetres long and 1 cm wide.

..............................................................................

Dr Alessandra Costanzo FGA DGA
and Brendan M. Laurs FGA

Reference

Hyrsl, J. & Niedermayr, G. 2003. Magic World: Inclusions
in Quartz. Bode, Haltern, Germany, 240 pp.

..............................................................................

Quartz from Brazil with Dendritic Inclusions

Brazil is one of the most prolific sources of quartz
containing interesting inclusions. During the February
2019 Tucson gem shows, Frederico de Vasconcelos
(MultiGemas/Vasconcelos Brazil, Governador Valadares,
Brazil) displayed two new finds of quartz with dendritic
inclusions from Minas Gerais. He reported that quartz

Figure 13: These quartz specimens (64 x 81 and 44 x 50 mm)
from Leopoldina, Brazil, contain dendritic inclusions with a
somewhat plant-like appearance. Photo by Jeff Scovil.

Figure 14: Brazil is also the source of this 41 x 25 mm
quartz with red-orange dendrites. Photo by Robison
McMurtry, © GIA.

with black dendritic inclusions (Figure 13) was discov-
ered in December 2018 by miners looking for aquamarine
near Leopoldina in south-eastern Minas Gerais near the
border with Rio de Janeiro State. The largest quartz
crystal recovered weighed 500 kg, and was cut into
seven larger polished stones and approximately 3,000
carats of smaller gems. The dendrites range
from dark grey to black and commonly show
a plant-like appearance.

Just prior to this discovery, in November
2018, quartz with red-orange dendritic inclu-
sions (Figure 14) was found at an unspecified
locality in Minas Gerais. So far, approximately
20,000 carats have been cut into stones
ranging from 10 to 60 ct each. The dendrites
in this quartz form delicate patterns, and they
are commonly accented by a granular-ap-
pearing white coating within some of the
fractures (Figure 15).

Brendan M. Laurs FGA
Nathan D. Renfro FGA

Gemological Institute of America (GIA)
Carlsbad, California, USA

Figure 15: The red-orange dendrites in the quartz are
accompanied by a granular-appearing white material in the
fractures. Photo by N. D. Renfro, © GIA; image width 12.9 mm.
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Sapphire with Unusual Inclusion Scenery

Recently, the authors examined an unheated blue sapphire
of ~2 ct, presumably from Myanmar (Burma), which
displayed unusual inclusion scenery. Raman microspec-
troscopy of the inclusions was carried out at the DSEF
German Gem Lab using a Renishaw inVia Raman micro-
scope, at room temperature with 514 and 785 nm laser
excitations in confocal mode.

One side of the sapphire contained hundreds of colour-
less, transparent, doubly refractive crystal inclusions with
a euhedral, short-prismatic habit. These were identified
as scapolite. Scapolite is rarely seen as inclusions in gem
corundum, although it was documented in ruby by
Giibelin & Koivula (2008). One of the larger scapolite
inclusions attracted our attention because it contained
some negative crystals filled with CO, together with some
(unidentified) daughter crystals (Figure 16).

Figure 16: (a) This inclusion in a blue sapphire was identified
as scapolite, which contains negative crystals filled with CO,
and unidentified daughter crystals. (b) Viewed with crossed
polarisers, the doubly refractive nature of the scapolite (and
some of its inclusions) is evident. Photomicrographs by

T. Stephan; image widths 3.2 mm.
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Figure 17: This greenish mineral in the blue sapphire was
identified as spinel, which itself contains inclusions of
dolomite, feldspar, mica and primary rutile. Photomicro-
graph by T. Stephan; image width 2.1 mm.

Near the scapolite inclusions, the sapphire also hosted
a greenish mineral, the colour of which reminded us of
amphibole inclusions commonly seen in gem corundum
from East Africa. We identified it as spinel, which is
known to occur in sapphires from Myanmar (Giibelin &
Koivula 2008; Smith 2018). However, this particular spinel
inclusion was of further interest because it hosted several
crystals showing various shapes and colours (Figure 17),
which consisted of rhombohedral colourless dolomite,
rounded colourless feldspar, brownish mica flakes and
primary rutile grains. Raman analysis also showed the
presence of CO, in the spinel inclusion.

These two multi-phase inclusions reflect the complex
geological formation environment of this sapphire.
It is fortunate that the stone did not undergo high-
temperature heat treatment, which would have destroyed
these interesting internal features.

Tom Stephan (t.stephan@dgemg.com)
German Gemmological Association
Idar-Oberstein, Germany

Stefan Miiller
DSEF German Gem Lab, Idar-Oberstein
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Scapolite from Brazil with Interesting Inclusions

Various localities in Brazil have produced gem-quality
light yellow scapolite. Espirito Santo State is a source
of facetable scapolite crystals, which are sometimes
fairly large (up to ~6 g), although they usually contain
numerous long thin tubes (Sauer 1982). Gem scapolite is
also known from Minas Gerais State, and was chemically
analysed by Dunn et al. (1978). Furthermore, Zwaan &
Arps (1980) reported gemmological and powder X-ray
diffraction data for a scapolite from an unspecified
locality in Brazil.

During the February 2019 Tucson gem shows, Dr
Marco Campos Venuti debuted a new production of light
yellow scapolite from an unspecified locality in Brazil.
He obtained ~3-4 kg of rough while visiting Brazil in
August 2018, from which approximately 1,000 carats of
faceted stones were produced. The gems consisted of
mostly clean stones up to 20 ct (typically 2-10 ct). Dr
Campos Venuti kindly donated to Gem-A an elongate
cushion weighing 5.50 ct (Figure 18), which was charac-
terised by author AC for this report.

The stone was transparent with a vitreous lustre, and
exhibited weak dichroism in slightly greenish yellow
and yellow. It luminesced strong red under short-wave
UV radiation and displayed faint yellowish fluorescence
to long-wave UV. The RIs were 1.545-1.560, yielding a
birefringence of 0.015, and the stone showed a uniaxial
negative optic character. Hydrostatic measurements
yielded an SG value of 2.64.

The scapolite group includes an isomorphous series
between the end members marialite (Na,Al;Siy0,,Cl)
and meionite (Ca,Al;Siz0,,C0;), and both the optical
properties and SG of scapolite vary with the relative

Figure 18: This 5.50 ct Brazilian scapolite has a marialite
composition and contains parallel trails of dark inclusions.
Gift of Dr Marco Campos Venuti; photo by A. Costanzo.

amounts of Na and Ca (Zwaan & Arps 1980; Deer et al.
2004). The properties obtained for the present scapolite
specimen correspond to a marialite composition, and
are comparable (though with slightly higher RI and
SG values) to the data for Brazilian marialite given by
Zwaan & Arps (1980). By contrast, Dunn et al. (1978)
indicated a meionite composition for scapolites from
Minas Gerais and Espirito Santo.

The 5.50 ct stone contained conspicuous inclusions,
consisting of elongate parallel arrays of brown to black
particles (Figure 19). Some of the black inclusions had a
skeletal growth appearance. Unfortunately, these particles
could not be identified by laser Raman microspectroscopy
due to their small size.

Dr Alessandra Costanzo FGA DGA
and Brendan M. Laurs FGA

References

Deer, W.A., Howie, R.A., Wise, W.S. & Zussman, J. 2004.
Rock-Forming Minerals, Vol. 4B: Framework Silicates—
Silica Minerals, Feldspathoids and Zeolites, 2nd edn.
The Geological Society of London, Bath, 982 pp.

Dunn, P.J., Nelen, J.E. & Norbert, J. 1978. On the
composition of gem scapolites. Journal of Gemmology,
16(1), 4-10, http://doi.org/10.15506/j0g.1978.16.1.4.

Sauer, J.R. 1982. Brazil, Paradise of Gemstones. Gemological
Institute of America, Santa Monica, California, USA,
135 pp.

Zwaan, P.C. & Arps, C.E.S. 1980. Properties of gemscapolites
[sic] from different localities. Zeitschrift der Deutschen
Gemmologischen Gesellschaft, 29(1/2), 82-85.

Figure 19: Black skeletal inclusions form an elongate array
in the scapolite. Photomicrograph by A. Costanzo;
image width 5 mm.

THE JOURNAL OF GEMMOLOGY, 36(7), 2019 591



GEM NOTES

Spessartine Reportedly
from Ethiopia

Ethiopia has become an important source of coloured
stones such as opal, sapphire and emerald. Recently,
the authors examined various rough samples, reportedly
from Ethiopia, which were provided by Sascha Weif}
(Ethio Star, Germany). These included several (mostly
red) garnets, two greenish brown clinozoisites, one
brown epidote and a green sapphire. We were especially
interested in a bright orange 6.46 g stone (Figure 20),
which was identified by Raman spectroscopy as spessa-
rtine. The SG was measured hydrostatically as 4.24
and the RI was ~1.80 (measured from a small polished
surface with a Presidium digital reflectometer). Micro-
scopic examination revealed mainly fluid inclusions
(some multi-phase) and growth structures.

The semi-quantitative chemical composition of the
sample was obtained by EDXRF spectroscopy with
a Thermo Scientific ARL Quant’X instrument, and
compared (along with RI and SG data) to that for spessar-
tine from other localities (Table I; see also Laurs & Knox
2001; Milisenda et al. 2010). The data reveal a particularly

Figure 20: This 6.46 g spessartine, reportedly from Ethiopia,
was examined for this report. Photo by T. Stephan.

Mn-rich composition (Sps sAlmg,Pyr, ;Grs,,) that is
typical of some spessartine from granitic pegmatites (e.g.
in Nigeria). The absorption spectrum of this sample is

Table I: RI, SG and chemical data for spessartine from various localities.?

Lind et al. Qasim Jan et al. Lind & Henn Milisenda et al. This work
(1994); Lind (1995); (2000); Lind (2010)
(2002) Henn (1996); (2002)
Lind (2002)
RIP 1.790-1.797 1.798-1.802 1.801-1.803 1.777-1.785 ~1.80
SG 4.09-4.16 4.05-4.23 415-4.22 4.02-4.08 424
Oxide (wt.%)
SiO, 33.93-38.48 35.01-36.80 36.01-37.04 37.33-37.48 36.92
TiO, nd-0.22 nd-0.08 0.01-0.09 0.06-0.08 0.01
Al,O4 18.87-2123 19.92-20.68 20.63-21.48 21.06-21.23 17.76
Cr,0z nd-0.06 nd-0.008 nd-0.07 nd-0.03 nd
FeOyet nd-1.13 4.45-6.88 0.62-5.93 nd 2.86
MnO 35.56-42.45 33.28-36.98 37.67-43.08 34.75-34.88 4164
MgO 2.47-4.32 nd-0.01 0.03-0.99 4.32-514 0.35
Cao 0.35-0.98 1.55-1.60 0.09-0.41 1.34-1.79 0.33
End member (mol.%)®
Sps 81.5-87.0 80.3-85.3 86.3-96.7 75.8-76.5 915
Alm 0-25 10.1-14.8 1.4-13.2 = 6.2
Pyr 9.5-17.4 = 0.1-41 18.8-19.8 1.3
Grs 1.0-2.5 46-4.8 0.3-12 3.7-5.0 0.9

2 Abbreviations: Alm = almandine, Grs = grossular, nd = not detected, Pyr = pyrope and Sps = spessartine.
b The Rl and end-member compositions also include data from Milisenda et al. (2010).
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Visible-Range Spectrum

Figure 21: The visible-
range spectrum of the
2.0 H spessartine in Figure
20 shows mainly Mn2*-
e :fn‘i. 480 related absorption
Mn? bands and minor
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shown in Figure 21. In addition to absorptions attrib-
uted to Mn?*, bands associated with Fe’** are present,
as expected for spessartine (cf. Lind 2015).

The spessartine sample described here reportedly
came from the Shakiso region of southern Ethiopia,
which is also a source of emerald, pyrope, aquamarine,
ruby, sapphire and tourmaline (S. Weif3, pers. comm.,
2019). Spessartine has been previously reported from
highly evolved granite-pegmatite rocks in the Kenticha
area near Shakiso (Mohammedyasin 2017), but this is
the first time that the authors have seen gem-quality
spessartine from Ethiopia.

Tom Stephan, Thomas Lind and Benjamin Huaysan
German Gemmological Association

Stefan Miiller
DSEF German Gem Lab, Idar-Oberstein
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DIAMONDS

Diamond Mining at Theindaw, Myanmar

For decades, diamonds have occasionally been
recovered from alluvial sediments in various parts of
Myanmar, including the Momeik Valley (near Mogok),
the Tanintharyi region in the south and the Hukawng
Valley in the north (e.g. Mitchell 2018). Some of the
mining sites include Bokpyin, Dawei (old name: Tavoy),
Theindaw, Kyauk-O Chaung (south-east of Taungoo)
and Nambyu (in the Tanai area). The diamonds are
typically recovered as by-products of mining the alluvial
deposits for other commodities such as tin, tungsten
and coloured stones.

In June 2019, one of the authors (TTS) visited a small
privately owned mining operation in the Theindaw area
of the Tanintharyi region. (There is also a govern-
ment-owned mine at Theindaw, which provides
employment for the local community.) From the town
of Myeik it took more than four hours to reach the
mining area. The trip (during the rainy season) included
two hours by car on paved and muddy roads, a river
crossing by ferry, and then another two hours riding a
motorbike on a slippery, muddy road.

In the Theindaw area the miners mainly seek tin and
tungsten, and occasionally they find diamond and gold.
The area is mainly underlain by Carboniferous sedimen-
tary rocks and rare Permian limestones, and is locally
intruded by lamprophyre dykes; the primary source
of the alluvial diamonds in these ‘headless placers’ is
unknown. During the author’s visit, a crew of three
workers hydraulically mined a small open pit (Figure
22), and the slurry was pumped to a sluice where the
heavier minerals were removed by hand.

The mine manager displayed an approximately 0.50 ct
diamond that was found some years ago at that location
(Figure 22, inset). The pale brown rounded tetrahex-
ahedron was consistent in appearance with typical
diamonds from Myanmar, which are commonly brown
to reddish brown or yellow, and sometimes colourless
(Griffin et al. 2001). Also, most Theindaw diamonds
are rounded and contain percussion marks, lamination
lines, pits and stepped growth faces (trigons). In order
of abundance, the diamond forms are the octahedron,
dodecahedron and trisoctahedron, and less commonly

Figure 22: In the
Theindaw area of
southern Myanmar,
miners searching
for tin and tungsten
occasionally recover
diamonds (see, e.g.,
the 0.50 ct stone

in the inset) from
small alluvial mining
operations. Photos
by Tay Thye Sun.
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the hexoctahedron, tetrahexahedron, hexatetrahedron,
various combinations of forms, aggregates and fragments
(Nyunt 2002). According to the knowledge of authors
NH and TTN, from 1985 to 1990 the average diamond
content of the alluvium was 0.44 carats per 100 cubic
yards and the average stone weight was 0.77 ct. Available
records from the Myanmar Gems Enterprise for diamond
production from Theindaw during the period July 1985
to March 1992 indicate a total of 1,886 stones recovered
with a total weight of 1,458 carats; the smallest diamond
was 0.02 ct and the largest was 72.55 ct. No production
records have been kept for diamonds from Myanmar
since 2002.

Acknowledgements: Author TTS sincerely thanks U
Kyaw Kyaw (group leader), U Han Min Ko, U Thant
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Drawing Fire: An Early lllustration
of Sparkle in Diamonds

Photographers of diamonds and other gems are well
aware of the challenge posed by reflections. Excellent
return of light might be a positive feature for a diamond,
but not where photography is concerned; too many
reflections obscure the form and appearance of the gem.
In the days before photography, illustrators had exactly
the opposite problem. How might they render the fire
and sparkle of a diamond in a drawing?

In 1766, French wood engraver and illustrator Jean
Michel Papillon wrote a comprehensive treatise on the
craft of engraving wood blocks used in printing. In the
second volume, he described one way to indicate sparkle
in diamonds (Papillon 1766, pp. 279-285). He shows what
he describes as the four most beautiful diamonds in the
world, with their sparkle rendered as radiating lines of
irregular length (Figure 23). These gems, as numbered in
his plate, are (1) the Grand Mogul’s diamond, (2) the Duke
of Tuscany’s diamond, (3) the Sancy and (4) the Regent.

Figure 23: This illustration by Papillon (1766, p. 281)
renders the sparkle associated with what he considered
the four most beautiful diamonds in the world.

GEM NOTES

Zin Oo and driver U Kyaw Htoo for providing a safe
journey to the mining area.

Tay Thye Sun FGA (tay@gem.com.sg)
Far East Gemological Laboratory, Singapore
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For comparison, he referred the reader to his earlier
drawing that was published by Antoine-Joseph Dézallier
d’Argenville in 1755, showing these same four diamonds
unembellished with ‘sparkle’ (Figure 24).

Figure 24: An earlier drawing by Papillon of the same four
diamonds (published by Dézallier d’Argenville 1755, p. 157),
shown without ‘sparkle’, was mentioned by Papillon (1766)
for comparison.

..............................................................................

The use of radiating lines in drawings to represent
light was nothing new. You could argue that the same
approach was used in representations of the sun several
millennia earlier, in Egypt, for example. Similar radiating
lines were also used in medieval art for fire and explo-
sions, but applying such lines to gems was a novel idea.
Whether Papillon’s method is effective is a matter for
the viewer to decide, but it is worth noting that it does
not appear to have been adopted by other illustrators.

Dr Jack M. Ogden FGA (jack@striptwist.com)
London
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The Nur al-‘Ayn Diamond, Rephotographed

During the preparation of the recent article in The Journal
on the history of the Hornby diamond (Vol. 36, No. 6,
2019, 512-522), the author attempted to obtain a new
photo of the ~60 ct brilliant-cut Nur al-‘Ayn diamond,
which is set in a tiara made by Harry Winston in the
1950s (Figure 25). The only image available at the time
was taken in the 1960s by Canadian gemmologists Victor
Meen and Arlotte Tushingham when they studied the
Iranian Crown Jewels in what is now the National Jewelry
Treasury (or Treasury of National Jewels) in the Central
Bank of the Islamic Republic of Iran, Tehran.

Figure 25: This recent
photo shows the ~60 ct
Nur al-‘Ayn pink brilliant

diamond in the centre of

a tiara designed by Harry
Winston for Farah Diba

to wear at her marriage to
Shah Mohammed Reza in
1958. Photo courtesy of the
National Jewelry Treasury,
Central Bank of the Islamic
Republic of Iran.
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By good fortune, David Brough (editor and co-founder
of Jewellery Outlook) put the author in touch with Iranian
gemmologist Dr Vahid Ahadnejad of the Gemmology
Center, Shahid Beheshti University, in Tehran. Dr
Ahadnejad graciously agreed to explore the possibility
of obtaining a new photograph. Unfortunately, it was not
a simple process, and when it seemed that a new photo
was unlikely to be available in the short term, the author
decided to use the Meen and Tushingham photo, which
Nicola Woods at the Royal Ontario Museum (Toronto,
Ontario, Canada) kindly provided.
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Dr Ahadnejad subsequently forwarded an excellent new reveals that the older photo, as supplied by the Royal
photo of the tiara that he arranged through the manage- Ontario Museum, was reversed. The new photo shows
ment of the National Jewelry Treasury in Tehran (again, see the correct orientation and provides a far clearer view of
Figure 25). It is important to show it here not simply because this slightly misshapen but highly important diamond.
it illustrates what is quite possibly the largest brilliant-
cut pink diamond in the world, but because it also Dr Jack M. Ogden FGA

PEARLS

Cultured Abalone Pearls demonstrating to abalone farmers that culturing pearls
from Chile would, in the long run, not disturb their main business

of producing meat. It is hoped that this initiative will
Chile is an important aquaculture producer of abalone eventually evolve into a Chilean cultured abalone pearl
meat for the Asian market, with exports reaching 1,000 industry that will successfully market its own ‘Abalone
tonnes per year. In 2012, a research project for producing Patagonia Pearls’, although more research is needed
cultured abalone pearls was started by the University to achieve this aim. For example, one of the next steps
of Antofagasta in northern Chile under the leadership =~ will focus on increasing the ratio of nacre to organic
of authors RAV and JMZ. The goal was to develop a  substance secreted by the mantle cells when coating the
new source of income for Chilean abalone farmers. First bead, thus improving the quality of the cultured pearls.
attempts led to the successful production of prototype
blister and whole cultured pearls (e.g. Figure 26), and
international patent applications followed (e.g. Araya
Valencia et al. 2017).

In 2016, one of the larger abalone companies in Dr Rubén Araya Valencia
Patagonia made available about 800 of the animals for University of Antofagasta, Chile
grafting with spherical beads (6 mm in diameter). In
August 2018, after a growth period of 16 months, about
14% of the molluscs produced whole cultured pearls
with nacreous outer layers of 0.5-0.6 mm thickness.
About 50% of them were of acceptable gem quality and
showed a veTriety of colours, often combining hues of A. & Maturana Zufiga, J. 2017. Production of Free
gold, blue, silver and green. Pearls in Abalone. U.S. Patent Application US

Importantly, nearly all of the abalone survived the 2018/0077910 Al, filed 16 November, published
grafting process; the mortality rate was only ~1%, thus 22 March 2018.

4

Elisabeth Strack FGA (info@strack-gih.de)
Gemmologisches Institut Hamburg
Hamburg, Germany

Jaime Maturana Zuriiga
Proyecta Consultores, Providencia, Chile
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Figure 26: Experimental culturing of abalone pearls in Patagonia, Chile, yielded (a) these blisters attached to the shells (which
are 10 and 12 cm long) and (b) this assortment of whole cultured pearls. Both the blisters and the whole cultured pearls were
produced using 6-mm-diameter beads and are overgrown by a layer of nacre that is 0.5-0.6 mm thick. Photos courtesy of

R. Araya Valencia and J. Maturana Zufiiga.
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Pearls from Tutufa bubo

During the February 2019 Tucson gem shows,
Pacific Coast Pearls (Petaluma, California)
displayed for the first time natural pearls from
the marine gastropod Tutufa bubo, commonly
known as the giant frog snail (Figure 27).
Named by Carl Linnaeus in 1758, the species
is notable for its large size, as the shell can
attain a length of more than 30 cm. It lives in
relatively shallow waters (up to 180 m deep) of
the Red Sea and Indo-Pacific region, where it
feeds primarily on sea stars (see www.marine-
species.org/aphia.php?p=taxdetails&id=476597).

Figure 27: The giant frog snail Tutufa bubo (here,
approximately 20 cm long) is the source of the pearls
described in this report. Photo courtesy of the Rankin
family/Pacific Coast Pearls.

Figure 28: These rare pearls from Tutufa bubo weigh
31 ct (left) and 38 ct (right). Photo courtesy of the
Rankin family/Pacific Coast Pearls.

The two pearls shown in Tucson, weighing 31 and 38 ct,
represent true novelties (Figure 28). Both had symmet-
rical pear shapes, the larger (about 30 mm long) being
more pointed than the other. The larger pearl showed an
evenly distributed orange colour that became yellow at
the broader end, while the smaller pearl had an overall
yellowish colour. Both had porcelaneous lustre, with a
barely perceptible flame structure (comparable to that
of conch and Tridacna pearls) that was visible in places.
The pearls reportedly originated from the Indo-Pacific
Ocean, but no information was available as to their
specific location or date of discovery.

Elisabeth Strack FGA

SYNTHETICS AND SIMULANTS

Eulytine Inclusions in a
Manufactured Glass—
A Rare Encounter

In November 2018, the American Gemological Laborato-
ries (AGL) received two faceted samples for identification.
They were slightly brownish orange and lacked lustre
and shine (Figure 29). Both were acquired by Marcus
McCallum FGA, a gem dealer in Hatton Garden, London,
who purchased them already cut from a merchant based
in southern Africa. The merchant, in turn, had reportedly
bought them from an ‘itinerant’ source in Zimbabwe.
Unfortunately, we were unable to obtain further infor-
mation regarding their origin. McCallum provided the
samples to Charles Evans (Gem-A, London) and Kerry

Gregory (Gemmology Rocks, Rochester), who then sent
them to AGL for further testing.

Both pieces displayed numerous eye-visible inclu-
sions, which were dipyramidal and colourless (Figure
30). The samples were singly refractive (1.645 and
1.650), and we measured hydrostatic SG values of 3.16
and 3.11. The higher SG corresponded to the greater
abundance of inclusions in the pear-shaped specimen.
The RI and SG data proved inconclusive for identi-
fying the samples, so we undertook ultraviolet-visible
and Fourier-transform infrared spectroscopy, but these
were also inconclusive. EDXRF chemical analysis of
both samples showed major amounts of Al, Si, Mn,
Ca and Na with traces of Fe, Mg, Ti, Ba and Sr. Such
a composition (except for Na) could be expected for
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Figure 29: (a) These brownish orange round (1.38 ct) and pear-shaped (1.76 ct) samples were submitted to AGL for analysis.
They proved to consist of manufactured glass, and (b) contained abundant inclusions that were identified as eulytine. Photos by

Alex Mercado, AGL.

Figure 30: Magnification of the eulytine inclusions reveals
their bipyramidal shape. Photomicrograph by R. Zellagui,
transmitted light.

Counts ——»

Raman Spectra

grossular-spessartine. However, since the other proper-
ties differed from the garnet family, further investigation
was necessary to identify these samples.

Raman microspectroscopy of the matrix material of
both samples presented intense broad bands at around
800-1100 cm™! and another band in the 400-600 cm™!
region (Figure 31), which are characteristic of manufac-
tured glass (White & Minser 1984). Furthermore, Raman
analysis of the (surface-reaching) inclusions revealed
they were eulytine (Bi,Si;O,,; Figure 32).

The only reference we could find for a host matrix
containing eulytine inclusions was for bismuth-germa-
nium oxide crystals (Bi,Ge;0,,, also called BGO; see
Piekarczyk et al. 1978). Single crystals of BGO are grown
for their exceptional electro-optical, electro-mechanical

Figure 31: Raman spectra of the
matrix of both samples reveal
broad features associated with

a glass. The different analyses
were performed on various
areas of both samples.
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Figure 32: Raman spectroscopy of the inclusions (black line) shows a fairly close match to eulytine in the RRUFF
database (blue line). Inset photomicrographs by R. Zellagui, in (a) reflected light and (b) transmitted light.

and luminescence properties (Takagi et al. 1981), as
scintillometers, for example (Gévay 1987). Various
mechanisms of BGO crystal growth are known, but
most important is the Czochralski method. With this
technique, single crystals of BGO can be produced that
sometimes have cloudy inclusions identified as eulytine
(Piekarczyk et al. 1978). These impurities considerably
modify the optical and physical properties of the crystal.

Our hypothesis is that the present glass samples
are sub-products or by-products of the production of
BGO or a similar material for industrial applications,
in which eulytine inclusions precipitated out of a melt.
It is presumed that the low transparency of the pieces
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Opal Doublets from Slovakia

The most famous gem material from Slovakia is play-of-
colour opal (also known as precious opal). The deposits
occur in the eastern part of the Western Carpathians, in
the Libanka and Simonka mountains of eastern Slovakia,
near Dubnik, Presov District, between Zlatd Bana and
Cervenica. The stones are commonly called ‘Hungarian’
opals because this region was part of Hungary until the
end of World War I (Rondeau et al. 2004; Caucia et al.
2013). Historically, these deposits were the only source
of gem opal in Europe, and represented the largest
and most significant play-of-colour opal deposits from
Roman times to the 19th century. They dominated the
world opal market until the discovery of play-of-colour
opal in Australia (Caucia et al. 2013), resulting in the
closure of the Dubnik mines in 1922-1923.

The modern history of Dubnik opals began in the 1990s
after a new geological survey of the area indicated the
deposit appeared to be economically profitable (Semrad
2015). However, administrative problems delayed the
start of opal mining. Then, starting in 2008, large quanti-
ties of play-of-colour opal from Wollo (or Welo/Wello),
Ethiopia, entered the market, so the project to renew
opal mining near Dubnik was abandoned (Semrad 2015).
At present it is possible to find only small quantities of
mostly low-quality rough opal from Dubnik at regional
mineral shows in Slovakia or the Czech Republic. This
recent production comes from local collectors who dig
the opal from old tailings piles.

The Dubnik material has been found as pure masses
of opal, as well as boulder and matrix varieties. It has
a white to very pale milky grey body colour, and the
play-of-colour is mostly limited to blue and violet
(although not as bright as Mexican or Australian opal),
with bright red spots being rare.

Figure 33: These doublets (0.38-2.08 ct) are formed by a
top portion of play-of-colour opal from Dubnik (Slovakia)
cemented to a base of Slovakian obsidian. Photo by J. Stubna.

Doublets and triplets made from Dubnik opal were
not known historically because such composites were
first developed only towards the end of the 19th century
(Semrdd 2015). Recently, however, we encountered
opal doublets with a Slovakian gem dealer at a local
mineral show in Bratislava (Figure 33). According to the
dealer and the authors’ own investigations, the doublets
consist of Dubnik opal that has been cemented to a
base formed by another local material: obsidian from
the Tokaj Mountains of Slovakia (Stubna et al. 2019).
So far, only six pieces have been produced experimen-
tally, in round, oval and pear shapes that ranged from
5.52 x 3.56 mm (0.38 ct) to 8.60 x 8.60 mm (2.08 ct).
Viewed from the side, their assembled nature is clearly
seen (Figure 34). The obsidian portion is semi-trans-
parent and exhibits inclusions and a banded texture

Figure 34: (a) Viewed from the side, the composite nature of this opal-obsidian doublet is obvious. (b) Higher magnification
reveals dark-coloured cement at the interface between the opal and obsidian. Photomicrographs by J. Stubfa; magnified 7.5x
(a) and 20x (b).
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that are typical of this material (cf. Stubha et al. 2019;
Figure 35). The overall dark appearance of some of these
doublets is due to the dark colour of the obsidian and
the cement used to assemble these composites, causing
them to resemble black opal. Therefore their face-up
appearance may be confused with doublets of play-of-
colour opal from Australia.

Drs Jdn Stubnia (janstubna@gmail.com)
and Ludmila IlldSovd

Gemmological Institute, Constantine the :
Philosopher University, Nitra, Slovakia —

Lo p .. Figure 35: The base of this doublet shows a banded texture
Drs Jana Fridrichovd and Peter Bacik within the semi-transparent obsidian. Photomicrograph by
Comenius University, Bratislava, Slovakia J. Stubra; magnified 10x.
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TREATMENTS

Heated Sapphires with Unstable not stable, there are two states: (1) the colour centre is
Colour Centres inactive and therefore does not contribute to a stone’s

colour appearance, and (2) the colour centre is activated
Recently there has been a renewed focus on certain by exposure to UV radiation and then contributes to the
sapphire varieties that may exhibit a colour shift (or observed colour. The trapped-hole colour centre can be
tenebrescence) as a result of unstable colour centres returned to its relaxed (inactive) state by exposing the

(Krzemnicki et al. 2018; American Gemological Labora- stone to the heat of a lamp (or otherwise warming it)
tories [AGL] 2019; Krzemnicki & Cartier 2019). Over for a brief period.

the past year, AGL has been collecting data on gem At the time of the April 2019 AGL press release, our data
corundum that may display unstable colouration, specif- had shown that such changes in colour can occur in both
ically pink, padparadscha, orange and yellow sapphires. unheated sapphires and in those that had been heated at

The potentially unstable colour centre causing the relatively low temperatures. That release further indicated
colour shift is a trapped-hole centre related to Mg?*. This that the colour shifts had thus far not been observed in
is a naturally occurring phenomenon and is generally  stones heated at relatively higher temperatures.
stable. However, in certain circumstances, trapped-hole Recently, however, AGL examined five sapphires that
centres are unstable for reasons that are not yet fully  displayed unexpected results when subjected to colour
understood. When stable, the Mg?*-related trapped-  stability testing. They ranged from colourless to very
hole centre is active and responsible for the yellow  pale blue and light yellow when they were first examined
colour in the vast majority of yellow sapphires (see, (Figure 36a). After exposure to short-wave UV radiation for
e.g., Emmett & Douthit 1993). Moreover, it is also an 10 minutes, all five stones exhibited a distinctly stronger
essential contributing chromophore in orange sapphires  yellow colouration (Figure 36b). What was unexpected
and in the orangey colour component of padparadscha  was that all five sapphires revealed clear evidence of
sapphires. However, when the trapped-hole centres are having been heated at relatively high temperatures. This
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Figure 36: (@) These heat-treated sapphires (2.63-4.19 ct) ranged from colourless to near-colourless (pale blue) and pale to
light yellow when they were initially examined at AGL. (b) Exposing them to short-wave UV radiation for a period of 10 minutes
activated unstable colour centres and caused a distinctly stronger yellow colouration. For each case, the stones are shown
table-up (left) and from the side (right). Photos by Alex Mercado and Bilal Mahmood, AGL.

was apparent from the presence of heavily altered mineral
inclusions, as well as thermally induced and altered stress
fractures and partially healed fissures (Figure 37).
Previously it was thought that the heating process
stabilised these colour centres, meaning that a colour
shift would no longer be observed. The present discovery
proves this is not always the case, which has direct impli-
cations for gemmological laboratories and the trade at
large. Until now, colour-stability tests have been largely
relegated to unheated sapphires. The more recent obser-
vations that unstable colour centres may be present
in sapphires heated at relatively low temperatures—
and now at relatively high temperatures—indicate that
virtually all sapphires in the colour range of pink through
padparadscha and orange to yellow, as well as colour-
less to near-colourless, should be tested for their colour
stability regardless of their unheated or heated condition.
It remains unclear as to why a colour shift was not

observed previously in sapphires heated at relatively
high temperatures. However, one factor might be the
kinds of sapphires that are typically submitted for
laboratory testing, which consist of strongly coloured
stones. Therefore, the potential influence of trapped-hole
centre absorption may be minimised or reduced. Further-
more, the total trace-element composition (relative to
Mg content) of more strongly coloured sapphires may
provide a better environment to stabilise the trapped-
hole centres than lighter stones with a reduced total
trace element composition (again relative to Mg: see,
e.g., Emmett et al. 2003).

Christopher P. Smith FGA (chsmith@aglgemlab.com),
Monruedee Chaipaksa, Adrian Perlmutter,
Lwizahira Vasquez, Dr Riadh Zellagui

and Sasitorn Chen

American Gemological Laboratories Inc.

Figure 37: Each of the five sapphires with an unstable colour revealed clear evidence of relatively high-temperature heat
treatment, including heavily altered mineral inclusions surrounded by tension fractures, thermally altered and induced stress
fractures, and partially healed fissures. Photomicrographs by C. P. Smith; magnified 60x (a), 52x (b) and 48x (c).
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2019 Rough Stone
Sales in Myanmar

Kachin State in northern Myanmar
has an area of more than 89,000 km?,
and is bounded on the north and
east by China, and partially on
the north-west by India. It hosts a
portion of Myanmar’s important
jadeite deposits (i.e. near Hpakan).
The Kachin people, with great effort
and enthusiasm, formed the Kachin
State Gems and Jewellery Entre-
preneurs Association in Myitkyina
Township, and organised the second
rough jade emporium there on 14-18
May 2019 (Figure 38). The chairman of the association
opened the emporium, in the presence of a large crowd, at
the association’s facility in the industrial zone of Sitapur
Quarter. Attendees consisted of parliamentary members,
gem merchants and departmental officers. Total jade sales
at the emporium amounted to 6,573.98 million kyats,
representing 384 lots sold out of 492 lots offered. Panhoke
Duwa Co. paid the highest price for a single lot: 4,637.77
million kyats for lot 93, weighing 53,354 kg.

On 8-13 June 2019, Myanmar Gems Enterprise held
its seventh sale (in kyats) for local merchants of gem and
jade rough material in Nay Pyi Taw. Attendees included
1,140 jade merchants and 53 gem dealers. Total sales
were 60,891.97 million kyats, obtained from 3,011 jade
lots (60,529.88 million kyats) and 45 gem lots (362.09
million kyats). The highest price was paid for jade lot
no. 2983 containing four pieces weighing 8,330 kg,
which sold for 520.09 million kyats. The gem emporium
included 127 ruby and 63 sapphire lots, but only 10

i - i

Figure 38: In May 2019, a rough jade emporium was held in Myitkyina, northern

Myanmar. Photo courtesy of T. Hlaing.

ruby lots (eight of which were from Mong Hsu) and 26
sapphire lots were sold. Other sales included peridot
and topaz, but none of the lots were sold of amber,
amethyst, aquamarine, garnet, goshenite, moonstone,
quartz, rubellite and zircon. Overall, proceeds from this
year’s emporium were higher than at the previous rough
stone sale that took place in November 2018 (Table II).

Table lI: Total sales at the 2018 and 2019 rough stone
emporiums in Nay Pyi Taw.

November 2018 3,435 3,235 49,093.39

June 2019 3,368 3,060 60,891.97

*1kyat = 0.00055 British pound or 0.00067 U.S. dollar.

Dr U Tin Hlaing (p.tinhlaing@gmail.com)
Dept. of Geology (retired)
Panglong University, Myanmar
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“For in them you shall see the living fire of the ruby, the glorious
purple of the amethyst, the sea-green of the emerald, all glittering
together in an incredible mixture of light.”

- Roman Elder Pliny, 1st Century AD
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FEATURE ARTICLE

Selecting a Diamond
Verification Instrument
Based on the Results

of the Assure Program:
An Initial Analysis

Harold Dupuy and Jon C. Phillips

Recently, the rapid growth in synthetic diamond production—particularly in melee
sizes—and the salting of melee parcels with synthetics have generated a commensurate increase in the
need for diamond verification instruments (DVIs). Ongoing independent third-party testing of these
instruments is being done through the Assure Program. DVI performance is tested in a UL laboratory
using carefully developed testing standards and sample sets (i.e. natural diamonds and as-grown and
treated synthetics, as well as simulants as appropriate). The initial phase of testing was performed
during latter 2018 and the first part of 2019, and as of July 2019 results for 16 widely available devices
from 12 DVI manufacturers were published online in the Assure Directory (https://diamondproducers.
com/assure/assure-directory). From these test results, the authors have evaluated several important
parameters that will help users select the best instrument for their needs. Performance results from
several additional DVIs are expected to be released in the near future, and further testing and publi-
cation of the data will occur as new instruments are introduced and existing ones are updated.

The Journal of Gemmology, 36(7), 2019, pp. 606-619, http://doi.org/10.15506/J0G.2019.36.7.606
© 2019 Gem-A (The Gemmological Association of Great Britain)

onversations within the gem and jewellery

trade on how to separate natural from

synthetic diamonds have been ongoing

for decades. General Electric succeeded in
growing synthetic diamonds in the mid-1950s (Bruton
1978), but several decades passed before such products
became commercially available in sizes and qualities
suitable for gems (i.e. in the mid-1980s from Sumitomo
Electric Industries in Japan; Shigley et al. 1986). Today,
synthetic diamonds are readily available for gem and
jewellery use, both legitimately—when they are sold
and identified as such—and nefariously, when they are
intentionally represented as natural or the customer
is allowed to infer that they are natural without
proper disclosure from the seller (Rapaport 2013).
Large quantities of small-sized synthetics (especially

THE JOURNAL OF GEMMOLOGY, 36(7), 2019

<0.05 ct) produced using high-pressure, high-temper-
ature (HPHT) growth methods are readily available in
variable clarities and in the D-N colour range, particu-
larly from Chinese manufacturers (Eaton-Magafia et
al. 2017). Chinese factories produce approximately
200,000 carats of HPHT-grown melee per month (Shigley
2017), and production capacity continues to increase.
In addition, synthetic diamonds grown by chemical
vapour deposition (CVD) are improving in quality
and are undergoing limited commercial production for
the gem industry (Eaton-Magafa & Shigley 2016). At
the same time, reports have been circulating of melee
diamond parcels (e.g. Figure 1) and jewellery being
salted with synthetics (e.g. Poon et al. 2016; Bhoir et al.
2017; Ambalathveettil et al. 2018), causing concern in
the trade. Stories on the Internet and in other consumer
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DIAMOND VERIFICATION INSTRUMENTS

Figure 1: There is growing
concern in the gem and
jewellery industry over

the presence of synthetics
and simulants in diamond
parcels, particularly for
melee-sized goods such

as those shown here.

Photo courtesy of De Beers
Group Industry Services.

media have also highlighted problems surrounding
undisclosed synthetics and simulants, and the average
jeweller must contend with the fact that they could
unknowingly be dealing in these products.

An experienced gemmologist who remains current on
the growth technology and properties of the synthetics
(both HPHT and CVD grown) can, in some cases,
distinguish between natural and laboratory-grown
diamonds through the use of classical gemmological
tools. However, this is impractical for situations in which
numerous stones (often melee-sized) must be quickly
and cost-effectively tested on a regular basis. While
several gem-testing laboratories offer melee screening
services (e.g. Figure 2), it can be expensive and imprac-
tical to send quantities of diamonds to labs, and the cost
and lost time make it desirable in some cases to have
access to in-house instrumentation.

Numerous diamond verification instruments (DVIs)
are currently on the market for diamond testing,
and as of this writing the authors have identified 49
devices from 24 manufacturers (Table I). Some DVIs
have been available for more than two decades (e.g.
Welbourn et al. 1996), but many have only recently
been released. Manufacturers claim their instruments
can separate colourless to near-colourless natural from
synthetic diamonds and from some simulants or, at a
minimum, refer those in question for further testing.
These instruments range from relatively inexpensive
to very costly, and present a diverse array of marketing

claims and features (Drucker & Phillips 2018). Hundreds
of businesses in the supply chain have acquired these
instruments and base their hard-earned reputations on
the results they produce. However, until recently, there
was no independent means to verify the accuracy and
reliability of such testing and screening devices.

In 2017, the Diamond Producers Association (DPA)
proactively sought to address this problem by creating an
initiative named Project Assure (Freedman 2017), which
was subsequently renamed the Assure Program. This
initiative is managed by DPA with support from Signet
Jewelers (Akron, Ohio, USA). As of July 2019, the results

Figure 2: Melee screening services are offered by several gem-
testing laboratories. The diamonds in this parcel were identified
as natural by the International Institute of Diamond Grading &
Research. Photo courtesy of De Beers Group Industry Services.
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Table I: Assure-tested and untested diamond verification instruments.2

Instrument

Assure tested

Manufacturer

Website

AMS2

De Beers Group Industry Services (UK)

www.debeersgroupservices.com/instruments/
automated-melee-testing

ASDI

SATT Gems (Switzerland)

www.sattgems.ch/asdli

DiamondDect 3

Taidiam Technology (Zhengzhou) Co. Ltd (China)

http://en.taidiam.com/product/11.html

DiamondDect 5

Taidiam Technology (Zhengzhou) Co. Ltd (China)

http://en.taidiam.com/product/11.html

DiamondSure

De Beers Group Industry Services (UK)

www.debeersgroupservices.com/instruments/
diamondsure

DiamondView

De Beers Group Industry Services (UK)

www.debeersgroupservices.com/instruments/

diamondview

G-Certain Massive Tech Lab (India) www.massivetechlab.com/g-certain
GemPen Gemometrics (Sweden) https://gemometrics.com/product/gempen
GIA iDI0O Gemological Institute of America (USA) www.gia.edu/id100
. . . www.ngtc.com.cn/index.php?m=Article&a=
GV5000 National Gemstone Testing Center (China) Show&id=485
. . . . www.massivetechlab.com/j-certain-a-synthetic-
<HOEElm Massive Tech Lab (India) diamond-detector-for-studded-jewellery
LeoP Gemlogis (Hong Kong) www.gemlogis.com/product-details/leo
M-Screen+¢ HRD Antwerp (Belgium) http:/hrdantwerp.com/en/equipment/detail/m-screen

Sherlock Holmes¢ Yehuda Diamond Co. (USA)

www.yehuda.com/shop/hphtmachine

SYNTHdetect

De Beers Group Industry Services (UK)

www.debeersgroupservices.com/instruments/
synthdetect

Synthetic Diamond

Screener |l Presidium (Singapore)

https://presidium.com.sg/psdproduct/
synthetic-diamond-screener-ii-sds-ii

from 16 tested instruments (see Table I and Figure 3)
have been published in the Assure Directory (https://
diamondproducers.com/assure/assure-directory), both
as summary web pages and as more detailed download-
able PDF files. The results are complicated and somewhat
confusing to interpret due to the wide variety of parame-
ters, as well as the range of DVI features and capabilities.
For example, it is necessary to simultaneously consider
whether an instrument is designed for screening or
testing, can take loose and/or mounted stones, can test
for simulants, and will provide results that are automated
or require the user’s interpretation, as well as several
other variables (speed, cost and reliability). These choices
and considerations can be overwhelming, and until now
the results of the testing done so far and their implications
have only been briefly discussed (e.g. Freedman 2019).

This article describes the Assure Program’s initia-
tive of rigorously evaluating the performance of several
commercially available DVIs (as of July 2019). The
authors summarise the testing procedures, sample sets
and results of instrument performance, and consider
implications for selecting an appropriate DVI from those
tested so far.

BACKGROUND

Both authors work in the diamond and jewellery
wholesale business and have considerable experi-
ence with testing diamond parcels using various DVIs.
Neither author is associated with the Assure Program
or its affiliates, nor were they involved in the testing
of the DVIs. During the preparation of this article, the
authors obtained information from Lisa Levinson, DPA’s
strategic project manager, and Thomas Gelb, a technical
consultant to the Assure Program who assisted with the
development of testing standards but did not take part
in the actual DVI evaluation process.

For the initial phase of testing, DPA reached out
to DVI manufacturers representing the most widely
available devices in the market. Many responded, but
not all. Those DVI manufacturers that chose to partic-
ipate paid a fee directly to the testing organisation
(UL, described below) to cover the cost of the testing
process. In 2018, final arrangements were made with
11 manufacturers to test 18 DVIs, and as of July 2019
the results obtained for 16 of them (see Table II) were
published in the Assure Directory. After undergoing the
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http://www.massivetechlab.com/j-certain-a-synthetic-diamond-detector-for-studded-jewellery
http://www.gemlogis.com/product-details/leo
http://hrdantwerp.com/en/equipment/detail/m-screen
http://www.yehuda.com/shop/hphtmachine
http://www.debeersgroupservices.com/instruments/synthdetect
http://www.debeersgroupservices.com/instruments/synthdetect
https://presidium.com.sg/psdproduct/synthetic-diamond-screener-ii-sds-ii
https://presidium.com.sg/psdproduct/synthetic-diamond-screener-ii-sds-ii
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Table I: (continued)

Instrument

Not Assure tested

Manufacturer

Website

Alpha Diamond Analyzer

HRD Antwerp (Belgium)

https:/hrdantwerp.com/en/equipment/detail/
alpha-diamond-analyzer

Alrosa Diamond Inspector

Alrosa Technology (Russia)

https://alrosa-inspector.com

D-Guard Sparrow Technologies (India) http:/sparrowdg.com
D-Screene HRD Antwerp (Belgium) https:/hrdantwerp.com
. . https://drctechno.com/products/
DeSecure+ DRC Techno (India) AN T ) K L
D-Tect HRD Antwerp (Belgium) https:/hrdantwerp.com/en/equipment/detail/d-tect

DFI Mid-UV Laser+

GGTL Laboratories (Liechtenstein and
Switzerland)

www.ggtl-lab.org/products.html

DiamondPlus

De Beers Group Industry Services (UK)

www.debeersgroupservices.com/instruments/
diamondplus

Diasure Maruti Enterprises (India) www.diatech.co.in

DiaTrue CL OGI Systems Ltd (Israel) www.ogisystems.com/diatruex|.html
DiaTrue CM OGI Systems Ltd (Israel) www.ogisystems.com/diatrue.ntml
DiaTrue CS OGI Systems Ltd (Israel) www.ogisystems.com/diatruecs.html

DiaTrue Mobile

OGI Systems Ltd (Israel)

www.ogisystems.com/diatruemobile.html

DS2000 Nanjing Baoguang Testing Technology (China) www.bgya.cn/spe/spe.html

DS5000 National Gemstone Testing Center/Nanjing www.ngtc.com.cn/index.php?m=Article&a=
Baoguang Testing Technology Co. Ltd (China) show&id=486

GEM-3000 Jewelry Guangzhou Biaogi Optoelectronics Technology I SArE _

Detector Development Co. Ltd (China) www.gzbiaogi.com/ProductShowen.asp?ArticlelD=9

GEM-Smart Portable
Jewelry Detector

GIA DiamondCheck

Guangzhou Biaoqgi Optoelectronics Technology

iaoqi 2Art =
Seviele e S, e e www.gzbiaogi.com/ProductShow.asp?ArticlelD=387

Gemological Institute of America (USA) https://store.gia.edu/DiamondCheck-p/215000.htm

Guangzhou Biaoqgi Optoelectronics Technology

GLIS-3000 Development Co. Ltd (China)

www.gzbiaogi.com/ProductShowen.asp?ArticlelD=66

https://drctechno.com/products/gemological/

JeDetect 9000 j-detect-9000

DRC Techno (India)

JeMini DRC Techno (India) https://drctechno.com/products/gemological/j-mini
é—ySli:/lraegeirlwagso)rmerly EXA HRD Antwerp (Belgium) https:/hrdantwerp.com/en/equipment/detail/j-screen

https://drctechno.com/products/gemological/

JeSmart Pro j-smart-pro

DRC Techno (India)

Jewellery Inspector Gemetrix Pty Ltd (Australia) www.gemetrix.com.au/Jewellerylnspector.html

Melee Inspector www.gemetrix.com.au/melee.ntml

NDC-415 Natural
Diamonds Chooser

Gemetrix Pty Ltd (Australia)

Guangzhou Biaoqgi Optoelectronics Technology
Development Co. Ltd (China)

Guangzhou Biaoqgi Optoelectronics Technology
Development Co. Ltd (China)

www.gzbiaogi.com/ProductShow.asp?ArticlelD=388

PL-3000 www.gzbiaogi.com/ProductShowen.asp?ArticlelD=67

www.ngtc.com.cn/index.php?m=Article&a=

PL5000 show&id=487

National Gemstone Testing Center (China)

PL-Inspector Gemetrix Pty Ltd (Australia) www.gemetrix.com.au/PLinspector.html

Gemological Institute of India and Arotek

OrCinlert Scientific Instruments (Indlia) nigesyigTion e corygreli-aels

Screen-| SmartPro (Thailand) www.smartproinstrument.com/event-2/screen-1
SSEF Diamond Spotter Swiss Gemmological Institute SSEF (Switzerland) www.ssef.ch/instruments-books

Vista Gemlogis www.gemlogisusa.com/gemlogis-vista.html

¢ Succeeded by M-Screen 4.0.

d Succeeded by Sherlock Holmes 2.0.

e According to HRD Antwerp, the D-Screen was still available at
press time, although it is no longer being produced and is not
shown on their website.

2 To the authors’ knowledge, this list was current as of 1 July 2019,
and is subject to change as instruments are updated, newly
released and/or discontinued.

® Leo has been discontinued. The tested device was acquired on
the open market, so Gemlogis is not an Assure Partner.
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Figure 3: As of July 2019, the Assure Program had tested 16 diamond verification instruments. From left to right, these are: (top
row) AMS2, ASDI, DiamondDect 3 and DiamondDect 5; (second row) DiamondSure, DiamondView, G-Certain and GemPen;
(third row) GIA iD100, GV5000, J-Certain and Leo; (bottom row) M-Screen+, Sherlock Holmes, SYNTHdetect and Synthetic
Diamond Screener Il. These photos were supplied to the Assure Program by the instrument manufacturers.

testing, the instruments were returned to the submitting
manufacturers.

The Assure Tested Certification Mark (Figure 4) is
made available only to Assure Partners, that is, manufac-
turers that have agreed to submit their instruments for
testing by the Assure Program. The certification mark
simply indicates that a particular DVI has been tested by
the Assure Program, and does not indicate any perfor-
mance criteria or results. Therefore it is important to look
beyond the certification mark and evaluate the actual
test results.

Figure 4: The Assure Tested
certification mark may be used
only by DVI manufacturers that

submit their instruments for
testing in the Assure Program.

A

ASSURE

TESTED

Diamond Verification
Instrument / Manufacturer
Version: 12345678 .
Assure ID: 1234567 e
Tested MM/YYYY &

diamondproducers.com/assure
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Table IlI: Specifications of the Assure-tested instruments.?

Instrument Portability Dimensions Weight Operation Detects Sample size ‘Smalls

(WxDxH, ()] category® or refers range (ct) Sample’

in cm) synthetics tested
AMS2 Desktop 31.5 x40 x 55 25 3 Detects 0.0033-0.20 Yes
ASDI Floor 170 x 90 x 160 350 2 Refers 0.002-0.20 Yes
DiamondDect 3 Portable 22 x 20 x12 3 1 Detects 0.005-10 Yes
DiamondDect 5 Desktop 20 x 23 x 29 7 1 Refers 0.005-10 Yes
DiamondSure Portable 17 x 26 x 10 35 1 Refers 0.005-10 No
DiamondView Desktop 20 x 40 x 25 13 1 Detects 0.01-10 No
G-Certain Desktop 30 x 30 x 37 12 1 Detects 0.001-10 Yes
GemPen Portable 24 x 36 %32 1 1 Detects Any Yes
GIA iD100 Portable 16.5x 20 x 8 1 2 Refers 0.005+ Yes
GV5000 Desktop 50 x 25 x 61 17 3 Detects 0.002-20 Yes
J-Certain Desktop 43 x 34 x 52 22 1 Detects 0.002-10 Yes
Leof Portable 20.3 x14 x 1.4 0.73 3 Refers 0.01-12 No
M-Screen+ Desktop 45 x 30 x 55 45 2 Refers 0.005-0.20 Yes
Sherlock Holmes Portable 15 x 24 x 15 22 1 Detects Any Yes
SYNTHdetect Desktop 31x 34 x458 30 2 Refers 0.001-100 Yes
Synehetic Diamond | - poriaple | 13x10 %65 02 1 Refers 0.02-10 No

creener ||

Instrument Colour range Shapes allowed Single or Mounted Auto-feed Operator skill Cost (USD,
multiple jewellery and dispense leveld Feb. 2019)
samples®

AMS2 D-J All Multiple No Automatic Novice 45,000

ASDI D-J Round Multiple No Automatic Novice Not listed

DiamondDect 3 D-J All Single Yes Manual Novice 5,730

DiamondDect 5 D-J All Multiple Yes Manual Novice 5,730

DiamondSure D-J All Single Yes Manual Novice 18,200

DiamondView All All Single Yes Manual Expert 35,000

G-Certain D-Z All Multiple Yes Manual Novice 9,999

GemPen D-Z°¢ All Multiple Yes Manual Expert 2,300

GIA iD100 D-J All Single Yes Manual Novice 4,995

GV5000 D-N All Multiple Yes Manual Expert 43,200

J-Certain D-Z All Multiple Yes Manual Novice 13,999

Leof D-M All Single Yes® Manual Novice 499

M-Screen+ D-J Round Multiple No Automatic Novice 63,000

Sherlock Holmes D-K All Multiple Yes Manual Expert 6,495

SYNTHdetect D-J All Multiple Yes Manual Expert 17,000

gnggﬁgrcnt)iamond D-J All Single Yesd Manual Novice 599

2 Sample size range, colour range and shapes allowed are as
reported by the manufacturer.

© Operation category is illustrated in Figure 5.

¢ Single = tests one sample at a time; multiple = tests more
than one sample at a time.

d Interpretation of results: novice = instrument automatically
displays results (or auto-sorts the samples, as for AMS2,

ASDI and M-Screen+); expert = user interprets
luminescence (and growth structure when using
DiamondView) to obtain results.

¢ Not designed for Fancy yellows.

f Device dimensions and weight obtained from
Gemlogis website.

9 Only handles open-back settings.
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INSTRUMENT CATEGORIES

Thirteen of the 16 instruments are screeners, for which
the results indicate either a natural diamond or that a
sample should be ‘referred’ for further testing. The latter
samples could consist of natural diamonds (typically
type Ila), synthetic diamonds (HPHT- or CVD-grown)
or simulants (e.g. cubic zirconia, synthetic moissanite,
etc.). High referral rates generate extra work and
expense, either in house or by sending samples to a
laboratory to obtain conclusive results.

Three of the 16 instruments are testers, which give
a conclusion as to the identity of a stone. Testers are
designed to identify samples as either natural diamonds,
synthetic diamonds (CVD or HPHT) or simulants.
However, such instruments sometimes may ‘refer’ more
challenging samples.

DVIs are grouped by the Assure Program into three
categories based on their claimed capabilities to identify
simulants and differentiate synthetics from simulants
(Figure 5).

Category 1

Manufacturers of Category 1 devices state that they can
correctly separate natural from synthetic diamonds in
most cases. However, they cannot identify diamond

No Can simulants
be tested?

simulants. They also cannot identify the specific type of
synthetic diamond (HPHT or CVD). Therefore, users of
Category 1 DVIs must pre-screen all samples to ensure
that no simulants are present. If knowledge of the type
of synthetic diamond is required, such samples will need
further testing. Category 1 includes the majority (nine
of 16) of the DVIs tested so far.

Category 2

Manufacturers of Category 2 instruments state that they
can correctly separate natural from synthetic diamonds
and simulants. Unlike Category 1, the Category 2 DVIs
can recognise that synthetic diamonds and simulants
are ‘non-natural diamonds’ and group them together
under that description. They cannot tell the difference
between a synthetic diamond and a simulant, just that
it is not a natural diamond. Thus, samples identified
by Category 2 DVIs as ‘non-natural diamond’ need
further testing to determine whether they are synthetic
diamonds or simulants. Category 2 includes four of the
16 DVIs tested so far.

Category 3

Manufacturers of Category 3 devices state that they can
correctly identify and separate natural and synthetic
diamonds and simulants. However, samples identified

Yes —;

Can synthetics

No be differentiated from Yes
simulants?
\

Category 1 Category 2 Category 3

instruments instruments instruments
DiamondDect 3 ASDI AMS2
DiamondDect 5 GIA iD100 GV5000
DiamondSure M-Screen+ Leo
DiamondView SYNTHdetect
G-Certain
GemPen
J-Certain

Sherlock Holmes
Synthetic Diamond Screener Il

Figure 5: This flowchart shows the process for determining a DVI's operational category. The instruments listed were

Assure tested as of July 2019. Courtesy of DPA.
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as other than natural diamond probably will need further
testing to determine the specific type of synthetic diamond
or simulant. Category 3 is the most robust testing category
and includes only three of the 16 DVIs tested so far.

TESTING STANDARD

The methodology by which instruments are tested by
the Assure Program is called the DVI Standard, which is
used to evaluate device performance in testing/screening
for synthetic diamonds and/or diamond simulants. The
DVI Standard was developed and applied in collabora-
tion with UL, a well-known global standards testing
company headquartered in the USA. According to the
company website (www.ul.com/media-center/company-
information), since 1894 UL has helped to set more
than 1,600 standards defining safety, security, quality
and sustainability, and the company operates in more
than 143 countries and across more than 20 industries.
The DVI testing was done at a UL laboratory in Canton,
Massachusetts, USA, in a controlled environment with
the goal of giving accurate and quantifiable testing infor-
mation on the instruments.

Development of the DVI Standard was supported by
the manufacturers, who collaboratively shared basic
information about how their instruments operate. Efforts

by the authors to obtain information from DVI manufac-
turers pertaining to their instruments’ technology
were met with limited success (see Table III), which
is expected considering the desire to avoid disclosing
proprietary information and perhaps also the status of
pending patent applications. In any case, such technical
details are beyond the scope of the present article.

The first draft of the DVI Standard was developed in
early 2018 and subjected to an initial testing phase using
three different instruments to ensure practical applica-
bility. Throughout the development of the DVI Standard,
expertise was provided by a technical committee of
leading scientists, academics and gemmological labora-
tory personnel from around the world. Contributors
included De Beers Group Industry Services (UK), the
Federal State Budgetary Institution of the Technological
Institute for Superhard and Novel Carbon Materials
(Russia), Gemmological Institute of India, Gemolog-
ical Institute of America, National Gemstone Testing
Center (China), Scientific and Technical Research Center
for Diamond (Wetenschappelijk en Technisch Onder-
zoeksCentrum voor Diamant or WTOCD; Belgium)
and Swiss Gemmological Institute SSEF (Switzerland).
All DVIs were tested using the same sample set(s) and
conditions (see below) to ensure the performance results
are comparable.

Table IlI: Instrument technology for Assure-tested DVIs, as provided by the manufacturers.

Instrument Technology

AMS2

Time-resolved photoluminescence using short-wave UV radiation to view fluorescence and short-
and long-lived phosphorescence; also takes an additional photoluminescence measurement

ASDI

Raman spectroscopy and short-wave UV transparency

DiamondDect 3

(Manufacturer did not respond)

DiamondDect 5

(Manufacturer did not respond)

DiamondSure

Visible-range absorption spectroscopy

DiamondView

Luminescence imaging of fluorescence or long-lived phosphorescence using ultra-short-wave
UV radiation

G-Certain (Manufacturer did not respond)
GemPen ‘UItra_Spectrum Optical Filt_ering’ technology that uses unique combinations of UV wavelengths
and filtering to provoke variable fluorescence and phosphorescence

GIA iD1I00O Fluorescence spectroscopy

GV5000 (Manufacturer did not respond)

J-Certain (Manufacturer did not respond)

Leo (Manufacturer did not respond)

M-Screen+ (Manufacturer did not respond)

Sherlock Holmes

(Manufacturer would not disclose)

SYNTHdetect

Time-resolved photoluminescence using short-wave UV radiation to view fluorescence and short-
and long-lived phosphorescence

Synthetic Diamond Screener ||

Short-wave UV transparency vs. short-wave UV opacity
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DPA has made the DVI Standard available exclusively
to Assure Partners to create an incentive for them to
submit their instruments for testing. It gives manufac-
turers an opportunity to do in-house testing for internal
research-and-development purposes in accordance with
the Standard, even in the absence of using the Assure
Program’s sample sets.

Testing Environment

The DVI Standard specifies particular conditions for
lighting, room temperature and humidity, and no
manufacturer asked to have their instrument tested
outside of those parameters. Other conditions, such
as the ideal power supply (i.e. operating voltage and
amperage requirements), were set in accordance with the
device operating manuals. These factors are important
to consider because an instrument’s test environment
was not necessarily designed to replicate the ordinary
commercial setting in which DVIs might be used.
Therefore, the Assure Program specifies that the ‘test
results are not necessarily an indicator of how effectively
the instrument would perform in normal commercial
operating conditions’ (Diamond Producers Association
2019). For commercial settings, DVI users should read
the operating manual to learn important information
about achieving optimal performance and understanding
the limitations of the screening/testing instrumentation.

Sample Sets

Two main sample sets were developed by the Assure
Program. The Core Sample was used for testing every
instrument, while the Smalls Sample was utilised only for
those instruments that could handle melee-sized stones

(i.e. 2.0 mm diameter; see Table II). The Core Sample
(e.g. Figure 6) included 1,000 natural diamonds, 200
synthetic diamonds and, when applicable, 200 diamond
simulants. The Smalls Sample had a similar composi-
tion and number of specimens as the Core Sample. The
very high proportion of synthetic diamonds (20%), as
compared to what might be encountered in the market-
place (~2%), enabled the instruments to be tested on
a broad range of synthetic diamond material. The Core
Sample also included challenging custom-made synthetic
diamonds that are not currently commercially available,
as they are too difficult to produce and/or prohibitively
costly for commercial purposes. The Assure Program
used these outliers for two reasons: (1) to ‘future-proof’
the sample set (in anticipation of the next generations
of synthetics) and (2) to help UL differentiate effec-
tively and fairly among the instruments. Consequently,
an instrument’s performance in a commercial setting is
likely to be better than under the test conditions (but
only if the manufacturer’s optimum operating condi-
tions are adhered to).

Some further details of the sample sets are as follows:

¢ Core Sample: round brilliant cuts with >2.0 mm girdle
diameter (~0.03-0.20 ct), D-J colour (with hints of
either yellow or brown), and SI, or better clarity.

e Smalls Sample: round brilliant cuts with 1.0-2.0 mm
girdle diameter (~0.005-0.03 ct), D-J colour (with
hints of either yellow or brown), and SI, or better
clarity. (Note that five DVIs are claimed to be able to
test diamonds below 1.0 mm in diameter—AMS2,
ASDI, GV5000, J-Certain and Sherlock Holmes—but
the Smalls Sample did not test this range.)

Figure 6: These photos show some of the natural diamonds (left) and simulants (colourless sapphires; right) in the Assure Core

Sample. Photos courtesy of DPA.
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¢ The natural diamonds in both sets have a consistent
distribution of type Ia/Ila stones.

e The synthetic diamonds include both HPHT- and
CVD-grown samples, and some of them were
treated (e.g. irradiated or HPHT processed after
CVD growth to improve their colour).

¢ The simulants include cubic zirconia, synthetic
moissanite, foil-backed glass and colourless
synthetic corundum.

Additional sample sets were developed specifically
to include lower colour grades (K-Z) and mounted
jewellery (see Table IV). These sets were only used for
testing those instruments described by manufacturers
as having the capability to handle such samples. The
results of this additional testing are included for appli-
cable DVIs in the Assure Directory, but they are not
evaluated in this article.

TEST RESULTS

Table V summarises the performance testing results
for the Core and Smalls sample sets according to three
parameters (listed in order of importance, as deter-
mined by the authors): false positive rate, accuracy and
referral rate. The results for each of these performance
metrics are expressed as percentages, and are reported
separately for natural diamonds, synthetic diamonds
and simulants (if applicable). The percentages may be
calculated differently depending on the DVI category (1,
2 or 3), and examples illustrating the calculations for
each of these cases can be downloaded from the Assure
Project website at https://diamondproducers.com/app/
uploads/2019/05/5.1.-ASSURE-Performance-Metrics-
Infographic-20190523.pdf.

Diamond false positive rate is the most important—
and most complicated—of the three performance metrics,
and refers to the percentage of synthetic diamonds (and
diamond simulants, if applicable) erroneously classified

as natural diamond out of the total number of synthetic
diamonds (and simulants) in the sample set. The optimal
diamond false positive rate is 0%, meaning the instru-
ment classified no synthetic diamonds or simulants as
natural diamonds. By analogy, the synthetic diamond
false positive rate refers to the percentage of natural
diamonds (and simulants, if applicable) erroneously
classified as ‘synthetic diamond’ out of the total number
of natural diamonds (and diamond simulants, if appli-
cable) in the sample set. The simulant false positive
rate refers to the percentage of natural and synthetic
diamonds erroneously classified as simulants out of
the total number of natural and synthetic diamonds in
the sample set.

Diamond accuracy is the percentage of natural
diamonds that are correctly categorised as natural out
of the total number of natural diamonds. The optimal
diamond accuracy is 100%, in which all natural
diamonds are correctly classified as natural. Synthetic
diamond accuracy and simulant accuracy are defined as
the fraction of test samples correctly classified by the
DVI as synthetic diamonds and simulants, respectively.

Diamond referral rate is the percentage of natural
diamonds that are referred for further testing out of the
total number of natural diamonds in the sample set.
Referred samples are unable to be classified by the DVI
as natural or synthetic (and, where capable, synthetic or
simulant), and require further testing to determine their
identity. The lower the referral rate, the better. Synthetic
diamond referral rate and simulant referral rate are the
fractions of synthetic diamonds and simulants, respec-
tively, which are referred by the DVI for further testing.

Novice or Expert Operator

The results in Table V are based on the ‘Operator skill
level’ given in Table II, which indicates whether a
novice or expert performed the testing of a particular
DVI. A novice operator received an introductory level of
training, which may have included reading the device’s
operating manual, watching video tutorials and receiving

Table IV: Additional sample sets developed by the Assure Program.

Sample set Description

Sample B

>2.0 mm girdle diameter, K-Z colour, round brilliant cuts, mixed clarity

Sample D

1.0-2.0 mm girdle diameter, K-Z colour, round brilliant cuts, mixed clarity

Simple Jewellery

Open-back jewellery set with D-J colour, round brilliant cuts, mixed clarity

Intricate Jewellery

Closed-back jewellery set with D-J colour, round brilliant cuts, mixed clarity

Melee Jewellery

Open-back jewellery set with D-J colour, round brilliant cuts, mixed clarity
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Table V: Summary of Assure Program test results for 16 diamond verification instruments.?

Core Sample test results (>2.0 mm)
Diamond
) False False False
Operation | positive Referral | positive Referral | positive Referral
Instrument category rate Accuracy rate rate Accuracy rate® rate Accuracy rate®
AMS2 3 0% 99.1% 0.7% 0.1% 70.9% 29.1% 0.1% 99.0% 1.0%
ASDI 2 0% 93.6% 6.4% 0% 100% 0% 100%
DiamondDect 3 1 0% 96.4% 0.6% 3.0% 99.5% 0.5%
DiamondDect 5¢ 1 22.6% 91.6% 8.4% 0% 77.4%
DiamondSure 1 0% 95.3% 4.7% 0% 100%
DiamondView 1 0% 100% 0% 0% 100% 0%
G-Certain 1 17.6% 99.7% 0.2% 0.1% 69.3% 13.1%
GemPen 1 151% 98.7% 1.3% 84.9%
GIA iD100 2 0% 96.7% 3.3% 0% 100% 0% 100%
GV5000 3 1.0% 98.5% 11% 97.5% 0.6% 98.0%
J-Certain 1 19.6% 99.7% 0.2% 0.1% 67.3% 131%
Leo 3 4.6% 51.6% 3.7% 0% 52.3% 452% 91.3% 0%
M-Screen+ 2 0% 95.9% 41% 0% 100% 0% 100%
Sherlock Holmes 1 0% 97.5% 2.5% 100%
SYNTHdetect 2 0% 99.3% 0.7% 0% 100% 0% 100%
gzggﬁgff‘amond 1 0% | 845% | 155% 0% 100%

a3 Includes results released as of 1 July 2019. Shaded areas indicate ‘not applicable’ (i.e. beyond the device’s testing capability or the way it
classifies samples; see the detailed test summary report PDFs in the Assure Directory).

in-person basic training as indicated by the manufac-
turer. The results obtained by a novice operator are to
be expected for someone who has recently purchased
and just begun using the device. Conversely, an expert
operator is a representative from the DVI manufacturer
or a UL technician trained by the manufacturer so that
they are deemed an expert at operating the instrument.
The results obtained by an expert operator are expected
to be consistent with someone who is very familiar with
using a specific instrument.

Instruments tested by an expert operator are also
tested by a novice user for comparison, and the results
for both types of operators can be found in the detailed
reports available in the Assure Directory. As expected,
better results overall were obtained for these DVIs when
operated by an expert rather than a novice (e.g. Table VI).

SELECTING A DVI

To select the most appropriate DVI, users should first
assess their needs to help match their business require-
ments to the capabilities of the instruments (e.g. Table
VII). For example, is speed important? Are simulants
to be pre-screened? Will the testing be limited to loose

diamonds? If so, as principal centre stones or as batches
of melee? In what colour range? Will finished jewellery
be tested? If an expert operator is required, is one
currently on staff? Is automation needed for volume
processing, or is manual operation sufficient? Does the
instrument need to be portable? And, of course, instru-
ment cost is another important criterion.

Screening (eliminating any non-natural diamonds) is
distinctly different from detection (positive identification
of a synthetic diamond or a simulant). Therefore, it may
be helpful to start with identifying an appropriate DVI
category (again, see Figure 5). If it is necessary to simply
separate synthetics from natural diamonds, then a DVI of
at least Category 1 is sufficient, and the user can consider

Table VI: Example of test results for novice and expert
operators of the same instrument (here, SYNTHdetect).

Parameter Novice Expert
Diamond false positive rate 0% 0%
Diamond accuracy 98.6% 99.3%
Diamond referral rate 1.4% 0.7%
Speed (stones/hour) 225 583

616  THE JOURNAL OF GEMMOLOGY, 36(7), 2019



DIAMOND VERIFICATION INSTRUMENTS

Table V: (continued)

Smalls Sample test results (1.0-2.0 mm)
Diamond Average
speed
False False False (samples
positive Referral | positive Referral | positive Referral | tested/
rate Accuracy rate rate Accuracy rate® rate Accuracy rate® hour) Instrument
0% 98.9% 0.7% 0.1% 87.4% 12.6% 0.3% 99.5% 0.5% 2,677 AMS2
0% 93.2% 6.8% 0% 100% 0% 100% 6,51 ASDI
1.0% 90.6% 4.0% 5.5% 99.0% 0% 289 DiamondDect 3
9.4% 97.8% 2.2% 0% 90.6% 557 DiamondDect 5°
193 DiamondSure
112 DiamondView
4.7% 99.3% 0.6% 0.1% 95.3% 0% 908 G-Certain
4.7% 99.5% 0.5% 95.3% 813 GemPen
0% 95.8% 4.2% 0% 100% 0% 100% 440 GIA iD100
0.3% 97.5% 1.4% 95.3% 1.4% 100% 296 GV5000
5.8% 99.3% 0.3% 0.4% 93.7% 0.5% 792 J-Certain
219 Leo
0% 90.9% 9.1% 0% 100% 0% 100% 12,317 M-Screen+
0% 97.8% 2.2% 100% 530 Sherlock Holmes
0% 98.1% 1.9% 0% 100% 583 SYNTHdetect
0| gpieiepenons

b Referral rates for synthetic diamonds and simulants vary widely depending on the way each DVI categorises these sample types.
¢ Although the DiamondDect 5 can only handle HPHT-grown synthetics, the Assure sample sets contain both HPHT- and CVD-grown samples.

Table VII: Assure-tested DVIs listed according to various requirements.?

Requirement Capable instruments

Identifies diamond simulants

AMS2, ASDI, GIA iD100, GV5000, Leo, M-Screen+, SYNTHdetect

Tests multiple stones at once

AMS2, ASDI, DiamondDect 5, G-Certain, GemPen, GV5000, J-Certain, M-Screen+, Sherlock Holmes,
SYNTHdetect

Auto-feed and dispense

AMS2, ASDI, M-Screen+

Size <0.01 ct

AMS2, ASDI, DiamondDect 3, DiamondDect 5, DiamondSure, G-Certain, GemPen, GIA iD100, GV5000,
J-Certain, M-Screen+, Sherlock Holmes, SYNTHdetect

Fancy shapes

AMS2, DiamondDect 3, DiamondDect 5, DiamondSure, DiamondView, G-Certain GemPen, GIA iD100,
GV5000, J-Certain, Leo, Sherlock Holmes, SYNTHdetect, Synthetic Diamond Screener ||

Mounted jewellery

DiamondDect 3, DiamondDect 5, DiamondSure, DiamondView, G-Certain, GemPen, GIA iD100,
GV5000, J-Certain, Leo®, Sherlock Holmes, SYNTHdetect, Synthetic Diamond Screener |1°

Automatic interpretation of
results

AMS2, ASDI, DiamondDect 3, DiamondDect 5, DiamondSure, G-Certain, GIA iD100, J-Certain, Leo,
M-Screen+, Synthetic Diamond Screener |l

Portable

DiamondDect 3, DiamondSure, GemPen, GIA iD100, Leo, Sherlock Holmes, Synthetic Diamond Screener |l

Cost <USD10,000

DiamondDect 3, DiamondDect 5, G-Certain, GemPen, GIA iD100, Leo, Sherlock Holmes, Synthetic
Diamond Screener ||

a3 Instruments are listed in alphabetical order (see Table V for the performance results for each device). Leo has been discontinued,
M-Screen+ has been succeeded by M-Screen 4.0 and Sherlock Holmes has been succeeded by Sherlock Holmes 2.0.

b Only handles open-back settings.

the full array of 16 DVIs (as of writing this article) in the capabilities are needed—separating natural from synthetic
Assure Program’s test set. If simulant detection is required, diamonds, natural diamonds from simulants and synthetic
then DVIs of at least Category 2 are appropriate, for which diamonds from simulants—then currently there are three
seven choices have been Assure tested. If Category 3 Assure-tested instruments with this capability.
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Next, the authors suggest focusing on the most
important performance metric in the test results: the
diamond false positive rate (i.e. identifying a synthetic
or simulant as a natural diamond). Ten of the 16 DVIs
tested produced zero diamond false positive results for
the Core Sample set (>2.0 mm diameter): AMS2, ASDI,
DiamondDect 3, DiamondSure, DiamondView, GIA iD100,
M-Screen+, Sherlock Holmes, SYNTHdetect and Synthetic
Diamond Screener II. Furthermore, six of the 12 DVIs
tested with the Smalls Sample set (1.0-2.0 mm) produced
zero diamond false positive results: AMS2, ASDI, GIA
iD100, M-Screen+, Sherlock Holmes and SYNTHdetect.
In addition to diamond false positives, diamond accuracy
and, finally, diamond referral rate should be considered.
Across all three metrics, only one DVI scored perfectly
in the Assure testing: the DiamondView at a cost of
USD35,000 and requiring an expert operator.

Synthetic diamond dealers may also benefit from using
a DVI, as they seek to protect their inventory from mixing
with natural diamonds. For larger-sized samples (>2.0
mm) nine DVIs provided zero false positive results for
synthetic diamonds (ASDI, DiamondDect 5, Diamond-
Sure, DiamondView, GIA iD100, Leo, M-Screen+,
SYNTHdetect and Synthetic Diamond Screener II). For
smaller samples (1.0-2.0 mm), five DVIs had zero false
positive results for synthetic diamonds (ASDI, Diamond-
Dect 5, GIA iD100, M-Screen+ and SYNTHdetect).

When shopping for a DVI, the buyer should ask the
seller “What is the best use of this instrument?” Even more
importantly, “What are the limitations of this instrument?’
In other words, what can’t it do? An informed buying
decision would also include questions relating to the
skillset required to properly operate the instrument and
any training that is offered, as well as warranty details
and any service requirements/arrangements.

In the end, it is possible that more than one DVI may

Figure 7: To maintain
consumer confidence in
diamonds, it is important
to reliably separate natural,
as-mined diamonds (such
as the ~0.70 ct stones
from Canada shown here) ' Xy,
from synthetic diamonds
or simulants. The use of
one or more DVIs that have
received high marks from
the Assure Program can
help with this endeavour.
Photo courtesy of
Dominion Diamonds.

W
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be required to meet one’s business needs, since, for
example, testing parcels of diamond melee and larger
individual samples (or loose stones and jewellery) might
not be practical with a single instrument.

CONCLUSIONS

Diamonds (e.g. Figure 7) are a critical component of the
global gem and jewellery industry, and it is imperative
to correctly separate natural stones from synthetics and
simulants. Beyond statutory requirements, consumer
confidence is the bedrock of the jewellery business
worldwide. A single incidence of an undisclosed synthetic
diamond sold as natural can cause reputational harm
and even legal consequences for the seller. Furthermore,
such instances may quickly reverberate across social
media and potentially have far-reaching ramifications for
the industry. While a false-positive result (identifying a
synthetic diamond as a natural diamond) is perhaps the
most egregious error, a false negative (calling a natural
diamond a synthetic diamond) can also damage one’s
reputation.

To address such concerns, particularly for melee-sized
goods, DVIs are now being sought by many segments
of the jewellery supply chain (manufacturers, brokers,
wholesalers and retailers). Until recently, however,
there was no way to verify a DVI manufacturer’s claims
regarding the effectiveness of their device for screening
or identifying natural and synthetic diamonds and
simulants. The authors applaud the Assure Project for
addressing this need, and we look forward to the release
of future testing results for additional/updated DVIs as
they are published in the Assure Directory.

The testing results released for the DVIs tested so far
show an overall wide range of performance, and prove
that not all devices are equally effective at identifying or
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screening synthetics and/or simulants. DVIs are evolving
quickly, and some initially-released models have already
been discontinued or replaced by second-generation
units that have undergone technical and ergonomic
improvements. The authors expect this ‘upgrading’ trend
to continue as detection technology improves and stays
current with advances in synthetic diamond growth
technology. We therefore urge future device purchasers
to check the Assure Directory for updates.

The diversity of DVI features and capabilities, combined
with the testing results from the Assure Program, requires
that several factors be considered when choosing an
instrument. During the decision-making process, users
should first determine their needs and requirements, and
then consider the instrument categories and review the
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Figure 1: The Sapphire Jubilee
Snowflake Brooch was designed
by Saskatchewan-based jeweller
Hillberg & Berk and presented to

Queen Elizabeth Il'in July 2017.

It is composed of 48 pale to
deep blue sapphires from

@ Baffin Island (10.19 carats
¥, total weight),
together with
HTH P more than
400 Canadian
diamonds (4.39
carats total weight), which
are set in 18 ct Canadian
white gold. The brooch
measures 6.1 x 6.6 cm. Photo
courtesy of Hillberg & Berk.

Adding Logic to Luck:
Recent Advances in Coloured
Stone Exploration in Canada

Lee A. Groat

Canada exhibits many of the challenges involved with exploring for coloured stones
in countries with very low population densities, temperate-to-arctic climates and a lack of infrastruc-
ture hindering access to most prospective areas. Despite this, a number of discoveries have occurred,
mainly during the past two decades. These include emeralds from Northwest Territories (1997) and
Yukon (1998); sapphire (2002) and spinel (from 1982)—including cobalt-blue stones—from Baffin
Island in Nunavut; and ruby and pink sapphire (2002) from British Columbia. Such discoveries
can be assisted by undertaking scientific research into gem formation, as well as by applying
exploration criteria developed elsewhere to uncharted territory. Future exploration in Canada and
other countries facing similar challenges will likely benefit from additional geological studies to
identify prospective areas and features; innovative means of transportation, such as boats instead
of aircraft; drones for exploring rugged terrain; hyperspectral imaging for mineral sensing; surveying
with UV lamps to identify minerals associated with gem mineralisation; and careful prospecting
(including field mapping and collecting heavy mineral concentrates) by experienced individuals.

The Journal of Gemmology, 36(7), 2019, pp. 620-633, http://doi.org/10.15506/J0G.2019.36.7.620
© 2019 Gem-A (The Gemmological Association of Great Britain)
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ost coloured stone deposits are discovered
by accident, and new finds are more likely
to occur in countries with moderate-to-high
population density, tropical-to-temperate
climates and reasonable access to the land mass. Some
gem discoveries are made while exploring for other
resources, but most explorationists are unfamiliar with
the geology of coloured stone deposits—and furthermore
their surface exposures may be quite small—which makes
them difficult to find even when they occur in areas being
explored for other materials. New gem deposit discoveries
are particularly challenging in Canada, with its very low
population density (approximately four people per square
kilometre, one of the lowest densities in the world), a
challenging climate which restricts exploration and poor
access to most of the land mass such that many areas can
only be explored by air (usually by helicopter).
Canada is a major producer of diamonds, but apart
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GEM EXPLORATION IN CANADA

from ammolite in Alberta and jade in British Columbia
and Yukon, the country is not a significant producer of
coloured stones. Nevertheless, sapphires from Baffin
Island in Nunavut made headlines in July 2017 when
they were included in the Sapphire Jubilee Snowflake
Brooch which celebrated the 65th anniversary of Queen
Elizabeth II’s reign (Figure 1). Additional coloured stone
discoveries—some in remote Arctic terranes—have
provided encouragement for further exploration and
suggest that additional deposits are awaiting discovery.
Although beyond the scope of the present article on
Canadian gems, the recent opening of the Arctic’s first
economic ruby deposit in Greenland at Aappaluttoq is
also an important milestone in gem exploration and
mining in this part of the world (e.g. Turner et al. 2019).

The goal of this article is to review the geology and
discovery of various coloured stone deposits in Canada
(Figure 2), and to examine how scientific study can

GREENLAND
<
C\Q.(IV
<
«\
(9]
o
Iqalui(t) Baffin Island sapphire

“— Baffin Island spinel

Newfoundland
and.Labrador

A

St'John’s

(@)

Québec
. New
Ontario Brunswick
Québec o
Fredericton Ol
Nova
Ottawa @ Scotia
Toronto

o

Figure 2: This map shows the main coloured stone deposits in Canada that are reviewed in this article.
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inform exploration strategies and techniques that could
be used for locating additional gem-producing areas.
It is hoped that these insights will provide inspiration
for future exploration activities in Canada and in other
countries that share similar challenges to finding new
coloured stone deposits.

EMERALD IN NORTH-WESTERN
CANADA

Tsa da Glisza, Yukon

In 1998, William Wengzynowski of Archer Cathro &
Associates (1981) Ltd. (Vancouver, British Columbia,
Canada) was exploring for volcanogenic massive
sulphide deposits in talus on the north side of a ridge
in south-central Yukon, when he found green crystals
that, on closer inspection, revealed a hexagonal outline.
He was confident that they were emerald, and his identi-
fication was later confirmed by powder X-ray diffraction
at the University of British Columbia.

At this locality, subsequently named Tsa da Glisza
(‘green stone’ in the Kaska language), the emerald
occurrence is underlain by a granite pluton containing
9.8 to 13.2 ppm Be. The mineralisation is associated
with quartz-tourmaline veins and aplite dykes that
intruded chlorite-plagioclase schist containing on
average 960 ppm Cr (Groat et al. 2002). Emeralds occur
most commonly at the margins of the quartz veins, but
are also found within the veins themselves and in alter-
ation zones surrounding them. The granite is inferred as
the source of Be for several reasons, including its close
proximity to the deposit, the consistent correlation of
Be with Sn, W and Bi in whole-rock and soil geochem-
ical data, and the boron isotopic composition of the

tourmaline that is consistent with a granitic source of
B (Galbraith et al. 2009). The Cr chromophore in the
emerald is most likely derived from the schist (Groat
et al. 2002).

Emerald mineralisation occurred synchronous with
regional deformation and metamorphism related to
intrusion of the 112 million-year-old (Ma) granite pluton
(Neufeld et al. 2004). In particular, mineralisation was
syn- to late-tectonic, coinciding with the waning stages
of granite emplacement, and took place at temperatures
of 365-498°C (Marshall et al. 2003). There appears to
be a genetic link between (1) the granite intrusion,
aplite and pegmatite bodies, and (2) the beryl-bearing
quartz veins, which is supported by the presence of
beryl in at least two of the aplite dikes (Neufeld et al.
2003, 2004; Neufeld 2004). Chromium entered the fluid
system and interacted with the Be-bearing fluids by
either (1) mixing with hydrothermal fluids that had
interacted with the host schist and extracted Cr, or (2)
via element exchange during metasomatic alteration (in
which the composition of the rock changes as the result
of the introduction or removal of chemical constitu-
ents adjacent to the vein by the mineralising fluids).
The geology suggests that, in the recent classification
scheme of Giuliani et al. (2019), Tsa da Glisza is a type I
(tectonic-magmatic related), subtype A (hosted in
mafic-ultramafic rocks) deposit.

True North Gems Inc. (Vancouver, British Columbia,
Canada) built an all-season mining camp near the
deposit (Figure 3) and spent the better part of a decade
and several million dollars evaluating the deposit
using geochemical prospecting, geological mapping,
trenching, core drilling and underground work via an
adit (see Rohtert & Montgomery 2002; Davison 2005,

Figure 3: The mining camp at the Tsa da Glisza emerald deposit is shown here in (@) summer 2002 and (b) winter 2004. Photos
by (@) L. A. Groat and (b) courtesy of True North Gems Inc.
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2006; Figure 4). The results showed that although there
is much emerald material showing good colour, the
majority of the crystals have been affected by post-crys-
tallisation deformation and therefore could only yield
rather small cut stones (Figure 5a). Although some gems
up to approximately 2.5 ct were cut, they were quite
rare. After limited sales of loose stones and experiments
with setting the emeralds in melee jewellery (Figure
5b), the company concluded that mining would not be
economic, and the deposit was abandoned after environ-
mental rehabilitation in 2013.

Lened, Northwest Territories
In 1997, prospector Ron Berdahl discovered emeralds
at Lened in western Northwest Territories (Figure 6),
approximately 160 km north-east of the Tsa da Glisza
deposit. The emeralds are hosted by quartz veins that
cut skarn and older strata proximal to the ~100 Ma
Lened pluton. Approximately half of the 26 outcrop-
ping quartz veins contain opaque-to-translucent beryl
crystals, which range from colourless to yellowish green
to bluish green. Almost all of the crystals are euhedral,
but less than 5% of the beryl is transparent and bluish
green (and therefore can be considered pale emerald;
Figure 7). The crystals are typically <0.5 cm wide and
may attain a length of up to 5 cm; only a few stones
have been cut from this material.

Lake et al. (2017) used field relationships, geochro-
nology, whole-rock geochemistry, stable isotopes and

Figure 4: William Wengzynowski washes material sampled
from Tsa da Glisza in 1999, a year after his discovery of
emeralds there. Photo by L. A. Groat.

Figure 5: Faceted emeralds from Tsa da Glisza show attractive colour but are typically small. (@) These three stones were
assessed at USD1,500 per carat but weigh only ~0.1 ct each (up to ~3 mm in longest dimension). Stones courtesy of Bradley
S. Wilson; photo composite by Tom Fa/Panotora. (b) Melee-size emeralds are featured in these pendants set in gold (left) and

silver (right). Photo courtesy of True North Gems Inc.
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Figure 6: At the Lened occurrence in Northwest Territories,
emeralds occur in quartz veins cutting a skarn (white area in
top-centre, in front of black mudstones). An old cabin is seen
in the foreground and a tent used during prospecting in 2002
is shown in the background. Photo by L. A. Groat.

Figure 7: The Lened deposit is the source of these pale
emerald specimens, which include a euhedral crystal on
quartz and a 0.17 ct faceted stone (inset). Photos by Donald
J. Lake and Tom Fa/Panotora (inset; specimen courtesy of
Bradley S. Wilson).

mineral chemistry to assess the sources of the emerald-
forming fluids and chromophores. The results showed
that the emerald occurrence is related to the proximal
pluton and can be classified as a type I (tectonic-mag-
matic related), subtype B (hosted in metasedimentary
rocks) deposit (Giuliani et al. 2019). Beryllium and other
incompatible elements (i.e. W, Sn, Li, B and F) in the
emerald, vein minerals and surrounding skarn were intro-
duced during the terminal stages of crystallisation of the
Lened pluton. Decarbonation during pyroxene-garnet

skarn formation in the host carbonate rocks probably
caused local overpressuring and fracturing that allowed
ingress of magmatic-derived fluids and formation of
quartz-calcite-beryl-scheelite-tourmaline-pyrite veins.
The chromophoric elements (V>Cr) were mobilised by
metasomatism of metasedimentary rocks that underlie
the emerald occurrence (Lake et al. 2017).

Emerald Exploration 2003-2004

The Tsa da Glisza and Lened discoveries, as well as
reports of numerous beryl occurrences in north-western
Canada, suggested that emerald-focused exploration
could result in more discoveries. In mid-2002 the author
approached True North Gems Inc. with a proposal for
an emerald exploration programme. Archer Cathro &
Associates (1981) Ltd. was hired to develop targets using
publicly available data—primarily regional geochem-
ical surveys (mostly of silt samples) and assessment
reports filed by companies—and their own extensive
database of traverse reports, geochemical data and
geological maps. The target development involved four
steps, the first of which was to search the databases for
occurrences of beryl, other Be-bearing minerals such as
chrysoberyl and potential accessory minerals such as
tourmaline. The second step was to consider geochem-
ical reservoirs as suggested by Murphy et al. (2002), who
plotted potential Be sources (plutonic rocks) and Cr and
V reservoirs (ultramafic rocks, volcanic rocks and the
Earn Group black shale) in Yukon, and suggested looking
for emeralds where these elements come together. The
third step was to consider the reservoirs in more detail
as suggested by Lewis et al. (2003), who noted that all
known beryl occurrences in Yukon are intrusion-related,
but for an intrusion to become enriched enough to reach
beryllium saturation to form beryl it must be ‘ultra-
fractionated’. Numerous lithological and geochemical
features (e.g. accessory mineralogy, Rb/Sr ratio from
whole-rock analyses, K/Rb ratio in K-feldspar and
others) can help pinpoint fractionated pegmatites with
elevated gem potential. The fourth step was to search
the regional geochemical survey data for enrichment in
the chromophores Cr and V. This task was constrained
by the fact that in 2002-2003 these data were only
available for portions of Yukon, Northwest Territories
and British Columbia.

The result of this four-step programme was a list
of approximately 100 targets for type I (tectonic-mag-
matic related) emerald deposits in Yukon, Northwest
Territories and the northern part of British Columbia.
During the summer of 2003 a team primarily composed
of the author, William Wengzynowski, and students
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Heather Neufeld and Dawn Kellet spent approximately
four months evaluating 20 of the targets. No emerald
was found, but the team did make other discoveries: the
True Blue aquamarine prospect (Turner 2006; Turner et
al. 2007), which produced unusually dark blue crystals
that subsequently were used to confirm the cause of the
blue colour in aquamarine (Groat et al. 2010, Lin et al.
2013); the Batea Pb-Zn occurrence (Davison & Skinner
2008); and the Amigo Ni-As-Cu-Pb prospect (Davison
2007). This shows that coloured stone exploration by
experienced prospectors can result in the discovery of
other commodities. More work was conducted in 2004,
but by then interest in emerald exploration was waning
because the price of gold, in particular, began to rise.

Mountain River, Northwest Territories

In 2007, a team of geologists from the Northwest Terri-
tories Geological Survey discovered green beryl (Figure
8) near Mountain River in western Northwest Territories
(Mercier 2008). Although the green colour is due to the
chromophores Cr and V (Mercier 2008), the stones are
not transparent enough for gem use, and are therefore
referred to here as green beryl rather than emerald. The
beryl is hosted by extensional quartz-carbonate veins
cutting Neoproterozoic sandstone and siltstone within
the hanging wall of a thrust fault that emplaced these
strata above Paleozoic rocks (Hewton et al. 2013). The
occurrence was studied in detail by Hewton et al. (2013),
who showed that the isotopic composition of water
extracted from the beryl is typical of evolved sedimen-
tary sulphate brines. The inferred temperature of vein
formation is 380-415°C. Calculations based on mineral

Figure 8: These samples of green beryl are from the
Mountain River occurrence. The largest piece is
approximately 2 x 1cm. Specimens courtesy of
Donald J. Lake; photo by Tom Fa/Panotora.

GEM EXPLORATION IN CANADA

pair isotope equilibration and the typical geothermal
gradient indicate vein formation at depths of 6-11 km.
A Re-Os age of 345 + 20 Ma from pyrite indicates that
mineralisation was contemporaneous with estimated
ages of some northern Cordilleran Zn-Pb occurrences.

Inorganic thermochemical sulphate reduction via
the circulation of warm basinal brines through silici-
clastic, carbonate and evaporitic rocks is thought to have
liberated the elements necessary to form beryl (Hewton
et al. 2013). The Mountain River green beryl occurrence
thus represents a variant of the type II (tectonic-met-
amorphic related), subtype B (hosted in sedimentary
rocks: black shales) emerald deposit in the classifica-
tion scheme of Giuliani et al. (2019).

Such emerald deposits are unusual because there is no
evidence for associated magmatic activity. The best (and
until the Mountain River discovery, the only) examples of
this type are in Colombia, where more than 200 emerald
mines and occurrences produce the world’s highest-
quality emeralds. Colombian emeralds are hosted by
extensional carbonate-silicate-pyrite veins, pockets and
breccias in a black shale-limestone succession, and they
are thought to have formed as a result of hydrothermal
growth associated with tectonic activity (Ottaway et al.
1994; Giuliani et al. 1995; Cheilletz & Giuliani 1996;
Branquet et al. 1999a, b). The parent fluids are inferred
to have formed at depth from meteoric and formational
water interacting with evaporitic sequences (Escobar &
Mariano 1981; Giuliani et al. 2000). The occurrence of a
variant of this type of deposit at Mountain River suggests
the potential for Colombian-type emerald mineralisation
in north-western Canada.

Colombian Emerald Exploration Criteria
Applied to North-Western Canada

Both the Lened and Mountain River occurrences
are hosted in rocks of the Selwyn Basin which were
deposited on the passive margin of Laurentia (ancestral
North America). However, unlike in the Cordillera
Oriental of Colombia, where there are no significant
occurrences of igneous rocks, the Paleozoic black shales
and mudstones of the Selwyn Basin are commonly
intruded by Cretaceous felsic stocks of the Selwyn and
Tombstone plutonic suites. (Nevertheless, the closest
intrusion to the Mountain River occurrence is at least
150 km away.)

Lake (2017) applied criteria for emerald explora-
tion in Colombia to Canada’s Yukon and Northwest
Territories. These criteria include: (1) the Na content
of stream sediments (Beus 1979); (2) the Li, Na and
Pb content of soil samples from altered tectonic blocks
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(Ringsrud 1986); (3) the presence of gypsum and
anhydrite deposits, which provide evidence for evaporite
sequences (Cheilletz & Giuliani 1996); (4) favourable
structures such as thrust faults (Branquet et al. 1999a,
b); and (5) the presence of cogenetic minerals such as
fluorite, fluorapatite, parisite-(Ce) and florencite-(Ce) in
heavy mineral concentrates (HMCs; Lake et al. 2017).

Lake (2017) applied the first criterion to stream-sed-
iment geochemical data made publicly available by the
Yukon and Northwest Territories geological surveys (the
latter without Be). The criterion had to be adjusted for
a number of factors, including the absence of Be data in
Northwest Territories and elevated Na due to plutonic
alkali feldspar weathering into black shale drainages.
Lake (2017) also noted that Colombian-type emerald
deposits have relatively small footprints, and region-
al-scale geochemical surveys with data points located
5-10 km apart might not be sufficient to show an emerald
occurrence. In fact, the Mountain River deposit was
not predicted by this analysis. Therefore, Lake (2017)
was unsure of the usefulness of this technique with the
existing data density.

Despite these constraints, Lake (2017) used multiple
criteria to identify several regions of interest (Figure 9).
Similar to emerald localities in Colombia, the anomalous
areas within black shale units are also in the vicinity of
important thrust zones (the Dawson, Tombstone and

Robert Service thrusts, and the Mackenzie fold-and-thrust
belt). Lake (2017) also noted that florencite-(Ce) occurs in
the Rusty Shale Formation in the Mackenzie Mountains
(Pouliot & Hofmann 1981) and has been recovered in
HMCs from the Selwyn Range west of Lened (Falck et
al. 2015). Lake (2017) mentioned several targets in need
of follow up, but evaluating them has been constrained
by available time and funds, and it is obvious that there
is ample scope for additional fieldwork.

SAPPHIRE AND SPINEL ON
BAFFIN ISLAND, NUNAVUT

Sapphire
In the summer of 2002, brothers Seemeega and Nowdluk
Aqgpik were hunting south of Kimmirut on Baffin Island
when they saw a barrel-shaped blue crystal protruding
from an outcrop. The brothers took the crystal back
to Kimmirut, where district geologist Paul ‘Jethro’
Gertzbein identified it as a sapphire. True North Gems
Inc. acquired the property soon after and discovered
more occurrences of sapphire (colourless and yellow, as
well as blue; see Figures 1 and 10) and Co-bearing spinel
(see below). The company’s activities were described by
Rohtert & Pemberton (2005) and Rohtert (2006).

The sapphires occur in scapolite-rich calc-silicate
rock hosted in marble of the Lake Harbour Group
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(Figures 11 and 12). Belley et al. (2017) compared the
Beluga occurrence of blue-to-colourless sapphires to a
similar calc-silicate pod generally lacking corundum but
containing nepheline (Bowhead occurrence) located 170 m
south-southwest. They concluded that corundum
formation depended on three equally important sequential
metamorphic reactions: (1) formation of nepheline,
diopside and K-feldspar (inferred) at granulite facies
peak-metamorphic conditions; (2) partial retrograde
replacement of the peak assemblage by phlogopite,
oligoclase, calcite and scapolite (Mes,—Meg;) as a result
of CO,-H,0-Cl-F-bearing fluid influx at 1,782.5 + 3.7 Ma
(720°C, 6.2 kbar); and (3) retrograde breakdown of

Figure 11: The Beluga sapphire
occurrence is shown here after
extraction of a bulk sample.

Note the characteristic mottled
appearance of the calc-silicate rock
within the marble, and also the
diamond-bladed chainsaw (at the
end of the hose) used for removing
pieces of the sapphire-bearing rock.
Photo by Bradley S. Wilson.

Figure 10: These sapphires are from the
Kimmirut occurrences on Baffin Island.
Clockwise from upper left: 1.47 ct yellow
from Beluga South, 2.50 ct colourless from
Agpik, 0.58 ct blue from Beluga and 1.17 ct
deep blue from Beluga. All of the gems

are unheated. Stones courtesy of Bradley S.
Wilson; photos by Tom Fa/Panotora.

scapolite + nepheline (with CO,- and H,0-bearing fluid)
to form albite, muscovite, corundum and calcite. Based
on thermodynamic models, the corundum-forming
reaction occurred only in a <100°C temperature window,
with the upper limit determined by scapolite-nepheline
stability and the lower limit determined by the formation
of Al-silicate rather than corundum. The protolith was
inferred to be dolomitic argillaceous marl (calcareous
sediments) with no evidence to suggest the initial
presence of evaporites (Belley et al. 2017). Belley et al.
(2017) concluded that in the Baffin Island area, the
most prospective areas are contiguous to the thrust
fault separating the Lake Harbour Group and Narsajuaq

THE JOURNAL OF GEMMOLOGY, 36(7), 2019 627



FEATURE ARTICLE

Hudson Sirait

Figure 12: This map shows the location of
known sapphire occurrences (green triangle)
and the regional geology of south-western
Baffin Island. Level 1 refers to rocks composing
the margin of the Superior Province basement
(~2.80 billion years old), Level 2 to rocks of
the Ungava terrane (crustal material from

one tectonic plate accreted to crust lying on
another plate) and Level 3 to rocks of the
Meta Incognita terrane. The most prospective
areas for sapphire are contiguous to the thrust
fault separating the Lake Harbour Group and
Narsajuaqg terranes (Belley et al. 2017).
Modified after St-Onge et al. (2001).
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terranes (Figure 12), where the metamorphic conditions
are most favourable for the formation of corundum.

From 2007 to 2010, employees of True North Gems Inc.
used headlamps equipped with multiple UV wavelengths
to explore for associated scapolite (which is strongly
fluorescent) and discovered approximately 15 new
sapphire occurrences. Scapolite could be seen fluorescing
up to 5 m away, but exploration was constrained by the
limited hours of darkness in the Arctic summer (Lepage
& Rohtert 2006). Turner et al. (2017) studied rock samples
from the Baffin Island sapphire occurrence in the labora-
tory using imaging spectroscopy in the short-wave infrared
region (~975-2500 nm). The unique spectral responses
they encountered suggest that high spatial-resolution
hyperspectral imaging could be used to map and explore
for gem corundum targets during regional surveys.

Spinel

Gem spinel is widespread in the Lake Harbour Group
on Baffin Island. Wilson (2014) described the following
occurrences: (1) violet crystals up to 3 cm in marble
near the Soper River lapis lazuli occurrence; (2) blue

and violet crystals up to 3 cm at Waddell Bay; (3) violet
crystals up to 4.5 cm in a mica exploration trench at
Soper Lake; (4) violet crystals in ‘chondrodite” at Soper
Falls; (5) violet crystals up to 5 cm at Glencoe Island (see
also Grice et al. 1982); (6) cobalt-blue, mostly opaque
pieces up to 1 cm discovered by employees of True North
Gems Inc. at the Qila occurrence near Kimmirut (Figure
13); and (7) cobalt-blue, occasionally transparent and
heavily fractured crystals up to 2.7 cm, also discovered
by employees of True North Gems Inc., at the Trailside
occurrence near Kimmirut. Small faceted gemstones
(almost all under 0.5 ct) and a 2.14 ct cabochon have
been produced from these localities (Wilson 2014).
Belley & Groat (2019) studied spinel from 14 locali-
ties in the Lake Harbour Group. Most was blue to violet
and not of gem quality, with the exception of the vivid
blue, Co-bearing (0.03-0.07 wt.% CoO) stones from the
Qila and Trailside localities. The spinel mostly occurs
in metasedimentary (sensu stricto) deposits, with the
exception of two metasomatic occurrences at Markham
Bay. All of the spinels occur in marble and calc-silicate/
silicate-rich metacarbonate rocks. Minerals occurring
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in a stable assemblage with spinel include calcite,
dolomite, phlogopite, pargasite, diopside, humite, fors-
terite, scapolite, anorthite, graphite and pyrrhotite. The
spinel formed under peak granulite-facies metamorphic
conditions, and at two localities it is partly replaced by
retrograde corundum.

Belley & Groat (2019) interpreted the spinel-bearing
metacarbonates to have the following protoliths: (1)
impure dolomite-bearing and dolomitic limestone, (2)
dolomitic marl and (3) evaporitic magnesitic marl. They
determined that spinel genesis in the metacarbonates is
favoured by: (1) the low abundance of Si relative to Al,
which is the primary control on whether spinel forms in
most calc-silicate rocks; (2) low K activity limiting the
formation of phlogopite and thus leaving Al available for
spinel formation (this factor is predominant in marbles,
but also occurs in calc-silicates); and (3) insufficient
quantities of Mg or dolomite reactant in diopsidite,
limiting Al incorporation into phlogopite to form spinel.

Belley & Groat (2019) noted that the spatial distri-
bution of Co enrichment at the cobalt-blue spinel
occurrences is indicative of highly localised enrich-
ment, with possibly only small-scale (<1 m) diffusion
occurring during metamorphism. Cobalt and Ni are
expected to have been enriched in the original sediment
or during diagenesis (the conversion of sediment to
sedimentary rock) or low-grade metamorphism. Concen-
trations of Co (especially) and Ni are anomalously high
(up to 29 ppm, conservatively twice the expected Co
concentration in a comparable metasediment), while
concentrations of Fe, Mn, V, Cr and Cu are much lower
than expected; this is a chemical signature that possibly,
with the exception of low Fe and Mn, could be caused
by diagenetic processes prior to metamorphism.

Ferrous iron was found to be the most common
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chromophore in Lake Harbour Group spinel (with the
exception of Co-bearing spinel; Belley & Groat 2019).
Too much Fe in spinel leads to overly dark colours.
Pyrrhotite strongly partitions Fe relative to spinel, and
therefore abundant sulphide is expected to improve the
gem quality of spinel by decreasing the amount of Fe
available during its crystallisation (Belley & Groat 2019).

Belley & Groat (2019) suggested that marbles contain-
ing abundant layers of metamorphosed dolomitic marl
(magnesian calc-silicate) offer the best potential for
gem spinel discoveries on southern Baffin Island. Small,
sometimes localised variations in whole-rock Al/Si and
K/Al ratios can correspond to the occurrence of spinel.

RUBY AND PINK SAPPHIRE IN
BRITISH COLUMBIA

Bradley S. Wilson discovered a calcite marble-hosted gem
corundum locality north-west of Revelstoke in British
Columbia in 2002 (Figure 14). Several sapphires and
rubies from this locality have been faceted, although
the largest is under 0.5 ct.

The geology of the property is described by Dzikowski
et al. (2014). The corundum occurs in thin, folded and
stretched layers with green muscovite + Ba-bearing
K-feldspar + anorthite + phlogopite + scapolite. Predomi-
nantly pink (locally red or purple) opaque-to-transparent
corundum crystals contain elevated Cr,0; (up to 0.21
wt. %), variable amounts of TiO, and low Fe,0; (generally
<0.07 wt.%). The associated micas have elevated Cr, V, Ti
and Ba contents. Petrography of the silicate layers showed
that corundum formed from muscovite at the peak of
metamorphism (~650-700°C and 8.5-9 kbar). The
corundum was preserved because, occurring in an almost
pure calcite marble, it did not react with dolomite to

Figure 13: (a) This outcrop at the Qila locality on Baffin Island contains Co-bearing spinel with white carbonate in calc-silicate
rock. Photo by L. A. Groat. (b) These Co-bearing spinel gemstones were faceted from Qila material; the largest weighs 0.16 ct.

Stones courtesy of Bradley S. Wilson; photo by Tom Fa/Panotora.
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Figure 14: (a) The Revelstoke occurrence in British Columbia is the source of this pink sapphire (2.1 cm long) in marble. (b) The
0.20 ct pink sapphire shown here was faceted from Revelstoke material. Specimens courtesy of Bradley S. Wilson; photos by
Michael J. Bainbridge.

form spinel + calcite during decompression. Gem-quality
corundum crystals formed especially on the borders of
the mica-feldspar layers in an assemblage with calcite.

Whole-rock geochemical data show that the corun-
dum-bearing silicate (mica-feldspar) layers formed by
mechanical mixing of carbonate with the host gneiss
protolith. High element mobility is supported by the
homogenisation of oxygen- and carbon-isotope values
in carbonates and silicates within the marble and silicate
layers. The silicate layers and the gneiss contain elevated
contents of Cr and V due to a volcanoclastic component
of their protolith (Dzikowski et al. 2014).

There is potential for placer gem corundum in this
area, but it has not yet been evaluated. This discovery
and reports of sapphire in HMCs from British Columbia,
Yukon and Northwest Territories (Falck et al. 2015)
suggest the potential for additional gem corundum occur-
rences as both primary and secondary (placer) deposits.

CONCLUSION AND FUTURE
EXPLORATION

In addition to the emerald, sapphire and spinel occur-
rences mentioned in this article, several other gem
localities are known in Canada, including amethyst,
aquamarine, garnet, iolite, peridot, scapolite, topaz,
tourmaline and zircon (see, e.g., Wilson 2014 and Figure
15), and large areas remain to be explored. How do
we increase the odds of discovering new gem deposits
in large, thinly populated countries such as Canada?
A first step is to use geological and geochemical data
to define prospective areas. These areas can then be
evaluated by experienced prospectors, such as those
individuals celebrated as ‘Prospector of the Year’ by the

Prospectors & Developers Association of Canada and the
Yukon Prospectors Association. Prospecting is a skill that
requires concentration, and for that reason experienced
practitioners often work alone and do short traverses
(e.g. prospectors working in Yukon will often cover only
7 km per day). They also know that it is important to look
where others haven’t, for example, in talus rather than
on ridge tops (see Bill Wegzynowski’s discovery of Tsa
da Glisza above), and to look for unusual features such
as rusty areas around quartz veins (cf. Tsa da Glisza).

A significant number of exploration companies in
Canada have been using drones to map claims, among
other applications. The author’s students Philip Belley
and Donald Lake have employed a drone to explore for
peridot in British Columbia. The peridot crystals occur
in mantle xenoliths entrained in basaltic lava flows, and
the drone was used to rule out unproductive sites by air,
accomplishing an estimated two weeks of work in just
three days. The drone weighs less than 1 kg and does
not require any special licencing.

In the future, the author and his team intend to follow
up on the ~80 emerald targets from the 2003-2004 explora-
tion programme, and also to explore the areas highlighted
for emerald by Lake (2017), as time, funding and logistics
(in particular, the availability of helicopters proximal to the
areas of interest) become available. The team also intends
to look for sapphires by mapping and exploring the entire
Lake Harbour Group on Baffin Island, especially the area
contiguous to the thrust fault separating the Lake Harbour
Group and Narsajuaq terranes. Given the lack of roads
and high cost of helicopters, access to this area might be
best accomplished from the sea; the team envisages using
a converted fishing boat with drones (perhaps carrying
imaging sensors) and all-terrain vehicles (perhaps towing
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trailers with imaging sensors and geophysical equipment).
It has been suggested that customised filtered glasses
would allow us to see scapolite UV fluorescence in
daylight (S. Gumpesberger, pers. comm. 2018). Although
the team’s focus will be on gem materials, it is likely
that such an exploration programme would discover
occurrences of other commodities, as happened with the
emerald exploration programme in 2003-2004.

Other areas that face similar exploration challenges
as Canada include Russia and Alaska (USA). Developing
successful coloured-stone exploration programmes in
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An Update on Mineral
Inclusions and Their
Composition in Ruby from
the Bo Rai Gem Field in Trat
Province, Eastern Thailand

Supparat Promwongnan and Chakkaphan Sutthirat

The Bo Rai alluvial gem field in Trat Province, eastern Thailand, was a major mining
site for Thai ruby during the early 1980s, and this material continues to circulate in the gem market
worldwide. For this study, approximately 1,000 Bo Rai ruby samples were examined and pre-screened
for mineral inclusions. The rough stones usually formed platy, waterworn, tabular crystals with etched
or resorbed surfaces. UV-Vis-NIR spectroscopy indicated a relatively high Fe content, which was
confirmed by trace-element analysis. Solid inclusions typically consisted of Al-rich pyroxene, plagio-
clase and pyrope with subordinate sillimanite and spinel (both of which are reported here for the
first time), as well as sulphides and silicate melt inclusions. The inclusion assemblage of pyroxene,
plagioclase, pyrope and spinel closely resembles the mineralogy of mafic granulite xenoliths in alkali
basalt associated with the Bo Rai gem field, which supports ruby formation in mafic granulite prior
to being transported to the earth’s surface via basaltic eruptions.
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or decades, Thai ruby has been well known for

its attractive purplish red colour, which can be

heat treated to deep red (Figure 1). The stones

typically occur in alluvial deposits associated
with Cenozoic intraplate basalts (Vichit 1992; Sutthirat
et al. 1994). During the early 1980s (Keller 1982), the Bo
Rai gem field—Ilocated in Trat Province, eastern Thailand,
close to Cambodia—was the main source of Thai ruby,
and associated minerals in the alluvium include garnet,
magnetite, pyroxene and ilmenite (Vichit et al. 1978;
Vichit 1992). Some other significant mining areas for
Thai rubies include Na Wong and Nong Bon in Trat
Province and Pong Nam Ron and Bo Welu in Chanth-
aburi Province. In addition, minor Thai ruby occurrences
are known in Ubon Ratchathani and Si Sa Ket Provinces
in the north-eastern part of the country (Vichit 1992;
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Pattamalai 2015). Although there is currently very little
production of Thai ruby, the material continues to
circulate in the global gem market.

Several authors have previously described the
properties of Thai ruby (e.g. Glibelin 1971; Intasopa et
al. 1999; Saminpanya et al. 2003; Saminpanya & Suther-
land 2011; Sangsawong et al. 2017). Moreover, various
types of mineral inclusions in Thai corundum (both
ruby and sapphire) have been investigated (Giibelin
1940). Optical microscopy, Raman spectroscopy and
powder X-ray diffraction have been used to identify
the mineral inclusions in Thai corundum (e.g. Giibelin
& Koivula 1986; Koivula & Fryer 1987; Intasopa et al.
1999; Hughes 2017; Saeseaw et al. 2017; Sangsawong
et al. 2017), whereas the chemical composition of these
minerals has been investigated using electron probe
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Figure 1: This collection shows the deep
red appearance of high-quality Thai
rubies (here, 0.87-2.86 ct). They have
been heat treated to improve their
colour. Stones courtesy of Thai Lapidary
International Co. Ltd; photo by

S. Promwongnan.

-

‘N

micro-analysis (EPMA; e.g. Giibelin 1971; Guo et al
1994; Sutherland et al. 1998a; Sutthirat et al. 2001;
Khamloet et al. 2014), proton microprobe analysis (Guo
et al. 1994) and scanning electron microscopy with
energy-dispersive X-ray spectroscopy (Saminpanya &
Sutherland 2011).

Sutherland et al. (1998b) separated the mineral inclu-
sions in basaltic-type gem corundum into two groups:
metamorphic origin (e.g. Mg-rich spinel, sapphirine,
‘fassaite’ [pyroxene with a low Fe content] and garnet)
and magmatic origin (e.g. plagioclase, zircon, Fe-Ti
oxides, Nb-Ta oxides, U-Th oxides and rare-earth
phosphates). Typical inclusions in Thai rubies have been
reported by various researchers as pyrrhotite, apatite,
garnet, diopside, sapphirine and plagioclase (Giibelin
1971; Intasopa et al. 1999; Sutthirat et al. 2001; Samin-
panya & Sutherland 2011), and some of these authors

also suggested that Thai ruby possibly crystallised
from high-grade metamorphosed mafic rocks. Recently,
Sutthirat et al. (2018) documented ruby-bearing mafic
granulite xenoliths from the Bo Rai deposit, which
provide the most significant direct evidence for the
primary metamorphic formation of Thai ruby.

In this study, approximately 1,000 unheated Bo Rai
rubies were pre-screened to select samples for examina-
tion of mineral inclusions. (These included some purple
sapphires, although the sample collection is here classi-
fied as ‘ruby’ since during heat treatment the purple
stones are usually transformed into the colour range of
ruby.) Our examination of the inclusions particularly
focused on mineral chemistry, which is the primary aim
of this project. In addition, the samples’ gemmological
properties, optical and spectroscopic characteristics and
trace-element compositions were investigated.
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MATERIALS AND METHODS

Using a gemmological microscope, we selected 88
samples (containing 141 mineral inclusions) for exami-
nation from the approximately 1,000 unheated rough Bo
Rai rubies. The samples were carefully cut and polished
with a Facetron faceting machine to expose their mineral
inclusions at the surface for analysis. After polishing,
they ranged from 0.006 to 0.17 g.

Standard gemmological properties (i.e. colour,
diaphaneity, RIs and fluorescence reactions to long-
and short-wave UV radiation) were recorded for all 88
samples. (Specific gravity was not measured due to their
small size.) Internal and external features were observed
with a gemmological microscope, and an attached
Canon EOS 7D camera was used for photomicrography.

Mid-infrared spectra (4000-400 cm~!) were obtained
in transmittance mode for all 88 samples (resolution of
4.0 cm™! and 128 scans) using a Thermo-Nicolet 6700
Fourier-transform infrared (FTIR) spectrometer. Ultravio-
let-visible-near infrared (UV-Vis-NIR) absorption spectra
were obtained for all samples using a PerkinElmer
Lambda 950 spectrophotometer in the range 250-
800 nm with a 3.0 nm sampling interval and 441 nm/
minute scan speed. Good-quality trace-element analyses
were obtained for 78 of the samples by energy-disper-
sive X-ray fluorescence (EDXRF) spectroscopy with an
Eagle III system; semi-quantitative results for Al, Cr,
Fe, Ti, V and Ga were subsequently normalised and
reported as oxides. Preliminary identification of the
mineral inclusions in all samples was performed with
a Renishaw inVia Raman microspectroscopy system
utilising 532 nm excitation from an Nd:YAG laser. The

magnification of the objective lens was 50x. All of the
analyses mentioned above were done at the Gem Testing
Laboratory of the Gem and Jewelry Institute of Thailand
(Public Organization) in Bangkok.

Mineral inclusions in 41 of the rubies were selected
for major- and minor-element analysis by EPMA. The
samples were mounted in epoxy resin and polished prior
to carbon coating and analysis with a JEOL JXA-8100
instrument based at the Geology Department, Faculty of
Science, Chulalongkorn University, Bangkok. Operating
conditions included an accelerating voltage of 15.0 kV
and a sample current of ~25.0 nA, with a focused beam
of <1 pm in diameter. Measurement times for each
element were set at 30 seconds for peak counts and 10
seconds for background counts. The analytical results
were then subjected to automated ZAF correction and
reported as weight percent oxides. The ferrous and ferric
iron contents of some minerals (e.g. pyroxene, garnet
and spinel) were calculated using the methodology of
Droop (1987).

RESULTS

Gemmological Properties

The samples typically formed platy waterworn crystals
that were semi-transparent to transparent. Their colour-
ation (see, e.g., Figure 2) can be summarised as follows:
moderate to slightly purplish red (pR, ~2% of the collec-
tion), purple-red to red-purple (PR-RP, ~79%), reddish
purple (P, ~17%) and purple (P, ~2%). They had RIs
of 1.760-1.771 and birefringence values of 0.008-0.010.
They showed inert-to-moderate red fluorescence to
long-wave UV radiation and were inert to short-wave UV.

b -

Figure 2: Representative rough pieces of Bo Rai gem corundum show a range of colour: (@) moderate to slightly purplish red to
red-purple, and (b) reddish purple to purple. Most of the samples have been polished on both sides to expose mineral inclusions

on their surfaces. Photos by S. Promwongnan.
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Figure 3: These photomicrographs show etched and dissolved features on the surfaces of two rough rubies from Bo Rai.
Photomicrographs by S. Promwongnan in reflected light.

Before being polished into plates for inclusion examina-
tion, some of the samples presented etched or dissolved
surfaces (Figure 3).

Spectroscopic Features

The FTIR spectra of the rubies showed similar patterns
for all the samples, including bands at approximately
2363 and 2342 cm™! due to CO,, and at 2924 and
2852 cm! due to C-H stretching (Figure 4; cf. Beran
& Rossman 2006). Some samples (e.g. Figure 4, red
spectrum) also presented a shoulder at about 3170 cm™!
and a series of sharp bands at 3697, 3669, 3652 and
3620 cm™ that relate to the hydrous component of a

FTIR Spectra

kaolinite-group mineral (cf. Beran & Rossman 20006;
Schwarz et al. 2008).

UV-Vis-NIR spectra showed an absorption at ~330
nm related to high Fe content (Figure 5, blue spectrum),
and in some samples this absorption was so strong that
the spectra presented a cut-off in this region (Figure 5,
red spectrum). Most of the pR and PR-RP samples
showed distinct Cr-related absorption features at
around 410, 560 and 694 nm (Figure 5, blue spectrum),
consistent with their dominantly red colour. However,
those samples falling in the rP to P colour range clearly
showed intense Fe-related absorptions at 387 and 450 nm
(Figure 5, red spectrum).

Figure 4: Representative
mid-IR spectra of two
purple-red to red-purple

ruby samples from

Bo Rai reveal bands at
approximately 2363 and
2342 cm™ due to CO,, and
at 2924 and 2852 cm' due
to C-H stretching. Sharp
features at 3697, 3669,
3652 and 3620 cm in the
lower spectrum are due to
O-H stretching related to
a kaolinite phase.
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EDXRF Analyses

Semi-quantitative chemical analyses of the Bo Rai
samples varied within fairly narrow ranges (e.g. Table I).
Overall, Fe and Ti concentrations ranged from ~0.35 to
1.26 wt. % Fe,0; and 0.01 to 0.67 wt. % TiO,, respectively.
Chromium contents fell within the range of 0.06-0.92
wt. % Cr,0;. Overall, the rP to P samples contained less
Cr than those falling into the pR to PR-RP colour range.
About 20% of the samples yielded V contents below the
detection limit, and the highest value was only ~0.04
wt.% V,0;. Gallium was below the detection limit in
some samples, while the greatest amount measured was
~0.03 wt.% Ga,0s.

UV-Vis-NIR Spectra

Internal Features

Apart from the mineral inclusions described below, a
variety of internal features could be seen in our samples
with the microscope. The most typical characteristics
were minute crystals (too small to be reliably identi-
fied by Raman or microprobe analysis) surrounded by
equatorial thin films (Figure 6a). Also present were
parallel twin planes, needle-like inclusions (Figure
6b) and partially healed fractures (‘fingerprints’). In
addition, some samples hosted inclusions containing
multiple fluid/gas phases (Figure 7a) or two-phase
assemblages consisting of a solidified silicate melt
and a gas phase (possibly CO,; Figure 7b). The latter

Figure 5: These representative
UV-Vis-NIR absorption spectra
of Bo Rai gem corundum

Cr*

Absorbance ——»

w ——— 9TRA024 (PR-RP)
410

—— 9TRA202 (P)

(taken of the ordinary ray)
display features due to Cr

and Fe. A red-purple ruby
sample reveals an Fe3*-related
absorption feature at ~330 nm
and Cr3*-dominated peaks at
410, 560 and 694 nm causing
the red colour. A purple
sample reveals obvious Fe3*-
related peaks with a cut-off

at ~330 nm and a peak at 387
nm. The path lengths of the
beam through the samples
were 0.74 mm (9TRA024) and
1.20 mm (9TRA202).

T T T
300 400 500 600

Wavelength (nm)

T
700 800

Table I: Representative semi-quantitative EDXRF analyses of the Bo Rai ruby sample set.

Colour range Purple-red to red-purple

Reddish purple to purple

Sample no. 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA
075 045 208 212 124 078 219 217 137 156 228 029 155
V,05 0.01 nd* 0.01 0.01 0.01 nd 0.01 nd 0.04 0.01 0.01 nd 0.01
TiO, 0.44 017 0.04 0.06 0.08 0.67 0.04 0.05 0.07 0.08 0.02 0.02 0.08
Al,Oz 98.16 98.49 99.13 99.09 98.75 97.83 99.07 98.91 98.54 98.95 99.29 99.44 98.83
Cr,04 0.50 0.48 0.27 0.26 0.35 0.45 0.24 0.26 0.31 0.18 0.08 0.06 0.12
Ga,03 nd 0.02 0.01 0.01 0.02 nd nd 0.01 0.02 nd 0.01 0.01 0.01
Fe,05 0.89 0.84 0.55 0.57 0.79 1.05 0.64 0.77 1.03 0.78 0.60 0.46 0.95
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

*Abbreviation: nd = not detected.
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commonly formed rounded shapes, and EPMA analyses
of the melt inclusions showed major Si, Al and Ca, with
minor Fe, Mg, Na and K.

Pyroxene was the most common mineral inclusion
identified in this study, with 122 of these crystals observed
in 71 of the 88 samples of Bo Rai ruby. It usually formed

rounded crystals with ellipsoidal or columnar shapes
(Figure 8). Most were colourless, but some appeared
light brown (Figure 8c). Their chemical composition
characterised them as Al-rich pyroxene, close to diopside
composition (see Table II and Figure 9; cf. Clark &
Papike 1968).

Figure 6: Internal features observed in the Bo Rai ruby samples include: (@) equatorial thin films surrounding minute crystals and
(b) needle-like inclusions. Photomicrographs by S. Promwongnan; darkfield illumination with fibre-optic light.

Figure 7: (a) These inclusions in a Bo Rai ruby appear to contain multiple fluid/gas phases. (b) Silicate melt inclusions in the
rubies were associated with a gas phase (likely CO,). Photomicrographs by S. Promwongnan; (a) darkfield illumination and (b)

brightfield illumination with fibre-optic light.

Figure 8: Pyroxene is a common mineral inclusion in Bo Rai ruby and typically forms (a) ellipsoidal or (b) columnar shapes. Most
are colourless, but some are light brown (c¢). Photomicrographs by S. Promwongnan; brightfield illumination with fibre-optic light.

THE JOURNAL OF GEMMOLOGY, 36(7), 2019 639



FEATURE ARTICLE

Table II: Representative EPMA analyses of pyroxene
inclusions in the Bo Rai ruby sample set.

Sample 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA
no. 016-1 023-1 118-2 1241 036-1 156-1
Oxide (wt.%)

SiO, 46.51 4710 46.85 46.16 46.55 | 47.56
TiO, 0.14 0.04 0.03 0.08 on 0.60
Al,O4 14.68 14.69 14.50 15.81 13.88 14.15
Cr,04 0.14 0.08 0.04 0.13 0.04 0.07
FeOyq 225 | 225 | 339 | 279 | 267 351
MnO nd* 0.04 0.08 0.02 0.01 0.05
MgO N.93 1.65 1.97 1.10 13.32 1.01
Ca0 22.09 21.76 20.98 | 2224 21.34 21.47
Na,O 1.02 120 144 0.87 0.97 1.4
K,0 0.01 0.01 0.01 0.02 0.01 nd
Total 98.76 98.81 99.29 99.21 98.89 99.81
Si 1.705 1722 1.713 1.687 1.706 1731
Ti 0.004 | 0.001 | 0.001 | 0.002 | 0.003 | 0.016
Al 0.634 | 0633 | 0625 | 0681 | 0599 | 0.607
Cr 0.004 | 0.002 | 0.001 | 0.004 | 0.001 | 0.002
Fest 0.025 | 0.005 | 0.071 | 0.000 | 0.077 | 0.000
Fe?* 0.044 | 0.063 | 0.032 | 0.085 | 0.005 | 0.107
Mn nd 0.001 | 0.002 [ 0.001 | 0.000 | 0.002
Mg 0.652 | 0.635 | 0.653 | 0.605 | 0.727 | 0597
Ca 0.868 | 0.853 | 0.822 0.871 0.838 | 0.837
Na 0.073 | 0.085 | 0102 | 0.062 | 0.069 | 0.099
K 0.000 | 0.001 | 0.000 | 0.001 | 0.001 nd
Total 4008 | 4002 | 4024 | 3999 | 4026 | 3.998
% Ca 5550 | 55.00 | 5455 | 5580 | 53.38 | 54.32
% Mg 41.69 4094 | 4333 38.76 46.31 38.74
% Fe 2.81 4.06 212 545 0.32 6.94
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

*Abbreviation: nd = not detected.

Wollastonite
Ca,5i,0,

Wollastonite

T
/ Diopside

Diopside
CaMgSi,0,

Hedenbergite \

Hedenbergite
CaFe®5i,0,

Figure 9: A compositional plot of Al-rich pyroxene inclusions
analysed in the Bo Rai rubies shows them to be close to
diopside composition. The apparent shift from diopside is
caused by substitution from the Ca-Tschermak's component
(CaAlLSiOg), which is not taken into account by this diagram.
(diagram after Morimoto et al. 1988).

Garnet commonly formed subhedral crystals that
appeared either colourless or pale purplish red (Figure
10a). The garnet inclusion in one sample (9TRA053)
was oriented along the trigonal structure of the host
ruby (Figure 10b). The dominant composition of the
garnet inclusions was pyrope, and most had very low
Cr contents (see Table III). This is similar to the compo-
sition of garnet inclusions reported previously in Thai
ruby (Sutthirat et al. 2001; Saminpanya & Sutherland
2011). One elongated garnet inclusion associated with
black crystals (probably a sulphide; Figure 10c) in
sample 9TRA029 contained higher Fe and slightly lower
Mg than most of the garnets analysed in our samples.

Feldspar inclusions were observed in four of the
samples. They usually formed rounded to ellipsoidal grains
(Figure 11) with chemical compositions that indicate
plagioclase (i.e. bytownite: Aby;_;5Angs 901y ,-0,). One

Figure 10: Garnet inclusions in Bo Rai ruby consist of low-Cr pyrope that usually form (a) colourless to pale purplish red
crystals. (b) In one sample, a garnet inclusion clearly reflects the trigonal structure of the host ruby. (¢) Another ruby sample
hosts a garnet inclusion that was shown to contain relatively higher Fe and lower Mg, together with minute black crystals
(likely a sulphide). Photomicrographs by S. Promwongnan; brightfield illumination with fibre-optic light.
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Table llI: Representative EPMA analyses of garnet, sillimanite and spinel inclusions in the Bo Rai ruby sample set.

Mineral Garnet (pyrope) Sillimanite Spinel
Sample no. 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA 9TRA
049-1 053-1 053-2 206-3 215-1 218-1 029-1 169-1 024-1 024-2
Oxide (wWt.%)
SiO, 41.77 42.56 4194 41.88 42.07 41.43 41.45 36.60 36.49 0.09
TiO, 0.02 0.01 0.03 0.01 0.05 0.02 0.05 nd* nd nd
AlLOs 23.01 23.30 23.32 22.65 23.39 2412 23.09 62.42 62.24 67.59
Cr,0z 0.18 0.06 0.10 0.05 0.09 0.10 0.02 0.02 0.21 1.41
FeOiot 6.55 7.09 7.05 7.21 9.27 6.29 1.29 0.39 0.73 8.12
MnO 0.20 0.22 0.16 0.20 0.19 0.12 0.23 nd 0.01 0.03
MgO 18.33 17.97 18.27 17.21 15.69 18.71 15.65 0.07 0.12 22.59
Cao 8.78 8.48 €35 9.43 9.33 9.90 8.58 0.27 0.16 nd
K,0O nd nd nd nd nd nd 0.01 0.18 0.08 0.01
Na,O 0.02 0.02 0.02 nd nd nd nd 0.03 0.03 0.01
Total 98.85 99.70 99.73 100.69 100.07 99.73 100.36 99.98 100.07 99.85
Formula per 12(0) per 20(0) per 4(0)
Si 3.004 3.033 3.005 3.030 3.023 2933 2.997 3.969 3.960 0.002
Ti 0.001 0.001 0.002 0.001 0.003 0.001 0.003 nd nd nd
Al 1.950 1.957 1.969 1932 1.981 2.012 1.967 7.977 7.960 1.969
Cr 0.010 0.004 0.006 0.003 0.005 0.006 0.001 0.002 0.018 0.028
Fes* 0.048 0.000 0.023 0.005 0.000 0.169 0.051 0.035 0.066 0.000
Fe2 0.346 0.422 0.399 0.432 0.557 0.203 0.631 = = 0.168
Mn 0.012 0.013 0.010 0.012 0.012 0.007 0.014 nd 0.001 0.001
Mg 1.965 1.908 1.951 1.856 1.681 1974 1.687 0.0n 0.019 0.832
Ca 0.677 0.647 0.641 0.731 0.718 0.751 0.665 0.031 0.019 nd
K nd nd nd nd nd nd 0.001 0.025 0.0n 0.000
Na 0.003 0.002 0.003 nd nd nd nd 0.006 0.006 0.000
Total 8.016 7.987 8.008 8.002 7.981 8.057 8.017 12.05 12.060 3.000

*Abbreviation: nd = not detected.

inclusion of andesine (Abs,An;3Or,) was also found in
sample 9TRA031 (see Table IV and Figure 12).

Sillimanite was hosted by a fluid inclusion in sample
9TRA169 (Figure 13a). Moreover, a composite silliman-
ite-spinel inclusion was observed in sample 9TRA024
(Figure 13b), and it could be clearly differentiated using
backscattered-electron imaging (Figure 13c). This is the
first report of both sillimanite and spinel inclusions in
Thai ruby. The sillimanite contained traces of Fe and
Mg, and the spinel also contained some Fe: (Mg ¢;Fe; 17)
Al O, (again, see Table III).

Sulphide inclusions formed metallic opaque black
crystals with rounded or sub-hexagonal shapes (Figure
Figure 11: Plagioclase forms rounded to ellipsoidal grains 14). They were mostly present as. tiny .rounded grains that
in Bo Rai ruby. Photomicrograph by S. Promwongnan:; were each surrounded by a tension disc. EPMA analyses
brightfield illumination with fibre-optic light. of the sulphides usually showed low total compositions,

50 ym
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Table_ Iv: Representatiye EPMA analyses of plagioclase Orthoclase
inclusions in the Bo Rai ruby sample set. and Microcline
KAISIi,O,
zgf"p'e 9TRAO17-1 9TRAO31-1 9TRAI71-8 9TRA219-2 or
Mineral Bytownite Andesine Bytownite Bytownite )
® Reddish purple samples
Oxide (wt.%) @ Red-purple samples
SiO, 47.20 5817 45.34 46.31
TiO, nd* 0.08 0.01 nd
Al,O4 33.36 24.72 33.87 34.47
Cao 17.52 7.52 1813 17.02
FeO 013 0.46 0.42 022 Miscibiity gap
MnO nd 0.02 0.03 nd
MgO 0.01 0.64 nd 0.07
K50 0.02 1.05 0.02 0.03
Na,O 1.68 6.02 148 114 Auvite/ Oligoclase [ AndSsine I Labtadorile\ Bmwnilem
Total 99.92 98.68 99.30 99.26 Ab 0-10An% 10-30An%  30-50An%  S0-TOAn%  70-80 An% 90-100 Ancs AN
Si 2171 2.643 2.m 2139
Ti nd 0003 0.000 el Figure 12: This ternary diagram shows that the feldspar
A 1808 204 1858 1876 Lr;ilgz(zg;tlgv(v);rtfgnff;izrenspi)rl]zs;'fal\ within the plagioclase
Ca 0.863 0.366 0.905 0.842
Fe 0.005 0.017 0.016 0.008
Mn nd 0.001 0.001 nd
Mg 0.001 0.043 nd 0.005
K 0.001 0.061 0.001 0.002
Na 0.149 0.530 0134 0.102
Total 4.998 4,988 5.026 4974
Ca 8515 38.27 87.02 89.02
Na 14.73 55.40 12.87 10.79
K 0.12 6.34 on 0.19

*Abbreviation: nd = not detected.

and apart from Fe and S, Ni and Cu were present as
major and minor components in some samples (Table V).
The sulphide inclusion in ruby Sample 9TRA231 y1e1ded Figure 14: The sulphide inclusions in Bo Rai rubies typically

s . form rounded to sub-hexagonal opaque grains that appear
the composition of pyrrhotite (Fe;Sy). Others were closer black, although they may show metallic reflections (causing

to compositions of pentlandite ([Fe,NiloSs; sample  tne greenish grey appearance seen here). Photomicrograph by
9TRAO05S) or digenite (Cu,Ss; sample 9TRA160). S. Promwongnan; darkfield illumination with fibre-optic light.

Sillimanite

Sillimanite /

Spinel

Figure 13: (a) The colourless crystal seen here in a Bo Rai ruby, identified as sillimanite, is hosted by a fluid inclusion and itself
contains a rounded area of red material. (b) Sillimanite also forms part of a subhedral composite inclusion along with spinel.
(c) The sillimanite and spinel components of the composite inclusion are clearly visible with the use of backscattered-electron
imaging. Photomicrographs by S. Promwongnan; brightfield illumination with fibre-optic light (a, b).
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Table V: Representative EPMA analyses of sulphide inclusions in the Bo Rai ruby sample set.

Sample no. 9TRA214-1 9TRA160-1 9TRA176-1 9TRA208-1 9TRAO055-1 9TRA231-1 9TRA202-1
Al 0.09 0.04 0.06 0.05 0.04 0.1 0.03
S 18.71 19.35 14.93 2212 27.72 25.34 26.49
Ti 0.29 nd* 0.04 0.21 0.37 0.18 0.3
Fe 9.39 9.19 9.21 2161 34.68 42.42 31.21
Ni 0.06 0.06 459 014 22.63 4.58 11.67
Co nd na* nd nd na na nd
Cu 6217 64.39 51.69 42.88 0.03 1.05 18.32
Zn nd na nd nd na na nd
As nd na nd nd na na nd
Mo 0.23 0.39 0.43 0.44 0.42 0.44 0.45
In 0.01 nd nd 0.05 nd nd nd
Sn nd na nd nd na na nd
Ba 0.28 0.35 0.27 0.22 nd nd 0.1
Pt nd nd nd nd 0.02 0.14 0.04
Pb nd nd nd nd nd nd nd
Total 91.24 93.78 81.22 87.71 85.90 74.25 88.63

*Abbreviations: na = not analysed, nd = not detected.

DISCUSSION

The etched patterns on the surfaces of some samples
of Bo Rai ruby were apparently caused by chemical
resorption in the magma. Such features are also typically
observed on corundum from basaltic terranes elsewhere
(Coenraads 1992).

Spectroscopic features within the mid-IR range showed
the presence of a kaolinite-group mineral in these untreated
rubies, which has been documented previously in basal-
tic-related corundum (e.g. in sapphires from southern
Vietnam: Smith et al. 1995). This hydrous phase appears
to form in corundum as a secondary product (Smith et
al. 1995; Beran & Rossman 2006; Schwarz et al. 2008)
and may be used as an indicator of an unheated stone.

UV-Vis-NIR spectra of the rP to P samples commonly
showed iron- and chromium-related absorption features,
consistent with their chemical compositions, in particular
an Fe,0;:Cr,0; ratio that was usually >3.

The most common mineral inclusion observed in our
samples from Bo Rai was Al-rich pyroxene, which had
compositions similar to those of pyroxenes associated
with alluvial rubies from Bo Rai and Pailin (Suther-
land et al. 1998b; Sutthirat et al. 2001), as well as those
found in ruby-bearing mafic granulite xenoliths in alkali
basalt from Bo Rai (Sutthirat et al. 2018). The pyroxene
inclusions analysed in this study were also similar to
ruby-bearing mafic xenocrysts embedded in alkali basalt
from the Nong Bon gem field (Sutthirat et al. 2001),
located about 20 km west of Bo Rai.

The Cr-poor pyrope inclusions in Bo Rai ruby
have compositions that are similar to those of garnet
xenocrysts embedded in Nong Bon basalt and to garnet
in mafic xenoliths from Bo Welu (located ~30 km north-
west of Bo Rai), which were documented by Sutthirat
et al. (2001) and Saminpanya & Sutherland (2011),
respectively. Plagioclase was reported previously as an
inclusion in Thai ruby by Giibelin (1971), although the
compositions of such inclusions were not documented
until now. The spinel inclusions analysed in this study
contained greater Mg than that of a pleonastic spinel
inclusion found in ruby from western Pailin in Cambodia
(Sutherland et al. 1998b). The varying composition of
the sulphide inclusions in Bo Rai rubies may reflect
locally heterogeneous formational environments.
Glibelin (1971) documented chalcopyrite (CuFeS,) in
Thai rubies, and additional sulphide minerals have been
reported by other researchers.

Overall, the inclusion assemblage in Bo Rai ruby—
particularly clinopyroxene, garnet, plagioclase and
spinel—closely resembles the minerals composing
ruby-bearing mafic granulite xenoliths (plagioclase +
clinopyroxene + spinel + garnet + corundum) in basalts
surrounding the Bo Rai gem field (Promprated et al.
2003; Sutthirat et al. 2018). The mineral chemistries
of these assemblages are also comparable, indicating
that the alluvial rubies originally crystallised in mafic
granulites prior to being transported to the surface via
basaltic eruptions. Weathering of the basalts resulted in
the accumulation of gem corundum within the alluvial
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deposits. Based on the isotope study of Yui et al. (2006),
mafic metamorphic rock was suggested to be related to
the original formation of Thai ruby. This agrees with
corundum formation in mafic granulites, which are
high-grade metamorphic rocks.

Palke et al. (2018) documented melt inclusions in
reddish violet sapphire from Yogo Gulch, Montana, USA,
and in rubies from Thailand and Cambodia, with similar
compositions of 53.4-60.5% SiO,, 20.6-24.0% Al,O;,
4.9-6.2% CaO and 4.3-5.2% Na,O with negligible Ti,
Mg, Fe and K. These melt compositions were interpreted
together with trace elements and oxygen isotopic analyses
of their corundum hosts. In their genetic model, Palke et
al. (2018) suggested that Thai ruby was associated with
the transformation of anorthosite to garnet pyroxenite
along with a partial melting process. The melt inclusions
found in our Bo Rai ruby samples contained approxi-
mately 48.5-56.5% SiO,, 26.4-31.9% AL,0;, 9.7-11.1%
Ca0, 1.6-2.0% FeO,;, 3.0-3.2% MgO and 0.8-1.4% Na,0,
and therefore have lower Si and Na contents and higher
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FEATURE ARTICLE

Doubling and Differential
Magnification of Images
Seen Through Calcite and
Other Uniaxial Materials

Although the beauty of diamonds is universally admired and much pleasure is derived from the ostentatious display
of them and other precious stones in necklaces and rings, those whose curiosity and desire for understanding is
greater than their love of luxury will, I believe, be no less impressed by a transparent crystalline material which has
recently come to us from Iceland. Its properties are so wonderful and unusual that it is surely one of nature’s most
fascinating creations.—Erasmus Bartholinus (Bartholini 1669), referring to the colourless transparent form of calcite
called Iceland spar; opening sentence translated from the original Latin by H. Killingback

Image doubling can be seen when looking at an object or inscription through a piece
of transparent calcite bounded by plane surfaces. As shown in this article, in uniaxial crystals such
as calcite, the maximum separation angle between the axes of these images is determined not by the
magnitude of either refractive index (RI), nor by the difference between them (the birefringence),
but by the ratio of the highest RI to the lowest RI value, regardless of whether the crystal is optically
positive or negative. Doubling is not seen when the crystal is viewed either along or at right angles
to the optic axis. When the surface of the material is curved rather than planar (thus forming a lens),
two images can be seen even when the crystal is viewed at right angles to the optic axis. This effect
is not due to ray separation but is ascribed to the different magnifying powers resulting from the
two RIs. The author therefore recommends that the term doubling be reserved for the effect of ray
separation, while the phenomenon associated with surface curvature should be called differential
magnification. When the curved surface is viewed in directions oblique to the optic axis, the effects
of both ray separation and differential magnification can be seen.

The Journal of Gemumology, 36(7), 2019, pp. 646-654, http://doi.org/10.15506/J0G.2019.36.7.646
© 2019 Gem-A (The Gemmological Association of Great Britain)

alcite is the crystalline form of calcium

carbonate and, when pure, is commonly

colourless and transparent. (The soft, porous

form of calcium carbonate is chalk.) Calcite

crystals readily cleave on three planes, forming rhombic

parallelepipeds (i.e. rhombohedrons or rhombs; Figure

1). These have six faces, all of parallelogram shape, with
opposite faces being parallel.

Calcite is uniaxial and doubly refractive (i.e. it has

two RI values). The value of the RI for the ordinary ray

THE JOURNAL OF GEMMOLOGY, 36(7), 2019

is constant at 1.658, but the RI for the extraordinary
ray decreases from 1.658 along the optic axis to 1.486
at right angles to the optic axis, so calcite is described
as optically negative.

This article examines the images that can be seen
when looking through a piece of transparent calcite at
an object or an inscription below it. The refraction of
the ordinary ray obeys Snell’s Law, with the RI value
being equal to the sine of the angle of incidence of a light
ray into the crystal, divided by the sine of the angle of
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IMAGES SEEN THROUGH CALCITE

refraction within it. Different rules apply to the extraor-
dinary ray. It and the ordinary ray take separate paths
except when the crystal is viewed along or at right angles
to the optic axis, when there is no separation of the rays.

MATERIALS AND METHODS

This study employed observations of five samples of
transparent calcite: (1) a rhomb in the author’s collec-
tion measuring 26 x 50 x 76 mm; (2) a polished block
measuring 35 x 29 x 32 mm, loaned by Marcus McCallum
(Hatton Garden, London), that was cut with opposite
polished plane faces oriented parallel to the optic axis; (3)
a sphere of 40 mm in diameter in the collection of Cornell
University, Ithaca, New York, USA; (4) a sphere of 90 mm in
diameter displayed at the Natural History Museum (NHM)
in London; and (5) a sphere of 31.4 mm in diameter that
McCallum had cut for the author for this study.

Photographs of all but the NHM and Cornell samples
(which were not directly handled by the author) were
taken using a Canon G15 pocket digital camera. The
camera was mounted on a tripod and the timer was
used for releasing the shutter so that any movement
or blur could be eliminated. Focus and exposure were
automatic, while the aperture was set to minimum to
obtain the maximum depth of field. Photographing the
rhomb was challenging because any one face showed
portions of adjacent parallel planes. In addition, the view
through a small sphere is highly sensitive to position
because its surface curvature produces high magnification.
The smallest sphere was kept stationary for photography
by placing it on a slight depression made by punching
a hole through a piece of cardboard that lay under the
paper background. A circle was drawn on the paper to be
viewed through the calcite sphere. The paper was carefully
positioned so that the hole and the circle were concen-
tric. No photographic enhancements were done except
for routine cropping, brightness and clarity adjustments.

A London dichroscope was used to visualise the
orthogonal polarisation of the refracted rays through
the calcite samples.

IMAGES SEEN THROUGH CALCITE

Specimens with Plane Surfaces

The most commonly encountered form of crystalline
calcite is the cleavage rhomb. The separation of rays upon
entering a transparent calcite crystal can be made visible
by the fluorescence caused by the beam of a 405 nm laser
pointer (Killingback 2014). Figure 1 shows the rhomb
sample standing on its smallest face (26 x 50 mm) with

Extraordinary ray

Ordinary ray

Figure 1: Laser-induced fluorescence makes visible the path
of a 405 nm laser beam through a calcite rhomb (26 x 50 x
76 mm). The beam is normal to the top face. The ordinary
ray continues vertically downward, in accordance with Snell’s
Law. The extraordinary ray proceeds separately and does not
obey Snell's Law. Photo by H. Killingback.

a laser aimed vertically downward through the top face.
The camera view is normal to its 50 x 76 mm face.
The ordinary ray continues vertically downward, in
accordance with Snell’s Law. The extraordinary ray is
separated from the ordinary one, illustrating that it does
not conform to Snell’s Law in this orientation of the
crystal relative to the incident beam.

Figure 2a shows the view looking perpendicular to
the 50 x 76 mm face (i.e. through the least thickness of
the rhomb) as it lies on an X mark. Figure 2b shows the
view perpendicular to the 26 x 50 mm face (i.e. through
the greatest thickness of the rhomb). A comparison of
these photographs shows that, as the ray paths lengthen,
the size of the two X’s (and the distance between them)
increases, but within each view both images of the X
are of the same size. Scaling from the photographs, the
separation angle (a) between the two rays is about 5.7°.

Figure 3a shows the view normal to the 26 x 76 mm
face (i.e. through the intermediate thickness of the
rhomb). Figure 3b shows the same view, with a London
dichroscope aligned over the images so that the border
between the two abutting Polaroid sheets (which have
their axes of polarisation at right angles to one another)
lies over the centre of each image. Only half of each X
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Figure 2: The same calcite rhomb lies on an X mark and is viewed (a) through the 50 x 76 mm face, which is the smallest
distance through the specimen, and (b) through the 26 x 50 mm face, showing the greatest distance through the specimen.

Photos by H. Killingback.

image can be seen, showing that the rays forming each
of the images are orthogonally polarised.

The maximum value of the separation angle, a,,.,,
between the largest and smallest RI values (n,,,, and
N,) can be calculated using the following formula
(Sturman & Back 2002):

tan Qpax = (nmax2 - nminz) / 2 x Npax X Dmin

Using Q for the ratio n,.,/ny;, and rearranging, we get:
2 xtan o, =Q—-1/Q

Thus, the maximum separation angle depends only
on the ratio of the refractive indices (Q), not on their
individual values nor on their difference (the birefrin-
gence). This explains why the maximum separation
angle in calcite (a,., = 6.30°) is greater than that in

rutile (a,.x = 5.97°). Although rutile’s RIs are large
(2.616 and 2.903), and their difference is high (birefrin-
gence = 0.287), their ratio Q = 1.110 is a little smaller
than that for calcite, for which the RIs are 1.486 and
1.658 (birefringence = 0.172) and Q = 1.116.

It can be calculated that the greatest separation of the
rays in calcite is seen when the angle between the optic
axis and the normal to the cleavage face being viewed is
about 42° (Sturman & Back 2002). The angle between
the optic axis and the cleavage plane of calcite is just
over 44°. Therefore, looking perpendicularly through
the face of a calcite cleavage rhomb gives almost the
best view of the doubling (Skalwold & Bassett 2015).

Figure 4 shows a plot of a,,,, vs. Q for various materials.
Sodium nitrate, with Q =1.186, is not of interest as a gem
because it is soluble in water, but it has been included to

Figure 3: (a) The same calcite rhomb is seen here with the X mark viewed through the 26 x 76 mm face, showing an
intermediate distance through the specimen. (b) A London dichroscope is orientated so that the junction between its
polarising plates coincides with the centres of the two X images. The images seen through the dichroscope show that
the rays are polarised at a right angle to one another. Photos by H. Killingback.
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Maximum Separation Angle vs. Q
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Figure 4: The maximum ray separation angle for various
crystals is plotted against Q, the ratio of the highest RI to
the lowest Rl value.

show that calcite is far from having the highest value of
Q. The graph is virtually a straight line. A close approx-
imation to this line is provided by the simple equation:

Upmax =56 x (Q - 1)

This equation can be used to provide a quick estimate
of the maximum separation angle for any transparent
uniaxial substance for which the RlIs are known.

';_
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Figure 5: (a) This block of calcite has opposite polished
faces (35 x 29 mm) that are cut parallel to the optic axis
direction. It is viewed here perpendicular to the optic axis
(through a thickness of 32 mm), and this orientation shows
a single image of the circle on which the block stands.

(b) Viewed obliquely, the same calcite block now shows
two images of the circle. Photos by H. Killingback.

Figure 5a shows a block of calcite which has opposite
polished plane faces parallel to the optic axis. The block
is resting on a circle mark, and the view vertically
downward is at a right angle to the optic axis. There is
only one image of the circle. This is in accordance with
Snell’s Law and confirms that only one image can be
seen in this direction. Looking obliquely, as in Figure
Sb, there are two overlapping images.

Specimens with Curved Surfaces

Because calcite cleaves easily, it is difficult to find a large
piece of rough without cracks, let alone to cut a sphere
from one. The author was, therefore, very impressed by a
90 mm diameter optically clean calcite sphere displayed
at the Natural History Museum in London. In fact, it
was this specimen that stimulated his interest in the
behaviour of images seen through calcite. He therefore
asked if the curator could supply a photograph looking
vertically down on the sphere, lying on a 4 mm diameter
circle and orientated so that its optic axis was horizontal.
The result is shown in Figure 6. A second 4 mm circle
is seen to the upper left of the sphere, for comparison.
Through the sphere is seen not one image as in Figure
Sa, but three: two near the centre and another weaker
one near the periphery of the specimen.

At that time, the author was unable to obtain a calcite
sphere for himself to confirm what was seen through
the NHM sphere, so he made the same photo request to
the curator at Cornell University, as he knew there was
a 40 mm diameter calcite sphere in their collection. The
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Figure 6: A calcite sphere (90 mm diameter) resting ona 4 mm
diameter circle viewed perpendicular to the optic axis displays
three concentric images of the circle: two near the centre and
a third located near the periphery of the sphere. Another 4 mm
circle is shown to the upper left of the sphere for comparison.
Image of specimen BM.55140 courtesy of NHM London,

© The Trustees of the Natural History Museum, London.

photo she supplied is shown in Figure 7. Again, three
images of the circle are seen through the calcite.

There is of course an important difference between
the spheres and the specimens with plane surfaces (i.e.
the rhomb and the polished block): the interface between
calcite and air at the top of a sphere is curved, not planar.
This interface is also curved where the sphere stands on
the underlying circle, but as the gap between them is so
small, the magnification is principally due to the convex
lens formed by the top surface of the sphere. Because this
calcite lens has two RIs, it also has two powers of magni-
fication, hence two images of different sizes are seen near
the centre of the sphere. In this view, the larger of these
two circles is produced by the ordinary ray. The smaller
circle is due to the extraordinary ray which, at right angles
to the optic axis, is at its minimum RI (calcite is optically
negative). The axes of the sets of rays forming each image
do indeed coincide and the images are concentric, but
the magnifications are not the same. Using a circle as the
subject being imaged through the sphere allows the viewer
to see the larger image separately from the smaller one
whereas, had an X been used, the smaller image would
merely have reinforced the larger one (see Figure 8).

The ray diagram in Figure 9 was constructed using
the highest and the lowest Rls of calcite. (A detailed
description of the preparation of this diagram is given
in the Appendix.) The lines represent diametrically

Figure 7: A view through a 40 mm diameter calcite sphere
resting on a 4 mm diameter circle looking normal to the optic
axis displays the same effect as seen in the larger sphere in
Figure 6. Photo by Elise A. Skalwold.

opposite rays from the sets forming each circle. The
ordinary rays are shown in green and the extraordinary
rays in red. The diameter of the small circle on which
the sphere rests is indicated by a-a. The rays leaving the
sphere represent those seen by a distant observer, so they
are shown as parallel lines. (In reality, the camera was
relatively close, and the rays toward it were thus conver-
gent, so the description here is only approximate.) The
image formed by the extraordinary ray is represented
by b-b and that due to the ordinary ray is c-c. There is
also a third, weaker, image of the circle, represented by
d-d, near the periphery of the sphere. It is caused by
another refraction path for the ordinary ray, as shown.
Theoretically, there could be a fourth image further out
due to the extraordinary ray, but this is not visible to the
camera because its viewpoint is too close to the sphere,
and therefore the image is ‘over its horizon’.

During the preparation of this article, the author
obtained the 31.4 mm diameter calcite sphere that is

Figure 8: A calcite
sphere (31.4 mm
diameter) has been
positioned over an X
mark and is viewed
here at right angles
to the optic axis. Two
images of different
size overlap, with
the smaller image
reinforcing the larger
one. Photo by

H. Killingback.
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Figure 9: This simplified ray diagram shows a calcite sphere,
with its optic axis horizontal, resting on a small circle (a-a).

The green lines (d and c¢) represent the ordinary rays (Rl = 1.658),

and the red lines (b) are the extraordinary rays (Rl = 1.486). The
diagram demonstrates why we see three concentric images
of the circle when viewed from above through the sphere.

depicted in Figure 10 (viewed at right angles to the optic
axis). The sphere is shown resting on a circle of about
2 mm diameter. Another 2 mm circle is drawn to the
upper left for comparison with the images seen through
the sphere. Three images are visible, as with the other
spheres, but the greater magnification resulting from the
sharper curvature of this smaller sphere draws attention
to the fact that the image due to the extraordinary ray
is elliptical, rather than circular.

IMAGES SEEN THROUGH CALCITE

Figure 10a is taken at right angles to the optic axis, so
the RI for the extraordinary ray is at its minimum, hence
the smaller size of the central image. The shorter axis
of the ellipse image lies in the direction of the optic axis
(lowest RI, least magnification). Rotating the sphere on
this axis does not alter the image seen, apart from the
effects of cracks that come into view. However, if the
calcite sphere is rotated a little, other than on the optic
axis, the effects of differential magnification and of ray
separation can both be seen, as shown in Figure 10b.

When the sphere is raised above the surface on which
the circle is drawn, the curvature of the lower surface
of the sphere has a significant effect because then we
are looking through a double convex lens. Figures 11
and 12 show views when the sphere is supported about
10 mm above a 2 mm diameter circle. Figure 11a shows
the view when looking at right angles to the optic axis
where the extraordinary ray has its lowest RI (1.486).
Figure 11b is the same, with the addition of a London
dichroscope, showing the two circle images are orthog-
onally polarised.

Figure 12 is a view along the optic axis, where the
RIs of the ordinary and extraordinary rays are both the
same (1.658), so there is only one image of the circle.

The ray paths were calculated by means like those
described in the Appendix, extending the analysis to
include refraction at the lower surface of the sphere. The
result is portrayed in Figure 13, which shows that the
larger of the central images is due to the extraordinary
ray—not, as in Figure 9, to the ordinary ray. The calcu-
lated diameter of the image due to the extraordinary ray
is 14.3 mm (i.e. a magnification of just over 7x) and that
due to the ordinary ray is 6.3 mm (about 3x). The ratio
of these diameters is 2.3. In the photo in Figure 11a, the

Figure 10: This 31.4 mm diameter
calcite sphere is shown resting on a
2 mm circle. It is viewed (a) at right
angles to the optic axis, and (b) after
rotating the sphere slightly from
being perpendicular to the optic axis,
causing the extraordinary ray image
j to be offset. Photos by H. Killingback.
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Figure 11: When the sphere is raised above the circle mark, the magnification of the circle images increases because the sphere
acts like a double convex lens. (a) This is shown here for the 31.4 mm diameter calcite sphere, with the optic axis horizontal,
which has been raised about 10 mm above a 2 mm circle. (b) Viewing the images through a London dichroscope confirms that
the refracted rays are orthogonally polarised. Photos by H. Killingback.

ratio of these diameters is 2.6. In view of the acknowl-
edged approximation of the basis for the calculations,
these numbers are in sufficient agreement to provide
confidence that Figure 13 gives an approximately true
representation of the ray paths and allows us to visualise
what is happening. Figure 13 does not include the possi-
bility of images seen close to the periphery of the sphere.

Figure 12: Only one circle image is seen in the same sphere
and setup as in Figure 11 but viewed in the direction of the
optic axis, along which there is only one RI (1.658). Photo by
H. Killingback.

Figure 13: This diagram approximates the paths of the rays
when the calcite sphere is raised above the circle mark.

It demonstrates how the double-lens effect increases the
magnification of the two concentric images of the circle. The
larger image (red) is due to the extraordinary ray, rather than
the ordinary ray (green); this is opposite to the positions of
these rays seen in Figure 9.
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CONCLUSIONS

When a light ray enters a birefringent uniaxial crystal at
an angle other than along, or normal to, the optic axis, it
is divided into two divergent rays. The maximum value
of the separation angle between these rays is not deter-
mined by the value of either RI, nor by their difference
(the birefringence), but by the ratio, Q, of the highest
to the lowest RI, whether the crystal is optically positive
or negative.

The rule that a double image cannot be seen when
the crystal is viewed along or normal to the optic axis
is not in question when the surface of the specimen
is planar. It should be remembered, however, that if
surfaces through which the rays pass are curved, the
crystal acts as a lens, having two powers of magnifica-
tion by virtue of its two RIs. For example, if a sphere
with its optic axis horizontal stands on a circle mark,
two concentric images of the circle are seen when
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(Marcus McCallum, Hatton Garden, London)
provided a rough piece of calcite and arranged for
the 31.4 mm sphere in Figures 10-12 to be cut from
it for this research. He also loaned the polished
block of calcite shown in Figure 5. The anonymous
reviewers of this paper made constructive
suggestions that [ was pleased to incorporate.

All this collaboration and support was most
valuable for my research. As stated by John of
Salisbury in 1159, ‘We are like dwarfs on the
shoulders of giants, so that we can see more
than they, and things at a greater distance, not
by virtue of any sharpness of sight on our part,
or any physical distinction, but because we are
carried high and raised up by their giant size’

(as quoted in R. K. Merton’s On the Shoulders of
Giants, 1965).
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APPENDIX: CONSTRUCTION
OF RAY DIAGRAMS FOR
DIFFERENTIAL MAGNIFICATION

For simplicity, ray paths were calculated as seen by a
distant observer. This means that the rays going to the
observer were parallel to the line of sight. (In reality,
the observer might be, say, 800 mm from the sphere,
in which case the radius of the 31.4 mm diameter
sphere would subtend an angle of 1.1°, which is not
significantly different from 0°.)

Figure A-1 shows a ray A-B-C which could represent
either rays a-b or a-c in Figure 9. Although what we
see is light coming up through the calcite sphere, we
can equally well envisage rays of light going down from
the viewer’s eye. Ray A-B, coming vertically down from
a distant observer, meets the sphere at incident angle,
i, or A-B-D. The angle of refraction, r (or C-B-0), can
be calculated using Snell’s Law, n = sin i / sin 1, where
n is the RI. Snell’s Law was used for the extraordinary
ray as well as for the ordinary ray because the views
are perpendicular to the optic axis in this case.

Angle B-O-E =1, angle B-O-C =180 - 2r and angle
E-O-G =180°, so angle COG is 2r —i. Therefore C-G =
O-C ssin (2r —i). C-G is the radius of the circle on which
the sphere rests. O-C is the radius of the sphere. The
author made a guess of the incident angle, i, and calcu-
lated the angle of refraction, r, for each RI of calcite,
and then worked out the associated values of C-G. This
was repeated until a value of i was found that resulted
in the correct radius for C-G. The light path is then
A-B-C. (Because the sphere in this case is resting on
the viewed circle, it is sufficiently accurate to ignore
refraction at the lower interface. It is as if a circle of
radius C-G were inscribed on the surface of the sphere.)

Figure 9 shows, in simplified form, the light paths
A-B-C for both rays in the case of the 31.4 mm
diameter sphere. It is resting on a 2 mm diameter
circle, and we find i is approximately 19.0° for the
ordinary ray and 10.7° for the extraordinary ray.
The magnification produced at the top surface of
the sphere is B-E / C-G. According to these calcu-
lations, this is about 5.1x for the ordinary ray and
2.9x for the extraordinary ray. Their ratio is about
1.75. The photos of this 31.4 mm diameter sphere in
Figure 10 show rather fuzzy images and, as noted in
the text, the circle image that is due to the extraor-
dinary ray is elliptical. The observed ratios between
the two images range from 1.7 to 2.0.
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A similar geometric procedure was followed to
investigate the circle d-d (ordinary ray) image in
Figure 9. The calculated radius of this image is 15.15
mm—rvery close to the size of the radius of the sphere
(15.70 mm). The radius of an image due to the extraor-
dinary ray was calculated to be approximately 15.69
mm, so it is no wonder that it cannot be seen by the
camera taking the photo in Figure 10, as it would be
over the horizon.

By the same methods, the ray diagram in Figure
13 was constructed. It predicts the ordinary ray image
diameter to be approximately 6.3 mm and that for the
extraordinary ray image to be 14.3 mm, a ratio of 2.3.
From Figure 1la, the ratio of the actual image sizes
seen by the camera is 2.6.

Close agreement cannot be expected when
comparing the results from photographs taken
about 800 mm from the sphere with those calcu-
lated from simplified assumptions, including having
the observer at an infinite distance from the sphere
(rays between observer and sphere being parallel).
The author suggests, however, that the ray diagrams
are sufficiently accurate to allow us to visualise how
the images are formed.

Figure A-1: This ray diagram shows in greater detail how
Figure 9 was created.
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Conferences

SCOTTISH GEMMOLOGICAL
ASSOCIATION 2019
CONFERENCE

The annual conference of the Scottish Gemmological
Association (SGA) took place in Cumbernauld, Scotland,
3-6 May 2019. The conference was organised by the SGA
board, and featured eight speakers and several workshop
presenters (e.g. Figure 1). Attendance at the SGA confer-
ence has grown significantly in recent years, and this
year achieved a new high of more than 120 delegates,
not only from the UK but also many other countries.

A Friday night welcome cocktail reception was
followed by an informative and entertaining talk by
John Benjamin (John C. Benjamin Ltd, Aylesbury,
Buckinghamshire), covering a broad range of jewellery
history from Elizabeth 1 of England through Elizabeth
Taylor. A familiar contributor to the popular British
television programme Antiques Roadshow, Benjamin
provided a number of humorous anecdotes as he guided
the audience through centuries of jewellery history.

On Saturday morning, Christopher Smith (American
Gemological Laboratories [AGL], New York, New York,
USA)—the keynote speaker of this year's SGA confer-
ence—discussed the clarity enhancement of emeralds.
There have been many debates and much misinformation

circulating about emerald treatments through the years,
so this talk highlighting actual examples from AGL's case
studies was helpful for sorting out points of confusion
about these enhancements. Smith effectively educated
gemmologists regarding filler types, as well as how they
are added to stones by the treaters, their visual impact
and their stability. His talk also covered how to identify
the filler type and determine its effect on an emerald’s
apparent clarity.

The second presentation was given by John Andrew,
curator of the Pearson Silver Collection, which is devoted
to post-World War II British silver. He presented work
from Maureen Edgar’s enamelling career, which started
in the 1950s. In the following decades, she became one
of the best enamel artists in Scotland and produced
an impressive collection of work until 2000. Some of
her pieces were displayed during the conference for
attendees to examine and enjoy.

Alex Grizenko (Lucent Diamonds Inc., Los Angeles,
California, USA) presented an elaborate timeline of
synthetic diamond production, starting with Lavoisier’s
diamond structure discovery in the 18th century. He
continued through the failed attempts prior to World War
II and, following the announcement of General Electric’s
success in the mid-1950s, the subsequent development of
better synthesis methods, including a chronology of both

Figure 1: Members of the SGA
board and some of the speakers/
workshop presenters gather at
the SGA conference’s Saturday
evening event (Ceilidh Night).
From left to right, in the front
row are Sylvia Gumpesberger,
Dr Cigdem Lule, Alan
Hodgkinson and Jan Calligan,
and behind them are David
Callaghan, Christopher

Smith, Alex Grizenko, Stuart
Robertson, Dr Jack Ogden, Ewen
Taylor, Alistair Tait and Clare
Blatherwick. Photo by Kim Rix.
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HPHT and CVD growth technologies. He then reviewed
synthetic diamond-producing companies and how
their products were subject to colour treatments until
colourless synthetic diamond was finally commercially
produced in 2012. Grizenko also discussed identification
challenges and techniques for synthetic diamonds.

Stuart Robertson (Gemworld International Inc.,
Glenview, Illinois, USA) gave an update on gem market
trends, observations from the 2019 Tucson gem shows
and the effects of the global economy on the gem industry.
His presentation covered not only the gem side of the
business but also some of the people, especially small-
scale miners, who are involved in the global market.
The growing awareness of ‘fair trade’ goods and ethical
mining is important to the market, but it is also giving
rise to unintended consequences. While some attempts
and practices hit the target, others seem to exist as added-
value labels devoid of any meaningful action. And still
others are leading to a consolidation of the supply chain
that could freeze out participation by the small-scale
miners altogether. Therefore, Robertson indicated, it may
be wise to ask, ‘Fair trade? Fair for whom?’

Sylvia Gumpesberger (Toronto, Ontario, Canada)
gave an engaging presentation on the use of light sources
with various filters throughout gemmological history
and how today’s LED technology affects our daily work.
She discussed the pros and cons of LED illumination,
and demonstrated several applications in which LED
lighting is suitable for gemmology. The audience then
joined in to experiment with diffraction-grating glasses
and various light sources. Encouraged by the practicality
and low cost of LED lighting options, gemmologists
should be aware of the benefits as well as the limits of
LEDs when using them with basic tools.

The day concluded with an engrossing presentation
by Dr Jack Ogden (Society of Jewellery Historians,
London). He started with a history of diamond mining
and emphasised how important diamonds were for
reasons other than adornment. He provided a detailed
history of many famous diamonds, such as the Pigot,
Hornby and Nassak, including their questionable
journeys to London from India, and how they ended
up in early lottery schemes to generate money, were
presented as diplomatic gifts, and even used in bribery.

The second day of the conference (Sunday) began
with a presentation on developments in colour commu-
nication for gemmology given by Christopher Smith. He
discussed his new colour-reference system called Color-
Codex, which after more than three years in development
provides an innovative system for describing the colour
of transparent faceted coloured gemstones. He explained

CONFERENCES

the challenges of colour communication in gemmology
and the limitations of previous attempts at producing
comprehensive colour systems for the trade. ColorCodex
offers a unique approach by addressing the depth and
internal reflections of a faceted stone. It provides an
intuitive comparison environment with well-defined
numeric codes rather than ambiguous colour names.

Clare Blatherwick (independent jewellery consultant,
Edinburgh, Scotland) gave a vibrant and enchanting
presentation on how jewellery making has been inspired
by nature (especially flowers) through millennia.
Techniques and cultural meanings might have changed
over time, but humans have continuously been inspired
by their surroundings and natural habitat.

Sunday morning’s programme closed with an award
ceremony for gemmology students and GemSet 2019
winners. This jewellery design competition encourages
many young people to join the gem industry.

As in the past, this year’s SGA conference concluded
with Sunday afternoon workshops. Ranging from special-
ised talks to hands-on sessions, they were well attended.
The workshop presenters included David Callaghan,
Kerry Gregory, Pat Daly, Tammy Cohen, Tatiana Conte
and this author, as well as many of the speakers from the
previous day. An optional excursion on Monday visited
the recently opened V&A museum branch in Dundee,
Scotland, which features Scotland’s design heritage.

Dr Cigdem Liile FGA DGA
(clule@kybelellc.com)
Kybele LLC, Buffalo Grove,
Illinois, USA

STH MEDITERRANEAN GEM AND
JEWELLERY CONFERENCE

The 5th Mediterranean Gem and Jewellery Confer-
ence (MGJC) was held under the Mediterranean sun
of Limassol, Cyprus, 17-19 May 2019. As in previous
years (i.e. in Greece, Spain, Italy and Montenegro),
the conference was organised by George Spyromilios
(Independent Gemological Laboratory, Athens, Greece)
and Branko Deljanin (CGL-GRS Swiss Canadian
Gemlab, Vancouver, British Columbia, Canada). The
event attracted 75 gemmologists, appraisers, traders and
others interested in the gem industry. Those who arrived
early were introduced to some of the island’s history
with a visit to Roman ruins at Kurion, where a ‘bonus’
was provided by an army battalion being photographed
in the amphitheatre.
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Half-day workshops were held before and after the
conference. This year an opal workshop (Figure 2) was
instructed by Gail Brett Levine and Travis Lejman
(National Association of Jewelry Appraisers, Rego
Park, New York, USA), with many samples available
that allowed participants to examine different types
of opal—including material from different sources, as
well as treated and synthetic specimens. An afternoon
workshop on ruby, sapphire and emerald, presented by
Branko Deljanin, focused on treatments and synthetics.
As the sun set, a welcome cocktail party by the confer-
ence hotel pool saw delegates from 24 countries meeting
friends old and new.

The next morning, the conference opened with an
overview of previous MGJCs by Branko Deljanin.
Yianni Melas (Limassol, Cyprus) chaired this year’s
conference, introducing speakers and adding anecdotes
of his experiences with them. He is known in the trade
for sourcing gem material from remote localities and
championing fair trade for artisanal miners.

Olga Okhrimenko (OctoNus, Moscow, Russia) outlined
what she believes is the reason for a stagnating diamond
industry: most customers only purchase a diamond once
in their lifetime. Okhrimenko postulated that with the vast
majority of diamonds being round brilliants, consumers
are not educated about the variety of shapes and cuts
that can generate different levels of brilliance, fire and
scintillation. Such awareness, she believes, would excite
consumers to return for repeat purchases. Roman Serov
(OctoNus) followed with proposed solutions in the form of
in-store displays to educate consumers about cut options,
although he conceded that the stock carried by most
jewellery stores consists exclusively of round brilliants,
with no option to ‘test drive’ alternative cuts.

This author described the various processes that a
rough diamond undergoes during its transformation to a
faceted gem. He highlighted how technology and lasers
have transformed the industry for cut planning as well
as sawing/cleaving and bruting operations, and how
polishing on scaifes remains the most time-consuming
step of the process. He also showed how the processing
time varies as a function of rough diamond size and type.

Dr Michael Schlamadinger (Swarovski, Wattens,
Austria) reviewed the synthetic diamond industry,
starting with a snapshot of how China now produces 10
billion carats annually from more than 10,000 presses.
While they are typically of industrial quality, the addition
of a ‘nitrogen getter’ into the growth medium can enable
the growth of colourless synthetic diamonds. CVD
production has become a force in the industry, with WD
Lab Grown Diamonds (Washington DC, USA) boasting

Figure 2: Held just prior to the MGJC, a workshop on opals
was conducted by Gail Brett Levine (standing centre) and
Travis Lejman (standing right). Photo by Branko Deljanin.

more than 200 reactors. Dr Schlamadinger cited a study
that found the energy needed to mine diamonds is about
twice that for growing synthetics. An overview of the
technical applications for synthetic diamonds showed
various alternatives to gem use.

Garry Holloway (Holloway Diamonds, Melbourne,
Australia) described his new parameter for judging
diamond cut: ‘looks like’ as a measure of the apparent
diameter of a faceted diamond, which can be affected
by the amount of light reflection near the periphery
of a stone. Poorly cut diamonds look smaller than
they actually are, as can be measured using computer
simulations. To demonstrate the message, he handed
participants two CZs of the same weight. One was a
Tolkowsky-cut brilliant while the other had a deeper
pavilion, resulting in a physically smaller diameter but
also lower light return near the periphery. Relying on
a ‘Triple X’ cut grade is no assurance of a good cut, as
was illustrated by a diamond with a 65% height that
showed poor periphery reflection.

Dr Katrien De Corte (HRD Antwerp, Belgium) delivered
a short ‘sponsor’ talk on detecting near-colourless CVD-
grown synthetic diamonds. A notable characteristic is an
absorption and PL peak at 737 nm attributed to silicon,
but it is not always present or conspicuous. However, in
an HRD study of 150 samples at liquid-nitrogen temper-
ature, a PL peak at 467 nm was always present in these
CVD synthetics. DiamondView images showed blue,
orange and red fluorescence, with the blue not always
exhibiting phosphorescence.

Sergey Buks (Alrosa, Moscow, Russia) also gave a
short ‘sponsor’ presentation on the Alrosa Diamond
Inspector, a recent addition to his company’s line of instru-
ments for detecting synthetic diamonds. Their system is
based on three spectroscopic measurements applicable to
individual 0.03-10 ct colourless diamonds and simulants,
both loose and mounted.
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After lunch, Dr Stefanos Karampelas (Bahrain
Institute for Pearls & Gemstones [DANAT], Manama)
reported on how his lab collects and labels samples
for their research database. The lab’s activities are not
limited to pearls, and Dr Karampelas also reported
research on the heat treatment of amber at 180-220°C.

Edward Boehm (Rare Source Gems, Chattanooga,
Tennessee, USA), explored the sustainability of the gem
industry. He noted that 80% of coloured-stone produc-
tion comes from artisanal diggers, while only 20% is
derived from large-scale mining. Origin is an important
consideration for consumers and there are several
methods to assess it, including gemmological evidence
(e.g. inclusions) and blockchain technology. However,
blockchains do not support artisanal miners, and trade
anonymity along the supply chain is compromised.

Abeer Al-Alawi (DANAT), with Dr Stefanos
Karampelas, focused on the Bahrain pearl industry,
which dates back centuries, to the oldest documented
pearl being from 5500 BCE. The industry there is protected
by prohibiting the trade of cultured pearls, which make
up 99.8% of global production. In 2018, 2 million
pearls were harvested in Bahrain, with only one in 100
molluscs bearing a pearl. The formation of natural pearls
is stimulated not by an irritating grain of sand (as is
commonly believed), but by a malfunctioning organ.
Karampelas gave an overview of pearl colour, lustre,
shape and surface texture—the last potentially enhanced
by ‘pearl doctors” who can transform a damaged surface
by sanding and polishing.

Stefan Miiller (DSEF German Gem Lab, Idar-Ober-
stein, Germany) described various items seen in his
laboratory. He noted that emeralds from Ethiopia can be
separated from those of other deposits such as Zambia
and Brazil by their trace elements measured with EDXRF,
and that the majority of rubies currently in the trade are
from Mozambique. The main treatments applied to gem
corundum are heating and fracture filling with borax,
glass, oil or resins. In some instances, the heat of a lamp
can cause bubbles to form within oiled fissures, as was
clearly shown in a video clip. He also shared cautionary
experiences with a garnet-glass doublet, rough diamond
imitations and a foil-backed beryl.

Dr Clemens Schwarzinger (Johannes Kepler Univer-
sity, Linz, Austria) is a master cutter and gave some
insights into precision gem cutting, an art rarely recog-
nised in a trade that pays by the carat. He showed
examples of poor cuts, and blamed inferior equipment
for asymmetric outlines and bad facet ‘meet points’.
He receives inspiration for his award-winning designs
from plants and architecture, while the smoothest
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finishes are achieved by polishing with 250 nm grit,
which produces ‘scratches’ with widths less than the
wavelength of visible light. Soft gems are harder to
polish, while other challenges are presented by complex
stones such as colour-zoned tourmaline, which can
show a brown appearance if faceted incorrectly. He
lamented that precision cutting is unlikely to be recog-
nised as long as there is no grading system for gemstone
cuts that rewards cutters financially. Dr Schwarzinger
brought several of his gemstones to show the audience
during conference breaks (Figure 3).

Dr Gamini Zoysa (Ceylon Gemmological Services,
Colombo, Sri Lanka) shared his expertise on ruby and
sapphire and their value. He showed examples of rubies
from different deposits, of which the Thai/Cambodian
ones are almost exhausted. Rubies from his Sri Lankan
homeland show distinctive photoluminescence compared
to those from Mozambique, which dominate the market.
He stated that generally all basaltic sapphires are heat
treated. Yellow sapphires can be much larger than blue,
being up to 40-50 ct, but their prices are about one-third
those for blue sapphires. Photos of violet, purple and
colour-change sapphires were shown along with price
tables and auction examples.

[

Figure 3: Master cutter Dr Clemens Schwarzinger exhibited a
collection of his precision-cut gemstones at the MGJC. Photo
by J. Chapman.
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Two short talks followed, with Yuri Shelementiev
(MSU Gemological Center, Moscow, Russia) announcing
a gem excursion to the Ural Mountains that will be held
in 2020, and Elena Deljanin (Gemmological Research
Industries Inc., Vancouver, Canada) describing ‘philosoph-
ical stones’ polished by master cutter Victor Tuzlukov.
Mark Cullinan (Cullinan Diamonds, Monaco) took the
podium briefly to describe the background of the Cullinan
diamond. He passed around a model of the 3,106 ct rough
diamond for participants to examine.

The last speaking event was a round-table discus-
sion on ‘Manufacturing Gems and Diamonds in the 21st
Century’, which included panellists Garry Holloway,
Sergey Sivovolenko (OctoNus, Finland), Yuri Shele-
mentiev, Clemens Schwarzinger and Israeli diamond
polisher Moish Lempel. This author acted as moderator,
and initiated discussions surrounding gem cuts, including
whether price guides rather than beauty dictate polishers’
choices, and how consumers could be better educated
to appreciate cut. Discussions considered lab reports,
consumer engagement, online sales, experiences selling
fancy cuts and retailer knowledge. Antoinette Matlins
(South Woodstock, Vermont, USA) from the audience
was vocal on her views about how customers perceive
diamonds, so she was invited to join the panel.

Sunday featured more workshops. Sergey Sivovo-
lenko and Roman Serov demonstrated the factors
that affect a faceted diamond's beauty, with the aid
of custom lighting and viewing equipment. Branko
Deljanin ran concurrent workshops on identifying
synthetic and treated diamonds with the use of standard
and advanced instruments.

Some delegates joined a post-conference tour to the
capital of Cyprus, Nicosia. In addition, a group of 20
people continued on a special three-day tour to Israel,
guided by Branko Deljanin and Moish Lempel. Partic-
ipants had a chance to see large diamonds being cut at
the DDS factory in Ramat Gan, followed by a tour of
Sarine Technology by the manager, David Block. They
also visited the trading floor at the Israeli Diamond
Bourse, where Deljanin delivered a talk on the prove-
nance of pink diamonds and synthetic diamonds to about
100 bourse members. A tour of Jerusalem and a local
CVD growth facility completed the week-long confer-
ence events.

The next MGJC will be held in Greece, on 15-17 May
2020. Details will be posted on the conference website
(www.gemconference.com) as they become available.

John Chapman (john@gemetrix.com.au)
Gemetrix, Perth, Australia
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AGA LAS VEGAS

The Accredited Gemologists Association’s (AGA) 2019
Las Vegas conference took place on 31 May during
the JCK Show in Nevada, USA. This year’s event was
attended by 58 people and featured three speakers. The
conference was opened by AGA past-president Donna
Hawrelko, whilst AGA president Stuart Robertson
introduced the speakers.

Shane McClure (Gemological Institute of America
[GIA], Carlsbad, California, USA) described the visual
characteristics of heat treatment in gem corundum
according to three different temperature categories: low
(up to 1,200°C, when rutile needles start to be affected),
high (1,200-1,700°C) and extreme (1,700-1,850°C).
Corundum heated under extreme temperature is easy to
identify because the inclusions are pervasively damaged.
Furthermore, high-temperature heat treatment is not
difficult to distinguish if certain features are present, such
as dissolved rutile (leaving lines of points and/or blotchy
colour zoning), ‘snowballs’ (indicating former uraninite
crystals) and glassy discoid fractures. Low-temperature
heating may not be possible to detect visually unless
damage is evident in carbonate or diaspore inclusions.
McClure also described some recent low-temperature
heating experiments on Mozambique ruby, as well as
low- to high-temperature experiments on blue sapphires
(including heating with pressure).

Dr Thomas Hainschwang (GGTL Laboratories,
Balzers, Liechtenstein) reviewed diamond colour treat-
ments and then provided an update on his ambitious
project to record detailed measurements on a wide variety
of diamond types before and after irradiation, annealing
and/or HPHT processing. Importantly, the creation of the
N3 centre (and resulting blue fluorescence) provides a
clue for HPHT treatment in both natural and synthetic
type Ib diamonds.

Dror Yehuda (Yehuda Diamond Co., New York, New York,
USA; Figure 4) described various diamond testers/detectors
and gave some results for several instruments that have
been evaluated so far by the Assure Program. (Editor’s note:
See the article on pp. 606-619 of this issue for more on
this topic.) He then focused on diamond testing with his
company’s Sherlock Holmes 2.0 device. The instrument
uses fluorescence and phosphorescence to distinguish
between natural and synthetic diamonds, as well as some
simulants (cubic zirconia and synthetic moissanite). The
results require some interpretation from the user, although
red markings shown on the device’s screen make it relatively
straightforward to detect the presence of synthetics and
simulants in loose parcels and mounted jewellery.
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Figure 4: Dror Yehuda delivers his presentation at the AGA Las Vegas conference. Photo by B. M. Laurs.

The conference concluded with hands-on opportu-
nities for attendees to examine natural and synthetic
diamonds using various instruments, including the
GemmoRaman-532SG by Magilabs, the Diamond
Inspector by Alrosa, the D+Secure by DRC Techno and
the Sherlock Holmes 2.0.

Brendan M. Laurs FGA

EUROPEAN GEMMOLOGICAL
SYMPOSIUM 2019

The 7th European Gemmological Symposium took place
on 24-26 May 2019 in Idar-Oberstein, Germany, and was
attended by 200 participants from more than 20 countries.
The conference was hosted by the German Gemmological
Association (Deutsche Gemmologische Gesellschaft E.V.,
or DGemG) and the German Foundation for Gemstone
Research (Deutsche Stiftung Edelsteinforschung/DSEF
German Gem Lab), and celebrated the 50th anniversary
of the DSEF German Gem Lab. The programme featured
17 invited speakers (Figure 5) who delivered presenta-
tions over a two-day period.

The opening ceremony included three lectures. Dr
Thomas Lind (president of DGemG and chairman of
the board of the DSEF German Gem Lab) recounted
the history of DGemG and the DSEF German Gem
Lab, and also chronicled the European Gemmological
Symposium—which initially took place in Idar-Ober-
stein in 2007 to mark the 75th anniversary of DGemG.

Next, Frank Friihauf (Lord Mayor of Idar-Oberstein and
patron of the conference) welcomed the attendees to
the beautiful town of Idar-Oberstein. Then Dr Gaetano
Cavalieri (president of CIBJO—The World Jewellery
Confederation) described the history of CIBJO and its role
as the “United Nations of the jewellery industry’, in which
it represents 20 countries and nearly 100 million people
who are working in the gem and jewellery business.

Hans-Jiirgen Henn (Henn GmbH, Idar-Oberstein)
gave the keynote speech, titled ‘A Gem of a Life’, in
which he described how gems are brought to market
by recounting his personal experiences with sourcing
coloured stones from around the world. Timeliness, luck
and financial liquidity through partnerships with others
have all benefited his dealings. One of his proudest
accomplishments was sourcing a 26 kg aquamarine from
Tedfilo Otoni, Brazil, which was subsequently carved
into the ‘Dom Pedro’ by Bernd Munsteiner and donated
to the Smithsonian Institution in Washington DC, USA,
where it is seen by millions of people annually.

Dr James Shigley (GIA, Carlsbad, California, USA)
discussed synthetic diamonds, including their types,
characteristics and identification. He indicated that the
main concerns surrounding these products are their
accurate identification, disclosure in the supply chain
and appropriate pricing. The three main categories of
synthetic diamonds include those larger than 5 ct (which
are quite rare in the market), those ranging from 0.2 to 2.5
ct (i.e. commercial sizes that are commonly submitted to
gemmological laboratories) and melee (<0.20 ct, which
pose the greatest identification challenge to the industry).
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Figure 5: Speakers, organisers and special guests of the 7th European Gemmological Symposium include (from left to right):
Hans-Jurgen Henn, Dr Robert Chodelka, Prof. Dr Andy Shen, Frank Frihauf, Claudio Milisenda, Branko Deljanin, Dr Thomas Lind,
Prof. Dr Henry Hanni, Dr Gaetano Cavalieri, Kenneth Scarratt, Dr James Shigley, Dr Ahmadjan Abduriyim, Dr Michael Krzemnicki,
Tom Stephan, Prof. Dr Emmanuel Fritsch, Dr Federico Pezzotta, Jorg Michael Schlossmacher, Dr Ulrich Henn and Dr Tobias Hager.

Photo by B. M. Laurs.

In 2018, more than two million ‘small’ samples were
submitted to GIA’s automated testing service.

Branko Deljanin (CGL-GRS Swiss Canadian Gemlab,
Vancouver, British Columbia, Canada) compared pink
diamonds from the Argyle mine in Australia to those
from other sources, as well as treated stones and
synthetics. Argyle produces 14 kg of diamonds per day,
and although only 0.1% are pink, they represent 10% of
the value from the mine. Characteristics of Argyle pink
diamonds include pink octahedral graining, blue fluores-
cence (strong to long-wave and moderate to short-wave
UV radiation) and patchy anomalous double refraction
seen with crossed polarisers. Long-wave UV fluores-
cence provides a useful means of separating natural,
treated and synthetic pink diamonds.

Dr Robert Chodelka (Ziemer Swiss Diamond Art AG,
Port, Switzerland) discussed his company’s production of
synthetic diamonds. HPHT growth takes place at 55,000
bars pressure and >1,400°C for 88 hours, whereas CVD
production is done under vacuum for up to three weeks’
duration, and has a much higher energy cost (due in part
to post-growth processing).

Prof. Dr Emmanuel Fritsch and co-author Martine
Philippe (Institut des Matériaux Jean Rouxel and Univer-
sity of Nantes, France) described dissolved dislocations,
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which have been documented in nearly 20 gem species
(e.g. danburite, spinel, garnet, topaz and diamond).
Post-growth dissolution processes preferentially follow
dislocations in the crystal lattice. Since various combi-
nations of one-dimensional defects and screw-type
dislocations may be present, the dissolution features can
exhibit a variety of shapes, including straight and bent,
as well as loops, forks and networks. They form hollow
channels that always reach the surface and commonly
have a tapered form with a polygonal cross-section.

Prof. Dr Andy Shen and co-authors (Gemmolog-
ical Institute, China University of Geosciences, Wuhan)
used synchrotron-based X-ray absorption spectroscopy
to investigate the role of iron and hydrogen in the colour-
ation of ametrine. In the violet sectors, Fe3* occupies
two different sites, and may be compensated by H* in
tetrahedral sites. In the yellow sectors, Fe3* occupies
more symmetrical sites together with molecular water.
Therefore, both colours are caused by iron in different
lattice sites, rather than being due to variations in iron
valence or concentration.

Dr Federico Pezzotta (Civic Museum of Natural
History of Milan, Italy) reviewed the sources and recent
production of rubellite and polychrome tourmaline from
Madagascar. He categorised two types of crystals: a first



generation of large tourmalines followed by a second
generation of smaller crystals that are less abundant but
of higher quality. Most of the rubellite-bearing granitic
pegmatites are rather small, although one famous
locality—the Anjanabonoina pegmatite—is quite large,
and in 2018 it produced well-formed rubellite crystals
weighing up to 26 kg.

Dr Tobias Hdger and co-authors (Institute of Geo-
sciences, Johannes Gutenberg University Mainz, Germany)
reviewed the localities and gemmological properties of
Colombian emeralds. He showed photomicrographs of
characteristic three-phase inclusions and explained how
UV-Vis-NIR spectra indicate that type I H,0 is much more
abundant than type II H,O in these emeralds. While it is
not currently possible to differentiate emeralds according
to individual mines, in the future stones from different
belts in Colombia may be distinguishable.

Dr Daniel Nyfeler (Giibelin Gem Lab, Lucerne, Switzer-
land) described technologies for tracing and tracking gems
along the supply chain, including the Emerald Paternity
Test and Provenance Proof blockchain (see Conferences
section of The Journal, Vol. 36, No. 5, 2019, p. 472).

Dr Claudio Milisenda (DSEF German Gem Lab)
provided a review of spectroscopic research at DGemG
and the DSEF German Gem Lab. The early history
included contributions by Georg O. Wild, Prof. Dr Karl
Schlossmacher and Prof. Dr Hermann Bank, and also
involved collaborations with Heidelberg University and
the German state of Rhineland-Palatinate. More recently,
work has focused on the photoluminescence spectros-
copy of alexandrite and Cu-bearing tourmaline, as well
as the UV-Vis-NIR spectroscopy of Santa Maria-type
aquamarine, spessartine from Namibia and rhodolite
from various localities.

Dr Michael Krzemnicki (Swiss Gemmological
Institute SSEF, Basel) explained how his lab differen-
tiates between different colour varieties of gems. SSEF
distinguishes some gems based only on colour (ruby
vs. pink sapphire and padparadscha vs. pink, orange
or fancy-colour sapphire), and others based on colour
and spectroscopy (Co-spinel vs. blue spinel, emerald vs.
green beryl and alexandrite vs. chrysoberyl). Such differ-
entiations depend on employing standard procedures
regarding the light source and observer, and the use of
internal standards (e.g. master stones or colour charts)
that correspond to the gem variety being observed.

Tom Stephan (DGemG) discussed his Ph.D. research
on the role of V3* in gems that are mainly coloured by
Cr3+. He used spectral fitting to subdivide overlapping
absorption bands and to describe/calculate colour in ruby
and emerald. He found that V3+ intensifies the colour of
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both gem varieties, while also producing a more violetish
hue in ruby and a purer green hue in emerald.

Kenneth Scarratt (Bahrain Institute for Pearls &
Gemstones [DANAT], Manama) described an October
2018 trip by two of his co-authors to acquire and charac-
terise natural pearls from Australia. They joined a
commercial shell- and meat-gathering expedition for
Pinctada maxima near Darwin, where the processing
of 6,837 molluscs yielded 793 natural pearls. The pearls
formed in various parts of the molluscs, including the
hinge, adductor muscle, mantle lip and gut areas.

Dr Ahmadjan Abduriyim (Tokyo Gem Science,
Tokyo, Japan) summarised the history and gemmolog-
ical characteristics of freshwater cultured pearls from
Lake Kasumigaura, Japan. Currently 37 kg/year are
produced from three farms, and the cultured pearls
range from 11 to 15 mm with a nacre thickness of ~3
mm. Similar cultured pearls from China can be differ-
entiated by plotting their Ga vs. Ba content.

The conference also featured a diploma ceremony
for current DGemG graduates that was conducted by Dr
Thomas Lind. At the end of the graduation ceremony,
DGemG’s coveted Golden Needle of Honour was
presented to Prof. Dr Henry Hanni by Dr Thomas Lind
and Dr Ulrich Henn (Figure 6).

Brendan M. Laurs FGA

'th EURDPEAN
LDGICAL SYMPOSHUM

Figure 6: Dr Ulrich Henn (left) and Dr Thomas Lind (right)
present the Golden Needle of Honour award to Prof. Dr Henry
Hanni. Photo by B. M. Laurs.
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Gem-A Notices

Gifts to the Association

Gem-A is most grateful to the following for their generous
donations that will support continued research and
teaching:

Rui Galopim de Carvalho, Portugal, for a selection
of jewellery, rocks and minerals.

Roland Naftule, USA, for eight synthetic sapphire/
strontium titanate doublets.

Olivier Segura, France, for four books: For the

Love of Jewelry by Jean-No€l Mouret; The Art of the
Jeweller by Guillaume Glorieux; Flora, The Art of
Jewelry by Patrick Mauriés and Evelyne Possémé;
and Fauna, The Art of Jewelry by Patrick Mauries and
Evelyne Possémé.

..............................................................................

Gem-A Confirms Oldest-Known
Carved Tourmaline at the
Ashmolean Museum, Oxford

In July 2019, Gem-A Tutor Pat Daly FGA and Opera-

: tions Manager Charles Evans FGA DGA visited Oxford’s

¢ Ashmolean Museum to study a unique and highly
significant carved tourmaline. Gem-A’s expertise had

¢ been requested by Gloria Staebler (co-founder of the
mineralogy publishing house, Lithographie), who had

: been researching the piece for an upcoming publica-

¢ tion titled Rubellite—Tourmaline Rouge.

: The 2.4 cm-wide intaglio depicting Alexander the
Great in profile was suspected to be a carved tourmaline,
although the stone had never been subjected to gemmo-

: logical testing. Based on the quality and accuracy of the

portrait, along with the presence of an ancient Indian

¢ script in the carving, the intaglio is thought to date to
the period of the famed king’s reign (circa 334-323 BCE).
The study at the Ashmolean Museum brought about

a landmark gemmological finding as observations by
Daly and Evans, aided by a GemmoRaman spectro-
meter, confirmed that the stone was indeed a red-yellow

¢ tourmaline, making it the earliest known use of tourma-

: line as an ornament. For further information on the

¢ Ashmolean Museum’s historic intaglio and Gem-A’s
involvement in the research visit https://gem-a.com/
news-publications/news-blogs/news/industry/gem-a-
confirms-oldest-known-carved-tourmaline-intaglio.

..............................................................................

Ian Thomson, UK, for a selection of 20 carved
pillboxes, two carved resin figures imitating ivory and
an original boxed Rayner UV lamp set.

Kathryn Wyatt, Australia, for three publications: A
Field Guide to Australian Rocks, Minerals & Gemstones
by Wolf Mayer; Collecting Australian Gemstones by
Bill James; and an issue of Australian Gemmologist.

We are also particularly thankful to the family

of the late Mr Irwood of West Finchley, London,

who donated an extensive collection of fluorescent
minerals, amounting to 111 in total, along with four
publications: Journal of the Fluorescent Mineral
Society 1977, Ultraviolet Guide to Minerals by Sterling
Gleason, Collecting Fluorescent Minerals by Stuart
Schneider and The Story of Fluorescence by Harry Wain.

..............................................................................

A red-yellow tourmaline intaglio depicts the profile of
Alexander the Great. Photo by Charles Evans.

..............................................................................
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Gem-A Annual General Meeting

The Gem-A AGM will be held Wednesday 30 October
2019 at etc.venues The Hatton, 51-53 Hatton Garden,
London, ECIN 8HN. We look forward to welcoming
Gem-A Members to the Emerald Suite on the second floor
for drinks from 18:00. The AGM will commence at 18:30.

No further action is required at this stage but please
add this date to your diary. AGM documentation and
nomination for election information will be released soon.

Gem-A’s Webinar Debut

On 18 July 2019 Gem-A hosted its first of a series of brand
new webinar sessions live from our London headquar-
ters. Gem-A Tutor Pat Daly FGA presented ‘Introduction

Obituary

Professor Dr Hermann Bank
19 January 1928 - 14 August 2019

The esteemed member of
the global gemmological
community, published author
and proactive member of
the German Gemmological
Association passed away in
August 2019.

The Journal of Gemmology is saddened to announce
the passing of Professor Dr Hermann Bank. Born in
Idar-Oberstein in January 1928, Prof. Dr Bank was
inspired by the gemmological heritage of his hometown
and chose to study both geology and mineralogy at
Johannes Gutenberg University in Mainz, Germany, and
at ETH Zurich (Swiss Federal Institute of Technology) in
Switzerland. In 1953, Prof. Dr Bank secured a Ph.D. in
geology and was named the very first German Fellow of
the Gemmological Association of Great Britain, before
later being awarded honorary membership.

Following the completion of his Ph.D., Prof. Dr Bank
became a leading light within the European gemmolog-
ical community. The 1960s were a particularly exciting
decade: he became partner and managing director of
gemstone-cutting company Gebriider Bank; joined
the International Gemmological Conference (IGC)
committee; and was named president of the German
Gemmological Association and chairman of the German
Foundation for Gemstone Research.

GEM-A NOTICES

to Gemstones’, a beginner’s gemmology lesson, which
explained the physical characteristics, origins and vital
care techniques of popular gems including sapphire,
emerald and ruby. The 45-minute session was followed
by a 15-minute Q&A and provided a free taster of our
renowned gemmology courses to attendees across the
world, reaching as far afield as Brazil, Indonesia and
Australia.

Our next webinar, ‘Introduction to Diamonds’, will
be held 10 October 2019 and will explain how diamonds
are formed, what makes them special, and how to assess
their value and qualities using the 4Cs: cut, colour,
clarity and carat weight. This beginner’s session will
be ideal for a diamond enthusiast who has no prior
gemmological knowledge. Keep an eye on our website
for details on how to register.

Prof. Dr Bank continued to lend his efforts to leading
and inspiring those around him, while encouraging a
sense of cooperation among European and global gemmo-
logical organisations. In 1996, he was named chairman
of the Federation for European Education in Gemmology
(FEEG), and by 2003 was honorary president of both
the German Gemmological Association and FEEG. His
honorary memberships were vast, including gemmolog-
ical associations and gem trade organisations in Japan, the
United States, Brazil, France and Poland. His passionate
dedication to gemmological education and continued
learning was an inspiration to his colleagues, peers and
contemporaries, including Gem-A staff and Members.

For a man with such impressive accolades and achieve-
ments, including two Crosses of the Order of Merit of the
Federal Republic of Germany, more than 1,000 published
articles and seven books, Prof. Dr Bank never lost sight
of his broader goals: to connect the gem and jewellery
sectors with the science of gemmology. He envisioned
the popularisation of gemmology in a way that furthered
understanding for all, and eagerly pursued his own
research projects while teaching the next generation.
Friends and colleagues fondly remember his ‘gemmo-
logical brooch’—a simple mounting he used to transport
topical stones to conferences across the world and share
his insights with others.

Gem-A would like to express our sincere condolences to
Prof. Dr Bank’s family and friends. His enthusiasm, passion
and significant contribution to the field of gemmology
has created a multi-faceted legacy that will continue to
benefit further generations of gemmologists.
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Learning Opportunities

CONFERENCES AND SEMINARS

12th Annual Portland Jewelry Symposium
29-30 September 2019

Portland, Oregon, USA
https://portlandjewelrysymposium.com

International Colored Gemstone Association
(ICA) Congress

12-15 October 2019

Bangkok, Thailand
http://icacongress2019.com

Chicago Responsible Jewelry Conference
25-26 October 2019

Chicago, Illinois, USA
www.chiresponsiblejewelryconference.com

Munich Show: Mineralientage Miinchen
25-27 October 2019

Munich, Germany
https://munichshow.de/2019/06/26/
2019-forum-minerale/?lang=en

Note: Includes a seminar programme

Gem-A Conference 2019

2-3 November 2019

London
https://gem-a.com/event/conference-2019

2019 China International Gems & Jewelry
Academic Conference

13-14 November 2019

Beijing, China

Email ngtcyjb@163.com

MAESA 2019: 2nd International Conference
on Applied Earth Sciences

29 November-1 December 2019

Yangon, Myanmar
www.maesa.org/info_2019.html

Notes: A conference theme is ‘Mineralogy,
Gemology and Genesis of Gem Deposits’.

A post-conference excursion on 2-7 December
will include a visit to Mogok.
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Jewelry History Series

3-4 January 2020

Miami, Florida, USA
https://originalmiamibeachantiqueshow.com/
show/jewelry-history-series

Note: This conference is part of The Original
Miami Beach Antique Show.

22nd FEEG Symposium

24-27 January 2020

Schoonhoven, The Netherlands
www.feeg-education.com/symposium

NAJA 53rd ACE® IT Annual
Winter Conference

2-3 February 2020

Tucson, Arizona, USA

Www.najaappraisers.com/html/conferences.html

AGTA Gemfair Tucson

4-9 February 2020

Tucson, Arizona, USA
https://agta.org/seminars

Note: Includes a seminar programme

AGA Tucson Conference
5 February 2020
Tucson, Arizona, USA

https://accreditedgemologists.org/currevent.php

Tucson Gem and Mineral Show
13-16 February 2020

Tucson, Arizona, USA
www.tgms.org/show

Note: Includes a seminar programme

Inhorgenta Munich

14-17 February 2020

Munich, Germany
www.inhorgenta.com/index.html
Note: Includes a seminar programme
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Prospectors & Developers Association of
Canada PDAC 2020

1-4 March 2020

Toronto, Ontario, Canada
www.pdac.ca/convention/programming/
technical-program

Theme of interest: The Business of Diamonds:
From Rock to Ring

36th International Geological Congress

2-8 March 2020

New Delhi, India

wWww.36igc.org

Sessions of interest: Geology and Gemstones;
Advances in Synthetic Gemstones; Diamonds Today;
Gem Species and their Varieties

MJSA Expo

15-17 March 2020

New York, New York, USA
https://mjsa.org/eventsprograms,/mjsa_expo
Note: Includes a seminar programme

Amberif

18-21 March 2020

Gdansk, Poland
http://amberif.amberexpo.pl/title,Jezyk,lang,2.html
Note: Includes a seminar programme

10th National Opal Symposium
8-9 April 2020

Coober Pedy, Australia
www.opalsymposium.org

inArt 2020: 4th International Conference on
Innovation in Art Research and Technology
14-17 April 2020

Paris, France
https://inart2020.sciencesconf.org

LEARNING OPPORTUNITIES

47th Rochester Mineralogical Symposium
23-26 April 2020

Rochester, New York, USA
WWW.Iasny.org/minsymp

American Gem Society Conclave
27-29 April 2020

Denver, Colorado, USA
WWw.americangemsociety.org/mpage/
conclave2020-home

Note: Includes a seminar programme

Diamonds - Source to Use 2020

9-11 June 2020

Johannesburg, South Africa
WWW.saimm.co.za/saimme-events/upcoming-events/
diamonds-source-to-use-2020

9th International Conference Mineralogy

and Museums

5-7 July 2020

Sofia, Bulgaria

www.bgminsoc.bg

Note: Gem minerals will be covered in a session
titled ‘Mineralogical Research and Museums’.

25th Congress and General Assembly of the
International Union of Crystallography
22-30 August 2020

Prague, Czech Republic

WWW.XTray.cz/iucr

Sessions of interest: Science Meets Art:
Crystallography and Cultural Heritage; X-ray
Spectrometry and X-ray Diffraction in Art and
Archaeology; Superhard Materials:

Status & Prospects

OTHER EDUCATIONAL OPPORTUNITIES

Gem-A Workshops and Courses
Gem-A, London
https://gem-a.com/education

AIGS Mogok Mines, Market & Culture Tour
Mogok, Myanmar

17-21 October 2019
www.aigsthailand.com/Mogok-Trip-Register/1/EN
Note: After the ICA Congress, visit gem mines and
markets in the Mogok area with the Asian Institute
of Gemological Sciences.
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LEARNING OPPORTUNITIES

Lectures with Gem-A’s Midlands Branch
Fellows Auctioneers, Augusta House, Birmingham
Email louiseludlam@hotmail.com

¢ Miranda Wells—The Changing Face
of Tourmaline
27 September 2019

¢ Shirley Mitchell—Becoming A Valuer &
the Part Gemmology Plays
25 October 2019

¢ Richard Maymon—Pearls
29 November 2019

e Dr Maria MacLennan—Forensic Jewellery
28 February 2020

e Peter Buckie—The Treasures Seen by an
Expert Valuer
27 March 2020

¢ Roy Starkey—Minerals of the English Midlands
24 April 2020

%@ THE GEMMOLOGICAL ASSOCIATION
e OF GREAT BRITAIN

Lectures with The Society of Jewellery Historians
Society of Antiquaries of London,

Burlington House, London
www.societyofjewelleryhistorians.ac.uk/current_lectures

Sarah Steele, Léonard Pouy and Sigrid van Roode—
New Research on Jewellery
22 October 2019

Rachel Church—Brooches, Badges and Pins
at the Victoria and Albert Museum
26 November 2019

Thomas Holman—A Box Full of Buttons:

The Life and Work of Frederick James Partridge
(1877-1945)

28 January 2020

Stephen Whittaker—TBA
25 February 2020

Carol Michaelson—Chinese Jade Jewellery and
Ornaments from the Neolithic to the Present
24 March 2020

Stay up-to-date with Gem-A @GemAofGB
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Known for its great brilliance, clarity and radiant colour, the spectacular
tsavorite is an exquisite investment for the true connotsseur.
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New Media

THE COMPLETE
CONTENT CAMEOS

The Complete
Content Cameos

By Martin Henig and Helen Molesworth, 2018.
Brepols Publishers, Turnhout, Belgium,
www.brepols.net/Pages/ShowProduct.aspx?
prod_id=1S-9782503578965-1,

iv+407 pages, illus., ISBN 978-2503578965.
EUR150.00 hardcover.

Note: the correct
year is 1990.

erek Content’s collection of hardstone cameos
is, as far as is kngwn, the largest in private
hands. Between +966 and 2000 the Ashmolean
Museum displayed the collection, as it was
then, in a specially built case, with an accompanying
catalogue. The collection is now very much larger and is
extraordinarily comprehensive. In view of the additions
and the greatly increased scholarly knowledge of cameos
(due in part to several recent catalogues of other collec-
tions), this new catalogue was called for. Over a number
of years Martin Henig, one of the world’s great engraved
gem scholars, together with Helen Molesworth, an
archaeologist and gemmologist, compiled this magnifi-
cent volume with contributions from other specialists,
including Christopher Cavey, Jeffrey Spier and Content
himself. It is beautifully produced on heavy art paper
with stunning photographs. Although Content says in the
preface that ‘it is time to consider the collection a closed
entity’, he is still, unsurprisingly, collecting; perhaps
there will be a supplemental volume in the future.
Cameos were for many years considered poor relations
of intaglios, although the skills involved in deep three-
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Note: The correct
number is 441.

dimensional carving of very difficult materials, using
the different colour layers, were quite extraordinary.

The cameos dealt with in this book range from
the 9th century BCE to the 18th century CE. The ancient
specimens are presented mostly in chapters by theme,
rather than strictly chronologically, including Portraits,
Deities and Myths, Dionysiac, Eros, Gorgoneia, Animals,
Daily Life, Theatre and Music, and Legends. Separate
chapters cover important periods (Hellenistic, Byzantine
and Medieval, and Renaissance and Later), followed
by a chapter on less-common countries of origin and
one titled ‘Carvings in the Round’. The book ends with
an essay on ancient mountings; indexes by subject,
material, mountings and provenance; and an extremely
comprehensive bibliography.

The number of published cameos now available for
comparative study allowed the authors to examine the
popularity of particular subjects during various periods,
together with the development of styles and techniques,
and the use of gem materials. The authors attempted to
date every item, although they admit this is an inexact
science. Indeed, it is inevitable that more international
research will result in the need to revise some attribu-
tions. It is hoped that this publication will spur such
research and encourage some of the great institutions
to produce comparable catalogues of their collections.
(The British Museum catalogue is still the rather cursory
1926 listing by H. B. Walters!)

It is a great pity that a DVD of the images was not
included with the book (as has been done with some
recent catalogues). This would have greatly enhanced
the ability to study these superb cameos. Also, as great
as the photographs are, two-dimensional images cannot
really give the feel of deeply carved objects. Modern
technology—such as high-definition three-dimensional
scanning—would enable the cameos to be turned and
viewed in all orientations on a screen.

This really splendid publication will remain, however,
a major standard reference work for the foreseeable
future, and it is currently the only major modern publi-
cation in English on ancient cameos. Indeed, it is
extremely difficult to imagine that any future serious
research into hardstone cameos could be conducted
without reference to it.

Nigel Israel FGA DGA
London
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THOMAS T. ALLSEN

The Steppe and the Sea:

Pearls in the Mongol Empire

By Thomas T. Allsen, 2019. University of Pennsylvania
Press, Philadelphia, Pennsylvania, USA, www.upenn.
edu/pennpress/book/15970.html, 240 pages, illus., ISBN
978-0812251173. USD45.00 hardcover or USD36.00 eBook.

his volume is part of the ‘Encounters with Asia’
series from the University of Pennsylvania Press,
and its author was professor emeritus of The
College of New Jersey. The ‘was’ is sadly signif-
icant, because Prof. Allsen passed away in February 2019,
shortly before this book was published. Allsen was a
highly respected expert and author on medieval Eurasia
and the Mongol Empire. It is gratifying that he directed
his erudite attention to a gem material—the pearl—and
looked at it in the context of its trade and importance in
and across the Mongol Empire from 1206 to 1370. Even
those not familiar with the Mongol Empire will know of
its founder, Genghis Khan. At its height in the late 1200s,
before it began to split under Genghis’s grandsons, the
Mongol Empire was the largest contiguous land empire
the world has yet seen, stretching from what is now
Eastern Europe across to China. It also extended as far
south as the Persian Gulf, with trade routes directly
linking the Chinese court with the Arabian pearl beds.
At the outset, it must be stated that this book is a
highly academic work, the fruit of very extensive research
and clear evidence of Prof. Allsen’s proficiency in the
Chinese, Persian, Arabic and Russian languages. It is a
valuable addition to information we have about pearls
and their value, symbolism and trade in the past, supple-
menting Robin Donkin’s monumental and essential
Beyond Price: Pearls and Pearl Fishing (1998). It is neither
a light read nor particularly visually appealing; it is a
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reference work. It is amusing to note that the publishers,
presumably hoping to widen its appeal, begin the inside
dust-jacket blurb with mention of a female prisoner in
1221 who confessed to having swallowed her pearls, only
to be killed and eviscerated on the spot.

The book itself proves less sensationalist generally,
of course, but despite the tight focus on history and
the myriad textual sources, Allsen wears his scholar-
ship lightly and consummately puts pearls within a very
human context. At one point, for example, he refers to
the ‘price fixing, kickbacks, gross mismanagement and
outright theft’ within the pearl-loving Mongol court. In
another case he notes, with regard to the diminishment of
a treasury as a result of lax guarding and bribery, “What
happened in those instances would now be called a
breakdown of inventory control, though it is fairly obvious
that little if any control was ever exercised. Referring to the
sad susceptibility of pearls to decay with time, he notes
succinctly, “While diamonds are forever, pearls are not.

The wealth of textual information Allsen has gathered
from across the Mongol world is distilled into chapters
that cover everything from pearl fishing and processing
to prices and counterfeits. With regard to the latter, he
notes that the culturing of pearls in China dates back to as
early as the ninth century—much sooner than I thought.

The lack of illustrations in the book is a huge shame.
There are just four, all in greyscale (apart from the dust
jacket). There are no images of actual pearl-set jewellery.
The closest are two images of early gold jewellery that
have nothing to do with Mongol culture and are included
because they illustrate spherical gold components that
are resourcefully described as ‘pearl shaped’. Even in a
scholarly book that concentrates on the historical aspects
of pearls, a few choice illustrations would have been
good. Photos of some impressive Mongol gold jewellery
have been published in recent years, including pearl-set
pieces, as seen in Mikhail Piotrovskii’s beautifully illus-
trated The Treasures of the Golden Horde (2000).

According to the dust jacket, Jos Gommans, professor
of Colonial and Global History at Leiden University, The
Netherlands, described this book as offering ‘new insights
into the wider socioeconomic and cultural history of the
Mongol Empire’. Since this review is in a gemmolog-
ical publication, I will simply plagiarise this statement
with a slight modification and say that this book offers
new insights into the wider socioeconomic and cultural
history of the pearl. 1t is a welcome addition to the gem
or jewellery historian’s bookshelf.

Dr Jack M. Ogden FGA
London

THE JOURNAL OF GEMMOLOGY, 36(7), 2019


http://www.upenn.edu/pennpress/book/15970.html
http://www.upenn.edu/pennpress/book/15970.html

NEW MEDIA

Other Book Titles

CULTURAL HERITAGE

All That Glittered: Britain’s Most Precious Metal
from Adam Smith to the Gold Rush

By Timothy Alborn, 2019. Oxford University Press,
New York, New York, 276 pages, ISBN 978-0190603519.
USD35.00 hardcover or USD23.99 Kindle edn.

Masterpieces in Miniature: Engraved Gems from
Prehistory to the Present

By Claudia Wagner and John Boardman, 2018.
Philip Wilson Publishers, London, 304 pages, ISBN
978-1781300626. GBP40.00 hardcover.

GENERAL REFERENCE

The Science of Gemstones

By Ahmadjan Abduriyim, 2019. Ark Publishing Inc.,
271 pages, ISBN 978-4860592066 (in Japanese).
JPY2,500.00 softcover.

INSTRUMENTATION

Handbook of Advanced Non-Destructive Evaluation
Ed. by Nathan Ida and Norbert Meyendorf, 2019.
Springer, Cham, Switzerland, 1,626 pages, ISBN
978-3319265520 (print), 978-3319265537 (eBook)

or 978-3319301228 (print plus eBook). EUR727.99
hardcover, EUR832.99 eBook or EUR1,143.99 hardcover
plus eBook (in two volumes, not available separately).

JEWELLERY HISTORY

Chaumet en Majesté: Joyaux de

Souveraines Depuis 1780

By Stéphane Bern and Christophe Vachaudez,
2019. Flammarion, Paris, France, 288 pages, ISBN
978-82081489349 (in French). EUR30.00 softcover.

Designers and Jewellery 1850-1940

By Helen Ritchie, 2018. Philip Wilson Publishers,
London, 176 pages, ISBN 978-1781300671.
GBP16.95 softcover.

JEWELLERY AND OBJETS D’ART

The Art of the Jeweler: Excellence

and Craftsmanship

By Guillaume Glorieux, 2019. Editions Gallimard,
Paris, France, 76 pages, ISBN 978-2072822605.
EUR14.50 softcover.

THE JOURNAL OF GEMMOLOGY, 36(7), 2019

Bejeweled: The World of Ethical Jewelry

By Kyle Roderick, 2019. Rizzoli, New York,

New York, USA, 224 pages, ISBN 978-0847865888.
USD65.00 hardcover.

Brooches and Badges

By Rachel Church, 2019. Thames & Hudson,
New York, New York, USA, 160 pages, ISBN
978-0500480359. USD24.95 hardcover.

Bulgari: The Perfume of Gems

By Brian Eno, Annick Le Guerer, Chiara Gamberale
and Renato Bruni, 2018. Rizzoli, New York,

New York, USA, 272 pages, ISBN 978-0847865383.
USD150.00 hardcover.

Bulgari: Stories of Gems and Jewels

Ed. by Lucia Boscaini and Chiara Ottaviano, 2019.
Rizzoli, New York, New York, USA, 352 pages,
ISBN 978-8891824325. USD65.00 hardcover.

Diamond Jewelry: 700 Years of

Glory and Glamour

By Diana Scarisbrick, 2019. Thames & Hudson,
New York, New York, USA, 256 pages, ISBN
978-0500021507. USD75.00 hardcover.

Marie-Helene de Taillac: Gold and Gems

By Marie-Helene de Taillac and Eric Deroo, 2019.
Rizzoli, New York, New York, USA, 224 pages, ISBN
978-0847865376. USD85.00 hardcover.

Masters of New Jewellery Design: Eclat

By Carlos Pastor, 2019. Promopress, Barcelona,
Spain, 236 pages, ISBN 978-8492810970.
EUR29.00 softcover.

Museo del Gioiello di Vicenza:

Gioiello & Jewellery 3

Ed. by Alba Cappellieri, 2018. Silvana Editoriale,
Milan, Italy, 344 pages, ISBN 978-8836642205 (in
English and Italian). EUR34.00 hardcover.

New Necklaces: 400 Designs in

Contemporary Jewellery

By Nicolds Estrada, 2019. Promopress, Barcelona,
Spain, 240 pages, ISBN 978-8417412432.
EUR29.00 hardcover.



The Sisk
Gemology Reference
by Jerry Sisk

Professional Edition

A comprehensive and visual gemology resource
featuring prominent and noteworthy gemstones.

¢

SR ALNURLI ¢ 2
sauasafay £Fojoman yoig 24L
AN T T

TAEE ARINRR L IR
sruasafoy LFojowan y5i5 341
auziafay £fojoman youg 2q1

W =

e c
{ & jewelry<love
| SGRPE
' $199.99

jtv.com/sgr

b


http://www.jtv.com/sgr

Literature of Interest

Almandine gemstone—A review. N. Sultana and
S.P. Podila, International Journal of Recent Scientific
Research, 9(10B), 2018, 29204-29209.

Bixbite: The rarest common gem in the world.
M. Macri, Rivista Italiana di Gemmologia/Italian
Gemological Review, No. 7, 2019, 47-55.

Black nephrite jade from Guangxi, southern
China. Q. Zhong, Z. Liao, L. Qi and Z. Zhou, Gemns
& Gemology, 55(2), 2019, 198-215, http://doi.org/
10.5741/GEMS.55.2.198.*

Characteristics of faceted-quality ruby from
Longido, Tanzania. T. Leelawatanasuk, N. Susawee
and P. Bupparenoo, Bulletin of Earth Sciences

of Thailand, 9, 2018, 1-7, http://tinyurl.com/
y8pzxf3m.*

Color mechanisms in spinel: A multi-analytical
investigation of natural crystals with a wide
range of coloration. G.B. Andreozzi, V. D’Ippolito,
H. Skogby, U. Hdlenius and F. Bosi, Physics and
Chemistry of Minerals, 46(4), 2018, 343-360,
http://doi.org/10.1007/s00269-018-1007-5.

A comparative study of element content and
UV-VIS spectroscopy characteristics of rubies
from Burma and Mozambique. K. Guo, Z. Zhou,
Q. Zhong, M. Lai, H. Wang, Y. Li, X. Qiao and P.
Nong, Acta Petrologica et Mineralogica, 37(6), 2018,
1002-1010 (in Chinese with English abstract).

Les différentes facettes du jade [The different
facets of jade]. Tay Thye Sun, Revue de Gemmologie
A.EG., Nos. 204-205, 2018, 53-58 (in French).

Fingerprinting Paranesti rubies through

oxygen isotopes. K. Wang, 1. Graham, L. Martin,
P. Voudouris, G. Giuliani, A. Lay, S. Harris and

A. Fallick, Minerals, 9(2), 2019, article 91 (14 pp.),
http://doi.org/10.3390/min9020091.*

THE JOURNAL OF GEMMOLOGY, 36(7), 2019

Flickering flames over the Libyan desert [Libyan
desert glass]? J.M. Saul, International Geology
Review, 2018, 61(11), 1340-1369, http://doi.org/10.
1080/00206814.2018.1512057.

Gemmological characteristic of “crystal opal”
from Coober Pedy, Australia. W. Peng and T. Jiang,
Journal of Gems & Gemmology, 20(Supp.), 2018,
122-128 (in Chinese with English abstract).

The gemological characteristics of Guatemalan
jade. L. Li, Y. Xiong, N. Liu and Y. Cao, Superhard
Material Engineering, 30(3), 2018, 55-59 (in Chinese
with English abstract).

Genetic significance of the 867 cm ! out-of-plane
Raman mode in graphite associated with V-bearing
green grossular. R. Thomas, A. Rericha, W.L. Pohl and
P. Davidson, Mineralogy and Petrology, 112(5), 2018,
633-645, http://doi.org/10.1007/s00710-018-0563-1.

Inclusions in natural, treated, synthetic, and
imitation opal [chart]. N.D. Renfro, J.I. Koivula,

J. Muyal, S.F. McClure, K. Schumacher and J.E. Shigley,
Gems & Gemology, 55(2), 2019, 244-245 plus chart,
http://doi.org/10.5741/GEMS.55.2.244..*

Masters of green: Chromium and vanadium.

K. Feral, Gemmology Today, March 2019, 28-32,
www.worldgemfoundation.com/GTMARCH2019DV/
htmlSforpc.html?page=28.*

Masters of green: Chromium and vanadium (part
two). K. Feral, Gemmology Today, June 2019, 38-45,
www.worldgemfoundation.com/GTJUNE2019DV/
htmlSforpc.html?page=38.*

The power of cobalt [spinel]. G. Dominy, Gemmology
Today, June 2019, 34-37, www.worldgemfoundation.
com/GTJUNE2019DV/html5forpc.html?page=34.*

The siren’s call [Siren of Serendip 422.66 ct blue
sapphire necklace]. R. Galopim de Carvalho,
Gems&Jewellery, 28(3), 2019, 36-37.


http://doi.org/10.5741/GemS.55.2.198
http://doi.org/10.5741/GemS.55.2.198
http://tinyurl.com/y8pzxf3m
http://tinyurl.com/y8pzxf3m
http://doi.org/10.1007/s00269-018-1007-5
http://doi.org/10.3390/min9020091
http://doi.org/10.1080/00206814.2018.1512057
http://doi.org/10.1080/00206814.2018.1512057
http://doi.org/10.1007/s00710-018-0563-1
http://doi.org/10.5741/GEMS.55.2.244
http://www.worldgemfoundation.com/GTMARCH2019DV/html5forpc.html?page=28
http://www.worldgemfoundation.com/GTMARCH2019DV/html5forpc.html?page=28
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=38
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=38
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=34
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=34

The story of Blue John. E.Z. Karlin, Adornment,
12(1), 2019, 28-44.

Study on mineralogy and spectroscopy of
turquoises from Hami, Xinjiang. X. Liu, C. Lin,
D. Li, L. Zhu, S. Song, Y. Liu and S. Chong-hui,
Spectroscopy and Spectral Analysis, 38(4), 2018,
1231-1239 (in Chinese with English abstract).

Tenebrescence of sapphire. B. Zhao, Y. Zhi, X. Lyu
and Y. Wang, Journal of Gems & Gemmology, 20(5),
2018, 1-14 (in Chinese with English abstract).

Wearable wulfenite. M. Mauthner, Rocks & Minerals,
94(1), 2019, 32-33, http://doi.org/10.1080/00357529.
2019.1519670.

The digital microscope and multi-scale observation
in the study of lapidary manufacturing techniques:
A methodological approach for the preliminary
phase of analysis in situ. E. Morero, H. Procopiou,
J. Johns, R. Vargiolu and H. Zahouani, in K. Kelley
and R.K.L. Wood, Eds., Digital Imaging of Artefacts:
Developments in Methods and Aims. Archaeopress
Publishing Ltd, Summertown, Oxford, 2018, 75-100,
https://eprints.soton.ac.uk/426431/1/seals2018.
pdf#page=89.*

The importance of jade in the Mughal court.
T. Schneider, Gems&Jewellery, 28(3), 2019, 32-35.

Making history [Christie’s sale of Mughal
treasures from the Al Thani Collection]. J. Ogden,
Gems&Jewellery, 28(3), 2019, 22-25.

Objets préhistoriques en jade-néphrite (VII®

au V¢ millénaires Av. J.-C.) de Bulgarie et des
Balkans [Prehistoric jade-nephrite objects (7th-5th
millennium BC) from Bulgaria and the Balkans].
R.I. Kostov, Revue de Gemmologie A.F.G.,

Nos. 204-205, 2018, 36-42 (in French with

English abstract).

Poly-material ornaments: The Iron Age amber
fibulae. N.L. Saldalamacchia, Rivista Italiana di
Gemmologia/Italian Gemological Review, No. 7, 2019,
65-68.

LITERATURE OF INTEREST

Unveiling the art of René Lalique with XRF and
Raman spectroscopy - Technological innovation in
jewellery production. I. Tissot, M. Manso and M.F.
Guerra, Journal of Cultural Heritage, 33, 2018, 83-89,
http://doi.org/10.1016/j.culher.2018.03.014.

The 709 carat diamond, Rapaport, ethics and auctions
in Sierra Leone. D. Angelino, Rivista Italiana di Gemmo-
logia/Italian Gemological Review, No. 7, 2019, 41-44.

Diamonds from the deep—Kimberlites: Earth’s
diamond delivery system. K.V. Smit and S.B. Shirey,
Gems & Gemology, 55(2), 2019, 270-276, www.gia.
edu/gems-gemology/summer-2019-kimberlites-earths-
diamond-delivery-system.*

Identifying and valuing Old European cut
diamonds. R.B. Drucker, GemGuide, 38(4), 2019, 4-7.

Jwaneng - The untold story of the discovery of

the world’s richest diamond mine. N. Lock, Journal
of the Southern African Institute of Mining and
Metallurgy, 119(2), 2019, 155-164, http://doi.org/
10.17159/2411-9717/2019/v119n2a8.*

A quantitative testing method for the evaluation of
diamond color. Y. Cheng, C. Fan, Y. Wang, C. Zhang,
H. Zhu and S. Chen, Spectroscopy and Spectral
Analysis, 39(5), 2019, 1643-1647 (in Chinese with
English abstract).

A record-breaking jewel [cutting the 1,109 ct
Lesedi La Rona rough diamond]. Anonymous,
Gems&Jewellery, 28(2), 2019, 39-41.

Amethyst occurrences in Tertiary volcanic rocks of
Greece: Mineralogical, fluid inclusion and oxygen
isotope constraints on their genesis. P. Voudouris,

V. Melfos, C. Mavrogonatos, A. Tarantola, J. Gotze,

D. Alfieris, V. Maneta and I. Psimis, Minerals, 8(8), 2018,
article 324 (26 pp.), http://doi.org/10.3390/min8080324.*

A decade of ruby from Mozambique: A review.

W. Vertriest and S. Saeseaw, Gems & Gemology, 55(2),
2019, 162-183, http://doi.org/10.5741/GEMS.55.2.162.*

THE JOURNAL OF GEMMOLOGY, 36(7), 2019


http://doi.org/10.1080/00357529.2019.1519670
http://doi.org/10.1080/00357529.2019.1519670
https://eprints.soton.ac.uk/426431/1/seals2018.pdf#page=89
https://eprints.soton.ac.uk/426431/1/seals2018.pdf#page=89
http://doi.org/10.1016/j.culher.2018.03.014
http://www.gia.edu/gems-gemology/summer-2019-kimberlites-earths-diamond-delivery-system
http://www.gia.edu/gems-gemology/summer-2019-kimberlites-earths-diamond-delivery-system
http://www.gia.edu/gems-gemology/summer-2019-kimberlites-earths-diamond-delivery-system
http://doi.org/10.17159/2411-9717/2019/v119n2a8
http://doi.org/10.17159/2411-9717/2019/v119n2a8
http://doi.org/10.3390/min8080324
http://doi.org/10.5741/GEMS.55.2.162

LITERATURE OF INTEREST

Gems of Italy [prehnite to dendritic spessartine].

E. Amore, R. Appiani, V. Bordoni, M. Campos Venuti,

G. Cattaneo, F. Caucia, G. Conti-Vecchi, E. Costa,

C. Ghisoli, A. Guizzardi, D. Leoni, M. Macri, A. Maras,
L. Marinoni, M. Mauri, L.M. Pich, A. Mottana, P. Stara,
S. Tegani and F. Troilo, Rivista Italiana di Gemmologia/
Italian Gemological Review, No. 7, 2019, 22-33.

Geochemical characteristics and Ar-Ar dating of
different nephrite deposits in Qinghai Province.
H. Yu, Q. Ruan, B. Liao and D. Li, Acta Mineralogica
Sinica, 38(4), 2018, 655-668 (in Chinese with
English abstract).

The Malkhan pegmatite district, Krasny Chikoy,
Transbaikalia, eastern Siberian region, Russia.

J. Kynicky, J. Kynicky, B. Lees, W. Song, M. Kotlanova,
G. Wagner and P. Persson, Mineralogical Record,
50(3), 2019, 235-324.

Mighty Montepuez [ruby mine in Mozambique].
M. Dettmer, Gems&Jewellery, 28(2), 2019, 22-25.

Modern discovery of Aappaluttoq [Greenland ruby].
D. Turner, W. Rohtert, M. Ritchie and B. Wilson,
Gems&Jewellery, 28(2), 2019, 14-17.

Trace elements and U-Pb ages of zircons from
Myanmar jadeite-jade by LA-ICP-MS: Constraints
for its genesis. S. Cai and E. Zhang, Spectroscopy and
Spectral Analysis, 38(6), 2018, 1896-1903 (in Chinese
with English abstract).

3D imaging of gems and minerals by multiphoton
microscopy. B. Cromey, R.J. Knox and K. Kieu,
Optical Materials Express, 9(2), 2019, 516-525,
http://doi.org/10.1364/0me.9.000516.*

The characterization of natural gemstones using
non-invasive FT-IR spectroscopy: New data on
tourmalines. M. Mercurio, M. Rossi, F. 1zzo, P.
Cappelletti, C. Germinario, C. Grifa, M. Petrelli, A.
Vergara and A. Langella, Talanta, 178, 2018, 147-159,
http://doi.org/10.1016/j.talanta.2017.09.030.

Sensitive and rapid oxygen isotopic analysis of
nephrite jade using large-geometry SIMS. A.
Schmitt, M.-C. Liu and I. Kohl, Journal of Analytical
Atomic Spectrometry, 34(3), 2019, 561-569, http://
doi.org/10.1039/c8ja00424b.

THE JOURNAL OF GEMMOLOGY, 36(7), 2019

An analysis on branded gemstones. C. Liile,
GemGuide, 38(3), 2019, 4-8.

The art of photomicrography. D. Pregun,
Gems&Jewellery, 28(2), 2019, 34-37.

Jewellery: From material to affection. A. Passos,
Journal of Jewellery Research, 2, 2019, 16 pp.,
www.journalofjewelleryresearch.org/download/
ana-passos.*

The local translation of global norms: The Sierra
Leonean diamond market. N. Engwicht, Conflict,
Security & Development, 18(6), 2018, 463-492, http://
doi.org/10.1080/14678802.2018.1532639.*

Man-made diamonds are diamonds too. This new
extended definition isolates the FTC from European
standards. P. Minieri, Rivista Italiana di Gemmologia/
Italian Gemological Review, No. 7, 2019, 34-38.

Valuation considerations, home and abroad. S.
Mitchell, GemGuide, 38(3), 2019, 9-12.

L’Ambre birman : la redécouverte d’un ancien
gisement, son trésor de fossils [Burmese Amber:
The rediscovery of a former deposit, its treasure of
fossils]. S. Ellenberger, Revue de Gemmologie A.EG.,
Nos. 204-205, 2018, 63-71 (in French).

Can DNA be extracted from amber?

K. Szawaryn, Bursztynisko (The Amber Magazine),
No. 43, 2019, 96-97, https://issuu.com/
internationalamberassociation/docs/
bursztynisko_43/98 (in English and Polish).*

Inclusions [in amber]: Imagination vs. reality.

A K.-K.E. Sontag, Bursztynisko (The Amber
Magazine), No. 43, 2019, 92-94, https://issuu.com/
internationalamberassociation/docs/bursztynisko_
43/94 (in English and Polish).*

Infrared spectroscopic characteristics of Borneo and
Madagascar copal resins and rapid identification
between them and ambers with similar
appearances. L. Dai, G. Shi, Y. Yuan, M. Wang and

Y. Wang, Spectroscopy and Spectral Analysis, 38(7),
2018, 2123-2131 (in Chinese with English abstract).


http://doi.org/10.1364/ome.9.000516
http://doi.org/10.1016/j.talanta.2017.09.030
http://doi.org/10.1039/c8ja00424b
http://doi.org/10.1039/c8ja00424b
http://www.journalofjewelleryresearch.org/download/ana-passos
http://www.journalofjewelleryresearch.org/download/ana-passos
http://doi.org/10.1080/14678802.2018.1532639
http://doi.org/10.1080/14678802.2018.1532639
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/98
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/98
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/98
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/94
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/94
https://issuu.com/internationalamberassociation/docs/bursztynisko_43/94

Un apercu sur les perles d’eau douce d’Amérique
du Nord [An overview of freshwater pearls from
North America]. G. Latendresse, Revue de Gemmologie
A.EG., Nos. 204-205, 2018, 59-62 (in French).

Component analysis and identification of black
Tahitian cultured pearls from the oyster Pinctada
margaritifera using spectroscopic techniques. L.
Shi, Y. Wang, X. Liu and J. Mao, Journal of Applied
Spectroscopy, 85(1), 2018, 98-102, http://doi.org/
10.1007/s10812-018-0618-4.

Evidence of rotation in flame-structure pearls from
bivalves of the Tridacnidae family. J.-P. Gauthier, J.
Fereire and T.N. Bui, Gems & Gemology, 55(2), 2019,
216-228, http://doi.org/10.5741/GEMS.55.2.216.*

The optical characteristics of cultured akoya

pearl are influenced by both donor and recipient
oysters. T. Iwai, M. Takahashi, C. Miura and T.
Miura, in K. Endo, T. Kogure & H. Nagasawa, Eds.,
Biomineralization, Springer, Singapore, 2018, 113-119,
http://doi.org/10.1007/978-981-13-1002-7_12.*

A pearl identification challenge. N. Sturman, L.M.
Otter, A. Homkrajae, A. Manustrong, N. Nilpetploy,
K. Lawanwong, P. Kessrapong, K.P. Jochum,

B. Stoll, H. Gotz and D.E. Jacob, Gems & Gemology,
55(2), 2019, 229-243, http://doi.org/10.5741/
GEMS.55.2.229.*

Pearl varieties. K. Gregory, GemGuide, 38(2),
2019, 8-11.

10x - From the analyst’s notebook. An investigation
on a red faceted stone [synthetic ruby]. C. Cumo,
Rivista Italiana di Gemmologia/Italian Gemological
Review, No. 7, 2019, 7-13.

Crystallography 101 — A seven-sided emerald
crystal [hydrothermal synthetic emerald]?

J.-M. Arlabosse, Gemmology Today, June 2019, 5-8,
www.worldgemfoundation.com/GTJUNE2019DV/
htmlSforpe.html?page=4.*

Research on laboratory testing features of chemical
vapor deposition in overgrowth diamonds. S. Tang,

LITERATURE OF INTEREST

J. Su, T. Ly, Y. Ma, J. Ke, Z. Song, J. Zhang, X. Zhang,
H. Dai, H. Li, J. Zhang, X. Wu and H. Liu, Rock and
Mineral Analysis, 38(1), 2019, 62-70 (in Chinese with
English abstract).

Aesthetic improvement of transparent natural
quartz by heat treatment at different temperature.
R.K. Sahoo, B. Dhal, S.K. Singh and B.K. Mishra,
International Journal of Nano and Biomaterials,
7(3), 2018, 231-241, http://doi.org/10.1504/ijnbm.
2018.094251.

Behandelte Korunde - Einfithrung in die Thematik
[Treated corundum - Introduction to the topic].

T. Lind, Gemmologie: Zeitschrift der Deutschen
Gemmologischen Gesellschaft, 67(3/4), 2018, 1-10
(in German).

Diffusions- und Oberflichenbehandlung bei
Korunden [Diffusion and surface treatment of
corundum]. U. Henn, C.C. Milisenda, T. Stephan and
B. Huaysan, Gemmologie: Zeitschrift der Deutschen
Gemmologischen Gesellschaft, 67(3/4), 2018, 47-60
(in German with English abstract).

Effect of heat treatment on the luminescence
properties of natural apatite. P. Chindudsadeegul
and M. Jamkratoke, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 204, 2018,
276-280, http://doi.org/10.1016/j.saa.2018.06.056.

Madagascar sapphire: Low-temperature heat
treatment experiments. E.B. Hughes and R. Perkins,
Gems & Gemology, 55(2), 2019, 184-197, http://doi.
org/10.5741/GEMS.55.2.184.*

Nachweis der Temperaturbehandlung von
Korund [Identification of the heat treatment of
corundum]. T. Stephan and S. Miiller, Gemmologie:
Zeitschrift der Deutschen Gemmologischen
Gesellschaft, 67(3/4), 2018, 21-36 (in German

with English abstract).

Reinheitsverbesserung von Korunden durch
Rissbehandlung [Clarity enhancement of
corundum by fissure treatment]. T. Stephan and
U. Henn, Gemmologie: Zeitschrift der Deutschen
Gemmologischen Gesellschaft, 67(3/4), 2018, 37-46
(in German with English abstract).

THE JOURNAL OF GEMMOLOGY, 36(7), 2019


http://doi.org/10.1007/s10812-018-0618-4
http://doi.org/10.1007/s10812-018-0618-4
http://doi.org/10.5741/GEMS.55.2.216
http://doi.org/10.1007/978-981-13-1002-7_12
http://doi.org/10.5741/GEMS.55.2.229
http://doi.org/10.5741/GEMS.55.2.229
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=4
http://www.worldgemfoundation.com/GTJUNE2019DV/html5forpc.html?page=4
http://doi.org/10.1504/ijnbm.2018.094251
http://doi.org/10.1504/ijnbm.2018.094251
http://doi.org/10.1016/j.saa.2018.06.056
http://doi.org/10.5741/GEMS.55.2.184
http://doi.org/10.5741/GEMS.55.2.184

LITERATURE OF INTEREST

Temperaturbehandlung von Korund [Heat
treatment of corundum]. T. Higer, Gemmologie:
Zeitschrift der Deutschen Gemmologischen Gesellschaft,
67(3/4), 2018, 11-20 (in German with English abstract).

Titanium - Heating rutile is never futile.

G. Dominy, Gemmology Today, March 2019, 22-26,
www.worldgemfoundation.com/GTMARCH2019DV/
htmlSforpc.html?page=22.*

G&G Micro-World. Intergrown emerald specimen from
Chivor e Purple fluorite inclusion in Russian emerald

¢ Helical inclusion in Colombian emerald ® Mexican
opal with large fluid inclusion ® Pyrope-almandine in
sapphire ® Euhedral phantom sapphire in sapphire ®
Curved banding in flame-fusion synthetic sapphires

¢ Iridescent Tabasco (Mexico) geode ® Inclusion-rich
black topaz from the Thomas Mountains, Utah, USA e
Dioptase in and on quartz. Gems & Gemology, 55(2),
2019, 260-269, www.gia.edu/gg-issue-search?ggissueid
=1495287212844&articlesubtype=microworld. *

THE GEMMOLOGICAL ASSOCIATION
OF GREAT BRITAIN

Gem News International. Plume agate from Iran ®
Jadeite from the Polar Urals ® Natural freshwater pearls
from the Mississippi River system e Trapiche quartz

¢ Rubies from Rock Creek, Montana ® Glass-filled
polki-cut CVD synthetic diamonds ® Low-temperature
heat treatment of pink sapphire ® Tagua nut as a
sustainable replacement for ivory. Gems & Gemology,
55(2), 2019, 278-292, www.gia.edu/gg-issue-search?
ggissueid=1495287212844&articlesubtype=gni.*

Lab Notes. Resin-coated and clarity-enhanced
aquamarine pendant ® Rough diamond with fake green
‘radiation stains’ ® Separation of kornerupine and
prismatine ® Faceted milarite ® ‘Hollow’ pearl filled
with foreign materials ® Dyed serpentine imitating
sugilite ® Color-change spessartine ® Spurrite cabochon
® Natural-looking exsolved particles in flux-grown pink
synthetic sapphire. Gems & Gemology, 55(2), 2019,
246-259, www.gia.edu/gg-issue-search?ggissueid=1495
287212844&articlesubtype=labnotes.*

*Article freely available for download, as of press time

THURSDAY 6 FEBRUARY 2020
Scottish Rite Cathedral, 160 S Scott Ave, Tucson, AZ 85701
6:30 - 8:30pm

&

I

Calling all gemmologists* ) >
Don’t miss the best networking event in town!
ad REGISTRATION OPENS SOON

THE JOURNAL OF GEMMOLOGY, 36(7), 2019



http://www.worldgemfoundation.com/GTMARCH2019DV/html5forpc.html?page=22
http://www.worldgemfoundation.com/GTMARCH2019DV/html5forpc.html?page=22
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=microworld
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=microworld
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=gni
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=gni
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=labnotes
http://www.gia.edu/gg-issue-search?ggissueid=1495287212844&articlesubtype=labnotes

OF GREAT BRITAIN

Gem-A Conference 2019

November 2-3

etcvenues County Hall, London

THE GEMMOLOGICAL ASSOCIATION

Bringing together the greatest minds in Gemmology

REASONS TO ATTEND

An amazing line-up of speakers from all
corners of gemmology.

Network with some of the leaders in the
field during the Conference breaks and the
Saturday evening dinner.

Learn from speakers and fellow delegates.

Exclusive workshops and trips including
private viewings.

Join us for dinner on the 2 November at the
House of Commons, an iconic venue that
forms part of the Palace of Westminster.

Register your place: gem-a.com/event/conference

Gem-A Members and Students! You have been sent an email with a link to book the
members/student rate. Contact events@gem-a.com if you haven't received the email.

p"/\f\l""'"\f' far7=Jla%s) "‘"’\I’\f\"’"""
I L \ALT] Y Jvllllllvc\_d:uuu

p:-»\’\/ 1(\/\(
2l TN d\/\.)



http://www.gem-a.com/event/conference

— Wassily Kandznsky Yy

6;21" is a power /u‘,/ﬂzch dzrectly mﬂuences the soul




