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3.1
Be-detection by FTIR on corundum: a preliminary report
Walter A. Balmer 1 2, Michael S. Krzemnicki2

1 Department of Geology, Faculty of Science, Chulalongkorn University, Bangkok 10330 University, Bangkok 10330, Thailand  
  (w.balmer@quicknet.ch)
2 Swiss Gemmological Institute SSEF, Aeschengraben 26, 4051 Basel, Switzerland

In mid-2001 Be-diffusion for corundum was first reported, when suddenly an unusually large number of Padparadscha 
coloured sapphires appeared in the market (Hänni & Pettke, 2002). Ever since, gemmological laboratories were confronted 
with the challenging task of detecting Be in corundum. Be however is a very light element and therefore not detectable by 
conventional ED-XRF trace-element analysis. New analytical methods had to be found in order to detect Be in gemstones, 
which potentially had been diffusion treated. Soon LA-ICP-MS (Guillong & Günther, 2002; Abduriyim & Kitawaki, 2006) and 
LIBS (Krzemnicki et al., 2004; Krzemnicki et al., 2007) where introduced to the field of gemmology. Although these methods 
are highly sensitive and Be can be detected efficiently, they were also very sophisticated and costly. Many laboratories with 
smaller budgets and less specialised personnel were therefore left with no solution in the detection of Be-treatments in 
general and corundum in particular.

In order to investigate the potential of FTIR as a possible analytical method for Be-detection in gemmology, three samples 
of colourless sapphires created by three different producers of synthetic corundum were investigated before and after Be-
diffusion treatment (brownish colour after treatment). The Be-diffusion treatment was carried out by local burners in 
Chantaburi, Thailand, along with a batch of commercially treated corundum, processed at the same time.

Besides known artefacts related to atmospheric CO2, H2O, and grease no other signals were recorded for the examined 
synthetic corundum samples before treatment. Subsequent to Be-diffusion treatment two new features were observed in all 
three samples instead: a distinct band at 3053 cm-1 and a less pronounced band at 2490 cm-1.

Figure 1. Synthetic sapphire before (blue trace) and after Be-diffusion treatment (black trace) revealing a distinct absorption band at 
3053cm-1 and a less pronounced band at 2490cm-1.

The band at 3053 cm-1 seems to be the same band as observed by Kitawaki & Abduriyim (2008) at 3068 cm-1 and is 
located in an IR-range where bands related to diaspore (Farmer, 1974; Downs, 2006), dolomite (Downs, 2006), and an 
“unknown” band (Smith & van der Bogert, 2006) had been described before. The band at 2490cm-1 however lays in an IR-
range where no common artefacts nor signals of inclusions in corundum are known so far (Balmer, 2011).

Due to the fact that the described bands were occurring in all three investigated synthetic corundum samples only after Be-
diffusion, we assume that the presence of these two bands at 3053 cm-1 and 2490cm-1 are possibly indicative for the 
detection of a Be-diffusion treatment in corundum. Cross-checking with a number of commercially available yellow Be-
diffusion treated sapphires (analysed by LAICPMS) from different sources has shown, that they all show the same bands 
after treatment. Although further testing on a larger sampling and other corundum colours (before and after Be-diffusion) 
have to be collected, it has been possible to demonstrate that FTIR has the potential to be used as an alternative and less 
costly analytical method for Be-detection in corundum in the future. 
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3.2
Origin and species determination of organic gems: DNA fingerprinting 
as a novel method in gemmology

Laurent E. Cartier1,2 Joana B. Meyer3, Michael S. Krzemnicki1  

1 Swiss Gemmological Institute SSEF, Aeschengraben 26, 4051 Basel, Switzerland (laurent.cartier@ssef.ch)
2 Institute of Earth Sciences, Faculty of Geosciences, University of Lausanne, Lausanne, 1015, Switzerland
3 Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Zürcherstrasse 111, Birmensdorf,  
  8903 Switzerland

Organic gems such as pearls are some of the oldest gems collected and used in jewelry by mankind. Although not 
geological in origin, organic gem materials such as corals, ivory and pearls are products of biomineralization processes. 

Organic gems such as pearls usually contain minute amounts of organic matter bound by a mineral matrix. This organic 
matter may contain small amounts of DNA that can be extracted and analyzed using novel extraction and fingerprinting 
techniques. This method was developed and published in 2013 using different types of pearls and oyster species (Meyer et 
al., 2013). This method has been further refined so that the pearl does not need to be destroyed (i.e. quasi non-destructive) 
and the amount of required material has been considerably reduced. 

This innovation offers a number of testing and marketing opportunities within the billion US$ international pearl industry. 
DNA fingerprinting can offer conclusive identification of the oyster species to which a pearl corresponds. Furthermore, the 
method has the potential to reveal the geographic origin of a pearl –which is an important factor for the valuation of pearls- 
based on more specific fingerprinting. 

Although this method has only been applied to pearls thus far, it is currently being tested for precious coral and ivory. Past 
destructive research on ivory samples showed that it is possible to determine the regional origin of an ivory sample based 
on extracted DNA (Wasser et al., 2004). Furthermore, this method can be applied to other gem-relevant materials such as 
giant clam shells and (precious) corals. The novelty of this method is its quasi non-destructive nature, which makes it highly 
interesting for the jewelry industry. This research is also very relevant to the work of international customs within the context 
of organic gems protected by the Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES). 

This method can increase transparency (through origin and species determination) and prevent fraud by identifying 
protected species for other organic gems. DNA fingerprinting as a tool in gemmology illustrates the importance of 
collaborating with researchers from other fields in order to develop new gemstone testing techniques for the 21st century. 

REFERENCES  
Meyer, J.B., Cartier, L.E., Pinto-Figueroa, E.A., Krzemnicki, M.S., Hänni, H.A., and McDonald, B.A., 2013. DNA fingerprinting 

of pearls to determine their origins. PLOS ONE, 8(10), e75606.
Wasser, S.K., Shedlock, A.M., Comstock, K., Ostrander, E.A., Mutayoba, B., and Stephens, M., 2004. Assigning African 

elephant DNA to geographic region of origin: Applications to the ivory trade. PNAS, 101(41), 14847–52.
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3.3
Origin of gem corundum in calcite marble: The Revelstoke occurrence 
in the Canadian Cordillera of British Columbia

Tashia J. Dzikowski a, Jan Cempírek b, Lee A. Groat c, Gregory M. Dipple c, Gaston Giuliani d

a SSEF Swiss Gemmological Institute, Aeschengraben 26, CH-4051 Basel
b Department of Geological Sciences, Masaryk University, Kotlarska 2, 65937 Brno, Czech Republic 
c Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 2207 Main Mall, Vancouver,  
  BC V6T1Z4, Canada 
d IRD et CRPG/CNRS, Centre de Recherches Pétrographiques et Géochimiques, 15 rue Notre Dame des Pauvres,  
  Vandoeure-lés-Nancy 54501, France

The calcite marble-hosted gem corundum (ruby, sapphire) occurrence near Revelstoke, British Columbia, Canada, occurs 
in the Monashee Complex of the Omineca Belt of the Canadian Cordillera. Corundum occurs in thin, folded and stretched 
layers with green muscovite + Ba-bearing K-feldspar + anorthite (An0.85–1) ± phlogopite ± Na- poor scapolite. Other silicate 
layers within the marble are composed of: (1) diopside + tremolite ± quartz and (2) garnet (Alm0.7–0.5Grs0.2–0.4) + Na-rich 
scapolite + diopside + tremolite + Na,K-amphiboles. Non-silicate layers in the marble are either magnetite- or graphite-
bearing. 

Predominantly pink (locally red or purple) opaque to transparent corundum crystals have elevated Cr2O3 (≤0.21 wt.%) and 
variable amounts of TiO2; rare blue rims on the corundum crystals contain higher amounts of TiO2 (≤0.53 wt.%) and Fe2O3 
(≤0.07 wt.%). The associated micas have elevated Cr, V, Ti, and Ba contents. Petrography of the silicate layers show that 
corundum formed from muscovite at the peak of metamorphism (~650–700 °C at 8.5–9 kbar). Because the marble is 
almost pure calcite (dolomite is very rare), the corundum was preserved because it did not react with dolomite to spinel + 
calcite during decompression. The scapolite-bearing assemblages formed during or after decompression of the rock at 
~650 °C and 4–6 kbar. Gem-quality corundum crystals formed especially on borders of the mica-feldspar layers in an 
assemblage with calcite.

Whole rock geochemistry data show that the corundum-bearing silicate (mica-feldspar) layers formed by mechanical mixing 
of carbonate with the host gneiss protolith; the bulk composition of the silicate layers was modified by Si and Fe depletion 
during prograde metamorphism. High element mobility is supported by the homogenization of δ18O and δ13C values in 
carbonates and silicates for the marble and silicate layers. The silicate layers and the gneiss contain elevated contents of 
Cr and V due to the volcanoclastic component of their protolith.
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3.4
Characterization of sapphires from Madagascar, Sri Lanka, Tanzania and 
Burma

Emilie Elmaleh1, Susanne Theodora Schmidt1, Stefanos Karampelas2, Federico Galster3

1 Section of Earth and Environmental Sciences, University of Geneva, Switzerland                                                                                         
2 Gübelin Gem Lab, Lucerne, Switzerland
3 Faculty of Geosciences and Environment, University of Lausanne, Switzerland                                                                                           

A suite of 136 light blue to dark blue, whitish to greenish sapphires of the Gübelin Gem collection was examined from 
Madagascar (mines of Andranondambo, Andilamena and Ilakaka), Tanzania (Songa), Sri Lanka (Elahera, Ratnapura and 
Balangoda) and Burma (Mogok) using a combination of classical gemmology, UV-VIS-NIR, FTIR, and RAMAN 
specroscopy, EDXRF and LA-ICP-MS trace element analysis.  In addition, zircon, apatite and rutile inclusions were 
identified and U-Pb dating on zircon inclusions was carried out. 

Three physico-chemical parameters are particularly important for determining a sapphire and its possible origin of formation 
and mining district provenance:  
      

1) The presence of characteristic inclusions such as kaolinite, boehmite, calcite, apatite, rutile, and zircon, as well as 
fluid inclusions, spinell and graphite, 

2) the intensity and/or absence of certain absorption bands of the UV-Vis-NIR spectra and 
3) the chemical trace element composition, especially the elements Fe, Ti, Cr, V and Ga. 

Out of the suite of 136 samples, 17 gems contained zircon inclusions with a size < 150 mm suitable for U-Pb dating by ICP-
MS. Zircon inclusions were examined using cathodoluminescence (CL) to reveal information about the external morphology 
and the internal textures. 

Zircon xenocrysts occur as cores in many zircon grains of which some show a typical magmatic growth zoning. They are 
normally mantled by newly grown zircon rims.. 

Figure 1 Cl-images of zircon inclusions: (a) Andilamena mine (Saman039a), Madagascar; (c) Ilakaka mine (FSMA121), Madagascar; (c) 
Balangoda mine (SASL01), Sri Lanka

Zircons from the Andilamena and Ilakaka mine from Madagascar (Fig. 1a&b)  show the oldest age with an  U-Pb age of 
1580±300 Ma and 1470±550 Ma, respectively which is older than the host rock (<600 Ma). All these ages are considered 
as mixed ages of an earlier magmatic core and later overgrowth(s). Samples from Ratnapura and Balangoda (Sri Lanka) 
were dated at 560±8 Ma and 550±7 Ma (U-Pb age) which is accordance with the host rock age.  Zircons from Mogok 
(Burma) show the youngest U-Pb age of 67±5 Ma,. This age is older than expected as the host rock is 30 Ma old. However, 
the external morphology of these zircons is possibly of detrital origin, and they were likely to be incorporated during the 
crystallisation of the sapphire.
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3.5
Microscopic study of inclusions in gemstones
Henry A. Hänni

Swiss Gemmological Institute SSEF, Aeschengraben 26, CH – 4002 Basel

Introduction 
The identification of gemstones is classically done using optical mineralogy, UV-VIS spectroscopy, FTIR-, Raman 
spectroscopy to identify the mineral species and varieties. An important difference to pure mineralogical identification is that 
gemstones must be analysed destruction free. The natural or synthetic origin as well as the possible presence of an 
enhancement of the appearance are important issues. In addition, origin determination has become extremely important, so 
that chemical tests are increasingly important.

Traditionally, gemstones are investigated with binocular microscopes with low magnifications from 10x – 60x. While direct 
transmission of light is common in mineralogy, gemstones are usually inspected in dark field illumination, The features 
looked for are included minerals, healed fissures, fluid inclusions and growth characteristics. In some special cases 
immersion in higher refractive liquids is necessary, mainly to study growth development and colour zoning. 

The diagnostic value of inclusion pictures has been demonstrated by founders of the science of gemmology from the 1930s 
onwards. The Swiss pioneer in inclusion study was Eduard J. Gübelin (1913 – 2005). He published three volumes of  
“Photoatlas of inclusions in Gemstones”, together with John I. Koivula. The present presentation should show a few 
diagnostic inclusion pictures taken from faceted gemstones that were submitted for identification and test reports to the 
Swiss Gemmological Institute SSEF during the last 30 years.

Natural gemstones
Natural gemstones can contain inclusions typical for the variety or even for the geological source and these can be 
indicators for a gemstone’s origin. Protogenetic rutile crystals or syngenetic rutile precipitations are typical for corundum 
(ruby and sapphire). While apatite, zircon and rutile are common for many origins, mica, pargasite (Fig. 1) or pyrochlore are 
more helpful for origin determination.
In emeralds two- and three-phase inclusions are frequent, as well as carbonates, mica, apatite and other solid phases. 

Treated gemstones
Fissure filling is very wide spread for lower qualities of gemstones, it has been performed with oils in older times, today low 
viscose lead glass is widely used. When higher temperatures are applied, heat treatment with assistance of borates leads 
to partial healing i.e. re-crystallisation of fissures. Glassy residues are then observed. At high temperatures the diffusion of 
chromophore trace elements, mainly Ti in sapphires is performed in order to increase the blue colour, due to 
Fe2+ /Ti4+ pairs. Diffusion from outside is shallow for Ti, but deeper for Be, the latter providing a yellow colour.
With emeralds and tourmalines that have fine fissures, and porous stones such as turquoise and some jadeites, 
impregnation with oils and resins is quite common. Such treatments may be suspected, but identification is more conclusive 
with FTIR or Raman spectroscopy.

Synthetic material
The more valuable gemstones like ruby, emerald, alexandrite and spinel have been copied i.e. synthesised through a 
variety of techniques. From melt drop Verneuil process to flux growth and hydrothermal growth, all techniques can have 
characteristic internal features indicating they are man made products. And again microscopy may be the short cut method 
for identification.
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Figure 1. A pargasite needle in a sapphire from Kashmir, characteristic guest mineral for this deposit. Photo H.A. Hänni, SSEF.

REFERENCES 
Gübelin, E.J. & Koivula, J.I. (2004): Photoatlas of Inclusions in Gemstones, Opinio, ISBN/EAN978-3-03999-041-2
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3.6
Spectroscopic study of Co-bearing spinel from Luc Yen (Vietnam)
Carina Hanser1 2

1 Institute of Earth and Environmental Sciences, Mineralogy-Petrology-Geochemistry,
  University of Freiburg, Albertstr. 23b, D-79104 Freiburg (carina.hanser@googlemail.com)
2 Swiss Gemmological Institute SSEF, Aeschengraben 26, 4051 Basel

Over the past few years spinels have increased in popularity and thus in their relevance for the gem industry. These 
gemstones are classically known for their red to pink colour caused by chromium. However, blue cobalt-containing spinels 
from the Luc Yen region in Vietnam have more recently reached the market. These spinels from Luc Yen often show a 
slight alexandrite effect by changing their colour to a more purple tone under a tungsten light source (incandescent light). 
Although the Raman spectra only show differences between natural and synthetics cobalt spinels, the absorption trends in 
UV-Vis spectroscopy and the photoluminescence spectra also vary within the group of natural spinels. The different 
behaviour of both natural subgroups, the colour-changing spinels and those of invariant colour, is due to their diverse trace 
element chemistry – notably cobalt and iron - detected by LA-ICP-MS.

3.7
Natural green amber from Ethiopia
Lore Kiefert1, Klaus Schollenbruch2, Wenxin Xu2

1 Gubelin Gem Lab Ltd., Maihofstrasse 102, CH-6006 Luzern
  (lore.kiefert@gubelingemlab.com)
2 Gubelin Gem Lab Ltd., Maihofstrasse 102, CH-6006 Luzern 

The discovery of Ethiopian amber is relatively new (Schmidt et al., 2010), and previous literature does not give an exact 
location. Also, the described amber appears to be mostly yellowish brown in colour.
On a recent visit to Ethiopia, one of the authors (LK) was presented with several pieces of green amber (Figure 1 left), 
which sometimes resembled the appearance of green autoclaved amber as seen in the mid- to late 2000’s (Abduriyim et 
al., 2009). However, the colour of some of these was distinctly different, and some of the pieces contained plant matter and 
even insects (Figures 1& 2). 

Figures 1 & 2. Insects in green amber from Ethiopia
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The amber deposits are located approximately 150 km north-northwest of Addis Ababa, near the town of Alem Ketema 
(Figure 2). According to the local geologist, Dr. Begosew Abate, who studied the area where the green amber is found, it 
occurs within Mesozoic sedimentary rocks just under the contact with the oldest Cenozoic volcanic rocks, in which opal 
bearing layers are found (Abate, pers. comm. 2014). 

Figure 2. Location of amber deposits in Ethiopia. The green amber is found near Alem Ketema. Map: Begosew Abate.

The amber deposits are hosted within cretaceous age sandy limestones and exposed  at different localities within the 
canyons cut by major tributaries of the Blue Nile river such as Jema, Wonchit and Mugher. Amber occurs in at least three 
colors, i.e., green, blue green, yellowish and reddish. Ethiopian Amber is new to the market but it is attracting more and 
more people in recent days.

The presentation will focus on the properties of green amber from Ethiopia, showing inclusion photos and FTIR spectra that 
may also be used to distinguish it from its treated counterpart.

ACKNOWLEDGEMENTS
The authors wishe to thank Tewodros Sintayehu of Orbit Ethiopia plc for the supply of the amber pieces, as well as Dr. 
Begosew Abate of Orbit Ethiopia plc for geological information of this amber.
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3.8
X-ray Phase Contrast and X-ray Scattering Images of Pearls
Michael S. Krzemnicki 1, Vincent Revol2, Carina Hanser3, Laurent Cartier 1, Henry A. Hänni 1

1 Swiss Gemmological Institute SSEF; Aeschengraben 26, CH-4051 Basel (michael.krzemnicki@ssef.ch)
2 CSEM Centre Suisse d’Electronique et Microtechnique SA, CH-6055 Alpnach
3 Institut für Geo- und Umweltnaturwissenschaften, Albert-Ludwigs Universität, D-79104 Freiburg i. Br.

The separation of natural pearls from cultured pearls is relevant to the multi billion pearl and jewellery trade. It is mainly 
based on the analysis and observation of the internal structures of pearls, traditionally done by X-ray radiography 
(Anderson 1931, Strack 2006, Sturman 2009). Slight variations in X-ray absorption (attenuation) within a pearl are then 
linked to the presence, concentration, and orientation of organic matter or voids within the calcium carbonate pearl matrix. 
In recent years, X-ray microtomography (Xray-µCT) has strongly contributed to a better understanding of the spatial 
distribution of such internal features (Wehrmeister et al. 2008, Krzemnicki et al. 2010). With this study we were able for the 
first time to simultaneously register conventional X-ray absorption, X-ray phase contrast, and X-ray scattering (darkfield) 
images of numerous natural and cultured pearl samples from various pearl oyster and mussel species.

Figure 1: Comparison of a) X-ray absorption (attenuation), b) X-ray phase contrast, and c) X-ray scattering images of a strand of 44 
beadless freshwater cultured pearls from China (Hyriopsis cumingii). 

By using an experiment setup at the CSEM (Revol et al., 2011), the most promising results were obtained from X-ray 
scattering (Figure 1c). As presented here for a strand of beadless freshwater cultured pearls, it revealed not only their multi-
layered onion-like growth structure, but also in great detail the complex geometry of their characteristic central void 
structure. 

Our preliminary results show that both, X-ray phase contrast and X-ray scattering are adding valuable information to 
conventional X-ray absorption (radiography) when analysing the internal structures of pearls. 

REFERENCES 
Anderson, B. W. 1931: The use of X-rays in the study of pearls. British Journal of Radiology, 5, 57-64.
Krzemnicki, M.S., Friess, S.D., Chalus, P., Hänni, H.A., & Karampelas, S. 2010: X-ray computed microtomography: 

Distinguishing natural pearls from beaded and non-beaded cultured pearls. Gems & Gemology, 46 (2), 128–134.
Revol, V., Jerjen, I., Kottler, C., Schütz, P., Kaufmann, R., Lüthi, T., Sennhauser, U., Straumann, U., & Urban, C. 2011: Sub-

pixel porosity revealed by X-ray scatter dark field imaging. Journal of Applied Physics, 110, 4, doi: 10.1063/1.3624592
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3.9
Species identification and treatment detection in dark coloured pearls
Wei Zhou1, Tashia Dzikowski1
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In the jewellery market, dark-coloured pearls vary in colour range from grey to brown and black, with blue, green or purple 
orients considered highly desirable (George 1971). These naturally coloured dark pearls may belong to several different 
saltwater pearl oyster species but have very similar appearances. Pinctada margaritifera, Pteria sterna (Kiefert et al. 2004), 
Pteria penguin (P. penguin) and also black pearls from Abalone are common types found in the trade. Meanwhile, some 
light coloured pearls can be also treated to obtain dark coloured pearls (Komatsu & Akamatsu 1978). Gemmological 
observation and examination along with UV-VIS spectrometry, Raman spectrometry and energy dispersive X-ray 
fluorescence (ED-XRF) are useful methods to distinguish pearl species mostly based on differnces of their colour pigments 
(Britton 1983, Iwahashi & Akamatsu 1994, Karampelas 2011). Identification of treated dark pearls is also possible using 
these techniques. 

Figure 1 shows the UV-Vis reflectance spectra of studied pearl samples from different oyster species (P. margaritifera, P. 
sterna, P. penguin) and a silver (Ag) treated dark pearl. In figure 2, typical Raman spectra of natural-coloured pearl species 
from P. margaritifera, P. sterna and P. penguin are presented. The spectra (Fig. 2) were recorded using an argon-ion laser 
(514nm). Energy dispersive X-ray fluorescence analyses of Abalone pearls reveal, that they contain iodine (I) as minor 
constituent, in contrast to the other investigated species. In the case of silver-treated pearls of artificial dark colour a distinct 
Ag concentration can also be detected using ED-XRF. 

Figure 1. UV-Vis reflectance spectra of pearls from P. margaritifera, P. penguin, P. sterna and a silver (Ag)-treated pearl.

Figure 2. Raman spectra of a black pearl from P. margaritifera, a dark grayish brown natural pearl from P. Sterna and a brown pearl from P. 
Penguin.
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In summary, UV-Vis spectroscopy offers the possibility to distinguish P. margaritifera pearls from other dark coloured 
species (based on their absorption band at approximately 700nm) (Huang 2006, Karampelas et al. 2011) and to detect Ag-
treated pearls. Raman spectroscopy then provides further option to distinguish P. margaritifera, P. sterna and P. penguin 
pearls based on their specific Raman shift peak positions. Finally, the ED-XRF reveals the chemical composition of Abalone 
pearls and Ag-treated pearls, which have distinct iodine (I) and silver (Ag) content, respectively.
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