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3.1
Simultaneous High Sensitivity Trace Element and Isotopic Analysis for 
Gemstones using Laser Ablation Inductively Coupled Plasma Time-Of-
Flight Mass Spectrometry
Hao A.O. Wang, Michael S. Krzemnicki, Jean-Pierre Chalain, Pierre Lefèvre, Wei Zhou, Laurent Cartier

Swiss Gemmological Institute SSEF, Aeschengraben 26, 4051, Basel, Switzerland (hao.wang@ssef.ch)

GemTOF, installed at the Swiss Gemmological Institute SSEF, is a next-generation elemental analytical technique – Laser 
Ablation Inductively Coupled Plasma Time-Of-Flight Mass Spectrometry (LA-ICP-TOF-MS). The system enables full 
elemental mass spectrum acquisition at an ultra-high acquisition speed. Nearly all elements in the periodic table can be 
simultaneously acquired and accurately quantified with low limit of detection. Major to trace, even ultra-trace elements can 
be captured and slight concentration differences can be distinguished. As a result, multi-element information can be applied 
in multivariate statistical analysis thereby increasing the reliability of origin determination as well as detection of any 
possible new diffusion treatment methods. Additionally, higher precision in isotopic analysis is expected than with sequential 
acquisition Quadrupole-MS, especially for short transient signals. Novel research directions in gemstone age dating, 
analysis of inclusions and chemical zoning will benefit from the advantages of this system. 

In the presentation, we aim to introduce this novel technique to gemmological testing and researches, illustrate key 
advantages of LA-ICP-TOF-MS comparing to conventional LA-ICP-Q-MS. We are going to demostrated gemmological/
geological applications using actual case studies.
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3.2
Sannan-Skarn: a new ornamental gemstone from Pakistan
Leander Franz1, Henry A. Hänni2 & Zhou Wei2

1 Mineralogisch-Petrographisches Institut, University of Basel, Bernoullistrasse 30, CH-4056 Basel 
  (leander.franz@unibas.ch)
2 SSEF Swiss Gemmological Institute, Aeschengraben 26, CH-4051 Basel

At the Hong Kong Jewellery and Gem Fair September 2015 a significant volume of complex fine grained green rock 
material from Western Pakistan was sold to gemstone dealers under the name Maw Sit Sit. The new material originates 
from a remote area in Belochistan, about 60 km from the Muslim Bagh Chromite mine. The productive area lies in a thrust 
zone (Kazmi & Snee 1989) known as Karakorum Suture Zone. There, sediments from the Tethys were welded on the 
Eurasian Plate when the Indian continent collided some 65 Mio years ago. Triassic carbonate sediments and oceanic crust 
were imbricated in a tectonic movement going along with strong brecciation and mylonitization of the rocks. During this 
imbrication, intense fluid activity led to a replacement of carbonate by calcsilicate minerals. A common term to name the 
material is skarn, as it describes a rock formed by metasomatic replacement of a parent rock. Sannan is a specific modifier 
that describes the skarn from the new occurrence.

After a preliminary test, it became clear that this material has nothing in common with Maw Sit Sit, i.e. kosmochlor jade 
(e.g. Hänni & Meyer 1997; Franz et al. 2014), although specific gravity and refractive index may show overlaying data. 
Three samples (JG1– JG3) were selected and prepared for petrographic thin sections and investigated by polarization 
microscopy and micro-Raman spectroscopy. Each sample has a strongly different mineralogical composition.

Sample JG 1 (specific gravity 3.26 g/cm3) is of greenish-grey to dark green colour and has a fine grained, randomly 
oriented texture. Euhedral crystals of zoned green, up to 0.6 mm wide hydrogrossular (Ca3(Al,Fe3+)2(OH)4/(SiO3)2) are 
surrounded by large prismatic diopside. Streaks and bands of chlorite are often cut by veins filled with calcite. The rock is a 
calcite-chlorite-hydrogrossular-diopside skarn. Sample JG 2 (specific gravity 2.98 g/cm3) is of medium green colour with a 
light green margin. Radiating clusters of short prismatic, up to 0.3 mm long aegirine crystals (Na-Fe-pyroxene, NaFe3+Si2O6) 
show a strong pleochroism from luminous green to yellow-green. In interspaces, subordinate fillings of agglomerated, 
yellow-brown prismatic pectolite crystals (NaCa2Si3O8(OH)) occur. The lighter green margin shows a mylonitic texture with 
lenticular and linear concentrations of pectolite and chlorite as well as heavily fractured aegirine. The rock is a chlorite-
pectolite-aegirine skarn. Sample JG 3 (specific gravity 2.67 g/cm3) shows an inhomogeneous patchy texture with green, 
dark greyish-green and whitish domains. Pale green winchite crystals (sodic-calcic amphibole, (CaNa)Mg4(Al,Fe3+)
Si8O22(OH)2) of up to 1 mm size are intergrown with smaller, dark green aegirine crystals. In the darker areas, winchite 
prisms and fine aegirine needles lie in a groundmass of colourless natrolite (Na2Al2Si3O10 * 2H2O). The white zones consist 
purely of sodalite (Na8(Al6Si6O24)Cl2). The rock is thus an aegirine-natrolite-winchite skarn with sodalitic parts. The results of 
the crystal-optical analysis were confirmed by micro-Raman spectroscopy. 

Qualitative chemical results were performed with ED-XRF. The analyses vary from sample to sample, due to their 
inhomogeneous composition. In all samples, the presence of Cr is identified and Ca is a main constituent, which represents 
a main difference to Maw Sit Sit. 

The rocks described in this paper mainly consist of calc-silicates, which formed by tectonic movements and metasomatic 
processes in a thrust zone between carbonate sediments and descendants from the oceanic crust. The minerals that are 
identified are typical for metasomatic processes leading to skarn formation (e.g. Henmi et al, 1971; Nysten & Skogby, 
1994). The green colour is due to chromium that is present in most of the constituent minerals. 

Sannan-Skarn will have its position among other green stones, such as jadeite, Maw Sit Sit, nephrite a.s.o. It seems, 
however, clear that it has to be identified correctly and shall be sold under its correct name Sannan-Skarn, the 
recommended trade name for this new ornamental gemstone. The opaque material is suitable for cabochons, spheres, 
carvings and other jewellery items. Sannan-Skarn can either be differentiated from Maw Sit Sit by polarization microscopy 
of thin sections, by EDXRF by checking for Ca, or by micro-Raman spectroscopy through the identification of aegirine, 
winchite, hydrogrossular and the other minerals listed above.

REFERENCES 
Franz, L., Tay, T.S., Hänni, H.A., De Capitani, C., Theerapongs, T. & Atichat, W.  2014: A comparative study of jadeite, 

omphacite and kosmochlor jades from Myanmar, and suggestion for a practical nomenclature.  J. Gemmol. 34, 210-229.
Hänni, H.A. & Meyer, J.  1997: Maw-sit sit (kosmochlor jade): A metamorphic rock with a complex composition from Burma. 



123

Sy
m

p
o

si
u

m
 3

: 
G

em
m

o
lo

g
y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2016
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3.3
3D Visualisation of inclusion features in emerald with neutron and X-ray 
tomography

Michael S. Krzemicki1,2, David Mannes3, Ralph Marti, Iwan Jerjen4, E. Lehmann3

1  Swiss Gemmological Institute SSEF, Aeschengraben 26, CH-4051 Basel (michael.krzemnicki@ssef.ch)
2  Institute of Mineralogy & Petrography, University of Basel, Bernoullistrasse 30, CH-4056 Basel
3  Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institute, CH-5232 Villingen
4  X-ray tomography TOMCAT, Paul Scherrer Institute, CH-5232 Villingen

Emerald, the green chromium-bearing variety of beryl Be3Al2(Si6O18), is highly valued as gemstone, although it is known to 
contain often quite large amounts of inclusion features, such as fluid and solid inclusions and fissures. Especially, in 
emeralds from Colombia, such features can be very prominent (Ottaway et al. 1994) and reduce the transparency – and 
thus beauty and value of the gemstone considerably. There is a long established tradition in the trade to fill open fissures in 
emeralds with colourless fillers, such as oil, wax and (artificial) resins, to reduce their visibility (Ringsrud 1983, Kiefert et al. 
1999). 

For this preliminary study on the 3D-visualisation of internal features in emeralds, we have analysed seven emeralds 
originating from Colombia, Brazil, and Zimbabwe, and one hydrothermal synthetic emerald at the ICON, the cold neutron 
imaging facility of the PSI in Villingen (Switzerland). Three emeralds were further analysed by X-ray micro-tomography, to 
compare the neutron images with X-ray absorption.

The study revealed that it is possible to visualise the complex pattern of internal features in emeralds with reasonable 
resolution and get 3D insight in their geometric relation. Furthermore we gained direct insight in the extent and spatial 
distribution of fissures fillings in our studied emeralds.

Although a thorough microscopic observation assisted with FTIR and microraman spectroscopy is in most cases sufficient 
for the characterisation of internal features and the identification of fissure filling, this new approach opens up further 
possibilities in gemstone research (Mannes et al. 2016), such as the characterisation of “Trapiche” growth patterns in 
gemstones, jadeite textures and impregnation, and pearl identification.

REFERENCES 
Kiefert, L., Hänni, H.A., Chalain, J-P., Weber, W. 1999: Identification of filler substances in emeralds by infrared and Raman 

spectroscopy. Journal of Gemmology, 26, 8, 501-520.
Mannes, D., Hanser, C., Krzemnicki, M., Harti, R., Jerjen, I. & Lehmann, E. 2016: Gemmological investigations on pearls and 

emeralds using neutron imaging. Abstract Proceedings of the 8th International Topical Meeting on Neutron Radiography 
(ITMNR-8), Beijing, China, 4–8 September, poster no. PA9 ID53.

Ottaway, T.L., Wicks, F.J., Bryndzia, L.T., Kyser, T.K., Spooner, E.T.C. 1994: Formation of the Muzo hydrothermal emerald 
deposit in Colombia. Nature, 369, 552–554.

Ringsrud, R., 1983: The oil treatment of emeralds in Bogota, Colombia. Gems & Gemology, 19, 3, 149-156.
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3.4
Golden South Sea Cultured Pearls: Cultivation, Species Determination 
and Treatment Detection

Laurent E. Cartier1,2, Michael S. Krzemicki1,3

1  Swiss Gemmological Institute SSEF, Aeschengraben 26, CH-4051 Basel (laurent.cartier@ssef.ch)
2  Institute of Earth Sciences, University of Lausanne, Géopolis, CH-1015 Lausanne
3  Institute of Mineralogy & Petrography, University of Basel, Bernoullistrasse 30, CH-4056 Basel

The South Sea pearl oyster Pinctada maxima is known to produce white (silver-lipped pearl oyster), cream and yellow 
pearls (gold-lipped pearl oyster). Careful breeding selection has even resulted in cultured pearls of saturated yellow - 
known and highly appreciated in the trade as golden cultured pearls (Müller, 1997; Shor, 2007). South Sea pearls are 
cultured mainly in Australia, Burma (Myanmar), Indonesia and Philippines at present. This study focuses on cultured pearl 
production of golden pearls from Pinctada maxima and gemmological investigations –including species determination and 
treatment detection- of such pearls. 

The cause of colour of Pinctada maxima nacre is not fully understood (Karampelas, 2008; Scarratt, 2012), but is not only 
linked to the presence of natural colour pigments but also due to optical effects such as reflection and refraction (Dakin, 
1913; Snow et al., 2004) at the surface and within the sub-surface nacre layer. It is however most unlikely, that the colour of 
Pinctada maxima is related to the presence of polyenes, as characteristic Raman peaks for these colour pigments at 
approx. 1135 cm-1 and 1530 cm-1 are absent in Pinctada maxima, very much in contrast to pearls from freshwater mussels 
(e.g. Hyriopsis schlegeli) and many other marine molluscs coloured by polyenes, such as Queen Conch (Strombus Gigas), 
Horse Conch (Triplofusus giganteus ), Melo, Quahog (Mercenaria Mercenaria), and Scallop.

Apart from grading the colour of Pinctada maxima pearls into different categories of hue, saturation, and overtones, the 
main question remains the authenticity of colour, which is commonly tested in laboratories by a combination of UV-Vis-NIR 
reflectance, Raman spectroscopy, photoluminescence, and trace element analysis. These analyses provide complementary 
information about the nature of the colouration and its authenticity as has been well documented in literature (Elen 2001 & 
2002; Karampelas 2008; Mamangkey 2009; Strack & Krzemnicki 2011; Scaratt et al., 2012).

Pearls oysters such as Pinctada margaritifera, Pinctada maculata and others can also produce these types of colours. 
Yellow Pinctada maxima are characterised by two broad Raman bands at about 1385 cm-1 and 1540 cm-1, not found in 
Pinctada margaritifera or the many molluscs species coloured by polyenes, such as freshwater pearls from Unio.

Given the high appreciation for golden South Sea pearls and the difficulty with harvesting intense colours, it is no surprise 
that lower-quality South Sea pearls have been treated to achieve a golden colour. All of these treated pearls could be 
identified positively by a combination of UV-Vis-NIR reflectance and Raman spectra. Part of these colour-treated pearls 
from Pinctada maxima showed a flat reflectance spectrum in the range from 330 nm to 460 nm as described by Elen (2001 
& 2002) to be characteristic for treated pearls of this species. All of the treated pearls – even the ones with a non-specific 
reflectance spectrum – showed a distinctly stronger luminescence in Raman spectra when compared to their untreated 
yellow counterparts and in addition to this were lacking the small and broad Raman bands at about 1385 cm-1 and 1540 
cm-1 characteristic for the natural yellow colour pigment of Pinctada maxima.

REFERENCES 
Dakin, W.J., 1913. Pearls. Cambridge University Press, Cambridge
Elen, S., 2001. Spectral reflectance and fluorescence characteristics of natural-color and heat-treated “golden” South Sea 

cultured pearls. Gems & Gemology, Vol. 37, No. 2, pp. 114–123.
Elen, S., 2002. Update on the Identification of Treated” Golden” South Sea Cultured Pearls. Gems & Gemology, 38(2), 

pp.156-159.
Karampelas, S., 2008. Etude du changement de couleur des perles par traitement. (Doctoral dissertation, Université de 

Nantes (France) and Thessaloniki (Greece))
Mamangkey, N., 2009. Improving the quality of pearls from Pinctada maxima (Doctoral dissertation, James Cook University).
Müller, A. and Golay-Buchel (Lausanne), 1997. Cultured pearls: The first hundred years. Golay Buchel.
Scarratt, K., Bracher, P., Bracher, M., Attawi, A., Safar, A., Saeseaw, S., Homkrajae, A. and Sturman, N., 2012. Natural pearls 

from Australian Pinctada maxima. Gems Gemol, 48, pp. 236-261.
Shor, R., 2007. From single source to global free market: the transformation of the cultured pearl industry. Gems & 

Gemology, 43(3).
Snow, M.R., Pring, A., Self, P. and Losic, D., 2004. The origin of the color of pearls in iridescence from nano-composite 

structures of the nacre. American Mineralogist, 89(10), pp.1353-1358.
Strack, E., Krzemnicki, M.S., 2011. Experimental treatments involving dye and heat for Chinese freshwater cultured pearls 

and their detection by Raman spectrometry. Gems & Gemology, Gem-Research Conference abstract.
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