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Abstract  During the Hellen istic period, Garnet was a popular stone for use both as seals and as decorative inlay in 
jewellery1. The Collectors of garnets and minerals often attach great importance to the provenance or country of origin2. 
Therefore, “the goal o f origin determination” is to provide the geographic provenance of a garnet and can be defined as: the 
attribution of a stone to a specific type of deposit and the attribution of a stone to a min ing area, a geographic locality, or 
country. In this research work we present the identification and the provenance of 9 garnets from 7 different localities. This is 
possible because the full range o f p roperties of a garnet measured and observed in the laboratory reflect the specific 
conditions of its genetic background during the natural crystallization process. We used Raman spectroscopy analysis as a 
tool which p rovides even further information to distinguish garnets from different localities. Since each specific member of 
the isomorphous series shows a characteristic pattern, the Raman Effect can be used as a tool of identification. Our 
experimental results illustrate this concept. 
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1. Introduction 
The precious variet ies of Garnets according to Pliny the 

Elder, were the Indian, the Garamantic or Carthaginian, the 
Ethiopia, and the Alabandine. The last were so called 
because, though found in the Orthosian rocks, they were 
worked up (perficiuntur) at Alabandae3. This was the sort 
called by Theophrastus as the Milesian4 stone both places 
being in the same province, Caria (Modern Turkey).The 
sample from Turkey comes from Alabanda a site of ancient 
topography which was described by Pliny the Elder5. The 
importance of this specific sample is high because of its 
historic orig in. Theophrastus in his treatise “On Stones” had 
described a mineral in chapter 19 with geometrical structure 
which consists of hexagonal and named anthrax.  

In this research work we present the identificat ion and the 
provenance of 9 garnets from 7 d ifferent localities. Th is is 
possible because the fu ll range o f p ropert ies of a garnet 
measured and observed in the laboratory reflect the specific 
condit ions o f its genet ic  background  during  the natu ral 
crys tallizat ion  p rocess . W e us ed  bo th  two  Ra man 
spect roscopy  analys is  equ ipments , as  a too l6,7  which  
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provides even further information to distinguish garnets 
from different localities8. We used a laboratory stable 
μ-Raman at University of Ghent and a handle Raman at 
Byzantine Museum of Athens.  

2. Experimental  
2.1. Samples Description 

The samples which we studied are the followings: a green 
grossular (variety tsavorite) from the Merelani Hills of 
Tanzania, a  whitish grossular from the Kimmeria Mountains 
near Xanthi in Northern Greece and five green g rossulars 
from the region of Yakutia, Siberia of Russia (Fig. 4a and b). 
We have also two samples of grossular from the district of 
Santa Eulalia, Ch ihuahua, Mexico  (Fig. 3a and b ). These 
specific species have a perfect shape of rhombic 
dodecahedron. From the Atlas Mountains of Morocco we 
have a black andradite (variety melanite). We studied four 
samples of almandine, two from Tyrol of Austria, and two 
from the locality of A labanda, Aydin Province of Turkey 
(Fig. 5a and b). 

2.2. Method and Apparatus  

Micro-Raman  investigations are performed  using a 
dispersive Renishaw System1000 Raman spectrometer. 
(Ghent University, Belgium). The device is fitted with a 



6 Theodore Ganetsos et al.:  Raman Spectroscopy as a Tool for Garnet Analysis and Investigation  
on Samples from Different Sources  

 

diode laser operating at 50 mW  and 780 nm. An Olympus 
BH-2 microscope is used to focus the laser on the sample, 
using objective lenses of 5x, 20x, 50x and 80x magnification. 
The microscope is equipped with b inoculars and a colour 
video camera, allowing to position the sample and to select a 
specific region for investigation. The backscattered light 
passes through a holographic notch filter (HNF), which 
rejects the abundant elastic Rayleigh scattering, to avoid 
outshining of the weaker Raman signal. The backscattered 
light is dispersed by using a 1200 lines / mm grating and is 
detected on a Peltier-cooled CCD-detector. This 
configuration allows to record spectra with a spectral 
resolution of ca. 1 datapoint / cm-1 in the spectral region 
between 150 and 2500 cm-1. The fibre-optics Ramanspectra 
are recorded on a Bruker FT-Raman  spectrometer, allowing 
to record spectra from 250 cm-1 onwards. 

The handled equipment is a Raman spectrometer 
(Rockhound of Deltanu) at 785 nm, with a range from 
200-2000cm-1 and a resolution 8 cm-1. The excitation power 
of the laser beam is 120 mW. This is a light-scattering and 
non-destructive technique which allows for the identification 
of inclusions in garnets by comparing a spectrum to a 
mineral database for identification of the sample. It shoots a 
laser beam at the garnet sample and then measures the weak 
light emitted to measure the spectrum of the Raman Effect. 
Since each specific member of the isomorphous series shows 
a characteristic curve in its obtained spectra, the Raman 
Effect can be used as a tool of identification7.  

 
Figure 4a.  Green grossular image. Localitry: from the region of Yakutia, 
Siberia of Russia 

 
Figure 4b.  Micro Raman photo of green grossular. Locality: from the 
region of Yakutia, Siberia of Russia 

 
Figure 3a.  Grossular image. Locality: of Santa Eulalia, Chihuahua, 
Mexico 

 
Figure 3b.  Micro Raman photo of grossular. Locality: of Santa Eulalia, 
Chihuahua, Mexico 

 
Figure5a.  Almandine image. Locality: Alabanda, Aydin Province of 
Turkey 

 
Figure 5b.  Micro Raman photo of almandine. Locality: Alabanda, Aydin 
Province of Turkey 
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3. Results and Discussion  
Hydroxide ions are a minor component of many silicate 

minerals that are usually formulated as anhydrous. In garnets, 
the concentration of OH can  range from trace levels to  that of 
a major component. Hydroxyl in garnet has been extensively 
studied with infrared t ransmission spectroscopy, and 
analytical calibrations have been established through 
integrated absorbance and peak heights for the 
spessartine-almandine series9, for grossular10, and for 
pyrope11. Although infrared methods are comparatively easy 
to conduct, they do require that the sample be prepared  as a 

doubly polished slab of thickness appropriate for the amount 
of OH in the sample. Because Raman spectroscopy is a 
relatively fast and easy way to collect  data with minimal 
sample p reparation, we wanted to evaluate the utility o f this 
method to acquire quantitative OH concentrations for some 
members of the garnet family. Available for this study were 
the suite of grossular samples used by Rossman and Aines10 
in their study of OH in  grossular, and the suite of pessartine 
almandine garnets as used by Arredondo et al.12. Analyses by 
Raman spectra have proven useful for determining water 
contents of melt inclusions in granite with contents ranging 
from 0–20 wt% 13.  

 
Figure 2.  Raman spectra of three grossular samples from Different localities 

Table 1.  The selected garnets with the localities and the observed Raman peaks 

Mineral 
Characterisation Localities 

Raman peaks 
(cm-1) 

s: strong 
vs: very strong 

Raman Excitation 
Wavelength 
and Power 

Grossular 
(Tsavorite) 

Merelani Hills, 
Tanzania 

374, 551, 1155, 1348, 1396, 1521, 1576, 
1601vs, 1790, 2064, 2250 μRaman 

(50 mW  780 nm 
resolution 1cm-1) Grossular North Greece 182, 243, 280, 374, 548, 820, 875, 1158, 1344, 

1399, 1518, 1576, 1601vs, 1796, 2061,2247 

Grossular Yakutia, Siberia 177, 240, 267, 369vs, 537, 624, 820, 878, 992 Portable Raman (785nm 
120mW 

resolution 8cm-1) Grossular 
Santa Eulalia, 
Chihuahua, 

Mexico 

173, 236, 270, 365vs, 537, 620, 768, 824, 875, 
984 

Andradite 
(Melanite) 

Atlas Mountains, 
Morocco 161, 357vs, 443, 510, 745, 812, 866, 980 μRaman 

 

Almandine Tyrol, Austria 354s, 504, 557, 912vs, 1037 Portable Raman 

Almandine 
Alabanda, 

Aydin Province, 
Turkey 

351s, 508, 555, 638, 744, 917vs, 1039, 1177, 
1263 Portable Raman 

Almandine 
Alabanda, 

Aydin Province, 
Turkey 

338s, 494, 549, 910vs, 1035 μRaman 
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Figure 1.  The Raman spectrum of two almandine garnets from Tyrol (Austria) 

 
Figure 6.  The Raman spectrum of the Almandine sample from Turkey 

The direction of the trend makes the resonance Raman 
effect unlikely, but raises the possibility that absorption of 
the Raman OH signal at 630–633 nm by the sample might be 
a factor. However, the Si-O emission in the 540 nm region is 
more strongly absorbed by the iron14.  

The Raman measurements of garnet samples were 
obtained at Ghent and Athens respectively. The grossular 
(tsavorite) from Tanzania has a very strong Raman peak at 
1601 cm-1 which corresponds to the other sample of 
grossular from Greece at the same spectra position of 1601 

cm-1. Additionally we have a very good comparison between 
the two obtained spectra at 374, to  374, 551 to  548, 1155 to 
1158, 1348 to 1344, 1396 to 1399, 1521 to 1518, 1576 to 
1576, 1601 to 1601, 1790 to 1796, 2064 to 2061 and 2250 to 
2247 cm-1. (Tab le 1)These measurements made in 
Laboratory of University of Ghent with μ-Raman  equipment. 
The grossular samples from Yakutia of Siberia and Santa 
Eu lalia  of Mexico  were studied (Fig. 2) using the portable 
Raman Rockhound – Byzantine Museum and we take the 
following peaks in  comparison: 177 to 173, 240 to 236, 267 
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to 270, 369 to 365, 537 to 537, 624 to 620, 820 to 824, 878 to 
875 and 992 to 984 cm-1. (Table 1) 

The very strong Raman peaks in both of the spectra of the 
samples of Siberia and Mexico are at the positions of 369 
cm-1 and 365 cm-1 respectively. The sample of andradite 
from Morocco gave us a different Raman behavior15,16 with 
the following peaks: 161, 357, 443, 510, 745, 812, 866, 980 
cm-1 and we observed a very strong peak at 357 cm-1. Finally 
the four samples of almandine17-19 came two from Tyro l and 
two from Alabanda. In  this case reported the distinctive 
Raman peaks at 354, 504, 557, 912, 1037 cm-1 for the two 
samples of almandine20-22 from Tyro l, Austria. We have 
observed in the measurements of the almandine from Turkey, 
by using two different spectrometers (Portable and μ-Raman) 
the bands at the following positions: 351, 508, 555, 638, 744, 
917, 1039, 1177, 1263 cm-1 and 338, 494, 549, 910, 1035 
cm-1. In both two cases the very strong bands are at 917 cm-1 
(portable Raman) and 910 (μ-Raman) and in  the samples 
from Tyrol (Fig. 1) the very  strong peak observed at 912 cm-1. 
(see Table 1) 

The observed bands of 630, raises of the absorption of the 
Raman OH signal to the grossular from Mexico, Turkey and 
Siberia samples. However, the Si-O emission in  the 540 nm 
region is more strongly absorbed by the iron for the samples 
from Greece and Turkey14(Fig. 6). 

4. Conclusions 
In this research work we present a specific collection of 

garnets from different district as grossular, almandine and 
andradite. We used μRaman as a specific tool for 
identification and characterization o f the samples. 
Additionally we compared the data from a portable Raman 
and a μRaman to the same samples. Our results give as the 
basic bands for the choice of the different samples and 
localities. It is very interesting our results, fo r the first time in 
bibliography, of the Kimmeria Mountains near Xanthi in 
Northern Greece and Alabanda, Aydin Province of Turkey, 
especially for the sample from Alabanda is the locality which 
is described by Gaius Pliny the Elder in the Historia 
Naturalis5.  
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