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Introduction 
The internship of my second year at the ENSG 

engineering school takes place at the GGTL Laboratories 

Switzerland – HERESET SA located at 4Bis Route des 

Jeunes, CH-1227 Les Acacias, Geneva, Switzerland. The 

company born in 2011 from the fusion between two 

laboratories: GemTechLab and Gemlab became today 

GGTL Laboratories Switzerland and Liechstenstein. The 

company is led by Candice CAPLAN and composed by 15 

employees. This company includes a laboratory with 

various spectrometer (UV-Vis-NIR, FTIR, Raman, DFI) and 

X rays fluorescence spectrometer (EDXRF) and binocular 

loup are at disposition for observations. The team is 

divided into two groups, the diamond team and the 

coloured gems team whose I am. The first team, 

specialized in diamonds, has to identify natural 

diamonds from synthetic (Chemical Vapor Deposit CVD 

or High Pressure – High Temperature HPHT). This step is 

followed by a gradation to control the quality of the 

diamond, its purity, colours, fluorescence or symmetry 

to isolate diamonds which are different from customer 

demand. At the end, members of this team make a 

certification and resend the product. The other team, 

constitute especially of my supervisor Féodor 

BLUMENTRITT, does more chemical analyses to 

characterised the naturality or the origin of a coloured 

stone as emerald, sapphire or even pearl. They analyse if 

treatments have been done on the sample or not 

according to the demand of the customer. Finally, they 

also create a certificate which is resend to the customer. 

In parallel of these analyses, the gemmologists can also 

realise a research project on a precise subject, for 

instance about some rocks referenced in the Swiss Gems 

Data Foundation (SGDF) founded by the co-founder of 

GGTL, Franck NOTARI. This foundation was created six 

months ago and is mainly supplied by Mr. NOTARI but it 

will be supply by other donators in the future. This 

foundation, constituted by a lot of samples from the 

world, is reserved for gemological researches. 

By the way, the company services concern the 

big institutions of horology and jewellery. 

I - Context of the study 
Within the scope of my internship, I have to 

study a new deposit of vesuvianite from Kunar Valley in 

Afghanistan and write an article about this subject. This 

one will be published in the Journal of Gemmology 

magazine which is an international British journal in the 

gemmological area. The aim of the study is to identify, 

characterize the material and its inclusions, the origin of 

the colours and make hypothesis about the geological 

context of the deposit. The particularity of gemmological 

area is that all of the methods use are non-destructive to 

keep customers’ products intact. Besides, a large work of 

bibliographic researches was done to gather a maximum 

of information about the subject, to complete, confirm 

or contradict our results. 

 

The name of the mineral, vesuvianite comes 

from Italy and more precisely Vesuvius mount. 

(Medenbach & Sussieck-Fornefeld 1982). According to 

Aksenov et al 2016, vesuvianite group consists in 

different element-rich species of vesuvianite as wiluite 

(Al/B-rich vesuvianite), fluorvesuvianite (F-rich 

vesuvianite), manganvesuvianite (Mn-rich vesuvianite), 

magnesievesuvianite (Mg-rich vesuvianite) and cyprine 

(Cu-rich vesuvianite). Vesuvianite minerals are complex 

tetragonal sorosilicates (www.mindat.org/min-

4223.html) and the International Mineralogical 

Association (IMA) gives it the following chemical formula 

as an ideal formula: 

Ca19Fe3+Al4(Al6Mg2)(◻4)◻[Si2O7]4[(SiO4)10]O(OH)9. 

Vesuvianite can also be seen under the name Idocrase 

but this name is not approved by the IMA unlike 

vesuvianite. This material is abundant in diverse regions 

of the world such as Italy (Abart 1995), India (Kobayashi 

& Kaneda 2010) or China (Patel 2007).  

This study is interesting because few people 

have taken an interest in this mineral and even fewer 

with a gemological aspect. There are some gemological 

publications on this subject as the one of Renfro & 

Koivula 2017 where they have detailed a vesuvianite 

inclusion in ruby. Nevertheless, this lack of gemological 

interest is not completely justified because the suitable 

density, hardness and the various colours of vesuvianite 

(yellow, green, brown, violet) can make it a suitable 

material for jewellery.   

The aim of this study is to analyse a vesuvianite 

set from Afghanistan.  Note that this set was bought by 

Franck Notari, who is a customer of the mine dealer. 

Samples were sold as hydrogrossular but quickly 

reidentified as vesuvianite, grossular or combinations of 

both. This set belongs to the Swiss Gems Data 

http://www.mindat.org/min-4223.html
http://www.mindat.org/min-4223.html
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Foundation (SGDF). People can confuse hydrogrossular 

and vesuvianite because of their similarities on optical 

properties, structures and chemical compositions 

(Perraki et al 2010). Hydrogrossular and grossular in 

general are part of the garnet group. They are cubic 

nesosilicates and their chemical formula is simpler than 

vesuvianite: Ca3Al2(SiO4) (www.mindat.org/min-

1755.html). 

 The set studied is from Kunar Valley new deposit 

more precisely from Afghanistan side (Figure 1). So, no 

study has been done on it. Kunar Valley is a large-scale 

valley which recovers a part of North-West-Afghanistan 

and North-East-Pakistan. This area is a suture zone 

between Eurasian and Indian plates at the origin of 

Himalaya chain. This event took place during the early 

Paleogene (Palaeocene) (Jalil et al 2023). 

 

Figure 1: Kunar Valley localisation, origin of the vesuvianite (from 
Google Earth and modified by L. JOUGLA) 

Firstly, some articles detailed vesuvianite 

chemical formula as the one of Groat et al 1992 or Smart 

et al 2023. In their publication, they define respectively 

vesuvianite formula as: 

X19 Y13 Z18 TO-5 O68 W10 

Or simply:             X19 Y13 Z18 O68 W10 

According to these articles, X sites are eight or 

nine coordinates ([8] or [9]), Y sites are five or six 

coordinates ([5] or [6]) and Z sites, four coordinates ([4]). 

W sites are anion sites, mono or di-anionic including, for 

instance, O-OH- or F-. Also, T sites detailed by Groat et al 

1992 can include B which has a tetrahedral polyhedron 

that is to say a four coordinate.  More precisely, X sites 

can be divided in four, X1, X2, X3, X4, Y and Z sites in 

three like Y1, Y2, Y3 and Z1, Z2, Z3. According to Groat et 

al 1992, many different elements can compose these 

sites. X sites include mostly Ca but it can be also Na, Ln, 

Pb, Sb, Bi or Ti. Note that X4 site is only occupied by the 

half (by Ca). Also, rare earth elements (REE) can occupy 

X sites because of substitutions with Ca. Y is composed 

mostly by Al in Y2 or Y3 sites but also Mg, Fe, Ti, Cr, Cu, 

Mn, Zn. Y1 sites include Fe, Cu, Zn, Mg an Y3 sites include 

Al, Mg, Fe, Ti. Then, Z sites are completely composed by 

Si. The same article defines various cationic even 

polyvalent substitutions including Y sites. For instance, 

we can have: 

◾ 𝑀𝑔2+ ⟷  𝐹𝑒2+  

 ◾  𝐹𝑒3+  ⟷  𝐴𝑙3+         

 ◾  𝐴𝑙3+  ⟷  𝑇𝑖4+  

 ◾ 𝑀𝑔2+  ⟷  𝐴𝑙3+ 

At the end, we often have: 

◾ (𝑀𝑔2+ + 𝐹𝑒2+ + 𝑀𝑛2+) + 𝑇𝑖4+

⟷  2(𝐴𝑙3+ + 𝐹𝑒3+) 

Generally, we can quote some major substitutions in 

vesuvianite:   

  ◾ 𝑀𝑔2+ + 𝑇𝑖4+ ⟷  2𝐴𝑙3+(in Y3 sites)   

◾ 𝑀𝑔2+(+𝐹𝑒2+) + 𝑂𝐻− ⟷  𝐴𝑙3+(+𝐹𝑒3+) + 𝑂2− 

(in bore free − vesuvianite) 

◾ 𝐵3+ + 𝑀𝑔2+ ⟷  2𝐻+ + 𝐴𝑙3+ (𝑖𝑛 𝑋 𝑠𝑖𝑡𝑒𝑠) 

Others minor substitutions are: 

◾ 𝑁𝑎+ + 𝑇𝑖4+ ⟷  𝐶𝑎2+ + 𝐴𝑙3+ (in X sites)   

◾ 𝐿𝑛3+ + 𝑀𝑔2+ ⟷  𝐶𝑎2+ + 𝐴𝑙3+ (𝑖𝑛 𝑋 𝑠𝑖𝑡𝑒𝑠) 

◾ 𝑁𝑎+ + 𝐴𝑙3+ ⟷  𝐶𝑎2+ + 𝑀𝑔2+ (𝑖𝑛 𝑋 𝑠𝑖𝑡𝑒𝑠) 

Furthermore, it is interesting to detail some 

correlations between elements. In fact, when B is 

incorporated in vesuvianite structure, it is linked with a 

loss of H. Then, OH is replaced by O. Also, it is interesting 

to quote the anticorrelation between Al and Mg, partly 

explained by their substitution reaction (see substitution 

reactions above). 

Chemical analyses will highlight which elements 

compose our samples and which substitution reaction 

can take place.  

Kunar Valley 

http://www.mindat.org/min-1755.html
http://www.mindat.org/min-1755.html
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Figure 2: Crystalline structure of the site 1 of vesuvianite (from VESTA 
software and modified by L. JOUGLA) 

 

The Figure 2 shows site 1 of the crystalline 

structure of vesuvianite (Fitzgerald et al 1986). This site 

is present two times in vesuvianite crystal and shows 

association between X, Y and Z sites in the structure. 

Vesuvianite, with a tetragonal crystal system 

(www.mindat.org/min-4223.html), has a complex 

structure especially by its symmetry and space group. In 

fact, it can be various symmetries in different minerals as 

Smart et al 2023 explains. Vesuvianite can have P4/nnc 

space group but also P4/n or P4nc. Remember that P4 

notation corresponds at a four axes symmetry. 

Additionally, these symmetries can be deducted by the 

setting up temperature of the mineral (Lu et al 2020 and 

Elmi et al 2011). In fact, some specific Raman peaks 

inform us about the crystallisation temperature of the 

mineral and consequently about the symmetry of the 

sample. This is the reason why Raman analyses can be 

very interesting.  Note that a low temperature (~300°C-

500°C) of crystallisation corresponds to a P4/n symmetry 

and a high temperature (>500°C) to a P4/nnc symmetry. 

Besides, publications like Gaft et al 2015, 

Reisfeld et al 1996 and Czaja et al 2018 developpe the 

luminescence of vesuvianite for instance by iron, 

manganese or REE. 

In this study, we characterise vesuvianite 

samples from Kunar Valley, spectroscopic and chemical 

analyses are done to identify the material, its inclusions 

and colour. Chemical formula but also its setting up and 

formation conditions will be detailed. This last part will 

deal with a geological aspect. 

 All of these researches aiming to understand 

vesuvianite structure and composition from this locality, 

two parameters that are commonly highly variable. 

II - Materials and methods 

A) Description of our samples 

1) Gemological properties 

27 samples from the set were chosen to do 

analyses series and have statistically reliable results. The 

aim being to have a number of various samples to 

analyse to see differences if there are. These samples, 

with mostly cabochon shape, were chosen 

macroscopically and under the binocular loupe regarding 

their colours, inclusions and fractures. This choice was 

done to have different colours, different inclusions, with 

fractures or not. Samples features are shown in Table 1. 

Also, others samples SGDF-17910 and SGDF-

17911 were polished (Figure 3) to have parallel faces thin 

enough (0.837mm and 0.658 mm) for IR absorbance and 

some Raman inclusions analyses.  

 

Figure 3: Polishing material (by L. Jougla) 

 

 

http://www.mindat.org/min-4223.html
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In order to describe the gemological properties 

of the samples, refraction and birefringence index are 

measured with a Gem-A instrument refractometer with 

high refractive index liquid (Figure 4). Note that 

birefringence cannot be measured in polycrystalline 

and/or cryptocrystalline sample since orientations of 

crystallites are random. 

 

Figure 4: Refractometer (by L. Jougla) 

 Also, the hydrostatic weighing gives us a 

specific mass for our 27 samples with one weighing in the 

air (ma) and one weighing in the water (mw). The 

following calculate is used to have the specific masses: 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒎𝒂𝒔𝒔 =
𝒎𝒂

𝒎𝒂 − 𝒎𝒘
 

2) Gemological descriptions 

Microscopic examination and micrographs 

collected in white light were performed using a Leica 

M165 C binocular microscope with integrated analyser, 

equipped with a DMC 5400 camera, in z-stack mode with 

parallax error compensation. The illuminators used 

(darkfield and brightfield) are GGTL Laboratories 

Switzerland models on a modified Schott base, with 

MC1500 dual controller (Figure 5). 

Scale of micrographs are calculated taking into 

account the magnification and optics of the microscope. 

Values and constants are given by Leica user manual 

corresponding to the M165C model. 

Table 1 : Features and photographies of our samples (by L. JOUGLA) 
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Figure 5: Principle of microcraphy on a binocular loup (by L. Jougla) 

A gemological description of the colours is done 

by gradation. To do that, we use two colour references 

books, the World of Color and Color Codex (Figure 6). 

 

Figure 6: Colour gradation of the samples using Worl of Color 
reference booklet (by L. Jougla) 

B) Samples identifications 
From this part, methods are used to characterize 

and identify the material and not to describe the sample 

as previously. 

Fourier transform infrared spectrometry was 

performed using a Thermo Scientific iS50 spectrometer 

equipped with a tungsten-halogen source, a La-DTGS-

KBr detector (12500-350 cm-1), an XT-KBr separator and 

a rotating ZnSe polariser. The accessory used was a 

Spectratech Collector II for diffuse reflectance, modified 

for transmittance. The spectra were collected with 300 

scans, and after a background of 20 scans, the FWHMs 

were calculated (Figure 7). 

 

Figure 7 : Principle diagram of Specular Reflectance (by L. Jougla) 

Raman spectra were acquired on a Thermo 

Scientific DXR3 Raman Microscope equipped with a 532 

nm laser (max. power 10 mW). Several objective lenses 

are used either to analyse the surface of the sample for 

identification of the sample (x10 objective) or for 

identification of some inclusions (x10 or x20 objective). 

Depending of the intensity of the signal spectra are a 

minimum mean of 100 scans of 1s each but some spectra 

on inclusions are the accumulation of up to 4000 scans. 

Two different grating allow the acquisition on a usual 

range (100-3600 cm-1) or extended range (100-6400 cm-

1).  

 



10 
 

 

Figure 8: Principle diagram of Raman (by L. Jougla) 

C) Composition analyses 
EDXRF chemical analyses were performed on a 

ThermoFisher Scientific ARL Quant'X system, equipped 

with a Rh X-ray photon tube for excitation and a 1000 µm 

thick silicon drift detector electrically cooled by Peltier 

effect (three-stage module generating a λ of ≈ 120 °C), in 

normalized all-element analysis (Na → U), with 300 

seconds of real acquisition time per condition (9 filters), 

in vacuum for light elements. Measurements were 

carried out on the stone table, with optimal geometry (± 

≈ 1°) in relation to the angle of incidence of the excitation 

beam with the table (Ɵ = 45°), as well as with the 

detector (same Ɵ), samples on Prolene® film 4µm, 

analysed in rotation to reduce diffraction artefacts and 

analyse a defined round area of 7mm (Figure 9).  

 

Figure 9: Principle diagramm of EDXRF (by L. Jougla) 

D) Colour analyses 
Ultraviolet-visible-near infrared (UV-Vis-NIR) 

transmission spectra were acquired on all the selected 

samples in the 300–1050 nm range using a custom-made 

four-channel spectrometer equipped with three Peltier-

cooled CCD detectors.  

 

Figure 10: Principle diagram of UV-Vis-NIR (by L. Jougla) 
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E) Luminescence 
Luminescence analyses (spectra and imaging) of 

these vesuvianites were carried out using two GGTL 

Laboratories DFI systems, model V2 and V3R, equipped 

with a 300W xenon source, filtered (6 filters from 200 to 

400 nm) and focused, a single-channel spectrometer 

(resolution ≈- 1. 3 nm) for the V2R and two servo 

spectrometers with a resolution of ≈ 0.35 nm in the 350-

850 nm spectral range and ≈ 0.7 nm in the 595-1190 nm 

spectral range, all cooled by Peltier effect (5°C), a 300 

mW 405 nm laser source, filtered and focused. Imaging 

was carried out using a Leica DMC 4500 camera for V2 

and a Sony IMX183/20GB for V3R, with a primary 

100/50/100% observer/camera and secondary 

100/100% camera/fibre spectrometer splitter. A GGTL 

Laboratories low-temperature accessory enables spectra 

to be collected at 77K (sample in contact with liquid N2 

at -196°C) (Figure 11 and Figure 12). 

 

Figure 11: Principle diagram of UV-luminescence (by L. Jougla) 

 

Figure 12: Luminescence analyses at low-temperature with liquid 
nitrogen (by L. Jougla) 

III - Results and interpretations 

A) Gemological properties 
 

It was difficult to measure a refraction index on our 

cabochons, in fact, no line appeared on the 

refractometer scale because of the shape. There is only 

the index line of the liquid (~1.785). We can see this 

difficulty on the Figure 13. Nevertheless, it is possible to 

have an index when the measure is done on cut samples 

with facets thank to the flat part. On the four samples 

with facets, four measures are realised for each sample. 

There are SGDF-16255, SGDF-16302, SGDF-16272 and 

SGDF-16331 samples. In this way, the average value of 

16 measures is 1.708 [1.705 – 1.713].  

 

Figure 13: Refractometer values (by L. JOUGLA) 

Besides, gradation of colours was done with the 

World of Color and the Color Codex reference books. 

Color Codex is better adapted to cut stone than 

cabochons since it reproduces aspects of reflections on 

facets. Six samples, with different colours are 

characterized, they are the same which will be 

developed later, in the  1) UV-Vis-NIR spectroscopy 

part. Firstly, and according to the World of Color and our 

observations, SGDF-16429 has a greenish white colour 

on one side and a light yellowish on another. SGDF-

16331 (facetted) is light greenish yellow and its reference 

by the Color Codex is 50-03. Also, SGDF-16383 is 

characterized as vivid greenish yellow while SGDF-16427 

is pale yellow green. Furthermore, we can qualify SGDF-

16416 as light-yellow green and SGDF-16433 as light 

1.705 

1.785 
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yellowish green. The comparisons between sample and 

colours grades are shown in Annexe 1.   

Macroscopically, these results allow us to say that 

our 27 samples cover a large scale of colours. Property 

which interests a lot the gemologists concerning 

jewellery creation. 

Furthermore, specific masses of samples have been 

measured. Results are shown in the Annexe 2. The 

average value of the 27 measures is 3.374 ct [3.306 – 

3.563]. This property confirms the identity of vesuvianite 

comparing with bibliography values. In fact, our value 

coincides which the scale given by M. Manutchehr-Danai 

2005, namely between 3.33 and 3.45. 

Also, lustre of the samples is characterized. Choices 

of this property is done by comparison with others 

materials knowing their lustres. The Annexe 2 highlights 

this scale of lustres. Our samples are represented by 

SGDF-16419 which is a representative cabochon of the 

bundle. In conclusion, our samples have a bright vitreous 

lustre as almandine pyrope or good grade polished 

chalcedony. 

B) Gemological descriptions, inclusions 
 

The session of micrographies conducted with a 

binocular loupe allowed us to identify various 

characteristics of our samples. The matrix exhibits a 

colour ranging from yellowish to green to more or less 

intense brown. Different inclusions are visible: 

- Green inclusions, mostly automorphic (in about 
80% of our samples), with a cloudy aspect but visibly 
prismatic, pentagonal, or even hexagonal in some (SGDF-
16424). However, in a few samples, these green 
inclusions can appear more circular or rounded (SGDF-
16317) (Figure 14). 

 

 

Figure 14: Examples of green inclusions in SGDF-16424 and SGDF-
16317 (photographies by L. JOUGLA) 

- Black inclusions in the form of more or less 

large clusters, more or less numerous, xenomorphic and 

sometimes automorphic. Present in the majority of 

samples: 22/27, or 81% of our batch. These black clusters 

are associated with the green inclusions/crystals 

mentioned earlier, most often located on the periphery 

of this latter and sometimes covering the same area 

(SGDF-16302). These black inclusions can also form a 

veil-like appearance on the structure (SGDF-16425 and 

SGDF-16317). Note that the coarsest clusters can be 

observed macroscopically (Figure 15).  

2.26 mm 

2.6 mm 
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Figure 15: Examples of black xenomorphic inclusions in SGDF-16302 
and SGDF-16425 (photographies by L. JOUGLA) 

- Brown inclusions, can be light (SGDF-16302) to 
intense (SGDF-16415) when in clusters. These have a 
fairly dendritic shape (SGDF-16432) and are present in 
67% of our samples. This shape indicates a rapid growth 
of the inclusion where it did not have time to crystallize 
automorphically (Sunagawa 2005). This may indicate a 
sudden change in conditions in the environment, 
whether physical (pressure, temperature) or chemical 
(Redox, acid-base). It is also possible that the fluid 
carrying the components of these inclusions infiltrated 
through zones of weakness, causing this specific shape 
(Figure 16). 

 

 

 

 

Figure 16 : Brownish inclusions in SGDF-16302, SGDF-16415 and 
SGDF-16433 (photographies by L. Jougla) 

- White inclusions, very small in size, scattered 

(resembling dots) or in clusters and subautomorphic 

(SGDF-16255 and SGDF-16420), present in almost all our 

samples (21/27 or 78%). Note that these inclusions are 

the only ones present in our samples with a translucent 

appearance and no observable macroscopic inclusions 

(Figure 17). 

 

 

2.26 mm 

1.4 mm 

2.26 mm 

4.38 mm 

2.8 mm 
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Figure 17: Dotted inclusions in SGDF-16255 and SGDF-16420 
(photographies by L. Jougla) 

- Variable-colored inclusions (whitish to green), 
filamentous like veils or ghosts, difficult to quantify. 
These are often oriented in the same direction. This 
oriented growth indicates pressure conditions favorable 
to the establishment of stresses. Note that some of these 
clear inclusions are oriented parallel to fractures, as 
illustrated by sample SGDF-16417 (Figure 18). 

 

Figure 18: Filamentous inclusions in SGDF-16417 (photography by L. 
JOUGLA) 

 

- Golden inclusions, are observed quite clearly in 
some samples as SGDF-16302. It is xenomorphic, 
resembling a cluster, and sometimes it is seen in 
association with the black inclusions described earlier. 
The latter are found within our golden inclusions. This, 
by the principle of inclusion, means that these black 
structures are older than the golden structures that grew 
around them (Figure 19). 

 

 

Figure 19 : Golden inclusion in a black inclusion in SGDF-16302 
(photography by L. Jougla) and Golden inclusion and black 
automorphic inclusion in SGDF-16302 (photography by F. 
BLUMENTRITT) 

Moreover, we can note that a number of our 
samples are fractured. Some of these fractures can be 
seen macroscopically (SGDF-16417) while others are 
visible under the binocular loupe (SGDF-16431) (Figure 
20 and Figure 21). 

0.58 mm 

0.7 mm 

3.04 µm 
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Figure 20: Fractures seen in SGDF-16417 under binocular loup 
(photography by L. JOUGLA) 

 

Figure 21: Fractures of SGDF-16431 (photography by L. JOUGLA) 

The crossed polariser allows us to see irisations 
in the structure. These ones highlight potential 
deviations of the light rays showing irregularities in the 
crystallin structure. On the Figure 22 it is possible to see 
irisation differences between crossed or parallel 
polarisers. These irisations could correspond to 
structural tensions or fluid inclusions pointing out 
anomalies in the mineral structure.  

      

Figure 22 : Fluid inclusions in SGDF-16317, differences seen under 
cross polarizers (photography by L. JOUGLA) 

 

C) Inclusions identifications with Raman 

spectrometer 
 

The Raman spectrometer is used to identify the 

materials and especially inclusions in our vesuvianites. 

Using a laser, inclusions can be aimed for analyses. Six 

various inclusions have been identified whose five are 

mineral materials.  

-Firstly, grossular was noticed by analyses. In 

fact, SGDF-16302’s inclusion is automorphous and with a 

green colour. Raman identified it as grossular, that is to 

say as material with calcium, aluminium and silicium 

(www.mindat.org/min-1755.html). It is consistent 

because SGDF-16302 sample has the maximum 

quantification of calcium among all our vesuvianite 

samples. Aluminium and silicium are also on sufficient 

quantities in this sample. It is not surprising to see 

2.8 µm 

1.75 µm 

1.75 µm 



16 
 

grossular as inclusions in vesuvianite as the view of their 

similarities.  

-Then, clinochlore was also remarked by the 

Raman. Its chemical formula is Mg5Al(AlSi3O10)(OH)8 

(www.mindat.org/min-1070.html). By the way, it is very 

rich in magnesium. This element is in notable quantities 

in samples where clinochlore was found namely SGDF-

16424 and SGDF-16432 (see chemical analyses below). 

These inclusions are either automorphous with a 

trapezoid shape and colourful or automorphous black 

inclusions. On Raman clinochlore spectrum, one peak is 

remarkable at ~679 cm-1 which can be associate at a Si-

O-Si liaisons in clinochlore (Lu et al 2020). Furthermore, 

according to Lu et al 2020, iron and chromium 

substitutions in octahedrally coordination of clinochlore, 

decrease the transparency of the sample. 

- Furthermore, covellite was found as inclusion 
in vesuvianite. This copper sulphur 
(www.mindat.org/min-1144.html), CuS, was found in 
SGDF-16302 sample for two times. At each time, the 
inclusion appears cubic and metallic with blue aspect. 
The spectrum is clear and the identification reliable. As 
covellite reference spectrum we have the major peak at 
~470 cm-1. The chemical quantification confirms the 
presence of copper in this sample. In fact, according to 
our chemical results, SGDF-16302 sample is one of the 
two samples with copper 

- Magnesiochromite was also identified by 

Raman. Its chemical formula is MgCr2O4 

(www.mindat.org/min-2493.html). The inclusion has a 

prismatic shape and a black colour. Magnesiochromite 

was found in SGDF-16432 vesuvianite sample. This one 

has high quantification of magnesium and chromium 

(made by chemical analyses developed below) compared 

to others, which confirm this possible identification. 

- Moreover, Amesite is present as inclusion in 

SGDF-17910 sample. The chemical formula of this 

mineral is Mg2Al(AlSiO5)(OH)4 (www.mindat.org/min-

197.html). With the same composition than clinochlore, 

amesite is often founded in association with this mineral. 

By the way, it is not surprising to found this silicate in 

some samples. This inclusion is brownish with a dendritic 

shape. This type of inclusion was only identified in this 

sample, certainly because of its weak thickness. In fact, 

we have polished the sample SGDF-17910 to have less 

deepness to better see the inclusions. 

-Finally, amorphous carbon has been in this 

same sample. In fact, black inclusions like stains were 

noticed has amorphous carbon because spectra show 

two large band at ~1350 cm-1 and ~1600 cm-1
.  We can see 

these bands on Figure 23. By definition, this carbon is not 

well crystallized and is characterized by these two bands 

(Ferrari & Robertson 2000). This inclusion may be 

amorphous graphite carbon (sometimes mentioned as 

disordered graphite in the literature). 

 

Figure 23 : Raman spectra of two inclusions of amorphous carbon in 
SGDF-17910 

Nevertheless, some inclusions described in the 

precedent part could not be identified. In fact, white 

inclusions as dots or filaments and the gold inclusions 

have been identified as vesuvianite. Some of them, being 

certainly not vesuvianite as the simple view of the colour 

(gold) could have been characterized as it because of the 

large thickness of samples composed of them. Raman 

laser has not reached precisely the inclusion, and, by the 

way, analysed the vesuvianite matrix crystals. 

      D) Materials identifications 

 

1) Identification of our samples 

One of the first analyses we have to do is to verify 

the identification of our 27 samples. To do so, we used 

infrared and Raman spectroscopy which characterize the 

material through their atomic vibration modes. Note 

that we use some vesuvianite samples as references for 

IR spectroscopy analyses to strengthen the reliability of 

the results. These last originate from India or Russia. 

http://www.mindat.org/min-1144.html
http://www.mindat.org/min-2493.html
http://www.mindat.org/min-197.html
http://www.mindat.org/min-197.html


17 
 

a)  IR spectroscopy 

- Reflectance measures 

Analyses of our 27 samples were realised and the 

results are as follows. Firstly, we interested us at 23 IR-

spectra, then, spectra of SGDF-16426, SGDF-16427, 

SGDF-16428 and SGDF-16429 will be detailed. Spectra of 

the 23 samples are very similar so, the following 

illustration (Figure 24) gives three representative spectra 

examples of these 23, compared with our vesuvianite 

reference INDE 6722. It is possible to note three 

absorption band that are shared by our samples and the 

reference. A small band is measured at ~460 cm-1 

followed by two others, one smaller and one 

approximately with the same reflectance value. These 

ones occur at ~940 and ~1000 cm-1 and are present on 

the four spectra. Another small variation, but noticeable 

in every spectrum of the illustration, is present at 

~1260cm-1. All of these common characteristics make, by 

comparation with INDE 6722 and by the data base, our 

23 samples as vesuvianite. 

 

Figure 24: IR spectra of some vesuvianite samples 

It is also interesting to say that spectra show 

characteristic peaks of water, sebum and carbon dioxide 

due to our manipulations and the environment (Annexe 

4). 

Nevertheless, as we said previously, four 

samples’ spectra show differences with the vesuvianite 

reference. These results are shown in the Figure 25. Even 

if some bands are shared by all the five samples as the 

one at ~490cm-1, SGDF-16426, SGDF-16427, SGDF-16428 

and SGDF-16429 have two more bands at ~530 cm-1 and 

~890cm-1. We can precise that the last one is an 

absorption band. Furthermore, another band is a little 

specific because it is present in the spectra of SGDF-

16426, SGDF-16427, SGDF-16428 and INDE 6722. In fact, 

the significant peak at ~1030cm-1 is not visible in SGDF-

16429 spectrum (in pink). By comparison with precedent 

references registered, the data base of GGTL 

Laboratories characterizes this sample as grossular. At 

the contrary, SGDF-16426, SGDF-16427 and SGDF-16428 

are identified as vesuvianite. 

Hence, it is possible to say that these last three 

may be transitional samples with intergrown vesuvianite 

and grossular crystals. It would be the reason why their 

spectra have two peaks shared with vesuvianite and two 

peaks shared with grossular. 

Thus, grossular can be differentiate from 

vesuvianite by the presence of small absorption bands at 

~530 cm-1 and ~890 cm-1, and the lack of the high band at 

~1030 cm-1. 

 

Figure 25: IR spectra of grossular and transitional samples from our 
bundle 

- Absorbance measures 

After the polishing of the sample SGDF-17911 to 

have two parallel faces with a thickness of 0.658 mm, IR 

absorbance can be done. Others samples are too thick 

and their spectra is mainly recorded with total 

absorption. 

The article written by Paluszkiewicz & Zabinski 2004 

details vesuvianite IR absorbance spectra. They said 

some absorption bands are characteristic to low or high 

temperature vesuvianite.  
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It is necessary to precise that vesuvianite which 

crystalized at a temperature <500°C (~300°C-500°C) are 

considered as low temperature vesuvianite and these 

which crystalized at a temperature >500°C as high 

temperature vesuvianite (Kobayashi & Kaneda 2010). 

Another source, Elmi et al 2011, associates low 

vesuvianite at a crystallization temperature <300°C. 

According to Paluszkiewicz & Zabinski 2004, the 

presence of 7096 cm-1 and 7170 cm-1 bands on the 

spectrum corresponds to low-temperature vesuvianite. 

These absorption peaks can be seen in our sample as the 

Figure 26 shown. More precisely, our peaks are at ~7108 

cm-1 and ~7170cm-1. 

 

Figure 26: SGDF-17911 IR spectrum, two characteristic peaks 

Therefore, these two peaks inform us that SGDF-

17911 which is representative of our vesuvianite, was 

setting up at low-temperature especially as high 

temperature bands quoted by the article are no present 

in our spectrum. 

Moreover, it is interesting to remarks two others 

absorption bands in SGDF-17911 spectrum.  In fact, we 

can see two peaks at ~5006 cm-1 and ~5095 cm-1. These 

absorption bands are not interpreted in the article but 

we can make the hypothesis they are characteristic of 

low-temperature vesuvianite (Figure 27). 

 

Figure 27: SGDF-17911 spectrum, others remarkable peaks 

b)  Raman spectroscopy 

- Mineral identifications 

Our 27 samples were put in the Raman 

spectrometer in order to confirm or deny IR results about 

our samples identity. 

23 of the samples have a similar Raman 

spectrum. In fact, there is a small and large band at ~410 

cm-1 and two consecutive peaks at ~640 cm-1 and ~690 

cm-1. The ~640 is higher and finer than the ~690 which is 

similar to the ~410. There is also another wider and more 

intense band than ~410 cm-1 and ~690 cm-1, at ~860 cm-

1. A last recognizable peak, more intense and wider than 

~640 cm-1 is present at ~935 cm-1 (Figure 28). 

 

 

Figure 28: Vesuvianite Raman spectra 
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Furthermore, a large doublet is visible at ~3639 

cm-1 and ~3675 cm-1 on every spectrum, with various 

shapes and intensities as we can see in the Figure 29.  

For these 23 samples, the data base of the 

Raman spectrometer (RRUFF) analyses them as 

vesuvianite which confirms the IR results.  

 

Figure 29: Two characteristic peaks of vesuvianite Raman spectra 

 

Nevertheless, samples SGDF-16426, SGDF-

16427, SGDF-16428 and SGDF-16429 have different 

Raman spectra from the others. In fact, these spectra 

have two bands at ~550 cm-1 and ~830 cm-1 which 

vesuvianite have not (represented by SGDF-16331 

spectrum in the Figure 30). Concerning these bands, 

SGDF-16429 peak is largely higher (like six as much) than 

this of the three others. Then, another peak is 

remarkable at ~880 cm-1. This is a very intense and thin 

band and once again this of SGDF-16429 is more intense 

than others. Nonetheless, vesuvianite spectra, 

represented by the red colour, has also this peak but 

smaller and wider. 

Then, SGDF-16429 denotes the three others 

because SGDF-16426, SGDF-16427 and SGDF-16428 

have some bands in common with vesuvianite as ~640 

cm-1 or ~935 cm-1. This at ~640 cm-1 is less wide and 

higher than this at ~935 cm-1. Nevertheless, spectra 

highlight the fact that ~640 cm-1 peak exist in these three 

samples but with a lower intensity than vesuvianite 

sample SGDF-16331. 

Finally, these four samples were identified as 

grossular. Remember that SGDF-16426, SGDF-16427 and 

SGDF-16428 were characterized as vesuvianite by IR-

spectrometry but may be transitional samples between 

grossular and vesuvianite in view of their spectra. This 

hypothesis is supported by the presence of Raman bands 

similar to vesuvianite in SGDF-16426, SGDF-16427 and 

SGDF-16428 spectra and not visible in SGDF-16429 

spectrum which was identified as grossular by the two 

methods. 

 

Figure 30: Grossular and transitional samples Raman spectra 

- Others interpretations 

Vesuvianite spectra can give us much 

information concerning atomic bonds in the crystal 

structure. In fact, according to Galuskin et al 2007, ~3635 

cm-1 (~3639 cm-1) band may correspond to Al (Y3) – Al 

(Y2) – OH liaisons. Also, ~3675 cm-1 peak shows Mg (Y3) 

– Al(Y2) – OH liaisons. However, these peaks ~3600 cm-1 

may also correspond to structural water. 

Additionally, Raman spectra can highlight the 

crystallization temperature of vesuvianite as we have 

seen in the IR absorbance part.  

 According to Galuskin et al 2007, crystallization 

temperatures can be deduced from the presence of 

some peaks in Raman spectra. In fact, a very high peak 
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located at ~3567 cm-1 associated with another one 

smaller at ~3635 cm-1 reflected high temperature 

vesuvianite. The big band at ~3567 cm-1 is absent on the 

spectra so our vesuvianite are not high temperatures. At 

the contrary, and in accordance with Galuskin et al 2007, 

vesuvianite peaks are present at ~3635 cm-1 and at 

~3675 cm-1 that would mean we have low temperature 

vesuvianite. The majority of our 23 vesuvianite samples 

show a ~3635 cm-1 peak higher than the one at ~3675 

cm-1, meaning low vesuvianite corresponds Figure 29. 

We can see that SGDF-16255 and SGDF-16415 have not 

this characteristic even if these two bands are present. 

This is another arcticle, Butek 2024, which can help us to 

identified these samples as low temperature vesuvianite. 

In fact, it claims that low temperature vesuvianite have 

others specific bands at ~409cm-1, ~643cm-1, ~862cm-1 

and ~930cm-1. All these peaks can be found on 

vesuvianite IR spectra, that confirm our vesuvianite as 

low temperature. This hypothesis is also verified by 

Paluszkiewicz & Zabinski 2004, who show that low 

temperature vesuvianite has a more intense band at 

~635 cm-1 (~640 cm-1 here) than ~695 cm-1
 (~690 cm-1 in 

our case). 

 Finally, our Raman analyses combined with the 

bibliography, show our 23 samples of vesuvianite as low 

temperature vesuvianite. This result confirms the one of 

IR absorbance. 

Another information about our vesuvianite 
samples come out of the fact that they are low 
temperature. In fact, according to Lu et al 2020 and Elmi 
et al 2011, low temperature vesuvianite would 
correspond to a P4/n space group. It corresponds to a 
four axes symmetry associated with a sliding mirror in 
the crystallin structure. 

2) Chemical analyses 

a)  Vesuvianite chemical formulas 

With the aim to analyse the chemical 

composition of our samples by elements quantification, 

a new method, specific to vesuvianite has been created. 

EDXRF is commonly depicted as a semi-quantitavie 

method. However, our results on vesuvianite, grossular 

and intergrown vesuvianite-grossular samples 

demonstrated a quite accurate quantification of major 

component. The new quantification method allows to 

quantify elements developed in the introduction. In 

addition of these elements, it was interesting trying to 

quantify REE in the samples because they are witness of 

the setting up of vesuvianite (Zhang et al 2022). 

Unfortunately, their trace concentrations are too low to 

be detected by EDXRF analyses. Quantifications was 

done in oxides weights since standards used to calibrate 

 

Table 2: Chemical quantification of different oxides, mean values and ranges 
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the method are mainly oxides. Results explain which 

elements occupy the crystalline structure and chemical 

formula of the mineral can be calculated. This formula 

can be compared with ideal formula of vesuvianite given 

by the IMA or Groat et al 1992.  

Table 2) show data which are used to develop a 

mean chemical formula of our 23 vesuvianite given that 

there are not significant differences between samples 

chemistry.  BDL means Below Detection Limit. All 27 

sample’s chemical formula were calculated (Annexe 5) 

with a normalization on 68 oxygen, and the results are 

shown on Annexe 6. 

After calculations based on elements mean 

quantification, the mean chemical formulas of 23 

vesuvianite samples is the following:  

Ca19,008 (Al8,491 Fe0,541 Mg1,204 Mn0,035 Ti0,013 Cr0,018 Cu0,002 

Zn0,001 V0,001 Ni0,004) Si17,038 O68. 

Then, we have:  

𝑿𝟏𝟗,𝟎𝟎𝟖 𝒀𝟏𝟎,𝟑𝟏 𝒁𝟏𝟕,𝟎𝟑𝟖 𝑶𝟔𝟖 

Remember that Groat et al 1992, gave X19 Y13 Z18 

O68 W10 as vesuvianite chemical formula. By the way, our 

X site has the perfect value comparing with literature. 

Also, our Z site, including Si, has also a correct value close 

to 18 atoms. We can see that Y site value is slightly 

weaker than the one of Groat et al 1992. This can be 

explained by the fact that the IMA associates Y site with 

vacancies. Remember that 

Ca19Fe3+Al4(Al6Mg2)(◻4)◻[Si2O7]4[(SiO4)10]O(OH)9 was 

the vesuvianite chemical formula given by the IMA. By 

the way these vacancies cannot by quantified with 

chemistry analyses but only deducted. Vacancies are 

possibly the reason why our Y site has a weaker value 

than expected (T sites for vacancies).  

Then, analyses reveal presence of some anions 

which are in anionic site as W (X19 Y13 Z18 O68 W10) in the 

formula given by Groat et al 1992. These anions are 

chlorine and sulphur. Their mean values in the 23 

samples are respectively 0,36 % ± 0,02 and 0,065 % ± 

0,003. As we said, these anions can be as substituent 

components in the crystalline structure but may also 

come from fluid inclusions in the structure. In fact, our 

vesuvianite are cryptocrystalline materials, so, many 

cracks are present between sites and can be filled by 

fluids. Chlorine and sulphur are often present in 

hydrothermal fluid at the roots of mineral setting up.    

Besides, even if the mean chemical formula 

highlights 13 various elements in our samples, some 

vesuvianite have weak differences. These variations 

concern the presence or not of Cr, Cu, Zn, V and Ni 

because every sample has Ca, Al, Fe, Mg, Mn and Ti in 

close quantities. Nevertheless, we can quote one sample 

which differs by these major elements. In fact, SGDF-

16331 has less calcium and more iron and aluminium 

than others 22 vesuvianite. Its chemical formula is the 

following: X13,978 Y15,612 Z15,399 O68  

Ca13,978 (Al13,655 Fe1,400 Mg0,514 Mn0,035 Ti0,004 Zn0,001 V0,001) 

Si15,396 O68 

This formula highlights differences which can be found in 

vesuvianite chemistry quantification. In fact, even if this 

sample was identified as vesuvianite by the IR and 

Raman analyses, its chemical formula is not completely 

similar to the ideal formula given by the literature. 

b)  Vesuvianite substitutions 

Chemical analyses of vesuvianite samples have 

allowed to highlight the substitutions present in the 

structure. In introduction, plausible substitutions were 

quoted but chemical analyses allow to reject some. 

Indeed, due to the presence of Al, Mg, Fe, Ti and Mn in 

our results, the following substitution reactions can be 

accepted and probably happen in the structure: 

◾ 𝑀𝑔2+ ⟷  𝐹𝑒2+       

 ◾  𝐹𝑒3+  ⟷  𝐴𝑙3+  

 ◾  𝐴𝑙3+  ⟷  𝑇𝑖4+  

 ◾ 𝑀𝑔2+  ⟷  𝐴𝑙3+ 

◾ 𝑀𝑔2+ + 𝑇𝑖4+ ⟷  2𝐴𝑙3+(in Y3 sites)    

◾ 𝑀𝑔2+(+𝐹𝑒2+) + 𝑂𝐻− ⟷  𝐴𝑙3+(+𝐹𝑒3+) + 𝑂2− 

However, light elements as bore or REE as 

lanthanide could not be quantified by our method. So, 

we cannot conclude about the presence or the absence 

of these elements. Nevertheless, it is sure that 

substitution reaction with sodium does not happen 

because our chemical result did not quantify any sodium 

in our samples. 

c)  Vesuvianite nominations  

In the introduction, we have seen that it exists 

different vesuvianite species in vesuvianite group. After 
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chemical analyses we can make some conclusions about 

that. Firstly, we could not quantify bore and Fluor so we 

do not know if our samples are wiluite or 

fluorvesuvianite. However, we did not quantify so much 

copper in our results so our samples cannot be identified 

as cyprine. Also, according to Galuskin et al 2007, a 

mangavesuvianite need to have more than 0,5 Mn per 

formula to have this name. We have only 0.035 atoms 

per formula in our case so our samples are not 

mangavesuvianite.  

d)  Others samples results  

Table 2  shows SGDF-16429 grossular mean values and 

SGDF-16426 as example of transitional sample between 

vesuvianite and grossular. SGDF-16426 is representative 

of SGDF-16427 and SGDF-16428 results. For the 

grossular and after calculations, we obtain the following 

chemical formula: Ca3,021 Al1,802 Si3,021 O12
.  

The general formula of grossular given by the 

IMA (www.mindat.org/min-1755.html) is Ca3Al2(SiO4)3 

that is to say Ca3Al2Si3O12. By the way this analyse confirm 

one time again the identity of SGDF-16429 as grossular 

in view of the very reliable results. 

To continue, the specificity of transitional 

samples as SGDF-16426 is that the two formulas 

(vesuvianite and grossular) suit. For this sample, 

vesuvianite formula gives: 

Ca19,244 (Al8,563 Fe0,491 Mg0,932 Mn0,037 Ti0,002 Cr0,004 Zn0,001 

Ni0,001) Si17,040 O68   

That is to say, X19,244 Y10,031 Z17,040 O68. This chemical 

formula is very close to others vesuvianite formulas. 

Also, grossular formula for SGDF-16426 gives 

Ca3,396 Al1,511 Si3,007 O12. This result suits also quite well for 

grossular identification.  

Thereby, chemical analyses, demonstrate the 

double identity of our transitional samples. In fact, the 

two chemical formulas of vesuvianite and grossular suits, 

that reinforces IR and Raman results seen previously. As 

the Figure 31 shows, grossular and vesuvianite have 

similar global composition that which does not make 

surprising these transitional samples. 

 

 

Figure 31: Diagram showing the close chemistry between vesuvianite 
and grossular (from Patel 2007 and modified by L. JOUGLA) 

 

E) Colour analyses 

1) UV-Vis-NIR spectroscopy 

a) Raw spectra  

UV-VIS-NIR spectroscopy is used with our 27 

samples to analyse which colour of the visible spectrum 

reflects every cabochon. Macroscopically, samples have 

a diversity of colour from the pale yellow to dark green 

with brown variations. In fact, it is interesting to record 

UV spectra to highlight transmission windows of every 

sample. We analyse six cabochons with various 

appearances to show the differences between our 

samples. 

The first sample (SGDF-16331) is described as 

brown cabochon in the Table 1. There are two 

transmission windows, the smallest at ~490nm in the 

blue domain and one bigger from the green-yellow to the 

red area. Human eye is less sensible to red colour and 

there is an absorption continuum toward UV 

wavelengths these are the reasons why this sample 

SGDF-16331 appears with a greenish-brown colour 

(Figure 32). 
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Figure 32: SGDF-16331 UV-Vis-NIR spectrum 

SGDF-16383 sample appears, macroscopically, 

yellow-brown. On this UV-spectrum, a strong band is 

visible in the blue-violet domain with a maximum at 

~430nm. This band precedes a large transmission 

window which reaches its maximum of transmission in 

the red area. Spectrum is mainly dominated by an 

absorption continuum toward the UV. Then, this is the 

similar reasons as SGDF-16331, why the sample SGDF-

16383 appears yellow-brown or orange (Figure 33). 

 

Figure 33: SGDF-16383 UV-Vis-NIR spectrum 

The next cabochon, SGDF-16416 has a pale green 

colour with yellow hues. Its spectrum denotes the first 

because of the two small transmission windows in the 

green and yellow separated by a small band around 530 

nm. Another decrease of the spectrum is present in the 

violet area at ~410nm but not strong enough to give this 

colour to the sample. Furthermore, the absorption 

continuum toward the UV is always present on this 

spectrum (Figure 34).  

 

Figure 34: SGDF-16416 UV-Vis-NIR spectrum 

The next sample, SGDF-16427 is the lighter of 

selected cabochons. It appears very light and a little 

green. This spectrum is very interesting because it 

highlights a much less intense band between ~420nm 

and ~460nm. The rest of the spectrum is very similar to 

the first sample SGDF-16331. The transmission window 

in the green area is just a little deeper than SGDF-16331. 

It may explain the green hues and the clearest colour of 

this sample more than the first one (Figure 35). 

 

Figure 35: SGDF-16427 UV-Vis-NIR spectrum 

SGDF-16429 is a very recognizable sample thank 

to its green-white bicolour aspect. The spectrum shows 

two pleasant bands at ~430nm and ~600nm separating 

three transmission windows at ~390nm, ~520nm and 

~710nm. One more time the one in the violet area is too 

small to give the colour to the sample and the one in the 

red is not adapted for human eyes. This is the reason why 

SGDF-16429 has a green-white aspect macroscopically 

(Figure 36). 

SGDF-16331 

SGDF-16383 

SGDF-16416 

SGDF-16427 
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Figure 36: SGDF-16429 UV-Vis-NIR spectrum 

The last sample has one of the darkest 

appearances. SGDF-16433 spectrum points out a clear 

transmission window in the blue-green area, this is the 

most indicative of the spectra described earlier. This 

window is surrounded by two bands as the one in green-

yellow-red area which is very large. Therefore, the dark 

green colour of SGDF-16433 is justified by this 

transmission window at ~510nm (Figure 37). 

 

Figure 37: SGDF-16433 UV-Vis-NIR spectrum 

b) UV-Visible spectroscopy taking thickness into 

account. 

Absorption spectra can be analysed directly (precedent 

part) but are righter when optical path length is taken 

into account. In fact, with OMNIC software we can 

normalize spectra by the thickness of the sample and, 

therefore all of our spectra are more representative. 

With this calculate, ordinate become absorptivity. In 

fact, according Beer Lambert law, we have (Emmett et al 

2023): 

𝑨 = 𝜺𝒄𝒍  

𝑨 = 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒, 𝜺 =

𝑚𝑜𝑙𝑎𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦 (𝐿. 𝑚𝑜𝑙−1. 𝑐𝑚−1), 𝒄 =

𝑚𝑜𝑙𝑎𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑜𝑙. 𝐿−1), 𝒍 =

𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔ℎ𝑡 (𝑐𝑚)  

And        
𝑨

𝒍
= 𝜺𝒄  

Where 𝜺𝒄 is the absorptivity because our samples are 

solids, so they have not molar concentration. 

The superposition of our normalized spectra 

highlights absorption and transmission differences 

between our samples (Figure 38). SGDF-16433 denotes 

the others because of its large absorption bands at 

~440nm and ~620nm. A smaller band and a very weak 

band are present respectively in SGDF-16429 and SGDF-

16416 spectrum at ~620nm. According to Lu et al, 2020; 

these absorption bands around 600nm may correspond 

to the charges transfers between Fe2+ to Fe3+. Also, 

~620nm and ~410nm -~460nm transitions may 

correspond to Cr3+ in octahedral sites (Lu et al, 2020). 

Besides, vanadium band can also be present at   ~600nm. 

By the way, this large band can correspond to an addition 

of two or more smaller bands.  The band between 410nm 

and 460nm can be seen in every sample but with a less 

intensity in SGDF-16427 spectrum. 

Chrome is a strong chromophore which may be 

responsible of the green colour and iron of the green-

yellow sites. It is the reason why these absorption band 

appears only in the green samples (Lu et al, 2020). The 

peak between 410nm and 460nm may simultaneously 

correspond to Mn3+. Then, we can raise a fine peak at 

~460nm on four of our spectra. In fact, SGDF-16433, 

SGDF-16427, SGDF-16416 and SGDF-16331 have this 

peak which may correspond to Fe3+ in octahedral sites 

(Y1 or Y3) (Lu et al 2020). 

Furthermore, weak increases in spectra can be 

raised. SGDF-16331, SGDF-16416 and SGDF-16427 have 

a small peak at ~530nm which may reflect effects of 

Mn3+. Also, SGDF-16331 and SGDF-16429 spectra have a 

small and large band around ~850nm that can be find 

again but to a lesser extend in SGDF-16427 spectrum. 

This weak increase may also correspond to the charges 

transfers between Fe2+ to Fe3+ (Lu et al, 2020). 

Ultimately, it is possible to say that our samples 

cover a wide range of colours from white-green to dark 

SGDF-16429 

SGDF-16433 

~430

nm 
~600

nm 

~510

nm 
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green passing by brown, like the six samples studied in 

this part.  

 

c) Parallel chemical and UV results for vesuvianite 

We can make a parallel between our chemical results 

seen previously and these UV spectra. For instance, if our 

interpretations are good SGDF-16433 should have more 

chromium, vanadium an iron than SGDF-16416, because 

the apparent maximum of absorptivity ~600nm of SGDF-

16433 is higher than SGDF-16416. The chemical results 

show 0.08598 % of chromium in SGDF-16433 against 

0.00523 % in SGDF-16416. Then, SGDF-16433 has 

0.00574 % of vanadium against 0.00179% in SGDF-

16416. Finally, SGDF-16433 has 1.4010 % of iron and 

SGDF-16416 has 2.1717 %. In conclusion, ~600nm band 

may actually correspond to chromium or vanadium but 

it would seem that iron does not correspond to this band 

because SGDF-16416 has more iron than SGDF-16433. 

Maybe a small band of iron can be present here but it is 

surpassed by the importance of chromium and vanadium 

band there. 

It is possible to make the same reasoning for 

manganese and the apparent maximum of absorptivity 

at ~440nm. This peak may also highlight the presence of 

Cr. For SGDF-16433, the chemical quantification of Mn is 

0.05221 % against 0.06658 % for SGDF-16416. We should 

expect the contrary in view of the spectra but we have to 

raise that an absorption continuum is present in the 

Figure 38. In fact, on high wavelengths, absorptivity does 

not reach the zero expected. This is because an 

absorption continuum lift spectra up on the graph. If we 

virtually supress this continuum, maybe SGDF-16416 

spectrum will be higher than SGDF-16433 at ~440nm. 

This is the reason why it is not easy to correlate element 

quantification and absorptivity spectra for some 

elements as iron or manganese. In fact, the same analyse 

can be done with chemical values of iron of these two 

samples and the peak at ~850nm. 

F) Description of the luminescence 
 

It is interesting to look at our samples 

luminescence to see if they have all the same spectrum 

or not, especially to compare our vesuvianite.  

 

Figure 39: Three characteristic luminescence spectra of vesuvianite 

Representative spectra of vesuvianite 

luminescence are shown in the Figure 39. These spectra 

represent the different luminescences seen in our 

samples. In fact, there are three discernible spectra. 

Vesuvianite luminescence spectrum can have a major 

and large band at ~720 nm characterized by thin triplets 

at ~700 nm. This spectrum is like the one of SGDF-16423 

made with the laser. It is possible to see a small band at 

~520 nm on the same spectrum. This luminescence peak 

is better shown on SGDF-16383_Laser spectrum. This 

band is a high and large peak and this is the unique on 

this spectrum. Otherwise, vesuvianite spectrum, as 

SGDF-16419_Laser spectrum can have these two peaks 

at ~720 nm and ~520 nm. It is possible to remark that the 

~520 nm band is higher than the one at ~720 nm on this 

spectrum. 

Also, all UV spectra highlight only a small band at 

~520 nm. It highlights the fact that laser luminescence 

can capture better signals because it is concentrated on 

an only point. 

A
b
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r

Figure 38: UV-Vis-NIR spectra of vesuvianite, grossular and 
transitional samples 
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Figure 40: Grossular luminescence spectra 

Furthermore, and one time again, SGDF-16429 

sample is remarkable from others. In fact, the grossular 

has a different luminescence than vesuvianite. Spectra 

are shown on Figure 40. For this sample, low-

temperature luminescence (with liquid nitrogen) was 

done to complete laser luminescence which was 

saturated. By the way, by combination of these two 

spectra, we can see precisely the different peaks of 

luminescence. We can recognize the same thin bands as 

vesuvianite at ~720 nm and the large one at ~520 nm. 

But there is one more peak in these spectra, shown by 

Laser and UV luminescence, this is the one at ~575 nm. 

This luminescence band is another characteristic which 

help us to distinguish grossular from vesuvianite. 

Also, this difference between these two minerals 

can be done faster. In fact, by the eyes and thanks to UV 

light it is directly possible to make the difference because 

grossular has a pink luminescence and vesuvianite has 

one a blue/green. This fact is shown on Figure 41. 

 

Figure 41: Group of vesuvianite with one grossular under UV light. The 
grossular appears in pink colour. (Photography by L. Jougla) 

Besides, we can also analyse transitional samples 

luminescence spectra as the one of SGDF-16426, SGDF-

16427 and SGGDF-16428. These spectra appear on 

Figure 42. Note that only UV luminescence spectrum was 

interpretable for SGDF-16428 sample. SGDF-16426 laser 

spectrum is similar as SGDF-16423 spectrum but 

difference by one more band at ~585 nm. This last one, 

as it was said previously, can be a witness of the grossular 

crystals which compose the sample with vesuvianite 

crystals. The same observation can be done with SGDF-

16427 luminescence spectrum which is a similar 

spectrum as SGDF-16383 but also with the large band 

~585 nm. Here again, we can remark the 

cryptocrystalline structure of a sample, combining 

grossular and vesuvianite crystals. These two bands are 

discernible on SGDF-16428 UV luminescence spectrum 

as SGDF-16426 and SGDF-16427. 

 

Figure 42: Luminescence spectra of transitional samples 

 

G) Geological aspect 
 

In this part, hypothesis of the setting up of our 

vesuvianite are made. Note that we have no information, 

no observation about the surrounding rocks where our 

materials were found. We just have the locality.  

As we seen previously, according to Raman 

results, our vesuvianite samples are low temperature 

vesuvianite meaning a setting up at a temperature lower 

than 500°C, and mostly around 300°C (Paluszkiewicz & 

Zabinski 2004). According to them, high-temperature 

vesuvianite set up at 400°C- 800°C.  Also, high 

vesuvianite corresponds to a skarn setting up 

environment (Patel 2007) and low vesuvianite appears in 

rodingites.  
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1) Vesuvianite setting up in a skarn 

environment, high temperatures and 

various cases 

 

According to Jébrak et Marcoux 2008, skarn is a 

model of deposit which take place in recent magmatic 

arcs (~90 Ma), associated with small intrusions in a not 

much tectonized carbonate host. This model consists of 

three phases: one of thermometamorphism following by 

two episodes of metasomatism, one prograde and 

another retrograde. The episode of metamorphism is 

linked with an intrusion and a host dehydration. During 

this state, limestones are replaced by marble. Then, the 

first stage of metasomatism, at ~600-500°C, is 

associated with a supply of iron, manganese and 

aluminium bring by magmatic fluids released by the 

pluton. High temperature vesuvianite appears during 

this stage at the same time of others silicates. The 

following step is a retrograde metasomatism stage at a 

temperature around ~300-450°C. During this phase, 

hydrated minerals and sulphurs appear. A water influx 

causes the partial hydrolyse of minerals from the 

prograde step and the intrusion. This is the reason why, 

hydrated minerals as amphibole appear during this 

phase. The nature of these retrograde minerals depends 

of oxidation and sulphuration stages of hydrothermal 

fluids. It can be the reason why, Ghosh 2022, observed 

vesuvianite from this step. 

In fact, Ghosh 2022, developed retrograde 

vesuvianite formation in his article, illustrated with the 

following schema (Figure 43).  

 

Figure 43: Prograde and retrograde mineral formation. Vesuvianite 
sets up during the retrograde stage (from Ghosh 2022) 

He characterized its vesuvianite from this stage 

because he observed quartz and calcite symplectites in 

inclusions in vesuvianite. These symplectites would 

appear at the retrograde step leading retrograde 

vesuvianite, by the inclusion Principe. By the way, 

vesuvianite would be syn or post disappearance of 

wollastonite which is the origin of these symplectites. 

Gosh 2022 developed the chemical reaction following to 

described vesuvianite formation:  

𝑤𝑜𝑙𝑙𝑎𝑠𝑡𝑜𝑛𝑖𝑡𝑒 + 𝑔𝑟𝑜𝑠𝑠𝑢𝑙𝑎𝑟 + 𝑑𝑖𝑜𝑝𝑠𝑖𝑑𝑒 + 𝑓𝑙𝑢𝑜𝑟𝑖𝑡𝑒 

→ 𝑞𝑢𝑎𝑟𝑡𝑧 + 𝑣𝑒𝑠𝑢𝑣𝑖𝑎𝑛𝑖𝑡𝑒

+ 𝑐𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 

That is to say: 

𝐶𝑎𝑆𝑖𝑂3 + 2𝐶𝑎3𝐴𝑙2(𝑆𝑖𝑂4)3 + 2𝐶𝑎𝑀𝑔𝑆𝑖2𝑂6 + 2𝐻2𝑂

+ 𝐶𝑎𝐹2

→ 𝐶𝑎10𝑀𝑔2𝐴𝑙4𝑆𝑖9𝑂34(𝑂𝐻, 𝐹)4

+ 2𝑆𝑖𝑂2 + 𝐶𝑂2 

It is important to say that its vesuvianite have an 

Al-rich composition as ours. By the way, this detail can 

guide us on this setting up hypothesis track. Also, even if 

the retrograde stage temperature of vesuvianite setting 
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up corresponds to our vesuvianite temperature, we did 

not observe neither quartz nor calcite crystallisations in 

our samples, that contradicts a little this hypothesis of 

setting up.  

2) Low temperature vesuvianite, rodingite hosts 

a)  Vesuvianite in rodingites 

According to Galuskin et al 2007, 

𝐶𝑎19𝐴𝑙9𝑀𝑔2𝐹𝑒2𝑆𝑖18𝑂69𝑂𝐻9 vesuvianite 

((𝑋19𝑌13𝑍18𝑂69𝑂𝐻9) were formed at low temperature 

in rodingites. This chemical formula of vesuvianite is very 

close to the one calculated with our samples, which is 

simplified as 𝑋19𝑌10𝑍17𝑂68. In fact, rodingite 

environments for the setting up of our sample appears 

very suitable.  

Normand 2001, published the pressure-

temperature diagram shown on Figure 44. On this one, 

we can see the equilibrium boundaries for rodingite 

mineral assemblage and the stability area of vesuvianite 

in beige. This coloured area shows clearly a vesuvianite 

stability for a setting up around and lower 300°C in 

rodingites. 

b)  Rodingite definition 

Rodingites are rocks formed by calciferous 

metasomatism initiated by hydrothermal fluids passage 

(Butek 2022). Rodingitisation process is closely linked 

with serpentinization process. These processus can be 

synchronous (Butek 2022) or continuous. In fact, 

rodingitisation can be just post serpentinization because 

Normand 2001 defined rodingites as calciferous rocks 

formed by serpentinite and adjacent lithologies rich in Al 

and Si metasomatism. By the way, we need to know 

serpentinization process to well analyse rodingitisation 

apparition.  

Serpentinization process takes place in mafic and 

ultramafic host, this is a metamorphic. Consequently, 

serpentinites (and rodingites) are observed in 

environment as ophiolites (Butek 2022). Ophiolites are 

Mg-Fe rich rocks composed by minerals as olivine or 

pyroxenes. For instance, they include dunites, 

harzburgites or gabbros. Ophiolites are fragments from 

the oceanic lithosphere exhumated thanks to subduction 

or obduction mechanisms. Rodingitisation is also 

characteristic of the oceanic floor. So, the host rocks of 

rodingites vary but is often gabbroic (Butek 2022). 

Furthermore, vesuvianite set up only in the most 

affected by rodingitisation rocks.  

c) Fluids at the origin of rodingitisation  

Fluids bring a lot of various elements for the 

metasomatism but Al and Ti quantity present in 

vesuvianite reflect the Ti and Al contents of the protolith 

because they are immobile (Butek 2022).  The 

hydrothermal fluid influx has to be important to have a 

vesuvianite crystallization. In fact, the report Si/Ca need 

Figure 44: Pressure-temperature diagram in rodingites (from Normand 2001, modified by L. JOUGLA) 
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to decrease to have rodingites. Also, the diversity of 

rodingites in the world depends on the fluid quantity 

which percolate in rocks and not on the pressures-

temperatures changes. This is linked by the fact that 

minerals present in rodingites are stable during a large 

range of pressures-temperatures. Besides, the 

hydrothermal fluids at the origin of the rodingites come 

from serpentinization process in ultramafic protoliths. 

These fluids have not Mg and S and have a weak content 

on Si. The provenance of the Ca may be the leaching of 

sedimentary rocks surroundings. The fluid is not 

composed of high contents of Ca because the weak 

content of Si is sufficient for the rodingitisation process. 

They have a high pH and a high reduction potential 

(Butek 2022). These chemical characteristics explain that 

changes in pH or oxido-reduction conditions can 

destabilize the fluid and result in mineral crystallizations 

in rodingites. Furthermore, CaO is very mobile during 

serpentinization, this is the reason why it can go in 

hydrothermal fluids to make Ca-rich metasomatism. The 

Figure 45 shows serpentinization and rodingitisation 

processus. 

 

Figure 45: Schema explaining rodingitisation and serpentinisation 
processus (from Butek 2022) 

 

d)  Geological history and ophiolites areas in 

Afghanistan - Pakistan 

We have seen that rodingitisation is linked with 

serpentinization and ophiolites, now it is important to 

replace all of that in the region geological history. 

Afghanistan is one of the regions representing a 

witness of Indian and Eurasian plates. This collision at the 

origin of Himalaya chain is also linked with ophiolite 

exhumation in Central Asia and date of the early 

Paleogene (Jalil et al 2023). 

Many ophiolites are present in the region as the 

Waziristan Ophiolite Complex (WOC) which is a suture 

zone between Indian and Pakistan plates. These 

Ophiolites was exhumated after an obduction episode as 

the Figure 46 shows. 

Mafic and Ultramafic rocks undergoing 

serpentinization and rodingitisation are found in 

different part of Pakistan and Afghanistan as Kaboul, Jilal 

and Waziristan. These three ophiolites examples 

surround our vesuvianite samples’ origins. This is the 

reason why, unknowing the real host of our vesuvianite, 

we can make the hypothesis that our localisation is 

composed of ophiolites too. These ophiolites are 

detailed on the Figure 47. We can see the mafic and 

ultramafic rocks and also the serpentinite presents in the 

Jijal Complex, to the East of Kunar Valley and in Kaboul 

ophiolites to the West. 
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 Figure 46: Geological history of the area and formation of the WOC (from Jalil et al 2023) 
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Vesuvianite samples origin 

(Kunar Valley) 

A 

B

C

D 

Figure 47: A: Afghanistan – Pakistan map with our vesuvianite origin and three ophiolite places around (adapted by L. Jougla from Google Maps), B: 

Cross-section of Jijal Mafic-Ultramafic complex in Kohistan Island Arc Complex (modified by L. Jougla from Dhuime et al 2007), C: Distribution of ophiolitic 

masses in Kabul ophiolites (modified by L. Jougla from Ahmadi & Kalkan 2021), D: Waziristan Ophiolite Complex (modified by L. Jougla from Jalil et al 

2023). 
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e)  Chemical reaction and relationship 

between vesuvianite and its inclusions 

By the inclusion Principe, things contained in 

another thing is anterior as this latter. By the way, it is 

possible to say that inclusion in vesuvianite was formed 

before the crystallization of vesuvianite. Nevertheless, 

the polycrystalline feature of the materials facilitates 

fluids passage between layers or fissures. These fluids 

can crystallise and give inclusions in vesuvianite being 

posterior at our vesuvianite crystallisation. By the way, 

these two hypotheses are believable. 

According to Butek 2022, vesuvianite grows 

instead of garnet solid solution. Grossular, with a 

chemical formula of Ca3Al2(SiO4)3 have been found in our 

vesuvianite samples. Grossular crystallise in rodingites or 

in contact or regionally metamorphosed area 

(www.mindat.org/min-1755.html). This information 

suits with all our hypothesis of the setting up of the 

materials studied. Some chemical reactions between 

vesuvianite and hydrogrossular explains what happened 

in our setting up environment. According to Butek 2022, 

hydrogrossular comes from reactions with calcium. This 

Ca would come from the leaching of Ca-rich rocks as 

sedimentary rocks transported by fluids. Chemical 

reactions with hydrogrossular and vesuvianite are the 

following:  

◾ ℎ𝑦𝑑𝑟𝑜𝑔𝑟𝑜𝑠𝑠𝑢𝑙𝑎𝑟 + 𝑐ℎ𝑙𝑜𝑟𝑖𝑡𝑒 + 𝑤𝑎𝑡𝑒𝑟 ↔

𝑣𝑒𝑠𝑢𝑣𝑖𝑎𝑛𝑖𝑡𝑒 ± 𝐶𝑎, 𝑁𝑎, 𝑆𝑖 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠 

◾ ℎ𝑦𝑑𝑟𝑜𝑔𝑟𝑜𝑠𝑠𝑢𝑙𝑎𝑟 + 𝑑𝑖𝑠𝑡ℎ𝑒𝑛𝑒 + 𝑤𝑎𝑡𝑒𝑟 ↔

𝑣𝑒𝑠𝑢𝑣𝑖𝑎𝑛𝑖𝑡𝑒 + 𝑐ℎ𝑙𝑜𝑟𝑖𝑡𝑒 ± 𝐶𝑎, 𝑁𝑎, 𝑆𝑖 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠   

Furthermore, when temperature increases, 

vesuvianite is less stable than hydrogrossular. The 

following chemical reactions happens (Normand 2001): 

◾14 𝑝𝑟𝑒ℎ𝑛𝑖𝑡𝑒 + 3 𝑣𝑒𝑠𝑢𝑣𝑖𝑎𝑛𝑖𝑡𝑒 ↔ 5 𝑧𝑜ï𝑐𝑖𝑡𝑒 +

6 𝑑𝑖𝑜𝑝𝑠𝑖𝑑𝑒 + 23 𝑔𝑟𝑜𝑠𝑠𝑢𝑙𝑎𝑟 + 25 𝑤𝑎𝑡𝑒𝑟 

◾𝑝𝑟𝑒ℎ𝑛𝑖𝑡𝑒 + 5 𝑞𝑢𝑎𝑟𝑡𝑧 + 2 𝑣𝑒𝑠𝑢𝑣𝑖𝑎𝑛𝑖𝑡𝑒 ↔

4 𝑑𝑖𝑜𝑝𝑠𝑖𝑑𝑒 + 12 𝑔𝑟𝑜𝑠𝑠𝑢𝑙𝑎𝑟 + 10 𝑤𝑎𝑡𝑒𝑟 

Besides, clinochlore was found as inclusion in 

vesuvianite. This mineral, Mg5Al(AlSi3O10)(OH)8  can have 

iron substitutions in its crystalline structure 

(www.mindat.org/min-1070.html). Clinochlore is 

frequent in ophiolite environments and also in areas 

metamorphized in greenschists facies. This facies is 

characteristic of the serpentinite rocks that is consistent 

with the approach we have. That highlights the fact that 

clinochlore was clearly present before the apparition of 

vesuvianite and that this one is posterior at this 

inclusion. So, clinochlore presence is one of the reasons 

why our vesuvianite have magnesium in their chemical 

formulas. 

To continue, covellite inclusion, CuS, is present 

in vesuvianite materials. Covellite is present in areas 

which underwent metal-rich hydrothermalism, 

metamorphism and rarely volcanism 

(www.mindat.org/min-1144.html). Cu is a chalcophile 

element meaning a mantle provenance and a high 

affinity for sulphur. In fact, Cu might be in the host rocks 

of rodingitisation or might be bring by fluids with S. 

Also, the magnesiochromite, MgCr2O4, found in 

vesuvianite samples are typical of ophiolites rocks 

(www.mindat.org/min-2493.html).  This fact confirms 

one time again the ophiolitic host rocks of the 

rodingitisation process. 

In addition, amesite inclusion of vesuvianite, 

Mg2Al(AlSiO5)(OH)4, means a low-grade of 

metamorphism which coincides with serpentinization 

process. Amesite is often associated with magnetite and 

clinochlore (www.mindat.org/min-197.html) which can 

be present in mafic rocks as ophiolites as the view of 

their ferrous and magnesian features. 

According to Jébrak & Marcoux 2008, graphite 

mineral crystallinity depends directly of the 

metamorphism degree. Metamorphism transforms 

organic residues, bitumen and sedimentary coal in 

graphitoid with a disrupted crystalline structure and 

after, in graphite better crystallised. Crystallised graphite 

appears with a temperature higher than 400°C. A 

moderate metamorphism gives an amorphous graphite 

as ones found in our vesuvianite. This temperature under 

400°C suits with the setting up temperature found 

previously. 

 Finally, we can summarize the origins of the 

different elements present in the cryptocrystalline 

structure of vesuvianite. Elements as Fe, Mg or Al could 

come from the mafic and ultramafic rocks of ophiolites. 

Others like Ca and a little of Si could be a product of 

leached surrounding rocks by the metasomatic fluids 

which transported it until the deposit place. This deposit 

may depend on a lithological control because 

http://www.mindat.org/min-1755.html
http://www.mindat.org/min-1070.html
http://www.mindat.org/min-1144.html
http://www.mindat.org/min-2493.html
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rodingitisation is a process which take place on precise 

lithology, the one of mafic and ultramafic rocks. Also, as 

we said previously, these fluids have a basic pH and a 

high reduction potential (Butek 2022) meaning that a 

passage in oxidant or acid environment can destabilized 

these ones. Then, a chemical control of the deposit is 

also present in our case of setting up. At the end, it is 

possible to reject the physical control of the deposit 

because of the high stability of mineral in our range of 

pressures-temperatures (<500°C). Field observations 

could reject or accept a structural control of deposit but 

a priori, there is no reason to have a preferential deposit 

in fault or fractures for example. 

IV - Discussions 
Taking a step back, just little things might be 

interesting to improve in this study. Our results are 

statistically reliable because 27 samples were analysed 

for each experiment. Objectively, this is already a good 

number to make the results reliable even if more 

samples would be even better (but we need to have 

more time for the study).  

Besides, it would be interesting if we had more 

precise information concerning the deposit. In fact, we 

only know the region where vesuvianite were extracted. 

We do not have any photography or observation of the 

deposit expression, no information about host rocks and 

surrounding rocks which constrains the geological aspect 

part to hypotheses.  

Moreover, others methods would be interesting 

but many of them are destructive and the laboratory 

cannot use them. We can quote the Laser Induced 

Breakdown Spectroscopy (LIBS) which vaporises the 

material as a plasma and allows to quantify light 

elements as Li or B for example or Rare Earth Elements 

(REE). Laser Ablation-Inductively Coupled Plasma Mass 

Spectrometry (LA-ICP-MS) would also be helpful for the 

light element, but destructive too. Another method we 

can list is the XR-diffraction, on powder, which is a 

qualitative and quantitative method allowing to know 

the structure of the crystal system as stich parameters. 

Also, scanning electron microscope (SEM), which is a 

non-destructive method can give high resolution 

observations of samples, based on the interaction 

electron-material. This method could complete 

observations made by micrographies. 

Conclusion 
Through this study, characterisation of 

vesuvianite, grossular and combination of vesuvianite-

grossular samples is done. Vesuvianite are very complex 

sorosilicates (www.mindat.org/min-4223.html) not 

much studied in research area even not studied at all as 

our vesuvianite from Kunar Valley in Afghanistan. 

Vesuvianite has a tetragonal system composed by five 

sites and the chemical formula can be written as: X19 Y13 

Z18 O68 W10. X sites are eight or nine coordinates, Y sites 

are five or six coordinates and Z sites are four 

coordinates. W sites constitute anionic sites (mono or di-

anionic) with O-, OH- or F-. International Mineralogical 

Association (IMA) gives the following chemical formula 

as an ideal formula: 

Ca19Fe3+Al4(Al6Mg2)(◻4)◻[Si2O7]4[(SiO4)10]O(OH)9.I0 

27 samples from the set are chosen 

macroscopically and under the binocular loup for the 

study. These 27 samples have different characteristic as 

colours, inclusions or fractures interesting to identify. 

Gemological properties measures are firstly done 

highlighting a refraction index of 1.708 and various 

colours from the light greenish white to the vivid 

greenish yellow. The mean value of the specific mass of 

the sample is 3.374 ct what confirms vesuvianite 

identification. With a bright vitreous lustre, our 

vesuvianite have a good potential for jewellery.  Besides 

micrographies and Raman analyses reveal various 

inclusions: greenish and automorphic grossular, 

colourful and automorphic clinochlore, black and 

automorphic inclusions as covellite or magnesiochromite 

and filamentous brownish inclusion identifies as 

amesite. Some black inclusions like stains reveal the 

presence of amorphous carbon that may be graphite.  

Besides, IR and Raman analyses helped us to 

identify the materials. One sample is characterized as 

grossular (SGDF-16429) and three others as 

combinations of grossular and vesuvianite (SGDF-16426, 

SGDF-16427 and SGDF-16428). By the way 23 samples of 

the set are considered as vesuvianite. Chemical analyses 

by EDXRF quantify elements present in our 27 samples 

and allows to calculate chemical formulas for each 

sample and a mean formula reflecting the mean 

composition of the set. Finally, our mean chemical 

formula for vesuvianite is Ca19,008 (Al8,491 Fe0,541 Mg1,204 

Mn0,035 Ti0,013 Cr0,018 Cu0,002 Zn0,001 V0,001 Ni0,004) Si17,038 O68 

that means 𝑿𝟏𝟗,𝟎𝟎𝟖 𝒀𝟏𝟎,𝟑𝟏 𝒁𝟏𝟕,𝟎𝟑𝟖 𝑶𝟔𝟖 global formula. In 

http://www.mindat.org/min-4223.html
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fact, X sites are occupied by Ca, Y sites by Al, Fe, Mg, Mn, 

Ti, Cr, Cu, Zn, V, Ni and Z sites by Si. By the way, some 

substitution reactions happen in vesuvianite crystals. 

Grossular chemical formula is calculated as 

Ca3,021 Al1,802 Si3,021 O12
. and transitional samples as Ca19,244 

(Al8,563 Fe0,491 Mg0,932 Mn0,037 Ti0,002 Cr0,004 Zn0,001 Ni0,001) 

Si17,040 O68, that means X19,244 Y10,031 Z17,040 O68 for 

vesuvianite and Ca3,396 Al1,511 Si3,007 O12 for grossular, 

highlighting the cryptocrystallinity of these samples.  

Furthermore, the colour analyses by UV-Vis-NIR 

spectra show green absorption (or absorptivity) by 

chromium or vanadium. Also, manganese and charge 

transfers between Fe2+ to Fe3+ are responsible of some 

absorption band in the blue and the red parts of sample 

spectra. Then, UV-luminescence can, one more time, 

highlight the difference between grossular and 

vesuvianite even macroscopically. In fact, grossular has a 

pink luminescence than vesuvianite has one blue/green. 

Also, by comparison with vesuvianite et grossular UV-

luminescence spectra, ones of transitional samples are a 

combination of these two spectra showing the double 

characterisation with vesuvianite and grossular. 

Also, Raman vesuvianite spectra give us 

information about the crystallisation temperature of 

these materials. In fact, we have low temperature 

vesuvianite at the view of our different peaks on spectra 

(Galuskin et al 2007, Butek 2024, Paluszkiewicz & 

Zabinski 2004). The crystallisation at low-temperature of 

our vesuvianite is characteristic of the rodingitisation 

process. Rodingites are rocks created by metasomatism, 

more precisely Ca-metasomatism, which takes place 

with serpentinization process (Butek 2022). By the way, 

rodingites are formed in mafic and ultramafic rocks as 

ophiolites. The region where our vesuvianite were 

extracted is probably rich in ophiolites because many 

surrounding rocks constitute ophiolites as Kabul 

(Afghanistan), Jilal (Kohistan) and Waziristan (WOC). 

These ophiolites are witnesses of the rich geological 

events which took place in this geographical area, as 

intra-oceanic subduction or peridotite formation and 

exhumation. In the end, relationship between inclusions, 

vesuvianite and its composition has been done with a 

geological point of view. 

Finally, this study allowed me to browse a large 

field of geosciences and gemmology as crystallography, 

mineralogy, chemistry, calculates with chemical 

formulas or geological setting up of the deposit. 
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Annexes 

Annexe 1: Gradation of colours of six samples (by L. Jougla) 
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Annexe 2: Specific mass calculates with masses in the air and in the water 

Annexe 3: Lustre scale with other materials (by L. Jougla) 
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Annexe 4: IR spectra with water, carbon dioxide and sebum characteristic peaks 
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Annexe 5: Calculates to have the chemical formula of the samples 
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Annexe 6: Chemical formulas calculated from chemical quantification by EDXRF 


