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Nephrite is the name attributed to a rock compris-

ing mostly massive microcrystalline to cryptocrystal-

line felted amphiboles of the tremolite – ferro-

actinolite series.  Tremolite is the magnesic term 

(Ca2Mg5Si8O22(OH)2), while ferro-actinolite 

(Ca2Fe5Si8O22(OH)2) is the ferric one [1]. The mem-

bers of the series can be distinguished by X = 

Mg/(Mg+Fe
2+

) ratio: for 0.9≤ X≤1 we have tremolite, 

for 0.5<X< 0.9 actinolite, and for  X<0.5 ferro-

actinolite (rare) [2]. 

The identification of the composition of nephrite is 

of great interest not only in mineralogy, but also in ar-

chaeology and art history, because nephrite is the main 

component of the so-called “true-jade”. The other type 

of jade has pyroxene nature, being composed by the 

clinopyroxene jadeite Na(Al,Fe
3+

)Si2O6. 

The attempt to obtain the composition of nephrite, 

and in particular the cation ratio x, in a completely 

non-destructive way by means of micro-Raman spec-

troscopy is not new. We start from the fundamental 

work on the cation distribution on amphiboles of Wang 

et al. [3] and from the application of Raman micro-

spectroscopy on the study of jades proposed by Chen 

et al. [2] to develop a quick method for the identifica-

tion of nephrite using both low-wavenumber and high 

wavenumber parts of the spectrum.   

 

 
 Fig. 1: Raman spectra at low wavenumbers of differ-

ent minerals of tremolite – ferro-actinolite series with 

different X ratios. 

 

In this work we analyzed by micro-Raman spectros-

copy twenty samples of minerals in the tremolite – fer-

ro-actinolite series, coming from different localities in 

the Alps, to study the relationship between the Raman 

spectra and the composition, obtained by SEM-EDXS, 

and the influence of different cations. 

The main feature of the Raman spectra of tremolite - 

ferro-actinolite minerals in the low-wavenumber re-

gion (100-1100 cm
-1

) is the Ag symmetry mode at 

nearly 675 cm
-1

, related to Si-O symmetrical stretching 

(Fig.1). This mode, when substituting Mg
2+

 with the 

heavier  Fe
2+

, downshifts from 675 cm
-1

 in pure tremo-

lite to 667 cm
-1

 in  Fe-rich actinolite (X=0.5, at the 

border with ferro-actinolite). This trend is clearly evi-

denced in Fig.2. A linear interpolation process allows 

to obtain a simple formula relating the position of the 

main Ag band with the X = Mg / (Mg+Fe
2+

) ratio. 

  

 
Fig. 2: Relation between the wavenumber ν of the Ag 

main Raman peak at low wavenumber and the chemi-

cal composition X. 

 

In the high-wavenumbers region (3600-3700 cm
-1

) 

a number of OH stretching bands (from 1 to 4) is pre-

sent. The number and relative intensity of these bands 

depend on the X value. This is due to the fact that in 

nephrites the OH group vibrations are influenced by 

the population of the 3 metal sites where Fe
2+

 or Mg
2+ 

could be present [2]. When only Mg is present (as in 

pure tremolite), only one peak (at 3675 cm
-1

) is ob-

served. As the amount of iron increases, the other 

peaks, related to different combinations of Fe
2+

 and 

Mg
2+

 in the sites close to OH, arise at lower wave-

numbers (Fig. 3). From a simple statistical model 

based on the population of the 3 sites, we obtain anoth-

er relation useful to estimate the X value from the Ra-

man spectrum: X=(A12)/(1/3+A12), where A12 is the 

ratio between the areas of OH Raman bands at about 

3675 and 3660 cm
-1

, often the most visible ones. 
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Fig. 3: Raman spectra at high wavenumbers of miner-

als of tremolite-actinolite series with different X ratios. 

 

In Fig. 4 the composition (X value) estimated from 

the areas of the OH bands and that measured by SEM-

EDXS is shown. Only for a couple of samples the ob-

tained values are significantly different: they are two 

cases with compostion far from ideal nephrite, with 

many extra ions and with several microscopic compo-

sitional zonations.   

 

 
Fig. 4: Comparison between the compositions (X rati-

os) of the tremolite – ferro-actinolite samples estimat-

ed by the OH stretching bands and those obtained by 

SEM/EDXS.  

 

We have therefore obtained two simple and inde-

pendent methods to evaluate the composition of ne-

phritic minerals from their Raman spectrum. The first 

one, based on the position of the main Ag band, shows 

a better sensitivity and linearity with the changes of the 

X value. On the other hand, the second method, based 

on the ratio of the OH stretching bands areas, is nearly 

insensitive to the spectrometer calibration. 

We verified the shift to low frequencies of the main 

Ag peak with the increase of iron, by making a micro-

metric Raman map on a zoned, needle-shaped, tremo-

lite crystal coming from Alpe Rosso (Vigezzo Valley, 

Italy). As visible in the microscope image (Fig.5 top) 

the green colour, due to the presence of iron, increases 

from left to right (nearly along the maximum elonga-

tion of the crystal).  The grey colour map (Fig. 5 bot-

tom) represents the position of the Ag main band: low-

er lightness means lower wavenumber (higher Fe 

amount). As expected, the intensity of green color in 

the picture is well paralleled by the dark parts of the 

Raman map.      

          

 
Fig. 5: Microscope image (top) and Raman  map (bot-

tom) representing the shift of the main Ag band ob-

tained on a zoned actinolite crystal. 
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