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Pargasite from Lajuar Madan, Badakhshan, Afghanistan
During the February 2018 gem shows in Tucson, Arizona, 
USA, gem dealer Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado, USA) loaned the authors 
two faceted samples of pargasite from Afghanistan for 
gemmological examination. The specimens were cut 
from rough material that was obtained by Blauwet in 
June 2014, and was reportedly mined from the famous 
skarn-hosted lapis lazuli deposits near Lajuar Madan in 
the Kuran wa Munjan District of Badakhshan Province.

The two stones consisted of transparent faceted oval 
cuts weighing 0.27 ct (5.22 × 3.54 × 2.33 mm) and 0.65 ct  
(6.68 × 4.98 × 3.22 mm), and were light yellowish brown  
(Figure 10). The RIs of both stones were 1.620–1.642, 

Figure 9: 
Representative 
background-corrected 
Raman spectra of the 
nearly colourless and 
yellowish green zones 
of the bicoloured 
grossular from Tanzania 
are compared to typical 
tsavorite from Kenya.
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Figure 10: These yellowish brown gems (left, 0.65 ct; right,  
0.27 ct) from Badakhshan, Afghanistan, proved to be pargasite.  
Photo by J. C. Zwaan.
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yielding a birefringence (DR) of 0.022. The optic character 
was biaxial positive. Average hydrostatic SG values were 
3.10 and 3.07, respectively. Using a calcite dichroscope, 
weak pleochroism in pale yellow and slightly brownish 
yellow colours was discerned. The gems fluoresced very 
weak red under long-wave UV radiation, and moderate 
yellow (0.27 ct) or weak yellow (0.65 ct) under short-
wave UV.

The 0.27 ct oval contained parallel growth tubes and 
a cluster of small mineral inclusions near the pavilion. 
Raman analysis identified diopside, zircon and sodalite 
in the cluster. The 0.65 ct oval contained partially healed 
fissures consisting of rectangular multiphase inclusions. 
Due to their small sizes and positions, these inclusions 
could not be analysed in further detail.

Using standard gemmological testing alone, it was 
difficult to identify these stones with confidence. From 
the optical data, the samples were established as amphi-
boles, and their optic character prevents confusion 
with tourmaline. However, the RI, birefringence and 
SG values closely match those of various amphiboles, 
including richterite (RI 1.605–1.641, DR 0.017–0.022, SG 
2.97–3.45), pargasite (RI 1.613–1.650, DR 0.020–0.022, 
SG 3.07–3.81) and edenite (RI 1.606–1.672, DR 0.023–
0.025, SG 3.00–3.06; Dedeyne & Quintens 2007). The SG 
values are at the highest and lowest limits for edenite 
and pargasite, respectively.

Day et al. (2018) characterised colourless gem-quality 
richterite and pargasite, also from Afghanistan. Fitted 
FTIR spectra in the OH-stretching region of the present 
samples accordingly corresponded to the spectrum of 
pargasite, with the strongest band at 3713 cm–1 (Figure 11).  

This excluded richterite (strongest band at 3730 cm–1) 
as a possibility. However, Raman spectra seemed to 
more closely match the spectra of edenite in the RRUFF 
database, which show a principal band at 674 cm–1, 
slightly shifted from the typical position for pargasite 
at 668 cm–1 (Figure 12). 

Therefore, to confirm the identification of these 
samples, they were analysed by electron microprobe 
by authors MD and FCH. Based on three spot analyses 
on each stone, the analyses gave the following average 
compositions for the 0.27 ct (1) and 0.65 ct (2) specimens:

(1)  (Na0.87K0.13)1.00(Ca1.60Na0.40)2(Mg4.03Al0.70Ti0.09Fe2+
0.02 

Mn0.01)4.85(Si6.82Al1.18)8O22(OH1.67F0.33)2

(2)  (Na0.85K0.12)0.97(Ca1.60Na0.40)2(Mg4.20Al0.61Ti0.09Fe2+
0.02 

Mn0.01)4.93(Si6.79Al1.21)8O22(OH1.69F0.31)2

Considering the general formula AB2C5T8O22W2 for 
amphibole supergroup minerals and their current classi-
fication (Hawthorne et al. 2012), the specimens clearly 
are calcium amphiboles, based on BCa/B(Ca+Na) = 0.8. 
According to the compositional boundaries of calcium 
amphiboles, they plot nicely in the pargasite field, with 
A(Na+K+2Ca) = 1.00 and 0.88, and C(Al+Fe3++2Ti) = 
0.97 and 0.79, respectively (Figure 13). 

The current classification of amphiboles is based on 
the A, B and C cations, rather than on the A, B and 
T cations as proposed earlier by Leake et al. (1997). 
The 6.8 Si atoms at the T site would have classified 
these samples as edenite in this previous classification 
(5.5–6.5 Si for pargasite, >6.5 Si for edenite). This could 
explain the discrepancy of the Raman spectra indicating 
edenite, showing a main band at 674 cm–1, which is 
assigned to vibration of bridging oxygen atoms (Ob) 
that link adjacent SiO4 tetrahedra (Si–Ob–Si symmetrical 
stretching; Apopei & Buzgar 2010). 

These examples show that there are limitations in the 
use of standard gemmological equipment and Raman 
spectroscopy to correctly identify an amphibole, and that 
reference Raman spectra of amphiboles need re-evalu-
ation, updating (including the OH-stretching region in 
the higher spectral range) and further study.
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Figure 11: A representative FTIR spectrum in the OH-stretching 
region corresponds to the spectrum of pargasite (cf. Day et al.  
2018). The red curve is the spectrum of the 0.27 ct sample 
and the dark blue curve is the resultant fitted line from the 
deconvolution of the spectrum (as shown by the green traces).
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Figure 13: Compositional boundaries of calcium amphiboles 
show that the two faceted samples examined here (red 
dots) fall within the pargasite field. For comparison, the 
blue dot indicates the composition of a pargasite from 

Afghanistan analysed previously by Day et al. (2018). 

Figure 12: Raman 
spectra of both 
stones gave a best 
match with edenite 
spectra in the 
RRUFF database. 
The spectrum 
shown here is for 
the 0.65 ct sample.
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