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ABSTRACT

In order to obtain a more accurate method of identification of minerals of the amblygonite — montebrasite series, and particu-
larly of gemstones cut from these minerals, we undertook an investigation by Raman spectroscopy, which is known to be a
non-destructive method. Therefore, nine rough minerals and gemstones of the amblygonite-montebrasite series were analyzed
by Raman spectroscopy, X-ray diffraction, infrared absorption spectroscopy. and the gemological properties (density and indices
of refraction) of seven faceted gemstones were measured. Firstly, the Raman signal seems to be a good indicator of the fluorine
content in the specimens, and thus useful for an accurate identification. Three peaks evolve significantly as F content increases:
from 599 to 604 em™!, from 1056 to 1066 cm™! and from 3379 to 3348 cm™'. Also, the FWMH of the peak around 3370 cm™!
increases from 11 to 57 em™! as F content increases. Secondly, we found that all faceted gemstones studied herein consist of
montebrasite and not amblygonite as usually claimed by gemstones traders.

Keywords: montebrasite, amblygonite, Raman spectroscopy, gemstones.
SOMMAIRE

Dans le but de disposer d’une méthode d’identification plus précise de minéraux de la série amblygonite — montebrasite, et
surtout des gemmes taillées dans ces minéraux, nous avons entrepris une étude par spectroscopie Raman, réputée non destructive.
Neuf échantillons bruts de la série amblygonite-montebrasite ont été analysés par spectrométrie Raman, diffraction des rayons X,
et spectrométrie d’absorption infrarouge. Les propriétés gemmologiques (densité et indices de réfraction) de sept pierres taillées
appartenant 4 cette série ont été mesurées. En premier lieu, le signal Raman semble un bon indicateur de la teneur en fluor dans
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les &chantillons, et est donc utile & I'identification minéralogique. Trois pics du spectre Raman varient de fagon importante, de
599 2 604 co?, de 1056 2 1066 cm! et de 3377 4 3348 cm™. La largeur mesurée & mi-hauteur du pic & environ 3360 cm™* croit
également de 11 & 57 cm™" lorsque la teneur en fluor augmente. En second lieu, nous observons que toutes les pierres taillées
examinées par spectroscopie Raman sont de la montebrasite et non de 1’amblygonite, bien que seul, ce dernier terme est utilisé

par les marchands.

Mots-clés : montebrasite, amblygonite, spectrométrie Raman, gemmes.

INTRODUCTION

Faceted gemstones of the amblygonite—montcbra-
site isomorphous series are unusual on the gemstone
market. Over the last past 35 years or so, a few Brazilian
deposits are known to have supplied gem-quality
material. All these stones are labeled “amblygonite”.
Such a name can be ambigucus: it can refer either to
the mineral species, amblygonite, LIAIPOF, or to a
mineral belonging to the amblygonite group, Le., any
specimen belonging to the amblygonite—montebrasite
isomorphous series, LIAIPO4(F,OH).

The rapid distinction between amblygonite and
montebrasite is a problem as old as the original descrip-
tion of the two species (Descloizeaux 1871, Pisani
1872). Several physical criteria have been found to
vary as a function of the F/(F + OH) value or of the F
content and, thus, have been used to estimate rapidly
and indirectly the F contents of any specimen belonging
to the amblygonite-montebrasite solid-solution series.
Among these criteria, we can report: the optical proper-
ties and density (Winchell 1926, Winchell & Winchell
1951, Cernd et al. 1973, Greiner & Bloss 1987); the
position of selected peaks in the powder-diffraction
pattern (Moss et al. 1969, Dubois et al. 1972, Cernd et
al. 1973, Kallio 1978); the crystallographic parameters
of the triclinic unit-cell (Cemd et al. 1973); the posi-
tion of some absorption bands of the infrared spectra
(Fransolet & Tarte 1977, Groat et al. 1990); the posi-
tion of the 2’Al peak on magic-angle-spinning nuclear-

TABLE 1. SELECTED SAMPLES OF THE SERIES
AMBLYGONITE [LiAlPO,F] - MONTEBRASITE [LIAIPD,0H]

Reference Geographical F Al P Na Tol Amb
number provenance %

176-117Th  Mimas Gerais, Brazil 0,32 3482 5049 001 8564 25
198-58 Newry. Mainc, USA 0.36 3470 5031 0.09 8546 2.8
72-150 Montebras, Creuse, Franee 170 34.51 49.87 003 86.11 13.2

1 54-299 Ankiperatra, Madagascar 230 34.72 4990 0.01 B693 179

TESETVE Arage de Valdaflores, 301 3487 4998 0.0] 8797 242
Cagercs, Spain

T6-18 Hchron, Mainc, USA 409 3440 5041 0.00 R890 31K

154-94 Picui, Paraiba, Brazil 451 34.59 4963 038 8911 351

152-80 Erajfirvi, Finland 746 3487 49.62 D61 92.56 581

135-246 Penig, Saxony, Germany 12,51 34.69 4962 032 97.14 974

End-member amblygonite 1288 100

Chemical compositions (wi.%) were determined by electron-microprobe analysis.

magnetic-resonance (MAS-NRM) spectra (Groat e al.
1990). A combination of neutron diffraction and NMR
techniques has also been undertaken recently (Groat
et al. 2003).

We examine here Raman scattering spectra of
minerals of the amblygonite—montebrasite series
to determine whether this technique can be used to
estimate semiquantitatively the F contents in any
crystal belonging to the series. Interestingly, as Raman
spectroscopy is a non-destructive analytical technique
currently used in gemological laboratories, this method
could be useful to properly identify so-called “amblygo-
nite” faceted gemstones as well.

ANALYTICAL METHODS

Samples

We selected nine samples belonging to the amblygo-
nite-montebrasite solid-solution series on the basis of
their chemical composition, as quoted in the literature,
in order to constitute a representative collection between
the F and the OH end-members. All these samples are
non-gem, rough crystals preserved in the mineralogy
collections of the Museum National d’Histoire Naturelle,
Paris (Table 1). These samples are examined in order
1o calibrate the Raman spectroscopic data. In addition,
we investigated seven transparent faceted gems. Their
optical properties and density are described in Table 2.
Six of these gemstones come from Brazil without any
further detailed information. Sample 176.117a, housed
in the collection of the Museum National d’Histoire
Naturelle of Paris, comes from Minas do Larangerais,
Minas Gerais, Brazil.

Analytical methods

Chemical composition (and thus, flucrine content)
of the rough samples has been determined with an
electron microprobe (CAMECA SX 50) operating at
a beam accelerating potential of 15 kV and a 10 nA
current. Samples were mounted in an epoxy prepara-
tion and polished to obtain as flat a surface as possible
to insure precise measurements. We used as standards
CaF, for F, apatite for P, and albite for Al and Na. The
standard deviation associated with the fluorine content
is about 0.1%.

X-ray powder-diffraction patterns were recorded on
a Philips PW-3710 diffractometer using FeKa radiation
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(A = 1.9373 A). Unit-cell parameters were calculated
with the least-squares refinement program LCLSQ 8.4
{Burnham 1991) on the basis of corrected d values; we
used Pb{NQ3), as an internal standard.

Infrared absorption spectra have been acquired on a
NICOLET NEXUS spectrometer. Each spectrum is an
accumulation of 32 scans, with a 2 em™! resolution. The
samples were prepared by grinding 2 mg of mineral,
which was mixed into 148 mg of KBr. This mixture
was then pressed into a 13-mm pellet.

Raman scattering was measured with two instru-
ments. For the rough samples, we used a Jobin—Yvon
T64000 dispersive spectrometer, with the 488 nm exci-
tation of an ionized argon laser, a power of 200 mW, at
a resolution of 1 cm™. A spectrum is an accumulation
of two acquisitions of 100 seconds each. For the faceted
gems, we used a Fourier Transform Bruker RFS100
spectrometer and a Nd:YAG laser excitation at 1064
nm, a power of 300 mW, and a 4 cm™ resolution; each
spectrum is an accumulation of 1000 scans. In addition,
the indices of refraction (RI) of the faceted gems were
measured using a TOPCON refractometer, and density,
with a standard pycnometer.

REsULTS
Chemical composition

The results of the determination of the fluorine
content of the rough samples selected for the calibration
of the Raman technique are reported in Table 1. These
data confirm that the samples selected are representa-
tive of the LiAIPO4(F,OH) series, even if only one
sample presents a F content fairly close to that of pure
amblygonite (12.85 wt%). Most of the rough samples
consist of montebrasite, i.e., with a F content less than
6.43 wt%.

X-ray diffraction

The X-ray-diffraction technique allows us to calcu-
late the unit-cell dimensions of the nine rough samples
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(Table 3). Moreover, a careful indexing of the diffrac-
tion peaks up to 70°26 leads us to identify some impuri-
ties in a few samples. Small amounts of muscovite occur
in the samples 76-18 and 19858, whereas lacroixite,
NaAIPO,(F), is present in sample 154-94 and likely in
152-90. The presence of lacroixite does not affect the
determination of F content in montebrasite—amblygo-
nite, as the selected points selected for chemical analysis
do not show a significant Na content (i.e.,, more than
1.00 wt% Na,0).

Although the powder method is destructive and,
consequently, not recommended in gemology, we
decided to check several analytical procedures available
in the literature and using X-ray diffraction to estimate
indirectly the F content in the selected samples.

The first method, refined by Cerné er al. (1973),
is based on the variation of the d(131) position. We
calculated the 26 CuKw for the corrected d(131) value,
as AFeKa was employed (Table 3), and estimated the F
content with the regression equation published by those
authors (Table 4, column 2).

Kallio (1978) calculated regression equations based
on the variation of the position of the (131), (141), (122)
and (012) reflections, and proposed this “four-peak”
method, particularly suitable for indirect determination
of F contents in montebrasite. The results obtained for

TABLE 2. LIST OF THE FACETED GEMSTONES

Refcrence  Shape Color Weight p [ ¥ y-e Opt
number o sign
¥LI cabochon very light yellow  1.63 3,02 1,610 1638 0028 B+
YiL2 oval yellow 221 301 1612 1641 0029 B+
¥L3 aval colorless 068 3.03 1612 1642 0.030 B+
Y4 pear purple prey 2.10 300 1610 1640 0030 B+
YLS rectangle  colorless 0.50 305 1610 L6460 0030 Bi/-

1600 1.630 0.030 B+
1612 1645 0.033 B+

YL6 bagueue light yellow 101 3.05
176-117a oval yellow 3206 32

All the faceted gemstones studied herein come from the private coliection of Yves
Lulzae, except forsample §76-117a. from the Moseum Narional d*Histoire Naturelle,
Paris.

TABLE 3. CRYSTALLOGRAPHIC PARAMETERS AND 131 REFLECTION

OF THE ROUGH SAMPLES

ad)  bA)  c(d) a(®) B (%) VA d131(A)
176-117T0  5.192(1) 7.170(1) 5.041{1) 112.35(2) 97922} 67.852) 160.74(3) [.748
198-58 5200(1) T.16B(2) 5.039(1) 112.30(2) 97.88(3) 67.84(2) 160.92(5) L1.752
72-150 5.187(2) 7.171{3) 5.042(2) 112.48(3) 97.96(4} 67.83(3) 160.51(7) 1.749
154290 5.170(1) 7.173(2) S5.048(1) 113.00(2) 98.1042) 67.66(2) 159.38(5) 1.745
Réserve 5.086(2) T.067(2) 5.044(2) 112.64(2) 98.02(3) 67.76(3) 160.11(6) 1.747
76-18 5077(5) T.169(8) 5.047(6) 113.00(1) 98.20{10) 67.64(8) 159.4(2) 1.742
154-94 5.069(2) TO7H4) 5.040(2) 112.88(4) 98.05(35) 67.68(4) 159.36(9) 1.743
152-90 5.163(4) 7.190(6) 5.045(4) 113.35(T) 98.26(8) 67.46(8) 158.8(2) 1.734
135-246 S5.146(1) 7.202(1) 5.055(1) 113.88(1) 98.60(1)y 67.31(1) 158.073) 1727
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our samples with Kallio’s “four-peak™ method are given
in Table 4, column 3.

Cernd et al. (1973) also published seven additional
regression equations deduced from the variations of the
crystallographic parameters and of the unit-cell volume.
Although the correlation coefficients of these equations
are not reliable in every case, notably because of a
limited variation of the unit-cell parameters b and £,
we calculated the arithmetic mean of the seven values
obtained from these equations (Table 4, column 4).

Infrared absorption properties

Fransolet & Tarte (1977) proposed the use of infrared
spectroscopy to estimate the F content in the amblygo-
nite-montebrasite series. Two regression equations are
calculated on the basis on the variations of the positions
of the bending vibration band of the OH groups, located
near 800 cm, and of the stretching vibration band near
3400 cm™. The mean of the two F contents calculated
in this way are listed in Table 4, column 5.

To compare the F contents measured with the elec-
tron microprobe and the F contents indirectly obtained
by these methods, we calculated the regression lines
and their respective correlation coefficients. Both the
equations and correlation coefficients also are reported
in Table 4. As these semiquantitative methods are all
destructive and not really useful in the present case,
our objective is not to choose the most reliable one
among these methods. However, the results of the
correlations presented in Table 4 tend to show that
analytical measurements are reliable. The samples may
thus reasonably serve as valid chemical standards with

Intensity (arbitrary units)
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which to calibrate the Raman characteristics of the
amblygonite—montebrasite series.

Raman scattering properties

A typical Raman spectrum for montebrasite and
another one for amblygonite are presented in Figure 1.
These two spectra show a relatively broad peak around
3375 cm™ typical for the OH stretching vibration (Fran-
solet & Tarte 1977). The group of peaks between 1000
and 1200 cm™! can be assigned to stretching vibrations

TABLE 4, RESULTS OF THE ESTIMATION OF F CONTENT
BY SEMIQUANTITATIVE METHODS

Samplc 1 2 3 4 5
176-117h 032 318 1.44 1.97 0,93
198-58 0.36 1.52 0.68 1.68 0.45
72-150 170 2.76 2.10 186 1.63
154-299 230 443 317 4.50 297
Réserve an 159 298 2.72 2.70
T6-18 4.09 5.68 4.96 4.25 4.40
154-94 4.51 5.26 5.47 4.71 4.54
152-80 746 9.06 765 715 8.02
135-246 12.5] 12.04 11.62 11.58 121
& y= 1095 y=1.021x y~0973x y¥>0.962x
R* 0.788 0871 0.891 0.973

1: wi.% F measured with the electron mictoprobe (this work]).

2: F content estimated using the position of the (131} reflection (Cernd er al. 1973).
3: F content estimated using the “four-peak” method of Kallio (1978).

4: F content bascd on the variation of the unit-cell parameters (Cernd of al. 1973).
5: F content basad on the v,,,, and 8y, infrared absorption-peak posivions {Fransolet

& Tarie 1977).
& F content based on regression equation (snd I RY) to evaluate the
i y hetween the d and 1 values.

Wavenumber (cm-1)

FiG. 1.

Typical Raman spectra of a virtually pure montebrasite (a, sample 176.117b) and

of amblygonite near the end-member composition, LiAIPO4F (b, sample 135.246). Peak

numbers refer to Table 5.


















