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Abstract. — The present work reports new 
chemical and structural data of fibrous tremolite 
from Ala di Stura (Lanzo Vally, Piedmont, Italy). 
From the toxicological point of view, this fibrous 
tremolite species exhibited high carcinogenicity in 
previous intraperitoneal injection experiments with 
rats. Crystal-chemical data were obtained by electron 
microprobe and ICP-MS analysis, Mössbauer and 
FT-IR spectroscopy, and parallel-beam X-ray powder 
diffraction. Fe2+ occurs at the [M(1)+M(3)] and M(2) 
sites, and Fe3+ is present only in M(2) site. No evidence 
of a split M(4) site was observed. The presence of 
Fe2+ at both M(1) and M(3) sites was confirmed by 
FT-IR spectroscopy, whit M(1) = 0.09 apfu and M(3) 
= 0.05 apfu. The cell volume, 909.07(2) Å³, is higher 
than that for the end-member (Ca/Mg= 2/5) tremolite, 
in accord with the presence of small amount of Fe; 
the sample has the following formula: 

Ca1.96K0.01Na0.01)�Σ1.98(Fe3+
0.03Fe2+

0.26Mg4.69Mn0.03)�Σ5.01 
(Si 7.99 

IVAl 0.01)�Σ8.00O22(OH1,98F 0.02)�Σ2.00.

Riassunto. — Il presente lavoro riporta nuovi dati 
chimici e strutturali della tremolite fibrosa di Ala di 
Stura (Valle di Lanzo, Piemonte, Italia). Da un punto 
di vista tossicologico, questa tremolite ha già mostrato 

una elevata cancerogenicità in precedenti studi con 
iniezioni intraperitoneali su ratti.

I dati cristallo-chimici qui riportati sono stati 
ottenuti tramite Microsonda Elettronica, ICP-MS, 
spettroscopie Mössbauer e FT-IR, e diffrazioni di 
raggi-X a fascio parallelo su polveri.

Il Fe2+ occupa i siti [M(1)+M(3)] e M(2), mentre il 
Fe3+ è presente esclusivamente nel sito M(2). ��������Nessuna 
evidenza è stata invece osservata per uno “split” del 
sito M(4). La presenza di Fe2+ in entrambi i siti M(1) 
e M(3) è stata confermata dalla spettroscopia FT-IR, 
con M(1) = 0,09 apfu e M(3) = 0,05 apfu. Il volume 
della cella elementare di 909,07(2) Å³ è più grande di 
quello del termine estremo di tremolite (Ca/Mg = 2/5) 
in accordo con la presenza di un basso contenuto di 
Fe; il campione ha la seguente formula:
(Ca1.96K0.01Na0.01)�Σ1.98(Fe 3+

0.05 Fe 2+
0.24 Mg4.69 Mn0.03 )�Σ5.00 

(Si 7.99 
IVAl 0.01)�Σ8.00O22(OH1,98F 0.02)�Σ2.00.

Key words: fibrous tremolite; crystal chemistry; 
Mössbauer spectroscopy; Rietveld method; Ala di 
Stura, Valle di Lanzo, Piedmont, Italy. 

Introduction

Tremol i t e  i s  a  monoc l in ic  (C2/m) 	
ca lc ic  amphibole  wi th  ideal  formula 
Ca2Mg5Si8O22(OH)2.
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In addition to the prismatic variety, the 
fibrous variety is very common, and belongs to 
the regulated asbestos minerals, together with 
actinolite, amosite, antophyllite riebeckite, and 
crysotile. Crystal-chemical characterization of 
fibrous amphiboles is extremely relevant for 
environmental and health issues. Although the 
crystal chemistry of the amphibole prismatic 
varieties has been well described in the literature, 
the corresponding fibrous varieties have not been 
properly characterized. Due to difficulties in the 
experimental approach, detailed work on fibrous 
amphiboles has appeared only recently (Sokolova 
et al., 2000, 2003; Gunter et al., 2003; Gianfagna 
et al., 2003, 2007; Ballirano et al., 2008). The 
effects of asbestos on human health have been 
recognised since the beginning of the last century. 
Toxicological studies showed that interaction 
between fibrous material and biological materials 
are strongly dependent on both the morphology/
crystal habit and the crystal chemistry of the 
mineral fibers (Fubini, 1993, 1996; Gilmour 
et al., 1997). Fibers of tremolite from Ala di 
Stura (Lanzo Valley, Piedmont) were used in an 
intraperitoneal injection experiment with male 
SPF Wistar rats. The tremolite sample showed high 
carcinogenicity and very long incubation times of 
the mesothelioma. (Davis et al., 1991; Addison 
and McConnel, 2005). Conversely, cytotoxicity of 
Lanzo tremolite on A549 lung cells was recently 
shown to be very low compared to tremolite fibers 

from the nearby Susa and Ossola Valleys (Gazzano 
et al., 2007; Turci et al., 2007). The specimen 
studied in this work comes from the serpentinites 
of the Ultrabasic Lanzo Massif in the Occidental 
Alps (Lanzo Valley, Piedmont). The Lanzo Massif 
is part of the innermost part of “Zona Piemontese”; 
part of the sub-continental lithosphere emplaced at 
shallow levels during the opening of the Mesozoic 
Piemontese-Ligurian basin and subsequently 
involved in the subduction processes associated 
with ocean closure (Piccardo, 2004). The tremolite 
occurs in veins associated with extensional fault 
movement. The hand-sample is composed of 
tremolite, calcite and serpentine.

Analytical methods

Scanning Electron Microscopy (SEM), Electron 
Microprobe (EMP) analysis and Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS)

SEM was performed using a ZEISS ��������� DSM 940A� 
equipped with a LINK EDS system. Images were 
obtained from a fragment of the hand specimen 
mounted on a sample stub and carbon coated 
(about 0.05μm of thickness). Analytical conditions 
were 15 kV accelerating voltage and ���� �������� 3.4 �������� μ������� A beam 
current. The acicular morphology and fiber bundles 
are shown in Fig. 1. �������������������������  The chemical composition 
of the tremolite fibers was determined using a 

Fig. 1 - SEM images of fibrous Ala di Stura tremolite: a) dimension bar 500 μm; b) dimension bar 50 μm.
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Cameca SX-50 electron microprobe equipped with 
five wavelength-dispersive spectrometers using 
the following conditions: excitation voltage 15 kV, 
specimen current 15nA, beam diameter 5 ���� ����� μ��� ����� m, 20 s 
count time (peak), 10 s count time (background). 
The following standards were used: wollastonite 
(Si K��� ���� ������������  ���� �����������������  α�� ���� ������������  ���� �����������������  , Ca K������������  ���� �����������������  α�����������  ���� �����������������  ), rutile (Ti K�����������������  α����������������  ), corundum (Al 

K���������������  ���� �������������  ���� ���� ����α��������������  ���� �������������  ���� ���� ����), magnetite (Fe K�������������  ���� ���� ����α������������  ���� ���� ����), metallic Mn (Mn K����α���), 
periclase (Mg K�������������������   ���� ��������� ���α������������������   ���� ��������� ���), orthoclase (K K���� ��������� ���α��� ��������� ���), jadeite (Na 
K�������������  ���� ���� �������������������������   ����α������������  ���� ���� �������������������������   ����), metallic Cr (Cr K�������������������������   ����α������������������������   ����), fluorophlogopite (F K����α���), 
and sylvite (Cl K���α��).

Table 1 shows the average chemical composition, 
observed ranges (min-max), and crystal-chemical 
formula normalized on the basis of 24 (O+F+Cl). 

EMP ICP-MS
Oxides wt(%) wt(%) Range Sites apfu

SiO2 57.50(36) - 57.09 - 58.45 Si 7.994
TiO2 0.02(2) 0.02 0.00 - 0.05 IVAl 0.009
Al2O3 0.05(1) 0.04 0.03 - 0.07 ∑T 8.002
Cr2O3 0.01(1) - 0.00 - 0.04
MgO 22.64(22) 28.01 22.22 - 23.06
CaO 13.14(13) 15.79 12.96 - 13.35 VIAl 0.000
MnO 0.26(5) 0.19 0.20 - 0.35 Ti 0.002
FeOtot 2.42(25) 2.27 1.98 - 2.81 Cr 0.001
Na2O 0.06(2) 0.03 0.03 - 0.08 Fe3+ 0.025
K2O 0.03(1) 0.02 0.01 - 0.05 Mg 4.691
F 0.04(5) - 0.00 - 0.15 Fe2+ 0.256
Cl 0.01(1) - 0.00 - 0.04 Mn 0.03
H2O* 2.13 ∑C 5.005

98.30

F,Cl=O 0.02 Ca 1.957
Total 98.28 Na 0.015

K 0.006
∑B 1.978

**Fe2O3 0.24
**FeO 2.20

OH 1.978
F 0.017
Cl 0.002

∑O3 1.997

Table 1
Chemical composition obtained ���������  �� ����������������������������������������������     �� ����������� by EMP ���� ����������������������������������������������     �� ����������� (14 analytical points) ���������������������������   �� ����������� and ICP-MS analysis�������� �� ����������� , min-max ranges and 

mean crystal-chemical formula of fibrous Ala di Stura tremolite

Note: estimated standard deviations in brackets. * estimated from stoichiometry. 
** measured by Mössbauer spectroscopy.
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Cations are reported in atoms per formula unit 
(apfu) and were assigned following Hawthorne 
(1981) and Leake et al. (1997). Table 1 also 
shows the results of an ������������������������   ICP-MS �����������������  analysis���������   on bulk 
separate.� 

57Fe Mössbauer Spectroscopy 

The amphibole fibers were gently ground in 
an agate mortar with acetone and mixed with 
a powdered acrylic resin to avoid (or reduce) 
preferred orientations. About 100 mg of sample 
were available, and FeO total content was close 
to 2.5 wt. %, so that the absorber was within the 
limits for the thin absorber thickness described by 
Long et al. (1983).

Data were collected at room temperature, using 
a conventional spectrometer operated in constant 
acceleration mode, with a 57Co source of nominal 
strength of 50 mCi in a rhodium matrix, and 
recorded in a multichannel analyzer using 512 
channels for the velocity range -4 to 4 mm/s.

About 3.5 million counts per channel were 
collected. After velocity calibration against a 
spectrum of high-purity α-iron foil (25 μm thick), 
the raw data were folded to 256 channels. The 
spectrum was fitted using the Recoil 1.04 fitting 
program (Lagarec and Rancourt, 1988). Pure 
Lorentian line shape were fitted, and results were 
satisfactory (reasonable parameters and reduced 
χ2 = 0.71). On this basis, more complex fitting, 
involving quadrupole splitting distributions was 
considered unnecessary. A model based on three 
doublets, with two doublets for Fe2+ and one 
doublet for Fe3+ was chosen. Uncertainties were 
calculated using the covariance matrix and the 
errors were estimated to be approximately ± 3% 
for both Fe2+ and Fe3+ (Table 2).

X-ray Powder Diffraction

Powder diffraction data were collected on a fully-
automated parallel-beam Bruker AXS D8 Advance 
diffractometer, operating in transmission mode and 
equipped with a Position Sensitive Detector (PSD) 
VÅNTEC-1. Fibers were ground with ethanol in 
agate mortar and the powder mounted in a 0.7 mm 
diameter borosilicate glass capillary. Preliminary 
evaluation of the diffraction pattern indicated the 
presence of serpentine (a reflection at 12.5° 2θ was 
removed from the refinement).

Rietveld refinement was carried out with the 
GSAS (Larson and Von Dreele, 1994) and the 
EXPGUI graphical interface (Toby, 2001). The 
background was fitted with a 36-term Chebyshev 
polynomial of the first kind to better model the 
bump arising from the incoherent scattering from 
the capillary.

Peak-shapes were fitted with the TCH pseudo-
Voight function (Thompson et al., 1987) modified 
for asymmetry (Finger et al., 1994). Refined 
variables were the GW (angle-independent) 
Gaussian parameter, LX and LY (1/cosθ and tanθ 
dependent) Lorenzian parameters, and S/L and H/
L asymmetry parameters (constrained to be equal 
in magnitude). �����������������������������������    Starting structural data were from 
Yang and Evans (1996). Isotropic displacement 
parameters were kept fixed throughout the 
refinement because of the strong correlations with 
the site occupancies.

Cell parameters, fractional coordinates for all 
atoms, and site scattering for M(1), M(2), M(3), M(4) 
and M(4’) were refined. Structural soft constraints 
were also imposed: T-O x 8 =1.625(25) Å,	
O-O x 12 = 2.655(40) Å, M(1)-O x 6 = 2.08(1) Å, 
M(2)-O x 6 = 2.08(5) Å, M(3)-O x 6 = 2.07(1) Å, 
M(4)-O x 8 = 2.51(15) Å, M(4’)-O x 8 = 2.55(35) Å 

δ ΔEQ Γ Assignment Area (%) χ2

1.14 2.92 0.32 Fe2+ 51

0.711.16 1.89 0.32 Fe2+ 38

0.28 1.17 0.6 Fe3+ 11

Table 2
Room temperature Mössbauer parameters for the fibrous Ala di Stura tremolite

Note: δ = centre shift (with respect to α iron); ΔEQ = quadrupole splitting; Γ = full width half maximum.
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with an initial weight on the constraints of 1000. 
The weight was then reduced to 2 in the last stages 
of the refinement.

Attempts to refine the M(4’) site resulted in the 
y coordinate of M(4’) moving toward M(4) with a 
corresponding reduction of the occupancy to zero, 
indicating a single M(4) site.

Attempts to model the presence of preferred 
orientation by means of the generalised spherical 
harmonics description of Von Dreele (1997) 
produced a minor improvement in the fit with 
an index J of 1.042. Convergence was reached 
with the agreement factors reported in Table 3. 
Experimental details and miscellaneous data are 
reported in Table 3. Fractional coordinates and 

isotropic displacement parameters are instead 
reported in Table 4. Selected bond distances and 
angles are reported in Table 5, unit-cell parameters 
and site scattering (s.s.) values in Table 6.

The experimental and calculated patterns with 
the relative differences curve are shown in Fig. 2.� 

Fourier Transform InfraRed (FT-IR) Spectroscopy 

FT-IR data were collected on a Nicolet MAGNA 
760 over the range 4000-400 cm-1: 32 scans at a 
nominal resolution of 4 cm-1 were averaged. The 
instrument was equipped with a KBr beamsplitter 
and a TGS detector. The powdered samples were 
mixed in a 2:100 ratio with 200 mg of KBr in order 

Instrument Siemens D8 Advance
X-ray tube CuKα at 40 kV and 40 mA
Incident beam  optic Multilayer X-ray mirrors
Sample mount Rotanting capillary (60 rpm)
Soller slits 2 (2.3° divergence + radial)
Divergence and antidivergence slits 0.6 mm
Detector Position Sensitive Detector (PSD) 

VÅNTEC-1 opening window 6° 2θ.
2θ range (°) 5-140
Step size (°) 0.02
Counting time (s) 10

Rp (%); Rwp (%); RF
2 (%) 2.19; 3.49; 6.02

Reduced χ2 14.91
Restraints contribution to χ2 76.7
Refined parameters 87
Peak-cut-off (%) 0.05
J 1.042
GW 18.9(3)
LX; LY 0.7(1); 9.0(2)
S/L=H/L 0.0273(3) 

Table 3
Experimental details of the X-ray diffraction data collection and miscellaneous data of the refinement. 

Statistical descriptors as defined by Young (1993)
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to obtain transparent pellets. Measurements were 
done in air at room temperature.

Results and Discussions

Comparison ���������������������������     between ICP-MS and the EMP 
results (Table 1) shows differences observed 
between MgO and CaO far larger than their standard 
deviations and are related to the presence of calcite 
and serpentine in the hand sample as revealed by 
the results of the previous XRPD experiments. 
EMP analyses suggest chemical homogeneity of 
the fibers. The FeOtot content varies from 1.98 to 
2.81 wt % and is not related to the Ca content. The 
Mössbauer pattern is typical of a paramagnetic 
material without impurities (Fig 3). The spectrum 

is nicely reproduced by means of three quadrupole 
douplets: the first two show isomer shift (IS) values 
about 1.1 mm/s and quadrupole splitting (QS) 
values of about 1.9 mm/s and 2.9 mm/s, and were 
assigned ��Fe2+; the other one shows IS of about 0.28 
mm/s and QS of about 1.2 mm/s and was assigned 
to Fe3+. The Fe3+ content is 11% Fetot from direct 
area measurement, and 9% when adjusting for the 
recoil-free fraction, as suggested by Dyar et al. 
(1993). In the series tremolite-actinolite, Burns and 
Greaves (1971) attributed the Fe2+ doublets with QS 
of 1.7-1.9 mm/s and 2.8-2.9 mm/s to the presence 
of M(2)Fe2+ and  M(1)Fe2+ , respectively. More recently, 
many authors have assigned the doublet with the 
lowest QS to M(2)Fe2+, but different assignments 
have been proposed for the doublets with higher 
QS, suggesting an irresolvable combination of 

Site x y z Uiso (Å
2)

O(1) 0.1161(6) 0.08577(29) 0.2190(14) 0.008

O(2) 0.1180(7) 0.17225(33) 0.7233(14) 0.008

O(3) 0.1086(7) 0 0.7144(19) 0.008

O(4) 0.3648(6) 0.24733(27) 0.7863(17) 0.008

O(5) 0.3431(7) 0.13367(29) 0.0944(15) 0.008

O(6) 0.3460(7) 0.11632(25) 0.5980(16) 0.008

O(7) 0.3426(7) 0 0.2929(20) 0.008

T(1) 0.28274(33) 0.08374(15) 0.2978(8) 0.005

T(2) 0.2886(4) 0.17043(14) 0.8018(8) 0.005

M(1) 0 0.08811(23) 0.5 0.006

M(2) 0 0.17708(23) 0 0.006

M(3) 0 0 0 0.006

M(4) 0 0.27735(15) 0.5 0.008

H* 0.206 0 0.771 0.03

Table 4
Fractional coordinates and isotropic displacement parameters (not refined) for fibrous Ala di Stura tremolite

 * kept fixed throughout the refinement
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M(1)+M(3)Fe2+ (see Gunter et al., 2003, and references 
therein).

In the present work, about 40% of the total Fe2+ 
was allocated to M(2) (QS of 1.89 mm/s) and 
about 60% of the total Fe2+ to M(1)+M(3) (QS of 
2.92 mm/s). Fe3+ was allocated at the M(2) site, 
as consistently reported by various authors for 
sodic amphiboles (Ernst and Wai, 1970), strontian 
potassic-richterite (Sokolova et al., 2000), ferrian 
winchite (Sokolova et al., 2001), winchite-

richterite (Gunter et al. 2003), and fluoro-edenite 
(Gianfagna et al., 2007).

Thus this sample is compositionally fairly close 
to an ideal tremolite. The measured cell volume of 
909.07(2) Å3 is higher than the values of 906.5 Å3 
(Gottschalk et al., 1999), 906.6 Å3 (Verkouteren 
and Wylie, 2000), 907.0 Å3 (Yang and Evans, 
1996) reported for pure tremolite, and 907.37 
Å3 (Ballirano et al., 2008) reported for fibrous 
tremolite of the Susa Valley. The higher volume is 
in accord with the presence of 5.4% ferro-actinolite 

This work Y&E96 Ball08 This work Y&E96 Ball08 
T(1)-O(1) 1.587(5) 1.600(1) 1.592(4) T(2)-O(4) 1.591(5) 1.587(1) 1.598(4)
T(1)-O(7) 1.627(3) 1.619(1) 1.630(2) T(2)-O(2) 1.624(5) 1.612(1) 1.627(4)
T(1)-O(5) 1.627(6) 1.633(2) 1.624(5) T(2)-O(6) 1.656(7) 1.676(1) 1.656(5)
T(1)-O(6) 1.658(8) 1.630(2) 1.649(5) T(2)-O(5) 1.643(8) 1.656(2) 1.654(6)
<T(1)-O> 1.625 1.620 1.624 <T(2)-O> 1.629 1.633 1.634
Δ 2.4 0.6 1.6 Δ 2.3 4.6 2.1

M(1)-O(3) x 2 2.085(5) 2.087(1) 2.071(4) M(2)-O(4) x 2 2.037(7) 2.019(1) 2.028(5)
M(1)-O(1) x 2 2.091(7) 2.067(1) 2.080(5) M(2)-O(2) x 2 2.087(6) 2.088(1) 2.074(5)
M(1)-O(2) x 2 2.088(6) 2.081(1) 2.081(5) M(2)-O(1) x 2 2.167(6) 2.134(1) 2.133(5)
<M(1)-O> 2.088 2.078 2.079 <M(2)-O> 2.097 2.080 2.078
Δ 0 0.2 0.1 Δ 6.5 5.2 4.3

M(3)-O(3) x 2 2.058(9) 2.062(2) 2.060(6) M(4)-O(4) x 2 2.297(7) 2.327(1) 2.306(5)
M(3)-O(1) x 4 2.092(6) 2.073(1) 2.093(4) M(4)-O(2) x 2 2.378(7) 2.405(1) 2.375(5)
<M(3)-O> 2.081 2.069 2.082 M(4)-O(6) x 2 2.580(6) 2.535(2) 2.565(4)
Δ 0.6 0.1 0.6 M(4)-O(5) x 2 2.808(7) 2.766(1) 2.784(5)

<M(4)-O> 2.516 2.508 2.508
T(1)-O(5)-T(2) 139.4(5) Δ 62 44 55
T(1)-O(6)-T(2) 136.4(5)
T(1)-O(7)-T(1) 137.0(6)

Table 5
Selected bond distances (Å) and polyhedral distortion (Δ х 104) for fibrous Ala di Stura tremolite. Reference 
data of Yang and Evans,1996 (Y&E96) from single-crystal and those of Ballirano et al., 2008 (Ball08) from 

Rieveld refinement are shown for comparison

Note: Polyhedron distortion Δ as defined by Brown and Shannon (1973): Δ= (1/n)Σ[(Ri-R)/R]2 where n is the number of 
ligands. R is the average bond length and Ri an individual bond length.
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Refinement Possible site partition Chemical data
a (Å) 9.8424(1)
b (Å) 18.0712(2)
c (Å) 5.28354(7)
β (°) 104.680(1)

V (Å3) 909.07(2)
M(4) 39.08(20)

B site sum 39.08(20) Ca1.96; Na0.01; K0.01 39.50

M(1) 24.86(17) Mg1.88; Fe2+
0.09; Mn0.03 25.65

M(2) 25.46(17) Mg1.86; Fe3+
0.03; Fe2+

0.12 26.1

M(3) 12.48(12) Mg0.95; Fe2+
0.05 12.7

C sites sum 62.80(27) 64.57

Table 6
Unit-cell parameters and site scattering values (in electrons per formula unit) for fibrous Ala di Stura 

tremolite obtained from structure refinement. Possible population are the result of combining chemical, 
Mössbauer and Rietveld refinement data

Fig. 2 - Experimental (dots) and calculated (line) Rietveld plots for fibrous Ala di Stura tremolite. The difference profile is 
showed at the bottom. Vertical markers refer to the positions of the calculated Bragg reflections for tremolite.
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content [XFeA= (Fe2++Mn)/(Fe2++Mn+Mg)]. 
Rietveld refinement indicates that the mean 
<T(1)-O> distance is slightly smaller than <T(2)-
O> as reported for C2/m amphiboles with no 
tetrahedrally-coordinated Al (Hawthorne, 1981). 
Polyhedron distortion Δ shows comparable values 
for both T(1) and T(2) tetrahedra. Site scattering at 
M(1), M(2), and M(3) sites indicates the presence 
of a scatterer heavier than Mg, in agreement with 
both chemical data and the results of Mössbauer 
spectroscopy. Good agreement is observed between 
s.s. derived from Rietveld refinement and those 
from chemical data, with the largest differences 
being less then 3% (see Table 6). Site assignment 
allocates 64% of M(1)+M(3)Fe2+ to M(1) and 36% to 
M(3). Considering the site multiplicities, there are 
similar Fe2+ occupancies at the M(1), M(2), and 
M(3) sites (Table 6), as observed by Evans and 
Yang (1998) for tremoliteferro-actinolite and 

Ballirano et al. (2008) for tremolite from the Susa 
Valley. Moreover, the presence of Fe2+ at M(1) and 
M(3) is confirmed by the FT-IR spectrum (Fig. 4). 
In addition to the absorption band at 3673-3675 
cm-1 assigned to the arrangement M(1)Mg M(1)Mg 
M(3)Mg prominent����������������������������       band is observed at 3660 cm-1 and 
a very weak band at 3645 cm-1, both of which were 
attributed to M(1)+M(3)Fe2+ environment according 
to results of Skogby and Rossman (1991) and 
Hawthorne and Della Ventura (2007). Moreover, 
there is no Fe3+ at M(1) or M(3) as shown by the 
absence of absorption bands at Δ= -50 cm-1 from 
the tremolite MgMgMg band (Raudsepp et al., 
1987) .

With regard to ideal tremolite (Yang and Evans, 
1996) and Susa Valley tremolite (Ballirano et al., 
2008), the observed increase in <M(2)-O> distance 
is consistent with a higher content of Fe2+ at M(2). 
With respect to the ideal tremolite, the increase in 

Fig. 3 - Room temperature 57Fe Mössbauer spectrum of fibrous Ala di Stura tremolite. 
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<M(3)-O> is consistent with the presence of minor 
Fe2+ at M(3).
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