
- 58 - Bull. Liaison S.F.M.C. - Vol. 13 - 2001

Nature and properties of riverborne colloids
from the Amazon Basin. Insights from physical
and chemical approaches
Allard Th.1, Mondi Ch.1,2, Menguy N.1, Ponthieu M.2,

Benedetti M.2

Suspended solids from surface waters, in both the
particulate and nanometric (colloidal) fractions, are
recognized to play an important role in the transport and fate
of numerous elements and organic compounds (Buffle and
van Leeuwen, 1992). Despite their low concentration in most
surface waters, the colloids may control mobility and bio-
availability of various metals, owing to their small size, large
specific surface areas and reactivity.

This study focuses on the crystal chemistry and physico-
chemical characterization of suspended solids from selected
rivers of the Amazon Basin (Brazil), draining different pedo-
climatic regions and exhibiting contrasting physical and
chemical properties. The Amazon river is a major supplier of
sediments to the ocean, suspended particles (>0.2µm) arising
from mechanical erosion being dominant carriers for
numerous elements. However, the nature of colloids and
their role in element transport are still poorly documented. 

Samples have been collected during cruises of the Hibam
project in September 1997 and 1998, i.e. at the end of the
hydrological fall period. Particulate (>0.2µm) and colloidal
(0.2µm-5kD) fractions have been separated by tangential
flow ultrafiltration, and analyzed through a combination of
tools including Electron Paramagnetic Resonance
Spectroscopy (EPR), Fourier Transform Infrared spectrosco-
py (FTIR), Transmission Electron Microscopy and
Potentiometric measurements. Particulate and colloidal
matter are organo-mineral and organic, respectively.

Spectroscopic signatures of the particulate fractions differen-
tiate Rio Amazonas from the northern-Basin rivers. In the
latter, kaolinites are the dominant clays and exhibit close
crystal chemistry characters such as degree of disorder. FTIR
of colloids reveals similar signatures of humic substances in
all rivers. Insights from potentiometric measurements of the
recovered colloids also evidence a humic-like reactivity
consistent with carboxyl and phenol moieties, the relative
contributions of which differentiate the Rio Negro and Rio
Amazonas. By contrast, EPR reveals various species which
qualitatively and quantitatively differentiate the riverborne
colloids : trivalent iron occurring as specific complexes with
organic functional groups or as oxides sensu lato, divalent
manganese, divalent copper, organic free radicals. T h e
observed differences may be inherited from the weathering
processes working upstream in the main pedoclimatic
regions drained by the studied rivers. Special attention will
be drawn to the association of iron with organics, combining
spectroscopic and TEM analyses. Results will be discussed
by reference to previous study of natural colloids from a
tropical watershed in Cameroon (Olivie-Lauquet et al., 1999;
2000).
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Solid state spectroscopy enables a fine description of the structural organisation of Earth materials (minerals, amorphous solids,
fluids and magmas) and their formation processes. Crucial information can be obtained on site occupancy by major or trace
elements, as well as on oxidation states and on chemical bonding. The presence of characteristic elements can be related to the
physical properties of Earth materials (optical, mechanical and magnetic properties, element speciation, surface reactivity...).
Solid state spectroscopy allows thus to link mineralogy to geochemistry, defining a “solid state geochemistry”. 

In the last few years, the increasing development of solid state spectroscopy and the possibility to use last generation facilities
opens new opportunities (kinetic studies, micro-, and nanoscale measurements, experiments under extreme conditions...).
Hence the development of new domains of applications are emerging as, for instance, molecular environmental sciences. 

Following Rome (1988), Berlin (1995) and Kiev (1996), Here comes Paris (2001) as the 4th Euroconference on spectroscopy
and mineralogy.
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Site distribution of Fe2+ and Fe3+ in axinite: the
new crystal-chemical formula
Andreozzi G. B.1, Lucchesi S.1, Graziani G.1, Russo U.2

A set of 17 natural samples of axinite, selected from 60
specimens coming from 24 localities world wide, has been
investigated by single crystal X-ray diffraction and electron
and ion microprobes. Their composition completely covered
the known chemical field for axinites (Andreozzi et al.,
2000a,b). In Fe-containing samples, Fe3+/Fe2+ quantification
has been determined by Mössbauer spectra, collected at both
room temperature and 80 K. Fe-rich samples are characteri-
zed by Fe3+/Fe2+ proportions ranging from 0/100 to 21/79,
with a clear predominance of ferrous against ferric iron. Mn-
rich samples, in which total iron is very low, display a wide
range of Fe3+/Fe2+ ratios from 12/88 to 80/20. Absolute Fe2+

contents range from 0 to 1.68 apfu and Fe3+ range from 0 to
0.31 apfu, this latter scattering around a rising trend from Fe-
Ax to Mn-Ax.

The cation distribution scheme has been obtained co-
processing chemical, structural and spectroscopic results via
a computer minimisation program specifically adapted for
axinite. To describe axinite topochemistry the hard-sphere
model has been used and “ideal” cation-oxygen distances
have been refined for every cation in the different sites of the
structure. According to the structural formula
VI[X(1)X(2)YZ(1)Z(2)]IV[BSi4]O15(OH), 10 cationic and 16
anionic sites can be distinguished. The Y, Z(1) and Z(2)
octahedral sites may have variable occupancy and, from the
literature, Fe2+ is expected to occupy the Y site and Fe3+ the
two Z sites. Our results reveal that Fe2+ is effectively ordered
on the Y site, but Fe3+ is strongly ordered on the Z(1) site and
is negligible in the Z(2) site. The deformation of the Y
octahedron reaches its maximum when this site is fully
occupied by Mn. This involves also the distortion of the
edge-sharing Z(1) octahedron and, at the same time, an
increase of the Si-O-B average angle and a decrease of the
Si-O-Si average angle. The presence of Fe3+ in the Z(1)
octahedron, usually occupied by Al, is therefore favoured by
the Z(1)-site enlargement connected to the Mn increase, and
may be justified by supergenic conditions in which manga-
naxinite samples usually crystallise. Although in the present
study the maximum content of Fe3+ never exceeded 50% of
the Z(1) occupancy, it cannot be excluded that samples with
highest Fe3+ content could exist. In that case a new term of
the axinite group should be defined, for which the name
“ferri-manganaxinite” could be adopted. 

On the basis of present results and a previous study
(Andreozzi et al., 2000a), a new crystal-chemical formula of

the axinite group minerals, which takes into account all the
observed cation distribution mechanisms, is proposed:

VI[Ca2(Ca1-xMnx)2 (Mn,Fe2+,Mg,Aly)2 (Al1-zFe3+
z)2Al2]IV

[(B1-vSiv)2Si8]O30 (OH1-wOw)2

where VI and IV are co-ordination numbers, and 0≤ x ≤1,
y<1, 0≤ z ≤1, v<1, and w = y + v.

Andreozzi G.B., Ottolini L., Lucchesi S., Graziani G. and Russo U.
(2000a). Crystal chemistry of the axinite-group minerals: A
multi-analytical approach. American Mineralogist, 85, 698-
706.

Andreozzi G.B., Lucchesi S. and Graziani G. (2000b). Structural
study of magnesioaxinite and its crystal-chemical relations with
axinite-group minerals. European Journal of Mineralogy, 12(6)
1185-1194.
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IR spectroscopic study of OH defects in non-
cubic garnet
Andrut M.1, Wildner M.1, Beran A.1

A natural garnet crystal with composition close to the
uvarovite-grossular binary from Saranov (Ural mountains,
Russia) was investigated by optical methods, microprobe
analysis, polarised IR micro-spectroscopy and single-crystal
X-ray CCD diffraction data. 

The crystal is dark green in colour and exhibits a cubic
morphology with dodecahedral faces. Under crossed nicols
the prepared samples display strong birefringence and
formation of domains, which are aligned parallel to the
crystal faces of the form {110}. Referring to the cubic cell,
Y is always parallel to a main lattice direction, e.g. [010]cub,

whereas X and Z are then parallel to [101]cub and [10 ]cub,
respectively. Birefringence was determined with a Berek
compensator to be in the order of 0.006. Microprobe data
revealed a composition of uvarovite66grossular34 and traces
of titanium, iron, manganese, and magnesium. Within the
experimental error, no compositional zoning was observed.
Polarised single crystal IR absorption spectra in the region of
the OH stretching vibration are characterised by a system of
14 discernible, partly superimposing, and strongly
anisotropic absorption bands at 3502, 3516, 3529, 3541,
3558, 3565, 3572, 3581, 3588, 3596, 3602, 3620, 3640 and
3654 cm-1, which are evidently caused by structurally incor-
porated hydroxyl groups. Their integral intensities were used
to study the polarisation behaviour, which obeys triclinic
crystal symmetry. The water content was calculated using an
integral extinction coefficient ε = 43800 lcm-2mol-1 to be
0.17 wt%. 

Annealing experiments indicate that in the present case
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the incorporation of hydroxyl groups is not the primary cause
for the anisotropic behaviour. Instead, cation ordering on
octahedral positions may play an important role. T h i s
assumption is substantiated by the single crystal X-ray
diffraction investigations (Wildner and Andrut, 2001): the
intensity and lattice parameter data attest the violation of the

cubic garnet space group Ia d and the symmetry reduction

to the triclinic subgroup I . Structure refinements reveal that
partial long-range Cr3+/Al ordering on the octahedral sites
and the resulting structural and crystal chemical implications
are the most prominent non-cubic features. A perfect linear
correlation (r2≥0.99) of the individual octahedral size with its
Cr occupancy is observed. Considering the dependence on
the bulk Cr mole fraction, the individual octahedral size in
non-cubic uvarovite-grossular solid solutions is represented
by <Cr/Al–O>(Å) = 1.9247 + 0.0147×XC r ( b u l k ) +
0 . 0 5 3 4×XC r ( i n d i v i d u a l ). In addition to the low-symmetry
Cr3+/Al site distribution, traces of a hydrous component
(<1wt% H2O) are structurally incorporated as ‘hydrogarnet’
O4H4 or similar substitutions in a non-cubic way, thus
leading to further subtle deviations from the cubic garnet
structure. 

So far, no absorption data in the OH vibrational range are
available for end-member uvarovite, which are necessary to
interpret the complex spectra of our binary solid solution.
Therefore, we synthesised uvarovite from an alkali borate
flux. IR microscope spectrometric measurements at room
temperature show a single OH absorption band located at
3508 cm-1, which we assign to a O4H4 hydrogarnet substitu-
tion. At liquid nitrogen temperature, a slight energy shift to
3510 cm-1 and a decrease in FWHH are observed, but no
band splitting occurs. 

Wildner M, Andrut M (in press) The crystal chemistry of birefrin-
gent natural uvarovites. Part II. Single crystal X-ray structures,
Amer Mineral.

1 Institut für Mineralogie und Kristallographie, Universität Wien,
Althanstr. 14, A-1090 Vienna, Austria
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C o r relation of spectroscopic pro p e rties and
substitutional sites of Cr3 + [ 6 ] in the garnet
s t r u c t u re: Applications of Crystal Field
Superposition Model analysis
Andrut M.1, Wildner M.1

The Crystal field concept has now met with widespread
applications and successful interpretations of a wide range of
physical and chemical properties of transition metal bearing
minerals, e. g., concepts of colour and pleochroism, partitio-
ning of transition metal ions, and evaluation of thermodyna-
mic properties of minerals influenced by the crystal field
stabilisation energy (CFSE). But with a few exceptions, cal-
culations (if any) were performed assuming an Oh site
symmetry, which in most cases is a crude oversimplification

in comparison to ‘real’ co-ordination polyhedra in minerals.
In contrast, the semi-empirical Superposition Model (SM)
was developed by Newman (1971) to separate the
geometrical and physical information contained in crystal
field parameters. Since then it was applied very successfully
to lanthanide group compounds, whereas only a few SM-
investigations on 3dN ions have been performed to date
(Yeung et al. 1994, Qin et al. 1994; Wildner and Andrut
1999).

The aim of our present investigations is to determine
reliable so called ‘intrinsic’ SM-parameters of various 3dN

ions for future application to problems in geosciences. As a
part of this project, single crystals of uvarovite have been
synthesised at 1 atm and 1000 °C from a mixture of 80 %
oxides and 20 % flux of composition Na2O K2O 1.3 B2O3

(Lowell et al. 1971). The crystal structure of the synthetic
garnet was investigated using single crystal X-ray CCD diff-
raction data. Polarised optical absorption spectra were
measured in the spectral range 32000 cm-1 to 10000 cm-1 on
a Bruker IFS 66v/S FT-spectrometer with attached
microscope IRScope II. The absorption bands [cm-1] are
assigned to the following Cr3 + [ 6 ] dd transitions: 14272
(4A2g→2Eg, R1), 14375 (4A2g→2Eg, R2), 15905 (4A2g→4T2g),
20905 (4A2 g→2T2 g) and 22775 (4A2 g→4T1 g). In the
subsequent SM-calculations, the geometry and symmetry of
the ligand field are completely described by the polar co-
ordinates of the ligands, which were extracted from the X-
ray crystal structure investigation. Thus, the necessary
parameters were reduced from 14 crystal field to two
‘intrinsic’ parameters and two power law exponents, which
had to be fitted to the optical spectra. The calculations of the
energy levels from the intrinsic and the free ion parameters
were performed with the crystal field computer package by
Yeung and Rudowicz (1992). The best agreement was
obtained with B4 = 9525 cm-1, t4 = 7, B2 = 4650 cm-1, t2 = 3,
B35 = 714 cm-1 and C = 2980 cm-1. The parameters of this
end-member phase then serve as starting values for structu-
rally less well defined systems, e.g. solid solutions, thus
being a basis and prerequisite for the investigation of real
geoscientific systems. 

Lowell J, Navrotsky A, Holloway JR (1971) Synthesis of Uvarovite
using s sodium-potassium borate flux, J Ceram Soc, 54, 466

Newman DJ (1971) Theory of lanthanide crystal fields, Adv Phys,
20, 197-256

Qin J, Rudowicz C, Chang YM, Yeung YY (1994) Correlation of
spectroscopic properties and substitutional sites of Cr3+ in alu-
mosilicates: II. Andalusite and sillimanite, Phys Chem Min, 21,
532-538

Wildner M, Andrut M (1999) Crystal structure, electronic
absorption spectra, and crystal field superposition model
analysis of Li2Co3(SeO3)4, Z Kristallogr, 214, 216-222

Yeung YY, Rudowicz C (1992) Ligand field analysis of the 3dN
ions at orthorhombic or higher symmetry sites, Computers
Chem, 16, 207-216

Yeung YY, Qin J, Chang YM, Rudowicz C (1994) Correlation of
spectroscopic properties and substitutional sites of Cr3+ in alu-
mosilicates: I. Kyanite, Phys Chem Min , 21, 526-531
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M ö s s b a u e r S p e c t roscopy at Ultra-High
Pressure : a Search for the Deep Earth Interior
Annersten H.1

Iron is one of the most abundant element in the Earth
interior. By use of diamond anvil technique (DAC) 57Fe
Mössbauer spectroscopy has now become an important tool
to experiment investigate iron-bearing minerals in the
Mantle and Core. Of importance is the understanding of
phase transitions at depth and the change in the chemical
bonding character in the solids. Pressure and temperature
range reached in such experiments are 150 GPa and 2.900 ºC
by use of DAC and laser heating simulating conditions in the
outer Core representing a depth in excess of 3000 km. 

Examples of iron and iron oxides under ultrahigh
pressure will be discussed. Metallic iron with the hcp
structure will at some 50 GPa and 2.220 ºC change to the
dhcp structure. This is shown by a dramatic change in the
isomer shift value. Low-high pressure phases of Fe3O4 and
Fe2O3 are studied. The (Fe,Mg)O solid solution is characte-
rised by a disproportion into an iron rich magnesium wüstite
(Fe,Mg)O with a rhombohedral high pressure, with ferroma-
gnetic properties, while the paramagnetic ferro periclase
(Mg,Fe)O remains with its cubic structure to very high
pressure. 
Reactions at the distinct core-mantle boundary involves
metallic iron and silica-oxide phases that respond to the
extreme pressure and temperature conditions by forming
metallic alloy with iron and iron oxides.

In situ Mössbauer spectroscopy has shown to be a very
sensible tool in high pressure research to characterise high
spin-low spin transitions in minerals occurring at lower
mantle conditions.

1Department of Earth Sciences, Uppsala University, Uppsala,
Sweden (Hans.Annersten@geo.uu.se) 
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First-principles calculation of the infra-re d
spectrum of kaolinite
Balan E.1, Saitta A.M.2, Mauri F.1, Calas G.1

Infra-red (IR) spectroscopy provides information at the
molecular level on the structure and properties of minerals.
The interpretation of IR spectra is generally done by
assigning the observed signals to the normal vibrational
modes of molecules or solids, which may be assessed with
classical models and group theory. However, in most cases,
assignment of bands is done using empirical rules and inter-
comparison between IR spectra. A l t e r n a t i v e l y, ab-initio
quantum mechanical calculations allow to determine the

dielectric tensor of solids as a function of the light frequency.
IR-spectra may then be calculated using ad-hoc models to
take into account for shape and size effects. To date, this
approach has been mainly limited to the investigation of the
vibrational properties of highly symmetric compounds. 

In the present work, we check the accuracy of the ab-
initio approach in calculating the IR spectrum of kaolinite
(Al2Si2O5(OH)4), a triclinic clay-mineral. Interest of the IR
spectrum of kaolinite also stems from the well-defined
absorption bands of OH groups. Indeed, IR-bands of OH-
groups in minerals are widely used to determine the
occurrence of structural defects (e.g., impurities, stacking
faults), which may be related to the conditions of genesis and
properties of the investigated mineral. Thus, a theoretical
understanding of the IR signal of OH groups is of
fundamental interest in mineral physics. Ab-initio calcula-
tions were performed by using the Density Functional
Theory and the generalised gradient approximation. We
described the ionic cores by norm-conserving pseudo-
potentials and the wave functions were expanded in plane-
waves. A remarkable agreement was obtained between
calculation and experiment, including OH bands. T h i s
provides a firm basis for the interpretation of the IR spectrum
of kaolinite and, in a near future, of other phyllosilicate
minerals, including disordered and defective structures. 

1 Laboratoire de Minéralogie-Cristallographie, CNRS UMR 7590,
Universités Paris 6 et 7, IPGP, Case 115, 4 Place Jussieu, 75252
Paris Cedex 05 
2 Laboratoire de Physique des Milieux Condensés, CNRS UMR
7602, Université Paris 6, 4 Place Jussieu, 75252 Paris Cedex 05 
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Micro X-ray Absorption Near Edge Structure
(XANES) at the sulphur and iron K-edges in
natural silicate glasses
Bonnin-Mosbah M.1, Métrich N.1, Susini J.2, Salomé M.2 ,
Massare D.1

Both sulphur and iron chemical environments were
studied with XANES in sulfides, sulfates, reference basaltic
glasses supposed to have variable oxidation states. Although
X-ray absorption methods are best suited for such investiga-
tions, the size of natural glass inclusions trapped during
crystal growth at high temperature, ranging from a few
micrometers to several tenths of micrometers, makes micro-
spectroscopy necessary. Hence, we present the µ-XANES
spectra at the sulfur and iron K-edges of natural glass
inclusions hosted in olivine grains, containing from 900 to
1700 ppm S and between 5.5 and 7.8 wt % Fe. 

Samples were examined using the X-ray microscopy
beam-line, ID21, at the European Synchrotron Radiation
Facility (ESRF), with a microbeam, an experimental energy
resolution of 0.3 eV at the sulphur K-edge and of 1 eV at the
iron K-edge using different crystals: a Si(111) and a Si(220),
respectively.We scanned the energy over the edge from 2460
to 2530 eV for sulfur, and from 7060 eV below the edge
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(7111.08 eV) to 7240 eV with variable steps, for iron. 
In glass inclusions, we have recognized various species

for sulfur: S2-, SO4
2- together with SO3

2- identified for the
first time. The relative proportion of sulfur dissolved as
sulfate has been evaluated, the XANES signature of sulfate
being highly sensitive. 

Based on a data set obtained on reference glasses for
which the Fe3+/ΣFe atomic ratio varies between 0.05 to 0.48,
we propose a method to quantitatively determine the
proportion of Fe dissolved as Fe3+ in basaltic glasses with a
relative precision of less than 10 %. 

By combining both high energy and spatial resolutions,
we demonstrate the ability of the µ-XANES to quantitative-
ly determine sulfur and iron valence states in one single glass
inclusion. 

These results apply to volcanic systems in order to assess
the redox conditions (Fe) and sulfur environment prior to the
eruptions through the µ-XANES data obtained with glass
inclusions. 

1Laboratoire Pierre Süe, CEA/CNRS, CE Saclay, 91191 Gif-Sur-
Yvette Cedex, France
2ESRF, ID21, BP 220, 38043 Grenoble, France.
metrich@drecam.cea.fr
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Contributions of the crystalline structure and
the growing of the crystallites to the radon
emanation in natural minerals
Boujrhal F.Z.1,2, Cherkaoui  El Moursli R.1, Chouak A.1

Heat treatment of some natural and artificial radioactive
materials shows two effects (Berrada and al., 1992 and 1995;
Boujrhal et al. 1999): an immediate effect (IE) and a long
term effect (LTE).

The results obtained for natural apatite showed the role of
the crystalline structure and the growing of the crystallites on
the radon behavior, but the contribution of each of those
physico-chemical parameters couldn’t be defined (Boujrhal
and al., 2001).

This study allows us to resolve this problem. We use a
natural amorphous material (limonite) which retains only 7%
of the total radon formed in the solid matrix. In natural
apatite, which has a knowledge crystalline structure, the
retention of radon is higher than 80%. After annealing at
temperature higher than 100°C, the radon release is total
(100%). These results demonstrate that the crystalline
structure control the radon release (IE). On the other hand,
the radon emanation power of the sample annealed at various
temperature decreases with increasing temperature of
treatment. The growing of the crystallites of the materials
studied controls this second effect of heat (LTE).

F.Z. Boujrhal, N. Menguy, G. Morin, G. Calas, R. Cherkaoui El
Moursli, Relationship between the apatite retention properties
and the miscrostructure of apatite, E u ropean Union of
Geosciences XI, 04/08/2001 to 04/12/2001, Strasbourg, France.

F.Z. Boujrhal, J. Carpena, R. Cherkaoui, A. Chouak, (2000), study
of Radon retention and fission track annealing with temperature
in natural apattite. (accepted in J. Radiation Physics and
Chemistry).

Boujrhal F.Z., Cherkaoui El Moursli R., retention of radon-222  by
apatite structure ; the case for sedimentary phosphate.
Phosphorus Resaerch Bulletin, 1999, Vol. 10, 274-282.

M. Berrada, F.Z. Boujrhal, A. Chambaudet, P. Couchot, R. Mercier,
Effet de la température de cuisson sur la rétention du radon dans
les phosphates sedimentaires, «, Dans : Gaz Geochimestry (C.
Dubois, D. Clein, A. Chambaudet, M. Rebetez), S c i e n c e
Reviews, 1995, p. 335- 358. 

M. Berrada, F.Z. Boujrhal, A. Choukri, T. El Khoukhi, M.R. Iraqi,
Emanation Radon de phosphates sédimentaires et phospho-
gypses correspondants, dans: Radon et Gaz Rares dans les
Sciences de la Terre et de l’Environnement, Mém. Exp. Cartes
Géologiques et Minières de la Belgique , 32, 322p/b, 253.

1Laboratory of Nuclear Physic, Faculty of Sciences, Av. Ibn
Battouta, P. Box 1014, Rabat, Morocco
2Department of applied physic, Faculty of Sciences and
Technology, P. Box 523, Beni Mellal, Morocco
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Local and average Fe distribution in Fe-rich
trioctahedral micas
Brigatti M.F.1, Tombolini F.2, Cibin G.2, Marcelli A .2,
Giuli G.3, Mottana A.4

In trioctahedral true mica structure Fe can be present in
two valence state and in three sites, i.e., tetrahedral and both
octahedral cis- and trans-sites. Different approaches have
been adopted to evaluate thepresence and extent of Fe (e.g.,
chemical analyses, Raman, infrared, Mössbauer, X-ray
absorption spectroscopies and crystal structure characteriza-
tion). However, no studies using combined structural
refinements and X-ray adsorption spectroscopy have been
undertaken so far to determine the iron structural distribution
in a series of samples characterized by a complete solid
solution between phlogopite and annite, between phlogopite
and tetra-ferriphlogopite and between polylithionite and
annite. 

In this work polarized X-ray absorption spectroscopy
was used to evaluate the oxidation state, the coordination
number and the bond-distances of iron. The XAS analysis
has been carried out either by experimental and theoretical
XANES spectra and by EXAFS analysis. XAS spectroscopy
and X-ray single crystal structure refinements were used
together to verify: 1) the local Fe structural order; 2) the sub-
stitution mechanisms; 3) the presence of structural domains
producing average chemical changes; 4) the role of iron
oxidation state in the solid solution evolution; 5) the role of
Fe ordering on layer stacking.

1Università’ di Modena e Reggio Emilia, Via S. Eufemia 19, I-
41100 Modena, Italy
2INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40, I-
00044 Frascati (RM), Italy
3Universita’ di Camerino, Dipartimento di Scienze della Terra,
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62032 Camerino (MC), Italy
4Università Roma Tre, Dipartimento di Scienze Geologiche, Largo
Murialdo 1, I-00146 Roma, Italy
corresponding author: E-mail: tombolin@lnf.infn.it
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Short and medium range order structure of
amorphous solids light scattering spectrocopies
Champagnon B.1, Panczer G.1,  Boudeulle M.1, Le Parc R.1,
Ollier N.1, Chemarin C.1

Light scattering spectroscopies, micro-Raman spectro-
scopy and Rayleigh scattering, are powerful methods to
analyse the short and medium range order structure of
amorphous solids. In particular aging is a common process
for glasses and theses spectrosopies have demonstrated their
ability to give some insight in their thermal history. After a
discussion, introducing the basis on which such analysis are
performed, different examples concerning natural glasses or
ancient glasses and of their present day counterparts will be
presented.

1Laboratoire de Physico-Chimie des Matériaux Luminescents -
UMR 5620 CNRS - Bât. Gabriel  Lippmann, 12 rue Ampère, 69622
Villeurbanne - Cedex.

*  *  *  *  *  *  *

XANES fitting of Cr K-edge spectra in
chromium-bearing muscovite
Cibin G.1, Tombolini F.1, Benfatto M.1, Della Longa S.2,3,
Marcelli A.1, Mottana A.4, Wu Z.1,5, Brigatti M. F.6

XANES analysis was applied to chromium-bearing
muscovite to recognise the structural position and the
oxidation state of chromium inside the structure. Chromium
can be incorporated into the muscovite layer mostly in the
octahedral coordination. However, some details regarding
chromium-containing muscovite crystal chemistry remain to
be addressed. For example Cr containing muscovite show a
residual electron density in the structural position related to
M1 octahedral site and an increase of the electron density of
M2 site, which is usually occupied by Al. Thus Cr can be
distributed in both M1 and M2 site. The presence of multiple
octahedral substitution and the low Cr amount complicate
the results of crystal chemical study. Experimental data
demonstrate that in chromium-bearing muscovite, Cr is
Cr(III) in octahedral coordination at the M2 site. XANES
spectra at the Cr K-edge show a pre-edge that consist of at
least two features; their tentative fitting indicates that no
more than 0.5% of total Cr(III), if any, may occupy the
tetrahedral site. 

We have also performed full multiple scattering calcula-
tions at the Cr K edge absorption spectra of different
chromium containing muscovite. Comparison between expe-
rimental data and simulations, performed on clusters of
variable size exhibits a good agreement with the experimen-
tal spectra. The method used is based on a new software

procedure to fit experimental XANES spectra based on the
comparison between the experimental spectrum and several
calculations generated by changing the relevant geometrical
parameter of the site around the absorbing atom.

1 INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40, I-
00044 Frascati, Italy (cibin@lnf.infn.it)
2 Università dell’Aquila, Dipartimento Medicina Sperimentale, Via
Vetoio 6710 L’Aquila, Italy 
3 INFM Unità di Roma La Sapienza, Dipartimento di Fisica, I-
00100 Roma, Italy
4 Università Roma Tre, Dipartimento di Scienze Geologiche, Largo
Murialdo 1, I-00146 Roma, Italy
5 Beijing Synchrotron Radiation Facility, Institute of High Energy
Physics, Chinese Academy of Sciences, P.O. Box 918, Beijing
100039, P.R. China
6 Università’ di Modena e Reggio Emilia, Via S. Eufemia, 19, I-
41100 Modena, Italy
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Computation of local electric pro p e rties in
manganoan-fayalites
Constantinescu S.2, Calogero S.1

It is knowing that nuclear and electronic magnetic
resonance spectroscopies, as EPR, NMR, NQR Mössbauer
effect, etc., using the specific probes and applying on
specimens of interest, give local structural information about
the hyperfine electric or/and magnetic fields, the chemical
bonds and valence states, local stress, occupancies, etc.
Generally those are of interest for the geochemist and mine-
ralogist, because they could obtain information about the
chemical and physical properties of minerals and of
processes supported by them at the genesis and the transfor-
mation their geological deposit. On the other hand the
physicists and chemists are interested in the correlation of
their structural information with the genesis and metamor-
phism of the geological deposit in order to give a
performance of the materials and technology. The accuracy
of the structural information is giving by the refined analyze
of the spectral parameters and the modeling and numerical
calculation in solid state, but that means to approximate the
investigated structure or process. The computation of the
local electric properties, as the electric potential (1), electric
field (2) and efg tensor components (3) in the olivine
structures, particularly for efg tensor components, are taking
into account the valence electrons and lattice contributions
(4). 

Here (5), (n, l and s, are the quantum numbers and Nn, l, s

is the occupation number of the electronic orbital in the ionic
host),(6) ( qi =ionic charge of the considered Nvec neighbors
of probes). 

- 63 - Bull. Liaison S.F.M.C. - Vol. 13 - 2001



The fractional and ionic point charge approximation has
taken into account, where the have evaluated by the valence
summation procedure. The Nn, l,s has been estimated in
agreement with the Hundt ruler. The cross of the experimen-
tal data and the surface of the computing data for a specific
local property is the procedure [Ref. 1] to determine the
electronic splitting s in the ionic hosts of probes. In the case
of Fe-Mn olivine structure the cross of the experimental
values of the Mössbauer quadrupole splitting parameter

EQ
exp with the computing one, (7)  permitted us to evaluate

the iron ionic splitting with respect to the iron/manganese
amounts in the M1 and M2 crystallographic position. The
computed values of V, Eα and Vαβ are performed by the

QSCOPM program [Ref. 2] for one sample of Fe-Mn olivine
from Razoare deposit.

Fig.1: The experimental and computing values of EQ
M1,M2

for a specimen Fe-Mn olivine of Razoare deposit and the
diagram of the iron ionic split in octahedral vicinity.

[Ref. 1] Constantinescu,S., Udubasa,Gh. and Calogero,S. (1997),
Rom. J. Phys. 42, 359-369; J. Phys. I, France,7, 777-784

[Ref. 2] Constantinescu S., Calogero S (Feb.1997),QCPE-172,
Bull. 17, no.1,.

1 Prof. Calogero S.: Dept. Phys.Chem.,Univ. of Venice,ITALY,
calogero@unive.it
2 Dr. Constantinescu S.: IFA/INCDFM,lab.180, str.Atomistilor 1,
Bucuresti,ROMANIA; sconst@alpha1.infim.ro
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C ry s t a l - c h e m i s t ry aspects in Fe-Mn olivine
collected from Mts. Preluca-Romania
Constantinescu S.1, Udubasa Gh.2 , Calogero S.3

A great interest for the Romanian mineralogists is the
deposit at Razoare, Mts. Preluca-Romania. This deposit is a
regionally metamorphosed Fe-Mn one and it is contained by
medium grade metamorphic exhibiting a very rich and

complex mineral association, over 60 mineral species, of
which nearly half represents primary minerals. The deposit
has been interpreted to be of Precambrian age. At least three
metamorphic events have been recognized in the host
metamorphic rocks and the ores as well. One of the typical
minerals is the Fe-Mn olivine presents in the all three
detected mineral assemblages, which are displaying in
different positions within the ore-bearing sequence. The
upper part of the ore sequence is amphibole dominated and
is characterized by Fe>Mn, the bottom one is a rhodochrosi-
te-rich assemblage and gets Fe<Mn. In the middle part of the
ore sequence there is tephroite and manganoan humite
minerals.  The knowledge of the crystal-chemistry aspects of
the different mineral specimens is in generally of interest for
the geochemist due to the possible correlation between these
aspects and the genesis and the metamorphism of the
geological deposits. The aim of the work is to discuss the
crystal-chemistry aspects of the fayalite-tephroite specimens
extracted from deposit at Razoare, and investigated recently
by MS. The transmission spectra of the five powdered
samples of (FexMnyMgzCa2-x-y-z)SiO4, where x= 1.00÷1.17,
y=carried out at room temperature, using a 57Co:Rh source.
The Mössbauer data have been correlated with the X- and
neutron- diffraction results.  The considered crystal-
chemistry aspects are: 1) the dependence of the unit-cell
parameters, a, b and c, of the distortion one c/a and the
volume Vcel ; 2) the electronegativitiy difference Me-O
bond, x Fe+y Mn- (O), the weighted radius of metallic
cation, rw=xrFe+yrMn ; 3) the mean bond lenth lm of Me-O
and the distortions octahedral parameters oct of M1 and
M2 crystalline positions,  on the iron or manganese amounts.
The reciprocal dependence of the M1 and M2 occupancies,
the excess Me-O bond energy F(A) on the rw and of the
fractional ionic charges , the electric field gradient, (efg),
V and  oct are discussed too. The fit of the Mössbauer, X-
and neutron-diffraction data permitted to evaluate the fiting
functions:

Crystal-chemistry Fitting-Function
Parameter
Unit-Cell parameters [Å] a(x)= 4.9005-0.04x;

b(x)=10.5983+0.0369x-0.04986x2

c(x)=6.2559-0.086x
Mean-Bond Lentgh [Å] lmM1=2.156(3)+0.10(2)y-0.07(2)y2;

and lmM2=2.176(4)+0.053(6)y

Octahedral Distortion oct
M1=0.00316(6)-0.0019(1)y

oct
M2=0.0012(4)+0.0013(8)y-0.02(1)y2

Occupancy CM1=1.01(5)[1-exp(CM2/0.30(4))]
Excess Bond Energy F=704.38(2)-2919.72(5)rw

[KJ/mol] +3025.61(3)rw
2

Components of efg Vzz=6.548-892.41 oct
M1

[1020V/m2] +235855( oct
M1)2

Vzz=2.176-53.194 oct
M1

The sensitivity of the crystal-chemistry parameters with
respect of iron and manganese amounts in the our investiga-
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ted samples and of the Mössbauer parameters to the type of
the assemblage from have been extracted are discussed.

Ballet, O., Fuess, H. and Fritzsche, T., Phys. Chem. Minerals, 15,
(1987), 54-58

Udubasa G. and Hartopanu P.  (1992), 29th  Int. Geol. Cong., Aug.-
Sept.1992, Kyoto, Japan, 216 

Udubasa G., Hartopanu P. and Constantinescu S., (1994), 16th IMA
Gen. Meet.,4-9 Sept.1994, Pisa Italy,415 Udubasa G.,
Hartopanu P. and Ilinca G., (1996), Rom. J. Mineral Deposits,
77, 3-20;

Redfern, S.A.T., Knight, K.S., Henderson, C.M.B. and Wood, B.J.,
Mineralogical magazine, 62 (5), (1998),607-615
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Bucuresti,ROMANIAsconst@alpha1.infim.ro
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EXAFS spectroscopy of transition elements in
borate glasses: evidence for ordered domains
Cormier L.1, Galoisy L.1, Calas G.1

Peculiar Extended X-ray Absorption Fine Structure
(EXAFS) spectra have been found in low alkali (Li, Na, K)-
bearing borate glasses at the K-edge of transition elements
(Co, Ni, Zn).  Beyond the first coordination shell, EXAFS
spectra show the presence of cation-cation distances at well-
defined values, independent on the nature of the alkali
present in the glass.

This local structure is consistent with optical absorption
spectra which show the presence of Ni and Co in regular
octahedral sites in these low alkali borate glasses, an unusual
coordination in disordered solids.

Peculiar NiO clusters were recently evidenced in these
glasses, despite a high dilution level (Cormier et al., 1999).
Ni-O and Ni-Ni distances are consistent with a Ni
surrounding which mimics a NiO local structure.  MS paths
are responsible for the observation of a feature at 6 Å which
is due to a focusing effect involving three nearly colinear
NiO6 octahedra. Structural features characteristic of NiO are
absent in the borate glasses showing that these Ni-containing
ordered domains do not correspond to unreacted NiO crys-
tallites. This explains the low NiO activity in alkali borate
glasses as the Ni-enriched domains may lead to the
formation of nucleation centers precursors of NiO crystal-
lites. 

Similar EXAFS spectra were obtained at the Co and Zn
K-edges in potassium borate glasses showing the peculiar
MS feature at 6Å. This indicates the presence of clusters
which mimic a cubic close packed structure. The significan-
ce of these oxide clusters will be discussed. The coordination
of both transition elements were investigated using high
resolution XANES  spectra (pre-edges) and allow to
evidence a modification of coordination with increasing

alkali content. These changes are related to the structural
modifications of the glass with increasing alkali content

(BIII/ BIV, boroxol rings, BIV bearing rigid borate units....).
The presence of these ordered domains is related to rigid
borate units involving triangular boron (Galoisy et al., in
press).

Cormier L., Galoisy  L., Calas  G. (1999) Evidence of ordered
domains in nickel-bearing alkali borate glasses. Europhysics
Letter 45 (5) p.572-578

Galoisy L., Cormier L., Calas G. and Briois V. Environment of Ni,
Co and Zn in low alkali borate glasses: information from
EXAFS and XANES spectra (accepted JNCS)

1 Laboratoire de Minéralogie Cristallographie Paris - case 115 - 4,
place Jussieu - 75252 Paris cedex 05 - France
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Devices and methods for registration of micro-
crystal optical spectra in UV, visible and near
IR regions
Denisov I.G.1, Ivanov V.P.2, Kozlov S.D.2, Denisova N.V.3

All existing spectral optical instruments for recording the
absorption spectra are based on using the photographic or
electric analog way of recording. There are two well-known
methods of recording the absorption in an analog mode:
one–beam and two–beam circuits. In the one–beam circuit,
the recording of spectra is carried out in the mode of
measuring the light flux intensity during some constant time
period, which value is determined by parameters of the
electronic part of the optical instrument. In recording the
spectra on the basis of a two–beam circuit, the measurements
are carried out in the mode of a constant intensity of an
incident light flux but the electronic part remains unchanged. 

We have suggested and realized the other way of
recording the absorption spectra: the mode of constant
photon quantity to be recorde. It should be noticed that up to
now the authors do not know any published work on using
the photon counting mode in recording the electron
absorption spectra. 

To r e g i s t e r electron absorption spectra, an optical-
spectrum registration method and a microspectrophotometer
for measuring the solid - and - l i q u i d - sample - microseg-
ment absorption in the near-UV, v i s i b l e and near-IR spectral
regions have been developed2. The instrument enables to
solve a problem of registering optical transmission spectra in
a wide range of optical-density variations with a preassigned
absolute and/or a r e l a t i v e error selected by an u s e r with
allowance for spectral sample c h a r a c t e r i s t i c s and an
optimum experiment time. A photodetecting device (PDD)
operates in a photon-counting mode. In this case, a pulse
counter registers each photon being incident on t h e PDD in
flux ranges from units to tens of millions of photons/s. The
fact of the presence of a photon p u l s e is an informative one;
energy, amplitude and a shape of the pulse i t s e l f are not
used as informative features. A counter of e l e c t r i c pulses
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induced by the PDD-incident photons controls a monochro-
mator scanner so that a command to change a wavelength is
issued only when a fixed predetermined number of pulses is
accumulated. Measuring information in the form of time
intervals, which are spent on accumulating the fixed predetermi-
ned number of pulses in the counter, is registered with and
without a sample at each wavelength; then the optical density
D(λ) and the transmittance T(λ) are c a l c u l a t e d .

In using the registration method, the PDD-counting
response linearity requirement is essential. The PDD
counting response was experimentally determined. The FDD
counting-response linearity maintained up to 3.6xl07 pulses/s
and the linear correlation coefficient up to these values was
0.99975. In our work, we restricted the dynamic range with
the upper limit (I,i m= 2.7xl07 pulses/s) which corresponded to a
linear section of the PDD counting response  and guaranteed to
measuring the absorption spectra in the range of optical
density 0.001-4.0 (transmission coefficient 99.9999-
0.0001 %);

The opportunity of measuring the optical transmission
spectra in the large change range of optical density with a
guaranteed predicted error opens large perspectives for the
application of the developed recording method and the
microspectrophotometer. Application field is the investiga-
tion of radiation intensity of sources having a linear spectrum
with a strongly differing intensity of lines. 

Investigations of natural minerals and optical materials
obtained artificially (including the active media for laser
engineering) are the main application sphere of the said
apparatus, as it has already been noticed. The important
advantage here is the opportunity of the reliable detection
and measurement of weak absorption lines near or at the
background of rather more intensive ones.

Denisov I.G., Bachtin A.I., Kal’chev V. P., Denisova N.V.
Registierverfahren und Darstellung elektronisch - optischer
Absorptions - und Durchlaßspectren. Deutsches  Patentamt
196 18 583.1,  1996

Denisov I.G., Denisova N.V., Bachtin A.I., Ivanov V.P,, Kozlov
S.D., Makarov A.S., Sadchikov V.V., Jassonov P.G. Tragbares,
Automatisiertes, Breitbandiges  Mikrospektro-fotometrissches
Gerat. Deutsches  Patentamt 196 18 582.3,  1996

1 Kazan State University, denisov@kzn.ru,  420039, Vosstanija st,
54, ap.34 , Kazan, Russia, 
2 State institute of applied optics, 420075, Lipanova 2, Kazan,
Russia, 
3 Kazan State Energy University, 420066, Krasnoselskaja, 51,
Kazan, Russia
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Peculiar properties of luminescence recording
of microcrystals, which size is up to 5 m, under
low temperature.
Denisova N.V.1, Denisov I.G.2, Ivanov V.P.3, Kozlov S.D.3

The spectral optical device for recording luminescence
spectrum and induced luminescence spectrum has been

developed and manufactured. 
A light beam from a xenon lamp (2), powered by a

stabilized constant-current source (1), is focused on the
entrance slit of a diffraction monochromator (3) (work
region 200-1200 nm), supplied with a monochromator
scanner (4), with a quartz condenser; then after the mono-
chromator the light beam is focused on the semitransparent
mirror inside a microscope and through the quartz lens is
incident on a sample. The sample is fixed in the sample-
holder (12) that is located inside a Dewar vessel (13).  The
Dewar vessel is manufactured as a pair of communicating
vessels.  Sample luminescent light through the microscope
semitransparent mirror is incident on the second diffraction
monochromator (work region 200-1200 nm) input (5), the
monochromator is supplied with a monochromator scanner
(6). After the monochromator output there is an electron-
multiplier phototube (7) (powered by a stabilized high-
voltage constant-current source (9)). The electron-multiplier
phototube used in the device operates in a photon-counting
mode. The monochromator scanners and the incident flux
registration block (8) are controlled by IBM PC (10). 

The luminescence spectrum and induced luminescence
spectrum registration is carried out at a sample temperature
being 77 K and above. The temperature is controlled by dif-
ferential chromel-copel thermocouple. 

Samples and the microscope lens are cooled with
nitrogen steam and are not in direct contact with liquid
nitrogen that enables us to avoid perspiration. To extend the
measurement time a pair of communicating Dewar vessels is
used. 

Microcrystals samples less than 5 µm in size are fixed on
the cover slip, 0.1 mm thick, with inactive gelatin. Gelatin is
controlled to avoid self-luminescence. 

Various quartz lenses enable us to register photolumines-
cence spectra and stimulation spectra of microcrystals and
microcrystal luminescence topography.

The photoluminescence spectra and stimulation spectra
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intensity up to 10 imp/s (signal/noise ∼ 3) have been
recorded. Microcrystals of minerals (e.g. olivine with Fe up
to 9 %)1, considered previously to have no luminescence,
have been investigated using the equipment and method
developed. 

[1]. Bakhtin A.I., Denisov I.G., Lopatin O.N. Photo luminescence
holes centers in crystals olivine. Optics and spectroscopy 1995,
v.79,  5, p.773-777 (in Russia).

1 Kazan State Energy University, denisov@kzn.ru,   420066,
Krasnoselskaja, 51, Kazan, Russia, 
2 Kazan State University, 420039, Vosstanija st, 54, ap.34 , Kazan,
Russia, 
3 State institute of applied optics, 420075, Lipanova 2, Kazan,
Russia, 
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Mossbauer study of two smectites form Tagus
basin (Spain)
de Santiago Buey C.1, Dedushenko S. K.2, Perfiliev Y. D.3

Saponite and stevensite from Tagus basin (Spain) were
analysed by means of Mossbauer spectroscopy (see de
Santiago Buey, 2000 for obtaining full data about these
minerals).  The mass contents of iron in these smectites are
very low (less than 3% and 0.5% respectively), but
Mossbauer spectrometer “Perseus” of Russian origin, in
which the control and correction (stabilisation) of the
vibrator velocity are performed by means of laser interfero-
meter, allows us to conduct the measurement as long as it is
necessary without any additional calibration. Room
temperature Mossbauer spectra of saponite (fig.1) and
stevensite (fig.2) obtained are shown below: 

The results indicate clearly that iron is present in ter- and
divalent states in both of these clay minerals. The simplest

possible interpretation for each of these spectra is a superpo-
sition of two doublets corresponding to Fe3 + and Fe2 +

(δFe(III)≈0.3 mm⋅s-1, ∆Fe(III)≈0.6 mm⋅s-1 and δFe(II)≈1.1 mm⋅s-1,
∆Fe(II)≈2.6 mm⋅s-1; isomer shifts are related to α-Fe). But the
exact structures of the spectra are more complicated and
d i fferent ways for their detailed description might be
suggested.

de Santiago Buey C., Las arcillas magnesicas de la cuenca del Tajo:
caracterizacion y propiedades, Cuaderno de Investigacion,
CEDEX, 2000

1Laboratorio de Geotecnia, Centro de Estudios y Experimentacion
de Obras Publicas (CEDEX), C/Alfonso XII, 3 y 5, Madrid 28014,
Spain  (ccssbb@hotmail.com)
2Moscow State Technical University, 5, 2-nd Baumanskaya Street,
Moscow 107005 Russia (dedushenko@mail.ru)
3Department of Chemistry, Moscow State University, Lenin Hills,
Moscow 119899 Russia (perf@radio.chem.msu.ru)
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Magnetic resonance investigation of sulphides
and sulphosalts
Di Benedetto F.1, Bernardini G.P.1, Cipriani C.2, Danti C.2,
Romanelli M.3

EPR and SQUID magnetometric study of sulphides and
sulphosalts minerals has proved to be a powerful tool to
investigate not only the valence states of cations but also the
site symmetries and the magnetic interaction between neigh-
bouring atoms. 

Some sphalerite derivative structures, such as stannite
and tetrahedrite, have been the objects of a systematic and
advanced EPR and SQUID investigation together with mine-
rochemical and Mössbauer characterisation. 

Synthetic analogues, with simple chemical composition,
have been used as reference materials for the interpretation
of the spectra refined by computer simulation. For the
stannite-kesterite series the spectroscopic investigation
allowed to completely establish the valence states of the
cations evidencing the presence of Cu(II), and to fully cha-
racterise the magnetic behaviour of the different member of
the series (1). As concerns the tetrahedrite group minerals,
while the EPR data confirm the presence of Cu(II) in the
tetrahedral site, the SQUID magnetometry evidenced that
also all Fe, divalent, occupies the tetrahedral site. In the pure
Cu12Sb4S13 synthetic analogue and in the Cu-richest natural
compound an electron delocalization has been revealed
pointing to peculiar semiconducting properties.

Further spectroscopic investigations, performed also by
ESE and high–frequency EPR spectroscopy, of the ZnS-
archetype, doped with t.e., may provide useful information to
elaborate possible models correlating macro and micro
properties of sulphides and sulphosalts.

G.P.Bernardini, D. Borrini, A. Caneschi, F. Di Benedetto, D.
Gatteschi, S. Ristori & M. Romanelli: EPR and SQUID magne-

- 67 - Bull. Liaison S.F.M.C. - Vol. 13 - 2001



tometry study of Cu2F e S n S4 (stannite) and Cu2Z n S n S4
(kesterite). Phys Chem. Minerals (2000) 27: 453-461.
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B e h a v i o r of paramagnetic iron during the
thermal transformations of kaolinite
Djemai A .1 , 2, Balan E.2, Morin G.2, Hernandez G.2,
Labbe J.C.3, Muller J.P.1,2

Kaolinites with various degrees of structural order and
iron content were heated and subsequently analysed by
electron paramagnetic resonance. 

Fe3+ ions undergo drastic environment and concentration
changes in heated kaolinites showing important modifica-
tions which are related to phase transformations of the
alumino-silicate matrix.

Iron occurs in two different states in the heated materials,
either as dilute structural Fe3+ ions or in concentrated Fe3+

phases.
Quantitative interpretation of the dilute Fe3+ion concen-

tration yields the possibility to consider the process
involving the environment and concentration changes upon
heating, in terms of Fe3+ ion diffusion process over phases of
kaolinite-mullite transformation sequence.

During metakaolinization, in addition to an increase in
site rhombicity of the local environment around Fe3+ ions,
the concentration of dilute structural Fe3+ions increases. The
increase of dilute Fe3+ions concentration may be related to
the oxidation of the Fe2+ during the collapse of the kaolinite
structure to form metakaolinite.

With the breakdown of metakaolinite, the diffusion of
Fe3+ ions induces their exsolution into superparamagnetic
iron rich domains, likely either as Fe3+ clusters within γ-
A l2O3 structure or Fe3 + oxide nanophases of diff e r e n t
structure, leading to a decrease in the dilute Fe3+ ion concen-
tration.

The subsequent breakdown of γ-Al2O3 and the formation
of mullite, simultaneously, make the dilute Fe3+ ion concen-
tration to increase again, due to the incorporation of Fe3+ ions
in the mullite, the values of fine structure parameters of
which, correspond mainly to octahedral and tetrahedral sites
in the structure.

E. Balan, T. Allard, B. Boizot, G.Morin, and J.P. Muller
«Quantitative Measurement of Paramagnetic Fe3+ in Natural
Kaolinites», Clays Clay Miner., 48, 4, 439-445, (2000).

H. Schneider,»Temperature-Dependent Iron Solubility in Mullite»,
J. Am. Ceram. Soc., 70 [3] (1987).

H. Schneider and H. Rager, «Iron Incorporation in Mullite»,
Ceramics Inter., 12, 117-125 (1986).
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2Laboratoire de Minéralogie-Cristallographie, UMR 7590, CNRS,
Univ. Paris 6, 7, IPGP, F-75252
3Procédés Céramiques et Traitements de Surface, Univ. de
Limoges, UMR 6638 CNRS, F-87060
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The role of structural Fe (III) and iron oxide
nanophases in mullite coloration
Djemai A.1, Calas G.1, Muller J. P.1,2

Six mullite samples, derived from heat-treated natural
kaolinites with various iron content, were investigated and
compared to synthetic monophasic mullite.

They were analysed by X-ray diffraction, Diff u s e
Reflectance Spectroscopy (DRS) and Electron Paramagnetic
Resonance(EPR). To quantify mullite coloration, the CIE-
Colorimetric System was used.

Occurrence of iron oxide particles nanosize range is
evidenced by DRS, confirmed by EPR superparamagnetic
signal and supported by transmission electronic microscopy.

In contrast to synthetic mullite, samples derived from
heat-treated kaolinites show charge transfer bands involving
O2- and Fe3+ ions as well as ferric crystal-fieldtransitions due
to Fe3+ ions in iron oxide nanoparticles. Absorption edges
show red-shifts.

Resulting yellowness, saturation of which increases with
the content of iron oxide nanoparticles, is a direct evidence
for the colouring effect of Fe3+ ions.

Transmission electron micrograph of sample,derived from
heat-treated natural kaolinite and corresponding selected

area diffraction (SAD) pattern, showing mullite reflections.
P. iron particles (5-7 nm).

A. Djemai, G. Calas, JP. Muller, «The Role of Structural Iron and
Iron Oxide Nanophases in Mullite Coloration», J. Am. Ceram.
Soc., 84 [7], (2001).

A. Djemai, E.Balan, G.Morin, JC.Labbe,G.Hernandez, and
J P. M u l l e r, «Behavior of Paramagnetic Ironduring T h e r m a l
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Transformations of Kaolinite», J.Am. Ceram. Soc., 84 [5],
(2001).

R.V. Morris, D.G. Agresti, H.V.Lauer, J.A. Newcomb, T.D. Sheler,
and A.V. Murali, «Evidence for Pigmentary Hematite on Mars
Based on Optical, Magnetic and Mössbauer Studies of
Superparamagnetic (Nanocrystalline) Hematite», J.Geophys.
Res., 94, B3, 2760-2778 (1989)

1 Laboratoire deMinéralogie-Cristallographie, UMR 7590, CNRS,
Universités Paris 6 et7, IPGP, 75252 Paris, France
2 Institut de Recherche pour leDéveloppement, 75480 Paris, France

*  *  *  *  *  *  *

Chemistry and structure of Fe-Si precipitates.
Doelsch E.1, Rose J.1, Masion A .1 *, Stone W. E.E 2,
Bertsch P. M. 3, Bottero J. Y.1

Fe and Si are two of the most abundant elements of the
e a r t h ’s crust. Fe-Si systems have been the subject of
numerous studies providing detailed knowledge about cris-
tallinity and microscopic structure of these phases. However,
surprisingly little is known about the crystal chemistry of
fresh Fe-Si systems. We investigated Fe-Si systems over a
wide range of Si/Fe molar ratios (0 to 4) and pH values (3 to
10) by combining Fe K-edge EXAFS, Si-29 NMR, FT-IR,
SAXS. The formed solid phases were all either poorly
crystalline or amorphous. The increase of Si/Fe molar ratios
causes important changes in Fe polymerization. At low Si/Fe
(<1), the growth of Fe species occurs by edge and corner
linkages whereas at higher Si/Fe(>1) mainly edge linkages
between Fe atoms were observed. Si/Fe=1 represent a
crossover between the two growth regimes characterized by
very poor Fe polymerization. Although Si neighbors cannot
be detected unequivocally by Fe EXAFS, their presence in
the atomic environment of Fe is evident from the change in
Fe speciation. 

Further insight into Fe-Si intercactions was given by
FTIR data. Si and Fe atoms do not form separate silica and
FeOOH particles. The presence of Si-O-Fe bonds hinders the
formation of Fe oxyhydroxides. The Si/Fe=1 ratio represents
a transition point between Si-O-Fe and Si-O-Si bond
formation at pH=3 and at pH=5, where Si-clusters appear
once the maximum amount of Si-O-Fe bonds are formed.
The size of Si clusters in the solid phase regularly decreased
with increasing pH.This is confirmed by 29Si NMR which
demonstrates the presence of Si pockets in low pH samples.
The return to equilibrium of the 29Si magnetisation leads to a
value for both dimensionality of the silica-rich pockets
(D=2.2) and length over which dimensionality is observed
(2 nm). 

The semi-local scale structure has been investigated by
SAXS: All the scattering curves are typical of amorphous
aggregates. The subunits of the precipitates could not be
determined precisely. However, the trend derived from
SAXS modeling indicates that almost all the Fe is within
subunits smaller than 7.5 Å. The high fractal dimension Df of
the aggregates ranging from about 2.0 to 2.7 are attributed to

the presence of Si ligands. However, the value of Df as a
function of pH and Si concentration varies linearly with the
polymerization state of iron.

1 CEREGE (UMR 6635 CNRS-Aix Marseille III), Europole
Méditerranéen de l’Arbois, BP 80, 13545 A i x - e n - P r o v e n c e
Cedex 4, France.
2 Section de Physico-Chimie Minérale, Université Libre de
Bruxelles, Campus de la Plaine CPI 232, Boulevard du Triomphe,
1050 Bruxelle, Belgium.
3 Savannah River Ecology Laboratory, AACES, University of
Georgia, PO Drawer E, Aiken SC 29802, USA.
* corresponding author. Phone (+33) 442 97 15 34; Fax: (+33) 442
97 15 59; E-mail: masion@cerege.fr
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Raman spectroscopy of water in the system
D2O-H2O-LiClO4

Dubessy, J.1 and Rull, F.2

Liquid water is an associated liquid due to hydrogen
bonding that gives rise to a complex Raman spectrum due to
intramolecular and intermolecular couplings. The understan-
ding of the Raman spectrum of the stretching vibrations of
water requires eliminating at the maximum the different
vibrational couplings. Mixture of D2O and H2O (D2O = 0.3 g
(>99.90 % D2O) and H2O = 4 g) reequilibrate isotopically to
produce a mixture of HDO and H2O molecules. Therefore,
the OD stretching band is devoid of intramolecular coupling
and complication by Fermi resonance does not occur. In
addition, if a hydrogen breaker is dissolved into the aqueous
phase, this gives the opportunity to assign more easily the
band components. This was done by dissolving LiClO4 close
to saturation (4.37 mole / kg solvent). All the Raman spectra
were collected using the 514.5 nm Ar+ laser radiation and a
microspectrometer (Labram, Dilor) under the retrograde
scattering geometry with an 80 x long working distance
objective. 

Raman spectra of OD stretching band display an
important variation of its profile with increasing concentra-
tion of LiClO4: a band component around 2650-26560 cm-1

is increasing LiClO 4. After removing libration band
component assigned to H2O molecules, spectra were fitted
into three components (50 % gaussian), with a band around
2600 cm -1 having a weak contribution (< 6%), indicating a
distribution of OD oscillators into two main populations. The
high frequency band shows a decrease of frequency from
2666 to 2646 cm-1 whereas the low frequency band shows a
small increase in frequency from 2522 to 2536 cm-1 with
increasing LiClO4 concentration. The variations of the
intensity of each band versus LiClO4 concentration is given
in figure 1. The main feature is the increase in intensity of the
high frequency component with increasing LiClO4 concen-
tration: this supports the assignment of the high frequency
band to OD oscillators that are not involved in hydrogen
bonding. The decrease in frequency of this band could be due
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to a small increase of the OD oscillator in interaction with the
ClO4

- anion. 

Figure 1: percentage of the three band components of OD
oscillators in the H2O-D2O system with increasing LiClO4

concentration.

1 UMR G2R (7566) and CREGU BP-239, 54506-Vandoeuvre-
Cedex (France)
2 Departamento de Cristalografía y Mineralogía, Universidad de
Valladolid (Spain)
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M ö s s b a u e r, precision X-ray study and
computer modeling of malayaite CaSnSiO4O.
Eremin N.N.1, Urusov V. S .1, Rusakov V. S .2 a n d
Yakubovich O.V.1.

Single crystals of  malayaite CaSnSiO4O grown under
hydrothermal conditions  have been studied with the help of
Mössbauer (spectrometer MS 1101E express, room
temperature, cone sample) and precision X-ray diffraction
(Sintex P1 diff r a c t o m e t e r, MoKα radiation, room
temperature) methods. 

The following experimental averaged values of the
Mössbauer spectra (see Fig.1) parameters are obtained: the
isomer shift (relative to SnO2) dI = -0.05(1) mm/s, the
quadrupole splitting ∆ = 1.43(2) mm/s. Mössbauer spectrum
was treated in one-doublet model with SPECTR _ DISTRI
programs [1]. 

Intensities of 3614 reflections were measured for
spherical single crystal sample (r=0.12 mm) within +h,±k, ±l
region. (2Θ-Θ - scan method, velocities from 2 to
24 grad/min). Unit cell parameters are: a = 7.152(2) Å,
b = 8 . 8 8 8 ( 2 ) Å , c = 6.667(2) Å , º = 11 3 . 3 7 ( 2 ) ,
V =389.0(3) Å3, r = 0.68. After averaging over equivalent
reflections the final massive consists of 1517 independent
reflections with I > 1 . 9 6 ( I). All calculations were
performed with MINEXTL package [2].  The crystal
structure of malayaite was refined within superposition
atomic model in full matrix least-squares procedure with
corrections on secondary extinction and anomalous

scattering of tin atoms (R = 0.0135). These experimental data
were used for calculations of the electron density distribu-
tion.  Visualisation of deformation electron density maps
shows that the bond Sn-O reveals features of s and p bonding
and has more ionic character than Si-O one.

The computer modeling of crystal structure and
properties of malayaite was carried out with the help of
METAPOCS code [3]. In order to predict the values of Sn
and Si atomic charges the set of complex Born-Mayer-Morse
pair  potential  parameters  was  developed. It was found that
the atomic effective charges Si = 2.40(4)e and  Sn = 3.20(4)e
correspond to the minimum of atomisation energ y
Emin = -42.88 eV (Eexp = -45.89 eV). The unknown elastic
properies were predicted.

The above information from Mössbauer, X-ray
experiments and computer modeling was used for the
essential modification and improvement of the point charge
model of electric field gradients (EFG) calculations [4]. EFG
values of malayaite are compared with the experimental
ones, received from the values of quadrupole splittings of
Mossbauer spectra. As is seen from Table 1, only modified
point charge model with the effective atomic charges and the
additional point charges, which imitates the main regions of
the excess electron density (charge 0.5 e; distance from
Sn ≈ 0.9 Å)  can explain rather well the unusially large ∆
value observed.

Model Vzz, 1020 Vm-2 ∆ mm/s
Formal ionic charges -4.719 0.37(1)
Effective atomic charges -3.618 0.28(1)
Effective atomic charges -18.353 1.38(2)

with additional point charges
Experimental values (+/-)19.018 1.43(2)

Table 1. Point charge models for EFG calculation in
malayaite.

Fig 1. Mössbauer spectrum of malayaite

[1] Rusakov V.S., Chistyakova N.I. (1992). LACAME’92, Buenos
Aires, Argentina, Abstract N 7-3. 

[2] Gerr R.G. et al. (1991). J. Struct. Chem , 32, 170-179. 
[3] Parker S.C.  (1983). J. Solid State Ionics, 8, 179-186.
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[4] Khramov D.A., Rusakov V.S., Eremin N.N., Urusov V.S.
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*  *  *  *  *  *  *

The complex study of Fe-Cu isomorphous
replacement in the Cu3SnS4–Cu2FeSnS4 series
Evstigneeva T.1, Rusakov V.2, Kabalov Y.3, Trubkin N.1,
Burkovsky I.2, Tschegol’kov Y.4

Rietveld Structure Refinement (X-Ray Powder
Diffraction), Mossbauer Spectroscopy (MS), and X-Ray
Photoelectron Spectroscopy (XRPES) were used for study
the peculiarities of Cu-Fe isomorphous substitution in the
synthesized compounds of the series kuramite-stannite
(Cu3SnS4–Cu2FeSnS4)

The crystal structures of intermediate members are close
to stannite one but differ by the metal atom distribution
between the tetrahedral positions in S close packing. These
structures, derivative of the sphalerite one, belong to the
space group I . The structure of the end member, close in
composition to stannite, has the cubic space symmetry
(P 3m). It should be considered as the progenitor of the
stannite family compounds with disordered distribution of all
metallic atoms among the tetrahedral positions of the “small”
cubic cell. 

MS shows that the poorly resolved spectra of Fe in
Cu3-xFexSnS4 with 0<x<~0.4 correspond to Fe3+. At x~0.4
the second partial spectrum of Fe appears. According to well-
resolved quadrupole doublet with a significant quadrupole
shift it corresponds to Fe2+. The intensity of this doublet
increases rapidly with x increases. Spectra of Cu3-xFexSnS4 at
x=~0.9 and 1.0, as well of mineral stannite, correspond to the
partial spectrum of Fe2+ although there is the contribution of
partial spectrum of Fe3+

The function of distribution of quadrupole shift, ρ(ε), for
phases with 0.5<x<0.8 has two maximum. They correspond
to two non-equivalent positions of Fe in the cell. Comparing
the shifts of Mössbauer lines in partial spectra of Fe3+ and
Fe2+ with known values it is possible to conclude that Fe2+

ions occupy tetrahedral positions, and ions Fe3 + a r e
distributed among octahedral ones, free in the sphalerite-
derived structures.

Assuming the total neutral charge of Cu3S n S4 it is
suggested that there are two types of Cu atoms, Cu1+ and
Cu2+

, in this compound. According to Mössbauer spectra,
below x0 = 0.45±0.02, Fe atoms are only three-valent, and the
content of Fe3+ and Cu1+ increase with x. When x exceeds the
limiting value x0, the ions Fe2+ appear. In the field 0.45<x<1
the number of Fe2+ and Cu1+ increase as x increases. But the
number of Cu2+ remains constant.

Based on these data, the scheme of isomorphous substitu-
tion Cu by Fe may be proposed for the field 0<x<0.5:
2 C u2 +( Td)→C u1 +( Td) + F e3 +( Oh) + ( Td). [Td and Oh,

tetrahedral and octahedral cation co-ordination; :
vacancy]. When  x=0.5 the content of ions Cu2+=0, and the
end compound formed by this process is
Cu1+

2Fe3+
0.5Cu1+

0.5Sn4+S4. Starting with this composition the
ions Fe2+ occupy the tetrahedral positions. Their concentra-
tion increases as x increases. The Fe3+ concentrationreduces
to near zero at x=1. It corresponds to another scheme:
Cu1+(Td)+Fe3+(Oh)+ (Td)→2Fe2+(Td). The end phase of this
process is Cu1+

2Fe2+Sn4+S4.
Structure study and MS of sulphides Cu3-xFexSnS4 are in

good agreement with XRPES data on metal valence (Cu, Fe,
Sn) and quantity (Cu1+-Cu2+ and Fe2+-Fe3+). On the base of
the results obtained the structural peculiarities of studied
compounds are discussed. 

Financial support for this study was provided by a grant of the
Russian Foundation on Basic Researches (Grant RFFI _ 00-05-
64609).

1 IGEM RAS, Staromonetny per., 35, 109017, Moscow, Russia
(evst@igem.ru)
2 Physical Department, Moscow State University, Vorobjevy Gory,
119899, Moscow, Russia(rusakov@moss.phys.msu.su)
3 Geological Department, Moscow State University, Vorobjevy
Gory, 119899, Moscow, Russia (kabalov@geol.msu.ru)
4 TSNIGRI, Varshavskoje shosse, 129B, 113545, Moscow, Russia 
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Combination of spectroscopic methods for the
study of hydrated lamellar silicates
Eypert-Blaison C.1, Humbert B.2, Villiéras F.1, Michot L.J.1,
Pelletier M.1 and Sauzéat E.1

Magadiite is a natural crystalline hydrated sodium
silicate which can be easily synthesised. It is a layered
structure with an ideal unit cell of Na2S i1 4O2 9. x H2O

containing terminal oxygen atoms neutralised by Na+ ions.
The crystal structure of magadiite remains unknown as no
suitable crystal has ever been obtained. Upon acid treatment,
sodium ions can be ion-exchanged with protons to form the
crystalline silicic H-magadiite. The crucial role of water in
controlling structural features of these minerals has long
been recognised.

In order to obtain a clearer insight on water structure in
magadiite, we recently combined thermal analyses, water
adsorption gravimetry, XRD and IR measurements under
controlled water pressure to investigate thoroughly the
hydration and swelling behaviour of Na-magadiite and we
evidenced that water adsorption occurs in three main steps.
Such understanding of the evolution of water populations
upon increasing water contents provides a sound base for
studying the induced structural modifications of the silicate
framework. In the present work, magadiite  was studied by
combining 29Si NMR, Infrared and Raman experiments. IR
experiments were carried out for various water relative
pressures upon water desorption whereas the influence of
water content for NMR and Raman studies was investigated
by carrying out experiments under ambient atmosphere and
under various vacuum conditions. In parallel to Na-

4 

4 
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magadiite, we also studied the proton exchanged form.
When sodium ions are exchanged with protons, the

resulting H-magadiite does not swell anymore and displays a
less crystalline structure than the corresponding Na-sample.
Similar low crystallinity is also observed in fully dehydrated
Na-magadiite samples which clearly reveals that water
molecules play a crucial structural role for local ordering,
that must be taken into account. Indeed, by combining three
spectroscopic techniques under various hydration conditions,
several vibrations bands of the silicate layers can be assigned
p r e c i s e l y, leading to refined structural information. In
particular, assignments in the spectral region corresponding
to the vibrations of silicate layers reveal three hydration
states that can be correlated to previous observations on the
stretching and bending OH vibrations, which evidenced
three distinct organisations of adsorbed water molecules.

The combination of three spectroscopies under variable
water content, clearly confirms that, in the case of layered
silicates such as magadiite, hydration water must be
considered as a key structural component which influence
cannot be neglected.

1 Laboratoire Environnement et Minéralurgie, INPL-ENSG-CNRS
UMR 7569, BP40, 54501 Vandoeuvre Cedex, France 
2 Laboratoire de Chimie Physique Pour l’Environnement, UMR
CNRS-UHP, Nancy I 7564.
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EXAFS, bond-valence and molecular
dynamics: the case of KTS2 glass/melt.
Farges F. 1, Rossano S. 1 Delaye J.-M. 2

Bond valence models have been used for over a decade to
infer a more accurate picture of the short-, and medium range
environment of ions in disordered oxide systems, such as
glasses/melts or radiation-damaged minerals. However, bond
valence theory was first developed for periodic structures.
The transfererability of Pauling rules to aperiodic
frameworks was then inferred from the presence of similar
coordination environments around ions in crystals and
amorphs. This needs to be tested.

We present here the results of several molecular
dynamics (MD) calculations performed on a potassium
titano-silicate glass and melt (KTS2, or K2O-TiO2-2SiO2 or
K2TiSi2O7) to check for the paucity of Pauling’s bond
valence models in these aperiodic systems. The molecular
dynamics simulation is validated thanks to the comparison of
the a b - i n i t i o calculations of the x-ray absorption fine
structure (XAFS, including both XANES and EXAFS
regions) using FEFF8.2, with experimental data obtained at
the Ti K-edge between 4.5 and 1560 K at SSRL.  Molecular
dynamics calculations were undertaken using the code
developed by Delaye at the CEA. Three different periodic
boxes of 1800 atoms each (one melt and a relaxed «glass»)
were obtained using various Born-Mayer-Higgins pair
potential values. G(r) functions were calculated around each
ion in the box, around which the FEFF input files and bond

valence sum were calculated (using Brown-Altermatt’s
formalism). 

Both FEFF XANES and EXAFS calculations were
averaged over the 150 local configurations present in the
box. The 150 XANES spectra were calculated using the
same full multiple scattering formalism and subsequent
parameters (with cutting distances of 5 and 10 Å for MS and
potential calculations), before being studied one by one and
averaged. The same procedure was used for the 150 EXAFS
spectra, but using the high-order path formalism instead. The
results are in excellent agreement with the measured spectra,
despite the MD simulations has more difficulties to
reproduce accurately the Ti=O bond («titanyl») present in the
glass. However, an intense pre-edge was obtained, indicative
of high amounts of 5-fold coordinated Ti, as well as features
in the edge-crest that are related mostly to O first neighbors
and K third neighbors. The calculated EXAFS spectra are
also in good agreement with the experiment despite of the
tendency of the MD simulations to overestimate static
disorder. Ti-Ti pairs are also observed in the simulation and
are consistent with a random distribution of Ti atoms, which
predict that every Ti atom has 50 % chance to see another
one in such composition. Ti-K pairs are lost in the melt, also
consistent with the high-temperature experiment. Therefore,
the MD simulation, although not fully optimized, is a
relatively correct apparent description of the glass structure
and can be used to test bond valence theory.

Bond valence sums converged easily with increasing size
of the cluster as distant contributions contribute much less to
the sum. However, cutting distances of 2.5, 3.3, 3.3 and
2.5 Å were considered for Si, O, K and Ti, respectively. The
results are similar for all 3 boxes (see figure). The bond
valence sums converged to the formal valence value for each
ion considered (4, 2, 1 and 4 for Si, O, K and Ti, respective-
ly) within 0-13%. This suggests that there is an excellent
agreement between the pair-potential used and the bond
valence theory. Therefore, the use of both theories is
validated in such systems. In the details, the bond valence
sum are the most underestimated for Ti, because of the
difficulty to obtain the Ti=O distance that is known in such
composition. More detailed applications of these concepts
will be presented.
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Nuclear magnetic resonance spectroscopy as a
probe of radiation damaged materials.
Farnan I.1

For many years nuclear magnetic resonance (NMR) has
been used to elucidate the local and medium range structure
in silicate and phosphate glasses and other amorphous
materials.  One of the reasons that it has not been used more
extensively to probe metamict materials is the degree of
difficulty in working with natural materials that may contain
paramagnetic species in the form of incorporated radionu-
clides e.g. U(IV), transition or rare earth elements. In
addition, paramagnetic species may be generated by the
radioactive decay process itself. We describe some of the
precautions that allow us to obtain quantitative NMR spectra
and verify that shifts originate in chemical differences rather
than the magnetic influence of a few paramagnetic
impurities. The quantitative damage and structural
information is illustrated with the example of radiation
damage in zircon where the total number of permanently
displaced atoms per α-recoil event has been determined. This
is ~3800 atoms for low radiation doses and decreases to
~2000 atoms for 10 x 1018 α-events/g. In contrast to previous
results, this dose dependence is consistent with the concept
of direct impact amorphisation in the atomic cascade
following an α-recoil event. A continuous evolution of the
local structure of the crystalline phase, as determined 29Si
NMR chemical shift, is evidenced up to an α-dose of 3.5 x
1018 α/g and the local structure of the amorphous phase
evolves up to a higher dose. Both doses are consistent with a
percolation model of damage accumulation.  The silicon
NMR chemical shifts are consistent with an increase in the
average polymerisation of the amorphous phase from
approximately Q2 to approximately Q3 from low to high
dose.

1 Department of Earth Sciences, University of Cambridge, Downing

Street, Cambridge, CB2 3EQ, UK.
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Electronic  state  of  oxygen  in  oxide  minerals:
a  XAS  study  on  the  influence  of  cationic
environment 
Figueiredo M. O.1 and Mirão J.2

Following a great effort in assessing the electronic state
of metallic atoms in more or less complex oxides, an
increased attention is being focused lately on the situation of
oxygen atoms, mainly using electron energy-loss spectrosco-
py (EELS) and X-ray absorption spectroscopy (XAS). Since
the pioneering works of 1989 by de Groot et al. on transition

metals oxides and by Grioni et al. on CuO - showing that
pre-edge features of the K absorption edge of oxygen can be
related to O 1s 2p transitions - and more recently, after the
characterization of superconducting materials has provided
evidence for states of O2p symmetry at the Fermi energy
(Pellegrin et al., 1993), the theoretical modeling of core-loss
edges has been developped and many oxide materials were
studied, including minerals (Kurata et al., 1993; Garvie et
al., 1994). 

Nevertheless, a general and systematic approach to the
electronic state of oxygen atoms is still lacking, considering
the nature and number of metal neighbours plus the
geometry of the coordination polyhedron they form. 

The present study reports the results of an approach to
this problematics by applying X-ray absorption spectroscopy
(XAS) in fluorescence yield (FY) mode to collect spectra
from O 1s edge from well crystallized oxide minerals confi-
gurating model situations for a great variety of oxygen envi-
ronments and bonding effects. 

The experimental work was performed at the BESSY
synchrotron in Berlin using an experimental set-up with a
varied line spacing plane grating monochromator (VLS-
PGM).

As a first step, triangular and tetrahedral cationic envi-
ronments were considered within a large span of bonding
effects. Accordingly, triangular (tr) coordinations [Otr M3]
were configurated by single dioxides with rutile-type crystal
structure involving either closed shell ions in rutile (Ti4+), 3d
transition metal ions in pyrolusite (Mn4+) and heavier cations
in cassiterite(Sn4+). Tetrahedral (t) coordinations [Ot M4]
were figured out by single oxides like zincite (wurtzite-type
crystal structure) and thorianite (fluorite-type thorium
dioxide), by double oxides like spinel (closed shell coordina-
ting cations, Mg2+ and Al3+) and gahnite (mixed closed shell
and 3d transition metal cations, respectively Al3+ and Zn2+)
and by multiple oxides (various garnets). Other bonding
situations were also tackled, namely, the bonding to carbon
atoms in calcite-type carbonates (smithsonite and calcite
itself) and a linear linkage towards two copper atoms in
cuprite or two silicon ions in quartz.

A tentative explanation is advanced for the spectral
details at the pre-edge and at the ramp and also for the
features closely after O K-edge. 

Further experimental work is in progress concerning the
simultaneous collection of XAS spectra in fluorescence yield
(FY) and total electron yield (TEY) modes.

The finantial support fom EU through the program Access to
Research Infrastructures is acknowledged. Thanks are due to Drs. P.
Bressler and A. Midtank from BESSYfor their support.
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Mossbauer spectra of iron species along a red
yellow white sequence of soils from the upper
amazon basin
Fritsch E.1, Morin G.1, Herbillon A . J .2, Genin J.M. 3,
Abdelmoula M.3, Calas G.1

Mossbauer spectroscopy is of particular interest for
identifying iron oxides in soils, since the small particle size
dimension and the relatively small proportion of the iron
phases in soil samples often hinder their identification by
XRD. Several laboratory works have permitted to establish
the Mossbauer parameters of synthetic iron oxides. Works on
natural soil samples are less frequent and the identification of
precursors (e.g. ferrihydrite) of more common and better-
crystallised ferric iron species (i.e. hematite and goethite) is
scarcely reported.

The aim of this report is to present chemical data and
Mossbauer spectra of the main soil features sampled within
a representative toposequence of soils from the upper
Amazon basin. The toposequence consists of two superim-
posed clayey layers: (I) a loose topsoil layer of about 1m
depth that progressively grades from reddish yellow in
upslope positions to grey in downslope positions and (II) a
compact subsoil layer which displays a red yellow white
mottling pattern as well as iron stone nodules in downslope
positions. Dithionite soluble iron (Fed) and oxalate soluble
iron (Feo) were measured in each sample to determine the
contents of free iron oxides and poorly ordered iron species,
respectively. Iron oxides were identified and their relative
proportion to each other estimated from Mossbauer spectro-
scopy carried out at 295K, 77K and 15K.

Iron oxides consist predominantly of goethite and
hematite. Their relative abundance reflects the changes of
colour observed along the toposequence of soils. Mossbauer
parameters of these iron oxides are similar from sample to
sample and from those reported for synthetic aluminous
goethite and aluminous hematite. Their sextuplets clearly
display internal hyperfine field distribution. The width of this
distribution decreases with decreasing temperature but does
not disappear at 15K. Such distribution is common in soil
materials. 

The presence of ferrihydrite is clearly demonstrated by
both Feo/Fed ratio and Mossbauer spectroscopy. This poorly
ordered iron phase occurs at low concentration at two
different locations in the toposequence. (I) In the partly iron
depleted and organic matter rich soil horizons of the topsoil.
The sextuplet of ferrihydrite is incompletely split magneti-
cally at 15K. Blocking temperature of this superparamagne-
tic mineral is lower than those commonly reported for
synthetic ferrihydrite (50-20K). (II) In the dusky red mottles
that surround the ironstone nodules of the mottled subsoil.
Ferrihydrite shows, on the opposite, a magnetic hyperfine

split spectrum at 15K with a wide distribution of hyperfine
fields and a maximum absorption near 500 KOe.

1 UMR7590, CNRS, LMCP, Universités Paris 6 et 7 and IPGP,
Case 115, 4 Place Jussieu, 75252 Paris Cedex, France
2 Unité des Sciences du Sol, Place Croix du Sud, 2/10, B.1348
Louvain-la Neuve Belgium
3 UMR 7564, CNRS, LCPE, Université H. Poincaré, Nancy 1, 405
rue de Vandoeuvre, 54600 Villers-Lès-Nancy, France
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Investigation of some axinites by Mossbauer
spectroscopy  and X-ray diffraction
Fuchs, Y.* , S. Constantinescu, S.**, and Alexe, G.*** 

Comparative investigations of two axinite specimens
from Norway and Turkey using the X-ray diffraction and
Mössbauer spectrometry are presented. The X ray powder
diffraction measurements were performed on a DRON3.0
(Cu-Kα) diffractometer, with a pyrolitic graphite monochro-
mator in the diffracted beam. For the Rietveld refinement a
Fullprof program was used. The X-ray spectra evidences
some differences between two specimens corresponding to
different conditions of formation. A first evaluation of the
spectra shows the following unit-cell parameters for the two
axinites. Iron occupancy seems high (about 0.97 and 0.93 for
respectively the Norway and Turkey axinite).

Axinite of Norway Axinite of Turkey

a=7,147(3) A α=91,859 a=7,164(3) A α=91,870
b=9,186(3) A β=98,192 b=9,196(3) A β=98,220
c=8.953(3) A γ=77,359 c=8.962(3) A γ=77,317

The Mössbauer spectrum of the Norway axinite is
showing an intensive and large quadrupolar splitting and a
small one, corresponding respectively to Fe2 + in the
octahedral site and to Fe3+ in tetrahedron [2]. The Turkey
sample is evidencing the same vicinities.

Fig1: Maden Adassi (Turkey) Axinite Mössbauer
spectrum at 300 K
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Fig2: Maden Adassi (Turkey) Axinite Mössbauer
spectrum at 77 K

The refined fit of X-ray diffraction and of the Mössbauer
spectra is done by Rietveld and Mössbauer fitting
procedures. The results are correlated with the computing
results obtain with QSCOMP program [1] in order to
evaluate the location of the iron ions in the crystal structure
of axinite.

[1] Constantinescu S., Calogero S. (1997), QCPE-172, Bull. 17,
no.1,.

[2] Fuchs Y., Linarès J; & Robert J.L. (1997) Hyperfine interac -
tions,108,527-533.

* Dr.Y. Fuchs : LMCP, UMR7590,U.P.M.C, Place Jussieu 4, Paris,
FRANCE, fuchs@lmcp.jussieu.fr
** Dr.Constantinescu_S.: IFA/INCDFM,lab.180, str.Atomistilor 1,
Bucuresti,ROMANIA; sconst@alpha1.infim.ro 
*** Drd. Gabi Alexe : IFA/INCDFM,lab.180, str.Atomistilor 1,
Bucuresti,ROMANIA, alexe@alpha2.infim.ro
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FTIR study of short range order/disorder
phenomena induced by experimental oxidation
of foitite and schorl
Fuchs, Y.*, Lagache, M.** and Linarès, J.***.

Electron microprobe and Mössbauer effect spectroscopy
allow to precise the structural formula of a natural foitite
(a=15,967Å c=7,126Å) of Lincoln Hill (Nevada, USA).
Only Fe2+ is present in the sample (LH12)

0 . 8 1N a0 . 1 9( M g0 . 0 5F e2 +
1 . 4 8A l1 . 2 3) A l6( A l0 . 0 4S i5 . 9 6) O1 8( B O3)3

(OH)3(OH0,99,F0.01)

Mössbauer effect spectroscopy at T=300K shows

δ ∆ Γ %

First doublet 1.100(7) 2.405(2) 0.412(2) 86.5
Second doublet 1.100(5) 1.41(1) 0.290(2) 13.5

The sample was annealed during 21 days in a sealed gold
capsule at 500°C and 50Mpa with fO2 controlled at ~18.6

with an HM solid buffer.
The Mössbauer spectrum of the annealed foitite is different.
Two other doublets appear.

δ ∆ Γ %

First doublet 1.079 2.383 0.360 81.8
Second doublet 1.068 1.425 0.360 15.4
Third doublet 0.923 1.05 0.360 2.0
Fourth doublet 0.347 0.554 0.360 1.8

The important differences that are observed (fig1)
between the FTIR spectra performed before and after
annealing cannot be reported only to the limited oxidation of
Fe2+ and the related deprotonation. The well identified
absorption peaks at 3545cm - 1 [ 2 ( A l ) 1 F e2 +↔O H( 3 )] and
3469cm-1 [3Al↔OH(3)] are replaced by a broad band with
two contributions at 3495 and 3477 cm-1.reflecting the
disorder in the environment of the OH(3) group. In the 1200-
1400 cm-1 (B↔O triangle stretching vibrations) the spectrum
shows 2 major peaks reflecting the repartition of the cations
in the neighbouring Y and Z sites. The spectrum of the
annealed sample shows only a broad peak at higher
wawenumber reflecting the shortening of the B↔O bonds 
A schorl tourmaline (TC: Troy Ca) the spectrum shows 2
major peaks5.96 Al6.22 Ti0.04 Fe2+

0.82 FeIVCT
0.39 Fe3+

0.56 Mg1.09

Ca0.03 Na0.18 K0.01 F0.38was annealed in the same conditions as
LH12 (500°C, 50MPa, fO2~-18.6) 

Mössbauer studies performed after the annealing show an
important increase of the Fe3+ content.

FTIR spectra of TC before and after annealing show a
deprotonation limited to the OH(3) peripheral groups. The
internal OH(1) stretching bands are shifted toward lower
frequencies (increase of R3+ cations in Y). One can observe a
better short range ordering of cations neighbouring the
peripheral OH(3) groups. These controversial results are
discussed in order to precise the distribution of the cations in
the Y and Z sites.

* Laboratoire de Minéralogie Cristallographie de Paris, UMR 7590
du CNRS, case 115, Université Pierre et Marie Curie, 4 Place
Jussieu, 75252 Paris Cedex 05, France.
** Laboratoire de Géologie, ENS, 24 rue Lhomond, 75005 Paris,
France.
*** Laboratoire de Magnétisme et d’Optique de Versailles, UMR
8634 du CNRS, Université de Versailles St Quentin, Avenue des
Etats Unis, 78000 Versailles.
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L a s e r-induced time-resolved luminescence
spectroscopy of minerals
Gaft M.1

The steady-state luminescence spectroscopy of minerals
( Tarschan, 1978; Marfunin, 1995) in many cases is
inadequate because its discriminatory power is somewhat
limited. Therefore, most of the previously provided emission
spectra of minerals are overlapping features of several types
of luminescence centers.

There is, however, in fluorescence another physical
parameter which may be very useful. This is the fluorescen-
ce lifetime, which is a measure of the transition probability
from the emitting level. Fluorescence in minerals is observed
over an unparalleled time range of nanoseconds to millise-
conds. It is therefore a characteristic and unique property and
no two luminescence emissions will have exactly the same
decay time . The best way for a combination of the spectral
and temporal nature of the emission can be laser-induced
time-resolved spectroscopy.

The purpose of this work is to demonstrate the possibili-
ties of laser-induced time-resolved luminescence spectrosco-
py of minerals which allows differentiation between
luminescence centers with emission in the same spectral
range but with different decay times. The method involves
recording the intensity in a specific time gate at a given delay
after the excitation pulse where both the delay and the gate
width have to be carefully chosen. Such manipulation allows
to record separately the emission corresponding to different
decay times and thus to avoid the overlapping of the
emission produced from different centers without any pick
deconvolution. 

The main new results are the detection and identification
of luminescence centers (Gaft et al. 2000, Gaft et al. 2001a,
Gaft et al. 2001b):
- Tm3+, Pr3+, Er3+, Ho3+ in apatite, scheelite, zircon, calcite,
fluorite, anhydrite;
- Eu3+ luminescence in apatite, zircon, fluorite, calcite, boro-
silicates; pyromorphite;
- violet Nd3+ luminescence in fluorite and scheelite;
- “unusual” Mn2+ (?) luminescence in apatite;
- Mn5+ luminescence in apatite and Cr3+ and Cr5+ in zircon;
- Bi3+, Bi2+, Ag+ and Cu+ in barite;
- Pb2+ in hydrozincite and hardystonite;
- Reabsorption lines of molecular O2 and H2O in apatite.

Such method substantially enlarges the number of
minerals which may be treated by remote sensing and
sorting. The main new applications are connected with
remote sensing of Pb-Zn deposits and the possibility of
evaluation of phosphate with high dolomite content.

Gaft, M. et al. (2000) Unexpected luminescence of Cr-doped zircon
crystals ZrSiO4. J. of Luminescence , V. 87-89, p. 1118-1121.

Gaft, M. et al (2001a). The nature of orange luminescence of
mineral barite. Optical Materials, v. 16, N 1-2, p.p. 279-290

Gaft et al. (2001b) Laser-induced time-resolved luminescence as a
tool for rare-earth elements identification in minerals (Review).
Physics and Chemistry of Minerals, 2001 (in Press)

Marfunin, A.S. (1995) Advanced Mineralogy 2, Methods and
Instrumentation, A.S. Marfunin Editor, Springer- Ve r l a g .
Chapter 3.4. Luminescence of minerals, 124-166

Taraschan A. (1978) Luminescence of minerals, Naukova Dumka,
Kiev (in Russian)

1Department of Natural Sciences, TheOpen University of Israel, 16
Klausner St., 61392 Tel-Aviv, Israel (michael@oumail.openu.ac.il)
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Laser-induced time-resolved luminescence of
lead Pb2+ in Franklin, NJ minerals
Gaft M.1, Seigel H.2, Panczer G.3, Reisfeld R.4

Luminescence of Pb2+ in the UV part of the luminescen-
ce spectrum of pink calcite and amazonite has been
described by Taraschan, 1978. Since then the Pb2+ role in
mineral luminescence has not been practically considered.
The difficulties in Pb2+ center identification are connected
with similarity of its luminescence spectrum with those of
Ce3+ and Eu 2+, which are also characterized by narrow UV
bands.

The purpose of this work is to examine the Pb2+ lumines-
cence by laser-induced time-resolved spectroscopy which
allows differentiation between luminescence centers with
emission spectra in the same spectral range but with different
decays. 

Luminescence spectrum of hardystonite Ca2Z n S i2O7

under 266 nm laser excitation reveals extremely strong
narrow UV band at 355 nm with very short decay time of
25 ns. Usually such bands in minerals are connected with
Ce3+ luminescence. Nevertheless, excitation spectrum of the
UV band at 355 nm is different from those for Ce3+,
containing one excitation band with large Stocks shift of
100 nm. 

Under 266 nm excitation of hydrozincite
Zn5(CO3)2(OH)6 the broad blue band at 450 nm is detected.
Its spectral position and decay time of approximately 700 ns
are typical for Eu2+ luminescence. Once again, excitation
spectrum of this band consists of one narrow band at 240 nm,
which does not characteristic for Eu2+. Besides that, Eu
concentrations in hydrozincite samples under investigation
are very low (less than 0.5 ppm) and does not correlate with
blue luminescence intensity.

Under laser 266 nm excitation of calcite CaCO3 very
intensive UVband at 312 nm with short decay time of 120 ns
is detected. It may not be connected with Ce3+ emission,
because its spectrum situated at substantially longer
wavelength near 400 nm. Excitation spectrum of the band at
312 nm consists of one band at 240 nm.

We suppose the reason of luminescence under discussion
is impurity of lead in the form Pb2+. The luminescence of
Pb2+ is quite diverse and depends strongly on the host lattice.
It belongs to s2 ions, where the filled s shell of a free ion
gives rise to a 1S0 ground state. The excited sp state gives a
triplet 3P0,1,2 for spins parallel and a singlet 1P1 for spins anti-
parallel. In view of the selection rules, only the transitions
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between the singlets are allowed. For the heavy 6s2 Pb2+ the
transitions between the ground state and the 3P1 s t a t e
becomes additionally allowed by spin-orbit mixing of the 3P1

and 1P1 states. Both 3P1 and 3P0 are emitting levels and they
are very close so that at higher temperatures the luminescen-
ce from 3P1 level may appear with short decay. The lumines-
cence is usually associated with a large Stokes’shift and the
spectra are considerably broad. The energy diff e r e n c e s
involved are strongly influenced by the host lattice, since it
concerns a transition between the outer electron shells, and
ligand wavefunctions will admix into the sp excited state. 

Luminescence intensity is strongly correlated with Pb
contents, which supports our interpretation.

Taraschan A. (1978) Luminescence of minerals, Naukova Dumka,
Kiev (in Russian)

1 Department of Natural Science, The Open University of  Israel,
Tel-Aviv, Israel (michael@oumail.openu.ac.il)
2 University of Toronto, Department of Physics, 60 St. George St,
Toronto, Ontario M5S 1A7
3 Physical Chemistry of Luminescence Materials Laboratory, Lyon
1 University and CNRS, France
4 Department of Inorganic and Analytical Chemistry, Hebrew
University, 91940, Jerusalem Israel
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Iron spectroscopies in obsidians
Galoisy L.1, Calas G.1, Menguy N.1, Letard I. 1, Morin G.1

The surrounding of iron in x-ray amorphous, alkaline and
per-alkaline obsidians from various geological settings has
been investigated using various spectroscopic techniques:
optical absorption spectroscopy, electron paramagnetic
resonance (EPR) and x-ray absorption spectroscopy
(XANES), together with Transmission Electron Microscopy
(TEM). The Fe content ranges between 0.4 and 2 wt.%.
Minor Fe-bearing phenocrysts  (1-10µm) exist, such as
pyroxenes or Fe–oxides, but their concentration remains low
enough to be undetected using x-ray diffraction.  All spec-
troscopic techniques reveal that iron occurs under ferrous
and ferric oxidation states. 

Optical absorption spectra of obsidians have been
recorded (Galoisy et al., submitted). These spectra indicate
transitions related to the presence of ferric ions in tetrahedral
sites, as observed in synthetic alkali silicate glasses (Lefrere
et al., this meeting).  By contrast, ferrous ions give rise to a
peculiar absorption spectrum, with the presence of only one
symmetric absorption band (Galoisy et al., submitted),
indicating a strong modification of their structural
surrounding as compared to synthetic glasses (Lefrere et al.,
this meeting).

EPR spectra confirm the presence of sites not included
within the obsidian glassy network, giving rise to a strong
s u p e r-paramagnetic behavior related to the presence of
concentrated ferric domains, the distribution of which is
related to the obsidian texture. 

X-ray absorption spectroscopy gives an indication on the

average surrounding and oxidation state of iron in both glass
sites and concentrated Fe-domains.  High resolution pre-
edge spectra were analyzed using a formalism already used
for natural and synthetic glasses (Galoisy et al., 2001).  They
indicate that iron occurs under a majority ferric oxidation
state in all investigated obsidians, with a tetrahedral coordi-
nation.  

Together with the indications from optical absorption
spectroscopy, these data indicate a strong contribution from
the [4]Fe3+ sites located in the vitreous matrix.  Information
on ferrous iron are less straightforward but our data indicate
a contribution from both  Fe2+ in the sites of the glassy matrix
and in Fe - concentrated domains.  The variations observed
as a function of the geological setting indicate that the use of
these complementary spectroscopic methods is needed to
understand the structural surrounding of the various
oxidation states of iron in these obsidians. The heterogeneity
of these vitreous rocks is confirmed by  TEM ans SEM
analysis, at the nano- and microscale, respectively.

Lefrere Y., Berthereau A., Calas G., Galoisy L. (2001) Optical
absorption spectroscopy of Fe2+ and Fe3+ ions in silicate
glasses: structural implications (this meeting)

Galoisy L., Arrio M. A., Calas  G. (2001) High-resolution XANES
spectra of iron in minerals and glasses: structural information
from the predge region Chem. Geol 174 p 307-319

1 Laboratoire de Minéralogie Cristallographie Paris - case 115 - 4,
place Jussieu - 75252 Paris cedex 05 - France
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N i t rogen Systems in X-ray Excited
Luminescence Spectra of Natural Diamonds
Glukhov V1, Lutoev V.P.1*, Isaenko S.I.1, Shanov M.F.2

A broad intensive A-band of X-ray excited luminescence
(XRL) is thought to be caused by the recombination
mechanism of emission. It is generally considered as a cha-
racteristic example of the XRL diamond spectrum (Fig.1, e).
However, various nitrogen defects are often observed in
XRL spectra generated at room temperature. Optical activity
of these defects accounts for the complex structure of the
XRL diamond spectra, which in most cases is caused by a
different mechanism of excitation, of the emission-reabsorp-
tion nature. So, our study has revealed some different types
of signals from nitrogen defects in XRL spectra (more than
80 crystals). 

Lines and bands of absorption a r e most frequently
observed (80%) as zero-phonon lines (415, 440, 478,
503 nm) against the background of the gaussian-like contour
of the A-band (Fig.1, d). The lines are accompanied  by a
group of shorter-wave bands, that together look like ordinary
spectra of absorption of the well-known nitrogen systems
(N3, H3, etc.).These observations may be explained by reab-
sorption of intensive XRL (A-band in XRL spectra) in the
bulk of transparent diamonds. The reabsorption is produced
by nitrogen defects giving rise to bands of absorption,
recovering the same spectral range. Previously, reabsorption
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of N3-defects in luminescence spectra was proved by
I.N.Ramachadran (1946, X-ray excitation) and M.Gaft
(1994, laser excitation); lines and bands in this spectral
interval were observed by other investigators as well. We
have observed a strong positive correlation between
intensities of the 415 nm reabsorption line of the N3-system
in XRL spectra and intensities of the N3-centres in ESR
spectra. On the contrary,  negative correlation was observed
between concentrations of N3-centres  (ESR data) and the
415 nm emission line intensities in photoluminescence
spectra. 

Fig. 1 : Absorption and emission systems of nitrogen
defects on the of A-band of X-ray excited luminescence

spectra (room temperature).

Weak emission phonon bands in XRL diamond spectra
(Fig.1, c) were rarely observed (<10%). Reabsorption lines
(perhaps zero-phonon emission lines as well) were occasio-
nally included in these spectra too. The yellow-green XRLin
this case is determined by defects of the H3, H4, S1, S2
types. 

At last, on single occasions we dealt with intensive
emission zero-phonon lines (415, 440, 478, 503 nm)
accompanied by corresponding phonon spectra (Fig.1, a,b).
Neither intensive lines nor bands were observed in standard
absorption and photoluminescence spectra of the same
diamond crystals.

Thus, these data suggest that typical XRL spectra of
natural diamonds consist of superposition of diff e r e n t

spectral systems that differ by the nature of nitrogen defects
and by ways of excitation. As a result of redistribution of the
absorbed energy, both the recombination and emission-reab-
sorption mechanisms of luminescence are realised.

Gaft M. (1994) Diamonds photoluminescence at room temperature,
Abstacts of 16th General Meeting of IMA, 131-132.

Ramachandran I.N. (1946) The luminescence of diamond excited
by X-radiation, Proc. Ind. Acad. Scien., Vol.24A., N.1.

1 Institute of Geology, 54 Pervomaiskaya Str., Syktyvkar 167982,
Russia
2 Komi state pedagogical Institute, 25 Kommunisticheskaya Str.,
Syktyvkar 167982, Russia
* E-mail: lutoev@geo.komisc.ru
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S p e c t roscopic study of yukonite (Ca-Fe
arsenate mineral)
Golebiowska B.1, Pieczka A.1, Zabinski W.1

Yukonite is a very rare hydrated calcium ferric arsenate
mineral, first described from Tagish Lake, Yukon, Canada
(Tyrrell & Graham, 1913). Many years later yukonite was
found in the Sterling Hill mine, Ogdensburg, New Jersey,
USA (Dunn, 1982), in Saalfeld, Thüringen, Germany (Ross
& Post, 1997) and lately, in the Redziny dolostone quarry
near Jelenia G Yukon, Canada (Tyrrell & Graham, 19et al. ,
1998). The structural parameters of the mineral (space group,
unit-cell parameters) have not-been determined and also its
crystallochemical formula has remained unknown. T h e
original description from 1913 gave the formula as
(Ca3Fe2)2(AsO4)2(OH)6⋅5H2O. Jambor (1966) re-examined
yukonite and proposed another one -
Ca6Fe16(AsO4)10(OH)30⋅23H2O and others were given by
Nickel & Nichols (1991), Fleischer & Mandarino (1995) and
Ross & Post (1997). 

In Redziny yukonite occurs most often as intensively
fractured, gel-like aggregates, dark brownish in handspeci-
mens; in smaller fragments it is purple reddish and slightly
translucent. The chemical composition is
C a6 . 4 8M g0 . 2 9M n0 . 1 7Z n0 . 1 9F e3 +

1 0 . 7 0[ ( A s9 . 7 5P0 . 0 9S0 . 0 4S i0 . 1 0)
O40|OH16.37]⋅15.72H2O.

Its identification was confirmed by the X-ray method.
Characteristic but rather broad reflections are typical of a
mineral with poorly ordered structure. It is difficult to
separate the pure yukonite phase from its subtle intergrowths
with other minerals (arseniosiderite, scorodite, goethite,
quartz). Nevertheless, the authors tried to obtain some new
structural data on this mineral on the basis of spectroscopic
investigations.

Mössbauer spectrum shows two doublets of Fe3 +,
composed of symmetric, rather broad lines (Γ = 0.37 and
0.43 mm/s), IS (rel. to α-Fe ) are 0,35 and 0.36 mm/s, QS are
0.59 and 1.14 mm/s. These parameters are typical of
octahedral Fe3+, coordinating oxygen atoms and also OH
groups. Fe2+ has not been recorded. 
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On the EPR spectrum a weak sextet typical of Mn2+

appears indicating that at least a part of manganese ions are
bivalent.

Infrared absorption spectra of the yukonite reveal several
bands typical of hydrated arsenate minerals. Poorly resolved
and rather broad v3 (815 cm-1) and v4 (466 cm-1) bands as
well as the lack of v1 band can be ascribed to arsenate groups
with only slightly disturbed tetrahedral symmetry. However,
due to poorly ordered structure such deformations and,
consequently, interatomic distances change in certain limits
and broaden the absorption bands. The 1004 cm-1 band has
been tentatively attributed to δ OH, and the 501 cm-1 one to
Me-O vibrations. The broad, asymmetric band with the
maximum 3409 cm-1 is due to H2O stretching and overlaps
OH-stretching vibrations. After numerical elimination of
H2O bands, the asymmetric band ca. 3500 cm-1 appeared. It
can be ascribed to the OH groups only slightly involved in H-
bonds. The problem requires further investigations.

Acknowledgements: This work was supported by the Polish
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and the University of Mining and Metallurg y, grant no.
11.11.140.408.
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Fe2+-Fe3+ IVCT in ferric spinel-hercynite solid
solution crystals
Hålenius U.1, Skogby H.1, Andreozzi G.2

Synthetic crystals along the spinel-hercynite join have
been studied by means of single crystal X-ray diffraction,
optical absorption, Mössbauer and electron microprobe
techniques. Crystals were synthesised in a gas-flow furnace
at slow cooling from a homogenised melt of nutrient oxides
and sodiumtetraborate flux. Gas mixtures used corresponded
to oxygen fugacities below the WM-univariant, with some
experiments in the Fe-metal stability field. 

Microprobe analyses and Mössbauer spectra show that
the obtained  crystals, in spite of oxygen-poor conditions of
formation, invariably contain appreciable amounts of ferric
iron.

Optical absorption spectra of the present crystals reveal,
as previously observed (e.g., Gaffney, 1973), a strong band,

due to a spin-allowed d-d transition in tetrahedrally
coordinated ferrous iron, in the NIR spectral region. In
addition, a very broad absorption feature was observed in the
high-energy part of the NIR region. This feature shows two
absorption maxima peaking at ~10,000 and ~14,000 cm-1

(Fig.1), which indicates that it is composed of at least two
partly overlapping broad bands. Absorption bands at
comparable energies in spinel mineral spectra have
previously been assigned to spin-allowed d-d transitions in
ferrous iron at octahedral sites (e.g., Dickson & Smith,
1976). The integrated intensity of the absorption feature
shows in our spectra, however, a non-linear dependence on
the ferrous sample content, which indicates a more complex
origin.

Spectra obtained on crystals very close to hercynite
composition, but with highly different ferric contents,
demonstrate clearly that the intensities of the two broad
bands in the NIR-region are strongly influenced by the ferric
content of the sample (Fig. 2). Deconvolution of the obtained
spectra show that these bands posses characters typical for
IVCT-bands (Mattson & Rossman, 1987). Significantly, their
band intensities are strongly correlated with the [Fe2+][Fe3+]
concentration product of the samples. On the basis of their
band properties, these two bands are assigned to electronic
transfer processes involving Fe2+ and Fe3+ at both octahedral
and tetrahedral sites in the spinel structure.

Figure1. Evolution of spinel spectra with increasing
hercynite content.

Figure 2. Absorption spectra of two hercynite crystals with
strongly contrasting ferric contents.
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IR and Raman spectroscopy of the phase
transitions in leonite-type compounds
Hertweck B.1, Libowitzky E.1

Leonite-type minerals and compounds, K2M e ( S O4)2·
4H2O (Me = Mg, Mn, Fe), space group C2/m, contain
disordered sulphate groups at room temperature (Srikanta et
al., 1968). These dynamically disordered units freeze at low
temperatures to an ordered structure with space group I2/a
(Hertweck et al., 2001a). Upon further cooling, the ordered
arrangement in Mg- and Mn-leonite switches to another
modification (space group P21/a) with different sulphate
ordering scheme. In mereiterite, the Fe-endmember, only one
transition from the dynamically disordered C2/m structure to
the ordered P21/a structure is observed.

During the phase transitions the distortion of the structure
leads to a change of the space group symmetry and to a
distortion of the optical indicatrix. Analysis of single-crystal
X-ray reflection intensities and of excess birefringence as a
function of temperature (Hertweck et al., 2001b) reveals that
according to Landau theory the C2/m ⇔ I2/a (leonite, Mn-
leonite) and C2/m ⇔ P21/a (mereiterite) order-disorder
transitions are almost tricritical. The displacive I2/a ⇔ P21/a
phase transition of leonite and Mn-leonite is first order.

The combined approach using single-crystal X-ray
diffraction, crystal optics, and calorimetric data (Hertwecket
al., 2001b) is supported by infrared (IR) and Raman spectro-
scopy. Whereas diffraction methods give a time- and space-
averaged image of a structure, spectroscopic methods
provide detailed insight into single sites with excellent time
resolution. In particular, in case of dynamic disorder, spec-
troscopy provides information, even if discrimination
between displacive and order disorder transitions is not
obvious by X-ray diffraction.

Because the orientation of the sulphate tetrahedra
undergoes the most conspicuous change within the structure,
unpolarised transmission IR spectra were recorded for the
S–O bending modes from 640 to 870 cm-1 and for the S–O
stretching modes from 1000 to 1220 cm-1. In addition,
Raman spectra were recorded in the region of the S–O
bending (580 to 660 cm-1) and stretching (1060 to 1160 cm-1)
modes. The vibrational modes were pursued between 80 K

(leonite and Mn-leonite) and 150 K (mereiterite), respective-
ly, and room temperature, using a heating/cooling stage. 

The I2/a ⇒ P21/a first order phase transition of the Mg-
and Mn-endmember is characterised by the sudden
appearance of additional S–O stretching and bending modes
in IR and Raman spectra. Non-linear shifts of the peak
positions of O–H and S–O vibrational modes as a function of
temperature occur in IR spectra. In addition, Raman spectra
show a discontinuity of the peak shift of the symmetric
sulphate stretching mode. 

The C2/m ⇒ I2/a (P21/a) order-disorder phase transition
of the leonite-type compounds occurs as non-linear shift of
the peak positions of the O–H and S–O vibrational modes as
a function of temperature in IR and Raman spectra. In
particular, with decreasing temperature a non-linear decrease
of the peak shift and of the full width at half max of the
sulphate modes in Raman spectra confirms an ordering
process according to the Landau order parameter.

Hertweck, B., Giester, G. & Libowitzky, E. (2001a): The crystal
structures of the low-temperature phases of leonite-type
compounds, K2Me(SO4)2 · 4H2O (Me = Mg, Mn, Fe). Am.
Mineral. 86, in press.

Hertweck, B., Armbruster, T. & Libowitzky, E. (2001b): Multiple
phase transitions of leonite-type compounds: optical, calorime-
tric, and X-ray data. Mineral. Petrol. 72, in press.

Srikanta, S., Sequeira, A. & Chidambaram, R. (1968): Neutron
d i ffraction study of the space group and structure of
manganese-leonite, K2Mn(SO4)2 · 4H2O. Acta Crystallogr. B24,
1176–1182.
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FTIR and Môssbauer spectrometric study of
synthetic ferri-clinoferroholmquistite in the
L i2O - M g O - F e O - F e2O3- S i O2- H2O system: a
very ordered amphibole
Iezzi G.1, Robert J.L.1, Papin A .1, Pedrazzi G.2, Della
Ventura G.3

Ferri-clinoferroholmquistite, nominally, Li2F e2 +
3F e3 +

2

Si8O22(OH)2, is one of the end-members of the holmquistite
family, defined by Li > 1 apfu in the MgMnFe group (Leake
et al., 1998). The cationic distribution over M1,2,3 and M4
sites is poorly known, since all three cations Li+, Fe2+ and
Fe3+ can occupy several sites, e.g. Li at M4, but also at M1
and M3, Fe2 +- F e3 + distribution over M1, M3 and M2
(possibly Fe2+ at M4 ?). Fe3+ is also expected to scarcely
replace Si at tetrahedral sites. To solve the problem of cation
distribution in this multisite mineral, synthesis of ferri-clino-
ferroholmquistite has been performed under  hydrothermal
conditions, in an Internally Heated Pressure Vessel (IHPV)
equiped with a Shaw membrane, for run durations of twelve
days, at 500°C, 4 kbar, under NNO buffering conditions.

Run products were investigated by optical microscopy,
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SEM-EDAX and powder XRD, and were found to consist  of
monophase amphibole up to 100 microns in length, but only
5 microns in width, as a maximum. 

FTIR spectrometry in the OH-stretching region shows a
single band at 3614cm-1. This band is very sharp with a
FWHM (Full Width at Half Maximum) of 6-7 cm-1. This
band can be assigned to the local 3Fe2+ - OH → [A]

environment. These wavelength and sharpness indicate the
absence of both Li+ and Fe3+ at M1 and M3 sites, adjacent to
the OH-group. They also confirm the existence of a vacant
A-site and the expected tetrahedral composition with eight Si
per formula unit, i.e. no Si → Fe3+ replacement at T sites.

Mössbauer spectra recorded under room conditions show
three doublets among which two can be assigned to Fe2+ at
M1 and M3 sites , and one to Fe3+ at M2 sites (Law and
W h i t t a k e r, 1981). The Fe2 +/ F e3 + ratio deduced from
Mössbauer data, is 3/2, in agreement with the expected
stuctural formula.

From this work, we conclude that :
1) There is a complete ordering of Fe2+ at M1 and M3 sites
2) Fe3+ is ordered at M2 site and Li+ only at M4
3) The A-site remains vacant
4) The theoretical tetrahedral stoechiometry (Si8 p e r

formula unit) is obeyed.

Law A.D. and Whittaker E.J. (1981) – Studies of the orthoamphi-
boles. I . The Mössbauer  and infrared spectra of holmquistite.
Bull. Minéral., 104, 381-386.

Leake  et al. (1997) - Nomenclature of amphiboles. Eur. J. Mineral.,
9, 623 – 651.
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C o r relation between Metal Films on the
Surface of Timanian Diamonds and Structural
H4-defects with Indications of Radiation
Genesis
Isaenko S.I.1, Glukhov Y.V.1, Lutoev V.P.1

We have made a comparative study of spectroscopic cha-
racteristics of a selection of diamond samples (43 crystals)
by means of ESR, optical absorption, X-ray- and photo-
excited luminescence. Recently, A.B.Makeyev and
V.N.Filippov (1999) reported metal films on the surface of
the same diamonds. The films (observed on 19 crystals) were
represented by various micromineral phases such as Pb, Bi,
Sn, Ta, Ti, Fe, Au, Au-Ag, CuSn, CuZn, Fe7Cr, Ag(Ag2S),
Pd3Au2.

Our spectroscopic study revealed a different statistic
character of specialisation of photoluminescence (PL)
spectra depending on the presence or absence of the films on

diamonds. PL spectra of clean diamonds showed only two
combinations of nitrogen defects - N3 and N3+H3. Spectra
of crystals with films were more variable: occasionally no
PLwas observed, they had the same combinatorial types (N3
and N3+H3) and specific combinations - N3+H3+H4 and
H3+H4. According to Ye.V.Sobolev, H3- and H4-defects are
correspondingly derived from A- and B1-centers capturing
vacancies. The H3- and H4-defects have a structure similar
to the VN2V type, differing by vacancy arrangement. In
nature, the defects appear as a result of irradiation and
thermal activation or plastic deformation of diamonds. We
tend to think that in our case H4-defects were produced by
natural irradiation. This conclusion is supported by cathodo-
luminescence data reported by B.A.Makeyev et al. (2000).
These authors observed green halos of radiation damage on
the surface of diamonds from the same selection. The
Devonian Ichetju placer, collector of the studied diamonds,
contains an abundance of monazite. This mineral or products
of its chemical weathering may be the cause of the diamond
irradiation. The Ichetju placer contains a variety of other
accessory minerals such as gold, ilmenite, ilmenorutile,
columbite, zircon and others. Many of them, like monazite,
may be the source of the material included into the metal
films formed at chemical weathering. Moreover, there are
often mineral aggregates of kaolin and alumo-sulphate-
phosphates on the diamond surface, which is indicative of
supergenic conditions.

Thus, combined occurrence of the metal films and
nitrogen H4-defect on the surface of Timanian diamonds
presumably is of non-magmatic nature and may be caused by
intensive supergenic alteration of diamond-bearing
substrates.

Compositions of photoluminescence centres in diamonds in
dependence on presence of the films on theirs surface

A . B . M a k e e v, V.N.Philippov (1999) Metal membranes on the
natural diamonds (Ichet’yu, Middle Timans), Doklady Earth
Sciences, Vol. 369, N.8, pp. 1161–1166.

V.P.Lutoev, Yu.V Glukhov, S.I.Isaenko (2000) Epigene Nitrogen
Defects and Metallic Films on the Surface of Diamonds from
the Middle Timan Region, Doklady Earth Sciences, Vol. 375,
N.8, pp. 1251–1254.
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A.B.Makeyev, S.I.Isaenko, S.K.Obyden, G.V.Saparin (2000) Color
Cathodoluminescence of Gurved-Face Diamonds, The Journal
of Scanning Microscopies, Vol.22, N.2, pp.105-106.
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Mössbauer spectrometer with YAlO3:Ce scin-
tillation crystal
Jancik D.1, Mashlan M.1, Kholmetskii A.L.2

The Mössbauer spectroscopy became the valid experi-
mental method of physics, chemistry, as well as mineralogy
since the discovery of Mössbauer effect, more than forty
years ago. In hand of the mineralogy the Mössbauer spectro-
scopy has proven to be a powerful tool in characterizing the
magnetic properties, phase compositions, phase transforma-
tions, oxidation and passivity of minerals. The developed
mini Mössbauer spectrometer is user-friendly and can be
modified to a single-purpose analytic instrument, for
example to Mössbauer effect analyzer for fast determination
of Fe2+/Fe3+ ratio in ilmenites [1].

The Mössbauer spectrometer is equipped with a mini
transducer [2] and a scintillation detector with YAlO3:Ce
crystal [3]. The data acquisition is realized via the PIGGY
32/154/320 microcontroller unit. Mössbauer spectra of 2048
channels can be accumulated in the constant acceleration or
constant velocity modes. The special fast pulse-height discri-
minator was built using two fast comparators MAC 160 for
the correct use YAlO3:Ce detector (decay time is 28 ns).
Pulse height spectra can be collected in the energy window-
scanning mode. The shape and the amplitude of the velocity
signal, the energy window of the single channel analyzer,
and the high voltage at the scintillation detector are
controlled by the microcontroller unit. The velocity range is
±50 mm/s and the non-linearity of the velocity scale is better
than 0.1 %, the maximum input count rate is 10 MHz and the
channel capacity is 232-1 counts.

The software support of the presented instrument can be
divided into two parts. The first part is the software for the
onboard microcontroller unit burned in EPROM memory of
PIGGY 32 microcontroller unit. This one controls all the
outer hardware units, implements all measurements, and
provides communication with the outer world through an
RS232 serial interface. The second part is the software that
communicates with the spectrometer module and provides
the intelligent graphical user interface for the control of the
spectrometer and for the presentation of acquired data. This
part is a main software package for the spectrometer, for
IBM PC compatible computers running under Windows 95
or Windows NT operating systems.  This package is written
by the LabVIEW graphical programming environment and
has a form of a virtual instrument [4].

The transducer, detector and sample holder are placed in
a metallic tube. This original construction decreases the
influence of mechanical vibrations on the spectrum quality
and enhances a radiation preservation of users. T h e

mechanical design of spectrometer allows to use cryostat or
high temperature furnace for the measurement at different
temperature.

D.Jancik, M. Mashlan: The single-purpose Mössbauer eff e c t
analyzer for fast determination of Fe2+/Fe3+ ratio in ilmenite,
Czechoslovak Journal of Physics (2001), in print

V.A. Evdokimov, M. Mashlan, D. Zak, A.A. Fyodorov, A.L.
Kholmetskii, O.V. Misevich: Mini and micro transducers for
Mössbauer spectroscopy, Nucl. Instr. And Meth. B95 (1995),
278-280. 

V.G. Baryshevsky, M.V. Korzik, V.I. Moroz, V.B. Pavlenko, A.A.
Fyodorov, S.A. Smirnova, O.A. Egorycheva, V.A. Kachanov:
YalO3:Ce-fast-acting for detection of ionizing radiation, Nucl.
Instr. And Meth. B58 (1991), 291-293.
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M.Miglierini and D. Petridis, Kluwer Academic Publishers
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Comparative analysis of Cr3+ & Fe3+ substitu-
tion sites in olivine-like structures of LiScGeO4

and Mg2SiO4 based on EPR results
Khasanova N.M. 1, Vinokurov V. M .1, Gaite J . M .2,
R u d o w i c z C .3, Shakurov G.S.4, Bulka  G. R.1,
Nizamutdinov N.M.1, Galeev A.A.1

The olivine-like structures of the lithium scandium
germanate LiScGeO4 and forsterite Mg2SiO4 belong to the
orthorhombic space group Pnma [1, 2]. There are three struc-
turally non-equivalent cationic sites in these structures,
namely: Li+ and Mg2+(I) in octahedral site 4a, Sc3+ and
Mg2+(II) in octahedral site 4c, Ge4+ and Si4+ in tetrahedral
site 4c. Electron paramagnetic resonance (EPR) studies of
forsterite have established a heterovalent isomorphism: Fe3+

ions substitute for both host ions Mg2+ and Si4+ at all the
three cationic sites [3, 4], whereas Cr3+ ions substitute for
only Mg2+ at octahedral 4a and 4c sites [5]. In LiScGeO 4 the
isovalent isomorphism was established for Cr3+ [6] and Fe3+

[7] substituting for Sc3+, and the heterovalent isomorphism
for Fe3+ [7] substituting for Si4+.

In this work we analyze the EPR results for Cr3+ and Fe3+

ions substituting at the same structural sites in the two
similar crystals. To achieve compatibility of data, the
monoclinic spin Hamiltonian (SH) parameters were
transformed to a common system of notations and coordinate
axes. Analysis of the zero-field splitting (ZFS) parameters
was performed using the tensor invariants and the “pseudo-
symmetry” method. To correlate the EPR data with the local
environments, similar analysis was done for the crystal-field
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tensors calculated using the point-charge model for the Cr3+

and Fe3+ ions in both crystals.  The results show that the
second-rank ZFS tensors of Cr3+ slightly differ in both
crystals, which confirms the common features of the Cr3+

substitution at the mirror symmetry octahedral sites in these
crystals. Invariant sums S4 of the ZFS fourth-rank tensors for
Fe3+ at octahedral sites are relatively small (219 in forsterite
and 225 in LiScGeO4; in units of 10-8 cm-2) in comparison
with those for the sixfold coordinated Fe3 + in other
compounds. The tetrahedral sites are characterized by
relatively high values of S4 (127 in forsterite and 85 in
LiScGeO4) in comparison with those for the tetrahedral sites
in other compounds. Calculated distortion  coefficients:
d4(Oh) = [S4 - S4(Oh)]/S4, reveal that the tetrahedral sites are
more distorted from the exact cubic symmetry as compared
with the octahedral sites in both crystals studied. T h e
orientation of the principal axes of the ZFS second-rank
tensors for Fe3+ are more sensitive to the change of host
crystal, but the values of the  invariant sums S2 remain of the
same order of magnitude. 

Our comparative analysis reveals that the SH parameters
of Fe3+ and Cr3+ show higher degree of similarity (due to the
common features of the same structural sites in forsterite and
LiScGeO4), than it could be expected judging from the
differences in the valence of isomorphic pairs.  
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Extrinsic and inmode of hydrogen occurence in
olivines: FTIR and TEM investigation
Khisina N.R.1, WirthR.2, Andrut M.3 , Langer K.4

Olivia nominally anhydrous mineral. However, polarised
IR spectroscopic measurements of both synthetic and natural

olivine samples show OH- absorption bands which are
usually interpreted as incorporation of hydrogen in the
olivine structure. Beside OH-bearing point defects incorpo-
rated in the olivine structure, the OH-bearing planar defects
and inclusions of OH-bearing phases  may ben olivine and
give rise to OH-peaks. Thus, the interpretation of an IR
spectrum of olivine with respect to a mode of H+ occurence
can be unambiguous only if  both IR spectroscopic measure-
ments and TEM examination of the same sample are
combined. Olivine crystals from two mantle nodules in
kimberlites (pipe Udachnaya and pipe Obnazennaya,
Yakutiya, Siberia) were investigated using FTIR and TEM
methods including AEM, SAED, HRTEM and EELS
techniques to determine the mode of hydrogen occurence in
olivine.

Absorption bands due to fundamental stretching
vibrations of hydroxyl groups were observed in the spectral
region 3700 to 3100 cm-1 in the IR spectra of olivine
samples. In comparison with literature data (Libowitzky and
Beran, 1995), the obsertion bands are typical for natural
olivines. 

TEM investigation showed that the olivine samples
contain nanometer-sized inclusions of up to several hundred
nm in size. EELS spectroscopy of the inclusions using the
oxygen K-edge showed a pre-pat 528 eV thus indicating that
the inclusions contain either OH- (Wirth 1997) or Fe3+ (Van
Aken et al, l998). The lower Fe/Si ratio in the inclusions
compared to the host olivine indicates that the pre-peak at
528 eV is not caused by Fe3+ and consequently can be
attributed to the water (OH) content. The chemical
composition of inclusions suggests that they are hydrous
magnesium silicates. Using SAED and HRTEM techniques
the hydrous magnesium silicates such as serpentine + talc,
10A-phase + talc and hyivine were identified as phases
constituent the inclusions. 10A-phase is known as a so called
DHMS (dense hydrous magnesium silicate) synthesized in
high pressure experiments (Bauer and Sclar,1981) but not
observed as a natural mineral till now. H-olivine
(Mg,Fe2+)2-xvxSiO4H2x (v indicates M1-vacancies) is a new
DHMS phase with a cation-deficient olivine structure
(Khisina et al., in press). In respect to the olivine structure
the hydrous olivine structure was found to have  a superpe-
riodisity periodic OH-bearing planar defects. 

Thus, both extrinsic mode of hydrogen occurence in
olivine such as nanometer-sized inclusions of OH-bearing
magnesium silicates, and an intrinsic mode of hydrogen
incorporation into the olivine structure sus hydrous olivine in
itself were found. Hydrous olivine is considered to be an
OH-bearing olivine structure in which Mg-sites are partly
vacant and therefore it is an example of the intrinsic mode of
hydrogen incorporation in the olivine structure. Onr hand,
the hydrous olivine occurs as inclusions inside the olivine
matrix.  

The data obtained here show that the OH absorption
bands observed in olivine spectra at 3704(3717) cm-1 and
3683(3688) cm-1 can be unambiguously identified with
serpeine; the band at 3677(3676) cm-1 can be associated with
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talc. The absorption bands observed at 3591 cm-1 and
3 6 6 0 c m -1 in olivine match those of 10A-phase at
3594 cm-1, 3662 cm- 1 and 3666 cm-1. The other absorption
bands are to be identified with hydroue as intrinsic mode of
hydrogen incorporation in the olivine structure.

Bauer J.F. and Sclar C.B. (1981) Am Mineral, 66, 576-585; 
Libowitzky E. and  Beran A. 91995) Phys Chem Minerals, 22, 387-

392; 
Van Aken P.A. et al (1998) Phys Chem Minrals, 25, 494-498; 
Wirth R. (1997) Phys Chem Minerals, 24, 561-568

1 Institute of Geochemistry and Analytical Chemistry of Russian
Academy of Sciences, Kosygin st.19, Moscow 119975, Russia
2 GeoForschungsZen Potsdam, Telegrafenberg C-120, D-14473
Potsdam, Germany
3 Institute for Mineralogy and Crystallography, University of
Vienna, Geozentrum, Althanstr. 14, A-1090, Vienna, Austria
4 Technirsity, Ernst-Reuter Pl. 1, Berlin, Germany 

*  *  *  *  *  *  *

New aspects of carbon oxide molecules in
cordierite channels
Khomenko V.M.1,2, Langer K.1

Polarized single-crystal IR-spectra in the spectral range
2500-2000 cm -1 at RT and LN2 temperatures, of a series of
natural cordierites from different geological environments
were studied with respect to the vibrational bands of channel
included molecules of carbon oxides. 

Polarization-dependent complex sets of valence
vibrations were identified. Decreasing widths of these bands
at LN2 temperature provide more reliable information
concerning their fine structure. The complex spectral shape
of band envelope in the above range is very likely due to a
rotational motion of the carbon oxides molecules. T h e
predominant orientation of identified species is found to be
parallel to [100], consistent with published literature. 

D i fference in the carbon oxide spectra observed in
cordierites from genetically different environments are
discussed.
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Ukraine
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Wavelength dependent scattering and its
possible influence on the UV-absorption edge of
oxygen-based solid materials

Khomenko V. M.1,2, Langer K.1, Wirth R.3

The UV absorption edge in the electronic spectra of
minerals, which often strongly influences their colour, is

usually interpreted as caused by excitation of electronic
charge transfer (CT), predominantly in ligand – metal, but
also in metal – metal systems. dd-transitions may contribute
in some cases (e.g. Burns, 1993). On the other hand, Mie
scattering theory shows that the presence of randomly
distributed submicroscopic particles with narrow size distri-
bution and refractive index ni in a host mineral matrix with
different refractive index nm, may give rise to band-like λ-
dependent scattering (Kortüm, 1969). This scattering effect
is so far not considered to contribute to the UV-absorption of
minerals. 

To elucidate any such influence, two approached were
used: 

1) The study of the effects of heating-induced formation
and growth of inclusions in glass ceramics as model
substances, on their UV-spectra;

2) The study of a series of almandine-rich garnets with
different colour, from violet to orange-red, and synthetic end
member almandine- and spessartine crystals.

In both cases, electron microprobe, microscope-spectro-
metric and TEM methods were used.

Different kinds of inclusions were found in the materials
studied, which account totally or in part for the energy
position of the UV-absorption edge. In the almandines
studied, the abundant inclusions were found to be too small
to influence spectra in the range 35000 – 25000 cm-1.
Observed spectral differences in this range are due to LMCT
only. In the synthetic spessartine studied, scattering from
fluid inclusions were found to contribute significantly.

Variable number and size of inclusions, produced by a
sequence of heating experiments, cause the predominant
effect on the shape and spectral position of UV-edges in
spectra of the glass ceramics studied.
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Mössbauer study of ilmenite oxidation
Khramov D.A.1, Rusakov V. S .2, Glazkova M.A. 1,
Urusov V.S.1

The oxidation mechanism of ilmenite FeTiO3 (I) causes
an essential interest as for understanding mineral evolution
processes as well for producing new inorganic materials. The
experimental modeling at the controlled T, P, fO2

– conditions
allows one to reconstruct the mineral formation and its
successive transformations. Besides, the partly oxidized
(≈20% Fe3+) ferriilmenite (F) belongs to the class of new
perspective magnetic materials - concentrated spin glasses
(SG). The parameters of transition to the SG state and
magnetic characteristics are dependent on features of Fe2+-
and Fe3 +-sites environment and possible frustration
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mechanisms.
In this work the mechanisms of oxidation at T = 400 –

950o C in air atmosphere were studied by 57Fe Mössbauer
spectroscopy (MS) and X-ray powder diffraction for the
samples of I and F with titanium deficiency
(Fe3+

0.16Fe2+
0.86Ti0.88O3). The samples were synthesized at T

= 1150o C, which is characteristic of the igneous formation
processes and of the SG synthesis conditions. 

It was found that the oxidation of I and F at T = 400-
600oC is realized by two simultaneous ways: 1) the partial
transition of Fe2+ to Fe3+ in the ilmenite structure; 2) the
formation of hematite α-Fe2O3 in amounts of ≈ 8% (400o C)
and ≈22% (600o C) and rutile TiO2. For the first way the most
probable schemes of local charge compensation are: Fe2+ +
Ti4+ = Fe3+

Fe + Fe3+
Ti and 3Fe2+ = 2Fe3+

Fe + VFe. In the
temperature interval T = 600-700oC the I structure is
completely destroyed. 

The oxidation degrees k = Fe3+ /(Fe3+ + Fe2+) are mono-
tonously increased with the oxidation temperature rise and
they takes one and the same value within the error bars for I
and F in the structure decomposition range (600-700oC),
being equal to 29-30(2)%. On oxidation a part of the Fe2 ions
occurs in “pseudotetrahedral” coordination, Fe2+

pt. [1]. The
fraction of the Fe2+

pt. ions is decreased from 20% to 17% for
I and increased from 3% to 8% for F in dependence on k
value.

In the I and F structure the isomer shift values for Fe2+
pt.

ions do not practically depend on k and significantly differ
for I and F: 0.85 mm/s (I) and 0.96 mm/s (F). The isomer
shifts are given relative to metal iron. This indicates
essentially different character of the Fe2+

pt.O6 environment
distortions in the I and F structure. 

M.A.Glazkova, D.A.Khramov, A . M . B y c h k o v, V. S . U r u s o v
Distortions of the tin-containing ilmenite structure at different
oxidation states. Experiment in Geosciences (1997). V.6, N 2, p.
54-55.

1Vernadsky Institute of Geochemistry and Analytical Chemistry,
Russian Academy of Sciences, Moscow 117975, Russia, ph.: (095)
939-7053, khramov@geokhi.ru
2Department of Physics, Moscow State University, Moscow
119899, Russia,  ph.: (095) 939-2388, rusakov@moss.phys.msu.su
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Crystallographic distortion around chromium
and iron in rubies and sapphires
Kiratisin A.1, Calas G.1, Sainctavit Ph.1

We are engaged to study the environment of the transition
element inclusions in corundum (α-Al2O3), for example Ti,
Fe, Cr or Mn who are the origin of the colors in corundum
(α- A l2O3). These impurities can modify the electronic
properties: color, mechanical resistance and conductivity
(both thermal and electric) of ceramic materials. T h e
processes of the substitution of transition elements produce:
the relaxation phenomena (radial and angular) around the

impurities, the charges compensation and the heterogeneous
distribution. Although we can see the effects in macroscopic
level [ruby (α-Al2O3: Cr) is red and sapphire (α-Al2O3: Fe,
Ti) is blue], the diluted concentration of the transition
elements in the matrix makes the difficulties in determinate
the microscopic origin of the structural and electronic modi-
fications. Therefore, we need a precise measure of the local
environment of the impurities for determinate the relaxation
of crystalline structure.

Our work is a part of a project INTAS that includes the
teams from Berlin, London, Paris, Kiev and Moscow. The
target of this study is to determinate the structural and
electronic properties of the impurities in corundum
(α-Al2O3) by measuring the X-ray absorption spectra in fluo-
rescence mode the K-edge of chromium in the rubies and of
iron in the sapphires. The X-ray absorption spectra of a
corundum monocrystal are dichroism. We have measured
both orientations of the polarization and, thus, got the linear
dichroism spectra of corundum.

The K-edge of chromium in rubies and of iron in
sapphires spectra analysis allow us to determinate the
position of the six Oxygen atoms around the impurities (Cr
or Fe). The comparison of these experimental results to the
ab initio calculations of the crystalline lattice relaxation
around the impurities can complete and confirm the experi-
mental results.

1Laboratoire de Minéralogie et Cristallographie, Université de
Paris6, Tour 26-16, case 115, 4 Place Jussieu Paris Cedex 5, France
(kiratisi@lmcp.jussieu.fr)
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Mossbauer Spectroscopy, Magnetometry and
X-Ray Diffraction Studies of Chro m s p i n e l s
from Chromitites
Korovushkin V. V.1, Smirnova T. A .1, Rogojine A. A .1,
Grigorjan E.S,1 , Naumova I. S. 1

Chromspinels (chr) of wide composition range (high-
and middle-Cr, of lower and high Fetot content and iron
oxidation degree, total 40 samples) with composition
variations Cr2O3 46-62%, Al2O3 6-14%, MgO 2-16%, FeO tot

12-37%, Fe3+/Fetot 0.13-0.39 have been investigated. The chr
studied belong to chromitites of stratiform deposits
(Aganozersky, Burakovsky layered complex, and Bolshaya
Varaka, Imandrovsky complexes, Fennoskandian Shield,
PR1) and alpinetype deposits of mantle ultramafites of
ophiolites (Kempirsay and Ray-Iz, the Urals, PZ1). 

The Mossbauer spectra of chr are of a composite super-
positional character. They are approximated at their best by
4-6 doublets of Fe2+ and 1-2 dublets of Fe3+ basing on
distinction of a composition of the second coordination
sphere of iron ions. The chr composition and structure
features also show up in quadruple splits (∆) of Fe2+ and
Fe3+, depending of Al and Fe2+ contents and of the Fe2+

second coordination sphere composition. The relative
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content of  Fe2+, surrounded only by chromium ions, is
determined from minimum ∆Fe2+. The iron oxidation values
F e3 +/ F et o t of some c h r d i ffer from that obtained by
microprobe analysis stoichiometry calculation. 

The magnetothermal curves at low temperatures of some
chr have more than one (up to 4) Curie points in the range
130-280 K, that testifies to their microinhomogeneity. The
peak of magnetization observed in the temperature interval
110-150 K is of especial interest as it has a different nature.
The intensity of that peak is directly related to Fe3+ content,
while temperature of the peak is directly related to ∆Fe3+

value and inversely related to the unit cell parameter, that is
first of all due to the Al content variations. The increase of Al
content causes unit cell decrease, Fe3+O6-octagedron local
distortion increase and decrease of Fe2+ - Fe3+ distance.
Therefore the revealed magnetization peak is explained by
electron transfer IVFe2+ → VIFe3+ at low temperatures.

The studies by Mössbauer spectroscopy, magnetometry
and X-Ray diffraction allow to determine the degree of Fe
oxidation of chr and to estimate the content of Al, Cr and
microinhomogeneity of c h r. The variations of the c h r
physical properties reflect changes of their composition:
zonality of a subsymmetric type in vertical sections of
stratiform deposits and cross sections of ophiolite deposits.
This zonality is caused mainly by Cr and Mg content
increase in the middle parts of ore bodies sections, and by Fe
and Al content increase in the selvages. The degree of iron
oxidation, on the preliminary data, is higher in the selvages
of the stratiform deposits and in central parts of the ophiolite
deposits, that is connected with petrologic peculiarities of the
mafic-ultramafic complexes, with their chromitites genesis,
and with petrology of each deposit also. For example, chr
iron oxidation of the Aganozersky deposit chromitites is
0.23-0.37 at FeOtot 25-28 %, and that of the Bolshaya Varaka
chromitites is 0.13-0.14 at FeOtot 30-37 %. This difference is
explained by the occurrence of the first deposit in dunite-
wherlite-clinopyroxenite complex and of the second one in
the distal part of gabbronorite- pyroxenite complex.

1Department of Mineralogical Methods, All-Russia Scientific
Research Institute of Mineral Resources (VIMS), Staromonetnyi
per, 31, Moscow, 109017, Russia (rogojin@df.ru); (vims@df.ru)
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Local polyhedral L-M distances in oxygen-
based crystal structures fro m e l e c t ro n i c
absorption spectroscopy
Langer K. 

Electronic  absorption  specroscop  in  the  UV/V1S/NIR,
i.e. in  the spectral  range  40000 – 4000 cm-1,  and  proper
band  assignement  of  the  spectra obtained is a powerful tool
to elucidate crystal field properties of 3dN-ions in coordina-
tion polyhedra of oxygen-based mineral structures, as crystal
field parameter ∆=10Dq for regular field, Racah-parameter
B indicating the ionicity of the 3dN-ion - oxygen bond, and

effective site symmetry of polyhedra centered by the 3dN-ion.
It was shown (Langer, 1988, 2001), that mean  polyhedral

3dN-ion-oxygen distances, RM
,
-O

, can be evaluated from
electronic spectra of 3dN-ions on the basis of  the 10Dq~
RM

,
-O proportinality (Dunn et al., 1965). Such data are

specific for the local pecularities of the 3dN- ion centered
polyhedra in the respective crystal structure. This is valid for
the case of 3dN-ion end members as well as the 3dN-ion
centered polyhedra in solid solutions. In the latter situation,
structure research by diffaraction does not see the local
distances because this method averages over all the
polyhedra of the respective site in the whole crystal, thus
missing local relaxations.

To evaluate the 10Dq ~ RM
,
-O

-5 proportionality, RM
,
-O of

the 3dN-ion bearing end member, obtained from X-ray
diffraction and the 10Dq-value from end member spectra are
used as reference values. Then, RM

,
-O can be  obtained from

the 10Dq-value at x3d
N for all substitutional degrees, or more

clearly site fractions  x3d
N, in the solid solution series.

Local mean distances as a function of site fractions,
R3d

N = f(x3d
N), have so far been obtained for the following

solid solutions and 3dN-ions: corundum type: Cr3 +;
piemontite and viridine: Mn3+ ; chloritoid and cordierite:
Fe2+; (Ni,Mg)-olivine: Ni2+. In all these solid solutions, local
relaxations (Urusov, 1992, Langer 2001) ε < 0 were found,
contrary to the results of structural research by diffraction,
where ε is equal or at least close to zero.

Measuring electronic spectra at various temperatures T or
pressure p, and evaluating 10Dq= f(T) or 10Dq = f(p) in the
same manner as 10Dq = f(x3 d

N), yields local thermal
expansion, αpoly [K-1], and local compression, kpoly [GPa], of
the 3dN-ion centered polyhedra.  So far, αpoly of Cr3+-centered
octahcdra in spinel, corundum, pyrope, grossular, diopside,
of Fe3+-centered octahedra in grossular and epidote, as well
kpoly of Cr3+-centered octahedra in spinel, corundum, kyanite,
pyrope and uvarowite were obtained (Taran et al., 1994;
Taran and Langer, 2000;  Langer et al., 1997).

Methods, results and limitations as well as possible
extensions of such work on local structural pecularities on
glasses will briefly be discussed.

Dunn T., McClure D.S., Pearson R.G. (1965): Some Aspects of
Crystal Field Theory. Harper and Row, New York

Langer K. (1988). In: Salje E.K.H. ed: Physical Properties and
Thermodynamic Behavior of Minerals. Reidel, Dordrecht

Langer K. (2001). Z. Kristallogr., 216, 87-91
Langer K., Taran M.N. (1997). Phys. Chem. Minerals 21, 109-114
Taran M.N., Langer K., Platonov A.N., Indutny V.V. (1994). Phys.

Chem. Minerals 21, 360-372
Taran M.N., Langer K. (2000). Eur. J. Mineral. 12, 7-15
Urusov V.S. (1992). J. Solid State Chem. 98, 223-236

Institut für Angewandte Geowissenschaften I, Te c h n i s c h e
Universität, Ernst-Reuter-Platz 1, D-10623 Berlin
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Local octahedral Cr 3+ - O distances in garnets
of the grossular-uvarovite solid solution
Langer K.1 and Platonov A.N.2

Using the theoretical approach and methodical basis for
the determination of local mean distances RM

,
-O between

substituting transition metal Ions M´ and their oxygen
ligands in coordination polyhedra of oxygen based crystal
structures (Langer, 2001), local mean distances Cr3+ - O in
different members of the grossular-uvarovite solid solution
(XCr = 0.005 - 0.745) were calculated from their optical
absorption spectra (see Table).

For the inspection and comparison of results of measure-
ments, single crystal spectra of each sample were scanned in
two different microscope-spectrometers (ZEISS UMSP-80
in TU-Berlin and LOMO MSPP-2 in IGMOF, Kiev) at room
temperature in spectral range 30000 - 10000 cm-1. The
energy positions of the bands ν1 (∆=l0.Dq) and ν2 in the Cr3+-
spectra were obtained by peak fitting procedures.
Spectroscopic parameters of Cr3+ ions in Uv86.5, Xcr = 0.865
(Novak and Gibbs, 1971) and Uv100, XCr = 1 (theoretical
composition) were calculated using experimentally obtained
strong correlation between crystal field splitting ∆=10.DQ of
Cr3+ levels and chromium contents in the samples studied.

Sample Cr RCr-O Dq B Covalence
(at. pfu) (Å) (cm-1) (cm-1) ß

1 0.01 1.983 1660 653.4 0.712
2 0.34 1.986 1650 645.5 0.703
3 1.06 1.989 1637 636.0 0.693
4 1.15 1.990 1632 - -
5 1.20 1.990 1631 633.4 0.690
6 1.49 1.991 1628 630 0.686
7 1.73 1.993 1621 - -
8 2.00 1.995 1615 619 0.674

Table.  Crystal chemical and spectroscopic parameters
of Cr3+ ions in garnets of the grossular - uvarovite

solid solution.

Langer K. (2001).  Z. Kristallogr., 216, 87-91.
Novak G.A. and Gibbs G.V. (1971). Am.  Mineral., 56, 791-825,

1 Institut für Angewandte Geowissenschaften I, Technische
Universität, Emst-Reuter-Platz 1,  D-10623 Berlin, Deutschland
2 Institute of Geochemistry, Mineralogy and Ore Formation,
National Academy of Sciences of Ukraine, Paladin Av. 34, 03 191
Kyiv, Ukraine
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Analysis and interpretation of structural bound
trace elements in granite pegmatite quartz
Larsen R.B.1 and Flem B.1

The trace-element chemistry of quartz is rarely, if ever,
considered when evaluating the origin and evolution of silica
o v e r-saturated igneous rocks. Analytical obstacles have

efficiently prevented in-depth studies of the trace-element
chemistry of quartz because the most interesting elements
are present at the sub-ppm level and because mineral
separation of quartz for traditional solution analysis is a
time-consuming process. However, recent advances in Laser
Ablation Inductively Coupled Plasma Mass Spectrometry
(LA-ICP-MS) now facilitates fast trace-element analysis of
quartz and allows the study of many petrogenetic problems
associated with granitoid rocks. In the present study we
utilised a standard, double focusing sector field, ICP-MS
(Finnigan MAT, ELEMENT1) instrument with a CD-1
option and with a UV-laser from Finnigan MAT/Spectrum,
Berlin, Germany. With this equipment we developed a
method that is fine tuned for the analysis of trace elements in
quartz. In the element list covered by the method we have
focussed on structural bound impurities that mostly is
present as substitutional impurities replacing Si4+ (e.g. Ti,
Ge, Al, Fe, Ge and P) or represents charge compensators that
are accommodated in structural channels running parallel to
the c-axis in typical β-quartz (e.g. Li).

The following elements are included in the analytical
package: Al, B, Ba, Be, Ca, Co, Cr, Fe, Ge, K, Li, Mg, Mn,
P, Pb, Rb, Sr, Ti, and U, Where Li, Be, Al, Mn, Co, Ge, Rb,
Sr, Ba, Pb, Th, and U were analysed at low resolution
(m/∆m=300), Mg, P, Ti, Ca, Cr, and Fe at medium resolution
(m/∆m≈3500) and K at high resolution (m/∆m>8000). The
isotope, 29Si, was used as internal standard at low resolution
and 30Si was used at medium and high resolution. Analysis at
medium and high-resolution settings was necessary because
interferences by various compounds and elements otherwise
would invalidate the results.

In the present study we evaluate the chemical evolution
of quartz by comparing with the chemistry of co-existing K-
f e l d s p a r, for which the compositional changes during
igneous evolution is well known.

We have studied 25 strongly zoned gadolinite-type REE-
N b - Ta rich chamber pegmatites from two major
Neoproterozoic pegmatite fields in SE-Norway. Analysis of
K-feldspar for major elements; Ba, Ga, Pb, and Rb by XRF
analysis, and Sr, Y, Zr, Hf, Ta, Nb, U, Th and REE by LA-
HR-ICP-MS analysis, show that the pegmatites formed from
progressively more evolved liquids through extreme fractio-
nation of juvenile granitic melts. The REE-chemistry also
implies that the pegmatites are derived from two composi-
tionally distinct sources that also features partially different
REE-paragenesis’s.

The trace elements included in the quartz analysis
comprise >95 wt% of the trace elements normally
encountered in quartz and the total trace element concentra-
tion is typically 100 to 250 ppm. Distributions of trace
elements in quartz are well correlated with major and trace
elements in K-feldspar that are used to monitor the chemical
evolution of the granite pegmatite liquids. For example, the
concentration of substitutional elements as well as charge
compensators in quartz, primarily Al, Ti and Ge, are
positively correlated with Ca and Sr in K-feldspar and are
negatively correlated with Na. A c c o r d i n g l y, the trace
element distribution in quartz develop a progressively more
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evolved make up as igneous differentiation proceeds. The
distribution patterns of trace elements in quartz in the
pegmatite fields are also significantly different and hence
support the notion that granite pegmatites in the two fields
were derived from distinctively different sources.

1Geological Survey of Norway, N-7491 Trondheim, Norway, email:
rune.Larsen@ngu.no
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Optical absorption spectroscopy of Fe2+ and
Fe3+ ions in silicate glasses : structural implica-
tions
Lefrère Y. *,1, Berthereau A.1, Calas G.2 , Galoisy L.2

Iron has been used for a long time by the glass industry
as a regular green colorant. However, Fe2+ and Fe3+ ions
present in silicate glasses not only absorb red and blue light
to yield the green tint but also part of the near infrared (IR)
and ultraviolet (UV). These features are of particular interest
for modern automotive «solar control glasses» in terms of
energy saving and UV protection. In order to predict the
optical characteristics of these glasses, extinction coeffi-
cients of absorbing species had to be precisely determined.

Series of soda lime silica glasses with total iron concen-
trations ranging from 0.2 to 1 weight percent have been
prepared under different redox conditions. Optical
absorption spectra have been recorded on a Varian Cary 5
spectrometer on polished plates. A new method based on
linear fitting has been designed to extract high reliability
extinction coefficients of Fe2+ and Fe3+ from these data.
These coefficients allow the recalculation of optical
absorption spectra on the basis of chemical analysis.

Extinction coefficients of Fe2+ and Fe3+ in soda
lime silica glass.

The shape of the optical signatures of Fe2+ and Fe3+ are
not modified by the melting conditions indicating a stability
of the site distribution of each cation as a function of glass
redox. On the contrary, optical absorption spectra are
strongly affected by the total iron concentration, as already
mentioned in the literature. By the way of extinction

coefficient calculations, we show this is mainly the effect of
F e3 + site distribution modification. Albite and diopside
glasses are used as references to assign this modification to
the loss of tetrahedral Fe3+ with increasing total iron concen-
tration.

Bingham, Journal of Non-Cristalline Solids 253 (1999) 203-209
Uchino, Journal of Non-Cristalline Solids 261 (2000) 72-78
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Mössbauer and infrared studies of metal preci-
pitation from olivine under reducing conditions
Lemelle L.1*, Fuchs Y.1., Linares J.2, Guyot F.1

The reduction behavior of iron-bearing silicates is a key
to understand the metal-silicate interactions in meteorites
and interplanetary material (Boland and Duba 1981).
Mössbauer and infrared spectroscopies are already
considered as powerful in-situ probes of the extra-terrestrial
material (Kessler 1996, Klingelhöfer 1995). Our aim was to
study the kinetics of the external reduction of olivine by
these two techniques.

We have annealed San Carlos olivine single crystals and
powders at 1100°C, 1bar under oxygen fugacities buffered
by C/CO for run durations ranging between 30mn and 72
hours. Powders were calibrated between 50 and 80 mm. The
following mass balance was established from the refined
characterization of the microstructures observed in the
reduced single-crystals :

COg + Fe2SiO4 crystal = 2Fecrystal + SiO2amorphous + 3/2CO2g (1)

Fe0 was observed exclusively at the surface of single
crystals. This Fe0 surface precipitation induces an Fe2+ mobi-
lization in the bulk (observed by ATEM) having an apparent
diffusion coefficient D=10-14 cm2s-1 characteristic of an
Fe2+-Mg2+ interdiffusion (Lemelle 2001). We verified that
powders have identical microstructures.

Rate of reduction of ferrous iron was followed on olivine
powders by Mössbauer spectroscopy. A zero order rate law
was determined. Calibration of this law was performed from
Mössbauer analyses carried out on weighted mixes of
powders of olivine and iron.

Silicate phases were also followed by infrared spectro-
scopy on the reduced powders. Crystalline olivine is pro-
gressively impoverished in its fayalite pole with run
duration. In addition the estimated amount of ferrous iron
lost from olivine is very much comparable with the detected
amount of iron metal, which confirms the system is
chemically closed with respect to Fe. The formation of
amorphous phase, enriched in SiO2, was detected and cha-
racterized by four absorption bands at 1260 cm-1, 1080 cm-1,
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758 cm-1 and 460 cm-1. Its relative amount increases with
the duration of the annealing. 

Boland J. and Duba A., Nature, 12, 142-144, 1981
Kessler et al. A&A, 315, 27-31, 1996
Klingelhöfer et al. Hyperfine Interactions, 92,305-339, 1995
Lemelle L., Guyot F., .Leroux H., Libourel, G. A m e r i c a n

Mineralogist, 86, 47-54, 2001

1 Laboratoire de Minéralogie et Cristallographie de Paris
2 Laboratoire de Magnétisme et d’Optique de Versailles
* present address: Ecole Normale Supérieure de Ly o n
(llemelle@ens-lyon.fr)
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Structural defects in quartz from the Archean
metamorphic complexes in the Kola Superdeep
Borehole section
Lutoev V.P.1, Vinogradova N.P.1, Kotova Ye.N.1

The investigation was carried out in the framework of
Project-408 of the IGCP UNESCO. The main tasks of the
project were: comparison of the properties of the rocks in
Kola Superdeep Borehole (KSDB, 0-12262 m) and their
homologues, and geological correlation of KSDB rocks with
the Precambrian formations in enclosing the Pechenga
structure (see Ref. for detail). To resolve the problem we
used ESR data for vacancy-associated defects (E1 and O—
centres) and for impurity-related Al-, Ge-, Ti- isomorphic
ions in rock-forming quartz.

Comparison analysis of the structural defects in the rock-
forming quartz from the KSDB section and from its
homologues has yielded new results on the buried Archean
sequences and the correlation between deep and subsurface
rocks. First estimation of how the system of impure and
vacancy defects in the rock-forming quartz along the KSDB
section depends on the depth and petrogenesis of the
enclosing Precambrian rocks has been made. T h i s
dependence shows up in concentration shifts (vacancy
defects), redistribution of defects among structural sites (Li
or H varieties of Ti-centres, Al ions in regular and «defect»
positions), variations in the crystallinity of the mineral. Some
of the obtained profiles of the defects distribution are shown
in the Figure.

It has been demonstrated that germanium and titanium
centres in rock-forming quartz can serve as genetic markers
of the metamorphic rocks from the Precambrian structural-
formational complexes, being a major reliable criterion for
the typology and correlation of the strongly metamorphosed
early Precambrian rocks reached by the KSDB section. The
obtained spectroscopic data can be used for detailed re-inter-
pretation of the Archean part of the KSDB section, revealing
and verification of homologous rocks currently occurring at
different hypsometric levels. A new structural-formational
model of the Archean basement of the Pechenga riftogenic
structure has been proposed, supported by petrochemical
characteristics of the rocks and structural parameters of the

rock-forming minerals.

Fig. 1 : Distribution of the impurity-related paramagnetic
centres in quartz from the rocks of the Archean part of

KSDB section. KAl
T - activation coefficient of O—Al centres

at high temperature treatment (1300K); 1 - layers of
biotite-plagioclase gneisses with high-alumina minerals;

2 - layers of biotite-plagioclase gneisses with high-calcium
minerals; 3 -rock-forming quartz from metabasites; 4 -rock-
forming quartz from biotite-plagioclase gneisses; 5 -quartz-

feldspar veins.

The results of the study of the deep substance and physical
processes in the Kola Superdeep Borehole section down to a depth
of 12261 m. Apatity: Paligraph, 2000, 153 p.
Rock and minerals at great depth and on the surface: Subprojects.
Apatity: Paligraph, 1999, 162 p.

1 Institute of Geology, 54 Pervomaiskaya Str., Syktyvkar 167982,
Russia (lutoev@geo.komisc.ru), 
2All-Russia Geological Research Institute, 74 Srednii Av. ,
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Isomorphic impurities and radiation defects of
hydrous phyllosilicates
Lutoev V.P.1,Yukhtanov P.P.1, Potapov S.S.2

Crystal structures of hydrous phyllosilicates are
assembled from octahedral sheet connected with one (1:1
layer) or with two (2:1 layer) SiO4 tetrahedral sheets.
Octahedral corners unshared with tetrahedral sheets, contain
OH-groups. The lateral misfit between the sheets result in
some additional complication of crystal structures. T h e
simplest structures with completely occupied octahedral sites
are represented by serpentine Mg3[Si2O5](OH)4 and talc
Mg3[Si4O10](OH)2 with layer types 1:1 and 2:1, respectively.
The octahedral sheets in these minerals are brucite-like.

Substituting impurity ions in some hydrous phyllosili-
cates have been extensively studied by ESR. We studied an
interaction of substituting ions and oxygen hole centres,
which were observed in natural serpentine and talc with
minor contents of impurity ions. The interaction may be
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described as redox reaction, activated by ionizing radiation:
Fe2+-OH⇔Fe3+-O, accompanied by appearance of both para-
magnetic hole centres in structural position of OH-groups
(Table) and pink colour of minerals (Figure).

PC Serpentine Talc
T, K g|| g⊥ T, K g||/a||(1H) g⊥/a⊥(1H)

O-(1) 77 2.0018 2.054 77 2.0019 2.047

O-(2) 300 2.0040 2.039 0.2 mT 0.1 mT
O2

3- 300 2.0019 2.0165 300 2.0023 2.0173

Si-O- 300 2.015 2.0056 Not found

Parameters of paramagnetic centres in serpentine and talc

It has been established that formation of paramagnetic
hole oxygen centres by ionizing radiation is possible in
unlimited planar or cylindrical types of superstructure of the
minerals. Generation of oxygen centres may be represented
as a consecutive transmission of a radiation-induced proton
vacancy located in defective Fe3+-octahedron to a regular
octahedron and further scattering of vacancies into
brucite-like layers:

serpentine: 
{ M g2 +( O H )4O2} + { F e3 +( O H )3O3} ⇔ { M g2 +O-( O H )3O2} + { F e2 +( O H )4O2}

talc: 
{ M g2 +( O H )2O4} + { F e3 +( O H ) O5} ⇔ { M g2 +O-( O H ) O2} + { F e2 +( O H )2O4}

The investigated oxygen centres are stable at least up to
150°C. The X-ray stimulated luminescence of complex
composition and radiation pink colour are correlated with the
presence of such defects in irradiated materials. The concen-
tration of the oxygen defects in the minerals may reach
values more than 1018gram-1.

For modulated superstructures, the migration of proton
vacancy is limited by a half superperiod, in which defects are
accumulated, causing reversible local amorphization of the
crystal structure and development of a narrow line g = 4.3 of
Fe3+-ions in ESR spectra. Besides, the high concentration of
impurity ions (>0.5%) also prevents the formation of the
paramagnetic oxygen centres.

Figure: Absorption spectra of serpentine and talc.
The broad bands at ca. 20000 cm-1 cause pink

colour of samples.

1 Institute of Geology, 54 Pervomaiskaya Str., Syktyvkar 167982,
Russia (lutoev@geo.komisc.ru)
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*  *  *  *  *  *  *

The ESR-investigation of  -irradiated rock salt
Lytovchenko A.1, Shekhunova S.1,*, Syomka V.1

Rock salt formations are considered as a candidates for
the geological repository creation both for HLW (high-level
radioactive waste) and direct disposal of spent fuel. That is
why the radiation damages in rock salt and physico-chemical
properties of γ-irradiated rock salt were under investigations.

It is known that γ-radiation generates in NaCl lattice F, H,
Vk defects influencing on physical and chemical properties.
F-centres were used to estimate time span (t) for rock salt
stability in the field of given capacity γ-radiation. The
samples of rock salt from Dnieper-Doniets depression
(Ukraine) were irradiated by 6 0Co-source (13,8 Gy/s
capacity) with doses of up to 108 Gy. The electronic spin
resonance (ESR) technique were used to measure concentra-
tions of F-centres. The experiments have been performed on
mineralogical pure crystals ( but in EPR-spectrums of same
samples the line of Mn-ions localised in structure of
impurities was observed). The manifestation of F-centres
was registered at dose 105 Gy. The concentration of F-centres
increased with increasing radiation dose (within the dose
range covered by the experiments). Basing on the experi-
mental data the rate of F-centres accumulation in rock salt
was calculated and then the time of substituting 10% Cl- for
F-centres in NaCl lattice under γ-radiation with dose rate
10 Gy/h was estimated. It was found that in 500000 years
such concentration would stored up at the temperature 40°C.
At higher temperature as a result of F-centres recombination
the estimated time would be longer.

So, due to ESR technique usage it is possible to predict
the radiation stability of some materials subjected to the
influence of radiation effects in repositories.

1 Institute of the geochemistry, mineralogy and Ore Formation
NAS, Ukraine.
* Institute of geological sciences NAS, Ukraine

*  *  *  *  *  *  *

T h e in situ study of olivine micro c ry s t a l s
embedded in meteorites using s y n c h ro t ro n
infrared reflectance spectroscopy 
Maras A.1, Macrì M., Ballirano P.1, Calvani P.2, Lupi S.2,
Maselli P.2, Ruzicka B.2, Tobin M. J.3, Chesters M. A.4

Infrared (IR) reflectance spectroscopy is a non-
destructive technique which can provide crystal chemical
information on the mineralogical phases of meteorites. In
recent years a few papers have been published dealing with
IR reflectance spectroscopy studies of extraterrestrial
materials but most of them were performed on powdered
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samples (Miyamoto, 1987, Salisbury et al. 1991, Borg et al.
1998). To our knowledge, one paper only has been devoted
to the study of minerals using in situ n o n - d e s t r u c t i v e
experiments using a conventional infrared source (Cooney et
al., 1998).

In the present study we have collected IR reflectance
spectra on polished sections of two stony meteorites. One has
been collected by the Italian expedition in Antarctica (FRO
90005), the other recovered near Fermo, Italy. Both have
been previously used for classification purposes. Meteorite
FRO 90005 is an H4 chondrite (Maras et al. 1994) whereas
the Fermo meteorite is an H-chondrite breccia (Molin et al.
1997). Polished sections were examined by optical
microscopy and SEM, and analysed by electron microprobe
(EMP). Among the various constituent crystals, olivine was
selected for investigation by infrared microspectroscopy at
the infrared beamline 13.3 of the Daresbury ring (Chesters et
a l., 1998). For comparison purposes an olivine crystal
extracted from the Brenham pallasite has also been analysed.
The spectrum, collected with a spatial resolution of
50 x 50 µm, shows that the vibrational modes (B1u, B2u and
B3u) predicted by factor group analysis for the Pbnm space
group of olivine (Hofmeister, 1987) are simultaneously
present owing to the fact that the crystal is not oriented along
a well-defined crystallographic direction. For this reason the
attribution of the vibrational bands is not straightforward.
Only the bands located at ca. 1050 and ca. 620 cm-1 may be
unambiguously attributed to B 3u modes. 

Borg J, Bibring J-P, d’Hendecourt L, Quirico E, Dumas P, Williams
GP, Quitte’G (1998) Synchrotron InfraRed Microspectrometry
of extraterrestrial Particles, 29th Annual Lunar and Planetary
Science Conference, Houston, TX, abs. 1175b.

Chesters MA, Hargreaves EC, Pearson M, Hollins P, Slater DA,
Chalmers JM, Ruzicka B, Durman M, Tobin MJ (1998) Infrared
spectroscopy and microscopy at the Daresbury synchrotron
light source, Il Nuovo Cimento, 20, 439-448.

Cooney TF, Scott ERD, Krot AN, Sharma SK, Yamaguchi A (1998)
Confocal Raman microprobe and IR reflectance study of
minerals in the martian meteorite ALH84001. 29th Annual
Lunar and Planetary Science Conference, Houston, TX, abs.
1332.

Hofmeister AM (1987) Single-Crystal Absorption and Reflection
Spectroscopy of Forsterite and Fayalite. Phys Chem Minerals,
14, 499-513.

Maras A, Levi-Donati GR, Serracino M (1994) Classification of
Twelve Meteorites from Frontier Mountain, Antarctica, Terra
Antarctica, 1, 143-146.

Miyamoto M (1987) Infrared diffuse reflectances (2.5-25 microns)
of some meteorites, Icarus, 70, 146-152.

Molin G, Fioretti AM, Cevolani G, Carampin R, Serra R (1997) A
new fall in Italy: the Fermo H-chondrite breccia. A preliminary
investigation, Planet Space Sci, 45, 743-747.

Salisbury JW, D’Aria DM, Jarosewich E (1991) Mid-infrared (2.5-
13.5mm) reflectance spectra of powdered stony meteorites,
Icarus, 92, 280-297.
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*  *  *  *  *  *  *

Are Preedge Features of the Metal K XANES of
Transition-metal  Affected by Symmetry?
Marcelli A.2 , 0Wu Z.1,2*, Xian D.C.1, Mottana A.3, Paris E.4

Preedge features in X-ray absorption (XAS) and
electron-energy-loss (EELS) spectra critically depend on site
symmetry. The preedge features in a system with "even"
symmetry, apart from quadrupolar transition contribution,
are mainly dipolar in character, associated with the existence
of unoccupied states made up of mixed cation-np with
higher-neighboring cation-(n-1)d orbitals,  and reflect the
density of states due to the medium-range order of the
system, while in "odd" symmetry materials these preedge
features are  the result of a transition from the 1s to a final
density of states of p symmetry due to an unsymmetrical
mixing of the ligand wave functions with the central cation d
orbitals. In this case, they contain not only the p but also the
d base of orbitals, similar to a tetrahedral configuration.
These results are validated for Fe as a photoabsorber by
comparing XAS spectra of Fe2SiO4 (fayalite) and Fe2O3

(hematite) to ab initio full multiple scattering calculations at
the Fe K edge, but pertain to all systems containing sixfold-
coordinated cations.

1 Beijing Synchrotron Radiation Facility, Institute of High Energy
Physics, Chinese Academy of Sciences, P.O. Box 918, Beijing
100039, P.R. China (wuzy@mail.ihep.ac.cn)
2 INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40,
00044 Frascati, Italy
3 Universita’Roma Tre, Dipartimento di Scienze Geologiche,
Largo Murialdo 1, 00146 Roma, Italy
4 Universita’di Camerino, Dipartimento di Scienze della Terra,
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Determination of the structural surrounding of
nickel in oxide glasses using optical absorption
spectroscopy
Marcq B.1, Galoisy L.1, Calas G.1, Chopinet M.H.2

We present a synthetic view on the coordination
chemistry of nickel in oxide glasses. The presence of 5-
coordinated nickel in most oxide glasses, first evidenced in
silicate and alumino silicate glasses (Galoisy and
Calas,1993a), is confirmed in most compositions, encompas-
sing silicate, alumino silicate, borate and borosilicate glasses
with various amounts of alkali (Na, K) and alkaline earths
(Ca, Mg) (Marcq et al., in press). (5)Ni always  coexists with
another coordination state. By contrast, low alkali borate and
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potassium rich glasses, contain 6-and 4 coordinated nickel.
For one given site, the energy of the various optical

transitions remains similar in all glass compositions investi-
gated, indicating the permanence of a characteristic
geometry for each coordination site, with only minor modi-
fications of crystal field energy and Ni-O bond covalence as
a function of glass chemistry. The chemical dependence of
Ni spectroscopic properties in oxide glasses is then
interpreted in terms of a modification of the relative
proportion of these well-defined sites as a function of glass
chemistry. The extinction coefficient characteristic for each
coordination site may be determined from the characteristic
optical transitions. Their determination allows to determine
the relative proportion of the various coordination states of
nickel in oxide glasses. It is then possible to rationalize
nickel coordination chemistry in glasses, as a function of the
nature and concentration of the other cations present in the
glass.  

The structural significance of these sites is discussed with
complementary structural data on the next nearest neighbors,
derived from Extended X-ray Absorption Fine Structure
(EXAFS) and neutron scattering coupled with isotopic sub-
stitution.  Six-coordinated nickel is related to the presence of
ordered domains as found for other transition elements in
low alkali borate glasses (Cormier et al., this meeting); the
presence of these domains in alkali borosilicate glasses
indicates the preference of nickel for the borate regions in
these glasses (Cormier et al., 1999). By contrast, four-
coordinated nickel has been found to have a network forming
position, according to EXAFS spectroscopy (Galoisy and
Calas,1993b) in glasses with large alkalis playing a charge
compensating role.

Cormier L., Galoisy  L., Calas G. (1999) Evidence of ordered
domains in nickel-bearing alkali borate glasses. Europhysics
Letter 45 (5) p.572-578

Galoisy L. and Calas G. (1993) Structural environment of nickel in
silicate glass/melt systems : I. Spectroscopic determination of
coordination states. Geochimica Cosmochimica Acta Vol. 57 p
3613 - 3626

Galoisy L. and Calas G. (1993)  Structural environment of nickel in
silicate glass/melt systems. II. Geochemical implications.
Geochimica Cosmochimica Acta Vol. 57 p 3627 - 3633
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Transformation of iron during thermal decom-
position of pyrope in air
Mashlan M.1, Barcova K.1, Vujtek M.1, Zboril R.2,
Krausova D.2,  Martinec P.3

The thermal decompositions of iron containing materials
in air are accompanied with the formation of different
iron(III) oxides. The hexagonal corundum structure α-Fe2O3,

cubic bixbyite structure β- F e2O3, cubic spinel structure
γ-Fe2O3, and orthorhombic ε-Fe2O3 can be formed as the
decomposition products. Moreover, in the case of minerals
conversions, different mixture-oxides of iron with other
elements can be formed.

The powdered pyrope from Podsedice locality (Czech
Republic) has been thermally treated in air at temperatures
800-1200 ºC (step 100 ºC) with the aim to analyze the trans-
formation mechanism of iron. 57Fe Mössbauer spectroscopy
in addition with XRD, atomic force microscopy and XRF
were used for analysis of pyrop and its transformation
products. The room temperature Mössbauer spectrum of
pyrope is characterized by a doublet with ISFe=1.28 mm/s
and QS=3.54 mm/s. 

Three iron phases were identified in the mixture of
decomposition products both using Mössbauer spectroscopy
and XRD. Fe2+ doublet with ISFe=1.10 mm/s, QS=2.32 mm/s
corresponds to enstatite, (Mg,Fe)2Si2O6 [1]. Two Fe3+ phases
corresponding to spinel structures of maghemite and
Mg(Al,Fe)2O4 were distinguished in the most intensive broad
central doublet of RT Mössbauer specra.  The maghemite is
formed as nanoparticles showing the typical superparama-
gnetic behavior in accordance with the low temperature
Mössbauer measurements. A doublet with ISFe=0.30 mm/s,
QS=0.69 mm/s represents Fe3+ position in the structure of
Mg(Al,Fe)2O4 [2].  

G. Just, C. Michalk, G. Loos: Zentralinst. Kernforsch., Rossendorf
Dresden, (Ber.) ZfK., (1984) 256-261.

B.J. Wood, D. Virgo: Geochim. Cosmochim. Acta, 53, (1989) 1277-
1291.
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IR stretching frequencies and tetrahedral Si-O
bond lengths
Mellini M.1 and Viti C.1

IR spectroscopy is commonly used to identify different
silicate minerals as well as to determine cation site partitio-
ning. However, the complete interpretation of IR spectra may
be difficult and the attribution of peaks to specific bonds is
not always attained. Group theory and site symmetry allow
to determine all the possible vibrations (IR or Raman active)
for a given molecule or for a given crystal, but these do not
bring any information about the expected frequencies.

A very basic information about the stretching frequencies
can be obtained from the equation for the harmonic motion:

ν = C(f/MXY)1/2

where ν is the stretching frequency, C is a constant, MXY is
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the reduced mass for atoms X and Y, f is the force constant,
which is expected to be close to 5 x 105 dynes/cm for single
bonds. Accordingly, a possible value for the stretching
frequency for Si-O would be 913 cm-1. This theoretical
frequency would move to higher (918 cm-1) and to lower
(825 cm-1) wavenumbers for Al-Si and for Fe-Si substitu-
tions, respectively. On one hand, this kind of correlations
may help in recognizing replacement effects of the
tetrahedral site in different silicate minerals (by suggesting
the expected shift with respect to the observed fundamental
Si-O frequencies, due to the variation in the reduced masses).
On the other side, the calculated frequencies are very poorly
constrained, because the above equation doesn’t take into
account important features such as valence, bond strength
and site symmetry.

We are now exploring the possible occurrence (and the
limits) of empirical relationships relating Si-O bond length
(data from single-crystal structure refinement) and experi-
mental stretching frequencies for different silicates, charac-
terized by different polymerization (e.g., olivine, garnet,
layer silicates, feldspar). Preliminary results show possible
linear correlation between Si-O bond length and IR
stretching frequencies.

1Dipartimento di Scienze della Terra, Università di Siena Via
Laterina, 8, 53100 Siena, Italia (mellini@unisi.it; vitic@unisi.it)
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Pulsed cathodoluminescence technique for
spectroscopy 
Mikhailov S.G.1, Osipov V.V.1, Solomonov V.I.1

In the given paper, device of new generation for the
luminescent analysis of material is described. Operation of
this device is based on the phenomenon of pulsed cathodolu-
minescence (PCL) [1]. The last one appears in material under
irradiation by an electron beam with the average energy more
than 100 keV, with time duration of nanoseconds and the
peak power 107-108 W/cm2. Bright luminescence is observed
in materials surface layer with the thickness less than 1 mm
in all nonmetallic solids [2]. PCL spectrum can be used to
solve a number of analytical problems, such as, for the deter-
mination of mineral type, presence in material of impurities
of other minerals and crystalline defects. Analysis can be
carried out with a sample in a form of groat and pieces with
the maximum sizes up to 3 cm. A specimen does not require
preliminary treatment. Duration of PCL spectrum registra-
tion is 1 min. Analysis can be performed in air at room
temperature. Device has no world analogues and can be used
in research work in the field of optics, chemistry and solid-
state physics. It could be broadly applied for solving both of
scientific and practical problems of geology, mineralogy and
gemology, as well as mining industry and in production of
crystals and glasses.

Apparatus consists of three  main parts.
1. Luminescence excitation system which consists of

pulsed electron accelerator RADAN-EXPERT [3] and

chamber for a sample installation and luminescence output.
2. Registration system which consists of diffract ional

compact spectrometer and multichannel photorecorder based
on CCD array.

3. Personal computer is used for registrations and
luminescent spectra processing of and for device control.

Technical characteristics:
Electron beam has the following parameters: duration of

2 ns, average energy of 140-150 keV and current 1kA. It has
pulse repetition rate from single pulses to 2 and 10 Hz.
Spectra can be recorded in range-350-850 nm. Spectrum
registration system has inverse linear dispersion-11 nm/mm
(0.15 nm/channel of photorecorder). Apparatus function was
less than 0.6 nm; dynamical range of intensity measurement-
104. Also the device provides photographing and visualiza-
tion of luminescent surface. Apparatus supplied by
monophase  AC power circuit of 220 V, 50 Hz.

Mikhailov S.G., Osipov V.V., Solomonov V.I.- J. Tech. Phys.
(Russia) 1993, V.63, 2, P.52.

Lipchak A.I., Mikhailov S.G., Solomonov V.I.- Pribory i Techn.
Exper. (Russia) 1997, 2, P.78.

Mesyats G.A., Shpak V.G., Yalandin M.I. et al. - 10-th IEEE Intern.
Pulsed Power Conf. Albuquerque, New Mexico, USA, July 10-
13, 1995 (W.Baker and G.Cooperstein), P.539.
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Spectroscopic peculiarities of the N-V center in
natural and synthetic macro- and microdia-
monds.
Mineyeva R. M.1, Marfunin A. S.1, Shelementiev Y. B.1,
Speransky A. V.1

The paramagnetic N-V center is a most studied center in
diamond due to its unusual behavior. It was found in neutron-
and electron irradiated Ib diamonds that had been annealed
to about 600 C. It is known that vacancies start to become
mobile at about this temperature and it was suggested that
this center is a vacancy next to or near a substitutional
nitrogen. This center shows an EPR spectrum only on illu-
mination with light. The spectrum is described by usual spin
Hamiltonian with S=1, D=960 10-4 cm-1 with the trigonal
symmetry. The interesting thing about this center is that the
high-field lines were found to be in emission. T h i s
phenomena was explained by a participation of spin-orbit
coupling in the intersystem crossing of electronic states. It
then also exhibits a strong optical zero-phonon absorption
peak at 638 nm together with associated phonon assisted
peaks.

At the same time the N-V center is shown in the EPR
spectrum of polycrystalline aggregates, consisted of micron-
sized grains of natural diamond, (carbonado), and large
synthetic diamonds without additional illumination. P1
centers, isolated substitutional N atoms, are also observed in
both these systems. Their presence is necessary but not
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enough for the N-V center generation because in many
natural diamonds with high P1 contents there is no evidence
of the N-V center. Another necessary condition to form the
N-V center is probably a presence of vacancies that can be
established from photo- and cathodoluminescence spectra.
Various vacancy-related centers were revealed in CL spectra
and among them a strong system with a zero-phonon peak at
575 nm attributed to the N-V center. The second band of this
center at 638 nm we have seen only in one object under
investigation – red synthetic diamond. The intensity of this
peak was considerably lower than that of the 575 nm system.
In this sample, the thorough analysis of a line shape in the
EPR spectrum of the N-V center reveals that these lines are
consisted from two components. One of these is a strong
structureless peak with the width of 2.5 G (like in
carbonado), but another is a week triplet with the linewidth
of 0.3 G and heperfine splittingof 0.8 G (such parameters are
typical for natural single crystal diamond). Various forms of
the N-V center in synthetic diamond can be arranged for
different growth sectors in the crystal that can be clearly seen
on cathodoluminescence pictures. Considering the linewidth,
different growth zones of the crystal should have a different
degree of the structure perfection. Such behavior can be due
to the varied content of impurities.  

1 Institute of Geology of Ore Deposits, Petrography, Mineralogy
and Geochemistry of Russian Academy of Sciences, Staromonetny
35, Moscow, 109017, Russia 
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Spectral and colorimetric signatures of
minerals in reflected and re t ro - t r a n s m i t t e d
light microscopy
Moëlo Y.1, Lulzac Y.2 , Cervelle B.3

Measurement of the diffuse reflectance spectrum with
reflected light microscopy is one of the classical methods for
the optical characterisation in the visible range of a coloured
mineral. Such a data acquisition obeys to standard
conditions, among which the most important is the control of
powder granulometry of the studied sample (Cervelle &
Bahut, 1974, Cervelle & Moëlo, 1990). Nevertheless,  from
a qualitative point of view, there are more general conditions
of observation of the colour of a mineral with a metallogra-
phic microscope (so-called “ internal reflections ”, for
instance). Optical measurement of such “ i n t e r n a l
reflections ” or other “ retro-transmitted lights” in the visible
spectrum enables to quantify, and thus to objectivize the
colour perception by the observer. This enlarges the possibi-
lities of diagnostic, taking into account published data on
transmittance or diffuse reflectance properties.

Spectra obtained on more than fifty mineral species and
mineral varieties (powders, single crystals, as well as
polished sections) have confirmed the practical usefulness of
this approach in mineral recognition. Representation of these

data in the CIE chromaticity diagram according to the (x, y)
coordinates (Cervelle et al., 1977) shows moreover that the
field of mineral colours is restricted to a crescent-shaped
sub-part (around 50 %) of the triangular chromaticity
diagram.

Cervelle, B. and Bahut, C. (1974) Mesure au microscope de la
réflectance, diffusée à 45°, d’une poudre monominérale. C. R.
Acad. Sc. Paris, 278, 1657-1660.

Cervelle, B., Malézieux, J.-M. and Caye, R. (1977) Expression
quantitative de la couleur, liée au spectre de réflectance diffuse,
de quelques roches et minéraux. Bull. Soc. Fr. Minéral.
Cristallogr., 100,185-191.
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«S h o rt Course on Advanced Microscopic Studies of Ore
Minerals». The Mineralogical Association of Canada, Jambor
and Vaughan Eds., 379-408.
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Orientational order- d i s o r d e r b e h a v i o u r o f
ammonium ion in silicates
Mookherjee M.1*, Redfern S. A. T.1

The ammonium ion is one of the simplest polyatomic
cations, which has several unusual characteristics in the solid
state. The similarities between its ‘size’and ‘charge’to those
of alkali - metal ions have frequently led to its classification
as a pseudo alkali ion. Closer examination of the characteris-
tics of the ammonium ion in the crystals, however, reveals
that this superficial similarity breaks down as a result of the
directional properties of the bonds, which may be formed by
the ammonium ion, causing departure of the ion from the
spherical symmetry.

Pauling (1930) suggested the possibility of ‘free rotation’
of the ion in some crystals. We are interested in the highly
dynamic nature of the ammonium ion in mineral systems,
especially in silicates. 

We anticipate, in order to account for the mismatch
between the site symmetry and molecular symmetry of the
ammonium ion, it will undergo thermally induced orientatio-
nal order-disorder transition, as observed in several
ammonium salts. In situ low- temperature FTIR experiments
were carried out to examine the behaviour of the ammonium
ion in ND4- buddingtonite (ammonium feldspar).

The free ammonium ion, or any molecule which forms a
regular tetrahedron with a central atom (in the case of
ammonium it is N) and four surrounding atoms at the apex
position (in the case of ammonium it is H) making 109°47’,
have Td ( 3m) symmetry. This gives rise to four normal4 
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vibrational modes, having representation A1 (ν1), E2 (ν2), and
2 x T2 (ν3 and ν4) ,of which only triply degerate states are IR
active. The observed values for free NH4

+ a r e ,
ν1 = 3040 cm-1, ν2 = 1680 cm-1, ν3 = 3145 cm-1 and
ν4 = 1 4 0 0 c m- 1, whereas for free ND4

+, they are
ν1 = 2214 cm-1, ν2 = 1215 cm-1, ν3 = 2346 cm-1 and
ν4 = 1065 cm-1 (Landolt-Bronstein, 1951).

However, within a mineral, accounting for the effects of
the site symmetry correlations, these modes splits further. In
buddingtonite we found a system of overlapping bands from
2700 to 3500 cm-1 corresponding to the NH4

+ and 2850 to
2200 cm-1 corresponding to ND4

+. The spectra are further
complicated because of the presence of the several combina-
tional modes (Fermi resonance) (Bastoul et al, 1993).  It was
observed, that the peak at 2254 cm-1 (room temperature)
splits into 2245 cm-1 and 2269 cm-1 approximately below 260
K. We attribute this change to possible orientational order-
disorder behaviour of the ND4

+ ion within the M-site of bud-
dingtonite as anticipated. 

Bastoul, A. M., Pirnon, J., Mosbah, M., Dubois, M and Cuney, M
(1993): Eur J Mineral 5, 233-243. 

Landolt- Bornstein (1951): Physikalisch -chemische Tabellen, Vol
2, Springer, Berlin.

Pauling, L (1950): Phys Rev. 36, 430.

1 Department of Earth Sciences University of Cambridge, Downing
Street, Cambridge, CB2 3EQ, England
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Native Cd+ centers in sedimentary fluorapatite
Morin G.1*, Allard Th.1, Balan E.1, Ildefonse Ph.1, Calas G.1

Stable native paramagnetic Cd+ centers are reported in
apatite for the first time. X- and Q-band EPR spectra of the
investigated natural fluor-apatite samples show the characte-
ristic hyperfine structures of 111Cd and 113Cd centers (5s1,
S=1/2, I=1/2). The total Cd concentration in these
sedimentary phosphates is 100 ppm and the amount of para-
magnetic Cd+ centers doesn’t exceed 1 ppm. Anisotropic g
and A parameters were derived from powder spectra
modeling [Morin and Bonnin 1999].  By comparison with
available data on Cd+ centers in minerals, it is shown that
stable Cd+ ions substitutes for Ca2+ ions at the regular M(1)
site in the fluorapatite structure and not at the M(2) site.
Thermal decay of artificial Cd+ centers induced by experi-
mental X-ray irradiation in natural and synthetic apatite
samples appear to be much faster than that of native Cd+

centers. Moreover, thermal stability as well as site distribu-
tion of artificial Cd+ centers in synthetic samples strongly
depends on total Cd concentration. Occupation of M(2) site
only occurs at high total Cd content (> 1 wt%). The origin of
the stability of the native centers will be discussed under the
light of EPR data on synthetic samples. 

Morin G. and Bonnin D. (1999) Modeling EPR powder spectra
using numerical diagonalization of the full spin hamiltonian.
Journal of Magnetic Resonance 136, 176-199

1Laboratoire de Minéralogie-Cristallographie, UA CNRS 09,
Universités Paris 6 et 7 and IPGP, 4 place Jussieu, 75252 Paris
Cedex 05. 
* Tel.: (33) 1 44 27 75 04; Fax: (33) 1 44 27 37 85; E-mail: morin@
lmcp.jussieu.fr
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Site Distribution in P2/n Omphacites by the
Study of X-ray Near-edge A b s o r p t i o n
Spectroscopy
Mottana A.1*, Wu Z.2,3, Marcelli A.2,3, Paris E.4, Cibin G.3

X-ray absorption near-edge spectra at the Na, Mg, Al and
Ca K edges on natural Fe-poor Ca-Na clinopyroxenes with
the P2/n space group (P-omphacites) have been measured
and evaluated by comparison with multiple-scattering calcu-
lations. The site preference can be established with a satis-
factory degree of reliability when using clusters containing
some 80 atoms. A method of semi-quantitative site distribu-
tion of Fe2+ vs. Mg and Fe3+ vs. Al is proposed that is
independent on long range order and location of the M2-sited
atoms.

1Universita’Roma Tre, Dipartimento di Scienze Geologiche, Largo
Murialdo 1, 00146 Roma, Italy (mottana@uniroma3.it)
2Beijing Synchrotron Radiation Facility, Institute of High Energy
Physics, Chinese Academy of Sciences, P.O. Box 918, Beijing
100039, P.R. China
3INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40,
00044 Frascati, Italy 
4Universita’ di Camerino, Dipartimento di Scienze della Terra,
62032 Camerino MC, Italy
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Nickel in Oxide Crystals and Melts - A n
Anharmonic EXAFS Study Using Wa v e l e t
Transform
Munoz M.1, Argoul P.2, Farges F.1,3

We are interested in understanding the mobility of
transition metals in magmas, in relation with subduction
zone volcanoes. This study can be addressed only thanks to
in situ (high-temperature and high-pressure) experiments.

We are using x-ray absorption fine structure (XAFS)
spectroscopy to characterize the speciation of transition
metals in oxide crystals and melts. For interpreting well the
extended x-ray absorption fine structure (EXAFS) signal
obtained in situ, we need first to understand the effect of
temperature on EXAFS signals. Hence, we studied several
crystalline model compounds containing nickel by XAFS
spectroscopy at high temperature (up to 2000 K), before
studying glasses and melts. 
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EXAFS data reduction implies to Fourier Transform (FT)
the normalized experimental data to view the various contri-
butions arising from the various shells (for crystals) of
neighboring atoms around the photoabsorber. Using this FT
approach, coupled with the use of conventional anharmonic
models (such as the cumulant expansions theory), we cannot
obtain a robust linear thermal expansion coefficient for the
Ni-O bond above 1200 K. 

Wavelet Transform (WT) approach allowed us to
understand the double origin of this problem. EXAFS signals
are amplitude and frequency modulated and their WT are
«concentrated» in well defined regions in the frequency
plane. WTprocessing of EXAFS signals was performed, and
the extraction of the ridge of the WT allowed us to get the
evolution of local frequency and amplitude (corresponding
to the oxygen first neighbors) with a better precision than
using FT processing. Moreover the evolution with the
temperature of the anharmonicity of the oxygen first
neighbors signal is clearly emphasized with the study of the
phase terms. Finally, we propose a new model to fit this kind
of anharmonic signals, which enables us to better identify the
evolution of Ni-O distance with the temperature. 

Application of these new concepts for XAFS data
reduction of in situ high-temperature melts will be presented,
which correlates with pre-edge and XANES (x-ray
absorption near edge structure) information collected under
low-, and high-resolution conditions at LURE, SSRL and
ESRF.

1Laboratoire des Géomatériaux, Université de Marne-la-Vallée,
77454 Marne-la-Vallée Cedex 2, France (munoz@univ-mlv.fr)
2Ecole Nationale des Ponts et Chaussées, 6-8 Avenue Blaise
Pascal, 77455 Champs sur Marne, France
3Dept of Environnemental Sciences, Stanford University and
SSRL, Stanford, CA 94305-2115, USA
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Micro- and macro-scale partitioning of para-
magnetic tracers between calcite and dolomite
in sedimentary rocks of Volga-Ural oil province
Muraviev F. A .1, Vinokurov V. M .1, Bulka G.R.,
Khasanova N.M.1, Nizamutdinov N.M.1 and Galeev A.A.1

The carbonate rocks in the Permian and Carboniferous
sedimentary sequences of Volga-Ural oil province were
studied by the electron paramagnetic resonance (EPR)
method. The EPR signals of the trace elements, organic
carbon and radiation damages were studied in raw and heat
treated samples of dolostones and limestones. The treatment
was done in the range 620-1220K in the air and in the
hydrogen atmosphere. The EPR spectra of the Mn2+, Fe3+

ions and the SO2
-, SO3

- radiation ion-radicals of dolomite and
calcite were identified in raw samples. 

The process of dolomite decomposition and formation of
the disordered periclase is determined by drastic simplifica-
tion of EPR spectra after heating the samples at 1100K in air
atmosphere (or at 1060K in hydrogen). The presence of

halite in dolostone decreases the decomposition temperature
to 950K. The formation of the periclase is established from
the well known spectrum of Mn2+:MgO used as the EPR
standard sample.  The EPR spectra of Fe3+ and Cr3+ ions
appear in the disordered periclase only when dolomite is
treated in air. The air moisture is actively absorbed by the
newly formed disordered periclase resulting in the formation
of brucite. Two groups of spectral lines belonging to Mn2+

are observed together during this transformation of periclase
to brucite.

The calcite decomposition and formation of the
disordered calcioxite are determined in the samples treated at
1220K in air atmosphere. The presence of the calcioxite is
established from the spectrum of Mn2+ in the calcioxite
structure.  In addition to Mn2+ the EPR spectra of Fe3+ and
P b3 + were identified in disordered calcioxite. The air
moisture is actively absorbed by the disordered calcioxite
resulting in the portlandite formation. The effects of the
anomalous impurity migration to disordered periclase and
calcioxite phases are discussed from the point of view the
formation of different marbles. 

The EPR spectra of free radicals of oil components
appear in samples treated at the 650K. The EPR spectra of
free radicals of organic carbon appear in samples treated at
the 950K. The presence of chromium and organic carbon in
dolostones correlate in Carboniferous sedimentary sequence.
The dolostones are present in cap rocks of oil and water
reservoirs. The limestones form the oil reservoirs. The strata
of different marine farcies are marked in this sequence by
logging of the Mn2+, Fe3+ ions and the organic carbon EPR
signals. The content of manganese in strata decreases in the
processes of the oil migration and the limestone re-crystalli-
zation. The site partitioning of manganese in dolomite
structure characterizes the changes of water salinity in the
sedimentation basin. 

1Kazan State University, Kremlevskaya str. 18, Kazan, 420008
Russia

*  *  *  *  *  *  *

The new data about structural position of iron
atoms in the gold-bearing arsenopyrite
obtained by Mössbauer spectroscopy
Murzin V.V.1, Semionkin V.A.2,Sustavov  S.G., Krinov D.I.,
Novikov E.G., Milder O.B.

8 arsenopyrite samples of the Kochkarskoe (the South
Urals) and Nezhdaninskoe (Siberia) deposits have been
examined by Mossbauer spectroscopy 57Fe. Arsenopyrite
composition is characterized by large variations of arsenic
and sulfur contents – 40.6 ÷ 46.3%As (28.0÷33.9at.%),
19.5÷24.4% S (32.1÷39.3 at.%); averaged values of S/As by
5 grains from each sample – 0.98 ÷ 1.24. According to INNA
data arsenopyrite contents up to 343.7 ppm of Au besides this
at the Nezhdaninskoe deposit more than 95% of Au is
chemical bonded (Genkin et al., 1998).

Arsenopyrite spectrums of the Kochkarskoe deposit are
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written by a model believing an existence of three
quadrupole doublets and for the samples of the
Nezhdaninskoe deposit besides of that a singlet component
has been introduced. According to isomer shift and
quadrupole splitting values: IS = (0.238÷0.276) mm/s,
QS = ( 1 . 0 9 6÷1.13) mm/s; IS = (0.25÷0.36) mm/s,
QS = (0.59÷0.79) mm/s and IS = (0.223÷0.278) mm/s,
QS = (1.32÷1.55) mm/s doublets correspond or are closest to
described ones in references for FeAsS, pyrite and/or
marcasite FeS2 and also lolingite FeAs2.

In the Kochkarskoe deposit IS increasing and QS
decreasing to the three iron positions written by doublets is
shown with rising of d202 interplanar spacing and arsenopyri-
te S/As (fig.1). It’s supposed that each of them can be shown
as a combination of polyhedrons with definite set of S and As
atoms “dissolved” in arsenopyrite structure without own
mineral phases. It has been determined that iron in position
corresponding by singlet (IS = 0.58÷0.60 mm/s) is the most
probable to the replacement by gold.

Fig.1  Relationship between mössbauer parameters of iron
in positions FeAsS (1), FeS2 (2) and FeAs2 (3) of

interplanar spacing d202 in arsenopyrite.

Genkin A.D., Bortnikov N.S., Cabri L.J. et al. - Economic Geology.
1998.V.93. N4. P.463-487.

1 Institute of Geology and Geochemistry RAS, Pochtovy lane, 7
Ekaterinburg, 620151, Russia

2 Urals State Technical University, Mira, 19, Ekaterinburg, 620002,
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Raman spectrometry on glasses and crystal in
the CAS system.
Neuville D.R.1, Cormier L.2 and Massiot D.3

Calcium aluminate and aluminosilicate glasses are
attractive materials for a wide range of technical applications
due to their highly refractory nature, their excellent optical
and mechanical properties. The CaO-Al2O3-SiO2 system
(CAS) is remarkable since glasses with very few SiO2

content can be synthesized, contrary to alkali or Mg alumi-
nosilicate glasses. 

We have synthesized more than 40 different glasses in the
CAS system using quenching method and 6 glasses in the
CA system using laser heating.  These glasses were studied
using a Raman spectrometer T64000 from Jobin-Yvon-Dilor
compagny. Cormier et al (2000) have shown from X-ray and
neutron diffraction that aluminium is in 4-fold coordination
in this ternary system. We present Raman spectra obtained at
room temperature for these glasses. 

On the join SiO2-CaAl2O4 glass, we observed a decrease
in Raman frequency with increasing CaAl2O4 content for all
the bands. In particular, we observed a big decrease in
frequency for the T4 band near 1150 cm-1 assigned to T-O0 in
T4 units. This decrease suggests that aluminium substitutes
principally for Si4+ in the fully polymerized structural units
(TO2) according with Neuville and Mysen (1996). On the
join SiO2- C a3A l2O7 ( R = C a O / A L2O3=3), we observed a
decrease for all bands with decreasing SiO2, and we interpret
this decrease as a substitution of Si by Al in  T4 units with
other substitution of Si by Al in  T3 units. 

Cormier L., Neuville D.R., and Calas G. (2000) J. Non-Cryst.
Solids, 274  110-114.

Neuville D.R.  and Mysen B. (1996). Geochim. Cosmochim. Acta.,
60, 1727-1737.

1 Laboratoire de physique des géomatériaux, IPGP-CNRS-
ESA7046, 4 place Jussieu, 75252 Paris
2 Laboratoire de Minéralogie et de Cristallographie, Universités
PARIS 6 et 7, IPGP-CNRS, 4 place Jussieu, 75252 Paris
3 UPR 4212, CNRS-CRMHT1d, avenue de la recherche scientifique
F-45071 Orléans Cedex 2.

*  *  *  *  *  *  *

Development of time-resolved photolumines-
cence microprobe
Panczer G.1, Boudeulle M.1 and Champagnon B.1

Photo- as well as cathodo-luminescence studies of geo-
materials showed how doped elements can be revealed by
such non-destructive techniques. Further more laser-induced
time-resolved spectroscopy allows to differentiate the
valence state of specific elements (Eu, Cr, Mn...) as well as
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to revealed their crystallographic environment (Panczer et
al., 1998 ; Gaft et al., 2000). While micro cathodo-lumines-
cence (coupled with SEM equipment) enables to record the
emission of micro domains without the possibility to conduct
time-resolved spectroscopy, photoluminescence up to now
could not be used, for technological considerations, to detect
the emission from pulsed-UV excited micro domains.

In order to provide to the mineralogist community a
useful new micro tool, we modified a microscope, which
allows the location of micro domains, the injection and the
focalisation of a pulsed UV laser source and the time-
resolved record of the punctual emission. With such an
equipment, spatial resolution of less than 3 µm can be
reached. Such development makes micro luminescence
possible to reach the resolution of other micro analytical
techniques (electronic microprobe, cathodoluminescence,
micro Raman, micro IR...) to which it become complemen-
tary.

Panczer G., Gaft M., Reisfeld R., Shoval S., Boulon G. &
Champagnon B. (1998) Luminescence of uranium in natural
apatites, J. Alloys and Compounds, 275-277, 269-272.

Gaft M., Panczer G., Reisfeld R., Shinno I., Champagnon B. &
Boulon G. (2000) Laser-induced Eu3+ luminescence in zircon
ZrSiO4, J. of Luminescence, 87-89, 1032-1035.

1 Laboratoire de Physico-Chimie des Matériaux Luminescents,
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Interpretation of the evolution of IR spectra of
synthetic clinoamphiboles in the 1200 - 400 cm-1

range, as a function of composition
Papin A.1, Robert J.L.1, Della Ventura G.2

The 1200 - 400 cm-1 region of the IR spectra of clinoam-
phiboles has rarely been studied. Only the OH-stretching
range, 3800 - 3600 cm-1, is well known. In the 1200 -
400 cm-1 region, three zones can be clearely distinguished.

Between 1200 and 900 cm-1, T-Oapical and antisymmetric
T-O-T vibrations are observed. Considering the amphibole
structures and particularly the geometry of T1 and T2
tetrahedra, it is possible to propose a band assignment in this
region. In T1 tetrahedra, with three bridging oxygens, the
T-Oapical (oxygen O1) bond-length is usually inferior to
T-Obasal ones, for example in tremolite, mangano-cumming-
tonite and richterite (Hawthorne, 1981). It is reasonable to
assign the highest T-O stretching wavenumber to this
T1-Oapical vibration. It can be observed at wavenumbers up to
1150 cm-1. The average T-O distances in T2 tetrahedra, with
only two bridging oxygens are systematically superior to that
observed in T1 sites, even when the cationic content is the
same, for example in purely silicic amphiboles. This T2
tetrahedron is also very anisotropic in most amphiboles, with
short T2-O2 (the apical oxygen), and very short T2-O4 bond
length (O4 is a non-bridging, strongly underbonded oxygen,

which links T2, the M2 octahedron and the M4 cubic
antiprism (Hawthorne, 1981). These T2-O2 and T2-O4 short
bonds also give stretching bands at high-wavenumber
(≥ 1050 cm-1). Between 1000 and 900 cm-1, the three
observed bands can be assigned to the antisymmetric
T1-O7-T1, T1-O6-T2 and T2-O5-T1, which involve the
bridging oxygens. Band positions in the ≈ 1150 - ≈ 1050 cm-1

range are related to the proper geometry of tetrahedra, related
to both tetrahedral and I-beam compositions. Below
1 0 5 0 c m- 1, the band splitting is controlled by A - s i t e
distorsions, which also depend on both tetrahedral and
octahedral compositions, and reflects  misfits between the
tetrahedral double chain and the I-beam.

In the 750 - 650 cm-1 range, several bands are observed.
They can be assigned to tilting motions of tetrahedra, above
700 cm-1, and to the symmetric T-O-T vibrations (below
700 cm-1).

Below 600 cm-1, several band overlap, corresponding to
very different motions. Around 600 cm-1 we observe the
bending motion M-O-H (δOH); this band shifts mainly as a
function of the octahedral composition, at M1 and M3 sites.
Between 600 and 500 cm-1,  the bands can be assigned to
stretching motions within the I-beam. And, around 450 cm-1,
the complex system of bands is due tu angular distorsions of
the silicate network (δSiO). 

Hawthorne F.C. (1981) – Crystal chemistry of the amphiboles. In :
Reviews in Mineralogy, Vol. 9, D.R. Veblen Ed., Mineralogical
Society of America, 1-102.
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Site occupancy in spinels determined by XMCD
Pattrick RA.D.1, Kuiper P.2, Dudzik E.2,
Henderson C.M.B.1,2, van der Laan G.2, Vaughan D. J. 1,
England K. E. R 1

X-ray magnetic circular dichroism (XMCD) is the
difference between the absorption spectra of left and right
circularly polarized X-rays and provides information about
the electronic and magnetic structure of phases. Using
synchrotron radiation, XMCD is a relatively simple
technique which has been successfully used to study a large
variety of different systems, such as transition metal, rare
earth and actinide metals, alloys, compounds and is
extensively used in the study thin films and overlayers; the
technique is element, site and symmetry selective. The
contribution to the XCMD difference spectrum for magnetite
has been calculated from Fe L2,3 abasorption spectra for
different polarisation directions (Kuiper et  al., 1997) and
measured extensively on Fe304 thin films, and magnetite
bulk samples by many workers. For the calculated spectra,
using a 10Dq, the crystal field difference between 2eg and
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3t2g is 1.6 eVfor octahedral sites and -0.06 eV for tetrahedral
sites and, therefore, an energy shift of the individual peaks is
required to match the spectra; it was noted that any energy
shift or peak broadening could affect the overall XMCD
spectrum, especially in relation to the two Fe d5 peaks
( K u i p e r, et al., 1997). Three peaks appear in MCXD
spectrum the i) octahedral spin up d6 (Fe2+Oh), b) tetrahedral
spin down d5 ions (Fe3+ Td), c) d5 Fe3+ (Fe3+Oh).

The XMCD of the L2,3 absorption spectra of a series of
Ni-Co-Mg-Al ferrites have been measured, the site
occupancies calculated, and value of the technique in mine-
ralogical studies demonstrated (see also van der Laan, 1999).
The data are compared with information from other methods;
Mössbauer measurements only provide information on the
iron ions and, although it provides element specific
information, the contribution of individual sites from K-edge
EXAFS is difficult to quantify.

Kuiper, P, Searle, B.G., Duda, L. -C., Wolf, R.M. and vn der Zang
(1997) Fe L2.3 linear and magnetic dichroism of Fe3O4 J. Elec.

Spect. Rel. Phen ., 86, 107-113.
van der Laan, G, Henderson, C M B, Pattrick, R A D, Dhesi, S S,

Schofield, P F, Dudzik, E and Vaughan, D J. (1999) Orbital
polarisation in NiFe2O4 observed by Ni 2p x-ray magnetic

circular dichroism. Phys. Rev. B.,  59, 4314-21 
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Sorption of Ca and Sr complexes onto clay
minerals: an XAS study
Petit P.E.1, Gaucher E.2, Juillot F.3

For predictive modeling in nuclear wastes management,
the geochemistry of waters that leach the clayey barriers can
be constrained by studying elements like alkaline earth
metals. To identify preferential sorption sites, we have
studied using x-ray absorption spectroscopy (XAS) the
geometry of Sr and Ca complexes sorbed onto clay mineral
surface (montmorillonite). Sr and Ca sorption experiments
on clay minerals were conducted with different sorption
conditions (pH, background electrolyte) at BRGM (Orleans,
France). The samples (with a Ca or Sr content ranging from
5000 to 10000 ppm) have been analyzed at Ca- or Sr-K edge
at beamline ID26 at ESRF (Grenoble, France). For both
cations and for all sorption conditions, the XAFS spectra
obtained are the same than that obtained with a reference
aqueous solution, which strongly suggests the formation of
Ca and Sr outer-sphere complexes.  For both cations, no
carbonate precipitates have been identified. In both cases, the
EXAFS signal is complicated by additional features, that
cannot be attributed to single- or multiple-scattering of the
photoelectron by the oxygen first neighbors. These features,
analyzed with the help of the GNXAS code (Filipponi and Di

Cicco, 1995), have been attributed to multi-electronic
excitations in the case of the Sr-K edge, following the inter-
pretation of D’Angelo et al. (1996), and will be discussed in
detail. 

D’Angelo P, Nolting HF, Pavel NV (1996) Evidence for multi-
electron resonances at the Sr K edge. Phys Rev A 53: 798-805

Filipponi A, Di Cicco A (1995) X-ray absorption spectroscopy and
n-body distribution function in condensed matter II. Data
analysis and applications. Phys Rev B 21: 15135-15149
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X-ray and Mössbauer study of Fe2+ thermal
oxidation in Fe-Mg-Al-tourmaline
Pieczka A.1, Kraczka J.1

Structural effects of Fe2+ thermal oxidation in Fe-Mg-Al-
tourmalines were studied using X-ray diffraction and
Mössbauer spectroscopy. Significant decreases of the a unit-
cell parameter and small increases of the c parameter were
caused by a shrinkage of Y octahedra and a small expansion
of Z octahedra. These changes are a consequence of a
shortening of the radius of the Y complex cation, and a
lengthening of the radius of the complex ligand during Fe2+

oxididation, coupled with deprotonation of the V=OH or
W=OH site. Small changes of the remaining site sizes were
caused by accommodation of the tourmaline structure to
stepwise variations of the octahedral complex.

The Mössbauer spectra of the thermally oxidized
tourmalines showed that the total abundance of Fe2+ doublets
gradually decreased, while that of the Fe3+ d o u b l e t s
increased. The differentiation of QS of the Fe2+ doublets is
due to growing distortions within the triad of the Y
octahedra. The distortions result from the transformation of
the Y ion nearest neighbourhood from [O4(OH)(OH/F)] to
[O5(OH/F)], combined with the effects induced by the bi-,
tri- and tetravalent cations from the IInd coordination shell.
The Fe3+ present in natural tourmalines gave the doublets
with IS in the range 0.3-0.4 mm/s and QS < 0.5 mm/s
([Fe3+|O4(OH)(OH/F)] Y octahedra), or the doublet with QS
between 0.9 and 1.0 mm/s ([Fe3+|O5(OH)] Y or Z octahedra),
or sometimes contributed to the Fe2.5+ doublet of iron in the
mixed valence state. In the partly oxidized tourmaline
coexist two phases: the first close to the initial unoxidized
form and the other with Fe2+ totally oxidized; their ratio
changed gradually until full replacement of the unoxidized
form was achieved. Recalculation to 100% of the Fe2+- and
Fe2.5+ doublets abundancies, i.e. the doublets assigned to the
unoxidized tourmaline, showed that in initial stages of
oxidation (to about 700oC) the contributions of the Fe2+

doublets with QS > 2 mm/s gradually decreased, while those
with QS < 2 mm/s as well as the Fe2.5+ doublet increased. At
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the temperatures 760-780oC, when 70-80% of the initial Fe2+

oxidized to Fe3+, the contributions of the Fe2+ doublets with
QS > 2 mm/s decreased faster and in the spectra dominated
quadrupoles with QS < 2 mm/s. In the spectra of oxidized
tourmalines two Fe3+ doublets with the QS 0.90-0.95 mm/s
and 1.20-1.30 mm/s ([Fe3+|O5(OH)] and [Fe3+|O6] Y or Z
octahedra) also appeared. These observations correlate with
the progress of Fe2+ oxidation in the triad of Y octahedra. The
Fe2+ quadrupoles with QS > 2 mm/s can be explained by the
presence of Fe2+ in the [O 4(OH)(OH/F)] neighbourhood and
of bi- or trivalent ions within the IInd coordination shell,
while the quadrupoles with QS < 2 mm/s by the presence of
Fe2+ in the [O5(OH)] neighbourhood and mainly of  Fe3+

within the IInd coordination shell. The thermal oxidation
generates succesive Fe3+ ions within the triad of Y octahedra,
thus the Fe2+ doublets with QS < 2 mm/s became more
abundant at higher temperatures. The oxidation continues
until the tourmaline looses the initial Fe2+, i.e. to about 800-
840oC. Further increments of thermal energy induce transfer
of some amounts of Y ions (Fe3+ or others) to the Z sites and
of Al in the reverse direction. Due to that, the mean size of Z
sites increases faster, while the mean size of Y sites decreases
slower than they did during oxidation. The transfer of Fe3+

and Al affected the durability of bonds within the octahedral
cluster, leading to the gradual breakdown of the structure and
formation of X-ray amorphous phases. The process came to
the end at 880-920oC. The observed thermal changes of
mean sizes of the Y and Z octahedra and also evolution of the
Mössbauer spectra of thermally oxidized tourmalines
indicate that Fe2+ occupies only the octahedral Y sites. 
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M ö s s b a u e r e ffect study Chinga meteorite
(ataxite IVB) phase composition
Pikulev A . I .1*, Grokhovsky V. I .1, Semionkin V. A .1,
Milder O.B.1

Phase composition of iron Chinga meteorite was
determined by Mössbauer spectroscopy. The fragments of
the meteorite were found by the USTU meteoritic expedition
in 1986 in the valley of the Meteoritny stream (Western
Tuva).

Measurements were performed in transmission geometry
on high precision Mössbauer spectrometer CM2201 at room
and liquid nitrogenous temperature. Series of foil samples
20 µm thickness were prepared from polished casual cuts of
the bulk meteorite.

Obtained spectra of meteorite presents sextet of unpro-

portionally widen lines of different intensity. Spectrum
doesn’t depend on direction of cut.

The Mössbauer studies of Chinga meteorite have been
executed earlier [1], but the satisfactory interpretation of
spectrum hasn’t been found yet. We used three component
superposition sextet fitting. So we supposed the presence of
several phases in the sample. The phase composition the
Chinga meteorite was proposed: kamacit ( =330±0,1 kOe,
∆EQ=-0,02 mm/s, δ=0,018 mm/s, ≈50%), martensitic phase
( =340±0,3 kOe, ∆EQ=-0,06 mm/s, δ=0,022 mm/s, =10%)
and tetrataenite ( =303±0 , 7 kOe, ∆EQ= - 0 , 0 1 m m / s ,
δ=0,025 mm/s, ≈40%). The values of hyperfine parameters
of components are conciliated with data available.

We didn’t observe any significant changes in Mössbauer
spectra measured at different temperatures (T≈293 K and
T≈87 K). We fixed an increasing of magnetic hyperfine field
value for all components while decreasing the temperature.
This behavior is usual for ferromagnetic.

The destination of the point on the diagram (H vs. ∆EQ

for tetrataenite) supports the general trend of the same
parameters received while study of other iron meteorites [2].
As it follows from the diagram Chinga meteorite has the
highest cooling rate and lowest order. The negative value of
∆EQ for tetrataenite caused magnetic axes of small crystal-
lites perpendicular to the electric field gradient [3].

This work was supported by the Ministry of Education of Russian
Federation (grant #992340)
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A spectroscopic study of Fe and Ti distribution
in clinohumites.
Platonov A . N .1, Langer K.2, Polshin E.V.1 and A b s -
Wurmbach I.2

The Mg/Fe and Ti distribution is considered as the main
problem in the crystal chemistry of the humite minerals. In
the structure of clinohumites are five nonequivalent
octahedral sites – M1c, M1n, M26, M25 and M3, and Fe dis-
tribution on these positions is various in clinohumites from
different types of localities. Six samples of clinohumites with
different Fe content (0.02 – 3.56 apfu) and Ti (0.04 –
0.46 apfu) from magnesia scarns, alkaline ultrabasic rocks,
deep-seated xenoliths in kimberlites and altered peridotites
(Val Malenco, Italy) were studied by Mössbauer (MS) and
optical absorption spectroscopy.
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In MS-spectra of Ti-low clinohumites five quadrupole
doublets are revealed: two most intensive doublets are
caused by Fe2+ ions in (M1c + M1n) and M26 sites, two small
doublets of Fe2+ (M25) and Fe2+ (M3) and one doublet of Fe3+

ions. Strong temperature dependence of quadrupole splitting
(QS) of Fe2+-doublets shows that the distortion of octahedral
sites increases in compliance with increase of QS of Fe2+-
doublets in the sequence M3 < M25 < M2 6 < (M1 c +M1n),
that is confirmed by X-ray data. The least QS of Fe2+(M3)
doublets and its strongest temperature dependence suggests
possible influences from the composition of the second coor-
dination sphere. The Fe distribution between nonequivalent
sites, calculated on the basis of this model, is in good
accordance with X-ray data (Platonov et al., 2001). However,
for Ti-rich clinohumites, where M3 sites are enriched in Fe
(up to 36 % of Fe total) and Ti (up to 0.46 apfu) (Robinson
et al., 1973), such model produces an overestimated
population of M26 and to low population of the M3-site by
Fe-cations. To remove the contradiction we suppose that
Fe(M3)-cations show up in MS-spectra in form of the Fe3+-
doublet and three doublets, caused by Fe in paired M3 sites:
Fe2+-(Mg or Fe2+), Fe2+- Fe3+ and Fe2+- Ti4+. In the latter case
paired M3 sites have six oxygen ligands (in accordance with
substitution scheme Mg2+ + 2(OH, F)- = Ti4+ + 2O2-), and the
corresponding doublet can coincide with that of Fe2+( M26).
Using such model we obtain complete consistency with X-
ray data for Ti-clinohumite from Val Malenco (Robinson et
al., 1973).

In the optical absorption spectra of all clinohumites
studied the strong and strictly polarized (E//X) Fe2+→Ti4+ CT
band 23200 cm-1 dominates. The analysis of the relation
between optical and crystallographic vectors in clinohumites
suggests that the Fe-Ti charge transfer interaction occurs pre-
dominantly along the polyhedral units …M25– M3 – M3 –
M25… in their structures. These data confirm the published
conclusion that Ti-ions are ordered mainly into the M3 sites
(e.g. Platonov et al. 2001). The presence of X-polarized
Fe2+→Fe+3 CT band at 14300 cm-1 in spectra of Ti-rich cli-
nohumites is an additional argument in the favoring Fe3+

incorporation into the M3 sites.

Platonov A.N., Langer K., Wildner M., Polshin E.V., Matsyuk S.S.
(2001). Z. Kristallogr. , 216, 154-164.

Robinson K., Gibbs G.V., Ribbe P.H. (1973). Am. Mineral. , 58,
43-49.
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Ab-initio calculation of 17O NMR spectra in
oxides. 
Profeta M.1

17O NMR spectroscopy is a promising tool for the study

of the microscopic structure of oxides. 17O is a quadrupolar
nucleus and thus both chemical shift and electric 

field gradient tensors can be exploited. Due to the oxygen
lone pair, the 17O chemical shifts cover a very brand range of
800 ppm.

However, the correlations between local structures and
NMR parameters are still unknown. 

Empirical rules are commonly used to extract informa-
tions from the raw experimental data. However this approach
cannot be applied in the solid state, as the atomic configura-
tions often cannot be modeled by chemical analogues. Ab-
initio calculation is the only way to obtain an unambiguous
determination of the microscopic structure.  

Until recently, the conventional approach to the
theoretical interpretation of solid state NMR spectra was to
approximate the infinite solid by a cluster [1] but the
comparaison with experiments is poor.

Here we will present results obtained with a new method
to  simulate periodic solids without the cluster approxima-
tion. We apply this recently developed approach for the first
principles calculation of NMR chemical shifts [2, 3] and
electric field gradients, to SiO2 and TiO2 polymorphs. The

computed NMR parameters are in excellent agreement with
the experimental data.

This work was done in collaboration with Francesco Mauri1, Chris
Pickard2 Christel Gervais3 Christian Bonhomme3 and Florence
Babonneau3.

X. Xue and M. Kanzaki, Sol. St. Nucl. Magn. Res. 16 (2000) 245-
259

F. Mauri, B.G. Pfrommer, and S.G. Louie,  Phys. Rev. Lett. 77, 5300
(1996) 

C.J. Pickard and F.Mauri, Phys. Rev. B to be published, cond-
mat/0101257

1 Laboratoire de Minéralogie Cristallographie de Paris. Universite
Paris VI 4 place Jussieu, tour 16 case 115, 75252 Paris cedex 05,
France
2 TCM Group, Cavendish Laboratory, Madingley Road, Cambridge,
CB3OHE, UK
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The Mössbauer spectrum of the new mineral
fluorannite
Qin S.1, Li Z. 2, Wu Z.3

Fluorannite is a new mineral approved by Commission
on New Minerals and Mineral Names (CNMMN) in 1999
with the Number IMA99-048, its chemical composition and
structural data has been published recently by Shen et al.
(2000). It was widespread, in the Mössbauer study of 2:1
layer silicate, to fit Fe2+ contribution with two Lorentzian
line doublets and ascribe them to the cis and trans octahedral
sites (Munoz and Ludington 1974; Dyar and Burns 1986).
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H o w e v e r, Lorentzian line doublets in spectral fitting
presented an inadequacy and then the methodology of
quadrupole splitting distribution (QSD) was developed
(Rancourt 1994a, b; Rancourt et al. 1994). Rancourt et
al.(1996) performed a detailed Mössbauer study of synthetic
annites on the (OH, F)-join in terms of QSDs, and concluded
that the effect of F on the Mössbauer spectrum of annite and
on the corresponding Fe2+ QSD is more significant than the
effect of varying Fe/(Fe+Mg) in the phlogopite-biotite-annite
series or the effect of varying Fe3+/(Fe2++Fe3+) in the annite-
oxyannite series. In this note the Mössbauer data of natural
fluorannite from Suzhou, China was firstly reported and
interpreted in terms of QSDs. 

Transmission 57Fe Mössbauer data for fluorannite were
collected at 298 K using a ~ 10 mCi Co Pd-matrix source
with a velocity of constant acceleration drive. Data was
acquired on 1024 channels and the zero velocity was
calibrated by metallic α-Fe at 298 K. The Voigt-based QSD
method (Rancort and Ping 1991) was used to fit the raw data.
The overall of QSDs at 298 K can be interpreted in terms of
four QSD contributions centered at QSHH=2.571 mm/s for
F e2 +O4( O H )2 octahedra (cis and trans not resolved),
QSHF=2.255 mm/s for Fe2+O4(OH)F octahedra (cis and trans
not resolved), QScFF=2.166 mm/s for cis-Fe2+O4F2 octahedra,
and QSt F F=1.278 mm/s for trans-Fe 2 +O4F2 o c t a h e d r a
(Table 1). The ferric iron spectral component with δ = 0.378
mm/s and ∆ = 0.645 mm/s was also characterized.

Site δ0(mm/s) δ1 δ(mm/s) ∆(mm/s) σ∆(mm/s) A(%) χ2

[2+]-1 1.046 -0.013 1.012 2.571 0.133 16
[2+]-1 1.017 2.255 0.139 15
[2+]-1 1.018 2.166 0.406 44 1.00
[2+]-1 1.029 1.278 0.709 4
[3+]-1 0.330 0.147 0.378 0.645 0.342 21

Table 1 Mössbauer parameters of fluorannite at 298 K

Dyar MD, Burns RG (1986), Am Mineral, 71, 955-965
Munoz JL, Ludington SD (1974), Am J Sci, 274, 396-413
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Interaction of structural defects in quartz (from
EPR and X-ray induced luminescence spectro-
scopy data)
Rakov L.T.1, Rassulov V.A1 , Rogojine A.A1

Crystal structure defects in quartz actively interact
between each other in the processes of their formation and
disappearance.  It was noted, that the presence of defects of
a definite type could determine the absence of  some other
type defects, or, on the contrary, could stimulate the rise of
their concentration. For example, electron paramagnetic
resonance (EPR) studies of quartz showed that some defects
can be formed which are not associated with any known
center in α-quartz. These defects named T-centers were
supposed to be related to high-temperature β-phase (Rakov
et al 1986). Such β-phase can occur in defect microzones of
quartz in the course of its crystallization or annealing. In
some samples T-centers are registered after annealing at
300 ºC (although α-β transition of quartz occurs normally
at 573 ºC). We studied factors having influence on the
stability of such microzones in quartz. It was found  that the
presence of T-centers often results in sharp decrease of
concentration of the paramagnetic centers involving oxygen
vacancies. It was found also that annealing of quartz at tem-
peratures in the range between 300 ºC and 1250 ºC can result
in drastic variations of the Ge-Li precursor centers concen-
trations. The data obtained indicate that oxygen vacancies
and germanium ions participate in preserving high-
temperature β-phase microzones in quartz. On the contrary,
structural aluminium ions interfere with the process of
β-phase microzones creation. The higher is the Al content,
the higher is the temperature of α-β transition in the
microzones.

Radiation induced creation of defects in quartz is
accompanied by the migration  of the charge compensating
ions. The paramagnetic Al-O-center build up rate during
irradiation depends on the concentration of the defects to
which interstitial Li+ can be associated after the dissociation
of the precursor centers. The study of the Al-O-center build
up rate allowed to establish that the concentration of such
defects is enough high at the irradiation dozes of less than
100 Gy (Rakov 1998). On the other hand the bands in X-ray
induced luminescence spectra of quartz can be related to
various defects, and irradiation response of some of the
bands can also be related to the processes of defect
interaction and migration (Rakov et al, 2000). For example,
we studied X-ray induced emission at 340 nm found in some
quartz samples after annealing at 900 oC. This band intensity
decreases exponentially with irradiation time almost disap-
pearing after the irradiation dozes of the same order
(100 Gy).  The possible correlation between luminescence
spectra and defect formation and migration is  discussed. 

Rakov L.T., Pleskova M.A, Moisseev B.N. (1986) Paramagnetic
center in thermally treated quartz, Doklady Akademii Nauk
SSSR, 289,4, 962-965 (in Russian)
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Manganese Accommodation in Fossilized
Mastodon Ivory and Heat Induced Color
Transformation: Evidence by UV/Vi s / N I R
Absorption, XANES/EXAFS and TRLIF
Reiche I. 1, *, Vignaud C.1, Calligaro T.1 , Menu M.1

Turquoise colored heated mastodon ivory, also called
odontolite or bone turquoise [1-2] is one of the most
fascinating imitations of mineral turquoise used in the
Middles Ages as a semi-precious stone to decorate art and
religious objects. The understanding of the mysterious
turquoise-blue colour formation of mastodon ivory induced
by heat treatment is the subject of this work and was until
n o w, the object of much controversy. Vi v i a n i t e
(Fe3(PO4)2.8H2O) is the commonly accepted coloring phase
in odonolite [2]. Former spectroscopic studies by
PIXE/PIGE and TEM-EDX demonstrated that its chemical
composition corresponds to fluorapatite (Ca5( P O4)3F )
containing trace amounts of Fe (230-890 ppm), Mn (220-
650 ppm), Ba (160-620 ppm) and U (80-210 ppm) with Fe-
and Mn-oxides on the surface [3]. No vivianite phase has
been detected. 

UV/Vis/NIR spectroscopy allowed to analyse the light
absorption by fossil ivory at several heating stages and also
in blue geological fluorapatites. Identical absorption patterns
have been observed for geological apatites and for heated
fossil ivory. Pentavalent manganese ions in an oxygenated
tetrahedral environment are potential coloring species. 

TRLIF permitted to determine the accommodation of
manganese traces before and after thermal treatment in the
fossilised ivory [4]. Before the heat process, manganese is
essentially in the oxidation state 2+, identified by its charac-
teristic visible yellow luminescence at 585 nm. After heat
treatment, manganese is principally in the oxidation state 5+
evidenced by the infrared luminescence at 1150, 1165 and
1215 nm. 

The manganese molecular environment has been investi-
gated by XANES and EXAFS before and after thermal
treatment. This is particularly difficult as manganese concen-
tration does not exceed 650 ppm. These studies confirm the
presence of Mn2+ ions before and Mn5+ ions after thermal
treatment. Furthermore, the XANES spectra show that Mn2+-
traces are situated on a distorted octahedral site before and

transform principally into Mn5+-ions on a tetrahedral site
after the heat process. These usually unstable Mn5+ cations
are stabilised by the apatite host matrix as phosphorus has
the same molecular symmetry and charge in apatite. EXAFS
showed that main Mn-O distances vary from 1.86 and 2.16 Å
for Mn3+/4+ and Mn2+ respectively in unheated to 1,69 Å for
Mn5+ in heated ivory.

The Mn5 +-ions formed during the heat process in
fossilized ivory produce in an oxygenated tetrahedral
environment an intense green-blue colour through an metal-
oxygen charge-transfer as a function of their concentration
within the fluorapatite host matrix. The turquoise color of
heated mastodon ivory or odontolite can thus be ascribed to
Mn5+-traces. These spectroscopic results show for the first
time the real colouring mechanism in the mineral odontolite.

Webster, R., Gems Their Sources, Descriptions and Identification
(Butterworth 4th Ed., 1986).
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Gaft, M., Reisfeld R., Panczer G., Boulon G., Shoval S.,

Champagnon B., Optical Materials, 8 149-156 (1997).
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Analysis of the antisymmetric [ 3 ]B-O FTIR
stretching region of tourmalines. Site symmetry
and short-range environment of the BO3 group
Robert J.L.1

The antisymmetric stretching vibrations of the BO3

triangular group in tourmalines are observed within the
1400-1250 cm-1 range (Moenke, 1974). In this wavenumber
range, the IR absorption spectra are generally composed of
three broad bands and several shoulders. The presence of
three bands indicates significant deviations from the ideal
C3v symmetry.

Understanding spectra in this wavenumber region
requires an analysis of cation occupancy in the neighbouring
polyhedra. In the BO3 triangle, boron is bonded to one O2,
shared by two Y octahedra, which can be occupied by Li+

(e.g. elbaite),  Mg2+ (e.g. dravite), Fe2+ (e.g. schörl), Al3+

(elbaite, foitite, rossmanite) and Fe3+ (buergerite), among the
most frequent cations, and to two O8, shared by to Z
octahedra, generally occupied by Al3+.

The charge balance on oxygen O2 appears to control the
position of B3+ within the BO3 triangle, and therefore the
B-O bond lengths and B-O stretching wavenumbers. In most
cases, oxygen O2 appears to be significantly underbonded,
for example only 1.67 valence unit in the case of MgMg or
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AlLi at Y sites, 1.83 valence unit with MgAl at Y sites. The
only case of convenient charge balance on O2 is found with
an AlAl pair at Y sites, in elbaite.

Charge imbalances are compensated by distorsions of the
BO3 triangle, and specially by the off-center displacement of
B3+, which induces a shortening of B-O2 bond distances and
the consecutive elongation of B-O8 ones. The situation
becomes more complicated again if Z sites are not occupied
by Al only.

The consequence of this analysis in terms of FTIR spec-
trometry in the antisymmetric B-O stretching region is an
increasing complexity of spectra, which follows the multi-
plicity of first cationic neighbours at Y and Z sites. 

As a matter of fact, the highest B-O band, above
1360 cm-1, can be assigned to the very short B-O2 bonds,
with O2 adjacent to MgMg or AlLi at Y sites. Bands at
wavenumbers below 1350 cm-1 are due to B-O2 bonds, with
O2 adjacent to a MgAl pair at Y sites. Finally,  low-
wavenumber bands, around 1300 cm-1 and below reflect the
elongation of B-O8 bonds  with respect to B-O2. The origin
of shoulders must be sought in third neighbour effects.

Moenke H.H.W. – Silica, the three-dimensional silicates, borosili-
cates and beryllium silicates. In : The infra-red spectra of
minerals, V.C. Farmer, Ed. Mineralogical Society of Great
Britain, 365-382, (1974).
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Crystal chemistry of heavy metals in cement
phases
Rose J.1*, Moulin I.1, Stone W. E . E .2, Sanz J.3,
Hazemann J.L.4, Masion A.1, Bertsch P. M.5, Bottero J.Y.1,
Haehnel C.6

The use of hazardous waste as fuel for the kilns of the
cement industry results in trace amounts of heavy metals in
the anhydrous cement phases. During the hydration of the
cement, which corresponds to a dissolution-reprecipitation
process, these polutants are likely to be released into the
environment depending on their affinity for the different
cement phases. It is equally important to study the long term
behavior of the hydrated phases (the actual cement) as
leaching might represent a much more insidious mode of
contamination. Understanding the metal release mechanisms
requires to determine the host sites for the pollutants and
their evolution during leaching. To do so, local probes have
to be used so as to characterize the atomic environment of the
contaminants. In this work, a combination of EXAFS and
NMR results is used to describe the crystal chemistry of Pb
and Zn within cement phases.

Our study coupling different spectroscopic techniques
(NMR, XAS), enabled us to define the different metals
affinities for the different cement phases, as well as some
fixation sites of heavy metals. Lead has a high affinity for

calcium silicate (C-S-H = Calcium Silicate Hydrates) and
ferro-aluminate (and hydrated C4AF ) phases. In the case of
C-S-H, lead is incorporated within the matrix through Si-O-
Pb linkages. In the case of hydrated C4AF, Pb is directly
linked to the mineral and Fe-O-Pb linkages have been
detected. For these two phases and due to the low Pb concen-
trations (<2000ppm), no cluster with a Pb-oxide like
structure has been detected. In the case of Zn, it appeared that
Zn is also chemically linked to C-S-H through Zn-O-Si
bonds. When in contact with calcium aluminate phases
(C3A) Zn is not incorporated in the structure of the mineral
and clusters with the calcium hydroxyzincate structure are
formed. This study revealed the powerful nature of the
combination of NMR and XAS to determine the crystallo-
graphic site of dilute metal in hydrated cement phases.
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Méditerranéen de l’Arbois, BP 80, 13545 A i x - e n - P r o v e n c e
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France.
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Bond valence models in silicate glasses and
melts
Rossano S.1, Farges F.1,4, Ramos A.2, Crocombette J.-P.3,
Delaye J.-M.4 and Brown G. Jr5

In contrast with crystals, glass structure cannot be unam-
biguously determined by experimental techniques and
molecular dynamics (MD) simulations are often used to
model these systems. To study diluted elements larg e
simulation boxes are needed, and the use of ab initio
potentials (to describe inter-atomic interactions) becomes too
time consuming. Ion interactions are then modeled by
empirical potentials, which are validated by comparison
between the structural information extracted from experi-
mental results and the simulated structure. 

Bond valence theory (Brown and Altermatt, 1985 ;
Brown, 1992, Breese and O’Keefe, 1991) is currently used to
check the reliability of experimentally determined crystal
structures based on Pauling’s second rule (Pauling, 1929),
which requires fulfillment of the valence balance around an
ion to within ± 0.05 v.u., with due regard for the empirical
bond valence - bond length relations (Brown and Altermatt,
1985; Brown, 1992; Breese and O’Keefe, 1991). Bond
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valence theory has been used to constrain medium-range
coordination environments around transition elements in
silicate glasses and melts (Farges et al, 1991 ; Brown et al,
1995). However, little information is available on the
application of bond valence models in disordered and a-
periodic systems.

To illustrate the use of bond valence theory in silicate
glasses and melts, bond valence calculations were performed
in a 1500 atom-3D-periodic MD simulation box of a three-
oxide glass of composition CaO-FeO-2SiO2 (CFS2). This
simulation has been already compared to EXAFS results
(Rossano et al, 2000). A second simulation of CFS2 structure
has been calculated using enhanced refined potentials
(Cormier et al, 2000). The two structural models are
analyzed from the point of view of BV theory. The bond
valence sums around the 1500 atoms show that the BV
model is globally verified. However, discrepancies are
observed, especially around Ca in the first simulation. These
discrepancies are mostly resolved in the enhanced
simulation. The BV model also confirms the distribution of
bridging and non-bridging oxygens around Si.

As a conclusion, we show that BV models are sensitive
to changes in MD parameters and can thus test the plausibi-
lity of the MD model of a silicate glass/melt. The results
presented here represent the first attempt to correlate MD
with experimental constraints and bond valence require-
ments. This new strategy opens new possibilities in the
derivation of more robust and constrained structural models
of silicate glasses and melts.

Brown and Altermatt, Acta Crystallographica B41 244-247 (1985)
Brown, Acta Crystallographica B48 553-572 (1992)
Brown et al., Reviews in Mineralogy 32 317-410 (1995)
Brese and O’Keeefe, Acta Crystallographica B47 192-197 (1991)
Cormier et al., Physical Review B, 61 14495-14499 (2000)
Farges et al., Geochimica Cosmochimica Acta 55 1563-1574 (1991)
Pauling, Journal of the American Chemical Society 51 1010-1026

(1929)
Rossano et al., Europhysics Letters 49 597-602 (2000)
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Raman spectroscopy of selected minerals from
the Vaca Muerta mesosiderite and the Nackla
meteorite
Rull F.1, Martinez Frias J. 2, Edwards H.GM.3

Mesosiderites are an enigmatic group of meteorites,
which comprises at least 26 finds and 6 falls. They consist of

roughly 50% basaltic, gabbroic, and orthopyroxenitic
silicates and 50% metallic Fe-Ni and troilite, that is
indicative of multiple and repeated impacts. The Va c a
Muerta mesosiderite is a differentiated silicate and metal rich
meteorite containing many silicate and eucrite inclusions,
which was originally found, in 1861, in the Atacama Desert
near Taltal (Chile). 

It mostly comprises major pyroxene (pigeonite, augite),
plagioclase (Ab3.9 to Ab9.4), some silica grains and
accessory to minor troilite, metallic Fe-Ni, ilmenite,
merrillite and chromite. Limonite, formed by terrestrial
weathering has been also described.

Nakhla meteorite belongs to the SNC group of meteorites
(Shergottite-Nakhlite-Chassignite). All are igneous rocks
containing pyroxene, olivine and plagioclase basalts.

Nakhla meteorite fell near El Nakhla, El Baharia (Egipt)
in 1911 as a shower of near of 40 stones of rocks most of
which were recovered in the site. 

Chemically the Nakhla meteorite contains a mixture of
silicates and iron oxides. Halides, carbonates, sulfates and
sulfides have been also reported.

A detailed micro-Raman study of two samples of Vaca
Muerta mesosiderite and Nakhla meteorite has been
undertaken using a Kaiser “Holoprobe” system illuminated
with a 785nm solid-state diode laser. In this study, a precise
identification of several mineral species is reported and a
comparison between the two samples with such different
origin is made. 

In the Vaca Muerta mesosiderite the presence of calcite
has been, for the first time at our knowledge, unambiguous-
ly detected.

Figure 1: Identification of calcite in Vaca Muerta mesoside -
rite Comparison with a reference spectrum is shown
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Figure 2: A clinopyroxene single crystal identified in
Nakhla meteorite.
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EPR study of two new Cr3+-centers in Cr, Li-
doped synthetic forsterite
Ryabov I.D.1, GaisterA.V.1, Zharikov E.V.2,3

Cr-doped and Cr, Li-doped synthetic single crystals of
forsterite grown by Czochralski technique were investigated
with Electron Paramagnetic Resonance (EPR). It is well
known that the Cr3+ ions substitute the Mg2+ ions in the
octahedral M1 and M2 sites (Rager, 1977), as well as the
Cr4+ ions – the Si4+ ions in the tetrahedral site (Budil et al.,
1994). We found all these types of chromium centers in our
crystals. In addition, two new chromium centers designated
as Cr3+(M1)–Li+ and Cr3+(M2)–Li+ were discovered (Fig. 1)
in Cr,Li:Mg2SiO4. Their spin Hamiltonian parameters were
found to be close to those of the like centers Cr3+(M1) and
Cr3+(M2). The local symmetry of both centers associated
with the Li+ ions is lowered to C1 in comparison with Ci and
Cs symmetry of the solitary Cr3+(M1) and Cr3+(M2) centers,
respectively. As it follows from the EPR data, monovalent
lithium ions which play role of effective charge compensator
stimulate the formation of both Cr3+–Li+ and Cr3+ centers
(Fig. 2). Fivefold difference in intensities of EPR signal for
the Cr3+(M1) and Cr3+(M2) centers reflects the ratio of
occupation of corresponding crystallographic sites with Cr3+

ions. The similar ratio takes place for the Cr3+(M1)–Li+ and
Cr3+(M2)–Li+ centers (Fig. 2).

Fig. 1. EPR spectrum of Cr,Li:Mg2SiO4; B0||c, B1||b;
~9.5 GHz

Fig. 2. Integrated intensity of EPR lines vs. Content of
lithium (Cr-content ~ 0.015 % wt.)

This work was supported by RFBR (grant No. 01-05-65348).
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Budil D.E. et al. (1994) J. Chem. Phys . v.101, p.3538-3548.
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EPR of the Cu2 + ion in tourmaline fro m
Paraiba, Brazil
Ryabov I. D.1, Meilman M. L. 2, Solodova Y. P.2

For the first time blue and green-blue single crystals of
tourmaline from the State of Paraiba, Brazil were investiga-
ted with Electron Paramagnetic Resonance (EPR).
According to the x-ray fluorescence analysis, ~ 0.1–2 wt. %
Cu impurity was found in these samples. Three bands with
maxima at 520 nm (19,200 cm-1), 700 nm (14,300 cm -1) and
920 nm (10,900 cm-1) were observed in their absorption
spectra. The latter two bands were previously attributed to
the Cu2+ ions and the former – to Mn3+ (Henn and Bank
1990, Rossman et al. 1991). A single very wide line of the
width ~30–40 mT at magnetic field B0 ~ 310 mT directed
along the crystallographic c axis was detected in the EPR
spectra of most of the nearly twenty investigated samples.
The one crystal gave the distinctive EPR spectrum (Fig. 1)
comprising four threefold lines of the width ~ 4 mT. This
spectrum was ascribed to the Cu2+ ion in the Y octahedral
site of the local Cs symmetry. The principal values of the g
tensor and the A hyperfine interaction tensor for this ion
were found to be gx = 2.071, gy = 2.060,  gz = 2.374 and
Ax = 15, Ay = 3, Az = -133 (all A values – in 10 -4 cm-1). 

Fig. 1. EPR spectrum of Cu2+ in tourmaline; B0||c,
~9.5 GHz

Using these data the ground state wave function was
constructed within an orthorhombic approximation as =
(a | x2-y2 > + b | 3z2-r2 >) with the covalency parameter 2 =
0.82 and the mixing parameters a = 0.999, b = 0.04. As the
result, the energies of the excited states  | xy>, | xz > and | yz >
relative to the ground state were calculated without taking
into account covalency of these states: Ex y = 14,630;
Eyz = 20,430 and Exz = 22,610 cm-1. With  small corrections
for covalency of the excited states, it was not difficult to fit
the calculated data to the experimental optical data with the

result that two absorption bands at 14,300 cm- 1 a n d
19,200 cm-1 but not band at 10,900 cm-1 would be attributed
to the Cu2+ ions. Alternatively, if the interpretation by Henn
and Bank (1990), and Rossman et al. (1991) is true, it
remains to make large corrections for covalency of the
excited states and/or to allow for contributions from the
ligand electrons and low-symmetry effects.

Henn U., Bank H. (1990) Neues Jahrbuch für Mineralogie H.6,
S.280-288.

Rossman G. R., Fritsch E., Shigley J. E. (1991) A m e r i c a n
Mineralogist v.76, p.1479-1484.
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Mechanism of dissolution and forms of water
occurrence in quartz glass ( 1H NMR-investiga-
tion) 
Salova T.P.1, Zavel`sky V.O1,2

The water-containing quartz glass samples were investi-
gated by solid-state proton magnetic resonance (PMR)
technique with a goal to study in detail mechanism of water
intrusion into quartz melt. The samples were prepared at
different exposition time - one hour and four hours at
T=1300 °C and P=4 Kbar. The short time of exposition
allows one to observe the state of the embedded water at
early stages of the process. A comparison of the spectra of
samples with different exposition times and their
temperature behavior gives the possibility to suggest the
following model of dissolution of the aqueous fluid in a
quartz melt. At the very beginning of the process water ,
captured by the melting charge, forms macroscopic
inclusions in the melt as bubbles with the sizes up to several
micrometers, i.e. a two-phase system with a developed
contact surface occurs. During the process molecules of
water diffuse from the bubbles into the quartz matrix and an
hour later the bubbles are transformed into macroclusters,
containing ca 103 water molecules  which seems to be linked
by hydrogen bonds. The signal from these clusters - a narrow
(ca 500 Hz) singlet - dominates in the PMR-spectrum of the
1 hour sample. A sufficiently wide line located in the basis of
the singlet is formed by a small part of water molecules
which dissociated and diffused into sample volume far
enough from the source. 

During the exposition t=4 hours macroclusters are
dissolved as a result of diffusion of water molecules from the
macroclusters into quartz melt. The macroclusters narrow
singlet in PMR-spectra disappears. The local zones with
enhanced density of OH-groups in the macroclusters place
are formed. At the same time some hydroxyls have time to
distribute uniformly all over the whole volume of the sample.
The density of a such uniform distribution of OH-groups is
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markedly lower than that in the zones, being formed in the
places of diffusional sources. Thus, a distribution of
hydroxyls in the sample volume is inhomogeneous after the
four hour exposition. The distribution in the first approxima-
tion represents embeddings of enhanced density zones into a
rather more rare homogeneous distribution of OH-groups in
the whole volume of the sample. This inhomogeneity
manifests itself in PMR- spectra of 4 hours exposition
samples with different water contents. The spectra are a
superposition of two signals - wide (ca 12 kHz) and narrow
(ca 2,5 - 4 kHz) lines, differing markedly.

Extrapolating this model of interaction of quartz melt
with the aqueous fluid for long exposition time one can
assume that at t → ∞ a distribution of OH-groups, built into
glass structure, is to be homogeneous. The proton spectrum
of a such water-containing quartz glass will be a simple
singlet. Sivol - hydrosilicate, close by composition to
SiO(OH)2 can serve as an example of such extrapolation. Its
PMR-spectrum is a singlet, described very well by a super-
position of the Gauss and Lorenz curves.

1 Institute of  Experimental Mineralogy, Russian Academy of
Science Institute of  Physiologically Active Substances
2 Russian Academy of Science Moscow region, 142432 Russia
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Li mobility in beta-eucryptite
Sartbaeva A.1, Farnan I.1, Redfern S.A.T.1, Kristensen J. H. 1

β-Eucryptite (LiAlSiO 4, space group P6422) has a
uniaxial crystalline structure closely related to that of
β-quartz and is a superionic conductor with an order-disorder
phase transition. It has been studied as a function of
temperature, using Nuclei Magnetic Resonance spectroscopy
and Dielectric spectroscopy. The frequency dependence of
the dielectric constant and of the electric conductivity have
been measured as a function of temperature. The dielectric
loss function tanδ has been calculated. Hu H., Heaney P., and
Bohm H. (1999) proposed two phase transitions in the
temperature range from 482°C to 490°C. Both electric
conductivity and the dielectric loss showed anomalies near
this temperatures.

We have characterised Li motion at lower temperatures
using NMR. From 25°C to 240°C the 7Li NMR relaxation
changes significantly. There is a decrease in relaxation time
(T1) from 20 seconds at 25°C to 1 second at 240°C. There are
accompanying changes in the 7Li NMR spectrum over this
temperature range. The sideband manifold of the ±1/2 ±3/2
transition shows broadening effects due to Li motion. We are
simulating a detailed model of Li motion based on recently
developed theory of dynamic NMR line for half-integer
quadrapolar nuclei. 

1 Department of Earth Sciences, Cambridge University, Downing
Street, Cambridge, CB2 3EQ, England
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High frequency EPR of Fe2+ ions in the natural
forsterite.
Shakurov G.S.1*, Shcherbakova T.A.1, Shustov V.A.1,
Zheglov E.P.1

Although EPR spectra of Fe2+ must take place in the
natural forsterite we have not found these papers in the
literature. The reason of that is connected with low symmetry
of the coordination octahedra. So electron levels of Fe2+ ions
are the singlets and energy intervals between them i.e. zero
field splittings (ZFS) exceed quanta of X and Q-band EPR
spectrometers. We report the results of high frequency EPR
study of natural  forsterites (cell dimensions: a=4.754 Å,
b=10.198 Å, c=5.980 Å.) from Tadjikistan. The wide band
EPR spectrometer with frequency region 65-370 GHz was
used. Two types of non-Kramers ions were discovered.  The
first type has a ZFS 96.5 (±0.5) GHz. A spectrum from four
magnetic nonequivalent centers is observed. Earlier Tarasov
and Shakurov [1] reported about this center in the synthetic
forsterite and made the assumption that it belongs to Fe2+  in
the position M1. The main difference between spectra in the
natural and synthetic samples is the linewidth value. For B a
orientation the natural crystals had linewidth about three
times greater than that of synthetic one. The second type of
non-Kramers ion was discovered for the first time. We
observed alone line with maximum effective g-factor in the
B / / c orientation. Angular dependence of the resonance
magnetic field is approximately described by the function
1/cosα. The signal was most intense in the B//B1 polariza-
tion, where B1 is the vector of alternating magnetic field.
Approximation of field dependence to zero magnetic field
gives the value of ZFS about 112 GHz. After revelation of
this type center in the natural sample, the spectrum of the
synthetic forsterite was carefully controlled and the same
line was discovered. The main difference between spectra of
natural and synthetic samples as well as M1 site is the
linewidth. In this case approximately 9:2 ratio takes place.
We suppose that this EPR line belongs to Fe2+ ions in M2
position. Indeed for the M2 site having mirror symmetry
main directions of the magnetic axes must be oriented one
along c axis and the other two must lie in the mirror plane ab.
In our case magnetic z-axis coincides with c axis of the
crystal that is why magnetically nonequivalent centers were
not observed.  The only resonance transition observed for
M2 site we interpret like to M1 as a one between |+2> ↔ |-2>
states. The g-factor can be estimated using the formula [2]

hν = 2((2g//βBcosα)2 +(∆/2)2)1/2,

where ∆ is zero-field splitting. Using field dependence and
the least squares method we obtained g/ /=2.15 and
∆=112 GHz. The difference in widths of EPR lines between
natural and synthetic forsterites is caused by imperfection of
natural samples. For M2 site ratio is less than for M1. We
suppose that the reason of that are magnetically nonequiva-
lent centers of M1 site. Since in our case the crystal could be
rotated only in one plane, small misalignment between a axis
and magnetic field took place. So linewidths of EPR for M1
site were bigger than for the exact B//a orientation. For the
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narrow line of the synthetic crystal relative increase of
linewidth will be larger than for the wide line of natural
specimen. Therefore the ratio of linewidths for M1 site is less
than for M2 position.

[1]. Tarasov VF, Shakurov GS (1996) EPR spectroscopy of Iron-
Group Non-Kramers Ions in Synthetic Forsterite in the Far IR
Range. Optics and Spectroscopy 81:880-883

[2]. Abragam A. Bleaney B. (1970) Electron Paramagnetic
Resonance of Transition Ions. Clarendon Press, Oxford
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Ab initio calculations of the electronic state
spectrum and chemical bonding of the iron ions
in the spinels with different short- and medium-
range ordering 
Shchapova Y. V.1, Votyakov S.L. 2, Yuryeva E.I. 3 a n d
Ivanovskii A.L. 4

A number of olivine-spinel geothermometers (Roeder,
Fabries, O’Neill-Ballhays models) and oxygen geobarometer
(Ballhaus-Berry-Green model) widely used in the investiga-
tion of ultramafites are based on Mossbauer results of the
iron ions oxidation state and their intra-site distribution in the
spinel. Recently (Chashchukhin, Vo t y a k o v, 1998,
Geohimiya, in Russian) new data for oxidation state and
temperature of formation has been evaluated for the Urals
ultramafites of alpinotype and platinumtype associations;
they were based on Mossbauer investigation of 160 samples
of the spinels. The main goal of the present study is the
theoretical analysis by the ab initio calculations of the
electronic state spectrum and chemical bonding of the iron
ions in the spinels and interpretation of the experimental
Mossbauer results obtained earlier.

Mossbauer spectra parameters of the spinel depend on the
iron-oxygen polyhedron electronic state spectrum defined by
the short- and medium-range ordering of the ions. The ab
initio quantum chemical cluster modeling is an efficient
method for analyzing the influence of the local structural
changes in a disordered solid solution on the state of a 3d-
metal. In the present study the calculations of the electronic
structure and chemical bonding parameters of the iron ions in
(IVFe1-x, IVMgx)(VICr1-y,VIAly,VIFe)2O4 spinels with the normal
and partially inverse cation distributions have been
performed. The spin-polarized version of the non-empirical
Xα-discrete variation method have been used. The calcula-
tions were carried for 51-atom [V IF eI VM gn

I VF e6 - n
V IA l6-m

VICrmO38]43- and [VIFeIVMgn
IVFe6-n

VIAl6-m
VICrmO38]44- clusters

containing central VIFe ions in the octahedral environment.
The variable parameters of the short-range order structure
were the octahedral bond distances and the trigonal
distorsion of the octahedron. The medium-range order

structure was specified by n and m numbers of IVFe, IVMg,
VICr, VIAl cations among the next-nearest neighbouring
atoms of the central ion. 

The results obtained demonstrate the main features of the
electronic structure which are typical for the iron oxides,
including the relative position of VIFe3d and O2s,2p valent
levels in the spectrum, the splitting of 3d levels, and their
spin polarization. Analysis of the overlap occupancy of
VIFe3d,4s,4p and O2s,2p orbitals as well as spatial distribu-
tion of the electronic density in the clusters indicates the
considerable contribution of the covalence to V IF e - O
chemical bonding. The calculated values of effective charges
localized on anions and cations differed greatly from the
formal oxidation degrees assumed in the ionic model of the
mineral. Calculated values of VIFe-O chemical bonding
ionicity are the following: 0.48-0.60 for VIFe ions, 0.67-0.69
for IVMg and VIAl ions, 0.51-0.55 for VICr ions. The quanti-
tative analysis of the influence of the short- and medium-
range order structure parameters on energy spectrum,
electronic configurations, the effective charge, and the spin
state of VIFe-ions have been performed. It was found that the
isomorphous substitution of VIAl-ions for VICr -ions and
IVMg-ions for IVFe-ions made the chemical iron-oxygen
bonding in the octahedron more covalent. 

The theoretical results obtained have been used for
evoluation of the electric field gradient (EFG) at the iron
core and the quadrupole splitting of Mossbauer spectra in the
spinels. The asymmetric distribution of the electronic density
of 3d-orbitals of VIFe ions and the charge nonequivalence of
nearest oxygen atoms produce electronic and lattice contri-
butions to EFG which corresponds to the experimental
results. 

The study was supported by the Russian Fundamental Research
Foundation (Projects No. 00-05-64499, 01-05-65214). 
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L a s e r-induced time-resolved luminescence
spectroscopy of natural zircon: first evidence
from ofiolite chromitites
Smirnova T.A.1 and Rassulov V.A.1

Recognition of superaccessory zircon in ofiolite ultrama-
fites and its importance as concentrator of incompatible rare
elements (high field strength Zr, Hf, Nb and larg e i o n
lithophile REE, U, Th) are determined interest for study the
zircon composition and luminescence properties. There have
been studied zircons from mantle ultramatite high-Cr
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cromitites of the Kempirsai (K), the South Urals, and the
Rai-Is (R), the Polar Urals, ophiolite complexes. K-zircons
are from world giant chromite deposit origining from high
enriched source and from long evolved advanced oreforming
system, rich in alcali and volatiles, with exclusive multimi-
neral chromitite assemblage, containing among others
(phlogopite, amphibole, andesine, olivine glass, quartz,
pectolite, natrolite et al.) superaccessory monacite-Ce. R-
zircons are from big chromite deposits with common mineral
assemblage. 

Laser induced luminescence spectroscopy  (LL) on
∼100 µm individual zircon grains have been investigated.
Steady-state LL spectra of zircon studied has ordinary for
natural zircons yellow broadband, evidently stronger for K-
zircons, and narrow emission lines of Dy3 + o n l y. For
detection the other (REE and Fe3+) centres, obscured by
strong yellow broadband, time-related spectroscopy (TR)
has been used for weak broadband. TRLL spectra were
recorded under nitrogen (337,1 nm) laser excitation with
delay time of 180 µs and gate of 3,5 ms after laser impulse
(fig., without instrument function). Reviled luminescence
lines of REE are connected with optic transitions for Dy3+:
475, 545 and 580 nm, Sm3+: 565, 600, 612 and 650 nm, Er3+:
549, 559 and 616 nm, Ho3+: 549 and 665 nm.

Decay time of TRLL on 600 nm, more free of REE
emission, has been studied for correlation of centers related
to broadband emission. Three decay times, short τ1 and τ2

related to MeOm
n- and long τ3 related to SiOm

n- have been
detected. K-zircons have tipical for natural zircons short
τ2 = 5.5÷6.5 µs and long τ3 = 31÷36 µs. R-zircons demons -
trated ultrashort τ1 =3 µs besides common τ2 = 13 µs and
τ3 = 27 µs. R-zircon of one type have τ1 and τ3 with I1/I3 =
4,3, evidently higher than that one of K-zircons 2,5 ÷ 3,3. R-
zircons of second type (R-2) revealed only shorts τ with
I1/I2 = 1,4, which are thought to be related with different
MeOm

n- centers. SiOm
n- –related τ3 in R-2 zircon has not been

detected. But only R-2 has Fe3+ luminescence.
Zircon studied luminescence properties reflect specify

feature of chromiteforming system composition and the
deposits peculiarities.

1Department of Mineralogical Methods, All-Russian Scientific
Research Institute of Mineral Resources (VIMS), Staromonetnyi
per, 31, Moscow, 109017, Russia. vims@df.ru; atcvims@aha.ru
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Radiation-induced defects in montmorillonite.
An EPR study
Sorieul S.1,*, Allard Th.1, Boizot B.1, Calas G.1

Compacted bentonite is envisaged as a buffer material in
high level nuclear waste repository for its specific properties
(mechanical, rheological properties, cationic retention
capacity). In this context, the radiation effects on bentonite
and particularly on its major component, smectite, are still
poorly documented. The understanding of radiation damages

in clays is necessary as much for the evolution of their
physical and chemical properties as for the use of radiation
defects to trace radionuclide migration in the far field. 

With this aim in view, we undertook the characterization
of natural and artificial radiation-induced defects (RID) in a
reference montmorillonite with the help of Electronic
Paramagnetic Resonance (EPR) and Fourier- t r a n s f o r m
infrared (FTIR) spectroscopies. EPR is particularly suited for
this study because of its high sensibility to detect radiation
defects with paramagnetic properties. Conventional trans-
mission FTIR is used to probe the molecular structure of the
clay after irradiation. The investigation was carried out with
a montmorillonite (< 2µm fraction), originating from
Liaoning (China) and previously Na+-exchanged. Beta rays
were used to simulate the effect of ionizing radiations.
Irradiations were performed using a Van de Graaff
accelerator (LSI, France) with a 2.5 MeV energy, and a dose
range within 1×105 to 5×109 Grays. EPR spectra were
collected at X-band (9.4 GHz), room temperature and at Q-
band (34 GHz), low temperature (144 °K). Observed signals
including structural Fe(III) and RID have been defined
through g-values and intensities. Orientation dependence of
main g-values was specifically measured using clay films. 

Irradiation produced substantial intensity increase and
shape modifications of RID spectra. Besides, modification of
structural Fe(III) resonances towards a more rhombic signal
was observed as a function of dose. No significant modifica-
tion of integrated intensity was observed, indicating that no
stable change of Fe(III) oxidation state is produced by β
irradiation. Furthermore, FTIR didn’t reveal appreciable
changes in the structure of layers even at high beta
irradiation dose, suggesting that damage dominantly consists
in limited amount of point defects. Selected annealing
experiments evidenced at least three different RID in
smectite, with g-values consistent with those of hole centers.
Systematic study of RID’s stability was performed using
isochronal and isothermal heating, as well as cycles of
desiccation/moistening at room temperature. Thanks to these
results, RID spectra were individualized, providing
estimation of respective concentrations of defects as a
function of dose. Results will be discussed by reference to
previous studies of radiation effects in kaolinites. 

1Laboratoire de Minéralogie-Cristallographie, Universités Paris 6 et
7, UMR CNRS 7590 et IPGP, 4 Place Jussieu, 75252 Paris Cedex
05, France
* PhD granted by ANDRA
2CEA/DSM/DRECAM/LSI; Bat 5, piece 1048, Ecole
Polytechnique, 91128 Palaiseau Cedex, France
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Single-Crystal Electronic Absorption Spectra of
Synthetic Pyropes
Taran M.N.1, Langer K.2, Geiger Ch.A.3

Synthetic pyrope crystals doped with vanadium-,
chromium- and cobalt, as well as synthetic Co3Al2Si3O12
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(Geiger et al., 2000), were studied by electronic absorption
spectroscopy. The spectra were measured between 35000-
5000 cm-1 under ambient conditions and at temperatures up
to 600 K and pressures up to 8 GPa. The most important
results can be summarized as: 

1) The thermal expansion of chromium octahedra and the
Racah parameter, B, which measures the ionicity of the Cr-O
bond, are similar in Mg3(Al,Cr)2Si3O12, αpoly ≅ 1.3⋅10-5 K-1,
and in natural pyrope, αp o l y ≅ 1 . 5⋅1 0-5 K-1, and with
B=655 cm-1 for  both garnets.  The absence of Ca[8] results in
a slightly stronger field at the Y[ 6 ]-site in garnet and,
therefore, the energies of the two spin-allowed Cr3+ dd-bands
are ca. 300 cm-1 greater in synthetic Ca-free pyrope than in
natural pyrope (Fe0.4Ca0.12Mg2.42)(Al1.56Cr0.4)Si3O12 (Taran et
al. 1994).

2) The temperature dependence of the Co2+[8] related
spin-allowed bands indicates little thermal expansion for the
Co-dodecahedra between 298 and 600 K in Co0.1Mg2.9

Al2Si3O12.  Increasing pressure from 1 atm up to 8 GPa, in
contrast, causes an increase in band energies. The compres-
sibility of the Co-dodecahedra is similar to that of Fe2+ in end
member almandine, where K=123.5±25 GPa (Smith and
Langer 1983). A strong T- and P-dependence of the band
intensities was observed and this has not been observed
before for spin-allowed bands of 3dN-ions with N≤6 in
silicates or oxides. The effect of T and P on spin-orbit
coupling, which is stronger for Co2+ than for 3dN-ions with
N≤6 is not completely understood. 

3) V occurs in at least two valences states and two
structural sites: (i) V3+ occurs on octahedral sites and gives
rise to two spin-allowed bands at 17220 cm-1 and 24600
cm-1, derived from 3T1g (3F) → 3T1g (3F) and 3T1g (3F) → 3T1g

(3P) transitions. The T dependence of the band energies and
intensities is typical for dd-transitions in centrosymmetric
sites. (ii) V4+ is also present, because two intense bands occur
at ~14000 cm-1 and ~15000 cm-1 and their intensity ratio is
similar to V4+ in Zr[SiO4].  Increasing pressure gives rise to
different changes in the spectra of pyropes with differing V-
concentrations.  Hence, it is tentatively proposed that a
pressure-induced interaction occurs between V3+ and V4+.

Geiger CA, Stahl A, Rossman GR (2000) Eur J Mineral 12: 259-
271

Smith G, Langer K (1983) N Jb Mineral Mn H12: 541-555
Taran MN, Langer K, Platonov AN, Indutny VV(1994) Phys Chem

Minerals 21:  360-372
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Characterization of inorganic materials related
to waste management using nuclear microprobe
analysis
Trocellier P.1, Gavarini S.1, Delmas R.1, Bois L.1, Mercier F.3,
Barré N.3, Trotignon L.4, Guilbert S.5, Cachoir C.6,
Isaure M.P.7, Badillo-Almaraz V.8

Nuclear microanalysis is based on the bombardment of
solids by light ion microbeams delivered by a single ended
Van de Graaff accelerator. Protons, deuterons, helium-3 or
helium-4 ions, in the energy range 100 keV – 4 MeV, are
focussed down to 1 µm 2 spots and scanned across the target
sample surface. Particle-Induced X-ray Emission (PIXE),
Rutherford Backscattering Spectrometry (RBS), Elastic
Recoil Detection Analysis (ERDA), Nuclear Reaction
Analysis (NRA) and Particle-Induced Gamma-ray emission
(PIGE) can be coupled to quantitatively characterize the
target sample composition : local contents, depth profiles,
2D or 3D elemental distributions. These methods developed
worldwide since the beginning of the seventies have been
applied in many research fields : metallurgy and materials
science, earth sciences, biology and medicine, archeology,
etc.

Nuclearized countries in the world have the obligation to
safely assess the back-end of their own civil or military
uranium cycle. The long-term management of long lived
radionuclides is then the main technical and scientific
problem inferred. Immobilization of wastes within mineral
forms seems to be the most promising solution to this
question. Glasses, ceramics and glass-ceramics are now
synthesized and characterized for this purpose. T h e i r
mechanical properties, chemical durability and radiation
behaviour are studied in details to enable the community to
assess the waste confinement for time periods up to 106

years. Industrial wastes as heavy metals coming from ore
processing, metal refining, coal extraction or petrochemistry
operations bring human people to the same question : how to
safely and durably manage the toxic wastes produced.

This paper is thus divided in three parts. In the first one,
nuclear microanalysis will be described in terms of experi-
mental facility as well as analytical methods. The second part
deals with nuclear waste management principles. Mineral
waste form properties will be discussed together with aging
mechanisms. The last part will be devoted to the applications
of nuclear microanalysis to nuclear and industrial waste
material investigation : the study of nuclear fuel alteration by
natural waters, the dissolution behaviour of rare earth
alumino-silicate glasses and zircons, the sorption and
speciation of zinc in river deposits, the use of natural or
synthetic zeolite for decontaminating process of drinkable
water (retention of lead and zinc), the measurement of trace
element distributions in an archeological cement.

1 CEA-CNRS, Laboratoire Pierre Süe, CE Saclay, 91191 Gif sur
Yvette, Cedex (France).
2 CNRS/Service Central d’Analyse, BP22, 69390 Ve r n a i s o n
(France).
3 CNRS/UMR 8587, CE Saclay, 91191 Gif sur Yvette (France).
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New insights on octahedral cations distribution
in montmorillonite clays:  an infrared and
EXAFS study
Vantelon D.1, Montargès-Pelletier E.1, Michot L. J.1,
Barrès O.1, Briois V.1, Thomas F. 1

Because of their macroscopic properties, smectite clays
are widely used as industrial materials. The main purpose of
this work was to understand the relationship between
macroscopic properties of smectites clays and their crystal
chemistry.A series of montmorillonites was selected for their
iron content as this criterion was suspected to play an
important role in the rheological properties of montmorillo-
nites aqueous suspensions. Iron distribution in octahedral
sheet of this series could be revealed using mid infrared and
X-ray absorption spectroscopies (Drits et al., 1997 ;
Manceau et al., 2000).

From infrared spectra and, more precisely, from positions
and relative areas of the network hydroxyls bending
vibration bands, information about octahedral composition
and octahedral cations pairs could be directly obtained
(Vantelon et al., 2001). Reporting the relative areas of the
different hydroxyls bending vibration bands to the cations
content show a good correlation between chemical analysis
and IR results. The results were compared with those
obtained for a random distribution of cations in the
octahedral sheet. Most of the studied clays (eight out of ten)
present a random distribution of octahedral cations, whereas
Wyoming smectites (1 and 2) show a higher organization
degree. 

To complete these results, X-ray absorption experiments
were performed at iron-K edge. The iron near environment
analysis evidences the presence of iron atoms in the second
nearest neighbors shell for most of the studied clays (RFe-Fe ≈
3.07 Å), even for very low iron content smectite samples.
However, the two Wyoming smectites show no iron atom but
only light atoms (Al or Mg) at such a distance. There was no
correlation between EXAFS spectra and iron contents given
by chemical analysis, the iron-iron pairs abundance appeared
independent on the iron abundance in the clay mineral.

Combining those two spectroscopic methods, an
octahedral sheet mapping could be proposed (Fig.).

Drits V.A., Dainyak L.G., Muller F., Besson G., Manceau A. (1997).
Isomorphous cation distribution in celadonites, glauconites and
Fe-illites determined by infrared, Mössbauer and EXAFS spec-

troscopies. Clay Miner., 32, 2, pp. 153-179
Manceau A., Lanson B., Drits V., Chateigner D., Gates W., Wu J.,

Huo D., Stucki J. (2000). Oxidation-reduction mechanism of
iron in dioctahedral smectites : I. Crystal chemistry of oxidized
reference nontronites. Am. Mineral., 85, pp. 133-152

Vantelon D., Pelletier M., Michot L.J., Barres O., Thomas F.(2001).
Fe, Mg and Al distribution in the octahedral layer layer of mont-
morillonites. An infrared study in the OH-bending region. Clay
Miner., to be published

Figure: Schematic representation of octahedral cations dis -
tributions of two montmorillonites with identical unit cell
formulae ; a) ordered distribution (Wyoming 2 clay), b)

random distribution (Milos clay)

1 Laboratoire Environnement et Minéralurgie, CNRS UMR 7569,
15 av. du Charmois, 54500 Vandoeuvre (F)
2 Laboratoire pour l’Utilisation du Rayonnement Electromagné-
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Fe2+ and Fe3+ in synthetic tourmalines: site
occupancies and interactions
Velickov B.1, Abs-Wurmbach I.1 & Kahlenberg V.2

Minerals of the tourmaline group are seen as promising
petrogenetic indicator. But this use is limited as site
occupancies and substitutions are not well understood. For
iron-bearing tourmalines, being the most common members
in nature, site occupancies of Fe2+ and Fe3+ on the two
octahedral sites Y and Z are still not solved [1]. Fe-
tourmalines studied in this work may be characterized by
following ideal formula: X( N a1 - xox) Y + Z( F e2 +

3 - xA l6 + x)
[Si6O18|(BO3)3|(OH)4] with x=0 for schorl and x=1 for foitite.
Incorporation of Fe3+ is mainly connected with the substitu-
tions Fe3+Al-1 or Fe3+(Fe2+H+)-1.

The samples were hydrothermally synthesized at
controlled conditions (p, T, fO2) resulting in crystals large
enough (300 x 80 µm) for an adequate characterization. The
results of EMPA and single crystal structure refinement [2]
of two selected tourmalines are summarized in following
formulas (the Fe3+/Fetot-ratios are taken from the Mössbauer
spectra): 

I X oY(Fe2+
1.52 Fe3+

0.06Al1.42)ZAl6[Si5.9 Al0.1O18 | (BO3)3 |
(OH)3 (OH)0.68O0.32]
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I I X( N a0 . 8 6o0 . 1 4)Y( F e2 +
1.76 A l1 . 2 4)Z ( F e2 +

0 . 1 3F e3 +
0 . 7 3A l5 . 1 4)

[Si5.74Al0.26O18 | (BO3)3 | (OH)3 (OH)0.29O0.71]

Noteworthy is that sample II accommodates Fe2+ and
F e3 + on the Z-site. Influence of that occupancy is an
additional absorption band near 18000 cm-1 (IVCT) in the
VIS-spectra (Fig. 1b) and an additional dublett in the
Mössbauer spectrum (Table 1). These features have been
interpreted in several works as Fe2+- Fe3+- Charge Transfer
process [1,3,4]. The different environments for Fe2+ resulting
in significant differences in QS-values and in pronounced
splitting of the E ground states are being due to short range
order effect in the isolated Y-trimers [5,6].

Mössbauer and VIS data do not allow yet a distinction
between Y and Z site occupancies for Fe2+ and Fe3+ to be
made. But, the observed Fe2+- Fe3+- Charge Transfer process
is an indication for Fe3+ on Z-site.

IS[mm/s] QS[mm/s] HW[mm/s] area [%]
sample I

Fe2+ (Y1) 1.07(1) 2.42(1) 0.25(1) 63
Fe2+ (Y2) 1.05(1) 2.11(2) 0.30(3) 20
Fe2+ (Y3) 1.02(1) 1.41(2) 0.45(3) 13.51

Fe3+ 0.47(3) 0.79(6) 0.40(7) 3.5
sample II

Fe2+ (Y1) 1.08(1) 2.46(1) 0.26(1) 31
Fe2+ (Y2) 1.04(1) 2.12((1) 0.28(3) 17
Fe2+ (Y3) 1.07(1) 1.63(2) 0.30(3) 15.5

Fe3+ 0.53(2) 0.84(4) 0.60 (f) 28
Fe2+- Fe3+-CT 0.85(2) 1.52(4) 0.3(f) 7.5

Table 1: The hyperfine parameters of the two studied
tourmalines, calibrated against Fe°.

Fig.1a,b: The polarized absorption spectra (E c, solid
line) in the visible region of the two samples. Band analysis

of the spectra is shown by doted lines.

[1] Dyar et al. (1998): Am. Min. 83, 848-864 
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[3] Faye et al. (1974): Can. Min. 12, 370-380 
[4] Smith (1978): Phys. Chem. Min. 3, 343-373 
[5] Velickov et al. (1999): Abstract ICAME 1999
[6] Pieczka et al. (1997): Tourmaline 1997 symposium, Abstract

volume, 74-75
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M i n e r a l - w a t e r interface studies using total-
reflection x-ray fluorescence and x-ray
absorption spectroscopy
Waychunas G.1

At incidence angles near the critical angle for total
external reflection it is possible to vary the depth of x-ray
penetration into an interface region from a few to hundreds
of nanometers with accurate control.  This allows the
collection of x-ray absorption spectra from different regions
at and below a mineral’s surface, and hence examine
physical, chemical or valence structure at the mineral-water
interface.  Such studies have been made on epi-quality quartz
surfaces placed within aquifers and extracted over varying
time intervals to characterize the formation of early-formed
nanometer iron oxide coatings.  Such coatings can greatly
influence sorption and chemical reactivity despite being only
a tiny fraction of the solid volume.  Results indicate a
correlation of coating chemistry with degree of iron oxide
polymerization, and a detection limit for adequate spectro-
scopy of less than 1013 Fe atoms.  Related work has shown
how the initiation of iron oxide precipitation occurs, and how
it is topologically related to surface structure.  Other studies
we are beginning will probe the valence state of Mn and
sorbant complexes at the surface of manganese hydroxide
minerals, and thus allow sorbate-Mn surface redox reactions
to be probed.  The utility of 3rd generation synchrotron
sources for such measurements will be described, along with
opportunities in other geochemical systems.  

1LawrenceBerkeley National Laboratory, Earth Sciences Division,
MS 70-108B, One Cyclotron Road, Berkeley, CA94720, USA.
(gawaychunas@lbl.gov)
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Effect of water on the local structure of Fe in
synthetic and natural glasses
Wilke M.1, Farges F. 2, Behrens H.3, Rossano S.2 and
Malavergne V. 2

We present a combined, Mössbauer and high-resolution
XANES spectroscopies at the Fe K-edge in synthetic glasses
of the haplotonalitic ternary SiO2( Q z ) – N a A l S i3O8( A b ) –

α [c
m-1

]
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CaAl2Si2O8(An), containing 0.4-1.0 wt.% Fe. Similarly, a
series of other Fe-bearing glasses was studied such as albite,
orthoclase, anorthite, sodium trisilicate glass. High pressure,
hydrated glass samples were quenched in an HIPV device
from 200-500 MPa and 850-1000°C. The Fe2+/∑Fe ratio of
these glasses (between 0 and 0.6) was measured from 57Fe -
Mössbauer spectroscopy. Fe K-edge XANES spectra were
collected at the ID26 beamline, using double-crystal Si(220)
m o n o c h r o m a t o r, ensuring a 1.1 eV core-hole lifetime
convoluted by a 0.45 eV experimental resolution. A set of 25
model compounds containing Fe(II) and Fe(III) in 4 (Td or
D4h),5 (C3v),6 or 8-coordinated environments were collected
in parrallel to derive a coherent picture of the effect of redox
state and coordination environment in the pre-edge and
XANES spectra. To be independant from resolution effects,
the pre-edge information was reduced to centroid position
and integrated intensity.

Glasses systematically show a doublet in the pre-edge
spectra, their respective normalized height increasing with
increasing Fe3+/∑Fe ratio. In parallel, the energy of the
centroid increases with the Fe3+/∑Fe in a non-linear fashion,
suggesting that ferric and ferrous iron do not have the same
coordination environments.  The Fe3+/∑Fe derived from pre-
edge information is consistent with Mössbauer spectroscopy
despite the pre-edge derived values are systematically shifted
toward higher values as compared to those from Mössbauer
spectroscopy. The pre-edge parameters obtained from the
spectra of the glasses suggest mixture between 5-6-
coordinated Fe(II) and 4-coordinated Fe(III). There is a
considerable effect of the network modifiers (Na, K, Ca) on
the speciation of Fe(II).

The introduction of water in these glasses does not signi-
ficantly affect the structure of the pre-edge spectra
suggesting only negligible changes in the first coordination
shell. However, major differences compared to the dry coun-
terparts are observed in the XANES spectra at the main crest
of the edge, which show dramatic signs of structural reorga-
nizations around Fe as a function of quench rate. These
changes are more significant for the tonalite and orthoclase
glass than for the albitic one. Transmission Electron
Microscopy (TEM) has evidenced a variety of nanodomains
close to wustite in composition and structure in a tonalitic
sample quenched at very low speed.

Natural glasses (ranging from basalts to rhyolites) show
a variety of pre-edge and XANES information making it
impossible to derive a general picture for natural glasses, as
these glasses have quite different cooling histories. All
XANES spectra show, although variable in strength, signs of
structural reorganizations around Fe at the main crest.
Combined studies with TEM are therefore required to avoid
misinterpretations of the spectroscopic information for
natural glasses.

Our studies shows that the extraction of redox and
structure information about Fe in glasses is not straightfor-
ward from pre-edge analysis if variations in speciation are
not taken into account. We are still investigating the slight
discrepancies between XAFS and Mössbauer results in order

to improve XAFS data reduction and to co-relate these data
with TEM imaging to make the most accurate descriptions
possible.

1Inst. für Geowissenschaften (Mineralogie- Petrologie),
Universität Potsdam, D-14415 Hannover, Germany.
2Laboratoire des Géomateriaux, Université de Marne-la-Vallée, F-
77454 Marne la Vallée cedex 2, France.
3Inst. für Mineralogie, Universität Hannover, D-30167 Hannover,
Germany.
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Investigation of Spectral Structure of Al 1s
XANES of Micas
Wu Z.1,2*, Marcelli A.1,2, Mottana A.,3 Seifert F.4, Cibin G.2

We discuss the Al K-edge XANES spectra of several
micas with either fourfold coordinated Al (phlogopite), or
six-fold coordinated Al (polylithionite), as well as other
types with mixed coordination (preiswerkite and muscovite).
Simulations of the XANES spectra demonstrate that features
due to the octahedral sites overlap with those due to features
from the tetrahedral sites so that the lower energy structures
in mixed coordination compounds may be attributed to
octahedral contributions. This unexpected behavior is due to
medium-range effects and to significantly reduced ligand
field strength (large Al-O bond distances). Moreover, model
cluster calculations performed as a function of the bond
distance and the coordination number show a net shift
induced by the combination of the two opposing effects.

1 Beijing Synchrotron Radiation Facility, Institute of High Energy
Physics, Chinese Academy of Sciences, P.O. Box 918, Beijing
100039, P.R. China. wuzy@mail.ihep.ac.cn
2 INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40,
00044 Frascati, Italy
3 Universita’Roma Tre, Dipartimento di Scienze Geologiche, Largo
Murialdo 1, 00146 Roma, Italy
4 Bayerisches Geoinstitut, Universitat Bayreuth, D-95440
Bayreuth, Germany
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Site distribution in Olivine Minerals by X-ray
Absorption Near-edge Structure Spectroscopy
at the Mg, Fe and Ca K Edges
Wu Z.1,2, Mottana A.3, Marcelli A.2, Paris E.4, Giuli G.4,
Cibin G.2

Mg and Fe K-edge XANES spectra of the Pbnm olivine
series end members forsterite, fayalite, monticellite and kir-
schesteinite, as well as of an olivine of intermediate
composition (Fo50Fa50), have been investigated. Comparison
of experimental spectra and multiple-scattering calculations
shows that all transition features can be reproduced in the
energy range up to 60 eV above the threshold when using
clusters containing at least 100 atoms and extending over a
sphere of at least 0.7 nm in radius away from the absorber.
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The results demonstrate that Mg and Fe are entirely in the
expected geometrical structure in the four investigated end
members of the Pbnm olivine solid-solution series, while a
clear preference for the two octahedral sites in the Fo50Fa50

olivine cannot be detected.

1 Beijing Synchrotron Radiation Facility, Institute of High Energy
Physics, Chinese Academy of Sciences, P.O. Box 918, Beijing
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00044 Frascati, Italy
3 Universita’Roma Tre, Dipartimento di Scienze Geologiche, Largo
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4 Universita’ di Camerino, Dipartimento di Scienze della Terra,
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Structural changes of maghemite during
thermal conversions of iron minerals – AFM
and Mössbauer spectroscopy study.
Zboril R.1, Mashlan M.1, Barcova K.1, Vujtek M.1,
Hermanek M.1

Maghemite (γ-Fe2O3) is frequently formed during the
initial stage of thermal transformations of iron minerals in
a i r. Subsequent heat treatment induces the isochemical
structural change of γ- F e2O3 to α- F e2O3 ( h e m a t i t e ) .
Depending on the temperature and the size of maghemite
particles, the phase transition can be direct or two-steps, with
the formation of ε-Fe2O3 as intermediate. 57Fe Mössbauer
spectroscopy is the powerful tool for the identification,
structural and magnetic characterization as well as for the
quantitative determination of individual polymorphs. Atomic
force microscopy allows to study the gradual changes of both
particle size and morphology during the thermal process.
Ultrafine superparamagnetic particles of maghemite with the
size of 4-10 nm were prepared by conversion of almandine
garnet at 800 °C in combination with the postprocessing
sedimentation separation (sample I). Larger ferrimagnetic
crystallites of maghemite (>30 nm) were synthesized by air
oxidation of magnetite at 250 °C (sample II). The heating of
sample II resulted in the direct formation of hematite while
the orthorhombic ε-Fe2O3 was observed during the thermal

treatment of sample I at 850 °C (see figure 1). The RT
Mössbauer spectrum of ε-Fe2O3 is complex and can be
approximated by four sextets corresponding to the non-
equivalent Fe3 + positions in the structure. Two of the
octahedral sites are characterized by close Hh y p v a l u e s
(~ 46 T), affecting their overlapping. The third octahedral
site exhibits a smaller Hhyp (~ 40 T). The unusually low Hhyp

value (~ 26 T) corresponds to the tetrahedral position. AFM
analysis of the mixture of polymorphs allowed to distinguish
the elongated particles of ε-Fe2O3 with the narrow size dis-
tribution (40-80 nm) from larger hexagons (>100 nm) of
hematite. It seems that particles of ε-Fe2O3 can exist only in
a limited size range. Further sintering of particles, and
therefore the increase of particle size, induces the structural
change into α-Fe2O3.

Figure 1. RT Mössbauer spectrum of Fe2O3 polymorphs
formed during the heating of sample I at 850 C, 2 hours 
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