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Domain Wallsin Ferroelastic Minerals

Ulrich Bismayer

(ubis@mineral ogie.uni-hamburg.de)

Mineraogy, University of Hamburg, Grindelallee 48,
20146 Hamburg, Germany

Palmierit-type crystals are ideal candidates for detailed
studies on defect-induced renormalization phenomena and
patterns of ferroelastic walls. In chemically diluted samples
the long-ranging ferroelastic field interacts with the strain-
induced defect-field. Because of symmetry conditions the
resulting order parameter coupling is biquadratic. The
structure of twin domain walls is described in the bulk and
at the crystal surface. Diffraction techniques using synchro-
tron radiation have been applied to study mesoscopic struc-
tures, such as densely packed parallel twin domains for the
description of their inner structure. AFM techniques allow
to identify complex wall structures and spectrocopic
methods like Raman and IR techniques yield signals stem-
ming from the order parameter profile of the inner wall
structure. Hard mode techniques are applied to study the
influence of ferroic patterns on the scattered light.

Financial support is acknowledged by the DFG and the
BMBF (05 SM8 GUA9).

Bismayer U, Mathes D, Bosbach D, PutnisA, Van Tendeloo
G, Novak J & Sdje EKH, Mineralogical Magazin, 64,
233-239, (2000).

Bismayer U, Reviewsin Mineralogy and Geochemistry, MSA,
39, 265-283, (2000).

PCM8: TUpm26 : G6
Role of Internal Pressure at Ferroelastic Phase
Transition

Nikolay Ovsyuk (ovsyuk@uiggm.nsc.ru) &

Sergei Goryainov

Institute of Mineralogy and Petrology, Novosibirsk,
630090, Russia

We present a model of the proper ferroelastic phase transi-
tion (FPTs), in which the internal pressure is introduced as
driving force. As an example, which illustrates this model,
we have used the proper monoclinic-triclinic phase transi-
tion in Sr-anorthite ((Sr,Ca)Al,Si,Og) induced by Caand Sr
cation exchange. A correct physical description of the FPT
requires a consideration both of the atom shifts and the
forces which cause them. The introduced internal pressure
explains the common mechanism of the effect of cation
composition of Ca-Sr, Al-Si ordering, and temperature vari-
ations on the phase transition. As indicated, the replace-
ment of Sr cations in the lattice cavities by Ca cations of
smaller ionic radius causes compression of the lattice
around these small Ca cations. This local compression is
equivalent to the effect of the internal pressure, increasing
as Ca concentration increases. The influence of Al-Si order
on the phase transition can be similarly considered. Since
atoms of Al and Si also differ in size and occupy improper
positions at disordering, an additional interna pressure of
the disordered structure occurs. As aresult, the phase tran-
sition point is linearly dependent on the concentration of
disordered Al-Si cations. A temperature rise causes the
|attice widening, which is equivalent to the influence of the
negative internal pressure, linearly changing with tempera-
ture. To conclude, it should be said that the analytical
expressions, describing the proper FPT with the internal
pressure as the driving force of the transition, have been
obtained. Essentially new as compared to the existing
theory is the use of the symmetric along with the asym-
metric strain components as order parameters in the Gibbs
potential. It has been aso found that the mechanism
causing the occurrence of the soft acoustic mode is the
linear quadratic interaction of the symmetric and the asym-
metric components of the strain tensor which was earlier
neglected. In addition, the introduction of the internal pres-
sure has alowed us to visuaize the common micromech-
anism of the effect of cation composition CaSr, Al-Si
ordering, and temperature on the phase transition.

Carpenter MA, Salje EKH, Eur. J. Mineral., 10, 693-812,
(1998).
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Critical Elasticity and Internal Friction of
BaTiO, Perovskite

Simon A. T. Redfern (satr@cam.ac.uk) &

John Street (jstr99@esc.cam.ac.uk)

Department of Earth Sciences, University of Cambridge,
Downing Street, Cambridge, CB2 3EQ, U.K.

The elastic shear modulus of barium titanite perovskite has
been measured by dynamical mechanical analysis through
the cubic - tetragonal phase transition. This zone-centre
improper ferroelastic phase transition is marked by a sharp
drop in the elastic modulus at 388 K. Elastic softening
above T, on cooling towards the transition is related to fluc-
tuations which lead to softening of a set of phonon
branches. The temperature-dependence of the elastic
modulusin thisregimeis an indicator of the dispersion and
anisotropy of this softening. The critical exponent for this
behaviour that we measure most closely corresponds to that
expected for isotropic strong dispersion of three branches
which all soften by coupling to the driving soft mode. The
mechanical loss below T, due to frictional |osses associ-
ated with domain wall motion, is revealed in the tempera-
ture-dependent behaviour of tan 6. Above T, this value is
zero, confirming the absence of domain walls. At T, isrises
sharply, with the domain wall density being a maximum.
On continued cooling the domain wall density decreases, as
does tan 8. The frequency and |oad-dependent nature of the
frictional losses has been examined in a matrix of tempera-
ture-sweep measurements using these parameters as vari-
ables. Dynamical mechanical analysis is shown to be an
extremely useful tool for the study of domain wall move-
ment below elastic phase transitions, as well as identifying
the critical behaviour in the fluctuation-dominated regime
aboveT..

PCM8: TUpm28: G6
Strain Analysis of Phase Transitionsin
Ca,Sr-Titanate Perovskites

Michael Carpenter (mc43@esc.cam.ac.uk)?,

Ana Becerro (anieto@cica.es)’ &

Fritz Seifert (friedrich.seifert@uni-bayreuth.de)?

! Dept. of Earth Sciences, Downing Street, Cambridge
CB2 3EQ, UK

2 Bayerisches Geoinstitut, Universitat Bayreuth, D-95440
Bayreuth, Germany

A single Landau free energy expansion has been developed
to describe phase transitions from cubic perovskites to
tetragona and orthorhombic superstructures. This expan-
sion permits relationships between symmetry-adapted
forms of the spontaneous strain and individual order para-
meter components to be predicted. Data from the literature
for CaSr-titanate perovskites have been analysed in the
light of these predictions. Shear strains for 14/mecm, Pnma
and Cmcm structures tend to conform to the predicted
pattern. The cubic to 14/mcm transition has nearly tricritical
character as a function of temperature in calcium titanate
and more nearly second order character as a function of
composition at the Sr-rich end of the solid solution.
Coupling with the volume strain appears to be both temper-
ature and composition dependent, however, which may be
a general feature of phase transitions in perovskites.
Renormalisation of fourth order terms by changing the
volume coupling coefficients could be responsible for the
unusua order parameter evolution shown by cacium
titanate and for changes in thermodynamic character of the
phase transitions as a function of composition. The pattern
of strain variations also correlates closely with patterns of
variations in heat capacity from the literature, allowing a
revised form of subsolidus phase diagram to be suggested
for the Ca,Sr-titanate solid solution above room tempera-
ture.
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PCM8: TUpm29: G6
Hard Mode Infrared Spectroscopy of
Perovskites along the Join CaTiO,-SrTiO,

Hinrich-Wilhelm Meyer

(hmeyer @esc.cam.ac.uk)?, Michael

A. Carpenter?, Ana | sabel Becerro® &

Fritz Seifert?

* University of Cambridge, Department of Earth Sciences,
Cambridge CB2 3EQ, United Kingdom

2 Bayerisches Geoinstitut, Universitét Bayreuth, 95444
Bayreuth, Germany

The andysis of (CaSr,,)TiO; perovskite solid solutions
has attracted considerable interest over the last decades.
The results of these studies (see for example: Kennedy et
al., 1999, Qin et a., 2000) showed that several phases
existed across the solid solution. The Sr end member is
cubic with space group Pm3 m, and the Caend member has
an orthorhombic structure at room temperature. It is known
that a composition with x4>0.92 is tetragona with space
group symmetry l14/mcm. In a recent study by Bal et
al.(1998)it was proposed that an intermediate,
orthorhombic phase with Bmmb symmetry should exist
between the Ca-end member and the tetragonal 14/mcm
phase. An anaysis of the spontaneous strains associated
with the observed transitions (Carpenter et a., 2001)
showed that this intermediate phase has a pseudo-cubic,
distorted structure.

Powder Infrared experiments were performed to reveal the
response of different parts of the structure on alocal scale
to changes in composition. The spectroscopic data were
analysed using the autocorrelation method.

It is shown that, in spite of the spectra showing the typical
broad features of perovskites, changes in line width and
peak position can be distinguished which indeed represent
features that correlate with the results of the strain analysis.

Ball CJ, Begg BD, Cookson DJ, Thorogood GJ, Vance ER,
J. Solid Sate Chem, 139, 238-247, (1998).

Kennedy BJ, Howard CJ, Chakoumakos BC, J. Phys. Cond.
Matter, 11, 1479-1488, (1999).

Qin S, Becerro Al, Seifert F, Gottsmann J, Jiang J, J. Mat.
Chem, 10, 1-8, (2000).

Carpenter MA, Becerro Al, Seifert F, Am. Min, (2001).

PCM8: TUpm32: G6
Oxygen-Deficient Perovskite Phase in the
System CaSiO,-CaFeO,; at Transition Zone
Conditions

Ulrich BIaR (ulrich.blaess@uni-bayreuth.de),

Daniel Frost, Falko Langenhorst,

Catherine McCammon & Friedrich Seifert

Bayerisches Geoinstitut, Universitét Bayreuth, D-95440
Bayreuth, Germany

Experiments indicate that the lower mantle consists
predominantly of Mg-rich silicate perovskite, Ca-rich sili-
cate perovskite and (Mg,Fe)O ferropericlase. The physical
and chemical properties of silicate perovskite can be influ-
enced by the substitution of trivalent cations in the crystal
structure through a defect mechanism (replacement of 2Si*
by 2R* and one oxygen vacancy). Previous studies have
already shown significant changes in the elastic and trans-
port properties of Mg-rich silicate perovskite upon substi-
tution of minor amounts of Fe** and Al*, which have
significant implications for the interpretation of geophys-
ical data. Studies of the analogue system Ca(Ti, F€*)O,,
suggest the possibility that asimilar defect mechanism may
occur in lower mantle Carich silicate perovskite. In this
study we focus our attention on the substitution of Fe** in
CaSiO, perovskite.

Initial experiments were conducted aong the join CaSiOs-
CaFeO,s. Powdered mixed oxides were loaded into a Re
capsule and run at 16 GPa and 1600°C using a multianvil
press. Run products were examined using optical
microscopy, X-ray diffraction, Mdssbauer spectroscopy,
the electron microprobe, transmission electron microscopy
(TEM) and electron energy |oss spectroscopy (EELS) at the
Calg, OK, Si Ly, SiK and Fel g, edges. In several exper-
iments we obtained a perovskite phase with composition
approximately CaFe,,Si O, Where al iron appears to be
trivalent. Iron occurs predominantly in octahedral co-ordi-
nation, and there are indications from EELS that Si occurs
in a mixture of co-ordinations. High resolution TEM
images show a strong periodicity of 2.17 nm, possibly
related to ordering of oxygen defects, and bright field
images show twinning on ascale of approximately 500 nm.



This new phase is related to the rhombohedral perovskite
phase Ca,AlSiO;; reported by Fitz Gerald and Ringwood
(1991), but differsin detail by its Si/R*" ratio and a doubled
c-repeat (2.17 versus 1.07 nm).

These results confirm that large amounts of Fe** can be
incorporated into CaSiO; perovskite through a defect
mechanism resulting in oxygen vacancies. Our results
suggest that lower mantle Ca-rich silicate perovskite incor-
porates iron amost exclusively in the trivalent form, and
could provide asink for Fe**, depending on the local chem-
istry. While the endmember CaSiO; perovskite becomes
amorphous during decompression, the addition of Fe**
stabilises the phase such that the crystal structure is
preserved during quenching and the phase is relatively
stable in the electron beam. The stability of the structure
allows a detailed study of the oxygen-deficient perovskite,
including the degree to which physical and chemical prop-
erties are influenced by the oxygen vacancies, with impli-
cations for the lower mantle.

Fitz Gerald JD & Ringwood AE, Phys ChemMinerals, 18,
40-46, (1991).

PCM8: TUpm33: G6
Order Parameters Associated with the
Displacive Phase Transition in Cummingtonite

Tiziana Boffa Ballaran
(tiziana.boffa-ballaran@uni-bayreuth.de)*,
Catherine McCammon
(catherine.mccammon@uni-bayreuth.de)* &
Michael A. Carpenter (mc43@esc.cam.ac.uk)?
* Bayerisches Geoinstitut, 95440 Bayreuth, Germany
2 Dept. of Earth Sciences, Downing St., Cambridge CB2
3EQ, UK

Mg/Fe cummingtonites are naturally occurring minerals
belonging to the amphibole group. The structure of
cummingtonite consists of double chains of SiO, tetrahedra
paralel to the c-axis and linked laterally by Mg and Fe
cations which occupy four crystallographically distinct
sites M1, M2, M3 and M4. In Mg-rich cummingtonites a
displacive phase transition from P2,/m to C2/m occurs with
increasing temperature. The difference between low and
high-symmetry phases can be described in terms of the
degree of distortion of the tetrahedral chains and a conse-
quent change in the coordination of the cations at the M4
sites. In order to characterise the phase transition at both
macroscopic and microscopic scales, two different tech-
niques have been used.

Neutron powder diffraction data were collected for a
samplewith 36 mol% Fein the temperature range of 4-580K.
This interval includes the phase transition itself and order
parameter saturation effects at low temperatures.
Spontaneous strains and evolution of the long-range order
parameter associated with the phase transition were
obtained from the refined lattice parameters.

Mdssbauer spectra of a cummingtonite with 37 mol% Fe
were collected in the temperature range between 100 and
550 K. The hyperfine parameters, which can be determined
experimentally from the line positions in a Mdssbauer
spectrum, provide information on the local atomic environ-
ment around the nuclei. The quadrupole splitting (QS) of
the M4 doublet shows a change in slope at the critical
temperature of the P2,/m to C2/m phase transition.
Assuming that the valence contribution to the QSis similar
for both P2,/m and C2/m phases, the most likely effect to
cause the observed variation is a change in the lattice
contribution related to the distortion of the M4 sites. The
difference between the QS data of the low-symmetry phase
and the values obtained at the same temperatures by extrap-
olating the QS data of the C2/m phase has been used as a
measure proportional to the short-range order parameter
associated with the phase transition.
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The MgSiO; Orthoenstatite-Clinoenstatite
Transitions at High Pressures and
Temperatures Determined by
Raman-Spectroscopy on Quenched Samples

Peter Ulmer (peter.ulmer@erdw.ethz.ch) &

Roland Stalder (roland.stalder@erdw.ethz.ch)

Department of Earth Sciences, ETH-Zurich, Zurich,
Switzerland

Mg-Fe pyroxenes form 3 different polymorphs at the pres-
sure - temperature conditions prevailing in the earth upper
mantle: the orthoenstatite phase (Oen), the low-clinoensta-
tite phase (LCen) and the high-clinoenstatite phase (HCen).
The HCen phase, stable at pressures in excess of 6 GPa, is
non-quenchable and inverts to the L Cen phase during pres-
sure release from high-P-T conditions. To date the phase
boundaries limiting the stability fields of different MgSiO,
phases have been derived from X-ray diffraction studies on
quenched samples from high-P-T experiments or deter-
mined by in-situ X-ray diffraction experiments at ambient
temperature.

Raman-spectroscopy performed on enstatitic Mg(Fe)SiO;
pyroxenes from high-pressure experiments on ‘peridotite-
like' hydrous mantle compositions reveals that there are
subtle but significant differences between the spectra of
Oen and samples quenched from within the stability field of
HCen. The most prominent differences are: Additiona
peaks at 369 and 431 cm™ in the Cen-spectrum never
observed in the Oen spectrum and a systematic shift of the
pesk at 236 cm™ in the Oen to 243 cm™ in the Cen.
However, no distinction can be made between samples
quenched from the HCen and L Cen stability fields, consis-
tent with the fact that the HCen-phase is non-quenchable
and the pyroxene phase observed in the run products is
LCen as verified by powder X-ray diffraction.

A large number of experiments performed in our |aboratory
in the pressure - temperature range 1.2-14 GPa and 750-
1900K have been used to constrain the Mg(Fe)SiO, phase
diagram. Pyroxene compositions cover the range from pure
MgSiO; to Mg, eFe,;SiO; with minor amounts of Al, Ca,
Na, Cr. The results are generally consistent with previous
determinations from X-ray studies and tightly constrain the
HCen - Oen phase boundary that can be expressed by the
equation P (GPa) = 0.00454 T (K) + 1.673. The slope
differs slightly from the equation proposed by Pacalo and
Gasparik (1990) for MgSiO;, but is perfectly parallel to the
FeSiO, system determined by Woodland and Angel (1997).
The LCen - Oen boundary is not as well constrained, but
the data are sufficient to locate the invariant point where all
three MgSiO, phases coexist at 6.6 GPaand 1100 K.

Pacdlo REG & Gasparik T, J. Geophys. Res, 95, 15853
15858, (1990).

Woodland AB & Angel RJ, Eur. J. Mineral, 9, 245-254,
(1997).

PCM8: TUpm35: G6
HT-Study of Displacive Phase Transition in
Pigeonites

Fernando Camara (camara@crystal .unipv.it)*,

M. Chiara Domeneghetti

(domeneghetti @crystal .unipv.it)?,

Vittorio Tazzoli (tazzoli@crystal.unipv.it)?,

Gianmario Molin (gmario@dmp.unipd.it)® &

Michael A. Carpenter (mc43@esc.cam.ac.uk)*

* CNR-Centro di Studio per la Cristallochimicae la
Cristallografia, Via Ferrata 1, 27100-Pavia, Italy

2 Dip. Scienze della Terra, Universita di Pavia, Via Ferrata
1, 27100-Pavia, Italy

% Dip. Mineralogia e Petrologia, Universita di Padova,
Corso Garibaldi, 37, 35137-Padova, Italy

4 Dept. Earth Sciences, University of Cambridge,
Downing St., Cambridge CB2 3EQ, UK

The pigeonite structure is monoclinic P2,/c a room
temperature and contains two symmetry independent
chains which are S- and O-rotated. Cations in octahedral
coordination are distributed between two different sites
(M1 and M2) and non-convergent ordering takes place,
depending on the closure T for Fe&**-Mg intracrystalline
exchange. Non-convergent ordering in pigeonites at equi-
librium has been recently studied by Pasqual et al. (2000),
and an intracrystalline geothermometer has been calibrated.

Several previous HT and HP studies (HT: Brown et a,

1972; Smyth, 1974; HP: Arlt et al., 2000) have shown that
pigeonite undergoes a structural change P2,/c - C2/c. This
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symmetry change is ascribed to a displacive co-elastic
phase transition, which involves rotation of tetrahedra in
the tetrahedral chains until both become O-rotated and
equivalent. This displacive phase transition in clinopyrox-
enes has been described as being first-order (Smyth, 1974,
Arlt et al., 2000) both for high-T and high-P transitions.
However, evidence for anon first-order transition has been
recently been given for Mg-Ca synthetic samples
(Tribaudino, 2000). Prewitt et al. (1971) suggested adepen-
dence of the transition temperature (T.) on composition;
increase of both Fs and Wo components leads to alowering
of T..

We carried out an in situ high temperature single crystal
diffraction study on a natural, exsolution-free pigeonite
sample with significant Wo content (Wo,En,;Fs,s) previ-
ously studied by ex-situ Pasqual et al. (2000), in order tore-
examine the HT displacive phase transition. We followed
the continuous transition by performing data collection at
650°, 750°, 850° and 950°C in the 28 range 4.5-55° and
refinement of the structure. Our results show that, for this
sample, the displacive phase transition may be better
described in terms of a 246 Landau expansion. Several
important geometric parameters of tetrahedra and octa
hedra show a continuous variation with increasing temper-
ature. The geometry of the structure at 950°C nearly
corresponds to a C2/c structure.

We annealed the crystal in situ for long enough to reach
equilibrium for the intracrystalline ordering at the various
temperatures. Measured KD values at each T agree with the
equation of Pasqual et al. (2000) for the same sample. Our
results show a direct linear correlation between the non-
convergent intracrystalline order parameter (Qqp) and the
displacive order parameter (Q, measured as the intensity
ratio between several h + k = 2n +1 reflections and h + k
=2n reflections), giving evidence of coupling between the
two order parameters.

Arlt T, Kunz M, Stolz J, Ambruster T. & Angel R, Contrib.
Mineral. Petrol., 138, 35-45, (2000).

Brown GE, Prewitt CT, Papike JJ & Sueno S, J. Geophys.
Research, 77, 5778-5789, (1972).

Prewitt CT, Brown GE & Papike JJ, Geochim Cosmochim.
Acta Suppl, 2, 59-68, (1971).

Pasgqual D, Molin G & Tribaudino M, Am. Mineral, 85, 953-
962, (2000).

Smyth JR, Am. Mineral, 59, 1069-1082, (1974).

Tribaudino M, Am. Mineral, 85, 707-715, (2000).

PCM8: TUpm36 : G6
Nanoquartz vs. Macroquartz:
A Study of the a-p Phase Transition

Susana Rios (rios@esc.cam.ac.uk) &

Ekhard K H Salje (es10002@esc.cam.ac.uk)

Dept. of Earth Sciences, University of Cambridge,
Downing Street, Cambridge, CB2 3EQ, England

Nanocrystals, consisting of small crystallites with diame-
ters 1-100 nm, often have novel physica and chemical
properties, differing from those of the corresponding bulk
materials. Some of these materials undergo phase transfor-
mations in the bulk. The question arises now whether these
phase transformations also exist in the nanocrystal and if
S0, to what extent the characteristics of the transition are
themselves size dependent. It appears that modifications
relate to two physical effects. Firstly, an increase of the
surface to volume ratio leads to an increase in surface
related relaxation phenomena, which may significantly
modify the order parameter profiles of the nanocrystal. The
second effect is the implementation of boundary conditions
through intergrain contacts.

Besides a large body of theoretical work, little is known
about the performance of ceramics built from nanocrystals.
In contrast to thin films, it is experimentally more difficult
to produce powders with uniform and narrow grain size
distribution. In nature, such materials do exist. A typical
example is the mineral agate which, in the case of this
study, is a compact intergrowth of nanoparticles (between
50-90 nm) of a-quartz. Under elastic 3D-clamping condi-
tions, it is predicted (Pertsev et a. 2000) that the fourth-
order term in the free-energy expansion is renormalised in
nano-size quartz by the mechanical interaction between
each grain and the surrounding nanocrystallites. The first-
order character of the transition is thus destroyed and
the transition becomes continuous. Three different
experimenta techniques (differential scanning calorimetry,
x-ray diffraction and second-harmonic generation) have
been applied to a series of agates in order to evaluate the
variation of the character of the transition. The first-order

PCM8



character of the a-3 transition in micron-size quartz is thus
shown to be strongly reduced in nano-size quartz with no
significant variation of the transition temperature. The
excess entropy of nanoquartz is described in the framework
of Landau theory where the renormalisation of the fourth-
order term arises from the elastic 3D-clamping. The anom-
alous increase in the peak width of diffraction maxima at
the transition temperature is related to surface relaxation
phenomena.

Pertsev NA & Sdlje EKH, Phys. Rev. B, 61, 902-908, (2000).

PCM8: TUpm37 : G6
Pressure Induced Phase Transitionsin
Malayaite CaSnOSIO,

Stephanie Rath (rath@kristall.erdw.ethz.ch),

Martin Kunz (kunz@kristall.erdw.ethz.ch) &

Ronald Miletich (ronald@kristall.erdw.ethz.ch)

Lab.f. Kristallographie, Sonneggstr. 5, 8092 Zurich,
Switzerland

Mineras of the ABOCO, type are of potentia interest for
the optical industry. KTiOPO, (KTP) is widely used in
optical industry due to its capabilities of frequency
doubling. The non-linear optical properties in this material
are linked to the out-of-center distortion of the octahedrally
coordinated Ti atoms. Titanite, CaTiOSiO,, is structurally
related to KTP. Its Ti-atoms a'so show out-of-center distor-
tionsbut unlikein KTP, the distortion vectors are correlated
in an antiparallel way. The mineral malayaite, CaSnOSIO,,
isisostructural to the aristotype of titanite. Both structures
are characterized by corner-sharing MO, -octahedra
(M= Sn,Ti) that form chains along the a-axis. The chains
are mutudly linked via isolated SiO, -tetrahedra. CaO,
polyhedra form chains parallel [101] within the MOg-SiO,
framework.

Having the o -transition metal Ti of titanite replaced by the
main-group element Sn, malayaite does not exhibit any out-
of-center distortions. It is thus of interest to compare its P-
and T-behaviour with the one of titanite [Kunz et al., 2000]
in order to differentiate topological effects from electronic
effects. Thisis essentia in order to understand the mecha-
nisms controlling the correlation between out-of-center
distortions of octahedrally coordinated d° transition metals.

We performed a single crystal high-pressure diffraction
study between room pressure and 7.3 GPa in a diamond
anvil cell (DAC). This study revealed an interesting pres-
sure behavior for malayaite: At 5 GPa the a and y angles
start to deviate from 90° to 89.1° and 91.1° (7.3 GPa),
respectively. Surprisingly, calculations of the principal
components for the spontaneous strain indicate a phase
transition already at 3 GPa This indicates the existence of
an intermediate phase between 3 and 5 GPa, where we did
not observe any violations of the A2/a symmetry. This
suggests an isosymmetric phase transition around 3 GPa.
Structure refinements of malayaite at 7.3 GPareveal struc-
tura details of the triclinic (P ) phase: The Ca polyhedra
show the most striking difference between RT and 7.3 GPa.
They form chains parallel [101] in the A2/a RT-phase, but
polymerize to sheets parallel ( 11) in the triclinic phase.
This involves a shift relative to the octahedral chains,
which separates the SnO, octahedral chains into two
symmetrically distinct chains.

The structural evolution of malayaite under pressure will
be shown in detail as well as the equation of state, strain
calculations and compressibility of the mineral.

Kunz M, Arlt T & Stolz J, American Mineralogist, 85, 1465 -
1473., (2000).
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Correlation between Raman Spectra and
Structural Units Changesin Zeolites at
High Pressure

Sergel Goryainov (svg@uiggm.nsc.ru) &

Anna Likhacheva (alih@uiggm.nsc.ru)

Institute of Mineralogy and Petrography, pr. Ak.
Koptyuga,3, Novosibirsk 630090, Russia

To find correlation between changes of structure of alumi-
nosilicates and changes of frequencies of vibrational
spectra, Raman spectra of zeolites were recorded and the
frequencies and forms of modes were calculated, using the
lattice dynamics (LADY program) as well as the claster
modelling.

The high-pressure behavior of natura analcime (Nidym,
Siberia), its K- and Rb- forms, as well as natural leucite
(Orvietto, Italy), was studied by Raman spectroscopy in the
diamond anvil cell up to 5 GPa. Natural analcime exhibited
3 phase transitions at 0.7, 2 and 3.7 GPa, the latter being
characterized by strong anomadies in the region of the
framework vibrations. Waterless K- and Rb-analcimes
show similar high-pressure behavior with single transition
in the region of 2.2-2.6 GPa Leucite exhibits the sharp
transition at 2.3 GPa. These transitions are related with the
distortions of secondary building units of the framework.

The correlation has been found between the most pressure-
dependent O-T-O bending mode near 500 1/cm, located on
some four-membered ring, and mean T-O-T angle in the
analcime and leucite frameworks. This allows to introduce
the model of distorted four-membered ring composed of
(Si,Al)O,-tetrahedra to interpret the mechanism of
observed transitions. The distorted four-membered ring
was used as a geometrical model to investigate the pres-
sure-induced changes in the framework vibration modes.
Calculations of claster vibration forms alows to examine
the effect of the ring distortions on the O-T-O bending
mode. Thus the preliminary results were obtained consid-
ering the numerical correlation between structural and
spectroscopic parameters changed with pressure.

The empirical correlation between the O-T-O Raman mode
split and the tetragonality parameter enables to estimate
structural parameters of high-pressure phases of ANA-
topology using Raman measurements. This correlation is
proved by theoretica modelling with calculation of the
modes localized in the structural units.
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ActiveAcid Sitesin Natural Zeolites

Igor Afanassyev (igor@casper.che.nsk.su)* &

Nikolay M oroz (moroz@casper.che.nsk.su)

630090 Novosibirsk, Ave. Lavrentiev, 3, Institute of
Inorganic Chemistry, Russian Federation

Theacid sitesin zeolites are being studied intensively in the
context of the catalytic properties of these materials. Much
attention is given to the protonated synthetic zeolites while
the role of the proton centers in determining the properties
of natural zeolites still remains unclear. Moreover, until
recent years there were not direct evidences on the exis-
tence of these sites in natural zeolites. Recently, we devel-
oped a NMR approach to in situ precise determination of
the proton exchange rate in water molecules sorbed on
zeolites which can be applied when the average time
between events of H-exchange lies in the range of 0.1-
0.0001 seconds (Afanassyev et a., 1999, 2000). It has been
shown that the observed proton exchange is due to the
interaction of water molecules with the acid cites and hence
can be used to detect these sites in the zeolite channels.
Using this approach, we studied various natural zeolites as
well as their cation-substituted forms. The typica concen-
tration of proton sitesis found to be about 0.001 per one Al
atom or bellow. In spite of low concentration, the centers
considered may have a pronounced effect on physical and
chemical properties of zeolites. For example, they exert
primary control over proton transfer through the zeolite
structure. Relaying on the experiments performed, it was
deduced that the active centers are presented by Bronsted
acid sites AI-O(H)-Si (hydroxyl groups) and the proto-
nating intrazeolitic water molecules leading to the forma-
tion of hydroxonium ions does not take place. For the
substances studied, the barrier for proton transfer from acid
site to water molecule is found to vary in the range 30-
60 kImol. The treatment of the natural sampleinweak acid
solutions or holding it at elevated temperature leads to the
significant increase in the concentration of acid centers.
These results allow us to suggest that the data on the active
acid sites may tell something about the formation and
evolution of zeolites in natural conditions. This work is
supported by the Russian Fund for Basic Researches (grant
No. 01-05-65414).

Afanassiev IS, Moroz NK & Belitsky 1A, J. Conf. Abs, 4(1),
658, (1999).

Afanassiev IS, Moroz NK & Belitsky 1A, J. Phys. Chem. B,
104(29), 6804-6808, (2000).

PCM8: TUpo02 : PO
TheAl-Si Configuration in Strontium Feldspar
Quenched from 1640°C

Piera Benna (benna@dsmp.unito.it) &

Emiliano Bruno (bruno@dsmp.unito.it)

Dipartimento di Scienze Mineralogiche e Petrologiche -
Universitadi Torino, and Centro di Studi sulla
Geodinamica delle Catene Collisionai (CNR), Torino,
Italy, Via Vaperga Caluso 35, 10125 Torino, Italy

A metastable disordered Al-Si configuration was observed
by Benna et al. (1995) in strontium feldspar (SrAl,Si,Og)
crystallized from the melt in very short times (space group:
C2/m; macroscopic order parameter Q. = 0). Isothermal
annealing of the disordered feldspar caused evolution
towards higher Al-Si ordering. The change in space group
from C2/m to 12/c with progressive Al-Si ordering can be
followed during thermal treatments. This change in space
group corresponds to a zone boundary phase transition
inducing the appearance of b-type (h + k = odd, | = odd)
superstructure reflections, that evolve with the degree of
order. The size of b antiphase domains (APD) increases
with increasing annealing time. This evolution under non-
equilibrium conditions is not so different from that
observed in anorthite (CaAl,Si,Og) by Carpenter (1991)
and alows to investigate the AI-Si configurations that
cannot be experimentally achieved at equilibrium. As
concerns the highest degree of disorder that can be attained
at equilibrium at temperatures near the melting point, it has
been shown (Bruno et al., 1976; Angel et a., 1990) that at
equilibrium anorthite has a Q,4 = 0.78.

In the present work single-crystal X-ray diffraction of
ordered 12/c strontium feldspar (SrF) was performed.
Subsequent structural refinement of the same crystal,
treated at temperatures (T = 1640°C for 5h) near the



melting point (T4 ~ 1660°C) and quenched at room
temperaturein air (SrFQ), was done. The average T-O bond
lengths (A), Q, values and average APD sizes (A) are:

SF: T1(0)=1.622,
T2(2)=1.621. SFQ:
T2(0)=1.720, T2(2)=1.627.

T1(2)=1.734,
T1(0)=1.634,

T2(0)=1.731,
T1(z)=1.728,

StF: Q,=0.82, = Fo(b) / = Fo¥(a) = 0.028, &~ 2000. SIFQ:
Qui=0.69, = Fo?(b) / = Fo¥(a) = 0.022, 3 > 5000.

In SrFQ the significant decrease of Q,, and the increase in
the APD sizes, caused by therma treatment near the
melting point, suggest that the modifications observed in
the Al-Si configuration are due to intradomain disorder.
The hypothesis that the premelting effects observed in
anorthite are related to disorder amost complete near the
melting point (Courtial et a., 2000) does not agree with the
dimensions of the b APDs (about 3300 A) observed by
Carpenter (1992) and with the coarsening of the APDs
observed in SrFQ in this work.

Angel RJ, Carpenter MA & Finger LW, Amer. Mineral., 75,
150-162, (1990).

Benna P, Tribaudino M & Bruno E, Phys. Chem. Minerals,
22, 343-350, (1995).

Bruno E, Chiari G & Facchinelli A, Acta Crystallogr, B32,
3270-3280, (1976).

Carpenter MA, Amer. Mineral, 76, 1120-1133, (1991).

Carpenter MA, Phys Chem. Minerals, 19, 1-24, (1992).

Courtial P, Téqui C & Richet P, Phys Chem. Minerals, 27,
242-250, (2000).
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A TEM Study of Annealed Synthetic
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! Laboratoire Structure et Propriétés de I’ Etat Solide,
Université des Sciences et Technologies de Lille,
59655-Villeneuve d’ Ascg-Cedex, France

2 Department of Earth Sciences, University of Cambridge,
Downing St. CB2 3EQ, Cambridge, UK
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Magnesian cordierite is stable below 1465°C at atmos-
pheric pressure (Schreyer and Schairer, 1961). The high
symmetry form (P6/mcc) is believed to be stable between
~1465 and ~1450°C, and the low symmetry form (Cccm) is
believed to be stable below ~1450°C (Schreyer and
Schairer, 1961; Smart and Glasser, 1977). Because of the
closeness of the hexagonal/orthorhombic transition temper-
ature to the melting point, one might speculate that melting
and Al/Si order/disorder effects could be related. The
purpose of our study was to search for premelting textures
and related order disorder textures in anhydrous magnesian
cordierite annealed in the temperature interval ~1440-
1470°C. In natural samples with compositions close to the
Mg-cordierite end-member which had been annealed at
high temperatures, we observed a pervasive texture of
submicroscopic glassy needles parallel to [001]. These
features were detected in samples annealed at temperatures
as low as 1310°C without any sign of transformation
towards high-cordierite. Significant amounts of Na
contained in these samples could explain both the lowering
of the melting point and the strong crystallographic control
of these defects, as Na is mobile in the direction of struc-
tura channels parallel to [001]. No glassy needles parallel
to [001] have been found in synthetic samples after
annealing at temperatures up to 1460°C. Nor was evidence
for disordering, such as a tweed microstructure, detected
either. The synthetic crystals al displayed lamellar or
cross-hatched twinning typical of synthetic orthorhombic
cordierite. Significant amounts of partiadl melting were
present in al the synthetic samples starting from annealing
temperatures as low as 1400°C, however. The melting
products are cordierite, mullite and liquid (glass after
quenching). The composition of the liquid, when compared
with experimental work in the MgO-SiO,-Al,O, system of
Schreyer & Schairer (1961), deviates from the equilibrium
composition, and depends on annealing temperature and
the size of the melt pools. At lower temperatures it is much
richer in SIO,, at higher temperatures it becomes compara
tively richer in MgO. Only in the larger melt pools of a
sample annedled at 1460°C did the glass composition
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match with the expected composition. Embedded within
these larger pools, euhedral grains of cordierite have been
observed optically and are probably the source of diffrac-
tion maxima consistent with hexagonal symmetry in X-ray
powder diffraction patterns. It is tentatively concluded that
premelting occurs in Mg-cordierite at temperatures well
below its accepted melting point. The change in stoichiom-
etry of the residual cordierite could then be responsible for
changes in X-ray indicators of smal amounts of Al/Si
disorder as the melting point is approached. We have not
been able to find any evidence for a stability field of stoi-
chiometric Mg-cordierite with hexagonal symmetry.

Schreyer W & Schairer JF, Journal of Petrology, 2, 324-406,
(1961).

Smart RM & Glasser FP, Science of Ceramics, 9, 256-263,
(1977).
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X-Ray Single-Crystal Study of Spinels:
In Situ Heating

Susanna Carbonin (susanna@dmp.unipd.it),

Fedora Martignago (fedora@dmp.unipd.it),

Giorgio Menegazzo &

Alberto Dal Negro (alberto@dmp.unipd.it)

Dipartimento di Mineralogia e Petrologia, Corso
Garibaldi, 37, 35137 Padova, Italy

A microfurnace alowing operation with a crystal directly
glued to asmall rounded thermocouple mounted on amodi-
fied goniometer head was installed on a Siemens AEDI | 4-
circle single-crystal diffractometer (Molin et a., 2000).
Researches on synthetic and natura spinels of various
compositions, both stoichiometric and defect, were initi-
ated, with the aim of studying thermal expansion and order-
disorder transformations by X-ray diffraction. Our major
interest is essentially devoted to natural crystals because
their therma history differs significantly from that of
synthetic ones. During in situ experiments, single sets of 87
non-equivalent reflections were collected, cleared from the
effect of the microfurnace shield, and used for structure
refinements without chemical constraints. Initial results are
as follows: 1) A flux-grown spinel (MgAl,O,), synthesized
at 1200°C and slowly cooled down to 800°C (Andreozzi,
1999) underwent severa back-and-forth runs at tempera-
tures from room temperature to 400°C, in 100°C steps. It
was observed that the oxygen coordinate remained
constant, while the cell edge changed proportionally with
temperature, both on heating and cooling but following the
same path. This indicates that, in this temperature range,
thermal expansion is reversible, since intracrystalline
exchanges did not occur. This alowed us to determine the
thermal expansion coefficient for this crystal. 2) A natural
highly ordered sample from a regional metamorphic rock
with major cations Al(1.95) Mg(0.99) Cr(0.05) for four
oxygens, initially disordered at 1000°C, was reordered in
runs of increasing duration with decreasing temperature, in
100°C steps, down to room temperature. It was observed
that the oxygen coordinate steadily increased with
decreasing temperature at high temperatures (600-1000°C)
but became stable from 600°C down to room temperature,
assuming a value (about 0.2625) much lower than the orig-
inal one (0.26336(8)). Instead, the cell edge decreased
continuously with decreasing temperature, also reaching a
vaue smaler than the origina one. In generd, it was
observed that the evolution of the spinel structural state on
cooling and heating between the same temperatures does
not follow the same path. Thus, in the 600-1000°C range,
only partialy reversible order-disorder processes occur.

Molin G, Martignago F & Dal NegroA, J.Conf. Abs,, 5, 1, 73,
(2000).
Andreozzi GB, Per.Mineral., 68, 1, 43-51, (1999).
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Experimental Deformation of Omphacite
outside its Stability Field

Frédéric Foucard (foucard@cict.fr),

Olivier Jaoul (jaoul @cict.fr) &

Jannick Ingrin (ingrin@cict.fr)

Laboratoire des Mécanismes de Transfert en Géologie,
UMR 5563, Equipe de Minéralogie, CNRS -
Université Paul Sabatier,39 allées Jules Guesde,
Toulouse, 31000, France

In order to better constrain the rheological behaviour of
eclogites we performed creep experiments on polycristals
of omphacite outside its stability field. Deformation exper-
iments were realized in a dead |oad apparatus for aduration
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of months at creep rates ranging from 10° to 10° s* under
controlled oxygen partial pressure at temperatures between
850°C and 950°C and with an axial compressive deviatoric
stresses (o) between 150 and 300 MPa. Synthetic iron-free
ompheacite glass (Jd50-Di50) was sintered from elementary
oxides mixed in adequate proportions and melted in aHigh
Frequency furnace. The glass was subsequently crushed
and then cold pressed at 300 MPa to form 4-mm diameter
cylinders. The cylinders were enclosed into a soft iron
jacket and annealed in a piston-cylinder at 1000°C and
2 GPa for about 140 hours. After opening the iron jacket,
samples were recovered free of crack, and rectangular
blocks of 2x2x5 mm?® were cut with a diamond saw. X-ray
and electron microprob analyses prove these specimens to
be homogeneous omphacite. The grain size of the recrys-
tallized glass is ~5 um as observed under optical micro-
scope (prior and after deformation runs). Characterization
of microstructures and initial and final grain sizes by elec-
tron microscopy is under way. Despite the fact that
ompheacite is a high pressure phase, our deformation exper-
iments performed at room pressure show that destabiliza-
tion of our samples was absent in many of our runs (1 run
= 1 set of imposed parameters T, o, pO,), or weak for
T~950°C (slow kinetics). In the narrow T domain investi-
gated (850°C-950°C), we obtain the preliminary result: € =
A.c".exp(-E/RT) with E = 450 kJ/mol. The stress exponent
isaround 2 but with large uncertainty due to anarrow stress
range.
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Study of the Possible Pentacoordination of Si
in the High-Pressure Phase CaAl,Si,O,

Laurent Gautron (gautron@univ-miv.fr)* &
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* Laboratoire des Géomatériaux, Université de Marne-la-
Vallée, 5, boulevard Descartes, Marne-la-Vallée
Cedex 2, France

2 Bayerisches Geoingtitut, Universitét Bayreuth, D-95440
Bayreuth, Germany

A new phase of composition CaAl,Si,0,; (named CAS
phase) was observed amongst the transformation products
of CaAl,Si,O; (anorthite composition) at 14 GPa and
1,500°C (Gautron et a., 1996) and in a continental crust
composition equilibrated at (PT) conditions of the
Transition Zone (Irifune et al., 1994). The structure of this
phase was refined by single crystal X-ray diffraction : the
unit cell is hexagonal and the structure-type is that of the
hexagonal barium ferrites with the space group P6,/mmc
(Gautron et al., 1999). This structure presents an original
five-coordinated trigona bipyramidal site which consistsin
two face-sharing tetrahedra. The latter study of quenched
crystals showed that Al and/or Si could occupy this site,
which could only be considered as a four-fold coordinated
site at room conditions. It is very interesting to know if the
high-pressure CAS phase presents some five-fold coordi-
nated silicon, since we know that in general silicates are
built up with four-fold or six-fold coordinated Si at low and
high pressures respectively. Such pentacoordinate silicon is
believed to play a central role in many dynamic processes.
Two questions remain as to the possibility of a transition
from five to four-fold coordination occuring on quenching
from run conditions, and as to the distribution of Al and Si
in these trigonal bipyramids. This latter question should be
answered with aforthcoming Nuclear Magnetic Resonance
study performed on crystals of CAS synthetized with Si%,
In order to investigate a possible transition between five
and four-fold coordination with pressure, we performed X-
ray diffraction measurements on asingle crystal of the CAS
phase |oaded into adiamond anvil cell. Up to the maximum
pressure achieved (8.175 GPa), there are no discontinuities
or detectable changes in slope of the unit-cell parameters
with pressure. After a previous study (Gautron et a., 1996)
which showed that the stability field for CAS is probably
restricted to depths corresponding to the Transition Zone,
we expect to observe a change in the slope of the unit-cell
parameters at pressures above about 12 GPa. The volume-
pressure data can be fitted with a third order Birch-
Murnaghan equation of state with parameters: V, =
323.49(2) A%, K¢ = 189.8(1.5) GPa, K’ o = 6.4(4) with X2
=0.91A third order Birch-Murnaghan equation of state was
fitted to the a-axis data while a second order Birch-
Murnaghan equation of state was fitted to the c-axis data
The refined parameters are: g, = 5.4239(2) A, Ky =
264.4(5) GPa, K';r = 8.8(1.5), with x,> = 1.2
Co =12.6969(3) A, Ko = 121.6(7) GPa, K’ = 4 (fixed),
with x,2 = 0.5 The structure is therefore significantly
anisotropic : the a-axis is not only more than twice as stiff
as the c-axis, but stiffens more rapidly. The bulk modulus
of 189.8 GPa is significantly softer than that of Al,O,
(~ 255 GPa).
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Irifune T, Ringwood AE & Hibberson WO, Earth Planet. Sci.
Lett, 126, 351-368, (1994).

Gautron L, Kesson SE & Hibberson WO, Phys. Earth Planet.
Inter, 97, 71-81, (1996).

Gautron L, Angel RJ & Miletich R, Phys. Chem. Minerals,
27, 47-51, (1999).
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SupergeneAlteration of Primary Ore
Assemblages from Low Sulfidation
Au-Ag Epithermal Deposits
(Pongkor, Indonesia; Nazareno, Peru)

Catherine Greffié (c.greffié@brgm.fr),

Laurent Bailly (I.bailly@brgm.fr) &
Jean-Pierre Milesi (jp.milési@brgm.fr)
BRGM/REM, BP 6009, 45060 Orleans Cedex 2, France

The textures and mineralogical assemblages of high grade
ore samples from the Au-Ag low-sulfidation epithermal
deposits of Pongkor (2 Ma; West Java, Indonesia) and
Nazare-o (10 Ma; Cordillera Shila, South Peru) were
studied to investigate processes related to post depositional
alteration. Both deposits are characterized by alate primary
high-grade base and precious metal stage composed of
chal copyrite-sphal erite-galena-pyrite-polybasite/pearceite-
grey copper-electrum. Primary Ag-bearing phases and base
metal sulfides are found to be corroded by acanthite, locally
associated with native silver. Acanthite also occurs filling
veinlets, in rhythmic aternance with iron oxi-hydroxides
replacing pyrite grains as well as combined with barite and
covellite. Primary electrum grains with a composition of
around Au,gAg,, are partially replaced by Au-Ag sulfide
(locally identified as uytenbogaardtite) and/or by acanthite
commonly associated with higher fineness (up to
Au,gAg,,) secondary electrum wires. None of the observa-
tions made conceivably suggest that hydrothermal remobi-
lization gave rise to these destabilization features. On the
other hand, the presence of these replacing assemblages in
themore surficial levels of the mineralized systems, and the
mineralogical evidence of typically associated supergene
phases, plead for a supergene origin. Therefore, the exis-
tence of these secondary phases must be taken into account
in the different models dealing with vertical distribution
of mineral species as well as chemica variation in a
mineralized body.
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Transformation of Calcium Carbonate Minerals
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Susanne Hacke (shacke@gwdg.de) &

Dietmar M 6bius (dmoebiu@gwdg.de)

Max-Planck-Institut, f. Biophysikalische Chemie, Am
Fal’berg 11, 37077 Gottingen, Germany

The thin films present on natural aguatic systems are a
complex mixture of organic substances like lipids, proteins
and polysaccharides and their diagenetic products present
in solution, as dissolved and particular organic matter.
These biofilms are responsible for important natural
processes such as carbonate precipitation in the ocean.
Research in this area is based upon the permise of surface
activity of anionic functional groups of the macromole-
cules. One strategy for creating functionalized interfaces
for controlled CaCO,-crystallization are Langmuir films of
lipids at the air/water interface (Heywood & Mann, 1994).
They provide well defined interfaces of known charge
density and head group spacing. In biology there are many
examples for the transformation of amorphous calcium
carbonate to calcite or aragonite as well as vaterite to arag-
onite. Amorphous phases in biology can thus be stabilized
and then transformed rapidly into crystalline phases
(Lowenstam & Weiner, 1989; Aizenberg et al., 1996).
However, the mechanisms controlling the transformation
are still unkown. The focus of our interest is the site where
nucleation starts as well as the time dependence of the
transformation and crystallization processes. Crystal nucle-
ation and growth under Langmuir monolayers has been
characterized using Brewster angle microscopy (BAM).
We prepared monolayers from lipids which are also present
in natural biofilms. These films are formed on CaCO,
subphases to test the influence of the lipid headgroups on
the different crystallization processes.

In a first step to achieve a better understanding of these
processes we have investigated the crystallization of
CaCO, underneath pure and mixed monolayers of stearic
acid (C18) and methyl stearate (SME) by varying the ratio
of neutral (SME) to charged (C18) headgroups in the
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monolayers. The results of the BAM studies demonstrate a
spontaneous crystallization of calcite on the pure
C18 monofilm on the CaCO,-subphase. In contrast to the
pure monofilm, the crystallization underneath the mixed
filmsis delayed and the crystallization products are formed
in well defined crysta phases, as cacite or aragonite,
depending on the ratio of the components. This may be
attributed to a better lattice geometry in the mixed films,
which optimizes the crystal nucleation conditions. In
contrast, preliminary results of the same monofilms
prepared on a suphase comprised of CaCO; and a polysac-
charide (k-carrageenan) demonstrated a delayed crystal-
lization; however in this case, crystalization was aways
preceded by the presence of an amorphous phase.

Lowenstam, HA & Weiner, S, On Biomineralization, Oxford
University Press, (1989).

Aizenberg, J, Lambert, G, Addadi, L & Weiner, S, Adv. Mater,
8, 222-226, (1996).

Heywood, BR & Mann, S, Adv. Mater, 6, 9-20, (1994).
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Ixiolite Exsolutionsin Nb-Rutile from the
Deposit Greenbushes (Australia)

Mariana Klementova (klemari @hotmail.com)
Inst. Geochemistry and Mineralogy, Charles University,
Albertov 6, 12843 Prague, Czech Republic

Presently, there is a growing demand for niobium and
tantalum in the industrial world. These elements form
minerals which occur in nature either as individual grains
or asinclusionsin host minerals such asrutile or cassiterite.
The object of study was a heavy-mineral concentrate from
the pegmatite deposit Greenbushes (Australia). It consists
mostly of cassiterite, among which a1 mm grain of rutile
was found. The grain was studied by reflection microscopy,
electron microprobe (EDS), single-crystal X-ray diffraction
(the precession method) and transmission electron
microscopy (TEM). In reflected light, dark grey lamellae
(~5x 50 umin size) in light grey rutile are observed. The
chemical composition of host rutile and the lamellae was
determined on an electron microprobe: host - rutile (wt.%):
FeO,, 10.05, MnO 0.04, TiO, 51.13, Ca0 0.01, SnO, 0.37,
Ta,05 17.43, WO, 2.03, Nb,O; 18.87, Na,0 0.09 lamellae -
ixiolite (Wt.%): FeO,, 16.05, MnO 2.40, TiO, 4.30, CaO
0.02, SnO, 0.35, Ta,0s 16.88, WO, 5.73, Nb,0O; 54.41,
N&a,0 0.00 These analyses are representative compositions
based on about a dozen analyses. Points representing the
chemical composition of rutile and ixiolite in the triangular
diagram Ti - (Fe+Mn) - (Nb+Ta) plot on aline that passes
through the Ti-apex of the triangle. The possibility that the
lamellae represent ixiolite exsolved from an original rutile-
like phase is further supported by single-crystal X-ray
diffraction which permits the determination of ixiolite s
structural orientation within the host phase. The ixiolite
lamellae are exsolved along all planesof {101} of rutile
so that the reciprocal axis ¢, * of each individuum of ixio-
lite is parallel to the rutile directions[101]*, [011]*,
[-101]*, [0-11]*, respectively. The ixiolite a,* axisis
parallel to the a* axis of rutile. The direction of axisb,* is
not paralel to any rational reciprocal direction of rutile.
This may be the first documented case when mutua crys-
tallographic orientation between host rutile and ixiolite
exsolutions has been determined. The grain apparently
represents a low-temperature exsolution assemblage that
resulted by a drop of temperature (and/or pressure) from a
phase primarily formed in the deposit. According to the
volume ratio of rutile to ixiolite (3:1) the probable bulk
composition of the primary phase is (at.%):
Tios(ND+Ta)oz0(Fe+Mn)o 16.
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X-Ray Investigation of the Structural
Transformation in Viscous and Solid
Hydrocarbons

Yriy Korolev (shanina@geo.komisc.ru)
54, pervomayskaya st, Syktyvkar, 167982, Russia

No text submitted.
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Natrolite, a narrow-pore zeolite, may be regarded as a
model object to study the thermal behavior of ammonium
in natural framework aluminosilicates. Natrolite has one of
the most aluminum-rich frameworks among natural
zeolites and appears to be unstable in H-form. To elucidate
the mechanism of thermal decomposition of NH,-natrolite
and to estimate the influence of NH,*-ions on its thermal
stability the ammonium-exchanged natural natrolite was
studied by TG, X-ray diffraction, IR spectroscopy, micro-
probe analysis and gas chromatography at 25-750°C.

The DTG curve of NH,-natrolite contains a strong peak at
470°C of 11,6% weight loss, which is related with a sharp
amorphization observed at calcination in air at 400-500°C
and the decomposition of NH,*-ions fixed by IR spec-
troscopy at calcination in vacuum at 300-400°C. At 400°C
no bands occur in the region of stretching vibrations of
hydroxyl groups in the IR spectrum. Thus the decomposi-
tion of NH,-natrolite proceeds in a one step including
dissociation of ammonium ions, the formation and simulta-
neous remova of water - dehydroxylation, which is
confirmed by gas chromatography.

Microprobe analysis shows the presence of about 3 wt.% of
nitrogen (about one third of the initial amount) in the
samples calcined up to 750°C in non-vacuum conditions.
At calcination in vacuum at 400-550°C severa bands of
ammonia bonded to Lewis sites 1336, 1622, 3330 cm™ (Yin
et a., 1997) are observed in IR spectrum. This is probably
due to the high aluminum content and intensive dehydrox-
ylation of the framework, resulting in formation of large
number of Lewis sites. These sitesare known to form stable
complexes with ammonia (Corma, 1995). Narrow channels
of the natrolite framework apparently prevent fast diffusion
of anmoniaformed at dissociation of NH,*-ions. The inter-
action between ammonia and Lewis sites seems to be the
intermediate step in fixing of apart of nitrogen in destroyed
sample. As IR analysis shows no any nitrogen-containing
complexes at 750°C (in vacuum), we may assume that
ambient conditions play an important role in diffusion of
ammonia throughout the natrolite framework.

Thus the thermal stability of NH,-natrolite is fully deter-
mined by stability of NH,"-ions, as their decomposition
leads to the full amorphization of the structure. The one-
step decomposition includes the dissociation of anmonium
ions and dehydroxylation. Structural and chemical pecu-
liarities of natrolite cause an active interaction between the
product of dissociation of NH,*-ions, ammonia, with Lewis
sites. This may be regarded as the main reason for the
fixing of a considerable part of nitrogen in destroyed
sample after calcination under non-vacuum conditions.
Further investigation will 