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MINERALOGY tution can be observed in sulfides as well. Signifi-

P. Berlepsch and R. Miletich (Basel, Bayreuth):

K <—> Tl substitution in hydrothermally syn-
thesized (T, K)Sbh;S, parapierrotites.

The geochemical affinity between thallium
(T1) and potassium (K), which results from the
practically identical effective ionic radii, is respon-
sible for the abundance of thallium in rock-form-
ing minerals (ZEMANN, 1993; CERNY et al., 1985).
Significant substitutions has been reported in par-
ticular for oxygen-based mineral phases, e.g. do-
rallcharite (BALIC-ZUNIC et al., 1994) or perlialite
(ARTIOLI and Kvick, 1990). However, this substi-

cant substitutions of thallium by alkali-metals in
such minerals are reported e.g. for chalcothallite
(SEMENOV et al., 1967), galkhaite (GRUZDEYV,
1972), or rohaite (KARUP-M@1LER, 1978).

We report the K <—> TI substitution for the
parapierrotite-type MSb;S, (M =TI, K) structure.
Both synthetic end-member and solid solutions
were obtained from strongly alkaline (pH > 10)
hydrothermal solutions at temperatures between
200 and 230 °C. In order to achieve crystal growth
under hydrothermal conditions, TI(I)NO;, S, and
Sb(IIT),0, were used as starting materials and re-
acted with MOH (M = Na, K) aqueous solutions
in polytetrafluoroethylen-lined autoclaves. Euhe-
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dral crystal up to 1 mm in size were obtained by
cooling with rates of less than 1°/min. Microprobe
analyses showed the (K, T1)SbsS; crystals to be
free of significant amounts of sodium. The deter-
mination of the crystal structure of Tl-free end-
member KSbsS;, a = 8.1374(5),b = 19.5013(5),c =
9.0612(5) A, B =91.932(5)°,V =1437.23(12) A’, by
single-crystal X-ray diffraction confirmed Pn
space-group symmetry and isostructural atomic
arrangement as in aristotype parapierrotite
(ENGEL, 1980; JOHANN et al., 1975). Details of the
structural investigations of both end-member and
solid solution compositions, the crystal chemistry
and cation ordering of (TL,K)Sb,S, parapicrrotites
will be discussed.

ARTIOLL, G. and Kvick, A. (1990): Synchrotron X-ray
Rietveld study of perlialtite, the natural counterpart
of synthetic zeolite-L. Eur. J. Mineral., 2, 749-759.

BaLé-Zunié, T., MoELO, Y., LONCAR, Z. and MICHEEL-
SEN, H. (1994): Dorallcharite, Tl,;K,,Fe;(SO,),
(OH),, a new member of the jarosite-alunite family.
Eur. J. Mineral., 6,255-263.

CerNy, P, MEINTZER, R.E. and ANDERSON, A.J. (1985):
Extreme fractionation in rare-element granitic peg-
matites —selected examples of data and mechanisms.
Canad. Mineralogist, 23, 381-421.

ENGEL, P. (1980): Die Kristallstruktur von syntheti-
schem Parapierrotit, TISbsS,. Z. Krist., 151, 203-216.

GRUZDEV, V. (1972): Galkhaite (HgAsS,), a new miner-
al from arsenic-antimony-mercury deposits of the
USSR. Dokl. Akad. Nauk SSSR, 205, 1194-1197 (in
Russian).

JoHANN, Z., PicoT, P, HAk, J. and KvACEK, M. (1975): La
parapierrotite, un nouveau minéral thallifere
d'Allchar (Yougoslavie). Tscherm. mineral. petrogr.
Mitt., 22, 200-210.

KARUP-M@LLER, S. (1978): The ore minerals of the Ili-
maussaq intrusion: their mode of occurrence and
their conditions of formation. Grgnl. Geol. Unders.,
127,1-51.

SEMENOV, E.I., SGRENSEN, H., BESSMERTNAYA, M.S. and
Novorossova, L.E. (1967): Chalcothallite, a new
sulphide of copper and thallium from the Ilimaussaq
intrusion, South Greenland. Medd. Grgnland, 5,
13-26.

ZEMANN, J. (1993): Thallium in Mineralogie und Geo-
chemie. Mitt. Osterr. Mineral. Ges., 138, 75-91.

G.G. Biino {Berkley, Fribourg):

Quantitative description of mineral surface
phenomena.

Any quantitative description of mineral sur-
face phenomena implies the characterization of
atomic identities, atomic position, bond length,
and bond directions whithin 3 to 5 atomic mono-
layers. We have studied the time dependence of
the oxidation of the W(110) surface via chemical-
state-resolved photoelectron spectroscopy and
diffraction (YNZUNZA et al., 1997). The well char-
acterized W(110) system was used as a reference

case to check the accuracy of structure determi-
nations from photoelectron diffraction. The ex-
perimental run at the Advanced Light Source last-
ed 70 minutes (with a traditional source, a compa-
rable high-resolution data set is prohibitely time
consuming to obtain). Data obtained over nearly
the full 2 7 solid angle above the surface. We ex-
perimentally proved the decay and growth of var-
ious chemical state specific peaks in the W 4f,,
spectra, i.e.: the bulk peak, the clean surface peak
at 320 meV lower binding energy, a peak associat-
ed with W atoms bound to two oxygen atoms at a
350 meV higher binding energy and a peak asso-
ciated with W atoms bound to three oxygen atoms
at a 730 meV higher binding. We can quantify con-
clusions concerning the reaction kinetics in-
volved. We have also measured the full-solid-an-
gle photoelectron diffraction patterns for the two
oxygen induced W states, and comparing these
with photoelectron diffraction calculations we ob-
tain the local atomic positions of the two different
types of oxygen atoms on the surface. We have
also reproduced the same experiment but the de-
tection was done with Low Energy Electron Dif-
fraction (LEED) patterns were collected at regu-
lar time laps for 28 hours, but the oxidation of the
W(110) surface was not evidenced. The monitor-
ing of the oxidation can be done with a short range
probe such as photoelectron diffraction, but can
not be done with LEED due to its necessity of
long range order. Being able to simultaneously
use photoelectron diffraction to determine local
geometries around species with different chemi-
cal states represents a unique capability that
should be broadly applicable to various surface
reactions, epitaxial growth processes and mineral-
ogy. Biino and coworkers have thus applied X-ray

photoelectron spectroscopy (XPS) and diffrac-

tion (XPD) to phyllosilicates which control key
sorption/desorption processes in the upper part of
the Earth's crust. The element-specific nature of
XPD permits studying the short-range atomic
structure around Al and thus identifying their lo-
cal chemical environment, something which has
not been possible via traditional X-ray diffraction
analyses (which are not element specific). In par-
ticular, we will consider the degree of Al order in
the tetrahedral sites of mica, and present experi-
mental XPD data together with multiple scatter-
ing simulations for different structures.

YNzUNZzA, R.X., BuNO, G.G., PALOMARES, E.J., TOBER,
E.D., WaNG, Z., Morais, J, DENECKE, R,
LIESEGANG, J, HussAIN, Z., VAN Hove, MLA and
FaDpLEYy, CS. (1997): Study of the oxidation of
W(110) with chemical state- and time-resolved pho-
toelectron spectroscopy and diffraction. AVS97.
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C. Ferraris (Fribourg):

Polytypism and polysomatisme in some Alpine
micas: HRTM / AEM data.

High Resolution Transmission Electron Mi-
croscopy (HRTEM) allows to image mica struc-
tures with a spatial resolution from 3to 1 A. By a
combination of this technique with Analytical
Electron Microscopy (AEM) it is possible to ob-
tain data on mineral transformation at the nano
scale. Several samples of magmatic and metamor-
phic micas have been characterised by their poly-
type periodicity. Polytypic phenomena have been
studied by SAED (Selected Area Electron Dif-
fraction) and HRTEM images obtained from
samples cut across the (001) layers. Sequences of
different polytype blocks which are few layers
thick and coherently intergrown along [001] have
been identified.

Looking across the layers reveals, in some
samples, a succession of polytype blocks 1M, 2M,
and 3T, and sometimes a semi random 1 Mrn (120)
basic structure. The latter gives almost continuous
streaks along hkl diffraction rows with k # 3 n but,
sometimes, intensity modulations appear along
such streaks; they indicate either significant
amounts of short range ordering in such semi ran-
domness zone (BARONNET et al., 1993). Alternat-
ing slabs of each polytype blocks are a few layers
thick but of varying thickness. The transition
zones between two ordered blocks or between an
ordered and a semi random one are characterised
by the presence of stacking faults; a common fea-
ture is that they correspond to layer displacement
faults, this means that in the normal polytype
blocks (1M, 2M,, 3T and 1Mrn [120]) a single lay-
er is shifted from its normal position.

In some cases the complex local microstruc-
ture of micas is shown. Several types of layer can
coexist in a single grain (polysomatism). Inter-
stratification of mixed layers has been resolved by
comparing the different thickness of the layer
stacking sequence and using AEM when possible.
Typical interlayering was observed in samples of
mica/chlorite and mica/serpentine

BARONNET, A., NITSCHE, S. and KANG, Z.C. (1993): Lay-
er stacking microstructures in a biotite single crystal.
A combined HREM-AEM study. Phase Transition,
43,107-128.

Th. Kehler, Th. Armbruster and E. Libowitzky
(Bern, Pasadena):

Hydrogen bonding and Jahn-Teller distortion
in groutite, a-MnOOH, and manganite, v-

MnOOH, and their relations to ramsdellite, MnO,,
and pyrolusite, B-MnQO,. (Poster)

Since the most recent studies on groutite
(GLASSER et al., 1968) and manganite {(IDACHS,
1963), X-ray data acquisition and correction pro-
cedures have become significantly improved. In
addition, structures of twinned crystals can be re-
fined from single-crystal data. Thus, it was an aim
of this contribution to locate hydrogen atoms
even in these transition metal oxyhydroxides with
X-ray methods. The relatively short O-H-O dis-
tances (ca. 2.6 A) in MnOOH polymorphs give
rise to characteristic IR absorptions which are not
well understood as yet. Thus, oriented single-crys-
tal IR absorption spectra were collected and in-
terpreted. Furthermore, temperature dependent
cell dimensions as well as topotactic relations be-
tween MnOOH and MnO, polymorphs were in-
vestigated by in situ high temperature X-ray dif-
fraction studies of groutite and manganite under
oxidizing conditions.

The crystal structure of a-MnOOH, groutite
(space group Pnma, a = 10.667(1), b = 2.871(1), c
= 4.554(1) A, Z = 4) and manganite, v-MnOQOH
(space group P2//c, a = 5.304(1), b = 5.277(1), ¢ =
5304 A, B = 114.38(2)°, Z = 4), both from the
Kalahari manganese field (South Africa), were re-
fined including hydrogen positions from room
temperature X-ray single-crystal data. The refine-
ments converged to R-values of 1.5% for 479
(groutite) and to 2.0% for 821 (manganite)
unique reflections, respectively. A (101) twin
refinement based on F, was applied for man-
ganite leading to a twin contribution of ca. 0.9 :0.1.
The structures of groutite and manganite are dis-
torted derivatives of the MnO, polymorphs rams-
dellite and pyrolusite (rutile structure), respec-
tively. The structural distortions of the oxyhy-
droxides are caused by an interaction of Jahn-
Teller distortion of octahedrally coordinated Mn**
(four short and two long Mn—-O distances) and hy-
drogen bonding. In both structures two symmetri-
cally distinct O sites (O1 and O2) are three-coor-
dinated by Mn*". The choice which O site forms an
OH group is governed by the orientation of the
Jahn-Teller distortion and space constraints dic-
tated by the octahedral framework topology. The
two long Mn—O bonds are formed by both O1 and
O2 thus the Jahn-Teller distortion alone does not
determine the preference of the OH group. In
groutite, the OMn, coordination fragment which
shows the strongest deviation from planarity to-
wards a trigonal pyramid bonds to H where the
O-H vector points perpendicular to the Mny
plane. In manganite the coordinations of O1 and
O2 are very similar, thus H shows longe range dis-



188 72° ASSEMBLEE ANNUELLE DE LA SSMP A LA CHAUX-DE-FONDS: COMMUNICATIONS ET POSTERS

order as observed by twinning. Both, groutite and
manganite have short O-H~O distances (2.6 A)
giving rise to peculiar IR absorption features be-
tween 3200 and 1800 cm™. Oriented single-crystal
slabs of manganite and diaspore (isostructural to
groutite) were studied by polarized FTIR spec-
troscopy at 82 and 298 K and all H-bonding relat-
ed IR-absorptions were assigned. Manganite, y-
MnOOH, and groutite, a-MnOOH both trans-
form in air above ca. 300 °C to B-MnO, (pyro-
lusite) which was studied by in situ temperature
dependent single-crystal X-ray diffraction. The
topotactic relation is preserved during the trans-
formation.

GLASSER,D.L.S. and INGRAM, L. (1968): Refinement and
structure of groutite, a-MnOOH. Acta Cryst. B24,
1233-1236.

Dacus, H. (1963): Neutronen- und Rontgenunter-
suchungen am Manganit, MnOOH. Z. Krist. 118,
303--326.

P. Berlepsch, Th. Armbruster, J. Brugger, E.Y.
Bykova and P.M. Kartashov (Basel, Bern, Victo-
ria, Moskau):

The crystal structure of natural Cu;O[SO,
(Mo,S)0O,] and its relation to synthetic Cu;0
[MoO ], (Poster)

The crystal structure of the natural compound,
Cu,;0[S0,(Mo,S)0Q,], from the Large Tolbachik
Fissure Eruption (1975-1976) on Kamchatka
peninsula (Russia) was determined from single-
crystal X-ray data (space group Pnma, Z=4,a =
7.421(2),b =6.754(3),c =13.624(5) A) and refined
to RI =3.95%.The natural compound is isostruc-
tural with synthetic Cu;O[MoQ,], but exhibits a
highly unusual substitution of $° (ionic radius
0.12 A) for Mo®" (ionic radius 0.41 A) in tetrahe-
dral coordination. The synthetic and the natural
structures are both characterized by edge-sharing
zigzag strings of Jahn-Teller distorted Cu®* octa-
hedra with attached Cu” in five-fold pyramidal
coordination (4+1). The strongly distorted Cu rib-
bons are connected by S and Mo®* bearing tetra-
hedra to form a three-dimensional framework. It
is assumed that the structural strain due to the un-
usual $* <—> Mo® substitution is balanced by de-
velopment of a different type of Jahn-Teller dis-
tortion compared to the synthetic end-member
variety. The substitutional disorder of S and Mo in
the mineral structure leads to strong static disor-
der in the entire structure as revealed by relative-
ly high atomic displacement parameters for all
atoms. It is suggested that an end-member of the
type Cu,O[SO,], is not stable due to the restricted

flexibility of the square pyramidal coordination of
Cu™.

L

&
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The figure shows a polyhedral model of the
structure of Cu;0 [SO,(Mo,S)0,] projected along
the c-axis. Jahn-Teller distorted Cu®* octahedra
formed edge-sharing zizgzag ribbons along b (I).
These ribbons are linked along a by (1) S2 tetra-
hedra corner-sharing with Cu2 square pyramids
and (2) by Cu3 octahedra corner-sharing with
Mol tetrahedra (II). A three-dimensional net-
work is formed by bonds of the SO, and (M0,S)O,
tetrahedra to the neighbouring zigzag ribbons
along ¢ (III).

Th. Armbruster, J. Birrer, E. Libowitzky and A.

‘Beran (Bern, Wien):

Crystal chemistry of Ti-bearing arndradites.
(Poster)

Ti-bearing andradites (space group Ja3d) were
investigated by single-crystal and powder X-ray
diffraction methods, IR spectroscopy, optical mi-
croscopy and electron microprobe analyses. X-ray
site population refinements and IR spectroscopy
indicate that three of the structurally investigated
crystals (two from Kaiserstuhl, Germany and one
from Atlas mountains, Morocco) are andradites
characterized by the schorlomite substitution Ti*
— Si**, where Ti** preferentially occupies the oc-
tahedral site and mainly Fe®" occupies the tetra-
hedral vacancies. These garnets show only a very
low hydrogarnet substitution of the type O ,H, —
SiO, giving rise to weak IR absorptions between
3400 and 3700 cm™. Ti-bearing andradites e.g.,
from the Zermatt area (Valais, Switzerland) and
from San Benito Co. (Ca, USA) have the octahe-
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dral morimotoite substitution Fe*" + Ti** — 2 Fe**
coupled with a strong hydrogarnet substitution
(O,H, — Si0O,) affecting the tetrahedral site.
Comparison of electron microprobe analyses with
site population refinements (X-ray data) indicates
that in all analyzed Ti-bearing andradites Al is
concentrated on the octahedral site. The increased
cell dimension found for all Ti-bearing andradites
compared to end-member andradite is explained
by repulsion between Ca (dodecahedron) and Ti**
(octahedron) decreasing the shared octahedral-
dodecahedral edge and increasing the shared
tetrahedral-dodecahedral edge. This leads to an
expansion of the tetrahedron thus structural
strain is released by incorporation of large cations
on the tetrahedral site. Depending on the geo-
chemical environment, oxygen fugacity, and p,T
conditions either the hydrogarnet (O,H, — SiO,)
substitution operates or tetrahedral Fe**, Fe** sub-
stitutes for Si**. If the schorlomite substitution
dominates the garnets show a dull luster and are
opaque in thin sections. If a combination of the
hydrogarnet and the morimotoite substitution
dominates the Ti-bearing garnets often have a
sparkling glassy luster and are in thin sections
light to dark brown, frequently zoned, and often
birefringent.

J. Stolz and Th. Armbruster (Bern):

Mg?, Mn*, Cd* and S¥’* exchange in heulan-
dite single-crystals: X-ray structure refinements.
(Poster)

The crystal structure of heulandite,
(Na,K)Ca,[ALSi,;O7,] - 24 H,0O, exhibits three
types of structural channels running parallel to
(010). The A channel is confined by a ten-, the B
and C channels by eight-membered rings of tetra-
hedra with a highly disordered Si,Al distribution.
We took advantage of the excellent ion-exchange
capability of these channels to incorporate diva-
lent cations of different ionic radius and studied
their structural arrangements. Single-crystals
(0.1-0.5 mm) of a natural heulandite from Nasik,
India, were placed in a teflon autoclave filled with
2M NaCl for 9 weeks at 423 K yielding a fully
Na-exchanged heulandite as a precursor phase.
Mg*-, Mn*-, Cd*- and Sr**-exchanged heulan-
dites were obtained by further treatment (6-13
weeks) with 2 to 4M M**Cl, - n H,O solutions, re-
spectively. The crystal structures of partly Mg™-
and fully Mn**-, Cd*"- and Sr**-exchanged heulan-
dite with the simplified composition M7 [AlSi,,
O] - n H,O were studied by single-crystal X-ray
diffraction at 100 K (Mg) and 293 K (Mn, Cd and
Sr). Structure refinements performed in space

group C2/m yielded R1 values of 4.65%, 4.44%,
4.04% and 4.54%, respectively and the following
cation distribution is observed: Mg (ionic radius
0.72 A) (SHANNON, 1976) occupies the center of
the A channel and is coordinated by six H,O mol-
ecules forming two disordered octahedra. The B
channel preserves its original Na occupation and
only very minor Mg concentrations could be iden-
tified within the eight-membered rings. The same
type of M*(H,0),complex in the center of the A
channel was found for Mn?* (ionic radius 0.83 A),
and additional Mn** was found to be dispersed in
the A and B channels. Cd (ionic radius 0.95 A)
shows only a very low tendency to form the
Cd*(H,0), complex and is found in the A and B
channels. Sr is also about evenly distributed in the
A and B channels. Due to the larger ionic radius
(ca.13 A) Sr does not form a Sr?*(H,0); complex
in the A channel, but is ninefold coordinated by
four framework O and five H,O molecules. There
are two major differences to the previously inves-
tigated exchange series of Na, K, Rb, and Cs in
heulandite (YANG and ARMBRUSTER, 1996): (1)
The small divalent cations are less coordinated by
framework O and are preferentially surrounded
by H,O molecules. (2) Small divalent cations are
strongly disordered within the channel system
and can only partly be located. Divalent cations
with large ionic radii (as Sr**) exhibit a coordina-
tion to framework O and H,O molecules in the A
channel.

SHANNON, R.D. (1976): Revised effective ionic radii and
systematic studies of interatomic distances in halides
and chalcogenides. Acta Cryst., A32,751-767.

YANG, P, and ARMBRUSTER, T. {1996): Na, K, Rb and Cs
exchange in heulandite single-crystals: X-ray struc-
ture refinements at 100 K. Journal of Solid State
Chemistry, 123, 140-149.

T. Wuest and Th. Armbruster (Bern):

Type locality leonhardite: a single-crystal X-ray
study at 100 K. (Poster)

The aim of this study was to investigate the
crystal structure of the type locality leonhardite
after rehydration and to show possible differences
to "normal" laumontite. Laumontite is a mono-
clinic zeolite with the simplified formula Ca,
[Al; Si,40.4] - 18 H,O (space group C2/m). BLuM
(1843) defined leonhardite as new mineral, dis-
tinct to laumontite, because of a different crystal
morphology. The type material of leonhardite
originates from fissures and cavities in trachytic
rocks at Schemnitz, at that time situated in Hun-
gary (nowadays Banska Stiavnica in Slovakia).
Subsequently, DELFFs (1843) showed that this
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leonhardite has a chemical composition close to
laumontite but with less H,O and more SiO,. If
laumontite is exposed to low humidity, it partially
dehydrates at room temperature to a variety with
ca. 14 H,O p.fu. named leonhardite. This dehy-
dration is reversible by soaking the sample in wa-
ter (CooMBs, 1952; ARMBRUSTER and KOHLER,
1992).

The investigated sample was taken from a
hand specimen collected at Schemnitz that we
kindly received from the Museum of Natural His-
tory, Vienna (catalogued in 1843). A single-crystal
of 0.175 X 0.15 X 0.25 mm in dimension was sep-
arated, and submerged in water for several days.
Subsequently, the specimen was transferred to an
Enraf Nonius CAD4 single-crystal diffractometer
(graphite-monochromatized MoKa X-radiation)
and quenched to 100 K. Diffraction data were col-
lected at 100 K on two rehydrated crystals.

Natural leonhardite from the type locality has
at room temperature space group C2/m: a =
14.714(4), b = 13.132(2), ¢ = 7.531(3) A, B =
111.23°(3), V = 1356.56(75) A’. The rehydrated
“leonhardite” sample, immediately quenched to
100 K, reveals in addition to the X-ray reflections
indexed in space group C2/m with a = 14.744(4),
b =13.144(5), c = 7.504(1) A, 8 = 110.79(2)° many
additional sharp reflections which could not be as-
signed. When the crystal was stepwise heated, the
additional reflections disappeared at ca. 220 K but
did not reappear when subsequently cooled down
to 100 K. One single crystal X-ray data set was col-
lected at 100 K, based on the C2/m cell, in spite of
the non-indexed reflections which were ignored.
A second data set was measured at 100 K after
heating to 240 K thus only the C2/m reflections
were present: @ = 14.743(6), b = 13.132(5), ¢ =
7.503(3) A, B =110.81(4)".

There is no significant difference between the
two refined structures. Both show within 3 e.s.d's
the same coordinates, displacement parameters,
and degree of hydration (15.5 H,O p.f.u.). The
non-indexed reflections, which disappeared at ca.
220 K, may be explained by phase transitions
which have been described by GABuUDA and
Kozrova (1995). They found in partially dehy-
drated laumontite (14.4 H,O p.fu.) a phase tran-
sition at 230 K related to H,O order/disorder, Af-
ter rapid quenching to 100 K, the crystal probably
developed additional domains which may repre-
sent triclinic twins, while the major portion of the
crystal remained in space group C2/m. Upon heat-
ing above 220 K, the low symmetry domains dis-
appeared and the crystal became homogeneous
with C2/m symmetry.

For Schemnitz leonhardite, a low occupied K
site (occupancy 3%), close to Ca, could be located

which agrees with the K site reported by ArRM-
BRUSTER and KOHLER (1992). Electron Micro-
probe analyses yielded the composition Cass,
Ko26NagpsMny . Feg g Al 5381164604500« 13.55 H,O.
The refined formula for the rehydrated Schemnitz
sample is Ca; 5K 13Al; 558167504 - 15.5 H,O. H,O
positions and also the coordinates of the structur-
al framework atoms are between a laumontite
with 17.2 and one with 14.4 H,O p.fu. refined by
ARMBRUSTER and KOHLER (1992). T-O distances
indicate a high degree of Si/Al ordering as found
for laumontite (ARMBRUSTER and KOHLER, 1992).
The reason why Schemnitz leonhardite could
not be completely rehydrated is probably re-
lated to the K concentration. Recently StoLz and
ARMBRUSTER (1997) have shown that K in "pri-
mary leonhardite" occupies additionally a H,O
site.
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PETROLOGY:THEORETICAL/EXPERIMENTAL

X. Lin, V. Pokrovskii and Ch.A. Heinrich
(Ziirich):

Partial molal volumes of NaCl (aq) in high-
temperature aqueous fluids with liquid-like to gas-
like densities.

Aqueous NaCl solution is more extensively
studied experimentally than any other binary flu-
id system, partly because of the importance of this
system for geological processes. In natural mag-
matic-hydrothermal systems, fluids of extremely
variable salinity are common, ranging from hy-
drous salt melts or brines to vapour-like fluids of
lower salinity. In many magmatic-hydrothermal
systems associated with ore formation at low to
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moderate pressures (< 2 kbar), two NaCl-H,O
rich fluids coexist as immiscible brine + vapour
phases. The thermodynamic properties of the salt-
bearing vapour phase, in particular, are essential
for understanding many geological phenomena,
but have been poorly known until now.

Recently, the densities of NaCl solution have
been measured to temperatures above 700 K at
relatively low pressure (< 400 bar) by MAJER et al.
(1991). The extrapolated partial molal volumes of
Na(l (aq) from these experimental data, together
with the earlier results tabulated by Prizer et al.
(1984) and more recent measurements (SIMON-
SON et al., 1994; MAJER et al., 1988) at tempera-
tures below 600 K, are used to derive a relation for
the partial molal volume of NaCl (aq) at infinite
dilution that may be extrapolated to very low den-
sities of the solvent H,O.

There are several formulations to express the
partial molal volumes of aqueous species, among
which the derivation by chain rule from the defini-
tion of partial volume and the one by differentia-
tion from the Gibbs-Duhem relation were exten-
sively used to study the standard partial molal vol-
ume at the vicinity of the critical temperature of
the solvent (ECKERT et al., 1983; KRICHEVSKII,
1967). We find that using only one of these ex-
pressions to fit the experimental data leads to
non-trivial relations with respect to density and
temperature over the whole range of tempera-
tures and pressures. However, a weighted combi-
nation of these two expressions can lead to a sim-
ple relation with four adjustable parameters
which closely represents the experimental data
over a wide range of temperatures (from 298 K to
above 700 K) and the pure solvent (water) densi-
ties (from 0.1 g/cc to above 1 g/cc). The equation
is also tested against the solubility data of quartz
because the solubilty measurements of quartz
covers a much wider range of temperatures and
water densities. With this test it seems likely that
the relation can be used confidently up to tem-
peratures of 900 K.
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M, Kirschen and Ch. De Capitani (Basel):

Immiscible Silicate Liquids in the CaO-8i0O,—
TiOALO; System (see p. 175-178, this issue).

M. Kunz, G. Fiquet, D. Andrault and D. Hiauser-
mann (Ziirich, Lyon, Paris, Grenoble):

Mineralogy at extreme conditions.

Almost all minerals, which are stable in the
pressure- and temperature-range of the earth’s
crust have been subject to mineralogical investi-
gations during the past 30 years. This lead to a very
detailed understanding of mineralogical and crys-
tal-chemical processes as they are observed on the
surface of the earth. A similarly comprehensive
database is not yet achieved for phases which are
stable in the interior of planets. Due to this lack of
experimental data, geophysicists are forced to rely
largely on crystal-chemical speculation and com-
puter-aided modelling to explain seismic data in
terms of a mineralogical composition of the deep
earth. The recent start-up of third generation syn-
chrotron sources such as the European Synchro-
tron Radiation Facility (ESRF) with its dedicated
high pressure beamline is a major step towards an
experimental exploration of the mineralogy of the
earth’s interior.

Experiments are currently performed in situ at
high pressures up to 1 Mbar and temperatures of
3000 Kelvin using diamond anvil cells and internal
laser-heating at the high pressure beamline
(ID30) of the ESRF in Grenoble. This enables di+
rect crystallographic investigation of material at
conditions as they occur at the core-mantle
boundary. First experiments were done on
MgSi0; perovskite and on Fe.

(Mg, Fe)SiO, together with (Mg,Fe)O is as-
sumed to be a major constituent of the lower man-
tle. The aim of our experiment is not only to ob-
tain an accurate equation of state for the region of
the core-mantle boundary, but also to test the re-
cently published hypothesis of a decomposition of
MgSiO; perovskite into SiO, (stishovite) and
MgO (periclase). Our data do not show any evi-
dence for decomposition in the temperature- and
pressure range investigated (2500 K, 80 GPa).
Comparison between a PREM-model and the
equation of state deduced from our data suggest
the lower mantle to be composed of 83 vol.%
(Mg, osFe 7)S10