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EIN VORWORT ZUR MINPET2005

Die unter der Schirmherrschaft der Osterreichischen Mineralogischen Gesellschaft (OMG) alle
zwei Jahre stattfindende MinPet Tagung hat sich mittlerweile als wichtigste, regelméaBig abge-
haltenen Fachtagung der Mineralogie und Petrologie in Osterreich etabliert.

Das Thema der von Geowissenschaftern der Montanuniversitit Leoben organisierten
MinPet2005, die vom 25. bis 29. September 2005 im Sporthotel Royer **** in Schladming
(Steiermark) stattfindet, lautet ,,Mineralogie: Grundlagen und Anwendungen*.

Dieser Titel der Tagung reflektiert die Herausforderungen und grundlegenden Wandlungen,
denen die mineralogischen Wissenschaften derzeit nicht nur in Osterreich unterworfen sind. Von
Seiten der Gesellschaft und Politik wird heute verstirkt strategische, anwendungsorientierte
Forschung von den Universititen eingefordert, was etwa auch bei den letzten Nachbesetzungen
von Mineralogie-Lehrstiihlen in Osterreich deutlich wurde. Die Bedeutung der Grundlagen-
forschung als Basis fiir angewandte Forschung und die vor allem an der Montanuniversitit
bedeutende Rohstoffforschung wurde dabei oft in den Hintergrund gedréngt.

Die Grundidee der MinPet2005 ist daher einerseits eine Briicke zwischen Grundlagen- und
strategischer Forschung zu schlagen, andererseits die Bedeutung der Lagerstéttenforschung in
Zeiten eines stark gestiegenen globalen Rohstoffbedarfs aufzuzeigen. Sie soll unterstreichen, dass
erfolgreiche anwendungsorientierte Forschung nicht ohne Grundlagenforschung moglich ist.
Dabher finden sich im Programm Beitrage, welche die Anwendung mineralogischer Forschung
in den Vordergrund stellen - mineralische Rohstoffe und Angewandte Mineralogie und Um-
weltmineralogie - neben solchen zu Themengebieten wie der klassischen Mineralogie und
Kiristallographie oder der Petrologie und Geochemie. Mit einem eigenen kleinen Symposium
soll auch der Bedeutung der Entwicklung und Anwendung neuer Methoden in den Geowissen-
schaften Rechnung getragen werden. Weiters sollten auch die Nachbardisziplinen der mine-
ralogischen Wissenschaften Geologie, Geophysik, Materialwissenschaften, Archidologie etc. mit
einbezogen werden um den aktuellen Tendenzen einer zunehmenden fachlichen Zersplitterung
entgegenzuwirken und die Interdisziplinaritdt laufender mineralogischer Projekte zu dokumen-
tieren.

Die Zahl der fiir die jeweiligen Symposia eingereichten Beitrage unterstreicht sehrklar, daB dieses
Konzept erfolgreich war. Die insgesamt 102 eingereichten Fachbeitridge sind den entsprechenden
Themenbereichen wie folgt zuzuordnen: Minerallagerstitten (S1) 22; Angewandte Mineralogie
und Umweltgeochemie* (S2) 15; Fluide in der Erde (S3) 5;

Kristallographie und Mineralphysik (S5) 2 5; Petrologie, Geochemie und Genese der Lithosphére
(S6) 28; Neue methodische Entwicklungen (S7) 5; Offenes Symposium (S8) 3.
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Zusitzlich stehen zwei Plenarvortrage und vier Keynote-Vortrige von eingeladenen Wissen-
schaftern auf dem Programm, wobei den beiden Plenarvortragenden Prof. D. Yu. Pushcharovsky
(Moskau, Russland) und G. R. Rossman (Pasadena, USA) im Verlauf der Tagung fiir ihre
Verdienste um die mineralogischen Wissenschaften die Friedrich-Becke Medaille verliehen
wird.

Zwei Exkursionen - ,,Historischer Ag-Ni-Co-Bi Bergabau Zinkwand bei Schladming* (Fiihrung
W. Paar, Salzburg und J. G. Raith, Leoben) und ,,Obersteirische Industrieminerallagerstiaten*
(Fithrung W. Prochaska, Leoben) - runden das Programm ab und verweisen auf die historische
bzw. aktuelle Bedeutung der Rohstoffgewinnung in dieser Region der Steiermark.

Entgegen der zunehmenden Tendenz nach Profitmaximierung im heutigen wissenschaftlichen
Tagungsbetrieb und der Tradition der MinPet-Tagungen folgend, wurde versucht die Kosten der
Tagung moglichst niedrig zu halten, um auch Studierende und Teilnehmer aus den neuen EU-
Landern zu ermutigen an der MinPet2005 teilzunehmen. Dies wurde unter anderem durch die
finanzielle Forderung der 6ffentlichen Hand (bm:bwk; Land Steiermark) erméglicht.

Neben der Présentation neuester Forschungsergebnisse und dem fachlichen Gedankenaustausch
soll eine derartige Veranstaltung, die bewuBt auSerhalb der Universititsstadte abgehalten wird,
auch dazu geniitzt werden die Bedeutung der Mineralogie fiir unsere Gesellschaft einer breitern
Bevolkerung niher zu bringen. Unterstiitzt durch die Stadtgemeinde Schladming wird es daher
im Zuge der MinPet2005 nicht nur einen 6ffentlichen Vortrag von Hr. Dr. B. Moser (Landes-
museum Joanneum, Graz) ,,Kobalt, Nickel, Bergkristalle - Bergbauhistorische und mineralogi-
sche Streifziige in den Bergen um Schladming,, geben sondern es wird erstmalig fiir eine MinPet
Tagung eine von Bakk. R. Krickl (Universitdit Wien) zusammengestellte Ausstellung ,,Die
faszinierende Welt der Minerale und Kristalle* gezeigt werden.

Im Namen des Organisations-Komitees

Johann G. Raith
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NEW APPROACHES IN XRD STUDIES OF MINERALS
Pushcharovsky, D. Yu.

Geology Deptartment, Moscow State University, 119992 Moscow, Russia
e-mail: dmitp@geol.msu.ru

Some exciting recent developments in the field of mineralogical crystallography are
considered. The crystal chemical phenomena (e.g. ionic ordering, polyhedral stacking
variations, micro-twinning etc.), which accompany the formation of real structures, are
discussed on the basis of structural studies of a large group of minerals. The new approaches
used for their investigation allow to extend the scientific ideas connected with: status of new
and questionable minerals, structural classification of minerals, forms of concentration of
chemical elements in the Earth’s crust, further development of modular theory and other
problems of modern structural mineralogy.

The advantage of using of synchrotron radiation opens the gate to a new branch of
microgeochemistry (about 20% of known minerals lack a structure determination, mainly
because crystals are too small or imperfect for laboratory X-ray sources). As an example the
structures of three arsenates are considered. Two of them are Cu-arsenates, namely zdenekite,
NaPbCu;s(AsO,),CI-5H,0 and mahnertite, (Na,Ca)Cu,[AsO,],'Cl:5H,0, contain the new type
of mixed polyhedral sheets which are characterized by the different mode of their stacking.
The specific feature of these layers are the clusters, formed by four Cu¢, pyramids (¢=0, Cl,
H,0) with shared edges. Zdenekite belongs to mineralogical group of lavendulan,
NaCaCu,(AsO,),CI-'5H,0, which also includes sampleite NaCaCu,(PO,),Cl-5H,O. Until
recently, none of the representatives of the lavendulan group have been structurally studied.

Tillmannsite, (Ag,Hg)(V,As)O,, was found in the old copper mines of Roua (Alpes-Maritimes, France)
and its structure is characterized by the presence of two types of tetrahedra: metallic clusters
formed by Ag and Hg atoms and As,V-tetrahedra. Similar metallic clusters were revealed by
WEIL et al. (2005) in the crystal structures of synthetic Ag, Hg-vanadates and arsenates.

The chemical composition of biraite-(Ce), Ce,Fe**(CO,)(Si,0,), which is a new mineral from
Siberia with a new structural arrangement, was established as a result of its XRD study, IR-
spectroscopy and thermal analysis.The microtwinning model was proposed for calcium
catapleiite, CaZrSi,0,2H,0, which occurs in syenitic pegmatites of Burpala massif.
Orthorhombic symmetry is definitely preferable for this mineral and adequately describes its
structure. The crystal structure of armstrongite, CaZr[Si(O,;].3H,0, which was discovered in
a granite pegmatite and in alkaline granites of Mongolia, was refined using the Rietveld
method. As a result the chemical composition of this mineral was determined.

References
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HYDROUS COMPONENTS IN NOMINALLY ANHYDROUS MINERALS
Rossman, G.R.!
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Hydrous components in the nominally anhydrous minerals occur in a large number of phases
and influence many chemical and physical properties of the host mineral. They are recognized
as an important contribution to the Earth’s water cycle. While the detection and determination
of concentration is most conveniently achieved by infrared spectroscopy, it requires
independent calibration for accurate analyses. IR spectra can deternnine the individual species
in which the hydrogen is associated and can identify fluid inclusions and alteration products.
A variety of analytical methods has been used to determine absolute concentrations of the
hydrous components, but hydrogen manometry and nuclear profile analysis with N-15 ions
have proven to be the most useful absolute analytical methods in the past. Raman
spectroscopy can detect OH, but, in our experience, has not proven reliable for absolute
concentration determinations.

Minor amounts of OH are found in most common mantle phases and numerous crustal phases
including many common silicates and oxides. Concentrations range from <10 ppm in pyrope
garnets to percents in grossular garnets. Analytical calibrations of the IR spectra now exist for
olivine, certain garnets, pyroxenes, kyanite, zircon, and some oxides. Generic calibrations
have been refined, but have not eliminated the need for mineral-specific calibrations. H,O is
typically found at concentrations reaching 2% in ring silicates and minerals with large
channels. In feldspars and feldspathoids concentrations range from near zero to nearly 0.2%.

Minerals synthesized under high PT conditions contain much larger concentrations than found
in their natural counterparts and have led to much current discussion about the importance of
OH in the deep mantle and the question of how much water exists at depth. Recent work has
also shown that water resides in some crustal and mantle phases as nano-inclusions that range
in size from 10’s to 100’s of nanometers in size. In olivine, they may be an exsolution product
that indicates that the phase formerly contained higher concentrations of bound OH in the
deep earth.
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NEW METHODS OPEN NEW PERSPECTIVES ON MINERAL REACTIONS
Abart, R',, Keller, L'. Milke, R'. Schmid, D.2
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In petrological science substantial progress was made over the last two decades due to the
extensive application of equilibrium thermodynamic methods to mineral parageneses. By
definition, equilibrium thermodynamics deals with time invariant equilibrium states and does
not take into consideration system geometry. In particular the role of grain- and inter-phase
boundaries during mineral reaction and micro-structural and textural development is not
accounted for in classical equilibrium thermodynamics. Reaction microstructures with a high
degree of spatial organization such as reaction rims, symplectites, epitactic relations, shape
and/or lattice preferred orientation are, however, commonly observed phenomena in
metamorphic and magmatic rocks. The microstructural and textural features of rocks reflect
the interplay of a number of petrogenetic processes. If the microphysics of these processes
e.g. nucleation, component diffusion, grain growth, grain boundary migration, etc. can be
unravelled, microstructures may provide information on reaction kinetics. By this way, they
may shed light on the dynamics of reacting rock systems. A number of analytical methods,
experimental techniques and theoretical approaches, which have hitherto been largely
disregarded in mineralogical and petrological research, have large potential to substantially
improve our understanding of reaction microstructures and textural relations in rocks

We present petrographic observations made on natural and synthetic reaction rims and
symplectites. In particular, we focus on the insights on the mechanisms of chemical and self
diffusion in polycrystals obtained from analytical techniques with high spatial resolution such
as transmission electron microscopy (TEM) and depth profiling with secondary ion mass
spectrometry (SIMS). We will also explore textural relations within reaction rims by crystal
orientation mapping using electron back scatter diffraction technique (EBSD) and discuss the
driving forces for texture development in growing polycrystal layers. Finally we will address
the phenomenon of spontaneous nucleation and phase separation. We will compare
phenomena of phase separation from natural and experimental materials with numerical
models based on Cahn-Hillard theory.
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ASPECTS OF APPLIED AND ENVIRONMENTAL MINERALOGY
AT LOW TEMPERATURE
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The fields of activity in applied and environmental mineralogy are strongly linked to physical
and chemical as well as to material and engineering sciences. Special emphasis is put on the
structure and composition of minerals providing insight into their chemical and physical
properties. In particular, for low temperature environments substantial tasks are related to the
neoformation and dissolution behaviour of solids examined in experiments and field studies.

Significant impact to the understanding of reaction mechanisms and kinetics on the formation
and destruction of nanostructured solids can be obtained by analysis of the boundary layers
between separated phases, like minerals and aqueous solution. Beyond classical mineralogical
and chemical characterization special focus is given on micro- and nanostructural analyses,
spectroscopic techniques, isotope distribution as well as on thermodynamic and kinetic
modelling.

Dissolution of minerals causes structural decomposition accompanied with liberation and
transport of compounds. Neoformation of solids comprises crystallization, solid solution, and
colloid formation as well as adsorption and co-precipitation phenomena. New data and
techniques to decipher reaction mechanisms and kinetics with regard to applied and
environmental tasks, e.g. water treatment, carbonate precipitation, iron corrosion, alteration of
cements, and stability of silicates, are presented.
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HIGH-TECHNOLOGY METALS: DEMAND, RESOURCES AND DEPOSITS -
FOCUS ON GERMANIUM AND INDIUM

Melcher, F.
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Many metals of daily use play an inconspicuous role in society. Examples are the “electronic
metals”, used for the production of electronic devices, coatings, solar applications and
polymerisation catalysts. They comprise rare elements with semiconductor properties, e.g.
germanium, indium, gallium, arsenic, cadmium, selenium, tellurium and thallium. These
elements share common geochemical and economic features such as low abundance in the
average crust, lack of significant enrichment in deposits, low production capacities and high
production costs.

About 30 tonnes of germanium-bearing material (metal, oxide and scrap) is annually imported
to Germany. The actual world mine production is down from 90 tonnes (1990) to 50 tonnes,
while the recycling rate increased to 35 percent in 2004. Indium production and consumption
increased from 150 tonnes (1990) to 360 tonnes in 2003. The recycling rate is variable; about
50 to 60 percent of the Japanese ITO (In-Sn oxides) production, primarily used for liquid
crystal screens, is recycled. Yearend kilogram prices of germanium decreased from >1000
USS$ in 2000 to <500 USS$ in 2003, and are currently at 640 USS$. Indium prices were below
100 US$ in 2000 and reached a record high of 600 US$ in 2004.

Current major resources of germanium and indium are contained in some base metal sulfide
deposits, and production as by-products comes form zinc, copper and lead smelting processes.
Mining operations designed at the production of electronic metals as the only commodity
proved uneconomic. The present supply of germanium is mainly from sediment-hosted
(clastic and/or carbonate) deposits, where Ge substitutes for Cu in the sphalerite and wurtzite
structures. An example is the Red Dog deposit, Alaska. Future production may come from
coal ashes.

In the past, large quantities of germanium were produced from the Neoproterozoic, carbonate-
hosted polymetallic (Cu, Pb, Zn) Tsumeb (Namibia) and Kipushi (DR Congo) deposits.
Germanium is contained in copper thiogermanate minerals such as germanite, reniérite,
germanocolusite and briartite, and occurs as substitution in enargite and tennantite. Smaller
deposits of this type were recently discovered and developed, and may eventually contribute
to the future supply of the metal. Significant germanium resources are contained in slags
stored at the Tsumeb and Lubumbashi smelter sites.

Indium is mainly extracted from volcanic-hosted zinc-copper-(tin) ores. Rich deposits may
contain up to 600 ppm indium in the zinc concentrate. A major producer is the carbonate-
hosted lead-zinc-copper deposits at Dachang, China. Indium is mainly associated with
sphalerite and is related to replacement processes by copper-indium-bearing fluids. The world
supply originates from a small number of large-tonnage massive sulphide deposits, and
limited smelter capacities furthermore result in economic shortage and raising prices.
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APPLICATIONS OF THE FLUID INCLUSION TECHNIQUE TO PETROLEUM
GEOLOGY AND ACID GAS STORAGE
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Fossil fluids from petroleum basins are present in diagenetic minerals as fluid inclusions.
They are the witnesses of the original oil or gas composition and the memory of the pressure
and temperature conditions at the time of fluid emplacement. Brines are always present as
non-miscible phase at equilibrium with oils in reservoir in the form of free or irreducible
water.

In order to reconstruct the conditions of fluid emplacement (pressure, temperature and
composition) an analytical procedure of both aqueous and petroleum inclusions has been
developed (PIRONON, 2004). It is based on PVT properties and gas composition estimates.
Temperature of phase transitions is measured by microthermometry, dissolved methane
content of aqueous inclusions is quantified by Raman spectrometry, CH, and CO, content of
petroleum inclusions is approximated by Fourier transform infrared spectrometry and the
volume of petroleum inclusions is reconstructed by confocal scanning laser microscopy.
Thermodynamic models are based on Duan and Peng-Robinson equations of state and are
applied to aqueous and petroleum inclusions, respectively. The intersection of the isochores
of the two fluid systems gives the true pressure and temperature conditions of fluid trapping.
The knowledge of the fluid pressure allows us to reconstruct the hydrodynamic evolution of
reservoirs in various geodynamic regimes.

The fluid inclusion technique is not only applied to natural systems in order to reconstruct the
geological history, but it has been recently applied to hydrothermal experiments in laboratory
(JACQUEMET et al., 2004). It has been developed for experiments about aging of well and
reservoir materials in the case of greenhouse and acid gases (CO,+H,S) sequestration. A
natural quartz sample with decrepitated inclusions is put inside a reactor with reactants (acid
gases, brines, minerals) at high temperature and pressure to mimic reservoir conditions. The
inclusions trapp the fluid system at equilibrium with newly formed minerals and allow to
determine the number and chemistry of the fluid phases generated by the injection of
anthropogenic gases in geological formations.
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TEKTONISCHE STRUKTUR UND GEOCHEMIE DER
MAGNESITLAGERSTATTE HOHENTAUERN
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Die Lagerstitte von Hohentauern/Trieben ist eine typische Spatmagnesitlagerstitte (Veitsch
Typ) in der aus karbonen Gesteinen aufgebauten Veitscher Decke der Ostlichen
Grauwackenzone. Eine detaillierte Bank zu Bank und Strukturaufnahme belegt im
ehemaligen Tagebaugeldnde SE des Sunkbaches in der Magnesit fiihrenden Steilbachgraben
Fm. einen durch Storungen zerlegten Antiklinal-/Synklinalbau. Das Liegende und Hangende
der ca. 40 m machtigen und von dieser Struktur betroffenen Spatmagnesite wird von dunklen
Kalken, Kalk- und Tonschiefern gebildet. In diesen finden sich nur geringméchtige
Magnesitlagen. Im Hangenden (NE) wird die Lagerstitte von einer Stérung abgeschnitten
iiber der die Magnesit freie Triebenstein Fm. folgt.

An den Kalk-Magnesitkontakten tritt meist spatiger Dolomit auf. In den Hangendbereichen
der Lagerstitte zeigt der pinolitisch texturierte Magnesit intensive Verwachsungen mit
Dolomit. Hauptelementanalysen (RFA) von ,,Magnesit*“-Handstiickproben ergeben nie eine
ideale Magnesit-Zusammensetzung. Die auf genetische Fragestellungen ausgrichtete
geochemische Analytik wird daher an isolierten, wohl definierten Mineralphasen
durchgefiihrt. Dadurch soll die geochemische Bandbreite und Charakteristik der
Umgebungsgesteine (marine Kalke, feinkornige und spitige Dolomite) wie auch der
Magnesite/Dolomite aus dem Magnesitkorper erfasst werden.

Die geochemische Analytik ist noch nicht abgeschlossen. Sie umfasst: AAS-Analytik auf Ca,
Mg, Mn, Sr, Fe, Pb/Zn (letztere als ,,Pfadfinderelemente* fiir mogliche MVT-Mechanismen),
Seltene Erdelemente sowie O, C und Sr Isotopie. Die Fluidsignaturen und -temperaturen
sollen durch Crush Leach Ionenchromatographie und klassische Thermometrie erarbeitet
werden. Zusitzlich sind Ar-Datierungen an metamorph gesprossten Hellglimmern aus
Metapsammiten geplant.
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ESTIMATION OF VOLUME FRACTIONS OF LIQUID AND VAPOUR PHASES IN
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The molar volume (V,,) and chemical composition (x) of several types of fluid inclusions can
be analysed by combining microthermometric and other analytical data. For complex gas-
bearing aqueous inclusions, however, the calculation of bulk V_—x properties still requires as
input an optical estimate of the volume-fractions (¢) of phases in the inclusion. Such
estimates are based on projected area fractions, as observed through the microscope.
Unfortunately, the accurate conversion of area fractions to volume fractions is problematic for
non-spherical inclusions, and although ¢ estimates are widely recognised as being uncertain,
the magnitude of the uncertainty is essentially unknown. In order to quantify the uncertainties
we have conducted optical analyses of synthetic inclusions that contain liquid + vapour (LV)
at room temperature, for which the true @values are known. We have also calculated the
theoretical relationships between area fractions and volume fractions for a range of 3-
dimensional geometries of LV inclusions. Overestimates of @,,, values are obtained if the
amount of liquid above and below the bubble cannot be seen and accounted for in the
microscope. In contrast, underestimates of the true ¢, values are obtained from the
inclination of the inclusion walls, which is not obvious in the projection, so the apparent
amount of liquid is exaggerated. The area fractions of regularly-shaped fluid inclusions equal
the volume fractions when the inclusion is rotated such that its largest dimensions become
visible. In irregularly-shaped inclusions, area fractions are always underestimates of @,,,.
Assemblages of synthetic fluid inclusions with known properties reveal both overestimates
and underestimates values of ¢,,, when based on area fractions, but the statistical distribution
of values is centered on the true @,,, value. As an aid in classifying the shape-dependency of
uncertainties in gwe propose an objective image-processing method to describe the
projected 2-dimensional shapes of fluid inclusions using two parameters: (1) the
perimeter/area ratio and (2) the major/minor ratio of the axes of a best-fit ellipse. Combining
these results yields systematic predictions of the uncertainties in @estimates, which can then
be propagated through calculations of bulk V,—x properties of individual inclusions.
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Raman spectroscopy has become a standard analytical technique within geological sciences.
The obtained spectra of unknown minerals or fluids must be compared to standard Raman
spectra to identify the phases. Commercial Raman spectral libraries (e.g. Thermo, Aldrich)
mainly consist of organic materials. Libraries for Raman spectra of minerals and fluids are
mainly available on the internet (e.g. http://minerals.gps.caltech.edu/files/raman/index.htm).
The list of shortcomings of these online libraries include (1) too few spectra displayed; (2) no
indication of accuracy, standards, deviation, relationship to crystallography or measurement
conditions; (3) poor presentation of spectra (e.g. no peak values given in drawings); (4) bad
quality of spectra (low peak-background intensity ratio, or no wave numbers given); (5)
relatively high cut-off wavenumber (> 150 cm™); (6) absence of a search engine for spectra of
unknown minerals; and (7) carelessly designed website. The aim of this study is to address
these deficiencies and to present a large series of high quality Raman spectra of all mineral
groups and fluids, including an interactive search engine for unknown mineral/fluid-spectra in
a well designed website. Raman spectroscopic measurements were done with a LABRAM
(ISA Jobin Yvon) instrument. The laser beam is focussed through an Olympus BX 40
microscope onto the object of interest, either mineral or fluid, using 40x or 100x
magnification combined with a confocal optical arrangement, enabling a spatial resolution in
the order of a cubic micrometre. The apparatus has a 100 mW frequency-doubled Nd-YAG
laser with 532 nm wavelength (green), which is reduced to 38 mW at the measured object. A
portion of the scattered light is collected through the microscope and focussed onto a
diffraction grating. The grating selects the desired region of the Raman spectrum and reflects
this onto a Peltier-cooled, CCD matrix detector. Wavenumber measurements have an
accuracy of 1.62 cm™ at low Av (Raman shift close to 0 cm™) and 1.1 cm™ at high Av (around
3000 cm™). Measurements can also be performed at controlled temperatures between -190
and 600 °C, using the Linkam THMSG 600 heating-cooling stage. Silicium, calcite and Neon
light have been used to calibrate wavenumbers. The Raman activity of the crystals compared
to the power of the laser is expressed in a ratio of intensity of the main peak and measurement
time (i.e. s”). The variation of non-isotropic minerals in spectra compared to crystallographic
features (e.g. cleavage) has been registered. The search engine is based on the position of the
most intensive peak of each material and allows a certain degree of variation to take into
account chemical variation that is common in most natural minerals.
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SYNTHETIC FLUID INCLUSIONS IN QUARTZ: PRODUCTION OF STANDARD
SOLUTIONS AT HIGH TEMPERATURE AND PRESSURE
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Fluid inclusion research is relevant to our understanding of many natural processes in which
fluids play a role. Natural fluids which are preserved in fluid inclusions in single crystals
(usually quartz) are in general very complex and consist of many components. The majority
of fluids can be described in a H,O-gas-salt system, where the gas may include CO, and CH,
and the salt may include NaCl and KCI.

The main analytical technique for fluid inclusions is microthermometry, which relates phase
changes to fluid compositions. Synthetic inclusions with known fluid composition and density
are helpfull for clarifying this relationship. These synthetic inclusions also allow the
investigation of fluid phase equilibria under crustal conditions, and the investigation of the
systematics of natural fluid inclusions. The inclusions are manufactured to calibrate the
temperatures of phase transitions observed in natural fluid inclusions, and to provide
calibration standards for analytical methods.

The experimental setup includes 10 externally-heated, cold-seal pressure vessels (Tuttle-type
autoclaves) which are available for hydrothermal experiments up to conditions of
approximately 800 °C and 1 GPa. Argon is used as a pressure medium. Temperature control
is operated by computer via measurements from internal thermocouples. Pressure is
permanently monitored with pressure transducers. Fluid inclusions are synthesized in pre-
fractured quartz sealed in gold capsules with fluid components of known concentrations (see
also BODNAR & STERNER, 1987). Experimentation time varies between 1 and 4 weeks.
Gases in the capsules are obtained from chemicals that decompose at elevated temperatures
during the start of each experiment, e.g. 150 °C, producing chemically inert metals in addition
to the selected gases (e.g CO, from silver-oxalate, N, from silver-azide). Salt solutions
include NaCl, KCl, CaCl,, MgCl,, and FeCl, with salinities near the eutectic compositions in
binary H,O-salt systems.
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LOW AND HIGH TEMPERATURE HEAT CAPACITIES OF DEERITE, HOWIEITE
AND ZUSSMANITE
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Deerite, howieite and zussmanite are iron-rich hydrated silicates that occur in ferruginous
metasediments and typically form under blueschist-facies conditions. The three samples
studied here are from the type locality, the Laytonville quarry, Mendocino Co., California,
USA [1]. The heat capacities of these minerals were measured applying differential scanning
calorimetry (DSC: 250--650K) and low-temperature heat-pulse calorimetry (HPC: 5-300 K)
using the heat capacity option of the Physical Properties Measurement System (PPMS)
produced by Quantum Design [2]. The chemical compositions of the three minerals were
determined on pure concentrates with the electron microprobe (major elements), with
inductively coupled plasma mass spectrometry (minor and trace elements), and through
coulometric titration (H,0). The standard entropies (S°g;) were calculated by numerical
integration of the HPC-data and are given in Table 1. The DSC-data were fitted with a least-
squares method using the C,-polynomial C, = k, + k, T-** + k, T + k; T-* [3] (Table 1). The
heat capacities normalized to one atom at 3000 K is a measure for the reliability for
extrapolating C, to higher temperatures, and the calculated values are well within 28.3 +2.0
J/(apfu K) reported by [2].

Table 1: Standard entropy, coefficients of the Berman and Brown C, polynomial and the heat
capacity normalized to one atom at 3000 K of deerite, howieite and zussmanite.

S0 k, k,*10? k,*10” k;*10° [ C,(3000K)
[J/(mol K)] [J/(mol K)] [J/(mol K)] [J/(mol K)] [J/(mol K)] [J/(@apfu K)]
Deerite 784(x1) | 12251 12908 | -5.6734 7.3766 26.6
Howieite | 1333(z2) | 30705 -35.179 5.8947 [-10.469 29.7
*Zussmanite | 1669(x2) | 2801.] 79120 | -10.444 | 12.252 26.5
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2+ :
Ko.9302/N20.06c0nF€™" 10 90029)M Mg s6010)M &1 07018)A L 37004) [Si 16.7802)Al1 2212/0 42 (OH) 13,9710

[11AGRELL, S.0.,BROWN, M.G. & MCKIE, D. (1965) Am. Mineral,, 50, 278.

[21 DACHS, E. & BERTOLD], C. (2005) Eur. J. Mineral., 17, 251-261.
[31 BERMAN, R.G. & BROWN, T.H. (1985) Contrib. Mineral. Petrol., 89.168-183.
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BAUSANDSTEINE SUDWESTDEUTSCHLANDS UND IHRE
BEDEUTUNG FUR DIE ERHALTUNG VON KULTURDENKMALERN
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Albertstr. 5, D-79104 Freiburg, Germany
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In Siidwestdeutschland wurden in den zuriickliegenden Jahrhunderten verschiedenartige
Bausandsteine zur Errichtung von Schlossern, Burgen, Kirchen, Klostern und anderen
historischen Bauten in sehr groem Umfang eingesetzt. Die Sandsteine entstammen
vornehmlich den Ablagerungen der Germanischen Trias: Sandsteine des Buntsandsteins
(Mannheimer Schloss, Freiburger Miinster), Werksandstein der Lettenkeuper-Formation,
Schilfsandstein (Kloster Maulbronn), Sandsteine des Kieselsandsteins und der
Stubensandstein-Formation (Teile des Ulmer Miinsters), Rhitsandstein. Weniger hiufig
wurden Sandsteine des Jura (Donzdorf-Sandstein der Eisensandstein-Formation; z. B. Ulmer
Miinster) und aus der Molasse (Kirchen in Salem und Bimau am Bodensee und Konstanzer
Miinster) verbaut.

Vor allem aus Griinden des Denkmalschutzes werden einheimische Bausandsteine zur
Restaurierung historischer Baudenkmailer wieder verstidrkt nachgefragt. Die meisten der ehe-
maligen Steinbriiche sind jedoch seit langem nicht mehr in Betrieb und oft vollsténdig
verfiillt. Es besteht daher zunehmend die Notwendigkeit, in den in Betrieb befindlichen Stein-
briichen Siidwestdeutschlands geeignetes Ersatzmaterial zu finden oder Altabbaue trotz meist
umfangreicher Naturschutzauflagen kurzzeitig zu reaktivieren. Die Gesteine miissen sowohl
den optischen als auch den modemen gesteinstechnischen Anforderungen geniigen. In Baden-
Wiirttemberg wird derzeit aus 21 Steinbriichen eine Sandstein-Rohblockmenge von
50.000-60.000 t/a entnommen; vorwiegend handelt es sich um Sandsteine des Buntsandsteins
und des Schilfsandsteins.

Das Poster zeigt Beispiele der aktuellen Sandsteingewinnung in Baden-Wiirttemberg und der
Verwendung dieser Gesteine fiir Restaurierungszwecke im Bereich des Denkmalschutzes.
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DOLOMITE AND SULPHATE FORMATION IN AN ARIDE ENVIRONMENT,
WESTERN QAIDAM, CHINA
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The ca. 120000 km’ large, rhomb-shaped Qaidam basin contains up 3 to 17 km thick
Mesozoic to Cenozoic sedimentary sequences. It is surrounded by the Kunlun/Qimantagh,
Qilian and Altyn mountain ranges and is situated at the northern edge of the Tibetan plateau.
Mean surface elevation of the basin floor is ~2700 m, whereas the surrounding mountains
reach elevations over 5000 m. The thick Pliocene-Quaternary sediments were controlled by
tectonic processes related to uplift of the Tibetan plateau, as well as by climatic changes
related to the plateau growth. The present day climate represents the driest period during the
last 40 ka with mean annual precipitation of 25 mm in the centre of the basin and 100 mm
along the border. Mean annual evaporation is ~3000 mm, while average temperature
variations are from —10 to 20°C. The landscape is characterised by salt lakes, playas and
aeolian landforms. In this study we reconstructed Pliocene and Quaternary lacustrine
paleoenvironments by examining mineralogy, fabrics and geochemistry of climatic sensitive
rocks, such as carbonates and sulfates from the western part of the Qaidam basin. Stable
isotope analyses on carbonates from lake evaporites collected from the non-marine western
Qaidam basin indicate a large positive 8'®0 and a slight positive 8"C shift between the
Pliocene and the Quaternary. The large positive shift in 8'®0 values between the Pliocene and
Quaternary is interpreted as a climatic change from relatively humid conditions to cool, arid
conditions. Such high aridity conditions and a closed lake environment were deduced for the
Quaternary from other proxies like e.g. the widespread salt-deposits and pollen distribution.
At Dafeng Shan quarry, the Quaternary sequences are composed of alternating layers of
celestine/dolomite and aragonite/calcite/barite with distinct isotopic compositions. The
dolomitic sequence described at Dafeng Shan formed in a low energy, hypersaline lacustrine
environment as indicated by the microstructures, evaporite minerals as well as the absence of
lithoclasts. The carbonate particles (peloids, ooids and oncoids) are related to microbial
activity in the saline lakes. The oxygen isotopic compositions of carbonates vary between
+34.4 and +39.8 %o (SMOW), representing the heaviest oxygen isotopic values in carbonates
measured until today. The 8'30 and the 8**S isotopic compositions of celestine range between
+20.1 to +22.3 %o (SMOW) and +19 to +22 %. (CDT), respectively, suggesting sulfur
recycling via sulfide oxidation. The carbon isotopic compositions of carbonates show a large
negative excursion of up to —30 %o. Microstructures, mineralogy, isotopic compositions as
well as the geological context suggest oxidation of methane from a deep-seated source.

29



MITT.OSTERR.MINER.GES. 151 (2005)

FLUORO-MAGNESIOHASTINGSITE: A NEW MEMBER OF THE AMPHIBOLE-
GROUP FROM DEALUL UROI, APUSENI MOUNTAINS, ROMANIA
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Fluoro-magnesiohastingsite is a new member of the amphibole group. Both mineral and
mineral name have been approved by the International Mineralogical Association (CNMMN,
#2005-002). The mineral occurs in small cavities of a xenolith in the trachyandesite of the
Uroi-hill, 10 km east of Deva, Hunedoara district, Romania. The xenolith consists of augite,
Ti-rich hematite, fluorphlogopite, fluorapatite, plagioclase and enstatite. The fluoro-
magnesiohastingsite crystals are often in close association with green augite. Fluoro-
magnesiohastingsite is monoclinic and forms idiomorphic, long prismatic crystals up to 3
mm. It has the characteristic perfect cleavage {110} of monoclinic amphiboles, intersecting at
~56°. The colour and the streak of the crystals are reddish-brown and the luster is vitreous.
Fluoro-magnesiohastingsite crystals were analyzed with a Jeol electron microprobe, Jeol
JSM-6310, equipped with ED- and WD-spectrometers (analytical conditions: 15kV, 5nA on
Al, minerals have been used as standards). The calculation of the empirical formula indicates
that the complete iron is ferric. Electron microscope analyses of fluoro-magnesiohastingsite
show up to 2.12 apfu Ca, far in excess of the usual maximum value of 2.0 apfu observed in
amphibole-group minerals. This indicates that Ca also occupys the A position. The empirical
formula of fluoro-magnesiohastingsite, based on 46 negative charges is (average of 15
311:1)31)'535)1 (Ko.22 Nag 55 Cag 16)o.08 (Cays Mgo.1)z0 (Mga15 Fe™ 065 Alg g Tig3)5.00 (Sisss Alaiadso O
(F20

The crystal structure of fluoro-magnesiohastingsite, a = 9.872(1), b = 18.007(2), ¢ = 5.314(1)
A, B =105.37(1)°, V = 9104.8(6) A’, C2/m, Z = 2, has been refined to an R index of 5.9%
using 957 observed intensities measured with MoK, X-radiation (Bruker AXS SMART
APEX). From the refinement of the site occupancies and taking into account the calculated
interatomic distances the following site populations resulted (apfu): T1: 2.21 Si + 1.79 Al,
(T1-0 = 1.676 A), T2: 3.74 Si + 0.26 Al, (T2-O = 1.640 A), M1: 1.86 Mg + 0.14 Ti (M1-O =
2.063 A), M2: 1.40 Mg + 0.60 Fe** (M2-O = 2.051 A), M3: 0.98 Mg + 0.02 Fe** (M3-O =
2.058 A), M4: 2.00 Ca (M4-O =2.483 A). Na, Ca and K are disordered around the A(2/m)-
site and obtained by electron density at A(2): 0.48 Na and 0.18 Ca and A(m): 0.27 K. There is
a significant order of Al at T1 and K at A(m) and the O3 site is fully occupied by F.

The formula from structure refinement is: (K,,; Nag sCag 1)0.93 Ca.00 (MEs 26 F€* 062 Tig14)5.00
(Si5.95 A12A05)8.00 022 F2.00'
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TiO,-GEHALT VON ADULAREN AUS ALPINEN KLUFTEN
Brandstiitter, F.' & Niedermayr, G.!
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Der Titangehalt von Alkalifeldspéten ist in der Regel sehr gering und liegt iiblicherweise
unterhalb der Nachweisgrenze der Elektronenstrahl-Mikrosonde (EMS) (DEER et al., 2001).
In magmatisch gebildeten Alkalifeldspaten kann der Titangehalt gelegentlich hohere
Konzentrationen erreichen. Zum Beispiel bis zu 0,11 Gew.-% TiO, in K-Feldspiten aus
Leuzit-fiihrenden Laven der Romischen Vulkanregion (CUNDARI, 1979) und bis zu 0,25
Gew.-% in den Feldspiten aus Vulkaniten der Central Sierra Nevada in Kalifornien (VAN
KOOTEN, 1980). Ungewohnlich hohe TiO,-Gehalte wurden in Sanidinen von Vulkaniten in
der Toskana (0,05 — 0,48 Gew.-%) (CONTICELLI et al., 1992) und von Lamproiten in
Wyoming (0,24 — 1,44 Gew.-%) (KUEHNER & JOSWIAK, 1996) festgestellt.

Im Rahmen einer Routineuntersuchung von K-Feldspédten wurde von einem der Autoren
(F.B.) fiir einen Adular aus dem Untersulzbachtal, Salzburg mittels EMS einen TiO,-Gehalt >
0,1 Gew.-% bestimmt. Um zu kldren, ob auch andere alpine K-Feldspite einen mittels EMS
messbaren Titangehalt aufweisen, wurden aus dem Bestand der Mineraliensammlung des
Naturhistorischen Museums in Wien mehrere Adulare aus alpinen Kliiften ausgewihlt und
chemisch analysiert. Zu Vergleichszwecken wurde auch der Titangehalt von einigen
Orthoklasen sowie von Na-Feldspiten (hauptsdchlich Albite aus alpinen Kliiften) bestimmt.
Ergebnisse: Alle untersuchten Adulare haben charakteristische Na-Gehalte im Bereich von
0,2 - 1,5 Gew.-% Na,O. Bei jenen Kristallen, die zonar gebaut sind, weist der Randbereich
meist einen deutlich geringeren Na-Gehalt (0.2,- 0,5 Gew.-% Na,0) als der Kembereich (0,4
— 1,5 Gew.-% Na,O) auf. Die Gehalte an Ca, Mg, und Fe sind generell niedrig und liegen
groBtenteils unter der Nachweisgrenze der EMS (ca. 0,02 Oxid-Gew.-%). Ein Vergleich der
Ti-Gehalte der untersuchten Feldspate ergibt in einigen Fillen einen deutlichen Unterschied
zwischen Adular, Orthoklas (perthitisch) und Albit. TiO,-Gehalte der Adulare von ca. 0,1 bis
0,2 Gew.-% liegen eindeutig iiber der Nachweisgrenze der EMS, wobei bei den zonierten
Kristallen der Kern immer hohere Gehalte als der Randbereich aufweist. Fiir die perthitischen
Orthoklase und Albite konnten keine signifikanten TiO,-Gehalte nachgewiesen werden. Fiir
die relativ hohen TiO,-Gehalte der meisten Adulare gibt es prinzipiell zwei
Erklarungsmoglichkeiten: (i) Titan liegt als struktureller Bestandteil im Feldspatgitter vor
oder (ii) der gemessene Titanwert wird durch Einschliisse Ti-hiltiger Phasen im Feldspat
verfilscht. Falls (ii) zutrifft, miisste die Gré8e der Einschliisse im sub-um Bereich liegen, da
mittels REM im Bereich der Analysenpunkte keine Inhomogenitéten festgestellt werden
konnten.
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UNUSUAL CHEMISTRY OF ZIRCON FROM PERALUMINOUS GRANITES
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We studied zircon from the F, P-rich peraluminous granite system at Podlesi in the western
Erzgebirge/Krusné Hory, Czech Republic. Studied rocks comprise albite—topaz—biotite
granite (0.5-1.0 wt% F, 0.2-0.4 wt% P,0;), highly fractionated albite—topaz—protolithionite
granite (0.5-1.2 wt% F, ~0.5 wt% P,0O;) and late flat dykes of extremely fractionated
albite—topaz—zinnwaldite granite (1.0-3.0 wt% F, ~1 wt% P,0;). About 350 quantitative
electron-microprobe analyses of zircon in 25 representative samples were conducted using the
CAMECA SX100 (Masaryk University Brno) and CAMECA SX50 (GeoForschungsZentrum
Potsdam) electron microprobes. Some zircons from the Podlesi are extraordinarily depleted
(Si, down to 0.30 apfu; Zr, down to 0.57 apfu) or enriched in several elements, which form
trace components in ordinary zircon. The P content increases from 1-3 wt% P,0O; in the
biotite granite up to about 20 wt% (0.60 apfu P) in the late zircon from the zinnwaldite
granite. In zoned crystals, the P-content in the cores are higher than those in the rims.
Enrichment of U in individual grains is extremely irregular, up to 14.75 wt% UQ, in zircon
from the protolithionite granite. The concentrations of Nb and Bi in zircon are heterogeneous.
Nb range from below the microprobe detection limit up to 6.7 wt% Nb,O, (0.12 apfu Nb).
Some crystals from the protolithionite granite contain up to 7.7 wt% Bi,0, (0.079 apfu Bi).
The concentration of Sc in zircon is less variable and normally range from below the
detection limit to 1.5 wt% Sc,0,, exceptionally up 3.42 wt% (0.11 apfu Sc). Fluorine is
present usually in the heavily altered grains, maximally up to 3.5 wt% in zircon from the dyke
granite. The LREE abundances are mostly below their detection limits of the microprobe. The
contents of Y and the HREE are highly variable, from below their detection limits to maximal
7.93 wt% Y,0, (0.145 apfu Y). The highest Hf concentration (9.1 wt% HfO,; equivalent to
8.5 mole% HfSiO,) was determined in a zircon grain from the upper part of the protolithionite
granite. Among the other elements, aluminium reaches up to 5.5 wt% Al,O,, iron up to 3.6
wt% FeO and calcium up to 4 wt% CaO. The most important substitution reactions
responsible for the enrichment of some of these elements include the molecules of berlinite
(P> + AI* « 2Si*), xenotime (REE + Y)* + P** e Zr** + Si*"), brabantite (Ca* + (U + Th)*
+ 2P < 2Zr* + 2Si*), ximengite (Bi** + P** «» Zr** + Si*), and pretulite (Sc** + P** < Zr*
+ Si*). The formation of the abnormal zircon compositions can be attributed to a combination
of two factors. One population of zircon crystallized late, from a P-, F- and water-rich melt
high in Nb, Ta, Bi, and U, which has undergone a prolonged history of fractionation. These
zircons then became further compositionally altered due to interaction with P- and F-rich
postmagmatic fluids.
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During a cooperation-project between the Czech Geological Survey and Geological Survey of
Austria aiming at geological mapping of Sumava (Bohmerwald) and Miihlviertel, several new
varieties of granitoids were found. A follow-up petrological and geochemical study of these
rocks is now supported by the Czech-Austrian program AKTION-KONTAKT.

An equigranular fine-grained mafic biotite granodiorite probably represents the oldest
Variscan magmatic rock in the studied area. It forms a small lenticular body about 1km SE of
the summit of the Plockenstein (Austria).

Porphyritic coarse-grained biotite granite of the Weinsberg type is the most widespread
granitic rock in the whole Moldanubicum. In the studied area, we found a relative basic
variety of Weinsberg granite, which, in addition to some Kfs phenocrysts, also contains
ubiquitous phenocrysts of oligoclase-andesine, locally up to 7x2cm in size. Chemically, this
granite is characterised by (in wt. %) 62-63 SiO;, 5-6 FeOy, 1.6-1.8 MgO, 3.0-3.2 CaO, 2.8-
3.3 Na,0and3.9-4.1 K;O.

Mafic K-Mg-rich granitoids termed durbachites (or Rastenberg type in Austria) are another
typical rock type of the Moldanubicum. One large and several small bodies of typical
durbachite (SiO, around 60-65%) are exposed in the Czech territory to the north of the Vitava
valley. Several smaller bodies of extremly basic and mafic varieties of durbachite were found
on both the Czech and Austrian sides of the border: pyroxene-biotite melasyenite (<50%
SiO;) and amphibole-biotite melasyenite (50-55% SiO,). Both varieties contain phenocrysts
of Kfs (about 3x] cm) in a matrix of oligoclase, Mg-rich biotite and diopside or actinolite.
Their chemistry is of particularly interesting: 47 to 61% SiO,, 5.5 to 8.5% FeOq, 4.0-13.7%
MgO, 2.3-6.7% CaO, 1.0-2.0% Na;O and 4.7-7.7% K0, 200-700 ppm Cr, 70-260 ppm Ni,
300-450 ppm Rb, 280-500 ppm Sr, 250-600 ppm Zr.

Heavy porphyritic medium- to coarse-grained two-mica granite (preliminary termed as
“Three-country-granite type”) (Si0,=70.5-71.5%, FeO: =1.8-2.2%, Mg0=0.4-0.6%,
Ca0=0.8-1.0%, Na,0=2.5-2.8%, K,0=4.8-6.2%, Zr=170-220 ppm, Th=50-90 ppm) differs
from the other two-mica granites in the southern Moldanubicum in a substantially higher
content of Kfs-phenocrysts and especially in an extreme content of monazite and zircon
inherited in biotite flakes. Monazite contains high amounts of thorium and thus this granite
represents one of the most radioactive rocks within the whole Bohemian Massif. The surface
area of this granite has been contained using gamma spectrometry field measurements.
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The La Huerta and Valle Fertil ranges (30° 00’-31° 27’ S, 66° 18”-68° 09° W), Western Sierras
Pampeanas, province of San Juan, Argentina, mainly consist of metamorphic and igneous
rocks. The Proterozoic-Lower Paleozoic (Pampean) metamorphic basement is made up of
Grt-Bt + Sil £ Crd + Kfs paragneisses. This grades into migmatites, amphibolites and Fo +
Dio * Per marbles to the north. The igneous rocks intruded the metamorphic basement in the
Early-Middle Ordovician (Famatinian orogeny), when the Cuyania (Precordillera) and
Pampia terranes collided. The entire La Huerta and Valle Fertil ranges were affected by a
penetrative NNW-SSE trending foliation. Mafic-ultramafic outcrops form small bodies
ranging from ten to a few hundred meters width within the more felsic metaigneous rocks.
Field observations suggest a synplutonic origin in the partially crystallized felsic magma. The
mafic-ultramafic rocks are mainly massive, dark-colored and coarse-grained (up to 4 cm).
They are commonly cut by narrow mafic dikes (microgabbros) which exhibit chilled margins,
suggesting that the mafic rocks were cool at the time of intrusion of the dikes. The dominant
rock types are metagabbro norites and olivine-metagabbros. Pyroxenites are dominant among
the ultramafic varieties (peridotites, homblendites and lherzolites). Sometimes these rocks
display relic igneous textures (allotriomorphic to hypidiomorphic-granular), in some cases of
cumulate type. Occasionally, a rhythmic layering is observed in the field. However, most of
these rocks are strongly recrystallized and primary mafic minerals are almost completely
replaced by metamorphic amphibole.The mineralogy comprises Ol (Fogs.7s) and Pl (Anjoo.g9 in
most samples) considered to be igneous relics, with accessory Ilm and Mag. Abundant
coronas of Opx (Eng,.7¢Fsi5.23W0q.1) + Al-rich Spl and Cpx (Eng7.44Fs6.sW0s0.46) + Al-rich Spl
rimming olivine are present. Ca-rich Amph (Mg-hastingsite and pargasite) + Al-rich Spl is
present as external rim of these coronas. At Ol-P] boundaries the complete Ol -> Opx + Spl->
Cpx = Spl ->Amph + Spl ->PI reaction sequence can be observed, indicating a continuous
metamorphic evolution as the result of slow cooling of the mafic-ultramafic bodies. Observed
textures suggest reequilibration from lower granulite to upper amphibolite facies conditions
during cooling, but preservation of relic magmatic textures demonstrates that the mineral
transformations took place under conditions of little or no strain. Later, local mylonitization
along discrete NW-SE to NNW-SSE striking ductile shear-zones occurred. Finally, the
metagabbros became locally and partially replaced by retrograde low-T hydrated minerals.

This study is financially supported by FWF- P17350-N10 project to AM.
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Two Ni-arsenide occurrences are known in the Jurassic Albanian Ophiolite Complex; i.e.
from the Vrith Puka and the Runa-Kukesi localities. The first one is of the niccolite —
maucherite type, whereas the second one is classified as maucherite type. The Ni-As
mineralizations are situated in serpentine-chlorite rocks derived from dunitic protoliths. Fine
grains of maucherite were discovered in chromitite too. Some of the mineral assemblages
determined include: niccolite — maucherite — (breithauptite, native gold) — Fe-chromite and
maucherite — Cr-gamnet — Cr-chlorite — Fe-chromite. Aggregates of niccolite are surrounded
by maucherite rims. The minerals occur in veinlets and fill cracks and fissures or are situated
along grain boundaries of niccolite. Very small and elongated breithauptite grains and veinlets
containing native gold are enclosed within niccolite.

Some euhedral corroded chromite grains, partially altered to Fe-chromite, occur in the
serpentinite-chlorite matrix and within niccolite + maucherite aggregates.

Microprobe analyses of niccolite revealed Ni:As ratios of nearly 1:1, with relatively minor
contents of Co (0.36 wt.%) and Sb (0.26 wt.%) and almost no Fe (0.07 wt.%). Niccolite is
present also in sulfide Cu-Co mineralization as common inclusions together with Au-
hedleyite or native Au in euhedral Ni-cobaltite grains (CINA,1990; 2004).

Maucherite of various assemblages is characterized by large variation of Ni:As ratios (1:0.665
to 1:0.879), resulting in formulae of NizAs, to Ni,As,. Maucherite within chromitite is
characterized by higher contents of PGE, especially Os, Ir and Ru, ranging from 0.03 up to
0.88 wt.%. The contents of Co and Sb are similar to those of niccolite.

The Albanian Ni-arsenide mineralizations are comparable to those on Cyprus (FOSSE et al.;
1985; THALHAMMER et al., 1986). The transformation of niccolite to maucherite, as
documented from Vrith-Puka, is supposed to be the result of a decrease of temperature and of
the As content during the late stages of mineralization (THALHAMMER et al., 1986; CINA,
1981; 2004).
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East Serbian Paleocene/Eocene mafic alkaline rocks (ESPEMAR) occur along the western
margin of the East Serbian Carpatho-Balkanides, extending roughly subparallel to the
Banatite-Timok-Srednjegorje Magmatic and Metallogenic belt. A single analogous
occurrence in Romania is at Poiana Rusca, whereas no such occurrences in Bulgaria are
known. The ESPEMAR appear as relicts of small volcanoes and are ne- and ol-normative,
varying from primitive basanite to more evolved tephrite and tephriphonolite. They show
geochemical characteristics similar to alkaline rocks of the widespread Cenozoic European
Volcanic Province, e.g. high Nb (40-100 ppm), low LILE/Nb, coupled with low Sr (0.7029-
0.7047) and high Nd (0.5127-0.5129) isotope ratios. Here a new set of 30 whole-rock ICPMS
trace element analyses are discussed, while a Sr/Nd/Pb isotope study is in progress. Two
ESPEMAR groups can be distinguished: a low- and high-K ESPEMAR one. The low-K
ESPEMAR are olivine-, rarely clinopyroxene-phyric, often with glassy groundmass. They are
mantle xenolith-bearing and fairly primitive (Ni>250 ppm, Cr>350 ppm, poor corelation of
all incompatible elements with index of fractionation), with very low LILE/HFSE ratios. On
the other hand high-K ESPEMAR are more evolved and show characteristics of olivine and
clinopyroxene fractionation, e.g. decreasing Ni, CaO/Al,O, and Sc with increasing MgO.
They also have higher LILE/HFSE ratios than the low-K group. Both groups lack evidence of
significant crustal contamination. In addition, there are trace element ratios that are constant
in both groups or show only slight differences, such as Zr/Nb (2.44+0.26), La/Nb (0.77+0.09),
Ba/Nb (12.04+2.41), Ba/Th (72.48+18.14), Ba/La (15.6+2.14), and La/Ce (0.54+0.02). These
values suggest that a HIMU-like asthenospheric source was dominant in ESPEMAR
petrogenesis and confirms that the composition of primary magmas was not changed by
crustal contamination. Partial melting modelling based on trace element contents and ratios in
most primitive ESPEMAR imply 5-10 % of melting of a garnet-bearing enriched mantle,
which corresponds to a MORB source enriched by 8% of melts formed by extraction of 0.3 %
of fractional melting of the same source. The presence of such metasomatized lithospheric
domains is also inferred by metasomatic assemblages (Ti-Al-rich clinopyroxene, Fe-Ti-rich
spinel, ilmenite, apatite, carbonate + relicts of phlogopite) found in East Serbian mantle
xenoliths. The principal difference between the low- and high-K types can be attributed to
various proportions of individual mineral phases in the source residua or/and their relative
contribution in the melting assemblage. Hence, the contribution of a K- and Rb-bearing phase
was apparently more important in the formation of primary melts of the high-K ESPEMAR.
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In the course of an EU-Interreg project, the composition and preservation state of
Romanesque and Gothic plasters and mortars from several buildings in Northern Tyrol,
Austria, and Southern Tyrol, Italy, were studied to obtain information on the remarkable
durability of these materials compared to modern lime plasters and mortars (DIEKAMP et al.,
2004). The approach in this study is exemplified using the inventory of Gothic mortars from
the main tower of the Finstermiinz fortress in the upper Inn valley, Northern Tyrol, Austria.
The fortress is situated 995 m above sea level directly next to the Inn river in the centre of the
Eastern Alps and is therefore exposed to extreme weather conditions.

Aside from documenting the general state of preservation in terms of local environmental
conditions (detailed mapping of building materials and their preservation state) samples were
selected and taken for laboratory work. The materials were analysed with respect to
composition, fabric, load of salts and decay features by wet chemical analysis (WISSER &
KNOFEL, 1987), optical microscopy, X-ray diffraction, electron microprobe, differential
thermal analysis, BET, Hg-porosimetry and salt eluation.

Considering the extreme climatic conditions at the Finstermiinz site, the Gothic plasters,
mortars and lime finishes are in an amazingly pristine state of preservation. It is only in the
socle area where massive damage can be observed due to humidity and soluble salt.

Typical features of the mortars are numerous limepops in the binder, originating from dry
slaking of the fired limestone, and a very dense texture containing only few macroscopic
pores. The binder-to-aggregate ratios are in the range between 1.71 and 2.94. The fraction of
hydraulic components based on wet chemical analysis varies between 1.7 and 3.1 %. Optical
microscopic and electron microprobe examination revealed the presence in both binder and
limepops of hydraulic phases and vitreous aggregates. The latter are thought to have formed
during the firing process. Differential thermal analysis to determine nature and amount of
hydrate phases are in progress.

The preliminary results show that a combination of i) historic manufacturing techniques, ii) a
high ratio of binder-to-aggregate and iii) the presence in the binder of hydraulic components
is essential for the outstanding durability of these materials.
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Auf Basis der in den Jahren 2003/2004 in 20 Lindern erfolgten Magnesitproduktion
(12,5/18,5 Mill. t) und einem globalen Magnesitpotential von 12,4x10° t werden weltweit 10
wirtschaftlich bedeutende Magnesitprovinzen definiert, deren Potential und geologische
Charakteristik dargestellt wird. Obwohl Magnesit in den verschiedensten geologischen
Environments auftritt, sind nur drei Lagerstéttentypen von wirtschaftlicher Bedeutung:

(1) Spatmagnesit (irreguldre Stocke, Lagen und Linsen) in altproterozoischen und
paldozoischen Karbonatgesteinen (Veitsch-Typ), (2) Kryptokristalliner Magnesit (Génge,
Stockwerkmineralisationen) in archidischen bis mesozoischen ultramafischen Gesteinen
(Kraubath-Typ) und (3) Kryptokristalliner Magnesit (Lagen, Linsen, Knollen) in
kdnozoischen limnisch/fluviatilen Sedimentbecken (Bela Stena-Typ) in rdumlicher
Nachbarschaft zu ultramafischen Gesteinskomplexen.

Die Genese von Magnesitlagerstitten ist nach wie vor ein ,.heies* Thema. Unter anderem
scheinen evaporitische Losungen fiir die metasomatische Bildung von Spatmagnesit eine
groBe Rolle zu spielen. Der EinfluB von CO,-reichen Fluiden bei Verwitterungs-,
metamorphogenen und magmatischen Prozessen ist wichtig fiir die Bildung von
kryptokristallinem Magnesit.

WORLD MAGNESITE RESOURCES BY TYPE BY COUNTRY (SPARRY AND CRYPTOCRYSTALLINE)
TOTAL 12.4 BILLION TONNES
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Abb.1: Die globale Situation der Reserven von Spatmagnesit und kryptokristallinem Magnesit; nk. =
unbekannter Typ.

38



MITT.OSTERR.MINER.GES. 151 (2005)

SrHAsO,: STRUCTURAL RELATIONS TO MONETITE, WEILITE, a-SrHPO,,
a-NaHSO,, AND HgHPO,

Effenberger, H. & Mihajlovic, T.

Institut fiir Mineralogie und Kristallographie, Universitit Wien, AlthanstraBe 14,1090 Wien, Osterreich)
e-mail: herta.silvia.effenberger@univie.ac.at

From an indexed X-ray powder spectrum NABAR & DALVI (1977) found a triclinic unit cell
for StHAsO,: a = 7.34(1), b = 6.97(1), c = 7.40(2) A, a = 96.0(2), B = 103.5(2), y = 86.9(2)°,
Z = 4; it is called ‘average cell’ hereafter. In analogy to weilite, CaHAsO, (FERRARIS &
CHIARYI, 1970), a centrosymmetric space-group symmetry P1 was assumed. During the
present work STHAsO, was synthesized under hydrothermal conditions. The strong reflections
of a single-crystal X-ray structure investigation correspond to the former description.
However, additional weak superstructure reflections are responsible for a unit cell with four-
fold cell volume. The non-standard space-group setting F'1 (a = 14.697(3), b = 28.230(5), ¢ =
14.920(3) A, a =95.20(3), B = 104.78(3), y = 88.11(3)°, Z = 64) was chosen to facilitate the
comparison with the related compounds: The unit cells of weilite, monetite (CaHPO,; CATTI
et al., 1977, 1980), a-STHPO, (BOUDJADA et al., 1978), a-NaHSO, (WERNER e: al.,
1996), and HgHPO, (DUBLER et al., 1981) agree with the ‘average cell’ of STHAsO,. The
arrangements of the M and X atoms (M = Na, Ca, Sr, Hg; X = S, P, As) compare well; their
coordination figures are qualitatively maintained. Despite the structural analogy, isotypy is
not verified. Essential differences are evident for the hydrogen bonds. The parental structure
has space group P1 (Z = 4) and exhibits three crystallographically different H bonds. Only
half of the H atoms pfu forms conventional H bonds (donor and acceptor atoms are not related
by symmetry). At least on the average, the H2 and H3 atoms form H bonds restricted by T
symmetry (OO = 240 A). They link the XO, tetrahedra in [101]. In the low-T modification
of monetite, H2 and H3 become ordered (space group P1). In STHAsO, the formation of a
superstructure violates these inversion centres and all H bonds have distinct donor and
acceptor atoms. However, short O--O’ contacts (2.47 to 2.50 A) are maintained. In both cases
polar chains of (XO,OH) groups are formed parallel to [101]; in the low-T modification of
monetite they are oriented parallel to each other, in STHAsO, neighbouring chains point in
different directions. In HgHPO, the position of the H3 atom is principally different; the
phosphate tetrahedra are linked to chains by both symmetry restricted and non-restricted H
bonds in [100]. [PO,(OH),] groups are necessarily formed besides [PO,(OH)] and [PO,].
Financial support of the Austrian science foundation (FWF) is gratefully acknowledged (Grant P15875-N03).
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Mafic-ultramafic rocks (M-UM) outcropping in the Sierras de San Luis, Central Argentina,
constitute a 3 to 5 km wide belt that extends 100 km NE-SW The Las Aguilas mafic-
ultramafic body carry a sulphide mineralization consisting of pyrrhotite, pentlandite, and
chalcopyrite, as veins and disseminated to massive ore. Associated with the sulphide minerals
are disseminated chromites (spl) and platinum group minerals (PGM) such as Pd-
bismuthotellurides (merenskyite), platinum arsenides (sperrylite).
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Fig.1. drill core profile with concentrations of Pt, Pd, Ni, Co, Cu, Crand S

Drill cores from Las Aguilas indicate that mafic units (norite-gabbronorites) dominate in the
upper part with ultramafic units (pyroxenites-websterites and dunites-harzburgites) becoming
more significant at depth. A strong correlation between S, Ni, Co, Cu, Cr, Pt and Pd indicates
the presence of one to three levels of mineralization within the ultramafic unit (Fig.1). The
maximum concentration of these elements coincides with the mineralized units containing
PGM and chromite. These relationships reinforce their value as an exploration tool in areas
where primary magmatic sulphide mineralizations have been affected by later remobilization
processes and the host rocks are tectonically disturbed.
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One sample of fresh precipitates deposited from acid seepage of complex ore-mine tailing
impoundment at Zlaté Hory, Czech Republic was studied by numerous techniques, including:
ICP-ES and ICP/MS, X-ray powder diffraction (XRD), Mdssbauer spectroscopy, FTIR and
diffuse reflectance spectroscopy (DRS), voltametry of microparticles (VMP),
thermogravimetry, differential scanning calorimetry (DSC), atomic force microscopy (AFM),
high-resolution transmission electron microscopy (HRTEM) with energy dispersive X-ray
(EDX) and selected area electron diffraction (SAED), and BET surface area measurements, to
monitor their phase composition, structural and magnetic properties, particle size,
morphology and surface area. Chemical analysis shows prevailing presence (up to 96 %) of
hydrous ferric oxides, with the general formula Fe,O; nH,O. rystalline phases, recognized
by XRD analyses, are represented by subordiante, minor crystalline goethite, whereas very
broad peaks in XRD diagrams indicate predominance of amorphous to poorly crystalline
phases in the studied precipitates. Occurrence of mostly 2-line ferrihydrite is evident from
XRD, FTIR spectra, VMP and particularly from low-temperature Mdssbauer spectroscopy at
SK, which also indicates a size of the superparamagnetic particles well below 10 nm.
Blocking temperature (Tp) of these phases is below T = 42 K, but higher than 25 K. At 5K,
the Mossbauer spectra do not show any change in the external magnetic field (4T) indicative
of extremely low crystallinity of fine particles. Low ordering of structure is recorded also in
DRS. HRTEM revealed globular aggregates about 150 nm in diameter rimmed by acicular
irregular crystals suggestive of goethite. Isometric, ~ 5 nm sized particles ascribed to
ferrihyhrite are evident from HRTEM (particularly from SAED of aggregates) and from
AFM. EDX spectra indicate that Si, Ca and S are the most abundant elements adsorbed on the
surface of particles. These natural nanoparticles have high surface area — up to 220 m%g. The
origin of these phases is consistent with geochemical models of precipitation of mineral
phases from acid mine drainage and supports the validity of these models. The acquired data
help to better interpret and understand processes taking place on acid mine drainage sites and
are of high environmental relevance. Thermogravimetry, DSC and subsequently XRD
equipped with a heating cell shows that the thermal transformation of these precipitates to
maghemite occurs above 270 °C. This suggests the possible use of these natural materials as
an inexpensive precursor material for magnetic nanoparticles, which are important for many
industrial and environmental applications.

This work was supported by Grant Agency of the Czech Republic, Grant No. 205/04/1292;
FRYV, Grant No. 565/2004 and MSM6198959218.

41



MITT.OSTERR.MINER.GES. 151 (2005)

GLYCINE METAL HALOGENIDES: AN OVERVIEW
Fleck, M.', Tillmanns, E.' & Bohaty, L.

'Institut fiir Mineralogie und Kristallographie, Universitit Wien, Althanstr. 14, A-1090, Wien, Austria
*Institut fiir Kristallographie der Universitit zu Kéln, Ziilpicher Str. 49b, D-50674 K6ln, Germany
e-mail: michel fleck@univie.ac.at

In the course of our studies of structural and physical aspects of compounds of inorganic salts
with glycine we turned to the group of glycine metal halogenides. 22 structurally investigated
members were found in the literature (e.g., [1], [2], [3]), four more are presented in this
contribution (GlycineMgCl, 4H,0, Pnma; Glycine,NiBr, 2H,0, P 2,/c; Glycine,CeCl,,
P2,2,2,; GlycineCal,, Pca2,). In addition, the structures of three glycinium halogenides have
been published.

Of special interest are the structural aspects of this group: The different co-ordination patterns
of the metal cations (both oxygen atoms of water molecules or carboxylate groups as well as
halogen atoms can act as ligands) on one hand and the connection of the polyhedra by means
of glycine molecules and hydrogen bonds on the other hand are of importance. As far as these
aspects are concerned, the members of this group show a large diversity. Furthermore, it is
noteworthy that nine out of 29 glycine metal halogenides are non-centrosymmetrical — a high
percentage, since glycine as the only non-chiral amino acid does not enforce non-
centrosymmetrical crystal structures as all other amino acids do.

Fig. 1. GlycineCal, (Pca2)) is an example
of a mnew, polar crystal species. The
structure contains infinite chains parallel
[010]). The chains are constituted by
CaO,-polyhedra, that are connected by
two glycine molecules.

References

[1) MULLER, G., MAIER, G.-M., LUTZ, M. (1994): Inorg. Chim. Acta, 218, 121-131.
[2] FLECK, M., BOHATY,L. (2004): Acta Cryst. C60, m291-m295.

[3] STENZEL, K., FLECK, M. (2004): Acta Cryst. E60, m1470-m1472.

42



MITT.OSTERR.MINER.GES. 151 (2005)

GARNET ISOPLETH GEOTHERMOBAROMETRY: A METHOD TO OBTAIN P-T
ESTIMATES FOR THE PERMIAN METAMORPHIC EVENT IN THE WOLZ
TAUERN, EASTERN ALPS

Gaidies, F.!, Abart, R.%, de Capitani, C.!, Schuster, R.> & Connolly, J.A.D.*

'Institute of Mineralogy and Petrography, University of Basel, Bernoullistrasse 30, 4056 Basel, Switzerland
?Institute of Geological Sciences, Free University of Berlin, Malteserstrasse 74-100, 12249 Berlin, Germany
3Geological Survey of Austria, Neulinggasse 38, 1031 Vienna, Austria
“Earth Sciences Department, Swiss Federal Institute of Technology, 8092 Zurich, Switzerland
e-mail: Fred.Gaidies@unibas.ch

During Permo-Triassic times parts of the Austroalpine units were exposed to extensional
tectonics, magmatism, and experienced high temperature/low pressure (HT/LP)
metamorphism. Due to the intense Alpine overprint metamorphic patterns and parageneses of
pre-Alpine/post-Variscan ages were almost completely obliterated.

Garmet cores of polyphase gamets of the Wo6lz Complex, which belongs to the Austroalpine
Basement and is located in the Wolz Tauern, are considered to be relics of the Permian
metamorphic event. They can easily be distinguished from garnet rims according to their
chemical composition, mineral inclusions and their inclusion fabric. While the timing and
metamorphic conditions of the Eo-Alpine event are well known, age and P-T determinations
for the garnet cores are rare. In many cases quartz, ilmenite, and rutile are the only inclusions
in the gamet cores and conventional thermobarometric methods can not be used to determine
the P-T conditions of gamet core growth.

We used garnet isopleth geothermobarometry to estimate the P-T conditions for the initial
stages of garnet growth. Hereby we assume that the most primitive garnet grew in equilibrium
with the matrix. In such case, the bulk rock composition may be taken as the composition of
the thermodynamic system, and the corresponding P-T pseudosection is a valid representation
of equilibrium phase relations. We used the intersection of the isopleths that represent the
observed gamnet core composition to derive the P-T conditions of incipient garnet growth.
Analyses of the gamet cores of the Wolz Unit yield about 540 + 15°C and 4 + 0.5 kbar. This
is compatible with the presumed HT/LP conditions of the Permian event and provides an
indirect indication of the age of incipient garnet growth. Selected one-phase Eo-Alpine
garnets of the Wolz Unit yield P-T conditions for the garnet core growth of about 535 + 10°C
and 6.75 £ 0.5 kbar.

Garmet cores of polyphase gamets from the Rappold Complex, which is also located in the
Wolz Tauern, were investigated, too. They yield temperatures and pressures of about 535 +
20°C and 5.5 £ 0.5 kbar. This fits well with the Barrowian type P-T path of the Variscan
orogeny.
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Die punktgenaue Datierung kleinster Zirkondoméanen war bis vor kurzem nur mit teuren,
aufwendig ausgestatteten Ionensonden-Massenspektrometern moglich (z.B. SHRIMP).
Neuerdings sind dhnlich prazise Bestimmungen von U-Pb und Pb-Pb Isotopenverhiltnissen
auch mit Laserablation und Sector-Field ICP-Massenspektrometrie zu erreichen (GERDES
2005), bei SpotgroBen von ca. 20-30 gm (vs. 10-20 ym bei SHRIMP).

Der groBe Vorteil der Laser-Ablation-ICP-MS (LA-ICP-MS) Analytik ist der deutlich kiirzere
Zeitbedarf pro Analysepunkt (1-2 Min. im Vergleich zu 15-20 Min. mit SHRIMP). Die
Moglichkeit, bei vertretbarem Zeit- und Kostenaufwand sehr viele Zirkone einer Probe
datieren zu konnen, ist insbesondere zur routineméBigen Aufnahme von detritiren
Zirkonaltersspektren in Quarziten, Glimmerschiefern, Paragneisen etc. attraktiv. Solche
Zirkonaltersspektren sind ein sehr sensibler genetischer Fingerabdruck und konnen
entscheidende Informationen iiber die plattentektonische Gliederung und Terranestruktur des
kristallinen Grundgebirges liefern (z.B. avalonische vs. armorikanische Krustenelemente in
den Varisziden, FRIEDL et al. 2000), aber auch ganz profan bei der Eingrenzung von
Sedimentationsaltern helfen. Gerade in hochgradigen Grundgebirgsabschnitten bieten
detritdre Zirkonalter oft die einzige Moglichkeit um Sedimentationsalter abzuschitzen.

Eine revolutionire Moglichkeit zur genetischen Analyse von Krustengesteinen ist ferner die
mittels Laser-Ablation-Multikollektor (MC)-ICP-MS mdégliche prizise Bestimmung der
""Hf/'"Hf Isotopen-verhiltnisse von Zirkonen (GERDES & ZEH 2005). Diese zeigen z.B.
an, ob ein bestimmter Zirkon (oder Zirkonkern) aus einer Mantel- oder Krustenschmelze
kristallisierte. Hier ergibt sich groes Potential fiir die Granitforschung. In Kombination mit
dem Alter liefern Hf Isotopenverhiltnisse aber auch bei detritiren Zirkonen interessante
Informationen iiber die "event-stratigraphy" eines Terranes und den Charakter von orogenen
Phasen im Prakambrium.

Am Institut fiir Mineralogie der Universitidt Frankfurt werden zur Zeit Zirkonfraktionen von
Proben aus dem osterreichischen Anteil der Bohmischen Masse mittels LA-(MC)-ICP-MS
analysiert. Dabei konnten in einem Quarzit der Bunten Serie die gegenwirtig dltesten Zirkone
Osterreichs (ca. 3.4 Ga) nachgewiesen werden. AuBerdem konnten innerhalb der Bunten Serie
mehrfach Zirkone mit mesoproterozoischen Altern gefunden werden, welche eine
Zugehorigkeit zu Avalonia implizieren und somit den schon lange bestehenden Verdacht auf
eine urspriingliche Verbindung mit dem Moravikum (z.B. FRASL 1970) weiter erhérten.
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Im Laufe mineralogisch-petrographischer Untersuchungen der Phonolithe der Umgebung von
Friedland (Frydlant) in Nordb6hmen konnte aus dem Nephelinphonolith vom Hohen Hain
(Hradiste) ein bis dahin unbekanntes Silikat isoliert und mit dem Namen Hainit belegt
werden. Semiquantitative Analysen ergaben als Hauptelemente Ca, Na und Ti, die
Morphologie und die physikalischen Parameter lieBen auf eine Verwandschaft der neuen
Phase mit dem Mineral Rinkit (heute Mosandrit) schlieBen [1]. Neuere Untersuchungen [2]
zeigten, dass Hainit mit G6tzenit [3] weitest gehend idente physikalische Parameter aufweist
und dass die beiden Minerale als isostrukturell anzusehen sind [2, 3]. Zur Belegung dieser
Uberlegungen wurde am Originalmaterial (am Institut fiir Mineralogie der Universitit Prag
hinterlegt) eine Stukturanalyse durchgefiihrt: Nonius Kappa CCD Diffraktometer; Mo-Ko
Strahlung; Metrik und Aufstellung der Elementarzelle nach Gotzenit [3]; Raumgruppe P-l

a=9.594(1), b=5.702(1), c=7.288(2) [A]; «=89.89(3),8 =101.09(3), y=101.17(3) [ J;
V 383.55 [Aa] Z=1; R(F): 0.040 fiir 3460 Rontgenintensititen mit Fo>40Fo und 2®dmax=80
[ ). Die Verfeinerung der Ortsparameter sémtlicher Atome, ausgehend von den fiir Gotzenit
[3] angegebenen, unter gleichzeitiger Freigabe der Besetzung der Kationpositionen ergab,
dass das Element Natrium, verteilt auf zwei Punktlagen, von O bzw F Atomen koordiniert
wird, in einem Fall von [8] (spezielle Punktlage), im anderen von [7] Atomen. Letztere
Punktlage ist statistisch etwa 1:1 mit Na und Ca Atomen belegt. Die Ti Atome sind
oktaedrisch [6] koordiniert, wobei diese Punktlage auch zu etwa 20% mit Zr Atomen
statistisch besetzt ist. Die verbleibenden zwei Ca Punktlagen sind unregelmiBig [6] bzw. [7]
koordiniert. Je zwei SiO4 Tetraeder bilden iiber ein gemeinsames O Atom Si2O7 Gruppen aus.
Diese Gruppen, parallel zu [001] angeordnet, verkniipfen die beschriebenen Kationpolyeder
zu einem 3-dimensionalen Geriist.

Nach [2] sind die beiden Minerale Hainit und Goétzenit zwar als isostrukturell anzusehen,
reprasentieren jedoch auf Grund ihrer chemischen Zusammensetzung eigenstandige Minerale.
Ausgehend von den Formeln NayCag [(Ti,Zr,Mn,Fe,Nb,Ta); s 0.50](Si207)2F4 fiir Hainit
und NajCas;Ti(SizO07),F4 fiir Gotzenit, wurden die Na, Ca-Positionen als A-Positionen, jene
mit Ti (incl. weiterer Elemente wie Zr, Mn, Fe, Nb, Ta) als B-Position definiert. Das
Verhiltnis A/B, fiir Hainit 4, fiir G6tzenit 7, wurde sehr willkiirlich als Charakteristikum fiir
die beiden Minerale herangezogen.

Literatur

[1] BLUMRICH, J. (1892).Tschermaks Mineral. Petr. Mitt. 13,465-495.

[2] JOHAN, Z. & CECH, F. (1989) C. R. Acad. Sci. Paris, t. 308, Serie II, 1237-1242.

[3] CANNILLO, E., MAZZI, F. & ROSSI, G. (1972): Soviet Physics — Crystallography 16, 1026-1030.

45



MiITT.OSTERR.MINER.GES. 151 (2005)

PETROLOGY AND GEOCHEMISTRY OF MANTLE XENOLITHS FROM THE
ADIGE VALLEY, NORTHERN ITALY

Goritschnig, B.', Braga, R.2, Meisel , T.>, Mogessie, A.! & Morten, L.?

" Institute of Earth Sciences Mineralogy and Petrology, University of Graz, Universitaetsplatz 2, A-8010 Graz
? Dipartimento di Scienze della Terra e Geologico-Ambientali, Universita di Bologna, Italy
3 General and Analytical Chemistry, University of Leoben, Franz-Josef-Str. 18, A-8700 Leoben, Austria
e-mail: bernadette.goritschnig@stud.uni-graz.at

The alkali basalts from the Adige Valley represent the westernmost volcanic products of the
Tertiary Veneto Volcanic Province (VVP). The magmatic activity of the VVP is interpreted
as the result of the partial melting of a metasomatised mantle involved, during Tertiary times,
in the Europe-Adria collision after the subduction of the Jurassic Liguria-Piedmont Ocean.
The considered sector of the Adige valley is located within the Southalpine domain. Here the
main lithology consists of fossil-bearing carbonates (e.g. “rosso ammonitico veronese”) and a
dominant dolomite unit. The alkali basalt occurs as veins of 10 cm to 1 m in diameter within
the dolomite and shows porphyritic texture with megacrysts of olivine, plagioclase and/or
pyroxene. The ultramafic xenoliths (2-10 cm in diameter) characterised as four phase spinel-
bearing lherzolithes and harzburgites with protogranular texture are randomly distributed in
the alkalibasalt. Deformation of the xenoliths is shown by mineral grains such as olivine and
pyroxene with kink-bands. Triple points are well developed and pyroxenes show exsolution-
lamellae. Spinel often displays the typical “holly-leaf’-shape or intergrowth with
orthopyroxene.

Olivine is Fo-rich (about 90 mol% Fo), pyroxenes are enstatite and/or diopside (Cr,O, = 0.5-
1.24 wt%). Spinels have 60-70 mol% MgAl,0O,, 15-17 mol% FeAlLO, and 7-15 mol%
MgCr,0,. Based on the pyroxene thermometer of LINDSLEY (1983), the equilibration
temperature is around 900°C. The olivine-spinel thermometer of ROEDER et al., (1979)
yields equilibration temperature between 860°C and 1064°C.

The MgO concentrations of the xenoltihs range between 30 and 43 wt.% and all major
elements except FeO show negative correlation. Trace elements with positive correlation with
MgO are Cr, Co and Ni. Whole-rock major element compositions are consistent with variable
degrees of melt depletion while cryptic metasomatism produced LREE enrichment (Lay/Yby
=27-17.3).

Osmium isotope data from spinel-peridotite xenoliths provide constraints on the age of mantle
partial melting. The '¥Os/"**Os isotopic compositions vary from 0.1185 to 0.1308 and are
positively correlated with the AL,O, concentrations. The y-axis intercept on a '*’Os/**Os vs.
Al,O, plot suggests that a partial melting event occurred during the Proterozoic (~ 1.2 Ga)
which is consistent with observations from xenoliths and orogenic peridotites from Central
Europe.
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In Central Sardinia talc-chlorite and Na-feldspar deposits are hosted in Palaeozoic series of
the Ottana-Orani district. Palaeozoic metasediments, Hercynian granitoids and Tertiary
volcanic rocks host a series of mineralizations of variable size. A number of the known talc-
chlorite deposits, distributed over an area of 120 km?, have been mined for many years and in
1980 the exploitaion of the Na-feldspar deposits started. The metasediments are intruded by
syn-tectonic leucogranites and by late and/or post tectonic two-mica granites. The
metasedimentary rocks are composed of mica schists, marbles and gneiss. They are the
product of regional greenschist facies metamorphism of pelitic and carbonate sedimentary
protoliths.

All the formations in this area have undergone tectonic displacement primarily in a N45E
direction, to a lesser extent NS (ARTHAUD, F. & MATTE, P.H., 1975).

Both mineralizations under investigation, the Su Venosu and the Sa Matta talc—chlorite mines
are structurally controlled and the hydrothermal formation of the economic ore minerals in
veins and shear zones is evident.

In general the host rock marbles show heavier O and C- isotope composition compared to the
carbonates of the mineralization in the shear zone. There are two groups of hydrothermal
carbonates with dramatically different stable isotope compositions from the mineralized shear
zone. Medium grained recrystallized, usually white dolomitic or calcitic or marbles and
crystals of calcite up to 10 cm in size.

The most striking features of the chemical composition of the inclusion fluids of the talc-
chlorite mineralization of Central Sardinia are the extremely high contents of Br and a
depletion in Na which may be a consequence of albitization; this would indicate a
consanguineous origin of the talc —chlorite mineralization and the ubiquitous albitization.
High Br-contents usually are taken as indicators of evaporitic fluids. As there are no obvious
geologic indications for evaporitic processes in that area it is concluded that the mechanism
for the formation of the highly saline fluids are fractionation processes in an endogene
environment due to the consumption of water by the formation of hydrosilicates in a
retrograde shear zone.
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Preliminary *’Ar/*Ar analyses have been carried out on seven adularia and three white mica
samples collected from open-spaced, crystal-bearing extensional veins within different
tectonic units of the Tauern Window, Eastern Alps. Adularia and white mica have been
formed within these veins under mesothermal conditions, i.e., c. 200 400°C. As closure
temperatures for white mica (c. 450°C) and K-feldspar (c. 250°C) are in the same range as
temperatures of vein formation, the ages reported are interpreted to record formation and not
cooling ages of the minerals. There is no observed correlation of sample mineralogy and the
ages obtained. The ages are therefore interpreted to record three stages of hydrothermal
activity contemporaneous with, and associated to, E-W extension due to indentation tectonics.
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Fig. 1: Location of adularia (Kfs) and white mica (Ms) samples within the Tauern Window. BF: Brenner low-
angle normal fault, KF: Katschberg low-angle normal fault, MF: Méll-valley fault, SEMP: Salzach-Ennstal-
Mariazell-Puchberg fault; Ages reported for the undisturbed samples are plateau ages (p.a.), and integrated
(i.a.) or total gas ages (1.g.a.) where the Ar-release spectrum indicates isotopic disturbances.
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The Romanian Mesozoic ophiolites from the Apuseni Mts. and the Carpathians are generally
considered to be related to the Tethys Ocean. According to SANDULESCU (1984),
SANDULESCU & DIMITRESCU (2004), they can be assigned to the Transylvanides,
Middle and Outer Dacides and Pienniny Klippen Belt. In this contribution we focus on the
ophiolites from the Eastern Carpathians (Transylvanides and Middle Dacides) and basalts
from the Black Flysch (Outer Dacides).

In the wildflysch of the Bucovinian nappe of the Middle Dacides, many olistoliths of massif
basalts, pillow basalts and basalt breccias as well as ultramafics occur. Gabbros are
exceptionally rare. Among the smaller blocks (hundreds of metres) larger continuous
occurrences of basalts or ultramafics are regarded as remnants of the Transylvanian nappe.
How far these larger units can be interpreted as mega-olistoliths remains to be discussed.
Such an interpretation would disregard the existence of a separate Transylvanian nappe.

The ultramafics, despite their intense serpentinization, can be classified partly
mineralogically, partly geochemically as lherzolites and harzburgites. In the northern parts
(Rarau and Haghimas) lherzolites prevail, whereas in the Persani Mts. harzburgites are more
common. In the Rarau syncline MORB type volcanics occur, with a variable subduction
component. They also show a certain variation towards andesitic (trachyandesitic)
compositions. However, according to RUSSO-SANDULESCU et al. (1982) intra-plate
basalts are likely to occur as well. They seem to be more widely distributed in the Haghimas
area and are also common in the Persani Mts. It should be noted, however, that except for one
occurrence in Sarmanului quarry near Varghis, no remnants of an ophiolitic sequence could
be detected. Trachytes are additionally common in the Persani Mts. Until now no similar
rocks were found in Rarau or Haghimas areas.

At least some, possibly all ultramafic and mafic rocks as well as the trachytes are of mid
Triassic age indicating a coeval rifting of the Bucovinian continental crust. On the contrary,
basalts and tuffs of the Black Flysch are interbedded in Jurassic-Cretaceous sediments and
exhibit a strong intraplate character.
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Im Bereich der Denkmalerhaltung stellen Verwitterungsprozesse von Naturstein und Mortel
ein besonderes Problem dar. Die Charakterisierung des Porenraumes von Gesteinen und
mineralischen Baustoffen ist bei Untersuchungen von Verwitterungsprozessen ein wichtiger
Aspekt.

Viele fiir die Verwitterung von Naturbausteinen und Morteln wichtige Prozesse sind direkt an
den jeweiligen Porenraum gebunden. Da diese Verwitterungsprozesse vorwiegend unter
Einwirkung von Wasser ablaufen, ist die Bestimmung des Wasseraufnahme- und des
Wasserabgabevermogens als Indikatoren fiir die Wegsamkeit des Porennetzes eines Gesteins
von besonderer Bedeutung. Es hat sich gezeigt, dass neben einer quantitativen Bestimmung
des Porenvolumens, vor allem die PorengroBenverteilung und die spezifische innere
Oberfliche wichtige Parameter sind. Hinzu kommt die Mineralparagenese und die
Gefiigemerkmale als weitere Faktoren.

Fiir die Charakterisierung des Porenraumes haben sich zwei unterschiedliche Methoden
bewidhrt. Zur Bestimmung der Porositdt, also des Porenvolumens und der
Porenradienverteilung, liefert die Quecksilber-Porosimetrie (MIP) die besten Resultate, durch
die Bestimmung der spezifischen inneren Oberfliche mittels der BET-Methode erhilt man
einen weiteren wesentlichen Parameter. Dabei spielt die Beschaffenheit des Materials bei
beiden Methoden eine Rolle. Durch Kombination dieser Methoden ldsst sich eine gute
Materialcharakterisierung erzielen und in bestimmten Fillen auch Hinweise auf die
Materialgenese gewinnen.

In Zusammenhang mit Untersuchungen an historischen Gebduden, wurden quartidre Breccien
(Hottinger Breccie), triassischer Wettersteinkalk, verschiedene Marmore sowie
mittelalterliche Putze und Mortel untersucht. Am Beispiel der Laaser-Marmore kann durch
MIP gezeigt werden, dass sich zwar die Porenvolumina mit 1-2 Vol.% an der unteren
Auflosungsgrenze der MIP-Methode befinden, dass aber die Porenradienverteilungen einen
systematischen Gang zwischen ein- und bimodalem Verhalten aufweisen. Dieses Verhalten
kann mit sich verdandernden P/T-Verhiltnissen in der Laaser Marmorserie in Verbindung
gebracht werden.
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Die untersuchten Minerale der Milarit- oder Osumilith-Gruppe stammen vom Bellerberg, im
ostlichen Eifelgebiet Deutschlands. Ebenso wie Eifelit, Osumilith, Mg-Osumilith, Roedderit
und Almarudit, als von dieser Typlokalitit bereits beschriebene Vertreter dieser
Mineralgruppe (e.g. MIHAJLOVIC et al., 2004), treten die Mn-Roedderite in Hohlriumen
der quartdren Leucit-Tephrit Laven auf. Sie sind idiomorph ausgebildet und konnen nach
ihrem Habitus in zwei Arten unterschieden werden. Typ A reprisentiert meist verwachse,
sdulig-prismatische Kristalle, leicht gelblich geféarbt und mit wenigen dunklen Einschliissen.
Der zweite, Typ B, ist charakterisiert durch dick-tafelige, gelbliche Kristalle und einem
zumeist besser ausgebildeten Idiomorphismus als die Vertreter des Typ A. Im Kern der Tafeln
befinden sich parallel zu den Prismenflichen orientierte Einschliisse, die sich aus einer
myrmekitischen Verwachsung von Ilmenit und Quarz und zusammensetzen.

Chemische Analysen wurden mittels Elektronenstrahlmikrosonde durchgefiihrt.
Charakteristisch ist bei allen Kristallen der hohere Gehalt an MnO (2.1 — 3.4 wt%) gegeniiber
FeO (04 — 1.1 wt%), eine Dominanz von MgO (16.8 — 18.8 wt%) und Al,O, Werte < 0.4
wt%. Daher konnen beide Mineraltypen innerhalb der Milarit-Gruppe als Roedderit
klassifiziert werden. Typ A und B unterscheiden sich beziiglich eines geringfiigig
unterschiedlichen Mg / Mn+Fe+Al Verhiltnis. Innerhalb der Kristalle ist haufig eine
Zonierung mit Mg <> Mn zu beobachten, wobei der Mn-Gehalt zum Rand der Kristalle hin
ansteigt.

Entsprechend den chemischen Analysen ergaben rontgenographische Einkristall-
Untersuchungen der beiden hexagonalen Roedderite (P6/mcc) Zellparameter (Typ A / B) von
a =10.155(2) / 10.146(1) A und ¢ = 14.309(3) / 14.293(3) A mit V = 1277.9(5) / 1274.2(3)
A’ Die Verfeinerung der Elementbesetzungen auf der M'®' und T2'! Position ergab eine
Bevorzugung von Mn+Fe fiir die T2 Position. Wie schon von ARMBRUSTER (1989)
beschrieben, zeigen auch diese Roedderite vom Bellerberg verbotene Reflexe vom Typ Okl
mit /=2n und einer wahrscheinlichen Symmetriereduktion zu P-62¢ durch eine diskrete
Verteilung der Na-Kationen. Auf Basis der chemischen und rontgenographischen Resultate
ergeben sich folgende durchschnittliche Roedderit-Formeln:

Typ A: K, Na,, Mg, (Mg, ;MnggFe;,Al,,) [Siz, Ol

Typ B: K, 4 Na,; Mg, (Mg;,Mng-Fe;,Aly ;) [SizOe)
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Eleven fragments of Late Bronze Age (1400-1200 B.C.) ceramic bowls, cups, pots, plates,
found in the northwestern part of the Transylvanian Basin (Romania), were studied.
Macroscopic observations were completed with polarized light microscopy on thin sections,
X-Ray powder diffraction, thermal, SEM and EPR (Electron Paramagnetic Resonance)
analyses. The study of the ceramic fragments focused on the phase compounds identification
and the thermal changes due to the firing. The data obtained by various methods supported
the classification of the ceramics, the identification of raw materials, their sources, as well as
the modelling techniques and firing conditions.

The ceramics is constituted basically of a lutitic-siltic matrix with combined, crystalline and
amorphous fabric, exhibiting different degrees of sintering and vitrification. In the matrix,
variable amounts of igneous, metamorphic and sedimentary lithoclasts, various
crystalloclasts, potshards (ceramoclasts) and bioclasts are present.

The granulometry of the ceramics reflects the prevalence of the coarse category (with more
than 15% arenite grains) compared with the semi-fine one (between 5-15% arenite).

The ceramic body is in general porous, due both to the elongated or irregular-shaped pores
and to the micro-fissures. The porosity is the result of a careless kneading and modelling,
combined with fast drying and short but high-T firing.

Based on the arrangement of the lamellar minerals inside the ceramic body, three main
structure types were identified: a) an arrangement in rows parallel to the wall surface; b) a
chaotic arrangement; c) a mixted structure, with both oriented and chaotic arrangements in the
same sample. All these are results of hand-made pottery.

The microscopic observations as well as the thermal, X-ray powder diffraction and SEM
analyses point to a series of changes due to the firing, marked by melting-diffusion-
recrystallization processes. The first is the thermal alteration of the clayish matrix, which
forms a rigid body, where the particles are sticked together by sintering-melting processes.
Some clasts reveal advanced fissuring due to the thermal shock. Fe migrated from the clayish
matrix into the softened rims of quartz grains. Parts of feldpar clasts became isotropic and the
glassy, amorphous melt intruded into the cracks. After the firing, the kaolinitic clay gave an
almost isotropic matrix, comprising amorphous metakaolinite while the kaolinitic-illitic clay
changed into a birefringent mass. New phases formed, such as glass, gehlenite, or hematite.
The firing temperatures were estimated at 800-1000; rarely up to 1100°C.

The mineralogical and petrological composition indicates that the raw materials (kaolinitic
and kaolinitic-illitic clays and sandy temper) come from the clays outcropping in the
surroundings of the site where the fragments were found.
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In the northern part of the Apuseni Mts. (NW Romania) the intrusion of Late Cretaceous-
Early Paleogene granodioritic magmas into the surrounding Mesozoic and Paleozoic rocks,
i.e. dolomites, limestones and other sediments, generated extended and complex contact
aureoles, comprising skamns, hydrated metasomatic rocks and hornfels, respectively. Among
them, large brucite-bearing zones occur in Anisian dolomitic marbles, forming two main
deposits: Budureasa in the north and Pietroasa in the south. The contact of granodiorites with
the Anisian dolomites shows a zoned structure i.e. a transition from Mg-skams to brucitic
zones and finally to dolomites. Brucite-bearing zones occur only at some distances from the
contact and are irregular, sometimes lens-shaped; they are up to several meters wide and tens
to hundreds of metres long.

The bulk chemical analyses of the brucite-bearing dolomitic limestones point to
heterogeneous distribution of brucite within both deposits with either brucite-rich (up to 40%)
or brucite-poor domains (less than 5% brucite). Brucite forms small lamellae of 20x20x2 ym
up to 80x50x6 um, occurring in clusters of various shape and size: a) small, isometric
clusters, about 100 ym in diameter, rarely containing relics of periclase; b) large, irregular or
rhombohedral-shaped clusters, often containing carbonate relics; the diameter of these
clusters ranges from 0.5 up to 1.6 mm and c) oval-shaped clusters, about 0.1 x 0.3 mm in
average, with brucite associated with forsterite relics and serpentine minerals.

Microprobe investigations reveal 86.05-86.51% MgO in brucite, as well as the presence of the
same mixture of calcite + dolomite grains inside the brucite cluster as in the surrounding
carbonate mass. The brucite-bearing assemblages can be described in the CaO-MgO-
SiO0,-H,0-CO, system, with the following minerals: calcite-dolomite-periclase-brucite-
forsterite-antigorite. The stability field of brucite is restricted to very low X, (< 0.05) over a
wide range of temperatures, up to 610°C.

Our studies revealed that heating and cooling occurred under conditions of very low Xco,
during the contact metamorphism of the Anisian dolomites by the (hydrous) granodiorites.
The stratigraphic column of sediments covering the granodiorites at the time of the intrusion
ranges from 2.5 to 4 km, pointing to approximately 0.1 GPa pressure for the contact
metamorphism. At this pressure the upper stability limit of brucite is at 600-610°C, according
to reaction br = per + H,0. Lower temperatures, at 400°C, can be estimated from the
decomposition of forsterite according to reaction 20br + atg = 34fo + 51H,0. The direct
decomposition of dolomite according to the reaction dol + H,O = br + cc + CO, can take
place over a wide range of temperatures.
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The interpretation of whole-rock geochemical data requires complex calculations which on
PC compatible computers are mainly performed using dedicated, stand alone programs. They
are all menu-driven and thus relatively easy to use. Paradoxically it is their bullet-proof nature
that is their main weakness — it prevents modifications or additions to the available
algorithms. The other possibility is to use flexible statistical and computing environments
(e.g., S-Plus, Statistica, MatLab), which, however, require a high degree of computational
skills. JANOUSEK et al. (2003) offered a third way, attempting to combine the advantages of
both approaches. They have opted to use the Windows version of the freeware R language
(http://lwww.r-project.org), which in itself provides a rich environment for data analysis,
graphics and software development. On its basis they have built a flexible environment with a
graphical user interface for geochemical data processing, which, at the same time, should not
prevent the user from creative work and full control over his data.

Almost two years have elapsed since the first release of the Geochemical Data Toolkit for
Windows (GCDkit). Since then, a number of more or less satisfied users have saved
considerable time when analysing their data. In turn, the authors have gathered much
experience and user feedback, such as bug reports, usability comments, and requests for new
functions. Additionally, the R programming environment itself has been developed to version
2.01, bringing new capabilities. This led the authors to develop and release a new, fully
updated and expanded version of the toolkit, GCDkit 2.00.

Since the beginning, all functions of GCDkit are accessible via pull-down menus. The
management tools include loading and saving data files, data editing, searching and
generation of subsets. Analyses may be grouped for subsequent statistical processing or
plotting on the basis of various attributes such as locality, ranges of a numerical variable,
cluster analysis or selected classification diagram. Statistical functions include descriptive
statistics, box-and-whiskers and correlation plots or multivariate methods. Also implemented
are a variety of calculation schemes, for instance CIPW and Mesonorm, as are the common
geochemical graphs (e.g. Harker plots, spider plots, classification and geotectonic diagrams).
All diagrams are publication ready but can be further retouched by built-in commands.
Additional specialist plugin modules are provided to calculate saturation temperatures of
apatite, zircon and monazite and for interpretation of the Sr—Nd isotopic data.

The new release brings an improved user interface and increased stability. In addition, it is
now possible to directly import from Excel, Access and DBEF files, as well as the data formats
used by the geochemical packages NewPet, IgPet and MinPet. Several new diagrams have
been added and the plot editing revised completely. Much more detailed documentation and
help are also provided. Interested? GCDkit can be found at hezp://www.gla.ac.uk/gcdkit!
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Calc-alkaline intrusions of Late Devonian—Early Carboniferous age occur in the Moldanubian
Zone of the Bohemian Massif, and in particular at its contact with the Tepld-Barrandian Zone.
They are mainly of tonalitic composition; mafic microgranular enclaves, as well as larger,
variously hybrid, mafic bodies are abundant. While the most typical representants are from
the Sazava suite in the Central Bohemian Pluton (354.1 + 3.5 Ma: JANOUSEK et al., 2004)
and slightly older orthogneisses in the roof of the pluton (373 + 5 Ma, 365 + 5 Ma: KOSLER
et al., 1993) tonalitic rocks in the S part of the Nasavrky Pluton probably also belong to this
association (HROUDA et al., 1999; no reliable dating available). Moreover, geochemically
similar and nearly contemporaneous calc-alkaline intrusions can be traced to the west, with
the occurrences spanning much of the European Variscan belt (Schwarzwald, Odenwald,
Voges and Limousin in the French Massif Central; see FINGER, et al., 1997 for a review).
All these rocks show a chemical signature compatible with an origin in a magmatic arc
setting,

A newly identified member of this calc-alkaline association are mafic granulites from the
Lisov Massif (N of Ceské Budejovice, S Bohemia), which show some important differences
to the other Moldanubian granulites; most importantly they do not show evidence of HP-HT
metamorphism only yielding 800-900 °C, 5-6 kbar. According to LA-ICP-MS U-Pb dating
of abundant zircons with well-preserved magmatic zoning (CL), the protolith of the mafic
(quartz dioritic—tonalitic) granulites crystallized at 361.3 + 2.4 Ma (20). Metamorphically
modified zircon grains with blurred primary zones, convoluted zoning, or rare metamorphic
overgrowths, gave an age of 337.0 + 2.8 Ma. The latter is in accordance with the well-
established timing of high-grade metamorphism in other Moldanubian granulite massifs
(O'BRIEN & ROTZLER, 2001).

The mafic Lisov granulites are thought to have originated by a Visean metamorphic overprint
of metaluminous, medium-K calc-alkaline plutonic rocks that formed in the mid-crustal root
of a Late Devonian magmatic arc. A similar configuration has been described from a
Cretaceous magmatic arc in the Sierra Nevada (SALEEBY, et al. 2003 and references
therein).

References
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Systematic changes in the Raman spectrum of fine-dispersed organic material with increasing
metamorphic grade were described by several authors (e.g. YUI et al. 1996; BEYSSAC et al.
2002). They described a shift of the G peak of the spectrum from ca. 1600 cm™ to 1575 cm™,
a decreasing full width at half maximum of the G and D1 bands (at ca. 1350 cm™) and a
decreasing D1/G peak area ratio with increasing metamorphic grade. BEYSSAC et al. (2002)
established an empirical equation in which the peak metamorphic temperature is calculated as
a linear function of the D1/(G+DI1+D2) (D2: at ca. 1610 cm'') peak area ratio (R2) with a
precision of +50 °C in the range of 330 °C and 650 °C. Using the empirical data of
BEYSSAC et al. (2002), RANTITSCH et al. (2004) published reliable temperature estimates
for the Greywacke Zone.

The aim of this work is to provide additional data on the diagenetic—low-temperature
metamorphic evolution of the Eoalpine (Palacozoic—Mesozoic) complex, the Jurassic
ophiolitic mélange and Late Cretaceous—Palaeocene sequence in Mt. Medvednica, Croatia
(PAMIC & TOMLIJENOVIC 1998). For this purpose, Raman data were correlated with
vitrinite reflectance values, the X-ray powder diffraction-based characterisation the fine-
dispersed carbonaceous material and with metamorphic grade-indicating parameters of
mineral phases (e.g. illite Kiibler and chlorite Arkai indices, apparent mean crystallite
thickness and lattice strain and results of chlorite empirical Al(IV) geothermometers; JUDIK
et al. 2004). A fairly good correlation was obtained between the temperature estimates using
empirical inorganic and organic “thermometers” For metapelitic samples from the Eoalpine
(Palaeozoic—Mesozoic) complex temperatures were estimated at ca. 350-450 °C.
Temperatures in the Jurassic ophiolitic mélange range between 200-250 °C. The Late
Cretaceous—Palaeocene sequence is characterised by peak temperatures below 200 °C.
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Montmorillonite (MMT) belongs at present to clays undergoing intense investigation for
preparing nanocomposite materials. Even a small quantity of clay well dispersed into
particular lamellae can impart considerably improved properties or even new properties to the
composite. Theoretical substantiation is based on the immensely great interphase surface that
may reach up to 750 m%g, what determines end-properties of nanocomposites, for example,
tensile modulus, barrier properties, dimensional stability, heat resistance, etc.

MMT being applied as a nanocomposite filler in plastics commonly comes into contact with a
biologically active environment. In such cases the study is focused on the stability of
montmorillonite modified with quaternary ammonium salts in an aqueous aerobic
environment in presence of activated sludge from the municipal wastewater-treatment plant.
Test materials used were clays for preparing PVC-based nanocomposites: clay CLOISTE 20A
(organic fraction — dimethyl, dihydro-genatedtallow, quaternary ammonium chloride) and
clay CLOISTE 30B (organic fraction — methyl, tallow, bis-2-hydroxyethyl, quaternary
ammonium chloride). The results showed that after 70 days of testing, CLOISTE 20A
exhibited no signs of biodegradation as evaluated through BOD; thus the organically bonded
fraction was quite stable in the system.

On the contrary, with CLOISTE 30B a 10 day lag phase (even toxic effect) was recorded and
subsequently a BOD value of 133 mg g was reached in 70 days, which corresponded to
certain percentage of organic fraction. This result was also confirmed by FTIR analysis. It is
concluded that methyl, tallow, 2-bis-hydroxyethyl, quaternary ammonium chloride is unstable
in clay.

This work was supported by Research Project of the Ministry of Youth, Education and Sports of the Czech
Republic No. MSM 708835210
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Nanocomposites based on PVC containing 10% organically modified nanofiller
montmorillonite CLOISTE 30B (organic fraction — methyl, tallow, bis-2-hydroxyethyl,
quaternary ammonium chloride) exhibited a reduced migration of plasticizer — dioctyl
phthalate — by approx. 10% in 24 hours. The stability was more obvious in long-term
investigation; migration of 15% lower than that of plasticized PVC occurred. The question
thus emerging was, whether improvement would also be evident under environmental
conditions. Therefore, test films were prepared from PVC and from nanocomposite based on
PVCl/clay in an aerobic environment in the presence of activated sludge from the municipal
wastewater treatment plant.

The following conclusions can be drawn from this study: Films tested under standard
conditions showed that nanocomposites containing 10% CLOISTE 30B exhibited 40%
biological disposal of plasticizer (dioctyl phthalate). However, 30 % dioctyl phthalate was
removed during a 60 days test from plasticized PVC without CLOISTE 30B. A 10%
reduction in stability following biodegradation was also proven for samples first subjected to
thermal oxidation (50 °C, 7 days — simulating summer conditions in the environment) and
then subjected to chemical oxidation in an acid environment (pH=3, 100 hours), when
compared with plasticized PVC. After chemical oxidation in a basic environment (pH=10,
100 hours) no difference in plasticizer stability was recorded, and in both cases a 25%
biological removal of dioctyl phthalate took place in 40 days. Our results indicate that
organically modified montmorillonite (CLOISTE 30B) reduces the stability of plasticizer
contained in nanocomposites based on PVC by up to 10% under biotic conditions; thus is not
a suitable filler for composites.

This study was supported by Research Project of the Ministry of Youth, Education and Sports of the Czech
Republic No. MSM 7088352101.
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Shkumbini River is one of the main rivers of Albania. It is 147 km long and its depositonal
area is 2444 km’. Molasse and flysch deposits and ophiolites are the rocks exposed in the
catchment area and they therefore the principal constituents found in the alluvial and fluvial
sediments. Five terraces are destinguished. The height of the oldest one is 60-80 m above the
recent river bottom. Different trends of Neotectonic movements are characteristic. In the
Elbasani-Paper segment buried terraces are found and a subsiding regime is documented,
whereas in the Paper-Peqin area erosion-accumulative terraces overlying gravels occur
indicating Neotectonic uplift. Recent alluvial-fluvial deposits along the middle part of
Shkumbini River are the principal and the most important sources of high-quality sand and
gravel deposits in Albania, which are regularly exploited without causing environmental
problems.

The Albanian Geological Survey has carried out prospecting and assessment works of gravel
and sand deposits, which are used for construction industry and concrete and mortar
production of different quality. About 10 million m’ resources have been calculated. The
accepted exploitation depth is 3 m.

It is to stress that the particle shape of sands and gravels has a significant influence on the
compactness and processing of aggregates. The estimated thickness of the production
sequence is about 25 m and it is verified through drilling. All the drill core samples were
studied. The sand is medium-grained and it is composed of quartz (25 %), cherts (9 %),
carbonates (28 %), serpentinites (4 %), meta-ophiolites (33 %), feldspar and ores (1 %).
Gravel components are variably rounded. Generally they consist of carbonates (45 %),
terrigenous rocks (35 %) and magmatic rocks (25 %)

The granulometric composition of sand (below 5 mm) is: 2.5 mm 19,1 %; 1.2 mm 16.6 %; 0.6
mm 11.7 %; 0.3 mm 29.3 %; 0.15 mm 10.4 %; < 0.15 mm 12.2 %. The grain size module is
2.67, the flour and the clay content is 13.8 % and the bulk weight is 1.54 g/cm’ The
emptiness volume is 40.5 % and the SO, content is 0.27 %. In the gravels the biggest fraction
is above 5 mm. From sievieng it is concluded that the 40 mm fraction composes 30-37 % of
the gravels. The bulk weight of gravels is 2.59 g/cm’, their flour and clay fraction is 1.8 %.

The described physical-mechanical and mineralogical features make the studied sands and

gravels suitable for the production of ordinary and hydro technical concrete and of mortar for
plastering.
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In contrast to the great number of investigations aimed to elucidate the phase equilibria in the
systems (Ca,Sr,Ba)O-(Al,Ga),0; it is interesting to note that quite recently only a limited
number of structural studies have been performed on these materials. This is even more
surprising since alkaline earth oxoaluminates, for example, occur in several technologically
important processes (sulphate resistant calcium aluminate cements, persistent luminescence
materials, refractories etc.).

At a first glance, the crystal chemistry of these compounds covers a large variety of different
structure types. However, most of them are based on [AlO4]- or [GaO,]-tetrahedra with
various degrees of connectivities. The structures of the materials are similar to those observed
in silicates (which have been studied in much more detail) and can be principally classified
using the same concepts that have been proposed by LIEBAU (1985).

On the other hand, many of the alkaline earth rich compounds can be related to the perovskite
structure type as well. For example, the “cyclo-aluminate” Sr;Al,Os containing isolated six-
membered [Al¢Ois]-rings can be alternatively regarded as an example for a defect ABO;s-
perovskite with 12.5% vacancies in the A-substructure and 25% oxygen vacancies:
(Sr78001/8)(AlyaSr114)(O3/a01/4)3.

This new concept has been successfully applied to the following crystal structures of
oxoaluminates/gallates that have been recently determined in our group: Ca;Al,Os, Ca,Ga;Os,
Sr;Ga:Oe, BagGazoé, Ba4A1207, SI'4G3207, a—SrloGa§0|9, B-Sr,oGa6019 and SrloAlsolg. Using
the classical description based on the connectivity of the tetrahedra, these materials look quite
different. The “perovskite-approach” offers a simple and elegant way to relate these
structures.

LIEBAU, F. (1985): Structural chemistry of silicates. - Springer Verlag, Berlin.
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Aluminium-chromium-nitride Al,Cr,N hard coatings significantly increase hardness, wear
resistance and oxidation resistance of metal cutting tools. We used Raman spectroscopy to
investigate the structure and the phases of coatings deposited on silicon-wafers and steel by
an industrial-scale arc-evaporation system (Balzers RCS). Two-dimensional spectral
mappings at room temperature and for the first time up to 700°C were generated by
combining a X-Y motor-driven stage with a high-temperature cell. The mappings show the
distribution of coating and substrate after “ball-on-disc” tribological wear experiments,
changes within coating wear debris, e.g. wear-induced grain size reduction and structural
disturbance, and thermally induced re-crystallization of the coating surface.

Fig. 1 (left): Raman spectral mapping at room temperature of the wear track of AIl-N coating after a “ball-on-
disc” tribological wear test with a corundum ball. Each pixel represents one single Raman spectrum. Light grey
areas in the upper left of the image correspond with hematite from the steel substrate indicating complete
removal of the coating during wear test. To the lower right the Al-N coating is still preserved. Numbers give
image size in ym.

Fig. 2 (right): Raman spectral mapping recorded in the high-temperature cell at 700°C of an Al;(CryN coating
deposited on a silicon wafer. Regions of high intensities of the characteristic longitudinal optical phonon of
silicon at this temperature are drawn by white colours and indicate very thin ore even absent coating (arrows).
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Der Gewinnung oberflichennaher mineralischer Rohstoffe wie Kiese und Sande, Tonsteine,
Kalksteine, Sandsteine, Sulfatgesteine, Quarzporphyre und Granite kommt in Siidwest-
deutschland eine groBe wirtschaftliche Bedeutung zu. Die jahrliche Férdermenge liegt bei
rund 100 Millionen Tonnen. Um einen nachhaltigen Rohstoffabbau in einer dicht bevolkerten
Region auch in Zukunft garantieren zu konnen, ist eine vorausschauende Raumplanung
unabdingbar. Diese ist jedoch erst mit ausreichenden geologischen Kenntnissen iiber die
mineralischen Rohstoffressourcen des Landes moglich. Eine wichtige
Entscheidungsgrundlage fiir die Regionalplaner ist in Baden-Wiirttemberg unter anderem die
sogenannte “Karte der mineralischen Rohstoffe von Baden-Wiirttemberg 1: 50 000” (KMR
50), die vom Landesamt fir Geologie, Rohstoffe und Bergbau (LGRB) im
Regierungsprasidium Freiburg herausgegeben wird. Hierauf sind die Areale farbig dargestellt,
innerhalb derer bauwiirdige Rohstoffvorkommen nachgewiesen sind oder vermutet werden.
Fiir die Erstellung der KMR 50 sind detaillierte Erkundungsarbeiten erforderlich, z. B.
rohstoffgeologische Kartierarbeiten, die Aufnahme von in Betrieb befindlichen und
stillgelegten Abbaustellen, die Durchfiihrung von Kembohrungen und mineralogisch-petro-
graphische, geochemische und gesteinsphysikalische Analysen. Geologische Phanomene wie
Verkarstung, Kluft- und Stérungstektonik, Verwitterungs- und Erosionsvorgénge, laterale
Fazieswechsel und das Auskeilen von Schichtkdrpern spielen bei der Abgrenzung von
Rohstoffvorkommen aulerdem eine entscheidende Rolle und miissen vom Rohstoffgeologen
entsprechend erkannt und im Kartenwerk dokumentiert werden.

Das Poster zeigt anhand von Fallbeispielen, wie die Rohstofferkundung zwischen

Schwarzwald und Alpen in der Praxis aussieht und welche Methoden hierbei angewandt
werden.
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The Shebeniku Complex (SE Albania) is part of the eastern belt of the Jurassic Mirdita
ophiolite. Its harzburgite-dominated mantle sequence is overlain by a plutonic sequence of
interlayered mafic to ultramafic rocks and banded and isotropic gabbroic cumulates.
Chromitites within the mantle sequence occur as disseminated ores in dunite lenses or form
massive podiform deposits. In the mantle crust transition zone disseminated and ribbon like
chromitites in cumulus dunite are common. Pyroxenites assigned to the lower cumulate
sequence contain accessory spinel. Geochemical and mineralogical investigations of
chromitites from well defined stratigraphic positions within the mantle and plutonic sequence
reveal significant differences throughout the complex. In #Cr-#Mg space, the chromites fall
within the range of alpine-type peridotites defined by DICK & BULLEN (1984). Although
total PGE concentrations are low (ZPGE<500ppb), distinct chondrite normalised PGE
patterns can be correlated with chromite chemistry. The most primitive chromites (#Mg 68-
78, #Cr 76-79) from both mantle and transition zone show negatively sloped IPGE enriched
patterns,., with a small but consistent positive Ru anomaly that correlates well with observed
laurite inclusions. High #Cr (84-89) disseminated ores from cumulus dunite of the transition
zone have lower #Mg (52-60) and exhibit contrasting PPGE enriched, positively sloped, S-
shaped patterns,, with Pt >Pd.. Observed sperrylite and (Pt,Rh,Ir)-sulfarsenides are
compatible with these patterns. However, densely disseminated chromite from comparable
stratigraphic level is Al-rich (#Cr 52, #Mg 74) and also exhibits negatively sloped PGE
patterns;,.. Spinels from websterites assigned to the lower crustal sequence have high but
variable #Cr (~80) with #Mg of 40-50. Within the Shebeniku Complex, chromitites with
typical ophiolitic geochemical characteristics can be distinguished from chromitites with Pt-
& Pd enrichment situated in the mantle-crust transition zone. PGE enrichment does correlate
with chromite mineralogy and observed platinum group minerals. Ongoing studies will
further delineate petrogenetic processes involved in the generation of these variably PGE
enriched chromites and investigate if the distinction based on PGE pattern is reflected in the
Os isotopic composition and the tectonic setting.
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Recent Mars represents a cold and dry world, surrounded by a thin atmosphere, supporting
only physical weathering due to aeolian abrasion, freeze thaw cycles and salt weathering. The
atmospheric loss to space was most likely triggered by the early cease of the sheltering
planetary magnetic field and interactions of the atmosphere with the strong radiation field of
the young Sun. However, large amounts of ferric oxides and sulfates, as well as hydrated
minerals were found and are considered as remnants of a warm and humid climate in the past.
A denser atmosphere has supported the existence of liquid water and was accompanied by
strong volcanic activity. The chemical alteration may have been dominated by
palagonitization and acid fog weathering upon attack of volcanic gases and acid liquids/fogs.
The processes may have led to chemical fractionation of rock crusts and soils in relation to
fresh rock chemistries. The chemical composition of sediments and rocks, as well as their
distribution at the Martian surface, represent a long term archive of processes, which have
formed the planetary surface. A survey of chemical compositions by means of Compositional
Data Analysis represents a valuable tool to extract direct evidence for weathering processes
and allows to quantify weathering and sedimentation rates. Clr-biplot techniques are applied
for visualization of chemical relationships across the surface (“chemical maps”). The
variability among individual suites of data is further analyzed by means of clr-PCA, in order
to extract chemical alteration vectors between fresh rocks and their crusts and for an
assessment of different source reservoirs accessible to soil formation. Both techniques are
applied to elucidate the influence of remote weathering by combined analysis of several soil
forming branches. Vector analysis in the Simplex provides the opportunity to study
atmosphere surface interactions, including the role and composition of volcanic gases.
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A new secondary Pb-Fe**-phosphate mineral has been identified in a single gossan boulder
collected in 1986 on the dumps of the Grube Vereinigung, near Eisenbach, about 5 km N of
Bad Camberg, Taunus, Hesse, Germany. The new species forms dark yellow, indistinct
tabular (pinacoidal) crystals up to 0.5 mm in size that tend to form subparallel to rosette-like
intergrowths. The mineral is accompanied by 'limonite' (matrix), kintoreite/corkite and, very
rarely, pyromorphite. The chemical formula was derived from a single-crystal structure
determination (Mo-Ka X-radiation, CCD area detector, R(F) = 5.6 %). The new mineral is
triclinic, space group P1 (no. 2), with @ = 5.309(1), b = 7.211(1), ¢ = 7.349(1) A a=
87.74(3), B = 86.38(3), y = 71.40(3)°, V = 266.06(7) A, and Z = 1. Measured X-ray powder
diffraction patterns are in good agreement with a calculated pattern. The chemical formula,
PbFe,(PO,),(OH),(H,0,0H),, was subsequently confirmed by quantitative electron
microprobe analyses which also indicated negligible amounts of impurity elements.

The unique crystal structure is based on an interrupted three-dimensional framework of FeOg
octahedra sharing corners with neighbouring FeO, octahedra and PO, tetrahedra. The [8]-
coordinated Pb atom is located within elliptical [100] channels. The asymmetric unit contains
one unique Pb, three Fe, one P, seven O (two of which represent OH groups and one a mixed
H,0/OH ligand with a calculated bond-valence sum of 0.75 valence units) and 3.5 H atoms.
The coordination environment of the Pb* cation can be described as a monoclinically
distorted cuboid; the lone electron pair on the cation is not stereochemically active. Average
Pb-O, Fe-O and P-O bond lengths are 2.65, 2.02 and 1.53 A, respectively.

The new mineral may be considered a dimorph of kintoreite, ideally PbFe,(PO,),(OH,H,0),
(PRING et al., 1995; KHARISUN et al., 1997), a member of the alunite supergroup. The
structure is, however, only remotely similar to that of kintoreite. The apparent rarity of the
new mineral suggests it may be metastable with respect to kintoreite.

Mr. Peter Schonig is thanked for kindly providing the studied samples.
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The crystal symmetry of zeolites often depends on the degree of cationic ordering on the
tetrahedrally coordinated (Si,Al) sites. Chabazite, for example, has disordered tetrahedral sites
and rhombohedral symmetry, whereas its dimorph willhendersonite is triclinic due to
complete Si-Al ordering (TILLMANNS et al., 1984). A find of a distinctly triclinic zeolite
with the phillipsite topology in a Ca-rich xenolith at the Bellerberg volcano, Eifel, Germany
provides evidence for a new example of such ordering-induced symmetry reduction.

The new triclinic variant forms small aggregates of tabular, colourless glassy crystals, and is
accompanied by willhendersonite and other, presently unidentified species. The crystal
structure has been determined from single-crystal X-ray intensity data (Mo-Ka, CCD area
detector, R(F) = 44 %). The crystals have space group P1 (no. 2), with a = 8.702(2), b =
14.271(3), ¢ = 16.573(3) A, a = 91.36(3), B = 99.61(3), y = 91.64(3)°, V = 2027.6(7) A’, and
Z = 2. The structure refinement and semiquantitative SEM-EDS analyses yield the chemical
formula (K,Ca,Na), ,[Al;Si;0,,]-14.1H,0, i.e., a 'normal', K-dominant chemistry of the non-
framework sites and an Al:Si ratio of 1:1. The crystal structure can be described as a
triclinically distorted variant of the idealised orthorhombic topology of phillipsite
(STEINFINK, 1962; RINALDI et al., 1974).

The nearly complete Si-Al ordering is reflected by the average Si-O bond lengths for the eight
non-equivalent Si sites (1.615 to 1.630 A, mean 1.621 A) and the distinctly different eight
average Al-O bond lengths (1.732 to 1.741 A, mean 1.738 A). As in phillipsite, the three-
dimensional framework of SiO, tetrahedra sharing comers with AlO, tetrahedra contains
channels (limited by four- and eight-membered rings), hosting the non-framework cations and
water molecules, most of which are located on partially occupied and/or positionally
disordered sites. The observed Si-Al order may be attributed to an unusual cooling history of
the crystals within the Ca-rich xenolith, as is also indicated by the association with
willhendersonite. A more thorough characterisation of this interesting zeolite variant is
currently underway.

Mr. B. Temes is thanked for kindly providing the studied samples.
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Three new alunite-type chromates, KSc,(CrO,),(OH)s,, KIn,(CrO,),(OH); and
Rbln,(CrO,),(OH),, have been grown as well-developed, thick tabular to pseudo-octahedral
crystals by hydrothermal synthesis (starting materials: K,CO,/Rb,CO,, Sc,04/In,0,, CrO, and
distilled water; Teflon vessels in stainless-steel bombs, T = 220°C, 7 d, pH range = 2-4). They
represent the first structurally characterised Sc and In members of the large alunite
supergroup (e.g., KOLITSCH & PRING, 1996; JAMBOR, 1999). The crystal structures were
refined from single-crystal intensity data (Mo-Ka X-radiation, CCD area detector, 26,,, = 70°
)- The new members adopt the alunite parent structure type [rhombohedral, space group R3m
(no. 166)], with a = 7.763(1) / 7.813(1) / 7.817(1), ¢ = 17.575(3) / 17.682(3) / 18.075(3) A
and V = 917.2(2) / 934.8(2) / 956.5(2) A* (Z = 3), and R(F) = 1.36 / 1.21 / 1.23 %,
respectively. The H atoms could be clearly detected in each compound and were freely
refined. Hydrogen bonds are all within a very close range (2.981 - 3.020 A). All alkali and
Sc/In sites are fully occupied, and the alkali atoms are not positionally disordered. Average
bond lengths are as follows: "?K-O = 3.003, '¥'Sc-O = 2.106, and Cr-O = 1.653 A (KSc);
2K-O = 3.000, "*In-O = 2.145, Cr-O = 1.653 A (KIn); ">Rb-O = 3.051, ®In-O = 2.147 and
Cr-O = 1.653 A (Rbln). The average Cr-O bond distances are identical within error limits and
longer by 0.01 A than those in KFe,(CrO,),(OH), (1.643 A; CUDENNEC et al., 1980).
Alunite-type Cs analogues could not be synthesised, in agreement with the fact that no Cs
compound with the alunite topology is known. Instead, orthorhombic CsSc(CrO,),
[CsCr’*(Cr**0,),-type] and monoclinic CsIn(CrO,), [(NH,)Fe(CrO,),-type] were obtained.
The two alunite-type In chromates synthesised were accompanied by very small amounts of
In(OH), as an impurity phase.

Mr. Tony Willis (ANU, Canberra, Australia) is thanked for measuring an alternative dataset
of KSc,(CrO,),(OH),.
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A highly unusual, new secondary molybdate mineral, (X,)*[As,Mo0,,0¢,]*-nH,0 (X = cations,
including Cu*, H,0* etc.), has been found at two localities in the Erzgebirge, Eastern
Germany (Gliickauf-Schacht, Grube Himmelsfiirst, Langenau bei Brand-Erbisdorf and
Kupfergrube Sadisdorf). The new species represents the first occurrence of a naturally formed
compound that contains a discrete DAWSON (1953) type heteropolyanionic cluster
[As;Mo0,40,]* (which is closely related to the better known KEGGIN (1934) type cluster
[X,M,,0,)*, where X = As, P; M = Mo, W). The molybdate occurs as deep blue, glassy,
water-soluble prisms up to 0.2 mm in length. They have formed due to weathering of jordisite
(amorphous MoS;,), and are associated with quartz, a halotrichite-pickeringite-group mineral,
rozenite, a copiapite-group mineral and ilsemannite.

A single-crystal structure determination (Mo-Ka X-radiation, CCD area detector, R(F) = 7.4
%) revealed a very large, monoclinic unit cell, space group C2/c (no. 15), and a = 36.348(7),
b = 15.603(3), ¢ = 29.349(6) A, B = 116.69(3)°, V = 14871(5) A’. The unique atomic
arrangement contains isolated oval clusters with composition [As,Mo,,0,]*, which are
weakly connected to each other via charge-balancing X cations and H-bonded H,0 molecules.
These cations and the H,O groups are located on several partially occupied and disordered
positions (at present, due to a lack of quantitative electron microprobe analyses, only the
cation Cu®* and traces of Na* and K* are unambiguously confirmed, but the presence of H,0*
appears probable). The oval cluster itself is composed of a 'shell' built of 18 distorted MoOs
octahedra (Mo-O bond distances range from 1.665(14) to 2.385(13) A), which completely
encloses two distorted AsO, tetrahedra (<As-O> = 1.69 A). All atoms are on general
positions.

The cluster will be compared to that in (CH¢N,)¢[As,Mo0,,0,,]-9H,0 (ICHIDA & SASAKI,
1983) and the analogous P-W-cluster in (K¢)**[P,W 30¢,]**nH,0 (n~14) (DAWSON, 1953) as
well as (NH)[P,W 0e,]"nH,0 (n~9) and (Na,H,)**[P,M0,0¢,]*-nH,0 (n~20)
(D'AMOUR, 1976).

The new mineral appears to be the product of acidic weathering solutions. Because it is water-
soluble, it may have been overlooked previously at other molybdenum deposits.
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In recent years an increasing number of high-P metamorphic localities has been described
where cpx contains oriented needles/rods of quartz/coesite with or without calcic amphibole.
These inclusions are often taken as UHP-indicators and are ascribed to the presence in solid
solution of Ca-Eskola pyroxene Ca,;,;AlSi,0, (CaEsk) under high-P that decomposes
through a reaction 2 Ca,,0,;AlSi,0, — CaAlLSiO; + 3 SiO, during exhumation. The
mechanism by which composite oriented inclusions with qtz + Cam lamellae form is not yet
understood. Hence, great caution is advised when using these inclusions as UHP indicators.
H,0 required for Cam formation may be derived locally from H-defects in cpx or from an
external source during low-T (low-P) retrogression. Cpx with and without composite qtz +
Cam rods or with a zonal distribution of inclusions were studied from Saualpe and Pohorje
Mountain eclogites using EMPA, LA-ICP-MS and IR-spectroscopy. Eclogites from both
localities show an assemblage grt + cpx + ky + rt + czo + qtz + phe + Cam + zm. Peak
metamorphic conditions were 2.5 GPa and 750-780°C. IR-spectra of cpx without visible
inclusions show absorption-bands at 3460-3525 cm™ corresponding to H,O concentrations of
150-580 ppm. Polarized spectra of cpx with oriented inclusions show additional bands at
3625-3673 cm™ typical of Ca-amphibole. It is only in one sample that clear areas contain
more H,0 (305 ppm) than areas with inclusions (290 and 260 ppm) indicative of H,O transfer
from cpx to Cam. Trace element concentrations of cpx from Pohorje eclogites are extremely
low (rock/chondrite = <0.01-1) and do not show significant differences between clear and
inclusion-bearing areas with the exception of Li that is consistently higher in clear areas (15-
18 ppm) compared to inclusion-bearing areas (9-10 ppm). Likewise, multiple EMPA analyses
of a zoned cpx-crystal did not reveal any difference in the major element composition
between clear and inclusion-bearing areas, both showing an averaged composition
jdydig,catsg,. Assuming Fe=FeO, both clear and inclusion-bearing areas of the zoned cpx
show a nearly perfect stoichiometry with Ycat = 4.002 + 0.007 and 4.002 + 0.004 (n=10) per
6 oxygens, respectively. This coincidence in composition does not support the presence under
peak metamorphic conditions of a significant CaEsk-component in the clinopyroxene
investigated. In addition, the presence of cal, dol and ab-rich plag as additional phases
appearing in some of the composite qtz + Cam rods would rather indicate a low-P forrnation
of these oriented inclusions.
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Monazit (Idealformel CePO,) ist ein weitverbreitetes akzessorisches Mineral in
Kristallingesteinen. Es eignet sich aus mehreren Griinden hervorragend zur absoluten
Altersbestimmung;

1.) Aufgrund seiner meist hohen Th und U Gehalte produziert Monazit im Laufe der Zeit viel
radiogenes Blei.

2.) Primire Pb-Gehalte (,,common Pb*) spielen i.A. eine geringe Rolle.

3.) Selbst bei sehr hohen Metamorphosetemperaturen findet kaum Elementdiffusion innerhalb
des Kristallgitters statt, sodal ein geschlossenes, geochronologisch robustes System
vorliegt.

Durch Messung der Th-, U- und Pb-Gehalte mit der Elektronenmikrosonde kénnen auch

kleinste Monazite direkt im Diinnschliff datiert werden, mit einer Unsicherheit von etwa = 20-

30 Ma.

Im Rahmen des FWF-Projektes P 18070 soll diese Methode erstmals grofrdaumig im
Altkristallin der Ostalpen eingesetzt werden. Ziel ist es vor allem, die praalpine Geschichte
der verschiedenen Altkristallineinheiten noch besser zu erfassen. Dies betrifft die
Bildungsalter granitoider Orthogneise ebenso wie praalpine Metamorphoseereignisse, deren
Datierung mit Monazit insbesondere in den metapelitischen Lithologien aussichtsreich
erscheint.

Parallel dazu soll als mineralogischer Schwerpunkt das Verhalten des Monazits bei der
alpinen Uberprigung im Detail studiert werden. Haufig zu beobachten ist etwa eine randliche
Umwandlung von reliktischem Monazit zu Apatit, Allanit und Epidot mit charakteristischer
Koronastruktur (FINGER et al., 1998). Pilotstudien haben auch gezeigt, da in den
altkristallinen Gesteinen der Ostalpen nicht selten eine prédalpine und eine neugewachsene
alpine Monazitgeneration nebeneinander vorkommen (FINGER & BANKHAMMER, 2003).
Texturen geben z.T. Hinweise auf "dissolution-reprecipitation" Prozesse.
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Fluid inclusion studies were carried out on metapelites of an UHP area in the northeastern
Rhodope Mountains (Greece). Based on the occurrence of micro-diamonds within cores of
garnet porphyroblasts, it is established that the metapelites underwent UHP metamorphism.
The rocks were affected by melting and magmatism (i.e., intrusion of pegmatites) during
exhumation and commonly transferred into fold and thrust geometries under amphibolite- to
granulite facies conditions. Fluid inclusion densities were estimated from gamet, kyanite and
quartz (matrix and inclusions within gamets). Kyanites, which are locally aligned parallel to
the main stretching lineation, flow around the garnet and into their pressure shadows,
suggesting that garnet growth occurred prior to the main ductile deformation stage. CO,+N,-
fluids dominate in the studied metapelite samples. Pure primary carbonic inclusions within
quartz aggregates enclosed near garnet rims re-equilibrated to densities up to 0.50 g/cc. They
are elongated, almost oriented parallel to the inclusion trails of solid phases and are
surrounded by small carbonic inclusions with the same densities and degrees of fill. Rare
single H,0O-NaCl fluid inclusions with fluid densities in the range of 0.92 to 0.78 g/cc occur
additionally and are interpreted as having been trapped successively during formation of
quartz at pressures of about 9 kbar, assuming temperatures of 750-800°C from
geothermometry. Fluid inclusions within garnet appear on the one hand as stretched low-
density carbonic inclusions and on the other hand as small high-density carbonic inclusions
with densities of 1.05 g/cc. The latter inclusion type forms pseudo-secondary trails near the
rims through both, gamet and quartz aggregates. They provide minimum conditions for gamet
rim formation at ca. 6 kbar. Fluid inclusions within kyanite appear texturally as primary and
also as stretched re-equilibrated inclusions. The first type has densities of max. 1.18 g/cc,
which is higher than fluids from gamet rims but lower compared to estimated pressures from
high-density aqueous inclusions derived from quartz aggregates enclosed in gamets. This
limits formation conditions of late garnet rims and kyanite to 6 to 9 kbar. Hence, after peak
metamorphism during which gamet started to grow within the diamond stability field, rapid
decompression is required for the exhumation of the metapelitic rocks from UHP to higher
crustal levels, the latter characterised by amphibolite / granulite facies conditions, where
gamet rims and kyanite have formed. Primary fluids within the matrix quartz of metapelites
are without exception re-equilibrated and display decrepitation textures, which evidence
rather isothermal decompression. However, the occurrence of carbonic and aqueous
transgranular fluid planes suggests late fluid mineral reactions and perhaps fluid unmixing at
shallow crustal levels.
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The crystal structures of synthetic compounds with the general formula
A*,Me**,(OH),(S0,);-2H,0 were at first described by LOUER & LOUER (1982) (A-Me = K-
Cd, Cs-Cd) and EFFENBERGER & LANGHOF (1984) (K-Co) in the acentric ortho-rhombic
space group Cmc2,. In the course of syntheses experiments in the system (Na, K, Rb, Cs,
NH,, Ag)-(Co, Ni)-(S, Se) aiming at the preparation of natrochalcite-type compounds, several
representatives belonging to the above mentioned group were obtained. Syntheses runs were
performed under low-hydrothermal conditions in Teflon-lined steel vessels at a temperature
of 220°C and a runtime of a week, starting with the respective metal powders covered with
A3S04, H,SO4 and H,0. The structures were determined (or refined in the case of K-Co) from
single crystal X-ray CCD data. The following Table lists relevant crystal data:

AMeX| SG |a@d) | b)) | cd) | <A.0>A) | Me()*-0 (&) | Me(2)!®-0 (&)
K-Ni Cmc2, [ 17899 ] 7.462 | 9.699 | 2994, x = [9+1] | 2.054-2.144 2.041-2.093
Rb-Ni Cmc2, | 18.229 | 7.536 | 9.761 | 3.065, x=[9+1] | 2.059-2.137 2.055-2.096
K-Co Cmc2, | 17960 | 7.565 | 9.768 | 2.977,x =[9] 2.092-2.189 2.058-2.143
NH.-Co | Cmc2, [ 18.267 | 7.595 | 9.814 | 3.069, x = [10] 2.087-2.172 2.077-2.154

[

[

Rb-Co Cmc2, | 18274 | 7.639 | 9.832 | 3.081, x = [9+1] 2.089-2.178 2.074-2.150
Cs-Co Pmcn | 18.826 | 7.837 | 9.869 | 3.263, x = [9+2] 2.070-2.167 2.103-2.213

The crystal structures are composed of two crystallographically different types of moderately
distorted MeOs octahedra, two types of SO4 tetrahedra, and one distinct A position. The
Me(1)O¢ groups share edges forming octahedral dimers, which are linked via common
corners with the Me(2)O¢ groups to infinite polar zig-zag chains parallel to the (polar) c-axis.
These chains are linked by SO, tetrahedra and hydrogen bonds to form
[Meg(OH)z(SO4)3(H20)z]2_ sheets parallel to (100). The A cations as well as a further
hydrogen bond connect adjacent sheets along the a-axis. In the acentric representatives, all
octahedral chains are oriented with parallel polarity. Contrary, as a special feature of the
cesian-cobalt compound, adjacent sheets are rotated by 180°, thus leading to an anti-parallel
arrangement of the polar chains in neighbouring sheets. The resulting symmetry is
centrosymmetric and loses the former C-centering, resulting in space group Pmcn
(conventional setting: Pnma). The investigation of further representatives as well as of an
obviously related Ag-Co compound (orthorhombic P with @’ = 2/3a, b’ = b, ¢’ = ¢) is in
progress.
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Several compounds with the general formula AMe,(XO,),[(H,O)(OH)] are known as
minerals, most of them crystallise in the monoclinic space group C2/m. They are subsumed in
the literature as natrochalcite- or tsumcorite-group. This structure type is of special interest
due to the occurrence of formal H,0, -units, forming two different hydrogen bonds. Depen-
ding on the particular composition, one of them is a very strong to strong H-bond, the other
one is intermediate or weak. In the past, some synthetic natrochalcite-type compounds were
synthesised and described, mainly focussing on representatives with Me = Cu** and X = S* or
Se®, while varying the elements at the A position (e.g. GIESTER & ZEMANN, 1987).

In the present study we focussed on the crystal chemical differences that arise from the
substitution of Cu®* with Co®* and Ni** Single crystals of the Na-Co-S, Na-Ni-S, Na-Co-Se
and K-Co-Se members were synthesised under low-hydrothermal conditions. The structures
were determined from single-crystal X-ray CCD data in space group C2/m (see Table). The
new compounds generally comply with the crystal chemical expectations for this structure
type. The MeQOy polyhedra exhibit [2+2+2] co-ordinations (except in K-Co-Se) rather than the
typical [4+2] Jahn-Teller distortion of the CuO,4 polyhedron. Special attention was paid to the
H-bonding system: with 2.420A in Na-Ni-S and 2.429A in the Na-Co-S-phase, the O--O
distances of the stronger H-bond belong to the shortest ones known in purely inorganic
compounds under ambient conditions.

The nature of the formal H,0, -unit was further investigated by polarised single-crystal IR-
spectroscopy. The spectra are characterised by an extremely broad and asymmetric band,
caused by the O-H stretching vibration of the strong H-bond. In the sulphates, the maximum
of this band is located at ~1000cm™', while the stretching mode of the longer H-bond occurs at
~3350cm™. Summing up, the absorption bands can be assigned to stretching and bending
modes of distinct OH- and H,0-groups (cf. BERAN et al.,, 1997, for A-Cu-X). This indicates
a non-centrosymmetric configuration of the “H,0, -unit” and confirms the presence of a split
H atom position within the strong hydrogen bond, even at O-O distances as short as 2.42A.

A-Me-X a(A) b(A) c(A) A Me-O (A,each2 ) | O+Oueak (A) | O+ Ogsong (A)
Na-Ni-S 8605 | 6.185 | 7.336 | 114.78 | 1.979,2.089,2.134 2.768 2.420
Na-Co-S | 8677 | 6317 | 7396 | 11540 | 2.011,2.113,2.190 2.750 2429
Na-Co-Se | 8938 | 6379 | 7.553 | 11509 | 2.040,2.098,2.163 2762 2.459
K-Co-Se | 9.078 | 6.471 7.687 | 113.99 | 2.061,2.063,2.201 2.890 2527
Na-Cu-S* | 8.809 | 6.187 | 7.509 | 118.74 | 1.954,2.000,2.327 2.695 2.440

*GIESTER & ZEMANN (1987)
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Tyrolite, CayCug(AsO4)4(CO3)(OH)s(H20)10, is common mineral from oxidation zones of
sulfide mineral deposits. First described from Schwaz-Brixlegg locality in Tyrol, Austria, it
has been subsequently reported for about 128 localities all over the world. Tyrolite was
described as orthorhombic, a = 10.212, b = 55.510, ¢ = 5.602 A, ¥ = 3175.6 A® [PDF # 11-
348]. In 1980, a monoclinic tyrolite-like mineral was reported by MA et al. (1980) from
Dongchuan copper mine, Yunnan Province, China. The mineral had the same chemistry as
tyrolite but was identified as monoclinic, a = 10.513, b = 5.560, ¢ = 27.610 A, =94, V =
1609.9 A’ The mineral was named ‘clinotyrolite’ but it has not been approved by the
CNMMN IMA. For this study, a crystal from the type locality (Schwaz in Tyrol) was
selected. X-ray diffraction experiments were performed at the Swiss-Norwegian beamline
BMO1 of the ESRF with an imaging plate area detector Mar345. We have found tyrolite to be
monoclinic, P2/c, a = 27.562(3), b = 5.5682(7), ¢ = 10.466(2) A, = 98.074(11)°, V =
1590.3(3) A’ There are five Cu(Il) sites in Jahn-Teller-distorted octahedral coordinations to
six anions. The structure
(Figure) is based upon
2nm-thick copper arsenate
layers  with  complex
architecture. The layers are
insulated by Ca’* cations,
COy” groups and H,O
molecules. The layers are
held together by hydrogen
bonds only.

copper Ca'yg

2+
Ca™ .rsenate
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The basic building units of brownmillerite type structures are perovskite-like layers of corer
sharing (Fe,Al)O4-octahedra and zweier single chains of (Fe,Al)O,-tetrahedra. A three-
dimensional framework is formed by alternating stacking of octahedral layers and sheets of
tetrahedral chains. WOERMANN et al. (1968) performed DTA experiments on Ca,Fe,Os,
showing two weak reversible thermal effects at 430°C and 690°C respectively. Magnetic
measurements using >’Fe Moessbauer spectroscopy and neutron diffraction (TAKEDA et
al.,1968) revealed, that Ca,Fe,Os is an antiferromagnet and that the first thermal effect
corresponds to the Néel temperature of the material. For temperatures above 690°C
contradictory results have been reported. SHIN et al. (1979) proposed, that Ca,Fe,Os has
Pnma symmetry up to 1100°C. BERASTEGUI et al. (1999) performed a Rietveld analysis on
HT powder neutron diffraction data. They refined the stucture in space group Imma,
introducing disorder of the tetrahedral chains. This disorder describes each tetrahedral chain
as either left- (L) or right-handed (R) with the same probability. New HT single crystal X-ray
diffraction experiments at 800°C revealed, that Ca,Fe,Os forms a incommensurately
modulated structure adopting superspace group Imma(00y)s00, with g=0.588. The modulation
affects the sequence of R or L orientated tetrahedral chains within the layer, breaking the
lattice periodicity along c. This is modelled with crenel occupation modulation functions for
the tetrahedral Fe, as well as for the interconnecting oxygen atom. The same type of
modulation was firstly described by LAMBERT et al. (2002) for commensurate phases in the
system Ca,Co, ,Al,Os
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Fig. 1: Physical space section at x2=0.25, t=0 of the four-dimensional F,-synthesis showing the modulated
sequence of R/L tetrahedral chains.
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Gold, associated with tetrahedrite, occurs in several abandoned copper deposits in the eastern
Greywacke Zone, Austria. The ore mineralogy, the mineral chemistry and fluid inclusions in
tetrahedrite and quartz were studied in detail from two occurrences at Larzenbach near Hiittau
and St. Veit im Pongau.

Fluid inclusions in tetrahedrite, which is non-transparent in normal light, were studied using
infrared (IR) microscopy. Tetrahedrite is transparent for infrared light when the arsenic
content is below ~2.5 wt.% As. During heating of tetrahedrite there is a sudden decrease of
transparency at about 120°C what disturbs observations of fluid inclusions above this
temperature in arseniferous tetrahedrite. When temperature drops below 120°C tetrahedrite
recovers its former transparency.

At room temperatures fluid inclusions in tetrahedrite are two phase liquid (L) + vapour (V)
aqueous inclusions of low salinity (T,, -3 to —14 °C). Homogenisation temperatures (T,
homogenisation V->L) range between 85 and 227 °C. Fluid inclusions occur isolated, in
clusters and along trails. Composition of these fluid inclusions in tetrahedrite corresponds to
one group of fluid inclusions in quartz showing similar low salinity (T,, -3 to —12°C) and
range of homogenisation temperatures (T, (V-> L) 71.5 — 250°C). Another group of higher
saline aqueous two-phase (L+V) inclusions in quartz is not found in tetrahedrite.

Fluid inclusions within tetrahedrite are coeval with small solid inclusions of chalcopyrite, Au-
oxysulphides and minor arsenopyrite and gold containing oxysulphide inclusions. These fluid
and solid inclusions occur along healed fractures and microfractures within tetrahedrite.
These microfractures are also guiding the replacement of As-poor tetrahedrite by arseniferous
tetrahedrite; tetrahedrite close to the microfractures contains up to 3.16 wt.% of As. Arsenic
was transported together with Au into and along these microfractures. It is suggested that
exchange of As (from the fluid) for Sb (extracted from the tetrahedite lattice) was one of the
key factors controlling the precipitation of gold. It seems, that Sb does not form as good Au
transporting compounds as As ligands do.

Fluid inclusions confirm that the gold and associated gold-oxysulphides were precipitated at
low temperatures (< c. 250 °C) from fluids of low salinity. Oxysulphides are associated with
(a) native gold in un-weathered primary ores and (b) remobilised Cu-rich gold in weathered
ores. We suggest that oxysulphides were the favoured species for the transport of gold in low-
temperature hydrothermal and weathering fluids. The Austrian examples provide the best
direct evidence known in nature for oxysulphides being involved in transport of gold in
hydrothermal fluids. These unusual new phases seem to play a key role in precipitation and
remobilisation of gold in some geological environments.
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Buntmetall-Mineralisationen in Marmoren der Bunten Serie, Bohmische Masse, sind bisher
kaum bekannt. Bei Kochholz (Dunkelsteiner Wald; KNOBLOCH, G., 2004) und Lichtenau
(SW Gfohl, LOFFLER, E., pers. Mitt.) wurden in Steinbriichen Vererzungen gefunden, die
hauptsachlich Sphalerit und Pyrit sowie untergeordnet Galenit und Chalkopyrit fiihren. Das
Vorkommen Primmersdorf (Ag-filhrender Galenit; WEBER et al., 1997) ist lithologisch
vergleichbar.

Diese Vererzungen bilden etwa 1 bis 2 cm dicke Lagen (Kochholz) bzw. mehrere cm dicke
Erzlinsen (Lichtenau) und kommen sowohl in Calcit-Marmoren (Kochholz) als auch in
Dolomit-Marmoren (Lichtenau) vor. Als Begleitminerale treten Graphit, Spinell, Klinohumit,
Serpentin und Glimmer auf. Innerhalb einer Erzlage zeigt Pyrit meist idiomorphe Komer
(Pentagondodekaeder) und Sphalerit ein disseminiertes Vererzungsbild xenomorpher Kormer,
wobei Dolomit/Calcit konvexe Kristalle bilden. Galenit tritt charakteristischeriweise in feinen
Kliiften auf und bildet Xenomorphe Komer (Abb. 1).

Der Calcitmarmor enthilt im Mittel 6.1 Mol.% MgCO,. Im Dolomitmarmor liegen die Mn-
und Fe-Gehalte unterhalb der EDX-Nachweisgrenze von 0.15 Gew.%. Alle Karbonate sind
stark verzwillingt. Die oben genannten Silikatminerale treten in lagenfoérmigen
Anreicherungen auf.

Abb 1: Vererzung Lichtenau. Galenit (weif}),
Sphalerit (grau), Dolomit (dunkelgrau), REM-
Bild. Sphalerit ist durch geringe Fe- und Mn-
Gehalte gekennzeichnet. In Kochholz liegen die
Fe-Gehalte im Mittel bei 1,7 Gew.% und die Mn-
Gehalte bei 0,3 Gew%, in Lichtenau bei 3,6
Gew.% Fe bzw. 0,2 Gew.% Mn. Ein Zonarbau
konnte bisher nicht festgestellt werden. Die
Vererzung in Lichtenau enthilt viel Pyrit, sowie
wenig Galenit und Chalkopyrit. Pyrit
kristallisierte dabei vor Sphalerit und Galenit. In
Kochholz treten diese Mineralien nicht auf,
jedoch gehauft Silikate.
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In the course of an ongoing research project on the high pressure crystal chemistry of alkaline
earth aluminates a previously unknown CaAl,O, polymorph has been observed.
Polycrystalline ceramic precursors have been prepared by solid state reactions using Al,O,
and CaCO, as starting materials. The subsequent high pressure experiment was conducted
using an end-loaded piston cylinder press at 3.5 GPa and 1000°C with a run time of 51 hours.
Several crystals could be recovered from the Pt-container and were characterised by single
crystal X-ray diffraction and micro-Raman spectroscopy. The crystals showed twinning by
pseudo-merohedry which was accounted for in the structure determination. Structure solution
was accomplished by direct methods. Final least squares refinements converged to a residual
of R1 = 0.0343. The basic crystallographic data of the new compound are as follows:
monoclinic symmetry, space group P2,/m with two formula units per unit cell (a=5.5562(2)A,
b=3.7627(1) A, c=7.0560(3) A, B=101.360(30)°, V=144.62 A®, D,,.=3.629g/cm’). The two
main building units of the structure are: (1) layers of AlO, — octahedra, connected to each
other by edge sharing and (2) calcium atoms residing between these layers for charge
compensation (Fig. 1). The alternate stacking of the octahedral layers and sheets of Ca atoms
results in a three-dimensional network.

<= AlOs octahedra => 4

A

‘. N ryrYi ‘o‘o‘c‘olb

Fig.1: Layers of AlOg-octahedra and C a atoms residing between the layers

From a structural point of view, the new HP-phase is closely related to boehmite (y-AIOOH).
The octahedral building units in both compounds are identical. Differences arise from the
connection between neighbouring layers. In case of boehmite linkage is provided by hydrogen
bonding.
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Nodules filled with chalcedony, so called agates, are commonly found in the Permian
andesites (melaphyres) in Northern Bohemia. Cathodoluminescence observations on agates
allow recognition of fabrics that are invisible in transmitted light. Agates from localities in the
Krkonose piedmont basin are strongly carbonatised. This is nicely seen under CL because of
the bright orange CL colour of carbonate, which contrasts with rather dull CL colour of
chalcedony. Several replacement textures were documented using CL, and subsequently
analysed by microprobe.

Calcite occurs in agate in several positions:

1. Carbonate, mostly calcite, penetrates the agate along brittle cracks or along contact zone of
two adjoining spherical growth centres. Contacts between calcite and chalcedony are sharp.

2. Carbonate forms very thin veins between two layers of chalcedony. The contacts are sharp
too.

3. Fig. 1 documents a structure, where calcite penetrates and replaces chalcedony layers along
a brittle crack. The boundary between calcite and chalcedony is irregular but rather sharp.

4. Fig. 2 shows diffuse contacts between primary chalcedony and secondary carbonate. The
thinner homogenous zones are formed of pure SiO, without carbonate, whereas the brighter
inhomogeneous zones are enriched in carbonate; however the SiO, concentrations remain
high. Fe correlates positively with Ca, and Al with Si.

5. Relicts of chalcedony in carbonate could be found occasionally, indicating mostly complete
replacement of chalcedony by calcite.

Fig. 1 and 2. Carbonates used a pre-existing cracks or boundaries between chalcedony layers to enter the agate.
The replacement occurs probably by two mechanisms — dissolution and precipitation (Fig. 1) or by filling of
pores in the chalcedony (Fig. 2). Carbon and oxygen isotope data indicate a meteoric origin of the fluids that are
responsible for carbonatisation.
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The Finero phlogopite peridotite is the largest and the northernmost of three mantle massifs
exposed at the base of the lower continental crust in the Ivrea Zone (Western Alps, Italy). It
consists of a depleted harzburgite affected by alkaline metasomatism (ZACCARINI et al.,
2004) that caused the precipitation of abundant phlogopite. Small bodies of podiform
chromitite occurring within the phlogopite peridotite are believed to represent by-products of
the metasomatic process. Physical conditions (T°C- fO,) of chromitite precipitation have been
estimated using the T-M site Mg-Al distribution, based on X-ray single crystal diffraction,
and application of the spinel-olivine thermobarometer of BALLHAUS et al. (1991). The
analysed chromite has a, ranging from 8.2755 to 8.3011 A and an oxygen positional
parameter variable between 0.26243 to 0.26269. The application of the thermometer proposed
by PRINCIVALLE et al. (1999) gave intracrystalline temperatures in the range of 800-1100
°C. The results of olivine-spinel Fe-Mg exchange thermometry and oxygen fugacity
calculations, calculated for an assumed pressure of 1.0 GPa, are compatible with the spinel-
peridotite facies of the Finero mantle and show that the massive chromitite equilibrated in a
relatively narrow oxygen fugacity, close to that of the FMQ buffer and in a thermal interval
between 1150-750 °C. These temperatures are fully consistent with those obtained using the
PRINCIVALLE et al. (1999) thermometer. The estimated temperature range (750-1150 °C)
extends to temperatures too low to represent the temperature of magmatic crystallization of
chromite. However, temperatures are well consistent with slow-cooling spinel re-equilibration
during the metasomatic episode affecting the Finero Complex. The oxygen fugacity values
obtained for massive chromite are consistent with upper mantle conditions, although
ZACCARINI et al. (2004) have shown that reducing conditions (down to A log fO, = -7) are
achieved during the final stages of metasomatism, as deduced from spinel-symplectite formed
at temperatures of about 600 °C.
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Das Altkristallin der Saualpe bildet den geologischen Rahmen einer schon seit langem
bekannten Granat-Korund-Paragenese. Dieser Grundgebirgskorper besteht aus mehreren km-
michtigen Gesteinsfolgen mit vom Liegenden ins Hangende, bzw. nach S und W
abnehmender Metamorphose. Das Granat- und Korundvorkommen selbst liegt iiber der
erzfilhrenden Hiittenberger Marmorserie, in einer der oberen Decken der Plankogelserie.
Diese besteht vorwiegend aus grobknotigen Staurolith-Granat-Glimmerschiefern, Marmor-
linsen und Lagen von Amphibolit und Serpentinitkérpern als Leithorizont.

Im Bereich Pusygraben siidlich von Lélling bildete sich zwischen einem Serpentinitkdrper
und den Glimmerschiefern vom Typ Plankogel eine Kontaktzone mit Korund und besonders
groBen Granaten. Die Entstehung solcher Kontaktzonen wurde in der Literatur durch
Desilifizierung und Metasomatose erklart. Gesteinsproben aus diesem Bereich ergaben
folgenden Mineralbestand: Granat, Chlorit, Margarit/Paragonit, Epidot/Clinozoisit, Korund,
Ilmenit, + Muskovit, £ Staurolith, + Biotit, £ Rutil, + Apatit, £tAmphibol, £ Turmalin.
Als Unterschied zum Kontaktgestein kommen im typischen Plankogel-Glimmerschiefer
Margarit, Epidot, Korund und Biotit nicht vor, es finden sich aber Chloritoid und Muskovit.
Die Korunde sind in Diinnschliffen teilweise fleckig blau und zeigen typische Zwillings-
lamellenbildung. Elektronenstrahl-Mikrosonden-Messungen ergaben, dass im Korund am
haufigsten Eisen auftritt (bis zu 0,580 Gew.% Fe,0; ), gefolgt von Chrom (bis 0,150 Gew.%
Cr;0; ) und Titan, wo nur ganz selten bis 0,50 Gew.% TiO, gemessen wurden und der
Durchschnitt bei etwa 0,05 Gew.% lag. Die Verteilung von Eisen, Chrom und Titan in den
Korunden scheint ganz zufillig und zeigt auch bei Profilmessungen keinen eindeutigen Trend
an. Auf BSE-Bildern ist zu sehen, dass die Korundkristalle randlich in Diaspor umgewandelt
sind. Haufig sind die Korunde von Chlorit durchsetzt. Als Einschliisse findet man neben
Ilmenit, Rutil und Apatit noch Chlorit, Margarit, Staurolith und Epidot.

Profilmessungen an Granaten zeigen zwei Generationen mit unterschiedlichem Zonarbau, aus
dem sich mindestens zwei Metamorphoseereignisse ableiten lassen. Die erste Granatgene-
ration hat einen kontinuierlichen Zonarbau, mit einem Almandin-reichen Kem und Pyrop-
reichem Rand. Die zweite Generation beginnt mit einer Diskontinuitdt in der Zusammen-
setzung (Almandin-arm, Grossular-reich) als Anwachssaum. Das Korundwachstum diirfte
vomehmlich parallel zur zweiten Granatgeneration stattgefunden haben.
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THE GULI ALKALINE-ULTRAMAFIC COMPLEX, NORTHERN SIBERIA,
RUSSIA: MANTLE METASOMATISM AS THE GENETIC PROCESS
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The Guli Massif is located at the northern periphery of the Siberian craton within the
Maimecha — Kotui Province, representing a multiphase, partly zoned carbonatite — alkaline —
ultramafic complex. The massif is characterized by an oval shape and covers an area of 1500
— 1600 km®. Detailed mineralogical, petrographical and geochemical investigations, defined a
sequence of dunite core complex, clinopyroxenite, olivine melanephelinite and rocks of the
ijolite series. Metasomatic processes seem to be of great significance during the genesis of the
Guli Massif, observable in a pronounced enrichment trend of the LREE from the dunite core
complex to the carbonatite intrusion, 10 times chondrite at the periphery of the dunite
complex and up to 3000 times chondrite at the direct contact between the carbonatite and the
ijolite.

The REE distribution patterns of the different rock types are used in this study, to
model the genesis of the Guli Massif on the basis of magmatic processes, such as magma
formation, fractional crystallisation and assimilation. It is shown, that two different
metasomatic events took place during the genesis of the Massif:

(1) The genesis of the dunite — clinopyroxenite complex has been initiated by a mantle
plume, which led to continuous and long lasting melting processes. Locally high melting rates
and the formation of a multiplicity of small melt portions, significantly enriched in fluids and
immobile elements, led to the formation of the dunite restite, characterized by a typical mantle
texture and composed of ~ 96 modal% olivine. The migration of these melts into higher
regions within the mantle plume and the associated contamination caused a mantle
metasomatic overprint of the dunite, which is clearly verifiable by LREE enrichment
throughout the whole dunite complex. The accumulation and crystallisation of the melts,
generated during the slow uplift of the mantle material, caused the formation of an olivine —
clinopyroxene cumulate at the periphery of the dunite body, and finally these melt fractions
intruded the mantle as clinopyroxenite dykes.

(2) The origin of the zoned alkali — carbonatite — complex represents a second
magmatic event, caused by further ascent of the already metasomatised mantle plume into
higher levels. Lithospheric mantle regions, characterized by CO,- and H,O-rich fluids, are
supposed to be the magma source. Initial melting processes, probably triggered by early
rifting, caused the formation of melanephelinitic melts (olivine melanephelinite).
Fractionation during the magma ascent in addition to the immiscibility of the silicate and the
carbonatite liquid caused the formation of the ijolite and the carbonatite, metasomatically
influencing their surroundings during final uprise and intrusion.

This study is funded by the Austrian Research Fund (FWF) due to grant P16440-N11 to O. A.
R. Thalhammer.
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Sphalerite occurs in the following types in the Rozna uranium deposit: stratabound
disseminated sulphide and skarn mineralisation, pre-uranium siderite-sulphide veins including
the metasomatic mineralization in the vicinity of these veins, and post-uranium barite-
fluorite-sulphide veins.

In marbles with disseminated or banded ore textures sphalerite is part of the paragenesis with
pyrrhotite, galena + younger pyrite. Sphalerite of the siderite-sulphide veins is associated with
Ag-tetrahedrite, chalcopyrite and galena, rarely with freibergite or pyrargyrite. Sphalerite,
galena and mobilized pyrite also occur in metasomatic reaction zones around the veins. The
youngest sphalerite type, in paragenesis with galena, barite + quartz, crystallized in the
cavities during the final stages forming the post-uranium veins.

Results of WDA and EDA analyses (61 point analyses, Zn, Fe, Mn, Cd, Se, Cu, In, Ge, Ag
and S were measured) and isotopic data are presented in this study. It can be excluded that the
source of sphalerites in the siderite-sulphide veins (max. 0.02 wt.% of Mn) was the
stratabound sulphide mineralization (sphalerites disseminated in marble — Mn between 0.46 -
14.61 wt.%). This is supported by the sulphur isotope data of both disseminated sphalerite and
pyrrhotite. We suggest that the source of disseminated sulphides is the marble protolith.

The chemical composition of sphalerite from metasomatite reaction zones around the veins is
so close to the chemical composition of sphalerites within the veins, that we classify this Pb-
Zn mineralisation as subtype of the pre-uranium hydrothermal siderite-sulphide
mineralisation. The neccessary sulphur derived from deep-seated sources, a conclusion drawn
from the sulphur isotope study. Using isotope thermometry we estimated the crystallisation
temperatures for this type of mineralisation between 260 and 330 °C.

The chemical composition of sphalerite in the youngest sphalerite-barite-fluorite-veins varies
(Cd content between 0.15 - 1.88 wt.%) and they have low contents of Fe and Mn. They are
probably products of partial, chronologicaly well separated mineralisation phases, or these
sphalerites crystallised from locally circulating solutions. Sphalerite-galena isotope
thermometry yielded crystallisation temperatures between 100 and 200 °C for these ores.

The work was financed by the grant projects MSM 002 1622412 (Z. L.) and FRVS 1948/2005 (H.D.)
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Im Perm kam es sowohl im Ostalpin als auch im Siidalpin zum Auftreten von
weitverbreitetem Magmatismus in Zusammenhang mit einer Hochtemperaturmetamorphose
und Extensionstektonik. Der Magmatismus manifestierte sich vor allem in massigen
Intrusivkérpern zu denen in Siidtirol der Brixner-, Iffinger- und der Kreuzberggranit gehdren.

Im Zeitraum von Oktober 2001 bis Januar 2002 wurde in Sinich bei Meran eine
Probebohrung zur Erkundung von Thermalwasser im Bereich zwischen der Periadriatischen
Naht im N und der Véllaner Linie im S abgeteuft. Die Bohrung, welche im Talboden nahe der
Etsch abgetduft wurde, verlduft bis in eine Tiefe von 800 m lotrecht und wurde dann nach
Westen abgelenkt, sodass sich der Endpunkt der Bohrung in 2.300 m Tiefe und 800 m
westlich des Bohrpunktes befindet. In einer Teufe von 675 m wurde das siidalpine Basement
angefahren.

Pro 5 Meter Bohrfortschritt wurde eine Probe, es handelt sich ausschlieBlich um Cuttings von
1 bis 5 mm Durchmesser, gezogen. Jede zweite Probe wurde unter dem Binokular und unter
dem Polarisationsmikroskop untersucht. Die Analyse der Proben ergab eine prograde
kontaktmetamorphe Zonierung des siidalpinen Quarzphyllits am Rand zum Kreuzberggranit.
Die Mineralzonen kénnen folgendermaBen gegliedert werden:
* 675 m - ca. 750 m graugriine Quarzphyllite und phyllitische Quarzite mit Quarz, Serizit,
Chlorit + Feldspat ohne kontaktmetamorphe Uberprigung
750m — 850 m brdunliche quarzreiche kontaktmetamorphe Quarzphyllite mit der
Paragenese Quarz, Muskowit, Chlorit, Biotit, Kalifeldspat
850 m — 1540 m steigende kontaktmetamorphe Uberprigung mit Ausbildung eines
Homfelses mit der Paragenese Quarz, Muskowit, Chlorit, Biotit, Andalusit und Cordierit
1540 m - 1580 m Hornfelse mit obiger Zusammensetzung; Andalusit tritt stark zuriick
1580 m — 1620m Hormnfelse mit obiger Zusammensetzung, Andalusit ist durch Sillimanit
ersetzt, der Gehalt von Cordierit nimmt stark zu, die Kristalle werden groBer
1620 m - 1780 feinkorniger sehr kompakter Cordieritfels mit der Paragenese Quarz,
Muskowit, Biotit, Sillimanit, Cordierit
1780 m — 1920 m Granodiorit

Aus der Paragenese im unmittelbaren Kontaktbereich des Granodiorits kénnen P-T
Bedingungen von ca. 630-650°C und Drucke von ca. 3 kbar abgeleitet werden.
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Valuable results are provided by a mineralogical and petrographical investigation to
determine the suitabiliy of iron ores for the FIOR®, FINMET®, and FINEX" direct reduction
process. The iron ore fines used have grain sizes below 12.5 mm and are reduced in fluidized
bed autoclaves by gas mixtures of CHs4, CO, Hs, N,, H,0, and CO, at temperatures between
450°C and 780°C.

The iron ores consist of limonite, hematite, and magnetite of various crystal sizes and variable
mineral portions besides of pores and gangue minerals. Hematite usually comprises more than
80 mass% of these iron ores. The specific surface of the ore grains is of paramount
importance for the reduction speed in each reduction stage. Limonite is well reducible in any
case. Hematite and magnetite are well, moderately, or badly reducible depending on the
Effective Crystal Thickness (Te) and the Effective Oxide Thickness (OT.g). For reducibility
determination of an iron ore sample a representative number of crystals and ore grains have to
be rated in terms of mineralogical and geometrical parameters with an optical microscope.

The petrographic standard provides qualitative information on degradation and sticking
tendency. Semiquantitative information on reduction speed is achieved. With the proposed
petrographic investigation the metallisation degree of the final product can be quantitatively
predicted in a range of + 2 % depending on physical and chemical conditions of the reduction
procedure.
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In Romania over 20 types of rocks are exploited and used in the construction and building
industry. The total annual production is around 30 million tones. In the year 2000 only 8 of 17
known deposits were exploited, providing 755000 tones of granite. In the North Dobrogea
orogen (North Dobrogea Plateau as geographical unit) the exploited granite deposits are:
Turcoaia-lacobdeal, Macin-Derea-Anton Suluk, Izvorul Macin-Vii and Caprarie-Macin. Two
other deposits are Atmagea and Caprarie. In the Southern Carpathians granite has been
exploited in Mala-Eselnita, Plesa-Purceni and Meri deposits. Other identified resources are
Valea Cemei-Seracova, Valea Porcului, Iablanita and Crusovita deposits. In the Apuseni
Mountains (Westhern Carpathians) several deposits are known: Radna, Soimos, Valea
Lupului-Homoroade and Pietroasa. From all these, only the first one has been exploited. In
the 2000s the total granite production was came from 4 counties: Tulcea (483000 tones), Gorj
(217000), Mehedinti (34000 tones) and Arad (21000 tones). On the geostructural units, the
granite production is distributed as follows: the North Dobrogea orogen (483000 tones),
Southern Carpathians (251000 tones), Apuseni Mountains (21000 tones). In quarries, the
extraction has been done with explosives placed in galleries or mine holes. Granite has been
transported first to the preparation units, then directly to the beneficiaries or to the loading
points on ships or vans. The products obtained after preparation are natural aggregates
crushed artificially (great stone, spalls, chippings, crushed sand) and processed stone (paving
stones, paving bricks, borders, boundary stones). The total granite resources are estimated at
around 370 million tones but can certainly be increased considering the geological situation.
The most important resources are located in Tulcea (230 million tones), Caras-Severin (68
million tones) and Gorj (43 million tones) counties.
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Annually huge quantities of mineral and energy commodities are extracted for economic
purposes on a global scale. In the 2000s 5 billion tones of metallic ores were exploited and
used as raw materials for recovery of almost 0.7 billion tones of metal by industrial treatment
and metallurgic processing (Fig. 2). A lot of nonmetallic ores and industrial minerals
(magnesite, chalk, phosphates, potash salts, native sulphur, unrefined salt, gypsum, natural
abrasives, kaolin, bentonite, talc, baryte and witherite, illmenite, zirconium, fuller’s earth,
andalusite, kyanite, sillimanite, borate minerals, arsenic trioxide, natural graphite, mica, etc)
are extracted and obtained as concentrates; in total about 0.6 billion tones, but the actually
exploited quantities are bigger. Building stone exploitation is also on a large scale (6.0 billion
tones) and fossil fuels were exploited in huge quantities (in total 9.2 billion tones coal
equivalent; Fig. 1): hard coal (3.9 billion tones), lignite (0.8 billion tones), crude petroleum
(3.4 billion tones), natural gasoline (0.03 billion tones), natural gas (0.003 billion tones coal
equivalent) and peat for fuel (0.017 billion tones). In the 2000s the world production of
mineral and energy commodities exceeded 21 billion tones.

02% i

Crude petroleum B Hard coal [ Peat for luel - 0.06% Vo eang emes e B Mingancwc-bearing o R Lead-bearing o
uy ) e " [, .
B Lignite and brown coal Ml Natural gasolene [ Natural gas - 0.04 % (.:..‘... .....mw.s...m..;n-.:.'% Co. Mg A,m,\\.,:-..n Is '
Fig.1 Percentage of global fossil fuels production; Fig. 2 Percentage of global metal content of ores
based on coal equivalent tones and and concentrates intended for treatment for

metal recovery in the 2000s.
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The exploitation of travertine in Romania is developing in Harghita (Borsec area) and
Hunedoara (Carpinis, Geoagiu areas) counties. Today the total actual annual production of
travertine in Romania is around 4000 m’, compared to the maximum of 62000 m’ in 1981 and
1983.

The Borsec deposit is stratiform, with a thickness of 12-15 m and 5° dip. It is formed by
chemical precipitation of calcium carbonate from spring waters deposited on crystalline
basement rocks. The rock has a white to slightly gray color, with diaclases filled by calcium
carbonate. The travertine has a microcrystalline structure and a vacuolar texture. Current
exploitation is made in a quarry where a 8 m thick travertine layer is mined. The travertine is
extracted in blocks of 1.5 — 2.0 m’ and is very easy to process. The annual production at Borsec
is around 1000 m’

The Carpinis deposit is overlaying schists and is about 90 m thick. The bottom part of the
deposits (60 m) has a compact, slightly vacuolar texture while the upper part (30 m) show a
only vacuolar texture. The travertine deposit is covered by 1-4 m thick red clays. The travertine
has a white-yellow, white-gray or brown-yellow color. The structure of the travertine is
microcrystalline, amorphous or of incrustation-type. At present the whole annual production of
2000 m” comes from a single quarry.

The Geoagiu deposit formed above the Cretaceous and Miocene deposits. The color of this
travertine is white-yellow to white-gray, the structure is microcrystalline or of incrustation-type
and the texture is vacuolar. The travertine is exploited in 1-2 m® blocks, the annual production
being about 1000 m® The travertine is extracted in blocks and is easy to process.
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Die amphibolitischen Gesteine des niederésterreichischen Moldanubikums fanden in letzter
Zeit wegen ihres plattentektonischen Indikationswertes besondere Beachtung (FINGER &
STEYRER, 1995, FRITZ, 1995, HOCK et al., 1995, NASR & RICHTER, 1998). Nach
FINGER & STEYRER (1995) zeigen viele dieser Amphibolite, insbesondere in der Raabser
Einheit sensu THIELE (1984), MORB - #hnliche Zusammensetzung. Auf Grund eines
Zirkonalters von 428 + 6 Ma aus dem Buschandlwand - Amphibolitzug (FINGER & VON
QUADT, 1995) wurde spekuliert, dass die Amphibolite der Raabser Einheit Reste des
rheischen Ozeans reprisentieren konnten.

Zwei Amphibolitziige der Raabser Einheit, von denen bisher kaum geochemische Daten zur
Verfiigung standen, sind der Waidhofener Amphibolit im Norden Niederésterreichs sowie der
Weilenkirchener Amphibolit auf Blatt Mautern (MATURA, 1983). Obwohl in dhnlicher
tektonischer Position, namlich von Westen her unter den Gfohler Gneis abtauchend, zeigen
die beiden Amphibolitziige deutliche geochemische Unterschiede. Der Waidhofener Zug setzt
sich aus ehemaligen ,,within plate* Basalten mit E-MORB Charakteristik zusammen
(MAYER, 2004), der WeiBenkirchener Amphibolitzug zeigt ,,volcanic arc*“ — Affinitdten und
weist neben basaltischen Edukten auch viele intermedidre Varianten mit
andesitisch/dioritischer Zusammensetzung auf. Erste Zirkonalter lassen vermuten dass der
WeiBenkirchener Amphibolitzug wihrend der (andinotypen) kadomischen Orogenese gebildet
wurde, wihrend der Waidhofener Amphibolit dlteres Prakambrium darstellt.

Obwohl in der Raabser Einheit gelegen, haben beide mit der altpaldozoischen ozeanischen
Kruste des Buschandlwandzuges (vornehmlich N- bis E-MORB) offenbar nichts zu tun. Die
von Westen unter den Gfohler Gneis einfallenden Gesteine der Raabser Einheit scheinen sich
somit in eine kadomisch — prikambrische Hangendserie (WeiBenkirchener — Waidhofener
Einheit) und eine altpaldozoische Liegendserie (Buschandlwandeinheit, Rest des rheischen
Ozeans) zu unterteilen.
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The Dzirula massif is the largest pre-Alpine crystalline unit in the Transcaucasian segment of
the Eastern Mediterranean Province. On its southern margin it is overlain by a sequence of
Jurassic lavas and volcaniclastic sediments. Elsewhere, it is flanked by a thick succession of
Miocene to Pliocene terrigenous rocks. There are three key lithologies within the Dzirula
massif:

The first is a series of LP/HT metamorphic rocks that include cordierite-biotite-sillimanite-
bearing migmatites with evidence for biotite vapour-absent melting at T>8000C, paragneisses
and deformed granodioritic gneisses. The latter have an apparent Cadomian magmatic
signature with U-Pb zircon ages of ca. 540 Ma. Previously published geochronological data
suggest a prolonged geological history for the LP/HT series that spans the neo-Proterozoic to
the middle Palaeozoic. New zircon and monazite ages reported here suggest that the LP/HT
metamorphic event occurred at ca. 330 Ma. Some of the paragneisses contain relict monazites
with an age of ca. 480 Ma implying that the LP/HT event overprinted a previous metamorphic
event.

The second key lithology is a series of un-foliated calc-alkaline to high-K, I-type
granodiorites, diorites and gabbros, which are intrusive into the migmatites and granodioritic
gneisses. Our new zircon data show that they were intruded at ca. 330 Ma,
contemporaneously with the LP/HT metamorphism. They may represent the heat source that
drove the metamorphic event.

The third key lithology is represented by a series of pink, medium- to high-K microcline,
peraluminous granites, which are intrusive into both the other lithological units. A wide
spectrum of Ar ages with a statistical mean age of 321 + 7 Ma indicate a Variscan age for
these granites. They may represent late stage crustal melts related to the HT/LP metamorphic
event.

There is no evidence for a post-Variscan (i.e. Alpine) metamorphic overprint in the Dzirula
massif. On the southern margin of the massif some Variscan granitoids are conspicuously
reddish coloured, possibly as a result of hydrothermal activity connected with the Jurassic
volcanism.
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The Guli Dunite Clinopyroxenite Massif is located at the north eastern rim of the Siberian
Craton, Taimyr Province, Russia and represents the largest complex of this type in the world.
The Guli Massif is known to host economic placer deposits of platinum group elements
(PGE) and gold (Au) in addition to deposits of rare earth elements (REE) and phlogopite.
However, it does not conform to the standard of Alaskan type complexes, which are usually
much smaller, approximately 12 — 40km’ and concentrically zoned. The Guli complex covers
an area of approximately 1500-1600km’ placing it far outside the parameters of “normal”
Alaskan type complexes, and it is a laccolithic body without the concentric zoning typical of
other complexes.

Geophysical data indicate the true size of the complex with more than %/, of the complex
covered by Quaternary sediments of the Khatanga Trough. The exposed areas consist of ~63
% dunite and peridotites and within this body are a number of magnetite pyroxenite bodies
which occur as veins and stock-like masses. The remainder of the complex consists of
alkaline to highly alkaline volcanic sequences and two carbonatite intrusions. (FEDORENKO
& CZAMANSKE, 1997)

A problem that is often associated with studying ultramafic complexes is a high degree of
surficial weathering and alteration. This is overcome at the Guli complex, with an extensive
collection of drill cores. Two of these form the basis of this study as they represent the longest
and contain the freshest dunite samples of the complex. Field and microscopic studies of both
drill cores show serpentinisation to a depth of ~500m, the remaining core is remarkably fresh.
The unserpentinised dunite shows minor variation in grain size, colour and percentage of
accessory minerals, such as spinel, calcite, phlogopite, perovskite, clinopyroxene and very
rarely apatite. Geochemical results show remarkable consistency over more than 600 m of
unserpentinised core, with respect to bulk MgO, CaO, Cr, Ni, in addition the composition of
olivine is also consistent over the same interval. The rare earth element patterns show a
significant enrichment in the light rare earth elements, which suggests that metasomatism, has
affected portions of this complex. Normalised PGE patterns show a pronounced positive Ru
anomaly and significant depletion of PPGE (0.1 — 0.01 chondrite). Whole rock Os data
indicate an age of 329+57 Ma.

These results indicate that the Guli dunite complex possibly represents a giant portion of
mantle restite, which has been significantly metasomatised.

Acknowledgements: The funding of the study by the Austrian Research Fund (FWF) due to
grant P16440-N11 to O.A.R.T. is greatly acknowledged.
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The Nonsberg-Ultental area is part of the upper Austroalpine domain of the Eastern Alps and
consists mainly of pre-Alpine high-P migmatitic gneisses. These crustal rocks contain lenses
(up to 10 m thick and tens to hundreds meters long) of mantle-derived peridotites, locally
crosscut by gamet-pyroxenites. Petrographic and geochemical data for the peridotites reveal a
complex tectono-metamorphic history coupled with significant crustal-derived metasomatism.

The peridotites record the unusual transformation from coarse-grained, high-T Spl-peridotites
to fine-grained Grt-peridotites. They carry hydrous phases of metasomatic origin, such as
amphibole, chlorite and rare phlogopite. The physical conditions of recrystallization of the
coarse-grained type have been estimated at 1100-1230°C and 14-21 kbar. These conditions
were attained after the intrusion of melts that gave origin to the pyroxenitic layers. The fine-
grained gamet-bearing peridotites give equilibration temperatures of 700-800°C at 25-28
kbar. The presence of amphiboles, which are characterized by a strong LILE/HFSE
fractionation, has been related to the interaction between the peridotite and H,O-rich fluids.
These metasomatic fluids probably derive from residual fluids left after crystallization of
leucosomes during the migmatization of the host gneisses. In this scenario, the Nonsberg-
Ultental peridotites may represent former mantle-wedge material that was subducted in
Palaeozoic times and cooled due to incorporation in a crustal slab and then metasomatized by
crustal-derived fluids.

The high concentrations of platinum group elements (PGE) in peridotites relative to the
surrounding crustal material, make the distribution patterns to robust and valuable
geochemical tools for the interpretation of the mantle composition and evolution. As Os is
one of the PGE its isotopic composition, which is variable due to the radiogenic decay of Re,
has contributed significantly to our understanding of the history of the subcontinental mantle.
The goal of this work is to understand the influence of metamorphic and metasomatic
processes on the PGE distribution and to test how far the Re-Os isotopic system remained a
closed system. The petrographically well-studied Nonsberg-Ultental peridotites are thus the
ideal field laboratory to test the robustness of the PGE and the Re-Os isotope system. The
results will help us to better understand the composition and the evolution of the mantle
below the Alps.
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A very recent experimental re-examination of the high-pressure reaction albite = jadeite +
quartz in presence of traces of H,O has revealed that the reaction boundary is characterised
by two inflections at 19 kbar/700°C and 27 kbar/1000°C of which the first one is
strikingly pronounced (MIRWALD, 2005a). The occurrence of these inflections may be
related to anomalous PVT behaviour of H,O (MIRWALD, 2005b). However, the very
pronounced form of the inflection at 19 kbar allows to infer that further property changes
of the participating phases might be involved. One striking fact is that the onset of the
low/high albite (order-disorder) transformation boundary is intersecting the albite
breakdown boundary at these P-T conditions. Furthermore, the small amount of H,0O
present in these experiments implies that small amounts of hydrous melt occur. Therefore,
an anomalous PVT behaviour of the albite melt as a contributing factor to this 19 kbar
inflection was taken into consideration.

To explore the relevance of this hypothesis piloting isothermal compression experiments
on dry albite glass were performed in the temperature range between room temperature
and 700°C up to 25 kbar, and on H,O saturated albite melt between 700 — 800°C and 7 —
30 kbar. The experiments were performed with a piston cylinder apparatus (1/2 inch
vessel) using conventional salt cell assemblies and 50 - 80 mg samples. The compression
behaviour was monitored by DPA technique (MIRWALD, 2005b).

The piloting experiments performed indicate anomalous compression behaviour of the
glass and melt as well at 16-17 kbar, thus suggesting an almost temperature independent
P-T course of this phenomenon. IR spectroscopy of quenched samples shows significant
changes in the band range 600 to 1200 cm™. Although the effects observed in the albite
glass from runs below 700°C might be attributed to a meta-stable phenomenon, the
observations obtained in the stability field of the hydrous liquid rather speak in favour of a
stable effect. This interpretation seems supported by the melting curve of dry and of
“slightly wet” albite (BOYD & ENGLAND, 1963) and BOTTCHER et al., 1982). A
pronounced increase in curvature of the melting boundary in the pressure range between
15 and 20 kbar might be an indication for a triple point topology between albite and two
structurally different melts.
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Ziel der durchgefiihrten Studie war es, Osterreichweit eine vergleichbare Basis fiir die als
hochwertige Industrierohstoffe in Frage kommenden Gesteinseinheiten an metamorphen und
nichtmetamorphen Dolomiten und Kalksteinen iiberblicksmaBig und durch niher untersuchte
Vorkommen zu schaffen. Im Vergleich mit bereits fiir die Fiillstoffproduktion verwendeten
Marmorvorkommen, wie dem WeiBensteiner Marmor in Gummern und dem Sallamarmor,
wurden nach den Parametern der Lage, der Quantitit, chemischer Reinheit und Weile eine
Auswahl an geologischen Einheiten nach fachlichen Informationen sowie passenden Stand-
orten, beispielsweise von ehemaligen Abbauen, getroffen. Es wurden Handstiicke von mog-
lichst reinen und weiBen sowie der als durchschnittlich gewerteten Qualitidt genommen, die
anhand von Diinnschliffen untersucht und weiBmetrisch und geochemisch analysiert wurden
(MOSHAMMER, 2000 cum lit.). Resultierend erfolgte eine petrographische Typisierung der
untersuchten Gesteinsformationen und eine Einteilung nach dem industriellen Nutzungspo-
tential anhand der analysierten Parameter — WeiBegrade, Anteil nichtkarbonatischer Bestand-
teile, Kalk-/Dolomitverteilung — sowie im Hinblick auf Lage und Ausdehnung.

Obwohl dem Projekt wissenschaftliche Zielsetzungen nicht zugrunde lagen, wurde beispiels-
weise fiir ein Profil der intensiv untersuchten Solker und Gumpeneckmarmore das sedimenté-
re Ablagerungsmilieu diskutiert (LELKES-FELVARI et al., 1999).

An mehr als 30 Proben wurde bisher auch die Sr-Isotopie gemessen. Marmore aus dem Gold-
eck-, Gaugen-, Millstatt- und Wolz-Komplex zeigen ¥Sr/**Sr-Werte von >0,7085. Mehr als
10 Werte aus den Brettstein (Salla) Marmoren des Rappold (Preims) Komplexes liegen hin-
gegen zwischen 0,70799 und 0,70829. Die so charakterisierten Marmore liefern ein zusétzli-
ches Argument fiir die Erfassung der rdumlichen Verteilung des Rappold Komplexes. Im
Vergleich mit der phanerozoischen *Sr/**Sr-Entwicklungskurve des Meerwassers ist fiir die
Brettstein Marmore ein Sedimentationsalter zwischen 390-394 Ma (mittleres Devon) oder
347-369 Ma (oberstes Devon bis unteres Karbon) sehr wahrscheinlich.
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The Inner Carpathians comprise several distinct Neogene late-stage orogenic
Pb-Zn—-Cu—Ag-Au ore districts. The mineral deposits in these districts are closely related to
volcanic and subvolcanic rocks, and represent mainly porphyry and epithermal vein deposits,
which formed within short periods of time in each district. Here, we discuss possible
geodynamic and structural controls that suggest why some of the Neogene volcanic districts
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within the Carpathians comprise abundant
mineralization, while others are barren.
The Neogene period has been
characterized by an overall geodynamic
regime of subduction, where primary roll-
back of the subducted slab and secondary
phenomena, like slab break-off and the
development of slab windows, could have
contributed to the evolution, location and
type of volcanic activity. Structural
features developing in the overlying
lithosphere and visible in the Carpathian
crust, such as trans-tensional wrench
corridors, block rotation and relay
structures due to extrusion tectonics, have
probably acted in focusing hydrothermal
activity. As a result of particular events in
the geodynamic evolution and the
development of specific structural features,
mineralization formed during fluid
channelling within trans-tensional wrench
settings and during periods of extension
related to block rotation (Fig. 1).

Fig. 1. Generaliced models of the geodynamic
control of late-stage orogenic systems. a — Slab
window and extension (Apuseni type). b — Magma
and fluid channelling by intersection of a transform
fault and volcanic chain (Baia Mare type). ¢ —
Wrench corridor type of magma and fluid
channelling (West Carpathians type).
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Based on K-Ar and Rb-Sr dating of fine-grained white mica, central sectors of the Graywacke
Zone exposing mainly Lower Palaeozoic rocks are considered to have been overprinted by
pervasive Early Alpine, Cretaceous-aged metamorphism reaching greenschist facies
metamorphic conditions. The metamorphic overprint is intimately associated with NW-
directed ductile shear due nappe stacking. On the other hand, structural studies and scarce
geochronological data demonstrate the pre-Late Permian age of Variscan orogenesis,
particularly of ductile deformation within greenschist metamorphic conditions. The exact age
and extent of pre-Alpine and Early Alpine metamorphic overprint remained uncertain.
Furthermore, some models claimed even Late Alpine metamorphic overprint close to the
Tauern Window.

To resolve these questions, we performed “’Ar/*’Ar dating of white mica from pervasively
foliated phyllites with relatively simple, single-stage fabrics exposed along a N-S section of
central sectors of the Graywacke Zone south of Salzburg city. The results are as follows. (1)
Phyllites close to the Tauern Window, distant to overlying Permian-Triassic successions of
the Tauern window, yield an age of ca. 240 Ma, i.e. earliest Triassic. (2) Phyllites close to
upper, northern margins of the Graywacke Zone give ages between ca. 98 and 116.0 + 0.6
Ma.

In a preliminary model and consistent with structural results, particularly Permian to Early
Triassic graben formation at the structural base of the overlying Northern Calcareous Alps,
we interpret the 240 Ma age to record ductile shear during Late Permian to Early Triassic
extension of the of Graywacke Zone basement, which overprints an earlier stage of Variscan
(ca. 300 Ma) metamorphism. This succession of the combined Graywacke Zone and
structural base of the Northern Calcareous Alps underwent Early Cretaceous, ca. WNW-/NW-
directed ductile shear during nappe stacking. These new Early Cretaceous “Ar/*Ar ages are
slightly older than elsewhere in the Graywacke Zone and also significantly younger than
A Ar feldspar ages (ca. 143 Ma) reported from Juvavic units of the Northern Calcareous
Alps. Together with other existing data, the new “Ar/*°Ar ages demonstrate the polyphase
nature of metamorphic overprint on the Graywacke Zone basement and the need to combine
geochronological dating with detailed structural work.
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The Pare and Usambara Mountains are located in North-eastern Tanzania and are part of the
north south trending Mozambique Belt. The Mozambique Belt on his part belongs to the East
African Orogen, which ranges from the Sinai Peninsula to Antarctica. It was formed during
the collision between East Gondwana and West Gondwana and consists of the Arabic Nubic
Shield in the north and the Mozambique Belt in the south.

The Pare and Usambara Mountains can be subdivided into 3 mountain ranges: (1) the
Northern Pare Mountains which are characterized by east dipping foliation planes and north -
south directed faults, (2) the Southern Pare Mountains which are also characterized by east
dipping foliation planes and northwest southeast directed faults and (3) the Usambara
Mountains which show east dipping foliation planes and north south and northwest -
southeast directed faults.

The most common rock types in these areas are Grt-Cpx-Opx granulites (enderbites), Grt-Px
gneisses, migmatites, amphibolites, as well as rare occurrences of metapelites, meta-
ultrabasites, quarzites, calcsilicates, pegmatites and anorthosites. Petrographic observations
indicate a two-phase garnet growth in Grt-Px granulites as well as in metapelites. In a
metapelitic sample the two stage garnet growth is seen by an inclusion-poor core, surrounded
by a concentric sillimanite-rich zone and again an inclusion-poor rim. In Grt-Px-bearing
granulites the two stage gamet growth is indicated by inclusion-poor cores and inclusion-rich
rims. Although the petrographical observations clearly show the two-phase nature of garnet,
gamet core and rim compositions are similar as a result of the fast diffusion rates of elements
at granulite facies conditions.

P/T calculations on migmatites and enderbites of the Usambara Mountains indicate peak
temperatures around 800°C and pressures of ca. 10 — 12 kbar. From other studies in the Pare
and Usambara mountains (APPEL et al., 1998) and Taita Hills (HAUZENBERGER et al.,
2005) a slow isobaric cooling period could be determined. The prograde path is still debated
but most likely not the result from a magmatic assisted geodynamic setting.
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Eine Vielzahl historischer Gebdude des alpinen Raumes, wie insbesondere Kirchen, Burgen
und Kloster, wurden aus Naturstein errichtet. In den meisten Fillen wurden regional
vorkommende Gesteine abgebaut und als Baumaterial verwendet. Bevorzugt wurden hierbei
leicht zu bearbeitende und optisch ansprechende Gesteine fiir Architekturelemente,
beispielsweise fiir Sdulen, Pilaster, Gesimse und Ecksteine.

Im Rahmen dieser Untersuchung werden die petrophysikalischen Eigenschaften von drei
hochpordésen, karbonatischen Gesteinen miteinander verglichen:

i) der holozine Kalktuff von Thiersee (Tirol)

ii) die triassische Rauhwacke von Grins bei Landeck (Tirol) und

iii) die triassische Rauhwacke von Miistair im Miinstertal (Schweiz)

All diese Gesteine waren regional sehr geschétzte Bausteine und weisen, obwohl sie teilweise
bereits hunderte von Jahren diversen Witterungseinfliissen ausgesetzt sind, nur geringe
Schadensbilder auf. Diese Beobachtung war ausschlaggebend fiir die petrophysikalische
Untersuchung der vorliegenden Naturbausteine.

Frost-Tau-Zyklen und Feuchte-Trocken-Wechsel stellen im alpinen Raum die stirksten
zerstorerischen Faktoren fir Bauwerke aus Naturstein dar. In einem ersten Schritt wurden
verschiedene petrophysikalische Eigenschaften dieser Naturbausteine ermittelt, wie die
mineralogische und texturelle Zusammensetzung, das Verhalten bei Wasseraufnahme und bei
Wasserabgabe sowie das Verhalten bei Frost-Tau-Wechseln. Untersuchungen beziiglich des
Verhaltens der Gesteine bei atmosphérischer Exposition und Messungen der Porositét mittels
BET und Hg-Porosimetrie sind in Bearbeitung. Der Kalktuff von Thiersee weist demnach
eine Gesamtporositdt von 48,8%, einen durchschnittlichen kapillar aktiven Porenradius von
10,32 pm und ein kapillares Wasseraufnahmevermégen (A-Koeffizient) von 26,0 kg/m**h'?
auf. Die Rauhwacke von Grins weist eine Gesamtporositit von 21,1% auf. Der
durchschnittliche kapillar aktive Porenradius liegt bei 3,86 um, der A-Koeffizient betrigt 6,0
kg/m**h'? Die Rauhwacke von Miistair kommt nach ersten Untersuchungen auf 15,5%
Gesamtporositit, einen durchschnittlichen kapillar aktiven Porenradius von 6,34 pm und
einen A-Koeffizient von 0,6 kg/m**h'”?

Ein erster Datenvergleich zeigt, dass der Tuff generell eine hohere kapillare Wasseraufnahme
und einen hoheren durchschnittlichen Porenradius aufweist als die untersuchten Rauhwacken.
In welcher Art und Weise die verschiedenen petrophysikalischen Daten mit der guten
Verwitterungsresistenz der Materialien in Verbindung zu setzen sind, muss durch weitere
Untersuchungen geklart werden.
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Schiden an historischen Bauwerken konnen die unterschiedlichsten Ursachen haben. Durch
Umweltbelastung, Verwitterung, unsachgemiBe Eingriffe in die Bausubstanz und mangelnde
Baupflege konnen die Bauwerke erhebliche Schiaden erleiden. Eine weitere Gefahr fiir die
historische Bausubstanz stellen GroBbrdnde dar. Gesteinsphysikalische Verdnderungen,
hervorgerufen durch die starke Hitzeentwicklung, tragen oft zu einer Stabilitdtsverringerung
des Baumateriales bei.

Um die Bauwerke nach einer Brandeinwirkung restaurieren und sichern zu kdnnen, ist es
notwendig das Verhalten der Naturwerksteine gegeniiber einer Schiddigung durch
Brandeinwirkung zu kennen. Ziel der Untersuchung ist es, relevante petrophysikalische und
materialtechnische Parameter von regional hdufig verwendeten Naturbausteinen niher zu
untersuchen und deren physikalischen und mineralogischen Verdnderungen bei Einwirkung
eines Brandes festzuhalten. Als Brandtemperatur werden im Labor 200°C, 400°C, 700°C und
1000°C bei einer Branddauer von 6 Stunden angenommen. Die Gesteinsproben werden vor
dem Brennen und jeweils nach den Hitzebelastungen mittels Polarisationsmikroskopie, BET,
Hg-Porosimetrie, Mikrosonde und XRD niher untersucht. Mit Hilfe von Druckversuchen,
Ultraschallmessungen und Bohrhédrtemessungen werden weitere relevante materialtechnische
Parameter ermittelt. Die gewonnenen Daten aus den Brandexperimenten werden mit schon
vorhandenen Daten aus der Literatur und historischen Brandschaden am Bauwerk verglichen.

Diese Untersuchungen sollen zukiinftige restauratorische MaBnahmen unterstiitzten und eine
Schadensbeurteilung an den von Bridnden in Mitleidenschaft gezogenen historischen
Gebduden erleichtern, denn die Kenntnis der physikalisch-mechanischen Eigenschaften von
Natursteinen bildet die Grundlage fiir Restaurierungs- und Konservierungsmanahmen.
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The Metallogenic Map of Albania scale 1:200 000, was re-edited in 1999 by the Albanian
Geological Survey and Huber Kartographie Miinchen based on the previous edition published
in 1989. The compilation of this map was based on the Geological Map of Albania and the
Tectonic Map of Albania, editions of 1983 and 1985, respectively. The different raw materials
(metallic, non-metallic, coals, water etc.) were classified according to genetic types, size, and
main morphological features of ore bodies. The metallogeny of Albania is characterized by a
diversity of mineralizations conditioned by characteristics of geological structure, stratigraphy
and palaeogeographic development, magmatism and mineralization processes. The main
tectogenesis are those of Late Hercynian, Jurassic, Cretaceous, Eocene, Oligocene,
Burdigalian-Tortonian, Miocene and up to Late Pliocene. The earliest igneous activity
recorded is of Paleozoic age and represented by basaltic and andesitic volcanism and by
monzonite-syenite and granodioritic intrusives with weak polymetallic mineralization.
Basaltic and intermediate to acid volcanics and associated mercury and polymetallic
mineralizations are related to early continental rifting during the Lower-Middle Triassic. The
Lower Jurassic pre-ophiolitic igneous activity (basaltic) is characterized by volcano-
sedimentary Fe-Cu-sulphur mineralization.

Jurassic ophiolitic magmatism is the most promenent. The metallogeny of the ophiolite
complexes is conditioned by their basic-ultrabasic character and the presence of two ophiolite
types; Ti-rich MORB (westemn belt) and Ti-poor supra-subduction zone (SSZ; eastern belt)
magmatism. The ophiolites contain chromite mineralizations (mainly metallurgic type) and
hydrothermal metasomatic and volcano-sedimentary Fe-Cu (partly also Zn, Pb, Au) sulphur
mineralizations. PGE mineralizations (related to chromites and Ni-sulphides), Fe-Ti, Ni-
sulphides, arsenates, asbestos, talc, hydrothermal magnesite, laterite Ni-silicate and iron
nickel mineralizations are also present. Other relevant industrial minerals in Albania include:
olivinites, barite, fluorite, realgar-orpiment, zeolites, bauxites, phosphorites, evaporites
(gypsum, anhydrite, salt) of Paleozoic and Miocene age, coal (Oligocene and Tortonian),
natural bitumen, decorative stones (marble, limestone, gabbro, troctolite), chromite, ilmenite
and gamet placers. The country has also many thermal mineral water springs and resources of
drinking water.
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Die Sb-As-TI-Au-Lagerstétte Allchar befindet sich in Siid-West Teil von Mazedonien an der
Grenze zu Griechenland. Wir haben eine ausfiihrliche Untersuchung mit verschiedenen
komparativen und komplementidren Methoden, wie z.B. OM, XRD, SEM, SEM-EDX,
EPMA, ICP-MS, AMS, etc. an Quarz und Cristobalit aus Allchar durchgefiihrt, um deren
Eignung als Monitore fiir kosmogenes *Al und somit als Indikatoren fiir Erosionsraten zu
testen. Es wurden An- und Diinnschliffe untersucht sowie Pulver von reinstem Quarz und
Cristobalit, die nach Handseparation chemisch behandelt wurden, um geringste
Verunreinigungen durch Fremdphasen zu entfernen. Bei dem Gestein handelt es sich um
einen andesitischen Vukanit mit porphyrischer Struktur und FlieBgefiige, der von
hydrothermalen Quarzgéngen durchsetzt ist.

Vom Quarz wurden zwei genetisch verschiedenen Typen gefunden: (i) Qv — vulkanischer
Quarz und (ii) Qq — hydrothermaler Quarz. Der hydrothermale Quarz korreliert mit der
Allchar Sb-As-TI-S Mineralisation (Sb: 85-785 ppm, As: 7.6-78 ppm) im Gegensatz zu
Cristobalit (Sb: 2.3 ppm, As: 1.6. ppm und TI: 1.1 ppm). Der hydrothermale Quarz ist
angereichert an Li, Al und Ti (Li: 129-138 pmm, Al: 2424-2520 ppm, Ti: 153-219 ppm),
wihrend die gleichen Elemente im Cristobalit andere Konzentrationen zeigen (Li: 2.3 ppm,
Al: 3295 ppm und Ti: 760 ppm). Cristobalit hat deutlich hohere SEE-Konzentrationen (z.B.
La: 17 ppm, Ce: 45 ppm, Pr: 4.3 ppm etc.) als Quarz (z.B. La: 0.6 ppm, Ce: 1.3 ppm, Pr: 0.12
ppm etc.).

Aufgrund von petrologischen Beobachtungen und Felduntersuchungen ist der hydrothermale
Quarz sehr wahrscheinlich bei niedrigen Temperaturen (etwa 300 °C) entstanden, der
vulkanische Quarz bei héheren Temperaturen (etwa 800 °C ) und Cristobalit zwischen 800
und 1000 °C, wobei eine schnelle Abkiihlung der Vulkanite stattgefunden hat. AMS-
Messungen des 2°Al im Quarz von Allchar waren erfolgreich fiir die Bestimmung der
Erosionsrate in einem Zeitraum von 5 My [1]. Cristobalit konnte ebenfalls ein potentieller
Monitor fiir die Bestimmung des °Al und damit von Erosionsraten sein.

[1] PAVICEVIC, M. K. et al. (2003): AMS measurements of Al in quartz to asses the cosmic ray background
for geochemical solar neutrino Experiment LOREX. Int. Conf. AMS-9, Nagoya 2002, Japan.. Suppl. Nucl. Instr.
and Meth. B (in press).
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Da bis heute noch keine Zusammenstellung der von den Schiilern Doelters verfassten
Dissertationen einschlieBlich der personlichen Daten dieser Dissertantinnen und Dissertanten
vorhanden ist, erscheint ein kleiner diesbeziiglicher Beitrag als Ergdnzung zur Biographie
Comelio Doelters notwendig. Das Lebenswerk Doelters kann sowohl als Ausléser als auch als
bahnbrechender Impuls fiir die Entwicklung der Mineralogie von einer phanomenologischen
zu einer experimentellen Wissenschaft bezeichnet werden [1]. In einer von Fischer [2]
verfassten Biographie wurde sehr umfassend das Leben und das wissenschaftliche Werk
Doelters behandelt und ein komplettes Verzeichnis seiner Verdffentlichungen angeschlossen,
Hinweise auf seine Schiiler wurden in diesem Atrtikel jedoch nicht gegeben.

Comelio Doelter (* 6.9.1850, Arroyo, Puerto Rico; t 8.8.1930, Kolbnitz, Kirnten) studierte
an den Universitdten Freiburg im Breisgau und Heidelberg und habilitierte sich an der
Universitiat Wien als Dozent fiir Geologie (21.7.1875). Mit allerh6chster EntschlieBung Seiner
k.u.k. Apostolischen Majestdt vom 27.4.1876 wurde er zum a.o. Professor fiir Mineralogie
und Petrographie an die Universitidt Graz berufen und mit 22.4.1883 zum Ordinarius fiir diese
Fécher ernannt. Im Jahre 1907 folgte er einem Ruf an die Universitit Wien, an der er als
Ordinarius die Leitung des Mineralogischen Museums, heute Institut fiir Mineralogie und
Kristallographie, iibernahm (Dekret des Ministeriums fiir Kultus und Unterricht vom 24.7
1907). 1921 trat er in den Ruhestand.

Die unter der Patronanz Doelters an den Universititen Graz und Wien erarbeiteten
Dissertationen wurden chronologisch erfasst, dariiber hinaus fiir Graz auch noch jene, fiir die
Doelter als ”Zweitbegutachter” vom Professorenkollegium der philosophischen Fakultit
nominiert wurde.

Zu bemerken ist, dass entsprechend der Rigorosen-Ordnung fiir die Universitdten der im
Reichsrate vertretenen Konigreiche und Lander vom 15. April 1872 fiir die philosophischen
Fakultdten die Vorschrift galt, zur Erlangung des Titels eines Dr. phil. von den Kandidaten die
Vorlage einer wissenschaftlichen Abhandlung und die Ablegung zweier strenger Priifungen
(Rigorosen) zu verlangen. Mit der Beurteilung der Abhandlung und Abnahme der Priifungen
wurden jeweils ordentliche Professoren vom Professorenkollegium betraut.
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The Innsbruck Quartzphyllite Complex (IQP) is part of the Austroalpine basement nappes
north of the Tauern Window. The quartzphyllites from the westernmost IQP contain the
mineral assemblage muscovite + plagioclase + quartz = chlorite + biotite + garnet *
clinozoisite. In the central part of the western IQP garnet-mica-schists with the mineral
assemblage muscovite + chlorite + garnet + plagioclase occur. In contrast, the quartzphyllites
of the eastern IQP, located in the Zillertal area, contain the mineral assemblage muscovite +
albite + quartz + chlorite =+ biotite.

Application of the garnet — biotite thermometer and the gamet — plagioclase — muscovite —
quartz barometer, yields temperatures between 470°C and 525°C at pressures ranging from
6.6 to 8.9 kbar for samples from the western IQP underneath the Patscherkofel Crystalline
Complex (PCC). Thermobarometric calculations with multi-equilibrium thermobarometry
yield pressures of 8.2 — 10.5 kbar and temperatures of 458 — 523°C for the same samples.
Based on phengite-chlorite-quartz thermobarometry P-T calculations resulted in 500 + 50°C
and 4.5 + 2 kbar for the garnet mica schist of the central part of the western IQP. P-T
estimates obtained with multi-equilibrium thermobarometry of a biotite-bearing quartzphyllite
sample from the eastern IQP range from 3.8 — 5.9 kbar and 296 — 325°C. Lack of biotite in
most of the samples of the eastern IQP prohibits calculations of invariant intersections.
Consequently, only limiting pressure estimates of 3.5 to 6 kbar in a temperature range of 300
—400°C, based on the reaction paragonite + celadonite = muscovite + albite + clinochlore +
quartz + H,O, can be obtained. Greenschist intercalations of the eastern IQP contain the
mineral assemblage amphibole + biotite + clinozoisite + plagioclase + quartz. P-T conditions
of 360 + 45°C and 5.4 + 2.0 kbar, based on the application of multi-equilibrium
thermobarometry, were obtained.

Geochronological data indicate a polymetamorphic evolution of the IQP, namely a Permian
and an Eo-Alpine metamorphic overprint; this is also in agreement with discontinuous
chemical zoning in minerals such as plagioclase from the western IQP. In the eastern IQP,
geochronological data also point to a pervasive Permian metamorphic event and local Eo-
Alpine re-juvination. Based on microstructural evidence and the low temperature nature of the
Eo-Alpine metamorphic overprint, it is thought that the P-T data from the eastern IQP
therefore represent the Eo-Alpine metamorphic overprint. In contrast, geochronological data
and thermobarometric data indicate that the Permian event is mainly manifested in the garnet-
mica-schists in the central parts of the western IQP.
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Melonjosephite was described first in [1] and its structure determined later on in [2].
However, no anisotropic refinement has so far been given and the valence state of iron is
undefined, even if it was stated that ferric and ferrous iron are distributed among the two
octahedral M sites. For a complete characterisation of the compound studied, we have used (i)
sample material from the type locality Angarf-Sud [1] and (ii) synthetic crystals grown in a
hydrothermal experiment (600°C, 0.4 GPa, NNO solid state buffer). Temperature dependent
X-ray diffraction (80 K 300 K) and “"Fe Méssbauer spectroscopic (80 K 500 K)
investigations were performed in order to shed more light on this complex iron phosphate.
Melonjosephite shows Pbam symmetry, lattice parameters a = 9.537(1) A,b=10.839(1) A, ¢
=6.374(1) A, Z = 4. A prominent feature of the structure is a linear chain of edge-sharing M1
octahedra aligned parallel the c-axis. Within this chain the average Fe(1)-O bond length is
2.076(2) A. The octahedra are highly distorted in terms of the quadratic octahedral angle
variance (OAV = 68.4°). An interesting feature are alternating short (2.968(1) A) and long
(3.406(1) A) Fe-Fe interatomic distances within the infinite chain. Symmetry equivalent
M(1)-site chains are cross-linked along the a-axis by edge-sharing dimers of Fe(2)O¢(OH),
composition. The two Fe(2) octahedra, forming the dimer, exhibit an average Fe(2)-O bond
length of 2.056(2) A, the polyhedral distortion of this M(2) site is by far smaller than the one
of the M(1) site. The interatomic Fe-Fe distance within the dimer is 3.220(1) A. At both sites
the average Fe-O bond lengths suggest a mixed occupation with Fe** and Fe**

This assumption is proofed by the *’Fe Méssbauer spectrum collected at 80 K. Four different
subspectra, two for Fe** and two for Fe*, have to be used to adequately model the
experimental spectrum at low temperature (80 K). Relative area rations show that (i) about
half of the iron is in the trivalent state and that (ii) Fe** and Fe** are equally distributed among
both sites. At temperatures T > 250 K additional resonance absorption appears, which without
doubt has to be ascribed to thermally induced fast electron hopping between Fe** and Fe®*
The spectral signatures of this Fe>** becomes very evident at temperatures above 400 K were
single peaks develop instead of broad absorption shoulders.
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The thermal regime of extensional orogens has been studied mainly by numerical models of
shearing along extensional fault zones which were calibrated by thermochronological data. In
this contribution we model an extensional detachment within the Eastern Alps by using
reliable temperature estimates in a section cutting through a low- to high-grade metamorphic
basement, a very low- to low-grade metamorphic cover and a synchronously subsiding
collapse basin on top of the section. Following Early Cretaceous nappe stacking, the Eastern
Alps were affected by late-orogenic extension during the Late Cretaceous. In the eastern
segment of this range a Late Cretaceous detachment exposes a very low- to low-grade
metamorphic cover (Graz Paleozoic Nappe Complex, GPNC) above a low- to high grade
metamorphic basement. Synchronously, a collapse basin (Kainach Gosau Basin, KGB)
subsided on top of the section.

Metamorphism of organic matter within this section has been investigated using vitrinite re-
flectance data and Raman spectra of extracted carbonaceous material. In the southern part of
the GPNC vitrinite reflectance indicates a decrease in organic maturity towards the strati-
graphic hangingwall. The remaining part of the GPNC is characterized by an aureole of ele-
vated vitrinite reflectance values and Raman R2 ratios which parallels the margins of the
GPNC. Vitrinite reflectance in the KGB shows a steep coalification gradient and increases
significantly towards the western basin margin. The observed stratigraphic trend in the south-
e GPNC is a result of deep Paleozoic to Early Cretaceous burial. This maturity pattern was
overprinted along the margins by advective heat and convective fluids during Late Cretaceous
to Paleogene exhumation of basement rocks. During shearing the fault zone was heated up to
ca. 500°C. This overprint is explained by a two-dimensional thermal model with a ramp-flat
fault geometry and a slip rate of 1 to 1.5 cm/a. The collapse basin above the detachment
subsided in a thermal regime which was characterized by relaxing isotherms.

The reconstructed thermal history resembles the P-T-path of the eastern Greywacke Zone
(RANTITSCH et al., Int. J. Earth Sci. 93, 959-973, 2004), which represents a detachment of
the same age. Therefore, this study underlines the importance of advective heat transfer and
convective fluid circulation during late-stage orogenic processes.

105



MITT.OSTERR.MINER.GES. 151 (2005)

PETROPHYSICS - POSSIBILITIES AND LIMITS IN MINERALOGICAL
INTERPRETATION

Schleifer, N.

Chair of Geophysics, Dept. Applied Geosciences and Geophysics, Montanuniversitit Leoben,
Peter-Tunner-Str. 25, 8700 Leoben, Austria
e-mail: schleifer@unileoben.ac.at

Petrophysical investigations play an important role for the interpretation of geophysical
measurements leading to a more accurate subsurface model and formation evaluation. As almost
every geophysical method has its origin in mining numerous petrophysical models exist linking
the physical behaviour of host rocks with their iron content and dominant ore
mineralogy.Although the main part of petrophysical investigations is still carried out for
exploration purposes, physical properties of rocks and sediments are nowadays used in vast
fields of application, e.g., environmental studies, engineering and groundwater exploration.

The objective of this paper is to give an overview of recent developments in petrophysics
concerning the mineralogical analysis of consolidated rocks and sediments. In the context of the
improvement of measurement accuracy and technologies a new quality of interpretation has been
reached enabling petrophysics to distinguish between clay types and to deliver information about
the content of some of the most abundant minerals.

The most relevant parameters for mineralogical analysis are magnetic susceptibility, ultrasonic
velocity, thermal conductivity, gamma-ray spectrometry and complex electrical conductivity. As
an example quartz has a major influence on the physical properties of rocks. It is a paramagnetic
mineral, characterised by a high thermal conductivity and zero response of the imaginary part of
complex electrical conductivity.

Recent research in environmental magnetism at the Chair of Geophysics at the University of
Leoben (HANESCH & SCHOLGER, 2002) revealed that the magnetic susceptibility of soils
andleaves is an indicator for heavy metal contamination and that a linear correlation between this
parameter and the content of, e. g. lead, mercury, exists. As a consequence susceptibility
mapping is a fast and inexpensive method for the evaluation of spatial distribution of heavy
metals.

These examples should give an impression of new possibilities and fields of application for
petrophysical investigations. As the main field of research in the petrophysics laboratory at the
University of Leoben the development of improved models concerning mineralogical
interpretation is one major goal. This of course can only be done in close collaboration with
other earth scientists, especially mineralogists.
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The Kimi Complex represents the highest tectonostratigraphic unit of the Rhodope
Metamorphic Province and consists of orthogneisses, amphibolites, marbles, metapelites,
serpentinites and late subvolcanic intrusives. For this unit, an early Alpine ultra high pressure
(UHP) history is documented by pum - sized diamond inclusions in garnets from metapelites,
but it has been mostly obliterated by the subsequent metamorphic evolution.

Two key areas near the city of Xanthi and Kimi village were investigated in detail and show
striking similarities concerning their structural and metamorphic features. The UHP-units
were exhumed during dominant SW - directed shearing and folded into a NE - SW striking
fold and thrust belt during amphibolite facies metamorphism. Two types of stretching
lineations are distinguished in the Kimi Complex: a steep oblique plunging stretching
lineation always associated with boudin structures and a second subhorizontal NE - SW
lineation, which is responsible for the penetrative tectonic overprinting of both areas. Late
discordant aplitic to pegmatoid dyke swarms and the formation of brittle faults parallel and
perpendicular to the strike direction of the lithologies deformed the Kimi Complex into
phacoid bodies, which contain remnants of the ductile, deformed and folded lithologies.
These remnants are surrounded by cataclasites and represent, in combination with
pegmatoids, the typical appearance of the Kimi Complex.

An axial plane cleavage developed in the metapelites (grt-ky micaschists) within in the
kyanite stability field. Granulite- and amphibolite-facies overprint is predominant; P-T
conditions for grt-ky micaschists range from 13 - 18 kbar and 750 - 900 °C.

Metabasites occur mainly as boudins in metagranitoid gneisses and are surrounded by ductile
shear zones. The asymmetry of these boudins and shear indicators within the surrounding host
rocks suggest a constrictional strain and an additive lateral sinistral component during the
formation of the ductile fold belt. The boudins are penetratively overprinted during folding at
amphibolite facies conditions and contain remnants of eclogitic and/or granulitic mineral
assemblages. Granulitic rocks show medium- to coarse-grained symplectite textures after
omphacite, indicating an early eclogite stage. The dominant mineral assemblage consists of
cpx (Jd;s), hbl, plag, grt, +bt, +ky, +qtz, demonstrating a granulite- to amphibolite facies
overprint. Pyroxene often contains amphibole lamellae oriented along the cleavage planes,
sometimes accompanied by quartz. Garnets are small (50 - 500 ym), clear and show slight
chemical zoning. Relict lenses with zoned pyroxenes (Jd,,) with decreasing X, towards the
rims and omphacite (Jd,s) inclusions in kyanite, interpreted as breakdown products of
paragonite, indicate temperatures of ca. 800 °C and pressures of more than 20 kbar.
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BRIGO et al. (1972) suggested a Triassic (Carnian) age for the carbonate-hosted Pb-Zn deposit
at Bleiberg and associated deposits; an age corresponding to that of the host rocks. Sulfur
isotope data (SCHROLL & RANTITSCH, 2005) and the discovery of fossil sulfate-reducing
bacteria (KUCHA et al. 2005) support this model. Temperatures of the metal-bearing brines
were around 100°C as estimated from Ga/Ge thermometry (MOLLER, 1987).

During burial the ores were heated up to ca. 130°C (RANTITSCH, 2003). Re-mobilization
processes during this late diagenetic stage largely depend on the availability of fluids. The
dehydration of gypsum containing ~ 20 % H,O is regarded as an important fluid source. Blue
anhydrite of diagenetic origin is a common mineral in evaporitic limestones. At Bleiberg,
irregular metasomatic bodies of blue anhydrite are hosted by the lagoonal Wetterstein
limestone. Locally, these anhydrite bodies crosscut pre-existing ores.

An ore bearing blue anhydrite sample from the Antoni shaft provides new insight in this late-
stage mineralization. The anhydrite is rimed by coarse grained brownish sphalerite; thus,
anhydrite coexisted with sphalerite. The ™S data (anhydrite +18.8 %o, sphalerite —15.2 %o)
suggest an isotopic equilibrium of the two phases. Gypsum was transformed to anhydrite at
temperatures around 60°C (BILO, 1986). According to thermal modelling (RANTITSCH, 2003)
this process lasted until the Jurassic. The & *S difference of the sulfur isotopes indicates a
precipitation of anhydrite and sphalerite during deep burial of the carbonate platform in the
Paleogene.

Bitumen, associated with white, barren dolomite of the Raibl Formation and condensate
bearing fluid inclusions in ore minerals (RANTITSCH et al., 1999) are also related to the late-
stage mineralization at Bleiberg. The bitumen has a & "*C value of —29.9 %o (PDB). § '*O
values of dolomitic host rock (- 6.7%0 PDB) and diagenetic saddle dolomite (-7.1 %o PDB)
show nearly identical values; saddle dolomite, as well as strontianite and prismatic calcite are
typical late-stage minerals at Bleiberg.
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A number of new M *M **As,0,-compounds were synthesized hydrothermally from M"*,CO,,
M **,0,, H;As0, and H,O at 220°C (7 d, pH 0.5-2) during an ongoing study of the system M
.M *_As-O (M" = Li, Na, K, Rb, Cs, Ag, Tl, NH,; M ** = Al, Ga, In, Sc, Cr, Fe). The crystal
structures of these diarsenates were solved by single-crystal X-ray diffraction; four of the
compounds are representatives of two previously unknown structure types.

Isotypic TlInAs,O,, RbInAs,0,, (NH,)InAs,O, all crystallize in P1 (a = 7.827 / 7.845 / 7.858,
b=18.625/8.678 /8.649, c = 10.494 / 10.492 / 10.515 A, o = 88.83 / 88.85/ 88.96, = 89.98
/89.93/89.94,y=74.38/74.31/74.34,V=682.1/687.5/688.0 A’, Z = 4) and have mixed
T-O-framework structures. )

AgScAs,0; also crystallizes in P1, but shows a completely different structure (a = 5.485, b =
6.951,c=8.734 A, 0=69.13,  =88.15,y =88.14, V=310.91 A>, Z = 2).

Both of these diarsenates represent new structure types, which are also unknown among the
well-studied diphosphates or disilicates. Furthermore, there exists a third triclinic structure
type within this system, namely RbAlAs,0, (BOUGHZALA et al., 1993), but no new
representatives of this type have been found so far.

A larger number of compounds in this system form monoclinic structures. RbScAs,0,
(SCHWENDTNER & KOLITSCH, 2004), (NH,)ScAs,0, (KOLITSCH, 2004) and
TIScAs,0, (P2,/c,a = 7.809, b = 10.607, c = 8.722 A, B = 106.29, V = 693.4 A3, Z = 4) are
representatives of the common KAIP,O,-type (NG & CALVO, 1973).

AgGaAs, O, crystallizes, like the above three diarsenates, in P2,/c (a = 7.049, b = 8.368, c =
9.735 A’, B =108.47, V = 544.65 A3 Z =4) but adopts a different structure type, which was
first described by DRISS & JOUINI (1994) for NaAlAs,O,.

The new compound LiGaAs,0, (a = 6.638, b = 8.181, ¢ = 4.696 A, B =104.01, V=247.43
A’, Z = 2) is also monoclinic, but crystallizes in the non-centrosymmetric space group C2.
This substance is isotypic to LiFeAs,0, (WANG et al., 1994), and represents a structure type
solely known from arsenates thus far.

FT-IR-spectroscopic studies are under way and will be discussed. Further research addressing
possible zeolitic behaviour of these substances as well as their thermal stabilities is planned.
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Arsenates tend to form stable framework structures, similarly to phosphates and silicates.
While the latter have been studied extensively and are used in a variety of technical
applications, arsenates have been somewhat neglected so far although microporous arsenates,
with promising zeolite-like properties together with superior thermal stabilities of up to 650
°C, have been reported (e.g. HUANG et al., 1999). Therefore, an extensive study in search of
new compounds and structure types in the system M *M *(HAsO,), was initiated. M '*,CO,,
M *,0,, H,AsO, und H,0 were used as starting materials for hydrothermal syntheses at
220°C (7 d, pH 0.5-2). The crystal structures of the following new, mixed T-O-framework-
compounds were solved by single-crystal X-ray diffraction:

TIFe(HAsO,), (a = 7.346, b = 9.148, c = 9.662 A, o. = 64.89, p = 70.51, y = 69.94, V = 538.6
A, z= 3) and a-CsSc(HAsO,), (SCHWENDTNER & KOLITSCH, 2004a) crystallize in the
triclinic space group P 1. Both compounds are the first arsenates adopting the
(NH,)Fe(HPO,),-structure type which was originally described by YAKUBOVICH (1993). A
second Cs-Sc-arsenate, 3-CsSc(HAsO,), (SCHWENDTNER & KOLITSCH, 2004a), is the
first arsenate having the monoclinic (P2,/c) structure type of (H,O)Fe(HPO,), (VENCATO et
al., 1989). The monoclinic compound KSc(HAsO,), (SCHWENDTNER & KOLITSCH,
2004b) represents a novel microporous structure type with space-group symmetry C2/c. The
recently synthesized compound AgGa(HAsO,), (a = 7.826, b = 10.216, c = 8.694 A, B =
107.77, V = 661.9 A%, Z = 4) crystallizes in the same structure type.

A further framework structure characterized by a very long c-axis is adopted by the following
new hydrogenarsenates: RbFe(HAsO,),, RbGa(HAsO,),, RbIn(HAsO,),, CsIn(HAsO,), (R3¢,
a=8425/8.385/8.512/8.629, c = 54.749 / 53.880 / 56.434 / 56.986 A, V = 3365.5 / 3280.7
/3541.1/3674.7 A% Z = 18) are isotypic to RbFe(HPO,), (LIl & WU, 1994) and represent
the first arsenates crystallizing in this rhombohedral structure type.

All these arsenates form microporous mixed T-O-framework structures, which are
characterized by intersecting tunnels containing the M "-cations. Therefore, further studies
addressing the ion exchange properties of these novel compounds are planned. Investigations

of the thermal stabilities as well as IR-spectroscopic studies will be discussed.
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EINE STUDIE ZUR AUFLOSUNG VON METAKAOLINIT IN ALKALISCHER
LOSUNG MITTELS MESSUNG DER KONDUKTIVITAT
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In hochbasischen Losungen alkalischer Hydroxyde gehen SiO, und Al O, in Losung. Dabei
entstehet H,SiO, und [Al(OH),]", was zum Verbrauch der OH’ Ionen der Losung fiihrt. Diese
Tatsache wurde beim Studium des Auflésungsverhaltens von Metakaolinit in alkalischen
Losungen mittels Messung der Konduktivitidt eines Gemisches von Metakaolinit und einer
wissrigen Losung mit alkalischen Hydroxiden verwendet. Als Standards wurden reiner
Metakaolinit und reine Oxide von SiO, und Al,O, benutzt. Aus dem Kaolinit-haltigen
mineralischen Rohrstoff wurde eine Serie von Proben hergestellt, die bei Temperaturen
zwischen 550-950 °C kalziniert wurden. Diese Proben wurden dann in einer hochalkalischen
Loésung aus 5 mol.I' NaOH aufgelost. Konduktivitdtsmessungen erméglichten es die Menge
von Metekaolinit zu bestimmen, der bei der Kalzinierung enstanden war und bestitigen den
Reaktionsablauf der Auflsung von SiO, und Al,O, in der NaOH Losung.
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With the beginning of the industrial revolution, many new binding materials were introduced
in civil construction. From the middle of the 19" century until about 1890, Roman Cement
dominated the market of hydraulic binders. Besides the well known English production of
Harwich and Sheppey cements, which were widely exported, and several French production
centres, the Austrian-Hungarian Empire was one of the biggest producers. Typical properties
of Roman Cement are rapid setting with nearly no shrinkage. This made the material excellent
for hydraulic engineering and production of cast elements. A big portion of historic buildings
of the “Griinderzeit”-era have decorated facades made of Roman Cement. Main factories
were situated in Tyrol, Salzburg and Lower Austria. The cement was produced by calcination
of marlstones at about 900 °C. Since, in contrary to Portland cement, the use of pre-mixed
raw materials was not possible, the chemical and petrographic composition of the natural
stone had to be within a small range. Most used raw materials in Austria were marls from the
Upper Cretaceous and the Neogene.

The presentation gives an overview of the predominantly used Austrian deposits and their
mineralogical composition. Investigations were done in the marls of the “Haering Beds” in
Tyrol, marls of the Gosau Group (Nierental Formation, Piesting Formation) in Lower Austria
and Jurassic marls (Schrambach Formation) in Salzburg and Lower Austria. Additionally,
data on microstructure and mineralogical composition of cements and the mortars produced
from them are presented.

The herein presented data are the results of the project ROCEM which is funded by the
European Union. The ROCEM group consists of scientists and restorers from Poland,
Slovakia, Germany, England, the Czech Republic, and Austria. The main aims of the project
are to achieve a better understanding of Roman Cement as a natural hydraulic binding
material and its production on a small scale for restoration purposes.
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ZEMENT PELLETS ALS ZUSCHLAG FUR LEICHTBETONSTEINE
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Durch die verstirkte Nutzung biogener Energietriger zur Fern- und
Prozesswidrmebereitstellung kommt der umweltvertriglichen Verwertung der dabei
anfallenden Asche eine immer stirker steigende Bedeutung zu. Bisher wurde der grofite Teil
derartiger Aschen deponiert und gegebenenfalls mit Zementleim verfestigt, um die Mobilitit
etwaiger umweltrelevanter Schadstoffe einzuschridnken.

In dieser Arbeit wird die Wiederverwendung von zementgebundener Flugasche aus
der Papier- und Zellstoffindustrie, in Form von Pellets verschiedener Komgrofle, als
Leichtzuschlag fiir Beton hinsichtlich der Bestidndigkeitseigenschaften, des Mikrogefiiges der
Pellets und des Auslaugungsverhalten untersucht.

Die Aschen sind chemisch durch einen geringeren Gehalt an Al,O3 und SiO,, MgO
liegt zwischen S und 6 Gew.% und einem hohen Gehalt an CaO, verglichen mit Aschen aus
der Kohleverbrennung (ONORM B 3309), gekennzeichnet. Die Gehalte an TOC liegen unter
0.1%, Cl zwischen 540 und 930 ppm, die Schwermetalle (Cd, Pb, Cr, Co, Ni, Cu, Zn) liegen
unter 830 ppm. Die Menge der eingesetzten Flugasche variiert, die
Flugasche/Zementmischungen betrugen 2.88 bis 4.25, der Wasser/Bindemittelwert variierte
zwischen 0.29 und 0.39, wihrend das Wasser/Zement Verhiltnis mit 1.5 konstant gehalten
wurde. Die Herstellung der Leichtzuschlagskémung erfolgte mit einem Granulierteller. Die
erhaltenen Leichtzuschlagskorner wurde hinsichtlich ihrer Korngroflenverteilung, ihrer
Schiittdichte, Komrohdichte, Wasseraufnahme, Trockenschwindung, Komnfestigkeit, und
Alkali-Reaktivitédt untersucht. Die durchschnittliche Schiittdichte der Kémung betrug 820-920
kg/mJ, die Trockenrohdichte lag bei 1511-1576 kg/m® Die Eigenfestigkeit der Pellets ist, im
Vergleich mit anderen Leichtzuschldgen, ausgesprochen hoch, die Endfestigkeit wurde nach
etwa 28 Tagen erreicht. Die Alkali-Reaktion kann als sehr niedrig eingestuft werden. Es
konnte kein Einfluss der Rezeptur auf die physikalischen Eigenschaften festgestellt werden.
Weiters wurde das Mikrogefiige (Porenverteilung, Porenvolumen etc.) und die
mineralogische Zusammensetzung, mit Schwerpunkt auf etwaige schwermetallfiihrende
Mineralphasen, der Leichtzuschlags-Pellets detailliert mikroskopisch und mittels REM und
EMS untersucht. Auslaugungsversuche der in einem Beton gebundenen Leichtzuschlags-
Pellets iiber einem Zeitraum von 180 Tagen erbrachten keine meflbaren
Schwermetallkonzentrationen.

Diese Arbeit wurde teilweise vom FWF (FFF Projekt Nr. 804358 und 807704) finaziell
unterstiitzt.
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THERMOBAROMETRIC INVESTIGATIONS ON MIGMATITES FROM THE
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The pre-Variscan events in the Otztal-Stubai Crystalline Complex (OSCB) are manifested in
localized migmatite occurrences in the central OSCB (Winnebach migmatite) and the western
OSCB (Verpeil migmatite, Nauderer migmatite). The migmatite from Verpeil in the
Kaunertal, western OSCB, is a stromatic migmatite. The observed mineral assemblage is
garnet + biotite + plagioclase + K-feldspar + quartz + muscovite + cordierite (Xy,=0.45).
Cordierite rarely occurs within pseudomorphs of biotite + muscovite + andalusite + kyanite
aggregates suggesting a later breakdown reaction such as cord + K-spar + melt/H,O = bt + ky.
Thermobarometry yields T of ca. 600°C and P of about 6 kbar. These P-T conditions are in
very good agreement with the Variscan P-T conditions obtained by TROPPER & HOINKES
(1996) from the southern Kaunertal area and hence are thought to represent the Variscan
metamorphic overprint. Based on the textural evidence cordierite is thought to be the only
relict of the pre-Variscan metamorphic overprint. The formation of cordierite could be due to
areaction such as bt + sill + qtz = cord + grt +H,0/melt which requires T of 700-750°C and P
of 4.5 and 5 kbar (SPEAR et al., 1999). The Winnebachmigmatite is a “schollen”’-migmatite
which is characterized by a higher degree of migmatization. The mineral assemblage is gamnet
[Grt, (Alm,¢Prp,Grs,Sps,,), Grt, (Alm,Prp,Grs,,Sps,)] + kyanite (two generations, based on
fluorescence) + plagioclase [Plag, (An,;Aby,), Plag, (An;Ab,)] + K-feldspar + biotite +
muscovite + chloritoid. The pre-Variscan metamorphic evolution can only be estimated. The
observed reaction mus + kfs + qtz + H,O = L requires at least 650°C and 3.8 kbar (SPEAR et
al., 1999). These conditions fit very well with data by HOINKES et al. (1972).
Thermobarometric calculations with the assemblage gamet, + plagioclase, + biotite + kyanite,
yield P-T conditions of about 530-540°C and 5-6 kbar and are thought to represent the
Variscan event. Garnet, + plagioclase, + kyanite, + chloritoid only occur in small
microdomains and most likely represent the youngest Eo-Alpine event. The calculations with
the Eo-Alpine assemblage yield P-T conditions of 485°C and 8.5 kbar, which agree well with
Eo-Alpine P-T estimates from the Austroalpine nappes west of the Tauern Window. The
Nauderer migmatite is also a stromatic migmatite and contains the mineral assemblage gamet
+ biotite + plagioclase + muscovite + quartz. Biotite + kyanite aggregates are interpreted as
pseudomorphs after older cordierite. Thermobarometry yields P-T conditions of 580-610°C
and 5-6 kbar, which represent the Variscan metamorphic event.
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The existence of a sodium yttrium silicate with composition NaYSi,O, has been first reported
by CERVANTES-LEE (1981). In the course of an ongoing project on the phase relations in
the system Na,O-Y,0;-SiO, we have been able to determine the crystal structure of this
compound from laboratory X-ray powder diffraction data. The symmetry is P2,/c with unit
cell parameters of a = 5.40787(2) A, b = 13.69784(5) A, c =7.58431(3) A, B = 109.9140(3)°
at 25°C (Z = 4). The initial structure determination by simulated annealing using the program
FOX was successful in space group P2,. A subsequent analysis of the model by the MISSYM
algorithm implemented in the program PLATON revealed an additional c-glide plane.
Structure refinement with FULLPROF converged to residuals of R,,=7.2, XZ =27,
Rpng = 2.9 with an effective reflection / parameter ratio of 10. The structure was found to be a
single chain silicate with a periodicity of four. The two symmetry dependent [Si,O,,]-chains
in the unit cell are parallel to c. A prominent feature is the strong folding of the chains within
the b,c-plane resulting in Si-Si-Si-angles close to 90° As a result, the intra-tetrahedral O-Si-
O-angles within the chain are reduced (with an average value of <104.2(6)>°). On the other
hand, the O-Si-O-angles involving only the non-bridging O-atoms are significantly larger
(<O-Si-0>=122.2(9)°). The coordination of the Y**-ions by O* is 7-fold in form of slightly
irregular pentagonal bipyramides with oxygen atoms from four different chains contributing
to the coordination polyhedron. Na*-ions are irregularly coordinated by 10 oxygens from two
neighbouring chains. No disorder of the cations could be observed.

Fig. 1. Structure of NaY Si,Oy in projection 1l a
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Several carbonate-hosted Fe and Mn ore deposits occur within the upper Austroalpine
Grewywacke Zone. The Mn deposit of Veitsch at the Kaskogel and north of the Friedelkogel
consists of lens-shaped carbonate bodies of ca. 1.5 m in length, which are thought to have
formed as sedimentary or submarine hydrothermal Mn-deposits. The manganese silicates
described from this deposit are: tephroite, pyroxmangite, spessartine, Mn-chlorite, Mn-humite
and friedellite (POSTL et al., 1998). Sulfides such as sphalerite, galena, chalcopyrite and Co-
Ni sulfides also occur. In addition, POSTL et al. (1998) and NIEDERMAYR et al. (2000)
described rare minerals such as helvine and sussexite from this deposit.

During this investigation, in one rhodochrosite sample an unusual REE-Mn-bearing
allanite mineral was found. The allanite occurs in a veinlet with the mineral assemblage REE-
Mn-allanite + tephroite + spessartine + Mn-chlorite + rhodochrosite + kutnahorite +
serpentine. The REE varies between 1.5 and 1.8 a.p.f.u., and Mn ranges from 1.2 to 1.5
a.p.f.u. The BSE images and chemical analysis reveal a complex zoning of the mineral with
increasing Fe,0,, MnO and decreasing Al,O, and CaO towards the rim, whereas the REE are
unzoned. Charge balance considerations and site assignments indicate that the fraction of
Mn* is very low (<02 a.p.f.u.). With such low Mn* the mineral is not a manganoan
piemontite but most likely a REE-Mn>*allanite [CaREE(Mn**)(Al,Fe**),Si;0,,(OH)], with
some androsite [MnREE(Mn?*)(R**),Si,0,,(OH)], dissakisite [CaREEMgAl,Si,O,,(OH)], but
little or no allanite [CaREE(Fe**)Al,Si,0,,(0OH)]. The elevated F contents of 0.14 to 0.23
a.p.f.u. indicate that a khristovite component [CaREEMgan”AlSi301,(F,OH)(OH)] may also
be present. One problem is that it is difficult to distinguish substitutions of "oxy-allanite"
[CaREE(Fe**)AlSi,0,;], its Mn* equivalent [CaREEMn>Al,Si,0,,], dollaseite-type
[CaREE(R™),(R*)Si,0,,(OH),] or vacancy-linked substitution of REE
[Ca, sREE(ALFe’),Si,0,,(0H)] with electron microprobe analyses. The chemical analyses
suggest a new mineral in the allanite group, but an additional structural refinement as well as
more complete chemical analysis concerning determination of the oxidation state of Mn and
the OH content are clearly required (ERCIT, 2002).
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Climate chamber experiments pursue the simulation of alteration processes by corrosives.
Usually, weathering experiments on calcareous stone types are based on pronouncedly higher
concentrations of SO, and NO, gases (1 to 5 ppm), e.g. MANGIO (1991). The conditions
raise the question of comparability with real conditions.

In our study realistic average values of SO,, NO, (0.150 to 0.200 ppm each), and O, (0.100
ppm) have been used corresponding to the mean half hour value for urban areas in Austria.
Cubes of about 15 cm’ surface of two alpine marbles (calcitic Laas marbl, Italy; dolomitic
Wattenberg marble, Tyrol), and a Jurassic limestone (Hagau "marble", Tyrol) have been
exposed under this gas atmosphere in a chamber for 1, 2, 3 and 4 weeks, respecitvely at 30°C.
Three campaigns have been conducted at different relative humidities (rh.) of 30%, 70% and
98%.

After each run the mineral phases on the sample surface were determined by XRD first. Then,
the deposition of sulphate and nitrate on the receptor surface have been correlated to the
amount of ions as determined by chromatography of water elutes.

The results of the ion chromatography show that these realistic concentrations of pollution
gases at 70 % rh. lead to the formation of Ca-sulphate and Ca-nitrate already after one week.
The amount of products increased linearly with time over the run-time of four weeks. There is
a clear difference in product formation with a Ca-sulphate Ca-nitrate ratio of 10. Little
difference is found for the different stone materials.

The production of sulphate and nitrate are much smaller at 30% rh., but they are already
detectable even after a run-time of one week. However, the products’ ratio is close to one, and
a clear difference in reaction behaviour between the different stone types is observed.
Obviously, the relevant mechanisms for the deposition of the damaging compounds and the
following reactions depend on the receptor surfaces and given relative humidities.

The experiments at 98 % rh. posed considerable problems in data reproducibility. This may
be related to the almost exponential increase of the sorption parameters. XRD measurements
revealed gypsum formation on the Laas marble exposed to 70 % rh already after two weeks
and after four weeks for the other stone types. At 30 % rh. no formation of new mineral
phases was detectable. The results are encouraging for further simulation experiments at
realistic conditions.
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The Puka ophiolite massif is part of the western ophiolite complex of Albania. Its surface is
210 km® Petrologic, geochemical, metallogenic data and the regional correlation with the
ophiolites of the Mediterranean Alpine realm suggest that this massif belongs to the MOR
type ophiolites.

Mapping on 1:25000 and 1:10000 scales and detailed field observations permit to distinguish
mantle, cumulate and volcanic sequences.

The ultrabasic mantle sequence is represented by clinopyroxene lherzolites and harzburgites
with rare dunite lenses. In the upper part of the sequence plagioclase lherzolites and dunites
are found, whereas in its uppermost part olivine hornblendites are developed.

The cumulate sequence is represented by a reduced plutonic series. The main rocks are
troctolite, olivine gabbro, gabbro, ferrogabbro, gabbro norite and trondhjemite. The latter one
forms lenses or small intrusions.

On top of the plagioclase—bearing ultrabasics metamorphosed basaltic volcanics of MORB
type are situated. Further upward the volcanic sequence is composed of Ti-rich basalts,
hyalobasalts, variolites and dolerites. The ultramafic intrusions (pyroxenites) are located at the
contact between mantle and cumulate sequences. The dike series is represented of
pyroxenites, micro gabbro, gabbro, troctolite and trondhjemite. The dikes cut the transitory
mantle-cumulate zone, and partially the upper mantle rocks.

Generally, the textures of the ultrabasic sequence are protogranular and porphyroblastic, while
for the cumulate sequence crescumulate, adcumulate and heterocumulate textures are
characteristic.

Chromite and Ni-sulphide ores and different industrial minerals have been identified in the

Puka ophiolite massif. The chromite mineralization is found within the mantle and cumulate
sequences and shows variable morphologic, texture and composition features.
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NEW CRYSTAL STRUCTURES WITH TETRAHEDRAL SILVER-MERCURY
CLUSTER CATIONS: (Ag;Hg)VOy, (Ag:Hg2)3(VO4)4, AND (AgaHg:):(HgO:)(AsO4):
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The first experimental evidence of a tetrahedral silver-mercury cluster with composition
(Ag,Hg)** was supplied from the crystal structure of the rare secondary alteration mineral
tillmannsite, (Ag;Hg)(V,As)O, (SARP et al., 2003). The (Ag,Hg)* cluster cation in this
structure is composed of statistically distributed Ag and Hg atoms with a metal-metal distance
of about 2.75 A.

During systematic phase formation experiments in the systems Ag-Hg-V-O and
Ag-Hg—As-O, the new compounds (Ag,Hg)VO, (I), (AgHg,),(VO,), (II), and
(Ag,Hg,),(HgO,)(AsO,), (III) were obtained under hydrothermal conditions (250 °C, 5d)
from starting mixtures of AgNO,, elementary Hg, NH,VO, and Na,HAsO,, respectively. All
crystal structures were determined from single crystal X-ray data sets. The chemical
composition of the compounds was confirmed by microprobe analyses (WEIL et al., 2005).
(I) crystallizes in the tillmannsite structure type and is composed of tetrahedral (Ag,Hg)** and
VO, units. (II) and (III) adopt new structure types and contain a so far unknown tetrahedral
(Ag,Hg,)* cluster cation and tetrahedral XO,* anions (X = V, As). In (III) an additional
mercurate unit, HgO,”, completes the structural set-up. Both cluster cations (Ag,;Hg)** and
(Ag,Hg,)** deviate marginally from T, symmetry and are formed by statistically distributed
Ag and Hg atoms with a metal-metal distance of about 2.72 A. This distance is considerably
shorter than the sum of the metal radii, 1.44 A {Ag} + 1.50 A {Hg} (PAULING, 1962), but
longer than the average Hg—Hg distances in Hg,**-dumbbells (2.518 A) or Hg,"*-triangles
(2.677 A). The electronic structure of the tetrahedral clusters can formally be considered as
two-electron-four-centre bonding (PYYKKC") & RUNEBERG, 1983).
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ROHSTOFFSICHERUNG IN BADEN-WURTTEMBERG -
ZIELE, VORGEHENSWEISE UND ERGEBNISSE
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Das Rohstoffsicherungskonzept (RSK) des Landes Baden-Wiirttemberg regelt die Zusam-
menarbeit von Staatlichem Geologischem Dienst und der regionalen Raumplanung auf dem
Gebiet der Rohstoffsicherung fiir oberflichennahe mineralische Rohstoffe. Das Landesamt fiir
Geologie, Rohstoffe und Bergbau (LGRB) ist hierbei zustidndig (1) fiir die Erkundung und
Bewertung von Rohstoffvorkommen, (2) fiir die Darstellung der Erkundungsergebnisse in
Karten und zugehorigen Erldauterungen, (3) fiir die Beratung der Politik, der 12 Regionalver-
bande und Firmen sowie (4) fiir die Erhebung aller Daten zum Rohstoffabbau im Land. Die
12 Regionalverbidnde haben die Aufgabe, fiir die im Abstand von 10-15 Jahren neu zu erstel-
lenden Regionalpline eine Abwidgung zwischen Rohstoffabbau und den zahlreichen anderen
Nutzungen der Landesflache (Wasser, Boden, Natur- und Landschaftsschutz, Natura 2000,
Siedlung, Industrie, Verkehr usw.) vorzunehmen und Abbau- und Sicherungsbereiche mit
einer Reichweite der Vorrite fiir mindestens 30 Jahre (15 + 15 Jahre) auszuweisen. Die Ar-
beiten des LGRB zum RSK, Stufe 1, begannen 1986 mit der Erstellung von Prognostischen
Rohstoffkarten (1 50.000), um eine erste Ubersicht iiber die vermutlich wirtschaftlich inter-
essanten Gesteinsvorkommen auf einer Landesfliche von rund 34.000 km? zu geben. 1990
wurde mit der Prospektion auf besonders bedeutsame Rohstoffvorkommen begonnen. Die Er-
gebnisse wurden in der Lagerstittenpotenzialkarte 1:50.000 mit zahlreichen thematischen
Karten und umfangreichen Erldauterungstexten dargestellt. Seit 1999 gibt das LGRB die
,,Karte der mineralischen Rohstoffe von Baden-Wiirttemberg 1:50.000* (KMR 50) heraus. Sie
ist gekennzeichnet durch: (1) Darstellung aller wirtschaftlich interessanten Rohstoffvorkom-
men iiber und unter Tage, (2) Beschreibung jedes Vorkommens in einer einheitlichen Form
mit Kennzeichnung des Erkundungsgrades, (3) Einstufung der Vorkommen nach landesein-
heitlichen Lagerstittenpotenzial-Kategorien, welche der Raumplanung eine Gewichtung hin-
sichtlich der Bedeutung eines Rohstoff vorkommens ermd&glichen, sowie (4) Publikation von
preisgiinstigen Karten und Erlduterungsheften mit CDs (Sach- und Geometriedaten in einem
ArcView-Projekt). Aufgrund der vorgelegten Ergebnisse wurden die Rohstoffkarten des
LGRB zu einem festen Bestandteil der regionalen Raumplanung, des Landesentwicklungs-
planes und verschiedener umweltrelevanter Planungen.

Durch eine weitere konsequente Umsetzung des RSK (Laufzeit der 2. Stufe bis ca. 2015) las-
sen sich im Sinne einer nachhaltigen Rohstoffsicherung folgende Verbesserungen erzielen:
(1) Die Flicheninanspruchnahme kann wegen der vermehrten Nutzung méchtiger und hoch-
wertiger Lagerstitten deutlich reduziert werden. (2) Energieverbrauch und Immissionen kon-
nen wegen des geringeren Anteils von Abraummaterial oder minderwertigen Gesteinen und
des dadurch verminderten Aufbereitungsaufwands ebenfalls verringert werden. (3) Mit dem
Rohstoffabbau konkurrierende Nutzungen lassen sich mit groBerer Sicherheit planen. (4)
Fehlplanungen seitens der Firmen werden seltener, weil von staatlicher Seite vorgepriift wur-
de, ob die gesuchten Rohstoffe zu erwarten sind oder nicht. (5) Die Investitionssicherheit fiir
die Rohstoffindustrie nimmt zu.
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HYDROTHERMALGANGE IM SCHWARZWALD
— BERGBAU, ENTSTEHUNG UND LAGERSTATTENPOTENZIAL
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Im Schwarzwald treten viele hundert Hydrothermalgénge auf. Schon wihrend der keltischen
Eisenzeit, vor allem aber im Hoch- und Spétmittelalter, wurden Eisen- und Silbererze abge-
baut, im 18. Jh. kamen Kobalt-, Antimon- und Wismuterze hinzu; ab 1850 erlangte der Abbau
von Schwerspat, ab 1935 der von Flussspat zunehmend Bedeutung (WERNER & DENNERT
2004). Auf der heute bereits 700 m tiefen Grube Clara (Kinzigtal) werden Fluorit, Baryt und
Silberfahlerze abgebaut. Eine Wiederaufnahme des erst 1996 eingestellten Bergbaus auf Mit-
teleuropas machtigstem Fluoritgang bei Pforzheim (Grube Kéafersteige) wird aufgrund der
deutlich gestiegenen Spatpreise derzeit vorbereitet.

Am hiufigsten sind wirtschaftlich interessante Mineralgidnge in den Gneisserien, seltener tre-
ten sie innerhalb der karbonischen Granitplutone und den iiberlagernden permotriassischen
Arkose- und Sandsteinfolgen auf. IThre Entstehung geht auf eine mehrphasige strike-slip-
Tektonik zuriick, bei der tiefreichende Spaltensysteme entlang von variszisch angelegten Sto-
rungen aufreiBen konnten. Zur effektiven Offnung von Spalten kam es dort, wo die Foliation
der Metamorphite etwa senkrecht zur Gangstorung orientiert ist. Zahlreiche tonige Kataklasite
(nach Rb/Sr- und K/Ar-Datierung Jura- bis Kreide-zeitlich) behinderten hingegen die Offnung
von Stérungen zu Spalten, weshalb sie entscheidend das Bild der Lagerstitten beeinflusst ha-
ben. Die meisten Gange wurden im Zeitraum Oberjura bis Jungtertidr gebildet. Zur zeitlichen
Einengung der Bildungsphasen dienten u. a. radiometrische Datierungen vor allem an Hama-
tit, Illit und Adular sowie geochemische Untersuchungen, die in den Erzen z. B. Kohlenwas-
serstoffe aus dem Tertidr-zeitlichen Oberrheingraben nachweisen konnten. Die hydrothermale
Gangmineralisation erfolgte (mit Ausnahme der spétvariszischen Héamatit-Uran-Génge) im
gesamten Schwarzwald aus chemisch sehr dhnlichen Losungen, die ihren Metallgehalt aus
tiefen Grundgebirgsstockwerken bezogen haben. Zur primiren Metallfidllung kam es in hohe-
ren Stockwerken unter dem Einfluss von von oben eindringenden, oxidierenden und z. T.
schwefelreichen Wassern. Als Folge ihrer Entstehung auf Blattverschiebungszonen ist die
Tiefenerstreckung der Schwarzwilder Ganglagerstitten haufig groBer als ihre laterale Aus-
dehnung, was Erkundung und Bergbau vor besondere Herausforderungen stellt und was er-
kldrt, warum in vielen Gebieten des Schwarzwalds noch so wenig iiber diese Lagerstitten
bekannt ist. Die schon bekannten Gangaufschliisse und die giinstigen geologischen Rahmen-
bedingungen (F- und Ba-reiche Liefergesteine, zahlreich tiefreichende Bruchzonen, anomaler
Wirmefluss entlang des Oberrheingrabens) deuten aber darauf hin, dass der Schwarzwald
vermutlich das grofte Potenzial fiir Fluss- und Schwerspatlagerstétten innerhalb Mitteleuro-
pas aufweist.

WERNER, W. & DENNERT, V. (2004): Lagerstitten und Bergbau im Schwarzwald. — 334 S; Freiburg i. Br. (Lan-
desamt f. Geol. Rohst. Bergb. Baden-Wiirtt.).
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CALCIUM PHOSPHATE BULK MATERIAL
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Calcium phosphates have a widespread use in a variety of industrial fields. For example the
substance is important in glass- and plastics manufacturing, food and agricultural industry
(i.e. fertilizers). Because of their low cost, low hygroscopicity, considerable physical and
chemical stability as well as desirable flow and compression characteristics, calcium
phosphates are also commonly used in the medical and pharmaceutical industry, particularly
as tableting excipients and as diluents in pharmaceutical formulations.

One of the main aims of the present study was to examine the quality, identity and the
differences of commercial raw products of various calcium phosphates. For that purpose a
total number of twenty-eight samples of calcium phosphates from different companies
designed as additives for the manufacturing of tablets, and two samples, designed for ceramic
bone implants, were investigated applying a variety of analytical methods. The different bulk
powders were characterized by means of powder X-ray diffraction (for the bone implant
material also under non-ambient conditions up to 1000°C), thermogravimetry, differential
scanning calorimetry, moisture sorption analysis, laser granulometry for particle size
distribution, mercury porosimetry, specific surface determination (BET-method), elemental
analysis with ICP-OES and AAS and electron microscopy for morphological grain properties.
Furthermore the influence of the various physico-chemical parameters on the tableting
behaviour and the properties of the produced tablets should be demonstrated.

Considering qualitative phase analysis MCPM (monocalcium phosphate monohydrate),
DCPD (dicalcium phosphate dihydrate / brushite), DCPA (dicalcium phosphate anhydrate /
Monetite), TCP (tricalcium phosphate / whitlockite) and HA (hydroxylapatite) could be
distinguished, whereas 11 samples turned out as mixtures of MCPD + DCPA + TCP + HA.
In three cases the supplier-certification of the Ca-phosphate bulk powder was misleading. For
example, a certified “tricalcium phosphate” sample turned out to consist of apatite.

Remarkable differences were also found in trace elemental concentrations (i.e. Mg content
varying from 26 - 7000 ppm, Fe content 14 — 260 ppm etc.), specific surface area (0.5 to 33
m?*/g), grain size distribution as well as the thermal- and moisture absorption behaviour. The
importance of the mineralogical-physico-chemical evaluation of Ca-phosphate bulk powders
will be demonstrated by the characterization of the compaction behaviour and the properties
of the tablets produced from the different samples.
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PREPARATION OF M *-(M **-)M *.SILICATES
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A study of the system M "*-(M *-)M *-Si-O-H has been started with the aim to synthesize
novel microporous and small-pore mixed-framework silicates. The syntheses were carried out
by two different methods thus far, hydrothermal growth (220°C, 7 d) and flux growth (1150-
850°C, cooling rates 1-2 K/h); the latter method yielding the best results to date. The
following compounds could be grown as mostly well developed crystals (* = crystal structure
has been determined/refined from single-crystal X-ray intensity data): Cs,YSigO,, (¥, isotypic
with Cs,ScSigO,, reported by KOLITSCH & TILLMANNS, 2004), CsFeSi,O, (*, cubic,
isotypic with leucite; see below for details), Na,YbSi,0; (¥, isotypic with other Na,REESi,0;)
and NaScSi,0¢ (synthetic jervisite, a clinopyroxene).

Several presently unidentified compounds include an /-centred cubic Yb silicate, a pseudo-
rhombohedral Cs(?)-Sc silicate, an F-centred cubic Sr-Fe compound and others. Interesting
byproducts of the hydrothermal syntheses are the following silicates and fluorides:
RbSi,0,(OH) (BULL & PARISE, 2003), KSi,0,(OH), K,NaScF;, K,FeF,, K,CrF, and K,SiF.
Byproducts of the flux growth experiments were mainly molybdates, including RbsIn(MoO,),
(*, isotypic with Rb;Er(MoO,), and related to the mineral palmierite, K,Pb(SO,),),
K;Y(M00O,),, Rb,Mo0,0,, (*, isotypic with the triclinic modification of K,Mo,0,,),
KYb(MoO,), (isotypic with KY(Mo0QO,),), as well as several well-known REE,SiOs- and
REE,Si,0;-silicates, and M '*-stabilised, micro-twinned tridymite.

It is noteworthy that well-developed crystals of leucite-type CsFeSi,Oq could be grown by
both preparation methods. The hydrothermally grown crystals (a = 13.827(2) A) show an
average (Si,Fe)-O bond length of 1.664 A, which differs considerably from that of material
synthesized at 1400°C by a dry solid-state method (1.682 A; BELL & HENDERSON, 1994),
and have a cell edge much longer than that of previous hydrothermally synthesized crystals (a
=13.66(3) A; KOPP et al., 1963). The corresponding values of the flux-grown crystals (a =
13.839(2) A, <(Si,Fe)-O> = 1.670 A) are slightly larger than those of our hydrothermally
grown crystals. These differences can be attributed to the temperature and other conditions of
formation (higher temperatures cause longer cell edges and (Si,Fe)-O bonds).

Financial support by the Austrian Science Foundation (FWF) (Grant P17623-N10) is
gratefully acknowledged.
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Vanthoffite, NagMg(SOs4)s, is a rare mineral occasionally occurring in salt deposits. FISCHER
& HELLNER (1964) solved its crystal structure from X-ray film data of a synthetic crystal in
space group P2,/c. KEESTER & EYSEL (1977) reported lattice parameters derived from
X-ray powder data for several synthetic analogues, where Mg was replaced by divalent
cations of Mn, Co, Ni, Zn, and also Fe. Later, BARTSCH & HOFFMANN (1986) published a
short note on the remarkable Na™ ion conductivity of natural and synthetic vanthoffite (in the
order of 0=5-10"° Q' cm™), but no further details were reported subsequently.

In order to provide up-to-date structural and crystal chemical data for the vanthoffite structure
type, especially to clarify the details of the three crystallographically different Na' cation
environments, single crystals of the Fe** analogue in sizes up to 0.5 mm were synthesized
under low-hydrothermal conditions at ~220° C in Teflon-lined steel autoclaves. The crystal
structure was refined on F* using CCD single-crystal X-ray diffraction data of the complete
Ewald sphere up to 26 = 80° (Nonius Kappa CCD four-circle diffractometer, graphite mono-
chromatised MoKa radiation). Relevant crystal and refinement data are: NagFe(SOa4)s,
monoclinic, space group P2,/c, a =9.692(1), b =9.267(1), c = 8.248(1) A,ﬂ =113.37(1)°,V
=680.0A% Z=2Rl= 0.024, wR2 = 0.061 for 4213 unique reflections and 125 parameters
(R; = 0.030 for merging 15887 total reflections). Our lattice parameters significantly differ
(especially b and V) from those given by KEESTER & EYSEL (1977), irrespective of the fact
that their values obviously correspond to the non-reduced cell setting P2,/n.

The structure type of vanthoffite is composed of one octahedral Me** site, two crystallo-
graphically different SO, tetrahedra, and three distinct types of Na* positions. The MeOs
octahedra share all oxygen comers with SO4 groups, forming rather loose polyhedral layers
parallel to (100). One third of the sodium cations (Na3) occupy cavities exclusively within
these sheets, while Nal and Na2 additionally provide linkage between neighbouring sheets.

In NagFe(SO4)s, the FeOg octahedron is slightly elongated (2.10-2.19 A) with a typical mean
Fe!”*_0 distance of 2.135 A. The SO, tetrahedra are nearly regularly shaped with <S—O> =
1.474 and 1.476 A for S1 and S2, respectively. Nal is clearly six-fold coordinated by oxygen
atoms in a strongly distorted octahedral arrangement (2.32-2.49 A, <Nal-O> = 2.403 A), Na2
is [5+1] coordinated (2.35-2.47 and 2.82 A, <Na2—-0> = 2.489 A; two further O atoms follow
at ~3.04 A), and Na3 has seven nearest oxygen neighbours (2.29-2.77 A, <Na3-0> = 2.519
A; further Na—O contacts are >3.08 A). These NaOy units form a three-dimensional
framework of partly edge- and comer-sharing polyhedra. The implications of this structural
arrangement for a potential Na" ion conductivity in NagFe(SO4)s will be discussed.
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The Campo Formoso stratiform intrusive complex, in Bahia State, Brazil, consists of a tabular
body of ultramafic rocks, about 40 km long and 100-1100 meters wide. The ultramafic suite
rests on Archean granulites of the Caraiba group and its upper contact is in contact along an
angular unconformity with Paleoproterozoic quartzites of the Jacobina Group. A huge body of
granite of Paleoproterozoic age cuts across the serpentinized ultramafic suite, which as a
result underwent a renewed cycle of hydrothermal alteration. The latest influx of fluid led to
the formation of talc, silica, and carbonates, such that the rocks were locally converted to
listwanite. No primary magmatic silicates have survived the episodes of alteration. Only the
grains of chromite from cumulus layers of chromitite show an unaltered core surrounded by
an extensive rim of ferrian chromite (Fig. 1A). The silicate matrix of the chromitite layers
consists of chromian clinochlore, with minor antigorite, talc, dolomite, magnesite, and a
hydroxycarbonate of chromium (stichtite ?). Quartz veins are locally important. A study of
accessory minerals developed in the chromitite layers reveals the presence of rather exotic
accessory minerals, such as monazite-(La), fluorapatite, galena, bismuthinite, antimony, and
unknown Pb-Sb bearing minerals, corresponding to the formula PbSb,, Pb,Sb, PbSb,. Grains
of the latter are only a few ym in size. These minerals are restricted to the secondary silicates
of the matrix and to fractures dissecting the chromite grains, and are typically associated with
chromian clinochlore (Fig. 1B).

3 By - N — —
Fig.1: SEM images of altered chromite (A) and monazite, apatite in chromian clinochlore (B).

In some cases, grains of monazite-(La) contain small inclusions of chromian clinochlore. The
presence of these exotic minerals together with quartz strongly supports the hypothesis that
the latest alteration of the Campo Formoso chromitites was caused by a fluid phase expelled
from the adjacent granite.
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Chromitites are important from an economic point of view because they are the only primary
source for Cr and for their potential in the recovery of platinum group elements (PGE). In this
abstract we have summarized the results of an investigation on Cr-PGE mineralizations from
different countries from Central and South America. In particular, podiform chromitites from
Mexico and Dominican Republic and stratiform chromtites from Brazil have been studied.
The investigated chromitites are characterized by different ages, geodynamic setting, genesis
and post-magmatic evolution. The chromitites of Mexico occur in metamorphosed Paleozoic
ophiolitic mantle at Tehuitzingo (Acatlan complex). They are Al-rich, and contain up to 303
ppb platinum group elements (PGE), with an enrichment in Os+Ir+Ru. The Platinum Group
Minerals (PGM) assemblage is dominated by Ru-Os-Ir minerals (laurite, osmium, irarsite and
Ru-oxide) that form small grains (< 10 pm in size). Most of them formed in the post-
magmatic stage. The chromitites from Dominican Republic are hosted in the Loma Peguera
peridotite. These podiform chromitites are characterized by an unusual chromite composition
(high Cr, Fe’* and Ti contents), high PGE concentration (up to 2040 ppb) and presence of
abundant secondary Os-Ir-Ru-Pt minerals (< 15 um in size), comprising ferronickelplatinum,
ruthenium, Ru-Fe oxides and unknown Ru-Os-Ir-Pt-Fe-Ni-Cu compounds. Few grains of
magmatic laurite and irarsite have also been found. The Loma Peguera chromitites possibly
represent an example of chromitite formed in a suboceanic upper mantle affected by a mantle
plume. The investigated stratiform chromitites are hosted in the pre-Cambrian mafic-
ultramafic layered intrusions of Campo Formoso, Niquelandia and Jacurici (Brazil). Their
total PGE content is generally less than 400 ppb with an enrichment in Os+ Ir+Ru. In these
chromitites the most abundant PGM are Ru, Os, Ir sulfides and alloys accompanied by minor
irarsite. Nevertheless, the uppermost chromitite layers at Niquelandia and Campo Formoso
display a Pt enrichment up to 290 ppb and they contain small Pt minerals (< 20 pm in size),
mainly Pt-Fe alloys. The present investigation shows that some Cr-PGE mineralizations of
Central and South America represent a future potential target for PGE recovery, especially for
the chromitites characterized by the presence of high Pt concentration and Pt specific
minerals, such as Niquelandia, Campo Formoso and Loma Peguera. The most relevant
problems arise from poor recovery of precious metals due to the minute grain size of their
host minerals.
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Minerale und Kristalle faszinieren den Menschen schon seit Urzeiten. Doch erst seit relativ kurzer
Zeit verstehen wir wie sie aufgebaut und wovon ihre Eigenschaften abhingig sind. Durch die
Forschung haben wir gelemnt, Minerale geschickt einzusetzen und Kristalle mit den jeweils
optimalen Eigenschaften fiir bestimmte Anwendungen synthetisch herzustellen. In der heutigen
Zeit sind wir auf Schritt und Tritt von Mineralen und Kristallen umgeben, denn ohne sie wire
unser modernes Leben gar nicht moglich.

Motivation

Selbst wihrend des Lesens dieser Zeilen blicken Sie auf Minerale. Als Fiillstoffe und WeiB3-
pigmente sind sie wichtige Bestandteile des Papiers. In seinem Leben verbraucht jeder Européder
ungeféhr 400 Tonnen Minerale! Hinzu kommen noch zahlreiche andere Kristalle, die der Mensch
herzustellen gelernt hat. Nicht zuletzt bestehen wir sogar selbst zu einem guten Teil aus kristalliner
Substanz (Hartteile des Skeletts).

Das Verstindnis iiber das Vorkommen und die Eigenschaften von Mineralen hilft uns nicht nur
unsere Umwelt besser zu verstehen, sondern stellt auch eine Quelle des Fortschritts dar: Mit der
Zeit haben wir von der Natur gelernt und herausgefunden, welche interessanten Eigenschaften
Minerale besitzen kénnen und worin deren Ursachen liegen. Heute sind wir sogar in der Lage
selbst synthetische Kristalle herzustellen, die fiir ihre jeweilige Anwendung in Technik,
Medizin,usw. optimiert sind.

Minerale und Kristalle sind also aus unserem Leben nicht wegzudenken. Diese Tatsache ist in
unserem Bewusstsein jedoch kaum verankert und das Wissen iiber mineralische Grundstoffe oder
den kristallinen Zustand eher mangelhaft. Leider werden durch Kiirzung des Lehrplanes in den
Schulen Mineralogie und Kristallographie kaum noch behandelt. Dennoch sind das Interesse
und die Faszination an ,,schonen Steinen* prinzipiell immer vorhanden.
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Genau hier soll diese Ausstellung ansetzen: Durch selbststindiges ,,Begreifen* und
Experimentieren soll in den Besuchern die Faszination geweckt und auf anschauliche Weise das
Verstindnis iiber den Aufbau unserer Umwelt und die Ursachen alltdglicher Gegebenheiten
vermittelt werden. Die Ausstellung ist als Wanderausstellung konzipiert, um moglichst vielen
Menschen aller Altersstufen diese spannende Materie niaher bringen zu kénnen. Bevorzugt soll
auch mit Schulen zusammengearbeitet werden, um eine Anregung und Ergidnzung zum Unter-
richt zu bieten.

Ichdanke den Organisatoren und Verantwortlichen, dass sie es ermoglicht haben die Ausstellung
als Rahmenprogramm wihrend der MinPet 2005 nach Schladming zu bringen.

Weitere zukiinftige Veranstaltungsorte und -termine werden auf der Homepage www.min-krist.at
angekiindigt.

Einteilung

Die Ausstellung ist grundsitzlich in zwei Bereiche gegliedert: Der erste Teil liefert die theore-
tischen Grundlagen iiber den kristallinen Aufbau und die daraus resultierenden Eigenschaften.
Zunichst wird die Frage gekldrt, was denn eigentlich ein Kristall und ein Mineral ist. Es folgt
eine Ubersicht iiber einige wichtige kristallphysikalische Eigenschaften: Auf Tafeln und Tischen
werden Dichte, Harte, Spaltbarkeit, magnetische, elektrische, thermische und optische Eigen-
schaften mit Hilfe von reichlichem Anschauungsmaterial und kleinen Experimenten einprég-
sam zugénglich gemacht. Dabei wird immer darauf hingewiesen, welche Rolle diese Eigen-
schaften in unserem Alltag spielen.

Derzweite Teil der Ausstellungwidmet sich der so genannten ,,angewandten Mineralogie®, einem
innovativen, zukunftsorientierten Themengebiet: Wie werden die speziellen Eigenschaften der
Kristalle technisch angewendet? Wo begegnen uns Minerale im tdglichen Leben? Woher kommen
sie und wofiir werden sie gebraucht? Anhand ausgewahlter Beispiele aus den Bereichen Korper-
pflege, Freizeitgestaltung, Elektronik, Automobil, Kunst, Nahrung und Hausbau soll die Omni-
prasenz mineralischer und kristalliner Verbindungen im Alltag vergegenwirtigt werden.

Der folgende Text ist als populdrwissenschaftlicher Fithrer und Begleittext fiir Besucher der Aus-
stellung gedacht und kann im Nachhinein als kleine Gedéchtnisstiitze dienen. Aufgrund der Fiille
an Ausstellungsmaterial konnen hier bei weitem nicht alle Details ausgefiihrt und manche
Themen nur kurzangerissen werden. Die Ausstellung lebtdavon, dass der Besucherdas Material
selbst ,,begreifen” und auch kleine Versuche anstellen kann. Diese Zusammenfassung ist daher
als Rekapitulation des Erlebten gedacht und nicht als Ersatz eines Besuches mit Fiihrung durch
die Ausstellung. Es sei dariiber hinaus betont, dass der Text fiir den Laien und nicht fiir Fach-
wissenschaftler geschrieben ist.
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Populidrwissenschaftlicher Fiihrer zur Ausstellung

,,Die faszinierende Welt der Minerale und Kristalle*

1. Die Grundlagen

Tafel 1: Minerale und Kristalle
Was ist ein ,,Mineral“ oder ein ,,Kristall“ eigentlich und worin liegt der Unterschied?
In der Literatur kann man folgende Definition des Begriffs ,,Kristall* finden:

. Kristalle sind homogene feste Korper, deren atomare Bausteine eine dreidimensional
periodische Anordnung aufweisen.

Was bedeutet das konkret? Schon in der Schule lernt man, dass Materie in verschiedenen
Aggregatszustinden vorkommen kann. Die bekanntesten sind der feste, der fliissige und der gas-
formige Zustand. Kristalle treten (per definitionem) lediglich unter den Festkorpern auf.
Ebenfalls wissen wir heute, dass die Materie (der wir auf der Erde begegnen) aus kleinsten Bau-
steinen, den Atomen, aufgebaut ist.

Man spricht von einem Kristall, wenn diese Atome eine strenge Ordnung iiber weite Strecken
aufweisen. Ein gutes Beispiel ist das uns allen bekannte Steinsalz, welches wir auch zum Wiirzen
der Speisen verwenden (,,Kochsalz). Es besitzt die chemische Formel NaCl. Betrachtet man
den Steinsalz-Kristall auf atomarer Ebene, so fillt die strenge Ordnung der Elemente Natrium
und Chlor auf [vgl. Strukturmodell von Steinsalz auf Tafel 1]: Entlang der Wiirfelkanten wechseln
Na- und Cl-Atome einander regelméBig ab: ...—Na~Cl-Na-Cl-... Rdumlich gesehen ist jedes
Na-Atom in geometrisch definierter Form von sechs Cl-Atomen umgeben und umgekehrt.

Das Gegenteil des kristallinen ist der so genannte amorphe Zustand, in dem die Atome keine
strenge Ordnung iiber groBere atomare Bereiche aufweisen und mehr oder weniger regellos ver-
teilt sind. Ein typischer amorpher Festkorper ist Glas. Was bedeutet dann der zwar hiufig auf-
tauchende aber in sich widerspriichliche Begriff ,,Kristallglas*“? Konnen Kristalle frei wachsen,
bilden sie ebene, glatte Flichen aus. Dies folgt aus der atomaren Ordnung, da fiir einen kristal-
linen Festkorper glatte Flachen den energetisch giinstigsten Fall einer rdumlichen Begrenzung
darstellen. Bei ,,Kristallglas* handelt es sich um Glas, dem durch Schleifen glatter Flichen das
Aussehen eines Kristalls verliehen wird. Nichtsdestotrotz ist dieser Begriff irrefiihrend, da Glas
keinen kristallinen Aufbau besitzt und von selbst nie glatte Grenzflachen ausbilden wiirde.

Was ist ein Mineral? Diese Definition ist gar nicht so einfach und so gab es im Laufe der
Geschichte eine Reihe von unterschiedlichen Definitionsvarianten. Heute versteht man unter
Mineral etwa Folgendes:

., Ein Mineral ist ein natiirlich vorkommender, anorganisch entstandener, homogener Festkorper,
mit einer definierten chemischen Zusammensetzung und mit einem geordneten atomaren Aufbau. “
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Stark vereinfacht ausgedriickt handelt es sich also um einen Kristall, der ,,von selbst* d.h. ohne
das Zutun von Menschen und anderen Lebewesen, in der Natur entstanden ist. Es existieren jedoch
auch einige wenige Ausnahmen.

Minerale sind nicht nur glitzernde Steine, welche die Vitrinen von Museen und Sammlern zieren,
sondern sind vor allem auch ein wichtiger Bestandteil unserer natiirlichen Umwelt: Sie bauen
die festen Gesteine und Sedimente der Erdkruste auf, auf der wir leben. Jeder Stein besteht aus
Mineralen. Heute sind etwa 4000 unterschiedliche Minerale bekannt. Einige kennt und nutzt der
Mensch bereits seit Jahrtausenden.

Der Schliissel zum Verstdndnis der Minerale und Kristalle liegt in ihrem atomaren Aufbau, der
spezielle und zum Teil kurios anmutende, physikalische Eigenschaften erst ermdglicht. Eigen-
schaften konnen generell ,,isotrop* — das heiBit richtungsunabhingig — oder ,,anisotrop* — das
heiBt richtungsabhingig — sein. Kristalle zeichnen sich in vielen Fillen durch Anisotropie aus.

Tafel 2: Kristallstruktur

Eine Kristallstruktur reprasentiert den geordneten atomaren Aufbau eines Kristalls und kann
mittels sich mosaikartig wiederholender Einheiten beschrieben werden. Diese Einheiten werden
Elementarzellen genannt und enthalten die Gesamtinformation des Raumgitters. Sie besitzen
immer sechs Flachen und acht Ecken. Die Langen der Kanten und die Gré8en der Winkel knnen
aber unterschiedlich sein. Es ergeben sich genau sieben mégliche Symmetrien fiir Raumgitter,
nach denen alle Kristalle in sieben Kristallsysteme eingeteilt werden [vgl. Abbildung auf Ta-
fel 3]): Man unterscheidet das trikline (trkl), monokline (mkl), orthorhombische (orhomb),
trigonale (trig), tetragonale (tetr), hexagonale (hex) und kubische (kub) Kristallsystem. Dessen
Angabe ldsst bereits Riickschliisse auf die moglichen Symmetrien und Eigenschaften zu und es
wird daher im Folgenden zusitzlich zur chemischen Formel eines Minerals angefiihrt.

Tafel 3: Symmetrie
Eine grundlegende Eigenschaft, die sich aus dem geordneten atomaren Aufbau der Kristalle
ergibt, ist die Symmetrie. Unter Symmetrie versteht man die gesetzmaBige Wiederholung eines
Motivs. Jenachdem wie ein Motiv wiederholt, bzw. wieder mit sich zur Deckung gebracht werden
kann, spricht man von unterschiedlichen Symmetrieoperationen oder auch Symmetrieelementen.
Einige wichtige Symmetrieelemente in Kristallen sind:

- Spiegelebenen: Spiegelung eines Motivs an einer imagindren Ebene

- Inversionszentrum: Spiegelung eines Motivs an einem imagindren Punkt

- Drehachsen: Drehung eines Motivs um eine imaginire n-zéhlige Drehachse um

einen Betrag von 360°/n [vgl. jeweilige Veranschaulichungen auf Tisch 3].

Aufgrund des dreidimensional periodischen Aufbaus des Kristallgitters, kann es hier nur 1-, 2,-
3-, 4-, und 6-zidhlige Drehachsen geben. 5-, 7- und héherzihlige Drehachsen sind nicht
realisierbar. Eine anschauliche Erkldrung fiir den zweidimensionalen Fall wire z.B. die Tatsache,
dass es nicht moglich ist, eine Ebene liickenlos mit regelméBigen Fiinfecken zu bedecken, was
hingegen mit gleichseitigen Drei-, Vier- und Sechsecken mdéglich ist [vgl. Versuch mit geo-
metrischen Plittchen auf Tisch 3]. Daraus folgt, dass es nur eine begrenzte Anzahl von
Symmetrien gibt, die mit dem Kristallbau vereinbar sind.
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Die Symmetrie, die durch die atomare Anordnung der Atome vorgegeben ist, ist aber auch
makroskopisch anhand der Kristallform sichtbar [vgl. Fluorit-Kristall und dessen Kristallstruktur
auf Tafel 3]. Des Weiteren ist sie entscheidend fiir das anisotrope oder isotrope Verhalten gewisser
Kristalleigenschaften.

Symmetrie an sich ist aber nicht auf das Mineralreich beschriankt, sondern ein wesentlicher
Bestandteil der Natur und Kunst. So besitzen wir Menschen (wie fast alle hheren Tiere) eine
Spiegelsymmetrie: Rein duBerlich sind linke und rechte Korperhilfte ident und erméglichen
schnelles Vorwiartskommen.

Im Folgenden soll auf einige interessante kristallphysikalische Eigenschaften eingegangen
werden, die wichtige Rollen sowohl in der Technik als auch im Ablauf unseresmodermen Alltags
spielen:

Tafel 3: Dichte

Die Dichte ist zwar keine spezielle Eigenschaft des kristallinen Zustands, doch in Bezug auf die
Identifikation von Mineralen und deren Anwendung sehr wichtig. Physikalisch gesehen
reprisentiert sie die Masse pro Volumseinheit eines Korpers. Besitzen zwei gleich groBe Koérper
eine unterschiedliche Dichte, so ist jener mit der geringeren Dichte der leichtere.

Minerale konnen Dichten innerhalb eines groBen Wertebereiches aufweisen [vgl. Dichte-Skala
auf Tafel 3]: Eis (H,O, hex)besitzt eine sehr niedrige Dichte von ca. 0,9 g/cm3. Aufgrund seiner
besonderen Kristallstruktur ist es ,,leichter* als Wasser (ca. 1.0 g/cm3) und schwimmt daher. Das
ist auf den ersten Blick verwunderlich, denn in den meisten Fillen besitzen Festkorper eine
groBere Dichte als ihre Schmelze. Doch diese ,Anomalie‘ hat groe Auswirkungen: Wegen seiner
niedrigeren Dichte ist das Volumen von Eis groler als jenes derselben Menge Wasser. Das ist
der Motor der Frostsprengung, die als wichtiger Bestandteil der Gesteinsverwitterung das Bild
unserer Erde mit der Zeit verdndert. Noch viel tiefgreifender ist die Tatsache, dass ohne diese
Anomalie moglicherweise Leben auf der Erde nicht moglich wire, da Gewisser sonst ,,von unten*
vollstdndig zufrieren wiirden.

Am anderen Ende des Dichte-Spektrums finden wir mit ca. 22,6 g/cm3 das Metall Osmium (Os,
kub), welches auch als sehr seltenes Mineral in der Natur vorkommt.

Zwischen diesen Extremwerten sind alle bekannten Minerale angesiedelt. Deren Dichte ist von
zwei Faktoren abhingig:

1. der Kristallstruktur: dicht gepackte Strukturen besitzen eine hohere Dichte als ,,lockere®.
Graphit (C, hex) und Diamant (C, kub) bestehen beide ausschlieBlich aus dem Element Kohlen-
stoff. Aufgrund der unterschiedlichen Struktur besitzt Diamant eine Dichte von 3,5 g/cm3,
Graphit aber nur von 2,2 g/cm3.

2. der Art der eingebauten Elemente: Bleiglanz (PbS, kub) besitzt die gleiche Struktur wie Stein-
salz (NaCl, kub). Da aber Blei (Pb) ein viel schwereres Element als Natrium (Na) ist, ist die
Dichte von Bleiglanz (7,4 g/cm3) auch deutlich hoher als jene von Steinsalz (2,1 g/cm?3).
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Die Dichte ist fiir jede Verbindung charakteristisch und wird sogar schon seit der Antike zur
zerstorungsfreien Materialanalyse herangezogen: Der berithmte griechische Mathematiker
Archimedes konnte mit Hilfe der Dichtebestimmung feststellen, dass die Krone seines Konigs
nicht aus reinem Gold (Au, kub) besteht [vgl. nachgebautes Experiment auf Tafel 3]. Wahrend
des Badens soll ihm aufgefallen sein, dass ein untergetauchter Korper so viel Wasser verdringt,
wie seinem Volumen entspricht. Daraufhin verglich er die Menge des verdrangten Wassers der
Krone mit einem puren Goldbarren gleicher Masse. Die Krone verdréangte mehr Wasser — ihr
Volumen war daher gréBer und bei gleicher Masse musste daher ihre Dichte niedriger sein. Bei
dem Material konnte es sich also nicht um reines Gold gehandelt haben.

Auf diesem Prinzip basiert die Dichtebestimmung mittels so genannter hydrostatischer Waage,
mit der noch heutzutage die Dichte von Mineralen und Kristallen bestimmt wird. Heute spielt
die Dichte aber nicht nur bei der Bestimmung von Mineralen eine groBe Rolle, sondern ist auch
eine wichtige technische GroBe: Fiir manche Anwendungen benotigt man eine méglichst groBe
Masse auf kleinem Raum (z.B. Tariergewichte in Flugzeugen, Bleigewichte zum Wuchten von
Autoreifen,...), anderswo ist genau das Gegenteil erwiinscht (z.B. Rennwagen mit Magnesium-
Rahmen, Satelliten aus Beryllium-Metall,...).

Tafel 4: Hdrte

Die Hirte ist eine weitere charakteristische Materialeigenschaft, die auch zur Identifizierung
herangezogen wird. Es gibt unterschiedliche Methoden die Harte einer Substanz zu bestimmen
und zu klassifizieren. Die in der Mineralogie gebrauchlichste ist die Bestimmung der Ritzhdrte
nach Mohs. Friedrich Mohs, ein deutscher Mineraloge, publizierte im Jahr 1810 (als er gerade
Professor in Graz war) seine zehnteilige qualitative Hirteskala, die bis heute Bedeutung hat. Jede
Mohs'sche Harte wird durch ein Standardmineral definiert [vgl. Hérteskala auf Tafel 4]. Zur
Bestimmung der Hirte eines unbekannten Minerals iiberpriift man, mit welchem der zehn
Standardminerale es sich gerade noch ritzen ldsst. Zur raschen Abschétzung gab Mohs zusitz-
lich andere Referenzen an: Minerale bis zu Hérte 2 kann man mit dem Fingernagel ritzen, bis
Hirte 5 mit einem Stahlmesser. Das bedeutet, dass Stahl, den wir als Inbegriff der Hérte auf-
fassen, in der Welt der Minerale eher mittelmaBig abschneidet. Materialien iiber Mohs Harte 6
ritzen Glas. Diamant mit der Hérte 10 ist das hirteste bekannte Material und ist nur von sich
selbst ritzbar. Wie kann man dann Diamanten schleifen? Nur mit anderen Diamanten und das
auch nur, weil die Hirte des Diamants eine anisotrope GrofBe ist. Beim Diamantschliff wird
versucht den Richtungen mit der groB8ten Hirte auszuweichen. Die Hérteanisotropie zeigt sich
besonders deutlich beim Mineral Disthen (Al,O(SiO,), trkl) [vgl. Ritzversuch bei Tafel 4]:
Waihrend er in Langsrichtung der groBen Fliche des tafeligen Kristalls mit einem Stahlmesser
ritzbar ist, ist das in der Richtung senkrecht dazu nicht méglich.

Tafel 5: Spaltbarkeit

Eine weitere anisotrope mechanische Eigenschaft, die sehr typisch fiir bestimmte kristalline
Verbindungen ist, ist die Spaltbarkeit. Unter Spaltbarkeit versteht man die Eigentiimlichkeit vieler
Kristalle bei Druck, Zug oder Schlag entlang bestimmter atomarer Gitterebenen zu spalten. Da
diese von der atomaren Struktur und Bindung abhingig sind, sind die entstehenden Spaltkérper
oft charakteristisch fiir verschiedene Minerale und konnen auch zur Identifizierung herangezogen

werden.
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Sehr bekannt ist z.B. die ausgezeichnete Spaltbarkeit der Glimmer (z.B. Muskovit
KAI,(Si3AlO,)(OH),, mkl), die aufgrund einer ausgepridgten atomaren Schichtstruktur
bevorzugt parallel zu den Schichten spalten und so sehr diinne Blattchen bilden kénnen. Schlagt
man mit dem Hammer auf Calcit (CaCOj, trig), so erkennt man, dass die entstehenden Spalt-
stiicke einander immer sehr dhnlich sind: es handelt sich um kleine Rhomboeder mit glatten,
glanzenden Flachen [vgl. Versuch: Zerschlagen eines Calcits mit Hammer]. Das Steinsalz spaltet
nach dem Wiirfel, der Fluorit (CaF,, kub) nach dem Oktaeder. Auch der Diamant besitzt eine
gute Spaltbarkeit nach dem Oktaeder. Trotz seiner Hérte ist er somit nicht unzerstorbar.
Manche Minerale wie z.B. Quarz (SiO,, trig) besitzen keine Spaltbarkeit. Bei mechanischer
Beanspruchung bricht Quarz ,,muschelig®, dhnlich wie Glas.

Tafel 6: Elektrische Eigenschaften

Die Beherrschung der Elektrizitét 6ffnete dem Menschen eine Welt voller neuer Moglichkeiten,
deren rasante Entwicklung unvermindert anhilt. Ohne Minerale wére das wohl nicht zu
bewerkstelligen gewesen. Heute leiten wir noch immer den Strom durch Leitungen aus Kupfer,
erzeugen ihn in Generatoren, die mit Glimmer isoliert sind und machen Kabelstrange durch Talk
(Mg;(Si40,)(OH),, mkl) biegsam. Diese Liste konnte noch lange fortgesetzt werden.

Einige Minerale sind elektrisch leitfihig [vgl. Minerale im Stromkreis auf Tafel 6]. Ein Beispiel
wire Graphit. Aufgrund seiner Leitfahigkeit wird erheute beispielsweise als Elektrodenmaterial
eingesetzt. Die hochsten Leitfahigkeitswerte bei Raumtemperatur weisen Metalle auf. Obwohl
Silber (Ag, kub) hier bessere Eigenschaften besitzt, bestehen die Leitungen heute fast aus-
schlieBlich aus dem billigeren und in Massen verfiigbaren Kupfer (Cu, kub). Beide Edelmetalle
kommenin der Naturauch selten gediegen (d.h. inihrer Reinform als Elemente) vor,doch werden
sie heutzutage aus anderen Erzmineralen (meist Metallsulfiden) gewonnen.

Manche Materialien verlieren unterhalb einer (sehr tiefen) Temperatur ihren elektrischen
Widerstand vollstindig. Dieses Phanomen bezeichnet man als ,, Supraleitung “ Seit den spiten
1980ern sind kristalline Verbindungen bekannt, bei denen die Sprungtemperatur der Supra-
leitung iiber dem Siedepunkt des fliissigen Stickstoffs (-196°C) liegt. Heute wird durch Kristallo-
graphen intensiv an diesen ,,Hochtemperatur-Supraleitern® geforscht, die in Zukunft bisher
ungeahnte technische Mdglichkeiten erdffnen kdnnten.

Neben der Leitfahigkeit gibt es noch eine Reihe weiterer elektrischer Eigenschaften, die der All-
gemeinheit weniger bekannt, aber aus der modernen Technik nicht wegzudenken sind: Aus
mineralogischer Sicht besonders interessant sind die Pyro- und die Piezoelektrizitit, da diese
Effekte beide an Mineralen entdeckt wurden.

Es sollen hollindische Seeleute gewesen sein, denen auffiel, dass Turmaline (z.B. Dravit
NaMg;Alg(BO3)1(SigO,3)(OH,F), trig) , nachdem man sie erhitzt hatte, in der Lage waren Asche-
partikel anzuziehen. Pyroelektrische Kristalle laden sich beim Erwdrmen oder Abkiihlen elek-
trisch auf. Dieser Effekt kann nur in Kristallen und auch nur in solchen mit bestimmten atomaren
Symmetrien auftreten. Heute setzt man die so genannten Pyroelektrika beispielsweise in
Bewegungsmeldern ein: Eine geringe Temperaturerhohung durch eine, in mehreren Metern
Entfernung vorbeigehende Person, reicht aus, um eine Spannung zu erzeugen und einen Alarm
auszulosen oder Licht einzuschalten.
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Quarz ist eine der ersten Substanzen an denen der piezoelektrische Effekt beobachtet wurde.
Unter Piezoelektrizitdt versteht man die Eigenschaft mancher Kristalle, sich bei Beanspruchung
durch Druck oder Zug elektrisch aufzuladen [vgl. Schema auf Tafel 6]. Viele elektrische Druck-
sensoren basieren auf diesem Prinzip. Umgekehrt geraten diese Kristalle beim Anlegen eines
elektrischen Wechselfeldes in Schwingung. Aufgrund dieser Eigenschaft ist synthetischer Quarz
im tdglichen Leben allgegenwirtig: So genannte ,,Schwingquarze* finden sich in fast jeder Arm-
banduhr, PC, Handy,... wo sie als prizise Taktgeber dienen. Vibrieren Piezo-Kristalle in einem
gewissen Frequenzbereich, konnen sie Schallwellen erzeugen. Auf diese Weise funktionieren
nicht nur Ultraschallgerite und Sonaranlagen, sondern in Form von Mikrolautsprechern sind sie
auch fiir die Melodien von Handys und elektronischen Geburtstagskarten verantwortlich.

Tafel 7: Magnetische Eigenschaften

Bereits in der Antike erkannten die Menschen, dass besondere Steine in der Lage waren,
Eisenspéne auf ,,magische” Weise anzuziehen. Der Magnetismus verdankt seinen Namen dem
Mineral an dem er erstmals beobachtet wurde: dem ,,Stein aus Magnesia*, dem Magnetit (Fe;0,,
kub). Heute sind viel stirkere Permanentmagnete als Magnetit bekannt und es wird laufend nach
Verbindungen gesucht, die noch bessere magnetische Eigenschaften besitzen [vgl. Versuch auf
Tafel 7: sehr kleiner Magnet hilt groBes Gewicht].

Unsere Erde ist selbst auch ein groer Magnet, nicht zuletzt wegen ihres mineralischen Kerns
aus Eisen und Nickel, zweier Metalle, die magnetische Eigenschaften besitzen. Auf dem Prinzip,
dass sich kleine Magnete nach dem Erdmagnetfeld ausrichten, beruht der Kompass. Die ersten
Kompasse besalen ,,Nadeln* aus Magnetit. Von einigen Tierarten wie zum Beispiel Tauben, ist
ebenfalls bekannt, dass sie sich nach dem Erdmagnetfeld orientieren konnen. Das bewerkstelligen
sie mittels spezieller Organe, in denen sich kleinste Magnetit-Kristalle befinden.

Aufgrund ihres Verhaltens in einem Magnetfeld kann man Verbindungen grob in drei Gruppen
einteilen:

diamagnetische Stoffe werden von den Polen eines Magneten schwach abgesto3en

(z.B. Quarz, Graphit,...)

paramagnetische Stoffe werden von den Polen eines Magneten schwach angezogen

(z.B. Platin, Pyrit,...)

ferromagnetische Stoffe werden von den Polen eines Magneten stark angezogen

(z.B. Eisen, Magnetit,...).

Unter speziellen Umstidnden kann man starke Diamagnete iiber starken Ferromagneten sogar
frei schweben lassen [vgl. Versuch auf Tafel 7: frei schwebender Graphit].

Die magnetische Eigenschaft der Kristalle ist sowohl abhédngig von der Art der eingebauten
Elemente als auch von der Kristallstruktur. Pyrit (FeS,, kub) und Magnetkies (~FeS, trkl) sind
zwar aus denselben chemischen Elementen auf gebaut, jedoch besitzen sie eine unterschiedliche
Struktur und sind anhand ihrer magnetischen Eigenschaften leicht unterscheidbar [vgl. Versuch
auf Tafel 7: Unterscheidung der Minerale Magnetkies und Pyrit mittels eines Magneten].
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Tafel 8: Thermische Eigenschaften

Ahnlich der elektrischen Leitfahigkeit gibt es auch in Bezug auf die Wéirmeleitfihigkeit gute
und schlechte Leiter. Die Natur hat den Menschen mit ,,.Detektoren* zur Wahmehmung der
Wirmeleitfihigkeit ausgestattet: die Nervenzellen in unserer Haut. Bei gleicher Ausgangs-
temperatur fiihlt sich ein Stiick Metall auf der Haut kalt, ein Stiick Holz hingegen warm an [vgl.
Versuch auf Tafel 8]. Der Grund liegt darin, dass die Korperwarme durch das thermisch gut
leitende Metall schnell abgefiihrt wird, wihrend sie sich ander Oberfliche des thermisch schlecht
leitenden Holzes staut. Unterschiedliche Minerale besitzen unterschiedlich gute Warmeleit-
eigenschaften: Eine Skulptur aus Marmor wird uns aufgrund der relativ guten Wirmeleitfahig-
keit des Calcits angenehm kiihl vorkommen. Gips (CaSO4-2H,0, mkl) leitet die Warme weniger
gut und trigt beim Hausbau in Form von Gipskartonplatten zur Wirmeisolation bei.

Eine weitere thermische Eigenschaft ist die Wdrnedehnung. Die allermeisten Substanzen, auch
die meisten Minerale, dehnen sich beim Erwiarmen aus, was in verschiedenen Situationen beriick-
sichtigt werden muss (z.B. Warmedehnfugen auf Briicken). In der Welt der Kristalle finden sich
aberauchMaterialien, die sich bei steigender Temperatur nicht ausdehnenoder sogar zusammen-
ziehen. Ein praktisches Beispiel finden wir in fast jeder Kiiche: Die Kochplatten von Elektro-
herden bestehen in vielen Fillen aus Cordierit-Glaskeramik. Die synthetischen Cordierite — in
der Natur (Mg,Fe),(Al;Si5O,g) (orhomb) — dehnen sich bei Temperaturerh6hung, die beim
Kochen auftritt (und mehrere 100°C betragen kann) kaum aus. Bei Kristallen kann die Wiarme-
ausdehnung anisotrop, also richtungsabhingig, sein. Schleift man aus einem Calcit-Kristall eine
perfekte Kugel und erwiarmt diese, dann wird man nach einiger Zeit eine Verformung der Kugel
feststellen. In einer Richtung hat sie sich ausgedehnt, in den Richtungen senkrecht dazu sogar
ein wenig zusammengezogen. Aufgrund der anisotropen thermischen Ausdehnung ist aus der
Kugel ein Ellipsoid geworden [vgl. Abbildung auf Tafel 8].

Tafel 9: Optische Eigenschaften

Die optischen Eigenschaften eines Materials werden durch die Wechselwirkung von Licht und
Materie bestimmt. In der klassischen geometrischen Optik beschreibt man Licht als elektro-
magnetische Welle: Als sichtbares Licht bezeichnen wir jenen kleinen Ausschnitt des elektro-
magnetischen Spektrums, den wir mit unseren Augen wahrmehmen kénnen.

Das Licht pflanzt sich im Vakuum mit der groBten uns bekannten Geschwindigkeit von etwa
300000 km/s aus. In jedem anderen Medium ist das Licht um einen charakteristischen Betrag
langsamer. Man spricht im Vergleich auch von ,,optisch dichten* Medien, in denen sich das Licht
langsamer ausbreitet, und ,,optisch diinnen* Medien, in denen sich das Licht schneller ausbreitet.
Tritt ein Lichtstrahl von einem Medium in ein anderes Medium mit unterschiedlicher ,,optischer
Dichte ein, so wird er an der Grenzfliche zwischen diesen beiden Medien ,,gebrochen®, das
heiBt der Lichtstrahl erfahrt eine Richtungsanderung.

Beim Ubergang von optisch diinnen zu optisch dichten Medien spricht man von einer ,,Brechung
zum Lot*“, beim Ubergang von optisch dicht zu optisch diinn von einer ,,Brechung vom Lot*,
Bei der Brechung vom Lot kann der Fall eintreten, dass der Brechungswinkel den Wert von 90°
iiberschreitet. Ab diesem Zeitpunkt kann das Licht nicht mehr in das optisch diinnere Medium
eintreten und wird vollstdndig reflektiert [vgl. Versuch: Totalreflexion an einem Plexiglaskorper
auf Tafel 9]. Man nennt diesen Effekt ,, Totalreflexion “.
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Die Eigenschaft der Totalreflexion wird beispielsweise bei der Herstellung von Diamantschmuck
ausgenutzt: Die Winkel im klassischen Brillantschliff sind so gewihlt, dass das Licht moglichst
oft zum Betrachter zuriick totalreflektiert wird. Erst dieser Schliff verleiht dem Diamanten sein
unvergleichliches ,,Feuer* [vgl. Brillantmodell und Schema auf Tafel 9].

Auch in der modernen Technik spielt die Totalreflexion eine groBe Rolle: Auf diesem Prinzip
basieren Glasfaser-Lichtleiter, mit denen heute groBe Datenmengen ohne nennenswerten Verlust
iibertragen werden koénnen. Das Mineral Ulexit (NaCaBsO4 8H,O0, trkl) ist ein natiirlicher Licht-
leiter. Der eigentiimliche Effekt der entsteht, wenn man eine Unterlage durch diesen Stein
betrachtet, hat ihm auch die Bezeichnung ,,TV-rock* eingetragen [vgl. Versuch auf Tisch 9].

Brechung und Totalreflexion sind keine speziellen Eigenschaften des kristallinen Zustands und
konnen ebenso an Glidsern und anderen transparenten amorphen Festkérpern und an Fliissig-
keiten beobachtet werden. Im Gegensatz zu Gldsern ist in den meisten Kristallen (jenen mit nicht
kubischer Symmetrie) die Geschwindigkeit, mit der sich das Licht in ihnen ausbreitet, von der
Durchstrahlungsrichtung abhingig. Daraus resultiert der erstaunliche Effekt der ,, Doppel-
brechung“, der 1669 von E. Bartholinus an einem Calcit-Kristall entdeckt wurde: Ein Licht-
strahl wird beim Eintrittin den Kristall in zwei Strahlen aufgespaltet. Betrachtet man eine Unter-
lage durch den Kristall, so erscheint jedes Detail doppelt [vgl. Versuch auf Tisch 9].

Tafel 10: Farbe

Eine weitere wichtige Materialeigenschaft, die auf der Wechselwirkung von Licht und Materie
beruht, ist die Farbe. Viele Minerale konnen durch schone Farben eine so groe Faszination auf
uns ausiiben, dass wir sie zu Schmuckzwecken einsetzen.

Es gibt eine Reihe sehr unterschiedlicher Farbursachen. Eine der hédufigsten ist der Einbau von
farbenden Nebengruppenelementen wie z.B. Chrom, Eisen oder Kupfer. Die Farbe, die wir
sehen, wird jedoch nicht nur von der Art und der Wertigkeit der eingebauten Metalle beeinflusst,
sondern ist auch von der Kristallstruktur abhéngig. So besitzen die Minerale Malachit
Cu,(CO3)(OH), (mkl) und Azurit Cu;(CO5),(OH), (mkl) einensehr dhnlichen Chemismus mit
zweiwertigem Kupfer als fiarbenden Metallion, doch aufgrund der unterschiedlichen Kristall-
struktur ist Malachit griin und Azurit blau.

Oft reichen bereits geringe Mengen bestimmter Fremdelemente aus, um an sich farblosen
Mineralen préachtige Farben zu verleihen. Ein schones Beispiel bietet das Mineral Beryll
Al,Bes(SigO,5) (hex). Geringe Gehalte gewisser Ubergangsmetalle, die das Aluminium in der
Kristallstruktur teilweise ersetzen, sind fiir die Farbung verantwortlich. Die Farbvarititen des
Berylls besitzen klingende Namen (Smaragd, Aquamarin) und sind bekannte Edelsteine [vgl.
Abbildungen auf Tafel 10].

Interessanterweise ist auch die Farbe mancher Kristalle von der Betrachtungsrichtung abhingig.
Besitzt ein Mineral in unterschiedlichen Richtungen unterschiedliche Farben und Helligkeiten, so
spricht man von ,, Pleochroismus“. Der visuelle Farbeindruck, den manche Kristalle erzeugen, ist
sehrsensibel gegeniiber geringen Unterschieden der spektralen Zusammensetzung des Lichts. Ein
Mineral, welches diesen Effekt deutlich zeigt, ist der Alexandrit (Al,BeO,, orhomb, mit geringem
Cr3*+-Gehalt): Bei Tageslicht erscheint er griin, im Kunstlicht rot [vgl. Versuch auf Tafel 10].
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Die Farbe ist ein wichtiges Erkennungsmerkmal vieler Minerale. Eine weitere Bestimmungs-
hilfe ist die Farbe eines mit dem Mineral auf einer rauen, weiBen Kachel gezogenen Strichs [vgl.
Versuch auf Tisch 10]. Dieser muss nicht mit der ersichtlichen Farbe des Minerals iiberein-
stimmen: So ist beispielsweise der Strich des silbrig schwarz glinzenden Hiamatits (Fe,O,, trig)
nicht schwarz, sondernrot. Diese Eigenschaft brachte ihm auch den Namen ,,Blutstein* ein. So
wie die kleinen Scherben einer durchsichtigen Fensterscheibe weif3 erscheinen, erzeugt auch das
Pulver eines Minerals mitunter einen anderen visuellen Farbeindruck als ein kompakter Kristall.
Die Strichfarbe ist nichts anderes als die Farbe des Mineralpulvers.

Jenseits des Bereiches des sichtbaren Lichtes liegt der ultraviolette Spektralbereich. Manche
Minerale sind in der Lage die unsichtbaren UV-Wellen zu absorbieren und in Form von sicht-
barem Licht wieder abzustrahlen [vgl. Versuch auf Tisch 10]. Diese Eigenschaft bezeichnet man
als UV-Lumineszenz. Man unterscheidet prinzipiell zwischen zwei Typen: Bei der so genannten
,,Fluoreszenz‘‘ verschwindet der Leuchteffekt — und damit die Farbe — mit dem Abschalten der
UV-Quelle. Bei der so genannten ,,Phosphoreszenz* leuchten die Minerale hingegen noch eine
Weile nach dem Abschalten nach.

Tafel 11: Mineralogie in Osterreich
Auf dieser Tafel wird ein Uberblick iiber die Studienméglichkeiten gegeben und der Verein der
Osterreichischen Mineralogischen Gesellschaft vorgestellt.
In folgenden Stidten Osterreichs kann man derzeit ein mineralogisches Studiumbelegen: Wien,
Graz, Leoben, Salzburg und Innsbruck.
Die Osterreichische Mineralogische Gesellschaft (OMG) steht allen Mineralienliebhabern offen
und ermdglicht so den Austausch zwischen Wissenschaftlern, Museen und Sammlern.
Es werden geboten:
Vortrdge: An den Veranstaltungsorten Wien, Graz, Leoben, Salzburg und Innsbruck
finden regelmiBig offentliche Vortrage statt.
Buchband: Jedes Mitglied erhilt jahrlich den neuen Buchband ,,Mitteilungen der OMG*.
Bestimmungsabende: Hilfe bei der Bestimmung ,,problematischer* Minerale an den
Universitdten und Museen.
Tagungen: Jedes zweite Jahr findet eine groBe Tagung der OMG statt (,,MinPet*).
Exkursionen: Lehrfahrten zu interessanten Mineralvorkommen im In- und Ausland.

Weitere Informationen erhalten Sie unter http//:www.univie.ac.at/mineralogie/oemg.at

II. Minerale und Kristalle im Alltag

Die friiheste Epoche menschlicher Geschichte wird als Steinzeit bezeichnet. Aus Steinen — also
aus Mineralen - wurden Werkzeuge, Waffen und Kultobjekte hergestellt. Hohlen, natiirliche Hohl-
rdume in Gesteinen, dienten mitunter als Behausung oder rituelle Statten. Mit Hilfe von Mineral-
farben wurden deren Winde mit Malereien verziert. Das Leben der Menschen wurde nicht un-
wesentlich von Mineralen geprigt.
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Streng genommen hat die ,,Steinzeit* nie aufgehort, denn nach wie vor sind wir auf die
Verwendung von Mineralen und mineralischen Rohstoffen angewiesen.

Ihr mengenmaiBiger Gebrauch hat in Relation zur Urgeschichte sogar drastisch zugenommen.
Hinzu kommen noch unzihlige synthetische Kristalle, die der Mensch herzustellen gelernt hat.
Jedoch fiihren sie alle ein scheinbar verborgenes Dasein. Nur selten sind die Minerale als solche
erkennbar und nur selten schenkt man ihnen gebiihrende Aufmerksamkeit. Doch ohne sie kénnten
wir heute nicht telefonieren, fernsehen, Strom erzeugen, Auto fahren,...

Obwohl es uns nicht immer bewusst ist, sind wir tdglich von vielen Kristallen und Mineralen
umgeben. Minerale bauen den GroBteil unseres Planeten auf und sind schon aus diesem Grund
allgegenwirtig und von groBer Wichtigkeit. Mit der Zeit hat der Mensch gelernt ihre besonderen
Eigenschaften zu nutzen. Nach der Verwendung unterteilt man mineralische Rohstoffe in folgende
Gruppen:

Erzminerale: Bestimmte Minerale sind wichtige Rohstoffe zur Gewinnung von Metallen, Halb-
metallen und anderen Elementen. Ein Beispiel ist der Kupferkies (CuFeS,, tetr) aus dem Kupfer
gewonnen wird.

Industrieminerale: Mineralische Rohstoffe, die als solche verwendet werden. Ein einfaches Bei-
spiel wire Splitt aus Dolomit CaMg(CO,),, trig), mit dem bei Glatteis StraBen und Wege gestreut
werden oder das Steinsalz, das wir tidglich mit der Nahrung zu uns nehmen.

Manche Minerale sind nicht nur wichtige Erze zur Gewinnung bestimmter Elemente, sondern
finden auch als Industrieminerale Verwendung. Ein klassisches Beispiel wire Quarz: Man
gewinnt aus ihm nicht nur das, z.B fiir die Halbleiterindustrie so wichtige Element Silizium,
sondern setzt ihn auch in unverdndert mineralischer Form, z.B. als Sand in vielen Anwendungs-
bereichen ein.

Auch in Osterreich werden einige bedeutende Mineralvorkommen abgebaut und zu Produkten
weiterverarbeitet, mit denen Osterreichische Unternehmen weltweite Bedeutung erlangt haben.
Anhand ausgewihlter Beispiele zeigt die Ausstellung den Weg vom Ausgangs- zum Endprodukt.

Wo begegnen uns Minerale im tiglichen Leben? Wollte man alle Anwendungen aufzihlen,
wiirde man wahrscheinlich mehrere dicke Buchbinde fiillen konnen. Deshalb werden hier nur
einige in einem kurzen Uberblick vorgestellt:

Manchmal verlduft die erste tagliche Begegnung mit Kristallen fiir uns leider nicht so angenehm:
Wir miissen aufstehen weil der Wecker ldutet. Das Piepsen wird mitunter auch durch Piezo-Kri-
stalle verursacht, welche aufgrund der angelegten Wechselspannung mit einer horbaren Frequenz
schwingen. In elektronischen Weckern ist ein Quarz-Kristall eingebaut, der auf grund seiner pie-
zoelektrischen Eigenschaft als Taktgeber fungiert. Auch die Quarz-Armbanduhr enthilt einen
»Schwingquarz®. Die kratzfesten ,,Uhrgldser* qualitativ hochwertiger Uhren bestehen aus sehr
hartem Aluminiumoxid (in der Natur: Korund Al,0,, trig). Manche Hersteller fertigen auch
andere Teile der Uhr aus extrem harter Zirkoniumoxid-Keramik an. Nahezu unverwiistliche Uhren
erhidlt man heute durch Beschichtung mit Diamant.

Beim Blick in den Spiegel — dessen reflektierende Wirkung von einer Schicht Silber herriihrt —
putzen wir uns in der Friih die Zahne. Die Zahnpasta ist weiB aufgrund weier Pigmente (TiO,,
in der Natur: Rutil, Anatas) und enthilt unterschiedliche mineralische Schleifpartikel (z.B.
Calcit), die den Belag von unseren Zéhnen scheuern.
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Kristalline Verbindungen helfen uns auch noch anderwirtig unser Erscheinungsbild zu verbessern:
Die meisten Kosmetika beruhen auf mineralischer Basis (z.B. Talk, Glimmer) und um unangeneh-
men Korpergeruch zu verhindern, benutzen wir Deostifte aus bakteriziden Alaun-Kristallen.

Unser Auto ist eine Fundgrube vieler Minerale: Ein durchschnittlicher PKW enthélt allein um
die 12 kg Talk z.B. als Fiillstoff in Kunststoffteilen. Weiters werden Quarz, Glimmer, Calcit,
Wollastonit (CaSiOj, trkl),... in groBen Mengen als Fiillstoffe eingesetzt. Metallic- und Farb-
wechsel-Effekte werden durch behandelte Glimmer-Pléttchen im Lack hervorgerufen. Daneben
finden unzihlige anderekristalline Verbindungen in den unterschiedlichsten Anwendungen ihren
Einsatz. Ein groer Teil des Autos besteht aus Metallen: Rahmen, Karosserie und Motor sind
aus Stahl, Aluminium oder Magnesium gefertigt, welche aus Erzmineralen gewonnen werden.
Metalle sind leicht in die gewiinschte Form zu bringen und besitzen gute mechanische Eigen-
schaften, weisen aber auch charakteristische Schwichen auf. Uberall dort, wo Metalle nicht ein-
gesetzt werden konnen, finden andere Werkstoffe Verwendung: Da Ziindkerzen gute elektrische
Isolatoren sein und zum Teil hohe Temperaturen aushalten miissen, werden sie aus Aluminiu-
moxid-Keramik (in der Natur als Korund: Al,Oj, trig) hergestellt. Der Katalysator-Tréger be-
steht meist aus Cordierit-Keramik, der mit Zeolithen und Platin-Metallen beschichtet ist. Auch
die Lambda-Sonde, iiber welche das jeweilig richtige Luft-Benzin-Gemisch eingestellt wird,
funktioniert aufgrund der Ionenleitfahigkeit von Zirkoniumoxid-Keramik.

Die generellen Vorteile von Keramik-Werkstoffen gegeniiber Metall sind bestechend: Sie besitzen
meist ein geringeres Gewicht, eine weit hohere Harte und sind viel temperaturbesténdiger. Diese
Faktoren sind im Fahrzeugbau sehr erwiinscht und manche Hersteller setzen daher Keramik-
Werkstoffe auch schon kommerziell in Kupplung und Bremsen ein.

Die meisten Elektrik- und Elekronik-Bestandteile des Autos funktionieren nur aufgrund der
Eigenschaften kristalliner Festkorper. In Riickfahrsensoren, Warntonanlagen und im Direktein-
spritzsystem werden Piezokristalle eingesetzt. Kleine Elektromotoren, beispielsweise in elek-
trischen Fensterhebern oder zum Verstellen der Riickspiegel, enthalten Graphit und kristalline
Permanentmagnete. Die Gliithdrihte der Scheinwerferlampen und die Dréhte der Heckscheiben-
heizung bestehen aus hochtemperaturbestdndigem Wolfram. Diese Liste konnte noch lange fort-
gesetzt werden.

Miissen wir etwas aufschreiben oder -zeichnen, kommen wir nicht umhin Minerale zu verwenden:
Bleistifte bestehen aus Graphit und Tonmineralen. Buntstifte enthalten viele verschiedene
mineralische Fiillstoffe. Fiillfedern besitzen mitunter eine Spitze aus Gold oder Iridium, welche
beide in der Natur als Minerale vorkommen. Die Kugel des Kugelschreibers besteht meist aus
Wolframcarbid, einer harten kristallinen Substanz. Auch unser bevorzugtes Schreibmaterial, das
Papier, besteht zu einem grofen Prozentsatz aus Mineralen als Fiillstoffe und Weipigmente
(Calcit, Talk,...).

Die ersten gemalten Bilder wurden mit Mineralfarben an die Wande von Hohlen gemalt und
dokumentieren die ersten kiinstlerischen Versuche der Menschheit. Noch heute werden viele
Farbpigmente aus Mineralen gewonnen.
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Im Sport werden geschickt kristalline Substanzen eingesetzt, die unsere Schlagkraft beim Tennis
verstirken, die Vibrationen von Rennski minimieren, Bowlingkugeln hérter treffen lassen, Dart-
pfeilen eine stabilere Flugbahn ermdoglichen,... Sportarten wie Beachvolleyball oder Weitsprung
wiren ohne — zum Grofteil aus Quarz bestehenden — Sand nicht vorstellbar. Auch die Linien
beim FufBballspiel bestehen aus fein gemahlenen Mineralen (Calcit).

Kristalle und Minerale machen auch vor unserem Esstisch nicht halt: Wir essen mit Besteck aus
Stahl, Silber oder Aluminium — Metallen, die allesamt aus Mineralen gewonnen werden — von
Tellern aus Porzellan und Gebrauchskeramik - die aus den Ausgangsprodukten Quarz, Kali-
feldspat (KAISi;Og, mkl) und Kaolinit (Al4(Si4O,0)(OH)g, trkl) hergestellt wurden. Neuerdings
gibt es auch Messer aus extrem harter Hochleistungskeramik, die kaum noch geschliffen werden
miissen.

Der Geschmack unserer Lebensmittel wird mit Kristallzucker und Speisesalz (3-4g pro Tag) ver-
bessert. Viele andere Kristalle und Minerale nehmen wir unbewusst zu uns: Im Laufe seines
Lebens nimmt der Mensch allein etwa 12kg Gips mit der Nahrung zu sich. Bei dem weiflen Pulver
auf Kaugummis handelt es sich um Talk und die weie Farbe auf der Haut der Salami wird meist
durch Titanoxide (als Rutil oder Anatas aus der Natur bekannt) verursacht.

Nach dem Essen raumen wir Teller und Besteck in den Geschirrspiiler. Hier werden Zeolithe —
Geriistsilikate, die auf atomarer Ebene groBe Hohlrdume besitzen — zur Wasserenthédrtung und
Verbesserung der Waschwirkung eingesetzt. Auch im Waschmittel sind aus diesem Grund
Zeolithe enthalten. Weiters sind sie mitunter ein Bestandteil von Katzenstreu, wo sie unange-
nehme Geriiche absorbieren. Ein neuentwickeltes Bierfass ist mit Hilfe von Zeolithen in der Lage,
Bier ohne Strom zu kiihlen. Es wird intensiv an der Erforschung und Entwicklung neuer zeo-
lithischer Verbindungen gearbeitet, da sie eine Vielzahl von interessanten Eigenschaften besitzen.

Minerale und dhnliche kristalline Verbindungen konnen auch ganz entscheidend zu unserer
Gesundheit beitragen: Wir nehmen sie als Nahrungserginzungsmittel, als Tragersubstanz von
Tabletten oder als Arzneiwaren zu uns. Die Medizin ist noch in weiterer Hinsicht auf kristalline
Substanzen angewiesen und hier spielen auch Minerale eine wichtige Rolle: Fast jeder von uns
bekam nach einem Knochenbruch schon einen ,,Gips* (in der Tat meist aus Gips). Um Erkrank-
ungen im Magen-Darmbereich feststellen zu kdnnen, muss man Rontgenkontrastmittel aus
Bariumsulfat (in der Natur als Baryt: BaSO,, orhomb) schlucken. Heutzutage werden Knochen-
prothesen, wie kiinstliche Hiiftgelenke, auch aus Keramik und Titan angefertigt, da diese korper-
vertriglich und hochst abriebresistent sind. Auch in der Zahnprothetik wird zunehmend zu
keramischen Werkstoffen gegriffen: Kronen und Inlays aus synthetischem Spinell (MgAl,O,,
kub), Zirkoniumoxid oder Aluminiumoxid (alle in der Natur so oder in dhnlicher Form als
Minerale bekannt) sind kaum von echter Zahnsubstanz zu unterscheiden.

Nicht zuletzt bestehen wir selbst zu einem groBen Prozentsatz aus kristalliner Substanz: Etwa
20 kg unseres Korpers entfallen auf Knochen, welche vornehmlich aus Apatit (Ca5(PO,4);(OH,F),
hex) bestehen. Andere Lebewesen setzen auf andere Skelettsubstanzen: Besonders weit verbreitet
sind ,,Calcit* (z.B. Seeigelpanzer), Aragonit (CaCO;, orhomb)(z.B. Sepiaschulp, Perlmutt) und
»Skelettopal* (SiO,'nH,0)(z.B. Kieselalgen). Obwohl sie vom atomaren Aufbau her ident sind,
handelt es sich hierbei aber per definitionem nicht um Minerale, da sie von den Lebewesen
gebildet und nicht abiogen in der Natur entstanden sind.
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