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Plenary talks v

Mineralogical co-evolution of the geosphere and
biosphere

Hazen, R.M.
Geophysical Laboratory, Carnegie Institution, Washington DC,
USA (rhazen@ciw.edu)

The mineralogy of terrestrial planets evolves as a consequence
of varied physical, chemical and biological processes [1]. Initial
evolutionary stages include the transition from ~12 nano-scale
mineral phases in pre-stellar dense molecular clouds, to ~60
primary chondrite minerals, to ~250 different minerals in
altered chondrites, achondrites and differentiated asteroids.
Earth’s subsequent prebiotic mineral evolution depended on a
sequence of geochemical and petrologic processes, including
volcanism and degassing, fractional crystallization, crystal
settling, assimilation reactions, regional and contact
metamorphism, plate tectonics and associated large-scale fluid-
rock interactions. These processes resulted in perhaps 1500
different mineral species.

Biological processes began to affect Earth’s surface
mineralogy by the Eoarchean, when large-scale surface mineral
deposits, including carbonates and banded iron formations, were
precipitated under the influences of changing atmospheric and
ocean chemistry. The Paleoproterozoic “Great Oxidation Event”
and Neoproterozoic increases in atmospheric O, transformed
Earth’s surface mineralogy and are responsible, directly or
indirectly, for most of Earth’s 4300 known mineral species.

Mineral evolution arises from three primary mechanisms:
(1) progressive separation and concentration of elements from
their original relatively uniform distribution; (2) an increase in
range of intensive variables such as pressure, temperature, and
the activities of H,O, CO, and O,; and (3) generation of far-
from-equilibrium conditions by living systems. The sequential
evolution of Earth’s mineralogy from chondritic simplicity to
Phanerozoic complexity introduces the dimension of geologic
time to mineralogy and thus provides a dynamic alternate
approach to framing the mineral sciences.

[1] Hazen, R.M. et al. (2008) Am. Mineral., 93, 1693-1720.

40 years of nanomineralogy

Buseck, P.R.
School of Earth & Space Exploration and Dept. of
Chemistry/Biochemistry, Arizona State University, Tempe, AZ,
USA (pbuseck@asu.edu)

The warm feelings conveyed by Figure 1 reflect the substantial
progress that has occurred in the study of crystalline materials,
including minerals, during the last four decades. That figure,
lacking the Valentine Day embellishments, appeared 30 years
ago. It followed developments that transformed transmission
electron microscopy from a technique used primarily by
biologists to one routinely utilized by solid-state scientists,
including mineralogists. The changes became possible through
the availability of new, highly stable microscopes for producing
high-resolution images and new theory for interpreting the
results. This combination facilitated the study of defects and
other irregularities in crystalline and, eventually, non-crystalline
solids. Additional developments continue to this day.

Fig. 1: Slightly edited HRTEM image of defects in biopyriboles;
modified (by Sue Selkirk) from Fig. ¢ in Veblen and Buseck [1].

High-resolution images of solids allowed the first direct
visualization of structural irregularities in crystals. One no
longer had to infer the crystal defects that permitted solid-state
reactions to occur. Instead, it became possible to actually
observe the reaction pathways through transitions and reactions
“frozen” before completion. Such new information helped
reconstruct processes that previously could only be inferred.

Transmission electron microscopes (TEMs) can be used to
measure the crystalline structures and compositions of minerals
at the micrometer to sub-nanometer scale. For particles, such as
occur in the atmosphere and comprise an area of increasing
interest for mineralogists, they can also be used to determine
their sizes, 2D and 3D shapes, intergrowths, and coatings, all of
which are of interest for atmospheric and climate studies.

The various nanoscale modes of modern TEMs include
high-resolution imaging (HRTEM); energy-dispersive X-ray
spectrometry (EDS) to determine compositions of inorganic
species; electron energy-loss spectrometry (EELS) to measure
the abundances of elements heavier than Li, their oxidation
states, and chemical speciation; energy-filtered TEM (EFTEM)
to show the distributions of elements within substances;
selected-area electron diffraction (SAED) to determine
crystallographic structures; environmental-TEM (ETEM) to
measure hygroscopic properties, volatilities, and reactions at
high temperature; electron holography (EH) for magnetic
studies; and electron tomography (ET) to determine 3D shapes.

Mineral studies at elevated temperatures are almost routine,
and we are currently trying to develop the use of TEMs to study
minerals at high pressure. Examples will be provided of a range
of problems addressed by studying minerals on a level ranging
down to the nanoscale.

[1] Veblen, D.R. & Buseck, P.R. (1980) Am. Mineral., 65, 599-
623.



vi Plenary talks

Composition and evolution of the SCLM, and the
origin of its diamonds

Griffin, W.L." & O’Reilly, S.Y.
GEMOOC, Earth and Planetary Sciences, Macquarie University,
Sydney, NSW, Australia ("bill.griffin@mgq.edu.au)

Recent developments in seismic tomography and the integrated
modeling of geophysical and petrological data have stimulated a
major re-evaluation of the original composition and present
extent of Archean subcontinental lithospheric mantle (A-
SCLM). Analyses of seismic and gravity data, and
consideration of relationships in exposed Archean peridotite
massifs, suggest that the primitive A-SCLM probably was a
highly depleted, moderately oxidised dunite-harzburgite,
formed by high-degree melting at high T and P. Seismic
tomography of cratons at regional and local scales shows
“knobs” of high-Vs material that can be modeled as primitive
A-SCLM, surrounded by zones of lower Vs. Kimberlites
preferentially intrude these low-Vs belts, bringing up xenolith
suites dominated by garnet lherzolites. By analogy with
Archean peridotite massifs, these less-depleted rocks are
interpreted as the result of metasomatic refertilisation, with
progressive addition of cpx and garnet, and lowering of Mg#, in
the peridotites. Within individual kimberlite fields, there is a
direct correlation between this refertilisation process and the
presence of diamonds of the peridotitic paragenesis [1]. A
strong correlation between subcalcic garnets and diamonds
suggests a model in which diamonds are deposited as CH,-rich
fluids are oxidized by the SCLM, producing carbonate-rich,
hydrous fluids.

EMP and FTIR analyses of pum-sized fluid inclusions in
“fibrous” diamonds have identified a more complex suite of
high-density fluids (HDF), ranging from carbonatitic melts to
“hydrosilicic” fluids and super-saline brines. LAM-ICPMS
analysis of such diamonds [2] yields trace-element patterns
similar to kimberlites and carbonatites, with high LREE/HREE,
and high contents of alkali elements (Na, K, Rb, Cs, Ba) and
HFSE (Ti, Zr, Nb...). Within single localities, carbonatitic,
hydro-silicic and saline fluids have broadly similar trace-
element patterns. The different types of HDF may reflect
complex interactions between low-volume (mostly carbonatitic)
melts, saline brines and different wall rocks (peridotitic vs
eclogitic, refractory vs metasomatised).

In contrast to the fibrous diamonds, most monocrystalline
diamonds have REE patterns that are either are essentially flat,
or are depleted in LREE relative to HREE. They also are
depleted in the alkali elements relative to the LREE, and many
show strong negative anomalies in Y and Sr. These fluids and
those that form fibrous diamonds may be related through
carbonate/silicate melt immiscibility; the transition between
them has been observed in single stones. In the Diavik mines,
some monocrystalline diamonds and their fibrous/granular coats
appear to have grown from the same type(s) of fluid.

If most peridotitic diamonds are related to the metasomatic
modification of the dunitic Archean SCLM, then progressive
metasomatism of the SCLM through time should decrease its
overall  prospectivity for diamonds. However, in
tectonothermally younger terrains, diamonds are commonly
hosted primarily in eclogites. In the absence of oxidized dunites,
these mafic rocks may provide the redox environment required
to deposit diamonds. Metasomatism is an ongoing process, and
it is not obvious that diamonds necessarily are ancient; some
may be quite ,,modern.”

[1] Malkovets, V. et al. (2007) Geology, 35, 339-342. [2] Rege,
S. et al. (2005) J. Anal. Atom. Spectrom., 20, 601-611.

Mineralogical and glass compositional
variations during the 2010 eruption of
Eyjafjallajokull, Iceland

Sigmarsson, O.
Inst. of Earth Sciences, University of Iceland, Reykjavik,
Iceland (olgeir@raunvis.hi.is) and
Laboratoire Magmas et Volcans, CNRS - Université Blaise
Pascal, Clermont-Ferrand, France

After three months of magma injection beneath Eyjafjallajokull
volcano, and corresponding inflation of the volcano, a lateral
eruption started March 20 at the Fimmvorduhals pass.
Relatively primitive olivine and plagioclase bearing basalt was
produced from ca. 500 m long fissure. After the first two days,
the activity was concentrated in a single strombolian crater until
March 31 when a new eruption fissure opened orthogonal to the
first one. Last lava-forming activity was observed March 12.
The basalt composition has a restricted whole-rock
compositional range (8-9% MgO) from 3% Hy-normative at the
beginning to 3% Ne-normative composition at the end. The
cuhedral phenocrysts assemblage is composed of Cr-rich spinel
(picotite), olivine in the range Fo79-71 (with four crystals of
Fo86), and a bytownite plagioclase (An81-76). Abundant
vesicules and microlites characterize the groundmass,
suggesting degassing-related crystallization. The interstitial
glass composition is similar to the evolved FeTi-basalts of the
neighbouring Katla volcano (MgO: 4.5-5.0%). During the
historical period Katla has erupted twice per century; it last
erupted in 1918.

On April 14 an explosive summit eruption started beneath
an ice-cap with an eruption column occasionally rising as high
as 8-10 km. Very fine-grained tephra of trachy-andesitic
composition was produced and dispersed to the east and later to
the south covering the neighbouring area with a few cm thick
tephra layer. Finest part of this tephra was ejected to significant
heights in the atmosphere where it sojourned for several days,
and was brought over continental Europe by prevailing
northeast wind directions. The fine grain-size of the tephra is
not only due to rapid quenching caused by ice-magma
interaction but also by fragmentation caused by rapid strain of a
relatively viscous melt. The trachy-andesite produced during the
first five days result from a binary mixing between fractionated
basalt (similar in composition to those of Katla volcano) and a
dacitic melt, possibly left-over from the penultimate eruption at
Eyjafjallajokull (the 1821 dacite), and a consequent rapid
magma ascent. The magma mixing is reflected by linear
correlations on element-element plots between major- and trace-
element concentrations obtained on whole-rock samples and in-
situ by EMPA and LA-ICP-MS methods applied to primitive
melt-inclusions, groundmass glasses and tephra fragments from
the 1821 eruption. Three glass types are observed in the early
tephra with SiO, concentrations of 49-51%, 60-61% and 69-
70% that illustrates a mechanical magma mingling without
enough time for homogenization before eruption. This results in
complex mineralogical zonation with Fo64-50, An69-9 and Mg-
number of clinopyroxene in the range 72-26. On May 4 a deep
seismic swarm (over 20 km deep) occurred with consequent
higher magma output as measured from the height of the May 5
eruption column. The tephra produced that day is comprised of
well-mixed glass with SiO, of 62-63% but has 50pm zoned-
olivines with 10 pm tick rim of Fous.50. The core has Fogy, a
composition similar to the olivines of the Fimmvorduhals
basalts. These results indicate a direct link between the arrival
of primitive basalts, deep seismicity, increased magma pressure
in the plumbing system, and higher magma output rate. Taken
together, the explosive phase of the 2010 Eyjafjallajokull
eruption was caused by dynamic magma mixing of mantle-
derived basalt with older silicic intrusion remobilized by the
crystallizing primitive basalt.
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The mineral-microbe interface and its defining
role in controlling contaminant mobility in the
subsurface

Lloyd, J.R.
School of Earth, Atmospheric and Environmental Sciences,
The University of Manchester, UK
(jon.lloyd@manchester.ac.uk)

Recent advances in mineralogy and microbiology have led to a
molecular-scale understanding of the critical role of the
mineral-microbe interface in controlling contaminant mobility
in the subsurface. Of particular note are respiratory processes,
mediated by specialist bacteria and archaea, and coupled
directly to the redox transformations of minerals. These
effectively control the mobility of both inorganic and organic
species in a wide range of environments and, if harnessed, may
offer the basis of a wide range of innovative biotechnological
processes. These applications include the bioremediation of
metal contaminated land and water, the oxidation of xenobiotics
under anaerobic conditions, metal recovery in combination with
the formation of novel functional bionanominerals, and even the
generation of electricity from anoxic sediments. Under certain
conditions, however, microbial redox transformations of
minerals can also mobilise toxic metals and metalloids with
potentially calamitous effects on human health.

Focusing on “dissimilatory” mineral reduction processes, |
will discuss recent advances in the understanding of the
mechanisms of anoxic Fe redox cycling in the subsurface, and
the impact of Fe mineral biotransformations on sediment
biogeochemistry and the mobility of trace metals, metalloids
and radionuclides. The biotechnological application of mineral-
transforming metal-reducing bacteria for the generation of
commercially useful bionanominerals will also be discussed,
alongside their use in a range of innovative ex sifu applications.
The dramatic impact of advanced imaging, synchrotron
spectroscopy and genomics-enabled techniques in dissecting the
mineral-microbe interface will be highlighted alongside current
challenges in this rapidly developing area of multidisciplinary
science.

Toward theoretical mineralogy: the bond-
topological basis of structure stability and
mineral energetics

Hawthorne, F.C.
Dept. of Geological Sciences, University of Manitoba,
Winnipeg, Canada (frank_hawthorne@umanitoba.ca)

The electronic properties of the constituent atoms of a structure
may be represented as the diagonal elements of a square matrix,
and the interactions between these atoms may be represented by
the off-diagonal terms of this matrix. The form of this matrix is
identical to that of the adjacency matrix of the weighted
chromatic digraph of the bond network. The electronic energy
density-of-states can be derived using the method of moments
[1], where the trace of the diagonalized Hamiltonian matrix (of
the usual secular determinant equation) has a topological
interpretation in terms of closed paths in the graph of the
constituent orbitals. The energy difference between two
structures depends primarily on the first few disparate moments
of their respective energy density-of-states [2]. Consider what
this means: (1) zero-order moments are >walks in place= and
define chemical composition; (2) second-order moments define
coordination number; (3) fourth- and sixth-order moments
define local connectivity of coordination polyhedra; energy
differences between structures are dependent on these features.
Open-system behaviour changes zero-order moments, closed
system behaviour does not change zero-order moments. Within
this framework, we may divide mineral reactions into two
types: (1) those where bond topology is conserved; (2) those
where bond topology is not conserved. Conservation of Bond
Topology: The edge set of the digraph is conserved but the
weights may vary depending on local changes in the vertex set.
Thus the energetically most important changes involve variation
in patterns of Short-Range Order (SRO). In order to conserve
bond topology with varying T and P, thermal expansion and
elastic compression must be accompanied by element
substitutions that accord with the short-range version [3] of the
valence-sum rule of bond-valence theory [4]. Thus variation in
SRO is an integral part of continuous mineral reactions and
drives compositional change. Non-conservation of Bond
Topology: In a closed system, zero moments are fixed and the
lowest-order changes involve second-order moments, i.e.,
changes in coordination number. Many reactions of geological
interest involve conservation of cation-coordination number,
and such reactions are driven primarily by changes in anion-
coordination number. The correspondence principle of Lewis
acidity — Lewis basicity [5] may be used to explain the
structural and chemical complexity of many surficial minerals.
Where data are available, species in aqueous solution follow the
valence-sum rule, and their Lewis basicities scale with the pH
values of the solution at maximum abundance of the species in
solution. The complex species in aqueous solution actually form
the building blocks of the crystallizing minerals, and in
principle, the structures thus retain a record of the pH of the
nascent solutions from which they crystallized. This general
approach has an atomistic basis and yet is sufficiently simple
that complex problems can be addressed in a transparent yet
quantitative manner.

[1] Burdett, J.K. et al. (1984) Croatia Chem. Acta, 57, 1193-
1216. [2] Burdett, J.K. & Lee, S. (1985) J. Am. Chem. Soc.,
107, 3063-3082. [3] Hawthorne, F.C. (1997) Can. Mineral., 35,
201-216. [4] Brown, LD. (2002) The Chemical Bond in
Inorganic  Chemistry. The Bond Valence Model. Oxford
University Press. [5] Hawthorne, F.C. & Schindler, M. (2008)
Z. Kristallogr., 223, 41-68.
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X-ray spectroscopy on geomaterials using
synchrotron radiation

Wilke, M.
Helmholtzzentrum Potsdam Deutsches GeoForschungsZentrum,
GFZ, Potsdam, Germany (max@gfz-potsdam.de)

In the last two decades, synchrotron radiation (SR) has become
an indispensable tool for studying geomaterials using X-ray
spectroscopic techniques. The continuous spectrum and the high
brilliance produced by a SR source not only enable the
acquisition of high quality data in short time, but also provide
the possibility to focus the SR beam into small spots with very
high photon flux. Particularly the latter feature is a prerequisite
for many applications in Earth sciences. In this lecture, a
sequence of examples using X-ray spectroscopic techniques is
discussed, which highlight the versatile applicability to many
materials of geological interest at the relevant geological
conditions.

One very important application using the fine structure
observed at the X-ray absorption edge (XANES) represents the
investigation of redox processes. For Fe, the pre-edge region
provides an almost direct way of quantifying the oxidation state
in many crystalline and non-crystalline compounds [1], even
with microscopic spatial resolution, e.g. [2]. XANES at the S K-
edge may be used to study S-redox equilibria in melts, e.g. [3].
E.g., new XANES derived data show a much narrower
transition from sulfide to sulfate with oxygen fugacity than
previously determined with the electron microprobe. This may
have considerable implications for the sulfur behaviour in
subduction-related magmas [4]. Time-resolved XANES may
even be used to determine the progress and mechanism of redox
reactions. E.g., this was nicely shown for the case of oxidation
of Mn(II) by bacteria [5].

Due to the rather low absorption of hard X-rays by matter,
SR opens up the possibility to perform measurements in high-
pressure or reaction cells. SR micro-XRF is used for obtaining
trace element concentrations in aqueous fluids in-situ at high P
and T using an XRF-optimized diamond anvil cell, with
detection limits in the lower ppm range [6,7], even for low Z
elements such as Ti [8]. A particular advantage over any quench
technique is the possibility to study directly the kinetics of
equilibration [9]. Furthermore, the high-pressure setup is used
to investigate the element complexation in aqueous fluids by
acquiring X-ray absorption spectra at conditions of the Earth’s
crust, e.g. REE in model fluid compositions [10]. XANES on Fe
in hydrous melt at P & T provides evidence for non-quenchable
structural re-organizations in the Fe environment during the
cooling to a hydrous glass [11]. These valuable insights cannot
be achieved on quenched samples at all and show the
importance of these studies particularly for the understanding of
processes at high P and T.

The soon dedication of new and upgraded SR sources for
hard X-rays, will make sure that the conditions for such studies
will improve and will certainly open up possibilities for new
experiments to provide access to parameters not accessible so
far.

[1] Wilke, M. et al. (2001) Am. Mineral., 86, 714-730. [2]
Schmid, R. et al. (2003) Lithos, 70, 381-392. [3] Wilke, M. et
al. (2008) Am. Mineral., 93, 235-240. [4] Jugo, P.J. et al. (2010)
Geophys. Res. Abstr., 12, EGU2010-7075. [5] Bargar, J.R. et al.
(2000) Geochim. Cosmochim. Ac., 64, 2775-2778. [6] Schmidt,
C. & Rickers, K. (2003) Am. Mineral., 88, 288-292 [7] Schmidt,
C. et al. (2007) Lithos, 95, 87-102, [8] Manning, C.E. et al.
(2008) Earth Planet. Sci. Lett., 272, 730-737. [9] Borchert, M.
et al. (2009) Chem. Geol., 259, 39-47. [10] Mayanovic, R.A. et
al. (2009) Chem. Geol., 259, 30-38. [11] Wilke, M. et al. (2006)
Chem. Geol., 229, 144-161.
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Phosphate mineral reactivity:
from nano to global scales

Valsami-Jones, E.", Oelkers, E.H.%, Skartsila, K.! &
Klasa, J. A
'Dept. of Mineralogy, Natural History Museum, London, UK
(evi@nhm.ac.uk)
2Biogéochimie et Géochimie Expérimentale, LMTG-Université
de Toulouse-CNRS-IRD-OMP, Toulouse, France

Life as we know it on Earth needs phosphate for its many
biological roles, for example as the backbone of DNA. As a
result, phosphorus availability often regulates biological
productivity in many terrestrial and marine environments, but
when in excess, leads to uncontrollable biological growth linked
to water quality problems (eutrophication).

Phosphate minerals have a central role in this process, as
they are the “gatekeepers”, sources and sinks, of phosphorus in
environmental and biological systems. Phosphate mineral
solubility is particularly relevant, but exceptionally complex,
notably in the case of apatite, the most common and perhaps
most important of all phosphate minerals.

An important aspect of the phosphorus global cycle is that
its only primary source is phosphate ore, which is a finite
resource, with some predictions suggesting there remain as little
as 125 years worth of global reserves. If phosphorus is no
longer available or becomes too expensive, major consequences
on global food production can be expected. It is therefore
essential that the use of phosphorus be reviewed and potentially
regulated.

Apatite in its various forms as a biological or chemical
precipitate will form the focus of this paper. Its dissolution and
precipitation kinetics and the influence of organic species in
these processes will be reviewed and our efforts to understand
its reactivity within environmental and biological matrices will
be discussed. These processes, happening at the nano scale,
could potentially have global consequences.

The nuclear fuel cycle: role of mineralogy and
geochemistry in the safe management of nuclear
waste

Ewing, R.C.
Dept. of Geological Sciences, University of Michigan,
Ann Arbor, MI, USA (rodewing@umich.edu)

During the past five years, there has been a renewed interest in
nuclear power as a source of energy that does not emit green
house gases. An important consideration remains the
environmental impacts of mining uranium and the final
disposition of nuclear wastes. In addition, advanced nuclear
fuel cycles, which involve new reactor types and reprocessing
of used fuel, will require the development of new materials and
create new waste streams.

In parallel with this renewed interest in nuclear power, the
Office of Science of the U.S. Department of Energy has
conducted a series of Research Needs workshops that have
outlined cutting-edge research areas that will be required in
order to support the nuclear “renaissance”. Two of the reports,
Basic Research Needs for Advanced Nuclear Energy Systems
and Basic Research Needs for Geosciences: Facilitating 21"
Century Energy Systems outline a research agenda for
mineralogists and geochemists involved in both the “front-end”
and “back-end” of the nuclear fuel cycle. A third report, Basic
Research Needs for Materials Under Extreme Environments
outlines a research agenda that has important overlaps with the
research of the mineral physics community. The research
agenda are organized according to:

e immediate research needs,

e  “use-inspired” basic research,

e  cross-cutting fundamental research,
e  grand challenges

Typical of the scientific Grand Challenges are: i.) physics
and chemistry of actinide-bearing materials; ii.) first principles,
multi-scale modeling of complex materials under extreme
conditions; ii.) the design of molecular systems for chemical
selectivity during processing.

I will identify the relevant areas of research for
mineralogists and geochemists with examples from:

e the design and properties of nuclear waste forms;
e corrosion of spent nuclear fuel;
e radiation effects under extreme conditions.


mailto:*evj@nhm.ac.uk
mailto:*evj@nhm.ac.uk
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Zircon — more than just a chronometer

Kelly, N.M.
Dept. of Geology & Geological Engineering, Colorado School
of Mines, Golden, CO, USA (nkelly@mines.edu)

Zircon (ZrSiOy) is a mineral of singular importance in Earth
Science. Based on its robust retention of formation ages and its
ability to substitute a wide variety of trace elements that record
the conditions of its formation or alteration, zircon has become
the foremost among our geochronometers. No other mineral has
the capability to help us unravel so much about how our Earth
has evolved chemically and structurally through time. In
addition, zircon is continually revealing how broad its capacity
is to record the timing of events that have occurred across a vast
range of geologic environments from the upper mantle through
to the near surface environment. The rock types and
environments in which we find zircon seems only limited by
our curiosity to look.

The use of zircon for U-Pb dating by isotope dilution or
microbeam methods has become almost routine, supported by
continued advances in our ability to analyse smaller and smaller
sample volumes at higher and higher analytical precision.
However, it is the ability to directly link geochemical signatures
with absolute time constraints that makes zircon such a
powerful tool to be brought to bear on any number of geologic
problems. For example it is now commonplace to integrate U-
Pb zircon ages with Hf isotopes to fingerprint the sources of
magmatic rocks; O isotopes to evaluate the contribution of
mantle melts to crustal magmas as well as the role of high- vs
low-temperature processes in the environment of zircon growth
or alteration. The rare earth and other trace elements are
commonly used to trace the environments of zircon growth be
they high-temperature and in the presence of melts or during
hydrothermal fluid events. The addition of Ti to this arsenal of
geochemical tracers has now given us the ability to place direct
temperature estimates on zircon growth. Moreover, U-Pb dating
is now being integrated with U-Th/He methods thereby
providing us with valuable information about exhumation in
mountain belts and the coupled depositional histories of the
detritus eroded from these mountains.

In the coming years research will address our incomplete
understanding of the true complexity recorded at the micro-
scale in zircon and what part of a geologic history fragments of
a single zircon may represent. This work will hopefully enhance
our ability to interpret the mechanisms that lead to zircon
growth and modification, not only improving the meaning of
zircon ages but also giving us robust means with which to use
such fine-scale features to describe the intricacies in geologic
processes that individual zircon grains bore witness. Such
advances will continue to emphasise the importance of this tiny,
but timely, mineral.

Biomineral attractions: magnets in organisms

Pésfai, M.'", Kasama, T.2, Simpson, E.T., Faivre, D.?,
Schiiler, D.° & Dunin-Borkowski, R.E.”

'Dept. of Earth and Environmental Sciences, University of
Pannonia, Veszprém, Hungary (‘mihaly.posfai@gmail.com)
*Center for Electron Nanoscopy, Technical University of
Denmark, Kongens Lyngby, Denmark
3Dept. of Materials Science and Metallurgy, University of
Cambridge, Cambridge, United Kingdom
“Dept. of Biomaterials, Max Planck Institute of Colloids and
Interfaces, Potsdam, Germany
>Dept. of Microbiology, Ludwig Maximilians-Universitit,
Miinchen, Germany

Many organisms contain ferrimagnetic nanocrystals. Bacteria,
pigeons and fish are known to use magnets for navigating in the
Earth’s magnetic field, whereas some animals use the iron
minerals for hardening or protection. However, in most cases
the biological functions of magnetic crystals remain unknown.

Magnetotactic bacteria are the best known examples of
organisms that contain nanoscale magnets. Specific strains of
bacteria form magnetite (Fe;O4) or greigite (Fe;Sy) crystals, or
both, in their cells. The membrane-bound, ferrimagnetic
nanocrystals (magnetosomes) have species-specific sizes and
morphologies and various arrangements, most often in linear
chains. Cells of magnetotactic bacteria provide a natural
laboratory, in which the magnetic properties of nanometer-sized
particles can be studied.

We have used a combination of advanced transmission
electron microscopy techniques, including off-axis electron
holography, to study the structural, magnetic and chemical
properties of magnetic nanocrystals inside magnetotactic
bacteria. The samples studied included uncultured
magnetotactic cells collected from both marine and freshwater
environments, and cultures of the strain Magnetospirillum
gryphiswaldense and its genetically-modified mutants.

We studied the fine details of magnetic induction maps
determined from electron holograms obtained from
magnetosomes with a range of sizes and spacings. Based on
these results, an experimental “magnetic-state phase diagram”
was constructed that highlights the delicate balance between the
magnetic state of a crystal, its size, shape and orientation, and
the chain configuration, and illustrates graphically whether cells
are able to respond effectively to the geomagnetic field. In
general, the shape anisotropy of each crystal is the most
important factor in controlling the magnetic microstructures of
ferrimagnetic crystals in bacteria, followed by interparticle
interactions and, least important, magnetocrystalline anisotropy.
Despite significant variations in the magnetic properties of
magnetosome chains, all of the wild-type cells had permanent
magnetic dipole moments that were sufficient for magnetotaxis.

Biogenic magnets exhibit fascinating combinations of
magnetic properties and biological functions. However, except
for ferrimagnetic particles in magnetotactic bacteria, relatively
little is known about them. Further work is needed to
understand magnetic sensing in animals and the functions of
magnetite particles in humans. A key challenge is the
localization and preparation of tissues that contain ferrimagnetic
particles. Once such samples are available, advanced analytical
techniques, including off-axis electron holography, can be used
to provide detailed characterization of the structures,
compositions, arrangements and magnetic properties of
biogenic nanomagnets.
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Mechanisms of cellular and biomacromolecular
interactions with minerals in humans

Sahai, N.1%", Zhang, N 2, Murphy, W.L.3, Molenda, J.3,
Yang Y.' & Cui Q.*

'Dept. of Geoscience, University of Wisconsin-Madison, USA
Materials Science Program, University of Wisconsin-Madison,
USA (“sahai@geology.wisc.edu)

*Dept. of Biomedical Engineering, University of Wisconsin-
Madison, USA
*Dept. of Chemistry, University of Wisconsin-Madison, USA

Medical Mineralogy involves the mechanistic study of
interactions between of cells and biomacromolecules with
minerals and aqueous solutions that are of relevance to
biomedical applications and human health. The unique
contribution of mineralogists to the health-related fields can be
to emphasize the critical contributions of structure, composition,
particle size, bulk and surface chemistry of the mineral or
amorphous solid phase to the thermodynamics or kinetics of the
relevant reactions of interest.

I will illustrate these ideas with two example studies. The
first study deals with the potential for using bioactive silicate
glasses and ceramics (wollastonite, pseudowollastonite) in
orthopaedic implants for bone-tissue engineering. Porous
silicate implants can be seeded with human mesenchymal stem
cell (hMSCs). As the implant dissolves in the body, the silicon
released from silicate hydrolysis may promote the
differentiation of hMSCs down the osteoblastic lineage,
promoting rapid bone growth and, eventually, complete
replacement of the implant by newly-formed bone. However, Si
released may also be potentially cytotoxic to and reduce
adhesion of the hMSCs. Additional soluble factors such as Ca
and P in the ambient fluid environment may also work
cooperatively or as antagonists to Si, and physical factors such
as surface rougness, porosity, etc., also affect hMSC adhesion,
viability, and differentiation. Thus, numerous factors must be
optimized simultaneously.

In the second example, I will discuss the potential role of
acidic, non-collagenous proteins (ANCPs) in controlling the
nucleation and growth of hydroxyapatite in bone
biomineralization. Bone is a nano-composite material of
collagen matrix fibrils in strict hierarchical arrangement with
nancrystals of highly non-stoichiometric, highly substituted
hydroxyapatite and associated ANCPs. I report the potential
role of a NCP called Bone Sialoprotein (BSP) in nucleating a
calcium phosphate phase. Using Molecular Dynamics
simulations, we have studied the effects of both structure
(alpha-helix versus random coil) and primary amino-acid
sequence (wild-type versus in silico mutations) of a highly-
conserved acidic peptide from BSP interacting with dissolved
Ca®>" and HPO,” ions to form an initial calcium phosphate
nucleus, and to interact with (100) and (001) faces of
hydroxyapatite in modulating crystal growth.

Mineralogy and geochemistry at lower
dimensionality: mineral-water interfaces and
nanoparticles

Waychunas, G.A.
The Berkeley Nanogeoscience Center, Earth Sciences Division,
Lawrence Berkeley National Laboratory, Berkeley CA, USA
(gawaychunas@]lbl.gov)

Over the last ten years experimental methods using synchrotron
radiation have been developed to determine and refine the in
situ molecular structure at mineral surfaces in analogy to that
historically accomplished for bulk solids many years ago. We
can thus begin to apply the rules of crystal chemistry,
appropriately upgraded to include modern simulation tools, to
surfaces, interfaces and grain boundaries. As surfaces are rarely
precisely like the terminated bulk structure in terms of
reactivity, chemistry and stoichiometry, we are thus gathering
new insights into interface reactions like sorption, precipitation
and acid-base equilibria [1]. These developments are timely
inasmuch as nanomineralogical studies benefit markedly from
an improved ability to understand the chemical characteristics
of surfaces, edges and other “low coordination” surface
topologies. Additionally, studies on both surfaces and
nanoparticles yield information on local water structuring and
hydrogen-bonding, with both being needed to completely define
a nanoparticle surface and its properties [2].

Current studies include various surface-sensitive scattering
and spectroscopic techniques, supported by both classical and
ab initio calculations, but with almost all efforts aimed at
characterizing near equilibrium or steady state interface
structure. In the future, dynamic studies will be possible, with
processes such as crystal growth, dissolution and even electron
transfer reactions accessible on a true molecular level for the
first time.

‘————b:

Fig. 1: Structure of the (100) cleavage face of goethite obtained from
surface x-ray scattering showing surface bound functional groups
(FeOH, FeOH,) and two layers of ordered water [3]. The surface

oxygens in Layer 1 and 2 are relaxed from their positions in the bulk

structure. Dashed lines indicate likely hydrogen bonds.

[1] Barnett, M.O. & Kent, D.B. (2008) (eds.) Adsorption of
metals by geomedia II: Variables, mechanisms, and model
applications. Elsevier. [2] Spagnoli, D. et al. (2009) Geochim.
Cosmochim. Ac., 73, 4023-4033. [3] Ghose, S.K. et al. (2010)
Geochim. Cosmochim. Ac., 74, 1943-1953.
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A new model of kink site reaction kinetics
unifies crystal dissolution and growth theory

Luttge, A.}?" & Arvidson, R.S.!
1Dept. of Earth Science, Rice University, Houston, TX, USA
2Dept. of Chemistry, Rice University, Houston, TX, USA
("aluttge@rice.edu)

It has been long recognized that kink site reaction kinetics
govern crystal growth and dissolution at the molecular scale. It
has also been uncritically assumed that equilibrium at kink sites
is achieved if arrival and departure rates of lattice-building
molecules are equal. Lastly, we have accepted that inhibition
and catalysis of crystal growth and dissolution are controlled at
kink sites.

New considerations, however, raise significant doubt that
this simple model is correct. A detailed analysis of the
elementary processes that imperatively occur at kink sites
during the overall dissolution reaction leads to initially
surprising results: the probability is always in favor of lattice
destruction — this result is in agreement with the thermodynamic
rule of increasing entropy. The destructive processes are
eventually countered by the arrival of molecules at the kink
sites. This modified model of kink site kinetics can explain
several experimental observations that were unexplained or at
odds with the existing theory. Importantly, the new model
predicts that the reaction rate as a function of the distance from
equilibrium (AG) must be continuous at equilibrium.
Ultimately, our model allows us to unify crystal dissolution and
growth theories.

>

Fig. 1: Schematic view of kink site and nearest neighbours.

Dissolution of dolomite in HCI

Jarvinen, L.J.**, Leiro, J.A.Y, Bjondahl, F.°, Jasberg, J.%,
Kara, J.2, Carletti, C.>5, Sierra, S.>" & Eklund, 0.2
'Dept. of Physics and Astronomy, University of Turku, Finland
('ljarv@utu.fi)
2Dept. of Geology, University of Turku, Finland
3Finnish Graduate School in Geology, Finland
4Graduate School of Materials Research, Turku, Finland
*Dept. of Chemical Engineering, Abo Akademi University,
Turku, Finland
®Universidad Simén Bolivar, Caracas, Venezuela
"Universidad Complutense, Madrid, Spain

Limestones are widely used as absorbents in various processes
for removal of SO, from power plant flue gases. The most
common method is called Wet Flue Gas Desulphurisation
(WFGD) process, where the dissolution rate of limestone is
essential for sizing and operation of the process. The presence
of magnesium in limestones has been reported to reduce the
dissolution rate [1], thus deteriorating the potentiality of the use
of the rock in WFGD. The main limestone constituting mineral
is calcite (CaCOs), which can easily contain Mg?" cations in its
lattice. Another common mineral in limestones is dolomite
((Ca, M@)COs3), which has a bulk structure similar to calcite
with the exception of every other cation layer in the ¢ direction
being composed of Mg atoms instead of Ca atoms. Obviously
magnesium content in a limestone can vary greatly, and more
profound knowledge of the influence of magnesium on the
dissolution rate is needed.

The reactivity, calculated from the rate of dissolution and
particle size distribution, of several dolomitic rocks has been
tested using stepwise titration with hydrochloric acid (HCI) [2].
The specimens were crushed and ground into three size
fractions of 63-106, 106-150 and 150-250 upm. The
experimental setup consists of a stirred beaker containing
sample particles in water, a pH electrode and a laser
diffractometer for measurement of the particle size distribution.
HCI has been used in the experiment, because the use of sulphur
dioxide or sulphuric acid would result in the precipitation of
calcium sulphate particles, which would influence the
measurement of the particle size distribution.

The samples were characterised with X-ray Photoelectron
Spectroscopy (XPS), Scanning Electron Microscopy (SEM), X-
Ray Diffraction (XRD) and X-Ray Fluorescence (XRF). The
rate determining steps of a dissolution reaction are generally
considered to be surface kinetics and/or diffusion of reaction
stimulating components through a barrier layer (that is
surrounding the particle) to the immediate vicinity of the
surface. Therefore the focus was kept on the surfaces of the
dolomitic rocks with surface sensitive XPS and SEM.

The results show clear differences (an order of magnitude)
in the reactivities of the dolomitic samples. Atomic
concentrations were obtained with XPS and XRF, the former
concentrating on surface composition and the latter on bulk
composition. Mineral phases present in the rocks were
identified from XRD spectra and polarizing microscope studies
of polished thin sections. SEM micrographs obtained before and
after the reactivity experiments gave information about the
dissolution process on the surfaces of the samples. Relations
between the reactivity and characterisation results are discussed.

[1] Siagi, Z.0. et al. (2009) J. Hazard. Mater., 163, 678-682. [2]
Ahlbeck, J. et al. (1995) Chem. Eng. Sci., 50, 1081-1089.



2 AM10G - Applied mineralogy, Materials science (general session) — oral

Transformation of illite to K-feldspar on brick
clay firing

Kristaly, F.* & Papp, 1.2
YInst. of Mineralogy and Petrology, University of Miskolc,
Hungary (‘askkf@uni-miskolc.hu)
?Inst. of Earth Sciences, University of Debrecen, Hungary

Two varieties of brick clay with chlorite — illite — muscovite
dominated phyllosilicate fraction were applied in laboratory
experiments. Before test body preparation, the raw clay was
investigated for mineralogical and chemical composition. X-ray
Powder Diffraction (XPD) was applied on whole-rock, random
powder specimens, >106um, >45um and >2um fraction random
powder specimens. Oriented specimens were applied for clay
mineral species investigation. Oriented specimens were
analyzed in air-dried, ethylene-glycol saturated, 350°C and
560°C heated state. Thermal Analysis (TA) was performed to
determine the temperature values at which transformation
reactions occur. Simultaneous Differential Thermal Analysis
(DTA), Thermogravimetry (TG) and Derivative
Thermogravimetry (DTG) were run on a MOM-C
Derivatograph. A second set of TA was performed with coupled
Evolved Gas Analysis (EGA) by Quadrupole Mass
Spectrometry (QMS). Both series of TA were run under similar
conditions. Chemical composition of clay samples was analyzed
by Atomic Absorption Spectrometry (AAS).

Prior to test body firing, powdered clay samples were
undertaken for sequential firing experiment. The same specimen
of clay was heated and subsequently analyzed by XPD. The
experiment was repeated at temperatures of 560°C, 740°C,
780::°C and 950°C, temperatures at which reactions were
detected in TA. Fired test body samples were subjected to XPD
and Scanning Electron Microscopy (SEM) with Energy
Dispersive Spectrometry (EDS) and Wavelength Dispersive X-
ray Mapping (WXRM).

The chemical investigations (both AAS and EDS)
confirmed the existence of K-dominant mica in the clay
samples. As shown by XPD analysis, the mica is present as a
continuous series from muscovite to illite. Results are supported
by the broadening of the 10A and 5A peaks by the lowering of
grain size domain and oriented specimen investigations.
Chlorite is Fe dominant, negligible amount of interstratified
illite-smectite was detected. Plagioclase, Ca-dominant, was
detected in the raw samples. Calcite contents are >3% in weight
fractions.

TA and EGA indicated dehydration by H,O and "OH loss up
to ~240°C. From ~350°C a continuously increasing H,O and -
OH loss is registered up to ~960°C. CO, liberation is low,
spiking at 733°C, corresponding to the low organic matter
content and the low crystallinity calcite. After continuous base-
line rising, an endothermic reaction was registered at ~780°C on
DTA, with weight loss on DTG. This corresponds to the H,O
and "OH loss maxima.

On the XPD npatterns registered during sequential firing
experiment, besides the continuous decrease in illite —
muscovite content the inversion of feldspar composition is
observed. After ~900°C the K-feldspar (microcline — orthoclase
mixtures) becomes dominant. A spinel-like phase is formed
starting from ~850°C.

The chemical investigations, together with XPD and TA-
EGA analysis confirmed the transformation of illite to K-
feldspar by firing.

To our knowledge, this is the first experiment with this set
of instrumentation demonstrating the transformation of illite to
K-feldspar in dominantly illitic brick clay materials. Besides
industrial applications, this type of reaction also has an
important role in investigations on archaeological ceramics.

Evidence for the inability of periclase-calcite
based monolithic refractories to absorb alumina
inclusions in Al-killed steel liquids

Lee Yu-Chen'?" & Jiang Wei-Teh!
!Dept. of Earth Sciences, National Cheng Kung University,
Tainan, Taiwan (*t621@mail.csc.com.tw)
2New Materials R&D Dept., China Steel Corporation,
Kaohsiung, Taiwan

Removal of alumina inclusions and retention of Al content in
Al-killed steel liquids are of great importance to the control of
the final properties of steel products. Periclase-calcite
monolithic gunning refractories have been widely used for
tundish materials in many steel plants and suggested to possess
a subtle function to absorb alumina inclusions by some
factories. Test samples obtained from laboratory experiments
using periclase-based gunning refractories containing calcite up
to 30 wt.% in Al-killed molten steel at 1600°C for 20 minutes
were examined by cathodoluminescence microscope, XRD, and
SEM-EDS in this study. All calcite grains in the refractories in a
1200°C preheating process transformed into porous lime grains
of micrometer sizes. The refractories subsequently tested at
1600°C exhibited three distinct zones including (1) the
outermost lime-free zone which was porous and contained Mg-
bearing wistite, (2) the transition zone consisting principally of
lime and relatively Mg-rich wistite, and (3) the inner unreacted
zone composed of primitive periclase and lime clusters.
Dissolution of lime grains, formation of magnesian wiustite
phases, and slight surface splitting were recorded with no
evidence of reactions between alumina inclusions and lime or
periclase. Removal of alumina from Al-killed steel liquids by
reactions with periclase-calcite gunning refractories was
previously proposed on the basis of the reduced Al content in
bulk steels. The aforementioned result suggests that such an
absorption process is unlikely and the true mechanism for
reduction of the bulk Al concentration in Al-killed steel melts
needs further investigations.
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Fig. 1: Optical micrograph showing occurrence of the outermost lime-
free zone (1), the transition zone (l1), and the unreacted zone (I11) on a
periclase-based refractory with 18 wt.% CaO after being heated at
1600°C in a Al-killed steel melt for 20 minutes. White = lime particles;
brown = periclase (detailed description given in the text).
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Fig. 2: SEM image of a spherical alumina inclusion in a steel melt at the
edge of a periclase-lime refractory (a) and its Al X-ray elemental map

().



AM10G - Applied mineralogy, Materials science (general session) — oral 3

Deciphering elemental substitutions in clinker
minerals: a way to greener cements

Sulovsky, P.1%" & Stangk, T.2
!Dept. of Geology, Palacky University, Olomouc, Czech
Republic ("petr@sulovsky.com)
®Research Inst. of Building Materials, Brno, Czech Republic

Among inorganic man-synthesized materials, clinker is the one
that is produced in the greatest quantities. Clinker production
consumes a lot of natural resources — fossil fuels as well as
natural raw materials, what contributes to a great extent to the
world CO, emissions. Substitution of both the fossil fuels and
natural raw materials by waste materials represents a possibility
to not only decrease the costs, but also to spare the natural
reserves as well as to decrease CO, emissions. In the clinker
burning process, any deviation from the customary fuel and raw
meal chemistry can cause problems with the phase composition
of clinker as well as with the reactivity of individual clinker
minerals and devaluate thus the final product. Study of clinkers
by mineralogical methods and application of mineralogical
knowledge can help to solve such problems. Using electron
microprobe to analyze individual clinker minerals can indicate
the modes of occurrence of elements commonly absent in usual
fuels or raw materials, but present in substantial quantities in the
waste materials substituting them. Thus revealed substitution
mechanisms can be utilized both to change the phase
composition by accommodating higher amounts of foreign ions
in the main clinker minerals, and/or to stabilize the more
hydraulically active polymorphs of clinker minerals. An
example of both benefits provided our study of clinkers burned
with meal-and bone-meal (MBM) as alternative fuel [1].
Phosphorus from MBM normally hinders the formation of
tricalcium silicate (alite) and causes excess formation of free
lime and dicalcium silicate (belite). Earlier, phosphorus was
assumed to enter the structure of both belite and alite via the
Ca3(POy,), «> CaySiO, substitution. EMPA analysis of clinkers
burned from raw meals enriched with P has revealed that
phosphorus is also incorporated into the di- and tri-calcium
silicate lattices by two other coupled substitutions: AI** + P**
2Si** (berlinite substitution) and Fe®* + P>* « 2Si** (rodolicoite
substitution). If the raw meal contains equivalent amounts of Al
and Fe, the prevalent substitution mechanism of P incorporation
into alite and belite structure is the berlinite one. Of these two,
berlinite substitution proved to be more effective in
incorporating P atoms in both Ca silicates and at the same time
stabilizing the a."polymorph of belite as well as M1 form of alite
— in both cases the most reactive forms of these clinker
minerals. Design of raw meal compositions utilizing these
findings enabled to produce white (Fe-free) clinker with P,Og
content exceeding 3.5 wt.% and ,,normal” Portland clinker with
more than 2 wt% P,0s with standard phase composition.
Another benefit of production of P-enriched clinkers is the
possibility of using them as toxic elements immobilizing binder,
as phosphate released from Ca silicates upon their hydration
forms Ca phosphate fixing both cationic heavy metals as well as
oxyanions-forming elements like As, Cr, V.

[1] Stanek, T. & Sulovsky, P. (2009) Mater. Charact., 60(7),
749-755.

Combustion synthesis of ZnO powders and
nitrogen analysis with Prompt Gamma
Activation Analysis

Sollradl, S.%, Canella, L.2, Kudejova, P.*", Turler, Al &
Niewa, R.*
'paul Scherrer Inst., Villigen, Switzerland
2RCM, Technische Universitat Miinchen, Garching, Germany
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("petra.kudejova@frm2.tum.de)
4IAC, Universitit Stuttgart, Germany

Zinc oxide experienced a research boom within the last few
years as cheap and less toxic alternative to GaN derivates in
optoelectronics. ZnO is a direct, wide band gap semiconductor
with a band gap of 3.37 eV [1] at ambient temperature.

Prompt gamma activation analysis (PGAA) is a
radioanalytical, non destructive and bulk sensitive method,
where samples are irradiated with a cold neutron beam. The
AZ(ny)*"'Z reaction is then utilised to measure the emitted
prompt gamma spectra and analyse the chemical composition of
the sample. Especially for light elements as H, Li, Be, B, C, N,
P, S it is more effective than neutron activation analysis.

In this study a recently reported solution combustion
method was utilised to synthesise nitrogen doped zinc oxide
(ZnO:N) as described in [1] to estimate the detection limits for
nitrogen within a ZnO matrix for PGAA measurements. The
solution combustion method was chosen as it offers a simple
sample preparation and promising results are reported.

t -
T o =
. ‘A
02 ™ -
» s - HADD'C —®—HS00C
o Fou ® - C-400°C C-500'C
£ = NeADD'C & NSO0'C
5 a —— 0 Eéz 0-400'C 0-500C
£ T Zn400°C 4 Zn-B0G°C
) w
< w o -3 ; &
a - ---e - Ay
Ld
* Eu p
[ M &
+~DOTA 1] p -
Wit loss 4] s tbdie o @ + =—a—-u
» T T T T T T 18 - - - .
L] 00 - L] (=3 o0 1200 L] 2 4 . L] w
Taemg (°C) Ratio Ursa ZniNO,), » 6 H.O

Fig. 1: DTA/TG diagram of sample prepared from a molar ratio of
urea:zinc nitrate of 1:1 (left); Results of PGAA measurements for
different treated samples (right).

In order to obtain similar data with the results from [1]
differential thermal analysis with coupled thermo gravimetric
measurements (DTA/TG), scanning electron microscopy with
electron dispersive x-ray spectroscopy, Raman spectroscopy
and powder x-ray diffraction are applied to the samples. Further
PGAA measurements are applied and verified by elementary
analysis (CHN).

After synthesis deep orange powders are obtained. After one
DTAJ/TG cycle with a heating rate of 5 K/min up to 1200°C the
product of the measurement is white ZnO powder. A
measurement of two heating cycles (Fig. 1 left) shows a clear
difference in the DTA curves and no significant change in
weight (Fig. 1 left).

When evaluating the PGAA measurements (Fig. 1 right) it
is clearly shown, that no nitrogen is found in deep orange
samples (indicated with ratios 1-4, Fig. 1 right) at all. Only
accompanied with an increasing presence of carbon, nitrogen is
detected in PGAA and CHN measurements. These results show
clearly, that the measurement of nitrogen in presence of a ZnO
material is possible. On the other hand, nitrogen incorporated in
ZnO can not be the source for the orange colour. A possible
conclusion may be the introduction of defects under the harsh
combustion conditions. The increasing carbon and nitrogen
content are probably due to organic polymers, resulting from
the decomposition of excess urea.

[1] Mapa, M. & Gopinath, C.S. (2009) Chem. Mater., 21(2),
351-359.
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The mineralogy and crystallography of
pyrrhotite from selected nickel and PGE ore
deposits

Becker, M."", de Villiers, J.P.R.?> & Bradshaw, D.J.2
Centre for Minerals Research, University of Cape Town, South
Africa (‘megan.becker@uct.ac.z)

?Dept. of Materials Science and Metallurgical Engineering,
University of Pretoria, South Africa
%Julius Krutschnitt Mineral Research Centre, University of
Queensland, Australia

The non-stoichiometric sulfide pyrrhotite (Fe(1.S), common to
many ore deposits, occurs in a variety of crystallographic forms
and compositions and occasionally is also inter grown with
stoichiometric troilite (FeS). In this study, the mineralogy of
pyrrhotite derived from several different nickel and PGE ore
deposits in South Africa, Botswana and Canada, were examined
in detail in terms of pyrrhotite association, crystallography and
mineral chemistry. Pyrrhotite samples were subdivided into two
phase 6C Fe;;S;, pyrrhotite intergrown with 2C FeS troilite,
two phase 4C Fe;Sg pyrrhotite intergrown with 5C FegSg
pyrrhotite, single phase 5C FegS;o pyrrhotite and single phase
4C Fe,Sg pyrrhotite. None of the pyrrhotite samples analysed
was classified as two phase 4C pyrrhotite intergrown with pyrite
due to the scarcity of pyrite in these samples. Average solid
solution Ni contents of NC pyrrhotite (0.75 £ 0.10 wt% Ni) in
this study were found to be greater than in 4C pyrrhotite (0.43 £
0.10 wt% Ni), but only when the pyrrhotite occurred as two
phase 4C pyrrhotite intergrown with NC pyrrhotite. For single
phase pyrrhotite occurrences in this study, 4C pyrrhotite was
more Ni-rich (up to 2 wt% Ni) than NC pyrrhotite (0.75 £ 0.19
wt% Ni). The average atomic metal/S ratios obtained for 4C
Fe;Sg pyrrhotite was 0.869 + 0.013 (n=699), for 5C FegSig
pyrrhotite was 0.895 + 0.013 (n=316) and for 6C Fe;;S;,
pyrrhotite was 0.918 + 0.017 (n=101). The histogram
comparing metal/S ratios of all the pyrrhotite samples analysed
showed a continuum of metal/S ratios, although with frequency
maxima corresponding to the ideal compositions of 4C, 5C and
6C pyrrhotite. The presence of the continuum however, was
interpreted to be representative of non-stoichiometry in the
pyrrhotite structure.

Grain size determination in the micrometer
range from 2D X-ray diffraction patterns of
polycrystalline samples

Rodriguez-Navarro, A.B.” & Alvarez-Lloret, P.
Dpto. de Mineralogia y Petrologia, Universidad de Granada,
Spain (“anava@ugr.es)

Crystal sizes can be calculated from peak intensities of spotty
diffraction rings produced by a polycrystalline sample. Such
patterns are collected using a small X-ray beam and an area
detector. Peak intensities can be automatically measured using
specially designed software. This technique is independent of
the aggregation state of the material and can be applied to
power and fully compact ceramics. Also, crystal sizes of
different mineral phases present in a sample can be analyzed
independently. This methodology has been applied to the
characterization of different polycrystalline materials (i.e.,
quartz, SiC and a-Al203). The crystal sizes determined ranges
from 3 to 100 micron, a much larger range than that obtained by
conventional X-ray line-broadening analyses.
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Fig. 1: Average intensity of peaks along the corundum 116 ring as a
function of grain size of abrasive.

[1] Rodriguez-Navarro, A.B. (2006) J. Appl. Crystallogr., 39,
905-909. [2] Rodriguez-Navarro, A.B. et al. (2006) J. Am.
Ceram. Soc., 89, 2232-2238.



AM10G - Applied mineralogy, Materials science (general session) — oral 5

Mg«Cu,4Cr,04 spinel solid solution:
Jahn-Teller distortion and phase transitions

Tarantino, S.C.*?, Zema, M.*?" & Giannini, M.>®
1Dipt. di Scienze della Terra, Universita di Pavia, Italy
(‘michele.zema@unipv.it)

’CNR-I1GG, Pavia, Italy
®Bayerisches Geoinstitut, Bayreuth, Germany

Spinels are one of the most extensive series of related chemical
compounds known and have a remarkable record of
applicability, being used in numerous areas, including magnetic
devices, electronics, catalysis, and batteries [1]. Chromium-rich
spinels MCr,0, are part of a group of exciting and challenging
materials that have attracted much research interest in recent
years due to complex magnetic ground states resulting from
high geometrical frustration [2]. MgCr,0O, crystallises with the
archetype cubic spinel structure (Fd-3m), while CuCr,0, is a
tetragonally distorted spinel with c/a < 1. The distortion is due
to a cooperative Jahn-Teller (cJT) effect which is also
associated, as recently proposed, with orbital ordering [3].
CuCr,0, undergoes a first-order structural transition from
14,/amd to Fd-3m at 853 K [4].

The temperature- and composition-dependence of the
14;/amd - Fd-3m phase transition in Mg.Cu,,Cr,0, solid
solution, due to the melting of the cJT distortion, has been
studied by means of single-crystal X-ray diffraction. Black
octahedral crystals of Mg,Cu,.,Cr,0, (with x = 0, 0.10, 0.12,
0.18, 0.44, 0.50, 1), typically twinned and with a maximum size
of 1x1x1 mm?® have been prepared by flux decomposition
method. All synthesised crystals but the Mg end-member have
the 14;/amd symmetry. In situ high-temperature single-crystal
diffraction data have been collected up to 900°C. The
progressive substitution of the Jahn-Teller and d® Cu(ll) cation
with the spherical and closed-shell Mg(ll) cation has a dramatic
effect on the crystal structure. The tetragonal distortion, as
measured by the c/a unit-cell parameters ratio and by the
flattening of the tetrahedra, decreases with increasing Mg
content. The substitution of Cu for Mg causes a shift of the
transition temperature towards lower temperatures and a
reduction of the discontinuity at the transition. Structure
refinements of diffraction data collected at different
temperatures reveal that heating induces a gradual reduction in
the CuO, tetrahedron compression, which however remains
significant until near the transition temperature. The variation
with temperature of the tetrahedral O-Cu—O angles mimics the
change in the lattice parameters.

The Mg ions, distributed over the tetrahedral sites, dilute the
nearest neighbour interactions of the Cu ions, thus reducing the
efficiency of the cooperative distortion. Indeed, the strength of
the Cu-Cu interaction can be modulated by varying the Cu/Mg
ratio.

[1] Grimes, N.W. (1975) Phys. Technol., 6, 22-27. [2] Radaelli,
P.G. (2005) New J. Phys., 7, 53. [3] Kennedy, B.J. & Zhou, Q.
(2008) J. Solid State Chem., 181(9), 2227-2230. [4] Y¢é, Z.G. et
al. (1994) Ferroelectrics, 162, 103-118.

Utilization of perlite and waste slag from the
South African steel and copper industry as
cement extenders

Mogoru, T.J.}, Verryn, S.M.C.Y" & Kruger, R.A2
'Dept. of Geology, University of Pretoria, South Africa
("sabine.verryn@xrd.co.za)

ZRichonne Consulting, Pretoria, South Africa

The manufacturing of Portland cement is an energy-intensive
process consuming substantial amounts of natural resources
(limestone, shale and iron bearing mineral) and generating
copious volumes of CO, The Portland cement can however be
extended by the addition of alternative suitable material, which
reduces the requirement from natural resources. This study
discusses results from an investigation into the use of waste slag
from copper- and steel industries and natural glass (perlite) as
supplementary materials to Portland cement. The slags and
perlite are blended in various ratios with ordinary Portland
cement. The two South African cements used for this study are
both of class Cem | (42.5). These are commercially available,
ordinary Portland cement from PPC (Pretoria Portland Cement)
and from AfriSam (South Africa) (Pty) Ltd.

The properties of the mixtures depend on the phase
composition, chemistry, grain size and the sources of the
materials. Compressive strength test results (Table 1), as well as
heat flow curves showing the hydration behaviour, indicate that
addition of the slag and perlite to ordinary Portland cement is
viable. There is a large potential to use these materials in
blended cements. The results of this study can be used to
develop binder formulations that will reduce CO, emission,
energy required in the production of cementitious binders and
help to reduce large slag stockpiles.

Table 1: 28 day Compressive Strength of blends [1]

Strength Compressive
class 28 day Strength
(MPa)
AfriSam-blends

AfriSam+30%ScawMetalsSlag 32.5R 415
AfriSam+20%ScawMetalsSlag 32.5R 46.3
AfriSam+10%ScawMetalsSlag 42.5N 50

AfriSam+30% Cu Slag 32.5R 36.2
AfriSam+20% Cu Slag 32.5R 37.1
AfriSam+10% Cu Slag 457
AfriSam+30% Perlite 32.5N 36.9
AfriSam+20% Perlite 32.5N 441
AfriSam+10% Perlite 32.5N 50.5

PPC-blends

PPC+30%ScawMetal Slag 32.5R 325
PPC+20%ScawMetalsSlag 32.5R 35

PPC+10%ScawMetalsSlag 42.5R 43.7
PPC+30% Cu Slag 31.2
PPC+20% Cu Slag 32.5R 33.8
PPC+10% Cu Slag 32.5R 38

PPC+30% Perlite 32.5R 38.6
PPC+20% Perlite 32.5R 40

PPC+10% Perlite 42.5N 43.5

[1] SANS 5019 (2006) Cement Part 1: Composition,
specifications and conformity criteria for common cements,
South African Bureau of Standards, Pretoria.



6 AM10G - Applied mineralogy, Materials science (general session) — oral

Study of interaction of colorants with natural
and modified clays for an environmental
application
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Different materials are used in the adsorption and
immobilization of chemical contaminants, most of whom
remain under patent, therefore the procedures and products used
are not known for the public. But in all cases, the safety and/or
biodegradability of materials used are important issues in
selecting them for environmental applications. Some
biodegradable materials used for environmental purposes are
lignins [1], alginate gel [2] and some derivatives cellulose [3].

In regard to materials, safe and low costs, clays and clay
minerals must be mentioned, whose colloidal properties, ease of
generating structural changes, abundance in nature, and low
cost make them very suitable for chemical contaminants
adsorption. The clay materials have led to numerous
applications in the field of public health [6,7] having been
demonstrated its effectiveness as adsorbents of all
contaminants. The most used are organo-montmorillonites and
hydrotalcite [4,5].

We have studied the adsorption of several colorants by
natural or thermally modified clays, searching their interaction
mechanisms and the possible recycling of these materials for
environmental purposes and prevention of the public health.

[1] Valderrdbano, M. et al. (2006) 4th Int. Workshop
"Bioavailability of pollutants and soil remediation”, 1, 5-6. [2]
Pepperman, A.B. & Kuan, J.C.W. (1995). J. Control. Release,
34, 17-23. [3] Sopefia, F. et al. (2005) J. Agr. Food Chem., 53,
3540-3547. [4] del Hoyo, C. et al. (2007) Euroclay Conf., 1, 77-
79. [5] Undabeytia, T. et al. (2008) Water Res., 42, 1211-1219.
[6] del Hoyo, C. (2007) Appl. Clay Sci., 36, 103-121. [7]
Volzone, C. (2007). Appl. Clay Sci., 36, 191-196.

Mineralogy meets pharmacy - polymorphism of
drug compounds

Kahlenberg, V.!" & Griesser, U.J.2
YInst. of Mineralogy and Petrography, University of Innsbruck,
Austria ("volker.kahlenberg@uibk.ac.at)
?Inst. of Pharmacy, University of Innsbruck, Austria

Polymorphism, i.e. the ability of a compound to form different
crystal structures is frequently encountered among minerals.
Since almost every important rock forming mineral undergoes
at least one structural phase transition as a function of
temperature and/or pressure, mineralogists are quite aware of
this phenomenon and have gathered a considerable knowledge
to deal with this solid state problem.

However, polymorphism is not a feature that exclusively
concerns natural or synthetic inorganic materials, but occurs in
organic compounds as well. Apart from being an intellectual
challenge related to basic research, the importance of
identifying and characterizing different crystal forms of a drug
has been well documented in the literature. Differences in
solubility, dissolution rate, morphology, mechanical properties
and physicochemical stability of different modifications
demand a detailed study of polymorphism of any new drug
molecule. This has been recognized by the public authorities in
the mid 90" why such studies are nowadays an integral part in
drug development. Moreover, patenting of new solid state forms
became an important part of modern life-cycle management of
innovative pharmaceutical compounds.

The solid state characterization of the different polymorphs
of a drug substance requires many analytical tools that are well
established in mineralogy, including polarized light and hot
stage  microscopy, thermal analysis (DTA-DSC-TG),
spectroscopic techniques (IR, Raman, solid state NMR) or X-
ray diffraction (single crystal, powder).

In this contribution we will present some results from an
industrial funded project where two groups from pharmacy and
mineralogy work jointly in a research program and share their
expertise for the benefit of a comprehensive understanding of
the materials under investigation.
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Optical microscopic observation of natural
zeolite gravel after water purification treatment

Minato, H.>*, Morimoto, T.2 & Ogushi, N.2
The University of Tokyo, Tokyo, Japan
(‘ogushi@mx3.alpha-web.ne.jp)
2ASTEC Corporation, Japan

The book entitled "Natural Zeolite, Quantification Guides and
Data for Application, JSPS. Tokyo, Sept. 2006" [1] has been
published to establish a common standard to evaluate the
quality of natural zeolite commodities available in the market
for the use of industries and/or agriculture fields. This book
covers comprehensive technical procedures to evaluate natural
zeolite commodities using physical, chemical, and
mineralogical characteristics, together with various practical
examples.

We present here an additional example of application of
"natural zeolite" for pond water purification at famous Japanese
garden named "Koko-En" that locates at Himeji Castle, Hyogo
Prefecture, west of central Japan [2] (Fig. 1). The pond in the
garden cultivates various kinds of decorative carp. The water
quality to prevent an arising of algae is required to be kept pH
between 6.8-8.6, SS below 5.0 mg/l, BOD below 3.0 mg/l, DO
over 7.5mg/l, total N below 0.5mg/l, and total P below
0.02mg/I.

To maintain this condition, the water of the pond is
provided from the pump station, and then flows out to the
shallow stream that imitates a natural rivulet as a part of the
scenery, before returning to the original pump station. The floor
of the rivulet is covered by gravel of "natural zeolite" that
comes from Futatsui, Akita Prefecture, north of central Japan, is
an altered dacitic tuff of Miocene, and consists mainly of
clinoptilolite. The returned water is filtered by matt with an aid
of coagulant of natural inorganic materials to remove out solid
suspensions at the pump station before providing the pond
again.

After running the system for a year, recovered "natural
zeolite" gravel shows dark coloured surface of manganese and
iron oxides and significant adsorption of heavy metals such as
Pb, As, Mn, and Fe, and loss of alkali and alkali earth metals,
by X-ray fluorescence analysis, both on the surface and the
core.

High magnification optical microscopic observation
confirms the adsorption of manganese and iron oxides/oxy-
hydroxides and the arising of some new phases of silicate
minerals along the surface of the block and the surface of
internal fissures and cavities of the altered tuff. Details of the
arising new mineral species are under the investigation.

Himeji Castl
imey) vastie Koko—En Garden
él Fresh water
Pond

Pump Station

- --“
Rivulet
(Natural Zeolite Gravel Cover)

Groundwater well

Fig. 1: Sketch of pond water purification system.

[1] Minato, H. (ed.) (2006) Natural Zeolite, Quantification
Guides and Data for Application, 111, Committee, JSPS. [2]
Minato, H. et al. (2009) Proceedings of 2009 Meeting of Japan
Assoc. Mineral. Sci., R3-09.

Carbonation of iron metallurgy slags as a
method of CO, sequestration

Kasina, M.” & Michalik, M.
Inst. of Geological Sciences, Jagiellonian University, Krakow,
Poland ("monika.kasina@uj.edu.pl)

Mineral carbonation is one of the CO, capture and storage
(CCS) methods. It is based on the crystallization of stable
carbonates (calcite, magnesite, siderite) by the reaction of
minerals rich in divalent cations (Ca?*, Mg®*, Fe®*) with CO,.

The aim of this research was to determine the potential
application of industrial wastes in CO, capture from ambient air.
Blast furnace and steel slag samples after different ageing
periods were used in experiments. Powdered samples and
crushed fragments (ca. 1 cm) were subjected to 21 wetting and
drying cycles (50 g of a sample + 400 ml of deionised water in
every cycle; dried under IR radiator).

Studied samples of blast furnace slag are composed mostly
of calcium silicates: akermanite, gehlenite, rankinite, and
wollastonite. Steel slags are composed of larnite and oxides
(srebrodolskite and wistite).

Blast furnace slag composition was not changed during
experiments. Calcite crystallization and partial dissolution of
larnite and srebrodolskite (relative decrease of XRD peaks
intensity) were noted in steel slag samples.

Chemical analysis indicates the increase of LOI and Cqq
content in slag samples after experiments.

SEM-EDS analysis of slag fragments shows that both kinds
of slag were subjected to mineral carbonation process. In case
of blast furnace slag this process was not very advanced. Calcite
crystalize as rims (~25 pm) of small crystals around some of
slag fragments. In steel slag this process seems to be more
advanced. Calcite appears not only as rims of small crystals
around slag fragments but also as infillings in pore spaces. Rims
around steel slag fragments composed mostly of SiO, (~50
wt%), CaO (~30 wt%), P,Os (up to 20 wt%) and C (carbonate
anion?) were also noted. Some of larnite crystals (especially
those close to the border of slag fragments) are partly or fully
replaced by material of composition similar to rims described
above.

Results suggest that silicate minerals in blast furnace slag
are less reactive, what is connected with lower dissolution rate
of components. In case of steel slags divalent cations (mostly
Ca®") required for calcite crystallisation come from the
dissolution of silicate minerals (larnite), and oxide phases as
well. Results indicate that slags, especially from steel
production is an useful material in CCS procedures.
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The influence of Fe content in Fe-Mg
tourmalines on their intrinsic dipole moments
and pyroelectric properties

Zhao Changchun & Liao Libing”
School of Materials Science and Technology, China University
of Geosciences, Beijing, China (‘Ibliao@cugb.edu.cn)

Single-crystal X-ray diffraction data of four Fe-Mg
tourmalines with different iron contents from Xinjiang,
Sichuan and Yunnan (China) have been collected at room
temperature and liquid nitrogen temperature. Polyhedras’
intrinsic dipole moments and the total intrinsic dipole moment
of the crystal unit cell have been calculated. The pyroelectric
coefficients of the four Fe-Mg tourmalines have been
determined and the influence of the intrinsic dipole moments in
Fe-Mg tourmalines on their pyroelectric properties has been
investigated. The results show that for tourmalines with
different iron content, the intrinsic dipole moments decrease
with the increasing of Fe content at room temperature and
increase with the increasing of Fe content at liquid nitrogen
temperature. It is inferred that in the temperature interval
between room temperature and 80°C, the electric dipole
moment of Fe-Mg tourmaline decreases with the increase of
Fe content.

By calculating and comparing the intrinsic electric dipole
moments of X, Y, Z, T and B polyhedron, we find that T
polyhedron makes the most contribution to the total intrinsic
dipole moment. X polyhedron takes the second place. However,
the electric dipole moments generated by the two polyhedrons
of the same crystal are in the opposite directions. The electric
dipole moment of T polyhedron decreases with the increase of
iron content, while the electric dipole moment of X polyhedron
increases with the increase of iron content. From fluid nitrogen
temperature to room temperature, the reversal of the electric
dipole moment of Y polyhedron occurs. Iron affects T, X and
other polyhedra’s electric dipole moment through the distortion
of its occupied Y and Z polyhedron and the electric dipole
moment reversal of Y polyhedron, thus the total intrinsic
electric dipole moment of Fe-Mg tourmaline.

The pyroelectric coefficient of tourmaline decreases with
the increasing of Fe content in the temperature range of room
temperature to 80°C. It is inferred that the pyroelectric
coefficient of tourmaline also decreases with the increasing of
Fe content in the temperature range of liquid nitrogen
temperature to room temperature.
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Characterization of reaction products from
reductive decomposition of a natural garnet

Aparicio, C.Y", Filip, J.1, Mashlan, M.! & Vsiansky, D.2
'Centre for Nanomaterial Research and Dept. of Experimental
Physics, Palacky University, Olomouc, Czech Republic
(“claudia.aparicio01@upol.cz)

%Research Inst. of Building Materials, JSC, Brno, Czech
Republic

The thermal decomposition of garnets from pyrope-almandine
series occurs between 750°C and 1200°C, the decomposition
products depends on the experimental conditions, i.e.
temperature and duration of heating, heating and cooling rate,
pressure and type of atmosphere. The present work is devoted to
study the characteristics of the reaction products from
decomposition of pyrope-almandine garnet in reducing
atmosphere.

Natural garnets of near end-member composition pyrope —
(Mg2.22F€0.47Ca0 33)(Crro 11F€0,06Al1.81) Si2 98012 — and almandine —
(Fe.85Mdg.15) (Al 1 99)Siz 9901, — Were dynamically heated from
35°C to 1200°C in a simultaneous thermal analyzer, including
thermogravimetric  analysis and  differential ~ scanning
calorimetry, with a heating rate of 10°C/min. The
decomposition products were identified by X-ray powder
diffraction (XRD) and Mdssbauer spectroscopy. Scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), and energy-dispersive X-ray spectroscopy (EDX) were
used to observe the morphology of the reaction products.
Subsequently, in-situ monitoring of reductive decomposition
was done by high-temperature XRD.

Pyrope decomposition started at 1105°C; the identified
decomposition products are metallic iron (alpha and gamma),
enstatite (ortho- and clino- polymorphs), spinel phase, and
anorthite. Enstatite and spinel phase have been reported in
previous works as decomposition products of pyrope in air
[1,2], the difference here is the presence of metallic iron instead
of iron oxides formed in oxidizing atmosphere. On the other
hand, almandine decomposes at 1055°C, with the following
decomposition products: hercynite, fayalite, cristobalite, Fe-
cordierite and metallic a-iron. Metallic iron forms rounded-
shape particles with sizes between 60 nm and 600 nm, they are
randomly distributed over the surface of above mentioned
reaction products (Fig. 1). The observed decomposition
mechanism and structure could have an analogy in historical

pottery [3].
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Fig. 1: SEM (a) and TEM (b) image of the decomposition products of
pyrope showing the metallic iron particles. EDX analysis (c) and (d)
from regions labelled 1 and 2 on figure 1a, respectively.

[1] Zboril, R. et al. (2003) Phys Chem Miner, 30, 620-627. [2]
Zboril, R. et al. (2004) Hyperfine Interact, 156/157, 403-410.
[3] Gregerova, M. et al. (2008) Chem Listy, 102, 859-863.

High-temperature borate crystal chemistry and
self-assembly of boron-oxygen fundamental
building blocks (FBB)

Bubnova, R.S.*" & Filatov, S.K.!?
nst. of Silicate Chemistry RAS, St. Petersburg, Russia
(‘rimma_bubnova@mail.ru)
2Dept. of Crystallography, St. Petersburg State University,
St. Petersburg, Russia

Nowadays borates are well known as advanced materials due to
their non-linear and linear optical, luminescent, piezoelectric,
refractive and other useful properties. The functional, thermal,
mechanical and chemical properties of material are caused by
its crystal structure. One of distinguishing characteristics of
unique borate crystal chemistry is occurrence of rigid groups
consisting of the BO; and the BO, polyhedra. These groups
constitute fundamental building blocks (FBB).

Coefficients of thermal expansion tensor have been
investigated for more than 50 borates by powder X-ray
diffraction. About 3/4 of them demonstrate highly anisotropic
expansion; moreover, about half of them show negative linear
expansion.

The structural temperature-dependent behavior has been
investigated by  single-crystal  high-temperature  X-ray
diffraction for several borates as well. As a main result, thermal
stability of size and configuration of BO3; and BO, polyhedra
and the rigid B-O groups have emerged from the studies [e.g.
1,2]. Here we present fundamental rules of high-temperature
borate crystal chemistry [1,3,4 and refs therein] in contrast to
those of high-temperature silicate crystal chemistry [5,6 and refs
therein]. Finally from these principles it emerges self-assembly
in borates at level of rigid boron-oxygen groups as a result of
thermal vibrations of boron and oxygen atoms and the groups.
Self-assembly of rigid groups in borates is explained in terms of
exampling thermal vibrations anisotropy of isolated groups
consisting of 3 and 5 B-O polyhedra.

Acknowledgements: This work is supported by the Russian
Foundation for Basic Research (08-03-00232).

[1] Filatov, S.K & Bubnova, R.S. (2000) Phys. Chem. Glasses,
41, 216-224. [2] Bubnova, R.S. et al. (2002) Z. Kristallogr.,
217, 444-450. [3] Bubnova, R.S. & Filatov, S.K. (2008) Phys.
Stat. Sol., 245(b), 2469-2476. [4] Bubnova, R.S. & Filatov, S.K.
(2008) High-Temperature Crystal Chemistry of Borates and
Borosilicates. Nauka, St. Petersburg (in Russ.). [5] Hazen, R.M.
& Finger, LW. (1982) Comparative crystal chemistry:
temperature, pressure, composition and variation of the crystal
structure. John Willey & Sons, New York. [6] Hazen, R.M.
(2000) (ed.) Rev. Miner. Geochem., 41, Mineral. Soc. Am.,
Washington, USA.



10 AM10G - Applied mineralogy, Materials science (general session) — poster

A study on shapes of hollow glass microspheres
by glass composition

Choo KoYeon, Jeong HeonDo & Kim TaeHwan"
Reaction and Separation Materials Research Center, Korea Inst.
of Energy Research, Daejeon, Republic of Korea
(‘thkim@Kkier.re.kr)

Research on hydrogen to prepare for hydrogen economy is an
urgent task which should be promoted constantly as a means of
resolving skyrocketing energy issues. But regarding its
application, hydrogen storage technology is a precedent study in
energy storage. Many researchers are in the midst of
development on hydrogen storage technology. In our country,
hydrogen storage researches have been conducted according to
the national R&D plan since hydrogen frontier R&D center was
launched.

Our center is carrying out research on hydrogen storage
using hollow glass microspheres among solid hydrogen storage
materials. They were studied by J.E. Shelby’s research group in
Alfred University, New York, USA, according to the US DOE
hydrogen project and can now store hydrogen up to 2.2 wt.%
[1].

Hollow glass microspheres are non-toxic and lightweight as
a solid hydrogen storage material and can be prepared from
low-cost starting materials. They have a reversible hydrogen
storage property, as well. Although they are sufficiently
competitive with conventional organic and inorganic materials,
their hydrogen storage capacity per unit weight is not even close
to the target value of the US DOE (by 2010, on-board hydrogen
storage systems achieving 2 kWh/kg or 6 wt.%) [2].

We investigated shape change of glass microspheres after
heat treatment by controlling composition of sodium
borosilicate gel as a starting material. The products were
characterized by XRD and SEM, and the BET surface area was
measured.

Although various processing methods can be applied to
produce hollow spheres, for examples, the sol-gel/emulsion
method, the sacrificial-core method, layer-by-layer deposition
on colloidal templates, spray drying and the coaxial-nozzle
method [3], we applied flame forming method containing a
blowing agent as a feed.

[1] US DOE Hydrogen Program (2008) Annual Progress
Report, IV. Hydrogen Storage, D. New Materials — Independent
Project. [2] US DOE Technical Plan (2009) Hydrogen Storage.
[3] Singh, R.K. et al. (2007) Colloid. Surface. A, 310, 39-45.

The vitrification kinetics and phases
composition of flotation waste of Bor mine
(Serbia)

Coci¢, M.}, Matovié¢, B.2 & Logar, M.*>*
Technical Faculty, University of Belgrade, Bor, Serbia
2\/inga Institute, Belgrade, Serbia
3Faculty Mining and Geology, University of Belgrade, Serbia
(‘milogar@eunet.rs)

The manufacturing processes of non-ferrous metals and their
alloys, particularly the flotation enrichment and metallurgical
processing of waste materials, cause major environmental
pollution problems. Flotation waste dumps and slag from
smelters represent large areas of degraded land and the
permanent pollution of soil, water and air. This study is
dedicated to examining the possibility of using flotation waste
from RTB Bor (Serbia) in the production of silicon-ceramic
materials.

Mineral composition of flotation waste consists of fayalite
and magnetite with minimal amounts of copper and iron sulfide.
By changing the conditions of heat treatment and cooling modes
microstructure and properties of products can be controlled and
desirable glass-ceramic materials can be produced [1].

~

) (right)

Fig. 1: Glass ceramics 1150°C/4h (left); 1480°C/6h (O
Fig. 1 presents the two glass-ceramics microstructures build of
glass and hematite crystals made at different temperature. Att =
1150°C the content of hematite is 32%. The crystals are
anhedral, rarely subhedral, with diameter generally below 10
microns. At 1480°C viscosity decreases and the glass starts to
flow. Therefore the glass surface is exposed to oxidation in the
highest degree and growing rate of hematite becomes faster
which leads to the formation of larger euhedral crystals, whose
content reaches 44%. Between these two obtained
microstructures, a series of glass-ceramic materials were
synthesized under different time and temperature level by
adding of basalt and tuff. The purpose is to find the optimal
composition and crystallization conditions to obtain the
applicable glass-ceramic materials.

[1] Karamanov, A., Aloisi, M. & Pelino, M. (2007) J. Hazard.
Mater., 140, 333-339.
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Relationships in the kesterite-stannite-kuramite
pseudoternary system: from fundamentals to
photovoltaic applications

Di Benedetto, F.}", Amthauer, G.? Borrini D.?, Dittrich, H.2,
Foresti, M.L.}, Fornaciai, G.%, Innocenti, M.}, Pardi, L.,
Romanelli, M.} & Schorr, S.°
Dept. of Chemistry, University of Florence, Italy
("dibenefr@geo.unifi.it)
2Inst. for Materials Science and Physics, University of Salzburg,
Austria
®Dept. of Earth Sciences, University of Florence, Italy
*Inst. for Physico-Chemical Processes, CNR, Italy
®Inst. of Geological Sciences, Free University Berlin, Germany

The task for renewable energy resources is stimulating the
research for new materials allowing setting up low cost and
high conversion efficiency solar cells. Lowering the costs of
raw materials, as well as increasing attention paid to the
environmental consequences of the industrial production, both
drive the development and the choice of materials on the basis
of their chemical composition. The kesterite-like quaternary
chalcogenides (Cu,ZnSnS,, or CZTS) attracted a relevant
interest from worldwide researchers, due to their good
performances with a simple chemistry and to the absence of
relevant economic or environmental concerns associated to their
use in the solar cells production.

The crystal chemical features of both natural and synthetic
phases belonging to the pseudoternary system Cu,FeSnS,-
Cu,ZnSnS,-CusSnS,, to which the CTZS materials belong, still
await a definitive assessment. Major points of debate include
the isostructurality between stannite and kesterite, the
assessment of the structural model for kuramite, the possible
occurrence of Cu and Fe in oxidised valence states, the mixed
occupancy of structural metal sites. The last points in particular
are related to two relevant topics of chalcogenide studies, i.e.
the extent of cation disorder and the occurrence of partial
intervalence charge transfer in Cu-, Fe-bearing chalcogenides.
Moreover, both aspects can dramatically affect the physical
properties of the host phase, and ultimately its eventual
exploitation in photovoltaic materials. We approached the
growth of these materials by solid-state reactions, hydrothermal
syntheses and electrochemical deposition under morphological
and compositional control to obtain ternary chalcogenide
compounds (at the Cu end-member) with different physical
properties. Moreover, this study reviews the state of the art of
the literature on the knowledge about the pseudoternary system,
and it sets up perspectives for photovoltaic applications.

Mullite-type AlsBOg and Al;gB 4033,
a crystal-chemical puzzle?

Fisch, M.Y", Armbruster, T.! & Rentsch, D.?
!Mineralogie-Kristallographie, Institut fiir Geologie der
Universitat Bern, Switzerland (*fisch@krist.unibe.ch)
2EMPA Swiss Federal Laboratories for Materials Testing and
Research, Diibendorf, Switzerland

Ceramic materials in the system Al,03-B,03-SiO, are of
particular interest for industrial applications. Among these,
whiskers of the most common aluminum borate, often cited as
AlgB,033, are used to reinforce aluminum alloys and refractory
linings [1]. This mullite-type compound is reported with two
slightly different stoichiometries, AlsBOgy (5Al,03:1B,05) [2]
and AlgB4033 (9A1,05:2B,053) [3-7]. Available crystal structure
refinements are essentially identical, comprising AI™), AIV),
AIM and B [2-7]. However, to comply with the boron-richer
formula of AllgB4033:A|4_ngl_0909, 9% of AI(IV) must be
replaced by B™. In this study, samples from different starting
mixtures representing both stoichiometries (Table 1) were
investigated by single-crystal and powder XRD, as well as by
118 and ?’Al solid state MAS-NMR.

Table 1: Sample description

Sample Starting materials Al,03:B,0,4
12 AI203, BzO3 9:2
2“ Aleg, BzO3 9:2
3 Al,O3, B,Os 5:1
4° AI(N03)39H20, H3BOg 1:2
5 Al,03, H3;BO; 1.1:1

*flux grown single-crystals, "heat-treated for 10h at 1200°C
‘according to [7] but heat-treated for 10h at 1100°C.

Our single-crystal structure refinement is consistent with
previous results [2,5,6]. Cell parameters are a=5.6686(2)A,
b=15.0060(9)A, c=7.6892(4)A and V=654.07(6)A® in Cmc2;;
Z=4. Single-crystal X-ray data indicated a fully occupied B
site (<dp.0>=1.3769(17)A) and a "pure" AI™) tetrahedron
(<dpn-0>=1.7464(12)A). Refinements including a constrained
9% B — Al substitution at AI™) converged to significantly
higher agreement factors.

Powder XRD was used to determine precise lattice
parameters of all samples and to identify corundum as excess
phase in samples 1-3 and boric acid in sample 5. Refined cell
dimensions are identical for all samples within a few standard
deviations.

1B MAS-NMR spectroscopy indicated a single B! site
and no sign for any B!™), which is agreement with previous
findings [8]. Judging from simulations, B!"Y) amounts lower
than 2% can be detected. Al MAS-NMR spectra were
consistent with Al-coordinations derived from our single-crystal
structure refinement and previous NMR investigations [9].

Excess corundum in samples 1-3 could suggest B,O; as
limiting factor for Al;gB4O53 formation. However, results were
the same for sample 5 having excess boron: Crystallographic
and NMR data of all samples are consistent and no indication of
B™) was found as expected for Al;gB,O33. We assume that all
aluminum borate samples investigated in this study represent
AlsBOy, casting doubt on the existence of Al;gB4Oazs.

[1] Fischer, R.X. & Schneider, H. (2008) Eur. J. Mineral., 20,
917-933. [2] Sokolova, Ye.V. et al. (1978) Dokl. Akad. Nauk
SSSR, 243, 655-658. [3] Baumann, H.N. & Moore, C.H. (1942)
J. Am. Ceram. Soc., 25, 391-394. [4] Scholze, H. (1956) Z.
Anorg. Allg. Ch. 248, 272-277. [5] lhara, M. et al. (1980) J.
Ceram. Soc. Jpn., 88, 77-84. [6] Garsche, M. et al. (1991) Eur.
J. Mineral., 3, 793-808. [7] Mazza, D. et al. (1992) Am. Ceram.
Soc., 75, 1929-1934. [8] McKenzie, K.J.D. et al. (2007) Appl.
Magn. Reson., 32, 647-662. [9] Hung, I. et al. (2006) Chem.
Phys. Lett., 432, 152-156.
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Impact of zeolitic material in improving sandy
soil fertility features (Albania)

Goga Begiraj, E." & Gjoka, F.2
Faculty of Geology and Mines, Polytechnic University of
Tirana, Albania ("ea_begiraj@yahoo.com)
2Agricultural University of Tirana, Albania

This work presents an attempt for studying the effects of
zeolitic material from Munella region (Albania) in improving
the fertility features of a sandy soil from Divjaka region
(Albania) [1].

On the basis of their petrographic and geochemical
characteristics (Table 1) the following zeolitic rocks can be
distinguished: basalts and basaltic andesites, dacites and
rhyolites [2]. The zeolitic phase composes up to 60-80 % of
these rocks.

Table 1: Geochemical data of zeolitic rocks
Si0, AlL,O; Fe,0; MnO MgO CaO Na,O K,O TiO, P,0s LOI _TOT
Mul60.95 1197 584 0056 207 518 027 009 0378 01 1301 99.92
Mu2/3|72.7 1008 413 0053 082 29 182 101 0308 008 648 100.4
Mu3/5 [60.2 1244 569 0/072 116 615 039 014 0411 016 1327 100.1
Mu4/1 §5.26 11.63 427 0083 097 472 098 054 0362 009 11 99.89
Mu5 6477 114 548 0092 09 471 058 08 0364 009 1111 100.3
Mu6 [9.97 101 321 008 037 472 028 027 0305 0.07 10.84 100.2

The sandy soils of Divjaka are characterized by small thickness
of the active layer, low content of humus and other essential
nutriments of plants. These soils have homogeneous mechanical
and mineralogical composition because of their uniform
parental material, mainly composed of quartz from sea-
sediment formations (Tables 2 & 3).

Table 2: Chemical properties of the soil

pH N- P |K Microelement-total
Humus CaCo. KKK
% total |y,
(%) Available| Cu| Zn |Mn| Fe |Ca
H,O|KCI malk
o/kg ma/kg %
8578 08 |°2°714]132 75 115 44 78.4/0.0745788

Table 3: Physical properties of the soil

Hﬁ;?:g;glc Water Capacity Clay Silt Sand
(%) (%) (%) (%) (%)
3.08 30.21 2.6 8.0 89.4

Zeolites of Munella were tested as fertilizers for the sandy soils
of Divjaka region (Central-western Albania). The experiment
was realized in a greenhouse, in a randomized block with four
repetitions of 7 fertilizer types obtained from zeolitic material
alone or mixed in various proportions with NPK (nitrogen,
phosphorous, potassium). Lolium multiflorium (ryegrass) was
used as experimental plant.

Application of both zeolites and mixtures with NPK
resulted in a significant increase in the shoot and roots yield of
ryegrass compared to the control sample in the experiment (no
NPK and zeolitic material added).

The buffer role of zeolites in improving the water capacity
of soils was observed especially during the driest period of the
year (July-August).

[1] Goga Beqiraj, E. (2005) PhD thesis. [2] Shallo, M. et al.
(1987) Ofioliti, 12, 125-136.

Chemical and mineral composition of steel slag
—reasons of slag instability

Kasina, M.” & Michalik, M.
Inst. of Geological Sciences, Jagiellonian University, Krakow,
Poland (‘monika.kasina@uj.edu.pl)

Slags from iron metallurgy (steel slags) are considered as
important co-products used in many fields of industry and civil-
engineering. Slag is usually composed of high-temperature
phases which are very reactive for a long period of time. The
most unwanted result of slag reactivity is its swelling, which is
caused by chemical reactions of slag components.

The aim of this study was to characterise chemical and
mineral composition of two steel slag samples after different
ageing periods (sample A — less than 1 year; sample B - after 4
years) to indicate which of slag component is responsible for its
instability. Chemical and mineral composition of slag samples
were studied using XRD, SEM-EDS, ICP-ES, and ICP-MS.

Chemical composition of studied slag is typical for this
material. The main components are: CaO — 47.41 wt% and,
39.62 wt%; SiO, — 16.51 wt%, and 11.33 wt%; Fe,O; — 28.29
wt%, and 42.79 wt%; MgO - 5.16 wt% and 3.35 wt% for
sample A and B respectively. Bl (basicity index) is 3.5 (sample
A) and 3.0 (sample B). Chemical composition and Bl values
indicate that the risk of hydratation and slag dissolution is high.

The main slag components determined using XRD are:
dicalcium silicate — larnite (Ca,SiO,), dicalcium ferrite —
srebrodolskite (Ca,Fe,Os), and iron oxide — wistite (FeO).
Using SEM-EDS minor components were determined: metallic
iron and lime (Ca0O).

Previous studies (e.g. [1]) indicate that slag stabilization is
related to: 1) larnite p—y transition; 2) magnesia and lime
hydratation and carbonation.

In studied samples MgO phase was not detected. Most of
magnesia is combined with iron oxides (up to 15 %wt MgO in
oxide phase). The presence of P,Os in larnite (up to 5 wt%) may
suggest that it is fully stabilized form [2] because phosphorus
can be present in larnite in low temperature. However, taking
into consideration lamellar texture of larnite, a complete
stabilization is not so obvious, and it may suggest that
stabilization processes has not been completed. Lime
hydratation was not noted in studied samples, whereas
carbonation of slags is a common reaction.

Lack of larnite-y peaks in XRD patterns suggests that larnite
B—y transition is in initial stage or absent. Lime is the only
oxide phase subjected to carbonation. Results indicate that slag
is not stabilized.

[1] Waligora, J. et al. (2010) Mater. Charact., 61, 39-48. [2]
Halicz, L. et al. (1983) Cement Concrete Res., 14, 8-11.
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The role of liquid inclusions in the interface-
mediated polymorph transition

Kulkov, A.*%, Glikin, A.E.* & Putnis, A2
1St-Petersburg State University, St. Petersburg, Russia
(“aguacrystals@narod.ru)

ZNITIOM “Vavilov State Optical Institute”, St. Petersburg,
Russia
3Institut fur Mineralogie, University of Miinster, Germany

The natural and synthetics crystals contain bubbles of liquid
inclusions. Studying the composition and form of these
inclusions allows drawing a conclusion about PT — conditions
of crystal foundation and composition of mother solution. In
this work we carried out the in-situ observation of behavior of
bubbles of liquid inclusions during the interface-mediated
(metasomatics) polymorphic transition of nickelhexahydrite to
retgersite (B-NiSO,*6 H,O —> a-NiSO4*6 H,0). Crystals of
nickelhexahydrite were grown by slow evaporation at 60°C.
The study of bubbles was carried out with the help of optical
microscope with digital camera at 20-25°C.

The bubbles had partly faced form. The bubble faces were
paralleled to the parent crystal faces. Isolated inclusions were
not the centers of beginning of phase transition but the
transition began from the surface of parent. When the front of
transition runs up to the liquid inclusion, rapid increasing of
transition velocity takes place (from first um / hour up to tens
um / min) (Fig. 1). The form of transition boundary changes
from feather-like to flat. It is known that bubbles of liquid
inclusions can faced through both the dissolution and the
precipitation. In our case, the form of bubbles demonstrates the
precipitation of salt from the inclusion solution. Thus, bubbles
of inclusions facing during the temperature decreasing until
temperature stabilize.

97 h 25 min

200 mcm

97 h 35 min

97 h 45 min

Fig. 1: Type changing of Nh-Rt transition boundary (boundary marked
by arrow) and increasing of transition velocity after the capture the
liquid inclusions by transition front.

Consequently, behavior investigation of bubbles of liquid
inclusions during the interface-mediated polymorphic transition
from nickelhexahydrite to retgersite demonstrated that isolated
liquid inclusions: a) partly facing after the extraction the parent
crystal from solution; b) cannot be the centers of transition
beginning; c¢) have the influence on the velocity and boundary
type of polymorph transition as the source of solution.

Efficient conversion and high stability:
performance of Ni/NFS catalyst in CH4-CO,
reforming

Li Xuejun'", Wang Lijuan?, Lang Bao®, Ma Junhong'? &
Chen Jiawei*

!National Laboratory of Mineral Materials, China University of
Geosciences, Beijing, China (‘lixuejunwang@163.com)
%State Key Laboratory of Geological Processes and Mineral
Resources, China University of Geosciences, Beijing, China
3State Key Laboratory of Chemical Resource Engineering,
Beijing University of Chemical Technology, Beijing, China
“School of Earth Sciences and Resources, China University of
Geosciences, Beijing, China

Nano-fibriform silica (NFS) (SiO, content is 90.5%) extracted
from chrysotile by acid-leaching is a kind of mesoporous
material with a high specific surface area, high adsorptive
capacity and a large pore volume. A series of Ni/NFS catalysts
was prepared by soaking NFS into 5, 7.5, 10, 12.5, 15, 20 wt%
Ni(NOs), solutions for 24 hours and baking the filtered and
washed residues at 550°C for 5 hours under air atmosphere. The
catalytic performances of the Ni/NFS catalysts in CH4-CO,
reforming (CH,/CO,=2, O, as a gas feedstock) were
investigated in a fixed-bed quartz micro-reactor. The results
indicate that when Ni(NO3), concentration is > 10 wt%, the CH,
and CO, conversion by the corresponding Ni/NFS catalyst can
respectively rise to 97.7% and 93.8% at 850°C. Stability
evaluation of the Ni/NFS catalyst from 10 wt% Ni(NOs),
solution shows that during 100 hours no catalyst deactivation
occurs under the test condition of 850°C, 1latm, and
GHSV=28200 mL-g*h?, and the CH, and CO, conversion
keeps 95% and 90% respectively with a H,/CO ratio of ca. 1.25.
The Ni/NFS catalysts were characterized using X-ray
diffraction, transmission electron microscopy, physical N,
adsorption techniques, and H, temperature-programmed
reduction (H,-TPR). It was found that the Ni/NFS catalyst is
also a mesoporous material and the size of NiO particles is 5.3-
6.3 nm. The NiO particles accrete on the surface of NFS fibers
and fill in a single NFS tube or in other pores in NFS to exhibit
a well distribution and a higher anti-aggregation ability. The H,-
TPR result shows that the Ni/NFS catalysts from > 10 wt%
Ni(NO3), solutions can be completely deoxidized at rather low
temperature and effectively decrease the energy consumption in
reaction. These properties ensure Ni/NFS catalysts, especially
the Ni/NFS catalyst from > 10 wt% Ni(NOs), solution, to have
high activity and excellent performance in CH,;-CO, reforming.
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Diatomite as both the template and the catalyst
to produce hierarchically porous carbon

Liu Dong?, Yuan Peng®", Tan Daoyong*?, Liu Hongmei'?,
Zhu Jianxi' & He Hongping®
'Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou, China (“yuanpeng@gig.ac.cn)
*Graduate School of Chinese Academy of Sciences, Beijing,
China

Porous carbon-based materials with high specific surface area
are currently attracting significant interest because of their
increasing applications in various industrial fields, such as
adsorption and purification. Templating method has been
widely reported as a well-established route for the preparation
of porous carbon in which various synthetic porous materials
are used as templates. Some natural mineral materials are also
chosen as templates due to their special porous structures and
economical viability, such as zeolite and diatomite. Diatomite,
the mineralised exo-skeletons of diatoms, has highly developed
porous structure which is mainly macroporous with small
amount of mesopores. In the few reports about the preparation
of diatomite-based porous carbon, sulfuric acid was often used
as the catalyst to catalyze the carbon precursor. However, the
addition of liquid acid is potentially harmful to the environment,
as well as increases the cost of the preparation. In our previous
study, we have found that the diatomite itself contains solid acid
sites. In this sense, it should be very interesting to utilize these
inherent acid sites of diatomite instead of the additive acid to
catalyze the carbon precursor, and to investigate the key effects
of the solid acidity on the final structure of porous carbon.

Fig. 1: SEM images of the differently macroporous structures: (A)
disordered and (B) ordered macroporous structures.

In this study, we have successfully prepared hierarchically
porous carbons by using intentionally selected diatomite and
their thermally and acid activated derivatives as both the
templates and the catalysts. The combined study by SEM, TEM,
and N, adsorption indicates that there exists a highly
morphological dependency between all of templates and their
carbon counterparts which contain macropores, mesopores and
micropores. The macroporous structures derive from two
different types of pores of templates, one is replicated from the
disordered central pores of the diatom shell, and the other from
the smaller ordered edge-pores (Fig. 1). The micropores are
generated mainly by the breaking of the carbon film, occurred
universally in the process of the removal of the templates. The
surface areas and pore volumes of the carbon products are
higher than those of previously reported diatomite-based carbon
prepared by using additional liquid acid as the catalyst, and
there is a dramatically positive correlation between the
concentratation of acid sites in the diatomite templates and the
resulting values of surface area and pore volume of the crabon
products. The obtained diatomite-based porous carbon products
also exhibit desirable petrol absorption and H, storage
performance, enabling potential applications in the fields of
environment and energy.

Use of perlite in combination with clays for the
production of low environmental impact filter for
heavy metals polluted aqueous solution

Marchetto, P., Brigatti, M.F., Laurora, A. & Malferrari, D."
Dipto. di Scienze della Terra, Universita di Modena e Reggio
Emilia, Modena, Italy (*dmalf@unimore.it)

The aim of this work is to prepare a relatively cheap mixture of
perlite (a volcanic rock with intermediate composition between
rhyolite and dacite) and clays, effective in the retention of heavy
metals even after treatments at relatively high temperatures. The
obtained product could be possibly reused and therefore not
disposed of as toxic waste. The perlite used in this study comes
from Greek quarries and is provided by the company "Perlite
Italiana”. Three different types of clay materials were used: 1) a
clay material coming from the Argille Varicolori formation; 2) a
commercial bentonite (supplied by Laviosa, Italy; 3) a standard
montmorillonite (STx-1, from the County of Gonzales, Texas,
USA), to be used as reference materials.

Column and batch tests were carried out on several different
mixtures of the previously described materials in order to
evaluate the effective adsorption of Cd, Pb, and Zn from
aqueous solution. Pb, Zn, and Cd contents of the “polluted”
mixtures were thus measured via inductively coupled plasma
optical emission spectroscopy (ICP-OES) after acid digestion.

The obtained results indicate that the mixture consisting of
Varicolori clay and perlite can be profitably used as adsorbent
of metals in solution. Adsorption data are consistent with those
expected from theoretical calculations.

The method chosen for the permanent inertization of
polluted samples is thermal treatment, which, as evidenced by
numerous literature data, can lead to a chemically inert product,
eventually suitable for reuse in construction. Before being fired,
each mixture was added from opportune amount of kaolinite
and feldspar. Release tests were, thus, carried out on fired
products using weakly acid solution (pH values between 5.5.
and 6) as leaching media. Results, which are very encouraging,
are reported in the Table 1.

Table 1: Heavy metals (Pb, Cd and Zn) contents in prepared mixtures,
after applied tests

Perlite Perlite Perlite
+ + %
Bentonite | Argilla STx-1
Laviosa | Varicolon
Pb, Cd, Zn concentration In the different adsorbants
Pb (mg/100g) 719,53 157,20 286,30
Zn (mg/100g) 360,33 43,938 175,82
Cd (mg/100g) 2,1461 0,3675 1,6596
Pb, Cd, Zn release in weakly acid leaching solution
Pb (uge) n.d. n.d. n.d.
Zn (uge) n.d. n.d. n.d.
Cd (ug/) n.d. n.d 545X 106
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Sintering behavior of calcium silicate ceramics

Meiszterics, A.L, Rosta, L., Vainio, U.} & Sinké, K.2*
YInst. of Chemistry, L. Edtvés University, Budapest, Hungary
("sinko@chem.elte.hu)

Neutron Spectroscopy Dept., RISP of the Hungarian Academy
of Science, Budapest, Hungary
*Hamburger Synchrotronstrahlungslabor at DESY, Hamburg,
Germany

A new preparation method based on solution technique was
developed for synthesis of bioactive ceramic samples. The first
step is the synthesis of calcium silicate gel samples by sol-gel
technique. The hydrogel samples must be dried and heat treated
to obtain the final ceramic product. One of the most important
advantages of the sol-gel technique is the low energy
requirement, much lower than that of conventional powder or
melting technologies: 600-700°C in contrast to 1200-1300°C. In
addition, the sol-gel processing allows one to produce gel
glasses with compositions lying within the liquid-liquid
immiscibility dome of several silicate systems. According to
some published results, the bioactivity of the sol-gel derived
glass-ceramics is unambiguously better than that of ceramics
prepared by quenching of melts. The increase in bioactivity can
be explained by the great differences in the textural properties
of the materials synthesized by different techniques. The
structure of a higher porosity obtained by sol-gel method can
more fit the porous bone tissues than the compact one.

% Wollastonite (CasiO,)
a caco,
o sio,

1000°C

60°C
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Fig. 1: WAXS curves for calcium silicate samples heat treated at
various temperatures.

The present research work focused on the investigation of
correlations in the particle size — sintering temperature —
Vickers-hardness triangle. The synthesis route is: 1. preparation
of hydrogel; 2. drying the wet gels (powders); 3. sintering
(bulk). Ammonia catalyzed samples can be described with
compact structure and good mechanical strength, however they
keep some porosity. The structures of sol-gel derived calcium
silicate ceramic products differ from that of fused product,
which has crystalline wollastonite structure. The new structure
can be characterized mainly with amorphous feature; it contains
only a small volume of crystalline ordering (Fig. 1). The
crystalline phase may be mono- or dicalcium silicate depending
on the temperature of heat treatment. The Vickers-hardness, the
water solubility, and the particle size of dried gels change
together. The larger the particle, the better the strength is.

X-ray difraction study of opal-CT in siliceous
rocks

Naumkina, N.1., Ilicheva, O.M.", Vasserman, D.V. &
Lygina, T.Z.
Central Research Institute for Geology of Industrial Minerals,
Kazan, Russia (‘atsic@geolnerud.net)

Siliceous sedimentary rocks are composed by silica (quartz and
opal-CT), aluminium silicates (clay minerals, feldspars,
zeolites), and, sometimes, carbonates. The originality and
specificity of the opal-CT (the amount and structure) are
determining the usage of siliceous raw materials: for the
manufacture of liquid glass, ceramics, abrasives, rubber,
refractories, concrete products, etc. We present the results of the
opal-CT study with a phase-structural (mineralogical) term of a
large number of samples of siliceous sedimentary rocks of
Russia: flasks, tripoli, and diatomite, but not precious opals.

XRD patterns of natural opal-CT are showing complex
profiles in a narrow range of 18-25° 26 CuK(a)(4.40-3.80 A)
and the reflex of 2.50 A. The correct choice of standards is very
important for the quantitative calculation of opal-CT by XRD
method. Therefore as the majority of constituent phases is
dispersed state, it’s almost impossible to prepare the pure-phase
substance. This difficulty is to be resolved by Rietveld method.
Opal-CT profile is described by the reflection superposition of
opal (low broad diffuse halo with a peak at 4.10 A), cristobalite
(clearly defined peak with a value of interplanar distance d =
4.05 A) and tridymite (triplet reflections with values d =4.31-
4.07-3.81 A). At studying and quantifying the opal-CT in
natural objects should be considered as a possible overlap the
reflexes of zeolite, clay minerals, calcite, etc. The contribution
of such "interfering phases" is clearly visible on the diffraction
pattern of samples before and after hydrothermal leaching.
Comparison of quantifying the content of opal-CT by XRD and
of SiO, by hydrothermal leaching (5% KOH) gives a high value
of the pair correlation R = 97%. XRD analysis of different
Russian’s deposit samples showed that the intensities ratio of
the opal-CT diagnostic reflections with d = 4.3; 4.1; 2.5 A to
their sum is constant: 31.50% for d ~ 4.30 A, 53.48% - 4.10 A
and 15.02% - 2.50 A. [1]. In the presence of calcite in the
sample use reflection d = 2.50 A is not correct because of the
superposition of calcite and opal-CT reflexes. Therefore, it was
considered the ratio of two reflections 4.30 and 4.10 A, given
the contribution of the amplitude of their sum close to 37% and
63% respectively. It is seen that all points on the diagram lie
close to the line with a high degree of correlation (R*=0.92),
such as for pare of quartz reflection with d=3.34 and 1.82 A.
The similar dependence of the reflex opal 4.1 A — quartz 3.34 A
is shown in the figure for comparison.

XRD study of burned sample of opal-CT showed that the
diffraction pattern does not change to 900-1000°C. At higher
temperatures, it has been detected a sharp increasing of the
intensity of the reflex of 4.10 A, and reduction of 4.30 A. The
crystallite size has increased to 400 A at 1300°C, whereas up to
1000°C it was 160 A. TA-studies showed only the effects
associated with the loss of water up to 220°C, decomposition of
carbonates and destruction of zeolites at 500-800°C. No other
effects in the temperature range up to 1000°C were detected.

Thus, the results of XRD and TA studies on opal-CT leads
to the following conclusions: 1) Opal-CT is a stable mineral
formation, solid-phase reaction of B-cristobalite formation begin
after 1000 °C. 2) Diagnostic reflexes of this phase are 4.30 A
(60 % from a maximum), 4.10 A (maximum intensity), and 2.50
A (30 % from a maximum). 3) The structure of opal-CT should
be considered as alternating layers of o - cristobalite and
tridymite with a deterministic quantitative ratio between them.

[1] Naumkina, N.I. et al. (2009) RMS Annual Session, 239-241.
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Selective exchange process limit for
dioctahedral smectite: case of solution
saturated by Cu®" and Co?* cation

Oueslati, W.", Meftah, M., Ben Rhaiem, H. &
Ben Haj Amara, A.
Laboratoire de Physique des Matériaux Lamellaires et
Nanomatériaux Hybrides, Faculté des Sciences de Bizerte,
Tunisia ("walidoueslati@ymail.com)

Wyoming Montmorillonite (i.e SWy) is a clay mineral with *“T-
O-T” layer consisting of an octahedral sheet sandwiched by two
tetrahedral sheets. Isomorphic substitutions in octahedral and/
or tetrahedral sheets commonly make the clay platelets
negatively charged, which are compensated by exchangeable
cation. Water and other polar solvents can enter interlayer
regions and cause clay-swelling. In addition, clays are able to
retain inorganic and organic pollutants, and to stop the
circulation of contaminated fluids in both aquatic and soil
environments. Several works studied exchange process realized
when clays mineral is in contact with solutions containing only
one metallic cation [1-4] and shows a different hydration
behavior related to the nature of exchangeable cation. The
selective exchange problem was imposed when several metallic
cation are present in solution, which is the most realistic case if
we wants to apply clay properties in the context of industrial
waste storage [5]. This paper aims at characterizing the
structural bond between selectivity and exchangeable cations
abundance in the case of Na-dioctahedral smectite. This goal
was determined by equilibration of the clay with a mixed
equinormal solution containing two competing heavy metal
cations (i.e Cu®, Co®) with various concentrations. The
quantitative XRD analysis is achieved using an indirect method
based on the comparison of experimental XRD patterns to
calculated ones.

XRD investigation showed that exchange process are
stopped for a limit concentration values (i.e.10°N)
characterized by a weak ions population and which does not
saturate the intrinsic cation exchange capacity (i.e. CEC) of the
host materiel. For high ions solutions abundance (i.e 1N), the
clay CEC was saturated by Co®" species characterized by
doo1=15.17A basal spacing value related to two water layer
hydration state (2W). All structural parameter are reported in
(Table 1).

Table 2: Optimum structural parameters used for the simulation of
XRD profile in the case of mixture containing (0.5Cu?*, 0.5C0*") with
variable concentration

conce | doos (A) exch/cati | Z,(A) | Wa M
Ws

10"N 15,2 (2W) Co* 11.6 087 |6
124 (1W) Ccu* 9.95 0.13

10°N 12,4 (1W) Cu* 9.95 035 |7
15.2 (2W) Co* 11.4 0.65

10°N 12.4 (1W) Na* 9.8 095 |7
15.2 (2W) Cu* 9.9 0.05

10°N 12.3 (1W) Na* 9.8 1 7

[1] Bérend, I. et al. (1995) Clay Clay Miner., 43, 324-336. [2]
Ferrage, E. et al. (2005a) Am. Mineral., 90, 1358-1374. [3]
Laird, D.A. (1996) Clay Clay Miner, 44, 553-559. [4] Oueslati,
W. et al. (2007) Z. Krist. Suppl., 26, 417-422. [5] Oueslati, W.
et al. (2009) Appl. Clay. Sci., 43, 224-227.

Physico-chemical constraints of apatite and
crandallite formation in phosphorites from
Ervenik, Croatia

Posilovié, H.}, Kniewald, G.2", Zigove¢ki-Gobac, Z.! &
Bermanec, V.
'Dept. of Geology, Faculty of Science, University of Zagreb,
Croatia
2Dept of Marine and Environmental Research, Rudjer Bodkovi¢
Institute, Zagreb, Croatia ("kniewald@irb.hr)

Apatite group minerals and their secondary alteration phases
were studied of Upper Cretaceous phosphorite-bearing deposits.
Outcrops of these deposits are situated at the foot of the SE part
of Mt. Velebit near Ervenik, Croatia. Phosphorite deposits can
be found in fossil caves, caverns and other karstic phenomena in
limestone, generally of Cretaceous age. The exact age of the
deposits is not known but is assumed to be Pleistocene. The
source of phosphorus could be the phosphate-rich guano
material originating from bats and birds [1].

Collected sediment samples were disintegrated, or cut-and
polished and analyzed by optical microscopy, SEM, EDS, and
XRD. Phase stability diagrams were constructed on the basis of
mineral phases identified in the samples. The aluminium,
calcium and phosphate concentrations chosen for stability field
calculations are considered normal for pore fluids in contact
with soil and sediments [2]. The phosphate minerals occur as
white to greyish spherulitic aggregates or single crystals up to 2
mm in size. Cave sediments are usually compact and reddish or
greyish in colour, with a high Al,Ozand FeO content, but low in
carbonate. Optical microscopy and SEM of spherulitic
aggregates showed at least two different phosphate phases
identified by EDS and XRD as hydroxylapatite and crandallite.
In the inner core of the spherulites, apatite is precipitated in the
form of sprays up to 1.5 mm in length; outer parts of the
spherulites volume contain very fine grained radial to fibrous
crandallite. Some spherulites are banded and composed of
alternating apatite and crandallite layers.

Apatite and crandallite spherulites were formed during early
diagenesis of the cave sediment; each single spherulite was
precipitated in partially closed microenvironment of the
sediment voids and pores. Apatite occupying the central
portions of the spherulits centre formed prior to crandallite in
the outer spherulite sector. The calculated stability fields for
apatite and crandallite may be used to explain the bi-phase
precipitation in the spherulites. Higher phosphate and lower
aluminum concentrations with higher pH will favour apatite
precipitation; such conditions prevailed during precipitation of
the spherulite core. As a consequence of apatite precipitation,
phosphate concentration is decreased and aluminum is
increased, the stability field of crandallite prevails and
crandallite becomes stable phase precipitating in the spherulite
outer volume.

[1] Markovi¢, S. (2002) Mineral deposits of Croatia. Institut za
geolodka istrazivanja, Zagreb (in Croatian). [2] Nriagu, O.J.
(1976) Can. J. Earth Sci., 13, 717-736.
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Entry of SOz into the structure of dicalcium
silicate

Stangk, T.X", Leichmann, J.2 & Sulovsky, P.!
'Research Inst. of Building Materials, Brno, Czech Republic
("stanek@vustah.cz)
®Faculty of Science, Masaryk University, Brno, Czech Republic

Dicalcium silicate containing foreign ions (Ca,SiO; — C,S)
occurs as a component of Portland cement clinker and is called
belite. Belite has lower hydraulic activity than alite
(contaminated tricalcium silicate), which is the main component
of Portland cement clinker. Belite can be prepared with lower
expenditures and its hydraulic activation can have important
impact on the economy and sustainability of cement industry.
Our research is focused on the activation of C,S by
incorporation of SOj into its crystal structure. Experiments with
pure chemicals have shown that S substitutes Si, stabilizing thus
monoclinic B-belite. Such stabilization was already described
[1]. Analyzing a set of samples burned at 1450°C we found that
the SiO, content decreases with increasing SO; content in C,S
with very high correlation coefficient R = -0,91 (see Fig. 1).
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Fig. 1: The correlation of SiO, and SO; contents in C.S.

Sulfur enters the structure of C,S in the form of sulfate anion.
The substitution of SiO, tetrahedra by sulfate is known e.g. in
tobermorite  structure, where the charge compensation
compensation is by heterovalent substitution of SiO,* with
S0,% and 20H". This is not possible in case of C,S.

Results of belite microanalyses from belite clinkers doped
with SO; in further experiments indicate that incorporation of S
into the belite structure is connected with incorporation of
increased amounts of Al. The charge compensation is probably
similar to that known in the nagelschmidtite group or as
berlinite substitution in silicates. The determination of the
charge compensation by incorporation of other elements into
the C,S structure will be the subject of further study.

Maximum content of SO; in C,S was observed in our
sandwich experiments; it amounts (under normal burning
conditions) to 4.4 wt.%. The empirical formula of this C,S is
Ca1,929+0,004M70,014:0,0020,055[ (S104)0,902:0,002(SO)0,082:+0,002]
(95%-confidence interval from 30 analyses, O - vacancy).
Taylor 1999 [2] found by analysis of industrial clinkers that at
bulk content of SO; up to 3 wt.% belite contains more than 2
wt.% SO; only exceptionally; bulk SOz exceeds 3 wt.% are rare
in industrial clinkers.

The incorporation of SOj3 into the C,S structure leads to the
decrease of CaO content (from 65.6 wt.% to about 63.7 wt.%),
but the Ca:Si ratio rises from 2.03 £ 0.01 at 0 wt.% SOj in belite
up to 2.16 £ 0.01 at 4.4 wt.% SO; in belite. The correlation
between the Ca:Si atomic ratio and the number of S atoms per
formula unit is 0.78, what at high number of analyses is
statistically very significant value.

[1] Morsli, K. et. al. (2007) Cement Concrete Res., 37, 639-646.
[2] Taylor, H.F.W. (1999) Cement Concrete Res., 29, 1173-
1179.

Crystallization properties of Nb containing
bioactive phosphate glass-ceramics

Stunda, A.Y", Mironova-Ulmane, N.2, Borodajenko, N.,
Vempere, D.! & Berzina-Cimdina, L.

'RTU Riga Biomaterials Innovation and Development Center,
Riga Technical University, Riga, Latvia
("agnese.stunda@rtu.lv)
2Institute of Solid State Physics, University of Latvia, Riga,
Latvia

Glass-ceramics are relatively new material. Glass-ceramics have
higher solubility than ceramics and higher mechanical strength
than glass. Both properties are important for using material as
implant material and depend on crystallinity properties.

In  this research glass-ceramics were obtained by
crystallization of previously produced glass powder. The aim of
research was to compare crystallization data given by
differential thermal analysis (DTA), X-ray powder diffraction
(XRD), infrared spectroscopy (FT-IR) and RAMAN
spectroscopy. Samples contain transition element niobium
which can replace either cation, either P in anion. Hence
scrupulous investigation of processes is requested.

Materials investigated in this research were niobium and
sodium containing calcium phosphates. Glass powders were
melted from batch of analogous composition but using different
techniques. FT-IR results indicate that glass structures differ a
lot.

Crystallization temperatures were detected by DTA. 8 of
samples crystallize above ~800°C, only 3 samples around
720°C. Glass transition temperatures for all samples are close to
650 degrees. In literature it is shown that glasses in pure P,Os-
Ca0-Na,0 system or with TiO, [1] or with ZnO [2] additives
start to crystallize at 650°C. It can be concluded that Nb,Os
additives increase crystallization temperature, although
crystallizing phases mainly are the same: Caz(POy),,
CalgNa(PO4)7, Ca,P,0; and also Na4(Nb8P4032), NaNb03
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Fig. 1: Comparison of IR spectra of phosphate glass and glass ceramics.

Crystallization starts at lower temperature than temperature
when first exothermal peak in DTA occurs. There are different
intensities and temperatures of exothermal peaks but structures
detected by XRD are almost similar. For more detailed
investigation FTIR (Fig. 1) and RAMAN spectroscopy are used.

It was found that crystallization of every single phase does
not have a corresponding DTA peak. In XRD pattern and IR
spectra it can be seen that crystallization starts at lower
temperatures than are exothermal DTA peaks. The DTA peaks
can be explained by changing oxidation state of niobia. For all
samples and all temperatures multiple crystalline phases are
forming.

[1] Kasuga, T. (2005) Acta Biomater., 1, 55-64. [2] Cai, S. et al.
(2009) J. Non-Cryst. Solids, 355, 273-279.
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Recycling BOF-slag: experimental constraints

Su Tung Hsin®", Yang Huai Jen®, Lee Yu Chen?,
Shau Yen Hong® & Lin Ming Fong?

!Dept. of Earth Science, National Cheng-Kung University,
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ZChina Steel Corporation, Kaohsiung, Taiwan
3Dept. of Marine Biotechnology and Resources, National Sun
Yat-sen University, Kaohsiung, Taiwan

In the basic-oxygen furnace (BOF) process for steel-making,
excess carbon in molten iron is reduced to carbon dioxide by
oxygen inflow, meanwhile the phosphorus, silica, and other
impurities in molten iron are also partitioned into the added
stony material, usually lime (CaO). The resulting stony material
is known as “BOF-slag”. It mainly consists of dicalcium silicate
(Ca,Si0y; C,S), calcium ferrite (CayFe,Os), free-lime (CaO),
wustite (FeO) and periclase (MgO). Because of a high
production rate of 100 kg slag /ton steel, recycling of these
“solid wastes” is an important issue for the operation of a steel-
making plant. Theoretically, BOF-slag can be recycled as flux
in blast furnace (BF) process for steel-making or as aggregate or
as cement, after proper treatments. Being used as BF-flux, the
BOF-slag must has P content < 0.1%. On the other hand,
relatively higher volume stability from free-lime removal is
required for utilization as aggregate or cement. In this study,
experiments were carried out to develop proper treatments for
recycling BOF-slag.

A series of high temperature experiments were designed
following the concepts for phosphorus and free-lime removal;
specifically, converting free-lime to stable silicates with the
addition of SiO, and releasing phosphorus as a gas phase under
high-T and reducing conditions. Mixtures of BOF-slag (< 0.5
mm) and coke were heated to 1600°C for 5 hours. Si-sand was
added to react out free-lime and to suppress crystallization of
C,S, which is a major host of phosphorus in the BOF-slag.
Detailed examination on experimental products using XRD and
EDS confirmed that the free-lime in starting materials was
completely reacted out, forming volumetrically stable Ca-Al-
Mg silicates, although bulk phosphorus contents remained
unchanged. However, it was found that the experimental
products were segregated into two phase domains; metal and
stony domains. The former is a Fe-Mn-Si-P alloy composed of
three phases, Fe-Mn-Si, Fe-Mn-P and Fe-Mn alloys. The stony
domain consists of akermanite (a major constituent phase of
blast-furnace slag) and merwinite with low phosphorus content
of < 0.1% and absence of C,S. Magnetic separation effectively
split the metal alloy from the stony matrix. The major oxides of
the resulting stony domain (46-48% CaO, 36-38% SiO,, 8-10%
MgO, 3-4 % Al,03, < 3% total iron, and < 0.3% P,0s) is
similar to that of BF-slag, a major raw material of slag-cement.
This low phosphorus and free lime stony matrix is not only
suitable for recycling to steel-making processes but also of high
quality aggregate. Compared to common dark BOF-slag, the
stony matrix from our treatment is in light colors of white-grey
with marble-like appearance that can be dyed to colorful glass
ceramics. After these treatments, BOF-slag can be converted
into 80 wt% high quality slag and 20 wt% high phosphorus
metal alloy possibly for further refinement. Although scaling
our experimental methods up to a practical level remains as a
challenge, these experimental results provide a reference for
commercializing BOF-slag.

Modification of copper phthalocyanine blue by
nano-fibriform silica

Wang Lijuan®, Li Yuanyuan, Chen Jiawei, Ma Junhong &
Li Jinhong
State Key Laboratory of Geological Processes and Mineral
Resources; National Laboratory of Mineral Materials, China
University of Geosciences, Beijing, China
(‘lijuanwang@cugb.edu.cn)

The modification of copper phthalocyanine blue (CuPc) by
nano-fibriform silica (NFS) with an in-situ polymerization
method was studied by transmission electron microscopy,
infrared spectroscopy, physical N, adsorption techniques, color
difference analysis, and durability experiment. The results show
that the best modified product (NFS-CuPc) is composed of
CuCly,, CuPc, gelatin and NFS at a mass ratio of 4:28:3:40, with
a specific surface area of 98.4 m%/g, adsorptive capacity of 485
cm®/g, pore volume of 0.76 cm®/g and average pore diameter of
30.9 nm, and is of the lowest value (0.20) of color difference in
a lightfastness experiment. Compared to CuPc and PS-CuPc
(CuPc modified by precipitated silica), NFS-CuPc is of the best
durability, owing to the nano-tube form and anti-aggregation
ability of NFS that make CuPc particles hard to be taken off. So
NFS-CuPc is a better pigment and NFS is a good additive in
pigments.
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Shell-core morphology of injection molded
polyamide—6 and polyamide—6/montmorillonite
nanocomposites

Yebra-Rodriguez, A.Y", Alvarez-Lloret, P.2, Cardell, C.2,
Lépez-Galindo, A.* & Rodriguez-Navarro, A.B.2
!Dept. of Geology, IACT Associated Unit (CSIC-UGR),
University of Jaén, Spain (‘ayebra@ujaen.es)

’Dept. of Mineralogy and Petrology, University of Granada,
Spain
3Andalusian Inst. of Earth Sciences (IACT, CSIC-UGR),
Granada, Spain

Polymer/clay nanocomposites display an array of properties
thus far not achievable from the neat polymer. The
enhancement of mechanical, thermal, barrier and other
properties ([1] and references therein) has been related to the
close interaction between the polymer matrix and the
organically modified clay minerals. Processing conditions
during injection molding do affect the crystal structure and the
crystallinity of the samples [2]. Moreover, the crystal structure
of polyamide—6 (a, B and/or y) depends strongly on the sample
thickness [3].

This paper presents a study of the microstructure of
injection molded samples of polyamide-6 (PA6) and
polyamide—6/montmorillonite  nanocomposites (PA6MMT)
cooled to different temperatures (40, 60, 80 and 100 °C) after
the molding to 2 mm thickness tool. The samples were
manufactured as described elsewhere [3] and examined by X-
ray Diffraction (XRD, (Siemens D5005), Differential Scanning
Calorimetry (DSC, DSC 2920; TA Instruments), and
Transmission Electron Microscopy (TEM, Zeiss EM 902).

Results show that samples are organized in a shell-core
structure across the sample thickness. Polyamide-6 crystals are
better oriented in the nanocomposites (PA6 MMT) than in the
pure polyamide (PA6 samples), and better in the shell than in
the core for both sets of samples. The same trend is observed in
the crystallinity values. The lamellae stacks of the shell slices
are more highly oriented than in the core. In the PAGBMMT
samples, the montmorillonite platelets also present higher
orientation in the shell than in the core. These observed
characteristics may help to establish the most appropriate
cooling temperature in the fabrication of thick pieces where
these kinds of materials are involved.

Acknowledgements: This research was supported by
Research Groups RNM-325 and RNM-179 (CICE, JA, Spain).
The authors thank “Centro de Instrumentacion Cientifico
Técnica” (University of Jaén, Spain), “Centro de
Instrumentacion Cientifica” (University of Granada, Spain) and
the technicians for data collection. We wish to thank Dr. A.
Kowalski for English revision.

[1] Okada, A. & Usuki, A. (2006) Macromol. Mater. Eng., 291,
1449-1476. [2] Kamal, M.R., Borse, N.K. & Garcia—Rejon, A.
(2002) Polym. Eng. Sci., 42, 1883-1896. [3] Yebra—Rodriguez
A. etal. (2009) Appl. Clay Sci., 43, 91-97.

Pyrite generations and ankerite in the deepest
sediments of the Mako trench (Pannonian basin)
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Chemical, mineralogical and isotopic records of the
thermochemical sulphate reduction (TSR) active below 5 km in
the Mako trench have been described briefly by [1]. Here its
mineralogical aspects will be discussed in more details.

The most interesting core sample is studied by BSE, where
four pyrite types are visible (Fig. 1): Type 1 consists of
framboids of early diagenetic, obviously microbial origin
forming balls and mat layers with the size of up to 100 um.
Types 2-4 are products of TSR. Type 2 infiltrates particular
grains with uncertain organic origin, while type 3 consists of
100 pm sized aggregates of smaller crystals of pyrite and pyrite
matrix, with somewhat spongeous texture. Type 4 is represented
by hexagonal forms of 50-100 pum size. Types 2 and 3 are
considered as transitional forms leading to formation of the final
variant of the late diagenetic pyrite, represented by hexagonal
crystals. TSR is likely a process active even today.

DTA curves show two pyrite peaks at around 405 and
465°C. According to micro XRF (attached to SEM)
measurements, types 1-3 contain only Fe and S above the
detection limit. Type 4 can be divided to two subtypes: the first
is also free of other elements, till the second contains Zn and
Mn, probably homogenously distributed in the pyrite, because
no inclusion could be observed. The Zn enrichment could
explain the higher thermal stability of the pyrite, reflected in the
second DTA peak.

Ankerite was also observed in the samples, where TSR
pyrite appears. The C and O isotope compositions show subtle
variations. Ankerite (+dolomite): 8**C = 0.6 to 2.8%, 510 =
~10.0 to —7.4%o; calcite: $°C = 2.1 to 3.4%o, §'°0 = -9.9 to
—9.0%0 (V-PDB). A combined evaluation of mineral contents
and isotopic compositions lead us to suggest that the TSR
process may have happened at deeper positions, and the
migrating H,S+CO, fluid underwent significant isotopic
exchange with the surrounding carbonate rocks. The

pyrite+ankerite(+dolomite) formation was induced by mixing of
this TSR-related fluid with a local one containing dissolved Fe
and Mg.

S0 pm : < v ﬁ e i S
Fig. 1: BSE images of the different pyrite generations of the sample.
The numbers are marking the different types (see in text).

[1] Vet6, I. et al. (2009) Mitt. Ost. Min. G., 155, 171.



AM11 - Gem material: Origins, properties, and new analytical challenges — oral 21

Formation of diamond in the lithospheric mantle
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With the exception of rare “super-deep” diamonds, gem
diamonds derive from peridotitic, eclogitic and minor
websteritic sources in the subcratonic lithospheric mantle.
Geothermometry, based on silicate inclusions and the
aggregation state of nitrogen in diamonds, shows that
irrespective of source paragenesis, crystallization and storage of
diamonds in the lithospheric mantle commonly occurs in a
narrow temperature interval of ~1150 +100°C. Geobarometry,
based on garnet-orthopyroxene inclusion pairs, indicates
diamond formation at depths of generally less than 200 km
along 38-42 mW/m? model geotherms. Lower geothermal
gradients observed for some diamonds likely represent re-
equilibration of touching inclusion pairs during cooling ambient
conditions, suggesting that diamond formation is associated
with transient heating events.

Direct conversion from graphite is not considered relevant
for the formation of gem diamonds since the high activation
energy and associated overstepping will likely cause the
graphite-diamond conversion to occur catastrophically resulting
in very fine grained polycrystalline aggregates [1]. Precipitation
of lithospheric diamonds is interpreted to occur during redox
reactions associated with the infiltration of melts (super-solidus
conditions) or CHO-fluids (sub-solidus), involving either
carbonate reduction or methane oxidation. Both of these
diamond growth modes are documented in nature [2,3].

Studies of mantle xenoliths from Phanerozoic kimberlites
indicate a decrease of oxygen fugacity with depth that is
presumed to reflect crystallochemical effects. Along the
resulting depth-fO, trend, at pressure exceeding ~3 GPa
elemental carbon (graphite/diamond) rather than carbonate is
stable in “normal” subcratonic peridotitic mantle [4]. This
implies that reduction to diamond can only occur for carbonate
dissolved in upward migrating fluids/melts. Such comparatively
oxidized melts/fluids cannot derive from the reduced deep
upper mantle and, therefore, likely relate to recycling of oceanic
lithosphere. Carbonate reduction appears to be the dominant
mode of diamond formation during the Proterozoic and
Phanerozoic [5].

For generally Paleoarchean harzburgitic diamonds (3.5-3.2
Ga) co-variations of 33C-N suggest methane reduction as the
principal mode of precipitation, relating their formation to
upward percolation of reduced asthenospheric fluids. The
apparent transition to carbonate reduction as the dominant mode
of diamond formation after the Archean coincides with
increasing recycling of biogenic carbonates into the mantle
since the Paleoproterozoic.

[1] Sung, J. (2000) J. Mat. Sci., 35, 6041-6054. [2] Navon, O. et
al. (1988) Nature, 335, 784-789. [3] Thomassot, E. et al. (2007)
Earth Planet. Sci. Lett, 257, 362-371. [4] Frost, D.J. &
McCammon, C.A. (2008) Annu. Rev. Earth Planet. Sci., 36,
389-420. [5] Stachel, T. & Harris, J.W. (2009) J. Phys.:
Condens. Matter, 21, 364206.

Trace element substitution in gem feldspars
using XAFS and XEOL

Taylor, R.P.}?", Finch, A.! & Mosselmans, J.F.W.2
Division of Earth Sciences, University of St Andrews, UK
(‘rpt5@st-andrews.ac.uk)

?Diamond Light Source, Didcot Oxford, UK

X-ray Absorption Spectroscopy (XAS) is used extensively in
the study of local atomic coordination in materials. Here we
apply this methodology in the investigation of minor and trace
elements within feldspar. We compare and contrast the XAS
information encoded in X-ray fluorescence (standard
fluorescence XRF-XAS) with that expressed in the X-ray
Excited Optical Luminescence (XEOL).

We have analysed Fe substitution in a suite of gem-quality
material. For many samples, we obtain XAS spectra consistent
with tetrahedral Fe® substituting for Al. Average bond
distances around Fe have been determined. However Fe in
many feldspars is present dominantly as nanoparticles of Fe
oxides such as magnetite. The XRF-XAS data here provide a
composite of the oxide and Fe substituted into feldspar.

To deconvolute the responses of the two phases, we have
explored the XAS information expressed by the XEOL. Such
methods have been applied successfully in other systems [1]
although the interpretation is sometimes far from trivial. In
principle, XEOL comes solely from the feldspar component of
intergrowths and can provide a route to determine Fe
coordination in feldspar independently of the nanoinclusions.
These experiments require further development of the i18
beamline at Diamond but our preliminary experiments show no
XAS information in the XEOL response. We hypothesise that
the long (ms) lifetimes of luminescence in Fe-bearing feldspars
divorces the XAS information from the XEOL response. Future
experiments will isolate the fast (ns) component of the
luminescence in the time domain and explore that for XAS
information.

We will present data on Cu coordination in gem-quality red
plagioclases (Plush feldspars) [2] that have recently been the
subject of great controversy. Our results will include a
comparison of XEOL and XRF-XAS data.

[1] Soderholm, L. et al. (1998) J. Chem. Phys., 109, 6745-6752.
[2] Hofmeister, A.M. & Rossman, G.R. (1985) Geology, 13,
644-647.
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Emeralds from the Piteiras mine, Minas Gerais
State, Brazil: genetic implications from fluid
inclusion studies
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The Piteiras mine in Itabira is located in the Minas Gerais State,
Brazil and produces gem quality emeralds. Ultramafic rocks in
contact with granites are the preferred mineralised zones with
amphibolite-phlogopite schists acting as the host rock for
emeralds. The emerald crystals (~0.5-50mm in length) are
spatially related to quartz boudins within the schists. Samples of
emerald and boudined quartz were subjected to fluid inclusion
(FI) studies, i.e., petrography, microthermometry, laser-Raman
microprobe and gas analysis using mass spectrometry. The
results presented below highlight significant differences
between the chemistry of fluids trapped in Fls in emerald and in
the boudined quartz. The geological constraints on emerald
formation resulting from these differences will be discussed.

In quartz aqueous-rich FIs are trapped as secondary
inclusions distributed along planar arrays in healed fractures.
Fls consist of two-phase (Lyo0+VH20) aqueous inclusions Type
1 and monophase aqueous (L) Type 2. In Type 1 Ty to the
liquid phase is between 182 and 381°C and to the vapour phase
between 339 and 420°C; salinity ranges from 0.88 to 14.77
eq.wt.% NaCl. Primary fluid inclusions in emeralds are very
abundant and occur as isolated individuals, in groups of FlIs or
distributed in trails parallel to the crystal growth zones. Fls
consist of four FI types: Type 1 are two-phase (Ly20tVh20)
aqueous inclusions; type 2 are solid-rich aqueous inclusions
(Lizo*tVi2o+S); type 3 are three-phase (Lpzo+LlcortVeoo)
aqueous-carbonic inclusions (CO, ranging from 30 to 80
vol.%); type 4 are solid-rich aqueous-carbonic inclusions
(Li2otLcoztVeootS) with CO, occupying ca. 40-80 vol% of
the inclusions. In emerald hosted aqueous-rich FlIs type 1 and 2
Thiot Occurs to the liquid phase between 260 and 400 °C and
salinity range from 4 to 7 eq.wt.% NaCl. Dissolution of the
solids occurs from 220 to 255 °C. In aqueous-carbonic Fls type
3 and 4 CO, homogenises to the liquid state between 28.7 and
31 °C, and to the vapour between 27.7 and 31.8 °C indicating
CO, densities between 0.31 and 0.64 g/cm®. CO, melting
temperatures range from -56.6 to -58.8 °C. Clathrate melting
takes place between +2.2 and +9.5 °C, indicating salinity for the
aqueous phase between ~13 and 1 eq.wt.% NaCl. Ty to the
vapour occurred between 330 and 440 °C.

The Raman microprobe analyses reveal a heterogeneous
assemblage of solid phases trapped in Type 4 Fls. Carbonates
are the dominant species (solid solutions of Ca-, Mn- and Fe-
rich carbonates) but quartz, muscovite and sulphur phases are
also present. Quantitative FI gas analysis by mass spectrometry
showed that quartz analyses have <1% gas with very high argon
and N,/Ar ratios of ~2. The most probable source of argon is
from K-bearing minerals above the closure temperature for
argon systematics, thus implying a metamorphic origin. In
contrast, the emeralds have about 17 mole% gas, dominated by
CO, attributed to a metamorphic devolatilisation reaction. The
emerald data indicates two potential end-member fluid sources,
one that is metamorphic and the other where the N,/Ar ratio is
about 60. Fluid gases are attributed either to deep basinal brines
or were sourced directly from basaltic rocks during
metamorphism. Genetic models for Brazilian emeralds will be
discussed in light of the data presented above.

Crystal chemistry and crystal growth of
pezzottaite from Myanmar

Devouard, B.Y", Labat, F.}, Fritsch, E.? & Devidal, J.-L.}
1| MV, Univ. Blaise Pascal - CNRS, Clermont-Ferrand, France
("devouard@opgc.univ-bpclermont.fr)
2IMN, Univ. Nantes - CNRS, Nantes, France

Pezzottaite was described in 2003 as a new mineral species
from Ambatovita, Madagascar [1,2]. It is the Cs-Li end-member
of the beryl group, and an attractive gem with deep purplish
pink color. Pezzottaite has subsequently been recognized from
two other localities, in Afghanistan [3] and in Momeik,
Myanmar [4]. Studying the crystal chemistry of pezzottaite is
challenging, since it contains Li, Be and H,O. It can be done,
however, by combining EPMA, LA-ICP-MS, micro-FTIR, and
SC-XRD analyses.

Pezzottaite crystals from Myanmar are slightly tabular
hexagonal {10.0}+{00.1} prisms up to ca. 1 cm. We cut two
crystals and prepared thick (90-400 um) sections perpendicular
to the a and c crystallographic directions. Both crystals
displayed similar features.

The crystals show a complex hourglass sector zoning with a
late-stage overgrowth on the basal faces (Fig. 1). Color is
concentrated in the sectors bounded by the {10.0} faces (zone
A), and in the overgrowths (zone C). The sectors outside the
hourglass (zone B) are near colorless. SEM-BSE imaging
further revealed small sectors (zone D) at the limit of zones B
and C, corresponding to the development and resorption of
{hol} faces, and minute sectors parallel to ¢, in the C zone. Rare
inclusions of elbaite, pollucite and calciotantite were identified
by EDS.

Fig. 1: Pezzottaite crystal cut parallel to the a axis (c vertical), showing
half of the hourglass sector zoning (center of the stone to the right of the
images); [left] polarized transmitted light, [middle] under crossed
polarizers (section ca. 180 um thick), and [right] SEM-BSE image.

Zones A and C have the highest Cs contents, averaging 12.8
wt% Cs,O (0.56 apfu) and 12.1 wt% Cs,0 (0.53 apfu),
respectively, and locally up to 14.3 wt% Cs,0 (0.63 apfu). Zone
B has lower Cs contents, 8.8 wt% Cs,0 (0.37 apfu), and zone D
is Cs-poor, 2.77 wt% Cs,O (0.11 apfu). These crystals thus
appear to be mixed pezzottaite-beryl crystals. Cs and Na show a
negative correlation, except in zones D which are Cs-poor but
contain Na up to 0.2 apfu. Although Na and Cs occupy distinct
sites in the channels, these sites appear to be mutually exclusive
because of electrostatic repulsion. Water content was
determined using micro-FTIR spectrometry, using extinction
coefficients estimated according to [5]. H,O ranges from 1.1 to
2.0 wt%, and is anti-correlated with the Cs content. IR spectra
show only type | water molecules in the Cs-rich zones, but a
mixture of type | and type Il water in the Cs-poor zone D.

[1] Laurs, B.M. (2003) Gems Gemol., 39, 284-301. [2]
Hawthorne, F.C. (2004) Mineral. Rec., 35, 369-378. [3] Hanni,
H.A. & Krzemnicki, M.S. (2004) J. Gemmol., 29, 75-75. [4]
Devouard, B. et al. (2007) Gems Gemol., 43(1), 70-72. [5]
Libowitzky, E. & Rossman, G.R. (1997) Am. Mineral., 82,
1111-1115.
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See through pearls using X-rays:
micro-radiography vs. micro-computed
tomography
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Understanding the internal textures of pearls can help to the
separation natural vs. cultured pearls. The vast majority of the
pearls’ internal textures studies up-to-date were done using X-
ray p-radiography; e.g. in [1]. Recently, high resolution X-ray
computed tomography (uCT), a method originally developed by
the medical field and the last decade used in geosciences [2], is
applied on some cultured pearls [3,4]. The originality of this
study is that pCT and radiography in different directions were
applied on the same cultured and natural pearls in order to better
reveal and understand the internal structures observed by the
latter method.

This study comprises samples which are covering the
different major categories of both natural and cultured pearls
presented in the market; i.e., saltwater natural (SWNPs),
freshwater natural (FWNPs), saltwater with cultured solid
nucleus -bead- (SWBCP), saltwater cultured and freshwater
cultured without bead (SWNBCPs -a.k.a. “keshi” cultured
pearls- and FWNBCPs respectively). Some of the studied
samples were drilled and one was mounted in a white metal
pendant. As expected, when using pCT, growth textures and
cracks (when present) of all pearls, as well as the tissue related
textures of cultured pearls are better revealed compared to those
observed in X-ray film p-radiography. This is, because results
of pCT analyses give 3-dimensional information of sample
related features.

Moreover, some textures are barely visible using X-ray film
p-radiography, thus the identification of their natural or cultured
origin could be an issue (see also [1,5]). With uCT some of
these textures are better revealed, and easier to interpret.
Additionally, complicated internal textures, observed sometimes
in X-ray film p-radiography of FWNBCPs, are better revealed
with pCT. Some of them seem to be related to more than one
tissue. However, in the case of pearls mounted on metal it is
difficult to get more details than with X-ray film p-radiography.
This is because the metal sometimes masks the internal textures
of samples.

Despite the disadvantages of the method (e.g., measurement
time and data reduction last more than 5 hours) the uCT seems
to be a promising method for investigating the internal textures
of natural and cultured pearls. Studies of a large number of
samples using this method could help the better interpretation of
internal textures of pearls as observed with X-ray p-
radiography. This will also lead toward a better understanding
of pearl biomineralization.

[1] Akamatsu, S. et al. (2001) Gems Gemol., 37, 96-113. [2]
Ketcham, R.A. & Carlson, W.D. (2001) Comput. Geosci., 27,
381-400. [3] Strack, E. (2006) Pearls. Rihle-Diebener Verlag.
[4] Wehrmeister, U. et al. (2008) J. Gemmol. Proc. Gemmol.
GB, 31, 15-21. [5] Sturman, N. & Al-Attawi, A. (2006) Gems
Gemol., 42, 142.

The blue-green-yellow sapphires from Nam
Khun-Nam Yuen, Thailand, and Garba Tula,
Kenya
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The blue-green-yellow (BGY) sapphires have been reported
related to various basaltic gem fields, e.g., Antsiranana,
Northern Madagascar, Tumbarumba, NSW Australia, and Nam
Khun-Nam Yuen, NE Thailand (e.g., [1-3]). The BGY
sapphires of similar appearances have also occurred in other
different geological terrane, i.e., the Pan-African monzonite
dyke of the mantle origin, such as the Garba Tula BGY
sapphires, Kenya [4].

Two groups of the similar looking BGY sapphire samples
from Nam Khun-Nam Yuen and from Garba Tula (Fig. 1) have
been analysed for their physical and optical characteristics, and
trace element chemistry. BGY sapphires from both localities are
commonly clear and contain rare inclusions, possibly only some

fingerprints.

Fig. 1: Basaltic BGY sapphire samples from Nam Khun-Nam Yuen
gem field, NE Thailand (top) compared to BGY sapphires from Garba
Tula, central Kenya (bottom).

The results revealed the overlapping of their physical
characteristics as well as chemistry. Nonetheless, the BGY
sapphire samples from each locality did show their differences
in the UV-Vis-NIR absorption spectra. Though having similar
content of iron, and their colour is attributed to Fe3*, Fe?*/Fe®*,
and Fe*'/Ti*, the basaltic BGY sapphire samples from Thailand
tend to have Fe?/Fe** component more than the Garba Tula
ones, and the latter tend to contain more Fe?"/Ti*. Thus,
differences in Fe", Fe®* as well as Ti*" species can be used to
distinguish the BGY sapphires of different geological gem
fields.

[1] Schwarz, D. et al (2000) Gems Gemol., 36(3), 216-233. [2]
Sutherland, L. et al (2002) Records of the Australian Museum,
24, 215-248. [3] Wathanakul, P. et al (2008) Gemmologie (75-
years of DGemG. Special issue), 67-70. [4] Simonet, C. et al
(2004) J. Afr. Earth Sci., 38(4), 401-410.
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The role of spectroscopy for the distinction of
natural color and color treated diamonds in the
21st century
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While the vast majority of diamond researchers work on the
growth and defect characterization of synthetic diamonds for
industrial applications there is a second important market which
demands for in-depth diamond research: the gem diamond
market. The high value of untreated natural diamonds versus the
distinctly lower value of treated natural diamonds has driven the
demand for the analytical capacities to distinguish untreated
natural diamond specimens from treated ones.

Until the end of the 20th century the only important
diamond treatments were irradiation with high energy particles,
and annealing after irradiation when needed. The behavior of
diamonds upon irradiation is rather uniform and consists of the
formations of vacancies and interstitials. Annealing after
irradiation of nitrogen-containing diamonds results mainly in
nitrogen-vacancy type defects. In the gemological field such
stones used to be mainly identified by UV luminescence and the
use of direct vision spectroscopes; only from about 1977
spectrometers started to replace the spectroscopes in
gemological labs ([1]; first published spectra: [2]).

With the appearance of the HPHT treatment in the 1990’s
the issue of diamond color treatments changed dramatically and
became a highly complex matter (see e.g. [3]).

In the HPHT treatment brown type | and type Il diamonds
with deformation-related color are wusually treated at
temperatures of 1900 to near 2500°C and 55 to 85 kbar. The
type | material generally turns yellow to yellow-green while the
type Il material turns either colorless or blue depending on the
presence or absence of boron.

The HPHT treatment forced all laboratories that wanted to
identify this treatment to work extensively with spectroscopic
equipment; the technique of photoluminescence spectroscopy
spread throughout the labs mainly because of this treatment.

After the introduction of HPHT in the 1990°s the first
decade of the 21st century brought many modifications of the
HPHT process and today any type and color of diamond may be
HPHT treated at temperatures up to nearly 3000°C; stones can
be irradiated before or after HPHT, or treated by multiple steps
involving HPHT, irradiation and annealing. The extreme
variability of treatment conditions and diamonds that can
potentially be treated makes a proper identification of colored
diamonds a real challenge.

Today origin of color determination requires the
characterization all types of naturally colored diamonds by a
variety of methods including low temperature UV-Vis-NIR
spectroscopy, FTIR spectroscopy and low temperature
photoluminescence spectroscopy with various excitation
wavelengths. Thus a complete picture of the defects occurring
naturally in colored diamonds needs to be obtained and exactly
the same needs to be done for the different groups of diamonds
after the treatments.

This presentation gives an overview of all treatments, and
important defects produced or destroyed by them; and it aims at
demonstrating the importance of spectroscopy for origin of
color determination of diamond in the 21st century.
Furthermore a short tour through the properties of the different
types of treated diamond is provided, and it is shown how
treated diamond samples are commonly distinguished from their
naturally colored counterparts.

[1] Bosshart, G. (2010) pers. comm. [2] Bosshart, G. (1977)
Lapidary J., 31(9), 1954-1964. [3] Collins, A.T., Kanda, H. &
Kitawaki, H. (2000) Diam. Relat. Mater., 9, 113-122

The role of evaporites in the formation of high
value coloured gemstones
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The combination of field and geochemical studies on high value
coloured gemstone deposits in meta-sedimentary platform
carbonates has elucidated the role of evaporites and organic
matter in their genesis. Emerald and ruby localities, from
several areas worldwide, have in common, moderate to high
temperatures of origin, saline fluids, high 520, and a lack of
associated igneous rocks.

Colombian  emeralds are hosted by Cretaceous
carbonaceous black shales, and occur in veins, breccia and
pockets with carbonates, quartz, albite and pyrite. Intense
albitisation by hydrothermal fluids mobilized the Be necessary
for emerald formation from the black shales. Stable isotopic
studies of emerald and gangue minerals indicate a basinal brine
source at ~300°C with high %0 and sulphate reduction by
organic matter from evaporitic sulphur to form pyrite. 8D ratio,
cation and anion content indicate that two fluids were involved,
a basinal brine (40 wt% eq. NaCl), and a surface-derived fluid.

Afghani emeralds are associated with a strong Na-K
metasomatism of the host medium-grade metamorphic schists.
The hydrothermal fluids derived their high salinity (40 wt% eq.
NaCl) and halogen characteristics from leaching of meta-
evaporite sequence.

Rubies in marbles from Central and South-east Asia were
formed in a closed fluid system, at P ~3 kbar and
620<T<670°C. The fluids were rich in CO, released, during
metamorphic devolatilization of the carbonates, and in F-B-CI-
SO, released by melting of salts derived from evaporites. The
presence of salts and sulphates in rubies and the unusual
composition of the CO,-H,S-COS-Sg-AlO(OH)-bearing fluid
inclusions confirms the thermal reduction of sulphate by
organic matter, during the high temperature-medium pressure
metamorphism of the Tertiary India-Asia collision. The
carbonates were enriched in Al- and Cr-V-bearing detrital
minerals, such as clays that were deposited on the platform, and
in organic matter. Molten salts mobilized in situ Al and metallic
transition elements contained in marble, leading to
crystallization of rubies.

‘"Tsavorite' (vanadian grossular) in quartz veins deposits
from the Lemshuku and Namalulu areas in Tanzania, are hosted
by vanadian-graphitic schist i.e. amphibolite facies black shales.
The association of anhydrite (and gypsum) with ‘tsavorite' in
quartz veins in Lemshuku, the presence of gypsum-anhydrite
intercalations and lenses of graphite-scapolite-diopside-pyrite in
carbonates at the bottom of the Namalulu marbles that overlay
the graphitic schists, indicate the deposition of evaporites in a
euxinic platform environment. H,S-rich fluid inclusions, the
high 8'®0 of ‘tsavorite', the presence of pyrite and graphite in
the metasomatic zones indicate that sulphate reduction by
graphite probably played a key role in gem formation.

The formation of evaporite-related gemstones can therefore
be linked with meta-sedimentary platform carbonates. The
association of evaporite-organic matter and black-shale-
carbonates, plays a key role, as does the formation of highly
saline fluids in open hydrothermal systems, and molten salts in
high temperature closed metamorphic systems for mobilisation
of the chemical elements necessary to produce the gemstones.
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Mineral chemistry and structural relationships of
inclusions in diamond crystals
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Co-existing inclusions occurring in individual diamonds are the
special keys for determining the equilibrium of mantle mineral
assemblages as well as the physical conditions prevailing in the
mantle during diamond growth. The partitioning of Fe and Mg
between two coexisting mineral phases has been recognized as
potentially useful geothermometer [1]. The last equilibrium
temperatures between the mineral assemblage diamond -
chromium pyrope — enstatite, were calculated at a fixed pressure
of 5.0 GPa, within the diamond stability field. The pressure
evaluations were also estimated from alumina contents of
orthopyroxenes coexisting with pyrope garnet [2]; average
temperatures and pressures for diamond samples were
calculated as shown in Table 1.

Table 1: Average temperature and pressure

Diamond localities Temperature (°C) Pressure (GPa)

Koffiefontein mine 1087 (+15) 5.2 (x0.1)
Finsch mine 1041 (+5) 5.0 (x0.1)

The structural relationships of the host diamond crystals and
their inclusions were studied by calculating the angle
correlation between the [111] face of the diamond and
specifically selected directions of their distinct mineral
inclusions. Chromium pyrope or chromite inclusions, which are
representing more than one trapped crystal in the individual
diamond hosts, showed the angle correlation with small degrees
of different orientations. The angle correlations between
diamond [111] and chromium pyrope [111] or chromite [111]
showed relatively small misalignments up to 2.2° and up to 3.4°
between diamond and chromium pyrope, or chromite
inclusions. The chromium diopside and olivine inclusions,
however, showed a degree of miss-orientation up to 10.2°
between diamond [111] and chromium diposide [010], and up
to 12.9° between diamond [111] and olivine [100].

All inclusions of cubic phases (i.e., chromium pyrope and
chromite) exhibit a relatively similar orientation to their
diamond hosts, when the inclusions grew together in individual
diamond. The crystal inclusions show the typical small
misalignment angle among each other. Furthermore, all
inclusions of the same cubic phase captured in diamond crystals
from the same mine show nearly the same angle orientation to
their host diamond. In contrast, inclusions of non-cubic phases
(i.e., monoclinic chromium diopside and orthorhombic olivine)
always show more extensive, variable orientations between the
inclusions and their respective diamond host.

[1] Harley, S.L. (1984) Contrib. Mineral. Petrol., 86, 359-373.
[2] Harley, S.L. & Green, D.H. (1982) Nature, 300, 697-701.
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Freshwater pearls, cultured in bivalves of the genus Hyriopsis
have been increasing constantly in quality and size over the last
years. Main producing countries are China and Japan, but other
countries, e.g. Thailand, are also known to culture freshwater
pearls. We review here the micro- and nanostructure of pearls
that lead to their extra-ordinary material properties including the
occurrence of vaterite which can cause considerable loss of
quality and value [1,2].

Vaterite in freshwater cultured pearls has higher
concentrations of organic material and higher manganese
contents than aragonite. Most extreme values of ca. 3 wt% Mn
are found in so-called lacklustre pearls [3] which consist
entirely of vaterite. Freshwater bivalve shells incorporate Mn
seasonally connected with algal blooms and it can therefore be
suspected that water quality plays a significant role in the
formation of vaterite in pearls.

Environments for pearl culturing are very different in China,
where pearl farms of different sizes are located along the
Yangtse Rivers, and in Japan, where freshwater are cultured
traditionally in Lake Biwa and Lake Kasumigaura. These
differences are mirrored by the trace element chemical
composition of the pearls.

Trace element concentrations in the pearls were measured in
situ by LA-ICP-MS. This method allows simultaneous
measurement of ca. up to forty minor and trace elements with
sub-ppm detection limits [4]. Laser craters of 100 um or less are
created on the surfaces of the samples and are hardly visible by
eye. Additionally, Sr isotopic compositions were measured in
situ in the pearls by LA-MC-ICP-MS to explore the potential of
this geochemical tool for provenance determination.

Best discrimination between the different sample localities
was achieved with Ba/Sr ratios vs B concentrations [5]. While
Chinese freshwater pearls have higher and more variable Ba/Sr
ratios, those from the Japanese lakes each occupy rather
confined fields at lower Ba/Sr ratios. The field for pearls from
Lake Biwa (Japan) overlaps with the Chinese sample population
but Biwa pearls trend to lower boron concentrations than
Chinese samples. Sr isotopic ratios range between 0.70759 and
0.71237. Lake Biwa samples show the most radiogenic
compositions, while those from Lake Kasumigaura have the
lowest ¥Sr/®Sr ratios.

[1] Jacob, D.E. et al. (2008) Geochim. Cosmochim. Ac., 72(22),
5401-5415. [2] Wehrmeister, U. et al. (2007) J. Gemmol., 31,
399-416. [3] Qiao, L. et al. (2006) Cryst. Growth Des., 7, 275-
279. [4] Jacob, D.E. (2006) Geostand. Geoanal. Res., 30(3),
221-235. [5] Jacob, D.E. et al. (2006) Austral. Gemmol., 22,
539-541.
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Origin of the Revelstoke carbonate-hosted gem
corundum occurrence, British Columbia,
Canada
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The Revelstoke sapphire and ruby occurrence in southeastern
British Columbia occurs in micaceous laminations within
marble that is surrounded by calcareous schist within the
Paleozoic Monashee cover sequence northwest of the
Frenchman Cap dome. These laminations were once calc-schist
lenses that were incorporated into the marble either during
deposition or tectonism and were subsequently stretched by
intense deformation. The thin, micaceous corundum-bearing
laminations have metamorphic assemblages of corundum +
calcite + muscovite + plagioclase + K-feldspar + diopside.

The composition of fluid inclusions within corundum was
determined by microthermometry to be composed of CO, with
minor amounts of CH, and/or N,. The intersection of fluid
inclusion isochores with temperatures estimated from A0 ¢cor
RAM thermometry indicate that corundum crystallized at
pressures of 1.7-2.1 kbar and temperatures of 575-600 °C.
Corundum formed during retrograde metamorphic conditions
on the high temperature side of the muscovite — corundum +
K-feldspar + H,O reaction. In relation to the regional P-T-t
path, corundum formed after rapid exhumation and cooling as a
result of uplift along the Okanagan-Eagle River and Columbia
River Faults between 52 and 47 Ma [1].

Exploration strategies for this type of corundum occurrence
may be based on the genesis of corundum, but also on the
preservation of corundum. When corundum is in association
with K-feldspar and hydrous fluids are introduced, corundum
will be altered to muscovite. This has implications for
developing exploration strategies that include not only how
corundum is formed, but also how it is preserved.

[1] Crowley, J.L. et al. (2001) J. Struct. Geol., 23, 1103-1121.

Provenance determination of alexandrite
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Alexandrite is the Cr-bearing variety of chrysoberyl (BeAl,O,)
and renowned for its colour change property. “Gem-quality”
alexandrite specimens from Brazil, India, Madagascar, Russia,
Sri Lanka, and Tanzania have been investigated for their
microscopic features and chemistry. Over 170 samples were
tested for trace elements by laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS). With spot analysis of
100 pm in diameter and by adding small amounts of hydrogen
(13 ml min™) to the carrier gas [1], the sensitivity could be
improved for most elements. A set of 4 individual spot analyses
was performed on each samples girdle or polished face.

In addition to the chromophore (Cr, + Fe) elements, B, Mg,
V, Ga, Ge, Nb, Sn, and Ta were found to be most indicative for
the recognition of alexandrite sources. The distribution pattern
of the latter trace elements is specific for most alexandrite
sources. Alexandrite samples from the Hematita mines (Brazil)
have typically high Sn (up to 2294 ppm) concentrations,
whereas samples from Orissa (India) show distinctly high V
concentrations (up to 0.15 wt% V,053) and low Sn contents (Fig.
1). Germanium was found to be the key element in
identification of alexandrite from the Ural Mountains (Russia).
For samples from Sri Lanka and llakaka (Madagascar), trace
element pattern overlaps for all elements and a proper
distinction by chemistry is not feasible.

Bx10

m Hematita (BZ)
== India

Mananjary (MAD)
—+ - llakaka (MAD)
----- Russia
- - 8ri Lanka
D Lake Manyara (TZ)

< TN
Snx 2 Mg x 1
Fig. 1: Ternary B-Mg-Sn-diagram, showing LA-ICP-MS data [ppm] for
alexandrites from Brazil (BZ), Madagascar (MAD), Russia, Sri Lanka,

and Tanzania (TZ). Source fields are defined by the outline of
individual plotting points.

Microscopic features generally yield only limited information
on the provenance of alexandrite, as “diagnostic” inclusions
(features that are unique for a specific mine or mining area) are
mostly absent.

Thus, LA-ICP-MS provides new solutions for provenance
analyses of alexandrite, where “standard” gemmological testing
is facing its limitations.

[1] Guillong, M. & Heinrich, C.A. (2007) J. Anal. Atom.
Spectrom., 22, 1488-1494.
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Ruby and sapphire rimmed by spinel from the
Luc Yen - Yen Bai gem mining area, Vietham
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Since the first ruby was found in February 1987 in Luc Yen (a
small city in Yen Bai province, N- Vietnam), this country is an
important source for gemstones in Southeast Asia. The quality
and colour of rubies are comparable to the famous rubies from
Burma.

On the way from the capital of the province, which is also
named Yen Bai, to Luc Yen, a new star-ruby, red spinel and
garnet mine has recently been opened by the Vietnamese
company Doji. Beside idiomorphic ruby and corundum crystals,
also rubies and corundum were found surrounded by a second
phase. The second phase follows the morphology of the
corundum crystals. The rim of the corundum crystal is spinel
(determined using Raman spectroscopy and X-ray powder
diffraction). The spinel formation can be explained by an
overgrowth of spinel on the corundum or with the corundum
consuming reaction:

corundum + dolomite = spinel + calcite + CO,
The edges of the internal corundum and the second phase are
slightly rounded, suggesting some disequilibrium between the
two phases and favouring therefore the latter explanation.

A cross section of such a ruby crystal with spinel rim has
been analysed with SEM. Fig. 1 shows the border between ruby
and the spinel rim.

Fig. 1: BSE image of a typical corundum spinel border (1a). The cracks
between corundum and spinel are filled with diaspore. Fig. 1b-d show
element distribution maps of Al (1b), Mg (1c) and O (1d). High
brightness displays high element content.

In the element-distribution maps shown in Fig. 1 it can bee seen
clearly that the spinel is in the upper right corner and the
corundum in the lower left corner. Both phases are cracked and
the resulting fractures are healed and filled with a third phase.
This third phase has lower Al content than corundum but a
higher Al content than spinel. This observation suggests that the
facture filling might consist of AIOOH. Using Raman
spectroscopy, this third phase (which was obviously formed
during retrograde metamorphism in the third stage) was
identified as diaspore.

Emerald mineralization at the Glinka occurrence,
Middle Urals, Russia

Bidny, A.S.Y", Koshenskaya, T.O.}, Baksheev, .A.! &
Popov, M.P.2
'Dept. of Mineralogy, Lomonosov Moscow State University,
Moscow, Russia (“alexei.bidny@gmail.com)
2Dept. of Mineralogy, Petrography and Geochemistry, Ural
State Mining University, Ekaterinburg, Russia

The Ural emerald mines are the only top quality emerald
deposits in Russia [1]. It has been assumed that these deposits
could extend further toward the north and south. To verify this
assumption we have studied a new occurrence of green beryl
(i.e., emerald) from Glinka, located 80 km north of the well-
known Emerald mines.

The beryl from the Glinka occurrence is hosted by
glimmerite occurring among talc schists, located close to the
Murzinka pluton. The emerald-bearing rocks are composed of
phlogopite and variable amounts of talc, plagioclase, tremolite-
actinolite, and chlorite. Accessory minerals include beryl,
chrysoberyl, tourmaline, corundum, apatite, fluorite, relict
chromium spinel, and zircon. The 248 Ma Rb/Sr age of the
Glinka pegmatite is consistent with that of the Murzinka pluton
but differs appreciably from the 207 Ma age of the emerald
mines [2].

Phlogopite occurs as brown or black flakes up to a few mm
in size. Its fluorine content ranges from 2 to 5 wt.%. The
Fe/(Fe+Mg) value varies from 0.05 to 0.36, with a clear
increase toward the pegmatite body. Phlogopite associated with
talc is lowest in Fe whereas that associated with muscovite
adjacent to pegmatite contains much more Fe. The Be content in
phlogopite varies from 5.8 to 16.8 ppm and reaches 23.2 ppm in
muscovite. Transparent and colourless or light green beryl
crystals are prismatic and vary from 13 to 200 mm in size.
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Fig. 1: Spider diagram of trace elements and REE distribution in (1)
phlogopite-rich rock with high Be, (2) phlogopite-rich rock with low
Be, and (3) muscovite of pegmatite from the Glinka occurrence, and (4)
granite of the Murzinka pluton [3].

The geochemistry of the glimmerite from Glinka is shown in
spider diagrams of trace elements and REE distribution (Fig. 1).
The general distribution trends are similar to that of the
Murzinka pluton granites. Notable differences include the
enrichment of alkali elements (Li, Rb, Cs) and the depletion of
Srin glimmerite.

The results of our work show that mineralogical and
geochemical features of the Glinka occurrence are similar to
that of the Emerald mines. However, the ages of the two sources
differ appreciably. The two occurrences therefore cannot belong
to one extended deposit, even though their formation processes
are widely similar.

[1] Laskovenkov, A.F. & Zhernakov, V.I. (1995) Gems Gemol.,
31(2), 106-113. [2] Popov, V.S. et al. (2003) Litosphera, 4, 3-
18. [3] Fershtater, G.B. et al. (1994) Orogenic granitoid
magmatism of the Urals. Miass (in Russian).
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Spectroscopy study of milky and rose quartz
from the Borborema Pegmatitic Province (Brazil)
irradiated with high gamma doses
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The origin of rose colour in polycrystalline quartz from granitic
pegmatites was considered in numerous studies but no ultimate
consensus was established until now [1]. In granitic pegmatities
located in Borborema Pegmatite Province (BPP, Brazil), it is
common to find areas of rose and milk quartzes randomly
distributed inside the pegmatite cores. The rules defining the
colour pattern into these quartz cores are unknown but we
believe that proper characterization of samples taken from
different areas can be useful to further discuss the origin of the
rose colour. Thus, the aim of this work is to characterize the
colour changing by gamma irradiation in milky and rose
quartzes taken from the same core by means of electron
paramagnetic resonance (EPR), optical, and infrared (IR)
absorption spectroscopies. For this, milky and rose blocks of
quartz samples collected from the Taboa pegmatite from the
BPP were cut into small pieces and optically polished. The
samples were irradiated with gamma rays (*°Co) with doses
ranging from 0.5 to 96 kGy. The colour change was accessed by
optical spectroscopy and the OH-related defects were analysed
by mid-IR spectroscopy. Each irradiated sample was sectioned
into two parts and 60 mg of powder in 75-150 um size fraction
was used to obtain the EPR signals using an spectrometer
operating in the X-band. As a result, gamma radiation above 2
kGy induced smoky colour in both quartzes and optical bands
near 230 nm and 460 nm, related to E’ and [AIO,]° centres,
respectively, were observed. EPR spectra revealed several lines
from 3500 to 3530 G at room temperature. Two sets of lines
were assigned to [GeO,/Li]° centre and E;’ centre perturbed by
a substitutional Ge. It was observed that [GeO,/Li]° signal
increased with the increasing of gamma dose up to 4 kGy and
then decreased. On the other hand, the signal related to E;’
appeared for doses higher than 16 and 32 kGy for milky and
rose quartz, respectively. The onset of optical and EPR signals
related to E’ centers appeared at a higher dose for rose quartz.
These results are summarized in Figure 1. In case of IR spectra,
the rose quartz showed sharp bands assigned to [H40,]°, Li-
dependent OH and [AlO,/H]® centers whereas the milky quartz
only showed the typical broad OH band in the range of 3800 to
3000 cm™,
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Fig. 1: Intensity of optical and EPR signals related to point defects
induced by gamma rays in milky (a) and rose (b) quartz from BPP.

[1] Kibar, R. et al. (2007) Radiat. Meas., 42, 1610-1617.

Incorporation of iron and chromium in
pegmatitic tourmaline
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The mechanisms of trace elements incorporation in minerals are
a crucial problem in gemmology, since it has an impact on the
physical and chemical properties of the mineral. For instance,
the presence of an impurity modifies the colour of the mineral.
The colouring impurity content of a gem and the incorporation
process are also related to the geological history of the host-
rocks where it was found. A detailed study of the electronic
structure, crystallographic environment and optical properties
can help to understand the physical and chemical properties of
the gem and the history of its host-rock.

We present here a detailed study on tourmalines from the
Minas Gerais region (Brazil). These pegmatitic minerals contain
Cr and Fe as impurities. The partitioning of these two elements
between co-genetic minerals (tourmaline and emerald) may
provide information on the geological processes involved in the
ore deposit formation and the general chemistry of pegmatites.
Green and blue tourmalines, as well as tourmaline set in
emerald, are studied by optical spectroscopy to characterize the
general property of the mineral. Microprobe analyses have been
performed to understand the elements partitioning of Cr and Fe
between the tourmaline and emerald, to get insight on the ore
formation.

X-ray Absorption Spectroscopy measurements have also
been performed at the Cr and Fe K-edge of tourmaline on
SuperXAS@SLS (Switzerland). The features in K-edge X-ray
absorption spectra of transition metal cations provide indeed
useful information about their crystallographic environment and
electronic structure in minerals. In particular, the energy and
relative intensities of the pre-edge features depend on the
valence state and site symmetry of the absorbing atom. The
Extended X-ray Absorption Fine Structure (EXAFS)
measurements enable the neighbours of the absorbing atom to
be characterized. To get a more complete knowledge of the site
incorporation of Fe and Cr in tourmaline, the experimental XAS
study has been coupled to a theoretical study: the X-ray
Absorption Near-Edge Structure (XANES) spectra have been
theoretically determined by ab initio calculations, based on
Density Functional Theory (DFT). The comparison between the
calculated and experimental spectra makes it possible to obtain
accurate information about the crystallographic and electronic
structures of Cr and Fe in tourmaline. These DFT calculations
therefore substantially complete the information obtained by
EXAFS on the Cr and Fe site incorporation. In particular, the
XAS study provides quantitative information about the
relaxation of the crystal structure around the impurity, a key
parameter for understanding the mechanisms controlling the
incorporation of colouring trace elements in minerals.
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Unusual twinned diamond crystals
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Unusual diamond twin crystals from the micromount collection
donated to the Denver Museum of Nature and Science by Paul
Seel were studied. Paul Seel was an invited speaker to the first
Kimberlite conference held here.

Paul Seel (1904-1982) was a prominent mineral collector
and micromounter; he was born in Silesia, Germany, but in
1925, with a degree in engineering, he immigrated to the United
States. In Brooklyn, New York he acquired his first
micromounts and then he became an avid micromounter for the
rest of his life. Paul Seel was received into the Micromounters'
Hall of Fame in 1981.

His interest in diamond crystals started in the late 1940's,
when he also built a substantial collection for study purposes.
Each specimen "illustrated some morphological fact” and the
collection as a whole was considered to be the finest and largest
one then in existence [1]. Besides the collection itself, valuable
are also his drawings of crystals viewed under the microscope,
which are remarkably accurate. According to his will, his
excellent diamond collection was donated to the Denver
Museum of Natural Science. This collection gathers 1240
mounted specimens, 1 to 3 mm in diameter, and 278 of them are
twins. Many of the twins have drawings made of them by Paul
Seel.

Several drawings and pictures showing details of the growth
features of some of the most unusual crystals from the Seel
collection (Figs. 1,2) will be presented.
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Fig. 1: Paul Seel, Multiple spinel twins (1954).
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Fig. 2: Paul Seel, cubes twinned on trigonal axis (1959).

Such diamonds collections remain rare today, not only because
of the high unit cost of good specimens, but also because the
international diamonds market is not set up for providing
collector-quality uncut diamond crystals.

[1] Desautels, P.E. (1970) Mineral. Rec., 1(11), 31.

Hydrothermal synthesis of quartz

Lenart, A.Y", Sturm, S.! & Mirtig, B.2
lDept. for Nanostructured Materials, Jozef Stefan Institute,
Ljubljana, Slovenia (“alenka.lenart@ijs.si)
’Dept. of Geology, Faculty for Natural Sciences and
Engineering, Ljubljana, Slovenia

Quartz was one of the first minerals to be synthesised with the
hydrothermal method in a high-pressure reactor [1]. Due to its
melting point of 1720°C and high chemical resistance, synthetic
quartz crystals can only be produced in this way. Normally, the
temperature-gradient method is used, which enables the growth
of crystals on seeds [1]. Our experimental work aims at the
controlled growth of micro- to nano-sized low-temperature
quartz.

We used the isothermal method, which is suitable for
powder synthesis, where in the whole volume of an autoclave a
constant temperature is applied. Colloidal silica was used as the
starting material, distilled water as the solvent and NaOH as the
mineralizer. The morphology of the crystals was controlled by
varying the pressure-temperature conditions and the
composition of the solution. In the framework of our research
we have shown that morphologically well-developed micron-
sized quartz crystals can be obtained under p-T conditions,
which are significantly lower than the generally accepted p-T
regime for the synthesis of low-temperature quartz [1]. These
experiments were performed in a basic medium, at 250°C, 40
bar and 55 % autoclave fill. The XRD pattern shows that the
obtained products are pure a-quartz, with no other phases being
present (Fig. 1). With the extension of the synthesis time, from
8 hours to 6 days, crystals with a different morphology and a
large size range were obtained (Fig. 2). When a longer reaction
time was applied, the solid product consisted of double-
terminated, long-prismatic crystals of a-quartz. If the synthesis
is sufficiently long, the crystals develop prismatic m {1010} and
rhombohedral r 011} faces, which are typical of the trigonal
trapezohedral class, to which quartz belongs. Some crystals
have a pseudohexagonal shape, which means that all the
rhombohedral faces are nearly equally well developed.
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Fig. 1: The XRD analysis shows pure low-temperature quartz, with no
other phases being present.

Fig. 2: SEM images of micron-sized quartz crystals obtained with
hydrothermal synthesis at 250°C and 40 bar. The crystals have well-
developed prismatic m {1010} and rhombohedral r {101 1} faces.

[1] Byrappa, K. & Yoshimura, M. (2001) Handbook of
Hydrothermal  Technology. Noyes  Publications/William
Andrew Publishing, LLC, U.S.A.
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Libyan glass gem formed at sea-water impact

Miura, Y.
Inst. of Earth and Planetary Material Sciences, Yamaguchi
University,
Yamaguchi, Japan (dfb30@yamaguchi-u.ac.jp)

The Libyan Desert Silica Glass (LDSG) is a tektite composed of
quenched silica glass with meteoritic inclusions that are
assigned to an impact reaction [1,2], though other related impact
data and its related impact crater are not reported so far. The
purpose of the present paper is to elucidate impact material
indicators on sea-water by using detailed features of carbon (C)
and chlorine (Cl) of the LDSG determined by XRF and ASEM
analyses.

The XRF bulk data (determined with EDX analysis) show
significant amounts of C (ca. 4 wt% CO,) in the LDSG samples.
Carbon contents were checked also by IR bulk analysis. To
avoid any contamination during thin section sampling, the
analytical scanning electron microscopy (ASEM) was applied to
obtain differences in composition and texture as follows [3,4]:
Bulk XRF data indicate a high silica content with minor
amounts of C, Na, K, Cl, Mg, Fe and Ca. The LDSG data of
impact formation are different from that of volcanic obsidian
samples, which have insignificant C and CI contents. Bulk FE-
ASEM data with elemental mapping method indicate high silica
with minor amounts of Na, K, Cl and Ca, together with in-situ
FE-ASEM analyses of inclusions C, Na, Cl, K, Cr and Fe

(Fig. 1).
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Fig. 1: The ASEM in-situ data of inclusions of the LDSG tektite sample
with C, Mg, Al, K, Cr and Fe [4].

The highest C contents (ca. 43 wt% CO,) with high silica (Fig.
1) are found in inclusions and radiated silica textures with
minor contents of Na, Cl and K. The highest ClI contents (ca. 11
wt% CI; Fig. 1) are mainly obtained in dendritic textures with
high contents of Na, Si and O, and minor amounts of K. They
are assigned to remnants of halite originating from the contact
with sea water after impact. There are fine inclusions of Fe
oxides in radiated textures.

The present analytical data can be explained as follows
[3,4]. The LDSG tektite shows quenched textures with
significant carbon (from limestone) and chlorine (from sea-
water) contents which are new evidences of impact reaction on
ocean (seawater) impact of the LDG sample. The XRF bulk
data of the LDSG tektite and volcanic obsidian samples are
different contents with major Si and minor C and CI-Na
elements.

[1] de Michele, V. (1997) (ed.) Silica "96. Bologna. [2] Clayton
P. & Spencer, L. (1933) Geograph. J., 82, 375-377. [3] Miura,
Y. (2009) Lunar Planet. Sci., XL, #1090, #1468. [4] Miura, Y.
(2009) NIPR (Japan), 39-40.

Application of XANES analysis on blue sapphire
samples from various geological environments

Monarumit, N., Klysubun, W.? & Wathanakul, P.1*"
1Dept. of Earth Sciences, Faculty of Science, Kasetsart
University, Bangkok, Thailand
2Synchrotron Light Research Institute (Public Organization),
Nakhonratchasima, Thailand
*The Gem and Jewelry Institute of Thailand
(“fscipww@ku.ac.th)

Blue sapphire is a variety of gem corundum. This mineral has a
chemical formula of Al,O3 and crystallises in the hexagonal
system. Pure corundum is colourless; however colour of
corundum can be generated by the introduction of trace
elements into the structure. The blue colour of sapphire caused
by iron (Fe*") and titanium (Ti*") is due to Fe**~O-Ti*" charge
transfer [1]. Even though blue sapphire can form in various
geological environments, this corundum variety is mainly found
in metamorphic (e.g., Sri Lanka, Madagascar) and basaltic
deposits (e.g., Thailand, Australia, Laos) [2].

X-ray absorption near edge structure (XANES)
spectroscopy is a powerful technique to study the electronic
structure around the absorbing atom. The positions and shapes
of lines in XANES spectra are highly sensitive to the valence
state and symmetry of the surrounding, neighboring atoms [3].

XANES measurements were performed at the Synchrotron
Light Research Institute, Thailand, using the X-ray absorption
spectroscopy (XAS) beamline, BL-8, with synchrotron radiation
from a bending magnet. Fe K-edge XANES spectra of blue
sapphire samples were collected in fluorescence mode with a
13-element Ge detector. The Athena program was employed for
the data reduction.
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Fig. 1: Fe K-edge XANES spectra of blue sapphire samples from
various geological environments.

The basaltic blue sapphire samples exhibit two convoluted
absorption peaks followed by a broad shoulder feature
overlaying on the high-energy side, which distinguish them
from the metamorphic ones (see Fig. 1). This is possibly due to
high Fe contents in basaltic hosted sapphires, i.e., Fe having a
different atomic environment compared to those in
metamorphic sapphire samples. Thus, this initial examination
implies that the XANES technique may enable one to identify
the geological origin of blue sapphire samples.

[1] Nassau, K. (1994) Gemstone Enhancement Science and
State of the Art. Redwood Books, Wiltshire. [2] Kievlenko, E.Y.
(2003) Geology of Gems. Ocean Pictures Ltd, Russia. [3]
Koningsberger, D.C. & Prins, R. (1988) X-ray Absorption. John
Wiley & Sons, New York.
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Crystal chemistry of a sarcolite gemstone

Pandolfo, F.", Guastoni, A.2, Nestola, F.> & Camara, F.2
!Dept. of Scienze della Terra, University of Pavia, Italy
(“francesco.pandolfo@dst.unipv.com)

%Dept. of Geoscience, University of Padova, Italy
3CNR-Istituto di Geoscienze e Georisorse, Unita di Pavia, Italy

An outstanding gem sarcolite gemstone, orange in color and
weighing 2.55 carats, has been cut from a large fragment of a
crystal hosted in xenolitic rock from the type locality of Monte
Somma (Vesuvius, Italy) [1]. This sample was found in a
metamorphosed volcanic ejecta in association with augite,
gehlenite and nepheline. It represents the largest cut gemstone
of sarcolite known so far. Sarcolite has an ideal chemical
formula of NaCagAl,SigOx4F and is tetragonal with space group
14/m. Gemmological properties give refraction indices of o =
1.604(1) and € = 1.613(2) and a density of 2.91 g/cm?® [2]. The
crystal structure of sarcolite was solved using single crystal X-
ray diffraction (SCXRD) by [3] who obtained an R value of
0.054. Chemical investigations of sarcolite were performed by
[4] and [5].

We have performed a crystal-chemistry study using SCXRD
and WDS electron microprobe analysis. The CHNS elemental
analysis technique was also used for the determination of
volatile elements. Crystallographic results give lattice
parameters of a = 12.3678(5), b = 12.3678(5), ¢ = 15.4777(10)
A, v =2367.51 A% and an R value of 0.0414.

CO; and PO, groups and Na(K) polyhedrons are situated
along the 4-fold axis. C is 3-fold coordinated in planar CO;
groups showing four alternative positions, thus having the CO,
plane parallel to {110}. There are P tetrahedra with two
alternative configurations, i.e., with two opposed edges parallel
to (001), thus showing a local violation of the space group. Na
is 5-fold coordinated and is locally split. Al is 5-fold
coordinated; two polyhedra are connected through a common
apex being F (or minor OH). Silicon is present as one disilicate
group and four isolated tetrahedra per unit cell. There are three
alkali sites: two Ca sites and a Na site, which can have half
occupancy at maximum.

Electron microprobe analysis revealed an average
composition of SiO, 35.45 wt%, CaO 32.93 wt%, Al,0; 18.79
wit%, Na,O 3.98 wt%, P,0Os 3.23 wt%, F 2.86 wt%, Fe,O3 0.50
wt%, MgO 0.28 wt%, MnO 0.03 wt%, K,O 0.85 wt%, TiO,
0.04 wt%, CI” 0.02 wt%, and SrO 0.83 wt%. The CHNS yielded
CO, 1.99 wt%, SO; 0.07 wt%, and OH™ 0.22 wt%. The
chemical formula (a.p.f.u.) calculated for the sarcolite specimen
by combining single crystal XRD, EMPA, and CHNS is
[(CO3)046(POs)osr  (NaggKois)] Nagsr  (Cag01Sro0s)s=6.00
(Al370Fe”0,67M G007 T 0.0tMN* 0 01)s=304  (S1207)  (Si10204)s
[F1.52(OH)0.210|0.01]): =1.74-

[1] Fleischer, M. et al. (1979) Am. Mineral., 64, 241-245. [2]
Anthony, JW. (2003) Handbook of mineralogy: Silicates.
Mineral data publishing. [3] Giuseppetti, G. et al. (1977) TMPM
Tschermaks Min. Petr. Mitt., 24, 1-21. [4] Livingstone, A.
(1984) Mineral. Mag., 48, 107-112. [5] Maras, A. & Paris, E.
(1987) Can. Mineral., 25, 731-737.

Effects of heat treatment on synthetic gem
corundum: an AFM approach

Pongkrapan, S.}, Wongkokua, W.2 & Wathanakul, P.*"
1Dept. of Earth Sciences, Faculty of Science, Kasetsart
University, Bangkok, Thailand (“fscipww@ku.ac.th)
2Dept. of Physics, Faculty of Science, Kasetsart University,
Bangkok, Thailand
*The Gem and Jewelry Institute of Thailand (GIT), Bangkok,
Thailand

Untreated gemstones with high-quality colours and clarity are
hard to find. These naturally born beauties are therefore very
expensive when compared to artificially enhanced ones. Heat
treatment is the most popular technique to improve the quality
of gemstones [1]. While traditional heat treatment on gem
corundum (a-Al,O3) is still practiced, a technique developed by
Thai gem burners, called beryllium (Be) diffusion [2], has
become increasingly popular during the past decade. Gem
testing laboratories have oftentimes faced difficulties in non-
destructively differentiating heat-treated gemstones from
untreated ones, especially for those that experienced either low-
temperature heat treatment or Be diffusion.

The still on-going research presented here aims at
developing an AFM innovation to identify the heat treatment of
gem corundum that is not clearly determinable by other
spectroscopic techniques employed in standard gem testing
laboratories. Tapping-mode AFM observation in ambient
condition showed that the surface perpendicular to the c axis of
a synthetic gem corundum sample has developed a significantly
faceted terrace-and-step morphology after treatment at 1650 °C.
Mechanisms of such sharp-edged formation are thoroughly
discussed.

Fig. 1: AFM topographic images (1 um x 1 um) on the surface roughly
perpendicular to the ¢ axis of a synthetic gem corundum (a) before heat
treatment, and (b) after heat treatment at 1650°C. The z-axis scale is
100 nm/division for both images.

[1] Nassau, K. (1981) Gems Gemol., 17(3), 121-131. [2]
Emmett, J.L. et al. (2003) Gems Gemol., 39(2), 84-135.
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Influence of geological formation on the quality
of ruby from Myanmar, Sri-Lanka, and Thailand

Sorokina, E.S.” & Ozhogina, E.G.
Fedorovsky All-Russian Research Institute of Mineral
Resources, Moscow, Russia (" elensorokina@mail.ru)

The most beautiful chrome-coloured gem corundum (ruby) is
mined in alluvial deposits that originate from the weathering of
primary rocks, in particular marbles and basalts. In this study,
more than 300 samples of natural, non heat-treated and heat-
treated rubies were investigated. These samples originate from
deposits in Myanmar, Sri Lanka (both related to metamorphic
origin), and Thailand (basaltic origin). Samples came from the
collections of the A.E. Fersman Mineralogical Museum
(Russian Academy of Sciences) and the Gemmology Chair of
the Russian State Geological Prospecting University (RSGPU).

The quality of the raw material seems to depend strongly on
the type of formation. The metamorphic ruby samples from in
Myanmar and Sri Lanka often show the bright red colour
(commonly referred to as “pigeon blood” red; more often found
in Myanmar than in Sri Lankan stones) with slightly purple
shade and are hence more expensive. In contrast, basaltic ruby
from Thailand is often characterized by dark red and more often
purplish red colours, which require additional heat treatment.

Stones belonging to the two types of formation can be
distinguished based on their chemical composition,
luminescence peculiarities, and the presence/absence of certain
mineral inclusions (investigated earlier by [1,2] and many
others). We report the discovery of Fe-Ti inclusions (probably
ilmenite) in ruby from Myanmar, which, to the best of our
knowledge, has not been reported thus far.

Fig. 1: Inclusion (probably ilmenite) in ruby from Myanmar,
surrounded by rutile needles (sample Ne7734; Fersman Mineralogical
Museum, RAS).

All investigated ruby samples from Thailand are presumably
heat-treated. They show negative crystals within whitish
cavities that are filled with a Si-rich material (all values in wt%:
SiO, (78.0), Al,05 (5.10), Cr,05 (3.55), CaO (1.68), FeO (1.14),
K,0 (0.91)), whereas there are virtually no inclusions in these
stones (excluding, probably, well-shaped boehmite needles).
Stones from Myanmar and Sri Lanka, in contrast, did not show
any heat treatment. Our results allow us to contribute to a
provenance assignment for unknown stones, and to assist in the
prediction of the quality of raw materials depending on
formation type.

Acknowledgements: We are indebted to Dr. O.V.
Balitskaya, colleagues from the Fersman Mineralogical
Museum, RAS, and the Gemmology Chair of the RSGPU.

[1] Gibelin, E.J. & Koivula, J. (1992) Photoatlas of inclusions
in gemstones. ABC, Zirich. [2] Hughes, R.W. (1997) Ruby &
Sapphire. RWH Publishing, Boulder, CO.

Crystal chemistry of pyralspite garnets from
Shavaryn Tsaram, Mongolia

Soumar, J.", Skala, R.}? & Matgjka, D.}

YInst. of Geochemistry, Mineralogy and Natural Resources,
Charles University, Prague, Czech Republic
(‘jansoumar@centrum.cz)

?Inst. of Geology, Academy of Sciences of the Czech Republic,
Prague, Czech Republic

Garnets from the classic localities in Northern Bohemia (Czech
Republic) and Shavaryn Tsaram (Mongolia, 48° 12" N, 100° E),
of mostly dark red (in some cases dark orange) colour, were
studied by means of electron microprobe and X-ray powder
diffraction analysis, with the aim to compare the mineralogical
compositions of the two sample sets. BSE images were taken to
check for potential zoning of the samples.

Table 1: Chemical composition of a pyrope-almandine from Mongolia
(Cameca SX 100, National Museum, Prague, Czech Republic)

Pt. Si0, TiO, Al,0; FeO MnO MgO CaO BaO  Total

1 40.15 057 2215 1551 041 1391 52 111 99.25
2 40.78 0.6 2214 1581 037 1405 565 117 99.96
3 4048 063 2218 1571 032 1409 578 114 9997
4 40.69 0.6 22.3 1591 038 1414 593 119 100.73
5 3991 066 2207 1604 037 1433 596 128 100.14
6 39.63 0.64 2227 1631 04 1431 583 132 100.13
7 39.1 0.64 222 1529 041 1399 594 132 9851
Av. 4011 062 2219 1580 038 1412 583 122 100.26

No obvious zoning was observed in the BSE images of polished
grains; this is also consistent with the relatively uniform
chemical compositions measured (Table 1). Other elements
were below the detection limit of the electron probe micro-
analyser used. The average empirical formula (based on 12
oxygens per formula unit, full occupancy of all sites, and
maintaining charge balance) is

(M91A56F92+0.92C30.45BavoaM Ng.02)x3.00(Al1.01 F93+0A08Ti0A03)22A00
(Si2.97Al0.04)53.00012

This corresponds to the simplified end-member composition
PyrssAlmg; Gri,And,. X-ray powder diffraction confirmed the
identity of the studied material to the pyrope-almandine garnet
series.

Comparing the data with results of a previous study [1]
shows the possibility of the Mongolian garnets to have a similar
use as the Czech ones.

Acknowledgements: Support through the project FR-
T11/543 of the Ministry of Industry and Trade of the Czech
Republic is acknowledged. This study is a part of the institution
research plans MSM0021620855 and AV0Z30130516.

[1] Seifert, A.V. & Vréna, S. (2005) Bull. Geosci., 80, 113-124.



AM11 - Gem material: Origins, properties, and new analytical challenges — poster 33

Spectroscopic features due to Ni- and Co related
defects in gem-quality natural diamonds

Tretiakova, L.
Diamond Research Ltd, Fort Lee, NJ, USA
(Ltretiakova@yahoo.com)

Ni- and Co-related defects observed in some nitrogen-
containing synthetic diamonds grown from a Ni- or Co-
containing catalysts have been studied well enough [1-3], but a
little known of Ni- and Co-related defects in natural diamonds.

Natural gem-quality faceted diamonds (ND) were analyzed
of non-destructive techniques including Infrared (IR) and laser-
induced photoluminescence (PL) spectroscopy.

Detailed study of spectroscopic features (IR and PL) of ND
has made possible to detect various kinds of impurities (N, H,
Ni, Co, Si, CO2, lonsdaleite) containing in these diamonds.

The behavior of Ni and Co impurities in ND containing
various levels of nitrogen aggregation and different
concentration of IR-active hydrogen has been studied and
temperatures, which Ni- and Co-related systems create, exist
and vanish in ND, have been determined.

At the first time Co-N and Co-C defects (weak lines at
519.3, 523.6, 542.5, 544.1, 561.6, 669.4 nm) have been
observed in PL spectra (PLS) of ND. These systems exist at
temperatures around 1750-2050 K.

Prominent 694, 535.2, 700.6 nm Ni-related systems and a
lot of low intensity Ni-related defects are observed in PL
spectra (PLS) of studied ND. Low intensity defects were
attributed to Ni-N complexes that exist at temperature range
around 1600-2200 K and, displaying a transitory behavior,
giving rise to other Ni-N complexes such as the 694, 535.2, and
603.5, 640.5, 700.6 nm.

Spectroscopic features of the 694 nm PL system in mixed
(laAB irregular + 1b) type ND, containing nitrogen in the A
(dominant), B, C, N+ forms and high concentration of IR-active
hydrogen, have been described and this defect tentatively
attributed to Ni-N-H complex that exists at temperatures
around 1600 - 2350 K.

At the first time the 535.2 nm defect has been observed in
PLS of mixed (laAB regular + Ib) type ND where nitrogen
presented in the A, B, B', C, N+, N3 forms, B' defect is shown
strong peaks at the range 1370 - 1360 cm-3 and in some stones
splitted up to six components. The 535.2 nm defect is
tentatively ascribed to Ni-N complex that exists at temperatures
around 1950-2500 K and determined as additional feature for
the identification of the treatment of greenish-yellow diamonds.

The origin of the 603.6, 640.5, 700.6 nm PL defects are
some complicated interstitial type defects (Ni-N-VV complexes)
[4] possibly comprised hydrogen atom(s) [5] and associated in
the type la ND of mixed cubo-octahedral shape [4]. These
systems exist at wide temperature range around 1950 - 2500 K.

Any knowledge of the origin and behavior of defects in ND
help in the reconstruction of diamond growth conditions and
origin, as well as the identification of diamond treatment.

[1] Yelisseyev, A. et al. (2003) Diam. Relat. Mater., 12, 2147-
2168. [2] Yelisseyev, A. & Kanda, H. (2007) New Diam. Front.
C. Tec., 17(3), 127-178. [3] Lawson, S.C. & Kanda, H. (1993)
J. Appl. Phys., 73(8), 3967-3973. [4] Lang, A.R. et al. (2004) J.
Cryst. Growth, 263, 575-589. [5] Tretiakova, L. (2009) Eur. J.
Mineral., 21(1), 43-50.

Annealing of metamict zircon from Ratanapura,
Sri Lanka

Wanthanachaisaeng, B.Y", Bunnag, N., Pattarawarin, P.},
Ounorn, P.3, Sutthirat, C.2® & Pisutha-Arnond, V.23
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Thailand
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A green metamict zircon sample (no. GRAT 21) from
Ratanapura, Sri Lanka, was investigated in this study. The
sample was annealed in air at 600, 700, 800, 900 and 1000°C in
an electric furnace with around 3 hours of dwelling at each
target temperature. The specific gravity (SG) value and the
Raman spectroscopic technique were used to monitor the
decrease of the degree of metamictization of the zircon sample
(compare [1]).

As shown in Fig. 1, the SG values of the sample show a
continuous increase from 3.8 g/cm?® recorded before treatment to
4.24 glem?® after annealing at 1000°C, which however is well
below the SG of 4.68 g/cm® for well-crystallised zircon [2].
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Fig. 1: Plot showing the continuous increase of SG values of a zircon
sample (GRAT 21) from Ratanapura, measured before treatment and
after annealing at 600, 700, 800, 900, and 1000°C.

The Raman spectrum of the sample before heating shows
dramatically broadened Raman bands. This indicates a very
high degree of metamictization of the original sample, which is
perhaps close to the amorphous state. The sample’s structure,
however, started to improve after annealing at 700°C, as
indicated by the appearance of some recovery bands and a
general decrease of the band broadening. At higher annealing
temperature, the structural recovery proceeds significantly.
After annealing at 1000°C, the main vz (anti-symmetric SiO,4
stretching) band lies at ca. 1006 cm™and has a full width at half
maximum (FWHM) of ca. 15 cm™, indicating significant but
still incomplete structural reconstitution. Based on the above SG
and Raman spectroscopic results it is therefore concluded that
the zircon structure was significantly recovered from a nearly
amorphous state to almost crystalline state after dry annealing in
air at 1000°C.

[1] Nasdala, L. et al. (2002) Chem. Geol., 191, 121-140. [2]
Holland, H.D. & Gottfried, D.G. (1955) Acta Cryst., 8, 291-300.
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Characterization of beryl samples from a novel
deposit in the Erongo massif, Namibia

Wildner, MY, Giester, G.%, Hammer, V.M.F .2,
Niemetz, W.2 & Lehrl, M.*

YInstitut fiir Mineralogie und Kristallographie, Universitat
Wien, Vienna, Austria (*manfred.wildner@univie.ac.at)
ZStaatliches Edelsteininstitut, Naturhistorisches Museum Wien,
Vienna, Austria
$Osterreichische Gemmologische Gesellschaft, Vienna, Austria
“Esme Fine Gemstones, Omaruru, Namibia

The described beryl claim belongs to the Erongo massif of the
Damara orogen, Namibia, which is part of the Pan-African
orogenic belt. This area is famous for spectacular findings (in
2000 and 2002) of aquamarine, associated with schorl, feldspar
and fluorite. In 2009, the new deposit at Davib-Ost farm,
Karibib District, was discovered. Miarolitic cavities within
granite house loose beryl crystals of light blue to yellowish-
green color, often intergrown with feldspar and colorless topaz.
The pipes sometimes extend up to 100 m in length. Further
associated minerals are e.g. quartz, apatite, fluorite, schorl,
jeremejevite, bertrandite, siderite, goethite, and muscovite.

A faceted light blue aquamarine (~44 ct) with yellow-green
hue shows overlapping healing fissures. Their boarders are very
sharp and sometimes show “folds”. The fissures consist of two-
and three-phase inclusions. Along the c-axis fine needle-like
growth tubes with milky appearance are observed. Single
muscovite flakes may prove a granitic or pegmatitic origin.
Such clear aquamarine crystals have not been known from other
deposits of the Erongo massif so far.

Two further beryl samples, a pale blue and a more greenish-
blue one, were characterized by single crystal X-ray diffraction
and optical absorption spectroscopy. Lattice parameters are in
the range a = 9.219-9.220 and ¢ = 9.195-9.196 A, as commonly
observed for “normal” beryl. Structure refinements in space
group P6/mcc yielded Rj-values of 2.8 %; residual electron
densities within the channels are 1.7 and 1.3 e"A”, respectively.
The optical spectra (Fig. 1) are dominated by a band centered at
~810 nm, which is strongly polarized perpendicular to the c-axis
and assigned to the spin-allowed *E(D) crystal field state of Fe®*
in octahedral coordination. Minor features at 425 and ~370 nm
are related to spin-forbidden levels of octahedral Fe**. In the
NIR range, several overtone and combination modes of channel
H,O-molecules type I and Il are observed. In the greenish blue
sample the aforementioned band at 810 nm is broadened in
polarization parallel to the c-axis due to additional components
around 620 and 1000 nm, probably caused by Fe?*—Fe3* charge
transfer (however, the detailed origin of these features is still a
matter of controversial debate in the literature). The shift of the
UV absorption edge towards the visible range has a further
color-modifying effect as compared to the pale blue sample.
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Fig. 1: Polarized optical absorption spectra of two beryl samples from
the new deposit at Davib-Ost farm, Karibib District, Namibia.
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The vibrational behavior of SiO, at the glass
transition: some ab-initio vibrational
calculations and their thermodynamic
implications

Ottonello, G.”, Vetuschi Zuccolini, M. & Belmonte, D.
DIPTERIS, Universita di Genova, Genoa, ltaly
(‘giotto@dipteris.unige.it)

We investigated with ab-initio procedures the structure-energy
and vibrational properties of silica clusters incorporated in a
continuum with appropriate permittivity (dielectric constant
€=3.8) through DFT/B3LYP gas phase calculations coupled
with a Polarized Continuum Model approach, and, in the
framework of the Block theorem [1], those of the periodical
structure Dgn Which leads to the a-cristobalite polymorph of
silica when subjected to symmetry operations. The obtained
energy properties and vibrational features indicate that none of
the investigated moiety, when taken alone, justifies the
observed energy and vibrational properties of the silica glass
while, based on the computed energies and vibrational features,
an aggregate of the Dg, network and the monomer locally
ordered in the short-medium range present in the glass in a
mutual arrangement lacking of spatial continuity reproduces
satisfactorily both the experimentally observed low T heat
capacity and the deviation from the Debye T2 law, which,
contrarily to what previously assumed, is largely due to low
frequency internal modes, and only partly to coherent low
frequency acoustic motions. The heat capacity of the glass at
all temperatures below T, is consistent with the (84) internal
modes of 2 Dg, units variably linked with a [SiO,]* monomer
plus the 3 (experimentally observed) acoustic modes [2,3] and an
excess acoustic-like (i.e. coherent) mode of low frequency [4]. At
T, the observed sharp increase in the isochoric heat capacity [5]
is due to the onset of rotational and translational motions which
replace the coherent (acoustic-like) motions of all atoms in the
ensemble. The process is kinetically mediated by the number of
bonds which are effectively broken at the various T above Ty and
ceases out at the mode-coupling temperature Tyc where
hybridization of acoustic-like and internal modes occur [6]. The
hybridization process involves a substantial decrease of the force
constant of the bond ¢ and an increase on the reduced mass m.
The coupled effects would result in an overall increase of the
d/m ratio at Ty of a factor ~5x10? , which suggests the onset of
RUM-like stretching motions between rigid Dg, units
intermingled with [SiO,]* bridging units. Our calculations
indicate that, although for simple computational purposes one
may eventually treat the glass transition as a (reversible)
thermodynamic process occurring at Ty without incurring in
substantial errors, it cannot be considered of high order because it
involves discrete, though limited, transition entropy ASy, = 1.304
J(molxK) and transition enthalpy AHr; = 1.930 kJ/mol
contributions.

[1] Pisani, C. (1996) Lecture notes in Chemistry, 67, Springer,
Berlin. [2] Flubacher, P. et al. (1959) J. Phys. Chem. Solids, 12,
53-65. [3] McSkimin, H.J. (1953) J. Appl. Phys., 24, 988. [4]
Masciovecchio, C. et al. (1997) Phys. Rev. B., 55, 8049-8051.
[5] Richet, P. et al. (1982) Geochim. Cosmochim. Ac., 46, 2639-
2658. [6] Sette, F. et al. (1998) Science, 280, 1550-1555

The fate of CO; in silicate melts: a computer
simulation study

Guillot, B." & Sator, N.
Laboratoire de Physique Théorique de la Matiere Condensée
(UMR 7600), Université Pierre et Marie Curie, Paris, France
(‘guillot@Iptme.jussieu.fr)

The distribution, recycling and storage of carbon in the Earth
are of fundamental importance to understand the global carbon
cycle between the deep Earth and near surface reservoirs.
Degassing of CO, at mid-ocean ridges may give information on
the source region but the very low solubility of CO, in tholeitic
basalts (~0.5 ppmw/bar) has for consequence that near all
MORB glasses exsolve their CO, rich vapor at shallow depth as
they approach the ocean floor. Hence their CO, contents mostly
represent the pressure at eruption and not the source region.
Recent petrological investigations [1] have shown that the
presence of carbonates at depth in the upper mantle has a large
effect on the solidus of carbonated silicates (e.g. peridotite) by
inducing incipient melting at much lower temperature. So the
role of carbon-rich melts at great depth is now becoming a
credible scenario to explain the extraction of CO, from the
source region to the surface. During the last three decades many
studies have been devoted to measure the solubility of CO; in
silicate melts of various compositions. But due to experimental
difficulties these studies were generally restricted to low and
moderate pressures (below ~20 kbar). IR spectroscopy has
emphasized the importance of CO, speciation which may exist
either as molecular CO, or as carbonate ion (COs?), the
molecular form being favored in polymerized (silicic) melts
while the carbonate ion is dominant in depolymerized (basic
and ultrabasic) melts. However it has been demonstrated
recently [2] that the CO, speciation observed in quenched
glasses by IR spectroscopy may not be representative of that in
silicate melts equilibrated at high temperature: in particular, the
abundance of molecular CO, is underestimated in the liquid at
magmatic temperatures.

By performing a series of molecular dynamics simulation
where a supercritical CO, phase is in contact with a silicate melt
of various composition (from felsic to ultrabasic) at different
temperatures (1473-2273K) and pressures (20-150kbar), we
have been able to evaluate the solubility of CO,, the population
of molecular and carbonate species, their diffusivity through the
melt and the local structure. We will show that this kind of
molecular simulation is a useful theoretical guide to better
understand the behavior of CO, in magmas at depth.

[1] Dasgupta, R. & Hirschmann, M.M. (2006) Nature, 440,
659-662. [2] Morizet, Y. et al. (2007) Eur. J. Mineral., 19, 657-
669.
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Evolution of microstructure and composition of
refractories at their interaction with metallurgical
melts

Shehekina, T.1.", Gramenitskiy, E.N. & Batanova, A.M.
Dept. of Petrology, Moscow State University, Moscow, Russia
("t-shchekina@mail.ru)

This work is a study of the deterioration mechanism of Martin
furnaces hearth, which are used for stuffing the magnesia-
dolomite ramming mixture of various marks: Ankerharth
(Austria), Jehearth (Slovakia) and PPM 85 (Satka, Russia). Our
purpose is to reveal the factors affecting the stability of the
refractory materials during their service. Chemical corrosion
during the service is the main reason of lowering fire-resistant
materials stability.

Chemistry, phase composition and structure of samples
from various hearth sites of Martin furnaces pre- and after
service in zones at interaction of fire-resistant materials with
metallurgical melts, were studied. The comparative analysis of
the changes and parameters depending on refractory mark was
carried out. The main result of this study is detection of
diffusive zoning at the contact between metallurgical melts and
a fire-resistant material, similar to natural metasomatic
processes. [1]. Due to diffusive interaction of fire-resistant
material with melts of steel and slag, new phases with
technogenic origins are formed as unusual isomorphic
replacement in minerals of calcium ferrites, aluminates,
perovskite groups [2].

Chemical corrosion during the service is the main reason of
lowering fire-resistant materials stability. Phase composition
and the microstructure of samples change significantly in zones
arising at interaction between fire-resistant materials and
metallurgical melts. The composition of all fire-resistant
materials used in Martin manufacture bear similarities, although
the ratios vary: periclase MgO (80-90%), lime CaO (8-20%),
impurities of the phases containing SiO,, Fe,03, Al,053 (3-5%).

In the reactionary columns about 5 zones can be separated,
from moderately changed zone 1 (closed to initial refractory
material on phase composition) to most cardinal changed zone 5
(almost completely combined by new-formed phases). General
thickness of reactionary columns reaches tens centimeters,
while thickness of its most changed parts is about 5-7 mm.

The main change of material chemistry consist of carrying
out Mg and introducing Fe and Si, thus the role of Fe®* in
relation to Fe®" increases, as approaching the contact of the
refractory - the melt. Mineral composition changes also.
Periclase registers an increasing of ferruginosity up to 30% until
its full replacement by magnesioferrite, magnetite and wustite.
The aluminates form in moderately changed zones, while
silicates of calcium, merwinite and ferrite of calcium — in more
changed zones. The phase composition becomes similar for all
refractory material closest to the contact with metallurgical
melts. Periclase remains only as relict grains with high
ferruginosity up to 30 %. Magnesioferrite, forming large
crystals, becomes the main mineral in Ankerharth material.
Smaller amounts of magnetite, ferrite of calcium and dicalcium
silicate fill the space between high ferrrous phases. The main
feature of structure of 5th zone on Jehearth material is
occurrence of ferrous oxide melt. Ti-containing brounmillerite
in accretions with calcium aluminates form the final zone in
Satka material. About 30 % of iron position in brounmillerite is
occupied with titan. Microstructure of this material is assumed
to formation of appropriate melt at conditions of metallurgical
process. Formation of such melts promotes a softening of the
refractory material surface and its erosion.

[1] Korzhinskiy D.S. (1982) The theory of metasomatic zoning.
Nauka, Moscow. [2] Shchekina T.l. et al. (2006) Refrac. Ind.
Ceram., 47, 25-32.

In-situ structural investigation of hydrous and
anhydrous NaAlISi;Og melt at high pressure

Yamada, A.Y", Inoue, T.! & Kikegawa, T.2
1Geodynamics Research Center, Ehime University, Matsuyama,
Japan (‘a-yamada@sci.ehime-u.ac.jp)

%photon Factory, High Energy Accelerator Research
Organization, Tsukuba, Japan

Microscopic structure of molten silicate at high pressure gives
important insights into the fundamental understanding of the
physicochemical properties of magma in the Earth’s interior. In
particular, in-situ observations of liquid are necessary for the
realistic response of the structure to pressure because the
information through the glass is always under-estimated due to
the kinetic effect and the reversible property of the structure
during decompression. A local structural change in AlO,
tetrahedra is thought to happen at much lower pressures than in
the SiO, tetrahedra, which influent to various properties of
aluminous silicate melt. In addition, it is widely known that
water changes the structure and properties of silicate melt
dramatically. Here, we investigate the difference in local
structure between hydrous and anhydrous albite (NaAlSi;Og)
melt with high-pressure X-ray diffraction.

A sample of anhydrous albite was prepared with a mixture
of NaCOs;, Al,Os, and SiO,. The mixture was decarbonized at
1000°C for 9 hours, then melted at 1200°C, and finally
quenched at room temperature to make a glass. Hydrous albite
was made from sodium silicate glass (Na,SigO13) plus AI(OH);3
gibbsite, which has 9.3-wt% water content. High-pressure X-
ray diffraction experiments have been conducted at NE5C
beamline in PF-AR, Tsukuba, Japan. A DIA-type press was
used for the high-pressure and temperature experiments. A
hydrous sample was encapsulated in single-crystal diamond
tubing with platinum lids (e.g., [1]). Anhydrous melt was put in
graphite or boron nitride containers. Diffractometry of the
molten sample for the structural analysis was performed with
polychromatic X-rays with the energy-dispersive method.
Diffraction patterns of the sample were collected from 26= 3° to
30° to cover a wider range of Q (Q= 4xEsin6/12.398 [AY],
where E and 0 are the energy of the X-rays and the Bragg angle,
respectively). To obtain S(Q), software developed by Funakoshi
(1997)[2] was exploited.

S(Q) and G(r) for hydrous albite melt are shown in Fig. 1.
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Fig. 1: Structure factor, S(Q), (left) and radial distribution function,
G(r), (right) for hydrous NaAlSi;Og melt.

The pressure dependence of the peak-shift of the first peak in
S(Q) for the hydrous melt is much smaller than for the
anhydrous melt although the position of the peak is located on
the higher-Q side. The shoulder peak on the right side of the Si-
O peak in G(r) appears from 4.1 GPa in the hydrous melt (allow
in right figure), which becomes intense with pressure. This
shoulder peak can be assigned to a highly coordinated Al-O
atomic pair. This striking peak, which reflects the appearance of
AlO, polyhedra, was not seen in the anhydrous melt up to 6.2
GPa. Further discussion will be presented in the presentation.

[1] Yamada, A. et al. (2007) Geophys. Res. Lett., 34, L10303.
[2] Funakoshi, K. (1997) PhD thesis, Tokyo Inst. Technol.
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Effect of alkali content and Fe oxidation state on
the S oxidation state and solubility in silicate
glasses

Giuli, G.Y", Paris, E.%, Alonso Mori, R.2, Glatzel, P.2,
Cicconi, M.R.%, Scaillet, B.> & Eeckhout, S.G.2
1Dip. di Scienze della Terra, Universita’ di Camerino, Italy
("gabriele.giuli@unicam.it)
2European Synchrotron Radiation Facility (ESRF), Grenoble,
France
3Inst. de Sciences de la Terre D’Orleans, UMR, CNRS-UO,
Orleans, France

The Fe oxidation state, coordination geometry and <Fe-O>
distances have been determined by Fe K-edge XANES and
EXAFS for a set of sulphur bearing silicate glasses of rhyolite
composition in the aim of determining:

1) the effect of bulk composition on the iron oxidation state
and local structural environment;

2) the effect of Fe oxidation state on sulphur behaviour in
the corresponding magmas/melts.

Glass compositions have been chosen so as to represent S-
CI-F bearing rhyolitic magmas with low to high alkali content.
These glasses have been equilibrated at a range of different
oxygen fugacity conditions typical of magmatic conditions and
ranging from —15.4 to —10.75 log units (at 800 ° C, 1.5 kbar).

Comparison of the pre-edge peak data with those of Fe
model compounds with known oxidation state and coordination
number allowed to determine the Fe oxidation state and
coordination number for all the glasses analysed. The Fe*/(Fe®*
+ Fe?") ratio varies from 0.25 to 0.80 (+0.05) in the glasses
studied. Moreover, pre-edge peak data clearly indicate that Fe**
can be present in [4] and/or [5] coordination according to the
alkali content of the glass, whereas Fe?* is present in [5]
coordination units for these compositions. The presence of
minor amounts of [6] coordinated Fe cannot be ruled out by
XANES data alone. EXAFS derived Fe-O distance in the most
oxidised sample (Fe-0=1.85 A) indicates that Fe*" is in
tetrahedral coordination.

For these glass compositions, going from reducing to
oxidising condition results in higher fraction of network
forming “Fe®, thus increasing the polymerisation of the
tetrahedral network.

Alkali content has been found to have a very strongly effect
on the Fe oxidation state: at a given oxygen fugacity, Fe
oxidation state increase noticeably with increasing alkali
content.

A direct proportionality has been found between the S*/Fe®*
molar fractions.

As Fe oxidation state is known to affect the solubility of S
species in silicate melts, Alkali content is expected to play a
major role together with oxygen fugacity in the S geochemical
behaviour in silicate magmas.

[1] Giuli, G. et al. (2002) Geochim. Cosmochim. Ac., 66, 4347-
4353. [2] Giuli, G. et al. (in press) Geol. Soc. Am. Sp. P. [3]
Giuli, G. et al. (in press) Geol. Soc. Am. Sp. P.. [4] Giuli, G. et

al. (in prep).

Investigation of boron coordination in borate
and borosilicate glasses and minerals using
high resolution O K-edge XANES

Dong, D.%, Henderson, G.S.Y", Blyth, R.2 & Regier, T.2
!Dept. of Geology, University of Toronto, Toronto, Canada
("henders@geology.utoronto.ca)

*Canadian Light Source Inc., University of Saskatchewan,
Saskatoon, Canada

Oxygen K-edge XANES is sensitive to the coordination of the
cations bound to the oxygen atoms. O K-edge XANES spectra
lhave been collected for a number of crystalline reference
compounds (B,03, H3BOs;, HBO,-Il, HBO,-IIl, Na,B,0-,
CaB,0,, BPO,), as well as, for a series of borosilicate and
sodium borosilicate glasses. Crystalline phases (B,03;, H3BOs3,
HBO,-11, and HBO,-111) in which B bonds to 3 oxygens (£'B),
exhibit a relatively narrow peak at around 537 eV, with a broad
weak shoulder at around ~542 eV and a strong broad shoulder
at ~545 eV. In crystalline phases containing only 4-fold B (IB)
(BPO,) the spectra are characterised by 4 distinct features: a
relatively sharp peak around ~539.5eV with 3 further peaks at
~538, ~541.5 and ~542.5 eV. A pre-edge feature is found
around 533 eV in the spectra of both the PIB and B phases.
Introduction of H as H3BO3;, HBO,-11, and HBO,-I11 affects the
intensity of the pre-edge feature but does not influence strongly
the main XANES features. The spectra of calcium metaborate
(CaB,0,) with nominal 100% [FIB suggest that there is a
substantial amount of 4-fold B present similar to other studies.
We suspect that the 1B forms during sample preparation. The
O K-edge spectra are clearly distinct for phases containing only
BIB and only B and have the potential to be used to quantify
the relative proportions of the different B coordination
environments. Currently, we are analyzing the results for a
series of borosilicate and alkali borosilicate glasses which will
be reported upon.
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Structure of glasses and melts in the Ca-Mg
pyroxene join

Cormier, L.
Inst. de Mineralogie et Physique des Milieux Condensés,
CNRS, Université Pierre et Marie Curie, Université Paris
Diderot, IPGP, France (cormier@impmc.upmc.fr)

The structure of silicate melts determines their macroscopic
properties such as viscosity, density, diffusivity, entropy, etc.
Their understanding is still limited by the technical difficulties
to obtain measurements at elevated temperatures in the liquid
state. Glasses are thus often considered to describe melt
structure but the structural variations with temperature are often
poorly understood.

In this study, we have investigated the structure of glasses
and melts on the Ca-Mg pyroxene join (CaMg,.»4Si»Og) using
X-ray and neutron diffraction. Data were obtained from room
temperature up to the liquid state. The experimental data have
been coupled with numerical simulations (Molecular Dynamics
and Reverse Monte Carlo). We report a detailed investigation
focussing to understand the evolution of important structural
parameter (Mg and Ca coordination, Mg-Ca mixing and silicate
topology) with the composition and the temperature.

A molecular scale approach of the structure and
properties of glasses: the role of "chameleon™
elements

Calas, G.", Cormier, L., Dargaud, O., Ferlat, G.,
Galoisy, L. & Lelong, G.
Inst. de Minéralogie et Physique des Milieux Condensés,
Universités de Paris 6&7, IPGP and CNRS, Paris, France
("Georges.Calas@impmc.jussieu.fr)

More disordered than nanomaterials, amorphous solids such as
glasses and gels have recently benefited from molecular scale
approaches, which have provided at the same time a deeper
knowledge of their structural organization as well as giving
potential tools to predict their properties. Glass stability is
required for environmental applications, including the
development of insulating materials or nuclear waste matrices.
On the other hand, nanophase crystallization is favored in
glasses to form glass ceramics. It is interesting that the same
glass components, such as Zr, B or Fe are used to develop such
different properties.

The talk will summarize recent advances in rationalizing the
sites of and the medium range structure around these key glass
components. These data are obtained by an adequate
combination of experimental approaches, mostly based on the
determination of interatomic distances in glasses (EXAFS,
neutron and X-ray diffraction), and of numerical
modeling/simulation tools.

An extensive data set exists on Zr crystal chemistry in
glasses and crystals. Zr is known to decrease the solubility of
simulated nuclear glasses. In these glasses, Zr occurs in
octahedral coordination and has a reticulating role. At the glass-
water interface, Zr coordination may change or nor not
depending on alteration conditions. Under SiO,-saturated
conditions, Zr retains its reticulating role in the alteration gel
with a small nanoporosity, providing a protective role. By
contrast, during alteration under open conditions, Zr
coordination changes from 6 to 7, showing the formation of a
mixed hydrous zirconia-silica gel at the glass surface, with a
poor protective role. In glass ceramics, such as Mg- or Li-
aluminosilicate glasses in which high cation field strength
increases the disorder of the glassy network, Zr is used for
enhancing the nucleation of nanocrystals. Zr occurs in a
peculiar local surrounding, explaining its structural instability
during thermal treatment. Molecular scale transformations occur
about 30°C below the onset of crystalline nucleation and cause
the appearance of peculiar nuclei in which surface stress effects
provides these nanophases a peculiar structure.

Other structure-property relationships will be illustrated on
the influence of Fe*-clustering on optical and magnetic
properties of glasses, or of B-coordination on radiation- and
thermal-dependent glass/melt properties. They show that bond
valence rules and principles governing mineral crystal
chemistry are also active in glasses, emphasizing the
interdependence between the local surrounding and chemical
state of the various glass components.
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Fe and melt viscosity

Dingwell, D.*, Romano, C.2 Giuli, G.2, Potuzak, M.*,
Chevrel, 0.! & Valenti, P.}

!LMU - University of Munich, Germany ("dingwell@Imu.de)
2Universita di Roma Tre, Rome, Italy
SUniversita di Camerino, Italy
“Corning Glass, Corning, NY, USA
°GFZ, Potsdam, Germany

The rheology of magma and the viscosity of melts is a dominant
control on the physical nature of magmatism and volcanism on
Earth and other planets. Rheology is also a fundamental control
on the efficiency of magmatic differentiation leading to the
diversity of igneous rocks.

The physical description of melt rheology is well advanced
and unexpected surprises in this field are likely able to be
confined to extreme conditions of pressure, stress, and/or
relaxation time.

The chemical description of melt rheology has also
advanced rapidly in recent years. There are now a number of
predictive models of varying power, both empirical and
structure-based. General acceptance of a single, extrapolable,
structure-based model of viscosity still lies however in the
future.

Working towards a general model for melt viscosity, the
influence of polyvalent elements in controlling melt viscosity is
a special opportunity to understand structure-property
relationships. Fe is the polyvalent element of major influence in
terrestrial magmas. Its role in controlling melt viscosity is still
unknown in detail.

Using a combination of viscometry, dilatometry,
calorimetry and spectroscopy, the role of Fe and its redox state
in controlling melt viscosity has been investigated.
Compositions range from ferropicrite to pantellerite. The results
reveal a (for us) surprising sensitivity of melt viscosity to Fe
oxidation state. Scaling models for relating Fe-content to the
magnitude of the redox effect are not yet clear. Based on these
experimental determinations, we will speculate on the
relationship between structure and viscosity in these systems
and its implications.

Proton dynamics in hydrous silicates studied by
high temperature high pressure quasielastic
neutron scattering

Yang, F.¥", Meyer, A.l, Mamontov, E.2 & Unruh, T3
YInst. of Material Physics in Space, German Aerospace Center
(DLR), Cologne, Germany (‘fan.yang@dIr.de)
2Spallation Neutron Source, Oak Ridge National Laboratory,
Oak Ridge, Tennessee, USA
3Forschungsneutronenquelle Heinz Maier-Leibnitz (FRM I1),
TU Miinchen, Garching, Germany

Dissolved water in silicate melts plays an important role in
many geological processes, especially in active volcanism. The
knowledge of the dynamics of water species represents a key
for the understanding of these processes and to predict melt
properties like viscosity. We present results from quasielastic
neutron scattering (QNS) on hydrous silicate melts, which
provide informations about microscopic hydrogen dynamics in
the sample on picosends to nanoseconds time scales.

Measurements were done at temperatures up to 1250 K. A
constant pressure of 200 MPa was applied to prevent degassing
of the sample. A Nb1Zr cell was built as sample environment
for such study, which is transparent for cold neutron beams.

Experiments were carried out on several synthetic hydrous
silicate systems, including pure silica, sodium trisilicate and
albite compositions, all with 10 mol% water concentration. By
combining experiments on different neutron spectrometers, we
are able to study dynamics on the time scale from of about 0.2
picosecond up to 1 nanosecond, spanning over nearly 4 decades.
Also, taking advantage of the large difference in neutron
scattering cross-sections of H and D, a contrast variation via
H,O/D,0 substitution gives access to the pure incoherent proton
dynamics.

The QNS signal reveals that the proton dynamics has a
different nature as compared to the alkali ions in the Si-O
matrix, although the addition of the water and alkali oxides both
leads to a dramatic decrease of the silicate melt viscosity. In
hydrous silica and albite, the relaxation time of the protons is
larger than 60 picosends at 1250 K. Therefore, the proton
dynamics is slower than i.e. the sodium dynamics in the sodium
silicates under similar conditions [1]. Thus, in contrast to
sodium silicates, no evidence of fast diffusion via channel
structures in hydrous silica and albite has been observed. In the
hydrous sodium silicate it has been found that the sodium
dynamics is not significantly accelerated upon water addition.
Note that although in both silica and sodium silicate cases, the
macroscopic melt viscosity has dropped by orders of
magnitudes, which is commonly understood as the
depolymerization of the Si-O network. The slower proton
dynamics may be attributed to the strong bondings between
proton and Si-O matrix.

In addition, an unusual dynamics of the protons has been
observed in sodium silicate melt. The proton relaxation consists
of a fast process and a slow process. The later one only comes
into the time window on the order of 1 nanosecond at the
experimental temperature of 1150 K. This will give a transport
coefficient on the order of 10 m%™ at this temperature.
However, within the neutron scattering study, decoupling of the
relaxation time scale due to different proton environments can
be excluded. The fast process exhibits extreme stretching of the
intermediate scattering function S(q,t), which might be
interpreted under a glass-glass transition scenario [2].

[1] Kargl, F. et al. (2006) Phys. Rev. B, 74, 014304. [2]
Voigtmann, Th. & Horbach, J. (2009) Phys. Rev. Lett., 103,
205901.
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Compositional dependent compressibility of
dissolved water in silicate glasses
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Meédard, E.
YInst. for Geochemistry and Petrology, ETH Zurich,
Switzerland (“wim.malfait@erdw.ethz.ch)
2Dept. of Geology and Geophysics, University of Minnesota,
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3Lab. Magmas et Volcans, Universite Blaise-Pascal-CNRS,
OPGC, Clermont-Ferrand, France

Because of the lack of available experimental density data, and
motivated by the compositional independent partial molar
volume of water in silicate glasses at atmospheric pressure [1],
current density models for hydrous magmatic liquids [2] assume
a composition independent from compressibility of the water
component. In order to test this assumption, we have
determined the acoustic velocities and elastic moduli of a series
of hydrous rhyolite, andesite and basalt glasses at ambient
conditions using Brillouin spectroscopy.

The measured velocities and bulk moduli are in good
agreement with previous data on glasses with similar
compositions, when available [1]. For all glass series, the
addition of water leads to a decrease in the shear modulus (G).
The increase in Poisson ratio with increasing water content for
the rhyolite glasses provides indirect evidence for the
depolymerization of the glasses [3]. For the rhyolite glasses, the
bulk modulus (Ks) is essentially unaffected by the addition of
water, but Kg decreases with increasing water content for the
andesite and basalt glasses. The results show that the partial
molar bulk modulus of water in depends on glass composition.
The compositional dependence of the partial molar Ks, hence
compressibility (Bs=1/Ks), limits the applicability of the current
density models, in particular at higher pressures and/or for melt
compositions that deviate strongly from liquid albite. The
results of this study emphasize that the construction of more
robust density models for hydrous magmatic liquids requires
additional data on the density and compressibility at relevant
temperature and pressure conditions.

[1] Richet, P. & Polian, A. (1998) Science, 281, 396-398. [2]
Ochs, P. & Lange, R.A. (1999) Science, 283, 1314. [3] Rouxel,
T. (2007) J. Am. Ceram. Soc., 90, 3019-3039.

Viscosity of basaltic magma at high pressure

Suzuki, A.Y", Ohtani, E.}, Ando, R}, Terasaki, H.},
Sakamaki, T.! & Funakoshi, K.?

!Dept. of Earth and Planetary Materials Science, Faculty of
Science, Tohoku University, Sendai, Japan
(“a-suzuki@m.tains.tohoku.ac.jp)
2JASRI, SPring-8, Japan

The viscosity of magma (silicate melt) is one of the
fundamental  properties that control the generation,
transportation, and eruption of magmas. Because magmas are
formed in the Earth’s interior and ascend to the surface,
knowledge of the pressure dependence of viscosity is crucial in
understanding the igneous processes. Therefore, the viscosities
of various silicate melts have been investigated at high pressure.
The viscosity of silicate melts at high pressure was measured
with the falling-sphere method by a quenching experiment
using a piston cylinder apparatus. In recent years, X-ray
radiography has been applied to measuring viscosity for the
purpose of improving uncertainty of the measurement and
extending the experimental range at higher pressure and lower
viscosity. Mid-ocean ridge basalt (MORB) is the most abundant
basalt composing the oceanic crust. Furthermore, it is suggested
that the recycling MORB would be molten again in a
heterogeneous mantle plume in the deep upper mantle. The
recycled MORB may be related to the activity of oceanic island
basalts and continental flood basalts. Therefore, it is important
to clarify the viscosity of the basaltic melt at high pressure to
understand the behavior of the melts in the upper mantle. The
viscosity was measured using the radiographic falling—sphere
technique at the beamline BL04B1 of the SPring—8 synchrotron
radiation facility. High—pressure and —temperature experiments
were conducted using a Kawai-type multianvil apparatus driven
by a 1500 ton uniaxial press, SPEED1500. The X-ray shadow
image was observed using a CCD camera with a YAG:Ce
fluorescence screen. The viscosity (n) of the melt was
calculated by the Stokes’ equation with the Faxén correction for
the wall effect. The viscosity of the dry MORB melt decreased
gradually up to a pressure of 4.5 GPa. At higher pressure, an
increase in viscosity was observed to 6.5 GPa. At higher
pressure the viscosity decreased up to 13 GPa. The present
study revealed that the viscosity of dry MORB reached a
minimum near 5 GPa. It has been suggested that the pressure
dependence of viscosity changes because of modification of the
structure of the melt such as the change in T-O-T bond angles
in the melt and formation of the higher-coordinated aluminum
and silicon. This study suggests that the structure of the MORB
melt changes drastically near 5 GPa.
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Structure, properties and implications for the
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Tektites are natural glasses corresponding to enigmatic glasses,
which fascinate scientists in a number of diverse disciplines
about their formation conditions. It is generally accepted that
they must have formed in enormously energetic impact created
by a gigantic hypervelocity object penetrating the atmosphere
and striking the Earth with undiminished velocity.

First, to understand tektite glasses, we have decided to
investigate viscosity measurements and glass transition
temperature, which can link to the geometrical form of the
tektite glasses.

The structure of the glasses investigated by Raman
spectroscopy can provide also information about the quenching
rate and their formation.

And finally, by using in situ XANES spectroscopy at the Fe
K-edge at high temperature we can determine the redox state of
tektite at high temperature. These variations of Fe**/Fe'™ ratio at
high temperature can be compared at the Fe>*/Fe™ ratio at room
temperature on the glass and assuming that the oxygen fugacity
of the tektite formation is almost the same than during our
XANES experiments, we can propose a temperature of
formation of tektite glasses.

Volcanic glass textures from pyroclasts of the
AD 1913 rift-edge phreatomagmatic eruption,
Ambrym Island, Vanuatu

Németh, K.” & Stewart, R.B.
INR-CS, Volcanic Risk Solutions, Massey University,
Palmerston North, New Zealand (‘k.nemeth@massey.ac.nz)

Thermohydraulic explosions produce fine ash fragments as a
result of brittle melt fragmentation and high Kinetic energy
release due to the interaction of magma and water. Fine ash
particles (<2 Phi) formed during the explosive fragmentation
represent the particles directly been involved in the thermal to
kinetic energy transition, and their shape and texture can be
directly linked to the processes generating them. These particles
are commonly referred as active particles because they play an
active role in the phreatomagmatic explosion. While the
phreatomagmatic fragmentation quickly vaporizes the adjacent
water, the suddenly generated vapour expansion can deform the
melt immediately surrounding the explosion locus, causing
ductile deformation and consequently spalling particles into the
expanding pyroclast mixture. Textural features of pyroclasts
such as shape parameters characteristic for brittle or ductile melt
deformation are therefore able to provide information about the
melt fragmentation. Here we tested the ability of morphological
analysis of pyroclasts to identify brittle and ductile processes
involved in fine ash generation in the AD 1913
phreatomagmatic, maar-forming rift-edge eruption in west
Ambrym. It appears that the eruption was initiated off-shore and
magma erupted through a shallow marine, fringe reef
environment. Various image analysis methods were used on
light microscopy (LM), SEM and BSE images to identify and
quantitatively measure surface morphological parameters of ash
particles of base surge beds. Morphological parameters were
measured to calculate circularity (C), rectangularity (R),
compactness (Co) and elongation (E) then a CXE versus RXCo
discrimination diagram was prepared to define the deformation
mode as either ductile or brittle for each particle. In the coarse
ash (-1 - 2 Phi) the CXE values were dominantly around 1
indicating ductile deformation as the main deformation mode of
these particles. While these particles are glassy, of low
vesicularity and bulky in appearance, they have smooth surfaces
and rounded vesicles suggestive being still molten during their
fragmentation. Platy glass peels appeared to commonly form a
mosaic-like surface. The shape of these mosaic-like zones
indicate brittle deformation, and their shape compares well with
platy particles in the fine (>4 Phi) ash, suggesting that they may
have formed during transportation in the pyroclastic density
current by spallation from the coarser particles. A gradual shift
toward more brittle fragmentation shape characteristics has been
recorded in the >2 Phi grain size fractions. It has also been
recognized that shape parameters measured on BSE images tend
to fall toward the brittle field of the discrimination diagram
while parameters derived from SEM and LM images were less
characteristically brittle. A same tendency has been observed
using automatic-to-semi-automatic thresholding on images
versus manual particle boundary retracing. These observations
highlight the importance of sample preparation and technical
methods applied to derive particle shape data from volcanic ash.
FTIR data shows total water contents in the glassy particles
range from 0.17% to 0.43% with CO, below detection. The low
H,0 and CO;, is consistent with degassing under the summit and
in the rift and suggests that the eruption was almost entirely
driven by thermohydraulic explosions. This study gives
evidence of the thermohydraulic magma/water interaction
triggering fragmentation of the melt and distinguishes active,
passive and abrasion-produced juvenile particles in individual
beds. It seems that the proportion of these types of particles
strongly depends on the physical conditions in the vent and the
location of the deposit sampled relative to the vent.
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Europium geochemical behaviour in silicate
glasses
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Rare Earth Elements (REE) have demonstrated to be important
geochemical indicators; in fact, the distribution of REE in
igneous rocks are frequently used to constrain the mineralogy of
the source materials, the degree to which magma composition
has been modified by crystal fractionation, and to identify the
mineral phases removed from the magma during differentiation.
Moreover, the variation of the Eu*?/(Eu*? + Eu*®) ratio can be
used as oxygen fugacity indicators. As the Eu"%/Eu*® buffer is
located at very low oxygen fugacity, the Eu**/(Eu*® + Eu*®)
ratio can be used to constrain the formation conditions within a
very large range of oxygen fugacity down to few log units
below the Fe/FeO buffer. The Eu*?/(Eu*? + Eu*®) ratio is
therefore very useful in the study of meteoritic material and in
studying planetary evolution and many authors had used the Eu
partition coefficient vs. fO, to extrapolate redox conditions
under which magmas have crystallized A complete
understanding of transition and REE elements is important for
the geochemical and petrological interpretations of magmatic
processes and partition properties between melt and crystals.

To this aim, synthetic silicate glasses corresponding to
compositions relevant for the Earth sciences were used to study
the dependence of the redox states of a Rare Earth Element (Eu)
on the bulk melt composition and at different values of oxygen
fugacity (from air to IW-2).

The samples have been analyzed via Eu L,;-edge X-ray
Absorption Spectroscopy (XAS) to study the Eu oxidation
states and local environments. Eu Lj-edge XANES peak
analysis allowed the semi-quantitative assessment of Eu redox
ratio; literature data report a difference of 7 — 8 eV between
Eu*? and Eu™ in the experimental spectra and this energy shift
is evident enough to well differentiate between the two
oxidation states and to determine the Eu oxidation state in the
glasses under investigation. XANES spectra vary systematically
with composition and with fO, (log fO, from 0 to -11.6)
indicating changes in the Eu oxidation state. The intensity of the
2 peaks of the absorption maximum were quantified and used to
determine Eu*?/(Eu*?+Eu*?) ratio. Moreover, the local structural
environment of Eu was determined by EXAFS (Extended X-ray
Absorption Fine Structure) analyses, highlighting the different
Eu behaviour as function of the fO,.

This work has clearly demonstrated that for a better
interpretation of the Eu anomalies observed in rocks and
minerals, which are often used to constrain magmatic evolutions
of igneous regions, the melt composition and the redox
condition must be taken into consideration.

TEM-analyses of nanocrystals in obsidian

Kirste, J.", Schulze, N., Wagner, G. & Kloess, G.
Inst. of Mineralogy, Crystallography and Materials Science,
Leipzig University, Leipzig, Germany ("kirste@uni-leipzig.de)

TEM analyses of nanocrystals in obsidians lead to a number of
unexpected results. Using a Philips CM 200 HRTEM we
combined bright field (BF) and dark field (DF)-imaging, Nano-
EDX, and SAED (Selected Area Electron Diffraction). We
found that:

1. The average chemical compositions determined by TEM-
EDX on the one hand and XRF on the other hand show a
perfect match. However, on a nano-scale we found strong
fluctuations from 70 up to 90 wt.% in SiO, content.

2. According to susceptibility the predominating mineral
phases are hematite nanocrystals and magnetite microcrystals.
But in some cases the measurements showed exceptional
compositions like wuestite or Al-bearing hematite.

3. In contrast to the expected process of devitrification we
observed evidences for decrystallisation, especially at albite-like
feldspars and hematites. The process of decrystallisation is
accompanied with a decolourization of the red-brown obsidian.

Fig. 1: STEM bright field image (a) and element distribution (b-d) in a
section of Bliylk Yayla obsidian; BF-image showing a dark hematite,
vertical albite and cloudy nano-hematite crystals in the right;

b - Si-distribution; ¢ — Fe-distribution; d — Na-distribution.

The study deals with obsidians that stem from the Buylk Yayla
Area, Eastern Pontides, Turkey. Showing unique layering
structures in parts of the locality, the obsidian of Blyik Yayla
is a rarely variety of obsidian.

[1] Heide, K. et al. (1996) Chem. Erde—Geochem., 56, 313-322.
[2] Yengingil, Z. et al. (2002) Terra Nova, 14, 169-174.
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Structure and properties of melts in the system
Nazo'Kzo'Alzog'SiOZ
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2CNRS-CEMHTI UPR3079 & Université d’Orléans, France

Rheological properties of silicate melts govern both magma
ascension from the mantle to the surface of the earth and
volcanological eruptions styles and behaviors. In this mind, it is
very important to understand which parameters influence these
properties. Up to now, we know for example that viscosity of
silicate melts is dependent of temperature, pressure and
chemical composition [1,2]. In this work, we will focus on the
Na,0-K,0-Al,03-SiO, system, which is of a prime importance
because it deals with a non-negligible part of natural melts like
silica rich alkali magmas. We will first present our viscosity
measurements and some modelisation concepts based on the
Adam and Gibbs theory. Also, while rheological properties are
directly linked with structural properties of aluminosilicate
melts, we will present our results obtained with Raman
spectroscopy and NMR investigations at room and high
temperature. These spectroscopies provide important structural
informations on the polymerization of the glasses and melts and
also on the environment of tetrahedral coordinated cations. It
allows us to relate the rheological properties to the
polymerization.

[1] Bottinga, Y. & Weill, D.F. (1972) Am. J. Sci., 272, 438-475.
[2] Urbain, G., Bottinga Y. & Richet P. (1982) Geochim.
Cosmochim. Ac., 46(6), 1061-1072.

Electroatmogenous apodolerite glasses
(petrofulgurites from Norilsk area, Russia)

Lysyuk, A.
Institute of Geology, UB RAS, Syktyvkar, Russia
("andra227@yandex.ru)

Fulgurites are geologic bodies formed as a result of lightning
strike to dry rocks; according with the target, they are classified
into three types: clastofulgurites (aleuro- and psammito-),
petrofulgurites and phytofulgurites.

Petrofulgurites are commonly found on small hills in the
area of Norilsk copper-nickel deposit, Russia. They form
fulgurite crusts covering the surface of small crystalline gabbro-
dolerite bodies, or drop-like structures and black glass balls in
shallow craters. In the highly porous glass the relic inclusions of
target material (titaniferous magnetite, ilmenite) and newly
formed mineral inclusions (magnetite, Fe-Ni alloys, high-silica
glasses, silica) are observed.

The comparative analysis of chemical compositions shows
that the content of elements in the initial gabbro-dolerite and
products of its electroatmogenous transformation is only
slightly different, but certain trends in the substance
differentiation are observed. Thus, in fulgurite, in comparison to
gabbrodolerite, the content of Al,O3 Fe,0;, CaO, P,0s
decreases, but SiO, increases. Among admixtures in fulgurites
elements-hydrolyzates La, Ce, Nd, Zr and also Br are slightly
accumulated. Ba, As, Sb, Cr, Ni are removed. Sr, Eu, Se, Th
and U are characterized by various trends. Strontium and
europium are accumulated in massive fulgurite, but brought in
from glass drops. Selenium, thorium and uranium are also
accumulated in fulgurite, but their contents in glass are
practically unchanged. At last caesium is sharply accumulated
in glass (which is known also for volcanic glasses).

The analysis showed that figures of cerium anomaly
A(Ce)=Ce\/Cey* form sequence:

1.56 (initial rocks) = 0.55 (fulgurite) = 0.60 (glass),
that is, thermal impact alteration of the gabbro-dolerite
transforms “positive” cerium anomaly into “negative” one.

The figures of europium anomaly A(Eu)=Eu/Euy/Eu*y form
sequence:

0.78 (initial rocks) = 0.89 (fulgurite) => 0.32 (glass).

The behavior of europium anomaly repeats differentiated
distribution of europium itself: its content increase in fulgurite
is accompanied by the increase of the anomaly, and decrease of
Eu content in glass — decrease of the anomaly, it becomes more
“negative”.

The determined changes trends of content of Norilsk
gabbro-dolerite resulted from atmospheric electrical discharges
on its surface are characterized by instantaneous local effect of
superhigh temperatures and pressures, they are connected with
passing of the target through gas stage and explained by
degassing, successive-selective rock melting and somewhat
different conditions of glass alloy solidification on the rock
surface and in scattered drops. The processes of fulgurite
formation are accompanied by reducing of all phases to the
utmost reduced condition.

Acknowledgements: RFBR and RAS program 09-11-5-1026
support).
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Mg-rich silicate materials are the major components of the
Earth, from the very first stage of its formation to Archaean age.
In this study, we focus on two different systems: Cl and
enstatite chondrites which, according to recent studies could be
the building blocks of the Earth, and komatiites which are high-
temperature, Mg-rich lavas typical of the Archaean age. The
main aim of this study is to enlighten the relationship between
the composition and structure of melts and the chemistry and
mineralogy of the primitive and current mantle.

The samples consist of a simplified ClI chondrite, a
simplified composition of the silicate part of an enstatite
chondrite, two simplified komatiites and, for future comparison
purposes, a synthetic basaltic Martian glass EG. Their structure
is investigated using Fe K-Edge EXAFS measurements, time
resolved X-ray scattering and Molecular Dynamics (MD)
simulations (DL_POLY code). The EXAFS measurements are
performed on the Diffabs beam line at the Soleil Synchrotron
facility and on the SuperXAS beam line at the SLS
Synchrotron. The X-ray scattering experiments are conducted
on the ID11 beam line at the ESRF. In order to achieve
containerless melting, an elaborate installation is set up,
including a confinement chamber, a heating laser and a gas
operated levitation system. This allows the melting of the
material under controlled atmosphere, using O,, N, or Ar as the
flowing gas. Time resolved X-ray scattering measurements are
performed while controlling the cooling rate, giving access to
the whole thermal history of the samples: in the liquid, during
the glass transition and in the solid state. The experimental
structure factors, radial distribution functions and local
environments are compared to MD simulations results.

Aluminum coordination in hydrous rhyolite
glasses: ’Al NMR spectroscopy at 20 Tesla

Malfait, W.J."", Verel, R.2, Ardia, P."® & Sanchez-Valle, C.!
YInst. for Geochemistry and Petrology, ETH Zurich,
Switzerland (‘wim.malfait@erdw.ethz.ch)
2|_aboratory for Physical Chemistry, ETH Zurich, Switzerland
®Dept. of Geology and Geophysics, Univ. of Minnesota, USA

In this study, we investigate the Al environment in realistic
analogs to natural granitic melts, i.e. glasses in the H,O-Na,O-
K,0-Al,05-SiO, system quenched from pressures relevant to
igneous crustal processes. More specifically, we investigate the
effect of pressure (up to 2.5 GPa) and water content (up to 5.24
wt% H,0) on the Al coordination. The Z Al NMR
measurements were performed at a high magnetic field of 20
Tesla to reduce broadening effects caused by the quadrupolar
interaction, resulting in well resolved NMR bands for VAl and
VAl. For all measured glasses, the abundance of VAl was
smaller than 0.5%, whilst no Y'Al was detected. As expected,
the amount of VAl increases with increasing pressure (Fig. 1a).
However, the proportion of VAl seems to decrease with
increasing water content (Fig. 1b). This is in contrast to what
was observed for simplified basaltic glasses, where increasing
the water content favored the formation of higher coordinated
Al [1]. Taking into account the VAI-VSi exchange reactions [2]
and the temperature dependence of the VAl abundances [3], our
results on the Al coordination in glasses constrain the VAI and
VSi to a maximum of 1.5 and 0.015% respectively for granitic
magmas at crustal pressure and temperature conditions.
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Fig. 1: Al NMR spectra of hydrous rhyolite glasses; the intensities in
the region between -25 and 35 ppm are magnified by a factor of 50 to
visualize the contribution of YAl near 20 ppm. a) Spectra as a function
of pressure for the nearly anhydrous glass. b) Spectra as a function of
water content at a constant pressure of 2.5 GPa.

[1] Xue, X.Y. & Kanzaki, M. (2007) Solid State Nucl. Magn.
Res., 31(1), 10-27. [2] Kelsey, K.E. et al. (2009) Am. Mineral.,
94, 1205-1215. [3] Stebbins, J.F. et al. (2008) Geochim.
Cosmochim. Ac., 72, 910-925.
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The combined results of ’Al-*H and 'H-*Si-'H cross
polarization NMR experiments for hydrous glasses (containing
0.5 to 2 wt% water) along the SiO,-NaAlSiO, join confirm that
the dissolution mechanism of water in aluminosilicate glasses is
fundamentally the same as for Al-free systems [1,2], i.e. the
dissolved water ruptures oxygen bridges and creates Si-OH and
Al-OH groups, in addition to forming molecular water (HyOpmoy).

The partial '"H NMR spectra for Al-OH for the different
glasses were derived from the 2’Al-'H cross polarization spectra
without any a priori assumptions about their lineshape [3]. The
abundance of Al-OH was then determined from the fit of these
partial spectra to the quantitative *H spectra.

The fraction of AI-OH increases non-linearly as the Al
content increases with up to half of the OH groups as Al-OH for
compositions close to NaAlSiO, (Fig. 1a). The relative
abundances of the different species are controlled by the degree
of Al-avoidance and the relative tendency of hydrolysis of the
different types of oxygen bridges, Si-O-Si, Si-O-Al and Al-O-
Al. A set of homogeneous reactions is derived to model the
measured Al-OH/Si-OH speciation:

Si-O-Si + Al-O-Al = 2 Si-O-Al 1)

Si-O-Si + Al-OH = Si-O-Al + Si-OH (2)

The values of the corresponding equilibrium constants can
be obtained by fitting reactions (1) and (2) to the experimentally
derived Al-OH/OH,, ratios (Fig. 1a). The result for K, is in
agreement with literature data on the degree of Al-avoidance
(Fig. 1b).
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Fig. 1: a) Abundance of Al-OH as a function of the Al-content of the
glass. Reactions (1) and (2) reproduce the experimental data well. b)
Degree of Al-avoidance: symbols correspond to results from 0 NMR
[4]; the Al-avoidance corresponding to K;=50 (lines), determined from
the fit of reactions (1) and (2) to the experimentally determined Al-OH
speciation (Fig. 1a), agrees with the *’O NMR data.

With the values for K; and K,, and literature data for the
OH/H,Op  speciation in hydrous albite glasses [5], the
abundance of the different oxygen species, i.e. Si-O-Si, Si-O-
Al, Al-O-Al, Si-OH, AI-OH and H,0y,, can be predicted for
the entire range of water and Al contents.

[1] Xue, X.Y. (2009) Am. Mineral., 94, 395-398. [2] Malfait,
W.J. & Xue, X.Y. (2010) Geochim. Cosmochim. Ac., 74, 719-
737. [3] Malfait, W.J. & Xue, X.Y. (subm.) Solid State Nucl.
Magn. Res. [4] Lee, S.K. & Stebbins, J.F. (2000) J. Non-Cryst.
Solids, 270, 260-264. [5] Stolper, E. (1982) Contrib. Miner.
Petrol., 81, 1-17.

High temperature topological transitions in the
feldspar melts with composition MAI,Si,Og
(M=Ba,Ca)

Simakin, A.%, Salova, T.!, Kucherinenko, Ja.?,
Eremyashev, V.2 & Zakrevskaya, O.Ju*”
YIEM, RAS, Chernogolovka, Russia (‘zakrev@iem.ac.ru)
2Moscow State University, Moscow, Russia
3Institute of Mineralogy, UB RAS, Miass, Russia

Proportion of the non-bridging oxygen (composition based
NBO/T parameter) is usually considered as a measure of the
polymerization degree. Recently conception of three
coordinated oxygen introduces a factor independent of the
composition [1]. At the same time layered polymorphs of the
typical 3D connected feldspars give another mechanism of
depolymerization. Indeed in respect viscosity there is no large
difference is network locally interrupted along sheet of Q3 units
(Na,Si,Os) or along double sheet of MAI,Si,Og (M=Ca, Sr, Ba)
composition.

Structural similarity of the hexagonal phylosilicate
BaAl,Si,Og and its glass was probably first time suggested in
[2]. We present IR spectra of BaAl,Si,Og glass and synthesized
from the melt hexa-phase supporting this idea. Glass was
prepared by the quenching on the metal plate. Due to the high
affinity for Ba hexa-celcian crystallization pure glass was
formed only on the outer drop rim. IR spectrum of the glass has
bands set with maxima around 450, 670 and 967 cm™ typical
for known hexa-modifications of feldspars (Fig. 1).
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Fig. 1: IR spectra of the layered modifications of feldspars and glass.

Layered modification is stabilized with earth alkali ions radius
(Ba>Sr>Ca) and temperature increase. We suggest that in
anorthite (CaAl,Si,Og) melt fraction of the layered type
continuously increases with temperature while in the quenched
glasses it returns practically to zero. Viscosity of anorthite melt
can be described through the fraction of the layered type as a
function of temperature [3]. Estimated energy of transformation
anorthite, -> hexa-anorthite, is ca 50.6 kJ/mol that is
substantially less than anorthite melting enthalpy of 133 kJ/mol.

[1] Stebbins. J.F., Oglesby. J.V. & Kroeker, S. (2001) Am.
Mineral., 86, 1307-1311. [2] Djordjevic, J. et al. (2001) Phys.
Chem. Chem. Phys., 3, 1560-1565. [3] Simakin, A. & Zharikov,
V. (2008) Dokl. Earth Sci., 423, 1253-1256.
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Iron redox and structural state in granitoidic
melts according to experimental data

Volovetsky, M.V.Y", Lukanin, O.A.}, Rusakov, V.S.2 &
Kargaltsev, A.A*
"ernadsky Inst. of Geochemistry and Analytical Chemistry,
Moscow, Russia ("volovetsky@gmail.com)
%l omonosov Moscow State University, Moscow, Russia

Iron is widely distributed element with variable valence which
is presented in natural acid melts of volcanic and impact origin.
Redox state of iron in melts depends on a set of parameters:
temperature, oxygen fugacity and melt composition. Knowledge
of these parameters gives an opportunity to determine redox
conditions during melt forming. Despite this problem were
regarded in many previous experimental studies T-fO, influence
on Fe*"/Fe®" ratio in acid melts is still poorly known.

Experiments were performed to study T-fO, influence on
iron redox and structural state in acid melts (~70 % SiO,). Two
granitic compositions were chosen as initial glasses: 1) granite —
12; 2) pantellerite (alkaline granite) — P9. Glasses were obtained
in a set of experiments under temperatures from 1120 to 1420°C
and in a wide range of fO,: from 107 (air) no 107 (buffer 1W)
bar using high-temperature furnace with controlled oxygen
fugacity. Alumina crucibles were used as containers.
Microprobe analysis has revealed that chemical composition of
melts changes with increasing temperature (in particular Na
volatilizes).

Valent and structural state of iron was investigated using
Mossbauer spectroscopy. Mdosshauer data analysis has shown
that iron redox-ratio depends on oxygen fugacity in accordance
to the equation Ig(Fe**/Fe?") = a-Ig(fO,) + b(T) (Fig. 1). On the
figure it is shown that Fe**/SFe ratio in pantelleritic melts is
higher than in granitic on 10-20%. It is also noteworthy that
redox-ratio decreases with increasing temperature.
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Fig. 1: Relationship between logarithms of Fe**/Fe?* ratio and fO,:
a) pantelleritic composition (P9); b) granitic composition (12).

Iron coordination state was determined from average Mdssbauer
line shifts of corresponding subspectra. Fe** ions were revealed
to change coordination from octahedral to tetrahedral with
increasing of iron redox ratio (beginning from Fe*/=Fe>0.6).
At the same time a large amount of ions occupies five-fold
positions. Fe** ijons do not change coordination much and
occupy five-fold and octahedral positions.
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Elastic behaviour and HP-induced phase
transitions in MFI-type zeolites
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High pressure applied to microporous materials can induce
profound structural changes, which could give rise to
modifications of the physical properties and of the accessibility
to the zeolite catalytic sites by the molecular species entering
the porous material.

The response to compression of different natural and
synthetic zeolites with MFI topology, but with different
framework and extraframework chemical composition
(Mutinaite, H-ZSM5, silicalite), was explored by in-situ
synchrotron X-ray powder diffraction (XRPD), using silicon oil
as non-penetrating pressure transmitting medium. Two silicalite
samples [s.g. P2,/n] with different Si/Al ratios (1240 for
silicalitel and 1850 for silicalite2) and water content (8.9 and
2.3 molecules for silicalitel and 2, respectively) were studied.
Their pore system does not contain cations and their Si/Al ratios
are much higher than in H-ZSM5 (10) and in mutinaite (7.6).

The main result of this study is the evidence of a P-induced
phase transition in silicalite, from the monoclinic P2,/n (Pny) to
the orthorhombic Pnma (HP) (Fig. 1). In particular, silicalitel
becomes orthorhombic between P, and 0.3 GPa, while
silicalite2 undergoes the same transition between 0.4 and 0.9
GPa. Otherwise, mutinaite and H-ZSM5 remain orthorhombic
in all the studied P-range. Both the original s.g. and the unit cell
parameters are recovered, for all the studied phases, upon
decompression.

Fig. 1: XRPD patterns of silicalite2 as a function of pressure.

The cell volume decreases observed for the different phases in
the P,.,—6 GPa range are reported in Fig. 2.
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Fig. 2: Normalized unit cell volume vs. pressure behaviors for the
studied phases.

lon-exchange behavior of zeolite A

Luhrs, H.", Derr, J., Gumbert, J. & Fischer, R.X.
Fachbereich Geowissenschaften, Universitdt Bremen, Germany
("hluehrs@uni-bremen.de)

Zeolites, especially Linde Type A zeolites (NajpAl;5Si5045 -
27H,0, Na-A), have a high potential as cation exchangers with
high selectivities. These properties are due to their uniform
network of channels and pores, formed by the aluminosilicate
framework, occupied by exchangeable cations and water
molecules. Zeolite A represents one of the most extensively
studied zeolites. We present here some additional information
on its Ca, K, and Ba exchanged forms and its characterization
by X-ray diffraction methods and thermal analyses.

Full cation exchanges of Ca, K and Ba were performed on
Na-A using 0.1 and 1.0 molar solutions of the respective
chloride salts. Experiments were carried out at room
temperature and at 90°C, for periods between 30 minutes and
seven days. For the Ca exchange, two different sources of Na-A
materials were used. By static exchange methods a series with
varying compositions between Na-A and Ca-A was synthesized.

The cation exchanged samples were characterized by X-ray
powder diffraction (XRD) methods, including Rietveld
refinements in space group Pm 3 m. In addition, scanning
electron microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDX) techniques were performed on selected
samples.

Na-A was completely Ca, K and Ba exchanged, all
exchanges resulted in changes of lattice parameter a. For the Ca
and Ba experiments these are clearly visible as peak shifts in the
respective diffraction patterns. Rietveld refinements for the Ca
exchanged samples revealed a linear dependence of lattice
parameter a on the degree of exchange. For high Ca-contents, a
is significantly smaller for Ca-A than for Na-A, which is in
accordance with [1]. A trend towards larger values for a can be
observed with decreasing degree of exchange. At very low Ca
contents, a tends to become even larger than the corresponding
value for Na-A. The K exchanged samples show a similar
behavior. However, variation of a is distinctly smaller than for
Ca-A which is in accordance with literature data [2]. Thermal
analysis of the Ca-A series yielded a linear relationship between
the degree of exchange and the water content.

The refined lattice parameters for Na-A and Ba-A are
somewhat smaller than the ones reported in literature [3,4]. For
the Ba exchanged samples, Rietveld refinements yielded
significantly smaller lattice parameters a compared with the Na-
form. The reduction of intensities in the X-ray diffraction data
of the Ba-exchanged samples compared with the original Na-A
zeolite is entirely due to the absorption effects introduced by Ba
replacing Na, resulting in a reduction of the volume of the
sample exposed to the X-ray beam. Thus, the loss of intensity
does not indicate any destruction or amorphization of the
crystalline zeolite.

Acknowledgements: We thank Wolfgang Schmidt (MPI,
Mulheim a.d. Ruhr) for providing powdered samples of Na-A,
Petra Witte (Bremen) for the EDX analyses.

[1] De Roy, G. & Vansant, E.F. (1980) in Rees, L.\VV.C (ed) The
Fifth International Conference on Zeolites, Naples, Italy, 214-
222. [2] Leung, P.C.W. et al. (1975) J. Phys. Chem., 79, 2157-
2162. [3] Gramlich, V. & Meier, W.M. (1971) Z. Kristallogr.,
133, 134-149. [4] Kim, et al. (1980) A.C.S. Symp. Ser, 135, 137.
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The (Al,Si)-ordered zeolites of the Bellerberg,
Eifel area (Germany): the particular
florkeite case

Lengauer, C.L.Y", Kolitsch, U.2 & Tillmanns, E.!
YInst. fur Mineralogie und Kristallographie, Universitat Wien,
Vienna, Austria ("christian.lengauer@univie.ac.at)
Mineralogisch-Petrographische Abteilung, Naturhistorisches
Museum, Vienna, Austria

Florkeite, K;Ca,Na[AlgSigOs,]-12H,0, is a new phillipsite-type
zeolite, which was found in a Ca-rich xenolith from a quarry at
the Bellerberg volcano near Ettringen, East Eifel volcanic area,
Germany [1]. Prior to the finding of florkeite, the Bellerberg
volcano was also known as the type locality of the rare zeolites
willhendersonite, bellbergite and tschortnerite. Similar to
florkeite, all these zeolites exhibit (Al,Si) ordering [2]. Up to
now no structurally related compound is known for
tschortnerite.  Willhendersonite and bellbergite, however,
represent the (Al,Si)-ordered analogues of chabazite and
synthetic zeolite TMA-E [3], respectively.

The unit-cell parameters of florkeite with space group P1 in
the phillipsite-type cell setting are: a = 19.965(1), b =
14.274(1), ¢ = 8.704(1) A, o = 88.37(1), B = 125.08(1), y =
89.57(1)°. In comparison to phillipsite with P2;/m symmetry (a
~99 b ~143 ¢ ~87 A g~ 1245°, it is apparent that
florkeite exhibit a pseudomonoclinic, triclinically distorted unit-
cell metric accompanied by a doubling of the a-parameter. The
most significant change in the framework of florkeite is the
(Al,Si) ordering at the T-sites. As a consequence, i.e. the loss of
the mirror planes and the pseudo-monoclinic distortion of the
framework, the topochemical symmetry [5] of florkeite is
reduced to B2/b. The doubling of the a-parameter is induced by
an ordering of the extra-framework constituents in the channel
system along a. Basically responsible are alternating sequences
of atom pairs with non-equivalent scattering factors and A ~ a/2:
Cal-o—-Cal, Ca2-Nal-Ca2 and K3-OW2-K3. In contrast, K1
and K2 and their bonded ligands follow a phillipsite-type
ordering with a/2.

Among the special extra-framework sites of zeolite-type
compounds the centre of 8-rings is known to be a favoured site
for the emplacement of large cations. As a further inference, one
can state that a high K content in the crystallization
environment is the predominant controlling variable during the
formation of flérkeite and high-K batches will be required for
possible  syntheses routes of  florkeite-type  tecto-
aluminosilicates. Additionally, the observed (Al,Si) ordering
can be attributed to the unusual, low-thermal conditions of
formation within the Ca-rich xenolithic host, as it is also
indicated by the co-occurrence of the already mentioned
(Al,Si)-ordered zeolites.

[1] Lengauer, C.L. et al. (2009) Eur. J. Mineral., 21, 901-913.
[2] Coombs, D.S. et al. (1998) Eur. J. Mineral., 10, 1037-1081.
[3] Meier, W.M. & Groner, M. (1981) J. Solid State Chem., 37,
204-218. [4] Fischer, R.X. & Baur, W. (2006) Zeolite-type
crystal structures and their chemistry. Framework type code
PHI. Landolt Bornstein New Series 1V/14/D, Springer, 412-
425. [5] Gottardi, G. (1979) Tschermaks Mineral. Petrogr.
Mitt., 26, 39-50.

From minerals to materials: tetrahedral sheets
with 4'8' and 4'5'6'8% topologies as bricks to
build heteropolyhedral microporous silicates
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A ring symbol is defined as a sequence p;™p,"...p,™, where py,

pz...pn are numbers of nodes in a ring and ry, ry...r, are relative
numbers of the corresponding rings in a graph [1]. If the nodes
represent TO, tetrahedra, one obtains two-dimensional sheets
that occur in (alumino)silicates and not necessarily are strictly
planar. Some geometrical aspects of these sheets have been
analysed [2, 3] emphasising the presence of wollastonite-type
chains that condense to form xonotlite-like double chains
containing eight-rings. The condensation of the double chains
leads to p;™p,"...p,™ sheets. A detailed nomenclature to classify
the tetrahedral sheets, in particular naming tertiary, quaternary
and non-tertiary those tetrahedra sharing three, four and less
than three vertices, has been introduced [2]. The most common
p"p,"...p.™ silicate sheet is 6 that occurs in layered silicates
like micas, where all tetrahedra are pointing to one direction
being generated by periodic repetition of a pyroxene-like chain.
Mixed up- (u) and down-pointing (d) tetrahedra allow the
formation of geometrical isomers. If only tertiary tetrahedra
occur T/O = 2/5, as in micas and in the REE compounds
described here [4]; the presence of non-tertiary tetrahedra
implies T/O < 2/5; finally, quaternary tetrahedra require T/O >
2/5 and the sheet must be either branched or doubled to form
microporous layers, as in the rhodesite series [5,6].

The sheets can act as building bricks (modules) either of s.s.
layered structures, where the strong bonds are confined within
layers that are interconnected by weak bonds (typically
phyllosilicates), or of heteropolyhedral frameworks. The latter
are obtained when the silicate sheets are interconnected by
strong bonds via five-, six-, or seven-coordinated polyhedra and
often are crossed by channels. Heteropolyhedral microporous
structures are modular structures [7] and those occurring in the
mineral realm [8] often were the incentive for the synthesis of
compounds for technological applications. In heteropolyhedral
structures the non-tetrahedral coordination polyhedra (typically
octahedra) can host a variety of cations; thus, the frameworks
offer a range of crystal-chemical opportunities far wider than in
pure tetrahedral frameworks like zeolites.

The synthesis and structural characterisation of new
heteropolyhedral microporous silicates [four with formula
AsREESig0;5-2.25H,0, based on 4'5'6'8% sheets (A = Na, K,
HsO; REE = Ce, La, Eu), and four members of the rhodesite
mero-plesiotype series, based on 48" sheets] will be presented.
In the first group heteropolyhedral channels with an effective
channel width (e.c.w.) ~ 4.5 x 2.8 A occur; the second group
shows tetrahedron-delimited channels with e.c.w. ~ 3.5 x 3.8 A.

[1] Krivovichev, S.V. (2009) Structural Crystallography of
Inorganic Oxysalts. Oxford Univ. Press. [2] Liebau, F. (1985)
Structural Chemistry of Silicates. Structure, Bonding and
Classification. Springer, Berlin. [3] Haile, S.M. & Wuensch,
B.J. (1997). Am. Mineral., 82, 1141-1149. [4] Cadoni, M.,
Cheah, Y.L & Ferraris G. (2010) Acta Crystallogr B., 66, in
press. [5] Cadoni, M. & Ferraris, G. (2009) Eur. J. Mineral., 21,
485-493. [6] Cadoni, M. & Ferraris, G. (2010) Acta Crystallogr
B., 66, in press. [7] Ferraris, G., Makovicky, E. & Merlino, S.
(2008) Crystallography of Modular Materials. Oxford Univ.
Press. [8] Ferraris, G. & Merlino, S. (2005) (eds.) Rev. Mineral.
Geochem., 57, Mineral. Soc. Am., Washington DC.
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Analcime formation from alkaline hydrothermal
alteration of bentonite
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Analcime is one of the most common rock-forming zeolites. It
forms in a wide range of geologic environments, from
diagenesis of volcanoclastic sediments to precipitation in
alkaline saline lakes at the surface of the earth. In all settings,
the formation of analcime is very sensitive to chemical potential
of SiO,.

The interaction of cement pore fluids with bentonite is
studied within the context of radioactive waste disposal due to
the long term stability required for the materials used as
engineered barriers. Calcium silicate hydrates and zeolites are
the main secondary minerals produced by the alkaline alteration
of bentonite.

Laboratory experiments in batch reactors were performed
with bentonite and alkaline NaOH solutions at Ca(OH),
saturation (1:3 solid:liquid reactant mixture). Different
geochemical conditions were used (NaOH concentrations of
0.1, 0.25 and 0.5 M, temperatures of 25, 75, 125 and 200 °C,
and reaction times of 1, 6, 12 and 18 months).

Analcime is observed to precipitate with changing
morphology and composition as a function of the experimental
conditions. Only minor precipitation of analcime is observed at
75 °C with the highest NaOH concentration (0.5 M), but
massive precipitation (20-35 % wt. in bulk reacted mixture) at
higher temperatures (125 and 200 °C), even with the NaOH 0.1
M solutions.

In general, Na is the dominant cation in the structural
formula of the analcime formed, but also Ca becomes relevant
in the composition at long time (12 and 18 months) with the
lower concentrations of NaOH solutions (0.1 and 0.25 M) and
could be related with the isostructural zeolite, wairakite. K and
Mg are present but always remain in low concentration.

The Si/Al ratio in analcime is mainly controlled by the
hydroxide concentration in solution. The decrease in pH
observed in the reaction as a function of time produces a change
in solubility of aluminosilicates, increasing thereby the Si/Al
ratio.

The Si/Al ratio is related with the morphology of analcime
observed by SEM (Scanning Electron Microscope). Hemihedral
symmetry is observed in analcimes with lower Si/Al ratio and
holohedral symmetry in analcimes with higher Si/Al ratio, being
all values comprehended within a wide range (1.8-3.2).

In order to evaluate the chemical stability of the formed
analcimes with different compositions and relate it with the
potential geochemical conditions that will occur in a radioactive
waste repository, a thermodynamic study has been applied,
making use of the available thermodynamic data in literature
(see [1]). The results of this study can be compared with the
formation of other zeolites in similar experiments [2].

[1] Neuhoff, P.S. et al. (2004) Am. J. Sci., 304(1), 21-66. [2]
Fernandez, R. et al. (2009) Geochim. Cosmochim. Ac., 74(3),
890-906.
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ZeoBase, a database for more than 5,000
standardized and corrected zeolite entries
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ZeoBase is a database for crystal structure data of zeolite-type
compounds and minerals. Currently, it contains more than 5,000
entries with space groups, lattice parameters, atomic
coordinates, chemical compositions and full references. Its
unique characteristics are the standardized setting of all crystal
structures and the individual examination of every data set for
correctness, and internal and external consistency. The
standardization procedure introduced in [1-3] allows the easy
comparison of structural parameters and the unambiguous
assignment of framework atoms to their sub- and supergroup
counterparts, without being limited by space-group symmetry or
settings. Thus, this set of crystal structure data provides
information uniquely useful for the correlation of a host of
structural and physico-chemical relationships. More than 40%
of the data sets have been corrected or amended by additional
information. Most of the entries contain additional information
on synthesis and chemical composition.

The retrieval system of ZeoBase currently offers the
following search options: zeolite name, framework type code,
authors, year of publication, framework density, crystal system,
T-O distances and their standard deviations, and chemical
elements present in the zeolites as well as original and
standardized space groups, unit-cell volumes, and lattice
parameters. The possibility to select entries by their estimated
standard deviations allows to list entries by the quality and
accuracy of the structure determination. In addition, a number
of keywords concerning method of sample preparation and
treatment, and data collection is searchable.

The results can be displayed as tables, plots, or histograms.
Data can be exported as cif files or they can be directly passed
to the structure drawing program STRUPLO and the Rietveld
program BRASS, where powder-diffraction diagrams can be
calculated.

Since the names and labels of all individual atoms in each of
the topologically identical crystal structures are standardized,
one can follow particular bond lengths or bond angles in their
symmetry-related changes from zeolite to zeolite. This can be
visualized by plots that display various properties, such as
framework density, mean bond lengths or angles, individual
bond lengths or angles or chemical composition [4]. This is
useful for studying the flexibility of zeolites as a function of
their geometry, their topology or their chemistry. In addition
one can see which zeolites can accommodate which cations
within their frameworks or which frameworks can tolerate
which exchangeable cations within their pores [4].

[1] Baur, W.H. & Fischer, R.X. (2000, 2002) Zeolite-Type
Crystal Structures and their Chemistry. 14B & 14C, Landolt-
Bornstein, Springer-Verlag, Berlin. [2] Fischer, R.X. & Baur,
W.H. (2006, 2009) Zeolite-Type Crystal Structures and their
Chemistry. 14D & 14E, Landolt-Bérnstein, Springer-Verlag,
Berlin. [3] Fischer, R.X & Baur, W.H. (2004) Proc. 14th Intern.
Zeolite Conf., 1246. [4] Baur, W.H. & Fischer, R.X (2004)
Proc. 14th Intern. Zeolite Conf., 1254.

Synthesis of zeolite X from fly ash at 25°C by
using seawater. The role of cations in
crystallization

Belviso, C.*", Cavalcante, F.}, Huertas, J.> & Fiore, S.*
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In this study an Italian coal fly ash was converted into zeolite in
laboratory experiments with crystallization temperatures of
25°C. Distilled water and natural seawaters with different
salinity (W1 and W2) were used during the hydrothermal
synthesis (Table 1).

Table 1: Artificial and natural seawater composition (Values in g/L —
salinity g/kg)

Salinity € Na~_ SO Mgt G K B" st
Artificial seawater 35000 19.353 10764 2701 1.297 0406 0387 0066 0014
Seawater - W1 26300 14542 E4A%6 2000 1034 0374 0333 0046 0013
Seawater - W2 3RO00  24.560 12621 3,129 1473 0518 0487 0062 0018

The results indicate that X-type and A-type zeolite
crystallization takes place by using seawater with higher salinity
(W2), whereas no new mineral forms in distilled water (Fig. 1).
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Fig. 1: XRD patterns of fly ashes incubated with: distilled water; W1
and W2 - seawater. X = zeolite X.

To minimize the biological effects and determine the role of
different ions during the synthesis with seawater, experiments
using artificial seawater and solutions with a salts concentration
comparable with that of the single salts present in artificial
seawater were carried out. In particular the effect of Na®, M92+,
Ca®" and CI" was studied and it was found that their availability
in the solution accelerates the zeolite formation at a very low
temperature (25°C) (Fig. 2)
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Fig. 2: XRD patterns by using different solutions corresponding to the
total amount of NaCl (Solution I); MgClI (Solution II); CaCl (Solution
111); C (Solution IV); NaCl plus MgCl (Solution V).

Mg?" combined with Na* controls the process of synthesis. The
dissolution process of alluminosilicate glass at higher
incubation temperatures significantly reduces the effect of
cations present in salt solution.
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Melanophlogite: the only known natural
molecule-containing SiO, clathrate
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Melanophlogite is the only known naturally occurring SiO,
clathrate. It can occlude quasi-free N,, CO,, CH, and H,S
molecules but not H,O in its micropores [1]. It has been
reported from a number of localities worldwide in different low-
temperature  geologic  environments.  Melanophlogite's
thermodynamic stability is not known. Low-temperature
hydrothermal synthesis experiments indicate that structure-
directing agents are needed for crystallization. The formation of
silica-rich colloids/gels and crystal growth can be observed in
glass-ampoule synthesis experiments. Other clathrasils/porosils
have been synthesized in the laboratory but not found in nature.

In order to address the question of the thermodynamic
stability of melanophlogite, the heat capacity of two different
natural samples of approximate composition 46SiO,-1.80CH,-
3.54N,-1.02C0O, from Mt. Hamilton, CA and 46Si0,-3.59CH,-
3.10N,-1.31CO, from Racalmuto, Sicily, along with a heated
(molecule-free) sample of composition SiO,, were studied
between 5 and 300 K using relaxation microcalorimetry. The
molecule-free sample was obtained by heating crystals from
Racalmuto at 1173 K for 24 hr.

The standard third-law entropy of the molecule-free sample
is S° = 2216.3 J/(mol-K) for 46 SiO, and the natural Mt.
Hamilton and Racalmuto samples give S° = 2805.7 J/(mol-K)
and S° = 2956.8 J/(mol-K), respectively. The entropy and the
Gibbs free energy for molecule-free melanophlogite relative to
quartz at 298 K are ASyays = 6.7 J/(mol-K) and AGyys = 7.5
kJ/mol, respectively. Thus, it does not have a thermodynamic
field of stability in the SiO, system. The difference in C, values
between molecule-containing and molecule-free melanophlogite
is characterized by an increase in C,, from 0 K to approximately
70 K and then reaches a roughly constant value at 70 K < T <
250 K. The AS,y, at 298 K for 46SiO,(melan.) + XxCH,(gas) +
yCO,(gas) + zNy(gas) = 46SiOy (XCH,)1o-(YCO,, zN)y4 is
estimated to be about -642 J/(mol-K) and -802 J/(mol-K) for the
Mt. Hamilton and Racalmuto samples, respectively.

The thermodynamic data, as well as published results on the
occurrence of natural samples and associated phases such as
cristobalite and chalcedony, suggest that melanophlogite can
crystallize metastabily and possibly from a gel. The occurrence
of melanophlogite and the lack of other SiO, clathrates/porosils
in nature are probably due to the essential role of molecular
structure-directing agents. For melanophlogite they can be CO,,
N, and CH,, whereas the crystallization of other clathrate/
porosils requires more chemically and structurally complex
molecules that are not naturally abundant. Thus, many porosils
that have been synthesized in the laboratory are not expected to
be found in nature. Dodecasil 3C is an exception and an effort
should be made to find natural specimens.

[1] Kolesov, B.A. & Geiger, C.A. (2003) Am. Mineral., 88,
1364-1368.

New structural data on cation-exchanged forms
of hilairite

Grigoryeva, A.A., Zubkova, N.V., Pekov, I.V.,
Turchkova, A.G. & Pushcharovsky, D.Yu.
Geology Dept., Moscow State University, Moscow, Russia
("arinal984@bk.ru)

Hilairite, Na,Zr[Si;Oq]-3H,0, is a natural microporous zeolite-
like zirconosilicate with the structure based on the
heteropolyhedral framework. The framework consists of
isolated [ZrOg] octahedra and infinite helical chains [Si;Og]..
Zeolitic cavities of the framework are occupied by Na cations
and H,O molecules [1]. Among natural zirconosilicates hilairite
and the representatives of hilairite group are characterized by
the widest pores. This fact provoked the study of the cation-
exchange properties of hilairite under different conditions and
the study of crystal chemistry of the received forms [2,3, this
work]. For the cation-exchange experiments we used hilairite
from the Hilairitovoye pegmatite, Kirovskii apatite mine, Mt
Kukisvumchorr, Khibiny alkaline complex, Kola Peninsula,
Russia. Crystal structure investigation of the hilairite from
Khibiny [4] (sp. gr. R3, a = 10.5530(5), ¢ = 7.9541(4) A; Ry =
0.0280) indicated the formula Nayg4Hg 36ZrSizOg-3H,0 (small
amount of H® here and in cation-exchanged forms were
assumed to charge-balance the formulae and can be considered
as the result of the first stage of cation-exchange experiments or
possibly as a part of H;O" cations partially substituting H,0). It
should be noted that hilairite from Khibiny has identical
symmetry and Zr,Si,O-framework with previously studied
hilairite from Lovozero massif [1] but differs from the latter by
the localization of Na and H,O in the cavities of the framework.
This leads to the halved c-parameter of the studied sample in
comparison with the hilairite from Lovozero.

Cation-exchange experiments were carried out in 1M
aqueous solutions of RbNO3; and Pb(NOs3), at 90°C and in 1M
aqueous solutions of KCI and CsNO; at 150°C. Crystal structure
study of the four cation-exchanged forms allowed revealing the
following structural formulas: Rb; ssNag 45H0 07ZrSiz0g-0.53H,0
(sp. gr. R3, a = 10.4743(4), ¢ = 15.5433(7) A; Ry = 0.0413)
and PboleoNa0_4oH0_4oeri3OgA3H20 (Sp.gl’. R3,a= 104718(3), c
= 7.9392(2) A; Ryq = 0.0387) for Rb- and Pb-exchanged
hilairites; K; g1Nag goHo.10ZrSizOg (sp.gr. R3, a = 10.3804(2), ¢ =
14.9541(6) A; Rha = 0.0526) and
Na;z 14CSp.55H0.312rSiz09:0.90H,0 (sp.gr. R32, a = 10.5472(4), ¢
= 15.8797(7) A; Rug = 0.0423) for K- and Cs-exchanged
hilairites.

All studied structures as well as the objects of previous
investigations of cation-exchanged forms of hilairite [2,3] retain
heteropolyhedral framework consisting of [ZrOg] octahedra and
[SizOq)., chains. At the same time strong deformation of the
framework leads to the doubling of the c-parameter and the
symmetry decrease from R32 to R3 in the structures of K- and
Rb-exchanged forms of hilairite. In the structure of Pb-
exchanged hilairite a slight distortion of the framework leads to
the sp. gr. R3 but the value of c-parameter is close to those
found for the initial sample. The heteropolyhedral framework in
the structure of Cs-exchanged hilairite is not distorted. The
doubling of the c-parameter is caused by the positions of extra-
framework cations and H,O molecules.

[1] Hyushin, G.D. et al. (1981) Sov. Phys. Dokl., 26, 916-917.
[2] Zubkova, N.V. et al. (2007) Crystallogr. Reports, 52, 65-70.
[3] Zubkova, N.V. et al. (2009) Eur. J. Mineral., 21, 495-506.
[4] Grigoryeva, A.A. et al. (2009) Dokl. Earth Sci., 428, 1051-
1053.
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Diagenetic zeolite formation / dissolution during
burial diagenesis, and its influence on further
cementation - examples from the Siri Canyon,

Danish North Sea

Kazerouni, A.M.™, Weibel, R.2, Friis, H." & Svendsen, J.B.2
lDept. of Earth Sciences, Aarhus University, Aarkus, Denmark
(“afsoon.moatari@geo.au.dk)

%Geological Survey of Denmark and Greenland, Copenhagen,
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The Siri Canyon is a submarine canyon system eroded into the
uppermost Chalk deposits and filled in with Palaeogene
hemipelagic and turbiditic marls and mudstones interbedded
with sandstones deposited from sandy mass-flows and
turbidites. Core samples from 7 wells were studied. The
reservoir sands in these wells all contain authigenic silica/quartz
of various morphologies identified with a combination of
traditional optical microscopy and scanning electron
microscopy.

Late Paleocene—early Eocene volcanic ash layers are
recognized throughout most of the North Sea and also recorded
from the Siri Canyon wells. Volcanic lithoclasts are strongly
altered and associated with diagenetic opal/ microquartz
coatings and zeolite. Zeolite crystals formed simultaneously
with opal and prior to microquartz but dissolved with increased
burial depth. The dissolution of zeolite followed two steps; the
core of the zeolite crystals appears to have been more unstable
than the rim and dissolved first. Later the entire crystal
dissolved and left an impression of the euhedral zeolite crystal
in the microquartz coating. Such openings in the microquartz
coating are nucleation points for macroquartz. Thus, the
precipitation of zeolite may later facilitate further quartz
cementation, which might otherwise be retarded by the presence
of disordered microquartz.

The silica activity of pore fluids can influence zeolite
precipitation. Although zeolite formation is clearly related to
volcanic ash, zeolite has also formed in samples where no
volcanic ash is demonstrated; it seems that a rapid supply of
dissolved silica from dissolution of siliceous fossils was the
main reason for the early co-precipitation of opal and zeolite.

There are two important sources for Si: 1) Biogenic opal
from diatoms or radiolarians, which are abundant in some of
associated shales; and 2) volcanic ash.

The dissolution of biogenic silica may result in a rapid
release of silica thereby promoting the formation of diagenetic
opal/microquartz, but there may be a limited release of Al. A
limited release of Al may result in precipitation of Si-rich
clinoptilolite, or zeolite may not precipitate at all. The
dissolution of volcanic lithoclasts may also release a high rate
of Al, resulting in abundant formation of Al-rich clinoptilolite.
If both sources interact, a compositional variation may occur
with time. The compositional variation may result in variable
solubility and give rise to dissolution of the internal core prior
to its rim. This dissolution behavior may have impact on the
further quartz cementation.

The formation of various quartz morphologies influences
the continued cementation by macroquartz. This effect may be
counteracted by precipitation/dissolution of zeolite.

Occurrence and chemistry of natrolite group
zeolites from Bakony—Balaton Highland Volcanic
Field (West Hungary)

Kénya, P.1" & Szakall, S.?
Geological Inst. of Hungary, Budapest, Hungary
("kope@mafi.hu)
%Dept. of Mineralogy and Petrology, University of Miskolc,
Hungary

Cavities of alkaline basalt of the Bakony-Balaton Highland
Volcanic Field (BBHVF) contain miarolitic minerals, zeolites
(phillipsite,  chabazite, garronite, gmelinite, gobbinsite
gismondine, analcime, leucite and natrolite group zeolites),
carbonates (calcite and aragonite) and smectite (saponite and
nontronite). Natrolite group minerals (natrolite, mesolite,
scolecite, gonnardite, paranatrolite and thomsonite) of zeolites
were investigated in detail. This assemblage was characterized
by X-ray, DTA and WDS methods.

Natrolite usually occurs as colourless, translucent or
transparent prismatic crystals up to 5 mm. It is frequently
epitaxially intergrown with mesolite, scolecite and paranatrolite
in radial aggregates. Gonnardite is a common zeolite mineral at
BBHVF. It often occurs as epitaxial overgrowths with glassy,
prismatic natrolite and thomsonite. It frequently appears as
white centres (up to 1.5 cm in diameter) within hemispherical
natrolite or thomsonite aggregates, but can also be observed as
homogenous aggregates. Thomsonite commonly appears as
white radial aggregates or epitaxially overgrown with
gonnardite.

The natrolite has a significant CaO content, similar to a
general character in many natrolites worldwide. Its R is between
0.59 and 0.61 Na/(Na+Ca) ratio of 0.94-0.99 close to the
theoretical value (1.00). Chemical analyses show that
gonnardites have a wide variation in CaO content (1.20 to 7.26).
Si/Al ratio is between 1.21 and 1.45, the value of R ranges from
0.55 to 0.59. The Na/(Na+Ca) ratio (0.65-0.96) is also variable,
reflecting, that all gonnardites are Na end-members. Scolecite
has a significant Na,O content, its Na/(Na+Ca) ratio is 0.28-
0.34. Mesolite has a little higher concentration of Na than the
ideal mesolite. The value of R is 0.58 to 0.59. It has a
Na/(Na+Ca) ratio of 0.54-0.56. Si/Al ratio is 1.40. Paranatrolite
has a higher CaO content than natrolite. Its lower Na/(Na+Ca)
ratio (0.92) reflects more intensive Ca—Na, substitution than in
natrolite. Based on the WDS analysis the Na/(Na+Ca) ratio of
thomsonite is 0.41-0.46, showing that it is a Ca end-member

(Fig. 1).
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Fig. 1: Ca and Al contents per 20 framework O atoms per formula unit
of samples (after Neuhoff et al. [1])

[1] Neuhoff, P.S. et al. (2002) Am. Mineral., 87(10), 1307-1320.
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Raman spectroscopic study of zeolite group
minerals
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Twenty-one natural zeolite and ten synthetic zeolite samples
were studied by Raman spectroscopy and analyzed by electron
microprobe. The results showed that the zeolites with the same
secondary building units have similar Raman spectroscopic
pattern. However, the fine structure of the Raman spectrum
varies with their chemical compositions. The most distinguished
Raman peaks show up between 390 cm™ and 530 cm? in
zeolites. These peaks represent the vibration of T-O-T (T=Si,
Al) in tetrahedron, the low frequency M-O vibration mode (M
are cations: Ca, Na, K etc.), and the high frequency T-O
vibration mode.

The main frame in the structure of zeolites is the
interconnection of SiO, and AlO,. The Raman spectrum may
shift with the replacement of Si by Al. With the increase of Al
content, the Raman peaks at 440 cm™ and 530 cm™ shift slightly
to higher wavenumber. This may be attributed to the smaller
angle in T-O-T as Si is replaced by Al. The most obvious
Raman vibration modes in the single 4-ring chains and double
4-ring chains are at 400 cm™, 480 cm®, and 490 cm?,
respectively. They shift toward lower wavenumber with an
increase of Al content. In zeolite, the most predominant Raman
vibration modes are at 495 cm™, 480 cm®, and 491 cm™.
However, these vibraton modes do not change with the
variation of Al content. The T-O-T Raman vibration modes of
heulandite are at 405 cm™ and 482 cm™; whereas, the T-O-T
Raman vibration modes of stilbite are at 410 cm™ and 497 cm™.

The role played by boron in ANA type structure:
potential trap for radioactive waste

Montagna, G.}, Arletti, R.}2, Vezzalini, G.»" & Di Renzo, F.}?
!Dept. of Earth Sciences, University of Modena and Reggio
Emilia, Italy ("mariagiovanna.vezzalini@unimore.it)
%Dept. of Earth Sciences, University of Ferrara, Italy
3Inst. Charles Gerhardt Montpellier, Ecole Nationale Supérieure
de Chimie de Montpellier, France

Zeolites show a highly accessible micropore system, an asset
for cation removal from radioactive waste solutions but a
drawback for long-term stockage. The structure of pollucite
CsAlSi,Og [1] is such that, once Cs* cations have been
encapsulated in the aluminosilicate network, their loss is
negligible. Hence the direct formation of pollucite in a waste
solution can represent a promising method to immobilize
cesium cations [2].

Boro-aluminosilicates were synthesized to verify the effect
of boron content on cesium incorporation and retention in ANA
structure. It is important to find a correct B amount that can
promote sintering process without increasing the leaching rate
[3].

Cs-bearing B-Analcime samples were hydrothermally
synthesized using B/(B+Al) and Cs/(Cs+Na) in different ratios.
Chemical and crystallographic data indicate that: i) the yield of
incorporation of B is lower than that of aluminum in the
intermediate terms of the solid solution; ii) a lower
incorporation of B is observed in the Na-bearing samples; iii)
the presence of B in the framework favors the Cs incorporation;
iv) the presence of B and Na in the synthesis batch favors the
complete crystallization of the product.

All the samples crystallize in the cubic system, space
group a3d - This result is in agreement with a disordered Si, Al
and B distribution in the tetrahedra. The framework atom
positions of all samples are strictly comparable to those of the
natural analcime. The variability of lattice parameters depends
on B content.

[1] Barrer, R.M., Baynham, J.W. & McCallum, N. (1953) J.
Chem. Soc., 53, 4035-4041. [2] Di Renzo, F. et al. (1996)
Microp. Mater., 6, 151-157. [3] Ledieu, A. et al. (2004) J. Non-
Cryst. Solids, 4, 3-12.
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N-doped mesoporous TiO, as photocatalyst in
textile wastewater treatment. The effect of the
synthesis procedure
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Titania is the most effective photocatalyst and widely applied in
air and water purification, deodorization, antibacterial and self-
cleaning coating and other environmental applications.
However, as a photocatalyst, titania can only be activated by
UV light [1] because of its large bandgap value. Nitrogen doped
into substitutional sites of TiO, has shown a narrowed bandgap
as well as photocatalytic activity in the visible light [2].

We synthesized N-doped and non-doped mesoporous titania
via  hydrothermal and  ultrasound  methods  using
blockcopolymers (Pluronic P123 and F127) as surfactants and
organic sources of Ti. Different types of N-doped and non-
doped mesoporous titania were synthetised by varying the
composition of the surfactant and nitrogen precursor.
Characteristics of the prepared photocatalysts were investigated
using UV absorbtion spectroscopy and N, adsorbtion-
desorbtion technique.
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Fig. 1: Adsorbtion/desorbtion isotherms of the mesoporous titania
(ATMB - via hydrothermal method; USTMB - via ultrasound method).

Mesoporous titania (N-doped and non-doped) were used as
heterogeneous catalysts for the treatment of textile wastewater
containing dyes. From the experimental results it was concluded
that the N-doped mesoporous titania obtained by ultrasound
method has higher photocatalytic activity as compared to N
doped mesoporous titania prepared by hydrothermal method.
Also, as expected, N-doped titania has proven to have higher
photocatalytic activity than the undoped mesoporous TiO,.

[1] Asiltirk, M., Sayilkan, F. & Arpac, E. (2009) J. Photoch.
Photobio. A, 203(1), 64-71. [2] Liu, G. et al. (2010) Mater.
Chem., 20, 831-843.

Mineralogy and properties of analcime-bearing
rocks (Timan Region, Komi Republic, Russia)

Shushkov, D.
Inst. of Geology, Komi Scientific Center, Uralian Branch,
Russian Academy of Sciences, Syktyvkar, Komi Republic,
Russia (dashushkov@rambler.ru)

Analcime-bearing rocks from Carboniferous and Permian
sediments occupy a vast area in the Timan — about 150,000 km?.
The Timan zeolite-bearing province dominated by analcime was
discovered in the second half of the 20th century.

Analcime-bearing rocks are represented by siltstones and
mudstones. Oligomictic and polymictic siltstones are
characterized by spotty or irregularly bedded structures related
to alternation of layers and nests of psammitic, silty, and pelitic
material. The fine-grained material alternates with the coarse-
grained material without any noticeable regularity in grain size.
Silt-sized detrital particles are poorly rounded and sorted.
Fragments of quartz, feldspar, volcanics and flakes of
muscovite are cemented by the clayey and clayey—carbonate
material. The cement has a spotty appearance owing to the
presence of inclusions of reworked brown organic material of
different tints. The cement has a basal and contact-basal pattern.
Authigenic minerals are represented by sericite, chlorite, and
pyrite.

Mudstones also have a spotty and irregularly bedded
structure owing to the irregular development of ferrugination
and different thicknesses of layers of inequigranular (psammitic
and silty) material. Coarse-grained particles are represented by
quartz, feldspars, carbonates, and volcanics. Pyrite and iron
hydroxides are also present.

The analcime-bearing rocks have the following mineral
composition (%): clay minerals (50-70), quartz (10-30),
analcime (1-30), feldspars (2-10), carbonates (2-5), and
pyroclastic material. The clay minerals are represented by
disordered, mainly swelling, mixed-layer phases (illite-smectite,
illite-chlorite), while kaolinite and chlorite are insignificant.

Analcime is found as isometric crystals, microoolite
concretions, microgeode aggregates or cryptocrystallic cement.
Analcime aggregates encrust roundish and oval cavities and
also fill microfractures in rocks. Thin sections clearly reveal
different stages of cavity filling by analcime - from
insignificant encrustation to completely filling. Generally
analcime aggregate has a different structure. Both thin-
crystalline (size less than 0.01 mm) and medium-crystalline
(crystal size of about 0.5 m) are observed. Intensively altered
argillaceous-silica material is practically always present.

The mechanical, gravitational, magnetic, sorption and ion-
exchange properties of analcime-bearing rocks have been
studied. They are characterized by a high index of grindability
and a low index of breakability and crush resistance, low values
of the benzol-based pore volume and toluene-based specific
surface area, and a medium porosity value.

Analcime-bearing rocks of the Timan region are
characterized by low beneficiation potential. Preliminary
ultrasonic treatment of the analcime-bearing rocks is efficient
for the destruction of intergrowths along their boundaries and
production of free analcime aggregates. The proposed
beneficiation procedure yields 95 % analcime concentrate.

In the Komi Republic, analcime-bearing rocks are utilized
in agriculture. They are also used for domestic needs (e.g. as
biotoilets for domestic animals) and the solution of ecological
problems (regeneration of soil polluted by oil). We have
completed experiments on the purification of potable and
industrial water using analcime-bearing rock subjected to
thermal treatment. The experiments demonstrated that it was
possible to decrease water coloration, turbidity, permanganate
oxidation and total iron content.
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Cation exchange properties of delhayelite
(systems with Rb, Cs and Ba)

Turchkova, A.G.", Pekov, I.V. & Yapaskurt, V.O.
Faculty of Geology, Moscow State University, Moscow, Russia
("annaturchkova@rambler.ru)

The base of the crystal structure of delhayelite, ideally
K4Na,Ca,[AlSi;O]F,Cl (Z=2), is a quasi-framework formed
by two-layer tetrahedral blocks [(Al,Si),Si;»03g] and columns of
CaOsF octahedra linking them. K* and CI ions are located in
zeolite-like channels inside the tetrahedral block whereas Na*
and F are between the blocks. Delhayelite is the only natural
silicate with so strict ordering of both large cations and halogen
anions. The mineral was formed in K-rich and H,O-deficient,
high-temperature peralkaline rocks. Under hydrothermal
conditons, it alters to fivegite, K,Ca,[AlSi;O.;(0,,OH,)]
[(H0),,OH,]JCI (x=0-2), and further to hydrodelhayelite,
KCa,[AlSi;O7(0OH),]-(6-x)H,0, preserving the stable CaAISiO
fragment of the structure [1,2]. It caused our assumption that
delhayelite can have ion-exchange properties.

Grains (0.5-3 mm) of delhayelite from the Khibiny alkaline
complex (Kola Peninsula, Russia) were placed in 1N aqueous
solutions of Na,SO,, K,SO,4, RbNO;, CsNO3, SrCl,, BaCl, and
CuSO, for 3 hours at 80-90°C and 1 atm and after that examined
on polish sections using scanning electron microscopy and
electron microprobe. In solutions of Na, K, Sr and Cu salts, the
mineral shows no changes in its chemical composition while
with cations Rb, Cs and Ba it demonstrates exchange. The
distribution of cation-substituted areas in delhayelite crystals is
very uneven: they are mainly concentrated around inner cracks
and mineral inclusions. Ratios of Si, Al and Ca, forming the
quasi-framework, remained without changes in these areas
whereas contents of Rb,0, Cs,0 and BaO increased from 0.0
wt.% in the initial delhayelite to 8.5-11.9, 10.1-27.0 and 8.5-
11.3, respectively. In the Rb-exchanged form, content of Na,O
decreased from 6.4-6.7 wt.% to 1.2-2.5, K,O from 19.2-19.8 to
3.5-7.2, F from 4.3-4.6 to 1.0-2.5, Cl from 3.8-4.1 to 1.0-1.8.
In the Cs-exchanged form, their contents (wt.%) became: Na,O
0.0-2.0, K,0 0.9-8.8, F 0.0, CI 0.0-1.8; in Ba-exchanged form:
Na,0 0.5-1.7, K,0 3.3-9.8, F 0.0-2.4, Cl 0.6-1.8. Delhayelite
shows the strongest affinity to Cs*, and its most Cs-enriched
form has the empirical formula:
Cs167K0.16Ca1.85Al1.06516.94017.47(0H) 1.53(H20)n. It is  most
probable that large cations of Rb, Cs and Ba substitute K
whereas Na and F are leached and the latter is partially replaced
by H,0.

Acknowledgements: This work was financially supported by
the Russian Foundation for Basic Research (grants Nos. 08-07-
00077-a, 09-05-00143-a, and 09-05-12001-ofi_m).

[1] Pekov, I.V. et al. (2009) Dokl. Earth Sci., 428(7), 1216-
1221. [2] Pekov, 1.V. et al. (2010) Zapiski RMO, in press.

Stepwise dehydration of goosecreekite:
a structural study

Wadoski, E.*, Armbruster, T., Lazic, B. & Fisch, M.
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University of Bern, Switzerland (“eva.wadoski@krist.unibe.ch)

Goosecreekite CaAl,SigO,4-5H,0, monoclinic space group P2;,
is a rare natural zeolite that was first described by [1] and has
been further characterized by crystal structure determination [2].
The framework consists of completely ordered Si and Al
tetrahedra that form eight-membered rings which are highly
deformed. These create channels that are parallel to the a-axis.
The channels are intersected by two additional eight-membered
ring-channels parallel to the b-axis and the c*-axis. Ca is
located at the intersection of the channels and is bound to two
framework O and five H,O molecules [2]. Samples were from
the type locality in Loudon County, Virginia, USA and Jalgaon
Quarries, Maharastra, India. Unit cell parameters measured
under ambient conditions are a 7.2993(3), b 17.4164(7), c
7.4421(3) A, B 105.584(2)°, V 911.32 A® (Loudon sample). In
contrast to the Loudon sample, crystals from Jalgaon were
mostly twinned [001,010,100]. The structures of goosecreekite
from both localities show identical frameworks and
corresponding channel occupants. Methods for stepwise (A =
25°C) dehydration were temperature dependent single-crystal
and powder XRD as well as TG/DTA analysis.

According to  single-crystal  structure  refinement
goosecreekite looses 1H,O pfu below 100°C leaving the
framework unaltered. The Ca coordination decreases from
seven-fold to six-fold. TG/DTA indicates further loss of ca. 8
wt.% H,O between 150 and 310°C accompanied by a strong
endothermic DTA signal. Single-crystal X-ray data indicate
collapse of the tetrahedral framework at 175°C with a doubling
of the c-axis (quenched to -100°C: space group P2;, a
7.2197(16), b 16.392(4), ¢ 14.292(3) Ap 101.716(4)°, V
1656.14 A%). In addition, the new structure exhibits complex
twinning. Upon partial dehydration two T-O-T bonds break
creating two structural varieties that occur in a 1:1 ratio.
Variety | has the original framework connectivity. Variety 1l
displays an interrupted framework with two tetrahedra “flipped”
into the channels to bond with Ca. The flipped tetrahedra must
be hydroxylated. A single crystal heated up to 230°C and left at
ambient conditions for one month rehydrated, recovering the
original cell parameters when re-measured. After one month a
powdered sample previously heated to 325°C also rehydrated to
its original structure. Up to ca. 600°C, the X-ray powder pattern
characteristic of the collapsed structure persists. Upon further
heating the pattern becomes increasingly X-ray amorphous until
complete destruction at ca. 675°C.

An additional dehydration step occurring between 310° and
600°C which is associated with further loss of ca. one H,O was
identified by TG/DTA data. Variety Il of the collapsed structure
is predicted to become more prevalent relatively to variety |
with increased heating.

Based on stepwise dehydration data of goosecreekite, it can
be seen that if extraframework Ca has less than six ligands (two
framework O and four H,0), topologic structural changes
occur, such as breaking of T-O-T bonds. These changes are
reversible until the structure becomes amorphous. Similar
“flipped” tetrahedra, which become hydroxylated in the new
interrupted framework, have been described upon dehydration
of stellerite, CaAl,Si;O45 -7.25H,0, B [3].

[1] Dunn, P.J. et al. (1980) Can. Mineral., 18, 323-327. [2]
Rouse, R.C. & Peacor. D.R. (1986) Am. Mineral., 71, 1494-
1501. [3] Alberti, A. et al. (1978). Phys. Chem. Miner., 2, 365-
375.
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Mineral reactions, development of porosity and
their implications for CCS

Stanjek, H.
Clay and Interface Mineralogy, RWTH Aachen University,
Aachen, Germany (helge.stanjek@cim.rwth-aachen.de)

Injection of CO, into (saline) reservoirs disturbs the
thermodynamic equilibrium conditions because apart from
temperature and pressure changes, the chemistry of the pore
fluid changes, too. The induced reactions of the reservoir
minerals towards new mineral assemblages will be associated
with volume changes, which, in turn, will affect the long-term
management and safety of reservoirs because of the
development of porosity.

In a case study we investigated the possibility of combining
CO;, injection with the extraction of geothermal energy from
deep saline reservoirs, which frequently contain anhydrite [1].
For modelling the redistribution of anhydrite and its potential
conversion into calcite, near-equilibrium dissolution rates of
anhydrite were measured and found to deviate significantly
from transition-state-theory rates.

A safety-related aspect is the formation of porosity and
permeability in cap rocks.

In laboratory experiments we could show that under certain
hydrodynamic conditions the dissolution of Fe-bearing calcite
led to the formation of preferential pathways, along which acid
could percolate through long columns of calcite powder because
of the formation of iron hydroxide coatings. These coatings
shield the calcite from protonation.

In a current study, the impact of CO, on clay minerals is
investigated. Apart from mineral transformations (e.g.,
dissolution of feldspars), it seems that supercritical CO, affects
the amount of interlayer water in smectites. Changes of the
interlayer composition, however, can lead to substantial volume
changes, which in turn, will affect the porosity and permeability
of cap rocks. There are also indications that clay minerals
(especially smectites) can store some CO,.

[1] Kihn, M. et al. (2009) in Grobe, M., Pashin, J.C. & Dodge,
R.L. (eds.) AAPG Studies in Geology, 59, 545-552.

CO,/H,0/clay system from molecular simulation

Botan, A."%, Rotenberg, B.", Marry, V., Turg, P." &
Noetinger, B.2
IPECSA, Université Pierre & Marie Curie and CNRS, Paris,
France (“alexandru.botan@upmc.fr)
2Inst. Francais du Pétrole, Rueil Malmaison, France

The development and use of technologies to capture and
subsequently store of carbon dioxide (CO,) in deep geological
formations offers significant opportunities to reduce greenhouse
emissions. In this context, understanding the migration of stored
CO, through the porous host formation and the clay-rich cap
rock is of great importance. Up to now the main focus in the
literature is placed on the two-phase flow in porous media on
the macroscopic scale and as result there is a lack of studies on
the molecular level. However, a microscopic description is
necessary to study some processes (swelling, cation exchange)
inaccessible to macroscopic scale methods. One such process is
the possible clay dehydration due to the presence of CO, which
can lead to a significant shrinkage of clay particles and affect
the clay permeability. Furthermore, a molecular point of view
can be also useful in study of two-phase flow in clay. The
surface wettability, densities, viscosities obtained from
molecular simulation can be basis for subsequent studies of
transport properties by continuous methods. In this study, we
first investigated the thermodynamical properties related to
swelling and the structure of CO, in hydrated Na-
montmorillonite for micropores using the grand canonical
Monte Carlo method. The system is in equilibrium with a
reservoir, which sets the chemical potentials of CO, and H,0.
We then used molecular dynamics to determine the diffusion
coefficients for equilibrated configurations. Some important
findings are: the presence of CO, leads to a slight increase in
equilibrium interlayer distances and a considerable decrease in
diffusion coefficients for all species; CO, adopts a nearly
parallel arrangement to the clay surface.

We also considered large (interpaticle) pores. Similarly to
the bulk reservoir, two states with different density and
composition are generally observed for given experimental
conditions (see Fig. 1). In this example, the system in “water-
rich” phase (a) is characterized by the liquid density and a small
number of CO,, whereas in case (b) the “CO,-rich” phase is
heterogeneous with water remaining close to the clay surface
and gas CO, in the middle. We then use nonequilibrium
molecular dynamics to determine the viscosity of the confined
fluids. This was achieved by applying a uniform force on the
fluid and fitting the resulting velocity profile to a Poiseuille
flow [1].

Fig. 1: Snapshots of phase transition of CO, in hydrated
Na-montmorillonite: a)” H,O-rich” phase, b)” CO, -rich” phase.
The interlayer distance is 4.3 nm and the chemical potentials
corresponds T=348.15 K and P = 25 bar in the bulk reservoir.

[1] Huang, D.M. et al. (2008) Langmuir, 24, 1442-1450.
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A high-pressure X-ray environmental chamber
suitable for solid-liquid-gas studies

Guggenheim, S." & K oster van Groos, A.F.
Dept. of Earth & Environmental Sciences, University of Illinois
at Chicago, USA ("xtal@uic.edu)

An X-ray, high-pressure environmental chamber (HPEC) is
described that is capable of pressures to 1000 bars and
temperatures of -20 to 200°C. An integral, internal
electromagnetic pump system was designed so that solid phases
are maintained in suspension, thus allowing the sample to move
freely in the aqueous liquid while being illuminated by the X-
ray beam. In addition, the pump system allows the liquid to be
readily saturated with gas (e.g., CH,, CO,, N,). An external
pump system is used to apply pressure, either using gas or
liquid (e.g., CO, above the critical point). If gas is employed,
this system controls the fugacity of the gas components by
mixing with inert gases.

The HPEC is equipped with cooling jackets so that
temperatures are varied by applying a cooling/heating fluid to
the outside of the unit (using glycol or silicon liquid). This
design readily accommodates experiments from -20 to 200°C.
Window-to-window distances can be fixed from near 0.0 to ~4
mm, although a 2-mm spacing appears optimal. Most of our
preliminary experiments have used this design. The unit uses 1-
mm thick disks of vapour-deposited diamond as windows with
O-ring seals, and employs a type-K thermocouple located at ~1
mm from the sample to measure temperature. The HPEC is
mounted on an in-house, transmission-mode (Bruker)
diffractometer equipped with Mo radiation, monochromator,
MonoCap collimation, and area detector, although the design is
compatible with transmission-mode diffractometers at the
Advanced Photon Source (Argonne). The sample volume is ~10
mL, and catastrophic failure (of the O-rings) does not pose a
significant hazard to either personnel or equipment.

Resultant diffraction frames consist of Debye rings from the
solids and background effects (e.g., dispersion from the aqueous
liquid, “hot” pixel effects). All background effects can be
digitally removed by subtracting a diffraction frame from an
experiment without solids present to produce a residual frame of
Debye rings. A more traditional one-dimension pattern is
obtained by integrating appropriately over chi to obtain a
pattern that can be used as input into search-match or other data
processing programs.

The chamber is well suited for experimental work that
involves solids, liquids, and gases under high pressure over a
wide range of temperatures.

Smectite-CO, interactions to 400 bars and 65°C

Giesting, P.**, Guggenheim, S., Koster van Groos, A.F.! &
Bertier, P.?

!Dept. of Earth & Environmental Sciences, University of
Illinois at Chicago, USA (“giesting@alumni.nd.edu)
%Clay & Interface Mineralogy, RWTH Aachen University,
Aachen, Germany

X-ray diffraction experiments were conducted on smectite in
the presence of either CO, or He at high pressures and elevated
temperatures using an environmental chamber. A Mg-
exchanged  smectite  of  approx.  composition  of
Mgo.17(Al1 34F€0.44MJo.20) (Sizzs Algzs) O10(OH); - nHO was
dried for 42 hours at ~200°C and stored over desiccant until
used. Experiments at 25°C and various CO, pressures (40, 80,
130, 200, 300, and 400 bars) show a 10-A peak with a
significant low-angle tail and, with increasing CO, pressure, this
tail increases in height as the 10-A peak diminishes in size.
Experiments at 65°C and at CO, pressures of 1, 5, 10, 20, 40,
80, and 200 bars show similar X-ray patterns, except that the
peak at 10 A moved to 10.4 A, and the peak did not diminish in
height with increasing pressure. These results suggest that the
10.4-A spacing is slightly more prevalent in the experiments at
65°C than at 25°C.

A series of experiments at 65°C with He (1, 40, and 130
bars) show similar behavior for the 10-A peak as in the CO,
experiments at 25°C. These results suggest that the change in
peak and tail intensity is related to a partial dehydration and
redistribution of H,O within the interlayer of the smectite,
rather than that a gas (e.g., He or CO,) enters the interlayer of
the clay. A near-second order, non-integral diffraction effect is
observed at the 4.4-A peak. This peak shows an intense tail at
higher angles. Both effects indicate that two or more (001)
spacings occur, further corroborating that the sample has
undergone only partial dehydration. The similarity in patterns
for both the CO, and He runs suggests that there is no evidence
that CO, enters the interlayer of a nearly anhydrous clay at the
conditions of these experiments. Additional experiments are
being conducted to determine how changing the interlayer-
cation population affects the interaction between smectite and
CO,.

Two sets of experiments were made under starting
conditions of ambient humidity and with the clay suspended
over a reservoir of H,O. Under ambient humidity (~35 % RH)
starting conditions, the environmental chamber was sealed and
heated to 55°C. CO, was added and pressures were examined at
40, 80, 130, and 200 bars. A prominent peak occurs at 13.7 A
for all pressures and intensifies slightly as pressure is increased.
Experiments with clay suspended over a reservoir of H,O (at
pressures of 1, 40, 80, 200, and 300 bars at 65°C) showed a
peak at 16.3 A, which intensified as pressure was increased.
Additional experiments with He are underway.

Acknowledgements:  Financial support from  Shell
Exploration and Production B.V. is gratefully acknowledged.
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Fluid-rock interaction with impure CO, by
combining geochemical and geomechanical
investigations: first results from the COORAL
project

Marbler, H.", Lempp, Ch., Péllmann, H., Erickson, K. &
Schmidt, M.

Geo-sciences, Martin Luther University Halle Wittenberg,

Halle/Saale, Germany (“herwig.marbler@geo.uni-halle.de)

The storage of CO, with inherent impurities, such as SOy, NOx,
0,, CO, etc., affects fluid-rock interactions in deep geological
formations. These include alterations and mineralogical
transformations within the reservoir formation. The injection
pressure may decrease fracture strength of the reservoir rocks,
which would impair the formation stability within a short time
period.

To understand this interaction of CO, with the host rocks,
laboratory experiments are carried out with samples of possible
reservoir rocks and brine (formation waters). Geomechanical
test series are conducted in triaxial cells under lithostatic
pressure conditions with supercritical (sc)CO, acting as pore
fluid. For mineralogical and geochemical investigations the
experiments are executed in autoclave systems under simulated
in-situ temperature conditions. In the autoclave system a set of
rock samples of different silicate and carbonate bearing
sandstones are allowed to react with fluids and well-defined
compositions of impure scCO, to optimize the real-time
alteration scenarios.

Geochemical modelling of CO,/mineral interaction record
various mineralogical and geochemical effects in the system i.e.
changes of the major element and trace element composition as
well as the initial formation of hydrocarbonate minerals.
Laboratory experiments with scCO, in interaction with reservoir
rocks will be carried out to verify such geochemical alterations
and mineralogical transformations. Geomechanical tests show
that increasing pore fluid pressure with scCO, as well as with
water has strong effects on the rock strength. CO, in the
supercritical state, acting as pore fluid, is able to displace
formation water (brine) or dissolve into these waters as well as
infiltrate smaller pore spaces in the reservoir rock in comparison
to brines. This so called capillary trapping plays an important
role for long term storage of CO, in deep geological formations.
However, scCO, induces fine fractures in sandstones especially
in inhomogeneities within the rocks which may result in
decreasing fracture strength of the reservoir rocks, especially
with enhanced injection pressure. Therefore, the evolution of
the pore space and the formation of cracks and fractures as well
as additional alteration effects by scCO, may influence the
storage capacity and long-term safety of the storage formation.
The knowledge of these dynamic processes both in
geochemical/mineralogical and geomechanical terms is of great
importance to allow for long-term safety predictions over
timescales of up to thousands of years.

Acknowledgements:  COORAL:  “CO,-Reinheit  fir
Abscheidung und Lagerung” (CO, Purity for Capture and
Storage); aided by the German Bundesministerium fir
Wirtschaft (grant ID: 0327790D).

Modelling of mineral alteration in a natural CO,
reservoir

Montegrossi, G.", Ruggieri, G.", Bicocchi, G.% Vaselli, 0.2,
Burgassi, P.3, Tassi, F."2 Jordi, B.*& Del Villar, L.P.}
YInst. of Geosciences and Georesources, CNR, Florence, Italy
(“fdibe@yahoo.com)
2Dept. of Earth Sciences, University of Florence, Italy
3Air Liquide Italia Service Srl, Ponte a Chiani, Arezzo, Italy
“Passeig de Garcia i Faria, 49-51, Barcelona, Spain
SCentro de Investigaciones Energéticas, Medioambientales y
Tecnoldgicas (CIEMAT), Madrid, Spain

The investigation of natural reservoirs as analogue of Carbon
Capture and Sequestration (CCS) site has a considerable impact
in the reaction path modeling. It is indeed the main information
able to predict the mineral evolution during and after CO,
injection in feasible CCS site.

In the 80's, during oil exploration in central Italy, a high
pressure CO, reservoir was found while drilling the PSS1 well,
located in the San Cassiano basin, Tuscany, Central Italy [1].
The CO, reservoir has pressure higher than 600 bar and a
temperature of about 115°C. The reservoir rocks at depth of
about 3,700 m consist of altered volcanic rocks. According to
ENI report (1983) the original rocks had an andesitic
composition.

The aim of this work is to assess a reaction path able to
predict the reservoir rocks evolution from the pristine
mineralogical composition to the present one. The
mineralogical and mineral chemistry investigation was carried
out on 6 drill core samples from the CO, reservoirs horizons.
The examined samples are made of volcanic rocks almost
completely replaced by hydrothermal minerals. The alteration
mineralogical assemblage is mainly composed by silicates
(quartz, albite, illite and chlorite) and carbonates (calcite and
ankerite) and minor amount of Fe-oxides/hydroxides and Fe-Ti-
oxides. The reaction path model here presented is performed by
using the geochemical computer program PHREEQC (Version
2.15). The database is corrected to take into account the
pressure by means of SUPCRT92.

The general idea is that a nearly iso-chemical evolution of
the mineralogical assemblage has occurred, as a consequence of
inflow of CO,-rich aqueous fluid with a progressive dry-out of
the reservoir fluid. Thus, the geochemical model strategy
proceeds through a fully Kkinetic approach, because the
carbonation is not expected to have reached the equilibrium. It
seems reasonable to assume that CO, input has left a gross
overpressure of about 230 bars. During such event the fluid
present in the formation was displaced by CO,, progressively
drying the reservoir out. In this setting the chemical evolution of
the system may have proceeded with a progressively lowering
of the water/rock ratio.

[1] Anelli, L. et al. (1994) Mem. Soc. Geol. Ital., 48, 461-471.
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Mineral traps for CO, in mine tailings
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At some ultramafic-hosted mines, accelerated weathering of
Mg-rich mineral waste (tailings) can produce significant
amounts of hydrated Mg-carbonate minerals. In mine tailings,
trapping and storage of atmospheric CO, within these minerals
can occur on a kilotonne to megatonne scale and, in some
instances, may represent a significant offsetting of a mine’s
greenhouse gas emissions [1,2].

We have investigated CO, mineralization within Mg-
carbonate minerals (typically hydromagnesite, dypingite,
nesquehonite, and lansfordite) in the tailings from four mine
sites in Western Australia and Canada [1-3]. Among these
ultramafic-hosted mines, the extent and rate of CO, trapping
and the identities of the mineral hosts to CO, vary. Isotopic
investigations suggest that the rate of carbon cycling between
geological, industrial, and atmospheric reservoirs within
ultramafic mine tailings is largely controlled by climate and
tailings management practices.

Kinetic exchange of C isotopes, during fast precipitation of
carbonate minerals in mine tailings, complicates interpretation
of stable isotopic data. Therefore, we have used radiogenic C
to assess the extent to which modern, atmospheric CO, has been
captured within hydrated Mg-carbonate minerals.

Quantitative mineralogical procedures that use X-ray
powder diffraction data, including a combination of Rietveld
refinement and reference intensity ratios, allow quantification of
the mineral hosts to CO, from trace to readily detectable
abundances. Quantitative mineralogical results can be used with
14C data to assess the amount of CO, trapping within hydrated
Mg-carbonate minerals. Furthermore, Rietveld refinement
results can assist in determining which gangue minerals are the
primary sources for Mg in these minerals.

Our results indicate that some large, ultramafic-hosted
mining operations, like the Mount Keith Nickel Mine in
Western Australia, are able to offset >15% of their annual
greenhouse gas emissions by passive uptake of atmospheric
CO, into carbonate minerals. Reaction of ~10% of the annual
production of serpentine-rich tailings at Mount Keith has the
potential to completely offset the mine’s greenhouse gas
emissions. Preliminary results suggest that this acceleration
might be achievable through a combination of redesign for
tailings storage facilities and microbially mediated processing
of mineral waste [3-5].

[1] Wilson, S.A. et al. (2006) Am. Mineral., 91, 1331-1341. [2]
Wilson, S.A. et al. (2009) Econ. Geol., 104, 95-112. [3] Wilson,
S.A. et al. (2009) Appl. Geochem., 24, 2312-2331. [4] Power,
I.M. et al. (2009) Chem. Geol., 260, 286-300. [5] Power, I.M. et
al. (2010) Environ. Sci. Technol., 44, 456-462.
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Long-term CO, storage in weathered peridotite
due to replacement of low-T altered olivine
(deweylite) by calcite

Beinlich, A."%, Pliimper, O.", Hévelmann, J." &
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YPhysics of Geological Processes, University of Oslo, Norway
("andreas.beinlich@fys.uio.no)
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In contact with CO,, peridotite is known to be reactive and
eventually transforms into ophicarbonate and listwaenite. Here
we present observations from serpentinized peridotite clasts
from the Devonian Solund Basin, SW Norway. These clasts
show evidence for a stepwise reaction history starting with
initial serpentinization and resulting in the formation of
carbonates and quartz. Thus, the clasts represent a natural
analogue for CO, sequestration in ultramafic rocks, a strategy
proposed by the Inter-Governmental Panel on Climate Change
[1] for long-term CO, storage. In several layers of the basin, the
carbonatized ultramafic clasts are important constituents and
account for up to 20 vol.% of the basin infill.

The investigated clasts show a concentric build-up with
green to grey olivine- and serpentine bearing cores surrounded
by mm to 10 cm thick, carbonate-quartz-talc-zones of red to
black shades. Textural observations indicate the following
alteration sequence: An early stage is represented by ocean-
floor serpentinization of peridotite resulting in a typical mesh
texture, with veins of serpentine and Ni-rich hematite
surrounding compartments of relict olivine (Fog). During
subsequent low-T alteration under near-surface conditions,
relict olivine breaks down to form an extremely fine grained
alteration product. In the more advanced ophicarbonate stage,
interaction with a Ca-bearing fluid within the basin caused
calcite formation in cells surrounded by serpentine. The textural
evolution is accompanied by a decrease in whole-rock MgO
from 40 to 2 wt.% and a CaO increase from 1 to 35 wt.%. All
clasts are characterized by high trace-element concentrations of
Cr and Ni revealing their ultramafic origin.

Scanning transmission electron microscopy (STEM)
enabling high-angle annular dark field (HAADF) imaging
reveals that olivine breaks down to a fine grained intergrowth of
amorphous serpentine and poorly crystalline talc (deweylite)
and that subsequent carbonatization proceeds as dissolution of
deweylite coupled with direct precipitation of calcite.

Hydrothermal batch experiments (130-160 bar PCOy;
200°C; 1-3 weeks reaction time) show that the cells filled with
deweylite are the favourable site of reaction presumably due to
its large reactive surface area and high degree of disorder. In
contrast, relict olivine and surrounding serpentine remain
almost inert during the carbonatization stage.

Although the clasts are characterized by high initial Mg
concentrations, calcite represents the dominant carbonate phase
indicating that magnesite formation is thermodynamically not
favoured as soon as Ca is introduced to the system which is
further corroborated by geochemical modelling (PHREEQC).
Mg removed from the clasts during alteration is partly
consumed by replacement reactions in the vicinity of the clasts
where Fe-minerals (almandine) are replaced by Mg-minerals
(talc). For basins containing abundant peridotite clasts, the
outlined process will influence the CO, and MgO budget.

[1] IPCC Special report (2005) Carbon Dioxide Capture and
Storage. Summary for Policymakers.

Molecular species in microporous cordierite
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Cordierite, (Mg,Fe),Al,;SisO-x(H,0,CO,), is a microporous
silicate having about 20 volume % void space. It is typically
found in metamorphic and in certain igneous rocks. It can
occlude a number of different molecular and atomic species that
reflect the nature of the fluid phase during crystallization and/or
equilibration.

We undertook a mass spectrometric study to investigate all
occluded volatile species in a systematic manner for a series of
cordierite samples. The method, DEGAS, requires only small
milligram quantities of material, which are heated continuously
at a controlled rate from 25°C to 1400°C. The mass-to-charge
ratios of the degassed molecules and their related species are
measured by a quadrupole mass spectrometer. Twenty
cordierite samples from a wide range of petrologic
environments and having different compositions were
investigated.

The cordierites show H,O and CO, as the most abundant
primary occluded molecules. Their degassing temperatures lie
between 750 and 1000°C and 750 and 1200°C, respectively.
There is reasonable agreement in CO, and H,O concentrations
determined by the DEGAS method and those determined by the
Karl Fischer titration method. H,O contents range from
approximately 0.0 wt% to 2.34 wt % and CO, from 0.0 wt% to
1.97 wt%. Ratios of Xco /Xy, for samples containing

measurable amounts of both molecules range from about 0.2 to
5.6 and there exists an inverse relationship between CO, and
H,O contents. Cordierites from pegmatites and medium-grade
metamorphic rocks are relatively rich in H,O and poor in CO,,
whereas cordierites from the granulite facies have more CO,
than H,O. Different isotopic compositions for both CO, and
H,O are observed. A number of other occluded molecular or
atomic species were identified at minor and/or trace
concentration levels. They include “**®Ar, He, SO,, N,, H,S, H,
and Na and possibly CH, and HCI. The presence of primary CO
could not be ascertained. The relative concentrations of primary
occluded atoms and molecules in natural cordierite vary
approximately as: H,O ~ CO, >> N, > Ar ~ H,S > He > SO,
with possibly very minor H,, CH, and HCI.

The types of molecules and atoms that are incorporated in
cordierite and their concentrations depend on three factors: i)
the temperature and pressure during crystal growth, ii) crystal-
chemical and molecular properties and iii) the composition of
the fluid under which the cordierite crystal crystallized or
equilibrated.

The DEGAS profiles also sometimes show degassing peaks
for Ar, H,S, SO, and possibly a CHj3 species, for example, at
low temperatures around 150°C. They are likely related to
adsorbed surface species, whose exact physical and chemical
state is not clear. Strong degassing “events” are also observed
for some species at temperatures between about 300°C and
700°C and they are possibly related to very minute solid-phase
inclusions such as those associated with pinite.

The DEGAS results give, for the first time, a broad picture
of the various types of molecules and their relative
concentrations in cordierites occurring over a wide range of
geologic environments.
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Gas hydrates are clathrate compounds composed of hydrogen-
bonded water molecules forming cages and guest gas molecules
contained in the cages. Methane hydrate, called fiery ice, is
expected as a clean and fruitful energy resource, while methane
is a greenhouse gas even more potent than carbon dioxide at
causing global warming. In the solar system, methane hydrate is
thought to be an important constituent of outer giant planets and
their satellites, such as Uranus, Neptune, and Titan. CO,-
reduction in the Earth’s atmosphere is one of the most urgent
subjects of mankind. Some technical developments to seclude
excess CO, at ocean floor as CO, hydrate or CO, fluid have
been proceeded. In the solar system, a possible existence of CO,
hydrate in and beneath Martian permafrost has been predicted
from spacecraft probes and theoretical studies. Therefore,
knowledge of the structural changes of both hydrates under
wide pressure-temperature conditions is required from various
standpoints for overcoming mankind’s urgent problems of
dwindling energy resources and global warming, as well as for
answering fundamental questions about the internal structure of
the neighbour planet and icy bodies.

High pressure experiments with methane hydrate and CO,
hydrate were performed using diamond anvil cells. For the
former one the pressure range was 0.2 GPa to 86 GPa at room
temperature and for the latter one the pressure ranges was 0.2 to
3.0 GPa and temperature range was 300 K to 80 K using a
helium-refrigeration cryostat system. Although, both hydrates
have same structure, sl, at low pressure, they showed
completely different behaviour under high pressure region.

X-ray diffractometry and Raman spectroscopy revealed
phase changes of both hydrates as follows. For methane
hydrate, sl transformed a hexagonal structure, sH, at about 1
GPa and further transformed to a filled ice Ih structure at 2 GPa,
and it survived at least up to 86 GPa [1-3]. At about 15GPa, the
guest methane molecules exhibited orientational ordering in the
structure, although they rotated freely below the pressures. And,
at about 40 GPa the host water molecules showed
symmetrization of hydrogen bond. These properties might lead
the outstanding stability under high pressure. For CO, hydrate,
the phase boundary between the hydrate and CO, + water
turned from positive slope to negative one at a inflection point
(294 K, 328 MPa), thus CO, hydrate can survive only low
temperature region at the higher pressures. The characteristic
may come from some interaction between host water molecules
and guest CO, ones, which is possibly induced by that CO,
molecule has hydrophilic oxygen atoms at both sides.

[1] Hirai, H. et al. (2003) Phys. Rev. B, 68, 172102. [2] Hirai, H.
et al. (2006) Am. Mineral., 91, 826-830. [3] Hirai, H. et al.
(2008) J. Chem. Phys., 129, 224503.

Experimental study of CO, capture and storage
possibility on drilling core samples from
Hungary
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2E6tvos Lorand Geophysical Institue (ELGI), Budapest,
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The concentration of CO, in the atmosphere has increased
significantly since the industrial revolution. To reduce the CO,
level, a new area of research has been created, which has a clear
goal to find geological formations below the surface where a
long-term and safe storage of CO, can be guaranteed [1]. These
reservoirs are found in salt domes, depleted hydrocarbon fields,
non-economical coal beds, deep saline aquifers and mafic or
ultramafic rocks [2].

The sedimentary system in the Pannonian Basin contains
several sub-basins, which are potential storage places, namely
porous sandstone bodies with regional coverage by low
permeability pelitic rocks [3]. Our main aim is to carry out an
experimental series on pairs of potential reservoir and cap rock
from cores drilled for hydrocarbon exploration.

As the first step, rock samples have been selected from the
Jaszsag Basin by using databases from hydrocarbon exploration
because several deep wells had been drilled in the Pannonian
Basin. Hence, we could choose the most promising area by
evaluation of the well-logs; containing the borehole-geophysical
results, the carbonate-content and the petrologic description of
the formations of the stratigraphic section.

In the studied area there are 4 major formations (2 storage
and 2 cap rock formations) that are potentially available for
future CO, storage. To decide what core sample to use in the
experiments, we need to take into consideration all these data
collected from the well-logs.

The second step of the presented work relates to preliminary
petrophysical tests and geochemical analyses. These were made
from thin section description for the original mineral
composition and scanning electron microscope images taken
from the natural surfaces of the rock to study directly the pores
and surface morphology. Semi-quantitative analysis on mineral
constituents in sandstone samples were also carried out. We
were able to identify minerals such as plagioclase, orthoclase,
albite, carbonate, clay minerals, micas, and pyrite.

As a third step we treated the samples with supercritical
CO, at similar pressures and temperatures at the possible
reservoir conditions to model the expected chemical processes.

In this way, we can make some restrictions about which
geological formations would be reasonable for storage and
which would be reasonable for the cap rock.

[1] Cole, D.R. (2008) Elements, 4, 325-331. [2] Oelkers, E.H. &
Cole, D.R. (2008) Elements, 4, 305-310. [3] Juhasz, Gy. (1998)
in Bérczi, I. & Jambor, A. (eds.) Magyarorszag Geoldgiai
Képzbédményeinek Rétegtana. MOL Nyrt. & Magyar Allami
Foldtani Intézet, 469-483.
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The Gulf of Cadiz has been extensively surveyed in recent years
and several gas-related fluid escape seafloor structures have
been identified as mud volcanoes, pockmarks and carbonate
crusts. Methane-gas hydrates have been sampled at least from
five mud volcanoes in the area. Sediments of mud volcanoes,
named mud breccia, are made of mud and clasts and are carried
up from deeper areas associated with the fluids. Diagenetic
minerals, mainly carbonates and sulphides, resulting from the
anaerobic oxidation of methane by microbial processes are
frequent in the discharge areas

Gravity cores collected during the MVSEISO08 cruise on the
Atlantic Moroccan Margin have been studied. The cores were
taken on the summit and slopes of Moroccan mud volcanoes
from 400 up to 1400 m depth. A detailed mineralogical analysis
by XRD, chemical composition including XRF core-scanner
ICP, and organic matter content (OM), C/N ratios, of 4 different
mud volcanoes have been performed in order to determine
whether there is a characteristic mineralogy in the gas-related
sediments. A detailed clay mineralogy study is being carried
out, as they can provide important information about the nature
and depth of the fluids and the reactions of gas with clays, as
smectite may interact at reticular scale with hydrates [1].

The results show that mud breccia of mud volcanoes show
an enrichment in clay minerals compared with the adjacent
sediments of the continental margin, being illite, smectite and
minor chlorite and kaolinite the main clays present at the mud
breccia. Anomalous contents of smectite have been detected in
some mud breccia units. This enrichment has been previously
reported in the Pacific, Mediterranean or the Iberian continental
margin of the Gulf of Cadiz. Chemical composition as
determined by XRF core-scanner and ICP, show a characteristic
chemical composition for the mud breccia showing an increase
in Al, Si, K, Ti, Fe and other clay-related elements. Low OM
and carbonate contents have been observed in the mud breccia
compared with the sediments of the area. C/N ratios show lower
values for mud breccia than for the rest of the units.

The mineralogical and chemical analysis of the cores
reflects different origins and diagenetic processes for each unit:
hemipelagic sediments of the slope are carbonate-rich, and
mineralogy reflects the terrigenous input and processes of the
continental margin, while gas-related units have abundant clays
and authigenic and diagenetic minerals. As a natural analogue
of gas storage, this mineralogy reflects the origin, capture and
storage of methane in the marine environment. Clays are related
to the origin and transport of the fluids and sediments and the
final storage of gas is made by bacterial carbonates. The clayey
nature of the mud breccia, leads to considerations regarding
new diagenetic processes in methane-seeping areas and also to
the abundances and distribution of clay minerals on continental
margins.

[1] Guggenheim, S. & van der Groos, A.F. (2003) Geology, 31,
653-656.
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Development of pressure cells for lab powder diffractometers at
NRC began in 2006. The first cell (rated 125 bar, -40 to 200°C)
was based on the work of [1], but changes were made to make
the design ASME pressure-code compliant. The cell was used
successfully to collect in-situ MoKa XRD data on polymer
crystallization under high pressure CO,. On termination of the
polymer project it was determined that such instrumentation
could be useful for fundamental studies related to CO,
sequestration. Given the sluggish nature of many sequestration-
related reactions, long-term lab-based experiments can be more
useful than the limited beamtime available at synchrotrons.
Limited proof-of-concept studies were successfully undertaken
on the carbonation of calcium silicate hydrate and wollastonite
[2]. Unfortunately the design and materials (304SS) of the first
generation stage were not capable of attaining and retaining the
conditions required for serious sequestration studies.

A second generation stage has been designed for the
physical and chemical conditions required for down-hole
studies, including deep brine aquifers. Made from C-22 nickel
superalloy for corrosion-resistance, it is designed for 300 bar
and 300°C (electrically heated) with concentrated chloride
solutions at pH3. Use in lab systems requires the use of
AgKa radiation with 0.635cm thick Ta-coated Be windows.
The design allows use in both reflection and transmission
geometry so is also suitable for synchrotron applications
without modification. The design is undergoing pressure vessel
certification in Ontario and a mock-up was constructed from C-
22 (Fig. 1) to verify the FEA thermal modelling portion of the
stress analysis.

Once commissioned, studies will be conducted under down-
hole conditions on pure materials and core samples. The aim is
to provide experimental kinetic data to improve geochemical
models for long-term CO, storage. A second stage will be used
at the NSLS for studies on more rapid reactions.

Fig. 1: Picture of 2nd generation stage mock-up instrumented for
thermal tests. Inset is an infra-red image taken from above while
holding at an internal temperature of 300°C.

[1] Koster Van Groos, A.F. et al. (2003) Rev. Sci. Instr., 74,
273-275. [2] Whitfield, P.S. & Mitchell, L.D. (2009) Appl.
Geochem., 24, 1635-1639.
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Implications of sand-bentonite mixtures used for
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In the Swiss low- and intermediate level waste (L/ILW)
disposal concept a design option (engineered gas transport
system - EGTS) was studied in the past years aiming at
increasing the gas transport capacity of the backfilled
underground structures without compromising the radionuclide
retention capacity of the engineered barrier system. It involves
specially designed backfill and sealing materials such as high
porosity mortars as backfill materials for the emplacement
caverns and sand/bentonite (S/B) mixtures for backfilling other
underground structures and for the repository seal.

Preliminary experimental studies confirmed the high gas
transport capacity of the S/B mixtures. These experiments have
shown the ability to design S/B mixtures with specific target
permeabilities for water and gas flow. First experiences were
gained through the Gas Migration Test (GMT) at Grimsel Test
Site (GTS) for which a comprehensive laboratory programme
on combined gas/water transport in S/B mixtures has been
performed.

Numerical simulations were conducted which demonstrate
the effective functioning of the EGTS concept for a range of
repository configurations and parameter variants. The model
calculations show clearly that the gas produced in emplacement
caverns can be released efficiently along the engineered gas
transport system to the backfilled access tunnel where it
accumulates and eventually escapes into the adjacent rock
formations. The model calculations show as well that both the
length and the average gas/water permeability of the repository
plugs and the seal are important design parameters to avoid
excess gas pressures in the repository.

Two major scientific questions were raised in the previous
studies. On the one hand, up-scaling of S/B material properties
(e.g. water and gas permeability) gained from small scale
laboratory samples to the behaviour of a repository plug or seal
is seen as an important research topic. The impact of material
heterogeneities induced during construction is important for the
long-term prediction of gas pressure evolution in a repository.
On the other hand, past research work has indicated that long-
term interaction of cementitious materials with S/B mixtures
may impair the gas transport capacity of S/B plugs and seals
potentially leading to increased pressures in the system.

Building on experiences so far, a broad experimental
program has started in 2009 as part of the EU 7" FP project
FORGE. This laboratory program includes both small scale
experiments to investigate in detail the material properties and
small-scale gas and water transport behaviour and a larger scale
demonstration (mock-up) experiment of the repository seal. An
in-situ experiment at realistic scale is currently in the planning
stage. This systematic approach will provide important insights
into the up-scaling of S/B material properties and its potential
impact on the overall system performance.

Parallel experiments are performed to investigate in detail
the evolution of cement-S/B interfaces and their impact on the
S/B material properties in general, and on gas permeability in
particular. Recent developments in the analysis and
visualisation of porous materials are applied and further
developed to obtain detailed information on structural and
hydrochemical changes at and near these material interfaces.

Crystallization of secondary sulfate and
phosphate phases in cementitious
conglomerates exposed to polluted

environments
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Artioli, G.*
!Dept. of Geosciences, University of Padova, Italy
(‘michele.secco@unipd.it)
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A case study presenting considerable degradation of a
reinforced concrete industrial building, constructed at Porto
Marghera (Venice, North-Eastern Italy) in 1969, is described.
The Porto Marghera area suffered from severe atmospheric
pollution, with noteworthy industrial emissions of sulfate and
nitrate pollutants. Moreover, the site was affected by intense
phosphate soil pollution, related to the production of
superphosphate-based fertilizers in the industrial plant.

The concrete of the structure is highly incoherent with
intense superficial exfoliation, up to several centimetres thick.
Superficial black crusts are uniformly distributed, whereas in
the lower portions of the structure in close contact with the soil
the cement matrix below the cortical layer shows an anomalous
yellowish colour. Here the conglomerate is highly incoherent
and the binder tends to pulverize.

A selection of altered concrete samples was analyzed
through a profile multi-analytical approach consisting of a
combination of optical microscopy, X-ray powder diffraction,
and scanning electron microscopy coupled with EDS analysis,
with the aim of characterizing the secondary phases formed and
modelling the alteration processes. Furthermore, sequence of
reactions, environmental conditions (ions concentration,
temperature, pH, pe), and stability of secondary mineral phases
were thermodynamically modelled using PHREEQC2 software.

The results of this combined approach suggest severe
decalcification of the cement matrix and formation of secondary
sulfates and phosphates according to a marked mineralogical
and textural zoning: a) Gypsum in the superficial efflorescence;
b) Gypsum-brushite solid solution in the superficial black
crusts; c) Apatite in the inner altered portions.

The heterogeneous microstructural development of
secondary phases was interpreted taking into account the
different source of sulfate and phosphate pollutants, from
atmospheric aerosols and through capillarity transport from the
soil, respectively. Moreover, the presence of brushite —
phosphate phase more stable at low pH — at the surface suggests
that these portions were exposed to higher acidity conditions,
related to sulfuric acid formation in the pore water after reaction
with atmospheric sulfates (Fig. 1).

Brushite
Gypsum
— Apatite

Log(Supersaturation Index)

Fig. 1: Supersaturation index (log(a/ae)) of secondary phases as a
function of pH: apatite and brushite precipitation and dissolution
strongly depend on pH.
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Grouting of water-conducting fractures with low-alkali cement
is foreseen by Posiva (Finnish nuclear waste management
agency) for the potential future repository for high-level nuclear
waste in Finland. A possible consequence of the interaction
between groundwater and grout is the formation of high-pH
solutions which will be able to react with the host rock
(gneisses) and alter its mineralogy and porosity.

A reactive transport modeling study of this possible
alteration has been started following the recommendations from
Posiva. First, the hydration of the low-alkali cement has been
modeled, using results from the literature [1,2] as guide. The
hydrated cement is characterized by the absence of portlandite
and the presence of a C-S-H gel with a Ca/Si ratio about 0.8
after tens of years (Ca/Si is about 1.7 in Ordinary Portland
Cement). Afterwards, a one-dimensional system simulating the
contact between a grouted section of a fracture and the gneiss
has been studied. The results from the simulations show a very
fast (days to weeks) sealing of porosity at the rock-grout
interface. The precipitation of C-S-H (tobermorite), and also
ettringite in some cases, is responsible for this fast sealing of
porosity. The mixing by diffusion of a Ca-rich solution from the
grout and a Si-rich solution from the rock causes this
precipitation.

New calculations have finally been started simulating the
interaction between flowing water and grout and the alteration
of the host rock as this water (high-pH plume) flows beyond the
grouted section of a fracture.

[1] Lothenbach, B. & Wieland, E. (2009) Chemical evolution of
cementitious materials. NEA Workshop, Brussels, Belgium. [2]
Lothenbach, B. & Matschei, T. (2009) Thermodynamic
modelling: hydration modelling. The Fred Glasser Cement
Science Symp., Aberdeen, Scotland, UK.

C-S-H gel dissolution kinetics
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C-S-H gel, which constitutes at least 60% of the fully hydrated
Portland cement paste, is the main responsible of the durability
and barrier properties of cement. Although C-S-H solubility has
been studied by many authors, the dissolution kinetics is not
known. In this communication we present kinetic data based on
the results obtained from flow-through experiments.

The C-S-H gel used in the experiments was obtained by
hydration of synthesized C5S (3Ca0-SiO,), which results in the
formation of C-S-H and portlandite. C-S-H was ground to a size
fraction of ~ 10 um and the solid Ca/Si stoichiometric ratio was
about 1.65 (electron microprobe analysis). The flow-through
experiments were carried out at room temperature (22 + 2°C)
and under CO,-free N, atmosphere to avoid carbonation. Ca and
Si concentrations and pH were monitored during the
experiments. The flow rate was kept constant either at 0.05 or
0.13 mL min™,

The evolution of pH and Ca and Si concentrations showed
three distinct stages during the experiments: (1) Ca
concentration was much larger than Si at the start of the
experiments, indicating preferential dissolution of portlandite
(Ca(OH),) and slow close-to-equilibrium dissolution of C-S-H.
(2) As the portlandite content diminished a gradual decrease in
Ca and increase in Si was observed, indicating an increase in C-
S-H gel dissolution. The aqueous Ca/Si ratio decreased to
values below 10. pH also decreased. (3) Concentrations of Ca
and Si and pH (9.7 — 11.4) reached steady state. At this stage
the aqueous Ca/Si ratio remained constant at about 0.9
indicating that (i) the C-S-H gel was the main dissolving phase
and (ii) the dissolution reaction was stoichiometric with respect
to a phase with a Ca/Si ratio similar to that of tobermorite.
Steady-state dissolution rates of the C-S-H gel normalized to the
finzal lBET specific surface area ranged from 10™* to 10°° mol
m<s™.

Based on these results two main conclusions can be drawn:

1) The dissolution of the C-S-H gel is initially incongruent
(preferential release of Ca) and evolves to the congruent
dissolution of a phase with tobermorite stoichiometry (Ca/Si =
0.83), which is consistent with the solubility model presented by
Kulik and Kersten [1].

2) The dissolution rate of this end-member is not especially
fast, similar for instance to that of feldspars. These values
highlight the necessity of considering C-S-H dissolution
kinetics in cases where water flows by advection through mortar
or concrete (fast transport; dissolution rate is the limiting factor
in C-S-H dissolution).

[1] Kulik, D.A. & Kersten, M. (2001) J. Am.Ceram. Soc., 84,
3017-3026.
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Cementitious building materials are present in our every day life
almost everywhere. Due to the nature of the cementitious binder
those materials can be described as multi component nano
composite materials. However, analyzing their microstructure
and the phase composition of the hydration products is a
difficult task due to their nano size and poor crystallization.
Furthermore, to study degradation mechanisms spatial data are
needed linked to the microstructure of the cementitious paste. In
recent years new possibilities have arisen in order to investigate
these difficult materials by means of analysis with synchrotron
radiation.

The objectives of this work are therefore the observation of
the time resolved hydration of cement-phases and the analysis
of spatial resolved phase assemblage of chemical attacked
mortar and concrete including synchrotron methods.

The hydration processes were examined by diffraction with
synchrotron radiation in transmission geometry with a
wavelength of 1.0656 A at tha -spot beamline at BESSY II,
Berlin. An ultrasonic trap provided the contact free analysis of a
sample and ensures a constant water cement ratio. This is a
tremendous improvement since former studies using capillaries
coupled with water injection system could not guarantee a
homogeneous dispersion of water within the cement suspension.
The integration time for a single diffraction pattern was about
30 sec due to the high photon flux of the synchrotron facility
and allowed a detailed view into the dynamics of the hydration
processes at early stages. The results were completed by long-
time studies over 28 days using the X-ray diffractometer D5000
from Bruker with Cug,-X-Ray source and Bragg-Brentano
geometry.

The space-resolved phase compositions were determined on
sulphate and chloride attacked mortal and concrete. The
reaction fronts were localised through micro XRF by
determining the S and CI concentrations at the interface of the
sulphate and chloride solution and the bulk material. The
synchrotron radiation source was used to identify the phase
composition in-situ. The primary focussing optics allowed a
spatial resolution down to 10 um for samples with thicknesses
of about 2 mm. This led to a comprehensive analysis of the
reaction fronts induced by chemical attacks. In comparison to
former investigations an in-situ characterisation of the phase
composition within the dense microstructure of the cementitious
materials was carried out. Additionally, it is not necessary to
destroy the microstructure by e.g. grinding or milling as with
common preparation techniques for standard powder diffraction
methods.
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Investigation of the decomposition mechanism
of larnite (B-Ca,SiOy)
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Natural Hydraulic Limes (NHL), produced by firing marly
limestone, contain mainly portlandite Ca(OH), and larnite (B-
Ca,Si0y, e.g. B-C,S). Mixing NHL with aggregates, a mortar is
formed, appropriate for restoration and conservation purposes
of monuments and historical buildings. Portlandite is
transformed to calcite, while larnite in Ca-Si—-Hydrates, such as
(Ca0),.,SiOz(H20)m.n [1] or C,SH [2].

Previous results of NHL samples, curred in an open
atmosphere with a relative humidity of 50 to 65 % for six
months, showed that the content of calcite was higher than of
that expected due to the carbonation of portlandite, whereas the
larnite content was reduced. The above observation indicates
that the decomposition of larnite could also lead to the
formation of calcite [3]. In order to study the decomposition of
larnite by avoiding the presence and the carbonation of
portlandite, experiments using pure synthetic larnite were
carried out. The pure synthetic larnite was synthesised by
mixing CaO and SiO,, in 2:1 molar ratio and firing the mixture
at 900°C for 12 hours. The produced larnite sample was pure
and contains small amounts of SiO, less than 1%. Two different
experiments have been done. In the first experiment 1 gr of
larnite powder was exposed in continuous humidified airflow of
90% RH. In the second experiment 1gr of larnite powder was
placed in distilled water. The water was boiled additionally in
order to remove possible dissolved CO,.

Mineralogical analysis was carried out by X-ray powder
diffraction analysis (XRD) on a Bruker D8 Advance
Diffractometer, using Ni-filtered Cu Ka radiation with a Lynx
Eye strip silicon detector. Data were collected from 3° to 70° 20
with a step size of 0.02° and a count time of 0.5 sec per strip
step. The crystalline phases were identified using the Diffrac
plus Software (Brucker AXS) and the PDF database. Corundum
or silicon powder has been added as an internal standard for the
quantification of the amorphous content. The quantitative
analysis was performed by the Rietveld method using the
TOPAS (BRUKER) software program. Using the Rietveld
refinement Rwp and Rp were 9.15% and 6.87 % respectively
while the relative error for the quantitative analysis was ~ 3%.

The XRD analyses of larnite in humidified airflow of 90%
RH, after a curring period of three months, shows a content of
58.6 % larnite, 24.2 % calcite, 1% quartz and 16.2 % amorpous.
In contrary, the XRD analysis of larnite in pure water, shows
mainly portlandite and some weak reflexions, which could not
be interpreted. Therefore the main quantity of portlandite has
been removed from the sample. After removing, a small amount
of portlandite was observed and the Ca-Si- Hydrates, Jennite
CagH,SigO15(0OH)g.6H,O and Oyelite (Ca0),Si0,.zH,O were
identified proceedings.

In the first experiment portlandite is absent due to its
conversion to calcite, while in the second one, calcite, was not
detected due to the absence of CO,. According to the above
results the decomposition of larnite took place following the
reactions:

Cazsi04 + 2H20 d an(OH)z + S|02 amorph (l)

Ca(OH)z + COZ - CaCO3 +H20 (2)

Ca(OH), + SiO; amopn ~ — Ca-Si-Hydrates 3)

These results are in full accordance with previous research
results on Natural Hydraulic Limes (NHL) [3].

[1] Ishida H., Sasaki K. & Mitsuda T. (1992) J. Am. Ceram.
Soc., 75, 353-358. [2] Kim, Y.-M. & Hong, S.-H. (2004) J. Am.
Ceram. Soc., 87, 900-905. [3] Apostolaki, Ch., Perdikatsis, V.
& Markopoulos, Th. (2009) DMG proceedings, Halle.
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Bentonite and concrete are essential components in building of
a geological repository. Bentonite is used as an engineering
barrier, due to its physico-chemical and mechanical properties,
and cementitious materials are used for lining of tunnels for
rock support, fix sealing cracks and many other purposes. In
underground HLNW repositories, leachate of concrete elements
will produce an alkaline plume. The alkaline solutions can react
with the bentonite in the proximity of concrete, inducing
dissolution and precipitation of a number of phases.

A strategy to reduce the potential damage of the alkaline
plume over the bentonite barrier includes work with low pH
concretes. The use of calcium aluminate cement (CAC) pastes,
as an alternative for Portland cements, is tested in this work
evaluating physical and chemical properties and the
enhancement of these properties using supercritical carbonation
methods.

High-pressure carbonation experiments were carried out
using mixtures of CAC and silica fume (80%CAC+20%SF) in a
high pressure apparatus with continuous CO, flow [1].
Additionally, cement pastes, raw and carbonated, were reacted
with bentonite from Cabo de Gata (SE Spain) in natural granite
solutions at 80°C until solution pH reached a stable value
(approximately 9). The solutions were renewed periodically and
analyzed for pH, Si, Al, Fe, Mg, Ca, Na and K. Solids were also
analyzed by XRD, SEM and FTIR.

The results show that carbonation modifies the pH up to
values below 8.5 in carbonated zones, which reduces the
propagation of an alkaline plume towards other components of
the barrier. Moreover, it causes changes in mineralogy reducing
water permeability as a consequence and decreasing the chance
of transport of aggressive fluids through pores.

Mineralogy obtained from bentonite/cement mixture
experiments indicates partial dissolution of calcite and
portlandite, as well as complete dissolution of hydrated and
anhydrous Ca-Al-Si phases. No significance changes are
observed in montmorillonite, whose exchange complex is
saturated with calcium.

Partial dissolution of different phases yields pH decrease in
non-treated cements. This effect is stronger in supercritically
carbonated cements improving the durability of the system.

In conclusion, bentonite is able to buffer the alkalinity
plume derived from concrete in the repository through
dissolution of bentonite and precipitation of secondary products,
as trioctahedral smectite (saponite like), zeolites and
presumably Mg hydroxides and amorphous gels. The formation
of these products contributes to maintain the properties of the
barrier, preserving swelling and cationic exchange properties.

[1] Garcia-Gonzélez, C.A. et al. (2007) Ind. Eng. Chem. Res.,
45, 4985-4992.
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Characterization of the concrete alkali reactivity
of granitoid and dolomitic aggregates

Sabino, N.*?, Santos Silva, A.%, Menezes, P.%, Moita, P.2,
Candeias, A.E.2 & Mirao, J.7
!Materials Dept., National Laboratory of Civil Engineering,
Lisbon, Portugal
2HERCULES Laboratory and Geophysics Center of Evora,
University of Evora, Portugal (‘jmirao@uevora.pt)
®HERCULES Laboratory and Chemistry Center of Evora,
University of Evora, Portugal

The general designation of “internal expansive reactions”
includes the alkali-silica reaction (ASR) and the internal sulfate
attack by delayed ettringite formation (DEF). These reactions
are characterized by the formation of expansive compounds in
hardened concrete and consequent cracking of the structure. In
Portugal, the number of structures, mainly dams and bridges,
affected by ASR is very significant and in some cases require
considerable investment in rehabilitation interventions.

Moreover, previous research [1] has shown that the use of
some aggregates, initially regarded as inert, can cause problems,
proving the need for further insight on the role of aggregates
and prevent the occurrence of ASR in constructions.

The economic value of various types of structures (e.g.
dams, bridges, airfields) and the high costs related to structural
degradation including losses of functionality and the permanent
or temporary unavailability (for repair and rehabilitation) could
be an important overthrow. Thus thorough understanding of the
earth materials requirements for concrete manufacture are of
vital economic importance in view of the prevention of
deterioration and aging of structures whose longevity and
functionality must be guaranteed. It is imperative to provide the
concrete producers with the necessary knowledge in order to
avoid this type of concrete degradation. Particularly important is
the recently approved Lisbon-Madrid High Speed Train railway
construction. This expensive operation will require large
quantities of aggregates for the construction of bridges and
other concrete infrastructures.

Three main sources of raw materials will be considered for
the study: St. Eulalia, Montemor and Cano. These quarries are
already major exploitation sites separated by 50 km and not far
from the future High Speed Train railway. Two of them are
granitoid rocks but the raw material from St. Eulalia is richer in
quartz and poorer in ferromagnesian minerals than the
Montemor aggregates (fig. 1 left). The enrichment in calcium of
feldspar goes together with the iron and the magnesium. The
Cano aggregates (fig. 1 right) are very different materials. The
main lithology is a dolomite rock with local microscopic
enrichments in phyllosilicates and very deformed quartz.
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Fig. 1: Agregates from

Montemor (left) and Cano (right ries.
Mineralogical and textural characterization of the aggregates
was done by optical microscopy. The crystallinity of quartz was
also evaluated by XRD and FTIR. The aggregates were also
studied by accelerated expansion mortar-bar and concrete-prism
tests to evaluate their potentially alkali-reactivity. The
relationship between aggregates characteristics and their
behaviour in what concerns to alkali reactivity will be
discussed.

[1] Santos Silva, A. (2005) PhD thesis, University of Minho,
Guimaraes, Portugal.

Ettringite mapping by X-Ray diffraction
computed micro-tomography and quantitative
image analysis

Valentini, L.Y", Dalconi, M.C.}, Parisatto, M.},
Cruciani, G.> & Artioli, G.
!Dept. of Geosciences, University of Padua, Italy
("luca.valentini@nuigalway.ie)
2Dept. of Earth Sciences, University of Ferrara, Italy

The formation of ettringite plays a critical role in the process of
hydration of cement pastes. During the early stages of
hydration, reaction of the aluminate phase (CsA) with calcium-
sulfate, yielding ettringite, prevents the occurrence of the
undesirable effect known as “flash-set”. On the other hand,
formation of ettringite during late stages of hydration, which
commonly occurs in heat-cured pastes, induces the build-up of
dilative stresses that may ultimately lead to severe cracking
within the matrix and at the interface with aggregates.
Therefore, investigating the rates and modes of ettringite
formation, and its spatial location and local abundance within
the paste, is crucial to understanding both early-stage kinetics
and processes related to deterioration.

In this study, a 3D non-invasive technique based on
computed micro-tomography, coupled with X-ray diffraction
(XRD-CT) is developed with the aim of mapping the
distribution of ettringite within a cement paste. The main
advantage of this technique is that the spatial distribution of
ettringite (or other phases) can be studied on a three-
dimensional basis, and without perturbing the microstructure of
the sample. The output of the tomographic reconstruction
consists of a series of 2D slices in which the relative amount of
ettringite is encoded as a grey intensity value. A strategy was
devised in order to convert the grey intensity values into volume
fractions of ettringite, by calibration with the overall weight
fractions relative to the various phases, obtained by Rietveld
refinement of the diffraction patterns acquired by XRD-CT.
Moreover, analysis of the images by a multifractal technique
provided a tool for quantitative comparison of the ettringite
distribution patterns in different samples, e.g. collected at
different hydration times, or in OPC pastes with and without
admixtures. The results of the multifractal analysis may also
provide information about the modes of ettringite growth and
aggregation during hydration.
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Quantification of surface topography alteration
by converged roughness parameters

Fischer, C'?" & Liittge, A2
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Dissolution or corrosion at mineral or material surfaces results
in rough surface topographies with amplitudes at the micron to
submicron range. The quantification of the evolution of surface
topography during dissolution or corrosion reactions is a
prerequisite to understand surface reactivity and spatial
reactivity anisotropies.

Characterization and quantification of spatial and amplitude
variations of material surfaces by surface roughness parameters
is limited by both the spatial frequency bandwidth of the sensor
as well as the field of view. Superposition of several surface
building blocks of a given surface leads to complex surface-
roughness parameter results of surfaces modified by dissolution
Or COrrosion processes.

Here we present an analytical approach to deconvolve
results of roughness parameter measurements. We apply
converged surface roughness parameters for the detection and
quantification of surface building blocks responsible for the
respective amount of roughness parameters as a function of the
field-of-view of the dataset [1]. Subsections of varying size of a
given surface topography dataset were analyzed. Surface data
were collected using vertical scanning interferometry (VSI), a
surface-sensitive method with sufficient lateral and remarkable
high vertical resolution.

As an example, we apply root-mean-square (rms) roughness
(Rg) to quantify amplitude variations and the interfacial area
ratio (F) to quantify the evolution of the total surface area of
reacted surfaces. This approach is helpful for several
mineralogical and technical applications. As an example, the
evolution of iron oxide encrustation topographies was
investigated. Surface sections with a specific micron to
submicron rms-roughness show preferred colloidal particle
adsorption [2]. This example underlines the potential of the
approach discussed here to understand environmental processes
as well as to develop technical applications.

[1] Fischer, C. & Littge, A. (2007) Am. J. Sci., 307, 955-973.
[2] Fischer, C. et al. (2008) Langmuir, 24, 3250-3266.

Iridescent surface layers on altered bottle glass:
from the Outback into the nanoscale lab

Milke, R.", Hammerschmidt, K.}, Wirth, R.2 & Ganzel, J.2
nstitut fur Geologische Wissenschaften, Freie Universitat
Berlin, Germany (‘milke@zedat.fu-berlin.de)
ZHelmholtz-Zentrum Potsdam Deutsches
GeoForschungszentrum GFZ, Potsdam, Germany
®Berlin-Zehlendorf, Germany

Iridescent glass is a familiar finding from archeological sites,
when glass objects were buried in soil or sunk in the sea for
several 100s or 1000s of years. The change in surface structure
leading to this optical effect has been related to thin chipping-
off alteration layers. Modern methods like FIB-FEG-SEM
(focused ion beam - field-emission gun scanning electron
microscopy) that provide high resolution in imaging as well as
chemical and structural analysis allow new views on this
phenomenologically long known type of glass corrosion.

We investigate surface layers on glass bottles dug up in
Australian opal fields where they were thrown away by miners
not longer than a few decades ago. According to the local
people these colory bottles indicate recent opal precipitation.
This is not confirmed by our analytical work. The surface layers
are rich in SiO,, and strongly depleted in Na,O, K,0O and CaO
compared to fresh bottle glass, but also Al,O3 is largely
retained. From a bulk chemical point of view the glass surface
alteration is similar to siallitic weathering of (sub)tropical soils.

Isotope analyses of fresh bottle glass vs. alteration layers
indicate shifts both in the Sm-Nd and the Rb-Sr radiogenic
systems that can only be explained by chemical exchange
between a fluid and the glass surfaces. The surface layers
contain about 1 wt% CI that is absent in the fresh glass, thus
indicating that the corrosion layers formed by interaction with
salinar soil fluids.

Electron-transparent foils were produced and investigated
by STEM and TEM methods. The surface layers are not
comprised of regular spheres like precious opal, but of loosely
connected and easily chipping-off regular layers. Their
thickness is remarkably uniform in the 200-500 nm range,
being in most cases constant for a specific sample over stacks of
20 or 30 alteration layers.

This constancy in layer thickness signals a close relation to
either a material-specific or a site-specific quality of the altered
glass that leads into a chemical-mechanical feedback. The most
obvious driving force for this periodic effect is volume change
(increase by hydration vs. decrease by leaching of alkali
elements and others); nevertheless structural changes
(devitrification) might also be important.

The iridescence at first place attracts notice because it
produces bright colors in the narrow spectrum visible to the
human eye; the significance of the corrosion processes behind
this optical effect might be of much wider significance.
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Impact of lichens on granite weathering in the
High Tatra Mountains (South Poland)

Michalik, M.Y", Maciejowska, A.* &
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Increase of weathering rate of aluminosilicate rocks caused by
lichen encrustation is often suggested; however, a protective
role of lichen is also postulated.

The aim of the study was to determine the transformation of
the granite rock-forming minerals under lichen crust
(Rhizocarpon geographicum and R. alpicola). Samples were
collected in the northern part of the Tatra granite (from 1500 to
1860 m asl). Studied rocks are metaluminous to peraluminous,
composed of quartz and plagioclase with lower amount of K-
feldspar and biotite. Muscovite (both, primary and secondary)
occurs as minor component. Granodiorite and tonalite dominate
in the study area; granite is present mainly in pegmatite zones
relatively rich in K-feldspar. Rocks are medium- to coarse-
grained. Granites are hydrothermally altered (chloritization of
biotite, albitization of feldspars, and development of epidote).

A yellowish, rusty or bleached zone (up to few mm thick) is
present in the rock beneath lichen crusts. The outer layer of the
rock is cracked, and the density of cracks is variable. Cracks are
often filled by lichen hyphae but empty ones occur as well.
Rock fragments are often detached and incorporated into the
lichen crust. Fragmentation of the rock can be caused by
mechanical action of lichen (swelling and contraction of hyphae
inside rock related to changes of ambient humidity or freeze-
thaw processes).

Contact between quartz and feldspar grains is usually sharp.
Contact between lichen and biotite is complex especially in case
of biotite crystals with cleavage plains oriented perpendicularly
to the rock surface. In such case hyphae penetrate deeply into
biotite (up to 1-2 mm). Deep penetration results in splitting of
biotite fragments and formation of small lenses of biotite
remains surrounded by hyphae.

Interaction between lichen and minerals results in chemical
transformation of minerals. Feldspars in the vicinity of lichen
hyphae exhibit lowering of alkali and increase of Al contents.
Altered biotite exhibits relatively low content of K (often below
0.5 atom pfu based on 11 oxygen atoms) and high content of Al
(and concentration of Ca in numerous spot analyses). This trend
of chemical transformation can be connected with the formation
of biotite/vermiculite interstratified minerals. However,
biotite/vermiculite was not determined by using X-ray
diffraction techniques. In the vicinity of altered biotite,
accumulation of Fe (or Fe and Ti) is common.

The presence of Al, Si, K, Ca, Fe, S, Cl and P in the outer
part of lichen encrustation suggests that these elements originate
from decomposed minerals but probably partly also from
adsorption of atmospheric pollution components.

Results indicate that biomechanical and biochemical
processes are active during lichen-rock interaction. Chemical
decomposition of feldspars is common; decomposition of biotite
is often usually significantly advanced but depth of alterations is
limited. Accumulation of different elements in the reaction zone
was previously determined but newly formed minerals have not
been recorded yet.

Improvement of engineering parameters of soil
filling materials and their effect on the corrosion
of steel

Ismail, A.1.M.>, Ghany, N.A.A.2 & Ryden, N.2
1Geological Science Dept., National Research Centre, Dokki,
Cairo, Egypt (‘ali_ismail_2000@yahoo.com)
2Electrochemistry and Corrosion Lab, Dept. of Physical
Chemistry, National Research Centre, Dokki, Cairo, Egypt
®Dept. of Engineering Geology, Lund Institute of Technology,
Lund, Sweden

Structures such as natural gas, crude oil pipelines and water
mains are only some of the many structures reported to have
been affected by soil corrosion around the world. The
fundamental cause of the deterioration of steel pipelines buried
underground is soil corrosion. Before such a structure is put in
place the risk of corrosion and the need for corrosion protection
measures should be estimated. The position of the buried
structure in relation to the groundwater table is of major
importance for corrosion. Even in the soil above the
groundwater table, there is water held by capillaries and pores.
The finer the soil particles (e.g. clay) and pore size the more
water is held.

In this study the effect of filling materials, comprising
granular sand and gravel fill, on the corrosion rate was studied.
The effects of curing time of soil blends were also investigated.
Engineering properties including soil plasticity, compaction
test, unconfined compression strength (UCS), swelling and
shrinkage were measured using British Standards (BS) methods.
The corrosion rates of steel in soil blends were determined by
weight loss method and electrochemical technique. The soil
blends were characterized using Scanning Electron Microscopy
(SEM), X-ray Diffraction (XRD) and Energy Dispersive
Spectroscopy (EDX). The results showed that addition of
portland, iron and anti-sulphate cements as stabilizers reduces
the corrosion rate of steel structures and increases the resistivity
of soil blends.
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Corrosion rates determined by Vertical Scanning
Interferometry
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Corrosion is one of the critical challenges modern industrial
societies are facing. Conservative estimates place an annual 276
billion dollar price tag on corrosion in the United States alone —
and the tendency is quickly increasing. Challenges for our fight
on corrosion include not only the repair of structures but a
combination of assessment, prevention and process control.
These tasks entail an interdisciplinary approach to the study of
kinetics and corrosion mechanisms at the molecular level. As
the repository of sophisticated analytical and experimental
techniques, modern mineralogy is well suited to play a critical
role in this interdisciplinary approach and our fight against
corrosion.

We study surfaces of reflective materials such as crystalline
materials, cements, glasses, metals, and living organisms, and
their precipitation, dissolution, corrosion, and growth kinetics
with Vertical Scanning Interferometry (VSI). Through coupling
of experimental and modeling techniques (Fig. 1) and the
complementary use of both Atomic Force Microscopy (AFM)
and VSI we are able to directly observe the surface and its
dynamic changes over a wide range of length and time scales.
Although these methods do not typically permit the direct
observation of molecular-scale sites, such as kink sites and their
distribution, this information can be provided by parameterized
kinetic Monte Carlo (MC) simulations and associated modeling
techniques such as Molecular Dynamics calculations (MD).

Field Studies

Feld
Simulation Measurements |

Fig. 1: Length and time scales relevant to corrosion processes.
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The active surface of clays for healthy
environments: dynamic of pesticides

Cornejo, J.
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Clays and “anionic clays” are layered natural and synthetic
compounds, respectively, with very special surface properties.
They are wonderful materials!

Clay minerals are composed by aluminosilicate layers
negatively charged balanced with cations in the interlayer space.
Smectites are a clay mineral group having swelling or
expandable structure that makes the interlamellar structure
accessible to cationic or polar organic molecules. On the
contrary the “anionic clays” are layered double hydroxides
(LDH) positively charged that is balanced by hydrated anions
between the layers. Moreover, LDH has a very special property:
when heated at 500°C a mixed oxide is obtained and when put it
in water rehydrates, recovering the original LDH structure. The
sorption of anions from aqueous solutions by reconstruction of
LDH structure is based on so-called “memory effect”, which
provides them with recycling possibilities. Several examples of
interactions of these materials and organic molecules are shown.

The main characteristic of these materials is the high
adsorption capacity and how easy they can be modified by
changing the original surface properties into new ones almost “a
la carte”. The layer charge and the origin of the charge is a key
parameter affecting sorption and chemical and phothochemical
degradation reactions.

Clay minerals and LDHs are important sorbents when
chemicals are ionic, ionizable or polar because their hydrophilic
character. Replacement of inorganic interlayer exchangeable
ions by organic ones has been shown to change the nature of the
surface from hydrophilic to hydrophobic increasing mineral
affinity for hydrophobic organic compounds. The selective
modification of clay minerals with organic cations containing
appropriate functional groups is a novel technique to maximize
the affinity of the adsorbent for a given chemical.

These organoclays can be widely used as sorbents for
diverse target molecules. These materials are of special interest
for decontamination or contamination prevention purposes in
soil and water environments e.g: in clay-pesticide formulations.
Factors influencing the release rate and extent of pesticides
from clays and organoclays are still issues which need to be
addressed. The characteristics of the clay mineral, the amount
and nature of exchangeable cations, the clay-pesticide ratio, and
the procedure followed to prepare the formulation all affect the
interaction of the pesticide with the sorbent and in turn its
release from the formulation. Interactions mechanisms of
original and modified clays with organic molecules are
discussed.

Organoclays and organoLDHs based on large and small
organic cations/anions are proposed not only as carriers in
pesticide formulations to retard pesticide leaching after soil
application and slow release of bioactive chemicals and
photostabilizers but also as filters or barriers for water
decontamination.

Uptake of uranium(VI) by clay minerals

Bachmaf, S.” & Merkel, B.J.
Dept. of Hydrogeology, Technische Universitit Bergakademie
Freiberg, Germany (“samerbachmaf@yahoo.de)

The transport of U(VI) in columns packed with different clay
minerals was investigated. The major aim was to verify if the
phenomena reported in previous batch experiments are true as
well with flow through conditions.

Although smectites have higher cation exchange capacity
than kaolinites, both kaolinite minerals (KGa-1b and KGa-2)
showed much greater uranium sorption than smectites; requiring
hundreds of pore volumes to achieve breakthrough. This can be
considering as obvious evidence that surface complexation was
the dominant mechanism for uranium retardation in all columns.
The high uranium sorption capability for kaolinite is because it
contains more exposed aluminol surface site which have greater
binding affinity with respect to uranium than silanol sites.

The irreversible sorption of U(VI) observed in smectites
packed columns can be attributed to the high content of iron
oxide in the bentonite structure (e.g, 4.3% for SWy-2)
comparing to that in the kaolinite structure (e.g., 0.2% for KGa-
1b), which has a pronounced sorption affinity to uranium. In
addition, the presence of the basal plane in (2:1) clay minerals
can obviously delay the U(VI) desorption. Therefore, a slow
diffusion of uranium from the surface into the interlayer
forming stable surface complexes is delaying uranium
extraction. The mineral composition and the degree of
crystallinity plays an important role for sorption and desorption
of U(VI).

Quantitative U(VI) recovery rates were obtained from the
calculation of mass balance in all columns. U(VI) was totally
recovered from kaolinite (although slowly), whereas 53 ug and
93ug of U(VI) remains in STx-1b and SWy-2 at the end of the
experiments, which is an clear indication for irreversible
adsorption (Table 1).

On the contrary, it is noticeable that the amount of U(VI)
desorbed from IBECO was significantly higher than sorbed
before. This can be attributed to an amount of uranium released
from bentonite structure.

Table 1: Mass balance for sorbed and desorbed uranium

Total U in pg/L
Columns packed with sorbed desorbed
IBECO 474 542.1
STx-1b 566 513
SWy-2 724 631
KGalb 877 877
KGa-2 939 928
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A fast method to determine the cation exchange
capacity of clays with guanidinium

Minder, P." & Plotze, M.
Institute for Geotechnical Engineering, ClayLab, ETH Zurich,
Switzerland (“pascal.minder@igt.baug.ethz.ch)

The common procedures of determining the cation exchange
capacity (CEC) of clays with ammonium ions are often time-
consuming and laborious [1]. Fast methods have been
developed for a wide range of clay minerals using transition
metal ions as exchanging index cations, e.g. copper
triethylenetetramine [Cu(trien)s]>" [2]. However, this method
suffers from a significant underestimation of the CEC of
vermiculite-bearing soils. The values depend from sample
preparation. Excessive mechanical and chemical pretreatment
and a longer exchange reaction time are needed to measure
vermiculite CEC values effectively [3].

A new method was developed to measure the CEC of
vermiculites in a simple way by exchanging the cations in one
step by the highly adsorbing organic cation guainidinium
C(NH,);*. Guanidinium (Gdn) concentrations were measured
by fluorescence spectroscopy following a method proposed by
Conn and Davis [4].

In our approach only some simple mechanical sample
preparation is required before the exchange reaction. The
sample material needs to be grinded down to a grain size less
than 63 um. Dispersion in water is achieved by ultrasonic
treatment prior to the addition of the index ions. The exchange
reaction then takes place within 4 hours in an aqueous solution
of guanidine hydrochloride. Table 1 gives a comparison of the
CEC obtained by different methods for a bentonite and a
vermiculite.

Table 1: CEC (meg/100 g) from different methods

@) &3] (©)
Bentonite Calcigel 65 65 64
Vermiculite <63 um 159 25 150

(1) Ammonium method [1], (2) Cu(Il)trien method [2]. (3) Gdn method

First results show good agreement of the CEC measured with
guanidinium and those measured with ammonium. Currently an
experimental program is running, to apply the method to a
larger range of clay minerals and to determine and improve the
accuracy and the precision of the method.

[1] Mackenzie, R.C. (1951) J. Coll. Sci., 6, 219-222. [2] Meier,
L.P. & Kahr, G. (1999) Clay. Clay Miner., 47, 386-388. [3]
Steudel A. et al. (2009) Clay. Clay Miner., 57, 486-493. [4]
Conn, R.B. & Davis, R.B. (1959) Nature, 183, 1053-1055.

Investigation of adsorption properties of a
kaolinite and nontronite containing clay from
Dikozu region (Eskisehir-Turkey)

Orhun, O.", Dikmen, Z. & Dikmen, S.
Dept. of Physics, Anadolu University, Eskisehir, Turkey
(‘oorhun@anadolu.edu.tr)

Instrumental characterization of a clay sample from Dikozu
region (Eskisehir-Turkey) was performed by various techniques
such as XRD, XRF, TGA/DTA, SEM. XRD analysis was
realized by XRD apparatus (Rigaku, Rint 2200). Weight
percentages of the sample were calculated from XRD pattern
via the method developed by Moore and Reynolds [1] (Table 1).
Besides, IR spectrum of the sample was obtained from FTIR
spectrometer (Bruker, IFS 66v/S). Chemical analyses of the
sample were taken by means of an WDXRF apparatus (Rigaku,
ZSX Primus) (Table 1). TGA/DTA analysis of the sample was
obtained from Thermal Analysis System (Setaram Setys
Evolution 1750) and SEM images were taken by SEM system
(Zeiss, EVO 50 EP). The results of instrumental analyses were
compared with each other and they show consistency [2,3].

Table 1: XRD and XRF results of the sample from Dikozu region
(Eskisehir-Turkey)

Components of the clay sample: nontronite (20.1%), dolomite
(35.1%), kaolinite (44.8%)

Chemical analysis of the clay sample:
Al,03(29.35%), Fe,0; (2.654%), K,0(0.043%),
TiO,(0.08%), other (0.814%), ignition loss (23.516%)

Si0,(49.183%),
MgO(8,571%),

The clay sample, 90 um in size, was prepared by grinding and
sieving processes. After the preparation of the sample, the
investigation of adsorption properties was realized by high
speed volumetric sorption analyser (Quantachrome, Nova
2200). Before analysis of the adsorption properties, the sample
was activated thermally in 110°C during 3 hours. Specific
surface area and density of the sample were determined in the
medium of liquid nitrogen (77K) by using B.E.T. method.
Adsorption isotherms were consistent with B.E.T. model. After
obtaining the B.E.T.isotherms, the values of the specific surface
area and density of the sample were 53.043 m%g and 2.2 g/cc
respectively.

Investigation of water vapour adsorption properties of the
sample was realized by volumetric adsorption system
(Quantachrome, Autosorp 1). Water vapour adsorption-
desorption isotherms were consistent with B.E.T. model.
Specific adsorbed water vapour, specific surface area and
specific retention capacity of the sample were 30 cc/g 147.2
m?/g and 32.630 cc/g respectively. The specific surface areas of
the sample determined by using different adsorbates were found
different. This difference comes from the molecular structures
of nitrogen and water.

[1] Moore, D.S.M. & Reynolds, R.C. (1997) X ray diffraction
and identification and analysis of clay minerals, Oxford
University Press, Oxford. [2] Celik, K.M. (2006) Kil
Minerallerinin  Ozellikleri ve  Tammlama  Yontemleri.
BizimBuro, Ankara. [3] Orhun, O. et al. (2009) Final report of
research project 041061. Anadolu University, Anadolu
University, Eskisehir.



AM18C2 - Colloidal properties and surface chemistry of clays — oral 77

Stability and forms of Fe in natural and modified
clays: connection to sorption properties
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The stability and forms of structural Fe in natural
aluminosilicates have been usually based on the redox potentiall,
predominantly in aqueous environment. The oxidation-
reduction processes of Fe particles in soils and sediments
strongly influenced not only physical chemical properties, but
also surface properties of aluminosilicates (specific surface area,
surface charge) [1], closely related to the adsorption behaviour
of solid phase.

Recently Fe-modified aluminosilicates have opened new
possibilities in adsorption technologies due to the change of
surface charge (pHzpc) and thus a strong affinity to anionic
contaminants. Four natural and two modified clays with a high
content of Fe (Table 1) were investigated in term of Fe forms,
their changes during adsorption processes and the stability
under balanced and/or disturbed conditions in solid-aqueous
system (redox potential, ionic strength, pH, microbial activity,
competitive ions, etc.) [2,3].

Table 1: Relative content of Fe in natural and modified clays (% wt.)

locality characteristic  Fe (%wt)

Kaolinite Kiraly Hill, natural 3.0
Hungary

Ilite clay Ilite pit in Tokai, natural 17
Hungary

Smectite clay Lignite pit, natural t06.9
Visonta, Hungary

Calcined kaolin ~ West Bohemia, ~ modified Fe*'/Fe**  4.1/27.2
CR (pit)

Bentonite West Bohemia, natural 14.6
CR (pit) modified Fe**/Fe**  17.8/28.6

Kaolinite clay West Bohemia, natural 8.9

CR (clay deposit)

The detailed characterization of Fe chemistry in different types
of aluminosilicates anabled to predict the stability and detention
time of surface fixed particles forming complexes and/or
covalent bonds via Fe ions. These properties particularly
affected the adsorption quality of clay sorbent both in natural
systems and in technological processes. The adsorption/
desorption of dissolved ions including toxic contaminants
strongly depended on their initial concentration, and also on
surface Fe phases (their amount and chemical forms). However,
the stability of saturated sorbent also related to the type and
purity of clay matrix, binding character, physical chemical
properties and ageing time.

Acknowledgements: This work was the part of the project
P210/10/0938 (Grant Agency of Czech Republic) and the
research programme MSM 6046137302 (CR).

[1] Manceau, A. et al. (2000) Am. Mineral., 85, 153-172.
[2] DouSova, B. et al. (2009) J. Hazard. Mater., 165, 134-140.
[3] Burleson, D.J. & Penn, R.L. (2006) Langmuir, 22, 402-409.

Synthesis and investigation of physicochemical
properties of Zr,Al-pillared montmorillonites

Timofeeva, M.N.*", Panchenko, V.N.}, Chesalov, Yu.A.%,
Tsybulya, S.V.! & Bolormaa, O.?
'Boreskov Institute of Catalysis, Novosibirsk,
Russia (‘timofeeva@catalysis.ru)
2Faculty of Chemistry, National University of Mongolia,
Ulan Bator, Mongolia

Nowadays for direct elimination the pollutions considerable
attention has been given to the development of new functionally
active sorbents based on clay minerals due to their unique
structural and physicochemical properties. Multicomponent
systems containing two mixed ions, such as Al/Ga-, Al/Fe-, and
etc., are of particular interest due to their unique textural and
physicochemical properties.

A Na-containing naturally occurring montmorillonite was
intercalated with solutions containing Al-, Zr-, and mixed
Zr,Al-cations, with various Zr/Al ratios [1]. The Zr,Al-PILCs
were obtained by calcination of the intercalated precursors at
450°C. Characterization studies were performed by use of
XRD, FTIR, DR-UV-vis and Ny-adsorption/desorption analysis.

Effect of Zr/Al ratio of Zr,Al-containing pillaring solution
on structural and physicochemical properties of Zr,Al-PILCs
was examined. As can be seen from Table 1 all Zr,Al-PILCs
showed ordered, layered structures with basal spacing between
18.3 -16.4 A (14.7 A for Na-clay). The increase in Zr content in
Zr,Al-PILCs favours the increase in interlay distance (d001),
although the specific surface area slightly changes.

Table 1: Textural data of Zr,Al-PILCs

Al Zr SmeT, oo
%wt %wt 9 A
Al-CAC 8.80 0 216 18.3

Zr,Al-CAC(70/10)  8.76 1.89 271 17.6
Zr,Al-CAC(70/20)  8.72 3.58 240 17.0
Zr,Al-CAC(70/30)  8.15 3.00 205 16.4
Zr-CAC 5.55 11.6 206 10.7

The increase in Zr content makes alterations in nature and
strength surface functional groups that were confirmed by IR
spectra of adsorbed CO and CDCl;. The increase in Zr content
leads to the change in surface acidity. The Zr,Al-PILC in the
aqueous suspensions became coloured after the adsorption of
Congo red (CR). The following stainings were obtained, on
Zr,Al-PILC(10/70) - red, on Zr,Al-PILC(20/70) - violet-red and
on Zr-PILC - dark violet (Fig. 1). It appears that CR can serve
as an indicator of the surface acidity of montmorillonite.

NH, NH,
‘g ‘C ,N=N"Q Q M=, ‘g “

50,Ma 50,Na

1o

Fig. 1: Adsorption of Kongo red (0.035 mg-ml™) on Zr,Al-PILC(10/70)
(1), Zr,Al-PILC(20/70) (2) and Zr-PILC (3) at 25°C.

The effects of surface acidity of Zr,Al-PILCs, initial pH value
of the Congo red dye solution and temperature on adsorption
capacities of samples for CR dye have been investigated.

[1] Timofeeva, M.N. et al. (2009) Appl. Catal. B Environ., 90,
618-627.
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Electric-field induced alignment of modified
Na-fluorohectorite clay particles

Rozynek, Z.*, Wang, B. & Fossum, J.O.
Dept. of Physics, NTNU, Trondheim, Norway
(“zbigniew.rozynek@ntnu.no)

The electric field induced alignment of organically modified
sodium-fluorohectorite (Na-Fh) clay particles suspended in
silicone oil was studied by means of synchrotron wide angle X-
ray scattering (WAXS).

This report focuses on the comparison between the
anisotropic arrangement of organically modified clay particles
and their previously studied non-modified counterparts [1].

Na-Fh particles suspended in oil undergo a fast and
extended structuring when subjected to an electric field [2]. As
a coarse approximation, the Na-Fh clay platelets forming the
chain can be represented as disk-shaped aggregates, whose
orientation is defined by a unit normal vector. Thus, the
anisotropic arrangement of the system can be described by an
orientation distribution that is a function of the normal vectors
for all aggregates [3]. The classical Maier-Saupe function was
used for the orientation distribution, since it was found to be
suited to our data, as discussed previously by Méheust, et al. [4]

In fig. 1 the experimental set-up is presented whereas fig. 2
shows two-dimensional diffractograms.

2-D derector
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Fig. 1: Experimental geometry for the WAXS measurements. Particles
are forming chains along the E-field.

Fig. 2: WAXS patterns of modified clay particles without (left) and
with (right) E-field applied (0.35 k\V/mm).

The WAXS data showed that the degree of anisotropy was
higher for the system with organically modified Na-Fh particles
(S=0.71) than for unmodified clay particles (S=0.63). This can
be explained by fact that the modified clay particles do not form
large aggregates as it is the case with unmodified particles,
leading to a better organization of the constituents of this
electrorheological fluid.

[1] Rozynek, Z. et al. (2010) J. Phys. Condens. Matter (in
press). [2] Fossum, J.O. et al. (2006) Europhys. Lett., 74, 438-
444. [3] Rozynek, Z. et al. (2009) J. Phys. Conf. Ser., 149,
012026. [4] Méheust, Y. et al. (2006) J. Appl. Crystallogr., 39,
661-670.

Dissolution of the surfactants modified
montmorillonite in HCI

Palkova, H.Y, Jankovi¢, L.}, Zimowska, M.? & Madejova J.*
YInstitute of Inorganic Chemistry SAS, Bratislava, Slovakia
("helena.palkova@savba.sk)

?Institute of Catalysis and Surface Chemistry PAS, Krakow,
Poland

Various concepts have been applied to modify the properties of
clay minerals in order to widen their possible applications. For
example, cationic organic surfactants are often used to change
their surface properties. On the other hand, acid activation is an
appropriate method for alteration of the clay minerals structure.
In this work these two methods of modification are united and
the stability of organo-modified montmorillonite in inorganic
acid and the influence of the acid treatment on final textural and
morphological properties of obtained products are examined.

Ca?* cations in Ca-SAz-1 montmorillonite were exchanged
with organic cations with different length of alkyl chains:
tetramethylammonium (MeyN™), tetraethylammonium (Et,N"),
tetrapropylammonium  (Pr,N*), and tetrabutylammonium
(BusN™). The results of the chemical analysis revealed very low
Mg and/or Al content present in the solid reaction product after
8 hrs dissolution of Ca-SAz-1 in 6 M HCI, indicating almost
completely decomposed sample. Me;N-SAz sample was
dissolved in similar extent. However, with increasing size of the
organic cation higher resistance to acid attack in order<Ca
Me,N* < Et,N*< Pr,N*< Bu,N* was observed. About one half
of the initial aluminium content still remained in the solid
reaction product for BuyN-SAz dissolved even for 8 hrs. SEM
analysis showed that destruction of the original layer
composition upon acid treatment became evident also from the
overall morphology of the particles, their size and aggregation.
The exposed planes of large plate-like montmorillonite
aggregates were disintegrated and smaller fine grains were
created. Formation of protonated silica as a product of acid
leaching led to the sharp increase in BET surface area of Ca-
SAz-1 from 70 m?/g to 467 m?/g, after 4 hrs of treatment. The
only sample reaching the similar maximal BET value was the 4
hrs treated Me,N-SAz. The course of the BET values for all
samples is given in Fig. 1. The gradual increase in the BET
surface area was also observed for Bu,N-SAz, but it did not
reach the values found for other studied samples (Fig. 1), which
confirmed only partial decomposition of this montmorillonite.
Bulky organic cations cover larger surface area of
montmorillonite, what decreases the accessibility of the
interlayers to proton attack causing the increase in the resistance
of the clay layers to the acid.

BET surface area (m?/g)

Time of treatment (hrs)

Fig. 1: BET surface areas of untreated samples and samples dissolved in
6M HCI at 80°C for various times.
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Influence of clay’s cation exchange capacities
(CEC) on organoclay structure and locations on
the loaded surfactants

He Hongping”, Ma Yuehong, Qing Yanhong, Zhu Jianxi &
Yuan, Peng
Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou, China ("hehp@gig.ac.cn)

During the last two decades, organoclays have attracted great
interest due to their wide applications such as adsorbents for
organic pollutants and clay-based nanocomposites [1].
However, some important aspects still have not received enough
attentions, such as the influence of the characteristics of the
used clays and configuration of the used surfactants on the
microstructure and property of the resultant organoclays, the
microstructural evolution of organoclays when heated. These
are of high importance for the applications of organoclays.

In this study, three montmorillonites with different cation
exchange capacities (CECs) and surfactants with different alkyl
chain length and chain number were used to prepare
organoclays at different surfactant concentrations. A
combination of various characterization techniques was applied
to investigate the microstructure of the obtained organoclays
and their microstructural evolution when heated. The present
study shows that the basal spacing of the organoclays increased
with surfactant loading [2,3], while the maximum basal spacing
increased as the alkyl chain length of the surfactant increased
[2]. For the same surfactant, the maximum basal spacing of the
organoclays was little influenced by the CEC of the
montmorillonite component [4]. The level of surfactant loading
required to reach the maximum basal spacing, however,
strongly depended on the CEC. For a given surfactant, the
maximum basal spacing increases with the increase of chain
number.

When heating the organoclays, there is a slight increase of
basal spacing before 340°C and after this temperature, there is
an obvious decrease of the basal spacing, indicating the
degradation the intercalated surfactants. The XRD patterns at
different temperatures and TG curves of the organoclays
indicate that there are two basic different locations of the loaded
surfactants: 1) adsorbed on the clay external surfaces, including
in the pores available between clay particles with a “house of
cards” structure [5], 2) intercalated into clay interlayer spaces
via two different ways, i.e., surfactant cations replacing the
interlayer exchangeable metals and surfactant molecules being
adsorbed into interlayer spaces [6,7].

[1] Bergaya, F. & Lagaly, G. (2001) Appl. Clay Sci., 19, 1-6. [2]
Lagaly, G. (1981) Clay Miner., 16, 1-21. [3] zZhu, J.X. et al.
(2003) Chin. Sci. Bull., 48, 368-372. [4] He, H.P. et al. (2010)
Appl. Clay Sci., 48, 67-72. [5] He, H.P. et al. (2006) Clay. Clay
Miner., 54, 691-698. [6] Yariv, S. (2004) Appl. Clay Sci., 24,
225-236. [7] Theng, B.K.G. et al. (2008) in Huang, Q.Y.,
Huang, P.M. & Violante, A. (eds.) Soil Mineral-Microbe-
Organic Interactions: Theories and Applications. Springer-
Verlag, Berlin, 145-174.
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Effect of clay amendments on wettability of peat-
based growing media — relation between
capillary water uptake and EDX data on surface
compaosition

Below, M.", Walsch, J. & Dultz, S.
Institute of Soil Science, Leibniz University of Hannover,
Germany ("'m-below@web.de)

In Europe 200.000 tones of clays are used for growing-media
annually. Peat, an important substrate component gets highly
hydrophobic if it is getting dry. The addition of clay to peat
induces a coated surface with hydrophylic properties on the
organic matter which improves rewettability and reduces the
risk of erroneous irrigation. At present there is only empirical
knowledge about the amount of clay needed and the optimum
mineral parameters for different horticultural purposes.

For the organic substrate component a blend of different
sphagnum peats with a moderate degree of decomposition,
obtained from Klasmann Deilmann GmbH (Geeste-GrofR
Hesepe, Germany) was used. Seven clay samples highly
different in their mineral parameters from the Mesozoic-
Tertiary weathering mantle, Rhenish Massif were obtained from
Stephan Schmidt KG (Langendernbach, Germany). A saprolitic
clay, two bentonites, and two translocated clays as well as two
blends were included. Mixtures of 10, 20, and 30 kg clay with 1
m3 peat were prepared.

For the evaluation of the water uptake characteristics a
capillary-rise method, developed for inhomogeneous, fibrous
and swelling materials (Dutch RHP-foundation) was used. The
coverage degree of the peat surfaces with clay minerals was
described by the C/Si ratio determined by energy dispersive X-
ray spectroscopy (Quanta 200, Fei) for sections of 6 mmz2.
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Fig. 1: Effect of four different clays amended in amounts of 10, 20, and
30 kg/m?3 peat on the water uptake rate. The C/Si ratio (n=5) indicates
the coverage degree of peats surfaces with clay.

At low C/Si ratios, where the surfaces of peat are most complete
coated with clay minerals, all clay-peat systems show the
highest water uptake rate (Fig. 1). Highest variability is
observed for a saprolitic clay rich in illite and kaolinite, where
the water uptake rate ranges from 2,6 to 15,5 %v/v/min. For the
translocated clay and bentonite, the absolute amount of
amended clay showed minor effects, but water uptake rate is
quite higher than that of original peat (1,3 %v/v/min). Water
uptake rate is not only affected by clay mineralogy where clays
rich in illite and kaolinite show quite stronger effects than
bentonites, but also by parameters such as particle size, content
of secondary oxides and sorption capacity for dissolved organic
matter.

Future work focuses on the stability of peat and clay
aggregation during a vegetation period, which is determined at
present in tests on flocculation considering electrolyte effects of
fertilizers.

Spectral properties of Rhodamine 6G in smectite
dispersions: effect of the monovalent cations

Czimerova, A.", Bujdak, J. & Jankovig, L.
Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Bratislava, Slovak Republic ("uachczim@savba.sk)

Montmorillonite monoionic forms with alkali metal and NH,*-
cations were prepared by ion exchange. The hydration
properties and binding of the ions to montmorillonite surface
and the swelling properties of the mineral specimens were
analyzed. Whereas Na'- and Li*-ions were fully hydrated over a
large range of conditions, large size K*, NH,", and mainly Rb*
and Cs* ions were apt to bind directly to the oxygen atoms on
the mineral surface. The forms with large ions exhibited
reduced hydration and swelling and the absence of macroscopic
swelling of the respective aqueous colloids. The interaction of
laser dye rhodamine 6G (R6G) in montmorillonite colloids was
investigated by absorption and steady-state fluorescence
spectroscopies. Significant effects of the properties of both the
inorganic ions and swelling properties of colloidal dispersions
on R6G molecular aggregation were observed. Large amounts
of the molecular aggregates were formed in the colloids of Na*-
and Li*-montmorillonites. The aggregates absorbed light at
significantly lower wavelengths (~460 nm) with respect to the
light absorption by non-aggregated dye (535 nm). Fluorescence
spectroscopy provided a key evidence for the assignement of
the type of the aggregates: The emission of the aggregates at
relatively low energies proved these assemblies are rather a
mixed H-/J-type than ideal H-aggregates. The presence of
parent inorganic cations of larger size led to a significant
lowering of the amount of the R6G aggregates in favor of the
monomers. Investigations of the evolution of the dye
aggregation with time indicated basic features of dye
aggregation reaction: The size of parent inorganic ions did not
affect the reaction mechanism, but rather limited the extent of
the reaction. Probably the forms with large inorganic ions, such
as Rb" and Cs", did not provide sufficient surface for the
formation of the large size assemblies of the dye. This property
can be explained in terms of strong association of the large
alkali metal ions to clay mineral surface, as well as to reduced
swelling in the colloidal systems of respective forms.
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Characterization of Turkish kaolinite and its
electrokinetic behavior in some aqueous
solutions

Dikmen, S.”, Dikmen, Z. & Orhun, O.
Physiscs Dept., Science Faculty, Anadolu University, Eskisehir,
Turkey (“sdikmen@anadolu.edu.tr)

The interaction of kaolinite [Al,Si,O5(0OH),] particles is of
particular importance in widespread applications, e.g., in
ceramics, in the manufacture of paper (as a coating, pigment,
and filler), in inks and paints (as an extender), and as an
additive in the production of rubber and polymers [1]. The
behavior of kaolinite particles in suspensions, pastes, and
composite materials is controlled by surface chemistry
properties. Investigation of the electrokinetic behavior,
characterization of the particle sizes, shapes and surface
properties of the particles that compose the clay is essential [2].

In the first part of study, to determine some characterization
of kaolinite sample obtained from Eskisehir (Mihaligcik) region
various analysis techniques such as X-Ray Diffraction (XRD),
X-Ray Flouresence (XRF), Fourier Transform Infrared- (FT-
IR), Scanning Electron Microscope (SEM), specific surface area
(BET), Thermal Analysis (DTA-TG), PSD (Particle Size
Distribution) have been used. In the second part of the study,
zeta potential (ZP) of the powdered kaolinite was investigated
behavior in the presence of chloride-based metal salts (NaCl,
CaCl, and AICIy) at a constant pH and also at different pHs,
without metal salts.

Based on the result of semi-quantitative XRD analyses by
Moore and Reynold’s method [3], content of Ahirozu kaolinite
is 92.2% kaolinite and 4.7% quartz and 1.1% calcite.

Investigating the variation of zeta potential of kaolinite,
according to pH, it was found that it has point of zero charge
(pzc) on about pH 3.5 and its zeta potential is negative above
the pzc and positive under the pzc. Because of its pzc’ value on
about pH 2 and increasing the concentration of H" ions through
the aqueous medium, electrical double layer is pressed and then
the value of zeta potential increases to 3 mV.
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Fig. 1: Effect of the metal salts on the zeta potential of Turkish
kaolinite.

[1] Kogel, J.E. et al (2006) )eds.) Industrial Minerals and
Rocks. Society for Mining, Metallurgy, and Exploration, Inc. [2]
Alkan, M., Demirbag, O. & Dogan, M. (2005) Micropor.
Mesopor. Mat., 83, 51-59. [3] Moore, D.M. & Reynolds, R.C.
Jr. (1989) X-ray Diffraction and the Identification and Analysis
of Clay Minerals. Oxford Univ. Press, Oxford.

Complexation and interfacial behavior of
possible environmental contaminants

Fazekas, P.!, Fenyvesi, E.2, Lovas, G.* & Csempesz, F.*"
YInst. of Chemistry, Laboratory of Colloid and Supramolecular
Systems, E6tvos University, Budapest, Hungary
(‘csf@chem.elte.hu)
2Cyclolab Cyclodextrin Research & Development Laboratory
Ltd., Budapest, Hungary
®Dept. of Mineralogy, E6tvds University, Budapest, Hungary

The removal of damaging chemicals has been a fundamental
point in environmental research and technology, and in many
related fields. For this reason, increasing attention has recently
been directed to studies concerning the interfacial properties of
possible environmental contaminants since they may underlie
efficient technologies in treatments of soils and/or surface
waters. supramolecular substances offer potential in controlling
interfacial processes and represent unique models for the study
of their non-covalent interactions with several chemicals.

In this paper, the relevance of inclusion complexation in
improving the aqueous solubility of possible soil and water
contaminants and also, the interfacial behavior of the formed
supramolecular complexes are outlined. To this end,
solubilization of a sparingly soluble polycyclic aromatic
hydrocarbon (phenantrene, which may accumulate in soils) and
a better soluble drug (carbamazepine, which may contaminate
surface and ground waters) with native cyclodextrins (a-, - and
v-cd), and with randomly methylated p-cd (rameb) or hydroxy-
propyl B-cd (hpbcd), respectively, was studied in aqueous
solutions. In addition, the surface properties of these chemicals
and inclusion complexes at air/solution interfaces, and their
adsorption from aqueous suspensions onto particles of a
fractionated clay mineral (activated bentonite, particle size < 1
um) were investigated.

The aqueous solubility of both the phenantrene and the
carbamazepine could be considerably increased in solutions of
suitable cyclodextrins. RAMEB and HPBCD proved to be the
most efficient solubilizers for these substances. These results
suggest that dissolved cyclodextrins may form inclusion
complexes with each chemical. Association constants (Ky.;) for
the complexes of 1:1 molar ratio have been; therefore,
calculated from the experimentally determined solubility
isotherms.

Certain  supramolecular complexes exhibited surface
activity. The complexes of both chemicals formed with the
RAMEB of individually amphiphilic character and also, with
the HPBCD resulted in definite reduction in the surface tension
of their aqueous media.

In individual adsorption from aqueous media only slight
amounts of each chemical accumulated on the Na-bentonite
particles. However, the dissolved inclusion complexes adsorbed
much better onto this mineral than either the individual host or
the quest molecules. Especially, the carbamazepine-RAMEB
and the carbamazepine-HPBCD complexes exhibited high
affinity for the particle surfaces. Correlation was found between
the extent of adsorption of the different inclusion complexes
and their surface activity.
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Preparation of modified sorbents from
rehydrated clay materials

Lhotka, M.", Machovi¢, V., Dousova, B. & Kolousek, D.
Institute of Chemical Technology in Prague, Prague, Czech
Republic (‘miloslav.Ihotka@vscht.cz)

The use of clay materials as selective sorbents of different
contaminants belongs to very efficient methods [1]. A natural
kaolin was calcined to metakaolin and than rehydrated at
different temperatures to a highly porous sorbent. The kinetics
of this process was measured, with subsequent XRD and IR
characterization of arised phases [2]. The specific surface and
pore distribution of new phases were also assigned. In addition,
the obtained kaolin was also pre-treated with Fe** ions to
improve its sorption affinity to anionic particles. Fe-modified
kaolin was then used for the adsorption of As/Se oxyanions, and
the adsorption efficiency in dependence on the physical
chemical properties (pH, As/Se concentration) of initial solution
and the surface properties of sorbent (specific surface,
modification method) were investigated. The adsorption
properties of newly prepared sorbents were finally compared
with calcined kaolins in both raw and modified forms. The
theoretical and maximum adsorption capacities of rehydrated
kaolins are summarized in Table 1.

Table 1: As(V)/Se(IV) adsorption on raw and Fe-modified rehydrated
kaolin under the various rehydration time

As(V) sorption
Sorbent S(BET)
orben (m2/g) Qtheor. Q(max) &(max)
(mg/g) (mg/g) (%)
1 day 31,75 0,49 0,35 0,5
4 days 98,57 0,98 0,65 59
7 days 103,1 0,04 0,27 1,1
1 day-Fe 27,06 6,12 6,43 96,2
4 days-Fe 40,66 6,93 7,33 96,8
7 days-Fe 38,71 6,30 6,45 96,8
Se(1V) sorption
Sorbent cheor. Q(maX) s(max)
(mg/g) (mg/g) (%)
1 day 1,92 1,36 8,5
4 days
7 days
1 day-Fe - 5,64 59,4
4 days-Fe - 7,52 70,7
7 days-Fe - 6,36 62,1
As(V) adsorption on Fe-modified kaolin ran almost

quantitatively by high sorption capacities, and the procedure
according to Langmuir model should be considered. Se(IV)
adsorption proved a different mechanism and lower sorption
capacity probably resulted from the surface and binding
properties of adsorbed anion. The 4-days rehydrated kaolin
demonstrated the highest specific surface and the best
adsorption properties for both As(V) and Se(IV) oxyanions.

[1] DouSova, B. et al. (2009) J. Hazard. Mater., 165, 135-140.
[2] Rocha, J., Adams, J.M. & Klinowski, J. (1990) J. Solid State
Chem., 89, 260-274.

Quantification of particle retention at natural
rough black slate surfaces

Michler, A.¥, Darbha, G.K.}, Schafer, T.2, Liittge, A &
Fischer, C.*?
1Georg-August-Universitit, Géttingen, Germany
("amichle@gwdg.de)

?Inst. fur Nukleare Entsorgung, KIT, Karlsruhe, Germany
®Rice University, Houston, TX, USA

Adsorption of colloids at rock surfaces is an important
environmental  process. Quantitative  predictions about
immobilization of colloids are critical for colloid-aided
contaminant transport. In the field of acid mine drainage
(AMD) the retention of colloids is of particular interest because
of their high potential to sorb and transport heavy metals, trace
elements or radionuclides, often released during oxidative and
acid rock weathering conditions [1]. Our recent studies showed
that under unfavourable electrostatic conditions, the importance
of surface roughness for deposition of colloids is increased [2].

Here we present a quantitative and experimental approach
to investigate the relationship between micrometer to
submicrometer roughness of black slates and the retention of
polystyrene latex particles. Rock surface topography as well as
particle retention were quantified using three-dimensional data,
collected by vertical scanning interferometry (VSI). Roughness
parameters (root mean square roughness, Rq and interfacial area
ratio, F) were calculated based on previous studies about
roughness quantification at irregular surfaces [3]. The
adsorption experiments were performed as flow-through (fluid
cell) and dipping experiments at pH = 6.5, where the rock
surface is negatively charged according to streaming potential
measurements. In a first experimental approach we used
spherical particles with a diameter of 2 um. They were
negatively charged to assure conditions of electrostatic
repulsion.

First results showed that micrometer-sized slopes at edges
of clay mineral or organic matter aggregates are the preferred
sites of adsorption of black slates (Fig. 1). Typical Rq and F
values for these inclined planes of high particle density were
around 0.3 um respectively 2.8.
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Fig. 1: High density of adsorbed particles (cylinders) at micrometer-
sized slope.

Further experiments will be accomplished with smaller
polystyrene particles of colloidal size. Additionally, iron and
phosphate colloids will be used to resemble more AMD
conditions.

[1] Fischer, C. et al. (2008) Langmuir, 24(7), 3250-3266. [2]
Darbha, G.K. et al. (2010) Langmuir, 26(7), 4743-4752. [3]
Fischer, C. & Liittge, A. (2007) Am. J. Sci., 307(7), 955-973.
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Layer charge characterization of acid treated
clay minerals by their interaction with methylene
blue cations

Pentrak, M.", Czimerova, A., Madejova, J. & Komadel, P.
Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Bratislava, Slovakia (‘martin.pentrak@savba.sk)

Changes in layer charge of various clay minerals upon acid
treatment were studied using their interactions with methylene
blue (MB) cations. This fast method is frequently used for
qualitative estimation of the layer charge of smectites; however,
its utilization for other clay minerals is rare. Less than 2 pum
fractions of bentonites SAz-1 (Cheto, Az, USA), SWy-2 (Wy,
USA) and JP (JelSovy Potok, Slovakia) containing dominantly
montmorillonite were studied together with illite/smectite DVS
(Dolné Ves, Slovakia), IL (Ca-illite #36, Morris, Il, USA) and
kaolinite GF (Gold Field, Pugu Hills, Tanzania). Dissolution in
HCI was performed at 95°C for periods of 1-36 hours.

Dye cation agglomeration at the mineral surface depends on
layer charge density and results in creation of different forms of
MB absorbing visible light at different wavelengths. The
spectrum of MB adsorbed on SAz-1 shows a single band at 568
nm attributed to H-aggregates which are preferentially formed
on the high charge surface. Two bands of similar intensities at
568 nm and 668 nm assigned to H-aggregates and monomers,
respectively, prove medium layer charge density in JP. Mainly
monomers absorbing at 668 nm are detected on SWy-2
confirming the lowest charge of this montmorillonite.
Absorption bands of both H-aggregates and monomers appear
in the spectra with DVS and IL. The intensities of the 568 and
667 nm bands indicate medium layer charge density for IL and
slightly higher for DVS. The spectrum of MB on GF kaolinite
shows only a band at 667 nm attributed to the monomers and
proving very low charge of this sample.

The extent of structural modification of clay minerals upon
acid treatment depends on the mineral type and its chemical
composition. Chemical analyses of the liquid reaction products
show that the dissolution rate of the montmorillonites decreases
in order SAz-1>JP>SWy-2. Non-expandable interlayers in DVS
and IL increase their stability in HCI as compared to
montmorillonites. Kaolinite with none or minor substitution in
the layers dissolves most slowly. The spectra of MB on the
acid-treated samples show that the degradation of the mineral
structure is closely connected with the layer charge reduction.
The negative charge sites in these materials are too far each
other and MB cations cannot form H-aggregates with
neighbouring cations. Therefore the intensity of the H-
aggregates band at 570 nm gradually decreases in favour of
monomers.

The fastest decrease of the layer charge occurs for high
charged montmorillonite SAz-1. The intense band of monomers
at 668 nm in the MB spectrum of SAz-1 treated for 8 h confirms
that the reaction product is a material of low charge density. To
get similar MB spectra for middle charged JP and low charged
SWy-2, at least 18 and 24 hours dissolution time, respectively,
is needed. The presence of some expandable interlayers in DVS
and IL allows the interaction of MB not only on the surfaces but
also in the interlayer space of these minerals. The intensities of
the H-aggregates and monomers bands show only small effect
of HCI on the layer charge of DVS and IL upon treatments up to
12 h. On the other hand, the changes of the spectral properties
are significant after 36 h, while the charge on kaolinite has not
changed. The layer charge density controls the extent of MB
agglomeration on natural and acid-treated clay minerals.

Thermal behaviour of ground and unground
leached vermiculite

Perez-Rodriguez, J.L.Y", Maqueda, C.2, Subrt, J.* &
Balek, V.
YInstituto de Ciencia de Materiales de Sevilla CSIC, Sevilla,
Spain (‘jlperez@icmse.csic.es)
?Instituto de Recursos Naturales & Agrobiologia de Sevilla,
Sevilla, Spain
3Institute of Inorganic Chemistry, Rez, Czech Republic

The preparation of porous materials from clay minerals
including vermiculite by selective leaching with acid has been
study by several authors. The presence of iron in vermiculite
plays an important role in the specific surface area obtained
after acid treatment. Grinding of clay minerals significantly
influences their leaching behaviour [1,2].

Ground and unground vermiculite from Santa Olalla
(Huelva, Spain) was used as starting material. Vermiculite
samples (<80 pm) left untreated and ground for three minutes
were leached with HCI solution 1.0 M at a solid/acid mass ratio
of 1:20. The suspensions were maintained at 80 °C and stirred
for 24 h.

The ground vermiculite from Santa Olalla treated with 1M
HCl produced a residue constituted by silica and iron
oxides.The porosity studies showed that the high surface area of
this residue may be attributed to the presence of iron coming
from structural iron. Using HRTEM it was found that the HCI
treated ground vermiculite sample consists of amorphous silica
and B-FeOOH (akaganeite) microcrystals containing a small
amount of Ti and CI" as impurities.

The DTA-TG study showed an endothermic effect at 70°C
attributed to water mass loss and a small exothermic at
280°C.The XRD diagrams of the residue heated in a high
temperature chamber from 30 to 1200°C at 10° min™ were
registered every 50°C. The starting ground 1 M HCI leached
vermiculite was partially crystalline on account of presence of
the crystalline B-FeOOH. This phase is present untill150 °C.
Whereas the sample heated between 150 and 800°C was
practically amorphous. This is in agreement with the
observations that B-FeOOH decomposes to amorphous or
poorly crystalline phase B-Fe,Os transforming only slowly to
crystalline a-Fe,O3. At 850 °C the sample showed the first signs
of crystallinity fully developed at 1050 °C. At this temperature
the sample was crystalline, consisting of quartz, cristobalite,
a-Fe,0; and &-Fe,03. The shifting of the crystallization
temperature toward higher temperature and the consequent
stabilization of the amorphous Fe,O; nanophase is attributed to
what is called the preventive role of the silica matrix. This
effect results in fact that well crystalline iron oxide
nanoparticles embedded into the silica matrix are formed
usually at relative high temperatures in range 600-1000 °C in
contrast to silica free material.

[1] Maqueda, C. et al. (2008) Clay. Clay Miner., 50, 380-388.
[2] Maqueda, C. et al. (2009) Appl. Clay Sci., 44, 178-184.
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Influence of thermal pre-treatment conditions on
the reactivity of kaolinite and illite/smectite clays
in alkaline and alkaline earth solutions

Seiffarth, T.", Hohmann, M., Posern, K. & Kaps, Ch.
Chair of Building Chemistry, Bauhaus-University Weimar,
Weimar, Germany ( torsten.seiffarth@uni-weimar.de)

Metakaolins, or alumosiliceous fly ashes are commonly used as
starting materials for the generation of geopolymeric binders.
Geopolymers are made by the means of reactive materials
containing a certain amount of silicate and aluminate phases
which can be dissolved by an alkaline medium. As a result of
this, stable polymeric networks of alumosilicates will be formed
[1]. The search for alternative low cost or high available
resources as geopolymer raw materials is a matter of economic
interest. This study focuses on the potential of kaolinite and
illite/smectite clays in this regard.

The influence of the thermal pre-treatment conditions on the
reactivity of the clays in alkaline and alkaline earth solutions
has been investigated. Kaolinite and illite/smectite based clays
were thermally activated between 550 and 950°C in oxidizing
and reducing atmosphere, respectively. Changes were
characterized by different methods (thermal analysis, XRD,
dissolution tests). Isothermal calorimetric measurements were
carried out to characterize the reaction process in alkaline
media. The reached activity was followed by the degree of
dehydroxylation and the amorphous content.

The potential of a raw material for the geopolymer reaction
by alkaline activation can be derived from the molar ratio of
soluble Si/Al in alkaline solutions. Therefore, dissolution tests
in 10% NaOH solution (150 mg solid, 150 ml solution, 60°C)
were carried out. Time of dissolution was varied (1d, 3d, 7d).
Additionally, the standard Chapelle test was executed to
determine the pozzolanic reactivity.

More Si than Al is dissolved from all samples after any
dissolution time. That was already found for raw kaoline [4].
But on the one hand, the molar ratio of soluble Si/Al decreases
with increasing dissolution time. On the other hand, this ratio
increases with increasing pre-treatment temperature. This
behaviour was remarkably influenced by the atmosphere of the
thermal pre-treatment. The reactivity of the clays calcined in
reducing atmosphere was higher than those calcined in
oxidizing atmosphere at the same temperature.

It could be found that the influence of the thermal pre-
treatment conditions on the reactivity of clays becomes more
dominant in case of illite/smectite clay. The presence of 2:1 clay
minerals results in a Si/Al ratio higher than 2. The dissolution of
these minerals is slower than the dissolution of metakaolin. That
was also demonstrated in former studies [3]. In addition to the
type of clay minerals, the miner components (like calcite and
dolomite) affect the molar ratio of soluble Si/Al [2].

Special attention should be paid to the determination of the
optimal pre-treatment conditions when illite/smectite based
clays are utilized as geopolymer raw materials.

[1] Davidovits, J. (2008) Geopolymer Chemistry and
Applications. Part I. Institut Géopolymere, Saint-Quentin. [2]
Buchwald, A. et al. (2007) Proceedings of the 3rd Conference
on alkali-activated Materials, Prague, 137-148. [3] Buchwald,
A. et al. (2009) Appl. Clay Sci., 46, 300-304. [4] Petrak, M. et
al. (2009) Clay Miner., 44, 511-523.

Computational simulations of interactions of
aflatoxin B1 with smectite

Szczerba, M.'" & Deng, Y.2
nst. of Geological Sciences, Polish Academy of Sciences,
Krakéw, Poland (‘ndszczer@cyf-kr.edu.pl)
2Dept. of Soil and Crop Sciences, Texas A&M University,
College Station, TX, USA

Adsorption isotherms, animal feed and human diet trials have
demonstrated the effectiveness of smectite-rich bentonites in
reducing or alleviating the toxicity of aflatoxin B1 (AfB1).
More and more spectroscopic and mineralogy data have been
accumulated to elucidate the molecular mechanisms of reactions
between the mycotoxin and the minerals. Unambiguous
explanations, however, have been hindered by the complexity
of the spectra and lack of definite assignments on the
vibrational bands. The objective of this study was to verify and
refine the theories about the bonding of AfB1 to smectite. We
conducted computational simulations to find the theoretical
band positions in the hypothesized models and compared the
simulated patterns with the experimental data to find the best
match. Geometry optimization and theoretical IR spectra for
aflatoxin and aflatoxin-smectite complexes were performed with
density functional theory (DFT) at PCM/B3LYP/DGDZVP
level of theory.

It was found that in the humid environment AfB1 forms
complexes with smectite through water bridges between AfB1
and exchange ions in smectite. On the other hand, at 0%
humidity AfB1 carbonyl groups were connected to the ions
through ion-dipole interactions. The experimental spectra were
in excellent agreement with theoretical calculations. The
calculation allowed accurate assignments of the bands of
experimental spectra.
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Organoclay-herbicide interaction mechanism as
affecting the bioavailability of organoclay-based
formulations of atrazine in soil

Trigo, C.}, Koskinen, W.C .2 Celis, R.}, Hermosin, M.C.! &
Cornejo, J.
YInstituto de Recursos Naturales y Agrobiologia de Sevilla,
CSIC, Sevilla, Spain (‘cornejo@irnase.csic.es)
2USDA-ARS-University of Minnesota, Minnesota, USA

Organoclays have been proposed as pesticide supports to
prolong the efficacy and reduce the large runoff and leaching
losses that usually suffer pesticides when they are applied in an
immediately available form [1]. The bioavailability of several
organoclay-based formulations of atrazine for bacterial
degradation in soil was studied. Two different organic cations,
L-carnitine  (CAR) and  hexadecyltrimethylammonium
(HDTMA), were incorporated into Na-rich Wyoming
montmorillonite (SW) and Ca-rich Arizona montmorillonite
(SA) as a strategy to enhance the affinity of the clay minerals
for atrazine (Table 1), and then organoclay-based formulations
of atrazine were prepared by supporting the herbicide on the
organoclays.

Table 1: Some characteristic of the organoclays used

Organoclay OCTS? doos (A)?
SW-CAR 61 14
SW-HDTMA 100 18
SA-HDTMA 101 24

Percentage of the CEC of the clay compensated
by organic cations, > Basal spacing value (A)

Solvent extraction methods were used to correlate atrazine
residue bioavailability in soil to atrazine mineralization using an
atrazine degrading bacterium. A soil from Minnesota (USA)
was treated with the organoclay-based formulations of *C-
atrazine and with free *C-atrazine, and then inoculated with
Pseudomona sp. strain ADP, a microorganism capable of
rapidly mineralizing atrazine. Evolved-'*CO, was determined
during a two-week incubation period. The amounts of C-
atrazine residues distributed between the aqueous-extractable,
metanol-extractable, and bound fractions in the soil were
determined at t=0 and after the two-week mineralization period,
for the different formulations assayed.

Results indicated that non-extractable atrazine residues in
soil increased with aging and that the mineralization rate of
atrazine adsorbed on SW-HDTMA and SA-HDTMA decreased
with the affinity of the organoclay for the herbicide. However,
the formulation based on SW-CAR displayed a distinct
behavior. Despite the very high affinity of SW-CAR for
atrazine, mineralization occurred at a similar rate compared to
that found for the free herbicide. Desorption experiments
demonstrated that atrazine is readily released from SW-CAR at
high pH levels, such as that provided by the soil tested, making
the herbicide immediately available for degradation.

[1] Hermosin, M.C. et al. (2006) Soil Biol. Biochem., 38, 2117-
2124,

Improving the wettability of peat based growing
media by the amendment of clay

Walsch, J.” & Dultz, S.
Inst. of Soil Science, Leibniz Universitit Hannover, Germany
(‘walsch@ifbk.uni-hannover.de)

Clays are widely used in horticulture for the amelioration of the
chemical and physical properties of peat based growing media.
A common problem of such substrates rich in organic matter
arises from their poor wettability in the dry state. Up to now,
less is known on how clay amendments differing in
mineralogical composition and other mineral parameters affect
the wettability behaviour of peat based growing media. In this
study special emphasis was given on the adsorption of peat
derived dissolved organic matter (DOM) onto the external
surfaces of clay minerals in the substrate, as this process may
render a clay surface from hydrophilic to hydrophobic.

Seven different clays varying in their mineral parameters
(texture, mineralogical composition, cation exchange capacity
(CEC), specific surface area (SSA) and oxalate and dithionite
soluble Fe and Al) were used to investigate their effect on
wettability and water uptake characteristics on a peat blend with
a moderate degree of decomposition. The wettability was
assessed in terms of contact angle (CA) measurements,
calculation of surface free energies (SFE), and water uptake
measurements using a capillary rise method (CRM).
Differences in the affinity for peat derived DOM was
determined in batch adsorption experiments and variations in
the kind of adsorbed DOM fractions were traced by UV-Vis
spectrometry before and after adsorption.

The wettability of peat based growing media was markedly
influenced by the amount and kind of amended clay. Both, the
substrate wettability as well as sorption of peat derived DOM
onto clay surfaces showed strong relation to mineral parameters.
Sorption of DOM increased with increasing CEC, SSA, Feq,
and > Fey+Al, of the clays, while the substrate wettability was
negatively correlated with the SSA (r? = 0.66), CEC (r* = 0.69),
Fey ( = 0.68) and YFe,+Al, (> = 0.61). By considering the
amount and kind of mineral bound DOM species, a non-linear
regression explained 69% and 85% of the variations in substrate
wettability. Overall, the results provide a useful basis for the
selection of suitable clay amendments for improving the
wettability of peat based growing media.
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Nanocomposite clay minerals with fluorescence
properties based on intercalation of kaolinite

Zacher, T.Y" & Janek, M.%?
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2Institute of Technology, Slovak Academy of Sciences,
Bratislava, Slovakia

The topic of this contribution is preparation of new
organomineral derivatives, because they combine the structural,
physical and chemical properties of both the inorganic host
material and the organic guest species at a nanometer scale [1].
Kaolinite, despite its wide abundance in nature [2] and
interesting intercalation properties [1,3] has been less studied as
a precursor mineral for new organomineral materials, when
compared to the smectite clays for example [4], presumably due
to the difficulty in expanding the interlayers of kaolinite
compared to other expandable layered materials. Methods based
on the modification of preexisting inorganic structures offer
considerable flexibility in the design of new hybrid materials
[5].

This study has shown that the new inorganic - organic
layered hybrid materials with fluorescent properties based on
kaolinite can be prepared by intercalation of laser dye
Coumarine 4 using guest — displacement reaction with ethylene
glycol according to [6]. Prepared material was characterized
using X - ray diffraction (XRD) and Fourier transform infrared
spectroscopy (FTIR).

New type of inorganic — organic nanocomposite based on
intercalation of kaolinite with fluorescent dye could be used to
prepare antiseptic systems (e.g. painting colours, textile fibres
etc.) because these systems have potential to produce singlet
oxygen which has antiseptic and disinfecting effects.

Acknowledgements: This work was financially supported by
grant from the Ministry of Education of the Slovak Republic
No. VEGA 1/4457/07 and APVV-0491-07, as well as by
student grant from Commenius University No. UK/144/2009.

[1] Rausell-Colom, J.A. & Serratosa, J.M. (1987) in Newman,
A.C.D. (ed.) Chemistry of Clays and Clay Minerals. Mineral.
Soc., London, 371-422. [2] Theng, B.K.G. (1974) The
chemistry of Clay — Organo Reactions. Adam Hilger, London.
[3] MacEwan, D.M.C. & Wilson, M.J. (1984) in G. W.
Brindley, G.W. & Brown, G. (eds.) Crystal Structures of Clay
Minerals and Their X — Ray ldentification. Min. Soc., London,
197-248. [4] Okada, A. et al. (1995) in Mark, J.E., Lee, C.Y.-C.
& Bianconi, A.P. (eds.) Hybrid Organic - Inorganic
Composites. Am. Chem. Soc., Washington, DC, 55. [5] Ozin,
G.A. (1992) Adv. Mater., 4, 612-649. [6] Janek, M. et al. (2007)
Chem. Mater., 19, 684-693.
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Thermal treatment of organoclays enhances
their sorptive potential: a weakened water-
organic sorbate competition on mildly heated
sorbents?

Borisover, M.Y", Yariv, S.2, Bukhanovsky, N.! & Lapides, 1.2
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Volcani Center, ARO, Bet Dagan, Israel
("vwmichel@volcani.agri.gov.il)
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Recently, we have observed that thermal treatment of
organoclays (formed by exchange reactions between organic
cations and inorganic cations of a clay mineral) can improve
their ability to sorb organic compounds from water [1,2].The
aim of the presented work is to examine how this thermal
treatment effect is related to the structure of organic sorbates
and exchanged organic cations. The organoclay sorbents were

prepared from Wyoming bentonite through replacing
exchangeable Na+ by n-hexadecyltrimethylammonium
(HDTMA), tetraethylammonium (TEA) and

benzyltrimethylammonium (BTMA). Then, the organoclays
(and Na-bentonite itself) were heated at 150, 250, 360 and
4200C for 2 hours in air and subjected to aqueous sorption of a
series of probe organic compounds (phenanthrene,
nitrobenzene, atrazine, phenol, m-nitrophenol) capable of
different types of molecular interactions. We have demonstrated
that a mild heating (at 150 0C) of organoclays can result in a
distinct increase of a sorptive efficacy of sorbents. As follows
from XRD, FTIR, elemental composition and TG data, this mild
thermal treatment of organoclays is associated with fairly small
changes (if any) in the sorbent structure.

Heating of organoclays at higher temperatures results in a
loss of organic carbon and significant changes in the organoclay
structure. Further improvement of a sorptive efficacy as
compared with treatment at 150 OC, if occurs, is minor. This was
in contrast to our earlier expectations of a significant
contribution of charcoal and oxidized organic matter formed in
the clay interlayer space to the organic sorbates-organoclay
interactions. It is suggested that a mild thermal treatment of clay-
based sorbents results in a partial loss of a sorbent ability to
rehydrate in aqueous solutions thus weakening water-sorbate
competition for sorption sites on a mildly heated sorbent, and
therefore, increasing a potential of organoclays to sorb organic
compounds from water. In particular, organic sorbates capable of
specific interactions with siloxane surfaces may demonstrate the
increase of sorption on a pre-heated organoclay. In organoclays
with long-chain organic cations (e.g. HDTMA) capable of
additional blocking the clay surface, the enhancing effect of
thermal pre-treatment on sorption of organic compounds may be
mitigated as compared with organoclays formed by smaller-size
organic cations (e.g. TEA and BTMA).

A parallel is hypothesized between a mechanism suppressing
a hydration of a sorbent after its mild thermal pre-treatment and
a recognized fixation of certain inorganic cations occurring
during clay heating at higher temperatures. Important
implications associated with the observed phenomena include a
possibility of activating organoclays for environmental
applications and a better understanding of relative role of natural
organic and clay components in retention of organic pollutants
by environmentally important sorbents influenced by elevated
temperatures (e.g. soils affected by fire).

[1] Borisover, M. et al. (2009) ISSHAC-7, Seventh International
Symposium — Surface Heterogeneity Effects in Adsorption and
Catalysis on Solids, Extended Abstracts, 229-231. [2]
Borisover, M. et al. (2010) Appl. Surf. Sci, 256, 5539-5544

Simultaneous sorption of lead and phenol by
bentonite and organobentonite
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Clays or organoclays have been used as barrier to prevent the
transport of hazardous contaminants in landfills. However, clays
are known to effectively sorb mostly inorganic contaminants,
while organoclays are mainly used for organic contaminants.
Since the organoclays are basically clay particles modified with
cationic surfactants, there might be an optimal coverage of
cationic surfactant on the clay particles to sorb both inorganic
and organic contaminants. In order to determine the optimal
mass of cationic surfactants on the bentonite, bentonites were
treated with various ratios of dodecyltrimethylammonium
bromide (DDTMA) and benzyldodecyldimethylammonium
bromide (BDDDMA). The role of the benzyl group of
surfactant molecules was also studied in the sorption processes.

Phenol and lead were selected as representative
contaminants. Sorption kinetics and isotherms of contaminants
by both organobentonites were selectively studied in the
function of surface coverage. When either phenol or lead exists
as a single contaminant, phenol sorption increased with
increasing DDTMA and BDDDMA to bentonite ratios, and lead
sorption decreased with increasing DDTMA and BDDDMA to
bentonite ratios. Sorption of phenol was a function of DDTMA
and BDDDMA coverage on the bentonites, while lead sorption
was much more influenced by the initial lead concentration than
the mass of surfactants added to the bentonites.
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Hydrotalcite — like compounds as adsorbents of
phenols and their environmental applications

Butenko, E.” & Kapustin, A.
Azov Sea State Technical University, Mariupol, Ukraine
("butenkoeo@rambler.ru)

This work is devoted to studies of processes of sorption of
phenols by synthetic clay minerals of different composition.

To prevent dangerous contamination of the environment,
industrial wastewaters should be cleaned from pollutants such
as phenols [1]. The problem of pollution of natural waters, the
growth in the amounts of waste waters and the search for
effective methods of cleaning them are realy urgent.

The purpose of this work is the search for new anionic
sorbents. Their application would help to effectively remove
phenols from wastewaters.

The most promising sorbents are those based on double
hydroxides of metals with the structure of hydrotalcite. They are
cheap, accessible and effective, universal sorbents, with a high
absorption capacity, resistance to environmental stress and can
serve as excellent carriers for fixing on the surface various
compounds including their modification.

The 2:1 clay minerals capable of changing the interlayer
distances are very effective. Water molecules, as well as the
cations and anions can be adsorbed also in the interlayer space
of these minerals. Therefore it is possible to place large ions
between the layers and form columns to create a system of
pores where various small molecules can be placed. The pores
size resulting in the intercalation process is about several tenths
of nanometers. The samples were synthesized with the
following ratios of cations in the matrix (Table 1).

Table 1: Samples of LDHs

MgO, mol/mol K, mol/l's
0,52 833,3
0,72 1290,3
0,81 1666,7
0,86 1739,1

The specific surface of LDHs was determined by low-
temperature nitrogen adsorption chromatographic method with
subsequent processing of the results obtained by BET method.

The change of interlayer distance in LDHs after the
adsorption of phenol, were investigated.

[1] Kapustin, A. (2008) Heterogeneous basic catalysis. Renata,
Mariupol.

Nanotubular particles derived from kaolin group
minerals - structural and textural examination
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Modified intercalation/deintercalation method was used to
increase the efficiency of nanotubes formation from kaolin
group minerals differing in degree of structural order [1]. At
variance with our earlier work [2], methanol was used instead
of 1,3-butanediol for the grafting reactions. The intercalation
of hexylamine was followed by intercalation of octadecylamine
[3]. Materials obtained by different procedures were subjected
to detailed physico-chemical characterization (nitrogen
adsorption/desorption, XRD, FTIR, DSC and TEM). The use of
methanol instead of 1,3-butanediol led to a significantly
different result. The content of nanotubes was much higher in
the case of “Maria 111" kaolinite samples containing minerals of
high structural order. Poorly ordered samples (“Jaroszow
kaolinite and “Dunino” halloysite) yielded less nanotubes than
in the case of grafting with 1,3-butanediol. Enhanced formation
of nanotubes in “Maria 111" kaolinite was tentatively attributed
to higher reactivity of well ordered kaolin minerals toward
methanol rather than 1,3-butanediol, resulting in a more
efficient amine intercalation. The additional intercalation of
longer chain octadecylamine significantly increased the content
of formed tubes.

Fig. 1: TEM microphotograph of a kaolinite nanotube.

The diameters of rolled layers observed by TEM were ca.
30 nm (Fig. 1) and corresponded to diameters of newly formed
group of pores detected by textural analysis. This confirmed
that nanotubes contributed to a significant increase of surface
area and total pore volume, observed for “Maria 111 kaolinite.
In the case of “Jaroszéw” kaolinite and “Dunino™ halloysite the
changes of textural parameters were connected with the
presence of macropores and mesopores with diameters different
from these observed for nanotubes. These pores were assigned
to interparticle and interaggregate spaces in stacks of platey
particles and small amount of nanotubes.

Acknowledgements: The work was financed by Ministry of
Science and Higher Education (project no. N N307 315 336,
2009-2012)

[1] Matusik, J. et al. (2010) Micropor. Mesopor. Mater. (in
press). [2] Matusik, J. et al. (2009) Clay. Clay Miner., 57, 452-
464. [3] Gardolinski, J.E.F.C. & Lagaly, G. (2005) Clay Miner.,
40, 547-556.
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Halloysite-TiO, and palygorskite-TiO,
nanocomposites: synthesis and photocatalytic
activity in decomposing air pollutants
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In the present study TiO,/clay nanocomposites were sythesized
by dispersion of TiO, on the surfaces of two different natural
clay minerals, palygorskite and halloysite, in order to increase
the dispersion of TiO, and therefore its photocatalytic action.
Deposition of TiO, on the clay minerals surfaces were
conducted by wusing a sol-gel method with titatnium
isopropoxide as a precursor under hydrothermal treatment at
180 °C. The phase composition, particle morphology and
physical properties of the samples were characterized by several
analytical techniques including XRD, SEM-EDS, TEM, ICP,
ATR-FTIR, BET and porosimetry analysis. The synthetic
procedure allows the homogeneous distribution of TiO, grains
on the surfaces of the clay minerals leading to the improvement
of the properties and potential uses of the nanocomposites. It
was found that after treating with TiO,, the halloysite and
palygorskite samples showed mesopores of about 5.6 and 6.5
nm, respectively, while the macropores of halloysite (lumen)
disappeared. The latter is attributed to the covering of the lumen
of halloysite tubes by TiO, nanoparticles and for that reason the
pore size of the TiO,—treated halloysite was significantly
smaller. The photocatalytic efficiency of clay-titania
nanocomposites was measured in decomposing NOx, CO,, and
CH;CHO gas. The supported catalysts showed higher activity in
decomposing NOx gas and lower in CO, and CH;CHO gas
under visible-light irradiation (A> 510 nm) and UV light
irradiation (A> 290 nm) compared to that of the standard
commercial titania, P 25.

Effect of oligomerically modified
montmorillonite on morphologies and properties
of polycarbonate/montmorillonite
nanocomposites

Huang Xiaoling, Wang Xiaoli, Su Haiquan” &
Zhang Bingbing
School of Chemistry and Chemical Engineering, Inner
Mongolia University, Hohhot, P.R. China
("haiquansu@yahoo.com)

Great efforts have been paid to polymer-clay nanocomposites in
the past decades since those materials possess significantly
improved physical [1] and other properties including thermal
stability [2] and decreased flammability [3,4] over the virgin
polymer.

In this work, two oligomeric surfactants (COPS-B and
COPS-0O) as shown in Fig. 1 were used to treat sodium
montmorillonite via standard ion-exchange methods to give
thermally stable oligomerically modified montmorillonites to
prepare polycarbonate/montmorillonite nanocomposites
(PC/MMT) by melt processing using a twin screw extruder.

Fig. 1: Structure of oligomeric surfactants used to treat sodium
montmorillonite.

The results of TEM and XRD indicated that the PC/MMT
nanocomposites had partially exfoliated and partially
intercalated structures. Both clay loading and organic treatment
structure of MMT influenced the morphologies and properties
of the nanocomposites. The structure similarity, i.e., the strong
interaction, between the polymer matrix and the organic
treatments of the clay was a critical factor for controlling clay
dispersion and exfoliation, and hence the mechanical and the
heat insulation properties of the nanocomposites.

Analysis of all the composites indicated that once the clay
mineral loading exceeded a critical value, it became a negative
factor for forming high level dispersion to obtain better
mechanical properties. Good mechanical properties of PC/MMT
nanocomposites were obtained with a clay loading less than 2
wt%. A thermal-stable organic treatment was crucially
important for an expected nanocomposite system with good
thermal stability. It partly depended on the organic treatments of
MMT used in the composites.

Great differences were observed between COPS-B and
COPS-O composites. COPS-B showed visible advantage to
COPS-0O. Benzyl group of COPS-B in composites might play
an important role in the process.

Acknowledgements: Project Supported by National Natural
Science Foundation of China (grant no. 50763004, 50362002).
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al. (2000) Chem. Mater., 12(7), 1866-1873.
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Bentazone and phenanthrene adsorption on
external montmorillonite surface -
Monte Carlo modelling
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Bentazone and phenanthrene are pesticides with different fate in
soil. Bentazone can be rapidly transported by infiltrating water
into ground water due to its high solubility, minimal sorption to
soil particles, and low degradability. On the contrary,
phenanthrene is retained by sediments and soil materials. The
mechanism of the retention of nonionic hydrophobic organic
compounds in soil is still debated and has been attributed to
their partitioning either to organic matter or to soil clay
minerals. A recent study has reported on strong phenanthrene
sorption capacities of smectites, which are comparable to those
of soil clays containing a considerable amount of organic matter
[1].

In order to address open questions, the structural and
energetic characteristics of bentazone and phenanthrene
interaction with external surface of montmorillonite were
studied using Monte Carlo simulations at ambient conditions. In
the first part of this work, the adsorption of the studied
molecules at the montmorillonite-air and montmorillonite-water
interface is simulated in a constant NVT ensemble using the
Metropolis algorithm for sampling structural properties. The
simulations predict the most favourable alignments of adsorbed
molecules in dependence on the varying coverage and on the
thickness of the adsorbed water film. In the second part, an
expanded ensemble density of states method [2] based on the
Wang-Landau algorithm [3] is applied to the equilibrated
systems for sampling potential of mean force profiles between
the adsorbed molecule and the montmorillonite surface.
Reaction path coordinate is defined as the distance between the
centre of mass of the molecule and the montmorillonite surface.
The following possible reaction paths are explored: (1) above a
free octahedral substitution, (2) above a ditrigonal cavity centre
near a tetrahedral substitution paired with Na+ ion, and (3)
above a tetrahedral Si site near the octahedral substitution
chosen in (1). The simulations predict the most favourable
reaction path between bentazone/phenanthrene and the
montmorillonite surface. A discussion on the detailed
molecular-scale data on the preferred adsorption positions of the
studied pesticides at the montmorillonite-water and
montmorillonite-air interface based on the calculated free
energy profiles will be given.

[1] Hundal, L.S. et al. (2001) Environ. Sci. Technol., 35, 3456-
3461. [2] Kim, E.B. et al. (2002) J. Chem. Phys., 117, 7781-
7787. [3] Wang, F. & Landau, D.P. (2001) Phys. Rev. Lett., 86,
2050-2053.

Molecular dynamics simulation of TCDD
adsorption on clay mineral
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Adsorption of organic toxicants on clay minerals is now
receiving considerable attention, because contact with clays is
thought to influence the transport, toxicity and bioavailability of
the organic toxicants in the environment. Although
experimental methods have been employed to investigate the
adsorptive characteristics (e.g., batch equilibrium adsorption,
spectroscopic characterization), molecular simulations represent
a significant complementary approach because they can provide
atomic-level insight into the adsorption process.

We report our recent research work about TCDD (2,3,7,8-
Tetrachlorodibenzodioxin) adsorption on pyrophyllite and
montmorillonite using molecular dynamics simulations. One of
the central challenges is to develop and apply an effective force
field between the pollutant and clay surfaces. We have
considered a number of models. One of the most efficient is
where the clay minerals were built using the ClayFF model
from Cygan et al [1], and the CVFF force field was used to
build TCDD and clay-TCDD potential.

Table 1 lists the adsorption energies of TCDD on the outer
surface and interlayer of pyrophyllite and montmorillonite using
these models within the NVT ensemble at 300K.

Table 1: Adsorption energy of TCDD on clay minerals (eV)

Pyrophyllite Montmorillonite
Surface -0.44 -0.83
Interlayer 5.33 3.60
Interlayer’ -0.62 -1.51

The adsorption energy of TCDD on pyrophyllite was
comparable with the results from DFT calculation [2], while on
montmorillonite the adsorption energy was more negative. This
indicates a stronger interaction between TCDD and
montmorillonite. Examination of the structure shows that the
interaction between K* and TCDD accounts for the larger
adsorption energy at the montmorillonite surface.

The intercalation energies of TCDD for both pyrophyllite
and montmorillonite are highly positive, because this contains
the energy to separate the two layers and insert the TCDD
molecule. This strong interaction between the layers of the clay
minerals has also been shown by Heinz et al [3].

In another simulation, we inserted TCDD into the interlayer
region but with the layers already separated. Thus, the energy
for separating the layers is excluded. In this case, the adsorption
energies were more negative than for the free surface (Table 1).
This was because both the two layers could contribute to the
adsorption of TCDD.

The above results show that although TCDD could interact
strongly with clay minerals in the interlayer region, the large
energy for separating the sheets could prevent the adsorption
into the interlayer space of the clay minerals. However, once the
layers were separated by other pillars (e.g., organic cations), the
clay minerals are predicted to strongly adsorb the organic
toxicants, and then influence their environmental behaviours.

Acknowledgements: This work was supported by the Royal
Society-BP-Amoco Research Fellow project (RC-H1054).

[1] Cygan, R.T. et al (2004) J. Phys. Chem. B, 108, 1255-1266.
[2] Austen, K.F. et al (2008) J. Phys.: Condens. Matter, 20,
035215. [3] Heinz, H. et al (2006) J. Chem. Phys., 124, 224713.
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The influence of heteropolyacids on the textural
properties of Fe-montmorillonite

Badmaeva, S.V." & Khankhasaeva, S.Ts.
Baikal Institute of Nature Management SB RAS, Ulan-Ude,
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Intercalated clays present great interest as supports for synthesis
of new catalysts [1]. For synthesis of composite metal-oxide
materials with high disperse uniform distribution of metals it is
perspective the use polyoxometallates, containing several
metals atoms in the structure of their complex ions [2].

Materials have been synthesised using two methods: | -
adsorption of heteropolyacids H;SiW1,049, H3PM01,049 0N Fe-
montmorillonite (Fe-MM-500°C) calcinated at 500°C; Il -
simultaneous introduction of pillaring solution (1M FeCl; + 1M
NaOH) and a solution containing the heteropolyacids into
suspension of clay previously dispersed by ultrasound (22 kHz,
3 min). The preparation Fe-MM method was described in our
early work [3]. All the samples were calcinated at 500°C for
two hours.

The samples obtained belong to mesoporous materials
(Fig. 1), but the samples obtained by method Il contain also
micropores which surface area is equal to 5.0-17.7 m?g
(Table 1). At that the treatment by heteropolyacids in both cases
leads to a decrease in specific surface area and pore volume in
comparison with Fe-MM, that may be caused by adsorption of
polyoxometallates in their mesopores.

Adsorptive volume, cm’lg
ys2888888

00 02 04 06 08 10
Relative pressure, PP,

Fig. 1: N, adsorption/desorption of samples: 1- Fe-MM, 2- SiMoy,/Fe-

MM (1) and 3- SiWy,/Fe-MM ().

The Fe content in the samples is 4.0-4.6 wt.%. The quantity of
introduced Mo and W depends on the method of synthesis of
the material. The content of W in the samples SiW,/Fe-MM
obtained by method I and Il is 1.82wt.% and 0.17 wt.%
accordingly. The content of Mo in the samples SiMo,,/Fe-MM
is 1.13wt.% (method I) and 0.53 wt.% (method I1).

Table 1: Textural characteristics of composite materials

Dispersion influence on activation energy of
kaolinite dehydratation

Bortnikov, N.S., Piloyan, G.0.", Novikov, V.M. &
Soboleva, S.V.
Institute of Geology of Ore Deposits, Petrography, Mineralogy
and Geochemistry, Russian Academy of Science, Moscow,
Russia ("piloyan@igem.ru)

Kinetics of kaolinite dehydratation has been studied for many
decades revealing that, depending on the degree of structural
perfection, concentration and extensive defects, the activation
energy of dehydratation reaction changes within the range of
80-175 kJ/mol, significantly changing the reaction rate.
According to the particle size, kaolinite belongs to so-called
nanocrystalline materials, being characterized by size effects:
dependence of material properties on its dispersivity. It was
shown theoretically and experimentally in Piloyan & Bortnikov
[1] that activation energy of reaction should decrease with
dispersivity increasing. Using the approach developed in
Piloyan & Bortnikov [1], in the present work the influence of
dispersions on kaolinite activation energy has been investigated.
As the object of study the alluvial kaolinite from Zhyravliny
Log deposit (South Ural) has been chosen. The different
technologically important kaolinite fractions (10-5, 5-1, 1-0.5,
<0.5 pm) have been investigated by the method of transmission
electron microscopy (including SAED and HRTM). Following
the methodology of Piloyan & Bortnikov [1], the formula
connecting the size of the coherent dispersion block with
activation energy of dehydratation reaction and surface enthalpy
has been received:
E F
Inn=A- —— + ———— -BIn(l)
RT. rpRT,

Where A and B are constants, I' — the size of coherent
dispersion block, E — energy of activation, R — gas constant,

He—surface enthalpy, © — molar density of kaolinite, T, —
temperature of thermal effect peak on DTA curve, | — index of
thermal effect form. Using experimental data the following
regression equation was obtained

In(r) = 29.8887-21248.67,,,* +17.2323 T, " I - 3.48522 In(1)

From this equation it has been found, that the activation energy
of dehydratation reaction for kaolinite macrocrystals is 176,6
kJ/mole, that is characteristic for well crystallized kaolinites.
Surface enthalpy is 0.73 J/m? coinciding (within the limits of
experimental error) with the value of 0.62 J/m? obtained in
Salles et al. [2]. The results obtained are shown in Table 1.

Table 1: Experimental data for the kaolinite studied

Materials (method) Fe W(Mo) Sger XV pore Dpoe S, ZV, - =

Wit wi% mig cmig A mig omg Fr(icri:;m cl;ﬁ?el:ﬂl&) Tm 1 (r:M) imole
Ee-MM 4.6 0 128 0274 85 - - 10-5 86,4 823 | 1,56 | 27 171,3
SiWp/Fe-MM () 45  1.82 84 0.217 103 - <0.001 5-1 89,3 833 | 1,85 | 23 170,4
SiW/FeMM (Il) 4.0 017 93 0.235 101 5.0 0.003 15 8924 848 | 24 | 17 1682
SiMop/Fe-MM (I) 4.4  1.13 70 0.216 123 - <0.001 <0,5 88,64 833 2,5 15 167,1
SiMog,/Fe-MM (I1) 4.6 0.53 92 0.183 80 17.7 0.009

Sget — surface area, XV pore — total volume pore, Dpoe — diameter pore,
S,. - surface area of micropore, 2V, - volume pore of micropore.

The results of this work confirm the possibility of application of
Fe-MM as supports for synthesis of catalysts.

[1] Marme, F. et al. (1998) Micropor. Mesopor. Mat., 22, 151-
163. [2] Yadav, G.D. (2005) Catal. Surv. Asia, 9, 117-137. [3]
Shapova, M.A. et al. (2002) Chem. Sustain. Development, 10,
347-353.

[1] Piloyan, G.O. & Bortnikov, N.S. (2010) Dokl Akad Nauk,
432, N3. [2] Salles, F. et al. (2006) J Colloid Interf Sc, 303,
617-626.
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It is commonly admitted that clay minerals can play a major
role in the preservation of organic matter under aquatic
environments and their transfer to sediments. The mechanisms
of fixation of organic molecules by clays remain obscure. Series
of in vitro and in vivo experiments have been performed, under
marine and lacustrine environments, with synthetic saponites of
variable charge and a natural low-charge montmorillonite.

This study shows the absence of intercalation of organic
molecules in the interlayer space of clays. Only sorption on clay
surfaces and edges occurs. In vitro experiments show that
organo-clay interactions are mainly controlled by the type of
organic molecules and particularly by the nature of their
functional groups. In vivo experiments indicate that fresh
organic matter is more easily adsorbed than diagenetically
evolved one. The clay surface charge density also controls the
nature and concentration of adsorbed organic species. Under
lacustrine environments, a selective sorption of aromatic
molecules is observed on low-charge clays.

Attempts to destabilize the obtained organo-clay
compounds, by hard alkaline treatment, were unsuccessful and
indicate the great stability of these associations, with strong and
probably multiple bonds. Owing to this high stability of organo-
clay assemblages, the organic matter becomes unavailable to
benthic fauna and bacteria in natural environments.

Therefore, sorption on clays can be considered as one of the
preservation mechanisms of organic matter and controls the
incorporation of metabolisable molecules into sediments.

Ag- and Cu-vermiculite nanocomposites and
their antibacterial effect

Hundakova, M.Y", Valaskova, M.! & Pazdziora, E.?
!Nanotechnology Centre, VSB — Technical University of
Ostrava, Czech Republic ("marianna.hundakova@vsb.cz)

National Reference Laboratory, Institute of Public Health in
Ostrava, Czech Republic

Clay minerals belong to the important materials which can serve
as metal nanoparticles matrixes thanks to their structural
properties. In this study, vermiculite from Brazil was used as
starting material. Beside montmorillonite [1, 2], vermiculite is
sometimes used as a matrix for silver and copper nanoparticles
[3].

Vermiculite (V) was treated with different molar
concentrations of aqueous solutions of AgNO; and Cu(NOs),
and Ag-V, Cu-V, Ag,Cu-V materials were synthesized. Samples
were evaluated for the effect of solutions concentrations on the
quantity of Ag and Cu, structure changes of vermiculite and
antibacterial activity.

- Nl
Fig. 1: The SEM micrograph of Ag-V (white dots represent Ag
agglomerates on the vermiculite surface).

The morphology was studied using scanning electron
microscopy (SEM). The SEM micrograph of Ag-V (Fig.1)
showed agglomerates of silver nanoparticles anchored on the
vermiculite substrate. Powder X-ray diffraction (XRD) was
employed mainly to determine the interplanar spacings in the
starting clay minerals and in the Ag- and/or Cu-V composites.
The XRD patterns showed Ag (111) reflection of metallic
silver. According to the basal reflection (001) intercalation of
Ag and Cu into interlayer space of vermiculite was supposed.

O Ag-v OCu-v
Ag,Cu-V (Ag) B Ag,Cu-V(Cu)

IC agicu [Mg.I"]
L

Staphylococcus  Enterococcus  Pseudomonas Klebsiella
aureus G+ faecalis G+ aeruginosa G- pneumoniae G-

Fig. 2: The MIC Ag/Cu (Minimum Inhibitory Concentration of Ag and
Cu) was determined by the lowest concentration that completely inhibits
visible bacteria growth.

The antibacterial activity tests on the Gram positive (G*) and
Gram negative (G’ bacteria strains showed dependence of
antibacterial effect upon content of Ag and/or Cu with the result
that the highest effect was observed against G™ bacteria (Fig. 2).
Acknowledgements: The work was supported by projects:
Ministry of Education, Youth and Sport of Czech republic
(SP/2010111) and Czech Grant Agency (GA CR 205/08/0869).

[1] ValaSkova, M. et al. (2007) J. Nanosci. Nanotechnol., 8,
3050-3058. [2] Magafia, S. M. et al. (2008) J. Mol. Catal. A-
Chem., 281, 192-199. [3] Li, B. et al. (2002) J. Min. Mat. Char.
& Eng., 1, 61-68.


mailto:marianna.hundakova@vsb.cz�

AM19C5 - Interfacial phenomena of clay minerals: Adsorption, intercalation and nanohybrid materials — poster 93

Preparation of oriented films of layered double
hydroxides with photoactive properties
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Layered double hydroxides (LDHSs) represent suitable hosts for
intercalation of various anionic species. The intercalated LDHs
attract increasing attention in various medical applications as
drug carriers, gene therapy, etc. [1]. Photoactive molecules such
as porphyrins can be excited by visible light to the triplet states
that rapidly interacts with molecular oxygen by energy transfer
to form singlet oxygen, 'O,, a highly reactive oxidation agent
with cytotoxic effects enabling its application in photodynamic
therapy. In our recent reports [2,3], the structural and
photophysical properties of LDH powders and oriented films
with intercalated porphyrin sensitizers were described and the
formation of singlet oxygen followed by its diffusion to solid-
liquid or solid-gas interfaces was proven.

The oriented LDH films were prepared on quartz substrates
by deposition from a colloidal suspension of delaminated LDH
particles. Two colloidal suspensions were prepared. The first
one was obtained by delamination of coprecipitated Mg-Al-NO;
LDH in formamide. Second, the acetate form of Mg-Al LDH
was used for the preparation of a colloidal suspension in water:
nitrate anions in Mg-AI-NO; LDH were exchanged in an
aqueous solution in an excess of sodium acetate and the washed
product was dispersed in distilled water [4]. Porphyrins
5,10,15,20-tetrakis(4-sulfonatophenyl)porphyrin ~ or  Pd(Il)-
5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin were embedded
in oriented LDH films prepared by the layer-by-layer technique.
The absence of non-basal diffraction lines in powder XRD
patterns confirmed a preferential arrangement of LDH particles
parallel to the substrate surface. Transparent films were
obtained, their absorbance in visible light increased gradually
with the number of deposition steps (Fig. 1). The photophysical
properties of the prepared LDH/porphyrin films including the
formation of singlet oxygen are discussed.
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Fig. 1: Absorbance of the oriented LDH/porphyrin film increasing with
the number of deposition steps (up to 10 deposition steps were applied).
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[1] Del Hoyo, C. (2007) Appl. Clay Sci., 36, 103-121. [2] Lang,
K. et al. (2007) Chem. Mater., 19, 3822-3829. [3] Lang, K. et
al. (2008) Chem. Phys. Phys. Chem., 10, 4429-4434. [4] lyi, N.
et al. (2008) Langmuir, 24, 5591-5598.

Potassium acetate-intercalated kaolinite
obtained by mechanochemical and aqueous
suspension techniques — a comparative study
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?Institute for Environmental Engineering, University of
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Intercalation complexes of a high-defect kaolinite have been
prepared by direct reaction with potassium acetate solution as
well as by co-grinding with potassium acetate in the absence of
water (mechanochemical intercalation). Potassium acetate-
intercalated high-defect kaolinite has been aged for up to 2
months. The aged and non-aged complexes were studied by X-
ray diffraction, thermal analysis, DRIFT spectroscopy and
electron microscopy. Ageing of the mechanochemically
intercalated kaolinite increases the degree of intercalation [1] by
almost 20 %, as well as decreases the structural deformation of
the intercalation complex. At the same time, the aqueous
suspension technique creates kaolinite—potassium acetate
intercalation compound which shows practically no change after
ageing.

[1] Wiewiora, A. & Brindley, G.W. (1969) Proc. Int. Clay
Conf., Tokyo, 1, 723.
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Time- and pH-dependent sorption of veterinary
antimicrobial sulfamethoxazole to bentonite and
organobentonite
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Sulfonamide antimicrobials comprise a class of synthetic
sulfanilamide derivatives which are used in human therapy,
livestock production and aquaculture. Substantial amounts of
sulfonamides, ionizable, polar veterinary, may reach the
environment through grazing livestock and spreading of manure
on agricultural soils. Further pathway into the environment is
direct use in aquaculture. Residues of sulfonamides have been
found in soils and adjacent environmental compartments [1,2].
In soils, parts of added sulfonamides are retained over months
[1]. Sorption to soils and sediments is a crucial but not
sufficiently understood process influencing the environmental
fate of sulfonamides.

The objective of this study was the influence of contact time
and pH on sulfomethoxazole sorption to native bentonite
(Ratkai Pettyes, Hungary) and surfactant-modified bentonite.
The sulfamethoxazole (pK, = 4.7) was analyzed by capillary
electrophoresis using Tris (tris(hydroxy-methyl)aminomethane)
at pH of 8.3. Organobentonites were prepared from bentonite
by using benzyldodecyldimethylammonium (Cy,) bromides.
The degree of modification was 100 % (C4,-100-B) and 50 %
(C1,-50-B) of the cation exchange capacity. Adsorption Kinetics
and isotherms determined in aqueous suspensions using batch
technique were modelled.

The bentonite sorbent was expected to interact mainly with
cationic sulfonamide at pH < 4.7, above this pH value little
adsorbed amount could be measured (q; = 1.5 - 2 mg/g at pH
6.4 in natural form without pH adjustment). Modification of
bentonite  surfaces by benzyldodecyldimethylammonium
assisted the sulfamethoxazole adsorption (gs = 4 - 5 mg/g at pH
6.4 in natural form without pH adjustment). Following the
adsorption kinetics five days was needed to reach the adsorption
equilibrium.

Our results imply that inorganic sorbents compared to
organic substances can play a minor role for sulfonamide
sorption in many soils and sediments. Especially the potential of
organic sorbents for increased sorption with contact time would
be important. On the other hand organobentonite (modified by
benzyldodecyldimethylammonium bromide) could be used as
biosorbent material in soil and sediment remediation.

[1] Thiele-Bruhn, S. et al. (2004) J. Environ. Qual., 33, 1331-
1342. [2] Hamscher, G. et al. (2005) Environ. Toxicol. Chem.,
24 , 861-868.
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Modified montmorillonites with cationic dye exhibit unique
optical properties. These novel materials enable many
applications in photochemical and photophysical branch [1].
Generally, cationic dyes form the aggregates on surface and/or
in the interlayer of montmorillonite. Dye loading and layer
charge of montmorillonite are control elements of dye
aggregation [2].

In this study a Ca®"-montmorillonite with high (SAz) and
reduced charge (RC-SAz(210)) were used for the preparation of
cationic dye/montmorillonite complexes. The RC-SAz(210)
was prepared from parent material (SAz) by Li* saturation and
subsequent heating at 210°C. The exchanges in fluorescence
and Vis electron spectra of the complexes were observed.

Vis absorption spectra of four cationic dyes (CD), i.e.
methylene blue (MB), crystal violet (CV), nile blue (NB) and
rhodamine B (RB) were measured. The percentage distribution
of non aggregated and aggregated CD species in variously
concentrated aqueous solution was calculated using equilibrium
stepped aggregation constants K,. The study showed that nile
blue forms the higher aggregates in aqueous solution already at
relatively low concentration compared with the other tested
dyes.

Vis electronic spectroscopy and X-ray diffraction analysis
revealed that cationic dye in fully intercalated CD/SAz complex
is located in the interlayer of montmorillonite mainly in form of
higher aggregates. The higher aggregates of dye are effective
quenchers of fluorescence hence these complexes exhibit a very
low fluorescence intensity. The reduction of montmorillonite
layer charge and low dye loading in the CD/RC-SAz(210)
complexes cause suppression of dye aggregation and huge
increase of fluorescence (Fig. 1).
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Fig. 1: Fluorescence spectra of fully intercalated CD/SAz complexes
(spectra 1, 2, 3 and 4) and spectra of CD/RC-SAz(210) prepared by
10% dye loading (spectra 5, 6, 7 and 8). A- Methylene blue; B- Crystal
violet; C- Nile blue; D- Rhodamine B.

[1] Bujdak, J. (2006) Appl. Clay Sci., 34, 58-73. [2] Klika, Z. et
al. (2009) J. Colloid Interf. Sci., 339, 416-423.
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Wettability of clay mineral surfaces — molecular
dynamics study

Solc, R.Y, Tunega, D.12, Pasali¢, H.2, Gerzabek, M.H.! &
Lischka, H.2
YInst. of Soil Research, University of Natural Resources and
Applied Life Sciences, Vienna, Austria
(‘roland.solc@boku.ac.at)
2Inst. for Theoretical Chemistry, University of Vienna, Austria

Wetting properties of soil and soil components affect a wide
variety of soil processes including iffiltration, preferenti al flow
and surface runoff [1]. The wetting ability of a solid surface is
mainly determined by its chemical composition and structure
and is directly related to the solid surface free energy [2]. The
solid-liquid contact angle method is often used to characterize
wettability of surfaces and to determine its surface energy. In
soil chemistry, contact angle measurements are influenced by
many factors because of the heterogeneous and complex nature
of soil particles. Therefore, it is important to know how
individual soil components behave with respect to polar liquids
like water.

Clay minerals represent an important inorganic part of soil
mineral phases and significantly affect overall properties of
soils. Owing to compositional variability ad structural
complexity various clay minerals behave considerably
differently with respect to wetting.

In order to elucidate structural and compositional factors
affecting hydrophilic/hydrophobic character of clay minerals we
studied interactions of water nanodroplets with basal surfaces of
selected clay minerals (particularly kaolinite and phlogopite) by
means of classical molecular dynamics simulations at room
temperature. From the behaviour and shape of the nanodroplet it
was possible to characterize hydrophobic/hydrophilic character
of studied surfaces. In case of the kaolinite octahedral surface
formed from surface hydroxyl groups, the water droplet was
completely spread and a monomolecular network of hydrogen-
bonded water molecules was formed. In opposite, the
tetrahedral surface, which is formed from basal oxygen atoms,
is less interacting with the water nanodroplet and the shape of
the droplet is partially preserving. The molecular simulations
clearly showed a difference between both basal surfaces of
kaolinite. While the octahedral surface is strongly hydrophilic,
the tetrahedral surface has partially hydrophobic character.
Structural and energetic aspects of both surfaces are obtained as
well.
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Fig. 1: Water density profile (in g/cm®) of water nanodroplet on
tetrehadral kaolinite surface. (500 water molecules, 2 ns MD, 300K).
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[1] Anderson, M.A. et al. (1995) Soil Sci., 160, 111-116. [2]
Bachmann, J. et al. (2000) Soil Sci. Soc. Am. J., 64, 564-567.

Organic modified montmorillonite supported
cobalt catalyst for Fischer-Tropsch synthesis

Su Haiquan'?, Zhang Bingbing®, Ding Ning?, Li Xuefen®,
Zhang Xiaohong™? & Zeng Shanghong?
1College of Life Science, Inner Mongolia University, Hohhot,
P.R. China
2Inner Mongolia Key Laboratory of Coal Chemistry, School of
Chemistry and Chemical Engineering, Inner Mongolia
University, Hohhot, P.R. China (*haiquansu@yahoo.com)

The Fischer-Tropsch synthesis (FTS) is a process that converts
syngas into mixtures of higher molecular weight hydrocarbons.
Supported cobalt catalysts are the preferred catalysts because of
their high F-T activity, high selectivity for linear hydrocarbons,
low activity for the water gas shift reaction, and relatively lower
cost. In this paper, organically modified montmorillonite as a
novel support is first applied to cobalt-based Fischer-Tropsch
synthesis.

Normally, XRD is a good method for identification and
characterization of the F-T active phases. However, only the in-
situ XRD shows reliable data about the structure of cobalt
active phases present in the reduced and working catalysts
because of easy reoxidation of cobalt species in the air. Our
results show that ex-situ XRD was also an effective method for
the active phase identification of the Co/ OMMT catalysts after
F-T synthesis (see Fig. 1), because there was no reoxidation on
the catalysts after F-T reaction due to the formation of carbon
protective layer outside the metallic cobalt, which was from
decomposing of the organic component inside the layer of
montmorillonite. This retains precious information about cobalt
dispersion and reducibility under the FT reaction conditions.
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Fig. 1: XRD patterns of the samples (a: organically modified
montmorillonite (OMMT); b: Co/ OMMT; c—e: Co/ OMMT catalysts
after different Fischer-Tropsch reaction conditions).

Table 1: Catalytic performance of catalysts for F-T synthesis reaction

Cco CH, C-C4 Cs
Sample  conversion selectivity selectivity  selectivity
(%) (%) (%) (%)
c 24.48 19.98 6.67 73.35
d 14.65 16.53 0.78 82.69
e 26.27 7.08 245 90.47
f 15.84 94.28 1.69 4.03

The data in table 1 show that the Cs* selectivity was improved
with the increase of metallic cobalt content in catalysts c—e. The
Cs' selectivity of the catalyst f was the worst on the highest
metallic cobalt content, due to the catalyst producing more
carbon under these conditions.

Acknowledgements: Project supported by National Natural
Science Foundation of China (grant no.20661001).
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A molecular dynamics simulation studies of
ethylene glycol intercalated in smectites

Szczerba, M.V, Klapyta, Z.? & Skiba, M.}
nstitute of Geological Sciences, Polish Academy of Sciences,
Krakéw, Poland (*ndszczer@cyf-kr.edu.pl)
2Faculty of Geology, Geophysics and Environmental Protection,
University of Mining and Metallurgy, Krakdw, Poland
3Institute of Geological Sciences, Jagiellonian University,
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Intercalation of ethylene glycol in smectites is widelly used to
discriminate smectites from other clays. This technique has
been known since pionnering work of MacEvan [1], however
still little is known about the structure of ethylene glycol
between smectite sheets. The work by Reynolds [2] gave some
insights into the structure, hovewer since that time no
significant input into the understanding of this structure has
been done.

Molecular dynamics simulations allow to find that the
structure proposed by Reynolds [2] should be a bit different.
Ethylene glycol forms two distinct layers between sheets, but
ions forms inner and outer sphere complexes, not only the outer
ones as it was described in [2]. Moreover water in this structure
was found not to form distinct layers but is rather spread out
and concentrated around ions. There is also no tendency to form
water bridges between ions, water and ethylene glycol.

Molecular simulations were carried out using the DLPOLY
computer program using CLAYFF and CVFF force fields to
describe clay and ethylene glycol, respectively.

[1] MacEwan, D.M.C. (1946) J. Soc. Chem. Ind., 65, 298-304.
[2] Reynolds, R.C. (1965) Am. Mineral., 50, 990-1001.

Formation of a second-staged alkylammonium-
sericite complex

Tamura, K.X*, Hatta, T.2, Morimoto, K.! & Yamada, H.!
!National Institute for Materials Science, Tsukuba, Japan
("TAMURA Kenji@nims.go.jp)
2Japan International Research Center for Agricultural Sciences,
Tsukuba, Japan

The intercalation dynamics of layered materials, such as
graphite, clays, and transition-metal dichalcogenides, has been
reported in detail, both experimentally and theoretically. In
particular, the phenomenon of staging has generated a large
amount of interest in these materials. Staging is a process by
which layered host materials intercalate guest compounds. A
staged layered compound has a regularly repeating series of
interlayers, alternating periodically between an intercalated
layer and non-intercalated layer. In the present study, the
staging phenomenon was investigated for the organic/sericite
complexes.

We have conducted ion exchange experiments using sericite
(SE) and dehydrated sericite (dhSE) with dodecylammonium
(DDA) solutions of various initial concentrations (7.3, 21.9, and
73.3 mM, corresponding to DDA*/K*™ mole ratio = 1.0, 3.0 and
10.0, respectively), at 70°C. The dhSE sample was prepared by
dehydration of a SE powder (medium particle diameter: 7.8 um)
at 800°C for one hour [1]. The staging phenomenon was studied
by X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS) and infrared absorption spectra. Typical
XRD patterns of DDA-SE and DDA-dhSE prepared by ion
exchange with a low DDA concentration (DDA*/K* = 1.0), are
shown in Figure 1. In the case of the SE complexes, two
separated phases, 1.0 and 2.3 nm, were obtained, which were
ascribed to the non-intercalated layers, and vertical
(perpendicular to the layers) orientations of the incorporated
DDA, respectively. On the other hand, in the case of the dhSE
complexes, a large basal spacing of 3.3 nm was observed (Fig.
1b). The 3.3 nm basal spacing is close to the sum of the basal
spacing for the vertical (perpendicular to the layers) orientations
and that for the non-intercalated layers, so it can be interpreted
as regular alternation of the 2.3 nm layer and the 1.0 nm layer,
exhibiting ¢ =3.3 nm supercell (“1:1 ordered interstratifications”
or “second-staging”).
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Fig. 1: XRD patterns of (a) DDA-SE and (b) DDA-dhSE complexes
prepared by ion exchange with DDA’ (DDA*/K* mole ratio = 1.0) at
70°C for various duration times.

[1] Tomita, K. & Dozono, M. (1972) Clay. Clay Miner., 20,
225-231.
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Alteration mineralogy, geochemistry and
genesis of volcanic rocks of the Hasandag area
(Giresun), NE Turkey

Kadir, S.*, Acarhoglu, S.!, Abdioglu, E.” & Arslan, M.?
"Dept. of Geological Engineering, Eskisehir Osmangazi
University, Eskigehir, Turkey ("skadir_esogu@yahoo.com)
“Dept. of Geological Engineering, Karadeniz Technical
University, Trabzon, Turkey

The Eocene subvolcanic and volcanic rocks of the Hasandag
(Giresun) area in the eastern Pontides (NE Turkey) have
undergone several stages of hydrothermal alteration. The rocks
of the area comprise andesitic flows, andesitic pyroclastic rocks,
phreatomagmatic breccia, andesite dykes and granodiorite-
syenogranite intrusions. Development of phreatomagmatic
breccias was related to penetration of silica-rich hydrothermal
fluids along fractures. Consequently, silicification and scarce
argillisation are widespread main types of hydrothermal
alteration in the area. These units were studied via standard
petrography, reflected-light polished-section microscopy, X-ray
diffractometry (XRD), scanning electron microscopy (SEM-
EDX), and geochemical analysis. Alteration of plagioclase and
iron-oxidation in amphibole and biotite are widespread.
Development  of  silicification, advanced argillisation
(alunitetkaolinite), argillic (smectitetillite) and propyllitic
zones (chloritetsericitetcalcite) — associated with decreasing
alunitetkaolinite and some increase in chloritetsericitetcalcite
from the central to the outer part of the study area — indicate
acidic hydrothermal activity. The operation of these
hydrothermal processes is also evidenced by geological and
geochemical determinations. In the study area, pyrite, visible
gold and native elements were all determined via ore
microscopy. The pyrite is of three types; type 1 is coeval with
the host rocks, the other two types of pyrite occurrence
developed via epithermal activity. Pyrite crystals are 1-1000
microns, gold 2-15 microns, and native elements 1-20 microns
in size. Hypogene minerals include goethite and lepidocrocite.
Based on geochemical analyses, the trace- and rare-earth
element patterns of the volcanic rocks (except the
phreatomagmatic breccia) are similar to each other, and all
resemble arc volcanic rocks. Thus, geological, petrographic,
mineralogical and geochemical data on these Eocene volcanic
rocks and their hydrothermally altered equivalents indicate an
epithermal system.

Geology, mineralogy and depositional
environment of the Pliocene Cappadocian
Volcanic Province, Yesilhisar
(Kayseri, central Anatolia, Turkey)

Kadir, S."', Gurel, A%, Goz, E.' & Kilah, T.!
"Dept. of Geological Engineering, Eskisehir Osmangazi
University, Eskischir, Turkey ("skadir_esogu@yahoo.com)
Dept. of Geological Engineering, Nigde University, Nigde,
Turkey

Pliocene alluvial and lacustrine deposits characterize the so-
called Kisladag Formation of the Cappadocian Volcanic
Province (central Anatolia). The Gilizeloz Plateau (Yesilhisar) in
the central part of the Cappadocian Volcanic Province contains
many ignimbrite levels, andesite, and basalt intercalated with
paleosols, calcretes, lacustrine carbonates, fluvial sediments,
diatomaceous clayey sediments and pyroclastic sedimentary
levels. The presence of root traces and remnants, paleosols, and
calcrete indicate fluvial and shallow-lake environments. These
environments are dominated by feldspar, quartz, calcite, opal-
CT, serpentine coexisting with smectite, illite and accessory
palygorskite. Smectite predominates in paleosols and calcrete
units. Development of microsparitic to sparitic calcite cement
between irregular clay nodules in paleosol and calcrete samples,
and dog-tooth-type sparitic calcite crystals in fractures and
cracks, indicate alternating dry and wet periods, that resulted in
the development of paleosolsand calcretes. The §'%0 values of
the calcretes range from —9.13 to —10.69 %o PDB, reflecting
their formation under the influence of meteoric water. 5°C
values of the calcretes are between +4.97 and +3.00, and may
have been related to drought conditions, increase in C4 biomass,
and decrease in atmospheric CO, concentrations below a
threshold that favoured C; plants [1]. %0 and 5"3C isotope
values from limestone samples vary between —9.81 to —-10.71
and 1.85 to —4.84 %o PDB, respectively. Negative §'%0 values
and low [MgO/(MgO+CaO)] ratios indicate low salinity and
freshwater influx into the lake [2]. The negative calcite 3*°C
values of the limestones clearly indicate a biogenic origin, lake
expansion and increased through-flow conditions, whereas
positive values indicate lake contraction, decreased through-
flow conditions and biogenic activity. The Pliocene interval,
represented by paleosols, calcretes and lacustrine carbonate
rocks in Cappadocia region, is of special interest insofar as it
included global changes in vegetation (C; to C4 ecosystems) and
drought-wet fluctuations.

[1] Cerling, T.E. et al. (1997) Nature, 389, 153-158. [2]
Dutkiewicz, A., Herczeg, A.L. & Dighton, J.C. (2000) Chem.
Geol., 165, 309-329.
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Investigation of magnetic and adsorption
properties of natural and magnetic sepiolite

Dikmen, Z." & Orhun, O.
Dept. of Physics, Anadolu University, Eskisehir, Turkey
(' zdikmen@anadolu.edu.tr)

In this study, we investigated a sepiolite sample obtained from
Sivrihisar region (Eskisehir-Turkey). Firstly, instrumental
characterization of the clay sample was performed by various
techniques such as XRD, XRF, TG/DTA, SEM. Magnetic
modified forms of clay minerals have been prepared and then
adsorption and magnetic properties of unmodified and modified
clays were compared with each other. The magnetic modified
forms of clay samples have been prepared in the following way:
The fractions of clay samples that have dimensions smaller than
63um have been separated by sieving. They were mixed and
intensively ground with powder forms of magnetite in a mortar.
The resulting powder mixture was slowly heated up to 950°C at
1°C/min and maintained at this temperature for 6 hours. The
solid sample was cooled and washed with de-ionized water until
no CI" ions were detected in the eluted water, and then dried at
80°C during 16 hours [1].

The adsorption isotherms of nitrogen gas on natural and
magnetic modified clays have been obtained by means of
Quantachrome Nova 2200E model high speed gas analyzer. The
magnetic properties of the samples have been determined by
means of LakeShore 7307 model Vibrating Sample
Magnetometer.

Table 1: Comparison of specific surface areas, average pore diameters
for natural and magnetically modified clays

Forms of Clay Specific Surface | Average Pore Diameter (A)
Area(m%/g)
Sepiolite 293.52 84,38
Sepiolite-Fe 68.34 92,17

As shown Table 1, the specific surface areas of magnetically
modified clays are smaller than the specific surface areas of
natural clays. The average pore diameters of magnetically
modified clays are greater than the average pore diameters of
natural clays.
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Fig. 1: Magnetization versus applied field curve at room temperature
(max. magnetic field 0.5T) for the magnetic modified sepiolite.

The magnetic clay sepiolite is characterized by the maximum
magnetization value of 176,4 memu (Fig. 1). Similar results
could be obtained for other natural clays and porous materials.

[1] Capek, L. et al. (2005) Micropor. Mesopor. Mat., 80(1-3),
279-289.

Hungarian contribution to mineralogy and
geology of clays

Viczian, I.
Hungarian Institute of Geology, Budapest, Hungary
(viczian@mafi.hu)

The Hungarian Clay Minerals Group was founded in 1960. On
the occasion of the 50" anniversary the main results of the
Hungarian clay research in the field of earth sciences is
reviewed.

A general textbook on clay minerals was published by the
founder of the Clay Group, professor Nemecz. In a broader
sense the fundamental books of Bardossy on bauxites belong to
the clay research. Soil clay minerals were discussed in the
textbooks of Stefanovits, Szendrei and Nemecz, and recently by
Nagy and Konya.

Specific clay minerals. The famous illite mineral of
Fiizérradvany, the “second illite of the world” was described by
Maegdefrau & Hofmann as early as 1937 and later reviewed by
Nemecz & Varju. Weiszburg and E. Téth contributed much to
the chemical systematics of celadonite, glauconite and “Fe-rich
montmorillonite” series. Serpentine minerals were extensively
studied by Erdélyi and in the last years by Dédony (structural
analyses of antigorite and polygonal serpentine).

Determinative methods in clay mineralogy. A method of
quantitative analysis by X-ray diffraction was introduced by
Naray-Szabo. A special apparatus for thermal analysis called
“Derivatograph” was developed by Paulik & Paulik. Atlas of
thermal analysis was created first by Foldvari-Vogl. The
application of the method was later continued on a high level by
M. Foldvari.

Soils and rocks. Stefanovits and Dombovari published the
map of clay minerals in Hungarian soils. Red clays, mostly
relict fossil soils were studied by Bidlo. Fekete published book
on recent tropical soils. Fossil lake sediments of basaltic craters
were recognised by Solti and analysed by Foldvari, Barna and
others. Mostly rhyolite-related bentonite deposits of the
Carpathian Basin were studied by Kovacs-Palffy.

Lithostratigraphic application. Clay minerals of Hungarian
sedimentary formations were systematically characterised by
Viczian. Today this line is continued by Raucsik, Varga and
Szakmany. The diagenetic transformation of smectite to illite
was widely applied for CH prospecting by Viczian, J. Matyas
and others. The very low grade metamorphic stage is studied by
Arkai and his co-workers M. Toth, Judik etc. He introduced the
parameter “chlorite crystallinity” (Arkai index), studied index
minerals, applied textural analysis etc. His studies extended to
Hungary, the Swiss Alps, and to SE-Europe.

Zones of hydrothermal alteration in the Tokaj Mts. were
first recognised by Széky-Fux, later intensively studied by
Nemecz and Varju and recently by Molnar. Economic clay
deposits were studied for several decades by E. Matyas and
Zelenka, their colloidal properties by Juhasz, Szant6 and their
students. Model experiments of environmental pollution by
heavy metals are carried out by Németh. Clay liners for
communal waste depositories were developed by Szabo. Pelitic
host rocks for radioactive waste depositories are studied in
Mecsek Mts.
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Mineralogical and chemical compaosition of
clayey deposits in caves

Klimova, E.V." & Matrenichev, V.A.
Institute of Precambrian Geolog}i and Geochronology, RAS,
St. Petersburg, Russia ( katya kli@list.ru)

Clay deposits in caves are quite specific in nature due to their
origin and therefore are not well investigated.

For the purposes of this research samples from: Sumgan-
Kutuk Cave (Bashkortostan, the Urals), Kapova Cave
(Bashkortostan, the Urals), Canyon Cave (Krasnodar region, the
Caucasus), Voronya Cave (Abkhazia, the Caucasus) and
Cascade Cave (the Crimea, Ai Petri) have been considered.

Analysis of particle size distribution showed that in all the
caves studied there are two types of deposits: sandy silt, where
percentage of clay fraction (less than 0.002mm) is 3.7% with
predominant silt fraction (0.002 to 0.0lmm) of 50-75%; and
clayey silt where the percentage of clay fraction is 12.6%, with
silt (0.002 to 0.05mm) being dominant (70-80%).

The mineral composition of the clay fraction is dominated
by illite-smectite interlayerings (35-50%) with predominant
illite layers, kaolinite (4-10%), chlorite (approximately 6%),
smectite (approximately 1%), calcite (approximately 1%), iron
hydroxides (approximately 1%). The amount of detrital quartz
reaches 40% in the <0.002 mm fraction.

Further chemical analysis of the alumo-silicates from the
clay fraction, carried out using a Jeol JSM-5300 scanning
electron microscope equipped with EDS, showed that: Illite has
high potassium content and characterized by 52.27% SiO,,
26.49% Al,03, 3.92% Fe 03, 4.90% MgO, 3.58% of CaO,
2.44% Na,O and 6.40% of K,O. Chlorite is represented by the
magnesium type and contains 31.23% SiO,, 27.43% Al,Os,
5.89% Fe,03, 29.05% MgO, 0.51% CaO, 4.91% Na,O and
0.99% K,0. Smectite is defined by high iron content and has
32.35% Si0,, 22.84% Al,03, 32.13% Fe,03, 5.81% MgO,
2.86% CaO, 2.09% Na,O and 1.91% K,O. The clay minerals
from the studied deposits have similar chemical compositions,
regardless of the sampling site.

The chemical composition of clay fraction of the main type
deposits is presented by: SiO, 55.81%, Al,03 27.41%, Fe,0s
4.94%, MgO 3.44%, CaO 1.35%, Na,0 2.27%, K,0 4.78% for
clayey silt; and SiO, 54.19%, Al,O3 27.73%, Fe,O3 3.66%,
MgO 5.38%, CaO 0.90%, Na,O 2.36%, K,0 5.77 for sandy silt.

As shown in Fig. 1, REE spectrum of clay fraction in sandy
and clayey silt (average of all samples) is quite similar.
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Fig. 1: REE spectrum of clay fraction in sandy and clayey silt (average
of all samples).

Taking into account the results of mineralogical and chemical
composition of clayey deposits from caves in Caucasus,
Crimea, and the Urals, the following conclusion can be made.
Clayey deposits from all considered caves are represented by
two types of sediments (sandy silt or clayey silt) that show
differences in the micro-facies of their deposition environment.
Mineralogical composition of clay fraction is similar for all
analyzed samples, with predominant illite-smectite mixtures
with a percentage of smectite layers < 35%.

Montmorillonitic alteration of tourmaline from
the Quintos de Baixo pegmatite, Borborema
Pegmatite Province, NE Brazil

Strmi¢ Palinkas, S.}, Bermanec, V."", Zigovetki Gobac, Z.,
Palinkag, L.A.Y, Kampié, 8., Wegner, R.* & Odiilio, J.M.M.2
Ynstitute of Mineralogy and Petrography, Dept. of Geology,
University of Zagreb, Croatia ("vberman@public.carnet.hr)
2Centro de Ciéncias e Tecnologia, Dept. de Min. ¢ Geol.,
Universidade Federal de Campina Grande, Brazil
®HR Exportagio e Importagdo de Minérios, Governador
Valadares, MG, Brazil

Tourmaline is a common boron-rich mineral in granitic
pegmatites [1]. It is resistant to weathering and typically occurs
as a detrital mineral in sedimentary rocks and soils. However,
tourmaline in pegmatites may be partially altered to various
aluminous minerals. Alterations are mostly associated with late
magmatic and hydrothermal fluids [2].

Tourmaline from the Quintos de Baixo pegmatite,
Borborema Pegmatite Province, NE Brazil, displays zonal
structure with Li-Al-rich core (elbaite) and Fe-rich rim (schorl).
The core is frequently altered to clay minerals. The matrix
between tourmaline crystals comprises clay minerals as well.
According to X-ray powder diffraction (XRPD) analysis the
principal clay mineral is montmorillonite with cation exchange
capacity (CEC) of 75.5 = 0.4 mEq/100g.

The following reaction illustrates the breakdown of
tourmaline (elbaite) into Li-montmorillonite:

Na(Li,Al)3A15(BO3)3SisOIB(OH)4 + 5H4SIO4 + 3H‘ >
3[Aly(Sizs7Alo.33)010(OH)2]Lig 33+ 3H3BO; + 2Li" + Na' + 6H,0  (AG®
=-69.7 kcal/mol)

The reaction requires increased activity of H;SiO,4 and points to
the influence of late magmatic or hydrothermal fluids (Fig. 1).
Alternatively, the weathering of spodumene can represent an
important source of montmorillonite:

7L1A151205 + 6H‘ + 6H20 «> 3[Al3(Si3,57A10,33)010(OH)2] Li0'33+
3H,SiO, + 6Li’ (A/G®=-2.6 kcal/mol)

Gibbs free energies for above mentioned reactions (A,G") have
been estimated according to the thermodynamic data published
by Woods & Garrels [3], Tardy & Garrels [4] and Ogorodova et
al. [5].

Elbaite
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Mantmarilionite
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Fig. 1: Logarithmic activity diagram, constructed for standard
conditions (1 bar, 25°C).

[1] London, D. et al. (1996) Rev. Mineral., 33, 299-330. [2]
Ahn, ] H. & Buseck, P.R. (1998) Am. Mineral., 83, 535-541. [3]
Woods, T.L. & Garrels, R.M. (1987) Thermodynamic values at
low temperature for natural inorganic materials. Oxford
University Press, New York. [4] Tardy, Y. & Garrels, R.M.
(1974) Geochim. Cosmochim. Ac., 37, 1101-1116. [5]
Ogorodova, L.P. et al. (2004) Thermochim. Acta, 419, 211-214.
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The mineralogical and petrographic study of
zeolitic tuffs around Karamiursel, NW Turkey

Uz, B.}, Bacak, G.>* & Ozdamar, S.*
Dept. of Geology, Istanbul Techical University,
Istanbul, Turkey
’Dept of Geololgy, Karaelmas University, Zonguldak, Turkey
("bacakgur@karaelmas.edu.tr)

Paleocene pyroclastic rocks of the volcano-sedimentary
sequence which disconformably overlie Triassic conglomerates
and sandstones underwent locally a strong alteration in the area
around Karamiirsel, NW Turkey (Fig. 1).

Cly,sand ana
ey

N2 Sample Location)

Fig. 1: Geological map of the study area [3].

Volcanic tuffs, which have the composition from andesite to
rhyolite,  underwent  diagenetic  alteration.  Zeolites
(clinoptilolite, heulandite), clay minerals and micas (smectite,
illite, celadonite, glauconite and biotite), siliceus minerals (opal-
CT, quartz), carbonate minerals (calcite) and feldspars are
authigenetically formed. Thermal stability studies indicate that
the zeolite types are clinoptilolite and heulandite-2 (Ca-
clinoptilolite). Clinoptilolite is stable at 550°C. Si/Al ratios of
selected 3 zeolite samples range from 4.70 to 5.84. Heulandites
have been distinguished from iso-structural clinoptilolites on the
basis of their Si/Al ratios, heulandites having Si/Al <4 and
clinoptilolites having Si/Al>4 [1,2]. XRD studies indicate that
Karamiirsel samples contain typical heulandite with d(060)
spacing higher than 1.51A (Fig.2). Glauconite (Al-glouconite)
identified with celadonite-glauconite distinguishing methods
was found to be a mixed-layer mineral.

K4

Heulandite-clinoptilolite sample

Fig. 2: XRD pattern of heulandite-clinoptilolite bearing tuff

Cationic values were recalculated on the basis of 72 oxygen
atoms, providing the following average half unit cell
composition of the glauconite: Kgss(Fegge, Alpss) (Mgoas,
Feg.17) (Siz.65 Alg.as) O10 (OH),.

[1] Coombs, D.S. et al. (1997) Can. Mineral., 35, 1571-1606.
[2] Esenli, F. et al. (2005) Geol. Croatica, 58/2, 151-161. [3]
Uz, B. et al. (1995) Geosound, 27, 135-147.

Effects of dry grinding on kaolinite powders

Valaskova, M.'", Barabaszova, K.! & Plevova, E.?
"™Nanotechnology Centre, VSB-TU of Ostrava, Czech Republic
(“marta.valaskova@vsb.cz)

?Institute of Geonics AS CR, Ostrava-Poruba, Czech Republic

Particle size reduction in clays and clay minerals is produced by
grinding, which plays an important role in the physicochemical
properties of the resulting powders and in the further processing
steps. Most papers report that short-time milling of kaolinite
flakes causes fracturing along the basal planes coupled with an
increase of the specific surface. Several author teams examined
the mechanochemical effects of grinding of kaolinite on its
structure and thermal behavior and subsequent thermal
transformations. Physicochemical changes of the material were
observed after applying grinding friction forces, such as present
in vibratory, oscillating, and planetary mills [1]. The effects of
different times of dry grinding using ball-milling on the
structure of kaolinite powders KGa-1 and KGa-2 from Georgia
showed that the peak temperatures of the endothermic DTA
effects shifted slightly to lower temperatures as grinding time
increased. The exothermic peaks were affected only after longer
grinding periods [2].

Well-ordered (KGa-1) and low-ordered (KGa-2) kaolinite
powders from Georgia were compared after 15 min jet- and ball
—milling. The surface area increased, the particle size
distribution and the weight loss on heating were different in
dependence on the type of milling. he DTA effects did not
change after milling.

Intensity

26 (°), CuKa

Fig. 1: XRD patterns of KGa-1, ball-milled KGa-1b, jet-milled KGa-1j
and SEM micrographs of KGa-1b and KGa-1j.

The X-ray powder diffraction (XRD) patterns (Fig. 1) show the
loss of resolution of the peaks near 21.5 °2@ which is some
evidence for a small disorder in the ordered phase [3].
Acknowledgements: This work was supported the Czech
Grant Agency (projects GA CR 105/08/1398 and 205/09/0352).

[1] Aglietti, E.F. et al. (1986) Int. J. Miner. Process., 16, 125-
133. [2] Sanchez-Soto et al. (2000) J. Am. Ceram. Soc., 83,
1649-1657. [3] Reynolds, R.C.,Jr. & Bish, D.L. (2002) Am.
Mineral., 87, 1626-1630.
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Detailed clay mineralogy of a continuous,
marine Tr/J boundary section at
Kendlbachgraben, Austria

Zajzon, N."", Kristaly, F.}, Pekker, P.? & Pilfy, J.2
Ynstitute of Mineralogy and Geology,University of Miskolc,
Hungary ( nzajzon@uni-miskolc.hu)

?Institute for Nanotechnology, Bay Zoltan Foundation for
Applied Research, Miskolc, Hungary
®Research Group for Paleontology, Hungarian Academy of
Sciences—Hungarian Natural History Museum, Budapest,
Hungary

A marine Triassic/Jurassic boundary section is exposed at
Kendlbachgraben in the Northern Calcareous Alps. It is located
in the Eiberg basin, similarly to the Kuhjoch section, which has
been chosen as the Global Stratotype Section and Point for the
base of Jurassic.

Selected samples of the Kendlbachgraben section were
investigated for clay mineral species determination. Routine
oriented specimen diagnostic procedures were followed. Cation
exchange for Mg and K was performed. Peaks of X-ray
diffraction patterns were resolved by deconvolution procedures.
Observed species are ~15 A smectite (Mg>Fe), together with
vermiculite (K-bearing) and chlorite (Fe>Mg) (14,2-14,5A),
illite and kaolinite. The identified “14A type” minerals are Mg-
dominant, with varying Fe, K and Ca content. Chlorite is
evident only after heating to 560°C and diminishes upwards in
the section. Kaolinite shows a decrease in quantity and degree
of crystallinity upwards in the section. Cation exchange and
glycerol saturation indicates the mixing of high and low layer
charge smectites, with the dominance of the high-charge type.
Vermiculite is of the low layer charge, expanding type.

The lowermost sample of section (KB1) has a very different
clay mineral content compared to the other samples. It contains
dominantly high-charged smectite and also vermiculite. These
clay minerals may be formed by the alteration of mafic and
ultramafic rocks. Upwards in the section (KB8) smectites has a
Ca—Na enrichment and vermiculite (chlorite) becomes
dominant. In the boundary shale the clay mineral distribution is
the following: kaolinite> illite + muscovite >> smectite. This
suggests weathering under humid climate, and intensive
terrigenous input. Above the boundary interval the clay mineral
pattern changes to illite + muscovite >> kaolinite >> smectite,
which corresponds to a less humid, mainly moderate climate.

Some pale-green, opaque or slightly transparent grains, 70—
80 pm in size, are found in the topmost layer of the Triassic
Kossen Formation (KB1). Their shapes vary from the perfectly
spherical (Fig. 1) to the angular. They are identified as
illite/aluminoceladonite, their average EDX composition is
Ko 49Nag 08Cag 07Mgo esFe” 0 07A1IFe™ ) 41[ Al 4Siz §010(OH), .
They presumably represent alteration products of volcanic
material, on the basis of their shape and size. Most probably the
rounded grains were altered from volcanic glass spherules.

ot R/ ¥ ’_

Fig. 1: a, SE image of a clay spherufe. b
spherule.

, eniarged surface of the same
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Archaeometrical investigation on glass beads
coming from Villanovian excavations in Bologna

(Italy)

Arletti, R.Y, Bertoni, E.2, Vezzalini, G.> & Mengoli, D.?
1Dipto. di Scienze della Terra, Universita degli Studi di Ferrara,
Italy (‘rossella.arletti@unimore.it)

%Dipto. di Scienze della Terra, Universita degli Studi di Modena
e Reggio Emilia, Modena, Italy
3Lares s.n.c., Pisa, ltaly

Excavations performed in seventies around the actual fair area
of Bologna brought to light remains of VII-VIII century
civilizations [1]. The archaeological work allowed the
collection of a large number of objects which clearly indicate
the presence of a large Villanovian village. The archaeological
excavations on the annexed necropolis are still in progress and
the study is unpublished. The necropolises of Bologna Fair are
dated from 800 to 750 BC (Villanovian I1) and from 750 to 680
BC (Villanovian II).

Several glass beads were recovered during the excavations.
Twenty-seven blue, turquoise, black and dark green glass beads
were selected and analysed. The chemical analyses of major and
minor elements were obtained by WDS-EMPA, while the
analyses of eventual opacifiers dispersed in the matrix were
carried out with the combination of XRD and SEM-EDS
observations.

The chemical data of the samples allow identifying a group
of four beads characterized by a mixed alkalies composition,
typical of the Final Bronze Age production found in [2,3]. All
the other samples show low levels of K,0 (<2 wt%) and rather
high Na,O (>15 wt%). Some of these samples can be classified
as natron-based glass, while for a number of beads the
classification is not straightforward, since they contain, along
with low K,0, a high amount of MgO (about 3 wt%). These
low potassium high magnesium glasses show, in addition,
extremely high levels of Al,O;. These results indicate that the
glass found in this site derive at least from three different melts.
Regarding the opacity of the samples, in most of the cases the
effect is due to the dark colour of the glass (i.e. in blue, dark
green and black beads) which prevent obliterate the
transmission of light. Only in the turquoise samples, crystalline
particles of calcium antimonate were found.

[1] Tovoli, S. (1994) in Forte, M. & Von Eles Masi, P. (eds.) La
pianura Bolognese nel villanoviano. Insediamenti delle eta del
Ferro (catalogo della mostra). Firenze. [2] Biavati, A. &
Verita', M. (1989) Rivista della stazione sperimentale del vetro,
4, 295-303. [3] Angelini, I. et al. (2004). J. Archaeol. Sci., 31,
1175-1184.

An advanced methodology for Remote
Operation Vehicle magnetic survey to delineate
buried targets and estimate medium
magnetization

Eppelbaum, L.V.
Dept. of Geophysics and Planetary Sciences, Raymond and
Beverly Sackler, Faculty of Exact Sciences, Tel Aviv
University, Tel Aviv, Israel (‘levap@post.tau.ac.il)

A role of iron in the Earth evolution and investigation of the
present environment is extremely important (e.g., [1]). Magnetic
survey is one of most applied geophysical method for searching
and localization of any objects with contrast magnetic
properties (for instance, in Israel detailed magneric survey has
been succesfully applied at more than 40 archaeological sites
[2]). However, land magnetic survey cannot be performed in
swampy and Karstic areas, districts with dense natural growth
and in some other districts. Conventional airborne magnetic
measurements are limited by a flight level, too high velocity of
flight, heightened danger for the aircraft crew by low-altitude
survey, and financial considerations. At the same time the new
Remote Operation Vehicle (ROV) generation — small and
maneuvering vehicles — can fly at levels of few (and even one)
meters over the earth’s surface (flowing the relief forms or
straight) with  simultaneous precise  magnetic  field
measurements. Such geophysical investigations should have an
extremely low exploitation cost. Finally, measurements of
geophysical fields at different observation levels could provide
new unique geological-geophysical information [2].

The developed interpretation methodology for magnetic
anomalies advanced analysis [3] may be successfully applied
for ROV magnetic observations. This methodology includes:
(1) non-conventional procedure for elimination of secondary
effect of magnetic temporary variations, (2) calculation of
rugged relief influence by the use of a correlation method, (3)
estimation of medium magnetization, (4) application of various
logical-heuristic and informational algorithms for revealing
small anomalies against noise background, (5) advanced
procedures for magnetic anomalies quantitative analysis (they
are applicable in conditions of rugged relief, inclined
magnetization, and an unknown level of the total magnetic field
for the models of thin bed, thick bed and horizontal circular
cylinder; some of these procedures demand performing
measurements at two levels over the earth’s surface), (6)
advanced 3D magnetic-gravity modeling for complex media,
and (7) development of 3D physical-geological (or magnetic-
geological) model of the studied area. ROV observations also
permit to realize a multimodel approach to magnetic data
analysis [4]. Results of performed 3D modeling confirm an
effectiveness of the proposed ROV low-altitude survey.

Khesin’s methodology [3] for estimation of upper
geological section magnetization consists of land magnetic
observations along a profile disposing under inclined relief with
the consequent data processing (this method cannot be applied
at flat topography). It was suggested that integrated ROV
straight and inclined observations will help to obtain parameters
of the medium magnetization even over the flat relief.

[1] Pilchin, A.N. & Eppelbaum, L.V. (2006) Iron and its unique
role in the Earth Evolution, Monogr. Mexican Geoph. Soc., 9.
[2] Eppelbaum, L.V. (2010) Advances Geosci., 24, 45-68. [3]
Khesin, B.E. et al. (1996). Interpretation of Geophysical Fields
in Complicated Environments. Modern Approaches in
Geophysics. Kluwer Academic Publishers. [4] Eppelbaum, L.V.
(2005) Proceed. of the 6" Conference of Archaeological
Prospection, Roma, Italy.
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Mineralogy and archaeometry: fatal attraction

Artioli, G.
Dipto. di Geoscienze, Universita di Padova, Italy
(gilberto.artioli@unipd.it)

The difficult and fascinating relationship between archacometry
and mineralogy continuously offers challenges and topics for
research, though it is often troubled by the sectorial
organization of academic structure, at present also severely
limited by budgetary cuts [1,2]. The existing competition
between traditional academic disciplines in the field of cultural
heritage is often pernicious and poorly effective as far as
information and knowledge transmission is concerned. The
continuity in the employment of highly trained researchers and
the poor strategy in the data publication are issues of great
concern. Centralised research facilities could have a leading role
in the management of multi-disciplinary research, though they
have a limited practical effect in a shrinking budget world.

Within this frame, disciplines such as mineralogy and
petrology, intrinsically used to deal with complex systems,
found new natural areas of applications in cultural heritage
materials. Archaeometry-oriented applications rose from the
status of exotic studies to widely diffused areas of research
within the last decade, partly because of the fascination of the
involved problems, and partly because of the limited funding in
the traditional fields of research. It is argued that mineralogy as
a discipline at the crossroad between the core Earth Sciences,
crystallography, materials science, and geochemistry might be a
key area of innovation for cultural heritage studies.

A few case studies will be discussed to convey a personal
view of mineralogical applications within the broader context of
cultural heritage investigations [3]. Key issues are: the use of
combined techniques for the characterization of complex
systems, the optimization of non-invasive techniques, the
appropriate use of data bases in archaeometry.

[1] Maggetti, M. (2006) Geol. Soc. London, Spec. Publ., 257, 1-
8. [2] Artioli, G. (2007) Riv. Archeol., XXXI, 207-209. [3]
Artioli, G. (2010) Scientific methods and the cultural heritage.
Oxford University Press.

On the origin of the green colour of
archaeological bone artefacts of galloroman
period

Ferrand, J.}, Rossano, S.*", Rollet, Ph.2, Farges, F.%,
Allard, T Pont, S.® & Catillon, G.
| GE, Université Paris-Est Marne-la-Vallée, France
(‘rossano@univ-mlv.fr)
2INRAP Reims, France
3LMCM, Museum National d'Histoire Naturelle, Paris, France
4IMPMC, Paris, France

Bone artefacts of the Gallo-Roman period have been discovered
in the Reims city in 2004 in a place that was identified as a
workshop dedicated to bone objects. Among the bone pieces,
some of the finished objects are coloured in green by copper.
However, the colouration cannot be due to a long contact with a
metallic object made of bronze or copper. The understanding of
the origin of this colour is very important to decipher if the
colouration was made intentionally and to get knowledge about
the processes developed by the craftsman.

In this work, two archaeological green objects from the site
of Reims, one archaeological bone coloured by contact with a
metallic object and fresh bones coloured in the laboratory are
compared. Infra-red spectroscopy was used to get information
on the organic part of the samples while X-ray diffraction
allowed us to characterize the crystalline part. X-ray absorption
spectroscopy at the Cu K-edge was used to obtain information
about the environment of Cu in the artefacts. Finally, SEM-EDS
experiments have been used to localize the copper in the bone
structure.
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Ancient metals provenancing: a geochemical
database of Alpine copper mines

Giunti, 1.Y, Angelini, 1., Artioli, G.%, Nimis, P.! &
Villa, 1.M.23
1Dipto. di Geoscienze, Universita di Padova, Italy
(‘ilaria.giunti@unipd.it)
%Dipto. di Scienze Geologiche e Geotecnologie, Universita di
Milano Bicocca, Milan, Italy
3Institut fiir Geologie, Universitat Bern, Switzerland

The provenance of ore minerals used in prehistoric and historic
times for copper smelting and extraction is one of the basic
questions that archaeologists pose to modern analytical
archaeometry [1]. To aid metal provenancing studies, a database
of fully characterized Alpine copper mineralisations is being
developed as the fundamental reference frame for metal
extraction and diffusion in the past.

The abundances of about 60 minor and trace elements,
including most transition metals and chalcophile elements, and
Rare Earths Elements were measured in all samples via ICP-Q-
MS. Furthermore, the feasibility of the routine reliable
measurement of the Cu/®*Cu isotope ratio [2] and its eventual
use as a possible ore tracer was tested. Multicollector ICP-Mass
Spectrometry was used to determine precise Pb isotopic ratios
(ZOGPb/204Pb’ 207Pb/204pb, ZOSPbIZ(MPb).

Advanced strategies based on multivariate analysis were
then used to discriminate the ore mineral provenance. Data were
treated with the chemometric software “The Unscrambler
Version 9.5” (CAMO AS, Trondheim, Norway). Data pre-
treatment, PCA [3] and PLS-DA [4,5] models were performed
as implemented in the software. Moreover, mines dataset was
analyzed using inferential multivariate nonparametric methods
[6,7].

Application of statistical analysis to the geochemical and
isotopic database proved to be a very powerful tool to
discriminate the ore source areas with very little ambiguity.

The applications to archaeometallurgical copper and slag
specimens from the Agordo area (Veneto, Italy) and the
recently found prehistoric slags from Millan (StdTirol, Italy)
indicate that the approach is successful in provenance and trade
route investigations.

[1] Renfrew, C. & Bahn, P. (2000) Archaeology: Theories,
methods and practice. Thames & Hudson, London. [2] Ciceri,
E. et al. (2005) Atti del XIX Congresso di Chimica Analitica,
11-15 settembre 2005. Universita degli Studi di Cagliari. [3]
Wold, S. et al. (1987) Chemometrics Intell. Lab. Syst., 2, 37; [4]
Esbensen, K. (2002) Multivariate Data Analysis - In Practice,
CAMO Process AS, Oslo, 5th Edition. [5] Geladi, P. &
Kowalski, B.R. (1986) Anal. Chim. Acta, 185, 1-17. [6] Basso,
D. et al. (2009) Permutation Tests for Stochastic Ordering and
ANOVA: Theory and Applications with R. Springer, Heidelberg.
[6] Pesarin, F. (2001) Multivariate Permutation Tests With
Applications in Biostatistics. Wiley, Chichester.

Mineralogy of slags from South African
prehistoric tin smelting activities

Heimann, R.B.Y", Chirikure, S.? & Killick, D.2
Am Stadtpark 2A, D-02826 Gorlitz, Germany
(‘robert.heimann@ocean-gate.de)
2Dept. of Archaeology, University of Cape Town, South Africa
3Dept. of Anthropology, University of Arizona, Tucson, AZ,
USA

A suite of vitreous slag remains from two prehistoric tin
smelting sites at Rooiberg, Limpopo Province, South Africa
were analyzed by wavelength-dispersive X-ray fluorescence
spectrometry (WD-XRF), energy-dispersive X-ray spectroscopy
(EDX), and electron microprobe analysis (EMPA). The
cassiterite ore utilized at the Smelterskop site (ca. 1650-1850
cal CE) is associated with iron-rich tourmaline (schérl) and was
mined from fracture fillings of rocks associated with the
Precambrian granite intrusion of the Bushveld Magmatic
Province. Evidence exists that the cassiterite feed was carefully
beneficiated by panning of the crushed ore. Ore containing
some zircon and rutile smelted at the Elandsherg Ledge site
(15M-17" centuries cal CE) was presumably collected from

alluvial placer deposits.

The mineralogical composition of the Smelterskop slags
comprises skeletal cassiterite and complex spinels, as well as
metallic tin prills ranging in size from a few to tens of
micrometers. The spinels contain substantial amounts of tin,
titanium and vanadium. The larger tin prills frequently contain
Sn-Fe intermetallic compounds called ‘hardhead’ whereas the
small, generally spherical blobs are essentially pure tin. Owing
to the different composition of the ore feed processed at the
Elandsberg Ledge site these slags contain in addition
zirconium-rich minerals such as zirkelite, zirconolite and
baddeleyite, and ilmenite.

In the presentation emphasis will be devoted to the role tin
(I and (IV) species appear to play during formation of the
glassy slags as well as to the characterization of the complex
spinels precipitated from the molten slag. From this study a
consistent picture arises of the technology of prehistoric tin
smelting in this part of the world.
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Provenance determination of raw materials and
production technology used in ancient mortars
from Tournai (Belgium)

Mertens, G. & Elsen, J."
Dept. of Earth and Environmental Sciences, Katholieke
Universiteit, Leuven, Belgium (‘jan.elsen@ees.kuleuven.be)

At the Cathedral of Tournai in Belgium, archaeological
excavations are exposing structures from Roman to Medieval
age. Samples from these excavations have been subjected to a
detailed investigation as part of a broader study considering the
transition of ancient cities and their rural territories from Roman
to late Roman society and the transformation to the early middle
ages. Masonry mortars and mortars used for flooring have been
characterized from the Imperial Roman period, the Carolingian
style period and the Romanesque style period (4™ -11" century
AD) to trace the origin of the raw materials and to study the
traditional knowledge on mortar production technology.

Computer assisted image analysis techniques were applied
on thin sections of the mortar samples to obtain the grain size
distribution curve of the aggregate [1]. The results were
compared as a fingerprint with the grain size distribution curves
of locally available sands, obtained with the same methodology.
Based on the resemblance of the curves, it appears that locally
available, fine glauconitic quartz sand was used integrally as an
aggregate in some mortars, whereas it could not be excluded
that somewhat finer sand, present in some mortar samples was
sieved before use. However, no clear correlation could be
established between the nature of the aggregate and the age or
function of the mortar in which it was used.

To identify the origin of the binder a great number of binder
related particles were investigated in detail using SEM/EDX
and microprobe methods to investigate their nature. Three
types of binder-related particles could be distinguished,;
underburned fragments, overburned fragments and lime lumps
(sensu  stricto). Underburned fragments as relicts of
incompletely burned limestone helped to retrace its source, both
Cretaceous marls/chalk and Carboniferous limestone have a
highly variable Si- and Al-content and can therefore both yield
a hydraulic or air-hardening lime. The presence of characteristic
fossils and glauconite helped to refine the provenance of the
chalk/marls used for the lime production. Overburnt particles
gave helpful information about the burning and slaking of the
lime. Overburnt particles containing wollastonite and rankinite
associated with a C-S-H phase have been identified in several of
the post-Palaeo-Christian mortars. These cathodoluminescent
particles are scarcer in Roman and Palaeo-Christian mortars.
They could be indicative for the selectivity of the ancient

builders towards source materials and/or processed products.

[1] Mertens, G. & Elsen, J. (2006) Cement Concrete Res., 36,
1453-1459.

Fingerprinting of Cornish gold for provenancing
prehistoric gold artefacts from Central Europe

Ehser, AX", Borg, G.! & Pernicka, E.?

YInst. of Geosciences, Martin-Luther-University Halle-
Wittenberg, Halle, Germany (“anja.ehser@geo.uni-halle.de)
2Curt-EngeIhorn-Centre for Archaeometry, Mannheim,
Germany

Previous studies of possible sources of gold used for the Bronze
Age Sky Disc of Nebra initially pointed towards South Eastern
Europe by indirect evidence, i.e. similar geochemical
compositions of gold artefacts from this region [1]. The
relatively high tin content in the gold of the Sky Disc, however,
suggested a mineral association of gold and tin, similar to the
one found in Cornwall. In this study, one lode and seven placer
gold deposits from Cornwall have been analysed by LA-ICP-
MS to determine the trace element signature of the natural gold
for comparison with the gold inlays on the Sky Disc.

To characterise the locally heterogeneous composition of
individual deposits as well as their nuggets, a minimum of ten
nuggets per deposit as well as three points or lines per nugget
were measured after pre-ablation had cleaned the surface. To
compare the natural gold with the artefact gold, specific
elements were selected, which, besides being useful for
individual “fingerprinting”, tend to show a low relative standard
deviation (RSD) and a high stability during geological (fluvial
transport) and metallurgical (smelting) processes. Mn, Co, Ni,
Cu, Ru, Pd, Ag, Sn, Sb, Pt, Ir together with Au seem to be the
most suitable elements, based upon the results of previous
studies. The relatively strong natural variability of Au and Ag
contents in natural gold, however, can result in a limited
comparability with artefact gold. Artefact gold, on the other
hand, can be alloyed with Cu, which is commonly geologically
associated with elevated concentrations of Co, Ni, Ag, and Sb.
The limited applicability of Ru and Ir for provenance studies is
predominantly caused by their concentrations within natural
gold being below the detection limits of the LA-ICP-MS
instrument. The behaviour of elements that tend to partition into
the slag during smelting, such as Mn, still needs further
consideration. Since the geochemical signature of individual
gold deposits gets homogenised during smelting, the mean
value of each deposit has been calculated and used for
correlation with the artefact gold.

For Cornwall, the trace element composition of the analysed
natural gold strongly correlates with that of the gold inlays on
the Sky Disk of Nebra. No similarly well matching
“fingerprint” has been detected for previously studied gold
deposits from Central and parts of South Eastern Europe. The
best correlation is observed in the trace element pattern of the
prehistorically important alluvial tin and (minor) gold deposit of
the Carnon valley in South Cornwall, strongly suggesting this
deposit as the source of the gold used for the Sky Disc. Recent
studies of tin isotopes [2] suggest that the tin for the bronze of
the Sky Disc also originates from Cornwall supporting the
presumed concept of trade of metals from the Atlantic region
towards central Germany during the Bronze Age. Further
investigations, however, will need to be carried out based on the
results of this study and the initial indications for a South
Eastern European source of the gold as some important
prehistoric gold mining districts have not been studied yet
within this context.

[1] Pernicka, E. et al. (2003) European Network of Competence
at 1600 BC. BESSY, Scientific Highlights, 8-9. [2] Haustein, M.
et al. (in print) Archaeometry, 52.
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Archaeological gold provenance studies based
on SR-XRF and micro-PIXE analyses
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The territory of today Romania was one of Europe main gold-
producing areas since the Antiquity, mostly due to the deposits
from the “Golden Quadrilateral” in the Apuseni Mountains, and
less to the Eastern and Southern Carpathians deposits. The goal
of the study is to find out if so-called “Transylvanian gold”,
originated either in the Apuseni Mts. or/and in the Southern
Carpathians was used to manufacture some archaeological
objects i.e. the twelve Dacian gold bracelets (Fig. 1). For gold
artifacts, trace elements such as Te, Sh, Hg, Pb, Cu, as well as
Platinum Group Elements (PGE), Sn, Ta and Nb are more
significant for provenance than the main components i.e. Au,
Ag. On the other hand, Sh, Te and Pb are specific for the
Apuseni Mts. gold, whereas the presence of Sn might be
characteristic for the alluvial gold from the Southern and
Eastern Carpathians. Each bracelet weights around 1 kg and
consists of a thick gold rod, 6 to 8 times coiled in the shape of a
spiral. The rods range from 2.30 to 2.80 m in length and end
with palm leaf-like ornaments. The SR-XRF analyses (Berlin
BESSY synchrotron) show various Au (78.2 to 92.9 wt.%), Ag
(6.3 to 20.3 wt.%) and Cu (0.3 to 2.1 wt.%) content [1]. Sn, up
to 0.15 wt.%, and traces of Sb were also detected.

The data obtained for archaeological artifacts were
compared with analyses of 22 native “Transylvanian gold”
samples. The latter were studied by means of both SR-XRF
(Berlin BESSY synchrotron) and micro-PIXE (Paris AGLAE
accelerator and Legnaro micro-beam) techniques. The results
show high Ag (8 to 30 wt.%) and low Cu (0.2 to 1 wt.%)
amounts in all studied samples. In particular, gold from
Southern Carpathians placer deposits contains Sn (150-300
ppm) whereas gold from the Apuseni Neogene hydrothermal
deposits (veins) have a highly variable content of Te (200-2000
ppm) and Sb (150-300 ppm).

Fig. 1: One of the Dacian gold bracelets.

Due to the high possibility that the artifacts were manufactured
from a mixture of native and previous gold object(s), it can be
only presumed that at least partly, the metallic material used for
the Dacian bracelets originated from the placer deposits from
the Southern Carpathians and alluvial and Neogene veins from
the Apuseni Mts. This is supported by the presence of Sn (for
placers) and Sb (for veins).

Acknowledgements: Study supported by PN 91-020 project
(Romanian Ministry of Education).

[1] Stan, D. et al. (2009) Studia UBB, Geol., Sp. Is., 99-100.

Mineralogical and geochemical characterization
of ceramic “sugar jars” (“formas de aglcar”)
from Aveiro town (Portugal)

Morgado, P.! & Rocha, F.%*
'Geobiotec Unit, University of Aveiro, Portugal
2Geosciences Dept., Geobiotec Unit, University of Aveiro,
Portugal (“tavares.rocha@ua.pt)

During the 15" to 19" centuries, the old pottery centre from the
Aveiro town produced one typical form of ceramic called
“formas de aglcar” (“sugar forms™) or “ceramica do aglcar”
(Fig. 1), used only in the cycle of sugar production, specifically
for the stage of the purge of the sugar cake. These ceramics
were exported to sugar production areas, such as Madeira Island
and Brazil.

K

Fig. 1: Two ceramic “sugar jars” (“formas de agucar”) from
Aveiro town (Portugal).

Such ceramics, including integrally preserved forms, were
found at a sub aquatic archaeological site in a channel of Aveiro
coastal lagoon. Same ceramics was found in the old urban areas,
where mostly shards but also whole forms were used as
construction materials for the walls.

In this work we present a synthesis of the main results
obtained so far in the mineralogical and geochemical
characterization of the ceramic “sugar forms” found in Aveiro
(NW littoral region of Portugal).

Mineralogical analysis with X-ray diffraction was carried
out on bulk samples, and on suspensions and oriented
aggregates of <63 and <2 pm on air-dried, glycolated and
heated samples. Scanning electron microscopy with elemental
analyses was also done on selected samples. Chemical
composition was assessed by X-Ray fluorescence and provided
the major elements chemical data: SiO,, Al,O;, Fe,03, TiO,,
MnO, CaO, MgO, K,0, Na,O, P,Os and Loss-on-Ignition.
Some trace elements such as: As, Sh, Cd, Co, Cu, Pb, Ni, Zn,
Se, Te, Tl, and Ba were also analysed.

Multivariate statistical methods were applied, in particular,
Cluster, Principal Components and Discriminant Analysis, the
later being a statistical method that assigns samples to one or
more of previously/-defined groups. The application of
Discriminant Analysis, by means of the Statistica Software
Program, implies that only the variables that exhibit variance in
each defined group are used, leading to the exclusion of all
others. The acceptation of both, the discriminant function and
the variables that define it, is based on the interpretation of the
Wilk’s Lambda associated to each variable, and on the
Classification Matrix. After verification of the validity of the
determined function the Classification Matrix of each sample
based on the posterior probabilities determined was interpreted.

The obtained results of composition have given important
information about the provenance of the studied materials, and
also about their raw materials. Mineralogical and chemical data
obtained so far point to local production, using local and
regional Upper Cretaceous (Maastrichtian) clays and sandy
clays as main ceramic raw materials.
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Prospecting for archaeological pottery
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Provenance investigations of archaeological pottery mean the
tracking a complex manufacturing process which can involve
both natural (sediments) and artificial (tempering) mixture of
components. In addition, significant changes can affect the
mineralogical and chemical composition turning from the raw
material to the fired pottery (e.g. levigation of clay, tempering,
firing, using, burial in sediment/soil). A possible and reasonable
way of observation is to sample the possible raw materials and
to compare them to the pottery. Investigation of silt-sand sized
components (aplastics, temper) is based on petrography, but
fine-grained constituents (clayish paste) require instrumental
mineralogical and geochemical analysis.

Taking these aspects into consideration, our research group
investigated Middle Neolithic Biikk culture pottery and natural
samples of fine-grained soil-sediment profiles from different
archaeological sites in Hungary (Aggtelek-Baradla cave,
Bodrogkeresztir, Fels6vadasz, Garadna, Boldogkévaralja,
Sajoszentpéter) [1,2]. Local sediments, mapped as Quaternary
and Neogene in age, and partly soils were sampled by ca. 2 m
deep hand drillings close to the archaeological sites. The
samples were investigated as possible raw materials for pottery-
making, shaped and fired accordingly. From the little "bricks",
thin sections and powdered samples were made, same as for the
archaeological pottery samples. Results of petrographic (PM),
mineralogical (XRD) and geochemical (XRF) analyses were
compared.

Based on our results, it can be stated that

(1) the near surface sediments/soils (similar to raw
materials exploitable from shallow clay pits) can differ
very much from the pottery found at the same site;

(2) in the 2 m lithological columns, there is large variety
concerning mineralogical and chemical composition,
which means that any similarity with the pottery
material suggests intentional selection of raw material
from the available local sources;

(3) mineralogical and geochemical data of pottery from
various sites seem to cluster more tightly than that of
the sediment/soil samples; even from one borehole;

(4) fabric and grains size properties suggest a definite
physical quality requirement for the pottery raw
material or specific treatment of that to reach the
appropriate properties;

(5) fineware is even more consistent than average
household ware;

(6) coarse household pottery shows more petrographic and
geochemical affinity to the local soil samples than
fineware.

[1] Szildgyi, V. et al. (2010) 37" ISA Proceedings, Siena. [2]
Taubald, H. & T. Bird, K. (2007) Archeometriai Miihely |
Archaeometry Workshop, 4(2), 1-4.

Written sources and archaeometric results:
from fiction to truth

Maggetti, M.
Dept. of Geosciences, University of Fribourg, Switzerland
(marino.maggetti@unifr.ch)

Ancient and modern ceramic products can be studied from
different perspectives. To the petrologist, they are artificial
rocks which have been subjected to relatively high temperatures
and have recrystallized to become thermometamorphic
products, analogue to those naturally formed through
metamorphism and anatexis. In contrast to natural rockforming
processes, pressure is insignificant in the genesis of such
objects, because the kiln can be considered as a technical
system. In such open systems, neither pore solutions, present
before firing, nor gaseous reaction products, which may have
been produced during the high temperature process, have an
influence on the transformation, because they can leave the
system at any time. Similar to natural rocks, ceramic objects
consist of an assemblage of crystalline and amorphic phases,
which can be analysed with the same petrographic,
mineralogical and chemical methods such as micaschists, which
are formed from clay during metamorphism. Any ceramic
fragment, how insignificant it may appear, can be compared to a
potential ‘book’, because it contains, as if stored on pages, a
wealth of information about its history. The lifespan of a piece
of pottery can be divided into five steps: (1) extraction of the
clay from the pit; (2) manufacture of the object (processing of
the clay, firing); (3) use, with subsequent breakdown; (4) burial;
(5) excavation, cleaning, treatment and analysis [1]. During all
these steps, the sherd has stored information, and this ‘“memory’
can be activated by a variety of chemical and physical methods
[2,3]. Why study “young” ceramic objects, i.e. those from the
18" and 19" ¢. AD, when all aspects concerning the provenance
and/or the specific technique are accessible in written, published
or unpublished sources? Recent archaeometric projects showed
contradicting results to the written convictions. Some of these
studies of French and Swiss whiteware will illustrate the
potential of mineralogical, petrographical and chemical methods
in deciphering the real origin, the real recipe and the real
technique of the studied objects. In all these cases, apparently
firmly established written evidences are not reliable and must be
revised.

[1] Maggetti, M. (1982) in Olin, J.S. & Franklin, A.D. (eds.)
Archaeological Ceramics. Smithsonian Institution Press, 121-
133. [2] Maggetti, M. (1994) in Burragato, F., Grubessi, O. &
Lazzarini, L. (eds.) 1% European Workshop on archaeological
ceramics. Universita degli Studi di Roma “La Sapienza”, Roma,
23-35. [3] Maggetti, M. (2001) Chimia, 55, 923-930.
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Characterization of the Copper Age ceramics of
the Cucuteni-Tripolye culture (Ruginoasa site,
NE Romania) by ICP-MS and EMP
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The Copper Age pottery exhumed at Ruginoasa, 60 km west of
Tasi (Romania) was assigned to the so-called Cucuteni-Tripolye
cultural complex. It extended in the V-1V milenium BC from
the central and north of today-Romania towards east, into
Moldavia and Ukraine. Geologically, the region consists of
Sarmatian clays, marls and sands, being part of the Eastern
European Platform.

The elegant-shaped light red to orange pots, painted with
white, red and brown-black geometric patterns are characteristic
for this culture. Optical microscopy shows a red, porous
ceramic body, with oriented texture. The matrix ranges from
microcrystalline to amorphous. The non-plastic inclusions
consist of quartz, plagioclase, K-feldspar, muscovite, biotite.
Characteristic is the high number of fragments consisting of
different clays and siltitic clays, partly calcareous. Other
lithoclasts are scarce and consist of mainly metamorphics, some
granite, grauwacke and silicastone. Granulometrically, the
pottery classifies as fine ceramics, with maximum 3-4% arenitic
grains.

The ceramics shows an intermediate to acidic chemistry,
with 58.46-64.77 wt.% SiO,, 12.78-16.64 wt.% Al,O3, 5.28-
6.33 wt.% Fe,O3 4.31-7.51 wt.% CaO and 2.73-3.48 wt.%
K,0. The content of Rb, Cs, Nb, Th, U and in particular Au (1.9
to 54.1 ppb) is relatively high.

The Backscattered Electron images revealed, besides the
large non-plastic inclusions, a highly inhomogeneous matrix,
consisting of a fine grained groundmass of clay minerals,
amorphous phases and glass in which tiny, smaller than 0.02
mm non-plastic inclusions are embedded. The latter include
quartz, feldspar, muscovite, some chlorite and calcite.
Accessory minerals such as titanite, anatase, apatite, epidote and
hematite occur as well.

Electron Microprobe analyses show that upon softening and
possible partial melting the quartz grains, in particular along
their rims, incorporate variable amounts of Al and K, with a
trend in the direction of K-illite. The alkali-feldspar ranges from
pure K-feldspar to anorthoclase and albite. Ca-bearing
plagioclases are extremly rare. Muscovite varies from Al-rich
compositions to phengitic micas with variable Fe and Mg
content. They show a systematic decrease of Al and K and an
increase of Mg, Fe and Ca. This transformation process of
muscovite has a trend towards compounds with considerably
less K and Al than usually measured in K-illite. The final firing
products of clay minerals are crystalline, amorphous or glassy.
Their composition resembles an intermediate compound
between K-illite and a hypothetical Ca-illite with a wide range
of composition. Such thermal transformations are obviously not
unique in ceramics. They were also found in ceramics from
Ilisua - a Bronze Age settlement in north Romania.

The non-stoichiometry of the newly-formed phases gives an
insight into a fast firing, whereas their composition indicates a
high temperature of firing, between 850 and 950°C.

Acknowledgements: The study was financially supported by
ID-2241/2008 project funds (Romanian Ministry of Education).
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of historical bricks from Vienna
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Vienna has an at least 2000 years old tradition in making and
use of bricks. The first bricks were probably produced by
Romans in order to have enough construction material to fortify
the Petronell and Vindobona military camps. We assume that
the first brick-kilns were situated at the banks of the Alserbach
River, where excellent raw material for bricks was available.
During medieval times huge amounts of building material were
needed to build and preserve the town walls. In particular, the
urban expansion in the 19" century is a highlight in historical
brick use.

Mineralogical and petrographical parameters as well as
technological properties were analysed on several 100 to 300
years old brick (samples) from the surroundings of Vienna. In
addition, elemental analyses were performed on total digestions
of the powdered materials using inductively coupled plasma
mass spectrometry (ICP-MS) as powerful technique for the
determination of the trace element composition of the samples.

In the present work we aim to characterise which
parameters are the most significant for tracing the origin of
historical bricks. In archeometry it is a big task to determine the
provenance and get information about the production
technology in historical times.

Like in forensic studies, we are using an interdisciplinary
approach to detect markers like ,fingerprints“ which are
significant for the materials. The natural elemental distribution,
characterised by the geochemical and geological environment
and the technological process during the brick making,
influences the chemical and mineralogical composition of the
material. Additionally, different inclusions in the bricks like by-
products or recycling material can be typical for different
production places. Further to the variables measured, the signs —
possibly the symbols of the producer — are available.

Several multivariate statistical methods like factor analysis,
cluster analysis and discriminant analysis were performed on
the data set. The available variables are manifold. There are
more variables available than objects to be classified. It is
therefore necessary to reduce the dimensionality and the
multicolinearity. This is done with factor analysis. The factors
are then used in the classification process. There are about 5 to
7 different sources and/or production sites for the 36 bricks.
Discriminant analysis is used in two ways. One way takes the
results of the cluster analysis as classes which are tested with
the same variable set. Second the symbols on the upper side of
the brick stones are used as different classes and the measured
variables as explanatory variables to find out if the symbols
could be used as hints about the different sources and
production sites, which is obviously not the case.
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Protohistoric amber in Europe:
new data from Italy and state of the art

Angelini, 1.” & Artioli, G.
Dipto. di Geoscienze, Universita degli Studi di Padova, Italy
(‘ivana.angelini@unipd.it)

The main European sources of amber are located in the Baltic
region. Several Palaeolithic amber objects and the earliest
workshop have been found in this area. In Southern Europe
amber as workable material is employed much later, it appears
in Italy in the Aeneolithic, and it is widely diffused in the
Mediterranean word during the Bronze Age [1]. Amber deposits
are also present elsewhere in Europe, but generally they supply
a much smaller quantity of material with respect to the Baltic
region, and the amber nodules are normally of limited size. The
trade of Baltic amber is well documented during Roman times,
whereas the hypothesis of Baltic amber diffusion throughout
Europe since the Pre- and Proto-history has been long supported
by archaeometric investigations [2,3].

The earlier archaeometric characterizations of the minor
European amber deposits and of a few archaeological finds have
not been followed by systematic investigations. Common
knowledge that virtually all archaeological amber was imported
from the Baltic regions has not been adequately supported or
challenged by appropriate characterization of the materials, until
very recent studies performed both on amber deposits and on
archaeological objects. In some instances the use of local amber
sources is proved since the Palaeolithic [4]. Our research is
focused on the investigation of the amber sources of the earliest
Italian materials, and on the change of sources and trade routes
from the Aeneolithic to the beginning of the Iron Age [1,5].

The analyses have been carried out by infrared spectroscopy
(FTIR), as a fast, inexpensive, poorly invasive and reliable
technique for the characterization of amber [2,6,7]. The use of
the  Diffuse-Reflectance  Infrared  Fourier ~ Transform
Spectroscopy  (DRIFT) mode allows non invasive
characterization or the use of a minimal amount of sample.
About 200 objects have been analysed by DRIFT. The data
show that succinite is indeed the principal amber type present in
Italy during protohistory, though in a few sites the
contemporary use of different amber sources is observed,
especially in sites dated to the earliest Iron Age. As a matter of
fact the archaeological objects found in two important Italian
sites show the substantial presence of non Baltic amber [1,8].

The recent results on protohistoric Italian ambers will be
presented and discussed as a function of material’s age and
geographic distribution, and compared to the available data on
coeval European finds.

[1] Angelini, I. & Bellintani, P. (2006) in Atti XXXIX Riunione
Scientifica IIPP, Firenze 2004, 111, 1477-1494. [2] Beck, C. W.
(1970) Archaeology, 23, 7-11. [3] Negroni Catacchio, N. &
Guerreschi, G. (1970) Studi Etruschi, XXXVIII(S.I1), 165-183.
[4] Pefalver, E. et al. (2007) Arch. Sci., 34, 843-849. [5]
Angelini, I. & Bellintani, P. (2005) Archaeometry, 47(2), 441-
454. [6] Beck, C.W. (1986) App. Spect. Review, 22, 57-200. [7]
Angelini, 1. (2010) in Artioli, G. (ed.) Scientific methods and the
cultural heritage. Oxford University Press. [8] Angelini, I. (in
press) in Atti XLIV Riunione Scientifica IIPP, Cagliari-
Barumini-Sassari, 2009.
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Prehistoric polished stone tools with fine to very fine grained
texture may show striking similarities in their macroscopic
appearance by texture and colour. Therefore, it is very difficult
to distinguish the different rock types by the naked eye. Prompt
Gamma Activation Analysis (PGAA) is one of the powerful,
absolutely non-destructive chemical methods for the analysis of
archaeological materials. Contrary to other non-invasive
chemical methods this technique measures bulk composition.
As regards polished stone tools, PGAA measures all major
elements and few trace elements [1].

189 polished stone tools from different collections and
localities of Hungary, and 25 geological samples from potential
raw material sources were analyzed by PGAA. To interpret the
results, bivariant and ternary diagrams, as well as statistical
analyses were used. To control the method, several broken
pieces were studied also by destructive methods, mainly thin
section petrography. Our aims were:

1) to obtain chemical composition of the analyzed artefacts;

2) to create an initial database of PGAA results of the most
important raw materials of polished stone tools occurring in
Hungary;

3) to explore the potentials and limitations of PGAA in the
determination of the raw materials used for the polished stone
tools.

As a result, several different raw material groups, basalt —
dolerite — metadolerite, greenschist — metabasite — amphibolite,
blueschist, hornfels, "white stone" (siliceous magnesite,
siliceous siltstone, micritic limestone, tuff, diatomic schist)
[2,3], ultrabasic rocks, acidic-intermediate volcanics, could be
distinguished. Moreover, different rock types and their
compositional varieties were recognized within each group (e.g.
greenschist-metabasite, basalt-dolerite). It turned out that
weathering or alteration can essentially change the chemical
composition beyond the limit of recognisability of the rock.

Macroscopic description combined with PGAA will help to
determine raw material types of polished stone tools. However,
in some cases other methods are also necessary to achieve
precise determination.

[1] Szakmény, Gy. & Kasztovszky, Zs. (2004) Eur. J. Min., 16,
285-295. [2] Antonovi¢, D. (1997) Starinar, 48, 33-39. [3]
Szakmany, Gy. et al. (2009) in llon, G. (ed.) Raw materials and
trade. Szombathely, 369-384.
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During the Neolithic-Copper Age transition, production of
polished stone axes in the Caput Adriae (northeastern Italy,
central and western Slovenia and northwestern Croatia)
underwent a drastic change in terms of raw materials and
typology of the artefacts. Shaft-hole axes, mainly produced
from meta-dolerites (A), serpentinites (B) and meta-ultramafites
(C), became increasingly important in the Copper Age,
spreading all over the region. However, the above mentioned
rock types do not show a homogeneous distribution. Group A is
concentrated in the southern part of Caput Adriae, group B in
the northern one, and group C, not yet completely investigated,
was unearthed mainly in the Karst and in central Slovenia.

Chemical, mineralogical and textural analyses, by
Inductively Coupled Plasma-Mass Spectrometry, X Ray
Diffraction, Electron Microprobe Analysis, Synchrotron
Radiation Fourier Transform Infrared Spectroscopy, Optical
Microscopy, were carried out. The results give evidence of a
strong connection between provenance areas of the raw material
and main copper mineralizations close to Caput Adriae. In
particular, meta-dolerites come from Banija Ophiolite Complex
at the northernmost edge of the Central Dinaric Ophiolitic Belt
[1], while serpentinites probably originate in the Hohe Tauern
area [2].

On the basis of these results, the position of Ljubljansko
Barje (central Slovenia) - between eastern Alpine and Balkan
copper-rich deposits - could contribute to explaining the
importance of this area as metallurgical district at least from 1V
millennium BC, and, consequently, its important bridging role
between Eastern Europe and the Mediterranean.

Finally, a possible source of raw material for the meta-
ultramafites has not yet been recognized, even if preliminary
indications suggest they could originate in Eastern Austria or
Czech Republic.

[1] Bernardini, F. et al. (2009) Archaeometry, 51(6), 894-912.
[2] Bernardini, F. et al. (accepted) Archaeometry.

Archaeometric analysis on limnic quartzite-
limnic opalite raw materials and chipped stone
tools (Tokaj Mountains, NE-Hungary)
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Late-Badenian-Sarmatian siliceous sedimentary rocks from
limnic basins of the Tokaj Mountains were commonly used for
chipped stone tools in prehistory. These rocks have perfect
physical and mechanical properties for this purpose. Due to the
richness of the raw materials in several outcrops, they were
accessible to the inhabitants of the area. Studying these tools
helps to understand the history of the culture in this region.
These facts demand a basic work to describe the outcrops,
identify and characterise the siliceous rock types (generally with
petrographic analysis).

The main goals of this study are comparing the limnic-
quartzite, limnoopalite raw materials to chipped stone tools
made from similar rock types, identifying the sources of the
artifacts, extending the range of the technical methods and
working out the methodology to identify the outcrops and
quarries of the stone tools made of limnic quartzite or
limnoopalite. To approach these goals, petrological,
geochemical, mineralogical analysis of the artifacts and the
possible raw materials were used and the results were
compared. Detailed macroscopic and microscopic petrographic
descriptions were made. XRF, NAA, PGAA were used as
geochemical analysis and XRD, FTIR as mineralogical
methods.

There is a clear relationship between raw materials and
artifacts studied, according to the results of this study. A quarry
could be assigned for most of the artifacts. The knowledge
about the sorting method of raw materials for the stone tools
was extended. Evidence for the suggestion of sorting parameters
(phase/rate of silification, chalcedony content, opaline content)
were found.

Petrographic and mineralogical methods were useful to
identify the source of the stone tools in the Tokaj Mountains
and to extend the technological knowledge (f.e. well thought
selection of the raw materials). The geochemical methods
should be useful for further exploration comparing more rock
samples from the surrounding mountains (Matra Mt., Blkk
Foreland, Borzsony Mt. and Cserhat Mt.).
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Different classes of matt-painted pottery from
the sanctuary of the archaeological site of
“Timpone della Motta” in the Sibaritide area (CS)
Calabria — Southern ltaly

Andaloro, E.*", De Francesco, A.M.! & Jacobsen, J.K.2
1Dipto. di Scienze della Terra, Universita della Calabria, Rende,
Italy ("eliana.andaloro@unical.it)

%Groningen Institute of Archaeology, Groningen, Holland

This study presents the comparison between three different
classes of Matt-Painted pottery attributed to the 8" century BC
from the sanctuary on the Timpone della Motta in the Sibaritide
(CS), Calabria — Southern Italy.

Matt-Painted pottery was widely produced in southern Italy
during the early Iron Age and finds from many indigenous sites
underline that it was one of the favored pottery types both for
dining and storage purposes. The term Matt-Painted refers to
handmade vessel of typical indigenous shape with applied
decoration in a matt dark paint.

Traditional archaeological research divides Matt-painted
pottery into a range of regional classes based on the decorative
styles of each region. The thousands of fragments from the
sanctuary on the Timpone della Motta, together with the finds
of Matt-Painted vessels in indigenous graves and houses, show
that two predominant styles were present in the Sibaritide.
These two styles have been named the “Undulating Band Style”
and the “Fringe Style” based on their many decorative elements.
In addition, another range of stylistic groups may be observed in
the local indigenous pottery production. Recent research has,
however, documented a group of Matt-Painted pottery on the
Timpone della Motta, which is notably different from all other
Matt-Painted vessels on the site. These vessels display a high
level of craftsmanship in being very thin-walled and decorated
in a miniaturist and very elaborated style. The closest
typological and stylistic ceramics are found among the Matt-
Painted pottery productions in the southern Salento region,
which naturally raises the question if the vessels from the
Timpone della Motta were imported from the Salentine area. In
that case the fragments from the Timpone della Motta constitute
the only example of deliberated export of Salento Matt-Painted
pottery.

Twenty nine fragments of Matt-Painted pottery (one sample
was misfired) have been submitted to petrographical analysis
applying optical microscopye, mineralogical XRD analysis and
chemical analysis in XRF with the aim to investigate on
different ceramic productions. The results show that the
composition of the "Undulating Band Style" and "Fringe Style"
fragments is analogous, while is different the composition of the
six ceramic fragments with characteristics similar to the Matt-
Painted potteries of the southern Salento region.

Another important aim is to clarify possible correspondence
between the used raw material and local clay deposits. For this
purpose the clay sediments collected around the archaeological
site have been submitted to mineralogical analysis in XRD,
chemical analysis in XRF and granulometric analysis. The SEM
morphological study of the fragments is devoted to the
distinction between different workshop techniques.

Analysis of bricks from Brazilian historic places

Asfora,V.K., Barreto, S.B.%, Khoury, H.J.}, Lavalle, H.2 &
Araujo, R
'Dept. of Nuclear Energy, Federal University of Pernambuco,
Recife, PE, Brazil
2Dept. of Geology, Federal University of Pernambuco, Recife,
PE, Brazil ("bsandra@ufpe.br)
®Dept. of Archeology, Federal University of Pernambuco,
Recife, PE, Brazil
“Center of Advanced Studies on Integrated Environmental
Protection, Olinda-PE, Brazil

This contribution presents results of the qualitative
determination of the chemical elements in Brazilian and Dutch
bricks found in historic places in the State of Pernambuco,
located in the Northeastern Region of Brazil. Seven bricks, two
dated in the 17" century (Dutch bricks), one from the 18"
century, three from the 19" century, and one from the 20"
century, were analyzed by means of energy dispersive X-ray
fluorescence (EDXRF) and X-ray powder diffraction (XRD) in
order to identify the mineral phases. The XRD results are
displayed in Table 1.

Table 1: Mineral phases identified in the brick samples by XRD

_— - Building
. Yellow- Building Building «
Red-brick brick “Convento “Casa de Casa de
(Dutch) - Cémara e
(Dutch) de Santo Camarae Cadeia”
Anténio” Cadeia” acela
N° 03
(17th (17th (18th (19th (Zoth
century) century) century) century) century)
Quartz Quartz Quartz Quartz Quartz
Kaolinite Kaolinite  Illite * Illite
Anorthite  Anorthite Rutile

*evidence of kaolinite with low crystallinity.

To identify possible patterns in the data, the Principal
Component (PC) analysis was applied. For each brick, four
points were measured by EDXRF. The results illustrate the
differences in the composition among the samples, and allow a
Fe and Ca based discrimination. Five distinct clusters resulted
and they reflect the inter-correlation or covariance degree
among few of the principal components, as shown in Fig. 1.

15000 4

n Red-brick
17th century

oo o Yellow-brick
17th century

* Brick «Convento
Santo Antonio»
18th century

vV ® Brick «Casa de
@ Cémara e Cadeia»

5000

PC3: Ca (+)

19th century

A Brick N°3 «Casa de
Céamara e Cadeia»
20th century

-5000

T T T T g : T
-90000 -60000 -30000 0 30000 60000
PC1:Fe (+)

Fig. 1: Principal component analysis based on EDXRF data:
PC1: Fe(+) (positive influence) versus PC3 Ca(+) (positive influence).

These results indicate that the bricks were manufactured from
different raw materials, i.e. clays, in different times and places.
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Microstructure and composition of glaze of
Haban ceramics from Sarospatak (NE-Hungary)

Bajnoczi, B.", T6th, M. & Nagy, G.
Institute for Geochemical Research, Hungarian Academy of
Sciences, Budapest, Hungary ("bajnoczi@geochem.hu)

Production of tin-glazed ceramics (faience) in Central Europe,
thus in the historical Hungary as well, was established by Haban
(Anabaptist) potters. In the 16" century Anabaptist ceramists
had to emigrate from Switzerland, South Germany and Italy due
to religious repression, and they moved to Austria, Moravia and
Hungary and in the 17" century to Transylvania and further.
They brought their skills and implanted a local pottery
production under the influence of their new artistic language.

Notable settlement of Habans in Hungary occurred after
1620. In 1645 one of their groups moved from Moravia to
Séarospatak (NE-Hungary) where they lived until 1680. One of
the main activities of the settled Habans in Sarospatak was
pottery, among others faience production.

Archaeological excavations in the last years revealed a 17"
century cannon and bell casting workshop in the yard of the
Séarospatak castle. During the excavations fragments of tin-
glazed ceramics were found, which were most probably
produced by the local Haban workshop.

There are no written sources from the 17" to 18™ centuries
about the production technology of Haban (tin-glazed)
ceramics. Our archaeometric research focuses on the
mineralogical, petrographic and geochemical investigation of
the ceramic body, the white, tin-opacified glaze and the
decorations of different colours, and aims to identify the used
raw materials and to reconstruct the production technology.

Preliminary electron microprobe analyses indicate that
white glaze of the Sarospatak faiences is lead-alkali type with
~38 wt% PbO, 2.2 to 4.4 wt% SnO, and 4.9 to 5.8 wt%
K,O+Na,O content (according to EDS spot analyses). The
opaque glaze layer contains tin oxide particles and aggregates
(SnO, is present in orthorhombic and tetragonal forms
according to X-ray diffraction analysis), and relict grains with
Sn-Pb-Si  composition. Rounded to subangular quartz and
feldspar particles are also present.

Decorations were made by using coloured (yellow, blue,
green and black) glazes. Blue decoration is associated with
cobalt (0.7 to 1.4 wt% CoO) and contains significant amounts
of arsenic, nickel and iron as well (1.6 to 2.1 wt% As,03, up to
1.3 wt% NiO, 1.3 to 1.8 wt% FeQ) suggesting use of impure
cobalt ore (zaffre). Yellow decoration contains lead antimonite
particles (Pbh,Sh,0; according to X-ray diffraction analysis) and
significant amount of dissolved iron (>3 wt% FeQ) is also
present in the matrix. Black decoration was prepared by using
manganese colorant (>2.5 wt% MnO).

A metabasite shaft-hole axe from Grotta Azzurra
di Samatorza (Trieste Karst): first evidence of
connections between northeastern Italy and
central Europe during Neolithic

Bernardini, F.™*, De Min, A2, Sida, P.3, Velus¢ek, A.*,
Montagnari Kokelj, E.° & Tuniz, C.!
The *Abdus Salam’ International Centre for Theoretical
Physics, Trieste, Italy (“fbernard@ictp.it)
2Dept. of Geosciences, University of Trieste, Trieste, Italy
3Institute of Archaeology, Faculty of Arts, University in Hradec
Kralové and West Bohemian University in Plzen, Czech
Republic
*Institute of Archaeology, ZRC SAZU, Ljubljana, Slovenia
SDept. of Antiquity Sciences ‘Leonardo Ferrero’, University of
Trieste, Italy

A fragment of a shaft-hole axe, made from a metabasitic rock,
was found in the second half of last century in the Grotta
Azzurra di Samatorza in Trieste Karst (northeastern Italy). The
artefact, without stratigraphic information, was previously
attributed to a general Dinaric origin.

Recently, thanks to the systematic interdisciplinary study of
polished stone axes from Caput Adriae (northeastern Italy,
central and western Slovenia and northwestern Croatia) [1;2], it
has been discovered that the artefact is texturally and
mineralogically indistinguishable from the Jizera Mts. fine-
grained amphibole-rich metabasites [3]. These rocks belong to
Krkono3e-Jizera Crystalline Unit (Bohemian Massif).

This material has been largely employed for the production
of polished stone axes during the Neolithic of central Europe
[3]. The distribution of the Jizera Mts. raw material includes a
wide area - Bohemia, Moravia, western Slovakia, southern
Poland, Germany and probably northern Austria and
Netherlands.

According to the available data the axe from Grotta Azzurra
is the southernmost ever found. It is a rare archaeological proof
of early connections between Caput Adriae and central Europe
(whose directions still have to be fully understood). This is also
testified by a few occurrences of Carpathian obsidians in the
Danilo/Vlaska archaeological sites of Caput Adriae.

[1] Bernardini, et al. (2009) Archaeometry, 51(6), 894-912. [2]
Bernardini, et al. (accepted) Archaeometry. [3] Sida, P. &
Kachlik, V. (2009) J. Geosci., 54, 269-287.
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Analysis of some ancient Roman mortars from
Ulpia Traiana Sarmizegetusa (Romania)

Cherata, I.*", Mertens, G.2, Benea, M.* & Alicu, D.2
"Dept. of Geology, Babes-Bolyai University, Cluj-Napoca,
Romania (‘iulian_cherata@yahoo.com)
2Dept. of Earth and Environmental Sciences, Catholic
University of Leuven, Belgium
®National History Museum of Transylvania, Cluj-Napoca,
Romania

Ulpia Traiana Sarmizegetusa was the capital of the Roman
province Dacia. The city was founded by the emperor Trajan in
the early 2™ century AD, and deserted in 271-274 AD under the
rule of emperor Aurelian. At its maximum development, it had
over 20,000 inhabitants.

This study focuses on several samples of mortars from
different walls and structures (probably a bone-processing
workshop, the prison, the pedestal of Trajan’s statue and the
school of gladiators). In the case of the samples from the
recently unearthed bone-processing workshop larger samples of
mortar from the walls were collected (up to 7 cm in thickness),
where we could observe different layers meant to level the
surface of the walls, from the other locations smaller pieces
from the outer parts of the walls were selected.

The collected samples were studied by optical microscopy
(thin sections), XRD and thermogravimetry.

The mortars have a porphyroclastic texture and in general
the aggregate includes 1 to 5 mm-sized lithoclasts,
crystalloclasts and ceramoclasts. One notable exception is
represented by the mortar from the thick walls of the workshop
which additionally contains fragments of ceramics in the
centimetric range (up to 3.5 cm in length). The crystalloclasts
are mainly represented by calcite, quartz, plagioclase and K-
feldspars, muscovite, epidote, magnesiohornblende and
pyroxene. Quartz clasts fissured due to thermal shock were
identified in some thin sections. Feldspars are frequently
transformed into clay minerals and sericite. The whole matrix is
carbonatic, with secondary calcite deposited in pores and
fissures. The lithic fragments consist of quartzites, micaschists,
gneisses and limestones. In one thin section fossil remains could
be observed. Two samples contain visible straw and plant
remnants.

The ratio between CO, and the structurally bound water
from the thermogravimetric data suggests that some mortars
were of hydraulic type. Others were probably of subhydraulic
type: lime was obtained from a purer limestone and therefore
the mortar did not yield a hydraulic binder.

According to the identified mineralogical composition we
presume that the raw material which was used has a local
provenience. The metamorphic material used as aggregate
comes from the nearby Retezat Mountains (Southern
Carpathians), and is common in the alluvia of small rivers. It
was probably extracted from pits. Limestones were most likely
quarried 5 km west of the city.

Mineralogical and chemical study of ceramic
sherds and clay samples from Cameroon

Epossi Ntah, Z.L", Sobott, R. & Bente, K.
IMKM, University of Leipzig, Germany
(‘epossi@uni-leipzig.de)

This work is a contribution to the archaeometry of ceramics
from Cameroon. Ceramic sample material together with
regional clay material were collected in three regions of
Cameroon: Mfomakap-(Central region), Mombal-(Eastern
region), and Zamala-(Far North region). The purpose of this
work is to find answers to the questions of the provenance of
the ceramics (local production, imported ware?) and the
production techniques (processing of raw material, moulding of
vessels, firing temperature and conditions).

The polarized light microscopy, X-ray diffraction, X-ray
fluorescence spectrometry, differential thermal analysis,
thermogravimetry, and X-ray computer tomography were used
as analytical methods.

The results of thin section analyses show that quartz is
always the most abundant component (70-80%) of the temper.
Additional minerals are micas, mainly biotite, scarce K-
feldspars and very rare plagioclase in Mombal, plagioclase,
some K-feldspars and rare biotite in Zamala, hornblende, K-
feldspars, biotite and plagioclase in Mfomakap. These mineral
combinations suggest that the potter’s workshops were situated
in a landscape with more or less acidic magmatic rocks.

The mica-flakes and the arrangement and shape of pores in
the sherds from the three regions do not show any preferred
orientation, as one would expect if the objects had been shaped
by means of a potter’s wheel. All the ceramic artefacts were
probably hand moulded.

The X-ray diffraction analyses of sherds show the presence
of quartz, K-feldspars and biotite in all three areas.
Additionally, kaolinite is observed in Mombal, hornblende and
plagioclase in Mfomakap, and plagioclase in Zamala.

According to the results of X-ray fluorescence analyses of
ceramics and raw material, local clay as it comes from the pit
was used for making the pottery in Mombal and Zamala. In the
case of sherds from Mfomakap the chemical data suggests that
the raw material was obtained by mixing two types of clay, one
rich in Al,O5 and rather low in SiO, and the other rich in SiO,
and rather low in Al,Os.

Firing experiments in conjunction with DTA/TG and X-ray
diffraction analyses with clays from the three locations showed
that kaolinite disappears through an endothermic reaction
between 400 and 500°C (onset temperature 470°C), illite breaks
down between 900 and 1000°C, and mullite forms in the range
of 1000 — 1100°C. Comparing the phase assemblages of the
sherds with the phase assemblages of fired clay samples, the
firing temperatures were deduced.

In conclusion, the pottery of the three regions seems to be a
local production. The firing temperature was always below
900°C. In Mombal the presence of kaolinite in the ceramics
indicates a firing temperature below 500°C. In sherds from
Mfomakap and Zamala micas are still present and this finding
points out to firing temperatures below 900 - 950°C.
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Archaeometric study of the Neolithic pottery
from the “Le Grottelline” site (Spinazzola, Italy)

Fabbri, B.", Gualtieri, S. & Lorenzi, R.
CNR, Institute of Science and Technology for Ceramics,
Faenza, Italy ("bruno.fabbri@istec.cnr.it)

The archaeological site of “Le Grottelline”, in the territory of
Spinazzola, province of Bari (Southern Italy), dates back to the
ancient Neolithic Age. Abundant ceramic materials were
recovered, which mainly belong to the Culture of “Archaic-
Impressed Pottery” and appear similar to those found in other
Neolithic sites of the area [1].

The archaeologists recognised four ceramic classes: coarse,
semi-depurated, depurated and figulina, even though in many
cases it was difficult to make a clear distinction between them.
In fact, coarse and semi-depurated ceramics differ between
them only for the dimensions of the inclusions, while depurated
ceramics differ from figulina mainly due to its macro-porosity.
Semi-depurated and coarse ceramics represent the main part of
the recovered pottery (about 80%).

Three samples were selected for each of the four classes for
the archaeometric investigation, which was carried out mainly
by means of optical microscopy in thin section, WDS-X-ray
fluorescence, and X-ray diffractometry.

The results individuate two ceramic classes: coarse pottery
and fine pottery, and three isolated samples. Coarse pottery is
constituted by large silicate inclusions in a fine carbonate-poor
clay matrix and includes samples from the archaeological
coarse and semi-depurated classes. Fine pottery includes the
figulina ceramics, together with one “depurated’ sample and one
semi-depurated sample, and is characterised by medium
calcium contents (10-13% wt CaO). The three isolated samples
differ from the previous ones both for the microstructure and
the chemical composition. The crystalline phases allow to
hypothesize a firing temperature <800°C for the coarse pottery
and the isolated samples, and 800 to 900°C for the fine pottery.

Comparing our archaeometric results with those of other
Apulian Neolithic sites, great similarities have been registered
in particular with pottery from Pulo di Molfetta, considered as
local production [2]. On this base, also the main part of the “Le
Grottelline” pottery has to be considered as local. In addition,
the raw materials show geological features typical of the Murge
Plateau that is characterized by the presence of calcareous-
arenaceous-argillaceous deposits with frequent fossiliferous
levels and shaley marl horizons are present.

The variations in the microstructural and chemical
characteristics could be attributed to different collecting areas
and/or to the nearness to the Bradanic Hole, in which fine
quartz-rich micaceous sands are present.

On the base of all the obtained results, the pottery of “Le
Grottelline” site shows the technological characteristics of the
Ancient Neolithic productions, that used raw materials not so
far from the housing areas, often without purification. The firing
process was carried out by means of systems with low-medium
temperatures and prevalently oxidant firing atmosphere, even if
fluctuations were possible, which are responsible of the
chromatic variations of the pieces.

[1] Lorenzi, R. & Serradimigni, M. (2009) Origini, XXXI,
Nuova Serie 1V, 41-74. [2] Muntoni, .M. ed. (2003) Modellare
I’argilla. Vasai del Neolitico antico e medio nelle Murge
pugliesi. Collana Origines, I.1.P.P., Firenze.

The browning phenomenon of medieval stained
glass windows

Ferrand, J.}, Rossano, S.*", Loisel, C.?, van Hullebusch, E.},
Orial, G.2, Bousta, F.? & Munoz, M.2
| GE, Université Paris-Est Marne-la-Vallée, France
(‘rossano@univ-mlv.fr)
2| RMH, Champs sur Marne, France
3LGCA, Grenoble, France

Manganese is a chemical element which has long been used as a
colouring or a bleaching ingredient in the glass industry. Its
existence at various oxidation states is at the origin of a large
variety of colours. This latter can evolve according to
environmental parameters such as radiations or the atmospheric
pollution. In some ancient stained glass windows, the
simultaneous presence of manganese and iron, coupled with the
alteration by water and micro-organisms, can induce a browning
and, consequently, a loss of transparency in stained glass
windows.

To better understand this browning phenomenon, ancient
stained glass windows displaying a browning are characterized
using optical microscopy, SEM-EDS, microprobe analysis and
XAS at the Fe K-edge. The ancient glasses that present the
browning phenomena appear to be potassic glasses and more
precisely calco-potassic samples that contain equivalent
quantities of CaO and K,O. In these potassic glasses, the brown
zones are very rich in Mn as compared to the fresh glass but
also to the altered glass. In parallel, the Mn-oxidizing bacteria
(Burkolderia Cepacia [1]) present on the historical samples are
isolated and cultivated. Finally, simplified model glasses of
various compositions but containing the Fe/Mn couple will be
altered in presence of these microorganisms.

[1] Orial, G. et al. (2007) L’actualité chimique, 312-313, 34-39.
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A petrographical study of lithic tools from
Petresti archaeological site (Romania)

Filipescu, R.” & Benea, M.
Dept. of Mineralogy, Babes-Bolyai University, Cluj-Napoca,
Romania (‘roro_fili@yahoo.com)

The present study focuses on ten lithic tools recovered from
Petresti archaeological site, located 4 km south of Sebes
(Southern Carpathians), now in custody of Sebes Town
Museum. The objects belong to the Petresti Neolithic culture,
dated between 2400-2100 B.C. [1] and famous mainly for its
painted ceramics. The objects were submitted for a
mineralogical-petrographical study, in order to establish the
rock types and, furthermore, to identify possible source areas
for the raw materials.

Based on the definition of typical functional Neolithic tools
(i.e. simple axes, truncheons, fighting axes and hammers [2]),
nine samples classify as axe-hammers (according to the criteria
defined by luliu [3]), and one is a truncheon with three bumps.
For the truncheon-shaped one, a decorative purpose is
presumed. In order to determine the shape, size and colour of
the objects, macroscopical investigations with the naked eye or
with a magnifier were carried out. The tools are made of rocks
with relatively high hardness. They are very well polished and
all but one have similar shape. Predominantly their colours are
dark (grey, brown, black), but in three cases lighter hues were
observed.

For the optical microscopy investigation, small fragments of
the lithic objects were sampled by wet coring with an electrical
drill (10 mm in diameter) to a maximum depth of 15 mm, and
prepared as thin sections. Mineralogical and petrographical
(structure and texture) features were observed by using a Nikon
Eclipse E200 Pol microscope with an attached digital camera. A
dominant microgranular massive texture was revealed, with
local porphyric varieties. One sample has orientated texture. All
the three main genetic rock types were used as raw materials (in
brackets, number of tools within the group): igneous (diorite,
andesite with hornblende and basaltic andesite) (3),
metamorphic  (sericite-chlorite  schist, metapsammite,
serpentinite, hornfels with quartz) (5), and sedimentary
(chemical precipitation limestone, sandstone with quartz and
feldspar) (2).

In order to identify possible sources of raw materials for the
investigated lithic objects, the geological structure of the area
was studied. According to the geological map, Orastie sheet
(1:200.000), not all the rock types identified as raw materials in
this study can be found around Petresti village. The area is
mostly covered with Holocene sediments. Therefore, knowing
the petrographic nature of the ten tools, it can only be concluded
that most of the raw material (metamorphic and sedimentary
rocks) was either transported by Sebes River, which springs in
the Southern Carpathians. Regarding the provenance of the
igneous rocks, they could come from the Mures River alluvia.
This river collects similar rocks from the Apuseni Mts. The
exact structural units delivering all raw materials have to be
further investigated.

[1] Vlassa, N. (1976) Neoliticul Transilvaniei Ill. [s.n], Cluj
Napoca. [2] Comsa, E. (1982) Neoliticul din Romania. Ed.
Stiintifica si Enciclopedica, Bucharest. [3] luliu, P. (1992)
Cultura Petresti. Ed. Museion, Bucharest.

Provenance of graphite in Celtic graphitic
ceramics from North-west Romania

Havancsék, 1.**, Bajnéczi, B.}, T6th, M.} & Németi, J.2
YInstitute for Geochemical Research, Hungarian Academy of
Sciences, Budapest, Hungary ("havancsaki@geochem.hu)
%pjata Eliberarii Bl. 33. Ap. 41, Carei (SM), Romania

The Celts settled in the Carpathian basin in the 4th century B.C.
(Iron Age, La Téne period) from Western Europe. Their
expansion took place in two main directions leading to two
significant settlement areas: the Transdanubian region, along
the Danube towards Serbia as well as the Hungarian Northern
Mountains, the North-west Romania and the southern territories
[1].

Peculiarity of the Celts was the production of graphitic (i.e.
graphite-bearing) situla-type ceramics. Graphitic ceramics are
found not only in the close vicinity of the geological
occurrences of graphitic rocks, but also on archaeological sites
scattered all around Europe, which suggests an extensive trade
of graphitic ware or graphitic raw material. Former
archaeometric studies [2,3], carried out on Celtic graphitic
ceramics from the Transdanubian region, indicated that
graphitic rock temper was probably originated from the South
Bohemian Massif (from the Variegated unit in the Southern
Czech Republic).

The present archaeometric study focuses on graphitic
ceramics from several archaeological sites of North-west
Romania [4,5] to determine the source (provenance) of the
graphitic temper. Vessels investigated derive from 9 localities:
Erendréd / Andrid (1), Kalmand / Camin (2), Bérvely / Berveni
(3), Piskolt-Kincsverem / Pigcolt-Lutarie (4), Mez6fény / Foieni
(5), Bere-Nyulvar / Berea-Nyulvér (6), Piskolt-Gardovany /
Piscolt-Gardovany (7), Nagykaroly-Bobald / Carei-Bobald (8)
and Lazari / Lazuri (9) (Fig. 1).
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Fig. 1: Location of the archaeological sites of the studied graphitic
ceramics in North-west Romania.

Graphitic rock fragments found in the studied north-west
Romanian ceramics consist of graphite, quartz, K-feldspar,
plagioclase, kyanite, sillimanite and altered mica. The graphitic
rock used as temper for ceramics is medium to high grade
metamorphic rock, graphitic paragneiss. Formerly studied
graphitic ceramics from the Transdanubian region show similar
mineralogical composition [2,3].

Based on metamorphic grade and mineralogical
composition, the potential provenance of the graphitic rock
fragments is the Variegated Unit in the Moldanubian zone of
the Bohemian Massif. Celts in North-west Romania used the
same trade network for importation of graphite (graphitic rock)
or graphitic ceramics as the Transdanubian population.

[1]] Szab6, M. (2005) L’Harmattan Kiado, Budapest [2]
Havancsak, I. et al. (2009) Archeometriai Miihely, 1, 39-51. [3]
Havancsak, 1. et al. (2009) Archeometriai Miihely, 2009/4, in
press. [4] Rustoiu, A. (1993) Thraco-Dacica, XIV(1-2), 131-
142. [5] Németi, J. (2009) in llon, G. (ed.) MOMOZ, VI, 267-
277.
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Provenance and technology study on a
collection of loose garnets from a late 5"
century Gepidic grave in Northeast Hungary

Horvéth, E.
Inst. of Archaeological Sciences, Dept. of Archaecometry and
Archaeological Method, Etvés Lorand University, Budapest,
Hungary (sztr.horvath@gmail.com)

Red gemstones identified mostly as garnets generally occurred
in the 56" century Europe as decoration of fine metal works.
They are known mainly in mounted form, the loose, unmounted
pieces are very rarely found. Therefore, it is of great importance
that seventeen such loose red gemstones were unearthed at a
rescue excavation at Hajdinanas-Furj-Halom-diil6 (Hajdu-
Bihar County) in a late 5™ century cemetery of the Gepids, an
East Germanic tribe settled on the eastern bank of the Tisza
River from the late 4™ century. The discussed pieces considered
as remains in a robbed grave were investigated in order to
identify the mineral species, its provenance and the technology
of cutting. The lack of any related goldsmith’s artefact and the
visible different phases of the gem-cutting process allow us to
regard them as independent pieces of a collection. The noticed
inclusions and the measured refractive index revealed that the
discussed gemstones are garnets. In addition to the
gemmological observation, the analysis was focussed on the
chemical composition. The resulting spectra were obtained by a
scanning electron microscope (SEM) equipped with an energy
dispersive spectrometer (EDS) and display characteristics of Fe-
rich as well as Fe-Mg-rich garnets, i.e. almandine and rhodolite.
The comparison of the concentration ratios of the major
constituents with the literature data suggests that while the
almandine garnets may have been imported from Rajasthan,
North India, the rhodolite garnets may have been mined in Sri
Lanka [1]. The image analysis based on optical and scanning
electron microscopy clearly showed traces left by polishing and
shaping. All of the six flat cabochons and seven of the flat
plates look like semi-finished products where final steps of
shaping were not carried out. Besides, the other four plates may
be regarded as finished products with regular shapes. In some
cases intentionally engraved outlines were noticed running
along the edges. These straight shallow grooves were
interpreted as an indirect proof for the use of a template or a sort
of pointed marker. Based on our observations, the cutting
process could be reconstructed, and the following steps were
inferred: 1) cutting the raw surfaces to the desired steepness and
thickness; 2) polishing these surfaces on the top and base; 3)
designing the shape and size of the prepared pieces by a marker
(occasionally) and finally 4) cutting off or breaking the
unnecessary edges. Considering the semi-finished pieces
characterized by irregular edges, the final steps of their shaping
were apparently carried out in a satellite or local workshop. This
observation contributes to the recurring debate about the
character of imported garnets [2]. The discussed findings
suggest that in the Early Middle Ages garnets for inlays were
traded in the Carpathian Basin both in pre-cut and ready-to-set
form. While mounts and cell walls usually make the accurate
observation difficult, the loose character of these pieces
permitted us to perform an extensive investigation focussing
both on the raw material and the technology. Results may
clarify or identify the geographical origin as well as the applied
equipment and the organisational aspects of gem-cutting.
Acknowledgements: The study was carried out with the
support of the Archaeological Research Laboratory, Stockholm
University, Sweden. Help of Brigit Arrhenius and Maria
Wojnar-Johansson related to this research is highly appreciated.

[1] Calligaro, T. et al. (2002) Nucl. Instr. Method. B, 189, 320-
327. [2] Arrhenius, B. (1985) Merovingian Garnet Jewellery —
Emergence and Social Implication. Stockholm.

Mineralogy and geochemistry of Bronze Age
potsherds: weathering influence of a
Mediterranean climate (Cres Island, Croatia)

llijanié, N.¥", Miko, S.1, Hasan, O.! & Posilovi¢, H.?
ICroatian Geological Survey, Zagreb, Croatia
(“nikolina.ilijanic@hgi-cgs.hr)

%Geological Dept., Faculty of Science, University of Zagreb,
Croatia

The aim of this study was to study the causes of well preserved
status of potsherds in Bronze Age hill forts on Cres island
(Northern Adriatic Sea) exposed to Mediterranean climate and
their buried equivalents in colluvial deposits. The island of Cres
has a long history of settlement and hosts some very important
Mesolithic, Neolithic and Bronze Age sites. Due to erosion
large areas are bare karst lacking soil cover and prehistoric
potsherds can be found in stonewalls of hill forts or caves.

The potsherds were analyzed by microscopy methods as
well as geochemistry to study the weathering process in both
exposed and buried potsherds. The colluvial soil containing
potsherds was dated and a calibrated *C AMS date ranging
from 2030 to 1870 BC was obtained. Under the optical
microscope, the potsherds are texturally homogeneous and
display inclusions of similar type, abundance, and grain size.
XRD analyses show that they contain quartz and calcite as
dominant mineral phases, and fewer amounts of micas and
feldspars (K-feldspar and plagioclase).

The enrichment of Ca in exposed potsherd rims is
accompanied by depletion of light REE’s and enrichment of
heavy REE’s. The results show that potsherds exposed to the
Mediterranean climate for four thousand years have an
improved durability due to calcite re-crystallization and notable
change in the chemical composition of potsherd rims which
have to be considered when using bulk geochemistry for
provenance studies.
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Mineralogical investi%ations of clay-bricks from
Arpad-age (117-14" century A.D.),
southern Hungary

Kristaly, F.Y", Rézsa, P.? & Kelemen, E.2
YInstitute of Mineralogy and Petrology, University of Miskolc
Hungary (‘“askkf@uni-miskolc.hu)
2Dept. of Mineralogy and Geology, University of Debrecen,
Hungary

During the so-called “Arpéad age” (11""-14™ century A.D.) clay-
bricks were a common building material in the southern region
of The Great Hungarian Plain (Szeged-Békéscsaba region). In
the area, it was mainly the local production that provided bricks
for churches and monasteries.

Brick samples from nine archaeological sites (churches and
monasteries from the Great Hungarian Plain), now in the
custody of “Munkacsy Mihaly” Museum of Békéscsaba, were
selected for the study. Representative specimens were obtained
by sectioning and weight reduction of samples. Optical and
Scanning Electron Microscopy, Electron Microprobe and X-
Ray Powder Diffraction (XRPD) investigations were used to
determine the mineralogical composition of samples, and to
constrain the firing temperature.

Although the archaeological sites are closely located, for the
purpose of comparison between different groups of sites, the
samples were separated in four groups: I. Orménykat (O)-Décse
(D), Il. Kamuth (K)-Megyer (Me)-Gerla (Ge), I1l. Gyula (Gy)
and IV. Bankat (B).

The mineralogical composition of all brick samples is
highly similar and points to illitic clays. The abundant use of
vegetal tempering materials (wheat chaff) in most of the studied
bricks is characteristic. The presence of dolomite is only
observed in one of the Orménykut samples.

Several neoformation phases due to firing, such as K-
feldspars (anorthoclase—sanidine), anorthite, gehlenite, diopside
were detected (Fig. 1).
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Fig. 1: XRPD diagrams of the investigated samples (Cu-Ka radiation).

The mineralogical composition of primary components, as well
as the newly-formed phases upon firing, suggests the use of
similar raw materials, i.e. Ca-rich illitic clays.

The type and amount of firing phases indicate temperatures
in a range of 900-950°C. Only one sample from the group Il
shows a lower firing temperature, around 850°C.

The mechanism of thermal decomposition of
dolomite and its implications in pyrotechnology:
new insights from 2D-XRD and TEM analyses

Kudlacz, K, Ruiz-Agudo, E., Arizzi, A.,
Rodriguez-Navarro, A. & Rodriguez-Navarro, c”
Dept. Mineralogia y Petrologia, Universidad de Granada, Spain
(‘carlosrn@ugr.es)

Dolomite has been thoroughly used for ceramic and building
purposes (e.g., dolomitic lime mortars) since ancient times.
Pyrotechnology of dolomite (CaMg(CO3),) involves its thermal
decomposition into CaO and MgO. This process, called
calcination, influences the physicochemical properties of
dolomitic limes and affects the textural properties of dolomite-
based ceramic materials. Although the thermal decomposition
of dolomite has been studied for more than one century, the
mechanisms of this reaction still remain obscure.

Here, single crystals of dolomite were calcined in air
atmosphere at a T range of 500°C-1100°C, and analyzed by
XRD, 2D-XRD, FESEM and TEM. Decomposition was also
studied in-situ, by the TEM, by irradiating dolomite crystals
with the electron beam. The decomposition is pseudomorphic
and topotactic, and results in oriented CaO and MgO
((Ca,Mg)O) nanocrystals, which aggregate and grow as T
increases. In-situ TEM shows that the first step of
decomposition involves the formation of a face centred cubic
(Mg,Ca)O mixed oxide, with the following orientation
re|ati0n3hip53 ['441]dolomite//[OO]-]oxide and (110)dolomite//(llo)oxide
(Fig. 1). 2D-XRD results are consistent with in-situ TEM
results, and show the presence of highly oriented oxides in the
dolomite pseudomorph. Unlike the case of the in-situ TEM
decomposition, the range of (Ca,Mg)O solid solution is very
limited (up to 8%) and only occurs at low T (500°C — 750°C). A
further T increase leads to the formation of oriented, pure CaO
and MgO nanocrystals. In air, thermally activated ion diffusion
favours de-mixing (spinodal decomposition) of the initial
(Ca,MQ)O0 phase as T increases. Conversely, “cold” in-situ TEM
decomposition prevents de-mixing of the initial (Ca,Mg)O.

a) b)
Fig 1: Selected area electron diffraction (SAED) images before

decomposition of (a) dolomite ([-441] zone axis), and after its
decomposition into (b) a mixed Ca-Mg oxide ([001] zone axis).

These results show that the thermal decomposition of dolomite
involves its direct transformation into a mixed Ca and Mg oxide
(at low T), and subsequent separation into two oxides (spinodal
demixing) with increasing T. The reaction is topotactic and
independent of pCO,. Formation of CaCO; during the so called
“half decomposition” of dolomite was observed in some runs.
However, either calcite or vaterite formed. The fact that vaterite
has no structural relationship with dolomite suggests that
previous models based on the transformation of dolomite into
CaCOj3; plus MgO (i.e., “half decomposition” of dolomite) are
flawed. Apparently, CaCO; formed during re-carbonation of
highly reactive CaO nanocrystals. This solves the problem of
the so-called “two-stage” decomposition of dolomite. These
results may help in constraining processing parameters (e.g.,
calcination T) in ancient dolomite-based ceramics, and may also
help defining appropriate processing parameters during
preparation of modern dolomitic lime-based conservation
mortars.
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The raw materials and manufacture of pottery
during Bronze Age-Early Iron Age in the North-
Western Russia

Kulkova, M.A.Y, Yushkova, M.A.?> & Subetto, D.A.
"Herzen State Pedagogical University, St Petersburg, Russia
("kulkova@mail.ru)

?Institute for the History of Material Culture, Russian Academy
of Sciences, St Petersburg, Russia

The ceramic artifacts are the main material which can be used
for reconstruction of prehistoric people life and different
cultural traditions. Numerous settlements of Bronze Age — Early
Iron age (2000 cal. BC — 500 cal. AD) were excavated in the
area of basin of Volkhov River basin (Shkurina Gorka, Porogi
sites:800cal BC-400 cal.BC, Kholopii Gorodok site: 800cal.BC-
500cal AD); llmen Lake (Prost” site: 800calBC-400 cal.AD,
Gorodok na Lovati site: 10cal.AD-500cal.AD, Sel’tco site:
800calBC-400cal. AD); Ladoga Lake (Ust’-Ribezgna Il site:
2000cal.BC-1500cal.BC), located in the North-Western Russia.
It is one of the perspective regions of archaeological works on
the North-Western of Russia in the present time. The main
problem is the chronology and cultural attribute of different
sites and their connection with sources of raw materials.

The investigation of pottery included a complex approach.
To determine the cultural and historical belonging of ceramics
the archaeological methods (typology and morphology) were
applied. The mineralogical and geochemical methods (optical
microscopy, XRD, thermal analysis, XRF) were used for the
determination of the ceramic composition, the manufacturing
technology and the sources of row material (more than 70
samples of ceramic sherds and 16 samples of clay raw material).

Based on both the mineralogical composition and
geochemistry of ceramic material and the archaeological
typology, a number of ceramic type groups were distinguished.
The ceramics of Bronze Age (Ust’Ribegna Il site) consist of
montmorillonite clay and disintegrated plant remains; the
estimated firing temperature was about 650°C. The ceramics of
Volkhov type (Shkurina Gorka, Porogi, Prost’, Kholopii
Gorodok, Sel’tco sites) consist of kaolinite-illite clay, crushed
gravel of granite-plagioclase composition and grog; the
estimated firing temperature was around 500-700°C. The Iron
Age ceramics (Kholopii Gorodok, Gorodok na Lovati sites)
consist of illite clay and a temper made of crushed granite-
plagiogranite gravel; a firing temperature around 800°C could
be infered. These characteristics give possibilities for
identification the ceramics from different settlements and
chronological periods.

The changes of environmental conditions about 1500 cal.
BC (Ladoga Lake transgression) most likely influenced the
prehistoric people life. The flood on Ust’Ribegna Il site was one
of the reasons of that the population has left this place and
changes the raw material sources for pottery produced in this
and successive periods.

Characterization of earthen building materials
from a Phoenician site, Malaga (Spain)

Lopez—Arce, P.", Gomez-Villalba, L.S. & Fort, R.
Group of Applied Petrology to Heritage Conservation,
Instituto de Geologia Econémica (CSIC-UCM), Madrid, Spain
("plopezar@geo.ucm.es)

Earthen building materials, adobe walls and pavements, were
characterized to determine the materials composition and
constructive techniques from a Phoenician site. Clay samples
from the surroundings were also studied, to identify the raw
materials used in their manufacture. X-ray diffraction, polarized
light optical and environmental scanning electron microscopy
(ESEM) with energy dispersive X-ray spectroscopy was used to
study the composition. Mercury intrusion porosimetry was
performed to obtain the total porosity and pore size distribution.

Adobe samples display a calcareous clay composition, with
different proportion of clay minerals (27-39 wt%), quartz (21-
45 wt%) and Ca and Mg carbonates (calcite 17-47 wt% and
dolomite 2-11 wt%). Filosilicates are mainly kaolinite (24-34
wit%), smectite (31-46 wt%) and illite (20-45 wt%). Barium
sulphate, various phosphates, iron oxides and hydroxides,
bioclasts, pyrite, zircon and lithic fragments (Fig. 1) are also
present. Iron oxides and iron hydroxides provides red and
yellow colours.
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Fig. 1: Characterization of adobe. a) ESEM image; b) Polarized light
microscopy image; crossed nicols; c) XRD of bulk sample; d) XRD of
clay fraction.

Clay samples are very similar to the earthen materials and they
could have been used as raw materials mixed with clays and
sands from other geological sources (continental, fluvial and
marine). The natural presence of roots and stems of plants, the
cementation reactions of carbonates and silicates and intentional
addition of grog (ceramic fragments) and organic materials in
the clay paste could have improved the natural properties of the
ceramic paste. Clays from the earthen pavement display white-
yellow color (due to carbonate and hydrated iron hydroxides)
being probably selected with aesthetic purposes. Difference in
porosity between adobe and clay samples indicates compaction
of the clays, with the consequent reduction in porosity and
decrease in the pore sizes.

Understanding earthen construction methods and raw
material selection has significant implications for understanding
either the selection of settlement sites or the labour required to
build in specific settings not directly adjacent to suitable raw
materials [1]. These studies provide new insights to the
knowledge of Phoenician construction techniques, since there
are few or no other references available.

Acknowledgements: to  ArqueoEstudioS. Coop. for
providing the samples and collaboration. We are also grateful to
the financial sources Geomateriales (S2009/MAT-1629) and
Consolider (CSD2007-0058).

[1] Nodarou, E. (2008) J. Archaeol. Sci., 35, 2997-3015.
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The building materials of Koule Castle,
Heraklion, Crete (Greece)

Markopoulos, Th., Repouskou, E & Karampatsou, G.
Dept. of Mineral Resources Engineering, Technical University
of Crete, Chania, Greece (‘repusku@mred.tuc.gr)

This work is a primary study of the architectural elements and
corresponding building materials of the Koule Castle in
Heraklion, Crete (Greece). The characterization of the building
materials of a historic structure is a necessary part of a
conservation study.

Eighteen core samples of rocks and masonry mortars have
been extracted by the 13" Municipality of Byzantine Antiquities
from different parts of the monument, in order to determine
their physical and technical characteristics as well as their
deterioration state. Their morphological characteristics,
granulometry, specific weight, water absorption index,
compressive strength, as well as the mineralogical composition
and the included fossils species have been determined.

The building stones of Koule Castle are sedimentary rocks,
excavated nearby and in the island Dia. In their majority, they
are biomicritic breccias and limestone conglomerates and
bioclastic limestones with various marine fossils. In particular,
the north monumental part is built of Triassic limestones,
breccias and coarse conglomerates. Biomicritic breccia
limestones show the highest strength values and lower water
absorption index compared with the bioclastic limestones.

The old mortars have been studied by optical microscopy,
X-ray diffraction (XRD) and scanning electron microscopy.
Their examination revealed that beach sand has been used as
inert material.

In some representative old mortars particle size analysis by
wet sieving was carried out, in order to determine the nature of
their constituents and evaluate the inert to binder material ratio.
These data are necessary for simulation - reproduction of these
materials used for restoration. The sum of the 2 mm - 0.125 mm
fractions is regarded as inert material, whereas the material finer
than 0.125 mm is regarded as the binder [1].

At least three types of mortars were identified and
considered as the construction mortars during the different
construction- reconstruction periods. Their basic mineralogical
components are: calcite, portlandite, brucite, magnesite,
dolomite, quartz and plagioclase. The presence of calcite in the
binder of the studied mortars is a result of the carbonation of
lime. The presence of portlandite and brucite is probably
associated with the absence of adequate carbon dioxide in the
interior parts and at the lower parts of the castle surrounded by
sea, thus prohibiting the formation of calcite and magnesium
carbonate correspondingly. Furthermore, the presence of both
portlandite and brucite indicate the use of dolomites and Mg-
rich limestones for the binder production.

[1] Markopoulos, Th., Maravelaki, P. & Repouskou, E. (1994)
in Fassina, V., Ott, H. & Zezza, F. (eds.) Il Inter. Symp. on the
conservation of Monuments in the Mediterranean Basin.
Venice, 22-25 June 1994, 687-692.

Production and distribution centers of
Serra-d’Alto-style pottery (4th millennium BC) in
southeastern ltaly

Marrese, G.Y", Tucci, P.%, Coppola, D.® & Lezzerini, M.*
ICentro di Ricerca per le Scienze Applicate alla Protezione
dell’Ambiente e dei Beni Culturali, Sapienza Universita, Rome,
Italy ("giovannamarrese@live.it)

%Dipto. di Scienze della Terra, Sapienza Universita, Rome, Italy
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The Serra d’Alto pottery is a pot production occurring in
southern Italy during the 4" millennium BC [1]. The use of
depurated clays and firing temperatures around 700-800°C [2]
suggest the presence of advanced ceramic technology, where
the thin solid walls and the medium-to-large size of the products
offer pictorial support to complex painted decorations [2].
These are black, and characterized mainly by spiral to
meandrous motives with symbolic meaning. The Serra d’Alto
style ceramic production coincides with a period of significant
changes overall southern Italy, especially Apulia. The change to
a hot-arid climate developed during the 4™ millennium brings
with itself the collapse of village agricultural civilization and
the development of mobile communities of shepherds invading
internal areas to find new pastures. Pottery is found in both
cultural areas, thus not only in the villages, where it was
presumably produced (need of depurated clays and appropriate
ovens etc.), but also in internal sites such as caves. This testifies
changes in the economy that involve population mobility and
distribution of artifacts to mobile communities [3].

The archeometric study of a series of samples allows to
define the production centers of Serra d’Altro ceramics and to
follow the commercial distribution along the transhumance
ways used by the ancient shepherds [4]. Together with the
distribution of marine shell, the Serra d’Alto ceramics
represents the oldest testimony of an exchange economy in
Neolithic Italy. During the study, we evaluated technological
aspects such as firing temperature, production and preparation
of clay support, decoration and refining, all data indicating the
state of art reached by the Neolithic workers [5,6]. The ceramic
objects have been analyzed by OM and XRD for the minero-
petrographic characteristics and by XRF and EDS/WDS for the
chemistry. Moreover, a sampling of clays located near the
ceramic production centers has been undertaken to establish a
relationships between occurrence of the artifacts and local
geology. The locating of clay extraction areas bears importance
in reconstruction of the economic evolution in the 4"
millennium BC.

[1] Geniola, A. (2007) ATTI della XXVI Riunione Scientifica “Il
Neolitico in Italia”. Firenze, 7-10 nov. 1985 [2] Cassano, S.M.,
Laviano, R. & Muntoni, .M. (1995) in Fabbri, B. (ed.) The
Cultural Ceramic Heritage. Eur. Ceramic Soc. 4™ Conf.,
Gruppo Editoriale Faenza, 14, 137-148. [3] Laviano, R. &
Muntoni, 1.M. (2003) in Di Pierro, S., Serneels, V. & Maggetti,
M. (eds) Ceramic in the Society. Proceed.6th Eur. Meeting on
Ancient Ceramics, University of Fribourg, 163-173. [4]
Laviano, R. & Muntoni .M. (2004) in Ingravallo, E. (ed.) Il
fare e il suo senso, Dai cacciatori paleo-mesolitici agli
agricoltori neolitici. Congedo, Galatina, 113-164. [5] Muntoni
.M. (2002a) Atti del Convegno Internazionale, Rome, 29-30
Marzo 2001, Accademia Nazionale dei Lincei, Roma, 203-213.
a. [6] Muntoni I.M. (2002b) Origini, XXIV, 165-234.
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Mineralogical and geochemical study of
coloured and white marbles from Spain and
Portugal in the provenancing of some marble
artefacts from Thamusida (Kenitra, Morocco)

Origlia, F.}, Turbanti Memmi, 1.2, Spangenberg, J.2,
Gliozzo, E.*! & Meccheri, M.}
1Dipto. Scienze della Terra, Universita di Siena, Italy
(‘memmi@unisi.it)
?Institute of Mineralogy and Geochemistry, University of
Lausanne, Switzerland

First results of an archaeometric study carried out in order to
asses the provenance of marble artefacts from Thamusida
(Kenitra, Morocco) have shown that local raw material
exploitation was very rare. Most of the archaeological artefacts
come from classical marble areas (Greece, Turkey, Italy), but
not all the Mediterranean sources were successfully determined.
Considering the possibility of a commercial exchange between
Mauretania Tingitana and Betic and/or Lusitanian Roman
Provinces, we focused our study on various types of marbles
from those regions. Here, we present the results of a minero-
petrographical and geochemical study on some of these
marbles. The data obtained, combined with those already
available from literature, represent a reliable basis for
comparison with the undetermined artefacts. The marbles were
collected from the Ossa Morena zone, including the Estremoz
anticline (Spain-Portugal), and from Malaga and Almeria
districts in the Betic chain (Spain). The specimens were
investigated by XRD to detect the carbonate mineral type as
well as by geochemical analyses to determine the carbon and
oxygen stable isotope composition. OM observation and SEM-
EDS analysis were carried out only on a representative selection
of samples to find out the main textural features and the
accessory mineral contents. We distinguished calcitic and
dolomitic marble varieties. Dolomitic marbles mainly belong to
Malaga district, but are sporadically present in other Spanish
marble deposits.

The accessory minerals are quartz, plagioclase,
muscovite/illite, phlogopite, Fe-Mg chlorite and tremolite
(Viana do Alentejo, Almaden de la Plata), apatite, Fe and Ti
oxides, titanite and Fe-sulphide. Dolomitic marbles usually have
a scarce accessory mineral content, consisting of quartz and
calcite. The geochemical data were reported in two different
513C-880 diagrams for Ossa Morena and Betic chain marbles.
The isotopic values of Ossa Morena quarries overlap, mainly in
the ranges 5'%0: -9 and -5%. VPDB and &°C: 0.5 and 3%o
VPDB. The isotopic values of betic marbles fall in the range
5'%0: -8.83 and 0.27%. VPDB and 8" C: 1.26 and 4.28%o
VPDB.

A preliminary comparison between the artefacts and the
studied materials provided interesting results. The Malaga
provenance seems highly probable; the Estremoz or Ossa
Morena Almaden de la Plata quarry provenances are still
uncertain. More analyses are needed to address the open
questions and clarify the development of the commercial
exchanges between Spain, Portugal and Morocco during Roman
times.

Major element composition of Transylvanian
gold: can it be used for archaeological
provenance studies?

Pop, D.Y", lonescu, C.?, Benea, M.2 Timas, C.> & Forray, F.2
"Museum of Mineralogy, Babes-Bolyai University, Cluj-
Napoca, Romania (“dana.pop@ubbcluj.ro)
2Dept. of Mineralogy, Babes-Bolyai University, Cluj-Napoca,
Romania

Transylvanian gold is related to both epithermal ore deposits
and their associated placer deposits in the Southern Apuseni
Mountains (Romania). The primary deposits were formed
during the Neogene volcanic event. Tens of economically-
important ore deposits are concentrated in an area of about 900
km? known as the “Gold Quadrilateral” - a major source of gold
for Europe throughout history. According to historical records,
gold mining in Transylvania spans over more than 3,000 years.
Between 1500-2000 t of gold were estimated to have been
extracted in the Apuseni Mountains since prehistory [1].

Archaeological provenance studies are generally based on
comparing the composition of the artefacts with that of the
potential raw materials. No general consensus was reached yet
concerning the most reliable correlation factors in the case of
gold. As a first approach, we chose major elements chemistry
and electron microprobe (EMP) measurements. Eight samples
from the collection of the Museum of Mineralogy, Babes-
Bolyai University were selected: five samples from Rosia
Montana (RM) (Fig. 1) and three from other historically-
significant deposits: Trestia (T), Musariu (Mu), and Magura
(Ma). RM deposit is hosted by dacites, while the others by
andesites [2].

Fig. 1: Dendritic gold crystals from Rosia Montana, one of the
IMA2010 logos (scale bar: 1 mm).

Au, Ag, Te and Cu contents have been measured. Based on 164
point EMP analyses, three compositional groups were outlined:
a) low- (RM), b) medium- (RM, Mu, Ma), and c) high-Ag
content (RM). Mineralogically, only the first group can be
defined as gold, the other two are electrum (the full range of
fineness is 577 to 875). For all groups, the same trend could be
observed: whereas the Ag content is constant, Te (0.06-0.2
wt.%) and Cu (<0.02 wt.%) substitute Au. RM gold shows a
remarkable compositional variability, ranging from Aug 43Ado 57
to Aug79Ado:- Thus, samples with the same origin plot into
different groups, while those originating from different deposits
plot in the same narrow compositional field (b).

Summarizing, the major elements in gold cannot be used for
chemical fingerprinting, but EMP proved to be suitable for
deciphering chemical mechanisms at micrometer scale.
However, for gold provenance studies, hierarchical cluster
analyses on larger sets of data for major, as well as trace
elements and isotopes studies are required.

Acknowledgements: The study was supported by 1D-2241
project funds (Romanian Ministry of Education).

[1] Cook, N.J. & Ciobanu, C.L. (2004) in Cook, N.J. &
Ciobanu, C.L. (eds.) IAGOD Guidebook Series, 12, 1-4. [2]
Rosu, E. et al. (2004), Schweitz. Miner. Petrogr., 84, 153-172.
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Mineralogical-geochemical characteristics of the
mammal skeletal remains from the selected
archaeological sites in Poland

Rogoz, A. & Sawlowicz, Z."
Institute of Geological Sciences, Jagiellonian University,
Krakow, Poland (“zbigniew.sawlowicz@uj.edu.pl)

We have studied bones and teeth of woolly mammoths
(Mammuthus primigenius) from the site Spadzista Street (B) in
Krakow and bones of cave bears (Ursus spelaeus) from two
caves (Bisnik and Nietoperzowa) in Southern Poland. The
materials were studied using SEM-BSE, XRD, and FTIR
methods. Samples from Spadzista Street and Bisnik are quite
well preserved, in contrast to Nietoperzowa cave where only
fragments of bones few centimetres long were found. In
scanning electron microscope their histological structures
(osteons, bone trabeculae, enamel prisms, dentine canaliculi)
are easily seen. The studied skeletal remains are built of
carbonate-rich  apatite-(CaOH). The crystallinity indexes
(calculated after Person et al. [1]) are rather low: 0.03-1.14 in
woolly mammoth samples, 0.1-0.21 and 0.02-0.15 in cave bear
samples from Bisnik and Nietoperzowa caves, respectively.
Only in enamel the crystallinity indexes were much higher:
0.67-0.78 in woolly mammoth and 0.95 in cave bear samples.
The typical range of Ca/P mole ratios of fresh bones is 1.59-
1.67 [2]. The average ratios, calculated from EDS analyses of
the studied samples, are different: mammoth bones - 1.92, cave
bear bones from Bisnik and Nietoperzowa caves - 1.73 and
1.23, respectively. The higher values can be caused by
replacement of PO,> groups by CO4? and/or enrichment in Ca*
ions which is not surprising because of common presence of
calcite in those bones. The lower values can result from a
decrease of CO,> in apatite, which is one of the common
diagenetic processes [3]. There are some differences in
secondary minerals infillings between cave bears and woolly
mammoth remains. In the bear bones Haversian canals are
usually not infilled with minerals, only occasionally calcite is
present. Fe-Mn (hydroxy)oxides coat or infill both the osteocyte
lacunae and the dentine canaliculi. In addition, in the bones
from Nietoperzowa Cave manganese is sometimes present in a
form of dendrites. In the woolly mammoth remains Haversian
canals, bone trabeculae and cracks are commonly infilled with
calcite or carbonate sediment. The dentine canaliculi are coated
or infilled with secondary apatite. The Fe-Mn (hydroxy)oxides
are present occasionally in osteocyte lacunae. It is worth to note
that in woolly mammoth bones the bacterial alterations were
found. In some samples they are very common, whereas in the
cave bear bones we have not found any microbial changes. It
seems that differences between studied bones are caused by
different burial environment.

[1] Person, A. et al. (1995) J. Archaeol. Sci., 22, 211-221. [2]
Elliott, J.C. (2002) Rev. Mineral. Geochem., 48, 427-453. [3]
McClellan, G. (1980) J. Geol. Soc. London, 137, 675-681.

Iron age pottery from Garvao votive site
(SW Iberia) — an interdisciplinary study

Rosado, L.}, Candeias, A.E.%, Schiavon, N.%, Lopes, M.C2,
Mayet, F.%, Tavares, D.*, Alfenin, R.>* & Mirao, J.2
'HERCULES Laboratory and Chemistry Centre of Evora,
University of Evora, Portugal
2HERCULES Laboratory and Geophysics Centre of Evora,
University of Evora, Portugal ("schiavon@uevora.pt)
SUniversity of Coimbra, CEAUCP, Coimbra, Portugal
“Alentejo Regional Directorate of Culture, Evora, Portugal

The Iberian Peninsula was a highly sought after area in ancient
times due to its abundance in geological resources. Hence, the
Iberian Iron Age was a period of successive social and political
transformations, sometimes resulting in conflicts. These began
with the earliest Celtic invasions (or migrations) that imposed a
strong continental influence in Iberia against the oriental
inspired societies like the Tartessos kingdom. The movement of
these populations toward south is constant throughout the entire
period. Simultaneously, the Semitic civilizations (i.e.
Phoenician and Punic) control was maintained in south Iberia
through the presence of autonomous cities with strong
commercial and cultural connections to the Mediterranean. This
political framework was broken in 218 AC by Romans
disembark in the context of the second Punic war.

In this general context, at around 200 AC, Garvao probably
belonged to the Conii territory corresponding to the current SW
Portugal or “Baixo Alentejo” and the western Algarve. It is
believed that this region, although inhabited by populations of
Celtic origin, was characterized by a very strong Mediterranean
cultural influence. It seems that Garvdo was an important Iron
Age Il holy site where an impressive votive deposit was
discovered. The materials recovered (mainly pottery) were
intentionally deposited, carefully arranged in order to optimize
the available space.

Fig. 1: Iron-age Garvdo pottery. (A) Chromatic heterogeneity in cross
section. (B) OM micrograph NX. Plagioclase and rounded quartz in
black matrix, (C) OM Micrograph NX. Ceramic fragment. (D) OM

Micrograph NX. plagioclase in red matrix.

A detailed study of the pottery based on stylistic analysis was
carried out allowing the classification into different clusters. As
the ceramics mineralogical and chemical composition depends
also on technological know-how and social environmental
parameters, a combined analytical approach was adopted to
characterize the pottery samples by means of Optical (OM) and
Electron microscopy (SEM + EDS), Fourier Transform Infrared
Spectroscopy (FT-IR) and X-ray Diffraction (XRD). The
combination of these techniques applied to selected Gérvao
pottery allowed the recognition of the ceramic phase
composition, firing temperature, kiln atmosphere, ceramic
manufacturing processes and origin of raw materials.

The chemical and mineralogical results suggest that the
Gérvao region was characterised by strong connections both
with Mediterranean as well as with local production areas
reflecting its role in ancient times as a rich and important
multicultural centre.
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On the use of Earth Materials in SW Iberia
mortars — an historical perspective
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Traditional and historic mortars are composite materials
consisting of a binder (usually lime or hydraulic lime),
aggregates (quartz sand, calcite or dolomite) and some additives
(e.g. brick dust, volcanic ash) in order to increase adherence,
workability, strength and durability [1]. The characterization of
mortars allows the identification of their phase and chemical
compositions and the characteristic features related to the
physical properties. Moreover, sometimes it is possible to
identify the alteration products and, in some cases, establish the
provenance of materials used in the manufacture of mortars [2].

Thus, the study of the ancient mortars composition, using
techniques of chemical, mineralogical and microstructural
characterization, plays a major role in the preservation of
cultural heritage, guiding all actions for the conservation and
restoration. On the other hand, it gives a very deep knowledge
about the techniques of construction, previous repairs and their
performance. This type of information is likely to be historically
integrated, contributing to the knowledge of the societies that
constructed the buildings.

The similarity between traditional mortars and sedimentary
clastic rocks are evident (Fig. 1). In both, it is possible to figure
out cement that sustains together the clasts (in sedimentary
rocks) or the aggregates (in mortars). Nevertheless important
differences are obvious. Additives are frequently present in
order to get better mechanical properties and the very alkaline
environments during the merging of the lime and the aggregates
cause frequently the partial dissolution of quartz aggregates.

rs— 1'_ . ; o hEd
Fig. 1: Microphotos of Southwest Iberia ancient mortars. A-Concufate
villa (Roman), B-Evora (Medieval), C- Elvas (16" century), D-Lisbon
(18" century). A, B — crossed polarizers; C, D — one polarizer.

Methods like XRD, TGA, optical microscopy, SEM-EDS and
chemical analyses techniques are currently employed. The
results can be assigned to the society’s capability to manage
technology and to access and select raw materials. Over the past
few years research applied to roman, Islamic and medieval
mortars will be revisited and an evolutionary trend to the use of
earth materials in SW Iberia mortars will be presented.

[1] Adriano, P. et al. (2010) Mater. Charact., 60(7), 610-620.
[2] Guerreiro, T. et al. (2008) Microsc. Microanal., 14(3), 77-80.

Rock crystal artefacts and determination of their
provenance

Slobodnik, M.” & Ptichystal, A.
Institute of Geological sciences, Masaryk University, Brno,
Czech Republic ("marek@sci.muni.cz)

In Central Europe, there are numerous archaeological sites from
which chipped rock crystal artefacts are known. The raw
material is commonly considered of Alpine region provenance.
However other possible sources could be mentioned in other
areas (Fig. 1). The most important places are located in the
Bohemian Massif, especially in the Moravian Moldanubicum
(Sklené — Rousmérov SE of Zd’ar nad Sazavou and the vicinity
of Brtnice), and there are proofs of their prehistoric exploitation.
Another source area becomes evident in the Silesicum (Jegtowa
near Strzelin, Zulové). We record also rock crystal sources in
the Awustrian Moldanubicum or within Lower Carboniferous
rocks in N Moravia (Bilovec) [1].
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Fig. 1: The major occurrences of rock crystal sources and findings of
artefacts. Sites: 1 — Nova Dé&dina, 2 — Zitného cave, 3 — Sklené, Brtnice
(Moldanubicum area), 4 — Zulova area, 5 — Jeglowa, 6 — Bilovec, 7 —
Gudenushdhle, 8 — Nodersdorf.

Microthermometry, Raman spectrometry and some other
techniques have been applied on material from the Paleolithic
(Aurignacian) site Novad Dédina (ND, no. 1 in Fig. 1) where
several hundreds of rock crystal chips have been discovered and
compared to the mentioned sources. The used methods, based
on the investigation of fluid inclusions, can be considered as a
model for progress in further research.

Fluid inclusions (FI) represent defects (cavities) in crystal
lattice, being filled with liquids (L), gases (V), and solids (S).
Trapped and sealed parental fluids in primary inclusions are
regarded as isochoric systems telling story on genetic conditions
at particular places. If we are able to decipher the genetic
information from the fluid inclusions of the “lost” material
(with unknown provenance) we have a chance to find the site of
origin. The most important petrographic aspects have been
revealed within FI assemblage from ND. Two types of 3-phase
inclusions L+V+S1+S2 and L1+L2+V and their fluid properties
enable to exclude the sources from the Alps, Silesicum and
northern Moravia. Fluids nature coincides well with sources
from Moldanubicum with pegmatite signature.

The used combination of genetic parameters, both from
natural sources and archaeological sites, is a very sensitive
methodological approach how to select and define the
provenance of rock crystal raw material.

Acknowledgements: Our investigation has been supported
by the research project MSM0021622427 and grant Kontakt 6-
06-11.

[1] Piichystal, A. (2009) Lithic raw materials in prehistoric
times of the Eastern Central Europe. MU, Brno (in Czech).
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Pietra ollare artefacts from Cervar Porat
(Istria, Croatia): composition and possible origin

Tiblja3, D.*", Balen, D.}, Simi¢-Kanaet, Z.> &
Girardi Jurkié, V.?

YInst. for Mineralogy and Petrology, Dept. of Geology, Faculty
of Science, Zagreb, Croatia ("dtibljas@geol.pmf.hr)
2Dept of Archaeology, Faculty of Philosophy, Zagreb, Croatia
3International Research Centre for Archaeology, Medulin,
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During archaeological excavations performed between 1976
and 1980 at a Roman villa rustica in Cervar-Porat located close
to the town Pore¢ (Istria peninsula, Croatia), among other Late
Antique period fragments (glass, metal, ceramics), fourteen
peculiar stone vessel fragments were discovered. They show
characteristic tracks of the manufacturing by means of lathe.
Vessels made by analogous processes from similar materials
have already been found at several localities at Croatian
Adriatic coast, but no systematic mineralogical study on this
kind of material was performed so far.

Two of these vessel fragments were recently investigated in
more detail by mineralogical methods. The first one (inv. no.
7912) is greenish-grey in colour (Fig. 1). X-ray powder
diffraction revealed that the only constituent of this fragment is
a chlorite group mineral. The mineral composition together with
visible schistosity indicates that source material was chlorite-
schist, a low—grade metamorphic rock. Such material is one of
different lithologies included by Italian term pietra ollare and
German Lavez.

The other fragment (inv. no. 7907) is dark greenish-grey on
the fresh broken surface and brownish on outer and inner vessel
surfaces. Distinctive bronze coloured flakes can be seen in some
parts. The fact that XRD pattern of the second fragment was
similar to the XRD pattern recorded on the material from the
first fragment after heating to 1100°C indicate that the second
vessel was most probably used for cooking, and during that
process it was exposed to elevated temperatures.

Fig. 1: Vessel fragment (inv. no. 7912), 8 cm wide, showing tracks of
manufacturing by means of lathe.

In order to determine possible origin of analysed fragments their
mineral and chemical composition was compared with those
recorded for samples collected in Valle d’Aosta and Valli di
Lanzo (north-western Italy) and literature data for pietra ollare
originating from other localities in Italian Alps.

Mineralogical and experimental study by FTIR of
archaic ceramics from Amathous (Cyprus)

Ventalon, S.**, Daniel, F.2, Frohlich, F.3, Fourrier, S.* &
Dubois, M.5
!GEOSYSTEMES, FRE 3298, Université Lille 1, Lille, France

(‘sandra.ventalon@univ-lille1.fr)

2CRPAA, UMR 5060, Université de Bordeaux 3, Bordeaux,

France
3Centre de spectroscopie infrarouge, Muséum national
d’Histoire naturelle, Paris, France
4HISOMA, UMR 5189, Lyon, France
5LGCgE, EA4515, Université Lille 1, Lille, France

Many ceramics of the archaic period have been found in the
archaeological Amathous site, southern Cyprus (Fig. 1).
Previous studies on these ceramics indicated a good agreement
between chemical analysis and the typo-chronological
classification [1]. However a geological survey and an
experimental study were required in order to complete these
data. The aim was to localize sources of raw materials (clay and
temper) and to understand the manufacturing methods,
especially firing processes.

The infrared spectroscopy and X-ray diffraction have been
used to characterize 44 materials sampled around Amathous, 10
ceramics fragments and the results of firing experiments.
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Fig. 1: Study area location within Cyprus territory

The Cretaceous marine clay (“Moni formation”) and the black
basaltic sand from the beach west of Amathous (used as temper)
were identified as the source of raw materials. In addition, firing
experiments show that ceramics were fired at 650°C (Fig. 2).
The red-fabric pithoi ceramics were made from the same
materials but firing temperatures are higher than 650°C.
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Fig. 2: Cooking ware and red-fabric pithoi spectra. Comparison with the
spectra obtained through experimental firing of raw material samples.

[1] Fourrier, S. & Hermary, A. (2007) EtChypr XVII.
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Characterization and provenance of building
stone from Notre-Dame-de-Gréace, Sérighan
(southern France)
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The restoration project of Notre-Dame de Grace church
(Sérignan, southern France, Fig. 1) was accompanied by a
detailed study of the building materials. The aim was to
characterize the various lithologies, their repartition on the
frontage (linked or not with reconstructions and restorations)
and their origin. Some substitution materials were also sought.

T
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Fig. 1: Notre-Dame de Gréce: photography and plan
(© Cabinet D. Larpin).

The macroscopic and microscopic investigation of 25 samples
from the edifice permitted to characterize 5 different stone
types: 1) bioclastic limestone, 2) sandy limestone, 3) Ostrea-
bearing limestone, 4) red-algae-bearing limestone and 5) fine-
grained limestone. All these materials were formed in the
carbonate shelf during Miocene.

The (1), (2) and (3) limestones correspond to the most
voluminous monument blocks and have a local origin. They are
found in old quarries around Sérignan and Béziers (Fig. 2). The
(4) and (5) types were respectively used for mullions of the
church windows and for the four pillars of the western frontage.
This two rock types originate in the still exploited quarries of
Beaulieu (4) and Fonvieille (5) (Fig. 2).
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Fig. 2: Source of building materials used for Notre-Dame-de-Grace,
Sérignan. The insert in upper left shows the position of the map within
France territory.

Traditional earthen building materials in the
Western Himalayas

Wimmer-Frey, 1.¥", Peresson, M.}, Gruber, M.2 & Krist, G.2
1Geological Survey of Austria, Vienna, Austria
("i.wimmer-frey@geologie.ac.at)
2University of Applied Arts, Vienna, Austria

The Tibetan mountain village of Nako in the Indian Western
Himalayas houses a Buddhist monastery temple complex dating
from the 11" - 12" centuries, which reflects both significant
aspects of Tibetan artistic and cultural history as well earthen
building traditions. Within the "Nako Project" dedicated to
saving the endangered temple buildings, the "Scientific study of
the Artwork at Nako, India", funded by the Austrian Science
Fund (FWF), addresses local clay raw materials used for the
historic temple structures and in recent local building practice.
The soils THAWA, TUA and SASSA make up the building
materials, the adobe, joint mortars and plasters, as well as the
supports of the sculptures in the four temples.

THAWA, meaning "earth" in local Bhoti language, consists
mainly of poorly sorted, gravel- and sand-sized detritus derived
from granitoids of the High Himalaya crystalline. THAWA has
a yellowish brownish colour. The clay content, and thus its
plastic component, is low. It is composed of quartz, K-feldspar,
albite and abundant mica. The mineralogical composition
suggests a granitic parent rock. The predominant clay minerals
of the fraction < 2 um are illite/muscovite and chlorite, both of
detrital origin. Small amounts of kaolinite and traces of
vermiculite occur. The plasticity index is low, the shear strength
is rather high.

TUA is most likely a fine-grained deposit of a glacial lake.
It is light grey in colour. The silt- and clay-content of TUA is
high, which gives better plasticity properties, also expressed by
a higher plasticity index. The bulk rock mineralogy consists of
calcite, quartz, mica, chlorite and little feldspar. The clay
mineral assemblage of illite/muscovite, chlorite and low
amounts of kaolinite is very similar to THAWA.

SASSA is a greenish white, well-compacted, unstratified
deposit, resembling a till. Similar portions of gravel, sand, silt
and smaller amounts of clay produce extremely poorly sorted
sediment. Varying amounts of dolomite, calcite, amphiboles
and pyroxenes are the main constituents of the bulk mineralogy.
Besides illite and kaolinite in traces, the predominant clay
minerals are a mixed layered smectite/chlorite and/or a smectite.
SASSA shows the highest plasticity index and the lowest shear
strength of the three types.

Adobe, joint mortars, plasters, and sculpture supports show
similar grain size distributions and similar mineralogical
compositions. They consist of a mixture of THAWA and TUA
and plot along a line indicating a mixing ratio of 4:1, which is
still used as a recipe for plastering, passing on the tradition of
the old building history of the temples. Additionally, fibres
deriving from plants, animal hair and skin, ash, as well as
proteinaceous binding materials were found admixed to the
local soils in order to improve the strength and plastic qualities
of the historic building and support materials. The use of
organic additives correlates with Buddhist literature sources.
SASSA, nowadays used as water resistant coating for indoor
walls, was detected only in one case of a later sculpture repair.



126 CH30G - Archaeometry (general session) — poster

Raman spectroscopic study of ancient potteries
in Thailand: Wiangkalong pottery samples

Won-in, K.}, Pongkrapan, S.!, Dararutana, P.%?,
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The aim of this work is to explore the potential of Raman
spectroscopy in assessing the chemistry and mineralogy of
ancient potteries from Wiangkalong, a major ceramic-
production city in northern Thailand, once colonized by the
ancient Lanna Kingdom (1296 AD). Potteries from such locality
were produced with shapes and designs resembled those of the
Chinese Yuan and Ming Dynasties. Fragments of the pottery
samples from Wiangkalong were analysed for the first time.
Characterizations of clay minerals were also carried out using
X-ray diffractometer and scanning electron microscope
equipped with energy dispersive X-ray fluorescence
spectrometer. These instruments in combination have been
proved to be useful in archaeological science research.

The experiment results showed the peculiar components of
ancient ceramic bodies. As for an example, the result of
corresponding Raman spectra probed at specific areas on a
fragment of an ancient bowl showed different absorption
patterns (Fig. 1). This reflects the differences in matrix
compositions, both chemically and mineralogically, of the areas
measured. The research results based on instrumentations
mentioned above showed that the body matrix mineralogy of
the Wiangkalong potteries is highly heterogeneous, suggesting
the presence of large variety of minerals and trace elements in
the clay, as well as the variable conditions of firing control.
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Fig. 1: Wiangkalong pottery fragment (upper image), and the Raman
spectra corresponding to the specific areas pointed as 1, 2, and 3, which
are the enamel, the flower muster, and the matrix respectively (lower
image).
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Implications of phase transitions on fire-
generated decay of building granites
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Madrid, Spain (‘mgh@geo.ucm.es)

%Instituto de Geologfa Econémica (CSIC-UCM), Madrid, Spain

Fire stands out among building stone decay agents because it
generates irreversible disruptions, with long-lasting effects, in a
very short period of time [1]. In the past few years, research on
fire decay of building stone has drifted from mere observations
of bulk changes after fires to focus mainly on mineralogical-
scale processes as a key for understanding the larger scale decay
effects of fire on stone.

This paper focuses on the effects of high temperature on
building granites to show the key role of mineralogical phase
transitions in the development of decay forms (such as
cracking) during fires and in the long-term behaviour (through
the modification of argilization patterns) of granites after a fire.

To achieve this, a series of experimental techniques with
novel approaches, such as Environmental Scanning Electron
Microscope (ESEM) with heating stage and X-Ray diffraction
(also with heating stage) were used. These were combined to
Transmission Electron Microscopy — Electron Diffractometry
for mineral characterization before and after heating.

Additional studies were made to characterize changes in
reactivity of feldspar after being heated and the relations
between feldspar phase transitions and the increase of
argilization observed in the burnt areas of building granites
affected by historical fires [2].
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Fig. 1: ESEM image of quartz at 700°C showing the cracking generated
by the a—f quartz transition.

Results show that a—f quartz transition at 573°C is the main
process involved in the generation of cracking during both
heating and cooling of granite. Together with this, the amount
of defects in feldspar lattice changes during heating. The
interaction of these deffects generate strains that contribute to
exarcebate grain boundary disruptions, in addition to promoting
textural changes in the feldspar that may be related to an
increase of reactivity and contribute to the modification of
argilization rates in the long term, as observed in samples of
building granites undergoing historical fires.

[1] Gomez-Heras, M. et al. (2009) J. Archit. Conserv., 15(2),
47-58. [2] Gomez-Heras, M. et al. (2006) in Kourkoulis, S.K.
(ed.) Fracture and failure of natural building stones. Springer,
Dordrecht, 427-437.

Mineralogical indicators of the magnitude of
sandstone decay on Scottish buildings

Duthie, L.Y, Lee, M.R.}, Phoenix, V., Kennedy, C.> &
Hyslop, E.2
'Dept. of Geographical & Earth Sciences, University of
Glasgow, UK (“duthie@ges.gla.ac.uk)
ZHistoric Scotland, Edinburgh, UK
3British Geological Survey, Edinburgh, UK

Here we have asked how decay mechanisms and rates can be
evaluated using the mineralogy, chemical composition and
molecular structure of detrital and diagenetic minerals present
within Scottish sandstones. This is important because to treat
and conserve stone-built historic monuments, we have to
understand the full depth and range of mineralogical change
within the material. At what stage is the decay, are all minerals
present suffering, or has only one mineral been affected?

The buildings of south-west Scotland (in particular City of
Glasgow) have suffered much weathering in the 150-200 years
since construction due to the cold wet climate and past
industrial pollution. The main rock forming minerals within
these blond Carboniferous sandstones are detrital quartz, Or-
rich alkali feldspar and mica, with diagenetic kaolinite, quartz,
ankerite and iron oxides. One key indicator of the magnitude of
weathering is dissolution of ankerite cement, which sometimes
leaves a skeletal iron oxide pseudomorph. These effects have
been detected to a depth of 10 mm in a variety of sandstone
samples.

Fig. 1: SEM image of partially weathered ankerite.

Not all of the Glasgow sandstones have a carbonate cement,
therefore other minerals have to be explored to help identify the
full weathering profile. For example, the movement of iron
oxides, mobilised from depth and reprecipitated close to the
surface, has long been associated with Scottish stone decay [1],
and we have explored whether Raman spectroscopy can be used
to distinguish these different generations of oxides. Using
Fourier transform infra-red spectroscopy, [2] concluded that
during weathering of sandstones from Sydney, Australia, the
original kaolinite had become unstable and polymorphs had
formed within the weathered section. Using Raman
spectroscopy we hope to identify these subtle alterations of the
clay structure to pinpoint the depth to which weathering has
penetrated. The sheet structure of mica means it may also be
sensitive to weathering and may show different levels of
alteration.

Our preliminary results confirm that these sandstones have
been structurally weathered by decay and that different minerals
have the potential to track these changes.

[1] Bluck, B.J. & Poter, J. (1991) Stone Industries, 26, 21-27.
[2] Ip, K.H. et al. (2008) Spectrochim. Acta A, 71, 1032-1035.
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The weathering mechanism of limestone monuments located in
urban, industrial and rural areas were studied. Black weathering
crusts, settling dust and host limestone samples were collected
in Hungary and Germany at 13 sites. Micro-fabric (microscopy,
SEM), mineralogical composition (XRD) and trace element
distribution (LA-ICPMS) were analyzed to understand the
contribution of dust to the formation of weathering crusts.

The morphology of weathering crusts are very similar in
urban and rural areas, meanwhile the micro-fabric rather reflects
the morphology than the location (urban or rural). Laminar and
dendritic black crusts have been found in both countries in
urban, in industrial and in rural areas. Gypsum is the primary
reaction product at the limestone/air pollutant interaction
surface with different concentrations at urban and rural sites.
Both weathering crusts and the dust found at urban sites are
enriched in gypsum.

In dust samples siliceous fly-ash particles are more
common, than carbonaceous ones in both countries indicating
the longer term stability of these particles. Mineral fragments in
dust are abundant and their composition represents the geology
of the background area. Gypsum crystal aggregates were also
identified within dust samples indicating the rapid sulphation
process. Lead mostly accumulates in dust, but also in the black
crust. According to LA-ICPMS analyses the highest lead
concentrations were found not on the surface of the black crust
but close to the crust/limestone boundary especially in the
samples, which were collected from urban areas of Budapest
and Cologne. As expected, lower levels of lead were found in
samples of rural areas, having higher concentrations in the black
crusts and lower ones in the host rock

The present study suggests that both settling dust and black
crust samples collected from limestone buildings could be used
as environmental indicators of past and recent pollution levels.

The role of calcium phosphates in calcium
oxalate patinas

Vazquez-Calvo, C.", Alvarez de Buergo, M.}, Fort, R.! &
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YInstituto de Geologia Econémica (CSIC-UCM), Madrid, Spain
("carmenvazquez@geo.ucm.es)
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The calcium oxalate patinas found on historical monuments
have long been studied [1-3]. On occasion, they have been
associated with calcium phosphates. While some authors
attribute the compound substantial or relative importance,
others fail to mention its presence, perhaps because the methods
used are not the most suitable for its detection.

The present study introduces a re-assessment of the
presence of calcium phosphate in calcium oxalate patinas, as
well as of calcium phosphate patinas in which no calcium
oxalate was detected [4]. A number of hypotheses and theories
about the origin of these patinas are discussed. The most
suitable methods for identifying calcium phosphate are
described, along with their drawbacks and the drawbacks to
other methods. Recent reports of calcium phosphates on
Spanish monuments [5,6] are compared to earlier findings and
the possible origin of this compound is discussed. A
classification of patinas based on their phosphorous content and
characteristics is also put forward. Finally, a new nomenclature
is proposed.

Acknowledgements: This research was funded under the
Consolider-Ingenio 2007 (CSD2007-0058) and Geomateriales
(S2009/MAT-1629) programmes.

[1] Lazzarini, L. & Salvadori, O. (1989) Stud. Conserv., 34, 20-
26. [2] Salvadori, O. & Realini, M., (1996) in Realini, M. &
Toniolo, L. (eds.) Il Int. Symp. The Oxalate Films in the
Conservation of Works of Art, Milan, Italia. EDITEAM s.a.s.
Gruppo Editoriale, 335-352. [3] Vazquez-Calvo, C., Alvarez de
Buergo, M. & Fort, R. (2007) in Prikryl, R. & Smith, B. (eds.)
Geo. Soc. London - Sp. Publ., 271, 295-307. [4] Polikreti, K. &
Maniatis, Y. (2003) Sci. Total Environ., 308(1-3), 111-119. [5]
Vazquez-Calvo, C., Alvarez de Buergo, M. & Fort, R. (2006) in
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Weathering and Conservation, 21-24 June 2006, Madrid.
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Vazquez-Calvo, C., Alvarez de Buergo, M. & Fort, R. (2008) in
Lukaszewicz, JW. & Niemcewicz, P. (eds.) 11th Int. Congr.
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Granites are very durable materials. When they are placed in a
building, their surface is exposed to a wide range of weathering
agents, among which, pollution must be remarked [1]. SO,
exposure may affect Ca-minerals such as plagioclase, or
produce Fe-minerals oxidations [2].

Four granites (two grey and two pink granites) commonly
used as ornamental stone all along the world, were exposed to
SO, action. This test was carried out following the standard
UNE-EN 13919:2003 but with some modifications. The test
was divided into two parts, one for macroscopic evaluation with
slabs to measure surface properties (colour, gloss and
roughness), and another with smaller specimens for microscopic
evaluation and chemical analysis. Both tests were carried out
with different temperatures (20° and 60°C) and concentrations
of the solutions (150 and 350 ml of H,SO; for 500 ml of total
solution).

Fig. 1: Detail of plagioclase after SO2 exposure. The orange colour is
due to Fe oxidation.

After three weeks of SO, exposure, changes in colour, gloss and
roughness are measured. Colour changes are very remarkable in
grey granites, showing a homogeneous yellowing, which is
more intensive with higher temperature. Even orange spots may
be observed on some slabs. Pink granites show and increase of
red and yellow colours in the measurements, nevertheless with
naked eye the variations are not very evident. Gloss exhibits a
decrease in all the granites about 30% in relation to original
values. Roughness shows an increase in peaks, due to the mica
detachment. This effect is more evident in grey granites at low
temperature, and in pink granites at high temperature.

The main characteristics found by microscopic evaluation
are that there are a lot of crystal habits in all the tested
specimens, but they are more developed in low temperature
tests (at 20°C gypsum crystals are rather prismatic and at 60°C
rather acicular). Crystals do not appear in all minerals equally,
they tend to crystallise in Ca rich minerals or in those with
higher relief. There are crystals with a lot of impurities not
showing the typical gypsum habit.

[1] Siméo, J., Ruiz-Agudo, E. & Rodriguez-Navarro, C. (2006)
Atmos. Environ., 40(36), 6905-6917. [2] Kovacs, T. (2009)
Tesis de Doctorado, Universidad de Oviedo.
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There are many historical monuments constructed from past to
present by different civilizations in Nigde region located in
Central Anatolia. Tyana aqueducts as a continuation of the
Roma Pool are one of these historical monuments. The
aqueducts that carry the antique Roma Pool’s water to Tynana
thought to have been made by the Roman Emperors Trajan and
Hadriyen. 1.5 km part of approximately 3 km long aqueducts is
apparent, the rest of it is under ground and it is useless. In
historical monuments determination of engineering properties
of the rocks used is very important in terms of conservation of
these historical monuments and transmitting these buildings to
the next generations. In this study, the rock type, deterioration
occured in the stone, the problems originated from the selection
and use of stone was evaluated. In aqueducts travertines were
used as a building block. Due to different textural properties
five different block samples were complied. Laboratory studies
were performed to determine the mineralogical, petrographic
and geomechanical in the collected samples. To identify the
mineralogical properties of travertines XRD analysis were
performed. Petrographic properties of travertines were
determined on thin sections using polarizing microscope. To
determine the geomechanical properties of travertines dry and
saturated unit weight, water absorption, effective porozity,
stability index against dissolution in water, P- wave velocity
and uniaxial compressive strength experiments were conducted.
Moreover, Schmidt hammer hardness measurements were
performed on site with the different levels and different textural
characteristics of the belts on the travertines. The samples with
fine-grained, massive-textured and low porous properties were
found to show relatively higher strength values according to the
experimental data obtained from these samples. In most of
travertines used, the weathering effects are very low. In
destruction of Tyana aqueducts, beside the human effects,
selection of small sized stone dimensions (especially the sones
used in belts as a keystone) and the stone usage from the same
quarry but showing different and bad features are thought to be
effective.
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We have been involved with multiple geologically-related
aspects of the rehabilitation of the interior of the Cuyahoga
County Soldiers” and Sailors’ Monument, a splendid 1894
Victorian Monument located in downtown Cleveland, Ohio.
This has included identification of various stone types based on
observations of in-situ stone, microscopic examination of
broken pieces, and, in the case of marble, thin-section
examination. We also conducted investigations of bowed slabs
of marble inside the monument and we evaluated the latex
product used in cleaning marble inside the monument. In
addition, we researched archival and historical sources for
information on the stone used for the monument, finding a key
article that confirmed that most of the white marble had been
colored and this led to its re-coloration. Our investigation of
bowed marble and our observations related to the cleaning and
coloring of the stone have been reported elsewhere. We here
summarize these findings and provide additional observations
and conclusions.

White marble used inside the monument is from Carrara or
is a stone very similar to Carrara. Some of it was stained
yellow, and before cleaning resembled Siena Marble. We
identified a dark gray, crinoidal limestone used as trim inside
the monument as one of the Belgian “marbles” or a stone very
similar to the Belgian stone. Some of this had to be replaced,
but an easily obtained black “granite” was used instead of
limestone. The original gray trim had been stained black and
was re-colored black, so the two stone types cannot be easily
distinguished.

The latex product sprayed onto the stone as a cleaning agent
did work effectively for the most part. Solidified latex pulled
from the marble was analyzed using an environmental Scanning
Electron Microscope. These samples showed grains of calcite
attached to the latex as well as grains of Ca- and S-rich material,
probably calcium sulfate. The sulfur-rich material was fuzzy-
globular to bladed when seen with the microscope. It is likely
that this material (probably gypsum) formed sometime in the
history of the monument due to a chemical reaction of the
calcium carbonate with acidic water or air. The sulfation of
marble is well documented for the exteriors of buildings, but not
interiors. Veining in the marble may have facilitated the
movement of water through the stone.

The multiple facets of our work on the monument show that
it is useful to have geologists involved with all stages of
restoration projects that involve stone. Our work on the interior
of this building also has broader implications as it shows that
the same type of problems (bending of marble slabs; the
formation of sulfur minerals) that are widely known to occur on
the exterior of buildings may also occur within buildings.

Mineralogical and textural changes in historical
lime mortars

Lépez-Buendia, A.M.", Rodriguez-Guanter, M.J.! &
Urquiola, M.M.2
IAIDICO, Paterna, Valencia, Spain (“angel.lopez@aidico.es)
?Dept. Geologia, Universitat de Valéncia, Spain

Historical lime mortar suffers mineralogical and textural
modifications since they are mixed and placed in the buildings.
Carbonatation of lime produces calcite as stable mineral
although other unstable carbonate mineral phases can also
appear during the process of hardening to form a hard binder. In
normal conditions, carbonatation is produced from external to
internal section of the mortar. The transformation is not stable
along the history of the building and the mortar suffers changes
of dissolution and crystallization that are affected mainly by the
water  availability  (humidity, capillarity, rain) and
hydrodynamic in the mortar microstructure and environment.

Some studied core drill sections of mortars from historical
buildings were selected and characterized with and X-ray
diffraction and microscopy, having different concentration
calcite and products of alteration along the section. Calcite from
lime was identified also by X-ray diffraction with a high
crystallinity and purity, compared with aggregates. The
methodology can determine changes of the calcite binder along
the mortar profile, indicating the dynamic of calcite dissolution
and precipitation with internal dissolution domain to external
precipitation. A sub-zone of dissolution also appears showing 2
cm of affected depth. The mechanical result is an external hard
crust with high concentration of calcite and an internal part with
a week wall mortar of a low content of a new precipitated
generation of zoned calcite. This model is quite general and
affect as much to the mortar of ashlars as the blocks masonry.
This phenomenon affects mainly to the aerial lime mortar, but
has been also detected in hydraulic lime and the stone.

Gypsum is generally assumed than is related with alteration
of calcite in presence of pollution with high sulphur content.
The results suggest that gypsum formation has been made from
the calcium and bicarbonate rich water rather than the alteration
of calcite directly.

A model of mineral mobilising in a masonry wall with lime-
based mortar is proposed, as well as the degree of mechanical
effect that this calcite dissolution and precipitation can produce
into the building structure.
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The effectiveness of the sepiolite poultices has been carried out
for the extraction of salts (CI, NO’;, SO7,) in clay rich and
porous sandstones [1,2]. One of the most important decay
processes in the monuments is salt crystallization. The aim in
this study is to reproduce in the laboratory the situations usually
found in practice in altered stones for which conservation
desalting is recommended. Three varieties of Villamayor
Sandstone, employed in the monuments of Salamanca (World
Heritage City, NW of Spain) have been selected [3]. The
Villamayor sandstone is an arkosic stone whose skeleton
comprises grains of microcline, plagioclase and quartz, involved
into palygorskite and illite/mica [4]. The varieties selected are:
i) VAC: fine-grained, microporous, is partially cemented by
dolomite, 27% (bulk porosity), ii) VF: ochre and fine-grained,
microporous, with smectite, 30% (bulk porosity), iii) VHN:
medium-grained, 38% (bulk porosity) [5].

Blocks 5x5x5 cm in size were studied and salts precipitated
inside following the Vicente and Vicente-Tavera method [6].
The salt-extraction process is carried out by the consecutive
application of three poultices of sepiolite. For every application,
the samples were introduced in closed boxes of 7 cm of edge,
completely submerged in the poultice during three days. The
paste was removed and was performed following the Ifiigo et al
method [7].

The order of salt removal in the first extraction was
according to the mineralogy of the phyllosilicates in each
selected varieties, and porosity. Thus, the VHN variety (Fig. 1)
was able to extract more anions (without smectite and highly
porous), then the VF (smectite and medium porosity) and later
on the VAC (contains dolomite and less porosity). The retention
of the ions (CI, NO3, SO7,) for the phyllosilicates is higher
than the poultice of sepiolite (agent to removal). This is
explained because the skills of retention of anions are great in
the dolomite than in the smectite.

Acknowledgements: Authors thank financial support from
JCYL (SA024A07) and MCYT (CGL2007-62168).
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Fig. 1: Results of the analysis after the three extractions treatments on
the Villamayor sandstone variety (VHN).

[1] Trujillano, R. et al. (1995) Appl. Clay Sci., 9, 459-463. [2]
Carretero, M.I. et al. (2006) Appl. Clay Sci., 33, 43-51. [3]
Garcia-Talegon, J. et al. (1998) Color Res. Appl., 23(1), 46-51.
[4] Vicente, M.A. et al. (1993) in Thiel, M.J. (ed.) Causes of
Disorders and Diagnosis, Chapman & Hall, London, England,
1, 320-327. [5] Herrero, H. et al. (2007) in Perez-Rodriguez,
J.L. et al. (eds.) Jornada Cientifica de la SEA, Sevilla, Spain, 6.
[6] Vicente, M.A. & Vicente-Tavera, S. (2001) Clay. Clay Min.,
49(3), 227-235. [7] Ifiigo, A.C. et al. (2001) Ultrason. Sonochem.,
8(2), 127-130.
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Mineralogical characterization of the building materials
provides valuable information on their use and provenance.
Additionally, by analyzing mineralogical composition and
micro-fabric alteration processes and possible changes related to
former conservation actions are detected. Mineralogical studies
are also crucial from the point of view of archaeology and art
history since it gives us a picture of the construction
methodologies followed in the past. At the same time, the
achieved information is indispensable for the appropriate design
of any intervention needed in the conservation of a monument.

The example of the Ruin Garden of Székesfehérvar in
Hungary was selected for the demonstration of the importance
of these methods. That assemblage of monuments in
Székesfehérvar is of a great historic importance since it served
as the coronation and burial church for most of the Hungarian
kings in the Middle Ages. Moreover, its several reconstructions
and expansions throughout history and the presence of several
lithotypes found among the remained building and decorative
stones makes the research related to the materials crucial not
only for the conservation of that specific monument but also for
a series of other historic structures in the Hungarian territory.

A total of 65 samples were collected both from left over
pieces and the existing walls and went under mineralogical
investigation. The microstructure and fabric of the samples were
examined by polarizing microscopy, and Scanning Electron
Microscopy (SEM). X-ray diffractometry (XRD) was applied
for the identification of the main mineral phases. Limestone was
found to be the prevailing stone type among the studied
materials, including ooidal peloidal types of different grain
sizes, red bio-micritic, shelly, foraminifera-bearing limestones
and travertine. Polimict sandy calcarenite, marble, quartz-
porphyre rhyolite and silica-cemented red sandstone were also
found.

As a further step for understanding the behaviour of the
three most relevant materials, additional samples were taken
from local quarries with similar physical and mineralogical
characteristics: a medium-grained and a coarse-grained oolitc
limestone from Sdskat and a Red compact Limestone from
Tardos, Hungary. When comparing the micro-fabric of the
samples from the monuments and quarries under the SEM it is
visible that the samples from the monuments show some
alterations. The oolitic limestone is composed of micritic to
micro-sparitic calcite crystals. The calcite crystals of the freshly
quarried samples show clear crystal faces with no dissolution
features, while the samples from the monuments display various
forms of surfaced alterations. Besides micro-cracks small
crystal aggregates and secondary calcite crystal growth was
detected on weathered samples of the monument by using SEM.
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French porous limestones are able to absorb large quantities of
water. This phenomenon will accelerate the deterioration of the
material. In such cases, the material might be treated with a
hydrophobic product, which creates a superficial layer that
hampers the penetration of water. In order to decide if such a
treatment should be applied or not, the water absorbing
behaviour of the material should be measured. With the same
measuring technique the efficiency of the hydrophobic barrier
can be evaluated. Moreover, it allows the monitoring of such
barriers as a function of time. At the same time, the water
absorption of porous stone material is an indication of the
degree of deterioration and its sensitivity to future deterioration.
Up to now, two different measuring techniques exist, the
capillary rise method and the Karsten pipe. The latter can be
operated in laboratory as well as in situ, but is not always
reliable for in situ analysis. This research proposes an
alternative method: the contact sponge method. The contact
sponge method consists of a contact-plate, containing a humid
sponge. The contact plate is pressed against the stone surface
and is weighted before and after contact with the surface. The
difference in weight corresponds with the water absorption by
the stone. Results can be expressed by the mass difference as a
function of area and time. This recently developed method was
tested on non-treated and treated porous stone materials in a
laboratory environment by traditional techniques and highly
advanced imaging techniques such as X-ray CT, in order to
evaluate its performance in comparison with the two existing
methods.

Mineralogical and textural patterns for fluids
migration and consolidation
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The pathways of the fluids of the natural stone are a very
relevant parameter with a wide range of applications. In
conservation and restoration, consolidation of stone can be used
applying resin injection or, eventually, with other inorganic or
organic components. In damage prevention, salt-rich water
migration can trigger the apparition of diverse pathologies, such
as eflorescences, and crypto-eflorescences, which are related to
the precipitation of salts dissolved into the fluids, on the
surfaces or inside the rocks. The pathologies could decrease
dramatically the mechanical properties of the materials, as well
as to produce a loss of the esthetical effect of the stones.

The dynamic of fluids through the stone depends on
properties related with the liquid (surface tension, viscosity) and
the mineral (surface energy) as well as their interaction in the
pathway media (pore size distribution) and with the
environment (pressure). Contac angle measurement was applied
was applied as a direct and quick method for wettability
determination of the parameters controlling the fluids
circulation. Liquids with different polarity and known surface
tension were used for the energy surface approach of the
mineral. Porosity was evaluated by petrography analysis, Hg
porosimetry and capillarity. The energy surface shows
significant mineral variations, following the trends, as follows:

dolomite>sparry calcite>micrite calcite>quartz >micas

The methodology was applied for consolidation of stone
using resin with different surface tensions. Results were
evaluated using the penetration depth into the stone and the
mechanical effect of the consolidation.
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Neogene limestone resources from Crete/Greece were
mineralogically and chemically characterized as potential raw
materials for the production of hydraulic lime binders in order
to be used in restoration and conservation applications. A series
of calcination experiments was undertaken in the range 850 -
950 °C for 3, 6, 9 and 12 hours respectively, followed by rapid
cooling. The calcination products are characterized as eminently
natural hydraulic lime binders [1].

The evaluation of the X-ray powder diffraction patterns
evidences the presence of dicalcium silicate, entirely of the -
Ca,Si0, monoclinic polymorph phase, space group P2,/n. The
amount of p-Ca,SiO4, which is the major hydraulic phase,
increases at higher temperatures and longer residence times.
Lime, gehlenite, aluminate and ferrite phases, and quartz are
present in minor amounts. The range of diffraction scans from
30° to 46° 20 (CuKoa) encompass the interval of strong
diffraction peak intensities. The first and the second strongest
reflection of $-Ca,SiO, at 32.14° and 32.57° (260) (d=2.77 A-
2.74 A), overlap certain peaks of other minerals present, thus
influencing their height and width. However, the reflection at
20=41.19° (d=2.1898 A) is appreciable, free of any overlapping
and quite intense. An estimation of the average crystallite size,
by the Scherrer equation, is proposed here in, taking into
account the line broadening at half maximum intensity
(FWHM), of this reflection which appears in each calcination
condition. The cell parameters have been calculated from the X-
ray powder patterns using the Diffrac plus software (Brucker
AXS). Representative results are shown in Table 1.

Table 1: Crystallographic data of the -Dicalcium silicate phase in
various calcination conditions

Cell parameters (1) (2) (3)
a(A) 5509(5) | 5512(5) | 5514(5)
b (A) 6.755(5) | 6.756(5) | 6.758(5)
7)) 9.306(5) | 9.310(5) | 9.313(5)
Angle 93.95° 94.12° 94.28°
Average crystallite size (A) 260 295 325

(1) 850° C, (2) 900° C, (3) 950° C and 12 hours of firing respectively

The calcination conditions directly affect the crystallinity of the
S-Ca,SiO, phase, since a significant increase of the average
crystallite size is observed, at higher temperatures and longer
residence times. The crystal size of the $-Ca,SiO4 mineral phase
present is considered to be sufficient small and it does not
transform to the y-Ca,SiO,4 upon cooling [2]. The precence of
other elements in the raw material, such as Al, Na, K, Mg, Fe,
etc., may contribute to the stability of the g-phase. There is no
significant change in the values of the cell parametres, except in
the case of angle 5, whose values increase under intense firing
conditions. These lattice parametres are quite similar with those
reported by [3].

Due to this investigation, the amount of -Ca,SiO, appears
to be well crystallized and of a more stable structure at higher
calcination conditions, which is important since the hydration
process of this phase is slow.

[1] EN 459-1 (2001) Building lime: Part 1. Definition,
specification and conformity criteria. [2] Chan, C.J. et al.
(1988) J. Am. Ceram. Soc., 75, 1621-1627. [3] Udagawa, S. &
Urabe, K. (1978) Semento Gijutsu Nempo, 32.
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The use of composite construction materials, such as mortars, is
evident throughout the history of mankind. Mortars with various
binding materials have been used across different pre-historic
and historic periods to meet several construction applications,
such as jointing masonry blocks, finishing walls and isolating
water bearing structures.

In the framework of an ongoing research, more than 70
samples of mud, gypsum and lime mortars from different
archaeological sites and historic buildings and monuments (i.e.
cisterns, water mills, churches and fortifications) in Cyprus
have been collected and studied following a systematic
analytical approach. Here we present macroscopic observations
and experimental results on selected lime-based mortar
specimens, aiming to characterize these samples and to
determine their composition and properties, in order to
reproduce appropriate repair mortars by reverse engineering.
We focus on petrographic observations of thin sections carried
out by polarizing optical microscope. Scanning electron
microscope  equipped  with  energy  dispersive  X-ray
microanalyser (SEM-EDX) is also used to examine the
microstructure and texture of the mortar samples and to
determine semi-quantitatively the chemical composition and
interface of their binders. X-ray diffractometry (XRD) is
performed to identify the main mineral crystalline phases of the
specimens, while their physical properties (i.e. open porosity
and bulk density) are also determined by vacuum saturation
using water as the wetting liquid. The samples also undergo
mercury intrusion porosimetry (MIP) analysis in an effort to
collect further information about their pore structure and
volume. Last but not least, a portable drilling resistance
measurement system (DRMS) is used for a micro-destructive
assessment of their mechanical state.

Our macroscopic observations and experimental results
confirm that the studied mortars differ in terms of colour,
texture, grain size and surface roughness. Petrographic
observations provide evidence that the samples mostly consist
of fine to medium bioclastic aggregates and aggregates of a reef
limestone nature. Traces of feldspars are also observed in some
cases.

SEM photos provide occasional evidence of boundary
reactions at the interface between the (calcitic) binding matrix
and some small (angular, sub-angular and rounded) reddish
inclusions of size 1-3 mm. These inclusions are identified by
EDX as regions of silica-alumina composition. XRD analyses
confirm that calcite is the main mineralogical constituent of the
studied historic mortars. These analyses also confirm the
occasional presence of calcium aluminosilicate compounds in
some of the specimens. We presume that these compounds
originated from the addition of crushed brick or ceramic powder
in the original mortar mix. The latter has probably been used in
the absence of natural pozzolanas on the island to enhance the
performance of mortars, increase their mechanical strength,
adhesion and hydraulicity and prolong their longevity.

It is anticipated that the results of this study will prove to be
useful in understanding the production technology of ancient
lime-based mortars in Cyprus. It is also expected to contribute
towards the design of new compatible mixtures that may be
used in the conservation and restoration of monuments and
historic structures.
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Materials of decorative stuccoes on an historic
theatre of the early XX century in Bari
(Southern Italy) and study of the fire effects

Calia, A", Lettieri, M., Masieri, M. & Quarta, G.
CNR- Institute for Archaeological and Monumental Heritage,
Lecce, Italy ("a.calia@ibam.cnr.it)

This paper sets out the study of decorative stucco elements in
the Petruzzelli Theatre in Bari (Southern Italy), consisting of
mouldings and decorations in greater or lesser relief present on
the ceilings and walls, and on statues. The Petruzzelli Theatre is
an important example of a nineteenth century “Politeama” (i.e. a
venue intended for various forms of live entertainment) which
was inaugurated in 1903. The stuccoes were affected by the fire
which struck the Theatre in 1991, causing serious damage to the
main auditorium, whose furnishings and roof were almost
completely destroyed; the foyer was less badly affected, and a
large part of the decorations (stucco, papier-maché and wood)
on the walls and ceilings remained intact.

Examination by naked eye detected diverse forms of
damage to the decorations (Fig. 1); both, extensive blackening
due to the presence of combustion deposits, and superficial
“roasting”, crumbling, cracks and separation of the stuccoes
from the wall were observed in the areas affected by the flames.
In contrast, in the areas furthest from the heart of the fire the
damage appears to be basically due to the effect of high
temperature fumes, with the presence of combustion deposits,
underneath which the material is apparently intact.
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Fig. 1: a: Stuccoes of stage box affected by the fire; b, c: Stuccoes of
Foyer covered by a layer of combustion deposits; d: Piece of stucco
fallen from the stage box decorations; e: Golden stucco in area not

affected by the fire.

The present study aims at the characterization of the constituent
materials and the painted surface decorations, as well as
ascertaining the effects of the fire.

It was carried out on the samples from the surviving parts of
the stage-box decorations, directly affected by the fire, and on
those present inside the foyer, affected by the fire to varying
degrees. These stuccoes were compared with samples not
affected by the fire, which were taken from rooms next to the
Theatre.

The composition and structure of the stuccoes were
investigated by Optical microscopy in transmitted and reflected
lightt DRX, FT-IR, DTA-TGA, ESEM with EDS
microanalyses.

The combined analyses pointed out different kinds of
stuccoes in terms of mineralogical-petrograhical composition.
The effects of the fire action were identified in new
mineralogical phases, coming from the de-hydration of the
gypsum binder, as well as from the mineral pigments used in
the painted layers. Microcracks in the stucco groundmass,
detachments and melting phenomena of the superficial
finishings were also observed, as well as micro-blisters likely
due to the burning of the oil binder.
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Deterioration of the Sasov castle (Slovakia) and
replacement material for the weathered building
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The Sasov castle in Middle Slovakia belongs to the cultural
heritage, being one of the national monuments. The ruins of the
medieval castle on a volcanic hill above the Hron River are a
characteristic landmark, 4 km SE from the town Ziar nad
Hronom. In 1997 the condition of the buildings was
documented. In a revision after 12 years, the comparison with
the previous documentation revealed the fastest deteriorating
parts. Searching for the reasons, an engineering geological map
of the castle hill was created, showing the relation of tectonic
faults and slow slope movements (tilting) with cracks in the
masonry and some collapsed walls. Most of the cavities and
overhangs in the remaining masonry are due to the weathered
binder. Intensive weathering of the building stone, studied
within the project VEGA 1/0413/09, caused other reasonable
part of the damages.

The masonry is built mainly of Neogene andesite, which is
common in this area, as part of the volcanic Stiavnicke Vrchy
Mts. More altered highly macro-porous stones show some
yellowish-brownish coatings on the surface and fissures. The
comparison of some better preserved building stones with the
rock in an old local quarry showed a very good match in the
properties (mineral assemblage, colour, porosity, strength) with
the most altered parts in the rock mass. The accessible but more
weathered rock of the upper part of the quarry was exploited as
first for the castle. Exposed to environment on the castle hill
without any cover, it disintegrates faster than in the rock mass.
Volume changes due to smectite swelling as well as freezing-
thawing processes in the effective pores probably enhance the
deterioration. The most altered building stones are almost white
and disintegrate into sand. But there, the X-ray diffraction
indicates the possibility of other source or an epiclastic origin.

The sound quarry stone is an andesite of dark grey colour,
from medium-grained to aphanitic texture, micro-porous, and
extremely strong. Results of the X-ray powder diffraction
showed that the mineral assemblage is dominated by andesine
(62 wt%) and amorphous phases/glass (27 wt%). As minor
phases, augite (8 wt%) and magnetite (3 wt%) were identified.
With increasing alteration, smectite content is increasing up to
22 wt%, while augite, magnetite and amorphous phases are
decreasing. A considerable part of the macro-pores is the result
of selective leaching of weathering products, even when some
of the macro-pores are primary voids, caused by the rapid
cooling of the melt near the surface. Comparison of the sound
rock with the altered one shows an increase in total porosity
(from 2.4% to 21.2%) and in effective porosity (from 2.2% to
15.0%). There is a clear relation between the porosity and
smectite content on one side, and the uniaxial strength (tested
by the Point Load Test) on the other side. The strength dropped
from 270 MPa to 51 MPa for more weathered macro-porous
stone. Enlin-Neff tests on rock powders proved higher water
adsorption in the weathered rock mainly due to the smectite
content.

For any castle reconstruction, sound stone from deeper parts
of the quarry can be taken as replacement material. It promises
better durability, good mechanical properties, as well as
acceptability from a historical point of view.

Incorporation of fine and coarse sepiolite in
lime-metakaolin mortars

Andrejkovitova, 8., Ferraz, E.% Velosa, A2 & Rocha, F.!
'Geosciences Dept., Geobiotec Unit, University of Aveiro,
Portugal (“slavka@ua.pt)
2Civil Engineering Dept., Geobiotec Unit, University of Aveiro,
Portugal

The aim of this research was to assess the behaviour of fine and
coarse sepiolite acting as water reservoir in lime-metakaolin
mortars for applications in building rehabilitation. With this
purpose three sets of mortars were prepared: a) mortars with 1:3
air lime (AL): sand volumetric ratio, in which lime binder was
replaced by 10% and 20% of metakaolin (MK, commercial
product, Portuguese origin); b) the same mortar compositions in
which air lime was substituted by 5% of i) fine sepiolite (S,
average particle size 2.4 pm, commercial product, Spanish
origin), ii) coarse sepiolite (CS, particle size within the range
0.3-1.2 mm). Samples were cured for 28 days according the EN
1015-11 standard.
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Fig. 1: Compressive strength (MPa) of mortars.

The obtained results showed the increase of mechanical
properties in AL-metakaolin mortars when compared to AL-
mortar, as well as the improvement of flexural and compressive
strengths with the addition of metakaolin content (Fig. 1).
Compared to AL mortar, flexural and compressive strengths
increased 20% and 12% for AL-metakaolin mortars,
respectively. New calcium-silicate and calcium-aluminium-
silicate mineral phases were identified in mortars containing
metakaolin, which result in higher mechanical strength in
metakaolin-blended mortars.

As expected, the fibrous habit of sepiolite caused enhanced
conjugation with the individual components and comprehensive
compatibility in the mortar system. Considerable improvement
is related to fine sepiolite-AL-metakaolin mortars, where
compressive strength increased 24% in comparison with AL-
metakaolin mortars, while 6% enhancement is associated with
addition of sepiolite to AL mortar without metakaolin. It is a
consequence of high specific surface area and absorbent
properties of sepiolite. The incorporation of coarse sepiolite in
AL mortar raises the compressive and flexural strength, by 47%
and 52% respectively, compared to AL mortar. On the contrary,
the presence of coarse sepiolite in AL-metakaolin mortars
promotes a significant decrease of mechanical strengths.
Phenolphthalein tests showed an improvement of carbonation
rate with the addition of both fine and coarse sepiolite. In early
ages, the addition of fines has a significant impact on mortar
compressive strength. The fibrous structure of the fine sepiolite
also has a possible positive outcome on mortar strength due to
binding effect. The effect of chemical reactions, both
carbonation and pozolanic reaction will be more evident at 90
days due to slow reaction rate.
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Sandstones at the historical “Berlin City Palace”

Ehling, A.Y" & Jbrg Bowitz, J.2
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The “Stadtschloss” or “Berlin City Palace” was a royal palace
in the centre of Berlin, Germany, heavily damaged in WWII, its
remnants being demolished by the East German (GDR)
authorities in 1950. The palace bore features of the Baroque
style, and its shape, finalized by the mid 18th century, is
attributed to Andreas Schliter, whose first design likely dates
back to 1702, although the palace incorporated earlier parts,
such as a foundation from 1443. It was the principal winter
residence of the kings of Prussia from 1701-1918 (who were the
German Emperors from 1871-1918), converted to a museum
following the fall of the German Empire in 1918. Following the
reunification of Germany, it was decided to rebuild the
“Stadtschloss”.

According to the present plans, there is an interesting
constellation: a historical building has to be rebuilt with 3
historical facades, yet the original building is lost. There are no
specific guidelines for the use of rock and plaster materials, but
the architects want to restore the historical impression as best as
possible, which requires the use of original materials.

The historical facades of the palace had been composed of
plastered bricks with architectural elements made of sandstones.
How do we know, which sandstones had been used? Around
Berlin there are no outcropping sandstones. There is some
literature about the use of sandstones since 1700, and some of
the original sculptures were saved during the demolition.
Provenance analyses have been carried out on about 40 samples
of these materials by mobile, non-destructive IR-spectroscopy

(Fig. 1).
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Fig. 1: IR spectra of some analyzed sandstone samples for provenance
determination.

The data show that most of the sandstones came from the
Elbsandsteingebirge in Saxony, south of Dresden, quarried prior
to 1870. In addition, Buntsandstein from Sachsen-Anhalt (near
Halle), Rhaetian sandstone from the Magdeburg region, and
Wealden sandstones from Lower Saxony were used later on.
From the 1870’s onward the only rock material used was
Cretaceous sandstones from Lower Silesia.

Historic quarries in Hungary

Gherdan, K.*, Bir6, T.K.?, Péterdi, B.} Marko, A2,
Schaller, K.* & Uhlir, C.*
'E6tvos Lorand University, Budapest, Hungary
(‘gherdankata@hotmail.com)
2Hungarian National Museum, Budapest, Hungary
3Geological Institute of Hungary, Budapest, Hungary
4CHC-University of Salzburg, Austria

Historic Quarries is a Culture 2007-2013 project of the
European Union coordinated by Salzburg University. The most
important aim of the project is to present historic quarries as
significant parts of European cultural heritage and to provide
open access to the historic quarry heritage of Central Europe
(Austria, Czech Republic, Hungary, Poland, Slovakia,
Romania) through an online information system, aimed at
providing geographical, historical, petrographic and touristic
information. This paper summarizes the results of the research
carried out on quarries situated in Hungary.

The starting point of our work was Ferenc Shafarzik’s
catalogue and rock collection established in the beginning of the
20th century. This important scientific and industrial enterprise
was created in order to collect information on active coeval
quarries and their rock types in the Kingdom of Hungary, now
extending to the territory of eight countries. The catalogue lists
3162 quarries, from which 1058 are in the territory of present
day Hungary: 153 gravel and 13 sand pits, and 892 quarries of
other (42) rock types. Together with previously visited quarries
(in the framework of previous projects by OTKA (National
Science Foundation Project T-25086, Prehistoric raw material
atlas...) and the Erosion and Humidity, Culture 2000 program of
the European Union) this makes up 143 Schafarzik quarries in
97 villages/towns. Since the beginning of the current project 24
Schafarzik quarries have been visited, where scientific data and
samples have been collected, photographs taken, geographical
coordinates recorded. Besides, 10 other quarries, which do not
appear in the Schafarzik catalogue, but have geological,
archaeological or historical importance, have also been visited.

A sample collection of ten quarries has already been
published on the internet (http://www.historic-
quarries.org/quarries/showlist/46) and five entries about five
quarries for quarrypedia have also been presented.

The collected information will help us to better understand
lithic raw material utilisation over thousands of years and
preserve and spread the knowledge of historic quarry sites and
landscapes both among professionals and non-professionals.


http://www.historic-quarries.org/quarries/showlist/46�
http://www.historic-quarries.org/quarries/showlist/46�
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Calcite dilatation potential and its influence in
marble thermal expansion

Luque, A, Alvarez-Lloret, P., Cardell, C., Cultrone, G. &
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In the last decades, much research has focused on the physic
decay that some marbles show when exposed to environmental
thermal change (e.g. The Finland Hall in Helsinki, the Grande
Arche de la Defense in Paris, the Courtyard of the Lions in the
Alhambra, Spain). It has been demonstrated that this effect is a
direct consequence of the anisotropy of thermal dilatation of
marble rock-forming minerals (calcite and dolomite), mainly
calcite [1]. According to [2,3] preferential mineralogical
orientation, fabric and texture of the marble are, among others,
the main parameters that influence the physical behaviour of
these rocks under thermal oscillation [4].

White Macael marble is a typical ornamental stone used in
the Architectural Heritage of Spain. It has been used in
numerous ornamental elements as Roman inscriptions,
fountains, columns, etc., including the Lions Fountain and the
columns of the Lions Courtyard in the Alhambra of Granada
(Spain), which are among the most valuated ornamental pieces
in Spain. As reported by [5], White Macael is a marble with
great thermal susceptibility. Indeed, the results obtained by [6]
showed that this marble has a marked preferential
crystallographic orientation, simple grain boundaries and large
anisotropic thermal dilatation coefficient, all of which directly
favour its decay under thermal changes.

The present research documents other two fundamental
factors to be taken into account when assessing the effect of
thermal dilatation of this marble: i) the dilatation degree that
calcite crystals display when are confined in a compact rock and
ii) the dilatation degree they show when are in powder state
and, therefore, free from confinement pressures. To perform this
investigation, an on site thermal experiment has been carried
out by applying X-ray thermo-diffraction (XRTD) [7] in both
White Macael marble slabs (2000x1000x400 pm) and on
powder samples obtained after grinding the above. The
preliminary results revealed that the White Macael marble has a
greater dilatation coefficient when is analysed in powder state
than in marble samples. We suggest that this yield to
confinement pressures (strains) at the boundary grains which
could triggers physical decay in the marble. Further analyses
currently under way are aimed at correlating thermal differences
with degree of marble decay after thermal changes by using
different types of marbles.

[1] Kessler, D.W. (1919) Technologic Papers of the Bureau of
Standards, 123, Government Printing Office, Washington D.C.
[2] Siegesmund, S. et al. (1999) Thermenheft
Marmorkonservierung. Z dt geol Ges, 150/2, 237-506. [3]
Siegesmund, S. et al. (2000) Int. J. Earth Sci., 89, 170-182. [4]
Koch, A. & Siegesmund, S. (2004) Environ. Geol., 46, 350-363.
[5] Rodriguez-Gordillo, J. & Saez-Paez, M.P. (2005) Const.
Build. Mater., 20, 355-365. [6] Luque, A. et al. (in press) Eng.
Geol. [7] Cardell, C. et al. (2007) Anal. Chem., 79, 4455-4462.

Anisotropic behaviour of calcitic and dolomitic
Spanish marbles
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Marbles used as construction material have shown a great
susceptibility to temperature changes and several researches
have pointed at the anisotropic thermal behaviour of its
constituent minerals, calcite and dolomite, as one of the main
factor influencing the thermal decay of marbles [1]. These two
minerals, mainly calcite, show a marked anisotropy of their
physical properties with respect to the crystallographic c- and a-
axes of the single crystal [2]. The anisotropy of physical
properties is conditioned by the lattice preferred orientation
(texture) of these minerals [3]. Numerous studies already show
how the microstructural and textural characteristics influence
physical parameters, clearly demonstrate that these parameters
can help predicting stone durability [4-7].

Six marbles are described in our study: four calcitic and two
dolomitic, showing marked differences with respect to grain
sizes, grain boundaries and twinning, indicating different
degrees for deformation and post-deformative recrystallisation.

Texture measurements were carried out on an X-ray texture
goniometer (PANalytical X’pert System X-ray diffractometer).
On the basis of at least five experimental pole-figures of each
sample, a quantitative texture analysis was carried out by
calculating the orientation distribution function by means of the
WIMV-algorithm [8] and the iterative series-expansion method
[9]. The bulk rock anisotropy of the thermal dilatation
coefficient and ultrasound waves velocity were calculated by
applying the VOIGT averaging method [10].

The velocity of compressional pulses was measured to
define a first visual reference - coordinate system (X-, Y- and
Z-). Thermal expansions were measured parallel to these
directions and the thermal expansion coefficients were
calculated. To relate direct and experimental measurements, the
fabrics of all marbles were studied by an environmental
scanning electron microscopy equipped with a heating stage in
three steps of one thermal cycle (in 20° 90° and 20° C).
Different degrees of microcrack-developments were identified
in all marbles depending on orientation. The results show that
texture type and intensity also influence the behaviour of
marbles exposed to thermal changes. We suggest that even in
marbles with a strong anisotropy, i.e. a large thermal dilatation,
grain size and grain boundary configuration can influence the
development of preferred oriented microcracks of marbles and,
as a consequence, their thermally controlled decay.

[1] Kessler, D.W. (1919) Nat. Bur. Stds. Tech. Paper 123. [2]
Kleber, W. (1959) Einfihrung in die Kristallographie. VEB
Verlag Technik, Berlin, Germany. [4] Siegesmund, S. et al.
(1999) Z. d. Deut. Geol. Ges., 150(2), 237-258. [5] Siegesmund,
S. & Dahms, M. (1994) in H.J. Bunge et al. (eds.) Textures of
Geological  Materials. DGM  Informationsgesellschaft,
Oberursel. 353-379 [6] Siegesmund, S. et al. (2000) J. Earth
Sci., 89, 170-182. [7] Leiss, B. & Weiss, T. (2000) J. Struct
Geol, 22, 1737-1745. [8] Matthies, S. & Vinel, G.W. (1982)
Phys. Stat. Solid. (b), 112, K111-114 [9] Dahms, M. & Bunge,
H.-J. (1989) J Appl Crystallog, 22, 439-447. [10] Bunge, H. J.
(1985) in Wenk, H.-R. (ed.) Preferred Orientation in Deformed
Metals and Rocks: An Introduction to Modern Texture Analysis.
Academic Press, 507-525.
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Atmospheric pollution is one of the main decay agents of
monumental pieces located in industrialized urban centres. SO,
is a permanent and abundant component of air pollution and,
although it does not have an immediate visual effect, after a
continuous exposition, it can end up damaging irreversibly the
construction material.

Marble is an ornamental stone commonly used in
monuments and it is very susceptible to deteriorate by SO,
attack because of its mineralogical composition (calcitic and
dolomitic) which favours the development of gypsum on the
surface [I]. This reaction is known and the final gypsum
development is via an initial formation of CaSO; which is
subsequently oxidized to CaSO, by atmospheric oxygen [2].
However, if many researches described the epsomite growth
(MgSO4+7H,0) on dolostone surfaces, this reaction seems to
not show the existence of previous sulphite stage formation
(MgSQ3) in this types of rocks, even if this salt is know as a
component employed in wood pulping process and paper
production processes [3].

To measure how easily marble suffers atmospheres rich in
SO,, selected calcitic and dolomitic samples were exposed
during 24 h to sulphur dioxide in a climatic chamber under
controlled thermohygrometric conditions (20°C and > 90% HR).
The superficial damage produced by SO, on marbles was
studied using two non-destructive techniques: chromatic change
by means colorimetry and chemical analysis using X-ray
photoelectron spectroscopy (XPS). Moreover, the development
of new reaction phases was observed by variable pressure
scanning electron microscopy (VPSEM).

Colorimetric analysis evidenced a decrease in lightness (L*)
and chromatic parameters (a* b*) showing that these changes
are due to the formation of new minerals phases. XPS, generally
used in the analysis of metallic pieces, is somehow novel in the
field of stone deterioration. The use of this technique has
allowed to demonstrate the development of sulphites and
sulphates in marbles with high precision, after just 24 hours of
their exposure to SO, and to distinguish a different decay path
between calcitic and dolomitic marbles. Salts crystals show
different morphologies and concentrations depending on the
type of salt and the compositions of substrate where they grow.

[1] Buginia, R., Laurenzi-Tabasso, M. & Realini, M. (2000) J.
Cult. Herit., 1, 111-116. [2] Bdke, H. et al. (1999) Appl. Surf.
Sci., 140, 70-82. [3] Steindl, M. et al. (2005) Chem. Eng.
Process., 44, 471-475.
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At the end of the XIII™ century, one of the most imposing
monastic architectural assemblies from south-eastern Europe
was built in Cérta (Sibiu County, Romania). The abbey played
an important role in medieval Transylvania, as it was located at
the interference of Byzantine and Occidental cultural-religious
influences [1]. The style of the monastery is early gothic, but
the western facade and portal must have been finalized later on
(probably still before 1300), as the portal shows mature gothic
features [2].

The research focuses on the western portal of the abbey,
which was chosen for its architectural importance and the use of
dimensional building stones. Three types of mapping were
performed: a standard mapping of the sandstone blocks and of
mortar types including the numbering of each block, the sound
velocity mapping after clash-test and the relative humidity
mapping after more than 650 measurements by using
Hydromette Compact B Gann equipment.

Based on Fitzner’s classification [3], the most frequent
weathering forms identified after in situ investigations of the
portal were: granular disintegration, breakout, discoloration and
biological colonization prevails in the lower part; the middle
part is highly affected by winds and thus typical weathering
forms appear (alveolar weathering, rounding and notching),
especially on the northern side; the upper part, frequently
exposed to atmospheric factors, is dominated by intense
biological colonization and the formation of crusts. The
different weathering patterns of the portal’s parts correlate with
the relative humidity and sound velocity mappings, pointing to
a more intense alteration of the northern side, because of its
exposure and the action of the winds from the Fagaras
Mountains.

The identified source area of the raw material is located 12
km away, near Colun village. The Sarmatian sandstones from
Colun were analyzed both macroscopically and microscopically
in order to compare them with the sandstones used at the
construction of the abbey. The optical microscopy study shows
that both rocks are litharenites with carbonatic cement and
bioclasts, metamorphic quartz with undulatory extinction, and
altered feldspars.
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deterioration in different climatic regions

Mosyagin, AV, Frank-Kamenetskaya, O.V.,
Vlasov, D.Yu. & Zelenskaya, M.St.
Saint Petersburg State University, Saint Petersburg, Russia
(“al.mosyagin@gmail.com)

The paper presents the results of study and comparison of the
sulphate deterioration processes of carbonate rocks (marble and
limestone) that were used as building materials for cultural
heritage monuments in urban environment of several cities:
Saint Petersburg (Russia), Sevastopol (Crimea, Ukraine), Oslo
(Norway), Orebru (Sweden). It is shown that formation of
gypsum-rich patina plays one of the leading roles in
deterioration (Fig. 1a) [1,2].

During the study carbonate rocks (limestone and marble)
used for the construction were examined and the condition of
their surface (presence of cracks, chipping etc.) were described,
black crusts of gypsum-rich patina were sampled. Collected
samples were studied by optical microscopy, powder X-Ray
diffraction, scanning electron microscopy. Microbial species
were determined by the use of different microbiotical
techniques.
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Fig. 1: a. Limestone column volute totally covered with black crust of
gypsum-rich patina, Akershus caslte,Oslo (Norway).b. SEM image of
flattened gypsum crystals from the black crust, Akershus caslte,Oslo
(Norway).

Our study shows that sulfation processes take place in all
studied climatic regions due to the presence of SO, in
atmosphere. The gypsum crystals morphology is quite similar
and the most often habit is lamellar, strongly flattened after the
second pinacoid (Fig. 1b). Prismatic elongated crystals were
observed much more rarely. It was shown that the range of
deterioration was closely connected with the shape and the
material of the monument. The largest diversity of crystal habits
was investigated in Saint Petersburg due to the wide diversity of
substrate rocks. The largest gypsum crystal was found in Tauric
Chersonesos on the porous limestone wall and reached 240 pum.
Three stages of the gypsum-rich patina formation were noticed:
the initial, when tiny gypsum crystalls occur beneath the
biofilm; the intermediate stage, with multiple large gypsum
crystals and microorganisms among them; the intensive stage
with microbial community under the gypsum layer [2].

The presence of microorganism communities was shown in
every investigated specimen by microbiological studies. Six
species of micromicetes from genera Cladosporium, Alternaria,
Epicoccum, Scytalidium, common for all specimens were
picked out. It seems that they take part in the gypsum-rich
patina formation, while the way of this process is not clear yet.
The simulation experiments are still in progress.

Acknowledgements: The work was supported by Russian
Foundation of Basic Research (Projects 09-05-01062,09-06-
90406). Authors thank Irina Knauf and Maria Timasheva for
their valuable assistance during the study.

[1] Mosyagin, A.V. et al. (2009) Stud. Univ. Babes-Bolyai,
Geol., 54(2), 13-16. [2] Timasheva, M.A. et al. (2007) Russ.
Mineral. Soc. Notes, 5, 98-104 (in Russian).

Enhanced weathering of stone by salts:
physical, chemical and remediation strategies

Schiro, M.Y, Ruiz-Agudo, E.? & Rodriguez-Navarro, C.!
!Dept. of Mineralogy and Petrology, University of Granada,
Spain ("mschiro@gmail.com)
2Dept. of Mineralogy, University of Miinster, Germany

In the presence of salt and water, stone monuments suffer from
both physical and chemical weathering. An effective
remediation strategy should inhibit both weathering processes
[1[. In order to develop this type of conservation treatment, a
full understanding of salt-enhanced physical and chemical
weathering must first be achieved. For this we have chosen to
study sodium sulphate, as one of the most damaging salts
known [2]. As model substrates we have selected a non-porous
glass slide and a sintered porous glass of controlled porosity.

Using these salt and model substrates, we have started
examining physical weathering due to crystallization pressure
generation. First we have studied the crystallization of a single
drop of saturated sodium sulfate solution evaporating on the
surface of a non-porous glass slide. Evaporation at 21°C and
35% relative humidity resulted in precipitation of the single
phase thenardite (anhydrous NaSO,), as determined by
polarized optical microscopy, environmental scanning electron
microscopy (ESEM) and X-ray diffraction (XRD).

Next, we used the porous glass to understand crystallization
in a porous system. The evaporation rate was recorded using
thermal gravimetry (TG) and results were used to calculate the
concentration of sodium sulfate in solution at every point during
evaporation. The heat of crystallization was measured in
parallel by differential scanning calorimetry (DSC), which
determined crystallization events and the timing of phase
transitions [3]. Results from DSC in combination with TG
enabled calculation of supersaturation with respect to each
phase. However, it is not possible to determine which phases
precipitate using these methods. In order to overcome this
limitation, we needed a tool that allowed us to probe below the
surface. Two-dimensional X-ray diffraction (2D-XRD) is an
innovative and powerful tool which performs synchrotron-like
experiments in a normal lab, by using a Molybdenum X-ray
source (more than 5 times more penetrative than conventional
Copper source). The first phase to form is the metastable
heptahydrate (NasSO, - 7H,0) [4], followed by a phase
transition to mirabilite (NaSO, - 10H,0), with the final phase
transition forming thenardite (anhydrous NaSO,). In
combination with the results from TG/DSC, critical
supersaturation at the onset of crystallization within the porous
system was calculated, as well as the associated crystallization
pressure.

The combination of instruments used in this work provides
the basis for understanding the process by which crystallization
of salt phases occurs by evaporation (i.e., the most common
situation leading to salt damage in building stones and natural
environments). By examining different salts and different
substrates, we will have a clear background against which we
can measure how effective a specific remediation treatment is at
reducing crystallization pressure and inhibiting damage.

[1] Ruiz-Agudo, E. et al. (2006) Cryst. Growth Des., 6, 1575-
1583. [2] Rodriguez-Navarro, C. et al. (2000) Cement Concrete
Res., 30, 1527-1534. [3] Espinosa, R. & Scherer, G. (2008)
Environ. Geol., 56, 605-621. [4] Hamilton, A. & Hall, C. (2008)
J. Anal. Atom. Spectrom., 23, 840-844.
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Provenance study of marbles based on
gualitative and quantitative petrography
(Moldanubian Zone, Czech Republic)

Stastna, A. & Prikryl, R.”
Inst. of Geochemistry, Mineralogy and Mineral Resest
Faculty of Science, Charles University in Prague,cBze
Republic {prikryl@natur.cuni.cz)

The present provenance study was carried out arnteand
dolomite marbles of the Moldanubian Zone (southt pérthe
Bohemian Massif, Czech Republic). Local marbles hasenb
quarried and used as dimension stones in tHe argl 24"
centuries [1].

The complex geological situation here is refleqpedtly in
the petrographic variability of marble propertiesg( presence
of non-carbonate phases and various fabric). Theralogical
composition of petrographic types varies signiftbtagnmarbles
verge into calc-silicate rocks in some localitigfie fact that
Czech marbles differ from white Mediterranean marhdéso
means that there are special requirements on teetisa of
provenancing techniques. Previously successfullyedus
conventional analytical procedures such as X-rawdzw
diffractometry or stable isotope geochemistry may usually
provide a stringent criterion for a provenance deieation
[2,3].

Substrate effects on stone bioconsolidation by
bacterial carbonatogenesis

Jroundi, F.}, Rodriguez-Navarro, C?,

Vicente Navarro, J3 & Gonzalez-Muiioz, M.TY
!Dept. of Microbiology; Sciences Faculty, University
Granada, Spainrigonzale@ugr.es)

Dept. of Mineralogy and Petrology; Sciences Fagulty
University of Granada, Spain
3Instituto del Patrimonio Histérico Espafiol, Madi&hain

Carbonate and silicate stones (e.g., limestonessandstones)
have been widely used as sculptural and constructhaterials
since ancient times, thus constituting a significaart of
mankind’s Cultural Heritage [1]. They are, howevbighly
sensitive to weathering. Consequently, the studstafe decay
and conservation has become an important resedetth. f
Among the newly developed conservation treatmetitsse
based on the use of bacterial carbonatogenesisgaireng
interest. In this context, we developed an effitimmsolidation
method based on the activation of the carbonatogeitrobial
community that inhabits building stone (calcareniby the
application of a suitable nutritional solution [2For the
effective use of this novel conservation treatmiris, pivotal to
shed light on how deep the new bacterial carbopegeipitates
within porous stones. However, we have found soiffieudties

Provenance methodology was based on detailed bptican identifying the newly formed carbonate cementéaese these

microscopy (OM) of the whole rock in combination thwi
cathodoluminescence (CL) of microfacies, petrograpimage
analysis (PIA) of carbonate grains and electronkbeatter
diffraction (EBSD) of carbonate grains. The studiedrbles
were distinguished on the basis of the mineralrabiege, the
colour type of cathodomicrofacies and fabric parnse
(carbonate grain size and grain shapes, index ain gsize
homogeneity, presence of shape or crystallographéderred
orientation).

[1] Rybaik, V. (1994) Dimension stones from the Czech
Republic. Nadace Sedni pfimyslové Skoly kamenické a
sochaiské v Hdicich v Podkrkonosi (In Czech). [2}&stna, A.

& Prikryl, R. (2009)Int. J. Earth Sci, 98, 357-366. [3] 8astna,
A. & Prikryl, R. (2010) in Bostenaru, D.M. et al. (eds.)
Materials, Technologies and Practice in Historic Heritage
Structures. Springer, 157-175.

treatments were carried out on calcarenite stor®,[and the
bacterial carbonate was typically calcite (i.ee #ame mineral
existing in the original stone). In order to by pdlsis problem,
a treatment was applied on a sandstone sample {@gue,
Czech Republic) which typically shows extensive dasn@gg.,
Prague’s Charles Bridge [4]) and presents similaogityr and
pore size distribution than the previously treatsdcarenite
[1,3;5]. The treatment was applied by spraying @rithanal
solution M-3P [5] on one of the larger surface ahdstone
slabs (150x30x15 mm). XRD analyses of depth profiethe
treated sandstone show that calcium carbonatepiiaed as
vaterite down to a depth of 8-9 mm. SEM observatimvealed
that quartz grains in the sandstone were fully cedewith
mineralized bacterial EPS and numerous microméteds
espherulites of vaterite in contact with mineraligacterial cell
down to a depth of 15 mirtthat is, the full thickness of the
treated stone slabs).

These results indicate that: (i) the activation of
carbonatogenic bacteria inhabiting the sandstoselteein the
production of consolidating CaG@ement, and (ii) the nature
of the substrate (carbonate or silicate) strongifluences
polymorph selection of the carbonate biomineralsghgstable
calcite or metaestable vaterite). These results rhaye
important implications in bacterial conservationarhamental
stones others than carbonate stones, and dementisit the
crystallographic affinity between the substrate #relbacterial
biomineral (i.e., possible existence of epitaxyitsr absence)
controls which calcium carbonate phase is formed.

Acknowledgements. Project RNM 3943 (Junta de
Andalucia), and C. Jiménez-Lopez for her help.
[1] Rodriguez-Navarro, C. et al. (2003%ppl. Environ.

Microbiol., 69, 2182-2193. [2] Gonzalez-Mufioz, M.T. et al.
(2008). Method and product for protecting and reinforcing
congtruction and ornamental materials. Spanish Patent n°
2008/009771. [3] Jimenez-Lopez, C. et al. (2008) Biodeter.
Biodeg., 62, 352-363. [4] Ekryl, R. et al. (2004)Eur. J.
Mineral., 16, 609-618. [5] Jroundi, F. et al. (in preddjcrob.
Ecol.
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Reasons of variations of the mineral
compositions of the mantle rocks beneath the
Yakutian kimberlite province

Ashchepkov, 1.1, Afanasiev, V.}, Vladykin, N.2,
Pokhienko, L.}, Ntaflos, T.%, Travin, S.2, lonov, D.%,
Palessky, V.1, Logvinova, A.}, Kuligin, S.* & Mityukhin, S.°
YInstitute of Geology and Mineralogy SB RAS, Novosibirsk,
Russia (“1gor.Ashchepkov@uiggm.nsc.ru)

?Institute of Geochemistry SB RAS, Irkutsk, Russia
SUniversity of Vienna, Austria
“*Université J. Monnet, Saint-Etienne, France
SALROSA Company, Russia

Minerals from the deep seated xenoliths concentrates (>20000
EPMA and >9000 LAM ICP MS) form seven regions of
Yakutian kimberlite conference reveal a significant difference
in the major and trace elements [1,2] which is mostly seen on
the clinopyroxene compositions [2]. It result in the difference of
the mantle layering in separate tectonic units [3-5] and due to
the reactions with the plum (PM) and subducted related melts
(SRM) during [6,7] the evolution of the SCLM beneath each
part of Yakutia. Cpx from Central (M.Botuobinsky) reveal
relatively fertile mantle source due to high scale hybridization
and fertilization with carbonatitic and protokimberlitic melts.
Alakite mantle subjected to SRM essentially K-(Na)
metasomatism (800-600 ma) with richterites and K-Cpx in deep
SCLM reveal more La/Yb, rations for Cpx increasing with the
pressure in opposite to those from M.Botuobinsky field. Daldyn
field SCLM reveal more depleted SCLM with the silica
enrichment due to SRM reactions [6,7]. In Kuoyka and Anabar
regions dunites dominte, SRM fertilization starts <40kbar
[2,3,8] due to shallow subduction producing Cr- pargasite
metasomatism. The most upper levels on SCLM mantle show
the high scale Na- metasomatism probably fluid related. Mantle
sections beneath the periphery of Siberian SCLM in Mesozoic
show the enrichment due to basaltic PM reactions detected in
Cpx TRE spidergrams. Layering determined by monomineral
thermobarometry [3] for Gar, Opx, Cpx, Chr and Ilm is in a
good agreement with OPx —Gar barometry showing the 10-12
contrast units. Pervasive metasomatism passed through the
general layering. Monomineral thermobarometry allows to
construct the mantle transects through the fields and kimberlite
regions. The thermobarometry for the ilmenites allow to
reconstruct the layers subjected to the metasomatuism by the
protokimberlites. Precise data for the Ol obtained using 20 min
measurements at 20KV on CAMECA 50 SX allow to obtain
preliminary Ol geotherms using methods [9-10] are coinciding
in general with those produced by pyroxene methods.

Acknowledgements: RBRF 05-05-64718, ALROSA 77-2
65-3; 2-05.
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Fig. 1: Transect from Zarnitsa to Udachnaya with thermobarometry [3].

[1] Sobolev, N.V. (1977), [2] Taylor, L.A. et al. (2003) Contrib.
Mineral. Petrol., 145, 424-443. [3] Ashchepkov, I. et al. (2010)
Tectonophysics, 485, 17-41. [4] Ashchepkov, I. et al. (2008)
9IKC Abst., 386. [5] Griffin, W.L. et al. (1999) Tectonophysics,
310, 1-35. [6] Boyd, F.R. et al. (1997) Contrib. Mineral.
Petrol., 128, 228-246. [7] lonov, D. et al. (2010) J. Petrol.,
(submitted). [8] Brey, G.P. & Kohler, T. (1990) J. Petrol., 31
1353-1378. [9] De Hoog, J.C.M. et al. (2010) Chem. Geol., 270.
96-215. [10] Kohler, T. & Brey, G. (1990) Geochim.
Cosmochim Ac., 54, 2375-2388.

Detectability of the post-perovskite transition in
mantle-related multi-phase systems

Grocholski, B.*", Shim, S.-H.! & Prakapenka, V.2
*Massachusetts Institute of Technology, Cambridge,
Massachusetts, USA (‘brent_g@mit.edu)
2University of Chicago, Illinois, USA

Seismic observations of the D” discontinuity, especially in
regions of high velocity where it is more readily observed [1],
have been attributed to the thermal response of the perovskite to
post-perovskite (PPv) transition. This interpretation is
dependent on the assumption of a narrow depth interval for the
transition combined with a large and positive Clapeyron slope.
However, our recent study on binary and ternary systems [2]
showed that 10% Fe and 10% Al increase the thickness of the
two-phase region to 400-600 km, making seismic detection of
the PPv transition difficult.

We have made new measurements on pyrolitic and San
Carlos olivine compositions up to 170 GPa and 3000 K in laser-
heated diamond cell at the GSECARS sector of Advanced
Photon Source. Gold was used as the internal pressure standard
and argon was used as a pressure medium. Both compositions
include ferropericlase (Fp), for which the effect on the transition
has only been modelled in our previous study [2]. Pyrolite
contains 10% Al, while San Carlos olivine is aluminium-free.

The effect of aluminium on the Pv to PPv transition is
profound even in the multi-phase systems, with our
measurements on a pyrolitic composition indicating a PPv
transition begins at a depths 100+100 km below the core-mantle
boundary (CMB) and has a wide two-phase region of 800+200
km. In contrast, the PPv transition in a San Carlos olivine
composition occurs at a depth 100100 km above the CMB
with a two-phase region thinner than 100100 km.

These are in good agreement with our predictions in [2] in
that Al increases both depth and thickness of the PPv transition
(as measured in pyrolite) while Fp (or high Mg/Si) decreases
the thickness through buffering effect (as measured in San
Carlos olivine).  Harzburgite, existing in the subducting
lithosphere, has much smaller amount of Al and higher Mg/Si
ratio, making an ideal candidate rock for a sharp PPv transition.
Therefore, the PPv transition may exist in harzburgite subducted
into the deep mantle, while it does not exist in pyrolitic mantle.

[1] Wysession, M.E. et al. (1998) in Gurnis, M. et al (eds.) The
Core-Mantle Boundary Region. AGU, Washington, DC, 273-
297. [2] Catalli, K. et al. (2009) Nature, 462, 782-785.
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Phase transitions, densities, and sound
velocities of mantle and slab materials down to
the upper part of the lower mantle

Irifune, T.Y", Nishiyama, N.}, Tange, Y.%, Kono, Y.},
Shinmei, T.%, Kinoshita, Y.%, Negishi, R.}, Kato, T.},
Higo, Y.2 & Funakoshi, K.2
1Geodynamic Research Center, Ehime University, Matsuyama,
Japan (irifune@dpc.ehime-u.ac.jp)
2Japan Synchrotron Radiation Research Institute, Hyogo, Japan

Phase transitions, densities, and elastic wave velocities have
been accurately measured on mantle and subducting slab
lithologies by a combination of multianvil and ultrasonic
techniques, coupled with synchrotron in situ X-ray
observations, under the P, T conditions of the whole mantle
transition region. Moreover, use of sintered diamond as the
second-stage anvils has dramatically extended the P, T
conditions for in situ X-ray diffraction studies toward those of
the middle part of the lower mantle.

We have performed such experiments on rocks such as
pyrolite, MORB, and harzburgite, which are supposed to be the
major consituents in the mantle and the slabs, at pressures to the
upper part of the lower mantle. The resultant density and elastic
wave velocity data are compared with those obtained
seismologically, and we found that pyrolite is a reasonable
model composition for the mantle transition region and the
upper part of the lower mantle, except for the bottom part of the
mantle transition region, where the sound velocities,
particularlly Vs, are significantly higher than those of the
typical seismologica models.

One possible senerio for this discrepancy is the presence of
a layer of harzburgite, the main body of the subducted slabs,
which may globally exist near the 660km seismic discontinuity.
The feasibility of this idea will be discussed on the basis of our
recent experimental data on phase relations, densities, and
sound velocities of pyrolite and harzburgite under the P, T
conditions of this region of the mantle.

Pressure-induced phase transitions in
transition-metal sesquioxides: effect of d
electrons

Umemoto, K.
Dept. of Geology and Geophysics, University of Minnesota,
Minneapolis, USA (umemoto@cems.umn.edu)

After discoveries of the CalrOs-type post-perovskite (PPV)
phase in MgSiOz and Al,O3, sesquioxides (M,03) have been
investigated in search of low-pressure analogs of these minerals.
Here we investigate three 4d-transition-metal sesquioxides:
Y,0;, Rh,03, and In,03. Y,03 and In,O3 undergo pressure-
induced transitions accompanied by increase in cation
coordination number from 6 to 7. However, in Rh,O3, such
transition does not occur up to ~350 GPa. This cannot be
explained by simple arguments based on ionic radii ratio. By
calculating electronic density of states and spatial distributions
of the 4d states, it is clarified that effects of 4d electrons are
crucial for stability of crystal structures. Extraordinary stability
of Rh,O3(I)-type Rh,O; against other phases is naturally
explained. This study indicates that the complexity of phase
sequences in 3d/4d-transition-metal sesquioxides is caused not
only by the ionic radii ratio but also by electronic occupancy
and spatial distribution of the d states.

Acknowledgements: Research was supported by NSF grants
EAR-0135533, EAR-0230319, and ITR-0426757 (Vlab).
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The post-spinel transition in Si- and Cr-bearing
Fe;0, solid solutions

Schollenbruch, K.}, Woodland, A.B.*, Frost, D.J.2,
Langenhorst, F.2 & Boffa Ballaran, T.2
YInstitut fir Geowissenschaften, Universitit Frankfurt, Germany
(‘woodland@em.uni-frankfurt.de)
2Bayerisches Geoinstitut, Universitat Bayreuth, Germany

Spinel-structured phases occur in many different geological
environments and play an important role in the Earth’s upper
mantle and transition zone. At high P, some spinels like
magnetite (Fes0,) and chromite (FeCr,0,) transform to denser
post-spinel phases (magnetite at ~10 GPa, [1]; chromite at
>12.5 GPa, [2]), while others break down into their constituent
oxides (e.g. FeAl,O,, [3]). The high-P phase, h-Fe;0,, is not
quenchable, hampering study of this transition. On the other
hand, two high-P polymorphs of chromite were found in a
meteorite [2] indicating a stabilizing effect of Cr for the post-
spinel structures. Following on our results for FesO, [4] we are
experimentally studying Si and Cr-bearing Fe;O, solid solutions
in an attempt to 1) recover the post-spinel phase for structural
investigation, and 2) determine the effects of these cations on
phase stabilities at transition zone pressures.

Multi-anvil experiments were performed between 8 and 13
GPa and 1000-1300°C using pre-synthesized spinels with Si-
bearing compositions 0.85 Fe;0, — 0.15 Fe,SiO, and 0.7 Fe;0,
— 0.3 Fe,Si0,4 and Cr-bearing solid solutions Fe(Crq,,Feqg),04
and Fe(Crgs,Fegs),04. In the Si-bearing experiments, a new
phase appears at 8 GPa that coexists with a spinel-structured
phase. This phase is Si-poor and drives the spinel to higher Si
contents than the original bulk composition. At 10 GPa, the
new Si-poor phase becomes dominant and coexists with
stishovite. Observed reflections in X-ray and electron
diffraction patterns are inconsistent with magnetite or either
structure reported for h-FesO, (e.g. CaMn,Og4-type, [5],
CaTi,0,-type [6,7]). The new phase is magnetic under ambient
conditions and its Mdssbauer spectrum is distinct from
magnetite. Interestingly, the diffraction peaks are essentially the
same as those reported by [8] for an unknown phase found in
the system Fe;0,-Fe,Si0,-Mg,SiO,4, which they referred to as a
“mystery phase”. The same structure also occurs in Cr-bearing
samples at>10 GPa along with either a spinel or an eskolaite -
hematite solid solution. In this case, significant amounts of Cr
can apparently be incorporated in this new phase.

Structural determination of the “mystery phase” is in
progress, but made difficult by its apparent rather low
symmetry. Our study points to the stability of another type of
high-P post-spinel phase in addition to the reported CaTi,O,- or
CaMn,0,-type structures found at yet higher pressures.

[1] Schollenbruch, K. et al. (2009a) High Press. Res., 29, 520-
524.[2] Chen, M. et al. (2003) P. Natl. Acad. Sci. USA, 100(25)
14651-14654. [3] Schollenbruch, K. et al. (2009b) Phys Chem
Minerals, DOI 10.1007/s00269-009-0317-z. [4] Schollenbruch,
K. et al. (2009c) AGU abstract, MR31B-1649, Fall meeting. [5]
Fei, Y. et al. (1999) Am. Mineral., 84, 203-206. [6]
Dubrovinsky, L.S. et al. (2003) J. Phys. Condens. Matter., 15,
7697-7706. [7] Haavik, C. et al. (2000) Am. Mineral., 85, 514-
523. [8] Koch, M. et al. (2004) Phys. Earth Planet. Int., 143,
171-183.

Ab initio calculation of seismic velocities of
phase AnhB (Mg14Sis0,4) and implication for the
300 km discontinuity in the Earth’s mantle

Belmonte, D.**, Civalleri, B.%, Ganguly, J.%, Ottonello, G.! &
Vetuschi Zuccolini, M.
'DIPTERIS, Universita di Genova, Genoa, Italy
("donato.belmonte@unige.it)
2Dipto. di Chimica IFM and NIS Centre of Excellence,
Universita di Torino, Turin, Italy
3Dept. of Geosciences, University of Arizona, Tucson, USA

We have carried out ab-initio calculations of the longitudinal
and transverse seismic velocities, along with the effect of
pressure, of the phase Anhydrous B (Mg14SisO24) (AnhB), using
a developed version of the CRYSTALO6 code [1] and the
hybrid B3LYP density functional method [2].

The unit cell previously invetigated by us at zero pressure
[3] was brought at several compressional states corresponding
to different static pressures, carrying out a full optimization of
internal coordinates. The calculated second-order elastic
constants (stiffnesses) were corrected for P through the general
equation of Barron & Klein [4,5] expressed in terms of eulerian
strain. Fig. 1 shows the single crystal seismic anisotropy
obtained at P = 3 GPa using the program CAREWARE [6].

AVs Contours (%)
1i04

90
v
[ [
[
l 5o

|
I

40
" 30
i 20
26

- shading - inverse log
WMaxAnisowopy=  10.04 OMinAnisciropy= .26

shading - inverse log
OMinVelocity = 2.29

upper hemisphere

V2 Contours fkm/s)
563

I 558

I } 556
I 554
I 552
“ 550
548
546

543
g - inverse log shading - inverseog
OMinVelocity—  5.43

shading - in
docity= 6,12 OMinVelocity= 546

mMaelocity = 5.63
y= 113 % Ansotopy= 36 %

Py
upper hemisphere upper hemisphere

Fig. 1: Single-crystal seismic anisotropy of phase AnhB at P = 3 GPa.
Projections are upper hemisphere. X1, X2, X3 are the reference axes for
the elastic constants, X1=[100], X2=[010], X3=[001]. Contours in Km/s
for Vp, Vs1, Vs2, and in % anisotropy for dVs (top right of the figure).

Single crystal values were then adopted to determine the
aggregate seismic velocities using a Voigt-Reuss-Hill averaging
procedure. The shear wave impedance change associated with
the reaction 5 Forsterite + 4 Periclase = AnhB, which takes
place at P-T condition corresponding to the 300 km
discontinuity in the Earth’s mantle [7], seems to be compatible
with that observed for this discontinuity [8].

[1] Dovesi, R. et al. (2006) CRYSTALO6 User’s Manual,
University of Torino, Torino. [2] Becke, A.D. (1993) J. Chem.
Phys., 98, 5648-5652. [3] Ottonello, G. et al. (2010) Am.
Mineral., 95(4), 563-573. [4] Barron, T.H.K. & Klein, M.L.
(1965) Proc. Phys. Soc., 85, 523-532. [5] Wallace, D.C. (1972)
Thermodynamics of Crystals. Wiley, New York. [6] Mainprice,
D. (1990) Comput. Geosci., 16, 385-393. [7] Ganguly, J. &
Frost, D. (2006) J. Geophys. Res., 111, B06203. [8] Bagley, B.
& Revenaugh, J. (2008) J. Geophys. Res., 113, B12301.
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Elasticity of antigorite and seismic anisotropy of
subduction zone
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Van de Moorteéle, B.1
YENS Lyon, CNRS, Lyon, France
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Serpentinization of the mantle wedge is an important process
that influences the seismic and mechanical properties in
subduction zones. Seismic detection of serpentines relies on the
knowledge of elastic properties of serpentinites, which thus far
has not been possible in the absence of single-crystal elastic
properties of antigorite. The elastic constants of antigorite, the
dominant serpentine at high pressure in subduction zones, were
measured using Brillouin spectroscopy under ambient
conditions. In addition, antigorite lattice preferred orientations
(LPO) were determined using an electron back-scattering
diffraction (EBSD) technique. Isotropic aggregate velocities are
significantly lower than those of peridotites to allow seismic
detection of serpentinites from tomography. The isotropic
Vp/Vs is 1.76 in the Voigt-Reuss-Hill average, not very
different from that of 1.73 of peridotite, but may vary between
1.70 and 1.86 between the Voigt and Reuss bonds. Antigorite
and deformed serpentinites have a very high seismic anisotropy
and remarkably low velocities along particular directions. Vp
varies between 8.9 and 5.6 (46% anisotropy), and 8.3 and 5.8
(37%), and Vs between 5.1 and 2.5 (66%), and 4.7 and 2.9
km.s (509%) for the single-crystal and aggregate, respectively.
The Vp/Vg ratio and shear-wave splitting also vary with
orientation between 1.2 and 3.4, and 1.3 and 2.8 for the single-
crystal and aggregate, respectively. Thus deformed serpentinites
can present seismic velocities similar to peridotites for wave
propagation parallel to the foliation or lower than crustal rocks
for wave propagation perpendicular to the foliation. These
properties can be used to detect serpentinite, quantify the
amount of serpentinization, and to discuss relationships between
seismic anisotropy and deformation in the mantle wedge.
Regions of high Vp/Vg ratios and extremely low velocities in
the mantle wedge of subduction zones (down to about 6 and 3
km.s? for Vp and Vs in pure serpentinite, respectively) are
difficult to explain without strong preferred orientation of
serpentine. Local variations of anisotropy may result from
kilometer-scale folding of serpentinites. Shear wave splittings
up to 1-1.5s can be explained with moderately thick (10-20 km)
serpentinite bodies.

Metallic alloys and zoned spinels in interstitial
glasses from mantle Iherzolites

Ryabchikov, 1.D.Y", Ntaflos, Th.2, Kogarko, L.N.> &
Kurat, G.?
YInstitute for Geology of Ore Deposits, Russian Academy of
Sciences, Moscow, Russia (“iryab@igem.ru)
%Dept. of Geological Sciences, University of Vienna, Austria
3V.I. Vernadsky Institute of Geochemistry, Russian Academy of
Sciences, Moscow, Russia

We report evidence that suboceanic lithospheric mantle under
island of Sal, Cape Verde archipelago was infiltrated by the
highly reduced magma at some time prior to the eruption of host
melanephelenites, which brought fragments of these mantle
material to the surface. These melts are now represented by
interstitial glasses in peridotites which contain sulphide grains,
among them troilite, with the inclusions of Fe-Ni alloys and
separate metallic phases [1]. Outer part of zoned spinel grains
which have grown from such melts show abrupt drop in Fe**
contents, which indicates drastic decrease in f02 values (Fig. 1).

On the other hand, Fe**/=Fe values for inner zones are close to
0.27 which is normal for spinels from mantle lherzolites.

In order to assess oxidation state of iron in spinels we
performed analyses on electron microprope with separate
determination of metals and oxygen. This permitted to calculate
Fe®* and Fe** contents using balance of charges principle.

Fig. 1: Ni-Fe alloy surrounded by pentlandite in glass (left) and zoned
spinel with Fe**-free rim surrounded by glass with small grains of Cr-
rich spinel (right).

Analysed spinels are very close to ideal stoichiometry: number
of cations per 4 oxygens does not differ from 3 by more than
0.002. Therefore, ferric and ferrous iron contents in spinels
from spinel lherzolites may be calculated from usual
microprobe analyses under the assumption of ideal
stoichiometry.

Oxygen fugacity calculated for the equilibrium of
intergranular melt and microphenocrysts of olivine and
clinopyroxene with Fe-Ni alloys present in Sal mantle xenoliths
using equilibrium constants of the following reactions

Fe,Si04 +CaMgSi,Og = 2Fe + CaMgSiO,4 + O, and

Ni,SiO, + CaMgSi,0s = 2Ni + CaMgSiO; + Oy, is
approximately 4+5 log units below QMF buffer. At such low fo2

values spinels should contain almost no ferric iron, which is
observed in the rims of zoned spinels surrounded by glass.

Very narrow widths of transitional zones between Fe*'-
bearing cores and Fe**-free rims of spinels imply that parts of
Cape Verde mantle were invaded shortly before the eruption by
highly reduced melt carrying sulphur deficient sulphides and
Fe-Ni alloys. Extreme redox differentiation in the mantle may
be caused by the disproportionation of Fe?* into Fe** and Fe®
which may occur in the lower part of subcontinental
lithosphere, in transition zone, in lower mantle or in D" layer
near the core-mantle boundary. Fe® will be dissolved in
interstitial sulphide melts present in the mantle. Migration of
such S-deficient sulphide melts would create relatively oxidised
and reduced domains in the mantle.

[1] Ryabchikov, I.D. et al. (1995) Mineral. Petrol., 55, 217-237.
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Thermal expansivity and dehydrogenation
process in gedrite
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The crystal chemistry of gedrite-group amphiboles has been
recently discussed by [1,2], who also clarified relations among
bond topology, bond valence and site preference and identified
similarities and differences between monoclinic and
orthorhombic amphiboles. The present work is aimed at
providing information on the behaviour of gedrite at high-T
conditions, in terms of thermal expansivity and cation order and
dehydrogenation processes. The only data available on thermal
expansivity of orthorhombic amphiboles concern anthophyllite
[3], and no dehydrogenation occurs due to the lack of Fe?*.
Sample A(26) in [1] (code AMNH136484), with reported
composition  “Nagss °(Mgy11Fe* 0gsMno0:Cages)  “(Ms.aa
Fe®* 533 Aly 15 Tigos) "(Sigas Aly74) O20H,, was annealed up to
1273 K at intervals of 25 K using a micro furnace. Unit-cell
parameters were measured in situ at each step, and structure
refinement was done from single-crystal diffraction data
collected at 533, 723 and 973 K during both annealing and
reversal (thus on the partially dehydrogenated phase).

The almost linear increase in the unit-cell parameters (o, =
3.15 x10° K, @ = 1.10 x10®° K™, o, = 0.94 x10° K, o =
1.19 x10°® K1) ends around 973 K, where an abrupt contraction
in all the edges (much stronger in a) indicates the start of the
dehydrogenation process, which proceeds by migration and
oxidation of all Fe from the M4 to the M1 and M3 sites and
significant changes in site geometry. When dehydrogenation
stops (as monitored through unit-cell variations), reversal
experiments down to RT allowed calculation of thermal
expansion coefficients of the partially dehydrogenated phase:
ay =351 x10° K Y, @y = 1.15 x10° K%, ¢, = 1.09 x10° K*?,
= 1.26 x10° K. The crystal was then heated at 1273 K and
finally cooled to room T to check for the completeness (as far as
allowed by the Fe?* content) of the dehydrogenation process.

A significant difference in thermal expansivity with respect
to anthophyllite is observed only for the much greater stiffness
of the a edge (@, = 1.49 x10°° K in [3]), and is related to the
presence of a half-filled A site in gedrite. Na disorders into two
different positions within the A cavity in the dehydrogenated
sample, the second of which is closer to the A chain and
particularly to the O3A oxygen atom. Hence, the
dehydrogenated samples have a different bond valence
arrangement. The behaviour of the different cation polyhedra
and structure moduli during annealing and dehydrogenation,
and differences with respect to anthophyllite and monoclinic
amphiboles will be discussed.

[1] Schindler, M. et al. (2008) Mineral. Mag., 72, 703-730. [2]
Hawthorne, F.C. et al. (2008) Mineral. Mag., 72, 731-745. [3]
Cémara F. et al. (2010), this meeting.

Single-crystal elasticity of superhydrous phase
B, Mg10SizO15H,4, by Brillouin scattering
spectroscopy

Rosa, A.D.", Sanchez-Valle, C., Wang, J. & Saikia, A.
Inst. for Geochemistry and Petrology, ETH Zurich, Switzerland
("angelika.rosa@erdw.ethz.ch)

Superhydrous phase B, Mg;,SisO1gH,4 (here referred to ShyB),
belongs to the group of dense hydrous magnesium silicate
phases (DHMS) that have been identified as the major water
reservoirs in deep subducted slabs. Experimental studies in
peridotitic compositions have shown that ShyB can be stable up
to 30 GPa and 850°C and thus play an important role in the
recycling of water at depth. In order to formulate accurate
mineralogical and compositional models of subducted slabs and
to interpret seismic observations in these areas, precise elasticity
data at relevant P-T conditions are needed for this phase. The
bulk modulus of ShyB has been measured by X-ray diffraction
in both multi-anvil apparatus and diamond anvil cells in single-
crystals and polycrystalline samples [1-3] as well as by
Brillouin scattering spectroscopy [4]. However, existing results
show large discrepancies.

In this contribution we present results of Brillouin scattering
measurements of sound velocities and single-crystal elastic
properties of ShyB at ambient conditions. Single-crystals used
in this study were synthesised in a multi-anvil press at ETH
Zurich at 20 GPa and 1200°C. The samples were confirmed to
be ShyB by single-crystal x-ray diffraction and chemical
composition determined by EMPA is Mg4Si31018H; 7.
Brillouin scattering measurements were conducted in platelet
scattering geometry in three different samples at ambient
conditions. A total of 82 mode velocities were used to invert the
9 independent components of the Cj; elastic tensor.

The Voigt-Reuss-Hill averages of the adiabatic bulk and
shear moduli are Kg = 150(3) GPa and p = 98(2) GPa,
respectively. These results are in good agreement with the
previous Brillouin scattering study by [4]. The results show that
the aggregate compressional and shear wave velocities, Vp =
9.17(9) and Vs = 5.43(4) km/s, are the lowest among coexisting
phases in subducted peridotites, including Mg-Perovskite,
hydrous Ringwoodite or Ferropericlase. The velocity
distribution calculated from the best-fit elastic model of ShyB
reveals nearly isotropic seismic behaviour of ShyB at room
conditions. The compressional anisotropy (Ap) amounts only
6.6% whereas the shear anisotropy (As) has a slightly higher
value of 1.6%. If the moderate anisotropy of ShyB is
maintained at high P-T, the strong seismic anisotropy observed
in subducted slabs below the transition zone may be difficult to
explain without strong preferential orientation (LPO) in this
phase. In view of the structure of ShyB we will further discuss
the effects of various possible LPO types on the single-crystal
anisotropy of ShyB in the slab.

[1] Kudoh, Y. et al. (1994) in Schmidt, S.C. et al. (eds.) High-
Pressure Science and Technology. Am. Ins. Phys. Conf. Proc.,
309, 469-472. [2] Inoue, T. et al. (2006) in Jacobsen, S.D. &
Van der Lee, S. (eds.) Earth Deep Water Cycle. AGU,
Washington DC, 147-157. [3] Litasov, K.D. et al. (2007) Phys.
Earth Planet. Int., 164, 142-160. [4] Pacalo, R.E.G. & Weidner,
D.J. (1996) Phys. Chem. Min., 23, 520-525.
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Geoelectric abnormity in earthquake and
thermoelectricity of magnetite
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Geothermal and geoelectric fields are often changed in the
course of the earthquake’s gestating and occurring periods.
According to the theory on thermo-electricity conversion,
geoelectricity can be impacted by gradient thermal field which
formed on the room around the earthquake focus. By
understanding accurately on the discipline of geoelectric
variety, some important information which related with
earthquake occurrence in deep crust can be obtained.

Because the magnetite is existed far and wide in crust, and
also often form a large aggregate. So that magnetite is maybe
better medium for thermoelectric conversion.

BHTE-06 thermoelectric instrument was used for the
thermoelectricity test on magnetite by under 10-80°C.
temperature difference (also called active-temperature). The
results showed that approximative 0.3mm magnetite grain can
generate -2.175mv voltage in average, and max. value is -
4.5mv. Which means natural magnetite belongs to N type
semiconductor minerals. Thermoelectric coefficient (thermal
voltage increment above temperature difference) was computed,
and showed it is a constant nearly, and is approximatively -
0.05mv/°C. Also, it is a remarkable linear between thermal
voltage and temperature difference, and its correlation
coefficient is 0.985. Other more, the thermoelectricity is
independent of the genesis and crystal direction of magnetite.

Based on the results mentioned above, authors consider that
thermoelectric mode in earthquake is a possible mechanism on
geoelectric abnormity. So, a new idea on geoelectric abnormity
in earthquake was proposed, that is thermoelectric mode.

The following viewpoints were emphasized in the
thermoelectric mode. Namely, more magnetite mineral
aggregates are existed in the crust, and once excitated by pulsed
gradient thermal field caused by earthquake, it will be turned
into dipole voltaic source in underground due to dipole effect,
and the dipole voltaic source will produce an accessional dipole
pulsed electric field. Moreover, this electric field leads to a
pulsed electric field abnormity while it was added to telluric
electricity field and natural electric field. Therefore, based on
related physical geography theory, a calculation formula on
intensity for additional thermoelectric field caused by
thermoelectricity can be written as:

o x AT x D x p_ x[(h?* - 2x?)Cosa + 3hxSina]
palh? +x2)7%

E =-0.159

The formula showed that thermoelectric fields E are impacted
by several factors, such as thermoelectric coefficient of semi-
conductive mineral o, resistivity py,, embedded depth h, vertical
section area to thermo current ® and angle of connective line to
two pole with horizontal plane «, also temperature difference
AT, crust resistivity p., and the distance from observation point
to semi-conductive mineral aggregate projective point on earth
face x. In terms of simulated calculation followed the formula,
the additional thermoelectric field E may reach to n mV/km to
nx10? mV/km, and the max. value is more than nx10° mV/km.
Such electric field intensity is strong enough to cause
geoelectric abnormity on earth face, so that thermoelectricity is
one of criterions for deep crust information in earthquake.

High-pressure behavior of FeTiOa:
decomposition into (Feiy,Tigs)O and FeTisO;

Yagi, T.", Nishio-Hamane, D.%, Ohshiro, M.}, Niwa, K.2,
Okada, T.! & Seto, Y2
YInst. for Solid State Physics, University of Tokyo, Kashiwa,
Japan (“yagi@issp.u-tokyo.ac.jp)
2Dept. of Materials Science and Engineering, Nagoya
University, Nagoya, Japan
® Dept. of Earth and Planetary Science, Kobe University, Kobe,
Japan

Divalent transition metals do not favor perovskite structure and
most of the ABOs-type compounds with divalent transition
metal decompose into simple oxides under pressure. Among
them, FeTiO; is a unique compound which crystallizes into a
single phase of perovskite above about 16 GPa. In order to
clarify the stability of this perovskite phase, we have studied the
phase relation of FeTiO3; up to a pressure of about 67 GPa by
synchrotron X-ray diffraction and analytical transmission
electron microscopy.

We have found that FeTiO; perovskite decomposes into
(Fe1x Tigs)O wiistite and FeTisO; phase, at above 40 GPa and
2000 K. The FeTisO; phase has the orthorhombic unite cell,
although the detail of the crystal structure is still unclear. Figure
1 shows the representative X-ray diffraction patterns and TRP is
the FeTizO; phase while WP is the wistite phase. Although the
recent study on FeTiO; [1] reported almost the identical X-ray
diffraction pattern, their explanation on decomposed products
was clearly in error, because they did not do any direct chemical
analysis.
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Fig. 1: Representative X-ray diffraction pattern of FeTiO; after heating
at 67GPa (bottom) and after recovering to ambient condition (top).

Our study also demonstrates that the phase assemblage of (Fe,.,,
Tips)O and FeTizO; is the densest in the FeTiO; system,
implicating a new fate for ABOs-type compounds under high
pressure condition such as the deep interior of the terrestrial
planets.

[1] Wu, X. et al. (2009) Phys. Rev. Lett., 103, 065503.
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Effect of hydrogen and aluminum on the elastic
properties of orthopyroxene: implications for
mantle discontinuities
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Olivine, orthopyroxenes, garnets, and clinopyroxenes are major
minerals in the upper mantle. Studies on the elastic properties of
the minerals have provided essential understanding of
geochemical and seismic observations for the upper mantle.
While the elastic properties of Mg- and Fe-end-members have
been relatively well-studied, there is still a lack of knowledge
for the effect of minor element on the elastic properties of opx.

Aluminum and hydrogen are two important minor elements
observed in natural opx. Here we investigate the effect of these
elements on the single-crystal elastic properties of
orthopyroxees using Brillouin scattering spectroscopy. Hydrous
aluminum-free opx (HyOpx) and hydrous aluminum-bearing
opx (AlOpx) samples were synthesized at 2.5 GPa and 1150°C
in piston-cylinder apparatus. HyOpx contains 280 ppm H,0,
while AlOpx has Al,O3; content of 6.3 wt% similar to natural
opx with 1500 ppm H,0 and 0.26 wt% FeO. The aggregate bulk
(Ks) and shear () elastic moduli of HyOpx, Kg = 108.5(9) GPa
and p = 77.0(4) GPa, are indistinguishable from those of
anhydrous opx. This comparison suggests that incorporation of
H,O up to 280 ppm does not significantly affect the elastic
properties of MgSiOs-orthoenstatite. The aggregate elastic
moduli of AlOpx, Kg = 126.2(1.2) GPa and p = 81.3(8) GPa,
are however higher than those of pure MgSiOs-orthoenstatite by
14.7 and 6%, respectively. These results indicate that
substitution of AI** for smaller Si** in tetrahedral sites in natural
opx increases the bulk modulus relative to Mg-end-members.
This conclusion is supported by the strong increase in the Cs3
elastic constant upon Al substitution showing the stiffening of
the tetrahedral chains along c-axis. Consequently, the aggregate
velocities of AlOpx, Vp = 8.50(9) km/s and Vg = 5.01(6) km/s,
are 7% and 4% higher than those of the magnesian end-
member. Aluminum has thus the strongest effect on the seismic
velocities of opx among all minor elements.

Results of elasticity of AlOpx at high pressure conditions
will be presented to explore the influence of AI** on the phase
transition from orthopyroxene to clinopyroxene and discuss its
relation to the seismic X discontinuity (~300 km depth)
observed in the upper mantle. We will also discuss the effect of
AI®* on the aggregate velocities and elastic anisotropy of opx at
high pressures to provide better constrains on the composition
and mineralogy of the upper mantle.

High-pressure behaviour of SrAl,Si,Og feldspar
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A single crystal of Sr-feldspar with end-member composition
SrAl2Si208 (space group 12/c at room pressure) and 1100 ppm
of structural OH was investigated by X-ray diffraction at high-
pressure in situ using a diamond anvil cell up to 7.8 GPa and
compared with a sample of the same composition totally
anhydrous investigated up to 5 GPa. Between 6.57 and 6.61
GPa the hydrous sample shows a thermodynamically first order
phase transition from 12/c to P2,/c (a previous phase
transformation reported from I2/c to a triclinic phase is not
confirmed here for the same end-member composition [1]). The
compressibility of the 12/c phase is clearly lower than that of
P2,/c one. Moreover, the 12/c phase showed an anomalous unit-
cell volume behaviour between 3.67 and 6.57 GPa, which
cannot be ascribed to a further symmetry change (based on the
systematic absence analysis) and neither an isosymmetric phase
transformation can be evoked (e.g. no discontinuous change in
the volume typical of a isosymmetric transition is found). Due
to such anomaly (volume softening) it was impossible to fit the
pressure — volume data using a single equation of state.
Comparing these data up to 5 GPa with those of anhydrous
sample we did not find any observable difference indicating that
an amount of only 1100 ppm of water does not influence the
compressional behaviour of SrAl2Si20s feldspar. With respect
to a previous work on a composition (Cag,oSrogy)Al2Si20s

(showing a sequence of transitions from IT to 12/c to P2,/c with
pressure [2]) our data show that the same I2/c to P2/c
transformation occurs at a pressure 0.6 GPa higher due to
entrance of Ca.

Our new results supply further information on the stability
field diagram along the CaAl,Si,Og - SrAl,Si,Og join as
function of pressure and provide new insights relative to the
high-pressure behaviour of anorthite, which remains still to be
investigated for pressures above 7-8 GPa and that could show
the same transformation sequence showed in the Sr-richer side
of the diagram.

[1] McGuinn, M.D. & Redfern, S.A.T. (1994) Am. Mineral., 70,
24-30. [2] Nestola, F. et al. (2004) Am. Mineral., 89, 1474-
1479.



148 DE41 — Mineralogy of the Deep Earth — oral

Formation of a perovskite solid solution
between MgSiO; and MnSiO; at the lower mantle
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Silicate perovskites are important constituent minerals in the
lower mantle. We recently found that MnSiO; perovskite with
orthorhombic symmetry is stable at the lower mantle condition
[1]. Now it is greatly interesting how much MnSiO; component
can incorporate into MgSiO; perovskite.

We prepared gel compounds with chemical compositions of
MgSiO;:MnSiO; = 9:1, 3:1, 1:1 and 1:3 (mol ratios) as the
starting materials. High pressure and high temperature
experiments were performed using a laser-heated diamond anvil
cell combined with synchrotron X-ray diffraction (PF-AR and
Spring8, Japan) at the pressures between 30 and 60 GPa, and at
the temperatures between 1300 and 2000 K.

From the diffraction patterns obtained at high pressure, we
confirmed the existence of (Mg,Mn)SiO; perovskites with all
the compositions prepared. All the perovskites have
orthorhombic symmetry and variations of lattice parameters at
about 50 GPa shows almost linear correlation with the chemical
composition. Only (Mgg9,Mng1)SiO3 perovskite is quenchable
at an atmospheric pressure, but the others become amorphous
during decompression. We conclude that the system of MgSiOs-
MnSiO; forms a complete perovskite solid solution at the lower
mantle condition.

[1] Fujino, K. et al. (2008) Am. Mineral., 93, 653-657.

Sodium-bearing majoritic garnet: natural and
experimental aspects
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Majoritic garnets were found as inclusions in diamonds from
several localities worldwide, including South Africa, Guinea,
Canada, Brazil, Russia, and China (see [1] for review). They
belong to both the peridotitic and eclogitic suites. However
majoritic garnets with Si atoms pfu >3.07 are almost
exclusively eclogitic. These majorites show high Na with Na,O
wt% ranging up to ~1.4. Recently Harte and Cayzer [2] have
documented evidence of exsolution textures involving
clinopyroxene and majoritic garnet which indicate original
majoritic garnets with up to 2.16 wt% Na,O. Most of the Na
present in majoritic garnet is accommodated via the pressure
dependent exchange reaction Na* + Si** = Mg?" + A" (Na for
Mg in the X site and Si for Al in the Y site). Such mechanism of
sodium incorporation in majoritic garnet supports the idea of a
presence of the Na,MgSisO,, end-member in garnet solid
solution [3].

As is evident from the experimental study of the model
systems pyrope (MgsAl,Siz0;,)-Na-majorite (Na,MgSis0;,),
pyrope-jadeite (NaAlSi,Og), and pyrope-Na,CO; at P = 7.0 and
8.5 GPa and T = 1100-1900°C [4], magmatic crystallization of
Na-bearing majoritic garnet and its composition are controlled
by several factors, among which are melt composition, pressure,
and temperature. Experiments confirmed the compatibility of
Na-bearing majoritic garnet with sodium-rich silicate and
carbonate-silicate melts. In all systems, an increase of pressure
leads to the growth of sodium content in garnet. In addition, in
all studied systems, a decrease of temperature relatively to
liquidus values resulted in the successive increase of sodium
content, so that the highest sodium concentrations were
observed at the solidus of the systems.

Multianvil experimental study of the pyrope-Na,MgSisO,
system at 11-20 GPa and 1900-2300°C demonstrated further
increase of both Na and Si in liquidus garnet. Maximal
concentration of Na,MgSisO,, end-member (3.785 pfu Si and
0.739 pfu Na or 5.7 wt% Na,0O) was obtained at 20 GPa. Our
experiments provide evidence for complete miscibility in this
system at least up to 40 mol% of Na-component. We
synthesized pure Na,MgSisO;, garnet and established P-T
conditions of the pyroxene/garnet transition for the first time.
The results obtained allow us to assume that Na-majorite is a
possible concentrator of sodium under the conditions of deep
upper mantle and transition zone, where the stability of
pyroxene phase is limited.
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The MgO-Al,03-Si0»-H,0 (MASH) system is well known to
be a simplified model system for the study of water transport
and recycling into Earth’s mantle via subduction processes.
Therefore any new water bearing phase arising in P, T
conditions compatible with the subducted slab is highly
interesting for the comprehension of the complex geological
processes determining the dynamical evolution of subducting
zones. A new phase with these characteristic have been
discovered in experimental runs having clinochlore bulk
composition, in the P, T range of 5.2-5.5 GPa and 680-720 °C. It
is monoclinic with space group C2/c and unit cell parameters
a=9.882(1), b=11.623(1), ¢=5.081(1), p=111.1(1)°. The new
phase has been identified with conventional electron diffraction.
Its structure has been solved using the automated electron
diffraction technique (ADT) [1-3]. This new technique allows a
single crystal electron diffraction experiment on crystals of less
than 1um. The obtained intensities are quasi kinematical and
therefore suitable for a conventional direct methods structure
solution attempt. To our knowledge this is the first high
pressure phase solved in this way. It has chemical composition
of Mg, 1Al gSi; 106(OH),, and has a pyroxene like structure
with 3 cations instead of 2 in the octahedral layer, which force
the tetrahedral chains to be more separate. The two anion sites
of the extra octahedral cation, that are not shared with any
tetrahedra are occupied by an hydroxyl. Thanks to the structure
solution obtained by ADT it has been possible to synthesise an
almost pure sample suitable for powder x-ray diffraction
analysis. Rietveld refine