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XX™ Meeting of the Petrology Group of the Mineralogical Society of
Poland

Welcome to the XX" Session of the Petrology Group of the Mineralogical Society of
Poland!

Over 20 years ago, at the end of 1992, group of our professors, led by Alfred
Majerowicz from the University of Wroclaw, established the Petrology Group of the
Mineralogical Society of Poland. In October 1993, the first meeting of the Group was
organised in Wroctaw; Jacek Puziewicz was elected to be the chair, presenting the program
of organisation of annual meetings which should bring together the petrologists working in
Poland and enable youngest researchers to show the results of their studies to the broader
audience.

The first Session of the Petrology, organised by the Wroctaw team, was hold in
Trzebieszowice with ca. 30 participants. The next sessions were also organised by Jacek
Puziewicz and his students and co-workers, and gradually they started to gain the broad
whole-country audience. The third weekend of October proved to be the very good term for
the Sessions. These were the “hard times” for Polish science, with low funding in the
period of political and economical transformation and with the Earth sciences entering
gradually the international research and cooperation schemes. The Sessions were thus the
low-budget ones, with some unexpected events, like total collapse of heating in Kowary
(20-22 October 1995) during the second Session, which forced all the participants to
impregnate themselves intensely each evening. In spite of budget restrictions, the Sessions
were always full of joy of both scientific and not-scientific nature, and the gathering of all
participants during intense evening discussions became also the tradition after the Kowary
one.

Two important things happened at the turn of XX™ and XXI* century. The first Session
of the Petrology Group hold in English took place in 1999 in Sobo6tka-Gorka. The change
of Sessions language was important for making them visible to the international audience
and to enable the non-Polish petrologists to participate. I remember well the strange feeling
when the group consisting of more than 90% of Polish started to communicate in English...
The Session in Sobotka-Gorka was the last one from the series organized by the Wroctaw
team. The next Session — in Osieczany in 2000 was the first one organised by the group
from another research centre and the first one organised outside the Sudetes. In the
following years all the petrology research groups from Poland organised the Sessions.

Now we are used that the annual Sessions of the Petrology Group simply are. We are
used to their mixed local/international character and to their individual style. We feel that
they are the joint venture of us, Polish petrologists, and we enjoy participating. Let’s enjoy!

Jacek Puziewicz
Head of the Organising Committee
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MEETINGS OF THE PETROLOGY GROUP OF THE MINERALOGICAL

1994

1995

1996

1997

1998

1999

2000

2001

14

SOCIETY OF POLAND

Session in Trzebieszowice (14 — 16.10); topic: "Problemy
petrologii  skal zdeformowanych niekoaksjalnie", organizer:
University of Wroctaw

Session in Kowary (20 — 22.10); topic: "Nomenklatura skat
metamorficznych" (Prace Specjalne, Zeszyt 6), organizer:
University of Wroctaw

Session in Lubawka (18 — 20.10); topic: "Zastosowanie metod
geochemicznych do rozwigzywania probleméw petrologicznych
1 geologicznych" (Prace Specjalne, Zeszyt 8), organizer: University
of Wroctaw

Session in Pokrzywna (17 — 19.10); topic: "Integracja badan
petrologicznych 1 tektonicznych w celu zrekonstruowania historii
komplekséw metamorficznych granicy Sudetow Zachodnich
1 Wschodnich na Bloku Przedsudeckim" (Prace Specjalne, Zeszyt
9), Organizer: University of Wroctaw

Session in Karpacz (16 — 18.10); topic: "Strukturalna
1 metamorficzna ewolucja bloku Karkonosko-Izerskiego" (Prace
Specjalne, Zeszyt 11), Organizer: University of Wroctaw, Institute
of Geological Sciences-Polish Academy of Sciences

Session in Sobotka-Gorka (15 — 17.10); topic: "Metamorphic
evolution, igneous activity and structural development of the
Strzelin Crystalline Massif" (Prace Specjalne, Zeszyt 14),
Organizer: University of Wroctaw

Session in Osieczany (13 — 15.10); topic: Geology and petrology of
the Upper Silesia and the Matopolska Terranes Boundary Zone"
(Prace Specjalne, Zeszyt 17), Organizer: Jagiellonian Univeristy,
Krakéw

Session in Ladek Zdroj (18 — 21.10); topic: "Metamorphism in the
Snieznik area, organized on occasion of Centennial anniversary of
Kazimierz Skulikowski's birth and 300 years of the Wroctaw
University, (Prace Specjalne, Zeszyt 19), Organizer: Institute of



2002

2003

2004

2005

2006

2007

2008

2009

2010

Geological Sciences-Polish Academy of Sciences, Univeristy of
Warsaw, University of Wroctaw, Adam Mickiewicz Univeristy,
Poznan

Session in Szklarska Porgba (17 — 20.10); topic: "Granitoid massifs
and evolution of their cover", organized on occasion of 50"
anniversary of the Faculty of Geology of the Warsaw University,
(Prace Specjalne 20), Organizer: Warsaw Univeristy

Session in Gluchotazy (17 — 19.10); topic: "Eastern cover of the
Zulova pluton" organized on occasion of 30 years of the
Petrography direction in teaching at the University of Wroctaw,
(Prace Specjalne 23), Organizer: University of Wroctaw

Session in Ustronie (14 — 17.10); topic: Hypabyssal magmatism
and petrology of the flysch in the Western Carpathians. (Prace
Specjalne 24), Organizer: University of Silesia, Katowice

Session in Stary Folwark (13 — 16.10); topic: Crystalline rocks of
the East-European craton. (Prace Specjalne 26), Organizer:
Warsaw University, Polish Geological Institute

Session in Ztotniki Lubanskie (19 — 22.10); topic: Mantle beneath
SW Poland and some occurrences of related Tertiary volcanism.
(Prace Specjalne 29), Organizer: University of Wroctaw

Session in Bukowina Tatrzafska (18 — 21.10): topic: Orogenic and
platform granitoids. (Mineralogia Polonica — Special Papers 31),
Organizer: University of Silesia, Katowice

Session in Szklarska Porgba (10-14.9). (Mineralogia - Special
Papers 32), Organizer: Jagiellonian University, Krakow

Session in Swiety Krzyz (24 — 27.9): topic: Magmatism and
metamorphism in the Holly Cross Mts. (Mineralogia - Special
Papers 34), Organizer: University of Silesia, Katowice.

Session in Rézanka (14 — 17.10): topic: Lamprophyres and related

mafic hypabyssal rocks: current petrological issues (Mineralogia —
Special Papers 37), Organizer: University of Wroctaw
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2011

2012

16

Session in Bukowina Tatrzanska (21 — 23.10): topic: Migmatites:
Contemporary Views and Examples (Mineralogia — Special Papers
38), Organizer: University of Science and Technology, Krakow

Session in Obrzycko (19 — 21.10): topic: Meteorites: insights into
planetary compositions (Mineralogia — Special Papers 40),
Organizer: Adam Mickiewicz University, Poznan
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Solid speciation studies a tool to assess potential release of « Heavy
Metals » from mining and industrial contaminated sites

Hubert BRIL

Groupement de Recherche Eau Sols Environnement, University of Limoges, 123 avenue A. Thomas, 87060
Limogee; e-mail: hubert.bril@unilim.fr

Usually, metallic pollution is assessed only in chemical ways: the administrations in
charge of environmental questions take waste sample(s), water sample(s) and/or a plant
sample(s). After collection, the samples are crushed, analysed and the results represent the
maximum expected (or the maximum possible) pollutants release. Potential risks are
assessed by chemical extractions operating for one day, one month etc. more or less
aggressive chemicals which are supposed to act as given environmental conditions (e.g.
reductive, acidic etc.). Afterwards the results are compared to environmental quality
standards, for example the Water Framework Directive (Directive 2000/60/EC) of the
European Union. In conclusion, the polluted site is notified as more or less dangerous and
remediation works are expected before the beginning of such and such a year.

These chemical methods have the advantage of being practical, rapid (several days are
sufficient to test a site), precise (encoded) and (the most important) cheap. However they
present important imprecisions because they are based on the hypothesis of similar
behaviours between chemicals and alteration processes, they also give incorrect estimates
of potential risks, they only give a mean diagnosis for a bulk sample, and finally, the time
factor is not correctly taken into account. On the other side, mineralogical approaches are
perceived as too difficult to implement, too time consuming, too expansive and too vague
in the conclusions they allow. Moreover the results seem to be too complex to be
understood by all the actors, scientists and non scientists.

Nevertheless, mineralogical studies which are based on classical microscopies and
spectroscopies but also on more recently developed tools such as synchrotron facilities
include very different aspects and can give answers to numerous questions and are really
predictive. Indeed, the observation of mineral assemblages (primary, secondary and even
“tertiary”) and their relationships constitutes a good qualitative introduction to the historical
evolution of the site. The knowledge of the solid speciation of the main pollutants allows
a reconstruction of the physico-chemical conditions, of their formation whereas the stability
of all the phases can be estimated by the observation of the damages really affecting the
different metal-bearing phases.

Based on examples concerning mining and industrial waste, the presentation will draw
the contribution of mineralogy and petrology to the understanding of surface processes
involved in metallic pollutions.
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Geochemical and petrological constraints on the origin of the
Lithospheric Earth Mantle underneath the back arc environment along
the North and Far East Russia

Theodoros NTAFLOS

Department of Lithospheric Research, University of Vienna, Althanstraffe 14, 1090 Vienna, Austria; e-mail:
theodoros.ntaflos@univie.ac.at

Introduction

The Pacific East and Northeast Russia is part of the circum-Pacific orogenic system,
which formation is attributed to the subduction of the Paleo-Pacific plate and the eastern
Eurasian continent. Along this orogenic system the Okhotsk-Chukotka volcanic belt, the
Kamchatka and the Sikhote-Alin fold belts are the dominating tectonic structures (Parfenov
& Natal’in, 1985). Within these structures Neogene alkali basalts brought to the surface
mantle xenoliths of variable composition and their study enable us the possibility to infer
the petrological and geochemical nature of the lithospheric mantle as well as the melting
and metasomatic processes taking place in the upper mantle.

The Okhotsk-Chukotka Volcanic Belt

In the northernmost volcanic province Enmelen in Chukotka the lavas comprising
nephelinites, olivine melanephelinites and basanites brought to the surface mantle xenoliths
and an unusual large amount of pyroxene, ilmenite and phlogopite megacrysts. A striking
feature of the basaltic lavas is their enrichments in LILE and Ti suggesting the presence of
phlogopite in the source. Radiogenic Sr, Nd, Hf and Pb isotopic ratios approach MORB-
values indicating that enrichments of a long lived depleted source in LILE was a recent
event. The basaltic lavas have been generated in the asthenosphere and the calculated T and
P of the melt segregation vary around 1400°C and 3.5 GPa respectively precluding plume
activity in the area and supporting lithospheric extension.

The sampled xenoliths hosted by the lavas, besides the megacrysts, are mainly fertile
spinel lherzolites but few depleted spinel lherzolites occur as well.

According to the trace element analyses of whole-rock and clinopyroxenes the Enmelen
spinel lherzolites can be divided into three groups. Group A represents non-metasomatized
xenoliths that have experienced 3-4% fractional melting. Group B is represented by spinel
lherzolites that have whole-rock chondrite-normalized REE patterns with strongly enriched
LREE relative to intermediate and HREE (Lay = 9 x C1). Their clinopyroxenes are also
enriched in LREE and plot sub-parallel to the whole-rock REE patterns (Lay ~ 70 x C1).
The lack of hydrous phases suggests that group B has experienced cryptic metasomatism in
previous stage(s) of their evolution before re-equilibration. Group C is characterized by the
presence of amphibole. Chondrite-normalized REE from the core of clinopyroxenes have
patterns with depleted LREE similar to those of group A. However, their rims show,
relative to the core, an increase of the LREE (Lan/Smy = 0.21 and 2.44 for core and rim
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respectively). The introduction of fluids, rich in OH, LREE, Sr and Ti and the formation of
amphibole must have taken place shortly prior to the incorporation of the rocks into the
host lavas and before re-equilibration could be achieved.

The clinopyroxene Sr, Nd, and Hf isotope systematics (**Sr/*’Sr= 0.70222-0.7310,
"INd/M**Nd=0.51303-0.51333, €Hf=9.03-30.33) indicate long term parent daughter
depletion. In contrast to the radiogenic isotopes, whole-rock and trace elements represent.
fertile mantle that might have its origin in the asthenosphere (Ntaflos et al. 2008).

Further to the south in the area north of Magadan the mantle xenoliths are mainly
anhydrous spinel lherzolites that are strongly to weakly foliated. The REE in
clinopyroxenes have typical concave upwards mantle normalized patterns precluding
metasomatic processes. In addition, the low *’Sr/**Sr and the high, partly higher than
MORB, "*Nd/'**Nd point to an asthenospheric origin. A possible model explaining the
origin of the Viliga peridotites is a ‘piecemeal’ breakup of the subducted palaeo-Pacific
plate, which allowed an upwelling asthenospheric mantle to intrude in the evolved
window(s) between the slab pieces. Subsequently, olivine melanephelinites that were
generated at deeper levels sampled the spinel lherzolites from the asthenospheric mantle on
their way to the surface.

The Shikhote-Alin fold belt

In the back-arc environment of Far East Russia, mantle xenoliths from Sikhote-
Alin(KO) and Primorie (SV), Far East Russia are fertile spinel lherzolites with amphibole,
phlogopite armalcolite, fassaite and rohnite in some of the studied samples. Though
samples from both localities are fertile there is a systematic difference in their fertility. The
KO samples have mg# varying from 0.891 to 0.899 and are slightly more fertile than the
SV samples that have mg# ranging from 0.898 to 0.904. The cpx REE confirm this trend as
the (La/Yb)N in KO samples range from 0.10 to 1.00 and in SV samples from 0.15 to 1.73.

The clinopyroxene Sr and Nd isotopic ratios range from 0.702599 to 0.703567 and
0.512915 to 513153, repectively, resembling Pacific MORB isotopic ratios.

En route breakdown of disseminated amphibole produces second generation of cpx and
olivine and traces of glass as well fassaite and rohnite indicating crystallization at very
shallow depths. Melt pockets consisting of Ca-rich glass plagioclase rutile, ilmenite and
armalcolite suggest introduction of small amount of an unusual Ti-Ca-rich anhydrous
silicate melt at mantle depths.

The lithospheric mantle beneath the studied area represents the residue after partial
melting of up to 5% of a primitive mantle. Despite the fact that the studied area experienced
several subducting episodes, the lithospheric mantle appears to be unaffected from the
upwelling fluids/melts of the subducted slab(s). Since there is no indication for plume
activity, and/or evidence for refertilization, it is likely that the lithospheric mantle has been
delaminated as the result of tectonic events (lithospheric attenuation, inverse tectonic)
associated with the subduction processes and that the studied spinel lherzolites represent
upwelling asthenosphere.

Conclusions

It is evident that the subducted palaeco-Pacific oceanic plate did not affect the back-arc
lithospheric mantle along the Pacific East and Northeast Russia. While in the Okhotsk-
Chukotka Volcanic Belt the study of the mantle xenoliths reveals processes related to the
fact that the downwards moving slab experienced a piecemeal breakup which allowed an
upwelling asthenospheric mantle through the window between the slab pieces, the studied
mantle xenoliths from Sikhote-Alin and Primorie show that the lithospheric mantle has
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been delaminated as the result of multiple tectonic events related to several subduction
events in the area.
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Numerical simulation of magma mixing — from macro to micro scale
Ewa SLABY

Institute of Geological Sciences PAS, 00-818 Warszawa, Twarda 51/55, Poland; e.slaby@twarda.pan.pl

Magma mixing is a process commonly considered to trigger extreme geochemical
heterogeneities on a micro and macro scale. On the macro-scale, the process is registered in
rock geochemistry and textures. It is commonly accepted that if mixing is the only process
occurring in the system, linear correlations between the concentrations of any two elements
should result. The process has been simulated using a linear equation combining the
composition of the two end-member magmas, that of the hybrid and the progress of the
mixing process (Langmuir et al. 1978) — an equation that has been used in many
publications (Staby and Martin, 2008). An important new step in understanding the nature
of magma mixing and its description was the application of fractal theory by Perugini and
others (Perugini et al. 2003). Fractals are a geometric property of a set of points (each
representing element concentration in the magmatic flow field) in n-dimensional space
having the quality of self-similarity. The statistical distribution of such a set of points
requires use of a non-linear equation.

The micro scale can be clearly recognized in mineral compositions and growth
morphologies. Induced by mixing, crystal growth progresses in an environment where the
dispersion of magmas proceeds by chaotic stretching and folding. As a result, magma
domains with differing characteristics may occur simultaneously and/or sequentially close
to the growing mineral surface and elements from all incorporated due to their advection
and diffusive fractionation (Perugini et al., 2006; Staby et al., 2011). The binary diagrams
exhibit linear correlation for some elements in the crystal investigated and deviation from
such for others, questioning the adequacy of the linear equation for describing the ongoing
process on a micro-scale.

The mixing process has been simulated experimentally. A recent simulation by Perugini
et al. (2008) is of particular importance for studies of single phase heterogeneity. It opens
new perspectives for these studies and, in demonstrating that mixing does not show linear
trace-element behavior during exchange on a short time span and allows for in-depth
interpretation of trace element distributions in minerals formed during mixing.

Assuming the mixing process and associated chemical exchange to be time dependent,
the dynamic of the advection-diffusion process should differ for elements with clearly
different rates of diffusion. Indeed the long-range dependence of trace element behavior
during mixing, reflected in element distribution in a single mineral, in its micro-domains is
described by a non-linear equation (Staby et al., 2011).

The mathematical description of mixing process depends on a scale, we investigate it.
Macro and micro scale may aquire different mathematical models basing on linear or non-
linear equations. The choice of the proper attempt of the model preparation should result
from detailed recognition of the system geochemistry.
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Mesoproterozoic Continental Rifting, Alkaline Magmatism, long-term
Lithospheric Memories and Mantle Plumes

Brian G.J. UPTON

School of GeoSciences, University of Edinburgh, Edinburgh EH9 3JW, United Kingdom; e.mail:
brian.upton@ed.ac.uk

South Greenland was part of the Columbia supercontinent in the Mesoproterozoic,
consisting of Archaean craton, >2.9 Ga, and Palacoproterozic (Ketilidian) ~1.8 Ga. After
ca. 500 Ma tectonic quiescence two principal episodes of continental rifting occurred at ca.
1.3 Ga and 1.16 Ga. Concomitant alkaline igneous activity created the Gardar Igneous
Province. Close affinity of the magmatism in both the Older and Younger Gardar episodes
points to control by lithospheric rather than asthenospheric mantle processes.

Both episodes involved large-scale basaltic magmatism. The transitional olivine basalt
magmas were relatively evolved (MgO <7.5 wt%) with high LILE and F contents.
Although enriched in K they were not typical alkali olivine basalts. High Al,05/CaO ratios
conferred a cpx-poor, troctolitic character. They are principally represented by dyke
swarms although thick sequences of subaerial lavas of Older Gardar age are preserved.

Xenolith evidence indicates that a large coeval and comagmatic anorthosite complex
underlies the Province, mainly composed of plagioclase flotation cumulates, that
crystallised from hawaiitic magmas in the deep crust. Fractional crystallisation of the
Gardar basaltic magmas beneath a capping of the anorthosite followed an iron-enrichment
trend that led to ferro-mugearite and thence to benmoreite. At this latter stage magma
densities were low enough to permit ascent by stoping, forming central-type (probably sub-
volcanic) complexes at high crustal levels.

AFC processes gave ‘liquid lines of descent’ via trachyte either to quartz trachyte and
comendite or to phonolitic residual products. These salic magmas crystallised to layered
cumulate sequences showing evidence of unusual magma fluidity. Low viscosities also
facilitated ionic diffusion, allowing crystallisation of very coarse behaviour is exhibited in
the Ilimaussaq Complex (1.16 Ga) in which agpaitic magmas with (Na+K)/Al >1.2 and
very high contents of HFSE were residual. Ilimaussaq is among the world’s largest igneous
repositories of U, Th, Be, Li, Be and REE.

The anorthosite evolution at depth was a controlling factor in petrogenesis of the salic
alkaline rocks. The very low Sr contents and large —ve Eu anomalies are due to early
plagioclase fractionation and the abundance of peralkaline compositions is ascribed to
Bowen'’s ‘plagioclase effect’, again relating to early crystallisation of the anorthosite.
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Duration and tectonics of prograde metamorphism and inversion of
the Barrovian sequence in the Sikkim Himalaya, NE India

Robert ANCZKIEWICZ', Sumit CHAKRABORTY?, Somnath DASGUPTA?, Dilip K MUKHOPADHYAY*

!Polish Academy of Sciences, Krakéw, Poland, e-mail: ndanczki@cyf-kr.edu.pl
’Insitut fur Geologie, Mineralogie und Geophysik, Ruhr Universitdit, Bochum, German
3Indian Institute of Science Education & Research-Kolkata, India.

*Indian Institiute of Technolohy Roorkee, Roorkee, India.

The Lesser Himalaya in Sikkim region of NE India uniquely well preserved complete
Barrovian metasedimentary sequence. This offers an inimitable opportunity for studying of
timing, duration and rates of metamorphism during an orogenic cycle in a relatively simple
tectonic setting of the Himalaya. Very little structural disturbance makes this location ideal
for investigating the influence of increasing metamorphic grade on isotopic systematics in
various geochronometers. We conducted Lu-Hf garnet dating of each metamorphic zone
from the first appearance of garnet until muscovite dehydration melting, including all
intermediate zones.

Lu-Hf dating of the Lesser Himalayan rocks revealed a very clear younging trend of
ages with decreasing metamorphic grade: from 16.8+0.1 Ma at muscovite out reaction to
10.6+0.1 Ma in the garnet zone. Heavy Rare Earth elements zonation patterns in garnets
show clear Rayleigh style distribution, which indicates that garnets from all zones
preserved prograde growth. Comparison of isotope dilution and laser ablation ICPMS Lu
content shows that the ages are representative of the early prograde growth, probably of
early passage through a garnet isograd. Thus, in higher grade rocks, burial and heating was
initiated earlier. Despite different timing of the growth initiation, separate core and rim
dating of an individual garnet crystal from the kyanite zone suggests, that metamorphic
peak was likely attained simultaneously in all zones at about 10-11 Ma. Additionally, high
spatial resolution dating points to a rather fast synkinematic garnet crystallization. Hence,
high precision of the obtained ages is not severely overestimated, which is commonly the
case in the slow evolving settings.

High precision Lu-Hf ages allowed us to put rather tight time constraints on the
formation of the inverted Barrovian sequence, which from garnet to sillimanite isograd
lasted 4.0+0.3 Ma. This is in good agreement with similar estimates for the classic
Barrovian sequence from Scotland determined as 2.8+3.7 Ma (Baxter et al. 2002).
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Permian post-collisional volcanism in the Intra-Sudetic Basin —
new data on eruptive processes and magmatic evolution

Marek AWDANKIEWICZ', Honorata AWDANKIEWICZ?, Robert ANCZKIEWICZ®

!Institute of Geological Sciences, University of Wroclaw, Pl. Maksa Borna 9, 50-205 Wroctaw, Poland;
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2Polish Geological Institute — National Research Institute, Lower Silesian Branch, al. Jaworowa 19, 53-122
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The Intra-Sudetic Basin, a late Palaeozoic intramontane trough situated in the eastern
part of European Variscides, provides a record of Carboniferous and Permian volcanism in
a late- to post-collisional, intracontinental setting. Permian volcanic succession in the SE
part of the basin reflects three stages of volcanic activity: (1) caldera-related rhyolitic stage
— Plinian-type eruption of rhyolitic magma (tens of cubic km), formation of a caldera
(10 km in diameter), deposition of tuffs (mainly ignimbrites); (2) post-caldera andesitic
stage — eruption of andesitic tuffs and lavas (with minor intrusive activity) from small
volcanic centres inside the caldera, and effusions or shallow level intrusions of basaltic
andesites from small shield-type volcanoes outside the caldera; (3) post-caldera
trachyandesitic stage — emplacement of basaltic trachyandesite to trachyandesite sills within
sediments and tuffs along the caldera margins. Volcanism probably occurred between 290
and 283 Ma and the successive stages indicate a general shift to less evolved and more
alkaline compositions with time. The volcanic rocks represent a bimodal, high-K calc-
alkaline suite. Fresh mafic rocks consist mainly of plagioclase (bytownite to andesine),
ortho- and clinopyroxenes (enstatite, pigeonite, augite), olivine (Fo55) with minor Fe-Ti
oxides and alkali feldspars. Phenocrysts comprise olivine, pyroxenes and plagioclase, the
latter often showing various disequilibrium textures (resorption, zonation). The rhyolitic
tuffs consist of altered glass shards and quartz and alkali feldspar phenocryst with minor
lithic clasts. The mafic rocks represent relatively evolved compositions (MgO=2-5%)
characterized by enrichment in the large ion lithophile and light rare earth elements,
depletion in Ta, Nb, Ti and Sr, negative eNd(283Ma) of c. -3 and elevated eSr(283Ma) of
50-60. The rhyolitic tuffs show relative enrichment in Rb, Th, K, Nb, Ta, La and Ce over
Zr and Y, and depletion in Ba, U, Sr, P, Ti and Zr; eNd(283Ma) ranges from -2 to -4 and
€Sr(283Ma) from 82 to 94. Parental magmas of the suite (not erupted) possibly originated
from a metasomatized mantle and could have also assimilated some crustal rocks.
Differentiation of the andesitic/trachyandesitic melts was dominated by fractional
crystallization and magma mixing with rather low influence of crustal contamination. The
rhyolitic magmas represented the most evolved product of the above processes.

Acknowledgements: The study was supported from MNiSW grant N N307 133837.
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Mineralogical characterization of Baroque magnesian mortars from
the Cistercian church in Kamieniec Zabkowicki (SW Poland)

Wojciech BARTZ', Jakub KIERCZAK', Maria GASIOR?

!Institute of Geological Sciences, University of Wroclaw, ul. Cybulskiego 30, 50-205 Wroctaw, Poland; e-mail:
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Laboratory for Technological and Conservation Research, Faculty of Architecture, Wroclaw University of
Technology, ul. Bolestawa Prusa 53/5, 50-317 Wroctaw, Poland

This study presents mineralogical characterization of original (Baroque) mortars and
plasters from the church of the Holy Virgin Mary and St. Jacob the Elder located in
Kamieniec Zabkowicki. The church belongs to the post-Cistercian monastery complex,
formerly the Augustinian, in 1249 taken over by the Cistercians, who remained here until
secularization in 1810. The monastery complex devastated by the Hussite War, was rebuilt
in a Baroque style. All of the samples taken for analysis are dated to this period of time.

The samples were analyzed with optical microscopy followed by powder X-ray
diffraction (XRD), simultaneous thermal analysis (DSC-TG), sieve analysis, and by
scanning electron microscopy (SEM-EDX). All mortars comprise a carbonate binder and a
fine to medium-grained inert aggregate, dominated by a quartz, with less common lithic
fragments (granitoids and mica schists), plus accessory: garnet, biotite, muscovite,
amphibole, staurolite, opaques. Red ceramic fragments and charcoal are very sparse and
represent remnants of the burning process (fuel and clay from interior of the kiln).

The carbonate binder is strongly heterogeneous, rich in lime-lumps (binder-related
particles), extensively weathered and cracked from secondary salt crystallization (gypsum).
The presence of lime lump implies the mortars were poorly homogenized and the lime was
dry-slaked during a short time, rich in underburnt carbonate rocks.

Thermal analyses in conjunction with X-ray diffraction allowed to distinguish three
main constituents of the binder (fraction <63um): (a) calcite (b) hydromagnesite and (c)
dolomite. The hydromagnesite (Mgs(CO3),(OH),-4H,0) is well identified in the DSC curve
showing the peaks corresponding to the three-step endothermal decomposition: at about
253 °C (the release of the four molecules of water of crystallization), followed at about 391
°C (the decomposition of the hydroxide ion to a further molecule of water) and finally, at
about 441 °C (release of carbon dioxide). Also the presence of hydromagnesite was
confirmed by XRD (peaks: 9.200 A, 6.400 A, 5.790A, 2.899 A). The hydromagnesite
resulted from the hydration and carbonation of MgO in the lime paste in a moist CO, rich
atmosphere. This is the first case that magnesian mortars were detected as construction
materials in Lower Silesia. Since the deposits of dolomitic marbles have been located in the
vicinity of the Kamieniec (i.e. Krowiarki Mts), it seems reasonable that this rock have been
included as prime material for the production of lime.

Acknowledgements: This research has been supported by the National Science Centre
Project (DEC-2012/07/B/ST10/03820).
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Polish vs. Czech moldavites — preliminary SEM investigation

Tomasz BRACHANIEC, Krzysztof SZOPA, tukasz KARWOWSKI

Faculty of Earth Science, University of Silesia, Bedzinska Str. 60, 41-200 Sosnowiec; e-mail:
tribal216@gmail.com

In Lower Silesia, the first Polish moldavites were discovered (Brachaniec et al. 2013). It
is the fourth area, where tektites formed after impact in Ries, Germany may be found.
Polish, Czech, Austrian and German tektites belong to Central European tektite
strewnfields. Nowadays, only four tektite strewnfields are recognized (Koeberl 2007):
Central European, North American, Australasian as well as Ivory Coast.

The investigation material has been collected in Pannonian sediments near Strzegom.
Seven pieces of transparent, green tektites with their total weight 0.3 g were compared with
moldavites from the Czech Republic.

Scanning electron microscope observations, including BSE images and EDS analyses
were obtained by using a Philips XL30 ESEM/TMP equipped with EDS (EDAX type
Sapphire) detector at the Faculty of Earth Sciences, University of Silesia. Fragments of
both types of the tektites were put into epoxy in aluminum ring. The final casting form was
polished on one side.

The morphology of both tektite types show presence of linear, parallel grooves.
Sometimes, vesicles up to 80 um in diameter are visible. The main mass of the Polish
moldavites is represented by acidic glass with the typical content of:
Si>AlI>K>Na>Ca>Mg>Fe. Only lechatelierite (?) as a very pure silica is noted in all
samples, Polish as well as Czech, and occurs mostly as irregular and elongated inclusions.
Statistical distribution of lechatelierite (?) inclusions in tektites is bigger in moldavites from
the Czech Republic than in Polish ones.

EDS analysis of Polish moldavites compared with data from world wide literature,
shows a close similarity with other moldavites from the Central European tektite
strewnfields. This clearly confirm their impact origin.
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Experimental investigation into the relative stabilities of xenotime,
(Y,HREE)-fluorapatite, and (Y,HREE)-epidote as a function of
pressure, temperature, and fluid composition
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Xenotime, (Y,HREE)-apatite and (Y,HREE)-epidote/allanite stability relations during
metamorphism strongly depend on pressure, temperature, and fluid composition. For
instance, it has been shown that relative stabilities of allanite and xenotime in the low
amphibolite facies pelites are sensitive to variations of both, temperature and CaO/Na,O
ratio in the host rock (Janots et al. 2008). This study constrains relative stabilities of
xenotime, (Y,HREE)-fluorapatite, and (Y,HREE)-epidote as a function of pressure,
temperature, and a high activity of Ca vs. Na in the fluid.

The experiments at 2-10 kbar and 450-750°C were performed using a cold-seal
autoclaves on a hydrothermal line (2-4 kbar runs) and piston-cylinder apparatus (6-10 kbar
runs). The starting materials included inclusion-free crystals of the NWFP xenotime, albite
(Abjgo) or labradorite (Abj;AngKfs;), K-feldspar, garnet, biotite, muscovite, SiO, and
CaPF,. Fluids included 2M Ca(OH),, and Na,Si,05 + H,0. Ca. 30 mg of solids and ca. 5 mg
of fluid were loaded into 3x15 mm Au capsules and arc welded shut. Experiment durations
were 16, 8, 6 and 4 days at 450, 550, 650 and 750°C, respectively.

The xenotime alteration is observed in all runs. The experimental products include
(Y,HREE)-britholite or (Y,HREE)-fluorapatite in all runs, and a mineral with
a composition similar to the sodic clinoamphibole in runs with (Na,Si,Os+H,0).
(Y,HREE)-epidote formed only in runs at 650°C and 8-10 kbar with 2M Ca(OH),. These
results are partially consistent with the relative stabilities of xenotime and (Y,HREE)-
epidote observed in nature, showing that high Ca bulk content with high Ca/Na ratio
promotes stability of (Y,HREE)-epidote.
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2011/01/D/ST10/04588.
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The study explores mobilization of Y+REE and actinides between monazite (or
xenotime), fluorapatite/britholite and silicates as a function of high Ca vs. Na activity in the
fluid, under conditions replicating low-temperature metamorphism. The experiments were
performed utilizing a cold-seal autoclaves on a hydrothermal line. The starting solids
included inclusion-free crystals of the Burnet monazite (or NWFP xenotime) + albite
(Abjg) (or labradorite, Abs;AngKfs;) + K-feldspar + biotite + muscovite + garnet + SiO, +
CaF,. Fluids included 2M Ca(OH),, and Na,Si,05+H,0. Mixed solids (20-30 mg) and fluid
(5 mg) were loaded into 3x15 mm Au capsules and arc welded shut. Experiments were run
at conditions of 2 kbar/250°C, 2 kbar/350°C over 40 days, and 4 kbar/350°C over 20 days.

Starting minerals are not altered in experiments with 2M Ca(OH),, except 4 kbar/350°C
runs, where partial dissolution on monazite and xenotime surface is observed, and britholite
or britholite-(Y), respectively, are formed.

All monazite experiments with Na,Si,05 + H,O fluid resulted in alteration of starting
minerals and formation of new phases. Monazite is strongly dissolved on the surface, and
high internal porosity formed. Monazite alteration via fluid-mediated coupled dissolution-
reprecipitation resulted in partial mobilization of Th, U and Pb. Consequently, the altered
monazite domains yielded Th-U-total Pb dates from ca. 86 to 635 Ma, significantly lower
than ca. 1072 Ma age of the original monazite. Released Th and U substitute mostly in
steacyite formed in all runs, while REEs supplied REE-rich apatite formed in experiments
at 2-4 kbars/350°C.

The xenotime grains are dissolved on the surface in all runs with Na,Si,0s + H,O fluid.
Y-rich apatite, britholite-(Y) and mineral with composition similar to gerenite-(Y) formed.

Experimental results show that both monazite and xenotime are not stable in the system
with high Ca-Na bulk content, under conditions of low-temperature metamorphism.
Mobilization of REEs and actinides extensively increases in the presence of fluorine-
bearing, alkali fluid. Alteration of monazite leading to disturbance of the Th-U-Pb system
way below diffusional closure temperatures provides additional implications to
chronological studies on monazite.

Acknowledgements: This work was supported by the ING PAN research funds.
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Experimental investigation into the relative stabilities of monazite,
fluorapatite, and REE-epidote/allanite as a function of pressure,
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The stability relations of monazite, fluorapatite and REE-epidote/allanite as a function
of P-T conditions and Ca vs. Na activity in the fluid were experimentally constrained.
Experiments at 2-10 kbar and 450-750°C were performed using a cold-seal autoclaves on
a hydrothermal line (2-4 kbar runs) and piston-cylinder apparatus (6-10 kbar runs) over
4-16 days. The starting materials included inclusion-free crystals of the Burnet monazite +
albite (Abjgo) or labradorite (Abs;AngKfs;) + K-feldspar + biotite + muscovite + SiO, +
CaF,. Fluids included 2M Ca(OH),, and Na,Si,O5 + H,0. 20-30 mg of solids and 5 mg of
fluid were loaded into 3x15 mm Au capsules and arc welded shut.

All experiments resulted in monazite alteration and formation of new phases. REE-
fluorapatite and britholite are stable in a wide P-T range in both systems with high Ca and
high Ca-Na activities. High activity of Ca in the fluid promotes alteration of monazite and
formation of REE-epidote, REE-rich fluorapatite and britholite. In contrast, presence of
Na,Si,05 + H,0 fluid, with bulk CaO/Na,O ratio of 1.0 in the system, retards formation of
epidote.

The experiments so far support thermodynamic modeling (Spear 2010) indicating that
increased Ca bulk content expands stability field of allanite relative to monazite towards
higher temperatures. The influence of CaO/Na,O ratio in bulk content on the relative
stabilities of monazite and REE-epidote in experiments is in agreement with natural
observations from the amphibolite-facies Alpine metapelites (Janots et al. 2008).

Acknowledgements: This work was supported by the NCN research grant no.
2011/01/D/ST10/04588.
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Siderite is ubiquitous in coal waste dumps as it accompanies Carboniferous coal seams
being exploited in the Upper Silesian Coal Basin. It occurs as layers interbedded with the
coal seams and as concretions (sphaerosiderites), usually small in size. A sample of siderite
(25 cm in diameter), collected from the coal-waste dump located in Katowice-Welnowiec,
Poland, consists of the minerals siderite (76%), dolomite (6%), quartz (7%),
illite/muscovite (5% ) and chlorite, kaolinite and feldspars (2%).

Samples of the siderite were baked under oxidizing conditions in a pipe furnace (PRC
65M Czylok) in separate experiments at temperatures of 400°C, 700°C, 900°C, and 960°C,
all held for 5 hours. They were then heated in a thermal chamber (mri Radiation) coupled to
a diffractometer (Bruker axs D8 ADVANCE). Phase compositions were checked up to
1200°C. A Scanning Electron Microscope (SEM-EDS), and a Field Emission Electron
Probe Microanalyser (FE-EPMA) were used to confirm the chemical compositions of
newly-formed mineral phases.

Magnesioferrite (Fe,MgO,) appears in traces at 400°C. It is joined by minor wiistite
(FeO), graphite and very minor periclase (MgO) at 420°C. High amounts of periclase and
likely tetragonal maghemite are recorded in the range 700-800°C. Olivine also begins to
appear in this range. At 900°C, periclase is absent, consumed by the formation of more
olivine and the unit cell parameter a of the spinel phase has changed from 8.3998 A
(420°C) to 8.383 A. At 1120°C, reflections for the spinel phase appear to correspond to
magnetite (a~8.306) rather than magnesioferrite. This suggests migration of Mg from the
primary structure of the spinel phase into the olivine-type. At the same time, reflections for
olivine are shifted towards more fayalitic composition, suggesting additional consumption
of wistite. The main products of siderite transformation at 1200°C are: magnetite,
(Fe3+1.54A10.468i0.01TiO.Ol)ZZ.O2(F€2+O474Mg0420Mn0.01CaO401)ZO496O47 i.e., MagsoHesMfr SpeRi,
where R stands for remaining end-members, i.e., jacobsite, galaxite, ulvospinel, qandilite,
and equivalents of harmunite (CaFe,0,) and krotite/dmitryivanovite (CaAl,O,); olivine,
(Mg 2F e2+0.6913(33+().()6(:21().04Mno403)22402(Sio96/\1().()2)20.9804, i.e., FosgFa3 Lh;Co,Te,; P-bearing
hedenbergite-diopside-esseneite-(...) pyroxene, C31A02(Fe2+0A42MgOA27Fe3+0A20A10A05Mn0A03)
£0.97(S1130Al0.37P0.13)52.0006; aluminous (clino) ferrosilite-rich pyroxene,
(FCHOAL)MnglAl 0.18Ca9.02Mng 01)51.00(S10.97Ti9.01)50.0803; magnesiowiistite,
(Feo.ssMgo30Cag 10Alp.01[10.01)520.990, i.e. WussoPers;Lmj,. This composition compares well
with that of ‘paralava’- like bodies, commonly found on burning coal-waste heaps.
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Thermal waters in an active subduction zone in Southern Peru
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The ascent of thermal waters in Southern Peru is connected with neotectonic
movements which are the result of active subduction of the Nazca plate under the South
American lithospheric plate. Water samples were collected during the Polish Scientific
Expedition to Peru in 2010 and 2012 from a number of springs, streams and lakes in the
vicinity of the Colca River between the villages of Chivay and Canco. The river course
mainly follows active W-E and NE-SW faults. The springs sampled gush from different
rock formations at different altitudes (1393 — 4752 m a.s.l.).

Water samples were collected in eight areas: (1) Canco — thermal springs flowing from
sedimentary the siliciclastic Yura Group of Jurassic-Cretaceous age; (2) Huambo — river
and karst springs in travertines; (3) Mucurca — lake on the colluvium of the Cenozoic
volcanic Barroso Group; (4) Pinchollo — geyser and thermal springs gushing from Cenozoic
rocks of the volcanic Barroso Group, and from nearby streams; (5) Yanke — thermal springs
among Pleistocene lake sediments; (6) Chivay — thermal springs within the siliciclastic
Murco Formation of Cretaceous age covered by volcanics of the Andahua Group; (7)
Sallihua — thermal spring flowing out from a Quaternary alluvial fan and (8) Sibayo —
thermal spring rising from colluvium of Mesozoic sandstones. Efflorescences of sulphate-
and carbonate composition bloom around the geyser and thermal springs with temperatures
ranging from 40-82°C.

The thermal waters are of three geochemical types. The first type is dominated by
calcium and bicarbonate ions with an electrical conductivity (EC) ranging from 670-
1130 pS/cm. The second is sodium-chloride water type with an EC in the range 1700-
5560 uS/cm. The third type is sodium-chloride-sulphate with an EC between 5020-
5200 pS/cm. It was confirmed, that SO,*, CI" and HCO; concentrations in all collected
samples depend mainly on lithology of aquifer.

Hot geyser water mixing with river water results in the calcium-sulphate water type.
This implies that regardless of the depth of its reservoir, river water descends deeply along
fault planes to mix with hot water rising along cross-cutting faults from volcanic strata at
depth.
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Peridotitic xenoliths from Pilchowice basanite (SW Poland)
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The basanite from Pilchowice (SW Poland) belongs to the alkaline lava occurrences
forming the Polish part of the Central European Volcanic Province. The outcrop of basanite
is located at the Intra-Sudetic fault, the major Variscan dislocation in NE part of the
Bohemian Massif. The basanite, known for abundant rhonite (Ladenberger et al. 2006 and
references therein) contains numerous, usually small (<10 cm) peridotitic mantle xenoliths.
Their protogranular texture (olivine up to 8 mm, common kink bands) is obliterated by
intense fissuring and fragmentation of the grains. Olivine, ortho- and clinopyroxene and
sparse spinel are the primary minerals; clinopyroxene occurs only in the part of the studied
samples. The olivine (Fogy,915) contains 0.35-0.45 wt. % NiO. Clinopyroxene-free
harzburgites contains Al poor orthopyroxene (mg# 0.92, 0.02-0.03 atoms of Al per formula
unit, pfu in the following) and Cr-rich spinel (cr# 0.8). The clinopyroxene-bearing
peridotites contain orthopyroxene slightly richer in Al (mg# 0.92, 0.04 atoms of Al pfu) and
mildly Al impoverished clinopyroxene (mg# 0.92, 0.09 atoms Al pfu). The temperatures of
equilibration recorded in ortho- and clinopyroxene pairs are close to 900°C. One of the
peridotites contains clinopyroxene with abundant spongy rims. The orthopyroxene
occurring in this rock is Al-rich (mg# 0.92, 0.12 atoms Al pfu) and the primary (non-
spongy) clinopyroxene is Al-enriched (mg# 0.92, 0.17 atoms of Al pfu). Major element
mineral composition in these rocks suggests that they preserved depleted chemical
characteristics, which has been little changed by later metasomatic events, excepting the
sample containing spongy clinopyroxene. The analyses of trace element content in
clinopyroxene reveal strong cryptic metasomatism in all the samples, with REE patterns
enriched in LREE. The Ti and Zr/Hf negative anomalies in PM-normalised diagrams are of
different extent suggesting various (silicate and/or carbonatite) nature of the metasomatisng
agents.
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Science.
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Dust from metal smelters: mineralogy, leaching and contaminant
bioaccessibility
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Non-ferrous metal smelters are important point sources of pollution. In this contribution
we present data on mineralogy and leaching behaviour of dusts from one secondary Pb
smelter located in Central Europe and several Cu smelters from Africa (Zambia, Namibia).
Dry climate and strong winds are believed to be responsible for dispersal of contaminated
dust particles in areas affected by mining, mineral processing and smelting (Ettler et al.,
2012). We evaluated the solid speciation, leachability and potential bioaccessibility of
metals (Co, Cu, Pb, Zn) and As in fly ashes and slag dusts. Dusts were highly enriched in
inorganic contaminants (up to 273 g Cu/kg, 8.9 g Co/kg, 39 g Pb/kg, 21 g Zn/kg and 437 g
As/kg). Based on XRD, SEM, EPMA and HRTEM investigations, major contaminant-
bearing phases were cuprospinel (CuFe,O,4), chalcanthite (CuS0O4.5H,0), delafossite
(CuFe0,), arsenolite (As,0;), galena (PbS), anglesite (PbSO,), sphalerite (ZnS), elemental
Cu and Pb chlorides (Vitkova et al., 2011; Ettler et al., 2005). The pH-static leaching tests
indicated that contaminants were released from the fly ash mostly at low pH (Vitkova et al.,
2011). We also adopted in vitro methods based on simulated gastric fluid (SGF) and
simulated lung fluid (SLF). The maximum bioaccessibilities in SLF were relatively low
(Co 16%, Cu 2%, Zn 1.2%, As 2.9%), whereas values higher than 20% were obtained for
SGF (Co 80%, Cu 50%, Zn 77%, As 83%). The obtained data indicate that a severe health
risk related to smelter dust ingestion/inhalation should be taken into account particularly in
dry areas in African countries. This study was supported by the Czech Science Foundation
(projects no. 13-17501S and P210/12/1413) and IGCP project no. 594.
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Ternesite, Cas(Si0,4),SO,, is a rare mineral, originally described from altered xenoliths
in Eifel volcanites (Irran et al. 1997). Its anthropogenic analogue is known from burned
dumps in Lapanouse-de-Sévérac, Midi-Pyrénées, France (Eytier et al. 2004). We have
found ternesite in larnite pyrometamorphic rocks of the Hatrurim fomation at two localities:
Hatrurim Basin, the Negev Desert and Jebel Harmun, the Judean Desert, Isracl (Novikov et
al., 2013). Ternesite from larnite pyrometamorphic rocks was detected as intergrowths of
poikilitic metacrystals up to 0.5 cm in size, associated with larnite, fluormayenite,
ye’limite, fluorellestadite, gehlenite, brownmillerite, shulamitite, spinel. Ternesite replaces
fluorellestadite. Ternesite from larnite rocks of the Hatrurim formation is different in
composition from ternesite from the Eifel by its high P,Os content up to 7.5 wt.%. The cell
parameters of ternesite from the Jebel Harmun (Prma, orthorombic): a=6.8428(1),
b=15.3921(2), c=10.1836(1)A; V= 1075.12A°, are slightly different form cell parameters of
ternesite from the type locality: a= 6.863(1), b=15.387(2), c=10.181(1)A, V=1075.1A°
(Irran et al. 1997). Refinement of the ternesite structure by single-crystal X-ray methods
and comparison of bond lengths with those of the ternesite structure by Irran et al. (1997)
showed that phosphorus incorporates into the Si- and S-tetrahedra. Occurrence of ternesite
in pyrometamorphic rocks of the Hatrurim formation as poikilitic metacrystals does not fit
to the general scheme that suggests the formation of high-temperature mineral associations
in fine-grained larnite pyrometamorphic rocks of sanidinite facies at dry conditions. Instead
ternesite formed at HT in the presence of a fluid phase (sulphate-bearing melt?).
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2012/05/B/ST10/00514.
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Potentially new “Ti**-dominant garnet species of the schorlomite
group
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Xenoliths within ignimbrites of the Upper Chegem Caldera, Northern Caucasus
(Kabardino-Balkaria, Russia) are unique objects where great number of mineral species of
the garnet supergroup were detected. These are minerals of the schorlomite group:
kimzeyite, kerimasite, schorlomite; of the garnet group: andradite, grossular, uvarovite,
morimotoite; and also ungrouped katoite. During the 2009-2011 six new garnet species
were described form these xenoliths: bitikleite Ca3(Sb5+Sn)Al3012, usturite
Cas(Sb*'Zr)Fe*'301,, dzhuluite Cas(Sb’'Sn)Fe’'301,, elbrusite Cas(U%ysZr, 5)Fe**50,,,
which formed a new bitikleite group; toturite Ca3Sn2(Fe3+ZSi)012 and irinarassite
Ca3Sn,(Al,S1)O;, complemented the schorlomite group (Grew et al. 2013). Recently in
cuspidine zone of the xenoliths, minerals of the garnet supergroup with very complex
COI’l’lpOSitiOl’l were established: Caj,(Zr]Alosno_ﬂ,gSb5+()‘38Ti4+OA0gU6+oA02HfOA01SCOAOI)zz(FC3+1A55
Alos2Tip4281021)23012 (1) and Ca3(sn1AOOZI’OJSSb5+0A20F92+0A02U6+0A01HfomSCOA01)22(FC3+1A40
Al 78Tig4851934)53012 (2). Taking into consideration that these garnets are represented by
complex solid-solution their classification should be based on the dominant valence rule
and double-site occupation (Hatert and Burke, 2008). Both the above mentioned garnets
belong to the schorlomite group as cation charge at (Z) tetrahedral site is 9.63 (1) and 9.82
(2), respectively (Grew et al., 2013). According to the octahedral site (¥) occupation and
dominant type of three-valence cation at Z site, the first garnet is an analog of kerimasite
('R*>"2R*" and "Zr>"Sn and “Fe’'>”Al), and second one — the analog of toturite
("R*>"2R*" and "Sn>"Zr and “Fe**>?Al). In all known minerals of the schorlomite group
with (R*",R*") double-site occupation Si is the predominant cation at the Z site. In the
described garnets “Ti*'>“Si, what allows to consider above listed phases with crystal
chemical formulae (1) and (2) as potentially new mineral species of the garnet supergroup
belonging to the schorlomite group: “Ti-analog of kerimasite and “Ti-analog of toturite.
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Application of ICP-MS and portable XRF in the study of soils from
three historical areas of metal ore mining in the Holy Cross
Mountains, Poland
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Soils at historical metal ore mining sites are enriched in potentially toxic trace elements
due to natural processes (weathering of bedrock) and geoanthropogenic impact (ore mining
and processing). Although metal ores have yet not been extracted in the Holy Cross Mts,
the mining tradition in this area dates back to prehistoric times. Different metals, including
Fe, Pb, Cu, U and Ag, were extracted in many parts of the Holy Cross Mts.

This study focuses on determination of trace metals in soils at three sites: Karczowka,
Miedzianka and Rudki. Karczowka is a hill located in the western part of the city of Kielce.
Lead was extracted in this area from the Medieval times up to the 17" century. Miedzianka
Mt., situated in the westermost part of the Holy Cross Mts, was the biggest copper and
silver Medieval mining center of the region. Hematite in turn was mined as an iron ore for
primitive furnace smelting during the Roman Empire at Rudki located at the Lysogory fault
(north of Holy Cross Mt.). After the Second World War, pyrite and uraninite had also been
extracted there until 1971. Karczowka and Miedzianka are designated as nature reserves,
whereas Rudki occurs within the Holy Cross Mts National Park buffer zone. This is the
reason why environmental quality should be given high priority in these protected areas.

The principal objective of this study was to compare the element contents determined
with an inductively coupled plasma mass spectrometry method (ICP-MS, model Elan DRC
II) with those derived from field portable X-ray fluorescence spectrometry measurements
(FP-XRF, model NITON XL3T 960 GOLDD+). About 60 samples were collected at
Karczéwka Mt. Prior to ICP-MS determinations, metals were extracted from soil samples
with aqua regia, whereas FP-XRF measurements were preceded by minimal sample
treatment (air-drying, grinding, sieving). The concentrations of abundant elements in soils
are comparable and strongly correlated for both analytical methods. The study has shown
that a low-cost, rapid, direct, non-destructive analysis of contaminated soils by FP-XRF
(Kalnicky, Singhvi 2001) can be an alternative to trace element determinations by ICP-MS.

Acknowledgements: This study was supported by the Polish National Science Centre
(NCN), project no. DEC-2011/03/B/ST10/06328.
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Assessing anthropogenic pressure on the Swietokrzyski National
Park — preliminary results from a SCN multi-isotope approach from
bioindicators
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The aim of this study is to assess the anthropogenic pressure in the Swigtokrzyski
National Park (SNP) coupling both quantitative (concentrations of atmospheric pollutants)
and qualitative analyses (sulphur, carbon and nitrogen stable isotope compositions of
bioindicators). Lichens (Hypogymnia physodes) and air samples were collected during the
heating season (1-3 February 2013) from 20 points located in the SNP and its vicinity. The
lichens species were sampled from bark and branches of Abies alba trees. The air samples
were analysed for SO, and NO, concentrations using the Amay-Krochmal method with
passive samplers, and for 3"°C(CO,) and CO, concentration by CF-IRMS. Results for
atmospheric SO, ranged from 0.77 to 22.82 pg:m™ with a mean value of 8.05+5.47 pgm>,
and for NO, from 5.84 to 13.22 ug'm> with a mean value of 7.52+1.94 pg'm>. C and N
concentrations in lichens varied from 43.3 to 52.2% with an average of 48.0£2.4% and
from 0.8 to 3.1% with an average of 1.820.7%, respectively. In lichens 8"°C values varied
from -23.1%o to -21.5 %o with an average value of -22.3£0.6%o. 3'"°N ranged from -11.8%o
to -8.1%0 with an average value of -9.7+1.2%.. Atmospheric CO, concentrations and
8"*C(CO,) values are currently analysed and results will be discussed by the time of the
conference.

Preliminary data indicate that: (i) 8"°C value shows a slightly negative relationship with
altitude (that may reflect natural stress factors: temperature, relative humidity etc. as well as
anthropogenic pressure; e.g. tropospheric O; and CO,) and shows no relationship with the
corresponding C concentrations, (i) 8'°N shows a slightly positive relationship with
altitude and a slightly positive relation with N concentrations (that may reflect natural
conditions or contribution from gasoline combustion from road traffic). S concentration
(both sulphates and organic S) and their corresponding 8°*S are currently analysed and will
help better constrain anthropogenic contributions (results will be presented during the
conference).

Spatial analysis of our results shows that: (i) NO, concentrations increase near main
roads; (ii) SO, concentrations increase with higher altitude and near deforest areas; (iii) C
and N isotopic depletion in lichens may reflects long distance transport of anthropogenic air
pollutants (CO, and NO,) derived by local dominant W and NW wind direction.
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Fe-oxides in deep-water sediments (Mikuszowice Cherts, The Silesian
Nappe, Polish Outer Carpathians) - evidence of bacterial iron
mineralization?
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This paper presents new data on the biomineralogy of Mikuszowice Cherts, the series of
the Late Cretaceous deep-water spiculites from the Silesian Nappe (SN). The Upper Ligota
Beds, called the Mikuszowice Cherts is a turbiditic sequence. Samples for biomineralogical
studies were collected from quarry in the Barnasiéwka Range.

a0 L

Fig.1. Remnt after bacteial Fig.2. Microprobe analyses of the iron
filaments- iron oxide crystals. oxide crystal

Bacteria are found in every environments including the extreme, where they can be the
only life forms e.g.: deep-marine sediments or deep see hydrothermal. Bacterial processes
can form iron minerals. Ferric Fe(Ill) oxides forming with bacteria effect characterize a
highly insoluble and very often are preserved in sediments (Croal et al, 2004).
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Geotectonic and regional significance of metabonitites from the Nové
Mésto belt

Stawomir ILNICKI

Institute of Geochemistry, Mineralogy and Petrology, University of Warsaw, Al. Zwirki i Wigury 93, 02-089
Warszawa, Poland; e-mail: slawomir.ilnicki@uw.edu.pl

The Nové Mésto belt in the central part of the Sudetes comprises greenstones and
amphibolites which show geochemical characteristics of tholeiitic basalts varying from
depleted, N-MORB-like, to dominant, variably enriched intermediate between N-MORBs
and E-MORBs, to enriched basalts intermediate between E-MORBs and OIBs. The mantle
source to protolith of metatholeiites was heterogeneously metasomatised by subduction-
derived component and by low-degree OIB-like melts generated in the garnet stability field.
A variegated and heterogeneous input of components typical of both within-plate
enrichment and active supra-subduction zone suggests the tectonic setting of back-arc basin
of magma generation (BAB).

Metatholeiites are accompanied by rare high-Ca metaboninites (Mg# 71-74, TiO, 0.29—
0.46 wt.%, CaO/Al,0O5 0.8—1.1, Zr/Nb 77, [La/Yb]cn 1.00). Geochemical features of these
rocks are akin to high-Ca boninites recognized in ophiolites of Troodos, Oman or Koh
(New Caledonia) and also in back-arc basins of North Tonga and of the Dachadaban area
(the North Quilan, China); they are similar also to metaboninites found in the
Neoproterozoic basement in the SE part of the Tepla—Barrandian (the Kralupy—Zbraslav
and the Stdchovice Groups; Ilnicki 2013 and references therein). The geochemical models
show that the boninites were generated at ca. 1370-1470°C by 15-20% partial melting of
the residual source depleted by an earlier tholeiitic melt extraction. The formation of the
boninitic magma was preceded by metasomatic enrichment of the refractory mantle source
by melts derived from sediments and amphibolites constituting the subducted slab.

The occurrence of boninites in the Nové M¢sto belt relates the study area to the Tepla—
Barrandian zone, as the only one in the Bohemian Massif where boninite dykes were also
found. In the regional context, the association of boninites and the BAB tholeiites in the
Nové Mésto belt is interpreted as a part of the back-arc system of the Cadomian volcanic
arc preserved in the south-eastern part of the Tepla—Barrandian domain. Moreover, the
generation of the boninite magma could have been related to ridge subduction and slab
break-off under conditions of vanishing activity of the Cadomian back-arc zone.
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Evaluation of sorption of peat to metal ions (Zn** and Cu*) as a tool in
study of chemical structure of humic substances
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Chemical features of humic substances which are responsible for sorption of heavy
metals result from presence and availability of reactive functional groups (i.a. carboxyl,
phenol, hydroxyl), but binding mechanisms are different for different metals.
Understanding these mechanisms may be useful in the characterisation of macromolecular
matrix of humic substances.

Peat sediments contain organic matter, which is in general called humic substance. This
substance is complex, complicated and variable in terms of molecular structure. It is
a dynamic system which is subjected to constant transformation and nature of these
changes depends on environmental factors: botanical composition, activity of soil fauna and
microorganisms, hydrological and redox conditions and physical and chemical properties of
the substrate. Fluctuations of those factors have an influence on the structure and properties
of the peat as well as on the structure of the substances contained in humus.

Finally products of humification collectively called as humic substances can have
various chemical compositions depending on the conditions under which they arose.

Popular spectroscopic techniques such as NMR, EPR, IR, allow to explore the complex
structure of humic substances. Nevertheless, all these techniques are quite expensive. An
alternative tool in research of molecular properties of humic substances may be a method
involving the adsorption capacity towards heavy metal ions (such as Zn*" and Cu*"). Basing
on knowledge of the mechanisms of sorption of heavy metal ions by humic substances
a relatively inexpensive and easy to use tool of exploring structure of humic substances can
be obtained.
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Modelling the Ktodzko-Ztoty Stok magma system using amphibole
and two pyroxene geothermobarometry

Petras JOKUBAUSKAS', Bogustaw BAGINSKI', Marek AWDANKIEWICZ2, Ray MACDONALD'

!Faculty of Geology, University of Warsaw, 02-089 Warsaw, Poland; e-mail: p jokubauskas@student.uw.edu.pl
2University of Wroctaw, Institute of Geological Sciences, ul. Cybulskiego 30, 50-205 Wroclaw, Poland

The Klodzko-Ztoty Stok granitoid intrusion is cross-cut by a number of dykes. Zircon
dating (Mikulski at al., 2012) and careful field examination suggest that the dykes are
comagmatic with the granitoids, and can provide information about deeper magma system
levels unattainable from the granitoids alone. We have modelled the spatial structure of the
magma system using P-T conditions determined for the crystallization of calcic amphiboles
(Ridolfi and Renzulli, 2008) and/or two pyroxenes (Putirka, 2008) in the granitoid intrusion
and related dyke rocks.

In general the P-T diagram and amphibole compositions show a variety of trends of
which the most extreme can be interpreted as a result of different melt sources. Amphiboles
from a spessartite from Makolno define a steep trend ranging from 2300 — 200 MPa and
950 — 800 C°, in contrast to zoned amphiboles from a pyroxenite located west of Ztoty Stok
which form a parabolic trend (2400 — 100 Mpa and 1200 — 700 C°). The pyroxenite very
probably originated as a mafic cumulate of a precursor magma. The P-T conditions
calculated from two pyroxenes from a large dyke from the Bardo mountains near the
Ktodzko-Laskowka road, overlap part of the last trend. Table 1 gives preliminary depths
calculated from P.

This is the first quantitative model covering the whole magma system of a Variscan
granitoid intrusion.

Table 1. Preliminary depth of magma chambers calculated
depth (km) ~30-35 ~20 ~14-15 ~8-10 | 3-5 (granitoid body)

dyke rocks  Makolno lampr. | Droszkéw lampr. | all all | andesite/ dacite vein
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Pressure-temperature evolution of the HP-LT rocks from Nordenskiold
Land, Svalbard
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Recent fieldwork in western part of Nordenskidld Land has established the presence of
blueschists which occur in form of isolated bodies of different size and are enclosed within
metasedimentary units. They are dark green and consist mostly of greenish amphiboles and
reddish garnet. Blueschists are strongly retrogressed and the original progressive and peak
HP assemblages are vastly replaced by later, lower pressure assemblages. However, garnet,
actinolite, titanite and in minor amounts ferroglaucophane and phengite constituting the
peak assemblage as well as epidote and pumpellyite belonging to the progressive
assemblage, survived the retrogression. Garnet contains voluminous inclusions of epidote,
chlorite, titanite, albite. Its composition varies from Almg,PrpyGrss;sSps, in the rims to
AlmyoPrp,Grs;3Sps;; in the cores. Gradual changes in chemical zoning as well as bell-
shaped spessartine content profiles imply one-step, progressive garnet growth.

Since there is no suitable geothermobarometer available for the peak mineral
assemblage, the pressure-temperature (P-T) conditions were estimated using the phase
equilibrium modeling in the NCKFMMnASHTO system using Perple X software.
Modeling is based on bulk-rock chemistry and garnet and phengite compositional isopleths.
P-T estimates indicate peak pressure conditions at c. 20kbar and 480°C. Chlorite + phengite
+ actinolite + ferroglaucophane + garnet + sphene + quartz are inferred to represent peak
metamorphic assemblage, stable under high-pressure low-temperature (HP-LT) conditions.
Blueschists from Nordenskiold Land indicate a geothermal gradient of 7°C/km, which
provides evidence for a unique cold subduction event in Paleozoic. These results are in
agreement with the P-T estimates for the HP-LT metasediments of the Vestgdtabreen
Complex in the Motalafjella area (Agard et al., 2005), which occur to the north from the
research area.

New evidence for blueschist facies metamorphism in Nordenskiold Land suggests that
the extent of the Caledonian HP-LT metamorphism on Svalbard is larger than previously
supposed. These blueschist facies rocks may be an equivalent of the high pressure unit
known from Oskar II Land (Motalafjella region), but more geochronological and
petrological studies is needed to confirm this hypothesis.
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Provenance of very low-grade metasedimentary rocks of the Variscan
accretionary prism of the Kaczawa Mts. (SW Poland): preliminary
geochemical data

Joanna KOSTYLEW', Ryszard KRYZA', Jan ZALASIEWICZ?

Institute of Geological Sciences, University of Wroctaw, ul. Cybulskiego 30, 50-205 Wroctaw, Poland; e-mail:
Jjoanna.kostylew@ing.uni.wroc.pl
’Department of Geology, University of Leicester, University Road, Leicester LE1 7RH, UK

The Kaczawa Unit, together with neighbouring basement units, forms a structural
mosaic of the Sudetes (SW Poland) at the NE edge of the Bohemian Massif. The
provenance of metasedimentary and metavolcanic rocks that form the Kaczawa Complex,
as well as their metamorphic P-T-t paths, are key questions for the hypothesis that the
Kaczawa Unit comprises fragments of the Variscan accretionary prism. These questions
have become particularly important since the 1970’s when some of the rocks were
classified as mélange rather than fragments of coherent stratigraphic successions as
previously thought.

In an earlier study (Kostylew, 2007), metamudstones from the northern part of the
Kaczawa Unit (Rzeszowek and Chelmiec sites) were discussed. Here we present and
preliminarily interpret new results of bulk-rock chemical analysis of 13 samples from
various metasedimentary rocks (mélange, metamudstones, metasandstones and phyllites)
from different structural parts of the Kaczawa Unit.

The provenance of metasedimetnary rocks of the study area is assessed based on the
Chemical Index of Alteration (CIA) and discrimination function analysis, using major-
element and selected trace-element data (i.e. Eu/Eu*, Zr/Sc, Th/Sc Th/U and Gdy/Yby).
The results point to acidic igneous rocks of the upper crust as the likely main source for the
protoliths of the metasedimentary rocks, possibly with a subordinate component of depleted
mantle sources in the case of the Radzimowice Slates. Trends in major and trace elements
compositions reveal both active and passive continental marigins as possible tectonic
settings of sedimentation. Overall data obtained are significantly scattered which can be an
effect of diverse provenanace areas for the metasedimentary rocks of various structural
units of the Kaczawa Mts., as well as at least the possible two different geotectonical
settings of deposition.
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REE-rich allanites from a plagiogranite occurrence in South Othris,
Greece

Petros KOUTSOVITIS', Maria PERRAKI?, Andreas MAGGANAS'

!National and Kapodistrian University of Athens, Faculty of Geology and Geoenvironment, Department of
Mineralogy — and  Petrology,  Panepistimioupoli ~ Zografou, 15784  Athens,  Greece;  e-mail:
petroskoutsovitis@yahoo.com, amagganas@geol.uoa.gr.

’National Technical University of Athens, School of Mining & Metallurgical Engineering, Division of Geological
Sciences, Heroon Politechniou 9, GR-157 73 Zografou, Greece, e-mail: maria@metal.ntua.gr.

Allanite-(Ce) is an important accessory phase, found within the plagiogranitic
metaluminous rocks of the Paleokerasia ophiolitic mélange formation in South Othris,
Greece. They form complex zoning patterns, having been affected by post-magmatic fluids.
The plagiogranites whole-rock chemistry suggests that they were formed in extensional
tectonic oceanic settings. Mineralogical and spectroscopic studies were carried out on the
allanites, which are characterized by high LREE (e.g. Ce,05<12.3 wt%), TiO, (<4.07 wt%)
and low Th and Y contents. Allanite analyses have been separated into two groups, 1 (a, b)
and 2. Group la corresponds to ferriallanite and exhibits relatively high XREE, SiO, TiO,,
FeOt, MgO and MnO contents, as well as the lowest Al,O3; and CaO contents, whereas the
LREE patterns are moderately fractionated [(La/Nd)cy=1.19-3.10; (La/Y)cn=6.26-90.83;
Fig 1]. The high XREE and TiO, contents, as well as the low Al,0;, MnO, and ThO, are
similar with allanites from extensional type granites (cf. Hoshino et al. 2006; Vlach and
Gualda 2007). Group 1b differs in having highly fractionated LREE and the lowest HREE
[(La/Nd)cn=1.92-4.33; (La/Y)cn=170.22-552.62]. Group 2 corresponds to allanite zones
which have been affected more by post-magmatic processes, exhibiting the lowest XREE
values, low SiO,, TiO,, FeOt, MgO and MnO contents, but relatively high Al,O; and CaO
contents. Their REE patterns are similar to Group la but are less fractionated. Raman
spectra of the analyzed allanites show that these are characterized by a number of bands
with the most intense arising at ~377, 478, 508 and 654 cm™. Weaker bands appear at ~188,
212, 417, 887 and 952 cm’. It seems a relation exists between the Raman band intensities
and the REE contents of the zoned allanites
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Cu-Ag secondary mineralization in post-exploitation waste disposals
of Cu-Ag Kupferschiefer deposit (SW Poland)

Gabriela A. KOZUB
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Al Mickiewicza 30, 30-059 Krakow, gabi.kozub@gmail.com

The aim of this work is characterisation of the Cu-Ag secondary mineralization in the
post exploitation waste disposals of Cu-Ag Kupferschiefer deposit, Gilow and Zelazny
Most. The study is also focused on the mobility of Ag released from Ag-bearing Cu
sulphides during weathering.

The samples were collected from three, 6 meters deep drill holes. The mineral
identification and planimetry were performed using reflected light polarizing microscope.
Preliminary non-standardized chemical analyzes were performed utilizing FEI QUANTA
200 Field Emission Gun Scanning Electron Microscope equipped with the energy
dispersive spectrometer (EDS) at the Faculty of Geology, Geophysics and Environmental
Protection of the AGH-University of Science and Technology in Krakéw. Chemical
composition of minerals was determined using a Cameca SX-100 electron microprobe at
the Inter-Institute Analytical Complex for Minerals and Synthetic Substances of the
Warsaw University.

The primary Cu sulphides are present in samples from both waste disposals. The main
minerals include chalcocite, bornite, chalcopyrite and stromeyerite. Malachite is
a secondary mineral formed during weathering in the Gilow waste disposal, while Cu
chloride compositionally similar to atacamite group minerals is formed in the Zelazny Most
waste disposal. The secondary minerals commonly form rims on the Cu sulphides,
indicating partial replacement of primary phases. The Ag released from Ag-bearing Cu
sulphides (up to ca. 5 wt.%) substitutes in newly formed, secondary minerals (up to ca. 0.5
wt.% Ag).

The minor concentrations of Ag in secondary Cu carbonates and Cu chlorides is strictly
related to limited amounts of Ag relatively to Cu released from altered primary ore
minerals. It has to be noted, that stability and formation of Ag-bearing minerals during
weathering is controlled by pH-Eh conditions. Therefore, multiple factors controlling
mobilization of Ag and formation of secondary minerals has to be considered.

Acknowledgements: This work was supported by the National Science Centre research
grant (No 2011/03/N/ST10/04619).

51



<Ogike,
MINERALOGIA - SPECIAL PAPERS, 41, 2013 b.g 5
www.Mineralogia.pl Q %
Z &
MINERALOGICAL SOCIETY OF POLAND 2, O\'%
1969
POLSKIE TOWARZYSTWO MINERALOGICZNE <%ALOC’\

Low-temperature metasomatic processes recorded by CuS-CusFeS,-
CuFeS; phases — example from Cu-Ag Kupferschiefer deposit (SW
Poland)
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Metasomatic processes, in general, result in re-equilibration of mineral assemblage
driven by changes of pressure, temperature and/or local chemistry. The particular example
of process leading to mineral replacement by a new phase(s) is a fluid-mediated coupled
dissolution-reprecipitation (Putnis 2002). This study concerns metasomatic mineral
sequence recognized in Cu sulphides from the Cu-Ag deposit.

Samples were collected from the Cu-bearing shale enriched in Ag (>100 ppm Ag) from
the Lubin Mine (Kupferschiefer Deposit, SW Poland). The ore mineralization in the sample
is dispersed in the shale or forms thin ore veinlets. The dispersed ore mineralization
includes chalcocite, bornite, pyrite with rare native Ag and stromeyerite. Ore veinlets
include intergrowths of, from core to rim, chalcocite, "half-bornite", bornite and
chalcopyrite. The "half-bornite" zone shows zoning related to variations in Ag content.

The recognized textures represent sequence of ore minerals replacing chalcocite driven
by changes to the conditions of temperature, pH, Eh, and hydrothermal fluid composition
(cf. Reed & Palandri 2006). Such metasomatic alterations are interpreted as resulting from
the fluid-mediated coupled dissolution-reprecipitation process.

Acknowledgements: Chemical analyzes of minerals were performed using JEOL JXA-
8530F Hyperprobe field emission electron microprobe in the CEMPEG, Uppsala
University and Cameca SX-100 electron microprobe at the Inter-Institute Analytical
Complex for Minerals and Synthetic Substances of the Warsaw University. This work was
supported by the National Science Centre research grant (No 2011/03/N/ST10/04619).
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Carboniferous (Mississippian) bentonites in the Sudetes (SW Poland):
preliminary results of field and laboratory investigations
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This report summarizes preliminary data from fieldwork and laboratory invstigations on
Carboniferous (Mississippian) bentonites in the Sudetes carried on within the research
project Bentonites in the Visean of the Sudetes. The main aim of the project is to correlate
the isotopic zircon ages of the bentonites with their biostratigraphic position and to provide
new geochronometric constraints for chronostratigraphic subdivisions of the Carboniferous
(c.f Kryzaetal., 2011).

Based on rather scarce information from earlier publications (e.g. Zakowa, 1958),
bentonites have been searched for in 13 exposures of the Carboniferous molasse-type
deposits in the Central Sudetes: 7 in the Intra-Sudetic Basin, 5 within the Gory Sowie
Massif and 1 in the Bardo Unit. In a few profiles (Ptasia Goéra, Jugéow, Paprotnia),
macrofauna has been found, whereas in others, it is rather scarce or absent. In Konradéw,
Gteboki Wawoz, Szczawno and Ciechanowice, macroflora is present, while in Szczawno,
Piaskowa Gora, new trace fossils have been discovered. Preliminary assessment of the
fossils confirms a Mississippian (Visean-Namurian) age of the strata.

Bentonites have been found in four localities: Konradéw, Ptasia Gora, Szczawno and
Paprotnia. In other profiles, clay-rich layers in muddy sediments have also been sampled
for test mineralogical investigations and stratigraphic correlations. Based on preliminary
X-ray difraction and thermal analysis results, the study bentonites are composed mainly of
dioctaedral smectite—beidellite; some contain a mixed-layer I/S mineral, illite and kaolinite.

Selected samples of the bentonites and clay-rich sediments have been processed for
zircon separation. In 18, out od 29 selected samples, zircon separates have been obtained.
Morphology of zircons from the bentonites confirms their volcanic affinity. Selected zircon
separates will be dated using adequate isotopic techniques (LA-ICP-MS, ion microprobe,
ID-TIMS).

Acknowledgements: The study was supported from the Research Grant of the National
Centre of Science, NCN, Poland, No. 2011/01/B/ST10/05112.
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Xenoliths from Steinberg (Upper Lusatia, SE Germany): probes of
lithospheric mantle beneath Central Europe.
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The basanite occurring in the Steinberg quarry (2 km to the west of Ostritz village, ca
15 km to the south of Gorlitz in Lusatian part of Saxony, Germany) belongs to the Central
European Volcanic Province. Numerous peridotite xenoliths of size not exceeding 8 cm
occur in some places in the basanite.

Two kinds of peridotite occur in xenoliths from Steinberg. The peridotite I (6 xenoliths)
has a protogranular texture. In some xenoliths the grains are intensely fissured. It consists
of olivine (88.86 — 91.64 % Fo, 0.32 — 0.48 wt. % NiO), orthopyroxene (mg# 0.91 — 0.92,
Al 0.05 — 0.13 apfu, Ca 0.01 — 0.06 apfu, but with small variation of Ca and Al in single
xenolith), clinopyroxene (mg# 0.93 — 0.95, Al 0.04 — 0.16 apfu, Ca 0.86 — 0.97 apfu), and
spinel (mg# 0.57 — 0.64, cr# 0.41 — 0.54). Clinopyroxenes from peridotite I are depleted in
REE relative to primitive mantle. Their REE patterns are U-shaped. The peridotite II (1
xenolith) is consist of olivine (72.77 — 77.53 % Fo, 0.02 — 0.11 wt. % NiO), orthopyroxene
(mg# 0.76 — 0.77, Al 0.15 — 0.20 apfu, Ca 0.02 — 0.03 apfu), clinopyroxene (mg# 0.83 —
0.85, A1 0.18 — 0.26 apfu, Ca 0.87 — 0.90 apfu) and spinel. Locally, it exhibits the cumulate
texture. Clinopyroxene from peridotite II is characterized by flat REE pattern, slightly
enriched relatively to primitive mantle, with weak positive Eu anomaly.

Peridotite I records strong depletion event, followed by enrichment by silicate alkaline
melt or fluid. The agent was possibly CO, — bearing as is suggested by high Th — U and Sr
contents in clinopyroxene (e.g. Dasgupta et al.). The forsterite and nickel contents in olivine
occurring in peridotite II are typical for lower crustal cumulates.

Acknowledgments: This study is a part of PhD thesis of the first author and was possible
thanks to the project NCN 2011/03/B/ST10/06248 of Polish National Centre for Science.
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Megacrysts of diopside from the Cenozoic Ostrzyca Proboszczowicka
basanite (SW Poland)
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The basanite occurring in the Ostrzyca Proboszczowicka Hill close to Zlotoryja (Lower
Silesia) is one of over 300 hundred outcrops of Cenozoic alkaline volcanic rocks forming
the north-eastern part of Central European Volcanic Province in SW Poland.

The few centimetre (typically 1.5 — 3 cm) clinopyroxene megacrysts occur sparsely in
the basanite. The megacrysts are black in hand specimen and emerald-green or rarely
yellow in thick (100 pm) section. They appear to be the anhedral fragments of broken
crystals of larger size. Some have singular euhedral faces preserved. The sector-zoning is
common; locally the sectors show internal zoning. Abundant, euhedral, large apatite
crystals up to 7 mm in length or scarce, euhedral yellow 5 mm diopside crystals of older
generation occur as intergrowths in the megacrysts. The 1 - 2 mm reaction fringes cover the
margins of megacrysts. The megacrysts have the composition of iron-rich diopside (mg# =
0.61 — 0.68), contain significant sodium (0.09 — 0.12 atoms per formula unit, a pfu in the
following), are Cr-free and Ti poor. Aluminium content varies from 0.13 to 0.27 a pfu, and
that of Ca is 0.89 — 0.92 a pfu. Some sectors are enriched in Al (0.17 — 0.27 a pfu) and Ti
(0,04 - 0,05), whereas others contain 0.13 — 0.15 atoms of Al pfu. The fringes contain 0.23
—0.39 atoms of Al pfu, are calcic (0.92 — 0.96 a pfu) and titaniferous (up to 0.12 atoms of
Ti pfu). The clinopyroxene crystals occurring in the basanite groundmass have the
composition of subsilicic diopside (Si down to 1.6, Ca up to 1.1 atoms pfu; Al: 0.21 — 0.48,
Cr: 0.00 — 0.02, Ti: 0.05 — 0.14, atoms pfu, cf. Fig. 1). The PM normalised REE patterns are
typical for clinopyroxene in equilibrium with silicate melt. The fringes are much more rich
in LREE (ca. 100 x PM) relative to the rest of grains (ca. 10 x PM) showing that the melt
composition evolved between the place of crystal growth and the place of fringe formation
(most probably in the vent during host lava eruption).

Textural relationships (large broken crystals with intergrowths of euhedral apatite and
older generation diopside) suggest that the megacrysts are fragments of very coarse-grained
cumulate. Major and trace element composition suggests that the megacrysts formed at
significant depth (lower crust? upper mantle?) from the LREE enriched alkaline melt. That
melt was very rich in phosphorous which enabled its saturation in apatite at the early stages
of solidification.

Acknowledgments: This study is a part of MSc thesis of the first author and was possible
thanks to the project NCN 2011/03/B/ST10/06248 of Polish National Centre for Science.
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Apatite as a monitor of magma mixing — a multi-method approach
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Apatites from the Karkonosze granitoid pluton were studied using several analytical and
data-processing techniques including Cathodoluminescence (CL), Field-Emission Electron
Microprobe (FE-EPMA), Particle-Induced X-ray and Gamma Emission (PIXE, PIGE), and
Polytopic Vector Analysis (PVA). Each method was applied to visualize and interpret the
effects of mixing of mantle-derived mafic and crust-derived felsic melts, along with the
fluid overprint.

FE-EPMA, CL and PIXE/PIGE data reveal distinct changes in melt composition
indicated by complex zonation patterns in individual grains. Alternating violet and yellow
luminescence suggests rapid and multiple transitions from more alkaline to more acid
environment during crystal growth. In early stages of intensive mixing with highest
proportions of mafic melt, apatites display bimodal REE/Y ratios — increased in zones with
mantle affinity and decreased in those parts that crystallized from more felsic melt. The
ratio decreases with melt evolution. Chemical composition of apatites from all stages of
magma mixing was employed to model the number and composition of magma sources,
using a mathematical algorithm named Polytopic Vector Analysis. It analyzes a data
population from every system formed from mixing of several components and derives the
number and composition of these components and their proportions in every sample.
Simulation for whole-rock chemistry gives satisfactorily results for three components —
mafic, felsic and post-magmatic fluids. However, in case of apatites, the distribution of
trace elements between the components disagrees with whole-rock chemistry. According to
these results, the fluid component contains most of the REEs and Y, whereas, considering
whole-rock chemistry, the mafic magma is most enriched in REEs and Y. Such difference
in trace-element distribution may be caused by a different scale of processes that we
observe in whole-rock and mineral chemistry. Fluid overprint is less visible in large-scale
whole-rock geochemistry, whereas its influence is more significant in individual minerals.
Factors like local saturation, diffusion rates, partition coefficients for varying melt
compositions and presence of other accessory phases, have also to be taken into account.

Every method exposes different aspects of apatite formation in the mixing system and is
crucial to understand the influence of such heterogeneity on apatite composition. PVA
reveals different types of information depending on the input data — whole-rock chemistry
gives us magma composition whereas apatite is a better proxy for fluid composition.

Acknowledgments: this study was funded by a NCN grant 2011/01/N/ST10/04756.
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Heavy minerals from the Baga-Gazriin Chuluu A-type granite (central
Mongolia)

Katarzyna MACHOWIAK', Karolina OLEJNICZAK?, Andrzej MUSZYNSKI?

'Institute of Civil Engineering, Poznari University of Technology, Department of Geotechnics and Engineering
Geology, 5 Piotrowo St., 61-138 Poznan, Poland; e-mail: katarzyna.machowiak@put.poznan.pl
*Institute of Geology, Adam Mickiewicz University, 16 Makéw Polnych St., 61-606 Poznar:

The territory of Mongolia is located in the central part of huge tectonic structure called
Central Asian Orogenic Belt (Altaids). The major dislocation zone crossing the middle of
Mongolia is Mid-Mongolian Tectonic Line (MMTL) which was formed as the result of
closure of Mongol-Okhotsk Ocean (Tomurtogoo et al. 2005). The Mesozoic (T/J) Baga-
Gazriin Chuluu (BGCh) granitic pluton outcropping at the area of ca. 120 km® lies within
the tectonic zone marked by faults connected with the MMTL (Machowiak et al. 2013).
The geochemical composition of BGCh granites is typical for A-type granites. The pluton
is accompanied by numerous greisen veins, tungsten-tin and REE mineralization. The
BGCh granites represent 3 textural variations: coarse-grained, medium-grained and fine-
grained. The mineral composition of all the granitic textural subdivisions appeared to be
almost identical. Apart from quartz the main rock constituent is K-feldspar (as perthite). In
minor amount the granites contain laths of plagioclases with polysynthetic twinning (no
zonal crystals) and dark micas (in different modal proportions) — mainly biotite and
zinnwaldite with numerous inclusions of very small grains of zircon and monazite. In some
samples small flakes of muscovite and white lithium mica are found. In all textural types
(but not in every sample) fluorite and topaz are observed. The above-mentioned minerals
occur in the studied granites in different proportions and form grains of different size
(Machowiak and Stawikowski 2013).

The composition of heavy mineral assemblages in BGCh granite shows that most
common minerals are monazite, topaz, fluorite, cassiterite, zircon and opaque minerals.
Monazite and zircon usually represent inclusions in dark micas and form euhedral and
subhedral crystals. Topaz, fluorite, cassiterite and other minerals built anhedral crystals.
Depending on the degree of greisenization, variable contents of topaz, fluorite and mica ag-
gregates (usually biotite—zinnwaldite) are observed.
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Polymetamorphic rocks of northern Wedel Jarlsberg Land
(Spitsbergen) - missing link between Southwestern and Northwestern
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Svalbard’s Caledonian basement is divided into Northeastern, Northwestern and
Southwestern basement provinces. Caledonian high-pressure (HP) rocks are known only
from the two latter. In the Northwestern Province eclogites occur. They form mainly dykes
cutting across or boudins enclosed within augen gneisses of the Tonian age. In the
Southwestern Province, clearly exotic blueschists and eclogites are thrust onto Late
Neoproterozoic low-grade metasediments. The subject of this study is the so-called
Magnethegda sequence occurring within the Southwestern Province in Wedel Jarlsberg
Land. The sequence consists of augen gneisses, minor amphibolites and shists and it is
thrust onto low-grade Late Neoproterozoic metasediments. The goal of this research was to
investigate both age and metamorphic conditions of the Magnethegda sequence.

For the P-T estimates, shists have been chosen as the most suitable lithology. The
schists consist mainly of garnet (Grt), muscovite, biotite, chlorite and quartz. Two
generations of Grt can be distinguished. Garnet-I builds inclusion rich cores, whereas Grt-11
forms either rims on Grt-I cores or separate euhedral grains. Their composition varies from
Alm68Pyr8Grs9Spss9 in the cores to Alm49Pyr2Grs31Spss18 in the rims. The P-T
conditions were estimated using the phase equilibrium modeling in the NCKFMMnASHT
system using Perple X software. Preliminary P-T estimates indicate the growth of Grt-I at
c. 550 °C and c. 5 kbar, whereas Grt-II has been growing under high pressure greenschist to
blueschist facies conditions (c. 500 °C and 12 kbar). Ion microprobe U-Pb zircon dating of
accompanying augen gneisses yielded c. 950 Ma for the protolith (zircon cores) and c. 635
Ma age for metamorphic overprint (zircon rims). Previous K-Ar geochronological data
suggest that the sequence in question was also subjected to the Caledonian metamorphism.
In such scenario, Grt-I is interpreted to be c. 635 Ma, whereas Grt-II to be Caledonian.

As mentioned above, Caledonian HP rocks in Svalbard are known from Northwestern
and Southwestern basement provinces, whereas Tonian igneous rocks from the
Northwestern Province only. Thus we propose that the Magnethegda sequence represents
amissing link between the Northwestern and Southwestern provinces. The sequence
notices c¢. 950 Ma igneous event typical for the Northwestern Province, c. 640 Ma
amphibolite facies metamorphism known from the Southwestern province (possibly also
from the Northwestern) and then HP Caledonian overprint known from both provinces.
These results call for re-consideration and possibly re-interpretation of the Svalbard’s
Caledonian basement division.
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Changes in bulk and molecular composition of extractable organic
matter caused by weathering of a Tournaisian marine black shale

Leszek MARYNOWSKI

Faculty of Earth Sciences, University of Silesia, Bedzinska 60, 41-200 Sosnowiec, Poland
e-mail: marynows@wnoz.us.edu.pl

A detailed study on paleoweathering of a Lower Carboniferous (Tournaisian) black
shale from the Kowala quarry in the Holy Cross Mountains of Poland, revealed significant
changes in total organic carbon (TOC) and total sulfur (TS) amount. Paleoweathering
resulted in a 97 % decrease in TOC and total loss of sulfur, as well as changes in carbonate
contents, extract yields and percentage yields of the organic fractions. The decrease in TOC
is accompanied by a distinct reduction of organic compound concentrations, but the
degradation range differs in the individual weathering zones. The less stable compounds
such as low molecular weight aromatics (e.g. methylnaphthalenes, dibenzofuran,
dibenzothiophene), isorenieratane and its diagenetic products, or maleimides decrease
significantly or disappear already in the partially weathered zone, while the more stable
polycyclic aromatic hydrocarbons (PAHs) decrease only in the weathered and highly
weathered zones. Besides the organic matter (OM) content, the influence of
paleoweathering on the distributions of organic compounds is important in the context of
paleoenvironment, source and maturity interpretations. Almost all biomarker parameters
change their values in the highly weathered zone, but such ratios as, e.g. the 2-MeH
(methylhopane index), are almost totally resistant to change. The aryl isoprenoid ratio
(AIR) values decrease gradually with weathering. This modifies completely the potential
interpretation of the nature of the photic zone anoxia. In addition to degradation of OM,
some PAHs like benzo[b]fluoranthene increase in concentration in the partially weathered
zone due to their formation from phenyl-derivatives. The correct recognition of
paleoweathering in outcrop and drill core samples aids in the proper interpretation of
biomarker parameters and contributes to a better understanding of the processes which took
place during weathering (Marynowski et al., 2011).
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First report on mantle xenoliths from Cerro Chenque, Patagonia,
Argentina
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Alkali basalts of Pliocene — Quaternary age occur along Patagonia in Argentina. The
rocks have typical intraplate OIB-like geochemical characteristic. Volcanic activity in this
back-arc region is related to subduction of Nazca and Antarctic plates beneath South
American Plate (Bjerg et al., 2005).

The Cerro Chenque occurrence of peridotitic, pyroxenitic and gabbroic xenoliths has
been discovered during 2013 field works in Patagonia. The presented results are based on
preliminary study of two protogranular/porphyroclastic spinel lherzolite xenoliths (CH13
and CH28). Composition of rock-forming phases varies between the xenoliths (Tab.1).
Olivine, opx and cpx are relatively magnesium-rich (Tab.1). Opx-cpx equilibrium
temperatures are unusually low and close to 720°C. The REE pattern of cpx from xenolith
CH13 suggests its equilibration with silicate melt, whereas that of CH28 cpx is U-shaped
and may indicate the influence of subductions related melts. Opx in both xenoliths is
strongly LREE depleted.

Table 1. Main chemical features of minerals forming xenoliths CHI13 and CH2S.
Classification after Morimoto (1989)

Ol Fo Opx classification | Cpx classification | Spl mg#/cr#
/mg# /mg#
CHI13 91.0-91.5 Enstatite/0.92 Al, Cr-diopside/ 0.75-0.76/
0.93-0.94 0.33-0.36
CH28 91.0-91.3 Cr-enstatite/0.92 Cr-diopside/ 0.71/
0.94-0.95 0.43-0.46

Our preliminary results on Cerro Chenque xenoliths show that the sampled lithospheric
mantle has multi-stage history, including (1) significant melting event and (2) enrichment
by various metasomatic agents.
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Xenolithic jigsaw - lithospheric mantle beneath Central Europe
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The lithospheric mantle occurring beneath Bohemian Massif in Central Europe has been
sampled in Cenozoic times by numerous lavas. Recent studies (e.g. Puziewic