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XVII ™ Meeting of the Petrology Groupof the Mineralogical Society of Poland
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Dear Colleagues,

The XVII™ Annual Meeting of the Petrology Group of the Minegidal
Society of Poland in 2010 is-<$malkiUmgk
Massif, Central Sudetes. The main topic of the meeting concerns the lamprophyres
and their current petrological problems but, as is usual, the conference has also a
general sssion covering a wide range of issues in mineralogy, petrology and
geochemistry, including interdisciplinary and applied fields.

Lamprophyres are very special rocks that escape even the basic scheme of the
classification of igneous rocks. They are digtisped on the basis of their
geological form and country rock associations (typically dykes crosscutting
granites, less frequently other metamorphic and sedimentary rocks), mineral
composition and petrographic features (typically porphyritic texture), and
geochemical signatures indicating mantle derivation of their parent magmas.
Despite their relative scarcity, lamprophyres are of great interest to petrologists as
they carry important information on the structure and composition of the Earth
mantle and dge igneous petrogenetic processes. Some types of lamprophyres
attract special economic interest, e.g., as dianimading rocks.

The Variscan crystalline basement of the Sudetes in SW Poland contains a
number of lamprophyre dyke swarms and, also, dispénsiddual lamprophyre
dykes. Recent detailed petrological studies on these rocks (see contributions of
Marek Awdankiewicz, this volume and references therein) shed light to their
petrogenesis and provide important information on intense Variscan magmatism
during Carboniferous and Permian times. During the Special Session of the
meeting, petrological issues related to the Sudetic lamprophyres and to other
occurrences in the Bohemian Massif and adjacent areas, as well as in Altai,
Carpathians, Fennsoscandig@hield, Mediterranean region and Spitsbergen, will
be discussed, providing an overview of the current understanding of these
intriguing rocks.

On behalf of the Board of the Mineralogical Society of Poland and the
Organizing Committee of the X\/fISessiorof the Petrology Group, | welcome
all the participants from Poland and other countries, and wish you scientific
benefits and best personal memories from the meeting.

Ryszard Kryza
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Geochemistry and petrology of alkaline basalt and ultramafic
lamprophyre dikes from Lusatia (Lausitz), Germany

Khaled M. ABDELFADILY, Rolf L. ROMER?, Thomas SEIFERT?, Reiner LOBST®

! Deutsches GeoForschungZentrum (GFZ), Telegrafenlietgi473 Potsdam, Germany,
khaled@gfzotsdam.de
Technische Universit?at Biepagnektafdimerdogy, BrehausgasserlggD ( TUBAF)
09596Freiberg, Germany
’sachsisches Landesamt f ¢r Umwe | ReferatllGé (Rohstofigaolegie) af t  unoc
Hal sbr ¢ cker-05%Feigke, Gerinany D

The Lusatian block is dominated by Cadomian basement tigaiyaescaped Variscan
metamorphic reworking, whereas the adjacent areas of the Sudetes and the Erzgebirge
represent piles of metamorphic nappes. These nappes consist of Cadomian basement and
its volcanosedimentary cover, which have been metamorphosed medaim to high
grade conditions during the Variscan orogeny. Because of the contrasting behavior of
Lusatia during the Variscan orogeny, it is possible that the mantle underlying Lusatia had
experienced a fundamentally different Variscan geochemicala@went; in particular it
may have escaped metasomatism by agents derived from the subducting slabs. Thus, the
comparison of pos¥ariscan mantlalerived mafic rocks in these areas may allow
constraints to be placed on the degree of mantle metasomatigaitftbe Sudetes and the
Erzgebirge.

Four geochemically distinctive groups of pd&riscan dikes are known from Lusatia:

(1) alkaline basalts; (2) amphibole dolerites (spessartites?) (230 Ma); (3) ultramafic
lamprophyres (120 Ma), and (4) Tertiary basaklated to the development of the Eger
Rift (Kramer 1974, Kramer 1976, Kramer et al. 1977, Renno et al. 2003). Major element
geochemistry (high contents of MgO, ,BPg, high Mg#) of the alkaline basalts, the
amphibole dolerites, and the ultramafic laprgq@s from several locations in Lusatia (e.qg.,
Hochwald, Klunst near Ebersbach, Nucknitz, Pischow) clearly demonstrate the derivation
of these rocks from a variably depleted mantle source, whereas incompatible trace
elements show crustal signatures. Theautiafic lamprophyre dikes, which occur only in
Klunst quarry (and in the former Friedersdorf quarry NW of the Klunst), are characterized
by high Th, Cr, Ni, Ba, La, and Sr contents, and a strong enrichment of LREE over HREE,
i.e., high La/Yb values. The kaline basalt shows similar trace and REE pattern, Nb
depletion in the mantle normalized traglement plots, and less pronounced crustal
signature. Th&’Srf°Sr and***Nd/**/Nd values of the various dikes fall on a broad mixing
array between gabbros thadve sampled depleted mantle and typical old crust. The Pb
isotopic composition resembles old crust, such as the-Bamongian crust, whose
subduction during the Variscan orogeny is thought to have provided the agents to
metasomatize the mantle benektige parts of the Bohemian Massithe compositional
ranges of ultramafic lamprophyres and alkali basalts may reflect contrasting mantle
sources or different degrees of melting of metasomatized mantle. These rocks seem to be
derived from melt that involwk at least two different mantle components: (i) a mantle
source contaminated by crustal material (metasomatized mantle), giving rise tbkerust
traceelement patterns and radiogenic isotope systematics(ii) a depleted mantle.
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Post-magmatic and weathering-related sheet silicates in the
lamprophyres of the Sudetes, SW Poland: preliminary results
Czesgaw A WaekSWDANKIEWICZ
'University of Wrocgaw, | Gybilskiggui0es@ 05 WeotggwecaPoBanaén

czeslaw.august@ing.uni.wroc.pl

Minettes are a characteristic and widespread type of late Palaeozoic lamprophyre in the
Sudetes region (Awahkiewicz 2007). Although fresh rocks composed mainly of
phlogopitebiotite and Kfeldspar with minor amphiboles (richterite, winchyte) or
clinopyroxenes (diopside), are found at several localities, variably altexad/or
weathered samples are very conrrm@®wo highlyaltered minette specimens were selected
for this study. Sample 1 is from a 60 cm thick dyke cuttimg Karkonosze granite near
Mysgakowi ce. Sample 2 is from a ca 1 m dyk
the Orlica Massi f near -HRowt) éocakyalark bfotvresh is a mp |
colour and easily disintegrate into loose fragmentsisty rich in clay material.

Lessaltered fragments were studied in thin section. Glag fractions were separated
by sedimentation in a glass column on to glass slides amtiad. Selected samples were
treated with M§" solution and/or ethylene glgt X-ray powder diffraction studies
involved a SI EMENS D5005 diffractometer (C
beam current 30 mA). Semuantitative analyses of clay minerals were carried out using
thermal techniques (DTA, TG, DTG) on a Derivgitaph 1500C apparatus.

Petrographic examinations show that secondary sheet silicates mainly replace the
primary mafic igneous minerals. The most intense replacement is seen in the dark micas
(phlogopitebiotite). The secondary phases form aggregates alf flakes that are brown
stained with minerals of the Fg/droxide group. Occasionally, larger chlorite plates can
be distinguished. Feldspars are commonly weakly altered.

XRD patterns of c¢clay fractions showtidtihat
and -shéef silicates. This indicates the presence of -gricap, chloritegroup and
vermiculitegroup minerals, as well as correndigpe mixedlayer silicate. The latter
mineral expands on treating with ethylene glycol. The polymineralic composititime
clay fractions is confirmed by the thermal techniques.

The petrographicand mineralogical studies suggest that the sheet silicates originated
by two processes. Pestagmatic hydrothermal processes led to the formation of platy
chlorites and secomdy mica in some feldspars. However, corrensite, vermiculite and fine
grained chlorite are related to hypergenic alteration processes.

Acknowledgemesit The study was supported byWr oc g aw Uni versit
2022/W/ING/10/65.
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Petrogenesis of the Late Palaeozoic lamprophyres and related mafic
rocks of the Sudetes, SW Poland

Marek AWDANKIEWICZ"

'University of Wrocgaw, | Gybdlskiegeu30,&5206Wr Gedpd w,gi Rall aBd;i er
marek.awdankiewicz@ing.uni.wroc.pl

Lamprophyres are mafic, subvolcanic igneous rocks that are commonly found as dykes

in a variety of geological and tectonic settings. Currently lamprophyres are considered as
one of nine O6special ® groups of ofigeplogcalblus r o
geochemical, petrograplic and mineralogical features (Rock 1991; Maitre et al.
2002). The most characteristic features are the abundance of dark mieanphitbole
phenocrysts, the lack of feldspar phenocrysts and markeehyamghaticalteration. The
most commonlamprophyresi the calealkaline (shoshonitic)lamprophyresi comprise
minette and kersantite (with dark mica phenocrysts in alkali feldapdmplagioclase
dominated groundmass, respectively) as well as vogesite and spessarti@nplitibole
phenocrysts in alkali feldspar and plagiocldeeninated groundmasgapectively).

Lamprophyres attract the attention of petrologists and geologists not only as
petrological and mineralogical curiosities, but also for theidew petrological and
economic significance. Lamprophyre magmas often represent primitive, rdaritied
mel ts that carry information on contamina:
mantle (Rock 1991 and references therein). The primitive lamprophyre magmas may
represent mafic eathembers that are parental to, and participate in, the formattiotier
evolved rocks, including voluminous granitoid plutons (eig a by , Martin
Abundantvolatile components and various metals brought by lamprophyre magmas to
shallow lithospheric levels contribute to the formation of ore deposits, including gold
( M¢ | Greves,2000). Lamprophyres, together with kimberlites lantproites, are also
amongst the few rocks that may contain macrodiamonds (De Stefano et al. 2006).

The petrogenesis of caldkaline lamprophyres, althougklatively well established in
major aspects, is far from being fully understood. Though variotespretations have
been proposed for individual lamprophyre suites, none of the models seem to have a
general, universal application at present. The points of debate include the mantle sources
and theimelting processes, the genetic relationships betweemajor lamprophyre types
and therelative roles ofdeepseatedvs. shallowlevel processesSimilarly, the possible
genetic links between lamprophyres and other associated hypabyssal rocks of
andesitic/dioritic, rhyolitic/granitic or trachytic/syeniticomposition are commonly not
well constrained.

The Sudetes region, at the NE margin of the Bohemian M&8igf 1), may be
considered one of the most interesting lamprophyrepsabinces in the Variscan Belt of
Europe. This isbecause of the abundancé lamprophyre, their wide petrographic
variation, good exposure and the presence of unalteskgdat many localities. Thipaper
presents an overview of the key results of a regional geological and petrological study of
the Sudetic lamprophyres and teldrockssummarized irAwdankiewicz (2007).
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Fig. 1. Geological sketch map of the Lower Silesia region showing the distribution of lamprophyre
dykes (modified from Awdankiewicz 2007). MSFMarginal Sudetic Fault; ISB Intra-Sudetic
Basin; NSBi North-Sudetic Basin; KPB Karkonosze Piedmont Basin. Inset: location of the main
map (black square) within the Variscan Belt of Europe.

The lamprophyric magmatism in the Sudetes occurred in Carboniferous times
(Awdankiewicz and Timmerman, unpublished; Awdavkicz et al. 2010) during a period
of postorogenic extensional tectonism. The lamprophyres, together with associated mafic
rocks, were emplaced as dyke swarms and scattered dykes in the crystalline basement
rocks, usually within granitoids and commonlyjamént to major crustal dislocations
formed during the Variscan orogeny. Dykes within the overlying PeZartoniferous
molasse deposits are rare. The lamprophyres comprise richterite minettes, minettes,
kersantites, vogesites and spessartftég. 2) the other mafic rocks are monzonites,
micromonzodiorites and otherStrong and variable chemical zonation miflogopite,
biotite-, amphibole and pyroxene phenocrysts is common. Various inclusions such as
quartz xenocrystsgranitoid andschist xenolils glomerocrystals andognate magmatic

21



Fig. 2. Selected baescattered electron images of the lamprophyres from the Sudetes. Scale bar in all
i mages i s 10mMinetterwithl pbemagrysts Af dark mica (phlogopite zoned to biotite at
rims) in agroundmass mainly of #eldspar, albite and quartz; Karpaganowice WIk. Dyke Swarm.

B 1 vogesite with a phenocryst of magnesiohastingsite, showingervighed margin, in a

groundmass of small er, similar amphiwdmICés and
kersantite with phenocrysts of biotite and quartz in a groundmass of sericitized plagioclase, chlorite
and al kal i f el ds p d spgssaBite wigh k& swtite phenBdryst inka.grouddmass

composed mainly of normally zoned plagiocldbradoriteoligoclase, partly sericitized), alkali
feldspars and quartz; Karpadanowice WIk. Dyke Swarm.

enclaves are found at many localities. The geochemical characteristics of the hypabyssal
rocks discussed@Fig. 3) range from ultrapotassic to cadlkaline and from primitive to
evolved (e.g., Mg# = 100Mg/(Mg+Fe) up to ca 80, Cr and Ni up to 700 ppm and 250 ppm,
respectively). There is a strong variation in trace element patterns (e.g. froamtiia
enriched to depleted in these elements) anthéinitial isotopic ratios of Nd and Sr

( U Nfha from +1.9 toi8.3; 8'SrFSrpoum, from 0.703 to 0.715). It is inferred that the
primary lamprophyre magmas originated in the mantle at low degrees of partial melting of
phlogopite, amphibole and/or garetbearing peridotites and, subsequently, underwent
variable degrees of differentiation in the lower crust. The regional geochemical, isotopic,
petrographic and mineralogical variation indicates that the dyke swarms distinguished
represented separate magimaystems, each characterized by a distinctive mantle source
and primary magma composition, and by a specific course of differentiation processes
(Fig. 4). The Karpacgdanowice Wielkie Dyke Swarm, the largest in the region, also shows
the widest petrogghic variation, comprising nearly all of theck types mentioned above.
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Fig. 4. Tentative petrogenetic model for the late Palaeozoic lamprophyric magmatism in the Sudetes
(modified form Awdankiewicz 2007). The lamprophyre meltgiodted in a heterogeneous upper
mantle affected by subductigrlated processes. The primitive magmas were either directly
emplaced into the shallow crust or variably evolved at lower crustal levels due to magma mixing,
contamination and fractional cryBlitzation. Specific sourceelated and shallowevel processes
contributed to the distinctive subvolcanic rock assemblages characteristic of various dykes swarms in
the area.

This dyke swarm is distinguished by the strongest influence of asthenosypiaatie
sources, by the dominant role of magma mixing processes during earlier differentiation
stages (minettegogesites) and by the stronger role of assimilatrantional
crystallization at more advanced stages of differentiation (monzenites
micromonzodioites). The dyke svarm discussedcuts and postdates the Karkonosze
granite, the formation of which involved significant interaction of lamprophynmntle
derived, and silicaich crustal melt§ ¢ . f . Sgaby, Martin 2008).
Gni ewosz-w Dyke Swar m, and dpaially unrelatdd doggtaniteids, t h e
is petrographically the most monotonous, consisting almost exclusively of richterite
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minettes and minettes. In thigse, the magmas originatém a lithospheric mantle
contaminated by crustal rocks and the melts underwent only limited differentiation. The
Zgoty St ok Dyke Swar m, as we l | as scatt e
characteristics transitional betwethe two other dyke swarms. The source of magmas was

a lithospheric mantle which contained domains contaminated with crustal materials as well

as domains metasomatized by subductidated fluids. Differentiation processes at
shallower lithospheric levelinvolved variable contributions fromhe lower crust and

resulted in a moderatdo pronounced petrographi@and geochemical variation othe
hypabyssal rocks.

The published data onalc-alkaline lamprophyric magmatism and the relationships
discussed ah@ provide constraints for more general models of the formation and
differentiation of calcalkaline lamprophyre magmas (Awdankiewicz, 2007). Such
magmagypically derive from mantle sources that were affected by subduction of crustal
rocks or metasomatide by subductiomrelated fluids. In postollisional settings,
lamprophyre dyke swarms are emplaced in the upper crust adjacent to significant tectonic
discontinuities. The most pronounced geochemicahd petrographic variation in
lamprophyre dyke swarmsedelops at sites of more intense, voluminous and prolonged
production of magma in themantle. This magma feeds lotiged magmatic systems that
span extensive sections thie upper mantle and the criisfrom the asthenosphere up to
the middle/upper crustn such systems, various combinations of magma mixing and
mingling, fractional crystallizatiorand assimilation of crustal components contribute to the
diversity of daughter magmas and to the petrographic variation of the dykes. However,
restricted and dépodic mantle melting inhibits the development of evolving magmatic
systems which results in the emplacement of petrologically monotonous dyke swarms
weakly overprinted by shalloyevel differentiation processes. In the Sudetic dyke swarms,
these are the imettes which reveal petrological characteristics dominated by their mantle
sources. Vogesites and kersantites have source characteristics variably overprinted by
differentiation processes and spessartites represent magmas most strongly modified by
shallowlevel differentiation processes; these latter may be transitional to and often
associated with monzodioritic rocks.
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Alkaline mafic dykes of lamprophyric affinity from Western
Pomerania, NW Poland
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Palaeozoic strata in the Pomeranian section of the ‘Hargpean Suture Zone are cut
by numerous mafic dykes, revealed during drillings for hydrocarbon prospecting. The
dykes are up to 20 m thick and show evident thermal contacts méthsurrounding
sediments. Most probably, they are Early Carboniferous in age and constituted the
westernmost prolongation of Late Devonian/Early Carboniferous magmatism in the East
European Platform (Krzemi EBGska et abasekssince006)
their first description in the early 19706
subophitic to intersertal, porphyritic, amygdaloidal and altered vitrophyric, with the most
unusual ocelli microstructures set in a figined grondmass. Textural banding in
individual dykes clearly suggests several successive injectiongmgima into expanding
fractures.

The primary mineralogy is plagioclase, clinopyroxene, apatite, biotite, ternary feldspar,
opaque minerals and, possibly, carltenarhe plagioclase composition ranges from
andesine to labradorite. Opaque minerals are primarily titaniferous magnetite and ilmenite.
All of the rocks are moderatelyo highly altered, rich in chlorite, anatase and carbonates.
Mafic minerals were mostrpne to alteration whereas felsic phases are largely preserved.

Major and trace element geochemistry indicates evolved -sitid@rsaturated alkali
basalts (Mg# from 0.68.40; Ni <50 ppm; Cr <20 ppm) which show high La/Yb (~20)
and higher REE contents th#hose in an average OIB. Isotopically, the rocks studied are
characterized by almost identidd, values (fromi 2.1 toi 2.4) and show’Srf°Sr ratios
of 0.7051 in the least altered samples.

The rocks do not fulfill all the criteria for classificati@as lamprophyres but the mode
of their occurrence, mineralogy and chemical composition approximate an alkaline
lamprophyre group. We suggest that the dyke rocks derived from a metasomatized mantle
source, and that the primary primitive magma subsequemtiglerwent fractional
crystallization and mild crustal contamination.
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Amphiboles as indicators of magma origin and fluid evolution
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In this lecture, | will summarize the results obtained on magmatic amphiboles collected
from ocean island complexes, intraplate alkallmesalts and subductioelated calc
alkaline volcanic rocks. The ocean island basalt system studied is the Canary archipelago,
where amphiboles were investigated in subvolcanic and volcanic rocks on three islands:
Fuerteventura, La Palma and La Gomerae Tittraplate alkaline basalts erupted in the
Carpathian Basin and are thought to have genetic relationships with the Canary Island
rocks due to the continuation of the Canary plume beneath the European continent. The
asthenospheric upwelling of this plumm@used crustal thinning below the Carpathian Basin
and resulted in basaltic volcanism. Preceding this volcanism, the mantle area was affected
by subduction during the Alpir€arpathian orogenesis that induced formation of-calc
alkaline magmas and a chaihamdesitic volcanoes within the Carpathians.

In this paper, | will show the results of combined trace element and isotope studies on
amphiboles collected from these complexes. Although the interpretation of geochemical
data on amphiboles is not straightfard due to crystathemical effects, this mineral
group is very useful for several reasons: i) magmatic amphiboles concentrate trace
elements relative to other roérming magmatic minerals in a way that makes their
analysis easier, and ii) amphibolegntain oxygen and hydrogen whose stable isotope
compositions 'f0/*°0 and D/H) can provide important constraints on magma origin and
fluid influences.

Studies on Canary Island complexes

Fuerteventura (Dem®ny et al . 2004)

The origin of lowd*0O values forocean island basalts (OIBs) is debated as such low
values have been taken as evidence for melt contamination by altered oceanic crust with
low d'®0 values or for the involvement of altered and subducted oceanic crust during
melting at mantle depths. Fone submarinesubaerial Transitional Volcanic Group of
Fuerteventura (Canary lIslands, Spain) l@#fO values (4.80 . 3 &) measur ed
phlogopite and amphibole megacrysts with cltselIMU Sr-Nd-Pb isotope
characteristics are interpreted to be primary and,tlee basis of hydrogen isotope
compositions, exclude the influence of crustal assimilation. The model that best describes
the chemical an#i-O-Sr-Nd-Pb isotope compositions of these minerals favours melting of
subducted ocean crust in the OIB source ascHuse of lowd*?0 values. LowdD values
ofil115 N 4% have been measured for amphi b
preceding phlogopite crystallization from a fltidh magma. However, phlogopites with
closeto-HIMU Sr-Nd-Pb isotope ratios are alstepleted in deuterium relative to upper
mantle compositions witdD valuesofi96 N 1&, that may be rega
isotope composition characteristic of plume material.
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La Palma (Dem®ny et al. 2008)

Chemical and isotopic compositions of anfpiies, biotites, pyroxenes and feldspars
from gabbros and basalts of La Palma, Canary Islands were studied in order to determine
primary, plumerelated compositions and effects of tatage water/rock interactions. All
the studied amphiboles have Sr igmoratios close to those typical for the mantle,
excluding the possibility of significant seawater influence. The pyroxenes and amphiboles
also have stable isotope compositions that are typical for mantle derived phases, whereas
biotites and feldspars shew signs of interaction with meteoric water. On the basis of the
oxygen isotopic compositions, the infiltrating meteoric water derived from precipitation at
an approximate elevation of 3500 m a.s.l., indicating that La Palma reached this height
when the ghbbro complexes were formed. The unaltered hydrogen and oxygen isotope
compositions of amphiboles show a trend from normal mantleran§j®&0o a and 5. 1
respectively, values very close to compositions found in other Canary Island complexes by
earlier stidies, and support the theory that these compositions reflect a plume component
originating from the deep Earth, rather than local phenomena.

La Gomera (Dem®ny et al . 2010)

The plutonic rocks of the Basal Complex of La Gomera, Canary Islands, Spain, were
studied by means of majoand traceslement contents and by-®&Sr-Nd isotope
compositions in order to distinguish primary magmatic characteristics andtdate
alteration products. Deciphering the effects of alteration allowed us to determine primary,
plumerelated compositions that indicated &nd ‘®0-depletion relative to normal upper
mantle, supporting the conclusions of earlier studies on the plutonic rocks of Fuerteventura
and La Palma. Latstage alteration that occurred during the formationthef intrusive
series was induced by interaction with meteoric water. Inferred isotopic compositions of
the meteoric water indicate that the water infiltrated into the rock edifice at a height of
about1500 m above sea level, suggesting the existence ubaesal volcano which was
active during the intrusive activity and that it has been either destroyed or had remained
buried by later volcanic and landslide events.

Studies on alkaline basalts of the Carpat

Major- andtraceelement compositions, stable H and O isotope compositions &hd Fe
contents of amphibole megacrysts of Hileistocene alkaline basalts have been
investigated to obtain information on the origin of mantle fluids beneath the Carpathian
Pannonian Regn. The megacrysts have been regarded as igneous cumulates formed in
the mantle and brought to the surface by the basaltic magma. The studied amphiboles have
oxygen isotope compositions (83t. 2 as), supporting their primary mantle origin.

Even within he smalld*®0 variation observed, correlations with major and trace elements
are detected. The negatieB®0-MgO and the positivei*®*0O-La/Sm(N) correlations are
interpreted to have resulted from varying degrees of partial melting. The halogen (F, Cl)
contents are very low (< 0.1 wt%), however, a firm negative (F#04O correlation
(R?=0.84) can be related to the Mzj avoidance in the amphibole structure.

The relationships between water contents, H isotope compositions Hrubfents of
the amphibole ngacrysts revealed degassifithe Fé* (as F&'/Fe..) and HO contents,
as well as the H isotope compositions of the amphiboles differ markedly (27 to 58%, 0.5 to
22wt%,i107toil5a, respectively) but indicate sy
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trends can be explained either as dehydrogenation or dehydration processes, both of
which are coupled to oxidation processes, the latter most probably related®to O
substitution within amphiboles. The dehydrogenatiehydration models can be used to
asses primary compositions of the magm&gelected undegassed amphibole megacrysts
show a widedD range froni80toi2 0 & . T HDevallleaswharacteristic of the normal
mantle, whereas the highD values may indicate the influence of fluids released from
sulducted oceanic crust. The chemical and isotopic evidence collectively suggest that
formation of the amphibole megacrysts is related to fluid metasomatism, whereas direct
melt addition is unsignificant.

Detection of plume and slab components in magmatic gshiboles: trace element
ratios and stable isotope compositions

As a synthesis of our geochemical studies on magmatic amphibolesglEamnt
ratios indicating contribution of subducted slab components (Ce/Pb, Ba/Nb, etc.) and
stable isotope compositioméll be evaluated using the entire dataset described above. The
results have detected a common plume component that was contaminateddsyrisksd
fluids and melts. A new parameter Pb*/Pb (determined bf(PtVe . P r ) ), i ntr
Marks et al. (2004)characterizes the extent of the Pb anomaly. The usefulness of this
parameter and its comparison with other geochemical data will be discussed.
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Lamprophyres in Caledonian basement of SW Spitsbergen
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Spitsbergen is the largest island of the Svalbard archipelago. It is located in the NW
part of the Barents Shelf and consists of crystalline basement and sedimentary cover.
Basement rocks, Precambrian to Early Silurian in age, were affectdtk byaledonian
Orogeny. Several terranes of various ages are distinguished there. The unaltered
sedimentary cover includes rocks from Silurian to Paleogene.

The samples for this study were collected from the Chambelindalen valley situated in
the NW part ofWedelJarlsberg Land on the southern coast of Bellsund fjord. This area
belongs to the soutlvestern terrane and consists of the following rocks: diamictites,
dolostones, various slates, greenstones and greenschists, with several minor intrusions of
mafic (diabases) and ultramafic rocks. All of these rocks belonipe¢ Recherchefjorden
Sequence

A few types of lamprophyre intrusions have been distinguished: minette, vogesite and
an ultramafic variety, perhaps cortlandite. The ultramafic lamprophyre oiecthve form
of a bosdike body up to 200m in diameter and is cut by discrete vogesite dykes up to
0.5m thick. These rocks, together with surrounding slates, were affected by Caledonian
metamorphism. To date, they have been described as serpentiniteett®litype
lamprophyre has been found as aBArending dyke about 1m thick and extending over 1
km. As it cuts the foliation of the host rocks, itiiddrred to be posnetamorphic.

The ultramafic lamprophyre consists mainly of large pyroxene phenoa@lystging
different stage of alteration. Magmatic hornblende, with secondary overgrowth of
tremolite, and biotite are also present. Serpentine pseudomorphs after olivine are apparent,
as well as abundant opaque minerals. Apatite and sphene are accessoties. |
groundmass, secondary phases are mostly chlorite, perhaps mixed with serpentine
minerals. In the vogesite variety of these rocks, hornblende prevails over pyroxene, biotite
is more abundant, and there aepseudomorphs after olivine.

Minettes are bwn porphyric rocks with phlogopite phenocrysts up to 0.5cm in size.
Scattered phenocrysts of hornblende are present. The groundmass consists of pyroxene,
phlogopite, feldspar and secondary calcite and chlorite. A considerable amount of apatite
occurs inthe form of acicularand prismatic micrgphenocrysts.

The main research problem is the relation between the gm# postmetamorphic
types of lamprophyrek their ages, geotectonic setting and the origin of the magmas. The
intrusions of ultramafic lampphyres, vogesites and hornblesztsaring diabases appear
to belong to the soalled Appinite Suite.
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30



SO,
MINERALOGIA - SPECIAL PAPERS, 37, 2010 5%\ f%_
www.Mineralogia.pl Q o]
MINERALOGICAL SOCIETY OF POLAND ;/ él
POLSKIE TOWARZYSTWO MINERALOGICZNE 4’6?,({60\0

Geochemically distinct mantle sources of K-rich lamprophyric
magmas from the Moldanubian and adjacent units, Bohemian Massif

Frantigek'V. HOLUB

! Institute of Petrology and Structural Geology, Charles University, Albertov 6, CZ 12843 Praha 2, Czech
Republic; frholub@natur.cuni.cz

Minettes and kersantites as well as compositionathlar plutonic rocks of Variscan
ages from the Bohemian Massif (BM) have primitive mafic compositions and display high
LILE/HFSE and Th/Ta or Th/Nb elemental ratios that are broadly assumed to indicate the
origin of their parental magmas in mantle sourceedified by subductiomelated
processes. However, there are significant regional differences in their geochemistry.

Typical minettes from the CBPC and ,Gumav:
poor in CaO and Sr, but very high in Rb compared &éowbrld average. Their Rb/Sr is
high (about 0.8L.2) whereas Rb/Cs and K/Rb are relatively low (commorilyt and 100
150, respectively). Their composition is similar to durbachitic plutonic rocks whose
voluminous intrusions are very typical of the Moldhaian Zone. Mafic durbachites
(amphibolebiotite melasyenites) are currently interpreted as melting products of
peridotitic mantle that was strongly modified by interaction with desphducted
continent al materi al of g r d007).tnicancext witmthi® s i t i
interpretation, both minettes and durbachites display negativan&malies and are
isotopically evolved having highly radiogenic Sr (initfdsrf°Sr = 0.712@0.7140) and
relatively unradiogenic Nd. In contrast to the durbshwith £'SrP°Sr)zs = 0.7120.713
and U-BlS to-Z.4, minettes are more variable witHSrP°Sr)ss = 0.7070.714 and
UNd4.4 to -7.5, perhaps due to their small magma volumespéag the source
heterogeneity.

Kersantites and miBarndiare and fhhidden uttrdpetassice p | 8§
ChotRDlice I ntrusive Complex in E Bohemia,
and are isotopically less evolved witfiqrP°Sr)s=0.74-0 . 706 and BRd = +2

The whole spectrum of Sr and Nd isotopic compositionsiriglar to that found by
Awdankiewicz (2007) for lamprophyres from the Sudetic segment of the BM. The
variability of potassic and ultrapotassic magmas from the BM, and the apparent
independence of their isotopic compositions ofOKcontents, point to exsnce of
distinctive sources within the heterogeneous Variscan subcontinental lithospheric mantle.
Individual lithospheric blocks involved mantle domains with contrasting histories of
depletion and diverse episodes of emnient in incompatible elements.
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Isotopic constraints on the petrogenesis of the Variscan ultrapotassic
magmas from the Moldanubian Zone of the Bohemian Massif
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Soonafter the Variscan <collision, in Vise
Bohemian Massif became a scene of vigorous ultrapotassic (UK) igneous activity. As a
result, not only did numerous dykes of lamprophyre and melasymeiggranite
porphyries form,but also sizeable plutons of melanocratic 4eywsoxene or amphibole
bearing syenites to melagranites of largely matching mineralogy and chemistry (Holub
1997; Holub et al. 2010). All of the plutons occur in close spatiad temporal association
with bodies of HFHP, mostly felsic garnetyanite granulites enclosing fragments of
garnet peridotite and other manderived rocks (Becker 1990 anougek ,et al
Janougek & ,HKotkbv&®O0R0GO07 and references t
significance of sme ages remains to be properly ass
al. 2010a), voluminous UK plutons seem to have intruded in two essentially diachronous
pulses: an older, largely late syntectonic and more voluminotsachite series (~342
339 Ma) anda younger, less deformed, or even gestonic, suite of twgyroxene
syentoids (336 335 Ma) (Holub etal. 1997d anou ge k & ,\eraar et 20082 0 0 3
Kot kov 8 eHKusiak et .al. 2R10)1 The still scarce ages for the UK dykes fall into
thesame time interval (Holub et al. 2010).

The durbachite series includes melasyenites (i.e., durbastslet® melagranites with
the fAwet 0 almosite mdctinaliic@mpkiigole as ferromagnesian minerals and
commonly with abundant large-f€ldsparphenocrysts (Holub 1997). This suite forms
many smal | intrusions and also the | arge N
TSeb?2| pl utons ( F ang .geneticallyrelatédh kdotiteswp-pytoxenel | vy
mel asyenites to nleilhalgarvaaniitnetsr u(sTi 8obnosr) aanrde al
by a ferromagnesian assemblage Opx + Cpx +-BWigand lack the conspicuous
phenocrysts. Late actinolitization and biotitization is common.

The petrogenesis of the two UK plutonic associations remaingtarmédebate, even
though a likely role for an enriched mantle source has been acknowledged since early on
(Holub 1997 and references therein). In order to further constrain the genesis of this
conspicuous rock group, we have undertaken a detailed sifidpeir wholerock
geochemistry, including both radiogenici(Sd) and stable isotopes (D).

In general, the majerand traceslement compositions of both ultrapotassic groups
largely overlap, and this is also the case with the isotopic signatureddarker plots
show a large degree of linearity, with BiGMgO, CaO, FeOt and.®s forming tight
negative and N® positive correlations. The NMORBormalized spiderplots (Sun &
McDonough 1989; Fig. 2a) are characterized by strong enrichments in LILE KCBaR
K and Li) as well as Pb. Apart from K, high contents of the other two radioactive elements,

U and Th, are characteristic. As a result, the ultrapotassic plutons are highly radioactive
(Fig. 1). Even the least fractionated types show strong LREE/H&EEhment in the
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chondritenormalized multielement plots (Boynton 1984; Fig. 2b), with marked negative

Eu anomalies. There is strong tendency to an overall decrease in total REE contents, and
also an increase in L&'by and La/Smy, with decreasing MgOThe most primitive rock

types, minettes and durbachites, clearly represent mantierived magmas (having high

MgO, Mg#, Cr and Ni, and low SiQetc.) offering little scope for modification by more
extensive crustal contamination. Instead, they reqait anomalous mantle source with
significant longterm enrichment in LILE and LREE, or contaminated/invaded by a-crust

like component with radiogenic Sr and unradiogenic Nd (Holub 1994 hougek et
1995, 2000Wenzel et al. 1997Gerdes etal. 2000@anougek & Hol ub 2007)
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Fig. 1 Radiometric map of the southeastern Bohemian Massif (adopted from the Czech Geological
Survey Map Servehttp://www.geology.gzwith isolines of natural air absorbed dose rate (nGy/h).
Labelled are the main bodies of ralpotassic rocks (durbachite series and melasyenissdsu

Holub 1997) that show very high radioactyvit

The Si Nd isotopic compositions of the ultrapotassic rocks are rather variable: initial
Sr- isotope ratios and epsilon Nd values resemble maturénemtal crust¥'Srf°Srys; =
0.7100.713,eNds3; = -6.0 to-7.5). They represent by far the most evolved compositions
when compared with somewhat older (~8334 Ma), voluminous mediwK calc
alkaline and ~346347 Ma highK calc-alkaline intrusions asell as subordinate-§pe
anatectic granites in the nearby Central Bohemian Plutonic Complex (Holub et al, 1997b
Janougek et al . 2000, 2010b aniNd isotepicer en c
signatures of the UK rocks points to a heterogeneous saandder an important role for
opensystem interactions such as magmixing or crustal assimilation. Rather
surprisingly, there is a clear tendency towakts evolvedless radiogenic Sr and more
radiogenic Nd) compositions with increasing degrees of hygoeal fractionation
(increasing SiQdecreasing MgOMg # ) . This implies that t h
significantly less evolved in terms of itsi$id isotopic signature®{Srf°Srs; < 0.710,
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eNdszz; > -6) than were some portions of the primary, enrichehtlederived magma
(®'SrP°Sr; ~ 0.713,eNds3; ~ -7.5). The required proportions of the acid end member are
often high, arguing for magma mixing and ruling out crustal assimilation on
thermal/rleological grounds (Holub 1997).
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Fig. 2. a) NMORB-normalized (Sun & McDonough 1989) spider plots for the studied ultrapotassic
plutonic rocks (durbachite series and melasyenitoids) from the Moldanubian Zone of the Bohemian
Massif. b) Chondritsnormalized (Boynton 1984) REgatterns for the same samples.

The stable isotopic compositions of the UK ignesus c ks ar e &isgcE var i
3.4 to ®yop= a4t 6.07 to +10.8 a. All 1litholo
mantled er i ved me nib ealues signiidardlyMowsr than the NMORB average
of +3.5 & (Tom¥ewlads highetr ha)n arhce INMORB aver a
(Har mon & Hoefs 1995) . Hi ghly maflLi(d90K roc
3.4 4&a) significantly | ower even ‘ltiha<n Gvar
(Teng et al. 2004).

Taken together, the observed geemical and St Ndi Lii O isotopic variability can be
explained by a twetep model: 1) interaction of the mantle with subducted crustal rocks
(mainly felsic metaigneous rocks converted to HP granulites) h&@1§°Sr;3; > 0.713,
eNdsz;<-7 . SLi<-8a an%® & +7 &, and/or with fluids
eclogite/HP granulitef aci es met amor phism at the Vari s
Holub 2007) followed by 2) magma mixing of primary magmas derived from such an
anomalous mantle sourcetiwanatectic melts generated at the base of the former igneous
arc €'Srf®Sr3,< 0.710,eNdss;>-6 , 'L il > + 2'%0& >anrdl 00 &) .
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Introduction

Mantle-derived mafic dykes such as lamprops/typically occur as lateo post
collisional intrusive rocks across of the European Variscan Ble#ty are widespread in

the crystalline areas of the Bohsinmtodaced Mas s
by G¢ mbel in 1874.
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Fig. 1. Main distribution of préesozoic lamprophyres, lamproites and associated dyke intrusions in

the Bohemian Mas#s Legend: CAT calcalkaline (shoshonitic) intrusions: minette, kersantite,
spessartite, microdiorite, microsyenite;i Aalkaline intrusions: camptonite, small stocks of alkaline
diorites, meladiorites to hornblendites; PA4veralkaline (lamproitic) intr s i o n s : 6peral kal
to micrograniteo. Regi onal geol ogi cal subdi vi s
granitoid intrusions (grey colour with crosses) was modified according to Zoubek (1985).
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The lamprophyres are often accompanied bgntemporaneous dyke rocks
petrographically ranging from microgabbro/microdiorite to microgranite that may
bepetrogenetically related to the lamprophyres through differentiation processes (e.g.,
magma mixing, fractional crystallization). This contributidmiefly summarizes and
interprets the most important published results onMreozoic orogenic lamprophyres
(i.e., lamprophyresensu strictp see t he paper by Krm2] ek an
and associated dykes of the Mora8desian, Moldanubiark u t n 87 Swaika, &entral
Bohemian, Saxothuringian and Lusatian Region (Fig. 1). Within the individual regions, the
state of | amprophyre r&dMecazohcdi toerss Dhk
lamprophyres and possible pvariscan dykes. Moreove important occurrences of
Variscan orogenic lamproites (i.e., Siich peralkaline dykes with specific mineralogy)
are also mentioned in the text. This rdgke cropping out in the Bohemian Massif
remains poorly recognised terms of the modern undésading of lamproites.

The Moravoi Silesian Region

Occurrences of lamprophyric dykes along the eastern margin of the Bohemian Massif
have been described from almost all basicMesozoic geological units of the Morédvo
Silesian Region. They are known bdthm the Austrian and the Czech part of the Thaya
Massif and from the adjacent Moravicum; they have been described in the Brno Massif, in
the basal Devonian clastics, in the Vrbno Group of the Silesicum and in the Drahany Culm

and t he Ni zkT sliensseng e eCuKmm2b a k 2010 an
Semilamprophyre dykes (varieties with colour index less thansg® Wimmenauer 1973)
occur especially in the Upper Silesian mol

very interesting to note thatithin the widespread carbonate outcrops of the Moravian
Karst (tens of kilometres), we do not know any lamprophyre occurrences. With regard to
this fact, the author speculates about the idea that unmetamorphosed carbonates of higher
thickness could repsent some kind of geochemical/structural barrier for the intruding thin
lamprophyric dykes. However, this is not valid for much more compact marbles which are
cut by lamprophyric dykes in different localities of the Bohemian Massif (e.g., in the
Moldanubian Region).

The age of lamprophyres in the Mor&®ilesian Region is Variscan. Assumptions

about Cadomian ages (e.g., in the Thaya Ma
(2005). The results of radiometric dating (both published and unpublishechtae long
period of |l amprophyre empl acement with the

the area. The soudmastern sector of the Bohemian Massif (Austrian part) is locally
transected by two generations of lamprophyric dykes thatdatst interal Variscan
deformation of the variably metamorphosed constituent nappe units (Neubauer et al.
2003). ESE trending dykes of the first generation are locally weakly foliated, however

t hei r 3 2iANBotitevpdateal rage is considered to be sufficiergigresentative.

Biotite concentrates from the younger, unfoliated dyke generation (dominantly NNE
trending) vyielded ArAr plateau ages of 31806 Ma (Neubauer et al. 2003).
Lamprophyres from the Czech part of the Moiigibesian region partly belong to the
generations distinguished by Neubauer et al. (2003) or are younger. The youngest known
Variscan lamprophyre intrusive event of the Bohemian Massif is uppermost Lower
Permian (based on unpublishedi Ar ages) and was discovered by the author in the
DrahanyCul m f or el and basi n iBaldovet.Aethewortedstearg e o f
margin of the Czech part of the Mora&ilesian Region, a widespread dyke swarm was
described in the vicinity of Janov (Silesi
contnues to the Polish side near TArbnalysisofl | age
this dyke swarm gave an age of 302N5 Ma (L
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Janov are mineralogically variable with abundant quartz xenocrysts. They can be
consicered as a product of mixing between maueived and crustal melts. The
importance of lamprophysgype magmatism during the final stages of the Variscan
orogeny is also documented by the presence oftpoginic type granitoid plutons of

mixed origin.Geochemical data have been interpreted as evidence for interaction between

| amprophyric and granitic melts d8trzelmg t h
Massi f, respectively (Krm2|ek 2007, 2010)
BohemianMassif are important tracers of magmatic activity connected with the final
stages of the Variscan orogeny.

The Moldanubian Region (Moldanubicum)

The Moldanubian Region is well known for its common occurrences of lamprophyres
(minettes, kersantites, speditas) and related rocks (microsyenites, microdiorites,
microgabbros); they occur in a large area across the geological boundaries (e.g. Becke
1883; Foull on 1883; NDmec 1970, 1975a) . B
members of the durbachiter@s as plutonic equivalents of Lower Carboniferous mica
lamprophyres. This was recently proven by the experimental studies of Parat et al. (2010).
Moreover, unique postollisional peralkaline dyke rocks characterized by the mineral
assemblage ich amph bol e + mi crocline N phlogopi't
encountered in this region, especially in
Czech Republic (Hackl and Waldmann 1935;
dykes were originally desbed by Hackl and Waldman (1935) and given local names

such as firaabsiteo, fithuresiteo and nkar |l
classification as intrusions of t he imi ne
microsyenite and miocgr ani t e, respectivel y; e. g., N

mineralogical and geochemical features typical for ,8i€h lamproites of the
Mediterraneastype ( Kr m2 | e lHowever]ltbe) Mediterranedype lamproites are of
Cenozoic age whereas, in thetg@onian massif, the dykes with lamproitic affinity intruded

at ~330 Ma (Krm2]ek et al . Or@génic 3amproftes dra n k i e
generated by partial melting of lithospheric (subductivodified) mantle rocks that were
depleted in basaltic coponents and subsequently enriched in m&antempatible
elements (K, Rb, U, Th). Additionally, mixing with components originating from the
lowest lithospherid upper asthenospheric mantle (HFSE, especially Ti, Zr) is commonly
recognized. The lamproitimagmatism of the Bohemian Massif is very probably related to
slabbreak off and ascending of hot asthenospheric mantle. Asthenospheric upwelling may
have also contributed to uplift and rapid Variscan erosion of the Moldanubian zone. The
most lamproitic Vaiscan intrusion of the Bohemian Massif is represented by-ai&a-

rich peralkalineperpotassic and ultrapotassicy k e fr om Gebkovi ce ( Fi
2010) . The Gebkovice dyke is also the fir
Variscanor ogeni ¢ belt in terms of the modern wu
lamproite (~NEI SW trending) crossuts sillimanitébiotite paragneisses of the
Moldanubian middlecrustal Variegated (Drosendorf) Umear the western margin of the
TSeb2gif.f KMan2 | ek et al . ( aPléxOpetrogdaphy endrystee d  t h
chemistry of its minerals, which include several compositionally unusual species such as
potassic analogues of richerite and magnasieedsonite, Feich microcline, Babearing

titanite, baotite (ideal formula B®&igSi;O.sCl), henrymeyerite (ideal formula
Ba(Ti;Fe")O,), benitoite (ideal formula BaTigDs) and bazirite (BaZrgDs).
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The Kut inSyratkhdRegion

Within this smallest region of the Bohemian Massif, the lamprophye=kraown only
from the Kut n§ Hora Unit. Losert (1962)
amygdal oi dal infilling in the mica | ampro
amygdales are formed by polycrystalline aggregates of felsic minerals ¢hangentially
rimmed by flakes of mafic mica (Fig. 3). These are considered to be segregation vesicles
(cf. Mauger 1988; Holub 2003). Their origin involves exsolution of an immiscible volatile
rich fluid phase and vesiculation due to decompression ofishey melt, or due to its
cooling and crystallization. Subsequently, the vesicles are partly or completely refilled
with felsic residual melt infiltrating from the surrounding interstitial spaces. As was
documented for lamprophyres from this area, theeggdion vesicles could even originate
at depths of a few kilometers below the surface. The presence of segregation vesicles is a
characteristic feature of volatitich lamprophyres. Segregation vesicles with mica or
amphibole rims were observed by thehau in dykes from all regions of the Bohemian
Massif.

Fig. 2. An example of the interstitial filling in the most lamproitic Variscan intrusion of the
Bohemian Massi{f t he Gebkovice dyke; birdecstitial baatitet eactosindg e | e c
ethedral kamphiboles (KAmp) is partially replaced by anhedral titanite, quartz, rutile and rare
henrymeyerite (Hnm).

mafic mica

quartz

alkali feldspar
(euhedral)

alkali feldspar
(anhedral agregates)

carbonate

Fig. 3. Typical segregation vesicle in lamprophyre (schematic drawing modified according Losert
1962).
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The Central Bohemian Region (Bhemicum)
Generally, in this region we can observe numerous dyke generations with Variscan ages.
Moreover, some authors speculate about\fagscan generations. Lamprophyres in the
Bohemicum crossut the rock sequences of the Barrandian Proterozoic dadZ@& and
its equivalents in the Gelezn® hory Mts, l
Bohemian Pl uton, the Domaglice Unit and t
K r mk 2020 and references therein).

Probably the first lamprophyreaegnized in the Bohemian Massif was recorded by J.
Barrande in his personal notes from 1865; he found a minette dyke in the village of

Lernodgice. Recent study ecltsthelOsdovicianrsegoegcesc e d
of the Prague Basin, revealedaththe dyke contains xenoliths of individual tentaculite
shells (Krm2|lek 2010). As xenoliths and x¢

minetteenclosed tentaculite shells are a real curiosity on a watllbasis (Fig. 4).

Very specipfpiicniaree ttelxed udae t ypebwestarnparti si on
of the Barrandian Proterozoic, bet ween Ral
occurrences of camptonites, spessartites and microdiorites genetically related to small
alkaline stocksof pyroxené&amphibole diorites, meladiories and hornbledites (e.g.,

Kr m2 | ek et Tha internal2var@i@li}y .of this group probably resultédm
fractionation under changing,8 activities.

Fig. 4. Probably the first lamprophyre recognized in the Bohemian Massif. Minette dyke contains
unique xenoliths of individa | t ent acul i t e s hbackskcasterefl eldcteon image)n o gi c

Ultrapotassic dykes (lamprophyres to lamproites) represent an important Variscan
generation; they crop out near the Bohemicum/Moldanubicum boundary in the Central
Bohemian Pluton ah i n t he t he Gel ezn® hory (
Bohemicum/Moldanubicum boundary is a significant Variscan tectonic zone separating
two different regional units of the Bohemian Massgi€cording to Finger et al. (2007) the
Bohemicum may have functioned agigid backstop along which earlier subducted HP
HT rocks (Gf©°hl Uni t) were steeply exhume
geochemical signature of the mentionalfrapotassic dykes suggests formation in a
metasomatised mantle that was contamihdig deeply subducted, evolved continental
crust(Kr m2 | e k e The ebberved2iichéénts in Cs, Th, U, K and Pb manifest the
genetic link to exhumed Moldanubian granulites which are depleted in just these same
el ement s (cf. Janougek and Hol ub 2007) .
ultrapotasic dykes cropping out near the Bohemicum/Moldanubicum boundary is the
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presence ofiegative Eu anomalieg€(/Eu* = ~0.§. This could be an additional argument
for contamination of their mantle source with evolved crust material. Significant feldspar
fractionation in tlese dykes is rather improbable.

The Saxothuringian Region (Saxothuringicum)
The Saxothuringian lamprophyres are well known, especially because of the mining
history of this area. The dykes are spatially (and maybe genetically) associated with

significant oredi stricts (e. g., Sei fert and Sandma
results of Af Ar stepheating dating of mineral separates from a series of lamprophyre
dykes i n t he Saxot hur i hNamwuian (3BA82B1i Mah and e at u

Stephaniari early Permian (297295 Ma) crystallization ages (von Seckendorff et al.
2004). This is indicative of magma generation over a long period of 30 Ma. Kersantite
from the | amprophyre type29%7re2a Maf aGcembaend (
the younger intrusive event. Generally, the lamprophyric dykes from this area lack
negative Eu anomaliesqn Seckendorff et al. 2004).

Coexistence of mantlderived and crustlerived melts in the Saxothuringian Region is
suggested by occurrences of hybridusions of amphiboleiotite gabbros to monzonites
that are traditionally labellecedwitzites. Redwitzites have been originally regarded as the
plutonic equivalents of lamprophyres (Willmann 1920). The age range of the redwitzites
(325 322 Ma; Siebel et aR003) overlaps the emplacement ages of the older granites in
the FichtelgebirgeErzgebirge area. New geochemical modelling results suggest that the
chemical and mineralogical variability of redwitzites can be explained by mixing between
mafic and felsiamagmas with minor fractional crystallization. The parental mafic magma
was probably produced by melting of a metasomatised mantle, the melts being close to
lamprophyre or alkali basalt compositiond/ a S2 kov§ et al . 2010) .

The Lusatian (West Sudetes) Region (Lugicum)

Lamprophyre occurrences at the northern margin of the Bohemian Massif (the territory
of the Czech Republic, Germany and Poland) have been reported from almost all basic
preMesozoic gea g i ¢ al units (see Krm2]ek 2010 and
are the Z8bSeh and Nov® MRsto units as wel
Awdankiewicz (2007) provided extensive information on the dykes situated on the Polish
part. Themajority of the dykes in the Lusatian Region have supposedhvkatecan ages.

This was supported b&ri Ar stepheating dating of micas andi Bb SHRIMP dating of

zircons that revealed ages between 330 and 300AMdgnkiewicz et al. 2009). Former
speculda i ons about Cadomi an ages for the | amp
Lusatian Pluton were refutdly Kr m2 | ek (2010) .

The distribution of dykes is not uniform. They are especially abundant near regionally
important Variscan tectonic zones, e.g., in the presumed equivalent of the
Bohemicum/Moldanubicum boundary in the Ori€en Dgn2 k ($ni aethai k) l
Star® MPDsto Suture Zone (Silesicum/ Lugicunm
orogenic collapse in the Lusatian Region resulted in significant lithosphere detachment
accompanied by upwelling of hot asthenospheric mantle. This is manitegtadgreat
abundance of peral kaline (l amproitic) dy k
1975b; Wi erzchogowski 200 3) -colisionamlemadsifs afs by
mixed origin. Interaction with a mantle melt of lamprophyric compositias described in
the Krikionega Massi f (Sgaby a iMabtika 20883
(Doma-&suda and Sgaby 2023850t yanSdt oikn Mahses i Kfg o(dl
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Conclusions

The majority of lamprophyres of the Bohemian Massif are Varnism age. The
distribution of lamprophyres within single regions of the Bohemian Massif is not uniform.
They show obvious connections to important sutures and tectonic zones. The temporal
range of lamprophyric magmatic activity is at least 60 Ma (234 Ma). Two peaks of
lamprophyric magmatism occurred close to the Lower/Upper Carboniferous and Upper
Carboniferous/Permian boundary. The youngest lamprophyre intrusive event (uppermost
Lower Permian) occurred in the eastern orogenic foreland, in the M@itegsian Region.
A comparison with Variscan orogenic collapse models (Praeg 2004) suggests that the
timing of o6l amprophyric eventsdé correspond
by reorientation and forelardirected migration of the collaps&€he dykes show typical
geochemical signatures similar to those of lamprophyres from the Western European
Variscan orogen which are generally linked to metasomatised mantle sources (both LILE
enrichment and abundant transition metals; see Turpin et al).18B8 confirms the
presence of a subductigalated, metasomatised mantle across the Variscan orogenic belt
and also explains why their subductisrated geochemical character (e.g.-N@&Ti
anomaly, Pb anomaly etc.) does not agree with their predompastcollisional intra
orogenic occurrence (Fig. 5). Another important demonstration of Variscan, mantle
derived magmatic activity of lamprophyric composition is the occurrence of hybrid
intrusions of durbachites (Moldanubicum) and redwitzites (Saxwthicum). Mantle
(lamprophyric) magmatism also played an important role during the genesis of post
collisional granitic intrusions at the NE margin of the Bohemian Massif, such as those of
Kr k o niaggaeStrzegons o b - t k a ,iZ Kdgtoyd z &to o Btrzetimrmaszits! o v §

Zr117

Th (Wood 1980) Nb/16

Fig. 5. Orogenic lamprophyres in the -ZnNb discrimination diagram. A contribution from
previous subduction events is clearly visible (relative Th enrichment and Nb deptetion).

Additionally, unique, postollisional peralkaline dykerocks characterized by the
mineral assemblage-Kch amphibolei mi cr ocl i ne N phlogopite KN
been found, especially in the Moldanubian and in the Lusatian regions. Despite their
previous petrogenetic classification as intrusions ofdhmi net t e di fferent
these dykes show mineralogical and geochemical features similar to those,ofcBiO
orogenic lamproites.
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Before the second half of the®6entury, the lamprophyres were considered more as a
petrographic curiosity than as an important nm@addrived rock group. The term
flamprophyred6 (from t he Greek words Al amprosid an
had been introduced by iGagboriferous darkoburetl dykep . 3 6 )
rocks from the Bohemian Massif characterized by glistg phenocrysts of mafic mica
embedded in a feldspar groundmasingtte andkersantite). To these, Rosenbuch (1887,

p.308) analogically added the rocks with phenocrysts of lustrous cleavage amphibole
(vogesiteand camptonite) from which spessartitewas sibsequently distinguished. Thus,

at the end of the 9century, lamprophyres comprised a simple group of five original
types. During the 2D century, petrologists enlarged this-tilhderstood group by
incorporating different rocks containing mafic phernsts such as kimberlites, lamproites,
nepheline, leucite and melilitebearing rocks. This resulted in a single large supergroup
of polygeneti c lampaphys clainér médadr abeerfii sed by
branches further subdivided into 21 rogpdsby name (Rock 1991). The fact that the
proposed concept was rejected by involved scientists {ditghell 1994; Woolley et al.

1996) subsequently led to subdivision of the supergroup into individual rock groups by the
IUGS Subcommission (Le Maitre al. 2002). Unfortunately, the Subcommission placed
foid-bearing and foidree lamprophyres into one group in spite of the conclusion of
numerous scientist (e.g., Wimmenauer 1973; Mitchell 1994 and references therein) that
Al amprophyr es o dspathoids were wndidagy natkaliné édsalts that had
crystallized under volatileich conditions.The last step in the present understanding of
lamprophyres was taken by Le Bas (20@%)er more then one hundred years evolution of

the family of lamprophyred.e Bas (2007y e st or ed Rosenbuch®&és i ni
the five original lamprophyre types (Table 1).

predominant mafic mineral with OH group

predominant felsic . .. .| magnesiohastingsite - .
mineral phlogopite/biotite others Ca amphiboleg kaersutite
potassium feldspar minette vogesite
plagioclase kersantite spessartite camptonite

Table 1. Proposed principal subdivision of the lamprophyres. Modified according to Le Bas (2007).

Without doubt, the restored concept is a return to the rootgitved back meaning to
the term f.lAatup tampgophyrese we can now recognize the following

47



types (endmembers) minette, kersantite, vogesite, spessartite and partly camptonite
(sensuRosenbuch 1887). These types could be teraredenic lamprophyres because
they are genetically linked with individual stages of orogenic developmeésteapecially
evident across the Europedariscan belt where all five types occur.

This recent understanding of lamprophyres provides a sound basis for geibetse
rocks as a variable group of polygenetic origin. As orogenic lamprophyres share some
similar mineralogical and geochemical features, we may propose the following modified
definition (for details see K m2 | e k L2arplophyres ae a genetically significant
group of predominantly dyke rocks wigtorphyric (prevailing), equigranulamor poikilitic
texture, characterized by the presence of euhddiious mafic minerals such as calcic
amphibole and/oAl-undepleted mafic mica.efdspars, the most abundant felsic minerals,
are restricted to the groundma3seir principal geochemical features, i.e., high contents
ofmantec ompati bl e el ements (e. g. ,ng Wgether With , Cr
high contents of mantlencompatible elements (alkalis, volatiles, Ba, Zr, Th, U, P, LREE)
and crustaf’Srf°sr values, distinguish the lamprophyres from the common plutonic or
volcanic rockso.
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The Kgobddoztkyo St ok (KZS) granite massif is
and transition to peraluminous igneousk®cich in biotite and hornblende, with abundant
mafic enclaves and rare xenoliths of metamorphic rocks. The major rock types are
granodiorite and quartz monzonite, with lesser amounts of quartz diorite, monzonite,
diorite and syenite. Due to subsequengmatism, melanocratic (spessartite and vogesite)
and | eucocratic (pegmatit e, etc.) dykes a
1977). These dykes crosscut the granitoids, and also their metasedimentary country rocks,
mainly in the eastern and southeparts of the KZS (Wojciechowska 1975). The
geochemical and petrographic characteristics of lamprophyres from the Sudetes, including
the Zgoty Stok Dyke Swar mAwdankiewEz (2087g n descr

The spessartite sample selected for arirggeochronology was collected from an
abandoned granite quarry on the road.from
1m thick cuts granodioriteThe spessartite is dark grey and fgrained, with elongated
plagioclase and hornblende needlesrdefj a slightly fluidal texture. Biotite phenocrysts
are partly chloritized. Augite porphyrocrysts are distinctly sericitized and albitized. The
crystalline groundmass contains accessory minerals such as quartz, titamtggngtite,
calcite and zirconSecondary caite veinlets also are present.

Sixteen zircon grains (150 Om di amet er) were analyze
populations, all with typical igneous zoning. The grains are mostly euhedral, some are
subrounded. Most grains have strong Clglt and dark oscillatory zoning. All the Pb/U
dates are Paleozoic (~5825 Ma) except for one (~2.2 Gathe oldest zircon). One
population of 6 crystals yielded Neoproterozoic, fairly concordant weighted mean
ppf®y age of 566. 3N ulation bfé zircoks hadeacPaleodoic pnean
PpP%Yy age of 333.1N3.1 Ma, which we interp
dyke.
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The tele¥Tniak igneous r o-alkalinesand dlkaline(racks) i s
and minor granitesfd_ate Carboniferous age. Multiple episodes of hydrothermal activity
related to this postollisional potassic magmatism are responsible for the formation of
auriferous sulfideb e ar i ng ghomates veinsNbf theaRadzimowice -As-Cu
deposit (Mikulski2005). Hypabyssal lamprophyre dykes represent a third group of ZI
igneous rocks (Mikulski 2005). Among the&etypes ofkersantites, both with porphyritic
textures, are recognized. The first type shows typical capeseed texturesyith biotite
phenocysts (<0.5mm) and phenocrysts of secondary minerals after olivine in a crystalline
groundmass containingggioclase (andesine), quartz, biotite and carbonates. The second
type is characterized by firgrained porphyritic textures and carbonate, chalogdnd
chlorite pseudomorphically replacing primary olivine in a fgrained groundmass
consisting of sericitized plagioclase and biotite. The second type of dphype is
strongly affected by carbonatization and arsenic contents ghdyhelevated (058-0.1
wt% As) due to hydrothermal processes. On@-KigO diagram, they plot in the fields of
kersantite and spestige. The lamprophyres have low Si@@4-47 wit%b), high NaO (up to
1.6 wt%), and high MgO @0 wt%) contents. Their KO/N&O ranges betweeh.1-1.9.

They have relatively high LILE, low LREE and low HFSE contents. These rocks have
Mg# from77-79 and high concentrations of ntke-compatible tracelements.

Previous SHRIMP zircon dating of monzogranites and rhyodacites from the ZI
indicated thathe main igneous event was at ca 315 Ma (Machowiak et al. 2008). We have
dated zircon from one lamprophyre dyke. Eleven zircon grainsl(800 Om di a me't
representing a mixed population of euhedral to subrounded-mfi®matic to normal
prismatic crystls, were analyzed. The internal structure of the crystals was varied, ranging
from CL-dark unzoned to moderate CL, simple igneous zoning. All dated grains had
igneous zoning. All the dates are Paleozoic (¥865 Ma) and the analyses are mostly
concordanwithin error. Seven analyses define the youngest group, five of which have the
same®Pb®U wi thin error, giving a weighted m
Given the range in zircon morphologies and measured dates, it is possible that even the
yourgest grains are contaminants from the country rock. The mean age of ~312 Ma is
therefore a maximum for the age for the lamprophyre dyke; it might well be younger.
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The role of magma mixing in the origin of minette lamprophyres:
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Our uncerstanding of the petrogenesis of lamprophyres is perhaps the poorest of any
igneous rock group. The main reason for this is the confusion that reigns concerning their
relationships with other rock and magma types. Systematic studies and groupings of
lamprophyres were pioneered mostly by Rock (1977, 1983, 1991), who produced a series
of publications aimed mostly at classifying the rocks and understanding their
interrelationships. The interest has recently been revived with several publications which
further classify lamprophyres and constrain their origin (Prelevic et al. 2004, Tappe et al.
2005, Scarrow et al. 2009). Generally, lamprophyres are melanocratic hypabyssal igneous
rocks with microporphyritic textures carrying hydrous mafic phenocrysts (Wimmenaue
1973, Rock 1991, Woolley et al. 1996). Feldspars and other felsic minerals are restricted to
the groundmass. The calcalkaline or shoshonitic lamprophyres received their group name
from the common association with calcalkaline granitic rocks (Rock 1@irid),consist
entirely of feldspabearing lamprophyres, excluding glassy, carbenael feldspathoid
dominated lamprophyres. Many are minettes, a name for which Mitchell (1994) proposed a
redefinition to restrict its use to rocks associated with calcakaliolcanism and
plutonism. The high modal phenocryst content, reverse zonation and resorption of
macrocrysts in the most calcalkaline lamprophyres indicate a complex origin including
crystal fractionation, hybridization and possibly accumulation of plrgats

The idea that calcalkaline lamprophyres might originate by mixing of lamproites and
crustally derived silicic melts was first proposed by Rock (1983, 1991), based on
geochemical relationships. He suggested that within orogens, especially in aaetigeof
granitoid plutonism, mantiderived lamproite melts find passage through the continental
crust very difficult and are usually thoroughly modified by the uptake of crustal
components, resulting in the formation of minette melts. There are sevaraples of
intimate associations between calcalkaline lamprophyres and granitoid rocks reported from
different orogenic areas: appinites from the Caledonian orogeny (Fowler and Henney,
1996), vaugnerites from the Hercynian orogeny (Sabatier 1991, Gerdds et 2 00 0, F
and Leake 2001). The appinites are considered to represent plutonic spessartites and
vogesites, whereas vaugnerites correspond to kersantites and minettes (Rock 1991). The
occurrence of lamproites in Hercynian orogenic belts has been eointty reported
(Buzzi et al. 2010), confirming previous indications of the lamproitic affinity of
|l amprophyres (Sabatier 1991, Ferr® and L e
between MgO and K20, high K20/Na20 and low Al203 of the most primitiesroc

The Mediterranean part of AlpinElimalaya belt is another orogenic area where an
intimate association between calcalkaline lamprophwmed granitoid rocks have been
reported (Venturelli et al. 1984, Prelevic et al. 2004)e aim of my presentation Mlbe
twofold:
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i) 1 will concentrate on the geochemical features, and the origin, of Mediterranean
lamproites. They are ultrapotassic rocks, strongly enriched in incompatible trace elements,
but with a high Mg number and high compatible tratement corgnts characteristic of
mantlederived melts (Mitchell and Bergman 1991, Prelevic et al. 2008). They occur in
Spain, ltaly, Serbia, Macedonia and Turkey, generally associated witkcimttiaental
tectonic settings or pesrogenic collapse, poslating cavergent tectonics and active
margin processes. In this setting, lamproites may be associated with calcalkaline
lamprophyres and calcalkaline silicic magmatism, so that the mixing of melts with
contrasting compositions might be expected in this environment

i) I will focus on the genetic relationships between minette and lamproitic melts. Using
examples of Mediterranean lamprophyres from N. Italy and Serbia, | will demonstrate the
significance of the high reactivity and potential for magma mixing of laitiproelts. The
lamprophyres in these areas are hybrid rocks showing many types of reaction textures and
indicating incomplete equilibration. These observations provide evidence for an important
role of magma mixing in the origin of calcalkaline lamprogsyrFinally, | will present a
comprehensive model by which lamproitic melts are involved in the origin of calcalkaline
lamprophyres in general.
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examples from polymetallic Au-, Sn-W-Mo-Li-In-, As-Zn-Sn-Cu-In-Pb-
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Based on a worldwide database of lamprophyres, N.M.S. Rock (1991, p. 155) noted
t hat i...lamprophyres are a misismnamga leil zaneil
maxim which should no longer be ignored; it may be at least as reasonable to attribute
certain components of mineralizing fluids to deep, maidéeved, lamprophyric melts as
tosha | ower granitic magmatism .. .0

A possible connection betwa Au mineralization and lampropyhric |ntru3|ons has
been discussed over many years (e.g., McLennan 1915; cf. Rock and Groves 1988a,b; cf.
Rock 1991, Kerrich and Wyman 1994, M¢l 1 er
2002; cf. Sei f e reifert 2009). Lamprdpkyie£ih Aoearing wlistricts
show Archean to Tertiary ages (e.g., ca-2.6 Ga: Eastern Goldfields and Murchison
provinces in the Yilgarn Block (Western Australia), Superior Province; 1.8 Ga: Woods
Point (Australia); 400 Ma: Caledatés (Scotland), Pine Creek (Australia); Permo
Carboniferous: Bohemian Massif (Czech Republic, Germany); JuiBssiary: Sierra
Nevada and Klamath Mountains (CA), Rossland (BC), Kreuzeck Mountains/Alps
(Austria), Cripple Creek (CO), Porgera (P.N.G.). dgreement with Rock (1991, and
references therein), it can be postulated that thelgaigrophyre association represents a
deepseated magmatism which can transport Au ligandes frontichusources in the
deeper mantle. These volatdariched, hot lampghyric melts then undergo an extensive
crustal interaction, generating felsic magmas and releasing their Au into hydrothermal
systems. The persistent and widespread association in both space and time between
hydrothermal Awpolymetallic) mineralization ah lamprophyric intrusions (especially
calcalkaline lamprophyres) is an important metallogenetic factor for genetic models of
postmagmatic Au mineralization and for their exploration in different geotectonic
environments [continental arc, oceanic (islaad), postcollisional orogenic, within plate
(anorogaic intracontinental rifting)].

In the European Variscides and other orogenic belts (e.g., Central Asian Orogenic Belt,
Russian Far East, Kokanee Range/BC), several largaNavip), Ag-base metal, and
uranium ore fields are reported in the literature where lamprophynnd dioritic
magmatism is commonly interposed in time before or between granitoid magmatism and
later ore deposition (e.g., Rock 1991, Beaudoin et al. 1999, Borisenko et. al. 2006aPavlov
and Borisenko 2009, Pavlova et al. 2009, Seifert 2008a,b, 2009, Seifert and Baumann
1994, Gt empr okolume; dnd @ferentces thérgin).t hi s v

Because of a mining history that spans almost 800 years and because of the occurrence
there of thousandsf old Sn, Ag, Cu, As, Co, and Fe mines and some largé&/$mo-Li,

W-Mo, SnZn-In, Ag-Pb-Zn-In, U(-Ag), fluorite, and barite mines (cf. Baumann et al.
2000, and references therein), the Erzgebifggtland area is one of the key localities to
study the geesis and genetic relationships of different pneumatolytic and hydrothermal
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mineralization stages and lat@riscan magmatic events in the Internal Variscides (Seifert
2007, 2008a, and references therein). The traditional model for the genesis of the late
Variscan ore deposition favored a crustatived, synto latecollision granite magmatism
(Tischendorf, 1988 and references therein). An alternative model suggests arelatet
magmatic event and associated higimperature fluids as a source of\®aMo, Ag-base

metal and rare metdlearing mineralization (Seifert 2008a, 2009). The metallogenetic
importance of postollisional lamprophyres (especially type LD2) is indicated by their

high volatile concentrations (GOH,O", F, Cl, S, BOs) and relatioships to Atype

rhyolitic intrusions and lat&ariscan SAW-Mo-Li-In / As-SnZn-Cu-In-Pb and AgSb / U

ore deposition (Seifert 2008a). Additionally, they frequently occur in districts exhibiting
intensive and economically important latariscan mineralizion processes. The pest
magmatic origin of rare metélearing SAW-Mo and Agbase metal mineralizations, and

their genetic link, is indicated by mineralogical, geochemical, isotopic, fluid inclusion, age
relationship and structural features (cf. Seifdd0?2, 2008a). Because of this fact, and
because of the close spatial and time relationship to-godiional lamprophyric and

rhyolitic intrusions, manthkelerived fluids associated with the Per@arboniferous

bimodal magmatism are likely to have been thain source of economic SN-Mo and

Ag-base metal mineralization systems (Seifert 2008a, 2009). Important for any future
exploration for Permd&arboniferous rare methkearing SAW-Mo and Agbase metal and

U deposits in the Erzgebirge, and possibly atsoother metallogenetic provinces, are the
following: (1) LateVariscan ore deposits are spatially associated with intrusion centres of
PermaCarboniferous postollisional mafic and rhyolitic (sub)volcanic magmatism along
deeprooted NWSE fault zones, @ecially at their intersections with major NEV and

E-W structural zones. (2) Pestllisional lamprophyric and small iE granite intrusions

and associated explosive breccia pipes, and microgranitic/rhyolitic stocks and dikes which
postdate lateollision a | 0type Eibenstockd granite con
metallogenetic factor for the exploration of-BftMo deposits (e.g., Krupka, Pobershau
Marienberg, Gottesbefyl¢e h| | ei t hen) . ( 3) -typehaenpraplymesiis @ e nc e
significant indcator of high economic potential for Ag@nd Inrich polymetallic base

metal sulfide ore deposits (e.g., Freiberg, Marienberg, Annaberg). (4Ji€0OLD2-type
lamprophyres could be important in the formation of uranium veins in the Erzgebirge, and
inothee di stricts in the Var i s eSauth), sinceo@Ech (e. g
high-temperature fluids associated with the intrusion of,-@€h lamprophyric melts are

easily capable of leaching the high late-collisional granites and of transpowgimigh U
concentrations in fissureontrolled hydrothermal systems. It cannot be excluded that the
Urich fluids of t he f i r sttypd)inthe Bregebitdeiarrat i o
directly linked to younger postollisional lamprophyric intrusionand associated mantle

derived Urich fluids (Seifert, 2008b) as in the Streltsovsky and Elkon ore fields in the
TransbaikalSouth Yakut uranium superprovince where large U deposits are linked with

basaltic and felsic (bimodal) subvolcanic intrusions (Alesh et al . 2008, \%
2008).
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Lamprophyres of the Western Carpathian crystalline complexes;
petrology and geochemistry
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In the Western Carpathians, two basic types of lamprophyre rocks of different age and
composition have been reported. The first type is represehiedcalcalkaline
lamprophyres (prépine age) occurring in the crystalline complex of the Western
Carpathians and the second type by Cretaceous alkaline basalts/lamprophyres. Since the
rocks of the second type have not been clearly identified as alkainenpr ophyr es (
T Owen 1988), attention fecused here on the first type.

The PreCarboniferous complexes of the Western Carpathians comprisalkaline
lamprophyres, aare and exotic rock type. They occur in the Tatric unit (core mountains)
andr arely in the Veporic unit (Sl avogovce,;
were given different names (diorite porphyrite, spessartite, kersantite, odinite, cuzelite
etc.). In the Tatric unit, there are several occurrences of lamprophyre nockst lh e N2 z k
Tatry Mts (Aumbier zone), they occur nort
of Jarab8 (KamenickIl 1961, Krist 1967) o
(Turan 1961). I n the northern pasgadccurdanf t h
several localities in mica schists and gneisses in the crystalline complex (Hovorka 1960).
In the Suchl Mts, t h eeya sctaenr nb es | fogouen do fo nt hteh
(vanov-Kameni ckl 1957). The most thkamMak8 B&a
Mt s ( S pHowwprkaal®98). Here, they occur on the floor giraductive quarry at
Dubng skala in Variscan tonalite.

The geological occurrences of the lamprophyre rocks are similar. They are dyke bodies
that are as much as several mettesk. They mostly occur in mica schists, gneisses or
Variscan tonalites. Rare dykes contain xenoliths of the host fockainly tonalite. The
dyke rocks are dargreen, massive, in most cases aphanitic, with uniform, granular, non
porphyritic textures.Amygdaloidal types are common as well. Most phenocrysts (approx.

5 mm) are clinopyroxenes, amphiboles, biotites, quartzes and plagioclases. In many cases,
porphyritic minerals are altered. The matrix is composed mainly of chlorite, fine needles of
plagicclase, apatite, zircon and ore minerals. Secondary minerals are chlorite, epidote,
clinozoisite, sdcite, limonite and hematite.

Based on their chemical composition, the lamprophyres of the Western Carpathian
crystalline complexes can be classified asc-a#faline lamprophyres (Rock 1987)
kersantite, spessartite. The age of the lamprophyre rocks has not been precisely
determined, but we assume it to be-ptpine and the dykes to be connected with the
termination of Variscan magmatism.
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The association of lamprophyric intrusions and rare-metal
mineralization
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We searched for occurrences of lamprophyres in about 300 hundred literattoesso
on graniterelated tin, tungsten and molybdenum ore deposits in orogenic settings. In
contrast to abundant lamprophyres in gb&hring districts, which range in age from
Archean to Tertiary times (Rock 1991), cal&aline and alkaline lamprophyr@s rare
metal districts are exclusively Phanerozoic in age. We noted 56 cases of such occurrences,
all in the northern hemisphere. They are reported in the Mesozoic provinces of Russia,
namely in the Maritime region, Chukotka, YakuKalyma, and Transbailtia and the
Tienshan of Russia and Uzbekistan, and in the Paleozoic provinces of Central Europe
(Krugn® hory and Erzgebirge in the Czech
(Central France and SW England ee Gt empr ok (1995Nortermd Se i
America, they are in the Paleozoic province of the Appalachians of Canada and in the
Cenozoic provinces of the North American Cordilerra of the USA and Caffralzk
1991).The literature data are, however, hampered by the fact that the petrograplire
of lamprophyres is not always definitively identified and that the limits of rare metal ore
districts are conceived differently by various authors. Lamprophyres are reported in rare
metal districts with Sn, W, Mo, Li and Ta mineralizatiorhich have dispersed ore
minerals in granites or in veins and stockworks as well as in altered rocks such as greisens,
skarns, tourmaline, chlorite and/or sulphidic ore types. If petrographically described, the
lamprophyres are classified as kersantites, minettegesites, spessartites, or with
camptonites or monchiquites. Their occurrences were noted mostly in theirgopsion
zone of complex granitic bodies as jgmnitic dykes (L1 lamprophyreshut some had
intruded later than the earliest granitoids (&&prophyres). Some lamprophyres proved to
be synore, more rarely posgire in time of their origin (L3 lamprophyres, e.g., in the
Erzgebirge, Seifert 2008). In some rare cases, lamprophyres occur jointly with cupolas of
highly evolved lithium albite gratés. The occurrences of lamprophyres commonly
trespass the limits of rare metal districts and may be connected with lineaments
intersecting various major lithologies in an orogeMost lamprophyres are spatially
associated with dominant felsic dykes (t&gdj pegmatites, microgranites, rhyolites) or
intermediate dykes (diorites or granodiorites) or with mafic dykes (gabbros, diabases, and
dolerites). The genesis of lamprophyres is apparently unrelated to the source of granitoid
magmas which formed ore béay fluids, but is connected with mafic magmas generated
in metasomatized upper mantle. Lamprophyric dykes inmaeal bearing districts share
common geochemical characteristics with some highly evolved granitoids such as the
enrichment in potassium atfidiorine and abundance of some lithophile elements such as
Li, Rb and CsThis may suggest that the sources of mafic and felsic magmas were affected
by the same volatiles derived either from the deep mantle or from subducted lithospheric
slabs. The lamprdyyres in raremetal districts testify to the accessibility of the upper crust
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to the mantle products at the time of ore mineralization. These may also include some ore
elements scavenged by the fluids of various origin from the mantle.
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Petrology of lamprophyres of Chuya complex (SE Altai)
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The SE Atai and NW Mongolia areecognized as a large ore district in whitgy-Sb,

Sb-Hg, Ni-Co-Bi-Ag-U, Cu-Co-As and MeW ore systems are knowifihis ore district is
spatially associated with a large area of Early Mesozoic magmatism represented by dike
swarms ofalkaline mafic rocks (minette, kersantite, bostonite), dolerites, small intrusions
of syenite and granosyenite, and later leucogranite intrusions and ongonite dykes.
Lamprophyre and dolerite dike swarms are of special interest in this district. The namerou
dike swarms occur in two local areas: the South Chuya area where they are associated with
Ni-Co-As, U, CuHg-Sb (Ag, Hgtetrahedrite with hematite in baritarbonate veins)
mineralization and the Yustidhrea in which Ag-Sb and NiCo-As mineralization
predominatesThe dike swarms localized in the Cambrian and Ordovician metamorphic
host rocks in the South Chuya area and in the Mitgiper Devonian black shale in the
Yustid area are two components of theuya complex.

Multi-element diagrams for the lamgphyres from different areas are practically
identical, displaying the same geochemical features. All lamprophyres are depleted in Sr
and HFSE, and have a high La/Y. Spider diagrams of all lamprophyres are absolutely
congruent and have steep slopes. &tdhme time, there are some systematic distinctions
between the compositions of dikes from different areas. South Chuya dikes contain more
SiO, but less CaO, s, Fe&0O3; and MgO. On Harker diagrams, the compositions of dikes
from different area belong talifferent clusters.

Main minerals of lamprophyres are phlogopite, pyroxene (in Yustyd dikes only),
potassium feldspar and calcite. However, the proportions of these minerals vary greatly
and, as a result, contents of KiGor example, vary also. All rockare porphyritic.
Phenocrysts in the dykes of both areas comprise phlogopite and another mineral wholly
replaced by carbonate with an ore rim. A difference between the dikes is that most of the
South Chuya dikes show spherulitic structure and some of & uskgs are characterized
by ocelli structure. The spherulites are composed of thin intergrowing blades of feldspar
and phlogopite. In some samples a carbepatecement is clearly visible. Ocelli in the
South Chuya dikes are separated by tangential ®lafigphlogopite. In different dikes,
large crystals of calcite and feldspar in different proportions ordméed masses of
these minerals with phlogopite phenocrysts can be seen. Some authors have suggested that
the ocelli are a result of leucite repéament. But CIPW modeling shows that in some
lamprophyres with ocelli, leucite could not appear.

Melt-, crystatfluid and fluid inclusions occur in the minerals of the lamprophyre dykes
(apatite, zircon, pyroxene and quartz xenocry§sis phases of nitgen (N2 100 mol %)
or nitrogencarbon dioxide (N 91.7-99.8 and C@ 8.3-0.2 mol %) composition were
established in the minerals from the lamprophyres of the South Chuya area. Anhydrite
crystals, characteristic inclusions in the lamprophyres of this avegest an oxidized
magmatic fluid. A gas phase of nitrogerethane (N 97.3 and CH 2.7 mol %)
composition, and a lack of anhydrite inclusions in the minerals from the lamprophyres of
the Yustid area, point to a reduced magmatic fluid. Thus, it is cortltdat the
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lamprophyres of Chuya complex had a single parental source. Differences in rock
composition and in the compositions of inclusions can be explained as due to the influence
of the host rocks and mulitage crystallization.
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Can mica thermobarometry be effectively applied to mica from
shoshonitic lamprophyres? The case of the Palaeoproterozoic
lamprophyres of the Fennoscandian Shield
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Lamprophyres are mafic to ultramafic dyke rocks, which commonly contain mica
(biotite or phlogopite) as both a matrix phase and as macrocrysts. Shoshonitic (calc
alkaline) lamprophyres are mafic lamprophyres containgldspar as a matrix phase,
which occur in lateto postorogenic tectonic settings. Precise knowledge of the pressures
of both magma generation and dyke emplacement can be of great benefit for developing
models of orogenic evolution. Righter and Carmicha@996) developed a
thermobarometer for use on mica from shoshonitic lamprophyres, based on smekral
partitioning of Ba and Ti. Although this was said to be applicable up to pressures of 3 GPa,
their calibration experiments were invariably performedoat pressures and the results
extrapolated to higher pressures. As a result, despite the potential of this thermobarometer,
it has been only sparsely used. We have analysed macrocrystic and matrix mica from
Palaeoproterozoic shoshonitic lamprophyre dykete Fennoscandian Shield and discuss
the validity of the thermobarometric data.

Macrocrysts occur as compositionally zoned, often castellated pseudohexagonal laths,
typically around 1 mm but up to 1 cm across. Many macrocrysts contain
crystallographicdy oriented, needlshaped inclusions of titanite. Matrix grains are less
than 0.2 mm across, inclusidree and typically strongly pleochroic.

Macrocrysts typically exhibit corto-rim zoning, appearing progressively brighter
towards the rims in BSE imageThe biotite cores (Mg# 6F5) are relatively enriched in
Si, K and F. A gradational increase outwards in Mg#, Ti, Al and Ba is observed near the
rims. Matrix phlogopite (Mg# > 75) has similar composition to the inclufiiea outer
rims of the macrocrys, with strong enrichment in both Ti and Ba.

Thermobarometric results from the matrix micas indicate crystallisation at temperatures
of 11001 1 5 0 U C0.2aGPa, @arr@sponding to an emplacement depthl®f km. This
is in accordance with previous defatkhumation estimates from this area (Niiranen 2000).
Thermobarometric results from the macrocrysts form a-defihed trend toward T =
1200U0UC and P = 2.5 GPa. Still higher val u
core zones of many macrocrystewever these data become scattered such that a distinct
path of decompression is no longer discernable. This uncertainty could reflect
disequilibrium between xenocrystic cores and the lamprophyric melt. However, as the
thermobarometer has not been experitally calibrated at such high pressures, the scatter
is potentially due to problems with the extrapolation. We suggest that our data shows the
potential of the mica thermobarometer, but further experiments at high pressures are
needed for calibration.
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The Chegdgmiec subvol v&undetic BasmtSWusi on (1 n
Poland): preliminary SHRIMP zircon age
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The Chedgmiec i ntr us-iCaboniféred suatesson of the ttae P e
Sudetic Basin, a late Palaeozoic intramontane trough in the eastern part of the Variscan
Belt of Europe. The intrusion is a prominent rhyodacite laccdtitia group of acidic,
subvolcanie to extrusive igneous bodies set within cbehring Carboniferous strata. The
emplacement age of these acidic rocks has been indirectly determined as Late
Carboniferous (Westphalian), but a Permian age has also beesstaygdiscussion in
Grocholski 1965, and Awdankiewicz 1999).

The sample for our SHRI MP study was col | «
|l accolith, ca 1 km south of the top of |
rhyodacite with phenocrysts of altered feldspars and biotite in a microcrystalline
groundmas. Zircons were separated using standard methods and were analyzed at the
Beijing SHRI MP Centre, the Peoplebds Republ

In transmitted light, the zircons are colourless and transparent, mostly euhedral, rarely
subhedral and irregular. Their habiaries from shortto normat to longprismatic
(elongation between 1 and 5); the latter are often broken. Many crystals are cracked and
display local rusty colouration. Small prismatiand elongated, ovahaped inclusions
parallel to the €xis are faly common. In CL images, most of the crystals are distinctly
zoned, with recurrent thin magmatigpe zonation. Some crystals display sectoral, hour
glass zonation. No distinc cores are discernable.

The zircons contain rather low amounts of U (1&8 ppm max. 814 ppm), and Th
(421230 ppm, max. 996 ppm). THEPLP®U ages vary between 299
with the weighted mean of 308RN3 Ma (2a). I
high commonleadRb t he mean age for 13 points is 3
age for these 13 points is exactly the saftes age is interpreted as corresponding to the
main magmatic crystallization event in the
of 327N7 Ma may reflect an earlier magmat.i
Ma apparently indicate subsequeisturbaces and Pb loss.

The magmatic age of 310N4 Ma for the Che
part of the Late Carboniferous (Westphalian/Moscovian).
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The G-ry Suche Rhyolitic Tuffs represent
Permian Volcanic Complex of the IntBudeticBasin, a late Palaeozoic intermontane
trough in the eastern part of the Variscan Belt of Europe. The Lower Permian Volcanic
Complex is assigned to the Lower Autunian. However, the volcanic rocks of the Complex
had not been dated using isotopic methods (@wkéewicz 1999 and references therein).

The sample for this study comes from an abandonadrquy near t he vil |l
This rock is a slightly welded ignimbrite, related to a major eruption which ejected a
hundred(?) cubic kilometers of tephra that spread across the basin-tiewashlhe
sample consists mainly of devitrified glass shaedsl broken quartzand feldspar
phenocrysts with minor pumice and lithic fragments. Zircons were separated using
standard methods and were analyzed at the
of China.

In transmitted light, the vast majority of ttaércons are euhedral, normab short
prismatic, transparent and colourless. Very few grains are subrounded, nearly isometric,
and a few crystals are broken. A number of grains are moderately cracked and spotty, rusty
colouration is rather common.

All of the 21 analyses show low 206Rontents, between 0.09 and 0/@.6Significant
differences in CL images of the zircons correlate with their age groupings. The oldest ages
of ~ 570, 515 and 440 Ma come mostly from-Bright interiors of euhedral crystalstii
distinct magmatc zonation and relatively low U and Th contents. Another group of five
zircons with a mean Concordi a ag-brignt@low343N7
to moderate U and Th concentrations) and zoned grains. The largest populakon of
analysed zircons has a mean Concordi-a age
darker (moderatgo high U and Th contents) and indistinctly zoned.

The largest population of zircons is iterpreted to represent the main crystallization stage
ofthehost acidic magma at 3 0i0Stephanim). Thid raay e s t
indicate that the climactic stage of volcanism in the &tmaletic Basin occurred ca 10 My
earlier than assumed-tbat e. The small er, signifiMaantl!l y
in age, seems to reflect an Early Carboniferous magmatic event recorded in the rock
sample. The few evidently older zircon crystals are inherited materials.

Acknowledgement3 he study was supported from MNiSW grant N N307 133837.
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Monazite as a tracer of magmatic and metamorphic events i
examples from magmatic bodies in the Sudetes
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Monazites are important accessory phases in acidic metamaptiigneous rocks.

They retain information not only on the age of the main thermal events in the host rocks
but point to the reactions and processes that release the components to build up/dissolve
new fractions of monazites (Williams et al. 2007). Twaraples of the use of monazite as

an important petrological tool are presented. The first use is as a valuable source of age
determination in thermally altered metamorphic rocks, the second as an indicator of
hydrothermal alteration induced by the Strzeggramitic body.

The Kgdbgdoztkyo St ok intrusion (KZI) t her mal
rocks that it intruded (Bachli Gski, Bagi (s
of the Bardo unit. Various types of hornfelses were developed. Biséinteresting, as a
potential source of information on the pressure, temperature and timing of the processes,
are sillimatitecorundumhercynite hornfelses with garnet. Additionally they contain
minute grains of accessory monazite. Chemical EPMA ofyfhidmogeneous monazites,
growing as minute crystals (up to 30 micrometers) within different mineral phases, show
the age of crystallization to be approx. 838 Ma (the age of thermal aureole formation).

This age is very similar to ages from the Meza zme (Oliver et al. 1993).

Hydrothermallya | t er e d granites i n t he Strzebl
concentration of monazite crystals at the contact between intermediate (small enclaves)
and salic magmas. Careful study of monazite textures and compsgbans to magma
mixing as a main factor. Monazite alteration textures point to the considerable mobility of
LREE caused by deformation and hydrothermal fluids. Additionally, the measured age of
monazite formation i s 301 BultsqQTuidiak.etac2007s5i st en
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First occurrence of arsenian hydroxylellestadite in UHT-LP skarns of
the Northern Caucasus, Russia
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Arsenian hydroxylellastadite has been discovered in -tégiperature skarns in
calcareous xenoliths in ignimbrites of the Up@regem volcanic structure, Northern
Caucasus, KabardirBalkaria Repulic, Russia. This is the first worldwide discovery.
This mineral belonging to the apatite supergroup is found in all skarn zones showing
different degrees of hydrothermal alteration. It is associated with a variety of high
temperature  minerals, namely, nrde, wollastonite, rondorfite, cuspidine,
reinhardbraunsite, wadalite, lakargiite, magnesioferrite and bitik|8itél) corresponding
to the sanidinite metamorphic facies. It also occurs among secondaftergwerature
minerals such as calcium hydrosdies (hillebrandite, awfillite, bultfonteinite),
hydrogarnets, hydrocalumite and minerals of ettringite gréwgenian hydroxylellestadite
often forms elongated cracked hexagonal cr
The main type of isomorphisubstitution is (S@* + (SiO)* A 2(AsO,)*. Based on
microprobe analyses, the calculated empirical forrimula 5
(Cau.oF€.00)5 =[€S104)1.31(SO) 1.04ASOs)0.46(P Ot)0.06(CO3)0.14 8 =[§OH)0.66Clo.15 0.140.1115 1

The Raman spectrum of arsenian hydroxyslidite shows the following bands: 3602
cmi*, 3570 crit, 3510 crif, 1134 cni, 1100 cn, 1003 cnif, 999 cnt, 958 cnt, 879 cm
!, 853 cnt, 834 cn, 644 cnt, 623.5 crif, 568 cnt, 531 cnt', 469 cni', 432 cnt, 385
cm?, 273 cmt, 135 cnt, 111 cnt. The content of arsenic in the hydroxylellastadite
decreases inwards from the ignimbrilearn contact zone to the center skarn (from As =
1.20apfuto As = 0.0lapfu).
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The purpose of our work is to fully characterize dvigt plasters used in the twmlor
sgraffito decoration in order to choose proper restoration techniques. The decoration is
|l ocated on the northern wall of the wester
situated in SW Poland. The decorationswampleted by Christoph Rutsch and his two
assistants in 1609. White plaster (primer plaster) was covered with a layer of a lime
(sgraffito) plaster colored gray whettee ornaments were scraped off.

In order to evaluate the deterioration of plasterstae@ composition, nowlestructive
methods Ipfrared Thermography (ITand gr ound penetrating r acf
situdo were applied, f o | bpticalanicroscopy (OM)ssteveu c t i
analysis, chemical analysisAtbmic Absorption Spetroscopy (AAS) and Atomic
Emission Spectroscopy (AES)kcanning electron microscopy (SEM),-rXy powder
diffraction (XRD), Infrared spectroscopy (IR), awifferential thermal analysis (DTA).

The nondestructive methods were repeated after the completiorestoration works,
which allowed the efficiency of the treatment performed to be evaluated.

Today, about 70% of the original sgraffito decoration is presemeel hondestructive
tests showed that before conservation treatmengrge proportion (ca @%) of the
decoration was exfoliated from the wall. Thermograms and GPR scans revealed the inner
structure of the decoration, which allowed us to select th&t appropriate sampling areas.

The mineralogical studies showed that the decoration comprisesepravate coats of
lime plasters, differing in the composition of their filler. The primer plaster and the
sgraffito plaster are mixtures of lime binder (aerial lime) and-fioemediumgrained
sand, showing related bimodal graiize distributions and gm morphologies. The sand is
dominated by quartz, feldspar and lithic graigsagitoids and ryolitespccompanied by
less commorbiotite, amphibole and zirconThe difference is that the primer plaster
contains a small amount of brick chunks and charcediile the sgraffito plaster is
strongly enriched in the latter (occurringasunks as well as superfine dusthough the
charcoal primarily served as a coloring agent, its porosity contributed to improved air
permeability in the sgraffito plaster, ate@ting the carbonation rate of the lime.

For elimination of the plaster exfoliation, a calcareous PAMroduct of C.T.S. Italy
was applied by injectionThe nondestructive studies performed after this conservation
enabled the efficiency of plaster cofidation to be assessedemonstrating that the
rehabilitation work had reestablished the homogeneous structure of the plasters and
proving the high efficiency of the consolidation treatment.
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Minerals formed by exhalation on the burning coal-waste dumps of
the Upper Silesian Coal Basin, Poland

Justyna CIESIELCZUK®, Tomasz KRZYKAWSKI®, Magdalena MISZ-KENNAN®
'University of kaSi,#1208 Sosnowiee,Poldlstynaiciesielczuk@us.edu.pl

Minerals formed due to exhalation on sigifited coal dumps are widely described as,
in this environment, a great variety of minerals of different chemioceiposition and
habits can precipitate. As coal is the main source of elements for the-foemiyd
metastable minerals, they commonly contain ammonium, sulphur and chlorine.

Exhalation minerals were collected on (1) the eastern slope of the Katowice
We § nex wlump, (2) the southern slope of the KatowWde gnowi ec dump,
Chwagowice dump and (4) the Marcel dump. £
temperature, and time and volume of burning material.

In the KatowiceWe g nowi e ¢ d uemare lochl,Uocated at shallow depths and
rather shot e r m. I n contrast, fires on the- dump
lasting, very intense and involved huge volumes of deposited material.

Mineral phases were determined by XRD and chemicalpogitions, mineral habits
and associations by SEEDS. Exhalation minerals are translucent and typically white and
yellow in colour. The presence of algae or bacteria can give them a green colour.

Only native sulphur was collected from the eastern slopgheoKatowiceWelnowiec
dump where the surface temperature has not exceed¥d &®d the subsurface
temperature at 30 cm was °85 Additional crystals observed under the scanning
microscope appear to be orthorhombic though some have monoclinic habits.

On te southern slope of the Katowit¢ée g nowi ec dump, opCly sal
precipitated. In February 2010, measured temperatures react@dB3he surface and
460°C at a depth of 30 cm. It is a site of recent burning in the dump.

The coal d u ricp has been©m fikeafdr fivevyears. The temperature on the
surface is 68C and 376C at a depth of 1 m. Salammoniac (€I, orthorombic native
sulfur S, pentahydrite Mg(S L SHnd hexahydrite Mg(Sp L £OHthenardite N&5O,
and sylvite sodian iKNay 4Cl were collected there.

Extensive longerm burning in the Marcel dump resulted in the formation of
millosevichite (Al,F&),(SQy)s, alunite KAK[(SO,),|(OH)], steklite K,Al(SO,),, anhydrite
CaSqQ, lesukite AKOH)CI L,@,H godovikovite (NH) (AlLFe)(SQ),, koktaite
(NHyCa(sQ),L D, iowaite MgFe(OHXO C I LG} Moltaite KgFeJ-3+[SO4]4I; 1 8CHand
hematite FgDs;. The temperature measured 30 cm subsurface in place where samples were
collected was 50Z. The presence of such unusual minerals in the coal dompee
Rybnik coal area was described by Parafiniuk and Kruszewski (2009).
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Continental crust evolution: insight from Hf and O isotopes in zircons
from Upper Carboniferous to Lower Permian volcanic rocks (drill
cores from north-eastern Germany).

El Ubi e t'annB BIETRANIKY, Christoph BREITKREUZ?

'University of Wrocgaw, I n s fanna.pietramik@irfyg.unGreraz.plo g i ¢ a | Sci en
2TU Bergakademie Freiberg, Germany

A large volcanic province was formed during the initial stagéhefCentral European
Basin System at th€arboniferousdPermian transition. Breitkreuz et al. (2007) dated
zircons from 11 drill cores in the area to characterize the time span of the volcanic activity
and thechronostratigraphistructure of the crustal bament which contributed material
for the volcanism. SHRIMP zircon ages for the volcanic rocks range from 303 to 290 Ma
with the major peak of the volcanic activity being at 23% Ma. The inherited ages from
the drill cores range from 320 to 2614 Ma witto major peaks at ca 1.5 Ga and 1.0 Ga.

Such age distribution indicates that the basement sampled by volcanism could be
correlated with the Avaloniateane (Breitkreuz et al. 2007).

In our study, we characterized the model ages and diversity of theAkakinia
basement by means of Hf and O isotopes measured in zircons from three drill cores which
were previously dated by Breitkreuz et al. (2007). The drill cores are Penkuii 141
zircons, Fehmarn 41 16 zircons and Salzwedel 2/64 18 zircons. Zircas that
crystallized during the volcanic activity, ca 2900 Ma, plot mostly on a trend of
increasing UHfdO¥vdonsistentdvétic miriray sbetwegn manterived
magmas and an old crustal Cc-0.3ntp b.0wvdtimPekun T he
and Sal zwedel zircons characterized by | o0\
for zircons with B 6a, Whichvindicate the feserce of suchan 1 .
old crustal component within the East Avalonia terrane. However, thedaifhof those
zircons (ca 9.0 a) shows that the model ag
of an even older crust and the mixing of crust and mantle components before the
Carboniferous/Permian volcanic activity.

A Dbetter understanding of the ctak basement comes from analyses of inherited
zircons. Consistent data were obtained for ca 1.5 Ga old zircons. Five out of the six
analyzed zircons show similar primit\d®©*® (5.96 . 2 &) a b ElT{dE.6).ar
Such zircons occur in all three of the studied drill cores suggesting that a large portion of
the East Avalonia terrane could have been formed at that time. That crust was later
reworked at ca 1.0 Ga consistent with the presence ofitethezircons of that age with
higherdO®b ut s i mi |ased to theHlf5 Ga olchzjvcons.
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Newdat a on uranium minerals from Wogowa
Lower Silesia, Poland)

Justyna D O MA 6 S-RINDA’

! University of Warsaw, Institute of Geochemistry, Mineralogy and Petrofogy, & wi r ki -089 Wi gury 9
Warsaw Poland j.domanska@uw.edu.pl

Brannerite is a mineral that can be regarded as one of the uranium ores. In Poland, its
occurrence is confirmed only among the qua
G-ra, 3 km to the SW of Kowary, in tthe Kar
1957, a mine was worked here from which about 2.5 tons of uranium ore was extracted.
To-date, the brannerieearing quartzose vein has been shown to also contain gersdorffite,
pyrite, tourmaline (dravite), biotite, zircon, apatite and pharmacosiderite.

Branneriteoccurs as prismatic crystals, reaching up to 3 cm in length. The mineral is
black or brown and possesses a conchoidal fracture and glassy lustre. The researched
brannerite is of highly metamict character. On BSE images, its crystals revealfaomu
structure. The outer zones of the crystals bear the marks of the weatietaied
alteration. The alterations can also be observed along cracks in the crystals. The chemical
composition of the Wogowa G- r a breahnique.r i t e
The empirical formula of noaltered brannerite is
(Uo.sL .15Y 0.10T ho. 0P 02 2 . (Fia6F€.0NDooMNo g 1 Qs and that of the altered
brannerite is (WseY 0.15Ca.12Tho.0dP .08 0N 09z 2 .(Fiz.0dNBo.11F€0 . 0dMN0. 09 2 . Qs

Numeous inclusions of thorite, up to 50
crystals. These inclusions are always rimmed by altered brannerite. The thorite from
Wogowa G-ra bel ocofjrite sblid soluttore and has ithe tfolowing
empirical fomula: (ThygdJo.20Ti0.07C&.07Y 0.06)1.055104. In some instances, the thorite is
associated with tiny aggregates of uraninite.

Within the outer parts of the brannerite crystals, segregations of titanium oxides are
evident. These oxides are represented phase containing from 74.686.05 wt% TiQ
that is also distinctly enriched in Nb (3-558 wt% NBROs) and uranium (3.08.36 wt%

UQO,). In the altered brannerite, segregations of some unidentified, secondary phases rich in
uranium (41.757.91 wt% UQ), titanium (15.9421.70 wt% TiQ), thorium (3.8110.65
wt% ThQ,) and phosphorus (5.56%15 wt% BOs) also occur.

In the vicinity of the brannerite crystals that have undergone weathering,
decomposition products of supergene character occur. Among thepegthtent one is a
mineral belonging to the metaautundieernikovite solid solution that forms pajellow,
thin, tabular crystals. This mineral is also accompanied by sabugalite.

Acknowledgementd he author would like to thank Roman Rybski for fieldearch. The

work was supported by grants from the Institute of Geochemistry, Mineralogy and
Petrology of Warsaw University
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New data on secondary uranium minerals from the Western Sudetes
(Poland) i preliminary report

Justyna D O MA 6 S-RINDA’

'University of Warsaw, Institute of Geochemi8%try, Mir
Warsaw, Poland j.domanska@uw.edu.pl

Secondary uranium minerals are known from the W Sudetes since the end of the XIX
century. Te identification of these phases was usually based on the macroscopic
observations, insufficient for correct recognition. The purpose of the research to provide a
reconnaissance overview of the occurrence of supergene U minerals at different sites,
namely at the inactive uranium mines in Wojc
Foothills), Kowary and W@ o wa G-ra (the Karkonosze Mt
mineralization in the granitoid pegmatites of Skalna Brama (the Karkonosze Mts).

The presence of sabugalite was confir med
paleyellow, finely-crystalline coatings ro the surface of branneritaineralized quartz.
The crystals of sabugalite can reach 75 (
crystals of the metatorbernitdernikovite solid solution phase by sabugalite is observed.
The empirical formula of the sabalite fromWo  owa G- r a i s:
H(Al 1 21Ca 16B80.19 1 .(§92)al(POs)334ASOs)0.17)]g 3 Ls1 0 ..B. 7 H

Sal ®ei t is a relatively common miner al |

forms thin, tabular crystals reaching 1.5 mm in size. These are usually aggregated into
radiating or farlike forms of whiteyellow colour. Microprobe analysis has shown that the

mi ner al represents t he rmagntesolidsoltiomeitmthee r o f
following formula: (Mg 78 & 0F&.0Ko0.0dr 0 .(H92)2(POy)1ed- 3 . 5 Hat the water
content in the sal®eite from Wojcieszyce

reflects crystallization water loss during the EMPA analyses.

Metaautunite on e o f the most common weathering
Wo § o wa , famsryellow, tabular crystals up to 0.5 cm in size. Their chemical
compositions correspond, at Radonautunit¢ t o t
chernikovité metaankoleite  solid solution  with the mean formuta
[(H3O)o28Ca 7Koodg 1 (HWO)oAPO)1l 6 . D7 Hr , at Wo{owaunit@- r a,

chernikovite [Cay s(H30)o.38B80.04CU.01]0.0AUO2)2[(POs)1.86(ASOs)0.0d 1 .Le3 - 2 H
Radoni - w, this mineral is commonly associ

close to becquerelite. In the aref the Kopaniec mine, tabular, paeeen crystals of an
intermediate member of the chernikovitebernite solid solution were also identified.

Uranophane is also one of the most common secondary U minerals in the W Sudetes.
For example, in samples frokowary-Podg - r z e, the mineral for
0.4 cm in diameter. Uranophane occurs also within the Skalna Brama pegmatites. There,
the mineral forms coarselyrystalline, yellow crusts covering crystals of feldspar that
contain the aggregates efflorescent gadolinite.

AcknowledgementsT he aut hor wi shes to thank Robe
specimens used. The research was supported by grants from the Institute of Geochemistry,
Mineralogy and Petrology of Warsaw University.
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Atoll-like andradite garnet from the hydrothermally altered quartz-
diorites from Staroroboci aGki Peak (W

Aleksandra' GAWNDA

*Faculty of Earth Sciences, University of Sile§lai d z i Es k £200sSosnowi§doland4 1
aleksandra.gaweda@us.edu.pl

Hydrothermal alterations of hybrid quadiorites from the Western Tatra Mts are
rarely observed and usually restricted to chloritization of mafic minerals in the fractured
and shearedroggor t i ons. I n Staroroboci a@stkwith Wi er c
felsic tonalite, a zone about 8057 mm thick, rich in chlorite in which local concentrations
of ellipsoidalatoll-like garnets were found.

The parental rocks are: * quartz diorite, composed ofhdighblende ffln = 0.263
0.342), plagioclase (Ap4o), green biotite ffln = 0.3600.371), quartz, zonedllanite
epidote, and accessory apatite, magnetite, zircon and sporadic partial pseudomorphs after
pyroxene; ** granodioritéonalite composed of plagioclase (Bky), K-feldspar, biotite
(fm = 0.590.619), quartz and accessory apatite, ilmenite and zircon.

The atoltlike andraditegrossularite garnets are composed of skeletal grains and show
variations in composition from AngGrigAlmaPy, T AndsgGrsgAlm, in cores to
predominantly andradite near rinf&ndsgGrasAlm, T Andg,GrisSpAlm,). Locally K-
feldspar forms the core of the attike structure. More commonly, #eldspar is
intergrown with garnet in the external parts of the structure. In the outer part of the atoll
like structures as well as in ttehlorite matrix, numerous skeletal -Ath and Frich
titanite crystals are present. The matrix chlorite surrounding theli&olbtructures is
magnesiunrich (fm = 0.3020.326), similar to the chemistry of primary mafic minerals. In
the absence of gagts, epidote is present. Mprnblende at the contact with the reaction
zone is transformed to actinoliteFe-actinolite characterised by inheritéa in the range
of 0.2190.399. Magmatic feldspars are replaced by the assemblage Ab +Hffs +

The mechaism proposed for the formation of the atlile garnets can be linked to
metasomatic alterations at the junction between mafic and felsic magmas. The strong
oxidation conditions in the hydrothermal fluid forced the formation of zonet:rich
(grossulaite-andradite) garnets. Possible reactions leading to the presently observed
mineral assemblages could be:Biti+ An = Grt/Ep + Ttn + Chl + Kffmean volume
proportions of the products: 40% Grt + 42% Chl + 9% Ttn +9% Kfs), and Ttn + An + Bt +
V = llm + Czo + Kfs + Qtz. As no rutile was found, it is possible that tgge, avas kept
high enough and the reactions Px + An #H= Ttn + FeAct + Qtz could also occur. As
the secondary epidote usually coexists with Kfs and Ab, possible reactions are as follows:
Olig + Hbl + V = Czo + Chl + Ab + Qtz.

The formation of the garnets could be linked to the metasomatic alterations at the
contact of two chemicalidifferent magmatic rocks, also creating the oxidation gradient.
Introduction of external Gach and Frich fluid cannot be excluded.
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Magma mixing in the common Tatra-type granite in the light of
textural and cathodoluminescence features i a comparison with the
High Tatra-type
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The division of the Ta# granite body into High Tatra and common Tatra types was
made by Kohut and Janak (1994). Their division does not follow the classical division of
Morozowicz (1914) into the Koszysta and Goryczkowa types, and they do not discuss the
idea of Tokarski (19253oncerning the unity of the Tatra granitoid magmatism. The High
Tatra granite has been documented to be characterized by mikigling phenomena
and, consequently, by textures typical of such.

In the common Tatra granite, textures characteristic ofnmgiriingling of felsic and
mafic magmas also occur (textural assemblagecording to Hibbard, 1991) and are as
follows: presence of mafic magmatic precursors (qe@idrtes), titanitefeldspar, titanite
quartz and hornblendguartz ocelli, mixed apatitmorphologies and local concentrations
of apatiterich cumulates, mafic cloths (Bt + Mdbl + Mt/lim), K-feldspar and
plagioclase porphyrocrysts with internal chemical zonation underlined by rows of mineral
inclusions, calcic spikes in plagioclases, regdrsoning in matrix Keldspars.

Zoned Afs and plagioclase phenocrysts {®.&m in size) from different localities were
studied by means of EMPA and CL as they are indicators of magmatic processes. Two
types of alkali feldspars were distinguishelf:tyipe i Afs forming cumulative structures,
both with and without apatite concentration&’ §pei Afs dispersed in homogeneous
grey granite. Alkali feldspars of thé'fype show inverted chemical zonation and relatively
low Ba contents (< 3 at% Cn). Looallweak oscillations can be traced in CL as shades of
blue colour caused by AD-Al defects. The zonation is underlined by inclusions of yellow
luminescing apatite. Coexisting plagioclase crystals in cumulates show a greenish
luminescence. Alkali feldspacf the 2 type show normal chemical zonation (in general)
with oscillations (0.43.5 at% Cn) traced both by rows of plagioclase inclusions
(synneusis), CL and EMPA. Both the includegid overgrowing plagioclases nucleated on
the Afs growth surfaces. Lally, magmatic albiteligoclase ovengpwths form rapakivi
structure.

Temperature calculations indicate the predominafigeostmagmatic condition§524-
55(°C) and most probably a late thermal episode related to shearing aneekdkaint
migration. Equibrium magmatic temperatures (T = #7@6°C) and close to equilibrium
magmatic temperatures (882°C) are also preserved.

Textural comparison and the alkali feldspar features lead to the conclusion that both the
High Tatra and common Tatra granites typprobably represent the same magma
intrusion, differing in the degeeof mafic magma contamination.

79



References:

HIBBARD M.J., 1991: Textural anatomy of twelve magméaed granitoid systems. In:
Enclave and Granite Petrology, Developments in Petrology}31B444.

KOHUT M., JANAK M., 1994:Granitoids of the Tatra Mts., Western Carpathians: Field
relations and petrogenetic implicatio@eol. Carpathicad5, 5:301-311.

MOROZEWI CZ K., 1914: N Jie MinedGeco IT.a t,B228% camti .t €
345.
TOKARSKI J. , 1925: Grani tkogmoKkaSci el ca Mage

80



MINERALOGIA - SPECIAL PAPERS, 37, 2010 5&\ f%_
www.Mineralogia.pl o) &5
MINERALOGICAL SOCIETY OF POLAND ;/ éJ
POLSKIE TOWARZYSTWO MINERALOGICZNE 4/6,?4{60\0
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Heterogeneously retrogressed eclogites composed of garnet, clinopyroxene, spinel,
plagioclase, amphibole, quartz, biotite, rutile, ilmemitd, clinozoisite were discovered in
the Pigawa G-rna Quarry. They form a body
gneisses, and display very weak foliation. On the basis of microscopic and microprobe
studies, the first assemblage was garnet, omph&g@ite, quartz, clinozoisite, and rutile,
now mostly preserved as inclusions in garnets porphyroblasts. The second assemblage
comprised garnet (rims), hornblende, sodic diopside, plagioclase, spinel, biotite and
ilmenite. The growth of this assemblagasvmarked by the development of plagioclase
amphibole coronas around garnet porphyroblasts, sodic didptdéclase and spiriel
plagioclase symplectites pseudomorphing omphacite kyaghite crystals, respectively.
Preliminary thermobarometric calculati® derived from the composition of pyroxene,
garnet and amphibole have indicated that the first metamorphic episode took place at high
pressures, reaching 1615.1 kbar at temperatures of 7206 0 A C. The HP ev
followed by a second metamorphic episaghder mphibolite facies conditions8.3-6.7
kbar at 6966 4 0 A C . Retrogressive growth of amphib
from the HP event, and consequently amphibolites are widespread in the quarry. The
results indicate a nearly isotherdmarobably rapid, decompression of cal® kbar,
corresponding to an uplift of ca. @% km. These results are consistent with data reported
for the HP rocks (granulites) from the G-r
the lower P and T values w@ined in this study may indicate either ppstk re
equilibration of the HP assemblage or the studied rocks reaching a shallower crustal level
on their prograde path thamet other HP rocks in the block.

Acknowledgement3 he study was financed by themistry of Science and Higher
Education grant No NN307 241737.
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Olivine phenocrysts: atool to reconstruct the crystallization history
of basaltoids from the Niemodlin area (SW Poland)
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The Tertiary volcanic rocks of the Niemodlin area (SW Poland) belong to the
easternmost part of the Central European Volcanic Province (CEVP). Here, we will
preset new data from two actliveotqaud.rri es #AGr

According to the TAS diagram, the rocks from Gracze are nephelinites and
basanites and those from Rutkgota are basanites. Trace elements characteristic of
the rocks are typical of OIB. dWvever, the rocks from Gracze have higher contents of
incompatible elements (Th, U, La, Ce) than do those from Rugkita, which may
indicate that the latter represent a moreesively melted mantle source.

Mineral compositions are very similar in botiroups of rocks. The basanite
consists of olivine, clinopyroxene, nepheline, plagioclasé;€loxide and apatite. The
nephelinite consists of olivine, clinopyroxene, nephelinefFdioxide and apatite.
Phenocrysts in both groups are olivine and clinopgne.

The rocks from Gracze quarry contain more MgO (ca 13 wt%) than the basanites
from RutkiLigota (ca 11 wt%). However, the chemical composition of olivine from
these rocks is similar. Changes in the Fo (forsterite), Ca and Ni in olivine are best
visuai zed in a pl ot of di stance from the ol
contents. Higher values of Fo and Ni are consistently observed in the cores of
phenocrysts, whereas Ca contents in the cores are the lowest. Cores are characterized
by Fasge, Which rapidly decreases to raca 1000 50 Om from the r i m.
hand, Ni decreases steadily from core to rim, which is consistent with crystallization of
mostly olivine from the magma. The only differences between the olivine compositions
from the twolocalities are the Ca contents. In the Gracze quarry, two types of olivine
phenocrysts occur, with high (>1000 ppm) and low Ca (<1000 ppm) contents in the
cores. Olivine phenocrysts in basanites from Rutgbta have compaositions similar to
the highCa phenocrysts.On the diagrams depicting Fo in olivine vs Mg/(Mg+Fe)
(Mg#) in whole rocks and CaO in olivine vs CaO in whole rocks, we observe that the
cores of the olivine phenocrysts from Rutki are in equiliriwrith both Mg# andCaO
wt% content in the wHe rock and can therefore be interpreted as a simple
crystallization from a melt of the wheleck composition. On the other hand, only low
Ca olivines from Gracze are in equilibrium with the whole rock Mg#, but they are
clearly not in equilibrium with whie-rock CaO wt% content. This discrepancy can be
explained by crystallization of olivine phenocrysts in two different magmas followed
by mixing. The general similarity between the high Ca olivine from Gracze and the
olivine from Rutki suggests that one tbhe magmas was similar in composition to that
from Rutki. The second magma was in equilibrium with 48& and higher MgO
contents and lower alkali (Libourel 1999). Such magma would be close to a MORB
like composition in contrast to the generally alkalinagmas occurring in the CEVP.
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The other possibility is that the second magma started crystallizing at lower depths at
which Ca patrtitioning bigveen olivine and melt was low.
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The St a Bt (SMB)dSsttienarrow, 55 km long, NNESSW trending, WNW
dipping tectonic zone that separates the Odicai e Uni k Dome ( OSD) i n
Moravosilesian domain (MD) in the east. The SMB consists of three lithotectonic
segment s. The Hr ani |ofmica sdhistd and fetsic imatdvglcarstes,mp o s
is the westernmost-3 km wide segment of the SMB; it was underthrust to the west
beneath gneisses of the OSD. The axial part of the SMB is occupied by Gambro
Ordovician leptyneamphibolitic complex in the middlef which a ca 340 Ma old tonalite

body occur s, accompanied by mica schists
separates the leptyrmp hi bol i ti c c omp | e mica fschistsnand h e
amphibolites.

Based on overprinting and structurabtamorpic relationships, four generations of
deformation structures were recognized in the metasediments of the SMB. The earliest
recognizable structure, a foliation S1, is defined by compositional banding of guartzo
feldspathic and micaich domains folded by Ffolds. On a microscale, the S1 is defined
by OtzRtMs NCh| NSt NMa inclusion trails preser
penetrative foliation, S2, is axial planar to tigbtisoclinal, Everging, mesoscopic F2
folds. S2generally parallels the SMB temic boundaries and dips moderately or steeply
to the WNW.F2 and S2 presumably developed as a result of the Variscan underthrusting
of the MD domain beneath the OSD. The NCKFMASH pseudosection and St, Chl and Grt
compositional isopleths calculated fort@hl-StMa ( NP | ) parageneses i

the Hranilna belt reveal t hat this event
foll owed by pressure drop from 9 Kkbar at
temperature path during initial decompiessn i ndi cates that the r

were quickly exhumed, possibly due to their emplacement along a thrust fault which
developed during the progressive eastward thrusting. This thrust fault, locally defined by a
mylonite zone a few meters thi , separates mica schiests o
leptynoamphibolitic complex.

The S2 planes were zonally reactivated as the S3 foliation during subsequent ductile
shearing.Shear sense indicators includiigc | a s tplnes a@d asymmetrical feld
indicate top-to-the-NW(N) (dextral) movement along the S3||S2 foliatioBuring this
stage, themplacement of the tonalite sill in the axial part of the SMB took place. Within
the contact aureole of the sill, evidence ofsitu partial melting of metagites, and
associated granitic segregations ranging from small ovoid patches to distinct subparallel
to-foliation veins < 20 cm thick, are observed. Isopleth thermobarometry in NCKFMASH
applied to GHBt-Ms-P | paragenesi s i n t hteatthsstageivlasna s
locally associated with nearly isobaric heatrgmm 550 to 650AC at ca

Metapelitic inserts in the leptyrmphibolitic complex experienced slightly higher
temperatures compared to thoseonendnagantd at ed

(
1
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isopleth thermobarometry in the KFMASH system for Grt(rBtMs-Sill reveal that
these rocks reached ca 680AC at 7 kbar.
calculated values correspond, not to the Variscan, but to the ©rtoT thermal event.
The last generation of structures, the F4 folds, are open, doubly vergent-tamt B/
wardand lacking an axial foliation.

Acknowledgement3 his study was supported by the MNiSW grant N307 43@.

85



SO,
MINERALOGIA - SPECIAL PAPERS, 37, 2010 5%\ f%_
www.Mineralogia.pl Q o]
MINERALOGICAL SOCIETY OF POLAND ;/ él
POLSKIE TOWARZYSTWO MINERALOGICZNE 4’6?,({60\0

Crystallization and cooling historyo f cMinka and Wi nna G- r
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The basaltic rocks occurring in the vicinitf dawor (SW Poland) belong to the
Cenozoic Central European Volcanic Province. The basalt occurrences comprise a

vol canic plug, l ava flows and di kes. The |
the volcanic plug in Wi nhidom&ersraway froinheache o0 c
ot her . According to TAS, two types of ba
basanite and, in Winna G:-r a, basanite and

consists of plagioclase, diopside, Ti magnetite/ilteemepheline and glass. Olivine and,
rarely, clinopyroxene occur as phenocrysts.

The major differences between the basal't
compositions of olivine phenocrysts. Two types of basalt occur, the first with Fontonte
from 7468%, the second from 806% (corerim respectively).Olivine porphyrocrysts
from the basanite rocks typically contain 85% Fo in cores and 80% in margins.

CSD results reveal different crystallization regimes in the basaltic and basanitic rocks
atMiici nka. The early stage of crystallizati
Basalt and basanite probably come from two different injections. Late stage (after
eruption) crystallization was also longer for basalt. Both groups (basalt andtépsanld
represent different stages of eruption or different lava flows. Shorter crystallization times
in basanite than in basalt, and thus probably higher undercooolind,lm®uésponsible for
higher% Fo in basanitic olivines compared to those inkihsalt. Interestingly, a diagram
of Fo content in olivine vs. #Mg number in whole rock shows that only the cores of the
olivine in the basanite crystallized in equilibrium with melt. This may suggest that the
composition of the olivine in the basaltic reckas gongly modified by diffusion.

Basanite and trachybasalt from Wi nna G-r
olivine phenocrystsOlivine porphyrocrysts in the basanite typically contain 90% Fo in
cores falling to 65% in margins, and thoserachybasalt from 85% Fo in cores to 72% in
margins. A diagram of Fo content in olivine vs. #Mg number in whole rock shows that the
cores of the basanite olivine crystallized in equilibrium with melt, whereas not all
trachybasalt olivine cores did so.

Therear e signi ficant di fferences i
G-ra and between different rock types in t
to lack of equilibrium with melt during crystallization, diffusion processes or invodvgm
of more primitive magma.
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Mineralogy and geochemistry of historical slags from the Rudawy
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Metallurgy is one of the oldest domains of applied sciences. Its history can be traced
back through multidisciplinary stués of old slags Modern mineralogical and
geochemical studies of historical slags enable the reconstruction of former smelting
technigues and show how metallurgy evolved through human history.

The polymetallic (Cu, As and Ag) mineralization in the Rudawyolvickie area
originated from hydrothermal solutions related to the Variscan intrusion of the Karkonosze
Granite. The ore forms veinlets inserted in fracture planes within metamorphic rocks such
as amphibolites, chlorite and mica schists. The ore condisthalcopyrite with minor
bornite and pyrite.

Mining and smelting of Cu ores in the Rudawy Janowickie area (Lower Silesia) started
in the XIV century. Since then, exploitationrcemmenced several times before it finally
ceased entirely in 1925, leavingattended mining pits and dumps.

The studied slags are isometric with sizes ranging from a few to dozens of centimeters.
On the basis of textural characteristics as well as bulk chemical composition, |
distinguished two types of slags. The dominant tipeblack, has aphanitic, massive
texture and commonly displays flow textures. Its chemical composition is dominated by
FeO (up to 51 wt%), SiEXup to 43 wt%) and ADs (up to 12 wt%). It consists of silicate
glass, fayalite and hercynite with minor amtsuof sulfides. The second slag type is highly
porous and contains pieces of unmelted quartz gangue. It is poorer in FeO (up to 28 wt%)
and richer in Si@ (up to 70 wt%) than the dominant type of slag. It consists of silicate
glass, ferrosilite, cristobaé and quartz.

Low contents of CaO (up to 1.7 wt%) shows that lime as a melting agent, which is
frequently used in modern metallurgy, was not added to the furnace during the smelting of
Cu ores in the Rudawy Janowickie. Partially melted quartz grainswvalolsan porous slag
originate either from unmelted gangue or from addition of quartz as a flux. Sulfur contents
in both types of slag never exceed 1 wt% (average 0.6 wt%) which indicates rather
efficient roasting of the furnace charge. Although upper teatpe levels in historical
smelting furnaces is estimated to be | ower
porous slags studied indicates that they f

The results of my study show that a range ofaratogical and geochemical methods
can be applied to the study of historical slags and can be successfully used to reconstruct
smelting conditions.

Acknowledgementdhis study was financed by Polish Ministry of Science and Higher

Education grant no. 4288B/ING/09 and by a Foundation for Polish Sciel®EART
scholarship.
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Baroque tene me rdifsmted imMatkéistuare 6 and 7, date from the
17" and 18" centuries. They were partially rebuilt after fire in tH¥ Balf of the 1§
century. These tenement s, decorated wi t h
prominent sculptor of the Baque era, are considered the characteristic b@regprks of
the Kgodzko region.

In 2007, fa-ade renovations to tenements
of the original mortars for detailed mineralogical studies. Their composition and condition,
as determined by our studies, provided a basis for planning and for subsequent
preservation works.

Various technological layers of mortar were indentified during our-fiedk. These
are 1) primer mortar, 2) finishing mortar, 3) join mortar, 4) rendenmggtar used for
stuccowork and 5) secondary mortar (presumably applied at some time after the fire). All
of the layers were carefully sampled. The samples were analyzed using polarizing
microscopy, Xray diffraction andlifferential thermal analysis.

All of the mortars display the same micritic binder mass (matrix) with common
microcracks that reflect the shrinkage of applied lime. Locally, the micrite is weathered
and replaced by secondary gypsum. The baroque mortars are characterized by distinct,
roundedlime lumps in the micritic matrix. In most cases, these lumps are porous and
composed exclusively of micrite, though a few contain relics of underburnt limestone
fragments. The binder of the secondary mortars is relatively homogenous and free from
lime lumps andther binderrelated particles.

The main difference between mortars lies in their diverse fillers. Typically, the original
baroque mortars (plasters and joint mortars) have medtomcoarsegrained fillers
dominated by angular rodkagment grainggneiss, mica schist, marble), quartz and less
common feldspars with accessory micas, staurolite and garnet. The filler of the finishing
mortar is finergrained in comparison to the filler of the primer mortar. The rendering
mortars have fillers composed angular basalts and less common rounded to subrounded
quartz. The filler of the secondary mortar is fine to medgrained and composed of
rounded to subrounded quartz and less common feklgparrockgrains (granitoids).

Petrographic studies show thaggregate from various, possibly local, deposits was
used as filler in the manufacture of the mortars. Part of this aggregate is a rubble stone,
mined from near a basalt quarry in Lutynia. Other parts comprise eluvium of metamorphic
rocks present on thground surface and, others, mature fluvioglacial sediment or river
sand. Differences in the compositions of mortars depending on the site of application and
their role in the buildings, show that the builders were aware of the use of natural
ingredients inarchitecture and skilled in selecting appropriate mixtures of ingredients
which determine both the durability of monumental objects and their decorative aspects.
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The Central-Sudetic ophiolites: SHRIMP zircon geochronology
(preliminary results)
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The CentralSudetic ophiolites (CSO) are relatively wpleserved and broadly
complete Palaeozoic ophiolitic sequenceshatNE margin of the Bohemian Massif, near
the eastern edge of the Variscan Belt of Central Europe. They comprise the largest and

bestst udi ed $I1 nU0a ophiolite, the smaller No\
small exposures of ultramafic rocks alonghe eastern edge of t he
(Majerowicz 1979, 19914, Pin et al. 1988, D

Pin et al. (1988) demonstrated theMDRB-type geochemical and WN8r isotopic
signature of the $lnUashndaNowhi Rudheoahdo
CSO were likely emplaced in a miteanic ridge setting (Pin et al. 1988, Majerowicz
19914, Dubi Eska, Gunia 1997, FIl oyd et al . 2

The SniNd wholerock isochrons of Pin et al. (1988) were previously interpreted to
record magmatic ages of 353N21 Ma and 351N
rocks, respectively. Afterwards, Oliver et al. (1993) used thBHJconventional method
on abraded zircons to analyse a few grains of that mineral recovered from a sarhple of t

$1nU0a gabbro. I n spite of analytical prob
interpreted to date the magmatic crystallization event in the gabbro.
I ndirect geochronol ogi cal constraints on

by Duéaet daE$2R04) based on thé Rb abraded singlgrain zircon method applied

to a zircon separate obtained from a fAmet
+4/ 13 Ma was interpreted to date a zirco
processe connected with the serpentinization.

Kryza & Pin (2010) reported preliminary
One sample, representing felsic segregations in medmamed gabbros, yielded
2%ppP*Hy ages scattered between c. 360 and c. M) strongly suggesting that the
zircons had suffered radiogenic lead loss. Based on the four oldest analyses, a weighted
average age of 400N10 Ma was cal coolbuset ed.
veins and segregations in figeained metaba#ia of the subvolcanic member, provided a
weighted averagéPb”®U age of 403N6 Ma.

Further zZircon Ahuntingo i n gabbros of
investigations (Kryza 2009, unpublished data) provid&eb/*®U ages as follows:
-$lnUa Massif, sample from felsic segregat

- Nowa Ruda Massif, mediwgrained gabbro: ~ 404 Ma,
- Nowa Ruda Massif, diabase: ~ 395 Ma,
- Braszowice Massif, deformed coamgmined gabbro: ~ 405 Ma.

The samples from thmetagabbrokcand met avol cani c member s
Ruda and Braszowice ophiolites yielded similar SHRIMP results, as shown by
examination of®Pb/*®U data which provide the most useful information as, #pddr
zircons, the determination of®Pb during insitu measurement is plagued by gross
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analytical uncertainties (Kryza, Pin 2010). In all of the new samples, however, the
2%pp8Y dates are apparent ages that should be, strictly speaking, considered minimum
estimates of the true igneous calbtation age. But, given that these ages were measured
on zircons with extremely low concentrations of U (except for sample BR1), and that the
metamorphic overprint throughout the ophiolitic body is moderate, it is reasonable to
conclude that the zircongere resistant to lead loss and not strongly modified byshaige
disturbances and, therefore, broadly reflect the igneous crystallization stage of the- Central
Sudetic ophiolites.

The preliminary new SHRIMP ages are in good agreement with the ageeabtsin
Dubi Bska et al . (2004) , i mplying that eit
igneous crystallization (if their interpretation of the metasomatic growth of zircon is
correct), or that their zircons formed during the igneous crystallizaticheogabbroic
veins from which the rodingites were later formed, during an undated serpentinization
event. The ages are also consistent with that of Oliver et al. (1993), albeit one obtained on
a very small number of zircon grains from one gabbroic sample

The new SHRIMP zircon ages are evidence for the magmatic emplacement of the CSO
at c. 400 Ma. The ophiolites, interpreted as traces of the Rheic Ocean, are key arguments
for reconstructing the earyo mid-Palaeozoic rifting processes. The CSO represant
400 Ma oceanicrust fragments, and their structural position delineates likely major
Variscan tectonic sutures and tectemiosaic domains within the Variscan accretionary
prism (Kryza, Pin 2010).

Acknowledgements The study was asWnvprsityinterral gfamtso m Wr o
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Beryllium minerals (beryl, phenakite and bavenite) in pegmatites of
theDSSmine at Pi gawa G- r loek,SW@olangg Sowi e B
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Occurrences of beryllium minerals are generally assigned to granitic pegmiatitag (
2002). Tedate, Be minerals have been found in Poland mostly in thegBtrzeStrzelin
and Karkonosze granitic massi ves and i n
Sylwestrzak 1986). Bavenite, phenakite, helvite, euclase are evident only in granitic
pegmatite of the Strzegom massif.

The most common Be me Nts is ddryl, deacribedhirepapersr y
from many localite Sachanbi &sKki 1973, Godzi Eski 200
was found widely in pegmatite veins in amphibolites and gneisses in the DSS mine at

Pi gawa G-rna. It ocur s i n var i ounsiscovitet er n a
tour mal i neaczqamres,daldéd al bite zones and (
macroscopically idiomorphic, prismatic crystals < 15 cm long and < 8 cm in diameter. Its
col our is greenish, yell ow, someti mes whi
beryls (with limited subtitutions in octahedral and tetrahedral sites) with < 1.85 wt% FeO,
in accordance with previously published |

(Godzi Eski 2007). They cl assi f yaesisnberydsdi ¢ b
rich in alkalis< 0.66 wt% NaO and < 0.14 wt% G©.

Bavenite is found together with beryl in the paragenesis. It forms crystalline
aggregates, platy in habit, with growth zones indicated by changing contentsQaf Al
(from 10.51 wt% in cores to 5.97 wt% in rims) and S{®om 58.43 wt% in cores to
61.52 wt% in rims). Bavenite, together with phenakite, also appears as aggregates inside
beryl crystals. The paragenesis bdrglenitephenakite in thePi awa pegmatit
reveal the physicechemical environment of pegmatite crystallization. Such minerals are
sensitive indicators of alkalinity and suggest that increasing pHdto 7 baveni t e Y
marked the end of the pegmatitic stage.

Acknowledgenmgs MNiISZW grant N N307 241737 supported this work.
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Fe-rich tourmaline from the Orlica-Bystrzyca Metamorphic Unit,
Sudetes, SW Poland
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Fe-rich tourmalines belonging to the schorl group occur in a recently opened quarry in
metamorphic schists in Jawornica near Kud@vd r - | i n -Bydwzmca Or | i
Metamorphic Unit. Typically, they occur within pegmatite veins cimsgting sericite and
chlorite-sericite schists. They also occur in the crystalline schists themselves.

The pegmatite veins are light pink in colour. Quartz is a main constituent of the veins;
it locally forms monomineral zones. It appears together with pirfkléfspar, fine platy
muscovite, biotite, hematite and ore minerals. Accessory minerals include md@agite
zircon, xenotime, rutile and ilmenite. These commonly occur as solid inclusions in
tourmaline crystals.

Distinct growth zones indicated by pleochroic colours are &cp&ar feature of the
tourmalines. Tourmaline cores are characterized by blue pleochroic colours and rims by
brownish and, rarely, greenish colours. The optical changes correspond to variations in
chemical composition revealed by electmitroprobe angkses (SEMWDS).

Tourmaline cores contain 35:3%.00 wt% SiQ, 31.0533.07 wt% A}O; and 0.14
0.32 wt% TiQ. Rims contain 34.685.51 wt% SiQ, 26.8530.29 wt% A}O; and 0.72
1.48 wt% TiQ. Cores, compared to rims, are characterized by much lesg ani@®
increased ADs. The crystallization of tourmaline, and the origin of the pegmatite veins in
the crystalline schists, is certainly related to the metamorphism of the -Bylstezyca
Metamorphic Unit.

AcknowledgementsThe research was supportéy AGH University of Science and
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Accessory minerals from mantle xenoliths from Wo g e k HMWildza and
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Secondary accessory minerals such as phosphates (ap and wh), sulfides (ccp, pn, mss,
po), amphiboles and compositionally variable micasBa&trich) from mantle peridotites
are broadly considered to be mantleimes o mat i sm i ndi cators (O08R
In this preliminary study, we present mineral chemistry and textural data for selected
secondary metasomatic minerals from spinel
Hi || and Wilcza G-ra, Sudetes, SW Pol and.
xendiths are hosted by basanitic intrusions which belong to the Central European Volcanic
Province (CEVP). All samples were examined for accessory minerals: apatites, sulfides
and micas using polarizednd reflected light and analyzed by EPMA.
The apatitesrfom Wo e k o0 c c u-derived vieihs| pyroxbnies veinsi ahde
melt pockets. The apatite from thin glass+cpx+fsp+ap+sulfides basanitic veins occurs as
euhedral acicularor needleeye shaped crystals up to 5 long with weltdeveloped
sieve structwe. The apatites spotted in pyroxenite veins in wehrlite and within the melt
pockets occur as euhedral grains sevemal | on g . None of Wogdgek apa
EPMA due to their smal | di mensi ons. Apat.i
ol+opx+glass peridotites and within glass+ol+cpx+spl+ap melt pockets as subhedral and
anhedral polygonal grains, 100 and 20 m long, respectively. Apatites from both
populations seem to be in microstructural equilibrium with px and ol, but they also border
with glass and show wetleveloped sieve structure. All analyzed apatites were classified
as hydroxyfluor apatites. They have low CI (0-8445%) and high F content (1230) as
well as low Sr content (1768500 ppm). Such a composition is characterigticapatites
of magmatic origin and may indicateystallisationfrom acarbonatiticmagma component
(O6Rei | I'y, @&etasdmatidlmids af@rOstal)origm/influence.
Sulfides, foud only in Wogek xenol iddrited veinspmettu r i
pockets and cracks in olivine grains. They occuamsedraihodular grains, from several
to 100em long, with many embayments, cracks and possible sieve structure. They form
monomineal blobs of ccp, pn and po as well as clusters and submicroscopic intergrowths
of all three phases. EPMA analyses of the latter yielded difficult to intergkgtF&-Cu
compositions with highly varying contents of each element3%@% Ni, 1321% Cu, 12
22% Fe) which may be the result of a few intergrown phases being simultaneously
activated by the electron beam. The mineral assemblage of pn, ccp and po may be the
result of monosulfide solid solution (mss) exsolution. The formation of mss can be
attributedeither to latemagmatic metasomatism of basanites and peridotites or a high
temperature subsolidus process between primary sulfides and silicates (Stone et al. 1989).
Ti-Bar i ch phyll osilicates were found within
xendiths. They occur as colourless plates, several terOong, with a distinct cleavage.
Usually, they contain 6% TiO, and 45% BaO. This composition may indicate the
existence of a metasomatic, as yet unnamed, mica or highgniehed phlogopite.
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Similar micas have been reported from Tariat (Mongolia) xenoliths as a product of phl
breakdown and from Tok (Siberian craton) xenoliths with no structural evidence for such a
process (lonov etal. 2006). TiBar i ch phases from Wogek res
though a thorough comparison with the Woge
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Textural and chemical varieties of garnets in the pegmatites from
Pi gawa @amrmg d Dol noSI Nskie Surowce Ska
Block, southwestern Poland
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Texturally diversified garnets are common rdokming minerals in thepegmatite
veins (A TURIIi@h,nadsubTRI Oéxposedimtdh efi LP it dlah wano G
quarry. Garets occur mainly inthe pegmatite zone rich igraphic and blocky microcline
with irregularly distributed muscovite, and tourmaline aggregates. Some quartzao®res
also intergrownwith garnets whichmay reach up to 5 cm in diameter. The color of the
gamets ranges from dark brown, through reddisbwn to bright orange. The garnets
commonly form automorphic crystalsand/or aggregates together witlburmaline,
muscovite, beryl and columbite. The dodecahedron and trapezohedraheangost
common crystaldrms characterising this garnet type in alltioé pegmatite veingrom
Pi gawa G-rna. Symplectitic intergrowths wi
represent thesecond garnet type. They form oval patchdsgch range from1-10 cm in
diameter.

The chemical composition of the garnets is highly diversified. MnO and ¢ea@ents
vary from 44.7111.68 wt% and from 43.49.47 wt%,respectively. ¥YO; ranges from
1.130.04 wt%. The Mnrich garnets consistpredominantly of the enthembers
spessartine (0.96.27), almandine (0.68.05), grossular (0.20.01), andradite (0.128.01)
and pyrope (0.040.01). The blythite(MnsMn,(SiO,)3), calderite (MnsFexX(SiO,)s) and
skiagite (FesFex(SiO,);) endmembers were also calculated in garnets from highly
fractionated pgmatites( A L i t pegmatiedvei)] they range between 04801, 0.24
0.02, and 0.19.01, respectively.

The chemistry of garnets is commonly ussdamonitor of fractionatiorof pegmatitic
melts (London 2008). The composition of the investigated ¢gciganges progressively
from Fdrich coresto more Mirich rims. Anomalous Mich garnetsin which the
spessartine eache mber reaches up to 96 mol . % occur
pegmatite veinThis Mnrich fractionation trend probably refsrystallization of Ferich
minerals, mainly biotite at an early stamlowed byFerich tourmaline.
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Melt pockets known as patches or blebs, afiscretebodiesin intergranular spacest
hosting peridotiteand are very common in mantle xenoliths worldwide. Thmntain
glass, clinopyroxene, spinel, amphibgleplagioclase carbonate and olivine and
orthopyroxeneThe lattertwo mineralsare represented by two generations,first being
partly resorbedln Poland melt pocketswere recognized from number ofoutcrops,for
exampleGy sanka, L u@ zynb ar o(wB,a kBiina g o woMa &keak 26&t05a
2010) The presenpaper isthe first description ofthe mineralogical composition ahelt
pocketsirperidd i t e xenoliths from Wogek Hill

Wo § e k arexanhple of £€enozoic vologsm in Lower Silesialt is localized about
8km south fr omth&\lage ofRy jUaTha mostmak, reclassified as
basanitf No wa k , Mu s),zcgntiisskaigread2 Buti®er of mantle xenolithmostly
harzburgites, but also dunites andhwiges. The melt pockets presented were found in
harzburgites and, in one case, dunite

The mainminerals in thexenoliths are olivine (QIFo 9192, Ca content < 200pm)
and orthopyroxene (Opilg# 90-91). Clinopyroxene (Cpx) and spinel (Spl) occur intmel
pockets or in spingbyroxene clustex In the samples described, amphibole (Amph) occurs
only as intergrowths in Opxn majority of the xenoliths, the melt pockets have no contact
with the host basanitenly in three casewerethey foundto beconneted to the basanite
by sharpveins with Cpx Mg#7880, Al 0.48, Ca 0.89 apf feldspar, apatitesulfide and
accessory mica

Melt pocketsaredivided intotwo textural typessmaller (ca0.3-1.6 mm) and largerqa
3-5 mm). Smaller rounded, ellipsoidal irregular pockets occun most samples and are
commonly linked.Larger pockets, occurringnly in four peridotites with protogranular
structure, are roundexhd isolatedThe crystal sizes ahinerals in melt pocketgary from
20-4 0 0 . Ehenmineralogicatomposition is dominated by Cpx with variable chemical
composition (Mg# 803; Al 0.040.21 apfu; Ca 0.76.80 apfu). Cpx in large melt pockets
shows spongy texture. Spinel crystals (@#69; >75 in melt pockets are spongy o
skeletal in textureOl and Opx occur mainlgs norresorbed fragments of main peridotite
phases; the second generation of Ol is enriched in Mg and Ca (Fo rises to 93, Ca > 800
ppm). Feldspars, feldspathoid, glass, carbonates and Ba micas also ocelirpockets.

The origin of melt pocketsn Wo § e k  Hi | | at leastthedfaldt Theyarei (5)
products of interactions with host basanites, (2) remnants from decompression melting and
(3) the products of amphiboles disintegration.
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Lithium pegmatite fromthe DSSPi gawa G- rna mine, G- r )
Block, southwestern Poland
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Li-bearing mineralization is almost completely unknown in Poland. Single occurrences
of lepidolite in pegmatites of the Karkonosze and Strzegom granite are mentioned in old
mineralogicalliterature. However, none of thegecorroborated by more preciggdern
studies. To date, there are two valualvldicationsof Li-bearing mineralizationn the
pegmatites of t he G- These Beofamisieklergdi g(FedMa)P@ ¢ o mp

forming lamellar intergrowths with graftonite, sarcopside;sb@asite st anDki t e, a
and numerous others phosphates al.rR003 ande g ma
green el baite found in the vicinity of Gil

In this context, relatively large pegmatite bodies with abundanbehring
mineralization exposed in thBSS Pi § awane @ -early 2010 are valuable
corroboration of the advanced geochemical evolution of a parental anatectic melt and high
Li fractionation. The pegmatites, representing the-ed@enent class in the classifiaati of
LernlT and Ercit (2005), contain abundant t
to bluish, greenish, yellowish, pinkish, reddish and colorless that is intermediate between
schorl, dravite,elbaite, olenite, rossmanite and liddicoatite -emeitbers. They also
contain pink lepidolite and pollucite, associated with-éffisiched cassiterite, spessartine,
fluorapatite, zircon and highlgvolved colurbite-(Mn) and tantalitgMn).
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Mn-Fe fractionation in tourmalines from pegmatites in the DSS mine
at Pi gawa G- r nBlock, Gouthwest8ro Rolard (preliminary
data)
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Bl ack tourmaline is a common component o]

complex. Such tourmaline usually corresponds to Bigd Akbearing schorl with a small
amount of F& not exceeding 5% of the total Fe (Pieczka 1996). In the summer of 2009,
an intergrowth of small tourmaline crystals with black cores overgrown by thimighee
rims was found in a pegmatite at the Pigaw
with anomalously high Fe contents increasing outward from-12.8 wt% FeO (1.79

2.11 Fe apfu), decreasing Mg from 1.7 to 0.5 wt% MgO @424 Mg apfu) andlmost
constant Al (33.84.3 wt% ALOs). In the outermost irregular zone of the core, Mn clearly
increases reaching 0.43 wt% MnO (0.06 Mn apfu) in relation to 0.21 wt% MnO inside the
crystal. The green rim with a few tiny contact zones on the core/rimdaoyiovergrows

the crystal core. Within those zones, a marked progressive increase in Mh5(Iv®6
MnO, 0.170.35 Mn apfu) and Li (0.00.34 wt% LpO, 0.060.23 Li apfu) is associated
with only a slight increase in Al (35.36.2 wt% ALO5), a distinct écrease in Fe (11-4.8

wt% FeO, 1.561.22 Fe apfu) and Mg (1.6@23 wt% MgO, 0.28.06 Mg apfu). The
green rim is richest in Mn (3.8 wt% MnO, 0.53 Mn apfu), Li (0.383,i0.26 Li apfu) and

Al (36.9 wt% ALO;, 7.22'Al apfu) and poorest in Fe (6.6 wt%®, 0.91 Fe apfu) and

Mg (0.16 wt% MgO, 0.04 Mg apfu). A small deficiency in Si, supplemented by Al, occurs
only in the core tourmaline. For all the varieties, Na-waXancy > Ca at the X site and
OH > O/F at the W site. Fluorine concentrates in succesgivmes outward from 0.0 to
almost 0.9 wt%. These compositions indicate progressive variation in crystallizing
tourmaline from Mg and Akbearing to Albearing schorl in the core, to intermediate
members between schorl and Mearing olenite in the contazbnes, and to Fand Mn
bearing olenite in the rim, with a progressive increase irAdfiractionation expressed by
Mn/(Mn+Fe) varying from 0.0:D.03 in the core, 0.20.22 in the contaaones and 0.37 in

the rim.
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Nb-Ta minerals in pegmatites inthe DSSmine at Pi gawa G- r n.
Sowie Block, southwestern Poland
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Pegmatites in the G-ry Sowie gneissic bl
19" century, they were mined in numerous localitt® . g . , Owi esno, R

Bielawa, Kamionki) as a feldspaearing material. At thatime, German mineralogists
mentioned the presence obélumbite occurring rarely in the form of thin laths up to 5
mi |l i meters | ong i n(Ranerp864gRothtl86T; Eraubecld88; HiAtzeg a w a
1933;fide Lis, Sylwestrzak 1986)}{owever, many years later, Mikuszewski at al. (1976)
concluded that the G-ry Sowie metamorphis
zoned pegmatite bodies enriched in trace elésriasluding Li or Nb.

Some large dikes and veins of pegmatite containing &llminerals have been exposed
in the DSS mine at Pi gawa G-rna during tl
aggregate material. The primary Nl phases recognized here include ishikawaite,
(U,Fe,YCa)(Nb,Ta)Q, samarskite (Y,F&F&*U)(Nb,Ta)Q, calciosamarskite,
(Ca,Fé"Fe€* U,Y)(Nb,Ta)Q, polycrase(Y), (Y,Ca,Ce,U,Th)(Ti,Nb,TaDs ixiolite,
(Ta,Nb,Sn,Mn,Fe)@ columbite(Fe), (Fe,Mn)(Nb,Ta)Os, tantalite(Fe),
(Fe,Mn)(Ta,Nb)Os, columbite(Mn), (Mn,Fe)(Nb, Ta)O, tantalite(Mn),
(Mn,Fe)(Ta,Nb)Os, and fersmite, (Ca,Ce,Na)(Nb,Ta(),OH). Secondary N{a
minerals are represented by members of the pyrochlore group such as pyrochlore,
(Na,Ca)(Nb,TayOs(O,0H,F), yttropyrochlore, (Y,Ca,U)(Nb, Td)30s(O,0H),
uranpyrochlore, (U,Ca,C&Nb,TayOgs(OH,F), microlite, (Na,Ca)(Ta,NbPeO,0OH,F),
plumbomicrolite, (Pb,Na,Ca)(Ta,Nb,10QsO,0H,F), bismutomicrolite,
(Bi,Ca)(Ta,Nb,Ti}O¢(O,0H), betafite, (Ca,U)(Ti,Nb,TaDs(O,0OH) and yttrobetafite,
(Y,Ca,U)(Ti,Nb,Ta)0¢(O,0H).
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Selected technical parameters of travertine, limestone and marble
and their control on resistance to weathering
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Petrographic and physical features of rocks constrain their resistance to weathering.
These features are very important for building stonespdrticular nowadays, with
increasing atmospheric pollution.

In our study, physical parameters were measured, comparatively, in three types of
carbonate rocks which are widely used in the Polish stone market: travertine (Iran),
limestone (Morawica, CentraPo | and) and mar bl e (Mari ann:
Poland). This study was an introduction to the laboratory modelling of chemical
weathering of the carbonate rocks in acid solutions imitating acid rains (Prell 2008).

Based on optical polarizing microscopX;ray diffraction and differential thermal
analyses, the only major component in the rocks studied is calcite, with negligible traces of
quartz and other constituents.

The physical parameters, important for the resistance of the rocks to chemical
weathenng, were determined following the EU norms: water absorption (EN 13755:2001),
porosity (PNEN 1936:2001) and resistance to salt crystallization-@\N12370:2001).

For water absorption measurements, 50x50x50 mm cubes were used. For porosity and
resistancdo salt crystallization, following the norms, smaller 40x40x40 mm cubes were
used with those for satesistance measurements having one face polished. The different
measurements were performed on six samples of each rock type.

Not surprisingly, the highégorosity occurs in the travertine (8.8%), much lower in the
limestone (6.1%) and lowest in the marble (2.8%). Unexpectedly, however, the highest
water absorption is not in the travertine (0.52%) but in the limestone (1.61%), and lowest
in the marble (0.8%). The results suggest that the pores in the travertine are highly
macroporous with very low water absorption potential or that they are not interconnected
but isolated and, thus, inhibit water permeability. In contrast, the limestone is apparently
microporous and its small pore throat diameter can be responsible for the capillary uptake
of water.

The resistance to saitystallization damage is high for the limestone and marble
(neglected weight loss after 15 cycles), whereas it is significantly lowehdotravertine
(weight loss of c. 0.5%). The limestone and marble cubes had only matt surfaces after the
experiment, whereas the travertine samples had often lost their edges and corners.

The travertine was also found to be the least resistant to cHesgashering in our
laboratory modelling. This feature, together with the high water absorption and resistance
to salt crystallization damage, are important factors to be taken into account when using
the carbonate rocks, in particular travertine, in atereal setting exposed to polluted
atmospheric conditions.
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Niobium-tantalum minerals in the Skoddefjellet NYF pegmatite,
Svalbard Archipelago, Norway: primary versus secondary
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The first documented occurrence of-llb mineralization in a granitic pegmatite from
the Svalbard Archipelago, Arctic Caledonides, and the relstips between primary and
secondary Nb,T-dearing phases, are discussed. The Skoddefjellet granitic pegmatite dyke,
located in southwest Spitsbergen (Wedel Jarlsberg Land), is hosted by paragneisses and
mica schists of t he | s bj lafiten Is acharacteriz&Ir by u p .
enrichment in Nb, U, Zr, Y, REE and Pb, low Zr/Hf (48), and Nb/Ta (~82). The
pegmatite displays weak zoning at the outcrop scale, with border and blocky zones, a
quartz core and a zone of figeained saccharoidal albite. The&ain minerals are quartz,
K-feldspar finegrained albite, muscovite and biotite. Besides theTilphases, minor to
accessory minerals are: beryl, spessawineandine garnet, gahnite, minerals of the
gadolinite group, zircon, thorite, uraninite, fluoadipe, monazitCe), xenotimgY),
keivyite-(Y), allanite(Ce), REEbearing epidote, clinozoisite, parisif€e), synchysite
(Ce) , b(@egy, tpyrite,s galenaacanthite, calcite and barit€olumbite(Fe) and
columbite(Mn) (locally enriched in Ti, Y Sc and Ca) and Nb,Tapearing titanite ¢3.8
wt% NbOs, ¢1.9 wt% TaOs, ¢2.9 wt% Y,Os) represent the primary magmatic ¥Wa
minerals.Columbite group minerals occur as large individual crystals up to 0.5 cm in size
or as relicts of grains partly replatdy fersmite or pyrochlorgroup minerals. Titanite
forms crystals up to several mm in size, located ifeldspar and usually in association
with allanite(Ce) and apatite. It locally shows fine oscillatoand sector zoning in BSE
(caused by Nb, Ta, And Y).The secondary assemblage comprises Nbgaing rutile
(¢23 wt% NBOs, ¢1.7 Wwt% TaOs), ilmenite, fersmite and pyrochlegroup minerals
including yttropyrochlore, plumbopyrochlore, yttrobetafite and plumbobetafitéernal
zoning of columbitegroup minerals is expressed by a distinct rimward increase in
Mn/(Mn+Fe) from 0.07 to 0.83 and the low Ta/(Ta+Nb) of 0@30, suggesting an
alkaline environment and increasing fluorine activity during the pegmatite evolutien. Nb
Ta titanite precipitated Iso during the magmatic stage. The occurrence of
Y,REE,U,Th,Pbrich members of the pyrochlore group, and of fersmite, documents an
extensive hydrothermal overprint of the Skoddefjellet pegmatite. Notably, the formation of
Nb,Tabearing rutile and ilmeniteseems to be a product of Nb;baaring titanite
alteration.
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Lateral variation of lithospheric mantle beneath SW Poland

Jacek PUZIEWICZ®, Magdalena MATUSIAK-MA G E K

'University of WrocJa wgesjacekspuziewiaz@ieg.uni.wroc®le ol ogi c al Sci en

The Cenozoic rifting event formed the O
sequences in the NW part of the Bohemian Massif. Miocene lavas with abundant mantle
xenoliths occur in SW Poland at the NE mrai gat i on of t he Ri ft
nephelinite). The single cal5 Maxenolithrbearing eruptions occur to the SE of the Rift
(Koz8kov and Lutynia basanites), which al
located outside the rifted area with tHatated close to the rift and the assessment of
possible changes in the mantle during the time span of ca 20 Ma. The mantle peridotites
from t he Ksi fngi nk imelaindecedarydtienetasmatidmyresudtinglin ¢ a t
enrichment of clinopyroxenailight REEs and show similar equilibration temperatures of
10001 100UC. Pyroxenite cumulates with simila

in the Ksinginki nephelinites. The compos
veins in peridotitesTherefore, the lithospheric mantle beneath the northern termination of
OhSe Ri ft was affected by silicate melt m

lithology was modified by addition of pyroxenitic veins. The modification was
contemporaneous witvolcanism (Puziewicz et al. submitted).

The peridotite xenoliths occurring in th
25 km SE from OhSe Rift margin)-1eqe0Ci b
(Christensen et al. 2001). The 4.5 Ma basanites frotynia (SW Poland, ca 170 km ESE
from the OhSe Rift) containl@ped@Udowhtebh w
postgarnet spinetlinopyroxene symplectites (Matusidka § e k et al . 20
clinopyroxenes occurring in Lutynia peridotites presethree different kinds of REE
pattern, all LREEs enriched. These data suggest that the lithospheric mantle occurring
outside the OhSe Rift was not compl etely
record of otler events is still preserved.

Referencs:

CHRISTENSEN N., MEDARIS JRL.G., WANG HF, JELE NEK E. , 2001
variation of seismic anisotropy and petrology in central European lithosphere: A
tectonothermal synthesis from spinel Iherzolite. Journ&@&dphysical Research 106,

B1: 645664.
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H., 2010: Metasomatic effects in the lithospheric mantle beneath the NE Bohemian
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New data on some silver and mercury minerals from the Miedzianka-
Ciechanowice deposit (Rudawy Janowickie Mts, Western Sudetes,
Poland) T preliminary report

Rafag 'Sl GDhasz KRUSBEWSKR GOGNBI OWSKA

! University of Warsaw, Institute of Geochemistry, Mineralogy and Petrofogy, t wi r ki -089 Wi gury 9
Warsaw Poland siuda@uw.edu.pl

2Institute of Geological Sciences, Polish Academy of Scefigeada 51/55, 00818 WarsawPoland

3Department of Mineralogy, Petrography and Geochemistry, AGersity of Science and Technology,

Al. Mickiewicza 30, 3®59 Cracow Poland

Polymetallic veins containing rich mineralization (including native silf@ming
sheets up to 30 cm in diameter, proustite, acanthite, and others) were exploited in the
AFriederi ke Jul i-1849.eSamples were coflectedron the7d8mps of the

for mer AFriederi ke Julianeo, ANeu caldl er o
compositions were determined by electron microprobe.
Silver in the samples from the AFrieder:i

inclusions in whitepink barite accompaniedylminor calcite. The silver is characterized
by its high purity.Only small amounts of mercury (up to 0.73 wt% Hg), cadmium ¢0.49
0.77 wt% Cd) and arsenic (00229 wt% As) were found. Small grains of silver sulfide
surround the wires of native silver. This mineral is also pure. The contents of its mai
constituents are gliht | 'y v ar i-83.82lwt fér ABdnd 18.204.87 wt% for S.
Only a small admixture of cadmium (0-B%67 wt%) is present.

Stromeyerite and silver amalgams were id:¢
mine. The stromeyerite forms thin veinletstting massive bornitehalcocite ore. In some
cases, it coexists with silver amalgams. Silver and copper contents in the stromeyerite vary
from 53.5456.26 wt% Ag and from 28.2382.08 wt% Cu, respectively The average
empirical formula of the stromeyegiis Ag odCl 02S.

Besides the bornite hal coci te or e, l°llingite may
amalgamsT he sil ver amal gams i Hdikelirfegulailyargngeéde f or
segregations up to&m in size. In the bornitehalcocite ore, the amalgams form irregular
aggregates up to 0.3 mm in size. They usually occur at the chalboaitiée border. In
some cases, they are associated with the segregations of stromeyerite. On BSE images, a
mosaiclike structure reflecting the variable chemical composition of the aggregates can be
observed.Most of the analyzed phases correspond, in their chemical composition, to
eugenite with the empirical formula AgHg, s This mineral is associated with an
amdgam belonging to the AgHgi-Agi744H0g; series and with native silver of high
mercury content (4.28.45 wt% Hg). Hessite was found among quactzalcopyrite
tetrahedrite veins, fragments of which we
Thismi ner al forms fine segregations wup to
empirical formula of the hEessSHit e from t he

The silverrich mineralization belongs to the let@mperature ore parageneses of the
polymetallic ge veins in the Miedziank&iechanowice deposit.

r
5
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Secondary uranium minerals from the Miedzianka-Ciechanowice
deposit (Rudawy Janowickie Mts., Poland)
RafSIUpPA, Justyna DOMIDASKBo GOGCABI OWSKA
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Warsaw Poland siuda@uw.edu.pl
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The oxidation zone of the Miedziankziechanowice polymetallic deposit contains a
rich palette of supergenic minerals. Up to now, about 60nskey phases have been
recorded there. Among them, some secondary uranium minerals also occur. Identification
of these phases was based on both PXRD and EMPA analyses.

A diverse association of secondary uranium minerals was found at the dumps of the
Miedzianka mine. Within it, torbernite forms green tabular crystals that rapidly become
cloudy due to loss of crystallization water. The copper content in the mineral varies from
0.24-0.65 apfu. This element is associated with small admixtures of Ca (up tatfi)3
and potassium (0.6R.05 apfu). The phosphorus content varies from-0.89 apfu. Its
deficiency is compensated by arsenic which is present in the varying amounts frem 0.49
0.86 apfu. The analysed mineral belongs to both the torbeneitatorberng-
chernikovite and torbernitemetatorbernitezeuneritemetazeunerite solid solutions.
Torbernite coexists with bassetite. The latter mineral occurs as aggregates of dark brown,
thin, tabular crystals replacing torbernite. The analysed bassetite cogstiute
intermediate member of the bassetitdunitesal®e i t e seri es. The amo
Mg in the Miedzianka bassetite varies from 0883, 0.120.50 and 0.0D.57 apfu
respectively. The high content of Cu (0.19 apfu on average) is likely dueetoelios of
torbernite in the bassetite. Among the ba
segregations occur. These are distinctly younger than the bassetite. The Mg content in
sal ®ei t e v a7v epf, tHe rFe contedt. frdr® 0-0216 pfu and that of Ca
reaches up to 0.38 apfu. The last mineral of the paragenesis is parsonsite. Its radiating
aggregates, up to 200 em in diameter, gr ov
in the parsonsite ranges from 1-82A1 apfu.

Another seondary uraniurmineral association, from the former Miedzianka mine, is
one dominated by silicates of U. In this case, the main mineral is uranophane for which the
MiedziankaCiechanowice deposit is the holotype locality. Three morphological types of
urarophane were distinguished. The first type forms radiating oflikaftaggregates of
thin needlelike crystals. The second type occurs as bright yellow crystals of tabular habit.
The most common uranophane is compact, forming cryptocrystalline aggrefjgteasy
lustre that represent pseudomorphs after uraninite. The empirical formula of this third
uranophane variety is (€aKo.oF&.0P.oBioodeo (¥92)214SIOOH)A 2 . D7 iH
based on EMPA analyses. Uranophane is associated, among otherskatigtite
(Fe(UQY)(AsOy),A 1-12H,0), which forms spherical aggregates composed of thin, tabular
crystals occurring in the cracks cutting cryptocrystalline uranophane. Another U silicate
encountered in the dumps of the Miedzianka mine, is an unspecifiedespeti
composition close to cuprosklodowskite. It occurs as green, thin covers or spherical



aggregates composed of shprismatic crystalsupto®&m i n si ze that co0\
altered uraninite.

The U silicates also coexist with unspecified U minerils in lead (8.3204.55 wt%
PbO) and bismuth (15.625.65 wt% BjOs) of the uranyl oxideor hydroxide groups.

Acknowledgemesit The research was funded by Ministry of Science and Higher
Education grant N N307 065934 (202810).
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Geochemical constraints on the provenance and depositional setting
of metasedimentary rocks from the Bystrzyckie Mts. Crystalline
Massif, Sudetes, SW Poland

Jacek SZCZEPAGSKI

'Wrocgaw University, I ns Maksal®ina 9,602 0 Ge Wk ogfewl Bol ande s
js@ing.un.wroc.pl

The Bystrzyckie Mts Crystalline Massif forming the western flank of the QOrlica
$nielUni k Massif (OSM) is composed of I arg
metamorphosed volcarsedimentary series comprising mainly mica schists, paragseis
basic and acid metavolcanics and marbles. Most probably, the protholiths of the
paragneisses and mica schists were arkosic sandstones and mudstones, respectively.
Though its age is unknown, most rocks of the volesedimentary series cropping out in
the Bystrzyckie Mts are believed to be of Latest Neoproterezaity Palaeozoic age on
basis of micropaleontological findings. Basic metavolcanics were described agsyy®OR
basalts that originated during a Cami@adovician episode of extension and disgration
of the northern periphery of Gondwana or as formed in a-bBeclsetting related to an
unspecified subduction episode. Because the ambiguous chemistry of the metabasic
volcanics does not allow amnequivocalinterpretation for the tectonic envirment of
their emplacement, this study is focused on the provenance and tectonic setting of
deposition of the supracrustal series cropping out in the Bystrzyckie Mts.

Major and trace element data for the investigated clastic sediments are compatible with
an acidic to intermediate source. It is documented by proportions of Cr/Th, La/Sc and
Sc/Th. This conclusion is, furthermore, reinforced by low values of Cr/V, Y/Ni and a low
abundance of Ti@and Ni. On spider diagrams, normalized to upper continentat crus
composition (UCC), the investigated rocks show a pronounced negatiie lMbomaly
typical of acid volcanics that were generated in a suprasubduction tectonic setting. The
chondrite normalised patterns of the inve
ppm, strong LREE enrichment, nagative Eu anomalies as well as a flat HREE pattern
manifested by mean values of /by = 8. 7 3 N@Yb3=9 ,1 . @d7 NO. 30 and
0.66NO. 11. These indicators are intermediae
and @ntinental Island Arc (CIA) tectonic settings. Furthermore, on several diagrams such
as Sd Thi1 Zr/10, Thi LaTl Sc, La/Sd Ti/Zr and FeOs+Mgo T TiO,, the samples fall
mainly within ACM or CIA fields indicating their deposition in a sedimentary basin
developedn a suprasubduction setting.

Assuming that all the metavolcanics and metasediments of the supracrustal series were
formed in the same depositional basin, it is hypothesized that the most probable tectonic
setting for their emplacement is a bamic basin. Thus, if the supracrustal series of the
Bystrzyckie Mts is actually of Early Palaeozoic age, rifting and disintegration of
Gondwana at the onset of the Rheic Ocean may have resulted frorarbagreading.
Otherwise, the geochemical record rateel by the supracrustal series relates to the latest
Proterozoic subduction beneath the Gondwana margin.
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Textural variation of Permian rhyolites of the North-Sudetic Basin
Norbert SZCZEPARA', Marek AWDANKIEWICZ"
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norbert.szczepara@ing.uni.wroc.pl

Textural analysis, on a thin section to hamécimen scale, is a powerful tool for
deciphering the origins of volcanic rocks in ancient successions, especiallypabken
emplacement processes such as devitrification, alteration, erosion, and limited exposure,
obscure the primary characteristics (e.g., Paulick, Breitkreuz 2005). The Permian rhyolitic
sequence cropping out nSudetichBasof SWsRolarel isara wa i
example of an extensive (8.5 km x 3.5 km), thick (~ 200 m) and lithologically monotonous
volcanogenic complex which is not open to easy palaeovolcanological interpretations. The
vent(s) location, emplacement processes and internalgtuct this complex have been
characterized in only a general waydaat e ( Koz gowski , Parachon
provides some new observations on rocks from the western part of the sequence between
the Kaczawa River and the village of Sokog

Rhyoli t e s, and underl ying 6rhyolitic tuffs
rhyolites are massive to plajginted, locally brecciated, quartand feldspaphyric with a
microcrystalline groundmass of alkali feldspars and quartz. The petrographicovargti
mainly expressed in the groundmass textures. The groundmass is usually felsitic and
heterogeneous, with pabFown, relatively coarsgrained patches and darker, finer
grained patches. The patches range from tenths of a millimetre to a few milinmesize.

Less common are banded to laminated rhyolites, characterized by the alignment and
alternation of palerand darker streaks and bands. Spheruléitd perlitic rhyolites are

rare but characteristic r ockmsedahdhemmnionhhy ol i
strongly altered into a mixture dominated by clay minerals, mainly illite. Locally, agate
mineralization occurs. The best exposure at Owczarnia Hill, however, comprises a few
metres of bedded rhyolitic sandstones to conglomerates/lseddiair main components

are felsitic and spherulitichyolite fragments and broken quarénd feldspar crystals.

The rhyolites may largely represent microcrystalline lavas typical of the more slowly
cooled internal parts of thick rhyolitic lava flows domes. The banded, spherulitic and
perlitic rhyolites, however, are typical of the outer parts of lava flows which underwent
rapid quenching into glass and, later, variable devitrification. The rocks from Owczarnia
Hill may be of pyroclastic origin (smallolume block and asklow deposits and related
fall deposits resulting from lava dome/flow collapse?) or may represent
volcaniclastic/epiclastic deposits related to the erosion of rhyolitic lavas.

References:
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Geology of the Julianna pegmatitevein system from the Pi
quarry ( Dol nm8de Bkalkda SeA.),Sowie Mts Block, SW
Poland
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Granitic pegmatites, named the Julianna pegmatite vein system, weovedést
during mining worksihn t he Pi awa G- rna Quarry in 2007
m thick veins cutting migmatitic gneisses and amphibolites that can be followed for up to
50 m in a vertical cross section. The pegmatites are developed as arnoinbe
anastomozing veins with broadly varying dips in the root part and which pass upwards into
3 main welldefined steephdipping bodies with the overall NEW strike. Subordinate
subhorizontal apophyses bifurcate from the main veins. The pegmatitejcoook
contact is in places marked by a biotite envelope a few centimetres thick. The pegmatites
are internally zoned with an idealized zone sequence as follows: (i) thin and discontinuous
fine-grained border zone, (ii) coarsto very coarsegyrained pegnti#te with elongated
biotite megacrysts, (i) graphicto blocky microcline with irregularly distributed
muscovite, tourmaline and garnetjuartz intergrowths, (iv) quartz core. The apophyses
are zoned asymmetrically with individual zones strongly redocedissing in the hanging
wall parts. Muscoviteor albitedominated replacement regions were identified in places.

The rock forming minerals are microcline, albite, quartz, biotite, muscovite,
tourmalinegroup, almandinspessartine garnets and beryl.cAssory phases include
columbitegroup and other Nfa minerals, zircon, monazite, xenotime, fluorapatite,
pyrite, ilmenite, uraninite, arsenopyrite, bismuth and bismuthinite. Bavenite, clinochlore,
stilbite, chabazite, bismite, bismutite and goethite weeatified as secondary minerals.
Large scale symplectic textures of qudgldspar, tourmalinguartz and garnejuartz are
a characteristic feature of the Julianna pegmatite system. The Julianna pegmatite system

belongstotherare | e me nt ¢ Ereit2@05).( Ler nl
Acknowledgement®NiSZW financially supported this work grant no N N307 241737.
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Topaz, lepidolite and phenacite-bearing pegmati te from t -0
quarry, Strzegom-Sob -t ka granite massi f, Lower
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The StrzegorBo b -t ka Vari scan granitic massi f i
pegmatites of Ml EE subclass with NYF signature. However-Bed Libearing phases
are regarded there as rare and topaz as extremely rare.

A miarolitic pegmatite with abundant topaz, lepidolite and phenakite was discovered in
the t.98gkiewka | g uar 0. Theecavity, ~3 mrlongeagpcb3d cn n A
high, is the largest of miaroles occurring in a-flahg irregular pegmatitic vein. It
displays a typical texturaland mineralogical zoning from an outermost border aplite,
through a thin biotitegich zone, quartfeldspar graphic intergrowths and blocky
microcline to euhedral crystals lining the cavity walls. AccessoryTaMearing
columbite¢Mn), cassiterite and zircon with thorite inclusions accompany -focking
amazonitdike microcline, lepidolite and clinochte in the blocky microcline zone.
Cavity-filling crystals include quartz(tz), microcline Mc), lepidolite (pd), muscovite
(Ms), topaz To2, phenakite PhK), tourmaline Tur), albite @b), fluorite (Fl), stilbite
(Sth, chabazite ¢b2 and montmorillorte (Mnt). Pinkish Lpd f or ms 03 C |
pseudohexagonal plates withs rims. Creamy yellow short prismatdcc r y st al s ar
cm long. Two varieties ofozarepr esent : colourless isometr
crystals and brownish and bluish short prismétion 2 cm to 56 cm long individuals.

Small crystals ofToz grow on Lpd, Mc and Qtz Colourless or whitishPhk forms
combinations of very short trigonal prisms and rhombohedra. Up to 10 cm long prismatic
Qtz is strongly zoned. Earliest smoky generatioffiero encloseToz and Phk and are
overgrown by colourles®tzwith phantom structures marked by tiny inclusions. Up to 0.5
cm long greenish or brownish black needles and fibrdaip{schortdravite) grew orMc,

Lpd, Toz Phkand earlyQtz They also formnclusions in lat&QtzandAb. Abis present as
colourless platy cleavlandite. Bluistiolet and colourlessFl forms combinations of
distorted octahedra with subordinate cube faces and its faces show a rather dull luster on
etched faces. A similar dull lter is observed orCbz etched surfaces. The minerals
crystals are often covered by a reskite or slightly olivegreen Mnt crust. The
crystallization order in the miaroles was as follo@z + Mc + Lpd C Qtz+ Toz+ Lpd

C Qtz+ PhkC Qtz +Ab+ TurC Ms+ Fl + Cbz+ StiC Mnt.

In addition to rockforming Qtz, Mc and Ab, Toz, Lpd and Phk are essential
constituents of the pegmatitic assemblage. Together with accesserg-béaring
manganocolumbite, they point to high fractionation of the pegmatite resiriting, Be-
and Taenriched melt. Out of-8 other smaller cavities in the same vein ovdrstance of
ca 5 meters, this assemblage was observed in one and Toz + Lpd without Phk in another.
This may suggest that such highly evolved fluids formed onlylligeaen within a single
system of interconnected miaroles. It may also suggest some immiscibility of
geochemically specialized hydrothermal fluids.
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The chemical composition of apatite in teschenite from the Cieszyn
area and in granite from the Western Tatra Mts

Krzysztof SZOPA', Roman WEODYKA
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Apatite is a common accessory mineral in most igneous rocks. That mineral is a carrier
of halogens, sufite and carbonateons, Sr and REE. Apatite grains from two
geochemically different types of rocks were separated and analysedamg e SEM,

EMPA and LAICP-MS.

The first of

type

apatite

came from t

province) These rocks contain up to 1.2 vol.% of apatite in the form of ndikdlerystals
enclosed in kaersutite and are associated with interstitial plagioclases, nepheline and
analcime. The apatite crystals are 0.2 to 0.8 mm long aned226mm wide. The gatest
elongation observed was 7:1 with an average of 4:1; in general, stubby apatites dominate
over acicular apatites. SEM observations show evidence of intensive apatite dissolution.
All apatite grains can be classified as fluorapatite with3186wt% d F [0.86-1.93 atoms

per 2 (OH, F, CI] (Fig. 1) which is typical for all teschenites in the world (Henderson,

Gibb 1987).

The second type of apatite

0.50

@ GRANITOIDE
TESCHENITE

Ap

0.75

0.00% 1.00
1.00

crystals came from unusual
cumulate granitic rock in the
Staroroboci a@GsKki
Western Tatra Mountas) with

a ROs content in the range 0.05
5.08 wt%. The apatiteCaF)
are up to 2 mm in size and are
mostly represented by
idiomorphic crystals showing

internal zoning. The

typical

OH,, Ce

elongation is 6:1. The content of

fluorine is in the range of 3:2

Fig. 1. Chemicatomposition of the investigated apatites 4.0 Wt% [1.6-2.00 atoms per 2

(OH, F, CD]. On the surfaces of

the crystals, features typical of dissolution during synfpmstgmatic alternation can be
observedBoth of the inverstigated apatite types differ in chemical composition (Fig. 1):
the teschenite apites are characterized by higt&rand LREE contents while the granitic
apatites show enrichment in Mn, Fe and Y. Our study indicates that compositional
variations of apatite can be potentially used as indicators of magmatic anuggrsiic

processes plutonic rocks.
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Lanthanite-(La) as a new product of the reduction of bioavailable
carbon in water: SEM and XRD study

Krzysztof SZOPA*
! Faculty of Earth Sciences, University of Silesiapufi d z i Es ®GD Sdsribwiedbland kszopa@us.edu.pl

Phosphate ion (PP) is the main nutrient causing pollution in most water reservoirs.
Application, on a large scale, of {raach bentonite is the best technique for reducing the
bioavailable phosphorus in water. The product of phospbateeduction is a mineral
phase rabdophan€lLa) (LaPQL kD). The rabdophanforming reaction takes placerye
fast and the en@roduct is stable in a widange of pH and Eh conditions.

For this research, modified clay with a carbon nutrigtt (CO,%) water sample was
used. After stirring of the mixed solution for 0.5 hour, it was kept for 1 day at room
temperature after the residuum was heated aC5@r 1 day. The effects of the reaction
were investigated using a scanning electron microscope equipped with EDS (EDAX)
detector and an Xay diffractometerX 6 Pe r t Philips PW 3710 at
Sciencs, University of Silesia

V  Spot Magn: bX

ag Agey  spaliMaga Det WD -
4800 kv 50, 800x CEN 1 15,00V, 5 0°' 24880CEN 107 03 Tor
- iy

Fig. 1. LanthanitelLa) on a bentonite grain (A) and a general view of its idiomorphic, twir
crystals (B).

The SEM study shows the presence of lanthariumcarbonate (Fig. 1A) that formed
on clay aggregates. The plafijattened carbonate crystals with rhombic shape are up to 20
Om in si ze ( Fraygdata doiijm the Tpreeipitation of lanthanr(te)
(Layj[CO4)5l: 8,8) crystals.

As with the rabdophang@.a) forming process, the reaction resulting in lanthaiite)
precipitation is effective and fast, and may have apiitinan environmental science.
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Compositional variation in zircon from the aplite-pegmatite sill at
Siedlimowice (Strzegom-S o b -atMhssif, SW Poland) i an EPMA
study
Krzysztof TURNIAK®, Adam SZUSZKIEWICZ', Justyna SOMMEGSSKA
'University of Wrocgaw, |-805Widadaw,fCGRrwl lgiieqd IT, ek

krzysztof.turniak@ing.uni.wroclpl
2 University of Wasaw, Institute of Geochemistry, Mineralogy and Petroldgly,. t wi r ki -089 Wi gury 9
Warsaw, Poland

The aplitepegmatite sill at Siedlimowice is the largest pegmatitic occurrence in the
eastern part of the Strzegeno b - t ka Var i sc aintruded ¢he iwemicke ma s ¢
granite host rock prior to the complete solidification of the granite as evidenced by partly
sharp and parthgiffused contacts with the sill. The up to 60 cm thick sill consists of aplite
and weaklyzoned pegmatite. The pegmatiteituconsists mostly of quartz, microcline
microperthite, oligoclase, albite, biotite and muscovite with accessory almandine
spessartine, beryl, columbite, gahnite, apatite and zircon. Less common accessories include
monazite, xenotime and uraninite. The megite may be classified as a becglumbite
subtype of the rarelement class.

Zircon usually occurs as up to 3 mm long euhedral crystasnbination of {101} and
{110} forms. Some individuals display uneven margins with irregular embayments and
sieve texture. EPMA analyses were carried out using a Cameca SX100 electron
microprobe operating in the WDS mode at the Hhmstitute Analytical Complex for
Minerals and Synthetic Substancelyiversity of Warsaw. The following elements were
analysed: P, Nb,iSTi, Zr, Hf, Th, U, Al, Sc, Yr, La, Ce, Pr, Nd, Gd, Dy, Ho, Er, Tm, Yb,
Ca,FeandSmMTm hr ee compositional varieti esgooare ol
and Urich zircon, 3: Hirich zircon. Type 2 is observed only in larger crystals where it
constitutes domains of probably relict nature. Type 3 occurs as veinlets within the Type 1
zircon.

The predominanfype 1inor mal 6 zircon shows negligil
0.949 a.p.f,Q.4.,383.Wt6% Ca@dHI2 WA 11 3wtOybadnwh | s
detection limit. Zr/Hf ranges from 257. It contains numerous-bearing inclusions and
shows irregular patchy microtexturBype 2 is extremely Urich with UO, up to 9.93 wt
%. HfO, is low from 2.472.69 wt%. Y,03 is elevated ranging from 1.0652 wt%. Gd
and Dy are present as traces while other REEs are below detection limit. U/TA12 63
and Zr/Hf 3638. This type displays regular zoning and is relatively poor in inclusions. The
analysis of thel'ype 3 zircon shows that it is a hafnian zircaith 11.08 wt% HfQ, 1.03
wt% of UO,and Zr/Hf = 9. The content of other elements is negligible (Zr+Hf = 0.991 and
Si = 0.996 a.p.f.u.). Metamictization of the three zircon types is rather weak as suggested
by totals close to 100% and low contents of elet®ecommonly regarded as
metamictization indicators such as Ca, Fe and Al.

Acknowledgements The authors would | ike to thank

specimens used in this study. The research was financed by Ministry of Science and
Higher Educdon grant N N307 112735.
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Hydrogarnets from picrite and teschenite sills in the Polish Western
Carpathians

Roman

WGADYKA

*Faculty of Earth Sciences, University of Silesiapufi d z i Es R0 Sdsribwiedbland
rwlodyka@wnoz.us.edu.pl

Natural represetatives of theisomorphous series @&, (SiO)s (grossular) -

CaAl,(OH),, (katoite) are widespread natural phases described by earlier authors from

many locations around the world. Members of this series with (QjGsubstituted by
(OH,F), have formulae &Al,(SiO,)s4(OH,F)y,, andclassified ashibschiteand katoite

represent the two solid solution fields with more or less than 50% Si in the tetrahedra,

respectively (Passaglia, Rinaldi 1984).
In the Polish Wester@arpathianshydrogarnets were found metasomatically altered

veins

picrite sild!l

of nepheline syenite
i i-&yTablélfdzyr zecze (an.
1 2 3 4 5 6

Sio, 32.46| 3241 | 32.47| 29.12| 23.30| 24.85
TiO, 3.17| 1.27 0.07| 0.89| 4.41| 0.02
ZrO, 2.33| 0.14 0.02| 0.02| 0.00| 0.00
Al,O3 11.09| 16.06| 22.35| 7.90| 13.91| 18.64
FeO 11.66| 7.45 1.49|17.97| 8.69| 6.59
MnO 0.56| 0.39 0.09| 0.00| 0.08| 0.00
MgO 0.00| 0.04 0.02| 0.39| 0.11| 0.05
CaO 34.36| 36.88| 37.98| 35.44| 37.31| 38.68
Na,O 0.12| 0.00 0.04| 0.03| 0.06| 0.07
H,O 1.92| 3.31 3.44| 5.35| 10.11| 9.64
F 1.39| 2.17 3.68| 0.11] 0.28] 1.14
O=F -0.59| -091| -155| -0.05| -0.12| -0.48
Total 98.48| 99.21| 100.11| 97.47| 98.15| 99.21
Katoite 8.48 | 13.92| 13.95| 23.33| 41.75| 38.61
FCagarnet | 2.91| 4.33 7.08| 0.24| 055| 2.17
Kimzeyie 3.88 0.04 | 23.84
Morimotoite | 18.38| 6.26 4.00 0.11
Spessartine| 1.26| 0.83 0.18 0.17
Grossular 34.87|5252| 74.21|11.91| 17.82| 38.28
Andradite 28.72| 20.65 3.60 | 58.32| 14.81| 19.65

4

Table 1. Chemical composition ofdiipgarnets from the teschenfiirite association
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w -bearinig hydrogssnetdoonm sinallr yp toF0.4 mm in
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compositions Table 1, an. 46). In general,all hydrogarnets from the teschenjterite
association belong to théblschite species, with x < 1.5.
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SO,
MINERALOGIA - SPECIAL PAPERS, 37, 2010 5%\ f%_
www.Mineralogia.pl Q o]
MINERALOGICAL SOCIETY OF POLAND ;/ él
POLSKIE TOWARZYSTWO MINERALOGICZNE 4’6?,({60\0

Petrography and spatial distribution of albitized granitoids in the
Sudetes (Poland)

Kouakou YAO!, Christine FRANKE®, Adam SZUSZKIEWICZ?, M®dar d, THI RY
Krzysztof TURNIAK?

! Mines ParisTech, 35 rue Saint Honore 303 Fontainebleau Cedex, Frandeyuakou.yao@mingsaristech.fr
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Granitoids of the Sudetes in southern Poland often show an albitization expressed in
typical reddish to pinkish colours and a specific paragenesis. In fact, the albitization
consists of the reptement of the primary igneous feldspars by secondary neogenic albite,
the chloritisation of the ferromagnesian minerals and the development of secondary
minerals such as hematite, maghemite, and chlorite. The albitization is conventionally
linked to deepprocesses (retrometamorphism, saussuritization, etc.). Nevertheless, recent
studies show that albitization can also be linked to weathering processes related to the
Triassic paleosurfag@icordel et al2007; Parcerisa et al. 2010; Franke et al. 2010).

To understand the details of this petrology and to establish the spatial distribution of
the albitized granitoids in the Polish Sudetes, three sites in the region were sample from
NW to SE. The first site is the Szklarska R quarry. The others are sitedtin the

Laski valley and in the Chwaslislaw area,
Porba quarry belongs to the Karkonosze Massif while the Laski and
Chwaslislawsampling sites belong to the K
interprded as Variscan intrusions by Mazur et al. (2007) and B&Hili& Bagi®ki

(2007).

Several degrees of albitization can be distinguished: Strongly albitized facies are
observed in the Laski granite. In the outcrop situated in the centre of the villagearite
is pervasively albitized. For the Szklarska far granite outcrop and the Laski quarry
granodiorite (situated at the north of the village of Laski), the albitization is restricted to
fractures. Those fractures show decimetric gradients with sledaind stronglyalbitized
facies at the walls and rather pinkisiind lessalbitized facies further away from the
fracture zones. The Chwalislaw granodiorite shows the weakest degree of albitization, with
only pinkish spots within the presumably unaltereck and a few thin albitized fractures.

In the albitized facies of the Laski village section, the primary igneous plagioclase
crystals are entirely transformed into neogenic albite (often with the erasure of the twining
pattern) and are also sericitizeéflecondary chlorite develops along biotite cleavages and
occurs as small euhedral crystals in fractures. Pigmentary hematite occurs in the neogenic
albite, whereas in fractures, the hematite has a granular form. In the Laski quarry outcrop,
the pinkish faies along the fractures shows replacement of the primary plagioclases
(andesindabradorite) by albite stained by hematite pigments. Biotite and hornblende are
altered to chlorite.

In the Szklarska Pdba granite, the feldspars are soleifeddspar and &lite. Here, it
is not easy to know whether the primary plagioclases are albitized or not, since the granite
contains additional perthitic orthoclase which contains primary albite. The biotites in the
Szklarska Paiba granite are chloritized. Hematite isasge and occurs only along

11¢€



fractures. Maghemite is commonly more abundant than hematite in this granite than
hematite, even in the darker facies away from fracture zones.

The Chwaslislaw granodiorite contains primary zoned plagioclases that are replaced by
secondary albite in specific spots (about-B00em in diameter), and in the pinkish walls
of fractures. This albitization is associated with alteration of biotite and amphibole to
chlorite as well as the additional development of maghemite.

Paleomagneti results (Edel et al. 1997) indicate Triassic ages for the secondary
hematite and maghemiteontaining facies related to the #itbation processes (Frank
al. 2010). The development of the hematite and maghemite required oxidizing conditions,
suggeshg its link to weathering and therefore superficial environments. The
Paleomagnetic datings indicate that the secondary minerals formed during albitization are
related to the Triassic paleosurface. The intensity of the albitization decreases from the
paleosurface downwards with depth. Therefore, the pervasively albitized granite of Laski
village constitute a facies situated closer to the ancient land surface, whereas the fracture
albitized facies of Szklarska Hia and Laski quarry are rather linked teeper horizons
of the profile. The weakly albitized granodiorite of the Chwaslislaw section is related to
the base of the paleoweathering profile.

Thus, mapping of albitized facies on a regional scale may allow characterization of the
ancient landsurface égmorphology) with a view to (1) estimating the geodynamic
evolution and erosion rates since the Trias and (2) reconstructing thieigest structural
history (fracturing, block movements, etc.) of the Variscan basement.
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The record of differentiation and emplacement processes
in lamprophyres( Kgodzko region, Sudetes, SW P

Marek AWDANKIEWICZ®, Honorata AWDANKIEWICZ?, Sgawomi’y JatNeICKSZCZEPAGSSKI

'University o teof\@eaogidalsSuignces, 806 6 i Wu Bl.dVigksaBona 9,52 04 Wr oc Ja w,
Poland; marek.awdankidez@ing.uni.wroc.pl
2 polish Geological Instituté National Research Institute, Lower Silesian Branch, al. Jaworowa 13283

Wr o c,®aland
3University of Warsaw, Faculty of Geology, Institute of Geochemistry, Mineralogy and Petrole§8902
WarszawaAl.t wi r ki i Wigury 93, Pol and

Introduction

The calealkaline lamprophyres of the Sudetes are a characteristic product-ofolate
postorogenic mafianagmatism which occurred across the Variscan Orogen of Europe in
Late Palaeozoic times. In the Sudetes, the lamprophyres, together with other associated
mafic to felsic subvolcanic rocks, were emplaced as dyke swarms and scattered dykes in
Carboniferous thes (Awdankiewicz 2007). Although some lamprophyres in the Sudetes
and elsewhere represent rocks that crystallized from rather primitive melts which
underwent only weak modification after separation from mantle sources, many show
various lines of evidencmdicating shallowlevel differentiation. These include features
such as composite dykes, xenoliths and xenocrysts, heterogeneous phenocryst assemblages
and/or variable zoning styles in phenocrysts, which reflect the contamination, fractionation
and mixindmingling of various melt batches during the rise, storage and emplacement.
Deciphering the complex petrogenetic record contained in the petrography, mineralogy and
geochemistry of lamprophyres is an intriguing scientific challenge.

This field trip is focsed on selected occurrences of lamprophyres and related rocks in
the Kgodzko region of the central Sudet es.
Stok Dyke Swarm there show distinctive geological and petrological characteristics that
reflect specific mate magma sources and variable overprinting by shalkkwel
processes in separate magmatic systems (Awdankiewicz 2007). The four localities to be
visited on the field trip will demonstrate selected rocks types belonging to both swarms,
including minettesspessartites, micromonzodiorites and microsyenites, and their country
rocks. Problems related to the petrogenesis of these rocks will be discussed.

The geol ogy of tdneveriegvodz ko r egi on

The Kgodzko region i s s ietate#®roterazoi®alaecozoio e Ce
rock complexes of this area belong to the eastern part of the Variscan Belt of Europe (see
Mazur et al. 2006 for more details). The major, higgahde metamorphic complexes of the

Kgodzko region, i .eG,ry hsowire i Mas sisns eUai &
of gneisses and schists with intercalations of marbles, amphibolites, granulites and
eclogites. Ot hers such as the Bardo and K

comprise unmetamorphosed or lgnade (metsedimentary andgmeta)igneous rocks of
various provenance, includingsthembered ophiolitic suite(s).
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Fig. 1. Geological sketch map of the Lower Silesia region showing the distribution of lamprophyre
dykes (modified from Awdankiewicz 2007). Geologiafuctures mentioned in the text: BU
Bardo Unit; GSMi G- ry Sowi e T NMaaSsidetic Basih; BB Karkonosze Piedmont
Basin; KUT Kgodz k o UnMatginal Sd&fic Fault; NSB North-Sudetic Basin; OM

Orlica Massif; SMi $ ni e Un i kee Mgs2,5iarid.7 forSmore detailed maps of the vicinities of
the field trip localities. Inset: location of the main map (black square) within the Variscan Belt of
Europe.

This geological mosaic records the late Proterozoic (Cadomian) orogeny, subsequent
CambreOrdovician and Devonian rifting and, during the Variscan Orogeny, the-multi
stage Late DevoniaBarly Carboniferous collision and related metamorphism,
deformation and uplift.In the Carboniferous, poe$tctonic granitoid plutons were
emplaced, théwo largest of which are the Kudov@l e s ni c e azZnjdo t K § oSdt zokk
Massi fs ( BacBnalcihEsik@s k2 0 0 7Biagi Es ki 2007) . T
overlain by the molasse deposits of the h8taletic Basin, a late Palaeozoic intermontane
trough (Dziedir, Teisseyre 1990, Mastalerz, Prouza 1995). The R€ramboniferous
succession comprises mainly siliciclastic sedimentary rocks that originated in continental
environments, as wekls thick intercalations of acidic to basic volcanic rocks of-calc
alkaline to mildly alkaline affinities (Awdankiewicz 1999 a, b; 2004). The Permian
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