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VII Conference of the Mineralogical Society of Pola  nd
and XVI Meeting of the Petrology Group
at Swiety Krzy z, Holy Cross Mountains, 24-27 September 2009

Dear Colleagues,

The joint VII™ Conference of the Mineralogical Society of Polaamt the XVI"
Meeting of the Petrology Group of this Society Saicty Krzyz in the Holy Cross
Mountains, 24-27 September 2009, is an unusuahtffitcéeevent for at least two reasons:
(1) the celebration of the #Ganniversary of the Mineralogical Society of Polami (2)
the Petrology Group annual meeting is being hedd,tlie first time since its beginning
16 years ago, in the Holy Cross Mountains.

The Mineralogical Society of Poland was foundedl@mpril 1969 thanks to the great
efforts of Professor Andrzej Bolewski and his corkes: Jan Kubisz, Leszek Stoch and
Witold Zabinski. The memory of one of the initiators and fouisgeProfessor Witold
Zabinski, who died on 15 January 2007, is addressedignviolume in a special paper
authored by Prof. Barbara Kwiéska.

During its forty years, the Mineralogical SociefiyRoland has been a leading scientific
organization in its field in Poland. And so it cionies today. The Society is a very active
scientific community, co-operating with the Comméton Mineralogical Sciences of the
Polish Academy of Sciences and having extensies huith its international counterparts —
the European Mineralogical Union and the IntermatloMineralogical Association. Its
activities contribute significantly to the developmt and promotion of modern trends in
Earth Sciences.

The Petrology Group of the Mineralogical SocietyRafland has been one of the most
active sections of the Society since the Group esablished 16 years ago. The annual
meetings of the Group have been organized by tefaoms various mineralogical and
geological institutions at a range of interestingnwes in Poland. However, rather
surprisingly, the Group has never met in the Holgss Mountains despite the well-known
mineralogical and geological attractions and mirtiegtage of that region. Therefore, great
thanks are due to the organizers of the joinf"™\@bnference of the Mineralogical Society
of Poland and XV{ Meeting of the Petrology Group iviety Krzyz, in particular to the
Chief Organizers from the Faculty of Earth Scienokthe University of Silesia and from
the Jan Kochanowski University in Kielce, co-opimt with colleagues from the
Jagiellonian University, the Faculty of Geology @¥arsaw University, the Polish
Geological Institute, and the Committee on Minegadal Sciences. They have created a
great opportunity for us, the participants at thiseting, to learn what is new in the Earth
and environmental research issues in the Holy Ckégsntains, and to discuss current
problems in the mineralogical and related sciences.

With best wishes to all participants,

Ryszard Kryza
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The Mineralogical Society of Poland: 40 ™ Anniversary
Ryszard KRYZA®, Marek MICHALIK?, Piotr WYSZOMIRSKI®

! Institute of Geological Sciences, University of Waav ,ul. Cybulskiego 30, 50-205 Wroctaw, Poland
2 Institute of Geological Sciences, Jagiellonian \émsity, ul. Oleandry 2a, 30-063 Krakéw, Poland
3 AGH University of Science and Technology, al. isicza 30, 30-059 Krakéw, Poland

The Mineralogical Society of Poland (MSP) was foeshdon the 17 April 1969,
initiated by Professor Andrzej Bolewski and hisworkers: Jan Kubisz, Leszek Stoch and
Witold Zabinski. The first President of the Society was Profidfzej Bolewski, and the
headquarters was established at the AGH UnivemityScience and Technology in
Krakow. According to the Statue of the MSP, the i&yc“supports the development of
mineralogical sciences and propagates them in WPaliiety”. The formation of the
Society was highly anticipated by the wide Polisharalogical community and during the
first year the number of its members reached 16§. (F). A number of scientific and
industrial institutions have become formal memlugrthe MSP.

The recent activities of the MSP are, in generatoatinuation of those carried out
during the first decades of its history. Now, in020 the Society has 222 members
(including 13 honorary members), affiliated in fowegional branches in: Warsaw,
Sosnowiec (Upper-Silesia), Wroctaw (Lower-Silesaad Krakéw. Four specific scientific
groups of the Society have been formally establish@lay Minerals, Geochemistry,
Thermal Analysis, and Petrology groups.

The MSP organizes regular and occasional confeseisceh as annual meetings of the
Polish Clay Group and of the Petrology Group, ai a& general meetings of the MSP
every two years. The conferences are usually attbfny a great number of participants,
including young researchers, from Poland and fréimerocountries, and they have become
important scientific events in the field of minargical sciences in Central Europe.

The MSP has been a member of the International mdiogical Association (IMA)
since 1973 and of the European Mineralogical Uni@MU) since 1999. The
representatives of the MSP are members of sevenainissions of the IMA. The MSP also
co-organizes international scientific meetingsetbgr with the EMU, IMA, Mid-European
Clay Group and other societies. Since the beginthegMSP has closely collaborated with
the Commission on Mineralogical Sciences of theidholAcademy of Sciences in
developing and promoting modern trends and resdasties in mineralogical and related
sciences.

The Mineralogical Society of Poland publishes (imghsh) two journals: “Mineralogia
Polonica” (since 2008 “Mineralogia”) and “Mineraiogl Society of Poland — Special
Papers” (since 2008 “Mineralogia — Special Paper$/lineralogia”’ publishes reviewed
papers on the latest achievements in mineralogyolpgy and geochemistry in Poland and
in other countries. “Mineralogia — Special Papgusblishes reviewed abstracts, texts of
posters and oral presentations presented durinfgremtes organized by the MSP. Over
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the last few years, the MSP has co-publishesd “Biggi, an International Magazine of
Mineralogy, Geochemistry and Petrology, editedh®yMineralogical Society of America.

POISIIE TOWARZYSTWO MIMGRALOGICZNE Xrakéw, dnia 28.V,1969 T,

Pismé ckdlne 1

1/ De 15 maja br. zgZosils sig 165 czkenkéw-zaloiyciell PTilin,

2/ W dniu B maja br. odbyto sige plerwsze poeledszenie naukewo
PTiin, zorganizewane wepélnie s Komisjg Wauk Lineralsgloznych
0/PAN, na ktérym wyglosgons 3 referaty naukowe, a to:

Tr T. Prochazka - "Sple kamienne za strontem 1 barem
za zYoia selnego fielloszlki"

Dso, dr L.Stooh — "Agregaty zlara mineraldw ilastyeh'

lgr ing. A, Skewrpielkl - "iyniki rentgynograiionnyoh.hadaﬁ
sfalerytdw ze Slgske~kralowskich zks%
kruszodw cynku i eZowliu"

3/ 0 pswstaniu PTilin, zmestakn poinformowenych 18 redakejl czaso-
plea nauk?wyuh i ‘haukowo-teehnicznych, a niektdre z nish
zgroelly zamiar epublikowsnia materiatu informacyjnego
¢ Pelskim Towarsystwie iilneralogicznym.

4/ Zgodnie z uohwaly ‘lalnego Zzromadzenia & dnia 17.IV.br, Presy-
dium wystgqplis do Selretarza Haukowego PAN £ wniogitlem o uru-
chomienie orgenu Tewarzystus p.n. HITERALOGIL POLOTICA.

5/ higdalkoja wydswniotw PTiiln. nawigzala wepdprace =z Redakejq
Preegladu Gaolngloznego, ktdra =mamierza wydad zessyt npeojalny
o trefcl uineralogiozne] orez povigkszyé udziat artyluiév
£ zakreu nauk mineraloglczaych., Prosimy wigo o nadsy*ania
stosownych materlaldw.

6/ Carzad zwraca sie z proibdg do czkonkdw o zglaszanie tematiw
refaratéw naukowych na posiedzenie 2Tiin, obowigzuje przy tyn
dostarozenie streszoze’ o objetosol nile prze’raceajjoe]

3 stron wmaszynoplsu przeznaczonych do drulu.

7/ PTMin, uzyskalo zatwierdzenie preliminarza budZetowege na rok
1969 oraz dotaoje P.¥ w wysolbgel zi 50.000.-

B8/ Powszechna Tasa Osgozednofcel 1 0/L w Trakowle otwvarta rachunek

blezgey Flilin, nr 4 - 3 = T0.

—————

Zgodnie ge statutom PTHin. oraz uohwaly Walnego Zgromadzenia
vrava ozXonka uzyskujgq tylks te .s:by, Ltdre dokonajg wpaty
£t 200,- /100 z¥ wplsowa, 100 zX s':}adla roosna/., 'V rwigzku z tym
preesytamy blanklot nadawozy oelem dolkonanie wpiaty.
Seltretars PrzewodnloEaey
mp., doo. dr Jan Zublsz @mp., prof., dr inZ, -, Bolewskl

Fig. 1. “The first circular” about the activitied the first weeks of the Mineralogical
Society of Poland. (MSP archive).
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Fig. 2. Meeting on the annniversary of the Mineralogical Society of Polapdrticipants

on the excursion to Wieliczka Salt Mine. (Phot. M&Ehive).
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Ryszard KRYZA (2009-)

The Present Honorary M embers of the Mineralogical Society of Poland:

Jiti KONTA, Czech Republic

Anna LANGER-KUWNIAROWA, Warsaw
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Regional Branches

Krakéw Branch
President: Dr hab. Maciej Manecki (AGH Krakow)

Lower Silesian Branch (Wroctaw)
President: Dr Czestaw August (University of Wroclaw

Upper Silesian Branch (Sosnowiec)
President: Prof. Dr hab. tukasz Karwowski (Universif Silesia, Sosnowiec)
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Prof. dr hab. Witold Zabinski (1929-2007)
inicjator i diugoletni Prezes Polskiego Towarzystwa Mineralogicznego

Barbara KWIECINSKA?!

* AGH University of Science and Technology, al. Migk¢za 30, 30-059 Krakéw, Poland

W dniu 15 stycznia 2007 roku zmart Profesor dr Hatitold Zabiaski, emerytowany
pracownik naukowy Wydziatlu Geologii, Geofizyki i @ony Srodowiska Akademii
Goarniczo-Hutniczej w Krakowie. Nagte i niespodziewaodejcie Profesor&abinskiego
napetnito nas wszystkich ogromnym smutkieraliem. Polska mineralogia utracita jedn
ze swych wiodcych postaci, wybitnego uczonego, czionka Polskigkademii
Umiejetnosci, bylego Przewodniezego Komitetu Nauk Mineralogicznych Polskiej
Akademii Nauk, prezesa Polskiego Towarzystwa Milogjiaznego, redaktora periodyku
Mineralogia Polonicai cztonka Brytyjskiego Towarzystwa Mineralogiczioeg

Fig. 1. Prof. WitoldZabiaski i Prof. Tadeusz Wieser - nigacy Cztonkowie Honorowi
Polskiego Towarzystwa Mineralogicznego.

Fig. 1. Prof. WitoldZabiaski and Prof. Tadeusz Wieser — late Honarary Membérthe
Mineralogical Society of Poland.
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Witold Zabinski urodzit s¢ w Krakowie w dniu 17 lipca 1929 roku. W latach 794
1951 studiowat jednoczeie geologt i cheme na Wydziale Matematyczno-Przyrodniczym
w Uniwersytecie Jagielfsskim uzyskujc w 1951 r. stopie magistra filozofii w zakresie
geologii i paleontologii. W 1951r. padj pracc w charakterze asystenta w Katedrze
Mineralogii i Petrografii Akademii Gérniczo-Hutniegw Krakowie. W latach naginych
zajmowat stanowiska adiunkta (1959), docenta (19@Bpfesora nadzwyczajnego, po
uzyskaniu tytulu Profesora Nauk o Ziemi (1973) orazofesora zwyczajnego
(1981).W 1993 roku zostat cztonkiem korespondentmiskiej Akademii Umiegjtnosci.
ProfesorZabiaski przez 10 lat byt kierownikiem Zaktadu MinerailiogGeochemii ( 1982—
1992) a take przez kilka lat Dyrektorem Instytutu Geologii urBwcéw Mineralnych
(1982-1988) na Wydziale Geologii, Geofizyki i OchydSrodowiska AGH. Przyczynit si
rébwniez w znacznym stopniu do organizacji i rozwoju naukinemalogicznych
w Uniwersytecie Slaskim i Uniwersytecie Jagielfskim, gdzie piastowat funkcje
kierownika zaktadoéw: Mineralogii § (1975-1979) oraz Mineralogii i Petrografii UJ
(1998-2002).

Profesor Zabinski wraz z Profesorem Leszkiem Stochenspi Docentem Janem
Kubiszem byt inicjatorem i wspétorganizatorem Paglo Towarzystwa Mineralogicznego
(PTMin). Pomyst utworzenia oelbnego towarzystwa o charakterze czysto
mineralogicznym zrodzit gipo powrocie W Zabiaskiego z Wielkiej Brytanii w 1966 r.
W. Zabinski, przebywajc w Oxfordzie na stypendium British Council, zapaizrsi
z dziatalndcia Brytyjskiego Towarzystwa Mineralogicznego. Po powie do kraju, po
wielu trudndgciach natury formalnej, Polskie Towarzystwo Minegitzne uzyskato status
prawny. Pierwszym prezesem Towarzystwa zostat wybép. Profesor Andrzej Bolewski.
W Towarzystwie tym WZabinski piastowat funkej prezesa przez 14 lat (1980-1994). Na
walnym zgromadzeniu w listopadzie 1978 r. Towanzgspowierzyto mu zorganizowanie
Sekcji Fizyki Mineratow. Wkrotce WZabiaski zostat przedstawicielem PTMin w Komisji
Fizyki Mineraldw w International Mineralogical Assiation (IMA). Od momentu
utworzenia PTMin W Zabinski stat s¢ rzecznikiem konieczrigi powotania jego organu
.Mineralogia Polonica” wydawanego wzykach kongresowych i profilowanego na wzor
podobnych, ogélnie znanych wydawnictéwiatowych. Zostat naczelnym redaktorem
periodyku Mineralogia Polonica (1970-2004). Z czasopismem tym, przez cajeie
W. Zabinski byt niezwykle emocjonalnie zwdany i mana chyba dzisiaj powiedigze
byto to Jego oczko w gtowie. Analizigj dziatalnéé¢ redakcyjm profesoraZabinskiego
nalezy wspomnié, iz petnit on rowni¢ obowhnzki sekretarza naukowego Wydawnictwa
PAN ,Prace Geologiczne” (1960-1965),a od 1965 r18@0 r. wydawnictwa PAN ,Prace
Mineralogiczne”. Brat take czynny udziat w pracach zygianych z organizagjKomisji
Nauk Mineralogicznych Oddz. PAN w Krakowie.

Petny spis publikacji profesora Witolddabinskiego (213 pozycji) znajduje esi
w czasopimie Mineralogia Polonica(vol.38, No.1, 2007). W chronologicznymeaiu
Jego osigniecia haukowe przedstawig$ie nastpujaco:

W pierwszej swej pracy, wspoélnej z S. SiedleckirB53) W. Zabiaski opisat osady
ladowe okrélane przez wulkanologéw jako wulkanoklastyczne épliklastyczne. Z diym
zastrzeeniem przyyt nazwe — tufit melafirowy- opatryc ja znakiem cudzystowu.
W drugiej, wspolnej z S. Rutynskim, przypisuje pochodzenie ciemnego zabarwienia
wapieni jurajskich zjawiskom epigenetycznej pirgygj. Kolejne prace dotygzzagadnié
petrografii skat magmowych i osadowych okolic Krelo a take metod oznaczania
pierwiastkow sladowych w mineratach i skatach. Wspélnie z Z. Mikliem prowadzi
badania geochemiczne krakowskich melafirow i didlaz Zwraca uwag na niszy
koncentragj Cu, Ni, Cri V w tych skatach w stosunku do typ@hyefuzywow z rodziny
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gabr. Okolo 1955 r. WZabiaski skoncentrowal swe zainteresowania na mineralogi
i geochemii strefy utlenieniélasko-krakowskich ztd kruszcéw cynku i otowiu. Prébuje
rozwikta¢ kontrowersyjia genez tych zt&. Przy okazji wyjania rok kadmu w strefie
utlenienia tych zié.

Przedmiotem jego rozprawy doktorskiej bylo rozpouea skladu mineralnego
galmandw, zidentyfikowanie wielu nieznanych minévat a take przéledzenie migraciji
niektérych pierwiastkéwsladowych w réanych utworach strefy wietrzenia. Pea®
charakterze monograficznym ptlineralogiczna i geochemiczna charakterystyka gtref
utlenienia slgsko-krakowskich zi kruszcow cynku i otowiuobronit na Wydziale
Geologiczno-Poszukiwawczym AGH w 1959 r. Rozprasvdadta asumpt do dalszych prac,
wiazacych st z problemem galmandéw. Ukazalyesinastpne artykuty na temat
hypergenicznego hydrocynkitu czy ferrogalmanu. @gtanazve autor zaproponowat dla
krotkiego zdefiniowania galmandéw zawiey@ych minerat monheimit. W kolejnych
publikacjach autor pozostaje przy zagadnieniaclyadatych mineralogii zté kruszcow
cynku i otowiu, wyczerpujco opisujc epsomity i melanteryty z Olkusza oraz jarozyty,
wspdlnie z J. Kubiszem. WZabinski zaproponowat nogv nazwe dla dolomitu
zawierajcego wglan cynku w postaci soli podwoéjnej a mianowic@olomit cynkowy.

Po uzyskaniu stopnia naukowego doktora Witd@lbinski, w poszukiwaniu tematu
pracy habilitacyjnej, zainteresowat ¢sikrzemianowymi mineratami grupy granatu
i wezuwianu. SzczegOtowo opisal granaty spessavgraimandynowe wyspujace
w pegmatytach w okolicySwidnicy oraz grossulary i wezuwiany ze skat wapi@nn
krzemianowych z okolic Kletna. Szczegdluwag poswiecit grupie hydrogranatow,
opublikowat monograficzn prag pt. Studium mineratébw grupy hydrogranatéwa
podstawie ktérej habilitowat si na Wydziale Geologiczno-Poszukiwawczym AGH
w 1965 r. Wyniki tych bada spotkaly st z zywym oddwiekiem w zagranicznych
osrodkach naukowych i wielokrotnie byly cytowane wefaturzeswiatowej. Interesujce
okazato s} stwierdzenie,4 wiele hydrogranatow przedstawia system dwufaza@hgzony
z hydrogrossularu i wezuwianu. Powstanie jego atitonaczyt zjawiskami odmieszania w
czasie rozpadu hydrogrossularu. Poéltestnienie rozproszonej fazy wezuwianowej. Ta
grupa mineratow- zwlaszcza wnikliwe zbadanie ichruldury krystalograficznej
fascynowata ProfesorZabinskiego przez wiele lat, czego dowodemliszne publikacje
i referaty wyglaszane na sympozjach i kongresaakkamaych. W 1966 r. opublikowat
w radzieckim czasofmie naukowym artykut dyskusyjny, w ktérym dowiode opisany
przez Bliskowskiego hydrogranat z Jakucji jest eczywist@ci wezuwianem. Artykut ten
spotkat st z aprobat mineralogéw radzieckich.

Wsrdd artykutdw i przyczynkdéw naukowych o tematycerighnej znajdujemy artykut
kompilacyjny o mineratach pomagmowych granitoweggsywu strzegomskiego, wspéin
notatle z K. Birkenmajerem dladach miedzi w pienskim pasie skatkowym, komunikat
0 wystpowaniu sepiolitu i saponitu w melafirach Rudnalwérnii, artykut o niektorych
problemach mineralogicznej analizy fazowej i inZeartykutdbw popularno-naukowych
nalezaloby wymiené: Sole kwasOw organicznych swiecie mineratdworaz Wgwozy
skamieniatych drzew

Zagadnienia zwzane z nowoczegnmetodyk bada mineratow i skat (zwlaszcza
spektrofotometria absorpcyjna w podczerwieni, magrmy rezonans aglrowy,
spektroskopia moesbauerowska, absorpcyjna spekpisloptyczna) staty sikolejnym
obiektem zainteresowania WitoldZabinskiego, co znalazio swoéj wyraz nie tylko
w artykutach naukowych pSpektrofotometria absorpcyjna w podczerwieni jaletana
mineralogicznej analizy fazoweji Zastosowanie spektrofotometrii absorpcyjnej
w podczerwieni do badania sktadu mineralnego bdigyecz rownie w ksizce pt.
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Metody bada mineratéw i skat(Wyd. Geol. Warszawa 1979,1988). Prdfabiaski
opracowat take oryginalne skrypty déwiczen z mineralogii (wspdlnie z J. Kubiszem)
oraz podecznik Mineralogia ogélna (wspélnie z A. BolewskimJi Kubiszem), ktére
doczekalty si kilku wydan.

W latach 70-tych corazywsza stawata siwspoOtpraca W.Zabinskiego z réanymi
instytutami Polskiej Akademii Nauk i przemystu. Wcgeg6Inéci wspotpracowat on
z Zakltadem Podstaw Metalurgii PAN, czego rezultateyio wspotautorstwo 14 prac
i komunikatéw naukowych dotygzych spiekéw boksytowych, potproduktéw metalurgii
cynku itp. Od 1975 r. pogl wspotprag z Zaktadem Katalizy i Fizykochemii Powierzchni
PAN jako kierownik i wspohealizator tematu emowego ,Utylizacja sorbentow
naturalnych”. Badania te zmierzaty do ujawnienia &zczegdllnych wiaiwosci , do
optymalnego wykorzystania niektérych krajowych smtdw ilastych, przy czym miaty
zarazem charakter badaodstawowych. Uwiczeniem tych badastata s niewatpliwie
publikacja ksizkowa pt. Sorbenty mineralne Polskipod redake Z. Kiapyty
i W. Zabinskiego, ktora ukazata esiw 2008 r. , a w ktorej WZabinski jest autorem
rozdzialtbw o itach montmorillonitowych z rejonéw Bteowa i Chmielnika, oraz
wspotautorem rozdziatoy poznaiskiei Ziemia krzemionkowa

ProfesorZabiaski byt wyrazicielem pogldu, ze bezécistej wspotpracy z nowoczesn
fizyka i chemi ciala stalego mineralogia nie jest w stanie auaél za swiatowym
poziomem i wspotczesnymi tendencjami jej rozwojiadSm.in. datui sig¢ jego sciste
kontakty z fizykami i chemikami pracigymi w r&nych agrodkach naukowych w kraju
i za grania .S to autorzy wspdlnych publikacji: K. Bruckman, Kyi@k, M. Handke,
A. Jashski, J. Kraczka, J. Nedoma, C. Paluszkiewicz, AR\atonov, W. Riesenkampf,
E.J. Whittaker, J. Zusman, Myta. W. Zabinski przebywat na krétkich stach naukowych
W nastpujacych miastach: Budapeszt,1959; Frieberg,1961; lggath1961; Oxford, 1966;
Praga,1968; Nowosybirsk, 1978; Clauthal,1980; Megii®83; Orlean,1986; Salzburg,
1989; Piza,1994; Toronto,1998.

Profesor WitoldZabinski prowadzit pocatkowo ¢wiczenia a péniej wyktady z zakresu
nauk mineralogicznych na xdych wydziatach Akademii Gorniczo-Hutniczej.
Wypromowat 14 doktoréw i 22 magistrow na Wydzialed®gii, Geofizyki i Ochrony
Srodowiska Akademii Gérniczo-Hutniczej.

W 1968 r. W. Zabinski zostat powotany na kierownika i organizatoraud®im
Podyplomowego z zakresu mineralogii i petrografirasvcéw mineralnych AGH. Na
studium tym prowadzit specjalistyczne wyktady. Widitm uczestniczyto liczne grono
przedstawicieli z wielu @odkéw naukowych i przemystowych Polski.

W 1975 r. przyjt propozycg prowadzenia wyktadéw z mineralogii i krystalochema
nowoutworzonym Wydziale Nauk o Ziemi Uniwersytetiaskiego w Sosnowcu,
obejmupc jednoczénie kierownictwo Zakladu Mineralogii § Réwnoczénie Instytut
Chemii Uniwersytetu Jagielfskiego zwrocit si do profesoraZabinskiego z préba
o prowadzenie wykladu ,Geochemia z mineraddgdla studentow chemii. W latach
pézniejszych (1998-2002) zostat kierownikiem Zaktadindfalogii i Petrografii UJ.

Za wszechstronn i wieloletnia dziatalngé naukows i dydaktyczm W. Zabinski
otrzymat wiele nagréd, medali i odznaazgrzyznawanych przez Ugdy Miast: Krakowa
i Katowic , Rektora Akademii Gérniczo-Hutniczej, htra Szkolnictwa Wszego i od
Rady Pastwa. Zaszczytne wygdienia RP otrzymat w 1973 r. - KrzyKawalerski Orderu
Odrodzenia Polski i w 2000 r. - KrzyKomandorski Orderu Odrodzenia Polski.

Na pytanie jakim byt profesor Witol@abinski przytocz stowa napisane przep.
Profesora Tadeusza Wiesera w recenzji opracowatejwdadz Wydzialu GGi®
wr.1969.Cytug: ,Jest to wybitny specjalista, efmie i umiegtnie dziehcy sk swym
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bogatym déwiadczeniem. Znamionuje go beZpednig¢, systematyczn@, prostota
w obcowaniu, skromrig i wybitne poczucie koleenskasci i wspétodpowiedzialnici za
prac zespotu. O wszechstroniod zainteresowa i energiiswiadcz nie tylko osagniecia
badawcze ale i aktywny udzial w pracach redaktolskoraz z pasj prowadzona,
wieloletnia dziatalné dydaktyczna.”

Pozwok sobie jeszcze przytocggtowa Pana Dziekana Wydziatu GGiCProf. dr hab.
inz. Jacka Matyszkiewicza wypowiedziane przy@gnaniu Profesordabinskiego w dniu
Jego pogrzebu 23 stycznia 2007 r. Oto one: ,Byiybitny uczony a przy tym Cztowiek
skromny, peten dobroci, ktory nigdy nie zapomingd, wysoki poziom przekazywanej
wiedzy jest réwnie way, jak czynienie tego z nieskazitelnwyniesior z domu
rodzinnego kultur. | wkasnie wspomnienie tej kultury, jednakowej wobec wskigh, tej
samej i takiej samej w kontaktach z rektorami, klamami, jak i studentami pierwszego
roku sprawia,ze nagte odégie Profesora napetnia nas wszystkich ogromnym lsemt
i zalem. Z jego odégiem tracimy pewien wzorzec osobowy. Przy ogronsi@pmndgci
i petnej szacunku postawie, kidProfesorZabinski okazywat wobec swoich rozmowcow,
klimat i poziom kadej rozmowy byty po prostu uniwersyteckie, bo wpnaie sposéb byto
zachowa si¢ inaczej w obecriei Pana Profesora. Profestabinski nie aspirowat do bycia
postacy medialr.”

Na zakaczenie dodam od siebige Profesor WitoldZabinski byt dla nas niedaigtym
wzorem whnikliwego i rzetelnego badacza, byt wybithyuczonym, postagi wiodaca
w polskiej mineralogii, byt znakomitym nauczycielerakademickim, wspaniatym
Czlowiekiem.
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Professor dr hab. Witold ~ Zabifski (1929 — 2007):
a founding fellow and former President of
the Mineralogical Society of Poland

Professor dr hab. Witoldabiaski, professor emeritus of the Faculty of Geology,
Geophysics and Environment Protection of the AGHvEsity of Science and Technology
in Krakéw, deceased on January"18007. His sudden and unexpected death has filed
with deep sadness and sorrow. Polish mineralogyldstsone of its leading figures, an
outstanding scientist, a fellow of the Polish Aaageof Arts and Sciences, a former
President of the Committee on Mineralogical Scisnaethe Polish Academy of Sciences,
a former President of the Mineralogical SocietyPofand (MSP), an editor dfineralogia
Polonica and a member of the Mineralogical Society of GBy#ain.

Witold Zabiaski was born in Krakéw on July 17 1929. In 1947-1951 he studied,
contemporaneously, geology and chemistry on thellaof Mathematics and Science of
the Jagiellonian University and graduated in 19%h the degree of Master of Philosophy,
in the scope of geology and palaeontology. In thmes year he was employed as an
assistant in the Department of Mineralogy and Retqghy of the AGH Academy of
Mining and Metallurgy in Krakéw. In the followingears, he got a position of adjunct
(1959), docent (1965), associated professor (afteeiving his Professorship in Earth
Sciences in 1973) and, finally, full professor (1R8In 1993 he became a member-
correspondent of the Polish Academy of Arts anceiSms. For ten years (1982-1992),
Witold Zabinski was the head of the Department of Mineralogy @eochemistry, and also
for several years (1982-1988), the director of Itigtitute of Geology and Mineral Raw
Materials at the Faculty of Geology, Geophysics Bndironment Protection of the AGH.
He has also contributed a lot to the organizatiwh @evelopment of mineralogical sciences
at the University of Silesia and the Jagielloniamvérsity, taking the position of the head
of the Department of Mineralogy at the US (1975-9)9@nd of the Department of
Mineralogy and Petrography at the JU (1998-2002).

Professor WitoldZabinski, together with Professor Leszek Stoch and Baieent Jan
Kubisz, were the initiators and co-organizers & kineralogical Society of Poland. The
idea of the formation of the MSP as a separateegoevas born after Witoldabinski's
return from his British Council scholarship in Osdoin 1966, where he got acquainted
with the activities of the Mineralogical Society Gfeat Britain. After his return to Poland,
and after overcoming a range of formal obstacles, MSP was formed on April 17,
1969. The first President of the MSP was Profedsuirzej Bolewski. WitoldZabinski
was his follower, and he kept the position of thesitlent of the MSP for the next 14 years
(1980-1994). In 1978 the General Assembly of thePMigsignated him to organize a
Group of Physics of Minerals, and soon afterwardsoMV Zabinski was elected as the
MSP representative to the Commission on PhysicsMaferals of the International
Mineralogical Association (IMA). Soon after the feation of the MSP, Witol&abiaski
strongly opted for the creation of the society j@irMineralogia Polonica edited in
English and in an editorial form correspondingdoagnized international journals. He was
appointed as the editor dineralogia Polonicaand kept this position for the long period
of 1970-2004Mineralogia Polonicawas his “beloved child” and he was very emotionall
involved in the editorial works for the journal.

Reviewing the editorial activities of Professor @it Zabiaski, one should also mention
that he was the scientific secretaryRyhice Geologicz€Geological Papers 1960-1965,
andPrace MineralogicznéMineralogical Papery 1965-1970, both journals edited by the
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Polish Academy of Sciences (PAS). He was also iredlin organizing the Krakéw
Branch of the Commission on Mineral Sciences oRAS.

Professor Witold&Zabiaski’'s achievements in the field of mineralogy ar@iessive and
the list of his publications contains 213 items.eTbhomplete list can be found in
Mineralogia Polonicavol. 38/1, 2007. Here, we present only a shorvieblogical review
of ProfessoZabinski’s most significant achievements.

The early research interests of Witdldbinski dealt with selected problems of the
mineralogy and geochemistry of sedimentary andarotcrocks of the Krakow region. His
PhD thesis on weathering processes in the zinc-teaddeposits of the Silesia—Krakow
area was defended in 1959, and was followed by rabeu of publications describing
interesting mineral parageneses, with galmans, earibg carbonates, monheimite,
hydrozincite, epsomite, melanterite, jarosite etc.

The next research projects were carried on theeggmand vesuvianite group minerals,
mostly from pegmatites ne&widnica and calc-silicate rocks from Kletno in tfeieznik
Massif in Lower Silesia. The results of these stadivere summarized in a monograph
Hydrogarnetspresented as his habilitation thesis and deferadetie AGH in 1965. He
discovered that many hydrogarnets are in fact thasp systems composed of
hydrogrossularite and vesuvianite and this findivess widely recognized in international
literature.

Further scientific interests of Profesgfabinski concentrated around novel instrumental
techniques in mineralogy and petrology, in paricdR, EPR, NMR, as well as optical-
absorption, Mdssbauer and Raman spectroscopieslicafigns of these methods are
exemplified in a number of his mineralogical casedies, and described in the well-known
Polish handbookMethods of investigation of minerals and rocké/ydawnictwa
Geologiczne, Warszawa, 1979, 1988). Profegsduinski published also original academic
manuals for practicals in mineralogy and the b#&itish handbookGeneral mineralogy
(co-authored by A. Bolewski and J. Kubisz), théglahaving several editions.

Professor WitoldZabiaski used to say that modern mineralogy must hatmaate links
with modern physics and chemistry. He co-operatidsety with many well-known
physicists and chemists and he applied physical @rmmical methods in his studies.
During his academic career, he visited many unitressabroad, e.g.: Budapest, Freiberg,
Leningrad, Oxford, Prague, Novosibirsk, Marburgle@n, Salzburg, Pisa, Toronto. He
also collaborated with industry- and mining-orightastitutions and companies dealing
with practical issues, such as boxites, zinc arasjral sorbents etc.

For many years Professor Witolhbinski was a leading lecturer in mineralogical
sciences at several faculties of the AGH in Krak@wd for shorter periods also at the
University of Silesia in Sosnowiec, and at the dtgmian University in Krakéw. In 1968
he was appointed as the organizer and directdneoPbst-Diploma Studies in Mineralogy
and Petrology at the AGH. These courses were higddggnized and attended by a great
number of mineralogists from several universitiegl andustrial companies in Poland.
ProfessoZabinski supervised 22 MSc and 14 PhD theses.

For his scientific and didactic achievements, Pssde WitoldZabinski received many
prizes and decorations, e.g. from the Rector of Al&H, from the Minister of High
Education, and many other honorary medals, inctudire prestigious Cavalier Cross and
the Commander Cross of the Polonia Restituta Order.

What kind of person was Professor Witdlabinski ? Part of the answer could be found
in a fragment of Professor Tadeusz Wieser’s refardetter to the Council of the Faculty
of Geology, Geophysics and Environment Protectia@69): “He is an outstanding
specialist, always willingly sharing with othersshgreat expertise. He is systematic,
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straightforward and natural in his relationshipshwathers, very friendly and responsible
for his team”. In a similar way sound the wordsRybfessor Jacek Matyszkiewicz, the
Dean of the Faculty, at the mourning ceremony: “vibes an outstanding scientist and, at
the same time, a modest and very good person, whkerrforgot that the high level of
knowledge being offered to the students is as itapbas doing that with impeccable high
culture brought away from your home. And just rerhenng this culture, equal for all, the
same in contacts with rectors deans, and with itlsedourse students, is the reason why
the lost of Professor fills us with great sorrovd ateep mourning. We loose a standard of
great personality.”

And, finally, my personal reflection: Professor Wit Zabinski was for many of us an
inimitable example of a very exact and honest mebes, an outstanding scientist, and
aleading figure in Polish mineralogy; He was arcedlent academic teacher and
a wonderful Man.
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Valuing geodiversity and its importance for abiotic nature
conservation in the Holy Cross Mountains, Poland
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Introduction

Geodiversity is & natural diversification of Earth's surface incind geologic,
geomorphologic, soil, and surface water featuresd asystems formed by natural
(endogenic and/or exogenic) processes, in placés avdifferent anthropogenic imprint
(Koztowski et al., 2004a). Even a cursory glance ajeologic map of Poland gives the
impression of a very high geodiversity of the Hdlyoss Mountains Swictokrzyskie
Mountains). This region is known as a Mecca forlggists. Nowhere else in Poland one
can observe sedimentary rocks so diversified iir thggin, mineral composition and age
spanning most of the Paleozoic, Mesozoic and Caaoaacording to Wroblewski (2000),
about 40% of all geologic reserves in Poland acatkd in this relatively small area of
about 120 x 70 km The Holy Cross Mountains have also the oldesfittca of mining,
which started with flint (chert) extraction in tRealeolithic and Neolithic periods. The main
mining center of that time, one of the biggest iardpe, was located in Krzemionki
Opatowskie in the northeastern part of the HolysSrdountains. In the Roman times
covering the period from the"2century BC to the & century AD, the Holy Cross
Mountains were one of the largest iron mining amel&ing regions in Europe and then in
the 16" through 18 centuries in Poland (Old Polish Industrial Cent&ince the early
Medieval times until the 7 century lead and copper ores, as well as a vawéty
decorative stones (e.g. rose-like calcite and “Zygrdwka” conglomerates) were also
mined here. The unique geologic features of the/iwbss Mountains give an opportunity
to study the values of their geodiversity and ingpas obligation to conserve it.

According to Gray (2004, 2005), the values of geediity may be divided into six
groups: (i) intrinsic or existence; (ii) culturdlii) aesthetic; (iv) economic; (v) functional;
(vi) scientific. In this article we apply Gray'sadsification in valuing geodiversity of the
Holy Cross Mountains. We also aim at establishimpdrtance of such classification in
managing abiotic nature conservation in the HolgsSrMountains.

Intrinsic value of geodiversity

Intrinsic (existence) values refer to non-utilitari features of abiotic nature (Gray,
2004). This category has a lot in common with aaltyalue of geodiversity and it is very
hard to objectively evaluate. Geodiversity in @groach may be considered as a source of
intellectual inspiration, a stimulation of an irgst in geosciences or a base for answering
philosophical questions, such as these about tiggncand evolution of life, relation of
human to nature etc.
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Abiotic nature of the Holy Cross Mountains has eagrintrinsic value. Even a short
Sunday walk taken in one of the four geologic reserin Kielce, the capital city of the
region, arouses imagination and stimulates studwihgarth’'s history recorded in rock
formations. Observation of the worldwide famous raweed fold in the $lichowice
Reserve” (Fig. 1A) or the fossil coral reef in ttkadzielnia Reserve” (Wréblewski, 2000)
may be very important for taking an active inteiagijeology.

Another example for intrinsic value of geodiversitythe Holy Cross Mountains is the
link between geology and religion. This relation kiased on spiritual value of some
geologic features. One of such objects is the dast@ne circle at Mt. Holy Cross (595 m
a.s.l.). In the best preserved part it is aboutr?léng, 10 m wide and 2.5 m high. It was
built in the & and §' centuries and it is recognized as a place of vipreipped with a
pagan temple. Both geology and religion meet agmthe Saint Rosalie Chapel which was
built within the outcrop of large fissured sandstdiocks of Triassic age at the top of Mt.
Perzowa (Fig. 1B). The consecutive example of wativalue of geodiversity is a 1.5 m
high sculpture of Saint Barbara, the patron sadimhioers and geologists, carved in a lump
of galena (PbS) that was mined in the Karczéwkaikiithe early 17 century (Fig. 1C).

The legends and myths of the region have often befemred to geologic phenomena
that were hard to understand by uneducated inhwbitsf the Holy Cross Mountains. One
of the examples is the legend of the origin of “DevStone” quoted by Stankiewicz
(2002). This is a nature landmark that encompaaséambrian quartzitic sandstone cliff
located at the top of Mt. Klonéwka (473 m a.sAgcording to the legend, it was created
by the devil, which was flying with a large stormkén from hell as a gift for a witch. As
soon as the devil heard a church bell, he droppedrack and it stuck in the ground
forming a cliff (Fig. 1D). Many cliff groups or cag bear the name “hell”. The most
spectacular are Lower Jurassic sandstone cliffsedafPiekio Nieklaskie” (“Niektan
Hell”) located in the northern part of the regidfig. 2A). Another legend explains the
origin of vast rock fields on the northern slopédvit. Holy Cross as ruins of an ancient
castle (Fig. 2B). These examples may seem veryeratiirst sight, but they demonstrate
that even uneducated people ask questions abowfetiiegic processes they observe and
experience. Geodiversity of the Holy Cross Mourgaimay act as an intellectual
stimulation, which is certainly of intrinsic value.

Cultural value of geodiversity

These and other similar legends and myths explgitiie origin of rock formations or
landforms in the Holy Cross Mountains originatenirdolklore, which represents in this
respect a cultural value of geodiversity (Gray, 20@nother example of such value is the
link between geology and archaeology (Gray, 2005 most important archaeological
mining site in this region is the Krzemionki flimine (Fig. 2C). This mine is now an
archaeological reserve and efforts are made ta éntsn the UNESCO World Heritage
List. The striped flint (chert) was extracted thén@m about 3900 to 1600 BC, but the use
of this important mineral raw material dates prdpdiack to the Mesolithic period @Bel,
2003). The “Paradise” cave located southwest oflckies famous for its beautiful
dripstones and flowstones. After the cave was dis@d in 1964, some stone tools used by
Homo (sapiens) neandertalensied bones of a cave bear, a mammoth and a woioly rh
were found.

The cultural value of geodiversity is also manielsby cultivating an ancient tradition
of iron smelting from local iron ore deposits. Bvéugust an open-air festival of ancient
iron smelting is organized in Nowa Stupia — a smailn situated at the foot of the Mt.
Holy Cross. In addition, the guests of the “Jodtdwyo6r” hotel (near the southern entrance
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to Swigtokrzyski National Park) may request a private dest@tion of this event. The
local hematite ore was smelted in charcoal fugtiedhitive furnaces of about 1.2 m high
made of clay.

Fig. 1 A) Overturned fold composed of Frasnian hiedie ‘Slichowice Reserve” (western
part of Kielce); B) Saint Rosalie Chapel insideaBsic sandstone blocks (Mt. Perzowa);
C) Sculpture of Saint Barbara carved in a lump alega (cloister at Karczéwka Hill,
southwestern part of Kielce); D) “Devil’'s Stone” deof Cambrian quartzitic sandstones at
Mt. Klonéwka

Geodiversity may sometimes be an inspiration fdéista; for example giving rise to a
new trend in photography, the so-called “Holy Crivksuntains school of landscape” in the
20" century. Geomorphology and geology of this regi@me also present in literary works
of many famous Polish writers and poets, for exam@tefan Zeromski, Witold
Gombrowicz, Adolf Dygasiski (Gralak, 1997).

The last example of cultural value of geovivergitghe Holy Cross Mountains may be
a unigue amphitheater built in an abandoned linmestguarry which is now a geologic
reserve “Kadzielnia”. Numerous cultural events,sas festivals, concerts, shows and
performances are organized there in the summertime.
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Fig. 2 A) LowerJurassic sandstone cliffs named “Piekto Niégkkae” (“Niektan Hell”);
B) Quartzite rock field on the northern slope of. Mbly Cross; C) Krzemionki flint mine
dating back to the Mesolithic period; D) Saimtfcis spring irswieta Katarzyna

Aesthetic value of geodiversity

Aestethic value of abiotic nature is reflected @mious landscapes and landforms, which
make up specific environment for relaxation andtemmplation of the forces of nature. It is
hard to objectively assess the aesthetic value plaee due to the subjectivity of such
judgement, but there are some signs that may kerded as its indicators. In relation to
geodiversity, such an indicator is geotourism. Gensm is an active way of spending free
time combined with learning by visiting places kkto geologic formations or history,
such as geological museums and exhibitions, camesjmate nature reserves, outcrops
with fossil beds and minerals etc. In the defimtiof geotourism proposed by Newsome
and Dowling, an emphasis is laid on appreciatimgpttocesses that are forming and formed
geologic and geomorphologic features (Newsome, Dowl2006). These authors also
presented the hierarchy of features of potentiat@eism interest: landscape > landforms
> rock outcrops > rock types > sediments > soitsystals. All these features can be found
in the Holy Cross Mountains. This region also offér visitors many opportunities to do
geological museums or exhibitions. The biggestawegi geologic museum with a large
mineral and rock collection is located in the bimitd of the Polish Geological Institute in
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Kielce. The National Museum has also an exhibiti@dicated to geology. Occasionally,
special geologic exhibitions are also organizedthiig museum, for example the one
regarding Jurassic and Cretaceous flints. For thdse are interested in local minerals,
several private galleries and small exhibitionsoitel museums are available, for example
in Swigta Katarzyna, C¢tiny, Pihczéw and Miedzianka. In Nowa Stupia there is a raose
of ancient mining and smelting. One of the mainaations for children is the Jurassic park
in Baltéw with an open-air exhibition of dinosaumdels. This museum also organizes
some activities, including geologic and art workshidor children or panning gold. These
and other geologic attractions of the Holy Crossultains promote tourism and have a
great educational value.

Aesthetic value of geodiversity is also manifestecbugh inspiration for artists. As
mentioned above, landscapes and landforms or evafies-scale objects, such as Saint
Francis spring irSwieta Katarzyna (Fig. 2D), were an inspiration foriBtolphotographers,
writers and poets. In the last decade a stripetl likcame a very popular decorative stone.
Artistic flint silver jewelry is manufactured in 8domierz, where the most precious
collections are exhibited in the regional museum.

Economic value of geodiversity

From the point of view of nature conservation, ttasegory of geodiversity value may
be controversial. In the Holy Cross Mountains thisra well prospering mining industry
quarrying mostly for limestones, dolomites and samkes. Mining is usually seen as a
destructive activity having a negative impact oe #nvironment, but there are many
examples of nature reserves or other forms of gwaten which were created in
abandoned quarries. For example: thanks to limesextraction in the western part of
Kielce a unique and worldwide famous overturned fahs exposed and it is now one of
the most valuable features of geodiversity in tr@yHCross Mountains (Fig. 1A). Thus
mining, especially sustainable mining, should net tbeated only as a threat to the
environment, but also as an important human agtagsuring high prosperity for modern
society and sometimes as a factor influencing geusity (Koztowski at al., 2004b).

Functional value of geodiversity

Functional values of geodiversity encompass alltarian features of abiotic nature.
These values include: rocks beds that serve dtenffir permeating precipitation waters,
rock formations that hold the water in subsurfageifars, soils for their role in agriculture,
forestry, soil and rock minerals as a source ofromatrients for plants, animals and
humans (Gray, 2005). Gray (2004) stresses an impioftinction of abiotic nature for
providing habitats, creating and nurturing biodsisr. According to Koztowski (2004),
geodiversity in the geological past of the Eartbagiy influenced its biodiversity. Different
authors introduced quantitative methods for evalgatthe relationship between
biodiversity and geodiversity (e.g. Burnett et d1998; J&kova, Romportl, 2008). The
biodiversity of the Holy Cross Mountains is high n@zejewski, Weigle, 2003). A
diversity of habitats, e.g. typical for high mounsg such as Carpathian beechwood —
Dentario glandulosae-Fagetunpeatbogs or xerothermic meadows occurs here in a
relatively small area. The Holy Cross Mountains tamous for the largest reserve of
endemic Polish larch (Mt. Chetmowa) or tree fornfsyew (Ciséw). At the top of
tysogoéry range an endemic forest community occutee—Holy Cross fir forest. There are
plans of including about 40% of the area of the yH@ross Mountains province to
NATURA 2000 Ecological Network. Although no effort$ evaluation of the geodiversity
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influence on biological diversity in the Holy Crob%ountains region have been made so
far, it is obvious that these two features of theimnment overlap each other.

Scientific value of geodiversity

Geodiversity of a given region also provides opyaittes for research and education.
The unique geology of the Holy Cross Mountains fassinated many scientists. Among
them, the most known Polish geologists: Stanistatasfc, Jan Czarnocki, Jan
Samsonowicz and Walery Goetel. Different aspectsgeblogy: structural geology,
sedimentology, tectonics, paleontology, hydrogeplage geology, geochemistry etc. have
been studied in this region. The scientific institns that conduct geologic studies in the
Holy Cross Mountains are located in Kielce (Jan Wawwski University, Holy Cross
Mountains Branch of the Polish Geological Institufgeological Enterprise), but many
geoscientists from Poland and other countries pigBish scientific articles regarding this
area. These studies provide a wide understanditigegprocesses that shape the Earth, the
knowledge about geologic history of the planet thas implications for the special
educational value of the Holy Cross Mountains area.

High geodiversity of the region is invaluable faaihing and educating the public,
school and university students, as well as profess$igeoscientists (Gray, 2004). Every
year geology students from Warsaw, Sosnowiec anblinicome to the Holy Cross
Mountains to take part in field courses in cartpgng general geology, sedimentology etc.
This region is often a destiny of school childrewwgsions. For the purpose of education of
non-geologists a few geologic guidebooks and leafiave been published (e.g. Kiatki,
1968; Stupnicka, StempieSalek, 2001; e¢Hrychowski, 2008). The Center for
Geoeducation was established in the City Hall aflé@ in 2003. One form of its activities
is “Club of Geology Fans” — an informal organizatithat gathers young people interested
in geosciences. Students and adults (both geafogisti non-geologists) can become a
member of “Holy Cross Mountains Association of Gagital Sciences’ Friendships”,
which is a non-profit organization. Twice a yeaisthssociation organizes mineralogical
shows during which many interesting collectionsra¢ks, minerals and fossils from all
over the world can be admired. Geoeducation hang &nd vivid tradition derived from
great geodiversity of this region supported bystience and education.

Abiotic nature conservation

Nature conservation is necessary for preservingntbst valuable biotic and abiotic
elements of the environment. Many geoscientistancldnat the idea of abiotic nature
conservation (geoconservation after Gray, 2008byfien oversimplified, especially in
relation to conservation of biological resourcesg( Gray, 2008a, 2008b). People usually
think that the wildlife is worth protection becauskits fragility and do not see the real
threats to geodiversity. Geologic processes the¢ fiarmed landscapes are so slow in the
perspective of human'’s life that destroying a ggmldeature is usually irreversible. From
this point of view, it seems that geoconservatioreven more important than biological
conservation. Besides, there are many ways of thigeaand passive ways of wildlife
conservation, for example nurturing endangeredispdn zoos, reintroduction of locally
extinct species, preserving seeds or genes in DB@kd etc. In case of abiotic nature
conservation, a constant management of geodiveesityients is needed. Gray (2008b)
gives some details about the methods of geocortsmmvenanagement, such as: secrecy,
signage, physical barriers, reburial, excavatiomiton, permitting/licensing, supervision,
benevolent ownership, legislation, policy, site agement and education. Among all the
methods mentioned, legislation plays the most ingmbirole in geoconservation in Poland.
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Different forms of conservation are created on hizese of “Nature Conservation Act”
(2004). This document distinguishes the followirangervation forms: areal, individual
and species. These forms can be divided into: matiparks, nature reserves, landscape
parks, areas of protected landscapes, NATURA 2006:¢ted areas, nature monuments,
documentary sites, areas of ecological use, ndmdscape associations and species
conservation. Documentary sites are the forms otgeservation only. All these forms
occur in the Holy Cross Mountains, many of them evestablished to protect geologic
features. The first geologic reserve in PolandSlichowice” was established in Kielce in
1952 and the first geologic landscape park in Rbf&heciny-Kielce Landscape Park” was
created in 1996 in the southern part of the HolysSr Mountains. Of the other
geoconservation forms: 25 geologic reserves, l2dhimate nature monuments, 12
documentary sites are located in the region disthsSome protected areas which have
been established for protection of wildlife mayoalepresent a high geodiversity. The
examples of such forms in the Holy Cross Mountaires “Karczéwka Landscape Reserve”
with traces of historical galena mining siteSwictokrzyski National Park” with famous
quartzitic sandstone rock fields at the top of Mbly Cross, and “Milechowy Forest
Reserve” with diverse forms of karstification inrdssic limestones, including 17 m long
cave.

Although many efforts are made to conserve a vagly geodiversity of the Holy Cross
Mountains, some more actions are needed for arbeidmagement of geoconservation
forms. More attention should also be paid to pojzdéion of geotourism, geoeducation
and arousing general public interests in Earthridgs. As Murray Gray stated (2004hé
greatest threat to geodiversity is ignorahcthis remarkable insight is a message to all
geologists who are responsible for promotion ofitlea of geodiversity to the public. The
most important issue of abiotic nature conservaioto show that geodiversity is a value
from which we can all benefit and thus it needscederotection.

Conclusion

The geology influences great geodiversity of thelyHGross Mountains, which is
manifested in different ways from humanistic, aalbgical, artistic and scientific points of
view. The values of geodiversity in this region sldo be taken into account when
establishing guidelines for the best managememeotonservation forms. Six categories
of geodiversity values proposed by Gray (2004, 2G0% represented in the Holy Cross
Mountains. In our opinion, the most important f@ogonservation in this region are the
following values: cultural, aesthetic (in relatitngeotourism) and scientific.

The main conclusion of this article is that geodsity conservation in the Holy Cross
Mountains should be focused on three aspects:ef)ogical heritage conservation, (ii)
popularization of geological knowledge and (iiipprotion of geotourism.
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Tracking turbidity currents downslope
- new models for the distal run-out of sediment gravity flows

Peter HAUGHTON!
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Turbidity currents dominate the supply of sedim@nimany deep-water basins. Slides
and slumps on the continental slope can be remduid® debris flows which then
transform into turbidity currents. The latter mdgoaform directly from hyperpcynal river
effluent or as a result of storm stirring. Turlyydéurrents both erode and deposit and are
responsible for much of the morphology of the dseg floor, including canyons, deep sea
fans and slope channel systems. Conventional mddekhe run-out of turbidity currents
envisage progressive dilution due to a combinatibiselective sediment deposition and
turbulent mixing with the ambient water. Concetgdaor high-density turbidity currents
that leave thick stuctureless or dewatered sanelswadely thought to evolve into low-
density flows that deposit fine grained, thin-bedidparallel- and ripple-laminated sands
distally.

Better knowledge of the distal parts of many degpew fan systems show that the
reality is quite different. The distal (and lat@r@aches of these systems are dominated by
relatively thick event beds that have a distinctsteucture involving: a basal clean
sandstone (H1), a ‘banded’ division of clean andeway-rich sandstone (H2), a clay-rich
sandstone (H3), often with mud clasts and carbanacanatter, and a relatively thin
capping laminated sand (H4) fining into a graddt $b claystone cap (H5). The bed
structure is thought to reflect the passage ohgitadinally fractioned ‘hybrid’ flow with a
turbulent front followed by a turbulence-suppressedransitional section (producing the
banding) and then a ‘linked’ debris flow. The etvisncompleted by a relatively dilute tail
(a low-density turbidity current). The widespreacturrence of beds of this type implies
common down-dip transformation and partitioningtorfbidity currents into flows with
cohesive behaviour, and a role for debris flowbdgllinked) in the outermost parts of even
large fan systems. The incorporation of mud claktsy segregation in near-bed layers and
their disintegration to generate dispersed clay¢ha dampen turbulence are inferred to be
key steps in the generation of many distal hydod/fdeposits.

The recognition of hybrid event beds is importaot better understanding (1) the
concept of proximality in turbidite successions) (Be geometry and connectivity of
sandstones in outer fan settings, (3) reservoitityuia ultra-deep exploration plays on
continental margins, (4) the ultimate repository fouch of the particulate carbon that
leaves the continental shelf and (5) the ‘greywapkeadox.
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Mineralogy and petrology in the service of society:
challenges for the 21 century
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The last two decades of the™2@entury, and the first years of the*2have brought the
realisation that:

a) the leading problems of mankind in the field te€hnology, e.g., the treatment of
diseases (except for the new ones appearing atirtte and in the development of rapid
global communications, have been already genesallyed to the benefit of the whole of
mankind;

b) the construction of instruments, laboratory desj global electronic communication, but
also satelites, rockets, supersonic planes andr fape automobiles, had reached their
limits. Generalizing, it is clear that one of thdeas for future discoveries, and for the
progress of mankind generally, will be by intergi$ioary or transectorial collaboration of
individuals and institutions of all nations;

c) the solution of the problems of the®2dentury (shortages of raw materials, supplies of
food and drinkable water for millions), is the athmat should drive both politicians and
scientists;

Today, the benefits flowing from the creatiointhe International Council on Applied
Mineralogy (ICAM) during the 1981 IMA conference idiohanesburg are of great
importance. The objectives of ICAM include the ariging of international cooperation in
interdisciplinary activities involving technical méralogy.

At the beginning of these considerations, weehto take into account that the tendency
towards closer connections between the statesedDlth continent is progresing rapidly.
Thus, the main problems of international dimenssbould be capable of solution on an
international basis. In the context of these goafifgrts towards finding new vaccines to
counter pandemic epidemics are worth noting; a$ thie, the NK; virus is rapidly
spreading on all continents, in both economicalyeloped- and underdeveloped counries.

At present, the focus of mineralogy is:

-) the study of known minerals, the discovery ofvmainerals and the development of new

applications of known minerals and rocks,

-) the study of the solid products that are a périndustrial wastes produced today and
those that accumlated in the past,

-) the potential to inflence technological process® as to minimize the output of

dangerous chemicals and gases into the environment

-) the finding of substitutes for materials alreddily exploited, e.g., the manufacture of
artificial diamonds for use as superhard mateniahdustry and numerous others.

Having been honored and having had the oppibyt to be a member of Slovak
delegations to the last six biennial General Carfees of UNESCO in Paris, | will try, in
the following few sentences, to present a genendbw of UNESCO as expressed in its

40



resolutions and of the EU Commision which dealshwihe geosciences, including
mineralogy and petrology.

The key trends in the activities of these intenadl bodies can be briefly expressed as
follows. UNESCO and the EU Commision prefer to &nnially support international
geoscientific projects:

- in which institutions and people from underdepeld countries are included;

- which focus on the material aspects of mankindéucal heritage (the study of raw
materials used in their construction, transporteswf ready made implements and their
raw materials in prehistory, their description,idiibn of transport routes and their role in
contacts between various tribes and races, anddheservation);

- which study and use of currently produced wasteswastes accumulated in the past;

- which study raw materials used in non-traditioapplications, e.g., crushed limestone
used instead of pure kaolin in the paper industnglted basic rocks (alkali basalts,
amphiolites) instead of high quality steel used rogtal tubes in, e.g., the bent parts of
conduit systems, and others,

- which study the solid emmisions of cement-, aises magnesite- and other producing
technologie;,

- whch preferably study raw materials which areduseenvironmental projects or projects
that, by overcoming challenges, support the susidéndevelopment of mankind.

All of the above themes could be classified aseablnineralogy and petrology. An
example (chosen by the author), which should sasvan example of a non internationally-
preferred scientific project might be the studyte geochronology of the Tatra Mts granite
body. There exist several tens of determined af§éiseogranitic cooling which have been
confirmed by various methods in several laborasoriehe key problem nowadays is to
evaluate all existing data and to write a synthesthe problem.

Mineralogists and petrologists should be usefulanous branches of industry as well
as solving general problems for 21st century mahkis examples (excepting already
mentioned ones), the following human activitiesudtidoe mentioned:
petrurgy (melted basic rocks — bricks, and basattak-wool used as insulation material,
evaluation of basic raw materials which fundamentamifluence the quality of final
products; the laboratory study of portland cemeltker; the study of the mineral
composition of mortars and plasters; the minerdl eremical compositon (including trace
elements) of variouslags; the ceramic products (brickware, stonwgrejcelain - their
raw materials; the products of various types ahdr concrete deterioration from the
practical point of view the most imporant is théiaty of CO, on concrete which leads to
concrete destabilization and eventually to its ajude, and medical mineralogy. These
should should serve as new challenges to minesdtgi

At present, the focus of one of the leading prognas of UNESCO is the creation of
knowledge-based societies. A priority, ahead of ardtogy and petrology, or more
accurately, ahead of the whole of geology, is theeading of knowledge on the Earth
among the ordinary population. Such popularizastwuld involve all members of the
geoscientific community. In our countries, we lgolrnalists specialized in the problems
of planet Earth. Probably an interdisciplinary Plsiddy (journalistic-geosciences) would
help provide a future remedy. In the majority ofsaums in the Slovak Republik, and
further afield, though collections of minerals, dibs, rocks, ores etc. are presented, the
custodians in whose charge they rest are, in thgrityaof cases, not trained in the
geosciences.

Finally, instead of a conclusion, the following fnigbe said to all young young
geoscientists. Do not follow in the footprints afuy teachers who expressed, in the past,
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new goals for the geosciences. But do not forget they did so some 20-30 years ago
under quite different social, economical and paiiticonditions, and with very different
laboratory equipment, etc. These teachers havelyrwestn excellent, but try to find your
own new specialization and try to excel at it. Yowew specializations, among those
mentioned above, are badly needed and will be mkégesociety in furure. So, dear
colleagues, follow this challenge!

42



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 35, 2009 59 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ ,@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Granite Rb-Sr data, aggregated, define a regional framework: why?
Padhraig KENNAN

1School of Geological Sciences, University Collegbld, Ireland; padhraig.kennan@ucd.ie

Granite rocks are, for obvious reasons, a commounsfdor Rb-Sr whole-rock studies.
However, conclusions based on such data are oftemed to be open to question. The
reasons are many, e.g., loss of radiogenic Sr,mptete homogenisation of different
source materials, contamination, alteration etooRrare rare. Thus, a greater confidence is
afforded to, e.g., U-Pb dates on accessory zinonmmazite, etc. However, adequate whole-
rock samples represent the complete granite mimgyathe granitic rock actually mapped
on outcrop and petrographically examined underntieroscope, in a way no accessory
mineral can. Those whole rock samples suitablearhoan, perhaps, best reflect the actual
complexity of a large granite intrusion, or a swifeintrusions. Perhaps, in the search for
precise ages, whole-rock data is undervalued oplgiimcorporated into models. There
may be value in geological scatter.

The ca 400 Ma Caledonian granites of Ireland anitaiBr the ca 320 Ma Variscan
intrusions of the western Sudetes in Poland andah®00 Ma granite gneisses, etc. in the
same region have been extensively studied over iyaans. Published whole-rock data are
plentiful, almost all of it obtained with the ainf dating particular intrusions. Calculated
dates and initial 87Sr/86Sr ratios, often based liorited numbers of samples, are
referenced. The original measured data typicaligaia forgotten in tables. Yet it is that
experimental data that, perhaps, offers a realsbfasi understanding and comparing the
isotopic systems of individual intrusions. Geol@giscatter is a real characteristic of real
rocks, not just a model problem to be defined jatistical index.

In the Irish Caledonides, the value of Rb-Sr whalek data in aggregate (without any
omissions) is demonstrated by, for example, a déarimination between lapetus-related
source demains and continental-margin domainsdrPolish Sudetes, even the older data
reveal ca 505 Ma and ca 320 Ma granite eventswali@aningless ages to be recognised,
limits to be placed on granite sources, and endifierent granite intrusions to be
compared and contrasted. In the manner that ing@idip-and-strike readings, aggregated,
contribute to the structure revealed by a geoldgitap, so might individual Rb-Sr whole-
rock values help to reveal the architecture angirsiof granitic bodies — if only individual
samples were always collected with the same cadepagcision and stored in a uniform
manner in a single database.

Regional isotopic patterns clearly reflect sourBeit how might they also reflect
fractionation, magma mixing, contamination, hydesthal alteration, resetting, reservoir
replenishment and the many other processes thatlheen advanced to explain individual
data sub-sets or the genesis of individual plutonsth all this potential for disturbance,
why do the patterns remain essentially simple?
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The use of geochemistry for assessing environmental quality
based on selected case studies in the Holy Cross Mountains
(south-central Poland)

Zdzistaw M. MIGASZEWSKI*, Agnieszka GALUSZKA!
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Introduction

Of many geosciences, the study of geochemistryesemts the most holistic approach
to assessing the quality of various environmentatesns. The practical aspects of
geochemistry encompass not only environmental ptiote but also geology, mining,
agriculture, biology, medicine, etcEnvironmental geochemistry is a branch of
geochemistry dealing with cycling, and spatial amchporal distribution of elements and
their isotopes in the Earth's outermost layers thatude the uppermost lithosphere,
pedosphere, hydrosphere and atmosphere. This gaoscidescribes the geochemical
environment and interactions that take place invbenh terrestrial, atmospheric, acquatic,
living and anthropogenic systems. Human activity factor that has a great impact on the
natural environment. However, the most hazardous ishemical aspect leading to
degradation and destruction of land, water, aid, lhiota. Knowledge of pollution sources
and geochemical processes help us better undersiaride potential hazards that can
jeopardize a fragile nature balance (Migaszewskalgt2001b). This article presents an
overwiew of selected geochemical case studies @iedun the Holy Cross Mountains.
Some of these studies were performed in close lonlddion with the U.S. Geological
Survey, Denver (Colorado). The obtained resultsehiaeen published primarily in peer-
reviewed scientific journals of international statisee references).

The scope of investigations has encompassed:

(i) geochemical interactions in-between rock — soil atew — plant — atmosphere

systems in forest ecosystems and highly proteateaisa

(i) bioindication study of air quality using Scots piRinus sylvestris lichens

(Hypogymnia physodgsand mosses Hylocomium splendensPleurozium
schreber);

(i) geoindication study of environmental quality, irdilug spring waters and soil

subhorizon-Ofh;

(iv) natural (geogenic) pollution sources, including dacrock/mine drainage

(ARD/AMD);

(v) geochemical background in various environmentaksys.

The characteristic feature of these investigatisas a multidisciplinary approach to the
environment — the complex study of various systefespecially soils and plant
bioindicators), and the use of a large variety oflgtical methods. These included
geochemical [atomic absorptispectrometry (AAS), inductively coupled plasma-opti
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emission spectrometry (ICP-OES), inductively codpfdasma-mass spectrometry (ICP-
MS), X-ray fluorescence spectrometry (XRF), gasoofatography-mass spectrometry
(GC-MS), high-performance liquid chromatography-maspectrometry (HPLC-MS)],
mineralogical [(optical microscopy, scanning elentrmicroscopy (SEM)] and isotopic
(mass spectrometry) (e.g., Migaszewski et al., 20@002, 2006, 2007b, 2008, 2009a,b;
Pastawski, Migaszewski, 2006). The selected casgiest are discussed in the subsequent
sections.

Geochemical and biogeochemical monitoring and assesent

The complex environmental geochemical studies & Holy Cross Mountains were
initiated in 1994 by the U.S. Geological Survey dhe Polish Geological Institute under
the U.S. — PolandMaria Curie-Sktodowskaloint Fund Il. The study area included two
subareasSwictokrzyski National Park and the remaining Holy Grddountains. The
principal objective was to determine baselinestface elements and organic compounds
[polycyclic aromatic hydrocarbons (PAHSs), phengislychlorinated biphenyls (PCBs),
pesticides], and stable sulfur isotopes in soitgks, plant bioindicatorsHypogymnia
physodeslichen thalli, Scots pinePinus sylvestris needles,Hylocomium splendens
Pleurozium schreberiHypnum cupressiformenoss tissues]. The geochemical baseline
results measured in this initial study also serasd reference level for comparison with
subsequent monitoring activities whose purpose wasrecord fluctuations in the
distribution pattern of elements and PAHs. The sswvent of chemical and isotopic
(sulfur) areal variability was derived using “baltbeluster and ANOVA designs. This
approach enabled obtaining statistically valid infation using a minimum number of
samples (Migaszewski, Pastawski, 1996; Migaszewi3®8; 1999). Lichens, mosses, and
pine needles showed nearly the same stable swfilode pattern. Thé*'S values in
vegetation varied from +3.2 to +5.4%. being close ttwose in rain (+3.7%o)
(Trembaczowski, Hatas, 1983) and snow (+5.1 to %&.8Michalik, 2008). It is interesting
to note that thé*S variation pattern in topsoil (horizon-A) and bidicators was nearly
identical (Figs. 1, 2). This fact indicates thatxed local and imported SQGemissions
underwent rapid homogenization.

6o N
7 PINE NEEDLES 1993-1996

0 N 50 —
TOPSOIL 1994-1996 NE

0 g
30 =

10 20
0 34 B é

07'S %o 0 — 34
0 °°S %o
0 2 4 6 8 10 12 o 2 4 6 8

Fig. 1. Thed*S variation pattern in topsoil (horizon-A)Fig. 2. The3**S variation pattern

from the Holy Cross Mountains in Scots pineRinus sylvestris..)
needles from the Holy Cross
Mountains

This and the next study performed wictokrzyski National Park in 2002
(Migaszewski et al., 2004), revealed similar cotigions of trace elements and sulfur in
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topsoil (Table 1) and plant bioindicators. Moreqvénie use of the same sampling,
preparation and analytical methods enabled comparaf the pollution level between
Swigtokrzyski, Magurski and Wigierski National Parksn Aassessment of chemical
variability in various ecosystems was obtained ulgio the calculation of geochemical
baselines using “barbell” cluster and ANOVA desigie results of the study in
Swigtokrzyski National Park showed that the largestpprtion of chemical variability in
the soils, and partp. sylvestrisneedlesand bark, was linked to the smaller distance
increments, i.e., 0.5 and 2.5 km. The spatial iistion pattern of elements in soils and
plant bioindicators displayed generally a bedroitkology "signature” modified by
geochemical and/or biogeochemical processes, witioi@e distinct anthropogenic imprint
in Swigtokrzyski and Magurski National Parks.

Tablfe 1. Concentration of selected trace elememtd & in topsoil (horizon-A)
of Swietokrzyski National Park (compiled from MigaszewskPastawski, 1996;
Migaszewski et al., 2004)

1994 | 2002

Element mgkg? (ppm) [N = 14 in 1994 and N = 16 in 2002] |

G.M. Observed range G.M. Observed range
As 9 5-22 10 6-16
cd 0.5 <05-1.1 <0.5 -~
Co 3 1-16 3 1-16
Cr 13 4-19 10 817
Cu 15 5-29 10 4-32
Fe 9100 2300 - 15,900 8962 5300 — 27300
Hg 0.32 0.03-1.10 0.180 0.072 - 0.603
Mn 351 19 — 2477 407 89 — 3693
Ni 7 1-15 6 4-27
Pb 77 15 - 310 89 29 - 478
S 430 70 - 1160 468 230 — 1580
Zn 60 12 - 109 58 32-119

NOTE: N — number of samples; G.M. — geometric mean

The geochemical and biogeochemical studies alsomepassed the most characteristic
habitats of the Holy Cross Mountains (Migaszewdkale 2001a; 2002; Gatuszka, 2005).
Their objective was to record any trends in tembarad spatial distribution pattern of
elements and PAHs as well as to determine reldtipasbetween rocks, soils and plant
bioindicators. These studies showed that the wifitiafor PAHSs, trace metals and sulfur in
topsoils and plant bioindicators was impacted prilpaby anthropogenic factors. The
influence of the bedrock lithology (limestones wili- and Pb-ore mineralization) is more
distinct in the southwestern part of the Holy Crddsuntains. This relationship was
confirmed by Pb-isotope ratios in various mediadviat Stokéwka (Table 2). These ratios
indicated that lead in the Scots pine needles aildherizons displayed values similar to
those in limestones. In turn, a greater influenéeattnospheric sulfur emissions was
particularly notable in Scots pine needles. In @sit thed*'S values of soil horizons were
relatively close to those in limestones. It shoble stressed that galena from the Pb-
mineralization zone revealed distinctly differei-RRnd S-ratios.
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The highest contents of PAHs and numerous traceeslts were found in the organic
horizon-O and humic horizon-A, but especially ine tlorganic (fermentative-humic)
subhorizon-Ofh of most soil types. This subhorizovay be a good geoindicator of
environmental quality due to preconcentration #&bgi of some pollutants. However this
physicochemical property needs further detailedys{iviigaszewski, Gatuszka, 2008a).

The biogeochemical studies also showed that mogheflichen thalli also exhibited
higher concentrations of individual hydrocarbond aome elements than their host bark. In
contrast to Scots pine, common birch and commonhzak, many ofH. physodeghalli
were enriched in Fe, K, Mg, Ni, P, S, Ti and Zn aidultaneously depleted in Ba and Sr.

Table 2. Concentration and isotope ratios of Pb @nd Scots pine needles (from two
trees), soil horizons, limestones and galena at S#ttkéwka (compiled from Gatuszka,
2005)

Medium Pb | ?Pb/ | ®Pb/ | *Pb/ S 53*s
(mgkg™) | *Pb | *Pb | **Pb | (mgRg?)| (%)
1-year (2000) pine needles (1) <9.054 | 0.844| 2.074 996 +4.3
1-year (2000) pine needles (2) <.054 | 0.852| 2.084 990 +5.5
Of 139| 0.054 | 0.848| 2.089 340 +22.1
A 118 | 0.055| 0.849| 2.08¢ 230 +16.0
BbrC 63| 0.054 | 0.845| 2.088 110 +12.4
Cca 104 0.054 | 0.848| 2.082 100 +33.7
Limestone 26 0.054 | 0.848| 2.082 100 +19.0
Galena (PbS) from ore vein —0.058 | 0.851| 2.027 - -8.4

NOTE: Soil horizon symbols: Of — organic fermentatiA — humic, BbrC — mixed illuvial-subsoil, C alcareous
subsoil (waste mant)e

The subsequent geochemical studies showed thatesy@se better bioindicators of
airborne elements and PAHSs than lichens and Séo¢s(@atuszka, 2007; Migaszewski et
al., 2009a). Of the various moss specitssplendenandP. schreberturned out to be the
best biomonitors of air quality. They possess #aures of a good bioindicator, including
(i) common occurrence that enable conducting coatpar interregional studies, (ii) ability
to assess environmental contamination over a ghoe, and (iii) fast, unequivocal and
distinct response to toxicants (Migaszewski et2dlQ1a).

A recent comparative interregional study perfornredlaska and the Holy Cross Mts
revealed that geogenic sources of metals were mapertant in Alaska. The relatively
higher concentration of 3-ring aromatic hydrocarbonthe Alaskan mosses may be linked
primarily to wood combustion. In contrast, the clsm of Polish mosses indicated
different anthropogenic sources of PAHs and tralesments. However, some of the
pollutants can overlap (e.g., combustion of hard} brown coals produces both PAHs and
trace metals). The concentration of most trace Ismé@iahe Holy Cross Mountains dropped
considerably in both moss speciés éplendensindP. schrebel) during 2001 — 2007; for
example, Ba, Ca, Cd, Fe, Pb, V, Zn (from 1.5 tin®s$). Except for Cd and Pb, the mean
concentrations of Cr, Ni, Fe, Hg, V, and Zn in HGMre lower than those recorded in
central Europe in 2000. During the 2-year peridey toncentration of hydrocarbons at
some sites increased 2- to 5-fold. This may beagnpt by increased road traffic and partly
diverse agricultural and forestry operations nbas¢ sites (Migaszewski et al., 2009a and
references therein).
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Like bioindicators, springs react to any changes ¢iccur in natural ecosystems. This is
the main reason why the springs belong to thedm@stonmental geoindicators. A decrease
in the number of springs or the drop in their d&ge, as well as disadvantageous changes
in chemistry and quality of spring waters indicdegerioration of the environment quality.
The study conducted ifwigtokrzyski National Park (Michalik, 2008) revealeguat the
chemistry of spring waters was controlled partidyldy bedrock lithology and a few-
meter thick waste mantle covering the Lysogory etop

Acid rock/mine drainage (ARD/AMD)

The bacterially-induced oxidation of pyrite andrifbearing sulfides belongs to the
most hazardous pollution sources of the environmehis natural process occurs in and
around mineralized areas or sulfide and coal dépasid results from the complex rock-
mineral-water interactions of a variety of geocheahprocesses (Migaszewski et al. 2007a,
2008, 2009b and references therein; Migaszewskiysaka, 2007, 2008b). The AMD
study, using complex chemical, mineralogical armlopic methods, was conducted in the
Wisnibwka mining area where two acidic water bodiesuoci.e., Wénidwka Mata lake
and Podwinidwka pond. Both reservoirs occupy quarries abaedoafter mining of
quartzites.

The bipartite Winidwka Mata pit lake displays different chemistmydastable sulfur-
and oxygen isotope ratios within two separated pofitie western pond is characterized by
a lower pH (mean of 3.7) and higher concentratminsost elements. In addition, this part
of the lake exhibits some chemical and isotopi@titation. The most interesting,
however, is the Podgniéwka pit pond showing the lowest pH with a medri2®, in
places (occasional puddles) reaching even 1.5ohtrast to the Whidwka Mata quarry,
this area is characterized by the presence of pasexi pyrite zone and a small freshwater
pond. This unique location enabled the followingeds of AMD to be studied: (i)
mineralogy of outcropped pyrite zone and sediméit, petrology of host rocks, (iii)
chemistry of acidic pond water and sediment vesuall pond freshwater, (iv) isotope
composition of pyrite, soluble sulfates and watérspathways of pyrite oxidation, and (vi)
geochemical pyrite-water-sediment interactions.

The study in the Podémidwka quarrry indicated that bacterial oxidatiohAs-rich
pyrite and leaching of oxyhydroxysulfates was arseuof acidic pit pond waters and
various As-bearing iron precipitates. The presexcailfates, iron(ll), iron(lll) and low pH
favors the generation of poorly crystalline schwemnite [FgOg(OH)55(SQy)104. The
periodical increases of pH may result from transi@tion of this mineral into ferrihydrite
[(Fe(OH}1,8H,0 (pH 2,5 — 4,5) and then into more crystallinethite a-FeOOH (pH 3 -
7). The isotopic results also suggested that thetepyinderwent bacterially-catalyzed
oxidation primarily by ferric ion. The study alsevealed the presence of gorceixite and
related minerals (Migaszewski et al., 2007b).

Geochemical background in environmental studies

Calculation of the geochemical background in vasiouedia is a prerequisite for
determining what part of a chemical species comagah is natural and what part is
anthropogenic. This requires both good geochemindheralogical and petrological
knowledge and a holistic approach to the enviroim@i various methods used for
assessing geochemical background, i.e., (i) dirédt, indirect (statistical) and (iii)
integrated, the last which combines both the dimud indirect approach seems to be
plausible and reliable (Gatuszka, 2007b,c). Thegrdated method combines both the direct
and indirect approach. However, it is essentiat t@mples be collected in relatively
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pristine areas (e.g., national parks, nature reserforest ecosystems) from the equivalent
soil horizons, rocks, plant species etc., restricpurposely the range of obtained data that
are subjected to statistical analysis (me&o). This method enables distinguishing the
background from anthropogenic and natural anomalidse data indicated that the
geochemical background was closely linked to thelaggc setting and might be assessed
only on a local or regional scale.

Summary

The selected geochemical and biogeochemical cadestconducted in the Holy Cross
Mountains provide evidence of the unique positibgenchemistry and biogeochemistry in
solving various crucial environmental issues. Thesestudies illustrate the use of various
methods and techniques borrowed from Earth scignga$marily prospecting
geochemistry, mineralogy, petrology, mineral depogeology, hydrogeology and
geophysics, as well as chemistry, physics, biolagg toxicology. This multidisciplinary
approach gives an impulse to the development of Imgwid research methods and fields
of study. The shift toward biology, agriculture amédicine reflects the dynamism and
topicality of environmental geochemistry and biogfeemistry in a rapidly changing world.
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Late burial dolomitization of the Devonian carbonates and a tectono-
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Abstract: The Middle to lower Upper Devonian crystalline dwoites of the Holy Cross
Mts were formed by a replacement of platform limess and the recrystallization of
eogenetic, facies-controlled dolomicrites. Stratfrical data, petrological observations
and the results of 1-D basin modelliage consistent with late burial dolomitization ahgyi
the Carboniferous (340-305 Ma) predating the maimspe of Variscan deformation.

Keywords: Holy Cross Mountains, Devonian, dolomitization, iauhistory

Introduction

The Devonian dolomites of the HCMts have been stidor more than a century (see
the historical review in Narkiewicz 1991) but theitigin is still disputable. According to
the present author, the origin of dolomicritic antrodolosparitic varieties was controlled
by depositional and early diagenetic (eogeneticdcgsses, whereas fine to coarse
dolosparites were formed due to late burial (mesetie) replacement and recrystallization
(Narkiewicz 1990, 1991, Narkiewicz et al. 2006).eTalternative interpretation assumed
synsedimentary, submarine hydrothermal origin fibittee dolomite types (Migaszewski
1990, 1991). The present paper briefly summarizesigusly reported- and unpublished
data and interpretations contributing to the qoaestof dolosparites origin. The new
investigations included additional field observasip petrological studies (mostly stable
isotopes, SEM and CL data), and 1-D basin modelling

Regional and stratigraphic framework

During the Devonian and Carboniferous, the Holy $8riMts were located in the
foreland of the Variscan Orogen of Central and \WhestEurope (Narkiewicz 2007).
Following the Late Carboniferous tectonic deformas and the ensuing Early Permian
uplift, they were incorporated into the Late Pemmlesozoic Mid-Polish Trough (Kutek
& Glazek 1972), striking NW-SE along the margintioé East European Platform (Fig. 1).
This depocentre was uplifted at the turn of Crataseand Paleocene, and the resultant
erosion exposed the Palaeozoic core of the HCNitseShen, the region has formed a part
of an elevated area separating the northern Caapaltasins and the Carpathian Foredeep
from the Eocene to Pliocene epicontinental basiteotral-northern Europe.

The Palaeozoic core is subdivided by the WNW-ESikisg Holy Cross Fault (HCF)
into southern and northern (Lysogory) regions thi#ier in their Early Palaeozoic tectono-
stratigraphic development (Dadlez et al. 1994).imrthe Devonian, the HCF was a
distinct palaeogeographic boundary (Fig. 1). Itasafed the more stable Southern Region
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with lower subsidence and depositional rates froenrtorthern one characterized by two to
three times the thickness of sediment accumulatimhgenerally more open and/or deeper
marine facies. The development of a restrictedl@vainarine carbonate shelf started in
both regions near the Early-Middle Devonian boupddthis shelf soon evolved into a
coral-stromatoporoid platform that was terminatedhe north due to a deepening pulse
and the related onlap of marly open-marine faciesady in the late Eifelian. In the
southern area, the carbonate platform persistei tipe earliest Frasnian when it became
aerially limited to the Dyminy Reef complex develugp through the middle Frasnian (Fig.
2). In the western HCMts, the Kostomioty area (Rigdisplays a transitional development,
with the main drowning episode in the Middle Gia@ti probably related to the subsidence
of a fault-controlled block (Fig. 2).
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Fig. 1. Schematic palaeogeography of the Holy CMiss during approximately Middle-
Late Devonian transition. Indicated are key sedtimnwhich stable isotopic composition of
the Devonian dolomites has been investigated. fketimap of Poland shows setting of
the study area within the framework of major regiageological units.

The early stage of the Middle Devonian carbonatf@im development corresponds
roughly to the Eifelian in the south and to a lowpart of the stage in the north. It is
represented by well-bedded marly dolomicrites tgjhyclacking open-marine fossils. The
sediments are characterized by irregular microbigbarallel horizontal lamination, mud-
cracked surfaces and erosional levels with intedslalt is overlain by the Kowala Fm.
(Narkiewicz et al. 1990, Narkiewicz & Narkiewicza) print) composed mostly of coral-
stromatoporoid and other shallow-marine platformelstones or crystalline dolostones.
The subordinate dolomicrites and dolomicrospanitestly form the upper parts of lower-
order shallowing-upwards cycles.. In the SouthemgiBn, the crystalline dolostones
display a characteristic regional geometry in asstgection perpendicular to the HCF (Fig.
2). Their upper boundary cross-cuts the generaépabf the depositional architecture of
the Givetian to Frasnian carbonate platform andOiminy Reef complex. It reaches its
highest stratigraphic position along the northergimaof the region, ranging up to the
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lowermost Frasnian while the thickness of the caxphttains 300-400 m. Its top is

stratigraphically lower southwards, lying in theddllie and, probably also, lower Givetian.

In the Kostomtoty area, the entire upper part &f Ehiddle Devonian carbonate platform

succession is developed as crystalline dolomiteghé tysogoéry Region, the crystalline

dolomites tend to form thick and continuous bodieshe lower part, whereas they are
irregularly interspersed with dolomicrites and Istenes upwards in the sections (e.g.,
Narkiewicz & Narkiewicz, in print; Skompski & Szuewski 1994).

On a meter- to decimeter-scale, the dolosparites shcomplex pattern of cross-cutting
and replacive relationships along the horizontallaieral contacts with the overlying
limestones (Narkiewicz 1990, 1991). In this more less gradual replacement zone,
selectively dolomitized ramose stromatoporoi@mfphiporg biostromes, selectively
replaced micritic matrix of stromatoporoids and asy and relatively sharp horizontal
contacts of dolosparite with overlying shaly/mdslds are common.
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Fig. 2. Position of the crystalline dolomites wittthe stratigraphic-facies framework of the
Middle to Upper Devonian in a schematic south-noctloss-section (western Holy
Cross Mts.).

Petrology of crystalline dolostones

The crystalline dolomites include both matrix mesaind drusy cement varieties. The
former variety is generally composed of anhedradubhedral fine- to medium-sized low-
Fe dolomite crystals with a common range of 50-8@@ In many cases, it shows minute
(“dusty”) inclusion patterns mimicking replaced é&stone fabrics. This allows the
recognition in thin-section of such features oflaepd limestones as peloids, fossil remains
or fenestral structures, as well as later strusturetably calcite veins. Matrix-type
dolomite is typically non-luminescent or weakly lun@scent. It is nearly stoichiometric
containing 50-54 mol% CaGQan average of 30 samples is 51.2 mol%. The trace
elemental composition of a carbonate fraction shemrschment in Fe and Mn relative to
replaced limestones (based on ca 40 samples). firf@ment in silica (bulk composition)
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and in Fe, Mn, Sr and Na in a carbonate fractioche&racteristic particularly for the upper
part of the crystalline dolomites, transitionalthe overlying limestones (Narkiewicz 1990;
1991).
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Fig. 3. Succession of most important diageneticnpheena and tectonic events that
affected the Middle Devonian to Frasnian carbonategdhe Holy Cross Mts. Grey
horizontal strip highlights processes related torttain phase of pervasive dolomitization.
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The dolosparites are commonly fractured and displaggular millimeter- to
centimeter-sized vugs and, more rarely, interchyséaporosity. The large pores can often
be attributed to dissolved organic skeletons, maimbse of stromatoporoids and corals.

They are often filled with geopetal internal sedimeomposed of dolomite crystals,
and by several generations of dolomite and cat@teents (Fig. 3). The dolomite cements
include low-Fe types (mainly earlier generationsyl &e-dolomites (typically outer rims).
The crystals are typically centimicron- to millireetsized, commonly saddle-shaped and
with a complex pattern of CL zoning. Commonly, tiidest zones are non-luminescent or
dull-luminescent and the intermediate zones shoterradting bright and dull zones
enveloped, in turn, by non-luminescent, high-FeezorCL studies also reveal subsequent
generations of variably-luminescent original- ocryestallized cement, but their volumetric
importance and regional distribution is limited.

Thin sections reveal a common recrystallizationdofomicrite which is irregularly
replaced by a mosaic of fine- to medium crystaltiodomite difficult to distinguish from a
product of CaC@ replacement. CL observations also document replenenor
recrystallization of dolomite cements by later-ghasregular differently-luminescing
dolomite which otherwise is not recognizable imtkéction.

The dolomitization-related phenomena, outlined a&yoef replacement, dissolution,
internal deposition, cementation and recrystaliimahave been related to other diagenetic
and tectonic features in order to place them imptleper temporal context of the geological
evolution of the Devonian strata. The paragenetecassion (Fig. 3) demonstrates that the
matrix dolosparite development and dolomicrite ystallization postdate carbonate
mineral stabilization and the blocky calcite cemsenhcluding those filling tensional
fractures of probable tectonic origin. They alsastdate onset of chemical compaction
processes as is demonstrated by a partial obidaraf horizontal residual clayey seams
and stylolite sutures. On the other hand, matrivslmarite is cross-cut by tectonic fractures
attributable to Variscan (late Carboniferous) tam. This is consistent with the
observation that geopetal dolomitic sediments igsvare tectonically tilted together with
enclosing dolosparite beds that are, in turn, tted by a nearly horizontal Variscan
unconformity in, e.g., Zachetmie Quarry (Narkiew&aNarkiewicz, in print). Most of Fe-
dolomite cements postdate the matrix dolomitizato ensuing tectonic features. Late
calcite blocky cements and minor latest generat@rdolomite cements are even younger.
The post-Variscan tectonics (probably Permian tdyEBriassic) is indicated by fractures,
partly filled with late blocky Fe-calcite, that @®cut late dolomite- and calcite cement
generations. The widespread dedolomitization phemarselectively affected mainly Fe-
dolomite. They can be related to post-Variscan ienosnd/or to Paleogene and later
exhumation of the Palaeozoic core of the HCMts.

Oxygen and carbon isotopes have been studied ib50asamples from 13 sections
covering broad stratigraphic intervals of Devonimomites throughout the entire HCMts.
area (Fig. 1). In contrast to a narrow range (-11t®0) of rather indistincives3C
signatures, three general dolomite categories lmeacterized by distiné®0O values. The
dolomicrites (excepting a single sample) show valetween -5 and -1 %o, mostly -3 to -1
%o (Fig. 4A). Assuming a slightly negatii®0 (-3 to -1 %o) for Devonian sea-water (van
Geldern et al. 2006), this gives a temperature @a®§-43C consistent with surface
temperatures in the Devonian tropics (Fig. 4B). TH&0 signature of the matrix
dolosparite is predominantly between -11 and — 7 (Rig. 4A). Fluid inclusion
homogenization measurements, based on 64 samplie afrystalline dolomite, gave a
range of Th values between 80.5 and 1%7.%oupled with the abov&'®O range, this
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allows thed™®0 of the dolomitizing solutions to be estimatectasl %o, thus pointing to a
slightly elevated salinity relative to the Devongaa-water.

Although §'°0 in dolosparite matrix displays roughly normal tdisition around
median values of -10 to -8 %o, a considerable priogoiof the dolosparites shows elevated
values in the range -7 to -4 %o (Fig. 4A). Theseoduotes are here interpreted as
recrystallized dolomicrites with an isotopic sigrnadrtly preserving the memory of the
original sediments.

The §'%0 signatures in a few (7) investigated dolomite eets show relatively low
values between -12 and -9 %o. AssumitdD of the dolomitizing fluids as ca. 1 %o, the
temperatures of crystallization can be estimatdgbtim the upper half of the determined Th
range, i.e. 100-12%C (Fig. 4B).

The strontium isotope data are fewer (about 20yaea) and less conclusive than the
oxygen investigations (Narkiewicz et al. 2006, amgublished data). There seems to be a
good negative correlation betwedsrf°Sr ands'®0 for dolosparite matrix. This would
suggest a radiogenic strontium contribution inarepswith increasing temperature of
dolomitizing solutions’SrP°Sr in two investigated dolomite cements was foumdbé
higher than in any matrix dolosparite; this is demnit with the deplete@'®0 data.
Nevertheless, micrites display a wide range fromeeied marine values close to 0.708 to
elevated radiogenic signatures of ca. 0.71, therl&tund in the Lysogéry Region.
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Dolomitization and tectonothermal evolution of thearea

The fluid inclusion homogenization temperatures #mel palaeotemperatures derived
from the oxygen-isotope composition of the crystalldolomites were tested against an
independently obtained model of the burial-theriiztory for the Janczyce | borehole
section (located in Fig. 1). The modelling was perfed with Marta Resak and Ralf Littke
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in the RWTH Aachen using PetroMod 1-D software. Tésults of this study will be the
subject of a separate publication.

The Permian to Cretaceous stratigraphic input fer modelling included sediment
thickness reconstructed by Dadlez et al. (1998)e Tarboniferous stratigraphy was
reconstructed basing mainly dnakowa & Migaszewski (1995). The Carboniferous
evolution is particularly speculative as the existe and magnitude of tectonic phases is
hypothetical due to the incompleteness of the sediary record. We assumed onset of
uplift due to vertical block movements near thel{zaate Carboniferous boundary. The
uplift continued into the Late Carboniferous, whemajor transpressional Variscan
deformations occurred, and on through the Permimwolving several phases of block
movements. The modelling results are consisterit éat flow elevated to 70-80 mWm
during the Late Carboniferous and progressivelyekesing in the Early Permian to recent
values of ca. 50 mWrh Elevated Variscan heat flow was earlier postdldiased on the
thermal maturity pattern in the Devonian (Belka @9®larynowski 1999). The alternative
interpretation, assuming Mesozoic thermal eventg@wa et al. 2005) was not confirmed.

The best-fit model for the Janczyce | section isspnted in Fig. 5. According to the
model, the Middle Devonian carbonates attained &atpres higher than 8D at depths of
ca. 1.5 km in the Early but not the earliest Caifevaus. This is consistent with the post-
Bretonian (i.e., postdating the Devonian-Carbonifisr boundary) onset of dolomitization
(Fig. 3). The strata remained buried at depthsaoflc5-2.5 km at temperatures 38Quntil
the Early Permian when the temperatures starteél@édoease in line with uplift and erosion.
Paragenetic studies have shown that the upper liimié& for the regional pervasive
dolomitization is imposed by the late Westphaliaotdnics. The temporal relationship
between the Viséan/Namurian movements and dolaatitiz has not been established yet.
The 100-128C temperature window defined above for late Fe-ahite cements is limited
to a narrow time interval in the latest Carbonifexopost-dating the terminal Variscan
transpressive tectonism.

Conclusions: a genetic model

Sedimentological characteristics as well as pegiold features and stable isotope
geochemistry, confirm that the dolomicrites compgsthe bulk of the early Middle
Devonian lithofacies were formed in shallow-maringre or less restricted depositional
environments, comprising vast carbonate mud-flat$ lagoons. The source of Mg was
normal or slightly altered sea-water at temperatofe25-45C.

The crystalline matrix-type dolomites were formeg feplacement of diagenetically-
mature Middle Devonian to lower Frasnian platforimdstones and recrystallization of
eogenetic dolomicrites. The temperature of the midlaing fluids was in the range 80-
120°C based on fluid inclusion and oxygen isotope d&ke relative enrichment in heavy
O and Sr isotopes and in reduced Fe and Mn, sugtest the fluids were saline brines of
reducing character. These were, presumably, foomatiaters evolved due to pressure
solution processes and interactions with carbon@etuding eogenetic dolostones), clay
minerals and quartz. Results of 1-D basin modeleaypled with the isotope data and
reconstructed paragenetic susccession, allows regmisg of the probable age of
dolomitization to ca. Viséan — early Westphaliathviaurial depths in a range 1.5-2.5 km.

A regional subsurface fluid circulation patternréexjuired for a large-scale pervasive
dolomitization in order to supply large amounts M§ from relatively diluted water-
solutions occurring in natural systems. Spatiataation between the zone of elevated heat
flow along the HCF on one hand, and the maximunge&aof dolomitization on the other,
suggests thermal convection as a probable mechasfiminculation. An additional factor
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enhancing Mg supply could have been compactionedrilow towards the buried northern
margin of the Middle Devonian-Frasnian carbonatatfpim (Fig. 2). Both of these
mechanisms were earlier proposed by the authoki®leicz 1990; 1991).
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Some features of the Bardo diabase intrusion (Holy Cross Mts.)
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Abstract

The Bardo diabase that surrounds the Bardo syn¢Bnpart of the Holy Cross Mts.)
provided unique information about the late Silurigpomagnetic field pattern, and the
tectonic regime and paleogeography of the Transji@an Suture Zone in the late
Silurian/early Devonian.

The “°Ar-*°Ar age spectra and geological constraints cleasiptpto a late Caledonian
age interval (422-418 Ma) for the Bardo intruside late Silurian paleomagnetic pole
isolated from the Bardo diabase does not supparthypothesis of large-scale post-
Caledonian dextral tectonic movements along thed-European Suture Zone but favours
an in-situ model for the Variscan evolution of tHely Cross Mts. It also does not indicate
any paleomagneticaly detectable local tectonidiaia of the investigated rocks.

Key words : paleomagnetism, magnetic survey, diabase, Bobgss Mts.

Introduction

The most extensive magmatic intrusion of the HGlpss Mts occurs in the Bardo
syncline (Fig. 1). Their features are very impottamreconstructing the tectonic regime
and paleogeography of this part of central Eurdpés widely named the Bardo diabase
(e.g., Czarnocki, 1919; Kowalczewski, 1974). Acdogdto Krzemnski (2004), the CIPW
normative composition classifies the Bardo diab@s®livine tholeiite. It shows a strong
chemical similarity to the continental flow basaitssociated with extensional tectonics (op.
cit.). Further discussion about the tectonic sgttof the Bardo diabase needs more
information about its accurate age and its spdi&tfibution. The diabase contains not only
a geochemical record but it documents some featiréise ancient geomagnetic field as
well. It can provide information about its age dahd geographic location of the Holy Cross
Mts during emplacement of the magma. The Bardoadialzan also be considered as a
potential raw material and sites for its explogatishould be investigated. The aim of this
short paper is to summarize some of the geophysiaedl isotope features of the Bardo
diabase described in my earlier works.

Stratigraphic and spatial model of the Bardo diabas

The diabase intrusion penetrates the Silurian radkbhe Bardo Syncline close to the
stratigraphic boundary between Lower Ludlow grdfeolshales and Upper Ludlow
greywackes. The overall thickness of the intrusi@mies between 20-30 m. The first
magnetic survey of the Bardo Syncline was perfornbetween 1937 and 1942. It
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established an almost continuous diabase body wdiog the Bardo Syncline (Fig. 1,
Czarnocki, 1958; Kowalczewski and Lisik, 1974).

The spatial image of the diabase is more complethénwestern part of the syncline
where the authors (op. cit.) draw more than twoedyld new detailed magnetic survey was
performed in that part of the syncline (Nawrockiadt, 2007a). According to the geological
map of Czarnocki (1958), the roots of the diabaseision should occur at the surface in
just this area. Petromagnetic data obtained froenkibre-core Zagérze PIG-1 and the
results of the detailed magnetic survey enabledopar 2D magnetic modelling to be
performed (Nawrocki et al., 2007a). The resultsustimat the shape of the Bardo intrusion
in the Zagorze area is not as complex as presemtée earlier works (Czarnocki, 1958;
Kowalczewski and Lisik, 1974). There is one stegkedthat cuts the pre-Silurian rocks.
The dyke spilled into Silurian strata. Its southémanch, observed in other parts of the
Bardo Syncline, is not preserved in the Zag6rzea atee, most probably, to erosion.
Nevertheless, it is in that part of the synclinattthe Bardo diabase seems to hold most
promise for exploitation. There, the diabase fomisody ca 150 m wide and > 20 m thick
that is covered by no more than 10 m of Quatermi@posits. The length of this almost
horizontal fragment of the diabase intrusion canals® deducted from the results of
magnetic survey; it is ca 700 m long

——
|+ | Cambyian (shake s, sandstones)
, ¢ )

E diabase intrusion
- Silrian (shale s, greywackes)

== Ordovician (shales, sandstones)

=== [ yler [evoman fainly sancitoes)

» ﬁ Middle Dewvonian @olom ites)
. E faults

. site of paléomagnetic
- Cstudies. .

area of detailed
magnetic survey

l 3 km J

Fig. 1. Area of detailed magnetic survey (Nawroekial., 2007a), sites of paleomagnetic
studies (Nawrocki, 2000) and the sample location ifmtope Ar-Ar age estimation

(Nawrocki et al., 2007b) on a simplified geolodicaap of the Bardo Syncline (after
Czarnocki, 1958).

The age of the Bardo diabase

Preliminary tectonic and stratigraphic observatiqg@int to a Late Ludlowian -
Siegenian age interval for the Bardo intrusion. Thellowian strata and the piercing
diabases were folded and discordantly covered byetdevonian (Emsian) sediments,
equivalent to the Old Red facies (Kowalczewski drisik, 1974). In the vicinity of
Pragowiec, the angle of the unconformity is 30-5&owalczewski and Migaszewski,
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1994). Recent results of studies of the Late Siluri Early Devonian sequences from the
southern part of HCM show that the main phase ef ldte Caledonian movements
occurred here in the latest Ludlowian ¢Bryski, 1977; Stupnicka, 1995) or Late Gedinian
(Malec, 1993). Hence, the age of the Bardo dialtasebe constrained to between Late
Ludlowian and Early Gedinian. Przybylowicz and Stigka (1991) correlate the Upper
Ludlowian Niewachlow greywackes with the diabadks.sin their opinion, the diabases
and volcanic material in the greywackes originafesm the same magmatic centre.
Additionally, the close spatial correlation betweka diabase sills and the locations of the
maximum thicknesses of the greywackes containitiyaoanic material, points to a Late
Ludlovian age for the diabases (op. cit.). A palagnetic study described below provides a
prefolding paleomagnetic pole concordant with thellow segment of the Baltic APWP
(Nawrocki, 2000).

However, preliminary isotope studies did not exelule intrusion being of Variscan
age (Migaszewski, 2002). Recéfiar-*°Ar studies (Nawrocki et al., 2007b) provide more
consistent age data. Plagioclase grains from ftesh taken from the southern limb of the
syncline near Zalesie village were analysed inl#t®ratory at the Research School of
Earth Sciences, Australian National University. Haanple revealed the presence of two
plateaux at 432+ 2 Ma and 425+ 11 Ma for the lowd ahigh-temperature steps,
respectively. On the other hand, the step size higig indicates that the section of the age
spectrum from the step-heating run, from 0.4 to70i8 424+ 6 Ma. The middle Ludlow
strata containing the intrusion cannot be olden #h22 Ma (Gradstein et al., 2004) and it is
clear that the'®’Ar-**Ar age spectra and geological constraints poiearty to a late
Caledonian age (422-418 Ma) for the Bardo intrusion

Paleomagnetic and rock magnetic properties of thed@do diabase

A paleomagnetic study of the Bardo diabase was wxied in the Paleomagnetic
Laboratory of the Polish Geological Institute anesatibed in two papers by Nawrocki
(1999, 2000). Only two exposures of the intrusioerav available for that study.
Fortunately, the fact that they are situated ondpposite limbs of the Bardo syncline
allowed a paleomagnetic fold test to be perform8dmples were collected near the village
of Zalesie on the southern limb of the Bardo symcknd in the BRgowiec Ravine near the
village of Bardo on the northern limb. At neithecdlity is the diabase-sedimentary rock
contact previously described (Kowalczewski and K,isi974) exposed at present. Pilot
samples were subjected to both alternating fietll thermal demagnetization experiments.
The paleomagnetic fold test of McFadden (1990) wssd to assess the origin of the
characteristic component. Magnetic mineralogy wekeminined from isothermal remnant
magnetization (IRM) techniques, thermomagnetic ys®&l and scanning electron
microscope images. The natural remnant magnetizgfNRM) intensities of diabases
from Zalesie ranged between 4.2 and 10.6 A/m andetlof the diabases fromaBowiec
between 0.3 and 1.1 A/m. Most of the samples redeallow-coercivity NRM component
removed by alternating fields < 20 mT and tempeestwf ca 52%C. After removal of the
low-coercivity overprint, a > 20 mT high-coercivitgomponent was identified. That
magnetization was isolated as a straight-line segndérected towards the origin in
orthogonal projection. It yielded an overall medirection of 047/-25° k = 3.1,045 =
50.5 in situ and 042/ -32, k = 505.4,04; = 3.4 ° after bedding correction. The
improvement in clustering of the site mean directiafter bedding correction was
significant at the 95% confidence level using tldd ftest of McFadden (1990). IRM
experiments, and subsequent thermal demagnetizafiothe saturation magnetization,
confirmed the predominance of magnetic carriersnfrthe ulvospinel-magnetite solid
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solution series. The demagnetization behaviour typial for basaltic lava containing
deuterically-oxidised titanomagnetite. SEM imagapp®rt this interpretation. Magnetite-
ilmenite intergrowths are common in the diabas&soc

The paleopole calculated from the high-coercivigmponent corresponds to the
Ludlovian segment of the Baltic APWP. The paleonsignpole calculated from the low-
coercivity component fits well with the Early Carbferous segment of the Baltic APWP
after correction for the Variscan deformation. Téie Silurian paleomagnetic pole isolated
from the Bardo diabase does not support the hypisthaf large-scale post-Caledonian
dextral tectonic movements along the Trans-Eurof&aanre Zone but favours an in-situ
model for the Variscan evolution of the Holy Crddts (Nawrocki, 2000). Neither does it
indicate any paleomagneticaly-detectable locabt@ctrotations of the rocks investigated.

Magnetic susceptibility and inclination of magnetemanence of the Bardo diabase
were also studied in the core from borehole Zagbigz1 (Nawrocki et al., 2007a). A new
interesting paleomagnetic feature was discoverabdaenweathered zone of the diabase. The
inclination characteristic for that zone is 6%uch a high value indicates a Cenozoic age
of exposure and weathering of the intrusion. Reagkrpolarity record means that the
process of weathering had to be older than 783 Menvihe last normal-polarity Brunhes
chron started.

Conclusions

From the scientific point of view, the Bardo diabas one of the most fruitful
magmatic rocks cropping out in the central parttaf Trans-European Suture Zone. It
provided unique information concerning the latai#@dn geomagnetic field features and
about the tectonic regime and paleogeography of E®Z in late Caledonian times.

Selected parts of the Bardo intrusion are prorgiim exploitation purposes. These can
be defined by a more detailed, modern magnetic esurand subsequent magnetic
modelling. In some places, the results of new magre&udies should be verified by
shallow (< 30 m deep) boreholes.
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The Serra da Estrela massif is located in northrabRortugal at the western extremity
of the Hercynian basement block of the Iberian Raula. It is the highest mountain massif
in Portugal, built predominantly of medium- to ceamgranite. Major relief features are an
extensive elevated plateau, rising to 1993 m adidsected by a few valleys of combined
fluvial and glacial origin. The long-term historyf d@s relief have not yet been fully
explained and, in particular, products of granitesathering have not been explored as a
potential source of information. The aim of thisudst is to provide mineralogical
characteristics of weathering residues and to discuheir significance in the
geomorphological context. Samples of saproliteseHaaen collected at various sites, from
the high-altitude plateau (1850 m a.s.l) down te thalley floors (680 m a.s.l.). The
thickness of weathering mantles varies from 2 ta.6They belong to the category of grus
(sandy) saprolites, with generally low content ioef(clay + silt) fraction. The degree of
weathering varies between samples. Some show imred decomposition, with little
weathered plagioclase and biotite and minor amaouinitite, mixed layer I/S and smectite.
Other samples contain illite, mixed layer I/S andestite in larger proportions, and
kaolinite or even gibbsite are recorded. A kaddiniich fissure filling in granites on the
plateau suggests the occurrence of an intensivtdyed granite, which has been almost
completely eroded. Supporting evidence comes flearanalysis of glacial deposits, which
include chemically corroded quartz grains, likebrided from the same ancient saprolite.
A possibility exists that this weathering crustgated late Cainozoic uplift and erosion.
Samples collected on the shoulders of deeply idoisdleys represent subsequent period of
weathering (Pliocene-Pleistocene?) and are mingically immature. In places, post
magmatic hydrothermal alteration facilitated higles of weathering, accounting for both
considerable thickness of saprolites and certaimeraiogical features. Primary components
and the distribution of secondary minerals in therslites suggest different stages of
alteration of the Serra da Estrela granites. Prisdat deep weathering in the Serra da
Estrela record an interplay of various factorsuding parent rock geology, local relief,
duration of weathering and climatic regime, all which need to be simultaneously
considered.
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A buchwaldite NaCa[Pg)like phase was discovered as an accessory minnergile
high-temperature skarn, in metasomatic rocks foaadxenoliths in ignimbrites of the
Upper-Chegem (Verkhniy Chegem) volcanic structtiie,Northern Caucasus, Kabardino-
Balkaria, Russia. Buchwaldite is a rare minerathvain orthorhombic structure. Till now it
was described only from iron meteorites. The budtitezlike phase is present in the
contact zone between skarn and ignimbrite. Minexasociation is represented by
K-feldspars, alkali plagioclase, K-mica, pyroxenealcite, monticelite, wollastonite,
cuspidine, larnite. The buchwaldite-like crystals aften cracked, and form rounded lenses
or elongated pillars bodies. They appear withinelki$par and pyroxene fine-grained
matrix as single grains up to 120n in size or within the altered K-mica rich in Fas
small inclusions. The buchwaldite-like phase, insin@ases, occurs together with
hydroxyapatite replacing it from the centre of ¢aydo the margins. The buchwaldite-like
crystals are transparent, colorless. They are ctaiaed by simply extinction and high
relief close to apatite. The microprobe analysdeweadd to calculate the formula:
(Ca.97S10.01N&0 09)5=0.9N31.00 [(Po.9sSl.0)s=104]. The buchwaldite-like phase does not
contain OH groups and molecular water: Raman spedtow the following bands: 431,
452, 516, 587, 593, 603, 969, 1015, 1025, 1035 19887 and 2709 cth The EBSD and
Raman investigations indicate that the structurthefbuchwaldite-like phase should have
a lower symmetry corresponding to the buchwalditthashombic mineral structure.
Further studies are necessary to understand thetwgte and origin of this new mineral
phase.

68



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 35, 2009 59 75N
www.Mineralogia.pl 9] %
; <
MINERALOGICAL SOCIETY OF POLAND ;//l/ ,@
5 '“"o\o
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO

Mineralogical study of gothic mortars from the ‘Mou se Tower’
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Mineralogical characterization of historic mortairem the Mysia Wiea (Mouse
Tower), a remnant of the $4century Gothic castle, has been carried out bynsex
optical microscopy (OM), chemical (ICP-AES)- anckwv@ (ISO 565 sieves) analysis,
scanning electron microscopy (SEM-EDX) and X-raffrdctometry (XRD). The main aim
of our study was to identify the components of th@rtars in order to design a compatible
repair material, to evaluate their hydraulic prdiesr and to shed light on the ancient
technology of lime production.

All mortars comprise a calcitic binder and a fine-medium-grained inert filler. The
filler is composed of quartz, feldspars and rocking (granitoid), which form subrounded
and less common subangular grains. The granulamatralysis shows that the filler is
poorly sorted, ranging from coarse or medium s#mough predominant very fine sand, to
less common silt. The amount of acid-insolubledesi(i.e., filler) varies from 52-80 wt %.

Chemical analysis of the binder fraction (<0.063 ynseparated by sieving, revealed
that calcium oxide is the main component and thaicentration of RD; oxides is
relatively low. The percentage of acid-soluble Si®also low. As the cementation index
(CI) of the mortars is below 0.3, they are classifas non hydraulic.

The grains of the filler are embedded in the vémg-grained calcitic matrix. Typically
the matrix contains numerous rounded lime-lumpghieg up to few mm in diameter.
These binder particles are mostly composed of dadwn micrite. Their chemical
composition, determined by SEM/EDS, yields at 1&&8 CaO, and small amounts (below
2.5%) of MgO and Si® The lime-lumps frequently enclose aggregates aferals
typically rich in CaO and Si© The combination of EDX analysis and the shapethef
minerals in the aggregates identified them as wtilsite (acicular, Ca/Si atomic ratio close
to 49:50), and belite £5 (equant, Ca/Si atomic ratio close to 63:35). Lemsimon is
rankinite, containing approximately 57% CaO and 48#0,. Pore space between these
minerals is occasionally occupied by almost puliess{identified by XRD as cristobalite),
which sporadically forms larger parts of the spaisee lumps, together with micrite.
The aggregates are rimmed by a thin zone compokeadcoite and other minerals with
compositions close to the melilite group (gehledikermanite).

Typically the lime lumps are interpreted as theauitesf dry-slaking and/or very short
seasoning of the lime. However, in this particidase, occurrence of a high temperature
mineral assemblage in the mortars suggests thalintegelumps should be considered as
overburnt limestone chunks, formed due to presendmt-spots locally distributed within
the lime kiln. The calcium-silicate assemblage ¢atks that the temperature locally was in
excess of 1100°C.
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The EDX analysis clearly identified the presencengdiraulic phases. However their
small volume had no impact on the hydraulic prapsrdf whole sample. The applied lime
was burnt from impure limestone rich in clay midsrand silica, but the temperature
within the kiln was too low to produce a naturatitgulic lime.
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Though ultramafic intrusions are widespread amorigaian ophiolites, the most
abundant are found within plutonic ophiolite seques; they occur also in the uppermost
part of the mantle sequence. The best outcropdti@mafic intrusions are found in the
Puka, Kukesi and Mirdita regions in the northerriofite sector. Ultramafic intrusions
form small-medium size discordant rarely concordbatlies of irregular, izometric or
elongate shape, ranging from severdlup to 0.2-0.7 ki or relatively large sills, or thin
layers (2-3 cm up to 0.3-0.5 m). Ultramafic intarss in the western ophiolites consist
mainly of poikilitic wehrlite, plagioclase wehrlitéherzolite and plagioclase Iherzolite, rare
plagioclase dunite and olivine pyroxenite, wher#agse within the eastern ophiolites
consist of poikilitic wehrlites, Iherzolites, andre harzburgites, usually associated with
pyroxenites.

With respect to major elements, they show differgeochemical compositions
reflecting different modal compositions; these cosifions do not distinguish between the
western and eastern ultramafic intrusions.lgGntents, normalized to Upper Mantle (UM)
abundances, range from 0.4 to 1.0 x UM and fromt6.0.3 x UM for the western and
eastern ultramafic intrusions, respectively. Sc ahdeven though always below the
Primitive Upper mantle content, are only margindiigher in western-type ultramafic
intrusion. In contrast, the normalized valueshef tompatible elements (Cr, Ni, Co) do not
show any sharp distinction between ultramafic isibns of the two ophiolite types. The
ultramafic intrusions have varying low Rare Eartlerient contents and they display
different spider graphics of their normalized com$e The LREE contents are higher in the
eastern ultramafic intrusions, while the westertravhafic intrusions show a REE
fractionation trend that is characterized by a gehdenrichment of MREE and HREE
relative to LREE.

Olivine compositions that range fromgs®o Fa, (Table 3) do not distinguish between
the western- and eastern-type intrusions — probbbhlause of its extremely refractory
nature. The clinopyroxenes from the ultramafic usions of the western ophiolites are
higher in Ti, Na, and P& than those from ultramafic intrusions of the east@phiolites
which, in contrast, are higher in tetrahedral AteTvalue of Cr/(Cr+Al) in chromite ranges
from 0.44-0.55 for the western intrusions and u@69-0.84 for the eastern intrusions,
thus characterizing them as magmatic rocks crizallby magmas of MORB and boninite
type, respectively. The high forsterite contenblinine (Fa—Fay,) and high Mg values in
clinopyroxene (Mg#=89-94.5) indicate that they oy crystallized from rather
undifferentiated melts.
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Behaviour of CL-activators during the hydrothermal stage
of granite formation

Justyna CIESIELCZUK', Magdalena SIKORSKA?

! Faculty of Earth Sciences, University of Silesi@ Badziiska St., 41-200 Sosnowiec, Poland;
jciesiel@wnoz.us.edu.pl
2 Polish Geological Institute-National Research inge, 4 Rakowiecka St., 00-975 Warszawa, Poland

Products of hydrothermal alteration of granitesen@nalyzed by scanning microscopy,
microprobe, optical cathodoluminescence and CLtspszopy. Samples collected from the
Strzelin, Borow and Karkonosze granitoid massifg@eent three degrees of alteration of
granite.

The history of the feldspar alterations is cleadyealed thanks to differences in the CL
colours and emission spectra of altered and uealtegrains. Alkali feldspars and
plagioclases show blue CL colours caused by straictiefects due to the substitution of
Al*? for Si** (450-480 nm) and activation of fi(460 nm) (Gétze, 2000). Blue and pink CL
colours of primary albite, and non-luminescent tabd plagioclase cores coexist with
partly sericitesed K-feldspar characterized by br@\¥ colours. The CL spectrum of blue
albite has strong emission bands at ~720°(&etivation) and ~450 nm whereas pink albite
differs in showing a very week emission at ~450 fithe brown CL colour of the K-
feldspars reveals that K-feldspar was affectedltgyation what is confirmed by the partly
sericitized K-feldspar grains and antipertites withlagioclase grains, as both are brown in
CL. The CL emission spectrum of the brown-luminegcK-feldspar is dominated by the
emission band of Mf at 560 nm. In the UV range around 280 nm, ther@ni€mission
band of TT; TI" substitutes for K(Gorbets, Rogojine, 2002; Sikorska, 2005).

Accessory and newly-formed hydrothermal minerads aéflect differences in chemical
composition and catodoluminescence properties.

Apatite typically occurs as small, ca 10-Bfnh grains which are homogenous in CL
(yellow) and BSE images. Larger grains (100 - 30@) show in CL a three-stage zonal
growth structure. In these, the central part shg&ow CL, the subsequent zone a green
CL and the outer zone a brownish CL colour. CL speeflect a decrease in the content of
REE activators during apatite growth. Yellow amatitontains less CaO and more SiO
compared with the green and brownish zones.

Clinozoisite-epidote group minerals are mainly heminescent because of Bevhich
is a CL-quencher. But parts of grains containirss lieon (clinozoisite) are characterized by
a dark gray CL colour; the CL spectrum confirms pinesence of the activator (555 nm),
probably TH*.

Prehnite is easily visible in CL because of itsralteristic yellow luminescence. Two
kinds of prehnite can be distinguished in CL: ligbtlow and yellowish-green. The CL
spectra are similar and reveal only the varyingeotof M (=570 nm) as an activator.

The varying composition of titanite well seen onB8nages is confirmed by CL
colours. The outer dark-olive CL-colour of titaniggains corresponds with a light-gray
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BSE-colour. These outer parts contain less, A0z and CaO and more T¥ONb,O; and
V,0s. CL spectra reveal a decrease in the contentsEdf &tivators (Gaft et al., 2005) in
darker zones — as in apatite.
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Geochemical diversity of microgranular mafic  enclav es
from a composite Variscan Strzegom-Sobo6tka massif ( SW Poland)

Justyna DOMANSKA-SIUDA!, Krzysztof TURNIAK?, Adam SZUSZKIEWICZ?

!Institute of Geochemistry, Mineralogy and Petrologgculty of Geology, University of Warsaw;
j.domanska@uw.edu.pl

2Institute of Geological Sciences, University of Waw, pl. M. Borna 9, 50-204, Wroctaw, Poland;
krzysztof.turniak@ing.uni.wroc.pl; adam.szuszlde@ing.uni.wroc.pl

The Variscan Strzegom-Sobdétka massif (SSM), trgekt of the granitic plutons in the
central part of the Fore-Sudetic Block (NE part tbe European Variscan Belt), is
composed of four main rock types: hornblende-tgdditanite, biotite granite (W part of the
massif), and two-mica granite and biotite grandtBo(E part). Mafic microgranular
enclaves occur mainly in hbl-bi granite and bi g@@iorite. The enclaves from the western
part of SSM (EWP) display a wide spectrum of contpmss ranging from monzodiorite,
diorite and quartz diorite to tonalite while thosé the eastern part (EEP) are mainly
tonalitic. Both enclave groups are composed maifiliotite & hornblende in EWP) and
plagioclase with minor alkali feldspar and quai&ircon, apatite, allanite, monazite and
epidote occur as accessories. However they displaginct geochemical features
suggesting differences in the origin and evolutbtheir parental melts.

EWP show a broad range of $ifbom 50.62 to 69.23 wt%. The Mg-number is low
(0.16-0.33) and similar to that of the host grari@el5-0.30). NgO/K,O ranges between
0.72-4.92 with an average of 1.88. They are peraous to metalouminous with A/NCK
from 0.85 to 1.22. EEP, on the other hand, displarrower range of Saontent (60.27-
68.24 wt%). The Mg-number is higher (0.36-0.41) &&O/K,O between 0.76 and 2.96
with an average of 1.34. EEP are peraluminous MMCK ranging from 1.04 to 1.19.

For the two enclave groups, most of elements (B@;, Al,Os;, Fe0s;, MnO, MgO,
CaO, BOs, Rb, Zr, Hf, Nb, Y, V, Ni)correlate negatively with SiOFor EWP, KO and
NaO do not show a straightforward correlation witl©sSithey form curved trends. For
EEP, KO displays a negative trend and,Nadoes not correlate with the differentiation
index. EWP have higher Fe and lower Mg and Ca cdsittnen do EEP. The REE patterns
of EWP and EEP differ. EEP have less fractionatR&E ((La/Smy:1.4-3.2) with absolute
contents lower (83-158 X chondrite) than in EWP3:Bad1 X chondrite). EWP exhibit
a significant fractionation of LREE ((La/Sp0.9-4.9). A negative Eu anomaly is present
in both groups. HREE contents are systematicalijnéri in EWP (123-565 X chondrite)
than in EEP (85-182 X chondrite) whereas their tfoaation does not show any
meaningful differences between the two groups.

The geochemical differences between microgranulafic enclaves from the W and E
parts of the Strzegom-Sobdtka massif are consistghtthe petrological and mineralogical
heterogeneity of the massif. They may also suggedgifferent origin and evolution of
parental granitic melts.

Acknowledgement: The study was financed by the MMiSesearch grant NN 307112735
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Mineralogy of Upper Triassic clays (southern Polish Lowland)

in XRD, SEM and TEM studies
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Upper Triassic clays are widely used in the cecamiustry in Poland. The best known
deposits are situated in the Holy Cross Mountaims ia the NE border of the Silesian-
Cracow region and surroundings areas. These setlinaea found also in the Southern
Polish Lowland where the clays are recognized ia #imszyn Beds (Norian) and
Wielichowo Beds (Raethian). In this work, the madegy, structure and chemistry of the
Upper Triassic clays from deposits in Stupia — Albe near kpno were studied using
XRD and a combination of SEM, TEM and EDS methods.

The sediments studied are typical of Triassic €lajth their reddish, red or cherry
colours. They constitute a monotonous interval arkdorown to reddish massive clays. In
upper part, they are intercalated by green sikedsyup to 1 cm thickness and display fine
cross-lamination with very low slopes (about 3-B@es). The content of SiGhe main
component, ranges from 73-56%. The highest comérsiO,, and the lowest AD;,
characterises the silty clays and the lowest 8tdtents the clayey part of the outcrops and
separated clay fractiong « 0.2um ande < 2um). FeOs; ranges from 8-15% and MnO
from 0.03-0.58%Na,O and ROs occur in trace amounts.

Visual XRD patterns of randomly oriented sampletidated the presence of mica like-
vermiculite minerals, 1S-ml and kaolinite as malaycminerals phases. The main non-clay
phase is quartz. In general, there was no signmificaariation between the mineral
compositions of the investigated quéh and < 0.@m fractions. The detailed mineralogy of
the sediments was established using TEM and ED8e sediments are dominated by
mixed-layer particles including end members and edhibayer series: dioctahedral
vermiculite/smectite (in the main), dioctahedral rmulite/smectite mixed-layer,
illite/smectite and beidellite. The mixed layer fides occur mainly as xenomorphic flakes,
occasionally slats. Dioctahedral vermiculite/sntectninerals occur as small or very large
platy crystals and xenomorphic particles. Beidedlibccur as hexagonal crystals or platy
xenomorphic flakes, similar to dioctahedral vernitelsmectite. lllite-smectite particles
formed platy- or irregular flakes.

The mineralogical and chemical composition suggesterrestial origin for the clays.
Beidellite is mainly a product of soil formationgoluced by chemical weathering and can
be generally viewed as an indicator of warm and elshate conditions. Mixed layer
phases, illite/smectite and divermiculite/smecti{enica-like phase) are common
components of sediments and soils that could aatgimlue to chemical weathering from
mica phases.
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Calcite crystallisation in the galleries of the Ro  zn6éw Dam
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27esp6t Elektrowni Wodnych Rmw Spétka z 0.0., Reow 433, 33-316 Radw, Poland

The Ranéw Dam and Power Station were built in the ye®3611941 following the
catastrophic flood in the Dunajec river valley iyd1934. The dam, built of 450 000’ wf
concrete, is 550 m long and 49 m high. The capaditjre power station reaches 56 MW
and the annual production of energy amounts to1T®bKWh.

The lowermost gallery of the dam, 3 m in diameieituated 25 m below the bottom
of the Randéw Lake. Water is percolating into the dam mostigough dilatations and
technical sutures; the amount of infiltration hasib at a stable, safe level below 0 5per
minute. The concrete walls of the gallery, howeveye been continually covered with
bright, white or yellow-brownish incrustations, particular in the dilatation zones and in
some places of more intensive water percolatioat Fcrustations covering the concrete
gallery walls are the most common but small stékscform in places.

This material crystallised on the walls of the gafl was sampled and subjected to
optical and scanning microscopy, X-ray diffractiaamd chemical analysis. Samples of
water from the gallery and from the Rww Lake were also analysed.

The analyses demonstrated that the sampled matenedists almost exclusively of
crystalline calcite. This mineral was recognisedriitroscopic observation of thin slices
and confirmed by the X-ray analysis (distinct peak$.86, 3.04, 2.49, 2.28, 2.096 A, as
well as others, typical for calcite, in all analgssamples). The outermost, youngest parts of
the incrustations are composed of fine-crystaliakite layers, ca 0.1-0.2 mm in thickness,
separated by empty spaces, up to 1 mm thick. Tlegecarystals are very fine, tabular and
guasi-isometric, subhedral or anhedral. In oldetspaf the incrustations, the originally
empty spaces are fully or partly filled with relatly large, prismatic crystals up to 0.4-0.5
mm in length. SEM images enabled the recognitiorthef side faces of the prismatic
crystals {10-10} and the faces {21-31} at their soprellowish and/or bright-brownish
colouration of the incrustations and stalactitegiisbably related to small amounts of
dispersed opaque substance, presumably iron hyidiesx

The analysed water samples proved to be basicfjud 8.5 for water from the gallery,
and pH = 7.6 for water from the Rww Lake. The cation composition (N&K*, C&”,
Mg®") was relatively diversified, whereas Hg@redominated among the anions.

The pure-calcite incrustations, combined with thernical composition of the waters,
seem to point to the percolating water being thiecgal source of the calcium carbonate.
This may be also indicated by a very good statth@f70-year-old concrete of the Rdw
Dam.
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The Mafic/Ultramafic Rocks in Wadi El-Allagi-area,
South Eastern Desert, Egypt:
implications of their geochemical and tectonic vari ations
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The mafic plutonic rocks of the Allagi area in tBeuth Eastern Desert of Egypt are of
2 types: 1) a greenschist facies metagabbro whiaftimately associated with serpentinites
after harzburgite and, 2) intrusive metagabbro#diorOn the basis of major and trace
element chemistry, the mafic rocks are split imeo tmagmatic groups. The first is
a tholeiitic one with transitional MORB and IAT dhateristics (ophiolitic) which may
have developed in a back-arc setting rather thamidkocean ridge environment. The
second is a more fractionated calc-alkaline oné witlcanic arc affinities. The observed
variations in major and trace element concentrati@veal that fractional crystallization
was the main process in the evolution of the twlbgaic groups. However, the magnitudes
of the element enrichments and depletions indighe the arc gabbros are more
fractionated than the ophiolitic varieties. Furthere, the mineralogical composition of the
fractionating assemblages in the two gabbroic tiegeis different. The predicted
fractionation history for the ophiolitic gabbro @i, Ol + Cpx and Ol + Cpx + PI and, for
the arc gabbros, Cpx + Ol and Cpx + Ol + Pl. Thestallization of the latter may have
taken place under elevated water pressure.

The mafic/ultramafic suite of Wadi Allagi may haf@med in a back-arc environment
and have been tectonically transported onto oldimental crust during the closure of late
Proterozoic ocean basiftonsequently, the oceanic assemblage had beed@édtroy the
arc gabbros.
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Investigations on tourmalines of the elbaite-schorl series
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Detailed chemical and structural data were obtaimedsamples of the elbaite-schorl
series from San Diego County, California, USA. Wftte black core of a large crystal has
the composition of an Al-rich, Mn-bearing “oxy-sectiowith ~2-4 wt% MnO, an
intermediate zone can be assigned to a yellowisbrgmVin-rich “fluor-elbaite” with a
relatively high Mn content of ~6 wt% MnO. Nearly lgorless “fluor-elbaite” has the
highest Li content of all investigated samples {~dpfu Li). M6ssbauer studies from the
different zones within a zoned crystal from a petitmapocketshow that the relative
fraction of F&" increases continuously from the Fe-rich core ®Re-poor near-rim zone
in a large tourmaline crystal (~5 cm in diametegflecting increasing fugacity of oxygen
in the pocket. In the outermost Fe-poor rim, tHetiee fraction of F&" decreases again.

There is an inverse correlation between teG= distance and the Al and ¥eontent
at the Y site in the investigated tourmalines of the elaithorl series. Many samples
contain mixed occupations of Si, Al and B at Thsite. Similar td*B-bearing tourmalines
from other areas, a positive correlation betweeatAheY site and”B was found in these
tourmalines. Another positive correlation was folmetiween (MA" + F&*) and™Al.

Beryllium is very low in the Fe-rich samples (Be® 10 ppm) and increases
concomitantly with the Al content. The sample witie highest Al content also has the
highest Be content (Be©80 ppm).

Our analyses indicate that some elbaites contanixad occupation of F, OH and O at
the W site. We conclude that the assumption OH = 4 sFonly valid for elbaitic
tourmalines with FeO + MnO < 8 wt%. However, foretimost elbaite samples, this
assumption is a good approximation for estimativeg®H content.

AcknowledgementThis work was supported by Osterreichischer Fonais=srderung der
wissenschaftlichen Forschung (FWF) project no. P2a1§10.
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Modification of glauconite clays and Na-X zeolites
in order to receive acid gases sorbents
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Acid gases, e.g., GOS0, andNO, constitute a problem of many industrial plantshsuc
as power plants, cement mills, refineries, etc. Ehassion of these gases influences
greenhouse-effect growth. Therefore, there existsead to work out new, economic
solutions to reduce the emission of these gastseorneutralization.

The aim of this study was the modification of the&rface properties of natural and
synthetic mineral resources in order to achievd-gas sorption. The tested materials were
glauconite clays (natural material) and NaX zedbtynthetic material).

The examined clay material was activated using 8Qfshuric acid over a period of 4-7
hours followed by calcinations at a temperature360°C over 4 hours. The zeolitic
material, due to its lack of chemical resistanceatid, was subjected only to thermal
activation at 350°C over 4 hours.

In order to define the influence of the acid ghdrmal activation on the analyzed
material, the following surface parameters wereiheined: ion exchange capacity, surface
area, structure and pore size distribution.

As a result of the activations, the BET surfaceador the clay sample increased from
86 nf/g to 236 Mg (after 7 hours thermal-acid activation) and fra&2 nf/g to 434 g
(after thermal activation) for the NaX zeolite. 8Jghe ion exchange capacity of the clay
decreased from 33 meq/100g to 15 meqg/100g, wheheanf the zeolite remained nearly
constant at about 218 meq/100g.

Preliminary tests of COand SQ sorption for the zeolite sample were conducted.
Measurements of CGsorption isotherms show a much greater sorptido tre activated
sample (0.51 mmol/g at equilibrium pressureqfwse to 0.01) than onto the natural
sample (0.18 mmol/g). This result explicitly indies the surface modification needed for
this sort of material in order to achieve £gorption.

Measurements of SOsorption isotherms show a much greater sorptioto dhe
activated zeolite sample (1.76 mmol/g at equilibbripressure pfpclose to 0.2) than onto
the natural sample (0.46 mmol/g).

Experiments on the chemisorption of S@ere also conducted (sorption and desorpiton
at 0° measurement temperature. The difference @ngtrantity of adsorbed $@an be
considered as the amount adsorbed as a result eshistrption. This difference at a
pressure of ca 0.1 p/n the case of the activated NaX was 0.72 mmdiiat is ca 47% of
the total amount adsorbed and in the case of thealasample, the difference was 0.23
mmol/g, that is ca 57% of the total.
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The results explicitly indicate, for the tested temals, the degree of the surface
modifications needed in order to promote acid gastn.

Acknowledgements: This work was financed within sisepe of research and development
project No R14 0013 06 and research project No NE2B37.
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Hydro-fracturing by boron-rich fluid of the granito id rocks
in the Tatra Mountains
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Tourmaline is a common accessory mineral in grastoespecially peraluminous
leucogranites and their pegmatites. It crystadlizmth as a magmatic mineral, as a
subsolidus phase and late hydrothermal minerakaisily in the exocontact of granitoid
plutons. As the presence of tourmalines is a maokdrigh B activity, the chemistry of
tourmalines could mirror the source rocks charaatet might help to define the origin of
B-rich parental fluid. Boron-rich fluids, releasém the crystallizing granitoid magma,
usually circulate in the contact aureoles and cawstasomatic reactions.

In some pegmatites in the High Tatra granite (&gich, Mieguszowiekie Peaks,
Gerlach), minerals (including first generation tmatine occurring as crystals < 6 cm long)
are intensely fractured and cemented by fine-gchtoarmaline crystals. The tourmaline is
schorlite-dravite in composition with the schorl ngmonent prevailing over dravite:
Ca/(Ca+Na) ~ 0.16m = 0.578-0.595 and Al in Y in the range of 0-0.257 7.187-7.183
A. Long-prismatic tourmaline crystals are chemigatbned with Fe enrichment at the
border and are intergrown with K-feldspar ¢§,Cn,-Ory;Ab,Cny) and chlorite.

In the border zone of the granite in the Westertral 8ountains (e.g. Mha Bysta,
Kopa Kondracka, Kaczysta n. Jatibcz, Jakubina), fracture zones, 2-3 metres in length
and 6-20 cm thick, anastomosing into millimetreskhveins, are cemented by fine-grained
to submicroscopic tourmaline, quartz and albitehe Tracture zones, trending 174/35-
160/40 are, in general, concordant both with magmayering and the schistosity of the
metamorphic cover rocks. The tourmaline here is kcic (Ca/(Ca+Na) = 0-0.01) and
consequently shows highey @.181-7.211 A), less ferrouén{ = 0.495-0.535) and F in the
range 0.02-0.05 a.p.f.u. Locally tourmaline is assed with xenomorphic fluor-apatite
and quartz. The tourmaline-rich matrix of the framet zones shows strong REE
fractionation with a predominance of LREE ({¢by = 23.91) and a flat Eu anomaly
(Eu/Eu* = 0.922).

The presence of hydro-fracturing zones in the hopiet of the Tatra granites, and
internal brecciation in granitic pegmatites, isrags for fluid overpressures in the cooling
granite magma. The predominance of tourmaline asraenting mineral suggests the
importance of boron in the fluid phase. Similartiie presence of hydrothermal fluor-
apatite would also argue for the late-magmaticvagtiof phosphorus and fluorine. The
difference in tourmaline composition in compariseith primary pegmatitic tourmaline
megacrysts (secondary tourmalines are more magmesigght be an effect of fluid
evolution and/or fluid interaction with the hostks (both granitic and metamorphic). The
distribution of hydro-fractures in the granite miatand its envelope provides a new insight
into the composition and role of the fluid phasgioally dissolved in the granite magma.
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Alkali feldspar megacrysts from the High Tatra gran ite
— indicators of magma mixing/mingling processes
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Alkali feldspar (Afs) megacrysts are observed inngnaranitoid intrusions. Their
chemical patterns are indicators of magma mixinggimg, changes in magma
temperature, decompression during felsic magmanaseel/or changes of water activity in
the magma. Zoned Afs phenocrysts, showing variationcelsian content, are considered
to be a good monitor of chemical changes in theqganagma.

Alkali feldspar megacrysts 1-6 cm long occur in ligh Tatra granite as four different
types showing different geochemical and CL charaties. Type 1— Afs forming
cumulate layers up to 0.5 thick and enclaves 0if size with normal Ba zonation (Cn =
4.8-1.2 at.% and 3.5-0.8 at.%). Type 2 — Afs in imamicrogranular enclaves (MME)
showing inverted Ba zonation (Cn = 0.3-1.7 at.% dn#-2.2 at.%). Type 3 — Afs
associated with granite layering with normal zomat{Cn = 3.9-1.9 at.% to 2.9-0.6 at.%).
Type 4 — Afs with both normal and inverted zonatf@m = 0.9-6.9 at. % and 1.4-3.6 at.%)
dispersed in homogeneous granite.

Matrix alkali feldspars show either normal zonation the irregular distribution of
barium, interpreted in terms of secondary recrifztaion.

Alkali feldspar megacrysts from all localities arharacterised by poikilitic textures
with plagioclase, quartz and biotite inclusions. eTlnclusion rows underline the
microscopic zonation expressed by changes in BdentnThe included plagioclase
crystals nucleated on the Afs growth surfaces. bhegmatic transformations, expressed as
the perthite exsolutions, and interspersed witlokei®n-free homogeneous domains, are
evident in all Afs types.

A common feature of the Afs megacrysts is a bluaim@scence of different shades,
whereas the plagioclase inclusions show a greeinkgsoence. Layers showing enhanced
concentration of barium in the Afs are easily digtiishable by the dull-blue colour.

All megacrysts are carriers of Eu; they are allrabterised by positive Eu anomalies.
The lowest Eu/Eu* value was found in Type 2 megsisryEU/Eu* = 4.8-5.5), Type 1 and
Type 3 show Eu/Eu* in the range of 16.5-17.8, whil@e 4 megacrysts show the highest
Eu/Eu* value of 22.1.

Temperature calculations indicate the predominarfigeost-magmatic conditions (400-
600°C) and most probably a late thermal episode relateshearing and alkali-element
migration. In Type 4 Kfs megacrysts, equilibriumgnaatic temperatures (T > 7) are
preserved. In MME (Type 2), disequilibrium temperas reach 80C. However, in all
cases, the different occurrences of the alkalisfgdd megacrysts in the granite, and their Ba
zonation patterns, reflect their magmatic origin.
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Magmatic structures in the High Tatra Granite:
a key to the model of the intrusion

Aleksandra GAWEDA", Krzysztof SZOPA!
Faculty of Earth Sciences, University of SilesiaBgdziiska 60, 41-200 Sosnowiec, Poland

Magmatic layering, formerly described from mafic gnaatic intrusions, and more
recently found also in granitoid plutons, are ipteted in terms of the cumulate formation
process. The High Tatra granite, Variscan in agea tongue-shape intrusion located in
metamorphic host rocks. In its eastern part, tligwid body contains many xenoliths of
different size, mafic microgranular enclaves andipos of dioritic magmatic precursors.
Near the contact of the granite with its host rocksd in areas rich in larger xenoliths,
magmatic layering is observed.

Layering found in the Tatra granite is defined lmymal density gradation and inverse
size gradation. The base of each layer is enrighedafic minerals plus apatite, monazite
and zircon, while feldspars and quartz were fraetied at the top. The mafic bases are
thicker in the concave parts of the layers. Thhapes resemble the trough structures or
load-casts, observed in sedimentary rocks. Theyariehed in opaque minerals, apatite,
monazite and zircon. Finger-like protrusions ofielportions into the mafic bottoms of
overlying layers resemble the flame structures kmofnom sedimentary rocks and
described from mafic layered intrusions. Erosionfames are defined by discordant
contacts between the layers. Locally the layersets of layers are discordant. In addition,
slump breccias and cumulate enclaves inside thee nfigisic varieties are observed.
Leucocratic patches are also present and couldtbsprieted as the frozen portions of melt
percolating upward through the crystal-mush in amdilting” process analogous to the
devolatilization of sediments during maturation dadned by filter pressing process. The
layers interleave with the homogeneous equigramtaizogranite portions. Locally the K-
feldspar phenocrysts, with both normal and reverseagmatic zonation, are also
concentrated near the base of the layers, poirditgthe magmatic flow. K-feldspars
phenocryst accumulations form layers and lensess t®f centimetres to meters in
thickness. K-feldspar megacrysts, commonly imbedatorm a closely packed framework,
while the matrix is composed of biotite, muscovithite, quartz and accessories (apatite,
zircon, monazite, xenotime). Apatite concentratiares often associated with K-feldspars.

The development of structures reflecting mecharatighment of crystals during flow
of the magma, is typical for either in situ cryBtaition coupled with interstitial melt
removal or mechanical accumulation produced dusimegar flow coupled with compaction
and loss of interstitial liquid by filter pressinghe slump breccias and the local presence of
monzogranitic portions in leucogranite could bevaladerstood in terms of density-current
activity, stimulated by syn-magmatic faults dediainig the accumulated crystal pile. The
mixing with less viscous, mafic magma could endabke development of the sedimentary-
like structures, while the presence of xenolithsing sinks for magma heat, could act to
stimulate the formation of thermal boundary layamg undercooling.
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Secondary changes in schreibersite (rhabdite) and ¢~ ohenite
in the Morasko meteorites

Agnieszka GURDZIEL!

tUniwersytetSlgski, Wydziat Nauk o Ziemi, 41-200 Sosnowiec, ¢dzBska 60, Poland;
v.agnieszka@interia.pl

Phosphides and carbides occurring in the Moraskteani¢es group are resistant to
weathering processes. They are represented byitsetsiee (Fe,Ni,CqP as well as its
morphological form — rhabdite and carbide — cole(fe,Ni,CoC.

Many factors can be responsible for the presenckrate of development of the
secondary changes in these meteorites. Disregardingronmental conditions, e.g.,
chemistry of soil, changes of humidity and tempaetdepth of inhumation, the individual
location of the studied mineral phases in the mé&=are important during weathering.

The phosphides have different forms, i.e., crackgdins for schreibersite and
automorphic crystals for rhabdite. During weathgriprocesses, the walls of rhabdite
crystals initially become rougher and uneven. BasedBSE observation, secondary
changes are seen as white domains in the rhabggtals (Fig. 1 & 2). Loss of phosphorus
and increasing nickel in the marginal parts of digbis evident. It is an example of
a transition reaction from phosphide to a metahase.

Fig. 1. BSE image of lateral cross-Fig. 2. BSE image of weatheredFig. 3. BSE image of weathered

section of weathered rhabditerhabdite prism. Size of the crysta cohenite grain associated with

crystal. Size of the crystal: 12 um.32 um. Morasko meteorite. secondary iron hydroxide forms

Morasko meteorite. and graphite. Size of the crystal:
1700 pm. Morasko meteorite.

Further weathering processes are responsible fophotogical changes in the rhabdite
crystals (Fig. 2). Phosphorus from the decompasitibrhabdite is incorporated into a new
iron phosphate, mainly vivianite K¥Q,), x 8H,O. Cohenit present in the Morasko
meteorites is cracked and metallic low-Ni iron issaciation with graphite is exuded
(Fig. 3). During the weathering, the metallic irsnreplaced by hydroxides which contain
fragments of graphite.

Phosphates and carbides that are not normallepres the Earth’s surface, in many
cases, may be the only indicators of strongly weatth iron meteorites.
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Petrography and geochemistry of volcanic rocks
from the Niemodlin area (SW Poland)

Artur JAKUBIAK®, Anna PIETRANIK", Ewelina £ YCZEWSKA

tUniversity of Wroctaw, Institute of Geological Swes, ul Cybulskiego 30, 50-205 Wroctawski, Poland;
artur.jakubiak@ing.uni.wroc.pl

Tertiary volcanic rocks from the Niemodlin areaW(SPoland) belong to Central
European Volcanic Province (CEVP). Several quaroiebasaltic rocks occur in the area
including “Rutki-Ligota”, “Gracze-Ameryka”, “Rutki’ “Gracze”, “Radoszowice”. In this
paper we will focus on basaltoids from two activegies: “Gracze” and “Rutki Ligota”.

According to the TAS diagram, rocks from “Graczédssify as nephelinites and those
from “Rutki-Ligota” as basanites. Mineral compagitiis very similar in both groups of
rocks. Basanite consists of olivine, clinopyroxenepheline, plagioclase, Ti-Fe oxide and
apatite. Nephelinite consists of olivine, clinopyeoe, nepheline, Ti-Fe oxide and apatite.
Phenocrysts in both groups are olivine and clinopgne.

Chemical compositions of minerals in the basaratas$ nephelinites are similar though
minerals in the nephelinites are more homogenoligin® phenocrysts in the nephelinites
show compositional variations from fz¢0 Fa; (AFo = 14), Ca = 100-4600 ppm and Ni =
500-4700 ppm. In contrast, olivine phenocrystshim basanites span a wider compositional
range from Fgs- Fosg (AF0 = 25), Ca = 1000-6350 ppm, Ni = 400-3150 ppm.

The rocks from “Rutki-Ligota” and “Gracze” are chaterized by high concentrations
of incompatible elements such as Ba (600-900 pfm§800-1200 ppm), Nb (70-100 ppm)
and La (40-65ppm).

The similarity of mineral and chemical whole rocngpositions of the rocks from
“Rutki-Ligota” and “Gracze” indicate that they wederived from the same source. Slight
differences in chemical composition are consisteth different degrees of differentiation
and/or melting in the source. Basanite records rgefaspan of differentiation than
nephelinite.
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Crystal size distribution of olivine
from the M ecinka Basalt (SW Poland)

Aleksandra JAZWA?, Anna PIETRANIK!

tUniversity of Wroctaw, Institute of Geological Swes, ul Cybulskiego 30, 50-205 Wroctaw, Poland;
aleksandra.jazwa@ing.uni.wroc.pl

Studies of crystal size distribution (CSD) can advihe cooling histories of igneous
rocks; in detail, they provide an insight into theriations in nucleation and growth rates
with time. In basaltic rocks, CSD measurements lnfire phenocrysts can be used to
reconstruct rates of magma crystallization fromahset of crystallization to the eruption.
In this study, we calculate olivine CSD for bagatticks from Mcinka (SW Poland).

The basaltic rocks occurring in the vicinity ofetdnka belong to the Central European
Volcanic Province extending from the Eifel Mts ir@&any through the Czech Republic to
Lower Silesia and the Opole Region. Volcanic attiiegan at the turn of the Eocene and
Oligocene and lasted up to early Miocene. The b&sah Mgcinka is exposed in a quarry
as two lava flows interbedded with tuffs. Two typefsbasaltoids, differing in chemical
composition occur, i.e., basalt and basanite. Batbe similar mineral compositions. The
matrix consists of plagioclase, diopside, Ti maie&imenite, nepheline and glass.
Olivine, and rarely clinopyroxene, occur as phepsts. The olivine is characterized by
variable degree of alteration.

The sizes of olivine phenocrysts were measuretiimgections of the ktinka basalt.
The crystal sizes were plotted against populatiemsiies. Generally, all CSD in the plots
are characterized by relatively flat slopes for thegest crystals which progressively
steepen towards smaller crystal sizes. This isistam with long residence times and the
slow crystallization of the largest phenocrysts.oTwpes of patterns with different slopes
are seen for the smallest crystal fraction. Oneugrof rocks is characterized by a steep
slope which reflects both strong fractionation ahdrt residence time. In the second group,
a much flatter slope indicates slower crystallizati The difference between the two
probably reflects different cooling times after gian. Both groups probably represent
different stages of eruption or different lava flaw

This preliminary results reveal different crystadiiion regimes in the basaltic rocks
from Mecinka. Further study is necessary to address thardics of the magmatic system.
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Preliminary study of the mineralogical and chemical composition of

soils from Agnes Mine (Mpumalanga Province, South A frica)

Irena JERZYKOWSKA", Jolanta MESJASZ-PRZYBY+OWICZ? Marek MICHALIK*

! Jagiellonian University, Institute of Geologicati€nces, Oleandry 2a, 30-063 Krakéw, Poland;
irena.jerzykowska@uj.edu.pl

2iThemba LABS, PO Box 722, Somerset West 7129, Strich

The aim of the study was to determine the chen@oal mineral composition of soils
from an area covered by Ni-hyperaccumulating plartd to compare the results with
previous studies. This work is a part of reseamhcerning heavy-metal distribution and
availability in soils. Five soil samples were cotled (from a depth of ca 10 cm) near the
Agnes Mine in Mpumalanga Province, the RepubliSotith Africa. The soils are formed
on rocks of the Onverwacht Group in the Barbertosae@stone Belt. Soils in this area are
shallow and rich in rock fragments. The bedrockilisabasic in composition (SiG< 45
wt% and MgO > 30 wt%).

Soil samples and bedrock fragments were analyzieg) aptical microscopy, scanning
electron microscopy with EDS and X-ray powder @ifion. Chemical composition was
determined using IPC MS and ICP AES.

The analyzed bedrock fragments are serpentinitdn @it macroscopically visible
weathering rim. The unweathered part of the rockamposed of rounded massive- and
vein-shaped serpentine aggregates comprising darpehat has a light brownish colour in
thin section. The rock also contains chromite aadkides. The weathered rim is porous
and the constituent serpentines are colourledsirinsection and have very variable crystal
shapes. The serpentines are enriched in Fe aBdpir cases, contain Cr and Ni. Cr and Ni
also occur in Fe oxides. The weathered part of mckit by veinlets rich in Mn, Cr, Co, Ni
and Fe. The soils examined are strongly enricheM@® and depleted in SPOMean
Mg/Ca is 3.22 — typical for “ultramafic soils” (>2 according to McCallum, 2007). The
soils have high contents of Cr (47:5%21 ppm) and Ni (676-2525 ppm). Ni and Cr values
correlate positively with F©; and negatively with SiQin all samples. The mineral
composition of the soils is very diverse. They dof in quartz, amphibole, talc, albite,
serpentine, mica and clay minerals suggesting lo&dneterogeneity (ultramafic and rocks
rich in quartz). It is also possible that the quastallogenic (likely aeolian).

All of the soils studied have a chemical composittgpical for ultramafic rocks, but
mineralogical diversity probably indicates bedrodketerogeneity. For a better
understanding of the weathering processes, andedfi¢avy metal distribution in the soils,
a more detailed examination of the bedrock is neede

McCALLUM D. A., 2007: The Ultramafic Soils of Swdand in: Diversity and

Conservation of Ultramafic Flora in Swaziland. bitpdl.handle.net/123456789/2056,
6-23.
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Variety of alterations in gruses from Mitkow, Karko nosze Mts.
Barttomiej KAJDAS', Marek MICHALIK®, Monika KASINA*

! Institute of Geological Science, Jagiellonian Umsity, Oleandry 2a, 30-063 Krakéw;
bartlomiej.kajdas@uj.edu.pl

The outcrop in Mitkéw is located in the Easterntparthe Karkonosze granite massif
(SW Poland) at the bottom of Straconka hill. lbise of the biggest outcrops of grusified
Karkonosze granite in the Jelenia Goéra basin.

The variety of secondary minerals (chlorite, sullelsi epidote, prehnite, and fluorite)
indicates that the whole volume of granite in thicoop is hydrothermally altered. Three
types of hydrothermally altered granites were dgtished: Ca-rich granite in the northern
part of outcrop (group 1), and two low-Ca granitgpes with and without K-feldspars
(group Il and Il respectively).

The main differences between altered and unaltgradites relate to the mineral
composition. Differences in the chemical composgiof unaltered- and altered granite are
negligible.

Newly-formed phyllosilicates in the gruses wereedetined using X-ray diffraction.
The main clay mineral in every grus sample is veutite (10A after K saturation, about
14.5A after Mg saturation and collapsing to 10A380°C). In every sample, there is
a small amount of kaolinite (7A, collapsing at 56p%nd mica (10A). In samples StrG-1
and StrG-2, a small amount of a swelling minerddo(st 19A after glycerol saturation,
collapsing to 10A at 330°C) is present.

The products of alteration of the granites in Mik@orrespond to the definition of
grus proposed by Migoand Thomas (2002). The content of silt + clay ticacis even
lower than in the definition (no more than 5 wt%Mhe chemical composition of the altered
rock is rather stable and similar to unaltered igarThe chemical Index of Alteration
(Nesbit, Young 1989) for the gruses is about 558& main mineral formed during the
grusification process is vermiculite. Kaolinite amica crystallized in limited amounts. In
addition to the clay minerals, iron oxides are prsn grusified granite.

Development of grus within granite may be relatedthe activity of hydrothermal
fluids as suggested by Evans and Bothner (1993)nbuto weathering processes. The
variety of hydrothermal minerals (e.g., vermicul@Ehigh crystallinity, epidote, chlorite,
prehnite, fluorite, pyrite and chalcopyrite) maypart this assumption.

References:

EVANS C.V., BOTHNER W.A., 1993: Genesis of alter@dnway Granite (grus) in New
Hampshire, USA. Geoderma 58, 201-218.

MIGON P., THOMAS M.F., 2002: Grus weathering mantlesrebfems of interpretation.
Catena 49, 5-24.

NESBITT, H.W., YOUNG, G.M., 1989: Formation and gimesis of weathering profiles.
Journal of Geology 97, 129— 147.
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Marshite — copper iodite from Miedzianka in the Hol  y Cross Mts
tukasz KARWOWSKI*

! Faculty of Earth Sciences, University of SileslaPgdziiska 60, 41-200 Sosnowiec, Poland

A mineral sample, most probably representing roaknf the lithological junction
between Devonian carbonate and Triassic sandsteae,found while collecting Cu-rich
ore samples in the Miedzianka mine neaedcdy. The sample was found on a local heap
of ore sited on the west area of Miedzianka Mt.

The fine-grained, greenish lump has a sandy tex@ndeis heavy. Optical investigation
(reflected light) exposed a cuprite cement togethiéh a native copper association. The
presence of these minerals is responsible for idie density of the sample. The marginal
parts of the sample are covered by malachite. Jemit material is represented dominantly
by quartz, plagioclase (albite, oligoclase), K-&gdr as well as elongated clay mineral
aggregates. The clastic mineral fraction is inrthege from 0.15-0.0 mm.

In the cuprite grains, a new mineral phase ocaussally in the marginal parts. The
mineral is characterized by a lower reflectivitymhcuprite and show internal yellowish-
brownish or yellowish-pinkish reflections. BSE inesgreveal that the mineral is relatively
lighter than cuprite and native copper. This idewice for the occurrence of other higher
relative atomic mass atoms than oxygen and coffdP analyses reveal that the main
component besides copper is iodine; the concenti®tdf Cu range up to 33.35 wt% and
those of | up to 66.64 wt%, respectively. The cleahicomposition confirms that the
mineral is marshite (Cul).

The presence of marshite in association with sesxyn@u-bearing mineralization in the
Miedzianka area is unexpected. Up to now, the @eage of halogens in association with
primary and secondary mineral phases has not legemted from the Miedzianka deposits.
The iodine origin may reflect the influence of Mesim sea regressions.
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Phosphates in the Morasko meteorite
tukasz KARWOWSKI', Andrzej MUSZYNSKI?, Ryszard KRYZA®, Katarzyna HELIOS*

! Faculty of Earth Sciences, University of SileslaPgdziiska 60, 41-200 Sosnowiec, Poland

2 Institute of Geology, Adam Mickiewicz Universitly,Makéw Polnych 16, 60-606 Pozn#oland

3 Institute of Geological Sciences, University ob@faw ,ul. Cybulskiego 30, 50-205 Wroctaw, Poland

4 Faculty of Chemistry, Wroctaw University of Teclagy, Smoluchowskiego23, 50-370 Wroctaw, Poland

In earlier literature, a range of Na, Mg, Ca, aedpRosphates have been reported from
the iron meteorites of the IAB group. In the Moragdlipe meteorites of that group
(Morasko, Seelasgen, Jankowo Dolne), troilite-gitepmodules are common. Silicate
phases, such as winonaite, as well as oxides am@ rarely, phosphates are found in these
nodules. Around some of the nodules, small aggesgahicronodules), up to 1.5 mm in
diameter, can be found; they are mostly filled vatthydrous phosphates (Fig. 1). In the
Morasko-type meteorites, we have identified thdofeing phosphates: merrillite Na
CagNapMg(POy)14,  buchwaldite— NaCaPQ, brianite— NaCaMg(PQ),, and apatite.
Buchwaldite usually occurs in the troilite-graphitedules that are rich in silicates (albite,
antiperthite, K-feldspar, diopside, kosmochlor, rkoghlor-augite, olivine and an
unidentified SiQ phase). Locally, it is associated with a minospalnidentified, phosphate
phase of approximate formula N&HeO,.

500um BSE1 15kV 20nA

Fig. 1. Phosphate micronodule in cohenite (coh)pmsead of graphite (graph), merrillite
(merrill), apatite (ap), brianite (bria) and thewng@hosphate phase (nph) of formula
Na,Ca;Mg(POy)a
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Around the troilite-graphite nodules, within cohterschreibersite mantles or in
kamacite grains, there occur fairly large phosphateronodules containing merrillite,
brianite, apatite, and a new phosphate phase ofoftmving formula: NaCaMg(PQy)4
(Fig. 1).

The phosphate nodules in the Morasko-type metaopitevide a unique natural object
for crystallochemical and structural studies orerphosphate minerals (including phases
unknown to date). Preliminary results indicate tmaérrillite, brianite and the new
phosphate phase contain significant amounts of Mm@ FeO, and that the merrillite
typically has an admixture of X up to 0.1 wt%. Raman spectra confirm that the new
phosphate has not been reported to date and tbahibe considered as a candidate for
recognition as a new mineral.

Acknowledgement: The study was supported by Praj#¢iSzW no. N N307 3533 33.
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Mineral and chemical composition of slags — mobiliz ation of elements
Monika KASINA®, Marek MICHALIK', Barttomiej KAJDAS!

! Institute of Geological Sciences, Jagiellonian\émsity, ul. Oleandry 2a, 30-063 Krakdw,
monika.kasina@uj.edu.pl, marek.michalik@uj.edu.pl

Slags from iron metallurgy (steel and blast furpaaee considered as important co-
products used in many fields of industry and odénlgineering. Slag is usually composed
of high-temperature phases that are very reactivthé long term. They may contain
harmful elements (e.g., Ni, Cu, Pb, Zn, Cr, As, 3hat can be released into the
environment during alteration or leaching processes

The aim of the study was to determine the minefa#dg@nd chemical composition of
slag in various experimentally simulated chemicahditions. Stealmaking- and blast
furnace slags, after different ageing periods, wevestigated using a Soxhlet apparatus
and the laboratory oven with the following solusolistilled water (A), HO+NaCl (B),
H,0+CaSQ-2H,0 (C), HO+MgCl, (E) and humic acid alkali solution (D). After the
experiments, the chemical- and mineral compositiohshe slag samples were studied
using XRD, SEM-EDS, ICP-MS, and ICP-OES analysexhEsample of slag was treated
under hydrothermal conditions for 24 h and 120xpéeiment D was processed also for 3
months). Samples of stealmaking slag are composeaxloium ferrites (srebrodolskite,
brownmillerite), larnite, but also of other Ca-FegMin oxides and silicates. The blast
furnace slag is composed mainly of calcium silisdimelilites - akermanite and gehlenite,
rankinite, pseudowollastonite). Small amounts dplsur (> 3 wt%) are dispersed within
the calcium silicates. After all the experiments)yoa few new mineral phases such as
merwinite, calcium magnesium iron silicates, gypsamd calcite were formed.

The presence of the main phases remained unchaafged the experiments, but
differences in XRD peak intensities may suggest soene of the slag components were
partly modified. The dispalcement of XRD peaks o&im mineral phases after the
experiments may suggests that, though their gecbrehical compositions have not been
changed under the influence of different solutiathgjr structure could be rebuilt. New
phases such as merwinite, calcium magnesium iricatsis, gypsum and calcite were
formed. During treatment, leaching of some elemeatdd increase the relative contents of
others. Dissolution of the main mineral phaseshauit recrystallization (especially in the
first stage of experiment - 24h) causes relativereases in the concentrations of other
elements (e.g., Co, Pb, Zn, Cu) in the residue. fiabilization of potentially harmful
elements, e.g., Co, Cu, Zn, Pb, Ni, As, Cr and rstli& not very advanced. The overall
amount of toxic elements is very low in slag anesthelements are probably bound within
minerals which are not subjected to easy disintegreor dissolution. It is important to
appreciate that the laboratory conditions are fferent from natural conditions where
slags are reactive under the influence of natorajterm processes.

Acknowledgement: This research was partially finardoetROP from the EU SF in Poland
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Weathering of a slag pile produced by the smelting of Zn ores
in the Katowice-Wetnowiec smelter
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Mining and smelting activities left large quanti#ief waste accumulated as dumps
covering vast surfaces at former industrial site€astern and Central Europe. Among
these areas, Upper Silesia is known as a regidmyhmplluted by heavy metals. Dumps
located in Upper Silesia consist of a variety ofstgamaterials such as barren rocks,
flotation tailings and pyrometallurgical slags.

We studied pyrometallurgical slags formed duringvakking of Zn-Pb ores in the
former smelter located in Katowice-Wetnowiec. THgeative of this study was to assess
the potential environmental risk related to thosastes using mineralogical and
geochemical methods.

Two main types of slag material occur at the dumgatowice-Wetnowiec. The first is
a heavy and massive slag. The second is a lighttthaavily porous slag with numerous
macroscopic ellipsoidal vesicles (scoria). The dleamcomposition of the studied
materials is dominated by SiCOFeO, CaO, AlO; and MgO. Some slags also contain high
concentrations of Zn (< 12 wt% ZnO) and Pb (< 0.86wof PbO). Primary phases
identified in the materials are: melilite, pyroxereldspar, olivine, willemite and spinels.
Most of the Zn is incorporated in willemite (< 51% Zn0O) and gahnite (< 33 wt% ZnO).
Lead occurs mainly as Pb-Sn alloy (68 wt% PbO)itistalso present in Pb-silicate (< 42
wt% PDbO). Secondary phases formed due to weathar@gcommon at the dump and
includeefflorescences and encrustations of gypsum, cakmiggonite and accumulationfs
jarosite, zincite, hydrozincite and Fe-oxy, hyddes. The formation of a large variety of
secondary phases (sulfates, Fe-oxy, hydroxidescaribnates) indicates dynamic changes
in pH values. Zincite is the most important Zn-liegrphase and it is also the most
sensitive to weathering. Low pH values may caussdfition of this phase and the release
of Zn into the surroundings.

The presence of numerous secondary phases on thp tu Katowice-Wetnowiec
shows that the slags are susceptible to weathenigrelease of metals. Zn is, in part,
trapped in secondary phases and those are veritigene pH conditions, therefore the
slags represent a significant environmental hazard.
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Metamorphic evolution of phyllites from Podm achocice
in the Lysogory Unit of the Holy Cross Mts. (SE Pol  and):
preliminary data from K-white mica and chlorite inv estigations
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The metamorphic evolution of Cambrian phyllitesnir the Lysogory Unit in the Holy
Cross (SE Poland) has not been studied in detalhte (Salwa, 2006). To highlight that
fact, we present here preliminary data from K-whitica and chlorite investigations
combined with structural observations. Analyses ewearried on three representative
phyllite samples from the Podichocice (Lysogoéry Unit).

The values of illite (KI) and chlorite (ChC) ‘crgdlinity’ indexes suggest that the rocks
have undergone very low-grade metamorphism, at éeatyres approximately 150-2&D
(late diagenetic zone-low anchizone). Data from rastructural observations (ductile
folding of biotite blades, deformation lamellae guartz and translational lamellae in
dolomite blasts) indicate, on the contrary, higapizonal temperatures ranging from 250-
400°C (Salwa, 2006). Chlorite geothermometer data dhe most diversified results,
ranging from less than 180 up to 350C. The results were recalculated according to four
different methods (Kranidiotis, MacLean, 1987; @ditteau, 1988; Jowett, 1991; Xie et al.,
1997; vide Xie et al., 1997). The values of the Ki® micab cell dimension are
characteristic for low- to intermediate pressureditions, which indicates rather shallow
burial, as suggested by Salwa (2006).

Phyllites from Podachocice have undergone multistage deformation witabsed
intensive recrystallization of existing mineral gka and the formation of new minerals
(Salwa, 2006). We believe that evidence for epizooeditions (structural observations,
chlorite geothermometers) is connected with localgformed zones, especially shear
zones, where the influence of increasing p/T waseeely strong. Evidence for likely
regional-scale, very low-grade metamorphism (KI/Cblues and K-white micé cell
dimension) is preserved mostly in the fine-graineadtrix.
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New data on the internal structure of Pacific nodul es
(Clarion-Clipperton Zone)
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Nodules formed in the deep-sea basin of the PaCifiean (Clarion-Clipperton Zone)
were investigated by optical- and scanning micrpesp XRD and microprobe. Two
generations of the nodules can be distinguishetth@ibasis of their size: (1) a generation of
smaller nodules ranging in size up to 5 cm in di@mand (2) a generation of nodules
larger than 6 cm. Two nodules were chosen for &urthvestigation. Both comprise two
parts: an internal part of similar size (ca 2.2.Z @m) in both populations and an external,
which is twice as thick in population (2). Polymiitanodules are difficult to investigate as
they are composed of tiny amorphous mineral phaéésh represent the initial stages of
crystallization.

In the nodules, a concentric lamination is visileleen with the naked eyes. This
lamination is perfectly seen using the scanningrasicope where details of the structure
and its chemistry can be checked with EDS. The afnthis study was to identify
differences and similarities in the chemical, mategical and structural composition
within the interiors of the nodules of the two gextons.

A single nodule is composed of thousands of lagrakll, incipient “microconcretions”.
Analyzing the BSE images, many of these reveal gtaonination with laminae ranging in
thickness from < 1 -1(m. They are calledlaced layers”. They are composed mainly of
MnO (ca 90-100%) with little or no FeO (ca 10-0%iere is an exception — the outermost
80 um thick nodule’layer is enriched in FeO (ca 20-30%part from“laced layers”, non-
laminated areas ranging in size up tou®% are distinctive in that they differ in chemical
composition. They are enriched in FeO (< 40-50%).

Apart from iron and manganese, some trace elemengs, Ni, Co and Cu were
detected. Cu appears in pure manganese laminaendubterdependence was noted
between lamination and the presence or quantitMicind Co. What is interesting is the
fact that the lamination visible in BSE imagesasiged by the presence of carbon, probably
of organic origin, accompanied by Cl and S.

Nodules contain tiny minerals of detrital originge quartz, K-feldspars, Ca-Na-
feldspars, albite and organic apatite. These amatéd between the micronodules,
appearing to have been caught during nodule growthe internal parts of the
micronodules were expected to contain some nucigiity fact, any detrital particles occur
in between the micronodule€learly, the micronodule nuclei are not detritattjtles; the
nuclei were probably microorganisms which are mesprved.
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The Barzaman Formation in the UAE - an example
of intensive alteration of ultramafic and mafic roc ks
in the near surface environment
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The Barzaman Formation in the UAE comprises a sarienatrix supported to locally
clasts supported, polymict alluvial conglomerafdse Formation is widely exposed on the
western edge of the Hajar Mountains that are a gfattte large and well known Oman-
UAE ophiolite.

The Formation was deposited as an ophiolite-dero@thlomerate with a serpentinite
and harzburgite matrix of sand, silt and clay gradestituents. It formed during a heavy,
possibly seasonal rainfall that resulted in vis¢alarry-like, rapid mass movement, of
diverse grain size that are called debris flowse Hormation is now typically strongly
dolomite cemented and therefore stands proud &tamesoutcrops of the alluvial fans that
overlie a sequence of intensively altered ophiati@ntle rocks. There is a very distinctive
lithological sequence below the contact, which cosgs from the top downwards:
silicified and carbonated serpentinite, carbonai@ed serpentinite and carbonate-veined
partially serpentinised peridotite that passes deavds into the normal partially
serpentinised peridotite. These units are the reaimce of the clasts for the Barzaman
Formation. The most common lithology of the Barzankormation is poorly sorted,
cobble to boulder conglomerate with clasts larga#lyharzburgite, serpentinite, silicified
serpentinite, gabbro and a minor amount of metahiorpocks, which are other
components of the ophiolite thrust stack. They @@mented by dense, hard, weathering-
resistant dolomite, which has precipitated fromegaltic and locally vadose groundwater.
A petrographical study using optical and scannilegteon microscopy revealed that the
cementation was preferential and it involved, firsthe complete replacement of the
serpentinite and harzburgite sand and silt matrid aimultaneously or subsequently it
strongly affected clasts. Both, physical erosiorlabts during transportation and exposure
to various weathering conditions as well as extengroundwater-rock interaction during
diagenesis contributed to the presence of highbred ophiolitic clasts. The mechanical
erosion has created fractures and areas of enhameakihesses that were subsequently
penetrated by groundwater leading to zonal andearic dolomitization of clasts.

The partial dissolution of silicate minerals logalésulted in simultaneous precipitation
of clay minerals and/or Fe oxides/hydroxides, legva ghost texture as evidence of the
presence of former clasts. Clasts with diverseimaigcomposition show distinctively
different alteration patterns. The susceptibild@ydissolution and subsequent dolomitization
of ultramafic and mafic clasts is suggested a®¥at harzburgite and serpentinite are the
most susceptible followed by gabbro with intermealisusceptibility, and silicified
serpentinite as the least prone to alteration.
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Evidence of the c. 650Ma Torellian Orogeny in SW Sv  albard
inferred from monazite and zircon dating
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The Caledonides of southwestern Spitsbergen (Wiadtdberg Land) consist of Meso-
to Neoproterozoic metamorphic rocks of the Isbjamha, Eimfjellet, Magnethggda and
Deilegga Groups, overlain unconformably by the Iowede Neoproterozoic Sofiebogen
Group, Vendian diamictites and Cambro-Ordovicianrmfations. The Slyngfjellet
conglomerates at the base of the Sofiebogen Groagk mihe regional scale Torellian
unconformity, described by Birkenmajer in 1975.

The age of the Torellian deformation event hasnbeeich discussed previously by
various authors who have claimed it to be eithezatfy Neoproterozoic (late Grenvillian)
or late Neoproterozoic age. The younger age wasdbais K-Ar dating of biotites from the
1960’s and some structural observations; it waandgd by many authors as an unreliable
cooling age.

Our recent dating of metamorphic and detrital nzdeaand zircon, from different
lithostratigraphic units, provides strong eviderinefavour of the late Neoproterozoic
timing of the Torellian deformation. The amphibelifacies rocks of the Isbjgrnhamna
Group have yielded monazite metamorphic ages ofé&@Ma, similar to metamorphic
zircons in the Magnethggda Group. The less metamosgdl metasediments of the
Deilegga Group show a spectrum of detrital monaztes from Archean through
Svecofennian to Grenvillian, and two Caledonian ameirphic maxima. The overlying
Slyngfjellet conglomerate (Sofiebogen Group) shoavssimilar spectrum of detrital
monazites and, in addition, a prominent maximura. @850Ma. These younger monazites
are well rounded grains, with Caledonian overgrewthey are unambiguously detrital in
origin.

The new data indicate the importance of the Tiarelinconformity in the Caledonides
of southwestern Svalbard. The Torellian Orogeny\efdel Jarlsberg Land occurred at c.
650Ma, simultaneously with the deposition of Nedgrozoic shallow marine successions
in areas now located farther to the northeast aib@vd (Nordaustlandet) and emphasizing
the differences in the tectonic histories of thieseanes.
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Crustal growth and crustal recycling in the Neoprot erozoic
Torellian Orogen, SW Svalbard: U/Pb zircon geochron  ology
and Hf isotopic characteristics

Jarostaw MAJKA®, Anna LADENBERGER™?, Nikolay KUZNETSOV?

! Uppsala University, Department of Earth Sciencétav&gen 16, SE-752 36, Uppsala, Sweden;
jaroslaw.majka@geo.uu.se

2 Geological Survey of Sweden, Villavagen 18, SEZBWppsala, Sweden

3 Geological Institute, Russian Academy of ScierRgzhevsky 7, 119017 Moscow, Russia

Detrital zircon dating and Hf isotopes were obgdinfrom Gulliksenfjellet Fm.
quartzites occurring within the SW Spitsbergen Pesronian crystalline basement. U-Pb
dating reveals 2 main groups of ages: betweerve2.05 Ga and c. 2.4-2.84 Ga.

The wide range of measured Th/U ratios in theonscindicates a predominantly
igneous source. According to the Classification &wehression Tree (CART), most of
grains originate from granitoids with minor contritons from mafic rocks.

Hf isotopes show that more than 50% of the andlyircons have positivey; values,
indicating a significant contribution of mantle-dexd material in their origin. The granitic
source of these rocks indicates an igneous juvenitgn for the crust (I-type magmatism)
at that time without large-scale recycling and dbotion of S-type granites. The widest
range ofey; values is seen in the population of zircons wilesal.7-2.05 Ga, suggesting
contributions from different sources (igneous aadycled). Low initialeys indicative of
recycled old crust can be observed especiallyinGa Late Paleoproterozoic populations,
in 2.0 Ga (Middle Paleoproterozoic) and 2.5 Ga IfEBaleoproterozoic and Neoarchean)
zircon populations. This is in good agreement WWthr et al. (2007) who reported similar
trends in zircons from Cretaceous sediments in &e@and and E Svalbard.

Zircons with ages between 2.5-2.7 Ga form a clodirecycled material for crustal
values of'"®Lu/*""Hf ratios and with model age only c. 100-200 Maeol¢t. 2.9 Ga) than
their crystallization ages, indicating rather shwtistal residence times. 2.7 Ga zircons with
lower g represent mostly recycled or remelted Archean m@hte'wo zircons with very
low g (-14 and -8.2, respectively) and ages of 2440 Wth 2788 Ma, lie on the crustal
growth curve {"Lu/*""Hf=0.014) with model ages of 3500 Ma, which maynpdb the
oldest recycled source material in the area — ahc@ntinental crust.

The events recorded by the 1.7-2.05 zircon pojmmaGa may be related to
Svecofennian orogeny. The 2.5-2.7 Ga ages aredihiehe assembly of cratons, one of
the major tectonic events during Earth’s crust etioh (Griffin et al. 2004).
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supported by a Swedish polar research grant fraenYimer-80 Foundation and RFBR
(projects N 09-05-00812 and 09-05-01033) and Progid 6 of Presidium RAS. J. Majka
was also supported by the Swedish Institute, VRmgramme.

98



«Oenre,
MINERALOGIA - SPECIAL PAPERS, 35, 2009 & 55
www.Mineralogia.pl 9] %

' &

MINERALOGICAL SOCIETY OF POLAND ;/,1/ 3

6? '7“0\0
POLSKIE TOWARZYSTWO MINERALOGICZNE ALO
Mineralogy and geochemistry of pyrite ores from the Staszic mine at

Rudki, the Holy Cross Mountains, Poland
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The abandoned Staszic Mine at Rudki, where pyrnig ldematite-siderite ores have
been exploited, is located in the main range ofHthly Cross Mountains, in the vicinity of
Nowa Stupia. The pyrite deposit was discovered 9221 by J. Samsonowicz, although
weathered gossan ores have been mined there inrRtmas. This deposit occurs in a
tectonic zone associated with a N-S-striking déxsteke-slip fault (Lysogéry Fault)
dipping 45-60 E. The lens-like shape of the deposit is deterchimg the geometry of the
fault zone. The ore body is from 0.3-40 m in thieks, and extends laterally on a distance
of about 600 m. It is documented to a depth of 80®yrite, siderite and a small amount of
hematite ores were exploited between 1925-1971toUp5x16 tons of pyrite ores were
mined during 46 years of exploitation.

The geometry of ore body, and the ore texturesirtimeralogy, and the ore grades have
been described in many papers gKiar, 1933; Czarnocki, 1950; Jaskdlski et al., 1953
Nie¢, 1968; Szecowka, 1987). This presentation sumem@adl the existing data related to
sulphide mineralization in the Staszic Mine at Ruatkd presents the results of new EPMA
and XRD studies. The investigated materials corapsamples collected by the authors
from the remains of the old dumps at Rudki, anctispens hosted in the collections of the
National Museum in Kielce and the University of \&&aw.

The pyrite ores, occurring mainly within dolomitadéor within black clays filling in
the fault zone, are of three textural types: lobse-grained pyrite, massive pyrite, and
disseminated pyrite. The mineralogy of the pyritesois rather simple. They consist of
marcasite and pyrite, both forming complex intergtts with siderite. Under the reflected-
light microscope, sulphide-siderite intergrowthsd anggregates show disseminated-,
colomorphic- and/or crustified textures. Goethgalena, sphalerite, chalcopyrite, covellite,
tennantite, and uraninite are very rare or subatdircomponents of the ores. In some
samples of massive pyrite and pyrite disseminat&liwdolomite matrix, significant
amounts of Se-galena were recognised. Se-galems fiime-grained aggregates apparently
cementing earlier pyrite and marcasite grains.

The pyrite and marcasite show chemical compositiclase to the stoichiometric
formula. In all of the samples, significant amoumts As (from 102-339 ppm) were
detected. Increased amounts of Ag (266-543 ppm)(18@-452 ppm) and Ga (135-173
ppm) were recorded in some pyrite grains. Sidésitharacterised by high amount of Mn,
Mg and Ca; its chemical formula is close t0;d+6.92.08MN4.00-14.2M01.17-3.088 54.4.0L£ Os.
The MnO, MgO, and CaO contents in siderite varyieen 2.46-8.78 wt%, 0.56-1.47 wit%,
and 0.86-2.26 wt%, respectively. Se contents irgdiena range from 5.83-14.43 wt%.
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New data on the Cenozoic basanite from Wotek Hill,
Kaczawa Mountains, SW Poland
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Wolek Hill is situated about 100 km south-westnfréVroctaw and 8 km south from
Ztotoryja. Multiphase volcanic activity in this aeis represented by Permian
trachyandesites and rhyolites which are cross-gut bmall body of Cenozoic volcanites.
The best outcrop of the latter rocks is locatedrirabandoned quarry on the south-eastern
slope of the hill. The main body is about 20 m wadel 15 m high. New mineralogical,
geochemical, and isotopic data on those rocksrasepted.

The studied rock was first classifies ankaratrite (Juroszek, 1985), and later as
picrobasalt. Based on the new data from the whot&-tCP-MS analyses, the rock should
be reclassified as basanite.

The Wolek Hill basanite is a dark grey rock conitag a large quantity of xenoliths.
Recent observations reveal that it also includes amphibole (pargasite) megacrysts (ca
3-6 cm). The basanite texture is porphyritic to ngbooporphyritic. Olivine and
clinopyroxene occur as phenocrysts. There are thnees of olivine phenocrysts with
differences in zonation patterns reflecting Fo eanht(F@,q;). There are also olivine
xenocrysts with Fo ca 91%. The clinopyroxenes oasudiopside phenocrysts and are also
the dominant phase in the groundmass. They shoatibonwith increasing Al, Ti, Fe, Ca
and decreasing Si, Mg, Cr from core to rim.

The basanites from Wotek Hill are primitive mafacks with SiQ contents ca 44 wt%,
MgO >7 wt%, NaO+K,O ca 5 wt%, and Ti@ca 3 wt%. Incompatible trace elements
normalized to primitive mantle show negative K@D, anomalies and positive Cs, Pb, Nd
anomalies. The negative K anomalies can be relat#d the presence of residual
amphibole in the magma source (Jung et al. 2006 Ifigstrino, Wilson 2007). The Zr, Y
and Nb contents are typical for intra-plate teat®attings.

In two basanite samples strontium and neodymiumngatere measured by TIMS. The
isotopic ratios from the Wotek Hill basanites harealogical values tthe other Bohemian
Massif localities (Ladenberger et al. 2004; Lustriwilson 2007).
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About 300 occurrences of Cenozoic volcanic rocidemging to the Central European
Volcanic Province are known in Lower Silesia (SWaPd). Some of them, like basanites
from Wotek Hill near Rédana, Kaczawskie Mts., are characterized by the amindance
of mantle xenoliths.

Eight xenoliths with variable fabrics were chosena petrological and microstructural
investigation. They are mainly spinel harzburgitesy are spinel harzburgites rich in Cpx.
The main xenolith minerals are: olivine (Ol) witlo Ea 91-92%; orthopyroxene (Opx) —
Engo.5 at least two generations of clinopyroxene (Caipgside, the secondary Di richer
in Cr and Al) and spinel with Cr number from 446@®, reaching >75 for a few crystals.

The Wotek harzburgites reveal, under the microscaepdiversity of textures routinely
identified in peridotites, ranging from protograaul(coarse) through porphyroclastic to
granuloblastic. The majority of the samples araditional between these various pure
types. Although the studied ultrabasites more comyndisplay a rather random fabric,
some show a discernible microstructural anisotrepgressed by the presence of aligned
fine-grained olivine concentrations or by the elategshapes of Ol grains (SPO). Those
features are best seen in samples with textures ¢t granuloblastic. The crystals in the
peridotites bear evidence of moderate deformatidpart from common undulose
extinction both in Ol and Opx, the larger Ol grabfsen contain deformation bands. The
smaller blasts commonly lack these internal stmestuand often group in polygonal
aggregates. Additionally, in the porphyroclastipdy, small neoblasts possibly resulting
from subgrain recrystallization can be observetth@tmargins of the large Ol crystals.

To establish the crystallographic fabrics of theolg% peridotites (potential lattice
preferred orientation, LPO) and to compare itsnstiy in different textural types, U-stage
measurements were conducted (70-220 crystals pgrlsa The results reveal regularities
in the orientations of the olivine axes in all sd@sp— even those optically apparently
random. The distributions of axes measurementsaftscentrate into distinct fields —
point maxima or girdle-like patterns. The degregwferred orientation is consistent with
the textural diversity of the studied xenoltihs;e thstrongest LPO occurs in the
granuloblastic samples.

Thermobarometric calculations based on the cortiposi of Opx or Opx-Cpx pairs
gave results which, in several cases, correlate thi textural variabality. For the assumed
P=15 kbar, the protogranular harzburgite gave a Tange of 1000-1150°C, while the
granuloblastic xenoliths a distinctly lower T (8880-870°C). All temperatures, however,
may be influenced by metasomatic changes or postatg alternations in host basanites.
The research was partly supported by the MNiSWtgrarNN 307 040736.
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Mixing, mingling or subsolidus interactions:
which were important in the G  esiniec intrusion?

Anna PIETRANIK!

*University of Wroctaw, Institute of Geological Suies, pl. Borna 9, 50-204 Wroctaw, Poland;
anna.pietranik@ing.uni.wroc.pl

Dioritic and granodioritic rocks coexisting in tfsiniec Intrusion in SW Poland show
relationships that are typical of many mafic-felgimgling zones worldwide, e.g., dioritic
syn-plutonic dykes and microgranular enclaves libstegranodiorite (Pietranik, Koepke,
2009). Ten samples from such a mingling zone wasen for this study. They include
massive diorite and granodiorite which were notetid by interaction with each other and
a range of enclaves showing different degreestefaation.

Massive diorites and enclaves show S#&hd MgO contents that are often linearly
correlated with other major and trace elementsn@a#rites generally have lower MgO,
FeO, TiO2, P205, Ni, Cr, Y, V, Sc, Nb, Ta and HR&#d higher SiO2 and Th contents
than the diorites. The dioritic compositions trenghore or less linearly, towards
granodioritic compositions for these elements, datihg simple mixing relationships
between diorites, enclaves and granodiorites. 8téage composition (%An, %O0r and Sr
content) was analyzed to check if it supports aimgiscenario.

Plagioclase zonation from granodioritic rocks sggéate-stage mixing probably with
dioritic magma, whereas no magma mixing is recorideplagioclase from dioritic rocks.
Compositional zoning patterns in diorite plagioeksan be modeled by closed system
fractional crystallization interrupted by resorptimduced probably by decompression. The
variations in chemical compositon in the dioritesl &nclaves seem to show effects of
interaction with evolved, leucocratic melts derivédm granodiorite, not with the
granodioritic melt itself.
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Preliminary geochemical and mineralogical data on L ower
Carboniferous tuffites from Kowala near Kielce (Hol y Cross
Mountains, Poland)

Maria RACKA®, Grazyna BZOWSKA®

Faculty of Earth Sciences, University of Silesiedfiska Str. 60, 41-200 Sosnowiec, Poland
(maria.racka@us.edu.pl)

The pyroclastic-rich clay-carbonate Lower Carbamifes succession was exposed in
two trenches dug close to the northern border efattive Kowala quarry in 2000 and
2001. Two of the most distinct layers of tuffite iwanvestigated. Tuffite A from the first
trench, 40 cm thick, belongs to the Radlin BeddfifeuB from the second trench, ranges
up to 60 cm thick and occurs ca 13 m higher inséheion, in the basal part of black shaly-
siliceous Zagby Beds.

Mineralogical investigations were carried out byRIX and geochemical data were
obtained by ICP, INAA and XRF methods. All samp(&S from the first trench and 5 from
the second one) were studied by X-ray diffractidour samples from the first trench (2 of
tuffite A and 2 of the directly adjacent claystonesd twosamples of tuffite B were
analysed for major and trace elements.

The mineral composition of both tuffite layers immar and dominated by smectite with
illite/smectite mixed-layer, sanidine and quartheTamorphic matter content is 25%.
Among the accessory components, anatase and apatigadentified.

The tuffitesdiffer in their chemical compositioruffite B is noticeable enriched in
SiO,, AlL,Os, and slightly enriched in E@;, K,O, TiO, and BOs relative to tuffite A.
Amongst trace elements, V, Sbh, As, Pb, Zn, U, Md &b are significantly enriched in
tuffite B in comparison with tuffite A. The discrimation diagram SigJAl ,O3-TiO,/Al ,05,
that differentiates volcanogenic from detrital deigg) was used to verify that both tuffites
derived from volcanic ashes. The trace elementecinéhowing high concentrations of
incompatible elements such as Zr (773-999 ppm),(8#202 ppm) and Y (52-71 ppm)
also confirm the igneous affinity of layers A anddhd of the claystone overlying tuffite
A. Both tuffites plot in the field of trachyte orhe Winchester and Floyd (1977)
discrimination diagram for volcanic rocks based\tidY versus Zr/TiG.

However, the deposits have suffered a high degr@dysical and chemical alteration,
including hypergenic processes, and the use obig tonsidered to be immobile, is now
regarded as unreliable. Instead, an alternativgraim based on Zr/Nb versus Ti/Th (
Batchelor et al., 20Q3allows classification of the source material dfite A as trachitic
and that of tuffite B, and of the claystone overtytuffite A, as phonolitic.

The data suggest that the analysed pyroclasticsitspre representative of the original
Lower Carboniferous, trachitic-phonolitic volcarictivity.
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Fossilized wooly mammoth skeletal remains from the Upper

Palaeolithic archeological site (Cracow Spadziasta Street (B),
Southern Poland) — preliminary report

Anna ROGOZ*, Zbigniew SAWLOWICZ*

!Institute of Geological Sciences, Oleandry 2a, 83-Brakéw, Poland; anna.rogoz@uj.edu.pl

The materials described below belong to the woathammoth KMammuthus
primigeniu3 and come from the archeological site SpadzistaeSt(B) in Cracow.
Different parts of the mammoth skeleton were aredyin the study: long bones, sculls,
ribs, vertebras, tusks, and teeth.

The samples studied are built of apatite, probabainly carbonate hydroxyapatite.
Most of the bones and teeth show the features afial’ bones. In the bones, there are
clearly visible Haversian systems (Haversian caimalke center and concentrically located
lamellae with osteocyte lacunae), interstitial ldaee between them and trabeculae of
spongy bone. Enamel prisms and dentine canalicalisaen in the teeth. The bones are
commonly infilled with calcite and/or carbonate iseeint. These infillings are present in
the Haversian canals, between bone trabeculaepoingg bone and, in some cases, in
cracks. The content of calcite increases from #iermr to the interior of the bones, being
related to the higher porosity of spongy bone cawxgbdo compact bone. Locally, Fe-Mn
(hydroxy)oxides are present, mostly as rims onaoustee lacunae. In the teeth, dentine
canaliculi are coated or infilled with secondaratiie whereas, in the tusks, the canaliculi
are not infilled with secondary minerals. The boand teeth are usually cracked. There are
small cuts and multidirectional cracks around trevétsian canals, neither related to the
histology of the bones. The cracks, in some casésnineral infillings or/and occasionally
are infilled with calcite or carbonate sedimentsbme specimens, areas of demineralized
tissue with high porosity or with large round hotge visible. Those changes are probably
caused by bacterial attack. Some of these holealsoéenfilled with calcite. The Ca/P mole
ratios in the apatites vary from 1.79 (in the tQsks2.30 (in the ribs). As the Ca/P mole
ratio in fresh bones and teeth is 1.59-1.67 (EJli2002), the higher ratios in the apatites
could be due to replacement of Pgoups by CG during diagenesis. A number of post-
depositional events can be identified: transforamatand recrystalization of apatites,
bacterial degradation, cracking, infilling by varfosecondary minerals and/or sediment.
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Mineral veins from the low grade metamorphic rocks of the Lysogory
Unit (Holy Cross Mts, Central Poland)

Sylwester SALWA'!
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Phyllites from Podnrichocice are commonly cross-cut by numerous anduwsirkinds
of mineral veins with different compositions, shapmé crystals, ages and relationships to
deformations. In terms of composition, several sypd veins can be distinguished,
including: quartz, quartz-chlorite, chlorite andesiite-dolomite veins. The most common
are quartz and quartz-chlorite veins. In termsrgét@l shape, the following types of veins
can be recognized: antitaxial, syntaxial, stretetwdtal veins and shear veins; the
stretched-crystal veins are the most common ofthiesrelation to the deformation stages
in the area, the vein system can be divided inés, myn- and post-tectonic types with syn-
tectonic veins being the most common in outcropeese mineral veins are mostly small-
scale (up to few meters long and up to few centgnsetvide) except of some syntaxial

quartz veins (up to a hundred meters long and arfeters wide).
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Relationships between tectonics and metamorphism
in phyllite from Podm achocice (Lysogory Unit of
the Holy Cross Mountains, central Poland)

Sylwester SALWA?!

1Polish Geological Institute-National Research Ihgt, Holy Cross Mountains Branch, Zgoda 21, 25-K@ce,
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Recently, the regional metamorphism in the Holy $8ravits phyllites has been
completely documented for the first time from Padhocice (Salwa, 2006). The phyllites
are composed of quartz, white mica, chlorite, sidepyrite, dolomite, hematite, apatite
and subordinate biotite. These rocks are intengiegtonized and metamorphism is strictly
related to tectonic deformations. The growth of newinerals was controlled by
deformational processes. Based on detailed mertstal analysis and microscopic study,
the stages of the progressive deformation in thgdlitgh were distinguished. During pre-
folding shortening of the multilayered rock, a glateavage Swas formed. The growth of
white mica is closely associated with this plandieseas mica-chlorite stacks formed
within microlithons. During folding and thrustingn axial plane crenulation cleavage S
was produced and Fe and Fe-Mg chlorite phases giéhvin microlithons and cleavage
domains. Simultaneously in the shear zones, qualtarite and apatite were dynamically
recrystallized and numerous quartz-chlorite andrdie-dolomite veins formed. During late
folding, a new crenulation cleavage Was developed within narrow shear zones. Within
these zoness-type porphyroblasts of chlorite with pressure sihvesl are observed. The
older veins were deformed as is indicated by tlesgmce of deformational lamellae and of
subgrains in quartz grains. Microstructures andctiraposition of the phyllites suggest that
they were produced at temperature of 300-350°Caadifferential stress above 1.7 kbar.
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Magmatic equilibration and subsolidus re-equilibrat ion

in Archaean granites - analysis of an integrated da  ta base
Ewa SEABY**®, Hervé MARTIN?, Michat SMIGIELSKI®, Andrzej DOMONIK?, Stanistaw HALAS®
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3 Institute of Geology, University of Warsaw, Wars&esland

4 Institute of Hydrogeology and Engineering Geolddwgiversity of Warsaw

® Mass Spectrometry Laboratory, Institute of PhysitCS, Lublin, Poland

Granite petrogenesis, especially petrogenesis afhaean granites is still highly
debated. Currently published data focus on graggechemistry and phase composition.
Both are used to recognize processes responsibieafigma generation and differentiation,
however, of both of them, geochemistry plays areeisly important role and is used as
the predominant tool. It is used in determinatiohsnagma source, in investigations of the
progress of source melting, in investigations & thystallization process, contamination,
mixing, metasomatism, etc. In all of these studiesbasic assumption is that whole rock
composition reflects primordial geochemical relasoUnder this assumption, whole rock
composition constitutes the basic data set usedhermodelling of all of the above
processes. Granitic plutons are formed due to ratdtje processes, each of which can
influence the whole system equilibrium; each is atdp of resulting in a new re-
equilibration. Re-equilibration with volatiles, fils, especially fluids of mixed origin has
deep consequences for granite petrogenesis. Theteff magmatic and post-magmatic
equilibration overlap. Effects of both are registein the whole rock geochemistry. Thus
whole rock composition cannot be used directly tfie modelling of a single process.
Precise analysis is needed in order to define apdrate overlapping effects. Examples of
multi-stage magmatic and post-magmatic equilibratiystem are Archaean plutons.
Modelling of their origin using whole-rock geochestny can be risky if the composition is
not corrected.

The aim of the presentation is to show an exampkuoh an analysis, separating the
effects of multi-stage pluton evolution and finalhgluding post-magmatic re-equilibration.
We present new tools used for such an analysislb@san integrated data base.

Acknowledgements: Financed by BW 1847/19
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Geochemical diversity of metabasalts from
the Nove Mesto Unit and the Stronie Formation
and its bearing on their origin
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Amphibolites in the Nove Mesto Unit (NMU) and theliGa-Snieznik Massif (OSM)
are both parts of metamorphosed volcano-sedimesinigs. Metabasalts in the western
OSM form relatively small exposures (lava flows asitls) embedded within Stronie
Formation metasediments, whereas amphibolitesarN\tiU constitute a 30 km long and
2-3 km belt along its border with the OSM. In getiebasic metavolcanics from both units
are most probably of Neoproterozoic age (in the O&idsibly up to middle Cambrian).
However, the age of the NMU metabasalts is onlgiti@ally regarded as Neoproterozoic.
These metavolcanics were hitherto described as M@P&-basalts that originated during
Cambro-Ordovician extension and disintegrationhef horthern periphery of Gondwana or
in a back-arc setting related to an unspecifiedigation event. Thus, these inconsistencies
in the origins of both groups of metabasites ardgdotectonic implications are explored.

On several plots, the OSM amphibolites show mo#ibleiitic character; however,
a few reveal transitional-to—alkaline affinity. tontrast, all NMU amphibolites plot as
tholeiites. Trends on bivariate REE and HFSE diagraand ratios of transitional elements
(e.g. Ni, Cr) to HFSE, suggest differences in seumomposition or/and its strong
heterogeneity. Furthermore, on a Nb/Yb-Th/Yb pliog samples from the NMU fall within
the mantle array field while the majority of the @Smphibolites tend to plot above it
indicating their enrichment brought about by eitbarstal contamination or a subduction-
related component. Also, metabasalts from the O&blvsmore variegated REE/HFSE
(e,g., Nb/La) than do the amphibolites from the NMMoreover, the tectonic setting
discrimination is often ambiguous as the studiedabsites, particularly from the OSM,
show affinities to either E-MORB-to-N-MORB or baakc basin basalts (BAB).

The diversity of geochemical features charactegizine metabasites may stem from
asthenospheric source heterogeneity or/and may addlect the introduction of
a subduction-derived component into the parentajmaes. The presence of this enigmatic
component is more readily detectable in amphibolitem the OSM than from the NMU.
It corroborates an earlier assumption of a BAB prance, yet only with reference to the
OSM metabasalts; those of the NMU with their prigngi MORB resemblance might
represent a remnant of a separate ocean basin. idowseveral of the geochemical
signatures might have originated due to crustatazomation of variable intensity, thus
negating the presumed influence of a subductionezand BAB affinity. Given the
alternative, the origin of the metabasites remaunsvocal.
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Comparison of methylphenantrene distributions
predicted from molecular modelling with relevant ge ological data

Marek SZCZERBA', Mariusz ROSPONDEK?
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The distributions of methylated Poly-Aromatic-Hydashons (PACs) are highly
variable between samples as they are controlldtidgffects of source, thermal maturation
and biotic- and abiotic oxidation. PhenanthreneejPdnd methylphenanthrenes (MePhe)
are major aromatic constituents of crude oils anldesit extracts of sedimentary rocks
which are frequently applied in thermal maturatstudies.

On the basis of calculated thermodynamic propertitise distribution of
methylphenantrene isomers in equilibrium was caked. Comparison of this result with
geological data reveals that, with increasing nitur the distribution of
methylphenantrenes begins to resemble that of tdynmamic equilibrium although why
9-MePhe is able to persist to advanced stages dfirityaup to 1.2% Rr) remains
unexplained.

Therefore, the mechanism of isomerization was itigated. It was suggested that the
1,2-methyl shift is induced by protonation of tteglwon atom next to the methyl group. The
differences between energies for different traosistructures are quite distinct. The lowest
energy barrier is between the 1-2 (23.9 kcal/maol} 8-4 isomers (23.9 kcal/mol), whilst
the highest is between the 2-3 isomers (30.3 kcd)/rihere is also a possible alternative
mechanism of isomerization through tH& ®w atom of carbon between the 1-4 and 1-9
isomers. The energy barrier for this reaction Iatheely higher (37.7 and 41.1 kcal/mol
respectively) than for isomerizations through the-rhethyl shift. However, this
mechanism can be responsible for isomerization BeldiePhe to other isomers at elevated
temperatures.

It was also suggested that dealkylation of methgthamthrenes is induced by hydrogen
radical attack at the carbon atom adjacent to tkéhyh group. Then after crossing the
transition state, an intermediate state is attaifdee CH radical is liberated from the
phenantrene molecule after crossing the seconditiamstate. The height of the barrier is
generally similar for all the isomers, and is rielelly small (c.a. 10 kcal/mol), which means
that if a substrate-hydrogen radical is formed, tinethyl radical can be easily liberated
from methylphenenthrene and others.

Acknowledgement: The provision, by ACK Cyfronet AGéf computational time for
quantum chemical calculation is greatly apprecig@ant No.
MNiSW/SGI3700/PAN/137/2007).
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Theoretical studies of phenyldibenzothiophenes in t he course of
maturation
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Evaluation of the relative thermodynamic stabifitief phenyldibenzothiophenes by
means of molecular modelling led to prediction ted £quilibrium mixture composition of
these compounds. The calculated equilibrium contiposiapproaches that obtained in
laboratory maturation experiments and that encoedtsn mature geological samples (over
ca. Rr ~ 1.2%). Closer inspection of a suite of glas varying in maturity revealed that
phenyldibenzothiophenes can isomerise and also iseyclto triphenyleno[1,12-
bcdthiophene. Both of these reactions are thermodyrelip possible due to a relative
decrease of enthalpy along the reaction paths. ga&saim the phenyldibenzothiophene
positional isomer distributions from kineticallys thermodynamically-controlled mixtures
are most likely achieved by acid catalysed 1,2-ghshift.

To validate this hypothesis, ab-initio quantum cluai calculations (DFT) were
performed aiming to localise potential transitidatess and determine activation energies.
The isomerisations have low activation energy basrin the range of 13-18 kcal/mol. Low
energy barriers for these reactions are consistéhtthe geological data. With increasing
maturity, 1-PhDBT decays very rapidly, which isesftaccompanied by the appearance of
triphenyleno[1,1Dbcdthiophene  suggesting its  simultaneous  formation by
cyclisation\oxidation. For the modelled cyclisatimxidation, the energy barrier is ca. 48
kcal/mol, which suggests its operation at advanstabes of diagenesis/catagenesis.
However, as evidenced by its low concentrationyidrbthermal oil formed over 300 in
reducing conditions, thermal stress alone is natugh but must be associated with
catagenetic oxidisation. This is most likely acleidvn nature via thermochemical sulfate
reduction (TSR).

Acknowledgement: The provision by ACK Cyfronet AGbf computational time for

guantum  chemical calculations is greatly apprediate (Grant  Nos.
MNiSW/SGI3700/PAN/137/2007 and MNiSW/SGI4700/UJ/I®7).
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Native copper and cuprite from secondary Cu-mineral ization
in the Laskowa quarry, Gory  Swietokrzyskie Mts

Eligiusz SZELEG!
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eligiusz.szeleg@us.edu.pl

Up to now, the occurrence of native copper in tiiEy®wictokrzyskie Mts has been
reported only from the Miedziana Goéra Cu depos#s@kiewicz, 1933). It has now been
found in the Laskowa quarry.

The Laskowa quarry is located about 5 km west oéld€ in the Kielce-tagow

Synclinorium belonging to the Kielce Unit in the I&zoic core of the Gory

Swigtokrzyskie Mts. In this quarry, within dolomitesmiestones and marls (Devonian-
Givetian), calcite-dolomite-barite hydrothermal neiwith chalcopyrite and pyrite occur.
Goethite and malachite are typical products of weathering of the primary sulphides
here. During exploration works in the Laskowa guyaer 4 cm thick calcite vein with Cu

secondary mineralization was found within alteredsk dolomites of the Stringocephallus
Beds, Kowala Formation (Racki, 1992).

On the basis of observations performed using arigolg microscope OLYMPUS
(transmitted and reflected light) and an ESEM-XLT3@P (Philips/FEI) scanning electron
microscope equipped with EDS (EDAX) detector at fheculty of Earth Sciences,
University of Silesia in Sosnowiec, the presencecludicocite, covellite, native copper,
cuprite and malachite was determined.

Chalcocite (CuS) is the earliest mineral in succession. CovefltaS) is secondary in
relation to chalcocite. Due to interaction with #asolutions, the secondary sulphides
chalcocite and covellite formed at the expense rifhgry sulfides, e.g., chalcopyrite.
Native copper (Cu) and cuprite (§3) formed as product of the weathering of secondary
Cu sulphides. It forms dendritic aggregates up torlin diameter. Exceptional copper
crystals reach sizes of up to 0.2 mm and cuprigstals, up to 0.4 mm. Cuprite replaces
native copper and is predominant in the dendri¥ésachite, the youngest mineral in the
association, replaces all older Cu minerals.

EDS spectra and semi-quantitative analyses rekeglure chemical composition of the
native copper from the Laskowa quarry.
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The same reaction but different environment:
breakdown of monazite in the High Tatra granites

Krzysztof SZOPA!

*Faculty of Earth Sciences, University of Silesied®Biska 60, 41-200 Sosnowiec, POLAND, kszopa@us.edu.pl

Phosphates are a typical accessory minerals inTéte granites and their enclaves.
Two samples, granite and its cumulate enclave teen studied, where phosphates are
mostly represented by monazite-(Ce) and apatitefpErystals. Cumulate enclave (G2),
contains up to ~13 vol.% of apatite and crystalsmohazite-(Ce) and xenotime-(Y) are also
presented. Occasionally, small inclusions (up fon% in size) of thorite are noted. In the
granite sample phosphates are represented byefidi@dmorphic to xenomorphic crystals
up to 400 um in size) and monazite-(Ce). In bodesdluid reacted with the monazite. The
observed reaction connected with the monazite-(€ehe studied granites, according to
Broska et al. (1998) is: Mnz + Ann + 4Pl +3 Qtz + fluid(4C4/ 2H") <
Ap + 3All + Ms.

Different stages of the decomposition reaction @vserved in both studied samples.
Sometimes “empty” inclusions after the monazite d@n noted. Only the secondary
minerals as REE-epidote/allanite, apatite as welha shape of the inclusion can suggest
what type of primary phase could have been thergrdnite sample rhapdophane-(Ce) is
found as a new product of monazite breakdown, esirafilling cracks in apatite crystals.
In the same rock sample, thorite and/or huttorétedte-shape crystals up to 15 pm in size,
are presented. Epidote crystals with compositioanging from epidote-(REE) (rim) to
allanite (core) are overgrowing apatite. Basedhnenchemical analysis, the reaction for the
main products of the monazite breakdown could lopgsed as follow: (G2) Mnz + 3.44
H,Si0, + 297 c& + 197 AP + 03 Mg + 002 T
+ 0.01 Mrf* +1.46 F€" + 0.03 F + 0.57 HO « 0.33 Ap +1.22 Ep-(REE)+ 0.02%h
and (MNC)1 Mnz + 15.96 KSiO, + 16.68 C&" + 11.46 AF* + 0.12 Mrf* + 5.16 Fé*
+0.02 F +2.98 O < 0.31 Ap + 6.0 Ep-(REE)+ 0.01 Th

According to chemical U-Th-Pb monazite dating, wafariscan ages in both samples
were predominantly obtainedq 360 Ma ancta 340 Ma). The episode dated 260 Ma
is also present. In many cases the younger ageghareesult of “resetting” during
metamorphic event but some grains show an oldersceith a younger rim zones. It can
be another proof for occurrence of younger evenhénHigh Tatra granites. The monazite
breakdown is controlled by fluid rich in €aOH, F. The various stages of the reaction are
determined by concentration of the fluid reagei@8idied samples represent different
hydrothermal type of systems: open and close niraction with post-magmatic fluid.
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Fly ash from coal and biomass co-combustion
and its role in CO , sequestration
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Mineral carbonation is considered as an importaethod in carbon dioxide capture
and storage (CCS). Ash rich in CaO obtained as-prbguct of the combustion of several
varieties of coal in power plants can effectivadget with CQ forming carbonates.

The study of fly ash formed during coal and biomesscombustion in the Krakdéw
Power Plant indicates that it can be used in CGBcd@nbustion of coal and biomass (at
<10% levels) is now commonly applied in Poland asethod for increasing the proportion
of renewable energy in the overall energy producéind reducing net GQ@eneration.

The chemical and mineral compositions of fly astaoted in coal combustion and of
fly ash from coal and biomass co-combustion diffdowever, reliable comparison is
difficult due to differences in coal characteristinsed during coal firing and coal and
biomass co-combustion and due to fluctuations omaiss composition. Both ashes are
composed mainly of aluminosilicate glass, mullgeartz, coaly matter and Fe oxides but
fly ash from co-combustion processes contains, dditeon, lime, periclase and
wollastonite. Both fly ashes represent type F an-dalcium type but fly ash from co-
combustion is relatively rich in CaO (content iss# to the upper limit of the low-calcium
type, i.e., 8%).

Higher contents of AD;, F&0;, CaO, MgO, and & are noted in fly ash from biomass
co-combustion compared to fly ash from coal conibuostFly ash from biomass co-
combustion is also richer in Ba and KO but the difference is negligible. The contenSof
is significantly lower in fly ash from biomass corabustion. The contents of Th and U in
fly ash from biomass co-combustion are similarhe tontents in that obtained in coal
combustion. Fly ash from biomass co-combustiorharacterized by lower contents of Pb,
Cd, Zn, As and Sb, but the Cu content is higher.

Two samples of fly ash from biomass co-combusti@s wubjected to a wetting and
drying experiment (21 wetting and drying cycles; »0f sample with 400 ml of distilled
water in each cycle; drying under infrared radiafimal washing after treatment with
distilled water). The samples after wetting andirlyyare composed almost exclusively of
quartz and calcite (with minor amount of mullit€alcite in the samples is present as
discrete crystals or aggregates of oriented crystdie calcite is relatively rich in Mg.

Reductions in the contents of lime and periclagktha formation of abundant calcite in
fly ash from biomass co-combustion in reaction vdtmospheric C@dissolved in water
indicate that this type of fly ash can be used @5(rocedures
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Accessory minerals and selected trace elements
in altered granodiorite from Strzebléw
(Strzegom-Sobotka Massif, SW Poland)

Beata ZYCH-HABEL', Angelika KEDZIERSKA!
! Institute of Geological Science, Jagiellonian Unaity, Oleandry 2a, Krakdw, beata.zych@uj.edu.pl

Strongly altered biotite granodiorite from Strzebl¢Strzegom-Sobo6tka Massif, Fore
Sudetic Block) consists of albite, K-feldspar, daaand two micas. Mineral composition
and rock texture indicate that albitization andsgenitization were dominant alteration
processes affected the granodiorite. Based on claérand mineral composition, three
degrees (low, medium and high) of alteration wastirdjuished. The REE and other trace
elements are mainly accumulated in accessory miesach as monazite, xenotime,
cheralite, zircon, ferrocolumbite. Some evidencggests that REE and other HFSE (e.qg.,
Zr, U, Nb), often considered as immobile duringtion, can be mobilized under certain
conditions.The mobility of these elements was determined usiagsocon (Grant, 1986).

Monazite, xenotime, apatite, zircon and Nb oxidesuo as accessories in rocks
showing the lowest degree of alteration. The Zmteot in these rock is lower than in
unaltered rocks, whereas the HREE and Y conteetdigher. Xenotime, cheralite, zircon
and Nb oxides occur in rocks showing medium degoéedteration. In these rock, HREE,
Y and Nb contents still increase, whereas the Dtentt is almost stable as zircon resists
alteration. Cheralite, gadolinite and thortveitite accessories in rocks showing the highest
degree of metasomatism. Zircon alteration is vesynmon, and the concentrations of
HREE and Y and Nb are highest in these rocks.

Y and HREE are mobilized in the early stages oitialition and their content increases
with advancing metasomatism due to formation af,,xenotime (low-medium degree of
alteration) and gadolinite (high degree). Zr ixhed during the early stages of albitization
and its behavior changes slightly with the degrfesteration.

Reference:
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Field session 1

Geochemical studies in environmental monitoring and assessment —
examples from the Holy Cross Mts.

Zdzistaw M. MIGASZEWSKI*, Agnieszka GALUSZKA?, Sabina DOLEGOWSKA'

: Geochemistry and the Environment Division, Institwf Chemistry, Jan Kochanowski University, 15G
Swietokrzyska Str., 25-406 Kielce, Poland; zmig@ugtda.pl

Introduction

The principal objectives of environmental geochamistudies are: (i) to establish
concentration ranges (baselines), as well as $patth temporal distribution patterns of
elements in rocks, soils, sediments, surface- andnglwaters, plants, animals and man,
and (ii) to assess mobility, translocation, depasitand remobilization of elements in
different environmental conditions and in/betweaniaus environmental systems. Of great
significance for environmental scientists is anniifecation of natural and anthropogenic
sources of elements, especially those potentialyridental or even toxic to the
environment. To solve these problems and concemsyariety of geochemical,
mineralogical, petrological and geophysical methbds been applied. The results derived
from the environmental geochemistry studies magesfly be used in: (i) assessing man-
induced processes in the environment, and (i) toong the present state of the
environment and predicting the future changessadjitality. The first approach is presented
in stop 1 of the field sessionThe influence of acid mine waters on the environrrethe
Wisniéwka area (Holy Cross Mountairis)n contrast, stop 2:Springs as geoindicators of
the environmental quality shows the possibility of using geochemical datar f
environmental monitoring.

STOP 1: The influence of acid mine waters on the @ronment in the Wisniéwka area
(Holy Cross Mountains)

Study area

The Wgniébwka mining area is located about 5 km north aflée (Fig. 1). It occupies
the upper part of Whidwka Mt. taking up an area of about 3 %rthe geology and
tectonics of this area has been studied for decadmssing many controversial views
(Zylinska et al. 2006 and references cited there)sniivka Mt. makes up the
southernmost part of the tysogoéry Block that isasafed from the Matopolska Block by
the Holy Cross Fault. The mining area lies withippdr Cambrian (Furongian) thick-
bedded quartzites and quartzitic sandstones wittlstone and clayey shale interbeds with
rare tuffs and bentonites (Fig. 1). There are thgearries in the study area: the active
Wisnibwka Dwa quarry and two abandoned quarries —s$nidwka Mata and
Podwiniéwka. The basic raw materials are quartzites qualtzitic sandstones that are
extracted for manufacturing crushed aggregates.\Whaidwka Mata quarry is filled in
with a large bipartite lake taking up an area ofw®2x60 m reaching at least 15.6 m
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deep in the western pond (Migaszewski et al. 20@9¢ontrast, the Podwnidwka quarry
holds a much smaller pond with a varying surfa@aaeaching 1.5 m deep. This area is
characterized by the presence of an exposed poite. Both water bodies are a good
example of Acid Mine Drainage (AMD), and the Poghidwka pit pond reveals the lowest
pH compared to other reservoirs in Poland.

Wisnidwka Mata pit lake

The geochemical study conducted in two presentharsged ponds of the Wiidwka
Mata lake indicated that there is a spatial andaea variability in concentrations of most
elements, and in sulfur isotope ratios, in the wéiedies examined. The water of the
western pond showed a lower pH in the range of4340geometric mean of 3.7), higher
conductivity (390 uS/cm), and higher concentrati@issulfates (156 mg/l) and most
cations and anions. The concentrations of feed F&" averaged 0.8 and 0.4 mg/l. In
contrast, the eastern pond water revealed a hjgHefmean of 4.36), lower conductivity
(293 uS/cm), and lower sulfate (90 mg/l) and trawtal levels. Similar variations were
recorded in the stable sulfur isotope ratios. 5??6\,_CDT(SO4Z') values in the water of the
western pit pond varied from —6.8 to —4.6%. (mean-©#6%.), whereas the water of the
eastern pit pond varied from —2.2 to —0.9%. (mearlo6%.). The alkalinity of all of the
lake water was below 0.1 mg/l Cag®lo distinct difference in th&°Oy.syow(SO*) was
noted between the western and eastern pit pondse Netails on the chemistry and S and
O isotope composition of soluble sulfates have bpessented in the previous report
(Migaszewski et al. 2009).
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Fig. 1. Localization of acidic pit lake and pondih Wisniéwka

Podwisniéwka pit pond

The geochemical study of the Podmidwka acid pit waters, conducted during 2004-
2007, revealed a seasonal variability in pH, EQ eoncentrations of sulfates and ferric
and ferrous ions (Migaszewski et al. 2007a, 2008 pH varied from 2.4 to 3.5 and EC
from 341 to 1656S/cm. However, the pH and EC of strongly acidieiintittent puddles
reached 1.5 and 14.3 mS/cm, respectively. The arations of sulfates in the pit pond
water were in the range 55-314 mg/l and Fe(ll) Badll) in the range 1.4-14.8 mg/l and
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0.0-23.6 mg/l. The puddles mentioned above shohedhighest contents of sulfates (7750
mg/l), Fe(ll) and Fe(lll) (>750 and >300 mg/l). Ntatistically significant correlations were
found between pH, EC, sulfate and iron concentnatid his variation resulted from the
influence of seasonal environmental factors (idkixof meltwater and stormwater,
droughts, insolation) combined with interaction$ween schwertmannite, ferrihydrite and
goethite.

The comparison of stable sulfur isotope ratios ymitp (mean of —25.4%o.), sulfate
efflorescences on pyrite surfaces (—25.4%o), andid®lsulfates of strongly acidic puddles
(—=25.4%o.), acidic pit pond water (—15.6%0) and cohsmall pond water (+9.2%o) indicates
that oxidation of pyrite and leaching of oxyhydreuifates generates the acidic waters of
the pond and intermittent puddles and leads tofdhmation of various iron precipitates.
Moreover, the comparison of stable oxygen isotai®s in soluble sulfates and waters
suggests that oxidation of pyrite is induced pritpdry an iron oxidation path periodically
influenced by dissolved atmospheric oxygen.

The study, using a scanning electron microscopeM(SEoupled with an energy
dispersive X-ray spectrometer (EDS), study of theks and sediments of Podwidwka
and Wsknidwka enabled us report a new occurrence of gateeihydrated barium
aluminum phosphate of the crandallite series) enloly Cross Mountains (Migaszewski
et al. 2007b). In the tuffs and quartzites from wWiddidwka quarry, the related isostructural
minerals Ca-Sr-Ce-bearing gorceixite or a mixtur€e-bearing crandallite and goyazite,
and Ca-Sr-bearing-florencite has been recordeaetamounts.

The pit pond sediment near the pyrite zone revaalsicreased amount of As (1111
1879 mg/kg). The source of this element is veingit@pand pyrite-bearing clayey shales.
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STOP 2: The use of springs for geoindication studse
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The use of groundwater in geoindication studies

According to Berger and lams (Berger, 2002), a mgioator is“a magnitude,
frequency, rate or trend of geological processed phenomena that occur at or near the
Earth's surface and that are significant for asssg®nvironmental change over periods of
100 years or less The selection of an area for geoindication stsdis crucial for
interpretation of the natural/anthropogenic chanaof changes in the environment. Welch
(2003) reviewed the application of selected geaiamidirs to monitoring of Canadian
national parks. Following this approach, we pregbet chemistry and quality of spring
waters fromSwigtokrzyski National Park as an example of geoindbcastudies.

General characteristics of spring waters irSwigtokrzyski National Park

The SNP encompasses a morphologically diversified regiofiom the parallel flat,
wide Wilkéw and Rbno Valleys in the center through the Lysogéry Raimgthe southern
part and scattered mountains (Bukowa, Psarska,n@hed) in the northen part (Fig. 2).
The tysogéry Range comprises Middle and Upper Canbquartzites and quartzitic
sandstones with mud shale interbeds. The basemethiei Wilkéw and Bbno Valleys
consists of Ordovician- and Silurian clay and mhbdlss, and, in places, sandstones. The
Bukowa, Psarska and Chetmowa Mounts are built ofrdroDevonian sandstones and
guartzites, in places with dolomite and limestanteribeds.

Psarska Mt.

Swigta
Katarzyna
ey
kO

st

Lysica Mt. ??

5 km

Cg Spring Stupia

? Spring described in the text

Fig. 2. Localization of springs Bwictokrzyski National Park

A 3-year (2003-2005) monitoring of springs in 8P, conducted during hydrological
droughts, enabled the identification of approximat®0 springs with continuous water
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outflows (Fig. 2). Most of the springs were chaesized by a low yield (<1 ¥h). The
highest yield (2-4 rith) was recorded for springs 1, 2 and 3.

Based on chemical characteristics, two main typeping waters can be distinguished
in the area of th&6NP (Michalik 2008). The first, typical for the Lygory Range, shows a
low pH (<6.0) and a very low conductivity (<80 u®jc The second type occurs in the
Klonéw and partly Pokrzywigski Ranges (springs 6, 7) and is characterized higher
pH (>6.0) and a much higher conductivity (>200 mg/c

The spring waters of the Lysogory Range show very lon concentrations in the
prevalent S@Ca-Cl-Mg and S@Ca-Mg-Cl water types. In contrast, the spring wate
chemistry from the remaining part o8NP is characterized by the presence of
hydrocarbonates prevailing over sulfates (H@a-Mg). Michalik (2006) indicated that
only some of the trace metals (Ba, Cu, Mn and Zoyuoed in slightly higher
concentrations both in the Lysogéry Range and #maining part oSNP. The spring
waters of the Klonéw and Pokrzyviski Ranges are highlighted by raised levels of most
metals.

The use of springs as geoindicators in théwietokrzyski National Park

The results of detailed hydrogeochemical studycaidid some fluctuations in both
physicochemical parameters and chemical composifothe spring waters during two
years (Michalik 2006, 2008). A minor drop in pH walsserved in most springs. However,
in the Saint Francis spring (no. 1), the differemeached 1.5 pH units. In 2006,
conductivity was higher in all the springs examinespecially in the Saint Francis spring
where the EC value more than doubled. Of the meganponents found in the spring
waters, only sulfate and chloride ion concentratiém spring 4 showed any substantial
variation. The most distinct changes were recordedrace element concentrations,
especially Al, Mn and Zn in springs 4 and 6. Thiese springs have partly been affected
by human activity, e.g., cloister buildings andrisuinfrastructure located on top of Holy
Cross Mount (no. 4), nearby outbuildings (no. 8 &ong-range and local emissions.

In the light of this, the chemistry and quality sgring waters in the park was linked
primarily to the geologic setting (petrographid¢witogic composition of bedrock and
superficial mantle rock), with a relatively minonfluence by local and off-regional
pollution sources. However, this issue requireggit@rm monitoring in terms of spring
yield and chemistry.

Our view is that the springs 8NP are good geoindicators of natural changes in the
environment. Hydrogeochemical monitoring in protelcareas provides valuable data that
could be used not only to record the trend of ckang the environment, but also to
interpret their character.
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Field session 2
Introduction to the field trip

Diabase intrusions from the Bardo syncline (the Kie Ice region) in the
Holy Cross Mts

Roman WLODYKA?!, tukasz KARWOWSKI', Krzysztof SZOPA"

! Faculty of Earth Sciences, University of SilesiaBedziiska 60, 41-200 Sosnowiec

On the area of the Holy Cross Mts, igneous rockseapin the Kielce (southern) and
the Lysogoéry (northern) region (the Ps&mwicta Katarzyna Zone). The Bardo syncline
(Fig. 1) is located in the central part of the Ke&elregion where diabases were discovered
for the first time by J. Czarnocki in 1919. The 8audiabase at the following localities was
petrographically examined (Fig. Bardo (Tokarski 1921, 1926; Morozewicz 1923, 1925;
Matkowski 1954; Ryka 1957a, b; Szczepanowski 196G8xcki 1969, 1970; Krzemski
2004), Widelki (Ryka 1957a, 1959, Szczepanowski 19&3lesie (Kardymowicz 1957,
1967; Szczepanowski 196@belutka (Kardymowicz 1957, 1967Yagorze (Nawrocki et
al., 2007b) andKedziorka (Ryka 1974). The diabase intrusions were emplaiced
mechanically weakened zones in Silurian sedimeatesden Lower Ludlovian graptolite
shales and Upper Ludlovian greywackes (Fig. 2). fen products of the volcanic
activity are shallow, subsurface sills with thickses varying from 16 to 30 m. Tectonic
data suggests a late Ludlow-Siegenian (Kowalczewskik, 1974) or late Ludlow-early
Gedinnian age for the Bardo diabase (Nawrocki 20R®ybytowicz and Stupnicka (1991)
revealed that the diabases, and volcanic matedat the greywackes, originated from the
same magmatic source. The spatial relationshipd®vthe occurrence of the diabase sills
and the locations of maximum greywacke thicknegs#sts to their Late Ludlovian age.
Radiometric data give inconsistent results. Migaske (2002) suggests multi-stage
magmatic processes (lower Devonian-upper Permidmreas Nawrocki et al., (2007a)
data point clearly to a Silurian age for the Bairttousion (426t 6 Ma).

Krzeminski (2004) showed that the Bardo diabases reprékelgtitic melts generated
by interaction of upwelling thermal plumes with dgubcontinental lithospheric mantle.
Primary, MgO-rich melts of picritic composition gaated by different degrees of partial
melting underwent low-pressure fractional crystalfion of plagioclase + clinopyroxege
olivine at shallower crustal levels. The Holy Crodmbases have the signature of
anorogenic magmatites typical of continental extara settings; they may record the
detachment of the Matopolska Block from the Baltioargin during late Ludlow-Emsian
times (Krzemiski 2004).

Basing on chemical analyses of the Bardo diabases gn Ryka (1957b, 1959, and
1974), Kardymowicz (1957, 1967) Krzeimki (2004) and Matkowski (1954), the authors
prepared two graphs: AFM (Fig. 3) and TAS (Fig.ilstrating their relatively evolved
compositions. On the AFM diagram, most of the prtgd compositions lie along the curve

125



of iron enrichment and above the line disciminatihg tholeiitic and calc-alkaline suites.
Increasing in Fe/(Fe + Mg) in mafic (augite, Ti-magite) minerals concurrent with an
increase in the proportion of felsic (plagioclasenerals gives rise to the trend of the
residual liquid composition shown (Fig. 3). The m@volved Bardo diabases comes from
Kedziorki (Ryka 1974). These are plagioclase diabagémout pyroxenes forming veins
not more than 3 m thick. The CIPW calculation shoeg the amount of normative quartz
changes in the range 3 (Bardo) to 28 %d#&orka), whilemgnumbers and MgO content
drops from 57 to 33 and 5.5 to 1% respectively.t@nTAS and KO-SiO, classification
diagrams (Fig. 4), the diabase rocks lie belowalkaline-subalkaline discrimination line,
mainly within the subalkaline basalt field. Sampfesm Kedziorki plot in the basaltic
andesite- and andesite fields. So, from a geoclamiint of view, the diabase sills are
subalkaline and show a typical tholeiitic evolutifnom tholeiite diabases to tholeiite
andesites.

Widetki Middle Devonian % Lower Devonian Silurian
(dolomites) (mainly sandstones) l:'(shales, greywackes)
Ordovician Cambrian

E==4 (shales, sandstones) [==] piabase intrusion (shales, sandstones)

—--- Faults

Zbelutka
i @

3 km Zalesie Kedziorka

Fig. 1. Geological sketch map of the Bardo synctifter Czarnocki (1958).
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(Niewachlow Graywackes) - Thabass iiension (claystones, marls and siltstones)
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Fig. 2. Simplified geological section through thar8o synkline after Nawrocki (2000).
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Hydrothermal alterations of Bardo diabase are comride albitization of plagioclase
and the replacement of olivine, glass and pyroxan@hyllosilicates suggest spilitization
as a main alteration process. The secondary compmie the diabases include albite,
epidote, amphibole, chlorite, hydromica, kaolinttegnite, pyrite, calcite, siderite, ankerite,
fluorite and chalcedony (Ryka 1959). The magmactipas caused contact metamorphism
of the Silurian sediments. The thicknesses of tieéamorphosed zones of the Bardo sills
do not exceed 0.4 m (Kardymowicz 1967); metamorpémperatures were below 400°C
(Ryka 1959;Suchy et al. 2004).
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Fig. 3. AFM diagram of whole-rock and igneous maleompositions of

the Bardo diabases.
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Fig. 4. TAS classification diagram for the compiasis of the diabase rocks from the Bardo
syncline. Rock analyses by Ryka (1957b, 1959, &7d), Kardymowicz (1957, 1967),
Krzeminski (2004) and Matkowski (1954) are included.
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STOP 1: The Ordovician and Lower Silurian sedimentay succession in Zalesie
Wiestaw TRELA"

1Polish Geological Institute-National Research Ihgt, Holy Cross Mountains Branch, Zgoda 21,
25-593 Kielce, Poland

The Lower Palaeozoic succession in Zalesie nearOwag represented by the
Ordovician-Silurian rocks outcropped in unnamedrravThe entire Ordovician section is
up to 38 m thick and includes the upper Tramadotwanpper Hirnantian rocks (Fig. 5).
This succession rests upon the Lower Cambrian sladédeg the unconformity produced by
the Sandomierz tectonic phase (Czarnocki 1939; kensavski 2000).
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Fig. 5. Lithology and stratigraphy of the Ordovitisuccession in Zalesie nearby Lagow.
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Fig. 6. Alternating sandstones/siltstones, mudst@mel cherts of the Wysoczki Formation
(upper Tremadocian) in Zalesie nearby tagow.

The lowermost Ordovician is represented by the WgkioFormation (Dzik and Pisera
1994; Trela 2006a) referring to as alternation lafugony-rich thin- to medium-bedded
siltstones/sandstones, mudstones and cherts (Big$). The age of this unit was
determined on the basis of conodor®al{odus deltiferzone), acritarchs and inarticulate
brachiopods (Gérka 1969; Bednarczyk 1971, 19819;1%2aniawski 1980; Dzik 1994;
Holmer and Biernat 2000). A distinctive feature mfidstone layers is presence of the
pyroclastic material, represented by well presepledioclases, unaltered biotite, abundant
montmorillonite and pyrogenic quartz (Chlebowski71R Cherts occur either as thin beds
revealing sharp boundaries with accompanied diistec sediment or nodules with more or
less visible boundaries; however, the compositesbmdde up of alternating cherts and
sandstones/siltstones occur as well (Fig. 7). Téed |structures are common at the
boundary between the chert and sandstone/siltshaaks. Silica fabrics within cherts
include: 1) equigranular microcrystalline quarty,chalcedonic overlay lining clastic and
biogenic detritus in the form of isopachous rimssg@herulitic chalcedony, and subordinate
4) detrital quartz grains. Moreover, the chert betsl nodules contain admixture of
amorphous organic matter, glaucony grains, museoflitkes, fragments of phosphate
brachiopods and graptolites as well as rare spspeles and acritarchs. The sedimentary
environment of these deposits was dominated bymitieent deposition of mudstones and
cherts in low-energy conditions punctuated by rap@tumulation of sandstones and
siltstones due to tractional processes associaitbdstorm currents, which is supported by
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biogenic escape structures (Trela 2001). Furthezntbe biogenic activity is indicated by
bioturbation of mudstone beds and hypichnial trssils in the sandstone layers (Trela
2001). An overall coarsening-upward trend is reedréh the overlying glaucony-bearing
sandstones of the BHzyg6rz Formation (Fig. 5; Trela 2006b), which seeto be
produced by fall of the relative sea-level betw&eemadocian and Floian.

The most part of the Middle and lower Upper Ordircsedimentary record is hidden
under thin Quaternary clay cover and includes: fgygto yellow sandstones of the
Bukéwka Formation, 2) dolostones and marls of thekiddle Formation, 3) grey and red
shales of the Stawy Formation (Trela 2006a) with Krbentonite beds (Chlebowski 1971)
— Fig. 5. Dolostones of the Modrzewina Formationp o 2 m) and overlying marly
mudstones of the Zalesie Formation (up to 7 mnftre uppermost part of Ordovician in
Zalesie (Trela 2006a) — Fig. 5. This sedimentacpré is coeval with the upper Katian and
Hirnatian stages, which is supported by trilobjpe@men oMucronaspisand brachiopods
of Hirnantia fauna found in the Zalesie Formation (Kielan 196émple 1965).

Fig. 7. Composite bed showing alternation of charid laminated sandstone, the Wysoczki
Formation (upper Tremadocian), Zalesie near Lagow.

The Zalesie Formation passes upward into pale-brelales (80 cm; Fig. 5) with
graptolites of the uppermost Ordovicigersculptuszone (Kielan 1956; Masiak et al.,
2003). The overlying Rhuddanian black radiolaridnerts and shales (Fig. 5) are poorly
exposed because of the Quaternary clay cover.drbgeBardo Stawy, the radiolarian chert
unit forms the Rembéw Member, which belongs toBlaedo Formation, up to 13 m thick
(Trela and Salwa 2007). Numerous graptolites ofafmensus/acuminatuis cyphuszones
were identified in the shale intercalations of thisit (Bednarczyk and Tomczyk 1981;
Masiak et al., 2003). The chert beds reveal, moiess regular, sub-millimetric horizontal
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lamination (well enhanced on the weathered surjagitb rare white laminae (up to 10 cm
long) and lens-like nodules (up to 0.8 mm thickhewhite laminae/nodules are composed
of cryptocrystalline quartz, some organic matteegrdded acanthomorphic acritarchs,
graptolites, chitinozoans, radiolarians and phosplsediment (Kremer 2005). In turn,
cherts are made up of numerous radiolarian ghitigtd by the microcrystalline quartz with
subordinate fine spherulitic chalcedony, some atlmixof muscovite, rare scolecodonts,
chitinozoans as well as sponge spicules (Kremer5R0OMoreover, they contain an
amorphous organic matter and aggregates/clustevergf small globular bodies (1.5-3.5
um in diameter) interpreted as remnants of degradedoid cyanobacteria forming benthic
microbial mats (Kremer and Keierczak 2005). The Rhuddanian black radiolariagrish
and shales are interpreted as transgressive depekited to the marine flooding that was
initiated in the latest Hirnantiarpérsculptuszone). It is postulated that accumulation of
this succession was influenced by upwelling sysgemerated by the SE trade winds along
the submarine paleohigh located in the central Hilgss Mountains (Trela and Salwa
2007; Trela 2009). These conditions generated latgems preserved as white laminae
and nodules within the chert beds (Kremer 2005).

The overlying sedimentary record is dominated eygraptolite shales and green/grey
marly claystones extending upward to the diabaseision, which separates the shale
succession from the upper Ludlow greywacke sandstdifomczyk and Tomczykowa
1962; Ryka and Rubinowski 1962).
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STOP 2: Diabase intrusion at Zalesie
Roman WELODYKA®, tukasz KARWOWSKI*, Krzysztof SZOPA®

! Faculty of Earth Sciences, University of SilesiaBgdziiska 60, 41-200 Sosnowiec

The diabase sill near Zalesie village crops ouhbed of the unnamed stream where
very fresh rock exhibits columnar jointing (Fig. &) one bank and disintegrated rock on
the other. Its thickness amounts to about 18 mdi¢aowicz 1967). It intrudes Silurian
graptolite shales with greywacke bands. In theastreection, the contacts between sill and
sediments are not visible. A full vertical sectisnwell-known from a borehole at Zalesie
(Kardymowicz 1957, 1967). Systematic variation efttires across its width is a result of
large cooling rates and the degree of magma suplérgo The Zalesie sill shows a
symmetrical pattern consisting of spilitic diabas¢ghe upper (0.35 m thick)- and lower
(0.2 m) chilled margins which grade, over ca 0.Bx1through fine- to medium-grained
varieties in the central part. This part of théisilonly visible in the bed of the stream. The
rock exposed here shows the smallest grain sizen wbenpared to other sills from the
Bardo syncline; macroscopically the rock looks likasalt. According to Kardymowicz
(1957, 1967), graptolite shales in contact withbdee have been transformed into
hornfelses. The thicknesses of the metamorphosedszaipper and lower, vary between
0.3-0.4 m. Many veins (< 15 mm thick) of chalcedonglicite and quartz intersect the
entire sill. Thus, within the profile of the Zalessill, one can distinguish: 1) a calcite-albite
(spilitic) diabase with hyaloophitic, intersertaicamicrolithic texture in the chilled margins
(invisible) and 2) an augite-plagioclase tholeiiiabase with intersertal and subophitic
texture from the central parts of the sill. The roisry the latter tholeiite diabase is as
follows (wt %): SiQ(49.90), TiQ(2.20), ALO;(12.80), FgO5(5.01), FeO(8.33),
MnO(0.25), MgO(4.73), Ca0(8.93),Ma(2.09), KO(0.75), ROs(0.42), HO'(1.82), HO
(2.06), SQ(0.45),>(99.74) (Kardymowicz 1957, Table 1, an. 3)

Fig. 8. The outcrop of the diabase sill in the béthe unnamed stream near Zalesie
village.
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Fig. 9. Diabase from the central parts of the Fig. 10. Glassy inclusion in network
Zalesie sill, crossed nicols. plagioclase and spiky ("swallow-tail"
microlite) plagioclase crystal.

Fig. 11. Skeletal and acicular microlites of Fig. 12. Skeletal crystals of clinopyroxene,
feldspars and dendritic crystal of dendritic Ti-magnetite among branching
titanomagnetite (opague). feldspars microlites; reflected light.

Under the microscope (Fig. 9), samples from therakmparts of the sill comprise a
random network of relatively large plagioclase $athp to 0.8 mm in length, anhedral
grains of pyroxene and a late crystallized matrocupying the spaces between them.
Small-scale fragmentation of the network feldsphes been observed (Kardymowicz
1957); plagioclase laths and pyroxene grains wiaisgy inclusionsgjeve texturgare also
visible (Fig. 10). The fine-grained groundmass aorg spiky (“swallow-tail* microlites
(Fig. 10), skeletal- (Fig. 11) and branching (Fig2) non-equilibrium plagioclase
microcryst morphologies attributed to supercooliagd hence rapid growth. In addition,
the mesostasis contains elongated skeletal augiéats (Fig. 12) that, in some cases, have
grown in clustered, fan-like aggregates, denddtigstals of titanomagnetite and acicular
(needle-like) microlites of amphibole and apatite.

X-ray diffraction patterns of hand-picked sampléste mesostasis (Fig. 13) show a
broad hump (arrow 1), typical of amorphous substandlistinct broad (arrow 2)- and
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narrow peaks (symbola, p, g, m); these last are attributed to the crystallizecsas

mentioned immediately above. This means that thergtitial material between the
plagioclase laths may have also been quenchedemtaced by palagonite (Ryka 1957b).
According to Stroncik and Schmincke (2001), palatgation is a continuous process of
glass dissolution and palagonite formation whenglass reacts with surrounding fluids
and crystallizes to smectite. They use the terragmliite only for the amorphous alteration
products of mafic glasses. An X-ray pattern indisathat palagonite evolves from
amorphous, metastable material (arrow 1) to a mainyjstalline product (arrow 2 a, b, c).
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Fig. 13 a- X-ray diffraction pattern of Fig. 14. Palagonitization of volcanic glass
mesostasis material from Zalesie sill; b-  from Bardo syncline sills; symbols: p-
X-ray pattern of trioctahedral smectite from palagonite, s-smectite, g- quartz and c-
Debowiec near Zbice. carbonates (ankerite).
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Fig. 15. The in situ replacement of Fig. 16. Two morphological forms of
microcrystalline interstitial material betweensaponite: fibrous (left) and lamellar (right).
plagioclase network by fibrous smectite.

It shows strong peaks at 15.5 (2801), 4.50 (2b -020) and 2.56 (2c 110 A. The
position of the060 peak (1.53A, trioctahedral), and the results ofroprobe analysis
(Table 1, an. 1-3), indicate that saponitic smect# the final product of palagonite
evolution. The transformation of palagonite to stileds shown on Fig. 14. Palagonite
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formation is accompanied by loss of Si, Al, Mg, @& and K which is linked to the
precipitation of quartz and carbonates (ankerit@g results of our own chemical analyses
of the palagonitization of volcanic glass from tBardo sills, and of analyses from the
literature, are summarizing in Table 1. The in sigplacement of microcrystalline,
interstitial material lying between plagioclasehkatby more thermodynamically stable
smectite is shown on Fig. 15. On Fig. 16, two rhoipgical forms of saponite are shown.
One is fibrous, the other lamellar, brownish-retidiad strongly anisotropic.
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Fig. 18. Ternary feldspars compositions.
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Table 1. Chemical analyses of palagonitization pot&l of volcanic glass from Bardo
syncline sills; an. 4 from Ryka (1957b), an.5-6nfr&rzemiiski (2004) and an. 7 from
Morozewicz (1923).

smectite palagonite
1 2 3 4 5 6 7
Sio, 47.17 46.10 44.99 39.78 35.73 3879 3836
TiO, 0.09 0.13 0.07 2.14 0.30 0.00 -
Al,O4 3.61 4.39 4.17 8.20 5.09 5.26 5.54
Cr,0; 0.02 0.03 0.03 0.18 0.18 0.00 -
MgO 12.99 12.01 10.96 6.18 4.01 4.89 9.41
CaO 1.20 1.56 1.51 7.17 1.66 2.29 0.73
MnO 0.09 0.08 0.14 0.44 0.2p 0.03 -
Fed' 22.92 23.49 24.43 21.49 22.56 2431 19.53
NaO 0.04 0.04 0.05 1.55 0.60 0.09 0.46
K,0 0.14 0.14 0.13 1.65 0.65 0.42 4.67
Total 88.26 87.95 86.47 88.78 70.95 76.08 78.70
Table 2. Microprobe analyses of feldspars.
Core Rim

1 2 3 4 5 6 7
SO, 52.32| 53.29 54.69 56.63 59.06 62.24 793
Al;05 29.50| 28.50 28.28 26.71 25.07 23.80 522
CaO 13.26 | 12.27 11.83 9.83 7.44 5.7 4.36
FeO 0.55 0.84 0.64 0.55 0.48 0.53 0.52
BaO 0.00 0.04 0.04 0.00 0.03 0.2 o0.21
NaO 4.23 4.78 5.01 5.94 7.13 8.04 8.86
K20 0.20 0.21 0.21 0.32 0.57 0.79 0.90
Total | 100.06 99.93 100.70 99.98 99.73 101.18 101.20
Si 2.382| 2.428 2.464 2553  2.654 427  2.807
Al 1.583| 1.530 1.501 1419 1.325 31.2 1.169
Ca 0.647| 0.599 0.571 0.475 0.358 68.2 0.206
Fe 0.021| 0.032 0.024 0.021 0.018 0.02 0.019
Ba 0.000| 0.001 0.001 0.000 0.001 .00 0.004
Na 0.373| 0.422 0.43y 0.519 0.621 868 0.756
K 0.011| 0.012 0.012 0.018 0.033 5.04 0.051
Total 5.017| 5.024 5.010 5.006 5.010 5.005 5.012
An 62.8 58.0 56.0 46.9 35.4 26.8 20.3
Ab 36.2 40.9 42.8 51.3 61.4 68.7 74.6
Or 1.1 1.2 1.2 1.8 3.3 4.5 5.0
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Table 3. Representative pyroxene (augite) and amjih{magnesiohornblende) analyses.

Pyroxene Amphibole
Core Rim Core
1 2 3 4 5 6
Sio, 51.49 50.32 50.31 49.76 50.93 4837
TiO, 0.84 0.99 0.90 0.69 0.57 0.81
Al,O3 1.65 1.79 1.21 1.07 0.84 3.99
Cr0s 0.04 0.08 0.00 0.01 0.00 0.00
MgO 15.00 12.91 11.44 9.56 12.72 9.47
CaO 18.60 18.14 17.338 16.41 1476 9(55
MnO 0.29 0.36 0.45 0.59 0.35 0.53
Fed 10.92 14.64 17.86 20.84 19.28 2269
NiO 0.00 0.02 0.0d 0.00 0.04 0.00
Na,O 0.25 0.27 0.25 0.21 0.20 2.37
K,0 0.00 0.00 0.0d 0.01 0.01 0.77
Total 99.07 99.51 99.7% 99.15 99.90 98.55
Si 1.939 1.917 1.938 1.957 1.956 7.209
Ti 0.024 0.028 0.02¢ 0.020 0.016 0.001
Al 0.073 0.080 0.054 0.05p 0.038 0.7p1
Cr 0.001 0.002 0.000 0.000 0.000 0.goo
Fe' 0.019 0.047 0.036 0.01p2 0.033 0.806
Mg 0.842 0.733 0.657 0.560 0.728 2.105
Ca 0.750 0.74( 0.716 0.691 0.6p7 1.524
Mn 0.009 0.011 0.015 0.020 0.018 0.067
Fett 0.325 0.420 0.54( 0.673 0.586 2.0p2
Ni 0.000 0.001 0.00( 0.000 0.001 0.000
Na 0.018 0.020 0.019 0.016 0.015 0.685
K 0.000 0.000 0.00( 0.000 0.001 0.146
Total 4.000 3.999 4.001 3.999 3.999 15.634

The igneous minerals were originally augite andjiplelase as major components and
titanomagnetite, ilmenite, apatite and magnesidblerde as accessories. Olivine was not
etected in the diabase from the Bardo syncline.the tysogory (northern) region,
Krzeminski (2004) found a small amount of fresh olivineo{kg in the Milejowice-
Janowice diabase. Augite (Fig. 17, Table e2plves along the path Wi Fs; =
Wog.EnggFsss, as is characteristic for clinopyroxenes from diiGt, silica-saturated rocks.
Ryka (1959) detected, in addition, orthopyroxer@sstatite) in diabase from Widetki and
tabecki (1969) found secondary aegerine in spilitichdise from Bardo. Representative
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analyses of plagioclase feldspar are given in Ta@d compsitional ranges are shown in
Fig. 18. Opaque phases are ilmenite and titanontisgii€able 4). Highly acicular apatites

in the matrix are typical of those found in rapidystallized rocks. Magnesiohornblende
occurs as a late magmatic phase mainly in the gimoass (Table 3).

Table 4. Representative microprobe oxide analyses.

Magnetite IImenite
1 2 3 2
SiG, 0.09 0.04 0.09 0.00 0.0 0.00
TiO, 24.54 23.79 21.7(¢ 50.79 50.02 50,04
Al,03 1.68 1.60 1.2@ 0.01 0.00 0.00
Fed 67.26 67.69 69.81 46.70 46.29 4764
MnO 1.61 1.64 1.63 1.20 0.65 0.61
MgO 0.15 0.16 0.03 1.20 0.49 0.45
CaO 0.00 0.0d 0.0% 0.01 0.01 0.p2
Na,O 0.00 0.03 0.03 0.0p 0.90 0.00
Cr,04 0.04 0.06 0.02 0.00 0.00 0.04
ZnO 0.01 0.16 0.05% 0.0p 0.08 0.00
V5,05 0.70 0.74 0.25 0.36 0.39 0.45
NiO 0.07 0.00 0.02 0.00 0.00 0.01
Nb,Os 0.00 0.00 0.02 0.00 0.00 0.00
Total 96.15 95.91 94.89 99.70 97.94 99.26
Si 0.004 0.002 0.003 0.000 0.000 0.900
Ti 0.701 0.681 0.628 0.95[7 0.965 0.952
Al 0.075 0.072 0.055 0.00Dp 0.000 0.0po
Fe* 0.492 0.538 0.673 0.080 0.062 0.086
Fet 1.644 1.616 1573 0.898 0.931 0.921
Mn 0.052 0.053 0.053 0.014 0.014 0.013
Mg 0.008 0.009 0.001 0.045 0.019 0.017
Ca 0.000 0.004 0.00p 0.000 0.0po 0.001
Na 0.000 0.002 0.002 0.000 0.000 0.000
Cr 0.001 0.002 0.001 0.0Q0 0.000 0.001
Zn 0.000 0.004 0.001 0.000 0.002 0.9o0
\Y 0.021 0.023 0.00¢8 0.007 0.008 0.009
Ni 0.002 0.000 0.001 0.000 0.000 0.0p0
Nb 0.000 0.00(Q 0.001 0.000 0.000 0.9o0
Total 3.001 3.001 3.001 2.000 2.000 2.000
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STOP 3: Phyllites from Kamecznica Podmchocicka — metamorphic rocks from
in the Holy Cross Mountains

Sylwester SALWA
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25-593 Kielce, Poland; sylwester.salwa@pgi.gbv.p

The presence of metamorphic rocks in the Holy €Meuntains (HCM) was mentioned
first by Czarnocki (1919). On the basis of chem@ahposition, Sedlak (1985) called them
“phyllite rocks from Dalionka stream”. However, tliest well documented example of
metamorphic rocks in the HCM was described by Sg@@D5, 2006a,b) in Kamecznica
Podnachocicka, along deep unnamed ravine in the cepadl of the Lysogéry Region
(Fig. 19). We can see there outcrops of the Mid@kmbrian rocks of the Pepper
Mountains Formation (Ortowski 1975), which occurwmalls and bottom of the stream
valley (Fig. 19.d, 20). This section is composedtote different lithological parts. The
lowermost portion is dominated by claystones andistanes overlain by sandstones and
mudstones of the middle complex, which builds aflse main part of a ravine. The
uppermost part of the Kamecznica Padhocicka section is made up of mudstones and
claystones intercalated by sandstones.

Petrographic and petrotectonic investigationsdatdi that this succession refers to the
very low grade and low grade metamorphic rocks w&aR005, 2006a,b). The most
intensively metamorphosed zones include phylliteted “phyllites from Podrgchocice”
(Salwa 2006a). A conspicuous relationship betweeatamorphism and tectonic
deformations has been identified within the con®deherein section. Phyllites appear
always above thrust fault plains within strong ¢eitally deformed (folded and thrusted)
zones (Fig. 19.d, 20, 21). New minerals grew alolegvage plains (Fig. 22) and within
microlithons (Fig. 23.a-c). Quartz, white mica, arfites and siderite are main components
of phyllites, and they are accompanied by subotdintlomite, piryte, hematite, apatite
and biotite.

Basing on detailed mesostructural analysis, a é#ents of structural evolution of
metamorphic rocks were distinguished (Salwa 20@63,b). The older stade; took
place in the Cambrian and originated from earthgealhe first generation of cleavage
was formed durind, stage. The white mica (Fig. 23.b) accompanied liga+ohlorite
stacks (mostly biotite-chlorite stacks) within isnes (fig 23.a) occurs along planes of the
low-angle slaty cleavagés, (Fig. 22.a). Detrical biotite crystals were plaatig folded
during formation of the cleavage (Fig. 23.a). Dsffd in clay matrix detrical quartz was
resolving bay hot fluids (Fig. 23.a). At the endluit stage the first generation of syntaxial
quartz-chlorite veindV, arose. During th®; stage numerous thrust faufld,, U, (Fig.

19) and related fold¥, (Fig. 20, 21) with axial plane crenulation clea®ds, (Fig. 22b)
were formed. The crenulation cleavai$e deformed both sedimentary and slaty cleavage
%S, planes (Fig. 22.b). The Fe and Fe-Mg chloriteg).(B4, 25) and siderites with rarely
preserved zones predominate within microlithos gs&fing cleavage domains to one
another) are common. The composition of the innart pf chlorites suggests their
formation from chloritized biotites (Fig. 23.c —nteal part of the chlorite). Moreover,
porphiroclasts of Fe-rich chlorites with pressunadows were reported within thrust fault
related to shear zones. In some samples apatitbiatite are present.
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-t Kamecznica Podmachocicka 1&
~—~ geological boundries ’
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Fig. 19. Location of the study area (a) in relationhe main structural units of Poland (b),
Paleozoic core (c) of the Holy Cross Mountainsgfa@tzarnocki 1950, Kowalczewski
1975, Dadlez, Kowalczewski & Znosko 1994 — modifiadd tectonics sketch of

Kamecznica Podathocicka (d).
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Fig. 20. Outcrop of the folded phyllites from Fig. 21. Symilar fold$F, in the
Podmchocice. phyllite.

The commonly occurring quartz-chlorite (Fig. 23.diyd siderite veins'V, were
produced at the end stage of the metamorphismetkld¢éformation processes. They are
mostly represented by the antitaxial and stretctigdtal veins. The latter type occurs
commonly within horizontal and low-angle shear m@ad achieves notable sizes (Fig.
26), which is characteristic for very low grade dadr grade metamorphic areas (Jessell,
Willman 1994).

The D, tectonic stage is represented by thrust fatilts folds “F; and crenulation
cleavage®S;. These mesostructures are restricted to narransively deformed shear
zones cutting older faults, folds and cleavages.th&t end of this stage the youngest,
weakly widespread generation of quartz-chloritewg&V ; was formed.

Fig. 22. Various kinds of cleavage and their relaship in phyllite from Podathocice: a —
low-angle slaty cleavadf®, defining the first generation of the foliation-taxial plane
crenulation cleavagts,

The described above tectonic mesostructures resfiutien the progressive deformation
produced by the tectonic compression directed fEofstageD,), NE (stageDs) and then
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NNE (stageD,) direction. Deformations and composition of midersuggest that phyllites
from Podnachocice correspond to the green facies metamorpfitm presence of ductile
folded biotite blades (Fig. 23.a), subgrains anfbrheation lamellaes within quartz (Fig.
27) and translational lamellaes in dolomite crysiabicates that the temperature ranging
from 300°C to 350°C (Passchier, 1996) and diffeaérdgtress above 1.7 kbar (Koch,

Christie 1981).
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Fig. 23. Various types of chlorite occurrencestiglfites from Podmchocice: a — mica-
chlorite stacks, b - idioblasts of chlorites, chiotite crystals with zonal shape, d —
chlorites in veins. Chl — chlorite, Q — quartz, Mnica.
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Fig. 24. Energy dispersive spectroscopic spectsdutfied chlorites.
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The precise age of deformations and metamorphisndifficult to decipher, but
combined tectonic and mineralogical data suggesdttttese processes took place after the
Late Cambrian. It is supported by close associatibthe quartz-chlorite veins with the
Cambrian and Tremadocian rocks (Salwa 2006a). @nother hand, the presence of
pebbles of the Cambrian quartzitic sandstones & Micdziana Gora conglomerate
(Czarnocki, 1926; Kowalczewski and Dadlez, 1996)gasts the pre-Devonian age of
metamorphism and related-deformations.

Fig. 27. Subgrains (a) and two generations of #ferdhational lamellae (La) in quartz (b).
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Introduction

Two key Upper Devonian to Lower Carboniferous seatitary successions from the
southern Holy Cross Mountains are presented to shomtrasting palaeogeographic
settings of the Laurussian carbonate shelf. Stegilgcally extended Kowala section
represents continuous deepening-upward transitimm the Dyminy reef complex to the
Checiny-Zbrza intrashelf basin. On the other hand, pdesgenerally similar facies
evolution, the partly condensed @ate succession is marked by stratigraphic gapscay
for a pelagic swell. The carbonate shelf drowniragsinalized with Visean sedimentation
of black siliceous shales in the starved basin.

B - r=oniFerROUS 5] PERMIAN

|: DEVONIAN :l POST - PERMIAN

DEPOSITS

LOWER
|:| PALAEOZOIC J\‘\L HOLY CROSS FAULT

Fig. 1. Simplified geological map of the westerm aentral part of the Holy Cross Mountains with
location of the Kowala and Ostréwka quarries.
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STOP 1: Kowala quarry

The whole of the Upper Devonian sedimentary sudgessnore than 350 m thick, is
exposed in the well-known Kowala (formerly Wola}iae quarry near Kielce (Fig. 1). The
immense exposure is geologically located in thetsm part of the Kielce Region, in the
gently dipping southern limb of the Gaice Syncline.

In this excursion, we will focus on the extendednEanian part (ca. 180 m thick) of the
continuous section that corresponds to the po$tptese of carbonate shelf evolution (i.e.,
to the oxygen-depleted €tiny-Zbrza basin; Szulczewski, 1995; Racki et 2002).
Within the rhythmic, dark to black, clayey-calcansdbituminous deposits with abundant
early-diagenetic pyrite, recurrent anoxic pulsesvofldwide range are perfectly recorded,
mostly as distinguishing horizons of bituminousleshaStudies of exceptionally immature
organic matter provided evidence for the episodézuarence of isorenieratane and
gammacerane indicating water column anoxia, regctiia photic zone during Famennian
global anoxic events (Joachimski et al., 2001; Maryski and Filipiak, 2007).

The following five lithologically specific levelsrepresenting the diversity of
sedimentary phenomena, are presented with referentiee results of multidisciplinary
event-stratigraphic studies involving biomarkersacé elements and pyrite framboid
diameter as a proxy of redox conditions:

* Frasnian-FamenniarF{F) boundary beds, corresponding to the mass exdimcti
event (Joachimski et al., 2001; Racki et al., 2@@nd et al., 2004). This level is
marked by an abrupt lithologic change from thinbedi fossil-rich marly deposits
to uniquely thick-bedded and cherty limestones Whigcaccompanied by a biotic
switch from a diverse calcareous to a limited siigs biota (sponges and
radiolarians). Dark chert bands from the F-F boupdaelded abundant pyrite
framboids with a size-frequency distribution chaeaistic of euxinic deposition,
but this interval is characterized by rather flating redox conditions in near-
bottom settings.

e Middle Famennian pyritized fauna horizon (Marynoiwskal., 2007). Numerous
pyrite concretions and pyritized fossils, mostlyraomoid shells, occur in dark
marly shales, interbedded with thin limestone lay@and carbonate nodules. The
majority of the framboids have larger diametersrabteristic of formation within
the sediments, below a dysoxic water column.

e Basal Upper Famennian Annulata black sha®g; Bond and Zath, 2003;
Racka and Marynowski, 2008). The oldest of sevEmhennian global anoxic
events paired with a bloom of specially adaptedabidhe spectacular bipartite
black shale horizon (TOC up to 23 wt.%), 1.1 m khiic total, with intercalated
thin nodular-marly and black limestone layers. Buottwater conditions were
dysoxic during the lower ABS, whereas the uppeizoor originated in a strictly
anoxic, most probable euxinic sedimentary regime.

 Topmost Famennian Hangenberg black sh&lBS; Marynowski and Filipiak,
2007; Trela and Malec, 2007). This level representsrge-scale biotic crisis
recorded in a 0.9 m thick bituminous shale (TOCQwR2.5 wt.%) within grey to
brownish fossil-rich calcareous succession with leshpartings displaying
corrosional surfaces (Woclumeria limestone). Thevdb@n-Carboniferous
boundary is identified palynostratigraphically ca @& above. Greenish
intercalations of tuffite occur below and above thBS. The presence of high
concentrations of peri-condensed polycyclic aromdtydrocarbons and large
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amounts of small charcoal particles indicates tbeuoence of wildfires due to
concomitant volcanic activity.

Lower Tournaisian volcaniclastics (Koztowski, 198Dzik, 1997). Increased
explosive Eovariscan volcanic activity is indicateg greenish claystones with
several thin black shale partings within a domihyagray and cherry-coloured
clayey succession with limestone intercalationsd{iRaBeds), capped by black
shales and radiolarites (£ay Beds, not exposed in the quarry). The Lower
Carboniferous strata are strongly altered surfici@lp to 2 m) by pre-Zechstein
weathering processes, as perfectly exposed redgnibyust 2009) on the northern
wall of the Kowala quarry.

STOP 2: Ostréwka quarry

Ostrowka quarry is located between Miedzianka dnill Gagzice village on the NW
limb of the Clciny Anticline (Fig. 1). The exposed section ilkades drowning of a small
fragment (seamount) of the Givetian-Frasnian caatmplatform which submerged during
Late Devonian and Early Carboniferous times (Saucki et al., 1996a). The section in
the Ostrowka quarry displays a wide stratigraphitge from the Middle/Upper Devonian
to Carboniferous and is characteriseg the following stratigraphic and lithologic
sequences:

The main part of the quarry exposes the light-cryeamallow-water Frasnian
amphiporoid limestones interbedded with microbiahminites (Kowala
Formation). They are interpreted as lagoonal fasiéth peritidal sediments
(Szulczewski et al., 1996a). The upper part offfesnian section is characterised
by the presence of Lofer-type cyclothems with rigbm and paleosol units
(Skompski and Szulczewski, 2000).

Discontinuous, 20-200 cm thick and highly-condendéamennian pelagic
limestones overlying Frasnian amphiporoid limestoneThese dark-grey
carbonates are remarkably fossiliferous with cdsand cephalopods dominating.
The associated fauna consist of corals, triloblteschiopods, gastropods and fish
remains (Szulczewski et al., 1996b). These bedisempreted as storm deposits,
with crinoid debris at the bottom and cephalopaodtheir upper part (Szulczewski
et al., 1996b).

The next unit comprises the limestones, marls daygbf the Radlin Beds. In the
lower part of the unit, pyroclastic layers haveodieen described (Migaszewski,
1995). The basal part of the unit belongs to thgeu@ ournaisian which suggests
a significant stratigraphic gap between the Fananaind Lower Carboniferous
(Szulczewski et al., 1996b). This sequence is naidbr fossiliferous, yielding
corals associated with trilobites, goniatites aisth femains (Szulczewski et al.,
1996b).

Also outcropping in the Ostrowka quarry is a urfilower to Upper (?) Visean
black siliceous and marly shales. This unit wittents and phosphatic nodules
belongs to the clastic Zgy Beds (Szulczewski et al., 1996b). Phosphatic
concretions consist mainly of Al-rich carbonatesfloapatite as well as some rare
phosphates, e.g., crandallite, plumbogummite angpHesphates (Olszewska-
Nejbert and Nejbert, 2005).

Upper Visean bioclastic limestones outcrop in bostréwka quarry and an old
trench on Todowa Gaba hill. The thickness of this unit does not exc&8&dm,
but layers are laterally discontinuous and the isriteveloped as a few lenticular
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bodies (Szulczewski et al., 1996b). The extremesgiliferous limestones contain
an abundant benthic fauna of crinoids, corals aadhiopods (Szulczewski et al.,
1996b). The unit is interpreted as a carbonate adbm fan deposited in a deep
basin (Szulczewski et al., 1996a).

e The highest Carboniferous unit belongs to the Umpst Visean and is
represented by a clastic series (Lechéwek Beds}sdtare mainly shales with
siliceous intercalations, phosphatic concretiors t@phra. Towards the top of the
succession, the most significant are sandstonedgreke intercalations with flora
debris. Fauna is represented by goniatites, n#&giland other pelagic forms.
Recently, in the eastern part of the Ostréwka guaxrelatively large section of
these beds was exposéithe most interesting part of this section is a 8acth
thick highly fossiliferous limestone with coralscaarinoid debris which is similar
to that in the upper Visean. Several layers wereraszopically identified as
tuffites. Some layers contain a great quantitytadgphatic concretions.

STOP 3: The Ore Mining Museum in Miedzianka

The museum is located in an old mine building ired#ianka village. The museum
contains minerals, rock samples and fossils froerHbly Cross Region.
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Introduction

This study shows the natural and geological featafethe Holy Cross Region against
the background of the geology of the orogen. ThéyKiyoss Mts are characterized by a
high degree of geodiversity. To-date, in the regatotal number of 250 special areas (e.g.,
parks, landscape areas) and single elements (@ture monuments, ecological usage
areas) have been protected by law. This helps teerttee area one of the most interesting
in central Poland.

STOP 1: The Pakgi deposit

The Patgi depositin the western part of th@vietokrzyski(Holy Cross) region (Fig. 1)
is one of a number of deposits of clay raw mater@ospected and documented in the
years 2000-2004. Geological research on it starteth97, primarily for the purpose of
ensuring the raw material base for a ceramic rib@fproduction plant starting up at that
time. After analyzing a variety of geological daiawas decided to concentrate on the
Lower Triassic layers betweeRadoszyceand Mnidw. This was despite a negative
evaluation of the raw material possibilities oftthaea following research carried out there
in the 1980s. The assumption was that terrigen@aéments from before the Middle
Triassic marine transgression are generally freeasbonates and sulphates, unlike the
Upper Triassic clays excavated in a number of glaéehe region.

At present, two documented deposits — &B#t and “Kozow” — are being fully
exploited and a third mine — “Gosciniec” — is atarting-up stage. The sediments forming
these deposits represent a quite substantial ptived_.ower Triassic profile on the western
margin of the Holy Cross Mountains — “Bg# and “Gosciniec” in the Middle
Buntsandstein (Mottled Sandstonahd “Kozéw” in its uppermost part Rét (traditional
subdivision ofGerman type Triassickig. 2). In general, all of these deposits congpris
similar silty-clayey sediments with insertions ahslistones of very variable thickness. In a
typical profile exposed in the “Rai” mine pit, a quite diverse suit of layers can be
observed. Horizontal and vertical variability refie both the interlayering and wedging out
of layers as well as gradual sedimentary transtiasthin particular layers. Despite the
variation on the small scale of particular layehs silty-clayey series as a whole is quite
homogeneous — no clearly different zones or hosztam be distinguished.
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The main dominating types are red and brown clagmydstones (siltstones) that
transition into both silty claystones and sandy stodes. Mudstones and claystones show
clear evidence of diagenesis, mostly a tabularratgraess or shaly texture.

Fig. 1. Fragment of geological map, sheet Radostye@ 000

In places, mudstones are massive or, in some cabes; a brecciated or granular
structure. Many mudstone- and sandy-mudstone bgdidanes are characterized by large
guantities of muscovite lamellae (< 1 mm).

Within the red and brown mudstones and claystogesenish streaks and sharply
defined spots of varying shapes (mostly oval) aadhdters ranging from about 0.5 cm to a
maximum of more than 10 cm, occur. In some horiazhsre the spots are concentrated,
they appear as round forms on the bedding plargsimieross section, as elongated streaks
forming structures of branching channels filled hwitoarser material. They can be
interpreted as the traces of plant root systems thait greenish colour as due to the
reduction of F& to Fé" connected with humus compounds.

Apart from these spots, continuous layers of griexeeyellowish mudstones and clays
which, as a rule, accompany sandstone packetsirttedbed and underlie them, occur
within the series. Often grey-yellowish horizonadmally transit into brown and red.

In mudstones, sandstones may occur as concengatibrtoarser material without
sharply marked boundaries, but mostly as distiagels of various thicknesses. In some
sections of the profile, they form packages (<2 5thick) of sandstones interbedded by
mudstones; individual sandstone beds may exceeith tmickness. These beds are as a rule
light- to dark-grey, massive, and firmly lithifie®ifferent types of bedding can be seen —
in some cases, horizontal, but mostly various tygesoss-bedding. The presence of rich
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sets of hieroglyphs, both bioglyphs (mainly ichresfits) and mechanoglyphs, and petrified
plant stalks (casts and internal moulds), is vésgracteristic.
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Fig. 2 Cross-sections showing the situation of égiat "Gosciniec" and "Kozow" deposits within
the profile of Lower Triassic (series accordindtetailed Geological Map of Poland sheet
Radoszyce 1:50000 - J. Jurkiewiczowa, 1965).
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Fig. 2a. Explanations to Fig. 1 & 2.
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As noted above, the clayey sediments in égiat(and in “Kozéw” and “Gdciniec”)
comprise a full sequence from clays and claystaimesandy mudstones. Grain size
analyses show that generally there is practicadyfraction>1000pum (1.0mm) and very
small (< a few %) contents of fractic®3 pm; however, in some of the samples examined
by the sedimentary method (mos8gdigraphanalyses), these fractions were represented
(to even more than 20%) by undispersed clay-minagdregates. Predominant are
fractions<20 um (75-90%). Contents of the finest fractions irafdgi” are, in some cases,
quite variable <10 um ranging from 45-84% (mostly 60-70%) ax@ um from 15-55%.
Clayey sediments in “Pgi” are, in general, coarser than in “@miec” and “Kozow”.

Q - quartz
He - hematite
I - llite
Q
Ch - chlorite

K - kaolinite

<A-—mzm-a4z-

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
[°] 20 CuKa,
Fig. 3. Selected diffractogram of clays from “@miec”

The chemical and mineralogical composition of thays is rather constant. SiO
oscillates from about 60-70% (mostly 62-64%), agDA from about 14-19% (mostly 16-
17%. The content of s is high (6-8.5%, mostly 7.2-7.5%, in grey-yellowisyers 3.5-
4%). Higher than in other Triassic clay depositthis content of MnO (from 0.03 even to
0.23% (average 0.07-0.09%). The contents of Mg@uyaB-2.5%) and O (2.5-3.5%) are
also quite high. The low CaO (0.2-0.5%) is sigmifit

In most samples, clay minerals (with muscovite afdorite) constitute 45-60%
(average about 55%) and quartz 25-45% (mostly 32)3% the rock. Hematite (mainly 5-
6%) is also significant. Feldspars, calcite andbdule occur as traces.

Among clay minerals, illite is dominant (20-37%,eaage about 30%). Kaolinite
constitutes 6-15%, average about 10%. Mixed congglexillite/chlorite/smectite (10-15%,
rising in some samples to 30%) are also significamtsum, three-packet (2:1 type)
minerals constitute about 50% of the rock (Tabje. 1

Detailed examination of 7 samples (6 from ‘gt and 1 from and “Gfxiniec”),
including microscope, X-ray and differential thetraaalyses, were carried out by a team
led by Prof. P. Wyszomirski at AGH (Academy of Migi and Metallurgy) in Cracow.
Under the miroscope, the basic mass of the rockeas to be a mixture of clay substances
(mainly illitic with smectite, chlorite, kaoliniteand red-brown pigment of iron compounds
(hematite) dispersed or forming aggregates andoviins, lamellae of micas (muscovite,
rarely biotite) and their illitic pseudomorphs,icsl of alkaline feldspars in some cases and
heavy minerals (tourmaline, zircon, rutile, leucogeopaque ore minerals).
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Table 1. Properties of clay raw materials from @ored deposits (in brackets average or

most frequent values)

Palkgi Kozow Gdiciniec
Stratigraphy:
grapny MB uUB MB
Particle sizé (%):
<63um (0.063 mm) 85.2-95.8 (92.3) 80.9-97.4 (89.1) 72.0- 100 (99)
<20pum (0.02 mm) 72.6-92.4 (79.5) 63.4-86.1 (77.0) 92.8-95.2
<10pum (0.01 mm) 44.9-83.7 (61.8) 55.2-76.5 (68.3) 73.4-78.0
<2um (0.002 mm) 21.9-43.0 (31.5) 33.5-51.8 (43.2) 30.6 —46.8
Mineral
composition (%):
Illite 26 - 37 19-36 (22-25) 44 — 56
d-layer (I/S. Ch/S) 10-19 10-32 (11-17)
kaolinite 6-12 5-19 (14-17) 11-15
chlorite 2-5 0-S
quartz 30-45 22 -53 (35-40) 27-33
feldspar S-3 0-S 2-3
hematite 3-6 5-7 3
Chemical
composition (%):
SiO, 59.58 - 69.80 (62 -67) 58.79-76.26 (63 -67) 60.73 - 64.12
Al,03 13.70-18.13 (16-17) 10.81-19.23 (15-17) 17.76 - 18.24
FeOs; 3.35-842 (65-75) 524-811 (7.0-7.5) 6.91 - 7.77
TiO, 0.84-0.99 0.64-0.97 (0.85-0.9) 0.90 - 1.03
MnO 0.06-0.11 0.02 -0.23 (0.03 -0.05 0.04 - 0.17
MgO 1.78-2.82 0.93-2.40 1.82 - 2.90
CaO 0.22-0.51 0.21-0.50 0.35 - 0.54
K20 2.19-3.08 1.85-3.68 255 - 3.01
loss through 6.31-7.03 5.12 - 7.10
annealing
(105 - 1 006C)

Technological
parameters:

make-up water

drying shrinkage 5.1-8.9 (6.92) 4.9-9.4 (6.8) 5.10-9.40 (6.90%)
sintering temperature 1140 - 1166C ca 1100C 1110C

compression strength 9.3 - 40.39 MPa 12.3-78.4 MPa 21.8-77.9 MPa
(1050°C) o* o* a

content/activity of no no no

marl
predisposition to
efflorescences

17.56 - 34.41 (21.43)

14.87 - 27.04 (21.20)

14.94-26.75 (20.87

'Results representing joined horizons with thin itisas of sandstones2:1 type clay
minerals altogether;3Grey-yellowish layers; “no traces of activity; MB-Middle
Buntsandstein; UB-Upper Buntsandstein

Detrital material is represented mainly by alearith some cases, psammitic grains of

quartz, micas, heavy minerals and small rock fragsémainly hornstones or quartz-mica
schists). Diffractograms and derivatograms cleahpw the presence (apart from illite)
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ofmixed-layer minerals — I/S, Ch/S, kaolinite aridotite (clinochlore) — as well as quartz
and hematite (Fig. 3). The absence of calcite dneraarbonates is important.

Due to their grain size, the chemical and mineraklg composition are key
technological properties of the clays as ceramic maaterial. In general, the raw material
can be described as of illitic type, kaolinitetili variety according to classification of K.
and R.Wyrwicki), of medium plasticity (drying shkiage mostly 6.5 -7%) and low drying
sensitivity, as free of carbonates and sulphatdsvath high contents of Fe and Mn. The
result is a raw material susceptible to strongesing at about 1100°C. After burning in
temperatures from 1050°C to about 1200°C, the endyet displays an intense red-dark-
brown colouration, high compression strength andpete frost resistance.

ithin the last 6-7 years, clays from “Bgi# and “Kozow” have become one of the best
known and most appreciated raw materials for ribe$ ind, especially, for ceramic clinker
(bricks, tiles) production. Clays from “Ragi” (with addition from “Gdciniec”) are also
used to produce high quality ceramic masses —lagtiic and casting.

STOP 2: Gagaty Sottykowskie — protected area

The protected area of Gagaty Softykowskie, locatear Odrowz town, covers 13.33
ha and belongs to theaBbrkéw commune. The reason for the protection efdhea of
Gagaty Soltykowskie lies in the didactic and sdfentalue of the Lower Jurassic rocks
outcrops where interesting mineralogical and pdtdogical specimens may be found.

It is the place where ceramic clays of Lower Jiucaage (Hettangian, ca 200 Ma) were
exploited and dinosaurs traces have been foundtrabes have been protected against the
weather and access for tourists is allowed. Thet ingzortant paleontological discoveries
are:

e the largest (more than 60 cm) trace of a predatiimpsaur found in Poland, a
representative of the theropodshhogenus Kayentapyscousins of the Upper
Jurassic allosaurus;

» the oldest record of sauropods in heldbifogenus Parabrontopodus

« the oldest indication of probable caring for progen

« traces of full dinosaurs pat; it is hardly everioed that digitigrade dinosaurs left
this kind of trace during special behaviors suchhasting a potential meal or
while staying at and eating the caught animal eingudisplay behavior.

The most important mineralogical findings are vasidorms of siderite and the rare
gemstone — gagate. The flora and fauna is alsoeqemt, e.g., sundewDrosera
rotundifolia), orchids and the imposing bulrushyphg. In the outer part of the Gagaty
Soltykowskie area, within mixed forest consistinfy pine, aspen and birch, common
species of frogs and reptiles can be found.

STOP 3: Samsonéw old ironworks

Samsonow village is located at the Bobrza river ri@alce. Its history is connected
with iron processing. According to legend Marek ®gpthe knight of Bolestaw
Krzywousty, could produce iron from the ore locatadthe neighbourhood. In 1594, a
forge was working there which was leased by tukdamson in 1594. Cracov’s bishops,
the owners of the land at the Bobrza river, browgithe metallurgists from Bergamo in
Italy in XVII century as they wanted to modernizélitary factories. Three iron blast
furnaces were built; the first in Bobrza villageetsecond in Cedzyna village and the third
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in Samsonow in 1641. In these furnaces, liquid n@s produced enabling the casting of
cannon, mortars, grenades and shot.

Fig. 4. The Samsonéw ironworks — present view. @hliizef Lewandowski.

In 1818-1822, the Samsondw ironworks (Fig. 4) webuilt (thanks to Stanistaw
Staszic), and a modern factory “Josef Ironwork” Wadt by Bogustaw Szmidt in which
800 tons of the pig iron was produced every yehe ifonworks was wood coal fired, and
water was the propelling force for all machinerydditionally, a storehouse for iron, ore
and carbon were built and houses for workers. Treesources were the following mines:
MiedzianogéraSwiniagora, Dziadek and Lubianka. From 1847, the Saraw factory was
owned by the Polish Government. When the Januayriaction broke out, this was the
place where the guns for the Polish rebels werdymed. This is why Russian soldiers set
it on fire and the iron blast furnace, seriouslyndged, was closed in 1866

In 1976, the provincial conservator of monumentsKielce bought the ruins from
Modesta Czmuchowska, the daughter of J6zef Fems@ation work was carried out on
the ruins; defects in the walls were repaired, wia¢er canal was patented, the discharge
stack was rebuilt and the floor was paved.

STOP 4: The Oak Bartek

The most famous tree in Poland is the o&kidrcus robuy called Bartek (Fig. 5),
located in Zagn@sk. It is exceptional because of its structure agel

At present, the Bartek oak is 30 m high, the cirfaremce of the trunk is 9.85 m at the
height of 1.30 m and 13.4 m at the base. The crofam tree is 20 m x 40 m, the crown
hood is 720 rh) and the breast height diameter is 314 cm. Themelof the tree is ca 72
m?, and the trunk volume is ca 46.m

The age of this, the biggest known tree in Poléam@éstimated to be 645-670 years (a
Pressler drill was used). In the 1930s, it wasdlvelil that the Bartek oak was as old as 1200
years. As the core of the tree is touch woodedpriéxise age cannot be detected. Since
1952, it is protected as a natural monument.

In 1829, there were 14 main and 16 lateral brandhesw consists of 8 main branches.
In 1906, the oak was damaged when neighbouringlidgslwent on fire. In the 1920s, the
core of the tree was filled by concrete seals. l@n3" of June 1991, lightening damaged
one of its branches and a part of the trunk.

161



The recent problem with the Bartek oak is the pgeging touchwooding. The thickness
of the healthy tissue is up to 20 cm, usually @b What is more, one of its branches tilts
the oak dangerously.

Fig. 5. The oak Bartek. Photo: J6zef Lewandowski.
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Monika KASINA 88, 92

Padhraig KENNAN 43

Angelika KEDZIERSKA 115

Jakub KIERCZAK 93

Joanna KOSTYLEW 94

Ryszard KOTLINSKI 95

Pawel KROL 99

Sebastian KRUPCZYNSKI 76

Ryszard KRYZA 13, 14, 90

Nikolay KUZNETSOV 98

Barbara KWIECINSKA 20

Anna LADENBERGER 98

Alicja LACINSKA 96
Eliza tOZOWSKA 93
Ewelina £t YCZEWSKA 85

Jarostaw MAJKA 96, 97

Kamilla MALEK 111

Hervé MARTIN 108

Leszek MARYNOWSKI 111, 149

Jolanta MESJASZ-

PRZYBYLOWICZ 87

Artur MICHALIK 122

Marek MICHALIK 14, 87, 88, 92,

114

Zdzistaw M. MIGASZEWSKI 31, 44,
119, 122

Piotr MIGON 67

Moghazi A. MOGHAZI 77

Andrzej MUSZYNSKI 90, 110



Marek NARKIEWICZ 51
Jerzy NAWROCKI 60
Krzysztof NEJBERT 99
Monika NOWAK 101, 102

Anna PIETRANIK 85, 86

Maria RACKA 104, 149
Tadeusz RATAJCZAK 76

Anna ROGOZ 105

Mariusz ROSPONDEK 110, 111
Maria RUDY 69

Sylwester SALWA 106, 107, 142

Mohamed M. EL SAYED 77

Zbigniew SAWLOWICZ 105

Minella SHALLO 71

Marek SIKORA 76

Magdalena SIKORSKA 72, 82

Ewa StABY 108

Wojciech STAWIKOWSKI 102

Mike STYLES 96

Jozef SZAIN 155

Jacek SZCZEPANSKI 109

Marek SZCZERBA 110, 111

Piotr SZNAJDER 93

Eligiusz SZELEG 112

Krzysztof SZOPA 83, 113, 125,
133, 155

Adam SZUSZKIEWICZ 74

Michat SMIGIELSKI 108

Ekkehart TILLMANNS 78
Wiestaw TRELA 133
Krzysztof TURNIAK 74

Concalo VIEIRA 67
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Magdalena WDOWIN 79

Rafat WIECZOREK 99

Wanda WILCZYNSKA-MICHALIK
114

Roman WEODYKA 125, 133

Sebastian WOJTYCZKA 95

Piotr WYSZOMIRSKI 14

Beata ZYCH-HABEL 115

Jerzy ZABA 95



