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Abstrakt

Disertacni prace pojednava o paleomagnetickych a hornimoagnetickych
vlastnostech vaperic bazali a alterovanych diabdz rizného fanerozoického
st&. Hlavnim smyslem prace je za podpory hornénomagnetickych metod
desSifrovat historii magnetického pole Z&od siluru po sofasnost.

V jicinském vulkanickém poli jsou na zaldddmbinace paleomagnetismu
a K/Ar datovani definovana dvsouvrstvi, konkréth trosecké a kozakovskeé.
Trosecké souvrstvi (24,6?2/18,3 — 15,7 Ma) je'dmo solitérnimi strombolskymi
vulkanity. Souvrstvi kozakovské (5,2 — 4,6 Ma) jefuzivni produkty jediného
vulkanu a jeho fivodni draha. Na bruntalsku byly stejnou metodikimkazany
dve pleistocénni faze vulkanické aktivity (2,6 — 24 81,8 — 1,1 Ma) a jedna faze
pliocenni (4,3 — 3,3 Ma).

Magnetostratigrafickd korelace se ukazala jakooslzdsadni prosgsnou
definici hranice J/K, kterou by/fpadre odsouhlasila mezinarodni stratigraficka
komise. Bivodem je zejména vymirani plankonickych Crassidobar ramci
magnetozény M19, které jsou nahrazovany magi&mi kalpionelami. Mimo to je
zde také hranice mezi amonitovymi zonami Jacohirafmyites.

Silurské a devonské paleomagnetickéérgmremanentni magnetizace
vramci struktur Ceského masivu jde velice ob#Zzjednoznéné interpretovat
a proto jejich vyzkum pé#tjiz po mnoho let k/@dnim vyzvam v oboru. V takto
starych nemetamorfovanych horninach jsou zaznanmyed@hkomponenty, prvni
je piblizne 200°/-30° a druh&d 200°/+30°. Prvni gmje obvykle povaZovan za
primarni komponentu (Tait et al. 1995, Krs et d&)02, Aifa et al. 2007), a druhy
smer je povazovan sice za sekundarni, ale stdle spopaleozoicky. Tato
smyslu 0 160° az 2002lem variské orogeneze. Podle druhé, zatim nepwialiiéy
teorie je primarni ser 200°/+30°. Smar 200°/-30° by mohl byt Zgoben
druhohornim tropickym 2travanim. Zatim sice neni shroméuddefinitivni
dostatek dkazi ani pro jednu zéchto teorii, nicmééiv této praci byla obohacena
metodika paleomagnetického studia o dalSi modermihow magnetické metody,
které zde mohou/mést urity zlom v nazirani na celou situaci. Shpédnutim
k dosazenym novym vlastnim vysiedkse spiSe /iklanim k prvni, jiz vicekrat
publikované teorii, ktera pdta s rotaci Barrandienu o 200° ve &m ¢ o 160°
proti sneru hodinovych rdicek.

Uvod
Pivodnim tématem mé doktorské prace byl paleomagnesis
a paleogeografie hornin prazského synklinoria. Tatoska struktura je tvena

paleozoickymi partiemi barrandienu. V jejim horniém sledu se nachazi
kambricka siliciklastika, ordovickd vulkanoklastika siliciklastika, silurské
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graptolitové Bidlice, s bazaltovymi pravymi i loznimi Zilami avidvymi proudy
a devonské vapence.

Tyto horniny byly Bhem variské orogeneze zaty az na 100°QSuchy et
al. 2002)a v mesozoiku sem z povrchu zasahovalo tropick&&éani(Danisik et
al. 2012) Tyto procesy misty Zsobily rozpu&ni magnetitu atst hematitu. R
paleomagnetickém vyzkumu paleozoickych hornin mioyg pouzity specialni
rockmagnetické metody a pro spravnou identifikagdnotlivych paleo-
magnetickych komponent je nutné znat paleomagraiitkstorii mladSich obdobi,
tak musely byt studovany i mesozoické a kenozoek@iny. Lze tedyici ze diky
¢asténé remagnetizaci studovanych paleozoickych lokajib zapotebi rozsiit
studované téma o paleomagneticky a magnetominéckipgyyzkum miladSich
hornin ( viz obr. 1).

Cile
Metodické cile

e Hlavni cil této disertni praci je ukazat moZnosti rockmagnetickych
a magnetomineralogickych metodi gtudiu tizné starychéedicti a diabas,
které jsou jedny z nejmagn&tijSich hornin a na druhé strapii studiucistych
vapend, které jsowasto diamagnetické.

« Najit moderni magnetomineralogické metody, kterddauvhodné k objagni
pavodu jednotlivych slozek remanentni magnetizace.

* Porovnat paleomagnetickou a magnetostratigrafickeetodiku, dopl&nou
0 nezavisla datovanifipresiovani stéi vhodnych horninovych typ

« Owfit vhodnost korelace profil stejného sth pomoci moderni
magnetosusceptibilitni metodgensu Crick et al. 1997, 200 hripadré doplnit
0 magnetomineralogickou metodiku nezbytnou deanf hlavnich nositél
magnetické susceptibility (MS).

Geologické cile

e Rekonstrukce kenozoického vulkanismu na zé&klagaleomagnetického
a magnetomineralogického studia vulkamia modelovych Gzemich.

* Magnetostratigraficka korelace nejvyznatjdfch profili hranénim intervalu
jura/kiida, coz je jedina hranice mezi stratigrafickymoelpami, ktera zatim
nebyla jednoznmé urkena a schvalena mezinarodni stratigrafickou koh@iSi

« Owit primarni magnetickou slozku staropaleozoickychrnin a objasnit
podminky vzniku sekundarnich fazi.



Piivodni cil:
Paleomagnetismus hornin
prazského synklinoria

Pii studiu devonskych vapenci
klasickymi paleomagnetickymi
metodami se vyskytly problémy
s urdenim jednotlivych nositeli,
magnetizace

Spoluprace na grantu
J.K. Novaka zabyvajicim se
chemickym sloZenim
magnetickych minerala
Schnabl et al. 2010

Obohaceni paleomagnetické
metodiky o moderni magneto-
mineralogické metody

Pfi studiu kontaktnich dvort
silurskych Zil se objevily rozpory
s interpretaci rozptylu paleomagnetickych,
sméri diky sekularni variaci

Podezieni na mesozoické
nizkoteplotni remagnetizace
paleozoickych hornin
barrandienu

agnetostratigraficky vyzkum'

hrani¢niho intervalu J/K
Lukeneder et al. 2010

Pruner etal. 2010,

Vyzkum rozptylu méfenych
paleomagnetickych sméri diky sekularni
variaci 1ze nejlépe zjidt'ovat na
kenozoickych vulkanitech
Cajz et al. 2009
Cajz etal. 2012, v tisku

Obohaceni prace o znalost
‘paleomagnetismu karbonatovych
hornin, velikosti rotaci
arozptyl méfenych
hodnot

Ovéfovani spravnosti korelace profili
pomoci magnetosusceptibilitni metody,
u palemagneticky zdokumentovanych
lokalit na hranici J/K
Man et al. 2012

Studium magneto-
‘mineralogickych vlastnosti pro
magnetosusceptibilitni korelace
ve spodnim devonu a
hrani¢nim tseku S/D
Vacek et al. 2010
Hiladil et al. 2012

Pii nasledném
vyzkumu silurskych bazaltii

bylo zapotiebi rozhodnout, které
paleomagnetické sméry jsou primarni
a které sekundéarni

Problém se podafilo vyieit
za pouZiti magnetického skenovani, které
doposud bylo vyhradou vyzkumu meteoriti
Kletetschka et al., v recenznim Fizeni

Vysledek studia
Zasadni otazky tykajici se
palec ické historie praZskél
synklinoria byly zodpovézeny a byla
estavena metodika pro dal¥i vyzkum
prevariskych hornin

Obr. 1. Schéma postupu studia paleomagnetické @nodgiky hornin
prazského synklinoria, ze kterého je patrné, Zeosadncesta poznaniripesla
velké mnozstvi dalSich vyslédklednoduchymi Sipkami je zfema nejpimejsi
cesta, dvojitymi Sipkami je ozfena vynucenad zmna snéru badani a Sedou

carkovanou Sipkou je znazefma nejpimejSi cesta kcily kterou bylo nutno
modifikovat.



Pouzité metody
Prirozena remanentni magnetizace (NRM)

V piipadt vulkanickych hornin se zkouma termoremanentni ratigace,
kterd vznikla pi chladnuti lavy pod Curieovu teplotu,fipkteré se rani
titanomagnetity z paramagnetickych na ferromagkéti@a tudiZz mohou nést
remanentni magnetizaci. Vapence na druhou stransahoii detritickou
remanentni magnetizaci, kter4 vzniké psazovani magnetickych mineké&h i
lithifikaci sedimentu v hloubce do 20 cm. Magnektizké bakterie v horni vrstv
sedimentu vytv@ magnetit. U dkterych vapent pti hranici silur/devon se
nachazi i chemoremanentni magnetizace, kterd ‘anilsrazenim hematitu
v dobke variského vrasimi. Jednotlivé komponenty secéuji pomoci postupné
stiidavéci tepelné demagnetizace a nasledné sloZzkové analyzy

Geomagnetické pole popisujeme jako vektorovoucieli kterd& ma sy
smér a velikost. Uhel mezi timto vektorem vodorovnou rovinou se nazyva
magneticka inklinace. Magnetickd deklinace je Uhelezi zenpisnym
a magnetickym severem. Z magnetické deklinace &nade ntizeme spditat
virtualni paleopol a porovnat $ikkou zdanlivého putovani pil

Dalsi vlastnost magnetického pole Zemjsou zngny polarity.
V magnetostratigrafii se ¢ remanentni magnetizace (RM) pro vzorky nad sebou
v profilu a hledaji se polohy s normalni a revemzalaritou, které se porovnavaji
s geomagnetickou polaritni Skalou.

Magneticka susceptibilita (MS)

MS je schopnost latky se namagnetovat ve slabématiagém poli. MS
obvykle vztahujeme k objemu nebo hmotnosti a ud&vanjednotkach 10SI,
respektive 18 m*kg™.

Absolutni ¥tSina minerdl vykazuje stdlou MS ip zméné magnetického
pole v indukni civce. Jediné vyjimky twd n¢které spinelidy (naf: titanomagnetit)
a pyrhotin, u kterych se velikost MS &$uje s rostoucim magnetickym polem,
a proto se tato veiina hodi k jejich studiu. Zavislost na poli se \djjaie vztahem:
ko [%] =100(keoo — kao ) / ksoo , kde k je MS nEfena v poli s amplitudou 30
respektive 300 A/m\(ahle et al. 200y

Feromagnetické minerdly iheme rozpoznat pomoci Curieovy teploty,
kterd je utena pomoci prudkého poklesu M8hbm zalivani v nemagnetické
peci.



Izotermalni remanentni magnetizace (IRM)

Pfi pulzu magnetického pole vznika ve vzorku IRM. Yiap magnetujeme
postup a po kazdém kroku &ime jejich IRM (Kruiver 2001) Dilezitym
parametrem je magneticka tvrdost reprezentovananperem B/2, ktery se
vypoéte pi analyze takto ziskané akwuimi kiivky IRM. Je to hodnota pole,fip
které se vSechny minerdly stejného slozeni nasigép na polovinu svého
saturovaného stavu.

Magnetické skenovani

Na vybrusech se vyhledavaji magnetické anomalie ggbrmagnetického
skeneru, tyto anomalie se poté interpretuji v &gtic mikroskopu a ifjpadré se
i nafoti. Magneticky skener je sestaveny z Hallosgndy a automatického
posuvného drzaku vzoiks rozliSenim 0,2 mm. Vybrus se musi figjdsaturovat
isotermalni remanentni magnetizaci (SIRM), v naf#ipact jsme pouzili pole
2,5T. Hallova sonda &i magnetické pole 0,1 mm nad povrchem vybrusu
(Kletetschka et al. 2009Jedna se o slozku magnetického pole kolmou k &vin
vybrusu, kterd se poté automaticky zaznametetn¥ sodadnice bodu na vybruse.
Nakonec se v3e uloZi do rastrového snimku.

Vysledky
Krusné hory

Kenozoické, titanem bohaté bazaltoidy (3,5 — 5,2tmmstnich % TiQ
zmetené na celkové hornih se nachazi v SirSim okoli lenského vulkanického
centra. Hlavni rockmagnetickou roli zde hraji gfigly s obsahem titanu 12,7 —
20,1 hmotnostnich % TiKp Pomoci magnetomineralogickych metodizeme
negimo zjistit obsah TiQ Al,O; MgO, a dalSich akcesorickychtimeési
v krystalické struktie spineliai (tab. 1). NejdinnéjSi metodou pro studium vlivu
riznych gimési, je utovani znen magnetické susceptibility vzorku v zavislosti na
zmeng velikosti pole v indukni civce, Curieovy teploty pomoci studia zavislosti
magnetické susceptibility na teplot(obr. 2) a zmny kiivek izotermalni
remanentni magnetizace.

magnesio{ magnesio-
ulvdspinel| hercynit | jacobsit  ferrit chromit | chromit| magnetit
Knd 0,50 0,55 -0,73 0,81 0,33 0,44 -0,73
Ta -0,37 -0,41 0,70 -0,44 -0,24 -0,38 0,45

Tab. 1. Korelani koeficienty mezi MS zavislou na pojigkCurieovou teplotou )
a obsahem jednotlivych slozek spinglid



Ji¢insko

Prace navrhuje litostratigrafickéclenéni  kenozoického vulkanismu
jicinského vulkanického pole na &souvrstvi: starSi trosecké (svrchni miocén)
a mladSi kozakovské (spodni pliocén), porovnava ge litostratigrafii
vulkanosedimentarniho komplexileského stedohdi. Navrh zahrnuje definici
holo- a parastratotyp obou souvrstvi. Litologické aspekty postavené na
vulkanologii podporuje radiometrickym datovanim aalgmmagnetickymi
charakteristikami, které navic dovoluji radiometécdata zpesiovat. Troseckeé
souvrstvi (15,7 — 18,3/24,6? Ma) je definovano jakolitérni strombolsky
vulkanismus s dochovanymi povrchovymi aparaty &wugch kuZel, souvrstvi
kozakovské (4,6 — 5,2 Ma) pak jako efuzivni progulstrombolského typu
jediného vulkanu, getré popisu jeho fivodni drahy.
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Obr.2. (vlevo) Kivky zavislosti magnetické susceptibility na péla na teplot T.
Cernou je znéena oliivaci Kivka a Sedou ochlazovaci. TiB-15 jéktad horniny s vy3sim
obsahem titanu ve spinelidech a v TiB-0éwada Zelezita slozka

Obr. 3. (vpravo) Zpesreni radiometricky ziskaného stgpomoci paleomagnetizmu
troseckého (18,3 15,7 Ma) a kozakovského souvrstvi (54,6 Ma)

Bruntalské vulkanické pole

Paleomagneticky vyzkum plio-pleistocénniho vulkamis v SV ¢&asti
Ceského masivu byl dopin o K/Ar datovani. Byly vzorkovany lavy
i vulkanoklastika Sesti vulkdin U reverzg polarizovanych pleistocénnich basalt
se magneticka deklinace a inklinace pohybuje v exdrhi30 az 174° a -85 az -68°;
a u pliocennich hornin s normalni polaritou je dede mezi 345 a 350°
a inklinace okolo 62°.
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Pleistocénni vulkanicka aktivita préfida ve dvou fazich (2,6 — 2,1 Ma a 1,8
— 1,1 Ma), pi nichz vznikaly monogenetické vulkany se struskovykuzely
i lavovymi proudy. Vyjimku tvéi Velky Roudny, ktery vznikl ve starSi fazi
a v mladSi fazi byl remobilizovan.éBem mladSi faze vznikla VenusSina sopka
a Uhlitssky vrch. Bhem nejstarSi (pliocenni; 4,3 — 3,3 Ma) faze vaikia
Bruntalsku sopka &dli¢na a ve stejné déka na stejném zlomovém systému byla
vyrazna sop@na aktivita v polské Lutyni.

Puerto Escaiio

Prace shrnuje magnetostratigraficky a biostratigksif vyzkum hraniniho
intervalu titon/berrias (J/K) na lokaliPuertoEscaio v jiznim Spaslsku. Jedna se
o diki vysledek vedouci k hlavnimu cili, coz je srovnérdstratigrafickych zén
mezi tethydni a borealni oblasti. Jako jedina vidokiorel&ni metoda globalniho
charakteru se prozatim jevi magnetostratigrafieysekym rozliSenim. Na
studovaném profilu byl sften 8,1 m mocny sled karbofi& krokem 3 cm a byly
identifikovany magnetozény M20r az M18ngeirg subzén M20n.1r a M19n.1r
o mocnostech 4 a 9cm, které bylo nutno odebratkelika fadach kili
statistickému zhodnoceni. Sedimemtiarychlost vypétena na zaklagddoby trvani
identifikovanych magnetozén je v rozmezi 1 az 5 pantisic let.

Obr. 4. Hlavni paleomagne-tické
parametry na lokali Nutzhof: MS (k),
NRM (M), zempisna &fka a délka i
virtualniho magnetického paleo-pélu a
diskrimina’ni funkce. Polarita normalni - -
cerna, reverzni - bila, nejista - Seda.

Nutzhof 1 1

Hlavnim cilem prace jei
vyzkum hemipelagickych sedimént .
z hranice jurafda (J/K) v Gresten-.
ském bradlovém pasmu (Dolni
Rakousko) a fiprava podkladl pro -
korelaci mezi profily hranice J/K* *
adale také popis ffpadnych *
environmentalnich  zsm.  Jeden * :
z nejlepSich vychae hranice J/K je |
bradlo tektonicky zapracované do
flySovych sedimerit, které se nachazi u obce Nutzhof. Detailni bitigtafie byla
korelovdna na z&kl&d amonifi, belemniti, krinoidi a kalpionel
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s gamaspektroskopickym, izotopickym a paleomagksatic zdznamem. &oli
vzorky pro magnetostratigraficky vyzkum nebyly ottéhy kontinuala v celém
profilu, poddilo se identifikovat d¥ reverzi polarizované magnetické subzény
Brodno a Kysuca. Stratigraficky rozsah je M17r —IviZobr . 4), coz odpovida
st&i 150 — 143 Ma.

Hranice silur/devon

Cilem tohoto ¢lanku je zjistit, jak se chova magnetickd suscdftib
a gamaspektrometrie (GRS) v jediné sedimaritapanvi. Porovnavali jsme
8 profili na hranici S/D v hlubokoniiském a rilkomoiském sedimentaim
prostedi. Melkovodni prostedi obsahuje hluboky subtidal az svrchtésti
kontinentalniho svahu a hlubokoiské profily pochazi z hranice kontinentalniho
svahu a panevniho dna i distalni¢hsti panve. Stratigrafické porovnasthto
dvou prostedi je velice obtizné diky tomu, Ze sediméntasekvence obsahuji
velké mnozstvi jemnozrnnych kalciturbidit hiafi. MS a GRS spolu s detailni
sedimentologii byla pouzita pro zjgi sedimenténiho prostedi. K prokazani, ze
MS nezavisi na mnozstvi magnetitu, atedevsim na obsahu paramagnetickych
minerah, bylo zapatebi zjistit magnetomineralogické sloZeni hornin .

a (& ] R10-con o
- - ;/"
-
-~ g v
= 3 § ___//
- /—-- ’ a ” 7
i E ;
b h . (2] 0l Mok h how rock
- — -
¥ o ..-l/

Obr. 5. Termomagnetické a hysterezni chovani 3 ralimieh koncentrat
ziskanych rozpoutim v kyselia octové a kivky akvizice IRM na celé horrin

Vzorek 08 Opafilka Hysterezni kKvka a) vykazuje paramagnetické
a ferromagnetické chovani, coz je v souladu s ahiiiivkou IRMb) kdy B1/2= 1071
mT je typicka hodnota pro goethit s vysokou koéoziv Pribéh MS za teplotg) indikuje
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vznik magnetitu mezi 400 a 500° C. Curiova teptoteoto novotvéeného magnetitu je
560° C.

Vzorek K10 z KarlStejna Hysterezni Kvka d) vykazuje jenom paramagnetické
chovani, pesto akvizini kivka IRM e) doklada malé mnoZzstvi mineralu s nizkou az
stredni koercivitou prawtpodobré magnetitéi hematit (B1/2= 72 mT). Teplotni variace
MS f) ukazuje vznik magnetitu mezi 450 a 570° C jehgZ10° C.Bhem dalSiho
zvySovani teploty se tigpyrhotin s F=320° C

Vzorek R10 z RadotinaHysterezni kvka g) ukazuje paramagnetické chovani
s nepatrnym naznakem ferromagnetického materigaprddi tomu akvizini kiivka IRM
h) doklada dva odliSné magnetické mineraly magretiematit (B1/2= 70 mT) a goethit
(B1/2= 2041 mT). Bt MS lBhem peéeni nad 40° Ci) je zpisoben novotv@énym
magnetitem o 3=560° C.Béhem dalSiho zativani se tvi cisty magnetit s 3=580° C.

Magnetické skenovani silurskych zil

Pfi srovnani snimk ziskanych magnetickym skenovanim horninovych
vybrusi s fotografiemi z optického mikroskopu, byly z#dy i typy
magnetickych textur. U prvni textury jétgina magnetického signalu lokalizovana
v amygdaléach, které vznikly vypinim vesikul Bhem zanteni spolu s celym
vulkanosedimentarnim sledem. Druha texturni slaigiornin obsahuje velka
magneticka zrna, ktera obsahuji viskézni magnetiZBieti skupina hornin si
zachovala primarni magnetické vlastnosti vylevnylcbrnin a zde se také
pravcEpodobré zachovaly primarni paleomagnetickéssyn

Diskuze

Vysledky mého vyzkumu ukazuji, Zze u vSech studoehnkiorninovych
typi miZzeme pouzit stejné paleomagnetické metody, a tod@hkagnetizaci
sttidavym polem, tak teplotou. U bazaltdiabdz jsou ok metody rovnocenné,
ale u karbondt, které rkdy obsahuji imés goethitu, je vhodjSi demagnetizace
tepelna. B méieni vulkanickych hornin nikdy nelze dosahnout igdini
sekularni variace, a tak nelze pouzit reversal test

Z magnetomineralogickych &feni mizeme u vSech studovanych typ
hornin pouzit S-ratio, komponentovou analyZivék akvizice IRM nebo teplotni
zavislost MS. Komponentova analyzéivkk akvizice IRM je zcela univerzalni
metoda vhodna k teni mineralogického sloZeni nositeemanentni magnetizace.

Magnetické skenovani Hallovou sondou dokaze nausgidentifikovat
jednotlivé ferromagnetické krystaly. Tato metoda y8ak vhodna jen pro
magneticky silné horniny. MS zavisla na poli v ikdai civce je zase vhodna pro
horniny, kde niZzeme d&ekavat fizny obsah Ti v krystalické fiZce
titanomagnetit, takZze ji s vyhodou fiZzeme pouzit jen pro studiugedica ¢i
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diabas. Naopak Lowrieho metoda je vhodna Kemi nositel magnetizace
u vapend, které obsahuji jak magnetit, tak hemaitigoethite.

Pomoci magnetostratigrafie s vysokou rozliSovachopaoosti dopléné
0 biostratigrafii na jursko4lkdové hranici, Ize f@sré urcit vSechny magnetozény,
takze jednotlivé profily jdouisré korelovat. Jediny nedostatek je pangé mala
piesnost uteni absolutniho stBjednotlivych magnetozdn, které je pro toto obdobi
uréeno s pesnosti samotné GPTS a to je + 4 (@ag et al., 2008).

U kenozoickych vulkanit mizeme uit st&i pomoci K/Ar¢i Ar/Ar metody.
Pti porovnani GPTS (ktera ma vtomto obdobiregmost + 0,1 Ma)
s paleomagnetickymi a radiometrickymi Udajtizeme st téchto hornin vice
zpresnit. Vzhledem k tomu, Ze vulkanity obvykle nemajstedinou sekularni
variaci, mizeme snadno &it relikty jednoho lavovéhoétesa (nap Kozékov)(i
jednotlivé givody zcela stejného stgtrosecké souvrstvi).

Magnetosusceptibilitni korelace jsou vhodné pouzgripac, Ze neni
zachovana primarni paleomagneticka slozka. g@uziti této metody je nutné
dokazat, Ze hlavnimi nositeli MS jsou paramagnétiokineraly. Dale je vhodné
doplnit tuto metodu o gamaspektrometricka dataiigaat, ze zngny MS souvisi
se zmnou [Finosu terigenniho materialu, pak by stejnymisgbem nilo byt
ovlivnéno i mnozstvi radioaktivniho drasliku.

U titanem bohatych vulkanickych hornin v oblastuBnych hor jsem zjistil,
Ze obsah Ti zjigny analyzou celkové horniny nesouvisi s obsahermji$inym
na elektronové mikrosoidanalyzou jednotlivych zrn titanomagnétiti pomoci
magnetomineralogickych metod. Mnozstvi Tigghto hornindch neni zavislé na
st&i horniny, ale je lokalizovano v ohr&ené oblasti. Tyto horniny maji i zvySené
mnozstvi titanem bohatych xendlitz #chto divodi Ize soudit na asimilaci
materialu z ultrabazického masivu v podloZzi.

Paleomagneticky vyzkum nacihisku prokazal dv vulkanické epizody
s velmi kratkou dobou trvani. Déle byly prokaza® 3netrové vertikalni pohyby
na luzické poruse za poslednich 5 Ma. Na Broumoyskiobri jako na Xinsku
probihala vulkanicka aktivita vRolika velice kratkych epizodach.

V mé préaci jsem se podilel jakten Berriassian working grougidCS na
odbirech vzork a zpracovani magnetostratigrafickych dat u &figlch casti
profilu hranice J/K na lokakit Puerto Esa@ a zcela nového profilu v Nutzhofu
a Le Chouetu. Tyto lokality byly poté magnetosgedficky a biostratigraficky
korelovany s dalSimi stejnstarymi profily, jako nafiklad Bosso Valey, Brodno,
Lokut, Posredne a Nordvik.

V silurskych hornindch Barrandienu se nachazi dievlgdajici sréry
remanentni magnetizace. Prvni cca 200/-30 a draay200/30, zatim neni 100%
jisté, ktera zd&chto sloZzek je opravdu primarni. Pomoci magnetiokékenovani
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Hallovou sondou je mozné shrondatat potebnd data k rozliSeni primarnich
a sekundarnich slozek.

Zaver
Predlozend disertai prace méit vyznamné vysledky:

e U kenozoického vulkanismu jsem dokazal, ze jedwétlepizody sopmé
¢innosti jsou mnohem kratsi, nez se oligmfedpokladalo.

* Hranice jura/kida je posledni hranici mezi &wi stratigrafickymi periodami,
kterd zatim neni jednozti@ definovana mezinarodni stratigrafickou komisi.
Pomoci magnetostratigrafickych korelaci jserisggl k ziskani novych
poznatki o tomto hraninim intervalu.

e Poddilo se mi obohatit nasi labordatam dw nové magnetomineralogické
metody vhodné ke studiu paleozoickych hornin: LeWwa metodu
a komponentovou analyzu akwimi kiivky IRM. Tyto dw metody doplané
0 magnetické skenovani Hallovou sondou jsou idealnimagneto-
mineralogickym doglkem k paleomagnetickému vyzkumu paleozoickych
hornin.

Thesis summary
Abstract

The thesis deals with paleomagnetic and rock magnabperties of
Silurian/Devonian and Jurassic/Cretaceous limessonePaleogene/Neogene
basaltic rocks and altered Silurian basalts. Theinmgoal is to determine the
history of the Earths’ magnetic field from the 8adn to the present.

Two lithostratigraphic formations are defined iretli¢in volcanic field on
the basis of volcanology, paleomagnetism and radtam dating. The Trosky
Formation (24.6?/18.3 — 15.7 Ma) is composed ofesdvStrombolian-type
volcanoes, while the Kozakov Formation (5.2 — 48 M represented by effusive
products with a crater vent of a single giant veloaOne Pliocene (4.3-3.3 Ma)
and two Pleistocene phases (2.6 —2.1 Ma and 1.8 Ma) of volcanic activity

Magnetostratigraphy is a very important tool foretkefinition of the J/K
boundary. The boundary between the Crassicolarid @alpionella zones is
present within geopolarity zone M19n. The boundaetween the ammonite zones
Jacobi and Durangites also lies close to this point

Paleomagnetic directions of Silurian and Devoniacks in the Bohemian
Massif are very difficult to interpret and have hestudied as a challenging
problem for many years. In the Barrandian area, fwaiential components have
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been identified: approximately 200°/-30° and 203®@*. The first direction has
been reported as the primary one by several authetsle the second one is
possibly of secondary origin but also Lower Paléon age. This interpretation
implies an approximately 200° clockwise (160° cewtiockwise) rotation during
the Variscan orogeny. According to the second theeovhich has not been
published yet, the direction 200°/+30° is the primmaone and the direction
200°/-30° is a secondary one, caused by supergemeesgses related to tropical
weathering in the Mesozoic. None of these two thesads supported by clear
evidence. This thesis, however, presents sevesaladjzed rock magnetic methods
which can help to solve this task. Newly obtainath dather suggest the validity
of the first theory. This means that the Barrandiarea was rotated 200°
clockwise or 160° counter-clockwise until the e ariscan orogenic processes.

Introduction

The first tasks solved within the present thesisewéocused on the
paleomagnetism and paleogeography of the Pragueli&gmum. This structure
lies in the central upper part of the Barrandiazaaand is, alternatively, called the
Barrandian are&.s This area consists of Cambrian (prevalence afid#stic
sediments), Ordovician (siliciclastics and volc#astics), Silurian (often with
black “graptolite shales”, basaltic dykes, sillsldava flows) and Devonian rocks
(prevalence of carbonate sediments, notably linmestp These rocks were heated
up to 100° C during the Variscan orogenic hist{®Bychy et al. 20023nd then
underwent severe tropical weathering during the ddeie (DanisSik et al. 2012)
These processes resulted in the dissolution of etdgrand in the growth of new
hematite.

To understand the origin and the age of individysleomagnetic
components, the main magnetic carriers must beiestudsing special rock-
magnetic methods. Also, paleomagnetic behaviouryafnger rocks must be
understood. As a result, magnetic properties ofddeis and Cenozoic rocks were
also studied. This is a significant and crucialnpan the development of the
present thesis: a subject orientated solely todRale rocks had to be expanded
considerably to involve also the entire superimpdsstory of these rocks (fig.1).
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Original aim:
Paleomagnetism of
the Prague Synclinorium

Problems with determination

of main magnetic carriers
has occurred during palemagnetic
study of Devonian carbonate
rocks

Close cooperation with
J.K. Novék on chemical and
magnetomineralogical
analysis of magnetic minerals,
Schnabl et al. 2010

New magnetomineralogical
method were introduced to
paleomagnetic techniques

Secular variation causes
a wide dispersal of paleomagnetic
directions among Silurian dykes
and their contact aureoles

‘Are Palaeozoic limestones
remagnetized during
the Mesozoic era?

Magnetostratigraphic
investigation on /K
boundary sections
Lukeneder et al. 2010
Pruner et al. 2010

The best material for the study
of the dispersal of paleomagnetic
directions are Cenozoic volcanic rocks
Cajz et al. 2009
Cajz et al. 2012, in print

New knowledge about paleo~
magnetism of carbonate rocks,
magnitude of rotations

and data dispersal

Verification of the MS correlation
method at paleomagnetically well
studied J/K boundary sites
Man et al 2012

Principal question:
which of the paleomagnetic
components acquired from Silurian
dykes is a primary one and
which is secondary one

Magnetomineralogical and MS
investigations of Lower Devonian
and S/D boundary interval
Vacek et al. 2010
Hiadil et al. 2012

Magnetic images of thin setions
can explain the origin of separate
paleomagnetic components
Kletetschka et al., reviewed

Results
Main paleomagnetic problems
of the Prague Synform were solved
and new methodology was introduced
to the laboratory in Prithonice

Fig. 1. Paleomagnetism of pre-Variscan rocks ifidift to interpret. This diagram
shows the progress on the subject, its necessadjfirations and the main results. A
simple arrow denotes a straightforward advance, @ulidle arrow denotes necessary

alterations and a grey dashed arrow indicates théerided course which had to be
modulated.
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Goals
In methods

» combination of paleomagnetic and rock magnetic odgho the study of
magnetic basalts and almost non-magnetic limestonesa wide range of ages;

« finding additional, modern rock magneto-mineraladicnethods which
can help to distinguish the components of remanmegnetization;

* a comparison of paleomagnetic and magnetostratigrapnethods
in combination with other independent dating method

 evaluation of the original magnetic susceptibilgyatigraphic methods
(sensu Crick et al. 1997, 20019nd their constraint by the introduction of new
rock-magnetic methods determining the change ottlkt8ers.

In geology

. a reconstruction of the Cenozoic volcanic activitysing
paleomagnetic and magneto-mineralogical methods;oimbination with K-Ar
dating of volcanic rocks;

. comparison and stratigraphic correlation of themsagctions across
the J/K boundary, the last boundary between tlagigtaphic systems (periods) not
yet precisely defined by the ICS;

. finding of primary magnetic components in Lowerdaloic rocks in
the Prague Synform

Methods
Natural remanent magnetization (NRM)

NRM is magnetization of rocks acquired during sestitation (detrital RM)
and later within diagenesis (chemical RM). Volcarocks get the magnetization
by cooling the lava body below the Curie tempemat@hermal RM). New
ferromagnetic minerals can grow during metamorphismaround cracks by
precipitation from fluids.

The main paleomagnetic properties are magnetidéragicin and inclination.
Declination is the angle between magnetic and ggddgcal north, and inclination
is the angle between the magnetic vector and admal plane. Alternate field or
thermal demagnetization and measurement of resi@madnent magnetization in
several successive steps are used to distinguistedrimary, secondary and
viscose magnetization by principal component amalydDeclination and
inclination of acquired components can be recatedlafor virtual paleopole
position and compared with apparent polar wand#r. pa
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Magnetic field changed its polarity few hundredesrnin the last 440 Ma.
Magnetostratigraphy studies the succession of naantareverse polarity zones in
the section and compares them with the geopoltnityscale.

Magnetic susceptibility (MS)

MS is the ability of material to acquire magnetiaatin a weak magnetic
field. It can be calibrated for volume or for mas$hie basic units are 8l or
10°m%kg™, respectively. Titanomagnetite and pyrrhotite hkA® dependent on the
field in the inductive coil. The MS is always coaust or rises with the field and is
expressed as;k[%]=100*(ksogkzo)/ksgo(Vahle et al., 200)7

Ferromagnetic minerals can be distinguished byr tBeirie temperature,
which is represented by a steep drop in MS durgagihg in a non-magnetic oven.

Isothermal remanent magnetization (IRM)

IRM is a substantial magnetic parameter; it is @eguand measured in
several successive fields. The resulting data akent for the computation of
components using th&ruivers’et al. (2001)component analysis of the IRM
acquisition curve. The results are expressed as pdPameter (medium
magnetizing field) for each ferromagnetic minef@toportions of all of these
minerals are also computed .

Magnetic scanning

Magnetic minerals are dispersed in the rock. Semgnohinerals usually fill
cracks or vesicles while the primary minerals ametained in groundmass, around
pyroxenes or other xenocrysts. The thin sectiond ule scanning must be
saturated with IRM before measurement. The scanaigloys the Hall probe,
which moves 0.1 mm above the surface and measheesnagnetic component
perpendicular to the plane of the thin secfidletetschka et al. 2009)

Results

Krusné hory

Cenozoic Ti-rich basaltic bodies (3.5 — 5.2 wt% ZFi® whole-rock
analyses) are grouped in the broader vicinity of thouwna-Oberwiesenthal
volcanic centre. Spinel group minerals (mainly niimagnetite population with
12.7 — 20.1 wt.% Tig) play a major role in rock magnetism. The Ti®@l,0; and
MgO, contents in the titanomagnetite series can bectiteby magneto-
mineralogical methods using variations in the Cuteimperature, field-dependent
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susceptibility, and variations in the isothermahament magnetization spectra (see
tab. 1 and fig 2).

Ji¢in volcanic field

The publication proposes lithostratigraphic intetption of Cenozoic
volcanic products of the&hn volcanic field and compares it with lithostratighy.
Two new litostratigraphic units were defined: tHdes Trosky Formation (Lower
Miocene) and the younger Kozakov Formation (Low&odene). The proposal
contains volcanological and paleomagnetic eviderregiometric dating and
stratotypes of both formations (fig. 3). The Tro$tgrmation (15.7 — 18.3/24.6 Ma)
is areversely polarized solitary volcanism of Stbhmlian type; its magnetic
declination is 165° and inclination -65°. Relictstioe younger normally polarized
Kozékov Formation (4.6-5.2 Ma) are composed ofsaff products of a single
Strombolian-type volcano; its paleomagnetic ditdi are 350°/80°. This well-
documented volcanic neck lies near Prackov, whah lies 300 m lower than the
relicts of its lavaflows.

Bruntal volcanic field

New paleomagnetic study was performed on PliosRleene basalts from
the NE part of the Bohemian Massif. Paleomagnetta tvere supplemented by 27
newly obtained K/Ar age determinations. Lavas aoldaniclastics of 6 volcanoes
were sampled. Declination and inclination valuestltd paleomagnetic vector
range in the spans of 130 to 174° and -85 to -6Bfdverse polarity (Pleistocene);
or 345 to 350° and around 62° for normal polariRiidcene).

Three Pleistocene volcanoes of the volcanic figkel r@versely polarized.
The Velky Roudny Volcano was active during the Gigla (2.6 — 2.1 Ma) and
could have been possibly reactivated during thengest (Calabrian, 1.8 — 1.1 Ma)
phase which gave rise to the VenusSina sopka anttdiédfalvrch volcanoes. During
the Pliocene volcanic stage (4.3 — 3.3 Ma), thiellBn& Volcano was produced
simultaneously with the Lutynia Volcano (Poland)iethproduced the Zalesi lava
relic (normal polarity).

Puerto Escafo

This study summarizes the final results of magretgraphic and
biostratigraphic investigations of the Tithonian/Basian (J/C) boundary
limestones at the locality of Puerto Escafio, Spam.8.1-m thick part of the
section included a part of magnetozone M20r, fulignetozones M20n to M18r
and a part of magnetozone M18n. Especially thectieteof two reverse subzones
M20 n.1r and M19 n.1r with thicknesses only 40 88dnm, respectively, required
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much effort when sampling the section. The caledagedimentation rate varied
from 1 to 5 mm/ka.

Nutzhof

The key objective of investigation of hemipelagiedisnents from the
Gresten Klippenbelt (Lower Austria) was to explamvironmental changes around
the Jurassic/Cretaceous (J/K) boundary on the @ortimargin of the Penninic
Ocean. The correlation with calcareous microfoasd nannofossil data combined
with isotope and paleomagnetic data indicate titeohian to middle Berriasian
(Hybonoticeras hybonotum Zone up to the Subthurhi@aoccitanica Zone; M17r—
M21r). The succession of the Nutzhof section treresents a depositional time
interval of approximately 7 Ma (ca. 150 — 143 Mawo reverse magneto-
subzones, Kysuca and Brodno, were detected withagnetozones M20n and
M19n, respectively (fig. 4).

Silurian/Devonian boundary

Magnetic susceptibility (MS) and gamma-ray specttymn (GRS)
stratigraphy were used for the correlation and attarization of eight Silurian—
Devonian sections in the Prague Synclinorium. Titegyesent two different facies
developments: lower subtidal to upper slope depoaitd slope-to-basin-floor
distal calciturbidites. The MS and GRS fluctuatiomstween the sections are
indicative of a patchy paleoenvironmental mosaimon-sedimentation, erosion
and various sediment accumulation conditions on dba floor, including also
disturbances by syndepositional growth faults aindjdnic patchiness effects on
the quantity and composition of the source materiklagnetomineralogy is an
essential tool for the interpretation of the MShsi(fig. 5).

Magnetic scanning of Silurian dikes

Magnetic images were produced for polished thirises of basaltic rocks
from the Prague Synform in the Barrandian area. MWwmanbined with the optical
microscopy images, the three magnetic texturesatedetheir relationship to the
optically imaged textures. The first magnetic textuevealed that most of the
magnetic signature is localized within the amygslafermed after the dyke
emplacement into the sedimentary sequence. Thenddeature showed that the
basaltic dyke contains large grains of magnetiaiea tainted with variable
viscous magnetizations. The third texture suggested presence of magnetic
anisotropy of igneous origin. Such textural magnétformation along with the
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paleomagnetic characteristics of the basaltic dyieSilurian age constrained the
interpretation of the paleomagnetic signal, itgioriand timing.

Discussion

The results of the study show that usually the spaleomagnetic methods
can be used: thermal and alternate field demagietiz There is no difference
between these methods in measuring basalts; howiei®much better to use TD
in order to study goethite- and hematite-rich litoess.

It is always possible to measure the S ratio, aompt analysis of IRM
acquisition curves or temperature-dependent magnstisceptibility. Field-
dependent MS is a very effective method in theytufditanium-rich basalts. The
Lowrie method is very suitable for the identificati of magnetite, hematite and
goethite. On the other hand, it is not very effitiéor basalts which contain only
titanomagnetites. Magnetic scanning by the Halbpris an efficient method only
for magnetically strong basalts.

High-resolution magnetostratigraphy together withstratigraphy applied
around the J/K boundary enable a precise corralaifoindividual sections. The
only problem is the low precision of GPTS, whicht#& Ma in this home interval
(Ogg et al. 2008).

The most precise age of Cenozoic volcanic rocks lsanobtained by
comparison of K/Ar or Ar/Ar ages and paleomagnetcord with GPTS (the
precision of GPTS for this period is £0.1 Ma). Vahoes of the same age (e.g., the
Trosky Formation) or relicts of a single lava flo(e.g., Kozdkov) can be
distinguished by measuring paleomagnetic field dioms, because the secular
variation is not averaged.

Magneto-susceptibility correlations applied arouhd S/D boundary are
appropriate only in the case that a primary palepretic component has not been
preserved. The best results can be obtained if nfan MS carriers are
paramagnetic minerals. This method should be stggpoby gamma-ray
spectroscopy. If curves of MS and radioactive sitas correlate, the main
variable is the input of terrigeneous material.

The amount of whole-rock titanium in basalts does correlate with its
content in titanomagnetites, which can be measuséuyy an electron microprobe
or rock magnetic methods. High amount of titaniumthe volcanic rock is
probably caused by assimilation of country rockrfran ultrabasic massif below.

Paleomagnetic investigations of the¢idi volcanic field enabled to
distinguish two very short volcanic episodes. Counsatly, a 300 m vertical
movement was proved along the Lusatian Fault zamegl the last 5 Ma. Similar
short volcanic periods were interpreted in the Brou area.
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Several Jurassic/Cretaceous boundary sections Ifdfiitte Chouet, and
Puerto Escano) were paleomagnetically studied deroto correlate them with
other sections of the same age. This investigatioiributes to the ICS Berriasian
working group, whose main task is the final deforitof the J/K boundary.

In Silurian rocks of the Prague Syncinorium, two lepanagnetic
components were found: approximately 200/-30° ab@f230°. Evidence does not
permit to decide which of these directions is amamy one and which is
a secondary one. However, several specialized mugnetic methods which can
help to solve the task were introduced within thissis.

Conclusions
The thesis brings three main results.

e Cenozoic volcanic episodes were proved to be minter than believed
before.

« Several new J/K boundary sections were documentiith contributed to the
International Commission on Stratigraphy.

< Several modern rock magnetic methods were intratit@w®ur laboratory; e.g.,
the Lowrie method and the component analysis ofifféd acquisition curve.
Magnetic scanning by the Hall probe was used ferfitst time in classical
paleomagnetic studies of Paleozoic rocks.

Figure captions:

Tab. 1. Correlation coefficient between mineral position and field-dependent
susceptibility (k) and the Curie temperature 4J.

Fig. 2. Curves of temperature and field variatioofs magnetic susceptibility for
samples from the Krusné hory Mts. The full heatingye is black and the cooling curve is
grey. TiB-15 represents rock with high Ti contengpinellids and Tib-06 is rich in Fe.

Fig. 3. Paleomagnetic evaluation of radiometricalfiom Trosky (18,3 — 15,7 Ma)
and Kozakov Formation (5,2 — 4,6 Ma).

Fig. 4. Magnetostratigraphic profile across the Ehof J/K boundary strata,
paleomagnetic and lithostratigraphic data. M — NRMthe natural state; k — value of
volume magnetic susceptibility in the natural stgialeolatitude;paleolongitude. Normal
magnetozones are denoted black, reverse white akisbwn grey.

Fig. 5. Thermomagnetic and hysteresis behaviouthode mineral concentrates
obtained by dissolution in acetic acid and isotharmemanent magnetization (IRM) curves
measured on whole-rock samples.

Sample O8 (Opdtlka): The hysteresis curve a) shows both paramagneiit a
ferromagnetic behaviour. It is confirmed by the IRbYuisition curve b) with B1/2= 1071
mT typical for highly coercive goethite. The tengpere variations of magnetic
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susceptibility c) indicate formation of magnetietween 400 and 500 °C. The Curie point of
this magnetite is at 560 °C.

Sample K10 (KarlStejn) The hysteresis curve d) indicates only paramagnet
behaviour. Nevertheless, the IRM acquisition e)vpsothat a small amount of low to
medium coercivity mineral such as magnetite or lagenés present (B1/2= 72 mT). The
temperature variations of susceptibility f) shownfation of magnetite between the
temperatures of 450 and 500 °C. The Curie pointhaf magnetite is at 570 °C. During
progressive heating pyrrhotite is formed, its Clisigoint at 320 °C.

Sample R10 (Radotin):The hysteresis curve @) demonstrates paramagnetic
behaviour and only subordinate indications of aderagnetic material. However, the IRM
acquisition h) shows the presence of two differaagnetic minerals: magnetite/hematite
(B1/2= 70 mT) and goethite (B1/2= 2041 mT). Therease in magnetic susceptibility
during heating above 400 °C i) is caused by newfymed magnetite with the Curie point at
560 °C. Consequent heating creates pure magneititeite Curie point at 580 °C.
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