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Preface

The idea of CETEG (Central European Tectonic Studies Groups) follows up a tradition of annual
meetings started by Karel Schulmann and his then studentdyaineaearly prehistoric times (miell 980s)
and, subsequently, continued under the banner dfthes K 8 t e k t o(@zect te@onis droup). iltn a
successive (and highly successful}, 8 r euni on, held in Hrub§ Sk§la, Cz
first, constitutive meeting of the Central European Tectonic Studies Groups. The idea of CETlig&rha
to present and share new research results and hold scientific discussions among colleagues at different
career stages, representing different branches of geosciences, yet concerning topics somehow related to
tectonics and structural geolodw. principle, CETEG brings together geologists from Czechia, Slovakia,
Hungary and Poland, but participants from other Central European countries and, also, from more distant
regions of the world are always welcon@ETEG meetings are held in a different memhtmintry each
year. Or, more precisely, it was smtil 2020, when a yearly break happened due to the C&¥ID
pandemic.The post (or, rather, latg COVID CETEG meeting had taken place successfully in 2021 in
Ter c hov § but®ds tollowekl byanothgre ar |l y break, and, eventually,
interesting conference in Kazincbarcika, Hungary, which, it is hoped, Fetatglished a regular annual
cycle of the meetings.

Thus for the past 21 years, the mission of the CETEG meetingsekasto enhance and strengthen
interpersonal communication and scientific collaboration, as well as to fadtitatal activities of studies
groups and individuals from Central Europe interested in the broadly defined tectonics and geodynamics of
the lithosphere. Special attention has always been paid to the promotion of young scientists through
rewarding their best oral and poster presentations and the best publications that appeared in the previous
year.

The 20th Jubilee CETEG meeting is held in theleé®y Mountains (or simply in the Sudetes), in the
village (former t own)Silberderg Srneetarrnat h@- rsama(l Ge rtnoawn: o f
(German:Frankenstei , ca 65 km S of Wr oc §dong ore®ining lraditioms, G- r a h
andfollowing the Prussiaf\ustrian wars of 1740763, it developed while at service of the newly built
fortress.

Our meeting is located in one of the geologically most interesting places in the Sudetes, on the Sudetic
Boundary Fault and at the junction beeme t he G- ry Sowi e Massitttonmnd t he
intramontane Bardo Basin. A special focus of the field sessions is on the Variscan orogenic belt, including
its orogenic and posirogenic evolution. On the other hand, both oral and postepssgsiesent various
topics covering the already walktablished problems of the CETEG annual meetings, such as tectono
metamorphic evolution of orogenic belts, relationships between magmatism and tectonics, or basin
formation and evolution, but they incle also other topics investigated with methods of structural geology,
petrology, geochemistry, sedimentology and geophysics.

The organizing and scientific teams that have prepared this jubilee CETEG meeting are wishing all of
you a successful conferenceteresting field trips and stimulating and fruitful discussions.

Organizing and Scientific Teams



20" CETEG Meeting
Srebrna -@7.04.2024 24

Conference Programme

WEDNESDAY, April 24™

8:307 9:00 Registrationi hotel hall
9:007 17:00 PRECONFERENCE FIELD TRIP (Page 108)

From Neoproterozic sedentation on the peitGondwanan extended shelf to the Variscan collision of terratines
history preserved in the Kamieniec Metamorphic Belt and the Doboszowice Metamorphic Complex

guidedbyJ acek Szczepa@E&sKki, Mi rosgaw Jastrziabski, Sgawon

Startingat9.00amf r om t he Hot @tps:/Seps.app.goa.gl/@&Vh6a81MsoHCENBW7

18:307 23:00 ON THE FAULT 71 ICE-BREAKER PARTY

at the Karczma Mi c h a(htips:/@dpsdpedoo.gl/uGhogEZ1ERNe38XPZ7G- r a

THURSDAY, April 25 ™
8:307 9:00 Registrationi hotel hall
9:007 9:15 OPENING CEREMONY
9:157 10:15 SESSION | | page |

aC A Keynote lecture: Processes and mechanisms of Pangea amalgamation alongetliraasian orogen

9:157 9:45
(Karel Schulmann

9:45i 10:00 Detrital zircon geochronology and the development of tectonic models fBotiemian Massif 14
(Stephen Collett
Early Mississippian transpressional deformation and thermal doming at the distal foreland of thg

10:007 10.15 ||Variscan orogen (SW East European Craton, Lubliiv Basin) 15
(Pawe § P Maciejd amaszczyk

10:157 10:30 COFFEE BREAK

10:307 12:00 SESSION Il | page |

Keynote lecture: From Carboniferous convergence to Permian continental riftthg interaction of

10:3071 11:00 |Baltica with the Variscan belt during the assembly of Pangea 17
(Stani sgaw Mazur
Contrasting Permian plutonism in the Tratai Gobi, SW Mongolia

11007 11:35 |(Pavel , H¥o gt Dch Janougek, Battushig Altanball 18
Hr dI i |Dkaovvi &, B)ur i §nek
Brittle tectonics in pegmatite formation: a casedy from the Bratislava granite massif, Western

11:157 11:30 [|Carpathians 19
(lgorBroska, Ser gi i Kurylo, J8n Madar §s, Pavel U

A 4l Tectonic evolution of the Strzegonsob - t ka Massi f
11:307 11:45 (Mariusz Fi aBpkitagwintizej Gr ochmal ,NbMaoncsikni Ol k ( 20
e aal "Hot vs Cold": on differences of AMS record in shear zones
11:457 12:00 (Mat Dj M/l cahdei km?2 r, Kauszbaanca) Rox er ov § 21

12:007 13:30 LUNCH


https://maps.app.goo.gl/oWh6a31MsoHCENFW7
https://maps.app.goo.gl/uGhqEZ1KR4e38X6Z7

20" CETEG Meeting
Srebrna -@7.04.2024 24

13:307 14.45 SESSION II| | page|
Keynote lecture: The effects of graiscale mé migration process on metagranite at eclogite facie
13:3071 14:00 ||Snieznik dome, Bohemian Massif 23

(Pavl a ,@ndlewR.C&ylandeCl ar k, Martin Racek, Proko

Metamorphic evolution of coesitee ar i ng $ni eUni k ecl ogites
(MaggorzataLNowakTaj | manovg8, Jacek) Szczepad

14:0071 14:15 24

Timing of Variscan HP event in the Tatric Unit crystalline basement of the Western Carpathians
(Mi_ 1 an , Robdrt*Amnczkiewicz

New petrologicahnd geochronological data from the Austroalpine Kor&paalpePohorje Complex
14:3071 14:45 ||(Iris Wannhoff, Jan Pleuger Xin Zhong, Timm John, Leo j. Millonig, Axel Gerdes, Richard Albert| 26
Ropel)

14:157 14:30 25

14:457 15:00 COFFEE BREAK

15:007 16:30 SESSION IV | page |

Keynote lecture: The Caledonian Wilson Cycle from a North Atlantic perspective
(J ar os g a,wetdM@agskralohannes Jakob, Christopher J. Bames

Early Paleozoic Andeatype evolution recorded in the Dunhuang block (NW China): insights fron
15307 1545 |petrost r uct ur al , geochronol ogi cal and met amor 29
(J®r@®adner Yi ngde Jiang, Pavla Gt2psk§g, Kar e

Unveiling Late Ediacaran Climatic and Tectonic Dynamics: Insights from Glaciogenic and Post
Glaciogenic Deposits in the Hormuz Complex, Southern Iran

15:001 15:30 28

15:451 16:00 (Sadegh Adineh Prokop Z&vada, Ji SACbBrcuhtlhearn s, MoShoarns 30
M. Friedrich)
16:00i 16:15 The Geochemical Data Toolkit (GCDKkit) family of todls progress report 31

(WojtRNch ,JeanFfowadeloi s Moyen, MatthewjMd&yxmée Erd

17:007 19:00 POSTER SESSION [list of poster presentations on page)
19:007 00:00 GRILL PARTY with CULTURAL EVENT
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FRIDAY, April 26 ™

[ 8:307 10:00 SESSION V | page|
Keynote lecture: Sediment Deposition on Moving Salt: Mibasins or Ramp Syncline Basins?
8:3071 9:00 Observations from Seismic Data and Numerical Modelling 33

(Naiara Fernande

The influence of passive margin geometry on lateral changes inrdetathed fold and thrust belt:
9:007 9:15 |insights from southern Albania 34
(M8rton ,Pea&ladt8xis T°r R

Stepwise inversion of a saltearing passive marginthe example of the central Northern Calcareo
9:1571 9.30 Alps (Eastern Alps, Austria) 35
(Oscar FernandezH. Ortner, W. E. H. Munday, D. Sanders, M. Moser, B. Grasemann, T. Leilne

Grain size reduction induced switch in deformation mechanisms in a salt glaciee-(§ainak, Dasht
9:3071 9.45 Iran) 36
(Pr_o k o p , Zuga\Behohia, Janos Urai, Karel Schulmann

Structural characteristic of a bedded rock salt deposit t he Geba EIl evati orn
9:457 10.00 (junderground storage facility planning 37
(Mi chagd SgoMawitd@s kNdamuszek, Gukasz Nowacki

10:007 10:15 COFFEE BREAK

10:157 12:00 SESSION VI [ |

Keynote lecture: PostVariscan tectonics in Germg The role of inherited structures (and can we

10:157 10:45 |leven tell?) 39
(Jonas Kley
Thick- versus thirskinned thrusting within the NW Qaidam Basin, Tibet, Cliimasight from high

10:457 11:00 [[resolution 3D seismic data 40
(Piotr Krzywie¢ Fanwei Meng, AdamBa nows ki , Wenhang L)i u, St a
Mesozoic structural evolution of the B¢ kk,

11.007 11:15((Szi Il via K°ev®r, J8nos Haas, Ottilia Szives, 41

SchermanL 8 s z| ) Fodor

Reconstructing the tectonic movements of Adria in the Mesozoic based on quality controlled ap

11:1571 11.30 ||polar wander path using the GPlates software package 42
(M8t ® ,VeHnkH M8r t on, Szilyia K°v®r, L8§szlI - F
Tectonicandsedi ment ary m®|l anges in the Pieniny K

11:307 11.45 ||(Jan Golonka Anna WaSkowska, Kami | Cichostnpski || 43
Wgodzimierz Jerzy MoScicki, )Sawomir Porzu

Late Cretaceousearly Palaeogen@versionrelated tectonic structures in the Sudetes and their
11:4571 12.00 ||northern foothills short overview and new data 44
Andrzej GgbhawglEsRIeksandrowski

12:007 13:30LUNCH

13:307 15:00 SESSION VI | page |
Keynote lecture: Are the Capathians recently tectonically active?: new challenges and opportun
13:3071 14:00 ||for the study of present day tectonic stress and strain 46

Marek Jadrosi Eski

Deciphering MeseCenozoic exhumation history of the NE Bohemian Massif using low tenuperat

14:007 14:15 ||multi-thermochronometry 47
(Artur SobczyR
Uncommon stress path from the coal seam to a fold hinge zone as an effect of a neotectonic

14:157 14.30 ||deformation pattern 48

(MaciejJ. Mendecki Jacek Szczygieg, Gr)zegorz Lizure
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13:307 15:00 SESSION VI | page|

Hidden Faults: Podtliocene tectonics of the Northern Calcareous Alps inferred from caves
deformation

Jacek SzdwygiBay oR, Rosti sl av Mel-Wandekh Eva L u K
Kaminsky, Denis Scholz, Bernhard Grasemann

14:3071 14.45 49

Unearthing the Past: Challenges and Perspectives in Archaeoseismological Exploration Across
14:457 15.00 ||Southern Poland 50
(Krzysztof Gaidzik Mi k1 -)s K8z m®r

15:007 15:15 COFFEE BREAK

15:157 16:45 SESSION VIl | page|

Keynote lecture: Depletedhighly-mobile landslides and other slope deformations associated to a
tectonic ruptures in the Outer Western Carpathians, Czech Republic

1515 1545 (Lvo BhngQ/RJn Dong, Ros.t i slav Melichar, Mar—t i 50
Han Tseng,YiChi n Chen, Kn,CheMg nNgg WYYANG, V8cl av Dugek
LernT, Frantigek BCRTA, R®gi s BRAUW&HKIR CheRyi
Han Lin)
Application of magnetic susceptibility anisotropy in landslide accumulations

e 4o (Vacl av, DRig®tki sl av Melichar, Jan Lernl, IChn

15:457 16:00 Chen, JiaJyun Dong, Filip Hartvich, Ji-Chi ng Hu, Jan KI i meg, LKkan 53
Matt Rowberry, ChiaHan Tseng
Formation of undedip toppling in the Outer Western Carpathian Flysch Belt and its possible pal
seismologic implications

16:001 16.15 ||(Thang Tung Nguyh, l vo iBaywimi,Ddng, Rostislav Melic 54
Jan LernlT, Martin GuSjak, Lenka Koci nov§g,
Tomasz Goslar, Chiddan Tseng, YiChin Chen, ChengHan Lin)
Structural and paleoseisntonditions of rockfalls and cave collapse in the Khutul Usny valley (Af

- Bogd Massif, CAOB, Mongolia)

16:157 16.30 (Raf ag ,SiAlndroami W-jcik, Mirosgaw Masojl, Gr z 55
Szmit, J-zef Szykul ski)
Record of superiposed lateand posiVariscan regionascale tectonic events at the NE margin of

16:3071 16.45 ||Bohemian Massif: structural evolution of the Kamionki Graben (SW Poland, Sudetes) 56
(Aleksander KowalskiGrzegorz Pacanowski

17:007 19:00 POSTER SESSION ll(list of poster presentations on pagé)
19:3071 00:00 GALA DINNER, AWARDS CEREMONY AND DJ-PARTY
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SATURDAY, April 27"

9:007 15:00 POSTCONFERENCE FIELD TRIP (page 155)

LatetopostVari scan structur al evol uti onwiedbssit ect oni ¢c gr at
guided byAleksander Kowalski

Startingat9.00amf r om t he Hot @tips:/Seaps.app.goa.gl/@Vh6a81MsoHCENBW7

] THURSDAY, April 25", 17:00i 19:00 POSTER SESSION page

Stratigraphic Evolution of the Salt StockBasin: The Influence of Diapirism and Compressional Tectonics
the Sedimentary Record of the Paskhand anticline (ZagrosaRoi@ihrust Belt, Southern Iran)

! (Sadegh Adineh Prokop Z8vada, Ji SACbBrcuhtlhearn s ,MoShoarnanyaad H 59
Friedrich)
Record of higkhpressure lowtemperature metamorphism in garbetaring mica schists from AMINV Kboreholg

2 ||in Kobierzyce (Lower Silesia, SW Poland) 60
(Kamil Bulcewicz, Raf ag Si kora, Jacek SzczepaGski, Piot

3 High-pr essure metamorphism of the Micachist Zone 61
(Pavl2pna  HRaadlmv& Nahodil ovsg, )Martin Racek, Pav

4 Oxygen isotopicecord in Late Cambrian zircons from metamorphic rocks of the Sudetes 62
Mi rosgaw ,JaBwa zKrhas&kmi Gska, Andrzej tela¥niewicz

5 Formation of the Tsogt crustal dome in the Morgtihi domain during Permian orogeny 63
(Petr Je S § Omdeej Lexa)

6 Petrological diversity of ultrdigh-pressure rocks around the Saidenbach dam (Erzgebirge) 64

(Martin Keseberq)

Pressure temperatureand waterdependent melt productivity in felsic rocksiew parametrization and its
7 ||lapplication in models of porous melt flow 65
(Petra MaPa&vioyyga Hasal ov §, Pavla Gt2pskég, Kar el

Does the emplacement of the East Sudetic pluton result from combined Permian hot spetielddefaensional
dynamics?

(Karel Schulmann, AnneSophi e Tabaud, Al exandra Guy, Stani g
Verner, Jitka M2kovs§, Petr Mixa, Vratislav Peci

66

Pervasive melt migration in large crussalale shear zones in southern Madagascar
9 ||(Alice Wantz Pav | 2 naarél 8chdntaonyJgarE mma n u e | Martel at, Pavl| 67
Alfred Solofomampiely Andriamamonjy, Heninjara Narimihamina Rarivoarison)

Challenges in the numerical fold shape analysis process

10 (Wer oni ka Warta Adgrauszskl a , 68
11 Magma fl ow patterns during emplacement of the 69
(Prokop, ZBaakdaPerci val, Pavl 2na Hasal ov§g, Ondr e

Sheath fold structures from the Altaussee salt mine

12 ||(Marta Adamuszek, Marcin Ol kowi cz, Marcin Dabrowski, M|| 70
Thomas Leitner, Oscar Fernandez)
Famous tectonic phenomena in E of Bohemia (the Czech Republic)

13 71
(Jan Jur 8] ek)

14 Anisotropy of magnetic susceptibilitiiow to connect with microstructure? 79
(Mat Nj M/l cahdei km? r, Kauszbaancah Rox er ov §)

15 Mechanical models of the ductile deformation of layered rocks 73
(Marcin DNbrowski)
Can salt pillows form during inversion of evapotiiléed half-graben? Isights from numerical and analogue

16 ||modeling 74

(Marta Adamuszek Pi otr Krzywiec, Laura Filb", Mark G.

7


https://maps.app.goo.gl/oWh6a31MsoHCENFW7
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[ THURSDAY, April 25™,17:001 19:00 POSTER SESSION lpage
Fault zone detecting using digital terrain model (DEM) analysis and seismic refraction tomography (SRT

17 ||Cross Mountains (Rand) 75
(Piotr Wilkogazki)

18 The relationship between rock mass strength ang¢ 76
(Richard William Mcintosh Seyed Jamal Aldin Hosseini)

19 Tectonometamorphic history of the Erzgebitgepen questions 77
(Martin B. Keseberg &Thorsten J. Nagél

20 Faultrelated fold structures of the Mora®ilesian fold and thrust belt 78
(Mariusz mBiaadKioenwieg z daocihmabDNbr owski )

Leucocratic rocks at the contacts between orthogneisses and metasedimentary hoeks ih#l d & e U n i

21 |[Metamorphic Unit, Sudetes 79
(Wojciech Stawikowski Mi r osgaw Jastrzfiabski)

Photogrammetry as a tool to improve recognition of fold and fault patterns: field examples from the North

22 ||Calcareous Alps (Austria, Hallstatt region) 80
(Marcin Olkowicz Bart gomi ej Grochmal , Mariusz Fiagkiew
[ FRIDAY, April 2 6", 17:001 19:00 POSTER SESSIONI Ipage
Quaternary tectonic activity imprinted on the river terrace in Brno

1 |(Benj am? rRoskstay Nelichar, | vo BaroR, Jan LernlT, Kurt Del| 8
Martin GuSjak, Dalibor -Vé&nhngnKigluy Piotr Moska, ]

5 Structur al anal ysis and paleostress investigatd.i 83
(Anwar Al Hijouj, G8bor Csill ag, Mel i)nda Fi al owsKki , L8&s

3 Tectonic environment of the Neogemagmatism in the Pieniny Klippen Belt 84
(Jakub Bazarnik Piotr Lenik)

Sedimentary traces of Late Pleistocene seismic activity in glacigenic sedimdr@sSouthern Peribalticum are

4 ||((NE Germany, Lithuania, Latvia) 85
(Szymon Belzyt Ma § g o r z altaamr PoiUsya r sGkrae b)a | Project Team
Kinematic modelling of faultelated structures within anisotropic layered rocks of Northern Calcareous Alp

5 (Eastern Alps, Austria) 86
(Mariusz Fi aBpkitewindizej Grochmah, DNIarowsk O] kBwi nh
Oscar Fernandey
Active tectonics of the V®rtes Hills (Hungar y)

6 geomorphological data g7
(L8szI| -, Feosdzotrer B®k ®si , BarbarkKkalCmg@rczeMSIGEdOKI €35
Swierczewska,) Antek Tokar ski
Thin-skinned vs. thickskinned shortening of the Transdanubian Range: the switch from Neothetian obduc

7 the formation of the Eoalpine orogeny 88
(G8bor, H@gmt onyBabhoMarpsG Tam8s Budai, Zsolt Ke
L8szI|l ) Fodor

8 New interpretation of selected tectonic structureastern part of the Polish Outer Carpathians 89
(Adam KozgAwsksander GNsienica,jeA)RNadi usz Drozd
The seismic network of the University of Silesia as a part of AdriaArray Project

9 ||(MaciejJ. Mendecki Woj ci ech Czuba, Piotr Sroda, Tomasz 90
Bociarska, Szymon Malinowski
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FRIDAY, April 2 6", 17:007 19:00 POSTER SESSIONI lpage

10

Finite strain digibution in kinematic models of fautelated folding
(SzymonMol Marcin )DNbrowsKki

91

11

Mi ocene volcanism in the Slansk® Vrchy Mount ai
J°rg Ost Rmdbenrft Anczki)ewi cz, Mi | an Koh ¥t

92

12

An updated model of the Cenozoic coeéthe ForeSudetic Block: implications for its neotectonic activity
(Mi chagd Sgoltawmiu®szkiBadura) Marcin DNbrowski

93

13

First insights into the LiDARdriven structural analysis of the Bystre Slice (Outer Carpathians)
(Piotr Strzelecki Rad®zg@gamwch, Jakub Andrzej ak, Marta Esm

94

14

Progressive development of an accretionary wedge margin from oblique thrust telgirilaeilt (Mikulow-
Falkenstein Fault, Outer Western Carpathians)

Martin, GRSgaksl av Mel-ChmEmem, Jwn #zummRDoYiga VS§c
Hartvich, Jan KI i meg, HKeavatkRowbéroycOhigHaroTee®ig T¥%ng Ng I

95

15

Deformation bands in the Red River Fault Zone, Vietnam: preliminary findings
(Piotr Strzeleckj Le Duc Anh,A n n a erézemiskaAntek K. Tokarski, Nguyen Quoc Cuong, Phan Dong Bh

96

16

Late Pleistocene surface fault rupture in stide@forming Podhale Basin (Western Carpathians): implications
paleoseismology and geodynamics

Jacek Szdzeygiye I a s gtal Marta Wddzcaydka, KriysgmfpgGaidzik, Maciej Mendecki, Arty
Sobczyk, Chr)stoph Gr¢gtzner

97

17

Tectonic Zgatne Unit in the Pieniny KIlippen Bel
(Anna WaSkavasnk aGol onk a, Kamil CichostnpskWgoder n

Jerzy MoScicki, Sgawomir)Porzucek, J-zef Chowani

98

18

Deformation events of the Permian Boda Claystone recorded by tectonic veins (Tiszarleglbecsek Mts.)
(Ervin Hrabovszki P®t er Mol nS8), F®l i x Schubert

99

19

Reconstructing Neogene landscape &utbnic history of the NE Bohemian Massif using paleokarst sedime
palynology fromthe Orlicd ni e Uni k Dome marbl es
(Artur Sobczyk  E1 Ubi et aarWoirno bOlekcowiM z, Jacek Szczygied

100

20

Fault patter and extension during the Miocenerfgphasein the central Pannonian Basin (RiBsida Hills);
fault geometry analysis and cross section balancing
(Melinda Fialowski, Barbara Beke, L8§szIl .- Fodor)

101

21

Tectonics of the Silesian and Skol e Nappmew. cont
(Rafag Nasi gowski

102

22

A pil ot network of | nSAR irpeliminancassompions n t he $ni ¢
(Mat eusz Dr 8@dd Oggwsnkiej Grochmal, Marcin Ol kowi ¢

103

23

Formation of the active Tabas EdBelt as result of transpression and rotation of the tectonic blocks, Tabas|
Iran
(Andrzej Konon Alireza Nadimi,Ma t e us z M,Barlmata&®ybak®da kr ows ka, Mi Bdhalld

Bouzari, SoheylaBeygi)

104
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Conference Contributions

10
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Oral presentations

11
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Session

Chair: Mi | an Ko h Yt

Thursday9:15¢ 9:45, 28" April

12
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Late Palaeozoic paleomagnetic and t e
Pangea supercontinent

Karel Schulmanf? Jean BenardEdef%,J 0 s ® Rlamt A n e % Sa@islawkldz@m e r @mi e
Soldnef, AlexandraGuy', Igor Soejond, OndrejLexa, PavlaGt 2 h Stdplgen Collett FrancisChopirf,
R®mi L%Yanzéand, &ingdediand

'Czech Geological Survejrague Czeh Republic
“Institut Terre et Environnement de Strasbourg, Unigei t ® d e Frérice asbour g,
Depart ament oJnideesidad decShlamgric@pain
* Institute of Geological Sciences, Polish Academy of ScielsywResearch CentrdPoland
*|nstitute of Petrology and Structural Geology, Faculty of Sciences, Charles University, Prague, Czech Republic
®°CY Cergy Paris Universit®, D®partement G®osci
"Department of Earth Sciences, The University of Hong Kong, China
8 State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese, Academy of Scien
China
*Lead presenter-enail: schulmann.karel@gmail.com
Paleomagnetic, structural and geochronological data show that during late Paleozoith¢inRengea

supercontinent was formed by: 1) convergence of the Gondwana-bimegawith the Laurussia and
European Variscan Belt (EVB) in the west and, 2) convergence of the-Naritin China Collage (TNCC)

with the Central Asian orogenic Belt (CAOB) imeteast. In the west, the collision of mddacks led to the
formation of ca. 300 280 Ma Soutkhvariscan ((U)HP granulite) Belt (SVB) currently hidden in the Betic
Cordillera in Spain and Mauretanides (Rif and Atlas) in Morocco and Algeria. MeanwRilE\V#B suffered
formation of the Cantabrian Orocline at ca. 30@80 Ma and dextral shearing along the Gondwana
Laurussia boundary. At the same time, the northern Gondwana margin experiefcethdiening of
Morocco Meseta resulting in growth of ca. 32300 Ma EW trending metamorphic domes (e.g. Rehamna,
Jebilet) and upright folding of late Paleozoic basins in the-Attdis further south. In the East, the TNCC
and CAOB collision led to the formation of ca. 32@60 Ma TieaShani Solonker (eclogité blue schist)

Belt (TSB) considered as a suture of the Ordovidivonian Pale@dsian Ocean (or one of its branch). As

a response the CAOB suffered up to 1000 km shortening leading to the formation of Kazakhstan a
Mongolian oroclines and developmentsafistral wrench zones associated with the closure of the Mongol
Okhotsk Ocean. To the south, the TNCC basement responded by Per@ighditening marked by-%&
upright folding of late Paleozoic basins in the Beishan ai Epright folding and dextral glaring of
Paleozoic units north of the Tarim block. Altogether, The SVB and the TSB constitute an axis of a ¢
13000 km long and up to 1000 km wide late Carboniferod®ermian Trang&uroasian orogenic belt
involving the deformed northern margin of ther@wana and TNCC in the south and massively shortened
EVB and CAOB in the north.
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Access to relatively rapid data acquisition techniques has led to detrital zircon geochronology becoming
routine and widely applied tool in provenance studies. These data, and their correlation, are applied bott
pdeographic reconstructions and the development of tectonic models. Nonetheless, the increas
proliferation of detrital zircon geochronological datasets and their haphazard integration intesdatger
correlations has led to a complex web of competymptheses and countbypotheses.

In order to formulate and test coherent hypotheses it is important to first establish a consistent framework
which these data can be properly assessed in both a temporal and geographical context. To this en
databaseof U-Pb and LuHf zircon isotopic data has been established from late Mesoproterozoic to late
Paleozoic strata from PangB&aming orogenic belts spanning from Atlantic North America through
Europe, Northern Africa, the Middle East, and Central Asia ¢oRhacific Ocean. The original purpose of
this database was to test correlations and various paleogeographical reconstructions in these regions dt
the transition from the Ragia to Pangea supercontinent.

As a case study, an extract from this databa#iebe used to test several competing models on the pre
orogenic evolution of European Variscan Belt with specific focus on the Bohemian Massif. The Bohemie
Massif is composed of f our -Barmandia, Mblgaaubia, and Bransiylia, S a X
which have in some tectonic models been considered to represent four distinct crustal blocks separated f
one another by oceanic domains. Nonetheless, since oceanic domains should in theory act as barriers t
transportation of detritus antidre are superficial similarities in detrital zircon spectra across these units;
alternative models discarding one, or even all, of these oceanic domains have subsequently been propc
However, the significance of these interpretations are hamperedthi®r @n incomplete or improper
handling of the available data. In this presentation it will be demonstrated that detrital zircon data a
actually supportive for, rather than an argument against, potential oceanic separation(s). This will
demonstrated b discussion of three key points: 1) The significance of Mesoproterozoic zircons in
Brunovistulia, 2) the widespread occurrence of Steffii@man age zircons in northern Gondwana and their
distribution in the units of the Bohemian Massif, and 3) the ve&atbundance of Early Paleozoic zircons in
northern Gondwana and the Bohemian Massif.
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Variscan orogeny in Europe impacted the development of the foreland plate, affecting subsidence and ug
histories and/or imposing tectonic deformations. An example of the Variscan distal foreland deformation
the arly Mississippian major unconformity (referred to as the Bretonian) in the ELbinBasin, located

at the SW slope of the East European Craton. The unconformity divides H@anmaniferous rock
complexes, being the subject to laterally differentiatelift and erosion, from the pegtctonic sedimentary
cover of the upper Visean to Westphalian age. The early Mississippian uplift separated thd.\iublin
Basin into several tectonic blocks, which differ in terms of stratigraphic extent of erosiang din
sedimentary cover down to tlfferent levels of the Devonian, the lower Paleozoic or the Precambrian
basement. The thickness of eroded sedi ments was
(2010) juxtaposed with the geological map for the-8albboniferous surfac It varies between individual
blocks ranging fronafew hundred to c. 2500 m at maximum. The early Mississippian uplift was associatec
with the development of a grid of faults, offsets of which usually range between a few hundred meters to
2000 m at maximum. Their structural style, revealed by seismic data, is mostly transpréssiap.
TomaszczykandJ ar o s i s Kis js addiiohally confirmed by an echelon pattern of some faults,
which indicatea dextral strikeslip component. South and NE of the Lublin Synclinorium, the transpression
driven uplift was assisted by thermal doming, indicated Hey dval shape of the zones with maximum
thickness of eroded section, as well as by their coincidence with the location of Mississippian igneo
intrusions and effusive rocks. An incipient latest Famennian phase of uplift and erosion is expressed
composiion of sandstones and conglomerates of the Hulcze Formation (Lublin Synclinorium, SE Polanc
and conglomerates and olistoliths of the Tumin Series (south of the Volodymyr Volynskyi Fault, W
Ukraine), containing lithoclasts, pebbles and blocks of the Bdalcaran, lower Paleozoic and Devonian
rocks. The SW part of the Lublioviv Basin is distinguished as the Rad¢hr aSni k Zone,
considered devoid of Carboniferous. However, within this zone, seismic data locally also indicate tt
presence of angar unconformity between Devonian and Carboniferous. This is confirmed by legacy data c
a few deep boreholes, revealing Carboniferous deposits resting on various stratigraphic units of f
Devonian. Therefore, we postulate that the Mississippian tecttefarmation, uplift, and erosioalso
affected the Radosk r a S n i. A hidus related to the Mississippian uplift and deformations covers time
span of at least 15 My, i.e. (latest Famen+#taTournaissian to early Visean. It coincides in time with the
major tectonic events within Vadan orogeny, such as the termination of convergence and continent
continent collision, as well as higirade metamorphism. Having no other potential source of tectonic stress
the gid of transpressive faults and the uplift in the Lublitv Basin are intepreted here as the intraplate
deformations imposed by the Variscan orogeny in its distal foreland.

This study was supported by grant of NCWIO-2021/41/B/ST10/03550

Tomaszczyk, M. , Jarosi GKki , M. , 2017. The Kock
changes at the margin of the East European Craton (Poaealpgical Quarterly, 61 (4): 90825.
Modl i s ki , Raleogdolegical Atlas o2 tAeils®ermian Paleozoic of the East European Craton

in Poland and neighbouring areas, 1:2 000 000. Polish Geological InsthitRe Warsaw.
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In Western Europe, the Variscan belt contacts Avalonia along the Rhenohercynian Suture, a result of Ee
Carboniferous continental collision. Moving east of the Harz Mts., the Rhenohercynian suture disappe:
beneath a thick sedimentary seqce of the Permialesozoic basin. Its extension is either truncated by
major NWLSE strikeslip faults like the Elbe, Odra, or Dolsk faults or bends under the cover of a thick
sedimentary succession. The extension of Avalonia into Poland is challemgietgtmine, with the thinned
margin of Baltica considered the substratum of the PerMiesnzoic basin. Deep seismic soundings show
that the thinned margin of Baltica reaches the-S®/ oriented Dolsk or Odra fault, potentially bringing the
crust of Balti@a into direct contact with the crust of the Variscan internides of the Bohemian Massif. Alonc
the Dolsk fault, there is the twlayered, lowvelocity Variscan crust in the SW that contacts the three
layered Baltica crust. The geometry of this contact remmanknown, but the lower, higlelocity crust of
Baltica may extend southwest to the Odra fault. In the basement of the sedimentary sequence betweer
Dolsk and Odra faults, longrade metamorphosed phyllites with a metamorphic age of approximately 360
Ma are found. They apparently represent a fragment of Variscan metarnuaippes.

The Variscan front is oriented NEW i n Western Europe, but i ISEPol
direction, continuing to the border of Ukraine. In southeastern Polamdiatht enters the slope of the East
European Platform, constituting an undisputed example of a direct contact between the Variscan belt «
Baltica. If the geometry of the Variscan front reflects the structure of the orogen, the edge of Baltica mt
havebeen overthrust by Variscan orogenic wedge from the south to north. This accretion event resulted
polyphase NS to NESW shortening, either thiskinned, leading to folding of the external f@ddthrust

belt, or thickskinned, resulting in the emplanent of the Variscan nap stack on the Baltica margin.

The last folding of external Variscides in Poland occurred around 305 Ma and was immediately followed |
the emplacement of a large igneous province at the Carboniferous to Permian transition.trehefcen
magmatism was in NE Germany, the area of greatest crustal thinning. The origin of the igneous provir
was linked to plate boundary forces leading to extension and continental rifting. The latter produced t
Mid-Polish Trough, an elongated contitarrift running NWSE parallel to the Teisseyfi@rnquist zone.
Permian rifting further attenuated the Baltica margin and, jointly with coeval magmatism, reshaped tt
margin of Baltica masking its contact with the Variscan belt. Toward the east, theudgraf the Variscan
internides was disrupted by early Mesozoic rifting in the area of the pi@sg@arpathians.
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The TransAltai Zone (TAZ) in the southern tract of the Central Asian Orogenic Belt (CAOB) is formed by
the Early Paleozoic oceanic crust covered by Carboniferous volcanosedimentary complexes and intrudec
numerous Carboniferous to Permian plutons. Two contrabgitg of the Early Permian plutons stand out
among them: (1) Gobi Tien Shan Intrusive Complex (GTSIC) in the south and (2)olgiesttectonic
plutons of noticeably oval shape distributed along the central and northern parts of the TAZ.

Petrologic andyeochemical characteristics of the B290 Ma old GTSIC correlate with westerly magmatic
belts in the Eastern Tien Shan and point to an active continental margin setting. Voluminaiatedc
granodioritegdiorites with wellpreserved magma mingling texés come from deeper parts of the GTSIC,
while granites with subvolcanic features represent relatively shallow intrusion levels of the Lat
Carbonifepus Early Permian volcanic arc.

The Aaj Bogd Pluton (ABP) is the largest among the Early Permiari 2800Ma) plutons distributed as
beads on a necklace in a belt spanning from the Dulate Arc in the Eastern Junggar through thkalrans
Zone to the Khan Bogd Pluton in the Central Gobi. Whiotsk chemistry of the ABP points to an intra
plate geotectonic s&tg. The mafic (monzogabbrdiquartz monzodioritic) rocks in the center of ABP are
interpreted as having crystallized from melts derived from asthenosphantle domains unmodified by
previous subducticrelated metasomatism. These parental magmasefueivolved by assimilation of pre
existing, arerelated metaigneous crust and fractional crystallization processes to yield the prevailin
syenitid granitic members of the Aaj Bogd Pluton.

The Atype magmatic activity in the Tramdtai Zone and 4type, sibductionrelated magmatism in the
southerly Gobi Tien Shan were temporally and spatially connected with the Late CarbonEarbus
Permian amalgamation of the Trafkai Zone to the northern parts of CAOB. During this process, GTSIC
is thought to haveriginated in a continental arc developed over a retreating oceanic subduction zone. Tl
backarc rifting scenario for the contemporaneoudype magmatism in TAZ assumes asthenosphere
upwelling triggered by the collisional zone probably related to thesssubduction zone on which the
GTSIC evolved far to the south. The linear arrangement of thydé\ plutons over a distance of more than
1600 km can be explained through their association with major Permiandiipikamnes likely controlling

the graniteemgdacement.

The research was support e-@7682% the project GALR
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I n the crystalline core mountain of the Male® K
swarms are developed mostly in the southern part from the Variscan Bratislava granitoid massifs and h
their mineralogy, composition and fabric were explored in more detail. Pegmatite dykes are here ma
meters wide and are located either directlyhim parental granitic rocks or in the adjacent host rocks, or they
also cut diorite bodies included in the granites. The larger pegmatites commonly show zoned interr
structure with border aplitic and/or coarse border zone, further from granite contacbhaoarsegrained
graphic alkali feldspéquartz muscovite® biotite, blocky Kfeldspar quartz (in the most central part) and
finally quartz core. Locally, the late muscovite formation and alquiarta musovitei garnet zones occur
too.

Pegmatites ofte form networks of many dykes, over many meters long distance, and their mutual crossin
is mainly in northsouthward and eastestward directions. This pegmatite ofteectangularnetwork
formed by emplacing of residual overpressure melt into cracks alingogranite where during granite
contraction two vertical joint sets were created. The perpendicular cut to foliation of roof metapelite rocks
other evidence for high pressure emplacement process. The fluid overpressure in emplaced pegma
caused datures of brittle tectonics of crystallized miner@da. fragmentation, bending, fracturing, and
kinking) forming locally spectacular mosaic mineral fabrics, especially in alkali feldspars. However, som
pegmatite emplacement was also into ductile enmrent of the cooled granites. The time of pegmatite
formation was close to the emplacement of parental granite dated by SHRIMP in time span of 865358
Ma. Pegmatite ages have been obtained from monazite, columbite and garnet. The pegmatite networl
granites, mosaic disintegrated fabric of feldspars developed during fluid overpressure regime in pegma
dykes are features indicating Tournaisian extensional tectonics durindidatiso of Variscan graies.

Acknowledgement: This research was supgmbby project ERANEIMIN PEGMAT JTG2021_174.
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The StrzegorB o b - t kib(SIMK a Krge composite granitic body located in central part of the Fore
Sudectic Block, has been subject of brittle tectonic studies for more than a century. The classical model
jointing in plutonic rocks was established here by H. Cloos. Fow aktvertical joints have been
distinguished within the SSM: a dominant NS¥ striking set (Q), a NSW striking set (S) longitudinal to
mineral fabric, and two supposedly younger sets of thealed diagonal joints, which are striking®and

W-E. Due b an ongoing extensive mining activity, numerous good exposures occur in a relatively sma
area, especially in the western part of the massif. Here, we present results of fieldwork conducted witl
both active and abandoned quarries of granites aimestgahering tetonic evolution of the SSM.

In view of our observations and in agreement with previous research, tHeE\jdint set dominates in most

of the studied sites, while the NV set is less pronounced. We have analyzed the relationship between th
characteristics of the studied joint systems and the local petrographic variation. Aforementioned trend w
observed in the hornblendigotite granite in the western part and in biotite granodiorite in the eastern part.
In the twemica granite this trendas less pronounced due to presence-& &hd EW striking sets and
lower quality of outcrops. A significant deviation from the typical jgattern was observed in the biotite
granites near Graniczna that exhibit adomina@@Nst ri ki ng set. The GaUany
an atypical joint pattern, but the close vicinity of the metamorphic cover may play an important role in th
case. In detail joint pattern change significantly within mentioned petrographic varieties. For example, in t
region of Kostrza, the joints are sparsely spaced allowing for block extraction, while well develope
denselyspaced fracture corridors areohvefn t he near by Rogo¥nica quarrtr

Evidence for both normal and strikp movements were observed along faults with slickensides. Initial
paleostress analysis results showed normal faulting regime with least compressive stress oriented in
NNE-SSW to NESW direction. This is consistent with cartographic works of previous authors which
depicts Cenozoic normal faults striking in WNBSE to NWSE direction. In some fault zones, a dark
material resembling pseudotachyllite is present, although no injections weere found. The
pseudotachyllitdike faults tend to be oriented in the NBE or less commonly {$ direction. They occur
most abundantly in the area of Rogo¥fnica, wher
few centimeters. A set ofapallel faults showing horizontal slickensidean be interpreted as their
prolongation in the Strzegom area.
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There has been a comprehensive discussion aroumdigire of magnetic fabric and its correlation with the
overall deformation and strain history of rocks. Exploring various shear zones magnetic fabric studies aim
to connect the temporal and spatial associations between finite strain and the anisotnogynefic
susceptibility (AMS). The AMS as a dimensionless material parameter describes the degree
magnetization of a material in response to an applied magnetic field in different directions. AM
measurements combine the collective magnetic signalsingrifrom both shappreferred and
crystallographic orientations of all constituent mineral grains, making it a widely used technique in geoloc
for rapid quaritying of internal rock fabric.

In this study, contrasting shear zones types from low and bigpdrature conditions with differences in
rock structure were investigated.. In both cases, different deformational mechanisms were identified. \
established the correlation between AMS and strain within the shear zones in marble by integrating rc
magneic investigations, qualitative and quantitative microstructural analyses, and computational modelir
of AMS based on crystallographic preferred orientations (CPOs).

Significant variations in resulting AMS cannot be explained only by slightly differeainstalues. The
cause of the observed differences in AMS is a combination of several factors, the main ones being
chemical composition of the constituent phases and the activity of different deformation mechanisms. Als
this integrated approach to theidy of rock fabric and its constituents provides significant improvements in
understanding the complex interplay between deformation, strain, and magnetic fabric in rocks.
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Augen to banded metagranite from the Snieznik dome have been modified locally to have stromat
schlieren, nebulitic and graniteoking textures typical of migmatites. Former presence, and increasing role
of melt in transformation towards ndbe is inferred from interstitial phases along grain boundaries in the
dynamically recrystallized monomineralic feldspar and quartz aggregates, and from textures)airiee
plagioclase and quartz replacingf&dspar. These features are interpretedesulting from dissolutien
reprecipitation along grain boundaries due to gemi@mle melt migration, being pervasive at the gsaiale,

but localized at handpecimen to outcrop scales. The new minerals crystallized from melt are in textura
equilibrium with phengite. All the rock types have the same mineral assemblage of
GrtT PhiBtiTtni KfsTi Pl TQzNRt NI I m, with similar g
model l ed equilibration ¢%40iAGC.onBe wd u shasitivhtria thabian
assemblage of interest are independent of the amount of melt, the modelling did not allow to estimate n
guantities in individual rock types. However, migmatite textures suggest that increasing degreeatkmelt
interaction occurred ém the banded to the schlieren and nebulitic types. The initiation of melt migration is
related to gently dipping structures related to continental subduction to edtmjite conditions, and more
pronounced melt migration is related with vertical fabrieading to exhumation of the continental
subduction wedge from eclogifacies to midcrustal conditions.

The effects of melt migration had impact on partial recrystallization of zircon. Zircon in augen to bande
types shows oscillatory zoning and giveambreOrdovician age of the protolith. In schlieren to nebulite
types, zircon shows domains of blurred oscillatory zoning to strutdasetextures. These metamorphic
domains are located along grain boundaries, form embayments, form straight or cueaedstiuctures
cutting through the oscillatory zoned domains, or are affecting the whole grains. The domains with she
oscillatory zoning tend to give Camb@ridovician ages, while the metamorphic domains tend to give
Carboniferous age. Zircon shows reim o u s apparent A i n cfeldsgar, auadzo (
pl agiocl ase, rare garnet, rutile and biotite.
located in the metamorphic domains of the zircon grains. In places, the inclusiotigraad, aand these
structures are interpreted as former cracks, along which the metamorphic phases crystallized and zir
(re)crystallized. As the assemblage of phengametrutile is compatible with previously inferred eclogite
facies conditions, we tarpret the Carboniferous zircon (re)crystallization as dating the ecfagits
grainscale melt migration process.
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The Orlicas ni eUni k Dome (OSD) is exposed in the nort
interpreted as a fragment of the Moldanubian zone of the Variscan orogen, constituting the Varisc
orogenic root.The OSD predominantly comprises orthogneisses alternating with metamorphosed-volcan
sedi mentary sequences. I n the easter n -andulttahighf t
pressure rocks (granulites and eclogites) occur in the orissgs. This study focuses on deciphering the

met amor phic evolution of the eclogMasesi butbowap
Bielice.

The studied eclogites exhibit a rather typical metamorphic history for ultrginegisure (UHP)ocks. It
covers a UHP metamorphic event followed by isothermal decompression and ampfabaie
retrogression. The studied samples are characterized by stiggpilyg, subvertical foliation. It is defined

by alternating garnetand omphaciteich layers and parallel alignment of elongated phengite, kyanite and
rutile grains. The mineral assemblage connected to isothermal decompression is present in the form of s
amphibole grains and diopsi@enphiboleplagioclase symplectites locally occurringmd) grain boundaries.

The last metamorphic event, characterized by amphillalfioclasezoisite/clinozoisitemargarite, can be
observed in the fractures crosscutting the main foliation. This event is connected with retrogression un
amphibolitefacies onditions.

The UHP metamorphic event in the studied samples is reconstructed based on the discovery of coe:
which occurs as tiny (<32 0 Om) i ncl usions pr esent-presarved mpefala c |
assemblage associated with the UHP metaimsm comprises garnetnphacitephengitekyaniterutile-
coesite. Based on the phase diagram modelling combined with the isopleth geothermobarometry we estin
the peak pressure metamorphic conditi onswiththe ~3
results obtained using conventional geothermobarometryG@ePhKy-Coe geothermobarometer) and
Zr-in-rutile thermometer. The onset of isothermal decompression is marked by the occurrence of sm
amphibole grains, which points outto condison of ~2. 3 GPa at ~750AC in a
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The European Variscan and Alpine Mountain chains are typical collisional orogens. One of the cruci
guestions dr understanding the Variscan orogeny 8hen did the HP (UHP) metamorphism take place?
The preAlpine basement of the Western Carpathians represents the eastern exposure of the Variscan orc
in Europe. The Tatra Mts. (TM) are located in the northestreector of the Western Carpathians, and are
typical secalled core mountains within the Tatric Unit. The crystalline basement of the TM is composed ¢
preMesozoic metamorphic and granitic rocks. Metamorphic rocks are abundant in the western pe
(Westen Tatra), whereas in the eastern part (the High Tatra) they occur as minor bodies within granite
Two superimposed tectonic unitdower unit (LU) and upper (UU), differing in lithology and metamorphic
gr ade, have been di st i mabg, 999, 2e22). ThelLd mngHe Wesieth T&kra is J
composed of metapelitic micaschists together with guartzmetapsammites, resembling flysch sediments,
and its metamorphic conditions reachedi 0.8 GPa and 62® 6 0 A C .. The UU i sankcom
orthogneisses, amphibolites with retrogressed eclogites, migmatitessilzates and granitoids with
maximum R T conditions at ca. 1i@.7 GPa and 675 9 5 A C.. Overall, met amor p
Mts. displays an inverted sequence of higjade metanorphic rocks and granitoids in the hangingwall, and
lower-grade metamorphic rocks in the footwall. This is interpreted as a consequence of crustal thickeni
and midcrustal thrusting ithe course of Variscan orogeny.

Lui Hf garnet geochronology shows tpetential for dating HP and UHP episodes. Our newWHiwgarnet
dating from the Brygno rigarmebigocheos age ca. 856 IMa, gnihdreas
sillimaniteandgarndb e ar i ng met apel i tic gnei sses ( MRAveldn) f
age ca. 346 Ma (LiHf and SniNd WRi garnet isochrons). Noteworthy, theilldf and SniNd age data
indicate that the time span between the HP and MP metamorphism was ~10 Myr in the Tatra Mts. Earl
metamorphism in the eclogite (Tournaisian at c&. [8%) can be the expression of a deeper position within
the subducting slab and thus, eclogite garnet started to grow ca. 10 Myr earlier than garnets in 1
sillimanite-bearing gneiss (Visean ca. 346 Ma) at shallower level. The continuous return of as@p cr
material from the subduction channel after maximum of the crsteking was associated consequently
with theextension and crustal thinning.

Acknowledgments: Support from VEGB2/0002/24, VEGA01/0028/24 and funding from the internal IGS
PAS granfare greatly appreciated.
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The Austroalpine Koralp&aualpePohorje Complex (KSPC) stretches from SE Austria to NE Slovenia and
consists mainly of gneisses and metasediments, abtmdant eclogite lenses embedded. Following a
temperaturalominated Permiafiriassic tectonometamorphic event, the KSCP experienced edagits
conditions during the Cretaceous-Elpine tectonemetamorphic cycle. A metamorphic field gradient with
anincrease in peak pressttemperature (PT) conditions from NW to SE, and UHP conditions for Pohorje,
can be inferred based on thermodynamic modelling, geothermobarometry and the discovery of diamonc
fluid inclusions in garnet reported in previous sadi

Here, we present new constraints for metamorphic peak PT conditions alongS&ENMhsect through the
KSCP applying Raman spectroscopy of quartz inclusions in garnat;rdtile thermometry and #situ U-

Pb dating of garnet and rutile from eclogaed metasediment samples. The eclogite samples yielded
maximum pressures of 1.9 GPa across the KSPC, indicating no pressure increase from the NW to SE.
metasediments and gneisses show overall lower pressures with a maximum of ca. 1.4-iGRatileZr
thermometry yielded uniform T of 640-sifdahé ) BoC,
dating was conducted to identify potentially different metamorphic events. Garnet from the Koralpe
Saualpe and Pohorje metasediments yielded Early @mtacdata ranging from ~9®5 Ma, similar to
eclogitic garnet from the Koralpe with ~112 Ma. Additionally, garnet from a Saualpe micaschist yielde
Late Triassic cores (~224 Ma) and Early Cretaceous rims (~115 Ma). Rutile throughout the KSPC vyield
Late Cretaceous WPb data of ~9833 Ma (eclogites) and ~880 Ma (metasediments).

The results suggest that the KSPC represents a coherent nappe. The recorded maximum pressures
temperatures are identical throughout the KSPC. The lower pressure for thedmetate is interpreted
result from viscous relaxtion in garnet due to the presence of free fluid during metamorphism. Furthermo
the data obtained from both eclogites and metasediments are interpreted to represent Late Cretaceous
crystallization age of garnet grown during prograde to peak metamorphic conditions. The Late Triassi
event is recorded in garnet cores from the Saualpe corroborating existing literature data. The rutile data
interpreted as cooling ages. The lack of a metamorphicdradient may imply shallow subduction of the
KSPC during EAlpine orogeny.
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One of the prime examples of a Wilson Cycle i
comprising opening and closure of the lapetus Ocean, accretion of various arcs and continents, and
collision of Laurentia and Baltica leading to the formation of the Caledonian orogen. In this tattage5
framework of the Caledonian Wilson cycle from a North Atlantic perspective will be briefly summarized.
Stage 1 includes Neoproterozoic rifting of the contiabmargins of Baltica and Laurentia; Stage 2 covers
seafloor spreading and birth of the lapetus Ocean, formation of several oceanic basins, and shaping
rifted margins; Stage 3 corresponds to maturation of the lapetus Ocean, initiation of its ioon&adt
narrowing of the ocean along several subduction zones; Stage 4 comprises the main Scandian Balt
Laurentia collision, during which one of the largest and most spectacular (U)HP terranes formed, namely
Western Gneiss Region; finally, Stagedvers orogenic collapse and massive extension, formation of large
postorogenic basins, giving a foundation to the stage 1 of the subsequent Atfdatin cycle.

JM was funded by the National Science Centre (Poland) project no. 2019/33/B/ST10/01728.
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“State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinesg st&d@mces,
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>Centre of Lithospheric Research, Czech Geological SuRmague, Czech Republic
*Lead presenter

The Dunhuang block connectingeti€entral Asian Orogenic Belt to the Prdtethyan orogenic system was
affected bymultiple Paleozoicrustal reworkingevents. However, relationships between metamorphic ages,
PT T evolution and deformational h gueus. dnrogder to laddess c t
this issue, PT Tit1 D paths of paragneisses fro
investigated. Inclusions in garnet and kyanite are considered as vestiges of M1 metamorphis
corresponding to initiation of the pragte evolution. The earliest continuous metamorphic fabric is an
originally steep NS striking foliation S2. This fabric was further reworked by vertical folds F3 associated
with development of a ubiquitous steepAEstriking axial planar foliation S3. Theliation S2 is mainly
associated with the Gi$t Kyi Sili Bti Msi Pli QZi Rt and GrtKy1 Sili Bti Kfsi PIi QZi Rt assemblages,
whereas the S3 foliation is associated with thé SlitBti Msi Pli Qz Kfsi Ilm assemblage. Early prograde
(M1) to peak (M2a) metamorphic stagee constrained from 4.8.5 kbar and 54® 6 0 A G 10tklwar afd
~6506 75 AC. Subsequent decompression i s i6bikkdaiaad | vy
~730AC, foll owed byi6.5 kbarlandmgb 5 OM3Situ Wifbrdatinggofmonézite
combined with monazite traedement compositions suggest that prograde evolution (M1) most likely
started at ca. 406 Ma, pe&kconditions (M2a) were reached at ¥8®4 Ma, decompressional heating
(M2b) took place at 393891 Ma, and cooling (M3jluring exhumation probably occurred at 380 Ma. The
prograde metamorphism probably reflects burial during underthrusting of neighboring continental baseme
below the Dunhuang block. This event culminated in pure shear thickening (D2a) of the whole supr
stbduction margin followed by minor heating and exhumation (D2b). ThiMB3vent is interpreted as
reflecting exhumation during orthogonal shortening of the system. Combined with the available region
data, this study reveals the existence of a complaégrteenetamorphic evolution for the Dunhuang block
characterized by (i) the thickening of a previously thinnedkackarc crust recorded at 42010 Ma in the
pro-wedge side of the active margin, followed by (ii) the 439D Ma thickening in the retroedge side.
Such a tectonic evolution resembles Andgge migration of crustal thickening from the convergent front
to hinterlands. The D®13 event potentially responsible for the juxtaposition of rocks from different
geological occurrences and depths isrsagly independent from this Andedype orogenic cycle.
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*Lead presenter

The Ediacaran Period, a pivotal era in Earth's history, withessed monumental shifts in global climat
atmospheric oxygenation, and biotic innovatigetting the stage for the Cambrian explosion of complex
l'ife. This study focuses on the Hormuz Compl ex
in southern Iran, offering fresh insights into the Late Ediacaran (circa 560 Ma) climatitecodic
dynamics. Our research unveils a comprehensive sedimentary succession, marked by dolomitic diamicti
cap carbonates, stromatolitic and oolitic dolomites, minor siliciclastics, and evaporites, signifying a peric
of glacial activity followed bypostglacial marine sedimentation along the eastern margin of Gondwana
bordering the ProtoTethys/Panthalassic Ocean.

The identification of dropstorkeearing dolomitic diamictites overlain by cap carbonates, displaying a
spectral “Gumavglees forh -505 to +2a, parallels gl obal
signatures indicative of poegtacial warming. Notably, the presence of tefike structures, crack sheets,
and giant ooids within these cap carbonates diverges from conventional Late Bd@a@arearbonates,
aligning more closely with Marinoan peglacial sedimentation patterns. This unigque sedimentary
architecture underscores the influence of 'Snowball Earth' conditions on shallow marine environmer
during the posShuram glaciation.

Radigeni ¢ strontium isotopes and UNd(t) anal yses
input, likely tied to the assembly of Gondwana and resultant tectonic activities. This terrestrial influx
coupled with posglacial global warming, mayave fostered nutriesrich ocean conditions conducive to
microbial carbonate deposition. Our findings suggest a nuanced interplay between climatic shifts a
tectonic movements during the Late Ediacaran, contributing to a conducive environment for th
devdopment of complex multicellular life forms.

This study not only expands our understanding of the Hormuz Complex's geological significance but al
highlights the intricate connections between climate, tectonics, and biotic evolution at a critical jumcture
Earth's history. By integrating sedimentological, geochemical, and isotopic data, we offer a comprehens
perspective on the environmental and geological conditions preceding the Cambrian explosion, there
contributing to the broader discourse onfién&ors driving the emergence of complex life on Earth.
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During more than 20 years of its existence, owfamuage [fttps://www.rproject.org softwae
Geochemical Data Toolkit (GCDKkihttps://gcdkit.ory became an established standard in recalculation and
plotting of wholerock geochemical data fromgneous and metamorphic rocks.

Only recently, however, was unleagdh&CDkit.Mineral {ttps://mineral.gcdkit.og a much needed
package for handling mineral analyses acquired by eleptmave microanalysis. Apart from recalculation

to atoms per formula unit (apfu) by a numbemwéthods (with, or without, the Fe2+/Fe3+ estimation), it
yields structural formulae, endember proportions and, for some mineral groups, provides IMA
classification. The calculation options, stored externally, can be easily customized, and new calculati
schemes/minerals introduced. Both the raw and recalculated data can be subsequently treated by ass
graphical and statistical tools, complemented by those of the standard GCDkit and R.

But even the aging GCDKkit continues to be developed. In Januasyreleased version 6.2.0, bringing,
among other features, new plugin escoRt implementing the expert system of Pearce (1987) to identify
geodynamic setting of ancient igneous rock suites, and functions to calculate ideal mineral compositic
based onxdensive database of mineral formulae (Le Maitre 1982). The newest addition represents HafAn,
GCDkit plugin for recalculation, visualization and statistical treatment-sitinUi Pb ages and Hf isotopic
data from igneous and detrital zircons. The demg@gnd writing documentation are coming to the close,
and thus the plugin is due to be released soon.

Underway is also preparation of the second edition of our monograph on numerical modelling c
geochemical dat a i ni Hringed avih envigagekd publicatioa in.late 2@23. Ghe
volume will be substantially updated and expanded, including brand new chapters on thermodyramical
based models based on established programs MELTS, Perple_X and Rcrust (Mayne et al. 2016). Am
other developmadas, the text shall introduce also our new package for seamless interaction with the MELT
thermodynamic software hitps://melts.ofrrresearch.ory using GCDkit for editing the modelling
parameters, as well asotting and computing complementary traglement data. Most of the code is ready,
and it is currently being optimized for speed, using, inter alia, the povteols|for parallel R computing.

The development of the GCDkit family tools is supported leyGACR project 2284175S.
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Minibasin are small synkinematic basins formed by subsidence into a relatively thick salt layer.-On sa
detached slopesyhere minibasins experience both subsidence and downslope transthgobaseof-salt
geometry strongly influences the mobility and deformation styles of the-safiraequence. As gravity
drives downslope salt flow, the overlying sedimentary céwetuding minibasingtranslates along with it.

If the baseof-salt is smoothly dipping, the main outcometlod downslope salt flow is the partitioning of
continental slope into three different domains: ardigpextensional domain and a dowip compressional
domain, separated by a translational domain. Howetle, baseof-salt often exhibits topographic
irregularities such as basement stepatis sensitive to the geometry of the basal surface it flows gcross
and diments depositing diop ofthis moving alt can result in characteristic stratal geometries that reflect
the salt flow over basalsteps Saltdetached ramgyncline basins (RSBs) exemplify sucharacteristic
geometries. RSBs are growth synclines formed by translation of the sedimentary cweea altepped salt
detachmenandare commonly used to indirectly determine translation magnitudes edesatthed slopes.
While conceptual models of RSBs formation include akinematic layer, this contribution will show that
equivalent geometries rdsfrom numerical models of sedimamdepositng directly on top of the moving
salt (i.e., without a pr&inematic layer).l will also illustrate how a single basement configuration can
produce distinct stratal geometries (minibasins and +synpline basis) and will explore the parameters
responsible for this variatiorrinally, | will discuss how the bas#-salt relief might play a crucial role in
the initiation and localization of minibasins.
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The Hellenic fold and thrust belt (FTB) is affected by transverse zones where structures deviate from t
regional NWSE trends. One of these zones, the Botshidhigi Transverse Zone (BKTZ) potentially
coincides with the onshore terminatiof the subthrust Sazani Unit. The Sazani Unit is a carbonate platform
that constitutes the parautochthonous foreland of the orogen in the NW. In the SE, the external FTB ol
affects the pelagic lonian basin.

Two field-constrained crossections were catructed and balanced on either side of the BKTZ to quantify
the amount of shortening and establish the timing of structures in the two tectonic domains. XS1 runs in 1
NW from the Sazani coast to the internal nappes. XS2 runs further SE where thesézarabsent. Field
work was also undertaken to describe the structural geology of the BKTZ and to define the former pass
margin architecture by idd@hting pre-orogenic structures.

Regional deformation is thiskinned and has propagated in a mostigaquence manner from Oligocene
times. An exception is the likely pestiocene outof-sequence reactivation of the Berati thrust in XS1. The
amount of shorteningahg XS1 exceeds that along XS2.

Abrupt thickness variations around the orogempendicularKardhigi diapir imply preorogenic salt
tectonics. Thrust sheets are partly discontinuous across the BKTZ, with evidence for primary weldin
backthrusting and rotations. In the lowermost lonian thrust sheet, thrusting probably originated with
curved tace around the margin of the Sazani carbonate platform. While thrusts in the SE of the BKT
propagated unhindered towards the SW into the offshore region during the Neogene, in the NW, thrust
has been restricted to the NE of the Sazariqia.

The BKTZ most likely had its origin as a Late Triassic facies boundary between the Sazani carbonates &
the lonian evaporites in the NW and SE, respectively. In the Middle Jurassic, rifting resulted i8\& NE
trending discontinuity between the Apulian/Sazaratfpkm and the lonian basin. This trend was also
present within the lonian basin to the NE, where the Kardhigi diapir formed prior to being incorporated int
the FTB. The morphology of the carbonate platform and the diapir influenced the location atationieri

the curve in the orogen. The changes in FTB architecture across the BKTZ reflect the buttressing effect
the parautochthonous Sazani platform in the NW and the absence of such a buttress in the SE where the
orogenic lonian basin was wider.
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The Northern Calcareous Alps (NCA) developed initially a-selt passive margin from Peram to Early
Jurassic times. Subsequently, inversion of this margin initiated in the Middle to Late Jurassic. Cretacec
and Cenozoic deformation only slightly altered the Late Jurassic deformation pattern of the central NC
such that the early history ofversion has been only mildly overprinted. Initial orogenic deformation in the
central NCA (Late Jurassic) was controlled by the location, size and orientation of Triassic salt structures,
the thickness of suptsalt stratigraphy, and possibly by tiluence of subksalt basement faults. Structures

of this age are salt overthrusts, pliegl thrusts, and trains of anticlines and synclines. Middle to Upper
Jurassic synorogenic sediments make it possible to date deformation in detail and map outgztiqmop
direction of deformation to be N to N\irected.

Despite widespread shortening during the Late Jurassic, salt structures were not completely welded,
abundant salt remained into the Early Cretaceous. The Early Cretaceous saw a second ploasetidule

led to the development Ieangle thrusts with displacement of many kilometers, and the further squeezing o
salt structures, with the renewed development of salt allochthons.

Extensional collapse of salt structures ensued during the Late Cretdod®aleogene, concentrating above
the remaining pods of salt. Despite the exhaustion of salt in the system, structures that originated as
structures in the Triassic continued to play a critical role in the deformation also into the Neogene.
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The Kuhe-Nam& (Dashti) salt diapir in Iran represents a well exposed salt structure that consists of a don
and two salt glaciers that were spreading to the north and south from the dome. The dome and adja
glaciers display a variety of intsalt folding patternghat indicate recumbent folding of vertical flow
layering entering the dome from the diapiric stem and combined downslope viscous spreading and thrust
of salt in both glaciers. We studied a series of microstructures from both the dome and adja@¥st glaci
using thinrsections of gammaradiated salt specimens, electron backscatter diffraction and quantitative
analyss of digitized microstructures.

The sequence of samples indicates a transition from dislocation creep dominated recrystallization to flu
assisted solution precipitation creep and gtanndary sliding. This is associated with progressive decrease
of halite porphyroclasts on behalf of recrystallized matrix of halite grains. Salt in the dome locally contair
abundant pores at grain boundarad large porphyroclasts. Porphyroclasts in domal salt show the highest
misorientation values at the grain boundaries and are consumed by almost misorietiectangular
grains. Development of shape preferred orientation (SPO) in glacier safénsd from the alignment of

the long axis of the elongated halite grains visible in the fabric and rose diagrams of the samples. The gt
sizes i n domal and glacier salt range between ]
to 4 in he glacier salt. Subgrain piezometry indicates differential stresses of 1.9 to 6.1 MPa, likely reflectir
the stress conditions in the cold diapiric stem, because the shear stresses estimated for the glacier are |
lower. Estimation for strain rates bdsen the combination of dislocation creep and solution precipitation
creep are in the order of magnitude of1Mto 1609. SPO is interpreted to support the hypothesis that
solutionprecipitation creep is the dominant recrystallization in glacier saficeSsolutiorprecipitation
creep dominates in salt glaciers at low deviatoric stress, thayfameed salt deforms much faster than
predicted by dislocation creep, allowing the salt glaciers to flow.
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Issues of energy security and energy transition cause increased interest in energy storage. One of the
effective methods for energgtorage is underground storage of gaseous media, such as natural ga
compressed air, or hydrogen, particularly within caverns leached in rock salt formations. The viability
utilizing a specific rock salt deposit for such caverns depends on many geblfagitors, including the
deposit type (bed, dome, or other), depth, thickness, and internal structure. Given the potential variation
some of the parameters over short distances, it is critical to carefully explore the external and intert
structure ddeposits.

In this study, we use an example of bedded rock salt Zéciste d eposi t s situated
which are considered as a prospective area for underground hydrogen storage in Poland. Throug
combination of well and seismic data, we obtained a new map showing the top and base of the rock sal
well as is thickness. As compared to the previous work, we significantly improve the resolution an
accuracy of information. Within such constrained vertical range of the deposit, we interpreted the interr
structure, i.e. localisation of nesalt interlayers andones of decreased purity of rock salt. Furthermore, we
have examined the rock salt grain size variation within the selected boreholes, highlighting their significa
impact on the mechanical behaviour of rock salt and the stability of the potentiaveaii

A comprehensive analysis of various geological factors enabled us to establish constraints on the opti
placement of storage facilities. A key geological factor determining these constraints was the strol
variation of thickness, resulting frorhd system elevations and depressions of the sulphate layer underlying
the salt layeii the soecalled anhydrite ridges. Secondary constraining factors were related to the interng
structure of the salt bed, namely occurrences of thick sulphate (anhydriplghalite) interlayers and the
significant admixtures of dispersed clay material in the salt. While the grain size data is too dispersed
serve as a useful constraining tool, it underscored a strong variability crucial for cavern design planning. T
provided example clearly shows the importance of geological exploration and interpretation in minimizin
risk in the process of developing underground cavern storage facilities.
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Germany, except for its northernmost part, was affected by the Variscan onag@ngbout 300 Ma,
immediately followed by the Rotliegend basindrange type rift established across both the orogen and its
northern foreland. From Zechstein to Aiidassic time, a superimposed intracontinental basin subsided
continuously, accompanieby intermittent lowmagnitude extensional tectonics. Especially in northern
Germany, extension intensified in Late Triassic through Early Cretaceous time, followed by a Lat
Cretaceous event of shortening and basin inversion across the country. Refiewgad Cenozoic time led

to the triradiate arrangement of the Upper and Lower Rhine grabens (URG and LRG) and Eger rift (EF
Apart from the amply documented Late Cretaceous reactivation, these multiple tectonic events have alw.
invited hypotheses exgihing specific faults or fault sets as reactivated structures from an earlier phase
However, only some of these are well documented. The largely covered and incompletely known Rotliege
rift comprised a network of SWand NWtrending basins. many of timeprobably fautbounded. The SW
trending basins demonstrably follow the Variscan structural grain which is uniformiNEWXxcept for
easternmost Germany. N¥iriking Variscan transverse structures and/or parallel Rotliegend faults may in
part have contited the predominant NW strike of most Mesozoic structures, as shown in 3D seismic dat
and by instances where just a few faults of diAking sets in Variscan basement have been mapped as
continuing into the Mesozoic cover. In other cases, such asdhenant northern Harz fault, reactivation is
only inferred with no stratigraphic or structural evidence. ProminentoNNNE-striking transfer zones
which link the main Mesozoic structures apparently have no precursors in the Variscan basement. A ol
linear swath of NNEstriking faults extending from the Upper Rhine graben to northern Germany has bee
interpreted early as an old fault zone running from the Mediterranean to the Oslo rift. In detail, a Rotliegel
fault origin is interpreted along the Rhigeaben and in northern Germany. The central segment is a poorly
understood, very wide and gentle, esigeup flexure forming the eastern border of a major Buntsandstein
depocenter and the Juras€ietaceous Lower Saxony basin, yet with no large basefaeits. The
Cenozoic rifts generally follow this structural trend (URG), the NW direction (LRG) and the Variscan
structural grain (ER), but also crosscut basement structures. Reactivation of inherited structures should
be used as a standard templaie ifiterpretation but needs to be demonstrated and understood for eacl
individual case.
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Cenozoic closure of the Tethys Ocean in central Asia was associated with formation of an extensive zone
tectonic compressional defornats reaching the N margin of the Tibetan Plateau and beyond. One of the
northernmost zones of youngest compressional deformations is known from the NW part of the Qaidz
Basin, located within the Tibetan Plateau in W China. Previous structural mod#isfoone, either based
solely on surface field data and rather conceptual, or based on 2D seismic data with limited depth imagi
have suggested the presence of a rather simple thrust fault system rooted withinGbega@c (Meso
Paleozoic) basemerdnd associated folds developed within the Palectmmgene shallow water to
terrestrial sedimentary succession of the Qaidam Basin.-gliglity 3D seismic data acquired above the
Jandingshan, Heiliangzi i Janbei anticlines in the NW Qaidam Basin prbaec tmuch more complex
model should be used to explain the structure and evolution of this compressional belt. The new moc
supported by a balanced crasction constructed using seismic data, consists of two main components: (1
thin-skinned thrusts etached within the Eocene evaporites, and (2) tbktkned thrusts and backthrusts
developed with the deeper MeBaleozoic basement. Shallow growth strata precisely imaged by seismic
data indicate very recent, PlioceheQuaternary thrusting, uplift, anthcalized erosion. The proposed
structural model also provides new clues about the origin of prdagrgalinity of numerous lakes located

in the Qaidam Basin. At least partly this salinity might be related to erosion and redeposition of Eocel
evaporits that were transported to the surface along recently activeskimned thrusts detached within
evaporitic horizon.

Seismic data used in this study was kindly provided by China National Petroleum Corporation (PetroChir
which is acknowledged with manhanks. IHS Markit is thanked for providing academic license of the
Kingdom seismic interpretation software. This study was supported by statutory research funds of Institt
of Geological Sciences, Polish Academy of Sciences.
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The relationship between the Dinaridee | at ed ( B¢ k k Darn -, Recsk) P2
was investigated in space and time in Northern
t he Darn- Hi | | wid hMhnoddmre CDetmcebBagl(?) Zone, a

where the Mesozoic basement is located under Paleogene sediments and the Recsk Andesite Com
Regarding 1J stratigraphy and structural evolution, the followiagults are found:

T

Late Triassic stratigraphy is different, pelagic limestones/platform carbonates on the E, vs.
cherty dolomite on the W.

Early Jurassic sediments are missing on the E, while the succession is continuous (pelagic limestone
the W. This western part (Recsk) shows digant similarities towards the successions of the coeval
Slovenian Basin.

Mid-Jurassic, probably Bajocian to Bathonian or Callovian normal faults boundedréla¢ins in all
areas, which was evidenced by extensional structures in outcrops and thiclamegss€halus breccias

in boreholes.

While the depositional environment during thg th most of the 3 areas was slope to basin, the presence
of the Dinaridic carbonate platform or its imminent slope is verified in the seegkernmost borehole
Rm-109.

The Late Jurassic Darn- m®| ange is similar to
the 3.3 sedimentary infill of the halfjrabens.
No clear evidence of ophiolitic m®l ange is pr

conglomerate levels were derived from the same basin and can be interpretedratatadltalus breccia

or collapse of the deep marine slope.

No transport direction is known from the Darn
may indiate topto-ESE e mpl acement, similarly to the SW |
could be southerly.

Southverging nappe emplacement and thrusting later distorted by the sinistral shear of the ®aleo -
Shear Zone. The sinistral shear zonetod be coeval with dextral s |
around 80 Ma. Thenother gi ng t hrusting of the B¢kk Nappe
the Nek®zseny Thrust i1Is | ate Cretaceous (~70 N
We correlate this thrusting with a major defation during which several north Hungarian units were
emplaced on top of units which could be part of the Mesozoic ALCAPA block.

The research was supported by National Rekear€é o und 134873 of L8szl - Fo
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Apparent polar wander paths (AR) calculated from paleomagnetic data can provide quantitative
information about paleolatitudes and pate@ntations. A recently submitted work provided a Mesozoic
APWP for northern "extended" Adria, based on the integrated paleomagnetic data sdileofasth
imbricated Adria, as well as the Transdanubian Range. The APWP was defined with different, widely us
methods, namely with running mean averaging and spherical spline fitting, resulting in closely correlatir
trends.

In this study the palepositions of Adria between 200 and 70 Ma were represented by the so definec
Adriatic APWP in the GPlates software package with the embedded paleomagnetic tools. Contemporane
relative positions of Adria with respect to Europe, Africa and Iberia were recdestrbg using global
models for the latter three, published in 2012 and more recently, in 2021, both using the same paleomagr
data. These models used different APWP generation methods, and the derivated APWPs are some\
different. However, the compann to either of them to the newly compiled APWP for Adria suggests that
this latter must have moved independently from Africa in the following steps:

A by a Il arge cl ockwi s eclockwiseadtatiom of arf egually targe ahglebbgwea
1801 150 Ma and 150120 Ma, respectively.

A and probably by drifting away from Africa nq
southerly position, close to Africa by 100 Ma.

Reconstruction models of the Mediterranean area are usually bagedlogical and structural observations
and occasionally used selected paleomagnetic data only as a control. The reconstruction of the present <
primarily relies on paleomagnetic data, and the reconstruction was tested against geological and tectc
observations.

The research was supported by the project K128625 and K134873 of the NKFIH (National Researc
Development and Innovation Office of Hungary).
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Both tectonic and sedimentary processes (undersea mass movements) contributed to the formatior
m®| anges in the Pieni nyocated in pystaan SloBakia, tPolaady BkBEaine, ané® K
Romarna, constituting the 600 kilometers long suture zone between Central and Outer Carpatigans.
name Klippen Belt comes from the presence of "Klippen" in this structure, i.e. elements contrasting with tl
surroundings. The harder and more resistant toi@rdslippen are located among less resistant clastic
formations, i.e. sandstones, mudstones and marls. These Klippen are made of limestones and radiola
that were deposited in the ridge or slope parts of the PKB basins, while the flysch complexi@sngont
sandstones mudstones and marls were deposited in the deeper parts of these basins. . Some of the KI
are olistoliths, i.e. homogeneous or complex rock blocks of various sizes that were moved by gravity to t
deeper zones of flysch basins. OthH€ippen entered the flysch formations as a result of tectonic
deformations that took place during orogenic movements. Collisions and mutual shifting of lithospher
plates resulted in the formation of the structure of the PKB, which takes the form suf-¢hlted flower
structure, limited on both sides by deep faults. After uplift, the PKB was subject to erosion processes, wh
led to the removal of less durable complexes and the removal of shallower limestone blocks, which toc
form Klippen clearly vigble in the landscape.

Geophysical studies, i.e. seismic, gravimetric and geoelectric, allow obtaining an image of the geologic
structure of areas where outcrops do not provide sufficient. Seismic methods are based on the analysis o
seismic waves ithe Earth's interior. Gravimetric tests record anomalies that reflect the distribution of the
bulk density of rock masses, and geoelectric tests use the diversity of rocks in terms of electrical resistar
The results of geophysical research carriedusirig all three methods on the profiles crossing the Spiskie

Pieniny Mountains. There is a very good correlation of geophysical studies with the results of geologic

mapping.
The m®lI ange characteri sti cs T1blibcene folling, PnEvilig and upldtingr e s

processes that created a mixture of stske-bounded tectonic blocks, thrust units, as well asthiogsts
and olistostromes. Both tectonic and sedi mentar

The research wdganced by the National Science Center, grant NEINL.9/35/B/ST10/00241
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The Variscan basement in the &tes and their foreland is partly overlain by pmstgenic Permo
Mesozoic sedimentary cover, containing a wide spectrum of contractional tectonic structures, both brit
and ductile, in the past referred to as young Saxonian or Laramide in this aréargésein size are two
regionatscale synclinoria: the North Sudetic and the h8taletic ones, extended in NBE direction. We
show a number of examples of tectonic structures scattered throughout the area and coming from quari
underground mines dnnatural outcrops, as well as taken from the literature. Presented are also results
our interpretation of newly reprocessed legacy reflection seismic profiles from both the Sudetic synclinori
The tectonic structures produced in the pgatiscan coer of the Sudetes and the adjacent areas include
gentle to moderate folds of buckling and fandllated origin, as well as higingle reverse faults, some of
them showing a strikslip component. Present are alsodamgle thrusts, probably rooted in (aldeactures

in) the crystalline basement. The structures described as grabens by previous authors, are often bounde
reverse faults (O6reverse grabensé) and reveal !
crystalline basement imé North Sudetic Synclinorium below the cover is synformally daxarped with a
wavelength of up to 30 km, whereas on the elevated areas, where the basement top is exposed at the su
it seems to be, similarly, ewarped (i.e. tectonically buckled). &@meviewed compressional structures show,
as a rule, NWSE trending strikes or axes that fit the regionéthpwn orientation of the Late Cretacedus
Early Palaeogene tectonic shortening direction ofSVE to NNESSW in this part of Europe. The same
applies to the regional joint pattern, typically comprising an orthogonal system of steep joints SENWI
NE-SW strikes. Some of the reviewed faults with stskp component of motion may have been also
affected by a later, Late Cenozoic, tectonism. Asltiw- or mediumangle thrust faults identified from the
seismics in the Permilesozoic strata are often rooted in the top levels of the Variscan basement
particularly in the Intra_Sudetic Synclinorium, therefore some elements of theskied style b
shortening can be expected in the deep crystalline basement. It is, therefore, likely that also outside the a
covered with Permdlesozoic sedimentary sequences, some (even major) faults interpreted in the Sudet
from surficial geological maps andtotop relationships in the crystalline basement as vertical ordrigle
structures, may have at depth a geometry of-dogie thrusts. This may have important practical
implications for e.g. geothermal prospecting in the Sudetes, where the deep grewmdwtie crystalline
basement circulate, almost exclusively, along structural discontinuities, such as fault zones and fract
corridors.
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Poland has experienced an episode of shale gas exploration, which extends the scope of geomecha
modelling based on deep borehole data. To show the new oppesgunt challenges in the recent stress
investigations we present new geomechanical models (GM) for the Polish Outer Carpathians (POC) and
East European Craton (EEC).

In the POC, 3 wells located at the top of the anticlines show a systematic stxéea fooim NESW to W

E (= trends of the anticlines). For the deepest of these wellg5% km), a 1D GM was performed, based
on the borehole wall failure, hydraulic fracturing tests and continuous profiles of mechanical parameters a
pressures. The I& indicated that the upper part of the accretionary wedge, above the Main Thrust Fau
(MTF) is in a critical stress state in the stridl@ and thrust faulting tress regimes. Elastic strain decoupling
at the MTF indicates its reactivation, leading taibkinned compression in its hanging wall, resulting in
the § rotation due to buckling of the pexisting anticline. In the footwall of the MTF, furtheg Btation
towards NS was observed and the strgig and normal faulting stress regimes were reiteed, implying

that the Carpathian basement decollement is recently inactive. Comparison of the new results with preuvit
stress analysis reveals the complex but consistent stress pattern for the eastern segment of the POC. Th
SW §; is consistent wit a regional stress direction for the nappes, that could be generated by the ALCAP.,
push causing thiskinned compression and folding in the upper part of the accretionary wedge. The lowe
part of the wedge is inactive, except in the vicinity of the PieHilippen Belt suture, where earthquakes
occur. Within the POC, antraction in both principal directions rules out tbenceptof an ongoing
extensional collapseostulated by some authors

1D GMs for four wells from the Early Palaeozoic shale sequerfabe Baltic Basin indicate strong stress
stratification with normal, strikslip, and reverse faulting stress regimes correlating with the- litho
stratigraphical units. In all wells, the gravitational load component of the horizontal stresses domimates o
the tectonic component generated by horizontal strains. Despite the large distance between the boreholes
to 100 km) smilar presentdayelastic straia are mdelled across the Baltic Basin.

The new opportunities arise from the integration of the hmlee GMs with the presefmlay strain rate
measured by the permanent GNSS stations, with the seismological data and the rheological models. For
Pomeranian region, a good fit between the directionsyar8 geodetically derived contraction is shown.
The measured geodetic strain rates for individual tectonic units are inversely proportional to the integrat:
strength of the lithosphere. The strglgp stress regime for the crystalline basement of the EEC was inferred
from geodetic strain rates and seistyi. To trigger the Sambian earquakes, 4 Ma of elastic strain
accumulation was required to reach the current strain rate. We found that the elastic strain in the crystall
basement is more than an order of magnitude higher than in its shale coveroultibe explained by a
higher rate of viscous relaxation in the shale than in the basement. Among the many possibilities offered
GM, a major challenge is the implementation in them viscous relaxation of sedimentary complexes.
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Low-temperature thermochronology, is ectinique dedicated to analysing the thermal history of rocks,
being typically applied for the temperature range of 2400 A C.. Regi onal anal yse
zircon (ZHe) dating using the (Oh)/He and apatite fissietmack (AFT) methods in the Setés (NE
Bohemian Massif) highlight a pronounced prevalence of Late Creta&adesgene cooling ages (~26

Ma). A comprehensive regional analysis of the AFT dating results distribution suggest existence of tw
distinct areas of postariscan increasededrock exhumation within the NE Bohemian Massif. To the NW it
was represented by the Karkono$zera Massif (KIM) with AFT cooling ages ca. 90 Ma, whereas to the
SE by the easternmost Orliéan i e Uni k Dome ( OSD) area (AFTeousool
build-up of these increased exhumation zones resulted in formation-8\VI{&riented zone, characterized

by delayed Neogene cooling onset. This zone of younger cooling ages extended from i8adEtice
Block, traversing the Sowie Mountains Massifidareaching the western perimeter of the HStaletic
Basin. Spatial distribution of AFT cooling ages is positively correlated with the inferred 150 km topographi
wavelength of the Sudetes. Observed prevalence of Late Cretddeogene cooling eventsgsifies
intensive tectonic exhumation of the Sudetic Block, coupled with basin inversion during the Early Cenozoi
Over the past 60 million years, erosion in the Sudetes region has amounted to approximatBlkia,

with an average crustal exhumatiestimated at 0.04 km per million years since the Late Cretaceous.
Notably, zircon helium dating (ZHe) analyses also reveal Cretaceous and younger cooling ages indicating
erosion of approximately-6 km. These observations suggest deep burial of thet&udegion during the
Late Cretaceous marine transgression, challenging previous paleogeography models. The youngest reco
cooling episodes of NE Bohemian Massif correspond to the Eocenet(~BR), coinciding closely with
basaltic volcanism documentdy K-Ar and ArAr dating methods. Thermochronological dating reveals
that the youngest, Neogene phase of tectonic activity in the NE Bohemian Massif region is not captured
thermochronological records, indicating that Late Cenozoic uplift of indivithebnic blocks in the NE
Bohemian Massif area was limited to less than 1.5 km.
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Usually, mining seismicity is induced by ditegperations conducted underground. The causes of such
seismicity are mainly excavations, cavings and rockburst prevention blasts. Focal mechanisms of |
induced seismic events follow surrounding cracks, directions of longwall advance, and/or gob aatgds lo
over or beneath the excavating coal panel. Often, the calculated mechanisms (full seismic tensor morn
solutions) show that the dominating component in the source is an isotropic part, which is related
explosion or implosion forces acting ther¢owever, the location of a coal seam can be associated with
geological structures disturbing local stress distribution. For such settings, the strain energy is accumula
on weaknesses related to these geological structures: faults, fractures, anth®lklsnulated stress is not
enough to produce a seismic event. Still, stress transfer from the excavating field can exceed the local st
value over the endurance limit and trigger a tremor. The mechanisms of the triggered seismic events
often represnted by a double couple component, similar to natural events, and reflect the geometric
parameters of discontinuities. Taking into account mentioned above, we analysed mining trem
mechanisms and principal stress directions to compare characterisgegisroic events and stress regimes
with tectonic settings in the Bytom Syncline, located in theddgilesian Coal Basin, Poland.

The results of seismic moment tensor inversion calculated for 41 events with magnitudes >M2.0 were us
to trace changes ilypes of mechanism (normal, strikBp, reverse) with the progress of mining from Panel

3, coal seam 503, the Bobrek Mine. The data was sourced from 468BQS Platform, an open data
infrastructure for the study of anthropogenic hazards linked to gewoesexploitation. The foci were
located below the seam and followed a longwall excavation. The computed mechanisms and distribution
spatialtemporal events enabled three clusters representing three different stages of stress regimes fc
distinguished The stress path from the coal seam to its hinge via the syncline limb was deciphered. Tl
calculated principal stress axes indicated the main stress directions present in the studied area, enabli
local model of the derivative pattern of neotectorefodnation to be described. The regime changed from
horizontal extension in the syncline limb (first cluster) to transpression (second cluster) to dominatir
compression in the hinge (third cluster), resulting in reverse fault production. Finally, the resealed the
causes of seismicity in the studied area and showed that the studied events had been mostly triggered.
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The Northern Calcareous Alps (NCA) are intersected by sstikefaults, wich facilitate the mountain
range's NS shortening and -8V stretching. However, pinpointing the timing of fault activation has been
challenging due to the need for absolute dating methods for Neogene deposits. Consequently, there exi:
gap in our undetanding of the tectonic evolution pegliocene, exacerbated by the destruction of
geomorphic signals caused by glaciation. Fortunately, karst caves can serve as indicators of geomorj
displacement, offering insights into timing through 230Th/U datingroken speleothems. We identified
172 reactivated faults in 28 caves adjacent to major faults, with some dated using the 230Th/U meth
Using inversion methods, we computed paleostress.

We observed extensi on-ddmmertaliTraunseed&lud n g i hh 66° K9 niagnd
while in Tennegebirge, we noted dextral shear along the Lammertal fault. In Dachstein, the orientation
faults and their reverse sense indicate8 Bhortening. Moving further east, NNE compression related to the
SalzachEnnstatMariazellPuchberg fault (in Totes Gebirge and Hochschwab), as well as théMiur z
Fault, resulted in sinistral shearing along them. The extension along the margins of the Vienna Basin alit
with the pultapart basin opening mode along the ViennasiB Transfer Fault. These changes in
compression trends between major fault segments are consistent with the broader trend in the Eastern /
In the western segment of the NCA, north of the Tauren Window, alignment in the convergence ax
indicates dommant NS shortening. Further east, the influence of the extruded main wedge become
stronger, leading to compression towards the NE.

Our findings suggest that the NCA has experienced N tetrélifled compression since the Middle
Pleistocene, as indicated Bg0Th/U dating and possibly since the Pliocene, as inferred from the maximum
cave age. Thus, we confirm the prevalence of-pistene lateral extrusion over gravitational collapse
based on the geological record.
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Thecompletenessf seismic catalogs is consistently questionable, given the time limitations of instrumenta
data and the often sparse and incomplete nature of historical records. Consequently, seismic haz:
modeling faces considerabthallenges, especially in intraplate regions characterized by low strain rates an
corresponding low to moderate seismic activity. The extended recurrence periods typical of such are
render the short observational span of instrumental seismology Xapptely 120 years) insufficient for
characterizing the seismicity of lestrain regions. Thigrolonged recurrencalso leads to significant gaps

in historical records that may underestimate the seismic potential of these re@iorthe other hand,
worldwide examples prove the occurrence of large earthquaks=eminglystable continental regioni
addressing these limitations, archaeoseismology play a pivotal role in bridging historical earthquake
record gaps, thereby enhancing seismic hazargsmssatsThis is particularly true for regions opulent in
archeological sites and/or medievalstures (especially churches).

In that respect, Poland presents numerous challenges but also perspectives in archaeoseismolo:
exploration.Due to low seisneity levels, many parts of the country lack instrumental earthquake records,
resulting in poor seismic recognition. Historically, some areas, notably the Sudetic Foreland, Feissey
Tornquist Zone, and Precambrian Platform, have experienced isolatequesgh withintensities of6-7.
However, these events are singular and have not recurred. The Western Carpathians, particularly the Pie
Klippen Belt and Orawd&owy Targ Basin, exhibit more seismic activity, with continuous tectonic
monitoring in the lger since August 2008 confirming ongoing activit§any regions in Poland, e.g., Lower
Sil esi a, Holy Cross Mts., Lesser Poland (Magop:«
abundant medieval to XXentury buildings presenting the rictstory of damage/repair/renovation suitable
for archaeoseismological studies, however timmited to 1213th entury AD in most of the cases.

Pilot studies conducted in Lower Silesia, Holy Cross Mts., and other regions of Poland confirm the potent
of these sites for archaoseoseismological studiesiertheless, they also pose significant challenges,
particularly in terms of accurately dating events and identifying the origin of seismic activity. This project i
in progressand further studies are neédsomplemented by modeling, geophysical surveys, and dating.
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Co-seismic landslides are dangerous secondary effects of earthquakes, but any compnetethsi/¢o
distinguish them from the rainfaitiggered ones is still missing. Based on eqperience gained in Taiwan
and other regions, the seismic triggers lead to intense androggithass disintegration and high mobility,
and therefore we assume that they mighdifferentiated from their rainfaliriggered counterparts by a
number of morpological andstructuralcharacteristis. To test this hypothesis, waveexaminel present
day landslides in a velctive setting with welknown and intensive rainfall and EQ triggers in Taiwate
used a unique combination of novel and westablishedgeological, morphometric, statistical, and
numerical methods, and compartéhose onesvith the slides in a tectonically similar region of the Outer
Western Carpathians in the Czech Republic, where both types of tnggerpossible, but lesstensive
and historical informationid not allow to distinguish them.

While the 1999 ChChi EQ and 2022 Taitung EQ coseismic and 2009 Morakot Typhelated landslides
were investigated in detail in Taiwaret areaof the Outer Western Carpathiawss inspectedisingthe
high-resolution LDAR digital terrain modelswhere hundreds of depleted highly mobile paleolandslides
have been identifiedSelected landslide and fault cases were then studied by means of structural mappir
geophysical ERT surveying amddionetric dating.Very specificstructuresof underdipoverturnedopples

at sandstone bedsiginally dippingdownslopehave been identifiedt differentscales n t he Javor
andVset 2 ns k ® Hvestigated acterdlaloceherfailtsDistinct fault activity phases revealed by
paleoseismologic methods have been then comparedepietedandslide ages revealing possible
prehistoric seismotectonic events throughout the entire Holocene and last glacialodiosamples were
then analysed usingtandard geomechanical testshile dynamic behaviour of studied rock types was
analysed usinthe stateof-the-art rotary shear.

instruments. These analyses are crucial for the creation of landslide numerical models and understanding
rock behavioumunder the dynamic loadinglhe research is still under progress afigrs anoutstanding
opportunity to integrate the partise from Czechia and Taiwan.

These activities have been supportedthe Grant Agency of ¢h Czech Republic (GC224206J),the
TaiwaneseNational Technological and Science Council (MOST/NTSC-2923M-008-006MY3) andby

the projeci REN88ock Environment and Nat ur AgencyRktlsedCuaecic e s
Republic (SS02030023).
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The Anisotropy of Magnetic Susceptibility (AMS) refers to the preferred orientation of magneérals in

rocks and soils. This orientation was induced in the past by a certain process, the character of which cat
analyzed using a 3D kappa bridge machine, which measures AMS. To analyze the preferred orientatior
landslides, over 700 soil sanegl have been collected from three recent landslides in Taiwan (including
|l ocations Tsaoling, Yiufenger shan, and Yul i) é
Mountains and P8l ava region). Resul t snts:dlf) maggridt® a
lineation, which is the line parallel to the direction of maximum stretching of magnetic minerals. Ir
landslides, this component indicates the sense of movement. (2) Second component is magnetic foliat
which is the plane in which thdirection of maximum and intermediate stretching lies. These two magnetic
characteristics allow us to interpret the position of studied sediments within the landslide mass. In the sou
area and in the middle part, the magnetic lineation is paralleketdlitection of sliding and the magnetic
foliation is subhorizontal. The situation is different in the lower part of landslides, where the magneti
lineation is subhorizontal and perpendicular to the direction of movement, and the magnetic foliation
subvwertical indicating a displacement of the material sideways. Furthermore, at the frontal part of tr
Tsaoling landslide, where the mass collided with the bedrock on the opposite hill, the magnetic foliation w
steep, almost subvertical, and the magnetiediion was horizontal. In the material further from the
bedrock, simple shear deformation was interpreted with the magnetic foliation rotating around the magne
lineation. The method was also successful in identifying 2 landslide masses lying onhesidh eeveral
locations. The method allowed us to determine relative age of such two events as wetpetingehe
sense of movemenBased on the preliminary AMS findings, it was proven that AMS is a suitable tool for
landslide mass analysis.

The research was supported by the grant project "Coseismic Landslides in Mountain Ranges of Active a
Stabilized Accretionary Wedges" funded by the Grant Agency of the Czech Republic-P@222J) and
the Taiwanese Ministry of Science and Technology (NTSCGC2PRB-M-008-006-MY 3).
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This study examines unddip topging in the Outer Western Carpathians, part of the Ahpiirealayan
orogenic belt, focusing on its accretionary wedge composed of Mesozoic and Cenozoic flysch formatiot
These geological layers, characterized by sandstone and conglomerate beds intevitiedtiegtone, have
been deformed through thrusting processes, creating a landscape susceptible to slope failures. Our rese
focuses specifically on the phenomenon of usrdiprtoppling, where sandstone layers steeply dipping
downslope bend and overtualong fracture lines. Utilizing higtesolution LIDAR data, we analyze the
spatial distribution, geometry, and tectonic settings of toppling events, with a focus on occurrences in SE
di pping fold | imbs within t he ressesuhe compldgeoriechanicala
behavior of these toppling processes, incorporating recent field evidence using structural fault analys
electrical resistivity tomography (ERT), and 10Be isotopic dating. It reveals ongoing multiphasslgirike
movemets at the surface, which might play a pivotal role in initiating toppling mechanisms. A significant
advancement of our research is evaluating the geometry of persistestirfaae sandstone formations and
conducting pseudstatic analyses to estimate thgismic responses of slopes. Preliminary findings suggest
these overturning events may have originated from substantial ancient seismic activities. The application
numerical modeling through the Universal Distinct Element Code (UDEC) involves simguklope
responses to hypothetical seismic acceleration scenarios based on the available waveform data.
approach not only allows us to estimate the possible impact of-peimic events on slope stability but
also enhances our knowledge of the regipaleeseismic history ad underdip toppling dynamics.

The research was funded by the grant project GE22ZD6J: "Coseismic Landslides in Mountain Ranges of
Active and Stabilized Accretionary Wedges," supported by the Czech Science Foundation and t
Taiwanese Ministry of Science and Technoldhyf SC 1112923M-008-006-MY 3).
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The Arts Bogd massif is located in the eastern part of the-Sltdyy seismogenic zone, ernof the most
seismically active areas in the Mongolian part of the Central Asian Orogenic Belt (Ankhtsetseg et al., 202
There are active regional-W oriented transpressional or sinistral strétgp faults (including the Bogd
Fault). Highamplitude sesmic events (e.g. M=8.1 Bogd earthquake, 1957) have a major impact on the
landform and the occurrence of mass movements in the region. During the Quaternary period ma
spectacular landform were created as a results of tectonic activity of the bag€mmrihgham et al.,
2021).

The basement of the soutlastern part of the Arts Bogd massif is composed bgs#tedasalts of the
Lower Cretaceous Malnai Formation (Togtokh, 1985). There afé &hd NESW oriented faults, and the
massif is limited from theeast by the NNWSSE thrust fault (with topo-the East sense of movement).
These directions are reflected in the assumptions of the Khutul Usny valley (along 4B/ NiEending
fault) and Khutul Usny cave (along the N®E trending structures with slickedss documented normal

slip displacement). Our research has shown that the front part of the cave collapsed in the past, and ther:
rock blocks on the slope and in the valley floor documenting the rockfalls. Cave collapse is recorded in t
sedimentologal and geochemical profile of cave deposits. The layer of debris and the sharp increase
organic matter in the sediments above it correlate with this e@&htlating of fauna boneindicates that

the event probably occurred no earlier than 2593266/BP, and after this time, the deeper part of the cave
was "opened" to external environment factors. Valudithe artefacts from the Padolithic period were

di scovered in the cave sediments ( Mas ojehrthqakesa l
could have significantly imflenced the functioning ofdy huntergatherer societies.

The analysis of tectonic structures revealed progressive, brittle deformation of rocks within the slope. The
are represented by tension cracks, dowrstoented sliding fractures and Ried&kempton shear zones.
Very likely that if an earthquake of significant amplitude occurs, there may be a rockfall within the slop:
and fill part of the valley below.

The research was supported by the National ScieGeent r e, Pol and, Ra. 0] ¢
2019/ 33/ B/ HS3/ 01113 AAround Tsakhiurtyn Hondi
bet ween Altai and the Gobi desert i n MRhfguods.i a o
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Recent results of detailed geological mapping and structural analysis canptenby Electrical Resistivity
Tomography (ERT) and 2D Seismiewve Refraction Tomography (SH) are used to propose a hew
structural model for the polyphase evolution of the Kamionki Graben (NE Bohemian Massif). This
intriguing tectonic feature is cqmosed of synto lateor ogeni ¢ Mi ssi ssipian (
geological map view represent an outlier surrounded entirely by the metamorphacck s o f t he
Massif.

The Kamionki Carboniferous succession was folded (and, locally, alsobydbausted over the gneissic
basement) into the WNWSE to WE- and, less common, NVBE oriented folds during the late
Mississipian (Namurian) epoch. Transpression generated by the-dipkigextral?) displacements may
have played an active role ihet folding process. The graben development only slightly postdated the
folding of the Carboniferous succession and we correlate it with a significant regional uplift and erosiol
which was related to the latgogenic gravitational collapse of the newlyrfeed Variscan orogen. Hence,
the main boundary faults of the graben may have been genetically linked with the late Carbdeidelpus
Permian extensional (transtensional?) episode at the NE Bohemian Massif. The structure of the graben
later reshapeduting the Late Cretaceoiisearly Palaeogene transgional tectonic shortening event, which
likely led tothe reactivation of the main boundary faults of the graben as weltdaede, gentle folding of

the Carboniferous strata, visible only in mapw, especially in the northern parts of the graben. We did not
observe any apparent evidence of fault draggir
graben structures observed in the Sudetic region. It can be explained by a relativédghayitbur of the
uplifted G-ry Sowi e Bl oicdarly @alaedgeng tectomiceshottemihge TheClater,t
Neogene (?), NESW-oriented extensional regime resulted in the formation of normal faults and it was
responsible for the distinct cormpmentalization of the graben.

Our study provides the first description of the internal structure, fault pattern and kinematic evolution of tt
Kamionki Graben. Strong lithological contrasts between the sedimentary fill of the graben and its crystallir
shoulders and floor makes the seismic and resistivity geophysical methods a valuable tool for investigati
of its internal structure.
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*Lead presenter

The Zagros Fold and Thrust Belt (ZFTB), characterized by its numerous salt diapirism and active tector
deformation, presents an exceptional natural laboratoryxfamming the sedimentological and structural
impacts of diapiric movement within compressional regimes. Our study focused on a representative <
stockedbasin, where we meticulously documented the halokinetic sequences and associated sedimen
facies a@jacent to the salt diapirs.

This research delves into the stratigraphic evolution within the ZFTB in Southern Iran, focusing on th
intricate interaction between salt diapirism and compressional tectonics. Utilizing the classical concept
halokinetic squences, our study sheds light on the reactivation of a specific diapir situated at the core of
anticline. The investigation reveals the deposition of eight distinct sedimentary packages around t
Paskhand salt diapir throughout the Oligoec&tiecene riod, influenced by the diapir's progressive ascent
coupled with the anticline's elevation. The sedimentary record showcases a rhythmic alternation of gypst
fossiliferous carbonate, and siliciclastic materials, followed by lagoon to slope environresitifefous
limestone in a reef setting. The culmination of these processes is marked by-gienthéd tectonics of the
uppermost halokinetic sequences being thrust towards the Paskhand salt diapir.

Our findings underscore the pivotal role of compressioforces in the reactivation of salt diapirs,
significantly impacting sediment distribution and depositional environments. The detailed mapping ar
analysis of halokinetic sequences around the diapir highlight the early stages of diapiric rise angestibseq
sedimentological responses. This study provides invaluable insights into the stratigraphic sequenc
irregular deposition patterns around diapirs in compressional settings, underscoring the dynamic interp
between salt tectonics and sedimentatidthiwthe ZFTB.

Through a meticulous examination of the sedimentary records and structural deformations, this resea
contributes to a deeper understanding of the mechanisms driving stratigraphic evolution in salt stocke
basins. Our findings offer a ndvperspective on the interaction between diapirism and compressional
tectonics, enhancing our knowledge of sedimentary basin development in regions characterized by ac
tectonism and salt diapirism. This study not only advances the scientific undemgtandhe ZFTB's
geological framework but also provides a foundation for further exploration and analysis in simila
geological settings worldwide.
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The AMINVK-1 borehole has been | ocated approx. 20 k
observed at depth interval of 100.0@34.80 m. The obtained material provides a unique insight into the
geology of the Variscan basement in the area wtineresurface exposures are scarce. The borehole profile
includes metasedimentary rocks, such as quartz schists, cldrigts and garndtearing mica schists. In
this study, garnébearing mica schists have been studied for their metamorphic record.

Our preliminary results on garnéearing mica schists from AMINV H borehole indicate that the
inspected samples may preserve a record of-pighsure, lowemperature (HRP) metamorphism
preceding the phase of regional metamorphism. Key observationsrsngghe occurrence of the HET
metamorphic event are as follows: 1) inclusions of e.g. chloritoid, kyanite and rutile in garnet; 2) zoning «
garnet, with Marich core, marking its growth during progressive metamorphism; 3) diverse compaosition o
white mica, including phengite. Results of classical geothermobarometig-fBiengite, Tiin-white mica)
show, that phengite have crystallized at the conditions corresponding to56680C and ca. 1517 kbar,
whereas muscovite crystallized at the condgieb600C and <10 kbar.

Additionally, EMPA U-Pb monazite dating was carried out on 45 point analyses of 18 monazite grains
Their average age of crystallization was detern

The studied HRT mica schists resemble those of Kamieniec Metamor@Belt in terms of their
metamorphic record. However, their geographical position may indicate that they form an eastern fragm
of the Middle Odra Metamorphic Unit, where HIF metamorphism has not yet been documented. This
guestion is of great imporae for the tectonic interpretation of the structure of the NE margin of the
Bohemian Massif and will be addressed in further research.
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The Kutn8 Hora Crystall i eteeerCtloennpetna Yariscah Ma@danubian zones i
and the lowgrade Upper Proterozoic Bohemicum zone in Bohemian Massif. KHCC consists of three majc
units: the upper most an delated it corsisting ofmeEgmatite® with Ihodies e
of HPHT rocks as granulites, eclogites and garnet
comprises sequence of migmatites and orthogneiss. And finally, the lowermost Micaschist zone is compo
of a sequence of metapelites. It is further subdivided the Outer Micaschist Zone, with abundant
intercalated amphibolite bodies, and the Inner Micaschist Zone with relics of eclogites and peridotites. V
aim to understand the- Pt path of these micaschists, their relation to the surrounding HP rocksiliges

and migmatites) and dev@l@ model for their exhumation.

Micaschist reveal stable mineral assemblage of Grt+Ky+Mu+Bt+St+PIg+Kfs+Qtz. Garnet porphyroblasts |
matrix contains inclusions of staurolite and are compositionally zoned with an insressegandine and
pyrope and decrease in spessartine from core t
White mica in matrix is either aligned in the foliation or dispersed throughout the matrix. It is phengite (Si :
3.1- 3.3 p.f.u,; Ti =0.0%- 0.04 p.f.u; Xfe = 0.4 0.66) Large phengite flakes are zoned with higher Si in
cores (Si = 3.38.3 p.fu.), whilst the lowest Si values are at white mica rim (Si =3.0P.f.u.). Stauroliteis
common in the matrix as well as in garnet. Stauratiteit he mat r i x hasi0O@amdm=st a
0.130.18 p.f.u. In contrast staurolite inclusions in garnet show much lower Zn contenr0(@60d.f.u.) and

| arger r a n gi@.9).oStaurokté& shows ho @ofpositional zoning and is stable hergetith
kyanite. This suggest that staurolite must remain stable even at such HP conditions. This might be due \
high Zn concentration (up to 0.2 pfu), that can stabilize staurolite up to these PT conditions. Based on
preserved HP assemblage we gesj that the micaschist shared the HP conditions with the
granulites/migmatites. Moreover, the surrounding migmatites were recently attributed to the Saxothuringi
crust, that was subducted during Devonian and the felsic material was then relaminla¢etaeste of the
upper plate and exhumed. If the studied micaschist shared already the prograde path with 1
granulites/migmatites or if they were attached to the granulites later in the lower crust remains matter
debate.
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In the Sudetesarecord ofEarly Palaeozoic magmatism along the northern margin of Gondarar®d 5

480 Ma metagraniteand metavolcangedimentey successionsTo constrain possible sources of the
parental magmas for plutonic and volcapiotoliths zircors from theserocks weresubjected to tPb
dating by LAl CPMS ( CAS, P r'®a jsotap@ anayses byt SHIRIMIP (PGlarsaw). ForO
isotope  studies, zircons were retrieved fronorthogneisses of the Orligani e Uni k Dome
Doboszowice Complex and G- ry Sd8M micaMehists of the Strahie M)
Formation in the OSPandbimodal metavolcanic rocks of the SEMND st o Bel t

Thec.495Ma& i rcons from the $nieUni k *fioerh ealyesaanging feomr e
4.38 to 7.57, including those charactéd for mantle signature. Mica schists of the adjacent Stronie
Formation revealed c. 116 % share of late Cambrian euhedral zircon grains, interpreted as pyroclasti
admixture of felsic volcanic component to mainly pelitic sediment. Two zircon samplastliose mica
schists yiel fevhluesof6.§i@ s4 ma | @aveérage @art. 971.84 5@av,er
7.29a, respectively). They indicate that the c.
melting of the lower continental ers t . The zircons from metavol can
O valuesof 486 . 18 suggest rather uniform mantle orig
felsic metavolcanites with more complex oxygen isotopic range 6fL202. 5 dicatinghassimilation of
some <crust al c o mp o n €% tvadues) Huti atpd exahange wihnhydrothernaltgeed U

-

rocks or zircon¥owvaless\wer than mantl e

Two samples of t he Dobos zoX0valees ig raege 88985 anh RO e ¢
9. 65a, r es p ehigherthaa those of thegemitiveynmantiate Cambrian zircons from the GSM
augen gnei’Gekesinthaange of B8 1. 294, the highest among
higher those typical oftypegr ani ti ¢ mel t (<84&) . '““Ofrommetle signatuiesrsle s
sources of their igneous protolith habstantiabmounts of supracrustal materibllevertheless, the zircon
grains from the accompanying, c. 500 Ma metabasite veins have walaesange of 498 . 1 0 a , t
significantly lower than in the host gneisses, with 1/3 granystallized from the mantle melt. Our new
results show that the 495 Ma magmatism in the Sudetes originated fnomidly evolved crustal magmas
with local pul®s of melts fronthe mantle.

TheNCN grants Ms. 2014/15/B/ST10/03938, 2018/29/B/ST10/01120.
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Central Asian Orogenic Belt (CAOB) is the largest world accretionary system consistingoaipdex
mosaic of crustal blocks of both continental and oceanic origin. It is proposed that the late Paleozoic to ec
Mesozoic tectonic evolution of the Mongolian tract of the CAOB refletcs progressive convergence betwes
Siberia and North China. Importt part of the CAOB evolution is recorded in the Monrgthi,
represented by the former Ordovician accretionary wedge reworked in a suprasubduction environment fr
Devonian to Permian during several phases of compression and extension linked to tlegngubldip
advance and retreat. These events resulted into exposure of several high grade metamorphic
complexes/domes among which the Tsogt domeesgmts an outstanding example.

The Tsogt complex can be divided into two principal structomelamorjpic domains, the lower grade
suprastructure to the NE and the higher grade infrastructure to the SW, separated by a major detachr
shear zone. The internal parts of the infrastructure are occupied by felsic gneiss, migmatite, and gral
(infrastructure core) which are mantled by amphibolite and highde metasaaients (infrastructure
mantle).

The suprastructure metasediments showdoade metamorphic foliation S1 affected by two generations of
upright folds. The F2 folds are characterized by largeutorop scale open folds with subhorizontalSN
trending axes and steep originally wdgiping axial planes S2. The orientations of S2 were largely
modified by later open folds F4. The Infrastructure, shows migmatitiz 8tally completely transposed

by a dominant subhorizontal foliation S3, which was subsequently folded by upright F4 folds. In the inne
parts of the Infrastructure, Infrastructure core, S3 reaches galtimaainite grade. Garnet also occurs in the
earlier migmatite foliation in the Irdistructure mantle. The boundary between the suprastructure anc
infrastructure is marked by a major detachment zone where the high grade S3 is overprinted at lov
metamorphic conditions during exhumation. ThePk) zircon ages indicate Carboniferous andnitan
metamorphism and AAr ages document late Permian cooling.
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The Saidenbach reservoir in the Erzgebirge is well known for Variscan-hudtrgpressure (UHP)
metamorphic rocks including diamoibearing felsic rocks and coesliearing eclogites. Conditions up to 7
GPa and 1400 AC aB peakanethneominic cpnditmms dos teedelsic rocks, but only about 3
GPa and 900 AC for the eclogites. These differe
UHP felsic rocks and nearby, as well as regional eclogites. This is furthbasizgd by the occurrence of
the UHP rocks as lenses within highade gneisses, in which no evidence for UHP metamorphism has beer
found yet. Using a combination of optical microscopy, XRF, mKRF, and microprobe data, we have
systematically studied fierent rock types from the area around the Saidenbach reservoir including UHF
felsic rocks, eclogites, and the adjacent gneisses.

Felsic UHP rocks have been reported in two different variants. The more prominent;graared type

was first described @it 25 years ago and has since been the subject of several studies, while another, m
fine-grained type has only been recognized rece@ly. data is not fully consistent witthe currently
invokedevi dence for a magmati c gomaitgicn,t exualr eds oa
garnet zoning. Although mostly similar to previously described diarb@aging rocks, our samples show a
much larger textural variety, including intensely foliated and banded samples. Garnets in the matrix &
charaterized by intense reequilibration. Only garnet inclusions in kyanite preserve an earlier metamorph
stage, as shown by their systematically different chemistry. Based on our phase equilibrium calculatiol
their composition is consistent with formationthin the stability field of diamond in excesd 3 GPa.
Furthermore, we found new lenses of these dianrtmading rocks, demonstrating that they occur in a
greater area than previously thought.

Eclogites in the area show varying degrees of symplectizaliah correlate with differences in bulk
chemical composition. Despite these differences, all investigated eclogites contain coesite or polycrystall
guartz inclusions that are likely polymorphs after coesite, as well as analogous trends in garneti@ompos
This argues for a shared metamorphic history, similar to previously proposed ptesgoeeatures paths.
Most of the host rocks are biotiteearing highgrade gneisses that show significant migmatization. We find
hints at an earlier UHP history,duas monazite exsolutions from apatite, but no conclusive evidence yet.
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Melting of the continental crust and transport of the melt through it are key processes that drive its chemi
differentiation. Recent numerical models suggest that or soales of millions of years, flow through
microscopic pores may be an important type of melt transport. However, these models assume a v
simplified description of melting and cannot be applied to simulate real tectonic settings. To further devel
the models, we present a new parametrization of the melt productivity (equilibrium melt fraction at givel
conditions) that depends on pressure, temperature and water content (in hydrous minerals and free wa
and that can be tuned for different chemicatkra&compositions. It is based on experimentally and
theoretically determined positions of wet solidus, liquidus, and muscovite breakdown reaction.

By comparison with natural examples, we demonstrate that our parametrization predicts similar me
fractions & complex thermodynamidsased computations. We incorporate this parametrization in one
dimensional models of porous melt flow through a rock column. With these models, we simulate tf
thermemechanical evolution of felsic continental crust during orogaimicking two natural examplés

the middle crust in the Variscan Bohemian Massif and the exhumed lower crust in the-Hineddayan
system. In the first case, models predict melt fractions in the middle crust irlth&Sange, in agreement
with geolaic interpretations. In the second case, where more elevated temperature conditions are assun
the models predict low melt fractions-19 %) in the lower crust and higher melt fractions (>20%) in the
middle crust, in agreement with geophysical datdndii cases, these values are obtained only if we assume
efficient porous flow, which provides a mechanism for compositional differentiation of thé doretation

of a depleted restitic lower crust and enriched fertile upgddle crust.
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In this work we examine and revise magmatic tectonic study of an East Sudetic pluton introduced by He
Cloos hundred years ago and became a world example dfusaugnalysis of igneous rocks. Combined
structural geology,geochronology, anisotropy of magnetic susceptibility (AMS) and gravityiestud
provided a new geodynamic framework for late Carboniferous crustal anatexis followed by the emplaceme
of a giantPermianplutonin the EastSudetes. The analysis of gravity maps and gravity modeling allowed
defining a 120 km londNNE-SSW trendinggravity low, which coincides with the scattered outcrops of
Permian granites along the eastern border of the Brunianeatai block. This domain constitutes an East
Sudetic pluton which intruded the Silesian orogenic wedge. The southern part of thedptetbat 298 Ma
(the Gumperk granodi or i t ejnagsaiotovsHsolidastariestcoherentanitrd  n
a syntectonic granodiorite shemtiplacemenalong the large scale NNESW sinistral detachment. The
central part of the intrusi on edpartally matenroacksigtedptiaut o
316 Ma, that were intruded by a 6 km thickufpnic complexat ca 290 MaThe AMS fabrics of the latter
intrusion indicate an emplacement governed by the dextral activity of thé SBMntraSudetic fault
system. The northern part of the plutdaied at 312 309 Ma(the Strzelin massif and Lipnikyirusion)
showsemplacement history governed by NMSESW detachment and sgblidus shearing. The strucal
history of the pluton is compardd Permian NW SE dextral and NNESSW sinistral crustal scale faults
and associated ptdlpart sedimentary basins the scale of the Bohemian Massif. This correlation shows
that both emplacement of plutonic rocks and formation of deep sedimentary basirgowared by the
samecrustal scale extensionfthamework. The Pennsylvanian crustal melting and Permian iatrusithe
Sudetesrediscussed in terms of pestogenic crustal meltingnd lithospheric thinningffecting the whole

NE part of the Bohemian Massif. The structure, age and tectonic features are compared to other me
Variscan magmatic provinces at tin@e. It is proposed that the Sudetic magmatism can be relategiaota
northern Europan volcanic provinceof the same ag&Ve further discuss eelative contribution of Permian

hot spot activityand far field extensioal stresson channelized and perswe magma flow alondhe
periphery ofthe eastern termination of tMariscan sysm in Europe.
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In soutlern Madagascar two main tectemetamorphic events, corresponding to the East African Orogeny
(ca. 630610 Ma) and the Kuunga Orogeny (ca. 8806 Ma) were recognized. An early structures include
recumbent folds and sthorizontal foliation S1 that wereainsposed during a regional éagtst shortening
resulting into northsouthoriented upright folds, with horizontal axes and new vertical axial planar
foliations S2. This second deformation event is coeval with the development of a network of vertital ducti
shear zones such as the Ejeda SZ, Ampanihy SZ, Beraketa SZ, Ihosy SZ, Zazafotsy SZ and Tranomaro
These megascale 12 kmwide intracrustal nearertical NS or NWSE trending ductile shear zones
crosscut the entire higjrade metamorphic basemerit southern Madagascar and separate lestrain
domains where complex fold interference patterns are visible. Thessthagih zones developed between
580 and 530 Ma with a slight diachronism from the west to east and south to north and are coeval w
mdting and UHT/HT granulite facies conditions. The granulite facies metamorphism is widesprea
throughout the whole basement in all lithologies, in the southern part reaching peak conditions of 90
100 0 AC10 &bar afd slightly lower temperature condite ( O800AC) to the we
Ikalamavony foldthrust belt to the norimortheast. Importantly, the shear zones reveal large fluid/melt
transfer from the depth that caused extensive fluid/melt rock interaction in the shear zone that resultec
localized charnockitisation of the granulites. The melt/fluid flux here was structurally controlled and seen
to be penetrative throughout the basement rocks. This offers a unique opportunity to studgstiiet
pervasive melt migration controlled lycalized deformation across the whole crust. In this context, our
objective is to understand microscale mechanisms driving the pervasive melt migration and define criteria
recognize it. Additionally, we use-Bb monazite and zircon chronology to defithe timescale of such
pervasive melt migration in the crustal shear zones.
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Accurate analysis of the natural fold shape structures is commonly a challenging issue. The analy
generallyrequires identification of hinges and inflection points essential for determining key fold element:
such as amplitude, wavelength, arclength and thickness. While numerical analysis enhances accuracy o
analysis in minimizing the user bias, it facesnamber of problems, mainly related to presence of
irregularities on the fold interface. The irregularities can represent natural roughness in shape or can re
from imprecise digitization, both of which can significantly impact calculating fold curvanhiehis a
crucial parameter for identification hinges and inflection points. Consequently, numerical analysis can |
highly sensitive to the irregularities, making it difficult to accurately interpret the fold shape.

In our study, we concentrate on urgtanding the digitization process and its associated errors it introduces
into the analysis. Employing spline functions in the analysis, we fit the points acquired during digitizatio
and determine their curvature. In the first approach, we analyze gk oé the digitization of the cosine
function. Focusing on a distinct set of points precisely located on the curve, we explore the role of numt
of points and their spatial distribution (evenly and unevenly). Moreover, we examine the role of imprecis
location of the digitized point (measured as a distance of the point to the cosine curve) to imiate us
operator errors. In all cases, we calculate the misfit between the analytical solution and the numerice
determined curvature, utilizing different asres: 1) maximum error, 2) mean error, 3) vector norm, and 4)
distance between the observed and expected location of the hinge and inflection points.

In the next step, we employ a package from Fold Geometry Toolbox (FGT), which allows for digitizatior
ard the automatic curvature calculation. We describe the digitization error of the cosine curve carried out
over 20 structural geologists ardkmonstrate the diversiip interpretation of fold shapes. Based on this
analysis,we proved a set of recommetidas and guidelines of how to digitize the folds in the most
accurate way.Finally, we show the results of fold shape analysis of excellent natural fold examples fron
the salt mines. The analyzed data show great diversity of fold shapes that can devaloltilayer
packages.

The work was supported by the National Science Centre, Palamd] e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POL ARQ02@&Y/ST10/00818U MO
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The TSeb?]| enfslhe targest ulirapgtassie slurbachite magmatic body in the Variscan orogeny c
the Bohemian massif. The durbachite rocks of the Moldanubian Zone, conspicuously associated with lov
crustal granulites, are interpreted as a mixture of lower lithospperi@al melts and anatectic crustal melts
emplaced in middle crustal levels in the terminal stages of the Variscan orogefy {385Ma ) . The
pluton has a triangular shape in the pvégw and is surrounded by the Varied Group of the Drosendorf
Assemlb adge (paragneisses and migmati zed gnei sses’
anatectic orthogneissess and migmatites) that consists of the lower crustal and upper mantle rocks.
empl acement of the TSeb? |matid fabribis atttibutédeto tlersdccessiors of i
compressional/transpressional deformation producing the S1 vertical fabrics in the metamorphic host roc
followed by exhumation of the lower crustal orogenic domain and middle crustal spreading prodecing tt
penetratie flat deformation fabrics S2.

Il n our contribution, we address the mode of m;
magmatic fabric transposition in the framework of their host rock deformation evolution. We evaluate th
magmaticfabrics by means of anisotropy of magnetic susceptibility together with fabric analysis usin
oriented thirsections. We recognize three types of fabrics: 1) clustered pattern of principal magnet
directions, vertical magnetic lineations and easst tending vertical magnetic foliations (central part of the
pluton), 2) clustered principal directions of the AMS ellipsoid with shallowly plunging magnetic lineations
and steeply dipping magnetic foliations (dipping to the south in the central part ofutba phd to the
southwest in the northern margin of the pluton), and 3}iflag magnetic foliations and norgouth
trending and shallowly plunging magnetic lineations in the eastern part of the pluton and the southel
oriented apophysis of the pluton.

The goal of our study is to constrain the flow evolution of the magma and first map the domains, whe
original vertical magmatic flow is transformed to lateral magmatic flow. This transition is associated witt
magmatic fabric transpositions, manifestent éxample by folding of the dense crystal mush. This is
recorded in the durbachite magma microstructure and also the magnetic shape and anisotropy diagrams
clustering patterns of the principal directions of the AMS. These magmatic flow fabric paternsagma
transpositions reflect vertical magma flow and then spreading in the middle crustal levels conforming to tl
folding and shearing of the host rocks in the terminal stages on the eastern margin of the Variscan orog
in the Bohemian Massif.
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The Altaussee salt mine located within the Northern Calcareous Alps (Austria) exposes a Permian
Triassic evaporitic succession. The entire succession has been extensively defamdditile Triassic to
Neogene, which led to the formation of a complex tectonic melange. THeeaaltg strata within the mine

are characterized by the abundance of brecciated fragments of anhydrite, polyhalite, sandstone
limestone. The fragment &g reach up to several meters in diameter. The halite content in these deposits
estimated to be between 30% and 65%.

In the mine, the most spectacular structures are the folds that developed around or in the close vicinity to
brecciated clasts. Thelasts appear as either isolated clasts or as group of clasts forming clusters. Tt
visibility of these structures is significantly enhanced by the alternating thin red and greyish layers occurrii
in the haliterich matrix, allowing for detailed observatiof their complex morphology.

Our study focuses on wedixposed structures in the salt cavern ceiling, which covers approximately 400C(
square meters. Utilizing a tailored photogrammetric approach, image post processing techniques and u:
lidar data aseference, we generated detailed orthophoto map of 1000 square meters of cavern ceiling w
resolution of 1 mm/pixel. In the cavern, numerous closed contour patterns were documented, indicative
potential sheath fold development. The shape of the clom®durs rarely has a regular elliptic shape. More
commonly the contours are characterized with complex pattern including shapes curved around f
neighboring clasts, folded eye shapes, esliapes that resulted from the ej@pes squeezed between two
neighboring clasts.

We propose that the sheath folds could have formed due to flow perturbation around rigid or deformat
inclusions during simple shear deformation. Using 3D numerical modelling, we show the structures that c
develop around deformabléseous inclusions under féield simple shear. Additionally, we examined the
sinking processes and subsequent deformation stages that may influence or alter the morphology of tt
sheatHlike structures.

The work was supported by the National Sciencett@eirolandy nd e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POL AR02B39/4/ST10/0@818U MO
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The aim of thiscontributionis to point out onvaried tectonic phenomemalated to the Variscan (pekst
orogenic events and tip@stVariscan tectonics in the area of E Bohemia @zechRepublic) or the (Pr
Sudetegespectively. Thisardas mostly formed by the Crystallin
and t he Orlick® hory Mt s . T h €arbbndfevoudherniiah voicae- 1 n
sedimentary complex and the deposits of the Bohemian Cretaceous Basin including the Police Basin and
Upper Ny s a K gToadsick Tertiafy rarsd Qeiaternary sedimentary and volcanic roaksup

small area.

The metamorphites of the Crystalli@@mplex unitsle. g.t he Nov® MDsto Unit) a
Permian cover are affected by folding and faulting (manifested by slickensides, striation and miner
growth). Foldednet agr eywacke and quart z v e iSsskedlipfauinearh e
Hogtejn, famousl y di folded ohipritesdricitea phylitesveith a dodble dirtedtienb 2
system near Ml 8zovice and phenomenal slickensi
Broumov were selectedAn eviderte of the posVariscan extension by normal faults is from the most
prominent | ocality of Triassic sandstones is t1l
rocks esp. sandstones, siltstones and claystones were disturbed by as synsgdeuntnigs (e.g. folding

at the village VrbatTv Kostel ec, n o r ACaetacedus fadlt t
rejuvenation of the crystalline basement. Steeply dipped bedding planes were located e.g. in the zone of
HronovP o S2alul t at the village Vel k® SvatoRovice or
Langkroun. Ot her rupture is sinistral rever se f
the plume structure at It héadglowni Dsthenadd!| @Ovil ¢ e
excellent striated hydrother mal calcite veins \
slip in the Cenomanians sandstones is | ocadned
marine deposits is in the surroundings of the
was abrupted by iBV strikes | i p f aul t close to the town L8zn
rotation landslides and normal faults due to angidear took place in old sandstone quarries in the
surroundings of the town HoSice.

Acknowledgement The contribution was sponsored in the frame of internal research projects in the
Museum of Easterndh e mi a i n Hradec Kr8lov® (CZ).
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Valuable insights into the forcethat shaped the rock can be gained through studying it's fabric and
microstructure. For instance, studying the fabric of a shear zone can reveal the direction and intensity of |
tectonic forces, informing earthquake hazard assessments. Examiningribeofa®dimentary rocks can
unveil details about ancient curreatsd depositional environments.

The evaluation of rock structure using anisotropy of magnetic properties is a widely used approach
structural geology. Magnetic fabric serves as a fine@rosr of rock deformation and flow dynamics.
However, geological processes frequently result in distinctive individual subfabrics, making the
interpretation of the anisotropy of magnetic susceptibility (AMS) quite challenging. To effectively interpre
AMS within complex rock systems, numerical modeling of magnetic fabric based on rock microstructur
appears to be the most promising way. Advances in microstructure 3D imaging facilitate the exploration
different approaches to model the anisotropy of magsasceptibility.

Analogous shear zone experiments using plaster of Paris have illustrated key factors for interpretation
magnetic fabric in deformation zones, in particular the localization and partitioning of deformafay X
micro-tomography databtained across analog shear zones serve as the basis for testing various model
approaches of AMS, using the preferred orientation of distinct phases such as magnetite, pores,
anhydrite. The comparison of modeled results with measured AMS prowisights into the potential of
microstructurebased modeling for interpreting magnetic fabric and inversely evaluating unknown rock
textures. Similarities between the plaster deformation mechanisms and crystal mushes were also descri
indicating a selorganized slip of crystals. Anhydrite crystal relics exhibit three preferred orientations,
including a possibly rotated primary fabric and two conjugated microshear planes of aligned crysta
developed during shearing.

This observation suggests that AMS ralwlg, when employed for interpreting reskucture forming
processes, need not be confined solely to the shape or crystallographic preferred orientation of magn
carriers, especially when they are present in very low amandtare difficult to idenfy.
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Layeredandfoliated rocksmay exhibit viscous anisotropy, whitlas a majpinfluence orthe style of their
deformation. Mechanical anisotropy affedtsee velocity and strain ratdields as well asdrge strain
developmenbf structuresViscously anisotropy bodies ar®t only inherently mechanically instable, but
theyalsokeg a Omemoryd of def orimeandlstrocuredue t o their ¢

Willis [1964 derived an analytical solution treating an elliptical inclusion embedded in a homogeneous
anisotropic elastic matrix subject to a uniform load in the far fieladapt his solution to the case of
incompressible viscous media and a frictiess, slitlike slipping surfacdo study the evolution dfanking
structures inanisotropicshear zones. The analytical solutioreiactfor the initial state of homogeneous
planar arsotropy,but it also provides useful insights into the early stages of deformation. Moreover, it car
be used to approximately study large strain deformation structures that form in algwwerstrock
around flow perturbing objects such as slip surfaamed inclusionsHere, bothresolved and upscaled
numerical simulationsre usedo examine the impact of host layering on the perturbing flow and structure
development around rotating slip surface in simple shear.

The work was supported by the Natiorgdience Centre, Poland,n d e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POL AR02@39/6/ST10/0@818U MO
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The most common mechanism that leads to the formation of salt pillows is lateral migration of sa
(evaporites) triggered by thiskinned extension or contramtal folding of suprasalt overburden. A much
less frequently considered mechanism is inversion of evagiiet half-graben. A fundamental question
related to such a setting is whether a thick evaporitic succession will allow for a spatially lihkziiosa

to develop within the suprsalt succession or, instead, it might flow laterally away from the inversion zone
due to its low viscosity and the weight of the overburden. In order to answer this question, we examined
formation of the Szubin dapillow structure, located in the central part of the ¥iolish Anticlinorium, that

was formed during Late Cretaceous inversion of the Polish Basin. Data from two boreholes, Szubin IG
and Bydgoszcz 144, reveal a generally continuous sequence of Zeitheyclothems with notably different
thicknesses. The observation of locally increased evaporite thickness within specific layers of individu
cyclothems suggests sgiepositional activity during Permian (Zechstein) evaporite deposition within-a half
graben. According to a qualitative model proposed earlier (Krzywiec et al., 2019, Z. Dt. Ges. Geowiss.
inversion of this halgraben filled by systectonic Zechstein evaporites led to buckling of the sspha
Mesozoic cover and formation of large saltquil directly above uplifted hanging wall. Combined analogue
and numerical modeling was conducted and aimed at testing this model. Our tests incorporated vari
geometrical, mechanical, erosion, and sedimentation parameters. We found that the geomethaléf t
graben, particularly its width and depth, strongly influences the shape and size of resultant salt pillc
structures, mainly dictated by the amount of material accumulated within thgrila¢in. The mechanical
parameters of salt also play a sigraht role, with higher effective viscosity promoting larger and more
asymmetric anticline development, while lower viscosity leads to lateral flow and internal deformation c
the salt.

A comparison of seismic data with both analogue and numerical mogddsls a high degree of
correspondence, supporting the plausibility of the Szubin structure development scenardegfasitional
half-graben activity followed by inversion. Our findings contribute to a better understanding of salt structur
formation n this region and shed light on potential tectonic activity during the Permian period.

The work was supported by the National Science Centre, Palamd] e r research proj
field studies of anisotropic rocks under large strapplying mico-POLAR mechanlcS in structural
geol ogy ( POL AR02B39/4/ST100@818U MO
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In countries of temperate climate, such as Poland, the recognition of fault zones directly in the field
difficult due to densely urbanized areas and lush vegetation. Remote sensing methods, including dig
terrain model (DEM) analysis, offer initial insights but can be inaccurate and need field verification ol
geological sites. Therefore application of near serfaeismic surveys allows for verification and
visualization of various geologicaéttings including fault zones.

This study focuses on the r ecognindrthemmnpartoof theflageu |
Palaeozoic Holy Cross Mountains Fold Belt (HCMFB). The results of DEM based analysis combined wit
archival cartographic data of the region allowed far ¢heation of a map featuring both known and newly
identified faults in the Gysog-ry Unit. Based o
measurement system of 7&teterlong and 5 meter spacing between geophomas surveyed in two
selected areas.

On the first section, which was conducted parallel to the geological layers, four vertical or almost vertic
zones with reduced-®Rave velocity values are visible. These zones are interpreted as fault zones locate
approximately 200 meteegpart each other. One of them is 50 meters deep and narrow, while the others a
50-70 meters wide and extend to the full depth of the eseston.

On the second section, conducted perpendicular to the geological layers, a clear contrast is obselr
between the southern part (composed of Devonian carbonate rocks) and the northern part (compose
Cambrian sandstone rocks) of the section. The boundary between these two parts correlates with the t
Cross Fault, the major fault of the HCM region. Thisltfasi depicted on the section as a zone inclined
towards the south. Additionally, on the velocity section, another almost vertical fault zone is visible in th
southern part of the crosction.
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The strength of natural rock masses has lzssessed by the authors based on Rock Mass Rating (RMR) of
selected outcrops in a study area in the B¢kk |
determined by not rock type or formation as highly similar rocks show greatly diffealngs/ Probably the
grade of deformation of the individual rock masses influence fundamentally rock mass strength
deformation results in a great diversity of discontinuities in the exposed rock masses reducing significan
their strength.

Outcrops withthe highest RMR values expose more compact, continuous rock masses that are deformec
a continuous unit. Some of the major peaks and ridges are composed of such good quality rock masse
contrast, low RMR values are found in outcrops exposing syrodgiormed rock masses with strong
foliation and/or dense fractures and/or folded structures. Lowest RMR values indicate very low strength a
extremely poor quality rock masses in the outcrops. Such strongly deformed rock masses generally occL
the jurction of primary Mohr joints or along major faults.

The spatial distribution of the RMR values suggests that low values tend to occur along the edges of me
or smaller structural blocks while higher values tend to be found with outcrops inside sutiiadtbliacks.

Both high and low strength rock masses are reflected in topography in the form in specific morphologic
features. Low strength rock masses are usually found along major valleys or at the intersection of signific:
valleys. However, not onlgurface landforms reflect the strength of rock masses and thus the grade of the
deformation but subsurface karst features also indicate rock mass strength. Caves especially likely to oc
in zones of high structural deformation and thus low rock m@eagih. Cave passages seem to follow
primary joint systems or major faults based on the comparative analysis of the orientation of several do:
cave passages and the strike directions of primary joints measured on the surface near the caves.
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We are in the process of making a tectonometamorphic map &fzgebirge for the Saxonian Geological
Survey (LfULG). Here, we present the preliminary state of this work. We review published and archive
data, collect and investigate new samples and do structural field work. We follow the scheme of previo
studies ad distinguish four major allochthonous units in the Erzgebirge: Basal Gneis Unit; Exhaiste

Unit, Mica schistEclogite Unit, and Phyllite Unit.

In the course of this project we would like to address the following open questions:
1. Where are tectonlmoundaries between these units? Which subunits can be distinguished?

2. Do highpressure/ultrahigipressure (HP/UHP) conditions form various clusters? If so, how many clusters
exist and what is their extent? Currently, the most common approach is nguwsti two HP and one UHP
cluster. However, it is uncertain if the UHP cluster should be subdivided further due to the extren
conditions suggested for rocks around the Saidenbach reservoir. In addition, metamorphic conditic
between the two nebHP clusers seem transitional, but occur in different tectonic units.

3. Are highpressure rocks solitary occurrences in a matrix with different pretsmpgerature evolutions or
did the units share a common evolution? If units behaved coherembiy do the hig-pressure clusters fit
into this picture and where are the associated tectonic boundaries?

4. Does the main foliation in the higitessure units reflect exhumation from eclog#eies conditions,
exhumation from mietrustal levels or even something else?

5. What explains the overall distribution of metamorphism in the Erzgebirge? Whilgregsure and
Barrovian conditions seem to fade out towards higher structural levels in the west, the eastern border of
Erzgebirge towards the Elbe Zone is metarhmgly abrupt, represents a major structural jump and shows
similarities to an extensional detachment fault.
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The MoraveSilesian fold and thrust belt (M#TB) is located to the east of the Bohemian Massif in the
northeastern part of Czech Republic and in segltern Poland. This syarogenic structure consist of up

to 7.5 km tick sedimentary succession deposited over Brunovistulicum and is interprased teeformed
Variscian foreland basin. MSFTB i s exposed 1in
Drahany Uplands in the south, separated by the Olomouc Depression. Four formations are distinguisl
within NizkTI J es eni kra o (shalésasiltstaes andl ekyavhckes, donddle
Visean), Horni Benesov Fm (mostly greywackes, middle Visean), Moravice Fm (shales and siltstones wi
intercalations of greywackes, upper Visean) and Hr&dgavice Fm (shales, siltstones and greyhes;
upper VisearNamurian A). MSFTB is elongated in the nesgbuth to northeastouthwest direction with
thrusts striking mainly northeasbuthwest and fold axes trending mainly nestiuth.

Here, we present structural data gathered during fieldwotk wih  t he nort hern par
Mountains. We performed aerial and regular imagery surveys to collect photographic documentation, whi
enabled us to construct detailed 3D models of the selected quarries and outcrops of the MSFTB. Acqui
images were processed using photogrammetric software, in which 3D models that provideesbigtion
representation of the complex deformation pattern within a given outcrop or quarry were constructed. T
use of photogrammetry allowed us to overcome trawakti limitations associated with fielshsed structural
analysis. We have analyzed the obtained models in CloudCompare software to extract quantitative date
the fold geometry and on the orientations of brittle structures such as faults and jointghTéwostudy,

we aim to shed light on the tectonic evolution and deformation mechanisms that have shaped the Mora
Silesian fold and thrust belt during the Variscan deformation stage.

The work was supported by the National Science Centre, Paladd; ra e ar ch pr oj ect f
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POL AR02B39/6/ST10/0@818U MO
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?Instituteof Geological Science®olish Academy of Scienc&esearch Cente i n w,Woland § a
*Lead presentee-mail: wojst@amu.edu.pl

The LNdie&kUOni k Metamorphic Unit (LSMU) 7§ nrieplne ske nl
(Sudetes, NE Bohemian Massifs a tectonically complex regional unit formed during the Variscan
orogety. It is built mostly of metglutonic and metdvolcangsedimentary rocks. Both these lithological
groupsat their mutual contactecord amphibolitdacies conditions. The mefdutonic group is represented

by the orthogneisses with the Cami@adovicianprotolith age. They reveal differegradeand style of
deformation resulting in high textural variability (fraamaugen to laminated and even homogenous varieties).
On the other hand, tHghologically diversified metgvolcangsedimentarguitehhas Late Neoproterozoic to
Cambrian protolithsThe rature ofboundariesbetween the LSMU metagranitoids and supracrustal rocks
(primary- intrusive or secondarytedonic) is still not deciphered.

In two localities with the directcontacts of the orthogneissestiwimetasedimentgrepresented by
paragneisses, schists and quart}itesguatedn e a r Mi ndzyg - thesmall @ensdof ciscale) n a ,
bodies of finegrained, leucocratic rocks have been observed. Their occurrence has been traatew as
additional premise for either intrusive or tectonic character ofctheccurrenceof metaganitoids and
metasediments in the LSMWBased on the observations poorly exposedoutcrops, both théype of
protolith (para or orthe), andthe formation mechanism of the leucocratic rocks (metamorphosed aplitoid
veins? quartzitic rocks modified due ductile shearing at the contact with orthogneisses?) imgressible

to deduce Therefore, geochemical studies of major and trace elements, including REEs, have be:
conducted. Their results document an unequivocal affinity of the leucocratic rocksddhbgneisses. The
patterns btrace elemenand REE spidediagramsdrawn for orthogneisses and leucocraéios very similar

in shape (usually, but not always with lower content of elements in case of the leucocratic rocks).
contrast, the metasedimtary rocks from the contact zones give distinctly different patterns. Such results
suggest aplit origin of the leucocratg; and consequently, the intrusive orthogneisses/metasediments
boundary However, stronglymylonitized gneisses from the narrow ahezone located within the
metagranitoids show similar trend of the trace element content depletion.

The geochemical characteristic of the studied orthogneisses sampléd contactzones with the
metasedimestin the two mentioned localities arat the third contact close to Kamienica igternally
consistent, and concordant with the geochemical data for the inner parts of the orthogneissic domains in
MSLU. They belong to peraluminous granites, and at the geotectonic discrimination diagrams ietdsipy f
of syncollisional and/or volcanic arc granitoids.
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'Computational Geology Laboratory, Polish Geological Institudational Reser ch | nsti tute, W
*Lead presentee-mail: marcin.olkovicz@pgi.gov.pl

Photogrammetry has become a wedtablified field method of imaging geological structures. Due to its
flexibility, it can be used in a wide range of applications ranging from the micro scale with milisiesdr
objects to the macro scale, where modeled objects reach a size of several hohdnetlsrs or more.
Combined with the easy availability of digital cameras, drones, high performance PC computers a
ongoing development of usérendly software, photogrammetry is more accessible for none specialized
users than ever before. In moderntestaf art photogrammetric workflow, from taking images to
construction of the final model, only a low entry level is required, making this technique widely available.

In our study, we show examples of photogrammetric applications in structural analysis,itvb used to
document and then to describe and analyze fault and fold structures in outcrops of different scale and
varied geological setting. The presented results are based on data collected duritay didl@ campaign

in the Northern Calcaoeis Alps (Austria, Hallstatt region). We have used photogrammetric technique to
document selected outcrops in the form of digital outcrop models, which were next analyzed to recov
structural data on the geometry of fault and fold structures. Our wovikesetba variety of outcrops from
largescale, humainaccessible walls imaged with a lightweight drone, through classic mesoscale surfac
outcrops, to those located in underground mine passages. Despite the use of the same photogramnmr
processing workf@iw for all the studied outcrops, the image acquisition during the field works required some
modifications to create highuality models. As a result of our work, we present the basic guidelines and
workflows for different style outcrops along with the stural data gathered from those models.

The work was supported by the National Science Centre, Palamd] e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geology (POLARS ) 0, n20203M/3T10/00818.
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'Department of Geological Sciences,Masaryk UniverBityp,Czech Republic
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“Silesian University of Technology,Gliwice,Poland
°Graduate Institute of Applied Geolodyational Central University, Taoyuan, Taiwan

*Lead presentee-mail: fojtk@mail.muni.cz

A new outcrop of theJpper Pleistocene river terrace has been exposed in the central part of Brno Cit
Excavation works for a new department store uncovered complex sedimentary sequences composed of |
sandy gravel, grave sand, and silt covered by loess. Relatively dimgk about 2 m thick with silty
intercalations forms the lower portion of the outcrop, while dominating coarse gravel layers above a lig
bordering sequence are on top of it. The loess is positioned within a small tectonic trough icaleter
dimensionsThe whole sequence is discordantly covered by {bkssoil (colluvium) and artificial deposit.

As we assumed that this pattern relates to a young fault tectonics, the outcrop was further examined k
complex of methods.

Firstly, the outcrop was divideinto a 21 m grid for better visualization in the photogrammetric mosaic.
Further analyses of the mosaics and structural analyses of the outcrop revealed that-trelaben
structures were formed and bordered by several generations of faultaulteeare characterized by both
dextral and sinistral components. The-leferal faults revealed an offset of approximately 270 mm towards
the east. The dextral nor mal fault of O066A/ 82A
direction Individual strata visually wedge against each other progressively from NW to SE. In addition t
young faulting activity, water escape structures were observed. These structures were formed eit
concurrently with the faulting or later, but not before thults emerged. Their genesis might be associated
with seismic activity. The water escape structures (i.e., sandy veins) and larger faults are enriched w
calcite. In these areas, sediment bleaching occurred, highlighting tectonic ruptures. Thetwhbtlees
forms an anticline with the through near its axis according to the electrical resistance tomography profile.

As the upper layer of loess is following the tectonic disruption of the strata below, it can be suggested tt
the terracel waac tiitwed oafitcad t he deposition of |
approximately 21.2 N 1.3 ka, while the age of t
OSL dating. The sagged loess revealed about the same ageofabou® 9 N 0. 67 ka and

def ormation is postdated by the not def or med
colluvium and the gravel, there are distinct lobes and wedges on top of some faults. Originally, they we
interpreted agolluvial faults car p wedges, but their relatively

0.89ka, respectively, which was dated on very fine quartz grains of @2® mm, indicates rather their
transport from the basal sequences of the terrace alofeultein form of sand bowls.

The research was supported by the grant proj ect
Stabilized Accretionary Wedgeso funded-24206J)tarnde
the Taiwanese Ministrgf Science and Technology (NTSC 12923 M-008-006-MY 3).
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In the southern Bakony Mts. of the TransdaanbRange (TR), Hungary, the authors conducted field
structural measurements, faslip analysis, and reambulatidype structural geological mapping. For the
SzRc study ar egaqglogiaal maewas compiled gsingistruectliral observationstjireximaps,
and borehole data base. The main str ucti8BHEs#ikings t
dextral faults of the TR but was not studied ec¢
bauxite mine, where theorthern block was composed of Upper Triassic Haupdolomite while the southern
bl ock consists of the Middle Eocene G8nt Bauxi't

In the entire area three tectonic phases were separated by the analysis of stress field. Tétoddfistary
started with NWSE compression. It resulted in thrust faults ofi S/ strike. The age of this deformation
can be Cretaceous (Albian to Coniacian) based on regional structural evolution. Then a major dext
shearing phase occurred due to aketslip or transpressional stress field with NNBSE maximum
horizont al stress axis. This main dextral shear
Miocene, as a final stage in the stré displacement in the TR. The third phagas an extensional
deformation with minimum principal stress axis iViE to SE NW direction. It resulted in the formation of

Ni S conjugate normal faults and joints probably in the Late Miocene, these structures cut across the m
dextral fault.

The southa st ern segment of the SzRc Faul't i's cover
trending Lit®r Thrust of Cretaceous age has not
should have a termination near or below the Late Miocenerc®e characterize this termination, the Upper
Triassic Hauptdol omite was st t68 strkidg seile slip fawdt imarked | i
with N-S maximum principal stress debranches into several faults partly in a local releasing bend or
horsetail terminations with normal faults of B&V to N-S directions. Local N shortening is also present

in form of outcropscale thrust faults contributing to strain accommodation. This termination within the core
of the Bakony is unique because inghoases Miocene dextral faults died out along reactivated Cretaceous
thrusts in the soutkast part of the TR.

The research was supported by the National Development amvhlion Office OTKA No. 134873.
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Miocene andesitic rocks intrude both the Pieniny Klipfelt and Magura nappe in the Polish part of
Western Carpathians (Birkenmajer 2003, Bul PAS;
2012, Lithos). They form smallolume hypabyssal dykes and sills and represent aatlatine magmatic
event The age of andesitic magmatism ranges from 12.8 Ma to 10.8 Ma, mainly resolved usirgrthe K
met hod (e. g. P®cskay et al . 2015, ASGP) , howev
Anczkiewicz & Anczkiewicz, 2016 ChemGeol).

The Pieniny Klppen Belt comprises deformed Mesozoic to Neogene sedimentary rocks. It forms a narro\
tectonic structure that separates the Outer and Inner Carpathians. The Magura nappe mainly compr
sandstones and mudstones, and it is the southernmost unit of3argathian flysch sediments.

Although many specialists (e.g. Nejbert et al. 2012, Lithos, Anczkiewicz & Anczkiewicz, 2016 ChemGeol
have studied the chemical composition of Miocene andesites in the Pieniny area, their tectonic environm
is still unclear.lt has been proposed that the origin of andesitic magma is from partial melting of the
metasomatized lithospheric mantle as well as derivation from an enriched MORB type mhiuth
underwent modification.

New results from chemical composition analysisr@jor elements indicate that the chemistry of analyzed
rocks varies from basaltic trachyandesites and basaltic andesites, through andesites sensu stricto to de
(TAS classification, after Le Maitre 2002 Cambridge), and they have the compositiorc-afkadine and

(in minority) highK calc-alkaline series magmas (Peccerillo & Taylor 1976 ContrMinPetr). They also show
a visible influence of slab melting (Pearce & Peate 1995 AREP). Studies of trace element ratios indicate t
these rocks were formed dhe active continental margin (Bailey 1981 ChemGeol) and magma for their
formation was influenced by the subduction environment (Pearce & Peate 1995 AREP).

In addition to the interpretation of the chemical composition, furthelepth studies on the agais of the
isotopic composition (including Sr, Shd, Pb) carried out on a representative population of samples also
require further detalil.

Acknowledgement: The research is supported by the National Fund for Environmental Protection and Wa
Managemenproject No. 22.2301.2001.00.1.
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Comprehensivesedimentological, geochronological and stratigraphical studies of layers interpreted a
seismites, i.e. layers of sediments affected by earthquake shaking, widely used as a secotfdalty, off
evidences of palaeoseismic activity, have been conductedransfudy sites located within Southern
PeribalticumareaDwasi eden (R¢gen | sl and, NE Ger many), V
Slinkis (Dubysa river valley, central Lithuania), Dyburiai (Minija river valley, NW Lithuania) and
Baltmui ga (Piejlra Lowl asoctcurwithin Pleistocéne yinconsblidated silty u
sandy sedimentary successions representing lacustrine, glacilacustrine and fluvial sediment:
environments.

Seismites are recognized on the base of several criteria, including an occurrence of intqalejgatibn
induced softsediment deformation structures (SSDS), large lateral extent and continuity of deformed layer
and sandwicHike (or pancakdike) distribution of layers, i.e. vertical repetition of deformed layers
interbedded with undeformed seuints. The time periods of sediment deposition and the subsequen
deformation are estimated for each study site on the base of OSL datings results and stratigraphic cont
including the relation to the iegheet front position. The study results are sppnted with modelling of

the Coulomb Failure Stress changes in time for the particular study areas, with the different input paramet
of the subsurface faults, which reactivation might have been responsible for the seismic activity. For t
selected sidy sites, the Schaabe fault, Usedom Fault Zone and Strelasund Fault in Northern Germany, &
Tel giai fault zone in Lithuania were preliminar
generating earthquakes in Late Pleistocene, reitbmmendation of further structural, geomaiplyical or
geophysical studies.

According to our interpretation, the distribution and number of seismites indicate thatolomoderate
magnitude earthquakes related to the growth or decay of the ice cawmsed by reactivation of pre
Quaternary faults induced by glacioisostatic rebound or glacial earthquakes / icequakes) were more freqt
than hitherto reported. In addition, seismic activity occurred not only during deglaciation, but also during tf
glaciation of the study area (i.a. in the area of nioat crustal depression between the forebulge and the
advancing icesheet front). The interpreted earthquakes were related not only to the Weichselian glaciatic
(MIS 2-5), but also to Saalian glaciation ($16).

The study is a result of the research projects no. 2015/19/B/ST10/00661 (GREBAL project) an
2019/35/N/ST10/03401 financed by the National Science Center, Poland.
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The presented study is a part of a broader project delving into both field and numerical examinations
tectonic structures development within f@ddthrust belts. The primary focus @& the evolution of fault
related structures in layered rocks. Existing deformation models predominantly embrace a kinema
approach, where layering is treated as passive, overlooking rheological effects such as mechan
anisotropy, which plays an imgant role in layered rocks commonly found within faliddthrust belts.

In our investigation into the role of mechanical anisotropy, we examined folding and thrusting in the centr
Northern Calcareous Alps (NCA), encompassing the Péviesozoic sedimentsf the Upper Austroalpine
unit. This fold and thrust belt feature folds formed along overthrusts, includingofendt folds and fault
propagation folds but also the eaftsequence overthrusts. The tectonic evolution of NCA is significantly
influenced bysedimentary facies, with nappes imbricated during Jurassic and Cretaceous thrusting. O
focal points were the Scythian mixed clastarbonate sediments of the Werfen Fm (SW of Hallstatt),
located at the base of the fedthdthrust system, and the Uppéurassic limestones of the Oberalm Fm,
located SE of Bad Ischl that are deformed syndepositionally into thrusts and folds forming the shallowe
part of the foldandthrust belt during the Jurassic deformation stage.

Fieldwork encompassed gathering ori¢iota measurements of various tectonic structures, and capturing
photographic documentation which allowed to produce georeferenced photogrammetric models. Digi
outcrop models, in the form of georeferenced textured polygon meshes, were created in intdgratie
spatial data with detailed geological mapping results and collect additional data.

The limitations inherent in kinematic modeling to represent-weald strain patterns were confirmed
through sequential restoration and kinematic forward mogl@imMove software. Notably, hybrid modes of
kinematic models provided more acceptable results, underscoring the significant influence of rheologic
contrasts within the sedimentary pile on the distribution of folding and faulting. Our observationmgocus
on meterscale structures, suggest a level of strain not typically addressed in regialeatrossections,
emphasizing the importance of considering strongly anisotropic strain distribution within sedimentary uni
when performing kinematic modegjrof regionalscale structures.

The work was supported by the National Science Centre, Palamd] e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POUMORI2B30/HSTL0/0@818.
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Hungary is marked by a moderate seismicityicli represents a hazard for the society and infrastructure.
However, location of active faults is difficult to determine because of insufficient knowledge of potentia
faults and inaccurate location of earthquakes.

New temporary seismic stations wereempled 1 n t he centr al part of

Hills (Fig. 1) where historical (e. g., 1810, M
stations monitored the supposedly a&niyveOMlr e@r
(Fig. 2). The earthquakes registered in 20202 2 near M- r and the after:
were analysed, and the hypocentres were determined by modern methodological approach. These data
compared by mapped faultswhishe r € c | as st iffitead hav iAp®steen for me

New approaches permitted the separation of natural earthquakes from seismic events induced by qu
blasting. 6 earthquake swarms were detected in the-202® period and ca. 100 aftershoaks2011.
Smallmagnitude earthquakes were recorded. New approaches resulted in a much more accurate hypoce
determination both for earthgqguak e2622)nielmth cages, steep |
slip planes could be determined. Earthqeges can now be connected to
Pusztavg8§m and Eastern V®rtes Faults, respectiv
presence of fractured pebbles, breccia zones, and thicker Quaternary sediment pilbaingthg wall
block. Combined structural and morphological indices are ponded drainage pattern in hanging wall blo
together with wind gaps in the footwall, diverted drainage and capture of creeks. Indirect signs are stron
deformed Quaternary sedimentghich could form by earthquake shaking (seismites) but alse non
tectonically by deformation of frozen upper layers along slopes. In one case this deformation occurred
late Pleistocene between 75 and 79 ky.

Together with these structural geological andrphological indices, a new map of active faults was
constructed. This map can serve as the basis for future earthquake hazard estimations.

The research was supported by National Rekear€ o und 134873 of L8szl - Fo
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The aim of this study is to give an overview on the most important Cretaceous compressional structures
the Transdanubian Range (TR), and to place them into a regional context within the tectonic evahion of

Alpine region. In order to do that, three regional ciesstions were constructed across the southwestern,

central, and northeastern parts of the TR, respectively.

The Cretaceous compressional structures of the northeastern Transdanubian Ramga satithvergent
thin-skinned foldandthrust belt that resulted in the imbrication of the Triassi&arly Cretaceous
sedimentary cover above a shallow detachment within the Triassic succession. These structures
associated with the Early Cretaceoosefand basin of the northeastern Transdanubian Range that develope
in the foreland of the Neotethyan obducted ophiolifgoea in a lower plate position.

In contrast, the sections through the central and southwestern Transdanubian Range are dorthingted by
skinned deformation, where both the Permiaftarly Cretaceous sedimentary cover and the Variscan
basement are affected by folding. These tsikiined structures are NN\BE oriented in the central TR, and
gradually turn into a N6 trend in the southestern Transdanubian Range Unit. The onset of #kakned
deformation is early Albian. This deformation is related to the Eoalpine orogeny, in which the
Transdanubian Range was in the upper plate position with respect to the Eoalpine intracontinen
sulduction.

The transition in time and space from #skinned to thickskinned deformation reflects the switch of the
Transdanubian Range frdower to upper plate position.
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The Carpathian orogen is a part of the mountain range which belongs to geological structures formed dur
the Alpine orogeny The traditional and commonly used subdivision of the Polish segment of the
Carpathians is based on a distinction between the Inner Carpathians and the Outer Carpla¢ghsindy

area is located in the eastern part of the Polish Outer Carpathiangrdmiftormations belonging to the
Silesian and Subsilesian unita. this area the Silesian unit (nappe) is divided into two minor fatie
Central Carpathian Depression and Czarnorzeki anticline which is overthrusted on Subsilesian unit.

As part of theimplementation of the update of the Detailed Geological Map of Poland in scale 1:50 00(
(Jedlicze and Ryman- w s h e eibtarpretatioh &f Gé PololNaNtiCliveRaRd tiper
Wngl -wka zone was undertaken. T latographic and seisipic data.a t

According to the new interpretation of the Potok anticline in the vicinity of Krosno, the oldeshal®elds

may be internally detached together with hanging wall anticlines. It is possible that this occurred as a res
of shortening of the foreland of the anticline,
syncline. Each successivertit is related to the previous one, forming an imbricate fan structure. In this
way, a series of thrusts may have developed on the southern limb of the anticline and consequently uplif
the older formations, from the southern limb towards the surface.

The Subsilesian wunit in the vicinity of Maga K
Silesian unit. Reinterpretation of available borehole data made it possible to delineate several overlyi
tectonic thrusts forming a duplex. The depwould have been formed at the stage of overthrusting of the
Silesian and Subsilesian units on the Skole unit. With the formation of successive detachments, the angl
inclination of the original overlaps would increase, causing significant stackthgnwhe Subsilesian unit,

the equivalent of which at the surfacearesal | ed t he first and second W
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The Institute of Geophysics, Polish Academy of Sciences, together with the University of Silesia i
Katowice and the University of Warsaw installed the seismic instrument pool of broadband statior
deployed in Soutern Poland for the needs of the AdriaArray project. The project aimed to geophysica
studies of the Upper Mantle between the Carpathians and the Mediterranean Sea. The University of Sile
arranged 7 seismometer stations from the Opawskie Mountaingithtioei Upper Silesian Coal Basin to the
Beskid Magy, Southern Pol and. Together with 22
of Warsaw, the seismological network in Poland consists of 29 sensors. The cooperation of these Po
institutions is represented as the Polish AdriaArray Group. The Silesian sensors are-GRSIBRVER
seismometers and one COLT 60 seismometer. Both types were manufactured by RefTek. They are opere
since 2019, providing continuasd high quality seismic dat

AdriaArray is a multinational effort to cover the Adriatic Plate and its active margins in the central
Mediterranean by a dense regional array of seismic stations to understand the causes of active tectonics
volcanic fields in the region. Platede observations are complemented by local and LargeN experiments in
key areas. The AdriaArray region reaches from the Massive Central in the west to the Carpathians in
east, from the Alps in the north to the Calabrian At @rainland Greece in the gbu

Polish part of the seismic array will extend to the North of the Carpathian orogen, reaching much older un
i Precambrian East European Craton and adjacent Palaeozoic blocks. As a zone of contact of three I:
geological systems with contrasting agfeconsolidation (from Proterozoic to Cainozoic), this area is of
particular importance for geodynamical studies. Collected data will be analysed usargl FSwave
receiver functions, SKS wave splitting analysis, ambient noise interferometry, meadsrefenrface
wave dispersion curves and modelling based on data from local events, models -giintleregonal
distribution of seismic wave velocities and densities will be obtained. Inversion analysis will allow for
determining Pand Swave velocity modls of the crust and the upper mantle beneath the Adriatic plate and
its surroundings. Analyses of seismicity and msitiale passive seismic imaging will lay the ground for a
physical understanding and modelling of plate deformation and associated géshaza

AcknowledgementAThe wor k was supported by the Nation
project APassive Seismic Studies of the Lithosyg
area) o0, -2006/35/BAS™MQ@01628".
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Faultrelated folds are associated with faulting both in space and in time. The understandingrefafiaalt
folding mechanisms is crucial for example in industrial applicatidue to the fact that geophysical imaging
is usually of poor quality in the vicinity of faults. Thus, the improved models of-felaited folding can
lead to better predictions of structural traps. In general,-falgted folds are divided into thregnetic
groups: detachment folds, faldend folds, and faufpropagation folds. Kinematic and mechanical models
represent two major approaches to modelling of faalitted folding. Kinematic models only include the
description of movement, whereas medbaih models try to incorporate the physical description of
deformation (stress and strain fields) and its relationship to physical properties of rocks (such as viscos
elastic stiffness etc.). The ease of use is the main advantage of kinematic motielveger, not all
kinematic models are simplistic. For example, a kinematic trishear model incorporates a number
parameters that can be turtedbbtain realistic solutions.

The poster presents selected models of faldtted folds with special focusi&inematic models. Displayed
models include all three geometrical types of faelated folding. Besides showing the systematic
parametric dependence of various models, diagrams include the spatial distribution of finite strain.

The work was supported e National Science Centre, Polandy d e r research proj
field studies of anisotropic rocks under large strapplying micrePOLAR mechanlcS in structural
geol ogy ( POL AR02B39/4/ST10/0@818U MO
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The c. 50 km long, M trending Sl ansk® Vrchy volcanic <c¢h
Miocene Transcarpathian basin system in eastern Slovakia. The volcanics are in general refmgsentec
andesites and dacites. More mafic volcanics were not found, except for one basaltic andesite enclave, wr
however, has not the most primitive isotopic composition of the studied samples. Robust concdptant U

zircon ages are indistinguishable fore andesites (n=5) and dacites |

11.8 N 0.2 Ma, indicating that volcanism pos
compositions of the basaltic andesite, andesites, and dacites are overlapping and rrektedo
(87Sr/86Sr(12Ma) = 0. 7i0DIibilt.o0,0 .a7nld0 4612 thNe2R), WBaY) a ) =

reflect contributions of mantle and crustal components to the volcanic system. A general lack of correlatic
between fractionation indicators ge. SiO2) and isotope ratios as well as overlapping isotopic compositions
for the andesites and the dacites preclude simple coupled assimilation fractional crystallization (AF¢
processes. Furthermore, the overall scarcity of inherited zircon pointsitedliassimilation at upper crustal

l evel s. Accordingly, the genesis of Sl ansk® Vr
assimilation, storage, and homogenization (MASH) in lower crustal zones where -dentexl melts
interacted with théower crust. Initial melt generation in the mantle was either triggered by decompressiot
melting or by lower crustal delamination, but details on the nature of the mantle source remain indistir
because initial signatures of primitive mantle melts weseoked by lower crustal hybridization processes.
Further modifications of the hybrid magmas ascending from lower crustal zones by fractional crystallizatic
and mixing occurred probably in complex mddével crustal plumbing systems.
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The ForeSudetic Block (FSB) is a tectonic unit located in the northern part of therBian Massif. In
contrast to the adjacent Sudetes, where the recent uplift resulted hsdatgeexposure of the crystalline
basement, the Foi®udetic Block is largely buried under a cover of the Cenozoic sediments, with only loca
outcrops of the basgent rocks. The suGenozoic surface is presumed to have been predominantly levelled
by erosion prior the deposition of the Cenozoic strata. Thus, most steep irregularities of the crystalli
basement of the FSB can be attributed to neotectonic activityedMer, the stark contrast between the
lithological and physical properties of the cover (mostly clastic, weakly lithified sediments) and the
basement (metamorphic and plutonic rocks) facilitates gesogddymaging of their contact.

The FSB has alreadyebn subject to several studies focusing on its Cenozoic cover (e.g., Badura an
Przybylski, 2000; Badura et al., 2004). However, the recent two decades have brought both new survey c
and the development of new digital modelling techniques that caniliseduto verify and refine the old
models. Hence, we have constructed an updated model, which builds on about 40% more of both borel
and geoelectric datapoints compared to its predecessors. Additionally, it benefits from modern digit
modelling method, including the discrete approach to modelling of dislocation zones. The obtainec
structural model provides a robust framework for systematically identifying potential neotectonic dislocatio
zones within the Cenozoic basement level of the FSB.

The preseted model shows appreciable differences upon comparison to the preceding interpretations

sever al areas, not abl y i rmudetib Blargihal Fduli ané in the soathern a
periphery of Middle Odra Fault Zone. Furthermore, the intezoaliplexities of two prominent grabens, the
RoztokaMokr zesz-w and Paczk-w grabens, have been

significant step forward towards better understanding of the Cenozoic tectonics in the Sudetic regic
Further eférts should focus on constraining the exact timing of the tectonic activity recorded within the
Cenozoic cover.

Badura, J., Przybyl ski, B., 2000. Mapa neot ekt o
Unpublished, iFhouse report from the archives of Lower Silesian Braf¢totish Geological Institrute.

Badura, J., Przybylski, B., Zuchiewicz, V2Q04.Cainozoic evolution of Lower Silesia, SW Poland: a new
interpretation in the light of sw@ainozoic and sulQuaternary topography. Acta Geodynamica et
Geomaterialia 1.
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Light Detection and Ranging (LIDAR) has revolutionized geological sciences by providingdsigiation
topographic details for accurate surface mapping. Its capacity to penetrate vegetation offers a unic
perspective, allowinghe recognition of linear geological features with unparalleled precision and enabling
the identification and mapping of faults, fractures, and other structural elements that may go undetected
traditional techniques.

The Bystre Slice is a tectonic featUpcated within the ForBukla Zone, a prominent tectonic zone situated
within the Silesian Nappe, separating it from the Dukla Nappe. The Bystre Slice stands out as a unic
geological site due to the remarkable presence of metallic mineralizationtaté&ires and Paleogene rocks.
The significance of this site lies in the fact that the mineralization is closely associated with faults and linke
to hydrothermal processes occurring after a major tectonic shortening within this part of the Out:
CarpathiansHence, the recognition and detailed analysis of the fault network are pivotal as they serve
pathways for hydrothermal fluids responsible for the formation of mineralization.

In general, the primary direction of shortening, as recorded by the fold¢d, shdicates NESW oriented
shortening both within the Bystre Slice and its close surroundings. Based on LIiDAR data analysis, tv
additional mutually closely orthogonal trends were identified, showing approximai®lgridi EW oriented
shortening. Thestends are represented by nqale thrusts and strilgdip faults, both present within the
Bystre Slice and its close surroundings. These faults cut through the structure, with the primary tre
indicating their later origin. Additionally, LIDAR revealsw lithostratigraphic units mechanically play a
role, with competent units exhibiting brittle faulting, while incompetent lithostratigraphic units are being
refolded.

The study indicates that recently identified features might have played a role inmilgidtion and
mineralization. Additionally, it underscores the significance of utilizing LIDAR data in geological mapping.
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The Outer Western Carpathians are fractured by severdhryst and posthrust faults. One of them, the
Mikulov-Falkensten Fault, has been studied using a combination of surface and subsurface methods. T
former comprised the analysis of a LIDAR digital terrain model with 1 m resolution, interpretdtion
ortophotos and compass measurements of-#ipltdata, while the teer comprised the analysis of ERT
profiles and 2D seismic reflection profiles interpreted with the aid of borehole data. Paleostress analysis |
also been used to understand the stress history and progressive development of the fault. By combining t
methods, it has been possible to define a distin& directed fault zone that intersects or delineates the
majority of the Jurassic limestone nappe outcrops around the highlands of Pavlov Hills. This almo
continuous fault zone runs for several kilomngten the Czech side of the border and extends further south
to Austria. The thrusted Jurassic limestone bodies are cut by the fault zone, which tectonically crushed
limestone. The mapped pattern of the fault zone suggests branching and reattaththg pibduction of
lenticular tectonic slices. Consequently, we interpret the fault as a prominent sinistral shear zone. This
indicated on the surface by block displacemen
accompanying subvertical &lel shears with identified horizontal lineation. Subsurface kinematic
indication derives from the interpretation of a prominent negative flower structure in the deep seism
profiles, just beneath the fault zone. The ERT profiles have revealed thatméstolne bodies are
tectonically bound by accompanying fault branches. Moreover, paleostress analysis suggest that fault z
activity can be divided into three main stages: (i) & thrust faults indicate thrusting of the Carpathian
accretion wedge ovehé Bohemian Massif; (ii) NVWSE strikeslip faulting, during which the fault blocks
moved along the faults in the direction of propagating wedge; (9 8trikeslip faulting, marking the
change in compression direction and transition from thrustingstalae-slip regime. The main movement
along the fault is probably of the late Miocene age and probably continues to the present day.

The research was supported by the grant project €2206J: "Coseismic Landslides in Mountain Ranges
of Active and Stabilied Accretionary Wedges,"
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The Red River Fault Zone (RRFZ) is a prominent geological feature spanning across Southeast Asia, wit
length exceeding 1,200 kilometers. Thigngex tectonic boundary separates the South China Block from
the Indochina Block, standing as evidence of the dynamic geological processes shaping the region. -
RRFZ plays a crucial role in seismic activity, landscape evolution, and societal impactg ntakifocal

point for geological studies and a critical factor for regional development and disaster resilience. Continu
research on the RRFZ is essential for enhancing our understanding of tectonic processes and impro
strategies to mitigate eartinake risks in this seismically active area.

The RRFZ is characterized by an intricate network of faults and folds, reflecting ongoing tectonic process
in the region. It primarily functions as a strikkp fault system with differentiated vertical movamsalong

its faults. During the Miocene evolution of the RRFZ, several sedimentary basins formed along it. Tr
Miocene infill of these basins typically consists of conglomerates intercalated with sandstone layers a
mudstones.

For the first time, deformin bands have been documented in Vietham within two Miocene sedimentary
basins developed along the RRFZ, located approximately 200 kilometers apart. Deformation bands w
identified in the basins near Lao Cai and Viet Tri cities. At both sites, thesks bgere recognized within
sandstone successions, recording basin extension. However, deformation bands seem to have forme
different tilting of the host rock and under distinct diagenetic and burial conditions. It appears that in tr
vicinity of Lao Ca city, they experienced a greater impact of burial conditions, while near Viet Tri, they are
typically found in very poorly lithified strata and appear to be structures formed at shallower depths.

The goal is to shed light on the on the structural evaiutif both the sedimentary basins and the RRFZ.
This objective involves defining the scaling relationship between burial conditions and stress fields 1
achieve a more profound comprehension of the basin formation processes along the RRFZ.

Acknowledgmentsthe research was supported by project VAST05.62/23and AGH Statutory funds.
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While earthquakes mainly occur along active tectonic plate boundaries, they are also recorded outside
these zones. Areas with low deformation rates and minor relative displacements, such as continer
interiors ¢ mature orogens (e.g., the Western Carpathians), may represent significant, albeit st
insufficiently recognized, seismic hazard zones. Secondary effects associated with earthquakes, sucl
landslides, are documented much more frequently due to tlee foagnitude of seismic events required to
trigger them. However, due to the multitude of potential causes of secondary deformation, their origin ofts
remains speculative. Therefore, documenting primary effects, such as surface fault ruptures, i®icrucial
recognizing past seismic activity. Although surface fault ruptures have been reported in intraplate regiol
they are generally sporadic occurrences. An analysis of LIDAR DEM data in the SE Podhale area revea
the presence of a morphological scarprrtie village of Brzegi, which may represent a geomorphological
manifestation of a surface fault rupture in the Podhale Basin. We employed a standard paleoseismol
analysis to recognize the observed structure, including geological and geomorphol@ppaignhigh
resolution terrain modeling, ERT and GPR geophysical methods, and trench investigations. Howev
suitable geological material for geochronological analyses could not be obtained during the stuc
Therefore, in an attempt to determine the afi¢he fault, scarp diffusion modeling was conducted. The
collected data are not definitive in the identification of the morphological scarp origin. Nonetheless,
comprehensive analysis of all gathered data allows for the hypothesis that assumingcaesgimnic origin

of the scarp in Brzegi, the associated fault may have generated earthquakes of magnitude ~M6. Furtherm
the documented dextral offset fits into the context of the late Neogene tectonic evolution of the Weste
Carpathians. Converselhe degree of scarp erosion and its superposition relative to terrain features sugge
that the fault in Brzegi was likely active during the late Pleistocene.
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Wacgaw Sikora (1971) distinguished the Zgatne
that constituted the southeastern branch of Alpine Tethy§ he ZJdatne Basin occu
from the Czorsztyn Ridge whiche par at ed t he Zgatne Basin from M
of t he Zgat ne dBep svater Jurasiicolvar €retaceotishracks, followed by the Alkian
Neogene flysch sequences. These s eq uaege olistaithsioh c |
Triassi@ Paleogene rocks, mainly limestones.

Albian flysch sedimentation began the synorogenic stage of basin development which was initiated by t
subduction of the oceanic basement of the Alpine Tethys under the Central CarpatteanAR
accretionary prism was formed, which at the end of the Cretaceous began to collide with the Czorsz
Ridge. A piggyback basin was formed after this collision. Turbidite and pelagic sedimentation continue
until the Neogene in this basin. Durigr ogeni ¢ movement s, t he for ma
transformed into the Zgatne tectonic unit, bel c
best exposed in the Spig PieninyeMoiUphn2ak nasr @ an iF
Pieniny Mountains in Slovakia. It displays nappe character well visible in the deep seismic profiles. Tt
ot her geophysical surveys, SRT, gravity and gec
tectonicunitsof R ni ny Kl i ppen Belt in the Spig Pieniny
marks the suture zone between Central Carpathian and North European plates as well as the boun
between Central and Outer Carpathians. The significant reduction efidtie of Alpine Tethys basins
happened during the tectonic evolution, and now the Pieniny Klippen Belt structure is three to fiv
kil ometers wide. Both tectonic and sedi mentary
Pieniny Klippen Belt. Tk tectonic processes resulted in the creation of a complex structure expressed
existence of nappes and secondary thrust units, as well asstipikaults of different orientation. The mass
transportation sedimentary processes producethtasts andlistostromes.

This research was financially supported by the Polish National Science Center granti NCN
2019/35/B/ST10/00241.
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The Permian Boda Claystone Formation is in the focus of a national research program in Hungary, aiming
select a site for the deep geological disposal of-teghl radioactive waste. The distriimn and porosity
permeability parameters of the formation make it suitable for isolating such waste; however, fractures a
mineral veins can significantly modify its fluid retention capacity. The research aims to determine wheth
the vein generations @viously identified in the BAR2 borehole of the Boda Claystone can be found in
other parts of the claystone body. As part of this lagme project, in this manuscript, the veins of the
BAFi 2, and BAR 3, 1 3A boreholes are compared to reveal their gerretationships and connection with
regional tectonics. In the BAR, four vein generations are present, veins with goveore structures
(VeinCIC), straight veins (VeinSTR), ethelon veins (VeinECH), and breccia veins (VeinBR). The main
cement mineral are calcite and anhydrite. The combined interpretation of di8KdWW and fluid
inclusion microthermometric data of calcite cements suggests basinal brine origin for most parent fluids, |
meteoric in the case of VeinBR. Within the BiA&; i 3A boreholes ig vein generations can be identified,
four of which coincide with those observed in the BAFFurther vein generations are characterised by a
crackseal texture of stretched calcite crystals (Ve®)Cand relatively high (>5 cm) thickness (VeinTH) of
antydrite-dolomite filling. In the case of VeinTH, the fluid origin is basinal brine, while the V&nC
presumably reflects the mixing of brine and meteoric fluids. Due to the unoriented drill cores, the stre
fields related to different veins cannot be daii@ed, but the following conclusions can be made. Based on
its microstructure, the VeinCIC is related to atectonic, diagenetic m@xefhe VeinSTR was formed in an
extensional regime. Members of the VeiB&rosscut the VeinSTR generation suggesting their relative age,
and their syntectonic texture suggests pure extensional vein formation. The VeinECH group recor
compressional téonics. In the case of VeinBR, -Bitu rock fragmentation textures suggest hydraulic
brecciation as one of the youngest events. Considering all this, establishing a correlation between v
formation and regional tectonics proves to be a challenging daskthe direct link between them has not
yet been explored, highlighting the necessity for further investigation.

AcknowledgementsThis research was financially supported, and its publication was permitted by the

Public Limited Company for Radioactive WasManagement, Hungary. The project is supported by the
National Research, Development and Innovation Office (OTKA PD 147180).
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The discovery of newly unearthed paleokarst sediments in thera&teletes represents a significant
advancement in our efforts to piece together the landscape and tectonic history of the NE Bohemian Ma
during the Neogene (Sobczyk et al., 2024). Through detailed palynological analysis of seven samp
extracted fromthe karst fissure, we were able to study the distribution of pollen grains, spores of plants :
well as norpollen palynomorphs, such as algal and fungal microremains, within each sediment layer. O
findings unveiled a rich array of pf@uaternary taxancluding "paleotropical" species, embedded within
the deposits. Notably, pollen analysis shed light on the prevailing climatic conditions during the depositic
of the Nowy Walisz-w karst infill Suggesiprdfile g &
indicated the presence of wetland flora comprising swamp forests, riparian forests, and shrub bogs along
mesophytic forests. These recorded taxa are emblematic of flat and undulating terrains, preceding
emergence of the current mountaiaaglief exceeding 1000 meters, as well as the formation of the primary

European triple drainage divide in the $nieUnik
foraMidMi ocene onset (~15 N 1.5 Ma) e Budetes region,rattrinutee n
to the accelerated tectonic uplift of the $niecC
the Upper Nysa Kgoid&rkiae UGriakb eo nmaen dt eQ@rtloinciac bl oc
paleokarst sedimest i n Nowy Walisz-w indicates a relatiyv
influenced the | andscape evolution in t h-Eliocener t I

(Serravallian/&rmatian) through the Pliocene.
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‘Eotvoes Lor8&nd Univer si t ylied®Geelpgy, Budapesh Hungady Physi c
’HUN-REN Institute of Earth Physics and Space Science, Sdgungary
*Lead presenter

The aim of this study is to describe the fault pattern on a geological map made along -85MNE&oss
section and balance the NNESW ¢oss section to get a better understanding of the amount of the extensiol
in the study region. Even though former maps already exist of the region, field observations revealed ftl
those maps need major updates. One of the reasons is surly that generstandohg of fault patterns
developed greatly during the past decades. Thus, the fault pattern presented on the updated geological
differs considerably from former maps.

While comparing stereograms with the geometry of the fault pattern, main defornmiases were
separated. Further complications raised however, that a continuous transition of fault and stress a
directions occurred between successive phases thus distinguishing between different deformational ev
was often difficult.On map viewstepovers, relay ramps, curved fault traces, merging and debranching faul
segments further complicated the understanding of the fault pattern.

The earliest phase occurred as a NNBSE extension that formed ENESW striking faults. These
structures formegbrobably prior to the the swift phase during the latest Oligocenesarliest Miocene.
During the early swrift phase extensional direction rotated to NMESW and resulted in WNYESE
striking faults with extensional character after 18.5 Ma. The relstiip of the stress field change to
verticalaxis rotation events is not yet clear. During the next stage of thefsghase, due to a verticakis
rotation event, the extension direction changed to BS\'E Typical structures are NYABE striking normal
faults and simultaneousil$ striking sinistral and (W)NWE)SE striking dextral fault®?robably after the

last rotation event another phase was observed, probably started in the late Badenian (~13.8 Ma), w
within a Wi E to WNWI ESE extension NS to NNESSW striking faults appeared. These were the youngest
observed structures in the region. A noticeable complication is that the same extensional direction a
occurred during the Cretaceous as well which often cannot be distinguished from a youngesrewtmsi
similar direction, if being measured in Mesozoic formations. However, tilt test of fractures to horizonts
position of Triassic beds can lead to separation ofijpfeacture system.

Acknowledgements: The research was supported by the OTKA §84i®73 of the Hungarian National
Research, Development and Innovation Office.
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The poster presenthe geological structure of the contact between the Silesian and Skolian Nappes in tf
eastern part of the Wngl - -wka tectonic window,
reservoir data, seismic profiles and the Digital Elevation Maggbasrted by field studies.

The subsurface structure of the regional folds occurring in the study area was analyzed in the Silesian Na
the dichotomous structure of the Potoka anticline was confirmed, with itdikeoxgeometry with
detachment fold featas in the shallower parts, while sequence of duplexes in the deeper parts. A model f
the formation of the Iskrzynia anticline and the Korczyna anticline as a result of fault propagation we
proposed. In addition, the structure of the Turzego Pola meticbas described. It was showed to have
formed as a result of the detachment folding, andrflatpflat thrusting style. In the southern wing of this
anticline, contractional faults have been interpreted on the seismic profiles. The isolated fragthent of

Bonar-wka thrust was described, c 0 n fdippinghaxis.gt hast s
been suggested that it has a structural similarity withBitze@zowa syncline. In the StBilesian Nappe,
three anticlines belonging to the WneSilesiamkNappet e c

confirming that they were detached and thrusted northward resulting in strongly reduced basal anticlir
wings.

The smalscale tectonic structures such as folds, faults, fractures and slickensides wstnsipindicators
were also documented. The lineaments indicated based on the DEM have been correlated with faults stu
in the field. Thus, sets of regiahstrikeslip faults that are oblique to the axis of regional folds were
determinedThe research results indicate a model of
tectonic units in the form of duplexes with thgkinned folds lying on them.
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Synthetic Aperture Radar Interferometry (INSAR) is a crucial satellite technique for surface deformatic
monitoring with subcentimeter accuracy. One of thedicated missions for collecting INSAR observations

is the Sentinel 1 mission, which consists of two satellites orbiting in the opposite direction, from south
north (ascending) and from north to south (descending). The data time series from Sentgsgbri ame
available trough the European Ground Motion Service (EGMS). The data in the EGMS service are availal
as 3 types of product s: the O6Basic | eve-bf&ight ha
Direction (LoS). The second produnta med O0Cal i brated datad corres
referenced to the model derived from Global Navigational Satellite Systems (GNSS) and, thus, the InS/
observations are adjusted to the E&tntered Eartfrixed Reference Frame (ECEF). Finalthe East

We s t and Up components are resolved in the 6C
resolution.

The density of points producing sufficiently strong reflections in the INSAR technique strongly depends c
the land cover of the regioof interest. In general, the vegetated areas mark a lower density of registere:
INSAR points than the urban areas that typically exhibit more stable reflectors. In the areas with hig
vegetation and a correspondingly low resolution of INSAR reflectioesntimber of reflections could be
improved by installing artificial stabilized corner reflectors with known coordindéesred from GNSS
measurements.

Within this work, we present the design of a corner reflector network that will be established inhthe hig
vegetated $nieUni k mafshedrt\cantingousanmanitdring ofpthe poorly deeognizéda t
presemd ay geodynamic processes in the $ni e Uterimk r
monitoring will enable us to capture the motionté studied tectonic structures with a suoitlimeter
accuracy.
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Formation of the active Tabas Fold Belt as result of transpression and rotation
of the tectonic blocks, Tabas block, Iran
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YFaculty of Geology, University of Warsaw, Poland
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3Institute of Geological Sciences, Polish Acadenfyadnces Warsaw,Poland
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The formation of the active Tabas fold b@B) was controlled by largecale dextral transpression ajon

the Nayband fault and the counttockwise rotation of the Tabas and Lut blocks. During the late
Pliocene(?)i Quaternary, a continuous change offfar e | d stresslyf0Amr 89 Al ttea
inversion of the Tabas Basin. As a result of thioheation started to form the riglsteppingbucklefolds
composed of MiocenPliocenerocks During the next stagehé counterclockwise rotation of the Lut block
caused the Shotori deformation belt to be pushed, which facilitated the development of th® e h e |
pattern of strikeslip faults. As a result, he sinistral strikeslip faults dssected the Neogene folds and
changed their trendg.0 better understand the structure of the Tabas fold belt, an attempt was made
perform twedimensional forward wdeling based on grayi and magnetic data along a profile
perpendicular to the belt and geomechammeatleling based on the BEM technidiee the entire beltThe
results of thetwo-dimensional forwardmodeling compared with cartographic data, field ggicial
observations and depth of distribution of earthquakes allowed for the proposal of a model of the structure
the TBF consisting of an upper thsiinned fold belt and a lower thigkinned thrust belt. Geomechanical
modeling, which made it possible consider a change in regional stresses BomA  tlyo0 Amdicates

the possibility of southward migration of uplift centres along thrusts that bound the Tdidsfield
observation®f the Quaternary growtlstrata associated with progressive linatbation during foldingthe

offset of the alluvial fans and the hilscognizedalong the major and secowdder strikeslip faults that cut

the foldsas well astie tendency to migration of vertical surface displacements along the st/ the
recent activity of the Tabas fold bettonfirmed bypreseniday seismicityandGPS measurements within the
Tabas block
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Prel Conference excursion guide

From Neoproteroza: sedimentation on the PetGondwanan extended shelf to the Variscan
collision of terranes. The history preserved
and the Doboszowice metamorphic complex
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The field trip is focused on rock successions The aim of the preonference field trip is to present

exposed in the Kamieniec Metamorphic Belt the latest data and interpretationstib@ provenance
(KMB) and the Doboszowice Metamorphic
Complex (DMC) located ithe ForeSudetic Block

at the NE margin of the Bohemian Massif (Fig. 1).

of the detrital material, its maximum depositional
age and the tectonic setting of deposition, as well as
the structural and metamorphic evolution of the

Here, the crystalline basement forms small and KMC and DMC within the framework of the

isolated outcrops, emerging only in places from the Central European Variscides.

overlying Cenozoic cover. This part of the

. . ) The KMB forms c¢. 3 km long and 5 km wide
Bohemian Massif is located at the eastextremity

o l ongitudi nal belt bet ween th
of the Central European Variscides that exposes

. . and the Niemcza Shear Zone ip the vylest and the
three major units from west to east: 1 the Tepl §

. . . . Strzelin Crystalline Massif (including the Lipowe
Barrandian Unit consisting of Neoproterozoic

. , Hills) in the east (Fig. 1). A volcarsedimentary
basement and its Early Palaeozoic cover that

. succession exposed in the KMB is doated b
according to some authors 1 s efposed I n t?]e C!-ry

mica schists (stops 1 and 2) intercalated with scarce
Sowie Bock (GSB); 2) the Saxothuringian Unit (stop )

aragneisses, marbles, uagtaphite schists,
that is exposed both west of the GSB in the parag quegtap

eclogites (stop 2) and felsic metavolcanics (stop 1,
Karkonoszelzera Massif and east of the GSB in the g (stop 2) (stop

o Fig. 2). The latter are interpreted as tuffs or lava
KMB and the DMC; and 3) the Brunovistulian

flows (Dziedzicowa, 1966pr sils( Szczepa Es ki €
al., 2023) On the contrary, the DMC is a c. 6 km

long exposure of rgstalline basement located

Neoproterozoic basement with Early to Late
Palaeozoic cover that is exposedhin East Sudetes

represented by the Strzelin Crystalline Massif and
southeast of the KMB and directly west of the

the Jeseniky Mts. Generally, metamorphic
Nied¥Twied¥ Amphibolite Massi

complexes of the Bohemian Massif have recently

. . The DMC may be divided into western and eastern
been interpreted as the result of a ldasting y

arts (Fig. 2). The western part exposes the
Andeantype convergence and collision of the P (Fig- 2) P P

Doboszowice orthogneiss with CambBwdovidan
Saxotur i ngi an, -Barrandiae p | 8nd g

- . protolith age (stop 3). The eastern part is mainly
Brunovistulian Units of the Central European
. composed of t he mi gmati c Ch
Variscides(e.g. Schulmann et al. 2008azur et

al., 201Q Chopin et al., 2012
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(stop 4) interleaved with scarce mica schists and metabasalts of unknown age.

POLAND 17E
‘S\?’?egaﬂhs ‘bfe ﬁ
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@
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16° <
. wat state frontier 4
R P—— »
[ post-C, sediments mica schists (Pt,?)
D.-C. sediments EE=] Cadomian granitoids
G
Leszezyniec Unit:
- Variscan granitoids - metabasites & gneisses (Pz,)
BB serpentinites (D) Klodzko Unit: metasedi

& metavolcanics (Pt.-D)
- gabbros (D,) Stare Mesto & Velke Vbrmo Units:

100 km

B monites amphibolites & mica sehists (Pt, D)
. Zabreh Unit: paragneisses
B metabasites (Pz)) & mica schists (Pt,-Pz)
= phyllites & Moravo-Silesian Units (East Sudetes):
- metavolcanics (Pz,) gheisses & metasediments {Pt,-D)

Fig. 1. Geological sketch map of the Sudetes aftdtazur et al. (2006) Abbreviations: BU 8 Bardo Unit; KC i Kaczawa Complex;
KM & Kgodzko mas Xamieniec Kidianorphic Belt; DMC i DoboszowiceMetamorphic Complex; LM 6 Lusatian
massif, NKGi Ny sa Kgodz kAMGNabedhwi &dT iMiemcza Shear 2reZLHi Lipowe Hills Massif; OSD &

Orica-6$ ni eUni k Ddmea;r ®SWB)st o Bel t . Du Intna rSadetic &@ult;dNthfi &yzhetog thrust; SBF o

Sudetic boundary fault; TB/STSd T e p-BaGandian/Saxothuringian suture. Abbreviations in inset: EFZi Elbe Fault Zone, MGH
& Mid-German Crystalline High; MO 8 Moldanubian zone; MS& Moravo-Silesian zone; NP3 Northern Phyllite zone; OG i
Odra granitoids, OFZ i Odra Fault Zone, RH 8 Rhenohercynian zone; SX& Saxothuringian zone. Age assignments: Pd

Proterozoic; Pzd Palaeozoic; Cmd Cambrian; Or & Ordovician; D 8 Devonian; Cd Carboniferous; 16 Early; 2 8 Middle.

from the DMC displays the MDA at 456 Ma
(Upper Ordovician).

Age and provenance of rock successions

The protolith age of the volcansedimentary

successions exposed in the KMB and DMC is

poorly known. The available data suggest that the

maximum depositional age (MDA) of the KMB and

the adjacent Lipowe Hills mica schists is in the

range of c. 56670 Ma (Ne@roterozoic,Oberc

Dziedzic et al., 2018Jastr zinbski, et al ., 2020)
while the Chagupki paragneiss from the DMC has
late Cambrian MDA( Jastr zibski et al ., 2023)
However,Sz c z e p a Es k i argue thaathe. (2023)

mica schist from the KMB displays the MDA at

529 Ma (early Cambrian), whereas the paragneiss
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Fig. 2. Geological sketch map of the southern part of the
Kamieniec Metamorphic Belt and the Doboszowice
Metamorphic Complex.

Consequently, the jlished zircon age spectra
suggest that the studied volcasedimentary
successions exposed in the eastern part of the Fore
Sudetic Block may represent two different rock
sequences in terms of MDA. In addition, a
sedimentary succession of the KMB was itgelc
by several rhyolitic sills. Interpretation of the
metarhyolites as sills is supported by their very
consistent chemical composition and textural
features, with no evidence of e.g. degassifige
zircons from the KMB metarhyolites are dominated
by an ag peak of 510 Ma that is interpreted as the
time of magmatic emplacement. Rare
Neoproterozoic and Archaean inheritance points to
the involvement of an older crustal component in

magma genesis.

Based on the trace element composition, the
metasedimentary soessions from the KMB and

DMC are interpreted to be derived from a felsic
source and their chemical composition was not

significantly affected by alteration during transport
(Fig. 3).
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Fig. 3. Diagrams illustrating lithology of the source area after
(a) Cullers (2002) (b) Floyd, Winchester & Park (1989) (c)
Hladil et al. (2003) and (d) the influence of sediment
recycling and zircon enrichment on chemical composition of
the investigated quartzites afterMcLennan et al. (1993) MS
1 mica schists, P@ paragneisses.

Furthermore, the chemical composition of the mica
schists and paragneisses from the KMB and DMC
is typical of sediments derived from erosion of
suprasubduction complexes (Fig. 4).
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Fig. 4. ac) Discrimination diagrams showing tectonic setting
of deposition of the protolith to the mica schists and
paragneisses of the Kamieniec Metamorphic Belt and the
Doboszowee Metamorphic Complex. After Bhatia & Crook
(1986) Abbreviations: PM i passive margin, CIA T
continental island arc, ACM i Active continental margin,
OIA - oceanic island arc. d) discriminantfunction multi-
dimensional diagram after Verma & Armstrong -Altrin
(2013) Abbreviations: Arc i1 arc related setting, Rift i
continental rift setting, Col i collisional setting. Samples fall
in the field typical of arc-related sediments. Symbols as in
Fig. 3.



Available detrital zircon ages from Cambro from the same cratonic areas and Cadomian arc
Ordovician sedimentary successions covering the related basement (Fig. 5) located at the northern
Saxot huri ngi a-Barrandiamd Unitd e p Ip&iphery of Gondwana, close to the West African
exposed in the Sudetekearly indicate that all these Craton or TransSaharan Belt (6. 6;
Neoproterozoic crustal fragments were derived  corresponding references are given on Fig. 6).
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Fig. 5. Comparison of zircon age spectra obtained for various crustal domains from the Sudetes shown on the geological sketgh
of the Sudetes afterMazur et al. (2006) Kernel density plots for detrital zircons from: 1. Karkonosze( G8| kov§ e€ al ., 20
Orlica-$ ni e Doniek 3. G- ry Sgcdwice eMasEs ki et al . ,; 4&2 Bankniec Vetamarphit Bedt t al ., 2
(Szczepa Esk,dbieDoboszdwice Cryatallide8Nassif$z c zepa Es ki;J &gt rad i b s kK),A@icdtipone Hills, 2023
(Oberc-Dziedzic et al., 2018)4d i Kamieniec Metamorphic Belt ( J ast r z i b s k;i 5. Beunovisiulia. (Fried2 €@ 21.0 2004

Mazur et al., 2010) 6.St a r ®o Bt sétl i wi Es k i. Abreviatiohs: STST2Sax@tAujingian suture, OSDi Orlica-é ni e Uni k

Dome, DMCi Doboszowice Crystalline Massif, KMBi Kamieniec Metamorphic Belt, NZi Niemcza Zone, LHi Lipowe Hills, NAM

INi ed¥fwi ed¥ amphiibPaalciztke wMat shdlyaherov,tRruabhtSMB1 St ar ® MRDst o Belt. Abbreviati
Or i Carboniferous-Ordovician, Cm i Cambrian, Ptl i Neoproteozoic, Pt2 i Mesoproterozoic, Pt2i Paleoproterozoic, A

Archean. Abreviations: Phi Phanerozoic, Ptli Neoproterozoic, Pt2i Mesoproterozoic, Pt2i Paleoproterozoic, Ai Archean.

Consequently, we support suggestions that during probably forming an extended shelf that developed

the CambreOrdovician tme Cadomian crustal on a passive continental margin (Fig. €.érost

et al., 2011G8k and SIC8llettaet &.,0 1 8

fragments now exposed in the western and central
2021 Tabaud et al., 202Tollett et al., 2022)

parts of the For&udetic Block were dispersed

along the northern periphery of Gondwana, most
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Fig. 6. a) Tentative simplified reconstruction of Western Gondwana extended passive margin dog the Early Ordovician, modified
after (Domeier, 2016)and (Torsvik, 2017). Abbreviations: CA i Carolina, GA i Ganderia, WA i West Avalonia, EA 1 East
Avalonia, IB i Iberia, AM i Armorica, BV i Brunovistulia, BH i Saxothuringia, Tepla-Barrandian and i Moldanubia, KMB i
Kamieniec Metamorphic Belt, DMC i Doboszowice Metamorphic Complex. Red arrows indicate the main directon of sedimentary
transport. Types of lithospheric boundaries: blackwhite i spreading ridge, greyi subduction, Hue i transform. b) Kernel density
plots for detrital zircons from: Kamieniec Metamorphic Belt ( Sz c z e p a &Es k i, Dabdszovece Metam@rghiz Tpmplex
(Szczepa Es ki Amazoniaa Cratgn GaweteBex al., 2008 Geraldes et al., 2014 Pankhurst et al., 2016 West African
Craton (Abati et al., 2010) Trans-Saharan Belti Tuareg Shield (Henry et al., 2009) Trans-Saharan Belt (Peucat et al., 2003
Abdallah et al., 2007 Bendaoud et al., 2008Bosch et al., 201 Saharan Metacraton(Meinhold et al., 2011)and Baltica (Valverde-
Vaquero et al., 2000 Kristoffersen et al., 2014 Kuznetsov et al., 201% Kernel density plots were designed via the R software
environment (R Core Team, 2012)

Age of tectonothermal events in Fig. 1) and the KMB, respective(gteltenpohl et

_ _ _ _ al., 1993) The volcanesedimentary succession of
The volcanesedimentary successions comprised in

the KMB and DMC suffered a Variscan

metamorphism and deformation. According to

the Kamieniec Metamorphic Belt was also intruded
by syn to posttectonic granodiorites dated at 330
340 Ma by UPb and PH’b methods on zircons

several authors, it was related to continental .
(Oliver et al.,, 1993Kr ° ner and Hegner,

collision between Gondwanderived crustal

Furthermore, ages in the range of 380 and 330 Ma
domai ns repr es e nBagahdianb y t

he Tepl
were obtained %sing Bb and PHb method on
Saxothuringian and Brunovistulian domains (e.g.
Schulmann et al., 2009Chopin et al., 2012
Jastrzinbsk;iSzetzepbh Eski2020

SzczepaGEGski )& Gole® 2022

zircons from syntectonic diorites and monzodiorites

from the adjacent Niemcza Shear Z¢Rétranik et
al . 202

al. 2013 Pietranik andzMajka 2017Yhe age of the

tectonothermal event recorded in the KMB has

Time constraints on the age of metamorphism and  recently been estimated atc. 330 Maag(s t r zfibs ki €
the related deformation in this part of the Fore al., 2020 and in the DMC at c. 34841 Ma based

Sudetic Block have been supplied BjAr-*Ar on ICAMS UiThiPb dating of monazite
geochronology on hornblende, yielding twetiict (Jastrziibski . Madscanadge ,of 202 3)

ages of 331.9N1.7 Ma -and tedchétherMa ever@ i& coffifmed by the yo@ngest
bearing rocks from the Niemcza Shear Zone (NSZ  single zircon grains documented in the
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metasediment samples from the KMB and DMC planes observed in the field and preserved in rocks
showing ages of ¢.3®-320 Ma that are interpreted of the KMB display no signs of clear metamorphic
as reflecting lead loss owing to the Variscan differentiation. Particular layers show variable
thermal overprin{ Sz c z e p a Es k Thisést a lthicknes® and Zre oriented parallel to lithologic
in agreement with LitHf and SniiNd garnet dating boundaries (Fig. 8a), suggesting that the S1 may be
of the Chadgupki par agnei sarallel wbddding. Insthe KMB thet 31 achistasity e s e
rocks were metamorphosed between c. 347 Ma and generally dips at high angles towards SE or NW
€. 337 Ma( Sz c z e pah, @RR) Consequently, (Fig. 7a). Howeve in places in the KMB and in the
the time frame for Variscan tectotioermal activity DMC the S1 foliation shows a nearly horizontal
in this area covers the time span from c. 380 Ma to  orientation or dips at shallow angles towards the
c. 330 Ma. NW or SE in the normal limbs of younger F2 folds
(Fig. 7a and e). The original orientation of the S1

Deformation and metamorphism

foliation is unknown beause it is scattered along a
Three main ductile deformation events: D1 to D3,

were documented in the KMB and DMC.

great circle due to the F2 folding (Fig. 7a, e and f).

In strongly deformed portions of the mica schists of

Generally, rocks of the DMC preserve relics of . .
the KMB, the only relics of the S1 foliation are

older deformation events (D1 and D2), whereas the . . . .
inclusion trails conserved mostly in garnet

mica schists of the KMB usually contain structures
y porphyroblasts (Fig. 8bna e). These inclusion

of all the documented deformation events (D1 to _ . . .
trails are rectilinear or, occasionally, folded (Fig. 8b

D3). . . . .
) and e) and comprise mainly rutile, quartz, white
D1 structures mica and chloritoid. The S1 planes preserved in the
The oldest, D1, structures comprise 8tk foliation Chagupki paragneiss are mar

horizontal in the paragneisses of the DCM (Fig. 7).  oriented EW (Fig. 7e). In rock sections parallel to
It was documented as either mesoscopic, this lineation and perpendicular to the S1 planes a

penetrative planar structures observed in the field ~Set of kinematic indicators including sigma type
(Fig. 8a, ¢ and f), relic structures preserved in feldspar porphyroclasts was documented. All these
microlithons between younger cleavage planes or as ~ Kinematic indicators point to tep-E sense of non

inclusion trails conserved within inner parts of  coaxial shear during the D1 event (Fig. 8c).

garnet porphyroblasts (Fig. 8b and e). The S1
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Fig. 7. Equalarea lower hemisphere projections showing: (a) scatter of mostly steep S1 foliation in the KMB, yellow staaxis of

great-circle girdle of foliation, blue dashed line- great-circle girdle of foliation, (b) orientation of S2+3 planes in the KMB, (c)

orientation of F2 folds and L2 lineation in the KMB, (d) orientation of L3 mineral lineation in the KMB, (e) contour lines- scatter of

mostly

subhori zont alupkiSparagheis$ of the DML nyellownstat dxis of Gréagciicle girdle of foliation, blue

dashed line- great-circle girdle of foliation, green points are for L1 mineral lineation, blue points are for L2 mineral lineation, (f) red

points are for S1 foliation in the Doboszowice orthogneiss of the DMC, yellow staraxis of greatcircle girdle of S1 foliation, blue

dashed line- great-circle girdle of foliation, blue points are for L2 mineral lineation.

D2 structures

The D2 structures are represented byRRefolds,

the subhorizontal S2 axial planar cleavage and the
L2 lineation. The scale of the F2 folds grades from
open, several meterthrough centimetre to
millimetre-scale asymmetric structures with their
axes trending NNESW (Fig. 7c).

rootless

In  many

outcrops isoclinal folds have been

documented in NESW oriented crossections,
which we interpret as sections through the F2 folds
that are slightly oblique to their axes. Therefore, the
commonly observed elongated quartz lenses may
represent hinges olimbs of the F2 folds. The
subhorizontal S2 cleavage developed parallel to the
axial planes of the F2 folds (Fig. 8d). The newly
formed S2 planes dip towards the WSW to W at

moderate to shallow angles (Fig. 7b). The S2 planes
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represent a cleavage in thoskaces where the F2
folds are of considerable size and mica schists are
intercalated with abundant quartzofeldspathic
schists. Elsewhere, the S2 planes define mostly a
penetrative foliation. Garnet grains, usually
reaching 58 mm and, sporadically, even &im in
diameter, are often characterized by the occurrence
of rectilinear or folded inclusion trails (Fig. 8b and
e). The F2 folding resulted in the scatter of the S1
foliation along a great circle with a subhorizontal
axis extending in the NNESSW directdn (Fig. 7a,

e and f). Lineation developed parallel to the F2 axes
is preserved on the S1 and S2 planes, striking
generally NNESSW to NESW (Fig. 7c, e and f).

In places, the mineral lineation L2m is defined by
parallel alignment of white mica flakes, and
locally, an intersection lineation L2i formed by

intersection of the S1 and S2 planes. On the



contrary no signs of the L1 lineation was

documented in rocks of the KMB.
D3 structures

The D3 deformation resulted in reactivation of the
older S2 planes andced to the formation of the
composite S2+3 planar structures that vary in their
frequency of occurrence. The S2+3 foliation dips at
moderate to shallow angles towards the W (Fig.
7b). Locally, a NESW to nearly BW trending L3
mineral lineation on the S2+3lanes is preserved,
being defined by parallel alignment of mica flakes
(Fig. 7d). The orientation of the L3 mineral
lineation changes from NEW, where the S2+3
planes are nopenetrative, to nearly -8/, where
the S2+3 foliation becomes penetrative. Thekr
sections perpendicular to the S2+3 planes and
parallel to the L3 mineral lineation reveal such
kinematic indicators as-8 structures, sigma type
porphyroblasts, extensional crenulation cleavage
and sigmoidal inclusion trails. All these indicators
document a topto-SW or topto-W sense of non
coaxial shear related to the D3 deformation (Fig. 8g
and h). The domains with preserved asymmetric D3
fabric are sometimes filled with granitic material
forming ~10 25 cm long lenses aligned parallel to
the main S23 foliation. Sigmoidal inclusion trails
conserved in garnet grains, plagioclase and
andalusite porphyroblasts suggest synkinematic
growth of these minerals during the D3 event (Fig.
8h). Furthermore, staurolite grains aligned mostly
parallel to the main &+3 foliation indicate syb3

growth.

Mineral assemblages stable during deformation

In the KMB the deformation events D1 to D3 are

characterized by two different sets of stable mineral
assemblages M1 and M2. The M1 assemblage
coexisted during the D1 arttie beginning of the
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D2 deformation events, whereas the assemblage
M2 was stable at least during the terminal phase of
the D2 event and the entire D3 deformation. The
proposed assignment of mineral assemblages to
particular deformation events is mainly bdson
garnet porphyroblasts displaying diverse inclusion
sets with strikingly different geometry, which
implies that two generations of garnets are
preserved. The first garnet generation (Grtl)
contains mostly chloritoid and rutile inclusions that
are spoadically accompanied by chlorite and
pseudomorphs after lawsonite. These inclusion sets
in some porphyroblasts are developed as rectilinear,
while in others as folded inclusion trails (Fig. 8b
and e). The second garnet generation (Grt2)
displays mostly signoidal ilmenite inclusions (Fig.
8h) accompanied by staurolite, plagioclase and
biotite. In some samples both types of complex
garnet porphyroblasts occur (Grtl and Grt2, Fig.
8b). In such porphyroblasts inclusion trails display
strikingly different orierdtion and composition of
Ti-rich mineral phases (rutile in Grt1 and ilmenite
in Grt2). Consequently, ilmenite in Grt2 points to
garnet growth at PI conditions related to
exhumation(Cao et al. 2021Szczepa Es ki
2021)
preserved in Grt2 extend into the rock matrix. As

Importantly, the ilmenite inclusions
suggested by the geometry of the observed
inclusion trails, grading from rectilinear to slightly
folded, the Grtl1 must have started to grow during
the D1 and likely continued throhgo the initial
phases of the D2 event. The Grt2 crystallized
synkinematically with respect to the D3 nonaxial
shearing. Importantly, the KMB mica schists are
characterized by the occurrence of two groups of
white mica that differ significantly in Siontent.
The Ms1 mica displays phengitic composition with
up to 3.40 Sapfu while the Ms2 white mica shows

muscovite composition with up to 3.20&ifu

et



The calculated PT conditions for the early stage of
metamorphism and related deformation ,(lsind
Dy) in the KMB %Crendt

kbar. Subsequently, thesIM, events underwent at
PiT

conditions
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Fig. 8. (a) Field photographs documenting s&p older S1 fabric (blue dashed line) oriented parallel to the lithological boundary and

in places overprinted by nonpenetrative shallow S2+3 planes (red dashed line), KMB mica schist, (b) photomicrograph showing S

planes refolded into F, folds preservedin garnet porphyroblast in the KMB mica schist, (c) sigmatype feldspar porphyroclast in the

Chagupki

par agn e i-ts-E kindnoatice on & revent, {dy F isoolipal fold in the KMB mica schist, (e) complex garnet

porphyroblast; preserved in itsinner part inclusion trails define S, planes (early garnet generatiori Grtl), and S; planes conserved

in its rim part continue into the matrix of the rock (late garnet generationi Grt2), the KMB mica schist, (f) cmscale F folds in mica

schists from theKMB, (g) asymmetric pressure shadows filled with quartz and deformation mats (arrows) filled with white mica

developed around plagioclase porphyroblast documenting tef-SW kinematics of B, event, (h) sigmoidal inclusion trails preserved

in Grt2 documenting top-to-SW kinematics of the 1 event.

The paragneiss from the DMC is characterized by
two mineral assemblages that originated during
prograde metamorphism and resulted from two
distinct metamorphic events M1 and M2. The
younger and welpreserved HTMP paragenesis

M2 overgrowing the older and poorly preserved
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HPi LT mineral M1. The M1

paragenesis comprises scarcely preserved phengitic

assemblage

white mica with Si contents reaching up to 3.38
apfu and forming cores of white mica grains and
relics of rdile grains preserved in abundant ilmenite
Both and

crystals. equilibrium  modelling

throdyhansds5N28kbar NO.



conventional geothermobarometry are inconclusive  Massif (Pthin Fig. IMazur and J.dtzef i ak

but suggest pressures of ca.i12 kbar at is believed that the Paczk:-
temperatures of c. 50867F°C for the M1 event. In northern continat i on of t he NT zner
contrast, the younger and welleserved the M2 separating the metamorphic complexes of the
paragenesis contains abundantvKite mica with Central and East Sudetes (FigSkacel, 1989)

low Si content (< 3.15 apfu) accompanied by AccordingtoMa z ur and J teedppeak (19 ¢

garnet, plagioclase, staurolite, kyanite and ilmenite. stacking (D1) and folding (D2) of the whole nappe

The HTI MP nature of the M2 event is supported by pile was related to eastest directed shortening

PIT modelling of garnet growth, indicating: that had resulted from a collision between cirusta

progression of P and T during garnet growth and a domains that are now interpreted to correspond to

maximum pressure and temperature of its formation
of c. 666C at 9 kbar.

the  Brunovistulian  (East Sudetes) and
Saxothuringian (Central Sudetes) terranes (e.g.
Towards a new tectonometamorphic model Mazur et al., 201p During the terminal stage of the

Recently,Sz c z e p a Es k (2022 prapos&lo | e @/olution of the KMB, the overthickened and

a new tectonometamorphic model of the evolution mechanically unstable nappe pile was affected by a

of the eastern part of the Fe®eidetic Block during SW-directed gravitational collapse, producing low

the Variscan orogenyl hey interpreted the M1 and angle normaklip shear zones (D3). The data
presented bySzczepaG@EsKki and al . (
SzczepaG@GsKki a nod theGdedcrtbéd ( 202 2

tectonometamorphic events are, to some degree, in

D1 events as a result of subduction of the protolith
of mica and quartzofeldspatic sisits of the KMB

to depth of ~6670 km in relation to the collision
agreement with the tectonic model proposed by

Mazur and J fortbefevotution ¢f th® 9 9)

KMB. According to this model, the volcano

between the Saxothuringian and Brunovistulian
terranes. This was followed by exhumation to -mid

crustal level (of ~2025 km) during the D2 event.

Subsequently, the DBI2 events show evidenaaf sedimentary succession of the Kamieniec

non-coaxial flow of possibly overthickened, hot and Metamorphic Belt was affected by easrgent

mechanically unstable orogenic crust at midstal folds formed n response to the Variscan collision

level. We postulate that the granitoid magmatism between the Saxothuringian and Brunovistulian

occurring at this stage of the KMB evolution may terranes. Data presented Byz ¢ z e p a s K | and

have been responsible for mechanical weakening of (2022 reinforces this model and shows that the

an overthickened nappe pile, thus facilitating regionatscalefolding can be interpreted as coeval

with the first stage of the exhumation of the entire
KMB to a midcrustal level (D2 event). The

reactivation of the already existing foliation and

enabling the second stage of exhumation (D3
important difference between models proposed by

SzczepadEs 60| eafdand Rax® 2and
199
S- ze ?akis thel @igc@®ry of HPLT

metamorphic record, which allow to identify that

event).

AccordingtoMa zur and J, the&¥B, ak
together with the adjacent DMC, comprises three

refolded tectonic units interpreted as fragments of ) )
folding of the KMB succession was related to

crystdline nappes with different metamorphic . - -
4 PP P exhumation within the collision zone from depths

records. The base of the refolded nappe pile is .
corresponding to ~18 kbar.
defined by the Paczk-w thrust, which separates it

from the underlying metabasites of the Nied¥Twied*¥
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It is interesting to note the difference in temperature
of the M2 metamorphic event recorded in rock
complexes of the DMC and KMB. The difference is
c. 70 80°C and is, therefore, beyond the error of the
methods used to reconstruct theTRconditions of
metamorphism in both units. This is consistent with
the observed igmatization in the DMC and its
absence in the KMB, although, the rock successions
of the DMC are located only 3 km SE of the KMB.
Furthermore, temperatures of metamorphism
increase towards the E in the direction of the NAM,
which is located directly eastf the DMC, where
they reach max. 790 (Puziewicz and Koepke
200% Awdankiewicz 2008 This implies a very
the M2

metamorphism, precluding heating by lasgale

steep geothermal gradient during
processes such as thickening, shearing and thermal
relaxation It seems that the most plausible
explanation for the higher temperatures of the M2
event in the DMC is related to local heat source
caused by a nearby and relatively small granitoid
intrusion. Such an intrusion can be exemplified by
t he St ar ® toiM NAdtHough, the above
mentioned granitoid to the NE of the Sudetic
Boundary Fault and are not exposed on the surface,
it is highly probable that they continue within the
border zone between Brunovistulia and
Saxothuringia towards the NAM. This view is
supported by similar metamorphic records
preserved both in the rocks of the NAM and the
Star® MDsto Belt,
preserved in the rocks of both units which occurred
at c. 77079¢°C and 1213 kbar Parry et al. 1997
Puziewicz and Koepk2001 Awdankiewicz 2008
Jastr znb.s kdrthernio®,1 ?hg episodes
associated with granitoid emplacement ranging in
age from 344 to 336 correlate well with the time of
garnet formation in the DMC and KMB mica

schists reported in the nesection (Parry et al.
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Skrzypek et al. 2014

Chronology and dynamics ofVariscan collision

between Saxothuringia and Brunovistulia
recorded by metamorphic successions of the

DMC and KMB

The available data allow to propose a tifreame
for the events related to the Variscan collision of
Saxothuringia and Brunovistulia, now exeal in
the eastern part of the FeBadetic Block. This
the

successions of the KMB and DMC within the

includes burial of volcarsedimentary

subduction zone followed by their exhumation in
front of the rigid Brunovistulian crustal domain.
the KMB and DMC

successions was associated with folding, which is

Exhumation of rock
best documented in mica schists exposed in the
KMB ( Szczepa@Esk,iSzcep a @&@d ki

Go |l e (E. Phé @e&c)ibed scenario is similar to

2@
that proposed for the Orligani e Uni k do me, I
in the Central Sudetes, i.e. to the south of the KMB

and DMC, and described bghopin et al. (2012)

and Mazur et al. (2012) The model invoking

eastward subduction is supported by the occurrence

of Devonian metamorphosed suprasubduction basic

and intermediate volcanics, documented in the
Brunovistulian basement and dated at c. 371 Ma
(Janougek )end Davonian Quartrits of

t he B e dubductiomi t h S
charac(tjeristi)ci} ou'I[opnpi(l:"ngI ig 'fhe Strtzelin Massif .

en mel ti
2007

Jeggowa

ng
(Szczepa@Eski

The latter massif is interpreted as a part of the
crystalline basement of the Brunovistulian terrane
the Fofgudetic Block Oberc
Dziedzic et al. 2008 Consequently, the described

exposed on

metamorphosed Devonian metavolcanics and

quartzrich  sediments  with  suprasubduction
characteristics resulted from the oceasibduction
stage preceding the collision between Saxothuringia

and Brunovistulia. The time of closure of the



oceanic domain between Saxothuringia and

Brunovistulia, resulting in continental collision, is

most likely recorded by the core of garnet grains

from mica schist sample collected in the KMB,

dated at 344. 6Hifnetbd. Maseby t he Lu

garnet grains bear a wgiteserved record of HP

LT metamorphism( SzczepaE ki . et al ., 2022)

Furthermore, gamts form this sample contain thin

rims produced during the MRIT event

( Szczepa Esk.iTheetore, avk interpre2 0 2 2 )
the obtained LUHf age of garnet from this sample

as approximately the age ofethHR LT event.
Consequently, the transition from oceanic
subduction stage to continental collision took c. 27

Ma and occurred between c. 371 and c. 344 Ma.
Interestingly, the same age within error of
345.5N5.0 Ma was also obtained for
from paragneiss sample from the DMC. However,
according to mineral equilibria modelling this

garnet started to grow at pressure of 4 kbar, which

is considerably lower compared to this recorded by

the garnet core from mica schists sample collected

in the KMB. A similar within error Lui Hf age of
346.9N3.6 Ma was also obtained f
garnet from paragneiss sample from DCM. This
suggests that the exhumation from depth
corresponding to 18 kbar to shallow crustal level
equivalent to 4 kbar was most probablyetatively

fast process. On the other hand, the thermal peak of

the M2 metamorphism suffered by the rocks of the

DMC is most probably recorded by the Sxd

garnet rim dating from paragneiss sample

delivering an age of 337.3N6.6 Ma.

growth of garnet in sample MDG18

corresponding to the M2 episode took place in the

time interval between 345.5 Ma and 337.3 Ma

giving c. 8.2 Ma. This time interval fits quite well

with the time of granitoid intrusions penetrating the

Star ® MDst o BlsdtheNAMId possi bly
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Fig. 9. (a) summary of garnet dating using LuHf (red circles) and Sm Nd (green diamonds) methods; whole grt is for whole garnet
dating, core and rim is for core and rim dating, respectively; error bars are shown with blue lines; (b) Sumary of inferred Pi T
paths calculated for the investigated samples. The solid lines mark the part of thel P path reconstructed based on garnet
composition, while dashed lines mark the PT path portions reconstructed based on other minerals (mainly white nea
composition); green star is for thermal peak of the M2 metamorphism responsible for garnet growth in sample MD@®; dates are
based on Lu Hf and Smii Nd garnet dating presented in Fig. 9a. (c) Tectonic model (not to scale) showing a possible mechanism of

burial and exhumation of the DMC and KMB successions.
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St dpSt ol

GPS coordinates: 50.5971817N, 16.8741775E
Position and lithology: volcanosedimentary i M/
succession of the Kamieniec Metamorphic Belt

Described problems: provenance, ‘

maximum depositinal age,

early Palaeozoic volcanism,

Variscan tectonometamorphic record_ |

0 05 1km
Provenance and maximum depositional age Felsic volcanics interspersed among mica schists
Mica schists with several centimetres to a few  exposed in the KMB succession are quartzo
decimetres of felsic metavolcanitese &xposed in feldspathic, finegrained rocks with the dominant

the visited abandoned quarry in Stolec. For mineral assemblage QzKfs + Ms + Bt + Opq. A

provenance studies, zircon age spectra of mica veryfinegr ai ned matri x (Kfs + Qz
schists from the Ka mi @spdrsedc KieldsgaN Bdtphyoblasts iof <2mm in
Metamorphic Belt were obtained by-Rb LA-ICP- diameter. In terms of chemical composition (Fig.

MS dating. The youngest detrital age population of ~ 10a) these rocks correspond to rhyolites of

grains indicategshe maximum depositional age of subalkaline, strongly  peraluminous affinit

these rocks at c. 529 Ma, suggesting that the (AJCNK, A/NK: 1.1i2.3, CIPW normative

sedi mentary protolith of céringumHKmptenT. e THe gockZ dNdwkeArivhimenk i
metapelites were probably deposited in an Early in LREE ([La/Sm]CN 2.85.5, [La/Yb]CN = 3.8

Palaeozoic sedimentary basinSz ¢ z e p a &s k i 13.6)!strofAg Eu negative anomaly ([EUW/Eu*]CN =

2023 Jastrzinbski . Zrdon dating , 8.0119.86) but weak fractionation of MREE over
revealed a predominance of Neoproterozoic grains, HREE ([Gd/Yb]CN 1.01.5). Conpared to the
representing 45 to 68% of the @n analyses in the upper continental crust (Fig. 10c), they are depleted
studied samples . The detrital zircon ages, clustered in HFSE (e.g., Nb, Zr, Ti) and in compatible
between 1.£0.53 Ga and 2:2.8 Ga, with only a elements (V, Co). The inconsistent behaviour of
few Mesoproterozoic zircon ages (Fig. 5), indicate a  LILE vs. SiO, implies some element mobility
West African and/or TranSaharan provenance for during metamorphic events. Variations in major

the studied volcanisedimentay rocks. 0 a st r z i b gnl§ i tace elements suggest fractionation of

etal, 2020 Szczepa@Eski et al . plagddadedbiotite, apatite, iimenite, and cordierite
with  some zircon and perhaps monazite.
Alternatively, these chemical features may, at least
in part, mirror the melt source, as the upper and/or
middle crust diplays depletion in higfield-

Early Palaeozoic volcanism strength elementg¢Taylor ad McLennan, 1985)

The continental crugklated origin of metarhyolites

120



protolith is also supported by the peraluminous,
corundumnormative composition of the rocks and
low Nb/Th (0.20.7), Zr/INb (823)
Moreover, a high LREE/HFSE ratio and Th
corcentration together with weak fractionation of

ratios.

MREE over HREE imply the generation of magma
in a subductiosrelated environment. Based on
petrogenetic diagrams (not shown here) we
that immature,

interpret quarfeldspathierich

sediments (greywackes or gmmites originally
e.g.,
continental margin) gave rise to felsic melts (Fig.

deposited in arc environments, active

10b) which next were emplaced in a post
collisional to posbrogenic (transitional) setting.
The process of anatexis was itself induced bst he
input from the upwelling asthenosphere and it
followed syncollisional crustal thickening of a
limited degree. Consequently, the progression of
the tectonic setting from pasbllisional toward
anorogenic, presumably extensional regime could
The
emplacement is estimated at late Cambrian by the
512.4 N 4.
zircons. Their rare Neoproterozoic and Archaean
inherited ages (c. 560, 630 and 2588 Ma) indicate,

albeit minor,

have taken place. time of magmatic

domi nant age

involvement of an oldecrustal
(detrital) component recycled in the magma source.
We correlate the origin of the metarhyolite protolith
with other late Cambrian, -§pe, peraluminous
(meta)granites from the Saxothuringian domain in
the West Sudetes and those from the Moldawub
and Barmandi@n domains but not the
Brunovistulian domain. They mark the end of the
Cadomian orogeny (arc Gondwana continent
collision) and the onset of Camb€rdovician

rifting correlated with intrusions into transitional

crust at the Gondwangreripherief Sz ¢c z e p a s

al., 2023)
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Fig. 10. Geochemical features of the matrhyolites of the
Kamieniec Metamorphic Belt( Szczepa Es ki.a. et
Classification diagram of (Winchester and Floyd, 1977) b.
diagram of (Jung et al., 2009)with fields from granitic melts
generated experimentally from metapelites, greywackes and
amphibolites. c. Incompatible trace elements abundares
continental and

normalized to upper

McLennan, 1985)

crust (Taylor

Variscan tectonometamorphic record

The outcrop is dominated by the S1 foliation that is
deformed by the metrecale F2 folds. Their axes
are g¥trerallyo Subhofiveritad dndt wrierited 1HH.

As a result the S1 foliation in different parts of the
outcrop shows orientation varying from subvertical
to subhorizontal (Fig. 11). Locally, on the steep
limbs of the F2 folds the S2 subhorizontal cleavage

may be observed.

The metamorphic record documented in this area
was reconstructed based on sample PKO007
collected c. 2 km SE of this outcrop. The mica
schist sample PKOO07 (Fig. 12) displays millimetre
sized garnet porphyroblasts in a schistose matrix
mainly consisting of quartz, #vhite mica, biotite
and chlorite. Accessory minerals are paragonite,
margarite rutile, ilmenite, zircon, and apatite. In the

K i

rock (renr;[ltrix, millimetrethick and strongly

elongated quartienses alternate with laminae
composed of muscovite, rare biotite, and chlorite.

However, refolded quartz lenses and white mica

al .,



plates obligue to #h penetrative foliation are

preserved throughout the sample, giving rise to two
sets of foliations (S1 and S2, Fig. 12). Similar two
foliations are also occasionally preserved in garnet

porhyroblasts (Fig. 8e).

Subhedral garnet porphyroblasts range frothup

to 2 mm in size, and they often contain
polymineralic inclusions comprising chloritoid,-K
white mica and paragonite as well as margarite,
clinozoisite, and quartz (Fig. 13). We interpret the
latter type of polymineralic inclusions potentially as
pseudmorphs after lawsonite that could have been
produced according to the following mineral
reaction Chatterjee, 1976 GomezPugnaire,
Visona, & Franz, 1985)

5Lws =2Czo + Mrg + 2Qz + 8}D.

==

a b

Fig. 11. (a) and (b) Field photographs documenting variably
inclined older S1 fabric (blue dashed line) oriented parallel
to the lithological boundaries. (c) Cartoon showing position
of photographs with respect to F2 fold visible in outcrop near

Stolec.
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Garnet grains in the PKOO7 sample typically exhibit
complex chemical zonation (Figs. 14), with bell
shaped spessartine profile in their coreg{X
decreasing from ~ 23 to 10%), sharp spessartine
increase in the inner rim g~ 15), followed by its
decrease towards the outer rimgX~ 9). The
variation in spessartine content is coupled with a
gradual corégo-rim increase of almandine content
(Xam from ca. 57 to 72). Grossular concentration
displays relatively low value in the inner coreyX

~ 12.5 to 17.5), which increases outwards in the
most part of the outer core and rimgX~ 18 to
20). However, the grossular concentratitatreases
rapidly at the interface between outer core and inner
rim, as well as in outer rim @& ~ 14 and 10,
respectively, Fig. 14 and 15). We interpret the
described chemical zonation as formed in response
to two distinct stages of garnet growth. We use Grtl
to denotethe garnet forming the internal parts of
garnet grains, and Grt2 for garnet rims.
Interestingly, Grtl entraps rutile inclusions, while
Grt2 contains mostly ilmenite inclusions, indicating
that both garnet types were equilibrated under
different RT condifons. This conclusion is also
confirmed by the occurrence of polimineral
clinozoisite, margarite and quartz inclusions within
Grtl, which we have interpreted as presumed
(Fig. 13).
Furthermore, chloritoid inclusions in Grtl for

pseudomorphs  after lawsonite
blasts with grain size of up to 100 microns (Fig.
13), showing quite uniform chemical composition
characterized by X(cld) [=Fe/(Mg+Fe)] ranging
from 0.79 to 0.88. Additionally, rare chlorite

inclusions were documented in both Grtl and Grt2.

PK0OO7
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Fig. 12. Fhotograph showing two sets of foliations preserved

in sample PKOO7. The older planar structure S1 is refolded.
K-white mica may be grouped into higkiypundant
low Si grains for which Si content ranges from 3.0
to 3.20 apfu and a less frequent set displgyi
phengitic composition with Si content ranging from
3.25 to 3.45 apfu (Fig. 15). The phengitic white
micas were documented in rock matrix, mostly in
the microlithons, but also in the cleavage domains,
and as inclusions in the core parts of garnet grains
(Grtl). Low Si

abundantly in the matrix of the investigated sample,

K-white mica grains occur

often within the cleavage domains, and they are

also preserved as inclusions in the Grt2.

Fig. 13. Backscattered electron image showing the textures of
polymineralic inclusions in garnets from sample PKO007.
Polymineralic inclusions consisting of Ctd + Ms + Pg and

Mrg + Qz + Czo.

Plagioclase occurs in the matrix, generally forming
small grains reaching up to 0.03 mm in diameter as
well as porphyroblasts with dianee of up to 0.5
mm. Small matrix grains display an oligoclase
composition, with maximum 22 mol% of An, and
porphyroblasts show albitic cores, with developed
oligoclase rims, which are well developed in the
pressure shadows. Therefore, we suggest that
forms
PI1 with an albitic

plagoclase probably two generations
represented by an older
composition and a younger PI2 with an oligoclase

composition.

Small biotite flakes were documented as inclusions
in Grt2 as well matrix grains in the inspected
PKO0O7 mica skist sample. Biotite is characterized

by Xug varying from 0.29 to 0.52.



Based on textural observations, we distinguish three
mineral assemblages in mica schist sample PK007:
the M1 assemblage represented by Grtl and Cld +
Ph + Pg + [Lws] + Chl +Rt + Qz pdeminantly
forming inclusions in Grtl. Mineral phases reported
in square brackets represent presumed
pseudomorphs. Phengitic white mica, chlorite and
rutile are also present in the matrix of the inspected
sample. The M2 assemblage represented by Grt2
and Ms + Bt + PI1+ Chl +lim + Qz is observed in
the Grt2 grains as well as in the matrix and the M3
assemblage comprising Ms + Bt + PI2+ Chl +lIm +
Qz is observed exclusively in the matrix of the

inspected sample.

Fig. 14. XRay maps illustrating chemical zomng of garnet
porphyroblasts from PKOO7 mica schist. a. Mn, b. Ca and c.
Fe.
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Fig. 15. Results of thermodynamic modelling for sample
PKO0O07: (a) reconstructed PT path, (b) modeled vs measured
chemical profiles in garnet. A core to rim sector of the profié
was analysed.

To describe the F history of the PKO0O7 sample
we separately modelled theTPhistory of the core
(Grtl) and rim (Grt2) parts using the approach
proposed byMoynihan & Pattison (2013)The
obtained PT paths and a comparison of observed
and modelled garnet chemical profiles are presented
in Fig. 14.
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Fig. 16. Compositional variations of white micas in the
investigated mica schists from the Kamieniec Metamorphic
Belt.

The generally prograde-P path for Grtl is rather
irregular. It starts at ca. 488 and 18.1 kbar and
ends at 49T and 18.3 kbar (Fig. 15ahccording

to thermodynamic modelling, the core part of
garnet grain (Grtl) in this sample was equilibrated
within the stability field of Grt + Ph + Pg + Cld +
Lws + Chl +Rt + Qz, which is consistent with the
observed set of inclusions and presumed Lws

pseidomorphs preserved in garnet grains (Fig. 13).
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Fig. 17. Results of geothermobarometric calculations for
sample PKO007. KIK - Si
2016) WC -
geothermometer (Wu and Chen, 2015) Garnet-muscovite

in phengite geobarometer

(Kamzolkin et al., Ti in white mica

geothermometer in calibration of HF - Hynes & Forest
(1988 and GH - Green & Hellmann (1982.

Results of thermodynamic modelling clearly
indicated that during the HP stage lawsonite should
be present in aefatively small amount, only
slightly exceeding 2 vol%. Furthermore,yg of
chloritoid should fall in the range of 0il 0.14,
which agrees well with the observed composition of

this mineral.

The effective bulk rock composition calculated at
the end of Gl growth was used as an input for
reconstructing of M conditions during Grt2
growth. The reconstructed progradeT Ppath is
located in low pressure region of the analysetl P
space at ca. 53868°C and 5.77.1 kbar (Fig. 15a).

As a result, the core ofr@ was equilibrated in the
stability field of Grt + Pl + Bt + Ms + Chl + lIm
which is compatible with commonly preserved
ilmenite inclusions in Grt2, as well as plagioclase
observed in the matrix of the sample. Pressure and
temperature differences duringhe transition
between Grtl and Grt2 yields 13 kbar and c4C50
(Fig. 15a).

modelling, the simplest explanation for strongly

According to our thermodynamic

limited garnet growtfat the transition between Grtl
and Grt2 is that reconstructedTPpath is nedy
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parallel to garnet vol% isopleths. A fast

decompression rate may be an additional factor
suppressing garnet growth at this stage.
Unfortunately, this is only a speculation as the
grains of both garnet types are too small to be

separately dated to tabis hypothesis.

The RT path reconstructedbased on the Grt2
composition ends in the stability field of PI2 + Grt
+ Bt + Ms + Chl + lIm. However, the reconstructed
PT path may constitute an incomplete record of
garnet growth. A careful inspection of thhemical
profiles shows a slight spessartine increase in the
outer rim (Fig. 15a), and garnet grains from this
sample show very irregular shapes (Fig. 14). Both
observations are indicative of garwetnsuming
resorption, which could be responsible for the

partial dissolution of garnet grains.

According to thermodynamic modelling, the core
and rim parts of garnet grains in the sample PK0OO7
were formed in contrastingly different -P
conditions. This is confirmed by the diverse
inclusion sets preserved in vaws parts of these
garnets, including white mica. Thewhite mica in
PKO00O7

composition, varying from phengite to muscovite

sample display variable chemical
with low Si content and paragonite (Fig. 16). To
estimate the H conditions of white mica
formation in all the analysed sample, we have
applied Si in phengite geobarome(&iamzolkin et
2016) coupled with Ti

geothermometer (Wu and Chen,

in  white mica
2015) The

advantage of these tools isat they are based on

al.,

the composition of the same mineral. However, the
Ti in white mica geothermometer was calibrated for
a lowpressure mineral assemblage comprising
ilmenite and sillimanite, and the latter mineral is
not present in the inspected sampleserefore, we
have supplemented these calculations by applying
two

garnetmuscovite = geothermometer  in

calibrations formulated for metapelites



metamorphosed at high pressurgsreen &
Hellmann, 1982 Hynes & Forest, 1988 The
results of geothermobarometric calculations are

presented in Fig. 17.

The two chemical groups of white micas observed
in samplePK007 occupy different textural position.
The grains with the lowest Si content were mostly
documented in the cleavage zones as well as in
Grt2, i.e., in the rim parts of the garnet grains.
Conversely, phengitic white mica grains were
mostly documented ithe microlithons as well as in
Grtl. We suggest that the observed bimodal
distribution of Si content in white micas may at
least partly be a record of decompression. Given
that the inferred H paths trend nearly
perpendicular to white mica Si isoplethise trecord
preserved in white mica is more complete than that

preserved in the chemical zoning of garnet grains.
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In the outcrop, small eclogite bodies (lenses, pods)
are embedded in the prevailing metapelites (mica
schists), howeverthe former ones are found in the
form of loose boulders or blocks. The study of
metamorphic record preserved in the outcrop was
based predominantly on eclogites, nevertheless, a
sample of mica schist was also collected for

comparative purposes.

Petrographic outline and mineral chemical
composition
Eclogites

Eclogites show random texture and are composed

of garnet porphyroblasts set in the figeained Fig. 18. Backscattered electrons image of garnet cluster in

. . . . eclogite from the KMB.
matrix of clinopyroxene, plagioclase, amphibole,
epidote, white mica and quartz. Accessory phases

include rutile, ilmenite, apatite, calcite and zircon.
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Garnet forms euhedral to subhedral porphyroblasts
(up to 1.5 mm in diameter) aggregated in clusters of
several crystalgFig. 18). Porphyroblasts contain

numerous, randomly distributed inclusions of
clinopyroxene (omphacite), white mica (phengite),

amphibole, biotite, apatite, rutile and quartz. Some

of the inclusions form rectangular, patyineral

)

aggregates

$

Ep+Am+ Py Qz NPl K
19). We interpret them as pseudomorphs after
lawsonite (cf.Orozbaev et al., 2019 sujimori and
Ernst, 2014 Zeng et al., 2019 Garnet shows
continuous, prograde chemical zoning (Fig. 20) of
spessartine (beihaped distribution from ca. 0.30
to 0.01 rimwards), almandine (from 0.38 up to 0.66
rimwards) and pyrope (ca. 0.01 in the core to <0.26
at the rim). Grossular does not display substantial
changes in distribution across the crystals.

Fig. 19. Backscattered electrons image of pohlnineral

inclusions in garnet in eclogite from the KMB interpreted as

pseudomorphs after lawsonite.

Matrix is domirated by omphacite variously

replaced by finggrained Cpx + Pl symplectites

(Fig. 21a). The same textures are observed in the
omphacite  inclusions  found in  garnet
porphyroblasts. All omphacite relics have similar
composition and their XJd reaches in maximum
0.46 0.49. Clinopyroxene that replaces omphacite
is less Naich and corresponds to diopside or
augite. In turn, symplectitic clinopyroxene is partly
overgrown by amphibole, which ranges from

pargasite to Mghornblende to actinolite. This
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composition ist contrast to the amphiboles present
as garnet inclusions or directly overgrowing garnet
porphyroblasts ferro

(ferr@adanagaite  or

pargasite).
White mica occurs in two types. The first one is

1.0

08 r

-=XFe
O-Prp
-=Alm
-B-Sps
-B-Grs

0.6

04

02

0.0
present in the matrix or as inclusions in garnet and

has the coposition of phengite with $iup to 3.49
apfu and X5 <0.11 (X = Na/(Na + K + Ca)). It is
partly or completely pseudomorphed by Bt + PI
gypplectites (§ig. 21b). The second type of white
mica corresponds to paragonite (Si c. 3.00 apfd, X
>0.80).

aggregates in pseudomorphs after lawsonite.

Its pesence is confined to mineral

Fig. 20. Chemical variation of the representative garnet
porphyroblast from the KMB eclogite.

Epidote belongs to the clinozoisite subgroup
(Armbruster et al.,, 2006and shows a chemical
zoning with cores richer in Al than the rims. At
places, crystals in the matrix have higher
concentrations of REE in their cores. Plagioclase
composition depends on its textural position. In
Cpx + Pl symplectites it is albite, whilst in post
phengite symplectites and pseudomorphs after
the

(oligoclaséandesing Rutile forms tiny blasts in

lawsonite anorthite content is higher
garnet and omphacite relics, however, in the matrix
it occurs as elongated aggregates (up to 3 mm
long). The mineral is often partly overgrown by
ilmenite and titanite. Apatite was documented both
as inclusions in garnet anth the matrix. Its
composition is characterized by a varied

concentration of F and a very low of CI.



The textural position of the minerals and the
observed breakdown structures led us to recognition
of two mineral assemblages: 1) a progradec
peak assablage Grt (rim) + Omp + Ph + Amp + Rt

+ Lws + Qz + Ap, and 2) a retrograde assemblage
Cpx+Pl+Bt+Pg+Ep+Amp+Ikiit n +
Ky identified in pseudomorphs after phases of the
first assemblage (garnet, omphacite, phengite,
lawsonite). It appears @h only garnet cores

preserved the composition pertinent to the incipient

stages of metamorphic progression.

Fig. 21. Symplectites in the eclogite of the KMB: a.
clinopyroxene and plagioclase after omphacite, b. biotite and

plagioclase after phengites.

Mica schists

The
porphyroblasts embedded

mica schist sample comprises garnet
in a coagsained,
strongly laminated matrix (the S1 planes refolded
by younger F2 folds) composed of quartzykite
mica with minor biotite, andalusite, plagioclase,

staurolte and chlorite. Accessory minerals are
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rutile, ilmenite, margarite, paragonite, chloritoid,

epidote, zircon and apatite.

Subhedral porphyroblasts of garnefi §4mm in
size) contain inclusions of chloritoid,-¥hite mica,
paragonite, margarite, chloritestaurolite, biotite,
plz%ioclase, clinozoisite, rutile and quartz (Figs.
22). Parallel alignment of rutile needles marks the
S1 planes in porphyroblast (Figs. 23b). Garnet
blasts show prograde chemical zonation (Fig. 23a),
with a beltshaped spessartinegfite (Xssfrom ca.
0.09 in the core to nearly O rimwards) and a gradual
coreto-rim increase of almandine (¢ from ca.
0.70 to 0.80). Grossular concentration is stable in
the inner core (¥s 0.180.21) but decreases
sharply outward (s 0.080.10). Brope content

gradually increases rimwards gxfrom ca. 0.04 to
0.14).

Fig. 22. Backscattered electrons image of polnineral
inclusions in garnet in mica schist from the KMB.

Two types of Kwhite mica are present: 1) blasts
with high Si content (upot 3.44 apfu) which are
aligned parallel to the S1 foliation, 2) blasts with
low Si content (ca. 3.10 apfu; Fig. 24) mostly

documented within the axial planes of the F2 folds.

Plagioclase grains in the matrix have albite
composition, while the inclusions igarnet are

richer in anorthite content (oligoclase). Biotite and
rare chlorite blasts present in the rock matrix are
richer in Mg than their inclusions in garnet.

Staurolite found in the matrix shows homogeneous



chemical composition (R = 0.130.17), but
inclusions in garnet are varied compositionally
(Xmg = 0.04'0.15).
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Fig. 23. a. Chemical variation of the representative garnet
porphyroblast from the KMB mica schist. b. X-Ray map of
Ti illustrating rectilinear inclusion trails of rutile preserved

in garnet porphyroblast from PK023 mica schist
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Fig. 24. Compositional variations of white micas in the
investigated mica schists from the Kamieniec Metamorphic
Belt.

Finally, we distinguish two mineral assemblages in
the investigated mica schist: 1) M1 asséagb
mostly inclusions in

porphyroblasts (Grt + Cld + Ph + Pg + Chl +Rt +

occurring  as garnet

Qz), 2) M2 assemblage observed as inclusions in

garnet and in the matrix (Ms + Bt + Mrg + Pl + St +
lIm + And + Qz).
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Metamorphic record
Eclogites

The RT path reonstructed for eclogites is shown
in Fig. 24. The prograde segment up to baric peak is
based on thermodynamic modelling of phase
equilibria, while the second part of the loop is
derived from conventional geothermobarometry.
The first stage was estimated lintersection of
isopleths for relic Mrrich core of garnet and

4 7719 kbak. Thae riodowitig2stage

of metamorphism was reconstructed with reference

yielded

to the composition of Grt (rim) + Ph + Omp and
taking into account the chemical fractionatiof the

rock by the progressive growth of garnet. The
compositional isopleths for the minerals of the
metamorphic peak assemblage indicate pressure
from 24 to 27 kbar in a narrow temperature range of
550057 0AC. The

the mneral assemblage during the prograde portion

model shows
of the RT loop. It also predicts that the abundance
of lawsonite was <5 vol.% at the baric peak
conditions. Thus the lawsonitaut boundary sets
the lowP limit of the inferred PI' conditions with

the implicaton that Ilawsonite must have
disappeared with the onset of retrogression. These
inferences are compatible with our textural
observations and interpretation of pahneral

inclusions in garnet (Fig. 24).

The estimation of HP conditions by means of
conventimal geothermobarometry confirmed these
results. A selection of calibrations for Grt + Cpx
(Omp) in quartzbearing and kyanitéee mineral
assemblage yielded pressures of ca. 24 kbar at ca.
550AC. We

inclusionsin garnet (AIG) aiming at

also used
apatite
independent estimation of pressure conditions. The
calculated  compositienorrected  entrapment

pressures of apatite inclusions combined with the

Zr-in-Rt geothermomete(Kohn, 2020)for rutile

Ra man

t

ha
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inclusions point to pressures of ca. 23 kbar and

validate the above results.

Fig. 24. The R T path reconstructed for the studiel eclogites
(ECL) and the sample of the mica schists (MS) from the
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The subsequent stages of metamorphism seen in the

outcrop are predominantly documented by

compositional changes

in

They show second progression of metamorphic

conditions starting at

content in white mica of ca. 3.40 apfu, whi
corresponds directly with our minerahemical
observations. The calculations suggest that
lawsonite (<2 vol.%) was present at the onset of
garnet crystallization but subsequently it reacted
out. This is consistent with the lack of lawsonite in

the micaschist studied.

Moreover, calculations imply that phases post
dating garnet growth (Pl + low8i Ms + St + [Im)
are related to a pressure drop to d&B kbar (Fig.
24). The composition of the modetedicted white
mica (Si ca. 3.05 apfu) and staurolitey(X0.12
0.14) is in good agreement with the respective
minerals present in the matrix. The topology of the
staurolite model isopleths suggestsial fncrease
from ca. 530C and 6 kbar to ca. 640 and 67
kbar. In turn, the presence of andalusite poiota t

subsequent drop in pressure to <4 kbar at c€£G00

The contrastingly different 4  conditions
experienced by the mica schist sample during
metamorphic evolution suggested by
thermodynamic modelling, were consistently
confirmed by conventional geotlmeobarometry
based on white mica and garnet mineral
composition. The applied combination of
calibrations of geothermobarometers devised for
Crf BT Ysomeigrelips e, thal phpngte
white micas crystallized predominantly at ca-2(8

< do, g e lowis) g g tales

medium pressures (ca.7 kbar) reaching a thermal

peak of 6566 9 0 A C. The final
must have ended thei P trajectory at shallow

crustal levels.
Mica schists

The reconstruction of-F path for he mica schist

e

sample was based on garnet composition (Fig. 24).

The calculation show that growth of garnet started

at c. 480C and 19.5 kbar and continued up to
520°C and c. 21 kbar. The model predicts the

c.
Si
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equilibrated at pressures of ¢18 kbar (Fig. 24).

fRUNMAYat i on stage

Nearly identical metamorphic evolution and the
shape of PT path were obtained for eclogites and
mica schists collected from the same outcrop. The
metamorphic evolutionvas multistage and defines

a clockwise PT trajectory that comprises a
prograde segment up to the baric peak -(HP
episode, cold subduction), then a retrogression path

followed by a LPHT episode (thermal peak) and

(o]



terminates with a final exhumation to adlow

crustal levels.
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Position and lithology: orthogneiss \H
of the Doboszowice Metamorphic Complex
Described problems: early Palaeozoic
magmatism,

Variscan metamorphic record
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Early Palaeozoic magmatism during this excursion. The Doboszowice

t he

Doboszowice orthogneiss is exposed. It is -two

I n abandoned quarry
mica, mediurgrained Ltectonite, composed of
quartz, plagioclase, #eldspar, muscdte, biotite
and accessory garnet. The magmatic protolith of the
Doboszowice orthogneiss was formed during the
CambreOrdovician

tectonanagmatic event,

q[thognejss  confains ipserts, of rnes}asegirﬂegtary

rocks of unknown protolith ageJ(a st r z A b s ki
2023 Fig. 25a).
geochemically Srich (7378 wt% of SiQ), calc

alkaline and peraluminous with A/CNK ranging

These orthogneisses are

from 1.05 to 1.35, which suggest that they
originated from melting of a sedimentary rock
(Buri 8nkovsg

. @t the ageatectonicl 9 9 9 )

et

similar to other orthogneisses of the West and

discrimination  diagrams, the  Doboszowice

Central Sudetic part of the Bohemian Massif. The
publisted

Doboszowice orthogneisses showPl ages of 488
K 6 Ma ( Co n-®bSHRIME,Mazg et Uand withinplate granites Mazur et al., 2010

al,2010) 494 RN 5 Ma (PEbMcor PFYIENISOPRIC comgosition in c. 5805 Ma old

ICPMS,Jas r zfibski )etandl 5002 NX3 §CfmQs indicate 0180
A b L]iqb(?r than those of the primitive mantle (Fig. 25b

orthogneisses occupy a field of volcanic arc granite,

isotopic  zircon data from the

close to the boundaries with ocedaige granites

val ue

(upper intercept age,-Bb LA-ICPMS,J ast r z
et al., 2023)Fig. 25). Inherited age populations are and ¢), which confirms a 8ich composition of the
very abundant and cluster at 40 Ma, 560550

Ma, 605585 Ma (most prominent), and 1.9 Ga

(Jastr zibs k whicle genermlly concurg 0 2 go)ntribution from a Neoproterozoic continental
crust in magma formation.

parent magma. Thisbservation and abundance of

the inherited zircons imply a predominant

with the main features of detrital zircon age spectra

of Early Paleozoic metadimentary rocks visited
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Fig 25. a) The Doboszowice orthogneisses contacting with metasedimentary rocks (Doboszowice quarry). 9bland O isotopic

data in representative 500 Ma zircon grains. Spot labels of 8b dates (white) and O isotope data (
isotopic analysis in zircon. Mantlee qui | i brated value for Walé®003 s indicatedbygrey dolbr.dg N 0. 6 &,
Concordia U-Pb plot for the sample SUD23 collected in the visited quarry. e) Concordia-Bb plot in the early Palaeozoic range for

the same sample.

Variscan metamorphic record and are rich in almandine (Fig. 264X63i 70, Xy

The outcrop is composed of the orthogneiss 113, Xgrs 181 30, Xeps 21 10; Table).

consisting of gartz, K-feldspar, plagioclase, white
and dark micas, and rare garnet grains. Accessory

minerals are zircon, apatite and ilmenite.

The rock consists of partly recrystallizedféldspar
porphyroclasts (up to 1.5 cm in sizep>94i 99)
and quartz laminae (0.2 mm thick) alternating
with lenses composed of completely recrystallized
plagioclase and thin biotitenuscovite layers.
Plagioclase shows relatively stable composition
(Xap 0.880.91). Small garnet grains (0.3 mm

in size) display generally flat cohemical profile
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Fig. 26. Chemical zoning of representative garnet grain from
sample MD0S02.

On the other hand, compared to the core, the
chemical composition of ghrim is characterised by

a marked increase in spessartine, coupled with a
decrease in grossular content and variations in
almandine content. In terms of chemical
composition white mica can be divided into two
groups differing by Si content (Fig. 27). Aldant
group Msl displays phengitic composition and is
characterized by Si content ranging from 3.22 to
3.37 apfu and usually forms core parts of white
mica grains (Fig. 27). The group Ms2 shows
considerably lower Si content falling in the range of
3.11 to 315 apfu and forms mostly rim parts of
white mica flakes. Biotite hasw = 121 20% and

Ti = 0.050.29 apfu.

Apatite is a common
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accessory mineral, while ilmenite occurs extremely

rare.
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Fig. 27. XRay maps illustrating chemical zoning of white
mica from sample MD09-02. a. Si, b. Al and c. Mg.

Based on textural observations we distinguish two
mineral assemblages in the MDB0Q orthogneiss
sample. The M1 assemblage is represented by white
mica Msl, with relatively high Si content
corresponding to a possiblaghi P history of the
rock. The M2 assemblage comprises Grt + Ms2 +

Bt + Pl+ Kfs + llm + Qz.

Orthogneiss sample MDE®2 contains small garnet
grains with strongly diffusionally modified profiles,
which prevent calculation of aiP path based on
garnet compsition. However, the calculated

pseudosection coupled with isopleths corresponding
to the composition of the garnet core allows
estimation of maximum temperature and pressure

of diffusional equilibration of garnet (Fig. 28a).



Fig. 28. Phase diagram modéng results for sample MD0%
02 using the core composition of Grt and bulk rock
composition; a. compositional isopleths of Si in Kwhite

mica. Ms-out reaction is additionally shown. The

composition of observed white mica flakes is indicated by
grey areas. b Isopleths shown for almandine (red), grossular
(blue),

intersection of isopleths marks PT conditions of garnet

and spessartine (purple). Green star at the

requilibration during HT metamorphism at the thermal
peak of the M2 metamorphism. Green star ilso shown on

diagrams a and b.
Isopleths calculated for the garnet core indicate that

it was stable at c. 9 kbar and 66Q(Fig. 28b).

The

geothermobarometry

conventional
that the

results of the
show two
compositional Kwhite mica groups i.e. with high

and low Si content identified in the orthogneiss

sample equilibrated at contrastingly different PT
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conditions (Fig. 29). White mica Ms1 with high Si
contents shows pressures of its formation in the
range of c. 16 to 22 kbar at ~590 to 7200n the
other had, low Si white mica Ms2 is characterized
by pressures of its formation ranging from ~6 to 11
kbar at ~500 to 70€. Consequently, textural
relationship between the two compositional white
mica groups support our suggestion that the
observed distributiorof Si content in white micas
may represent a record of the WMPT event
overprinting the earlier HP metamorphic episode.
The only important discrepancy that becomes
apparent when comparing the results of white mica
geothermobarometry with thermodynamic
calaulations is that the i conditions for white
mica Ms1 from orthogneiss generally indicate high
temperatures of its formation. This is the function
of high Ti contents of the inspected white mica
grains. However, it appears that temperature
calculations fo white mica Msl1 should be taken
with caution, as the M1 mineral assemblage lacks
ilmenite and AJSiOs phase, which are prerequisite

for the application of this tool.

Fig. 29. Results of geothermobarometric calculations for
sample MD0902. KIK16 i Si in phengite geobarometer
(Kamzolkin et al.,, 2016). WC15 - Ti in white mica

geothermometer (Wu & Chen, 2015).



