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Abstract. A brief, regionatscalereview of the Late Cretaceous eEarly Palaeogenéversionrelatedtectonic structures
affecting the SudetesSudey Mts and their foreland athe NE margin of the Bohemian Massi$ presentedand
complementedvith results ofnew seismicstudies The Sudetes expose Varisedgformed baseent, partly overlain by
pos-orogenic Permdviesozoic covercontairing a wide spectrum of tectonic structurdmth brittle and ductile, in the past
in this areareferredto as young Saxoniaor Laramide We haveused newly reprocessed legacy seismicsttly these
structuresin the two main posVariscan structural units of the area, the Netidetic and Intréudetic synclinoria and

The results weraliscused the—resultstogether withregionallydistributed examplesof tectonic structurescoming from

quarriesand underground miness well asthoseknown from theliterature. The Late Cretaceous=arhyearly Palasogene
tectonic structures in consecutively review@ddetictectonic units, from the north to souttypically include gentle to
moderate buckléolds, locally of detachment typeor fault-related high-angle reverseand normal faults,as well aslow-
angle thrust$ oftenrooted in the crystalline bament. The structuréermedgrabensn the literature areat the same time
frequentlyinterpretedas bounded by reverse faulthgnhce we usberethe termér e v er s e gtypieablyeaveald )
strongly synclinal pattern of their sedimentary fill. Tiop of crystalline basemenasimaged by seismisectiorgdatain the
North Sudetic Synclinorium below ttfaulted —andfolded cover, is synformally dowrawarped with a wavelength of up to
30 km, whereas on the elevated areas, where the bastpéntexposed at the surface,istup-warped (i.e. tectonically
buckled). Thereviewedcompressional structurégpically show anorientationfitting the regionallyknown Late Cretaceous
1 Earlyearly Palaeogene tectonic shortening direction of-8M¥ to NNESSW The same applies to the reg# jointing
pattern, typically comprising an orthogonal system of steep joints. 8fW-SE and NESW strikes.All the reviewed
structures are considered as due to the Late Cretateemsyearly Palaeogene tectonic shortening episode, althsogte
of the discussedaults with a strike-slip component of motion may have bemodified, or even producedyy late;—Late

Cenozoic, tectonism.
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1 Introduction

During Late Cretaceous tBarlyearly Palaeogene times, compressional tectonic structuresapexkelover vast areas of

western and nortc e nt r al Europe (e.g. Kl ey and Voigt, 2008; Navabpour
Malz et al., 2020; Voigt et al., 2021)hey arecurrently interpreted adue to collisional interaction of theerian mass with

continental Europe and the resultant propagation efié&d compressional stress (Kley & Voigt 2008)hich brought about

widespread inversionf PermeMesozoic basinsin Poland and easternmost Germany (e.g. Krzywiec, 2002, 2006; Mazur

al.,, 2005; Krzywiec and Stachowska, 20Xey 2018 the resultant mapcale tectonic structures are mostly MNSE-

trending, largescale, gentle folds up to 1000 kmlorg1 50 km wi de and wup to at | east 3 km high

The Mid-PolishSwe | | (or Anticlinorium), s p a-8mdiagogal ftoim éhe Baltic Seate br eadt h
westernmost Ukraine, is the most spectacular example of such structures. To the SW ofBlodidili&well there is the

SzczecinG- d T Tr o u giom), WSahmasurshemttotheand a successive elevated structural element, occurring at

the NE margin of the Bohemian Massif, in the borderland between Poland and CzechimnTjhisx element combiniss

the ForeSudetic Homoclineand theSudeticarea composedof the ForeSudetic andSudetic blocks (Fig. 1)The latter

tectonic units are the principal objetto bepresentedn this paperwhose goals to briefly overview the wide spectrum of
structural effects produced by the Late Cretaceousatbearly Cenozoic tranduropean compressional event at the NE

margin of the Bohemian Massifin-the-Sudety-Mtsandin-their-nerthernforelanavith-a-similar-geelogyThe-lattertwo

An important part of the review is based aw-data-derived-by-usfrerecently reprocessed legacy seismmigterialsdata
comingfrom the cental areastarea®of the Sudetieegiorregion Theother presentedxamplesf tectonic structuresupply

the wide regional context for the seismic results eohe either from our owfield work or from descriptions madey

et al

(e. g
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2 Geological outline

The SudeteqPolish and Czeclhame Sudety, low-topography mountains located on the northeastern margin of the
Bohemian Massif, together with the southern part of the Sildsiaatian Plain share the same -frenozoic geological
composition and structure arndin the geological sense are for deadesusually considered collectively as the Sudetic
regiorareaor region or, still, simply; the Sudetese(g. Aleksandrowski and Mazur, 20p®azur et al, 2006 Kroner et al.,

2008. The differences in topograpliy mountainous versus lowlandare due tosplitting of the Sudetic aginto two
tectonic blocks: theurrently downthrownand mostly flat or hillyFore SudeticBblock in the nortlkastand the elevated

mountainousSudeticene-Block in the southvest (Fig. 1) The Sudetesconstitute thenortheasternmost segment of the
Zjednoczone)

Sformatowano:

Angielski (Stany

Central European Variscan internides, exposing crystalline basement of strongly deformed and metamorphosed

Neoproterozoic to Carboniferous rocks abundantly intruded by Carboniferous granites (e.g. Mazur et £00202620). Zjednoczone)

Sformatowano:

Angielski (Stany

The VariscanOrogeric Belt formedin Europemestly-at approximately Middle Devoniato late Caboniferous timesand
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currentlyextendsfrom Portugal and SpajracrossBritain, Franceand Germany to Czechia and Polantt continuesfurther

Zjednoczone)
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to the southeast to Romania and Anata@izd is also represented bymerous dismembered internal massifthin the

Alpine-CarpathiarDinaric orogenic system. Its formation was contemporasewith the Acadian and Alleghenian zjednoczone)

Sformatowano:
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orogenies in the Appalachianshoseand particularmajortectonostratigraphic zoneefine linksbetween-theando those

ZJednoczone)
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of the EuropeanVariscan Beltacross the Atlanti¢e.g. Matte, 2001, Martinez Catalan et al., 200Ryoner et al., 2008 In/

ZJednoczone)
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the Sudetes, the main tectonostratigraphic domains dEthepean Variscides: the Moldanubian, TeBirandian and

particularlyi Saxothuringian find their continuation (e.g. Martir@atalan et al., 2021). ZJednoczone)

Sformatowano:
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The Variscanbasement rocks apartly overlain by synto latetectonic Carboniferous intramontane basins and remnants of

Zjednoczone)
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BasirSynclinorium thereoccur lower Permian red beds withiolcanics andupper Permian Zechstein facies carbonates Zjednoczone)

Sformatowano:
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sulphates and clastics, averagirgg £000 m in thicknessThe Lower Triassic Buntsandstein of variegated sandstones,

Zjednoczone)
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totalling e 600 m in thickness, are cappedy R° t dol omi t ewpodtessthd Muachetkalk lidestanesee

Baranowski et al. 1990 Tdthezshiusht ie the Iati@utetidBasirSymelinoriam Iaw@zrl 1) | Ziednoczone)

Sformatowano:

Angielski (Stany

Permian red beds and shales with volcaojz$o 1250 m thiclare followed byupperPermian, mosyl fluviatile sedimentary ||

Zjednoczone)

Sformatowano:
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rocks. The Lower Triassicis represented byhe Buntsandstein facies, whiatoes not exceed a few tens of meters |n

thickness (e.g. Dziedzic and Teisseyre 199The Sudetic areis described in the literature to have been emerieits | Zjednoczone)

Sformatowano:
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most partduring the Triassic(FeistBurkhardt et al. 2008)in the Jurassi@nd Lower Cretaceous timehe Sudets must

Zjednoczone)
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Zjednoczone)
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havealso remaine@mergent, as no Jurassiad Lower Cretaceoustrataare known fronthe arealn the Late Cretaceou?

howevera systenpf sedimentary basins formed aloreactivated Variscarmostly NW-SE-trending sheaand faultzones

over thenorthern BohemianMassif, accumulatiagleast 1000 rthick succession of shallow marine sedimgetg.Scheck/

Zjednoczone)

Sformatowano:
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et al., 2002; Ul | refl al, 2009;: Wojewoda, 1997). The Intraand North Sudetigasinsynclinorig were filed with

Zjednoczone)
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CenomanianTuronian Coniaciarand Santoniasardstonegmarlsandgiltstones (Wojewoda, 1997).

the now much eroded postrogenic Permdviesozoic sedimentaryolcanic cover To the north, in the North Sudetic , %

ZJednoczone)
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The Sudety Mountains acquired their presgey mountainous relief due to Neogene uplift of the Sudetic Block in front of

the then actively growing Al ps and Car paltahrioasnisEs(ke . ge.t taell.a,¥na2®0WI;;cz a
t el a¥ni ¢&w01t)zThieuplift affectedheanarea mostly planated during the Palaeogene and early Miocene times,

following the earlier, Late CretaceoiuiseEarly Palaeogene more prominent uplift, which at that time had occurred over a

broader area, including alsbe ForeSudetic Blockie-thererth(Fig. 1), which at present is downthrown along the Sudetic

Boundary Fault (e.g. Cloo3922;Teisseyre, 19570berc 1972).

The Late Cretaceous eEarly Palaeogene uplifthat occurred concurrently with afightly postdatedhe transEuropean

compressional eventelated to theAfrica-IberiaWestern/Central Europe convergerateca 8670 Ma (Kley and Voigt, Sformatowano: NieWy r - Uni e r]

2008.; exhumedthe Variscan basement from below the péatiscan, uppermost Carboniferous through PeMesozoic Sformatowano: ~ Angielski (Stany L

Zjednoczone), NieWy r - Uni eni

Sformatowano: NieWy r - Oni e r}

Sudetic Homocline to the noghstand the North Bohemian Cretaceous Basin to the s@sth \Within boththese tectonic

units-which managed-to-presermuch mereof ther deformedPermeMesozoic postariscan sedimentarfill _has been

preserved Among thelate Cretaceou$ ekarly Palaeogene&ontractional structurem the Sudeteghat have escaped
erosion are the North anthtra-Sudketic synclinorig representinghe largestobjectswith-of thelargestsizthat kind(Fig. 2).

Sformatowano:  Angielski (Stany
Zjednoczone), NieWy r - Uni eni

cover and left theentire SudetesSudeic areatectonically elevated with respect to the adjoining depressed areas: the Foreg

Sformatowano: NieWy r - Uni e r]

For over a century, the Sudeteave beerconsidered a part of thelassicalarea in Central Europen which the term

iSaxoni sche Tektoni ko (cf. Kl ey, 2 0 1 3 Yelated sbseavedpn thedekmot o def or mati on str
Mesozoic sedimentary basins. tlne older literaturéhesecontractional structures weraost oftenascribed specifically to

thefiyoung Saxoniad(Closs, 1922; Beyer, 1939; Oberc, 1972, 197 flLaramid® tectonism (Oberc 1972, 1977).

3 Data andmethods

The concise regionalthough not fully systematiaeview of the tectonic structures of likely Late CretacedusEarly
Palaeogene agpresented in this papés based (1o n a ut h amalgsd and wtructural interpretation of the newly
reprocessedeismicreflectionseismicdataceming-fromocated inthetwo key areas in the Sudetesth-containingthe most

complete posWariscan sedimentary recoahd (2)on structural field dataf the present authom (3) on datacoming from
critically assessediteraturedescriptions We have also usedata fromexplorationboreholesdrilled in the lastthredive

decadesprospecting for copper and coal depositthe North Sudetic and Int@udeticsynclinoria, respectively

The analysedseismic data were acquired by mining companies in the end 1970s-X29@bin the North Sudetic
Synclinorium and in theearly 1990s (19941993) in the IntreSudetic Synclinorium(Fig. 2). We received them asaw
seismic data (field datgartly pre-processegdreloadedto discs from original magnetic tapesnd the accompanyingaper
prints. Theseseismicdata are unique at the scale of the entire Sudeti® source of valuablaformation on the structural
geology of thePermeMesozoic succession in thethmain Sudetic synclinorial units

The reprocessing of, in total, &50 km of the seismic profiles was carried out in 201€ing an ugo-date oitindustry
software ( GGuszy Es ki a n The 1em arpcassinmclud@dPaatosiack time migration (PostSTMvhile to

4



some of the profiles alshepre stack time migration stage (PreSTpdcedure was applied. No tirgepth conversion was,
however, attempted because of too scarce coverage of the area with appropriate drillhole data. As complementary material
130| we used also an analogue/paper printieersf a seismic profile from the vicinites of Broumov in Czechia and also some

seismic profilesomingfrom the ForeSudetic HomoclineA-significaniThe mostpart of the structurally interpreted seismic

profiles are presented in this paper. Our stratinterpretation of these profiles provides an entirely new material showing

the tectonic style and geometry of the compressional tectonic structures affecting tiWarsestn sedimentary coven
‘ alongthe NE margin of the Bohemian massif and allowssfmmeinferences as to the mechanics of their formation. An
135 equally important part of the paper, aimed at giving its readers an overall information on the distribution and genetic and
‘ geometrical diversityof the tectonic structures that formed or evolved under the Late @vett Eearly Palaeogene
compressional regimeye depiction and short description of a selection of such structures exposed in natural outcrops and in
active mines and quarries thrdwgut the entire Sudetic area or its direct vicinities. This material is either our own or is based
on critically evaluatediteratureaccounts.
140
‘ 4. Products of Late Cretaceousi Eearly Palaeogene tectonic shortening: examples from particular structural

domains

4.1.The north-eastern margin of the Sudegs: transition to the Fore Sudetic Homocline

145| Directly-to-thenortheast of the Sudetilockarea separated by the Middle Odra Fault Zone, the fSwdetic Homocline
extends(e.g.K g a p cet 8Es1R84 Kronerateta | . 2008; t el 3 Risideimed bygentlg(1l-5 @a)l-. NR 011
dipping Permian to Mesozoic strata (Fi@sand 3) on top of Variscafiolded Carboniferous (Mazur et al., 2006, 2010),
representing the SW limb of the SzczebMn e c hynelinorlim of the PolisitGerman Basin. The Permidesozoic
succession constitutes the fill of the extensive P@Bshhman Basin and unconformably overlies the Carboniferousafudd

150 thrust flysch belt of the Varican externides (e.g. Mazur at al., 2@®M)2
The PermeMesozoic strata in the southern part of theFore Sudetic Homocline are very gently folded and in few places
affected by steep to loangle reverse faults (Fig). In the close vicinity of the NWEE-trending Middle Odra Fault system,
however, in galleries of 0.5-1.2 km-deep mines of the Legni@gog- w Copper District, a rich inventory o
and, also, extensional tectonic structures occur in the base Zechstein/top Rotliegesarioge formation, containing clayey

155 shale, arbonates, anhydrite and reshlt, apart from sandstones. These structures typically include thrust faults,
accompanied by beddipgar al | el d®c ol | e wlimlitative ofldEsSWwliged¢tddtectorsic sfiodenidgs The
mesescale structures came st udi ed di r ect |(Fy. Sosee)dnttheve feadlebcebredoedrdndesviy | | s
e.g. Salski{1965, 1968; Oberc and Salski{1968;; Dumicz and Don{1977, 1990 Markiewicz and Szarowsk{1990;
tel a¥ni ewi cz ,@d994). LMger dtructeresi appear on mining mapa complex network of faults, whose

160 pattern reflects reactivation of a few major and numerous minofS¥rending fractures propagating upwards from the

Variscan basement, accompanied by a number of relatiarge WSWENE enrechelonfractures(cf. Markiewicz, 2007),

5



the lattermost probablyformed due to a Late CretaceousEarly Palaeogenéor |Late Cenozoic?) sinistral strikgdip

activity of the major NWSE faults.

The soutkvestern margin of the For8udetic Homocline is the only are@athe scope ointerest of this papein which,due
165| to the presence of rock salt in the Zechstein sttlagdormation ofLate Cretaceous eEarly Palaeogenstructuresnay have

4.2. The ForeSudetic Block

170 Atthe base Cenozoic level, the ReBadeticBlock (Figs 2 and3) exposes Variscan basement rocks of various metamorphic

grades, varying in age from the Neoproterozoic to probable Devonian
tela¥niewicz, 1995; Cymer man, 2010) representhg elements ofissie toi gneous plutonic r
ultrabasicSilurian/Early Devoniarophiolitic suiteand Carboniferous te@Early Permian granitoids (e.g. Mazur et &Q06,

2007 Kroner et al., 2008 As the ForeSudetic Block is (excepit its easternmosind westernmogieiipheresy) devoid of

175| PermeMesozoic deposits and its crystalline basement is eroded deeper tham-thathe mountainousSudeteSudeic

Block, an idea was conceived long ago (Cloos, 1922; Teisseyre, 1957) tliatrtize block had bea uplifted with respect

to the presentlay Sudet Mountaings across the Sudetic Boundary Fault, following the Late Cretaceoggarly

Palaeogenéversion This situation was subsequently reversed in the Late Miocene, whé&udagesSudey Mountains

were upliffedwhereas the Sudetic Blocland the Foré&Sudetic Blockwere downthrownwhen-simultaneously withthe

180| formation of theCarpathiarAlpine forebulgewasfermed( e . g . t el a¥ni.elmeilack of Retmdasozoic 2 01 1)

sedimentary cover hampers the direct recognitiomefeffects of the Late Cretaceduskarly Palaeogene tectonism on the

Fore Sudetic Block which, neverthelesszan bepartly assessed thanks to the presence of thalkit ar y Pericline (Fig.
2) in the geologicamap intersection pattern. Thigricline consists imapview envelopingof the NWprojecting basement
i p e ni bythelParmelriassic outcrop zone, which continuesto the ForeSudeticBlock from the area of # Fore
185 Sudetic Homocline. This basement/cover intersection pattern illustrates the likelgrpimg (updoming)effect of the Late
Cretaceous eEarly Palaeogene compression, which seems to hagalatedthe roof surface of the crystalline basement,
producing a very gentle NV8E trending antiform. This antiform is analogdusut-efreversepelarityto the large, gentle
synform that occurso the southof it and isobservableon seismicsectionprofiles i in the floor of the NortFSudetic
Synclinorium (see below) The uplift related to thdéormation of theantiform in question, must have been one of the

190 important factordeading tothe erosion of the original PeraMezosoic covepverthe most part of thEore-Sudetic Block.
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4.3. The North Sudetic Synclinorium

The North Sudetic SynclinoriuifFigs. 2, 3 and6) is a faultbounded, NESE elongated tectonic structure6.km long and

up to 24 km wideBeyer, 1939; Oberc, 1972, 19730lecki, 1994 KiersnowskinMc Cann et al . , 2008a; tela¥ni ewicz
Aleksandrowski, 2008 t el a ¥ ni e w). It iz filled twithgbdstVarisc@n0 ehd Carboniferod®ermianTriassic and

Upper Cretaceous (Cenomanian to Coniacian) continental and shallow marinensadimecks, including also a Lower

Permian volcanic membée.g.$ | i wi Es ki Céatr zallst e k2 @b 8 ;. THe suecessiah averliegsa@bsided

top surface of the Variscan epimetamorphic baseniermnedthe Kaczawa Slate Beiih this region(e.g. Aleksandrowski

and Mazur , 2002; Mazur et al ., 2006 ; t el a Fchiévedwtsquasi and Al eksandr owsk
basinadcquired itsstrueturegeometrydue to the Santoniagarly Campanian to late MaastrichtiBalaeocene (Walaszczyk

in Voigt et al., 2008) tectonism. The North Sudetic Synclinorium in its western and central parts defines, in general, a single

synclinal structure, while at its easteamd southerrextremites it splits into severalNW-SE elongated secoratder

synclinal elements, grabens and hglabens, some of them separated by basement horsss ZFand 7 Beyer, 1939;

$liwi BGski et al., 2003).

The end Mesozoid early Cenozoiccompressional deformation affected both thgstallinebasement and pestariscan

cover. Thecover must have once been relatively thick amgst have extended over much wider areas ofttheerSilesia

BleekSudetic aredhan it does today c f . e. g. Mi go & and Da n,2020.4t,was8ubskdquentySobczyk et al ., 20
eroded from the most uplifted areas,-baetamepreserved in placesvhere the basement/cover interfatad undergone

compressiordriven downwarping. According to Beyer (1939), this compression in the North SutisirSynclinorium

broughtabout inversion of some of the earlier normal faults, which were then transformed into reverse orva$. (Hig

Variscan basemert the upthrown sides of the former inverted faults was believed by this author to havékactegid

jaws of avice, which horizontally squeezed the PeraMde s oz oi ¢ succession i -controlléde process of a Af
f ol di ng ®é&h@enfaltargrig. 7b).

The structural geometry dhe Late Cretaceou$ ekarly Palaeogene folds and related thrusts in the North Budet

Synclinoriumwashas beerknown so far mostly from geological map intersection patterns combined with drilling results

(Beyer, 1939; Oberc, 1972, 1977, LeSni ak likelgQigpospemalled e c ki , 1986, 1994;
scale analoguesccurring in active quarries-ig. 8). A-The reflectionseismicsurvey-maddata acquireih 19761980 made

it possible to better constrain the structure of the-poatr i scan cover, which was attempted by Bagazin
(1979; their Fig3) ;-appling-an-assumption-afho assumed dominance of nearly vertical faults.

A much betterinsight into the geometry and structural style of-tla¢e-Cretacesugdeformed Permdlesozoic succession

was recently enabled bye reprocessing of the samlegacy seismigaw data( G § uski and@Emajdam 2019. The

structural interpretation results of these data are presenteidunes 9 and10-which-and depict the alongtrike changing [sformamwano; Wyr - Onieni }

geometry of the Permbesozoic succession of the Noi#udetic Synclinorium. This geometry, in general, seentsate

resulied from- gentlebuckle downfolding of the basement/cover interfaggoducing a single synclingp to c. 20 km wide,
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in the PermeMesozoic strata;The syncline idocally complicatedby reversefaults (or their clusters), cutting acrogise

Cretaceous, Triassic and Zediststrata and béng hard to follow in the Rotliegend clastiesd volcanics, though in some

casegrobably penetrating the epietamorphic basement, while shallowing their difise reverse faults adtenrelatedto

folds, some of them likelyraving been initiated as fatgropagation foldsin places decoupling/decollement phenomena
within—the-PermeMesozoic—covarccuralong weak, clayey horizons the Zechsteinand Muschelkalkstrataaffected by
local thrusting accompaniedy spectacular, butather-—Fhelocaldecouplingresulteth-local-thrusting/reverstaulting;and

Niewy r - Onii er]

infrequentzoneg where affected—bymesoscale detachmerfolds have developedFigs. 8), apparentlydue to locély [sformamwano;
increasedorizontl shorteningn the footwallof steepreverse faults (Fig. 9g). [Sformatowano:

NiewWy r - Oni er]

On neither othe seismic profilestudied by usny structuresnodified by salt tectonicaereidentified, in spite ofa single
rock saltintercalationin a-boreholegelativelyclosethe profile shown in Fig. &.

-The downwarping of themetamorphic basemetelow the PermeMesozoic coverseems-tmay have facilitated been
associated-witithe development ofocal low-angle thrusts in the basement (sébwnvisible in Figs. 9-and-10), where
some of the thrusts affectinge PermeMesozoicare likelyrooted. TheRahmenfaltungt the synclinorium edgdg§ig. 7)

invoked by Beyer (193%nd understood as upthrowing treatively rigid metamorphic basement on reverse (inverted?) [sformatowano;

Niewy r - Oni er}

faults, may havealso hadits impacteffect on the deformation processrough exertinga horizontalcomponent tectonic [sformamwano;

NiewWy r - Onii er]

force on the adjacent horizontal sedimentary statthelocal-seurce-of-horizontal-shertening-forddeelocal folds in the [Sformatowano:

Niewy r - Oni er]

synclinoriuminterpreted fromboth the reprocessed seismic sectiamsl from map intersection erns,show, ingeneral,

nearparallel geometry, and shallow WNylungingaxes(Solecki, 1986, 1994, 2011), [sformatowano;

NiePrzekreSI]

Our analysis ohewlhythe reprocessed seismic profiles made possible a subsurface mapping of a numbemaofjlegault
zones They are, as a rule, trending NBE and often continuever distances of tens of kilometregup to at least 40 km)
Other identified major faults represent lamgle thrustscontinuinginto the Variscan basement. The polaritythe local
thrustin the PermeMesozoic sucession of the No8udetic Synclinorium is bimodaind directed botto the NEandSW.
This seems typical of foldingffecting a detached succession (the Peliesozoic sedimentary rocks detached from the
underlying lowgrade meimorphic rocks) The interpreted fault zonesut across the Permdesozoic strata from the
Zechstein at the bottom to the Upper Cretaceous at the top, which confirms their actifityied until at leaghe Late
Cretaceous.

The structural analysis of éhreprocessed seismintakes it possible teeinterpret the hitherto widely held concept of the
internal structure for the NorBudetic Synclinoriunihat assunedng the dominance of higanglefault block tectonics
althoughSolecki (1986, 1994 alreadyearlierpostulated that the main factor controlling the formation of the North Sudetic
Synclinoriummight havebeen a compressive inversion of hypothetical normal listric faults in the baseimentr opinion,

of primarythe significancein this structureare effectsof compressional dowwarping of the top basement surfadee to
buckle-felding; erand of lesser significancehoserelated to both higiangle andf low-angle thrust faulbgs, andtoef local
detachment foldingffectingthe PermeMesozoic covershould-also-béaken-into-account.




A recentmapping andstructural studypy Kowalski (202) of oneof the alreadymentioned secondrder synclinal/graben
elements branching off from the SE rim of the North Sudetic Synclinoriuim,e  WI| e (Eig& 2 and § afferg an
‘ opportunityto have acloserlook on another example of a Lateretaceous eEarly Palaeogene macezale tectonic
260 structure in the NW part of the Sudetgdbe Wl e (E Gis arareowstructure c. 17.5 km long andp to 3.5 km wide,
downthrown into the lowgrade metamorphscof the KaczawaSlate Belt filled with Permian, Triassic and Upper
Cretaceougup to lower Coniacianjnostly sedimentary, shallow marine or continerttapositsand fboundedby steep,
N W1 Sdtiented, normal and reverse faal{&owalski, 202.; Fig. 101). The graben was earlier studied by Gorcz§ck a g a
(1977) anddiscussed by Solecki (1994, 2011), wétoessed the particular significance of NISEW to NESW directed
265 compression in its formatioKowalski (202L) advocates anultistage evolution of the grabeftom Late Cretaceousmes
(postSantonian?pnwards, includindhe first, extensional stage of its formatiaith active NWSE striking normal faults,
followed by compressional eveatf Wiabloy | at est Cr et ac e o ueactivabngandiimvértinggheal aeogene( ?) 0 age,
latter discontinuitiesand producing neweverse faults and overthrustsarticularly in the central and southern parts of the
graben.This was postdatedoy minor sinistral displacements of the graben fragmatusg crossutting faults of NESE
270 trend, andthe evolution is believed by this author to have enddti an extensional episode of limited significance
presumablyalready during thenid- to lateCerozoic.
The crosssectioso f t h e Wlekl&rat&y&owalski (202) on the basi®n his mapping fieldwork and scarce
borehole datgFig. 10%) show a rather regular synclinenl y sl i ghtly modi fi ed byocalyhe grabendés boundar
complicatedby f aul t s stri king obl i(Rgulel). Yhe metambrphie basgmaent top is @epicasd a x i s
275| concordantlyadherento the overlying, synclinally bent base Rotliegend surfadee latterselutiorconcordantolding of
the basemnt and cover,together with the above mentioned apparent laclka afip-slip—reversedisplacementelated
contributionof on the choundary faultsto-the-formatioro f t he WI e E iBatthedilg n a bosanigingrengy

have beerrather due to downlding (buckling) thandownthrowing on reverse faultdt is no wonderthe cited author

suggests seismic survey to be made in ordebetter understaritie structuralgeometryof thegraben

280 4.4. The Intra-Sudetic Synclinorium

‘ The IntraSudetic Synclinorium ianother apart from the North Sudetic orextensive Late CretaceousEarly Palaeogene
tectonic structure of NWBE trend in the SudetéBigs 2, 3 and 11). It hasa comparablethoud somewhat larger siz# c.
80 km in length and up to 30 km in width. It, similarly, affects the pdmtiscan continental to shallow marine Permo

‘ Mesozoic successiomhich representthe upper structural level of the IntBudeticBasinSynclinorium( ¢ el a ¥ni ewi cz and

285 Al eksandrowski , 2008; tela¥ni ewi cz eadthick $uccession of infrgmontanen conf or mabl y dep o

Carboniferous synto lateorogenic clasticsleformed by Variscan tectonisgrresponding tdéhe lower structural leveof
the IntraSudeticBasin-Synclinorium(see alsoNemec at al., 1982; Dziedzic and Teisseyre, 1990; Bossowski et al., 1995;
McCann, 2008b). The Carboniferous deposits of the JBtrdetic Basin-Synclinorium rest on the Variscardeformed,



mostly crystalihe basement of the Sudetic Block. To the SE, the axial zone of theSkmtietic Synclinorium, composed of
290| LateUpperCretaceous deposits, mergeth the Upper Nys&Kr 8 | i k y(FidgSr2amdi2til). Another similarity of the

Intra-Sudetic to the North Sudetic Synclinorium is its generally simple, open structure of a single synclinerthtestern

and central parts, which is replaced by a numbepaftlyreversesynclinal grabens separated bysement horsts on its

eastern flank (Fig® and211). Some of the synclinal grabens are bounded by reverse faults.

The Late Cretaceous teEarly Palaeogene tectonic structures of the 8maetic Synclinoriummaged by reprocessed
295| seismic datstudiedby-us-on-recentlyreprocessed-legacy-seismic-sectiande only seen imome-onby-fronthe NE limb
of the synclinoriumlocatedo et ween Mi erosz-w in the NW and $cinawka in the SE. I'n th
are exposed at the surface, letthe Cretaceous succession of the Hsualetic Synclinorium axial zone occurs to the SW
andhasnot been imaged by seismic dstaeot-covered-by-the-seismicEhe seismisectionsprofiles (location in Fig.4211)
are mostly trending SWE, thatide.r oughly perpendicular to the synclinoriumds axi s. The

300{ from NW to SE, inFiguresi3-12 threughand1513, in order to illustrate in a systematic way the tectonic structures affecting

the Permian and Carboniferous strata Sformatowano: ~ Czcionka: 20 pkt,
. o . . ) Pogrubienie, Kol jonki: C
In the NW part of the area coveredh-by seismic data (Figst2-11 and4312), three consecutive profiles showsanch Ogrubiente, Rolof czclonkt: Zzerwony

group of planarfaults in Carboniferous clastics, which edonot continue upwards into the Permian, although in some
profiles (Figs.43-12 b andc) these faultsse-faultsmanifest themselves also in the Permstnataas gentle folds above the
305 faults. These folds argeometricallyentirely consistent with faultelated folds in the Carboniferous. The most likely
interpretation of this caseeems to be a pesEarly Permian reversslip activity of faults in the Carboniferous succession
{probably-representing-a-reactivated-Carboniferousflower-strucassgciated witlgentle folding that locally affected also
the overlying Permian strata, thoughin placesthe dsplacement on themntirely ceasebecamdully-accomodatedtill at
alevel below the Permian (Fi@3al2a). The fault zone in the Carboniferous successambefollowed on seismie profiles

310 overa distance of 7 km, but probably contindiegher onboth to the NW and SE beyond the seismically explored area.
Furtherto the SE, near Broumov in Czechia (Fig&-11 and 24133), a lowangle, NEvergent thrust zone (which may

represent anuch-evolvediore developedontinuation of the fault zone from Fi312) rooted in the crystalline basement,
produces a reversdip displacement of the Carboniferous strata by at least 24socimted with th formation of faulbend
folds. The thrust seems to continue to the NE a&alement within thePermianstrata,overlain byan anticline-syncline
315 pair, which can be recognized in the surficial geological map outcrop pattern
Moving further to the SE along the NE flank of the InBaid et i ¢ Syncl inorium axi al zone, in the area
successive seismic profilgsig. 13-e) one can follow alongtrike geometrical changes of a conspicuous-dmgle, NE
vergent thrust fault, responsible for up to 2.5 km of displacement of the crystalline basement and the overlying
Carboniferous and Permian over their footwall. The overthmigelatedi similar to the case at Broumov with an
320 anticlinesyncline pair of fautbend or faukpropagation(?jolds.
The conspicuous thrust fault Té8eintawk&EBBhdpdndi gnespgrobabli n t he area of Radk

continuing irto the vicinities of Broumov (Figt413a), seems to correspond to the major MNE. t r endi Ag S$ci nawka
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325

330

335

340

345

350

Krosnowice Fault (Figi211l) exposed at the surface. The latter fault has been, however, so far consistently interpreted as a

NE-throwing normal (Grocholskand Augustyniak, 1971) or vertical fault (Bossowski and lhnatowicz, 20b@&yefore, our
interpretation of the reprocessed seismic datgliresimplies an importantthereughgeingchange in understanding the
pAaturegeometry and kinematiasf this well-known mapped faultso far regarded as sieepfractureat least in its NW,
S§cinawka segment, as & eEarlp Ralaeogenel theust.Lira thedightof ithgeotogicalard-ectonic

context, there can be little doubt about the timafighe tectonic structures identifiegguson the seismisectienprofiles

Our interpretationis corroborated by their occurrence near the axial zone of theSottatic Synclinoriunwith-abundant
presence—aharacterised by thickpreserved Upper Cretacus depositslt is also confirmed by the Sward surficial

ext ensi on o4Kroshdwiee Fault,iwhiehvakis Krosnowice segment defines a tectonic boundary between the

PermeMesozoic succession of the IntBadetic Basin and Nysdr 81 i ky &mnabeinde na nidkrowiark

crystalline Massif on the other side.

$nielnik

An interesting Late CretaceoiiseEarly Palaeogene structure at the NE periphery of the-8udetic Synclinorium is the
NW-SE trendi ng RewerseGrabere(ds 2-ylamdi614). According to Oberc (1972, 1977),i bounded by

high-angle reverse faults a n d , hence, we apply tamdd filied with Lbvwer PermiarRotliégene v er s e

and Upper Carboniferousedimentaryrocks (Oberc, 19721977. On approahing theg r a b moundasy faultsthe strata

ar e strongly dragged upwards, whi ch r eThid é s g n castrugyall Al i n al

characteristics of t heiif€arectheingsblSedn gucfieialgRotogicalrmsppingGnidediving

much extrapolation at depthis, nevertheless, quite symptomatita number of Sudetic grabens and to some ddgree
resemblescrossect i ons of e. g. the W el@H0)@miaskllenoreibyGornycatakl asgkai
Gotiowaga (2008)

not reproduced herepr of the Upper Nysa Kr 81 i ky &g. detzykiawich (1970) afdon and
partly with reverse boundary fasit

4.5. The UpperNysa Kr 81 i ky Gr aben

((12907270,; Fi g.

TheUpperNysa Nysa Kr § | i k y(Figs 2 andigld) is a distinctive tectonic and topograplféeilt-boundedeature of

approximateN-S trend, c45 km long and from 8 12 km wide, merging to the north with the IntBudeticSynclinorium

It is composed ofhallow marine sedimentary rocks, including a time span from the early Cenomanian, through Turonian to

Coniacian and Santonian (e@on and Don, 1960; Jerzykiewicz,

1970,

1971; Radwa Es ki

Badura and Rauch, 2014Jownthrownwith respect to the mediugrade metamorphic rocks of the Orligan i e Uni k Mas si f

grabeno)

geometry

of t he shpuldesMmHts of the earlier authors (except Jerzykiewicz, 1970,
explained the origin of thelpperNysai Kr § | i kyas &resulbof a Late Cretaceous rifting modified later by Cenozoic
subsidence (e.g. Don and Don, 196 0; Do rlThe edrl9 ®tidg wadNafgrredw o d a 1997; Don

to have occurred on stratigraphic and sedimentological preinisgsconvincing in our opinionas theyignoredthe striking

resemblance of the Cretaceous stratigraphic coluinams within the graben anffom its shouldergdD o n

11

and

Got owaga,

t

19

an



355 2008;except for t he icseelbelawans the propgble absepokfautt-controlled carsegrained deposits
al ong t he gr aabsenmred rdtingrad-gressoftenekdlamedby most authoras due to compressioar, on the
contrary,as due tcextensiondriven updoming of the Orlica ni e Uni k Massi f during -apate Cretaceous or, S
graben formation due tstrike-slip displacements on NV8E trending structural discontinuities in the crystalline basement.
‘ In contrast, wein-thispape interpret the mostly M6 trending Upper NysaKr 81 i ky Gr aben to represent a Late Ce
360 feature, whose boundary faults cut out and downthrown a strip of the Cretaceous (Cenomanian, Turonian, Coniacian through
to Santonian) shallow marine successioavpusly much more widespread over the ateghis way, ¥he Cretaceous
now preserved within the grahedue-to-its—being—dewnthrown—againdte—uplifted—crystalline-basement-arourithe
uniquenesf the Cretaceous deposits in tpperNysai Kr § |1 i ky Gr arlyeémthe presersatioh ofsthe thick
Coniacian to Santonian successiabsent from the uplifted areas nea(pypon and Go tfroowvehgraitmuse 0 0 8 )
365| haveclearlybeeneroded. The Upper NydaKr 81 i ky Gr ab e n utssacrassepries leate Cretacetagarty c
Palaeogene, tectonic structuressatbleconsistenNW-SE strike, which are in most places oblique to and ezasgy the
grabends b o&7b5d @hese stauctu(es arey represented by differentdiffyslip displaced fault blocks, often
bounded by reverse faults, and by gentle folds (Badura & Rauch, 2014;
Locally, shallowdipping thrust faults, most probably of Late Cretacegktely Palaecogene age were mapped, drilled or
370| directly observed in outcrops within or in diregeinities-vicinity of the UpperNysai Kr §1 i ky Gr aben. A relatively

extensive, at least 25 klong, NW-SE trending trace of thgieleniec Thrust Fault was mapped by Cymerman (1990) and
extrapolated on maps tother authors within the SW flank of thdpperNysaiKr § 1 i k y OrGiiisacb4®:h0¢e - SW
dipping fault a 500 Ma orthogneissassf r om t he G- r y waB gverthrusidigptaded ey atNéass 5300 m toward
the NE (Cymerman, 199(nd emplaced on topf the Turonian clastics, equivalent to those from the lower part of the
375 UpperNysa-Kr 81 i ky Gr d8i& and restifg then{séiviesgon analogothogneiss basemer@ymerman (1990)
interpreted this thrust as produced by Late Alpine (MioceejpressionThe Zieleniec Thrust was later confirmed by
drilling, as reportedy K o z d(2014), who interpretd the thrusting as the result of a Cenozoic gigantic, gralmtyen
landslide, at the same time referring to inversion of an original norrallifdo a reverse on@®ne ofthe most important
arguments for thisterpretatiorwas finding a subhorizontal position of the Cretaceous/gneiss contact in the driticooe.
380 opinion, taking into account its significargxtentand the involvement in ghmajor NWSE trending fault systertFig.
‘ 1211), termed theSouthSudetic Shear Zone by Wojewoda (e.g. in Wojewoda and Kowalski, 2@i6h also comprises
the majorP o SHranov Fault (see below)herecannot benuchdoubt that the Zieleniec thrust represents a Late Cretaceous
ieearly Palaeogene thrust, (edeidlolhoughobpposieseigencef t he GuUyce Thrust
To the NW the Zieleniec Thrust mergeith thesoutheastere x t e n's i o n -Hoohov indjoe fauRsys®m(fig. 1211),
385 partly representing the SW boundary to the Irfiadetic Synclinorium. It was active, as well, in the Late Cretaceous
‘ eEarly Palaeogene as a highgle reverse fault of complex structubeit of opposite, SW, polaritgProuza et al., 2014),

which T according to some authorsis combined with the strikslip component of motion (Wojewod2007, 2009;
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‘ Nov §kov§Fig. 0m4) To t he SHEgnov fahlteconthoeS into DusznikiG o r z @Kmnosnawice
Fault at the northern end of tidpperNysai Kr 81 i ky Gr aben.
390‘ A presumable splay fault, branching off from the Zieleriigeust (Figs12-11 and19b17b) was described directly inac. 1

kmi ong chain of outcrops along a road cut between DuszniKki Zdr - j and
the same SW flank of the Upper Nyskr 81 i ky Gr aben (Wojewoda et ah2010)2010; Aleksandrowsk
‘ C. 2 Qdgpping detachment can be seen to occur there roughly along the bedditwjddle Turonian mudstones and

calcareous clayston@n a closer inspection, the detachmemat found to representshear zone, attaining 7 to 25 cm in
395 thickness and composed of interconnected, kinematically linked surfaces, confined between two distinct boundaries of

mostly intact rock (Figt9b17b). The shear zone shows internal flaser beddind) is composed of cataclastic flow products

of hostrock composition, which coexist with crush breccia and calcite vBiased o®n evidence from the orientation of

the accompanying joints, the detachment was then interpreted-easrght and probablgenetically related to a supposed

strike slip motion on the nearby major N8Etrending DusznikiGor zan - w Faul t | beifng ha $PBScdOmtinuati on
400 Hronov fault system (cf. Petrascheck, 1933; Prouza et al., 2014). It seems likely, however, thatstltarjoiepresent the

youngest, Miocene, deformation and episode of motion on the detachment in question, vitheragsorigin and principal

displacementvererelated te-the Zieleniec Thrust.

4.6. The southwestern margin of the Sudeg¢s transition to the North Bohemian Cretaceous Basin

The NW segmenof the Sudetic Block, represented by the Karkondsgeea Massifto the SWadjoins the North Bohemian
405 Cretaceous Basin (Fi®). At its Sudetic margin, the basin is composed of deltaichtdlaw-marine and hemipelagic
Cenomanian to Santonian clastic deposits, not exceeding 600 tm T®Qhickness that rest subhorizontally on scarce
subcrops of Permian and Carboniferous, but mostly on the crystalline Variscan basement of the Bohentigs dvi&ssin
and Soukup, 1966; Mal kovskT, 1987; Ulilny et al., t€009; Wi I msen et al
Cretaceou$ eEarly Palaeogene tectonism, however at its boundary with the Siddtick the deformation is conceated
410| at the spectaculandat places well exposed Lusatian Thrust (Rignd20-18 a-c), which continue®NW up to the vicinities
of Dresden (e.g. Wagenbreth, 1967), whereas to the east it continues to the western Karkonosze Piedmont area (Prouza et al.,
2013). The Lusatian Thrust has been excellently described and analysed in detail by Coubal et al. (2014).
The Lusatian Thrust (e. g. Ma NW-8F teefdingaultizén@séodhe Sudeticraied ther | y t o ot her mai n
Bohemian NE margin (the Int@udetic Fault, the Sudetic Boundary Fault, the Odra Fault Zone) derives its origin from a
415 major Variscanfracture, rooted deeply in the basement and likely having a primary -stijkecharacteristics (cf.
Aleksandrowski et al., 1997). It must have been reactivated during the Late Crefaetauly Palaecogene compressional
episode and propagated into therfioMesozoic cover. The Lusatian Thrust emplaces the Variscan crystalline complexes of
Lusatia and of the West Sudetes on top of the Mesozoic strata of the North Bohemian Cretaceous Basin. This fault zone

reveals significant alongtrike changes in the gliangle ofits displacement surface, between lawgle or subhorizontal in

13



420| the northwest (Fig2 and20a18a) through mediurrangle (Figs2 and20b18b) and highangle attitud€Figs. 2 and20c18c).
The anglemade by the displacement zone/fault ¢c@eparently representing a reactivated fractwi¢h respect to thé
supposedlygenerally subhorizontat tectonic shortening direction had serious influence on the structural style and
complexity of the brittle structures developed around the fault aodeon the width of the damage zone (Coubal et al.,
‘ 2014). The smaller the angle between the two, the more smoothly the displacement occur2&di(&#). An increase of
425 the fault plane dip angle made the displacement more difficult to be achieveth, iwbulted in widening a zone of damage

and of fault drag and favoured splitting the displacement into severausfares (Fig20b-18b and c).

5 Regional jointing pattern and deformation bandsi likely products of Late Cretaceousi eEarly Palaeogene
deformation
The regional pattern of tectonic joints over tBedeticareaef-the-Sudetesor that of SW Poland can be inferred from a
430 number of local studies on jointing, most of which were conducted decades ago. Not attempting to make a systematic review
of such studies, for the needs of a brief review made in this paper, several sterenytanse diagrams of the dominant
joint sets coming from various sources (Jerzykiewicz et al., 1974; Aleksandrowski, 1976; Solecki, 2011; Selerowicz et al.,
‘ 2014) and wrious locations in the Polish Sudetes have beeantedshownon thegeological map (Fig2119). The data
come mostly from the Perridesozoic strat@xposedn outcrops in the both Sudetic synclinoria, in undergrogaiteries
435 of the deep copper mines at the F8waletic Honacline and in the Opole Cretaceous Basin.

‘ Two stereogramgFig. 23-19 f, g) show, additionally the joiitig pattern in theCarboniferousgranitic rocks of the [sformamwano; Czcionka: 10 pkt

Karkonosze MassifFromrecent lowtemperature geochronologyudies( Mi go €€ and Dani g2 ROIRiD 12 [ Sformatowano: ~ Czcionka: 9 pkt

follows that thepresentday exposure level ait leastsome parts of the Karkonosze pluton was still at a depth of a few

kilometres at the end of Cretaceousi dnence the jointsweb s er ve recently i n dgnagimdeed,es on the earthos
440| beas-muehLate CretaceousCenozoicin respect otheir initiation and openingcf. e.g. Price (1966), Jaroszewski (1984),
Suppe (198h Engelder 1985, 1987 1993 and Price and Cosgrove (1994)milarly as are the joints in the Mesozoic

sedimentary rocksWe suppose that the initiation of the dominant regional tectonic joints pattern in the Sudetic rock

complexes may have occurred at a depth of a few kilometrder ansignificant overburden, due to the Late Cretageous
‘ eEarly Palaeogene compression. The initiation involved processes of subcritical crack growth under directional stress (e.g.
445 Atkinson, 1982;Atkinson and Meredith, 1987), leading to the formatafrenisotropy defined by systematically oriented
microfractures. The latter mechanical anisotropy acquired by the rocks on compression, may have subsequently controlled
the massive joint opening during the Cenozoic regional uplift and concomitant unloadiegtemsion.
All the diagramspresented in Fig21-19 show most steejpints to be concentrated in two mutually perpendicular maxima, in
‘ which the joint planes are approximately paralallel and perpendicular, respectively, to the inferred Late Crefacklous
450 Palaeogene shortening direction (fg. Solecki, 201INov § k o v § , 2014). As, mo rMesoroer , t hey occur in

strata, a conclusion that they are genetically related to that shortening evenplmesitde We supposehat the formation

14



455

460

465

470

475

480

of thedominant jointing pattern in theostVariscan (but also partly in the Varisca®jdetes andn general, irthe SW part
of Poland resulted from the Late Cretaceelarly Palaeogene compressional event.

A more direct record of the Late Cretace@karly Palaeogene compressional event is contained invélledeveloped
systems of silicified complementary deformation baffdslin and Johnson, 1983; Fossen et al., 208&3cribed by Solecki
(1988, 1994, 20113s cataclastic bands from the Buntsandsiath Coniacian sandstones of the NeBtidetic Synclinorium
(see also Kowalski, 2021Yhe bisectors of the acute angle betweenlhtbst developed two complementary setghef
deformation bandsdipping at moderate anglés the NE and SW, respectivelypreespond to the maximum principal
compressive stress axis during their formation, and, as a rule, are show subhorizo@#!, dtiented position.

6 Conclusion

In our brief review of the Late CretacedugEarly Palaeogene tectonic structures affecting the NE margin of the Bohemian
Massif we have shown their common and widespread occurrence all over the region and, to somshdetyeEscussed

their style and mechanisms of formation. These structaregasily recognizable in the PerAwesozoic posi/ariscan
coverwhich isdevoid of other, earlier formed contractional deformations, tmaughundaibtedly presentthey aremuch

less obvious in the Varican baseméhat wa heavily tectonized beforeFhese The structuresdevelopedin the post
Variscan cover, particularlyzethose due tdault-displacemersti and, among thenthe strikeslip related onescan still be
difficult to beseparate from the structurethat might haveesuledfrom the younger Cenozoic events.

Our structural analysisf newly reprocessed legacy seismic profiles, complemented with outaplrillhole datahave

has revealedthe structural geometry and some interesting detsilénpertant-contributionf thin-skinned-foldandthrust

typethetectonic structures produced bgntractional deformation in the PerAviesozoic(partly also in the Carboniferoyis

strata of thetwo main Sudetic synclinoriaSuch-The deformation includés alse-gentle buckling of the basement/cover

interfacein the North Sudetic Synclinorium, with local complications of thus produced wide synclinal folds by relatively

minor thrust,often rooted in the Variscan metamorphic basementaandmpanied by thruselated folds Locally-and-by

rather infrequendecoupling/decllement of some packages withithe PermeMesozoic eever-successioralong weak,

clayey horizons ire.q. Triassic Muschelkaliechsteinstratawas also recordeds tFhe low_or mediumangle thrust faults

identified in the Permd/esozoicstrata-tsingin-the seismicrecorddatazare often rooted in the top parts of the Variscan
basement;_particularly in the Intra_Sudetic Synclinoriurthereforese some elements of the thigkinned style of

shorteningean-be-also-invelvethnd,actuallyare-toan be expected in the deep cigiine basement It is, therefore, likely

that also outside the areas covered with Pekfesozoic sedimentary sequences, over the crystalline basement exposure

areassome (even major) faults interpreted from surficial geological maps and ouéatipnships as vertical or higingle
structures, may have at depth a geometry ofdogle thrusts. Thisnay have important practical implicationsa-for e.g.
geothermalprospecting in the Sudetes, where the deep underground waters in the crystallimertacirculate, almost

exclusively, along structural discontinuities, such as
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The Late Cretaceous ekarly Palaeogene compressional event seems to be also responsible for the formation of the
485 regonally dominant tectonic joints pattern in both PerMesozoic and older rocks of the Sudetic area, characterized by an
orthogonal joint system with two sedertical sets of c. NWSE and NESW strikes, ass shownby a comparison of results

from a few loal studies.
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810| Figure 1: The main Late Cretaceousi eEarly Palaeogene tectonic structures in Central Europe. Modifiecfter Kley and Voigt
2008.. Abbreviations:F i Flechtingen High, FL i Franconian Line, FSB- Fore-Sudetic Block, FSH i Fore-Sudetic Homocline Ha-
Harz Block, HCM - Holy Cross Mountains, La i Lusatian Thrust, LB - Lusatian Block, Lf - Lusatian Main Fault, NBCB - North
| Bohemian Cretaceous BasinQd - Odra Fault, TW - Thuringian Forest,— SB - SudeticBlock, SMF -_Sudetic Boundary Fault.
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Geological map without Cenozoic of NE marg n of the Bohemian Massﬁ and its surroundlnqs in SW Poland and N Czechla
(simplified after Dadlez et al., 2000)G
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Figure 3: Schematic regional cross sections across the Bohemian Massif NE margin (highly vertically exaggerated). Location in
Fig. 2.

30



31



825

Figure 4: Two seismic profiles from the ForeSudetic Homocline (location in Fig 2) showing very gentle folds in Triasg& and

Permian (Rotliegend not marked). Note steep to lowangle mainly reverse faults. The anticlines are structural traps for
hydrocarbons, with gas fields known in Rotliegend strata (Grochowice gas field in Figla). Please note the different scales ofi¢

two profiles.
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835

Figure 5: Examples of tectonic structures observed on galleries™ walls in copper and silver mines on the F6redetic Homocline
inat the base ZechsteifUpper Permian) ore-bearing formation_at its contact with the Rotliegend (Lower Permian) strata(location
in Fig. 2). (a) Inverted steep fault, originally normal. The inversion caused faultirag of Cal Zechstein Limestone. (b) Thrust fault
in carbonate rock (orientation recorded as dip direcion/dip angle). Abbreviations: Bs- Weissliegend Sandstoné.ower Permian),

T1-Kuppferschiefer Shale(Upper Permian), Cal-Zechstein Limestong(Upper Permian).
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840| Figure 6: Geological map(without Cenozoic)of t he North Sudetic Synclinorium (based on Bagazi GBska
Solecki, 1994:Krentz et al., 2001-and Cymerman, 2010) showing |[Locations ofthe interpreted seismic profilesare-shown For
full -length location of seismic profile of Fig9a - see Fig 2. The-map-is-based-on-Selecki-(1994)-and-Cymerman{(2010).
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Sw " 1. Pre-Cenomanian situation. On top of folded Variscan basement there are Rotliegend, Jerzmanice
) Zechstein and Triassic strata = 2nd phase of Cimmerian tectonics
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845 Figure 7: Kur t Beyeros (1939) interpretation of the fAyoung Saxoniando tecton
Main tectonic deformation stages in the North Sudetic Basin(b) Block-diagram showing simple open structure of the western part
of the North Sudetic Synclinorium ( Bo |l e s § a wi @&d compler pattemn) of blocks and synclinal grabengJerzmanice
Syncl i ne and inideast@n part@fuFigs 3 and 6)
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Figure 8: Folds in Muschelkalk in a quarry at Raciborowice (location in Fig. 6). (@) photo courtesy of Andrzej Solecki.

38



855

North

Sudetic

Synciinorium

39

Fo
200
400
600
800
1000

[ iassic (Muschelkalk distinguished only on Fig. h)
[ viassic (Midale and Lower)

- Upper Permian (Zechstein)

[ | ower Permian and oider

o00g0r



iassic (Middile and Lower)
pper Permian (Zechstein)

860

40



865

@

Palaeogene - Neogene (basaltoids)
- lower Coniacian (quartzose
&nd arkosic sandstones)
Turonian (calcareous mudstones
and claystones)
- upper Cenomanian (ithic
and giauconitc sandstones)
Lower Triassic - Buntsandstein
(arkosic sandstones and conglomerates)
upper Permian — upper Zechstein (PZ!)
(sandstones and mudstones)
upper Permian - upper Zechstein (PZ3)
(dolomites and imestones)
lower Permian - Rotiiegend
(conglomerates and sandstones)

lower Permian
(trachybasalts, trachyandesies)
Cambrian - lower Carboniferous (KMU)
(metamorphic rocks)

SIS fautts (confirmed and inferred)
= km
line of cross-section P

WG o WG N
Klecza Graben Golejow Graben KMC NSS

oy e

WG WG
Klecza Graben Grodowa Horst

WG
Nielestno Graben

NIELEETNQ;Z!
m

0 k X 5
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Figure 3211: Geological mapof the Intra-Sudetic Synclinorium (based on Grocholski and Augustyniak, 1971, Bossowski and
870 Ihnatowicz, 2006, and Cymerman, 2010). Location of the interpreted seismic profiles and described localities is shown. GZT
Czerwie®ECc z y ¢ e [Bversagm@ben).(
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Figure 4312 Seismic profiles fromvicinityiesof Mi e r o;®rzanged successively alongtrike of the structures, showing probable
effects of Late Cretaceoud eEarly Palaeogene reactivation oforiginally a Carboniferous flower—structure—faults. The Permian
volcanic member(in red) continues to the NNE to outcropmassivelyin the Suche Mountains. Location in Fig 4211, The faults in
(a) do not showeffects ofpostCarboniferous reactivation, but further to SE the motion on faults resulted in very gentlefolding of
the overlying Permian strata.
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Figure 1413: Seismic profiles (paper print version i Brada et al., 1982)from vicinit yies of Broumov (a) and from vicinities of

R a d k (b-w). its-interpretation—{(b).Location in Fig. £211. The section(a) shows that the Broumov well was drilled in the hanging
wall of a thrust fault and, hence,the Carboniferous in the neigbourhood may occur deeper than found in the well. The thrust
continues to the NE parallel tothe beddingi most probably along theL ower Permian Anthracosia Shalemember.
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