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Abstrakt

Svrchnopaleozoické panvgeské republiky jsou proslulé hojnymi vyskytyreknerglych
zbytka rostlin. RestozZe jsou tyto zkamé&my ¢asto popisovany a mezi odborniky esdteli
dolkie znamy, jejich modernimu vyzkumu sénuje jen malo pozornosti. Tato prace shrnuje
vysledky studia zlemerlych stonki ze dvou panvieského masivu, kde je jejich bohaty
vyskyt historicky zdokumentovan. Na zakdadevize materialu z vejr¢ dostupnych
i soukromych sbirek a novym natem z terénnich s se pod#lo prokazat pitomnost
zkiemerglych stonki v jedné stratigrafické arovni ve vnitrosudetskénypaa rekolika
arovnich v panvi podkrkonoSské. Tato data Ize kwal s nalezy z dalSich panvi stejného
st&i. Z hlediska systematickéripluSnosti byla &novana pozornost zejména stonk
pieslickovitych a rekterych nahosemennych rostlin. Na zaklamatomického studia druhot-
ného deva a dalSich znék byly mezi zkemerlymi pieslickami, vyskytujicimi se
v plouznickém obzoru podkrkonoSské panve, prokazimydruhy:Arthropitys cf. bistriata
aCalamitea striata Dieva nahosemennych rostlin typgathoxylonbyla rozalena do dvou
skupin, naleZejicich kordain, resp. koniferdm. Terénnimérenim a statistickym zpraco-
vanim pondra kordaiti viaci koniferam v jednotlivych fosilifernich jednotkachyla

provedenaast&na rekonstrukce prasidi a podminekdnem sedimentace v panvich.
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Abstract

The late Paleozoic deposits of the Czech Repubéidamous for their rich occurence of
silicified stems. Despite the fact they have begtenodescribed and are well-known among
scientists and collectors, their modern evaluaigolacking. This work summarizes results of
recent anatomical and paleoenvironmental studiesslioffied stems of the Intra Sudetic and
KrkonoSe Piedmont basins, where are these fosmiladf very frequently. Based on field
research and review of public and private collexjdhe presence of silicified remnants was
proved in several stratigraphic units. Firstly, sthivork deals with silicified stems of
calamitaleans, which are known from the Plouzniogizbn of the KrkonoSe Piedmont Basin,
and some gymnosperms. Based on anatomical stuflidse csecondary xylem and other
related features there were found two species lahgtaleans:Arthropitys cf. bistriata and
Calamitea striata Secondly, the more abundakgathoxylon- type of wood was divided into
two groups, which are assigned to cordaitaleand, @mifers. The palaeoenvironmental
conditions were partly reconstructed accordingddireentary structures and also according
to cordaitaleans — conifers ratio in each wood-bgdayer.




V. Mencl: Zkemerlé stonky svrchnopaleozoickych rostlin z vnitrosskiea podkrkonoSské pénpe

Obsah
I O (=0 [ 1Y =T - T o = o =T 7
0 U Voo IO 8
3. Fehled geologie studovan€ho UzZemi..........occeeeii i 9
3.1. VNitroSUAEtSKA PANEV.......cceveiiiiiiimmmmmmm e e e et e e e e e e e naaaeeaeeaaeeees 10
200 0t B =1 (o o | 1= 10
3.1.2. VYZNamneé [0Kality...........uuuiiiiiis i 10
3.2. POAKIKONOSSKA PANEV......cciii i et s s e e e e e e e e e e e e e e e nnnnnnssannnns 12
G0 I =] (o o | 1= 12
3.2.2. VyZnamneé [0Kality..........uuuuiiiiii s e e e e 14
4. Historie vyzkumu ziemerlych StONKI..............uviiiiiiiiiiicciieee e 16
4.1, VNitroSUAEISKA PANEV.......uuueiiiie st s s e e e e e e e e e e e e e e eeeaasseennneeseennnnn 16
4.2. POAKIKONOSSKA PANEV......ciiiiiiie et ceeeeee s s s e e e e e e e e e e e e eeeeeeaeesssnnnnnsseennnnns 17
5. Systematickyighled zkemerlych rostlin PodkrkonoSi a anatomie jejich stonk....18
5.1. Plavuiovité rostliny (Lycopodiophyta).............ceceemmevrvemmniiiiineeeeeeeeeeeeeeeesnennnnnnns 18
5.2. Reslickovité rostliny (Sphenophyta).............. e eeeeeveveeeiiiiiiirnee e e e 19
5.3. KapradinOVIte rOSHINY........uuuuiiiiiiee e e e e e e e e e e e e e e e e eeeeeeeeaneees 21
5.3.1. Kapradiny skupiny Marattiales............ccccevvvvvuiviiiiiiiieiie e 21
5.3.2. Kapradiny skupiny Filicales...........cummereeeeeeieiiiiieeiicieee e 22.
5.4. Nah0oSemMENNE rOStliNY........cooeeiiiiie e e e e e ee e e 23
5.4.1. Kaprd&’osemenné rostliny (Lyginodendrophyta).......ecceeeeeeeeeeeeeenns 23
5.4.2. Jehlinaté rostliny (PINOPYta)..............vvvvvrmmmmmmeeeeeeeeeeeiiiiiiieee e 24
6. Material @ METOAY........cceeeeiiieeie et ceeeee e e e e e e e e e e e e et s e e e e aeeeaes 28
YA 2= 1T |47 PRSPPI 29
7.1, VNItrOSUAELSKA PANEBV.......ccoiiiiiiietcemeemm e e e s e e e e e e e e e e e et s 29
A0 R Y 1 (= 1 0 = 111 - VS 29
A A == 1=To T o] 10 - T I S 31
7.2. POAKIKONOSSKA PANEV......uuiiiiie e et s e e e e e e e e e e e e e eeeeea e nnnnnseeennnnns 32
7.2.1. SYStEMALIKA. .. .uuuii i eeeeeem e ——— 32
A2 2 o= 1=ToT o] 10 - T I S 35
8. DISKUZE ...ttt ettt ettt e e e e e e e e e e e e e e bbb e e e e e e e e e e e e e e n e 35
SR V< U PERRPUPPIPRP 38
O (T = LLE | = TP PPPPPPPPPRPRP R 39
11. Seznam publikovany@RaNKIL..............couuuuriiiiiiiie e a7

02 = {1 (o] o S UPPUPURRR 48




V. Mencl: Zkemerlé stonky svrchnopaleozoickych rostlin z vnitrosskiea podkrkonoSské pénpe

1. Cile disertani prace

Tato disertéani prace je fedkladana jako konvolutlanki zabyvajicich se vyskytem
a systematickym zazenim zkemerlych stonki rostlin ze dvou panvi svrchniho paleozoika

Ceské republiky: vnitrosudetské a podkrkonogské.

Cilem prace je podrobné zmapovani vyskytu a stedtake gislusnosti zkemertlych
zbytka rostlin v obou panvich, stginjako jejich taxonomické Z#azeni s ohledem
na nejno¥jsi poznatky a klasifikaci rostlin. Prace se zabyefména systematikou druhsétn
tloustnoucich stonk stromovitych peslicek a nahosemennych rostlin. V ramci studovanych
oblasti je porovnavan stratigraficky vyskyt a shizeostlinnych spok&enstev, coz je vip
loZzenych¢lancich roz&eno o daldi svrchnopaleozoické partieského masivu. Ol ¢asti
prace je pak snah@sté&né popsat paleoekologické a paleoenvironmentalni pokliyrbshem
ukladani fosilifernich sedimeinv panvich.
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2. Uvod

Zkiremerglé casti rostlin, hoji se vyskytujici v¢eskych svrchnopaleozoickych panvich,
jsou vyznamnou s@asti fosilniho zadznamu z tohoto obdobi. Zatimceohisky byly nalezy
z vnitrosudetské a podkrkonoSské parezeny do svrchniho karbonu (Goppert 1858), resp.
permu (GoOppert 1858, Feistmantel 1873a, b, c), §mésjich stédi odhadovano na svrchni
moscov az assel (napgMatysova 2006, Mencl 2007, Sakatal. 2009, Menclet al. 2009,
2013a, b, Oplustiét al. 2013 — viz pilohy I-V).

Vzdor tomu, Ze jsou tyto fosilie Siroce znamé, gvou estetickou hodnotu velmi ceré
acasto popisované viznych publikacich, se u nas jejich modernimu vyzkugmuje pozor-
nost az v poslednich letech (fiaplatysova 2006, Mencl 2007, Matysoetal. 2008, Mencl
et al. 2009, Sakalat al. 2009, Matysovdt al. 2010, Holéek 2011, Bures 2011, 2013, Mencl
et al. 2013a, b — viz flohy I-V). Vnitrosudetska a podkrkonoSska panewjsblasti, kde je
velké mnozstvi naléz zkremerglych stonki rostlin historicky doloZzeno a lze je v terénu

bézne sbirat i v sotiasné dob.

Tato prace je za#iena na zkemerlé stonky z vySe uvedenych oblasti, zejména nehjeji
druhotné #evo, které byva zachovano &&gtji. V priloZzenych¢lancich jsou vSak v ramci
komplexniho pistupu popisovany i stonky z jinych par@éského masivu. Je zde uveden
piehled historickych vyzkufha vyskytu &chto fosilii v porovnani s dneSnim stavem jejich
nalezi¥, ktera byla prosfena khem terénniho vyzkumu. Dal&iast prace se énuje
systematice ¢&kterych zkemerlych stonki, konkréte diev peslickovitych rostlin
a araukaroidnichtdv nalezejicich nahosemennym rostlinar.j€ich taxonomickém Za-
zovani jsou vyuzivany nejn&éi pristupy a poznatky, aplikované v sasné dob mj. pi
vyzkumech v tzvZkrememlém lesg(Versteinerten Waldv némeckém Chemnitz (n&pNoll
et al 2005, R@ler & Noll 2006, 2007, 2010, RBter et al. 2012a, b). Na zaklgédaxonomické
piislusnosti zkemerlych stonki bylo moznécasté&ne rekonstruovat rostlinna spsknstva
v jednotlivych obdobich svrchniho paleozoikasihi sedimentarnich struktur ve vychozech
fluvialnich uloZenin s vyskytem rmerglych kmeri ve vnitrosudetské panvi poskytlo data

pro stanoveni sénu proudni a podminek dhem sedimentaceédhto fosilifernich vrstev.
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3. Prehled geologie a lokalit studovaného GUzemi

Svrchnopaleozoické limnické panve na Uzdbeského masivu vznikaly v z&esnych
fazich variského vrasni nasledkem lokalnich extenzi postorogennim kolapsu paifioVy-
plhovany byly nejasgji klastickymi sedimenty snaSenymi z denudovanélaginu variského
orogenu. Geograficky se roddji na panve sedaieské a zapadeské, krusSnohorské, lugické
a tzv. brazdy (PeSeft al 2001). V této praci jednovana pozornost pouze stratigrafickym

jednotkam s vyskytem t&merglych zbytki rostlin ve 2 panvich lugickych: vnitrosudetské
a podkrkonoSskeé (obr. 1).
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Obr. 1: Svrchnopaleozoické panv&’R. [ podkrkonosska panev [l  vnitrosietska
panev.Upraveno dle PeSlet al. (2001).
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3.1. Vnitrosudetska panev

3.1.1. Geologie

Vnitrosudetska panev zaujiméa mezi lugickymi panvésii pozici z hlediska své rozlohy
i stratigrafického rozsahu sedimentace (viz tabZljgji celkové plochy iiblizng 1800 knf
vSak lezi na naSem Uzemi jen dstiha, zbytek se nachazi na Uzemi Polska. Sediseenta
v panvi probihala (vyjmadkolika hiaf) kontinual® od visé do sedniho triasu a uloZeniny
dosahuji mocnostiips 3500 m (Tasleet al 1979, PeSelet al 2001). Stratigraficky je
v panvi mozno dle Téslera, Spudila a Sitka (in PeSelet al 2001) vydlit osm souvrstvi
(viz tab. 1).

Pritomnost petrifikovanych zbytkrostlin byla nygjSim vyzkumem potvrzena v jediné
stratigrafické arovni, v jednotce st&podni kasimov (barruel), oztevané jako zaltmanské
arkozy, kterd je satasti jiveckych vrstev odolovského souvrstvi. Tatnotka, stratigraficky
odpovidajici Stikovskym ark6zam v podkrkonoSskévpge tvorena pevazré nafizowelymi,
fluviadlnimi arkézovitymi slepenci a hrubozrnnymisgovci s polohamiervenych aleuro-
pelita (Tasleretal 1979, PeSelet al 2001). Dle Matysovéet al (2010) Ize prosedi,
v kterém ukladani probihalo, charakterizovat jakwiéiIni az lakustrinni bez vlivu vulka-
nismu. ZKkemerlé stonky v subhorizontalnich (alochtonnich) pazicbyly objeveny v &
kolika vychozech, &Sina naleit vSak pochazi z eluvia (Mencl 2007, Meetlal 2009 — viz

piiloha I).
3.1.2. Vyznamné lokality

Zaltmanské arkozy vychazeji na povrch zejména asiblegebich hor, na Gizemi o plode
cca 200 krimezi Trutnovem a Hronovem, a t¥gejich hlavni lieben. B terénnim vyzkumu
bylo objeveno mnozZstvi vychdzéchto hornin, v Sestiffpadech se zachovanymiigknerg-
lymi kmeny v alochtonnich subhorizontalnich pozicity jsou v maximalni délce cca 2,5 m
odhaleny nap na historicky znamé lokatitkryStofovy kameny (obr. 2). Dal§gsti dev se
poddilo objevit v Hrono¥, Bezdtkové ¢i Slawting. MnozZstvi jejich tizn¢ velkych tlomk je
pak Ezr¢ nalézano v eluvidi padnim profilu na celém Gzemi Jésbich hor i v jejich okoli.
Zajimavé exempi@ lze roviéz spatit v soukromych zahradach nebo jako &mii iznych

pomniki a pamatnik (obr. 2).
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Tab. 1: Stratigraficka tabulka vnitrosudetské (VSP) a podkrkonosSské panve (PKP) se

znézornénim klimatickych vykyv .

@D - polohy zkemertlych diev typu Agathoxylon,

% - poloha rostlinného spokenstva plouZnického obzoru.Sestaveno dle PeSkaal. (2001),
Oplustila & Cleala (2007), Mencla (2007), Menelaal. (2009, 2013b — viziiohy I, V).
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Obr. 2: Zkremer8ly kmen na lokalité KryStofovy kameny (vlevo) a kaplicka v Malych
Svataiovicich vyzdobena zkemerglymi dievy (vpravo);vnitrosudetska panev

3.2. PodkrkonoSskéa panev

3.2.1. Geologie

Podkrkono$ska panev vypije prostor o rozloze cca 1100 kneZici mezi krkonogsko-ji-
zerskym a orlicko-sfznickym krystalinikem. Od panve vnitrosudetské ¢kbena hronov-
sko-pdi¢skym hlubinnym zlomem. Sedimentace zdéaka ve svrchnim moscovu (asturu)
a krom rékolika hiati pokratovala az do #edniho triasu, zejména ve vychoddkti panve
(viz tab. 1). Vyph je tvaena gevazre fluvidlnimi a lakustrinnimi sedimenty s vlozkami
vulkanickych, zejména v permu se objevujicich harnfulkanosedimentarni vyfplpanve
dosahuje mocnosti az 1800 m a je zpravidla ¢#mxena do deviti souvrstvi (PeSek al
2001). Historicky je vyskyt petrifikovanyckiasti rostlin znam ve Stikovskych arkézach
(kumburské souvrstvi) a plouznickém obzoru (sergilsbuvrstvi). No¥ byly tyto fosilie
popsany také z brusnickych vrstev kumburského stwvivia ze svrchnitdsti souvrstvi
pros€enského (Menctt al 2013b — viz filoha V).

Kumburské souvrstvi

Kumburské souvrstvi je se #t@ sv. moscov — sp. kasimov nejstarsi jednotkoodkpko-
nosSské péanvi. Litologicky je zwaé riznorodé, tvéi jej zejménacervenohidé aleuropelity
s vlozkami arkozovitych piskove slepend a brekcii. Souvrstvi Ize rozlit na spodni -

12
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brusnické vrstvy a svrchidast - Stikovské arkdzy (PeSekal 2001). Zkemenrla dreva byla
nalezena v obowcthto jednotkdch (Mendt al. 2013b — viz filoha V).

Brusnické vrstvy

Jednotka, zndma pouze z jiZkésti panve, je td@na zejména aleuropeligervenych
barev s hojnymi, az&kolik metti mocnymi polohami Sedavych,istiné- az hrubozrnnych
piskovdi a slepent, které se ukladaly v lakustrinnim a fluvialnim gttedi bez vlivu
vulkanismu (PeSelet al 2001, Matysovéet al 2010). Silicifikované stonky se vyskytuji
velmi zidka a z této jednotky byly popsanybec poprvé (Menckt al 2013b — viz filoha
V).

Stikovské arkozy

Jednotka je tviena Sedavymi az narowlymi, stredré- az hrubozrnnymi piskovci,
piechazejicimi do slepefics valouny o piméru az okolo 10 cm (PeSet al 2001). Tyto
horniny se ukladaly ve fluvialnim prdeti bez vlivu vulkanismu (Matysowet al 2010).
Zkiemerglé stonky rostlin jsou zde velmi hojné a ¥knlika pripadech byly objeveny

zachované v horninovych vychozech v subhorizonthlpbzicich.

Semilské souvrstvi

Tato jednotka stasp. gzhel (stephan C) je tema zejméngervenohgdymi aleuropelity
a slepenci. Diky vyskytu dvou poloh (obiéppestrych a Sedych prachdve mozné rozélit
souvrstvi na spodni,igdni a svrchni (PeSakt al 2001). Silicifikované zbytky rostlin jsou

znamy ze sednicasti souvrstvi, z tzv. plouznického obzoru.
Plouznicky obzor

Je charakteristicky jemnozrnnyrdérvenohgdymi jilovci az prachovci, misty s tenkymi
polohami vapenc a kemitymi (karneolovymi) konkrecemi. Vyznamna@ast horninového
sledu tvai vulkanoklastika, zejména tufy, tufity a vulkantritecké piskovce, transportované
a ulozené ve vodnim prastli (Martinek 1997, PeSeit al 2001, Starkovét al 2009).
Ze spodni¢ast plouznického obzoru jsou znarstné vyskyty zkemerglych ¢asti fiznych
rostlin. Krome araukaroidnich igv jsou to také stonky vytrusnych a kafisaemennych
rostlin (Menclet al 2013a, b, Oplustit al. 2013 — viz pilohy IlI-V). Zlomky riznychcasti
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rostlinnych pletiv se nachézeji také v tzvierkertlych raselinich, tvgcich ¢ockovitd €lesa
v horninovém sledu. Charakter sedintenidpovida lakustrinnimu prdasdi s vyznamnym
vlivem vulkanismu (Matysovaet al 2010). Vzhledem Kk absenciétgich vychoa
plouznického obzoru jsou fosilie nalézany pouzeluvie nebo volg na povrchu terénu.
Jejich stratigrafické Zazeni bylo provedeno, stéjjako v gipac nasledujiciho prose-

¢enského souvrstvi, pouze na zaklathrsiho geologického mapovani.

Prosa&enské souvrstvi

Jednotku stéd assel — sakmar (autun) W@revazié jemnozrnné aleuropeli§ervenavych
barev, casto se sitlymi, kruhovitymi reduknimi skvrnami. V &chto hornindch se&asto
objevuji polohy pestrych a Sedych slinbygrachov@ a vapené, nebo jemnozrnnych
piskovdi, tufi a tufiti. Obvykle je pros@&enské souvrstvi deno na dva oddily: spodni

v~y 2

a svrchni. NejvysSicast svrchniho progenského souvrstvi je tiena Seddrzovymi

ark6zami a arkézovymi piskovci (PeSetkal. 2001). Zkemergla dieva jsou nachdzena pouze

v eluviu. Podle Matysoveét al (2010) je jednotku moZzné charakterizovat jakoirsedty

lakustrinniho progedi s vlivem vulkanismu.

3.2.2. Vyznamné lokality

Zkiemergla dreva zachovanda v horninovych vychozech se ploda podkrkonoSské panvi
nalézt pouze v horninach kumburského souvrstvip a tobou jehocastech. Na lokalkit
Sarovcova Lhota byly véakolik metrii vysokém defilé hrubozrnnych arkézovitych slegenc
brusnickych vrstev objeveny é&vcasti ffiznych kmed se devem typu Agathoxylon
v subhorizontalni pozici, &Si z nich o délce asi 50 cm aip®ru 30 cm, mensi exempgla
zhruba polowini velikosti. Jsou to zatim jediné znamé nalezjemiertlych drev v této
stratigrafické jednotce (Menek al 2013b — viz filoha V).

Stikovské arkézy vystupuiji v podkrkonodské panvposrch pordrné ¢asto a zkemerglé
kmeny zachované wthto vychozech v alochtonnich pozicich byly objgvera rékolika
mistech. V sotasné dob je mozné pozorovat tyto zkamginy na lokali€ Zlamaniny, kde
jsou ve sin¢ byvalého lomu, tviené pevazre hrubymi arkézovymi piskovci, odhalengi t
kmeny s piimérem okolo 50 cm, nebo ve vychozu arkdzovitych stepese sklepeni hradu
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Pecky (obr. 3). Drob#si Ulomek deva s cca 20 cm fomérem se nachazi ve &valych
arkézovitych piskovcichipbazi stny byvalé piskovny ve Stavu.ékblik az 7 m dlouhych
kmeni ulozenych v hrubych arkézovitych
slepencich bylo odhaleno v roce 2007 na do-
: casném odkryvu ip stavi# obchodu Lidl

v Nové Pace, na historickych nakresech je
. pak znazoréno rekolik ponmgrné velkych
kmeni v lomech u nedalekého novopackého
nadrazi a pod hradem Peckou (Pugkyn
1927). Nalezy &kolikametrovych kmehv o-
koli Pecky uvadi také Jokély (1861, 1862)
a Fri (1912). NejdelSi a nejmohu8i dopo-

Obr. 3: Zkiemergly kmen ve vychozu
tikovskych arkéz na hradu Pecce;pod- sud nalezeny kmen, jenz dosahuje délkgsp

krkonosska panev 8 metii, byl objeven v roce 1953fipstavhe

sportovniho areélu v Nové Pace. V &&sné dob je ulozen ve sbirce 88tského muzea Nova

Paka a vystavenied budovou Klenotnice drahych kanien

Vychozy plouznického obzoru a préseského souvrstvi se v podkrkonoSské panvi
vyskytuji jen sporadicky a #&merlé zbytky rostlin v nich zachované objeveny neb\egj-
bohatSimi a nejznaggimi misty nalei v eluviich jsou nap Balka, Star4 Paka a Borovnice,

resp. okoli obci Studenec a Horni Branna.
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4. Historie vyzkumu zkiremerglych stonku

4.1. Vnitrosudetska panev

V ceské ¢asti vnitrosudetské panve, v oblasti dasich hor, je vyskyt Zkemerlych
stonki rostlin zndm od pradavna, mistni lidé je fiplnali a pro jejich estetickou hodnotu
¢asto sbirali. V polovi& 19. stoleti se tyto fosilie dostavaji do rukoufpf@dpperta z polské-
ho Wroctawu, ktery o nich publikuje prvniédeckou praci v roce 1857. Popisuje zde celé
Gzemi Jesebich hor s vyskytem velkého mnozstvierkertlych drev, kteraradi k déma
druhim: Araucarites brandlingii (Lindl. & Hutt.) Goppert a noy popsanyAraucarites
schrollianus Goppert (Goppert 1857). Oba druhy povaZzuje zafkoni Uvadi, Zze &které
z kmeni dosahuji délky fes 6 m a #tSina ma ovalny fitez nasledkem sitani. Kara stront
zachovana neni a suky vétve jen velmi vzach Nékteré kmeny maji az 7 cm Sirokou
centrdini dutinu a letokruhy (Goppert 1857, 183gnger (1858, 1863) popisuje nalezy
mnoha az &kolik metmi dlouhych,cerveré a cerné zbarvenych kmenod Radvanic, z nichz
n¢které jsou zachovany ve vychozech (dnes vSak gxistujicich). Feistmantel (1871, 1872,
1873a, b, c) podavaighled vyskytu zkemertlych drev v PodkrkonosSi, popisuje jejich
roztrouSené kusy na Jesbich horach a také&eal/a zachovana vathich Stoladch. Makowsky
(1878) miblizuje skér drev a jejich vyuZivani ke zpe¥mi cest a dlazby. Purkyn(1927)
predstavuje soubornou zpravu o vyskytuezkergtlych kmeri v Cechéach. Vyskyt druhu
Araucarites brandlingipovazuje za méntasty nezAraucarites schrollianugPurkyre 1927).

O dva roky pozdi porovnava nélezy z vnitrosudetské panve s nakepgnvi jinych a popi-
suje zachovanérdvni struktury kmel Zabyva se také otazkami tafonomickymi. Silicifika
stonki musela dle jeho nazoru pdimout jest pred koncem karbonu, neba permskych
uloZenin jsou udagh znamy nalezy vodou opracovanych a redeponovanjmmki diev
(Purkyre 1929). Valin zkouma moZznosti vyuziti ieknerglych drev z vychoa k re-
konstrukcim paleoproud (Valin 1956, 1960). O existenci igmerlych diev ve vnitro-
sudetské panvi se zinije celarada dalSich autdy nag. Jokeély (1861, 1862), Kr&j (1877),
Stur (1877), Katzer (1892), Schade (1896), Herl§itip4), Petrascheck (1913, 1922, 1924),
Walzel (1938), Havlena (1955),énejc (1963), Tasleet al. (1979), Mind (1993), Lokvenc
(1985, 1993, 1997), PeSek al (2001) nebo Jirasek (2003ktSinou vSak jen velmi stimé
a bez dal3ich podrobnosti. Velkou soubornou pragisikytu zkemerglych diev vCechéch
a historii jejich vyzkuni sepsala Bezinova (1970). Kromh ¢lanka Gopperta (1857, 1858)

vSak zadna dalSi prace zabyvajici se systematikollaaifikaci €chto zkamed#in
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aZz donedavna publikovana nebyla. V poslednichheteanodernimu vyzkumu i#merglych
stonki z hlediska jejich systematiky a paleoekologéauji Matysova (2004, 2006), Mencl
(2007), Matysovét al. (2008, 2010¢i Mencl et al. (2009, 2013a, b — viziohy I, I, V).

4.2. PodkrkonoSska panev

NejstarSi zpravou o vyskytu merglych diev v podkrkonoSské panvi je praypadobré
zminka Malocha (viz Heber 1844), popisujitéwh z Pecky a Stupné bez jakychkoli dalSich
souvislosti. Goppert kratce po svém vyzkumu v dblastrosudetské panve nagtje také
tento region a popisujefeva z okoli Nové Paky, Pecky a Kozince jakoaucarites
schrollianus (Goppert 1858). Jokély (1861, 1862) srovnawadvd z Jesebich hor s nalezy
podobnych kmein v podkrkonoSské panvi (Pecka, Stupna a Borovnige)sklepeni hradu
Pecky uvadi &kolik vétSich kmeid Araucarites schrollianus Feistmantel (1873a, b, )
popisujecasté nalezy kmenv arkdzach, které mynpovazuje za mladSi nez ony z panve
vnitrosudetské, mezi Novou Pakou, Stupnou a Peekomd mnoha mistech v okoli (Stara
Paka, Vidochov, Vrchlabi, Semily). Katzer (1892)ompmiuje na velmi hojny vyskyt
zkiemerglych drev u Pecky, Stupné a Kozince, stdrsaronii pak okolo Nové Paky. Eri
(1912) uvadi vyskytiznych druli zkiemerglych stonki a raSelin z okoli Nové Paky a Lazni
Bélohrad. Ve své praci se zabyva také vrtbami hmpozorovanymi na povrchuekterych
kmeni, a gitomnosti epifytickych kapradirAnkyropteris brongniarti(Renault) Stenzel
v kofenovych plastich stromovitych kapradin. Nélezy @btk mnoZstvi dZemertlych drev
kolem Nové Paky, vokhlezicich v terénu, &kdy téZz zachovanych ve vychozech, ale nikdy
Vv jejich ristové pozici, popisuje Purkyn(1927). Strdné zminky o vyskytu Ziemerglych
kmeni je moZné nalézt v praceckkolika dalSich autdr, nag. Vysockého (1859), Oka
(1902), Hynie (1927), Havleny (1958), Vitka (198Bgrnbacha (1996), Pisla (1996, 1997),
Soukupa (1997), Dernbacte al (2002) aj. Stej# jako v panvi vnitrosudetské, také zde
se vS8ak modernimu systematickému vyzkumuremerlych diev wnuje pozornost
az v posledni dab(nag. Sakalaet al 2009, Menckt al 2013a, b, Oplustiét al 2013 — viz
piilohy 11-V).

17



V. Mencl: Zkemerlé stonky svrchnopaleozoickych rostlin z vnitrosskiea podkrkonoSské pénpe

5. Systematicky ffehled zlkiFemerglych rostlin Podkrko-

noSi a anatomie jejich stoni

5.1. Plavuiovité rostliny (Lycopodiophyta)

Vytrusné rostliny nalezejici do monofyletické vyweg¢ skupiny Lycophyta. Ve svrchnim
paleozoiku pdtly k dominantnim tym uhlotvorné vegetace (K#ek et al 2000, Donoghue
2005). Primara mikrofylni rostliny s nélankovanym stonkem typu protostélé, sifonostélé,
aktinostélé az plektostélé. Sifonostélické stonkgilhich stromovitych plavuni vytvély
az fes 40 m vysoké, ifmé kmeny s dichotomickym aZz pseudomonopodialnétvenim,
v nichz dochazelo k tvoib se-
kundarniho xylému, produko-
vaného tenkou vrstvou unifa-
cidlniho kambia. Druhotného
dreva je vSak vzhledem Kk cel-
kovému péméru kmeri velmi
malo, nej¥étsi cast jejich objemu
tvori kara, ktera je vyztuzena sil-

nymi prosenchymatickymi pléaty

a lze ji dle typu bugk rozlisit
|

na vnitni, stedni a vijSi. Vlast-

Obr. 4: Zkremergla rasSelina se Sisticemi plavuni; i stonek se sklada @@asto roz-
podkrkonoSska paney vzorek P5949 ze sbirky ddtskeho L, _ i
muzea Nova Paka,dfitko = 20 mm. trhane defiove dutiny, v s Uz-

kym kruhem protoxylému a me-
taxylému, plynule fechazejiciho do sekundarniho xylému, jehoz moahasthuje nanejvys
nékolika centimeti. Dfevo je budovano tracheidami, u protoxylémucasgji Sroubovig,
v pripad® metaxylému a sekundarniho xylému schodoxiiustlymi. V dolni ¢asti stonk
vyrastaly Wtve, ozngované jako stigmarie, které neslyir&nové Utvary appendices {idejc
1963, Tayloret al. 2009).

Ve vnitrosudetské ani podkrkonoSské panvi nebylkytszolovanych zkemerlych
stonki plavuni zatim popsan. V rostlinném detritu, zacmm v podob zkiemerlych
raSelin (obr. 4), jsou v3akippomny stigmarie, vytrusné Sisticecasti dalSich pletiv (Bmejc
1963, Oplustikt al. 2013 — viz piloha 1V).
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5.2. Fresliékovité rostliny (Sphenophyta)

Vytrusné rostliny, systematickiazené do vyvojového stupiuphylophyta, spolu s kapra-
dinami a psilofytnimi rostlinami nélezejici do mdyletické skupiny Monilophyta. Jsou ty-
pické svym pimym, ¢lankovanym stonkem typu aktinostélé nebo arthrésfsifonostéle)
a preslenitym ¥tvenim meziclanky
(v internodiich). Ve svrchnim paleo-
zoiku dofistaly vySky az 20 m a je-
jich stonek, ktery mohl dosahovat
vice nez 60 cm v gméru, druhotr
tloustl. Patily k dualezitym zastup-
cam karbonské uhlotvorné kteny
(Kvacek et al 2000, R@ler & Noll
2006, 2010, Tayloret al 2009,
R&pler et al 2012a). Stonky stromo-
vitych preslicek jsou charakteristické
Sirokou, kruhovitou nebo ovalnou
dienovou dutinou uvnit ¢lanki (tzv.
"trubkové kmeny"), vzniklou rozpa-

dem parenchymu. Malé mnoZzstvi pa-
renchymatickych butk byva zacho-

Obr. 5: Zk¥emergly stonek péesliéky Arthropitys cf.
bistriata (vylitek centralni dutiny); podkrkonoSska vano na okrajich dutiny. Pruhy proto-
paney, vzorek P1584 ze sbirky ddtského muzea Nova
Paka, ndtitko = 20 mm.

xylému kolem defiové dutiny se
v nadzemnickastech rostliny rowg
casto roztrhavaly a vznikaly tak dalSi dutiny — katni kanalky, obklopené schodavit
ztlustlymi tracheidami metaxylému. Sekundéarni xylg@nmvaen silnostnnymi tracheidami
s zebickovitymi az retikulatnimi ztlustlinami a Sirokymiapenchymatickymi paprsky, které
jsou dvojiho typu: SirSi interfascikularni, adigici kliny dieva, a uzsi fascikularni, jenz se
nachazeji uvnitklina xyléemu a oddluji jednotlivé fady tracheid. Po obvodutéich kmei
byva zachovana viiti a vrgjSi kira, tvaena tenkoghnymi parenchymatickymi kikami

s pryskyi¢nymi kanalky. Anatomicky zachované ikoy peslickovitych rostlin se oznaji
neiastji jako AstromyelonWilliamson a jsou typické absené¢lankovani a karinalnich
kanéllki. Kolem parenchymatickéiehové dutiny se row¥ vytv&i druhotné évo, |&

v mnohem menSim mnoZstvi nez v nadzemuéstech rostliny (Tayloet al 2009).
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Dievo geslicek je mozné
delit do 3 fosilnich rod dle
typu tracheid a mnozstvi pa-
renchymu:

1. Arthropitys Goppert
(obr. 6): druhotné i@vo s jed-
nim typem tracheid, které jsou
uspdadany do getelnych Kli-
na, odclenych Sirokymi de-

novymi interfascikularnimi

paprsky s vysokym podilem Obr. 6: Zkiemertly stonek peslicky Arthropitys cf.
bistriata (pFi¢ny Fez); podkrkonoSsk& paney vzorek P1542

— 0, Y/
parenchymu (30-50%), tie- ze shirky Mestského muzea Nova Pakasiftko = 20 mm.

ného pomdrné kratkymi bui-

kami kvadrovitého tvaru. Tracheidy se mohou vyskgta uvnit dienovych paprsk (tzv.
interfascikularni gevo). Arthropitys je nejl@znéjSim typem peslickovitych stonk (RéBler
& Noll 2006, 2010, Rfler et al 2012a).

2. Calamitea Cotta nov. emend. R@ler & Noll (diive Calamodendron Brongn., obr. 7):
druhotné #evo fascikularnich paprékje slozeno z 2 tyjp tracheid #izné velikosti, z nichz
pramér vétSich dosahuje ijblizné dvojnasobku piméru menSich. Zpravidla maji rovh

odlisné zbarveni. Parenchymu, itwdho interfas-

dievu, je vyrazty méreé nez u rod Arthropitys
aArthroxylon(RdBler & Noll 2007).

3. Arthroxylon Reed vzacre se vyskytujici

rod. Druhotné tkvo obsahuje, podobnjako

5 u roduArthropitys az 50% parenchymu a je tvo-
Obr. 7: Cést zkifemerglého stonku
pieslicky Calamitea striata (priény rez);
podkrkono$ska paney vzorek P3173 jsou sloZeny z tenkastnych, vyraza protaze-

ze sbirky Mstského muzea Nova Paka, . N
meHtko = 10 mm. nych burtk (RdBler & Noll 2002, 2006).

feno jednim typem tracheid.i@ové paprsky

Dieva fFeslicek prvnich dvou roilbyla popsana z podkrkonoSské panveyd typuArthr-
opitystaké z panve kladensko-rakovnické (Saketlal 2009, Menclet al 2013a — viz fi-
lohy [1-I11).

cikularni paprsky a uzkeé paprsky v sekundarnim
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5.3. Kapradinovité rostliny

Vytrusné rostliny tradiné fazené do vyvojoveho stupmpteridofytnich, dnes do vyvojové
linie Monilophyta. V podob zkiemerlych stonki jsou v podkrkonoSském permokarbonu
zastoupeny 2 skupinami: 1) stromovitymi kapradingdu Marattiales (ro@saroniusCotta)

a 2) drobgjSimi formami kapradinfddu Filicales (rodAnkyropteris (Stenzel) P. Bertr).

Nalezy jinych kapradinovitych rostlin zde dosud yigtspolehliv dolozZeny.

5.3.1. Kapradiny ¥adu Marattiales

Eusporangiatni stromovité kapradiny, jejichz zasitygezZivaji dodnes. Stonky jsou typu
slozitého diktyostélé se zpléBtmi, na phirezu podkovovit prohnutymi cévnimi svazky,
svou otevenou stranou otenymi k ose kmenu a uloZzenymi v zakladnim parenchym
Ve stoncich kapradin se nevytv&ekundarni xylém, stabilitu rostlin zajie mohutny pl&s
vzduSnych keeni, ktery Ize
délit na vrgjSi a vnieni.
Kofeny ve vnitnim pasu
jsou navzéjem propleteny,
ke stonku gfpoutany siti
rhizoidnich vlaken a tvd
tak souvislou vrstvu. Kie-
ny vrejSiho pasu jsou volné,
navzajem propletené. Ve fo-
silnim stavu jsou prostory
mezi nimi zpravidla vypl-
nény okolnim sedimentem.

Cévni svazky vzdusnych

kofeni maji na piiezu tra-
Obr. 8: Zkiemergly stonek stromovité kapradiny Psaronius cheidy zpravidla zformova-
(pFi¢ny Fez); podkrkono3ska paney vzorek P1657 ze sbirky ny do c¢tyi-, peti-, Sesti-
M¢éstského muzea Nové Pakasiitko = 20 mm. aZ mnohacipého tvaru. Pro-
toxylém je tvden Sroubovit ztlustlymi tracheidami, metaxylém se sklddé zejamea scho-
dovit¢ ztlustlych tracheid, misty s parenchymem. Cévizky jsou koncentricky ulozeny,

na paiezu patrny jako deskovité lamely. Kolem nich sevait korove pletivo slozené
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z parenchymu s mnoha slizovymi kanalky, které s zpravidla nezachovavaji (Stidd 1971,
Ehret & Phillips 1977, Matysova 2009).

neralizované stonkythto kapradin, které mohly distat vySek aZz okolo 10 m. Stonky byly
newtvené, pouze s korunou listovyckjiti na vrcholu. Nejasgji je témto stonkm prira-
zovano olistni rodu Pecopteris(Brongn.) Sternb. Nalezy psaronii jso&Zbé v permokar-
bonu Francie, Angli€i Némecka, u nas se hajwyskytuji v podkrkonosskeé panvi (naric
1912, Nmejc 1963, Matysova 2004, 2006), vzacmpanvi kladensko-rakovnické (Didék —
osobni sdleni 2013, Jech 2014).

5.3.2. Kapradiny radu Filicales

Leptosporangiatni kapradiny znamé od karbonu dentec V podkrkonosské panvi byly

popsany nalezy popinavych kapradidetedi Tedeleaceae (Eril912, Nméjc 1963). Rost-

liny z této skupiny jsou znamy vyhratime svrchniho paleozoika, od sv. mississippu do sp.

permu. Vytvdely obvykle poléhavéi lianovité formy, asto epifyticky praistajici kdeno-
vymi plasti stromovitych kapradin. Zdokumentovarspy i gipady jejich obtéeni okolo
kmeni preslicek (Libertin & DaSkova 2003, Rter — osobni s&leni 2009). Stonky typu
aktinostélé dosahuji faméru okolo 2 cm, maji mnoZstvi adventivnichiidka a jejich cévni
svazky jsou na firezu h¥zdicovit péticipého tvaru. Primarni xylém je tken d¥ma druhy
schodovit ztlustlych tracheid s jednoduchym skalariformnagkovanim, vnitnich teiich
listové &jife a mohou se zarmvat do plast kofeni stromovitych kapradin, maji cévni
svazky s pifezem tvaru H nebo | dasto jsou podkovowuit prohnuté. Nej&zrgjsi rod
Ankyropterisse objevuje v celé euramerické paleoprovincii kbkau i permu (Nmejc 1963,
Phillips & Galtier 2005, 2011).

Dle nepotvrzenych udajse v podkrkonoSské panvi vyskytuji réZndrobné stromkovité
kapradiny¢eledi Anachoropteridaceae, ro@iubicaulisCotta (R@ler — osobni séleni 2009),
které jsou znameé n&pz Anglie, Francieci némeckého Chemnitz (&nejc 1963, Galtier
& Phillips 2014).
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5.4. Nahosemenné rostliny

5.4.1. Kaprad’osemenné rostliny

Skupina vyntielych rostlin znamych ze svrchniho paleozoika. Rodefastji nalézanym
v ¢eském permokarbonu j&ledullosa Cotta, patici do tidy Lyginodendropsidajadu
Medullosales. Objevuje se poprvé ve svrchnim neggis a v permu vymira (Taylat al
2009). Jeho zastupci datali do velikosti drob&Sich stromk. S €mito stonky jsou
neiastji spojovany fosilni lis-
tove rody Neuropteris
(Brongn.) Sternh Alethopteris
Sternb., Linopteris Presl a O-
dontopteris (Brongn.) Brongn.
Jsou to typické manoxylické
dieviny se zcela unikatnim ty-
pem stonku, ktery je mozné oz-
n&it jako polysegmentarni

——— T monostélé. Ma slozitou stavbu

Obr. 9: Zkremertly stonek kapradosemenné rostliny se zvlaStnim usgadanim vodi-
Medullosa stellata (priény Fez); podkrkonoSska paney

vzorek P1729 ze sbhirky ddtského muzea Nova Pakasiftko
=20 mm dievem a bohat rozvinutou

vé soustavy, slabym druhotnym

dieni se samostatnymi segmenty cévnich sya@nz vykazuji eustélické znaky. Kazdy ze

svazki se sklada z valce primarniho xylému s pruhy pdrgmel, obklopeného kambiem,
které produkuje druhotnéie@lo s vicefradami dvirkatt teckovanych tracheid, az 8 bén
Sirokymi d'enovymi paprsky a sekundarnim floémem. Jednotliv&lsygsou ulozeny v pa-
renchymu stonku (Tayloet al. 2009). Svazky seékdy po obvodu kmenu spojuji a o
tlustSi souvisly prstenec sekundarniho xylému. Krtsavnich cévnich svaiksecasto obje-
vuji i vedlejSi mensi svazky, které jsou néipeu kruhové (tzvstar ringg. Po obvodu kme-
na se vytvdi pomérné mohutna kra, vyztuzena podélnymi pruhy sklerenchymatickéletip
va (tzv. sparganova struktura)giNejc 1963, Stewart & Rothwell 1993). U nas ®e&jigjSi
druh Medullosa stellataCotta (obr. 9) je typicky uspadanim centralnich cévnich svazk
na giécnémiezu dolse patrného hizdicovitého tvaru, kolem nichz se vytv&alec prvotniho
a druhotnéhoigva. Mezi¢asto nalézanéasti pati také listovérapiky medullos, ozriavané

jako Myeloxylon Brongn. Byvaji dosti mohutné, sitou podobnou ke stonku se spar-
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ganovou strukturou. Vrii pletivo se sklada z parenchymu s velkym mnodstkdzpty-

lenych sekrénich kanalk a cévnich svazk cetrgjSich po obvoduapiku. Jejich druhotné
dievo je slozeno ze Sroubovia schodovit ztlustlych tracheid. VzduSné iemy medullos
jsou zn&né tlusté a obsahuji druhotnéedto a silnou &ru (Némejc 1963, Rpler 2001).

5.4.2. Jehlénaté rostliny (Pinophyta)

Kordaity (Cordaitopsida)

Predstavitelé idy Cordaitopsida, tratié fazeni k jehkinatym rostlinam, se objevuji
vV mississippu a vymiraji v permu (Taylet al 2009). P4ili k nejmohutrgjSim zastupgm
svrchnopaleozoické flory, mohli distat vySky az fes 48 m (Falcon-Lang & Bashforth
2005). Krong vysokych strom se vSak vyskytovaly i droljsi keovité formy (Stewart
& Rothwell 1993). Nkteré druhy kordait osidlovaly prodiedi uhlotvornych m&akh a trvale
zaplavenych fibrezi, kde spolu se stro
movitymi plavurémi, preslickami a kapra-
dinovitymi rostlinami tvaily smiSené vihko-
milné porosty. O jejichistu v trvale zamok-
feném nebo periodicky zaplavovaném pr@st
di swdci nalezy jejich permineralizovanycl
koreni Amyelon Will., Siroce a vodorowh
rozloZenych na podkladu @éwejc 1963), nebo
typi s chidovitymi koeny (Taylor et al
2009). Falcon-Lang (2003) vSak popisuje t

suchomil&jSi typy rostouci na vyvySenych*™
dokie odvodiovanych stanovistich v tropic
kych oblastech.

Stromovité kordaity jsou typické monao

Obr. 10: Drefiova dutina Artisia (podélny
podialré, nepravideld prostoro¥, ¢i ve Srou-  fez); vnitrosudetska paney vzorek ze sbir-

bovici wtvenym kmenem, na vrcholu s kc ky J. Boudného, stitko = 50 mm.

runou velkych pentlicovitych ligt Slozené Sistice odiéného pohlavi vyistaly na koncich
listovych Wtévek. Pyl je zpravidla monosakatni, ogmeany jako prepolen. Semena jsou
bilateralré soungrna, zplo&la, stonky eustélické, ozéavané jako typAgathoxylon(RoBler
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et al. 2014). Jejich posné Sirokd defnova dutina (obr. 10) je uétSiny kordaifi piicné
segmentovanaAftisia Sternb.). U tkterych kordait vSak toto pihradkovani chybi (nap
Mesoxylon priapiTrivett & Rothwell). Na okrajich fnove dutiny byvaji zachovany pruhy

primarniho xylému.

Pro kordaity i jejich anatomicky zachované stonslgr( 11) byl v minulosti uzivan nazev
CordaitesUnger, fivodns definovany pro oligini. Dnes jsou tyto fosilieazeny do #kolika
rodi: stonky s endarchnim primarnim xylémem nesou &amaPennsylvanioxylon
D. Vogellehner aCordaixylon Grand'Eury. Jejich vzajemné odliSeni je probleckéti jsou
proto rekdy neformal@ ozna&ovany spolénym nazvemCordaixylon-Pennsylvanioxylon
(Taylor et al 2009). Stonky s mesarchnim primarnim xylémem bgéfinovany jako
MesoxylonScott & Maslen emend. Trivett & Rothwell. Na rozdd roduCordaixylon ktery
ma vyvinutou sympodialni vodivou soustavu s endaroh listovymi stopami, vodive
elementy primarniho xylému rodiesoxylon jsou typicky nesouvislé, nesympodialni.
Pro Wtvicky s listovymi jizvami usptadanymi do Sroubovice je uzivdn nazeerdaicladus
Grand’Eury (Trivett & Rothwell 1985, Beck 2010).

Druhotné devo kordait je, stej jako u ostatnich lignophyt, produkovano bifaciéini
kambiem a sklada se z tracheid a p&p¥so (radidlniho) parenchymu, temého protahlymi
tenkostnnymi buikami s jednoduchymi ztéeninami. Pryskiicné kanalky se nevyskytuiji.
Paprsky jsou fevazie jednovrstvé a posmné kratké, jejich vySka se pohybujeildizné
v rozmezi 3-20 butk. Na stnach tracheid jsou vyvinuté dvajte/, obvykle usptadané
do rekolika fad, hust st&snané a zformované do Sestibokychivampokryvaji celou plochu
stny tracheidy. Na g@miku tracheid a finovych paprsk Ize pozorovat tzv.ikzova poléka,
typicka araukaroidnim t&ovanim (IAWA Committee 2004).

Konifery (Pinopsida)

Obséhla skupina rostlin, znama od svrchniho palkazdo recentu a vytwéjici nizné
rastové formy, od drobnych kié po mohutné stromy. Stonky jsou teay hustym
(pyknoxylickym) devem s typickymi kruhovitymi dvojté&ami, primarni xylém je endarchni.
Listy, obvykle redukované a jehlicovité, vigtaji ve Sroubovici, nebo gslenu. Sistice jsou
odckleného pohlavi, slozené satina jednoduché sath které produkuji ve &Sin¢ pripadi

sakatni pyl.
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Ze svrchniho paleozoikd’eského masivu jsou zndmy primitivni jehkny fadu
Voltziales, ¢eledi Utrechtiaceae. Svym vzhledem a &fign dneSnim blak@tim podobné
rostliny se objevuji v pennsylvanu a vzaqiezivaji az do jury. Charakteristické jsou zej-
meéna pro perm, kdy usgre osidlovaly sussi, ariditou postizené oblasti. Mggiicky ortho-
tropicky (vzg@imeny)
stonek a plagiotropic-
ké (horizontalni) wt-
veni v pseudadgsle-
nech. Pro jejich &tév-
Ky s jehlicovitym olis-
ténim a sandi SiStice
jsou nefastji uziva-
ny nazvy Walchia
Sternb. LebachiaFlo-

rin, ¢i  Ernestioden-

Obr. 11: P¥i¢ny fez dfevem typu Agathoxylon s dobre patrnymi ~ dron Florin (Taylor et
nepravymi letokruhy; vnitrosudetska paney vzorek VS43 ze shirky 4| 2009).
autora, ndtitko = 20 mm.

Konifery pati mezi rostliny s eustélickym stonkem produkujiagimhutny valec hustého
druhotného teva. To je tveéeno, podob& jako u kordait, tracheidami a protahlymi
tenkost¢nnymi buikami radialniho parenchymu. Paprsky jsou jednoersi fivrstveé, vysoké
3-20 buwrk. Sgny tracheid jsou pokryty dvojkami, které jsou na rozdil od kordait
zpravidla kruhovité a nepokryvaji celowrsti tracheidy. Pryskit¢né kanalky chybi. Bnova
dutina s podélnym ryhovanim nese as1d TylodendronC. E. Weiss. Na okrajichreliove
dutiny byva zachovan primarni xylém (Nell al 2005, Tayloet al 2009).

O rozliSeni druhotnéhorelva kordail a konifer se pokouselo mnoho badatelag. Felix
(1882, 1886), Frentzen (1931), Doubinger & Margerer(1975). Jako kritérium byly
neiastji uvadkny rizné typy tékovani na stnach tracheid a jejich pokrytidkeami, gip. téz
teckovani kizovych poléek. V posledni dab se otazkou odliSenitelv kordaifi a konifer
zabyval Nollet al (2005). Ve své praci se nez&mje pouze na typ #&ovani, ale bere
v potaz i kombinaci jinych anatomickych ziiaknag. zpisob tveni, charakter listovych
stop¢i stavbu primarniho xylému (Nodét al 2005, tab. 2). Jako pomocny znak je t€Z mozno
vyuZzit odliSného piriezu tracheid naignémiezu (R@ler — osobni stleni 2010). Otazkou

rozliSovani dev kordaii a konifer z ceského permokarbonu na zaklagnatomie
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sekundéarniho xylému se zabyval i autor této prétentl 2007, Menckt al. 2009, Mencl

et al 2013b — viz flohy |, V) a dalsi (naip Bure$ 2011, 2013, Halek 2011).

Nomenklatoricka problematika tykajici se araukamdid typu deva je v odbornych

kruzichc¢asto diskutovanou otazkou. Pro tatewdh bylo v minulosti uzivanogkolik riznych

ozna&seni,

DammaroxylonJ. Schultze-Motel aj. Dle nejn&gich poznatk je nicmér dopor&ovan

nazevAgathoxylonRo6Rleret al 2014).

nap. Dadoxylon Endlicher, Agathoxylon Hartig, Araucarioxylon Kraus,

KORDAITY KONIFERY
ZNAKY
(Cordaitales) (Voltziales)
_ ; ) Dvojtecky rozmistné dale od sebe,
o Dvojtecky hust stsnane, zpravidla . o
Radialni T o kruhovitého nebo ovalného tvaru,
Sestibokého tvaru, pokryvaji celou L
stény . nepokryvaji celou plochusty,
plochu s¢ny, uspdadany obvykle ve o o .
tracheid _ uspdadany v jedné, nanejvys ve dvou
trech az pti fadach ;
radach
Primarni Do drenové dutiny pechazi Do diefiové dutiny pechazi ve forra
xylém nepravidels, tvori zaoblené kliny pravidelrg uspgadanych klig
Drefiova Dien horizontal® priéné rozcklena Dien podélre ryhovana, zesilena v miste¢
dutina (Artisia) nasedani &tvi (Tylodendroi
Vétveni Nepravidel® prostorove&i spiralni Pseudofeslenité

Tab. 2: Nékteré rozliSovaci znaky stonki typu Agathoxylon. Sestaveno dle Nollet al. (2005).

h
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6. Material a metody

Material

Vlastnimu vyzkumu fedchazelo &kolikaleté podrobné mapovani vyskyturekerlych
stonki na Uzemi obou panvi a ziskavani materialu a dat.vizzkum dev preslicek byly
vyuzity exponaty ze sbirek ddtského muzea Nova Paka, Muzea vychodgieth v Hradci
Kralové a z Leuckartovy kolekce chemnitzského mugéaseum fur Naturkunde Chemnitz
Vzorky drev nahosemennych rostlin pochazeji ze sbhireégktského muzea Nova Paka, Krko-
nosského muzea v Jilemnicigkolika soukromych srateli, ¢i byly ziskany vlastnim
shirem. Za delem vyzkumu byl rov# konzultovan material ze sbirek Muzéaského réaje
v Turnow, Prirodowdecké fakulty univerzity Karlovy v Praz€eské geologické sluzby
Praha, KrkonoSského muzea ve Vrchlabi, Muzea Podkd v Trutno¥ a Méstského muzea
Rtyné v PodkrkonoSi. Inventarriiisla a signatury jednotlivych vzarksou uvedeny v i
lohach I-V (Menckt al 2009; Sakalat al 2009, Menckt al. 2013a, b, Oplustit al 2013).

Metody

Z vybranych vzorlt byly zhotoveny legné nabrusy, které byly studovany v odrazeném
swtle pomoci binokularni lupy Leica EZ5. Z nejlépeclzavanych vzork, pokud nehrozilo
jejich zniéeni ¢i vyrazné poskozeni, byly nasledmhotoveny vybrusy, standamine tech
raznych rovinach i ose stonku:

1) transversalni (ény fez) kolmo ku ose

2) radialni podélnyez (vedeny rovnaizré s osou sedem stonku)

3) tangencialni podélniez (rovnolszné s osou mimo $&d stonku).

Vybrusy byly poté detaikh zkoumany v prochazejicim &le s vyuzitim mikroskof
Nikon Eclipse LV100Pol, Olympus BX-51 a Olympus SEX VSechny pouzité fotografie
poridil autor této prace pomoci digitalnich fotoapard@anon D500, Olympus Camedia 5050
a Olympus DP73. Upravovany byly v programech Ankbdy& NISElements. Pro vypty
a operace se statistickymi daty byl vyuZit progrdicrosoft Excel 2007-2010. Terénni
fotografie byly paizeny fotoaparatem Olympus C765UZ a upravovanyogmamu GIMP2.
Obrazky v textu byly kompletovany pomoci programorélDRAW 11. Tabulky byly
vytvoreny v programu Microsoft Excel 2007, text pracessepv programu Microsoft Word
2007. Odborn4 terminologie jé¢qvzata z praci IAWA Committee (2004), Balabana E)95
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Némejce (1963), seznam literatury a pouzité zdrdjevéiny dle standardéasopisuBulletin
of Geosciences

7. Vysledky

Vyskyt zklemerglych ¢asti rostlin je ve vnitrosudetské i podkrkonoSs&avp velmi hojny,
byt je jejich p&et neustale snizovan intenzivni zekiiskou a sbratelskoutinnosti, a kmeny
dosahuji délky i &kolika meti (nag. Mencl 2007, Menckt al 2009 — viz piloha I). V obou
panvich byl potvrzen vyskyt remerélych araukaroidnich stoiik typu Agathoxylon
nalezejicim nahosemennym rostlinamay Pinophyta, v plouznickém obzoru podkrkonoSské
panve navic bohatSi rostlinné sg@iestvo obsahujici i zbytky dalSich typostlin. Na z&k-
ladé provedenych studii anatomicky zachovanyébkti sekundarniho xylému a jinych pletiv
bylo provedeno fesrEjSi taxonomické zazeni negjastji nalézanych stonk tj. jehlicnatych
rostlin a stromovitych feslicek. Dle pondrného zastoupeniiznych rostlinnych tyfp bylo

caste&né rekonstruovano paleoprostli v jednotlivych stratigrafickych trovnich.

7.1. Vnitrosudetska panev

7.1.1. Systematika

Zkiemergla dieva se vceskécasti vnitrosudetské panve vyskytuji pouze v jedstr@-
tigrafické arovni, v Zaltmanskych ark6zach odolcdsét souvrstvi. Vyskyt zkmerglych
diev v petrovickych vrstvach podlozniho Zaslé&ho souvrstvi, které zmiji Tasleret al
(1979) a Prouza (osobni&eni 2007) vlastnim terénnim vyzkumem potvrzen heby

Zkiremertlé zbytky rostlin jsou zachovany vyhradme forne druhotného teva, které je
typu Agathoxylon Vzhledem k silnému stupni rekrystalizacéevhi hmoty a Spatnému
zachovani anatomickych struktur bylo mozné na z#klstudia dvojteéek (obr. 12/3)
jednoznéné urcit pouze rkolik vzorka. VSechny byly pitazeny ke kordaiim (Mencl 2007,
Mencl et al 2009 — viz piloha 1). Vzac® se u gkterych &tSich vzork objevuje denova
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dutina typu Artisia (obr. 10), nebo suky s pastatky \&tvi, odbdujicich nepravidel&
prostoro¥ z kmene (obr. 13). Tyto makroskopické znaky &dvadpovidaji kordaitm (Noll
et al. 2005, Menckt al 2013b — viz filoha V).

Jiny typ zkemertlych stonki ve vnitrosudetské panvi neni znam.

Obr. 12: Anatomické zachovani dev typu Agathoxylon.

1. Tracheidy sekundarniho xylémutifmy fez); podkrkonoSskéd panev, vzorek P1760 ze sbirky
Méstského muzea Novéa Pakasiitko = 0,25 mm.

2. Jedno- az dvouvrstvé&alové paprsky (tangencialiéz); vnitrosudetska panev, vzorek VS14
ze sbirky autora, #tiitko = 0,01 mm.

3. Dvojtetky na stnach tracheid kordaitu (radialiez); vnitrosudetska panev, vzorek VS12
ze sbirky autora, #fiitko = 0,05 mm.

4. Dvojteky na sténach tracheid konifery (radialtéz); podkrkonoSska panev, vzorek S1 ze sbirky
autora, mfitko = 0,05 mm.
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7.1.2. Paleoprostedi

Dle Matysové et al (2010) Ize prosedi kEhem ukladani zaltmanskych arkoz
charakterizovat jako fluvialni az lakustrinni befive vulkanismu. Ze studia &kolika
vychozi se zachovanymi ¥kmerlymi kmeny je mozné&dasté&né odhadnout podminky,
béhem nichz k sedimentaci dochazelo. Naprostaina kmei je uloZzena vzdyip bazi €les
vyrazre hrubSich, ostrou hranici nastupujicich sediringMencl 2007, Menckt al. 2009 —
viz priloha 1). Na vybranych lokalitach bylo navic proead n&ieni prostorové orientace
kmeni zachovanych ve vychozech, stejjako sedimentarnich struktur v jejich blizkosti.
Vysledky ukazuji pevaZzujici smr prinosu materialu od Zi JZ a sloZeni hornin odpovida
charakteruticniho toku na pomezi divéci a meandrujicteky (Mencl 2007, Menckt al
2009 — viz piloha I). Délka transportu sediménbyla odhadnuta na maximélmekolik
desitek kilomeit (Martinek — osobni steni 2007).

7.2. PodkrkonoSska panev

7.2.1. Systematika

V podkrkonoSské panvi se igmertlé casti rostlin podalo nalézt celkem ve 4 stra-
tigrafickych drovnich: v brusnickych vrstvach a kétrskych arkézach kumburského
souvrstvi, v plouznickém obzoru semilského souvrstwe svrchni¢ésti proséenského
souvrstvi (Menckt al 2013b — viz filoha V, tab. 1). V plouznickém obzoru byly krémkev
typu Agathoxylon vyskytujicich se ve vSeattyiech jednotkach, nalezeny takérakerglé
zbytky nEkolika dalSich typ rostlin. Hojreé se zde vyskytuji stonky stromovitych
pieslickovitych rostlin a kapradin, vzagni kapradosemennychCasti plavaiovitych rostlin
jsou zndmy pouze z tzv. merglych raSelin, tvéicich az pes 1 m velk&€ockovité konkrece
se zachovanym rostlinnym detritem (hapléméjc 1963, Oplustilet al 2013 — viz piloha
V).

Dieva kordaiti a jehli¢cnana

Typ dieva Agathoxylonje v podkrkonosské panvi nejn¢jSim a jednoznamé negastji
nalézanym. Znamy jsou exemi@aaz gkolik metmi dlouhé s pimérem WtSim nez jeden
metr (nap. Mencl 2007, Menckt al 2013b — viz filoha V). Podstatnéast velkych kmeije
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vyrazreé zploSela, elipsovitého pifezu, zbarvena organickymi pigmenty do tmawalen
azcerna, menstast z nich je sitla, naervenal&i bézova, picemz barva vzorku nema vliv
na kvalitu zachovani anatomickych zhak¥i mikroskopickém studiu byla zaznamenana
piitomnost tracheid sekundarniho xylémekay s dvojtékami na jejich radialnich &ach

a dreiovymi paprsky. Zadna primarni pletiva ani dalSilstury pozorovany nebyly. Na zak-
ladé¢ makroskopickych znaka studia charakteru dvojek (obr. 12/4) bylo mozno ¥enit
dvé formalni skupiny, které vykazuji znaky blizici kerdaitim, resp. koniferam. Vzaén
byly také nalezeny makroskopické struktury, zejmsuly (obr. 13) ai@nova dutina, které
rovnéZ dovoluji rozadit vzorky do &chto skupin (Nollet al. 2005, Menclet al 2013b — viz
priloha V).

Obr. 13: Vétveni kordaiti a konifer. Nepravidel# odbaujici vétve kordaitu (vlevo, vnitrosudetska
panev, vzorek VS50 ze sbirky autora&gitko = 70 mm) a pseudégslenité ¥tveni konifery (vpravo,
podkrkonoSska panev, vzorek J8766 ze shirky Krksk@to muzea v Jilemnici,dfitko = 30 mm).
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Dreva preslickovitych rostlin

Ze zkemertlych stonki rostlin plouznického obzoru jsoureva geslicek negastji
nalézana. Byly objeveny azgs 1 m dlouh&asti stonk téchto rostlin, ¥tSinou se vsak
nalézaji ve formd drobrgjSich UlomkKi, tvorenych tmavym,cervenohidé nebo oranzay
pigmentovanym, vzagji i bélavym ¢i Sedym kemenem. Krom Ulomki vlastnich stonk
se vyjime&né zachovavaji i vylitky jejich dutin typCalamitess nody a stopami patveni.

Obr. 14: Anatomické zachovani dev preslicek.

1. Tracheidy sekundarniho xylému (A) a parenchyckétbuiky (B) dieva druhuArthropitys cf.
bistriata (pii¢ny fez); podkrkono3ska panev, vzorek H74692 ze sbirkyed vychodniclCech
v Hradci Krélové, nifitko = 0,5 mm.

2. Detail okraje tefiové dutiny se zachovanymi karinalnimi kanalky (&jpkdeva druhu
Arthropitys cf. bistriata (pticny fez); podkrkonoSskéa panev, vzorek P1992 ze sbirkgtdkeho
muzea Nova Paka,dfitko = 0,5 mm.

3. Dvoji typ tracheid (T1, T2) vetevu druhuCalamitea striata(pticny fez); podkrkonoSska
panev, vzorek P3173 ze sbirkysiského muzea Nova Pakastitko = 0,5 mm.

4. Drenova dutina kéenuAstromyelorbez karinalnich kanaik(pri¢ny iez); podkrkonoSska panev,
vzorek H74697 ze shirky Muzea vychodn{téch v Hradci Kralové, #fitko = 0,5 mm.
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Pri mikroskopickém studiu anatomie stanloyly pozorovany tracheidy sekundarniho
xylému, parenchymatické bky, vzacr® téZz primarni pletiva, karinalni kanalky a dalSi
struktury (obr. 14). Na zaklédejich studia byly popsany dva druhieplickovitych rostlin —
vzacnyCalamitea striataCotta emend. RoBler & Noll. Zajimavosti je, Aerré zbarveni dvou
typt tracheid u druhuCalamitea striata popsané z Chemnitz, neodpovida (az na jednu
vyjimku) zbarveni téhozirdva z podkrkonoSské panve, nybrz je inverzni (Mehell 2013a
— viz piloha 1l). Krome ¢asti stonk byly popsany také keny roduAstromyelon(Sakala
et al 2009, Menckt al 2013a — viz filohy II-I11).

7.2.2. Paleoprostedi

Ve dvou stratigrafickych arovnich kumburského setwir byly pozorovany zZiemerglé
kmeny zachované ve vychozech velmi hrubych arkdyohi slepeng. Ve zkoumanych
vychozech prosenského ani semilského souvrstvi takto zachovamkgtobjeveny nebyly.
Ponerné zastoupeni koniferiwi kordaitim v jednotlivych stratigrafickych Grovnich bylo
statisticky zpracovano a korelovano s daty &jgimi v dalSich panvi. V porovnani s hod-
notami v panvich gedaieskych a zapadeskych se posmy ve stejnych stratigrafickych
arovnich Zetelre liSi, coZz mize signalizovat odliSnéfpodni pongry béhem ukladaniéchto
izochronnich jednotek (Menet al. 2013b — viz filoha V).

Napadna je variabilita rostlinného spi#astva v plouznickém obzoru. Sedimenty této
jednotky jsou spiSe jendj$i, s vySSim obsahem vulkanoklastik. K jejich aldai dochazelo
v nizkoenergetickém prasdi jezer, raSeliniSa zafistajicich meéali (PeSeket al 2001,
Starkovaet al. 2009). Na rozdil od ostatnich fosilifernich stredfickych arovni obsahuje
tato jednotka velmi malotdv typuAgathoxylon naproti tomu se zde h@jvyskytuji stonky
pieslicek, kapradin, kaprtibosemennych rostlin a petrifikované raSelinyéstmi plavuni.
Nalezy z podkrkonoSské panve bylo mozné porovrdiegy preslickovitych rostlin z panvi
stredateskych a zdpadeskych (Menclet al 2013a — viz filoha Ill) a také s patkud
mladSimi nalezy z tzWwermského zkmerlého lesav Chemnitz. Eitomnost dvou druin
Arthropityscf. bistriata a Calamitea striata stejreé jako jejich pomdrné zastoupeniifplizné
99:1, odpovida vysledikn vyzkumi v jinych panvich (naip Rd3ler & Noll 2006, 2007, 2010,
Ropler et al 2012a, b, Holeek 2011).
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8. Diskuze

Stonky zKemerlych rostlin se ve studovanych panvich nachazejictygéech fznych
statigrafickych pozicich, z nichZétgina vykazuje podobné litologické slozeni, tj. éu
arkozovité piskovce az slepence. Vyjimkou je pouteuznicky obzor, tvieny spiSe
jemngjSimi klastiky s vyznamnym podilem fuf tufiti (Martinek 1997, PeSe#t al 2001).
Ve v8ech statigrafickych trovnich byl prokazan wistkiemerglych drev typuAgathoxylon
Rostliny s timto typem stonku podle Falcon-Lange&5éotta (2000) osidlovaly spiSe ngén
vihké prostedi. A¢koli dle Oplustila & Cleala (2007) spadaji jednotkywyskytem zkeme-
nélych stonki prevazré do aridrgjSich a sussSich klimatickych fazi (tab. 1), napaderdabilita
vihkomilného spol&enstva plouZnického obzoru a vyrazny Ubytek arai#afch dev v této
jednotce ¥ejm¢ indikuje kratkou, humidjSi epizodu ve vyvoji panve, kdy rostlinné
spole&enstvo svym sloZenim odpovidalo spiSe hydrofiliZi@ fléee. Zachovani odliSnych
typt rostlin vSak niZze také byt tisledkem jiného litologického sloZeni této jednotkyelmi
kratkého transportu ukladaného materidlu (Starketaal 2009), ktery byly kroré
sekundarniho xylému schopnyiefkat i mér odolné ¢asti rostlin, ¢i pFitomnosti
vulkanoklastik jako potencialniho zdroje velkéhoabstvi Kemitych roztok impregnujicich
organické zbytky (nap Matysovaet al 2010, Menclet al 2013a — viz filoha Ill). Fijeti
n¢které z ¥&chto teorii by vSak nevystlovalo absenci kv typu Agathoxylon ktera jsou
v ostatnich fosilifernich jednotkackina.

Taxonomicka klasifikace studovanyckeplicek a nahosemennych rostlin byla provedena
predevsim na zékl&dcharakteru sekundarniho xyléemu. Jina rostlinnféiyalgsou zachovéana
zcela vyjimeéné. Ponerné vzjemné zastoupeni dvou popsanychidpidslickovitych rostlin
piiblizné odpovida hodnotam zjigtym v jinych panvich (ndap Rd3ler & Noll 2006, 2007,
2010). Pomr kordaiti vaci koniferam se v jednotlivych stratigrafickych Graeh
vnitrosudetské a podkrkonoSské panve v porovnanbstieelaieskymi a zapadeskymi
panvemi gkdy zna&ng liSi. Tyto variace v procentualnim zastoupeni otymi rostlin (Mencl
et al. 2013b — viz filoha V) mohou odrazet pékud odliSné Zivotni podminky, které
v danych oblastech panovaly.redpoklad, Ze &hem svrchniho paleozoika nasledkem
zvySujici se aridity (nap PeSeket al 1998, 2001) fibyva konifer na ukor kordaif se
vzhledem k nedostateému mnoZstvi dat s ditosti prokazat nepodido. Navic celkovy
pohled na rostlinné spadenstvo, rekonstruované vyhrada fosilniho zdznamu vi¢nich

naplavech, nize byt znané zkresleny, nehjeho druhové slozZeniie byt ovlivréno tim,
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Ze jsou zde zachovanyquevSim rostliny Zijici v blizkosti vodnich tinkkde dilezitou roli
hraje jejich stabilita a odolnosfi&i vysoce energetickému vodnimu toku (hapalcon-Lang
2003, Falcon-Lang & Bashforth 2005, Martin-Closa&&ltier 2005).

U Zadnych ze studovanych vzérkirev nebyly identifikovany pravé letokruhyfipadné
zény s fiznym pameérem tracheid jsou zcela nepravidelnérejraé odrazeji pouze d@asné,
neperiodické zrny teploty a humidity v dané lokalit Hodnoty ngfeni €chto elemerit
mohou vSak byt ¢kdy zavadijici, neba ve wtSin¢ pripadi byly k dispozici pouze drobné
tlomky sekundarniho xylému #zanychéasti stonk. Vykyvy v rozmérech tracheid a tlotige
jejich sén tedy mohou byt Zisobeny nap jejich st&im a vzdalenosti od kambia (Falcon-
Lang 2005) nebo nepravidelnostmi wstu rostliny, nap vznikem tlakového igva
(Schweingruber 2007) atd. Pravidelr&jstové zény vSak nebyly pozorovany ani na zadném
z rekolika wtSich studovanych vzoik Na rekterych exempldch jsou napadné deformace
struktury pletiv, vzniklé #jm¢ stlatenim deva a jeho slabou diagenezi kratce poripehi
v sedimentu jestpred z&atkem procassilicifikace (Matysova 2006, Mencl 2007).

Stonky rostlin ze vSech studovanych panvi plalgl ziejmé¢ podobny proces fosilizace
pomoci Kemitych roztok. Dle Matysové (2006) a Matysowt al. (2008, 2010) byly tyto
roztoky zejména produktem chemickéhastedvani Zivé a slid, v pipact plouznického
obzoru (a v menSi iré i jinych jednotek) mohlo byt navic jejich mnoZstpozitivre
ovlivnéno vulkanickymi procesy. Ve vSechiipadech jsou vSak rmertlé stonky uloZzeny
v sedimentech twenych transportovanym i@plavenym) materidlem, tj. ve fluvialnich az la-
kustrinnich uloZeninach (Starkovéat al. 2009) Kemita hmota impregnujici stonky
ve vnitrosudetské a podkrkonoSské panvi je slozepgevazié nizkoteplotnihoo-kiemene
a nejlépe zachovanéasti pletiv tvdi mikrokrystalicky, polyblasticky nebo oligoblagtic
kiemen, ktery respektuje b&imé struktury jednotlivych eleman{Matysové 2006, Matysova
etal 2008). Akoli je kazdy nalez specificky, obetrize uvést, Ze je materialial
z vnitrosudetské panve nap&dwice rekrystalizovany a jejich anatomické znakyohnem
hure zachovany nez urev z panve podkrkonosSské (Mencl 2007, Meeickl 2009 — viz
piiloha 1). Je&t lepSi zachovani vykazujifip vzajemném porovnani nalezy z panvi
stredateskych a zapadeskych (Holéek 2011, Menclet al 2013b — viz floha V).
Zajimavosti je fakt, ze ¢eském masivu jsouckdy lépe zachovanaieva z prosedi bez
vlivu vulkanismu nez z prosdi @gimo ovlivieného vulkanickoinnosti. To je situace zcela
odliSnd nap od Zkremerlého lesav Chemnitz, francouzského Autunti brazilského
Araguaina, odkud bylo z vulkanoklastickych sediniepbpsdno mnoZstvi smerglych
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rostlin in situ s dokonale zachovanou anatomii (ndpernbachet al. 2002, R@ler & Noll
2006, 2007, 2010, Rter et al 2012a, b). Stuge zachovani tudiZ igjm¢ nesouvisi

s pivodem a mnozstvimigmitych roztoki v sedimentu, ale spiSe s typem a velikosti kristal
kiemene vyplujiciho buiky rostlinnych pletiv a p&tem fazi krystalizace (Matysova 2006,
Matysovaet al.2008).

Ze studia charakteru Zaltmanskych arkéz vnitroskdepanve ve vychozech se zacho-
vanymi kmeny vyplyva, ze jejichési casti byly Zejmé¢ do panve pinaSeny za zvyseného
stavu hladinyreky, zejménaifd povodnich, kdy energie vodniho proudu mohiangSet, fip.

i vyvracet z kéem stromy rostouci v blizkostitbhi nebo na vyvyseninach v blizkém okoli.
Transportu na pownné velkou vzdalenost by odpovidalo i Zn& ponéeni kmeri pied jejich
uloZenim, nap dekortikace a absence dalSich extraxylarnictivpletencl 2007, Menckt al
2009 — viz piloha 1). Podobné podminky ukladaniepné panovaly po $tSinu svrchno-
paleozoického obdobi i v panvi podkrkonoSské. Dosadbjastna vSak #stava zdrojova
oblast pinaSeného a ukladaného materialu Zaltmanskych arkfgme vetsSi €leso
granitoidnich hornin. Vzhledem k natenym sndram prinosu materialu do vnitrosudetské
panve by nejblizSim prag¢dodobnym zdrojem materialu mohl bytiestaiesky pluton
(Prouza — osobni gkéni 2007).
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9. Zawér

Ve svrchnopaleozoickych panvich vnitrosudetské dkpgmnoSské byl zmapovan hojny
vyskyt silicifikovanych stoni rostlin v rekolika stratigrafickych drovnich, kteréiplizné
odpovidaji jejich vyskytu v panvichistiacieskych a zapadeskych. Ve vSech urovnich byla
zjiSténa g@itomnost stonk typu Agathoxylon v plouznickém horizontu semilského souvrstvi
(sp. gzhel) je navic ifiomno bohaté spalenstvo w®kolika riznych typi zkiemerglych
stonki, které nejastji nalezeji geslickovitym rostlinam.Casti rostlinnych pletiv byvaji také
zachovany v podabzkiemertlych raSelin. Z dvodu chykjicich vychoz hornin rékterych
jednotek bylo stratigrafické tazeni naleZ z eluvii provedeno na zakkadtarsiho geolo-
gického mapovéni. Ve vnitrosudetské panvi se dkalika vychozech se zachovanymirek
merglymi kmeny podéilo zmgfit jejich prostorovou orientaci. Zadny z kntese nenachéazel
ve vz@gimené distové pozici, vSechny byly po transportu uloZengoxicich subhorizon-
talnich, ¥tSinou v hrubych arkézovitych sedimentech fluviamipivodu. U &tSiny kmeri
je zretelrt patrné znéné pedfosilizani posSkozeni a zachovénnich témei vyluéné jen
sekundarni xylém, ktery je u velkého procenta viaag&ela rekrystalizovan a jeho detailni
anatomické studium tudiz nemozné.

Vyzkum byl zandten na nejastji se vyskytujici deva geslicek a nahosemennych rostlin.
Detailni studium zachovanych anatomickych strukiiwrhotného teva geslicek prokazalo
vyskyt druhi Arthropityscf. bistriata a Calamitea striata Zachované anatomické znakied
typu Agathoxylonumoznily vymezit2 skupiny z nichZ jedna vykazuje vlastnosti kordait
a druha se svym charakterem blizi spiSe konifeRateoekologické interpretace vyplyvajici
z rizného pondrného zastoupenithto dvou skupin je vSak nutné vzhledem k malému

mnozstvi ziskanych dat povazovat jen za velfitilggné.
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Silicified wood from the Czech part of the Intra Sudetic Basin
(Late Pennsylvanian, Bohemian Massif, Czech Republic):
systematics, silicification and palaeoenvironment

Vaclav Mencl, Petra Matysova and Jakub Sakala, Prague
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MENCL, V., MATYSOVA, P. & SakALA, J. (2009): Silicified wood from the Czech part of the Intra
Sudetic Basin (Late Pennsylvanian, Bohemian Massif, Czech Republic): systematics, silicification
and palaeoenvironment. — N. Jb. Geol. Paldont. Abh., 252: 269—-288; Stuttgart.

Abstract: Silicified trunks, colloquially called “araukarity”, are plentiful plant fossils of the Late
Pennsylvanian in the Czech part of the Intra Sudetic Basin (ISB) in NE Bohemia. They are pre-
dominantly embedded in Zaltman Arkoses, a unit of fluvial sediments deposited during Barruelian,
Late Carboniferous. This unit is a part of the Odolov Formation with the richest outcrops in the area
of “Jestfebi hory” (Hawk Mts.). Since GOEPPERT (1857) firstly described these fossils as species
Araucarites brandlingii and A. schrollianus, interpreting both as conifer woods close to the Arauca-
riaceae, they have later never been re-examined or studied as a whole by any modern analytical
methods. As the original material of GOEPPERT was unavailable to our study, we re-evaluated the
previous taxonomical assignments on the basis of newly collected material and supplemented a
detailed description of their mineral matter (petrography, mineralogy). Following the modern classi-
fication, A. brandlingii (= Dadoxylon brandlingii) describes the wood of cordaites, and Araucarites
schrollianus (= Dadoxylon saxonicum syn. Dadoxylon schrollianum) is a name of conifer wood, but
our systematical study proves only the presence of cordaites. The pycnoxylic stems were silicified
in alluvia without apparent influence of volcanic material. Data from sedimentary structures were
used for reconstructions of palacostreams. The weathering of feldspars is presumed as a source of
silicification amplified by the oscillation of water table under seasonally arid periods within Late
Pennsylvanian/Early Permian long climate cycles. This mode of permineralization is responsible for
frequently poor preservation and high recrystallization of these fossils. Their mineral mass consists of
pure highly crystalline quartz without other SiO; phases. Cathodoluminescence (CL) microscopy and
spectroscopy revealed a polyphase process of silicification including influence of thermal fluids
which healed cracks in previously silicified mass. It is possible that all these facts responsible for
poor preservation of anatomical features of Dadoxylon wood type have precluded its more detailed
taxonomical study for more than one century.

Key words: silicified wood, Dadoxylon, a-quartz, petrography, cathodoluminescence, imaging,
Late Pennsylvanian, Intra Sudetic Basin, arkoses, fluvial sediments.

1. Introduction
1.1. Historical insight

In the area of Jesttebi hory (Hawk Mountains, Czech
part of the Intra Sudetic Basin — ISB), silicified trunks

DOI:10.1127/0077-7749/2009/0252-0269

colloquially called “araukarity” (in Czech) have been
known for a long time. The first scientific description
was done by HEINRICH ROBERT GOEPPERT, a famous
palaeontologist from the University of Wroclaw. He
once received several samples from Benedikt Schroll,

0077-7749/09/0252-0269 $ 5.00
©2009 E. Schweizerbart’sche Verlagsbuchhandlung, D-70176 Stuttgart
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Fig. 1. 1-4: Permo-Carboniferous basins of the Czech Republic with the position of the Intra Sudetic Basin (1 — Lugic
Basins with ‘1d” as the Czech part of the Intra Sudetic Basin; 2 — Central and Western Bohemian basins, 3 — Upper
Palaeozoic of the Krusné Mts., 4 — furrows). 5-8: Simplified geological map of the Czech part of the Intra Sudetic Basin
with a highlighted area of the Hawk mountains (5 — Upper Cretaceous, 6 — Triassic, 7 — Permo-Carboniferous, 8 —Zaltman
Arkoses (Odolov Fm.), some tectonic faults or grabens marked) modified after REporT (1994) and PESEK et al.

(2001).

a local mine and factory owner living in the area of
Hawk Mts., and accepted his invitation. Schroll as
an amateur geologist and collector possessed several
pieces of local silicified fragments and recognized
xylem structures within them. GOEPPERT came to the
Hawk Mts. for the first time in 1856. He explored the
whole region and specified that silicified woods
occurred in the area of about 30x7.5 kilometres
(GoeppeRT 1858). The biggest amount of trunks was
found on the Slavétin hill and in a neighbourhood of
Brendy village. He named this place “Radvanice fossil
forest” (Versteinerter Wald bei Radowenz) and con-

sidered it to be of a world uniqueness. In the area of
the Hawk Mts., he estimated the total mass of woods
to almost 1700 tonnes. The length of stems reached
about 6 m in some cases and average thickness varied
between 40 and 50 cm. Some stems were circular in
cross-section but most of them were oval because of
compression. On the surface of all stems there were
obvious striac but bark was not preserved or only very
exceptionally (GOEPPERT 1858). On some logs, knots
with fragments of branches with a maximum length of
45 cm were discovered. The largest trunks had cavities
up to 7 cm in diameter and reportedly also growth
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Fig. 2. Stratigraphy of the Intra Sudetic Basin in comparison with the KrkonoSe-Piedmont and Central and Western
Bohemian basins; positions of the fossil wood (small log) and supported climatic phases marked, compiled after SKOCEK
(1970), TASLER et al. (1979), PESEK et al. (2001), ROSCHER & SCHNEIDER (2005), and OpLUSTIL & CLEAL (2007). Notes to
pictures: cloud — humid or seasonally humid climate, sun — seasonally dry to seasonally arid climate.

rings, 2.5 to 8 cm wide. GOEPPERT (1857, 1858) con-
sidered light-grey chalcedony and chert as the main
components forming the permineralized stems. After
a microscopic study based on the similarity to the
wood of modern Araucaria, GOEPPERT (1857, 1858)
classified these silicified woods to two following
species: the previously described Araucarites brand-
lingii (LinDL. & HUTT.) GOEPP,, and his newly erected
Araucarites schrollianus GOEPP. (GOEPPERT 1857).
He interpreted both species as belonging to a group
of conifers (type Araucarites). Furthermore, he de-
scribed the fossiliferous rock Zaltman Arkoses (Sand-
steinfelsen) as the Upper Carboniferous part of a black
coal bearing unit (Steinkohlenformation). GOEPPERT’S

works raised attention of a lot of scientists and
amateur collectors. An unwanted consequence was
that most of deposits had been spoiled or destroyed
during following years. The locality followed the
unlucky fate of once famous silicified Dadoxylon
wood formed in very similar facies in the Kyffhauser
Massif in Germany (ROSSLER 2002).

Although many authors (e.g., STUR 1877; Ma-
KOwsKY 1878; KATzER 1892; PETRASCHECK 1924;
PURKYNE 1927; BREZINOVA 1970) wrote about this
area and its silicified wood in general, nobody has
studied both wood anatomy and systematics in detail
since GOEPPERT.
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1.2. Current research

In this contribution, we focused on newly discovered
silicified trunks, still very common in the studied area
(Me~cL 2007). Silicified trunks are found almost in
all large Late Palaeozoic basins in the Czech Republic
shown in Fig. 1 (PESEK 1968; HoLuB et al. 1975;
TASLER et al. 1979; REPORT 1994; PESEK et al. 2001).
They are mostly embedded in very similar sedi-
mentary sandstones or arkosic units (SKOCEK 1970;
TASLER et al. 1979; PESEK et al. 2001; MATYSOVA
2006; MEeENncL 2007; OrLUSTIL & CLEAL 2007 and
references therein; Fig. 2) that correspond to drier
intervals from the Stephanian to the Early Permian
mentioned by OPLUSTIL & CLEAL (2007). Contrary to
other Permocarboniferous basins in the world with
variable types of fossil wood/plants (e.g., FALCON-
LANG & Scort 2000; FALCON-LANG & BASHFORTH
2005; ROssLER 2006; UnHL 2006; WAGNER &
MayoraL 2007), only one type of wood (Dadoxylon)
is considered to be present in the Czech part of the
Intra Sudetic Basin. Fossils are very recrystallized,
probably preserved without any direct influence of
volcanism, and fit to Barruelian sedimentary units
(Fig. 2).

The systematical study of the newly collected
material presents only one aspect of our work; we
paid attention to geological setting and orientations
of trunks in fluvial deposits (VALIN 1960; Liu &
GASTALDO 1992; BRIDGE 2003; GASTALDO & DEGGES
2007), furthermore to mineralogical, petrographical

and instrumental analyses in the sense of the work
done by MarysovA (2006) and MATYSOVA et al.
(2008). Microscopic studies as well as geochemical
analyses were undertaken on polished thin slides or
sections. For petrograhic description of SiO, the inter-
national classification was used (FLORKE et al. 1991).
For textures of SiO, crystals in permineralized plants
we used terminology published by WEIBEL (1996) and
references therein. Cathodoluminescence microscopy
and spectroscopy (CL) proved very useful in quali-
tative and quantitative analysis of mineral matter
creating the fossil trunks (GOTZE & ROsSLER 2000;
GoTzE & ZIMMERLE 2000; GoTzE et al. 2001;
MATYSOVA et al. 2008) or just various mineral grains
(e.g., GOTTE & RICHTER 2006). All new gathered data
served as a clue for upgraded framing such fossils into
basinal history and palacoenvironment.

2. Geological setting

The Czech part of the Intra Sudetic basin is situated
in the NE part of the Czech Republic (Fig. 1). Its
stratigraphical range of deposits is the widest among
all Czech Late Palaeozoic basins. The sedimentation
was continuous (except for several hiatuses) from
the Mississippian to the Middle Triassic (PESEK et al.
2001; OpLuSTIL & CLEAL 2007). The maximum
thickness of deposits is about 3500 m (CHLUPAC et al.
2002). The whole set is divided into 8 formations with
a well established correlation to European stratigra-
phical units (after TASLER et al. 1979; TASLER et al.

Table 1. List of selected representative permineralized samples of Dadoxylon sp. from the Hawk Mts. (Intra Sudetic
Basin). Cathodoluminescence measurements (CL) of chosen samples marked by i (imaging) and s (spectroscopy).
Abbreviations: VS (in Czech) means Intra Sudetic Basin, OdFm — Odolov Formation (Zaltman Arkoses), s.a.d. — secondary
alluvial deposits, * — without stratigraphic assignment, gtz — quartz (SiO,), K-fId — K-feldspars.

Sample Description of deposit Stratigraphy Mineralogy CL
VS1 fragment from a memorial — unknown origin ~ * qtz i
VS2 fragment from a bigger trunk — on a road s.a.d. qtz i
VS3 outcrop —Zaltman OdFm qtz i
VS4 weathered on surface s.a.d. qtz i
VSé6 freely in a stream s.a.d. qtz is
VS7 on a track in wood s.a.d. qtz is
VS10 weathered material — marshland s.a.d. qtz

VS11 artificial assemblage * qtz

VS12 surface of a field s.a.d. qtz

VSi3 artificial assemblage * qtz

VSi14 artificial assemblage * qtz

VS21 in a stream s.a.d. qtz + K-fld i
VS34 in a stream s.a.d. qtz

VS35 in a stream s.a.d. qtz
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Fig. 3. Dadoxylon sp. (macroscopic photos). A — Silicified trunk in allochthonous position, Hronov locality. B — Silicified
trunk secondary embedded in Quaternary deposits, U Studanky locality. C — Silicified wood in monument, MarkouSovice.
D — Fragment of silicified stem with a branch remain. E — Silicified trunk with a central pith of Artisia-type.
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Fig. 4. Palacoflow directions (A) and directions of the longest axes of stems (B).

in PESEK et al. 2001; Fig. 2). The axis of the basin is
oriented in NE-SW direction congruently with the
centre lines of the other Late Carboniferous limnic
basins of the Bohemian Massif. The Intra Sudetic
Basin joins on the SW edge the Krkonose Piedmont
Basin, from which it is separated only by the Hronov-
Pofici Fault. The basin is interlaced by numerous
tectonic faults of a variable extent (Fig. 1).

Except for the very oldest part, the filling of the
basin is purely continental. Sediments have mostly a
fluvial or proluvial character, in some levels with
finer deposits of temporary lakes or swamps. Volcanic
material is present in several units. Silicified wood can
either be found directly embedded in the arkosic
sediments of Barruelian age (Jivka Member of Odolov
Formation), which are called Zaltman Arkoses (Fig.
2), or spread in neighbouring fields, meadows or
forests in the form of fragments or trunks. Their best
outcrops are in the area of the Hawk Mts. where the
Zaltman Arcoses rise up to the surface. These strata
are mainly composed of more or less coarse arkosic
conglomerates and sandstones, deposited by river
streams (VALIN 1956, 1960) and they lack any com-
pressions of leaves or reproductive organs.

3. Materials and methods

In the area of the Hawk Mts. we collected several hundreds
of samples of silicified stems, and the databases of photos
and information for palaeoecological reconstructions have
been improved considerably (Table 1; MENncL 2007) Results
gained from samples belonging to the National Museum in
Prague (MATYsovA 2006) were also considered. For the
trunks embedded in the original sediment, a standard geo-

logical compass was used to measure their azimuth and
inclination and the surrounding stream structures (bed-
forms) in order to reconstruct the direction of palaco-
streams, and the reaction of the wood during its sedi-
mentation. The values were corrected using the software
STEREONETT 2.02 and the results were subsequently
plotted in the geological map with the help of the pro-
gramme ArcGIS 9 (application ArcMAP 9.2). Several tens
of the best preserved samples were selected to make thin
sections and study them with microscopic and other instru-
mental techniques. Each chosen sample of silicified wood
was cut in 3 directions: transverse, tangential and radial.
Systematic parameters were finally processed by Anova
programme.

For microscopic observations of standard (polished) thin
sections in transmitted light (PPL) and polarized light
(XPL) optical microscopes Olympus BX-51 and Olympus
BX-60 were used. Microscope Leica with fluorescence
regime in UV spectral scale was used for observations of
transverse polished sections in reflected light. Cathodolu-
minescence imaging was performed with a “hot cathode”
CL microscope Simon-Neuser HC2-LM (Masaryk Uni-
versity, Brno, Czech Republic), which enables both light
microscopy and cathodoluminescence microscopy without
sample readjustment. The electron gun was operated at
14 keV with a current density 10-40 pA-mm-2 in vacuum
(10-¢bars). The luminescence images were taken by a digital
camera Olympus C-5060. CL spectral measurements were
carried out on a “hot cathode” CL microscope HC1-LM
(TU Bergakademie Freiberg, Germany) under the same
experimental conditions as to imaging in MU Brno. EG&G
digital triple-grating spectrograph with CCD detector,
which was attached to the CL microscope by a silica fibre
guide, served to gain CL spectra. Thin sections were carbon
coated before CL measurements to prevent build-up of
electrical charge. Spectra were firstly processed by Micro-
soft Office Excel 2003 and subsequently evaluated in
OriginPro 7.5 (OriginLab, USA). Spectral deconvolution to
Gaussian components & examination of 2nd derivatives of
smoothed spectra was used to find maxima of luminescence
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Fig. 5. Radial tracheid diameter in transverse section; x — diameter (um), y — number of tracheids.

bands. Selected one-sided planar remains from cutting of
samples were measured by X-ray diffraction (XRD) to
identify mineral matrix of the permineralized samples using
Siemens D5005 diffractometer. Diffractograms were proces-
sed using PANalytical HighScore search/match programme.

4. Results
4.1. Sedimentology

Three main types of occurrences of the fossil trunks
have been recognized in the field: sedimented hori-
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0 | .
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3 4

Number of rays
[A)
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zontally as allochthonous material and embedded in
fluvial sediments (Fig. 3A); in secondary alluvia
without any relation to the original sediment (Fig.
3B), and artificially removed in relation to human
activities (monuments, communal town decorations;
Fig. 3C). VaLiN (1956, 1960) described 17 outcrops
of the first category, which can be directly used to
measure the orientation of the trunks. Unfortunately,
most of them are destroyed nowadays. Nevertheless,
we have discovered several other useful outcrops.
Finally, we selected 8 localities with 14 stems em-
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Fig. 6. Histogram of height of rays in tangential longitudinal section.
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Fig. 7. Sketch of bordered pits in a radial wall of tracheids
in the specimen VS 12 — cordaite type.

bedded in sedimentary strata. The orientation of the
trunks themselves was studied as well as the sedi-
mentary structures in their neighbourhood to re-
cognize the direction of palaeostreams.

The fossil logs are mostly oriented in NW or WNW
directions. Fossil trunks are relatively short, preserved
without bark or branches, often damaged or split into
pieces that are surely due to the transport in torrential
rivers together with gravel and sand. The logs are
shorter than axes of bedforms, which are in our case
utmost about 10 m that, in accordance with the ob-
servations by BRIDGE (2003), means that the logs laid
almost perpendicularly to the palaecostream (Fig. 4).
Moreover, the logs are embedded on the bottom of
sandy channels with very coarse residual gravel that
indicate their transport during extreme floods. The
river behaviour can be interpreted as an intermediate
type between braided and meandering (MARTINEK,
pers. comm.).

4.2. Palaeobotany

Gymnosperms
Dadoxylon ENDLICHER
Dadoxylon sp.

Specimens: VS10, VS11, VS12, VS13, VS14, VS21,
VS22, VS28,VS29,VS34, VS35.

Description: Transverse section (Figs. 5, 8A, B) — Growth
rings indistinct. Tracheids thin-walled, round or oval in

cross-section or irregular in shape when compressed, placed
in deformed radial lines. Radial diameter 40-100 um (mean
63 um, n = 180). Axial parenchyma absent.

Tangential longitudinal section (Figs. 6, 8C, D) — Tracheid
pits not observed. Rays mostly uniseriate (74 %), partly
biseriate (25 %) or triseriate (1%) and generally medium
(9) in height sensu IAWA COMMITTEE (2004) with total
extent of 3-30 cells. Ray cells round to oval in section. The
density of rays varies between 3 to 9 (mean 5) rays per
tangential mm.

Radial longitudinal section (Figs. 7, 8E, F) — Tracheid
pitting in radial walls (preserved only in 6 samples VS10,
VS12, VSI13, VS21, VS34, VS35) 2-3(-4) seriate and
alternate (araucarioid). Pits bordered, hexagonal, crowded,
covering all width of a tracheid wall. Pit diameter 10-12
(-20) um. Cross-field pitting not observed.

All here described specimens are characterized
only by the structure of the secondary xylem, the
features of primary xylem as well as pith are lacking.
The wood is homoxylous pycnoxylic without axial
parenchyma and resin canals, traumatic or normal. Its
age (Late Pennsylvanian, Barruelian) and the overall
“araucarioid” character (alternate multiseriate tra-
cheid pitting in radial walls with uniseriate rays and no
parenchyma) allow its safe attribution to the morpho-
genus Dadoxylon ENDLICHER. However, a more accu-
rate attribution on a specific level remains problematic
because the stems are strongly recrystallized by highly
crystalline quartz (see 4.3.1. below). Some of the fea-
tures cannot be detected (cross-field pitting), some of
them only rarely and in a bad state, e.g. pits in radial
tracheid walls are visible only rarely thanks to pig-
mentation that highlights their outlines. Therefore, we
prefer to leave our woods in open nomenclature,
designate them as Dadoxylon sp. We used this generic
name following VOGELLEHNER’s (1964) concept as the
only correct name for an araucarioid type of second-
ary xylem where neither primary xylem nor pith is
present. Nomenclatural discussions, e.g., priority of
Pinites LINDLEY & HutTON over Dadoxylon END-
LICHER (see BAMFORD & PHILIPPE 2001), are beyond
the scope of this paper.

The fossil record of this case exists only in forms of
decorticated trunks or thicker branches; bark, small
branches and other co-occurring plants remains
(leaves, reproductive organs etc.) that could facilitate
the systematic attribution of the fossil wood are
absent. The only exception is represented by two
extraordinary specimens that we had an opportunity to
study during our field-work. They possessed other
unique macroscopic features: the first one (Fig. 3D)
has one solitary rest of a branch preserved without any
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Fig. 8. Dadoxylon sp. (microscopic photos). A — Transverse section, VS12, scale bar 1 cm. B — Transverse section, thin-
walled tracheids, VS14, scale bar 50 um. C — Tangential longitudinal section, uniseriate rays, VS14, scale bar 100 pm.
D — Tangential longitudinal section, biseriate ray, VS12, scale bar 50 um. E — Radial longitudinal section, alternate
(araucarioid) pitting, VS12, scale bar 100 um. F — Radial longitudinal section, araucarioid pitting, VS35, scale bar 25 pm.

indication of the branch in the close proximity, the 4.3. Geochemistry

second one (Fig. 3E) shows the pith of Artisia-type.

Both these features are considered to belong to cordai-  4-3.1. Mineralogy and petrography

taleans (e.g., NoLL et al. 2005). All samples from ISB (Table 1) are mainly permin-
eralized by pure a-quartz (a-SiO;) of a high crystal-
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1 mm

Fig. 9. Demonstration of particular mineralogy of Dadoxylon sp. From left: Normal light (PPL), polarized light (XPL) and
cathodoluminescence (CL) pictures of sample VS21. A-C — Transverse section, D-F — tangential (longitudinal) section.
Dotted line in A indicates strong fragmentation of secondary xylem, surrounded by allochthonous sedimentary grains
(viz C). Short-lived blue CL in C and F as a secondary overprint of silicification. E shows preferred orientation of qtz grains
respecting anatomy of tracheids. Yellow CL in F is attributed to hydrothermal quartz. Abbreviations: K-flds — K-feldspars
(stable bright blue CL), gtz — allochthonous crystals of quartz, also of volcanic origin (violet CL), ms — visible microscope
slide. Further explanation in the text.

1 mm

1 mm

Fig. 10 (Legend see p. 279)
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Fig. 11. Illustration of particular petrography in tangential longitudinal section (VS21): A (PPL), B (XPL), C (XPL shift
30°). Megaquartz grains are arranged in domains that respect the former anatomy of tracheids (secondary xylem) in the

longitudinal direction.

linity as was proven by XRD in bulk samples and
petrography microscope in a microscopic scale. Fur-
thermore, fragments of wood are often “contaminated”
by allochthonous sediment, such as polymict quartz
grains, K-feldspars, or clay minerals, mainly kaolinite,
as was analytically proved by XRD or visualized by
CL (Fig. 9A-C). The absolute majority of the samples
are highly recrystallized. Although the rough ana-
tomical features are more or less visible, tiny ana-
tomical details such as pits or cross fields are mostly
unreadable (see 4.2 above). Wood is very often un-
evenly pigmented by Fe,Oy, and sometimes this
pigmentation helps to highlight/preserve particular
tiny anatomical details, such as tracheids and pits.
Obviously, the residual coalified organic matter is
almost or completely missing. In petrographical terms
used to classify SiO, polymorphs (FLORKE et al.
1991) and quartz textures in silicified plants (e.g.,
WEIBEL 1996; MaTysovA 2006; MATYSOVA et al.
2008, and references therein), the best preserved parts
of secondary xylem were mostly permineralized by
microcrystalline quartz (“microquartz”, 5-20 pm in
diameter) mainly being arranged in polyblastic
textures. On the other hand, the presence of macro-
crystalline quartz (“megaquartz”, 20-2000 pm across)
is by far more frequent in our samples, particularly in
hyperblastic textures not respecting former anatomical
arrangement of plant tissues. These types of silica
crystals vary in both size and shape through the whole
collection of thin sections. It is interesting that XPL

pictures of transverse and longitudinal cuts are very
different. An apparently chaotic arrangement of SiO,
crystals in recrystallized transversal cuts (Figs. 9B,
10E) looks in longitudinal sections as megaquartz
crystals elongated along the tracheids (Figs.9E,
11A-C). These samples were often heterogeneous,
broken by abundant fissures of a various size, passing
across the secondary xylem, and frequently the
“fragmentation” of the former plant tissue produced a
misoriented mosaic of preserved wood in a purely
inorganic non-templated secondary silica mass (Fig.
9A). The cracks were often filled by large idio-
morphic megaquartz crystals, agate-like structures of
microquartz, or palisades of fibrous quartz (Fig. 10B).
Different silica arrangements in cracks etc. mark later
steps of permineralization, probably thanks to tectonic
movements that caused mechanical breakage of plant
fossils (see part 2).

Due to high SiO, crystallinity, coarseness, large
recrystallized parts and frequent fissures, silicified
samples of Dadoxylon type from ISB are often hetero-
geneous, incompact, and frequently mechanically dis-
integrated. Therefore, their thin section processing
was not easy, and on some of them a microscope slide
is obvious through (Fig. 9D-F).

4.3.2. Cathodoluminescence

CL microscopy was used on 7 samples marked in
Table 1. CL imaging revealed conspicuous hetero-
geneity of siliceous mass that seemed to be uniform at

Fig. 10. Demonstration of particular mineralogy of Dadoxylon sp. on transverse sections. From left: Normal light (PPL),
polarized light (XPL) and cathodoluminescence (CL) pictures of samples VS6 (A, B, C) and VS7 (D, E, F). A-C —
Secondary fissure inside the wood sample fulfilled by well-zoned hydrothermal quartz, bordered by reduction line consisted
of clay minerals and Fe;Oy; D-F — conspicuous geochemical patterns in wood structure. Complicated mechanism of
silicification proved by different CL shades (F) of uniform siliceous mass (D, E). Abbreviations: gtz — quartz, c/m — clay

minerals (stable blue CL). Further explanation in text.
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Table 2. Results of spectral CL measurements and their assignment. For spectra see Figs. 12-13.

Shade CL Cathodoluminescence maximum [nm] Assignment
VSé6 VS7

short-lived blue (initial) 451 447 450 nm

stable blue (initial) - 438

yellow (initial) 585 _ 580 nm

(after 60/120/180 sec) (637/641/643)

stable red 649 640 620-650 nm

first sight in transmitted light (PPL, XPL). Silicifi-
cation proceeded in several distinct environments
under a varying temperature and chemical compo-
sition, and the silicification resulted in silica mass in
wood that is rich in microscopic impurities, sub-
stitution of Si, and abundant defects in the crystal
lattice. Some of so called intrinsic or extrinsic defects
are CL activators.

Prevailing CL shades in the silicified fossils from
ISB are: stable red — typical for primary siliceous
mass, les commonly stable blue; and short-lived blue
CL - typical for secondary overprints, which passes
into stable red CL after longer exposition (see also
Matysova et al. 2008). Some of these shades alter-
nate through thin sections, sometimes are not anti-
cipated, sometimes reflect domains of recrystalli-
zation, where already the appearance of SiO; in PPL
seemed to be different (Fig. 10D-F).

CL spectroscopy was performed on two repre-
sentative thin sections, VS6 and VS7. It served to a
detailed spectral study of prevailing CL shades that
are not megascopic. It was supposed that every CL
shade corresponds to a particular CL activator in the
crystal lattice. Acquired CL spectra show several CL
emission bands (Figs. 12-13; Table 2). Time de-
pendent short-lived blue CL around 450 nm in «-
quartz (see Figs. 12A, 13A; Table 2) is supposed to
be typical in quartz crystallized from hydrothermal
solutions (GoTzE 2000; GOTZE et al. 2001 a, b; WITKE
et al. 2004; BocGs & KRINSLEY 2006). The typical
change from initial blue to final brown CL colours
(Fig. 12A) is caused by the rapid decrease of the CL
emission bands just below 400 nm and about 450 nm
and the associated increase of the red emission band at
about 650 nm.

Transient yellow CL unexpectedly appeared in
samples VS1, VS6 and VS21. It was detected for the
first time in Czech samples of silicified wood. In VS6
(Fig. 12B; Table 2) it was observed particularly in
large fissures healed by idiomorphic quartz grains

(Fig. 10C) whereas in VS1 or VS21 the yellow CL
appeared in patches of silica mass with wood struc-
tures (see Fig. 9F). During the measurement transient
yellow CL passed to stable red CL with the same
emission maximum as in the case of short-lived blue
CL (Table 2).

CL also very well displayed some allochthonous
sedimentary grains, such as clay minerals (blue CL
along fissure healed by hydrothermal quartz in Fig.
10C), grains of K-feldspars (bright blue CL of angular
grains) or detritus quartz grains (plutonic? qtz —
darker blue CL, qtz of supposed volcanic origin —
violet-reddish CL). CL intensity of these admixtures
was so high that it overshadowed CL of wood (Fig.
9C).

5. Discussion

5.1. Taxonomical assignment, taphonomy and
their importance

The wood of Dadoxylon-type generally represents
both cordaites and conifers and their distinction based
only on the anatomy of secondary xylem is not easy.
DOUBINGER & MARGUERIER (1975: 40) distinguished
three groups (Dadoxylon of type I-1II) in which the
first group belongs to cordaites and the second one
to primitive conifers of Walchia-type. Distinctive
features are outlines of tracheids in cross-section,
presence of growth rings, tracheid pitting in radial
walls, cross-field pitting and height of rays. Most
recently, the wood of Dadoxylon-type was reviewed
in detail by NoLL et al. (2005). Authors specified the
following features, which help to distinguish the wood
of cordaites from that of conifers: arrangement and
outlines of bordered pits in radial tracheid walls of
secondary xylem, a shape of the transition between
the primary xylem and the pith, external and internal
disposition of the pith, leaf traces and branching. It
is obvious that NoLL et al. (2005) contrary to Dou-
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BINGER & MARGUERIER (1975) used not only the
secondary xylem but also other parts of fossilized
stems that, however, are rarely present.

In spite of rather bad preservation of our speci-
mens, we could definitely use the character which is
common to both classifications: pitting in radial
tracheid walls. The bordered pits observed in PPL in
radial sections of several specimens have a typical
hexagonal outline and they alternate in 2-4 rows,
covering almost the entire width of the radial tracheid
wall (Figs. 7, 8E, F). Moreover, Anova programme on
radial tracheid diameter and height of rays (Figs. 5, 6)
showed results with insignificant deviation that means
that samples of wood are very similar to each other.
Consequently we interpret these woods as belonging
to cordaites. Another evidences confirm our obser-
vations; the piece of the stem possessing the solitary
knot, which has no indication of a branch in the close
proximity meaning the absence of pseudo-verticillate
branching (Fig. 3D), and the typically fragmented pith
of Artisia-type (Fig. 3E). Both such findings further
indicate a cordaitalean affinity (NoLL & WILDE 2002;
NoLL etal.2005), even if we could not analyse second-
ary xylem of these two samples due to their insuf-
ficient preservation. Unfortunately, the co-occurring
plant remains as leaves or reproductive structures that
could facilitate the systematic attribution of the fossil
wood are absent in the whole Jivka Member. Sum-
marizing this part we can say that our new obser-
vations of petrified stems cannot confirm the presence
of conifers contrary to GOEPPERT’s (1857, 1858) ob-
servations, which point to both groups in the Rad-
vanice fossil forest — cordaites and conifers; GOEP-
PERT’S Araucarites brandlingii (LINDLEY & HUTTON)
GOEPPERT, known today as Dadoxylon brandlingi
(LINDLEY & HUTTON) FRENTZEN, corresponds to the
wood of cordaites and his Araucarites schrollianus
GOEPPERT = Dadoxylon schrollianum (GOEPPERT)
FRENTZEN is the wood of conifers. Moreover, we never
found growth rings in our samples as (GOEPPERT
(1857,1858) described (compare 1.1.vs.4.2.); we only
observed the so called “false” growth rings (IAWA
CoMmMITTEE 2004: 16) or ring-like structures that
appear in secondary xylem for instance due to dia-
genetic mechanical compaction (NoLL & WILDE 2002;
NoLL et al. 2005; MaTysova et al. 2008).

The poor preservation of plant tissues and frag-
mentary preservation of silicified decorticated stems
represent a typical problem met in analyses of Late
Palacozoic Dadoxylon wood type, and, maybe, the
general reason of unsatisfactory taxonomical assign-

ment of silicified stems found in alluvial facies. The
differentiation between cordaites and conifers is,
however, of great importance with respect to a global
environmental change around Carboniferous/Permian
boundary. While cordaites had flourished in equa-
torial Pangean uplands during the Westphalian (e.g.
FaLcoN-LANG & Scort 2000; FALcON-LANG &
BasHFORTH 2005), the Permian upland flora consisted
mostly of conifers (NoLL & WILDE 2002; DIEGUEZ &
Lopez-GoMEz 2005; UnL 2006), e.g. of Walchia-type
(WAGNER & MAYORAL 2007). A similar pattern was
recorded by the preserved specimens of Dadoxylon-
type of wood. DOUBINGER & MARGUERIER (1975: 42)
traced the stratigraphical significance of the fossil
record of their “Dadoxylon de type I-III” from the
Euramerican province, starting with Dadoxylon of
type I (cordaites), the most frequently found type in
Namurian, Westphalian and Stephanian times while
Dadoxylon of type Il (conifers) started in the Ste-
phanian with a maximum during the Stephanian/
Early Permian, and Dadoxylon of type III (probable
conifers) occurred mostly in the Late Permian. A sys-
tematic occurrence in favour of cordaites in the case
of the Zaltman Arkoses (Barruelian or Stephanian A)
where conifer stems were not yet confirmed can not
be excluded. In this respect, an exact re-assignment of
the silicified wood of Dadoxylon-type of Westphalian
D/Stephanian age from the Central and Western
Bohemia Late Palaeozoic basins (SKOCEK 1960;
PESEK 1968) will be of particular interest in the future.
Another possible explanation of a virtual lack of
conifers in our fossil wood record can be in tapho-
nomy. DIMICHELE et al. (2001) in their extensive
review of floral development in Late Carboni-
ferous/Early Permian flora as supposed that during
the Bolsovian-Westphalian D (Middle Pennsylvanian)
conifers persisted in seasonally dry climate periods in
uplands, which influenced the possibility being
preserved in fossil record. In river systems, alluvial
deposits gave more chance to preserve plants, which
grew closer to the river. Such a way of fossilization
could have preferred the cordaites from riparian or
transitional (piedmont) environments, rather than
more distant and ‘xerophilous’ conifers from uplands
(mountain areas).

Due to size and shape of pebbles in fossiliferous
layers we consider that transport of wood could
process in the distance of utmost 100 km (MARTINEK,
pers. comm.). This rather long transport probably
resulted in highly selected preservation of hard pyc-
noxylic wood only thanks to high resistance of stems:
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Fig. 12. Time dependent spectra (VS6) of short-lived blue CL (A) passing into stable red CL, and short-lived yellow CL

(B). Numerical CL spectral data in Table 2.

other remnants of plants or charcoals were not main-
tained, they should have been damaged during the
rapid transport in high energetic water stream systems
among coarse gravels and rock fractions. Most fossil
logs are oriented perpendicularly to the palacostream
direction (Fig. 4). These logs must have been deposi-
ted after their damage and breakage into pieces smal-
ler than approximately 10 m. The dominant palaeo-
stream directions were hence from the SW to the NE,
which corresponds with older observations on other
localities in the same basin (VALIN 1956, 1960; PESEK
et al. 2001). Thanks to the compactness of the
Dadoxylon kind of wood, no pebbles, cobbles or boul-
ders could be found enclosed in our samples and the-
refore we could not for example do provenance analy-
sis as was done by Liu & GastaLpo (1992), or
GASTALDO & DEGGES (2007).

5.2. Cathodoluminescence, petrography, and
silicification

The aim of petrographic and cathodoluminescence
analyses was to understand the actual silicification
pathway of petrified trunks because this multiphase
and complicated process has still remained puzzling
(viz 5.3. below). We proved high crystallinity of the
SiO; in the stems by XRD, pure a-quartz can be an
inevitable consequence of aging the metastable forms
(see Moxon 2002). Sometimes quartz was accom-
panied by minor allochthonous admixtures, also
visualized by CL (Fig. 9C). No other phases of SiO,,
such as opal-A, opal-CT, or moganite (e.g. BREZINOVA
et al. 1994; WITKE et al. 2004), were found. Similar

conclusions were reached by MaTYsovaA et al. (2008).
CL imaging and CL spectroscopy revealed more
generations of SiO, by contrasting structures of
reddish and blue shades, and occasionally yellow
shades of CL (viz 4.3.2.). The preserved plant tissues
(the 1st generation of quartz) have usually a dark red
(620-650 nm) or stable blue CL (Figs. 10E, 12A, 13B;
Table 2). The second or further generations, showing
transient blue (~450 nm) and yellow CL (~580 nm;
see Fig. 12B), are mainly present in cracks and
fissures in the silica mass. Interestingly, in specimens
from KrkonoSe Piedmont Basin the short-lived blue
CL was less common than in ISB, and yellow was
absent (MATYsoOVA et al. 2008). These short-lived blue
CL and especially yellow CL shades point most pro-
bably to hydrothermal SiO, (GOTzE 2000; GOTZE et
al. 2001 a, b; BoGgGs & KRINSLEY 2006). GOTZE et al.
(1999) detected the yellow CL emission predomi-
nantly in agates and hydrothermal vein quartz with
high contents of oxygen vacancies (E’ centres) and
Si-substituting elements, and also in Permian silici-
fied wood from Chemnitz, Germany (GOTZE et al.
2001a, b; WITKE et al. 2004). It could be explained by
increased temperatures due to burial or tectonic
dislocations in the basin that caused first mechanical
ruptures and fragmentation and then healing the
cracks by the second generation of quartz (Fig. 10C).
CL can help to distinguish alluvial and volcanic
environment of silicification, because the latter pro-
duced more plentiful mineral phases with more
intense luminescence, which is obvious in com-
parison of our current and already published results
(MaTtysova et al. 2008), and with results published by
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blue (B). Numerical CL spectral data in Table 2.

GOTZE & ROssLER (2000), GOTZE et al. (2001b), and
WITKE et al. (2004). Besides, fossil plants from vol-
canic strata are in most cases much better preserved
including tiny anatomical details than those from
alluvia. Even if the mechanism of the silicification
process was studied a lot in the past (e.g., LAND-
MESSER 1994, 1995; WEIBEL 1996; LANDMESSER
1999), we still cannot say whether quartz crystals in
wood were formed straight from solution of HySiOy4
or through various hydrated SiO, phases (Opal-A,
Opal-CT, moganite etc.) because those were not de-
tected in our samples.

CL and XPL revealed that silicification must have
proceeded through tracheids because the specific
distinct CL patterns/generations of SiO, (Fig. 9F,
10F) reflect the only permeable route how silicic
species could pass through the wood with partly sili-
cified cellular walls. They passed via tracheids, and
the pits, which joined them, also took part in the
transport. Furthermore, XPL pictures domains of
equally oriented crystals (Fig. 11) which also support
this hypothesis.

CL and PPL can also visualize parts in wood with
different preservation of organic matter: so called
bleaching due to locally increased organic matter
consumption by fungi (e.g., DiEGUEz & LOPEZ-
GOMEZz 2005) under simultaneous action of repeating
changes of water table produced alterations of oxi-
dative and reductive conditions. The resulting dif-
ferent physico-chemical conditions likely caused
different quartz structural defects and hence different
shades of CL.

Because the Dadoxylon type of wood has quite
uniform and simple structure (NoLL et al. 2005,
SCHWEINGRUBER et al. 20006) it might have influenced
the specific way of arrangement of quartz crystals
within the stem. Abundance of hyperblastic “mega-
quartz” so typical of secondary overprint (Fig. 9E,
10B) is followed by tiny “microquartz”, which
appears in very well preserved tracheids as subordi-
nated to former uniform anatomy of secondary xylem.
It can also be seen in common recrystallized parts.
Such petrographical patterns, very often reflecting
a high level of recrystallization, are very similar to
those published by SkoCEk (1970), WEIBEL (1996),
and MATYSOVA et al. (2008).

Material from ISB is mostly pigmented by ferrous
oxides that are dispersed through the stems irregularly
and thanks to that, some of tiny anatomical details
were preserved/visible (pits, tracheids). Weathering of
arkoses is supposed to be the source of FexOy, the
important pigment. The presence of Fe oxides (instead
of sulfides) clearly indicates the resulting oxidation
conditions during the final stage of wood silicifi-
cation.

5.3. Silicification process and paleoenviron-
mental interpretation

Already in 1970, SKoCEK discussed a possible palaco-
environmental aspect of the formation of silicified
wood (SkoCEk 1970). In the Central and Western
Bohemian basins he noticed its presence in the
boundaries between the formations and attributed it
to periods of unstable humidity conditions, namely
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aridization of climate (SKOCEK, pers. comm.). Cer-
tainly, at least seasonal humidity was required to the
growth of large trees. On the other hand, seasonally
arid climate prevented stems from fast rot and total
decay of organic matter and simultaneously pro-
vided ground water supplying silicic acid. Fluctuating
water table was supposed as a prerequisite to wood
silicification in alluvial formations also by WEIBEL
(1996), PARRISH & FALCON-LANG (2007) and WAGNER
& MAYORAL (2007). Climate instability during Penn-
sylvanian and earliest Permian times was attributed to
instability (glacials/interglacials) of the South Gond-
wana ice sheet (SCHEFFLER et al. 2006). These South
Gondwanian deglacial cycles were correlated to
global climatic cycles in equatorial Pangaea (IzART et
al. 2003; RoscHER & SCHNEIDER 2005; SCHNEIDER et
al. 2006). On shorter time scales, Milankovitch-like
climate cycles were also acting during extensive
Gondwanian glaciation.

Before any palaeoenvironmental interpretation of
the occurrences of silicified wood in basinal sedi-
ments can be provided, it is necessary to distinguish
two main modes of silicification. The first one, sili-
cification after a volcanic material fall out (tephra
burial) — Chemnitz, Germany (RossLER 2006), or
silicification obviously closely influenced by vol-
canism — Balka, Czech Republic (PESEK et al. 2001) —
mirrors the palacoenvironment by almost completely
preserved plant morphotaxa, often preserved in an
excellent way. Such silicified assemblages can re-
present a nearly complete fossilized biome, usually
including numerous hygrophilous elements as if the
simultaneous presence of lakes was essential for sili-
cification (WAGNER & MAYORAL 2007). In the second
mode, there is riparian or upland vegetation preserved
in river alluvia, usually containing chemically un-
weathered minerals, such as feldspars and dark
minerals. Among others, subsequent weathering of
these minerals in seasonally arid environment is
supposed to produce silicic acid to successive per-
mineralization (SKOCEK 1970; MaATrysova 2006;
Matysova et al. 2008). Such deposits were studied in
this work, and similar deposits were also found in the
stratigraphic equivalent positions in other Czech
basins (Fig. 2) and in the Early Autunian Nova Paka
Sandstone of the Vrchlabi Formation (PESEK et al.
2001; MarysovA 2006; MarysovaA et al. 2008) and
other localities as Kyfthduser in Germany (ROSSLER
2002). Furthermore, allochthonous trunks from
alluvia possess complicated taphonomy because they
surely underwent transport to various extent during

which they were often damaged to a certain degree
(decortication, fragmentation etc.).

The alluvial occurrence of redeposited trees pro-
ducing araucarites in the Czech Massif was reported
in three to four stratigraphic levels (Fig. 2), that can
be correlated with four intraglacial/glacial cycles
recorded in S Gondwana (SCHEFFLER et al. 2000).
Silicified wood from the Petrovice Member (Bolso-
vian) was mentioned only in one reference (TASLER
et al. 1979). The other three stratigraphic levels with
silicified wood are confirmed by more references,
museum collections and by our own fieldwork. The
absence of regular growth rings in Dadoxylon wood of
the Barruelian age is worth mentioning. Between the
second silicified-wood-bearing strata in the Barrue-
lian (reported in this work) and the third one (Stepha-
nian C) there was a mid-Stephanian B humidity period
(PESEK et al. 2001; OpLUSTIL & CLEAL 2007). During
that humid period a large lake was formed across all
basins in the Bohemian Massif with a very rich flora
in its watershed and chiefly kaolinite-quartz silici-
clastic sediment — components indicating very intense
chemical weathering (HoLuB et al. 1975; Lojka et al.,
submitted). This climate alteration clearly proves a
palacoenvironmental significance of Dadoxylon type
of wood preserved in alluvia of unstable rivers as
indicators of seasonally arid climate supposed for
Barruelian. Unfortunately, any detailed palaeoen-
vironmental analysis has not yet been undertaken in
the studied area. Concerning the presence of growth
rings, Brison et al. (2001) concluded that even in
Mesozoic it could also be taxonomically controlled.
The authors instigate not to make conclusions from
anatomical features alone because it might be in some
cases false and misleading; in other words they claim
that some taxa cannot make any growth rings even if
they grew in highly seasonal climates. Therefore, the
lack of clear indications of growth rings in the Upper
Carboniferous Dadoxylon wood could not necessarily
mean a lack of seasonality. The similar explanation
was also given by FaLcon-LaNG & Scotrt (2000).
Their work deals with cordaites found as perminer-
alizations or charcoals in the Westphalian of Nova
Scotia, Canada and England. Their studied material
also lacked regular growth rings even if trees were
supposed to grow in seasonal climates (proved by
calcrete fragments in channel units etc.); it follows
that cordaites had to possess wood with a low sensi-
tivity to climatic seasonality. Moreover, we either
agree with the fact that cordaite logs being found in
fluvial sandstone units and such trees might grow in
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so called streamside niches where local environmental
anomalies could sometimes exist as irregular drought
periods, which might be recorded on anatomical level
as “false” growth rings.

6. Conclusions

Silicified wood is still very common in the Late Penn-
sylvanian of the Hawk Mts. (Intra Sudetic Basin,
Czech Republic), although many localities were de-
stroyed or damaged. Trunks or their remains can be
attributed systematically, they indicate seasonally arid
climate because crystal lattice of quartz reflects
specific environmental conditions, and should be con-
sidered by geologists and palacontologists as an
important stratigraphic indicator. The trunks are pure-
ly allochthonous, embedded in fluvial arkosic sedi-
ments, preserved in their original position of sedi-
mentation, in outcrops mostly weathered, decorti-
cated. Nowadays, it is not very easy to find such
stems; we discovered only 14 pieces. In addition to
these stems there is a big amount of stems or frag-
ments dispersed in the landscape or even pieces stored
in gardens, monuments, museums etc. From several
hundred stems we selected several tens of well pre-
served specimens to make thin sections for systematic
assignment, but tissue structures suitable for correct
determination were found only on seven specimens.

Even if absolute majority of stems are very poorly
preserved due to recrystallization of a-quartz, our
detailed study proved that there is only one type of
homoxylic wood in the study area — Dadoxylon sp. On
several specimens we found microscopical bordered
pits in radial tracheid walls typical of cordaites.
Furthermore, one trunk presents the Artisia-like pith,
the other has branching rather typical of cordaites.
Other suitable features were not preserved. All stems
are without bark, roots, small branches or any other
parts or plant organs that might be found in the same
stratigraphic level.

The allochthonous logs were embedded in fluvial
deposits crosswise or perpendicularly to the river
streams and in coarse-grained parts of the deposits.
Therefore, the stems were transported and embedded
only during increased level of rivers or during extreme
floods. A quite long and high-powered transport
damaged and split the stems, other parts of plant
bodies or less resistant plants were destroyed. The
river system into which the logs were deposited can be
interpreted as an intermediate type between braided
and meandering.

Detailed petrographical analysis revealed variable
permineralization in the former plant tissue, parti-
cularly thanks to strong recrystallizations (almost no
organic remains left). Cathodoluminescence micro-
scopy and spectroscopy exposed a multiphase
process of silicification and distinct defects in the
structure of silica crystal lattice. Hydrothermal quartz
in veins proved an important influence of higher
temperatures after burial or difficult genesis of wood
due to tectonic activity in the Intra Sudetic Basin.
Those processes as well as complicated taphonomy of
the wood were not favourable to wood preservation
thanks to which the wood is difficult to assign to
particular species. Finally, the specific silicification of
the wood in alluvial formation was possible thanks to
a fluctuating water table caused by a seasonally arid
climate. This generally agrees with a dry climate
phase supposed for this time span (Barruelian).
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mensim pro vagrantni bentos. Tento nesoulad 1ze vSak také
vysvétlit redepozici alesponi ¢asti zbytkt fauny kratce po
odumfeni organismu z nestabilniho svahu panevniho dna
do anoxického prostiedi. Souvislejsi zbytky trilobita véet-
né moznych exuvii jsou vSak s touto alternativou v rozpo-
ru. Nalez polohy intraformacni brekcie uvnitf sekvence je
naopak jednoznacnou indikaci pro alespon kratkodoby se-
dimentacni neklid. Ackoli vétSina nalezené fauny patii
k infaunim, kvaziinfaunim ¢i vagrantné bentickym prv-
kim, nebyly zjistény Zadné ichnofosilie (snad s vyjimkou
nékterych konkreci upominajicich na ichnorod Thalassi-
noides isp., viz také Rohlich et al. 2008). Jako moZnou pfi-
¢inu lze pripustit i uplné promiseni substratu (R. Mikulas,
ustni sdéleni). Nékteré polohy jilovcll ovsem jevi ndznaky
laminace, coZ by tuto moZznost vyluc¢ovalo.

Zavér

Lokalita patii zfejmé do relativné hlubokovodnéjsiho vy-
voje (viz Havlicek a Vanék 1990) stiedni ¢asti bohdalecké-
ho souvrstvi a je zfejmé partii starSi neZ polyteichovy obzor
i cela ,,polyteichova®™ (michelska) facie. Ta ma v blizkém

okoli studované lokality v Praze-Michli i typické lokality

svého vyvoje, které vSak byly zjiStény nejbliZe ve Vyskoci-
lové ulici a dile k JV (Havli¢ek in Kralik, red. 1983,
Rohlich 2006).

Prispévek byl podporen projekty VaV MKCR DE0O8P0O40OMG002
a GAAV IAA301110908. Dékujeme RNDr. 8. Mandovi za laskavé
poskytnuti mapky vyskytu ordoviku v oblasti Barrandienu.
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Nové poznatky o svrchné karbonskych prokiemenélych stoncich

stromovitych presli¢ek z Novopacka

New data on Upper Carboniferous silicified stems of calamites from the Nova Paka region
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Abstract: The described silicified stems of calamites come from
sediments near the town Nova Paka, which are of the Stephanian
C age. All of them are characterized by an alternation of
interfascicular rays and fascicular wedges with only one type of
tracheids and important amount of parenchyma, so they belong to
the form genus Arthropitys Goeppert. Cathodoluminescence
analysis shows quite well preservation of a specific pattern, which
might point to a volcanic influence during silicification. Based on
the presence of hygrophilous elements, the paleoenvironment and
climatic conditions of the site where the plants originally grew
can be considered as rather humid and swampy.

Podkrkonosska panev je obecné zndma Cetnymi nélezy
zkamenélych diev. Vedle tzv. araukaritd (dfev jehlicna-
tych rostlin typu Dadoxylon) a ¢asti stonkl stromovitych
kapradin rodu Psaronius jsou to piedev§im stonky rostlin
preslickovitych. V pfispévku ptindSime prvni vysledky
mezioborového studia prokiemenélych diev stromovi-
tych presli¢ek z okoli Nové Paky, pfedevsim pak z lokali-
ty Balka.
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Obr. 1. Vybrus ¢. 6b — XPL (# E6296, Narodni muzeum). Cast sekundar-
niho xylému, kde jsou fady tracheid i dlouhych paprski usporadany dia-
gondlné. V dolni ¢asti snimku je doprovézi tenkd tmava trhlina (téméf
neni rozeznatelna). Buiiky ve zdanlivé pfiristkové zon€ zde vypadaji vel-
mi smacknuté a objevuji se v levé dolni a v pravé horni ¢asti snimku;
transverzdlni fez.

Obr. 2. Vybrus €. 6b— CL (# E6296, Narodni muzeum). Popis CL barev je
uveden v textu. Dlouhd tenka trhlina podél dfevniho paprsku, ktera vyza-
fuje jasné modrou CL, se hakovité uhyba doprava, a to v z6n€ sekundarni-
ho xylému, ktera byla postizena kompakeci a makroskopicky se na prafezu
tedy jevi jako ,faleSny letokruh®. Drobounka Zlutd svitiva zrnka jsou
zbytky diamantového lestidla.

Geologicka situace

Podkrkonos$ské panev (PKP) je soucésti komplexu svrch-
nopaleozoickych kontinentalnich panvi Ceského masivu.
Studované tizemi leZi v okoli Nové a Staré Paky a s nejvétsi
pravdépodobnosti je tizce spjato s vyskytem tzv. plouznic-
kého obzoru, ktery stratigraficky nalezi do stfedni Casti se-
milského souvrstvi, stafi gzhel (stephan C). PlouZnicky ob-
zor je zndm pouze z j. Casti PKP, v s. Casti mu stratigraficky
odpovida obzor Stépanicko-Cikvasecky. Vystupuje v Uz-
kém pésu tdhnoucim se v.-z. smérem od Borovnice a Pecky
do s. okoli Nové Paky a pokracuje pres Starou Paku a Syfe-
nov az k vrchu Tébor. V plouznickém obzoru lze vyclenit
dvé polohy, jejichZ mocnost se pohybuje od 10 do 60 m. Je
tvoren prevazné pestie zbarvenymi vapnitymi prachovci a

jilovci s vloZkami tuft, tufitd, tufitickych a vulkanodetri-
tickych jemnozrnnych piskovct a lakustrinnich vapenci.
MeziloZi téchto poloh je mocné obvykle 10-30 m a tvoii
jej cervenohnédé aleuropelity a piskovce (PeSek et al.
2001). Zejména ve spodni poloze plouznického obzoru se
Casto vyskytuji coCkovité vrstvicky a hlizky karneolu a
zkfemenélych dfev riznych typa: vedle zkiemenélych
stonki preslicek to jsou stromovité kapradiny (typu Psaro-
nius) a kapradosemenné rostliny (typu Medullosa) (Maty-
sova 2004). K historicky zndmym nalezi$tim patii Borov-
nice, Lisek a Balka (s. od Nové Paky). Kvili absenci
vychozi plouZnického obzoru se na téchto lokalitach do-
sud nepodafilo nalézt zkfemenéla dreva v jejich ptivodni
pozici ve fosilifernim sedimentu, tj. in sifu. Nalézané ston-
ky jsou vétSinou druhotné uloZeny v kvartérnim aluviu, vy-
vétralé diky své vyssi odolnosti a pfenesené sem z pivod-
nich lokalit (Matysova 2006).

Systematicko-paleobotanicky popis

Z nékolika vzorkl byly vybrany ty, jejichZ stav zachovani
umoznil mikroskopicky popis na zdkladé studia lesténych
vybrusd. Na vSech je pfitomna dfefiovd dutina, druhotné
vyplnéna sedimentem. Na pficném fezu je na vzorcich pa-
trné stfidani fascikularnich oblasti, charakterizovanych
primarnim dfevem s typickymi karinalnimi kandlky, pre-
chéazejicim smérem vné do dfeva sekundarniho s uzkymi
drefiovymi paprsky, s oblastmi interfascikuldrnimi se Siro-
kymi dfefiovymi paprsky. Tento typ rozdéleni spolecné
s vyraznym podilem parenchymu, pouze jedinym typem
tracheid a typickym uspordddnim na podélném tangencial-
nim fezu (viz Taylor — Taylor — Krings 2009 na str. 351)
umoziluje zarazeni vzorkl do formalniho rodu Arthropitys
Goeppert (RoBler — Noll 2006, 2007). Pfitomnost formal-
niho rodu Calamitea Cotta (diive Calamodendron Brong-
niart) udavaného z Nové Paky (napt. Rossler — Noll 2007
na str. 169) se tak na zékladé studia dostupného materidlu
zatim nepotvrdila. Tteti typ zkamenélého dfeva stromovi-
tych preslicek (formalni rod Arthroxylon Reed) neni z No-
vopacka zndm.

Geochemicko-mineralogicky popis

V pletivech preslicek Arthropitys bylo charakterizovano
nékolik mineralogickych forem SiO,, které jsou vici sobé
rizné usporadany a odrazeji tak anatomické znaky dnes jiz
neexistujici rostliny. V sekundarnim xylému se ve vétSiné
pripadii nachazi mikrokrystalicky kifemen, ve vétSich tra-
cheidach (jejich lumenech) i makrokrystalicky, ktery né-
kdy vytvaii mozaiky (obr. 1). Sféroliticky chalcedon se
vyskytuje jen nékdy, zejména ve vzorcich popsanych
z okoli Staré Paky, patrné ze staropackych piskovct (Ma-
tysova 2006). Katodoluminiscen¢ni analyza jednoznacné
ukazuje, Ze vzorky z Balky maji sviij vlastni ,,chemicky
mod* a odlisuji se tak od jinych vzorkd z jinych lokalit po-
dobného stafi (napf. Chemnitz v Némecku, Autun ve Fran-
cii, oblast Huqf v Omanu). Nejvice se podobaji fosiliim,
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u kterych je zndm vliv vulkanismu béhem silicifikace (Ma-
tysové nepubl. data).

Mezi zakladni CL (horka katodova luminiscence) odsti-
ny SiO, hmoty v Arthropitys patii odstiny Cervené v pri-
marni hmoté/pletivu (mikro- a makrokrystalicky kfemen),
ruzové (sférolity chalcedonu) a krétce Zijici modré (rekrys-
talizace, dalsi faze silicifikace — obr. 2). Pfi vétSim zvétSeni
je CL schopna zachytit i vicevrstevnou bunécnou sténu tra-
cheid preslicky, kde ma kazda vrstva trochu jiny CL odstin
a anatomie bunécné stény je tak zietelnéjsi nez pii mikro-
skopii v normalnim svétle. Tento jev pravdépodobné sou-
visi s pritomnosti rdznych CL aktivatorti v jednotlivych
sektorech. Obecné je zatim predmétem diskuse, jaké kon-
krétni aktivatory se podileji na tom kterém CL odstinu a
zda se jedna o vnitni defekty v krystalové struktufe nebo
o nepatrné piimé&si konkrétnich prvkd (napf. AI** centra —
modra CL, viz Witke et al. 2004).

Diskuse

V panvich stfedoceskych, zapadoceskych, podkrkonosské a
vnitrosudetské existuji ekvivalentni barruelské horizonty
s téméf totoznym vyskytem silicifikovanych dfev typu Da-
doxylon (Mencl 2007, Matysova et al. 2008, Mencl et al.
2009). V okoli Balky u Nové Paky v PKP jsou o néco mladsi
vyskyty fosilnich difev druhové mnohem pestiejsi. Katodo-
luminiscen¢ni provenienéni analyza ukazuje, Ze fenomény
jako tektonicka aktivita, vulkanismus nebo termalni prame-
ny mohly mit za nisledek nékolikastupiiovou rekrystalizaci
fyzikalné odlisnymi mineralnimi roztoky (vulkanismus, epi-
¢i termélni roztoky). Obecné se zd4, Ze na Balkach mohlo
existovat i v ramci celkové suchého klimatického obdobi
(Mencl et al. 2009) mistni spolecenstvo s pievahou vlhko-
milnych prvki, napf. v prostredi jezernim ¢i bazinném, jak
tomu nasvédcuji zde popisované zbytky preslicek typu Ar-
thropitys ¢i nélezy silicifikovanych raselin.

Prdce je soucdsti juniorského grantu Grantové agentury Akade-
mie véd Ceské republiky & KJB 301110704. Vyzkum byl rovné%
podporen granty IAA300460510 a MSM0021620855. Autori dé-
kuji V. Prouzovi a Z. Simiinkovi za kritické posouzeni ¢ldnku.
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Silicified stems are very abundant in the upper Palaeozoic basins of the Czech Republic. The results of an
anatomical study of the silicified calamitalean stems from the KrkonoSe Piedmont and Kladno-Rakovnik ba-
sins are presented here for the first time. In the KrkonoSe Piedmont Basin, there are various silicified plant
remains, but the presence of calamitalean wood is restricted to only one stratigraphic unit, to the so-called
“PlouZnice Horizon”. Only a few data on the systematics of permineralised or petrified stems from the
Kladno-Rakovnik Basin are available, anatomical descriptions are largely lacking and fossilised calamitalean
stems were unknown. The fossils can be attributed to two species: the common Arthropitys cf. bistriata and
the rare Calamitea striata; the occurrence of the latter is limited to the KrkonoSe Piedmont Basin.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The Carboniferous-Permian of the KrkonoSe Piedmont area is
historically well known for its abundant fossil stems. Their frequency
and aesthetic value attracted the attention of local and foreign re-
searchers (Bfezinova, 1970), but a modern systematic overview is
still lacking. One might even say that in the past decades only col-
lectors have shown their interest. The fossil stems were illustrated
in several popular books on fossil plants (e.g., Dernbach, 1996;
Dernbach et al., 2002). Only Matysova and Mencl in their MSc the-
ses (Matysova, 2006; Mencl, 2007) and three consecutive papers
(Matysova et al., 2008; Mencl et al., 2009; Matysova et al., 2010)
presented the first detailed systematical and geochemical data,
mainly focused on the “Dadoxylon” type of wood. Holecek in his
MSc thesis (Holecek, 2011) studied the succession in the Kladno-
Rakovnik Basin in Central/Western Bohemia, which also contains
abundant fossil wood and can be correlated with the succession
in the Krkono3e Piedmont area.

The present contribution summarises new and old evidences of
silicified calamite stems from the upper Carboniferous of the Czech
Republic and provides the first anatomical description with special
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emphasis on the KrkonoSe Piedmont Basin as well as the Kladno-
Rakovnik Basin, from which calamite stems were previously unknown.
We apply the taxonomic concept recently developed for calamitaleans
from the early Permian petrified forest of Chemnitz, Germany (Ropler
and Noll, 2006, 2007, 2010; Ropler et al., 2012a).

2. Historical research
2.1. KrkonosSe Piedmont Basin

Silicified stems in the Nova Paka region (Fig. 1A) were mentioned by
many authors, probably first by Maloch (see Heber, 1844). The first
scientific descriptions of silicified plant remains from localities such as
Nova Paka, Pecka and Kozinec are by Goeppert (1858), who described
the conifer wood Araucarites schrollianus (=Dadoxylon saxonicum;
synonym: Dadoxylon schrollianum), Calamites and Psaronius. Fri¢ (1912)
noticed several types of silicified stems from Nova Paka and Lazné
Bélohrad (stem types Medullosa, Psaronius and “Dadoxylon”) and silici-
fied peat. He paid special attention to insect borings on the woods, and
to small axes of the climbing fern Ankyropteris brongniartii, which were
preserved inside the root mantle of Psaronius trunks. Common findings
of silicified wood in the Nova Paka and Pecka surroundings were also
mentioned by Jokély (1861), Feistmantel (1873ab,c) and Purkyné
(1927). Several pieces of silicified stems (“Dadoxylon”, Psaronius,
Medullosa) were found in the village of Pecka; mostly as loose pieces
but some of them in outcrops, although not in upright position
(Purkyné, 1927). The age of these findings was initially considered


http://crossmark.crossref.org/dialog/?doi=10.1016/j.revpalbo.2013.05.001&domain=pdf
http://dx.doi.org/10.1016/j.revpalbo.2013.05.001
mailto:vaclavmencl@seznam.cz
mailto:holda29@gmail.com
mailto:roessler@naturkunde-chemnitz.de
mailto:rade@natur.cuni.cz
http://dx.doi.org/10.1016/j.revpalbo.2013.05.001
http://www.sciencedirect.com/science/journal/00346667

V. Mencl et al. / Review of Palaeobotany and Palynology 197 (2013) 70-77 71

A

£,

0 10 20 30 40 S0km Ry g
Py

\ e

N, -

A~ ol caam
,f"# AT N NN Y,
Pl . N

Pt E: G N\
~? e
{

Sy

T A
PRAGUE

o éj

ol

Fig. 1. Carboniferous-Permian basins of the Czech Republic with the position of the Krkono$e Piedmont Basin (A) and Kladno-Rakovnik Basin (B) and two studied localities Nova

Paka (1) and Bilenec (2) with most abundant fossil wood.

to be early Permian (Feistmantel, 1873a,b,c), but is now regarded to be
Kasimovian-Gzhelian (Matysova, 2006; Mencl, 2007; Mencl et al.,
2009). No detailed anatomical descriptions of calamitalean stems were
published to date, only the historical report by Goeppert (1858), some
photos by Némejc (1963, Plates XXXII-XXXIII), a few notes by local collec-
tors (e.g., Soukup, 1997) and a short note by Sakala et al. (2009).

2.2. Kladno-Rakovnik Basin

Findings of silicified wood in the Kladno-Rakovnik Basin (Fig. 1B)
are not as common as in the KrkonoSe Piedmont Basin. The first study
was carried out by Feistmantel (1873b). He described silicified wood
from localities such as Rakovnik, Lubn4, Hiedle, Revni¢ov, Klobuky
and KruSovice as Araucarites schrollianus and Psaronius. Fri¢ (1912)
mentioned sandy strata with silicified wood near KnéZeves. Purkyné
(1927) provided a summary of findings from Bohemia, including
the new localities O¢ihov and Kryry; he also mentioned an occurrence
of black silicified wood from Slany Formation. The most recent petro-
logical study was performed by Skocek (1970), who divided the pet-
rified wood in two categories: dark wood with organic matter and
lighter wood without organic matter. Skocek (1970) assumed that
the dark wood was deposited in swamps or marshes in a wet climate
regime, while the more common pale-coloured wood was regarded
as being deposited under dry climatic conditions. Finally, a short
note about the silicified peat and fossil wood in the Kloubuky area
was recently published by local collectors (Dvofak and Svancara,
2003). It can be said that the research in the Kladno-Rakovnik Basin
was not as thorough as in the KrkonoSe Piedmont Basin.

3. Geological settings
3.1. KrkonosSe Piedmont Basin

The KrkonoSe Piedmont Basin is situated in the northern part of the
Czech Republic, at the foot of the KrkonoSe-Jizerské hory crystalline com-
plex (Fig. 1A) and belongs to a system of post-orogenic extensional/
transtensional basins of the Bohemian Massif. Continental deposits in
the KrkonoSe Piedmont Basin are early Moscovian (Asturian) to Early
(or even Middle) Triassic. The maximum thickness of the succession is
about 1800 m (PeSek et al., 2001). Despite the fact that occurrences of
“Dadoxylon” type of wood are confirmed from three stratigraphic levels
(Mencl et al., 2009), silicified remains of calamitaleans (Arthropitys,
Calamitea), ferns (Psaronius) and seed-ferns (Medullosa) are restricted

to a single stratigraphic level — the so-called “PlouZnice Horizon”
(Fig. 2, right column).

The PlouZnice Horizon belongs to the middle part of the Semily
Formation and is Gzhelian (Stephanian C) in age. It is known from
the southern part of the basin, only from a number of localities that
are situated approximately around Syfenov, Stara Paka, Nova Paka
(with the well-known Balka locality), Borovnice and Pecka. This
unit is usually up to 100 m thick and sediments are mostly lacustrine
(PeSek et al.,, 2001). They consist of fine-grained, reddish mudstones
and siltstones with limestone-enriched horizons, calcareous and si-
licic concretions, and intercalations of tuff and tuffitic sandstones
that were deposited as bedload (Starkova et al., 2009). Common oc-
currences of silicified wood and nodules of carnelian are restricted
to the lower part of the PlouZnice Horizon. Silicified stems in growth
position have never been observed. They are very rarely found in out-
crops, but they are always transported and redeposited in lacustrine
and fluvial sediments. Most of fossil trunks are split into pieces and
found in eluvial sediments.

3.2. Kladno-Rakovnik Basin

The Kladno-Rakovnik Basin is situated in the central and north-
western part of the Czech Republic (Fig. 1B). It was also formed as
part of a post-orogenic extensional/transtensional basin of the Bohemi-
an Massif. The oldest sediments are early Moscovian and the youngest
are Gzhelian in age. These mostly lacustrine sediments are usually di-
vided into four formations, i.e. the Kladno, Tynec, Slany and Liné forma-
tions. Silicified wood is usually found in all formations, but it is most
abundant in the Tynec and Liné formations (Fig. 2, left column).

The Tynec Formation (Kasimovian) is typified by coarse-grained
reddish sediments, without or with little volcanic material. Up to
10 m long silicified trunks were described from this formation by
PeSek et al. (2001). The Tynec and the Liné formations are separated
by a hiatus. The Liné formation (Gzhelian) was deposited in a drier
environment and primarily consists of reddish to crimson-coloured
siltstones and claystones. Tuffs and tuffites are more common than
in the underlying Tynec Formation. Three horizons can be distin-
guished within the Liné Formation: the Zdétin, Klobuky and Stranka
horizons (PeSek et al., 2001). Unfortunately, there are no outcrops
of this formation in the Kladno-Rakovnik Basin and all fossil trunks
have been found in eluvium. Whole trunks are extremely rare, petri-
fied wood is often fragmented into small pieces without branches.
Therefore, we suppose that the trees were transported by rivers and
eventually buried far from their original place of growth.
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Fig. 2. Stratigraphy of the Kladno-Rakovnik Basin in comparison with the KrkonoSe Piedmont Basin; positions of the silicified calamitalean stems are figured by three small logs, the

arrow shows the position of the PlouZnice Horizon.

4. Materials and methods

The samples from the Krkono3e Piedmont Basin are either from the
palaeontological collections of the Municipal Museum Nova Paka,
which have been collected during the last 100 years (signature P) and
the Museum of Eastern Bohemia in Hradec Kralové (abbreviation H),
or by a private collector (specimen DVO5/XLVI). One specimen of
Calamitea striata is from the Leuckart collection at Museum fiir
Naturkunde Chemnitz (signature K). The samples from the Kladno-
Rakovnik Basin were provided exclusively by private collectors
(abbreviations SVE, REH, ZA], DVO).

Only the best preserved samples were selected for further study.
Cross sections of several dozens of well-preserved samples were
polished and examined in reflected light with a Leica EZ 5 stereomi-
croscope and a Nikon Eclipse LV100Pol microscope. Several samples
were selected for thin sectioning and transverse, tangential longitudi-
nal and radial longitudinal sections were studied microscopically in
transmitted light.

Thin sections were studied with an Olympus BX-51 microscope.
Images were made with Olympus Camedia 3030 and Canon D500
digital cameras and processed with imaging software AnalySIS and
NIS-Elements, with the help of Microsoft Excel 2007-2010.

5. Results
5.1. Systematics

Class: Sphenopsida.
Order: Equisetales.
Family: Calamitaceae.

Arthropitys Goeppert.
Arthropitys cf. bistriata (Cotta) Goeppert emend. RoRBler, Feng and Noll
(Fig. 3; Plates [, II).
Material: P1584, P1591, P1952, P1992, P3207, P4672, P5072, P5657,
P5956, H74692, H74697 and DVO5/XLVI from the KrkonoSe Piedmont
Basin and SVE001/1, SVE002/1, SVE003/1, SVE004/1, SVE005/1,
REH002/1, ZAJ004/1 and DVO5/XXXIII from the Kladno-Rakovnik Basin.
Macroscopic description: all samples are small; pieces are only sev-
eral centimetres long. Samples from the KrkonoSe Piedmont Basin are
dark, red-brown or orange (Plate I, 5; Plate II, 3, 6), only few are beige
or whitish. On the other hand, samples from the Kladno-Rakovnik
Basin are mostly beige to greyish (Plate II, 1, 4), with one exception
(ZAJ004/1) that is brown-yellow. Some samples (P1584, DVO5/XLVI)
show nodes and another one (SVE005/1) nodes and a branch trace.
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Fig. 3. Drawing showing the zones of wider interfascicular rays (1) and narrower
fascicular rays (2), see Plate 1/7 (specimen ZAJ004/1, Kladno-Rakovnik Basin). Scale
bar = 0.5 mm.

Microscopic description: well-preserved secondary xylem tracheids
separated by interfascicular rays were observed in all studied samples
(Plate II, 5). Sometimes also the primary vascular system with carinal
canals and poorly preserved metaxylem in the external part of the
pith cavity is preserved (Plate I, 2, 3, 6). The amount of parenchyma
is about 46%. Interfascicular rays are distinguishable through the
whole secondary xylem thickness (Plate I, 7; Fig. 3).

All specimens show one type of tracheid; tracheids are arranged in ra-
dial rows, slightly varying in size and shape in each row (Plate II, 5).
Tracheids close to the pith are usually oval, square or brick-shaped
in cross-section, and slightly elongated in radial direction; they are
25-100 pm (mean 56 um) in diameter in radial direction and 22-76 pm
(mean 44 pm) in tangential direction. Parenchyma cells in the fascicular
rays are usually oval, square or brick-shaped, 22-108 pm (mean 57 pm)
in diameter. Tracheids are arranged in five to eighteen files separated
by interfascicular rays. These rays are distinguishable to the very edge
of the specimens and consist of one to seven rows of parenchyma
cells, rectangular, brick-shaped and obviously elongated in radial direc-
tion. Tracheids in the external parts of the stems are slightly widened
compared to those in the internal part, which are 50-100 um (mean
70 pum) radially and 45-60 pm (mean 51 pum) wide tangentially. Scalar-
iform pitting is visible in radial longitudinal sections (Plate I, 4). The pits
are bordered and the distance between two neighbouring ones is
2-4 pm. Carinal canals and the surrounding metaxylem are sometimes
preserved next to the pith cavity (Plate I, 6). Carinal canals are usually
circular in transverse section, and 105-171 pm (mean 140 pm) in di-
ameter. Metaxylem elements are rectangular, arranged in two to three
rows surrounding the carinal canals and are 15-57 pm (mean 27 pm)

in diameter. The samples interpreted as roots lack carinal canals and
have pith parenchyma cells preserved (Plate II, 2ab).

Discussion: thin sections were prepared from specimens P4672, P5956,
SVE001/1, SVE002/1, REH002/1 and ZAJ004/1. They all show the same
anatomical characteristics. There is only one type of tracheid; all tra-
cheids are oval, square to brick-shaped in transverse section and some
of them have bordered scalariform pits in their radial walls as illustrated
in Marguerier (1970). Generally, fascicular and interfascicular rays con-
sist of parenchyma cells and almost 50% of the secondary body consists
of parenchyma. Moreover, it is possible to distinguish fascicular and
interfascicular zones up to the periphery of the wood and the tracheids
have scalariform pitting (Ropler and Noll, 2006, 2010; Ropler et al.,
2012a). After a detailed comparison with the Chemnitz material, we
think that all samples belong to the most common calamitalean
Arthropitys bistriata. However, because the typical branching pattern
of this species (Ropler et al., 2012a) is not recognised in our material,
we identify our fossils as Arthropitys cf. bistriata.

Calamitea Cotta emend. R6Rler and Noll.

Calamitea striata Cotta (Plate III).

Material: P3173, P2660A, P2660C, and K2121, all from the Krkono3e
Piedmont Basin.

Macroscopic description: only small parts of secondary xylem with
badly preserved external portions of the central pith and carinal ca-
nals are present. Other parts of plant tissues (e.g., phloem, cortex)
are not preserved. The colour of all specimens varies from dark,
red-brown or orange to light, whitish or beige. The size of the samples
ranges from 50 to 100 mm.

Microscopic description: the secondary xylem consists of two
different types of tracheids, one having a larger diameter than the
other (Plate III, 5, 6). Both tracheid types are arranged in radial files
and are separated by thin continuous rays. The tissues are sometimes
deformed during fossilisation. Wide tracheids (SX1) are present in
front of the carinal canals and alternate with zones of narrow tra-
cheids (SX2) which the fill lateral parts of secondary xylem fascicles.
The two types of tracheids differ in colour (Plate III, 1-4); note that
wide (SX1) and narrow (SX2) tracheids correspond to “large-diameter
tracheids” and “small-diameter tracheids” sensu R6ler and Noll (2007).
Type 1: wide tracheids are mostly in dark, brown-red. This part of second-
ary xylem has more parenchyma than the Type 2, but the exact shape and
size of these parenchyma cells forming fascicular rays cannot be estimat-
ed due to poor preservation. Tracheids are variously polygonal with circu-
lar to oval lumen in transverse section; the radial rows are usually less
deformed. Tracheid diameters vary from 39 to 173 pm (mean 61 pm) ra-
dially and from 49 to 120 um (mean 67 um) tangentially. Brick-shaped
parenchyma cells are mostly poorly preserved (Plate III, 6).

Type 2: these narrow tracheids are usually preserved as lighter parts
of secondary xylem and occur on both sides of the Type 1 tracheids
toward the interfascicular ray; they are arranged in regular, often de-
formed radial rows (Plate III, 6). The tracheids are polygonal in trans-
verse section and slightly elongated in radial direction; their diameter
varies from 26 to 54 um (mean 38 pm) radially and from 24 to 51 um
(mean 36 pm) tangentially.

Tracheid pitting in radial walls has not been observed due to the poor
preservation.

Interfascicular rays are usually 11-37 pm (mean 25 pm) wide and are
composed of one to four rows of cells. Rays are enlarged from the pith
to the periphery of the wood cylinder, often deformed and visible as
darker zones in the middle of the lighter portions of the secondary
xylem Type 2 (see Plate IIl, 7). Rectangular, thick-walled cells of
interfascicular rays are obviously elongated in radial direction. Their
diameter varies from 31 to 73 pm (mean 42 um) in radial direction
and from 11 to 22 um (mean 17 um) tangentially.

Discussion: only small pieces of secondary tissues were available, but
two types of tracheids and ray parenchyma cells are conspicuous.
More delicate details like tracheid pitting in radial walls could not
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Plate L. Arthropitys cf. bistriata from the Kladno-Rakovnik Basin and the Krkono3e Piedmont Basin.

1. General view of one of the biggest specimens from the Kladno-Rakovnik Basin, TS (specimen DVO5/XXXIII). Scale bar = 40 mm.

2. Pith periphery surrounded by secondary xylem composed of fascicular wedges and interfascicular rays, TS (specimen SVE004/1, Kladno-Rakovnik Basin). Scale
bar = 2 mm.

3. Detail of the central pith secondary filled, TS (specimen P1992, Krkono$e Piedmont Basin), showing pith periphery, detail of innermost interfascicular ray, fascicular
secondary xylem and two carinal canals surrounded by badly preserved tracheids of metaxylem (arrow). Scale bar = 0.5 mm.

4, Tracheids of secondary xylem with scalariform bordered pitting (arrow), RLS (specimen ZAJ004/1, Kladno-Rakovnik Basin). Scale bar = 0.2 mm.

5. Large central pith secondary filled surrounded by a narrow secondary xylem composed of fascicular wedges and interfascicular rays, TS (specimen P5956, Krkonose
Piedmont Basin). Scale bar = 30 mm.

6. Detail of the previous picture with a carinal canal surrounded by three rows of metaxylem tracheids (arrows). Scale bar = 0.3 mm.

7. A multiseriate interfascicular ray (arrow) among tracheids and fascicular rays, TLS (specimen ZAJ004/1, Kladno-Rakovnik Basin). Scale bar = 0.5 mm.

TS = transverse section; TLS = tangential longitudinal section; RLS = radial longitudinal section.

be studied due to the poor preservation of the specimens and low
contrast of the structures when observed with stereomicroscope; in
fact, it was not possible to make additional thin longitudinal sections
because of the rarity of the museum specimens. However, all ob-
served features, mainly the differences in shape of various types of
tissue and thickness of their walls, are typical of Calamitea striata
(RoBler and Noll, 2007). The samples from the KrkonoSe Piedmont
Basin differ in colour from those of the Permian petrified forest of
Chemnitz; all samples from the KrkonoSe Piedmont Basin typically
show wide, dark-coloured tracheids, whereas narrow tracheids are
lighter. On the other hand, the samples from the type locality Chemnitz
(except for sample MfNC K 5204: RoRler and Noll, 2007, Plate I, 6) are
coloured reversely: narrow tracheids are dark and wide tracheids are
light (RoBler and Noll, 2007). This is probably caused by different
conditions during taphonomic processes.

5.2. Taphonomy

The silicification of trees represents a very complex process, which
involves both the filling of pore spaces in the wood (permineralization)
and the replacement of the organic cellular tissue with SiO, under var-
ious conditions (Ballhaus et al,, 2012) and its complete understanding
and detailed description are over the scope of the present paper.
According to Matysova et al. (2010) silicification can take place in four
different palaeoenvironments: (1) in fluvial sediments, (2) in fluvial
facies with volcanic influence, (3) in lacustrine facies with volcanic
influence, and (4) in environments under direct influence of diverse
volcanic emplacement events.

In the KrkonoSe Piedmont Basin, silicified stems occur in at least
four stratigraphic levels, but only one, the PlouZnice Horizon, shows
volcanic influence. According to Matysova et al. (2010) this unit can
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Plate II. Arthropitys cf. bistriata from the Kladno-Rakovnik Basin and the KrkonoSe Piedmont Basin.

1. Pith cavity with short internodes and diaphragms at levels of nodes (specimen SVE005/1, Kladno-Rakovnik Basin). Scale bar = 30 mm.

2. Small root — general view (a) and detail (b) of its central, solid parenchymatous pith (P), showing parenchyma inside (arrow), and pith periphery without carinal
canals but with curved both rays and rows of secondary xylem tracheids, TS (specimen H74692, KrkonosSe Piedmont Basin). Scale bars in 2a = 10 mm and in
2b = 0.5 mm.

3. Unusual sample showing both well preserved pith cast and secondary xylem (specimen P1584, Krkono3e Piedmont Basin). Scale bar = 30 mm.

4, Single branch scar as seen on reverse side of the specimen illustrated in Plate II, 1 (specimen SVE005/1, Kladno-Rakovnik Basin). Scale bar = 5 mm.

5. Detail of circular-shaped tracheids of secondary xylem (1) and elongated, rectangular parenchyma cells (2) of multiseriate interfascicular rays, TS (specimen H74697,
Krkono3e Piedmont Basin). Scale bar = 0.5 mm.

6. Well preserved pith cavity with longitudinal striation of short internodes and transverse diaphragms of a basal tapering portion of the vertical stem (specimen P5657,

KrkonoSe Piedmont Basin). Scale bar = 50 mm.
TS = transverse section.

be interpreted as a lacustrine environment with influence of volca-
nism. This horizon contains a much more varied assemblage of silici-
fied stems than the other strata, but the preservation of anatomical
detail is often rather poor. The sediments of the Kladno-Rakovnik
Basin do not contain significant amounts of volcanic material and
the fossiliferous sediments are purely lacustrine to fluvial. Silicified
stems are known from several units and their anatomy is usually
much better preserved than in the specimens from the KrkonoSe
Piedmont Basin or the Intra Sudetic Basin (Mencl, 2007; Mencl
et al., 2009). Finally, the Chemnitz Petrified Forest can be mentioned

as comparative example of an environment under direct influence
of volcanism. Surprisingly, there is a very high percentage of well-
preserved petrified trunks, although there was a direct influence
of explosive and therefore destructive volcanic events (RoRler et al.,
2012b).

6. Conclusions

Silicified calamitalean stems are reported from two Carboniferous—
Permian basins in the Czech Republic.
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Plate III. Calamitea striata from the KrkonoSe Piedmont Basin.

-

1.-4. General view showing the difference in colouration of darker wide (SX1) and lighter narrow (SX2) tracheids, TS (specimens P3173, P2660A, P2660C, K2121). Scale

bars in 1 = 10 mm and in 2, 3 and 4 = 20 mm.

Nowx

TS = transverse section; TLS = tangential longitudinal section.

In the KrkonoSe Piedmont Basin, several hundred specimens have
been found, but only few were suitable for anatomical studies. After
an evaluation of all available samples we recognise two taxa. Arthropitys
cf. bistriata is very common, whereas Calamitea striata is rather rare. The
attribution of the former is based on the similarity in parenchyma ratio,
the presence of scalariform pitting and interfascicular rays running
continuously through the entire wood. The latter was identified on

Detail showing difference between wide (SX1) and narrow (SX2) tracheids, TLS (specimen P3173). Scale bar = 0.25 mm.
Detail showing two types of tracheids (SX1, SX2), arranged in slightly deformed rows, TS (specimen P3173). Scale bar = 0.5 mm.
. Rectangular parenchyma cells of interfascicular ray (IR), TS (specimen P3173). Scale bar = 0.25 mm.

the basis of the two types of tracheids found in the secondary xylem
and the small proportion of parenchyma. This type represents only
about 1% of all calamitalean stems in the KrkonoSe Piedmont Basin,
but is also very rare in other coeval fossil forests. Contrary to the
“Dadoxylon” type of wood, silicified stems of calamitaleans and other
“pteridophytes” are in the KrkonoSe Piedmont Basin strictly limited to
a single stratigraphic unit that contains volcanics. The fossils are usually
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fragmented and preserved without branchlets or extraxylary tissues,
but are less damaged than “Dadoxylon” stems in other stratigraphic
levels. They were probably transported by rivers and streams as bedload
before they were deposited. Moreover, most of the woody tissue is
strongly recrystalised and cell structures are damaged considerably.

In the Kladno-Rakovnik Basin, calamitalean stems, although being
the second most abundant after the common “Dadoxylon” type, are
quite rare; other types, such as Psaronius or Medullosa are very scarce.
Stems can mainly be found in two stratigraphic levels, but most of
them are found in the Tynec Formation. Both stratigraphic levels are
without any volcanic content. The trunks are usually fragmented with-
out branches or extraxylary tissue. They were probably transported and
finally embedded in fluvial sediments. Calamitaleans are rarer than
“Dadoxylon” stems; bigger specimens are not mentioned in literature.
The fragmentary nature of the specimens can be related to the nature
of the wood that was parenchyma-rich, soft and therefore more prone
to destruction. However, we cannot exclude that calamitalean wood
remains unidentified in private collections. All samples were found in
the field in eluvium. Therefore, the stratigraphic position of the source
strata is assumed from the general geological situation.

The present contribution fills a gap in giving the first anatomical
description of silicified calamitalean stems from the upper Carboniferous
of the Bohemian Massif, which represents a classical area of
palaeobotanical interest, well studied both in the past and present,
but without a modern systematic overview on fossil wood and
petrified stems in general.
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predominantly monotonous fluvial red beds intercalate with laterally widespread grey to variegated sediments
of dominantly lacustrine origin. Both, fossil and climatic records show that apart from a generally known long-
term climatic shift to drier conditions in Early Permian, the climate oscillated on several time scales throughout
the study interval. Climatic indicators in the red beds part of the succession include palaeosols ranging between

Iég{&%ﬁ}ous_permian transition red vertisols and vertic calcisols suggesting strongly seasonal dry sub-humid climate. This is in agreement with
Biotic change the rarity of plant remains, which were mostly completely oxidised and only rarely preserved as plant impres-
Continental basin sion in red mudstones or as silicified mostly gymnosperm woods in sandy channel fills. Silicification instead of
Bohemian Massif coalification was the dominant fossilisation process during red-beds deposition. Even drier, possibly semi-arid

climate may be indicated by spatially and temporarily restricted bimodal sandstones, dominated by well-
rounded quartz grains and interpreted as eolian in origin. Periods of moist sub-humid (or even humid) climate
were accompanied by formation of perennial lakes containing grey laminated mudstones, dark grey bituminous
mudstones or limestones, muddy limestones, chert layers or even spatially restricted coals, some of them, how-
ever, of economic importance. Shorter climatic oscillations operating on a scale of tens to possibly hundreds of
thousands of years are represented by transgressive-regressive lacustrine cycles followed by significant changes
in lake water salinity reflected by boron content.
The fossil record indicates the presence of dryland and wetland biomes in basinal lowlands although their pro-
portions varied significantly as the climate changed. During deposition of red beds, the alluvial plain was vegetat-
ed dominantly by dryland biome assemblages. The composition of these assemblages is indicated by fairly
common silicified gymnosperm (cordaitalean and coniferous) woods in sandstone-conglomerate fluvial channel
bedforms and by poorly preserved impressions of walchian conifer shoots and cordaitalean leaves in associated
mudstone intercalations. This is in agreement with sub-vertical root rhizolites and haloes in calcic vertisols. Oc-
currence of “wet spots” colonised by wetland assemblages is indicated by rather exceptional findings of silicified
calamite stems in fluvial red beds associated with gymnospermous woods.
During the humid intervals parts of the basinal lowlands were occupied by lakes surrounded by broad belts of
wetland biome floras. During the “Stephanian C” most of these floras were dominated by tree ferns, calamites
and sub-dominant pteridosperms. Local peat swamps were colonised by lycopsids including Sigillaria brardii,
Asolanus camptotaenia and even some lepidodendrid lycopsids. In contrast, the fossil record of “Stephanian C”
dryland floras is rarely preserved in lacustrine sediments. The fossil record of “Autunian” lakes, however, suggests
increasing proportions of dryland elements, including conifers and peltasperms.
The response of lacustrine faunas to climatic oscillations around the Carboniferous-Permian transition is less
prominent than that of plants. The origin of the transition between the local Elonichthys-Sphaerolepis and
Acanthodes gracilis bio/ecozones around the Carboniferous/Permian boundary is impossible to deduce from the
existing fossil record.
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1. Introduction

The Late Pennsylvanian to Early Permian in tropical Pangea is a peri-
od marked by irregularly increasing climatic aridity and temperature.
Climatic oscillations during this time varied significantly between wet
sub-humid and dry sub-humid to possibly semi-arid. These climatic
oscillations, which evidently operated on several time scales, had a
profound effect on composition of floras and faunas (e.g., DiMichele
et al, 2010). In general, the floristic response to increasing aridity
(seasonality) is marked by contraction of wetland habitats in basinal
lowlands resulting in inter-biome floristic dominance and diversity
change from dominance by spore-producing vegetation and primitive
seed plants to dominantly seed-bearing vegetation rich in conifers and
peltasperms (Broutin et al., 1990; DiMichele et al., 2005, 2008, 2009;
Kerp, 1996). Alternation of both types of assemblages throughout the
basin succession can be observed even within the same outcrop
(DiMichele et al., 2007; Kerp and Fichter, 1985). This suggests signifi-
cant floristic dynamics around the Carboniferous-Permian transition
related to high frequency climatic oscillations driven possibly by several
orders of orbital cyclicity and poorly understood variations in atmo-
spheric pCO, (Montafiez et al., 2007; Tabor and Poulsen, 2008).

Faunas of this stratigraphic interval are represented mostly by lacus-
trine assemblages. Comparing to the floras, the effects of climatic oscil-
lations on aquatic animals are more difficult to discern and/or interpret.
The most common finds of terrestrial fauna are represented by insect
(notably cockroach) wings, whereas finds of spiders and other terrestri-
al arthropods are very rare. The entomofauna predominantly favoured
locally humid microclimates associated with vegetation that produced
litter rich in decomposed biomass.

This floristic and faunistic turnover is recorded in a number of spa-
tially disconnected sedimentary basins across the former equatorial

Pangea, now situated in North America and Europe. Significant among
them are continental basins in the Czech Republic, which together
cover an area of 11,000 km? (Fig. 1). These Late Palaeozoic continental
basins record not only a late to early post-Variscan tectono-
sedimentary history of the Bohemian Massif, the major Variscan unit
in central Europe (e.g., Franke, 2006), but also climatic and biotic
changes from Late Bashkirian to Early Triassic times. These changes
are indicated by the record of sedimentary facies and climate sensitive
sediments as well as by changes in composition and dominance pat-
terns of plant assemblages and faunas. Intensive borehole exploration
in the second half of the 20th century together with mining activity
and geological mapping in these basins produced large amounts of
data on lithology, sedimentology, geochemistry and petrology, stratig-
raphy and basin architecture as well as palaeontology. These analyses
are only partly published and most of them still need revision and/or
re-interpretation. This need has been recently addressed in currently
running projects. As part of this larger revision, the present paper is a
brief overview of the current knowledge on the sedimentological
and biotic changes that took place around the Carboniferous-Permian
transition as recorded in the continental basins of the Czech part of
the Bohemian Massif.

2. The Bohemian Massif and formation of the Late Palaeozoic
continental basins

The Bohemian Massif encompasses a major part of the territory
of the Czech Republic, from where it extends into adjacent parts of
Germany, Poland and Austria. It represents the easternmost segment
of the Variscan orogenic belt resulting from sub-equatorial collision
between two major continents, Gondwana and Baltica (eastern part of
Laurussia) and intercalated smaller terranes (Dallmeyer et al., 1995).

Hungary

Romania

Fig. 1. Late Palaeozoic continental basins of the Czech Republic. Basins shortcuts: PB — Pilsen Basin, MB — Manétin Basin, RB — Radnice Basin, 7B — Zihle Basin, KRB — Kladno-Rakovnik
Basin, MRB — M3eno-Roudnice Basin, MHB — Mnichovo Hradisté Basin, KrPB — Krkonose Piedmont Basin, ISB — Intra-Sudetic Basin, CKB — Ceskd Kamenice Basin, ATVC — Altenberg-

Teplice volcanic complex.
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Hence, the Bohemian Massif is a complex tectonic collage of four
major units characterised by different tectono-metamorphic histories,
which are assumed to represent peri-Gondwana-derived terranes
(Linnemann et al., 2004; Mazur et al, 2006). These terranes were
rifted during Cambro-Ordovician times and mostly between the Late
Devonian and late Viséan gradually amalgamated to Eastern Avalonia
and Baltica (Franke, 2000, 2006; Schulmann et al., 2009). Assembly of
the Bohemian Massif was accompanied by collisional processes, which
resulted in crustal thickening, fast uplift and exhumation of Variscan
granites and high-grade metamorphic rocks (e.g., Kotkova and Parrish,
2000; Kukal, 1984; Schulmann et al, 2009). During that time the
Bohemian Massif was a probably about 2 to 3 km high plateau, with
no significant deposition until early Westphalian. At that time uplift
substantially decreased and waning orogenic processes allowed for
development of NW-SE striking normal and/or strike-slip faulting
related to Gondwanan rotation. This faulting was responsible for the
formation of continental basins (e.g., Matte, 1986, 2001; Pasek and
Urban, 1990; Zulauf et al., 2002). These basins were established in two
periods. The older period spans the interval from the late Bashkirian
to the late Moscovian when most of the basins were established
(Fig. 2). By that time altitude of the Bohemian Massif was lowered sub-
stantially. Oplustil (2005) reconstructed the early Moscovian drainage
system at the beginning of the deposition in the Kladno-Rakovnik
Basin and inferred that this area was not higher than 1000 m above
sea level, perhaps even lower, based on the gradient of river courses.
The younger interval of basin formation took place between Gzhelian
and Cisuralian times and resulted in formation of the NNE-SSW to
NNW-SSE striking narrow Blanice, Boskovice and Orlice half-grabens.

S. Oplustil et al. / International Journal of Coal Geology 119 (2013) 114-151

Palaeogeographically the Bohemian Massif and its basins were locat-
ed near the eastern margin of the equatorial Pangea. Palaeomagnetic
measurements indicate that this part of Pangea underwent a northward
drift from 0° palaeolatitude during the middle Pennsylvanian to 2°-4°N
latitude in the early Permian (Krs and Pruner, 1995). This suggests
that the northward shift itself was probably not responsible for an
aridisation trend in the Bohemian Massif and in other parts of equatorial
Pangea as suggested by some authors (for an overview see Tabor and
Poulsen, 2008). A good evidence for more complex controls is that the
Late Pennsylvanian-Early Permian transition was not gradual. Instead,
it was characterised by climatic fluctuations between moist sub-
humid conditions, with the dominance of hygrophyllous flora and
hydrologically open lacustrine systems, and more arid dry sub-humid
conditions, with the dominance of “dry-type” floral assemblages, hydro-
logically closed lacustrine systems and abundant carbonate deposition
(e.g., Martinek et al, 2006; Oplustil and Cleal, 2007; Schneider et al.,
2006). These climatic oscillations had a profound effect on composition
of the flora in basinal lowlands, although only plant remains from wet-
ter periods are relatively well represented in otherwise poorly fossilifer-
ous strata.

3. Late Palaeozoic continental basins of the Czech Republic: Current
state of investigation

Active coal mining has been going on in the late Palaeozoic continen-
tal basins of the Czech part of the Bohemian Massif for about two centu-
ries. This mining initiated geological and palaeontological research.
Since that time these basins have undergone detailed surface mapping
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Fig. 2. Stratigraphy of the continental basins of the Czech Republic.
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and in the second half of the 20th century also intensive borehole
exploration for coal and other raw materials, including kaolin, brick
clays, refractory claystone, cooper, uranium, germanium etc. Hence,
over a thousand of mostly fully cored deep boreholes were drilled into
the basement and an even larger number of shallow boreholes pene-
trated only part of the basin fill. It is estimated that about 600 of these
boreholes penetrated the entire preserved thickness of “Stephanian
C”/“Autunian” strata, which are the main object of this study. The bore-
holes were explored by a broad spectrum of geophysical, petrological,
geochemical, mineralogical and palaeontological methods, which pro-
duced vast amount of data archived in final reports of exploration
companies. Published outputs include macrofloral, palynological and
faunal lists and their stratigraphic ranges resolved to the level of for-
mations, lithostratigraphic subdivision and analyses of spatial vari-
ability of lithostratigraphic units, interpretation of basic sedimentary
environments, palaeogeography and geochemical and technological
parameters of coal seams. An overview of current knowledge based on
published and unpublished data has been summarised in Setlik
(1977), Tasler et al. (1979), PeSek (1994, 2004) and PeSek et al.
(2001). The list of the animal remains is based on Stamberg and Zajic
(2008) with some recent supplements and extensions (Klembara and
Steyer, 2012; Stamberg, 2010a, 2010b, 2012; Zajic, 2007). Archived
data and rock and fossil samples taken from boreholes as well as
scattered outcrops and quarries still provide a reasonably good opportu-
nity for further re-evaluations of fossil and sedimentary data/records
and for ecological and sedimentological studies and palaeoclimatic in-
terpretations. The local bio/eco zonation based on aquatic vertebrates
(Zajic, 2000, 2004, 2007) is used for biostratigraphy. The local bio/eco
sub-zone Sphaerolepis (younger part of the Sphaerolepis-Elonichthys
bio/ecozone) corresponds to the Stephanian C in the basins of the
Bohemian Massif. The oldest Permian units of all basins belong to the
Acanthodes gracilis local bio/ecozone.

4. Late Palaeozoic continental basins of the Czech Republic and their
Gzhelian-Asselian palaeogeography

The Late Palaeozoic continental deposits cover an area of over
11,000 km? of the Czech Republic. A major part of this area consists of
a continuous belt, several tens of kilometres wide and nearly 300 km
long, ranging from the western part of the Czech Republic to its NE bor-
der and the adjacent part of Poland (Fig. 1). This belt, which occupies
nearly 10,000 km?, is divided into two parts: the Central and Western
Bohemian (=central and western Czech Republic) Basins located on
the Tepla-Barrandian basement and Sudetic Basins, which encompass
the eastern part of the complex situated on the Saxo-Thuringian block
(PeSek, 2004). Both areas, which originally evolved as two independent
depocentres, were connected into a single large depocentre beginning
at the onset of the Late Pennsylvanian (Fig. 2). Besides this main basin
complex there are also half-graben basins located on the Moldanubian
and Brunovistulian basement in the southern and SE part of the country
(Blanice and Boskovice Grabens) and small relicts of Carboniferous
and early Permian sediments and volcanic rocks preserved in the
Krusné Hory (Erzgebirge) Mts. around the Czech-German border
(Fig. 1). The stratigraphic range of basin fill can differ either as a conse-
quence of uneven onset/termination of basement subsidence and/or
post-sedimentary erosion (Fig. 2). Typically, the basin fill consists of
a basin-wide alternation of coal-bearing and dominantly grey strata
with red coal-barren sediments, believed to indicate climatic oscilla-
tions on a scale of >1 My (Cleal et al., 2010; Oplustil, 2013; Oplustil
and Cleal, 2007; Skocek, 1974). The proportion of red beds increases
during the Late Pennsylvanian and dominates the Permian part of the
basin fill. Nevertheless, red beds can appear locally nearly at any level,
usually near the basin margin. In such a position, however, they are
not related to climatic change but reflect either improved drainage or
re-deposition of lateritic weathering crust from exposed parts of the

pre-Carboniferous basement (PeSek and Skocek, 1999; Skocek and
Holub, 1968).

The palaeogeography of the Bohemian Massif significantly changed
throughout Pennsylvanian and into early Permian times. During this in-
terval the depocentre gradually enlarged, reaching its maximum extent
around the Carboniferous/Permian boundary (Fig. 3). This event was
initiated by the tectonic processes of the Intra-Stephanian phase around
the Kasimovian-Gzhelian boundary (PeSek, 1994; PeSek et al., 1998). At
this time, deposition in the continental basins of the Bohemian Massif
was interrupted and their depocentre and physiography of the source
areas significantly re-built. The Intra-Stephanian tectonic phase also
resulted in the opening of NNE-SSW striking narrow half-graben basins
(Boskovice, Blanice and possibly also in the Orlice) connected with the
main basin complex, as suggested by relicts of Permian deposits be-
tween them (Fig. 3). The resulting large depocentre was open to Saxony
(Germany) and the adjacent part of Poland. Present day thickness of
Gzhelian-Asselian strata reaches maximum thickness of 2500 m in
the Boskovice Basin (Pesek, 2004).

Interpretations of late Palaeozoic, continental-basin sedimentary
environments of the Czech part of the Bohemian Massif are based on
conglomerate/sandstone percentage content counted from borehole
sections and used for construction of palaeogeographic maps for partic-
ular intervals (e.g., PeSek, 1994; PeSek et al., 1998). Although these maps
express time-averaged palaeogeography and sedimentary environ-
ments for one or even more formations they are broadly in agreement
with detailed, but scattered, sedimentological studies focused on nar-
row, geographically and stratigraphically localised parts of the sedimen-
tary record (e.g., Blecha et al,, 1999; Lojka et al.,, 2009, 2010; Martinek
et al., 2006; Oplustil et al., 2005; Skocek, 1990). Thus, the Stephanian
C-Autunian palaeogeographic map of the PeSek et al. (1998) suggests
the existence of a broad braid plain along the southern and western
margins of the main basin complex and also in some erosional outliers
of time-equivalent strata scattered in the areas surrounding the basin
complex. Alluvial fan deposits are interpreted along the active eastern
basin margin of the Blanice and Boskovice half-grabens and locally
along the northern tectonic margin of the main basin complex. On the
contrary, the prevalence of fine-grained fluvial sediments with inter-
calated isolated sandstone bodies, exceptionally up to several tens of
metres thick, are known from various basin depocentres with high
subsidence rates. These sediments are either of lacustrine origin or rep-
resent floodplain deposits of meandering rivers as suggested by the
common presence of pedogenic horizons often with pedogenic carbon-
ate nodules (Skocek, 1993). Wetland deposits are generally very rare
and are usually represented by lake shallows and mudflats or lacustrine
delta plains within which local swamps thin high ash peat deposits could
develop. However, the two dominant lithological signatures of lake sed-
iments are laminated mudstone intercalated locally with dark bitumi-
nous shales, and limestone or pale muddy limestone often containing
vertebrate fauna and drifted flora. Cherts, with laminated or brecciated
texture, also are common (Skocek, 1969). In Late Pennsylvanian strata
of the main basin complex beds of argilised acid volcaniclastics are com-
mon, whereas in the Early Permian strata effusive bodies of intermediate
and basic volcanites dominate, indicating proximity of volcanic centres
(Tasler et al,, 1979).

4.1. Central and Western Bohemian Basins (CWBB)

The Central and Western Bohemian Basins (=central and western
part of the Czech Republic) encompass about a 6000 km? area in the
western part of the main basin complex (MBC), subdivided into the
Pilsen (PB), Manétin, Zihle, Radnice, Kladno-Rakovnik (KRB) and
Mseno-Roudnice (MRB) basins (Fig. 1). This subdivision is, however,
rather artificial, since all these basins once were part of a single com-
mon depocentre throughout the major part of their sedimentary history
and share the same lithostratigraphic subdivision (Fig. 2). For that rea-
son they are discussed together. A larger originally areal extent is
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indicated by numerous erosional and tectonic relicts of Pennsylvanian

sediments scattered south and west of the main basin complex (Fig. 3).

In most of these basins deposition started in the early Moscovian
(Bolsovian) and included several basin-wide or local hiatuses that
lasted till the end of the Carboniferous. A Permian age for the youngest
strata is suggested only by the vertebrate fauna and by borehole corre-
lation to that part of the Sudetic Basins where Permian age was deter-
mined floristically; macrofloral and palynological evidence of Permian
age is still absent in basins of the Central and Western Bohemia
(PeSek, 1994, 2004; Zajic, 2012). Basin fill, which attains a maximum
thickness of up to nearly 1.4 km in the centre of the KRB, is divided
into four formations based on a basin-wide alternation of grey-
coloured/coal-bearing and red/coal-barren strata and is common for
all the CWBB (Fig. 2) (PeSek, 1994; Weithofer, 1896, 1902). The study
interval is represented by the youngest strata assigned to the Liné
(Upper Red) Formation of late Gzhelian and probably early Asselian
age. Its thickness is erosional and varies between 0 and about 1000 m.
However, thickness over 300 m is preserved only in the Kladno-
Rakovnik and M3eno-Roudnice basins, whereas in the Pilsen and
Manétin basins these strata attain merely 47 and 114 m average ero-
sional thickness, respectively (PeSek, 1994).

Sediments of the Liné Formation were deposited after a basin-wide
hiatus related to a tectonic event of the Intra-Stephanian Phase. During
the hiatus, the basin depocentre was rebuilt and the zone of maximum
subsidence shifted along the tectonically active northern margin of the
KRB and MRB resulting in half-graben-like geometry of the Gzhelian
(Stephanian C-early Autunian) depocentre. This is in agreement with
primary reduced thickness of the unit along the present-day southern
basin margin. In addition, pebbles of tuffite containing early Moscovian
floral remains found in basal conglomerate of the Liné Formation sug-
gest recycling of basal Carboniferous strata (Radnice Member) cropping

out south of the Liné Formation depocentre (Havlena and Jindfich,
1975). Due to reduced thickness along the southern basin margin and
post-Carboniferous denudation, the sediments of this unit are preserved
mostly in the northern half of the main basin complex. In the Pilsen
Basin remnants of the formation are preserved in a N-S striking central
depression (PeSek, 1994), while being eroded in the marginal parts.

4.1.1. Lithology and sedimentary environments of the Liné Formation
Prevailing lithologies of the Liné Formation are pinkish or rusty
sandstones alternating with red mudstones in beds of variable thick-
ness, locally reaching up to several tens of metres (Figs. 4A, 5). The
relative proportions of these two basic lithologies vary spatially and
temporarily. Contours of sand content indicate a generally higher pro-
portion of sandstones with subordinate conglomerates along the south-
ern and western margins of the main basin complex, where they
account for over 50% (locally >70%) (Fig. 3) of the stratigraphic thick-
ness (Pesek et al., 1998). Data from boreholes and rare outcrops show
internal erosional surfaces of sandstone bodies and locally intercalated
conglomerates, which suggest amalgamation of channel fills. Sand-
stones are often cemented by carbonate, which is mostly calcite. Locally
common in medium to coarse grained sandstones are prostrate mostly
decorticated silicified gymnosperm stems, some over 10 m long (Bures,
2011; Skocek, 1970). Small reworked fragments of these silicified stems
occasionally occur in conglomerates in the form of pebbles (PeSek,
1994; Tasler and Skocek, 1964), indicating rapid, early diagenetic silici-
fication processes. Zikmundova and Holub (1965) described conglom-
erates containing carbonate pebbles with Silurian and Devonian fauna,
derived from remote extra-basinal sources. Toward the basin centre,
conglomerates become rare and, together with sandstones, their pro-
portion usually decreases below 30%. Mudstones become the prevailing
lithologies with fine-grained sandstones confined into thin sheet-like
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Fig. 4. Liné Formation: A — Red beds exposed in a brick-pit near the village of Kryry in the KRB. Note the discontinuous whitish horizon which indicates position of pedogenic
calcretes. B — Detail of calcrete horizon (vertic calcisol) from the Fig. 3A. C — Vertical to sub-vertical rhizoliths in red angular blocky mudstone with disseminated carbonate
nodules. Brickpit near Kryry. D — Vertisol in red mudstone with blocky structure and slickensides exposed in the Gazelle gas pipeline near Blatno u Podbofan in the Zihle
Basin. E — Calcic vertisol with well-developed slickensides in red mudstones exposed in the Gazelle gas pipeline near Podbofany in the KRB. Photos A-D: S. Oplustil; D-E: R.

Lojka.

or, less commonly, isolated sandbodies several metres thick. Mudstones
are usually brick-red to purple or carmine, massive or poorly bedded
locally bioturbated by sediment feeding macrofauna (Simtinek et al.,
2009; Skocek, 1974). Mudcracks are locally common. Rooted zones
also are common and palaeosols are mostly vertisols or calcic
vertisols to even vertic calcisols with pedogenic carbonate nodules
(Fig. 4B-E). However, carbonate nodules a few millimetres in
diameter can be scattered within massive red mudstones and silt-
stones otherwise lacking any other evidence of pedogenesis
(PeSek, 1994; PeSek and Skocek, 1999; Skocek, 1993). Some of
them were interpreted as eolian siltstones (= fossil loess deposits)
by Tasler and Skocek (1964).

Although sediments of the Liné Formation can be characterised as
typical continental red beds, monotonous alternation of red mudstones

and sandstones can be interrupted at any level by grey, green-grey or
variegated mudstones and intercalated fine-grained sandstones. Most
of these grey or non-red mudstones and fine-grained sandstones, how-
ever, are concentrated into three distinct lithostratigraphic horizons,
which are named the Zdétin, Klobuky and Stranka in stratigraphic
order. The Zdétin and Klobuky Horizons are quite widespread covering
the eastern half of the KRB and a major part of the MRB from where they
continue to the Sudetic part of the main basin complex. Their thickness
varies usually between 50 and 100 m (PeSek, 1994). The youngest
Stranka Horizon occurs only in the MSeno-Roudnice Basin and attains
an average thickness of 15 m. Mudstones of all these horizons are
often laminated and can be accompanied by fresh water limestones
(often with clastic admixture), cherts, carbonaceous mudstone or
even thin high-ash coals or rarely bituminous claystones and altered
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Fig. 6. A — Chert in lacustrine sediments of the Klobuky Horizon (Liné Fm.) exposed in a road cut near Panensky Tynec, KRB. B — Part of the lacustrine succession of the Klobuky Horizon
exposed near the village of Klobuky in the KRB. Rusty and poorly laminated nearshore mudstones followed by thin high-ash the Klobuky Coal (KC) containing tonstein (T) in its lower part.
The roof of coal consists of chert succeeded by bedded muddy limestone (Ls) both interpreted as offshore facies and further followed by nearshore mudstones. Drifted flora was collected
especially from mudstones and bedded muddy limestones (after Oplustil, 2013). C — Coarse-grained feldspathic sandstones with conglomerates intercalations in lower part of the Semily
Formation interpreted as braid plain deposits. Exposures north of the town of Semily (KrPB). D — Reddish mudstones with weak pedogenic overprint overlain by sandstones with (?)hum-
mocky cross-stratification. PlouzZnice Horizon. Railway road cut near Plouznice in the KrPB. E — Sharp-to erosional-based normally graded silty laminae of distal turbidity underflows and
sharp-to diffuse-based silty laminae of interflows (after Martinek et al., 2006 ), Rudnik Horizon in the Vrchlabi Formation, road cut near Vrchlabi (KrPB). F — Dark-grey bituminous shales
overlain by lacustrine limestone, Rudnik Horizon in the Vrchlabi Formation exposed in road cut near Vrchlabi in thé KrPB. G — Mostly anoxic offshore facies of the Rudnik Horizon exposed
in road cut near Vrchlabi. Photos A: Z. Simiinek; B-C, E-G-D: S. Oplustil; D: K. Martinek.
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volcaniclastics (Fig. 6A, B). Except for the volcaniclastics, these litholo-
gies are absent or rare in dominantly red parts of the succession. Up to
several high-ash coals of local extent and <0.4 m thick can be present
in the Zdétin and Klobuky Horizons (Fig. 6B). Disarticulated verte-
brate remains (fish and amphibian teeth, bones, scales or coprolites)
as well as invertebrate faunas are common in limestones, some mud-
stones and some claystones, where they are associated with drifted
plant fragments.

Breccia composed of small (<1 cm) angular to sub-angular clasts of
crystalline rocks bound in a massive mudstone matrix locally occurs
along the northern margin of the KRB and MRB (PeSek, 1994, 2004).
This breccia probably represents deposits of cohesive mudflows or
debris flows. In a few boreholes in the NW part of the KRB, Valin
(in PeSek and Skocek, 1999) described medium- to coarse-grained
cross-bedded bimodal sandstones composed of well-rounded grains of
quartz, which he interpreted as eolian deposits.

Volcanic rocks, a product of bimodal volcanism, although usually
comprising a very small part of the succession, are quite common in
this unit. This is especially the case for acid volcaniclastics forming
smectitic argilised tuff beds, millimetres to a few metres thick. In
some boreholes, Skocek (in PeSek et al., 2001) identified several tens
of such individual beds throughout the thickness of the formation
(e.g., 58 in the borehole Br 1 Briiany in the MRB). Up to 4 horizons of
basalt-to-trachybasalt bodies, several metres to >50 m thick, were pen-
etrated by some boreholes in the NW part of the KRB (Kopecky and
Malkovsky 1958); some other levels contained volcanic bombs and
lapillas.

The depositional environment of the Liné Formation is interpreted
as a broad braid plain along the southern and SW part of the basin
(Fig. 7B). This is the area today where sandstone and conglomerate
are the dominant lithologies. The proportion of these coarse sediments
decreases northward into the zone of maximum basinal subsidence.

A Highland (Saxo-Thuringian basement)

In this are, the braid plain transitioned to a fluvial plain drained by
mixed to suspended load-dominated (potentially meandering) fluvial
systems and open lakes. During periods of increased climatic humidity
large perennial lakes formed (Fig. 7A). PeSek (1994) interprets most of
the sediments of the Liné Formation being of lacustrine origin whereas
Holub and Tasler (1981) believe they were deposited mainly in low-
energy rivers.

4.1.2. Fossil record of the Liné Formation

Although seemingly without fossils, quite a diverse macroflora and
microflora, as well as vertebrate and invertebrate fauna, have been
gathered from the Liné Formation since the earliest investigations in
the second half of the 19th century (Feistmantel, 1883; Krejci, 1877).
The presence of some key taxa, including Sphenophyllum angustifolium,
in the Zdétin and Klobuky Horizons suggests that the lower half of
the formation correlates with the S. angustifolium biozone of Wagner
(1984), indicating a latest Pennsylvanian age (upper Gzhelian). Plant re-
mains are scarce for up to several hundred metres above the Klobuky
Horizon, preventing age constraints based on the floristic record. How-
ever, the local vertebrate A. gracilis biozone suggests an Early Permian
(Asselian) age for the upper part of the formation (Zajic, 2012). No
peltasperm remains have been reported so far from this assumed Perm-
ian part of the section (Setlik, 1977).

4.1.2.1. Flora of the Liné Formation. The floristic record of the Liné Forma-
tion is generally poor and distribution of flora is irregular throughout
the section. Rather exceptional are determinable plant remains in red
fluvial sediments found only in ca. 33 of about 250 boreholes that pen-
etrated this unit (Setlik, 1977; Setlik and Rieger, 1970). This scarcity is
assumed to be a result of a drier climate, less favourable for plant
growth, and oxidative conditions in dry soils promoting fast decompo-
sition of plant remains. However, relatively common rhizoliths or root
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Fig. 7. Landscape reconstruction of the Liné Formation in contrasting stages of climatic oscillations. (A) Humid period characterised by increased precipitation promoted de-
velopment of lacustrine environment (Klobuky Lake) with coastal wetlands and local peat swamps dominated by tree ferns with sub-dominant pteridosperms and sphe-
nopsids. Present are arborescent lycopsids. Dryland plants occupied distal well-drained parts of basin depocentre. (B) During drier climate with more pronounced
seasonality basin lowland was a braid plain to floodplain colonised mostly by dryland flora, dominantly conifers and sub-dominant cordaites. Wetland plans occupied

only wet spots located in shallow poorly drained depressions.
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haloes in red calcic/vertic palaeosols and silicified stems (Fig. 8) indicate
that vegetation cover was at least locally present (Oplustil, 2013). More
common are plant compressions in grey mudstones of lacustrine origin
(Figs. 9, 10). The preferential occurrence of particular species in cer-
tain lithologies of the formation was first mentioned by Setlik and
Rieger (1970), who searched for flora in boreholes. They observed
that red mudstones associated with palaeosols provided only a few
plant fossils, mostly non-stigmarian roots or unidentifiable plant
axes and less common walchian shoots and cordaitalean (Cordaites
and Poa-Cordaites) leaf impressions. Poorly preserved remains of
sphenopsids, ferns and pteridosperms are exceptional, and lycopsids
are completely absent from this type of sediment. Coarse-grained or
conglomeratic sandstones associated with these red mudstones pro-
vided silicified stems of gymnosperms, predominantly walchian coni-
fers and subordinate cordaitaleans (Bures, 2011), and also some
exceptional calamites (Fig. 8) (Mencl et al, 2013). In variegated
mudstones Setlik and Rieger (1970) found drifted fragments of
cordaitalean leaves and branches and Calamites stems, with subordi-
nate ferns and also walchian conifer remains as well as common
roots of non-stigmarian affinity (Figs. 4C, 9). However, the most
common plant remains they found in grey, mostly lacustrine mud-
stones were “hygrophilous” elements, dominantly calamites and
marattialean ferns and preserved as coalified compressions (Figs. 9,
10). The most plant remains have been found in grey mudstones of
the Zdétin and Klobuky Horizons. In the Zd&tin Horizon, Setlik and
Rieger (1970) found remains of Pecopteris cyathea (Schlotheim),
Dicksoniites pluckenetii (Schlotheim) Sterzel, Alethopteris zeilleri
(Ragot) Wagner, Callipteridium pteridium Gutbier and Odontopteris
schlotheimii Brongniart. The first three species are common also in the
underlying Slany Formation whereas the last two species determine
the Stephanian C age of the Liné Formation.

Sediments of the Klobuky Horizon, immediately above the Zdétin
Horizon, exposed in the vicinity of Klobuky village in the KRB, have
provided a fairly rich assemblage of fragmentary plant compressions
(Jindfich, 1963; Némejc, 1953; Obrhel, 1959, 1965; Simtnek et al.,
1988; Simiinek et al., 2009). Among the older elements of the Klobuky
Horizon flora are Asolanus camptotaenia Wood, Calamites cf. multiramis
Weiss, C. suckowii, Asterophyllites equisetiformis (Sternberg) Brongniart,
Dicksonites pluckenetii (Schlotheim) Sterzel, Pecopteris plumosa (Artis),
P. cf. polypodioides (Presl in Sternberg) Némejc and Cordaites cf.
borassifolius (Sternberg) Unger, whereas typically Stephanian species
are represented by Sphenopteris cf. mathetii Zeiller and Odontopteris
brardii (Brongniart) Sternberg. Sphenophyllum thonii Mahr, Pecopteris
arborescens (Schlotheim) Stur, Pecopteris cyathea (Schlotheim),
A. zeilleri (Ragot) Wagner, and Walchia piniformis Schlotheim ex
Sternberg extend upward stratigraphically from the underlying Slany
Formation, some of them continuing into the Permian. Calamites gigas
Brongniart, Sphenopteris cremeriana Potonié, Sphenopteris cf. dechenii
Weiss, Sphenopteris cf. weissii Potonié, Callipteridium pteridium Gutbier,
Odontopteris schlotheimii Brongniart, Neuropteris cf. zeilleri Lima,
Taeniopteris jejunata Grand 'Eury and Ernestiodendron filiciforme
(Schlotheim) Florin are known in the Central and Western Bohemian
Basins only in the Liné Formation and are indicative of late Stephanian
C times. The remaining species are known from both the Stephanian
and the Permian.

Several other species found at the Klobuky locality were encoun-
tered in boreholes by Setlik and Rieger (1970). These species, known
also in the Slany Formation, include Nemejcopteris feminaeformis
(Schlotheim) Barthel, Pecopteris cf. polymorpha (Brongniart), Pecopteris
unita Brongniart, Sphenophyllum cf. emarginatum (Brongniart) Brongniart,
Sphenophyllum oblongifolium (Germar) and Neuropteris nervosa Setlik.
Sphenophyllum angustifolium (Germar) Goeppert and Pecopteris densifolia

Fig. 8. Silicified stems from fluvial red beds of the Liné Formation. A — Cordaitalean stem with exposed pith of the Artisia type (sample FP00066, West Bohemian Museum in Pilsen), Liné
near Pilsen, Pilsen Basin. B — Silicified wood of walchian conifer showing position of branches (sample FP00067, West Bohemian Museum in Pilsen). Zbtich near Pilsen, Pilsen Basin. After
Bure$ (2011). C — Calamite stem with wood of Arthropitis cf. bistriata, Podborany area, Kladno-Rakovnik Basin. After Mencl et al. (2013). Photos A, B: J. Bures, C: J. HoleCek.
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Fig. 9. Flora of the Liné Formation. A — Dicksoniites plukenetii, loc. Klobuky, grey mudstone beneath the coal. B — Odontopteris schlotheimii, loc. Klobuky, grey mudstone beneath the coal.
C — Alethopteris zeilleri, loc. Klobuky, grey mudstone beneath the coal. D — Ernestiodendron filiciforme, loc. Klobuky, limestone above the coal. E — Walchia sp., red mudstone, loc. Semcice in
the MRB, borehole S¢ 1, depth 894.4 m. F — Callipteridium pteridium, grey mudstone, loc. Semcice (MRB), borehole S¢ 1, depth 1249.4 m. G — Calamites sp., variegated mudstone, loc.
Sazend in the KRB, borehole S¢ 1, depth 67.3 m. H — Neuropteris nervosa, red mudstone, loc. Skary in the KRB, borehole Sy 1, depth 183-183.7 m. [ — Cordaites sp. (cf. borassifolius),
loc. Nyfany in the PB, borehole Ny 13, depth 49.4-50 m. ] — Detail of venation from previous figure, showing alternation of thin and thick veins, scale bar = 5 mm. Scale bars 1 cm except

the Fig. J. All photos: Z. Simtnek.

Goeppert have not been found in older deposits and indicate the level
of S. angustifolium biozone.

In all, nearly 50 taxa have been reported from the formation
(Table 1) (Pe3ek, 2004; Simtnek et al., 2009). These are estimated to
represent about 40 biological species. Apart from walchian conifer-
dominated assemblages in red mudstones and cordaitalean-rich asso-
ciations of variegated mudstones, plant assemblages of the Klobuky
Horizon are dominantly composed of tree ferns with Pecopteris foliage.
Sub-dominant are calamites and pteridosperms and also cordaitaleans,
whereas walchian conifer remains are rare.

4.1.2.2. Palynology of the Liné Formation. The red beds nature of the Liné
Formation does not favour preservation of palynomorphs. Consequent-
ly, miospore assemblages have been obtained only from grey mud-
stones or thin coals, whereas in red mudstones and claystones spores
are not preserved. In all, only about 60 miospore species representing
major plant groups (Table 2) have been reported so far from this
lithostratigraphic unit (PeSek, 2004). The richest spore assemblages
have been obtained from grey mudstones or thin coals.

One of the richest assemblages was obtained from the grey near-
shore mudstones of the Klobuky Horizon. Here the assemblage is
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Fig. 10. Flora of the Klobuky Horizon (Liné Formation) from the type area near Klobuky village in the KRB. A — Stigmaria ficoides in mudstone just beneath the Klobuky Coal.
B — Lepidostrobus sp., muddy limestone above the Klobuky Coal, coll. Obrhel. C — Asollanus camptotaenia, muddy limestone above the Klobuky Coal. D — Calamites suckowii,
muddy limestone above the Klobuky Coal. E — Asterophyllites equisetiformis in nearshore lacustrine mudstone beneath the coal. F — Pecopteris cyathea, lacustrine mudstone
beneath the coal. G — Taeniopteris jejunata, lacustrine mudstone beneath the coal. H — Callipteridium pteridium in mudstone, coll. Jindfich. Scale bars 1 cm. Photo B: S. Oplustil,

Photos A, C-H: Z. Simiinek.

dominated by the genus Cyclogranisporites followed by the genera
Laevigatosporites, Latosporites and Punctatisporites, whereas representa-
tives of the genera Convolutispora, Microreticulatisporites, Leiotriletes,
and Verrucosisporites are rare (Simtnek et al, 2009). The genera
Calamospora, Cadiospora (Sigillaria brardii), Cirratriradites (herba-
ceous lycopsids), Florinites (Cordaites), Potonieisporites (conifers) and
Schopfipollenites, Vesicaspora, Wilsonites and Vittatina, which represent
pteridosperms, all are found very rarely.

Assemblages isolated from thin coals are dominated by repre-
sentatives of the genus Lycospora (Kalibova, 1970). These contrast
with those from the grey shales, such as that from the Klobuky
Horizon.

4.1.2.3. Fauna of the Liné Formation. Animal remains in the Central and
Western Bohemian Basins are known not only from the all three grey
horizons of the Liné Formation but also from both intercalated se-
quences of generally red colour (Figs. 11, 12; Table 3). The majority of
the Liné Formation, including the Zdétin and the Klobuky Horizons, is
doubtless of Stephanian C age. The Stranka Horizon is, however, more
probably of Lower Rotliegend age (Zajic, 2012). Three boreholes yielded
fossil remains of the Stranka Horizon, yet its stratigraphic position is still
based on the circumstantial evidence.

The Zdétin Horizon (Late Gzhelian-Stephanian C) is known only from
twenty boreholes but their common faunal content is quite well known.
Invertebrates are represented by the pelecypod Anthraconaia sp.,
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Table 1
List of the most important plant species and their stratigraphic ranges in the Stephanian C-Autunian successions of the continental basins of the Czech Republic. Some organ
genera (e.g., seeds and roots) are omitted.

Basin > CWBB Krkono3e-piedmont Basin ISB Boskovice Basin Blanice Basin
Formation > | Liné& Fm. Semily Fm. Vrchlabi Formation Chvale¢ Fm.| Rosice-Oslavany Formation Padochov Fm. Cerny Kostelec Fm.
=
=2
£ = .

Taxon Horizon/Member > :<5 E - = % E = — %E i . : s
gl = o2 = E| £ )& £ £ ¢ : :$| % %
~ = A o~ =n) ~ > o ] o == N &2 ~ =

Asolanus camptotaenia X X X

Sigillaria brardii X ? X X X

Lepidostrobus variabilis X

Lepidostrobus sp. X X

Lepidodendron sp. ? ? X

Calamites cistii X X X X X X

Calamites cruciatus X X X

Calamites suckowii X X X X X X X

Calamites undulatus X X

Calamites multiramis X X X

Calamites gigas X X ? X ? X X X X X

Calamites infractus X

Annularia sphenophylloides X X X X X

Annularia carinata X

Annularia stellata X X X X X X X X X X

Annularia spicata X

Annularia cf. mucronata X

Annularia cf. pseudostellata X X

Asterophyllithes equisetiformis X X X X X X X X X

Asterophyllithes longifolius X

Calamostachys germanica X X

Calamostachys dumasii X X X X

Calamostachys tuberculata X X X X X

Sphenophyllum angustifolium X X X X

Sphenophyllum emarginatum ?

Sphenophyllum oblongifolium X X X X X X X X

Sphenophyllum incissum X

Sphenophyllum longifolium X

Sphenophyllum thonii X X X

Nemejcopteris feminaeformis X X X X X

Sphenopteris cremeriana X

Sphenopteris germanica X X X X X X

Sphenopteris cf. dechenii X X X X X

Sphenopteris cf. mathetii X X X X

Sphenopteris cf. weisii X

Pecopteris arborescens X X X X ? ? X X X X X X

Pecopteris cyathea X X X X X X X X X X X X

Pecopteris candolleana X X X X X X X X

Pecopteris densifolia X ? X X X X

Pecopteris pseudobucklandii X X X

Pecopteris imbricata X

Pecopteris hemitellioides X X X X X

Pecopteris polymorpha X

Pecopteris polypodioides X X X X X X X X

Pecopteris lepidorhachis ? X X X X X

Pecopteris unita X X X X X X

Senftenbergia plumosa X X X X X

Senftenbergia saxonica X X

Remia pinnatifida X X X

Dicksonites plueckenetii X X X X X X X X X

Pseudomariopteris busquetii X X

Pseudomariopteris cordato-ovata X

Alethopteris zeilleri X X X X X X X X ? X

Alethopteris moravica X

Alethopteris schneideri X

Neuropteris nervosa X

Neuropteris cordata X X X X X X

Neuropteris zeilleri X X X
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Table 1 (continued)

127

Basin > | CWBB KrkonoSe-piedmont Basin ISB Boskovice Basin Blanice Basin
Formation > |Liné Fm. Semily Fm. Vrchlabi Formation Chvale¢ Fm.| Rosice-Oslavany Formation Padochov Fm. |Cerny Kostelec Fm.
=
a
. £ = T
i T 0 . o} —_ < .

Taxon Horizon/Member > > 8 8 = ) T s i i S é = N s %

| 5§ & &€ T £| & |z =z =2 £ § &z| 3 2

) g 2 E T S 5 g g 3 S Y & s 2

4 [ A -5 jan} 4 > o o o T N R -9 =
Neuropteris cf. pseudo-blissii X
Barthelopteris germarii X X X X X
Odontopteris subcrenulata X X X X X X X X
Odontopteris brardii X X X X X
Odontopteris lingulata X X X
Odontopteris minor X X X X ?
Odontopteris schlotheimii X X X X X X X X X
Neurodontopteris auriculata X X X X X X X X X
Neurocallipteris neuropteroides X X X ? X X X X X
Callipteridium pteridium X X
Callipteridium gigas X X X
Arnhardtia scheibei X X
Autunia conferta X ? X X X X X X
Autunia naumannii X ? X X X X X X
Dichophyllum flabellifera X X X X X
Lodevia nicklesii X X X
Rhachiphyllum lyratifolia X X X X
Rhachiphyllum curretiensis X
"Callipteris" zbejsovensis X X
Rhachyphyllum schenkii X
Gracilopteris bergeronii X
Taeniopteris jejunata X X ? X X
Taeniopteris abnormis X X X X
Taeniopteris multinervis ?
Taenioptris carnotii X
Taeniopteris coriacea X
Cordaites cf. borassifolius X X X X X X X
Cordaites cf. palmaeformis X X X X X X X X X
Cordaites cf. principalis X X X X X X X X
Cordaites sp. X X X X X
Poacordaites sp. X X X X X X
Dicranophyllum longifolium X
Dicranophyllum gallicum X
Ernestiodendron filiciforme X X X X X X X X
Walchia piniformis X X X X X X X X X X X
Walchia goeppertiana X X X
Walchia sp. X X X X X X X
Carpentieria marocana X
Culmitzschia frondosa X X
Culmitzschia laxifolia X X
Culmitzschia angustifolia X X X
Culmitzschia speciosa X X X X
Culmitzschia parvifolia X
Otovicia hypnoides X X
Hermitia rigidula X
Gombhostrobus bifidus X X X X X X
Pterophyllum sp. X
Zamites sp. X
Number of species 42 41 15 43 20 8 15 31 35 47 7 50 27 23 34
Estimated biological species 38 38 13 39 19 8 15 27 35 45 7 44 23 21 30

? — uncertain; X — very rare; X — rare; X — common.

abundant ostracods assignable to Carbonita sp., conchostracans assign-
able to Lioestheriidae indet. and one insect wing fragment. Vertebrate re-
mains are mostly represented by isolated teeth, scales and other skeletal
remains. Acanthodian scales, scapulocoracoids and fin spines of
Acanthodes sp. are usual. Hybodontid sharks are represented by rare

scales of Sphenacanthus carbonarius, one tooth of Lissodus lacustris and
some other hybodontid dermal denticles. Xenacanthid shark teeth, in-
cluding Orthacanthus sp., are common. The most diversified
actinopterygian fishes are represented by teeth, scales, bones and seg-
ments of lepidotrichia of Elonichthys krejcii, Progyrolepis speciosus,
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Table 2
Miospores and their stratigraphic ranges in the Stephanian C-Autunian strata of the conti-

nental basins of the Czech Republic. After Pe3ek et al. (2001), partly modified. Table 2 (continued)

Krkonose-piedmont Basin Krkono3e-piedmont Basin
CWBB Vrchlabi Formation ISB CWBB Vrchlabi Formation ISB
: g = T 3 : ez T 3
E > £ == g 3 £ z ¥ T 2 3
2 E € & § E ' E € & § E
Taxon g & &2 E < S Taxon = s 2 = < =
Acanthotriletes sp. X Laevigatosporites perminutus X X
Ahrensisporites minutus X Laevigatosporites striatus X
Alisporites sp. X X X X Laevigatosporites vulgaris X X
Angulisporites splendidus X Latensina sp.
Apiculatisporites aculeatus X Latosporites globosus X X X
Apiculatisporites baccatus X Latosporites latus X X
Apiculatisporites sp. X Latosporites robustus X
Apiculatisporites spinulistratus X Latosporites saarensis X
Bascanisporites sp. X X Leiotriletes adnatoides X
Cadiospora magna X X X Leiotriletes adnatus X X
Calamospora breviradiata X X X Leiotriletes convexus X X
Calamospora liquida X Leiotriletes grandis X
Calamospora microrugosa X X X X Leiotriletes gulaferus X
Calamospora mutabilis X Leiotriletes minutus X X
Calamospora pedata X Leiotriletes sphaerotriangulus X X X X
Calamospora saariana X Limitisporites latus X
Camptotriletes cf. triangularis X X Lophotriletes commissuralis X
Columnisporites sp. X Lophotriletes gibbosus X
Converrucosisporites triquetrus X Lophotriletes gulaferus X
Convolutispora sp. X Lophotriletes insignitus X
Costaepollenites elipsoides X Lophotriletes microsaetosus X X
Cristatisporites indignabundus X Lophotriletes mosaicus X
Cyclogranisporites aureus X X X X Lueckisporites sp. X
Cyclogranisporites densus X Lundbladispora gigantea X
Cyclogranisporites jelenicensis X Lycospora sp. X X X X X
Cyclogranisporites orbicularis X Microreticulatisporites fistulosus X
Densosporites sp. X X Microreticulatisporites nobilis X
Densosporites sphaerotriangularis X X Nuskoisporites sp. X X
Endosporites formosus X X X X Pityosporites sp. X
Endosporites globiformis X X X X Planisporites kosankei X
Florinites antiquus X X Planisporites sp.
Florinites mediapudens X Platysaccus sp. X
Florinites millotii X X Polymorphysporites sp. X
Florinites minutus X X X Potonieisporites bhardwaji X X
Florinites ovalis X X Potonieisporites elegans X
Florinites pierarti X Potonieisporites novicus X X
Florinites pumicosus X X Potonieisporites sp. X X X
Florinites similis X X Protohaploxipinus cf. Globosus X X
Florinites sp. X X X Protohaploxipinus samoilovichii X X
Gardenaisporites heiselii X X Protohaploxipinus sevardi X X
Gardenaisporites leonardi X X Ptonieisporites simplex X
Gillespieisporites discoideus X X X Punctatisporites minutus X X
Granulatisporites piroformis X X Punctatisporites obliquus X X X X
Granulatisporites sp. X Punctatisporites provectus X
Gravisporites sphaerus X Punctatosporites granifer X X
Guthoerlisporites magnificus X X Punctatosporites microgranifer X
Hamiapollenites sp. X Punctatosporites minutus X X
[llinites unicus X X X Punctatosporites oculus X
Jugasporites sp. X X Punctatosporites punctatus X X X
Knoxisporites glomus X X Punctatosporites pygmaeus
Kosankeisporites elegans X X X X Punctatosporites sp. X X
Laevigatosporites densus X Raistrikia aculeolata X
Laevigatosporites desmoinesensis X X X X X Raistrikia crinita X
Laevigatosporites maximus X X Raistrikia saetosa X
Laevigatosporites medius X X X X Reticulatisporites reticulatus X
Laevigatosporites minimus X X X X Reticulatisporites sp. X
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Table 2 (continued)

KrkonoSe-piedmont Basin
CWBB - Vrchlabi Formation ISB
S .
. e = T =
E =z ¢ = £ 3
g E T & 3 5§
Taxon 3 n &= T P> >
Sclerotites angulatus X
Scheuringipollenites sp. X
Speciososporites sp. X X
Spinosporites sp. X X
Spinosporites spinosus X
Sporonites unionus X
Striatopodocarpites sp. X
Thymospora obscura X X
Thymospora sp. X X X
Thymospora thiessenii X X
Thymospora verrucosa X
Torispora sp. X X
Triquitrites bransonii X
Triquitrites exiquus X
Triquitrites spinosus X
Tuberculatosporites sp. X
Tuberculatosporites stephaniensis X
Variouxisporites plicatus X
Verrucosisporites grandiverrucosus X X
Verrucosisporites sinensis X X X X X
Vesicaspora ovata X
Vesicaspora sp. X
Vesicaspora wilsonii X X
Vestigisporites sp. X
Vittatina costabilis X X X
Vittatina ovalis X
Vittatina sp. X X X X X X
Vittatina thuringica X
Westphalensisporites irregularis X
Wilsonites kosankei X X X
Wilsonites vesicatus X

X — very rare; X — rare; X — common.

Sphaerolepis kounoviensis, Spinarichthys dispersus and Actinopterygii
indet. Small but characteristic scale fragments of the dipnoan Sagenodus
sp. occur infrequently. The special intercalated bed of blackish-grey “tet-
rapod” claystone is rich in isolated bones mostly attributable to amphib-
ians. This layer (or two stratigraphically close layers) was detected in
four boreholes. One partially articulated amphibian specimen was de-
scribed (Zajic et al.,, 1990) as Branchierpeton cf. saalensis. This taxon is
also important from the stratigraphic point of view because it was origi-
nally described from the Wettin Member (Stephanian C) in the Saale
Basin (Germany).

The Klobuky Horizon (Late Gzhelian-Stephanian C) fauna is known
chiefly from several outcrops (especially from the Klobuky localities)
and from three boreholes. The main fauna-bearing bed comprises
yellowish pink limestone, which is full of microremains. Hundreds of
ichthyoliths were separated chemically from this sediment. Common
pelecypods are traditionally described as Anthracosia stegocephalum
or, less commonly, Anthraconaia sp. Lioestheriid conchostracans are
often determined as Pseudestheria sp., ostracods as Carbonita salteriana
or, more likely, Carbonita sp. Rare exoskeletal fragments of syncarids
were discovered. All vertebrates are disarticulated and their remains
(including bones) are isolated. Acanthodians are represented both the
closely indeterminable remains Acanthodes sp. and Acanthodes fritschi.
Among remains of xenacanthid sharks are teeth of Orthacanthus sp.,

Plicatodus plicatus and Plicatodus sp. Other small teeth and tiny frag-
ments of calcified cartilage are still labelled as Xenacanthiformes
indet. Hybodontid sharks are represented by common ichthyoliths of
Sphenacanthus carbonarius (scales and one tooth), rare small teeth of
Lissodus lacustris, and dermal denticles of Hybodontiformes indet.
Progyrolepis speciosus, Sphaerolepis kounoviensis, Spinarichthys dispersus,
Zaborichthys fragmentalis, and Elonichthys krejcii represent determinable
taxa of actinopterygian fishes. Other specimens are labelled as Actinop-
terygii indet. Rather rare remains (scale fragments) of sarcopterygian
fishes belong to dipnoan Sagenodus sp. and Osteolepiformes indet.
Rare amphibian remains consist of both chemically separated tiny jaw
fragments and isolated bones on the bedding planes of a drill core
(Dissorophoidea indet.).

The Stranka Horizon (?Lower Rotliegend) is the youngest of the
main three non-red horizons. Its age has been debated since it was
established by Holub (1972). The horizon is known only from three
boreholes but circumstantial evidence speaks in favour of lower-
most Permian age. Unmistakable thin cycloid scales of Sphaerolepis
kounoviensis are the hallmark of the local bio/eco sub-zone Sphaerolepis.
These abundant scales can be found almost in all samples of that sub-
zone containing fauna (even together with pelecypods). No scales of
S. kounoviensis have been found in the Stranka Horizon. Positive
evidence (for the presence of Sphaerolepis-Elonichthys or A. gracilis
zones) could provide a future evaluation of discovered xenacanthid
teeth. In the horizon, thin-walled pelecypods Myalinidae indet., ostra-
cods Carbonita sp., conchostracans Lioestheriidae indet., xenacanthid
sharks Xenacanthida indet., and indeterminable smooth actinopte-
rygian scales Actinopterygii indet. were found.

Red sequences among all three horizons (Stephanian C) are, despite
the traditional assertion, not completely sterile. Four boreholes yielded
quite diversified faunas, all of which are of the same nature. Invertebrates
are represented by pelecypods Anthraconaia sp., ostracods Carbonita sp.,
and conchostracans of the family Lioestheriidae. Scales and fin spines of
acanthodians (Acanthodes sp.) and poorly preserved teeth of xenacanthid
sharks Xenacanthiformes indet. were discovered. A majority of the
actinopterygian fishes found are preserved as isolated scales and skeletal
remains except one completely articulated specimen discovered in a drill
core. S. kounoviensis, Spinarichthys dispersus, Progyrolepis speciosus, and
Elonichthys krejcii were recognised. Scale fragments of the dipnoan fish
Sagenodus sp. complete the set of piscine remains. Some isolated amphib-
ian bones belong to Dissorophoidea indet.

4.1.3. Climatic indicators recorded in the Liné Formation

The predominantly red colour of mudstones and fine-grained sand-
stones together with absence of coal led PeSek (1994) and other authors
to the conclusion that the climate during the deposition of the Liné For-
mation was dry but still not arid. Although the red colour of sediments is
indicative of well-drained oxidative conditions, which can occur in a
wide spectrum of climates (PeSek and Skocek, 1999; Sheldon, 2005),
the basin-wide extent of red beds, in combination with the presence/
absence of other climate sensitive lithologies, can provide unequiv-
ocal information on palaeoclimate. The absence of coal in red fluvial
sediments and its scarcity in some grey lacustrine horizons indicates cli-
matically unfavourable conditions for peat accumulation except during
periods of increased humidity, represented by lake horizons. However,
even in these humid periods precipitation did not reach the level
required for the kind of long-term peat accumulation necessary for
the formation of economically important regional coals, such as those
present in underlying Slany Formation of middle Late Pennsylvanian
age. Relatively dry and seasonal climate even during humid period of
significant lacustrine deposition may indicate the presence of lime-
stones (PeSek and Skocek, 1999) as suggested by lateral transitions
from non-marine limestones into calcic vertisols observed in some
North American basins (DiMichele et al., 2010). Millimetre-scale to
40 cm thick chert layers to lenses are locally common in some lacustrine
deposits (Fig. 6A, B), very often associated with volcaniclastics. Cherts
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Fig. 11. Fauna of the Kladno-Rakovnik Basin (CWBB), Klobuky Horizon, Klobuky locality. Photos by Zajic. A — Anthraconaia sp., scale bar equals 5 mm. B — Lioestheriidae indet., scale bar
equals 5 mm. C — Sphenacanthus carbonarius, tooth in coronal view, scale bar equals 3 mm. D — Sphaerolepis kounoviensis, scale, scale bar equals 2 mm. E — scales Sphaerolepis kounoviensis
(left down) and Spinarichthys dispersus (right up), scale bar equals 2 mm. F — Sphenacanthus carbonarius, scale in anterior view, scale bar equals 1 mm. G — Sagenodus sp., broken rib, scale
bar equals 5 mm. H — Lissodus lacustris, incomplete tooth in lingual view, scale bar equals 0.2 mm. I — Acanthodes sp., fragment of small fin spine with inner canals system in cross section,
scale bar equals 0.2 mm. ] — Actinopterygii indet., sculptured tooth, scale bar equals 0.2 mm. K — Amphibia indet., jaw fragment in posterocoronal view, scale bar equals 0.2 mm.

are finely laminated or brecciated and locally mud cracked (Skocek,
1969). This author explains the origin of cherts by decomposition of
volcaniclastics, which provided silica that precipitated at the contact
with underlying coal due to low pH as the strong evaporation increased
its concentration in lake water.

In predominating red beds between grey lacustrine horizons, asso-
ciated palaeosols, which are vertisols often with nodules of precipitated
pedogenic carbonates locally coalescing into continuous -calcrete
horizons (PeSek and Skocek, 1999; Skocek, 1993), indicate climates
with strongly seasonal moisture deficits (Cecil, 2003; Driese and Ober,
2005; Nordt et al., 2006). Such conditions result in full oxidation of
plant remains, which are preserved as impressions, which is a typical
preservation pattern in fluvial red beds (Fig. 9E, G, H, I, J). Roots,

if present in these palaeosols, are mostly sub-vertically oriented
(Fig. 4C) and of non-stigmarian affinity. Stigmaria-like root systems
were rarely reported (Oplustil, 2013; Setlik and Rieger, 1970) only
from grey mudstones (Fig. 10A). Another fossilisation pattern of plant
remains typical for fluvial red beds deposited under seasonally dry
climate is silicification of wood and other tissues in porous coarse-
grained feldspathic sandstones and conglomerates (Fig. 8). Skocek
(1970) and Matysova et al. (2008, 2010) consider fluctuating water
table to be a pre-requisite for wood silicification in alluvial sediments.
Prostrate silicified stems up to >10 m long lack bark, branches and
roots, which together with the absence of parent palaeosols, are good
indicators of transport prior final burial. Probably even drier climate
and the absence of a dense vegetation cover are indicated by bimodal
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Fig. 12. A — Actinopterygii indet., articulated specimen, MSeno-Roudnice Basin (CWBB), red sequence of the Liné Formation between the Klobuky and Strdnka Horizons, Lib-1 Libéchov
borehole, scale bar equals 30 mm. B — Sphaerolepis kounoviensis, incomplete parasphenoid, KrPB, PlouZnice Horizon, PlouZnice locality, scale bar equals 3 mm. C — Acanthodes sp.,
distorted specimen, KrPB, Rudnik Horizon, Vrchlabi locality, scale bar equals 50 mm. D — Tetrapoda indet., incomplete rib, KrPB, Kozinec Horizon, Kozinec locality, scale bar equals
50 mm. E — Neslovicia elongata, articulated specimen, KrPB, Rudnik Horizon, Kost’alov locality, scale bar equals 20 mm. F — Paramblypterus sp., articulated specimen, KrPB, Rudnik Horizon,

Vrchlabi locality, scale bar equals 50 mm. Photos by Zajic (A, C, D) and Stamberg (B, E, F).

eolian sandstones described from NW part of the KRB and possibly
some loess deposits from the Manétin Basin (Tasler and Skocek,
1964). Seasonal climate is also inferred by Skocek (1974) and PeSek
and Skocek (1999) from clay mineralogy of argilised tuffs and
palaeosols, which are rich in smectites, and from a generally high varia-
tion of heavy mineral spectra suggesting reduced intensity of chemical
weathering in the Liné Formation compared to the underlying coal-
bearing Slany Formation.

All the aforementioned lithologies in the Liné Formation suggest
the climate during deposition of this unit was seasonal, the intensity
of which varied temporally. Evidently less pronounced seasonality
existed during the deposition of grey-coloured horizons, which are
assumed to represent the wettest parts of climatic oscillations because
of peat accumulation, even though of limited extent, whereas calcic
vertisols to calcisols, associated with fluvial red beds between grey
horizons, indicate strongly seasonal conditions. Existing data allow us
to speculate that the climate under which deposition took place thus
probably varied from moist sub-humid to dry sub-humid (Cecil, 2003)
but occasionally could perhaps approached even drier (?semi-arid)
climate as indicated by local presence of eolian sediments. However,
findings of fish and shark remains in red beds suggest existence of
“surface” water (lakes and/or rivers) throughout the year even during
deposition of this part of the Liné Formation. The duration of these
oscillations, however, is difficult to estimate from existing data.
Assuming that these low-latitude climatic cycles represent far-field re-
sponses to changes of continental ice, then they could correspond to
medium-term intervals of glacial advance and retreat of ice in the for-
mer Gondwana portions of Pangaea, which lasted from about a hundred

thousand to about a million years (Birgenheier et al., 2009; Cecil, 2003;
DiMichele et al., 2010; Driese and Ober, 2005; Fielding et al., 2008).
Moreover, superimposed on these climatic oscillations during deposi-
tion of the Liné Formation there seems to be a hierarchically overriding
trend of increasing aridity recorded by the decreasing occurrence of
grey-coloured sediments above the Stranka Horizon.

4.2. Sudetic Basins

The eastern part of the main basin complex (MBC) is subdivided into
the Mnichovo Hradisté (MHB), Krkonose Piedmont (KrPB) and Intra-
Sudetic (ISB) basins, which together with the adjacent, but nowadays
isolated, Ceskd Kamenice (CKB) and Orlice basins (OB), comprise the
Sudetic Basins, encompassing an area of about 4000 km? (Figs. 1, 2)
located onthe Saxo-Thuringian basement. Individual basins of the east-
ern part of the MBC are separated by prominent NW-SE striking faults,
the reverse nature of which is a result of later reactivation during the
Alpine Orogeny (PeSek, 2004; Tasler et al, 1979). As indicated by
small denudation relicts of Early Permian strata in the surrounding of
the MBC, all the Sudetic Basins once formed a large single depocentre
around the time of the Pennsylvanian/Permian boundary. These Sudetic
Basins generally differ from those of central and western Bohemia in
having a well-developed and biostratigraphically dated Permian part
of the succession. The stratigraphic range of deposition between partic-
ular basins can differ significantly as can their thickness and lithostrati-
graphic units. Therefore only those basins where the Carboniferous-
Permian transition is present and proved by the fossil record are
discussed in detail. These basins include the KrPB and ISB. In the
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remaining basins the deposition either started later (OB) or the fossil re-
cord is generally poor.

4.2.1. KrkonoSe Piedmont Basin (KrPB)

In the KrPB deposition spans the interval from the latest
Moscovian to the Triassic and the whole basin thickness reaches
up to 1800 m (PeSek, 2004). The basin fill is subdivided into nine
lithostratigraphic formations (Fig. 2). The latest Pennsylvanian and
earliest Permian strata are represented by the Semily and Vrchlabi
Formations separated by a hiatus, the stratigraphic extent of which
varies across the basin.

4.2.1.1. Lithology and sedimentary environments of the Semily and Vrchlabi
Formations. The Semily Formation (Stephanian C) consists usually of a
300-500 m thick complex of fluvial to lacustrine sediments, except in
the southern part of the basin where the formation thickness is reduced
to <200 m. It is separated from the underlying Syfenov Formation by
a basin-wide and biostratigraphically proven hiatus identified also in
the basins of central and western Bohemia (Fig. 2). The basic lithological
pattern of the formation consists of a cyclic alternation of petromict
conglomerates and sandstones (Fig. 6C) with red mudstones often
cemented by calcite. Less common but stratigraphically important are
red to variegated mudstones accompanied by bituminous shales, lime-
stones and cherts. These non-red mudstones are grouped into the
Stépanice-Cikvasky and PlouZnice Horizons (Fig. 6D) formerly de-
scribed as two independent stratigraphic intervals but later proven to
be stratigraphically equivalent (PeSek, 2004). Deposition was accompa-
nied by volcanic activity, which produced layers of acid tuffs, and excep-
tionally, also small effusions of basaltic bodies (PeSek, 2004).
Lithological development of the Semily Formation between north-
ern and southern parts of the KrPB differs (Fig. 5). In the northern part
along the W-E trending tectonic basin margin the lower, about 100 m
thick succession is dominated by purple to carmine-brown poorly
sorted conglomerates to breccias composed of clasts derived from
surrounding crystalline complexes (Fig. 6C). Clast size is commonly a
few to about 30 cm; however, the basal conglomerate locally contains
gneiss cobbles up to 50 cm in diameter (PeSek et al., 2001). Subordinate
purple-brown massive mudstones locally display an angular blocky
structure with rare carbonate nodules probably representing fossil
calcretes. Overlying this lower part of the formation is the about 95 to
130 m thick St&panice-Cikvasky Horizon composed of two and locally
even three 5 to 50 m thick sequences of grey to green-grey mudstones,
claystones and sandstones with one or two coals, locally developed.
Coals are usually between 20 and 50 cm thick although locally can
reach up to 1 m and some of them are accompanied by limestone
and/or bituminous shale. Locally present are volcaniclastics up to a
few metres in thickness. The remaining upper, about 200 m thick, part
of the formation consists of red to purple mudstones with intercalated

fine-grained sandstones and subordinate sandstone and rare con-
glomerates. In the southern part of the KrPB, the Semily Formation is
dominantly composed of red to purple mudstones alternating with sub-
ordinate sandstones and rare conglomerates except in the basal part of
the formation. Sandstones to fine-grained conglomerates are cross-
bedded and quite well sorted, with sub-angular to sub-rounded clasts.
The stratigraphic equivalent of the Sté&panice-Cikvasky Horizon in the
southern half of the basin is the PlouZnice Horizon (Fig. 6D). It is built
up of pale grey to variegated mudstones and claystones with local
deposits, up to a few tens of centimetres thick, of layers or lenses of
chert, subordinate limestones and associated volcaniclastics. Locally
present is a <20 cm thick silicified peat layer (Fig. 13). The horizon is
divided into two parts by 10 to 30 m thick red mudstones with subordi-
nate sandstones. The sandstones contain prostrate, silicified, but ana-
tomically often well-preserved stems of seed and spore producing
plants.

Deposition of the Semily Formation took place after a basin wide
hiatus related to the Intra-Stephanian phase. Conglomerates, breccias
and sandstones dominating the lower part of the succession in the
northern half of the basin (Fig. 5) are interpreted as alluvial fan deposits.
The central and especially the southern parts of the basin were occupied
at that time by an alluvial plain drained by rivers transporting a mixed
load. Later, as tectonic subsidence increased and/or climate became
more humid alluvial fans retreated further north and the basin
depocentre changed into a perennial lake. The northern part of the
depocentre is interpreted as a lake with oxic to locally anoxic conditions
at the bottom (St&panice-Cikvasky Horizon). Thin coals, developed in a
W-E striking narrow belt of coastal peat swamps along the northern
basin margin, indicate climatic conditions temporary suitable for peat
accretion. In the southern part of the depocentre the lake had a mostly
oxic bottom (PlouZnice Horizon). Several mudcrack horizons and/or
the presence of roots suggest lake-level oscillations (Martinek et al.,
2006). Together with intercalated red mudstones and subordinate
sandstones, these features may indicate that even during this wettest
phase of formation, the climate was not stable but oscillated in a similar
manner to that inferred during the deposition of the grey horizons of
the CWBB. The upper half of the Semily Formation was deposited on
an extensive alluvial plain drained by rather low energy rivers with
floodplains and small local lakes.

The following unit in the KrPB is the Vrchlabi Formation (lower
Autunian), which is a complex of fluvial to lacustrine strata. The unit is
up to 530 m thick along the tectonically active northern basin margin
but only 300 m or less in its southern half (PeSek, 2004). Differences
in subsidence are responsible not only for the half-graben-like geometry
of the depocentre but also for differences in sedimentary environment.
In the more subsiding northern part of the basin depocentre the prevail-
ing lithological pattern of the formation is characterised as “rhythmic”
alternation of red-brown massive mudstones with subordinate mostly
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Fig. 13. Silicified peat from the PlouZnice Horizon (Semily Formation) in the KrPB. A — Part of a lycopsid cone. B — Woody cylinder of lycopsid axes (?Stigmaria sp.). C — Cross section of the
secondary xylem cylinder of Stigmaria sp. D — Calamite stems showing wedges of secondary xylem. Scale bars 1 cm. All photos: V. Mencl.

Collection of the Municipal Museum Nova Paka.

thin sheet-like bodies of fine- to medium-grained sandstones (PeSek
et al., 2001). Grey to variegated mudstones are concentrated into
three distinct horizons in stratigraphic order called the Rudnik, Haje
and Kozinec (Fig. 5), of which only the Rudnik Horizon is of basin-
wide extent, traceable over a distance >30 km. Grey to black and varie-
gated lacustrine mudstones, laminites and carbonates of this horizon
cover an area of about 400 km? (Martinek et al., 2006). This 30-
150 m (60 m in average) thick horizon comprises the lower part of
the formation and is dominantly composed of green-grey to grey mud-
stones and claystones with thin sheet-like bodies of fine-grained sand-
stones, several bituminous shales, varying from a few decimetres to
locally over a metre thick (Fig. 6E, F, G) with vertebrate fauna and
drifted flora, and grey to dark-grey locally developed bituminous lime-
stones also with fauna. In proximity to the northern tectonic basin mar-
gin the Rudnik Horizon locally contains intercalations of conglomerates
interpreted as a coarse fan delta (Martinek et al., 2006). The remaining
grey horizons, the Haje and Kozinec, are of local extent situated in the
NW part of the basin. The Héaje Horizon, located about 100-180 m
above the Rudnik Horizon. It is a usually 10 to 30 m thick complex of
grey to green-grey mudstones and subordinate fine-grained sandstones
locally with the <30 c¢m thick Haje Coal, with grey to dark bituminous
limestone intercalations in mudstones above the coal. It is laterally
traceable over a distance of about 8 km. Even smaller lateral extent of
about 2 km is typical for the youngest Kozinec Horizon, which is a 15
to 20 m thick complex of grey conglomerates and sandstones with
green-grey to dark grey mudstones locally containing carbonaceous

mudstones a few centimetres thick or even high ash coal. In the south-
ern half of the basin the lower part of the formation is dominantly
composed of cross-bedded feldspathic sandstones with thinner con-
glomerate intercalations together forming thick amalgamated and
erosively based bodies (Stara Paka Sandstone Member) with subordi-
nate red-brown mudstones (PeSek et al., 2001). Arkoses contain silici-
fied woods of gymnosperms and less common Psaronius (tree fern)
stem remains. The proportion of mudstones increases in the middle
part of the succession where pale red-grey mudstones, thin and less
common limestones and beds of altered tuffs occur as an equivalent of
the Rudnik Horizon. In the remaining upper part of the formation in
the south of the basin, the proportion of coarse lithologies increases,
again being dominantly composed of cross-bedded to massive fine to
coarse grained sandstones with scattered pebbles and intercalated
decimetres-thick conglomerate beds (Cistd Sandstone Member). Com-
pared to the Stara Paka Sandstone in the lower part of the succession,
the petrographic composition of the Cistd Sandstone is more variable;
sediments are less sorted and are cemented by calcite and locally also
by dolomite. Silicified stems are rare or absent (PeSek, 2004; Tasler
and Skocek, 1980; Tasler et al,, 1981).

Sediments of the Vrchlabi Formation were deposited in a half-graben-
like depocentre. Maximum subsidence was along its northern margin,
which is bordered by coarse grained fan deltas (Martinek et al., 2006)
that pass southward into an alluvial plain. Along the southern basin mar-
gin a broad braid plain existed. This basic palaeogeographic pattern
changed during the humid periods when perennial lakes developed.
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The largest extent and longest duration was the Rudnik Lake in the lower
part of the formation, which was a basin-wide stratified lake deepest in
northern half of the basin near the active fault and gradually passing
southward into broad coastal mudflat and subsequently into a braid
plain represented by the Stard Paka Sandstones Member (Martinek
et al., 2006). The sedimentary record of the lake indicates the presence
of lacustrine cycles related to lake level oscillations reflected in the alter-
nation of transgressive and regressive facies and by vertical changes in
values of 6'®0 and §'3C in lacustrine carbonates, and in boron content
and some other geochemical proxies (Martinek et al, 2006). These
changes provide good evidence of repeating lake shallowing and drying.
During periods of low lake level increased salinity indicated by boron

content suggests that the lake was probably hydrologically closed,
whereas during the high lake level the low salinity suggests that it was
a hydrologically open sedimentary system (Martinek et al, 2006).
Highstand periods are characterised by increased organic content, abun-
dant pyrite and lack of bioturbation, which indicate high bioproductivity
and anoxic bottom conditions. Microspar laminae alternating with dark
organic-rich clay laminae are interpreted as to represent seasonal
(late summer) bio-induced calcite precipitation during algal blooms
(Martinek et al., 2006).

The remaining the Haje and Kozinec Horizons record the exis-
tence of local lakes, which developed during a period of increased
humidity only in the NW part of the basin. Although much less

Fig. 14. Flora from the PlouZnice and St&panice-Cikvasky Horizons (Semily Fm.) in the KrPB. A — Sigillaria brardii, carbonaceous mudstone, Plouznice Horizon, loc. PlouZnice, coll. Benda,
Lomnice Museum. B — Sphenophyllum oblongifolium, carbonaceous mudstone, Plouznice Horizon, loc. PlouZnice, coll. Havlata. C — Callipteridium pteridium, carbonaceous mudstone,
Plouznice Horizon, loc. Lisek near Stara Paka. D — Calamites suckowii, carbonatic mudstone, PlouZnice Horizon, loc. PlouZnice, coll. Havlata. E — Pecopteris cyathea — fertile, carbonatic mud-
stones, PlouZnice Horizon, loc. PlouZnice, coll. Havlata. F — Ernestiodendron filiciforme, carbonatic mudstone, PlouZnice Horizon, loc. PlouZnice. G — Pecopteris arborescens, grey mudstone,
Stépanice-Cikvasky Horizon, loc. Cikvasky, Bosna Mine, coll Rieger. Scale bars 1 cm. All photos: Z. Simiinek.
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Fig. 15. Silicified stems from sandstone above the PlouZnice Horizon (Semily Fm.) in the KrPB. A — Medullosan stem. B — Calamite stem with thick woody tissues. C — Calamite stems

preserved in sandstone. Scale bars 1 cm. All photos: V. Mencl.
Collection of the Municipal Museum Nova Paka.

pronounced than that during the deposition of the Rudnik Hori-
zon, the humid period still was sufficient for spatially and tempo-
rarily restricted peat accumulation resulting in thin, high-ash
coals.

4.2.1.2. Fossil records of the Semily and Vrchlabi Formations. Although red
bed parts of the succession of both formations are very poor in fossil re-
mains, grey to variegated horizons provide fairly rich fossil flora and
fauna.

4.2.1.2.1. Flora of the Semily and Vrchlabi Formations. The bulk of
macroflora of the Semily Formation has been found in the PlouZnice
and St&panice-Cikvasky Horizons, which are stratigraphically identi-
cal but represent different facies. In the PlouZnice Horizon the flora
is preserved as compressions without coaly matter. In some places
(e.g., near Nova Paka) silicified woods also commonly occur. Although
plant remains are generally not common, being restricted to few fos-
siliferous beds, quite a rich collection has been gathered during a centu-
ry of investigation. This collection includes remains of about 37 species
(Table 1; Fig. 14) of all the major plant groups (Némejc, 1932; Purkyné,
1929; Rieger, 1958, 1968). Lycopsids are represented by A. camptotaenia
Wood, Lepidostrobus variabilis Lindley and Hutton, Lepidophyllum
cf. lanceolatum Lindley and Hutton, S. brardii Sternberg and Stigmaria
ficoides Sternberg. Sphenopsids include Calamites cistii Brongniart,
C. cruciatus Sternberg, C. gigas Brongniart, C. suckowii Brongniart,
C. undulatus Sternberg, Annularia stellata (Schlotheim) Wood,
Sphenophyllum oblongifolium (Germar and Kaulfus) Unger. Diversed
ferns are represented by P. arborescens (Schlotheim), P. candolleana
Brongniart, P. cyathea (Schlotheim), P. hemitelioides Brongniart, P. cf.
lepidorachis Brongniart, P. polymorpha Brongniart, P. polypodioides

(Presl in Sternberg) Némejc, and P. unita Brongniart. Pteridosperms
are represented by Dicksoniites plukenetii (Schlotheim) Sterzel, A. cf.
zeilleri (Ragot) Wagner, Callipteridium pteridium (Schlotheim) Zeiller,
Odontopteris schlotheimii Brongniart, O. subcrenulata Rost, O. brardii
Brongniart, Neurodontopteris auriculata (Brongniart) Potonié,
Neurocallipteris neuropteroides (Goeppert) Cleal, Shute and Zodrow,
Neuropteris cordata Brongniart, Neuropteris zeilleri Lima, and
Barthelopteris germarii (Giebel) Cleal and Zodrow. Coniferophytes
include the cordaitalean C. borassifolius (Sternberg) Unger and the
conifers by Culmitzschia frondosa (Renault) var. zeilleri (Florin) Clement-
Westerhof, C. laxifolia (Florin) Clement-Westerhof, Ernestiodendron
filiciforme (Schlotheim) Florin and Walchia piniformis Sternberg.

In the upper part of the PlouZnice Horizon, or just above it, a
permineralised flora occurs (Figs. 15, 16). It consists mainly of silici-
fied stem remains of sphenopsids (Calamites sp.), ferns (Psaronius
alsophiloides Corda, P. asterolithus Cotta, P. bohemicus Corda, P. haidingeri
Stenz, P. hemitholithus Corda, P. infarctus Unger, P. radiatus Unger,
P. scolecolithus Unger, P. zeidleri Corda), pteridosperms (Medullosa aff.
stellata Cotta) and cordaitalean or conifers (Dadoxylon sp. Corda, 1867;
Purkynég, 1927). Silicified stems in growth position have never
been observed. They are very rarely found in outcrop, but they
were always transported and secondarily embedded in lacustrine
and fluvial deposits. Most fossil trunks are split into pieces and
found in alluvial sediments. According to Matysova et al. (2010),
this unit can be interpreted as a lacustrine environment with influ-
ence of volcanism.

The Stépanice-Cikvasky Horizon in the northern half of the basin
has provided about 20 species. Plant remains were collected mainly in
mudstone from coal roof and, surprisingly, are less diversified than in
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Fig. 16. Silicified stems from sandstone above the PlouZnice Horizon (Semily Fm.) in the KrPB. A-C — gymnospermous woods (Scale bars 5 cm). D-F — Psaronius stems (Scale bars 2 cm).

All photos: V. Mencl.
Collection of the Municipal Museum Nova Paka.

the case of the PlouZnice Horizon. Flora of this horizon includes lycopsid
roots Stigmaria ficoides Sternberg and decorticated bark Syringodendron
sp. (probably from S. brardii Sternberg), the sphenopsids Calamites cf.
gigas Brongniart, C. suckowii Brongniart, C. undulatus Brongniart, A. stellata
(Schlotheim), and A. equisetiformis (Schlotheim), the ferns P. arborescens
(Schlotheim), P. candolleana Brongniart, P. cyathea (Schlotheim),
P. plumosa Artis, P. polymorpha Brongniart, and P. polypodioides (Presl
in Sternberg) Némejc, the pteridosperms Sphenopteris cf. tridactylites
Brongniart, A. zeilleri (Ragot) Wagner, Odontopteris schlotheimii
Brongniart, Neuropteris sp., the cordaitaleans Cordaites cf. palmaeformis
(Goeppert) Weiss and Cordaites cf. principalis (Germar) Geinitz and
the conifer Walchia sp. (Katzer, 1904; Némejc, 1932; Rieger, 1958,
1968, 1971). Preserved flora indicates that the Semily Formation is of
the Stephanian C (late Gzhelian) age and belongs to the Sphenophyllum
angustifolium zone (Wagner, 1984). Particularly diagnostic of the age
of this formation are the medullosans A. zeilleri (Ragot) Wagner,
Callipteridium pteridium (Schlotheim) Zeiller and Odontopteris schlotheimii
Brongniart. As a whole the type area of the PlouZnice Horizon is
dominated by pteridosprems. Some localities are characterised by
high dominance of particular species (e.g., Odontopteris schlotheimii
or C. pteridium). Lycophytes and conifers are very rare. The time
equivalent St&panice-Cikvasky Horizon represents a wet lowland

association characterised by dominance of tree ferns (P. arborescens,
P. cyathea).

The Vrchlabi Formation is of the Early Permian (Asselian) age. Fossil
flora has been found only in three grey to variegated lacustrine hori-
zons. In the lowermost of these, the Rudnik Horizon, plant remains
occur in light grey or brownish mudstones called the “Walchia shales”
and also in lacustrine bituminous shales. In all about 48 plant species
have been found in the Rudnik Horizon (Table 1; Fig. 17). They in-
clude the sphenopsids A. equisetiformis (Schlotheim) Brongngniart,
Annularia carinata Gutbier, A. stellata (Schlotheim) Wood, Calamites
cisti Brongniart, C. gigas (Brongniart) Remy, Metacalamostachys dumasii
(Zeiller) Barthel and Calamostachys tuberculata (Sternberg), the ferns
Nemejcopteris feminaeformis (Schlotheim) Barthel, P. arborescens
(Schlotheim), P. cyathea (Schlotheim) Stur, P. polymorpha Brongniart
and P. polypodioides (Presl in Sternberg) Némejc, the pteridosperms
Sphenopteris germanica Weiss, Dicksoniites pluckenetii (Schlotheim)
Sterzel, Remia pinnatifida (Gutbier) Knight, Odontopteris lingulata
(Goeppert) Schimper, O. subcrenulata Rost, N. auriculata (Brongniart)
Potonié, Neurocallipteris neuropteroides (Goeppert) Cleal, Shute and
Zodrow, Neuropteris cordata Brongniart, Neuropteris zeilleri Lima,
B. germarii (Giebel) Cleal and Zodrow, Arnhardtia scheibei (Gothan)
Haubold and Kerp, Autunia conferta (Sternberg) Kerp, A. naumannii
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Fig. 17. Flora of the Rudnik and Kozinec Horizons (Vrchlabi Formation) in the KrPB. A — Walchia goeppertiana, bituminous shale, loc. Vrchlabi — road cut section, Rudnik Horizon — upper
part. B — cf. Dichophyllum flabelliferum, bituminous shale, loc. Valtéfice, Rudnik Horizon. C — Walchia piniformis, bituminous shale, Kozinec Horizon, loc. Kozinec near Jilemnice, coll. East
Bohemian Museum Hradec Kralové. D — Walchia goeppertiana, W. piniformis and Ernestiodendron filiciforme, grey mudstone, loc. Vrchlabi N. edge of the town, behind the sawmill, Rudnik
Horizon — lower part. E — Dicranophyllum longifolium, bituminous shale, loc. Kost'dlov, behind the pub, Rudnik Horizon, East Bohemian Museum Hradec Kralové. Scale bars 1 cm. All

photos: Z. Simtinek.

(Gutbier) Kerp, Dichophyllum flabelliferum (Weiss) Kerp and Haubold,
Rhachiphyllum schenkii (Heyer) Kerp and Gracilopteris cf. bergeronii
(Zeiller) Kerp, Naugolnykh and Haubold, the possible pteridosperm or
cycadophyte Taeniopteris abnormis Gutbier, the cordaitaleans Cordaites
rudnicensis Simtinek, C. sudeticus Simtnek, Artisia sp., and Cordaitanthus
sp., the dicranophyll Dicranophyllum longifolium Renault and Zeiller, and
the conifers Ernestiodendron filiciforme (Schlotheim) Florin, Hermitia
rigidula (Florin) Kerp and Clement-Westerhof, Walchia goeppertiana
(Florin) Clement-Westerhof, W. piniformis Schlotheim ex Sternberg,
Culmitzschia angustifolia (Florin) Clement-Westerhof, C. frondosa
(Renault) Clement-Westerhof, C. laxifolia (Florin) Clement-Westerhof,
C. parvifolia (Florin) Clement-Westerhof, C. speciosa (Florin) Clement-
Westerhof, Walchiostrobus cf. elongatus Florin and Gomphostrobus
bifidus (Geinitz) Zeiller (Havlena, 1957; Havlena and Spinar, 1955;
Rieger, 1968). The common presence of peltasperm pteridosperms in
the Rudnik Horizon indicates that it belongs to the A. conferta zone

(Wagner, 1984). Worth noting is the dominance (~90% of identifiable
specimens) of walchian conifers in grey “Walchia shales” (Rieger,
1971) at the base of the Rudnik Horizon near the northern basin margin.
The most diversified flora containing about 40 species has been found in
a roadcut section near Vrchlabi along the northern tectonic basin mar-
gin. In 9 fossiliferous layers mostly dryland elements like cordaitaleans
and conifers prevail with locally common peltasperms (A. conferta),
whereas sphenopsids and tree ferns are very rare and medullosans are
not very common. Other localities along the northern basin (lake) mar-
gin located further west and east of Vrchlabi provided only a low diver-
sity flora of 15 to 20 species, in which it seems that conifers also prevail
and peltasperms are very rare. However, assemblages near the southern
basin margin near Kostalov are completely different; Rieger (1968) col-
lected assemblages dominated by tree ferns (Pecopteris cyathea).

The Haje Horizon flora comes from pale to dark grey mudstones
in roof of the Hije Coal or in intercalated partings (Simtnek and
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Drabkova, 1997). In outcrops with coarser deposits, where coal is
not developed, the flora is very poor in species with dominance of
cordaitaleans. Based on Simtinek and Drabkovd (1997) and Pesek
(2004), about 21 plant species have been found in the Haje Horizon
(Table 1) including the sphenopsids Annularia sp. Calamites cf. gigas
Brongniart, Metacalamostachys dumasii (Zeiller) Barthel, ferns Pecopteris
cf. arborescens (Schlotheim), P. cf. cyathea (Schlotheim) Stur and
P. cf. densifolia Goeppert, the pteridosperms Odontopteris lingulata
(Goeppert) Schimper, O. subcrenulata Rost, N. auriculata (Brongniart)
Potonié, Neurocallipteris neuropteroides (Goeppert) Cleal, Shute and
Zodrow, A. scheibei Gothan Haubold and Kerp, A. cf. conferta (Sternberg)
Kerp, A. cf. naumannii (Gutbier) Kerp, Lodevia cf. nicklesii (Zeiller)
Haubold and Kerp and Rhachiphyllum cf. lyratifolia (Goeppert) Kerp,
the cordaitalean Cordaites sp. [cf. principalis (Germer) Geinitz] and the
conifers Walchia piniformis Sternberg, C. angustifolia (Florin) Clement-
Westerhof, C. speciosa (Florin) Clement-Westerhof, Otovicia hypnoides
(Brongniart) Kerp and G. bifidus (Geinitz) Zeiller. Species composition
suggests that the Haje Horizon lies within the same biozone as the Rudnik
Horizon. Flora in mudstones surrounding the Haje Coal is composed
dominantly of tree ferns (P. cyathea) with subdominant N. auriculata. Co-
nifers occur in the roof of the coal and are common also in some mud-
stones not associated with the coal. Cordaitaleans dominated in one
fossiliferous sandy mudstone layer whereas peltasperms are rare.

In the youngest Kozinec Horizon, a species-poor flora was collected
only at a single locality (Kozinec Hill) in copper-bearing shales asso-
ciated with carbonaceous mudstones and thin high-ash coal streaks
(Table 1; Figs. 17, 18). The index Early Permian taxa (peltasperms)
are nearly missing. Instead it contains a rather “Stephanian-like”
plant assemblage including lycopsid leaves Cyperites sp., the pterido-
sperms Sphenopteris germanica Weiss, Odontopteris subcrenulata
(Rost), N. auriculata (Brongn.) Potonié and A. conferta (Sternberg.)
Kerp, the cordaitaleans Cordaites sp. and Poa-Cordaites sp., and the coni-
fers W. piniformis Schloth. So far, the only reported occurrence of

Fig. 18. Neurodontopteris auriculata, Krkono$e Piedmont Basin, bituminous shale, Kozinec
Horizon, loc. Kozinec near Jilemnice, coll. East Bohemian Museum Hradec Krélové, scale
bar = 1 cm. Photo: Z. Simtinek.

A. conferta is that of Petrascheck (1904) and its verification is impossi-
ble. Since that time this species has not been found at the locality and
therefore it is not surprising that a Stephanian age was assigned to
this horizon by Némejc (1932), Némejc, 1953. Subsequent borehole ex-
ploration and mapping of the area, however, proved its superposition
above the Haje Horizon and therefore its Early Permian age (PeSek
et al., 2001).

4.2.1.2.2. Palynology of the Semily and Vrchlabi Formations. Miospores
of the Semily Formation are known only from the St&panice-Cikvasky
and Plouznice Horizons from which about 20 and 34 species respective-
ly have been described (Table 2). Miospores from the PlouZnice Horizon
(borehole Pé 1 Prosetné) and Stépanice-Cikvasky Horizon (borehole
HK 1 Horni Kalnd) have similar character and predominantly represent
assemblages produced by vegetation of “drier” habitats. The genera
Florinites and Potonieisporites dominate in assemblages of both bore-
holes. “Permian” elements are represented mainly by the genera
Pityosporites and Vittatina. The ecologically opposite “hygrophilous” as-
semblage, dominated by Punctatosporites, was described by Kaiserova
(unpublished data) from the borehole Kv 1 (Kost'alov). Interesting is
the presence of the Stephanian-Autunian species Spinosporites spinosus
(PeSek et al,, 2001).

In the Vrchlabi Formation, miospores have been obtained from all
the three grey lacustrine horizons. The richest assemblage was de-
scribed from the Rudnik Horizon where 56 genera and nearly 80
miospore species (Table 2) have been determined (Pe3ek et al., 2001).
Assemblages differ in composition both spatially and temporarily.
Most of the assemblages are dominated by monosaccate pollen of coni-
fers and cordaitaleans, which in sediments close to lake margin are
often associated with subdominant miospores produced by ferns
(genera Cyclogranisporites, Verrucosisporites and Punctatisporites). This
suggests that tree ferns locally covered areas along the lake coast.
Vesicaspora, Illinites and Kosankeisporites represent bisaccate pollen.
Spores of calamites and lycopsids were also found. Assemblages from
around the town of Vrchlabi, near the northern tectonic margin, are
strongly dominated by pollen grains of the genus Potonieisporites, espe-
cially by Potonieisporites novicus and Potonieisporites bharadwai poten-
tially derived from elevated areas of basin slopes. The Permian genus
Vittatina is also present but spores of ferns are nearly absent (PeSek
et al,, 2001). In the eastern part of the basin, Valterova (in Peek et al.,
2001) found assemblage dominated (up to 70%) by Lycospora spores.
The taxa Laevigatosporites medius, L. minimus, Cadiospora magna,
Endospoeites formosus and Gillespieisporites discoideus are also relatively
common. This assemblage represents a “Stephanian-like” hygrophilous
peat-forming vegetation that persisted in swamps located in lake shal-
lows and/or margins from Stephanian to Permian (PeSek et al,, 2001).

In the Haje Horizon, Drabkova (in Pe3ek et al., 2001) and Simtnek
and Drabkova (1997) determined 36 miospore genera and 49 species
(Table 2). Monolete spores Punctatosporites are well represented in
the Haje Coal. Assemblages from mudstones above the coal are domi-
nated by monosaccate pollen grains and trilete spores or, in other
places, by Vittatina which dominates over trilete and monolete spores.
Besides the locally high proportion of the genus Vittatina, some
miospore assemblages of the Haje Horizon also differ from the underly-
ing Rudnik Horizon by the presence of Costaepollenites and striated
bisaccates of the genera Hamiapollenites and Striatopodocarpites.

The most depauperate assemblage comes from the Kozinec Horizon,
which comprises only representatives of few genera, e.g., Calamospora,
Leiotriletes and Lycospora (PeSek et al., 2001).

4.2.1.2.3. Fauna of the Semily and Vrchlabi Formations. The Carbonifer-
ous fauna of the KrPB was recently reviewed by Zajic (2007). The
Stephanian Cinterval (local bio/eco sub-zone Sphaerolepis) is represent-
ed by the Semily Formation, where only lacustrine sediments of the
Stépanice—Cikvasky and PlouZnice Horizons are fossiliferous (Table 4).
In the subsequent Vrchlabi Formation (Asselian), fossil faunas are
known from the Rudnik and Kozinec Horizons (Table 4; Fig. 12), where-
as no faunistic remains have been found in the Haje Horizon.
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Table 4

Fauna of the Semily and Vrchlabi Formations of the KrPB.
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Kozinec H.
Rudnik H.

Stépanice-Cikvasky H.

PlouZnice H.

In the St&panice-Cikvasky Horizon a lacustrine fauna was col-
lected at six dumps of abandoned small coal mines and from three bore-
holes. Fossil remains are represented by the ostracod Carbonita sp., the
conchostracan Lioestheriidae indet., the acanthodians Acanthodes sp.,
teeth of xenacanthid sharks, and the actinopterygian fishes Elonichthys
krejcii, Sphaerolepis kounoviensis, and Spinarichthys dispersus. The fauna
of this facies comes from dark grey siltstones, dark grey laminated mud-
stones and blackish grey finely laminated mudstones with coal laminae
and indicates relatively deep lake conditions. In the laterally equivalent
Plouznice Horizon the fauna of the southern part of the lake was discov-
ered in twelve outcrops. Some of pelecypods were formerly labelled
as Carbonicola bohemica, others are evaluated as Myalinidae indet. Sim-
ilarly, some conchostracans were named Pseudestheria tenella and
Lioestheria paupera in the past and others belong to Lioestheriidae
indet. One spider remain was described as Arthrolycosa sp. by Fri¢
(1912). Several outcrops yielded diversified entomofauna as follows:
Neorthroblattina germari, Neorthroblattina cf. Neorthroblattina multineura,
Spiloblattina lawrenceana, Sysciophlebia rubida, Anthracoblattina sp. 1, and
other unidentifiable wing fragments. Vertebrate remains are strictly
disarticulated but rather well diversified. Acanthodian (Acanthodes sp.)
and xenacanthid (Xenacanthiformes indet.) remains are not common.
Rare shark remains belong to hybodonts (scales of Sphenacanthus sp.)
and ctenacanths (fin spine of Turnovichthys magnus). Among actinop-
terygian fishes, several taxa were identified including Progyrolepis
speciosus, Sphaerolepis kounoviensis, Zaborichthys fragmentalis, and
Elonichthys krejcii. Some poorly preserved amphibian remains
(Branchiosauridae indet.) were also found. Fauna and fossiliferous
sediments of this facies indicate shallow lake conditions with rela-
tively well-aerated water near the bottom (an epilimnion of a
stratified lake).

The Permian fauna of the Rudnik Horizon in the Vrchlabi Forma-
tion represents the local bio/ecozone A. gracilis, which is particularly
characterised by the nominal taxon and by the xenacanthid shark
Bohemiacanthus carinatus. Pelecypods are nowadays identified as
Anthraconaia sp. or Myalinidae indet. Ostracod carapaces of Carbonita
sp. are common. Conchostracans often occur on a massive scale and en-
compass the taxa Limnestheria palaeoniscorum, Pseudestheria tenella,
and Pseudestheria aff. Pseudestheria breitenbachensis. The syncarid
Monicaris rudnicensis was described only from the Rudnik Horizon.
Insect wing fragments are rare. Acanthodians (A. gracilis and Acanthodes
sp.) are common or abundant in some layers. Sharks are restricted to the
xenacanth B. carinatus and unidentifiable remains of Xenacanthiformes
indet. The number of actinopterygian taxa has increased recently. The
present list includes Paramblypterus rohani, Paramblypterus caudatus,
Paramblypterus reussii, Paramblypterus gelberti, Paramblypterus sp.,
“Amblypterus” lepidurus, Neslovicella elongata (described by Stamberg,
2010a), Elonichthys sp., Letovichthys sp., and Igornichthys sp. One dipno-
an specimen is classified as Ctenodus tardus. Amphibian remains have
been described as Archegosaurus dyscriton, an indeterminate juvenile
eryopoid “Ptyonius” bendai, ?Cheliderpeton sp. (poorly preserved speci-
men, probably not this genus) and Melanerpeton sp. K. Other mentioned
specimens labelled as Melanerpeton sp., Apateon cf. Apateon umbrosa,
Branchiosaurus sp. remain unrevised.

In the upper part of the Vrchlabi Formation, rare fauna have
been found in siltstones and sandstones from the old copper mines in
the Kozinec Horizon. Siltstones provided pelecypods described as
Palaeanodonta castor and from sandstones a single tetrapod rib fragment
has been found (Fig. 9D) but not described yet. No stratigraphically im-
portant taxa were discovered that can shed light on the age of the Upper
Vrchlabi Formation.

4.2.1.3. Climatic record in the Semily and Vrchlabi Formations. Climatic in-
dicators recorded in the Late Pennsylvanian and Early Permian strata of
the KrPB are in good agreement with those of the Liné Formation in the
CWBB. The basic lithological pattern of the Semily and Vrchlabi Forma-
tions is comparable and is characterised by cyclic alternation of red
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mudstones with red to pinkish sandstones and subordinate conglomer-
ates. Most of these red beds are of fluvial origin (including temporary
floodplain lakes) and indicate a basinward transition from high
and bedload dominated (?braided) rivers to lower energy mixed load
(?meandering) fluvial styles. Floodplain strata are characterised by an
absence of coal. Instead, red vertisols often with pedogenic carbonates
can be present (PeSek and Skocek, 1999; Skocek, 1993) and fluvial sand-
stones are often carbonate (calcite < dolomite) cemented. This suggests
existence of strongly seasonal climate, which is in agreement with the
character and distribution of the plant fossils (Driese and Ober, 2005).
Overall rareness of identifiable plant remains in red mudstones or
their preservation as impressions suggest oxidative conditions due to
low or fluctuating ground water table resulting in fast decomposition
of plant remains and overall poor potential for their fossilisation
(Gastaldo and Demko, 2010). Common presence of silicified trunks in
sandstones further supports the interpretation of a seasonally dry cli-
mate during the deposition of the Semily and Vrchlabi Formations
(Matysova et al., 2008, 2010; Mencl et al., 2009; Skocek, 1970). Howev-
er, as in the case of the Liné Formation in the CWBB, the deposition of
equivalent strata in the KrPB took place under seasonally rather than
uniformly “dry” climate. Alternation of fluvial red beds with widespread
and thick horizons of variegated to grey lacustrine sediments (e.g., lam-
inated mudstones, bituminous shales, limestones, cherts and coal) is
mostly explained as a consequence of temporarily increased climatic
humidity (Martinek et al., 2006), although a parallel explanation of in-
creased tectonic subsidence producing more accommodation and
hence resulting in lake formation also exists. However, imprints of evap-
orite crystals, pseudomorphs of dolomite after anhydrite and dolomite
cement in offshore mudstones of most of the lacustrine succession of
the PlouZnice Lake indicate increased evaporation resulting in high sa-
linity and hence the existence of hydrologically closed lakes during
these semi-arid periods (Martinek et al., 2006). This suggests a climatic
origin for lake level fluctuations. Frequent vertical alternation of near-
shore and offshore facies in southern parts of the depocentre probably
indicates a low bottom gradient where even small relative lake level
changes resulted in a significant shift of the shoreline. Frequent shifts
of the shoreline along the southern margin of the PlouZnice Lake prob-
ably prevented this area from supporting long-lasting peat accretion,
resulting in the absence of coals.

In the even larger Rudnik Lake, climatically driven lake-level oscilla-
tions are indicated not only by the presence of transgressive-regressive
cycles but also by changes in concentration of boron and values of the
hydrogen index in lacustrine mudstones and by the isotopic composi-
tion of 6'%0 and 8'3C in lacustrine carbonates and organic matter
(Martinek et al., 2006). These values suggest that lake level fluctuations
were driven by changes in precipitation/evaporation ratio related to cli-
matic oscillations between semi-arid and sub-humid climate, the for-
mer corresponding to the period of lake level rise and lake highstand
and the latter to lake level drop and lowstand. High concentrations of
boron in lowstand sediments suggest increased salinity of the lake dur-
ing this period and the potential existence of a hydrologically closed
lake system. Agreement between rise of TOC and HI recorded in anoxic
facies suggests increased lake bioproductivity during high lake level.
Low values of 6'20 in carbonates marking the onset of anoxic deposition
suggest that lake level rise was accompanied by increase in humidity
(Martinek et al., 2006). Subsequent oscillations of the isotopic values
are indicative of climatically driven lake level changes. In all, several or-
ders of climatic cyclicity are recorded in the Rudnik lake sediments. The
presence of transgressive-regressive cycles several metres to tens of
metres thick probably represent periods of tens to possibly 100 kyr
(Martinek et al., 2006). Changes in salinity between highstands and
lowstands indicated by boron content are best explained by alterna-
tion between humid and more arid climatic conditions respectively.
Variations in bioproductivity on the order of hundreds of years to
1000 years are recorded by stable isotopes and organic matter geo-
chemistry and are possibly also climatically driven. The seasonal

lamination represents the highest frequency climatic record of the
Rudnik Lake (Martinek et al., 2006).

4.2.2. Intra-Sudetic Basin (ISB)

The ISB, located along the Czech-Polish border, has the longest sed-
imentary history of all the continental basins of the Bohemian Massif.
Basin fill up to 5 km thick spans the interval from the middle of Viséan
to the Triassic and includes several hiatuses (Fig. 2). The Czech part of
the basin fill, which lacks the oldest strata, is divided into eight forma-
tions of which the Chvale¢ Formation spans the Carboniferous-Permian
boundary and is described in detail.

4.2.2.1. Lithology and sedimentary environments of the Chvale¢ Formation.
The Chvale¢ Formation (late Gzhelian—early Asselian) is a between 100
and 500 m thick complex of dominantly fluvial red beds that is divided
into the Vernéfovice and overlying the Beckov members (Fig. 5). The
Vernéfovice Member is usually 50 to about 140 m thick, composed of
50 to 70% of mudstones. The succession, however, starts with an about
30 m thick sequence of basal conglomerates containing large pebbles
up to >10 cm in diameter, subordinate sandstone and only thin silt-
stones intercalations. Conglomerates and sandstones are cemented by
carbonate, which is mostly calcite. Overlying the basal conglomerate is
a 20 to 40 m thick sequence of red-brown mudstones locally with car-
bonate (calcite > dolomite) nodules, occasionally coalescing into a
continuous limestone bed (Tasler et al., 1979). Following this interval
is about 10 m of thick conglomerates with sandstone intercalations
strongly cemented by calcite and locally containing anhydrite. Just
above and below the conglomerate there are about 0.5 to 1 m thick
green-grey massive mudstones with (?)pedogenic carbonate concre-
tions and disseminated copper-bearing minerals bornite and chal-
cosine. The upper half of the Vernéfovice Member is dominated by
red-brown mudstones except the uppermost 10 to 15 m, which is
composed of variegated to even grey mudstones with thin sandstones
intercalations. This part of the succession comprises the Vernéfovice
Horizon. The most apparent lithology is a 0.5 to 1 m thick, laterally
widespread bed of grey limestone with chert nodules. It is sandwiched
in bituminous mudstones containing fish scales. Present also is a bed
of argilised and partly re-deposited volcaniclastics. Locally the lime-
stone passes into the about 0.5-0.8 m thick Rybnicek Coal (formerly
Walchia Coal, Herbing 1904) whereas accompanying bituminous mud-
stones grade into grey ones. The coal contains uranium mineralisation
(Tasler et al., 1979).

Deposition of the Vernéfovice Member started after the basin-wide
Intra-Stephanian hiatus on a braid plain dominated by bed load trans-
port and deposition that alternated with a well-drained alluvial plain
occupied by a low energy fluvial system depositing mixed and/or
suspended load and with local temporary lakes on the floodplain. Sedi-
ments of the Vernéfovice Horizon were deposited in a shallow lake with
local lake margin peat swamps.

The upper part of the Chvale¢ Formation consists of the Beckov
Member, which is an about 50 to 220 m thick succession of fluvial to la-
custrine strata dominantly composed of red to purple mudstones with
subordinate sandstones and conglomerates (Fig. 5). An approximately
80 m thick complex at the base of the member is, however, fairly rich
in conglomerates and sandstones cemented by calcite. They alternate
with mudstones up to few metres thick that locally contain carbonate
nodules. The remaining up to 140 m thick part of the member is domi-
nated by red mudstones locally containing anhydrite. Mudstones are ei-
ther laminated or massive with pedogenic carbonate nodules (Tasler
et al,, 1979). Laminated mudstones might be bioturbated and preserve
rare impressions of walchian shoots. Grey to variegated mudstones
with limestones are concentrated into the about 50 m thick the Beckov
Horizon in the upper part of the member. This horizon consists of three
cycles starting with sandstones (and locally even conglomerates) pass-
ing up into grey to dark bituminous mudstones containing limestone
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beds a few decimetres thick, occasionally with reddish chert intercala-
tions (Tasler et al., 1979).

Sediments of the Beckov Member were deposited on a broad alluvial
plain alternatively occupied by bed load and mixed/suspended load
dominated fluvial systems, depending on intensity of tectonic ac-
tivity (Tasler et al., 1979) and possibly on climatic oscillations.
The Beckov Horizon in the upper part of the member represents a
set of three transgressive-regressive lacustrine cycles. Cyclic pat-
tern suggests significant lake level oscillations resulting in tempo-
rary lake drying.

4.2.2.2. Fossil records of the Chvale¢ Formation. The fossil record of the
Chvale¢ Formation is relatively poor compared to the stratigraphically
equivalent strata in the KrPB and CWBB. It is concentrated in the grey la-
custrine horizons.

4.2.2.2.1. Fora of the Chvale¢ Formation. Except for very rare, scat-
tered impressions of walchian conifers in red mudstones (Tasler et al.,
1979) all the plant remains of the Chvale¢ Formation have been found
only in grey mudstones accompanying the Rybnicek Coal, especially
its roof, in the upper part of the Vernéfovice Member (Table 1). The fol-
lowing species have been found. Sphenopsids: A. stellata (Schlotheim)
Wood, Calamostachys tuberculata (Sternberg) Unger, Macrostachya
carinata (Germar), Sphenophyllum cf. oblongifolium Germar and Kaulfus
(Unger); Ferns: Pecopteris cf. arborescens (Schlotheim); Pteridosperms:
Dicksonites pluckenetii (Schlotheim) Sterzel, A. zeilleri (Ragot) Wagner,
O. brardii Brongniart, N. auriculata (Brongniart) Potonié, Autunia
naumannii (Gutbier) Kerp and Dichophyllum flabelliferum (Weiss) Kerp
and Haubold; and conifers Walchia sp. Tasler et al. (1979) mentioned
finding in a borehole a single specimen of Odontopteris schlotheimii,
which is considered to be indicative of the late Stephanian. The occur-
rence of two peltasperms (A. naumannii and Dichophyllum flabelliferum)
within an assemblage of otherwise late “Stephanian” species is not con-
sidered unusual and is not a reason to put the Vernéfovice Horizon into
the Autunian. The assemblage of the Rybnicek Coal is considered to
be late “Stephanian C” age. This interpretation is in agreement with
presence of peltasperms in the stratotype of the Stephanian in Massif
Central (e.g., Bourouz and Doubinger, 1977; Kerp, 1988).

4.2.2.2.2. Palynology of the Chvale¢ Formation. About 45 miospore spe-
cies of 28 genera (Table 2) were obtained from grey mudstones of the
Vernéiovice Horizon (PeSek et al., 2001). The most common were spe-
cies already known from underlying early Gzhelian (Stephanian B)
sediments, e.g., Verrucosisporites sinensis, Cyclogranisporites jelenicensis,
C. densus, Endosporites globiformis and Cadiospora magna and various
species of genera Punctatosporites, Thymospora and Potonieisporites,
Florinites or Lycospora etc. Typical for “Autunian” is the presence of the
genus Aumancisporites.

4.2.2.2.3. Fauna of the Chvale¢ Formation. Rare faunas of the Chvale¢
Formation are known both from the Vernéfovice and Beckov Members
(Table 5). Two known localities in the Vernéfovice Member yielded the
ostracod Carbonita sp., conchostracans of the family Lioestheriidae (de-
scribed as Limnestheria palaeoniscorum), acanthodian remains Acanthodes
sp. and stratigraphically important scales of the actinopterygian fish
Sphaerolepis kounoviensis. Further actinopterygian scales were mentioned
in drill core documentations of two boreholes but these remains are
not accessible and cannot be revised. Based on presence of scales of
Sphaerolepis kounoviensis this unit is assigned to the local bio/ecozone
Sphaerolepis-Elonichthys of the Stephanian B-C age. Fauna of the follow-
ing Beckov Member is poor and supposed age (Lower Rotliegend) is not
validated by animal remains. Only pelecypods Myalinidae indet were dis-
covered in one borehole.

4.2.2.3. Climatic record in the Chvale¢ Formation. Sediments of the
Chvale¢ Formation display similar sedimentary patterns and strati-
graphically equivalent units to rocks of the KrPB and CWBB. Strongly
seasonally dry climate prevailed during deposition of these rocks, indi-
cated by fluvial red beds with sandstones and conglomerates cemented

Table 5
Fauna of the Vernéfovice and Beckov members of the Chvale¢ Formation in the Intra-
Sudetic Basin.

Myalinidae indet.

Carbonita sp.

Limnestheria palaeoniscorum
Acanthodes sp.

Sphaerolepis kounoviensis
Actinopterygii indet.

Lithostratigraphy

Beckov M.

>

Vernérovice M.

>
>
>
>
>

by calcite and subordinate dolomite, local presence of anhydrite and
vertic palaeosols with carbonate nodules. This is in agreement with
the very rare occurrence of poorly preserved impressions of conifer
shoots. Climatic oscillations are, however, indicated by the presence
of variegated to grey lacustrine horizons, some composed of several
transgressive-regressive cycles. Late Stephanian lacustrine horizons
typically include thin coals, indicative of coastal peat swamps, whereas
“Autunian” (Lower Rotliegend) lakes lacked peat swamps and the coals
that formed from them.

4.3. Grabens

South of the main basin complex are two NNE-SSW striking narrow
basins of half-graben geometry with a prominent fault along the eastern
margin (Fig. 1). These are called the Boskovice and the Blanice Basins
(or grabens). The former represents nearly a continuous basin structure
whereas the Blanice Basin consists of several relicts following the main
fault.

4.3.1. Boskovice Basin (BB)

The Boskovice Basin is nearly a hundred kilometre long and 3-
10 km wide half-graben that covers an area about 500 km?. It consists
of two depocentres with partly different ranges of deposition. In the
south is the Rosice-Oslavany depocentre, which is filled by “Stephanian
C"-“Autunian” sediments. In the Letovice depocentre further north, de-
position started in the “Autunian” and lasted probably till the early
“Saxonian”. Up to 3000 m of basin fill is estimated from seismic sections
and is divided into four formations (PeSek, 2004). The two oldest forma-
tions, the Rosice-Oslavany and Padochov span the interval around the
Carboniferous-Permian boundary and are discussed here in detail
(Fig. 2).

4.3.1.1. Lithology and sedimentary environments of the Rosice-Oslavany
and Padochov Formations. The Rosice-Oslavany Formation, about
300 m thick, is of “Stephanian C” age based on floristic content (PeSek
et al, 2001). In the lower part, above the basal Balin Conglomerate,
red-brown sandstones alternate with mudstones (Fig. 5). In the upper
part of the formation, mudstones are predominantly grey to variegate.
In this part of the formation, three economically important coals are
present, which together constitute the Rosice-Oslavany group of coals.
Coals are numbered from top to bottom as Nos. I, Il and IIl and attain
thicknesses of 1.5-6.5 m, 0.8-2.4 m and 0.8-1.4 m respectively. Near
the top of the formation is the Helmhacker Horizon. Lateral equivalent
to the whole formation, along the tectonically active eastern basin mar-
gin, is the coarse-grained Rokytna Conglomerate (Fig. 5).

Deposition of the Rosice-Oslavany Formation took place along
the tectonically active eastern basin margin in the southern part of
the basin. It started on a braid plain with deposition of the Balin
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Conglomerate. After the filling of depressions in pre-sedimentary
palaeotopography the braid plain gradually changed into an alluvial
plain dominated by a low energy fluvial system and small floodplain
lakes. Periods of increased humidity/subsidence resulted in formation
of long-lasting peat swamps. The Rokytna Conglomerate represents al-
luvial fan deposits accumulated along the fault following the eastern
margin of the depocentre.

The Padochov Formation, which is about 1200 m thick, lies immedi-
ately above Rosice-Oslavany Formation (Fig. 5). The lower part, about
50 m thick, is a red beds succession composed of alternating sandstones,
mudstones and claystones. Above this, about 60 m thick, is a succession
of mudstones that become grey and contain a 3 to 4 m thick horizon of
bituminous carbonates known as the ZbySov Horizon. The remaining
1000 m thick part of the formation is characterised by monotonous
alternation of red and locally feldspathic sandstones and mudstones.
Another but much less prominent grey horizon with grey carbonates
is the Riany Horizon situated about 900 m above the Zby3ov Horizon.

Deposition of the Padochov Formation continued without an inter-
ruption from the Rosice-Oslavany Formation, under intensive subsi-
dence along the eastern basin margin bordered by large alluvial fans.
The higher subsidence rate favoured formation of a low energy alluvial
plain that passed eastward into lakes, the extent of which varied
depending on climate and/or subsidence from small temporary flood-
plain lakes to larger perennial lakes, the deposits of which represent
grey horizons.

4.3.1.2. Fossil record of the Rosice-Oslavany and Padochov Formations.
Similar to other basins of the Bohemian Massif, fossils are dominantly
concentrated in variegated to grey, mostly lacustrine horizons whereas
in the accompanying red beds strata are rare, scattered and poorly pre-
served (Table 1).

4.3.1.2.1. Flora of the Rosice-Oslavany and Padochov Formations. The
oldest plant fossils of the Rosice-Oslavany Formation occur in grey
to variegated mudstones accompanying the Rosice-Oslavany group
of coals situated just below the Carboniferous-Permian boundary
(Table 1; Fig. 19). Plant remains of older coals (No. II and III), which
occur mostly in roof shales, are dominated by tree ferns (pecopterids)
with co-dominant calamites, whereas pteridosperms (except for a few
species) are relatively rare. The plant association represents a sub-
autochthonous, relatively hygrophilous assemblage characterised by
S. brardii Sternberg, Calamites cistii Brongniart, Calamites multiramis
Weiss = Calamites rittleri Stur, Annularia sphenophylloides Zenker,
A. stellata (Schlotheim) Wood, A. equisetiformis (Schlotheim),
Asterophyllites longifolius Sternberg, Sphenophyllum angustifolium
(Germar), Sphenophyllum oblongifolium (Germar and Kaulfus) Unger,
Sphenopteris dechenii Weiss, Sphenopteris mathetii Zeiller, Dicksoniites

Fig. 19. Flora of the Oslavany group of coals (Oslavany Formation) from the Oslavany
section, Boskovice Basin. A — Pecopteris cyathea, mudstone parting in the No. 1 Coal.
B — Pecopteris cyathea, mudstone parting in the No. 1 Coal. C — Odontopteris schlotheimii,
roof of the No. 1 Coal. Scale bars 1 cm. All photos: Z. Simtinek.

plukenetii (Schlotheim) Sterzel, Pseudomariopteris busquetii (Zeiller)
Danzé-Corsin, Nemejcopteris feminaeformis (Schlotheim) Barthel,
P. arborescens (Schlotheim), Pecopteris candolleana Brongniart, Pecopteris
cyathea (Schlotheim), Pecopteris densifolia (Goeppert), Pecopteris
hemitelioides Brongniart, Pecopteris plumosa (Artis) Brongniart,
Pecopteris polymorpha Brongniart, Pecopteris unita Brongniart, A. zeilleri
(Ragot) Wagner, Alethopteris moravica Augusta, Odontopteris
schlotheimii Brongniart, Odontopteris subcrenulata (Rost), O. brardii
Brongn., Odontopteris minor Brongn., N. auriculata (Brongniart) Potonié,
Neurocallipteris neuropteroides (Goeppert) Cleal, Shute and Zodrow,
Neuropteris cordata Brongniart, B. germarii (Giebel) Cleal and Zodrow,
Taeniopteris jejunata Gr.'Eury, Cordaites cf. palmaeformis (Goeppert)
Weiss, Cordaites cf. principalis (Germar) Geinitz. The flora of these two
coals indicates that they correspond to the Sphenophyllum angustifolium
biozone (Wagner, 1984).

Floristic change was identified in the roof-shale of coal No. I, which has
produced a diverse pteridosperm assemblage including five “callipterid”
species (Augusta, 1937; Katzer, 1895; Némejc, 1951; Rieger, 1965;
Setlik, 1951). Tree ferns are subordinate. This assemblage is also rich
in walchian conifers and cordaitaleans are fairly common. Remy and
Havlena (1960, 1962) considered “Callipteris” as an index Permian
genus; nevertheless some other pteridosperms (e.g., Odontopteris
schlotheimii Brongniart) indicate a Stephanian age (Rieger, 1965) for
this coal. The presence of callipterids does not contradict a Stephanian
age because also Bourouz and Doubinger (1977) found “callipterids”
in the Stephanian stratotype.

Additional plant species appear higher up in sandy mudstone
or muddy sandstone above coal No. I (Table 1). These are mainly
“callipterids” like A. conferta (Sternberg) Kerp, A. naumannii (Gutbier)
Kerp, Dichophyllum flabelliferum (Weiss) Kerp and Haubold, Lodevia
nicklesii (Zeiller) Haubold and Kerp and “Callipteris” zbejsovensis Augusta
and some other pteridosperms, e.g., Sphenopteris germanica Weiss.
Also common are the conifers Culmitzschia speciosa (Florin) Clement-
Westerhof, Ernestiodendron filiciforme (Schlotheim) Florin, Walchia
goeppertiana (Florin) Clement-Westerhof and Walchia piniformis
Schlotheim ex Sternberg. All these floral elements are allochthonous,
derived either from clastic wetlands or uplands.

In the Helmhacker's Horizon, situated about 20 m above coal No. I,
the flora is rather poor and consists predominantly of allochthonous
elements: Sphenopteris germanica Weiss, Odontopteris schlotheimii
Brongniart, A. conferta (Sternb.) Kerp, A. naumannii (Gutbier) Kerp,
Dichophyllum flabelliferum (Weiss) Kerp and Haubold, Ernestiodendron
filiciforme (Schloth.) Florin and Walchia sp. The last appearance datum
of Odontopteris schlotheimii Brongniart in this horizon led Rieger
(1965) to put the Carboniferous-Permian boundary at the top of
the Helmhacker's Horizon. Together with coal No. I the flora of the
Helmhacker's Horizon is assigned to the A. conferta biozone (Wagner,
1984).

In the Padochov Formation, plant remains are concentrated into
the Zby3ov and Rifany Horizons (Table 1; Figs. 20, 21, 22). Their
flora is pteridosperm-conifer dominated (Simtnek and Martinek,
2009). The ZbySov (1st Bituminous) Horizon is situated about
300 m above coal No. I (Havlena, 1964) and already contains a typi-
cally “Autunian” (Asselian) flora with seven “Callipteris” species. The
assemblage is characterised by the following species: Calamites gigas
Brongniart, A. sphenophylloides Zenker, Annularia spicata (Gutbier),
A. stellata (Schlotheim) Wood, Asterophyllites dumasii Zeiller,
Sphenopteris germanica Weiss, P. arborescens (Schloth.), Pecopteris
cyathea (Schloth.), Remia pinnatifida (Gutb.) Knight, Alethopteris
schneideri  (Sterzel) Sterzel, Odontopteris subcrenulata (Rost),
Odontopteris cf. lingulata (Goeppert) Schimp., N. auriculata (Brongniart)
Potonié, B. germarii (Giebel) Cleal and Zodrow, A. scheibei (Gothan)
Haubold and Kerp, A. conferta (Sternberg) Kerp, A. naumannii (Gutbier)
Kerp, Dichophyllum flabellifera (Weiss) Kerp and Haubold, Lodevia
nicklesii (Zeiller) Haubold and Kerp, Rhachiphyllum curretiensis
(Zeiller) Kerp, Rhachiphyllum lyratifolia (Goeppert) Kerp, “Callipteris”
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Fig. 20. Flora from the Zby3ov Horizon of the Padochov Formation, Boskovice Basin. A — Zamites sp., loc. Moravsky Krumlov (No. 21961). B — Carpentieria marocana, loc. Moravsky Krumlov,
Augusta and Némejc orig. (No. 21841). C — Samaropsis helmhackeri, loc. Moravsky Krumlov (No. 21904). D — Pterophyllum sp. loc. Moravsky Krumlov (No. 21942). Collection of the
Moravian Museum Brno, specimen numbers indicated. Scale bars 1 cm. All photos: Z. Simtinek.

zbejsovensis Augusta, T. abnormis Gutbier, Cordaites cf. principalis
(Germar) Geinitz, Dicranophyllum gallicum Grand'Eury, Culmitzschia
speciosa (Florin) Clement-Westerhof, Ernestiodendron filiciforme
(Schlotheim) Florin, Otovicia hypnoides (Brongniart) Kerp, Walchia
goeppertiana (Florin) Clement-Westerhof, Walchia piniformis schlotheim
ex Sternberg, Carpentieria marocana Némejc and Augusta and some
“exotic” elements — cycads: Pterophyllum sp. and Zamites sp. (Fig. 21).
The overlying Ri¢any Horizon appears to be an impoverished version
of the ZbySov Horizon. Although all the major lineages are present,
some species of calamites, annularias, pteridosperms, “callipterids”
and conifers are missing. The Ri¢any Horizon flora is known by the dom-
inance of conifers (Table 1). The following plant groups and species
have been reported: Calamites gigas Brongniart, A. stellata (Schlotheim)
Wood, Sphenopteris germanica Weiss, P. arborescens (Schlotheim),
Pecopteris cyathea (Schlotheim), Remia pinnatifida (Gutbier) Knight,
Odontopteris subcrenulata Rost, Neurocallipteris neuropteroides (Goeppert)
Cleal, Shute and Zodrow, A. conferta (Sternberg) Kerp, A. naumannii
(Gutbier) Kerp, Rhachiphyllum lyratifolia (Goeppert) Kerp, T. abnormis
Gutbier, Cordaites cf. principalis (Germar) Geinitz, Culmitzschia speciosa
(Florin) Clement-Westerhof, Ernestiodendron filiciforme (Schlotheim)
Florin, Walchia goeppertiana (Florin) Clement-Westerhof and Walchia
piniformis Schlotheim ex Sternberg. This assemblage is of Asselian age.
4.3.1.2.2. Palynology of the Padochov Formation. High coal rank of
the Rosice-Oslavany coal group excludes preservation of spores. With-
in the study units, spores have been gathered only from the RiCany
Horizon in the upper part of the Padochov Formation. In the lower
part of the Ritany Horizon spores from the triletes group prevail (Zajic
et al, 1996). The most common are Crassispora plicata and C. sp.
Lycospora pusilla is frequent. Leiotriletes minimus, L. sphaerotriangulus,
Reistrickia saetosa and Calamospora breviradiata are present. The
monoletes group is represented by Spinosporites spinosus and
Latosporites latus. This assemblage is strongly impoverished and
“Stephanian-like”. Monosaccate genera (82%) dominate in the upper
part of the Ri¢any Horizon: Potoniesporites (P. novicus and P. bhardwaji)
and Florinites (F. minutes). The following species are present:

Illinites unicus, Gardanaisporites heiselii, G. sp., Alisporites sp., striate
Protohaploxipinus samoilovichii and other non-determined bisaccate
forms (8%). The trilete spores are represented by Crassispora sp.,
Leiotriletes minutus and Calamospora sp.; the group of monoletes is rep-
resented by Laevigatosporites minutus and L. medius. These strongly
impoverished “Autunian” miospore assemblages represent floras of
the different habitats ranging from wetland to seasonally dry with soil
moisture deficits. It provides evidence of temporal and spatial coexis-
tence of “Stephanian” and “Permian” floras as in the case of other conti-
nental basins of the Bohemian Massif.

4.3.1.2.3. Fauna of the Rosice-Oslavany and Padochov Formations.
Faunistic remains in these units are restricted to “grey” horizons
(Table 6). Only sporadic fauna have been found in the Rosice-Oslavany
Formation in mudstones accompanying coals. The fauna includes iden-
tifiable insect wings (Anthracoblattina sp. 3) and unidentifiable wing
fragments. Vertebrates are represented by actinopterygian scales,
Elonichthys krejcii, and Actinopterygii indet. and by small remain of
the pelycosaur reptile ?Edaphosaurus sp. Scales of Elonichthys krejcii in-
dicate the local bio/ecozone Sphaerolepis—Elonichthys and consequently
Stephanian B-C age.

Fauna of the Zby3ov and Ricany Horizons in the Padochov Formation
fall into the local bio/ecozone A. gracilis (Lower Rotliegend) and is
equivalent to that of the Rudnik Horizon in the KrkonoSe Piedmont
Basin. The fauna of the ZbySov Horizon includes pelecypods, described
as Carbonicola thuringensis, Carbonicola remesi, Palaeanodonta sophiae,
Palaeanodonta compressa, Palaeanodonta cf. Palaeanodonta compressa,
Palaeanodonta verneuili and Palaeanodonta castor. Conchostracans
probably belong to the family Lioestheriidae. The entomofauna is rath-
er diversified and includes Moraviptera reticulata, Opsiomylacris cf.
Opsiomylacris procera (Fig. 23), Phyloblatta flabellata, Phyloblatta
moravica, Phyloblatta sp. 1, Kashmiroblatta sp. 1, Blattinopsis
(Blattinopsis) antoniana, and Permoedischia moravica. Acanthodians are
represented by A. gracilis and Acanthodes sp. B. carinatus, Xenacanthus
sp., and Xenacanthiformes indet. were recognised among xenacanthid
sharks. Actinopterygian fishes can be identified only as Actinopterygii
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Fig. 21. Flora from the Zby3Sov Horizon of the Padochov Formation, Boskovice Basin. A — Annularia stellata, loc. Moravsky Krumlov (No. 21901). B — Neurocallipteris neuropteroides, loc. Moravsky
Krumlov (No. 21940). C — Neurocallipteris planchardii, loc. Moravsky Krumlov (No. 21932). D — Autunia conferta, loc. Moravsky Krumlov (No. 21947). E — Barthelopteris germarii, loc. Moravsky
Krumlov (No. 21935). F — Lodevia nicklesii, loc. ZbySov (No. 2042). Collection of the Moravian Museum Brno, specimen numbers indicated. Scale bars 1 cm. All photos: Z. Simtinek.

indet. Amphibians have been described as Moraverpeton remesi, ?
Branchiosaurus sp., and ?Pelosaurus sp.

The fauna of the Ricany Horizon was discovered in four outcrops
and is generally similar to that of the ZbySov Horizon. No pelecypods
have been found yet but conchostracans, assignable to Lioestheriidae
indet., were detected. The remarkably diversified entomofauna is repre-
sented by Moravamylacris ricanyensis, Phyloblatta flabelata, Phyloblatta
cf. Phyloblatta curvata, Phyloblatta dyadica, Phyloblatta cf. curvata,
Spiloblattina weissigensis, Poroblattina rotundata, Blattinopsis (Blattinopsis)
angustai, Blattinopsis (Blattinopsis) latissima, Blattinopsis (Blattinopsis)
campestris, Blattinopsis (Blattinopsis) martynovae, B. (Blattinopsis) cf.
martynovae, Blattinopsis sp., and Pseudomerope gallei. Vertebrates are di-
vided into acanthodians Acanthodes sp. and actinopterygians Neslovicella
rzehaki and Actinopterygii indet.

4.3.1.3. Climatic indicators of the Rosice-Oslavany and Padochov Formations.
Climatic interpretations of the succession around the Carboniferous—
Permian transition in the Boskovice Basin, is basically similar to those in
other basins discussed earlier in this paper. Coals of the Rosice-Oslavany
group are considered to represent wet sub-humid climate, which is

consistent with presence of coals in other basins at similar stratigraphic
level. Increasing humidity is also assumed for deposition of grey to varie-
gated lacustrine horizons. Red beds succession between coals and lacus-
trine horizons are believed to represent periods of drier climate. The
first excursion to such conditions starts just after deposition of the youn-
gest coal (No. I).

4.3.2. Blanice Basin

The Blanice Basin is a complex of about six isolated relicts of Late
Pennsylvanian and Permian strata striking in a NNE-SSW direction
over a hundred-kilometre long tectonically bounded zone. Thickness
of sedimentary successions of particular relicts varies between tens of
metres to >800 m. Whether these relicts represent former isolated
depocentres or are only erosional remnants of a once larger continuous
narrow depocentre comparable to the Boskovice Basin has not been
proven and both opinions exist (e.g., PeSek et al., 2001). Similarly to
the Boskovice basin, the sedimentary fill of the Blanice Basin also
spans the interval from the “Stephanian C” (late Gzhelian) to the
“Autunian” and hence records a continuous transition from the Pennsyl-
vanian to Permian (Fig. 2). The basin fill consists of two formations
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Fig. 22. Flora from the Ritany Horizon of the Padochov Formation, Boskovice Basin. A — Annularia stellata, pile from house foundation on NE edge of Veverské Kninice village. B — Remia
pinnatifida, outcrop behind the house, Veverské Kninice loc. C — Culmitzschia frondosa v. zeilleri, outcrop behind the house, Veverské Kninice loc. D — Culmitzschia parvifolia, grey mudstone,
loc. Neslovice, Fish rock. E — Neurocallipteris planchardii, grey mudstone, loc. Neslovice, Fish rock. F — Culmitzschia laxifolia, grey mudstone, loc. Neslovice, Fish rock. G — Calamites gigas,
sandy mudstone, loc. Oslavany section, 80-100 m above the Zby3Sov Horizon. H — Neurodontopteris auriculata, pile from house foundation on NE edge of Veverské Kninice village.
I — Culmitzschia speciosa, pile from house foundation on NE edge of Veverské Kninice village. Scale bars 1 cm. All photos: Z. Simiinek.

further split into members. The study interval is recorded in the lower of
these formations, the Cerny Kostelec Formation (Fig. 5).

4.3.2.1. Lithology and sedimentary environments of the Cerny Kostelec For-
mation. The Cerny Kostelec Formation is divided into an older Peklov
Member (Stephanian C) and an overlying Lhotice Member (lower
“Autunian”). The Peklov Member is between 40 and 275 m thick and
is a succession composed of grey, grey-brown to red-brown sandstones
often feldspathic, which predominate over grey to green-grey mud-
stones and siltstones (Holub, 1972, 1982; PeSek, 2004). At the base,
red conglomerates to breccias are common whereas in the upper part
of the member, locally present, are one or two 0.2-0.65 m thick coals.
Sediments of this unit fill valleys of the pre-sedimentary palaeoto-
pography striking mostly NNE-SSW and were deposited in colluvial,
fluvial, deltaic and lacustrine settings. Lakes and/or peat swamps were
established during periods of increased humidity (wet sub-humid).

The Lhotice Member is a 50-175 m thick fluvio-lacustrine succes-
sion the lower part of which consists of grey to red-grey sandstones al-
ternating with mudstones. Up to 2 coals are present, 0.4-1.2 m thick.
The upper part of the member is characterised by alternation of red
(feldspathic) sandstones and mudstones with intercalated bituminous
mudstones and limestones. The depocentre of the Lhotice Member is
larger than that of the Peklov Member, but the depositional environ-
ments of both units are very similar.

4.3.2.2. Fossil record of the Cerny Kostelec Formation. The fossil record of
the Cerny Kostelec Formation is restricted mainly to the coal-bearing
or lacustrine horizons. In red beds between these horizons, only very
sparse and poorly preserved remains have been found.

4.3.2.2.1. Flora of the Cerny Kostelec Formation. The Peklov Member
belongs to the Sphenophyllum angustifolium Zone (Wagner, 1984) of
Stephanian C age. The flora of this unit contains typical European
Stephanian and “Autunian” elements (Table 1): e.g., A. sphenophylloides,
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Table 6
Fauna of the Rosice-Oslavany and Padochov Formations in the Boskovice Basin.
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A. stellata, Dicksoniites plukenetii, Pecopteris cyathea and A. zeilleri. The
absence of “callipterids” is an indirect indicator, consistent with a
Stephanian age. The presence of specimens resembling Alethopteris
bohemica and also Odontopteris schlotheimii further supports the
Stephanian age of the member.

The Lhotice Member flora is typified by the presence of
“callipterids” — A. conferta and A. naumannii. Both species are known
from the Stephanian (Bourouz and Doubinger, 1977), but become
dominant beginning in the Permian. The flora is a mixture of plant spe-
cies that colonised different habitats: Calamites suckowii, A. equisetiformis,
Sphenophyllum oblongifolium, Pseudomariopteris cordato-ovata,
Dicksoniites pluckenetii, Pecopteris cyathea, Callipteridium gigas,
Neurocallipteris neuropteroides, Ernestiodendron filiciforme and
Walchia piniformis. Interesting is the presence of Odontopteris
schlotheimii, which is considered by Rieger (1968) to be a Stephanian
element. Recently, however, Barthel (2011) found Odontopteris
schlotheimii also in the lower Rotliegend in Manebach in Thiiringen.
An assemblage with Odontopteris schlotheimii, Callipteridium gigas,
A. conferta and A. naumannii is typical for the transitional zone between
the Carboniferous and Permian and corresponds to the A. conferta
biozone (Wagner, 1984). The Lhotice Member flora is characterised by
dominance of dryland conifers.

4.3.2.2.2. Palynology of the Cerny Kostelec Formation. Palynological
assemblages have been obtained from grey mudstones of the Peklov
Member (Pe3ek et al., 2001) and contain miospores that belong to

Fig. 23. Opsimylacris cf. Opsimylacris procera, fore wing, BB, ZbySov Horizon, ZbySov local-
ity, scale bar equals 10 mm. Photo by Stamberg.

34 genera and 56 species at least. The most common are representa-
tives of the genera Punctatosporites, Calamospora, Apiculatisporites,
Lophotriletes, Laevigatosporites and the saccate forms Florinites and
Illinites. Rarely present is the genus Lycospora.

4.3.2.2.3. Fauna of the Cerny Kostelec Formation. Fossil faunas of the
Cerny Kostelec Formation are known from both the Peklov and Lhotice
Members (Table 7). The fauna of the Peklov Member includes con-
chostracans Pseudestheria tenella and ?Pseudestheria sp. and rare find-
ings of non-marine gastropods ?Maturipupa sp. and ?Dawsonella sp.,
which, however, cannot confirm the “Stephanian C” age of the member
suggested by the flora.

The fauna of the Lhotice Member is known from old coal mine
dumps and one outcrop. Invertebrates are represented by pelecy-
pods (Myalinidae indet.), ostracods (Carbonita sp.), conchostracans
(“Bythocypris” mytyloides, Lioestheriidae indet.), and insect wing frag-
ments. Vertebrates were identified as xenacanthid sharks (B. carinatus
and Xenacanthiformes indet.) and actinopterygian fishes (scales of
Actinopterygii indet.), the former supporting the lowermost Permian
age suggested by the floristic assemblage.

4.3.2.3. Climatic indicators of the Cerny Kostelec Formation. Although sed-
iments of the Blanice Basin are only poorly exposed and modern sedi-
mentological studies are nearly absent, existing data suggest that
climatic interpretation of lithological and fossil records is in agreement
with similar interpretations from the Boskovice and Sudetic basins.

Table 7
Fauna of the Peklov and Lhotice members of the Cerny Kostelec Formation in the Blanice
Basin.
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5. Summary and conclusions

Sedimentary successions recording the transitional interval between
Carboniferous and Permian are present in most of the continental basins
of the Czech part of the Bohemian Massif. The thickness of these strata
ranges significantly between less than 100 m and about 1500 m as a re-
sult of uneven tectonic subsidence. These sediments consist predomi-
nantly of fluvial red bed successions characterised by alternation of
sandstones, subordinate conglomerates and mudstones. Spatial and
temporal variations in proportions of particular lithologies are related
to changes in sedimentary environments ranging from alluvial fan and
braid plains to broad floodplain occupied by low energy (?meandering)
rivers transporting mixed load. In all basins these monotonous red beds
contain intercalations of grey to variegated mostly fine grained sedi-
ments that tend to be concentrated into a few tens of metres to more
than 100 m thick horizons of predominantly lacustrine origin, traceable
over large part of the basins. These “grey horizons” were deposited dur-
ing humid periods in otherwise much drier climate and contain bitumi-
nous mudstones, limestones or cherts, i.e. lithologies absent in red beds
part of the succession (Havlena, 1964; Martinek et al., 2006; Oplustil
and Cleal, 2007; Pe3ek et al., 2001).

The climatic signature recorded in sediments deposited around
the Carboniferous-Permian boundary in these continental basins has
been only partly studied using sedimentological and lithological indica-
tors and geochemical proxies (e.g., Martinek et al., 2006; Mikulas
and Martinek, 2006; PeSek and Skocek, 1999). Available data however,
suggest climatic oscillations operating on several time scales (Fig. 25).
The longest climatic cycles are probably represented by alternation of
dominantly fluvial red beds with grey to variegated sediments mainly
of lacustrine origin. The duration of individual cycles is estimated to
reach 100,000 years or even more. The shorter cycles are represented
by major lake level fluctuations recorded by shallowing-up facies units
observed in most of the lacustrine sections throughout the basin
(Martinek et al., 2006). These transgressive-regressive cycles are fol-
lowed by significant changes in lake water salinity reflected in boron
content in the clay fraction of mudstones. Lake level highstands corre-
spond to periods of low salinity whereas high boron content in low-
stand sediments suggests increased salinity due to high evaporation/
precipitation ratio under hydrologically less open conditions (Martinek
et al,, 2006). These climatically induced lake level oscillations operated
on a scale of tens to possibly hundreds of thousands of years. In red

Fig. 24. “Stephanian C” landscape during the deposition of the red beds of the Liné Forma-
tion or other stratigraphically equivalent units in the Sudetic basins. Dominantly dryland
area is colonised by walchian conifers (right) and cordaitaleans (left). Their stems were
often transported during floods and left of channel bedforms after drop of water table.
Small scattered “wet spots” are colonised by wetland plants, mostly calamites and ferns.
Painted by ]. Svoboda under supervision of J. Bure§ (West Bohemian Museum in Pilsen).

beds between particular grey lacustrine horizons these climatic oscil-
lations have not been documented. We can only speculate that they
may be recorded as temporal changes in proportion of bed load to
suspended load sediments reflecting changes in fluvial styles, or by
the local presence of thin, only a few metres thick, grey to variegated
mudstones at various levels of an otherwise dominantly red succession.
Even shorter oscillations are recorded as lake-level and bioproductivity
fluctuations on the order of millennia to centuries and recorded by sta-
ble isotopes and organic matter geochemistry. The highest frequency
climatic record is represented by lacustrine laminites, the formation of
which is related to seasonal algal blooms (Martinek et al., 2006). In
fluvial red beds these seasonal climatic conditions are indicated by
the presence of vertisols often with carbonate nodules, the formation
of which requires strongly seasonal climate (e.g., Cecil et al, 2003;
Sheldon and Tabor 2009).

The character of climate is assumed to vary between moist sub-
humid and dry sub-humid and possibly even to semi-arid during the
driest periods (Cecil, 2003). The moist sub-humid climate corresponds
to the wettest parts of the lacustrine cycles and was moist enough to
allow for occasional long-term peat accretion resulting in the formation
of economic coals (Fig. 25). Presence of eolian sands, although spatially
and temporarily very restricted (to W part of the KRB), may point to the
existence of semi-arid climate as the counterpart to moist sub-humid
conditions. It is worth noting that coals are widely absent in biostrati-
graphically determined “Autunian” strata, suggesting a shift to generally
drier climate.

The plant fossil record of Late Stephanian to “Autunian” (Gzhelian-
Asselian) strata indicates the existence of two different and ecologically
separated wetland and dryland biomes, the former represented by
lycopsids, calamites, ferns and some pteridosperms, the latter com-
posed dominantly of conifers and cordaitaleans and in the Autunian
also by peltasperm pteridosperms. Differences in the landscape mor-
phology of basinal lowlands and associated variations in ground water
table were responsible for further partitioning of biomes into different
plant assemblages, which differed in dominance of particular plant
groups. Rare plant fossils in fluvial red beds indicate that vegetation
cover existed even during red-bed deposition under seasonally dry
sub-humid climate. Prostrate and probably mainly allochthonous silici-
fied stems of cordaites and walchian conifers (Bures, 2011; Mencl et al.,
2009) are fairly common in sand bar deposits whereas impressions of
walchian conifer shoots or cordaitalean leaves and branches are scarce
in mudstone intercalations in fluvial deposits (Setlik and Rieger,
1970). Existence of this dryland plant assemblage is further supported
by occurrence of sub-vertical root systems preserved either as haloes
or rhizoliths in red and often carbonaceous vertisols (Fig. 4). They indi-
cate the presence of plants adapted to soil moisture deficits possibly
under strongly seasonal climate, probably gymnosperms. The presence
of torrential rains during the wet season is suggested by the fact
that large stems several decimetres in diameter were transported by
floodwaters and deposited mostly within channels as the water table
dropped. On the other hand, foliage was usually transported/preserved
in mudstones deposited either in floodplain areas or in small pools left
on the braidplain after flood events. A conifer-cordaitalean plant assem-
blage growing in dryland areas, however, was not the only assemblage
colonising the landscape during red beds deposition (Fig. 24). This is ev-
ident from exceptional finds of silicified calamite stems (Mencl et al.,
2013) in fluvial sandstones or very rare calamite stem or fern foliage im-
pressions in variegated mudstone intercalations in an otherwise red
succession, i.e. in similar strata as silicified gymnosperm woods. As no-
ticed by these authors and by Bure$ (2011), the rarity of calamite stem
remains can be, however, partly a taphonomical bias since calamite
stems contain high parenchymatous wood and thus are prone to be
more easily destroyed during transport. This may be indicated by a silic-
ified stem assemblage occurring in sandstones above the PlouZnice
Horizon (Mencl et al., 2009) in the southern part of the KrPB. Here silic-
ified stems of cordaites and conifers occur together with common
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Fig. 25. Generalised section of the Stephanian C/early Autunian strata in the basins of the Czech Republic with climatic indicators and interpreted climatic changes during the Late

Pennsylvanian-early Permian. For explanation of lithological symbols see Fig. 5.

calamites, tree ferns and medullosaleans in a relatively narrow strati-
graphic interval. However, where found in outcrops, these stems have
never been observed in growth position. Instead they are transported
and secondarily embedded in fluvial and lacustrine deposits. Most
of fossil stems are, however, split into pieces and found in fields
(Matysova et al., 2008; Mencl et al., 2009; Skocek, 1970). In any case,
silicified stem assemblages suggest temporary co-existence of dryland
and wetland assemblages in lowlands of continental basins during
fluvial red beds deposition during early Gzhelian (Stephanian C)
times. During that time, wetland plant elements probably survived in
localised wetlands in/along small temporary ponds scattered across
the basinal lowland (Oplustil, 2013). The proportion of the total

landscape represented by these wetland and dryland areas varied
throughout the time as the climate oscillated between dry sub-humid
and moist sub-humid.

The fossil record indicates that during humid periods accompanied
by lake formation basinal lowlands were dominated by wetland assem-
blages composed mainly of ferns and sphenopsids. In locally present
peat swamps sub-arborescent (Endosporites-producing) and arbores-
cent lycopsids were also common. The arborescent assemblage is ex-
tremely rare, being represented by very sporadic compressions of
S. brardii, A. camptotaenia and even of Lycospora-producing lepidoden-
drid lycopsids. Permineralised (silicified) peats of the PlouZnice Horizon
(Stephanian C) contain stigmarian roots and lepidodendrid cones
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(Fig. 10B). Tree fern spores are often common in sediments along the
southern margin of some “Stephanian C” lakes (Klobuky, PlouZnice)
where broad mudflats existed. The mudflats of the PlouZnice Horizon
are associated with silicified stems of ferns and calamites and pterido-
sperms. Therefore, it is assumed that tree fern - calamite and sub-
dominant pteridosperm - growth covered lake shallows and vast mud-
flats especially along these low-gradient lake margins in the half-graben
depocentres of the KRB and KrPB.

However, the presence of dryland spots during these wet inter-
vals, when part of the basin floor was occupied by a lake, is also
highly possible. This is indicated by mixture of allochthonous
plant fragments of dryland and wetland assemblages on the same
bedding plane or within the same section of “Stephanian C” lakes.
The proportion of conifers further increases during the “Autunian”.
Some plant assemblages in offshore mudstones of the Rudnik Lake
(Autunian) along the tectonically active northern margin of the
KrPB are dominated by walchian conifers, including fragments sev-
eral tens of centimetres long (e.g., Rieger, 1971). This indicates the
presence of conifer forests in close proximity to the lake, growing
possibly on well-drained slopes along tectonically active lake mar-
gin from where their remains were easily washed down into the
lake by rains. The coexistence of dryland and wetland biomes in
basinal lowland during the humid periods is further suggested by
some palynological spectra. Those palynofloras of “Stephanian C”
age are usually dominated by tree-fern spores whereas most of
“Autunian” miospore assemblages are rich in pollen of cordaites
and conifers. However, even in the “Autunian” tree ferns are locally
dominant as are, in exceptional cases, representatives of the genus
Lycospora.

A general climatic shift from wetter to drier conditions around the
Pennsylvanian-Permian transition (Stephanian C-Autunian) is accom-
panied by an increasing proportion of dryland biome assemblages in
the fossil record during the “Autunian”. This pattern is explained as an
expansion of the dryland biome across the basinal lowland. However,
several orders of high frequency climatic oscillations superimposed
on a general climatic shift to increasing aridity make this transition
far from being gradual. Instead wetland assemblages represented by
macrofloral remains as well as by miospores are repeatedly found in
some “Autunian” sediments, suggesting survival of wetland plant as-
semblages in contracting “wet spots” (DiMichele et al,, 2009, 2010).
The best example of this oscillatory, directional trend is some palyno-
logical samples from the “Autunian” Rudnik Horizon in the KrPB,
dominated by 70% lycospores (PeSek et al., 2001; Valterova, 1987). Rep-
etition of basically the same wetland plant assemblages in successive
lake horizons makes it difficult to distinguish them floristically.
The “Stephanian C” grey horizons, characterised by the absence or
rare occurrence of peltasperms, are especially difficult to distinguish
stratigraphically. Differences in composition of plant assemblages be-
tween particular “Stephanian C” horizons are rather of an ecological na-
ture. Similarly, it is difficult to distinguish between particular
“Autunian” lacustrine horizons. The richer occurrence of peltasperms
distinguishes them from the “Stephanian C” grey horizons but is not al-
ways sufficient for separation of particular “Autunian” horizons. The
main floristic difference between the “Stephanian C” and “Autunian”
part of basin succession is an increase in the proportion of conifers,
and locally peltasperms, and decrease of ferns (especially tree ferns
with pecopterid foliage).

Unlike their effect on the flora, climatic oscillations around the
Carboniferous-Permian transition had only a minor effect on lake
faunas. Typical for the study interval are seasonal changes related to a
torrential rainy season resulting in lake water eutrophication and algal
blooms accompanied by mass occurrence of conchostracans on bedding
planes. The mechanism driving the transition between the local bio/
ecozones Elonichthys-Sphaerolepis and A. gracilis, which roughly corre-
sponds to the Carboniferous/Permian boundary, is impossible to deduce
from the fossil record. In “Autunian” lakes where salinity increased

substantially during the climatic oscillations observed, there was a pref-
erential drop in diversity of some faunas depending on their tolerance to
changes in lake water chemistry.
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Abstract: The late Paleozoic deposits in several basins in the Czech Republic are well known for their
abundance of silicified stems. Despite the fact they have been known since 19th century, there are few modern
works of this material. The stems have been known to occur at several stratigraphic levels. During the
course of recent field work such material has been found at additional levels. Most of them belong to the
genus Agathoxylon, divided here into two types: cordaitalean plants and conifers. Based on previous data
from Intra Sudetic and Pilsen Basins, and new material from Krkonose Piedmont and Kladno-Rakovnik
Basins, this work compiles and compares the occurrence, anatomical features and taxonomy of silicified
Agathoxylon-type of stems through four studied areas. The various cordaitalean — conifer ratio among all
basins reflect different palaeoenvironment in each of them.

Key words: silicified wood, stem anatomy, Agathoxylon-type of wood, cordaitaleans, conifers, late Paleozoic,

Czech Republic.

1. INTRODUCTION

Silicified araucarioid wood is an important ele-
ment of the floras from the late Paleozoic Czech
basins. There are several papers which recently
described this type of wood from different parts of
the Bohemian Massif (e.g., Matysova, 2006;
Mencl, 2007; Mencl et al., 2009; Holecek, 2011;
Bures, 2011, 2013; Oplustil et al., 2013).

The nomenclature of araucarioid wood has been
often discussed, and several various names have
been applied to this wood over time (e.g., Dadoxy-
lon Endlicher, Agathoxylon Hartig, Araucarioxy-
lon Kraus, and Dammaroxylon J. Schultze-Motel).
Present palaeoxylologists generally prefer the use
of term Agathoxylon for such wood (RoBler et al.,
in press) and we follow this usage herein.

2. HISTORICAL INSIGHT
2.1. Krkonose Piedmont Basin

Silicified plant remains in area of Nova Paka
(Figure 1) have been known for many years. Their
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occurrence was first mentioned, as far as we can
ascertain, by Maloch (1844) (see Heber, 1844) who
described stems in the villages of Pecka and Stup-
na. Goeppert (1858) presented the first scientific
description of the conifer wood Araucarites schrol-
lianus (= ,,Dadoxylon“ saxonicum; synonym: , Da-
doxylon® schrollianum), as well as calamitalean
wood and stems of ferns from Kozinec, Nova Paka
and Pecka. Occurrences of Medullosa, Psaronius
and Agathoxylon stems and the existence of silici-
fied peats in Nova Paka and Lazné Bélohrad were
described by Fri¢ (1912). In his work, special
attention was paid to insect borings on the stem
surface, and to the presence of small axes of the
climbing fern Ankyropteris brongniartii, occasion-
ally preserved in the root mantle of Psaronius
stems. Vysocky (1859), Jokély (1861), Stur (1877),
Makowsky (1878), Katzer (1892), Danék (1902),
Petrascheck (1924) and Hynie (1927) reported on
the silicified stems from around Nova Paka. In the
Nova Paka region, stems are most often found as
lag on hillsides as loose pieces, less commonly they
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Figure 1. Late Paleozoic basins of the Czech Republic. Studied areas are highlighted. After Pesek et al. (2001).

have been found in outcrops, but never in upright
position (Purkyné, 1927). Some specimens pre-
serve bark and leaf scars (Renger, 1858, 1863).
Feistmantel (1873a, b, c) generally considered si-
licified stems from the Nova Paka to be early Per-
mian, but recent research indicates that they are
of late Pennsylvanian (Kasimovian — Gzhelian) age
(Pesek et al., 2001; Matysova, 2006; Mencl, 2007;
Mencl et al., 2009; Mencl et al., 2013; Oplustil et
al., 2013). The most recent general summary of
silicified stem localities in Czech Republic was pre-
sented by Bfezinova (1970). Most recently short
notes on the material from the Krkonose Pied-
mont Basin have been published by Havlena (1955,
1958), Vitek (1986), Soukup (1997), Dernbach
(1996) and Dernbach et al. (2002). Subsequent to
Goeppert (1858) no detailed anatomical study of
the Agathoxylon-type wood has been published.

2.2. Intra Sudetic Basin

In the Czech part of the Intra Sudetic Basin (Figure 1)
silicified wood have been known for a long time.
The first scientific descriptions were presented by
Goeppert (1857, 1858) based on silicified wood in
the Jestiebi hory region; an area about 30 x 7.5
kilometres.

The length of stems reaches up to 6 m, and di-
ameter varies between 40 and 50 cm. Most are oval
in cross-section due to compression. Some logs
have preserved growth rings and knots with stubs
of branches, and all lack bark (Goeppert, 1858).
Systematically these fossils were interpreted as
conifers and attributed to the species Araucarites
brandlingii (Lindl. & Hutt.) Gopp. and Araucar-
ites schrollianus Gopp. (Goeppert, 1857, 1858).

Occurrences of silicified stems in the Intra Su-
detic Basin mentioned also many other authors,
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e.g., Stur (1877), Makowsky (1878), Katzer
(1892), Petrascheck (1924), Purkyné (1927), Brez-
inova (1970) and Tasler et al. (1979). The most
modern research was performed by Matysova
(2006), Mencl (2007) and Mencl et al. (2009) who
interpreted this material as cordaitalean wood.

2.3. Kladno-Rakovnik Basin and Pilsen
Basin

The occurrence of petrified stems in the Kladno-
Rakovnik and Pilsen Basins (Figure 1) has been
known for about 150 years. Such fossil material is
less common in this basin than in the Krkonose
Piedmont area. The first mention of such material
in the Pilsen Basin was by Miksch (1853) who de-
scribed stems up to 7.5 m in length from locality
Chotikov. The first anatomical studies of silicified
stems were performed by Feistmantel (1873a, b, ¢),
who described many stems from the Kladno-Rak-
ovnik Basin (localities Rakovnik, Lubna, Hredle,
Revnidov, Klobuky and Krusovice). He assigned
different wood types to the conifer Araucarites
schrollianus (= ,,Dadoxylon® saxonicum; syn-
onym: ,.Dadoxylon“ schrollianum), and fern Psa-
ronius (Feismantel, 1873b). These stems are with-
out bark, some have growth rings, knots and pith
cavities (Feistmantel, 1873c¢). First taxonomic de-
scription of silicified stems from both basins was
provided by Feistmantel (1883). He determined one
well-preserved piece of wood from Mutéjovice
(Kladno-Rakovnik Basin) to belong to Araucariox-
ylon schrollianus, several loose-pieces from Lo-
chotin as the cordaitalean wood Araucarioxylon
brandlingit (Lindl. & Hutt.) Gopp., and from Liné
and Cerveny Ijjezd he identified wood as the coni-
fer Araucarites schrollianus Gopp. (Feistmantel,
1883). Fri¢ (1912) described silicified wood from a
sandstone near Knézeves, and one stem uniquely
preserved in outcrop of whitish sandstone near
Klobuky. Purkyné (1927) provided a summary of
petrified stems from Bohemia, including the new
localities; Oc¢ihov, Kryry and Slany; where black
coloured silicified wood was found. He attempted
stratigraphic correlations based on the occurrence
of fossil wood (Purkyné, 1912). The possible appli-
cations of the silicified wood for stratigraphic cor-
relations were also discussed by Némejc (1953),
Pouba and Spinar (1954), and Pesek (1968). Sub-
sequently Skocek (1970) divided petrified wood in
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two taphonomic types: dark which organic matter
is present (deposited in swamps and partly humi-
fied), and light which lacks organic matter, which
were deposited under dry climatic conditions
(Skocek, 1970). Short notes about silicified stems
were mentioned by several other authors, e.g.,
Némejc (1953), Pouba and épinar (1954), Havlena
(1964), Biezinova (1970), Obrhel (1977), Rehot
and Rehot (2005) and Svejkovsky (2009). A short
note about the silicified peat and fossil wood in the
Kloubuky area was published by local collectors
(Dvoisk and Svancara, 2003). A palaeoichnologi-
cal study was performed by Mikuld$ and Zasadil
(2008), who described silicified stems with insect
boreholes and fungal traces from Knézeves, Hiedle,
Bilenec, O¢ihov a Stachov. The newest systematic
work on silicified stems from the Kladno-Rakovnik
Basin summarised the occurrences of various
types of stems and described their anatomy was
done by Holecek (2011). Silicified conifer and cor-
daitalean stems from the Pilsen Basin and their
anatomical features were described by Bures$
(2011, 2013).

3. GEOLOGICAL SETTINGS

3.1. Krkonose Piedmont Basin

The Krkonose Piedmont Basin is situated in the
northern part of the Czech Republic, at the foot of
the Krkonose-Jizerské hory crystalline complex
(Figure 1) and belongs to a system of post-orogen-
ic extensional/transtensional basins of the Bohemi-
an Massif. Purely continental deposits in the
Krkonose Piedmont Basin are early Moscovian
(Asturian) to early (or even middle) Triassic in age
(Figure 2). The sediment fill of this basin reaches
a maximum thickness about 1800 m (Pesek et al.,
2001).

Previous geologic mapping indicates that silici-
fied Agathoxylon-type stems are known from two
stratigraphic levels: the Stikov Arkoses (Kumburk
Formation) and the PlouZnice Horizon (Semily
Formation) (Pesek et al., 2001). More recently this
wood has been found in both the Brusnice Member
(lower Kumburk Formation) and the lower Pro-
seéné Formation. Stems, when found in place are
horizontal on bedding planes; no upright stems
have been observed.
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Figure 2. Comparison of stratigraphy of the Kladno — Rakouvnik Basin (KRB), Pilsen Basin (PB), Krkonose Piedmont Basin
(KPB) and Intra Sudetic Basin (ISB). Stratigraphical positions of the silicified stems are illustrated by small logs.
Compiled after Mencl et al. (2009), Holedek (2011) and Gradstein et al. (2012).
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3.1.1. Kumburk Formation
Brusnice Member (lower Kumburk)

This unit is upper Moscovian — lower Kasimovian
(Asturian — Cantabrian) in age. It consists mostly
of reddish aleuropelites with common, several me-
tre thick intercalations of greyish, middle- to
coarse-grained, semi-rounded to rounded, silici-
clastic conglomerates (Pesek et al., 2001). This
unit is only known to occur in the southern part
of the Krkono$e Piedmont Basin. It was deposited
in lacustrine and fluvial environments with no
volcanic component (Matysova et al., 2010). Silici-
fied stems are rare and have not yet been described
from this unit. A single silicified stem was
observed in horizontal position in an outcrop of
coarse-grained conglomerate by one of the present
authors (V. Mencl).

Stikov Arkoses (upper Kumburk)

This unit is Kasimovian (Stephanian A) in age.
Deposits are middle- to coarse-grained, light grey,
reddish and pinkish sandstones that may laterally
become conglomeratic with rounded cobbles up to
10 centimetres in diameter (Pesek et al., 2001),
probably deposited in lacustrine and/or fluvial
environment without any volcanic influence
(according to Matysova et al., 2010). Silicified
Agathoxylon stems are very abundant and often
preserved in outcrops. The longest log, which has
been ever found in this area, was more than
8 metres long and about 1 metre in diameter.

3.1.2. Semily Formation
PlouzZnice Horizon (middle Semily)

This unit is Gzhelian (Stephanian C) in age. The
sediments have a mostly lacustrine character (Pe-
$ek et al., 2001). They consist of fine-grained, red-
dish mudstones and siltstones with thin carbonate
banks, calcareous and chert concretions. There is
a volcanic component represented by intercalated
tuffs and tuffitic sandstones which were deposited
by traction mechanisms, mostly by river streams
(Starkova et al., 2009). Silicified remnants of
plants are, for the most part, restricted to the low-
er part of the PlouZnice Horizon. This unit has
yielded Agathoxylon-type of wood, silicified stems
of the fern Psaronius, the calamitaleans (Arthropitys
and Calamitea), and the seed-fern (Medullosa) as
well as nodules of carnelian (Sakala et al., 2009;
Mencl et al., 2013; Oplustil et al., 2013). Due to
the lack of outcrops, the silicified stems are usual-
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ly found as lag. This unit was deposited in a lacus-
trine environment with influence of volcanism
(according to Matysova et al., 2010).

3.1.8. Prosec¢né Formation

The Proseéné Formation is Asselian - Sakmarian
(Autunian) in age. It is only known from the cen-
tral and western part of the Krkonose Piedmont
Basin. It is a very fine-grained lacustrine deposit
with numerous interbedded tuffs, tuffites and lime-
stones. The uppermost part of the Prosecné For-
mation is composed of pinkish arkoses and arkosic
sandstones (Pesek et al., 2001). The usually dark-
coloured silicified stems are very common in some
localities, but found as lag only. This unit was
deposited in a lacustrine environment with influence
of volcanism (according to Matysova et al., 2010).

3.2. Intra Sudetic Basin

The Czech part of the Intra Sudetic Basin is in the
north-eastern Czech Republic (Figure 1). Its sedi-
ments have the greatest stratigraphic range
among the late Paleozoic basins of the Bohemian
Massif, ranging from Viséan to the Middle Trias-
sic (Pesek et al., 2001; Oplustil and Cleal, 2007,
Oplustil et al., 2013) (Figure 2). Strata are divided
into eight formations (Tasler et al., 1979; Pesek et
al., 2001). The Intra Sudetic Basin is separated
from the Krkonoge Piedmont Basin by the Hronov-
Poii¢i Fault. Sediments in the Intra Sudetic Basin
are continental, with the exception of the Missis-
sippian (Viséan) deposits that are partly marine.
All other deposits have fluvial, proluvial or lacus-
trine character. A volcanoclastic component is
present in several units (Pesek et al., 2001). Silic-
ified wood is known only from one stratigraphic
level called the Zaltman Arkoses in the Odolov
Formation. The presence of silicified stems in the
Petrovice Member (Bolsovian) that were mentioned
by Tasler et al. (1979) was not confirmed (Mencl,
2007; Mencl et al., 2009). The Zaltman Arkoses is
Stephanian A in age and composed of fluvial arko-
sic conglomerates and sandstones (Pesek et al.,
2001, Valin, 1956, 1960). Stems are very rarely
found in outcrops (e.g. Krystofovy kameny), they
are allochthonous and never found in upright po-
sition. They lack bark, roots, branches or any oth-
er extraxylary tissue (Mencl et al., 2009). Most are
found as loose pieces in the field. They are most
common in the area of the Jestiebi Hory (Matysova,
2006; Mencl, 2007; Mencl et al., 2009).
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3.3. Kladno-Rakovnik Basin and Pilsen
Basin

The Kladno-Rakovnik and Pilsen Basins are situ-
ated in the central and south-western part of the
Czech Republic (Figure 1). They were formed by
an extension/transition during the Variscan oroge-
ny in the Bohemian Massif. The oldest sediments
are early Moscovian and the youngest are Gzhe-
lian in age (Figure 2), with a maximum thickness
about 1440 metres. These mostly lacustrine sedi-
ments are divided into four formations, i.e. the
Kladno, Tynec, Slany and Liné Formations. Silici-
fied wood is known to occur in all formations
(Holecek, 2011), but is most common in the Tynec
and Liné Formations (Pesek et al., 2001). Expo-
sures of these formations are extremely poor or
lacking thus all fossil wood has been found as
fragments in eluvium. Some however have been
recovered from kaolin mines in the Pilsen Basin.
Whole trunks are very rare, petrified wood is often
fragmented into small pieces, knots and remnants
of branches are very scarce.

3.3.1. Kladno Formation

The Kladno Formation is Moscovian (Bolsovian —
Cantabrian) in age and is composed of the Radnice
and Nytrany members separated by a hiatus. Both
are typified by dark-coloured, greyish and reddish
fluvial deposits, mostly claystones, siltstones,
sandstones and conglomerates in the Radnice
Member, and arkoses, arkosic sandstones and silt-
stones in the Nyirany Member. Both units contain
coal beds and common volcanic intercalations. The
very scarce silicified stems in the Kladno Forma-
tion are mostly black in colour.

3.3.2. Tynec Formation

The Tynec Formation is lower Kasimovian (Barru-
elian) and is typified by coarse-grained reddish sed-
iments, without or only with little volecanic inter-
calations. Petrified stems are very common in this
unit and usually light-coloured. Trunks, up to 10 m
long, have been described from this formation by
Pesek et al. (2001). Two types of wood are present:
Agathoxylon-type and calamitalean (Mencl et al.,
2013).

3.3.3. Slany Formation

Slany Formation is Kasimovian (Stephanian B) in
age, divided into six members that are composed of

mostly grey-coloured sediments. Silicified stems,
known only from the Kounov Member (upper part
of the Slany Formation, Fig. 2), are quite rare and
usually dark-coloured. The Kounov Member is typ-
ified by fluvial and lacustrine deposits, mostly
white to greyish arkoses, arkosic sandstones and
aleuropelites with coal beds and tuffitic interbeds.

3.3.4. Liné Formation

The Liné Formation is Gzhelian (Stephanian C) in
age and separated from the Slany Formation by a
hiatus. It consists primarily of reddish to crimson-
coloured silt and claystones. Tuffs and tuffites are
more common than in the underlying Slany For-
mation, and are can be distinguished within three
units (horizons), i.e. the Zdétin, Klobuky and
Stranka Horizons (Pesek et al., 2001). Silicified
Agathoxylon-type stems are very common in arko-
sic deposits of the lower part of the Liné Forma-
tion. Stems are found there as loose pieces in the
field, except one unique specimen, which was pre-
served in outcrop and described by Fri¢ (1912).
From this stratigraphic position were also de-
scribed calamitalean stems (Mencl et al., 2013). In
the Klobuky area, there are also known silicified
peats (e.g., Dvotrdak and Svancara, 2003).

4. MATERIAL AND METHODS

The samples from the Krkonose Piedmont Basin
are either from the palaeontological collections of
the Municipal Museum Nova Paka (signature P),
the Krkonose Museum in Jilemnice (abbreviation J),
or were provided by V. Mencl and private collectors
(abbreviations BA, C, HB, JA, PE, S, SH). The
samples from the Kladno-Rakovnik Basin were
collected by J. Holecek and are now housed in the
West Bohemian Museum in Pilsen (abbreviations
RAK, ZAS), or provided by private collectors
(abbreviation ZAJ). The samples from the Pilsen
Basin were provided by the West Bohemian Muse-
um in Pilsen (signature FP), or came from the
collection of the Municipal Museum Nova Paka
(signature P).

Cross sections of several tens of specimens were
polished and examined in reflected light with
a Leica EZ 5 and Olympus SZx12 stereomicroscopes.
The best preserved were thin-sectioned in the stan-
dard transverse, tangential longitudinal and radial
longitudinal sections, and studied using transmitted
light under either an Olympus BX-51 or SZX12
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microscope. Images were made with Olympus
Camedia 3030 and 5050 digital cameras and
processed with imaging software AnalySIS, NIS-
Elements and Quick Photo Industrial. The data
were analysed with Microsoft Excel 2007-2010.

5. RESULTS

The specimens from the Krkonose Piedmont and
Intra Sudetic Basins are characterised only by the
structure of the secondary xylem. A few specimens
have knots with stubs of branches. The wood is
homoxylous pycnoxylic. Resin canals and axial
parenchyma have not been observed. Radial sec-
tions rarely show alternate ,,araucaroid“ pitting
in tracheid walls. Due to a considerable amount of
recrystallisation, other features can only very
rarely (e.g. cross-field pitting) be seen. Samples
from both basins underwent the same process of
recrystallisation, but samples from the Krkonose
Piedmont Basin in much less intensive way than
coeval ones from the Intra Sudetic Basin (Mencl,
2007, Mencl et al., 2009).

The specimens from the Kladno-Rakovnik and
Pilsen Basins show better preservation being less
recrystallised. However, they also have preserved
the secondary xylem only. Radial sections show
alternate ,,araucaroid® pitting. Knots and pith are
rare.

5.1. Agathoxylon sp. 1

Specimens: BA1, C1, P1760, P1786, P1793, P1831,
P2697, S4, SH1, VS10, VS11, VS12, VS13, VS14,
V821, VS22, V828, VS29, VS34, VS35, FP00066,
FP00068, FP00069, FP00083, FP00098, FP00107,
FP00112, FP00125, FP00126, FP00129, RAK004/
1, RAK004/2, RAK004/3, RAK005/1, RAK005/2,
RAKO006/1, RAK008/1, RAK008/2, VS100, VS101,
ZAJ002/1.

Microscopic description:

Transverse section: Growth rings not observed.
Tracheids, radial diameter 20 — 162 um (mean
60 wm), tangential diameter 23 — 149 um (mean
65 um) (Table 1), are mostly round to oval, orga-
nized in radial lines (Plate I/2). Axial parenchyma
is not present.

Tangential longitudinal section: Tracheid pits not
detected. Rays range from 2 to 45 cells in hight
(Table 1), mostly uniseriate, partly biseriate, rarely
triseriate. Rays cells are mostly round (Plate 1/5).
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Figure 3. Sketch of the radial longitudinal section of the
specimen RAK004/1 — Agathoxylon sp. 1 (after Holecek, 2011).

Radial longitudinal section: Tracheid pitting 1 -
4 columns usually covering the entire width of the
tracheid wall and arranged in an alternating
(,,araucarioid“) pattern for maximum number of
pits/cell (Plate 1/6). Pits are bordered, mostly hex-
agonal, polygonal or oval; pores are oval or round
(Figure 3). Pit diameter varies from 6 to 37 um
(Table 1). Cross-field pitting is araucarioid sensu
TAWA Committee (2004) and only rarely observed.
Cross-field pits are bordered, hexagonal to oval,
with round to oval pores, and usually three or
four in each field (Plate I/4).

Macroscopic description:

Several specimens show macroscopic features: ir-
regular branching (solitary branches without oth-
er branches in close proximity), and an Artisia-
type of pith (Plate I/7). These features allow them
to be identified as Agathoxylon sp. 1. Thin section-
ing of these specimens was not allowed by the
keepers of the Nova Paka and Krkonose Muse-
ums, and the private collectors.

5.2. Agathoxylon sp. 2

Specimens: HB1, J8766, J8767, JA1, P302, P1478,
P1798, P2960, P5113, PE1, S1, S3, S5, S6, S7,
FP00067, FP00071, FP00073, FP00077, FP00093,
FP00095, FP00100, FP00101, FP00103, FP00106,
FP00115, FP00116, FP00118, FP00127, RAK003/2,
ZAJ003/1, ZAS001/2, ZAS002/1, ZAS003/1.
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Table 1. Attributes of anatomical features of studied specimens with their stratigraphical positions, and their assumed systematical
affiliation. Stratigraphy: I = upper Moscovian, II = Kasimovian, III = lower Gzhelian, IV = upper Gzhelian, V = Sakmarian;
1 = Kladno-Rakovnik and Pilsen basins, 2 = Krkono$e Piedmont Basin, 3 = Intra Sudetic Basin. x = attributes not detectable.

SECTION TRANSVERSAL LONGITUDINAL RADIAL LONGITU. TANGENTIAL | STRATIGRA| Agatho-
TRACHEID DIAMETER PITTING RAYS PHIC xylon
FEATURE radial direction |tangential direction series pit diameter height series POSITION sp.
SPECIMEN| min | max | mean | min | max [mean | min | max |mean | min | max | mean| min | max |mean| max

BA1 49 142 | 80,5 | 44 129 | 87 3 5 4 11 25 17,9 X X X X 1V/2 1
HB1 72 121 [ 923 | 54 148 | 84,3 1 1 1 9 31 16 X X X X V/1 2
JA1 36 60 45 34 55 43 X X X X X X 4 26 14 2 11/2 2
P1760 34 84 | 574 | 47 90 |621 | 2 3 2 8 16 | 115 X X X X 11/2 1
P2697 45 162 | 974 | 34 149 | 98,2 2 4 4 6 12 8 10 23 19 2 IV/2 1
P2960 X X X X X X 1 1 1 10 14 11,6 X X X X V/1 2
PE1 X X X X X X 1 1 1 8 14 10 X X X X 11/2 2
S1 X X X X X X 1 1 1 11 25 16,7 5 22 8 2 V/i 2
S3 18 41 | 26,8 | 21 40 | 29,9 1 1 1 8 12 10 4 14 9 2 V/1 2
4 X X X X X X 1 2 1,2 9 15 | 128 x X X X V/1 1
S5 X X X X X X 1 1 1 6 12 8,3 5 20 11 2 V/1 2
S6 X X X X X X 1 2 1,1 12 20 | 163 X X X X V/1 2
S7 33 73 49 38 109 | 72,7 1 1 1 8 34 23 X X X X V/1 2
SH1 20 58 | 38,8 | 27 52 | 373 2 2 2 16 37 21,8 X X X X I/2 1
VS10 60 90 70 | 60 | 100 | 725 | 2 3 2 18 25 23 5 21 | 16 3 11/3 1
VS11 60 | 100 | 71 70 | 110 | 785 X X X X X 2 9 6 2 11/3 1
VS12 X X X X X X 3 4 3,8 7 13 9,6 8 23 | 19 2 11/3 1
VS13 X X X X X X 2 3 2,2 10 20 15 7 16 10 2 11/3 1
VS14 50 80 | 645 | 55 80 | 66 X X X X X X 4 28 | 10 2 11/3 1
VS21 40 60 | 54,5 | 40 75 | 61,5 X X X X X X X X X X 11/3 1
VS22 40 70 | 555 | 50 80 65 X X X X X X 3 11 7 2 11/3 1
VS28 60 90 71 60 100 | 78 X X X X X X X X X X 11/3 1
VS29 60 100 | 785 | 60 100 | 85 X X X X X X 4 16 8 2 11/3 1
VS34 40 70 52 50 90 75 2 3 2,3 12 21 17 6 30 13 2 11/3 1
VS35 40 70 [ 515 | 40 80 | 58,5 1 3 2,5 11 25 14 3 18 8 1 11/3 1
P5113 13 30 | 212 | 16 38 | 27,3 1 2 12 11 16 13,3 X X X X IV/1 2
FP00071 | 45 50 | 475 | «x X X 1 2 1,1 18 18 18 6 6 6 1 IV/1 2
FP00073 | 30 35 325 | «x X X 1 1 1 12 15 13 X X X IV/1 2
FP00077 | 40 50 | 447 | «x X X 1 1 1 15 20 18 6 14 9 1 IV/1 2
FP00083 | 70 80 | 733 | x X X 2 4 3,1 10 12 11 7 7 7 1 IV/1 1
FP00093 | 45 50 | 46,7 | «x X X 1 2 1,1 12 15 13 X X X IV/1 2
FP00095 40 50 | 46,7 X X X 1 1 1 17 18 173 | 16 16 16 1 Iv/1 2
FP00098 55 65 60 X X X 1 2 1,7 12 12 12 6 29 18 1 Iv/1 1
FP00100 40 40 40 X X X 1 2 1,1 15 15 15 X X X X Iv/1 2
FP00101 40 50 | 46,7 X X X 2 4 2,9 15 15 15 4 5 5 1 Iv/1 2
FP00103 30 40 | 33,3 X X X 1 2 18 10 15 13 X X X X Iv/1 2
FP00106 40 50 45 X X X 1 2 1 15 15 15 X X X X Iv/1 2
FP00107 | 50 50 | 50 X X X 1 1 1 18 18 18 7 10 9 1 IV/1 1
FP00112 40 50 45 X X X 1 2 1,7 12 12 12 X X X X IV/1 1
FP00115 | 50 60 | 55 X X X 1 3 18 | 15 15 15 7 9 8 1 IV/1 2
FP00116 | 50 50 | 50 X X X 1 3 2 15 15 15 15 25 | 20 1 IV/1 2
FP00118 40 40 40 X X X 1 1 1 15 18 17 7 7 7 1 IV/1 2
FP00125 50 50 50 X X X 2 3 24 10 10 10 X X X X v/l 1
FP00126 45 50 | 48,3 X X X 2 4 2,4 10 10 10 7 12 9 1 Iv/1 1
FP00127 40 50 | 43,3 X X X 1 1 1 12 12 12 X X X X Iv/1 2
FP00129 50 50 50 X X X 1 3 2 12 12 12 9 12 10 1 Iv/1 1
RAKO003/2 | 42 65 | 51,3 | 34 69 | 50,8 2 2 2 14 16 15,6 X X X X I11/1 2
RAKO004/1 | 36 85 | 59,7 | 40 75 | 56,5 1 4 3 10 12 10,9 2 23 9 2 11/1 1
RAKO004/2 | 32 61 | 48,7 | 30 59 | 444 1 3 2 10 13 114 2 30 9 3 11/1 1
RAK004/3 | 28 61 | 429 | 23 52 | 39 1 3 2 10 13 12 3 22 7 2 1I/1 1
RAKO005/1 | 41 79 | 636 | 39 71 | 54,1 1 3 3 15 16 | 157 2 35 | 11 2 11/1 1
RAK005/2 | 56 79 | 656 | 52 87 | 72,2 2 4 3 13 16 14 3 45 13 2 11/1 1
RAKO006/1 | 40 72 | 53,8 | 38 80 [ 591 1 2 2 12 17 14 3 22 | 11 2 11/1 1
RAKO008/1 | 51 90 [ 66,2 | 40 67 | 554 | 2 3 2 10 15 | 134 3 27 | 14 3 11/1 1
RAK008/2 | 30 61 | 471 | 32 71 | 49,3 1 2 1 13 14 13,7 2 30 14 1 11/1 1
ZAJ002/1 X X X X X X X X X X X X 4 26 | 12 2 IV/1 1
ZAJ003/1 X X X X X X 1 2 1 15 23 19 2 26 9 2 Iv/1 2
7ZAS001/2 X X X X X x 1 2 1 12 20 | 157 x X X X Iv/1 2
ZAS002/1 X X X x x x 1 2 1 11 14 | 134 x X X 1 Iv/1 2
ZAS003/1 X X X X X X 1 2 1 9 14 | 11,1 X X X X Iv/1 2
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Plate 1.
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Microscopic description:

Transverse section: Growth rings were not observed.
Tracheids are round or oval, rarely irregular,
arranged in radial lines, radial diameter 13 -
121 um (mean 44 um), tangential diameter 16 —
148 um (mean 51 um) (Table 1). Axial parenchyma
was not observed.

Tangential longitudinal section: Tracheid pits were
not detected. Rays are uni- to biseriate, 2 — 26 cells
in height (Table 1). Ray cells are round to slightly
oval.

Radial longitudinal section: Tracheid pitting is
mostly uniseriate, locally biseriate. Pits are bor-
dered, round, diameters 6 — 37 um (Table 1), and
do not cover the total width of a tracheid wall (Ta-
ble 1). Pores are round or slightly oval. Cross-field
pitting not observed.

Macroscopic description:

Some of specimens of group Agathoxylon sp. 2
have preserved knots with the bases of branches.
Branching pseudo-verticillate; with the branches
arranged round the stem in the same orthogonal
plane (Plate I/1).

6. DISCUSSION

6.1. Taxonomy

Only the characters of the secondary xylem are
known for all specimens studied, the primary
xylem and other tissues are lacking. Wood is ho-
moxylous pycnoxylic without resin canals and ax-
ial parenchyma. Regular growth rings were not
observed. Based on the known general characters
(alternate pitting, lack of axial parenchyma) is
possible to classify all the wood from the four
basins as Agathoxylon sp. (R6Bler et al., in press).
However, due to strong recrystallisation of the
quartz and the effect that has on the details visible
in the wood it is not possible to make a more pre-

Plate 1.

cise determination. Two groups (Agathoxylon sp. 1
and Agathoxylon sp. 2) are recognized based on the
nature of the pitting in radial walls of the trache-
ids. All other features of the secondary xylem were
either not discernable due to recrystallisation of
the quartz or only hardly visible because of the
poor preservation.

There is however a few well-preserved macro-
scopic features that permit the assignment, with
reservations, of the two groups of Agathoxylon to
higher levels of classification. Agathoxylon sp. 1 is
probably assignable to the cordaitaleans, and
Agathoxylon sp. 2 can possibly be assigned to the
conifers (sensu Doubinger and Marguerier, 1975
and Noll et al., 2005).

6.2. Summary of stratigraphic and
geographic occurrence

Using available palaeobotanical data and the
occurrence of silicified stems we are able to partially
reconstruct floral assemblages at various strati-
graphic levels in the four studied basins.

6.2.1. Upper Moscovian (Asturian)

The Nyirany Member of the Kladno Formation
(Kladno-Rakovnik and Pilsen Basins) and the
Brusnice Member of the Kumburk Formation
(Krkonose Piedmont Basin) were deposited during
this time interval. Silicified stems of this age are
not known from the Intra Sudetic Basin. Speci-
mens from the Kladno-Rakovnik and Pilsen Basins
were collected in the LiSany and LuZna as loose
pieces in fields (Holeéek, 2011). Unfortunately,
their preservation is very poor and any further
classification of them is not possible. Two speci-
mens are known from the Krkonose Piedmont
Basin near Sdrovcova Lhota. Both of them were
collected from outcrops and have been classified as
cordaitalean wood (see Table 1).

1. Part of a stem with pseudo-verticillate branching (specimen J8766, Krkonose Piedmont Basin). Scale bar = 30 mm;
2. General view of tracheids of secondary xylem, transversal section (specimen P2697, Krkonose Piedmont Basin). Scale bar
= 1 mm; 3. Detail of tracheid pitting of Agathoxylon sp. 2, radial longitudinal section (specimen S1, Krkonos$e Piedmont
Basin). Scale bar = 30 um; 4. Detail of cross-field pitting of Agathoxylon sp. 1, radial longitudinal section (specimen RAKO006/1,
Kladno-Rakovnik Basin). Scale bar = 50 um; 5. Detail of tangential longitudinal section showing mostly uniseriate but locally
biseriate rays (specimen RAK005/2, Kladno-Rakovnik Basin). Scale bar = 0.1 mm; 6. Detail of tracheid pitting of
Agathoxylon sp. 1, radial longitudinal section; note crowded hexagonal pits (specimen FP00098, Pilsen Basin). Scale bar = 50 um,;
7. General view of the unique specimen with preserved pith of Artisia-type (specimen C1, Kladno-Rakovnik Basin). Scale bar
= 20 mm.
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6.2.2. Kasimovian (Stephanian A)

Silicified stems of this age are very common and
are known from all four studied basins. Most of
the specimens from the Kladno-Rakovnik and Pils-
en Basins (Tynec Formation) are cordaitaleans
(Holecek, 2011). Specimens from the KrkonosSe
Piedmont Basin (Stikov Arkoses, Kumburk For-
mation) are mostly conifers. From the Intra Su-
detic Basin (Zaltman Arkoses, Odolov Formation)
seven, well preserved specimen can be assigned to
the cordaitaleans (Mencl, 2007, Mencl et al., 2009).

6.2.3. Upper Kasimovian (Stephanian B)

Specimens of this age are known only from the
Kladno-Rakovnik Basin. The only identifiable
specimen is possibly cordaitalean (Holec¢ek, 2011).

6.2.4. Lower Gzhelian (Stephanian C)

The Kladno-Rakovnik, Pilsen and Krkonose Pied-
mont Basins have a rich stem flora of this age,
while lacking in the Intra Sudetic Basin. The Liné
Formation, localities of Zbtich, Tluén4 and Chotik-
ov, stems are 2/3 conifers and 1/3 cordaitaleans
(Bures, 2011). In the Krkonose Piedmont Basin,
the Plouznice Horizon (Semily Formation) is well
known for occurrence of several types of silicified
stems, e.g., calamitaleans, ferns, pteridosperms
and gymnosperms (Matysova, 2006; Matysova et
al., 2008; Matysova et al., 2010; Mencl et al., 2013).
All studied specimens from the Balka and Lisek
localities are cordaitaleans.

6.2.5. Asselian - Sakmarian (Autunian)

Specimens from the Krkonose Piedmont Basin are
the only ones know from this age, with most prob-
ably assignable to the conifers.

CONCLUSIONS

During our research we studied several dozen of
silicified Agathoxylon-type of stems from the Kladno-
Rakovnik, Pilsen, Krkonose Piedmont and Intra
Sudetic late Paleozoic basins. Based on previous
studies and new field research, silicified stems are
now known to be present at five stratigraphic
levels. All of them are always decorticated with
secondary xylem only. They are rarely preserved in
outcrops, but never in upright position. More
often are found in alluvial deposits or as loose
pieces in fields. Because of lack of outcrops, the as-
signing of these specimens to their stratigraphic
positions can be done according to a detailed field-
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work in combination with the previous geological
mapping data. The preservation of anatomical
features is generally poor due to high recrystallisa-
tion of the quartz and destruction of the organic
matter. The best preserved specimens are from the
Kladno-Rakovnik and Pilsen Basins, and the most
poorly preserved from the Intra Sudetic Basin. Our
studies of the secondary xylem resulted in the
assignment of the specimens into two groups,
Agathoxylon sp. 1 and Agathoxylon sp. 2. Agathoxylon
sp. 1 exhibits features indicative of the cordaitaleans,
while the homologous features in Agathoxylon sp. 2
are indicative of the conifers. The most significant
contribution to the understanding of the floras of
this time is that the cordaitaleans — conifer ratio in
Western Bohemia basins is obviously different that
in the Krkonose Piedmont Basin. This fact is prob-
ably a reflection of differing palaeoenvironments.
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