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1. Pfredmluva

,Cim dale v les, tim vice diev.“

Ceskeé prislovi

Fosilni dfevo se diky své povétSinou odolné povaze nachazi v geologickém zaznamu
velmi Casto a ve velkém mnozstvi a predstavuje tak dllezitou slozku rostlinnych fosilii
(Poole & van Bergen 2006). Jeho vyznam pro vyvoj paleobotaniky dobfe ilustruje fakt,
Ze dokonce Ka$par Maria hrabé ze Sternberka se v r. 1820 obsahle vénuje tzv. ,stromu
potopy“ z Jachymova na uplné prvni strané svého velkolepého dila ,Flora der Vorwelt
(Sternberg 1820), které fakticky poklada zaklady moderni paleobotaniky (Kvacek 1982).
Sternberk si pak pfedevdim v8ima vyznamu, ktery ma jachymovské dfevo pro
pochopeni procesu vzniku zkamenélin jako takovych. Paleoxylotomie, jak mUzeme
oznacit védu, ktera fosilni dfeva studuje, se postupné diky svym vynikajicim zastupcum
jakymi byli napf. profesofi Heinrich Goppert (1800-1884), Richard Krausel (1890-1966),
&i Edouard Boureau (1913—-1999) stala pevnou sou&asti paleobotaniky (Taylor et al.
2009). V soucasnosti se vedle Cisté systematickych studii dostava do popfedi moznost
vyuziti fosilniho dfeva pfi rekonstrukci klimatu (napf. Wiemann et al. 1999), jakoz i pfi
ziskavani dalSich obecnégjsich informaci z geologické minulosti. O tento pfistup, totiz
vyvazenost mezi uUzce zaméfenym taxonomickym pohledem a SirSim presahem pfi
studiu fosilnich dfev, se snaZzZi i moje prace. Doufam jenom, Ze alespori Caste¢né

uspésne.



Habilitacni prace Jakuba Sakaly (2015)
Fosilni dievo a jeho vyznam pro paleobotanicky vyzkum:
pfipadové studie z oblasti stfednich a sz. Cech

2. Podékovani

Na prvnim misté bych rad podékoval svému pfiteli a nejvyznamnéjSimu dodavateli
zkamenélych dfev, rovnéz jejich znalci, obdivovateli a sbérateli, geologovi z Doll Bilina,
Zdenkovi Dvorakovi. Diky nému jsem mél vétSinu dfev k dispozici pro studium. Vedle négj
bych rovnéz podékoval nasledujicim kolegim, sbératelim a milovnikim zkamenélych
drfev: Borkovi Zasadilovi, Frantovi Foltynovi, Jirkovi Svejkovskému, Karlovi Machovi,
Josefu Sevéikovi, Pavlovi Coufalovi, Oldovi Janeckovi, Mirkovi Radofiovi, VlIadovi
Rapprichovi, Michalovi Rehorovi, Rostovi Nedbalkovi, Frantovi Jechovi, Jifimu Zajickovi
a dalSim.

Rovnéz bych rad vyjadfil vdék vSem svym koleglim a studentim za pfinosné odborné
diskuze, které mély pfiznivy vliv na vyslednou praci a urcité ji obohatily. Jedna se
predevsim o prof. Zlatka Kvacka z mého matefského Ustavu geologie a paleontologie a
Catherine Gill, Maitre de Conférences pracujici v dobé aktivni kariéry v Laboratofi
paleobotaniky a paleoekologie Univerzity Pierra a Marie Curieovych (Paris 6), tj.
na pracovisti, kde jsem absolvoval DEA a doktorska studia a se kterym i nadale
zustavam v tésném kontaktu. Z dalSich kolegl bych chtél jeSté podékovat doc. Vladovi
Grycovi, vedoucimu Ustavu nauky o dfevé Mendelovy univerzity v Brné, za
dlouhodobou plodnou odbornou spolupraci a jeho pratelstvi.

Zavérem bych rad podékoval svoji rodingé, specialné pak svoji zené Libé, za klidné a
pohodoveé zazemi a za jeji lasku a podporu, diky nimz jsem se mohl nerusené soustredit

na vyhotoveni prace.
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3. Uvod

Pfedkladana habilitacni prace myslenkové navazuje na moji disertaCni praci, ve které
jsem se pred deseti lety snazil pfiblizit tzv. celostni pfistup se specialnim zfetelem na
fosilni dfeva pro oblast tfetihor severozapadnich Cech (Sakala 2004). Pies obdobny
charakter obou praci, kdy jadro tvofi jiz publikované odborné prace s relativné kratSim
doprovodnym textem, dos$lo v habilitaCni praci k uréitym zménam.

Z formalniho hlediska je potfeba pfedevS§im zminit fakt, Ze prace je psana Cesky a
publikované Clanky jsem tentokrat umistil az na konec prace coby pfilohy. Myslim si, ze
tato zména pomuze zprehlednit text, ktery se timto stdvd samostatnym blokem, diky
cestiné navic srozumitelngjSim SirSimu okruhu moznych zajemcu. Védecké publikace
jsou tentokrat citovany podle vzoru ¢asopisu Bulletin of Geosciences s tim, ze zkratky
pro oznaceni stran a typ nepublikovanych praci uvadim Cesky. Konec¢né, bylo rovnéz
potfeba na formalni urovni zohlednit vyvoj Mezinarodniho kdédu botanické nomenklatury,
predev§im vzhledem k existenci ,morfotaxonu“ a aplikaci celostniho pfistupu. Viderisky
kod zr. 2006 (viz McNeill et al. 2006) prinesl Siroky koncept ,fosilnich taxon(®, které
v sob& morfotaxony zahrnovaly uz pouze coby podskupinu. Nasledné, na zakladé série
pfipominek (Cleal & Thomas 2010a, b) je v sou€asnosti plathém Melbournském kodu
zr. 2012 (viz McNeill et al. 2012) cely koncept morfotaxonl opustén a vSechny taxony,
které jsou definovany na fosilnich typech, samozifejmé vcetné zkamenélych drev, jsou
nadale oznacovany vyluéné jako ,fosilni taxony“. Pokud navic nékolik fosilnich taxonu
prokazatelné nalezi jediné rostliné, mély by si jejich jména konkurovat zcela ve smyslu
bézného pravidla o priorité (McNeill & Turland 2011). Tento formalni pfedpis tak nové
upravuje pojmenovani fosilnich rostlin v ramci celostniho pfistupu.

Co se tyCe rozdilu ve vymezeni prace, tak je studovana oblast tentokrat rozSifena na
stfedni a sz. Cechy, které coby unikatni uzemi vedle kenozoickych (tfetihornich) dfev
poskytuji i ta mezozoicka (svrchnokfidova) a paleozoicka (svrchnokarbonskd). K tomuto
posunu jsem byl veden pfedevSim snahou o zhodnoceni svoji pedagogické aktivity,
ktera vedle tretihornich dfev (diplomové prace J. Boudové a K. Fischlové 2010-2012 a
V. Kouteckého 2011-2014) byla vyrazné zaméfena i na dfeva svrchnopaleozoicka
(diplomové prace P. Matysové 2004-2006, V. Mencla 2005-2007 a J. HoleCka 2009—-
2011). Konec¢né, Cast o kfidovych dfevech je vyjadfenim dlouhodobé spoluprace s

Ustavem nauky o dfevé v Brné a predevsim pak s jiz zmifiovanym doc. V. Grycem.
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4. Fosilni difevo

Pro pochopeni vyznamu fosilniho dfeva pro paleobotanicky vyzkum je nejdfive potfeba
termin ,fosilni dfevo® jednoznacné definovat. Obecné plati, Ze pokud nékdo v geologické
a sbératelské komunité zmini, Zze se zajima o ,fosilni dfeva“, ma vétSinou na mysli
mohutné&jSi zkamenélé stonky obecné, bez ohledu na to, zda vytvareji sekundarni xylém
(obr. 1, zelené nazvy), €i ne (obr. 1, Cervené nazvy), Casto rozlicnym zplsobem
zachované (zuhelnatélé nebo permineralizované). Naproti tomu, pokud stejny vyrok
pronesete v bézném zivoté, lidé vétSinou pochopi, ze se zaobirate vyluéné ,kamennym’
druhotnym dfevem moderniho typu, tj. tim, které je charakteristické pro dnesni
jehlicnany a listnaté dreviny. Podobny typ dfeva je i u vymielého rodu Archaeopteris
(obr. 1). Tento zdanlivy rozpor feSi nasledujici Cast 4.1. DalSi Casti se pak tykaji
vyznamu dieva v evoluéni historii (4.2.) a rovnéz podavaji prehled fosilnich nalezl

z popisovaného uzemi (4.3.).

Lepidodendron Archaeopteris Calamites Psaronius Tempskya Livistona

Obr. 1 — Ukazka stromovitych typG rostlin: pozdnédevonska prvosemenna Archaeopteris,
karbonsky plavuriovity Lepidodendron a preslickovity Calamites vytvareji sekundarni xylém
(zelené), zatimco kapradinovité rostliny — karbonsky Psaronius a pozdnékridova Tempskya,
JjakoZ i recentni palma Livistona sekundarni xylém netvofi a vytvareji stromovité typy jen diky
primarnim pletivim (Cervené). Velikosti nejsou proporcionalni.

(lehce upraveno podle Donoghuea 2005 s pouZzitim internetového zdroje ¢. 1 pro obraz palmy)
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4.1. Definice terminu

V Cestiné termin ,dfevo“ oznacuje v nejobecnéjSim botanickém smyslu xylém (Némec
1921), tj. €ast cévniho svazku slozenou z cév, popf. cévic, difevniho parenchymu a
sklerenchymatické pochvy (Slavikova 1990), jehoz hlavni funkci je rozvadét roztoky
anorganickych latek z kofenl pfes stonek do listd. Nicméné tento vyznam je vysoce
odborny a v Cestiné se pouziva pfedevsim coby pfidavné jméno nahrazujici xylém coby
drevni €ast cévniho svazku. V bézném smyslu je pod terminem ,dfevo“ chapano
vyhradné ,druhotné dfevo®, tj. takove, které vznika cinnosti druhotného meristému —
kambia. V tomto vyznamu (dfevo = sekundarni xylém), ktery je podporen i cizojazyCnymi
ekvivalenty slova dfevo v némciné (das Holz), francouzstiné (le bois) nebo angli¢tiné
(the wood), bude tento termin chapan a pouzivan v celé predkladané praci.

Pfidavné jméno ,fosilni“ pak odpovida ,zkamenélym“ organismim v nejsir§im smyslu
slova (Pokorny et al. 1992). V pfipadé dfev se tak jedna nejen o ta bézné znama
,kamenna' zachovana diky prostupujicim roztokim anorganickych latek tzv. procesem
intuskrustace (permineralizace), ale i ta zachovana diky prfeméné plvodnich
organickych latek za nepfitomnosti vzduchu procesem karbonizace (zuhelnaténim), Ci
navic soubézné probihajicim trouchnivénim, kdy uhelna hmota oxidovala, ¢asto pak
vlivem lesnich pozarl, a dochazelo k fuzitizaci a vytvareni vlaknitého (dfevéného) uhli
(Dopita et al. 1985); patfi sem ale i dalSi méné obvyklé typy zachovani jako napf.
mumifikace. Termin ,fosilni dfevo® vSude v textu tak oznacuje celou Skalu zachovani

sekundarniho xylému diky souhrnnym procesum fosilizace.
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4.2. Evoluéni vyznam dieva

Evoluce xylému obecné provazi vyvoj suchozemskych rostlin, jelikoz jeho pfitomnost je
nezbytna pro pfijem vody a anorganickych latek rostlinou pro pFeZiti na suché zemi
(Kenrick & Crane 1997). Vedle vedeni latek ma xylém, resp. jeho jednotlivé elementy,
vyznam i pro mechanickou pevnost rostliny. Obecné plati, ze ¢im rostlina lépe vede
vodu (ma vysSi specifickou vodivost), tim jsou jeji vodivé elementy méné mechanicky
pevné. VSe jeSté komplikuje fakt, Ze odolnost vodivych elementd vici kavitaci (ucpani
vlivem embolie) je pfimo umérna mechanické pevnosti, ale nepfimo umérna specifické

vodivosti (viz obr. 2).
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Obr. 2 — Diagram ,néco za néco (angl. 'trade-off') znazorriujici vzajemnou souvislost (,+“ pfiméa a

— nepfima uméra) specifické vodivosti, mechanické pevnosti a odolnosti vuci kavitaci u

vodivych element( xylému (upraveno podle Baase et al. 2004).

Ve vyvoji suchozemskych rostlin mél xylém zprvu funkci vyluéné vodivou a stabilitu
rostlin zajiStoval u téch nejstarSich turgor, o néco pozdéji (ve stf. devonu) specialni typ
kolenchymaticko-sklerenchymatického pletiva, tzv. hypodermalniho steromu na vnéjSi
strané stonku (Bateman et al. 1998; Rowe & Speck 2004). Pfes objeveni se
sekundarniho xylému se na mechanické pevnosti stale podilely rizné typy dalSich pletiv
(napf. primarni a sekundarni kidra u stromovitych plavuni fadu Lepidodendrales, viz obr.
9E,F), ktera vedle zhrouceni zabranovala i kavitaci (Sperry 2003). DalSi vyvoj u dfeva
moderniho typu (skupina Lignophyta) se ubiral spiSe smérem minimalizace ztraty
pevnosti pfi zachovani vodivosti prostfednictvim zdokonaleného systému tecCek

umoziujicich komunikaci vodivych elementd mezi sebou (Beck et al. 1982).
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Drevo se poprvé objevuje uz v raném devonu, jak vyplyva z novych nalezu bazalnich
euphyllophyt z nékolika lokalit Francie a Kanady (pfehled viz Strullu-Derrien et al. 2013),
nicméné pozdéji nezavisle jesté asi Ctyfikrat: u heterosporickych plavunovitych
(Lepidodendrales), presliCkovitych (Sphenophyllales, Calamitales), vyhynulych blizce
pribuznych kapradin (Cladoxylopsida, Zygopteridales, Rhacophytales) a skupiny
Lignophyta (Hoffman & Tomescu 2013; Strullu-Derrien et al. 2013, viz obr. 3).
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Obr. 3 — Zjednodusené fylogenetické schéma s hlavnimi skupinami suchozemskych rostlin a

typem jejich xylému (upraveno podle Strullu-Derrien et al. 2013).

Pravé u skupiny Lignophyta, zahrnujici prvosemenné a semenné rostliny, je pfitomen
vyznamny odvozeny znak, tzv. bifacialni kambium (obr. 4), které vedle produkce
sekundarniho xylému centripetalné produkuje i sekundarni floém centrifugalné. Zaroven
se inicialy tohoto svazkového kambia antiklinalné déli a cely prstenec tak prubézné
reaguje na zvétSovani praméru stonku (Donoghue 2005). Pfitomnost bifacialniho
kambia, pfesnéji sekundarniho floému u rodu Sphenophyllum (Eggert & Gaunt 1973), Ci
Astromyelon (Wilson & Eggert 1974), je dnes zpochybriovana (Taylor et al. 2009).

Prestoze jsou v ramci skupiny Lignophyta obecné povazovany jednodélozné rostliny
za druhotné netloustnouci (obr. 5), jsou znamy pripady specifického sekundarniho ristu,
pfevazné pak u fadu Asparagales (napf. Schoute 1902; Cheadle 1937; Tomlinson &
Zimmermann 1969; Rudall 1991; Carlquist 2012). Tento typ se vSak netyka nalezu

fosilnich palem, které jsou zminény v pfedkladané praci.
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Periklinalni déleni produkuje
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Obr. 4 — Bifacialni kambium produkuje sekundarni xylém centripetalné a sekundarni floém
centrifugalné. Inicialy se zarovern antiklinalné déli a kambium tak mize zvétSovat svuj pramér

(upraveno podle Spicerové & Groovera 2010).
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Obr. 5 — Fylogeneze cévnatych rostlin ve vztahu k nékolikanasobnému objeveni se svazkového
kambia. U vSech skupin, vyjma Lignophyt (viz Sekundarni rlst kurzivou), se jedna o kambium
unifacialni produkujici pouze sekundarni xylém (upraveno podle Spicerové & Groovera 2010).
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4.3. Prehled vyskytu ve studované oblasti

Pfehled vyskytu zkamenélych dfev na uzemi byvalého Ceskoslovenska podava do roku
1970 v detailni formé Bfezinova (1970). Nasledujici stat tak spi§ odkazuje na novéjsi
prace, které si vyskytu dfev vSimaji, popfipadé zminuje ty popisy a zminky, které byly
dfive opominuty. Vycet je pro studované uzemi fazen stratigraficky od prvohornich pres

kifidova po kenozoicka, resp. terciérni dreva.

kladensko-rakovnicka panev

Vyskyt a historii vyzkumu v této oblasti detailné popisuje HoleCek (2011) ve svoji
diplomové praci, stejné jako jsou tyto informace soucasti dvou naslednych publikaci
(Mencl et al. 2013a, b). Obecné plati, Ze zdaleka nejrozSifen&jSim typem drev, ktery se
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Obr. 6 — Limnicky svrchni karbon a perm Ceského masivu se dvéma vyznacenymi vyskyty
fosilnich drev (hnéda tecka vlevo Bilenec, vpravo Klobuky) v kladensko-rakovnické panvi (2e);
vysvétlivky: 1 — sudetské mlad$§i paleozoikum, 2 — stfedoCeské a zapadoleské mliadsi
paleozoikum, 3 — kruSnohorské mladsi paleozoikum, 4 — mladsi paleozoikum brazd

(mapa prevzata z Chlupade & Vrany 1994, detailni legenda viz Chlupéé & Storch 1992).
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vyskytuje nejenom v tradiCnich ,Cervenych’ souvrstvich, ale i v souvrstvi kladenském a
slanském, jsou tzv. ,araukarity®, tj. dfeva typu Agathoxylon (Dadoxylon) (Mencl et al.
2013b), ktera odpovidaji kordaitim a vlastnim jehlichanim. Vedle nich byla v okoli
Bilence (obr. 6) popsana dfeva typu Arthropitys produkovana unifacialnim kambiem
vymielych presliCek (Mencl et al. 2013a, viz €ast 5.1.1.). Vedle téchto typl jsou
popisovany, napf. z okoli OCihova, nepomérné vzacnéjSi nepravé kmeny rodu Psaronius
(Dvofak & Svancara 2003; internetovy zdroj &. 2), které vSak dievo netvofi. Dalsi typy,
jako napf. kmeny rodu Medullosa, se zatim nepodafilo potvrdit. Coby zcela specificka
pak musi byt jest€ zminéna tzv. ,zkamenéla raselina“ z okoli Klobuk (obr. 6), ktera
kromé jiného obsahuje velké mnozstvi silicikovanych, zatim blize neurCenych stonku

(Dvorak & Svancara 2003; internetovy zdroj €. 2).

ceska kridova panev
Vyskyty dfev zde nejsou moc hojné; nejbéznéjSim nalezem, ktery dfevo pfipomina,
ale fakticky neni pfitomno, jsou silicifikované nepravé kminky stromovitych kapradin

rodu Tempksya nalézané predevsim v okoli Pecinova (obr. 7), ale i jinde (Dvofak 2005;

Obr. 7 — Krida Ceského masivu se dvéma vyznacenymi vyskyty fosilnich dfev (zelené tecka
vlevo nahore Bilé Horky, vpravo dole Pecinov) vramci ohareckého (1e), resp. vitavo-
berounského (1f) vyvoje Ceské kfidové panve; vysvétlivky: 1 — Ceska kfidova panev, 2 —
osoblaZska krida, 3 — jiho¢eské panve, 4 — dalsi vyskyty kfidy
(mapa prevzata z Chlupade & Vrany 1994, detailni legenda viz Chlupéé & Storch 1992).
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Svoboda & Sakala 2014). Vedle toho Gregu$ et al. (2013) zrevidovali nalezy otiskl
obdobnych druhotné netloustnoucich kment stromovitych kapradin rodl Protopteris a
Oncopteris. Co se tyCe fosilniho dfeva, asi prvni detailni anatomicky popis pochazi
z pera Prakashe & Brezinové (1970), kdy popisuji krytosemennou rodu Bridelioxylon ze
stfedniho turonu lokality Bilé Horky (popf. Bila Horka) u Loun (obr. 7). Podobny typ
dfeva byl popsan zcenomanu lokality Pecinov (obr. 7) jako Paraphyllanthoxylon
Grycem et al. (2009), viz ¢ast 5.2.1. Z Pecinova byla jesté popsana dfeva fuziticka
(Falcon-Lang et al. 2001; Oakley & Falcon-Lang 2009), jedno silicifikované dfevo
jehliénatych identifikované jako Cupressinoxylon Falcon-Langem et al. (2001), nékolik
zatim neurCenych dfev krytosemennych (Z. Dvorak, osobni sdéleni 2014) a konecné je
znam i benetitovy kminek typu Cycadeoidea uloZzeny v NM v Praze (internetovy zdroj €.
3). Podobny typ kmenu benetitu byl Némejcem (1968) zminén a zdokumentovan od

Slaného.

terciér sz. Cech (mostecka panev, Ceské stredohoii a Doupovské hory)

Aktualizovany historicky prehled s pouzitim prace Bfezinové (1970) pfepisuji ve svoji
disertaéni praci (Sakala 2004) se zaméFenim na mosteckou panev, Ceské stiedohofi a
Doupovské hory (obr. 8), tedy na oblast, kterou popisuje i tento odstavec. Nejnoveéji pak
historicky pfehled pro obé vulkanické oblasti podava Koutecky (2014) ve svoji diplomové
praci. Novéjsi publikované prace, kde jsem spoluautorem, tj. Havelcova et al. 2013;
Sakala 2007, 2011; Sakala et al. 2010; Teodoridis & Sakala 2008, jsou soucasti pfiloh 3
az 7 a jsou detailné popsany v casti 5.3. Z dalSich publikovanych praci je tfeba zminit
studie tymu RNDr. M. Rehofe, které se vénuji mineralizaci dfev a kmenl obecné, napf.
stonku palmy z lokality Nechranice (Rehof & Nedbalek 2013). Kone&né& problematice
tzv. jachymovského ,stromu potopy“, jehoz ulozZeni asi jen vzdalené souvisi s vulkanity
Doupovskych hor, se vénuji Dupéron et al. (2008) a Sakala et al. (2012). Co se tyCe
nepublikovanych praci, K. Fischlova ve svoji diplomové praci popisuje fuziticka dfeva ze
stfedni lavky hlavni uhelné sloje na Dole Bilina (Fischlova 2012). Na stejné lokalité pak
ve svoji diplomové praci J. Boudova analyzuje xyliticka dfeva kmenl v pulvodnich
ristovych pozicich, které se nachazeji v tésném nadlozi hlavni sloje (Boudova 2012).
Do ftfetice jiz zmifiovany Koutecky (2014) popisuje nova fosilni dfeva ze 4 lokalit: z
Vrbice a Nechranic (obé Doupovské hory) jehli€nan Glyptostroboxylon rudolphii a pét
zastupct listnatych dfevin Cinnamomoxylon seemannianum, Alnus tschemrylica,
Ulmoxylon cf. kersonianum, Grewioxylon ortenburgense a jeden taxon, ktery nebyl pro

nedostatek identifikaCnich znaku blize ur€en a byl oznacen jako Xylotyp: Nechranice 1.
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Na dalsi lokalité Divoka rokle (Ceské stfedohoti) byl identifikovan taxon Manilkaroxylon
sp. z 6eledi Sapotaceae, kone&né vzorky z lokality BeSov (Ceské stfedohofi) byly uréeny
jako Glyptostroboxylon rudolphii a Taxodioxylon gypsaceum, pfiCemz u druhého
zminéného byly rozpoznany dva subtypy pracovné oznaceny jako difevo kmene a

kofene (Koutecky 2014).

Jron LA,

“ oD

\')\9 é
o A

Obr. 8 — Terciér Ceského masivu se tfemi vyznadenymi vyskyty fosilnich dfev (fialova tecka
Kadari - Zadni vrch, ¢ervena tecka Kudclin, Zluta te¢ka Bilina) v Doupovskych horach (1d),
Ceském stfedohofi (1e) a mostecké panvi (1c); vysvétlivky: A — pénve a vulkanické horniny, B —
arealy s relikty sladkovodnich sedimentt, C — arealy s relikty karpatskych (pfevazné marinnich)
sedimentd, D — jizni okraj roz§ifeni rozptylenych vulkaniti

(mapa prevzata z Chlupade & Vrény 1994, detailni legenda viz Chlupéé & Storch 1992).
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5. Pripadové studie

Jak jiz bylo Fe¢eno v Gvodu, oblast stfednich a sz. Cech byla vybrana zamérné, protoZe
poskytuje na relativné malé rozloze, ¢asto v tésné blizkosti, dfeva svrchnokarbonska,
svrchnokfidova a tfetihorni. Stim souvisi odliSny zpUsob jejich systematického
zpracovani, kdy je pro kazdé z nich potfeba zohlednit vlastni strukturu (unifacialni vs.
bifacialni kambium), doprovodny paleobotanicky obsah (hodné vymrelych taxonu na
arovni rodd i Celedi v karbonu a kfidé vs. pfitomnost recentnich rodl v terciéru), ale i
rozdilné nalezové okolnosti (nalezy karbonskych dfev pfevazné roztrouSené v eluviu na
poli vs. hlavné pfimo v profilu v kfidé a terciéru). Prace tak muze nabidnout relativné
komplexni ukazku systematického studia fosilnich dfev a jejich vyznamu pro
paleobotanicky vyzkum obecné.

Vedle toho jsem vybérem tématu zohlednil svoji pedagogickou aktivitu, pfedevsim
pak vedeni diplomovych a diserta¢nich praci, za poslednich 11 let, které uplynuly od
obhajoby moji vlastni disertacni prace. Domnivam se totiZz, Ze uspésSna pedagogicka
aktivita je dulezitou podminkou pro ziskani védecko-pedagogické hodnosti ,docent“. Od
svého plvodniho tématu terciérnich dfev jsem se nejprve odklonil ke dfevim
permokarbonskym pfi vedeni praci P. Matysové, V. Mencla a J. HoleCka (Matysova
2006; Mencl 2007, 2014; HoleCek 2011). Pozdéji jsem se k nim vratil pfi vedeni
diplomovych praci J. Boudové, K. Fischlové a V. Kouteckého (Boudova 2012; Fischlova
2012; Koutecky 2014) a dnes pokraCuji jak v ramci terciéru (disertaCni prace V.
Kouteckeého), tak i kfidy (probihajici prace S. Venclové a J. GreguSe). Co se tyCe
kfidovych dfev, jak jiz bylo rovnéZz zminéno, je Cast 5.2.1. vyjadfenim dlouhodobé
spoluprace s doc. V. Grycem z Mendelovy univerzity v Brné.

Nasleduje 5 pfipadovych studii (priklady 1-5), které jsou shrnuty ve 3 vétsi casové
oddélené celky uvozené struénym jednostrankovym popisem (paleozoicka,
mezozoicka a kenozoicka dreva). Tézistém kazdého pfikladu je vzdy jeden (prFiklady
1, 2 a 4: kladensko-rakovnicka panev, ¢eska kridova panev a Ceské stredohori),
nebo dva clanky (priklady 3 a 5: mostecka panev a Doupovské hory), které jsou
vSechny k nalezeni v prilohach 1-7. Kazdy pfiklad je v textu kratce popsan s ohledem
na hlavni teze odpovidajiciho ¢lanku a jeho paleobotanicko-stratigrafické zarazeni.
Zaroven jsou u kazdého prikladu vyzdvizeny vzdy tfi z néj vyplyvajici obecnéjSi otazky
formou samostatnych odstavcu. Ve vysledku, obdobné jako v disertacni praci (viz
Sakala 2004), tak tato habilitacni prace podava 15 obecnych aspektli souvisejicich se

studiem fosilnich drev.
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5.1. Paleozoicka dreva

vvvvvv

obdobim. Prvni dfevo se objevuje uz v raném devonu (viz 4.2.), ale stromovité typy az
pozdéji. NejstarSimi jsou zastupci kapradinam pfibuzné skupiny Pseudosporochnales
(tzv. Gilboa tree) ze stf. devonu, ty nicméné nemély listy a jen omezeny kofenovy
systém (viz obr. 9A,B); prvni moderni typy stroma s listy, tloustnoucimi vétvemi a kofeny
(viz obr. 9C,D) a bifacialnim kambiem se objevuji az v pozdnim devonu a jsou vazany
na rod Archaeopteris (Meyer-Berthaud & Decombeix 2007). Obecné, vyvoj zakladnich

typl organizace téla rostlin je hotov uz v mississippu (DiMichele & Bateman 2005).

Pseudosporochnales Archaeopteris stromovita
(Cladoxylopsida) A Lycophyta
\ ‘x ('c.,."‘/ LSt
N\\§ 77 "X Mikrofyly
\ \ | ‘
Opadavé @%
vétve /77?v A > «
vétve Dichotomické
vétve
E
Stigmaria

Obr. 9 — Srovnani charakteristik 3 zakladnich stromovitych typ( devonu. A-B: Cladoxylopsida,
C-D: Archaeopteridales a E—F: Lycophyta, ukazka stavby (A, C, E) a pfiénych fezl kmeni (B,
D, F). Cerna: primérni vodivé pletiva; $ediva: kira; &arkované: druhotné pletiva (na bilém
podkladu = dfevo; na Sedivém podkladu = druhotna kdra).
(upraveno podle Meyer-Berthaudové & Decombeixové 2009)
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5.1.1. Priklad 1: kladensko-rakovnicka panev

—
- A S G S [ e S )

Obr. 10 — Ukazka preslicky Arthropitys cf. bistriata z kladensko-rakovnické panve (vzorek ¢.
ZAJ004/1). Vlevo: vlastni vzorek se dvéma detaily skalariformnich dvojteCek na radialnich
sténach tracheid; vpravo: nacrtek tangencialniho fezu se $irSimi interfascikularnimi dreriovymi
paprsky (1) a fascikularnimi zénami s uzsimi paprsky (2), méfitko odpovidéa 0,5 milimetru.

(upraveno podle Holecka 2011 a Mencla et al. 2013a)

Kladensko-rakovnicka panev je soucasti oblasti stfedoCeského a zapadocCeského
mladSiho paleozoika. V poslednich letech se studiu dfev z této SirSi oblasti vedle jiz
zmifiovaného J. HoleCka v jeho diplomové praci a naslednych publikacich (Holecek
2011; Mencl et al. 2013a, b) vénuji téz J. Bure$ s ohledem na systematiku (Bure$ 2011,
2013) a okrajové téz P. Matysova ve svoji pravé pfipravované disertani praci, jejiz
vysledky zaméfené predevSim na mineralizaci byly jiz zCasti publikovany (napf.
Matysova et al. 2010). Litologicky obsah je tradi¢né rozdélen na 4 souvrstvi, na 2 tzv.
Seda (na spodni kladenské a svrchni slanské) a 2 tzv. Cervena (spodni tynecké a
svrchni lifiské), ktera se vzajemné stfidaji (viz napf. PeSek et al. 2001). Zcela nejnoveéjsi
komplexni pfehled oblasti stfedoCeského a zapadoCeského mladSiho paleozoika
v §ir§im ramci permokarbonu Ceského masivu pak podavaji Schneider et al. (2014).
Linské souvrstvi, kde se nachazi nejvice zkamenélych dfev, je v kontextu hranice
karbon/perm popsano Oplustilem et al. (2013). Preslicky (obr. 10) se pak nachazeji
hlavné v tyneckém, CasteCné pak lifiském souvrstvi (Holecek 2011; Mencl et al. 2013a).
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uplnost fosilniho zaznamu a role sbératelt

Fakt, Zze je fosilni zaznam nekompletni, se zddraziuje od dob Darwinovych dodnes
jako hlavni omezeni paleontologie pfi rekonstrukci vyvoje zivota a systematickych
vztah( mezi jednotlivymi organismy (napf. Kutschera & Niklas 2004; Taylor et al. 2009).
Pfes tuto objektivni skuteCnost je nékdy neuplnost zaznamu precenovana a nedostatek
vlastnich nalezli se pak pouziva jako omluva absence vlastniho nového vyzkumu.
Dobrou moznosti jak ziskat unikatni material, ktera se osvédcila v kladensko-rakovnickée
panvi, ale i jinde (a to nejenom v pfipadé fosilnich dfev, ale i tfeba i bezobratlych pfi
vyzkumu doc. Fatky ve spodnim paleozoiku Barrandienu, Ci doc. Kostaka v Ceské
kiidové panvi), je tésna spoluprace se sbérateli. Diky tomuto vztahu pinému
oboustranného respektu mohli HoleCek (2011) a nasledné i Mencl et al. (2013a) nejen
potvrdit, Ze dfeva obecné se nachazeji ve v8ech &tyfech souvrstvich, ale pfedevSim

ziskat a popsat dreva preslicek, ktera by jinak zUstala pro odbornou komunitu neznama.

unifacialni vs. bifacialni kambium

Jak jiz bylo fe€eno vySe (viz Cast 4.2.), patfi stromovité preslicky do skupiny druhotné
tloustnoucich rostlin s unifacialnim kambiem. Z toho vyplyva, ze antiklinalnim délenim
nezveétSujici se prstenec kambia zabrafuje neomezenému zvétSovani primeéru kmene.
Pfes toto zjevné omezeni maiji presliCky z Rakovnicka pramér nékolik decimetri (viz
napf. obr. 10) az dokonce vice nez 0,6 m (F. Jech, osobni sdéleni 2015), coz pfesahuje
zatim nejvétsi zaznamenany pramér u druhu Arthropitys ezonata (RéBler & Noll 2006).
Toto zjiSténi navazuje na vysledky tymu z Chemnitz pod vedenim Dr. R. RoRlera
(RoBler & Noll 2006; RoBler et al. 2012), ktery u ranépermskych zastupcl druhd
Arthropitys ezonata a A. bistriata uvadi neobvykle velké mocnosti dfeva, resp. zpusob
vétveni a jen potvrzuje, Ze zazita prfedstava o zivoté a architektufe stromovitych

preslicek musi byt Caste¢né revidovana.

vliv prostredi na zplisob zachovani

Prakticky v8echna permineralizovana paleozoicka dieva Ceského masivu, snad
vyjma téch ztzv. prokiemenélych raSelin a poloh plouznického obzoru, vznikala ve
fluvialnim az lakustrinnim prostfedi bez vlivu vulkanismu ve smyslu Matysové et al.
(2010) a prodélala urcity transport. Ve vysledku se tak nezachovala extraxylarni pletiva
vné kambialniho prstence a vzorky jsou vétSinou tvofeny pouze sekundarnim xylémem.
Tento jev, ktery se tyka i popisovanych preslicek, pfedstavuje urcité omezeni ve vztahu

k mozné interpretaci vétveni a dalSim detailim stavby kmena (viz napf. Mencl 2014).
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5.2. Mezozoicka dreva

Mezozoikum je vyvoiji rostlin obdobim pfechodnym, kdy dochazi k ustupu ,kapradorostu*
a rozvoji mnoha modernich, ale i vyhynulych skupin ,nahosemennych®, jejichz dfeva
maji z dnedniho pohledu &asto neobvyklou kombinaci znakl. Pfikladem muze byt
problematicky rod Xenoxylon (obr. 11A, B, D, viz Marynowski et al. 2008; Oh et al.
2015), uméla skupina jehli€nanl Protopinaceae (obr. 11C3, viz Miller 1977), €i vymielé
Cheirolepidiaceae (Alvin 1982). Na konci mezozoika, v prabéhu kfidy, pak vznika a

diverzifikuje se skupina nova, ktera posléze zcela ovladne obdobi nasledujici — rostliny

krytosemenné.

JIP

Obr. 11 — Ukazka diev mezozoickych jehlicnant s charakteristickymi teCkami (ztenceninami)
kfizovych poli (A, B) a dvojteCkami (dvirkatymi ztenéeninami) na radialnich sténach tracheid (C,
D): A) Xenoxylon phyllocladoides Gothan, phyllocladoidni tec¢ky; B) X. phyllocladoides,
podokarpoidni tecky; C) Tri zakladni typy usporadani dvojte¢ek: araukarioidni (C1), abietoidni
(C2) a smiSeny neboli tzv. ,protopinoidni“ (C3), ktery Kréduselovi (1917) umoZznil charakterizovat
skupinu ,Protopinaceae®; D) X. latiporosum Gothan, specialni ,splaclé“ xenoxylni dvojtecky.
(fotky A, B, D zéstupcti rodu Xenoxylon ze Spicberk(i pfevzaty z Philippa & Bamfordové 2008;
schéma C prevzato z Philippa 1992)
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5.2.1. Priklad 2: ceska kfidova panev

Obr. 12 — Profil na Pecinové s ¢ervenou Sipkou vyznacenou fosiliferni piskovcovou polohou

celku 5A (Unit 5A) podle Ulicného et al. (1997); tento celek prostiedim svého vzniku odpovida
tidalni delté s dominanci odlivovych proud( (ebb-tidal delta). Vedle hojnych nepravych kmeni
stromovitych kapradin rodu Tempskya se zde nachazeji i zkfemenéla dreva jehli¢nanu a listnacd
— na obrazku vlevo nahofe zde nalezena krytosemenna druhu Paraphyllanthoxylon aff.
utahense, konkrétné vzorek ¢. UK 102/04 (viz Gryc et al. 2009).

(obé fotografie poskytl Z. Dvorak v r. 2008)

Ceska kfidova panev predstavuje nejrozsahlejsi intrakontinentalni panev Ceského
masivu, je pozdné kfidového stafi, kdy vznikala v jediném sedimentacnim cyklu
(cenoman az santon) a v dobé své existence vytvarela mofské propojeni mezi borealni
a tethydni oblasti. Nejnové&ji souhrn stratigrafie a paleogeografie podava Cech (2011).
Ve spodni ¢asti, vtzv. perucko-korycanském souvrstvi, je sedimentarni vyplni
charakterizovana kontinentalnimi vlivy a z paleobotanického hlediska pak predevsim
obsahuje svétoznamou cenomanskou fléru (pfehled viz Kvagek et al. 2006), ktera je
dlouhodobé studovana Dr. J. Kvatkem z NM v Praze. Bohuzel dfevy se systematicky
nikdo nezabyva: vedle prace Oakleyho & Falcona-Langa (2009) o fuzitickych dfevech
existuje pouze jedina anatomicka studie o cenomanském permineralizovaném drevé
rodu Paraphyllanthoxylon (Gryc et al. 2009). V tomto ohledu se jako idealni jevi lokalita
Pecinov (obr. 12), kde jsou dfeva obou typu zachovani nalézana spolecné

s doprovodnou flérou, zaroven se jedna o dobfe pfistupny a na fosilie bohaty profil.
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vytvareni thyl a jejich vyznam

Thyly jsou vakovité vychlipeniny protoplastu pravodnich parenchymatickych bunék,
které vrustaji do cév a ucpavaji je. Jedna se o standardni fyziologicky proces, ktery je
typicky pro jadrové dfevo listnacl a jehoz vznik souvisi s niz§Sim obsahem vody, &i
poranénim (Panshin & de Zeeuw 1980). Jak jiz bylo uvedeno Wheelerovou (1991: 661—
662), Paraphyllanthoxylon obsahuje velké mnozZstvi thyl a nejinak je tomu i u naSich
vzorkl z Pecinova. Prestoze bylo prokazano, ze thyly se mohou tvofit za velmi
specifickych podminek i ve dfevé bélovém po odebrani vzorku ze zZivého stromu (u dubu
viz Murmanis 1975), Ci u porazeného stromu, ktery normalné jadrového drevo nevytvari

(u buku viz Jurasek 1956), vzhledem k vysokému stupni zathylovani cév u naseho

v s o

kmenova vs. korunova skupina taxonu

Dfeva zaraditelna do fosilniho rodu Paraphyllanthoxylon systematicky odpovidaji
nékolika botanickym Celedim (viz Gryc et al. 2009). Na§ cenomansky zastupce ma velmi
blizko k vavfinovitym (Lauraceae), navic z Pecinova jsou znamy dalSi zastupci této
Celedi (Eklund & Kvacek 1998), vCetné fuzitickych dfev, ktera jsou s vavfinovitymi
srovnavana (Oakley & Falcon-Lang 2009). Dulezity systematicky znak v8ak chybi: ve
dfevé nejsou pfitomny idioblasty, tj. zvétSené olejové, popf. slizové bunky (viz
Mantzouka et al. podano k publikovani). Alternativni vysvétleni absence idioblastu, které
podpofil i J. A. Doyle (osobni sdéleni 2008), spocCiva v moznosti, Zze se v pfipadé
cenomanskych vavfinovitych jedna o tzv. kmenovou linii, ktera jesté nevykazuje vSechny
znaky typické pro dnedni zastupce tzv. korunové skupiny (napf. Judd et al. 2007: 176).
Tento koncept umozriuje vysvétlit pozici i dalSich problematickych taxont, které nejsou

jednoznacné zaraditelné do zadné z dnesnich Celedi (napf¥. Doliostrobus viz ¢ast 5.3.2.).

Siroké pojeti fosilnich rodt u drev

Paraphyllanthoxylon pfedstavuje typicky pfiklad Siroce pojatého fosilniho rodu, napf.
Thayn & Tidwell (1984: Table 4) uvadéji rody ze 14 Celedi, kterym muize Castecné
odpovidat. Ve vysledku je tento rod nezaraditelny do jediné konkrétni Celedi, coz je
situace v hierarchické klasifikaci neobvykla. Zajimavosti je, Ze se diagn6éza tohoto
fosilniho rodu naprosto prekryva se dvéma diagnézami mladSimi: u rodt Burseroxylon
Prakash & Tripathi (viz Wheelerova 1991) a Canarioxylon (viz Gryc et al. 2009), ktery
byl definovan Prakashem et al. (1974) z lipnického souvrstvi jiznich Cech. Tyto dva

fosilni rody jsou tak fakticky mladSimi synonymy nazvu Paraphyllanthoxylon.

21



Habilitacni prace Jakuba Sakaly (2015)
Fosilni dfevo a jeho vyznam pro paleobotanicky vyzkum:
pfipadové studie z oblasti stfednich a sz. Cech

5.3. Kenozoicka dreva

V kenozoiku, pfedevSim pak od neogénu dal, je uz naprosta vétSina dfev srovnatelna
s dnednimi rody (obr. 13). Vedle systematického vyzkumu, kdy se uplatfuje srovnani
s nejblizSimi Zijicimi zastupci, je mozné dfeva vyuzit pro rekonstrukci klimatu. Zde se
pfedevSim uplatiiuji statisticky Wiemanntv model zaloZeny na fyziognomii (Wiemann et

al. 1998, 1999, 2001) pro dfeva listnacl a tzv. koexistencni pfistup zalozeny na

presném systematickém urCeni pro dfeva obecné (viz napf. Bohme et al. 2007).

Obr. 13 — Ukézka americkych kenozoickych drfev: polokruhovité aZz kruhovité porovita dreva

s cévami ruznym zplsobem seskupenymi A) Pterocaryoxylon, B) Araliaceae, C) Robinia; D)
jednoducha perforace u cévy neurc¢eného listnace; E) a F) Zebfickovité perforace u cév druhu
Plataninium haydenii; G) spiralni ztlusténiny na vnitini sténé cévy neuréeného listnace; stafi A,
B, D—-G: stiedni eocén, C: miocén.

(zbytek obrazku a rozsifena legenda, viz Wheelerova & Baas 1993: Figure 1)
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5.3.1. Priklad 3: mostecka panev

Obr. 14 — Tzv. ,pafezovy horizont“ (€. 31) v tésném nadloZi hlavni uhelné sloje na Dolech Bilina,
ve kterém vystupuji xylitické kmeny v rdstovych pozicich (in situ). Postava na snimku je vedouci
oddéleni geologie Severoceskych dold a.s. ing. K. Mach, Ph.D.

(foto jsem poridil pfi exkurzi dne 29. 5. 2015)

Mostecka panev, ohrani€ena Doupovskymi horami na zapadé, KruSnymi horami na
severu a Ceskym stfedohofim na jihovychod&, je nejvétsi z terciérnich pod-
krudnohorskych panvi. Prostor panve zacal fungovat uz v eocénu, kdy se usazoval
material pfinaSeny fekami (starosedelské souvrstvi), pfes cely oligocén v pfevazné
vulkanismem ovlivnéném rezimu (stfezovské s.) az do raného miocénu, kam spada
hlavni Cast sedimentace vCetné tvorby uhelné sloje (mostecké s.). Obecné shrnuti
podavaji PeSek et al. (2010), vedle toho pak Matys Grygar & Mach (2013) FeSi korelaci a
stratigrafii, pfedevSim pak v nadloZnich libkovickych vrstvach a kone¢né Mach et al.
(2014) studuji vyvoj paleogeografie a paleoekologickych aspekti panve. Jiz nékolik let
jsou hlavni lokalitou pro vyzkum dfev v panvi, ale i paleobotanicky vyzkum obecné&, Doly
Bilina (obr. 14). Ty poskytuji unikatni kombinaci vysoké prostudovanosti, snadné
dostupnosti, bohaté doprovodné fléry a v neposledni fadé dobré odborné a lidské
spoluprace. Vysledkem je nékolik studii, které pokryvaji hlavni specifika fosilnich dfev

mostecké panve (Sakala 2002; Teodoridis & Sakala 2008; Havelcova et al. 2013).
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rozdilny potencial zachovani dieva a dalSich organu

Vliv prostfedi na zplsob zachovani difeva byl jiz diskutovan vySe (viz €ast 5.1.1.).
V pfipadé mostecké panve je zjevné, Ze zde dochazi k umélému ochuzeni dfev
zastupcl krytosemennych. Prakticky vSechna nalezena dfeva za poslednich nékolik
desitek let nalezi jehli€nanum, z listnacu jsou znamy tak 2-3 typy (pfehled viz Sakala
2004) a to prfesto, Ze na zakladé olisténi a rozmnozovacich organu je jenom z Doll
Bilina znamo pres 100 druh( angiosperm, pfevazné pak druhotné tloustnoucich (Kvacek
et al. 2004). Tato nesrovnalost z velké miry souvisi se skuteCnosti, Ze se €asto jedna o
porosty na kyselych raselinnych puadach, kde se dieva jehli€nand, hlavné ta zuhelnatéla,
zachovaji snaze (Bfezinova 1970). Je vSak tfeba jeSté zohlednit rozdilny potencial
zachovani jednotlivych organd: napf. dfevo vavfinovitych se zachovava snadno
(Wheeler & Manchester 2002: 62), naproti tomu jejich pyl se rozpada a do fosilniho

zaznamu se tak fakticky nepromita (R. Zetter osobni sdéleni 2003).

jarni vs. letni drevo

Identifikaci celé fady permineralizovanych (Teodoridis & Sakala 2008) a fakticky
vSech xylitickych (Boudova 2012; Havelcova et al. 2013) dfev jehli€nanl ztéZoval fakt,
Ze jarni dfevo bylo deformovano. Ve vysledku tak bylo mozné pozorovat jen znaky v
letnim dfevé, které diky uzSim tracheidam s tlustSi sekundarni sténou vykazuje jiné
radialni dvojteCky (Bailey & Faull 1934: 239) a teCky kfizovych poli (Gromyko 1990).
Neni tak vhodné pro srovnani s typickymi popisy, jak jsou bézné uvadény pravé na
zakladé znakl dfeva jarniho. Srovnavaci studie anatomickych znaku, jak se méni u
pfibuznych taxonl v ramci letokruhu, se objevuji jen zfidka (napf. Gromyko 1982), a

proto bylo ur€ovani provazeno zvy$enou obezietnosti a ur€itou mirou nejistoty.

vyznamny fosilni taxon 1/2: Taxodioxylon gypsaceum

T. gypsaceum, znamy z mostecké panve, je ve tfetihorach Evropy velmi béznym
fosilnim druhem (viz Bfezinova 1981). Jak poznamenavaji van der Burgh & Meijer
(1996: 373), “...T. gypsaceum je vysoce variabilni polyfyleticky druh” a fakticky tak
odpovida vyrazné variabilité u dnesniho druhu Sequoia sempervirens (viz Bailey & Faull
1934), se kterym je tradicné srovnavan (napf. Prive-Gill 1977). V pfipadé mostecké
panve se ale vzhledem k nepfitomnosti zbytkl rodu Sequoia domnivam, Ze se v pfipadé
tohoto fosilniho taxonu jedna o dfevo sekvoji pfibuzného vymielého jehliCnanu,
konkrétné druhu Quasisequoia couttsiae (Teodoridis & Sakala 2008). Obecné moznost,

ze T. gypsaceum muze odpovidat néjakému vymrelému typu, zmifuje uz Huard (1966).
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5.3.2. Priklad 4: Ceské stredohori
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Obr. 15 — Odkryti zkamenélého kmene na lokalité Kuclin v roce 1976. Na snimku od M. Maga z
teplického muzea je p. fidi¢ Rybola.

(foto zapdujcil Z. Dvorak v r. 2015)

Ceské stfedohoti tvofi rozsahly vulkanosedimentarni komplex s vulkanity stafi eocén az
miocén s tézistém v oligocénu, prednostné vazanymi na hlavni zlomy oherského riftu, a
Cetnymi intravulkanickymi sedimenty s uhelnymi a diatomovymi vloZzkami, bohatymi na
fosilie. Obecny prehled, v€etné vétSiny literarnich zdroju, prfedklada Kopecky (2010). Ve
svoji praci se pak geologii s ohledem na nékteré lokality s fosilnimi dfevy (Divoka rokle,
BeCov) vénuje i Koutecky (2014). Hojna zkamenéla dfeva jsou jak historicky
popisovana, tak jsou i pfedmétem moderniho vyzkumu (viz Bfezinova 1970; Sakala
2004; Koutecky 2014). V nasledujici stati se zamérfuji na znamou pozdnéeocenni
lokalitu Kuclin (viz napf. Kvacek & Teodoridis 2011), pfedevSim pak na unikatni 7,5 m
dlouhy kmen (obr. 15), ktery zde v roce 1976 objevil Dr. F. Holy. Dfevo tohoto jehli¢hanu
bylo komplexné studovano Bfezinovou et al. (1994), pozdéji se mu vénuji ve dvou
samostatnych ryze systematickych publikacich (Sakala 2003, 2011). Nasledujici strana
dobfe ilustruje mozna uskali v souvislosti se tfemi zakladnimi ¢astmi odborného
systematického pfispévku na téma fosilnich dfev, kterymi jsou: 1) detailni anatomicky

popis, 2) ¢ast vénovana pojmenovani fosilie a konecné 3) stat’ o botanické pfislusnosti.
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jednoznaénost odborné terminologie

PFi anatomickém popisu dfev jehlicnanl se vzdy snazim vychazet z obecné pfijimané
terminologie, v daném pfipadé z IAWA Committee (2004), aby byla vylou€ena pfipadna
nedorozumeéni. Bohuzel nékteré anatomické znaky, které se v popisech zkamenélych
diev bézné pouzivaji, nejsou v této praci definovany. Prikladem muUzou byt typy tecek
kfizovych poli jako glyptostroboidni, ¢i podocarpoidni, kdy ten druhy je pravé dulezity pfi
interpretaci a srovnani kuclinského dfeva (Sakala 2011). Existujici definice
podocarpoidniho typu navic neni jednoznacna a zda se, Zze se vyklady rGzni dokonce
mezi jednotlivymi xylotomickymi Skolami, konkrétné mezi némeckou a francouzskou
(Dolezych & Sakala 2007); zajimavosti pak je, Zze ke stejnému vysledku dfive dospéli i
Bamfordova & Philippe (2001).

nazvy fosilnich diev

Pro pojmenovani terciérnich diev se jména sou€asnych botanickych rodd pouzivaji
jen zfidka a jedna se pfedevSim o americkou paleoxylotomickou Skolu. Jak ukazali
Sakala & Privé-Gill (2004: 376) na pfikladu stfedniho eocénu Oregonu (Wheelerova &
Manchester 2002), je tento pfistup u vymrelého zastupce problematicky. VétSinova
evropska paleoxylotomicka tradice naproti tomu pouziva prfedevSim fosilni rody
s pfiponou —xylon, kdy pfedpona vétSinou ukazuje na Celed, nékdy na jediny rod, napf.
Laurinoxylon je dfevo vavfinovitych, Quercoxylon odpovida dubu. U fosilniho rodu
Podocarpoxylon, jak bylo ku€linské dfevo zprvu oznaceno (Bfezinova et al. 1994), toto
neplati a pfedpona spiS poukazuje na podocarpoidni aspekt dfeva nez na jeho

pfibuznost s Podocarpaceae, jak napf. chybné uvadi Bohme et al. (2007).

vyznamny fosilni taxon 2/2: Doliostrobus

PFi zjiStovani botanické pfislusnosti fosilniho kuclinského kmene Slo v posledku o to,
zda se jedna o dfevo Zijiciho rodu Tetraclinis, nebo vymrelého r. Doliostrobus, tedy dvou
jehli€nand, které jsou na Kuéliné znamy diky olisténi a reproduktivnim organim (Kvacek
& Teodoridis 2011). Prestoze se osobné klonim k prvni z moznosti (Sakala 2011), je
situace vzhledem ke Spatnému zachovani dileZitych znakl (teCky kfizovych poli) stale
oteviena. Doliostrobus je dnes vydéleny do samostatné Celedi (Kvacek 2002). Ta spolu
s Geinitziaceae predstavuje v souCasnosti vymfely relikt vramci kenozoickych
jehliénand (Farjon 2008), sdili nicméné podobnost s Araucariaceae a Cupressaceae s.l.
(Kvacek 2002). Ve svétle koncepce kmenove linie je ale otazkou, zda Doliostrobus neni

soucasti pravé takove linie cypfiSovitych v tom nejSirSim fylogenetickém smyslu.
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5.3.3. Priklad 5: Doupovské hory
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Obr. 16 — Vykop zkamenélého kmene v arealu Kadariské nemocnice. Na snimku od J. Prokopa
z r. 2003 je ing. F. Foltyn.

Vulkanicky komplex Doupovskych hor je obdobné jako Ceské stfedohofi vazan na
aktivitu oherského riftu a jeho dneSni podoba je rovnéz vyrazné ovlivhéna denudaci.
Obecny prehled je nejnovéji k nalezeni v diplomové praci Kouteckého (2014), moderni
odborna geologicka syntéza vSak neexistuje. Doupovskym horam se tak vénuji
jednotlivé kratSi €lanky, jejichZz vznik je pfedevSim vazan na probihajici geologické
mapovani (napf. Hradecky 2003; Cajz et al. 2006; Rapprich 2011). V paleobotanice je
situace obdobna a publikace o fosilnich dfevech (Prakash et al. 1971; Sakala & Privé-
Gill 2004; Sakala et al. 2010) tak fakticky predstavuji jediny podrobnéjSi soubor
systematickych studii. Za zminku stoji fakt, Zze vychodni okraj Doupovskych hor,
konkrétné Kadarn a blizké okoli, pfedstavuje nejbohatSi nalezisté zkamenélych diev

v oblasti byvalého Ceskoslovenska, co se diversity tyée (Sakala 2007).
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definice ,,typu dfeva“

Wiemann et al. (1998) vymezuji ,typ dfeva“ (wood type) coby zakladni taxonomickou
jednotku pro klimaticky model zaloZzeny na systematickém zhodnoceni anatomickych
znakl drev listnacd; jedna se tak o ,...nejcastéji rod, ale obéas druh nebo skupinu
druhd, pokud anatomické rozdily umozni takové vydéleni®. SpiSe nez jednoznacnou
definici uvadi pro lepSi pochopeni pfiklad 30 druht severoamerickych dubd mirného
pasma, které je mozné rozdélit na 3 ,typy drev®. stalezelené, Cervené a bilé duby
(Wiemann et al. 1998: 85). V systematické studii dfev Doupovskych hor jsem tuto
kategorii pouzil také (Sakala et al. 2010), pfedevsim pro slou€eni dfev, o nichzZ jsem se
domnival, Ze pfes rozdilna zarazeni Prakashem et al. (1971) patfila jednomu

biologickému typu.

subjektivni vs. objektivni metody

Metody paleoklimatické rekonstrukce zaloZzené na fosilnich rostlinach je mozné
rozdélit na 2 skupiny: na ty, které vyzaduji systematické zarazeni rostlin, jako napf.
koexistencni pfistup s vyuzitim nejbliz8iho Zijiciho pfibuzného a na ty, které to
nevyzaduji, pfevazné pak ruzné typy fyziognomickych metod jako jsou CLAMP pro listy,
¢i Wiemannuv model pro dfeva (Sakala 2007). Pro spravnou aplikaci prvni skupiny
metod jsou velmi dulezité zkuSenosti klasifikatora a tyto metody jsou tak vyrazné
,Subjektivni“. Naproti tomu fyziognomické metody by mély byt relativné nezavislé na
osobé, ktera paleoklimatickou rekonstrukci provadi, a mohou tak byt klasifikovany jako
,objektivni“. PFi praktické aplikaci ,objektivniho® Wiemannova statistického modelu se
nicméné ukazuje, Ze je zde dullezity prvni ,subjektivni krok, ktery opét vyzaduje odborné
zkusenosti, totiz vybér typl dfev. Napfiklad z 22 popsanych fosilnich druht z némecké
lokality Rauscheréd jsem vybral 16 typl dfev (Sakala 2007: Table 1), ale jiny

kolega/kolegyné muze udélat odliSny vybér, ktery ovlivni i vysledné klimatické hodnoty.

omezeni pro Cesky masiv

Nase v souCasnosti nejbohatSi lokalita Kadan-Zadni vrch obsahuje pouze 6 pro
Wiemannuv statisticky model pouzitelnych typl dfev (Sakala et al. 2010). Tento pocet je
bohuzel nedostatecny pro ziskani spolehlivych vysledkl v situaci, kdy Wiemannem et al.
(1999) analyzované fosilni lokality pfi prezentaci modelu maji minimalné 16 typG drev.
Obecné plati, ze v ramci Evropy jsou lokality s dostateCnym poctem drev listnacl spise
vzacnosti (napf. jiz zminény Rauscherdd), a tak by urcitou moznosti mohlo byt slu¢ovani

nékolika ekologicky srovnatelnych a stejné starych lokalit dohromady (Sakala 2000).
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6. Shrnuti

Zakladem predkladané habilitaCni prace, ktera formou i obsahem navazuje na moji
disertacni praci (Sakala 2004), je 7 védeckych ¢lankt (Mencl et al. 2013; Gryc et al.
2009; Teodoridis & Sakala 2008; Havelcova et al. 20013; Sakala 2011, 2007; Sakala et
al. 2010). Clanky jsou pfipojeny v tplném znéni na konci textu coby prilohy (pFilohy 1-
7). Vlastni text prace tvofi obecny uvod, kde charakterizuji predmét studia (fosilni dfevo)
a zajmovou oblast (stfedni a sz. Cechy), a jednotlivé pfipadové studie. Stejn& jako
v disertacni praci jsem predstavil 5 pfipadovych studii (pfiklady 1-5). Kazda pfipadova
studie odkazuje bud na jeden (pfiklady 1, 2 a 4: kladensko-rakovnicka panev, ¢eska
kfidova panev a Ceské stfedohofi), nebo na dva &lanky (pfiklady 3 a 5: mostecka
panev a Doupovské hory). V textu u jednotlivych pfikladd pak popisuji hlavni teze
odpovidajicich ¢lankd, jejich paleobotanicko-stratigrafické zafazeni a vzdy tfi obecnéjsi

otazky, které s vyzkumem fosilnich dfev souviseji.

Priklad 1 (viz Priloha 1) je zaméfen na paleozoicka dfeva presli¢kovitych rostlin typu
Arthropitys, ktera byla nové popsana ze zapadni Casti kladensko-rakovnické panve
diky nalezim sbérateld. Mohla tak byt velmi dobfe demonstrovana vyhoda dobré
spoluprace s nimi (Gplnost fosilniho zaznamu a role sbératelli). Nékteré stromovité
presliCky vytvarely velké mnozstvi sekundarniho xylému jen diky unifacialnimu kambiu a
prestavuji tak urcitou vyzvu tradi€nimu modelu (unifacialni vs. bifacialni kambium).
V duasledku transportu fosilii bylo mozno studovat pouze sekundarni xylém bez dalSich

detailt vnéjSi stavby (vliv prostredi na zpusob zachovani).

Priklad 2 (viz Priloha 2) popisuje dievo listnace rodu Paraphyllanthoxylon z lokality
Pecinov ceské kridové panve. Dfevo je charakteristické velkym mnozstvim thyl
(vytvareni thyl a jejich vyznam). Rovnéz vykazuje pro moderni dfeva netypickou
kombinaci anatomickych znakl a jeho jednoznacné pfifazeni k nékteré z dneSnich
Celedi je tak problematické (kmenova vs. korunova skupina taxonu). Samotny
Paraphyllanthoxylon je pak velmi Siroce pojaty fosilni rod a dobfe ukazuje, Ze u fosilnich
dfev existuje €asto vyrazny rozpor mezi pojetim rodu fosilniho a tradi¢niho botanického

(Siroké pojeti fosilnich roda u drev).
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Priklad 3 (viz Prilohy 3 a 4) se zaméfuje na dfeva jehlicnani z mostecké panve.
Prestoze je zde na zakladé olisténi a reproduktivnich organt znamo nékolik desitek
rozdilnych druh rostlin, nalezi fosilni dfeva v naprosté vétSiné ke 2—3 fosilnim druhim
jehlicnanl (rozdilny potencial zachovani dieva a dalSich organt). Jejich zuhelnatéla
dfeva jsou pak ve vétSiné deformovana, kdy pro systematické zarazeni dullezité jarni
dfevo prakticky chybi (jarni vs. letni drevo). V zavéru tohoto pfikladu zmiduji pro

evropskeé tretihory vyznamny fosilni taxon 1/2: Taxodioxylon gypsaceum.

Priklad 4 (viz Priloha 5) si v§ima jediného zkfemenélého kmene jehli¢nanu z lokality
Kuélin z Ceského stfedohofi. Pfi anatomickém popisu dfeva se ukazalo, Ze nékteré
typy teCek kfizovych poli nejsou jednoznacné definovany (jednoznaénost odborné
terminologie). Pro popis fosilnich dfev se tradi€né pouzivaji jména s pfiponou —xylon,
pfedpona ale nemusi vzdy ukazovat na skute¢nou systematickou pfibuznost (nazvy
fosilnich drev). U tohoto pfikladu zminuji dalSi vyznamny fosilni taxon 2/2:

Doliostrobus, ktery jako jeho mozny puvodce s kuclinskym dfevem Uzce souvisi.

Priklad 5 (viz Pfilohy 6 a 7) se zaobira pfedevsim dfevy listnacu z vychodniho okraje
Doupovskych hor zokoli mésta Kadan a jejich vyuzitim pro paleoklimatickou
rekonstrukci. Statisticka metoda rekonstrukce, zalozena pouze na fyziognomii diev
listhacl, pouziva ,typ difeva“ jako svoji zakladni jednotku; ta se osvédCila i pro
systematické studie (definice ,typu dreva“). Pfes svoji objektivitu ma tato metoda
dilezity ,subjektivni® prvni krok: pravé vybér a pocet ,typu dfev’ (subjektivni vs.
objektivni metody). Jejich pocet, ktery pro vétSinu Ceskych tretihornich lokalit neni

dostateény, tak pro aplikaci této metody zpGsobuje vyrazné omezeni pro Cesky masiv.

Studovana oblast stfednich a sz. Cech poskytuje dfeva nejen kenozoicka (tfetihorni),
ale i mezozoicka (svrchnokfidova) a paleozoicka (svrchnokarbonska). Jejich studium tak
vedle Sirokého systematického zabéru ukazuje problematiku fosilnich dfev v celé jeji
slozitosti. V&Ffim tak, ze predkladana habilitaCni prace, ktera vznikla jako spojeni moji
védecké Cinnosti pfi popisu dfev a pedagogické aktivity pfi vedeni zavére¢nych praci,

tuto soucast paleobotanického vyzkumu dostatecné a jasné pfiblizuje.
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Summary

The present habilitation thesis called “Fossil wood and its importance in palaeobotanical
research: case studies from the area of Central and NW Bohemia” picks up the threads
of my PhD thesis (Sakala 2004). It is based on 7 scientific papers (Mencl et al. 2013;
Gryc et al. 2009; Teodoridis & Sakala 2008; Havelcova et al. 20013; Sakala 2011, 2007;
Sakala et al. 2010), which can be found unabridged at the end of the thesis as annexes
(Annexes 1-7). The text of the thesis itself is composed of a general introduction, which
characterizes both the field of study (fossil wood) and the area of interest (Central and
NW Bohemia), and individual case studies. Similarly to the PhD thesis, there are 5 case
studies (examples 1-5), each of them refers either on one (examples 1, 2 and 4:
Kladno-Rakovnik Basin, Bohemian Cretaceous Basin and Ceské stifedohofi Mts.),
or two papers (examples 3 and 5: Most Basin and Doupovské hory Mts.). In the text of
each example, there are main ideas of the corresponding paper/s with its
palaeobotanical and stratigraphical context and three more general aspects, which are

related to the fossil wood studies.

Example 1 (see Annexe 1) is focused on Palaeozoic calamitalean stems of the
Arthropitys type, which were newly described from the western part of the Kladno-
Rakovnik Basin thanks to amateur fossil collectors. Consequently, the advantage of
such cooperation can be demonstrated (completeness of fossil record). Some
arborescent sphenopsids formed a great amount of secondary xylem with unifacial
cambium alone, so they represent a kind of challenge to the traditional model (unifacial
vs. bifacial cambium). Due to transport of fossils, we could study only secondary xylem
without any other detail of extraxylary tissues (influence of environment on mode of

preservation).

Example 2 (see Annexe 2) describes a dicot wood of the fossil genus
Paraphyllanthoxylon from the locality Pecinov in the Bohemian Cretaceous Basin. The
wood presents abundant tyloses (formation of tyloses and its significance), and also
shows an unusual combination of anatomical features, which makes its unambiguous
attribution to some modern family problematic (stem vs. crown group).
Paraphyllanthoxylon as a widely defined fossil genus demonstrates well that there is
often an important discrepancy between fossil and modern genus concept (wide
concept of fossil genera in wood).
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Example 3 (see Annexes 3 and 4) concentrates on fossil conifer wood from the Most
Basin. There are several tens of fossil species based on leaves and reproductive
structures, but the fossil wood is represented there by only 2 or 3 chiefly conifer species
(different potential of preservation for wood and other organs). Their xylitic woods
are almost all deformed, where the systematically important earlywood part is practically
missing (early vs. late wood). Finally, already in the context of the European Tertiary, |

notice an important fossil taxon 1/2: Taxodioxylon gypsaceum.

Example 4 (see Annexe 5) takes note of the silicified conifer trunk from the locality
Kuélin in the Ceské stfedohofi Mts. During anatomical description of the wood, |
realised that some types of cross-field pitting were not unequivocally defined
(unambiguity of scientific terminology). Traditionally, there are names with suffix —
xylon to denominate fossil woods, but the prefix does not have to always point to their
true botanical affinity (names of fossil woods). Here, there is another important fossil
taxon 2/2: Doliostrobus, which is closely linked to the Kuclin wood as its possible

mother plant.

Example 5 (see Annexes 6 and 7) deals mainly with dicot woods from the eastern
edge of the Doupovské hory Mts. from the vicinity of the town of Kadan and their
utilization in palaeoclimate reconstruction. Statistical method of reconstruction, which is
based on physiognomic features of dicot woods, uses the “wood type” as its main unit;
this distinction was effective for the systematical studies as well (definition of “wood
type”). Despite its objectivity this method requires an important first “subjective” step:
selection of “wood types” (subjective vs. objective methods). Their number, which is
insufficient for the majority of the Czech Tertiary localities, represents a serious

limitation for the Bohemian Massif for a correct application of this method.

The study area of Central and NW Bohemia provides woods, which are not only
Cenozoic (Tertiary), but also Mesozoic (Upper Cretaceous) and Paleozoic (upper
Carboniferous). Consequently, their study offers a wide systematical range and also
shows how the fossil wood issue is complex. | believe that the presented habilitation
thesis, which was prepared as a conjunction of scientific and pedagogic aspects of my

work, can show clearly and sufficiently this specific part of palaeobotanical research.
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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

* Corresponding author at: Charles University in Prague, Faculty of Science, Institute
of Geology and Palaeontology, Albertov 6, 128 43 Praha 2, Czech Republic.
E-mail addresses: vaclavmencl@seznam.cz (V. Mencl), holda29@gmail.com
(J. Holecek), roessler@naturkunde-chemnitz.de (R. R6Rler), rade@natur.cuni.cz
(J. Sakala).

0034-6667/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
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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
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Fig. 1. Carboniferous-Permian basins of the Czech Republic with the position of the KrkonoSe 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 Krkono3e Piedmont Basin. The first study
was carried out by Feistmantel (1873b). He described silicified wood
from localities such as Rakovnik, Lubna, Hiedle, Revnitov, 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 (Dvofdk 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. 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 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. RoBler, Feng and Noll
(Fig. 3; Plates I, 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 pm) 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 um) radially and 45-60 pum (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 um (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. RéRler and Noll.

Calamitea striata Cotta (Plate III).

Material: P3173, P2660A, P2660C, and K2121, all from the KrkonoSe
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 RofSler 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 um) 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 pum (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



V. Mencl et al. / Review of Palaeobotany and Palynology 197 (2013) 70-77 75

4o
£
o

54y

¥

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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CENOMANIAN ANGIOSPERM WOOD FROM THE
BOHEMIAN CRETACEOUS BASIN, CZECH REPUBLIC

Vladimir Gryc!, Hanu§ Vavréik! and Jakub Sakala?

SUMMARY

The first permineralized angiosperm wood from the Cenomanian of the
Bohemian Cretaceous Basin (Czech Republic) is described. The wood
is diffuse porous, with vessels solitary and in radial multiples of 2-5,
perforation plates are exclusively simple, and tyloses abundant. Rays
are usually 4—7-seriate and heterocellular, narrower rays are rare. The
fossil is designated as Paraphyllanthoxylon aff. utahense Thayn, Tidwell
et Stokes. Other occurrences of Paraphyllanthoxylon are reviewed and
the equivocal botanical affinity of the taxon is discussed.

Key words: Paraphyllanthoxylon, permineralized angiosperm wood,
Cenomanian, Bohemian Cretaceous Basin, Czech Republic.

INTRODUCTION

Angiosperms dominate modern vegetation with more than 90 % of plant diversity. Their
fossil evidence goes back to the start of the Cretaceous, but the first record of angiosperm
wood is not older than Aptian/Albian (Baas et al. 2004). As the major diversification of
angiosperms occurred across the Cenomanian-Turonian boundary, any study focusing
on this time slice is of particular interest. We describe a fossil angiosperm wood from
the Bohemian Cretaceous Basin which encompasses this interval. During most of its
existence, the Bohemian Cretaceous Basin, a system of sub-basins filled with deposits of
the Cenomanian through the Santonian age (Kvacek ef al. 2006), was a shallow seaway
connecting the Boreal and Tethys realms (Fig. 1A). The lowermost part of the Cenoma-
nian strata, called the Peruc-Korycany Formation, is represented by diverse deposits of
fluvial, estuarine, shoreface or off-shore facies and contains fossil fauna (e.g., Fejfar
et al.2005) and one of the best preserved and the richest Cenomanian floras in the world
(for summary see Kvacek et al. 2006). Five different units and sedimentary regimes
can be distinguished within the Peruc-Korycany Formation (Uli¢ny et al. 1997a, b) at
the Pecinov quarry, situated to the west of Prague (Fig. 1B). Here various studies have
been conducted on this Formation including sedimentological studies (e.g. Uli¢ny et al.
1997a), stable isotope analyses (e.g. Nguyen Tu et al. 2002), a charcoal analysis (e.g.
Falcon-Lang et al. 2001) and systematic studies of plant mesofossils (e.g. Eklund &
Kvacek 1998) and palynomorphs (e.g. Svobodova et al. 1998). Within the ebb-tidal
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Figure 1. Palaeogeographical position of the Bohemian Cretaceous Basin in Central Europe
during the early Turonian peak flooding (A) and the Bohemian Cretaceous Basin in the tectonic
framework of the Bohemian Massif with the position of the Pecinov quarry (B) (from Uli¢ny
et al. 1997a).

delta deposits of Unit 5A (Uli¢ny et al. 1997b) sandstones have preserved pseudotrunks
of the fern Tempskya, rare permineralized gymnosperm wood, and charcoalified
wood fragments (identified as Cupressinoxylon by Falcon-Lang et al. 2001). Recently
several silicified wood specimens have been found (by Z. Dvorak) and they provide
the first evidence of permineralized angiosperm wood from this age in the Bohemian
Cretaceous Basin.

MATERIAL AND METHODS

Silicified wood (two specimens UK 102/04 & UK 103/04) was thin-sectioned in com-
pliance with the standard techniques (Hass & Rowe 1999) and studied using compound
light microscopy. The anatomical description is in accordance with the IAWA Hardwood
List (IAWA Committee 1989). Remains of the original specimens and thin sections
described herein are housed in the Chlupd¢ Museum of Earth History at the Faculty of
Science of the Charles University in Prague.

33 33
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Figure 2. Frequency of solitary vessels and vessels in radial multiples of 2, 3,4, and 5 (A) and
ray widths (B) for samples 102/04 and 103/04.
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Figure 3. Paraphyllanthoxylon aff. utahense (A—H: No 102/04).— A: Diffuse porous wood, TS.—
B: Vessels in radial multiples with tyloses and scanty paratracheal parenchyma (arrows), TS. —
C: Alternate intervessel pits, TLS. — D: Moderately wide rays, TLS. — E: Tyloses within
vessels, RLS. — F: Heterocellular rays, RLS. — G: Septate fibres (arrows), TLS. — H: Detail
of ray with three marginal rows (arrows), TLS. — Scale bars = 100 um in A, B, D, E, F, H;
10 wm in C, G.
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Table 1. Descriptive statistics of tangential vessel diameter.

Sample
102/04 103/04
N 40 40
Mean (uwm) 95 84
Median (um) 95 81
Standard deviation (um) 10 16
Minimum (um) 77 52
Maximum (um) 122 115
Coefficient of variation (%) 11 19

RESULTS

Family inc.
Paraphyllanthoxylon Bailey
Paraphyllanthoxylon aff. utahense Thayn, Tidwell er Stokes — Fig. 2, 3; Table 1

Material: UK 102/04, UK 103/04

Locality: the Pecinov Quarry

Stratigraphic horizon: Unit 5a of the Bohemian Cretaceous Basin, Czech Republic
Age: Cenomanian

Macroscopic description: Two silicified pieces of fossil wood (UK 102/04 dimensions:
16 x 10.5 x5 cm, UK 103/04 dimensions: 31 x 7 x 7 cm), beige-brown-rust-coloured,
interpreted as samples of trunk.

Microscopic description: Growth rings: absent. — Wood: diffuse-porous. — Vessels:
16-25 per square mm, solitary (29 %) and in radial multiples of 2—-5 (generally 2—4;
Fig. 2A; 3A, B); tangential diameter 52—122 wm (Table 1); outline of solitary vessels
round to oval; vessel walls thin; perforation plates exclusively simple with oblique end
walls; tyloses abundant (Fig. 3B, E); intervessel pits alternate and polygonal in shape,
about 10 um across (Fig. 3C). — Rays: heterocellular up to 7 cells wide (100 wm),
commonly 4—6-seriate (Fig. 2B; 3D, H) and 560—990 um high, uniseriate rays very
rare, body of multiseriate rays composed of procumbent and upright cells (Fig. 3F);
marginal rows 1—4 of upright cells (Fig. 3H arrows); no crystalliferous elements ob-
served; pits between vessels and rays not observed. — Axial parenchyma: scanty para-
tracheal (Fig. 3B arrows). — Fibres: pits not seen, predominantly non-septate, but
sometimes septate (Fig. 3G arrows); medium-thick walls.

DISCUSSION

Both samples lack well-defined growth rings, and have vessels solitary and in radial
multiples with simple perforation plates, abundant tyloses and alternate intervascular
pitting, heterocellular rays up to 7 cells wide, scanty paratracheal axial parenchyma and



Gryc, Vavréik & Sakala — Cretaceous woods from Czechia 323

septate fibres. Unfortunately, no vessel-ray pitting was observed. This combination of
features is characteristic of the fossil morphogenus Paraphyllanthoxylon.

Summary of Paraphyllanthoxylon species

The morphogenus Paraphyllanthoxylon was established by Bailey (1924) from the
Cenomanian of Arizona, USA, with the type species P. arizonense. In the following
decades, many other species were established to accommodate specimens of various
ages described from many parts of the world: P. idahoense (Spackman 1948) from the
Cretaceous of Idaho, USA; P. capense (Midel 1962) from the Upper Cretaceous of
South Africa; P. keriense (Dayal 1968) from the Tertiary of India; P. yvardi (Koeniguer
1970) from the Miocene of France; P. alabamense (Cahoon 1972) from the Cenoman-
ian of Alabama, USA; P. teldense (Privé 1975) from the Oligocene of France; P. ligni-
tum (Daniou & Dupéron-Laudoueneix 1978) from the Eocene of France; P. romanicum
(Petrescu et al. 1978) from the Upper Cretaceous of Romania; P. utahense (Thayn et al.
1983) from the Lower Cretaceous of Utah, USA; P. kobense (Suzuki 1984) from the
Miocene of Japan; P. palaecoemblica (Prakash et al. 1986) from the Tertiary of India;
P. illinoisense (Wheeler et al. 1987) from the Upper Cretaceous of Illinois, USA;
P.abbottii (Wheeler 1991) from the Paleocene of Texas, USA; P. marylandense (Heren-
deen 1991) from the Lower/ Upper Cretaceous of Maryland, USA; P. anasazi (Wheeler
et al. 1995) from the Upper Cretaceous of New Mexico, USA; P. bacense (Iamandei
& Iamandei 2000) from the Upper Cretaceous/Early Tertiary of Romania; P. ceno-
maniana and P. obiraense (Takahashi & Suzuki 2003) from the Upper Cretaceous
of Japan; P. mennegae and P. coloradensis (Martinez-Cabrera et al. 2006) from the
Miocene of Mexico.

Midel (1962) transferred several species previously assigned to different genera to
Paraphyllanthoxylon: P. pseudohobashiraishi (Ogura) Midel from the Palacogene of
Japan (Phyllanthinium pseudohobashiraishi - basionym by Ogura 1932 and another
specimen by Watari 1943), P. tertiarum (Ramanujam) Médel from the Tertiary of In-
dia (Glochidioxylon tertiarum by Ramanujam 1956), P. sahnii (Prakash) Médel from
the Tertiary of India (Glochidioxylon sahnii by Prakash 1959) and P. pfefferi (Platen)
Maidel from the Neogene of California, USA (Carpinoxylon pfefferi by Platen 1908).
Tamandei and Iamandei (2000) also proposed a new combination, Paraphyllanthoxylon
bangalamodense (Navale) lamandei & Iamandei, based on Phyllanthinium bangalam-
odense described by Navale (1962) from the Mio-Pliocene of India. Conversely Thayn
and Tidwell (1984) removed a species of Paraphyllanthoxylon, P. keriense to the
morphogenus Bridelioxylon Ramanujam, to make a new combination Bridelioxylon
keriense (Dayal) Thayn & Tidwell. Finally, Prakash et al. (1986) proposed a very narrow
concept of Paraphyllanthoxylon, applicable for fossil woods of Phyllanthus only. This
is, however, in contradiction to what a morphogenus implies and the original diagnosis
of Bailey.

Other authors have referred their specimens to described species of Paraphyllan-
thoxylon: Oakley and Falcon-Lang (2009) described charcoalified material from Pecinov
as P. marylandense, Wheeler and Lehman (2000) designated their samples from the
Upper Cretaceous of Texas, USA as cf. P. anazasii and Meijer (2000) described a fossil
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wood from the Upper Cretaceous of Belgium as P. cf. marylandense. Some simply noted
the resemblance to Paraphyllanthoxylon at the generic level only, e.g. Cevallos-Ferriz
and Weber (1992) from the Upper Cretaceous of Mexico or Falcon-Lang et al. (2001)
from the Cenomanian of the Czech Republic.

Comparison with the described species

There are differences between the species of Paraphyllanthoxylon in mean tangential
diameter of the vessels (range from 65 wm in P. teldense to 175 um in P. arizonense
or even 234 um in specimens of P. abbottii), the number of vessels per radial multiple
(predominantly solitary or rarely in groups of two in P. bacense up to 10 in P. pfefferi
and 11 in P. lignitum) and maximum ray width (2- or rarely 3-seriate in P. bacense up
to 9-seriate in P. palaeoemblica).

It is hard to attribute our fossil woods to existing species of Paraphyllanthoxy-
lon because of great variability and overlapping of the features. We see similarities in
mean tangential diameter with P. marylandense, P. anasazi, P. pfefferi, P. utahense, P.
obiraense, P. pseudohobashiraishi, P. idahoense and perhaps with P. palaecoemblica
if the mean can roughly be estimated from the range given by Prakash et al. (1986). On
the other hand, the number of vessels per radial multiple and ray width of P. teldense,
P. arizonense and P. sahnii are the most similar. These three species belong to the
“species group B” (sensu Herendeen 1991) and cannot therefore be compared with our
woods from the “species group A” (see below). In addition, P. arizonense has signifi-
cantly wider vessels (mean tangential diameter of 175 um according to Wheeler 1991;
Wheeler & Lehman 2009, this issue) and P. teldense sometimes possesses scalariform
perforation plates. Therefore, we consider P. utahense as the most similar to our woods
although not completely identical; P. utahense has slightly narrower rays with more
uniseriate marginal rows. We refer to these Czech fossil woods as Paraphyllanthoxylon
aff. utahense Thayn, Tidwell et Stokes.

The differences in ray dimensions and vessel diameters between our samples and
the published species of Paraphyllanthoxylon as well as the differences between the
species can also be explained by the generally very variable structure of wood which
depends on local environmental and climatic parameters (e.g., Schweingruber 1993;
Preston et al. 2006) or on the relative position in the tree (Desch 1932; Panshin &
De Zeeuw 1980; Carlquist 1988; Leal et al. 2007; Gryc et al. 2008).

The abundance of tyloses in Paraphyllanthoxylon, as well as their more general sig-
nificance, has already been discussed by Wheeler (1991: 661-662). We observed tyloses
in all sections. The tyloses are formed not only in a standing living tree but also in the
sapwood taken from the living tree (Murmanis 1975). Formation of tyloses depends
on the time of taking the samples and temperature in the laboratory. In the samples of
the red oak (Quercus rubra L.), the tyloses formed under optimal conditions (20 °C)
in a very short time (about two hours) in the samples taken from the outer parts of the
trunk during the growing period. JurdSek (1956, 1958) confirmed that tyloses occurred
in the woods without ‘true coloured’ heartwood, i.e., sapwoods (Fagus sylvatica L.).
He observed that the formation of tyloses occurred under specific physical conditions:



Gryc, Vavréik & Sakala — Cretaceous woods from Czechia 325

slow desiccation and temperatures between 15—-40 °C (optimal 25°C). Sufficient
diameter (bigger than 10 wm) of the pits between the ray parenchyma and vessel is
also necessary for tyloses formation (JurdSek 1956) and this suggests that vessel-ray
parenchyma pits in these fossils were big enough. However, it is hard to say whether
our fossil wood represents heartwood or sapwood.

Botanical affinities

The botanical affinities of Paraphyllanthoxylon remain elusive and continue to
be discussed (e.g. Martinez-Cabrera et al. 2006). When Bailey (1924) first described
this morphogenus he noted that there was no single feature that allowed referring it to
a particular family. He noted that it had a combination of features seen in the extant
euphorbiaceous genera Bridelia and Phyllanthus of the subfamily Phyllanthoideae
(Bailey 1924). Midel (1962) in her detailed overview of the modern and fossil woods
of the Euphorbiaceae placed Paraphyllanthoxylon in the Glochidion group together
with several modern genera from the subfamily Phyllanthoideae and Acalypha.
Other authors have noted that Paraphyllanthoxylon has features found in more than
one family, e.g. Thayn and Tidwell (1984: Table 4) indicated fourteen families with
features of Paraphyllanthoxylon and even Midel (1962: 288) noted that there were
six other families with wood sharing anatomical similarities. Wheeler et al. (1987)
and Herendeen (1991) suggest there are two main groups within Paraphyllanthoxylon:
1) species group A characterized by few and short marginal rows of upright cells in the
multiseriate rays and rare uniseriate rays and thus resembling Anacardiaceae, Burser-
aceae, Elaeocarpaceae, Lauraceae and Verbenaceae and 2) species group B with long
marginal rows and numerous uniseriate rays resembling Euphorbiaceae, Flacourtiaceae
(now Salicaceae), Simaroubaceae, Ulmaceae and Violaceae.

According to Westra and Koek-Noorman (2004) Euphorbiaceae s./. comprise more
than 300 woody genera spread mostly in (sub)tropical areas and it is beyond the scope of
this study to cover this diversity. If we first compare our fossil woods with the Phyllan-
thoideae, using the most recent published data (Mennega 1987; Martinez-Cabrera et al.
2006), we can say the general pattern is quite similar to our woods except for ‘markedly
heterocellular’ rays in living representatives (Wheeler et al. 1987). The Czech fossil
woods with short marginal rows and rare uniseriate rays belong to species group A sensu
Herendeen (1991). It is tempting to suggest these woods are related to the lauraceous
leaves, inflorescences and flowers present at the Pecinov quarry (e.g., Uli¢ny et al.
1997b; Eklund & Kvacek 1998). Moreover, numerous pieces of charcoalified wood
were described from Pecinov and compared to P. marylandense (Falcon-Lang et al.
2001; Oakley & Falcon-Lang 2009). Herendeen (1991) demonstrated the affinity of
P.marylandense to Lauraceae based on the similarity between its juvenile wood (diam-
eter of the stem was 3.6 mm with maximum 1 mm wide zone of juvenile wood) and
wood of the inflorescence axes of Mauldinia mirabilis (0.75—1.25 mm in diameter with
0.2 mm wide zone of xylem). Such juvenile wood can show some ‘primitive’ features
(P. Baas pers. comm.). It can be only very approximately compared with ‘normal’
mature trunk wood that standard photographic atlases and internet databases such as
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InsideWood (2004 -onwards) show. Wood of Lauraceae, both extant (e.g., Tupper 1927;
Richter in Metcalfe 1987) and fossil (Dupéron-Laudoueneix & Dupéron 2005; Dupéron
et al.2008), often has oil or mucilage cells (idioblasts); these are however absent in our
woods. However, some extant lauraceous woods have no secretory cells as emphasized
by Herendeen (1991), but we can also speculate that our wood belongs to the ‘stem
group’ of Lauraceae, which could lack this feature (J.A. Doyle pers. comm.).

Similarity of Paraphyllanthoxylon with other morphogenera

This paper presents the first description of fossil permineralized angiosperm wood
from the Bohemian Cretaceous Basin and the Cretaceous of the Czech Republic as a
whole and so adds to the picture of the Peruc Korycany flora and Cretaceous vegetation
of Europe. Prakash et al. (1974) described some angiosperm wood from the Lipnice
Formation (South Bohemian Basins, Czech Republic), at that time considered to be
Oligocene. The wood they described as Canarioxylon is similar to the Paraphyllanth-
oxylon described herein. Moreover, the generic diagnosis of Canarioxylon (Prakash
et al. 1974: 112) fits perfectly the diagnosis of Paraphyllanthoxylon and there was no
need to create the new morphogenus Canarioxylon. J.Hladil provided us recently with
additional material from South Bohemia (SPOL-R1 and SPOL-R2) and these samples
also are similar to the Paraphyllanthoxylon described in this paper. Malkovsky (1995)
based on analogy in lithology considers that the Lipnice Formation is not Tertiary but
Late Cretaceous in age. We suggest that all material from South Bohemia belongs to
the Upper Cretaceous. This would logically explain the overall warm character of the
flora. It is worth noticing that Wheeler (1991: 662) came to the similar conclusion with
the diagnoses of Burseroxylon Prakash & Tripathi and Paraphyllanthoxylon.

CONCLUSIONS

Paraphyllanthoxylon, more exactly P. utahense, the species our woods most closely
resembles is important in being one of the two oldest types of angiosperm wood and
has simple perforation plates (Baas et al. 2004). As already emphasized by Wheeler
(1991), Martinez-Cabrera et al. (2006) and others, this widely defined morphogenus
has characteristics seen in several families which makes any systematic comparison
difficult. In the case of the Czech Cenomanian wood, we are unfortunately unable to
find any exact living relative at the specific, generic or even familial level.
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Abstract: A systematic overview of the conifer macrofossils (leaves, cones, seeds and wood)
from the Lower Miocene of the Most Basin (Czech Republic) is presented and nine natural units
(botanical species) are defined, belonging to three species of Pinus L. and one species of Pseudolarix
GORDON, Quasisequoia SRINIVASAN & Friis emend. KUNZMANN, Taxodium RICHARD, Glyptostrobus
ENDLICHER, Tetraclinis MASTERs and Cupressospermum Mal emend. KunzMANN. Seeds of the latter
taxon have been firstly described from the Most Basin. Different organs are rarely directly attached
(pollen/seeds cones attached to a twig, a cone scale with seeds), but rather found in direct (close)
or indirect (distant) association. The conifers are also characterized in environmental context as

elements of several different vegetation types.

Key words: conifers, macrofossils, morphology, xylotomy, holistic approach, palacoenvironment,

Early Miocene, Most Basin, Czech Republic.

1. Introduction

The Most Basin (formerly the Northern-Bohemian
Basin) is one of the most famous Tertiary palaeo-
botanical sites in the Czech Republic that has been
continuously studied since the first half of the 19t
century (e.g., STERNBERG 1825). Sediments of the
Most Basin have yielded over 160 various species
of plant macrofossils (e.g., KVACEK et al. 2004a,b;
Kvacek & Teoporipis 2007) and more than 100
species of pollen and spores (e.g., KonzaLOVA 1976).
Occurrences of conifers, due to their great quantity as
well as their eye-catching, have been well collected
and documented from different localities (ENGEL-
HARDT 1876a,b; MENzEL 1901; BRABENEC 19009;
BUZeEk & HoLy 1964; KvaCek 1976, 1989; KvaCEK
& Hurnik 2000; Sakara 2000 etc.). The present

DOI:10.1127/0077-7749/2008/0250-0287

study tries to summarize and evaluate existing data
according to carpological, leaf morphological and
xylotomic aspects following a holistic approach. It
means to associate detached leaves and reproductive
organs (cones and seeds) with fossil wood in order to
reconstruct the whole plant as complete as possible
(as it really looked like and lived in the area of the
Most Basin in Early Miocene). The principles of this
holistic approach, known also as a “Whole-Plant”
concept, have been demonstrated by KvaCEk (2004)
for leaves and reproductive organs or by SAKALA
(2004) for association of wood with other organs.
Recently, Martina Dolezych in her PhD Thesis
(DoLezycH 2005) and related papers (DOLEzYCH
et al. 2001; DoLEzycH & VAN DER BURGH 2004;
DoLEzycH in JUNGE et al. 2005; DoOLEzZYCH &
ScHCNEIDER 2006, 2007) sheds new light on relation
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between different wood morphotaxa and their botani-
cal affinities. The aim of the xylotomical part of the
present paper is to re-evaluate the wood of Cupres-
saceae s.l. from the Most Basin in perspective of
these new studies.

2. Geology, stratigraphy and dating of the
Most Basin

The Most Basin is one of the five sedimentary basins
of the Eger Graben and represents the largest fresh-
water sedimentary body of the Cenozoic in the Bohe-
mian Massif. The total thickness of the younger part
of the basin fill (i.e., Most Formation sensu DoMACci
1977) is about 500 m in the center (KVACEK et al.
2004 a). The base of the Most Formation has been
estimated at the Oligocene/Miocene boundary
(BucHa et al. 1987; LotscH et al. 1994; TEODORIDIS
2002; SuHr 2003). The volcanic rocks underlying the
Most Formation belong to the Stfezov Formation
sensu DoMAci (1977), which consist of mostly deeply
weathered lava flows and associated volcanogenic
deposits. From the basin periphery, rivers and streams
transported pebble, sand, silt and clay material into
the basin. Deposits of the streams formed a relatively
large belt of fluvial sandy facies (“Hlavacov Gravel
and Sand” sensu VANE 1985) heading from central
Bohemia and entering the basin near Zatec, then
leaving the basin probably near Chomutov (RaJCHL &
ULICNY 2005; TEODORIDIS 2004) or across the Ceské
stfedohoti Mts (Sunr 2003). These sediments formed
the Duchcov Member of the Most Formation (DoMAci
1977), i.e. Underlying Formation sensu HURNIK &
MAREK (1962). They include well-known vertebrate
localities, namely at Skyrice, Ahnikov and Tuchofice,
all dated into the zone MN 3 (FEJFAR 1989). During
the Early Miocene, increasing subsidence of the basin
caused spreading of flatland with the formation of
swamps and shallow lakes (e.g., RaicHL 2006). In
most parts of the basin, deposits of this period belong
to the HoleSice Member of the Most Formation
(DomAci 1977). At first, only occasional flooding
inundated wetlands. These transferred into perio-
dically or steadily inundated local mires, where plant
biomass accumulated as peat. This type of landscape
stabilized in the basin during the formation of the
Main Coal Seam. During flooding events the fluvial
facies spread over large areas into the basin forming
clayey-sandy layers in the peat. In the area of the
larger vicinity of Zatec, where most streams dis-
charged, sandy deposits prevailed due to lowering of

the river gradient (cf. RaicHL & ULIENY 2005), so
that the conditions for peat formation were only
limited and short-termed (known as “Zatec Delta”
facies). Later, a partial stream reached the environs of
Bilina, where a delta body originated (e.g., MAcH
1997; RajcHL et al. in press). As already stated above,
these deposits containing lignite seams and equivalent
sandy-clayey delta bodies have been included into
the HoleSice Member (DomAci 1977). Generally, the
above-mentioned sandy-clayey deposits, i.e. Lower
Sandy-Clayey Beds with Basal Coal Seam, Lower
Interseams Beds, Upper Interscam Beds sensu
HurNik & MAREK (1962), divided the Main Coal
Seam into the Lower Seam Beds, Middle Seam Beds
and Upper Seam Beds sensu HURNIK & MAREK
(1962). The clay/claystone facies (Overlying For-
mation sensu HURNIK & MAREK 1962) spread over the
mire and buried the peat layer. These mighty strata
have been included into the Libkovice Member
(DomAci 1977). In the Bilina area, the base of this
member is built of the Bfest’any Clay. While the
Bilina Delta ceased to exist, several small streams
entered the basin from the north (e.g., at Jezefi) and
some others existed at Usti nad Labem and Zatec.
Northern streams transported less extensive sands but
influenced the character of clay layers deposited in
the lake by bringing traces of mica. Later the lake
extended probably well beyond today’s limits of the
basin. In the area of the “Zatec Delta”, the Libkovice
Member is developed partly in the sandy-clayey
facies, e.g., at the locality Pfivlaky (TEODORIDIS
2006). At about 17-18 Ma (BucHa et al. 1987;
MaLkovskY 1995), the lake was already almost filled
and shallow swamp and mire conditions reappeared in
the environs of Lom in the central part of the basin.
This uppermost part of the Most Formation is defined
as the Lom Member sensu DomAci (1977). It re-
presents an incomplete denudation relict of limited
extent and contains the Lom Seam.

3. Material and methods

The fossil leaf and carpological material studied here has
been collected at different times and by various people. The
first critical revision of leaf and cone material from
the Most Formation was published by MEeNzeL (1901).
Additional material was collected during a previous field-
work in sixties and seventies of the last century, by C.
Bozek and F. HoLY from the opencast mines of J. Sverma,
J. Fucik, Bilina and Maxim Gorkij and from the cores:
Brezanky (B 1, B 4), Drouzkovice (Do 201, Do 206, Do
210, Do 211, Do 215), Chomutov (Co 199, Co 201, Co 210,
Co 215, Co 225, Co 228), Chotebudice (Cht 8), Havrah (Hh
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Fig. 1. Location of the fossil plant material studied from coal mines, fossil sites and cores in the area of the Most Basin and
the “Hlavatov Gravel and Sand”. — i.e., 1. Bilina Mine, 2. J. Fu¢ik Mine, 3. J. Sverma Mine, 4. Leziky Mine, 5. Marianna
Mine, 6. Maxim Gorkij Mine, 7. Nastup -TuSimice Mine, 8. S. K Neumann Mine, 9. BfeSt’any, Brezanky, 10. Cermnlky
11. Choténice, 12. Chudéfice 13. Dobr¢ice, 14. Dolany, 15. Holede¢, 16. Hradisté near Cernovice, 17. Nesuchyné,
18. Privlaky, 19. Sadek, 20. Straky, 21. Stranna, 22. Stroupe¢, 23. Tuchofice, 24. Varvazova near Chlumec, 25. Velka Cernoc,
26. Vrany, 27. Vr$ovice, 28. Zabrusany, 29. Zahoii near Zatec, 30. Zelet, 31. Zelénky, 32. Biezanky (cores: B 1 and B 4),
33. Drouzkovice (cores: Do 201, Do 206, Do 210, Do 211 and Do 215), 34. Chomutov (cores: Co 199, Co 201, Co 210,
Co 215, Co 225 and Co 228), 35. Chotébudice (core Cht 8), 36. Havran (cores: Hn 35 and Hn 36), 37. Hoénice (core Hs 4),
38. Jenistv Ujezd near Bilina (core Ju 224), 39. Kralupy near Chomutov (core Kr 11), 40. Libkovice (cores: Lb 77 and
P 542), 41. Moravéves (cores: Ma 6 and Ma 8), 42. Otvice (cores: Ot 27 and Ot 36), 43. Pesvice (cores: Pe 18, Pe 19 and
Pe 21), 44. PreCaply (core P 4), 45. Prunéfov (cores: Pn 130 and Pn 138), 46. Spofice (core Sp 95), 47. StrupCice (cores:
Sr 39, Sr 40 and Sr 53), 48. Skrle (core Sk 3), 49. Siroké Tiebéice (core Stb 43), 50. Udlice (cores: Ud 80 and Ud 81),
51. Vysoka Pec (cores: VP 14, VP 15 and VP 16), 52. Vrsany (cores: Vr 20 and Vr 22), 53. Vysocany (core Vy 1), 54.
Cernice (core CN 54), 55. Horni Jitetin (core HJi 142), 56. Horni Litvinov (core LiH 13), 57. Janov (core Ja 28), 58. Jezefi
(cores: JZ 42, JZ 44, JZ 47 and PVIK 234), 59. Kundratice (cores: KU 108, KU 114, KU 115, KU 116 and KU 127), 60.
Lom (core LOM 16), 61. Marianské Radcice (cores: MR 58 and MR 59).

35, Hi 36), Hosnice (Hn 4), Jenisav Ujezd near Bilina (Ju
224), Kralupy near Chomutov (Kr 11), Libkovice (Lb 77,
P 542), Moravéves (Ma 6, Ma 8), Otvice (Ot 27, Ot 36),
Pesvice (Pe 18, Pe 19, Pe 21), Precaply (P¢ 4), Prunérov
(Pn 130, Pn 138), Spofice (Sp 95), StrupCice (Sr 39, Sr 40,
Sr 53), Skrle (Sk 3), Siroké Tiebgice (Stb 43), Udlice (Ud 80,
Ud 81), Vysoka Pec (VP 14, VP 15, VP 16), Vrsany (Vr 20,
Vr 22), Vysocany (Vy 1), Chudefice (dug pit) — partly
published in BUZEK & HoLY (1964). The other studied leaf,
carpological and xylotomic samples come from elsewhere,
i.e. Brest’any and Bfezanky — see UNGER (1841-1847, 1852,
1861, 1864, 1866), ETTINGSHAUSEN (1866, 1868, 1869),

Cermniky (BUzek 1971), Choténice (Bozek 1971), Chu-
derice, Dobrcice (KvaCek & HurNik 2000), Dolany
(BoZek 1971), Holede¢ (BRABENEC 1904; TEODORIDIS
2002), Hradist¢ near Cernovice (ENGELHARDT 1877),
Nesuchyné (NEMEIC 1949; Troporipis 2002), Privlaky
(Teoporipis 2006), Sadek (Teoporipis 2002), Straky
(KvaCEk & HURNIK 2000), Stranna, Stroupe¢ (KONRADOVA
1959), Tuchotice (Kvalek & BUOZexk 1982), VarvaZova
near Chlumec, Velka Cernoc (TEoDORIDIS 2002), Vr$any
(KvaCek & HurNik 2000), Vrsovice (VELENOVSKY 1881,
KvaCek & HUrNik 2000), Zabrusany (KvACEK & HURNIK
2000), Zahofi near Zatec (TeoporipIs  2003), Zelet
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Fig. 2. Summary of the stratigraphical classification of the
Most Basin sediments (modified to KvaCEk & HuURNiK
2000).

(Teoporipis 2002), Ze}énky (KvaCek & Hurnik 2000),
from other cores, i.e.,Cernice (CN 54), Horni Jifetin (HJi
142), Horni Litvinov (LiH 13), Janov (Ja 28), Jezeti (JZ 42,
JZ 44, JZ 47, PVIK 234), Kundratice (KU 108, KU 114,
KU 115, KU 116, KU 127), Lom (LOM 16), Marianské
Radcice (MR 58, MR 59) — see in detail KvaCEk & BUZEK
(1982), Teoporipis & KvaCek (2006), and from still
working (w) or former mines of Bilina (w), Nastup-Tusimice
(w), Lezaky, Marianna and SK Neumann — for detailed
location see Fig. 1.

The above-mentioned fossil material is housed in the
paleobotanical and geological collections of the National
Museum, Prague (NM), the Institute of Geology and
Palaeontology, Faculty of Science, Charles University in
Prague (UK), Bilina Mine (DB), Nastup-Tusimice Mine
(DNT), Regional Museum of Teplice (RMT), Museum of
Mineralogy and Geology in Dresden, Germany (MMG PB)
and in private collections of Mr. Z. DvoRAK and Mr. J.
VYKYDAL.

The fossil carpological material represents compressed,
carbonaceous and three-dimensionally preserved fossils and
was obtained from the cores mainly by washing. The leaf
fossils studied are preserved both as impressions and as
compressions with cuticle remains also preserved. The
wood is preserved either permineralized (mainly silicified
but also impregnated by other minerals as siderite, limonite
or dolomite) or lignified as a hard xylite. All xylotomical
observations were based on standard thin mineralogical
sections cut following three planes: transversal, tangential
and radial. In the case of several fragile xylitic specimens,
the material was hardened before cutting by resin.

The comparative extant material was obtained from
the herbaria of the Charles University, Prague (PRC) and
National Museum, Prithonice (PR), W. Szafer Institute of
Botany, Polish Academy of Sciences, Krakow (KRA) and

Fig. 3. 1-2. Pinus rigios (UNGER) ETTINGSHAUSEN. 1. Three-
needle fascicle, locality the Nastup-TusSimice Mine, DNT
201, scale bar 10 mm. 2. Incomplete 3-needle fascicles
terminally attached to a branch, locality Bfest’any, MMG
PB Bn 406, scale bar 10 mm. 3-5. Pinus engelhardtii
MENZEL, locality Bfest’any. 3. Two seed cones sub-oppo-
sitely attached to a branch, MMG PB Bn 355, scale bar
10 mm. 4. Complete seed cone, MMG PB Bn 390, scale bar
10 mm. 5. Complete seed cone, MMG PB Bn 348, scale bar
10 mm, (originally described as P horrida MENzEL 1901,
pl.4,fig. 1). 6-7. Pinus urani (UNGER) SCHIMPER, locality the
Nastup-TuSimice Mine. 6. Incomplete seed cone, DNT 209,
scale bar 10 mm. 7. Basal part of incomplete seed cone,
DNT 213, scale bar 10 mm. 8-10. Pinus ornata (STERN-
BERG) BRONGNIART, locality Brest’any. 8. Incomplete seed
cone, MMG 321, scale bar 10 mm. 9. Apical part of seed
cone, RMT PA 1458, scale bar 10 mm. 10. Incomplete basal
part of seed cone, RMT PA 1457, scale bar 10 mm. 11-13.
Pinus sp. indet., complete winged seeds, locality the Bilina
Mine. 11. DB 2-79, scale bar 5 mm. 12. DB 11-80, scale bar
5 mm. 13. DB 71-74, scale bar 5 mm. 14-15. Pinus sp. 1,
cylindrical male cone, locality the Bilina Mine. 14. DB
73-78, scale bar 5 mm. 15. DB 11-78, scale bar 5 mm. 16.
Pinus sp. 2, five-needle fascicle, locality Velka Cernoc, UK
VC-64, scale bar 5 mm. 17-18. Pseudolarix schmidtgenii
KRAEUSEL, locality Nesuchyné. 17. Isolated complete cone
scale, UK Nn-50, scale bar 10 mm. 18. Incomplete winged
seed, UK Nn-51, scale bar 5 mm. 19. Pseudolarix sp.,
needle fragment, locality Nesuchyné, UK Nn-8, scale bar
10 mm. 20. Cupressospermum saxonicum (Ma1) Kunz-
MANN, seed, locality Jenistv Ujezd (core JU 224, depth
151.2 m), NM G08555, scale bar 500 um.
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Fig. 3 (Legend see p. 290)
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Institut de Botanique, Université de Montpellier 11, Mont-
pellier (MPU) and the comparative xylotomical collections
of the Laboratoire de paléobotanique et paléoécologie
(UPMC, Paris).

Basic observations were made using a binocular micro-
scope. A digital camera Panasonic DMC-FZ8 was used
for documentation of the leaf and cone macrofossils. An
electron microscope (SEM) was used for detailed studies
and documentation. The specimens were examined using a
Jeol JSM — 6380 LV scattered electron microscope at 15 kV
(Institute of Geology and Palacontology, Faculty of Science,
Charles University in Prague). Currently accepted morpho-
logical terminology follows Farion (2005a, b) for leaves,
cones and seeds and TAWA ComMITTEE (2004) for softwood
anatomy.

Symbols “a, b, ¢, d, e, f, g, h” are used in the next text
to mark different stratigraphical levels of the Most Basin
(Fig. 2) and follows mainly informal stratigraphy given by
HurNiK & MAREK (1962): Underlying Formation (h) —1i.e.,
Duchcov Member sensu DomAci (1977); Lower Sandy-
Clayey Beds with Basal Coal Seam (g), Lower Seam Beds
(f), Lower Interseams Beds (e¢), Middle Seam Beds (d),
Upper Interseam Beds (c) and Upper Seam Beds (b) —i.e.,
HoleSice Member sensu DomAci (1977) and Overlying
Formation (a) — i.e., Libkovice Member (a2) and Lom
Member (al) sensu DomAci (1977). Symbols “E1 (herbs),
E2 (shrubs and lianas), E3 (trees under 25 m high) and E4
(trees over 25 m high)” are used for distinguishing vege-
tative storeys in environmental reconstruction.

4, Systematic part

Pinaceae ADANS.
Pinus L.

1. Pinus engelhardtii plant
1.1. Pinus engelhardtii MENZEL 1901 emend. MAI

1986 (cones and seeds)

Fig. 3.3-3.5

1877  Pinus hordacea (RossM.). — ENGELHARDT, p. 372,
pl. 1, fig. 4.

1877  Pinus oviformis (ENDL.). — ENGELHARDT, p. 371, pl.
1, fig. 1.

1901  Pinus engelhardtii. — MENZEL, p. 57, pl. 3, fig. 28.

1901 Pinus oviformis (ENDL.) ENGELHARDT. — MENZEL, p.
50, pl. 2, fig. 1.

1901  Pinus hordacea Rossm. — MENZEL, p. 52, pl. 2, fig.
5, pl. 3, figs. 23-27 (pro parte).

1986  Pinus engelhardtii MENZEL. — MAL, p. 582, pl. 46,

figs. 3-9, pl. 47, figs.1-3, pl. 50, fig. 5, text-fig. 4.

Material: Incomplete seed cones and their fragments (C)
and winged seeds (S) — localities: Bfest’any, Bfezanky [a2]
(C), Bilina Mine [a2,b] (C, S), Hradisté near Cernovice [a2]
(C), Nastup-Tusimice Mine [a2] (C) and Varvazova near
Chlumec [a2] (C); — cores: Kundratice /KU 115, depth
93-96.9 m [a2] (C), KU 116, depth 105-108 m [a2] (C)/ and
Jezeti /PVIK 234, depth 83-84 m [a2] (C)/.

Description: Seed cones middle sized, slightly asymme-
tric, ovate in outline, 45.7-(101.5)-132.5 mm long and 21.2-
(58.9)-67.9 mm broad, apophysis broadly rhombic, robustly
conic to distinctly arched or uncinate, 7.9-(17.9)-20.4 mm
long and 9.2-(10.1)-12.4 mm broad, maximal height up to
9.2 mm; umbo short, blunt, centromucronate, mucro small,
often indistinct. Seed cones rarely sub-oppositely attached
to a branch. Seeds winged, broadly oval in outline, 35 mm
long and 6 mm broad (in the middle part), seed part broadly
oval, 7 and 10 mm long, 4 and 5 mm broad, located basi-
petally and symmetrically to wing, wing apex obtuse,
striation not preserved.

Remarks: MEenzeL (1901: 57, pl. 3, fig. 28) typified
this taxon on the cone material from the locality Trmice
(Thiirmitz). An older and more common synonym of P
engelhardtii was Pinus oviformis (ENDL.) ENGELHARDT
known from the localities Hradisté near Cernovice (ENGEL-
HARDT 1877: 371, pl. 1, fig. 1; MENzEL 1901: 50, pl. 2, fig.
3b) and Bfest’any, Vést’any near Teplice and Lipensky haj
near Teplice (MENzEL 1901: 50, pl. 2, figs. 1, 2, 3a, 4).
However, cone material of P oviformis from Staré¢ Sedlo
(ENDLICHER 1847: 287) shows morphological similarity to
P, stroboides (Rossm.) Mar1 — e. g., MaAI (1986), KNOBLOCH
et al. (1996), BUZek et al. (1996). MEnzEL (1901, pl. 2,
fig. 5, pl. 3, figs. 23-27) described incomplete cone and
5 isolated scales including 2 incomplete winged seeds
(in situ) as P hordacea from Brest’any. This carpologi-
cal material shows also an affinity to P engelhardtii.
RANIECKA-BOBROWSKA (1962) noted a cone impression of
P engelhardtii from the Early Miocene locality Osieczow
upon Kwisa (ZASTAWNIAK, personal communication 2008)
and calculated P roxburghii SARG. from mountain forests
of the Himalayas as a living analogue. Mar (1986: 583)
excluded this species as well as other pines from section
Sula sensu MAYER because of longer seeds (over 20 mm)
and centromucronate umbo of the fossil material, which
matches better to pines of subsections Pinaster or Australes
sensu FARJION (2005a). P engelhardtii often co-occurs with
leaves of P, rigios (UNG.) ETT. — see below. According to this
fact, living pines of subsection Australes from the USA,
Mexico and the Caribbean (e.g., P taeda L. or P rigida
MILLER) are comparable to P engelhardtii — e.g., KVACEK
et al. (2004b). Recently, DiENt & Mat (2007) re-described
Pinus priabonensis OMBONI from the Upper Oligocene
of NE Italy together with a detailed key of other “centro-
mucronate” pines.

1.2. Pinus rigios (UNGER 1850) ETTINGSHAUSEN 1866
(leaves)

Fig. 3.1-3.2

1850  Pinites rigios UNGER, p. 362.

1852  Pinites rigios UNGER, p. 25, pl. 13, fig. 3.

1866  Pinus rigios (UNG.). — ETTINGSHAUSEN, p. 41, pl.
13, figs. 11-12.

1877  Pinus hordacea ROossM. — ENGELHARDT, p. 373, pl.
1, figs. 10-11.

1901  Pinus rigios UNG. — MENZEL, pp. 61-62, pl. 3, figs.
1-4.
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Material: Rarely complete or incomplete fascicles of
needles and their fragments (N) rarerly attached to a branch
— localities: Bfest’any, Biezanky [a2], Bilina Mine [a2, b],
Hradisté near Cernovice [a2] and Nastup-TuSimice Mine
[a2].

Description: Isolated 3 - needled fascicles, needles 145.6
to 347.6 mm long and 2.2 to 2.6 mm broad, straight or
slightly curved, primarily triangular in transversal section,
secondarily compressed, apex acute to attenuate (rarely
preserved), sheath 12.4-(18.8)-27.9 mm long and 2.86-
(4.1)-5.1 mm broad, base rounded, margin entire, venation
consisting of one medial vein (till 0.33 mm broad), parallel
striation observed. Fascicles rarely attached to a branch.

Remarks: This species has a rather cumulative character
due to its broad stratigraphical range and relatively large
area, i.e. from the Late Oligocene to the Pliocene of Europe.
Mar (1999: 15) commented the great morphological
affinity to other fossil species, e.g., P gracilis SAPORTA, P
trichophylla SAPORTA, P taedaeformis (UNG.) HEER, P
palaeotaeda ETT. etc. P, rigios is typified on the leaf materi-
al from Bilina (UNGER 1850: 362), which was figured by
UNGER (1852: 25, pl. 13, fig. 3). ETTINGSHAUSEN (1866)
described the leaf material of P rigios from Bfest’any
and Brezanky in association of one cone (ETTINGSHAUSEN
1866: 41, pl. 13, fig. 15) having probably affinity to P
engelhardtii. MENZEL (1901) figured new material from
Brest’any and Sokolov (Falkenau) and commented possible
leaf similarity with P hordacea RossM. (ENGELHARDT
1877: 373, pl. 1, figs. 10-11) from Hradisté near Cernovice.
Mai (1999: 15) added an anatomical and epidermal charac-
teristics of P rigios from the Spremberg sequence from the
second brown coal horizon in the Lausitz region (also in
BUZEK et al 1996). However, he noted the dentate leaf mar-
gin and described his leaves as Pinus cf. rigios. It is possible
to assume the association of these leaves and cones of the
above-described species of P engelhardtii based on the co-
occurrence of both species in localities of Biest’any (Bilina
Mine), Nastup-Tusimice Mine and Hradisté nearCernovice.
Leaves of P rigios are also known from the Cheb and
Sokolov basins (RUZICKA & BENES 1951; BOZEK et al.
1996). According to the leaf morphological analysis, P
rigios shows an affinity to extant species of P faeda L. and
P rigida MiLL. (e.g., ETTINGSHAUSEN 1866) and/or other
species from section Pinaster (Ma1 1999). BUZEK et al.
(1996) compared the fossil material of P rigios from the
Cypris Shale to extant P taeda based on the needle length.
However, this living species possesses dentate needles,
which is not the case of the material from the Cypris For-
mation as well as the type area at Bilina.

2. Pinus ornata plant

2.1. Pinus ornata (STERNBERG 1825) BRONGNIART
1828

Fig. 3.8-3.10

1825  Conites ornatus STERNBERG, p. 39, pl. 55, figs. 1-2.
1828  Pinus ornata (STERNBERG). — BRONGNIART, p. 107.

1876a Pinus ornata STERNBERG. — ENGELHARDT, p. 61, pl.

10, fig. 4.

1877  Pinus ornata STERNBERG. — ENGELHARDT, p. 47, pl.
2, fig. 4.

1901  Pinus ornata STERNBERG. — MENZEL, p. 54, pl. 2,
figs. 6-7, 9.

1968  Pinus ornata (STERNBERG) BRONGNIART.— NEMEJC,
p. 384, pl. 39, figs. 2-3.

1994 Pinus ornata (STERNBERG) BRONGNIART. — MAL p.

213, pl. 3, figs. 1-3, text-fig. 1b.

Material: Incomplete seed cones and their fragments (C)
— localities: Biezanky [a2], Nastup-TuSimice Mine [a2] and
Hradisté near Cernovice [a2].

Description: Seed cones symmetric, oblong ovate to
cylindric, 81.8-(112.3)-132.5 mm long and 28.4-(45.4)-61.3
mm broad, apophysis rhombic, flattened (mainly in the
basal cone part) to slightly arched, 3.9-(4.6)-5.5 mm long
and 5.5-(6.5)-8.2 mm broad, distinctly keeled and radially
striated, umbo flattened to slightly arched, excentro-denti-
culatomucornate, mucro small and indistinctly erected.

Remarks: This taxon was originally typified on the cone
material from the Oligocene locality ValeC by STERNBERG
(1825: 39, pl. 55, figs. 1-2). Unfortunately, the holotype
disappeared from the collection of the Osek Monastery
during the end of 19th century. ENGELHARDT (1876a: 61,
pl. 10, fig. 4) described an incomplete cone associated with
fragmentary needles (Pl. 10, figs 5-7) from the “Leitme-
ritzer Mittelgebirge” (i.e., Ceské stfedohori Mts). ENGEL-
HARDT (1877: 47, pl. 2, fig. 4) described an additional
incomplete cone from the locality Hradisté near Cernovice
(Tschernowitz). MeNzeL (1901: 54, pl. 2, figs. 6-7, 9)
described some other cones from the localities Vale¢ and
Biest’any. Additional cone material is known from the
localities Staré Sedlo, Cesky Chloumek and Zitenice
(ENGELHARDT 1876b; KNoBLOCH 1962; KNOBLOCH et al.
1996). Later on NEMEIC (1968: 384, pl. 39, fig. 3) re-
figured besides others the MENZEL’s cone from Vale¢ which
was marked as suitable material for the neotype by Z.
KVACEK & J. KVACEK (1992, pl. 4, fig. 1). Ma1 (1986: 575)
classified P ornata into group No 15. “Merkussi” based
on the flattened apophysis in the basal cone part and the
character of relatively long stalk (till 2 cm). Mar1 (1986: 575,
1994: 213) has included to this group 11 other fossil species
and their synonyms, mainly from French Miocene. The
P, ornata cone and associated needle analysis shows a xero-
phytic P halepensis MiLL. (from the Mediterranean Zone
and West Asia) and P merkusii JUNG. & DE VRIEs (from
Vietnam, Laos, Cambodia, China, Philippines, Malaysia
and Indonesia) as the most comparable extant species.
KvACEK et al. (2004b) note P massoniana LAMB. from
Taiwan and China as a possible extant equivalent. But this
species shows shorter cones (only 4-(2.5)-7 cm long), which
are also more shortly stalked (FU et al. 1999) than P
ornata.

2.2. Pinus hepios (UNGER 1850) HEER 1855 sensu
MENZEL (1901)
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Discussion: Seed cones of P ornata are usually asso-
ciated with relatively short needles in 2- needled fascicles of
Pinus hepios (UNGER) HEER (e.g., ENGELHARDT 1876a;
MENzEL 1901). Pinus hepios (UNGER) HEER was usually
used as a cumulative taxon name for pines with two-needle
fascicles. However, the leaf material from the locality Vale¢
(sensu MENZzEL 1901: 64f., pl. 3 fig. 4) has a direct relation
to the type cone material of P ornata. The leaves of Pinus
hepios (UNGER) HEER were typified by UNGER (1850, 1852)
from the locality Parschlug (e.g., KovArR-EDER et al. 2004).
MenNzeL (1901: 65) noted the additional material from
the locality Zitenice and Hradisté near Cernovice. BUZEK
(1971: 37, pl. 7, fig. 8) revised one sample of two-needle
fascicle (incomplete needles 70 mm long, 10 mm and 20
mm broad) as Pinus sp. from the “overlying” sediments of
the locality Cermniky (Libkovice Member of the Most
Formation). This material was originally described as P
rigios by PROCHAZKA (1954). Unfortunately, the above-
mentioned fossil material from the Most Basin is missing.
Mai (1999: 14, pl. 8, figs. 9-11, pl. 9, figs. 1-4) noted the
leaf material described as Pinus cf. hepios (UNGER) HEER
from Lusatia.

3. Pinus urani plant

3.1. Pinus urani (UNGER 1850) SCHIMPER 1872
Fig. 3.6-3.7

1850  Pinites urani UNGER, p. 363.

1852  Pinites urani UNGER, p. 98, pl. 37, fig. 5.

1872 Pinus urani (UNGER). — SCHIMPER, p. 262.

1901  Pinus laricio Polr. — MENZEL, p. 55, pl. 2, figs.
10-14.

1986  Pinus urani (UNGER) SCHIMPER. — MAL, p. 587, pl.

51, figs. 11-13, pl. 52, figs. 1-5, pl. 53, figs. 1-4, pl.
59, figs. 8-9, text-fig. 8.

Material: Seed cones and their fragments (C) — localities:
Brest’any [a2] and Hradisté near Cernovice [a2]; — cores:
Kundratice /KU 114, depth 42-73 m [a2], KU 115, depth
93-96.9 m [a2], KU 116, depth 105-108 m [a2]/ and Jezeri
/PVIK 234, depth 83-84 m [a2]/

Description: Seed cones relatively small (up to 9 cm),
asymmetric, widely oval or ovate in outline, rarely rounded,
36.1-(52.8)-66.9 mm long, 23.2-(33.5)-46.9 mm broad,
apophysis widely rhombic to pentagonal, 2.9-(4.1)-5.1 mm
long, 3.5-(6.8)-9.3 mm broad, distinctly keeled, umbo
radially striated, flattened and slightly striated or uncinate to
knobbed and broadly rhombic with a distinct diagonal keel
(mainly in the middle cone part), excentromucronate, mucro
small, denticulate, rarely erect, often indistinct in the basal
cone part.

Remarks: These relatively smaller cones are known only
from core material of the micaceous psammite facies occur-
ring along the Kru$né Hory Mts fault between Vysoka Pec
and Albrechtice (TEoDORIDIS & KVACEK 2006) and from
the quartzite sandstone of Hradisté near Cernovice (Purberg,
Tschernowitz) — ENGELHARDT (1877) and MENZzEL (1901).
The preservation of the core material is not so perfect (worn

out apophysis) therefore the identification is in some cases
equivocal. The main diagnostic features are rhombic to
knobbed umbo and small to middle sized cones. P urani is
based on a single cone from the Sarmatian locality Radoboj
(Middle Miocene, Croatia). This incomplete cone occurring
with a seed on one sample was firstly noted by UNGER
(1850) and later figured in UNGER (1852: 98, pl. 37, figs.
5-6 /seed/). Ma1 (1986: 587f.) revised this taxon occur-
rences including some older synonyms and seeds mainly
from the Late Miocene localities, e.g., Weisweiler near
Diiren (P stelwagii KINKELIN and P weylandii KIRCH-
HEIMER), Ziilpich (P urani and P schultzii KLIPPER) and
Konin-Patnéw (Pinus sp.). MENzEL (1901) described and
partly refigured a relatively abundant cone and cone scale
material as P laricio from several different localities, i.e.,
Hradisté near Cernovice (pl. 2, figs. 10-11, 14), Davidovo
udoli (pl. 2, fig. 12), Moktina (pl. 3, fig. 22) and Valec (pl.
2, fig. 13) in association with isolated seeds from Brest’any
(pl. 3, fig. 7), Kundratice (pl. 3, fig. 8), Moktina (pl. 3,
fig. 10) and Jehlicna (pl. 3, fig 9) — see below. The cone
scale from the locality Mokrina figured by MENZEL (1901,
pl. 3, fig. 22) bears to 2 seeds in situ. Recently, NEMEIC et al
(2003: 126, pl. 2, figs. 1-3) described incomplete cones
as Pinus cf. urani (UNG.) SCHIMPER complex from the
quartzite of Bykov near Plzen — originally in PURKYNE
(1911: 2). Similar single cones are known from the Cypris
Shale (BUZEK et al. 1996 — as Pinus sp.). Fossil cones of
Pinus urani match well extant cones of Pinus nigra J. F. Am
subsp. larico (Poir.) MAIRE from mountain forests of
Corsica, S Alps and N Pyrenee.

4. Additonal material related to Pinus L.

4.1. Pinus sp. 1 (pollen cones)
Fig. 3.14-3.15

Material: 12 isolated pollen cones (M) — Bfest’any and
Bilina Mine [a2].

Description: Pollen cones primarily cylindrical, second-
arily compressed, 18.9-24.9 mm long 4.2 to 5.7 mm broad,
apex obtuse, base narrowed rounded, sporangiophores
spirally attached on stalk (up to 0.59 mm broad) bearing 2
anthers, anther oblong to rounded along the adaxial side,
1.24-1.52 mm long, 0.72-0.96 mm broad, pollen in situ
unknown.

Remarks: An assignment of the above-described pollen
cone from the Bilina Mine to the species level is pro-
blematic. MENZEL (1901) described and figured similar
material from localities Davidovo udoli (Sokolov), Mokfina
and Bfest’any (MeNzeL 1901: 60f., pl. 3, figs. 13-14).
MEeNZEL (1901) assumes affinity of the pollen cone from
Bfest’any to the extant P halepensis MiLL. and P larico
Poir., which can be correlated to P urani (see above).
However, a detailed taxonomy of the above-described pollen
cones is equivocal in spite of evident similarity with
MENZEL’s original material from Bfest’any. Morpholo-
gically comparable material is known from the Cypris Shale
of the Cheb and Sokolov basins (BUZEK et al. 1996: 10, pl.
2, fig. 3). We can exclude an affinity to the most common
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pine cones of P engelhardii due to their similarity to recent
pollen cones of P. taeda L. or P, rigida MILLER (see above)
and co-occurrences in the Libkovice Member of the Most
Formation.

4.2. Pinus sp. 2 (leaves)
Fig. 3.16

1953 Pinus sp. — NEMEJC, p. 14, pl. 2, figs. 3-4.
Material: Incomplete needle fascicle (N) — locality Velka
Cernoc [h-g].

Description: Five-needled fascicle, needles incomplete,
31 to 33 mm long and 1 mm broad; sheath 5 mm long and 3
to 2 mm broad in basal part, upper surface poorly preserved,
rarely one medial vein and parallel striation observed.

Remarks: One, incomplete impression and its counterpart
of needles from the locality Velka Cernoc (TEODORIDIS
2002) can be compared with fossil Pinus pseudostrobus
BRONGNIART based on the number of needles in fascicle.
This fossil taxon is relatively common in Late Oligocene
to Pliocene of Europe and is related to extant species from
sections Cembra and Strobus (Ma1 1997; Czaia 2003).

4.3. Pinus sp. indet. (leaves)

Material: Incomplete needles and their fragments (N) —
cores: Kundratice /KU 108, depth 71.2-76.7 m [a2] (?N),
KU 115, depth 90-99.2 m [a2], KU 116, depth 105-108 m
[a2]/, Jezeti /1Z 42 65-66 m [a2], JZ 44, depth 57-58 m
[a2], JZ 47, depth 53-57 m [a2]/, Cernice /CN 54, depth
56-60 m [a2]/, Horni Jitetin /HJi 142, depth 89-123 m [a2]/,
Janov /Ja 28, depth 36.3-49.2 m [a2] (?N)/, Horni Litvinov
/LiH 13, depth 42-57 m [a2]/ and Marianské Radcice /MR
58, depth 111.5-143.3 m, MR 59, depth 99.0-135.0 m [a2]
N)/.

Remarks: Incomplete needles and their fragments from
the above-mentioned cores have been assigned as inde-
terminated species of Pinus L. (KVACEK in TEODORIDIS &
KvAaCEk 2006). It is possible to estimate an affinity to the
cone material of P urani and P engelhardtii due to their
co-occurrence. However, an assignment to other conifer
genera in the case of the fragmentary material is not ex-
cluded.

4.4. Pinus sp. indet. (seeds)

Fig. 3.11-3.13
1901  Pinus laricio PolR. — MENZEL, p. 55, pl. 3, figs.
7-10.

Pinus sp. — MENZEL, p. 59, pl. 3, figs. 5-6.

Pinus pseudonigra ENGELHARDT. — MENZEL, p. 60,
pl. 3, fig. 11.

1901
1901

Material: 2 different types of isolated seeds (S) — locali-
ties: Bfest’any [a2], Bilina Mine [a2].

Description: Type A — An isolated winged seed broadly
oval in outline, 16.7 mm long and 5.9 mm broad, seed
broadly oval, 4.4 mm long and 3.1 mm broad, located
basipetally and asymmetrically to wing, apex obtuse,
striation indistinct and parallel. Type B — Isolated winged
seeds broadly oblong to oval in outline, 16.6, 13.8 and
19.8 mm long and 4.1, 5.1 and 6.1 mm broad, seed oval
to rounded, 2.21, 1.4 and 1.4 mm long and 1.0, 1.3 and
0.70 mm broad, located basipetally and symmetrically to
wing, wing apex obtuse, striation indistinct and parallel.

Remarks: Pine seeds are not so common in the Most
Basin. We just recognized only two forms. The relatively
large seed asymmetrically surrounded by a broad wing is
characterizing as the form A. MenzeL (1901, pl. 3, fig. 7)
described this seed belonging to P laricio PoIrR. from
Brest’any. He also associated this type of seeds (MENZEL
1901, pl. 3, figs. 7-10) to the same named seed cones, which
correspond to P urani. Contrary to the MENZEL’s opinion,
Mar (1986, 1994) indicates twice bigger seeds of P urani
from Weisweiler (Ma1 1986: 587, pl. 59, figs. 8-9) and
Val d”Arno Superiore (Mar1 1994: 215, pl. 4, figs. 4-7). On
the other hand, the seed morphology of our type A is very
similar to the seeds from Schoenneg (ETTINGSHAUSEN 1890:
13, pl. 1, figs. 80-82 — P taeaformis UNG.) and from the
locality Mokfina and the Cypris Shale of the Cheb and
Sokolov basins (BUZEK et al. 1996: 10, pl. 2, fig. 2 — Pinus
sp.). BUZek et al. (1996) noted a probable morphological
affinity to seeds of living P, taeda L., P rigida MiLL... etc.
associated to the fossil leaf species of P rigios and/or seed
cones of P engelhardtii, which match the seed size data
published in M1 (1986: 582, pl. 60, fig. 5). The B type with
a less symmetrical seed is identical to the material from the
Cypris Shale figured by MeNzeL (1901, pl. 3, figs. 11-12)
and BUOZEK et al. (1996, pl. 10, pl. 2, fig. 5). BUZEK et al.
(1996) noted a similarity with fossil seeds of P palaeo-
strobus ETT. and P, prae-pumilo ETT. (ETINGSHAUSEN 1890:
14, pl. 1, figs. 76-79) and pointed out that many modern
pine species or other conifers, e.g., Keteleeria CARRIERE,
produced a similar seed type.

Pseudolarix GORDON

5. Pseudolarix schmidtgenii plant

5.1. Pseudolarix schmidtgenii KRAEUSEL 1938 (cone
scales, seeds)

Fig. 3.17-3.18

1938  Pseudolarix schmidtgenii KRAEUSEL, p. 26, pl. 3,
fig. 7, text-fig. 4m-p.

Material: 26 cone scale (Sc) and 2 seeds (S) — locality
Nesuchyné [h-g].

Description: Seed scale ovate in outline, 18.1-(22.5)-
24.2 mm long and 11.2-(16.2)-20.3 mm broad, maximally in
the first third of scale, apex obtuse or rarely acute, base
cordate to rounded; midrib obvious on the concave adaxial
side, strong and straight, narrowed to acute stalk at basal
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scale part, 2 seed imprints or even winged seeds situated
along midrib; bract visible in central part of the scale base
on the convex abaxial side. Seed winged, oval in outline,
22.2 mm and 19.3 mm long, 7.1 mm and 6.2 mm broad,
venation parallel following wing shape around margin
areas, seed oval, 6.1 mm and 5.2 mm long, 3.1 mm and
2.5 mm broad.

Remarks: The cone scales, seed and fragmentary needles
are known only from the locality Nesuchyné (NEMEJC 1949;
BUZek & KvaCek 1989; TEoporipis 2002) that belongs to
the sedimentary belt of the “Hlavacov Gravel and Sand”
(VANE 1985). This important taxon occurring in association
of Fagus saxonica KVACEK & WALTHER proved a phytho-
stratigraphical correlation with the Floristic Assemblage
of Thierbach sensu Ma1 & WALTHER (1991) and with the
sediments of the lowermost part of the Duchcov Member of
the Most Formation sensu DoMAci (1977) — see in detail
Walther in LotscH et al. (1994) and TeoporiDIS (2002,
2004). An assignment of seed material to Pseudolarix
schmidtgenii KRAUSEL is based on morphological com-
parison with the seeds, which were described by KRAEUSEL
(1938) from the locality Mainz-Kastel (Early Miocene).
However, probably the first note about the fossil occur-
rences of Pseudolarix seed scale was published by FLOR-
SCHUTZ (1925) under the name of P kaempferi GORGON
fossilis FLorscHUETZ from Reuver (Upper Pliocene).

P schmidtgenii can be interpreted as a mesophytic
conifer associated with the fluvial and/or extrabasin en-
vironment that corresponds to extant species Pseudolarix
amabilis (J. NELSON) REHDER that enters the Mixed Meso-
phytic and the Mixed Montane Conifer Angiosperm Forests
in East China (FarJoN 1990, 2001).

5.2. Pseudolarix sp. (leaves)
Fig. 3.19

Material: Needle fragments — locality Nesuchyné [h-g].

Description: Needle incomplete 24.2-(45.3)-65.1 mm
long and 1.1-(2.3)-3.1 mm broad, straight to slightly curved,
narrowing, apex acute, basal part not preserved, distinct and
relatively sunken medial vein dividing needle into 2 groves,
margin entire, no cuticles preserved.

Remarks: Determination of associated fragmentary
needles from locality Nesuchyné is problematic without
evidence of cuticular analysis. The main argument is the
fact that the needles are closely associated with the scales
and seeds of Pseudolarix schmidtgenii KRAEUSEL and
match in morphology those of the extant species P
amabilis.

Cupressaceae GRAY sensu FARION 2005b

Quasisequoia SRINIVASAN & Friis emend. Kunz-
MANN

6. Quasisequoia couttsiae plant

6.1. Quasisequoia couttsiae (HEER 1862) KUNZMANN
1999 (leaves, cones, seeds)

Fig. 4.1-4.4

1862  Sequoia couttsiae HEER, p. 1051ff., pls. 59-61.

1866  Taxodium dubium (STERNB.) HEER. — ETTINGS-
HAUSEN, p. 34, pl. 10, figs. 8-9, 20-22 (pro parte).

1881  Sequoia langsdorfii BRONGN. — VELENOVSKY, p. 16,
pl. 1, figs. 30-35 (pro parte).

1884  Athrotaxis couttsiae (HEER). — GARDNER, p. 90f.,

pl. 6, figs. 1-9, pl. 10, figs. 6-9.

1901  Sequoia couttsiae HEER. — MENZEL, p. 91, pl. 5,
figs. 17-25.

1901  Sequoia langsdorfii BRONGN. — MENZEL, p. 89, pl.
5, figs. 26-28.

Fig. 4. 1-4. Quasisequoia couttsiae (HEER) KuNzMANN. 1. Two complete seed cones attached to sub-oppositely branched
sterile twig seed cones, locality the Bilina Mine, DB 02-81, scale bar 10 mm. 2. Complete seed cone attached to sterile
twig, locality the Bilina Mine, DB 11-82, scale bar 10 mm. 3. Complete seed, locality the J. Sverma Mine [b], NM G 08556,
scale bar 500 um. 4. Incomplete seed, locality Strupcice (core Sr 40, depth 85 m), NM G 08557, scale bar 500 pum.
5-11. Taxodium dubium (STERNBERG) HEER. 5. Immature seed cone terminally attached to sterile twig, locality the Bilina
Mine, DB 01-76, scale bar 10 mm. 6. Twig, locality Bfest’any, MMG PB Bn 417, scale bar 10 mm (originally described as
Athrotaxidium bilinicum MENZEL 1901, pl. 5, fig. 4). 7. Pollen cones arranged in long drooping clusters, locality the Bilina
Mine, DB 24-70, scale bar 10 mm. 8. Seed cone scale with undulate umbo including upper submarginal row of distinct,
sharp and isolated tubercles, locality the Bilina Mine, DB 21-59, scale bar 5 mm. 9. Incomplete seed cone, locality
the Bilina Mine, DB 21-57, scale bar 5 mm. 10. Incomplete seed, locality the Bilina Mine, DB 2-63, scale bar 1 mm.
11. Seed, locality Vysoka Pec (core VP 14, depth 48.5 m), NM G 08558, scale bar 1 mm. 12-18. Glyptostrobus europaeus
(BRONGNIART) UNGER. 12. Two complete seed cones sub-oppositely attached to sterile twig, locality Brest’any, MMG 292,
scale bar 10 mm (originally described as Glyptostrobus europaeus BRONGNIART by MENZEL 1901, pl. 5, fig. 2). 13. Three
complete seed cones alternately attached to sterile twig, locality Bfest’any, DB, scale bar 10 mm. 14. Pollen cones
terminally or subterminally attached to sterile twigs, locality the Bilina Mine, DB 30-84, scale bar 10 mm. 15. Complete
seed, locality Vrsany (core Vr 22, depth 72 m, NM G 08559, scale bar 1 mm. 16. Complete seed, locality Vysoka Pec (core
VP 14, depth 59.5 m, NM G 08560, scale bar 1 mm. 17-18. Tetraclinis salicornioides (UNGER) KVACEK, locality the Bilina
Mine. 17. Incomplete foliage twig including sub-oppositely branched branchlets, DB 24-85, scale bar 10 mm. 18. Isolated
two flattened branchlets, DB 30-86, scale bar 5 mm.
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1964  Sequoiadendron cf. couttsiae (HEER) GRAMBAST. —
BUZEk & HoLY, p. 112, pl. 3, figs. 1-11.
1999  Quasisequoia couttsiae (HEER). — KUNZMANN, p.

57, pl. 10, figs. 5-6, pls. 11-13, text-figs. 13-14.

Material: Great quantity of sterile twigs (T), seed cones
(F), isolated cone scales (Sc), seeds (S) — localities:
Brezanky, Brest’any [a2] (T, F, Sc, S), Bilina Mine [a2-b]
(T, F, Sc, S), Dobr¢ice [c] (T, F), Dolany [c] (T, F), Chu-
dértice [a2] (T, F), Marianna Mine [c] (T, F), Straky [a2] (F,
T), Vrdovice [c] (T, F), Zahofi near Zatec [c] (T, F), Zelénky
[a2] (T), J. Sverma Mine [b, d] (F, Sc, S, T) and J. Fuéik
Mine [b, d] (F, Sc, S) — cores: Brezanky /B 1, depth 131.1 m
[a2] (F, S); M 541, depth 103 m [a2] (Sc, S)/, Chomutov /Co
199, depth 66.3 m [c] (F, S), Co 215, depth 89.9 m [d] (Sc),
Co 225, depth 57.8 m [f] (F, Sc), Drouzkovice /Do 201,
depth 65.6 m [a2] (F, Sc), Do 210, depth 47.5 m [b] (S)/,
Hosnice /HS 4, depth 21.5 m [b] (F, Sc)/, Kundratice /KU
127, depth 64-79 m [a2] (T)/, Libkovice /P 542, depth 94-95
m [a2] (F, Sc, S)/, Lom /LOM 16, depth 54.5-54.6 m [al]
(C, S, T)/, Otvice /Ot 36, depth 38-39.0 m [c] (Sc, S)/,
Pesvice /Pe 18, depth 67 m [d] (F, Sc), depth 82.3 m [d] (F,
Sc), Strupcice /Sr 39, depth 63 m [c] (Sc, S, T), Sr 40, depth
85 m [d] (Sc, S), depth 90 m [d] (S)/, Udlice /Ud 81, depth
125 m [g] (S)/, Vrsany /Vr 20, depth 87.4 m [f] (S), Vr 22,
depth 75 m [d] (Sc, S), depth 79-80 m [d] (Sc, S)/ and
Vysoka Pec /VP 14, depth 48.5 m [c] (Sc, S); VP 15, depth
95-96 m [f] (S), VP 16, depth 45-46.0 m [c] (F, Sc, S), depth
65.0m [c] (E S)/.

Description: Twigs covered by scale-like, spirally ar-
ranged leaves, closely adhering to the axis or just slightly
protruding. Mature seed cone symmetric, rounded to oval in
outline, 13.9-(17.6)-22.8 mm long and 11.2-(12.9)-16.3 mm

broad, apex rounded, base rounded to broadly cuneate, com-
posed of 8-12 scales, scale consists of distinctly narrowed
stalk centrally attaching peltae apophysis, apophysis rhom-
bic to oval, 2.9-(3.75)-4.9 mm long and 5.25-(5.6)-6.8 mm
broad, always broader than longer, abaxial side wrinkled
including poorly visible central mucro; immature cones
smaller; winged seed ovate to triangular in outline, flat,
often slightly curved, 3.18-(3.71)-4.26 mm long and 1.87-
(2.3)-2.95 mm broad, base rounded to slightly cordate or
rarely broadly cuneate, including slightly concave chalaza,
apex acute to blunt containing a small prominent micropyle
tip, seed oblong to elliptic, 0.82-(1.1)-1.34 mm broad,
bordered by bifacial wings, often symmetric, upper surface
poorly preserved, distinct longitudinal rows built by rec-
tangular and oblong pits (100 x 120 pm).

Remarks: A relatively common conifer from coal facies
of the HoleSice Member and from the Btest’any Clay (e.g.,
BUZEK & HoLY 1964; KvaCEK & HUrNik 2000) are known
as seed cones, their isolated scales, seeds and sterile twigs
in the Most Basin. Sterile twigs, and pollen fertile twigs
are morphologically indistinguishable from Glyptostrobus
europaeus, however, cuticles of both taxa are different
(e.g., KvaCek 1985; KuNzMANNN 1999; Sakara 2000).
According to PINGEN (1994: 25), it is possible safely define
several morphological features of seeds, which help to
differentiate this taxon from Sequoia abietina (BRONGN. in
CuviEr) KNoBLOCH. KUNZMANN (1999: 62) specified the
seed morphology based on the “in-situ” material. On the
other hand, it is necessary to calculate possible intraspecific
seed variability, an aspect also known from seeds of living
Sequoia ENDL. KUNZMANN (1999: 66-69) discussed pos-
sible affinity to the living species of Cupressaceae sensu
FariON (2005b) without finding an extant analogue.

Fig. 5. 1-5. Taxodioxylon gypsaceum (GOEPPERT) KRAEUSEL, locality the Bilina Mine. 1. General view with uniseriate
medium rays and axial parenchyma with smooth transverse end walls, tangential longitudinal section, UK 012/98, scale
bar 100 pm. 2. Partially biseriate ray, tangential longitudinal section, UK 012/98, scale bar 100 um. 3. Taxodioid cross-field
pits with horizontal apertures, mostly 4 per field arranged in one horizontal row (arrows), radial longitudinal section,
UK 012/98, scale bar 50 um. 4. Taxodioid cross-field pits in marginal ray cells arranged in two horizontal rows, radial
longitudinal section, UK 013/98, scale bar 50 um. 5. Triseriate pitting in radial tracheid walls, closely spaced with bars
of Sanio (= crassulae), radial longitudinal section, UK 013/98, scale bar 100 pm. 6-12. Taxodioxylon taxodii GOTHAN. 6.
General view with one very high ray (40 cells), tangential longitudinal section, locality the Bilina Mine, UK 008/98, scale
bar 200 um. 7. Axial parenchyma with nodular transverse end walls and globular resin contents, tangential longitudinal
section, locality the Bilina Mine, UK 008/98, scale bar 100 pm. 8. Detail of prominent nodules in transverse end wall of
the axial parenchyma (arrow), tangential longitudinal section, locality the Bilina Mine, UK 031/98, scale bar = 50 pum.
9. General view of the outermost part of the section with taxodioid cross-field pits and uni- to biseriate pitting in radial
tracheid walls with pronounced bars of Sanio, radial longitudinal section, locality Vrsany, UK 6/97, scale bar = 50 pm.
10. General view of growth rings with destroyed earlywood tracheids (darker parts), transverse section, locality Bfezanky,
UK 3/97, scale bar 500 pum. 11. Detail of four prominent nodules in transverse end wall of the axial parenchyma (arrow),
tangential longitudinal section, locality Brezanky, UK 3/97, scale bar 50 pm. 12. Cupressoid cross-field pits with slightly
inclined apertures, mostly 1-2 per field arranged in one horizontal row, radial longitudinal section, locality Btezanky,
UK 3/97, scale bar 50 um. 13-15. Glyptostroboxylon rudolphii DoLEZYCH & VAN DER BURGH, locality the Bilina Mine.
13. One ray seven cells high with intercellular spaces, here in black, tangential longitudinal section, UK 007/98, scale
bar 50 um. 14. General view with “glyptostroboid” cross-field pits and uni- to biseriate pitting in radial tracheid walls
with inconspicuous bars of Sanio, radial longitudinal section, UK 007/98, scale bar 50 um. 15. “Glyptostroboid” cross-field
pits with very wide horizontal apertures, mostly 1-2 per field arranged in 1-2 horizontal rows, radial longitudinal section,
UK 007/98, scale bar 50 pm.
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Fig. 5 (Legend see p. 298)



300 V. Teodoridis and J. Sakala

MENEZL (1901: 99, pl. 5, figs. 6-8) noted a leaf and cone
evidence of Widdringtonia helvetica HEER from the locali-
ties Brest’any, Brezno (Priesen), Kuclin, Hradisté nearCer-
novice and Staré Sedlo. Hovever the figured twigs from
Brest’any and
Brezno (figs. 6-7) show affinity to sterile twigs of Q. cout-
tsiae or G. europaeus and figured cone (fig. 8) probably
related to an endocarp of Nyssa sp.

Taxodioxylon HARTIG

6.2. Taxodioxylon gypsaceum (GOEPPERT 1842)
KRAEUSEL 1949 (wood)
Fig. 5.1-5.5

1842 Pinites gypsaceus GOEPPERT, p. 374, pl. 66, figs.
1-2, pl. 67, figs. 4-12.
Taxodioxylon gypsaceum (GOEPPERT). — KRAEUSEL,

p. 147.

1949

Material: Isolated fragments of permineralized woods —
localities: BfeZanky [a2], Bilina Mine [a2], J. Sverma Mine
[b] and Velkéa Cernoc [h-g].

Description: Transverse section: Growth rings distinct
with gradual transition from earlywood to latewood.
Tracheids generally polygonal in cross section. Axial paren-
chyma diffuse or tangentially zonate in latewood. Tangential
longitudinal section: Pits on tangential tracheid walls small
circular bordered. Rays uniseriate or very rarely partially
biseriate and medium to high in height (up to 20 cells, rarely
more). Axial parenchyma cells with resin substance and
smooth to irregularly thickened transverse end walls. Radial
longitudinal section: Pits on radial tracheid walls bordered,
circular, 1-3 (rarely up to 4) seriate, opposite, closely spaced
with bars of Sanio (= crassulae). Ray tracheids absent. Ray
cells procumbent, their horizontal walls thin and smooth,
unpitted or very rarely pitted, indentures absent, their end
(tangential) walls thin and smooth. Cross-field pits taxo-
dioid, with horizontal to slightly inclined apertures, mostly
2-4 per field arranged in 1 horizontal row (in marginal cells
up to 6 per field arranged in 2 horizontal rows).

Remarks: Gymnosperm wood is very common in the
Lower Miocene of the Most Basin, however a very few
studies are available. ORTMANN (1922) described Cupres-
sinoxylon krasseri from Duchcov, which in fact represents
the type identical with Taxodioxylon gypsaceum according
to KRAUSEL (1949). The genus Taxodioxylon is also re-
corded by BREZINOVA (1964) from the Vrbensky Mine and
by SELMEIER (2001) from the Bilina and Libous Prunétov
Mines. Finally, HUrNiK-LUFT (1960) identified a conifer
wood from Brahany as Pinus sp., but with respect to bad
preservation and the insufficient description the attribution
to Pinaceae remains very problematic. A new re-investiga-
tion of thin slides obtained from Z. DvoRAK between years
1996-2002 (see descriptions hereafter) reveals that all
identifiable specimens belong to Cupressaceae sensu
FArRJON (2005b), including Cupressaceae sensu stricto and
the former Taxodiaceae without Sciadopitys. The wood is
characterized by absence of normal resin canals and spirals

on tracheid walls and by presence of rather abundant axial
parenchyma, the abietoid (opposite) type of pitting on radial
tracheid walls and cupressoid to taxodioid type of cross-
field pitting. Even though the wood of Cupressaceae sensu
lato is a very important element of the Tertiary of Europe
and comparative anatomical studies of extant members are
rather numerous, e.g., HENRY & MCINTYRE (1926), PEIRCE
(1936, 1937), PHiLLIPs (1948), KRAUSEL (1949), GREGUSS
(1955), Gromyko (1982, 1990), ViSSCHER & JAGELS
(2003), there is no consensus on their systematics. Practi-
cally, each specialist attributes a different importance to the
features observed and a huge amount of wood morphotaxa
is in striking contrast with only several elements, based on
foliage and reproductive structures.

The specimens, which are here attributed to Taxodio-
xylon gypsaceum, are all characterized by rather abundant
axial parenchyma with smooth transverse end walls, closely
spaced multiseriate bordered pits with typical crassulae on
radial tracheid walls and ray cells with thin unpitted
horizontal and end walls and taxodioid cross-field pits with
horizontal apertures arranged in horizontal rows. In fact,
this morphospecies is one of the most frequent elements
in the conifer wood record of the Tertiary of Europe (e.g.,
Prive-GILL 1977; Bionpi 1982; vaN DER BURGH & MEIJER
1996; Stss & VELITZELOS 1997 with the list of species of
Taxodioxylon). As also emphasized by VAN DER BURGH &
MEUER (1996: 373) “...T. gypsaceum is highly variable
polyphyletic species” which reflects a great variation re-
corded by BAILEY & FAULL (1934) in Sequoia sempervirens
(D. DonN) EnDL.

Discussion: Taxodioxylon gypsaceum is traditionally
compared with the wood of modern Sequoia (e.g., PRIVE-
GiLL 1977; DoLEzyCH & SCHNEIDER 2006). Another possi-
bility, mentioned also by HuARD (1966), is that the wood of
T. gypsaceum belongs not only to Sequoia but also to other
extinct plants close to Sequoia, as for example Quasi-
sequoia couttsiae. This was already suggested by VAN DER
BurGH & MEUER (1996) who found in the Schleenhain
opencast mine (Upper Eocene, Germany) a layer with the
wood of 7. gypsaceum and leaves and cones belonging
exclusively to Q. couttsiae. We believe that this is the only
possible solution also in the case of the Most Basin where
no leaves, cones or seeds of Sequoia (e.g., S. abietina) are
present in the whole series in comparison with abundant
remains of Quasisequoia. Hence, we propose Taxodioxylon
gypsaceum as the wood of Quasisequoia couttsiae plant,
which grew in Early Miocene in the Most Basin. Most
recently, DOLEzZYCH proposes in the published version of
her PhD Thesis (DoLEzycH 2005: 256), together with J.
VAN DER BURGH, a new genus Quasisequoioxylon, which
is intermediate between Cupressinoxylon GOEPPERT (pre-
dominance of cupressoid cross-field pits) and Taxodioxylon
(bi- to triseriate bordered pits on radial tracheid walls).
Based on co-occurrence of this type of wood with remains
of Q. couttsiae in the mines Piskowitz (Early/Middle Mio-
cene, Germany) and Hambach (Late Miocene, Germany),
DoLezycH (2005) concludes that this wood belongs to Q.
couttsiae plant. These two parallel interpretations remain
unsolved till the wood is found in direct organic connection
with leaves or cones of Q. couttsiae.
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Taxodium RICHARD

7. Taxodium dubium plant

7.1. Taxodium dubium (STERNBERG 1823) HEER 1853
(leaves, cones, seeds)
Fig. 4.5-4.11

1823
1853
1866

Phyllites dubius STERNBERG, p. 37, pl. 36, fig. 3.
Taxodium dubium (STERNB.). — HEER, p. 136.
Taxodium dubium (STERNB.) HEER. — ETTINGS-
HAUSEN, p. 34, pl. 10, fig. 13, pl. 12, figs. 1-7 (pro
parte).

Taxodium distichum miocenicum HEER. — ENGEL-
HARDT, p. 15.

Taxodium dubium (STERNB.) HEER. — VELENOVSKY,
p. 14, pl. 1, fig. 27.

1876a

1881

1901  Taxodium distichum miocenicum HEER. — MENZEL,
p. 86.

1901  Torreya bilinica SAp. et MAR. — MENZEL, p.104, pl.
5, fig. 4.

1949  Taxodium distichum miocenicum HEER. — NEMEJC,

p. 27, pl. 2, fig. 9, pl. 3, fig. 2, pl. 5, figs. 7-10.
Taxodium distichum miocenicum HEER. — NEMEIC,
p. 14, pl. 1, figs. 1-2.

Sequoia langsdorfii HEER — NEMEIC, p. 14, pl. 2,
figs. 1-2.

Taxodium dubium (STERNBERG) HEER. — BUZEK &
HoLy, p. 111, pl. 2, figs. 1-7.

1953
1953

1964

Material: Great quantity of sterile twigs with needles (T),
macroblasts (PT), unripe seed cones (F), isolated bract
scales (Sc), seeds (S), pollen cones (M) — localities: Bilina
Mine [a2-b] (T, PT, F, Sc, M), J. Fucik Mine [a2-b] (T, F),
Brest’any, Brezanky [a2] (T, PT, F, Sc, M, S), Cermniky
[g, c] (T, F, Sc), Choténice [c] (T), Chudéfice [a2] (T),
Dobr¢ice [c] (T), Dolany [c] (T), Lezaky Mine [a2-b] (T, F),
Holede¢ [c] (T), Nesuchyné [h-g] (T), Nastup-TuSimice
Mine [e, c, a2] (T, Sc, M), Privlaky [a2] (T), Sadek [h-g]
(T), Stranna [a2] (T), Stroupec [c] (T), J. Sverma Mine
[a2-b] (T, F, Sc, S), Velka Cernoc [h-g] (T), VrSovice [c] (T,
Sc), Zabrusany [a2] (T), Zele¢ [g-h] (T) and Zelénky [a2]
(T); — cores: Biezanky /B 4, depth 72.6 m [a2] (T, Sc)/,
Drouzkovice /Do 206, depth 117.4 m [f] (F, Sc); Do 210,
depth 47.5 m [b] (F), Do 215, depth 44.5 m [d] (T, E, Sc)/;
Havran /Hn 35, depth 143 m [f] (S); Hh 36, depth 34.2 m [¢]
(S)/, Chomutov /Co 210, depth 40.9 m [a2] (T, Sc), depth
99.8 m [c] (T), Co 228, depth 98.75 m [d] (T, Sc), Otvice
/Ot 27, depth 74.3 m [f] (Sc, S)/, Pesvice /Pe 18, depth 67 m
[d] (Sc), Pe 19, depth 98, 8 m [d] (Sc), Ptecaply /P¢ 4, depth
80-81 m [e] (S)/, StrupCice /Sr 39, depth 63 m [c] (Sc)/,
Siroké Tiebcice /Stb 43, depth 26.4 m [d] (S)/, Udlice /Ud
81, depth 47 m [b] (S)/, Vrsany /Vr 22, depth 79-80 m [d]
(Sc)/ and Vysoka Pec /VP 14, depth 48.5 m [c] (Sc, S),
depth 50.5 m [c] (Sc), depth 59.5 m [¢] (Sc, S); VP 15, depth
96 m [f] (S)/.

Description: Sterile twigs with needles, differently sized,
flattened, distichous, alternate at unequal distances, linear to
lanceolate, apex acute, base often very shortly petiolate and
rounded, venation with strong and distinct midrib, often

obvious dense parallel venation, rarely branched; uncom-
mon perennial macroblast with spiral imbricate needles;
unripe seed cone ovate to rounded in outline, 52 to 86 mm
long, 43 to 63 mm; bract scale complex helicaly arranged,
isolated bract scale, pelatate, distally rounded or broadly
squared to rthombic, § to 12.5 mm high and 5.5 to 11 mm
broad, rugose, with distinct transverse ridge caused by
the relatively small bract and a sulacate to undulate upper
margin, 2 seed imprints visible axillary; seed oblong to
irregularly triangular to angular-ovate in outline, flattened,
7.8 to 10.3 mm long and 4.4 to 5.2 mm broad, often bent,
base rounded, apex acute, margin undulate to finely cristate,
seed cavity central oblong to triangular, often longitudinally
furrow distinct, boarder by narrowed wing, densely, finely
and longitudinally furrowed; pollen cones oval to rounded
in outline, 1.2 to 2.3 mm in diameter, each cone attached in
the axis of a small scale-like leaf, arranged in relatively long
drooping clusters, sympodially branched.

Remarks: The most common conifer of the Most Basin
(e.g., MENZEL 1901, BRABENEC 1909) mainly known from
coal and clay facies as well as from the Tertiary fluvial
remnants (NEMEJIC 1949, 1953) was typified by KVACEK
(1976: 290-294) including synonymy and as well as com-
ments on affinity of Taxodium balticum SVESHNIKOVA &
BubpAaNTsEV (1960). This taxon occurs as sterile deciduous
twigs, unripe cones, isolated scales and seeds there. Epi-
dermal characteristic published by e.g., KvaCek (1976,
1985), Sakara (2000) helps to safely distinguish Taxodium
leaves from Sequoia ENDLICHER or Metasequoia Hu & W.
C. CHENG leaves however several morphological diacritical
features exist (e.g., NEMEIC 1968; SAkALA 2000). MENZEL
(1901: 104, pl. 5, fig. 4) described isolated sterile leaf twig
from Brest’any and Zichov as Torreya bilinica SAP. & MAR.
(pl. 2, fig. 6). T dubium matches morphologically both
extant species of Taxodium — i.e., T distichum (L.) RicH.
occupying swampy regularly flooded forests from the
southern-east area of the USA and T mucronatum TEN.
known as an element of mountain swampy forests from
Mexico. But, the epidermal pattern shows affinity to 7
mucronatum rather than T. distichum (KVACEK, personal
communication 2008). The genus Taxodium from the
Palacogene and Neogene of Central Europe was most
recently overviewed by KuNzMANN et al. (in press).

Taxodioxylon HARTIG

7.2. Taxodioxylon taxodii GOTHAN 1906 (wood)
Fig. 5.6-5.12

1906  Taxodioxylon taxodii GOTHAN, p. 164.

Material: Isolated fragments of the permineralized and
one xylitic woods — localities: Bfezanky [a2], Bilina Mine
[a2] and VrSany [c].

Descriptions: Transverse section: Growth rings distinct
with gradual transition from earlywood to latewood.
Tracheids generally polygonal in cross section. Axial paren-
chyma diffuse or tangentially zonate in latewood. Tangential
longitudinal section: Pits on tangential tracheid walls small
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circular bordered. Rays uniseriate or very rarely partially
biseriate and medium to very high in height (up to 38 cells).
Axial parenchyma cells with resin substance and with
typical nodular transverse end walls. Radial longitudinal
section: Pits on radial tracheid walls bordered, circular, 1-2
(rarely up to 3) seriate, opposite, closely spaced with bars
of Sanio (= crassulae). Ray tracheids absent. Ray cells
procumbent, their horizontal walls thin and smooth, un-
pitted or very rarely pitted, indentures not observed, their
end (tangential) walls thin and smooth. Cross-field pits
taxodioid, with horizontal to slightly inclined apertures,
mostly 2-3 per field arranged in 1 horizontal row (in mar-
ginal cells up to 6 per field arranged in 2 horizontal rows).

Remarks: The woods, attributed here to Taxodioxylon
taxodii, are in fact similar to the previously characterized 7.
gypsaceum. Both species have muliseriate piting on radial
tracheid walls with crassulae, abundant axial parenchyma,
and high uniseriate rays with thin smooth both horizontal
and tangential walls and mostly taxodioid cross-field pits.
The main difference consists in the character of transverse
end wall in axial parenchyma which is nodular in T faxodii
contrary to smooth or irregularly thickened in 7. gypsa-
ceum. Other co-occurring differences which we have ob-
served in ray height (generally higher in 7. taxodii which
can exceed 30 cells), pitting on radial tracheid walls (gene-
rally biseriate in 7. taxodii vs. 2-4 seriate in T. gypsaceum)
and cross-field pits (slightly more numerous per field in 70
gypsaceum), are consistent with the previous observations
(GotHAN 1906; HuarRD 1966; DoLEzYCH 2005, see com-
parative Table 4 in Prive 1975: 106-107). Contrary to the
previous observations, we did not observe differences in
thickness and character of horizontal ray walls (rather
thick and pitted in 7. taxodii according to DOLEZYCH &
ScHNEIDER 2007) and size of cross-field pits (bigger in 7.
gypsaceum according to HUARD 1966). The measurement
was difficult or even impossible, obscured by perminera-
lization of the specimens studied. However, it should be
noticed that there is a difference between palaeobotany and
botany in perception of horizontal walls of rays in Cupressa-
ceae sensu lato. Palacobotanists generally attach importance
to their thickness and possible pitting (HUARD 1966; PrRIVE
1975; vaN DER BurGH 1973; DorLeEzycH 2005). On the
other hand, TAWA ComMmITTEE (2004: 48) recognizes
‘distinctly pitted” walls for some members of Pinaceae only,
as opposite to ‘smooth unpitted” walls for other conifers.
This surely corresponds to the fact that there is no secon-
dary wall in ray parenchyma cells in other than Pinaceae as
already noticed by BAILEY & FAULL (1934:241-242). Similar
difference between Pinaceae and other conifers is also pre-
sent in transverse end walls in axial parenchyma (IAWA
CoMmMmITTEE 2004: 39). Finally, one specimen, No 3
(Brezanky 3, see Fig. 5.10-5.12), with markedly nodular
transverse end walls in axial parenchyma but uniseriate
rarely biseriate pitting on radial tracheid walls and only
cupressoid crossfield pits was also attributed to 7. taxodii.
In fact, there is no earlywood tracheid preserved in this
specimen, they are all folded (see Fig. 5.10). We believe that
the differences from the typical form of T. taxodii (cupres-
soid vs. taxodioid crossfield pits, uniseriate vs. biseriate pits
on radial tracheid walls) are due to the fact that we observed

features on latewood tracheids only which are obviously
narrower. This interpretation is supported by the results of
BaiLEY & FaurLL (1934: 238) on pitting on radial radial
tracheid walls or GRoMYKO (1990) on cross-field pits.

Discussion: Leaves, cones and seeds of Taxodium du-
bium are morphologically and ecologically similar to both
species of extant 7. distichum and T. mucronatum (KVACEK
et al. 2004b). Concerning the fossil wood, there is a general
consensus that Taxodioxylon taxodii represents the wood
of Taxodium as well. HUARD (1966) recognized two fossil
species related to Taxodium, i.e., traditional Taxodioxylon
taxodii compared with 7. mucronatum and his new species
Taxodioxylon distichoides related with Taxodium distichum.
Differences between the two morphogenera (and the cor-
responding nearest living relatives) consist according to
HuarD (1966) in bigger cross-field pits, thinner horizontal
walls in rays and wider ray cells in 7. taxodii (Taxodium
mucronatum) comparing to 7. distichoides (Taxodium disti-
chum); data for modern representatives are partly based on
GREGUSS (1955) partly on his own observations. The results
published by GrRomyko (1982, 1990) do not confirm any
unequivocal distinction between Taxodium distichum and
T. mucronatum. Recently, DOLEZYCH & SCHNEIDER (2007)
based on their own observations excluded relation of 7.
taxodii to Taxodium distichum, which contrary to the fossil
species has both cupressoid and taxodioid cross-field pits,
anatomical comparison with Taxodium mucronatum has
however not been made. As a result, we can say that leaves,
cones and seeds of Taxodium dubium and wood of Taxo-
dioxylon taxodii all belong to the single Taxodium plant, the
exact nearest living relative of which is however uncertain.

Z. DvoRAK (personal communication 2007) noticed that
in the horizons with the dominance of Taxodium remains
there were woods containing duxite, a specific type of fossil
resin (see in VAVRA et al. 1997). Our xylotomical analyses
prove that all specimens of wood having duxite (with a
single exception) can be attributed to Zaxodium. Hence, we
can speculate that the presence of duxite is of systematical
importance and Taxodium dubium plant can be determined
as the duxite producer tree.

Glyptostrobus ENDLICHER

8. Glyptostrobus europaeus plant

8.1. Glyptostrobus europaeus (BRONGNIART 1833)
UNGER 1850 (leaves, cones, seeds)
Fig. 4.12-4.16

1833 Taxodium europaeum BRONGNIART, p. 168.

1850  Glyptostrobus europaeus (BRONGN.). — UNGER, p.
434,

1866  Glyptostrobus europaeus (BRONGN.) UNGER. —
ETTINGSHAUSEN, p. 37, pl. 10, figs. 10-12, pl. 12,
figs. 3-7, 11-12.

1866  Glyptostrobus bilinicus ETTINGSHAUSEN. — p. 39,
pl. 11, figs. 1-2, 10.

1876a Glyptostrobus europaeus (BRONGN.) UNGER. —

ENGELHARDT, p. 29, pl. 4, fig. 9.



Early Miocene conifer macrofossils from the Most Basin (Czech Republic)

303

1881  Glyptostrobus europaeus (BRONGN.) UNGER. —
VELENOVSKY, p. 15, pl. 1, figs. 21-26.
Glyptostrobus europaeus (BRONGN.) UNGER. —
MENZEL, p. 87, pl. 5, figs. 1-3.

Athrotaxidium bilinicum MENZEL, p. 97, pl. 5, figs.

13-16.

1901

1901

Material: Great quantity of sterile twigs (T), seed cones
(F), isolated cone scales (Sc), seeds (S), pollen cones (M) —
localities: Bfezanky, Bfest’any [a2] (F, M, S, T), Bilina
Mine [a2-b] (F, M, S. T),Cermniky [a2, c] (T, F), Dobr¢ice
[c] (T), Dolany [c] (T, F), Holedec [c] (T, F), Choténice [c]
(T), Chudertice [a2] (F, S), Lezaky Mine [a2-b] (T, F),
Nastup-Tusimice Mine [a2, c, e, f] (T, F, Sc), Marianna
Mine [c] (T, F), Nesuchyné [g-h] (T), Nechranice [a2] (T),
Ptivlaky [a2] (T), Stroupet [a2] (T), Tuchofice [g] (T),
Velka Cernoc [g-h] (T), Vrsovice [c] (T), ZabruSany [a2]
(T), Zahofi near Zatec [c] (T), Zele¢ [g-h] (T), Zelénky [a2]
(T), J. Fuc¢ik Mine [a2-b] (T, F), J. Sverma Mine [a2-b] (F,
Sc, S, T) and Maxim Gorkij Mine [a2-b] (Sc); — cores:
Brezanky /B 1, depth 131.1 m [a2] (F), depth 132.4 m [a2]
(F)/, Chomutov /Co 199, depth 66.3 m [c] (S), depth 101.8
m [g] (S), Co 201, depth 86.1 m [d] (S), depth 87.0 m [d]
(S), Cernice /CN 54, depth 56-60 m [a2] (T)/, Drouzkovice
/Do 201, depth 65.6 m [a2] (F), Do 210, depth 47.5 m [b] (F,
S, T), Do 215, depth 44.5 m [d] (Sc)/; Havran /Hn 35, depth
54 m [c] (F, S), depth 143 m [f] (F)/, Horni Litvinov /LiH
13, depth 42-57 m [a2] (T)/, HoSnice /Hn 4, depth 45.2 m
[d] (F, Sc, S, T), depth 60.4 m [e] (Sc)/, Kralupy near
Chomutov /Kr 110, depth 98.65 m [f] (F, S, T)/, Kundratice
/KU 127, depth 64-79 m [a2] (T), KU 115, depth 90-99.2 m
[a2] (T)/, Libkovice /P 542, depth 94-95 m [a2] (F, S)/, Lom
/LOM 16, depth 54.5-54.6 m [al] (C, S, T)/, Marianské
Radcice /MR 58, depth 111.5-143.3 m [a2] (T)/, Moravéves
/Ma 6, depth 116.1 m [f] (F), Ma 8, depth 66.5 m [f] (S)/,
Otvice /Ot 27, depth 74.3 m [f] (S)/, Pesvice /Pe 18, depth
67 m [d] (Sc, S), Pe 19, depth 82.3 m [d] (Sc), depth 89.9 m
[d] (Sc), Pe 21, depth 51.0 m [b] (F, Sc, S), depth 99.0 m [e]
(S)/, Ptecaply /P¢ 4, depth 80-81 m [e] (S)/, Prunéfov /Pn
138, depth 60 m [g] (E, S, T)/, Spofice /Sp 95, depth 110. m
[f] (T)/, Strupcice /Sr 39, depth 63 m [c] (S, T), Sr 40, depth
90 m [d] (F, Sc, S), Sr 53, depth 48.0 m [c] (S), depth 50 m
[c] (S)/, Skrle /Sk 3, depth 61 m [d] (F, Se, S)/, Siroké
Ttebcice /Stb 43, depth 26.4 m [d] (Sc, S, T)/, Udlice /Ud
80, depth 45.4-45.7 m [e] (E, S), Ud 81, depth 106 m [f] (S)/,
Vrsany /Vr 22, depth 75 m [d] (F, S), depth 79-80 m [d] (Sc,
S)/, Vysoka Pec /VP 14, depth 48.5 m [c] (S), depth 59.5 m
[c] (S), depth 70.5 m [d] (S); VP 15, depth 95-96 m [f]
(S), VP 16, depth 65.0 m [c] (S), depth 73 m [d] (S)/ and
Vysocany /Vy 1, depth 71.0 m [d] (F, Sc)/.

Description: Sterile twigs with spiral imbricate needles
or cryptomeroid leaves (typical of young or fertile twigs).
Incomplete seed cones 1.3-1.9 mm long and 8.5-1.2 mm
broad, obovate to globular, only basal part usually pre-
served, apex obtuse, base cuneate to broadly cuneate, con-
sisting of 8 scales (fragmentary), scale complexes rhombic
to deltoid, in the lower part formed by bract scale, in the
upper part by seed scale. Bract scales wedge-shaped, base
narrowed, apical part mucronate, small umbo, abaxial side
wrinkled, seed scale rounded or triangular with notched

margin, small notches numbering of 6 to 8, sculptured by
radial furrows, seed scales overgrow about 2 to 4 mm
beyond the bract scale. Seeds 4.6-11.4 mm long and 2.1-4.2
mm broad, apical winged, oblong in outline, distinctly bent,
flat, seed bodies oval (1.8 to 2.46 mm long and 0.86 to
1.2 mm broad), often situated in lower third of seeds, finely
longitudinally sculptured, seed wings bent, starting at basal
parts, forming basal rims, bordered seeds towards obtuse
apices, distinct concave sides crest-shaped, descending to
convex sides, upper surface hardly visible, formed by
elongated to polygonal pits (55.3 to 89.5 um long and 19.1
to 31.6 um broad).

Remarks: The genus Glyptostrobus ENDLICHER is a com-
mon and well-known coal-forming conifer occurring in the
whole area of the Most Basin as well as in Northern Bohe-
mia. The taxon is proved by pollen and seed cones, their
isolated scales, seeds and sterile twigs — e.g., MENZEL
(1901), BOZEK & HoLY (1964). The sterile twigs of Glypto-
strobus are morphologically identical with leaves of
Quasisequoia couttsiae (HEER) KuNzMANN and often co-
occur in fossil sites (e. g., Bilina Mine). The difference in the
epidermal structure of both taxa is noted by many authors —
e. g., KvaCek (1985), KunzMmANN (1999), Sakara (2000).
Recently, Ma et al. (2007, table 1) summarize epidermal
differences of several extant “Cupressaceous” taxa. Ma1 &
WALTHER (1988: 68, pl. 6, figs. 4-9) newly combined G.
brevisiliquata (LubwiG) MAI & WALTHER based on the seed
material from the Pliocene localities of Gerstungen und
Dorheim / Wetterau. However, associated twigs and cones
were described as G. europaeus. This seed morphotaxon
is common element for the Middle Miocene to Pliocene
European localities (e.g., Ma1 2000) and is often clearly
undistinguishable from seeds of G. europaeus due to
broad morphological inter-specific variability, which is
also distinct in the seedy variability of living plants.
MEeNZzEL (1901: 97, pl. 5, figs. 13-16.) described leaf and
cone material as Athrotaxidium bilinicum MENZEL from
Brest’any. We interprete this material as immature and worn
out seed cones of G. europaeus (cf. KuNzMANN 1999: 60).
G. europaeus can be interpreted as an autochthonous, pre-
dominant element of coniferous peat-forming swamp forest
and mixed swamp forest (see below). A single living species
G. pensilis (STAUNTON ex D. DoN) K. KocH occupies humid
biotopes on the riverbanks or near the seacoast in southern
China (SvEsHNIKOVA 1963) and in southern Vietnam
(FarION 2005D).

Glyptostroboxylon CONWENTZ emend. DOLEZYCH &
VAN DER BURGH

8.2. Glyptostroboxylon rudolphii DOLEZYCH & VAN
DER BURGH 2004 (wood)

Fig. 5.13-5.15
2004  Glyptostroboxylon rudolphii DOLEZYCH & VAN DER
BURGH, p. 409, text-figs. 6-7, pl. 2, figs. 1-9, pl. 3,
figs. 1-5.
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Material: One fragment of sideritic wood — locality:
Bilina Mine [a2].

Description: Transverse section: Growth rings distinct
with gradual transition from earlywood to latewood.
Tracheids polygonal in cross section. Axial parenchyma
tangentially zonate in latewood. Tangential longitudinal
section: Pits on tangential tracheid walls small circular
bordered. Rays uniseriate and medium in height (up to 14
cells). Axial parenchyma cells with unknown character of
transverse end walls. Radial longitudinal section: Pits on
radial tracheid walls bordered, circular, generally uni- to
biseriate, closely spaced opposite with inconspicuous bars
of Sanio (= crassulae). Ray tracheids absent. Ray cells pro-
cumbent, their horizontal walls thin and smooth, indentures
not observed, their end (tangential) walls thin and smooth.
Cross-field pits exclusively “glyptostroboid” (= taxodioid
with very narrow borders approaching almost pinoid) with
horizontal to slightly inclined apertures, mostly 1-2 per field
arranged in 1 horizontal row (in marginal cells 3-5 per field
arranged in 2 horizontal rows).

Remarks: The morphogenus Glyptostroboxylon is charac-
terized by the presence of “glyptostroboid” cross-field pits,
which means in terms of the JAWA CoMMITTEE (2004)
taxodioid cross-field pits with very narrow borders (or very
wide horizontal to slightly inclined apertures) approaching
almost pinoid ones. As already emphasized by Suss &
VELITZELOS (1997: 16) and FAIRON-DEMARET et al. (2003:
122), GOTHAN (1905) was apparently the first who noticed
that this feature is typical not only of the recent genus
Glyptostrobus, but also of Cunninghamia R. BROWN ex
RicHARD & A. RicHARD. This was most recently articulated
by DoLEZYCH & VAN DER BURGH (2004) who emended the
diagnosis of Glyptostroboxylon based on the original type
material to accommodate fossil woods with affinities to
both modern genera: Glyptostroboxylon tenerum (KRAUS)
CoNwENTZ is newly interpreted as a wood of Cunning-
hamia contrary to G. rudolphii DOLEZYCH & VAN DER
BurGH which represents the wood of Glyptostrobus. Ac-
cording to DOLEZYCH & VAN DER BURGH (2004), the type of
cross-field pits (glyptostroboid) and transverse end wall of
the axial parenchyma (smooth to slightly nodular) cannot
help to distinguish these two species. The main differences
consist in pitting in radial tracheid walls (biseriate with
crassulae in G. rudolphii, uniseriate without crassulae in G.
tenerum) and disposition of cross-filed pits (typically more
numerous per field in G. rudolphii); the presence of in-
dentures in G. fenerum and large intercellular spaces in
rays of G. rudolphii can be noticed as subsidiary distinctive
features. Our fossil wood despite its bad preservation can be
related to G. rudolphii: numerous “glyptostroboid” cross-
field pits correlate with biseriate pitting in radial tracheid
walls (Fig. 5.14-5.15) and rays, even if generally badly pre-
served, seem to have large intercellular spaces present as
dark triangles (Fig. 5.13).

Discussion: Generally, there is an interesting dispro-
portion between abundant leaves and cones/seeds of Glypto-
strobus and only one specimen of wood attributable to this
genus. This is emphasized by the fact that Glyprostrobo-

xylon is traditionally considered as the main coal-forming
element (e.g., KVvACEK 1998). A possible interpretation
could lie in taphonomy, i.e., in-situ upright stems in close
vicinity of the coal seam, which are related to the Glypro-
strobus association (sensu KvaCEk & BUZEk 1982) charac-
teristic of peat-forming swamps and supposed to belong
directly to Glyptostrobus, are often preserved as xylite.
These xylitic specimens are very numerous but they are
generally badly preserved. They can hardly be identifiable
at the specific or even generic level; we can only identify
them as Cupressaceae sensu lato. This, however, does not
exclude their affinity to Glyptostrobus. Recently, a petrified
forest with wood of Glyptostroboxylon rudolphii was
described from the Middle Pliocene of NW Italy by Vassio
et al. (2008).

Tetraclinis MASTERS

9. Tetraclinis salicornioides plant

9.1. Tetraclinis salicornioides (UNGER 1841) KVACEK
1989 (leaves)

Fig. 4.17-4.18

1841  Thuites salicornioides UNGER, p. 11, pl. 2, figs. 1-4.

1989  Tetraclinis salicornioides (UNG.) KVACEK, p. 48, pl.
1, fig. 11, pl. 2, figs. 2-14, pl. 3, figs. 3-4, text-
fig. 1.

Material: Incomplete sterile foliage twigs and their

fragments (T) — localities Nesuchyné [h-g], Nastup-
Tusimice Mine [a2] and Bilina Mine [a2-b], — core Kundra-
tice KU 127, depth 64-79 m [a2].

Description: Incomplete foliage twigs mostly oppositely
branched, up to 450 mm long, branchlets flattened, 6.1-
(8.9)-11.3 mm long, base truncate to rounded, apex obtuse
with terminal and two lateral incisions, towards apex
gradually broaden, at base 1.3-(1.7)-2.1 mm broad and at
apex 2.34-(3.86)-4.22 mm broad, individual needles
imbricate, markedly flatted, 4 fused in a pseudowhorl,
forming a cladode-like segment (cladodium), innervating
with distinct midrib and two lateral thin veins.

Remarks: This conifer rarely occurs in the area of the
Most Basin. Only fragmentary foliage material has been
known from the localities Nastup-Tusimice Mine, Bilina
Mine and Nesuchyné contrary to relatively common oc-
currences of fossil cones, seeds and foliage from Oligocene
localities of Ceské Stiedohoti Mts and Doupovské hory Mts
(detailed in KvaCek 1989). Two fossil species have been
recognized from the European Tertiary — i.e. 7. salicor-
nioides (UNG.) KvaCEk (Middle Eocene to Early Pliocene)
and 7 brachyodon (BRONGNIART) MAI & WALTHER 1978
(Early Eocene to Early Pliocene), although Mai (1997)
merges these species to one entity. 7. salicornioides is
typified by sterile twigs from the Middle Miocene (Sar-
matian) sediments of Radoboj (UNGER 1841), where in-
dividual impressions were described as Thuites salicor-
nioides UNG. ENDLICHER (1847) regarded fossil material to
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the genus Libocedrites ENDLICHER. Similarly HEER (1855)
re-assigned those fossils to Libocedrus salicornioides
(UNG.) HEER. KVACEK et al. (2000) defined a new variety,
T salicornioides (UNGER) KVACEK var. praedecurrens
(KnowLTON) KVACEK & MANCHESTER typical of the Oligo-
cene and Miocene of western North America. Our material,
as well as other material from Europe to Transcaucasia
(Middle Eocene to Early Pliocene in age) belongs to variety
salicornioides (KVACEK et al. 2000). Generally, T. salicor-
nioides is an element of the mesophytic, humid forests
along river and basin banks. Extant 7. articulata (VAHL.)
MASTERS occupies warm, summer-dry vegetation of
northern Africa, Malta and southern Spain (KvACEK et al.
2000) that fits better to more xerophytic fossil T brachyo-
don.

9.2. Tetraclinoxylon vulcanense PRIvE 1973 (wood)

Discussion: The wood of Tetraclinis is unknown from
the Most Basin. However, it has been interpreted from the
neighbouring volcanic area of the Ceské stfedohofi Mts.
and designated as Tetraclinoxylon vulcanense by SAKALA
(2003) based on the fossil trunk from the Late Eocene
locality Kuclin, described originally as Podocarpoxylon
helmstedtianum GOTTWALD by BREzINOVA et al. (1994).
Another interpretation of the wood of Tetraclinis salicor-
nioides is done by DoLEzycH (2005: 259) who described
a different fossil wood from the clay pit Tetta-Buch-
holz (Middle Miocene, Germany) as Cupressinoxylon
boureaui (GRAMBAST) DOLEZYCH & VAN DER BURGH. This
new combination points to Dolezych’s large concept
of the morphogenus Cupressinoxylon (see in DOLEZYCH &
ScHNEIDER 2006: 180).

Gelinitziaceae KUNZMANN

Cupressospermum Ma1 1960 emend. KUNZMANN
1999

10. Cupressospermum saxonicum plant

10.1. Cupressospermum saxonicum (MAI
KuNzmMANN 1999

1960)

1960  Cupressospermum saxonicum MaL, p. 75, pl. 3,
figs. 1-5, text-figs. 1-2 (holotypus).

1974 Cupressospermum saxonicum MAal. — HoLY, p. 15,
pl. 2, figs. 2-10.

1977  Cupressospermum saxonicum MAIL — KVACEK &
Hovy, p. 10.

1999  Cupressospermum saxonicum (Ma1) KUNZMANN,

pl. 92, pl. 21, figs. 1-9, pl. 22, figs. 1-9, pl. 23, figs.
1-9, text.-figs. 18, 21/5.

Material: 7 isolated seeds (S) — core: Jenistv Ujezd near
Bilina /J0 224, depth 151.2 m [b]/.

Description: Seed flattened, reniform, cashew-nut shaped
to broadly sub-circular in general outline, 1.59-(2.19)-3.2

mm long and 1.28-(1.66)-2.34 mm broad, maximal thick-
ness in transversal plane 0.45 mm, distinctly winged on
the dorsal convex side, relatively thick wing (ca. 0.35 mm
broad) bordered whole seed excluding ventral concave side,
locule campylotropous or amphitropous, rounded on both
ends, hilum and micropyle basiventral, micropyle rarely
obvious as rounded protuberance, upper surface rugulose,
pits quadrangular or polygonal, rarely oblong 10.9-19.1 pm
long and 8.2-16.3 pum broad, arranged into regular parallel
grooves copying curvature of seeds, structure of testa (MAIl
1960: 74 and KuNzMANN 1999: 96)

Remarks. This taxon was defined by Mai (1960: 75, pl.
3, figs. 1-5) on the basis of the seed material from Olbers-
dorf near Zittau including a second species, i.e., C. chamae-
cyparoides Mal from Hartau near Zittau (Ma1 1960: 75, pl.
3, figs. 8-11). KunzmANN (1999: 91-98) emended the genus
and species diagnosis and added a detailed description of
seed cones and of the epidermal structure of needle and
cone. The above-described seeds give the first evidence
of Cupressospermum saxonicum (MAa1) KUNZMANN in the
Most Basin. However, HoLY (1974: 15) noted the seed
cones, isolated seed scales and seeds from the Kristina Mine
(Hradek part of the Zittau Basin). Similarly KvACEK &
Hory (1977: 10) pointed out C. saxonicum from sandy
deposits of the Habartov Member of the Sokolov Formation
in the Sokolov Basin. This important taxon can be used as
a phytostratigraphical marker which could correlate sedi-
ments of the uppermost part of the HoleSice Member of the
Most Formation with the Habartov Member of the Sokolov
Formation and the Upper Coal Seams sensu lato of the
Hradek Formation as well as sediments of the Lower Mio-
cene of Lausitz (Saxony, Germany). MAl & SCHNEIDER
(1988: 107-110) interpreted C. saxonicum as an element of
the eutrophic swamp forest associated with Glyptostrobus
and Taxodium or as an element of the association of Cupres-
sospermum-Comptonia.

Discussion: DorezycH (2005: 250) described Juni-
peroxylon pachyderma (GOEPPERT) KRAEUSEL from the
opencast mine Nochten (Early/Middle Miocene, Germany)
as a fossil wood of Cupressaceae sensu lato however with-
out any exact nearest living relative. This wood is charac-
terized by nodular both transverse end walls in axial paren-
chyma and tangential walls in rays as well as by taxodioid
to cupressoid cross-field pits and fits very well the broad
concept of the genus Juniperoxylon GOTHAN proposed by
VAN DER BURGH (1973). Based on co-occurrence of seeds
and twigs of Cupressospermum, DoLEzycH (2005) inter-
preted this wood as belonging very probably to this botani-
cal genus. Unfortunately, such a wood structure is still
unknown from the Most Basin.

5. Holistic approach — Whole-Plant
Concept

Nine natural units — botanical conifer species (in
systematical part numbered and denominated as
different ‘plants’) were defined for the whole area of
the Most Basin. They are based on the combination of
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Table 1. Summary of the floristic conifer composition in different stratigraphical levels of the Most Basin. — Symbols:
al (Lom Member sensu DOMACI 1977), a2 (Libkovice Member sensu Domaci 1977), b-g (HoleSice Member sensu

DomAci 1977) — i.e., in the sense of HURNIK & MAREK

(1962): b (Upper Seam Beds), ¢ (Upper Interseam Beds),

d (Middle Seam Beds), e (Lower Interseams Beds), f (Lower Seam Beds) and g (Lower Sandy-Clayey Beds with Basal
Coal Seam), h (Duchcov Member sensu DomAci 1977); F (seed cones), Sc (isolated scales of the female cone), M (pollen

cones), S (seeds), L (leaves) and W (wood).

Taxon Organs Stratigraphical levels of the Most Basin
al[a2|blc[d[e[f]g][h
Pinus engelhardtii plant
Pinus engelhardtii MENZEL F,S *
Pinus rigios (UNGER) ETTINGSHAUSEN L *
Pinus ornata plant
Pinus ornata (STERNBERG) BRONGNJART F
Pinus hepios (UNGER) HEER sensu MENZEL L *
Pinus urani plant
Pinus urani (UNGER) SCHIMPER | F L I*1T T T 1T 1T T 1
Additonal material related to Pinus L.
Pinus sp. 1 M *
Pinus sp. 2 L * |k
Pinus sp. indet. L *
Pseudolarix schmidtgenii plant
Pseudolarix schmidtgenii KRAEUSEL Sc, S *
Pseudolarix sp. L *
Quasisequoia couttsiae plant
Quasisequoia couttsiae (HEER) KUNZMANN F,Se, Ly | | el s | s | %] % | «
S
Taxodioxylon gypsaceum (GOEPPERT) KRAEUSEL | W ¥ ¥ ko
Taxodium dubium plant
Taxodium dubium (STERNBERG) HEER F,Sc, L, N N P
S, M
Taxodioxylon taxodii GOTHAN W * *
Glyptostrobus europaeus plant
Glyptostrobus europaeus (BRONGNIART) UNGER | F, Sc, L, W R A
S,M
Glyptostroboxylon rudolphii DOLEZYCH & VAN | W N
DER BURGH
Tetraclinis salicornioides plant
Tetraclinis salicornioides (UNGER) KVACEK L I I*I«0 1T T 01 I*1+*
Cupressospermum saxonicum plant
Cupressospermum saxonicum (MAI) KUNZMANN | S LI« T T T T ]

organs as leaves, cones, seeds and wood (see Table 1),
but only two taxa (7Taxodium, Glyptostrobus) are
characterized by all of them. The organs were only
very rarely directly attached to each other, e.g.,
seed/pollen cones attached to twigs. They were rather
found in direct (close) association within one place/
locality or even indirectly (distantly) associated in one
layer/time interval. The combination was then made
on their common systematical affinity. The tenth
group (additional material related to Pinus) is purely

artificial and can partly be related to other species of
Pinus.

6. Palaeoenvironmental signals

We distinguish two types of environmental regimes in
the larger area of the Most Basin based on different
lithological patterns, i.e., fluvial and/or delta and
basin environments. Conifers represent more or less
important elements of vegetation in these environ-
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ments. Reconstruction of vegetation of the fluvial
environment is based on the former floristic analysis
of plant assemblages of the fluvial facies from Central
and North Bohemia (e.g., TEoporipis 2001, 2002). A
basic vegetation type may be interpreted as a relatively
temperate riparian forest with predominance of deci-
duous elements (Zaxodium dubium, Fagus saxonica
and representatives of Betulaceae and Salicaceae).
The riparian forest overlaps distally with the mixed
swamp forest and proximally with the mesophytic
forest. The association of the mixed swamp forest
shows relatively low dynamic character and was often
occupied by “swamp” conifers such as Glyptostrobus
(E4), Taxodium (E4), Quasisequoia (E4) and Cupres-
sospermum (E4), bound on the stagnant water or
periodical, relatively long-lasting flooded biotopes of
oxbow lakes in the river system. In the contrary, the
mesophytic forests, characterized by zonal, more or
less allochtonous, mesophytic elements, has estab-
lished on relatively dry biotopes with lower water
table in wider river vicinity or uplands. This vege-
tation contains among others zonal conifers, i.e.
Pseudolarix (E4), Tetraclinis (E2) and Pinus (E3). For
more information about the associated floras and
additional plant associations see TEODORIDIS (2004).
The delta environment shows a more or less similar
structure as the fluvial environment. However, it is
transformed and redistributed in the areas of Pétipsy
and the Zatec Delta into a system of anastomosing
river with low gradient, resembling recent inland
deltas (TeoporiDIS 2004) and into a “true” delta re-
gime in the Bilina area (KvaCek 1998). Similarly,
several partial types of vegetation within the basin
environment can be distinguished. An assemblage, the
most typical of coal seams, reflects the coniferous
peat-forming swamp forest that corresponds to the
association of Glyptostrobus sensu KVACEK & BUZEK
(1982). This association, characterized by a relatively
high water table and relatively long-lasting floods
changing to permanent floods in the distal part of the
basin, contains predominantly Glyptostrobus stands
(E4) associated with Quasisequoia (E4) and other
elements in proximal part of basin (e.g., BOULTER
et al. 1993). A next association overlapping towards
waterside is the mixed swamp forest that is com-
parable to the Nyssa-Taxodium association sensu
KvaCexk & BUZEk (1982). Conifers are important
elements there, mainly newly appearing Taxodium
(E4) and mutually integrated Quasisequoia and Glyp-
tostrobus from the previous association. Other ele-
ments represent a mixture of the angiosperms and

ferns (e.g., KvaCEK & BUZEK 1982; BOULTER et al.
1993; KvaCEk et al. 2004a). The next association
characterized by the occurrence of “our” conifers is
the evergreen broad-leaved forest. This association
occupies extra-basin, mesophytic and acid biotopes,
such as crystalline rock elevations of the Krusné
Hory Mts. (i.e., sandy and micaceous facies) and con-
taining monotonous Pinus (E3) stands and Tetraclinis
(E2) combined with other angiosperm elements (e.g.,
TrODORIDIS & KVACEK 2006).
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Numerous coalified tree stumps remained preserved in-situ in the so-called “Stump Horizon” (the palaeontologic
horizon No. 31), which represents clayey overburden of the main coal seam in the Bilina open cast mine in the Most
Basin (Czech Republic). The petrological and chemical composition, palaeobotanical origin and preservation of 24
selected tree stumps were studied by optical and scanning electron microscopy and gas chromatography-mass
spectrometry (GC-MS). Composition of the fossil wood is dominated by ulminite, particularly texto-ulminite B.
Textinite forms up to 38 vol.% in the decomposed tree stumps. Corpohuminite dominates in bark and root tissues.

i;e];l/itweords. Partly gelified and deformed woody tissues contain both corpohuminite and resinite fillings. Random reflectance of
Gelification ulminite ranges from 0.33% to 0.39% and carbon content from 49 wt.% to 78 wt.%. Samples represent pure woody
Biomarkers material with small admixtures of clay minerals, siderite, and very rare pyrite. Observations by scanning electron
Cupressaceae s.l. microscopy revealed various levels of deformed secondary xylem with more or less swollen cell walls, conspicuous
Lignite tracheids, uniseriate rays of a different height, and round or cylinder-like resin or corpohuminite bodies. According
m::)sctel;l:sin to our results and other published data the wood might belong to Glyptostroboxylon and Taxodioxylon genera that

are supposed to belong to Glyptostrobus and Quasisequoia plants respectively, representatives of the coniferous
family Cupressaceae. The biomarker composition in the extracts of the fossil wood includes sesquiterpenoids
(a-cedrane, drimane, eudesmane), diterpenoids (abietane, fichtelite, 16cx(H)-phyllocladane) and their degraded
compounds. The terpenoids are derived from precursors produced by the source plants and microorganisms.
The terpenoid signatures support a relationship to the Cupressaceae family with input of microbial species.
These characteristics were identical for all studied samples. Significant variations have been observed in
sesquiterpenoid a-cedrane and diterpenoid 16c(H)-phyllocladane contents.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Fossil woods are common constituents in sedimentary sequences
worldwide and in the calcified, silicified or charred forms may exhibit
a high degree of anatomical preservation. These materials represent
an important archive of data for palaeoenvironmental reconstructions
(Falcon-Lang, 2005; Figueiral et al, 1999; Jeong et al, 2009;
Kunzmann et al., 2009; Teodoridis and Sakala, 2008; Visscher and
Jagels, 2003; Witke et al., 2004; Yoon and Kim, 2008). Part of fossil
wood forms mummified, humified and gelified wood with variable pre-
served cell tissue structure, which is problematic for palaeoecological
studies (Figueiral et al., 1999; Sweeney et al., 2009). Relationship be-
tween gelification, coalification, microscopic appearance, and chemical
composition and structure of wood has been described in many Tertiary

* Corresponding author. Tel.: 4420 266009283.
E-mail address: havelcova@irsm.cas.cz (M. Havelcova).

0166-5162/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.coal.2012.09.008

deposits, e.g,, Victorian brown coal in Australia (Russel, 1984; Russel and
Barron, 1984), Greece (Kalaitzidis et al., 2004), Poland (Drobniak and
Mastalerz, 2006; Wagner, 1982), Canada (Sykes, 1994), and Hungary
(Erdei et al., 2009; Hamor-Vid6 et al., 2010). Coalified fossil woods are
usually deformed by the hydrostatic pressure of buried sediments,
whereas petrified cherts and siderite coal balls preserve the original ge-
ometry of fossilized plant tissues (Hamor-Vido et al., 2010; Sweeney et
al, 2009).

The deformation and homogenization of gelified cellular structure
caused a problem in the study of wood anatomy and identification of
botanical affinity of coalified fossil wood. An effective technique in
identification of plant tissue types is the old technique of etching of
polished surfaces with oxidizing agents as summarized by Stach et
al. (1982) and Taylor et al. (1998). Vassio et al. (2008) or Gryc and
Sakala (2010) used a method based on boiling of wood in water for
several hours to soften it before preparation of thin sections for a mi-
croscopical study in transmitted light. Figueiral et al. (2002) used


http://dx.doi.org/10.1016/j.coal.2012.09.008
mailto:havelcova@irsm.cas.cz
http://dx.doi.org/10.1016/j.coal.2012.09.008
http://www.sciencedirect.com/science/journal/01665162

M. Havelcova et al. / International Journal of Coal Geology 107 (2013) 62-77 63

laboratory charring of wood specimens followed by taxonomy iden-
tification by reflected light microscopy. The botanical affiliation of
the fossil wood can be also determined based on the molecular compo-
sition of terpenoid hydrocarbons. Chemotaxonomical classification of
fossil fragments is based on majority of terpenoids in agreement with
pollen elements representing a forest swamp environment (Bechtel et
al., 2007; Otto and Wilde, 2001; Stefanova et al., 2005; Zdravkov et al,
2011).

Previous research on coalified fossil wood has largely focused
on the chemical and petrographical characterization of organic mat-
ter, its deformation, degradation, mineralization, and determination
of botanical affiliation of woody materials from the fossil forests or
tree stumps and trunks in coal seams (Bechtel et al., 2007, 2008;
Hamor-Vido6 et al., 2010; Sweeney et al., 2009; Sykes, 1994; Vassio et
al, 2008).

This study has investigated petrological and chemical properties
of selected coalified woods from the Miocene “Stump Horizon” in
the Bilina open pit mine in the Most Basin. The attention was also
paid to determination of the palaeobotanical origin and the way of
preservation of selected tree stumps using optical and scanning elec-
tron microscopy (SEM) and gas chromatography-mass spectrometry
(GC-MS) analysis of extracts.

2. Geological settings

Since the opening of the Bilina open cast mine (exploiting 9 mil-
lion tonnes of brown coal per year) on the top of coal seam 2-5 m
thick uniform layer of clay rich in coalified remains of in-situ growing
trees has been documented. Numerous coalified tree stumps remained
preserved in-situ in clay overburden up to 5 m thickness of the main
coal seam in the Bilina open cast mine in the Most Basin, Czech Republic
(Fig. 1). This so called “Stump Horizon” is a clastic time equivalent of the
lower half of the upper bench of the main coal seam within the HoleSice
Member of the Miocene age (Fig. 2). It consists of 2-4 distinguished ho-
rizons of stumps. Laterally this layer gradually turns to a clear coal
bench. Vertically it gradually changes into prodeltaic laminated clays
and a 100 m thick lacustrine deltaic system. This layer covers an area
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of 10 x 1 km. It is interpreted as an early stage of the Miocene devel-
opment of the Bilina (river) delta. Grey clay sediment conserving
coalified stumps and filling hollow trunks is thinly layered by organic
detritus containing prevalently coniferous needles, twigs and cones, leafs
and root systems of paludal grasses, ferns, floating ferns, Calamus pal-
metto, and several types of angiosperm swampy elements. Among the
coniferous macrofossils, the most abundant are remains of leaves and
cones of Glyptostrobus europaeus (Brongniart) Unger and Quasisequoia
couttsiae (Heer) Kunzmann (Kvacek, 1998; Teodoridis and Sakala, 2008).

Most of the tree stumps are more or less hollow, around 1 to 5 m
high and up to 2 m in diameter. They are exposed in three to four
altitudinal subhorizons, mostly in upright position, some of them
leaned to the clastic input source line (channel). They are accompanied
by abundant siderite concretions.

3. Samples and methods

Fig. 3. Position of a stump in the layer of clay. 3.1. Samples

Coalified fossil wood samples from 23 selected stumps were col-
lected (Fig. 3) and analysed. From one of the stumps, 9 sub-samples
were taken which represent 8 selected parts of the trunk and roots
and one sample of the woody detritus from the surrounding sediment
(Fig. 4). Overview of the studied samples, dimensions of the found
parts of trees, their characterization, and localization of the samples
is given in Table 1.

From characteristic pieces of dull, brown to black-brown fossil
wood (xylite), pieces oriented along the transverse, radial and tan-
gential cuts were thoroughly selected and treated. Subsequently,
polished sections for optical microscopy and samples for scanning
electron microscopy were prepared from them. On polished sections

Fig. 4. Location of the studied subsamples in the one stump. with transverse and radial cuts, detailed exploration of morphology of
Table 1
Overview of the studied fossil wood samples with their general characteristics.
Number of the Tree Height Short description of stump Deformation Sample
sample diameter (m)
(m)
S1-S9 1 1.2 Massive, in the upper part selectively to ribbon-form remnants digested Medium 8 samples from the whole
stump + 1 clay (see Fig. 4)
P1 1.1 15 Selectively to ribbon-form remnants digested and massive in the lower part Medium Middle part
P2 1.8 >2 Massive, almost without deformation Low Upper middle part
P3 14 >1 Hollow and deformed Medium North side with the lower
deformation
P4 0.8 1.2 Selectively to ribbon-form remnants digested Medium Middle part
P5 1.2-1.8 1.5 Hollow like bowl-formed and splayed, selectively to ribbon-form remnants medium- Middle part of the “bowl”
digested strong
P6 1.5 0.7 Strongly deformed lower part Strong North side
P7 0.5 0.6 Massive Medium Upper part
P8 0.45 0.9 Massive, tip tilted slightly, in the upper partially selectively to ribbon-form Low North side
remnants digested
P9 0.65 0.6 Massive Low North upper part
P10 1.8 1.8 Strongly deformed, in upper part hollow like bowl-formed, in lower massive Strong middle part
P11 1 >1 Massive, tilted slightly, selectively sideritized Low Upper middle part + pelocarbonate
P12 1 >0.5 Strong deformed, lower part of the stump Low Middle part
P13 0.8 >0.5 Massive, tilted 60° to the south Low Middle part
P14 1 >0.5 Selectively to ribbon-form remnants digested, strong deformed, tilted 45° Low Sampled from relatively low
to the west, lower part of the stump deformed part
P15 0.7 >0.5 Selectively to ribbon-form remnants digested, deformed Medium Middle part
P16 1.8 >1 Massive, partly deformed, selectively sideritized Medium From relatively low deformed
part + pelocarbonate
P17 0.8 0.7 Selectively to ribbon-form remnants digested Medium North part
P18 1.8 13 Seemingly massive, upper part collapsed into the lower hollow digested part Strong Central section of the upper part
(tracheids oriented in various directions)
P19 1.2 1 Seemingly massive, upper part collapsed into the lower hollow digested part Strong Middle deformed part
(tracheids oriented in various directions)
P20 15 2.5 Massive, slightly tilted to the north, in upper part strongly deformed, Low-strong  Middle low deformed part
in middle part undulating
P21 1.8 >2 Massive, in upper part digested, tilted 45° to north Medium Middle part
P22 0.8 1.5 Massive, in upper part digested, tilted 45° to north Low Middle part

P23 <1 <1 Selectively to ribbon-form remnants digested Low North outer part
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Table 3
Results of micropetrographic analysis of the stump samples S1-S9.

Parameter S1 S2 S3 S4 S5 S6 S7 S8 S9

R, (%) 036 034 035 034 036 035 036 037 033

S 0.03 0.3 003 002 002 002 003 003 004

Rua (%) 0.0 02 02 021 022 02 024 025 022

Huminite 791 835 903 919 903 901 905 873 23.0
(vol. %)

Textinite 19 165 155 383 123 135 57 108 04
TA 03 0.8 1.5 1.9 1.1 14 0.9 1.6 0.3
TB 1.6 157 140 364 112 121 4.8 9.2 0.1

Texto-ulminite 41.7 388 522 332 534 614 704 546 103
TU, 0.0 2.3 2.0 0.0 0.0 0.0 1.9 2.1 29
TUg 41.7 365 502 332 534 614 685 525 74

Eu-ulminite 20.3 5.0 6.6 12 7.4 1.7 3.8 2.0 13

Attrinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Densinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1

Corpohuminite 144 213 155 192 172 135 106 199 8.0

Gelinite 0.8 1.9 0.5 0.0 0.0 0.0 0.0 0.0 09

Liptinite 59 7.7 6.2 74 6.0 65 57 87 119
(vol. %)

Sporinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7

Cutinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4

Suberinite 0.3 0.9 0.0 0.0 0.0 0.2 0.4 0.0 0.5

Resinite 5.6 6.8 6.2 7.4 6.0 6.3 53 8.7 5.1

Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Liptodetrinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6

Inertinite 0.0 2.0 0.6 0.0 25 0.0 0.0 0.0 0.9
(vol. %)

Fusinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Funginite 0.0 2.0 0.6 0.0 2.5 0.0 0.0 0.0 0.9

Minerals 15.0 6.8 29 0.7 1.2 34 38 40 642
(vol. %)

Clays 14.1 4.8 2.0 0.5 1.0 2.9 24 31 576

Carbonates, 0.9 2.0 0.9 0.2 0.2 0.5 13 0.8 13
siderite

Sulphides 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2

Quartz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1

GI (gelification 33.0 28 38 1.0 49 47 95 52 330
index)

Significance of bold are main maceral groups.
Significance of italics are sub-maceral groups.

cell tissues, gelification of cell walls, contraction fissures, resinite and
corpohuminite forms, mineralization and weathering was performed.
The rest of the sample was powdered (<3 mm), reduced in size by
quartering, and powdered for optical microscopy (<1 mm) and chemi-
cal analyses (<0.2 mm).

3.2. Optical microscopy

Reflectance, as a parameter of coalification, was measured on homo-
geneous sites of ulminite B on grained polished sections according
to ISO 7404 (2009) using a UMSP 30 Petro OPTON-ZEISS microscope, in
monochromatic light (A =546 nm), with immersion objectives at 5x,
40x, and 400x magnifications. With the same apparatus, macerals
were identified according to ISO 7404 and in accordance with the princi-
ples brought forward by Taylor et al. (1998), International Committee for
Coal and Organic Petrology (ICCP) (2001), and Sykorova et al. (2005).
Determination of liptinite macerals was performed using the UMSP 30
Petro microscope with a fluorescence system. From the maceral compo-
sition, gelification index (GI) was calculated based on a principle of the
proportion of gelified and ungelified huminite components, according
to the equation proposed by von der Brelie and Wolf (1981):

__ Gelifield telohuminite + Gelifield detrohuminite + Gelinite

ol = Non gelifield telohuminite + Non gelifield detrohuminite

Attention was paid to discern their botanical characteristics with
focus on earlywood and latewood tracheids, rays, and cross-fields,
in accordance with scanning electron microscopy studies.

Tissue texture was studied on oriented polished sections using an
OLYMPUS BX51 microscope for reflected light with a CRAIC system,
dry objectives at 10x and 40 x magnifications, and immersion objec-
tives at 5%, 40, and 100 x magnifications.

3.3. Scanning electron microscopy

Scanning electron microscopy was used for detailed anatomical stud-
ies and documentation. Samples with well preserved and undistorted
structure from selected pieces of wood were processed. The xylitic spec-
imens were observed using a Quanta 450 scanning electron microscope
(Institute of Rock Structure and Mechanics, Academy of Sciences of the
Czech Republic), and were examined using a Jeol JSM-6380 LV scattered
low-vacuum electron microscope at 15 kV (Institute of Geology and
Palaeontology, Faculty of Science, Charles University in Prague). The
anatomical description is in accordance with the IAWA Softwood termi-
nology (IAWA Committee, 2004).

3.4. Chemical analysis

The elemental organic composition was determined using a CHNS/O
microanalyser Flash FA 1112 Thermo Finnigan. For organic geochemis-
try analyses, wood fragments were powdered and Soxhlet-extracted
with dichloromethane for 5 h. The solvent amount was reduced using
a vacuum evaporator. The polar compounds were removed from the
extracts using column chromatography on silica gel (Kieselgel 60,
Merck). The aliphatic and aromatic hydrocarbon fractions were eluted
by n-pentane and a mixture n-pentane:dichloromethane (1:1, v:v).
The extracts were analyzed by GC-MS using a Thermo Scientific Trace
Ultra DSQ Il instrument equipped with a capillary column with a fixed
stationary phase DB 5 (30 mx0.25 mmx0.25 pm film). The GC oven
was heated from 35 °C (5 min) to 300 °C (10 min) at a rate of 4 °C/min.
The analysis was carried out in the split mode (1:50). Helium was
used as a carrier gas. Mass spectra were recorded at EI 70 eV from 40 to
500 amu in full scan mode. Identification of compounds was based
on comparison of spectra with the National Institute of Standards
and Technology (NIST) mass spectral library and data from literature
(Philp, 1985).

4. Results
4.1. Petrographical characteristics of fossil wood

Reflectance and maceral analyses of 23 representative samples were
carried out (Table 2). One stump was studied in detail (Table 3). Reflec-
tance values range from 0.34% R, to 0.39% R, in trunk samples. The low-
est value 0.33%R; originates from ulminite of the woody fragments
dispersed in carbonaceous clay surrounding the stump S. These values
indicate a metatype lignite rank (ECE-UN, 1998). All wood samples
dominantly consist of ulminite, particularly texto-ulminite B (Fig. 5).
In some cases, dark ulminite A with reflectance lower than 0.25% Rrya
has been recognized in the cellular tissues. Textinite comprises up to
38.3 vol.% in the partly decayed tree stump S4 and 37.3 vol.% in P16.
Dark textinite was observed in amounts less than 2 vol.% in samples
S1-S9 and P1, P5, P10, P12, P15, and P16. Completely gelified cellular
tissues occurred irregularly, eu-ulminite dominated in sample S1 and
P2. A characteristic feature of the wood samples is the presence of
corpohuminite bodies which infill cell lumens and comprise 7.5 vol.%
to 21.3 vol.% of the wood. The corpohuminites are solid or finely porous,
nonfluorescent, reflecting more than ulminite B, typically round to
oval in transverse section, and elongated in oblique or longitudal sec-
tion. Resinite fillings of cellular and intercellular spaces range between
4.4 vol.% and 8.7 vol.% in S8 sample. Other liptinite macerals sporinite,
cutinite, suberinite and liptodetrinite have been found in carbonaceous
clayey rock PB9. Inertinite macerals are absent in the sample collection
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Fig. 5. Reflected light microphotographs of xylite samples showing the range of humotelinite structure preserved in wood tissues of coalified tree stumps. A. Ulminite and
corpohuminite - deformed and gelified wood tissue of massive stump P1. B. Ulminite and corpohuminite - deformed and gelified wood tissue of massive stump P1. C. Textinitte
B and ulminite B in cross-field in the partly gelified wood tissue in partly decayed stump P6, radial cut. D. Textinite A and transition to ulminite A which are impregnated by resinite,
sample P5. E. Ulminite B and textinite in partly gelified wood tissue with deformed uniseriate rays (P9), tangencial cut. F. Corpohuminite and resinite fillings in cell volumes of
textinite and ulminite that represent partly swollen cell walls in partly decayed stump P15. G. Ulminite with transition to textinite and elongated fine porous corpohuminite in
wood tissue of partly decayed stump P16. H. Textinite to ulminite with corpohuminite and resinite fillings of cell volumes in deformed and partly gelified tissue of earlywood
and latewood, partly decayed stump P15, radial cut. I. Ulminite to textinite — poorly saved pits observed in fragment of tracheid. Partly decayed stump P23, radial cut.

with exception of funginite, which has been found in low concentrations
in samples S2, S3, S7, S9, P2, P3, P12, P13, P18, and P21 (Tables 2
and 3). Samples represent clean woody material with small admixtures
of clay minerals, massive bodies of siderite, and very rare framboidal
and crystallic pyrite. The dominance of ulminite, lower contents of
textinite and absence of humodetrinite correspond with values of the
gelification index GI ranging between 1.0 and 40.8.

4.2. SEM characteristics

The SEM observation of prepared gelified wood fragments revealed
various levels of deformed secondary xylem with more or less swollen
cell walls with round and cylinder-like resin or corpohuminite bodies
with various size (Fig. 6). In spite of an overall bad preservation of
the anatomical features, two taxonomical units were identified —
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Fig. 6. SEM microphotographs of the microscopic structures of the wood tissues preserved in the coalified tree stumps. TS - transverse section; TLS - tangential longitudinal section;

RLS - radial longitudinal section.
Glyptostroboxylon rudolphii:

A TS, sample P15, general view with both early- and latewood, gelified and deformed.

B TLS, sample P9, general tangential view with rays passing radial one demonstrating the deformed structure.

C RLS, sample P8, uniseriate bordered pits in radial tracheid wall.

D RLS, sample P18, regularly arranged biseriate pitting with crassulae.
E RLS, sample S4, irregularly arranged “glyptostroboid” cross-field pits.
Taxodioxylon gypsaceum:

F. RLS, sample P9, taxodioid cross-field pits in regular horizontal rows.

G. RLS, sample P21, detail of spherical and irregular particles of resinite or corpohuminite with relative smooth surface, which are discretely located in cell.

H. RLS, Sample P21, detail of cauliflower-like particles of resinite fixed in cell walls.

Glyptostroboxylon rudolphii Dolezych & van der Burgh and Taxodioxylon
gypsaceum (Goeppert) Kraeusel. The main criterion was type and regu-
larity of both pitting in radial tracheid walls and cross-field pitting.
These wood fragments have been interpreted in accordance with
the previous study from the same area (Teodoridis and Sakala, 2008),
i.e., Glyptostroboxylon rudolphii as wood of Glyptostrobus europaeus

and Taxodioxylon gypsaceum as wood of Quasisequoia couttsiae. Results
of SEM studies correspond to the macrofossil record (Kvacek, 1998;
Kvacek et al., 2004) of the layer studied.

The samples attributed to Glyptostroboxylon rudolphii (S4, S5, P1-P8,
P10, P12, P14, P15,P17, and P20-P22) show growth rings, but transition
between earlywood and latewood was not observed. Bordered pits
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Table 4

Basic chemical characterization of the stump samples S1-S9 (a) and P1-P23 (b).
Sample  %W? %AY %Cdar %HA  gNdaf %59t %somdar
a)
S1 12.92 10.56 78.11 5.72 1.77 0.50 8.36
S2 20.76 9.12 70.10 525 1.58 0.50 15.94
S3 19.62 4.96 64.29 5.11 1.49 047 13.71
S4 19.25 137 74.40 5.71 1.40 0.42 14.97
S5 16.64 3.27 70.43 5.60 1.55 0.31 10.47
S6 20.40 1.60 73.06 5.62 1.64 042 13.32
S7 20.39 6.19 70.39 5.40 171 0.44 9.84
S8 28.71 234 70.41 547 1.32 0.36 19.51
S9 6.30 71.62 49.79 6.87 137 0.39 6.77
b)
P1 14.20 2.36 7145 498 1.95 0.02 8.44
P2 17.73 1.10 70.36 543 1.67 0.01 16.55
P3 15.65 2.66 71.14 5.02 1.83 0.03 9.56
P4 14.64 1.75 69.34 5.05 1.66 0.06 9.65
P5 14.75 1.10 69.53 5.17 1.67 0.03 14.80
P6 14.23 1.40 75.47 529 1.72 0.01 12.53
P7 12.28 14.49 71.77 527 1.61 0.01 9.64
P8 15.36 221 70.97 5.52 1.49 0.01 15.84
P9 13.37 6.16 73.56 524 1.66 0.20 11.15
P10 15.79 2.83 71.36 5.45 1.63 0.01 15.63
P11 11.47 5.14 69.59 5.05 091 0.39 1.11
P12 11.52 1.94 69.40 5.03 0.78 0.33 8.64
P13 11.23 1.69 63.68 5.04 0.78 0.38 12.67
P14 11.42 3.25 66.12 4.76 0.98 0.32 8.97
P15 10.15 239 69.56 5.19 0.65 0.38 10.72
P16 10.71 1.10 69.39 5.05 0.92 0.40 7.91
P17 1030 1.65 70.56 533 0.81 0.40 11.82
P18 1149 424 68.80 4.86 1.15 0.40 7.83
P19 10.66 231 68.93 494 1.05 0.36 6.54
P20 11.20 1.71 69.94 528 1.01 0.39 1035
P21 10.02 4.10 68.36 5.15 0.77 0.40 10.18
P22 11.33 1.30 69.74 5.29 0.78 0.37 11.36
P23 13.21 3.26 67.79 4.90 1.02 0.37 8.46

%W — percent of moisture.
%A — ash yield.

%C — carbon content.
#Analytical sample.

9Dry.

dafpry ash free.

SOM Soluble organic matter.

are opposite, circular, in 1-2 irregular vertical rows in radial tracheid
walls. Uniseriate rays composed solely of parenchyma cells without ray
tracheids are up to 10 cells high with thin and smooth both horizontal
and end (tangential) walls. The 1-3 mostly “glyptostroboid” (taxodioid
with very narrow borders approaching almost pinoid) cross-field pits
per field were irregularly arranged. The axial parenchyma was present
often with the resin substance, the type of transverse end walls is
unknown.

The samples attributed to Taxodioxylon gypsaceum (P9, P11, P13,
P16, P18, P19, P23) have growth rings, but transition between early-
wood and latewood was not observed. Bordered pits are opposite,
circular, in 1-2 regular vertical rows in radial tracheid walls, and
crassulae are often present. Uniseriate rays composed solely of pa-
renchyma cells, without ray tracheids, up to 13 cells high with thin
or slightly thickened and smooth both horizontal and end (tangential)
walls. The 1-3 mostly taxodioid cross-field pits per field were
arranged in regular horizontal rows. The axial parenchyma was present
often with the resin substance, the type of transverse end walls is
unknown.

4.3. Bulk chemical composition

Table 4 demonstrates that there are not significant differences in
bulk chemical composition between samples from one trunk (S1-S9)

and samples from 23 stumps (P1-P23). Xylite samples are characterized
by variable ash content (A%) ranging between 1.30 wt.% and 10.56 wt.%.
The highest ash content has been found in carbonaceous clay S9. Total
sulphur content (%S9%) varies up to 0.5 wt.%, and nitrogen content
(%N%) up to 1.95 wt.% (Table 4). The carbon contents higher than
70 wt.% C9f were determined in the samples S1-S8 from one stump
and in the samples P1-P3, P6-P10, and P17. The highest carbon contents
were found in the sample of gelified wood of the root S1 and in the sam-
ple of deformed wood P6 (Table 4).

4.4. Organic geochemistry

Examples of two typical chromatograms obtained for the samples
P7 and P17 are shown in Fig. 7 (aliphatic fraction) and Fig. 8 (aromat-
ic fraction) together with their detailed description. The total area
given by the sum of the areas of all identified compounds was used
as a reference for determining the relative content of an individual
compound in the samples. The results for aliphatic and aromatic hydro-
carbon fractions are shown in Tables 5 and 6, respectively (part a) —
wood extracts S1-S9, part b) — wood extracts P1-P23).

5. Discussion

5.1. Gelification index, soluble organic matter, and carbon, nitrogen,
sulphur and oxygen contents

The wood, bark and root samples are petrographically distinct, in
terms of both maceral and tissue composition. They are dominated
by gelified but structurally intact ulminite B with minor and variable
proportions of textinite B and corpohuminite. The wood contains a
low portion of varieties of textinite A and ulminite A with reflectance
values lower than 0.25% (Table 2). The origin of both dark varieties of
telohuminite can be ascertained from higher cellulose content, lower
degree of humification and gelification, lower Eh and pH conditions, and
from the type of vegetation and plant tissues (Russel, 1984; Russel and
Barron, 1984; Stach et al,, 1982; Sykes, 1994). Textinite and ulminite
were studied from the anatomical point of view. Differences in petrolog-
ical and chemical composition have been found among the wood sam-
ples from one stump as well as among the individual samples in the
set of 23 stumps. Our results show large variability of GI values in the
carbon rank range from 49 wt.% to 78 wt.% (Fig. 9).

According to Bechtel et al. (2002), sulphur content is associated
with the degree of wood gelification. This does not appear in the
studied samples. Fig. 10, Tables 2 and 3 show that all samples can
be divided into three groups according to their sulphur contents. Sul-
phur content higher than 0.3 wt.% has been found in gelified wood
with GI lower than 15 and in the group of samples with GI higher
than 20. In samples with GI lower than 15, sulphur is present in
trace amounts. It can be assumed that sulphur is represented primar-
ily by organic sulphur. No pyrite was detected under optical micros-
copy in samples P6-P10 with very low sulphur and in the remaining
samples it was rare. The stump samples (Fig. 10) were enriched with
sulphur, which could be due to selective preservation of sulphur
containing compounds (sulphur is largely bound to lignin and its de-
rivatives) or may indicate anaerobic conditions during storage of
wood, in the presence of anaerobic bacteria (Bechtel et al., 2002).
The relative increase in sulphur may reflect preferential preservation
and relative enrichment with sulphur as a result of removal of selected
wood components, such as cellulose due to changing edaphic conditions
Eh and pH (Drobniak and Mastalerz, 2006). Hatcher et al. (1981),
Hatcher (1988), and Stout et al. (1989) found that cellulose is rapidly de-
pleted and removed from organic material during early coalification via
biological degradation whereas lignin is somewhat resistant to alter-
ation. Results of the early stage coalification experiments show that
both the cellulose and lignin components of the wood could be
converted to vitrinite-like substances under pressure and temperature
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Fig. 7. Typical TIC (Total lon Current) chromatograms of the aliphatic fraction of the sample extracts P7 (A) and P17 (B).

conditions without biochemical processes (Davis and Spackman, 1964;
Rollins et al., 1991).

According to Bechtel et al. (2002) there is also a correlation between
soluble organic matter (% SOM) and gelification degree (GI) of the

sample (the higher extractability is in non-gelified or low gelified
wood fragments), and between nitrogen, sulphur and oxygen content
(NSO) and gelification (GI) of the sample (the larger GI, the higher
NSO). We have not found such dependence. In accordance with


image of Fig.�7

M. Havelcova et al. / International Journal of Coal Geology 107 (2013) 62-77 71
100
0
80
8 P7
"'.: - aromatic fraction
-]
=
z o
=
F P
20
10 | 1
o l"'"'l"l'l"'l'"l"‘"l"'l""l""l'l'k'"'L . S LR T
28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Time (min) 2 2
= =
. g 2
=] [=]
18 © £ ©
o <4 (2] &
f @ b= -
16 8 8 = L
[
S o [ 2
& 8 8
212 c = [
E ol = S
|
21 @ of £
o £ S =
o
Z 8 o L= 2
= Oc k3 2
s 39 So (7}
g8 ©°E =
4 pay
e
S5 £
2 =1 o A
[i] o8 A A e ..l\ A
UM AR R R I T T L T L R T LR IR TR UL U IR R IR UL LR AR UL I T
30 el 32 33 35 36 37 38 39 40 41 42 43 44 45 46 47 48 43 50 51 52 53 54 55
Time (min)
100
0
80
8 n
c
2
c
>
3a P17 ) )
o aromatic fraction
=
2 = |
20
28 30 32 34 36 38 40 42 44 46 48 50 52 54
o o Time (min) © e
i ] o} 5 ]
20 | = = -a- n'e =
@ g- S K o f
18 E = o K= £
=1 O o o =
(%] o w
16 5 S
3] c » >
814 o .= o 5
& S o S o o
T 12 25 > ©
g1 = £ 5
@ c D ©
2 8 5 £ =
& ® E
s S |I& &
4 il £
; .L.m :
2
0 ..‘.'.‘..‘1...A....‘......*.‘.‘.1'.'.....‘..........ﬂ'h.*..,,.......,....... L G —
30 3 32 33 3 35 36 37 38 39 40 41 42 43 44 48 49 55
Time (min)
Fig. 8. Typical TIC (Total lon Current) chromatograms of the aromatic fraction of the sample extracts P7 (A) and P17 (B).
Bechtel et al. (2002, 2003, 2004) and Havelcova et al. (2012) we found a 5.2. Organic compounds
relationship between resinite content and SOM (Fig. 11). Resinite forms
round and oval fillings of cellular volumes of tissues and it irregularly fills Distribution of n-alkanes was similar for all sample extracts: n-alkanes

intercellular spaces. Traces of resinite can be dispersed in cell walls of  with 13 to 32 carbons in the chain have been identified, with a maximum
textinite A and ulminite A. at n-Cy3, and odd-over-even predominance (Fig. 12). The n-alkanes are
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characteristic for higher plants, because they originate from their lipids.
Carbon Preference Indexes (CPI) (Bray and Evans, 1961) and odd-even
predominance (OEP) (Scalan and Smith, 1970) (Table 7) indicate a terrig-
enous origin of the n-alkanes. The lowest values of CPI and OEP have
been found in the sample extract P16. The value may have been dimin-
ished by geothermal alteration during and after sedimentation or by
microbial reworking. The observed n-alkane maximum and calculated
values (Table 7) correspond to submerged/floating aquatic macrophytes
(Ficken et al., 2000; Zheng et al., 2007). Considering the nature and sim-
ilar storage conditions of the samples, the distribution of n-alkanes in
the studied samples is associated with a taxon. The similar n-alkane dis-
tribution in a fossil wood fragment (conifer wood Protopodocarpoxylon)
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Fig. 11. Relationship between soluble organic matter (SOM) and resinite content.

was identified by Marynowski et al. (2007). Lockheart et al. (2000) and
Otto and Simoneit (2001) found that conifer leaves and cones from
Taxodium, Sequoia and Metasequoia genera have different distribution of
n-alkanes compared to other genera.

The results of GC-MS analyses are similar in all wood extracts with re-
gard to terpenoid compounds in the aliphatic and aromatic fractions of
the extracts: the most abundant are oi-cedrane, 16c.(H)-phyllocladane,
cadalene, dehydroabietane, simonellite, and retene.

The diterpenoid 16a(H)-phyllocladane makes up the majority of
the substances found in the aliphatic extract of the stump samples
S1-59 (65.7-76.1%), followed by n-alkanes (8.4-16.6%) and norpimarane
(about 11%). Most of the substances found in the aromatic extract of
the stump samples S1-S9 are diterpenoids: dehydroabietane, simonellite
and retene, all of which are aromatization products of precursors with
the abietane skeleton. These substances constitute more than 90% of
the aromatic fraction of the extracts in the S1-S6 samples. Sample ex-
tracts S7-S9 contain higher amounts of cuparene and cadalene. Sample
extracts from the stumps P1-P23 differ among themselves in proportion
of 16cx(H)-phyllocladane and ai-cedrane (Fig. 13). For the stump sample
extracts S1-S9 the 16c(H)-phyllocladane/c-cedrane ratio shows minor
variations (Fig.14).

There are other differences in isopimarane, pimaranes (pimarane +
norpimarane) and abietanes (abietane + norabietane) distributions
in sample extracts P1-P23 (Fig. 15). For the stump sample extracts
S1-S9 the variation in relative abundances of these compounds is minor
(Fig. 16). The agreement in relationship of the 160((H)-phyllocladane/
a-cedrane ratio and terpenoid occurrences in the stump sample extracts
S1-S9 is evident. Among the stump sample extracts P1-P23 the most
different are the results in the extracts P7, P9, and P16 having opposite
16a(H)-phyllocladane/o-cedrane ratio.

Hopanoids (hopenes), bacterial markers, were detected only in the
stump sample extracts S1-S9, and only in very small quantities, indicat-
ing little effect of bacteria on the wood. Non-hopanoid pentacyclic
triterpenoids, angiosperm markers, have not been found, and thus no
samples can be assigned to angiosperm plants. Identified alkylated
aromatic compounds - methylnaphthalenes, methylbiphenyles,
methylphenanthrenes, tetramethyltetralin - (Fig. 12) are degradation
products of original terpenoids (Bastow et al., 1998).

Numerous papers have been published on GC-MS application in
the study of organic matter of fossil conifers. A summary can be found
in a review article by Otto and Wilde (2001), with a list of sesqui-,
di- and triterpenoids, which were found in samples and reported be-
tween the years 1950 and 1997. The investigation carried by Otto
and Wilde (2001) resulted in division of terpenoid substances according
to their occurrence: some compounds (e.g,, cadinanes, pimaranes) are
nonspecific and can be found in all conifer plants, other (e.g, 16c¢(H)-
phyllocladane) can be found only in some families of conifer plants,
and there are also terpenoids typical for one family only (e.g., cuparenes
in Cupressaceae).

Cupressaceae s.l. (Cupressaceae s.str. plus former Taxodiaceae
without Sciadopitys) are recognized as a single family. This unity is
independently supported by similarity of terpenoids. This family can be
distinguished by the presence of cuparanes (or other sesquiterpenoids,
e.g., widdranes), that occur only in the Cupressaceae s.str.. Pinaceae are
distinguished from other conifers because they lack some terpenoids
(phenolic abietanes, tetracyclic diterpenoids) and contain some special
sesquiterpenoids (longicyclanes, sativanes), diterpenoids (cembranes),
and also triterpenoids (serratanes, lanostanes). All other papers pub-
lished after 2001 have been based on the findings presented in the re-
view by Otto and Wilde (2001): Bechtel et al. (2002), Otto et al. (2002),
Hautevelle et al. (2006), Otto et al. (2007), Marynowski et al. (2007),
and Bechtel et al. (2007).

Terpenoids and their metamorphic derivatives may have different
precursors and that is why tracing of their origin in fossil organic
matter is complicated. For example, isopimaranes, pimaranes, and
abietanes can come from the labdane-derived copalyl pyrophosphate.
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Fig. 12. SIM (Selected Ion Monitoring) chromatograms showing distribution examples of n-alkanes (m/z 71) (a) and aromatic compounds (m/z 142, 156, 168, 173, 192) (b). The

numbers above peaks indicate carbon numbers of n-alkanes.

But they can also come from acids (pimaric, abietic, sandaracopimaric
or isopimaric acid), which occur in resins of conifer plants (Otto and
Wilde, 2001). The conversion of abietanes then evolves into other
compounds — simonellite, retene, and cadalene. But cadalenes may
form in an entirely different way, converted from farnesyl pyrophos-
phate, as well as from a-cedrane or cuparene.

Some of the terpenoid substances found in the studied sample ex-
tracts are specific to higher plants and can be assigned to a particular
class and family. The occurrence of aliphatic and aromatic biomarkers,
arising from native plant materials, depends on conditions during dia-
genesis of organic matter. Usually, aromatization of plant terpenoids
occurs (microbial oxidation, dehydrogenation, and demethylation). If
composition of a sample extract is dominated by aliphatic biomarkers,
then either the original terpenoid compounds in the plant were special
(resistant to degradation) and the storage conditions maintained their
status of aliphatics, or the diagenetic conditions were uncommon, re-
ducing primarily production of the aromatic compounds while preserv-
ing the aliphatic compounds.

We can assume that the conditions during diagenesis of the plant
material were very similar everywhere, and apart from the depositional
environment conditions and diagenetical processes also other factors
influenced geochemical composition of the material investigated. Dif-
ferences in the biomarker distribution are related to a conifer family
(genus) which original wood has come from. The set of 23 wood frag-
ments is quite representative to exclude random fluctuations in the
data. However, among the data from the biomarkers there are at least
three samples with more or less intermediate composition.

Staccioli et al. (1993) studied the extracts of the wood of
Taxodioxylon gypsaceum from Pliocene sediments. The wood revealed
the presence of sesqui- and diterpenoid structures, which mainly had
cadinane, selinane, and abietane carbon skeletons. The main com-
pounds did not belong to a particular botanical family but also some
minor constituents such as o-cedrane were identified. There is a lack
of similar data with respect to Glyptostroboxylon rudolphii.

According to Otto and Simoneit (2001), cedranes occur only in the
family Cupressaceae s.str. and Taxodiaceae, and cuparenes in the family
Cupressaceae s.str. and Podocarpaceae of modern wood, and can be
used as a characteristic of these conifer plants. Results of the chemical

composition analysis show that the studied samples (or at least those
with high content of a-cedrane) belong to one order and appear to
be representatives of the family Cupressaceae s.l.

Identical composition of saturated and aromatic hydrocarbons from
different parts of stumps and coaly clasts from the surrounding sediment
can be considered as an evidence of autochthonous origin of the coaly
detritus in the “Stump Horizon”. It can also serve as an evidence of the
same way and intensity of diagenetic change of organic matter near
one place. But there is also an opposite possibility that the organic matter
was altered significantly, and this diagenetic transformation suppressed
slight differences and created new ones due to other effects. With
respect to the above stated facts it must be said that all studied samples
from the stumps S1-S8 and P1-P23 (Glyptostroboxylon rudolphii and
Taxodioxylon gypsaceum) are more coalified and gelified wood frag-
ments, which testifies about humid and warm environment. Such a cli-
mate was suitable for most Cupressaceae s.l. with dominantly preserved
huminite and relatively high resinite, as it appears in the summary by
Kalaitzidis et al. (2004).

6. Conclusion

Results of the study have shown the diversity in maceral and chem-
ical composition among samples of one stump and among samples in a
set of 23 tree stumps from the “Stump Horizon” in the Bilina open cast
mine in the Most Basin.

Optical microscopy of the fossil stumps has shown plant textures
of ulminite and textinite corresponding to botanical structure typical
for conifers. Despite an overall bad preservation of anatomical features,
SEM has proved all the microscopic structures and enabled a very de-
tailed study of characteristic visual aspects. Stump samples correspond
to the species Glyptostroboxylon rudolphii and Taxodioxylon gypsaceum.

The sample extracts differ in the relative content of the identified com-
pounds. In the sample extracts different ratios of sesquiterpenoids and
diterpenoids - o-cedrane and 16o((H)-phyllocladane, respectively -
have been found, and different contents of isopimaranes, abietanes, and
pimaranes. The samples can be divided into two or three groups (some
results are intermediate). The division into two basic groups of samples
according to xylotomical parameters does not match the division
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Table 7

Values of parameters calculated from the relative n-alkane distribution in the extracts
of wood fragments: CPI (Bray and Evans, 1961), P, (Ficken et al., 2000), P.x (Zheng et
al., 2007), OEP 1 and OEP 2 (Scalan and Smith, 1970). S1-S9 (a) and P1-P23 (b).

Sample CPI P Puax OEP1 OEP2
a)

S1 1.70 0.91 0.22 1.40 1.49
) 221 0.72 0.39 1.20 1.76
] 1.94 0.81 0.33 1.12 1.67
S4 226 0.68 0.40 1.16 1.64
S5 1.98 0.67 0.45 1.08 1.54
S6 2.12 0.65 0.46 1.10 158
7 1.81 0.76 0.37 1.16 1.54
S8 1.99 0.78 0.34 1.09 1.64
9 227 0.75 0.37 1.13 1.80
b)

P1 2.03 0.93 0.17 1.44 1.48
P2 1.85 0.91 0.20 1.23 135
P3 1.52 0.90 021 1.19 121
P4 1.75 0.91 0.20 1.37 1.29
P5 155 0.92 0.19 1.26 1.15
P6 1.99 0.91 021 142 157
P7 225 0.82 0.32 1.49 1.94
P8 1.89 0.93 0.19 1.25 1.42
P9 1.64 0.91 0.20 1.19 1.40
P10 2.01 0.95 0.15 133 1.45
P11 1.85 0.83 0.29 1.24 1.45
P12 1.57 0.82 0.29 1.12 1.16
P13 147 0.79 0.32 1.14 1.12
P14 1.71 0.73 0.38 1.19 1.27
P15 2.08 0.78 0.34 135 1.47
P16 0.96 0.64 0.52 0.96 0.89
P17 2.74 0.64 0.45 141 1.75
P18 1.71 0.86 0.26 1.24 1.28
P19 1.39 0.78 0.37 1.15 1.18
P20 1.98 0.85 0.25 131 1.40
P21 1.80 0.82 0.29 1.30 1.30
P22 2.02 0.75 0.37 1.28 1.51
P23 221 0.71 0.41 132 1.65

CPI=0.5+[(C25 + C27 +C29+ C31+C33)/

(C24+C26 + €28 4 C30 4 C32) + (C25 + C27 + €29+ C31 +C33)/
(€26 +C28 +C30 + €32 + C34)].

Pq=(C23+C25)/(C23 + 25+ C29+C31).

Puax = (C27 + C29+ C31)/(C23 + C25 + C27 + C29 + C31).
OEP1=1/4+[(C21+6 €23 +C25)/(C22 + C24)].
OEP2=1/4+[(C25+ 6 C27 +C29)/(C26 + C28)].

according to the study of organic matter composition. In the case of Bilina
coniferous “Stump horizon”, a GC-MS study of coalified wood has not led
to identification of certain genus or species within the family
Cupressaceae. The differences in terpenoid composition can be consid-
ered as a complex of problems related to diagenetic processes, genus
and status of original plant materials that are still subject to further
investigation.
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Fig. 14. 160.(H)-Phyllocladane and a-cedrane in samples S1-S9.

5
mabietanes (abietane + norabietane)
44 oisopimarane
mpimaranes (pimarane + norpimarane)

Relative abundance

AN MO $OON~ND0D
[« Sa M o WY WA N a WY o WY s WY o 4

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23

Fig. 15. Relative contents of isopimaranes, pimaranes, and abietanes in samples P1-P23.

6 o abietanes (abietane + norabietane)

Relative abundance

4 o isopimarane

m pimaranes (pimarane + norpimarane)

— o @0 < v © ~ © (o3
(] [] [] %] 7] (5] [)] ] 4]

Fig. 16. Relative contents of isopimaranes, pimaranes, and abietanes in samples S1-S9.

Acknowledgements

This study was financially supported by Severoceské doly, a.s., by
the project 205/09/1162 of the Czech Science Foundation, and the
grant MSM0021620855.

References

Bastow, T.P., van Aarsen, B.G.K., Alexander, R., Kagi, R.I., 1998. Biodegradation of aro-
matic land-plant biomarkers in some Australian crude oils. Organic Geochemistry
30, 1229-1239.

Bechtel, A., Sachsenhofer, R.F.,, Gratzer, R., Liicke, A., Piitmann, W., 2002. Parameters
determining the carbon isotopic composition of coal and fossil wood in the Early
Miocene Oberdorf lignite seam (Styrian Basin, Austria). Organic Geochemistry
33,1001-1024.

Bechtel, A., Sachsenhoffer, R.F., Markic, M., Gratzer, R., Liicke, A., Piittmann, W., 2003.
Paleoenvironmental implications from biomarker and stable isotope investigations
on the Pliocene Velenje lignite seam (Slovenia). Organic Geochemistry 34, 1277-1298.


image of Fig.�13

M. Havelcova et al. / International Journal of Coal Geology 107 (2013) 62-77 77

Bechtel, A., Markic, M., Sachsenhoffer, R.F., Jelen, B., Gratzer, R., Liicke, A., Piittmann, W.,
2004. Paleoenvironment of the upper Oligocene Trbovlje coal seam (Slovenia). In-
ternational Journal of Coal Geology 57, 23-48.

Bechtel, A., Widera, M., Sachsenhofer, R.F., Gratzer, R., Liicke, A., Woszczyk, M., 2007.
Biomarker and stable carbon isotope systematics of fossil wood from the second
Lusatian lignite seam of the Lubstéw deposit (Poland). Organic Geochemistry 38,
1850-1864.

Bechtel, A, Gratzer, R,, Sachsenhofer, R., Gusterhuber, ]., Liicke, A., Piittmann, W., 2008. Bio-
marker and carbon isotope variation in coal and fossil wood of Central Europe through
the Cenozoic. Palaeogeography, Palaeoclimatology, Palaeoecology 262, 166-175.

Bray, E.E., Evans, E.D., 1961. Distribution of n-paraffins as a clue to recognition of source
beds. Geochimica et Cosmochimica Acta 22, 2-15.

Davis, A., Spackman, W., 1964. The role of the cellulosic and lignitic components of
wood in artificial coalification. Fuel 43, 215-224.

Drobniak, A., Mastalerz, M., 2006. Chemical evolution of Miocene wood: Example from
the Belchatow brown coal deposit, central Poland. International Journal of Coal
Geology 66, 157-178.

ECE-UN, 1998. International Classification of in Seam Coals. ECE UN, Geneva, p. 41. UN
New York.

Erdei, B., Dolezych, M., Hably, L., 2009. The buried Miocene forest at Biikkkabrany, Hungary.
Review of Palaeobotany and Palynology 155, 69-79.

Falcon-Lang, H.J., 2005. Intra-tree variability in wood anatomy and its implications for
fossil wood systematics and palaeoclimatic studies. Palaeontology 48, 171-183.

Ficken, KJ., Li, B., Swain, D.L., Eglinton, G., 2000. An n-alkane proxy for the sedimentary
input of submerged/floating freshwater aquatic macrophytes. Organic Geochemis-
try 31, 745-749.

Figueiral, I., Mosbrugger, V., Rowe, N.P., Ashraf, A.R., Utescher, T., Jones, T.P., 1999. The
Miocene peat forming vegetation of northwestern Germany: an analysis of wood
remains and comparison with previous palynological interpretations. Review of
Palaeobotany and Palynology 104, 239-266.

Figueiral, ., Mosbrugger, V., Rowe, N.P., Utescher, T., Jones, T.P., Von Der Hocht, F., 2002.
Role of Charcoal Analysis for Interpreting Vegetation Change and Paleoclimate in
the Miocene Rhine Embayment (Germany). Palaios 17, 347-365.

Gryc, V., Sakala, J., 2010. Identification of fossil trunks from Biikkabrany newly installed
in the Visitor Centre of the Ipolytarnéc Fossils Nature Reserve (Novohrad - Négrad
Geopark) in Northern Hungary. Acta Universitatis Agriculturae et Silviculturae
Mendeleianae Brunensis 58, 117-122.

Hémor-Vidé, M., Hofmann, T,, Albert, L., 2010. In situ preservation and paleoenvironmental
assessment of Taxodiacea fossil trees in the Biikkdbrany open cast mine, Hungary. Inter-
national Journal of Coal Geology 81, 203-210.

Hatcher, P.G., 1988. Dipolar-dephasing 13C NMR studies of decomposed wood and
coalified xylem tissue: evidence for chemical structural changes associated with
defunctionaliyation of lignin structural units during coalification. Energy & Fuels
2, 48-58.

Hatcher, P.G., Berger, LA, Earl, W.L., 1981. Nuclear magnetic resonance studies of ancienit
buried wood: I Observations on the origin of coal to the brown coal stage. Organic
Geochemistry 3, 49-55.

Hautevelle, Y., Michels, R., Malartre, F., Trouiller, A., 2006. Vascular plant biomarkers as
proxies for paleoflora and paleoclimatic changes at the Dogger/Malm transition of
the Paris Basin (France). Organic Geochemistry 37, 610-625.

Havelcova, M., Sykorova, L, Trejtnarova, H., Sulc, A., 2012. Identification of organic mat-
ter in lignite samples from basins in the Czech Republic: Geochemical and petro-
graphic properties in relation to lithotype. Fuel 99, 29-142.

IAWA Committee, 2004. International Association of Wood Anatomists. List of micro-
scopic features for softwood identification. IAWA Journal 25, 1-70.

International Committee for Coal and Organic Petrology (ICCP), 2001. The new inertinite
classification (ICCP System 1994). Fuel 80, 459-471.

ISO 7404, 2009. Methods for the petrographic analysis of coal.

Jeong, EX., Kim, K., Suziki, M., Kim, J.W., 2009. Fossil woods from the Lower Coal-
bearing Formation of the Janggi group (Early Miocene) in the Pohang Basin,
Korea. Review of Palaeobotany and Palynology 153, 124-138.

Kalaitzidis, S., Bouzinos, A., Papazisimou, S., Christanis, K., 2004. A short-term establish-
ment of forest fen habitat dutiny Pliocene lignite formation in the Ptolemais basin,
NW Macedonia, Greece. International Journal of Coal Geology 57, 246-263.

Kunzmann, L., Kvacek, Z., Mai, D.H., Walter, H., 2009. The genus Taxodium (Cupressaceae)
in Paleogene and Neogene of central Europe. Review of Palaeobotany and Palynology
153, 153-183.

Kvacek, Z., 1998. Bilina: a window on Early Miocene marshland environments. Review
of Palaeobotany and Palynology 101, 111-123.

Kvacek, Z., Bohme, M., Dvortak, Z., Mach, K., Prokop, J., Rajchl, M., 2004. Early Miocene
freshwater and swamp ecosystems of the Most Basin (northern Bohemia) with
particular reference to the Bilina Mine section. Journal of the Czech Geological So-
ciety 49, 1-39 (Prague).

Lockheart, M.J., van Bergen, P.F., Evershed, R.P., 2000. Chemotaxonomic classification of
fossil leaves from the Miocene Clarkia lake deposit, Idaho, USA based on n-alkyl
lipid distributions and principal component analyses. Organic Geochemistry 31,
1223-1246.

Marynowski, L., Zatofi, M., Simoneit, BR.T., Otto, A, Jedrysek, M.O., Grelowski, C.,
Kurkiewicz, S., 2007. Compositions, sources and depositional environments of or-
ganic matter from the Middle Jurassic clays of Poland. Applied Geochemistry 22,
2456-2485.

Otto, A., Simoneit, B.R.T., 2001. Chemosystematics and diagenesis of terpenoids in fossil
conifer species and sediment from the Eocene Zeitz formation, Saxony, Germany.
Geochimica et Cosmochimica Acta 65, 3505-3527.

Otto, A., Wilde, V., 2001. Sesqui-, Di-, and Triterpenoids as Chemosystematie Markers
in Extant Conifers - A Review. The Botanical Review 67, 141-238.

Otto, A., Simoneit, B.R., Wilde, V., 2007. Terpenoids as chemosystematic markers in se-
lected fossil and extant species of pine (Pinus, Pinaceae). Botanical Journal of the
Linnean Society 154, 129-140.

Otto, A., Simoneit, B.R.T., Wilde, V., Kunzmann, L., Piitmann, W., 2002. Terpenoid com-
position of three fossil resins from Cretaceous and Tertiary conifers. Review of
Palaeobotany and Palynology 120, 203-215.

Philp, RP., 1985. Fossil fuel biomarkers. Methods in Geochemistry and Geophysics.
Elsevier, New York.

Rollins, M.S., Cohen, A.D., Bailey, A.M., Durig, J.R., 1991. Organic chemical and petrographic
changes induced by early/stage artificial coalification of peats. Organic Geochemistry
17, 451-465.

Russel, N.J., 1984. Gelification of Victorian Tertiaey soft brown coal wood I. Relationship
between chemical composition and microscopic appearance and variation in the
degree of gelification. International Journal of Coal Geology 4, 99-118.

Russel, N.J., Barron, P.F., 1984. Gelification of Victorian tertiary soft brown coal wood Il
Changes in chemical structure associated with variation in the degree of gelification.
International Journal of Coal Geology 4, 119-142.

Scalan, R.S., Smith, J.E., 1970. An improved measure of the odd-to-even predominance in
the normal alkanes of sediment extracts and petroleum. Geochimica et Cosmochimica
Acta 34, 611-620.

Staccioli, G., Mellerio, G., Alberti, M.B., 1993. Investigation on terpene- related hydro-
carbons from a Pliocenic fossil wood. Holzforschung 47, 339-342.

Stach, E., Mackowsky, M.T., Teichmiiller, M.J., Taylor, G.H., Chandra, D., Teichmiiller, R.,
1982. Stach’s Textbook of Coal Petrology. Gebriider Borntraeger, Berlin, p. 535.
Stefanova, M., Markova, K., Marinov, S., Simoneit, B.R.T., 2005. Biomarkers in the fossils
from the Miocene-aged Chukurovo lignite, Bulgaria: sesqui- and diterpenoids.

Bulletin of Geosciences 80, 93-97.

Stout, S.A., Spackman, W., Boon, ].J., Kistermaker, P.G., Bensley, D.F., 1989. Correlations
between the microscopic and chemical changes in wood during peatification and
early coalification: a canonical variant study. International Journal of Coal Geology
13, 41-64.

Sweeney, LJ., Chin, K., Hower, ].C,, Budd, D.A., Wolfe, D.G., 2009. Fossil wood from the
middle Cretaceous Moreno Hill Formation: Unique expressions of wood minerali-
zation and implications for the processes of wood preservation. International Jour-
nal of Coal Geology 79, 1-17.

Sykes, R., 1994. A Plant Tissue Origin for Ulminites A and B in Saskatchewan Lignites
and Implications for R,. Energy & Fuels 8, 1402-1416.

Sykorova, I, Pickel, W., Christanis, K., Wolf, M., Taylor, G.H., Flores, D., 2005. Classification
of huminite - ICCP System 1994. International Journal of Coal Geology 62, 85-106.

Taylor, G.H., Teichmdiller, M., Davis, A., Diessel, C.F.K, Littke, R., Robert, P., 1998. Organic
Petrology. Gebriider Borntraeger, Berlin-Stuttgart, p. 704.

Teodoridis, V., Sakala, J., 2008. Early Miocene conifer macrofossils from the Most Basin
(Czech Republic). Neues Jahrbuch fiir Geologie und Paldontologie Abhandlungen
250, 287-312.

Vassio, E., Martinetto, E., Dolezych, M., Van Der Burgh, J., 2008. Wood anatomy of the
Glyptostrobus europaeus “whole-plant” from a Pliocene fossil forest of Italy. Review
of Palaeobotany and Palynology 151, 81-89.

Visscher, G.E., Jagels, R., 2003. Separation of Metasequoia and Glyptostrobus (Cupressaceae)
based on wood anatomy. IAWA Journal 24, 439-450.

von der Brelie, G., Wolf, M., 1981. Zur Petrographie und Palynologie Keller und dunkler
Schichten in rheinischen Hauptbraunkohlenfoz. Fortschritte in der Geologe von
Rheinland und Westfalen 29, 95-163.

Wagner, M., 1982. Doppleritization of xylitic coal in the lihgt of petrographic and
chemical investigations. International Journal of Coal Geology 2, 181-194.

Witke, K., Gotze, J., RoRler, Ditrich, Marx, G., 2004. Raman and cathodoluminescence
spectroscopic investigation on permian fossil wood from Chemnitz - a contribution
to the study of the permineralisation process. Spectrochimica Acta A 60, 2903-2912.

Yoon, CJ., Kim, K.W., 2008. Anatomical desription of cilicified woods from Madagascar
and Indonesia by scanning electron microscopy. Micron 39, 825-831.

Zdravkov, A, Bechtel, A., Sachsenhofer, R.F., Kortenski, ]., Gratzer, R., 2011. Vegetation dif-
ferences and diagenetic changes between two Bulgarian lignite deposits - Insights
from coal petrology and biomarker composition. Organic Geochemistry 42, 237-254.

Zheng, Y., Zhou, W., Meyers, P.A,, Xie, S., 2007. Lipid biomarkers in the Zoigé-Hongyuan
peat deposit: Indicators of Holocene climate changes in West China. Organic Geo-
chemistry 38, 1927-1940.



Priloha 5



SBORNIK NARODNIHO MUZEA V PRAZE
Rada B — PFirodni védy * sv.67 « 2011 « ¢is.3-4 + 5. 145-148

ACTA MUSEI NATIONALIS PRAGAE
Series B — Historia Naturalis < vol. 67 < 2011 * no.3-4 « pp. 145-148

SILICIFIED STEM FROM THE LATE EOCENE FOSSIL LOCALITY OF KUCLIN
(CZECH REPUBLIC): OVERVIEW AND NEW REMARKS

JAKUB SAKALA

Charles University in Prague, Faculty of Science, Institute of Geology and Palaeontology, Albertov 6, 128 43 Praha,

Czech Republic; e-mail: rade@natur.cuni.cz

respect to poorly preserved cross-field pitting.

Sakala, J. (2011): Silicified stem from the Late Eocene fossil locality of Kuclin (Czech Republic): overview and new remarks. — Acta.
Mus. Nat. Pragae, Ser. B, Hist. Nat., 67(3—4): 145-148, Praha. ISSN 0036-5343.

Abstract. The silicified stem from Kuclin was first attributed to Podocarpoxylon helmstedtianum and linked with the co-occurring remains
of Doliostrobus. Later it was re-interpreted as Tetraclinoxylon vulcanense and associated with twigs and seeds of Tetraclinis. The new
anatomical comparison reveals that exact botanical affinities of the silicified stem cannot be unequivocally established, mainly with

B fossil conifer wood; Podocarpoxylon; Tetraclinoxylon; Doliostrobus; Tetraclinis; Late Eocene; Kuclin; Czech Republic

Received October 30, 2011
Issued November 2011

Introduction

In 1976, a large silicified tree attaining 7.5 m in length
was found in the locality of Kuclin by F. Holy (Text-fig. 1).
In 1994, the stem was systematically attributed to Podocar-
poxylon helmstedtianum GOTTWALD and tentatively linked
with the co-occurring twigs and cone scales of Doliostrobus

o T A 0

Museum Teplice).

Text-fig. 1. Historical photo by M. Mag of the discovery of the silicified stem in the locality of Ku¢lin in 1976 (courtesy Regional

MARION (Bfezinova et al. 1994). In 2003, the wood was re-
interpreted as Tetraclinoxylon vulcanense PRIVE and associ-
ated with twigs and seeds of Tetraclinis MASTERS (Sakala 2003).
In fact, Doliostrobus and Tetraclinis are the only two conifers
described in Kuclin (Kvaéek 2002, Kvacek and Teodoridis 2011
in this volume), well characterized and unequivocally separated
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based on foliage and reproductive structures. Therefore, the
uncertainty, which persists about exact botanical affinities of the
silicified stem, is rather problematic.

Historical overview

Bfezinova in Biezinova et al. (1994) described the wood
from Kuclin as Podocarpoxylon helmstedtianum. The
cross-fields, which are of crucial interest for attribution to
the morphogenus Podocarpoxylon GOTHAN, were charac-
terized as cupressoid and taxodioid. The author, however,
noticed they were “usually poorly preserved” (Bfezinova in
Bfiezinova et al. 1994: p. 224). When I re-analyzed the fos-
sil wood (Sakala 2003), I did not observe any “taxodioid”
cross-field pit, i.e., with “large, oval to circular, included
apertures; the aperture exceeds the width of the border at its
widest point” (IAWA Committee 2004: feature 94, p. 53). In
fact, all the observed cross-field pits were “cupressoid”, i.e.,
with “elliptical apertures included within the limits of the
pit border (contrary to the often extended piceoid pits);
apertures are definitely narrower than the border” (IAWA
Committee 2004: feature 93, p. 53). However, similarly to
Btezinova, I could note that the cross-field pits were “poor-
ly preserved” (Sakala 2003: p. 26), in other words, the fact
that I did not observe any taxodioid cross-field pit might be
also related to the bad preservation or high recrystallisation

of the Kuclin wood. I consequently concentrated on fea-
tures other than cross-field pitting and I realized that, con-
trary to the previous description (Bfezinova in Bfezinova et
al. 1994), the tracheids were markedly roundish in cross-
section (Text-fig. 2) with characteristic intercellular spaces
(Sakala 2003). This feature in combination with other ones
(see in Sakala 2003) allowed me to re-attribute the sample
to Tetraclinoxylon vulcanense, which had originally been
described from the Pliocene of Rochefort-Montagne,
France by Privé (1973). This fossil morphospecies is con-
sidered to describe the wood of Tetraclinis, even it differs
from the only living representative of Tetraclinis — T. artic-
ulata (VAHL) MASTERS by having both strongly developed
crassulae (= Sanio bars) and numerous biseriate parts of pit-
ting in radial tracheid walls (see in Privé 1973: p. 173).
Therefore, I associated the fossil wood with twigs and seeds
of Tetraclinis salicornioides (UNGER) Z. KVACEK described
from the same locality by Kvacek (2002).

In 2005, the trunk wood of Doliostrobus was described
from the Late Eocene locality of Groitzsch, Germany and
a new morphogenus Doliostroboxylon was proposed by Do-
lezych in Junge et al. (2005) to accommodate a unique com-
bination of wood anatomical features. The wood has an
overall cupressaceous character (similar to Cupressaceae
s.l.) except for the peculiar cross-field pitting; Dolezych in
Junge et al. (2005) described cross-field pits as cupressoid,

Text-fig. 2: Microscopic photo of the wood from Ku¢lin (specimen No. G 4723, NM, transverse section) shoving growth ring boundary
with markedly rounded tracheids and abundant axial parenchyma (dark cells) present both in late- and earlywood (scale bar = 100 pm).
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Table 1. Comparative anatomical table, for more information, see explanation in the text, part called New remarks, note: ‘“height of
ray cells” means ratio between the height of ray cells in 1-cell high rays and the height of the middle ray cells in 3- or more-cell high
rays; this ratio cannot be determined from the publications about Doliostroboxylon and the holotype of Tetraclinoxylon vulcanense

so there are only total ranges of ray cell height in these two cases.

podocarpoid, pinoid

and ?glyptostroboid

?podocarpoid

Doliostrobus Doliostroboxylon Podocarpoxylon Kuclin Tetraclinoxylon Tetraclinis
(twig wood) (trunk wood) helmstedtianum wood vulcanense articulata
Geiseltal, Germany | Groitzsch, Germany | Helmstedt, Germany | Kuclin, Czech Republic | Rochefort-Montagne,
Middle Eocene Late Eocene Middle Eocene Late Eocene France Pliocene Recent
thin slides Dolezych in Junge | Gottwald 1966 and thin slides Privé 1973 thin slides
et al. 2005 thin slides
‘tracheld shape angular angular angular rounded polygonal
in transverse rounded
. to polygonal to polygonal to polygonal to polygonal to rounded
section
radial diameter
of widest 25 um 50 um 35(40) um 60(70) pm 55 um 30(40) um
tracheid
1-seri 1(-2)-seri 1-seri ith 1-2-seri 1-2-seri
radial pitting seriate, no (-2)-seriate, seriate, without seriate, strong seriate, strong | seriate
crassulae crassulae crassulae crassulae crassulae
axial
very abundant abundant very abundant abundant rare extremely rare
parenchyma
height of 23-4 20-
c:l'lgs tofray 1 5027 um/15-17 um 12-40 um 3-40 i‘;/ 0301 4045 um /25-30 um 15-30(-39) ym | 25 um /15-20 um
1-2(-3-4) 1-2 1-2(-4) 1-2(-4) 14
cross-field pits doliostroboid cupressoid, ?cupressoid cupressoid, . .
cupressoid cupressoid

podocarpoid and pinoid. This was complementary to a unique
cross-field pitting seen in a small leafy branch of Dolio-
strobus from the Middle Eocene locality of Geiseltal, Ger-
many, which was first illustrated by Buzek et al. (1968), and
later formalized by Riiffle and Siiss (2001) by defining
“doliostroboid” cross-field pits as large, mostly simple pits,
1-5 in number, irregularly disposed in a cross-field and vari-
able in shape. The uniqueness of the cross-field pitting in
Doliostrobus is still matter of controversy, partly related to
its aspect (podocarpoid vs. araucarioid), partly to termino-
logical problems with consensual definition of “podocar-
poid” cross-field pit (see in Dolezych and Sakala 2007). How-
ever, this debate is beyond the scope of the present overview,
especially as the cross-field pits are poorly preserved in the
Kuclin wood. Finally, it must be noticed that Riiffle (1976)
had already suggested that Podocarpoxylon helmstedtianum,
described originally from the Middle Eocene locality of Helm-
stedt, Germany by Gottwald (1966), might in fact be also relat-
ed to Doliostrobus. However, strictly speaking, the only
unequivocal and incontestable record of Doliostrobus wood is
represented today by the small branch from Geiseltal with
Doliostrobus leaves in direct organic connection; the others are
‘only’ more (or less) plausible hypotheses.

New remarks

In order to see what the differences are between the
above-mentioned woods, I prepared a kind of synoptic table

(see Tab. 1). The published descriptions as well as some
original thin slides were used to complete the table; more
concretely, the thin slides alone were used in the case of
Doliostrobus twig, Kuclin wood and extant Tetraclinis,
combination of both published descriptions and thin slides
in Podocarpoxylon from Helmstedt, and finally the pub-
lished description alone in the case of Doliostroboxylon
from Groitzsch and the holotype of Tetraclinoxylon vulca-
nense. I could observe under microscope the following thin
slides: 1) original slides of Doliostrobus twig from Geiseltal
described in Buzek et al. (1968) Nos Ge 2/1, 2/2, 2/3, all
three sections (courtesy Z. Kvacek), 2) part of Gottwald’s
type material of Podocarpoxylon helmstedtianum from
Helmstedt Nos BFA Nr. 12 252 f (holotype), 12 262 f —
12 276 1, 12 278 f — 12 287 f, all three sections (courtesy
Z. Kvacek), 3) original slides of Podocarpoxylon helmsted-
tianum from Kuclin described by Bfezinova in Bfezinova et
al. (1994) Nos G 4700-4710 and G 4715-4726 from the col-
lections of the National Museum in Prague (NM), all three
sections (courtesy J. Kvacek) and 4) wood of extant Tetra-
clinis articulata No. 2280 from the collections of Labora-
toire de paléobotanique et paléoécologie, UPMC, Paris, all
three sections (courtesy C. Privé-Gill).

The results are presented in Tab. 1. I did not see any sig-
nificant difference between the height of ray cells in 1-cell
high rays and that of the middle ray cells of 3- or more-cell
high rays, as underlined like typical feature of Doliostrobus
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wood by Riiffle and Siiss (2001: p. 416). Generally, the
results clearly show that two woods can be distinguished
quite easily by distinct combination of features: Dolio-
strobus twig and extant Tetraclinis. The resting four types
are rather similar to each other, except for Podocarpoxylon
helmstedtianum from Helmstedt, which presents narrow
tracheids with only uniseriate radial pitting; its cross-field
pitting, described by Gottwald (1966), was not confirmed
by inspection of the type thin slides. Contrary to Dolio-
stroboxylon from Groitzsch, I observed only the cross-field
pits with narrow ‘slit-like’ apertures in the wood from
Kuclin; our wood seems to have also more numerous bise-
riate parts of pitting in radial tracheid walls with more dis-
tinct crassulae and more abundant axial parenchyma than
the wood from Groitzsch. Moreover, it seems that the
Kuclin stem itself is smooth (Text-fig. 1) and does not pres-
ent typical “burls” on the trunk surface, recorded by
Dolezych in Junge et al. (2005: pictures 19-22) in
Doliostroboxylon from Groitzsch. Finally, the holotype of
Tetraclinoxylon vulcanense and our wood are very similar,
only the former seems have less abundant axial parenchy-
ma. In fact, a reappraisal of the original thin slides of the
holotype from France would be the only possibility to quan-
tify this feature.

Conclusions

The fossil wood from Kuclin, originally described as
Podocarpoxylon helmstedtianum and later re-interpreted as
Tetraclinoxylon vulcanense, is newly compared to five wood
types: Doliostrobus from Geiseltal, Doliostroboxylon from
Groitzsch, Podocarpoxylon helmstedtianum from Helms-
tedt, Tetraclinoxylon vulcanense from France and extant
Tetraclinis articulata. Our wood is the most similar to 7e-
traclinoxylon vulcanense, which is not surprising, but the
anatomical feature, indispensable in this context, i.e., cross-
field pitting, is poorly preserved. Therefore, the question
about its unequivocal systematical attribution or exact
botanical affinities is still open.
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ABSTRACT. The methods in palaeoclimate reconstruction are either taxonomically controlled with the need
to identify fossil specimens or not requiring identification of a fossil. The differences between the two types of
methods were demonstrated on fossil wood floras from the Tertiary of Central Europe. The Tertiary of north-
western Bohemia (Czech Republic) are unsuitable both for the Coexistence Approach and for Wiemann et al.’s
statistical model. On the other hand, the North Alpine Foreland Basin (Germany) is ideal for both methods.
The statistical model is applied here for the first time to the famous locality Rauscherdd, using the published
xylotomical descriptions only. The minimal values of MAT, calculated as 18°C and 21°C, are lower than those
published earlier using the CA and closer to other coeval European localities. Generally, defining wood types to
use in Wiemann et al.’s model is an important preliminary step which requires wood anatomical knowledge.

KEY WORDS: fossil angiosperm wood, palaeoclimate reconstruction, Tertiary, Czech Republic, Germany, Central Europe

INTRODUCTION

Fossil angiosperm wood is often neglected
as a source of complementary information in
palaeoclimate reconstruction. Nevertheless
its potential to provide climatic data is great.
Climate variables can be determined using
the statistical model based on angiosperm
wood characters without the necessity of an
exact systematic attribution (Wiemann et al.
1998, 1999). However, this model requires
more wood types than usually are present at
a single locality. On the other hand, the Coex-
istence Approach (CA), developed by Mosbrug-
ger and Utescher (1997), depends on properly
establishing the closest living analogue. The
difference between the two methods is dem-
onstrated here using the Tertiary wood floras
of two selected model areas from the Czech
Republic and Germany.

METHODS IN PALAEOCLIMATE
RECONSTRUCTION

There are two main groups of methods for recon-
structing palaeoclimate from fossil plants.

The first group is based on finding the systematic
affinities of fossil taxa. Generally, this approach recon-
structs palaeoclimate using climatic requirements of
the presumed living analogues. It is assumed that the
fossil taxa and their living analogues have similar
climatic requirements. The CA is a good example of
the quantification of such an approach (Mosbrugger
& Utescher 1997). The CA is based on ecological and
climatic requirements of the so-called nearest living
relatives (NLR) of the fossil elements. The climatic
tolerances of the NLR, i.e., various living plants
chosen for equivalents of a given fossil assemblage,
are included into a database in form of ranges, and
the fossil assemblage is subsequently characterized
by the interval, where the maximum of these ranges
overlap, i.e., maximum number of NRL can co-exist.
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This approach depends on an exact systematic attribu-
tion of fossil taxa; however, the right choice of the NLR
is often difficult (Kvacek in press). Opinion about the
NLR of a fossil can vary depending on the investiga-
tor; consequently, the climatic values based on the CA
vary as well. Moreover, the existence of the so-called
“mosaic” species where each part of the plant shows
relationship to a different living relative, makes the
application of the CA even more difficult (documented
for the fossil elm wood in Bilina, see Fig. 1:1 — for the
summary see Sakala 2004).

On the other hand, there is the second group of
methods which does not need a precise identification
of fossil specimens. These methods take into account
the correlation between climate and selected features
of the plant structure; these methods include CLAMP
(Wolfe 1993), tree ring analysis (Creber 1977) or stable
isotopes (van Bergen & Poole 2002). For fossil wood,
Wiemann et al. (1998, 1999) developed statistical mod-
els for inferring climate from selected wood anatomi-
cal characters. The relationships between anatomical
features and climate parameters are presented in the
form of regression equations. The limitation of this
method is that the statistical evaluation requires
a large amount of dicot elements (at least 25) within
an assemblage or an area (Wiemann et al. 1998,
1999) and this is rare (Sakala 2000). However, this
model as well as other methods that are independent
of taxonomic attribution should theoretically come to
the same results independent of investigator. For that
reason, this group of methods can be considered as
“objective”.

CASE STUDIES

In order to demonstrate different aspects
of the two approaches, two areas were cho-
sen. The first is the Tertiary of north-western
Bohemia (Czech Republic) focusing on the
Most basin (Bilina, early Miocene, Fig. 1:1)
and the Doupovské hory Mountains in the
vicinity of Kadan (Oligocene, Fig. 1:2). The
second one is the locality Rauscherod (early
Miocene, Fig. 1:3) in the North Alpine Fore-
land Basin (Germany).

CZECH REPUBLIC

Outcrops of the Tertiary in north-western
Bohemia are linked to the Ohre Rift system,
a depression zone orientated in SW-NE direc-
tion. The Ohre Rift represents a complex
volcano-tectonic structure, which can be sepa-
rated by transverse, NW-SE orientated lines in
differently depressed blocks of volcanic centres
(Ceské stredohori and Doupovské hory Mts.)
and sedimentary freshwater deposits (Most
Basin etc.). Generally, the volcanic and sedi-
mentary rocks are mostly late Eocene to early
Miocene in age, and there are many fossilifer-

% ffiSllo
i I T

Fig. 1. Geographic position of the compared regions: 1 —
Bilina; 2 — Kadan; 3 — Rauscherdd. (according to Kovar-Eder
et al. 2001, slightly modified)

ous localities. The recent state of knowledge
and complementary references can be found in
Chlupac et al. (2002).

Coexistence approach (CZ)

The Tertiary of north-western Bohemia
have been intensively explored, however, most
palaeobotanical investigations have been of
fossil leaves, fruits and seeds. Angiosperm
wood is also known but uncommon (e.g., the
famous "wood of the deluge” from Jachymov,
found in 1557, being originally described as
Ulminium diluviale by Unger (1842); the origi-
nal slides were re-discovered and re-described
by Dupéron et al. (submitted). Therefore, the
palaeoclimate reconstruction based on the CA
must uses leaves and reproductive structures.

Statistical model (CZ)

The model developed by Wiemann et al.
(1998, 1999) requires a statistically valid
sample, i.e., sufficient number of “wood types”
sensu Wiemann et al. (1998). However, in the
area of Kadan, i.e., the richest site for fossil
angiosperm wood in the Czech Republic, there
are only eight different species described (Pra-
kash et al. 1971). New specimens have been
collected. The re-examination of the original
and new material reveals a total of only seven
well defined species (wood types) of fossil dicot-



yledonous angiosperms (Sakala 2006), maybe
slightly more. Hence, the vicinity of Kadan as
well as the whole area of the Tertiary of north-
western Bohemia remains unsuitable for the
statistical model.

GERMANY

Fossil wood record from the early- to mid-
dle Miocene sediments of the North Alpine
Foreland Basin has recently been summa-
rized by Bohme et al. (in press). With over
1000 samples from 65 localities assigned to
80 taxa this area can be considered as one of
the world’s richest for silicified wood (Bohme
et al. in press). The locality Rauscherod (Fig.
1:3) from Lower Bavaria was chosen as ideal
for the purpose of the present paper. First,
there are many angiosperm woods (more than
20 species) at one single site, which is rare for
Europe. Second, Rauscherod is traditionally
considered as a locality with markedly tropi-
cal character (Selmeier 2000a), which is rather
unusual regarding its age (early Miocene, late
Ottnangian, MN 4b). Recently, Bohme et al.
(in press) characterized Rauscherdd as a para-
tropical evergreen Carapoxylon (Xylocarpus)
forest. In fact, the main reason of this study
was to check “independently” the tropical (or
paratropical) character of Rauscherod using
the “objective” statistical model. Geologically,
Rauscherod belongs to the Ortenburg gravel,
which represents a delta deposit of the Onco-
phora Lake. (For further information and addi-
tional references see Bohme et al. in press).

Coexistence approach (DE)

Bohme et al. (in press) analyzed Rauscherod
using the CA: NLR together with their corre-
sponding mean annual temperatures (MAT)
are summarized in their figure 6:1, then all
climatic parameters calculated for all localities
studied are presented in their Table 1. Focus-
ing just on MAT, determined for Rauscherod
as 22.2-24.2°C, the genus Carapoxylon causes
its highest value (B6hme et al. in press). The
fossil was compared to Xylocarpus / Carapa
(Bohme et al. in press, appendix tab. 1) and
one must recognize that these taxa (e.g. Car-
apa guianensis Aubl., Xylocarpus mollucensis
(Lamk.) Roem., X. granatum Koenig) look very
similar (Richter & Dallwitz 2000-onwards,
InsideWood 2004-onwards). The second most
thermophilic taxon Bombax (with about 17°C
as the minimal value of the range of MAT,
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Bohme et al. in press) was recognized as the
nearest living relative to Bombacoxylon oweni
(Carr.) Gottwald. However, this fossil spe-
cies is generally placed somewhere between
Sterculiaceae and Bombacaceae (Privé-Gill
& Pelletier 1981). Similarly, several species
of Grewioxylon, the variability of which had
been described in detail by Selmeier (2000b),
were compared to the modern genus Grewia
(Bohme et al. in press, appendix tab. 1). These
species may represent “tilioid” types other
than Grewia, e.g. Craigia, which is very com-
mon in the Tertiary of Central Europe based
on reproductive structures (Kvacek 2005). The
wood of extant Craigia was described recently
by Manchester et al. (2006) and some fossil
woods might represent this genus, e.g. a new
find from the area of Kadan (Sakala 2006).
However, Grewioxylon and similar fossil tilioid
woods lack the helically thickened vessels typi-
cal of the modern Craigia (Manchester et al.
2006).

The CA of the Rauscherdd xyloflora gives,
except for Carapoxylon, a broad interval for
MAT (Bohme et al. in press). Therefore, it will
be important to find exact living analogues
to different species of Carapoxylon, the most
abundant element at Rauscherod.

Statistical model (DE)

On the other hand, the statistical model,
using wood characters only, should prove the
possible tropical (paratropical) character of
Rauscherdd in rather objective way. Table list-
ing all fossil woods from Rauscherod (Bohme
et al. in press, appendix tab. 2) served after
a consultation with A. Selmeier as a basis of
the data set. The model of Wiemann et al.
(1998, 1999) uses dicotyledonous wood only, so
Palmoxylon sp. and Taxodioxylon sp. are not
considered. Cinnamomoxylon sp. div., Lauri-
noxylon sp., Carapoxylon sp. and Grewioxylon
sp. were also not included in the data set
because their description did not allow defin-
ing the woods as distinct taxonomic units. The
data set presented in Table 1 consists of 22 fos-
sil species and 13 wood anatomical characters
(Wiemann et al. 1998, 1999), the definition of
which is found in the caption to Table 1. All
characters were based on literature exclu-
sively.

The subsequent step consisted in choosing
“wood types” instead of “fossil species”. A wood
type is the unit in Wiemann et al.’s statistical
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model. It is most often a genus, but “...occa-
sionally a species or group of species if wood
anatomical differences permitted such a sepa-
ration.” (Wiemann et al. 1998). In other words,
a wood type, still following the examples cited
by Wiemann et al. (1998) is a wood with
a distinctive combination of characters. In
fact, this step requires familiarity with wood
anatomy. The wood types here have been cho-
sen based on my judgment (after consultation
with C. Privé-Gill) and available literature
(descriptions, figures and plates) to reflect
natural taxonomic units with distinctive wood
anatomy. At Rauscherdd, there are 16 wood
types (in comparison with 22 fossil species!),
which are marked in grey in Table 1. In spite
of the fact that Rauscherdd is a unique locality
with many angiosperm woods, this number is
still lower than 25 types per locality recom-
mended by Wiemann et al. (1998).

Finally, the MAT was calculated using the
same three regression equations as used for
the fossil wood localities of Yellowstone, Post,
Vantage, Clarno Nut Beds and Fejej (Wiemann
et al. 1999). The first regression equation,
defined by Wiemann et al. (1998) and based
on untransformed data, is the following:

MAT (Wiemann 98) = 13.40 — 0.250(spir)
+ 0.637(>10ser) + 0.255(het4+) + 0.416(stor)
— 0,213(abs), where the values in parentheses
are the percent of wood types in an assemblage
that have the corresponding character. The
other two equations are based on transformed
data (arcsine transformation) and were pub-
lished later by Wiemann et al. (1999):

MAT (Arcsines 12) = 24.78 + 36.57(stor)
—15.61(marg) — 16.41(abs)

MAT (Arcsines 15) = 17.07 + 25.23(stor)
— 23.17(abs) + 13.79(sept), where the values
in parentheses are the arcsines of the square
roots of the proportions of the characters.

How to code “axial parenchyma absent or
rare” in Homalioxylon and “rays storied” in
Carapoxylon is unclear with respect to equivo-
cal information obtained from the publications
so rexamination of the original slides is needed
(see Tab.1).

The MAT calculated are the following:

minimal values (Homalioxylon with paren-
chyma absent or rare and neither of the two
species of Carapoxylon having storied rays)

MAT (Wiemann 98) = 18.0°C

MAT (Arcsines 12) = 20.7°C

MAT (Arcsines 15) = 21.0°C
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maximal values (Homalioxylon with paren-
chyma present and both species of Carapoxy-
lon having storied rays)

MAT (Wiemann 98) = 24.9°C

MAT (Arcsines 12) = 30.2°C

MAT (Arcsines 15) = 28.9°C

Generally, the minimal values of the MAT
obtained for Rauscherod using the statistical
model, i.e., MAT calculated as 18 and 21°C,
seem to be more realistic and closer to the
values obtained from other Ottnangian(-Kar-
patian) localities with “Younger Mastixioid
Floras” correlated with the assemblage of
Eichelskopf-Wiesa sensu Mai (1995) of the
Miocene climatic optimum, e.g., Oberdorf,
Austria with MAT = 15.7-17.6°C based on CA
(Bruch & Kovar-Eder 2003) or the upper part
of the Libkovice member of the Most forma-
tion, Czech Republic with MAT estimated 19 +
1°C (Teodoridis & Kvacéek 2006).

CONCLUSIONS

1) The Tertiary of north-western Bohemia,
Czech Republic, is not suitable for the CA
based on fossil angiosperm wood, nor for the
statistical model developed by Wiemann et al.
(1998, 1999). The information useful for CA
is better obtained from the more abundant
leaves and reproductive structures. The rich-
est site for fossil angiosperm wood, i.e., town
of Kadan and its vicinity, have only seven well
defined wood types of fossil dicotyledonous
angiosperms (Sakala 2006). This is not suffi-
cient for a correct application of the statistical
model.

2) On the contrary, the North Alpine Fore-
land Basin, Germany, is ideal both for the
CA and the statistical model. Rauscherdd has
many angiosperm woods at one single site and
the possibility to test its tropical (paratropical)
character by the statistical model was chosen
as the model example. The MAT there had
already been calculated as 22.2-24.2°C using
the CA by Bohme et al. (in press). Modern
Carapa |/ Xylocarpus, attributed to dominant
Carapoxylon as its NLR, caused the highest
value for MAT (Bohme et al. in press). The
exact nearest living relative of Carapoxylon
remains still unknown. The xyloflora, except
for Carapoxylon, gives unspecific climate infor-
mation because the fossil woods are compared
to living genera only and not to species. The
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NLR of some fossil wood taxa might also be
wrong (something between Sterculiaceae and
Bombacaceae rather than Bombax alone for
Bombacoxylon, another member of Malvaceae
s.l. with tile cells, e.g., Craigia instead of
Grewia for Grewioxylon). The statistical model
was applied for the first time on Rauschersod
xyloflora. All data were taken from literature,
22 fossil species were reduced to 16 wood
types. The results for MAT have a broad range
and confirm the results of CA (Béhme et al. in
press). The minimal values of MAT calculated
here as 18 and 21°C seem to be in accord-
ance with the data published earlier for other
localities from the similar time interval. How-
ever, the study requires the re-examination of
the original slides, mainly Carapoxylon and
Homalioxylon, to determine their characters.

3) Generally, the “objective” (in the sense
that it does not require an exact systemati-
cal attribution of fossil specimens) statistical
model has an important preliminary phase,
i.e., choice of the wood types. This requires an
experienced xylotomist, who should also look
at the original samples from a locality.
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Fossil angiosperm wood and its host deposits from
the periphery of a dominantly effusive ancient volcano
(Doupovské hory Volcanic Complex, Oligocene-Lower
Miocene, Czech Republic): systematics, volcanology,
geochronology and taphonomy

JAKUB SAKALA, VLADISLAV RAPPRICH & ZOLTAN PECSKAY

A variety of fossil woods occur on the northern margin of the Doupovské hory Volcanic Complex in the northwestern
part of the Czech Republic. The woods were buried by three different processes reflecting three different settings. First, a
large area between the towns of Kadan and Klasterec is covered by an up to 100 m thick sequence of lahar and debris ava-
lanche deposits. These flows and avalanches gathered wood of Liriodendron, Lauraceae, Platanus, Cercidiphyllum,
?Craigia and Styracaceae from both the volcanic complex slopes and adjacent plains. Second, a rich assemblage of fos-
sil woods with thermophilous elements such as Lauraceae and palms was preserved on the northern volcanic complex
periphery by a Strombolian eruption of a monogenic cone. Third, a shallow lake formed to the side of the volcanic com-
plex, where Platanus trunks were fossilized in the travertine. The wood of Liriodendron has never been previously re-
corded in the localities representing volcanic complex foothills, but is common in the local lahar deposits. This distribu-
tion leads us to hypothesize that Liriodendron forests dominated higher topographic levels of the Doupovské hory
Volcanic Complex, reaching, but probably not exceeding 1000 m a.s.l. * Key words: fossil angiosperm wood, systematic
palaeobotany, volcanology, taphonomy, geochronology, Tertiary, Czech Republic.
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Volcanic areas often provide excellent settings for preserva-
tion of fossil material, especially producing when fine pyroc-
lastic material predominate. Effusive volcanic activity is
much less conducive to the fossilization of organic material.
Lava-built volcanoes and volcanic complexes undergo weath-
ering and solid rock decay processes. Weathering products
may substitute the role of pyroclastic deposits in dominantly
effusive volcanoes. Consequently in combination with the to-
pography, debris avalanches, debris flows and mudflows may
be produced. Such secondary sedimentary processes bury re-
mains of both fauna and flora (e.g., Cameron & Pringle 1986).

Fossil wood is relatively common in the Tertiary of the
northwestern part of the Czech Republic. Most are
Cupressaceae s./. (e.g., Teodoridis & Sakala 2008). Angio-
sperm wood is frequently found in the town of Kadai and

DOI 10.3140/bull.geosci.1196

its vicinity, related to Oligocene to early Miocene activity
of the Doupovské hory Volcanic Complex (DHVC in the
following text). Prakash er al. (1971) and Sakala &
Privé-Gill (2004) described eight different wood types
from this area, hence the locality is one of the richest sites
of fossil angiosperm wood in Central Europe (Sakala 2006,
2007). Temporary exposures excavated in the last fifteen
years, including construction of the new hospital and dig-
ging activity for gas pipe and gas-fixtures in Kadari, of-
fered the opportunity for new sampling and reassessment
of the taphonomic model for the area which was believed
to have been dominated by diatreme facies of maar volca-
noes (e.g., Kopecky 2010). The aim of our research is to
understand how wood fragments were fossilized in settings
of a dominantly effusive volcanic complex.
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Figure 1. Location of the Doupovské hory Volcanic Complex.

Geological setting

The origin of the Doupovské hory Volcanic Complex
(DHVC - Fig. 1) is associated with the formation of the
continental Eger (Ohte) Graben and ascent of mantle deri-
ved melts (e.g., Ulrych ez al. 2002) along the boundary bet-
ween the Saxothuringian and Tepld-Barrandian Domains
of the Bohemian massif (Mlcoch 2003). A complex mosaic
of crystalline rocks (including amphibolite, paragneisse,
orthogneisse, granulite, phylite, variscan granite, efc.) form
the basement of the DHVC (MlI¢och & Konopasek 2010).
The entire DHVC represents an erosional relic of a multi-
phase volcanic complex. Activity was initiated in the earli-
est Oligocene (mammal zone MP-21: Fejfar & Kaiser
2005). The early DHVC fine-grained volcaniclastics were
produced by basaltic eruptions of the Strombolian and
phreato-magmatic style. Pyroclastic material from this ac-
tivity was deposited in subaerial, swampy and lacustrine
environments with a total thickness reaching 80 m (Hra-
decky 1997a). These deposits currently crop out on the eas-
tern and northeastern margins of the DHVC. The volcanic
activity later became predominantly effusive in character
(Rapprich & Holub 2008), associated with weak Strombo-
lian and possibly also Hawaiian eruptions. The effusive ac-
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tivity continued until the Early Miocene (ca 29-22 Ma:
Rapprich & Holub 2008). This younger stage formed an
extensive complex of foidite/basanite/tephrite lava sequen-
ces up to 500 m thick (Hradecky 1997a, Rapprich & Holub
2008). Individual lava units are often accompanied by vol-
caniclastic debrites. These coarse grained sediments are in-
terpreted as lahar or debris avalanche deposits (e.g., Hra-
decky 1997b). Hradecky (1997b) described these
accumulations from the southern and western margins of
the DHVC. In addition, we have documented lahar depo-
sits also on the northern margins of the DHVC. Generally,
the lahar deposits occur in various stratigraphic positions
within the DHVC, but the debrites on the northeastern mar-
gins pre-date the lavas of the Uhost Hill (Rapprich 2007).
The oldest lava at the base of the Uhost Hill was dated by
the K-Ar method as 28.66 +1.06 Ma (Rapprich & Holub
2008). On the northeastern periphery of the DHVC,
a group of eroded remnants of monogenetic cones
(23-20 Ma: this paper) occur and appear to represent the
most recent volcanic activity of the DHVC in the Lower
Miocene (Fig. 2). The sedimentary infill (including coal se-
ams) of the Eger Graben shortly postdates the volcanic ac-
tivity of the DHVC. This sedimentary period is represented
to the northeast of the DHVC by the Miocene Most Basin.
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sampling sites: 1 — Zadni vrch Hill, 2 — Prostfedni vrch Hill, 3 — Vernéfov, 4 — Nechranice, 5 — Zvonickov. Digital Elevation Model illuminated from

southwest.

Material and methods

New specimens of silicified and calcified wood were
thin-sectioned in compliance with the standard techniques
and studied using compound light microscopy. Anatomical
descriptions are in accordance with the IAWA Hardwood
List TAWA Committee 1989). The thin sections described
here are partly housed in the National Museum in Prague
(those described originally by Prakash ez al. 1971 and epi-
type of Cercidiphylloxylon kadanense), and partly in the
Chlupa¢ Museum of Earth History in the Faculty of Sci-
ence of Charles University in Prague (new specimens).
The approximate age of the lahar deposits was deter-
mined by their position beneath a lava dated 28.66 +1.06
Ma (K-Ar: Rapprich & Holub 2008), but the age of the
monogenetic volcanism on the northern periphery of the
DHVC was not known. Three samples of lavas from
monogenic volcanoes (Sumné volcano, Blzetisky vrch
Hill, Jeleni vrch Hill) on the northern periphery of the
DHVC were dated using the K-Ar method. All the three
samples were measured as bulk-rocks. Additionally, glass
and plagioclase fractions were separated from the
groundmass of the Jeleni vrch Hill sample to resolve the
problem of low potassium content in the bulk-rock sample.
Geochronological analyses were carried out in the

ATOMKI Laboratories, Debrecen, Hungary. Potassium
concentration was measured using a digitized flame pho-
tometer, CORNING 480 machine with a Li internal stan-
dard. The analyses were controlled by inter-laboratory
standards Asia 1/65, LP-6, HD-B1 and GL-O. Argon was
extracted from the samples by high frequency induction
heating. A *Ar-spike was introduced into the system via a
gas pipette before the degassing began. The isotopic ratios
were measured on a 15 cm radius magnetic sector-type
mass spectrometer under static mode, built in Debrecen,
Hungary. Balogh (1985) and Odin (1982) described in de-
tail the methods applied here. The calculation of ages was
based on atomic constants suggested by Steiger & Jdger
(1977). Analytical errors are quoted for the 68% confi-
dence level (one standard deviation).

Systematic palaeobotany

Angiosperm wood from the DHVC, both newly found spe-
cimens and those described by Prakash et al. (1971) and
Sakala & Privé-Gill (2004), can be subdivided into seven
units called “wood types” sensu Wiemann et al. (1998,
p- 85). These are listed using informal names and described
in the following section.
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Figure 3. Calcified trunk of Liriodendron in the lahar deposits exposed
during diggingwork for gas-pipes in Kadaf, southern slope of the
Prostfedni vrch Hill.

Wood type 1 - Liriodendroxylon
Family Magnoliaceae
Genus Liriodendroxylon Prakash, Brezinova & Buzek

Liriodendroxylon tulipiferum Prakash, Biezinova
& Bizek
Figure 4A-C

Material. — Kadan-Zadni vrch ZV-23 (holotype), 18/98,
53/02; Vernéfov 57/02, 61/02.

Description. —-Wood diffuse-porous, growth ring bounda-
ries distinct, vessels rarely solitary mostly in radial multi-
ples and clusters, scalariform perforation plates with about
10 bars, opposite intervessel pits with oval outlines,
slightly heterocellular rays mostly 3- to 4-seriate, and mar-
ginal axial parenchyma.

Discussion. — Prakash et al. (1971) noted that this wood
type was similar to modern Liriodendron tulipifera L.
(see InsideWood 2004—onwards). Marginal parenchyma
is visible in slide G4049 of the holotype specimen which

includes both transverse and radial views (Fig. 4A). Other
diagnostic features, such as oval opposite intervessel
pits are visible in the holotype (Prakash et al. 1971,
fig. 33) as well as in the new specimens, e.g., 18/98
(Fig. 4C). Leaves and fruits of Liriodendron are un-
known from the DHVC, but there are occurrences of Li-
riodendron haueri in the Ceské stiedohoii Mts (Kvacek
& Teodoridis 2007).

Wood type 2 — Laurinoxylon
Family Lauraceae
Genus Laurinoxylon Felix emend. Dupéron et al.

Laurinoxylon czechense Prakash, Brezinova & Buzek
Figure 4D-G

Material. — Kadan-Zadni vich CNB-2 (type); ?Nechranice
74/04.

Description. — Wood diffuse-porous, growth ring boun-
daries distinct, vessels mostly solitary and in radial
(and oblique) multiples of 2-3, predominantly simple
perforation plates, scalariform perforation plates with
10-15 bars rarely present in narrow vessel elements, he-
terocellular rays 1- to 3-seriate with some enlarged oil /
mucilage cells in the margins, vasicentric axial paren-
chyma.

Discussion. — Dupéron-Laudoueneix & Dupéron (2005)
inventoried the fossil woods assigned to the Lauraceae.
The original slides of Laurinoxylon diluviale (Unger) Fe-
lix, the type species of Laurinoxylon known since 16"
century as ‘Siindfluthholz’ from the phreatomagmatic
vent breccia at Jachymov (north of the DHVC, in the
Kru$né hory Mts/Erzgebirge), were re-discovered in the
French Museum of Natural History (MNHN) in Paris and
re-described, together with emended generic and specific
diagnoses (Dupéron et al. 2008). The fossil wood briefly
described here has characteristics of the morphogenus Lau-
rinoxylon. Prakash et al. (1971) recognized it as a distinct

Figure 4. A—C — Wood type 1 — Liriodendroxylon (A, B: holotype ZV-23 of Liriodendroxylon tulipiferum; C: specimen 18/98). ¢« A — diffuse-porous
wood with vessels rarely solitary, usually in multiples and terminal parenchyma in 3-seriate lines, TS/RLS. ¢ B — slightly heterocellular rays mostly
3—4-seriate and scalariform perforation plates with about 10 bars, TLS. ¢ C — opposite intervessel pits, RLS. « D-G — Wood type 2 — Laurinoxylon
(holotype CNB-2 of Laurinoxylon czechense). * D — diffuse-porous wood with paratracheal vasicentric parenchyma, TS. ¢ E — heterocellular 1-3-seriate
rays with swollen marginal cells, TLS. ¢ F — ray cells with oil or mucilage content in margin, RLS. ¢ G — detail of a small vessel element with alternate
intervessel pits in lower part and scalariform perforation plate in upper part, TLS. « H-M — Wood type 3 — Platanus (H, K: holotype CNB-6 of
Platanoxylon bohemicum; 1, L, M: holotype ZV-24 of Spiroplatanoxylon europeanum; J: holotype CNB-11 of Dryoxylon bohemicum). « H-J — dif-
fuse-porous wood with distinct growth rings and broad rays, TS. ® K — broad homocellular rays up to 20 cells wide, TLS. ¢ L — detail of homocellular ray
and exclusively scalariform perforation plates with about 20 bars, TLS. ¢« M — helical thickening on the top of a vessel element, TLS. Scale bars = 500 um

in A, B, D, H-K; 200 ym in E, F, L; 50 ym in C, G, M.
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species L. czechense. It differs from L. diluviale in having
generally thinner rays, mainly due to narrower individual
ray cells. This difference in ray width can partly be explai-
ned by the processes of fossilization which could produce
more dilated ray cells in L. diluviale (M. and J. Dupéron,
pers. comm.). Contrary to Prakash et al. (1971), we obser-
ved oil cells similar to those in L. diluviale (Fig. 4E, F) as-
sociated with ray parenchyma only (but not those
amongst fibres) and very rarely scalariform perforation
plates in narrow vessel elements (Fig. 4G). Therefore, it is
not easy to distinguish between these two species. Idio-
blasts (oil/mucilage cells) associated exclusively with
rays are present in several taxa, e.g., Caryodaphnopsis,
Litsea chinensis or the south-American species of Cin-
namomum (Richter 1987). As vessel-ray pitting is not
preserved, it is not possible to use correctly the classifi-
cation sensu Richter (1987). As a result, we cannot attri-
bute our wood to any particular living genus. The perip-
hery of the DHVC has yielded thermophilous floras with
Daphnogene (Kvacek & Teodoridis 2007), which is con-
sidered to be related to the living Cinnamomum cam-
phora (L.) J. Presl (Kvacek er al. 2004, Kvacek pers.
comm.).

Wood type 3 - Platanus

Family Platanaceae

Platanoxylon Andreanszky ex Prakash, Brezinova
& Biizek

Platanoxylon bohemicum Prakash, Brezinova & Buzek
Figure 4H, K

1971 Platanoxylon bohemicum sp. nov.; Prakash, Bfezi-
nova & Buzek, p. 115, pl. 39, figs 44, 46.

Material. — Kadan-Zadni vrch CNB-6 (type), 73/03; ?Ne-
chranice 109/05, 114/06; ?Vernérov 64/02.

Spiroplatanoxylon Siiss

Spiroplatanoxylon europeanum (Prakash, Brezinova
& Buzek) Siiss
Figure 41, L, M

1971 Plataninium europeanum sp. nov.; Prakash, Bfezi-
nova & Buzek, p. 120, pl. 42, figs 59-63.
2007 Spiroplatanoxylon europeanum (Prakash, Bfezinova

& Buzek) Stiss comb. nov.; Stiss, p. 12.

Material. — Kadan-Zadni vrch ZV-24 (type, CNB-11).
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Dryoxylon Schleiden in Schmid

Dryoxylon bohemicum Prakash, Brezinova & Buzek
Figure 4]

1971 Dryoxylon bohemicum sp. nov.; Prakash, Bfezinova
& Buzek, p. 122, pl. 43, figs 64-67.

Material. — Kadan-Zadni vrch CNB-11 (type).

Description. — Wood diffuse porous, growth ring bounda-
ries distinct, vessels solitary or in short irregular multiples
with scalariform perforation plates only (simple plates not
observed) with about 20 bars, sometimes with spiral thic-
kenings, homocellular rays up to 20 cells wide and apotra-
cheal diffuse-in-aggregates and scanty paratracheal vasi-
centric axial parenchyma, rarely crystalliferous.

Discussion. — The three species recognized by Prakash et
al. (1971), i.e., Platanoxylon bohemicum, Plataninium eu-
ropaeum (= Spiroplatanoxylon europeanum) and the very
poorly preserved Dryoxylon bohemicum, are very similar
to each other. They all have large homocellular rays, up to
24 cells wide, and scalariform perforation plates. Although
there are several differences between them (e.g., smaller
vessel elements in Platanoxylon bohemicum type species)
they all seem to belong to the same type of platanoid wood
whose exact affinity is uncertain. We think the wood must
be related to Platanus neptuni (Ettingsh.) Bizek, Holy &
Z. Kvacek (Sakala 2006, Kvacek & Manchester 2004), the
only member of the Platanaceae present in both volcanic
areas of the DHVC and the Ceské stiedohoti Mts (Kvaéek
& Teodoridis 2007). P. neptuni is otherwise known as a
nearly complete plant based on foliage branches, isolated
leaves, stipules, staminate inflorescences with pollen in
situ and infructescences (Kvacek 2008). The specific sys-
tematic position of P. neptuni within Platanus is expressed
by a distinct subgenus Glandulosa (see in Kvacek et al.
2001, table 1) and corresponds well to the specific charac-
ter of our fossil wood (see here below).

The fossil wood related to Platanus is usually classified
under the mophogenera Platanoxylon or Plataninium. As
already noticed by Brett (1972) and Wheeler & Manchester
(2002, p. 97), the classification of fossil Platanus-like
woods is not a simple matter because they generally differ
from the extant Platanus. Firstly, fossil platanoid wood
often has scalariform perforation plates only (Wheeler
1995). The only living representative of Platanus which
bears some resemblence with respect to this feature i.e.
having a higher portion of scalariform to simple perfora-
tion plates, is P. kerrii Gagnep., native to Laos and Viet-
nam (Wheeler 1995). Contrary to Prakash er al.’s (1971)
description, and in accordance with Siiss & Miiller-Stoll
(1977, p. 50), we have not observed any simple perforation
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plates in our samples of platanoid wood. Secondly, as Siiss
& Miiller-Stoll (1977) described, some platanoid woods
have spiral thickening in the vessel elements. This feature
is unknown among extant Platanus woods (Wheeler &
Manchester 2002). Siiss (2007) recently created a new
morphogenus, Spiroplatanoxylon, for platanoid wood with
spiral thickening and re-interpreted Platanoxylon and
Plataninium from Kadan as belonging to this genus. We
can confirm the presence of spiral thickenings (Fig. 4M)
and rare prismatic crystals in axial parenchyma cells in
Plataninium but not in Platanoxylon. Therefore, we use the
denomination Spiroplatanoxylon only for the Plataninium
type of wood in which we observed spiral thickening and
crystals; as a precaution, we also keep the three
morphospecies as separated units. However, we think they
all represent the same botanical species.

Wood type 4 — Cercidiphylloxylon
Family Cercidiphyllaceae
Genus Cercidiphylloxylon Prakash, Brezinova & Bizek

Cercidiphylloxylon kadanense Prakash, Brezinova
& Biizek
Figure 5A, B

Material. — Kadan-Zadni vrch ZV-12 (holotype), G8113 (=
23/98) (epitype).

Description. — Wood diffuse-porous, growth ring bounda-
ries distinct, vessels mostly solitary, with angular outline,
scalariform perforation plates with about 40 bars, hetero-
cellular, mostly 2-3-seriate rays with uniseriate marginal
rows (tails), which sometimes interconnect several multi-
seriate ray portions.

Discussion. — This wood type was originally described by
Prakash et al. (1971) and later reviewed in detail by Sakala &
Privé-Gill (2004) with the definition of an epitype and com-
parative study with the extant Cercidiphyllaceae and Hama-
melidaceae. It was noticed that 1) Cercidiphylloxylon kada-
nense slightly differed from extant Cercidiphyllum Sieb. &
Zucc., 2) it was the oldest record of true Cercidiphyllum fossil
wood and 3) an older record of Cercidiphyllum-like wood of
Paleocene/Eocene age had to be related to extinct genera with
leaves of Trochodendroides Berry emend. Crane and fruits of
the Nyssidium-type (Sakala & Privé-Gill 2004). Our fossil
wood most probably is the wood of Cercidiphyllum crenatum
(Unger) R.W. Brown which occurs in all Oligocene localities
in the Ceské stfedohoti Mts (Kvadéek & Teodoridis 2007).
However, its occurrence in the DHVC has not been proven so
far. C. crenatum is known as a nearly complete plant based on

foliage, fruits, seeds, staminate inflorescences, and in situ po-
llen (Kvacek 2008).

Wood type 5 — Ulmus
Family Ulmaceae
Genus Ulmus L.

Ulmus sp.
Figure 5C

Material. — Nechranice 75/04.

Description. — A small branch, 2.5 cm in diameter, with
bark preserved. Wood ring-porous, growth ring boundaries
distinct, earlywood vessels mainly solitary, latewood ves-
sels grouped, forming typical wavy tangential bands, wide
exclusively homocellular rays.

Discussion. — This single piece of wood was already menti-
oned by Sakala (2006). Unfortunately, the very poor pre-
servation only allows its safe attribution to elm wood
thanks to the diagnostic pattern seen in cross-section and
the homocellular rays seen in radial section. A comparison
with the fossil elm wood described from Bilina (Sakala
2002) or with other Ulmaceae (Wheeler & Manchester
2007) is not possible. In the Tertiary of northwestern Bohe-
mia, the genus Ulmus is represented by 2 species: U. fis-
cheri as leaves in volcanic areas of both the DHVC and the
Ceské stiedohoti Mts and U. pyramidalis in the Most Basin
based on leaves and fruits (Kvacek & Teodoridis 2007).

Wood type 6 — ?Craigia
Family Malvaceae s.1.
Genus Craigia W.W. Smith & W.E. Evans

aff. Craigia sp.
Figure 5SD-G

Material. — Kadan-Zadni vrch 72/03; Nechranice 70/03,
78/03, 84/04, 89/04, 90/04.

Description. — Wood semi-ring porous, growth ring boun-
daries distinct, marked by marginal parenchyma, early-
wood vessels solitary or in short radial multiples of 2-3,
latewood vessels thick-walled, mainly in radial multiples
of 2-3, both with simple perforation plates, strongly he-
terocellular rays up to 10 cells wide with tile cells
of the Pterospermum type, apotracheal diffuse to
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diffuse-in-aggregates and paratracheal vasicentric axial
parenchyma.

Discussion. — It was recently suggested by Sakala (2006) that
this newly discovered fossil wood could be attributed to Mal-
vaceae s.l. due to its diagnostic tile cells in the rays, and to the
extant genus Craigia, whose wood was described by Man-
chester et al. (2006). Tile cells occur in Malvaceae s.1. and are
sometimes cited as a rare example of synapomorphy based on
wood anatomy (Olson 2005, p. 514); however, they are also
present in several species of Hopea from the Dipterocarpa-
ceae (order Malvales) (e.g., Manchester et al. 2006, Selmeier
2000, table 3). In fact, the Czech wood type is similar to both
the extant Craigia and extinct Chattawaya Manchester
(1980) in its vessel disposition and character of tile cells. Un-
fortunately, we did not observe any helical thickening typical
of Cragia; the seemingly helically thickened vessels in one
specimen (Fig. 5G) do not represent true spirals but only “co-
alescent apertures” of intervessel pits (E.A. Wheeler, pers.
comm.). Among fossil representatives, the helical thickening
is only present in Reevesia japonoxyla Terada & Suzuki
(1998). On the other hand, we did not observe crystals, which
are very typical of Chattawaya (Manchester 1980, Wheeler &
Manchester 2002). Therefore, we call our fossil wood “aff.
Craigia sp.”, reflecting the similarity to this genus except for
the typical helical thickening. Although unknown in the
DHVC, Craigia represents an important and abundant ele-
ment in the Ceské stiedohoti Mts and also in the Most and So-
kolov basins (Kvacek & Teodoridis 2007). It is generally pre-
sent as dispersed fruit valves, but also as complete fruits at
various stages of maturity, dispersed flowers and flower buds
with pollen in situ, often together with the accompanying foli-
age of Dombeyopsis lobata (Kvacek 2008).

Wood type 7 — Coryloxylon
Family Styracaceae

Genus Coryloxylon Prakash, Brezinova & Buzek

Coryloxylon nemejcii Prakash, Brezinova & Buzek
Figure SH-J

1971 Coryloxylon nemejcii sp. nov.; Prakash, Biezinovd &
Buzek, pp. 116-118, pl. 40, figs 48-52.

Material. — Kadan-Zadni vich CNB-4 (type).

Coryloxylon tertiarum Prakash, Brezinova & Buzek
Figure 5K-M

1971 Coryloxylon tertiarum sp. nov.; Prakash, Bfezinova
& Buzek, pp. 118-120, pl. 41, figs 53-58.
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Material. — Kadan-Zadni vrch CNB-3 (type).

Description. — Wood diffuse porous, growth ring bounda-
ries distinct, vessels solitary, but mostly in clusters and ra-
dial multiples, scalariform perforation plates with about
15-20 bars, heterocellular uniseriate and multiseriate
(mostly 3- to 4-seriate) rays, axial parenchyma diffuse or
diffuse-in-aggregates, chambered axial parenchyma with
prismatic crystals often present.

Discussion. — The difference in vessel arrangement bet-
ween Coryloxylon nemejcii and C. tertiarum do not seem
to be systematically significant and can be explained by in-
traspecific or individual variability. We consider that both
woods represent the same wood type, the affinities of
which need re-evaluation. We did not observe the aggre-
gate rays described by Prakash et al. (1971) so the connec-
tion to Corylus becomes questionable. Both woods have
features seen in the Styracaceae: exclusively scalariform
perforation plates, pores solitary or in multiples, both uni-
and multiseriate heterocellular rays, diffuse and
diffuse-in-aggregates axial parenchyma and prismatic
crystals or silica (Dickison & Phend 1985). Prismatic crys-
tals are useful for distinguishing between species within
the extant Styracaceae. These are present only in Bruin-
smia, Halesia and Styrax: Bruinsmia differs strongly from
our wood in lacking growth rings, but a clear distinction
between Halesia and Styrax is not possible based only on
wood (Dickison & Phend 1985). In the David A. Kribs
wood collection housed in the N.C. State University, we
observed similar structure in the extant Halesia macgrego-
rit Chun (SJRw 29811) from China, however, it lacked
crystals. Therefore, we are not able to distinguish between
Styrax and Halesia. In the Tertiary of northwestern Bohe-
mia, the only record of Styracaceae so far comes from the
Early Miocene Cypris formation of the Sokolov Basin —
there are fruits designated as Sinojackia sp. by Buzek et al.
1996 (recorded as Halesia crassa in Kvacek & Teodoridis
2007).

Volcanology and sedimentology

Material for study was sampled from five localities (Fig. 2)
representing three different volcanogenic sedimentary de-
posits:

Zadni vrch, Prostfedni vrch, Vernérov
(localities 1, 2 and 3 in Fig. 2)

Localities 1, 2 and 3 are situated within the volcaniclastic
debrites of the DHVC (Fig. 2). The localities were artifi-
cial trenches (length x width x depth = 10 x 1 x 1 m at
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Prostfedni vrch) and earthworks (length x width x depth =
300 x 200 x 2 m at Vernérov, 300 x 100 x 1-3 and 300 x
200 x 3 m at Zadni vrch). Similar deposits were observed in
all three localities. The sediments form subhorizontal beds
up to 2 m thick, represented by a poorly sorted polymictic
(fragments of various types of basaltic rocks),
coarse-grained (basaltic boulders up to 40 cm in diameter)
matrix-supported debrite. The volcanigenic matrix consists
of fine basaltic detritus and clinopyroxene crystals. The to-
tal thickness of the lahar deposits observed on the Jezerni
hora Hill reaches 100 m. Xenolithic clasts occur rarely,
they were found in some depositional units of debrites
around Klasterec and they consist of horizontally stretched
violet clays with quartz crystals, most probably gneiss ar-
gillized by weathering already prior to the volcanic acti-
vity. The deposits contain abundant tree trunks, up to seve-
ral meters long and 1 m in diameter, and fragments of tree
branches. The trunks are distributed randomly in the host
rock and subhorizontally orientated (Fig. 3). The number
of trunks exposed during occasional excavations was not
high enough to evaluate the possible preferred orientation
statistically.

Nechranice (locality 4 in Fig. 2)

Opalized and calcified wood fragments occur at the base of
fine- to medium-grained scoriae on the banks of the Ne-
chranice dam on the southern slopes of the Cachovicky
vrch Hill. The geological classification was reconstructed
on the basis of several small outcrops. The lower part of the
section is accessible only when the Nechranice Lake is em-
ptied during dry seasons. The basement of the profile con-
sists of the fossil-weathered gneisse overlain by a pyroclas-
tic deposit. Locally, relics of pre-volcanic sediments —
sandstones derived from crystalline rocks, are also present.
The non-welded, loose pyroclastic rocks do not create a
real outcrop there and the thickness can only be estimated
as not exceeding 1 m. The pyroclastic deposit consists of
basaltic scoria fragments, 1-2 cm in diameter. The frag-
ments of fossilized woods can only be found where pyroc-
lastics occur. The fossilized wood was collected in an area
200 x 20 m, on the banks of the Nechranice Lake. The py-
roclastic deposits are overlain by a few meters thick basani-
tic lava flow, which extends to the site from the top of Ca-
chovicky vrch Hill.

Zvonickov (locality 5 in Fig. 2)

Calcified tree trunks were found in the abandoned Zvonic-
kov village among fragments of lacustrine travertine conta-
ining numerous cavities that originated from herbaceous
stems. The travertine containing the tree trunks occurs in

the valley amidst hills representing remnants of the DHVC
lava sequences, but the contact is not exposed at present.
We categorize this site as Early DHVC volcaniclastics on
the basis of data obtained during the late 18™ and early 19"
century, when celadonite was exploited in the area of Zvo-
nickov and eastern foothills of the Uhost Hill. GroBkopf
(1932) and Miiller (1936) described the sediments hosting
the travertine as a sequence of alternating layers of tuffs,
clays and limestone. The lithological scheme is supported
by a 114 m deep borehole (Miiller 1936).

Geochronology

Three monogenetic volcanoes from the latest phase of vol-
canic activity on the northern periphery of the DHVC were
dated using the K-Ar method: Sumn4 Volcano, Blzetisky
vrch Hill and Jeleni vrch Hill. Despite the similar setting of
the three volcanoes, their composition differs significantly.
The lava of the Sumn4 volcano has a trachybasaltic compo-
sition, a picrobasalt erupted on the Jeleni vrch scoria cone,
the Cachovicky vrch Hill is composed of an altered basa-
nite (not suitable for K-Ar analysis) and a limburgite forms
the Blzetisky vrch lava. The trachybasalt of the Sumna
Volcano was sampled in the castle-trench on the top of the
Sumn4 Hill (541 m a.s.1.). The remnant of a lava lake inside
the scoria cone crater is exposed there. A picrobasalt feeder
dyke of a scoria cone remnant crops out on the peak of the
Jeleni vrch Hill (363 m a.s.l.). Basanite lava was sampled
in the active quarry currently occupying the entire Blzeii-
sky vrch Hill. Suitable potassium concentrations produced
reasonable data for the Sumna Volcano (20.58 + 0.66 Ma)
and the lava of Blzeiisky vrch Hill (22.51 + 1.06 Ma). The
K,O content in the picrobasalt of the Jeleni vrch Hill does
not exceed 0.5 %. Hence, acceptable results could be ob-
tained neither by processing a bulk-rock sample nor by pro-
cessing the plagioclase/glass fraction separated from the
groundmass.

The data obtained from Sumna volcano and Blzetisky
vrch Hill yield an Aquitanian age and can be correlated
with the youngest lava of the Uhost Hill profile (22.09 +
0.73 Ma, Rapprich & Holub 2008).

Discussion on taphonomy and stratigraphy

This paper focuses on fossilized wood from five sites from
the north-eastern margins of the DHVC, representing three
different types of volcaniclastic deposits (Fig. 2).

The area between the towns of Kadan and Klasterec —
where the localities Zadni vrch Hill, Prostfedni vrch Hill
and Vernéfov are situated (localities 1-3 in Fig. 2) — is
mainly composed of polymictic volcanogenic debrites.
These polymictic matrix-supported volcanogenic deposits
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with horizontally orientated tree trunks reflect sedimenta-
tion from debris flow — lahar. The older interpretation by
Kopecky (e.g., 2010) considering maar volcanoes is re-
jected here because the debrites display no signs of
phreatomagmatic fragmentation, xenolith content is low
and their presence is limited solely to some layers and the
debrites comprise subhorizontal beds of thickness up to
2 m. On the other hand, diatreme breccias penetrating crys-
talline units should contain one type of basaltic rock (not
various types of basaltic rocks as from the DHVC) and
high content of upper-crustal xenoliths. Numerous types of
volcanic rocks would be present only if diatreme pene-
trated the pre-existing volcanic sequence which is not the
case in the northern DHVC periphery.

The lahars must have originated from a terrain with high
relative elevation — most likely in the central part of the
DHVC. The volcanic complex very probably reached alti-
tudes of 1000 m a.s.L. in its central part at that time (the high-
est part of the early DHVC edifice is preserved in an ero-
sional remnant on the Pusty zamek Hill, 927 m a.s.l. in the
centre of the DHVC). The trees were dragged by the mass
flows during their descent down the slopes of the volcano.
The process may explain the high species diversity from the
Zadni vrch Hill. The lower species diversity of the Pro-
stfedni vrch and Vernérov localities is very probably due to
the limited extent of occasional exposures. We consider
Liriodendron-dominated forests to be typical of higher alti-
tudes on the volcanic complex flanks as this wood type has
not been observed in the lowland deposits surrounding the
volcanic complex. Liriodendron today is a straight, tall tree,
which is for two-thirds of the trunk freeof lateral branches
and famous for its considerable height; nowadays it is the
tallest of all Eastern United States angiosperm trees, and can
attain 60 m in height (Beck 1990). We found a piece a trunk
40 cm in diameter (Fig. 3) which would roughly correspond
to an at least 30 m tall tree (Beck 1990, table 1). The clastic
material of the sediment is derived from the decay of an
Early Ruppelian volcanic edifice. The lahars are overlain by
a lava remnant (Rapprich 2007) correlated with lava dated
28.66 + 1.06 Ma (Rapprich & Holub 2008). Hence, we may
suppose the age of the lahars as Late Ruppelian.

The lacustrine limestone (travertine) at Zvoni¢kov con-
taining platanoid wood forms intercalations in fine-grained

volcaniclastics. These deposits are traditionally described
as “tuffs”, but no modern volcanological study has yet been
focussed on them, mainly due to the absence of good expo-
sures. The fine-grained volcaniclastics that underlie the
Uhost lavas can most probably be correlated with the
fine-grained volcaniclastics with limestone intercalations
known from the southeastern margins of the DHVC (mam-
mal zone MP-21: Fejfar & Kaiser 2005, i.e. 34 Ma). The
fine-grained volcaniclastics at Zvonickov therefore repre-
sent products of early DHVC activity in the Early
Ruppelian.

The coarse-grained and strongly vesiculated character
of the pyroclasts at Nechranice reflects a local low-energy
magmatic-gas driven volcanic eruption (Strombolian).
The wood assemblage at Nechranice is relatively rich. It
contains not only the types described above, but also new
unidentified angiosperm wood (with at least three new
types, probably related to subtropical Lauraceae and other
families) and one silicified palm stem (No. 121/07), which
are subject of ongoing studies. The plants were buried rap-
idly by the pyroclastic fall out. The subsequent lava effu-
sion protected the accumulation from being eroded. The
monogenetic volcanism on the northern periphery can be
assigned to the Aquitanian according to the new data pre-
sented in this paper. However, we were not able to analyze
exactly the Béchovicky vrch Hill, the surrounding
monogenic volcanoes yielding data within the range of
20.58 £ 0.66 to 22.51 + 1.06 Ma. The monogenic activity
on the northern margin of the DHVC was contemporane-
ous with the youngest lava of the Uhost profile (Rapprich
& Holub 2008).

Conclusions

We have distinguished three types of deposits reflecting
three different volcanic environments: 1) lahar deposits on
the Zadni vrch Hill, Prostfedni vrch Hill and at Vernérov,
2) pyroclastic deposits of a local monogenic cone at Ne-
chranice and 3) lacustrine sediments on a plain at the foot
of the volcano near Zvonickov. The obtained K-Ar ages for
the monogenic cones on the DHVC northern periphery
are the youngest among the volcanic rocks of the entire

Figure 5. A, B —Wood type 4 — Cercidiphylloxylon (epitype G8113 of Cercidiphylloxylon kadanense). * A — diffuse-porous wood with mostly solitary
vessels, angular in outline. TS. ¢ B — detail of a long scalariform perforation plate with about 50 bars, TLS. « C — Wood type 5 — Ulmus (specimen 75/04):
Outer part of a ring-porous wood with mainly solitary earlywood vessels and latewood vessels in wavy tangential bands, TS. « D-G — Wood type
6 — ?Craigia (D-F: specimen 72/03; G: specimen 89/04). ¢ D — Wood semi-ring porous with folded earlywood vessels, TS. ¢ E — strongly heterocellular
rays with tile cells, TLS.  F — detail of tile cells of Pterospermum type, RLS. ¢ G — coalescent apertures of alternate intervessel pits mimicking helical
thickening, TLS. e H-M — Wood type 7 — Coryloxylon (H-J: holotype CNB-4 of Coryloxylon nemejcii; K—M: holotype CNB-3 of Coryloxylon tertiarum).
* H, K — diffuse-porous wood with numerous vessels in radial multiples, TS. ¢ I, L — mostly 3—4-seriate strongly heterocellular rays, TLS. ¢ J — two
scalariform perforation plates with less than 20 bars in the middle, RLS. « M — scalariform perforation plate with less than 20 bars from a side view, TLS.
Scale bars = 500 um in A, C, D, H, K; 200 um in E, F, I, L; 100 um in B, G, J, M.
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complex. The data confirm the geological position of the
monogenic cones and support the stratigraphic classifica-
tion of the flora from the Nechranice site.

A re-examination of the type material as well as the
new collections show that some taxa determined earlier
should be combined forming ‘natural’ taxa. This is the case
for Platanoxylon bohemicum, Spiroplatanoxylon euro-
paeum and Dryoxylon bohemicum which belong to one
type of platanoid wood, probably related to Platanus
neptuni and also Coryloxylon nemejcii and C. tertiarum
which represent only one wood type related to the genera
Styrax and Halesia of the Styracaceae. On the other hand,
two new types are described: Ulmus (Ulmaceae) and tenta-
tive Craigia (Malvaceae s.1.). As a result, there are at pres-
ent seven well defined species / types of fossil angiosperm
wood recognized in the studied area of the DHVC.

The lahar deposits and the lacustrine limestones appear to
be similar in age. We may suppose that during the Rupelian,
Platanus-type woods dominated lower altitudes whereas
Liriodendron occupied the slopes and higher altitudes of the
repeatedly growing and decaying volcanic complex. The
lowlands, represented here by the Nechranice area, show a
mixture of various species including some thermophilous ele-
ments such as subtropical Lauraceae and palms.
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