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Abstrakt

Svrchnopaleozoické panvgeské republiky jsou proslulé hojnymi vyskytyreknerglych
zbytka rostlin. RestozZe jsou tyto zkamé&my ¢asto popisovany a mezi odborniky esdteli
dohkie znamy, jejich modernimu vyzkumu sénuje jen malo pozornosti. Tato prace shrnuje
vysledky studia zlemerlych stonki ze dvou panvieského masivu, kde je jejich bohaty
vyskyt historicky zdokumentovan. Na zakdadevize materidlu z wejn¢ dostupnych
i soukromych sbirek a novym natem z terénnich sit se pod#lo prokazat pitomnost
zkiemerglych stonki v jedné stratigrafické arovni ve vnitrosudetskénypaa rekolika
arovnich v panvi podkrkonoSské. Tato data Ize kmati s nalezy z dalSich panvi stejného
st&i. Z hlediska systematickétiplusnosti byla &novana pozornost zejména stonk
pieslickovitych a rekterych nahosemennych rostlin. Na zaklatatomického studia druhot-
ného deva a dalSich znakbyly mezi zkemerlymi pieslickami, vyskytujicimi se pouze
v plouznickém obzoru podkrkonoSské panve, prokazidaydruhy:Arthropityscf. bistriataa
Calamitea striata Dieva nahosemennych rostlin typgathoxylonbyla rozdélena do dvou
skupin, nalezejicich kordéimn, resp. koniferam. Terénnim ¢fenim a statistickym
zpracovanim posru kordaiti vacéi koniferdm v jednotlivych fosilifernich jednotkadbyla
provedenaast&na rekonstrukce prastdi a podminekdnem sedimentace v panvich.
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Abstract

The late Paleozoic deposits of the Czech Repubdidamous for their rich occurence of
silicified stems. Despite the fact they have bettenodescribed and are well-known among
scientists and collectors, their modern evaluaigolacking. This work summarizes results of
recent anatomical and paleoenvironmental studiesslioffied stems of the Intra Sudetic and
KrkonoSe Piedmont basins, where are these fossiladf very frequently. Based on field
research and review of public and private collewtjadhe presence of silicified remnants was
proved in several stratigraphic units. Firstly, sthivork deals with silicified stems of
calamitaleans, which are known only from the PlacgiHorizon of the KrkonoSe Piedmont
Basin, and some gymnosperms. Based on anatomigdiestof the secondary xylem and
other related features there were found two spedfiealamitaleansArthropityscf. bistriata
and Calamitea striata Secondly, the more abundakgathoxylontype of wood was divided
into two groups, which are assigned to cordaitaeand conifers. The palaeoenvironmental
conditions were partly reconstructed accordingddirsentary structures and also according

to cordaitaleans — conifers ratio in each wood-begdayer.
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1. Uvod

Zkiemerglé casti rostlin, hoji se vyskytujici v lugickych panvich vnitrosudetskgod-
krkonodské, stejn jako v dalSich svrchnopaleozoickych panvickského masivu, jsou
vyznamnou satasti fosilniho zaznamu z tohoto obdobi. Vzdor toml,jsou tyto fosilie
Siroce znamé, pro svou estetickou hodnotu velmirmeracasto popisované varnych
publikacich, z hlediska moderniho vyzkumu byly diou dobu opomijeny. Jedinymi
podrobrEjSimi systematickymi studiemi tak donedavna bylpger G6pperta (1857, 1858).
Teprve v posledni détse timto tématem zabyvaji dalSi badateléi{ndatysova 2004, 2006,
Mencl 2007, Matysovét al. 2008, 2010, Menckt al. 2009, 2013a, b, Bure$ 2011, 2013,
Holecek 2011).

Tato prace popisuje rmertlé stonky peslicek a rkterych nahosemennych rostlin
z dvou vySe uvedenych panvi, kde je jejich bohagftskyt historicky dobBe zndm a jsou zde
bézre k nalezeni i v satasné dob. Na zaklad studia anatomickych struktur druhotného
dieva a jinych pletiv bylo mozné taxonomickyizkiemerlé stonky, data ziskanachenim

ve vychozech lIze pouzit pro paleoenvironmentalkamstrukce.

2. Cile disertani prace

Tato disertani prace je fedkladana jako konvolutlanki zabyvajicich se vyskytem
a systematickym zazenim zkemertlych stonki rostlin ze dvou panvi svrchniho paleozoika
Ceské republiky: vnitrosudetské a podkrkono3ské.

Cilem prace je podrobné zmapovani vyskytu a stedtaké gisluSnosti zkemerglych
zbytka rostlin v obou panvich, steinjako jejich taxonomické Z#azeni s ohledem
na nejno¥jSi poznatky a klasifikaci rostlin. Prace se zabyefména systematikou druhsétn
tloustnoucich stonk stromovitych peslicek a nahosemennych rostlin. V ramci studovanych
oblasti je porovnavan stratigraficky vyskyt a shlizeostlinnych spokenstev, coz je vip
lozenych¢lancich roz&eno o daldi svrchnopaleozoické parteského masivu. Ol ¢asti
prace je pak snah&sté&n¢ popsat paleoekologii a prosti v dok ukladani fosilifernich

sedimeni v panvich.

3. Material a metody

Pro vyzkum stonk preslicek byly vyuzZity exponaty ze sbirek d&gtského muzea Nova

Paka, Muzea vychodnioiech v Hradci Kréalové a z Leuckartovy kolekce chemskiého
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muzea Museum fir Naturkunde Chemnitx/'zorky drev nahosemennych rostlin pochazeji
ze shirek Mstského muzea Nova Paka, KrkonoSského muzea v nidgnnekolika
soukromych sérateli, ¢i byly ziskany vlastnim sioem.

Z vybranych vzork byly zhotoveny leghé nabrusy a studovany v odrazenénitlgev
pomoci binokularni lupy Leica EZ5. Z nejlépe zadmoych vzork byly nasleds zhotoveny
vybrusy, standardnve tech fiznych rovinach #c¢i ose stonku: transversalni, radialni podélné
a tangencialni podélné. Tyto preparaty byly zkouwnanprochazejicim sitle s vyuzitim
mikroskomi Nikon Eclipse LV100Pol, Olympus BX-51 a Olympus Xd2. VSechny
publokované fotografie il autor této prace pomoci digitalnich fotoapar@anon D500,
Olympus Camedia 5050, Olympus DP73 a Olympus C763Utavovany byly v prog-
ramech AnalySIS, NISElements a GIMP2. Pro Wpaa operace se statistickymi daty byl
vyuzit program Microsoft Excel 2007-2010. Obrazkyextu byly kompletovany pomaoci
programu CorelDRAW 11. Tabulky byly vytieny v programu Microsoft Excel 2007, text
prace sepsan v programu Microsoft Word 2007.

4. Vysledky a diskuze

Vyskyt zkiemerglych casti rostlin je i pes intenzivni sératelskoucinnost ve vnitro-
sudetské i podkrkonoSské panvi velmi hojny a déiderych kmeid dosahuje az dkolika
metrii (nag. Mencl 2007, Mencét al. 2009).

Ve vnitrosudetské panvi byl vlastnim terénnim vymlem prokazan vyskyt t&merglych
stonki pouze v jedné stratigrafické arovni, a to v Zalsigich ark6zach odolovského
souvrstvi (sp. kasimov). iBvo €chto stonk je vesmds typu Agathoxylon které nalezi
nahosemennym rostlindm. Dle zachovanych dwekena radialnich shach tracheid adk-
terych makroskopickych znakbylo mozné giadit rekolik nalezenych exempté ke kor-
daitim (Mencl 2007, Menckt al 2009). Vyskyt zkemerlych stonki v jinych stratigrafic-
kych urovnich (Tasleet al 1979) ani vyskyt jinych jejich tyipse v této oblasti nepotvrdil.

V podkrkonoSské panvi byly rmerglé stonky nalezeny v celkertyrech stratigra-
fickych pozicich: v brusnickych vrstvach (sv. mogca Stikovskych arkdzach (sp. kasimov)
kumburského souvrstvi, v plouZznickém obzoru (spet)zsemilského souvrstvi a ve svrchni
¢asti proseéenského souvrstvi (assel-sakmar) (Mestchl 2013b). Podolinjako ve vnitro-
sudetské panvi se vestgine pripadi jednalo o #eva typuAgathoxylon Ta bylo mozné
na zaklad anatomie druhotnéhoie@va a dalSich znékrozclit na dw skupiny: kordaity

a konifery. V plouznickém obzoru se navic zachovalohatSi rostlinné spalenstvo,
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obsahujici také stonkyrgslicek, kapradinovitych a kapi@semennych rostlinCasti dalich
typt rostlin, zejména plaviovitych, se zachovavaji v tzv. idmertlych raSelinach (nap
Matysova 2004, 2006, Menel al. 2013a, Oplustiet al. 2013). Mezi stonky i@slickovitych
rostlin byl na zakla& studia druhotnéhotdva a ®kterych dalSich pletiv prokazan vyskyt
Calamitea striataKromeé stonki byly rovnéz popséany kieny geslicek AstromyelonSakala
et al.2009, Menckt al.2013a).

Zkiemergla dreva se ve vnitrosudetské panvi ukladala v pedstfluvialnim az laku-
strinnim bez vlivu vulkanismu (Matysovét al 2010). Mtenim sedimentarnich struktur
ve vychozech Zaltmanskych arkéz byl stanovéev@zujici smyr prinosu materialu od JZ
a délka transportu odhadnuta ni&kalik desitek kilometk (Martinek — osobni steni 2007).
Takto dlouhy transport byl pragdodobré pricinou zn&ného pedfosilizaniho poskozeni
kmeni. VétSi casti stroni byly do panve iejm¢ piindSeny za zvySeného stavu hladiny
vodnich tok, tj. pri vétSi energii a unaSeci schopnosti vodniho proudpk. mp& povodnich.
Nazn&uje to uloZzeni kmehna bazi napadnhrubsich, srem vzhiru zjenmujicich vyplni
vodnich kanal.

V podkrkonoSské pénvi vykazujeitéina jednotek se r&merglymi kmeny podobnou
litologii jako Zaltmanské arkézy v panvi vnitrostsled. Vyjimkou je pouze plouZnicky
obzor, tvdeny spiSe jemiSimi klastiky s obsahem tlufa tufiti (Martinek 1997, PeSedt al
2001) a ukladajici se v prasti s vyznamnym vlivem vulkanismu (Matysogtial 2010).
Riznorodost zachovaného rostlinného spehestva, jehoZz charakter odpovida spiSe vihko-
milné flére, Zejmé odrazi v rdmci fevazrie susSi klimatické faze (Oplustil & Cleal 2007)
kratkou, humidnjSi epizodu ve vyvoji panve. Teorie zachovani odich typ rostlin
v dasledku kratkého transportu (Starkatgal 2009),¢i vlivu vulkanismu coby potencialniho
zdroje velkého mnoZstvi r&mitych roztok (Matysovaet al. 2010) by nevysitlovala
napadny ubytekigv typuAgathoxylonv ostatnich fosilifernich jednotkackamych.

Vzajemné porery dvou fosilnich rod preslicek odpovidaji jejich pogrim v jinych
panvich podobného sta(nag. Rdler & Noll 2006, 2007, 2010, Bder et al 2012a, b,
Holecek 2011). Porry kordaifi vac¢i koniferdm se v porovnani s panvemiesigieskymi
a zapadeeskymi rgkdy znane liSi (Menclet al. 2013b), coz mize odrazet patkud odliSné
podminky Ehem sedimentace.

Stonky rostlin ze vSech studovanych panvi plalgl ziejmé¢ podobny proces fosilizace
pomoci Kemitych roztok. Dle Matysové (2006) a Matysowt al. (2008, 2010) byly tyto
roztoky zejména produktem chemickéhcstedvani Zivé a slid, v pipact plouznického
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obzoru (a v mensi e i jinych jednotek) mohlo byt navic jejich mnoZspozitivre
ovlivnéno vulkanickymi procesy. Na rozdil od ragkremelého lesav Chemnitz (nap
Dernbachet al. 2002, R@ler & Noll 2006, 2007, 2010, Bter et al 2012a, b) jsou vSak
zkiemerglé stonky z jednotek fimo ovliviénych vulkanismem (panev podkrkonoSska)
mnohem lite zachovany neZ stonky z jednotek bez vlivu vukkami (panev kladensko-
rakovnickd). Stupezachovani je tedyrejmeé zavisly spiSe na typuémene a pu fazi jeho
krystalizace (Matysova 2006, Matysostal. 2008).

5. Zawer

Ve vnitrosudetské a podkrkonosské panvi byl zmapowgskyt silicifikovanych stonk
rostlin. Mezi zkoumanymi stonky ne&jbr¢jSich nahosemennych rostlin byly¢any dva
odliSné typy rostlin (kordaity a konifery), mezoeky preslicek pak dvaizné fosilni druhy.
M¢étenim sedimentarnich struktur a statistickym zpraoéw pondri riznych tym rostlin

byly ¢ast&né rekonstruovany paleoenvironmetalni podminky v pémv

6. Literatura viz References
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1. Introduction

Silicified stems of plants are an important floed¢ments of the late Paleozoic basins of
the Czech Republic. Many of them were describedhftbe Intra Sudetic and KrkonoSe
Piedmont basins, but historically there are only ®ystematic papers that describes these
fossils (Goppert 1857, 1858). Recently several @stlare interested in modern research of
silicified wood of the Czech Republic (e.g., Maty&d®004, 2006, Mencl 2007, Matysost
al. 2008, 2010, Menddt al. 2009, 2013a, b, Bures 2011, 2013, Kele2011).

This work summarises results of recent researdchetalamitalean and araucarioid wood
from the Intra Sudetic and KrkonoSe Piedmont badBased on microscopic anatomical
studies of preserved elements of the secondarymxgied some other tissues it was possible
to determine a taxonomical affiliation of thesesits Data from the field research were used

for paleoenvironmental reconstructions.

2. Aims of the study

This thesis is a compilation of several previouglblished papers containing research
results of the palaeobotanical and palaeoenvirotehestudies in the Inttra Suedetic and
KrkonoSe Piedmont basins. Based on detailed fiet@arch the main aim of the thesis is to
particularise and describe the occurrence of Bdtistems, as well as their anatomical
features and taxonomical classification. Additibyal there are presented some
palaeoecological and palaeoenvironmental intepoetst based on reconstructed plant

assemblages and data from the field research.

3. Material and methods

The samples from the Intra Sudetic Basin were ctdteby author approximatelly between
2000 and 2007, or came from local collectors. Tam@es from the KrkonoSe Piedmont
Basin are either from the palaeontological coltetdi of the Municipal Museum Nova Paka,
the KrkonoSe Museum in Jilemnice, or were providggbrivate collectors.

Cross sections of specimens were polished and exanm reflected light with a Leica EZ
5 stereomicroscope and Olympus SZx12 microscope.bEst preserved were thin-sectioned
in the standard transverse, tangential longitudamal radial longitudinal sections, and studied
using transmitted light under either an Olympus BX-Olympus BX-60, Olympus SZX12 or
Nikon Eclipse LV100Pol microscopes. Images were enadth Canon D500, Olympus
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C765UZ and Olympus Camedia 3030 and 5050 digitalecas and processed with imaging
software AnalySIS, NIS-Elements, GIMP2 and CorelDRAL. The data were analysed with
Microsoft Excel 2007—2010. The text was writtenhaiicrosoft Word 2007-2010.

4. Results and discussion

Silicified stems in the Intra Sudetic and Krkond&edmont basins are very common and
some specimens could reach several metres in |€kigimicl 2007, Mencet al 2009, 2013b).

Based on previous and recent field research inntine Sudetic Basin were silicified wood
found at one stratigraphic level — at the Zaltmako&es of the Odolov Formation (lower
Kasimovian). All stems werAgathoxylortype. Based on results of detailed anatomicalystud
of radial tracheid pitting and some other featuvesre several specimens classified as
cordaitaleans (Mencl 2007, Meredl al. 2009). The occurrence of silicified remnants theo
stratigraphic positions (Téslet al 1979) was not confirmed.

In the KrkonoSe Piedmont Basin were silicifiednssedescribed at four stratigraphic
levels: at the Brusnice Member (upper Moscoviany @he Stikov Arkoses (lower
Kasimovian) of the Kumburk Formation, at the PlaagnHorizon (lower Gzhelian) of the
Semily Formation, and at the Progé Formation (Asselian—Sakmarian). Similarly to the
Intra Sudetic Basin majority of stems wereAgfathoxylortype. Based on anatomical features
of secondary xylem there were recognised two groofpshese stems which belong to
cordaitaleans, or conifers. In the Plouznice Haritlere were preserved plant assemblages
that contains also silicified stems of calamitakaierns and seed-ferns as well as parts of
lycopsids preserved in silicified chert (e.g., Madya 2004, 2006, Menadt al. 2013a,
Oplustil et al. 2013). Based on anatomical studies of stems there recognised two species
of calamitaleans: commaArthropityscf. bistriata and rareCalamitea striataand also roots
of these planté&stromyelon(Sakalaet al. 2009, Menckt al.2013a).

According to Matysovéet al. (2010) silicified stems in the Intra Sudetic Basiere
deposited in lacustrine and fluvial environmentthwio volcanic component. During the field
research were also studied sedimentary structuresuicrops and defined directions of
palaeostreams from South or South-East. The distahtransported material and stems as a
torrent is considered to be several tens of kiloese{Martinek — pers. comm. 2007). These
quite long distance probably caused fragmentatrah damaging of stems. Silicified trunks
are usually embedded on the bottom of sandy chanwiéh very coarse residual gravel that

indicate their transport during extreme floods.
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Except for the Plouznice Horizon, all wood-bearstigata in the KrkonoSe Piedmont Basin
have similar lithology like the Stikov Arkoses. Theere deposited in lacustrine or fluvial
environment without (or with very little) volcaniddlatysovaet al. 2010). The PlouZnice
Horizon is composed of fine sediments with tuffel daffites (Martinek 1997, PeSek al.
2001) deposited in lacustrine environment with gaic activity (Matysovét al 2010). Plant
assemblages of this unit correspond to floras dfamds and mires. This could indicate a
short humid period during regional arid span (Ol Cleal 2007). The speculate theory
about well-preservation of plants due to very shoansport of the deposited material
(Starkovaet al. 2009) or increased ammount of silica due to vatcactivity would not
clarify the lack ofAgathoxylortype of wood in this unit.

Presence of two genera of calamitaleans and their corresponds to other coeval basins
(e.g., R@ler & Noll 2006, 2007, 2010, Rder et al 2012a, b, Hokek 2011). Cordaites—
conifers ratio are quite different from other basif the Bohemian Massif (Menek al.
2013b). It could be caused by slightly differenge@@environmental conditions in each basin.

Samples from both basins underwent the same pradagxrystallisation. According to
Matysova (2006) and Matysow al. (2008, 2010) was weathering of minerals major e®ur
of silica. Moreover, in the Plouznice Horizon (asidhtly also in some other units) could be
ammount of silica increased by volcanic activityon@ary to Permian Petrified Forest in
Chemnitz (e.g., Dernbadatt al. 2002, R@ler & Noll 2006, 2007, 2010, Bter et al 2012a,
b), the silicified stems from the units without @ahic components of the Kladno-Rakovnik
Basin are mainly much better preserved than thase the volcanic deposits of the KrkonoSe
Piedmont Basin. This fact indicated that the pnetewn of silicified remnants depends on

type of quartz and number of crystalisation ph@btgysova 2006, Matysowt al. 2008).

5. Conclusions

In the Intra Sudetic and KrkonoSe Piedmont bashes,most common silicified stems of
calamitaleans and seed plants were studied. Amloag twere recognized two genera of
calamitaleans, and two types éfgathoxylortype of wood (cordaitaleans and conifers)
respectively. Data from recent field research afldwa partial reconstruction of the
environmental conditions in these basins duringeualeozoic.

10
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