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NEW FINDING OF PETRIFIED AXIS OF
CARBONIFEROUS PTERIDOPHYTE
ANKYROPTERIS BERTRANDII CORSIN
IN THE UPPER SILESIAN COAL BASIN

Nowe znaleziske skamienialego pedu paproeci karbonskiej
Ankyropteris bertrandii Corsin w Goérnoflaskim Zaglebiu Weglowym

ABSTRACT. The described specimen of rare pteridophyte Amnkyropteris bertrandii Corsin
(Coenopteridales) is a calcitized fragment of a frond (phyllophore) in which the anatomical
structure is almost completely preserved. The fossil is derived from the coal mine “Anna”
at Pszow, near Rybnik (the district of Katowice), from a marine horizon in the Namurian A
(the Arnsbergian stage) deposits. Ankyropteris bertrandii has been known, till now, only from
one site in the vicinity of Ostrava (the Czechoslovak part of the Upper Silesian Coal Basin),
from deposits of the Namurian A (Arnsbergian). It was described by Corsin in 1952 basing
on specimens found by Bertrand in 1907. The morphological features of the present fossil
are well in accordance with those of the holotype.

INTRODUCTION

In the Carboniferous coal bearing deposits of Poland (Namurian — West-
phalian) petrified plant fossils with well preserved anatomical structure are
very rare. They are present almost exclusively in the deposits of the Paralic
Series (Namurian A), or, more precisely, in marine horizons. To the dozen or
so taxons of “anatomical” Caiboniferous plants recorded from the Paralic
Series of the Upper Silesia (Brzyski 1969) another species in now added.
This is a very rare fossil Ankyropteris bertrandiz Corsin found in the vicinity
of Rybnik.

Ankyropteris bertrandii was described by Corsin in 1952 basing on spe-
cimens found by Bertrand at 1907, at Petivald near Ostrava (in the Czecho-
slovak part of the Upper Silesian Basin), in the Nomurian A deposits (Arns-
bergian), in the marine horizon “Koks” (IV), the Poruba Beds.
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The genus Ankyropteris and its species are taxons established on anatomical
features of axes. In this genus, the frond axis (phyllophore) possesses a very
characteristic stele which in transversal section is H-shaped or, rather, of the
shape of a double anchor (anchor — in Greek ankyra). The species included
in Ankyropteris are a rich and diversified group of primitive ferns of the group
Coenopteridales, which lasted from the Late Devonian to Early Permian reaching
their acme in the Early Carboniferous. They are considered to be one of the
links between Psilophytes and true ferns. Coenopteridales are especially similar
to Marattiales which were important during the Late Carboniferous and exist
also in Recent time. The richest in taxons family of Coenopteridales is the family
Zygopteridaceae (21 genera) including also Ankyropteris with nine species de-
scribed till now: A. bertrandii Corsin, A. bibractensis Renault, A. corrugata
Williamgon, A. brongniartii Renault, A. gray: Williamson, A. hendricksii Read,
A. scandens Stenzel, A. wesifaliensis Bertrand, A. williamsonii Bertrand
{Andrews — in Boureau 1970 — mentioned only five species, not including 4. gla-
bra Baxter which is now considered to be Tedelea glabra Eggert and Taylor).

The present specimen has been collected by Docent dr. K. Matl. It is housed
in the Palaeobotanical Collection of the Institute of Geology and Mineral Re-
sources, Acad¢my of Mining and Metallurgy in Krakow, specimen IITI-C-14.

The author wants to thank Doec. dr. K. Matl for the specimen, Prof.
dr. W. Heflik for determining the type of mineralization of the fossil as well
as Doc. dr. L. Stuchlik and A. Pachonski for making the micrographs.

DESCRIPTION OF THE NEW DISCOVERY
OF ANKYROPTERIS BERTRANDII CORSIN

Localization and stratigraphic position. The petrified fragment of
a pteridophyte is derived from the coal mine “Anna” at Pszéw near Rybnik
(the district of Katowice), from the lowermost intercalation in the marine
horizon “Lower Enna” (VIII). This position corresponds to the topmost part
of the Namurian A (according to the former division), presently the Arnsbergian
Stage. The fossil was embedded in dark gray claystone; the rock is fairly compact,
containing single syderitic concretions, fine plant detritus and poorly preserved
shells of marine molluses.

External features of the specimen. The fossil presents a fragment
of petrified axis 60 mm long and 10 mm wide; it is enveloped in a very thin,
compact coal layer of fairly smooth, slightly shining surface with Weakly marked
irregularities. No traces of side branches are visible. ‘

Character of mineralization. Two forms of calcitization occur within
the petrified phyllophore within the stele as well as the primary cortex. The
calcite filling the lumina of the cells is coarse crystalline; the size of the crystals
is, as a rule, directly proportional to the cell size. The calcite occurring in
cavities and crevices resulting from splitting of the tissues or separating of
different tissues is very coarse and seems to be the younger generation of mine-
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ralization than that occurring inside the cells. It seems that the chemical compo-
sition of the crystals of the two generations is slightly different. The crystals
of the first generation contain an admixture of iron and magnezium while
apparently pure calcite occurs in cavities outside the cells. Within the cortical
phyllophore part, the size of the crystals diminishes concurrently with that
of the cell lumina. At the extreme phyllophore part the crystals are so small
that they appear as an isotropic mass; there the cellular structure is not dis-
tinguishable. The very thin coal layer enclosing the phyllophore is not petri-
fied. The walls of the xylem cells of the stele are also partly impregnated by
calcium; stronger mineralization occurs within cell corners. The walls of the
cortical cells are only very weakly mineralized. Also pyrite occurs within the
phyllophore tissues; it is present in small quantity and is distributed haphazardly.
Its presence is almost completely restricted to the stele. Small single clusters of
this mineral are most commonly grouped within the zone of destroyed phloem,
especially in places where the phloem cells have vanished completely. Dispersed
pyrite may also occur within the filaments, less often in places of protoxylem
concentrations, exceptionally, between the tracheids of the proper metaxylem
of the stele lateral arms and lamina. Pyrite occurs also irregularly at the contact
of the coaly envelope and the enclosing rock. The latter is claystone of aleuritic
structure and haphazard texture, consisting mostly of clay minerals developed
as fine flakes displaying the optical features of illite. Moreover, thére occurs
detritic quartz, muskovite flakes and single, fine concentrations of coal matter.
The approximate proportions are as follows: clay minerals (illite) 809,, quartz
15%,, aggregations of coal and others 59%,.

Description of anatomical structure. The structure of the frond
axis (phyllophore) is well preserved except for the phloem and the peripheral
parts of the cortex. The arrangement of some tissues of the axis suggests some
deformation of the fossil but this does not influence essentially the character .
of the cellular structure (Pl. I, fig. 1). As Ankyropteris bertrandii was described
in detail by Corsin (1952), in the present description, some details of the tissue
structures are ommited. The axis is 9-10 mm wide; its central part is occupied
by a relatively large, 5 mm wide stele. In spite of its complicated outline the
stele represents a most primitive type, i.e. the protostele (lacking the central
parenchymous medulla). The xylem of the stele is differentiated into metaxylem
and protoxylem. Its central part, i.e. the medial lamina, is orientated tan-
gentially in relation to the axis from which the frond departed. The lamina
is narrow (0-3-0-4 mm), fairly long (4 mm) and straight. The deflection of the
lamina observed in thin section is due to breaking during the fossilization
process. The tracheids of the lamina xylem are polygonal, with rounded apices;
some cells, especially the large ones, are semicircular or oval. The smallest
tracheids are, as a rule, situated at the lamina extremities. Three to four, and
most commonly three cells make the width of the lamina (Pl. III, fig. 1). In
longitudinal crossection perpendicular to the length of the lamina the tracheids
are densely scalariform (Pl. II, fig. 4). In places, the bands fork or bend loosing
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their regular scalariform pattern. The remaining part of the xylem forms two
pairs of lateral arms of the stele: the abaxial arms are shorter than the adaxial
ones. The arms of both pairs are gently curved towards each other forming an
imperfect circle. They are slightly narrower than the central lamina except for
the thickened baculiform tips (Pl. I, fig. 1). According to Corsin (1952), in
Ankyropteris bertrandii, the lateral arms may display a tendency towards a
characteristic curvature towards the center. The xylem of the arms consists of
tracheids of variable size; those close to the center represent, siwmilar as those
of the lamina, the metaxylem tracheids of wide lumeun. These are slightly larger
than the tracheids of the lamina and are more often obovally elongated perpen-
dicular to the arms. The arm width corresponds to one or two cells at the base
to three or four cells at arm termination. At the outer margin of the arms and
in the region of their terminations there occur 1 mm wide bands of tissue
consisting of metaxylem tracheids of small lumen. These are the so called
filaments (P1. II. figs. 1-b — 5-¢). They consist of two to five layers (most often
three layers) and are slightly wider at the terminal part of the arms, where
they thicken and pile ambracing the tips of the proper metaxylem (Pl. II,
fig. 2-b). At the tips of the adaxial (longer) arms the terminal piles of the fila-
ment tracheids are slightly less well developed. In longitudinal section, the
tracheids of the proper metaxylem and the filaments display, similarly as
those of the lamina, dense scalariform bands (Pl. II, fig. 6-a, -b). Within the
lateral arms, between the proper metaxylem and the filaments, there occur
poorly discernible, fine and irregularly distributed aggregations of tracheids of
small lumen belonging to protoxylem (Pl. ITI, fig. 2-¢) and associated deformed
parenchymous cells. The tracheids of the protoxylem are irregularly polygonal.
At the margin of the xylem there occurs phloem with hardly discernible cells;
these are preserved only as poor remnants at the terminal part of the lateral
arms (PL II, fig. 2-¢). At the poles of the stele, this is at the outside of bases
of the lateral arms, there arc weakly marked, gentle concavities of the margin.
Thick layer of parenchyma forming the primary cortex encircles the stele.
The part of this tissue between the lateral arms and the lamina is the inner
cortex consisting of thin-walled cells the outline of which is circular or polygonal,
with rounded apices. The cells adjoining the central lamina, and, to a lesser
degree, those close to lateral arms, are distinctly larger, of more circular outline
and have thicker walls. At the corners between the central lamina and the bases
of lateral arms, there occur probably parts of endodermis (Pl. III, fig.1-c):
the parenchymous layer adjoining the inner cortex between the lateral arms and
surrounding these represents the outer cortex. Its inner part hardly differs
from the inner cortex. The outer part, that to the outside from one half of
the outer cortex width, consists of histologically more differentiated cells.
Their lumen becomes gradually narrower and their outline more circular.
Within the outermost zone the cells are thickened and closely packed, forming
the hypodermic layer acting as mechanical tissue (Pl. III, figs. 5, 7-b). Within
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some parts of the phyllophore margin the hypodermic zone has been peeled off.
In longitudinal section, the cells of the primary cortex are axially elongated
presenting a typically prosenchymatous tissue. Within the inner cortex the cells
are 3 to 8 times longer than wide and are of irregular width (the shape is more
or less elongated-trapeziform). The peripheral cells of the outer cortex, and
especially those of the hypodermis, are, as a rule, parallel-sided (Pl. III, fig. 7-a).
The coaly layer at the petrified phyllophore surface originated probably from
the hipodermic tissue and from the epidermis. The fairly large cavities filled
with calcite, visible in thin sections (Pl I, fig. 1; PL II, figs. 1, 4), resulted
not frcm destruction of the tissues during the fossilization but from shrinking
of the primary cortex and from detachment of its inner part from the stele.
It may be added in supplement to the above description that in phyllophore
sections no vascular strands extending through the primary cortex to the
branches of higher order have been observed. The explanation is, that the
described specimen represents a part of an axis from between two successive
levels of vascular strand development.

Base for systematic detetmination of the specimen. In the family
Zygopteridaceae the genus Amnkyropteris is characterized by scme features
differing it frcm other genera of which some may have a similarly organized
stele. An H-shaped stele occurs in a few species of Zygopteris, Etapteris, Tedelea.
The taxonomically important features of Ankyropteris concern the anatcmy of
the stcm, phyllophore and branches of higher order. The described specimen
has been included in Amnkyropteris basing on following features of the phy-
llophcre: in transverse section, the stele is similar to a dcuble anchor; the main
elaments of the dissected stele are relatively narrow; the lateral aims are more
or less arcuate; the adaxial arms are longer than the abaxial ones; there are
filaments at the tips of the aims; the marginal line of the stele does not display
distinet concavities at the poles, outside of the arm bases.

The specific detexmination of the fossil is based upon the well preserved
anatcmical features which are in agrecment with those of the holotype. Gener-
ally, selected, taxoncmically important features of Ankyropteris bertrandii
Corsin are as follows: the stele is very large in ccmparison with the phyllophore
width; the central lamina is elongated, narrow and straight; the lateral arms
are regularly arcuate (in scme specimens of the type material these display a
tendency towards curvature of the arms towards the center); the elements of
protoxylem are irregularly distributed within the lateral arms at the border
between the filaments and the proper metaxylem; the phloem occurs as a zone
encircling completely the stele. The organization of vascular strands extending
to the side branches of higher order is also taxoncmically important but these
have not been observed in the short fragment of axis concerned here.

The shape of the stele in Ankyropteris bertrandii Corsin is similar to that
in A. westfaliensis Bertrand, but in the latter species the central lamina is of
a characteristic arcuate shape.
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COMPLEMENTARY REMARKS

Ankyropteris bertrandit Corsin has been recorded, till now, only from one
site, PetZvald near Ostrava, from deposits of the Poruba Beds. The present
discovery of this species, from Pszé6w near Rybnik, concerns much older strata
(the Hrulov Beds). The two stratigraphic levels are separated by the Jaklovice
Beds which are devoid of typical marine horizons. Geographically, the localities
concerned here are 20 km apart. It is worth noting that there is a third, probable
site with Awnkyropteris bertrandii, also in the Upper Silesia. Among some
petrifactions described by Brzyski (1969) one specimen was determined as
Ankyropteris gray: Williamson. Due to poor state of preservation the determina-
tion was considered somewhat doubtful as the specimen possessed some features
of Ankyropteris bertrandii. The poorly preserved stele of the phyllophore fragment
has a general shape characteristic of A. bertrandii but the stele diameter is to
small in relation with that of the phyllophore. Moreover, the basic elements of
the stele, and especially of the central lamina, are relatively shorter and ap-
parently wider in ccmparison with the dimensions of the stele of the Pszow
specimen. This doubtful specimen was derived frcm the mine Knuréw at Knuréw
near Gliwice, from the marine horizon Henryk (III), frcm the Upper Poruba
Bods (uppermost Namurian A), therefore frcm a stratigraphic level slightly
higher than that of the site near Ostrava. The species Ankyropteris grayi, on
the other hand, is known from younger strata, from the lower Westphalian.

The majority of species belonging to Ankyropteris, recorded from different
regions of the World (Englafd, France, Germany, the United States), occur in
strata younger than those where 4. bertrandii was found, i.e. in the West-
phalian and Lower Permian. The described specimen of A. bertrandii from the
mine “Anna” at Pszéw is the oldest petrifaction with well preserved anatomy
known from the Upper Carboniferous deposits of the Upper Silesian Basin. It
is possible that Ankyropteris bertrandii from the Upper Silesia represents an
endemic species.

Academy of Mining and Metallurgy, Institute of Geology and Mineral Deposits, Al. Mickiewicza 30,
30-059 Krakow
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STRESZCZENIE

NOWE ZNALEZISKO SKAMIENIALEGO PEDU PAPROCI KARBONSKIEJ
ANKYROPTERIS BERTRANDII CORSIN
W GORNOSLASKIM ZAGLEBIU WEGLOWYM

Skamienialo§é roélinng, znaleziong w 1965 r. przez doc. dr inz. K. Matla,
oznaczono jako bardzo rzadki gatunek prymitywnej paproci karbonskiej An-
kyropteris bertrandii Cors. (rodzina Zygopteridaceae, rzad Coenopiteridales). Okaz
o wymiarach 60 mm dlugosci i 9-10 mm #rednicy przedstawia zmineralizo-
wany kaleytem fragment fylloforu (osi liScia) z bardzo dobrze zachowang bu-
dowg anatomiczng. Szezatek pochodzi z kopalni ,,Auna” w Pszowie kolo Ryb-
nika, z osadow poziomu morskiego ,,Anna Goérna” (VII), z najwyzszego odcinka
warstw gruszowskich (Srodkowa cze$é pietra arnsberg — dawniej wierzcholkowa
partia dolnego namurn A). Ankyropteris bertrandii jest gatunkiem znanym do-
tychezas tylko z jednego stanowiska w Pietwaldzie kolo Ostrawy, z poziomu
morskiego , Koks”, z warstw porebskich (pietro arnsberg — dawniej goérny
namur A), skad na podstawie okazow znalezionych przez Bertranda w 1907 r.
zostal opisany przez Corsina w 1952 r. Obydwa stanowiska usytuowane
w paralicznej serii dolnego namuru, stratygraficznie oddzielone sg brakicznymi
osadami warstw jaklowieckich.

Rodzaj Ankyropteris 1 jego gatunki sg taksonami wyrdznialnymi w oparciu
o cechy budowy anatomicznej lodyg, fylloforéw i odgatezien dalszego rzedu.
Fyllofor u tych form odznacza sie charakterystycznie zbudowang stela, przy-
pominajycg na przekroju poprzecznym litere H lub podwdjng kotwice. Nowo
znaleziony szezatek wykazuje daleko idaca zgodno§é cech anatomicznych z ce-
chami formy holotypowej z okolicy Ostrawy. Budowa anatomiczna okazu
z kopalni ,Anna” w duzym uproszezeniu przedstawia si¢ nastepujaco. Srodek
fylloforu zajmuje stosunkowo duza stela o frednicy 5 mm. Ksylem steli sklada
si¢ z cienkiej (0,3-0,4 mm), prostej i do§é dlugiej (4,0 mm) plytki $rodkowej
oraz dwu par lukowato wygietych ramion bocznych, z ktérych doosiowe sg
nieco dluzsze od odosiowych. Charakterystyczng cecha opisywanego taksonu
jest wystepowanie tzw. filamentow, czyli pasm drobnych tracheid stanowiacych
zewnetrzne obrzezenia ksylemu ramion boeznych. W ksylemie steli gros masy
przypada na metaksylem (ptytka érodkowa i ramiona boczne lgcznie z fila-
mentami), podezas gdy protoksylem ograniczony jest do drcbnych i stabo
wyréznialnych skupien tracheid, rozlokowanych miedzy filamentami a zasad-
niczym metaksylemem ramion bocznych. Floem, zachowany tylko w Ppostaci
niklych resztek ze zdeformowanymi komérkami, dostrzec mozna gtéwnie w oto-
czeniu zakonczen ramion bocznych. Wokot steli rozcigga sig gruba warstwa
kory pierwotnej, zréznicowana na cze$é wewnetrzna, zbudowang z cienko-
§ciennych komdrek parenchymatycznych, zawartg pomiedzy plytks frodkowsy
a ramionami bocznymi steli oraz cze§é zewnetrzna, obwodowsy, ztozong z ko-
mérek najpierw delikatnych, a dalej ku obrzezom fylloforu coraz bardziej
3 - Acta Palaeobotanica XXI/1
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zgrubialych, zwezajacych sie i zwartych, przechodzacych przy obwodzie fyl-
loforu w postaé¢ hypodermy. Na przekroju podluznym komérki kory pierwotnej
sg wyraznie osiowo wydluzone, przedstawiajac tkanke typu prozenchyma-
tycznego. Skamienialy okaz od zewnatrz otoczony jest cieniutkyg warstewks
materii weglowej, powstatej prawdopodobnie z epidermy i peryferycznych
partii kory. Szczegély struktur tkankowych skamieliny zilustrowano na tab-
licach I-III.

Nowo znaleziony szczatek Ankyropteris bertrandii Cors. z kopalni ,,Anna”
w Pszowie kolo Rybnika przedstawia kolejng mowa forme dla kopalnej flory
Polski. Nalezy on tez do najstarszych znalezisk spetryfikowanych szezatkéw
roflin goérnokarbonskich o dobrze zachowanej budowie anatomicznej z obszaru
Gornoslaskiego Zaglebia Weglowego. Nie jest wykluczone, ze gatunek Anky-
ropleris bertrandii, znany wylacznie z granic karbonu gérnoslaskiego, jest
forma endemiczny.

Opisany okaz ‘paproci znajduje sie w zbiorach paleobotanicznych Zakladu
716z Wegla Kamiennego AGH w Krakowie (Nr okazu: III-C-14).
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PLATE 1}

1. Phyllophore (frond axis) of pteridophyte Ankyropteris bertrandii Corsin. Transverse sec-
tion, X 12; a — central lamina of stele xylem; b — adaxial lateral arms of stele xylem;
¢ — abaxial lateral arms; d — inner primary cortex; e — outer primary cortex; f — hypo-
dermis; g — structureless (colinite) coal layer; h — cavities and crevices filled with calcite;
i — clayey rock embedding petrifaction
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PLATE 1II

. Part of abaxial lateral arm of stele and part of primary cortex. Transverse section, x 30;
a — tracheids of proper metaxylem of stele; b — fine tracheids of metaxylem of filaments;

¢ — parenchyma of inner primary cortex; d — cavity between tissues filled with coarse
calcite corystals

. The same fragment as Fig. 1. Transverse section, X 60; a— proper metaxylem tracheids;

b — metaxylem tracheids of filament, piled around tip of lateral arm; ¢ — destroyed
phloem cells; d — parenchyma of inner primary cortex
. Part of adaxial lateral arm surrounded by primary cortex: a — inner cortex; b — outer

cortex. Transverse section, X 30

. Part of metaxylem central lamina of stele surrounded by very coarse calcite crystals.
Longitudinal section, x 30

. The same fragment as Fig. 1. Transverse section, X 100; a — tracheids of filament meta-
xylem; b — remnants of phloem

. Fragment of abaxial lateral arm of stele (from zone in Fig. 5). Longitudinal section, X 100;
a — tracheids of proper metaxylem with dense scalariform bands; b — tracheids of filament
metaxylem with dense scalariform bands; ¢ — possible remnants of protoxylem tracheids
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PLATE III

. Fragment of phyllophore central part. Longitudinal section, x 30; a — fragment of central

lamina metaxylem; b — fragment of filament metaxylem; ¢ — fragment of parenchyma
of inner primary cortex surrounded by probable remnants of endodermis

. Polar region of stele (at bases of lateral arms). Transverse section, X 50; a — tracheids

of proper metaxylem; b — filament metaxylem tracheids with narrow lumen; ¢ — fine
concentrations of protoxylem tracheids; d — poorly preserved phloem cells

. Parenchyma of inner primary cortex. Transverse section, X 50
. Parenchyma of outer primary cortex. Transverse section, X 50
. Peripheral part of primary cortex passing into hypodermis (at bottom), x 30

Fragment of stele and outer primary cortex. Longitudinal section, x 30; a — tracheids
of proper metaxylem of lateral arm; b — trachcids of metaxylem of lateral arm filament;
¢ — deeper part of parenchyma of outer primary cortex — cells axially elongated (typically
prosenchymatous tissue)

. Fragment of outer primary cortex. Longitudinal section, X 30; a — peripheral part of

parenchyma of outer primary cortex — cells axially elongated (typical prosenchymatous
tissue); b — zone of hypodermis with parallel-sided, axially elongated, densely packed
cells; ¢ — thin, structureless coal layer
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