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Silicified Miocene woods from the North Bohemian Basin (Czech
Republic) and from Kuzuluk, district Adapazari (Turkey)

Miozine Kieselholzer aus dem nordbshmischen Becken (Tschechische Republik)
und aus Kuzuluk, Distrikt Adapazari (Tiirkei)

By ALFRED SELMEIER *)

With 25 figures and 6 tables

Herrn Prof. Dr. WALTER JUNG zum 70. Geburtstag

Abstract

33 silicified wood remains from localities in the Czech Republic and 14 silicified samples
from Turkey, geological age Middle to Upper Miocene, were examined microscopically by
thin sections. The preservation of the internal wood structure is mostly sufficient for
identification at genera level. North Bohemian Basin: Taxodium, Castanea, Platanus, Robinia
(insect bore-holes with coproliths) and Dicot indet. Kuzuluc: Taxodium, Taxus, Alnus (insect
bore-holes with coproliths) and ?Euphorbiaccac. The gymnosperm woods from Kuzuluk,
district Adapazari, are the first anatomical record of mineralized coniferous xylem from the
territory of Turkey. A rare anatomical feature in a single Taxodioxylon wood from Kuzuluk
shows a 4-seriate ray, unusual in coniferous xylem. This is the first record of silicified wood
from a previously undescribed wood-rich horizon in NW Turkey.

Zusammcnfﬂssung

33 Fundstiicke tertiarer Holzer aus der Tschechischen Republik und 14 verkieselte Holz-
funde aus der Ttirkei wurden anhand von Diinnschliffen mikroskopisch untersucht, geologi-
sches Alter mittleres bis oberes Miozan. Die Kieselholzer, in ithrer anatomischen Struktur meist
nurausreichend erhalten, sind bis zur Gattung bestimmbar. NW Bshmen: Taxodinm, Castanea,
Platanus, Robinia (Insektenbefall) und Dicot indet. NW-Tiirkei: Taxodinm, Taxus, Alnus
(Insektenbefall) und ?Euphorbiaceae. Die Gymnospermen aus Kuzuluk sind der erste anato-
mische Nachweis versteinerter Koniferenholzer aus der Turkei. Ein Taxodioxylon-Holz aus
der Tiirkei zeigt einen 4-reihigen Holzstrahl, ein bei Gymnospermen gemafl Lehrbiichern
ungewdhnliches anatomisches Merkmal.

* Prof. Dr. A. SELMEIER, ¢/0 Institut fir Paliontologie und Historische Geologie der Universitit,
Richard-Wagner-Str.10, D-80333 Minchen. Email: a.selmeier@lrz.uni-muenchen.de
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1. Silicified woods from the Czech Republic

1.0. Introduction
(Fig. 1)

Northwestern Bohemia, the western partof the Czech Republic, isaterritory where Tertiary
plants have been collected since the very beginning of palacobotanical research (UNGER 1850).
The woods described in this paper are from localities that are relatively accessible (open-cast
Mine Bilina [Bilin]) and were visited by the author under the guidance of Paver Courar (Mine
Nastup, Tusimice [Tuschmitz], Chomutov [Komotau])and Orprict FEjpar (Charles University
Praha) in autumn 1995. At present, Mine Bilina, situated in the northeastern part of the so-
called Most [Brix] Basin, is a gigantic open-cast mine over 200 m deep. It makes the whole
geologicat section accessible together with the coal seam and the underlying strata. Mine Bilina,
formerly Mine Maxim Gorki, is the main source of lignite in the Czech Republic. The open-
cast Mine Bilina provides a window on Lower Miocene marshland environments (KvacCEx
1998). In the vicinity of the town Kadan [Kaaden] fossil woods often occur in volcanic
sediments (PRAKASH, BREZINOVA, & BUZEK 1971).

The silicified woods studied in this paper, in Kadan trunks from 20-120 ¢cm in diameter, have
been collected up to 1995 by P. Coural (Chomutov) and O. Frjrar (Praha). Minerals of the
North Bohemian lignite basin confined to silicified and sideritized tree trunks, branches and
roots represent a large group of minerals. For a comprehensive, illustrated account of all
geological aspects of the North Bohemian lignite basin and its fossil wood remains, see Bouska
& DVORAK (1997).

1.2. Taxonomic treatment
Ground cross, tangential and radial thin sections, a total of 105 thin sections, were prepared

using conventional techniques by P. Courar, Chomutov. The maximum size of the epoxy-
mounted thinsectionsis 35 X 40 mm. The preservation of the wood structure is predominantly
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Fig. 1. Geographic position of some localities in the region of the great open-cast mine Bilina, North
Bohemian Basin, Czech Republic. — Finding places of silicified woods: 17 Mine Bilina, 2* Kadan
and Libous, 3* Velka Cernoc.

fairly good, but in part very poor, especially in many longitudinal sections. Some samples are
very badly compressed; measurements could only be obtained from a few portions. Therefore
the descriptions often lack desirable quantitative anatomical details, but are sufficient to
identify the wood remains at the generic level. Wood samples are referred to by their collection
numbers. Thin sections and other fossil material is partly deposited in the Bavarian State
Collection of Palacontology, Munich, partly in the Mine Museum Chomutov, Czech Republic.

Table 1. Closely related extant genera of silicified woods from the North Bohemian Basin (Mine Bilina,
Kadan, Kadan-Libous [Liebisch], Velka Cernoc [Grofi-Tschernitz]).

Taxa Wood samples Thin sections
Taxodinm ; Gymn. indet. 21 69
Castanea I 4
Robinia 1 4
Platanus 5 18
Dicot indet. 1 3
Total 29 Total 98
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Fig. 2. Taxodioxylon sp., Mine Bilina, No. 4. Cross section with 1wo growth ring boundaries, dark
parenchyma cellsin the early wood. x 40.— Microphotographs Fig. (2-11) and (13-25) A. SELMEIER.

Photomicrographs (Fig. 2-11)

The geological age of the wood remains is Lower Miocene, more than 20-17 million years
ago. The 105 thinsections from the North Bohemian Basinare differentin mineral composition,
in colour, in thicknes (20-30 um) and in the stages of wood decay. Understandably, the
microscopic photomicrographs differ in the quality of reproduction. Due to compression, the
cross-field and intervessel pits are often difficult to observe; anatomical features are only partly
preserved and not always visible as usual in extant wood thin sections.

Literature for wood 1dentification

Familial and generic affinities were determined by consulting literature such as BAREFOOT &
HANKINS (1982), BraZIER & FRANKLIN (1961), CARLQUIST (2001), CUTLER et al (1987), GREGUSS
(1955, 1959), GROSsER (1977), IAWA list (1989), Iiic (1991), MeTcALFE & CHALK (1950) and
searches in the "Fossil wood database” (WHEELER 1991 a, b). Comparisons were made with
scctions of extant wood xylothec housed in the Institute of Wood Research, Technical
University, Munich (STERN 1988; Index Xylariorum, p. 229-230).
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Fig. 3. Taxodioxylon sp., Mine Bilina, No. 4. Longitudinal tangential sections; left (X 80) uniseriate homo-
cellular rays; right (X 90) two axial strands of parenchyma cells with dark circular deposits.

Taxodiaceae
Taxodioxylon (HARTIG) GOTHAN 1905

Taxodioxylon sp.
(Fig. 2—4)

Locality: Mine Bilina

Material: Silicified trunks or small samples. No.1 (Merunice [Meronitz]), No. 2 (Kuclin
[Kutschlin]), No. 4-5; a total number of 14 thin sections. Preservation of internal structure is
best in No. 4 and 5.

Locality: Kadan

Material:Silicified trunks or small samples, No. 3 (diameter 80-120 cm), No. 5 (diameter
80-110 cm), No. 6 (diameter 40-70 cm), No. 7 (diameter 30-40 cm), No. 8 (diameter 20 cm),
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Fig. 4. Taxodioxylon sp., Mine Bilina, No. 2. Longitudinal radial section; radial tracheid walls with
opposite (arrow) pits and cross field pitting. X 90.

No. 9 (diameter 50-70 cm), No. 10 (diameter 70-90 ¢cm), No. 11 (diameter 15-20 cm), No. 13
(diameter 40-50 cm), No. 15 (diameter 60 cm), No. 17 (diameter 10-15 ¢m), No. 18 (diameter
40-55 em), No. 20 (diameter 30-50 cm), No. 21 (diameter 20 cm); a total of 44 thin sections with
great differences in preservation and stages of wood decay. — Gymnosperms indet: 35 thin
sections from trunks or small samples, preservation of internal structure extremely poor.

Locality: Libous, eight km cast of Kadan

Material: Silicified trunk, 80 cm in diameter; Libou$ No. I, three thin sections.
Description

Silicified secondary woods of homoxylous structure without bark or pith.

Growth rings variable in width, ranging from0.2-5.2 (mean 1.7)mm. Tracheids angular
in cross section, very wide in the early wood, tangential 20-30 um, radial 40-55 wm; narrow in
the late wood, tangential diameter 15-20 pm, radial 7-10 um. Bordered pits in the radial walls
of the carly wood bi-scriate, diameter [4-20um. Axial parenchyma diffuse in cross
section, cells between 115-380 um high, horizontal walls thin and smooth, frequently nodular,
however the nodules are generally very small; parenchyma cells in tangential view often with
circular dark deposits. Ray s exclusively one cell wide and up to 37 cells high; height of the

cells 12-16 pm; cross-field pits partly in horizontal line, taxodioid or glyptostroboid, diameter
8—10 um.

116



Affinities

The samples are characterized by a) distinct growth rings, b) wood tissue consisting of axial
tracheids, axial parenchyma, parenchymatous rays, ¢) bordered pits on radial walls of tracheids
arranged in one or two rows, d) cross-field pits fairly large and with wide taxodioid /
glyptostroboid apertures, ¢) axial resin canals absent. All these features agree with those of
Taxodioxylon, which is similar to the extant species of Taxodium.

The coniferous wood tissue of many specimens from Mine Bilina and Kadan is decayed and
locally crushed. But the anatomical features that are preserved make it more than probable that
all the above listed wood samples (Table 1) must be assigned to Taxodioxylon sp.

Note: Taxodioxylon is found throughout the whole Tertiary and is one of the most common
Tertiary coniferous woods in Europe and the rest of the Northern Hemisphere. Most of the
Tertiary (not Upper Cretaceous) wood remains are to be assigned to 7. gypsaceum (VAN DER
BURGH & MEIER 1996, Table 3). Taxodioxylon gypsaceum is a highly variable polyphyletic
species. According to the standard literature the cross-field pits vary from taxodioid to
glyptostroboid or cupressoid.

Cross-field pitting is one of the most important anatomical features for identification of
coniferous woods. In the standard literature, references almost exclusively use the five
“classical” cross-field pittypes published by Pririips (1968). As part of alarge-scale investigation
(GROSSER & VOGEL 1996), a total of 86 species from 56 genera of the class Pinatae were studied;
the great variety in cross-field pit form was divided into eight newly defined pit types, in
contrast to PHILLIPS’ 5 types.

Fagaceae
Castanoxylon NAVALE 1962

Castanoxylon sp.
(Fig. 5)

Locality: Velka Cernoc

Material:Silicfied trunk, No. 22; wood tissue bleached and with poor contrast,
preservation of internal structure is sufficient for identification; 4 thin sections.

Description

Silicified secondary dicotyledonous wood without bark or pith.

Growth rings distinct, wood ring-porous, growth rings 1.7-6.2 (mean 3.2) mm wide.
Vessels of carly wood very large, plainly visible to the naked eye, forming a broad,
conspicuous band, solitary and arranged in 2 or 3 layers, oval or elliptic in cross section,
tangential diameter max. 285 pm, transition from early to late wood abrupt, late wood vessels
small, arranged in oblique or radial pattern, broader rings with flame-shaped arrangement,
vessels in the late wood numerous to very numerous, tangential diameter 35-78 pim. Perfora-
tion plates simple, intervessel pits not observed. Axial parenchyma indistinct, scanty
paratracheal and apotracheal-diffuse. R ay s unstoried, exclusively uniseriate, homocellular,
heigth 3-33 (75-650 pum) cells, ray-vessel pitting not observed.

Affinities
This wood is characterized by a) distinct ring porosity, b) large circular vessels in the early
wood with an abrupt transition to small polygonal vessels in the latewood, ¢) flame-like
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Fig. 5. Castanoxylon sp., Velka Cernoc, No. 22, ring-porous wood. Left (X 15), cross section with two
growth ring boundaries; right (X 80), longitudinal tangential section with exclusively uniseriate
homocellular rays.

latewood vessel pattern in the broader growth rings, d) rays exclusively uniseriate, unstoried,
homocellular. These features occur in Castanea L. and Castanopsis Spact., both in family
Fagaceae. Castanea has continuous vessel zones in the early wood and differs from Castanopsis
with carly wood vessels distinetly separated by usually libriform fibres or banded axial
parenchyma (Suzuki & TERADO 1996).

Unul now, Tertiary Castanea woods have been reported from Japan, from Germany
(SELMEIER 1970, 1991) and France (PrIVE-GILL & WATELET 1980). Ata distance of only 100 km
west of the Kadan locality, Czech Republic, there is the first European record of a silicified
Ternary Castanea wood (basalt quarry at Weidersberg, NE Bavaria; SELMEIER 1970). More
than 40 wood remains of geological age Miocene/Pliocene, collected in the Neuburger Forest
near Passau, Bavaria, form the largest collection of silicified Castanea woods at present known
(SELMEIER 1991).
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Platanaceae
Platanoxylon ANDREANSKY 1951

Platanoxylon sp.
(Fig. 6-7)

Loecality: Kadan

Material: Silicified trunks and smaller samples; No. 4 (diameter 30-40 ¢cm), No. 12, No.
14 (diameter 50-70 cm), No. 16 (diameter 40-50 cm), No. 19 (diameter 50 cm); a total of 18 thin
sections. Preservation of internal structure is best in No. 14,

Description

Silicified secondary dicotyledonous wood without bark or pith.

Growth rings oftenalittle indistinct, boundaries partly arched, 3 growth rings 2.7
+mmwide. Vessels very numerous, moderately small, 50-100 m mean tangential diameter,
barely visible to the naked eye, solitary and in radial to tangential pairs and radial multiples,
tending to be more numerous at the beginning of a growth ring. Perforation plates simple for

Fig. 6. Platanoxylon sp., Kadan, No. 14, diffuse porous wood. Left (X 50), cross section with four rays,
weakly enlarged on the growth ring boundaries; right (X 60), longitudinal tangential section with

large, multiseriate rays.
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Fig. 7. Platanoxylon sp.. Kadai, No. 19. Lett (X 100), longitudinal radial section, procumbent and quadra-
tic ray cells: right (X 100), longitudinal tangential section, outhine of ray cells predominantly aval,
tendencey to heterocellular structure.

the most part, occasionally scalariform with a few bars. Intervessel pits not observed. A x1al
parenchyma scanty paratracheal and diffuse. Ra v's unstoried, visible to the naked eve,
at the growth ring boundaries swollen and broader, mainly 4-14 cells wide, up to 2 mm in
height, sometimes dissected into shorter units, homocellular with a tendency to heterocellular
ray ussue.

Affinities

The combination of structural features exhibited by these fossil woods indicates their
resemblance to modern woods of the Eupteleaccae (Euprelea), Fagaceae (Fagus), Ieacinaceae
(Citronella, Otroschulzia) and Platanaceae (Platanus). However, on closer comparison the
fossil wood specimes appear to be closer to Platanus than to any other genera mentioned above.
Euprelea, Citronella and Ortoschulzia ditfer in possessing distinctly heterogenous rays, Fagus
differs in having oak-tvpe rays. The silicified woods most closely resemble the anatomical
features of the extant genus Platanus. The mmute structure of these fossils agrees better with
the anatomical features of Platanoxylon ANDREANSKY (1951), than with Plataninium, sensu
PaGr (1968).

A great number of Cretaceous and Tertiary Platanus woods are known from various
localities in the world (Europe, North America, Japan). At about 200 km distance from the
Kadai locality, Czech Republic, more than 30 Platanoxylon woads from 17 different localities
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have been reported from Tertiary sediments in Bavaria and Austria (SELMEIER 1989, 1996,
1998). Comprehensive information about fossil nomenclature, an emended specific diagnosis,
and the fossil record of Platanaceae is given by SELMEIER (1996).

The only extant genus of the Platanaceae is Platanus, which includes about eleven species of
large trees, three in southern Europe and Asia (Laos), eight in temperate North America,
Mexico and Guatemala. Five species are found only in Mexico. Pl orientalis L. grows in North
America, in South and Central Europe, in Asia Minor and Iran.

Platanoid Types, 84 million years ago

Angiosperm woods of the platanoid/icacinoid type occur throughout the Upper Cretaceous
(84-66 million years old) in the continental strata of Big Bend National Park, Texas, USA. The
platanoid wood type is common in the Cretaccous and Lower Tertiary, and is among the
carliest known, already occurring in the Albian (Cretaceous). Such woods with heterocellular
rays are usually assigned to Icacinoxylon; woods with homocellular or near homocellular rays
are usually assigned to Platanininm. A comprehensive reevaluation is needed for all specimens
with platanoid/icacinoid structure (WHEELER & LEHMAN 2000). The ray tissue of the Miocene
sample No.14, locality Kadan, is homocellular with a distinct tendency to heterocellular
structure. This ray pattern is presumably a late stage in wood evolution since the Upper
Cretaccous.

Leguminosae

Faboideae

Robinioxylon PLATEN 1908
Robinioxylon sp.
(Fig. 8-9)

Locality: Mine Bilina
Material: Silicified trunk, sample No. 3 with 4 thin sections; preservation of internal
structure is fairly good.

Description

Silicified secondary dicotyledonous wood without bark or pith.

Growth rings distinct, 19 rings 0.4-1.6 (mean 0.8) mm wide. Vessel arrangement ring
porous, solitary, only one layer in the early wood, tangential diameter 168-280 pum, late wood
vessels in clusters with wavy arrangement. Perforations simple, transverse inclination more or
less horizontal; intervessel pits crowded alternate, angular in outline, vessel element length ca.
180 um, thin-walled tyloses obviously decayed due to mineralisation, helical thickenings in
some narrow latewood vessel elements. Axial parenchyma predominantly paratracheal,
parenchyma cells fusiform and storied, also chambered axial parenchyma strands with one
crystal per chamber, strands usually with up to 8 crystalliferous cells. Ray s spindle-shaped,
one to 6-seriate, multiseriate rays up to 43 cells high, homocellular with procumbent ray cells,
muldseriate rays partly in contact with chambered crystalliferous parenchyma strands.

Note: Robinioxylon wood No. 3 shows insect attack in cross section. Diameter of a round
bore-hole 650 um, an oval bore-hole 1.7:0.8 mm; diameter of the brown coproliths 75:31 um.

Affinities
The combination of ring-porosity, latewood vessel clusters arranged in a tangential wavy
pattern, simple perforations, fusiform and storied parenchyma cells, chambered crystalliferous
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Fig. 8. Robinioxylon sp., Mine Bilina, No. 3, ring-porous wood. Cross section with ten growth ring
boundaries, late wood extremely small, vessels in clusters and in wavy arrangement; presumable
part of a branch. X 20.

parenchyma cells 1s typical of Robinia L. (Faboideae). Extant trunk woods of Robinia are
characterised by a concentration of large vessels in 2 or more loosely defined rows. PAGE (1993)
has given a detailed analysis of selected quantitative features of secondary xylem from trunk,
branchand root (Robinia pseirdoacacia L.). The results of the survey show considerable overlap
inranges of vartationin the fossil Miocene and extant woods. Differences noted between trunk,
branch and root wood of extant Robinia make it possible to distinguish these organs among the
fossils also. According to PAGE (1993: 302), the most noticeable differences between stem and
branch wood are in shape, size and distribution of early-wood vessels and in the frequency of
solitary vessels. Both large and small roots appear diffuse-to semi-ring-porous. Branch wood,
however, has narrow growth rings and only a very small amount of latewood, comparable with
the specimen from Mine Bilina, No. 3. The wood under investigation can therefore be
identified as typical in xylem structure to a branch.

122





































































