International Journal of Coal Geology 107 (2013) 62-77

Intnrttomat Jomronk of

(0

Contents lists available at SciVerse ScienceDirect

International Journal of Coal Geology GLOLOGY

journal homepage: www.elsevier.com/locate/ijcoalgeo

“Stump Horizon” in the Bilina Mine (Most Basin, Czech Republic) — GC-MS,
optical and electron microscopy in identification of wood biological origin

MartinavHavelcové a* Ivana Sykorova ?, Achim Bechtel °, Karel Mach €, Hana Trejtnarova ?,
Margit Zaloudkova ?, Petra Matysova 2, Jaroslav BlaZek ?, Jana Boudova ¢, Jakub Sakala ¢

@ Institute of Rock Structure and Mechanics, Academy of Sciences of the Czech Republic,v.v.i., V HoleSovickdch 41182 09 Prague, Czech Republic
b University of Leoben, Applied Geosciences & Geophysics, Peter-Tunner-Str. 5, A-8700 Leoben, Austria

¢ SeveroCeské doly a.s., Doly Bilina, ul. 5. kvétna 213, 418 29, Bilina, Czech Republic

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

ARTICLE INFO ABSTRACT

Article history:

Received 28 May 2012

Received in revised form 5 September 2012
Accepted 17 September 2012

Available online 25 September 2012

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:)o:teé‘;m 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
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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-Vid6 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
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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-Vid6 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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Fig. 2. Stratigraphy of the Most Basin fill. SH - “Stump Horizon” in the Bilina open pit mine.
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Fig. 1. Sketch map of the Most Basin. 1 - Oligocene volcanics (alkalic basalts, trachytes, phonolites) and its volcanoclastic equivalents; 2 - Lower Miocene sedimentary fill of the
Most Basin (sands, clays, coal seam); 3 - state border; 4 - SH - area of "Stump horizon" sampling.
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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 1.5 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 1.5 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



image of Fig.�3
image of Fig.�4

Table 2

Results of micropetrographic analysis of stumps P1-23.

Parametr P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23
Rr (%) 0.36 0.37 0.37 0.39 0.36 0.37 0.38 0.37 0.35 0.38 0.38 0.38 0.36 0.36 0.37 0.38 0.39 0.35 0.37 0.38 0.36 0.37 0.38
s 0.04 0.03 0.03 0.05 0.02 0.02 0.05 0.04 0.06 0.04 0.05 0.03 0.03 0.03 0.04 0.05 0.05 0.04 0.05 0.04 0.30 0.05 0.04
Rrua (%) 0.25 0.00 0.00 0.00 0.24 0.23 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.23 0.24 0.23 0.24 0.00 0.00 0.00 0.00
Huminite (vol.%) 93.7 904 92.1 93.9 89.5 904 917 91.7 89.0 894 90.6 918 930 937 91.7 93.5 91.3 91.2 93.8 934 908 906 925
Textinite 26.1 6.4 203 133 15.8 189 6.4 14.7 6.1 15.8 53 263 9.2 23 284 373 59 29 2.0 9.3 32 55 5.0
Ta 1.5 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.5 0.0 0.3 0.0 0.0 0.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ts 25.0 6.4 20.3 13.3 15.0 18.9 6.4 14.7 6.1 153 53 26.0 92 23 27.9 36.5 59 29 2.0 9.3 32 55 5.0
Texto-ulminite 488 439 55.8 66.2 59.6 57.7 67.2 60.6 67.0 55.3 72.2 51.0 72.7 81.6 50.9 435 73.5 72.5 78.2 69.7 72.9 69.7 71.6
TUa 0.5 0.0 0.0 0.0 1.3 1.5 27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.9 0.7 33 1.4 0.0 0.0 0.0 0.0
TUp 483 45.9 55.8 66.2 583 56.2 64.5 60.6 67.0 553 722 51.0 72.7 81.6 50.1 45.4 72.8 69.2 76.8 69.7 72.9 69.7 71.6
Eu-ulminite 48 226 5.8 3.7 33 1.5 5.6 2.0 57 5.2 2.2 0.0 0.0 0.0 0.0 0.0 0.0 21 2.0 2.5 19 2.7 42
Attrinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Corpohuminite 11.6 144 103 10.7 10.8 123 9.6 14.4 10.2 13.1 9.6 143 111 7.5 11.6 12.7 119 125 103 11.2 115 12.7 10.9
Gelinite 24 1.1 0.0 0.0 0.0 0.0 29 0.0 0.0 0.0 13 0.2 0.0 23 0.8 0.0 0.0 1.7 13 0.7 13 0.0 0.8
Liptinite (vol.%) 5.1 7.1 4.9 5.0 6.6 6.3 5.8 6.5 5.7 6.4 5.6 5.1 59 38 6.2 5.5 7.5 4.7 44 54 5.2 6.6 5.0
Sporinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cutinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Resinite 5.1 7.1 49 5.0 6.6 6.3 5.8 6.5 5.7 6.4 5.6 5.0 5.9 3.8 6.2 55 7.5 4.7 44 5.4 52 6.6 5.0
Liptodetrinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inertinite (vol.%) 0.0 2.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.6 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.6 0.0 0.0
Fusinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.6 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.6 0.0 0.0
Minerals (vol.%) 1.2 0.5 24 1.1 39 33 2.5 18 53 4.2 38 1.1 13 25 21 1.0 1.2 33 1.8 1.2 34 28 2.5
Clays 1.2 0.5 1.5 0.5 32 2.6 2.3 1.5 48 1.5 32 0.7 1.0 15 1.9 0.6 0.7 1.9 1.2 1.1 1.6 0.9 1.7
Carbonates 0.0 0.0 0.9 0.5 0.0 0.7 0 0.2 0.3 2.1 0.5 03 0.0 1.0 0.0 0.4 0.0 14 0.6 0.0 1.8 1.9 0.6
Sulphides 0.0 0.0 0.0 0.1 0.7 0.0 0.2 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.2
Quartz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 0.0 0.5 0.1 0.1 03 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
GI (gelification index) 22 109 3.0 53 4.0 31 11.8 43 119 38 143 1.9 79 355 18 1.2 125 26.3 40.8 78 238 13.2 153

Significance of bold are main maceral groups.
Significance of italics are sub-maceral groups.
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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 0.03 003 002 002 002 003 003 004

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 0.4
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 74 6.0 6.3 53 8.7 51

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 26

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 09

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

Clays 141 4.8 2.0 0.5 1.0 2.9 24 31 576

Carbonates, 09 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 II 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


image of Fig.�6

M. Havelcova et al. / International Journal of Coal Geology 107 (2013) 62-77 69

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 1.37 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 2.34 70.41 547 132 0.36 19.51
S9 6.30 71.62 49.79 6.87 1.37 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 1449 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 71.36 545 1.63 0.01 15.63
P11 1147 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 1142 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 0.40 791
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 4.94 1.05 0.36 6.54
P20 11.20 1.71 69.94 5.28 1.01 0.39 10.35
P21 10.02 4.10 68.36 5.15 0.77 0.40 10.18
P22 11.33 1.30 69.74 529 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 (%S%%) 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
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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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Table 5

Relative contents of the compounds in the aliphatic hydrocarbon fractions of the stump samples S1-S9 (a) and P1-P23 (b).
a)
Compound S1 S2 S3 S4 S5 S6 S7 S8 S9
Sesquiterpenoids 0.0 0.0 0.0 0.0 0.0 0.0 25 5.8 5.1
Nordrimane
Cedr-8-ene
a-cedrane 1.2 3.0 23
Drimane 0.8 2.1 13
Eudesmane 0.5 0.8 1.5
Diterpenoids 87.1 834 84.0 91.6 86.7 89.7 84.3 82.0 82.3
Norpimarane 11.6 10.1 11.0 10.3 10.6 10.2 113 113 11.7
Norabietane 0.6 0.8 0.6 0.7 0.8 0.8 0.9 0.7
Isopimarane 1.9 2.1 1.9 2.1 2.2 2.1 2.0 2.0 1.9
Abietane 23 2.5 24 24 2.5 24 23 23 22
a(H)-phyllocladane 70.6 67.8 68.1 76.1 70.5 74.1 67.8 65.7 66.5
n-alkanes 129 16.6 16.0 8.4 133 103 13.2 12.2 13.0
b)
Compound P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23
Sesquiterpenoids 994 99.7 94.8 98.9 97.7 74.0 9.6 93.8 75 93.0 87.3 95.3 959 98.7 95.9 30.9 732 95.8 95.1 94.3 96.8 934 302
Nordrimane 3.0 1.6 0.1 2.7 32 23 1.0 0.9 1.7 29 3.0 23 3.6 4.7 6.4 2.8 4.4 5.7 4.0 24 1.2
Cedr-8-ene 1.6 4.6 0.4 24 33 0.4 0.4 0.5 0.3 1.8 1.0 0.7 1.0 0.5 04 13 1.1 1.6 12 09 0.2
a-cedrane 85.5 85.9 84.2 823 78.0 62.2 55 849 41 82.2 78.6 64.5 79.5 844 86.0 18.5 53.7 86.5 78.6 71.1 84.1 71.7 249
Drimane 54 3.2 5.4 6.8 8.5 7.0 3.2 4.4 3.0 7.1 8.6 20.8 10.2 8.8 4.5 8.8 124 3.6 5.9 13.8 6.6 16.5 53
Eudesmane 24 1.8 3.5 24 2.8 1.5 0.9 2.1 0.5 1.5 1.0 6.9 3.2 2.5 1.2 1.8 1.8 34 6.8 24 1.5 24 1.5
Diterpenoids 04 0.2 1.7 0.7 2.0 257 89.3 5.9 91.5 6.5 7.7 0.5 14 0.5 3.0 48.9 23.1 2.2 2.6 24 18 4.0 59.9
Norpimarane 0.5 0.1 0.9 24 24 0.1 13 0.4 0.1 0.1 1.0 0.1 0.2 0.1 0.1 0.1 0.1 2.1
Norabietane
Isopimarane 0.5 0.1 0.1 0.1 0.1 0.2
Pimarane 14 0.8
Abietane 1.1 1.6 0.2 0.2
a(H)-phyllocladane 0.3 0.2 1.2 0.7 19 24.8 843 59 86.7 6.4 6.3 0.2 14 0.5 31 53.8 23.6 2.0 2.5 23 1.8 4.0 63.6
n-alkanes 0.2 0.1 35 04 0.4 0.3 1.1 0.3 1.0 0.5 34 29 1.7 0.5 0.8 12.5 3.2 1.9 2.1 14 1.2 1.2 104

Significance of italics is the sum of all sesquiterpenoids (diterpenoids, n-alkanes) - main coumpound groups in the samples.
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Table 6

Relative contents of the compounds in the aromatic hydrocarbon fractions of the stump samples S1-S9 (a) and P1-P23 (b).

a)

Compound S1 S2 S3 S4 S5 S6 S7 S8 S9
Sesquiterpenoids 12 2.9 25 19 4.1 4.6 22.1 29.2 10.7
Dihydrocurcumene

Cadinatriene

Cuparene 6.1 119 0.4
Tetramethyltetralin

Cadalene 1.2 29 25 19 4.1 4.6 16.1 17.3 10.3
Diterpenoids 96.7 97.1 97.5 97.2 95.5 95.2 73.1 62.4 89.3
Dehydrobisnorabietane

Dehydronorabietanes 4.7 1.8 2.7 3.0 2.6 35 8.0 7.9 5.2
Dehydroabietane 111 18.7 183 14.4 133 13.1 9.8 6.9 14.2
Simonellite 45.1 67.2 63.5 45.3 50.6 69.1 21.2 12.0 50.0
Retene 35.8 94 13.0 345 29.0 9.6 34.1 35.5 19.9
b)

Compound P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23
Sesquiterpenoids 229 26.5 13.0 24.0 24.3 16.7 7.8 14.9 8.1 222 24.7 11.9 9.8 11.3 15.5 1.8 13.7 27.1 276 24.0 10.8 284 75
Dihydrocurcumene 0.7 0.8 0.1 0.5 0.6 0.6 0.1 0.3 0.1 0.5 14 0.7 0.2 0.9 0.4 14 0.7 0.1 0.4 0.2 0.9 0.1
Cadinatriene 0.5 0.1 0.3 0.4 0.3 0.1 03 0.4 0.1 0.1 0.3 0.3 0.3 0.4 04 0.4 0.2 0.5 0.1
Cuparene 6.1 6.5 2.0 6.2 85 6.3 1.5 3.6 1.7 7.7 7.3 6.3 2.7 15 4.4 0.2 5.8 6.1 2.9 8.6 33 10.3 1.6
Tetramethyltetralin 1.8 29 0.4 14 1.8 1.0 0.2 0.8 0.1 1.1 1.6 2.1 0.6 0.3 0.7 0.1 0.6 22 1.1 14 0.8 1.2 0.2
Cadalene 14.2 15.7 10.5 15.8 13.0 84 6.0 10.1 6.1 12.7 14.0 29 6.2 83 9.7 1.5 5.7 17.7 232 132 6.2 15.6 5.5
Diterpenoids 77.1 735 87.0 76.0 75.7 833 922 85.1 91.9 77.8 753 88.1 91.3 88.6 84.5 98.2 86.3 729 724 76.0 89.2 71.6 92n5
Dehydrobisnorabietane 0.4 1.5 0.1 0.4 0.6 0.7 0.3 0.7 0.2 0.4 0.5 0.4 0.5 0.6 0.9 0.2 0.5 0.4 0.4 0.2 1.0 0.9 0.4
Dehydronorabietanes 0.4 0.4 03 0.4 0.5 1.6 4.0 0.8 1.8 03 0.8 0.5 0.4 0.7 0.4 0.2 12 0.2 0.3 0.2 0.5 0.5 0.4
Dehydroabietane 0.9 1.8 0.9 1.0 23 21.8 115 21.2 10.2 14.6 19.3 11.7 10.2 10.0 9.0 7.9 18.2 44 2.6 6.9 224 26.1 183
Simonellite 44.8 36.6 63.5 443 43.6 48.7 68.7 50.7 75.0 43.5 329 46.5 53.5 34.1 55.0 58.9 53.0 50.5 373 51.4 441 36.2 57.1
Retene 30.6 331 22.2 299 28.7 10.6 7.6 11.7 4.7 19.0 21.8 29.0 25.7 433 19.3 31.0 134 174 319 175 21.2 7.9 164
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Fig. 10. Relationship between sulphur content (S%f) and gelification index (GI).

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 a-cedrane, 160.(H)-phyllocladane,
cadalene, dehydroabietane, simonellite, and retene.

The diterpenoid 16c(H)-phyllocladane makes up the majority of
the substances found in the aliphatic extract of the stump samples
S1-S9 (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 16a(H)-phyllocladane and o-cedrane (Fig. 13). For the stump sample
extracts S1-S9 the 16c(H)-phyllocladane/a-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 16o((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 16oci(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



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

Table 7

Values of parameters calculated from the relative n-alkane distribution in the extracts
of wood fragments: CPI (Bray and Evans, 1961), P,q (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 Paq Puax OEP1 OEP2
a)

s1 1.70 0.91 0.22 1.40 1.49
) 221 0.72 0.39 1.20 1.76
S3 1.94 0.81 0.33 1.12 1.67
sS4 226 0.68 0.40 1.16 1.64
S5 1.98 0.67 0.45 1.08 1.54
6 212 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 1.35
P3 1.52 0.90 021 1.19 121
P4 1.75 0.91 0.20 137 1.29
P5 155 0.92 0.19 1.26 1.15
P6 1.99 0.91 021 142 1.57
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 1.32 1.65

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

(€244 €26+ €28 + C30 4 C32) + (C25 + C27 + C29+ C31 +C33)/
(€26 +C28 +C30 + €32 + C34)].

P,q = (C23+C25)/(C23 + 25+ C29+C31).

Pyax = (C27 + €29+ C31) /(C23 + €25 + 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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