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INTRODUCTION

Upper Cretaceous and Cenozoic deposits are
widespread in the Zeya–Bureya Basin. Our data show
that the basin started to fill with sediments in the San�
tonian. At the base of the stratigraphic sequence, there
is the Kundur Formation (Santonian to Campanian),
which correlates with the Yongancun and Taipinglin�
chang formations on the right bank of the Amur River
(Markevich et al., 2005b, 2005c). The Tsagayan For�
mation (Maastrichtian to Danian) conformably over�
lies the Kundur Formation. On the right bank, the
Yuliangzi, Furao, and Wuyun formations occupy the
same stratigraphic position as the Tsagayan Formation
(Regional Geology …, 1993; Flora and Dinosaurs …,
2001; Akhmetiev et al., 2002; Markevich et al., 2004;
Sun et al., 2004; Kezina, 2005a, 2005b).

Long�term studies of the Cretaceous and Early
Paleogene palynostratigraphy of the Zeya–Bureya
Basin have provided taxonomically rich palynofloras;
palynological assemblages of different ages, with char�
acteristic species, have been recognized; wide interre�
gional correlation was performed to date particular
strata (Markevich, 1994; Flora and Dinosaurs …, 2001;
Markevich et al., 2004, 2005a). The Arkhara–
Boguchan, Raichikhinsk, and Wuyun brown coal
mines are located in the southeastern part of the
Zeya–Bureya Basin (Fig. 1). Our study dated these
coals to the Early Paleocene, most likely, Late Danian
(Markevich et al., 2004, 2005a; Markevich and
Bugdaeva, 2008). At that time, environmental condi�
tions favored the formation of extensive mires. The

phytomass became mortmass which in turn was trans�
formed into the brown Amur coals.

MATERIAL AND METHODS

Many elements of the coal�forming plant commu�
nity can still be identified in the coal. At the time of the
mire formation and growth, climatic conditions were
such that very little sediment was being transported
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Fig. 1. Distribution of brown coal mines in the southeast�
ern Zeya–Bureya Basin: (1) Arkhara–Boguchan;
(2) “Pioneer” section of Raichikhinsk; and (3) Wuyun.
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into the basin allowing biogenic sedimentation, with
almost complete absence of clastic sediments. There�
fore, it is possible to assume that plants that gave rise to
the coal deposits were autochthonous and provided
the first elements of peat accumulation. Since the
clastic deposits represent the material transported
from the source area, phytofossil assemblages from the
terrigenous deposits between the coal layers are often
mixed, consisting of elements from both the slope and
lowland communities.

Sections of the Wuyun Coal Mine on the right bank
of the Amur River were sampled and described in 2002
and 2008; the Arkhara–Boguchan and Raichikhinsk
(section “Pioneer”) coal mines, in August 2003. This
work was done within the framework of the Interna�
tional Project “Cretaceous Biota and the K–T
Boundary of Heilongjiang (Amur) River Area” under
direction of Prof. Sun Ge (Jilin University and Shen�
yang Normal University, Chinese Peoples’ Republic). 

The following materials were used in this study:
Arkhara–Boguchan Coal Mine, 29 samples (collec�
tion No. AB1153); Raichikhinsk Coal Mine (section
“Pioneer”), 9 samples (collection No. P1107); and
Wuyun Coal Mine, 7 samples (collection No. W1076).
Dispersed cuticles were separated from coals of the
Wuyun mine (Pl. 30). All collections are stored in the
Institute of Biology and Soil Science of the Far East
Branch of the Russian Academy of Sciences, Vladi�
vostok (IBSS). Samples for the spore–pollen analysis
were processed using the standard maceration method
proposed by Lüber and Waltz for highly metamor�
phosed rocks and coals (“Paleopalynology,” 1966). To
obtain cuticles, the coals were oxidized by concen�
trated nitric acid, washed with distilled water, then,
treated with 10% alkali (KOH) and rinsed.

The cuticular membranes were mounted on per�
manent slides for observation under a light microscope
(LM) or were placed on standard stubs, splutter coater
with gold and imaged using a scanning electron micro�
scope (SEM). Photographs were produced by
L.F. Simanenko, using a Zeiss Axioplan 2 imaging light
microscope (FEGI FEB RAS), by N.N. Naryshkina,
using a Zeiss EVO�40 scanning electron microscope,
and authors, using a Zeiss Axioscop 40 with camera
Axiocam HRc light microscope (IBSS FEB RAS).

Arkhara–Boguchan Coal Mine

This mine produces coal from four productive
seams (upward in the section): “Nizhnii” (about 2 m
thick), “Dvoinoi” (about 8 m), “Promezhutochnyi”

(less than 1 m), and “Velikan” (about 10 m). In the
section studied, the uppermost coal seam is absent
(Fig. 2).

The palynospectrum (sample 01) from a thin
(about 25 cm thick) clay bed approximately in the
middle of the “Nizhnii” seam is dominated by fern
spores, mostly Cyathidites Couper and Laevi�
gatosporites Ibrahim. Gymnosperm pollen is repre�
sented by abundant Pinaceae and Taxodiaceae.
Angiosperms are rare, dominated by Aquilapollenites
Rouse (Fig. 3).

In the palynospectrum from the lower coal seam
(samples 02, 03), the number of fern spores and pollen
of Taxodiaceae, Cupressaceae, and Taxaceae (TCT)
are reduced. The relative abundance of the Pinaceae
increases, so that it predominates. Angiosperms are
rare, as before; the proportion of plants producing
“unica"�type pollen, sharply irreversibly declines.
Gymnosperm pollen, mostly TCT and Pinaceae, pre�
vails in the palynospectrum from the clay of the lower
plant�bearing bed (samples 04–07, 09–11, 13–15).
Spores of Laevigatosporites are abundant. The diversity
of angiosperms increases with the appearance of Tria�
triopollenites Pflug. Taxonomic diversity of the palyno�
spectrum from a paleosoil (sample 17) is very low. Pol�
len of the Pinaceae and Taxodiaceae is abundant.
Angiosperms are absent.

The proportion of Laevigatosporites in the palyno�
spectrum from the lower coal interlayer of the “Dvoi�
noi” seam (samples 19, 20) sharply increases (57.8%),
the proportions of all other main groups decrease. The
palynospectrum from the siltstone layer (samples 21,
22) is similar in taxonomic composition to that from
the previous layer. Laevigatosporites predominates
(69%), the proportions of all other plant groups are
insignificant.

In sample 25 from the upper coal interlayer of
“Dvoinoi” seam, the proportions of the ferns Cyathid�
ites and Laevigatosporites (18%) and Pinaceae (19%)
are almost equal. The proportion of flowering plants,
particularly those producing porate pollen, increases
to 17%.

In samples 26–29 from the plant�bearing clay, the
proportions of taxodialeans and angiosperms with
porate pollen increase considerably (33 and 21%,
respectively).

Sample 30 collected from sandstone is similar in
the proportions of taxodialeans and angiosperms with
porate pollen (27%) to the sample just below it from
clay. The two groups are dominants in the palynospec�
trum from sandstone.

E x p l a n a t i o n  o f  P l a t e  3 0

Figs. 1–8. Dispersed cuticle of Taxodium sp., sample no. WII�146,2, coals of the Wuyun Coal Mine in the Zeya–Bureya Basin,
Amur River Region, Wuyun Formation: (1) stomatal band, internal view; (2) two stomatal and nonstomatal bands, external view;
(3) distribution of stomata in the band, internal view; (4) concentric arrangement of the stomata around cutinized cell, external
view; (5, 6) stoma, internal view; (7) stomatal band, with stomata oriented transversely relative to veins, external view; (8) sto�
matal and nonstomatal bands. Scale bar in (1, 4, 7) 20 µm, (2, 3, 8) 100 µm, (5, 6) 10 µm. (1–7) SEM, (8) LM.
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Fig. 2. Geological sections of the Arkhara–Boguchan, Wuyun, and “Pioneer” brown coal mines. Inset is a schematic paleogeo�
graphic map of the time of coal formation in the Zeya–Bureya Basin, where white color shows the valley, gray is mountainsides
framing the valleys, black is swamp lowlands; designations: (1) conglomerate, (2) sandstone, (3) siltstone; (4) clay, (5) coal,
(6) rhyolite tuff; (7) paleosoil; (8) cross�bedding structures; (9) points of sampling.
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The palynospectra of siltstone samples 31–33 are
dominated by Pinaceae, the proportions of ferns and
taxodialeans are reduced, and the proportion of
angiospermous pollen remains the same.

In a thin coal seam (sample 34), the proportion of
Laevigatosporites sharply increases to 47%, at that of
angiosperms decreases to 14%. Conifers are rare, with
the taxodialeans at 16%, Pinaceae are almost absent.

In the palynospectra from plant�bearing clay (sam�
ple 36), the proportions of ferns, taxodialeans, and
angiosperms with porate pollen are almost equal, 22,
28, and 28%, respectively.

Detailed paleobotanical studies of this locality were
carried out by M.A. Akhmetiev, T.M. Kodrul,
S. Manchester, M.G. Moiseeva, and V.A. Krassilov.
The most abundant floristic assemblage comes from
the clay member between the layers “Nizhnii” and
“Dvoinoi” (Akhmetiev et al., 2002; Kodrul et al.,
2006). In the basal part of plant�bearing clays, the
taphocenoses are dominated by Taxodium (L.) Rich�
ard, Sequoia (D. Don) Endl., Mesocyparis rosanovii
Kodrul, Tekleva et Krassilov, and Nyssa L. In other
layer, Dyrana flexuosa (Newb.) Golovn. dominates.
Upward in the section, leaves of Taxodium are com�
mon, Onoclea L. and Averrhoites Hickey are locally
abundant. Mesocyparis rosanovii and members of the
Platanaceae are rare. In the burial from the upper part
of clays, Taxodium becomes subordinate, as the mono�
cots are dominant here. Trochodendroides Berry, Zizy�
phoides Newberry, Beringiaphyllum Manchester,
Crane et Golovneva, and Platanaceae become domi�
nants. The Platanaceae are represented by leaves and
reproductive organs (Maslova and Kodrul, 2003;
Maslova et al., 2007; Kodrul and Maslova, 2007).
These plants apparently grew close to the place of
burial and have not undergone long transportation.
The megafloral assemblage from the clay roof of
“Dvoinoi” seam includes taxodialeans, Trochoden�

droides, Zizyphoides, and members of the Platanaceae
(Akhmetiev et al., 2002).

Raichikhinsk Coal Mine, Section Pioneer

The section studied is situated in the southeastern
part of the Rajchikhinsk Brown Coal Mine (Figs. 1, 2).
It is represented by alternating siltstones, sandstones,
and five coal seams, the thickness of which varies from
0.5 m to 2.5 m.

A total of five layers were sampled. The palynospec�
trum from the lower coal seam (sample IV) is domi�
nated by gymnosperms, with abundant bisaccate pol�
len of Pinaceae (34%). Pollen of the families Taxodi�
aceae, Cupressaceae, and Taxaceae amounts 15.2%.
The contribution of spore plants is substantial (24%).
The role of angiosperms is insignificant; they are rep�
resented mostly by porate pollen of plants close to
Juglandaceae (Fig. 4).

In the palynospectrum from siltstone (sample
VIII), which overlies the lower coal seam, bisaccate
pollen predominates (46%). TCT pollen accompanies
it (26%). The proportions of spore plants (11%) and
angiosperms (less than 10%) decrease sharply.

In the palynospectrum from the second coal seam
(samples IX–XII) bisaccate pollen still predominates
(40.2%). The significance of TCT pollen (38%)
increases. The proportions of both spore plants and
angiosperms slightly decrease, 11 and 8.7%, respec�
tively. It should be noted that the diversity of spores,
despite a decrease in their number, increases due to the
appearance of spores of Gleicheniaceae, Osmun�
daceae, and Schizaeaceae as well as lycopods and
bryophytes, such as liverworts.

In the palynospectrum from the overlying siltstone
layer (samples XIV, XV), both pollen Pinaceae (27%)
and Taxodiaceae (28%) almost equally predominate.
The proportions of spore plants and angiosperms
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Fig. 3. Relative abundance of the major groups of spores and pollen in the palynospectra from the Arkhara–Boguchan Coal Mine.
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increase (14 and 16%, respectively). Bryophytes
almost disappear (0.3%).

In the palynospectrum from the third coal seam
(sample XVI), Pinaceae becomes absolute dominant
(60%). Taxodialeans lose their dominant role (7.5%).
The relative abundance of spore plants and
angiosperms remain constant.

Plant megafossils were collected in the coal bottom
and roof layers (the main part of the collection) of the
section (Akhmetiev et al., 2002; The 2nd International
Symposium …, 2003). A large number of remains of
conifers, primarily Taxodiaceae (Metasequoia disticha
(Heer) Miki, Taxodium dubium (Sternb.) Heer, Glyp�
tostrobus europaeus (Brongn.) Heer), as well as
Cupressaceae and Pinaceae were found. Impressions
of Platanaceae, “Acer” arcticum Heer and Trochoden�
droides arctica (Heer) Berry, are common. The male
inflorescences, presumably belonging to plants with
leaves Trochodendroides have been found (Golovneva,
2006; Krassilov and Kodrul, 2008).

Note that opinions differ as to the composition of
the genus Trochodendroides. For example, Kryshto�
fovich and Baikovskaya (1966) recognized the follow�
ing leaf forms: (1) Trochodendroides arctica (Heer)
Berry, (2) T. cf. genetrix (Newb.) Brown, (3) T. rich�
ardsonii (Heer) Krysht., (4) T. smilacifolia (Newb.)
Krysht., (5) T. speciosa (Ward) Berry, (6) T. elliptica
(Newb.) Krysht., (7) Cercidiphyllum crenatum (Ung.)
Brown, (8) Tetracentron amurensis Krysht., (9) Zyzy�
phus fibrillosa Lesq., (10) Z. hyperborea Heer, (11)
Z. phosphoria Krysht., (12) Paliurus cf. colombii Heer,
and (13) Ficus praetrinervis Knowlt.

Krassilov (1976) believed that the genus Trocho�
dendroides is polymorphic and all the above forms are
variations of one species, T. arctica (Krassilov,.
According to Akhmetiev et al. (2002), the genus Tro�
chodendroides comprises leaves with palmate venation
and evenly spaced shallow crenate teeth with apical

glandules, while leaves similar to Trochodendroides in
morphology, with entire margin or with margin having
rare, irregularly arranged, rounded teeth with an api�
cal glandule or without it, belong to the genus Zizy�
phoides.

The study of male inflorescences, tentatively
assigned to plants with leaves Trochodendroides,
allowed for the first time to obtain data on their pollen
grains (Krassilov and Kodrul, 2008). Pollen grains are
relatively small, tricolpate, with long furrows and
sculpture ranging from fine reticulate to verrucous–
scabrous. These authors proposed that Trochodendroi�
des which produced similar pollen grains, is related to
Hamamelidaceae (Krassilov and Kodrul, 2008).
However, the palynospectra from Paleocene sedi�
ments of the region display a small proportion of
hamamelidaceous pollen, although Trochodendroides
is a dominant of this flora. Apparently, these plants
were transported by water flows during floods rather
than grew in lowlands. Note that the genus Trochoden�
droides is marked as the fourth most important coal�
forming plant after the Taxodiaceae, Cupressaceae,
and Araucariaceae (Kezina, 2005a), whereas our data
show that, in the palynospectra from the coal deposits
studied, pollen of Hamamelidaceae is almost absent
(less than 1%).

It is believed that, during the Kivda Time, the flora
changed significantly (Akhmetiev et al., 2002).
Although taxodialeans and Trochodendroides still
dominate plant communities, Betulaceae, Myri�
caceae, Juglandaceae, and Ulmaceae begin to play an
important role; in particular, Ulmus furcinervis (Bors.)
Ablaev, which is typical for Early Paleogene floras of
the Far East, appears; it is described from the
Bogopol’e and Takhobe formations of eastern
Sikhote�Alin and the Wuyun Formation of northeast�
ern China (Ablaev, 1974; Feng et al., 2003). In the
spore–pollen spectra, these changes are manifested in
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an increase in the proportion of porate pollen of Betu�
laceae, Myricaceae, Juglandaceae, and Ulmaceae
combined with the maintenance of dominant posi�
tions of Taxodiaceae and Pinaceae.

Wuyun Coal Mine

The Wuyun Coal Mine is located on the right bank
of the Amur River (Figs. 1, 2). The section starts with
a thick coal seam (palynological samples were taken in
its upper part) overlain by 1.5�m�thick aleuropelites.
Upward in the section, there is another coal seam
(about 0.5 m thick). The sequence is finalized by inter�
bedding sandy and clayey deposits.

The palynospectrum from the lower coal seam is
dominated by members of the families Taxodiaceae,
Cupressaceae, and Taxaceae (65%). Monolete spores
of Laevigatosporites follow TCT pollen in abundance.
The proportion of palynomorphs of all other plant
groups is insignificant (Fig. 5). During coal macera�
tion, abundant xylem elements of taxodiaceous wood
and dispersed cuticle of leaves, mostly representatives
of the Taxodiaceae, were obtained (Pl. 30).

In the palynospectrum from mudstone overlying
the lower coal seam, the proportion of TCT pollen
decreases (28%) and the content of bisaccate pollen of
Pinaceae increases to 39%. Pollen of Ginkgocycado�
phytus Samoilovich, Ericaceae, Schizoporites parvus
Cook. et Dettm., and pteridophyte spores of Osmun�
dacidites wellmanii Coup., Concavissimisporites asper
Pock., lycopods Retitriletes subrotundus (K.�M.) Sem.
occur in a small number.

In the palynospectrum from the upper coal seam,
TCT pollen dominates again (55%), while bisaccate
pollen decreases to 17%. Throughout the sequence,
the proportion of triporate pollen gradual increases; in
this seam, it is 10%. Megafossils in residue of this coal
are represented by dispersed cuticle and, to a lesser
extent, taxodiaceous wood.

In the palynospectrum from mudstone overlying the
second coal seam pollen of Pinaceae (35%) and TCT
(35%) predominate. Monolete spores and triporate
pollen are less frequent (10%). The number of other
palynomorphs is insignificant, about 10%. Plant
megafossils are abundant. The Wuyun Coal Mine has

yielded ferns, ginkgoaleans, Taxodiaceae (Metasequoia
disticha (Heer) Miki, Sequoia chinensis Endo emend.
Wang et Li, Glyptostrobus sp., Taxodium sp.), Cupres�
saceae (Thuja cretacea (Heer) Newb.), and many
angiosperms (Tao and Xiong, 1986; Fossil Floras …,
1995; Manchester et al., 1999; Feng et al., 2003; Wang
et al., 2006; Herman et al., 2009).

DISCUSSION

Coal�forming plants from different strata of the
Arkhara–Boguchan Coal Mine are largely similar in
composition: they are represented by ferns and
Pinaceae. However, the palynospectrum from the upper
coal interlayer of the seam “Dvoinoi” (sample 25) dif�
fers from that of two underlying coal beds (samples 02,
03 and 19, 20) in the greater proportion (over 30%) of
angiosperms (Figs. 2, 3). A thin layer of rhyolite tuff
overlays this coal interlayer. It is assumed that the
swamp, where plants subsequently forming the coal
grew, were buried by volcanic ash. These disturbed
habitats are favorable for angiosperms because of their
explerent nature. Apparently, flowering plants pene�
trated into plant communities of swampy lowland and
occupied stable positions, which are reflected in the
composition of the palynospectrum from the upper
coal interlayer.

Based on seimentological features, two environ�
ments are recognized for the time of the coal forma�
tion; at the beginning, there were mires and marshes,
which were subsequently reduced. Suzuki et al. (2004)
reconstruct environments of a marshy lake sur�
rounded by forest or valley with braided streams and
shallow interchannels overgrown with trees. Paleosoils
indicate surface conditions. Subsequently, environ�
ments changed. Fine�grained cross�bedded sandstone
suggests the formation of deposits in fluvial conditions
(Suzuki et al., 2004).

Changes in the composition of vegetation is closely
linked with paleoenvironmental changes; judging
from palynological data, wet valley coniferous forests
with the fern understory were replaced by broad�
leaved forests with Taxodiaceae and Cupressaceae.
Based on the composition of plant remains, it is possi�
ble to reconstruct coniferous–broad�leaved forests
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Fig. 5. Relative abundance of the major groups of spores and pollen in the palynospectra from the Wuyun Coal Mine.
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with the Taxodiaceae, Cupressaceae, Platanaceae, and
Cornaceae, which were replaced by coniferous–broad�
leaved forests dominated by Taxodiaceae, Trochoden�
droides, Platanaceae, and Betulaceae (Akhmetiev et al.;
2002; Maslova and Kodrul, 2003; Kodrul, 2004; Kodrul
et al., 2006; Maslova et al., 2007; Kodrul and Maslova,
2007; Herman et al., 2009; etc.).

The coal�forming plants of the Raichikhinsk Coal
Mine (section “Pioneer”) are dominated mostly by
plants producing bisaccate pollen (Fig. 4). In the lower
coal seam, pteridophyte spores play an important role;
however, in the overlying coal layers, they decrease in
proportion. Taxodiaceae pollen is the second most
abundant. Mire vegetation was composed of conifers
(Pinaceae, Taxodiaceae, and Cupressaceae) and ferns,
with an admixture of angiosperms.

It should be noted that the proportion of pollen of
Taxodiaceae increases in clastic beds between coal
seams and decreases in coals. In all likelihood, the ter�
ritory of the recent coal mine was occupied by a flow�
ing marsh, which was flooded from time to time. In
addition, sedimentological data suggest the presence
of a depression with a subdued relief, the paleocur�
rents in which flowed from the east–northeast.
Inverted grading reflects the formation of fluvial
deposits under flooding conditions (Suzuki et al.,
2004).

The Taxodiaceae played the major role in the com�
position of coal�forming plants from the Wuyun Coal
Mine (Fig. 5). Note that the proofs were obtained
from pollen, leaf remains, and fossil wood. Pollen can
be transported from all area of the drainage basin and
buried in the lowlands, while leaves and wood in the
coals are evidence of short transportation distances.

In clastic sediments between coal seams of the
Wuyun Coal Mine, the role of TCT pollen decreases
and the role of bisaccate pollen increases. In the
Wuyun Coal Mine, conglomerates have not been
recorded. Cross�bedded sandstones and clays occur
between coal seams. The cross�bedded sands termi�
nate this sequence (Okada, 2004).

The question arises why in the coeval Arkhara–
Boguchan and Pioneer coal mines the main coal�
forming plants are Pinaceae and ferns, and in the
Wuyun Coal Mine, Taxodiaceae. For coals of the
Paleocene Fort Union Formation in North America
almost the same situation was revealed, the palyno�
spectra from thick coal seams are dominated by TCT
pollen (up to 75%), whereas in the palynospectra from
thin seams this proportion drops sharply to 6–8%
(Nichols, 1995). Nichols attributed this difference to
different sedimentation environments.

In the coal mines investigated on the left bank of
the Amur River, coal seams are relatively thin and, in
the Wuyun Mine, the lower coal seam is more than
5 m thick (Fig. 2). Thick coal seams indicate the for�
mation in environment of a forested swamp, modern
analogues of which can be found in swampy forests

with Taxodium and Nyssa in the southeastern United
States. In the palynospectra from clastic beds of the
Wuyun Mine, the proportion of bisaccate pollen
sharply increases (Fig. 5), which strongly suggests that
it was transported from the slopes. This is confirmed
by facies features: sandstone undoubtedly accumu�
lated in the river environments (Okada, 2004).

Relatively thin coal seams of Arkhara–Boguchan
and section Pioneer undoubtedly formed under differ�
ent conditions. These were probably nonforested mires;
the banks of streams and rivers flowing into them were
occupied by taxodialeans. Apparently, bisaccate pollen
of Pinaceae, which occupied the surrounding slopes,
was easily transported and buried in the lowlands,
where peat accumulated. Note that the relative abun�
dance of pollen of arboreal plants in the palynospectra
from the coals is low (Figs. 3–5). It increases in clastic
beds between coals. These beds also contain remains of
leaves, shoots, and reproductive organs of plants, which
were brought from their habitats.

Misunderstanding of these taphonomic features
leads to erroneous conclusions about the composition
of ancient mire communities (Kezina, 2005a, 2005b).
In particular, Kezina believes that one of the main
coal�forming plants of the Arkhara–Boguchan and
Raichikhinsk coal mines were Platanaceae. It is
known that Platanaceae are representatives of riparian
rather than mire plant communities. Recent plane
trees inhabit riparian levees and crevasses (Life of
Plants, 1980). Add that, in coals of the above�men�
tioned mines, the proportion of tricolpate pollen,
which may have been produced by the Platanaceae,
ranges from 0 to 4%.

Living taxodialeans are remnants of the formerly
widespread family. At present, they occur within iso�
lated ranges in North America and eastern Asia, while,
in the Paleogene and Neogene, these plants were
important components of forests widespread through�
out the Northern Hemisphere.

In the Santonian of the Zeya–Bureya Basin, taxo�
dialeans were constituents of plant communities, but
these plants were less abundant (Fig. 6). As
L.B. Golovneva established, the Santonian flora of
this region includes the Sequoia sp. and Metasequoia
sp. (Markevich et al., 2005b, 2005c). During the Cam�
panian Age, the diversity of this group increased due to
the appearance of Glyptostrobus sp. and “Taxodium”
sp., although palynological data suggest that the pro�
portion of taxodialean pollen decreased. In the Early
and Middle Maastrichtian palynospectra, the propor�
tion of Taxodiaceae pollen increased; in the Late
Maastrichtian flora, taxodialeans prevailed, as follows
from both palynological and paleobotanical data. We
found Taxodium sp. in the beds of this age.

The Tsagayan Flora of the Danian Age includes Tax�
odium olrikii (Heer) Brown, Metasequoia disticha, and
Sequoia reichenbachii (Geinitz) Heer (Krassilov, 1976),
remains of which are abundant in burials. In the
younger Kivda Flora, taxodialeans retain their positions
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as one of the main components (Akhmetiev et al.,
2002). In the Eocene, the flora changed abruptly. It was
dominated by angiosperms, with a significant propor�
tion of thermophilic forms (Bratceva, 1969; Akhmetiev,
1973; Kamaeva, 1990). The contribution of Taxodi�
aceae to the flora decreases considerably.

CONCLUSIONS

Coal�forming plants of the Arkhara–Boguchan
Coal Mine are ferns and Pinaceae. However, the
palynospectrum from the upper coal seam overlying a
thin layer of rhyolite tuff, differs from that of two
underlying coal layers in the greater proportion of
angiosperms (over 30%). The influx of volcanic ash is
recorded in this sequence. Perhaps, the mire was cov�
ered with ash fall. Angiosperms colonized this volcanic
desert. Apparently, flowering plants penetrated into
plant communities of swampy lowlands, where they
acquired stable positions.

At the time of the formation of these coal�bearing
deposits, two environments are recognized; initially,
there were mires and swampy lowlands which were
replaced by river valleys. Changes in vegetation com�
position were closely linked with paleoenvironment
changes: the wet valley coniferous forests with fern
understory were replaced by broad�leaved forests with
a significant admixture of Taxodiaceae.

Coal�forming plants of the Raichikhinsk mine
were dominated by plants producing bisaccate pollen.
Taxodiaceous pollen was second most abundant.
Conifers and ferns with some participation of
angiosperms were the main contributors of mire vege�
tation. The area of this coal mine was occupied by a
flowing marsh, which was flooded from time to time.

In the composition of coal�forming plants of the
Wuyun Coal Mine, the Taxodiaceae play the main
role, as is evident from pollen, leaf remains, and fossil
wood. Thick coal seams of this mine formed in envi�
ronment of forested swamps, similar to the modern

swamp forests with Taxodium and Nyssa of the Atlan�
tic coast of the United States. Relatively thin coal lay�
ers of the Arkhara–Boguchan Mine and Pioneer sec�
tion undoubtedly formed under different conditions.
Perhaps, these were mostly nonforested swamps at the
confluence of streams and rivers, which were over�
grown with Taxodiaceae. Apparently, bisaccate pollen
of Pinaceae, which inhabited surrounding slopes, was
transported and buried in the lowlands, where peat
accumulated.

In the Santonian of the Zeya–Bureya Basin, the
Taxodiaceae (Sequoia sp. and Metasequoia sp.) were
included in plant communities, although they were
less abundant. During the Campanian Age, the diver�
sity of this group increased due to the appearance of
Glyptostrobus sp. and “Taxodium” sp.; however,
palynological data suggest that it decreased in abun�
dance. In the Maastrichtian palynospectra, relative
abundance of taxodiaceous pollen increased; in the
Late Maastrichtian flora, taxodialeans prevailed, judg�
ing from both palynological and paleobotanical data.
The peak of this plant group occurred at the beginning
of the Cenozoic, when they began to play an edificator
role. In the Eocene and later on, the role of Taxodi�
aceae decreased sharply.

ACKNOWLEDGMENTS

We are grateful to M.A. Akhmetiev, T.M. Kodrul
(Geological Institute, Russian Academy of Sciences),
A.R. Ashraf (Institut für Geowissenschaften, Ger�
many), L.B. Golovneva (Botanical Institute, Russian
Academy of Sciences), A.P. Sorokin, Yu.L. Bolotsky
(Institute of Geology and Nature Use, Far East
Branch, Russian Academy of Sciences), K. Johnson
(Denver Museum of Nature and Science, USA),
V.A. Krassilov (Borissiak Paleontological Institute,
Russian Academy of Sciences), D. Chaney (National�
Museum of Natural History, Washington),
N.P. Domra and N.N. Naryshkina (IBSS),

30

25

20

15

10

5

0
Middle Ma�Early Ma�Campa�Santonian Late Ma� Early Late

astrichtian astrichtian astrichtian DanianDaniannian

%

Fig. 6. Changes in the proportion Taxodiaceae in Santonian to Paleocene palynofloras of the Zeya–Bureya Basin (based on
palynological data).



1330

PALEONTOLOGICAL JOURNAL Vol. 44 No. 10  2010

MARKEVICH et al.

L.F. Simanenko (Far East Geological Institute, Far
East Branch, Russian Academy of Sciences). Special
thanks to anonymous reviewer, whose deep and pre�
cise comments have significantly improved the manu�
script.

This research was supported by the Far East Branch
of the Russian Academy of Sciences, grant nos. 06�
III�A�06�141 and 09�I�P15�02.

REFERENCES
1. A. G. Ablaev, Late Cretaceous Flora of Eastern Sikhote�

Alin and Its Significance for Stratigraphy (Nauka,
Novosibirsk, 1974) [in Russian].

2. M. A. Akhmetiev, “Paleocene and Eocene Floras of the
Southern Far East, Their Stratigraphic Significance
and Climatic Characteristics,” Sov. Geol., No. 7, 14–
29 (1973).

3. M. A. Akhmetiev, T. V. Kezina, T. M. Kodrul, and
S. R. Manchester, “Stratigraphy and Flora of the
Boundary Layers of the Cretaceous and Paleogene of
the Southeastern Part of the Zeya–Bureya Basin,” in
Collected Works Dedicated to the Memory of Correspond�
ing Member of the Academy of Sciences of the USSR Prof.
V.A. Vachrameev (to the 90th Anniversary) (GEOS,
Moscow, 2002), pp. 275–315 [in Russian].

4. G. M. Bratceva, “Palynological Studies of the Upper
Cretaceous and Paleogene of the Far East,” Tr. Geol.
Inst. Akad. Nauk SSSR, No. 207, 1–56 (1969).

5. G.�P. Feng, A. G. Ablaev, Yu�F. Wang, and Ch.�S. Li,
“Paleocene Wuyun Flora in Northeast China: Ulmus
furcinervis of Ulmaceae,” Acta Botan. Sin. 45 (2), 146–
151 (2003).

6. Flora and Dinosaurs of the Cretaceous–Paleogene
Boundary Beds of Zeya–Bureya Basin (Dal’nauka,
Vladivostok, 2001) [in Russian].

7. Fossil Floras of China through the Geological Ages
(Guangdong Sci. Technol. Press, Guangzhou, 1995).

8. L. B. Golovneva, “Alasia gen. nov.—Male Inflores�
cences Associated with Leaves Trochodendroides (Cer�
cidiphyllaceae),” Botan. Zh. 91 (12), 1898–1906
(2006).

9. A. B. Herman, M. A. Akhmetiev, T. M. Kodrul,
M. G. Moiseeva, and A. I. Yakovleva, “Flora Develop�
ment in Northeastern Asia and Northern Alaska during
the Cretaceous–Paleogene Transitional Epoch,”
Stratigr. Geol. Korrelyatsiya 17 (1), 88–108 (2009)
[Stratigr. Geol. Correl. 17 (1), 79–97 (2009)].

10. A. M. Kamaeva, Stratigraphy and Flora of the Late Cre�
taceous–Cenozoic Boundary Beds of the Zeya–Bureya
Basin (AmurKNII, Khabarovsk, 1990) [in Russian].

11. T. V. Kezina, Palynostratigraphy of Coal�bearing Deposits of
the Late Cretaceous and Cenozoic of the Upper Amur
River Region (Dal’nauka, Vladivostok, 2005a) [in Rus�
sian].

12. T. V. Kezina, “Stratigraphy of Raichikhinsk Brown
Coal Mine Based on Biostratigraphic Data (Zeya–
Bureya Sedimentary Basin),” in Proceedings of Interna�
tional Paleobotanic Conference on Modern Problems of
Paleofloristics, Paleophytogeography, and Phytostratig�
raphy, Ed. by M. A. Akhmetiev and A. B. Herman.
(GEOS, Moscow, 2005b), pp. 141–153 [in Russian].

13. T. M. Kodrul, “The Middle Tsagayan Flora of Amur
River Region,” in Proceedings of the 3rd Symposium on
the Cretaceous Biota K/T Boundary, Heilongjiang River
Area, China (China, 2004), pp. 17–21.

14. T. M. Kodrul and N. P. Maslova, “A New Species of the
Genus Platimeliphyllum N. Maslova from the Pale�
ocene of the Amur Region, Russia,” Paleontol. J. 41
(11), 1108–1117 (2007).

15. T. M. Kodrul, M. V. Tekleva, and V. A. Krassilov, “A
New Conifer Species, Mesocyparis rosanovii sp. nov.
(Cupressaceae, Coniferales), and Transberingian Flo�
ristic Connections,” Paleontol. Zh., No. 3, 93–102
(2006) [Paleontol. J. 40 (3), 328–338 (2006)].

16. V. A. Krassilov, Tsagayan Flora of the Amur River Region
(Nauka, Moscow, 1976) [in Russian].

17. V. A. Krassilov and T. M. Kodrul, “In Situ Pollen of
Alasia, a Supposed Staminate Inflorescence of Trocho�
dendroides Plant,” Sbor. Národn. Muz. Prazeacta Mes.
Nat. Pragae, Ser. B Hist. Natur. 64 (2–4), 115–124
(2008).

18. A. N. Kryshtofovich and T. N. Baikovskaya, “Upper
Cretaceous Flora of Tsagayan in the Amur River
Region,” in A.N. Krishtofovich: Selected Works (Nauka,
Moscow–Leningrad, 1966), Vol. 3, pp. 184–320
[in Russian].

19. Life of Plants, Vol. 5 (1) Flowering Plants (Prosveshche�
nie, Moscow, 1980) [in Russian].

20. S. R. Manchester, P. R. Crane, and L. B. Golovneva,
“An Extinct Genus with Affinities to Extant Davidia
and Camptotheca (Cornales) from the Paleocene of
North America and Eastern Asia,” Intern. J. Plant Sci.
160 (1), 188–207 (1999).

21. V. S. Markevich and E. V. Bugdaeva, “Santon–Danian
Palynoflora of Zeya–Bureya Basin,” in Proceedings of
the XII All�Russia Palynological Conference on Palynol�
ogy: Stratigraphy and Geoecology, Ed. by O. M. Prish�
chepa, D. A. Subetto, and O. F. Dzyuba (Vses.
Nauchno�Issled. Geol. Razved. Inst., St. Petersburg,
2008), Vol. 3, pp. 157–164 [in Russian].

22. V. S. Markevich, “Palynological Zonation of the Con�
tinental Cretaceous and Lower Tertiary of Eastern Rus�
sia,” Cret. Res. 15, 165–177 (1994).

23. V. S. Markevich, E. V. Bugdaeva, Yu. L. Bolotsky, and
A. P. Sorokin, “Problems of the Cretaceous Biostratig�
raphy of the Amur River Region,” Byull. Mosk. Ob�va
Ispyt. Prir., Ser. Geol. 79 (4), 18–29 (2004a).

24. V. S. Markevich, E. V. Bugdaeva, and A. R. Ashraf,
“Results of Study of Arkhara–Boguchan Coal Field,”
in Proceedings of the 3rd Symposium on the Cretaceous
Biota K/T Boundary, Heilongjiang River Area, China
(China, 2004b), pp. 41–44.

25. V. S. Markevich, E. V. Bugdaeva, and A. R. Ashraf,
“Palynoflora from Coal�bearing Deposits of the
Arkhara–Boguchan Coal Mine (Amur River Region),”
in Proceedings of the III International Symposium on
Evolution of Life on the Earth (Tomsk. Gos. Univ.,
Tomsk, 2005a), pp. 258–261 [in Russian].

26. V. S. Markevich, L. B. Golovneva, and E. V. Bugdaeva,
“Stratigraphy and Flora of the Kundur Formation
(Upper Cretaceous, Amur River Region),” in Collected
Works of the Second All�Russia Conference on the Creta�
ceous System of Russia: Problems of Stratigraphy and



PALEONTOLOGICAL JOURNAL Vol. 44 No. 10  2010

PALEOGENE COAL�FORMING PLANTS OF THE ZEYA–BUREYA BASIN 1331

Paleogeography, Ed. by V. V. Arkadiev and V. A. Prozo�
rovskii (NIIZK St. Peterb. Gos. Univ., St. Petersburg,
2005b), pp. 160–176 [in Russian].

27. V. S. Markevich, E. B. Golovneva, and E. V. Bugdaeva,
“Floristic Characteristics of the Santonian–Campa�
nian Deposits of the Zeya–Bureya Basin (Amur River
Region),” in Proceedings of the International Paleobo�
tanic Conference on the Modern Problems of Paleofloris�
tics, Paleophytogeography, and Phytostratigraphy, Vol. 1
(GEOS, Moscow, 2005c), pp. 198–206 [in Russian].

28. N. P. Maslova and T. M. Kodrul, “New Platanaceous
Inflorescence Arkharanthus gen. nov. from the Maas�
trichtian–Paleocene sediments of the Amur Region,”
Paleontol. Zh., No. 1, 92–100 (2003) [Paleontol. J. 37
(1), 89–98 (2003)].

29. N. P. Maslova, T. M. Kodrul, and M. V. Tekleva,
“A New Taxon of Staminate Inflorescence Bogutchan�
thus gen. nov. (Hamamelidales) from the Paleocene of
the Amur Region,” Paleontol. Zh., No. 5, 89–103
(2007) [Paleontol. J. 41 (5), 564–579 (2007)].

30. D. J. Nichols, “The Role of Palynology in Paleoecolog�
ical Analyses of Tertiary Coal,” Intern. J. Coal Geol.
28, 139–159 (1995).

31. H. Okada, “Sedimentological Features of the
Heilongjiang River Sections,” in Proceedings of the
3rd Symposium on the Cretaceous Biota K/T Boundary,
Heilongjiang River Area, China (China, 2004), pp. 59–63.

32. “Paleopalynology: 1. Methods of Paleopalynological
Research and Morphology of Some Fossil Spores, Pol�

len and Other Plant Microfossils,” Tr. VSEGEI Nov.
Ser. 141, 1–351 (1966).

33. Regional Geology of Heilongjiang Province (Geol. Publ.
House, Beijing, 1993).

34. G. Sun, M. A. Akhmetiev, A. R. Ashraf, et al., “Recent
Advance on the Research of Cretaceous–Tertiary
Boundary in Jiayin of Heilongjiang, China,” in Pro�
ceedings of the 3rd Symposium on the Cretaceous Biota
K/T Boundary, Heilongjiang River Area, China (China,
2004), pp. 1–6.

35. S. Suzuki, A. R. Ashraf, and H. Okada, “Sedimentary
Facies of Maastrichtian to Danian Deposits in the
Amur River Area, the Russian Far East,” in Proceedings
of the 3rd Symposium on the Cretaceous Biota K/T
Boundary, Heilongjiang River Area, China (China,
2004), pp. 65–74.

36. G.�R. Tao and X.�Zh. Xiong, “The Latest Cretaceous
Flora of Heilongjiang Province and the Floristic Rela�
tionship between East Asia and North America,” Acta
Phytotax. Sin. 24 (1), 1–15 (1986).

37. The 2nd International Symposium on Cretaceous Biota
and K–T Boundary in Amur (Heilongjiang) River Area
(GEOS, Moscow, 2003).

38. Q. Wang, A. G. Ablaev, Yu.�F. Wang, and Ch.�S. Li,
“Paleocene Wuyun Flora in Northeast China: Wood�
wardia burejensis, Dryopteris sp. and Osmunda sachalinen�
sis,” Acta Phytotax. Sin. 44 (6), 712–720 (2006).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


