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The mid-Cretaceous swamp plant communities of northeastern Asia
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In eastern Russia, the coal-bearing deposits
that were formed during the Barremian-Albian
in the high and mid-latitudes are widespread.
The former developed in the region of Yakutia
and Chukotka, the latter — in the Amur region
and Primorye. We studied the fossil floras of the
Ainakhkurgen (Aptian) and Chimchememel
(Early Albian) formations of the Ainakhkurgen
Basin located in the middle reaches of the Anuy
River (Chukotka). The lower part of the se-
quence formed in a marine environment, the
upper part — in brackish and continental envi-
ronments.

The palynological assemblage of the Aina-
khkurgen Formation is dominated by ferns hav-
ing affinity with Cyatheaceae, Dicksoniaceae
and Osmundaceae. They are accompanied by
ferns close to Polypodiaceae. Spores of Glei-
cheniaceae are rare and sporadic, while spores
of Schizaeaceae occur somewhat more common.
Among gymnosperms the conifers (Pinaceae
and Podocarpaceae) and Ginkgocycadophytus sp.
dominate. They are accompanied by taxa close
to Taxodiaceae and Podozamitaceae.

The fossil plants of the Ainakhkurgen For-
mation (Filippova, 1975) are represented by
ferns, cycadaleans, bennettitaleans, ginkgoale-
ans, czekanowskialeans, and conifers (Pinaceae
and Podozamitaceae).

The palynological assemblage of the Chim-
chememel Formation is dominated by the gym-
nosperms. Among them Ginkgocycadophytus sp.,
Pinaceae, Podocarpaceae and Taxodiaceae pre-
vail. The  percentage of pollen of
Podozamitaceae decreases and pollen of Cheiro-
lepidiaceae increases. The taxonomic composi-
tion of spores is depleted. They are mainly rep-
resented by taxa close to Cyatheaceae and
Dicksoniaceae, the share of Osmundaceae sharp-
ly reduces. The representatives of Gleicheni-
aceae and Schizaeaceae are rare.

The fossil plants of the Chimchememel
Formation (Filippova, 1975) include horsetails,
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bryophytes, ferns, bennettites, ginkgoaleans,
czekanowskialeans and conifers (Pinaceae, Chei-
rolepidiaceae, Podozamitaceae, and Taxodiace-
ae).

Both floras have depleted and rather unvar-
ied taxonomic composition. During the Aptian,
the plant communities were dominated by cy-
atheaceous, dicksoniaceous and osmundaceous
ferns. Tree and shrub vegetation was represent-
ed by pinaceous, podocarpaceous, taxodiaceous
and podozamitaceous conifers, ginkgoaleans,
czekanowskialeans, cycadaleans, and bennettita-
leans. During the Albian, the ferns lose their
significance (by reducing of the Osmundaceae),
trees and shrubs become more diverse (a new
species of pinaceous and cheirolepidiaceous co-
nifers, as well as rare gleicheniaceous ferns and
angiosperms appear).

The flora of the more southern coal-bearing
basins of the Amur River region (Bureya Basin)
and Primorye region (Partizansk and Razdolna-
ya River basins) was studied.

The Bureya Basin is located in the upper
reaches of the Bureya River, a tributary of the
Amur River. The Barremian-Aptian coal-
bearing deposits of this basin were divided into
the Chagdamyn and Chemchukin formations.
The palynological assemblage of the Chagda-
myn Formation (Barremian) is characterised by
high diversity and abundance of cyatheaceous,
gleicheniaceous and osmundaceous ferns;
among gymnosperms the pinaceous and taxodi-
aceous conifers dominate, the share of Ginkgocy-
cadophytus in palynospectra remains rather high
(Markevich and Bugdaeva 2014). The diversity
of ferns and cycadophytes is low in the mega-
fossil flora of the Chagdamyn Formation. The
horsetails, bryophytes, czekanowskialeans and
some ginkgoaleans (Sphenobaiera) disappear. The
ginkgoaleans Eretmophyllum glandulosum
(Samyl.) Krassil. and Ginkgoites longipilosus
Krassil. dominate in the burials (Krassilov, 1972,
1973).
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The palynological assemblage of the Chem-
chukin Formation (Aptian) is dominated by
spores Cyathidites and Gleicheniidites, pollen of
taxa close to Taxodiaceae and Pinaceae, locally
Ginkgocycadophytus. The megafossil flora of the
Chemchukin Formation is characterised by an
increase in taxonomic diversity (Vachrameev
and Doludenko, 1961; Krassilov, 1972, 1973). The
ferns and ginkgoaleans hold a role of domi-
nants.  The  bryophytes,  cycadophytes,
czekanowskialeans, conifers Elatides sp. and
Athrotaxopsis expansa Font. are locally abundant
(Krassilov, 1973).

The significant floristic events took place
during the Barremian in the Bureya Basin: the
diversity of ferns abruptly reduced, Gleicheni-
aceae began to play a dominant role in plant
communities, Czekanowskiales and cycado-
phytes disappeared, among Ginkgoales Er-
etmophyllum glandulosum and Ginkgoites longi-
pilosus replaced extinct Baiera and Sphenobaiera
(Krassilov, 1973). The swamp plant communities
were represented by mainly gleicheniaceous
ferns, mosses, and lycopsids, and to a lesser ex-
tent by Pinaceae, Ginkgoales, and Cyatheaceae.

The megafossil flora of the Chemchukin
Formation is characterised by an increase in tax-
onomic diversity while ginkgoaleans remain as
dominant components. The czekanowskialeans
Hartzia angusta Krassil. and Phoenicopsis sp. ap-
pear. This flora has ever-increasing abundance
of cycadophytes suggesting a thermophilic fea-
ture of vegetation (Krassilov, 1973). In the
Chemchukin megaflora, Athrotaxopsis expansa
(Taxodiaceae) appears. This plant is a typical
taxon of the Barremian-Albian floras of South-
ern Primorye. The introduction of this repre-
sentative of the more southern floras in the plant
communities of Bureya Basin may indicate
warming, as well as the creation of conditions
for the floristic exchanges between these regions.
The predominance of Gleicheniaceae in palyno-
logical spectra may also indicate a climatic op-
timum.

The composition of swamp communities
during the time of deposition of the Chem-
chukin Formation has changed drastically. They
were dominated by Gleicheniaceae along with
Cyatheaceae, followed by Taxodiaceae and
plants produced Ginkgocycadophytus pollen. In
moister environments, ferns and cycadophytes

remain as ground cover beneath a canopy of
taxodiaceous trees. The Cyatheaceae lost its
leading role in lowland plant communities; it
appears that these ferns shifted to the periphery
of swamps.

Coeval floras of Partizansk and Razdolnaya
River basins of Southern Primorye formed un-
der different conditions: the former existed in
environments of the coastal lowlands and influ-
ence of the sea, the latter — mainly in environ-
ments of intracontinental basin.

The Barremian megafossil flora of Parti-
zansk Basin is dominated by Taxodiaceae and
Schizaeaceae. The Polypodiaceae and cycads
played an important role in plant communities
(Krassilov, 1967). The Aptian plant communities
here were dominated by Taxodiaceae and Glei-
cheniaceae, while Pinaceae, Miroviaceae, Gink-
goales and bennettites appeared as minor
ground cover components. During the Albian,
Taxodiaceae retains its dominating status in the
plant communities, polypodiaceous ferns re-
turned to the status of dominant. The vegetation
becomes more diverse (new species of ferns and
conifers, as well as the first angiosperms have
appeared).

The Barremian flora of Razdolnaya River
Basin is characterised by an increase in fern di-
versity and dominance of Schizaeaceae. The Cy-
atheaceae and Pteridaceae played a great role in
plant communities. Among gymnosperms the
Pinaceae, Miroviaceae and cycadophytes domi-
nate. The Aptian plant communities are very di-
verse. On the foothills or near the watershed,
they were dominated by pinaceous and podo-
carpaceous, and to a lesser extent by taxodia-
ceous conifers. Cyatheaceous, dicksoniaceous
and gleicheniaceous ferns are abundant. The
lowland plant communities located in the cen-
tral part of this basin were dominated by glei-
cheniaceous and cyatheaceous ferns; followed
by dicksoniaceous ferns and plants produced
pollen Ginkgocycadophytus. Minor components of
these communities were Taxodiaceae, Bryo-
phyta, Lycophyta, other groups of ferns, Arau-
cariaceae, Cheirolepidiaceae, and Erdtmanithe-
caceae. The bisaccate pollen which was
produced by Pinaceae, Podocarpaceae and Cay-
toniaceae is absent in the spectra. Angiosperms
appear in this flora.
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During the mid-Cretaceous, the wetland
ecosystems with their specific vegetation wide-
spread on the eastern margin of the Asian conti-
nent. Living in similar habitats, swamp vegeta-
tion had similar features, such as the dominance
of ferns, conifers and plants produced Ginkgocy-
cadophytus (Ginkgoales, Czekanowskiales, Cyc-
adales, and Bennettitales). However, there are
differences. The taxonomical composition of
plant communities existed at high latitudes was
depleted, whereas more southern swamp vege-
tation was characterised by ever-increasing
plant diversity. Among ferns the role of Glei-
cheniaceae increased to the south; it is possible
that this was due to the nature of these light-
loving ferns. Cycadophytes have similar distri-
bution, though perhaps it was related to the
temperature factor. Near-polar environments
formed under conditions of the mid-Cretaceous
pronounced global warmth and the absence of
cold winters. Winter dormancy plants lasted for
no more than four and a half months and were
largely controlled by light rather than tempera-
ture (Spicer et al., 2002). On the contrary,
Czekanowskiales and Podozamitaceae typical of
seasonal climate disappeared in the plant com-
munities from north to south.

Thus, the maximum spread of the marshes
and the peak of a peat-accumulation in them on
the eastern margin of Asia occurred in
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Barremian-Aptian—Early Albian, the time of
climatic optimum and the Oceanic Anoxic Event 1
(OAE 1). Obviously, these events were closely
linked: transgression of the sea, flooding and
waterlogging of vast areas, the emission of large
amounts of greenhouse gases (mainly water va-
pour, methane and carbon dioxide; the release of
the latter could be result of the volcanic erup-
tions what the occurrences of tuffaceous inter-
layers in the coal-bearing deposits testify) con-
tributed to warming of climate, an increase of
biodiversity and ecosystem productivity. The
Barremian-Early Albian peat-formation with the
peak in the Aptian was widely manifested in
other parts of Asia and North America (Krassi-
lov, 1985).
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