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Abstract: The Lipovtsy flora originates mostly from the synonymous Formation exposed at the coal quarries in
the Razdolnaya ( Suifun) River Basin in Heilongjiang Province ( China) and Primorye Region (Russia). The
thorough study of this flora has revealed its high diversity and abundance. One of the most prominent groups in
the Lipovtsy flora is the ferns. Next in diversity are conifers ( Miroviaceae, Taxodiaceae, Podozamitaceae, Tax-
aceae, Cephalotaxaceae). It was revealed the remarkable quantity of bennettitalean remains (24 taxa). The
main peculiarity of this flora is the appearance of first angiosperms ( pollen, dispersed cuticle, leaves). The
fine preservation of the cuticles from the coals allows us to research the taxonomical composition of peat-forming
plants and clear main components of the swamp plant communities. These plants supplied the material for the
accumulation of resinite coals on the territory of Razdolnaya River Basin were conifers Miroviaceae, taxodi-
aleans, bennettites, as well as gleicheniaceous and cyatheaceous ferns.
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1 Introduction

The history of the study of the Early Cretaceous
flora of Primorye region has more than a hundred years
( Kryshtofovich, 1916). D. L. Ivanov for the first
time collected fossil plants in 1888-1893 nearlby Kon-
stantinovka and Poltavka villages. This collection was
transferred to the Swedish paleobotanist T. Halle,
who later noticed similarities of the flora from Pri-
morye region with Wealden flora from Europe ( Halle,
1921). The famous Russian paleobotanist A. N. Kry-
shtofovich named this flora as Nikan flora.

Kryshtofovich first visited the coal-bearing depos-

its in southwest Primorye region and collected plant
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remains in 1917. Later some other paleobotanists also
collected fossil plants, in this area, including A. L
Kozlov, V. D. Prynada, etc.

Kryshtofovich (1921, 1923) described in detail
sections of Lipovisy and Konstantinovka coal fields
and collected plant remains in 1922. On the Kon-
stantinovka coal field for the first time he found the
leaves of monocotyledonous angiosperm and described
it as Pandanophyllum ahnertii Krysht. Kryshtofovich
analyzed the taxonomic composition of Nikan flora in
Razdolnaya River Basin and compared it with the Ear-
ly Cretaceous Potomac flora from North America ( Kry-
shtofovich, 1925).

The flora of the South Primorye attracted also at-
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tention of such outstanding paleobotanists as V. D.
Prynada, V. A. Vachrameev, V. A. Samylina, and
V. A. Krassilov.

Since the early 1960s, detailed research on the
Early Cretaceous flora and stratigraphy of the South
Primorye was undertaken by Krassilov ( 1964a,
1964h, 1965a, 1965b). He elaborated the sequence
of stratigraphy in the Lower Cretaceous in the Razdol-
naya River Basin, which has been relevant until now.
Krassilov (1967) divided these deposits based on the
paleobotanical and lithological data into Ussuri ( Bar-
remian ) , coal-bearing Lipovtsy ( Aptian) and Galenki
(Albian) formations.

Every formation has a certain assemblage of fossil
plants and palynomorphs ( Krassilov, 1967; Markev-
ich, 1994, 1995), but the Lipovtsy flora is the most
abundant and diverse. The Lipovtsy flora derives from
the homonymous formation.

From the mid- 1980s we initiated the research of
fossil floras of this basin. Our data on the Lipovtsy flo-
ra of the Razdolnaya coal basin give grounds to extend
knowledge of taxonomic composition of this flora
(Bugdaeva & Markevich, 2009; Bugdaeva et al.,
2015 ; Kovaleva et al., 2012 ; Kovaleva et al., 2016,
Markevich, 1994, 1995; Volynets, 2005, 2006,
2013, 2015 ), because we collected the fossil plants

from new localities and coal mines.

2 Material and method

The material for this paper comes from the Li-
povtsy Formation which is widespread in Razdolnaya
River Basin. This basin extends from the north-west
(from the Lake Khanka) to south-west, as far as the
Possiet Bay. More than 15000 specimens were collect-
ed from the numerous localities (Fig.1).

The spore-pollen samples were taken from coal
seams and interlayers. Samples for the palynological
analysis were processed using the standard maceration
method of A. A. Liiber and 1. E. Waltz for metamor-
phic rocks and coals (Paleopalynology, 1966 ).

The fossil plants often have well-preserved cuti-

cle. The phytoleims were skimmed from specimens by
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Fig.1 Map showing localities of Early Cretaceous Li-
povtsy flora in Razdolnaya River Basin, Pri-
morye region, Russia and Heilongjiang Prov-

ince, China

a needle, passed through the nitric acid and alkali,
washed with distilled water. The leaf cuticle was
sometimes processed with Schulze solution and alkali,
and then slides for light microscopy and stubs for elec-
tron microscopy were prepared. To obtain phytoleims
from coal, the latter was exposed to complete dissolu-
tion a concentrated HF and then oxidation by full-
strength nitric acid, washed with distilled water, and
then treated with 10% alkali ( KOH) and also
washed. The cuticular membranes were mounted in
constant slides. All received cuticle preparations then
analyzed for light ( LM ) and scanning electron
(SEM) microscopes.

Photographs were taken by the authors using an
Axioscop 40 microscope, with a Axiocam HRc camera
and by N. N. Naryshkina with the aid of a SEM EVO
40 (Institute of Biology and Soil Science, Far East

Branch, Russian Academy of Sciences).
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3 Results

The Razdolnaya Coal Basin is filled by the Creta-
ceous clastic continental sediments with industrial coal
seams and tuffaceous material in the overlying strata.
Coal-bearing sediments of the basin are associated
with the Lipovtsy Formation containing abundant
phytofossils.

Lipovtsy Formation

The Lipovisy Formation (K,lp) conformably o-
verlies the Ussuri Formation. Based on the lithologic
composition, the formation is divided into 2 subforma-
tions; Lower Lipovtsy ( K,lp,) and Upper Lipovisy
(K,lp,). The thickness of this formation is nearly 600
m ( Fig.2). The boundary between subformations is
indistinct and defined by the base of the first thin coal
layer at the Upper Lipovtsy Subformation or, in its ab-
sence, by the bottom of coarse-grained rocks.

The Lower Lipovtsy Subformation ( K,lp,) is re-
presented by coarse deposits-conglomerates and
coarse-grained gravelly sandstones. Coal seams are
absent. The thickness of this stratigraphic unit varies
from 140 to 260 m.

The Upper Lipovtsy Subformation ( K,lp,) con-
sists mainly of fine-grained sandstones, siltstones,
mudstones, and coals. The lower coal seam
"Rabochii" (up to 19 m thick) has industrial signifi-
cance, while the superposed coal seam " Gryaznyi"
(1-2 m thick) does not have commercial values. The
coals mined in the northern part of the Razdolnaya
coal basin are humic and liptobiolithic ( resinous).
The thickness of this subformation is 350 m ( Kutub-
Zade, 2010).

Fossil plants of Lower Lipovtsy Subformation

The floral assemblage of the Lower Lipovtsy Sub-
formation involves Thallites sp. , Lycopodites nicanicus
Krassil., Isoetites sp., Equisetites ex gr. burejensis
(Heer) Krysht., E. ramosus Samyl., Coniopteris bure-
Jensts (Zal. ) Sew., Coniopteris sp., Alsophilites nippo-
nensis ( Oishi ) Krassil., Onychiopsis psilotoides
(Stokes et Webb ) Ward, Cladophlebis matonioides
Oishi, C. frigida (Heer) Sew., Cladophlebis sp., Lo-
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1. conglomerate; 2. gravelstone; 3. coarse- and fine-grained sand-
stone; 4. sandy mudstone; 5. mudstone; 6. coal; 7. tuff; 8. findings
of fossil plants; 9. place of palynological sampling.

Fig.2 Generalized section of the Lipovtsy Formation,

Razdolnaya River Basin, South Primorye

bifolia novopokrovskii (Pryn. ) Rasskaz. et E. Leb.,
Sphenopterts ex gr. fontainei Sew., Sagenopteris sp.,
Pterophyllum  burejense  Pryn., P.  manchurense
(Oishi) Krassil., Pterophyllum sp., Dictyozamites cor-
datus ( Krysht. ) Pryn., Nilssoniopteris robusta ( Kry-
sht. et Pryn. ) Krassil., Nilssonia ex gr. brongniartii
(Mant. ) Dunk., N. densinervis ( Font. ) Berry, N.
nicanica Pryn., Nilssonia sp., Baiera ahnertii Krysht.,
Podozamites ex gr. lanceolatus ( Lindl. et Hutt. )
Schimp., Podozamites sp., Pityophyllum sp., Elatides
ex gr. curvifolia (Dunk. ) Nath., E. asiatica ( Yok. )
Krassil., Athrotaxites berryi Bell, Athrotaxopsts expan-
sa Font. emend. Berry, Brachyphyllum japonicum
(Yok. ) Oishi, Brachyphyllum sp.

This assemblage consists of 34 taxa including
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those belonging to ferns (9 taxa), cycadophytes (9
taxa) , and conifers (9 taxa). The age of this floral
assemblage based both on the paleobotanical and paly-
nological data is the Aptian ( Krassilov, 1967;
Markevich, 1995; Volynets, 2005).

The palynological assemblage of this subformation
is dominated by schizaeaceous ferns and gymno-
sperms. Ferns are represented mainly by Appendicis-
porites, Cicatricosisporites, Concavissimisporites, Im-
pardecisporites, Tirilobosporites, and Pilosisporites.
Spores of Gleicheniaceae and Cyatheaceae are accom-
panying them. The plants produced Ginkgocycadophy-
tus dominates among gymnosperms.

Fossil plants of Upper Lipovtsy Subformation

Numerous localities of fossil plants in the basin
are located mainly in the Lipovisy, llyichevka, Kon-
stantinovka, Alexee-Nikolsk, Ussuriysk, Zanadvorov-
ka and Podgorodnenka coal fields (Fig.1). We have
described in detail all the partial sections and collect-
ed from them the abundant phytofossils.

The floral assemblage from the Upper Lipovtsy
Subformation consists of 167 taxa. The most signifi-
cant are ferns (47 taxa), among them Nathorstia pec-
tinata  ( Goepp. ) Krassil. Alsophilites nipponensis
( Oishi) Krassil. Onychiopsis psilotoides ( Stok. et
Webb) Ward, accompanied by Coniopteris burejensis
(Zal. ) Sew., Polypodites polysorus Pryn. Teilhardia
tenella (Pryn. ) Krassil., Cladophlebis frigida ( Heer)
Sew. Rarely Osmunda denticulata Samyl. Birisia ony-
chioides ( Vassilevsk. et Kara-Mursa) Samyl. occur.

Among conifers (42 taxa) Araucariodendron het-
erophyllum Krassil., Podozamites ex gr. lanceolatus
(Lindl. et Hutt. ) Schimp., FElatides asiatica ( Yok. )
Krassil., Athrotaxopsis expansa Font. emend. Berry
are most important. They are accompanied by Pityo-
phyllum ex gr. nordenskioldii Heer, Sequoia ex gr.
reichenbachii ( Gein. ) Heer, Torreya nicanica Kras-
sil. Mirovia orientalis ( Nosova) Nosova.

The presence of cycadophytes is significant (38
taxa) , namely Bennettitales (24 taxa) and Cycadales
(14 taxa). Among Bennettitales Pterophyllum bure-
jense Pryn. Zamiophyllum ivanovii ( Krysht. et

Pryn. ) Krassil., Cycadites sulcatus Krysht. et Pryn.
are numerous, they are accompanied by Pierophyllum
sutschanense Pryn. Dictyozamites cordatus ( Krysht. )
Pryn. Nilssoniopteris rhitidorachis ( Krysht. ) Krassil.
Among Cycadales Ctenis yokayamae Krysht., Nilssonia
densinervis ( Font. ) Berry, N. ex gr. brongniartii,
(Mant. ) Dunk N. ex gr. orientalis Heer, N. nicani-
ca Krassil. are abundant.

Also there are diverse Lycopodiales ( Lycopodites
prynadae Krassil., L. nicanicus Krassil., L. multifur-
catus Lee, Lycopodites sp., Isoetites sp. ) , Caytoniales
( Caytonia orientalis Krassil., Sagenopteris variabilis
(Velen. ) Velen., S. mantellii ( Dunk.) Schenk,
Sagenopteris sp. ), and Ginkgoales ( Ginkgo concinna
Heer, G. pluripartita ( Schimp. ) Heer, G. ex gr.
adiantoides ( Ung. ) Heer, Pseudotorellia sp., P.
krassilovii Bugdaeva) , rather rare Equisetales ( Equi-
setites sp., E. ramosus Samyl., E. burejensis ( Heer)
Krysht. ), Czekanowskiales ( single Czekanowskia ex
gr. rigida Heer) , Bryales ( Marchaniites yabei Kry-
sht. et Pryn., Thallites sp.) and possible Gnetales
( Volynets, 2005, 2014 ; Bugdaeva et al., 2014).

In the upper part of Lipovisy Formation ( Podgor-
odnenka and Ilyichevka coal fields) extremely rare
angiosperms ( mega-, mesofossils, and pollen) appear
for the first time. They are represented by leaves of
Monocotylophyllum sp., Dicotylophyllum spp., and by
dispersed cuticle of indeterminable platanoids.

The characteristic of this floral assemblage is the
presence of Nathorstia pectinata, Dictyozamites corda-
tus, Cycadites sulcatus, Torreya nicanica, with the
significant role of "young" , evolutionary the most ad-
vanced taxa - Osmunda denticulata, Birisia onych-
ioides, Sequoia ex gr. reichenbachii, Taxites brevifoli-
us, as well as the first appearance of flowering plants.

The palynological assemblage of this subformation
is dominated by Gleicheniaceae. The Cyatheaceae and
Dicksoniaceae are subordinates. The Schizaeaceae,
Polypodiaceae and Osmundaceae accompany them.
Among spores Roiseisporites radiatus Poc., Lobatia in-
volucrata ( Chlon. ) Chlon., Kuylisporites lunaris

Cook. et Dett., Lophotriletes babsae (Brenn. ) Singh
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are characteristic. Among gymnosperms the plants
close to taxodialeans and produced the Ginkgocycado-
phytus prevail. The pollen of Pinaceae and Hirmeriel-
laceae is rare. The particular feature of this assem-
blage is the appearance of the single pollen of angio-
sperms. This pollen is represented by Tricolpites spp.,
T. wvulgaris Pierce, Retitricolpites georgiensis Brenn.,
Clavatipollenites hughesii ( Coup. ) Kemp, and Quer-
cites sparsus ( Mart. ) Samoil.

Peat-forming plants of Lipovtsy Formation

Processing the coals from Lipovisy, Ilyichevka,
Konstantinovka, and Aleksee-Nikolsky coal fields, we
have revealed the cuticles of plants. These data on
composition of the peat-forming plants were obtained
for the first time. Kryshtofovich as far back as 1928
pointed out the specific character of coals mine in the
northern part of the Razdolnaya River Basin. The
coals are humic and liptobiolithic ( resinous). Their
description is following: “-:- coal is compact, hard,
brownish-black, opaque, heavy, or rather mostly con-
sisting of thin resin needles, transpiercing the coal in
all directions and shining in split---” ( Kryshtofovich,
1928, p. 19). He recognized a special type of coal
composed of small sticks of resin bodies and named
this coal as rhabdopissite (from Greek paBdog-small
stick and mriggo-resin).

We revealed that coals in Lipovtsy coal field are
composed of leaves of Mirovia orientalis , spores of
cyatheaceous and gleicheniaceous ferns, bisaccate
pollen of conifers having affinity with the Pinaceae and
Podocarpaceae, and taxodiaceous pollen ( Bugdaeva
& Markevich, 2009).

In Tlyichevka open coal mine ( Ilyichevka coal
field) the peat-forming plants are represented mainly
of leaves Tritaenia sp. and Elatides asiatica.

In Porechye open coal mine ( Ilyichevka coal
field ) the lower thick humic-rhabdopissite seam
(thickness is about 7 m) consists of remains of Arau-
cariodendron heterophyllum, A. angustifolium , Tom-
harrisia florinii, Nilssoniopteris rhitidorachis , and
Prerophyllum sutschanense. In the upper part of this

productive seam there are several thin tuffaceous mud-

stone beds having beddings of leaves of Nilssoniopteris
rhitidorachis, Cephalotaxus ussuriensis. According to
palynological data the gleicheniaceous, cyatheaceous,
and dicksoniaceous ferns, as well as plants produced
Ginkgocycadophytus took part in the formation of this
coal.

Here in the middle humic-rhabdopissite seam
(its thickness is 1-2 m) we found remains of leaves
of Araucariodendron heterophyllum and Pagiophyllum
sp.. The composition of palynospectra from this seam
is close to that from lower seam, but differs by ap-
pearance of rare angiosperm pollen Tricolpites sp. and
Clavatipollenites hughesii.

Upper thin coal seams ( thickness is about 0.1 —
0.5 m) contain remains of Nilssoniopteris rhitidora-
chis, N. prynadae Samyl., Anomozamites sp., Arauca-
riodendron heterophyllum , and Platanaceae sp. indet.

The coals in the Konstantinovka coal field in-
clude the remains of Nilssoniopteris rhitidorachis,
Araucariodendron heterophyllum , Athrotaxites oriental-
is Deng et Chen, Machairostrobus cf. sutschanicus
Krassil.

The rhabdopissites of Aleksee-Nikolsky coal field
contain the remains of scales of conifers of unclear
systematic position Machairostrobus cf. sutschanicus,
spores of gleicheniaceous, cyatheaceous and dicksoni-
aceous ferns, pollen of conifers having taxodiaceous

affinity, and Ginkgocycadophytus.

4 Conclusions

The Lipovisy flora originates mostly from the syn-
onymous Formation exposed at the coal quarries in the
Razdolnaya ( Suifun) River Basin in Heilongjiang
Province ( China) and Primorye Region ( Russia).
The thorough study of this flora has revealed its high
diversity and abundance.

In the early 20th century, pioneering studies
were carried out on the Early Cretaceous macrofloras
of South Primorye ( Kryshtofovich, 1910, 1916;
Krasser, 1921; Halle, 1921 ). Later, Krassilov
(1967 ) monographed the macroscopic remains, fo-

cussing on the Early Cretaceous floras, paleogeogra-
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phy and stratigraphy of this region. Most succeeding
papers were dedicated to narrow aspects of the flora
(Nosova, 2001 ; Volynets, 2005, 2006, 2010, Bug-
daeva & Markevich, 2009). V. A. Samylina (1961)
first has undertaken a detailed study of cuticles from
the Lipovtsy plants. More recently, the authors col-
lected well-preserved macrofloral remains from the
newly open coal quarries in the northern part of the
Razdolnaya River Basin.

The Lipovtsy Formation based on the sedimento-
logical data is divided into two subformations. The
lower latter is represented by coarse-grained sediments
and does not contain the coal seams, the upper-main-
ly is represented by fine-grained sediments and con-
tain industrial coal seams. Accordingly, we can dis-
tinguish two assemblages in the Lipovtsy flora are
characteristic for lower and upper subformations.

One of the most prominent groups in the Lipovtsy
flora is the ferns. Next in diversity are conifers ( Mi-
roviaceae, Taxodiaceae, Podozamitaceae, Taxaceae,
Cephalotaxaceae ). It was revealed the remarkable
quantity of bennettitalean remains (24 taxa). The
main peculiarity of this flora is the appearance of first
angiosperms ( pollen, dispersed cuticle, leaves). The
fine preservation of the cuticles from the coals allows
us to research the taxonomical composition of peat-
forming plants and clear main components of the
swamp plant communities. These plants supplied the
material for the accumulation of resinite coals on the
territory of Razdolnaya River Basin were conifers Mi-
roviaceae, taxodialeans, bennettites, as well as
gleicheniaceous and cyatheaceous ferns ( Bugdaeva et
al., 2015).

The sedimentary sequence of Lipovtsy Formation
recorded such an important biotic event of the Creta-
ceous period, as the appearance of angiosperms, the
most evolutionarily advanced plants. Recently, in the
coal quarries of the northern part of the Razdolnaya
River Basin (Ilyichevka, Konstantinovka, and Alek-
see-Nikolsky coal fields) in the siltstones, overlying
the productive coal seams, we found angiosperm pol-

len of tricolpate and trichotomosulcate morphotypes.

Most likely, the plants produced these palynomorphs
inhabited on the slopes, and the pollen was brought to
burial by water flows.

According to our observations, in the above-men-
tioned coal fields of the Razdolnaya River Basin the
thick industrial rhabdopissite seam is terminated by
alternation of layers of volcanic ash and coal. This is
a reflection of such event as the distant volcanic erup-
tions that caused intense ash falls, bombarded with a
vast swamp, and suppressed the biogenic sedimenta-
tion. Destruction of the habitats of the swamp plants
in result of heavy ash falls was causing stressful condi-
tions for plants and animals. In such crisis situations
the plants of the ruderal environmental strategy (e. g.,
angiosperms ) got the advantage in the plant communi-

ties.

Acknowledgments

The authors are grateful to the late V. A. Krassil-
ov for fruitful discussions and advices, V. V. Goloz-
ubov, V. P. Nechaev, N. P. Sologub, Y. A. Sem-
eykin, A. V. Lyzganov, V. I. Podolyan, N. Kh.
Musienko, S. I. Alekseev helped us during the field
works. We are indebted to N. P. Domra for chemical
processing of palynological samples.

Special thanks to Prof. Sun G. for his encour-

agement and help in our scientific research.
References

Bugdaeva E V, Markevich V S. 2009. The Coal-forming plants
of Rhabdopissites in the Lipovtsy Coal Field ( Lower Cre-
taceous of Southern Primorye). Paleontological Journal,
43. 1217-1229.

Bugdaeva E V, Markevich V S, Volynets E B. 2014. The
coal-forming plants of the upper part of the Lower Creta-
ceous Starosuchan Formation ( Partizansk Basin, South
Primorye Region). Stratigraphy and Geological Correla-
tion, 22 (3): 256-268.

Bugdaeva E V, Volynets E B, Markevich V' S. 2015. The Ear-
ly Cretaceous Flora of Razdolnaya River Basin ( Primorye
Region, the Russian Far East). Botanica Pacifica. 4
(2): 71-77.

Halle T G. 1921. On the sporangia of some Mesozoic ferns.



222 Volynets E. B., Bugdaeva E. V., Markevich V. S., et al.

Arkiv bot., 17 (1) . 1-28.

Kovaleva T A, Volynets E B, Sun G. 2012. Early Cretaceous
flora from coal-bearing strata of the Markovsky Peninsula
in South Primorye, Russia. Global Geology, 15 (1) 13-
18.

Kovaleva T A, Markevich V S, Bugdaeva E V, et al. 2016.
New data on palynostratigraphy of the Lipovtsy Formation
in the Razdolnaya Coal Basin ( Southern Primorye). Rus-
stan Journal of Pacific Geology, 10 (1) : 50-62.

Krasser F. 1921. Die von Ing. Karl Mandl ( Wien) bei Nikol-
sk-Ussurijsk entdekten Jurapflanzen hat folgenden Inhalt.
Akad. Wiss. Anz. Band 58, Wien. 219-222.

Krassilov V- A. 1964a. A new gymnosperms from the Lower
Cretaceous of Prymorye region. Paleontologicheskii Zhur-
nal, 1: 114-119. (in Russian)

Krassilov V A. 1964b. About genus Nathorstia (ferns). Pale-
ontologicheskii Zhurnal, 2; 115-120. (in Russian)
Krassilov V A. 1965a. Stratigraphy and fossil flora of Lower
Cretaceous deposits of Suifun Basin. Geology and Geo-

physics, 1 :124-131. (in Russian)

Krassilov VA. 1965b. New conifers from the Lower Cretaceous
of Primorye region. Bot. J., 50 (10) . 1450-1455. (in
Russian) .

Krassilov V A. 1967. Early Cretaceous flora of Southern Pri-
morye and its stratigraphic significance, Moscow: Nauka,
364. (in Russian)

Kryshtofovich A N. 1910. Jurassic plants of the Ussuryisk
Krai. Trudy Geologicheskogo Komiteta, 56 1-23. (in
Russian)

Kryshtofovich A N. 1916. Materials on the Jurassic flora of the
Ussuryisk ~ Krai.  Trudy  Geologo-Mineralogicheskogo
Muzeya Imperatorskoi Akademii Nauk, 2 (4) :81-140. (in
Russian)

Kryshtofovich A N. 1921. Discovery of equivalents of the Low-
er Jurassic Tonkin beds in the Ussuriysk Krai. Materialy
po Geologii i Poleznym Iskopaemym Dal’nego Vostoka , 22 ;
1-30. (in Russian)

Kryshtofovich A N. 1923. Pleuromeia sternbergii Miinst. and
Hausmannia ussuriensis n. sp. from the Mesozoic deposits
of the South Ussuryisk Krai. Ilzvestiya Rossiiskoi Akademit
Nauk, 17 291-300. (in Russian)

Kryshtofovich A N. 1925. Otchet o sostoyanii i deyatelnosti
Geologicheskogo Komiteta Dal’nego Vostoka v 1924 godu.
Materialy po Geologii i Poleznym Iskopaemym Dal’nego
Vostoka, 37 1-60. (in Russian)

Kryshtofovich A N. 1928. The Lipovtsy coal mines in the Us-

suri River region. Materialy Geologicheskogo Komiteta
( Geological Committee) , 81: 1-36. (in Russian)

Kryshtofovich A N. 1929. The discovery of the oldest dicotyle-
dons angiosperms and equivalents of the Potomac beds on
Suchan in the Ussuri region. Bulletin of Geological Com-
mittee, 48 ; 113-145. (in Russian)

Kutub-Zade T K. 2010. Geological sequence and mineral re-
sources in the basins of Komissarovka, Melgunovka and
Razdolnaya rivers. Federal Geological Survey Primorye
Region, Vladivostok (in Russian).

Markevich V' S. 1994. Palynological zonation of the continental
Cretaceous and Lower Tertiary of Eastern Russia. Creta-
ceous Research, 15 (2): 165-177.

Markevich V' S. 1995. Cretaceous palynoflora of the northern
East Asia. Vladivostok: Dalnauka, 200. (in Russian)

Nosova N V. 2001. First finds of the Genus Oswaldheeria ( Mi-
roviaceae, Pinopsida) in the Lower Cretaceous of North-
ern Asia. Paleontological Journal, 35(4) ; 442-446.

Pokrovskaya I M. (ed. ) 1966. Paleopalynology: vol. 1. Tech-
nique of palynological studies and morphology of some fos-
sil spores, pollen, and other plant microfossils // Pro-
ceedings of VSEGEI. New Ser., 141. (in Russian)

Samylina V A. 1961. New data on the Lower Cretaceous flora
of Southern Primorye. Bot. Zh., 46 (5): 634-645. (in
Russian)

Volynets E B. 2005. Aptian-Cenomanian flora of Primorye.
Part 1; floral assemblages. Stratigraphy and Geological
Correlation, 13(5) ; 613-631.

Volynets EB. 2006. The Aptian-Cenomanian flora of Primor’e.
Part 2. correlation of floral assemblages. Stratigraphy and
Geological Correlation, 14(2) ; 200-210.

Volynets E B. 2010. A new species of Nilssoniocladus Kimura
et Sekido from the Lower Cretaceous of the Markovsky
Peninsula ( Southern Primorye). Paleontological Journal,
44(10) .1348-1352.

Volynets E B. 2013. Knowledge of the Cretaceous deposits and
flora of the Muravyov-Amurskii Peninsula ( South Pri-
morye ). Bulletin of the Far Eastern Branch of Russian A-
cademy of Sciences 5:62-68. (iin Russian)

Volynets E B. 2014. The Middle Cretaceous flora of the
Razdolnaya Basin of Primirye// Proceedings of the seventh
Russian Sci. Conf. ; Cretaceous system of Russia and the
near abroad: problems of stratigraphy and paleogeography.
Vladivostok : 78-81 (in Russian). .

Volynets E B. 2015. Cretaceous deposits and flora of the Mu-

ravyov-Amurskii Peninsula ( Amur Bay, Sea of Japan).



9 Hausmannia sp. 1., fragment of sterile frond, Ilyichevka coal field.

All scale bars are 1 cm.

Plate II

@ Cycadites sulcatus (Krysht. et Pryn. ) Krassilov, Podgorodnenka coal field.
) Nilssonia densinervis (Font. ) Berry, Podgorodnenka coal field.

®) Nilssonia acutiloba Heer, Lipovtsy coal field.

@ Dictyozamites cordatus (Krysht. ) Prynada, Podgorodnenka coal field.

(® Prerophyllum sutschanense Prynada, Lipovisy coal field.

(© Nilssoniopteris rhitidorachis (Krysht. ) Krassilov, Ilyichevka coal field.

@ Zamites borealis Heer, llyichevka coal field.

Pterophyllum burejense Prynada, Podgorodnenka coal field.

© Zamiophyllum buchianum (Ett. ) Nathorst, Ilyichevka coal field.

All scale bars are 1 cm.

Plate III

@ Athrotaxites berryi Bell, Ilyichevka coal field.

) Mirovia orientalis (Nosova) Nosova, Lipovtsy coal field.
@ Torreya nicanica Krassilov, Lipovtsy coal field.

@ Tomharrisia florinii Krassilov, Lipovtsy coal field.

® Araucariodendron angustifolium Krassilov, specimen # 27-137 (Krassilov, 1967, Plate LXII, Fig. 1), Lipovtsy coal field.

Plate TV

@ Elatides asiatica ( Yokoyama) Krassilov, fragment of lower cuticle with two stomatal bands, Ilyichevka coal mine. Scale bar 200 .
() Elatides asiatica, stoma, Ilyichevka coal mine. Scale bar 50 .

(@ Athrotaxites orientalis Deng et Chen, fragment of leaf, Poltavka coal mine. Scale bar 100 p.

@) Athrotaxites orientalis, two stomata, Poltavka coal mine. Scale bar 20 .

(® Araucariodendron heterophyllum Krassil., fragment of lower cuticle with three stomatal bands, Porechye coal mine. Scale bar 500 .
© Araucariodendron heterophyllum, two stomata, Porechye coal mine. Scale bar 20 .

(D Platanaceae sp. indet., fragment of lower cuticle with hair bases, Porechye coal mine. Scale bar 100 .

Platanaceae sp. indet., fragment of lower cuticle with stoma (A) and hair bases (B), Porechye coal mine. Scale bar 20 p.

Plate V

@ Nilssoniopteris rhitidorachis ( Kryshtofovich) Krassilov, fragment of lower cuticle with stomata and bases of hairs, Porechye coal
























