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Based on interregional correlation of geological and
paleogeographic events, a new approach has actively
been developed in the past few decades. One such Cen-
ozoic significant event in the Russian Far East is the
Miocene Climatic Optimum, which designates a tem-
perature increase after a prolonged climatic depression
in the second half of the Oligocene–initial Miocene and
reached its maximum at the Early–Middle Miocene
transitional interval. This paleoclimatic event is of
planetary importance [1]. It was recorded on paleocli-
matic curves based on study of the isotopic composi-
tion of carbonates of marine fossils [2]. Terrestrial
plants are known to be sensitive indicators of climatic
changes. Therefore, they can be used not only for pale-
oclimatic reconstructions, but also for the stratigraphic
correlation of sedimentary sequences of spatially dis-
tant regions as well. It is especially important for the
southern region of the Russian Far East where Tertiary
deposits are mainly represented by continental facies.

According to [1, 3, and others], the Miocene Cli-
matic Optimum in the continental sector is reflected in
floras from the so-called Engelgardia Beds studied for
the first time in Korea [4]. It was revealed later [5] that
analogs of these beds in the Primor’e region are under-
lain by Eocene coal-bearing deposits without any signs
of stratigraphic hiatus, and corresponding floras
include up to 10% of Eocene plants. Therefore, their
association with the Miocene Climatic Optimum is
debatable. Thus, the searching for floras corresponding
to the Miocene Climatic Optimum in the Primor’e
region is an urgent issue. We have revealed such flora
only this year. Its stratigraphic position, taxonomic
composition, and specific features in the context of
solving correlation problems are discussed in this work.

We discovered a new (

 

Nezhino

 

) flora in the basin of
lower reaches of the Razdol’naya River 3 km north of

the Settlement of Nezhino (Fig. 1). The coordinates of
the site (9180) are 

 

43°29

 

′ 

 

N and 

 

131°47

 

′

 

 E. The studied
section is confined to the southern edge of the Pushkin
depression. Fossil plants were collected in an operating
brown coal open pit. The bed-by-bed description of the
section of a flora-bearing member at the depth interval
of ~10–15 m is presented below. The Verkhnii coal
seam of the Upper Oligocene coal-bearing sequence is
overlapped with erosion by the following units:

1. Light gray, poorly cemented, medium-grained
(coarse-grained at the base) sandstone with thin (up to
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Fig. 1. 

 

Location of the Nezhino flora and a fragment of the
lithological–stratigraphic column (Site 9180). (

 

1

 

) Siltstone;
(

 

2

 

) tuffaceous siltstone; (

 

3

 

) medium-grained sandstone
(coarse-grained at the base); (

 

4

 

) pebbles; (

 

5

 

) brown coal (

 

a

 

)
and lignite (

 

b

 

); (

 

6

 

) plant remains; (

 

7

 

) boundaries: (

 

a

 

) litho-
logical and (

 

b

 

) stratigraphic unconformities.
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5 cm) siltstone laminas and abundant lignified plant
detritus. Thickness 

 

≥

 

4.0 m.
2. Yellowish white, laminated, firmly cemented (fer-

ruginous and siliceous cement) tuffaceous siltstone with
lenses of lapilli tuff and interlayers (up to 0.2 m) of thin-
laminated gray siltstone. The bed includes numerous
imprints of leaves and fruits. Thickness 1.0 m.

3. Dark olive siltstone with small-fragmental joint-
ing. Thickness 0.2 m.

4. Strongly decayed loose lignite. Thickness 0.2 m.
The section is overlain with erosion and strati-

graphic hiatus by pebbles of the Upper Miocene Ust-
Suifun Formation. Its total thickness slightly exceeds
5 m in the type section (Site 9180, Fig. 1) and increases
to several tens of meters northward in the central part of
the depression.

The collection of fossil plants comprises more than
500 specimens of imprints of leaves and subordinate
fruits. The phytocomplex is dominated by flowering
plants. Conifers (

 

Keteleeria, Larix, Pinus, Taxodium,
Glyptostrobus

 

) are represented by single specimens.
Fern-shaped representatives (

 

Osmunda, Dryopteris

 

)
are rare. At the contacts of beds, monocotyledons form
clusters of charred leaves often unidentifiable even to a
genus. Dicotyledons exhibit the greatest taxonomic
diversity. In total, preliminary studies of the collection
made it possible to identify 92 species incorporated into
57 genera belonging to 31 families. No indisputable
dominants have been revealed. The flora is polydomi-
nant, the leading part being played by representatives of
valley assemblages:

 

 Populus

 

 (5 species), 

 

Salix

 

 (6 spe-
cies), 

 

Ulmus

 

 (3 species), 

 

Zelkova

 

 and 

 

Pterocarya

 

 (4
species, leaflets and fruits), 

 

Carya

 

, and

 

 Juglans

 

. Plants
inhabiting slopes are no less diverse. They are repre-
sented, first of all, by the Betulaceae family (

 

Betula,
Carpinus

 

, and 

 

Ostrya

 

), the Aceraceae family (

 

Acer

 

, 5
species, including a complex leaf type), and the Rosales
order (

 

Sorbus

 

, 2 species).Of greatest importance, how-
ever, is the presence of thermophile genera, the present-
day domains of which are related to subtropics and the
southern part of the lukewarm realm. Here, we should
note first of all diverse ligneous legumes (

 

Cladrastis,
Desmodium, Maackia, Indigofera

 

, and 

 

Spatholobus

 

) as
one of the explicit indications of the flora thermophile
nature. Moreover, we have also established 

 

Magnolia,
Liquidambar, Eucommia, Celtis, Idesia, Meliosma,
Nyssa

 

 (endocarps), 

 

Analgium, Ilex, Paliurus

 

 (leaves
and fruits), 

 

Cissus 

 

(?), and 

 

Microtropis

 

. Of special
interest is the finding of 

 

Davidia

 

 leaves (Fig. 2), one of
the endemic plants of mountain forests in southwestern
China. It was the first finding of this monotype genus in
fossil floras of the Far East. 

 

Davidia

 

 is represented in
the collection by 17 specimens of good preservation.
The presence of the Lauraceae family (

 

Lindera, Litsea

 

)
needs further refinement. In terms of a series of taxons,
the Nezhino flora exhibits relations to Miocene floral
assemblages of the Primor’e region (Sinii Utes, Khan-
kai, and Ust-Suifun complexes), as well as to floras of

the Miocene Climatic Optimum of Japan (the Utto flo-
ras) and China (the Shangwang flora). At the same time,
the flora is characterized by a clear originality. As was
suggested, its thermophile degree is substantially lower
than in floras of the Miocene Optimum in Japan, in
which Lauraceae elements and evergreen oaks (repre-
sentatives of the cyclic Balanopsidaceae family) are
common.

The age of the Nezhino flora is a crucial issue.
Because of the lack of Eocene and Early Oligocene ele-
ments, with the exception of transit forms of the Taxo-
diaceae family (

 

Taxodium

 

 and 

 

Glyptostrobus

 

), the
Nezhino flora cannot be regarded as an Eocene–Early
Oligocene representative. It also has no common gen-
era with the temperate flora of the underlying Late Oli-
gocene coal-bearing formation. On the other hand, its
composition differs radically from that of the younger
(Middle Miocene) Khankai flora, which is character-
ized by the absolute dominance of beech (up to 50%) in
all localities, as well as the abundance and diversity of
conifers (more than 30 species [6]). In our opinion, the
most important point for solving the issue of the
Nezhino flora age is the presence of two beech species
with a narrow stratigraphic range: 

 

Fagus chankaica

 

T. Alexeenko characterizes the Middle Miocene of the
Primor’ee region and Korea, whereas 

 

F. evenensis

 

Cheleb. is known in the Primor’e region and on Sakha-
lin Island in the Oligocene–Early Miocene (it rises to
the Middle Miocene only on the Kamchatka Penin-
sula). This species was found in the Primor’e region in
the Sinii Utes phytocomplex of the Early Miocene.
Therefore, we can consider the Nezhino flora as a tran-
sitional form between the Khankai and Sinii Utes flo-
ras. Hence, its age corresponds most likely to the sec-
ond half of the Early Miocene. Paleobotanic data corre-
late well with the radioisotope date of 17.1 

 

±

 

 1.3 Ma

 

1 cm

 

Fig. 2.

 

 

 

Davidia

 

 sp. nov., collection 9180, specimen 307.
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obtained by the tracking method for a volcanic ash
interlayer from the sequence under consideration previ-
ously correlated with the Ust-Davydov Formation [7].

Our finding of the new (Miocene) thermophile flora
has quite certain implications for the study of the Neo-
gene flora in the Far East. According to [1], the
Miocene Climatic Optimum in the Far East region is
most clearly manifested in Japan (northern Honshu)
within two temporally conjugate fossil leaf floras: the
Aniai lukewarm flora related to continental coal-bear-
ing deposits and the Daijima subtropical flora confined
to coastal–marine facies. The Aniai flora (its age corre-
sponds to the first half of the early Miocene) predated
the climatic optimum, whereas the Daijima flora corre-
sponded to the climatic optimum. The paleoclimatic
succession based on two above-mentioned types of Jap-
anese floras was used by Russian paleobotanists for
solving the issue of the age of Neogene floras in the Pri-
mor’e region [2, 8]. Engelgardia floras of the Primor’e
region (Kraskino, Rettikhovka, Velikaya Kema, and
Dembi) were used as analogs of the Daijima-type flo-
ras. However, the former floras exhibit the specific fea-
tures described above, which rules out their affiliation
to the Miocene. Moreover, they are characterized by the
presence of correlative taxons with a narrow strati-
graphic range but large geographic area. The taxons
include a three-bladed fruit sheath (bract) of a nut-tree,
which was previously attributed to the Engelgardia
family but later transferred to another genus of this
family (

 

Alfaropsis

 

) [9]. Moreover, Engelgardia floras
comprise some specific species of the 

 

Quercus

 

 genus,
including those of uncertain section affinity. The men-
tioned taxons were also found in Engelgardia floras of
Korea and Japan, but they were not revealed in the
Daijima-type floras. These taxonomic features of
Engelgardia floras in the Far East together with data on
other paleontological methods and radioisotope datings
led to revision of their age as the Early Oligocene [10].
The author of the present communication has supported
this point of view with regard to floras of this type in the
Primor’e region [5, 6, 11].

The initial choice of Engelgardia floras as corre-
sponding to the peak of the Miocene Climatic Optimum
seems to be quite logical. The point is that Miocene flo-
ras known in the Primor’e region (Ust-Suifun, Khankai,
and Sinii Utes) had a distinct lukewarm outlook by the
early 1970s when the mentioned correlation scheme
was elaborated. Only Engelgardia floras were suitable
as an analog of the subtropical Daijima-type floras.
Decisions taken at that time were governed by the fol-
lowing fact: like the Kogeonweon reference flora of
Korea, Engelgardia floras are thermophilic and similar
to subtropical ones. The correlation reconstructions in
[3, 8, and others] led to changes in the concept of the
regional stratigraphic succession of the Tertiary com-
plex in the Primor’e and Amur regions. In our opinion,
the fallaciousness of the decisions mentioned above is
related to insufficient consideration of the regional cli-
matic factors, because they ignored climatic conditions

that governed the coeval continental and island floras.
When translating the paleoclimatic situation in Japan to
the continent, the researchers did not take into account
the following fact: when applied to a specific territory,
any climatic (paleoclimatic included) phenomenon
shows up through the interaction of two factors: global
and regional. The final result is determined by their uni-
directionality or multidirectionality. Depending on this
process, the factors either strengthen each other or
become mutually compensated. In the study region, the
East Asian winter monsoon, formed as long ago as the
Early Oligocene, was such a factor [12]. It is this factor
that is responsible for negative conditions (low temper-
atures and high air aridity at low precipitation), which
complicate the wintering of plants and restrict the pos-
sibilities of growth for some of them. The territory of
Japan is protected significantly against its influence by
the Sea of Japan and the Tsushima warm current. It
should be noted that the Aniai-type floras of Japan and
their analogs in the Primor’e region (in particular, the
Sinii Utes flora), which preceded the opening of the Sea of
Japan estimated at the mid-Early Miocene by most geo-
tectonists [13, 14, and others], are similar both in the ther-
mophile degree and the taxonomic composition [6].

Later, the situation sharply changed: after the terri-
tory of present-day Japan was separated from the Asian
continent, the effect of global warming was strength-
ened by the influence of the Tsushima warm current
along the western rim of the Japanese Archipelago.
Consequently, the Aniai-type lukewarm floras were
replaced by the Daijima-type subtropical floras. The
general increase in the temperature was compensated
by an adverse influence of the winter monsoon in the
continental coastal sector of the Sea of Japan and by the
Primor’e cold current in the Primor’e region. Pavlyut-
kin [6] suggested that an analog of the Daijima-type flo-
ras can be represented in the Primor’e region by the
Khankai flora, which comprise a series of thermophile
elements but are significantly inferior to type floras of
this level in Japan. The age of the Khankai flora corre-
sponds to the Middle Miocene. Taking into account that
floristic relationships between the Khankai flora and
the Sinii Utes flora (first half of the Early Miocene) are
rather weak, we suggested the existence of more ther-
mophile intermediate flora in the Primor’e region,
which should fill up the lacuna mentioned above [6].
Now there is every reason for the Nezhino flora to pre-
tend to this role.

Thus, floras of the Miocene Climatic Optimum in
the Primor’e region, Korea, and Sakhalin Island formed
under the active influence of the East Asian winter
monsoon and beyond the domain of the Tsushima
warm current. Therefore, they are less thermophile as
compared to type floras of this level in Japan.

This inference is of fundamental importance for cor-
relations with Miocene floras of the temperate zone at
the Far East margin of Asia and for elaborating regional
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stratigraphic scales, since it allows us to reduce the risk
of serious errors.

REFERENCES

 

1. M. A. Akhmet’ev, Izv. Akad. Nauk SSSR, Ser. Geol.,
No. 4, 134 (1974).

2. B. Buchgard, Nature 

 

275

 

, 121 (1978).
3. A. G. Ablaev, 

 

Geology and History of Floras on Coasts
of the Sea of Japan in the Late Cretaceous and Tertiary

 

(Nauka, Moscow, 1978) [in Russian].
4. K. Huzioka, J. Mining Coll. Akita Univ. Ser. A 

 

5

 

 (1), 1
(1972).

5. B. I. Pavlyutkin, S. I. Nevolina, T. I. Petrenko, et al.,
Stratigr. Geol. Correlation 

 

14

 

 (4), 444 (2006) [Stratigr.
Geol. Korrelyatsiya

 

 14

 

 (4), 116 (2006)].
6. B. I. Pavlyutkin, 

 

The Middle Miocene Khankai Flora of
Primorye 

 

(Dal’nauka, Vladivostok, 2005) [in Russian].

7. B. I. Pavlyutkin, S. S. Ganzei, and A. M. Korotkii, Izv.
Akad. Nauk SSSR, Ser. Geol., No. 5, 128 (1984).

8. R. S. Klimova, Paleontol. Zh., No. 1, 104 (1976).
9.

 

Fossil Flowering Plants of Russia and Adjacent States

 

,
Ed. by L. Yu. Budantsev (St. Petersburg, 1994), Vol. 3
[in Russian].

10. T. Tanai and K. Uemura, Trans. Proc. Palaeont. Soc. Jap.,
No. 4, 342 (1994).

11. B. I. Pavlyutkin, Paleontol. J., No. 5, 548 (2002) [Pale-
ontol. Zh., No. 5, 106 (2002)].

12. P. X. Wang, in 

 

Proc. Int. Conf. Hong-Kong, 7–12 Janu-
ary, 1983

 

 (Hong-Kong, 1984), pp. 165–187.
13. A. I. Khanchuk, V. V. Golozubov, N. A. Goryachev, et al.,

in 

 

Geodynamics, Magmatism, and Metallogeny of East-
ern Russia (2)

 

 (Dal’nauka, Vladivostok, 2006), pp. 880–
897 [in Russian].

14. R. Tsuchi, Palaeogeogr., Palaeoclimatol., Palaeoecol. 

 

77

 

(3/4), 355 (1990).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


