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ABSTRACT

During DSDP Leg 38, unique sedimentary material was obtained
from a series of sites in the Norwegian-Greenland Sea.

Sedimentary deposits overlying basalt are represented by a series
of marine and subcontinental sediments of varied lithologic com-
position and thickness (from 100 to 800 m). Basically these are clay,
silt, sandy silt, biogenic oozes, and their lithified equivalents. The
sediments contain abundant traces of marine microfauna and
phytoplankton, as well as pollen and spores of terrestrial plants. The
pollen and spores were studied by a group of palynologists from the
laboratories of scientific research institutes in Moscow and
Leningrad. The most detailed palynologic studies dealt with
material from Sites 336, 338 and 345. Other studies were also made
on material from Sites 346 and 348.

Despite the relative incompleteness of the established complexes,
the research not only the establishment and characterization of the
sequence of development of flora from Paleogene to Pleistocene, but
also curious regularities in the history of the formation of the
spreading or opening of the Atlantic.

INTRODUCTION

The established floral proximity of the northeastern
part of North America and the western part of Eurasia
allowed Krutzsh (1960,1962); Coczah et al. (1967); and
Zaklinskaya (1970) to isolate the specific Euro-
American paleofloristic kingdom "Norma," whose
borders were successively preserved during the Late
Cretaceous and early Paleogene. Identical stages and
phases in the development of the "Norma" flora and
the later flora which replaced it in the Paleogene-
Neogene, as well as the identification of the taxonomic
composition of its basic components naturally brought
researchers to the conclusion that in the beginning of
the Cenozoic, a single Euro-American continent ex-
isted, not one divided by an oceanic barrier.

The relationship between flora (on a generic and
specific level) of the neo-Atlantic parts of North
America and Eurasia in the Late Cretaceous and early
Paleogene (Doyle, 1969; Manum, 1962; Zalinskaya,
1970) was also preserved in the later phases of the
Cenophyte. A greater degree of relationship within the
border of taxons of family and generic classes was also
found. The Atlantic disengagement of the overwhelm-
ing majority of the natural habitats of the basic com-
ponents of Euro-American flora had taken place by
post-Eocene.

In light of the above, the significance can be properly
evaluated by palynologic research on sedimentary se-
quences from deep holes including Pleistocene,
Neogene, and Paleogene sediments. The lithologic
composition of various horizons (sandy silt and clay

containing terrigenous components) indicates the close
proximity of a large part of sedimentary environments
to the continent. Palynologic data, in conjunction with
the very rich phytoplankton complex, indicate a
repeated reoccurrence of transgressive movements of
the oscillating newly forming Atlantic basin. Analysis
of palynoflora shows a chronological sequence in the
replacing of palynoflora which vary in taxonomic com-
position. It has also been established that Paleogene
flora, corresponding to the time of formation of
sediments of the marginal zone, are, to a significant
degree, close to flora of the same age of the European-
Turanian paleoflora region.

MATERIALS AND METHODS
Samples from Sites 336, 338, 346, 345 and 348 were

selected from a large number of cores as being the most
promising in their content of pollen and spores.
Samples, depending on their lithology and grain size,
were subjected to: complex concentration by processing
in 10% KOH and 10% HCL, disintegration in a
pyrophosphate solution (NO4P2O7), separation in a
heavy liquid (CdF2 = 2.1-2.4), liberation from silicates
with the help of cold HF, and final processing with the
aid of acetolise. From the prepared concentrate,
glycerin suspension compounds were prepared in
glycerin-gelatin. The collection of serial material, label-
ed by i n d i v i d u a l i n d e x e s , is p r e -
served in the Department of Paleofloristics of the
Geological Institute of the Academy of Sciences of the
USSR under GIN No. 3948.
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The study was conducted with the help of light
microscopes of the MBI-6, Microphoto D16 B and
biological Ergaval systems, and was accompanied by
mass micrographing under an oleaginous immersion
with magnifications of 7 × 60, 7 × 90, 10 × 60, and 10
× 90. The microphotograph scales are given in the plate
figure captions. More than 100 samples have been
studied and classified from sedimentary horizons,
which contain sufficient pollen and spores.

Parallel with the palynological analysis, micro-
photography was conducted on particularly
characteristic phytoplankton cells to confirm the es-
tablished structure according to the pollen, as well as
sediment character.

The stratigraphic designations of Neogene and
Pleistocene are those of the shipboard paleontologists
based on diatoms, Radiolaria, silicoflagellates, nan-
noplankton, and foraminifera. For the early Paleogene,
the stratigraphic designations were defined on the basis
of palynologic data, correlated with the help of
characteristic key taxons established for western and
central Europe and for the European part of the USSR
(Kedves, 1967a, b, 1969, 1970, 1973; Korallova, 1973;
Krutzsch, 1970, Portniagina, 1966, 1973; Mikhelis,
1973; Roche, 1970, 1973). Determination of the
systematic membership of the pollen and spores was ac-
complished with the help of atlases, and the
monographic descriptions of Krutzsh, 1967, 1970;
Zaklinskaya, 1957, 1963; and Mchedlishvili, 1961; and
Kupzianova, 1965. The location of the samples studied
is given in Figure 1.

DISCUSSION
The majority of sedimentary sequences studied are

characterized by a significant taxonomic variety of
phytoplankton cells, spore-pollen coatings, which are
characteristic of sediments of oceanic marginal zones.
Together with the degree of pollen-bearing and variety
of the taxonomic composition of the palynologic com-
plexes, microplankton were studied to define the
depositional facies of the sediment, and consequently,
the specifics of paleogeography within the boundaries
of the oscillating basin.

A definite relationship is observed between the
degree of saturation of the palynocomplexes by pollen
of Angiospermae, air-transported pollen of Gym-
nospermae, which have air sacs, microphytoplankton
cells, and the lithologic and grain size composition of
the sediment. The dependence can be represented as
follows:

1) A sedimentary environment on the order of tens
and a hundred meters from the shoreline is distin-
guished by an abundance or absolute dominance in the
complexes of pollen of Angiospermae plants, which is
combined with a significantly lower diversity and less
abundant content of phytoplankton cells. There is also
a significant coarsening of the sediment, often with the
appearance of carbonaceous detritus. In the case of an
estuary or delta conditions, cells of Azolla, or various
types of Pediastrum are found in the palynological
complexes.

Sediments of this category are representative of the
basal part of the sections partially in late Oligocene

strata. These sediments are characteristic at Site 336
(349-444.0 m), Site 338 (285-405.5 m), and Site 346
(159-187 m).

2) In a sedimentary environment within the first tens
of kilometers from the shoreline, there is a considerable
increase in complexes of coniferales pollen supplied by
air transport. Correspondingly, the qualitative amount
of (Angiosperm) pollen is decreased, and the cell com-
position of phytoplankton is changed. This regularly
combines with a significantly decreased admixture of
coarse-grain material, and a decrease in the mixture of
terrigenous material.

The sediments are characteristic for the middle
Oligocene, and, partly of the Miocene. They are also
present in the basal part of Site 348 at a depth of 446-
522 meters (late Eocene/early Oligocene).

3) Sediments formed in environments the greatest
distance from the shore boundaries (within the limits of
the first hundreds of kilometers) are usually deprived of
a sand fraction. In the palynocomplexes, either con-
iferales pollen supplied by air transport absolutely
dominates, or the composition of sporadic pollen and
spores is so random and incomplete that it is not possi-
ble to make conclusions or deductions. The complex of
phytoplankton cells and spore-pollen casings is
significantly poorer and, apparently, its significance in
these conditions is significantly lowered.

The sediments are basically found in the highest
horizons of the sections (Site 346, 44.5-110 m; Site 348,
37.5-284.5 m; Site 338, 76-161 m; and Site 345, 55-74
m). According to ages based on diatoms and
radiolarians, the sediments are Miocene and younger.
These ages are correlated with ages obtained from
palynological data.

As noted earlier, flora established on the basis of
palynological data, for the most part, is close to the
European-Turanian paleofloristic region. The late
Paleogene and early Neogene stage was enriched by an
Arcto-Tertiary element (so-called "Turgay complex"),
characteristic primarily of forest landscapes of
moderately warm latitudes of the Holarctic, in which
there were abundant (up to the early Miocene) and
variously represented conifers and angiosperms.
Among the latter representatives are dominant types
known among contemporary flora of the northern
hemisphere.

Early Paleogene flora included a significant number
of taxa of a subtropic root, and also a series of relics
from the first faunas of the third stage of the Cenophyte
(Danian-Paleocene), related to now extinct Amgiosper-
mae taxons, whose pollen is classified in formal
systematics.

At Sites 348 (346-522 m), 346 (110-187 m), 336 (339
m and 349-344 m), and 338 (285-408 m), the
palynoflora is represented basically by the following:
Leiotriletes sp., Leiotriletes adriensis W. Kr.,
Leiotriletes triangulis (Mür. et Pfl.) W. Kr., Leiotriletes
paramaximums W. Kr., Stereisporites sp. (3 sp.),
Triplanosporites sinuosus Th. et. Pfl., Triplanosporites
sp., Reticulatisporites sp., Reticulatisporites verrucatus
W. Kr., Retitriletes sp., Retitriletes pseudooculatus W.
Kr., Baculatisporites gemmatus W. Kr., Baculatisporites
nanus W. Kr., Camarozonotriletes minoris W. Kr.,
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Glëicheniidites sp., Gleicheniidites toriconcavus W. Kr.,
Verrucatosporites sp., Neogenispori sp., Intrapunc-
tisporites gracilis W. Kr., Concavisporites sp.,
Lusasporis sp., Osmundacites sp., Pittyosporites Seward
(3 sp.), Pittyosporites alatus (R. Po) Dacrydium sp.,
Podocarpus sp. (2 sp.), Sequoia sp., Sciadopytis sp.,
Keteeleria sp. (2 sp.) Piceites sp., Am* sert. Omorica,
Pinus sp. (4 sp.), /VAZMJ sec?. Taedae, Pinus bancsian-
naeformis Zakl., P/ΛMJ• reef. Cembrae, Pinus protocem-
bra Zakl., Pinus aff. koraiensis., Pinus singularis Zakl.,
Cedrus sp., Cedrus laxiretticulata Zakl., Cedrus

janschinii Zakl. Abietinaepollenites sp., Abies sp., Inter-
pollis supplingensis W. Kr. (Anacolosidites supplingen-
sis), Trudopollis pertrudens Pfl., Interporopollenites sp.,
Vacuopollis semiconcavus Pfl., Sporopollis sp.,
Sporopollis singularis Zakl., Complexiopollis sp.,
Tenerina sp., Plicatopollenites lunatus W. Kr.,
Triatriopollenites rurensis Pfl., Triatriopollenites
aroboratus Pfl., Triatriopollenites sp., Triporopollenites
giganteus Pfl., Triporopollenites palaeobetaloides W.
Kr., Intratriporopollenites microinstructus W. Kr. et
Roche, Pentapollenites laevigatus W. Kr., Tetrapollis
sp., Tricopopollenites sp. (2 sp.), Tricolporopollenites sp.
(2 sp.), Trivestibulopollenites betuloides Pfl.,
Plicatopollis sp. (3 sp.), Alnipollenites verus R. Pot.,
Myricites Krempii W. Kr., Myrica sp., Betula sp., Λ/«MS
sp. (2 sp.), Plicatopollis carpinoides, Engelhardtia sp.,
Cα/yα sp., Platycarya sp., Ulmoideipites krempii Ander-
son, f//ww5• sp., CW/w sp., Ericaceae (gen. et sp.),
Araliaceae (gen. et sp.), Caryapollenites simplex (r.
Pot.), Revesioepollenites sp., Aquilapollenites subtilis
Samoil., Triprojectus.

The most characteristic types of pollen and spores
are depicted on Plates 1 through 9.

It is necessary here to note that the present report
must be viewed as preliminary. Further study of the
materials from Leg 38 will be continued, and cor-
respondingly, the lists of fossils will be enlarged, and in-
terpretation of the data will be made more precise.

However, the analysis of even this preliminary data
shows almost identical floristic lists of palynocomplex-
es, and in characteristic taxons in these lists, with the
composition of characteristic taxons known from
classic locations of the so-called "Gelindenian" flora of
Belgium (Roche, 1973), the Paris basin and the
Hungarian lowland (Kedves, 1974), and central and
western Europe (Korallova, 1973). Although there is a
type of "incompleteness" of palynoflora obtained from
the Leg 38 samples, it is possible, at the same time, to
note established characteristic, correlative and key tax-
ons: Alnipollenites verus, Complexiopollis, Pen-
tapollenites la evigatus, Trudopollis, Sporopollis
singularis, Interpollis supplingensis, Oculopollis,
Plicatopollis, and Vacuopollis. These forms, as well as
many others, allow the conclusion for an indisputable
Eocene age of the sediments. Moreover, the basal sec-
tion of the holes is represented by the final phases of the
Eocene, or frontier horizons between the middle and
upper Eocene.

Palynoflora from the middle portions of Sites 346,
336, 338, 345 and 348 are significantly richer in types of
gymnospermae pollen (gymnosperms) the majority of
which are identical to Oligocene flora of the European-
Turanian region. The palynocomplexes include: Pinus

sect Australes, Pinus protocembrae, Pinus sect. Taeda,
Cedrus janschini, Abies, Picea, Picea sect. Eupiceae,
Picea sect. Omorica. These are characteristic, from the
late Eocene-early Oligocene, of the south of Western
Siberia, Turgay, north Kazakhstan, and northern Pre-
Aral. Several types of Tsuga appear.

However, distinguished from the complexes of the
Oligocene-early Miocene, among representatives of
gymosperm, are an insignificant number of represen-
tatives of types, whose natural habitats in their contem-
porary form, are linked with the southern hemisphere
{Podocarpus, Dacrydium).

In the composition of angiosperm pollen, there is
constant participation of the following representatives:
Yglans, Gary a, Pterocarya, Engelhardtia, Quercus,
Fagus, Alnus, Betula, Myrica, Tilia, Liquidambar, and
Ulmus. All of these types, with the exception of Tilia
and Liquidambar, are represented by several types of
pollen. The spore complex usually contains: Leiotriletes
adriensis, Stereiosporites, significant amounts of
Lycopodiales and Osmundaceae, and also
Polypodiaceae having spores of a bean-like form.
Complexes from deposits dated as Oligocene and lower
Miocene usually are almost entirely represented by
gymnosperm pollen, in whose composition the amount
of Taxodiaceae is significantly increased. Basically, this
is a type, close to Taxodium distichum, which together
with discoveries of the pollen Taxodium and Myrica
and Nyssa (Site 336, 168.5-254.0 m), indicates a moist
climate. At the same time, there is a significant im-
poverishment in the cell composition of planktonic
algae, and a sharp decrease in their quantitative con-
tent. This can indirectly serve as an indicator of
closeness to the shoreline, which favorably coincides
with the dominance in palynocomplexes of the pollen
Taxodiaceae, but not Pinaceae, whose pollen possesses
a distinctly larger area of distribution. Complex from
deposits dated as Miocene (upper part) usually are
almost entirely represented by pollen Pinaceae (mainly
Pinus). A similar combination is observed in the 176.0-
142.5 meter depth at Site 338, (late Oligocene, by
diatoms).

Palynoflora of the highest horizons at Sites 341, 342,
and 344 are dated as Neogene-lower Pleistocene, accord-
ing to Maliaslova (personal communication), and are
enriched with pollen of herbaceous plants of the
families Compositae, Cyperaceae, Gramineae,
Leguminosae, and Rosaceae. The flora includes a great
number of redeposited forms of pollen and spores from
the Mesozoic and Paleogene. The composition of
pollen from wood pulp plants is extremely poor and in-
cludes Pinus, Picea, Alnus, Betula, and Salix. Accord-
ing to the data available, it is difficult to establish any
kind of regularity in changes of the flora through the
sediment sequence.

CONCLUSIONS

In comparing the established palynoflora from
various stratigraphic levels in the holes with
palynoflora of the closest sectors, known from marine
and continental deposits revealed within the boundaries
of contemporary continents, it is possible to come to
the following conclusions (Figure 2).
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1) At an early stage of formation of the deposits (end
of the middle-late Eocene, perhaps the earliest phases
of the Oligocene) terrestrial flora located in the coastal
zones of the approaching sea were similar to the flora of
the European-Turanian paleofloristic region, and in
particular to its western and central provinces. The
flora from classical locations have been well studied,
and are well known in the literature. For the most part,
the palynostratigraphic horizons correlate well with the
zonal scale based on planktonic foraminifera.

These flora are, in essence, close to the Wilcox com-
plex (Texas) studied by Krutzsh (1969). In age and
evolutionary level, the Wilcox flora reveals a similarity
to palynoflora established in the basal horizons of Sites
336 and 338, and somewhat older palynoflora of the
basal horizons at Site 348. Apparently the flora es-
tablished, according to palynological data of the
coastlines, represented the last phase of the third and
the first phase of the fourth stages of the Cenophytic
associated with the middle and late Eocene boundary
when there occurred a significant re-formation of the
vegetable cover within the boundaries of the entire
northern hemisphere. This was particularly clearly
reflected in the irreversible replacement and significant
participation of the angiosperm flora. The angiosperm
pollen is classified in the class "Norma," by the rule in
the composition of all vegetable associations of
angiosperm taxa already known in the contemporary
flora of the earth.

2) Flora of the second stratigraphic level (Oligocene-
early Miocene) are absolutely identical with flora of the
"Turgay type" known in various sites of the Oligocene
and Miocene of western central Europe, the European
part of the USSR. They are also comparable with
palynoflora of the southern part of western Siberia, the
Crimera-Caucasian region, Turgay, and north
Kazakhstan. They are distinguished from it only by the
complete absence of pollen of herbaceous plants.

Flora of this level can be subdivided into two com-
plexes: (1) The late Oligocene-early Miocene complex
characterized by abundance of Taxodiaceae, Pinaceae,
and broad-leaved rocks. (2) The early-middle Oligocene
complex. It abounds in various Pinaceae (Pinus, Tsuga,
Picea, Abies), coniferous pollen of the southern
hemisphere — Podocarpus and Dacrydium being pre-
sent as well.

3) The combination of data from palynological
analyses, qualitative indicators, such as the filling out
and typological diversity of pollen of various groups of
plants and cells of phytoplankton, and also the diversi-
ty in lithological composition of the sediments, allows
one to establish an idea of the intensity and schedule of
formation of oceanic drift between the continents of
North America and Eurasia. In schematic approxima-
tion, it is possible to imagine that during the Eocene in
the northern regions of the Atlantic, the shoreline of the
continents was located relatively close to the site areas
studied. This is indicated by the admixture of coarse-
grained material in the deposits, and by the abundance
and diversity in the composition of angiosperm pollen
in the palynocomplexes, and relative poverty of the
phytoplankton content. During the Oligocene, the tem-
po changed several times, and the "shallowing" of the

basin can be compared with the time during the late
Oligocene, when in the region of Site 336, clay was
deposited containing an abundance of Taxodum, and a
varied complex of angiosperm pollen. However, as a
whole, the Oligocene-Miocene stage apparently coin-
cided with the active implementation of spreading;
which is testified to by the predominantly rich and
varied complex of planktonic flora, and the
predominance (though not absolute) of gymnosperm
pollen in the overwhelming majority of palynocomplex-
es for the entire section.
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PLATE 1

(Magnification: all ×IOOO)

Figures 1, 2 Lycopodium sp. Site 348, Core 8-CC, Sample No.
350 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences, USSR, Pliocene.

Figure 3 Polypodiaceae. Site 348, Sample 8-CC, Sample
No. 350 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences, USSR, Pliocene.

Figure 4 Pinus silvestris L. Site 348, Sample 5, CC, Sample
No. 346 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences, USSR,
Pleistocene.

Figure 5 Picea sp. Site 348, Sample 8-CC, Sample No. 350
k/m, Collection No. 3948, Geological Institute of
Academy of Sciences, USSR, Pliocene.

Figure 6 Tsuga sp. Site 348, Sample 8-CC, Sample No. 350
k/m, Collection No. 3948, Geological Institute of
Academy of Sciences, USSR, Pliocene.

Figures 7, 8 Ranunculaceae. Site 348, Sample 5, CC, Sample
No. 346 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Pleistocene.

Figures 9, 10 Chenopodiaceae. Site 348, Sample 8, CC, Sample
No. 350 k/m, Geological Institute of Academy of
Sciences USSR, Pliocene.

Figure 11 Betula sect. Albae. Site 348, Sample 8, CC, Sample
No. 350 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Pliocene.

Figure 12 Betula sect. Albae Site 348, Sample 4, CC, Sample
No. 346 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences, USSR,
Pleistocene.

Figure 13 Betula sect. Nanae. Site 348, Sample 8, CC, Sam-
ple No. 350 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Pliocene.

Figure 14 Betula sect. Nanae. Site 348, Sample 8, CC, Sam-
ple No. 350 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Pliocene.
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PLATE 2

(Magnification: all ×IOOO)

Figures 1-3 Pteridium sp. Site 338, Sample 8-3, 40-42 cm, Sam-
ple No. 380 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Miocene.

Figure 4 Cyathea sp. Site 345, Sample 6-2, 118-120 cm,
Sample No. 561 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences,
Miocene.

Figure 5 Osmunda sp. Site 338, Sample 8-3, 40-42 cm, Sam-
ple No. 380 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Miocene.

Figure 6 Reticulatosporites (Lycopodium), Site 338, Sample
8-3, 40-42 cm, Sample No. 380 k/m, Collection
No. 3948, Geological Institute of Academy of
Sciences USSR, Miocene.

Figure 7 Tsuga sp. Site 348, Sample 11, CC, Sample No.
353 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Miocene.

Figure 8 Taxodium sp., Site 338, Sample 8-3, 40-42 cm,
Sample No. 380 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences,
USSR, Miocene.

Figure 9 Taxodium sp. Site 338, Sample 8-3, 40-42 cm, Sam-
ple No. 380 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Miocene.
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PLATE 3

(Magnification: all ×IOOO)

Figures 1, 2 Pinus sect. Cembrae. Site 345, Sample 6-2, 118-120
cm, Sample No. 561 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 3 Pinus sect. Eupitys. Site 338, Sample 8-3, 40-42
cm, Sample No. 380 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 4 Pinus sp. Site 348, Sample 11, CC, Sample No. 353
k/m, Collection No. 3948, Geological Institute of
Academy of Sciences USSR, Miocene.

Figure 5 Pinus sect. Cembrae. Site 348, Sample 11-CC,
Sample No. 353 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 6 Pinus sect. Eupitys. Site 348, Sample 12-CC, Sam-
ple No. 354 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR, Miocene.
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PLATE4
(Magnification: all ×IOOO)

Figure 1 Tilia sp. Site 345, Sample 6-2, 118-120 cm, Sample No. 561 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 2 Juglans sp. Site 348, Sample 11 -CC, Sample No. 353 k/m, Collec-
tion No. 3948, Geological Institute Academy of Sciences USSR,
Miocene.

Figure 3 Pterocarya sp. Site 348, Sample 12-CC, Sample No. 354 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figures 4, 5 Quercus sp. Site 345, Sample 6-2, 118-120 cm, Sample No. 561 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figures 6, 7 Fagus sp. Site 338, Sample 8-3, 40-42 cm, Sample No. 380 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 8 Betula sp. Site 346, Sample 8-3, 40-42 cm, Sample No. 417 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 9 AlnusspA. Site 345, Sample 6-2, 118-120 cm, Sample No. 561 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 10 Alnus sp.2. Site 338, Sample 8-3, 40-42 cm, Sample No. 380 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 11 Ulmus sp. Site 348, Sample 12, CC, Sample No. 354 k/m, Collec-
tion No. 3948, Geological Institute of Academy of Sciences USSR,
Miocene.

Figure 12 Tricolpites sp.l. Site 338, Sample 8-3, 40-42 cm. Sample No. 380
k/m, Collection No. 3948, Geological Institute of Academy of
Sciences, USSR, Miocene.

Figure 13 Tricolpites sp.2. Site 338, Sample 8-3, 40-42 cm. Sample No. 380
k/m, Collection No. 3948, Geological Institute of Academy of
Sciences USSR, Miocene.

Figure 14 Ericaceae. Site 338, Sample 8-3, 40-42 cm. Sample No. 380 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 15 Tricolporopollenites sp. Site 338, Sample 8-3, 40-42 cm, Sample No.
380 k/m, Collection No. 3948, Geological Institute of Academy of
Sciences USSR, Miocene.

Figure 16 Tricolpites sp. Site 338, Sample 8-3, 40-42 cm, Sample No. 380 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences
USSR, Miocene.

Figure 17 Tricolpites (Quercus) Site 338, Sample 8-3, 40-42 cm, Sample No.
380 k/m, Collection No. 3948, Geological Institute of Academy of
Sciences USSR, Miocene.
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PLATE 5

(Magnification: all ×IOOO)

Figure 1 Cyathea sp. Site 346, Sample 8-2, 80-82 cm, Sam-
ple No. 423 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 2 Osmunda sp. 1. Site 346, Sample 10-3, 55-57 cm,
Sample No. 428 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 3 Lycopodium sp. Site 346, Sample 9-2, 106-108 cm,
Sample No. 425 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 4 Osmunda sp. 2. Site 346, Sample 8-2, 80-82 cm,
Sample No. 423 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 5 Polypodiaceae. Site 346, Sample 9-2, 106-108 cm,
Sample No. 425 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 6 Leiotriletes sp. Site 346, Sample 8-2, 80-82 cm,
Sample No. 423 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 7 Osmunda sp. Site 346, Sample 9, CC, Sample No.
453 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 8 Polypodiaceae. Site 346, Sample 8-2, 80-82 cm,
Sample No. 423 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 9 Leiotriletes sp. Site 346, Sample 10-1, 60-62 cm,
Sample No. 427 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 10 Polypodiaceae, Site 348, Sample 26, CC, Sample
No. 367 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 11 Gleicheniidites sp. Site 338, Sample 14-3, 65-67 cm,
Sample No. 385 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 12 Polypodiaceae. Site 346, Sample 9, CC, Sample
No. 453 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 13 Sphagnum sp. Site 348, Sample 26, CC, Sample
No. 367 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.
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PLATE 6

(Magnification: all ×500)

Figure 1 Picea sp. Site 346, Sample 10-3, 55-57 cm, Sample
No. 428 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 2 Tsuga krutzschii Sivak. Site 338, Sample 19-3, 60-
62 cm, Sample No. 388 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 3 Tsuga cf. diversifolia. Site 346, Sample 10-3, 55-57
cm, Sample No. 428 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 4 Picea sp. Site 346, Sample 9-2, 106-108 cm, Sample
No. 425 k/m, Collection No. 3948, Academy of
Sciences USSR, Oligocene.

Figure 5 Tsuga sp. Site 246, Sample 9-2, 106-108 cm, Sam-
ple No. 425 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 6 Tsuga sp. Site 346, Sample 10-3, 55-57 cm, Sample
No. 428 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 7 Keteleeria sp. Site 346, Sample 11-2, 100-102 cm,
Sample No. 429 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 8 Abies sp. Site 346, Sample 8-2, 80-82 cm, Sample
No. 423 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 9 Pinus sibiricaeformis Zakl. Site 346, Sample 6-4,
60-62 cm, Sample No. 420 k/m, Collection No.
3948, Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 10 Pinus sect. Strobus. Site 346, Sample 9-2, 106-108
cm, Sample No. 425 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 11 Pinus ponderosseformis Zakl. Site 346, Sample 7-1,
90-92 cm, Sample No. 42 k/m, Collection No.
3948, Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 12 Pinus sect, banksianaeformis Zakl. Site 338, Sam-
ple 19-3, 60-62 cm, Sample No. 388 k/m, Collec-
tion No. 3948, Geological Institute of Academy of
Sciences USSR, Oligocene.

Figure 13 Cedrus pusilla Zakl. Site 346, Sample 6-4, 60-62
cm, Sample No. 420 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.
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Figure 1 Tsuga cf. diversifolia. Site 346, Sample 11-2, 100-
104 cm, Sample No. 429 k/m, Collection No.
3948, Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 2 Cedrus sp. Site 348, Sample 26, CC, Sample No.
367 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 3 Pinus sibiricaeformis Zakl. Site 346, Sample 9-5,
60-62 cm, Sample No. 426 k/m, Collection No.
3948, Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 4 Pinus sect., Banksia. Site 336, Sample 15, CC,
Sample No. 591 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 5 Pinus sp. Site 346, Sample 8-2, 80-82 cm, Sample
No. 423 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 6 Taxodium sp. Site 336, Sample 18, CC, Sample
No. 586, Collection No. 3948, Geological Institute
of Academy of Sciences USSR, Oligocene.

Figure 7 Sequoia sp. Site 338, Sample 8-3, 40-42 cm, Sample
No. 380 k/m, Collection No. 3948, Geological
Institute of Academy of Sciences USSR,
Oligocene.

Figure 8 Taxodium sp. Site 338, Sample 13-6, 60-62 cm,
Sample No. 383 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.

Figure 9 Pinus protocembrae Zakl. Site 346, Sample 9-5, 60-
62 cm, Sample No. 426, Collection No. 3948,
Geological Institute of Academy of Sciences
USSR, Oligocene.
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Figure 1 Cyclocarya sp. Site 336, Sample 18-3, 78-81 cm, Sample No. 585 k/m, Collec-
tion No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 2 Juglana sp. Site 338, Sample 18, CC, Sample No. 586 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 3 Myrica sp. Site 346, Sample 8-2, 80-82 cm, Sample No. 423 k/m, Collection
No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 4 Myrica sp. Site 348, Sample 26, CC, Sample No. 367 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 5 Betula sp. Site 336, Sample 23-3, 60-62 cm, Sample No. 347 k/m, Collection
No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 6 Myrica sp. Site 346, Sample 6-2, 90-92 cm, Sample No. 419, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 7 Betula sp. Site 346, Sample 6-2, 90-92 cm, Sample No. 419 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 8 Comptonia sp. Site 336, Sample 15, CC, Sample No. 591 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 9 Alnus sp. Site 345, Sample 6-2, 118-120 cm, Sample No. 561 k/m, Collection
No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 10 Engelhardtia sp., Site 346, Sample 9, CC, Sample No. 453 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 11 Engelhardtia sp. Site 346, Sample 9, CC, Sample No. 453 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 12 Castanea sp. Site 346, Sample 9-5, 60-62 cm, Sample No. 426 k/m, Collection
No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 13 Ericaceae. Site 346, Sample 9, CC, Sample No. 453 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 14 Ericaceae. Site 346, Sample 9, CC, Sample No. 453 k/m, Collection No. 3948,
Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 15 Ericaceae. Site 346, Sample 8-2, 80-82 cm, Sample No. 423 k/m, Collection
No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 16 Tricolpites sp. Site 338, Sample 18, CC, Sample No. 586 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 17 Tricolpites sp. Site 338, Sample 22-3, 54-56 cm, Sample No. 391 k/m, Collec-
tion No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 18 Tricolporopollenites sp. Site 338, Sample 18, CC, Sample No. 586 k/m, Collec-
tion No. 3948, Geological Institute of Academy of Sciences USSR, Oligocene.

Figure 19 Tricolporopollenites sp. Site 338, Sample 19-3, 30-32 cm, Sample No. 388 k/m,
Collection No. 3948, Geological Institute of Academy of Sciences USSR,
Oligocene.

Figure 20 Angiospermae. Site 348, Sample 26, CC, Sample No. 367 k/m, Collection No.
3948, Geological Institute of Academy of Sciences USSR, Oligocene.
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Figure 1 Leiotriletes adriensis W. Kr. Site 346, Sample 14-2,
103-107 cm, Sample No. 435 k/m, Eocene.

Figure 2 Stereisporites minor Roatz, W. Kr. Site 346, Sam-
ple 19-2, 33-35 cm, Sample No. 443 k/m, Eocene.

Figures 3, 4 Retitrisporites pseudoclavatus W. Kr. Site 346,
Sample 18-3, 80-82 cm, Sample No. 442 k/m,
Eocene.

Figure 5 Cedrus laxireticulatus Zakl. Site 346, Sample 20-1,
123-125 cm, Sample No. 444 k/m, Eocene.

Figure 6 Triporopollenites grandis Kedv. Site 346, Sample
19-2, 33-35 cm, Sample No. 443 k/m, Eocene.

Figure 7 Complexipollis sp. Site 346, Sample 14-2, 105-107
cm, Sample No. 435 k/m, Eocene.

Figure 8 Sporopollis singularis Zakl. Site 346, Sample 18-1,
62-64 cm, Sample No. 441 k/m, Eocene.

Figure 9 Triatriopollenites rorubituites Pfl. Site 346, Sample
18-1, 62-64 cm, Sample No. 441 k/m, Eocene.

Figure 10 Interpollis supplingensis W. Kr. Site 346, Sample
20-1, 123-125 cm, Sample No. 444 k/m, Eocene.

Figure 11 Alnipollenites verus R. Pot. Site 346, Sample 20-1,
33-35 cm, Sample No. 443 k/m, Eocene.

Figure 12 Aquilapollenites subtilis Samoil. Site 346, Sample
12-3, 114-116 cm, Sample No. 448 k/m, Eocene.

Figure 13 Triprojectus sp. Site 346, Sample 14-2, 103-107 cm,
Sample No. 435 k/m, Eocene.

Figure 14 Trudopollis sp. Site 346, Sample 13-3, 114-116 cm,
Sample No. 434 k/m, Eocene.

Figure 15 Anacolosidites supplingensis W. Kr. Site 346, Sam-
ple 14-2, 105-107 cm, Sample No. 435 k/m,
Eocene.

Figure 16 Engelhardtia sp. Site 346, Sample 20-1, 123-125
cm, Sample No. 444 k/m, Eocene.
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