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Possibilities for reconstructing the paleoclimate of the paleogene
and neogene based on the study of fossil flora (using the example
of the paleoflora of the Uly-zhilanshik river)

Abstract. The article provides an analysis of Cenozoic floras collected and studied at different
times in the valley of the Uly-Zhilanshik River (South Torgai Depression, Kazakhstan), and
also discusses the prospects for reconstructing the Cenozoic paleoclimate based on the study of
fossil floras. The Uly-Zhilanshchik River valley is a key area for understanding the processes of
environmental change in the Paleogene and Neogene. These studies of these paleofloras make
it possible to reconstruct paleogeographical conditions: paleolandscapes and climate change.
It was shown that floras of the same age were not of the same type and had their own regional
characteristics. Floristic composition represented in floras from sediments of different ages
along the river. Uly-Zhilanshik, allows us to trace the stages of retreat of the Chegan Sea and
further aridization of the territory.

The article was prepared during the implementation of the grant project AP19677563 “Study
of paleoflora and climate of Central Kazakhstan at the boundary of the Oligocene and Miocene
and the initial stage of desertification of the region” (2023 —2025)

Key words: Uly-Zhilanshik, paleoflora of the Torgai type, fossil floras, Paleogene, Neogene,
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Introduction

Southern Torgai is a necessary area for the transformation of the processes of formation
and development of the steppe and desert zones of Eurasia [1]. It is located in the central part of
the Kazakh shield, separating the West Siberian and Turanian plates. In this territory, from the
beginning of the Cenozoic, a continental regime was established with landscapes of denudation
conditions and low highlands, which served as a kind of buffer between the marine regime in the
western part of Kazakhstan and the purely continental regime in the eastern part. On the territory
of Central Kazakhstan, Cenozoic deposits are well exposed and contain rich paleontological
material, on the basis of which it is possible to determine both the relative age of the deposits and
its paleogeographic characteristics and climate.

Studying and identifying the direction of development of paleofloras of Central Kazakhstan
is fundamentally important for understanding the general direction of change in the composition
of ancient and modern floras of Eurasia, since they reflect the characteristics of the vegetation
of Western Kazakhstan, Central Asia and Western Siberia, being a connecting link and one of
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the main sources of flora migration. Within the framework of the grant project AP19677563
“Research of the paleoflora and climate of Central Kazakhstan at the boundary of the Oligocene
and Miocene and the initial stage of desertification of the region” (2023-2025), extensive geological
and paleontological material was collected, allowing for a review of previously completed studies
of the fossil floras of Central Kazakhstan and Turgai and highlighting the most interesting areas
in paleogeographical terms.

An unique object for studying the diversity of Paleogene and Neogene paleoflora is the
Turgai trough, where thick Cenozoic continental deposits with a high saturation of these strata
with organic, and in particular plant remains are developed and exposed in many places [2].

The Uly-Zhilanchik River (Kazakh: Uly Zhylanshyk) is located in the eastern part of the
South Turgai Plain, in the Kostanay region, Amangeldinsky and Dzhangeldinsky districts,
formed at the confluence of the Dulygaly and Ulken-Zhilanchik rivers, which in turn originate
in the Ulytau Mountains. In Russian-language (Soviet) sources it may also be called Zhylanshy
and Zhilanchik.

Uly-Zhylanshyk flows to the northwest, then turns to the southwest. It flows into the
drainless salt lake Akkol. The territory of the Uly-Zhilanchik arc (cliffs of the bank of the Uly-
Zhilanchik River and adjacent territories) is interesting because continental Paleogene-Neogene
deposits with unpredictably rich plant remains are exposed here in many places. These include
such well-known locations of fossil plants as Nausha, Bolattam, Tortmola, Myneskesuek, Sarysay;,
Altyn-zhar, Erzhilansai, Kushuk.

In the composition of these paleofloras, a large number of fossil species new to science and
endemic to the Turgai trough have been identified. Myrica turgaica Kornilova was first known
from Tortmola, and Lindera ovata Kolakovski was first established on the territory of Kazakhstan
from here. In Myne skesuek, along with the flora, M. D. Biryukov collected the remains of the
skeleton of pristinotherium. The flora includes, along with the usual cosmopolitan species of
Turgai floras, Cassia phaseolites Ung., Weinmannia microphylla Heer. The composition and
paleoflora of the Akmola (Bolattam) location is interesting. From there the following were
identified for the first time: Cedrus kazachstabica Bud., Acer monoides Kirich., Schap., Tilia
multinervis Kornilova, Cercis turgaica Usn. Imprints of flowers of Carpenteriantus turgaicus
Bors were collected from the Naush locality. The Lower Miocene Burdigalian flora of Kushuk
is represented by small-leaved mesoxerophytic species, among which there are also many new
to science - Peryploca kryshofovichii Kornilova, Sorbaria callicomaefolia Kornilova, Vaccinium
paiaeoretusum Kornilova, Trapa vassiljevii Kornilova and many others.

Floristic complexes studied from these places make it possible to reconstruct the history
of the development of the Kazakh flora from the early Oligocene to the Miocene, as well as to
establish the stages of gradual climate aridization, which subsequently led to the desertification
of this region [3].
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Figure 1. Map of the Torgai region

Objects and methods of research

Plant remains “imprints” are cavities formed as a result of plant parts getting into the rock
and its further hardening. Moreover, in the hardened rock the process of smoldering of organic
residues continues, as a result only a cavity remains, which in its shape corresponds to the original
part of the plant. One such print then consists of two parts - a print and a counterprint, as they
are not entirely correctly called, which correspond to the top and bottom sides of the sheet. In
rare cases, under special conditions of fossilization, remains of phytoleims are preserved.

Fossil plant sites are rock outcrops or outcrops where imprints of leaves, fruits, stems, falling
shoots, cones, and inflorescences of higher plants are preserved.

Comparison of the size of the leaf blade, its shape, the shape of the apex and base of the leaf,
the type of serration and venation with previously studied fossils, as well as modern species,
allows us to establish the systematic affiliation of the specimen. To determine the ecological
appearance, paleoecological methods are used:

the method of Bailey and Sinnott, based on the study of the ratio of leaves of simple and
complex, with smooth and serrated edges, with pinnate and palmate venation, since all these
characteristics are associated with climatic conditions [4];

the method of Axelrod and Bailey, supplementing the above with an analysis of the size of
the leaf blade, since a reduction in leaf size usually indicates a water deficit [5].

To the history of studying the issue. The study of fossil plants on the territory of the
Turgai trough has a history of almost a century and a half and, despite the seemingly sufficient
knowledge, at the present stage remains very promising for paleobotanical research, clarification
of the conditions of climate change and the environment. The first collections of plant remains
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in the Turgai trough were made by A.I. Antipov in 1856-57, when he discovered signs of coal
content in the form of deposits of brown coal and lignite in the Zhar-Kue (Yar-Kue) tract [6].
The selected plant imprints were identified by the Swiss paleobotanist O. Geer and identified 11
species of woody plants: Taxodium dubium Heer, Sequoia langsdorfii Heer, Carpinus grandis
Heer, Corylus insignis Heer, Fagus antipovii Heer, Quercus nimrodii Ung., Q. drymeja Heer,
Ficus populina Heer, Dryandra Ungeru Ett., Ziziphus tiliaefolius Heer, Liquidambar sp. [7, 8]. O.
Geer compared the Turgai collection with the tertiary plants of Switzerland, which had been well
studied by that time, and concluded that the fossil flora of the “Kyrgyz steppe” was preserved
in freshwater deposits of the Oligocene, which correspond to the lower freshwater mollas of
Switzerland.

By the end of the 40s of the 20th century, more than 60 species of fossil plants were known
in the fossil floras of the Turgai trough.

From 1946 to 1958 On the territory of the Turgai trough, in connection with widespread
geological exploration work, a complex geological and paleontological expedition of the Academy
of Sciences of Kazakhstan carried out work. Research was carried out on various paleobotanical
objects: L.Yu. studied plant macroremains. Budantsev, A.I. Kirichkova, V.S. Kornilov, spores and
pollen were analyzed by R.Ya. Abuzyarova, E.P. Boytsova, Z.K. Zhuchenko, T.V. Pogodaeva, .M.
Pokrovskoy, L.N. Rzhannikova, fruits and seeds were determined by P.I. Dorofeev. During this
time, many new localities of fossil flora and fauna were discovered [9-12].

In the work of S.G. Zhilin, a new approach to dating the floras of Western Kazakhstan
and Turgai was proposed [13]. Thus, he attributed the paleofloras of Shintuzsay, Murunchik,
Zhaman-Kaindy to the Middle Oligocene (Ruppel), the floras of Bolattam, Zharkuye Zhilin S.G.
dates back to the Upper Oligocene (Hattian), and Erzhilansai and Nausha to the Early Miocene
(Aquitanian). This dating by S.G. Zhilin proposed based on the results of comparison with
paleofloras of Northern Ustyurt, dated paleofaunistically.

Comparison of the paleoflora of the river Uly-Zhilanshchik and paleogeography of the time
of their existence. The territory of the Turgai trough and adjacent regions of Western and Eastern
Kazakhstan is very interesting and favorable for learning the history of the development and
evolution of flora and climate of the Cenozoic era.

P.V.Shilin [14] believed that during the Paleocene and Eocene there was aradical restructuring
of floras. The beginning of this stage corresponds to the time of development and formation of
thermophilic subtropical flora, which is characterized by the almost complete absence of ferns,
weak participation in plant groups of conifers, single occurrence of monocots, tree and shrub
species of various families of angiosperms, mainly with tropical and subtropical habitats, are
predominant. The entire plant complex is characterized by quite distinct thermophilicity [15].

In Eastern Kazakhstan [15, 16] it corresponds to the Kiin-Kerish stage. Its beginning
corresponds to the time of development of thermophilic flora, in which, as I. A. Ilyinskaya
emphasized [17], various species of extinct genera are noted, conditionally attributed to
the family Platanaceae-Protophyllim, Protoacerophyllum, Zaissania. At the same time, “a
significant increase in the subtropical Gelinden element is observed” [16], in particular, the
genus Dryophyllum appears and achieves great diversity. At the end of the Romankol-Karasor
and Kiin-Kerish stages, natural taxa develop predominantly; they account for 70% of all genera
and 76% of species known in the flora.

Since the Oligocene, which marks the beginning of the Late Cenophyte, a radical
restructuring of the flora took place in the territory under consideration. The subtropical Eocene
flora is replaced by a fundamentally different mesophilic flora of the Turgai evolutionary-time
stage. Its composition involves mainly natural taxa, modern analogues of which now live within
two continents - America and Eurasia.

The floras of the beginning and end of the Turgai stage have some peculiarities. The first of
them (the beginning of the Middle Oligocene) covered the time of development of taphofloras,
well known from the Shintuzsay, Tortmola, Zhaman-Kaindy and Myneske-Suek localities. The
beginning of the stage is characterized by a mixed flora of subtropical and a small number of
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temperate broad-leaved elements. As noted by V.S. Kornilova [3], on the territory of the Turgai
trough in the early-middle Oligocene, the participation of evergreen elements in floras was
constantly decreasing, and the diversity of broad-leaved trees was increasing. As a result, the
floras of the early Middle Oligocene were already dominated by deciduous forms of temperate
and warm-temperate climates, although individual elements of subtropical floras were still
preserved: Cinnomomum, Palibinia, Lomatia, etc. The most ancient taphocenoses of this time
were forest: coniferous-deciduous, with the participation of evergreens and mesoxerophilous.
Myrica species are found everywhere; apparently, they were part of plant groups on the sea
coast, and then on other bodies of water.

The flora of the beginning of the Turgai stage from the Shintuzsay locality has been the most
studied [18-21]. The following species are noted in its composition: Salvinia natanella Schap.,
Taxodium dubium Heer, Populus grandifera Heer, Populus sp., Pterocarya paradisiaca Iljinskaja,
Lautus primigenium Ung., Laurophyllum sp., Cinnamomum scheuchzeri Heer, Cinnamomum
sp., Sassaftas turgaicum Kornilova, Cercidiphyllum crenatum (Ung.) Brown., Liquidambar
europeaum A. Br., Cercis cf. turgaica Uan., Aser angustilobum Heer, Ziziphus tiliaefolius Heer,
Pistacea oligocenica Mar., Andromeda protogea Ung., A. vacciniaefolia Heer, Dryandra sp. [20].
It consists of 22 species, one species of ferns (Salvinia natanella Schap.), one of gymnosperms
(Taxodium dubium Heer.) and 20 species of angiosperms. Ferns and gymnosperms have not
yet been established in the Tortmoly flora. Ferns, of which there are 23 species, are represented
by both warm-temperate species (Cercidiphillum crenatum, Zelkova zelkovifollia, Pterocarya
paradisiaca, Magnolia inglefieldii), and evergreen and xerophilous elements, possible relicts of
the Eocene time - Cinnamomum schuchzerii Heer, Laurus primigenia Ung., Phus turcomanica
(Krysht ) Kornilova, Partenocissus duligalensis Tokar, Leoconthoe protogea Ung.

In the adjacent territory of the Northern Aral Sea region, the stratigraphically most ancient
flora of the Turgai evolutionary-time stage is the Kumbulak flora on the coast of Butakova Bay,
the remains of which are preserved in clayey silts and clays of the Kutanbulak formation [22].
Judging by the systematic composition, the same picture of the development of the flora of the
beginning of the Turgai evolutionary-time stage is observed. Eocene relics are also preserved
here, among which, according to G.S. Rayushkina [23], some can be considered as edificators
of coasts (Myrica) and coastal areas (Sequoia, Cinnamomum). Characteristic forest formations
were redwood, broadleaf slope and valley forests of zelkova, maples, elms, sassafras, oak, with
brown laurel in the understory.

A completely similar flora developed in other regions of Kazakhstan, in particular in the
Zaisan depression, where in general it is more diverse.

Already in the second half of the Middle Oligocene, the flora of the Shintuzsay type, which
characterized the beginning of the stage, was replaced by a purely mesophilic forest, in which
Eocene relicts were practically absent. This time marks the beginning of the second half of the
Turgai evolutionary-temporal stage, covering the development of Early Miocene floras known
in the territory of the Turgai trough. Their main feature was the almost complete disappearance
of evergreen and subtropical elements. Ferns are rare. Among them are Osmunda doroschiana
Goepp., O. heeri Gaud et Strozzi, Woodwardia sp., Asplenim tenerum Lesq., Lygodium sp.,
Dryopteris sp. [20]. At that time, aquatic ferns of the genus Salvinia reached a significant
flourishing on the territory of Kazakhstan; 5 species grew here: Salvinia natanella Shap., Salvinia
paleopilosae Shap., Salvinia cerebrata Nikit (megaspores), Salvinia sp. (megaspores) [15, 24]. All
species diversity was concentrated in the Turgai trough region. According to V.S. Kornilova, the
reservoirs of the Turgai Plain after the retreat of the Chegan Sea became one of the centers of
species diversity of aquatic ferns, especially salvinia in Northern Asia [18]. Conifers are also rich,
among which the most typical are species of the Taxodiaceae family from the genera Taxodium,
Metasequoia, Glyptostrobus, and some genera of other families: Cedrus, Pseudolarix, Pinus and
others [21].

Noteworthy is the generic and species diversity of flowering plants: Cercidiphillum
crenatum, Lequidambar europea, Fagua antipofii, Quercus alexeevii, Quercus antipofii, Carpinus
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subcordata, Carpinus grandis, Corylus jarmolencoi, Pterocarya paradisiaca, Phellodenrdon
grandifollium, Carpenteriantus turgaicus, Sassafras ferretianum, Cerci s turgaica, Aser monoides
, Aser tricuspidatum, Ulmus carpinoides, Ulmus drepanodonta, Fraxinus nigrifolia, Populus
latior, Populus balsamoides. Apparently, in the late Oligocene and early Miocene times, swampy
forests with swamp cypress (Taxodium), rich coniferous-deciduous forests with metasequoia,
cedar, beech, oaks, maples and many other woody plants existed everywhere in Kazakhstan
around numerous flowing and still water bodies. watersheds.

The floras of Kazakhstan, uniform in type, were not completely identical and had regional
characteristics in the western and eastern parts. Only in Western Kazakhstan plant complexes
were the species Fraxinus dubia Budans., Sorbus praetorminalis Krysht. et Baik., Aser kinjakense
Zhilin, Cotinus lavrovii Budans. According to G.S. Rayushkina [25], these differences are
explained by paleogeographical features, but we believe that along with the geographical factor
of the time of development of Oligocene floras, there was also a paleogeographical factor of
the previous evolutionary stages (Romankol-Karasor in the west and Kiinkerish in the east of
the country). And, probably, the differences in the floras of the Turgai stage are inherited from
previous floras.

Outside of Kazakhstan, these floras are close to the Sarmatian flora of the Ambrosievka
locality [26], located on the territory of Ukraine, in the river basin. Krynki. The number of common
species reaches 8, and the number of common genera of these floras is 15. There are absolutely
no gymnosperms in the floristic complex of Ambrosievka. Monocots are numerous, mainly
representatives of the family Cyperaceae; evergreen forms are included in the composition of
angiosperms. The paleoflora of Erzhilansai is somewhat older than that of Ambrosievo, which
explains these differences [27].

The floristic complex of Erzhilansai shows a noticeable similarity with the flora of the
Ciscarpathian region [28]. Along with the general species, of which there are 11, the flora of
the Ciscarpathian region also includes representatives of genera not found in Erzhilansai, such
as Salix, Myrica, Carya, Fagus, Celtis, Aristolochia, Parrotia, Podogonium, Rhus, Rhamnus,
Berchemia, Cornus. In the composition of the flora of the Ciscarpathian region, the participation
of subtropical elements characteristic of the floras of the Poltava ecological appearance is quite
significant. The absence of such in the Erzhilansai paleoflora is its main difference from the
typical European floras of the Turgai ecological type of the Ciscarpathian region.

A noticeable similarity between the types of floras appears with the paleofloras of the Far
East and Primorsky Krai. The Aquitanian flora of Erzhilansai has 8 common species with the
Paleogene flora of Sakhalin [28]. All of them are typical representatives of the Turgai ecological
floras. Along with them, this flora includes species of the genera Myrica, Castanea, Celtis, Fecus,
Ribes, Corylopsis, Platanus, Vaccinium, etc.

By the end of the Turgai evolutionary-time stage, the composition of forests becomes
significantly depleted due to the loss of coniferous and many broad-leaved species. The flora is
becoming increasingly xerophytic, depleted of elements of forest tree species of warm-temperate
and humid climates, being replaced by mesoxerophilic species, and shrub and herbaceous
communities are widespread. With the expansion of mesoxerophilic formations, a radical
restructuring of the entire flora occurs and a new Kushuk stage of its historical development
begins. The remains of plants from this stage are preserved in the Kushuk locality. The Kushuk
stage is characterized by xerophytic, ancient Mediterranean (according to V.S. Kornilova) flora
with a predominance of mesoxerophytic species - especially oaks. Some species included in
its composition indicate continuity from more ancient floras of Western Kazakhstan: Salvinia
mildeana Goepp., Populus latior A. Br., Pterocarya paradisiaca Iljinskaja, Betula subpubescens
Goepp., Ulmus carpinoides Goepp., Zelkova zelkovifollia Buzek et Kotlaba, Peryploca
kryshtofovichii Kornilova. Another group includes plants known in Kazakhstan so far only from
the Kushuk locality. These are Salvinia kryshtofovichiana Shap., Salix integra Goepp., Sorbatia
callicomifollia Kornilova, Gleditsia allemanica Heer, Mirtus minor Ung., Trapa vassiljevi
Kornilova, Vaccinium palaeoretusum Kornilova, Fraxinus praedicta (Goepp.) Heer. As noted by
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V.S. Kornilov, flowering plants, with few exceptions, are represented by deciduous small-leaved
forms. The place of mesophiliclarge-leaved plants of the Turgai stage was taken by mesoxerophilic
forms, modern analogues of which now live in Western Asia and the Mediterranean [19].

The Early Miocene flora of Aktau is dominated by black poplars, numerous legumes, tree-
trees, elms, and xerophytic oaks and pistachios are known [30].

How the flora developed later can be judged from the plant remains preserved in the
Middle Miocene deposits of Kazakhstan outside the Turgai trough. For example, (data from V.S.
Kornilova [18]) in the younger, mid-late Miocene floras of the Kochkor and Tekessoy depressions
of the Tien Shan, more than 50 species have been established. Among them, the willow family
stands out for the number of prints and the largest number of representatives. The zonal type of
vegetation of this time was probably forests and xerophilous woodlands, consisting of juniper,
Caracas, barberry, almond, legumes, etc. Tugai forests were dominated by turanga poplars
and coastal communities with reeds, which is also characteristic of the features of the modern
landscape.

The locations of leaf imprints from the end of the Neogene and Quaternary periods of the
Cenozoic era in Kazakhstan and in particular in the Turgai trough were practically unknown
until recently. Therefore, information about the formation of modern flora of lowland areas is
very scarce. They are based on data from studying the remains of spores and pollen, from which
it is possible to establish only the genus, and not the species.

Conclusion

In conclusion, we note that the development of the flora of the Turgai evolutionary-temporal
stage was characterized by the development of the indricotherium (Turgai fauna). It was studied
for the first time from the territory of the Turgai trough by A. A. Borisyak, who described the
hornless rhinoceros Indricotherium from this area, typical of the Turgai fauna. The indricotherium
(Turgai) vertebrate fauna is represented by a complex of predominantly mammalian animals that
inhabited mainly the vast expanses of Central Asia. One of the main elements of the Turgai fauna
were odd-toed ungulates, chalicotherium, some rodents, and predators; of artiodactyls, the pig-
like Entelodon, Anthrocoterium, etc. In the early Miocene, a radical restructuring of the mammal
fauna occurred. Within the Turgai trough, the so-called gomphotherian fauna developed, its
remains were first collected in the Kushuk locality.

Thus, the analysis of paleofloras allows us to establish that during the Oligocene - Miocene
there was a gradual drying of the climate, especially along the watershed, where open spaces
began to form already at the beginning of the Miocene.

References

1. Teoaorms CCCP. 1. XXXIV, xun.1 (Typraiickuit mporud). - M.: «<Heapa», 1971. - 532 c.

2. Teoaoruss CCCP. 1. XXXIV, kn. 2 (Typratickuit mporud). - M.: «Heapa», 1971. - 311 c.

3. Barbolini N. et al., Cenozoic evolution of the steppe-desert biome in Central Asia.Sci. Adv.6,
eabb8227(2020). DOI:10.1126/sciadv.abb8227

4. Hwurmarosa C. A. Ctpaturpadusl, naaeoreorpadus 1 KAMMaThI 4eTBEPTUYHOTO IIeproAa apUAHBIX
peruonos IlenTpaapHoil A3un (IT0 MTAaAMHOAOTMIECKUM JAHHBIM) //AVIC.AOKT.T€0A.-MIH.HayK. - AAMaTsI:
MuctutyT reoaornuecknx Hayk uM. K.JI. Carmaesa, 2010. - 271 c.

5. Bailey J.W. Nodal anatomy in retrospect.- 1983.-Vol.61. -P. 2717 —2728.

6. Axelrod D.I. Edaphic aridity as a factor in angiosperm evolution / / Amer. Natur.- 1972. -Vol. 106.
N 949.- P. 311—320.

7. XKuann C.T'. OcHoBHbIE 9TaIbl POPMUPOBAHINS YMEPEHHO AeCHOM (PAOPHI B 0AUTOIIeHe-paHHEeM
muoneHe Kasaxcrana. - /1.: Hayka, 1984. - 111 c.

8. Kopumnaosa B. C. Hossle ganHbIe K ¢pa0pe nHApUKOTepueBLIX ca0es Typras // M3s. AH KasCCP.
Cep. 6moa. - 1950. - T. 9. - C. 54-59.

9. Kopumnaosa B. C. KoutunenraapHas rpetudnas paopa Toprmoart // Vu. sam. KasI'y. Cep. reoa. n
reorpad. 1. 1954. - Ne 15. - C. 80-94.

BECTHMK EHY umenu /A.H. I'ymuresa. Cepust Xumus. eozpagusi. Dcorozus Ne 4(145)/2023
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series 77



S.A. Nigmatova, A.K. Zhamangara, Sh.B. Akmagambet, 1.T. Madyarova, N.B. Abubakirova, K.K. Kashaganov, A. Seidali,
A.M. Zadagali

10. Kupuukosa A.V. ITaaeoborannyeckoe obocHOBaHMe cTpaTUIrpaduU 1 COTOCTaBAEHUs IOPCKUX
VI HVDKHEMeAOBBIX KOHTMHEHTAABHBIX OTAOXKeHMI1 3araguoit Skytun// Crparurpadus HY>KHEMeAO0BBIX
oTra0xeHni HeprerazoHocHsix o0aacrert CCCP. - /1., 1979. - C. 123.

11. Adysaposa P.f1. Tperuuansie cnopo-nibLabnessle criekTpsl Typras u Ilasaoaapckoro [Tpumpteisst:
aBTopedepar anccepranum. Kasaxckuii roc.ynusepcuret, 61oaorus, 14 si. 4.

12. bornnosaE.IT., ITokposckasa .M. MaTtepuaas 11o crpaTurpaduy KOHTMHEHTaAbHBIX OAUTOLI€HOBBIX
U MIOIIEHOBBIX OTA0XeHn 1 Typrarickoi BriaguHsl // Matepuabl 10 MaAMHOAOTHUY U cTpaTurpadum. - M.:
Tl'ocreorexusaar, 1954. - 86-114 c.

13. Byaannes /.10. Douenosas ¢gpaopa IlaBaogapckoro ITpumpteimmes // Coopamk mamstu A.H.
Kpumrrodosuaa. — M.: Usgateanctso AH CCP, 1957. — C. 177-198.

14. Kuann. C. I'. Tpernunsie ¢paopsr Ycriopra. - /.: Hayka, 1974. - 121 c.

15. Hlnann I1.B., Tokaps A.b. Oanrorenosas ¢paopa Haymra (Typravickmit mporun6)// Mat-asr o
ucropun ¢paopst u gpayns Kasaxcrana. - 1971. - T. 5. - C. 163-180.

16. Popova S. Utescher Torsten, Averyanova A., Tarasevich V., Tropina P, Xing Ya., Early Miocene
flora of central Kazakhstan (Turgai Plateau) and its paleoenvironmental implications, Plant Diversity.-
2019.-V. 41. Is. 3.- P. 183-197 (in English)

17. Averyanova A., Tarasevich V., Popova S., Torsten Utescher, Su Tao, Volker Mosbrugger, Late
Rupelian flora of the Zaissan Depression (Eastern Kazakhstan)//Review of Palaeobotany and Palynology.-
2022.-Volume 304.-P.104721, (in English)

18. Masmuckaa V.A. Tlaaeorenossie (gpaops ropsr KmmH-Kepumr u ux HOBBle BUABI (BocTOuHBIN
Kaszaxcran) //Boranmuecknit xypHaa. - Poccus: VMsaareascrso "Hayka'. ZlennHrpajckoe otaeaenne, 1986.

19. Kopunaosa B.C. Hossle gannble K (paope nHApukoTepuesnix caoes Typras // Vss. AH KasCCP.
Cep. 6moa. - 1950. - T. 9. - C. 54-59.

20. Kopanaosa B.C. KontunenraasHas Tpetnanas paopa Toptmoast // Yua. sam. KasI'V. Cep. reoa. u
reorpac. 1. - 1954. - Ne 15. - C. 80-94.

21. Koprnaosa B.C. Hossle Buasr oaurorieHosolt Gpaopsl Typras u nx crpaturpadpudeckoe sHaIeHNEe
/] Ya. 3amn. KasI'Y. Cep 6uoa. u nmousoseg. - 1956. - T. 21. - C. 31-54.

22. Kopanaosa B.C. Hixaemmornienosas ¢gpaopa Kyrmyka. - A-Ata: Msgateanctso Akagemun Hayx
Kasaxckoit CCP. - 1960. — C.123-150.

23. Nigmatova S., Zhamangara A., Bayshashov B., Akmagambet S., Berdenov Z. Canyons of the
Charyn river (South-East Kazakhstan): Geological history and geotourism Geojournal of Tourism and
Geositesthis link is disabled.- 2021.- 34(1). P. 102-111 https://doi.org/10.1016/j.gloplacha.2018.07.019. (in
English)

24. Pajomkuza [.C. Hosble ganHBIe 110 oamroneHoBoit ¢paope 3anagHoro Kasaxcrana // Mar. mo
ucropun ¢aynsl u ¢aops Kasaxcrana. - A-Ara, 1977.-T. 7. - C. 163-177.

25. Averyanova A., Tarasevich V., Popova S. Torsten Utescher, Shu-Feng Li, Volker Mosbrugger, Yaowu
Xing Rupelian Kazakhstan floras in the context of early Oligocene climate and vegetation in Central Asia//
Terra Nova.-2021.- Volume 33. Issue 4.- P. 383-399 —.d0i:10.1111/ter.12523 (in English)

26. Paromkuua I.C. Hossle gannsle o oaurornenosoit ¢gpaope 3amaguoro Kasaxcrana// Mat. mmo
ucropuu payssl u paopsr Kazaxcrana. - A-Ara, 1977. -T. 7. - C. 163-177.

27. Ilmmenosa H.B., Kpmmrogosuu A.H., Hosuk E.O. Capmarckas ¢paopa Amspocmesku. - K.
MaaaTeancTso Axagemun Hayk YKpanHckoi CCP, 1954. - 137 c.

28. Hurmarosa C.  Vickomaemast ¢aopa Epskmaancas (Typraiickuit mporub): Aproped. Amc. Ha
CONCK. y4eH. CTell. KaHA. 6moa. Hayk: 03.00.05 / Mu-T 6otarmky, AH Pecrry6anku Kasaxcran, 1998.

29. Danisik M., Ponomareva V., Portnyagin M., Popov S., Zastrozhnov A., Christopher L. Kirkland,
Noreen J. Evans, Konstantinov E., Folkmar Hauff, Dieter Garbe-Schénberg, Gigantic eruption of a
Carpathian volcano marks the largest Miocene transgression of Eastern Paratethys, Earth and Planetary
Science Letters.- Volume 563.- 2021.-https://doi.org/10.1016/j.epsl.2021.116890. (https://www.sciencedirect.
com/science/article/pii/S0012821X21001497)

30. Bondarenko O.V., Blokhina N.I, Henrot A.-J., Utescher T. Paleogene vegetation changes in
Primorye, Far East of Russia: A study based on diversity of plant functional types// Geological Journal.-
2021.- 56.-P. 650-672. https://doi.org/10.1002/gj.3788

31. Nigmatova S.A., Bayshashov B.U., Zhamangara A.K., Lucas S.G., Bayadilov K.O., Kasymkhankyzy
A. The new data on biostratigraphy of the basic geological section of the continental Senozoic deposits of
Aktau mountains (south-east Kazakhstan, Ili basin) // News of the National Academy of sciences of the
republic of Kazakhstan. Series of geology and technical sciences. -2018. -Vol. 5. N. 431.-P. 150 — 162. (in
English)

78 Ne 4(145)/2023 A.H. Tymures amvindazor EYY Xabapuvicor. Xumus. eozpadus. Dorozus cepusico
ISSN: 2616-6771, eISSN: 2617-9962



Possibilities for reconstructing the paleoclimate of the paleogene and neogene based on the study of fossil flora
(using the example of the paleoflora of the Uly-zhilanshik river)

C.A. Hurmarosa', A K. J)Kamanrapa®, II1.b. AkmaramoeT?,
N.T. Maabsiposa‘, H.b. AGyb6akuposa’, K.K. Kamaranos ¢,
A.Cemnagaan’, A.M. 3aagaraan®
1235 68bomanuka xame umounmpodyxyus uncmumymol, Aamamol, Kasaxcman
2358 /.H. T'ymures amoindazvl Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
L47K. 1. Combaes amwuirdazvl Ieorozusiavik eviavimdap urncmumymot, Aamamot, Kasaxcman

Kas0a ¢paopachin 3epTTey HerisiHje I1aaeoreH MeH HeOT€HHIH I1aa1€eOKAVMAaTbIH
KayTa Kypy MyMKiHgikTepi (¥abI-’KblAaHIIBIK ©3€HiHiH ITaaeoda0pacbiH MbpIcaa¥a ala
OTBIPDIII)

Angatna. Makaaaga Y as-’KelaaHIIbIK e3eHiHiH aakaObHAa (OHTyCcTik Toprait ovmater, Kazakcran)
9P yakbITTa >KMHAKTaAFaH >KoHe 3epTTeAreH KaliHO30ii (paopachlHa TaadJay >KacaAfaH, COHBIMEH KaTap
Kasbaabl paopasapabl 3epTTey HeridiHge KallHO3011 ITaA1€0KAVMAaThIH KaAIIbIHA KeATipy IepCcIeKTIBaAaphl
KapacTeIpblaraH. YAabl-’KblaaHIMK ©3€HiHiH aHFaphl I1adeOTeH MeH HeOTeHJeri KopIlaraH OpTaHBIH
e3repy MpoIjecTepiH TyCiHyAiH Herisri aiiMarnl 604bIn TadbLAaabl. bya maseodaopasapanl seprrey
nazeoreorpausAAbIK KaFjaiidapabl: MadeodaHamadprapAbl KoHe KAMMATTBIH ©3repyiH KaiiTa KypyFa
MYMKiHAIK Oepeai. Bip xacrarsr (paopasapasiy Gip TUIKe >KaTIAWTHIHBI JKoHe ©3iHe ToH aiiMaKThIK
epexieaikrepi O6ap ekeHi kepceTiaai. ©zeH OOMBIHAAFBI 9PTYpAi >KacTarbl INOTiHAiAepAeH aAbIHFaH
{paopaaa yceHBLAFaH PAOPUCTUKAABIK KypaM. Y Apr-)Keraarmsik [leren TeHisiniy merinyi >koHe ayMaKThI
0JaH api apuausanuslay KeseHaepiH Oailkayra MyMKiHAiK Oepeai.

Maxkaaa AP19677563 «Oauronen MeH MuolLeH InekapacbiHAarsl Opraaslk  Kaszaxcranasig
raaeodA0packl MeH KAMMAaTBIH 3epTTey JKoHe aliiMaKTbIH IIeAeiTTeHyiHiH OacTanKkbl KeseHi» (2023-2025)
TPaHTTHIK >KOOACBIH icKe acklpy OapbIChIHAA AAMIBIHAAAFaH.

Tyiin cesaep: ¥anl-Xolaanmeik, Toprait Tunti naseodaopa, kazdbaanl ¢paopa, 1maseoreH, HeoTeH,
ea4i MekeHaep

C.A. Hurmarosa', A K. J)Kamanrapa®, II1.b. AkmaramoeT?,
.T. Maabsiposa?, H.b. AGy6akuposa’, K.K. Kamaranos ¢,
A.Cerigaan’, A.M. 3agaraam®
123568 [Inemumym Gomanuxu u pumounmpodyxuyuu, Aavmamol, Kasaxcman
%358 Egpasutickuti Hayuonarvnwiil ynusepcumem umenu A.H. ['ymuresa, Acmana, Kasaxcman
V47 Pnemumym zeorozuveckux nayx um. K. M. Camnaesa, Aamamui, Kasaxcman

B03MOXHOCTI peKOHCTPYKLIMM IIaae0KAMMaTa IaaeoreHa 1 HeoreHa 1o 4aHHbIM
n3ydeHns McKoraeMo ¢paopsl (Ha mpuMepe naaeodaopsl p. Yabl-)KnaaHmmk)

AnnoTanus. B cTaTthe mpuBejeH aHaAU3 KalTHO30MCKMX (PpAOp, COOpaHHBIX U M3YJeHHEBIX B pasHOe
Bpems B JoanHe peku Yabsl-’Knaanmuk (IOxno-Toprarickas sriaguna, Kasaxcran), a Takke pacCMOTpPeHBI
IIePCITeKTUBE PeKOHCTPYKIIMY TlaJeOKAMMaTa KalfHO30s IO JaHHBIM M3YYeHMs VCKOIIaeMBIX (paop.
Aoauna pexu Yabl-)XK1UAaHIINK SBASETCA KAIOYEBBIM PallOHOM AAsl TIOHMMaHUs ITPOIIeCCOB M3MEHEeHMs]
OKpYy>KaIOIllell Cpeabl B I1aleoreHe W HeoreHe. /aHHbIe W3y4eHUs STUX IaaeodAOp TIO3BOATIOT
BOCCTaHOBUTH ITaleoreorpadpuueckue ycAOBUs: INadeolaHAmadTel M M3MeHeHHUs KaumaTta. Iloxasano,
9TO OAHOBO3pacTHEIE (PAOPH He OBIAM OJAHOTUIIHBEIMM M UMeAW CBOM perMOHaAbHBIE OCOOEHHOCTIH.
DA0pUCTHYECKUI COCTaB, IpeACTaBAEHHBIN BO (pAOpaX M3 Pa3sHOBO3PACTHBIX OTAOXKEHUII IO p. YABI-
Kmaanmuk, 1o3soasieT IpocAeAuTh HTaIlbl OTCTYILAeHUs YeraHcKOTo MOPsI U AaAbHeIel apuAnsanum
TEepPUTOPUIL.

CraTpsl TIOATOTOBA€HA IIpU peaau3alluy IpaHTOBOTO Ipoekta AP19677563 «JVIccaegosanus
naaeodpaopsl u KanMara Lenrpaarnoro Kasaxcrana na pyOeske oaAuroneHa ¥ MUOIIEHA U HayaAbHBIN
9Tall ONyCTHIHMBAaHUS pernoHa» (2023-2025 rr.)

Karouesble caosa: Yabl-Kuaanmmk, mnasdeodaopa TOPTraicKOro THMIIA, MCKOMaeMble (AOpHI,
I1a1e0TeH, HeOTeH, MeCTOHAXOXK AeHIsI.
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