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GENERAL CHARACTERISTIC OF THE WORK
Actuality and level of research on the topic. In recent years,
the investigation of climate studies has aroused great interest. This
has been related to the prevalence of various conflicting forecasts
from global climate change to the beginning of the new ice era. It is
known that an increase in the amount of CO2 in the atmosphere by
0,1% raises the average global temperature by 50C. Therefore, the
impact of changes in CO2 concentrations on climate should be
considered in conjunction with other natural factors.1 In this
circumstance, based on the results of the paleo-geographical
researches, it is feasible to reliably model similar alterations in the
past that may occur in the future (paleoclimate analogue method).
In order to study a contemporary natural condition, including
climate, it is important to obtain information about its historical
dynamics. Thus, the geological eras of Eopleistocene and Pleistocene
are of great relevance since the formation of the modern relief,
hydrographic network, fauna and flora, as well as primitive human
societies, took place in these periods.
Although the Eopleistocene and Pleistocene sediments have been
intensively studied for ages in Azerbaijan, the information on the
climate dynamics for that time intervals by the sections where
Pleistocene and mainly, its different stages existed was not obtained.
For this reason, the palinostratigraphic distribution and crosscorrelations of the Eopleistocene and Pleistocene are often
problematic, and their paleographic chronicles have not yet been
completed. The paleo-geography of Eopleistocene and Pleistocene, as
well as, being such scientific gaps
The existence of such scientific gaps within the territory of
Azerbaijan on the paleo-geography of the Eopleistocene and
Pleistocene, as well as their climate, significantly increases the
relevance of their study.
Purpose and missions of the investigation. The purpose of the
research is to identify the general regularities of the climate changes
Budiko М.I. Climate past and future / Leningrad: Hydrometeoizdat. -1980. -352p.
(In Russ.)
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and natural conditions based on the lithological composition and
paleo-botanical data of the Eopleistocene and Pleistocene sediments
in Azerbaijan.
In order to achieve this goal, the following issues were
addressed:
- To analyse the methodical aspects of the paleoclimate
reconstruction and determine the level of awareness of various
paleoclimate indicators for the territory of Azerbaijan;
- To carry out mineralogical and lithological research, to
reconstruct the qualitative changes of climate based on the material
composition, taking into account the quantities of mineral stability
coefficients;
- To develop a complex characterization of stereotypic sections
of the Eopleistocene and Pleistocene, taking into account lithological,
granulometric, carbonate composition and bio-fossils (mollusc fauna,
plant pollen and spores);
- To determine the essential quantity changes of climate
(average temperature in July and January, average annual
temperature, the amount of average annual precipitation) on the
important sections of Eopleistocene and Pleistocene using
paleofloristic data;
- To determine the development tendencies of paleoclimate in
Eopleistocene (Absheron era) and Pleistocene (Baku, Khazar and
Khvalin eras) and forecast the climate changes.
Source and methods of investigation. Paleoclimatic
reconstructions were carried out on the basis of stratotype crosssections of Eopleistocene and Pleistocene sediments studied in
Azerbaijan, as well as materials of fauna and flora (Siyazan,
Binagadi). Qualitative characteristics of the climate are given by the
lithological-mineral composition of 17 sections of the Eopleystocene
and Pleistocene studied by the author.
In order to study the research, a comprehensive approach by
reference sections of different chronological sections of the
Eopleistocene and Pleistocene was applied and the relationship
between plant complexes of spore-pollen spectra and modern climatic
characteristics is taken as a basis in method selection for paleoclimate
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reconstruction. The Tilia (Grimm E.S.) computer program was used
to statistically process spore analysis data and construct spore dust
diagrams.
To determine the quantitative characteristics of the climate, the
information-statistical methods of V.A.Klimanov (1985, 2010),
paleofloristic methods of V.P.Grichuk (1985) and the method of
determining the climatic parameters according to the sex and species
composition of the spectra of pollen proposed and approved by the
author - Information statistics (with an application of Excel program)
was used. In addition to this, stratigraphic and cartographic methods
were used.
The primary provision of the defence:
1. Being informative (advantageous) for the reconstruction of
paleoclimate of Eopleistocene and Pleistocene, a set of methods for
determining the quantitative indicators of climate using informationstatistical (Excell) calculations.
2. The existence of a certain correlation between the results of
paleoclimatic reconstruction of the sixteen significant fluctuations of
climate in the Eopleistocene and Pleistocene in terms of changes in
the material composition of minerals and quantitative indicators of
stability coefficients.
3. The beginning of the Early Pleistocene (Baku century)
(Turkan horizon) corresponds to hot and humid conditions. The
downward trend in core temperatures from the early Pleistocene to
the later stages is most evident in the temperatures of the glacial
stages, where each subsequent period is colder than the previous one.
4. The possibility of using the dynamics of the warm period of
the first half of the last Pleistocene as a scenario of future warming.
5. Characterization of climate with negative winter
temperatures and relatively high humidity in the periods of cooling
(icing) and increase of frequencies of rhythmic changes in climate
from Eopleistocene to Late Pleistocene, shortening of their circulation
periods, a decrease of average annual temperature and drought.
Scientific innovation of investigation:
5

- For the first time for the territory of Azerbaijan, a methodology
for determining quantitative indicators of climate on the basis of
palynological data was proposed and approbated;
- For the first time, the dynamics of Eopleistocene and
Pleistocene climate change in the territory of Azerbaijan were
reconstructed with maximum accuracy due to the material,
mineralogical and palynological composition of sediments;
- On the basis of a novel scientific approach, continuous
registration of climate change covering the eras of Absheron, Baku,
Khazar and Early Khvalyn was obtained. Based on the novel
paleogeographic data obtained, certain adjustments were made to
change the paleoclimatic data for the Early Pleistocene (Turkan era)
and the last glacial (Würm, Khvalyn) centuries;
- As a result of comparing the Spatio-temporal patterns of climate
development for the Eopleistocene and Pleistocene, differences in the
amplitudes of changes in climatic characteristics (average July and
average annual temperatures) in these stratigraphic sections were
identified;
- General trend of natural climate changes of the Eopleistocene
and Pleistocene in Azerbaijan was determined and paleoclimatic
maps were compiled for several time periods.
The theoretical and practical significance of the research. The
research can be used in landscape-climatic reconstruction,
palaeogeography and palaeoclimatology, related paleo-landscape
studies, historical geography and ecology, as well as for the
correlation of Quaternary sediments.
Quantitative characteristics of the paleoclimate are important in
archaeological research, including the study of the natural conditions
inhabited by ancient people living in the territory of the republic.
Climate changes in the Pleistocene can be used to develop
measures for the protection of nature and the efficient use of natural
resources, to forecast climate change and model possible situations in
the future.
Data on the warm periods of the last Pleistocene may be possible
scenarios of future anthropogenic warming of the climate, and
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information on cooling may be possible scenarios of natural cooling
of the climate.
Approbation of the research. The primary provisions of
performed investigation during the preparation of the dissertation
were discussed in the following conferences and seminars: the VIIth
International-Scientific conference on the topic of “Modern
achievement of science” (Baku, 2014); the materials of the XIXth
Republic Scientific conference of doctorate students and young
researchers (Baku, 2015); the Republic Scientific conference on the
topic of “Ensuring the quality of higher education” (Lankaran, 2016);
the Republic Scientific-Practical conference on the topic of “Global
economic condition and economic-geographical position of
Azerbaijan” devoted to the 94th anniversary of National leader
H.A.Aliyev (Baku, 2017); the collection of articles on the results of
the International Scientific and Practical Conference on the topic of
“Synthesis of science and society in solving global problems of our
time” (Ufa, 2017), the 1st International Conference on the topic of
“Air-Land-Sea Interaction” (Baku, 2019).
The name of the organisation where the dissertation was
implemented. The dissertation work was carried out at the
department of “Paleo-geography” of the Institute of Geography
named after acad. H.A.Aliyev, National Academy of Sciences of
Azerbaijan.
Structure of the dissertation. The dissertation consists of
introduction-9 pages, 5 chapters, including I chapter-24 pages, II
chapter 25 pages, III chapter-34 pages, IV chapter-32 pages, V
chapter-13 pages, results-1page, 12 tables, 43 figures and 142
references-12 pages. The volume of the dissertation is 151 computer
pages. It consists of 201458 signs without tables, graphs, pictures and
references.
PRİMARY CONTENT OF THE RESEARCH
The introduction provides actuality of the topic, purpose and
mission, research methods, an object of the research, the essential
7

provisions of the defence, scientific innovations, the theoretical and
practical importance of the research, approbation and application.
The first chapter of the dissertation is devoted to
the “Geochronology, the formation history of the nature, the
research level of the paleo-climate in the epochs of Eopleistocene
and Pleistocene in Azerbaijan”. Currently, the Executive
Committee of the International Union of Geological Sciences divides
the Quaternary Period into two parts in the newly adopted General
Stratigraphic Table of the Quaternary Period: The Pleistocene and the
Holocene. The Pleistocene is divided into two parts - the
Eopleistocene and the Pleistocene, which in turn are divided into
three parts: the lower, middle and upper.
In the past, the study of paleo-climatic conditions in the territory
of Azerbaijan has not been the subject of any special research. Data
on quantitative indicators of climate change were obtained as a result
of other studies. However, paleo-geographic research to date has been
of great scientific importance in the study of climate change.
After the 20-30s of the XX century, A.L.Reingard,
V.P.Rengarten, S.A.Kovalevsky, B.A.Budagov, B.A.Antonov,
M.A.Museibov, N.Sh.Shirinov, M.A.Abbasov, I.E.Mardanov and
R.Y.Guliyev paid special attention to the study of glacial sediments in
their research works owing to the determination of the scale of the
glaciation. The special research in the area of paleo-climate reflected
itself to a certain extent in the research works of R.H.Sultanov,
A.V.Mammadov, B.J.Alasgarov, S.S.Valiyev and Y.N.Taghiyeva.2
Despite having numerous researches, there is not an accurate
stratigraphic connection between several climate interpretations do
not have an accurate stratigraphic connection, and some have not
been characterized by fauna composition. Although some aspects of
the Pleistocene in the climatic history of Azerbaijan have not yet been
studied, the obtained paleontological and paleogeographic materials
have high scientific value and practical significance. However, the
rapid development of science, the discovery of state-of-the-art
Mammadov А.В., Alasgarov B.D. Pleistocene of Azerbaijan / - Baku: Nafta-Press.
- 2002. - 190 p. (In Russ.)
2
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research methods, and the enrichment of the actual material base
make it necessary to generalise the collected data and reconsider
former notions and thoughts.
The second chapter of the dissertation is devoted to “Methods of
restoration of paleoclimate”. Paleontological and radiometric age
was studied in the restoration of the Eopleistocene and Pleistocene
climate and landscapes in the territory of Azerbaijan, complex
methods were used in the study of marine and continental sediments
rich in fossils found during excavations. In order to reveal the
essential climatic rhythms of the Eopleistocene and Pleistocene, the
material and mineralogical composition of sediments, the remains of
flora and fauna, and the magnesium content of the shells of marine
molluscs were investigated.
Essentially, paleoclimatic reconstructions can be divided into 2
categories:
1. Qualitative assessment of the climate of the research area
(cold, hot, dry, humid) based on contemporary climatic conditions
and comparison of the obtained results with the current condition of
the research area;
2. Quantitative assessment of climatic elements (average
temperature of January and July, average annual temperature, average
annual precipitation).
The material composition of the sediments, mainly according to
the coefficient of stability of the mineral mass, in the sedimentary
sections of the described stratigraphic sections, layers and horizons
corresponding to hot and cold periods were separated, namely
qualitative characteristics of climate were obtained.
To determine the quantitative characteristics of the Eopleistocene
and Pleistocene climates, a mathematical relationship between
subfossil spore-pollen spectra (SPS) and modern climatic conditions
is usually investigated. Information-logical analysis of U.Puzachenko
and V.Klimanov was used to bring to light this connection.
Mathematical processing includes pollen of the following tree
species: oak, linden, beech, hornbeam, currant, alder, birch, willow,
blackberry, cedar, small cedar, white pine trees, fir, pine, as well as a
total of broadleaf species (oak + hornbeam) + elm). Quantitative
9

calculations obtained to confirm the quantitative indicators of many
authors that the composition of pollen depends on the quantity and
quality of climatic conditions and vegetation. Quantitative
calculations obtained to confirm the quantitative indicators of several
authors that the composition of pollen depends on the quantity and
quality of climatic conditions and vegetation.
The study used traditional climate indicators such as average
annual, average July and January temperatures, as well as average
annual precipitation to characterize the climate. In our proposed
method, the amount of spores and pollens of different plants obtained
from cross-sectional samples taken from the areas is the fundamental
condition for determining the paleoclimate. Each plant is a carrier of
spores and pollen, which do not change during a certain geological
period, they are formed under the same conditions and complete the
vegetation period. The results of the obtained climate parameters are
indicated in the table below (Table 1).
Table 1.
Comparison of climatic parameters of Mishovdagh section
Example
by the
Mishovda
gh section.
№
9

20

23

26

Reconstruction of the average
indicator
Temperature (С0)
Precipitati Research method
on
January
July
(mm.)
(-1)-(-6)
16 - 20
700 - 900
Arealogram
> (-5)
18 - 20
> 800
Klimanov V.А.
(-9)
17 - 18
1100-1200
Excel
1-3
22 - 23
900-1000
Arealogram
(-5) – (-8)
20 - 22
600 - 800
Klimanov V.А.
(-8)
18 - 19
Excel
1200-1300
Arealogram
(-8) – (-11)
18 - 22
800 - 1000 Klimanov V.А.
(-6)
19 - 20
Excel
1400-1500
0
20 - 22
800 - 900
Arealogram
Klimanov V.А.
18-19
Excel
(-9)
1100-1200

The comparative results of the investigation of these samples in
the Mishovdagh section are calculated by areologram method by
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A.V.Mammadov using V.P.Grichuk and V.Klimanov’s method and
by the method used by us named Excel (information-statistical) were
indicated.
The highest correlation for all three methods is experienced
between mid-July and then mid-January temperature readings
(deviations are indicated in italics in the table). The highest indicators
of the amount of the average annual precipitation determined by the
mathematical-statistical method can be explained by the maximum
allowable precipitation for each plant species. The next achievements
in the field of the experimental paleoclimate will be related to the
collection of the factual materials and the further development of
methods for their quantitive assessment.
The third chapter of the dissertation work is dedicated to “The
material composition of Eopleistocene and Pleistocene sediments
in Azerbaijan as a basis for the qualitative change of
climate”. The analysis results of 17 sections located in the various
physical-geographical areas of Azerbaijan and preserving certain
traces of climate of the period when they emerged were used (Figure
1).

Figure 1. Points where the sections are located
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The material composition of the sediments is closely related to
the climatic condition that existed during their formation. The
intensity and nature of erosion, the transport and accumulation of
erosion products, and, consequently, the material composition of the
sediments formed also change with the change in the climate.
In order to obtain qualitative characteristics of the Eopleistocene
and Pleistocene climate of Azerbaijan during the study, the absolute
number of stratigraphic sections of that period was determined, the
absolute age was determined, and fuller and thicker sections were
involved in the research.
Changes in the material composition of the Eopleistocene and
Pleistocene sediments in Azerbaijan indicate the close and significant
fluctuations of the climate during those periods. According to the
generalised scheme of qualitative variability of climate, taking into
account the strength coefficient of mineral quantities (s.c.), on the
basis of chemical and lithological-mineralogical composition, only 8
relatively warm and 8 relatively cold periods are separated (Figure 2).
The late Eopleistocene is characterized by a mild and humid
phase, where the strength coefficient of the rocks fluctuates between
2,6-5,2. At the end of the Eopleistocene, it is replaced by cold and dry
climatic conditions (0,35-2,0 s.c.), and the transition from the
Eopleistocene (Late Absheron) to the Early Pleistocene
(Neopleistocene) (Turkan century) is characterized by mild and
humid conditions (s.c. 2,6-5,2, for Azykh – 4,2).
Complex lithological-mineralogical analysis of the Early
Pleistocene (Baku sediments) indicates that the climatic conditions in
Azerbaijan changed six times during this period. At the beginning of
the early Baku century, a sharp cooling of the climate (glaciation)
occurs, and at the end of the late Baku century, the climate warms and
humidifies again.
In the Middle Pleistocene (Early Khazar), relatively cold-dry and
hot-relatively humid climatic conditions alternated several times,
during which time the strength coefficient of rocks fluctuated
between 0,98-1,3-2,8.

12

Figure 2. General scheme characterizing qualitative climate change.
During the hot interglacial period, sediments in the territory of
Azerbaijan were rich in persistent minerals, and in arid areas, gypsum
layers and carbonate layers were formed. The role of volatile minerals
increases in cold glaciation epochs.
In the Late Pleistocene (Early Khvalyn) there is a re-cooling (the
strength coefficient up to 4,9) and the cold temperate climate is
replaced by cold, more arid and continental conditions corresponding
to the Valday glaciation (Würm) in the plains of Eastern Europe
(Russian). The warmest climatic conditions of the last Pleistocene
existed during the formation of the Early Khazar horizon, which, in
absolute terms, corresponded to the Mikulin interglacial period of the
Eastern European (Russian) plain.
The fourth chapter of the dissertation is devoted to “Climatic
conditions of Azerbaijan in the Eopleistocene and Pleistocene”. In
the presented work, the data on fossil plant remains - macroflora (leaf
traces) and microflora (pollen and spores) are taken as the basis of
paleoclimatic interpretation. Vegetation is a mirror of the landscape
13

and its primary component, the climate, and in this sense, each
geological epoch is characterized by a certain diversity of flora,
which is ultimately formed by the climate.
At the moment, there are no comprehensively studied stratotype
sections in Azerbaijan that cover the entire Pleistocene at the same
time. Noticeably, the Baku Mountain floor, Mishovdagh, Garaja, and
Azykh sections are considered to be more complete sections
characterizing the Eopleistocene and Pleistocene sediments.
However, not all of the layers in these cross-sections have been well
studied palynologically. All this makes it very difficult to imagine the
continuous course of landscape-climatic changes in the Eopleistocene
and Pleistocene, as well as to characterize the qualitative and
quantitative nature of the ancient climate. In this regard, in addition to
the essential palynological sections studied, the study also used data
from the same age sections located in different parts of the country.
Thus, 13 palynologically studied sections and two excavated leaf
flora were analysed and they were taken as a basis for the quantitative
determination of the climate in the Eopleistocene and Pleistocene of
Azerbaijan.
4.1. Climate of Eopleistocene - Absheron century (1,8 – 0,73
million years ago). The low level of the Lower Absheron is
characterized by a predominant "mesophyte" type palinocomplex
dominated by trees like low-leaved alder (Alnus), hornbeam
(Carpinus), elm (Ulmus), hazelnut (Corylus), broad-leaved (Quercus,
Juglans) and coniferous: pine (Pinus), fir (Picea), white pine (Abies),
tsuqa (Tsuga), swamp cypress (Taxodiaceae) and others. Among the
exotic forms – Engelhardtia (Engelhardtia), Platicarya (Platicarya),
Myrica (Myrica) were indicated. The essential indicators of the
climate, calculated by climatogram methods and Excel program, were
50C in January, and 250C in July, and the amount of the annual
precipitation was 2000 mm.
The spectra of the lower horizon of the Upper Absheron are
characterized by an increase in the number of cold-resistant tree
species - ash (Betula), alder (Alnus), fir, tsuga (Picea, Tsuga) and the
amount of pollen of xerophytic species decreases, at the same time,
cooling is observed with sufficient moisture retention. According to
14

the data of spore-pollen spectra, the climatic indicators of the
Absheron Peninsula for that period were: average January
temperature was 20C, average July temperature 220C, average annual
temperature 120C, average annual precipitation - 1000 mm. In the
second half of the late Absheron, the temperature and precipitation
increased again, which continued throughout the epoch, covering the
period of the Turkan strata and the lower strata of the Baku horizons.
4.2. Pleistocene - Baku, Khazar, Early Khvalyn centuries
(730-10 thousand years ago). The basis of the research for the
restoration of the paleoclimate of this period was the excavated flora
and fauna remains found on the Baku Mountain layer, Mishovdagh,
Garaja, Pirili, Azykh, Gashgachay, as well as around the settlements
of Siyazan and Binagadi.
4.2.1. Complex characteristics of Pleistocene reference
sections. The intersection of the Baku Mountain layer is a
stratotypic intersection of the Early Pleistocene for the entire Caspian
region3. For this reason, the selected palynological zones were
compared with the sediments of the Baku Mountain layer and the
results were added to the complex table of that section (Figure 3).
Generally, 4 spore-pollen complexes are separated in the sediments of
the Baku Mountain section: the first - hot and humid, the second dry, the third - moderately hot and humid, and the fourth - cold and
dry. The ratio of the spectral components of the first and third zones
indicates the distribution of moisture-loving grasses, which also
formed cypress swamps in the lowlands with individual members of
the taxodial family. At present, there are no such plant formations in
Azerbaijan and the Caucasus. The Mishovdagh section is one of the
typical reference sections of Pleistocene marine sediments. Three
sedimentary layers are separated from this section, one of them dates
back to the Baku century and the other two date back to the Khazar
century. The 7 palinozons separated in the Mishovdagh section are
characterized by four warm and three cold climates.
3

Fedorov, P.V. Early Pleistocene of the Pont-Caspian // - Moscow: Stratigraphy.
Geol. Correlation. - 1993. Vol. 1, №1. -pp. 137-143. (In Russ.)
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In the Early Pleistocene (Lower Baku horizon) the climatic
conditions change three times in the following sequence: 1st relatively warm and humid, 2nd - humid and cold, 3rd - relatively
humid. However, no information has been obtained for the Late Baku
horizon and the harshest climatic conditions are noted here during the
formation of sediments in the upper part of the Lower Baku horizon.
At the same time, the average annual temperature decreased by 8
degrees compared to the modern period, and the average annual
precipitation was more than 300-500 mm. (Figure 4).
Early Pleistocene sediments of the south-eastern foothills of
the Lesser Caucasus are characterized by pollen diagrams of the
Chartaz and Fizuli sections. In the performances, three are divided
into five palinozons, reflecting the cold and two warm periods.
During the cooling period, the sections were located on the border of
the upper and middle mountain forest belt, and the absolute height of
the boundary of sparse poplar and pine forests dropped to 500 m
(height of sections) and the broad-leaved forest belt became narrow
(I, III and V palinozone).
During the warming periods (II and IV palinozones), mild
winters (not lower than 00C) and climatic conditions with an annual
rainfall of 700-900 mm, the broad-leaved forest belt expanded and the
upper boundary of the forests was in accordance with modern limit.
Using the Excel program method, we compared the results with the
available data on the section of the Azykh cave camp, the age of
which was determined by radiocarbon dating, which allowed us to
obtain a more reliable basis for the paleoclimate of the area.

16
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Figure 3. Complex characteristics of Baku Mountain stage section

18

Figure 4. Complex characteristics of Mishovdagh section

Azykh cave camp is one of the best-studied Paleolithic
settlements in Azerbaijan in terms of archaeological and
paleogeographical. The spectra of spore-pollen studied here and
pollen zones separated from them consistently reflect the stages of
change in natural conditions in the Pleistocene (Mammadov A.V.,
Alasgarov B.C. 1985)4. he flora ingredients of the spectra of sporepollen are rich covering more than 60 plants. A typical feature of the
spectra is the predominance of birch pollen from the Alba and
Costatae sections, as well as hops hornbeam pollen everywhere.
Overall, the spore-pollen diagram indicates an increase in the amount
of pollen from tree species in older sediments, while the role of
grasses increases in relatively younger sediments. According to the
spores of the Azykh cave, the beginning of the Pleistocene is
characterized by cooling below the boundaries of the modern
subalpine zone and the spread of birch forests. Subsequently, slight
warming occurs and broad-leaved forests (oak, hornbeam, beech,
linden, maple, etc.) predominate, and as a result, the upper boundary
of the forest belt is drawn up. A slight softening of the climate is
replaced by re-cooling, which leads to a reduction in broad-leaved
forest areas. The next largest warming period is the Early Pleistocene
epoch. The end of this epoch, as in its beginning, is characterized by
cooling and the dominance of birch, hops hornbeam and alder.
During the cooling phases, as in the Lesser Caucasus, the upper
boundaries of the forest and subalpine belts in the Greater Caucasus
reached 800-1000 m. According to the analysis of paleogeographic
data, the Mustye period of the Taghlar camp belongs to the epoch of
the Early Khvalyn (Valday) epoch (Suleymanov M.V. 1986) and
settlement of this area continued during the first half of the Khvalyn

4

Mammadov, A.V., Aleskerov, B.D., Suleymanov M.A. [et al.].
Paleogeography of the area of the ancient Paleolithic site Azykh in the
Eopleistocene and Pleistocene // Physical geography and geomorphology
(Collection of scientific works) - Baku: - 1982, - pp. 35-40. (In Russ.)
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century5. Most likely, the accumulation of Mustye sediments in this
cave took place in the generally cold conditions, as evidenced by the
so-called composition of woody plants (poplar, hops hornbeam)
growing in the upper part of the forest belt. In such a cold
background, the climate is divided into three warming phases. The
sediments of the Taghlar section cover the early Khvslyn (early
Valday), and the age of the top layer of Mustye sediments is taken by
the end of Early Valday.
4.2.2. The climate of the Pleistocene. Early Pleistocene (Baku
century, 730-460 thousand years ago). Turkan layer (730-620
thousand years ago). The general composition of plants indicates the
presence of a hot and humid climate in this period. According to the
quantitative indicators of the reconstructed climate of the Turkan
century, the average temperature for January was -4-60C, July 22240C, annual temperature 13-150C and the average annual rainfall
was 1200-1600 mm. Lower Baku semi-horizon. The vegetation
composition proves a significant decrease in the altitude belts and the
spread of birch and hops hornbeam forests belonging to the high
mountain belt around the Azykh cave. The repaired average January
temperature was -2-40C, the average July was 16-180C, the annual
temperature was 6-70C, and the average annual precipitation was
1000-1400 mm. Middle Baku semi-horizon. The composition of the
plant allows us to enunciate that there is slight warming and drying
in this period compared to the previous stage. Upper Baku semihorizon. The palinospectral composition of the sediments indicates
the presence of cold and relatively dry climatic conditions in that
period. Thus, the average January temperature was - 4 - 70C, the
average July was 5-160C, the average annual temperature was 4-50C,
and the average annual rainfall was 900-1000 mm. According to the
quantitative indicators restored by us on the Mishovdagh section, we
5

Suleymanov, M.B. Dynamics of development of the natural environment of the
south-eastern part of the Lesser Caucasus in the late Eopleistocene and in the
Pleistocene // -Baku: News of the Academy of Sciences of the Azerbaijan SSR,
series of Earth sciences, № 3, 1986. -pp.16-22. (In Russ.)

20

can enunciate that the average annual temperature fell by 5-70C
during that period and the amount of precipitation decreased twice.
Middle Pleistocene (Khazar century, 460-125 thousand years
ago). Poylu sections 460-300 thousand years ago – The
predominance of pine, hornbeam, oak, linden and other tree pollen in
this section gives grounds to enunciate that warming and humidity
increased in that period. The composition of plant remains found in
Siyazan and the reconstruction of the paleoclimate on the
Mishovdagh section indicates that the average January temperature
was 00C, the average July was 20-220C, and the average annual
temperature was 10-120C, and the amount of precipitation reached
1000 mm. Middle (Singil) layer of the Lower Khazar semihorizon. When this layer was formed, the climate was colder than
today, so the January temperature was -30C, July temperature was
18-190C, the average annual temperature was 9-100C, and the
amount of precipitation was about 800-900 mm. per year. The upper
(Kosoj) layer of the Lower Khazar semi-horizon. During this period,
the temperature increased reaching 0-10C in January; 23-240C in
July; 10-120C for the average annual, however, these indicators were
lower than modern quantities. The amount of precipitation was 700800 mm. more than in the previous stage. Upper Khazar semihorizon. The Binagadi flora and fauna complex belonging to this
period indicates the cooling and aridification of the climate as a
whole.
Late Pleistocene (Early Khvalyn, 125-15 thousand years
ago). Ancient Khvalyn - Mikulin (Riss - Würm) interglacial period
and Hirkan (Ancient Khvalyn) transgression. Based on the remains
of mammals and palynological data, it can be enunciated that the
forest belt at that time was located 200-300 m. above modern levels.
The average values of the restored temperatures were 30C for
January, 270C for July, and the average annual temperature was
150C. Analyses indicate that the average temperature at that time was
2-40C higher than today, and the amount of precipitation was higher6.
6
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The last stage of the Lower Khvalyn - Valday (Würm) glaciation and
the Yenotay regression (22-15 thousand years ago). According to the
pollen spectra, the lowest drop of the upper forest belts (1500 m.)
was recorded during that period. Here, at an altitude of 600 m.,
hornbeam forests with hopscotch, birch, willow (Salix) and juniper
(Juniperus)were widespread. Reconstruction data indicate that the
climate was the coldest and driest for the entire period of the Late
Pleistocene: the average January temperature was -50C, July was 19200C, the average annual temperature was 8-90C, and annual rainfall
was 300-400 mm. Temperatures decreased by 5-60C compared to
modern indicators, and the amount of annual precipitation fell by
200mm.
The fifth chapter of the dissertation is entitled “Climate
rhythms
and
forecast
of
the
Eopleistocene
and
Pleistocene”. Paleo-climatic reconstruction of the Eopleistocene and
Pleistocene revealed the rhythmic fluctuations of climate change in
the territory of Azerbaijan (Figure 5). Based on paleobotanical data
and the results of mineralogical studies of Eopleistocene and
Pleistocene sediments, a total of 16 climatic epochs (Eopleistocene 4, Pleistocene - 12) were discovered.
Lower semi-horizon of the Lower Absheron (1,8-1,6 million
years ago). The first climatic epoch corresponds to the hot and
humid conditions accompanied by the development of humid plains
and mountain forests. Temperature indicators were slightly different
from modern values, January and July temperatures were 20C higher
than today, and the average annual rainfall was more than 5 times
higher than modern values.
The upper semi-horizon of the Lower Absheron (1,6-1,3
million years ago). The second climate epoch is characterized by
cooling and declining humidity. January and July temperatures were
2-30C below current levels, and although the average annual rainfall
decreased, they exceeded current levels by 3-4 times.
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Figure 5. Climatostratigraphic division of the Pleistocene period of
Azerbaijan and correlation of Europe with paleogeographic events.

Middle Absheron (1,3-0,95 million years ago). July
temperatures were 2-30C below current levels, and precipitation
continued to decline but was still above current levels.
Upper Absheron (0,95-0,85 million years ago). This period is
characterized by a re-cooling of the climate. January temperatures
correspond to contemporary figures, the temperature in July was 230C lower, and precipitation was 300-400 mm. higher than the
current figures.
Early Pleistocene (Baku century, 730-460 thousand years
ago). According to the coefficient of erosion of sediments and the
composition of palynological spectra, there are 4 climatic phases 23

two hot and two cold. Table 4 presents the correlation of Azerbaijan's
Pleistocene climate with major European climatic events and trends
from modern quantities. Turkan horizon (730-620 thousand years
ago). Quantitative indicators restored by us correspond to the hot and
humid period (Illinoian interglacial period, Günz-Mindel). The
average temperature was 20C higher than in modern quantities, and
the average annual rainfall was 500mm. This is almost one and half
times more than today. Relative warming is also observed in
the Middle Baku semi-horizon (580-500 thousand years ago), which
occurs during the Great Cooling Period (Mindel I, Mindel II), which
is divided into two stages. Climatic conditions corresponding to the
accumulation of sediments of the Lower Baku (620-580 thousand
years ago) and Upper Baku (500-460 thousand years ago) semihorizons were formed. This was one of the coldest periods of the
Pleistocene. Despite the fact that the temperature dropped by 5-60C
compared to modern indicators, and the average annual rainfall
decreased by half, they were quantitatively higher than today. The
snow line passed at an altitude of 2000 m. Generally speaking, the
average annual temperature was 50C, and the January temperature
was 6-90C lower than today.
Middle Pleistocene (Khazar century, 460-125 thousand years
ago). There are 4 climatic phases on the spectra of spore-pollen: two hot and two cold. In relatively warm countries, temperature
readings approached modern prices. The average temperature in
January was 10C, the average temperature was 3-40C in July, and the
average annual temperature was 2-30C. However, the amount of
precipitation was higher than today. Generally, the studied
palynological spectra indicate that the lower limit of the subalpine
belt in the Lower Kahazar fell to 1100-1300 m. The climate was
cold, and the warming was not significant. The average annual
rainfall in the area was 500-600 mm. more than the current figure.
According to our calculations, the warmest period of the Early
Khazar coincides with the period of accumulation of the Poylu
(Ushtal) strata, when the average annual temperature was 1,50C
higher than today.
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Late Pleistocene (Early Khvalyn, 125-15 thousand years
ago). During this period, according to the palynological composition
of the spectra, there are 4 climatic phases - two hot and two cold. The
Hirkan (Ancient Khvalyn) semi-horizon (125-75 thousand years
ago) corresponds to the Mikulin interglacial period, and according to
palynological data, the boundary of the forest belt was 200-300 m.
above the present, and the average values of the main temperature
indicators were 2-40C higher than modern values. At that time, the
amount of precipitation was small. However, on average it was 200
mm. more than the current figures. While looking at the climatic
dynamics, the decrease in precipitation from the Khazar period to the
Early Khvalyn is clearly noted. It has also indicated itself at the level
of the snow line. According to the research, the icing centres
(quarries) were located in a narrow range at an altitude of 2800-3000
m7. The centres of modern glaciers are located at an altitude of 38004000 m., depending on the slope of the mountain exposition.
According to these data, the amount of snow line depression for the
Late Pleistocene is determined between 1000-1200 m. Studies of the
Eopleistocene and Pleistocene climates indicate that each subsequent
warming was cooler than the previous one. This was accompanied by
a steady decrease in precipitation in geological epochs. The general
trend of fluctuating changes in the quantitative indicators of the
Eopleistocene and Pleistocene climates is consistent with the
qualitative characteristics that complement them significantly in
terms of lithological-mineralogical composition.
Forecast. Climatic events of the last 140-135 thousand years are
of great importance for paleoclimatic reconstruction. It is in this
interval that epochs have been identified that are more similar in their
parameters to the level of anthropogenic warming expected in the
21st century. Such an epoch in the Pleistocene belongs to the last
glacial period (Early Khvalyn-Hirkan layers, Mikulin interglacial
period, Riss-Würm), when the average annual temperature in the
territory of Azerbaijan was about 1-20C higher than today. Thus, the
7
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modern landscape-climatic situation is characterized by a trend of
cooling (excluding anthropogenic changes) associated with the
approach of a new glacial epoch. Climate change, expressed in the
alternation of glacial and interglacial epochs, is a typical feature of
climate change on Earth over the last 1 million years. Glacial and
interglacial periods lasted about 200-100 years. As the modern era
approaches, this attendance has declined.
CONCLUSION
1. Based on the changes in the quantitive strength coefficient
(strength coefficient from 1 to 9) of the minerals and the lithologicalmineralogical analyse of 17 sections dating back to the Late
Pleistocene of Azerbaijan, 16 significant climate oscillations were
brought to light within the geochronological time studied. Lower
values of the coefficient of strength (1-3) correspond primarily to the
first half of the Early, Middle, Late Baku and Late Khazar centuries
with cold and dry climates, and high values (7-9) correspond to the
Late Pleistocene, which was dominated by warmer and drier climates
( Late Khazar, Mikulin interglacial period, Riss- Würm).
2. Eopleistocene reflects a novel stage in the dynamics of
climatic processes in Azerbaijan. The high amplitude of climatic
fluctuations is typical for this period, as hot epochs - high hot and
humid epochs, and cold epochs were accompanied by continental
climatic conditions.
3. According to our investigations, the initial stage (Turkan
horizon) of the Early Pleistocene (Baku century) corresponds to hot
and humid climates. The development of mountain glaciers was quite
possibly due to the fact that the cooling epochs (Early and Late Baku
- Don and Oka glaciation) continued in negative winter temperatures
and relatively high humidity conditions (up to 1200 mm. of
precipitation).
4. The Middle Pleistocene (Khazar century) also commences
with a warm period (Poylu, Ushtal strata), however, generally, this
stage is characterized by cold climates (Dnieper, Riss glaciation) and
a decrease in precipitation up to 800 mm. compared to the previous
Baku century.
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5. The Late Pleistocene (Hirkan strata) commences with the
interglacial epoch (Mikulin, Riss- Würm), and although the climatic
conditions of that time were more similar to the modern climate, its
quantities were slightly higher than today. This is called the optimum
of the last interglacial period (125 thousand years ago) - the warmest
period.
6. The Pleistocene ends with the strongest continental conditions
of the whole period, in other words, this period is characterized by
negative winter temperatures and low rainfall (up to 400 mm.) and
strong cooling (Lower Khvalyn - Valday, Würm glaciations).
SUGGESTIONS
1. For paleo-climatic reconstruction of the territory of
Azerbaijan in the Pleistocene, the methodology for determining the
quantitative parameters of climate can be used in full along with
using the information-statistical methods of V.A. Klimanov,
paleofloristic methods of V.P. Grichuk, and using our methodology,
namely Excel calculations.
2. Restored landscape and climate changes of the interglacial
periods of the Pleistocene in Azerbaijan contain valuable information
on changes in contemporary landscape components and can be used
in climate change scenarios related to anthropogenic impacts.
3. The scientific results obtained on the climate of the territory
of Azerbaijan during the period of our research can be used as a
reliable source in archaeological research, especially in the study of
the palaeogeographic and paleoecological environment of human
settlements of the Paleolithic period.
4. Climate change in the Eopleistocene and Pleistocene can be
used to develop measures for the protection of nature and the
efficient use of natural resources, to forecast climate change and
model future situations.
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