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Introduction 

The relationship of most commercial hy-

drocarbon deposits with the structural features 

of the studied region is well known (e.g., Aliza-

deh et al., 2016, 2017). Nevertheless, there is a 

basin factor in which the sedimentation nature 

of the rocks hosting hydrocarbon deposits is de-

termined by the hydrospheric disturbances. The 

most known among them are the Jurassic-Early 

Cretaceous oil-bearing formations of Western 

Siberia (Eder et al., 2020), formed under the 

conditions of the boreal transgression, the Late 

Jurassic salt-bearing formations of the Mexican 

and northern parts of the Persian Gulf (Khain 

and Polyakova, 2008), formed under the condi-

tions of the equatorial regression, hydrocarbon 

deposits of the Mediterranean Sea associated 

with both the Middle Cretaceous equatorial 

transgression (Eppelbaum and Katz, 2011, 

2015) and the Late Cenozoic Messinian hydro-

spheric crisis (Dalla et al., 1997; Roberts and 

Peace, 2007; Kontakiotis et al., 2020), and other 

events (Eppelbaum et al., 2012). 

The Pliocene basin of the Paratethys region 

(including the Akchagylian Stage), lying to the 

north of the Mediterranean Sea (the Tethyan 

Basin), is a paleogeographic region, the deposits 

of which contain numerous and varied hydro-

carbon deposits used for the millennia and ac-

tively exploited today. An influence of the Ak-

chagylian hydrospheric phenomenon on the an-

cient hominin dispersal is studied in detail by 

Eppelbaum and Katz (2022). 
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AKCHAGYLIAN HYDROSPHERIC PHENOMENON 

IN THE ASPECTS OF DEEP GEODYNAMICS 

Hydrospheric disturbances are one of the defining elements of the development of both 

the stratigraphic scale and the scale of planetary periodization during the Late Cenozoic. The 

most exotic in paleogeographic and sedimentation-biotic terms is the Akchagylian basin – 

anomalously elongated deep to the north and characterized by a typology of transition from a 

brackish water regime to a semi-marine and marine one. The sea transgression in the Ak-

chagylian time reached 200 and more meters, which could not but have a significant impact 

on the accumulation of precipitation and the climatic conditions of this period. On the basis 

of the detailed stratigraphic, structural-tectonic, palebiogeographic, and paleomagnetic ana-

lyzes, the boundaries and volume of the Akchagylian stage in the Eastern Paratethys region 

were revised. For the first time, the land-sea boundaries for this region during the period of 

the maximum of the Middle Pliocene (Akchagylian) transgression are distinguished. Based on 

the carried out regionalization, the concept of the “Akchagylian Phenomenon” received 

planetological and geophysical assessment. A clear connection is shown between the deve-

lopment of the Akchagylian basin with different tectonic elements, and first of all, with the re-

cently revealed giant deep mantle structure rotating counterclockwise. 

Keywords: paleobiogeographical analysis, structural reconstructions, paleomagnetic 

correlation, counterclockwise rotation 

mailto:levap@tauex.tau.ac.il
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The Akchagylian Phenomenon against 

the background of the hydrospheric disturb-

ances of the Late Cenozoic 

The hydrospheric disturbances are one of the 

significant elements of the development of both 

the stratigraphic scale (Andrussov, 1902, 1918), 

and the scale of planetary periodization (Veronnet, 

1912; Sobolev, 1926; Milankonitsch, 1941; 

Stovas, 1963; Balukhovsky, 1966; Katz, 1986). 

During the last 12 million years of the Late Ceno-

zoic (Figure 1), there are three hydrospheric maxi-

ma with a height of about +200 m – the Early 

Sarmatian, Early Pontic, and Middle Akchagylian, 

and two minima – the Late Messinian-Early Plio-

cene (5.7–5.5 Ma ago) – up to -300 m, and Early 

Pleistocene (0.84–0.85 Ma ago) – up to -200 m 

(Cassian-Tiurkian regression). 

After this regressive event, the epoch of 

equatorial transgression (Figure 1) gave a way 

to the epoch of the polar transgression due to the 

long-term change in the shape and speed of the 

Earth's rotation (Katz, 1986), and the tectonic-

eustatic regime of hydrospheric disturbances 

was replaced by the glacioeustatic regime, 

which is a multiple of the period of change in 

the eccentricity of the Earth's orbit (100,000 

years) (during which the epochs of continental 

glaciations and interglacials alternate (Milan-

konitsch, 1941). 

Among the three hydrospheric maxima of 

the Late Cenozoic described above, the Ak-

chagylian basin appears to be the most exotic in 

paleogeographic and sedimentation-biotic terms 

(Nevesskaya et al., 1986). According to the com-

parative paleogeography of the Tethys and Pa-

ratethys basins in the Late Cenozoic, presented in 

this work (see Figure 4 in Nevesskaya et al., 

1986), the development in the Akchagylian time 

of the anomalously elongated Caspian-Turanian 

basin, isolated from the Pontus, with a typology 

of transition from a brackish water regime to a 

semi-marine and marine, is phenomenal one (see 

Figure 5 in Nevesskaya et al. (1986)). 

It is also noteworthy that the number of mol-

lusks arising in this basin is abnormal for the en-

tire Late Cenozoic and makes up 94% of the total 

species composition (see Table 12 in Nevesskaya 

et al. (1986)). This analysis from the work of 

Nevesskaya et al. (1986) is very important for the 

determination of the Akchagylian hydrospheric 

phenomenon in the terms of the paleogeography, 

the hydrochemical regime, and the biotic charac-

teristics of the vast Caspian-Turanian basin, 

which stretches far to the north in comparison 

with other Paratethys basins. 

Further analysis of the Akchagylian hydro-

spheric phenomenon will be carried out below 

by the means of special comparative analysis. In 

this section, we examined only the content and 

essence of this phenomenon against the back-

ground of other historical and geological stages 

of the Late Cenozoic. 

Stratotypic area of the Akchagylian 

Stage and its distinctive features from other 

basins of the Paratethys 

The Caspian-Turanian region, where the 

Akchagylian Stage is developed, is unique in 

the terms of the sharp facies contrast of the de-

posits corresponding to its chronostratigraphic 

volume (Naidin and Naidina, 1992). The lecto-

stratotype located in the Turan region (the Ush-

ak section on the Krasnovodsk peninsula in 

West Turkmenistan) is composed of the marine 

formations (Mironova, 1982), relating, accor-

ding to the paleomagnetic studies (Trubikhin, 

1977), to the Gauss zone and the lower parts of 

the Matuyama zone. And the same sequence is 

developed throughout the all Turan region (Ali-

zade, 1961, 1967; Popov, 1969; Danukalova, 

1990). At the same time, two branches of sea 

straits are outlined (Richards et al., 2018). One 

of them stretches through the Turgai trough to 

the Western Siberia Basin, and the second – 

through the Caspian Sea to the Pechora-Barents 

Sea Basin. The vast extent of the Turanian Ak-

chagylian, the development of carbonate facies 

in it, and the distribution of the remnants of ma-

rine mollusks throughout the section – from the 

Gauss zone to the Matuyama zone (Trubikhin, 

1977), contributed to the concept of the “wide 

Akchagylian”. The latter is contrasted with the 

“narrow Akchagylian” of Azerbaijan and other 
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more western areas of the Caspian region 

(Krijgsman et al., 2019), which is identified on-

ly with the analogs of the lower parts of the 

Matuyama zone. 

 

 

 

Figure 1. Scheme of hydrospheric disturbances in the basins of the Mediterranean Sea region – Paratethys in the 

second half of the Late Cenozoic, and their paleomagnetic correlation: 

(1) tectonic phases, (2) glacial epochs, (3) main stages of evaporite sedimentation, (4) 'Standard Ocean Level' (SOL) 

curve, in meters, (5) peaks of the positive hydrospheric disturbances, (6) magnetic field of direct polarity, (7) mag-

netic field of reverse polarity 
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The South Caspian-Caucasian region itself, 

where the relatively thin formations of the ma-

rine Akchagylian sharply contrast with the flu-

vial terrigenous strata of the Productive Series, 

has turned out in recent years to be a key factor 

for understanding the Akchagylian Phenome-

non. First of all, the regional tectonic, deep geo-

physical, geodynamic, and paleogeographic 

conditions of the formation of this oil&gas re-

gion in the Late Cenozoic were thoroughly stu-

died (Abdullayev et al., 2015), and the unity of 

the Productive Series within the framework of a 

single regressive stage of the Early Pliocene was 

established (Richards et al., 2021). The facial 

studies of the uppermost Productive Series (Su-

rakhan Formation) (Vincent et al., 2010) 

showed that they represent the final regressive 

stage of the Early Pliocene in the form of an al-

luvial incision of the Paleovolga-Paleokur river 

system. In the Akchagylian complex of the 

South Caspian itself, various remnants of the 

marine microorganisms were found, unambi-

guously confirming the hypotheses made in the 

middle of the 20th century (Alizade, 1954; Ali-

zade, 1961) about a more transgressive stage in 

the development of the second half of the Ak-

chagylian Basin. In recent years, just on the sec-

tions of the Azerbaijani Akchagylian the previ-

ously unexplained problem (Nevesskaya et al., 

1986) of the sharp renewal of the Akchagylian 

mollusk fauna was solved. It follows from the 

fact that the data about the possible connections 

of the Akchagylian Basin with the Mediterrane-

an and the Polar Basins were not paleogeo-

graphically confirmed. 

The remnants of dinoflagellates of the Al-

gidasphaeridium cf. capillatum, first described 

in the Miocene-Pliocene of the Bering Sea is-

lands (Matsuoka and Bujak, 1988), were found 

in a number of sections of the Azerbaijani Ak-

chagylian (Richards et al., 2018). 

Tectonic-geophysical instability at the 

boundary of the Early and Middle Pliocene in 

the Caucasian segment of the Akchagylian Ba-

sin (Abdullayev et al., 2015) led to the devel-

opment of breaks at the boundary of the power-

ful fluvial stage of the Productive Series and the 

Akchagylian-Anthropogenic transgressive com-

plex. As a result, in a number of sections, the 

age of the paleomagnetic zones at the boundary 

of the Early and Middle Pliocene were inter-

preted ambiguously. In particular, this concerns 

the data on the reference section Jeyrankechmez 

(Gurary, 1988; Van Baak et al., 2019), where in 

the Surakhan Formation (according to the data 

of Gurary's work, in the Balakhany Formation), 

the change of rather long-lasting complexes of 

the direct and reverse magnetized rocks is inter-

preted as a sign of their belonging to the Gauss 

paleomagnetic epoch. Nevertheless, it is most 

likely that they correspond to the more ancient 

paleomagnetic Gilbert epoch. 

In this case, the broader correlations (Laza-

rev et al., 2021) are not at all reliable, since any 

metric analysis should be based on the funda-

mental data of the tectonic-geophysical, and 

sedimentation-paleogeographic analysis of sed-

imentary strata belonging to different structures 

and regions. The separation of some part of the 

regressive Productive Series of the Early Plio-

cene from its whole due to an arbitrary interpre-

tation of the results of certain studies contradicts 

the data of both the regional geology of the 

Eastern Caucasus, the difference of which from 

the Hercynides of the Turan plate is obvious 

(Figure 2), and the data of the historical plane-

tology (Figure 1). This testifies to the sharply 

regressive nature of the Late Messinian-Early 

Pliocene formations: Lago Mare, Zanklian, 

Cimmerian, and Torongly red flowers, and the 

Productive Series compared to the Akchagylian 

transgressive maximum. 

The data of regional geological mapping 

and studies of sections in the southern part of 

Azerbaijan (Gasanov and Aliyeva, 2000) signif-

icantly supplement the paleogeographic and fa-

cial concepts of the nature of the southern fram-

ing of the Akchagyl Caspian Basin. It turned out 

that in the Azerbaijani part of the Lesser Cauca-

sus, within the Garabakh region, the 

Akchagylian sediments transgressively overlap 

the various age complexes of the Cenozoic. 
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At the same time, the stage itself decreases 

in thickness, compared with the sections of the 

northern regions, and is composed of shallower 

facies, among which the basal conglomerates, 

limestones and sandy rocks should be noted. The 

deposits themselves correspond to the Middle-

Upper Akchagyl. Facies of this kind are rather 

close not to the sections of the Greater Caucasus, 

but the Epigercynian Turanian plate. Thus, the 

southern edge of the Caspian Basin is uplifted, 

and it is unlikely that the Tethys and Paratethys 

basins could be connected through the uplift of a 

block of the Lesser Caucasus (Naidin and Naidi-

na, 1992). Moreover, this is explained by the re-

cently obtained regional tectonic-geophysical 

data on the influence of a giant mantle rotating 

structure on the near-surface geological objects 

(Eppelbaum et al., 2021). 

The meridional basin  

of the Volga-Ural region 

This extended basin, stretching from the 

Caspian Sea to the vast coasts of the Polar Ba-

Figure 2. Integrated tectonic-geodynamic-geophysical 

scheme of the region under study (after Eppelbaum et 

al. (2021), with modifications) 

(1) Archean cratons, (2–4) fold belts: (2) Paleo–

Middle-Proterozoic, (3) Neoproterozoic, (4)  Late 

Paleozoic (Hercynian), (5) Mesozoic terrane belt, (6) 

Alpine–Himalayan orogenic belt, (7) Cenozoic traps of 

the African–Arabian rift belt, (8) main fault systems, 

(9) Kiama paleomagnetic hyperzone of inverse polari-

ty, (10) rotational geodynamic elements derived from: 

paleomagnetic (major) and tectonic (minor) data: 10а: 

(1 – Piennine klippen belt (West Carpathians), 2 – Get-

ic Basin (South Carpathians–Moesia), 3 – Athos Pen-

insula (Greece), 4 – Samothraki (Greece), 5 – Crete 

(Greece), 6 – Menderes massif (western Anatolia, Tur-

key), 7 – Cyprus, 8 – Kiama paleomagnetic hyperzone 

(Eastern Mediterranean), 9 – Galilee magmatic and 

block systems (Israel), 10 – dikes of Makhtesh Ramon 

(Negev terrane, Israel), 11 – block systems of Gulf of 

Aqaba (northern Egypt) and Midian fault zone (far 

west  of  Saudi Arabia),  12 – dikes of  Sinai Peninsula, 

12 – dikes of Sinai Peninsula, 13 – Sinai Bay block 

system, 14 – northern Red Sea bottom deposits, 15 – 

Mansouri ring complex (SE Desert, Egypt), 16 – Bar-

ake suture zone (Red Sea), 17 – northeast of the Afar 

Depression (Eritrea), 18 – central part of the Galilee–

Lebanon terrane, 19 – Eastern Taurides (Anatolia, Tur-

key), 20 – seismotectonic shear zone (Black Sea, 

southern Crimean Peninsula), 21 – Rioni Basin (Geor-

gia), 22 – Eastern Pontides, 23 – Achara–Trialet belt 

(Georgia), 24 – Dagestan Mountains (Eastern Cauca-

sus, Russia), 25 – Kur Depression (Azerbaijan), 26 – 

Somkheto-Garabakh belt, 27 – Nakhichevan and 

Talysh regions (Azerbaijan), 28 – Kata-Rash area 

(Iraq), 29 – Mt. Hermon foot (northern Israel)), 10b: 

GPS constructions, with generalization (after 

(Reilinger et al. (2006)) 

SF – Sinai Fault, DST – Dead Sea Transform, MEEF 

– Main Eastern-European Fault, EMNB – Eastern-

Mediterranean-Nubian Belt, OF – Owen Fault, WC – 

Western Caucasus, EC – Eastern Caucasus 

Owner
Rectangle
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sin, is very important for understanding the Ak-

chagylian problem in terms of the paleontologi-

cal, paleomagnetic, and paleogeographic corre-

lations of sections of the stratotype region, and 

areas where the influence of the hydrospheric 

disturbances and the glacial-climatic phenome-

na of the Earth's polar segment are developed. 

On the other hand, on the border with the 

Caspian Sea, within the relatively stable East 

European Precambrian platform (Figure 2), the 

maximum hypsometric levels of the Akchagyl-

ian marine transgressions can be estimated, and 

in the north of the region – the maximum depth 

of the regressive levels of the Pliocene and Ear-

ly Pleistocene. This region has been well and 

fairly comprehensively studied with the help of 

the lithological-sedimentation, paleontological, 

paleogeographic, and paleomagnetic studies 

with the extensive use of methods for analyzing 

both the natural outcrops and numerous sections 

obtained as a result of reference drilling. It is 

stratigraphically compared with the more west-

erly sections adjacent to the Black Sea basin 

(Kamaletdinov and Yakhimovich, 1981). The 

region under consideration, due to the detailed 

facies-biostatigraphic division and paleomagnetic 

correlation, ultimately makes it possible to un-

ambiguously estimate the volume and content of 

the Akchagylian Stage of the Azerbaijan-Turk-

menian stratotype region. First of all, it should be 

noted that at the base of the section lies the Late 

Miocene-Early Pliocene strata of continental 

formations containing the remains of the Pont-

Cimmerian type flora and ostracods occurring in 

the Productive Series of Azerbaijan and the red-

colored Torongly Formation of Turkmenistan 

(Kamaletdinov and Yakhimovich, 1981), under-

lying the Akchagylian marine formations. 

According to the paleomagnetic data, this 

continental sequence, crowned by the lower part 

of the Karlaman Formation, corresponds to the 

Gilbert paleomagnetic zone and the underlying 

C3r zone. The first signs of the transgressive 

marine Akchagylian in the Bashkir Urals are 

developed in the upper part of the Karlaman 

Formation, where the seaweed Zostera and bo-

real foraminifera are present. The paleomagnet-

ic data indicate that the age of these layers cor-

responds to the first half of the Gauss paleo-

magnetic epoch (Kamaletdinov and Yakhimo-

vich, 1981). The marine Akchagyl of the Turk-

menistan stratotype region (e.g., Trubikhin, 

1977; Danukalova, 1990) and Azerbaijan (e.g., 

Alizade et al., 1987) also correspond to this 

sharp ecostratigraphic and paleogeographic 

boundary. It also manifests itself in other areas, 

and primarily in the well-studied sections of Ice-

land, where at the base of the Gauss zone there 

is a sequence of the most transgressive terri-

genous formations with the mollusks Serripes 

groenlandicus, above which the glacial for-

mations (Furuvik tillites) are developed in the 

upper part of the Gauss zone (Einarsson, 1957; 

Gladenkov, 1978). This glacioeustatic stage cor-

responds to the formation of the regressive Ku-

murly Formation in the Urals composed of the 

lacustrine and alluvial deposits. The overlying 

middle and upper marine Akchagylian of the 

Urals and Trans-Volga regions (Akchagylian in 

the “narrow sense”, corresponding to the lower 

part of the Matuyama paleomagnetic epoch) is 

represented by the terrigenous formations with a 

diverse complex of the marine mollusks (Kama-

letdinov and Yakhimovich, 1981; Danukalova, 

1990). The presented materials unambiguously 

indicate that the revision of the boundaries and 

volume of the Akchagylian Stage is incorrect 

from the standpoint of carefully and compre-

hensively studied Pliocene sections and the his-

tory of the development of structures and 

movements in the East Paratethys Basin. The 

arid regressive stage of the Late Messinian, 

Cimmerian, Zanclian, Torongly, and Productive 

Series differ sharply from the Akchagylian 

transgressive-glacial complex; these two geo-

logical events are sharply opposite stages in the 

Earth’s development (Alizade et al., 1987; 

Naidina and Richards, 2020). 

This region contains a significant amount 

of data concerning both the hypsometric levels 

of the maxima of the Akchagylian transgression 

and the levels of regressive incisions corres-
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ponding to the Messinian crisis and other hydro-

spheric minima. These data are very important 

for the analysis of hydrospheric disturbances 

and, in particular, for understanding their plane-

tary nature. In this case, the Caspian-Ural region 

is a bridge connecting the seas of Eurasia and 

Gondwana. 

It is especially important to attract data on 

the Timan-Pechora northern region, where, as a 

result of extensive prospecting-research studies, 

the deep incisions (up to -300 m) of the marine 

Pliocene of the Prosundui Formation into the 

Mesozoic sediments were discovered (Kama-

letdinov and Yakhimovich, 1981). The over-

lying Kolvinskaya Formation contains the re-

mains of numerous mollusks of the Boreal-

Atlantic type, similar to both the overlying 

Padimeiskaya Formation and the Pliocene com-

plex of Icelandic mollusks. In fact, these bio-

stratigraphic data do not make it possible to 

identify analogues of the Akchagylian Stage in 

the Timan-Pechora Basin. Taking into account 

the absence of the paleomagnetic data, we can 

use a method of the hydrospheric disturbances. 

The presence of a deep (up to -180 m) post-

Kolvinsky erosional incision of the Paleo-

Pechora with the presence of sandy-boulder 

formations (Belkin et al., 1972; Zarkhidze and 

Krasnozhen, 1973) makes it possible to compare 

this complex with the alluvial formations of the 

Kumurli Formation in the Bashkir Urals and 

Furuvik tillites in Iceland. The overlying 

Padimeyskaya Formation, which contains mol-

lusks of the Kolva type, can be compared with 

the Middle Akchagylian of the Urals and with 

the Breidavik Beds of Iceland. 

These data indicate the fundamental unity 

of the structure of the Pliocene deposits of the 

Eastern Paratethys mid-latitude basin, and the 

high-latitude subpolar Timan-Pechora Basin. 

Such coincidences are due to the unity of the 

hydrospheric disturbances and confirm the fun-

damental regional geological-geophysical con-

structions of the Ural-Caspian region, which do 

not need a radical revision. On the other hand, 

the detection of the Messinian incision (up to -

300 m) in the polar segment, explains the Ak-

chagylian paradox of the radical renewal (up to 

94%) of the malacofauna (Nevesskaya et al., 

1986). The phenomena of a sharp change in the 

levels of the hydrosphere of a non-glacial na-

ture, tectonophysically and planetary-ecolo-

gically, have been described and studied on the 

example of the history of the Earth's develop-

ment in the Mesozoic and Paleozoic (Katz, 

1986; Lapkin and Katz, 1990) and are called the 

“Messinian-like” events. 

They are accompanied by the interlayer 

disruptions of the lithosphere, a sharp change in 

the ratio between the areas of the shelf and oce-

anic depressions, and a radical transformation of 

the shelf biotas. The paradox is that biotically 

the Messinian event itself, in comparison with 

other geodynamically similar events, has not 

been sufficiently comprehended. A detailed 

analysis of the Akchagylian Phenomenon con-

tributes to the elimination of this biohistorical 

gap. And just the Akchagylian Turano-Caspian 

basin, where an endemic complex of the Sarma-

tian mollusks appears in the post-Messinian pe-

riod (Nevesskaya et al., 1986; Danukalova, 

1990) is a unique one. It makes possible to re-

think transformations in planetary ecosystems at 

the boundary of the Miocene and Pliocene, 

when various climatic, hydrospheric and tecton-

othermal events took place that influenced the 

nature of biotic transformations. 

One of the most important problems of the 

Akchagylian Stage of geological history is the 

determination of the maximum heights of the 

level of its hydrosphere in comparison with the 

modern one. Theoretically, it is convenient to 

consider this level close to the mid-latitude lev-

el, where do not influence the meridian distor-

tions of the Earth's figure and the maximum ex-

trema of the geoid (Katz, 1986). In addition, the 

tectonic activity of the region should also be 

taken into account. Within the Eastern Parate-

thys Basin, the regions of the East European 

platform located on the outskirts of the Caspian 

Basin, have long been used to analyze the hyp-

sometry of the alignment surfaces. 
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The highest elevations of the Akchagylian 

transgression, within 180–186 m, were obtained 

for the Southern Trans-Volga and Obshchy Syrt 

(Vostryakov, 1964). In other mid-latitude Euro-

pean regions, the marine Pliocene deposits are 

not developed, except for of the areas adjacent 

to the North Atlantic Basin. In this regard, the 

classic is the marine Pliocene of southeastern 

England – the Coral Crag and the Lenham Beds 

– ferruginous sands with the remnants of mol-

lusks, brachiopods, bryozoans, and corals occur-

ring at altitudes up to 180 m (Bennison and 

Wright, 1969). Thus, within the vast Eurasian 

tectonic plate for the Akchagylian and Atlantic 

basins, there is a similarity in the hypsometric 

level of the maximum Pliocene transgression. 

The task of comparing this level for the 

plates belonging to the southern segment – Cen-

tral Gondwana – has not been posed by anyone, 

although this area has been comprehensively 

studied for a long time in connection with the 

wide development of various mineral and other 

natural resources. 

Paleogeographic mapping of the Ak-

chagylian basins of Eurasia and Gondwana 

Since our geological and geophysical stud-

ies for many years have been concentrated in 

the southern regions of Eurasia and the northern 

regions of Gondwana, we attempted to synthe-

size numerous studies for the paleogeographic 

mapping of the Akchagylian basins in order to 

clarify their relationship and the degree of dif-

ference in the manifestation here the Akchagyl-

ian hydrospheric phenomenon. As a geograph-

ical base, we used the contours of the coastlines 

of the modern sea basins, and the geodynamic 

bases were oriented relating the lithospheric 

plates developed in the region, and mainly in-

terplate deep faults (Figure 3). In this case, the 

maximum amplitude of manifestations of the 

Akchagylian transgression was taken into ac-

count, which created a somewhat bizarre picture 

when comparing the coastline contours of the 

Akchagylian seas with the modern ones. 

Consolidated paleogeographic maps of Ak-

chagylian were developed for the Caspian-

Turan region (Nevesskaya et al., 1986; Richards 

et al., 2018). They are based on the numerous 

data from the past years, but no special paleoge-

ographic studies have been carried out in recent 

years, indicating the links between the Turano-

Caspian Basin and the Timan-Pechora Basin. 

So, the paradox of the fauna separation of the 

Akchagylian basin has not yet been resolved. 

 

Some part of the Akchagylian fauna of 

mollusks through the Manych Strait reaches the 

Taman coast of the Sea of Azov (Danukalova, 

1990), but on the whole, the same-aged Ak-

chagylian Euxinian kuyalnik is represented by a 

set of malacofauna of a substantially desalinated 

basin isolated from the Caspian Akchagylian 

Figure 3. Akchagylian paleogeographic map of the 

Eurasian-Arabian-Nubian region with tectonic ele-

ments: 

(1) interplate faults, (2) modern land-sea boundaries, 

(3) land-sea boundaries in the period of  the maximal 

Middle-Pliocene (Akchagylian) transgression 
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(Nevesskaya et al., 1986). The relationship be-

tween the Euxine basin at the Kuyalnikian 

epoch and the marine Tethys-Levant Basin is 

problematic according to the modern paleogeo-

graphic and paleotectonic data. 

At this time, the rhomb-shaped graben 

(pull-apart basin) of the Sea of Marmara was a 

zone of the fold uplift (Karakaş et al., 2018), 

and the Aegean Sea was almost drained and ex-

tremely narrow (Clauzon et al., 2007; Mandic et 

al., 2015; Neubauer et al., 2015). In general, this 

area is characterized by an extremely mosaic 

structure and complexity of the block tectonics 

(Le Pishon et al., 1995). 

Paradoxical concerning to the deep and ex-

tended Akchagylian Basin of the Caspian-

Turan, is the Tethyan Basin (Figure 3), limited 

in the area due to the drainage of the Aegean 

Sea. The southern part of the Aegean-Anatolian 

lithospheric plate is currently occupied by the 

sea, except for the large islands – Crete and Cy-

prus. However, the narrow bands of the Marine 

Pliocene, covering their plateaus, indicate that 

under conditions of a high transgression of the 

middle Pliocene (Koskeridou et al., 2009; Bellas 

and Keupp, 2010; Moskovits, 2012), significant 

tectonic uplifts occurred simultaneously in the 

conditions of the boundary structures of the Ae-

gean-Anatolian lithospheric plate (Facenna et 

al., 2016). Apparently, this area requires a more 

detailed study. 

On the other hand, within the southern 

flank of the Tethys basin, in the Levant and Nu-

bia (Figure 4), the Pliocene basin boundary ex-

tends beyond the current coastline and is located 

at different levels of the adjacent high plateau at 

the elevations of 50–100 m and 180–210 m 

(Said, 1962; Chumakov, 1967; Gvirtzman and 

Buchbinder, 1969; Raynaud et al., 2010). Due to 

the tectonic and geodynamic features and, first 

of all, manifestations of plate geodynamics, two 

paleogeographic regions can be considered here, 

where the Pliocene formations are quite differ-

ent both in the composition and origin of rocks. 

The first of them belong to the Sinai Plate, 

and the second to the Nubian Plate (Figure 3). 

On the Sinai Plate, outcrops of the Pliocene for-

mations are exposed mainly in Israel, in the 

coastal zone of the Eastern Levant, where the 

Mesozoic Terrane Belt is developed (Eppelbaum 

and Katz, 2015). The Pliocene marine and brack-

ish water formations here occur in the Galilee-

Lebanon, Judea-Samaria, Pleshet, Heletz, and 

Negev terranes mainly on the rocks of the Upper 

Cretaceous and, less often, of the Paleogene. 

 

 

They often underlie or alternate with the 

basaltic bodies, which are a branch of the most 

extensive trap field in Arabia – Harrat ash 

Shaam (Figure 3). At the very border with the 

Mediterranean Sea, the outcrops of the trans-

gressive Pliocene are generally parallel to the 

modern coastline and compose the upper part of 

the coastal plain of Israel, the Shfela uplift, and 

the Beer Sheva valley. The heights of the Plio-

Figure 4. Structural-paleogeographical map of the 

region under study: (1) interplate faults, (2) trap fields.  

ESM – Eratosthenes seamount, DST – Dead Sea 

Transform 
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cene outcrops, as they approach the uplifts of 

the Negev and Shomron terranes, reach 300 m. 

However, in general, the middle part of the Pli-

ocene outcrops does not exceed 100–200 m. It 

should be borne in mind that this is an area of 

not only active tectonic movements associated 

with the presence of an active interplate deep 

shear – the Dead Sea Transform (TMM), and no 

less active regional diagonal structures and as-

semblies of rotation caused by the deep geody-

namics phenomena (Eppelbaum et al., 2020, 

2021). Here, in the post-Pliocene time, the hy-

drosostatic movements were widely manifested, 

associated with the sharp drops in the level of 

the World Ocean on 100–120 m caused by the 

development of continental glaciations and in-

terglacials (Milankovitsch, 1941). 

The Pliocene marine formations form the 

residual terraces on the slopes of the Carmel Mt. 

(northern Israel) at altitudes of about 100 m, and 

a structural terrace covered with the pebbles at 

an altitude of about 200 m. To the north of the 

Kishon graben in Galilee (northern Israel) up to 

the coastline of the Mediterranean Sea, outcrops 

of this type are developed, forming two Plio-

cene terraces, smoothly descending into the 

immersion zone of the Galilee-Lebanon terrane 

(Figure 4) to the Levant Basin. 

In general, these deposits are located in the 

trough zone and have an estuary-like contour. 

The Marine Pliocene was not found in the area 

of the TMM troughs. Here, the alluvial and 

brackish-water Pliocene terrigenous formations 

are developed, among which the foraminifera 

remains Ammonia beccarii, A. tepida and 

Elphidium sp. were discovered (Almogi-Labin 

et al., 1995; Hall et al., 2005). The Late Mes-

sinian Beer Sheva-Gaza Canyon, incised into 

the Miocene and older formations, and com-

posed by the marine Pliocene (Buchbinder and 

Zilberman, 1997), is located at the same latitude 

as the southernmost outcrops of the DST brack-

ish Pliocene estuary (Figure 4). Thus, within the 

limits of Gondwana in the coastal plain of Isra-

el, near the Tethys Basin are reliably present as 

the elements of the Messinian crisis itself (first 

discovered by A.N.Mazarovich in 1927 in the 

Volga-Caspian region (Vostryakov, 1964)), and 

the ingression complex of the Mediterranean 

analogs of Akchagylian, filling the Late Mio-

cene canyon. The height of the latter is about 

200 m, which corresponds to the Caspian hy-

drospheric maximum. These data were ex-

pressed and described earlier, after analyzing 

the surveys in the Nile Valley in Nubia (Egypt), 

in order to clarify the geodynamic stability of 

the site in connection with the choice of the 

alignment and the construction of the high dam 

of the Aswan hydroelectric power station – 

Sadd el-Aali (Chumakov, 1967). This work de-

termined not only the engineering and energy 

goals, and objectives of two far-flung regions 

(the Volga region and the Nubian Desert), but 

also revealed some fundamental similarities in 

the recent geological history of the Caspian and 

Mediterranean seas. 

Chumakov (1967) was the discoverer of a 

unique phenomenon in geological history – the 

Messinian crisis, the reliability of which was 

proved by the painstaking geological-

geophysical studies of the International commu-

nity. For instance, it has been irrefutably proven 

by the geophysical surveys and the deep-sea 

drilling under the Glomar Challenger program 

(Hsü et al., 1972). Simultaneously, Chumakov 

(1967) for the first time proved the existence of 

the Akchagylian analogs in the Mediterranean 

and concluded that the ingression of this sea-

level should reach the Nile second rapids – to an 

altitude of about 200 m. Chumakov was the first 

to try to link the Mediterranean Messinian crisis 

with the tectonic-eustatic processes in the Red 

Sea region. 

Preliminary materials on the analysis of the 

heights of occurrence of the Pliocene marine 

complexes on the Red Sea islands indicate their 

excess in places by tens of meters above the sea-

level. However, an interpretation of these data 

can be genetically diverse. Apparently, this 

problem requires a special study (primarily to 

assess these prospects for the occurrence of 

commercial hydrocarbon deposits), which is not 
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included in the research program in the present 

work. 

Much more urgent is the problem of the ab-

sence of the marine Pliocene on the Arabian 

Plate, which immediately makes it unrealistic to 

search for a connection between the nearby oc-

curring Caspian Akchagylian and the “dry” Per-

sian Gulf. The absence in this bay of deposits 

associated with the Pliocene hydrospheric max-

imum is theoretically explainable from the 

standpoint of a geodynamically active deep 

structure recently discovered in the studied re-

gion (Eppelbaum et al., 2020, 2021). However, 

to explain the real structural and geodynamic 

reasons for the drainage of the Persian Gulf in 

Pliocene at the maximum values of transgres-

sion, an analysis of empirical data is significant. 

Such data are contained in the results of the 

structural-tectonic mapping and the analysis of 

the movements in the ophiolite belt of the 

Mushandam Peninsula (Searle, 2019), which 

indicate that the closure of the Strait of Hormuz 

was caused by the powerful Late Cenozoic 

movements in the zone of development of the 

Semail ophiolite belt.  

To the southeast of this region, in the Indi-

an Ocean coast of Arabia, in the area of the 

younger Cretaceous Masirah ophiolite belt, the 

obduction phenomena occur. The consequence 

of this process was that eastern Arabia became 

an obstacle to the Pliocene seas (Schreurs, 

1999). 

Discussion and conclusions 

Thus, the data from the study of the Plio-

cene deposits of remote water areas at the 

boundary of Eurasia and Gondwana indicate 

both the commonality and the difference in their 

properties, structure, and development history. 

This requires an explanation from the standpoint 

of the latest data from the regional deep geo-

physics and geodynamics. 

For this purpose, the paleogeographic map 

was combined with a deep zonation scheme 

containing the elements of plate geodynamics, 

the lines of conjugate deformation of the Earth's 

figure, and geoid's stepped zone, and isolines of 

the projection of the deep mantle structure onto 

the Earth's surface (Figure 5). These data pro-

vide a real opportunity to verify both the ob-

tained conclusions and the formulations in their 

assessment. Based on this, the concept of the 

“Akchagylian Phenomenon” receives a plane-

tological and geophysical assessment: the Tura-

no-Caspian Basin is topologically separated 

from the adjacent basins of the Arabian-

Caucasian syntaxis. 

 

 

 

 

 

 

 

 

Figure 5. Pliocene paleogeographical map of the 

region under study superimposed on the integrated 

geophysical-geodynamical scheme: 

(1) interplate faults, (2) modern land-sea boundaries, 

(3) land-sea boundaries during the maximum Middle 

Pliocene (Akchagyl) transgression, (4) residual region-

al gravity map, (5) rotation of the Earth's crust accord-

ing to the GPS observations, paleomagnetic and struc-

tural data, (6) the generalized position of the planetary 

Ural-African step ((4) and (5) according to Eppelbaum 

et al. (2020) and Eppelbaum et al. (2021), respectively) 
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Three considered basins, the Red Sea, the 

Tethys, and the Euxine, are located in the zone 

of influence of the deep (lower mantle) structure 

(Eppelbaum et al., 2021). The data from these 

studies (Figure 5) testify that the marginal 

north-western contour of this structure projec-

tion coincides with the Caspian Basin bounda-

ries. Its geodynamics (primarily counterclock-

wise rotation of the deep structure) obviously 

influenced both the southern and western parts 

of the basin. In the south, the final stage of de-

velopment of the Alpine stage was expressed in 

the uplift of folded structures and the Arabian 

Plateau. In the west, the Main East European 

fault divided the zones of the Eastern and the 

Western Caucasus, which differed both in the 

intensity of uplift and in the direction of the tec-

tonic block rotation (Figures 2 and 5). 

It should be noted that such deep structures 

are the most unstable and often include mantle 

plumes, which affect the geodynamics and mag-

matism of the upper mantle and crust layers, as 

well as the formation of hydrocarbon reservoirs 

in the near-surface layers (Trubitsyn, 2012). 

The Indian and Turano-Caspian basins are 

located outside the deep mantle structure, but at 

the same time belong to the Ural-African zone of 

the negative geoid anomalies (Eppelbaum et al., 

2020). These two basins are separated by a criti-

cal parallel of 35о (Veronnet, 1912), which is a 

zone of the conjugate deformation of the Earth's 

rotation ellipsoid, where anomalously high zones 

of the Earth's surface relief are formed. There-

fore, the assumptions made so far by many re-

searchers about a possible marine connection of 

the Caspian Pliocene through the Oman and Per-

sian gulfs seem to be theoretically untenable. 

Another important aspect is the develop-

ment of the Messinian crisis in the Tethys and 

Paratethys basins. We will not consider the glob-

al aspects of this phenomenon associated with 

hydrospheric disturbances. In our regional case, 

it is important to take into account the identified 

geological and geophysical factors of the influ-

ence of the deep mantle structure on the near-

surface geodynamics (Eppelbaum et al., 2021). 

The explanation of the traditionally local 

property –  the drainage of the entire Tethys wa-

ter area due to the closure of the Rif corridor – 

does not seem convincing enough (Bellas and 

Keupp, 2010; Krijgsman et al., 2018), since the 

reasons for the isolation of the basin could be 

multifaceted ones. 

In this regard, in addition to the plate geo-

dynamics, other deep-seated factors could also 

have influenced, including an extended geody-

namically active deep mantle structure, the top 

of which is located in the zone of the greatest 

Earth's tensions, on the critical latitude of 35°. 

At the same time, the highest movements in this 

apical zone counteract the development of 

spreading in the Red Sea zone, and it can be as-

sumed that in the absence of this deep structure, 

the active rifting would lead to the unification of 

the Levant and the Red Sea. And the Messinian 

crisis would have been offset by the influx of 

water flows from the southeast. 

The most significant conclusions of the 

conducted research are as follows. 

 A comprehensive analysis of the biostrat-

igraphic data, biogeographical and facial charac-

teristics, and the results of the paleomagnetic cor-

relation of the Akchagylian Stage of the Eura-

sian-Arabian-Nubian region was carried out. 

 For the first time, a generalized paleoge-

ographic map of the studied region has been 

constructed, indicating the similarities and dif-

ferences of the Akchagylian water basins in dif-

ferent paleotectonic zones. 

 The planetary nature of the Akchagylian

Phenomenon is shown by comparing the Cas-

pian basin with the far-distant vast basins of 

the Atlantic Ocean, the Polar Ocean, and the 

Tethys Ocean. 

 Explained the effect of the influence of

the rotating counterclockwise deep mantle 

structure on the near-surface and surface geo-

dynamic processes including the Akchagylian 

Phenomenon. 
 The conducted research can be used to

develop an enhanced strategy for prospecting of 

hydrocarbon deposits in the region under study. 
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DƏRİN GEODİNAMİKA ASPEKTİNDƏ AKÇAQIL HİDROSFER FENOMENİ  

 

Lev Eppelbaum, Yuri Kats 

 

Hidrosfer dəyişilmələri həm stratiqrafik şkalanın, həm də Gec Kaynozoy dövründə planetin 

dövrlərə bölünməsi şkalasının hazırlanmasında istifadə edilən əsas elementlərdən biridir. Paleo-

coğrafi və sedimentasiya-biotik baxımlardan ən ekzotik görünüşə anomal şəkildə şimala doğru 

uzanan və şortəhər rejimdən yarım-dəniz və dəniz rejimlərinə keçid tipologiyası ilə səciyyələnən 

Akçaqıl hövzəsi malikdir. Akçaqıl dövründə dəniz transqressiyasının dərinliyi 200 metrdən artıq 

idi ki, bu amil sözü gedən geoloji dövrdə hökm sürmüş çöküntülərin əmələ gəlməsi proseslərinə 

və iqlim şəraitinə öz mühüm təsirini göstərməyə bilməzdi. Həyata keçirilmiş ətraflı stratiqrafik, 

struktur-tektonik, paleobiocoğrafi və paleomaqnitik təhlillərin nəticələri əsasında Şərqi Paratetis 

hövzəsində Akçaqıl mərtəbəsinin sərhədləri və həcmi yenidən qiymətləndirilmişdir. Tədqiqatlar 

nəticəsində həmçinin Orta Pliosen (Akçaqıl) maksimal transqressiyasının baş verdiyi dövrdə 

Avrasiya və Qondvana qitələrinin birləşmə zonası üçün dəniz ilə quru arasında sərhədlər ilk dəfə 

müəyyən edilmişdir. Həyata keçirilmiş rayonlaşdırma əsasında “Akçaqıl fenomeni” anlayışının 

planetoloji və geofiziki qiymətləndirilməsi verilmişdir. Akçaqıl hövzəsinin inkişafının müxtəlif 

tektonik elementlərlə, ilk növbədə yaxınlarda aşkar olunmuş saat əqrəbinə əks istiqamətdə dövr 

edən nəhəng dərin mantiya strukturu ilə əlaqələri göstərilmişdir. 
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АКЧАГЫЛЬСКИЙ ГИДРОСФЕРНЫЙ ФЕНОМЕН  

В АСПЕКТЕ ГЛУБИННОЙ ГЕОДИНАМИКИ 

 

Лев Эппельбаум и Юрий Кац 

 

Гидросферные возмущения являются одним из определяющих элементов выработки 

как стратиграфической шкалы, так и шкалы планетарной периодизации в период поздне-

го кайнозоя. Наиболее экзотическим в палеогеографическом и седиментационно-

биотическом плане выглядит акчагыльский бассейн – аномально вытянутый глубоко на 

север и характеризующийся типологией перехода от солоноватоводного режима к полу-

морскому и морскому. Морская трансгрессия в ахчагыльское время доходила до 200 и бо-

лее метров, что не могло не оказать значительного вляния на аккумуляцию осадков и кли-

матические условия этого этапа геологической истории. На основе детального страти-

графического, структурно-тектонического, палебиогеографического и палеомагнитного 

анализов проведена ревизия границ и объёма акчагыльского яруса в районе бассейна Во-

сточный Паратетис. Впервые обозначены границы суша-море для области сочленения 

Евразии и Гондваны в период максимальной среднеплиоценовой (акчагыльской) трансгре-

сии. На основе проведенной регионализации понятие «акчагыльский феномен» получило 

планетолого-геофизическую оценку. Показана явная связь развития ахчагыльского бассей-

на с различными тектоническими элементами, в первую очередь, с недавно выявленной 

гигантской глубинной мантийной структурой, вращающейся против часовой стрелки. 
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