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Abstract
The study of the ancient anthropological sites of the Levantine Corridor is very significant for understanding the evolution 

of ancient hominins and the time of their dispersal from East Africa to the Caucasus and Eurasia. The event stratigraphy data 
and paleomagnetic studies of the latest Cenozoic are comprehensively generalized for the Levantine region. Compiled integrated 
structural-paleomagnetic-event stratigraphic chart enabled the exact correlation of the northern Levantine ancient hominin sites. 
For a thorough analysis of the well-studied anthropological site of ‘Ubeidiya (located some km SW of the Sea of Galilee), we used the 
following principal methodologies: paleogeographic research combined with examination of hydrospheric disturbances, analysis of 
cyclic stratigraphy, generalization of detailed paleomagnetic stratigraphy, biostratigraphic correlation, lithological-facies analysis, 
event stratigraphy, and structural-tectonic studies. Methods of comparative analysis of several anthropological sites surrounding 
the site of ‘Ubeidiya were also employed. Comprehensive paleomagnetic mapping and profiling have been applied to a few areas in 
the northern part of the Levantine corridor. It can reveal some essential tectonic-structural peculiarities of the sites disposed of this 
strip. Paleogeographic and tectonic-geodynamic data analyses indicate that the Calabrian age of the ‘Ubeidiya site is discussable. 
The constructed palinspastic reconstruction map (3.6 - 2.0 Ma) unmasked important tectonic-magmatic features of the area under 
study. Based on the combined multifactor analysis, we propose that the age of this site can be significantly increased. The new 
suggested age (Lower Matuyama - Gelasian) may require a revision of the entire global process of dispersal of primitive man from 
Africa to the north.
Keywords: Paleogeographic examination; event stratigraphy; paleomagnetic correlation; paleomagnetic mapping; landscape 
studies; chronostratigraphic studies; palinspastic reconstruction; combined interpretation

Introduction

The sites of the ancient hominins of the Levantine region are 
very significant for assessing the evolution of early hominins and 
the time of their dispersal from East Africa [1-3]. The relationship 
between archaeological and geological-geophysical studies is asso-
ciated with determining the age of sites and the paleogeographic 
conditions in which they were formed. Most of the studies of sedi-
mentation complexes containing early hominin sites are based on  

 
a relatively narrow range of physical-chemical, paleontological, and 
archaeological methods. The age of the most ancient sites in the Le-
vant ranges from 2.0 to 1.1 Ma, while in East Africa, it is 2.6-2.4 Ma, 
and in the Caucasus region, it is 2.1-1.7 Ma [4]. Such a scatter in the 
age range of sites with the most ancient artifacts indicates that the 
methods’ scope does not give unambiguous correlation results. It 
requires an assessment from the standpoint of both general and re-
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gional stratigraphy under the conditions of different facies charac-
teristics of the sections. The location of some of the ancient anthro-
pological sites in the Levant is shown in Figure 1. One of the most 

important sites is the well-studied multi-layered site of ‘Ubeidiya 
[e.g., 5,6], located a few km SW of the Sea of Galilee (Kinnarot Ba-
sin). The age of this site was determined as 1.6-1.4 Ma [6].

Figure 1: A simplified tectonic map of the studied region with the location of studied ancient hominin sites. (1) intraplate faults, 
(2) interplate faults, (3) location of the paleomagnetic profile, (4) ancient archaeological sites. DST, Dead Sea Transform, JS, Judea-

Samaria, NB, Neoproterozoic Belt. The dotted lines contour the Kuntila and Hula basins. The symbols I, I’ and I’’ designate the 
position of the paleomagnetic profile in Figures 6 and 7 and the various parts of the paleomagnetic profile in Figure 8. Symbol ‘?’ 

indicates insufficient knowledge of the geological section.
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The ages of the anthropological sites and attracted geological 
sections are estimated by stratigraphic, radiometric, paleomagnet-
ic, anthropological, and paleogeographic methods. Among the lat-
ter, the most important are the nature of the land-sea ratio (analysis 
of transgressions and regressions) and the stages of climate change 
(see subsections 3.1 - 3.3). To solve the first problem, we used the 
method of hydrospheric disturbances [7] based on measurements 
of the levels of sea terraces and the amplitude of river incisions 
(Figure 2). This method shows the best results in the relatively 
stable areas of continental platforms. Tectonic-paleomagnetic map-

ping in the area of widespread development of the Late Cenozoic 
deposits containing numerous sites of ancient hominins requires 
a thorough analysis of tectonic, geodynamic, paleomagnetic, and 
other geological events (see subsections 3.4 - 3.5). On their basis, 
the mapping itself and the study of the abiotic habitat of ancient 
hominin are carried out, and the sites’ ages are estimated. For this 
purpose, we analyzed the identified general chronostratigraphic 
scale. Then we correlated the heterogeneous elements of the Late 
Cenozoic event and paleomagnetic stratigraphy for the Levant and 
Paratethys basins.

Figure 2: A simplified tectonic-paleogeographic map of the Levantine region for the Gelasian-Akchagylian time of the maximal 
flooding. (1) areas covered by the Gelasian Sea of Neotethys, (2) areas of the development of alluvial and lacustrine facies of the 
Gelasian stage, (3) location of the archaeological sites of the ancient hominins considered in the presented study, (4) location of 
geological sections Kuntila and Mazar (southern Israel), and Zemah-1 borehole (northern Israel) significant for the radiometric, 

stratigraphic, and paleomagnetic correlation. DST, Dead Sea Transform. Symbol ‘?’ indicates insufficient knowledge of 
geological-archaeological data.

Materials and Methods
Materials

In this research were used the previous authors’ investiga-
tions [7-19], results of the authors’ field surveys in the area, and 
numerous studies of other authors in the fields of magnetostratig-
raphy [20-31], paleomagnetic analyses [32-42], radiometric dating 
[34,39,41,43-52], tectonics [32,34,45,47-49,52-64], stratigraphy 

[41,55,60,65], paleontology [66-70], geological-geophysical map-
ping [59,60,64,71-74], and archaeological and anthropological data 
[1-3,5,6,37,41,66,69,70, 75-82]. 

Methods

The study of such complex ancient anthropological sites re-
quires their analysis using the integration of reliable, comprehen-
sive methods. The variety of geophysical, geological, and paleon-
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tological methods (including compilation results) employed in 
this investigation are presented in Figure 3. For the first time, in 
the region under study was used a combined analysis of physical 
(radiometric, magnetostratigraphic, paleomagnetic correlation, 
paleomagnetic mapping, and geodynamical analysis), geological 

(lithofacies, event stratigraphy, hydrospheric disturbances, cyclic 
stratigraphy, paleogeographical, magmatic activations, and palin-
spastic reconstructions), and paleontological (biostratigraphic cor-
relation and ecostratigraphic analysis) methods. 

Figure 3: Block-scheme of applied investigation methods.

Principal preferences of integrated interpretation

It is well known that an integrated examination (sensing) in-
creases the amount and reliability of geophysical-geological infor-
mation sharply [83,84]. Theoretically, suppose a set of geophysical 
(geological, geochemical, archaeological) methods is focused on 
investigating independent indicators of equal value. In that case, 
the anomaly detection reliability γ can be described by an equation.
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where υ is the ratio of the anomaly squared to the noise disper-
sion for each i-th method, and F is the probability integral.

Let us assume that three points indicate some natural anomaly 
and that the mean square of the anomaly for each field is equal to 
the noise dispersion. For a single investigation method, the reliabil-
ity of detecting an anomaly of a known form and intensity can be 
calculated by Kotelnikov’s criterion [e.g., 85]. Hence the reliability 
for individual methods is 0.61 and 0.77, and 0.87 for a set of two or 

three methods, respectively. It means that the q value (risk of an er-
roneous solution, q = 1 - γ) decreases when integrating two or three 
methods by factors of 1.7 and 3.0, respectively. These simple cal-
culations indicate the preferences of different method integration. 
In our subsurface sensing, the number of applied methods with 
positive estimations in many cases vastly outnumbers the three. 
The presented multidisciplinary study covers more than ten inde-
pendent geological and geophysical methods, making the obtained 
results sufficiently reliable. 

Results
Analysis of the event-stratigraphic, paleomagnetic and 
tectonic-thermal events

The Levant region is a tectonic structure occurring between 
the African-Arabian and South European regions. The complexity 
of this structure is associated with the developed here initial stag-
es of rifting and the final phases of the collision of the Neotethys 
Ocean [4]. Tectonic-thermal events were most clearly manifested in 
the area of the largest Late Cenozoic trap field in the Middle East, 
the Ash Shaam field, and the Dead Sea Transform (DST) area is 
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the reference and most studied petrologically and radiometrically. 
A detailed analysis of paleomagnetic stratigraphy can provide in-
terpretative possibilities that no other geological and geophysical 
methods deliver [12]. The determination of the sequence of Chrons, 
subchrons, and more fractional magnetostratigraphic divisions of 

the Upper Cenozoic of the study region was compiled from the Mid-
dle Miocene to the Holocene (Figure 4a). The second column (Fig-
ure 4b) shows the geochronological scale, Chrons, and subchrons 
of the magnetostratigraphic scale, for which the proper names and 
alphanumeric indices are used. 

Figure 4: Paleomagnetic and event stratigraphy of the latest Cenozoic of the Levantine region compared with the Tethyan-
Paratethyan scale and paleogeographic-geodynamic events: a – stratigraphic scale, b – magnetostratigraphic scale, c – the scale 
of magmatic events of the Harrat Ash Shaam, d – hydrospheric events, e – cryospheric events, f – events of the Earth’s figure 

changes. SOL, Standard Ocean Level.
Paleomagnetic subchrons: Kam., Kamikatsura, S.R., Santa Roza, Jar., Jaramillo, Pun., Punaruu, C.M., Cobb Mt., K.N., Kvemo-

Natanebi, O.J., Ontong Java, Old., Olduvai, Gam., Gamarri, Feni, Re., Reunion, Hal., Halawa, Ilch., Ilchembet (?), SV (1-3), 
Searles Valley (1-3). The paleomagnetic data were generalized based on [6,22,25,27,28,35,36,40–42,66]. The ages of basalts were 

generalized based on [34,48,52,57,60].
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The Gilbert, Gauss, Matuyama, and Brunhes Chrons are distin-
guished here [e.g., 19,24,25,27]. They form natural cycles which are 
comparable to the tiers of the Mediterranean scale. For instance, 
Gilbert Chron corresponds to Zanclean, Gauss Chron to Piacenzian, 
Matuyama Chron to Gelasian and Calabrian, and Brunhes Chron to 
Ionian (Figures 4a & 4b). Careful magnetostratigraphic and tec-
tonic-paleogeographic  analysis of the ‘Ubeidiya anthropological 
site indicates that its age may relate to the Calabrian or Gelasian. 
However, reliable assessment of the paleomagnetic age of archae-
ological sites is currently problematic. This circumstance is due to 
many factors. The magnetostratigraphic scale indexation is based 
on the finely determined structure of the geomagnetic field [20,23-
25,29,30] and its astronomical and oxygen isotope calibration 
[27,28,31]. The involvement of these data serves as the basis for 
the relation of paleomagnetically dated archaeological sites to one 
or another segment of the modernized magnetostratigraphic scale 
(Figure 4b).

Performed review of the literature indicated that the lower 
part of the paleomagnetic Matuyama Chron has not been studied 
enough [e.g., 27,30]. Therefore, for the correct compilation of the 
magnetostratigraphic scale (Figure 4b), such classical geological 
methods as biostratigraphic correlation, lithological, facies, and 
structural-tectonic analysis, and event stratigraphy were applied 
[21,22,26,28,30]. The dominance of reverse polarity distinguishes 
Gilbert Chron. It precedes the Gauss Chron, where normal polari-
ty prevails, and then the Matuyama Chron, where relatively short 
subchrons of normal polarity dominate against the background of 
reverse polarity, except for the Olduvai subchron in the middle part 
of this zone (Figure 4b). The Brunhes Chron of normal polarity con-
tains numerous short-term subchrons of the normal and alternat-
ing polarity and is not completed. 

Numerous subdivisions of trap complexes were identified and 
classified in the Golan Plateau, the Southern Galilee, and the Hula, 
Kinneret, and Jordan basins [14,19]. After this, they grouped into 
larger magnetostratigraphic divisions that received the above 
names (Figure 4c). These sequences of basalt traps form the natu-
ral tectonic-thermal stages separated by breaks. Tectonic-thermal 
events, their corresponding stratigraphic units, and rock complexes 
in this region are associated with its active plate geodynamics (Fig-
ure 4c). They manifested themselves most clearly at the boundary 
of the Arabian and Sinai plates within the largest trap field in the 
Middle East, Harrat Ash Shaam [52,60]. In general, a regular cyclici-
ty of the intensity and type of tectonic-thermal events is revealed in 
the region [13]. It consists, for instance, of the areal development of 
trap complexes and the replacement of intrusive magmatism with 
effusive one [4]. 

In the late Cenozoic, the most stable, extensive trap volcanism 
and regional uplifts appeared in the Early Pliocene (Zanclean), 
when the Cover Basalts of the Lower Galilee, the southern part of 
the Golan Plateau, and a significant part of the DST zone from the 
Korazim Plateau to the Kinneret and Kinnarot troughs were formed 
[57]. The second considerable peak of tectonic-thermal events is 
associated with active volcanism of the Calabrian and Ionian stag-

es, manifested in the northern part of the Golan Plateau near the 
boundary of the Precambrian massif of the Arabian Plate and the 
Mesozoic Terrane Belt [13]. Tectonic-thermal events, which ac-
tively influenced the landscape formation, climate, the evolution of 
ecosystems, and the settlement of ancient people, clearly correlate 
with the regional geological-geophysical processes [e.g., 7]. Based 
on these positions, the critical factors controlling the settlement of 
ancient man are the weakening of volcanism and the development 
of tectonic depressions with optimal landscapes for the habita-
tion of ancient man. In this respect, the stage of tectonic-thermal 
events between the Cover Basalts and Ortal-Golan Basalts (Figure 
4c) corresponds to a minimum of volcanic activity and a maximum 
of subsidence with the formation of depression alluvial-depression 
strata. This one corresponds to the Akchagylian stage (Figure 4d). 

In this paper, for the first time, we point out that these cycles of 
the Levant trap series coincide completely with the latest Cenozoic 
stages identified in marine sections of the Mediterranean. Interme-
diate Basalts correspond to the Messinian Stage, Cover Basalts to 
Zanclean, Eitar Basalts to Piacenzian, Ruman Basalts to Gelasian, 
Ortal Basalts to Calabrian, and Golan Basalts to Ionian (Figure 4c). 
The presented correlation has significant importance since the 
wide volcanism’s development in the Levantine corridor has in-
fluenced the dispersal of the early hominins from Eastern Africa. 
These data will be used later for constructing paleomagnetic col-
umns and maps. 

A brief analysis of hydrospheric disturbances

The hydrospheric disturbances in this region were studied 
earlier [7,13]. The Late Miocene-Messinian stage formed a wave of 
hydrosphere fluctuations from +200 to -300 m (Figure 4d) relative 
to the current world sea level [7,86,87]. The initial extremum in 
the range of 6.75-6.5 Ma corresponds to the Pontic transgressive 
peak known in the Euxine Paratethys basin and developed in the 
Levantine region in the form of carbonates of the Bira Formation 
and deposition of saline strata in the DST basins. During most of 
the Messinian epoch, the sea basin level corresponded to the cur-
rent level, up to 5.8-5.75 Ma. After the Messinian crisis came, it 
was marked by a sharp drop in the level of the hydrosphere, the 
closure of the Tethys-Paratethys basins, and the drying of the Med-
iterranean Sea (Figure 4). This crisis is a unique phenomenon in 
the Earth’s history since the land relief’s descent to values of 2,000-
4,000 m below the ocean level is unprecedented in paleogeographic 
terms. It undoubtedly influenced many geodynamically significant 
subsequent events in the history of the Earth, including the devel-
opment of the landscape, climate, ecosystems, and the evolution of 
the biosphere [8].

In general, after the Messinian crisis, the level of the hydro-
sphere was lower than today. During Zanclean and the end of Mes-
sinian, the Tethys Basin was relatively narrow, and the spaces of 
the surrounding land formed an extensive arid belt. Significant 
paleogeographic changes manifested themselves during the epoch 
of the Akchagylian hydrospheric maximum [7], initially identified 
in the Caspian-Turanian Basin of Paratethys. In the Levant, the ex-
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tremum of this transgression (up to 100-200 m above the current 
ocean level) covered the western part of the carbonate platform. 
This circumstance narrowed the optimal path of hominin disper-
sal from the coasts of the rift lakes of East Africa to the north to 
the coastal areas of the vast Tethys and Paratethys water areas [4]. 
The end of this great flood, followed by the hydrospheric minimum 
of the Calabrian-Ionian age, contributed to the development of the 
Levantine corridor.

Before the Ionian stage, glacial processes had no a pronounced 
planetary character (Figure 4e). A stable ice sheet covered only 
the continent of Antarctica. The transfer of excess moisture caused 
mountain glaciations and insular glaciers from the tropical areas to 
the Polar Regions under rising levels of the hydrosphere. The dom-
inance of the glacial climate with the intensification of contrasting 
movements under an increase in the Earth’s orbit eccentricity and 
the development of continental glaciations over vast expanses of 
Laurasia, Antarctica, and southern America began around 0.85 Ma 
ago [7]. Thus, glacial and planetary-geodynamic factors (Figures 4e 
and 4f, correspondingly) were decisive in ancient hominin settling, 
evolution, and sapientization.

Stratigraphic and paleogeographic evidence 

We have diversified the traditional correlation criteria and 
methods following the current level of stratigraphic studies by 
introducing elements of the event and cyclic stratigraphy and cri-
teria for paleogeographic and tectonic-geodynamic assessment of 
sequences containing sites of ancient hominins. These procedures 
were performed considering the conditions for forming previous 
and subsequent deposits and stratigraphic breaks. The chronos-
tratigraphic nomenclature was regionally justified for the Mediter-
ranean and the Paratethys basins, and local magnetostratigraphic 
divisions were used for the stage determination. The latter is very 
important for paleomagnetic stratigraphy. It is based on the most 
studied paleopedological scale and the benchmarks of sea-level 
fluctuations measured in relatively stable zones of continental plat-
forms.

The unification of the tiered scale is crucial, considering plan-
etary hydrospheric disturbances used for its establishment. These 
perturbations in the practice of archeology were considered only 
on the coasts. Meanwhile, they play a leading role in the landscape 
and climate changes since fluctuations in the final water body of 
flow levels are the leading cause of the evolution of vast ecosystems 
in which ancient hominins lived. Therefore, it is desirable to intro-
duce the criteria of ecostratigraphy and climatostratigraphic cor-
relation into archaeological stratigraphy, considering the alterna-
tion of humidification and drying periods (respectively, pluvial and 
arid epochs). In this regard, studies on the hydrogeological cycles 
regulating the development of ancient hominins are critical [e.g., 
65]. This requires a separate detailed investigation.

The character of the Upper Cenozoic sections and the sites’ dis-
tribution vary in different regions of the Eastern Mediterranean. 
Therefore, their tectonic-paleogeographic typification was carried 
out with the allocation of the coastal plain, the DST zone of troughs 

and uplifts, and the uplifted plateau of the Neoproterozoic Sinai 
massif. The first two regions are significantly differentiated in seis-
motectonic, landscape-structural, and facies-paleogeographic fea-
tures, associated with their younger character than the igneous and 
metamorphic Precambrian Sinai belt. Ancient anthropological sites 
(we consider the primary site of ‘Ubeidiya and some essential sur-
rounding sites of Gesher Benot Yakov, Evron, Erq El-Ahmar, Zarqa, 
and Zihor) (Figure 2) dominate precisely in the above two areas. 
These areas contain various facies types of sedimentary complexes 
and terrestrial volcanic rocks (Figure 5).

The multi-layered structure of the site of ‘Ubeidiya indicates 
that it was exploited for a long time, considered a stable source of 
fresh water, rich hunting opportunities, and plentiful potentially co-
mestible plants [5,78]. The event-stratigraphic and rhythm-strati-
graphic analyses show that the ‘Ubeidiya and Erq El-Ahmar forma-
tions do not contain a significant break and form a single sequence 
of the lacustrine-alluvial cycles within the Gauss and Matuyama 
Chrons [35,36]. Within the DST trough, sections are known where 
analogs of the ‘Ubeidiya and Erq El-Ahmar formations are devel-
oped in an Al-Qarn section in Jordan Valley [68] (Figure 2). The 
gastropod remains studied in this section [68] show that the gas-
tropod assemblages in the ‘Ubeidiya and Erq El-Ahmar formations 
are continuous into each other (Figure 5). The gastropod remains 
related to the same paleogeographic-sedimentological cycle, and 
significant breaks in the previous geological sections are unlikely 
to have developed.

The carbonate platform of the Eastern Mediterranean coast-
al plain (Figure 2) is tectonically subsided and partly forms the 
modern shelf of the Levant [12], contains marine sediments and, 
to a lesser extent, Neogene traps. On the contrary, the DST basins 
contain diverse traps of different ages, fresh and brackish-water 
lacustrine carbonate-terrigenous strata, and alluvial-soil series of 
river terraces. The facial complexes are presented in Figure 5 (cor-
responding signs to the right of the columns). The columns indi-
cate the paleomagnetic polarity of deposits or igneous formations if 
they are present in the sections. At the same time, the section’s com-
pleteness is indicated, considering the size of stratigraphic breaks. 
This indication is an integral component of the event stratigraphy 
procedure, which we consider essential for assessing the temporal 
relationships between the carefully studied archaeological sites. 
Figure 5 displays the levels of horizons with artifacts and radio-
metric dating of igneous (to the right of the compiled columns) and 
sedimentary rocks (to the left of the columns).

Igneous analogs of Zanclean (5.3-3.6 Ma), represented by the 
Сover Basalt Formation [52,88], are the most widely developed in 
the Eastern Mediterranean. In the Kinneret-Kinnarot troughs, the 
thickness of the traps of this series in the Zemah-1 borehole reach-
es 706 m [63]. This is evidence of the highest magmatic activity in 
the region under study, which undoubtedly influenced the develop-
ment of ecosystems and the evolution of ancient hominins. The on-
set of the Piacenzian stage reflects the beginning of the Akchagylian 
hydrospheric maximum. It was marked by the development of the 
Erq El-Ahmar lacustrine-alluvial formation in the DST basins (Fig-
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ure 2). The rocks of this formation lie on the Cover Basalts and have 
mainly normal magnetization [89] corresponding to the Gaussian 
Chron [35]. The subsequent stage of the Akchagylian hydrospheric 
maximum, with the flooding of the western plateaus by a sea ex-
ceeding the current level by 200 m, was marked by the broad de-
velopment of the Pleshet marine formation in the Mediterranean 
coastal plain of Israel. This formation underlies continental layers 
with artifacts and remains of vertebrates in the Evron section [66].

Areal stratigraphic, radiometric, and paleomagnetic 
analysis 

In the stratigraphic subdivision of deposits containing archae-
ological sites, a rather extensive research methodology is used, 
associated with the need for ecosystem and historical reconstruc-
tions of the habitats of ancient hominin [5,6,69,81]. However, when 

these sites are correlated even by comparatively accurate physical 
and chemical methods within the African-Arabian-Caucasian re-
gion, modern researchers face complex insoluble problems, both 
general and regional. This is due to this region’s extraordinarily 
complex geological structure of this region [e.g., 60,65] and the 
lack of a unified approach to the formation of the Late Cenozo-
ic chronostratigraphic scale. Additional difficulties arise because 
the paleomagnetic stratigraphy depends on the new data arrival. 
The manifestation of diverse magmatism, sedimentation diversity, 
and paleogeographic settings’ extreme heterogeneity significantly 
complicate the regional and basin correlation. Our regional studies 
have reflected these challenges and ways to overcome them [13]. 
Therefore, we display the facial analysis using regional tectonic-pa-
leogeographic, chronostratigraphic, radiometric, and paleomagnet-
ic data (Figure 5).

Figure 5: Integrated structural-paleomagnetic-event stratigraphic chart of the northern Levantine ancient hominin sites.
(1) marine facies, (2) lake-swamp facies, (3) fluvial facies, (4) soils, (5) basic traps, (6) normal paleomagnetic polarity, (7) reversal 

paleomagnetic polarity, (8) gaps, (9) radiometric dating, (10) rests of marine benthic fauna, (11) artifacts.
Paleomagnetic subchrons: Kam., Kamikatsura, S.R., Santa Roza, Jar., Jaramillo, Pun., Punaruu, C.M., Cobb Mt., K.N., Kvemo-
Natanebi, O.J., Ontong Java, Old, Olduvai, Gam., Gamarri, Re., Reunion, Hal., Halawa, Ilch., Ilchembet (?), SV (1-3), Searles 
Valley (1-3). The paleomagnetic data were generalized based on [6,21,22,25,27,28,35,36,40–42,66]. The radiometric data were 
generalized based on [34,36,39, 41,46,47,51,57,63,65,88]. The marine paleontological rests were generalized after [60,67]. The 

artifacts were generalized after [5,6,41,51,66,70,76,82].
When constructing the chart, the following data for concrete archaeological sites, geological sections and boreholes were used:

Evron [4,34,66], Gesher Benot Ya’akov ([34,39,60,77,80], ‘Ubeidiya [3,5,6,36,67,78] Erq el-Ahmar [35,36,70,88], Kuntila Gate – 
Zihor [42,51,60], Zarqa Valley [41], northern Galilee [4,57,73], Zemah-1 well [54,55,60,63].
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Table 1 shows the generalization of paleomagnetic, lithological, 
and archaeological parameters compiled for the first time for the 
region under study. The parameters for each of the analyzed inter-
vals are analytically summarized at a detailed level. It enabled the 
substantiation of the paleomagnetic dating scale and indexing of 
the identified paleomagnetic divisions. Radiometric data and litho-
facies characteristics of various layers (trenches) were applied to 
elaborate the paleomagnetic dating. Besides this, the finds of arti-
facts separating archaeological sites from sedimentary formations 

are shown. Analysis of these data indicates a different degree of 
substantiation of paleomagnetic correlation due to varying details 
in the sample selection, the heterogeneity of the presented paleo-
magnetic data nature, the lack of reliable radiometric, biostrati-
graphic, and lithofacies data, and a comparative analysis of various 
sections. We have also eliminated significant differences in using 
the paleomagnetic scale found in publications of different years. 
Based on this examination, substantiating the paleomagnetic cor-
relation of the given sections looks entirely distinct Table 1.

Table 1

No Name of site 
(section)

Index of trench 
(members)

Artefact 
presence Index of specimen Lithology Paleomagnetic 

parameters Paleomagnetic daring Reference

1 Evron Quarry

3

e3-1

Red hamra

Axial dipole at 
33o N lat. Brunhes Chron  (C1n)

 [34,37,66,67,90]

__ Transition zone Transition zone

e3 Reverse polarity

Latest Matuyama  (C1r)

4
e4 Sandy yel-

low-grey gley Reverse polarity
+

5

e5-1

Red hamra

Reverse polarity

e5-3 ChRM reverse 
component

2 Gesher Benot 
Ya’akov

V
V-4 Clays Incl. 45-90o N

Earliest Brunhes (C1n) 
(0.75-0.78 Ma)

[77,80]

+ V-5 Sands and silts Incl. 22-60o N

I

I-1

Clays Incl. 44-66o N
I-2

I-3

+ I-4/5

II

II-1
Sands Incl. 15-70o N

+ II-2/3

+ II-4/5 Sands, silts, and 
clays

+ II-6 Silts Incl. 30-65o N

+ II-7 Silts and clays Incl. 25-75o N

III
III-1 Clays and silts Incl. 5-55oS Latest Matuyama (C1r) 

(0.78-0.786 Ma)

+ III-2 Clays and co-
quina Incl. 65 o S-55o N Transition zone(0.786-0.8 

Ma)
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3 ‘Ubeidiya

Lu 
upper 
limnic 

member

+

III 56–85, Upper limnic 
member with 
foraminifers

Reverse polarity

Lower 
Matuyama (C2r) [2,6,67,76]

I 33–42,

II 43– 1

Fi 
mainly 
beach 

deposits

+
III 47–55, 
I 26–32, 
II 37–42

Fossil soils and 
shoreline con-

glomerates

III 34, 
I 21–25, 
II 33–36

Fossil soils, 
fluviatile and 

littoral 
deposits Normal polarity Gamarri 

event (?)

+
III 23–26, 
I 17–20, 
II 26–32

Muddy littoral 
and fossil 
soils, and 
shoreline 

conglomerate
Reverse polarity

+

+
III 21–22, 
I 13–15, 
II 22–25

Muddy littoral 
and shoreline 

deposits
+

Normal polarity
Feni event 

(?)

II 21 Swampy littoral

Li polarity 
lower 
limnic 

member

+ III 4–20 
II 2–20

Shallow and 
deep-water 
lacustrine 

sediments with 
foraminifers

Reverse polarity
+

4 Zarqa Valley

Alluvial 
fan

S332 Caliche, 
1.98±0.2 Ma VGP lat. 32-85o N Olduvai subchron (C2n) with 

the Vrica reversal event

[2,41]

+
Loam deposits VGP lat. 40o S                                   

VGP lat. 23o N

S330 Loam, silt __ Lower Matuyama subchron 
(C2r)

Shallow 
gravel-bed 

river

+ Gravel, silt VGP lat. 10-67o S

S331 Gravel VGP lat. 20-30o S

+
5334 Upp. Gravel and 

sands VGP lat. 28-90o S

Sukhna Gravel

+ S334  Low. Slope deposits VGP lat. 65-85o S

Swamp VGP lat. 40-75o S

Upper basalt B4 Basalt, 
2.52±0.01 Ma VGP lat. 80-90o S

Flood plain Dulayl River Fine sediments 
with gravels

VGP lat. 14-82o S Lower Pliocene (subchron 
C3r)

VGP lat. 55o N

VGP lat. 2-85o S

Lower basalt Zarqa River

Basalt Upper Miocene (subchron 
C3An.1r)

5.79±0.01 Ma, VGP lat. 90o S

5.82±0.01 Ma
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5 Erq El-Ahmar

Southern out-
crop

Clays, sand-
stones, 

conglomerate 
layer, marls, and 

limestone

(C2An.4n)

[35,70]

Incl. 59o N

Incl. 10o S

Kaena 
subchron 
(C2An.1r)

Northern 
outcrop

pm 38b Clays, marls, and 
conglome-rate

Gauss Chron 
(2An)

Incl. 30-60o S

Reverse polarity

pm 34b Clays, sands, and 
conglome-rates

Incl. 30-60o N 
(reverse pola-

rity)

(C2An.5n)
pm 20a

Clays with 
conglomerate 

layers

Incl. 25-60o N 
(normal pola-

rity)

Soil cover

pm 19b
Clays, sands, 

and marls with 
conglomerates

Incl. 40-55o N 
(normal pola-

rity)

pm 8a

Incl. 28-60o 

S (anomalous 
direction of 
transition)

Mammoth 
subchron 
(C2An.2r)

6 Kuntila Lake

Sequence 3
Palustrine 

mudstones and 
sandstones

VGP lat. 80o S 
VGP lat. 50o S 
VGP lat. 77o S

Uncertain polarity

[42,60]

Sequence 2

Alluvial 
sandstones and 
conglomerate

VGP lat. 75o S 
VGP lat. 78o S 
VGP lat. 90o S

Gilbert Chron 
(C3r, C3n,C2Ar)

Gilbert 
Chron 

(C3r, C3n,-
C2Ar)

KG14-1A

KG12-1A

Lacustrine 
marls, lime-

stone, and sands

VGP lat. 80o N 
VGP lat. 83o N 
VGP lat. 20o N 
VGP lat. 75o N 

VGP lat. 65-75oN 
VGP lat. 80o N

KG11-1A

Normal 
polarity 

subchron 
C3n

Sequence 1

KG5-1A
Distal alluvial 

mudstones and 
sandstones

KG7-1A
Palustrine and 

lacustrine mud-
stones

VGP lat. 75o N 
VGP lat. 73o N

Generalization of paleomagnetic parameters observed in the 
anthropological sites (outcroppings) in the northern part of the Le-
vantine Corridor. It is well-known that the ecostratigraphic nature 
of deposits is associated with subaqueous and subaerial sedimen-
tation settings. Such a combined analysis, undertaken for the first 
time as a correlation criterion for the Late Cenozoic sections of the 
Levant, makes it possible to separate the stages and zones of active 
sedimentation and the zones and epochs of tectonic-thermal ac-
tivity that oppose them. These zones and stages reflect the critical 
phases of the existence and evolution of ancient hominins. Mean-
while, facies and ecostratigraphic analysis of the Levantine sections 
with artifacts has confirmed the geomorphological and paleogeo-
graphical data on alternating stages of hydrospheric disturbances 
and associated periods of humidification and drying [14].

When correlating the Zarqa (northern Jordan) and ‘Ubeidiya 
(northern Israel) sites (these sites occur in the same paleogeo-
graphic zone at a distance of about ~75 km - see Figure 2), we can-
not obtain unambiguous data on their geological age. Our studies 
indicate a low probability that the fluvial lacustrine-bog-alluvial 
complex with remains of marine foraminifers Ammonia tepida and 
brackish-water ostracods [67] belonged to Calabrian, the xerophilic 
stage of post-Gelasian (post-Akchagylian), and the paleomagnetic 
subchron C1r (Late Matuyama). The probability of their correspon-
dence to the pluvial stage of the Middle-Late Gelasian - Akchagy-
lian and the paleomagnetic subchron C2r-C2n (Early Matuyama) is 
relatively higher. Event-stratigraphic analysis of the region of the 
Levantine Corridor indicates that the epochs of moistening and 
drying are associated with significant hydrospheric disturbances 
(Figure 4d) (this phenomenon is investigated in detail in [4]. The 
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development of fluvial rocks with +significant volumes of the re-
mains of the marine fauna inside the DST weakly correlates with 
the Calabrian regression. The Сalabrian stage corresponds mainly 
to the lower sea level in this region [4,66,90], and discovering ma-
rine fauna remains practically rejects this proposition. At the same 
time, the Akchagylian hydrospheric maximum [7] is mainly asso-
ciated with the Gelasian stage. Consequently, the ‘Ubeidiya section 
most likely relates to the Gelasian stage.

We cannot reconcile these data with the conclusions about the 
Acheulean (post-Oldovian) age of the artifacts from the ‘Ubeidi-
ya site. Therefore, we propose to apply in this site searching te-
phrostratigraphic horizons in lacustrine sediments (with subse-
quent radiometric and paleomagnetic analysis). This technique is 
justified in the following sections of this article. In the Kinnarot Ba-
sin, where are located the essential ‘Ubeidiya [6] and Erq El-Ahmar 
sections [70], the paleomagnetic and radiometric data near the sec-
tions and around them are most numerous. The first section con-
tains the ‘Ubeidiya Formation (attributed to the upper part of the 
Matuyama Chron) and the Naharayim Formation, attributed to the 
Brunhes Chron [6]. The second section contains the Erq El-Ahmar 
formation (Gauss Chron), ‘Ubeidiya formation (Matuyama Chron), 
and Naharayim formation (Brunhes Chron), separated by strati-
graphic breaks (Table 1 and Figure 5). Geochronological, the indi-
cated sections are dated very clearly due to the vast development 
of effusive and intrusive traps in the DST region. It is studied in de-
tail in the Zemah-1 borehole [54,55]. Cover basalts in this borehole 
underlie the listed sedimentary formations and diabase sills aged 
3.65-4.4 Ma. They correspond to the subchrons C3r, C3n, and C2Ar 
of the Gilbert Chron (Figure 4b), and these basalt bodies produce 
numerous magnetic anomalies in the Kinneret and Kinnarot basins 
[19].

According to radiometric and paleomagnetic data, reliable 
analogs of Pleshet-Gelasian-Middle Akchagylian are basalts in the 
Zarqa River (Western Jordan) aged 2.52 Ma [41]. Reversely magne-
tized bog and alluvial Dawqara Formation, at the top of which ca-
liche is developed [41], overlie them. According to the radiometric 
data, the latter’s age is 1.98 Ma, which corresponds to the Olduvai 
subchron (C2n). In the upper part of the alluvial complex of this 
highest terrace of the Dulayl River, remains of large mammals were 
found: Mammutus meridionalis, Equus cf. tabeti, and Bos primige-
nius [41]. The Oldowan-like artifacts were identified throughout 
the terrace section, while the Acheulian tools were found in the 
younger Birayn Formation of the low terrace [41]. The radiometric 
and paleomagnetic criteria [41] make it possible to correlate the 
swarm deposits’ thin sequence in the lower part of the Matuyama 
Chron (see the column ‘Zarqa Valley’, swamp deposits covering the 
basalts of 2.52 Ma, in Figure 5).

The Zanclean and Piacenzian deposits in the study area are 
poorly developed. They are widely developed in the modern shelf 
of the Mediterranean Sea and the deep-sea basins. Alluvial and la-
custrine formations of this age are developed in the DST zone and 
to the south of it (in the northern part of the Sinai massif). A likely 

analog of Zanclean is the Dulail Formation (Figure 5) in the east-
ern Negev terrane of western Jordan (site of Zarqa) (see Figure 2). 
Here, the lacustrine-marsh formations with reverse magnetization 
are developed between basalts with an age of 2.52 and 5.79 Ma. 
They most likely correspond to subchron C3r of the beginning of 
the Gilbert Chron. It is possible that the same period, judging by 
the paleomagnetic data and hydrospheric correlation criteria (Fig-
ure 4), also corresponds to the Kuntila Formation (Figure 5) of the 
Paran depression of northern Sinai. There are no anthropological 
artifacts in these formations. In the section of this formation, an ex-
tended zone of the normal polarity is changed to the reverse one 
[42]. This fact and the absence of artifacts indicate that it most like-
ly corresponds to some interval of the Gilbert Chron. The only arti-
facts from this area were found northeast - in the Nahal Zihor sites 
[51]. They belong to the early Lower Paleolithic and are compared 
with the ‘Ubeidiya site [6] and recognized as young Late Acheulean 
prehistoric tools in younger terraces.

Tectonic-paleomagnetic mapping
Paleomagnetic map of the Hula Basin

The area of the Hula Basin, which includes the northern part 
of the known sites of ancient hominins (Ma’ayan Baruch, Gesher 
Benot Ya’akov, ‘Ubeidiya, and Erq El-Ahmar), is a depression in the 
zone of uplifts and troughs of the Dead Sea Transform (DST) (Fig-
ures 1 and 2). Tectonically, it is located from west to east between 
the Upper Galilee’s uplifts and the Golan Plateau’s northern part. 
The Korazim Plateau and Mt. Hermon bound it from the south to 
the north. Tectonic-paleomagnetic mapping displays a very com-
plex pattern of the geological structure distribution (Figure 6). The 
northern and eastern boundaries of the Hula Basin are limited by 
Mesozoic and Cenozoic carbonate terrane formations penetrated 
by dikes and traps of the Jalal paleomagnetic Chron [19]. The south-
ern and eastern parts of the study area are composed mainly of a 
trap complex of the normal and reverse magnetized rocks of the 
Sogdiana-2 paleomagnetic Chron (Jalal, Sogdiana, Gissar, Tuarkyr, 
and Khorezm paleomagnetic classification is described in [91,92]. 
The oldest components of this Chron, related to the 3n subchron, 
are developed outside the Korazim uplift. Basalts of the Golan Pla-
teau and the sedimentary complex represent the youngest, associ-
ated with the Brunhes Chron 1n, from the Hula Basin.

The most significant is that this region’s known sites of ancient 
hominins are located on the margin of the Hula lake-marsh basin 
(Figure 2) and received a clear age definition in the outcrop field 
of the Late Cenozoic trap complex. The ancient site of Gesher Ben-
ot Ya’akov [77,80] is in the southeastern corner of the Hula Basin 
(Figure 1) in the outcrop field of the traps of subchron 1r (Late 
Matuyama). Their age in this area is 0.9 and 1.73 Ma (Figure 6). 
According to paleomagnetic data, at this site [77], in a complex of 
alluvial and soil formations with numerous artifacts, the chrons 
of Later Matuyama and Early Brunhes are distinguished (Figure 5 
and Table 1). The Ma’ayan Barukh site [75] is in the Jordan Valley 
near the northwestern end of the Hula Basin (Figure 1), in the zone 
of traps of the paleomagnetic subchron 1r aged 0.89 and 0.93 Ma 
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(Figure 6). The vast development of trap igneous complexes of 4.5 
to 0.12 Ma age in the Hula Basin makes arising sites of the most 

ancient hominins unlikely here (compared to the more southern 
regions of the Eastern Mediterranean).

Figure 6: Tectonic-paleomagnetic map of the Hula Basin with the location of ancient hominin sites (location of this area is shown 
in Figure 1) (based on [14], with supplements). 

(1) volcanic cones, (2) Cretaceous traps, (3) outcrops with the radiometric ages of basalts (in Ma), (4) boreholes, (5) faults: (a) 
observed, (b) reconstructed, (6) pull-apart basin, (7) tectonic blocks rotations: (a) counterclockwise, (b) clockwise, (8) outcrops 

with the determined normally magnetized basalts, (9) outcrops with the determined reversely magnetized basalts, (10) chrons of 
the Geomagnetic Polarity Timescale, (11) areas of the reversely magnetized basalts, (12) areas of the normally magnetized basalts, 

(13) Gissar superzone, (14) Jalal superzone, (15) Tuarkyr – Khorezm superzone, (16) Sogdiana superzone, (17) ancient hominin 
site. Tectonic setting after [34,45,56,61,71]. Radiometric data (K-Ar and Ar-Ar) after [34,46,49,50,57].
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Paleomagnetic map of Lake Kinneret

Located south of the Hula Basin, the more extensive and inten-
sively submerged Kinneret-Kinnarot Basin (Figure 1) extends south 
to the Dead Sea. It is underlain by a powerful salt-bearing Miocene 
sequence [51]. According to paleomagnetic mapping data, the older 
basaltic series of the zone Sogdiana-2 dominate (Figure 7). Their 
radiometric age ranges from 17.7 to predominantly 3-4 Ma, corre-
sponding to the 5Cr - 3n subchrons of the standard Miocene-Plio-
cene magnetostratigraphic scale. The most extensive outcrop area 
is subchron 3n, developed in the Lower Galilee and the Korazim 
Plateau, and subchron 3r outcropping on the Golan Plateau and 
partly to the west of the DST. Many authors note the extremal com-
plex tectonic mosaic structure of this area [16,19,34,56,57,60,63].

 Magnetic data analysis indicates that the subchrons 3r and 3n 
mentioned above comprise the Kinneret-Kinnarot basins through-
out [19] and correlate well with the adjacent 3n and 3r subchrons 
in the Golan Plateau and the Lower Galilee (Figure 7). Sedimenta-
ry formations of the Pliocene-Pleistocene of the Kinneret-Kinnarot 
Basin have been studied in boreholes and natural outcrops. These 
formations compose the Erq El-Ahmar, ‘Ubeidiya, Naharayim, and 
Lisan formations and younger alluvial, lacustrine, and soil complex-
es of Holocene formations. They are partially dated by paleomag-
netic and radiometric data [35,36,47]. According to the analysis of 
cores from the Zemah-1 well [55], the thickness of these formations 
reaches 500 m. Following the study of seismic profiling data and 
structural mapping data, the thickness of these formations reaches 
1750-2000 m [89], which indicates the significant tectonic subsid-
ence of the central zone of the pull-apart basin. The outcrops of the 
Lisan, ‘Ubeidiya, and Erq El-Ahmar formations are known on the 
sides of the DST at elevations from -200 to -100 m. In the Kinner-
et-Kinnarot basin itself, judging by magnetic, seismic data analysis 
and subsequent structural mapping, Pliocene and Pleistocene sed-
imentary formations have undergone significant deformation. This 
peculiarity must be considered in studies of paleomagnetic strata 
stratigraphy that include archaeological objects.

According to the available data [35], the Erq El-Ahmar Forma-
tion is characterized mainly by normal polarity and most likely cor-
responds to the Gaussian Chron 2An and correlates with the Lower 
Akchagylian (Piacenzian). The ‘Ubeidiya Formation has predom-
inantly reverse polarity [6,44] and corresponds to the Matuyama 
Chron (Table 1 and Figure 5). According to the available data (Fig-
ure 4b), the upper half of the above chron is characterized by more 

widely developed intervals of normal magnetization, not to men-
tion the development in the middle part of the Olduvai C2n sub-
chron with a duration of about 0.15 Ma. Therefore, the ‘Ubeidiya 
Formation most likely corresponds to a predominantly reversely 
magnetized lower part of the Matuyama Chron C2r (Figures 4b and 
5), similar to the Dawqara formation of Jordan, well mapped by pa-
leomagnetic and radiometric methods and containing artifacts and 
remains of ancient mammals [41].

This map also indicates that lacustrine-alluvial basins inside 
the DST have been formed on basaltic trap fields after Earlier Plio-
cene (Zanclian). Beginning in the Later Pliocene, south of the Kora-
zim Plateau, in the Sea of Galilee and Kinnarot Basin areas (Figure 
7), ecosystems favorable for humanoid habitation were formed. 
The paleomagnetic mapping examination and analysis of the trap 
occurrence and sedimentary complexes indicate that the Upper Ce-
nozoic formations are significantly lowered in the DST strip. Their 
initial formation level could differ from modern by 200-300 m. This 
circumstance can explain the findings of marine foraminifers in the 
lacustrine sediments of the ‘Ubeidiya site and Mazar section [67]. 
It is essential that Hall et al. [60] interpret the Mazar 6m thick sec-
tion (which is located at 60m altitude) as a marginal marine inter-
calation within the Arava Formation (in the DST zone). They were 
widely developed in the nearby sea bays of the Akchagylian-Gela-
sian high transgression series. Moreover, the assumption that the 
‘Ubeidiya Formation belongs to the Calabrian stage (the second half 
of the Matuyama Chron) (Figure 4b) does not coincide with several 
geological criteria since just sediments of the Gelasian stage have 
been formed during the transgressive phase and significant subsid-
ence of the DST pull-apart basins.

Paleomagnetic profile ‘Kinnarot Valley - Lake Kinneret - 
Hula Basin’

Paleomagnetic profiling is an essential tectonic-geodynam-
ic component for paleomagnetic mapping [12]. The paleomag-
netic profile along the DST system of uplifts and troughs (Figure 
8) is drawn through a series of heterogeneous structures of the 
Mesozoic Terrane Belt [19,62] to the marginal part of the Neo-
proterozoic Belt (Figure 2). Numerous studies have shown that 
in this region, both classical shear structures (pull-apart basins) 
and heterogeneous ring rotation structures are developed [e.g., 
16,19,33,34,47,52,58,59,63]. These structures were generalized in 
the paleomagnetic profile (Figure 8).
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Figure 7: Integrated tectonic paleomagnetic scheme of the Lake Kinneret (Sea of Galilee) (location of this area is shown in Figure 
1) (based on [19], with supplements).

(1) outcropped Cenozoic basalts, (2) points with radiometric age of basalts (in m.y.), (3) boreholes, (4) faults, (5) general direction 
of the  proposed buried basaltic plate dipping in the southern part of the Sea of Galilee, (6) counterclockwise (a) and clockwise 

(b) rotation of faults and tectonic blocks, (7) pull-apart basin of the Sea of Galilee, (8) suggested boundaries of the paleomagnetic 
zones in the sea, data of land paleomagnetic measurements (9 and 10): (9) normal magnetization, (10) reverse magnetization, (11 
and 12) results of magnetic anomalies analysis: (11) normal magnetization, (12) reverse magnetization, (13) reversely magnetized 

basalt fields, (14) normal magnetized basalt fields, (15) Miocene basalts and sediments with complicated paleomagnetic 
characteristics, (16) Pliocene-Pleistocene basalts and sediments with complicated paleomagnetic characteristics, (17) index of 

paleomagnetic zonation, (18) ancient hominin sites.
Tectonic setting after [34,58,59,71]. 1n, 2n, 3n, 1Ar, 2Ar, and 3Ar are the indexes of paleomagnetic zones [16]. Radiometric 

data (K-Ar and Ar-Ar) after [33,34,36,47,57,63]. Paleomagnetic data after [32,34,36,38,40,46,47,53]. HTB and HHCC designate 
calculated depths of basaltic bodies in the basin: HTB is the upper edge for the model of a thin bed, HTHP is the upper edge for 
the model of a thin horizontal plate, and HHCC is the center for the model of a horizontal circular cylinder. The bold green line 

shows the location of paleomagnetic profile I – I’.

http://dx.doi.org/10.32474/JAAS.2023.08.000286


                                                                                                              Volume 8 - Issue 3 Copyrights @ Lev EppelbaumJ Anthro & Archeo Sci

Citation: Lev Eppelbaum* and Youri Katz. Multidisciplinary Geological-Geophysical Analysis Unmasks Anthropological Site Structure in 
the Northern Part of the Levantine Corridor. J Anthro & Archeo Sci 8(3)- 2023. JAAS.MS.ID.000286. DOI: 10.32474/JAAS.2023.08.000286 1071

Figure 8: Paleomagnetic profile Kinnarot Valley – Lake Kinneret – Hula Valley (its location is shown in Figure 1) (based on [19], 
with supplements).

(1) basic traps, (2) basic dykes, (3) gabbro, (4) volcanic cones, (5) evaporite sediments, (6) faults, (7) radiometric dating, (8) 
reversal polarity, (9) normal polarity, (10) indexes of Pliocene-Pleistocene magnetostratigraphic scale, (11) Sogdiana superzone, 

(12) Jalal superzone, (13) Gissar superzone, (14) Omolon hyperzone, (15) Arga hyperzone, (16) Moradym hyperzone, (17) ancient 
hominin site. The primary utilized sources (besides publications presented in the captions for Figures 6 and 7) are [19,63].
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On the paleomagnetic profile in the left shear zone of the An-
tilebanon terrane (Belvoir block), a thick zone of Miocene traps is 
traced, associated with the boundary of the Sharona ring structure 
(contoured in Figure 7). To the northeast, along the profile line, 
this block abruptly gives way to the Kinneret-Kinnarot trough filled 
with a thick layer of the Early Messinian salt, the Pliocene Cover 
Basalts, and the terrigenous alluvial-lacustrine Pliocene-Quaterna-
ry formations. All the mentioned rocks are combined into a unified 
Sogdiana-2 paleomagnetic superzone. Geodynamically, this ex-
tremely active superzone is intruded by Pliocene gabbroids aged 
about 3.65-4.05 Ma, among which older igneous formations of the 
Miocene (13.9 Ma), Oligocene (31.1 Ma), Upper Eocene (44.3 Ma), 
and even Cambrian (547 Ma) are developed [63]. A thick salt layer 
is an analog of the tectonic-compensation mechanism of regressive 
half-rhythms filling a deep trough under a short-term transgressive 

inflow. This salt-bearing stratum is similar to the Bira and Gesher 
formations - carbonate sediments occurring near Galilee Plateau 
and Golan Heights [4,57,72,73,74]. This transgressive sequence 
corresponds to the Early Messinian, an analog of the Pontian stage 
of the Paratethys Basin. On the southwestern coast of the Sea of Gal-
ilee, a set of foraminifer remains (Ammonia beccarii and Elphidium 
sp.) was recognized [60]. It formed a hydrospheric maximum simi-
lar to the Akchagylian-Gelasian (Figure 4d). In the area of the Hula 
Basin, this maximum did not manifest itself due to the isolation of 
the DST studied part from the central bay. Thus, the paleomagnetic 
profile visibly shows two hydrospheric maxima, Pontian and Akch-
agylian (Figure 4d), and recognized marine Ammonia foraminifers 
[67], manifested their development in the same northern part of 
the DST zone. In light of these data, the ‘Ubeidiya site is likely to cor-
respond not to the regressive Calabrian but to the Gelasian stage.

Development of the map of palinspastic reconstructions

Figure 9: Tectonic-paleomagnetic palinspastic map of the Sea of Galilee – Hula region for the period of 3.6 – 2.0 Ma. (1) area 
of joining of the left and right DST blocks on the palinspastic reconstruction, (2) faults, (3) boundaries of terranes, (4) marginal 
boundaries of the pull-apart basins, (5) Роst-Miocene Cover Basalts - Ruman basalts of the Sogdiana superzone (upper part), 
(6) Miocene basalts of the Sogdiana superzone (middle part), (7) Tuarkyr-Khorezm superzone, (8) Jalal superzone, (9) Gissar 
superzone, (10) paleomagnetically investigated outcrops of the Gauss-Matuyama Chrons (2An-2r ?) in the DST fluvial facies. 

Other designations are in Figure 7.
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Many years of tectonic-geodynamic experience in northern 
Israel showed that magnetostratigraphic elements’ structural and 
temporal analysis is not sufficiently investigated due to significant 
displacements of tectonic blocks. The composed paleomagnetic 
maps (Figures 6 & 7) and paleomagnetic profile (Figure 8) were 
used for the development of the map of palinspastic reconstruction 
(for the period of 3.6 - 2.0 Ma) in the Hula - Sea of Galilee - Kinn-
arot basins and framing uplifts of the DST (Figure 9). Such a map 
sheds light on the tectonic-magmatic evolution of the ‘Ubeidiya 
anthropological site and references the Erq el-Ahmar section.One 
of the fundamental problems here is the geological imagination of 
the displacement amplitude. According to regional data, the total 
amplitude of the shear zone is 100 km [60]. At the same time, the 
activation (movement) time, derived from the radiometric and 
geodynamic data, is 20 Ma [93]. Thus, the eastern side of the DST 
moved along the left after the end of the Akchagylian hydrospher-
ic-geodynamic maximum (~2.0 Ma) [7] strike-slip to the north by 
about 10 km.

An essential element of the paleomagnetic-geochronological 
reconstruction is the reduction of young trap and sedimentary 
complexes that formed 3.6 - 2.0 Ma mainly in the east, the northern 
part of the Golan Plateau, and partly in the Hula and Kinnarot ba-
sins. Paleomagnetic investigation of traps in the Sea of Galilee area 
is complemented by magnetostratigraphic data from examining 
sedimentary rocks in the Jordan Basin, where the lacustrine-alluvi-
al complexes of the Erq el-Ahmar and ‘Ubeidiya formations (Figure 
9) are developed. These formations mainly relate to the Gauss and 
Matuyama Chrons, respectively. The traps of the zone of the lower 
part of the Matuyama Chron (C2r) are widely developed on the Ye-
hudiyya Plateau and in the transition zone of the Korazim Plateau 
and the Hula Basin (Figure 9). Post-cover basalt traps - Eitar Basalts 
(2.6-3.6 Ma) and Ruman Basalts (2.04-2.52 Ma) correspond to the 
lower and middle Akchagylian and, according to palinspastic map-
ping, are characterized by a reasonably compact occurrence.

Subchron C2An (Gauss Chron) is developed on the northern 
slope of the Korazim Plateau and, to a lesser extent, in the pull-apart 
basin of the Hula Basin, and on the northernmost slope of the car-
bonate platform of the Neoproterozoic belt, at the boundary with 
the Hermon terrane (Figure 9). Thick traps of the Northern Golan 
Plateau (Ortal Basalts - 1.8-0.89 Ma and Golan Basalts - 0-0.85 Ma), 
comparable to the Miocene basalts of Galilee, are missing from a pa-
linspastic reconstruction compiled for an older epoch (> 2 Ma). This 
map shows (Figure 9) that the alluvial-lacustrine deposits of the 
Erq El-Ahmar and ‘Ubeidiya formations correspond to the radio-
metrically and paleomagnetically dated trap complexes of 3.6-2.0 
Ma and relate to subchrons 2An - 2r (Gauss and Lower Matuyama 
Chrons). This confirms our earlier assumption that ‘Ubeidiya For-
mation belongs to the Gelasian stage.

This palinspastic reconstruction (Figure 9) is essential for the 
paleogeographic assessment of the unique lacustrine-alluvial basin 
Erq El-Ahmar - ‘Ubeidiya as a landscape optimum for the habitat of 
ancient hominids, relatively isolated from the surrounding uplifts. 

Tectonically, this basin coincides with two DST troughs, 

a. The pull-apart basin of the present-day Sea of Galilee and 

b. The narrower southward elongated Kinnarot trough.

This relatively long-lived (more than 1 million years) lacus-
trine-alluvial submeridional basin was limited from the west and 
east by complexly dislocated tectonic blocks of the uplifts of the 
Lower Galilee and the southern part of the Golan plateau. A thick 
series of Miocene traps and Early Pliocene Cover Basalts cover 
these blocks. They show that the stage of formation of the pluvial 
lacustrine-marsh-alluvial basin Erq El-Ahmar - ‘Ubeidiya in tecton-
ic-paleogeographical terms differs sharply from the previous one 
- the Miocene-Early Pliocene stage, during which active trap vol-
canism and differentiated tectonic movements developed [47,57]. 
The palinspastic reconstruction reveals another important cir-
cumstance explaining the settlement of ancient hominids from the 
Levant region. It relates to the fact that from the north, the basin 
‘Ubeidiya - Erq El-Ahmar was limited by the most significant zone 
of the Antilebanon uplift, the Northern Golan plateau, the uplift of 
the Upper Galilee, the Korazim and Yehudiyya plateaus. This fact 
shows that in the north, landscape conditions were unfavorable for 
the settlement of the ancient hominids of the Levant in the regions 
of Eurasia. At the site of this uplift, the trap volcanism of the Koraz-
im, Yehudiyya, and Hula Valley plateaus was also developed, which 
have a paleomagnetic age of C2Ar-C2r, supplemented by radiomet-
ric dates from 3.6 to 2.04 Ma (Figure 9).

The map shows that the ‘Ubeidiya and Erq El-Ahmar forma-
tions form a single tectonic-paleomagnetic and belong to a contin-
uous paleogeographic pluvial cycle of the Gauss - Lower Matuyama 
paleomagnetic Chrons. Geologically and paleomagnetically, the 
assignment of the ‘Ubeidiya Formation to the Upper Matuyama 
Chron of 1.6-1.2 Ma [6] is unacceptable since a significant geologi-
cal break at the boundary of the Gauss and Matuyama Chrons is not 
confirmed cartographically. Moreover, according to paleomagnetic 
data, the Lower Matuyama Chron corresponds to the beginning of 
the tectonic subsidence of the region, which can be seen from the 
vast Yehudiyya Plateau and the northern edge of the Korazim Pla-
teau (Figure 9). Thus, the tectonic-paleomagnetic palinspastic re-
construction indicates that the ‘Ubeidiya Formation belongs to the 
Lower Matuyama Chron (2.6-1.9 Ma) [94]. The palinspastic map 
(Figure 9) demonstrates that this conclusion should be verified 
based on the search for ash complexes and a fragment of igneous 
rocks in the ‘Ubeidiya Formation, followed by their radiometric 
dating since the traps of Gelasian analogs (2.0-2.6 Ma) are located 
12-15 km northeast of the ‘Ubeidiya section. This conclusion was 
obtained earlier with the detailed paleomagnetic mapping of the 
study area. The utilized sources are presented in captions to Fig-
ures 6-8.

Discussion 

In such geologically complex regions as the Levantine Corri-
dor, the application of single Earth Science methods, as a rule, is 
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ineffective. As shown in Section 2.3, combining different methods 
hardly decreases the probability of incorrect solutions. Therefore, 
we analyzed an integrated geological-geophysical data set for the 
region under study. According to radiometric data, the Zarqa Valley 
complex in Jordan (2.52-1.98 Ma) (Figure 5) is considered the most 
ancient site in the Eastern Mediterranean. The ‘Ubeidiya site is dat-
ed with the younger formations. Meanwhile, the ‘Ubeidiya and the 
Zarqa sections require a mutual evaluation based on analyzing the 
completeness of the presented deposits and the set of structural 
and facial complexes, archaeological sites, and a complex of organic 
remains characteristic of various paleoecological associations. The 
data of tectonic-sedimentary analysis indicate that the ‘Ubeidiya 
and Erq El-Ahmar sections are areas of depression facies of the 
lacustrine-swampy, estuary, and alluvial-delta series, confined to 
troughs of the DST shear zone and its diagonal branches. This cir-
cumstance is essential for analyzing the completeness of the section 
and event-stratigraphic correlations. The section of the Zarqa River 
Valley is, concerning the DST strike-slip regional trough, a zone of 
uplifted marginal horst, which belongs to the strike-slip block of the 
Negev terrane, is displaced to the north by 100 km relative to the 
DST. Highly elevated river terraces are developed here, connected 
with a hydrographic network incised into the uplands of the Arabi-
an lithospheric plate. This was a typical landscape of this tectonic 
region for the latest Cenozoic, where ecosystems were not optimal 
and diverse under arid plateaus.

El Zaatari [79] indicates that on the SW coast of Lebanon, near 
the city of Saida, on the northernmost boundary of our paleogeo-
graphic map (Figure 1), there is the Lower Paleolithic site of Borj 
Qinnarit, overlying a sea terrace of 95 m altitude. A pebble culture 
represents artifacts in the overlying site without bifaces. The au-
thor notes that the dating of this terrace corresponds to the iso-
topic stage 16-17, relating to 650 kyr. The continental formations 
may be more ancient, corresponding to the structural terrace of 
Piacentian - Gelasian, widely developed to the south, on Mt. Carmel, 
and in Galilee [19]. Younger sites with the Acheulean lithic indus-
try are developed north of the study area, in Beirut district. They 
lie at lower hypsometric marks [79], corresponding to the Israeli 
Early Paleolithic Evron site [4]. These data require careful study 
using rhythm-stratigraphic, biostratigraphic, and paleomagnetic 
data. However, future studies are proposed to significantly expand 
the data on the distribution of ancient hominin sites in the Levant, 
which are currently known as single objects.

The analysis of paleogeographic data (Figure 2) indicates why 
there are no analogs of the site from the section of the Zarqa River 
terrace at the end of Gelasian-Akchagylian in the Kinneret-Kinnar-
ot area. Not only the Late Akchagylian sea level drop by ~ 200 m, 
but also the climate aridization likely causes it. The main reason 
is that at the same time, trap magmatism sharply increases north 
of Lake Kinneret and the Korazim plateau. Volcanism sharply in-
creases here, covering vast expanses north of the Golan Plateau. 
The ancient community dispersals from the draining estuary of 
the Kinneret-Kinnarot to the southeast to the river valleys running 

down from the heights of the Arabian Plate to the area of the shift-
ed Negev block where the carbonate platform is characterized by 
the optimal landscape and climatic conditions. Here, aquifers of the 
Triassic and Jurassic are developed, and there are favorable soil and 
plant ecosystems, in contrast to the Cretaceous stony deserts.

The developed paleomagnetic maps and profile (Figures 6-8) 
contributed to identifying tectonostratigraphic features of the 
northern part of the Levantine Corridor and made it possible to 
clarify the age of the ‘Ubeidiya anthropological site. Paleomagnetic 
mapping and profiling (Figures 6-8) allow using the basin correla-
tion criterion to analyze the sediments containing archaeological 
sites. Of most significant interest is the Kinneret-Kinnarot sedimen-
tary basin, bounded by trap plateaus: Korazim in the north, Lower 
Galilee in the west, and Golan Heights and Gil’ad Mts. in the east (Fig-
ure 7). Sites Erq El-Ahmar (Gauss zone) and ‘Ubeidiya (Matuyama 
zone) are located near the southwestern end of the pull-apart ba-
sin. They combine two sedimentation cycles of lacustrine-fluvial 
deposits and lie on the Cover Basalts (Gilbert zone) traps corre-
sponding to the Zanclean Stage of the Lower Pliocene (Figures 4 
& 8). Significant stratigraphic breaks exist between the traps and 
sedimentary rocks and within the sedimentary formations (Figure 
5). As seen in Figure 7, the rhomb-shaped pull-apart basin extends 
in a diagonal direction onto the slopes of the adjacent uplifts from 
the area of the ‘Ubeidiya site to the Beteiha Valley. At the same time, 
the general stage of subsidence of the basin is marked, as it were, 
containing basalt traps in the northeast, dated from 2.25 to 2.04 Ma, 
corresponding to subchron 2r (Early Matuyama).

It is important to note that to the north of the elevated south-
ern part of the Golan Plateau, covered by the Early Pliocene Cov-
er Basalts subchrons 3n and 3r aged 5.23-4.50 Ma, and there is a 
much younger Beteiha Valley structure. It comprises alluvial rocks 
and basalts aged 2.25-2.04 Ma, corresponding to the C2r (Lower 
Matuyama paleomagnetic subchron). The same formations can be 
traced on the Korazim Plateau’s northern flank and the Hula Ba-
sin’s eastern coast (Figures 6 & 7). According to the basalts’ radio-
metric dating in the Notera-3 borehole (Figure 8), only subchrons 
3n, 2An, and C1r (Gauss Chron and Upper Matuyama subchron) are 
developed in the basin itself. The subchron C2r (Lower Matuyama), 
typical for the Lake Kinneret region, the Kinnarot trough, and the 
Beteiha diagonal depression, is not developed.

In this work, we have undertaken a complex method of pa-
leogeographic, paleomagnetic mapping, event stratigraphy, and 
cyclical analysis, during which the place of the ‘Ubeidiya site and 
other objects close to it have become probabilistic in the regional 
geological scale of the Eastern Mediterranean. The palinspastic re-
construction (Figure 9) has been performed corresponding to the 
stage of the most significant tectonic-hydrospheric disturbances 
(3.6 - 2.0 Ma). It indicates how, at a new research stage, quantitative 
age data for the ‘Ubeidiya site can be obtained based on the correla-
tion of sedimentary formations (with the search for tephrostrati-
graphic correlatives) and closely spaced radiometrically and pa-
leomagnetically studied trap complexes [94]. Syn-sedimentation 
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basin correlation is a significant factor in determining the age of the 
‘Ubeidiya formation. However, this correlation must be verified by 
examining the section of this site itself. It is undoubtedly necessary 
to carry out detailed sedimentological surveys to search for traces 
of volcanic ash and the remains of traps of different ages (that have 
undergone erosion and transfer) with their subsequent radiomet-
ric dating. The detailed paleomagnetic interpretation of the volca-
nogenic-sedimentary complexes containing unique archaeological 
sites prompts the use of novel aspects for their age analysis.

The ‘Ubeidiya stratotype, on the other hand, reflects a vast op-
timal zone of diverse ecosystems, both subaqueous and subaerial, 
which developed over a very long time, judging by the cyclic alterna-
tion of lacustrine, coastal, and terrestrial facies. The section is com-
posed mainly of lacustrine and coastal-fluvial, primarily carbonate 
formations of considerable thickness with numerous remains of 
terrestrial and aquatic organisms and with horizons developed 
throughout the section with an archaic stone industry of the Old-
owanian-Early Acheulean type [76]. Among the remains of large 
mammals were identified: Mammutus mеridionalis, Ursus etrus-
cus, Equus tabeti, Stephanorhynus etruscus etruscus, Kolpochoe-
rus olduvaaiensis, Panthera gombaszoegensis, Macaca sylvanus, 
and some others [5,6]. However, the dating of these paleontological 
remains is very complex and beyond the scope of our study.

It is essential that in the basal part and the top of the ‘Ubeidiya 
Lake sequence, marine foraminifers Ammonia tepida that can in-
habit brackish water basins were found [67]. This is clear evidence 
of a connection between the ‘Ubeidiya estuary and the transgres-
sive Pleshet basins (see Figure 5) located to the west within the car-
bonate plateau of Galilee, whose height, according to our studies, 
exceeded the current sea level by 100-200 m. Paleomagnetic data 
confirm this conclusion, i.e., the dominant reverse polarity of de-
posits in the ‘Ubeidiya section with two thin subchrons of normal 
polarity in the middle part of the section [5]. This situation is more 
consistent with the lower half of the Matuyama Chron (2.6-2.0 Ma 
interval) (Figure 4b), where, according to a thorough study of the 
East African trap complex [30], a sign-alternating interval was re-
vealed. In the upper part of the Matuyama Chron, subchrons of the 
normal polarity of Ontong Java, Kvemo-Natanebi, and Cobb Mt. in 
the interval of 1.6-1.2 Ma (Figure 4b) had a more extended char-
acter. In addition, in the DST depression zone, the presence of the 
Calabrian regressive Matuyama Chron (instead of the transgressive 
Gelasian) seems unlikely.

This correlation also follows from the data from the Evron 
section, where the Late Matuyama Chron with an extensive Jaramillo 
subchron [37] and a different character of artifacts and a complex of 
large mammals is developed in the section of continental dominant, 
red-colored formations [66]. It geochronologically corresponds 
to the 1.3-0.9 Ma stage. Thus, the supposedly relative age of the 
Calabrian ‘Ubeidiya Formation (1.6-1.2 Ma) can be revised. This 
age does not correspond to the extensive data available from 
climatostratigraphic, magnetochronological, and paleogeographic 
studies concerning sea and river terraces, analysis of hydrospheric 
disturbances, and related climatic epochs, which manifest 

themselves in the alternation of vast arid and humid zones.
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