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Abstract. The catastrophic earthquakes in Eastern Turkey (Eastern Mediterranean) require their geodynamic understand-

ing. The two most decisive events with magnitudes of 7.95 and 7.86 on 06.02.2023, followed by a series of more than 

10,000 significant aftershocks. These tragic events led to the death of more than 60 thousand people. The above values 

indicate the colossal tension created in the Earth's crust. The region where these strongest earthquakes occurred is a 

complex junction zone of four tectonic plates: Eurasian, Arabian, African, and Anatolian. The joint movement of these 

plates (consisting, in turn, of tectonic elements of different ages) occurs at an average rate of 6–18 mm per year. After 

two marked powerful shocks and a series of aftershocks, some sectors of the Anatolian plate shifted to the southwest by 

more than 11 meters. Our recent publications indicated the presence of a giant, rotating quasi-ring structure below the 

Easternmost Mediterranean. This research contains significant newly obtained data. The quantitative analysis of the sat-

ellite-derived gravity data indicates the lower mantle occurrence of the anomalous target. Examination of the geoid anom-

alies map also testifies to the deep origin of this structure. The regional seismic tomography data confirm the presence of 

anomalous zones at a depth of 1500-1700 km. The GPS vector map and the comprehensive review of paleomagnetic data 

display the counterclockwise rotation of this structure. Analysis of the recently constructed magnetic field ΔZ pattern 

commonly proves the presence of this quasi-ring structure. The newly developed paleobiogeographic map is consistent 

with the proposed physical–geological model. A widespread analysis of tectonic, petrological, and mineralogical data 

implies a connection between the discovered deep structure and near-surface processes. A crucial for understanding the 

nature of the considered seismic stress is its location near the expressed bend of the Mesozoic terrane belt, where the 

Arabian Plate is deeply intruded into the Alpine-Himalayan belt. Thus, the rotation of this giant deep structure may accu-

mulate the stress effect retrieved from the satellite, airborne, and surface geophysical observations. We propose that this 

stress, along with the known Earth’s crust seismological activity in this region, is the causative reason for the catastrophic 

geodynamic events in Eastern Turkey.  

Keywords. Geodynamics, GPS, gravity, magnetic and paleomagnetic data analysis, geoid isolines, paleobiogeographical 

scheme, integrated analysis, counterclockwise rotation.  

1. Introduction

Studying the interactions between deep geodynamics and surface (subsurface; the last term here can mean many tens 

of km) geological processes is one of the critical problems in solid earth sciences [1–6]. A series of catastrophic seismic 

events in southeastern Turkey in February 2023 [7] makes it necessary to consider the diverse tectonic-geodynamic and 

deep geophysical data to explain this natural phenomenon. This complex analysis procedure is necessary for developing 

regional monitoring of the sustainability of habitats and engineering infrastructures of this area – one of the most ancient 

in civilizational development. Non-conventional tectonic-structural features of the mantle, lithosphere, and hydrosphere 

cause the anomalousness of the region. A complex junction of oceanic and continental crust units is a distinguishing 

feature of the study region. The simultaneous development of collision processes (associated with the latitudinal zone of 

the Neotethys Ocean closure) and the manifestation of the initial stages of spreading of the Red Sea–Indian Ocean 

submeridional rift system further complicates the overall pattern.  

The region where these strongest earthquakes occurred is a tectonically complex junction zone of four tectonic plates: 

Eurasian, Arabian, African, and Anatolian [8–13]. Tectonically, the considered area belongs to the Eastern Mediterranean, 

with its Cyprus-Levantine marine and Anatolian-Nubian-Arabian continental framing (Figure 1). The joint movement of 

these plates (consisting, in turn, of tectonic elements of different ages) occurs at an average rate of 6–18 mm per year 

[14]. However, after two marked powerful shocks on 06.02.2023, the Anatolian plate shifted to the southwest by several 

meters (two tectonic segments – up to 11.2 and 11.5 m). These tragic events led to more than 60 thousand deaths and 

destroyed many buildings and engineering constructions. What is the main reason for such a powerful geodynamic event? 

We suggest that these catastrophic events were triggered by the recently discovered mantle quasi-circular counterclock-

wise rotating structure [15, 16], influencing many subsurface processes. At the same time, we must note that these events 

were impossible without combining counterclockwise rotation with the intensive surface (subsurface) seismological ac-

tivity [e.g., 17, 18] in Eastern Turkey. 

Applying one or two geophysical (geological) methods is insufficient to analyze such a complex phenomenon. Besides 

attracting different geophysical and geological methods, the combination of deterministic and probabilistic approaches 

[e.g., 19, 20] should be used here. 
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Figure 1. The tectonic-geodynamic scheme of the region under study (modified after [16]). (1) Archean cratons, (2-4) folded belts: 

(2) Paleo-Middleproterozoic, (3) Neoproterozoic, (4) Late Paleozoic (Herzynian), (5) Mesozoic terrane belt (MTB), (6) Alpine-

Himalayan orogenic belt, (7) Cenozoic traps of the African-Arabian rift belt, (8) main fault systems, (9) contour of the Kiama 

paleomagnetic hyperzone of inverse polarity [21, 22], (10) high magnitude seismogenic zone in Eastern Turkey (February 06, 2023), 

(11) a: rotational geodynamic elements derived from paleomagnetic data, b: distal part of the MTB. 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, EAF, Eastern Anatolian Fault  

2. Brief Geological-Geophysical Background 

This paper presents an integrated analysis of the North Africa–West Asia region, where giant tectonic plates and 

several comparatively small tectonic units interact [11]. This region includes numerous active faults and interacting 

tectonic belts, a complex outline of continental and oceanic crust of different ages, high-intense geodynamic activity, and 

several high-amplitude gravitational anomalies. Besides this, this region is also characterized by essential seismic velocity 

deviations registered at the upper and lower mantle, indicating the non-conventional structure at these depths. Zones of 

the final subduction phases and initial rifting (spreading) stages are relatively closely located in this region [13, 14, 23–

26]. The tectonic instability of this region, located in the junction zone between East Gondwana and Eurasia, is determined 

by the geodynamic intensity of collisional and rifting types (Figure 1). Structurally complex fold belts and cratons have 

developed, and different geodynamical-physical are manifested [11, 25, 27, 28]. 

The region is at the boundary planetary zone between Eurasia’s two largest plate-tectonic zones and Central Gondwana. 

The Eurasian segment includes the East European platform, the Late Paleozoic Scythian-Turanian belt, and the Alpine-

Himalayan orogenic belt dissected by a fault with residual basins of the Paratethys basin – the Black and Caspian Seas 

(Figure 1). The southern (Central Gondwana) plate-tectonic segment is composed of the Early Precambrian cratons of the 

western (Nubian) zone – Saharan, Congo, and Tanzanian and the East Arabian craton (EAC). Between the Nubian zone 
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and the EAC, a dominant submeridional Neoproterozoic fold-metamorphic belt is developed [13]. Diagonally, this 

Precambrian structure is dissected by faults of the newest Red Sea rift system.  

The youngest mobile belt of the Arabian zone is pre-Cenozoic. It is a fold-block arc of the Mesozoic terrane belt 

(MTB), deeply advanced to the north into the zone of the Alpine-Himalayan orogenic belt. Its distal part is shown with 

the corresponding sign (Figure 1). It is significant that in the zone of this joint, the width of the Alpine belt of the Pontic-

Caucasian zone is reduced to a minimum – of about 500 km. Furthermore, to the west, from the Cyprus arc to Eastern 

Crimea, the width of the Alpine belt exceeds 1,200 km. 

The analysis of the structural-tectonic position of the Turkish seismic phenomenon is well complemented by the data 

of supra-regional geodynamic zoning of the transition zone between Eurasia and Central Gondwana (Figure 2).  

 
Figure 2. Integrated scheme of geodynamic indicators distribution of the region under study (overlaid by the residual gravity 

anomalies) (after [16], modified and supplemented). (1) main interplate faults, (2) main intraplate faults, (3) vectors of the GPS 

monitoring [14, 29, 30], (4) distal part of the Mesozoic terrane belt, (5) high magnitude seismogenic zone in Eastern Turkey 

(February 06-07, 2023). 

Several heterogeneous structures were identified in an extensive zone from 0 to 55o of northern latitudes, at the 

intersection of which an anomalous seismic zone is located. First, this is the critical parallel of 35°, within which the most 

intense shifts occur due to the Earth’s figure meridian skew [31]. Near this parallel, the junction boundary of Eurasian, 
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Arabian, Anatolian, Sinai, and Nubian lithospheric plates passes [16]. According to the same work, in the indicated space 

of the planetary joint, the data on satellite geodesy differ most sharply with the development of an intensive turn of 

tectonic blocks to the west and southwest in a counterclockwise direction [10, 32, 33]. 

However, the most crucial feature of the geodynamics of the region, the most essential for understanding the seismic 

phenomenon under consideration, is the discovery and mapping of an extensive sub-oval structure of the deep mantle, 

rotating in a counterclockwise direction [15]. The axial part of this structure stretches from SSE to NW, as can be seen 

from the nature of the location of the isolines of the structure itself (Figure 2). Cyprus is in the center of this mantle 

structure projection, and the zone of anomalous seismicity in Eastern Turkey is in the zone of transition from the arch of 

the uplift ENE; this fact is essential for further analysis. 

3. Applied Geophysical-Geological Methods 

The applied multidisciplinary set of geophysical (satellite, airborne, and surface (sometimes subsurface)) and 

geological methods is presented below. It should be noted that practically all employed methods are independent, and the 

data were obtained from different sources. The discovery of an early unknown deep giant target raises the question of the 

possibility of detecting other similar objects at a depth near the critical latitude ±35o. 

3.1. Satellite-derived gravity field analysis 

Examination of satellite-derived gravity data is a powerful regional tectonic–geodynamic zonation instrument, 

including comprehensive tectonic–structural interpretation, data transformation, and segmentation [13, 22, 34–38]. The 

satellite-derived gravity data for this study were acquired from the World Gravity Data Base as retracked from the Geosat 

and European Remote Sensing (ERS) missions [e.g., 39]. Eppelbaum and Katz [35] have exposed that to examine the 

deep structure of large regions (several million km2 or more), satellite gravity data retracked to the Earth’s surface can be 

employed without any reductions. Eppelbaum et al. [16] have investigated a satellite gravimetric dataset for the region of 

0°–55° N and 22°–62° W. This research used the polynomial approximation to recover the nature of anomalous sources, 

an effective tool for solving various problems in applied sciences (including geophysics) [e.g., 40].  

Processing the ‘Big Data’ satellite gravimetric dataset (more than 9.5 × 106 measurements were used) removes 

abundant random elements. The residual gravity anomaly attained using the polynomial cubic surface approximation is 

like the results of nonlinear and distance filtering methods. The primary trend in all the gravity mentioned above map 

transformations displays a deep oval (quasi-ring) anomaly superficially reflecting a deep target creating this anomaly 

(Figure 2). It is the standard procedure to analyze quantitatively transformed potential (magnetic, gravity, thermal, etc.) 

field anomalies [e.g., 20, 41]. The residual gravitational anomaly was interpreted using improved methods of 

characteristic point, improved tangent, and areal, specially developed to analyze potential geophysical anomalies when 

the superposition of different anomaly ranks is observed [42]. The depth of the anomalous source is known to be 

associated with the anomaly’s wideness, its branches’ inclination, the square occupied by the anomaly area, and some 

other parameters. Employing these methods specified that the upper edge of the enormous quasi-ring (ellipsoidal) 

structure occurs at 1650–1700 km in the Earth’s lower mantle. 

The gravitational attraction of sizeable deep mass (uplift of the more dense rocks) gives rise to stresses in the upper 

layers of the Earth [43]. When these stresses are joined with the seismologically active faults near (and in) the Earth’s 

surface, a great tension is accumulated that causes preconditions for dangerous geodynamic events.  

3.2. Land/marine gravity field analysis 

The global geological structure geodynamic analysis testifies that arched zones are mostly unstable segments (in the 

case of rotation – especially) [43]. An intense trend of the Bouguer gravity anomalies sharply outlines the Red Sea 

spreading zone [44] (Figure 3c). It agrees with the long axis of the residual satellite-derived gravity map (Figure 3a). At 

the same time, the high-amplitude Cyprus gravity anomaly [45] (Figure 3b) coincides with the center of the residual 

gravity anomaly. The map presented in Figure 3c displays that the Bouguer anomalies reach almost +100 mGals in the 

axial zone of the Red Sea rift, lengthwise the long axis of the revealed structure. Figure 3c agrees with other geological–

geophysical data, signifying structure asymmetry and displacements of both sides of this rifting zone in the Red Sea 

region [15]. Consequently, there was a reliable agreement between three independently observed gravimetric data sets. 

Bouguer gravity anomalies in the eastern and western frames of the Red Sea, crosscutting the system of igneous and 

metamorphic complexes, display regional asymmetry in the gravity field behavior (see Figure 3c). In the west, within the 

Nubian Plate, the Bouguer anomalies have near-stable platform values: ±50 mGals. In sharp contrast to these data, on the 

eastern coast (corresponding to the Arabian Plate), the Bouguer anomalies are linearly elongated parallel to the Red Sea 

coast. Pronounced negative values, typical for activated platforms, characterize them. 

The developed satellite-derived gravity gradient map (Figure 4) shows that the seismicity anomalous zone is confined 

not to the axial zone of the deep mantle structure but to its periphery.  

(1) main fault systems, (2) interplate and intraplate faults, (3) Mediterranean Ridge, (4) distal part of the Mesozoic 

terrane belt, (5) Magnitudes on earthquakes registered 06.02.2023 in Eastern Turkey till 13.15 UTC:  a: > 7.5, b ≥ 6.0, c: 

≥ 4, d: ≤ 4 (magnitudes after [46] and SCEM DB). ECB, Eratosthenes Continental Block, DST, Dead Sea Transform, SF, 

Sinai Fault, J-S, Judea-Samaria, A, Antilebanon, NAF, Northern Anatolian Fault, EAF, Eastern Anatolian Fault.  
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In other words, the gradient gravity map showed the deviation of the seismic zones in the direction to the west of the 

distal bulge of the Arabian lithospheric plate, i.e., counterclockwise. This follows from the analysis of the gradient data: 

the Arabian, Sinai, Nubian, and central parts of the Anatolian plate have minimal gradient values, up to 300 arbitrary 

units, and in the zones of plate junction, they reach a value of 1,000 units, which can be seen in the junction zone of the 

regional faults DST, EAF, and the Cyprian arc. This additional element of the crust’s stressed state is not decisive for 

determining the genesis of the considered seismic phenomenon but, undoubtedly, can be used if new geological and 

geophysical data are involved, which will be shown below. The constructed map (Figure 4) precisely agrees with the map 

of the earthquake distribution (altogether 178 events) registered on 06.02.2023 till 13.15 UTC [46]. 

3.3. GPS vectors behavior 

The GPS pattern reconstructed from [14, 29, 30, 47] unambiguously indicates the visible counterclockwise rotation 

in the region under study (Figure 2). The distribution of GPS vectors (see Figure 2) agrees well with the residual 

gravitational anomaly isolines (Figures 2 and 3) and the summarized paleomagnetic vector orientations (Figure 1). It 

testifies to the presence of the so-called geodynamic vortex structure in the central-western part of the region. The Cyprus 

high-amplitude gravity anomaly occurs in the center of this structure (Figure 3). However, the GPS vectors gradually 

acquire a clockwise direction outside the residual gravity anomaly contour, i.e., in the region's northeast (Figure 2). The 

paleomagnetic vector direction also accompanies this effect, changing from counterclockwise to clockwise (Figure 1). 

 
Figure 3. Comparison of gravitational anomalies (modified after [15]): (a) Residual satellite-derived gravity anomaly, (b) Cyprus 

isostatic gravity anomaly (land/sea) (after [45]); (c) Bouguer anomalies observed in the Red Sea and adjacent areas (sea/land) (after 

[44]). The dashed line displays the 35° critical latitude of the Earth. 
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Figure 4. Satellite-derived gravity gradient map with eastern Turkey's main tectonic elements and seismological features. (1) main 

fault systems, (2) interplate and intraplate faults, (3) Mediterranean Ridge, (4) distal part of the Mesozoic terrane belt, (5) Magnitudes 

on earthquakes registered 06.02.2023 in Eastern Turkey till 13.15 UTC:  a: > 7.5, b ≥ 6.0, c: ≥ 4, d: ≤ 4 (magnitudes after [46] and 

SCEM DB). ECB, Eratosthenes Continental Block, DST, Dead Sea Transform, SF, Sinai Fault, J-S, Judea-Samaria, A, Antilebanon, 

NAF, Northern Anatolian Fault, EAF, Eastern Anatolian Fault. 

  



 

7 

 

 

3.4. Map of geoid isolines evaluation 

The geoid map reflects integrated effects from the Earth’s crust, mantle, and core [48– 50]. The generalized geoid 

anomalies for the study region (based on the EMG2008 data) and their comparison with the GPS pattern are shown in 

[16]. The geoid isolines’ behavior presents the huge quasi-circular anomaly elevations reflecting the deep ellipsoidal arch 

structure and lows – his periclinal parts (Figure 5). Geodynamically, this map is consistent well with the GPS vector 

behavior and the residual gravity field [16]. The geoid anomalies also show a correlation with the primary regional 

tectonic units. This map markedly indicates the deep origin of the discovered combined phenomenon. 

 
Figure 5. Map of geoid anomalies (compiled from EMG2008 [51]) and combined with the GPS pattern, residual gravity anomaly 

isolines, and main tectonic elements. (1) GPS vector pattern [14, 29, 30, 47], (2) main interplate faults, (3) Kiama paleomagnetic 

hyperzone of inverse polarity [22], (4) isolines of the residual gravity anomaly. SF, Sinai Fault; DST, Dead Sea Transform; OF, 

Owen Fault. 

3.5. Paleomagnetic data generalization 

It is well-known that paleomagnetic data are the main indicators of tectonic block rotation [52–54]. The examination 

of the geodynamics in the central part of the projection of the anomalous ellipsoidal deep structure (including the western 

margin of the Neoproterozoic fold belt, the structural zones of the Eastern Taurides, southern and northern margins of the 

Mesozoic terrane belt, Cyprus arc, Crete Island, Aegean Sea, and Western Carpathians) indicates that the tectonic block 

rotation is predominantly counterclockwise (Figure 1) [10, 22, 55–67]. In the Western Caucasus, relating to the peripheral 

part of the deep structure projection, the prevailing counterclockwise block rotation is observed [e.g., 68–70]. In contrast, 

in the Eastern Caucasus, located outside the contour of the mantle structure projection, the clockwise rotation of the 

crustal block has been recognized [55, 68–71] (Figure 1).                                                                     
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Analysis of paleomagnetic data in the peripheral parts of the deep structure projection indicates geodynamic instability. 

However, paleomagnetic rotations in the central part of the mantle structure projection are mainly counterclockwise 

(Figure 1) and agree with the counterclockwise GPS vector behavior, the residual gravity field isolines (Figure 2), and 

geoid anomalies (Figure 5) [16].  

In detail, let us consider three typical examples of tectonic block counterclockwise paleomagnetic rotations. For 

performing optimal paleomagnetic mapping, a suitable classification is necessary. The development of Jalal, Sogdiana, 

Gissar, Tuarkyr, and Khorezm paleomagnetic arrangement is presented in [72, 73]. 

3.5.1. Cyprus area  

Morris et al. [74] have shown that the ophiolite massifs of Troodos (Cyprus) and Baer-Bassit (Syria) underwent 

substantial counterclockwise rotation. Paleomagnetic reconstructions enabled the compilation of the geodynamic 

diagrams demonstrating the counterclockwise rotation of the Cyprus structure from the Cretaceous to the Late Cenozoic 

(Figure 6).  

 
Figure 6. Cyprus geodynamic schemes of the counterclockwise rotation (Cretaceous‒Late Cenozoic) (modified after [16]): (A) 

counterclockwise rotation of Cyprus from Late Cretaceous to Late Miocene (based on the paleomagnetic data from [62]), (B) change 

in the relative position of Cyprus and the African–Arabian Plate of Gondwana paleocontinent in the Late Cretaceous (based on the 

paleomagnetic data from [74]), (c) Cyprus paleostructures paleogeodynamic reconstruction of within the Late Cretaceous Tethys 

Paleo Ocean and its frame (after [75]). Ar, Arabian part of Gondwana. I, subducting oceanic plate of the Neotethys southern side; II, 

ophiolite complex of the Early Mesozoic crust of Mammonia basin; III, spreading zone of the Late Cretaceous part of the middle 

Troodos ridge; IV, terrane zone of the Aegean–Anatolian belt with the continental crust. 

3.5.2. Makhtesh Ramon area (Southern Israel) 

The Makhtesh Ramon terrane (Southern Israel) is the extreme southwestern part of the MTB, collisionally articulated 

with the Arabian-Nubian part of Gondwana [22]. This fact explains the high complexity of the Ramon subterrane structure, 

which contains various geological-geophysical tectonic-structural elements. Paleogeodynamic development of this 

subterrane was formed during the pre-collisional, collisional, and post-collision stages.  

The subterrane (Figure 7) has a wedge-shaped outline, the narrowed part of which is in the southwest and extends to 

the northeast. The paleomagnetic scheme (Figure 7A) and the diagram of the historical and geodynamic reconstructions 

(Figure 7B) conventionally depict not all subterrane but the outline of its submerged part corresponding to the erosion-

tectonic depression, enclosing the Mesozoic outcrops (Lower Cretaceous, Jurassic and Triassic) and Late Cenozoic [76]. 
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These rocks are permeated by a variety of Mesozoic traps, whose radiometric ages range from 165.7 to 93.8 Ma [77] and 

contain the outcrops of the ophiolite plates of the Saharonim basalts [22], the radiometric age of which is refined within 

207 and 205 Ma [78]. They correspond in age to the Illawarra-2 superzone [22], confirming the paleomagnetic studies’ 

data [79] and determining their normal polarity.  

In Makhtesh Ramon, we used the analysis of the discontinuities and hypsometry of the plateau framing the canyon 

itself and outlines of the erosional canyon. The latter is essential because the boomerang-like canyon outlines with a 

deviation of the southwestern end to the east and northeast – to the west, indicating the counterclockwise rotation of this 

subterrane. At the same time, the highest hypsometric marks exceeding 1,000 m are in a narrow zone corresponding to 

the center rotation of the tectonic block. The cirrus nature of tectonic ruptures, spherical in places with prominent shear-

slip elements, confirms the regional nature of the rotation of the structure, mainly in the counterclockwise direction. 

Analyzing the evolution of movements of the Ramon subterrane (Figure 7B) was used to examine the movement of the 

radiometrically dated dikes and chains of the effusive rocks displaced from the primary latitudinal orientation. The 

performed studies showed that during almost the entire Jurassic-Middle Cretaceous stage, the area experienced a 

movement from the Neotethys Ocean’s southern side to the southwest with a concomitant counterclockwise rotation 

(except for a part of the Aptian centuries (125-115 Ma ago), when the sublatitudinal post-collisional dikes shifted 

clockwise).  

 

 
Figure 7. Makhtesh Ramon (Negev Desert, southern Israel) geodynamic-paleomagnetic map (revised and supplemented after [78]). 

A: geodynamic-paleomagnetic indicators. B: geodynamic changes of Makhtesh Ramon subterrane displacement in the Middle 

Mesozoic. C: Paleomagnetic scale. 
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(1) precollisional-collisional basalt dikes, (2) postcollisional alcalic olivine basalt flows and volcanoclastic rocks, (3) 

precollisional association of alkali olivine gabbro, monzogabbro and syenites, (4) postcollisional association of basanites 

and nefelinites, (5) quartzitic hexagonal prisms, (6) faults, (7) hypsometric isolines within the Makhtesh Ramon plateau 

(1-7 from [22, 76, 80–94], (8) radiometric age of the magmatic rocks (from [77]), (9) counterclockwise (a) and clockwise 

(b) rotation of the linear structures (faults, dykes, and volcanic ridges), (10)-(11) magmatic rocks with normal (10), and 

reversal (11) paleomagnetic polarity (from [78, 95, 96], (12)-(15) paleomagnetic zonation (classification) of the magmatic 

complexes: (12) Illawarra, (13) Omolon, (14) Gissar, (15) Jalal. 

3.5.3. Hermon area (Northern Israel)  

The Hermon Mt., belonging to the Antilebanon terrane, is the most elevated tectonic block of the Easternmost 

Mediterranean, reaching an absolute elevation of 2,482 m above sea level and with an abnormal increase in the depth of 

the Moho surface – over 37 km [97]. The paleomagnetic map of the Mt. Hermon area is based on an integration of 

petrological [98, 99], petrostructural [100], radiometric [98–103], paleomagnetic [102, 104], and some other data (Figure 

8A, B, C). All these data enable us to conclude that within the study area, three paleomagnetic complexes are developed, 

two of which are Mesozoic (Gissar and Jalal), and one is Late Cenozoic; the youngest zones of the Brunhes and Matuyama 

relate to the Sogdiana superzone (Figure 8C). The most ancient Gissar superzone is in the central and eastern parts of the 

region and is composed of Jurassic carbonates. Few radiometric age data for the Gissar dikes in the north give estimations 

of 140, 132.4, and 130 Ma. To the south, the xenoliths of these rocks were carried by younger volcanoes, and their 

radiometric ages were 16, determined between 150 and 140 Ma. In the Elazar horizon, the age of conglomerates is 

determined as 146 Ma [99]. These data are in good agreement with the age from the basal part of the Tayasir traps (Wadi 

Maliah) – 146 and 133.5 Ma [103, 105], and with the age of the Um Sabune Middle Miocene basalt conglomerates, 141.9 

Ma in the Shelah area, 35 km north of the Lower Cretaceous’ basite outcrop. This tectonic peculiarity is reflected in the 

inset (Figure 8B), which indicates the counterclockwise rotation of the Antilebanon terrane from the Jurassic to the present 

time. 
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Figure 8. Mt. Hermon geodynamic-paleomagnetic map. A: Tectono-paleomagnetic indicators. (1) Lower Cretaceous basalt-basanite 

dikes, (2) Lower Cretaceous alkaline basalt flows and tuffs, (3) Jurassic - Lower Cretaceous diabase dikes, (4) Lower-Upper Cretaceous 

alkaline basalt flows, (5) Lower Cretaceous diatreme pipes, (6) Upper Cretaceous alkaline basalt cone, (7) faults, (8) axis of the Hermon 

anticline, (9) counterclockwise (a) and clockwise (b) rotation of faults and magmatic bodies, (10) radiometric age of magmatic rocks, 

(11) points of Mesozoic magmatism studied by different methods: (a) by K-Ar, Ar-Ar data, (b) Nd-Sr-Pb isotopic data, (12) 

paleomagnetic measurements of the Pleistocene magmatic rocks: (a)  reverse polarity, (b) normal polarity; ((1–8) and (10–12) from 

[98–109], paleomagnetic zones (13-16): (13) Gissar, (14) Jalal-1, (15) Jalal-2, (16) Sogdiana-2 (Matuyama and Brunhes Chrons). B: 

geodynamic changes of Antilebanon terrane displacement in the Middle Mesozoic – Cenozoic. C: Paleomagnetic scale. 

3.6. Critical latitude of the Earth 

Véronnet’s [31] comprehensive physical-mathematical analysis of the Earth’s rotating ellipsoid indicated that the two 

Earth’s critical latitudes are ≅35°. These effects are due to the Earth’s rotation velocity changes and the tidal forces’ 

uneven impact. Further studies using extensive geological-geophysical materials demonstrated that, following Véronnet’s 

theory, periodic matter fluxes in the Earth’s mantle move from the equatorial to the polar regions and vice versa [110, 

111]. Eppelbaum et al. [16] showed that the latitude of +35° coincides with the center of the projection of the revealed 

quasi-circular mantle structure (Figure 2). 
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3.7. Results of regional seismic tomography studies                                                          

The results of deep seismic tomography [112–118] testify to abnormal velocities of P- and S-wave propagation at 

depths of 1400–1750 km beneath the Eastern Mediterranean that also confirm the existence of the giant anomalous target 

in the lower mantle. The seismic tomographic profile through the Antalya region at 40° N (southern Turkey) indicates 

heterogeneous sources in the mantle indoors, the contour of the recognized huge quasi-ring object at depths of about 1600 

km [117].  

Recent regional seismotomographic studies using global P- and S-wave models [118] confirmed the presence of a 

deep anomaly within the projection of the mantle structure (see Figures 2 and 5 in the present paper). According to profile 

D-D’ data [118], its surface plunges from SW to NE at depths from 1,600 to 2,000 km from the southern part of the Red 

Sea to the northern part of the Persian Gulf (Figure 9 in [118]. According to the more northern profile A-A’ (Figure 8 in 

[118]), this surface is subducted from west to east from the Anatolian block (Turkey) to the Zagros Mts. (Iran) from the 

depths of 1,200 to 2,000 km. The data from this deep profiling entirely coincides with the topological parameters of the 

previously identified regional gravity residual anomaly [16]. 

3.8. Study of paleobiogeographical data                                                

Examining paleobiogeographic data confirms deep structure rotation and its relationship with near-surface structures. 

Like the paleomagnetic ones, they show earlier stages of deep structure rotation and its reflection in surface geology. The 

region under consideration is essential for analyzing the spreading stage of development (mainly Mesozoic) of the 

development of the Neotethys Ocean and adjacent parts of Gondwana and Laurasia. Special attention is drawn to 

anomalous biogeographic indicators, particularly shell remains of giant brachiopods Septirhynchia–Somalirhynchia [16]. 

The biogeographical mapping was based on the works of Scotese [119, 120] and the authors’ previous investigations 

[22]. In the region under study, three paleobiogeographical provinces [121–127] were recognized (Figure 9): Boreal 

(Eurasian shelf), (2) Mediterranean (Mediterranean Basin), and (3) Ethiopian (South Africa). The constructed map (Figure 

9) shows the phenomenon (see the red arrow rotating counterclockwise) of the geodynamic transfer of tectonic blocks 

with the remains of the Ethiopian fauna from the present position of the Persian Gulf to the Levant up to the Egyptian 

Eastern Desert. This fact proves the counterclockwise movement of the eastern and central parts of near-surface 

projections of the anomalous deep structure in the Jurassic and Early Cretaceous [128]. 

3.9. Mineral-petrological analysis 

An overview of the mineral-petrological features of deep origin for the study region indicates that many different 

magmatic indicators are revealed within the projection of the mantle structure. The largest number of rocks and minerals 

of the deep origin are concentrated in the apical part of the projection. The Cyprus ophiolite zones occur in the center of 

this area. Numerous mantle minerals were discovered here (e.g., melilite, clinopyroxene, amphibole, olivine, Cr-spinels) 

[e.g., 129–131]. The mantle rocks and minerals were identified in Eastern Turkey (e.g., REE concentrations, diamonds, 

mantle peridotites, and harzburgites) [132, 133], western-northern Syria (diamonds and kimberlites) [134], Carmel area 

(northern Israel) (e.g., ultramafic xenoliths, corundum xenocrysts, mantle peridotites, tistarites, diamonds, moissanite, 

eclogites, garnet websterites) [135–140]; Makhtesh Ramon area (southern Israel)  (e.g., moissanite, corundum, 

diamonds, olivine, perovskites, yttrium phosphate) [89, 90, 94, 141, 142]; Central Eastern Desert of Egypt (diamonds, 

some satellite minerals, and kimberlites) [143]. 

3.10. Magnetic field analysis 

Analysis of the GPS local measurements (Figure 2) and paleomagnetic mapping data (Figure 1) made it possible to 

establish that the deep mantle structure experiences counterclockwise rotation unambiguously [16]. Of course, these data 

are not based on regional mapping but on disparate data from different parts of a vast sub-oval structure. At the same 

time, satellite gravimetry data made it possible, on the one hand, to outline the deep mantle oval and reveal the local 

structures of the Mesozoic terrane belt and other elements of the tectonosphere [16].  

Mainly by magnetic and paleomagnetic data analysis, in the central zone of the deep structure projection, the block of 

ancient oceanic crust of the Kiama hyperzone was discovered [21, 144], and active geodynamics to the north of it in the 

Cyprus region [16, 22]. However, these disparate data are significant regarding local shifts and need to provide 

information about the regional turn of the structure itself. The constructed smoothed map of the magnetic field vertical 

component ΔZ (Figure 10) made it possible for the first time to cartographically show the reality of the apical center 

rotation in the axial zone of the deep mantle structure of the Eastern Mediterranean. Here is a good coincidence of regional 

magnetization zones with gravity isolines of the quasi-ring deep mantle structure. The magnetic map indicates that the 

most prominent stress zone is in southeastern Turkey, near the transition of the apical uplift to the wing of the deep 

structure projection (Figure 10). It can be seen that the residual gravity anomaly, GPS vector behavior, and the magnetic 

field pattern create a single ensemble. A zone of slightly increased values of the geomagnetic field anomaly with a gentle 

central trough is developed here. Furthermore, on the periphery of the central uplift, scattered troughs are discordant 

concerning the tectonosphere pattern with negative magnetic anomalies. 

Figure 11 displays the magnetic map of the Eastern Mediterranean (this map’s coordinates are white contoured in 

Figure 10 and coincide with the gravity gradient map presented in Figure 4). Particularly significant is the fact that in the 
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negative anomaly of Anatolides- Aleppo, there are zones of manifestation of recent catastrophic earthquakes. The 

discordance of concentric magnetic anomalies concerning the structures of the Mesozoic terrane belt, Arabia, and Anatolia 

indicates their connection with deep geodynamics. In this regard, the deep tectonic-geodynamic boundary between 

Eurasia and Gondwana in the North Anatolian Fault (NAF) region is significant for confirming counterclockwise 

movements of the deep mantle structure. As can be seen from the data on the northwestern end of the map, the most 

significant positive anomaly, 90 nT, turns to the southwest, which entirely coincides with the regional GPS data (Figure 

2). 

 
Figure 9. Schematic Late Jurassic paleobiogeographical map of the transitional region of Eurasia and Gondwana with elements of 

the subsequent Early Cretaceous geodynamics of the Mesozoic terrane belt (when constructing this map, data from [22, 119–127] 

were used). The solid blue lines show boundaries between seas and land. 

(1) land, (2) continental shields and arcs, (3) oceanic plateaus and rifts, (4) Boreal paleobiogeographic province, (5) 

Mediterranean paleobiogeographic province, (6) Ethiopian paleobiogeographic province, (7) points with Ethiopian 

brachiopods Septirhynchia-Somalirhynchia, (8) tectonic lines of discordant paleobiogeographic replacements, (9) 

counterclockwise rotated tectonic blocks. 

Thus, the foreland sediments of Northern Arabia and Eastern Nubia are tectonically discordantly connected to the 

allochthonous Mesozoic terrane belt, which rotated counterclockwise in the direction of the paleocontinent Gondwana. 

This makes it possible for the first time, using geophysical and geodynamic characteristics, to explain the uniqueness of 

the biogeographically anomalous zone of terrane block attachment to the Gondwana paleocontinent in the middle of the 

Early Cretaceous in the Levantine phase of tectogenesis [22]. 
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Figure 10. Smoothly averaged magnetic ΔZ map recalculated to one common level of 2.5 km over the msl (initial data from 

https://geomag.colorado.edu/magnetic-field-model-mf7.html) for African-Arabian region with the main tectonic elements, the 

behavior of the GPS vectors and overlaid residual gravity anomaly (see Figure 2). The white rectangle contours the ΔZ magnetic map 

of the Eastern Mediterranean presented in Figure 11. (1) intraplate faults, (2) interplate faults, (3) GPS vectors, (4) residual 

gravity field isolines, (5) distal part of the Mesozoic terrane belt, (6) epicenters of two main catastrophic earthquakes in 

Eastern Turkey (February 06, 2023). 
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Figure 11. Smoothly averaged magnetic ΔZ map recalculated to one common level of 2.5 km over the msl for the central part of the 

Easternmost Mediterranean (initial data are from https://geomag.colorado.edu/magnetic-field-model-mf7.html) with the main 

tectonic elements and seismological features in Eastern Turkey. The contour of this map is shown in Figure 10 by a white rectangle. 

(1) interplate faults, (2) intraplate faults, (3) Mediterranean Ridge, (4) contour of the oceanic crust block relating to the 

Kiama paleomagnetic hyperzone of inverse polarity, (5) distal part of the Mesozoic terrane belt, (6) epicenters of two 

main catastrophic earthquakes in Eastern Turkey, (7) dangerous seismogenic zone (after [145]). ECB, Eratosthenes 

Continental Block, DST, Dead Sea Transform, SF, Sinai Fault, J-S, Judea-Samaria, A, Antilebanon, NAF, Northern 

Anatolian Fault, EAF, Eastern Anatolian Fault. 

3.11. Asymmetry of sedimentary basins 

Ben-Avraham [146] and Smit et al. [147] analyzed the asymmetric basin developments along transforming continental 

faults on the eastern side of the revealed deep structure projection. Based on our data, the recognized deep structure 

influenced the asymmetric structure of these basins and their left-lateral regional counterclockwise rotation. Three deep-

water trough systems have developed from south to north in the Gulf of Aqaba. They have the form of a series of en-

echelon troughs and shift from east to west. This arrangement suggests a combined influence of the shear mechanism and 

counterclockwise block rotation. 

In the Dead Sea region and the Eilat graben system (Israel–Jordan), the axial part of the graben is confined to the east, 

while its flattened part extends to the west [146–148]. The tectonic-geomorphological and magmatic asymmetries of the 

Dead Sea basin’s eastern and western coasts are well known. Higher amplitudes characterize the eastern part of the basin 

and are more active [147]. Based on the general gently arcuate structure of the Dead Sea Transform (DST) [146, 149], a 

new geodynamic concept was proposed to clarify the asymmetry of the deep displacement of the graben-like structures 
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[16]. It consists of the simultaneous development of shear and rotational displacements of tectonic blocks, which is 

essential for explaining the regional basin asymmetry.  

Lake Kinneret (Sea of Galilee) is located on the DST northern continuation. The lake’s deep-water basin axis was 

displaced to its eastern shore, while the shallow-water basin axis was moved to the western shore. The analysis of 

paleomagnetic data [150] obtained from areas adjacent to the Galilee region [151] and the results of structural mapping 

indicate the extensive developments of arcuate faults in the shear zone [146]. It enabled us to illuminate the general 

dominant nature of the regional movement geodynamics. They are joined with the counterclockwise axial rotating the 

Arabian–Nubian continental crustal blocks, which agree well with the GPS vector behavior. The asymmetry of local 

sedimentary basins is also accentuated by the geomorphological asymmetry features of the Arabian–Nubian zone of 

Gondwana in the Late Cenozoic. In its western part (corresponding to the Red Sea rift zone and Nubian Plate junction), 

the hypsometric marks of the plateau and Nile River valley commonly do not exceed 500 m. In the eastern part (Arabian–

Sinai zone) of the junction of the Nubian Plate with the Red Sea rift zone system and Dead Sea shear zone, the hypsometric 

marks exceed 500–1,000 m. In the marginal zones of the Arabian and Sinai plates, a mountain range with heights of more 

than 2,000–3,000 m has formed. We suggest that the described phenomenon of regional geomorphological asymmetry 

on two sides of the Red Sea rift zone and some other areas is mainly geodynamically caused by the region’s 

counterclockwise rotation. 

The concept of the asymmetry of the basins in the Arabian Plate is confirmed by the phenomenon of structural-

geodynamic asymmetry in the rift systems in northeastern Africa [152], which are also under the influence of the giant 

mantle structure (see Figure 2). Here, gentle structures were identified on the eastern and northeastern sides of the rifts 

and steeper deep reverse faults on the western and southwestern sides of the continental rifts. 

3.12. Explanation of the oceanic crust block origin relating to the Kiama paleomagnetic hyperzone 

The central part of the Easternmost Mediterranean coincides with the central part of the mantle structure projection 

and is also associated with low regional heat flow values (~25–30 mW/m2) [153, 154] (Eppelbaum et al., 2015). This 

effect reflects the ancient lithosphere age in the studied region [35]. Besides this, the low heat flow may be partially 

conditioned by the phenomenon of the rotated geodynamic vortex [15], which can cause some heat flow to decrease in 

the center of the rotated mantle structure [155]. The uniqueness of this zone is accentuated by the detecting (based on the 

mutual analysis of numerous geophysical-geological data) one of the most ancient oceanic crust blocks relating to the 

Kiama paleomagnetic hyperzone of reverse polarity (Late Carboniferous–Early Permian) [21, 144] (Figure 11). The upper 

edges of this block lie at the depths of about 10–11 km at the center of the deep structure projection, a few tens of 

kilometers south of Cyprus Island [21] (Figures 1 and 11). The occurrence of the strongly magnetized Earth’s crust block 

with reverse magnetization between the positive and negative magnetic anomalies in the magnetic map (Figure 11) is 

explained as a composite combination of inverse magnetization with a complex geometrical form of this block. The 

primary formation of the Kiama hyperzone block [22] could have occurred east of the Persian Gulf's present position [75]. 

Our geodynamic model suggests that this tectonic block was displaced along regional transform faults to its current 

position under the influence of the deep structure counterclockwise rotation [128].  

It should be noted that the allochthonous terrane of the oceanic crust of the Levant, containing the submeridionally 

oriented paleomagnetic Kiama-Gissar hyperzones, is discordantly associated with the sublatitudinal structures of the south 

of the Anatolian Plate and blocks of thinned continental crust of the Sinai Plate’s central zone. At the same time, the 

oceanic crust block is very similar petrologically to blocks of the continental crust of the Negev, Heletz, and Galilee-

Lebanon terranes, where pre-collision intrusive traps of the Kiama hyperzone are widely developed. In South Sinai, local 

intrusions of the same age are known [144]. This is because continental and oceanic terranes belonged to both the same 

stage of tectonothermal activation and were located near the same zone north of the Arabian platform in the area of the 

modern Persian Gulf. Here, the Neo-Tethys oceanic crust formation began, and movements activated with the subsequent 

terrane drive to the west in a counterclockwise direction [128]. This formed the arc-shaped block structure of the Mesozoic 

terrane belt by the middle of the Early Cretaceous. The phenomenon of this movement has been well studied in 

paleomagnetic mapping of trap complexes associated with the Late Paleozoic-Mesozoic stage of plume activation in the 

deep mantle structure [144]. It can be proposed that the crucial impact of the deep rotating structure just prevented the 

oceanic crust block's subduction and preserved its current location. 

4. Brief description of the catastrophic seismic events on 06.02.2023 in Eastern Turkey  

Many authors have analyzed extreme seismological events in the Eastern Mediterranean and around it [e.g., 17, 18, 

29, 35, 139, 156–166]. Numerous researchers investigated the tectonic-geodynamic pattern of the East Anatolian Fault 

[e.g., [7, 10, 26, 165, 167–169].  

The two most decisive dangerous geodynamic events with magnitudes of 7.95 and 7.86 were registered for 9 hours 

on 06.02.2023 in Eastern Turkey at depths of 18 and 10 km, respectively. These strong events were followed by more 

than 10,000 significant aftershocks. The mentioned high magnitudes, accompanied by the greatest number of aftershocks, 

are indicators of the extreme tension accumulated in the upper part of the Earth’s crust of the region. Historically, the 

Mw 7.95 earthquake was the largest in Turkey, exceeding the 1939 Erzincan earthquake of Mw 7.8 [166].  
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Considering the recent geodynamic past of the Anatolian region, we can see that seven strong earthquakes (M > 6.8) 

occurred in the North Anatolian Fault (which is also in the dangerous subsurface seismogenic zone and under the influence 

of the deep mantle structure) during the geologically short period from 1789 to 1905 [169].   

4.1. Short seismological-tectonic sketch  

Several authors indicated the significant accumulated stress in this area [e.g., 17, 18, 61, 156, 157, 159, 161, 163]. The 

latest catastrophic earthquakes in Eastern Turkey require their geodynamic understanding. The two most decisive events 

(with magnitude (M) = 7.95 and 7.86) (according to the last USGS estimations [170] were observed with an interval of 9 

hours on February 06, 2023, followed by a whole series of aftershocks (four with M ≥6, about forty with M ≥ 5, and more 

than 200 with M ≥ 4). The ground acceleration values recorded in some areas near the fault rupture exceeded 1g [171] 

and even 2g [172]. That is, the amplitude of these catastrophic earthquakes was even higher. These geodynamic events 

were the most enormous Turkish earthquakes in over 2,000 years [166]. According to Karabulut et al. [7], catastrophic 

earthquakes were preceded by long seismic silence. This fact indicates a long-term accumulation of seismic stress. 

These tragic events led to the death of about 60 thousand people. The above values indicate the colossal tension created 

in the Earth’s crust. The region where these strongest earthquakes occurred is a tectonically complex junction zone of 

four tectonic plates: Eurasian, Arabian, African, and Anatolian. The joint movement of these plates (consisting, in turn, 

of tectonic elements of different ages) occurs at an average rate of 6–15 mm per year. However, after two marked powerful 

shocks, the Anatolian plate shifted to the southwest by three meters; later, this shifting continued for several (entirely to 

~11.5) meters. 

4.2. First event of M = 7.95, 06.02.2023 

The epicenter of this event at (01:17 UTC) was 37 km west–northwest of Gaziantep (Figure 4) and had a maximal 

Mercalli intensity of XII. According to the United States Geological Survey (USGS), the earthquake hypocenter was at a 

depth of 10.0 km. The shock had a focal mechanism for strike-slip faulting [172].  

A source model for the M = 7.95 seismic event produced by the USGS from observed seismic waves, considering 

preliminary rupture mapping from satellite data, employed three fault segments. These segments have individual lengths 

(a), widths (b), strikes (c), and dips (d). Segment 1: (a) >40 km, (b) 30 km, (c) 028°, (d) 85°, Segment 2: (a) >175 km, (b) 

30 km, (c) 060°, (d) 85°, Segment 3: (a) >160 km, (b) 20 km, (c) 025°, (d) 75°. The mainshock produced a maximum slip 

of 11.2 m along segment 2, beneath the Sakarya district in Kahramanmaraş Province, northeast of the junction where it 

meets segment 1 [172]. 

4.3. Second event of M = 7.86, 06.02.2023 

The first event was followed by M  = 7.86 earthquake at 10:24 UTC 95 km north-northeast (Figure 4). It had a depth 

of 7.4 km, according to the USGS. The shock was also the result of strike-slip faulting [173]; it had an epicenter north of 

the previous large earthquake (Figure 4). 

The USGS source model for the Mw 7.86 earthquake that struck nine hours later has three large fault segments. 

Segment 1: a >70 km, b > 20 km, (c) 276°, and (d) 80°, Segment 2: a >40 km, b >20 km, (c) 250°, (d) 80°, and Segment 

3: (a) ~80 km, b >20 km, (c) 060°, and (d) 80°. The maximum displacement registered on Segment 1 was 11.4 m [173]. 

Mikhailov et al. [174] even note the displacement on 12.7 m southwest. 

4.4. Main tectonic consequences 

Thus, the Eastern Turkey land segments were displaced southwest to the Mediterranean Sea (with the maximal 

movement of 11.2 and 11.4 m (12.7 m?)), i.e., counterclockwise. This fact agrees with the proposed theory about the 

influence of the counterclockwise rotating deep quasi-circular structure on near-surface geodynamics. The earthquakes’ 

large magnitudes and significant aftershock number (>10,000) point to the greatest accomplished tension in this region. 

Several scientists [e.g., 161] have noted the significant stress accumulation and increased seismic risk in eastern Turkey. 

5. Discussion 

Considering that we have different data kinds, we attempted to divide them into three groups (as much as possible): 

(1) geophysical, (2) tectonic-geodynamic and geological-petrological, and (3) mathematical. At the end of this Section, a 

combined table is presented.  

5.1. Geophysical data analysis 

Geophysical-geodynamic mapping (Figures 1 and 2) using tectonic modeling, GPS data analysis [e.g., 14], calculation 

of a residual satellite gravity anomaly together with the analysis of numerous paleomagnetic (Figures 1 and 6–8), 

structural-tectonic, petrological, paleobiogeographical (Figure 9), and other data only recently made it possible to obtain 

a reliable explanation of the geodynamic features and history of the development of the region under consideration [16]. 

A set of geological-geophysical features revealed a deep mantle structure rotating counterclockwise. In the present paper, 

https://en.wikipedia.org/wiki/Ground_acceleration
https://en.wikipedia.org/wiki/Spectral_acceleration
https://en.wikipedia.org/wiki/Epicenter
https://en.wikipedia.org/wiki/Coordinated_Universal_Time
https://en.wikipedia.org/wiki/Gaziantep
https://en.wikipedia.org/wiki/Hypocenter
https://en.wikipedia.org/wiki/Focal_mechanism
https://en.wikipedia.org/wiki/Strike-slip_faulting
https://en.wikipedia.org/wiki/Coordinated_Universal_Time
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this set is extended and supplemented. This phenomenon significantly influenced all geodynamic regional processes in 

this most complex region, including dangerous geodynamic events. Interestingly, the tectonic map [7] developed for the 

Easternmost Mediterranean and Southern Turkey reflects a quasi-circular pattern. 

The GPS vector distribution (Figure 2), which unmistakably indicates the counterclockwise rotation, agrees well with 

the residual gravity anomaly isolines (Figure 2) and testifies to the presence of the geodynamic vortex phenomenon in 

the Easternmost Mediterranean [15, 36], . The residual satellite gravity anomalies and gravity anomalies observed in 

Cyprus Island and around it (at the geometric center of the mantle structure projection) and in the Red Sea rift zone 

(lengthwise the long axis of the mantle structure projection) perfectly match with each other (Figure 3). The Cyprus high-

amplitude gravity anomaly [175] occurs at the center of this vortex structure (Figure 3). Meanwhile, outside of the residual 

gravity contour, e.g., in the northeast of the region, the GPS vectors by degrees obtain a clockwise direction (Figure 2). 

The paleomagnetic vector directions also accompany this trend, changing from counterclockwise to clockwise (Figure 1).  

The regional paleomagnetic data (Figure 1), paleomagnetic sketch map (Figure 6), and paleomagnetic-geodynamic 

maps of well-studied Makhtesh Ramon (Figure 7) and Hermon (Figure 8) areas unambiguously signify the 

counterclockwise rotation of tectonic blocks in the deep quasi-ring structure projection. This rotation confirms numerous 

paleomagnetic studies of the Anatolian block and Western Greece [e.g., 10, 57, 61, 65, 176–179]. At the same time, the 

geodynamic instability happening in the peripheral areas of the region causes the appearance of both clockwise and 

counterclockwise rotations. Outside the mantle structure projection, the clockwise rotation prevails. 

Eppelbaum et al. [13] developed a map of the thicknesses of the most gravitating surface for the studied region. The 

depth increasing is displaced to the east in the direction of the deep structure counterclockwise rotation to the central 

region of the Arabian Plate, with a maximum depth of ≥150 km in the frontal zone of the mass’s deep movement [13]. 

The minimal depth (~70‒75 km) outlines the eastern coast of the Red Sea and the zone east of the DST that generally 

coincides with the mantle structure’s long axis.   

The first compiled maps of the vertical magnetic component ΔZ (Figures 10 and 11) noticeably display a circular 

behavior of magnetic anomalies in the corresponding regions. Such behavior is an additional solid argument confirming 

the influence of the rotated mantle structure. These maps indicate the influence of a deep anomalous object on the rocks 

occurring at depths of no more than several tens of kilometers (for instance, for Israel, the calculated depths to the Curie 

discontinuity range from 38 to 46 km [144]).  

The generalized geoid anomaly map (Figure 5) represents a large quasi-ring anomaly that correlates well with the 

residual gravity anomaly map and GPS vector distribution (the last two features are shown in Figure 2).  

Platzman et al. [57] asked, "Why are there no clockwise rotations along the North Anatolian Fault Zone?" There were 

no physical-geological models to answer this question since these models were developed relatively recently [15, 16]. 

This answer is obvious: counterclockwise rotation of the deep structure generates a specific stress on the overlying 

tectonic blocks. 

Hubert-Ferrari et al. [169] calculated the Colomb stresses for the North Anatolian Fault region. A general direction of 

these stresses is oriented counterclockwise. Jolivet et al. [180] described the aseismic slip effect within the North 

Anatolian Fault (NAF) area. This slip is easily explained based on our proposed model of a rotating deep structure 

affecting the near-surface section.  

Civiero et al. [118] constructed horizontal mantle flow field behavior (Figure 12B) for the region under study. The 

western side of this mantle flow (Figure 12) correlates well with the GPS pattern and satellite-derived gravity isolines 

caused by the deep mantle structure. Besides this, the mantle flow creates a singular rotating point precisely in the high-

magnitude seismogenic zone. Numerous authors have also discovered the counterclockwise rotation of tectonic blocks 

according to paleomagnetic data [e.g., 10, 22, 57, 61, 65, 67].   

The seismotomographic data [117, 118] demonstrate that the shear wave values decreased at the depts 1500-1700 km. 

This fact indicates the presence of warmed geological rocks coinciding with the upper part of the recognized deep mantle 

structure. Thus, we can conclude that the mantle structure transfers energy to the above-laying blocks and layers using 

thermal convection. According to Orovetsky and Kobolev [181], one of the two geodynamic paleo-equatorial nodes of 

the Earth is located almost in the geometric center of the projection of the identified deep structure. 

Trubitsyn’s [182] theoretical calculations testify that a 1650‒1700 km depth corresponds to the anomalous zone of 

the spin (phase) transition, which relates to the calculated upper edge of the discovered mantle target. Such zones are the 

most unstable and often include mantle plumes, which can geodynamically and magmatically affect the upper mantle, 

crustal blocks, and even characteristics of sedimentary basins (last – in near-surface layers) [2]. 

A generalization of the seismic tomography anomalies for the northern part of the deep anomalous target was 

presented in subsection 3.7. Moreover, Kovachev and Krylov [183] directly associate the microseismicity in the eastern 

part of the lower mantle uplift’s projection – the Persian Gulf and the Zagros Mountain Massif – with the revealed 

counterclockwise rotation of the giant deep structure [16]. 

5.2. Tectonic-geodynamical and mineralogical-petrological analysis  

It was found that the most crucial element of the zone of the junction of the Eurasian and Gondwana platforms is the 

zone of collision of the Mesozoic terrane belt (MTB) (composed of massifs of thinned continental and oceanic crust) [22] 

and the Alpine-Himalayan orogenic belt (formed of a highly variegated complex of blocks of continental bark and 

numerous ophiolites). The most complex section of this junction zone corresponds to the distal protrusion of the MTB, 
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which intrudes into the Alpine-Himalayan belt in the eastern area of wedging out of the tectonically most complex part 

of the Anatolian plate (Figures 4 and 11).  

Outcrops of different mantle magmatic elements in Eastern Turkey [130, 131, 184], Cyprus [e.g., 129, 130, 185], 

western-northern Syria [134], Carmel area (northern Israel) [136–140], Makhesh Ramon area (southern Israel) [89, 94, 

141], and Central Eastern Desert (Egypt) [143] testify to high tectonic-geodynamic activity in the surface (subsurface) 

projection of the mantle structure. Obviously, the deep structure’s rotation creates, over its projection, particular 

geodynamic prerequisites for forming mineral deposits. 

Lusk et al. [184] investigated the physical-chemical properties of peridotite xenoliths from the North Anatolian fault 

zone in detail. They concluded that relatively constant differential stress characterizes the lithospheric mantle beneath this 

area.  

The Red Sea rifting zone is part of a deep fault continuing northward to the Carpathian region and intersecting different 

lithospheric plates and assemblies. This fault coincides with the long axis of the deep mantle structure projection. The 

deep mantle structure’s central (apical) part forms the Sinai Plate and is bounded meridionally by two faults. In the north, 

the Sinai Plate is bounded by a fault stretching from the southern part of the Aegean–Anatolian Plate. Our data designate 

the Red Sea’s geodynamic asymmetry between the eastern and western coasts [16] caused by the counterclockwise 

rotation. In the southern part of Cyprus Island, a Cretaceous mantle diapir reaches the surface, and dozens of kilometers 

south of it, the oldest oceanic crust block relating to the Kiama hyperzone was discovered [21]. The summation of these 

factors enabled a conclusion on the regularity of the phenomena caused by the influence of the mantle structure.  

The structural aspects of the anomalous mantle structure are revealed in plate tectonics, where the linear diagonally 

oriented Red Sea rift zone with the development of an initial narrow zone of oceanic crust is sharply different from the 

East African rift zone, and the Gulf of Aden rift. 

First of all, it is necessary to pay attention to the fact that the Red Sea rift in the triple junction zone extends almost at 

a right angle from the hot spot of the Afar triangle (Figure 1) – from the curving line of the rift trough of the Gulf of Aden 

and East Africa. Such an anomalous structure, which arose as an offshoot in the form of an extended linear marine basin 

in the distal part of Gondwana, is inexplicable without the presence in this zone of active uplift of the deep mantle with 

an ascending mantle heat flow. The impact of these phenomena has been widely developed in the Red Sea and described 

in detail in many publications [e.g., 75]. 

Mantle plumes could have contributed to the anomalous rifting of the Red Sea in the zone of development of the 

Precambrian continental crust in the late Cenozoic. However, rifting from this stage could not have manifested itself 

significantly without the influence of thermal convection from the mantle structure. Regional studies of earlier stages of 

development of the part of Gondwana prompt this conclusion. A deep magmatic belt was identified here, associated with 

upwelling mantle flow plumes [84] with the development of the Late Mesozoic Large Igneous Province: basalt traps, 

deep carbonatite intrusions, kimberlites, lamproites, and diamonds and their deep originated minerals-satellites [134, 136–

143]. Structurally, this province is associated with a deep magmatic fault. Its northern part roughly corresponded to the 

modern Dead Sea Transform zone, and the southern part formed the East Marginal Nubian Fault (EMNF) [22, 186]. 

These studies indicate the existence of an ancient Mesozoic analog of the axial zone of the deep mantle structure. In the 

late Cenozoic, it rotated 45o counterclockwise and formed a linearly extended rift zone of the Red Sea. 

It is charming to note that several authors [e.g., 187, 188] argue that conventional plate tectonics cannot explain the 

intraplate (platform) magmatism (traps, flood basalts, kimberlites) and the related metallogeny. Nevertheless, the 

recognized rotating mantle structure can theoretically explain the origin of linear structures of continental magmatism 

[16], which remains ineffectually tectonically-geophysically substantiated [187].  

The tectonic-structural analysis describes the most significant features of the Earth’s crust’s regional deformation with 

a sub-latitudinal Alpine belt and a sub-meridional Neoproterozoic belt with an arcuate protrusion of the MTB in the zone 

of their junction. The combination of tectonic and paleomagnetic data shows (Figure 1) that deep diagonal faults are 

developed approximately in this zone, near which the rotation of tectonic blocks in the counterclockwise direction 

dominates in the west and the east, in the clockwise direction. The zone of catastrophic earthquakes under consideration 

is developed west of the arcuate ledge.  

Figures 1 and 2 indicate that the most active geodynamic processes are developed in the apical part of the deep target 

contour. In the contact zone of the most active faults (Dead Sea Transform (DST) and Eastern Anatolian Fault (EAF)), 

deep stresses are discharged in the distal part of the northward-moving Arabian lithospheric plate with the deviation of 

the focal zones of high-magnitude earthquakes to the south-west, in the direction of counterclockwise block movement 

(Figure 1). Therefore, the Anatolian plate was shifted in this direction towards the Mediterranean Sea. 
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Figure 12. Combined GPS-gravity-paleomagnetic geodynamic scheme with the attraction of horizontal mantle flow direction. (1) 

main interplate faults, (2) main intraplate faults, (3) vectors of the GPS monitoring (after [14, 29, 30], (4) paleomagnetic vector 

orientations (observation areas are listed in [16]), (5) distal part of the Mesozoic terrane belt, (6) high magnitude seismogenic zone in 

Eastern Turkey (02/06/2023), (7) horizontal mantle flow direction (digitized from [118]) 

5.3. Mathematical analysis 

5.3.1. Critical latitude of the Earth 

The sublatitudinal critical Earth’s latitude of 35° [31] geometrically coincides with the center of deep structure 

projection [16], which was revealed based on gravity, GPS, paleomagnetic, and magnetic data. It should be noted that the 

influence of the Earth’s rotation was noted in the global seismicity distribution [189]. It is helpful to underline that the 

Santorini volcano, located near the critical latitude of 35° N and the center of the mantle structure projection, originated 

one of the most catastrophic events in world history (17th century BCE) [190]. 

5.3.2. Trivial calculation of the probabilistic criteria 
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Using trivial mathematical notions, the probability of a random coincidence q of the aforementioned independent 

indicators is about 1/10,000 (given that we consider only the leading indicators) [e.g., 191]. Accordingly, the probability 

 of the existence of the discovered phenomenon ( = 1 – q) is vastly high. 

5.4. Final summarized factors 

The constructed combined physical–geological model verifies the existence of the giant mantle rotating quasi-ring 

structure and is based on the integration of the following geophysical–geological factors (Table 1).  

Table 1. Compiled multidisciplinary phenomena reflecting the existence of huge mantle counterclockwise rotating structure 

N Field / Factor Explanation Figure / Reference 

1 Satellite gravity Calculation of the residual gravity anomaly shows 

the contour of the quasi-circular structure. The results of 

quantitative interpretation of the residual gravity 

anomaly indicating its depth 

Figure 2 

2 Land/marine gravity Land (marine) gravity anomalies coincide with the 

satellite-derived residual gravity anomaly 

Figure 3 

3 Paleomagnetic data analysis Paleomagnetic data doubtless indicates the 

predominant counterclockwise rotation of crustal blocks 

Figures 1, 6–8 

4 GPS pattern Counterclockwise quasi-circular behavior of the 

GPS vector distribution 

Figure 2; [14, 29, 30, 

47]  

5 Magnetic data analysis Circular ΔZ magnetic field pattern at the level of 2.5 

km over the mean sea level repeats mainly the residual 

gravity and GPS designs 

Figures 10, 11 

6 Geoid isolines’ pattern The geoid’s anomalous pattern coinciding with the 

items (1) and (4) 

Figure 5 

7 Critical latitude of the Earth The center of the discovered deep target coincides 

with the Earth’s critical latitude of +35° 

Figures 3, 5; [31, 189] 

8 Paleobiogeographical data The paleobiogeographic data analysis indicating the 

counterclockwise rotation of the surface (near-surface) 

layers 

Figure 9 and sources in 

captions  

9 Asymmetry of sedimentary 

basins 

The geomorphological asymmetry in the Red Sea rift 

zone, the Dead Sea Basin, and some other areas is mainly 

geodynamically determined by the counterclockwise 

rotation 

[15, 16, 152] 

10 Vast mineralogical- petrological 

data 

The numerous petrological and mineralogical data 

designating the tectonic and geodynamic activity within 

the deep mantle projection onto the near-surface part of 

the geological section 

[89, 94, 127, 129, 131, 

133–143, 184, 185]  

11 Regional seismotomographic 

studies 

The seismotomographic data display the anomalous 

medium parameters in the lower mantle (~ 1400-1700 

km) of the region under study 

[112–115, 116–118] 

12 Intensive microseismicity of the 

Persian Gulf and Zagros massif 

Kovachev and Krylov (2023) directly associate the 

microseismicity in this region (up to 180 km deep) with 

the rotating mantle structure (initially revealed in 

Eppelbaum et al. (2021)). The deep anomalous zones in 

this region were detected by Civiero et al. (2023) 

[118, 183] 

13 Oceanic crust block relating to 

the Kiama paleomagnetic 

hyperzone 

The crucial impact of the deep structure just 

prevented the oceanic block subduction and conserved 

its location till the present 

Figures 1, 5, 10, 11; 

[21, 22, 144] 

14 Numerous tectonic-geodynamic 

data 

First, the results of the last catastrophic earthquakes 

in Eastern Turkey, when the large land segments were 

displaced counterclockwise 

Figures 1, 2, 4; [7, 161, 

172–174] 

15 Uplift of the upper surface of the 

contrast density surface in the 

lithosphere 

The uplifted part of the contrast density surface 

computed using 3D inverse methods coincides with the 

long axis of the deep mantle structure  

[13] 

16 Horizontal mantle flow direction The horizontal mantle flow direction correlates well 

with the GPS data and gravity isoline pattern. Besides 

this, the flow has a singular rotation point directly in the 

area of the Turkish earthquakes of 06.02.2023  

Figure 12; [118] 

5.5. A few factors reflecting the mantle nature of the discovered geodynamic phenomenon 

We want to pay special attention to the mantle origin of the revealed integrated regional geological-geophysical 

phenomenon. The determined factors are collected in one subsection for the convenience of readers: 

(1) The quantitative analysis of the residual satellite-derived gravity anomaly gave a depth of 1650-1700 km, 

(2) The geoid isolines map (like the gravity residual map) undoubtedly indicates the deep origin of the target occurrence, 
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(3) The critical latitude of the Earth (35°) effect is the global geodynamic factor and cannot be connected in any way 

with the near-surface (in our case, tens of km) structures, 

(4) The seismotomographic studies show some anomalous zones at a depth of 1,400-1,700 km in the studied region, 

(5) The numerous mineralogical-petrological data imply the presence of an anomalous volume of minerals and rocks 

of the mantle origin, 

(6) Comprehensive analysis of physical-chemical properties of peridotite xenoliths [184] indicates constant differential 

stress in the mantle lithosphere below the North Anatolian Fault zone within the deep structure projection. 

6. Conclusions

This geodynamic phenomenon’s mantle (deep) origin follows from several of the evidence presented. The multi-

method study highlights the relationship between the revealed counterclockwise rotating mantle structure and different 

subsurface geological-geophysical features. The probabilistic estimate of a random coincidence of all these factors 

(satellite and surface gravity, GPS vector distribution, airborne magnetic field pattern, paleomagnetic vector orientation, 

geoid isoline pattern, Earth’s critical latitude, paleobiogeographical constructions, asymmetry of sedimentary basins, 

seismotomographic data, mineralogical- petrological analysis, oceanic crust block relating to the Kiama paleomagnetic 

hyperzone, and numerous tectonic-structural data), is extremely small. We believe that this structure influenced the origin 

of the Cyprus high-amplitude gravity anomaly, the Sinai Plate configuration, the counterclockwise rotation of the 

Mesozoic terrane belt, the geometry of asymmetric basins along the Dead Sea Transform, and the displacement of the 

tectonic block corresponding to the Kiama paleomagnetic hyperzone in the Eastern Mediterranean. The discovery of a 

deep anomalous structure explains the existence of intraplatform magmatic belts that had not previously found 

explanations within the framework of existing theories. The rotating mantle ring structure, influencing many tectonic–

geodynamic processes, maybe a global geodynamic factor contributing to the spreading of the Red Sea. We propose that 

the giant accumulated stress caused by the deep mantle structure’s counterclockwise rotation was the significant reason 

(joined with the known dangerous seismological faulting in this area) that caused the catastrophic Turkish earthquakes 

on February 06, 2023. Further investigation of this phenomenon should include mutual geophysical-geological studies to 

reveal zones with the most stress accumulation and high seismic activity. 
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