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Introduction
After every huge natural catastrophe the question of prognosis, 
forecast, reasons and monitoring arises. New systems of monitoring 
and scientific and emergency organizations will be suggested in 
the countries. New approaches to the problem of the earthquakes 
prognosis and prediction must be elaborated. The results of event 
must be analyzed at the new scientific level on the base of new 
geological-geophysical data. Huge victims demand new efforts for 
the problems decision -long-term, medium-term and short- term 

forecasts of disasters and earthquake resistant construction. One of 
important steps could be elaboration of geodynamic model of the 
region of catastrophic event as basis for all possible geological-
geophysical data collection and analysis at different scale with 
aim of future forecast, prediction and prognosis.

2023 Turkey-Syria Earthquake
Earthquake of M 7.8 struck south -eastern Turkey and north - 
western Syria on 6 February 2023, at 04:17 of local time. The 
epicenter was 37 km west–northwest of Gaziantep. The earthquake 
hypocenter was at a depth of 10.0 km according to USGS. The 
earthquake was followed by a M 7.7 earthquake at 13:24. This 

ABSTRACT
A magnitude 7.8 earthquake occurred in southeastern Turkey on February 6, 2023. The earthquake’s location is associated with the triple junction of the 
Anatolian, Arabian, and African plates and is confined to the East Anatolian Fault, which forms the boundary between the Anatolian and Arabian plates.

The North Anatolian Fault separates the Eurasian and Anatolian tectonic plates, which slide relative to each other at a rate of 2 cm per year. Earthquakes 
occur regularly along this fault, and activity is gradually shifting further west, into the Sea of Marmara, toward Istanbul. The segment of this zone adjacent to 
the city has not been active for 250 years. The development of geodynamic models of the deep structure of disaster-prone areas is an important contribution 
to the study of active continental margins, which is necessary for earthquake prevention, prediction, and forecasting, geoecological risk assessment, and 
disaster preparedness.

The geodynamic model of the Anatolian-Caucasian-Arabian region is determined by mantle flow rising from the core surface and propagating beneath 
the lithosphere, creating complex surface velocities in Anatolia to the west, in the Arabian Plate to the east, and in the Caucasus to the north. This flow will 
continue to transport material along the North Anatolian and East Anatolian Faults.

The frequency of strong earthquakes varies along the faults, due to the varying crustal thickness and rheology of the fault environment. The Moho depth 
of the East Anatolian Fault is approximately 40 km, while that of the North Anatolian Fault is approximately 50 km. Along the North Anatolian Fault, 
strong earthquakes occur every 1-10 years (1939, 1942, 1943, 1944, 1953, 1957, 1966, 1967, 1971, 1992, 1999) with hypocenters spaced approximately 100 
km apart and pointing west. Since the 1999 Izmit earthquake occurred 80 km east of Istanbul, an earthquake in the Istanbul area can be expected within 
a few years (1-10 years).

Because the East Anatolian Fault produced strong earthquakes in 1789 (M 7.2), 1795 (M 7.0), 1872 (M 7.2), 1874 (M 7.1), 1875 (M 6.7), 1893 (M 7.1), 2020 
(M 6.8), and 2023 (M 7.8, M 7.7), therefore, the recurrence interval of these groups (1790–1880–2020) is approximately 100 years. However, within these 
groups, there are typically 2–4 strong earthquakes occurring close in time. It can be predicted that a strong earthquake on the East Anatolian Fault, if not 
occurring within 1–2 years after 2023, will occur only in 100 years.

ISSN: 2978-7270  



Citation: Svalova Valentina (2026) Geodynamics and Seismicity of the Anatolian-Caucasian-Arabian Region and the Earthquakes in Turkey on February 6, 2023 and 
on April 23, 2025. Journal of Oil, Petroleum and Natural Gas Research SRC-JOPNGR-119. DOI: doi.org/10.47363/JOPNGR/2026(3)119

J Oil Pet Nat Gas Res, 2026      Volume 3(1): 2-12

earthquake was centered 95 km north-northeast from the first. 

The M 7.8 earthquake is the largest in Turkey since the 1939 Erzincan 
earthquake of the same magnitude, and the second-strongest recorded 
in the country, after the 1668 North Anatolia earthquake. It is also 
one of the strongest earthquakes ever recorded in the Levant. There 
were more than 10,000 aftershocks in the three weeks that followed. 
The seismic sequence was the result of shallow strike-slip faulting. 

There was widespread damage in an area of about 350,000 km. An 
estimated 14 million people (16 percent of Turkey’s population) 
were affected. About 1.5 million people were left homeless. More 
than 52,800 deaths were confirmed: more than 46,100 in Turkey, 
and more than 6,700 in Syria. It is the deadliest earthquake in 
Turkey since the 526 Antioch earthquake; deadliest in Syria since 
the 1822 Aleppo earthquake; deadliest worldwide since the 2010 
Haiti earthquake; and the fifth-deadliest of the 21st century. It is 
the deadliest natural disaster in Turkey’s modern history. The 
earthquakes caused over US$100 billion in damages (the fourth-
costliest earthquakes).

The location of the earthquake is connected with a triple junction 
between the Anatolian, Arabian, and African plates (Figure 1, 2, 
3, 4).

Figure 1: The Largest Systems of Active Faults in the Middle 
East: North Anatolian - Zagros and Levant - East Anatolian
https://ru.wikipedia.org/wiki/Восточно-Анатолийский_разлом#/
media/Файл:Anatolian_Plate.png

Figure 2: Epicenter Locations of the First and Second Major 
Earthquakes
https://en.wikipedia.org/wiki/File: 2023_Gaziantep-Marash_
Earthquakes.svg

Figure 3: Distribution of the Intensity of an Earthquake of 
Magnitude 7.8 with an Epicenter Near the City of Gaziantep. 
Mw 7.8 Earthquake at 01:17 UTC (USGS)

Figure 4: Strong Ground Motion Map. Kahramanmarash 
Earthquake. Mw 7.7 Earthquake at 10:24 UTC (USGS)
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The East Anatolian Fault traces the westward movement of Turkey 
to the Aegean Sea. The Dead Sea Transform traces the northward 
motion of the Arabian Peninsula, relative to the Africa and Eurasia 
plates.

The East Anatolian Fault is a 700-kilometre-long northeast–
southwest left-lateral transform fault and forms the boundary 
between the Anatolian and Arabian plates. This intracontinental 
transform fault is the second largest strike-slip fault in Turkey. 

The fault slip rates decrease from the east at 10 mm per year to the 
west of 1–4 mm per year. The fault produced large earthquakes in 
1789 (M 7.2), 1795 (M 7.0), 1872 (M 7.2), 1874 (M 7.1), 1875 (M 
6.7), 1893 (M 7.1), and 2020 (M 6.8). The region of the 6 February 
2023 earthquakes is relatively quiet seismologically (Figure 5).

Figure 5: Map of Seismicity of Turkey (USGS)

It was waiting for strong earthquake in vicinity of Istanbul in 
connection with North Anatolian Fault, but not in connection with 
East Anatolian Fault. Geodynamic activity of the East Anatolian 
Fault is well investigated. (Figure 6-8).

Figure 6: Tectonic Setting in the Region of the East Anatolian 
Fault (indicated by a bright red line). The Black Arrows along the 
Axis indicate the Relative Motion of the Fault walls. The white 
Arrows Indicate the Speeds of Movement in a Fixed Frame of 
Reference, Determined using GPS (the length of the Arrows 
Indicates the Magnitude of the Speed) [1].

Figure 7: Sites on the East Anatolian Fault, Showing the Dates 
and Epicenters of the Largest Earthquakes Before the Event of 
February 6, 2023 [1].

Figure 8: (a) Cartographic View and (b) Seismicity Depth 
Section along the East Anatolian Fault for the period 2007–2019. 
Earthquakes with a Magnitude Greater than 2.5 are Shown with 
Colored Circles According to the Segments. Seismicity was taken 
into Account Within 15 on Both Sides of the Fault Axis. Numbers 
Denote Events with a Magnitude Greater Than 5.0. KMTJ, 
Kahramanmarash Node; LH, Lake Khazar; BZFTB, Bitlis-Zagros 
belt; SF, Syorgyu fault; AF, Amanos fault; YsF, Esemek fault; YF, 
Yumurtalyk fault; TF, Toprakkale fault; NFZ - Narla Fault [1].
Only five earthquakes (1905, 1945, 1986, 1998) of magnitude 6.0 
or larger have occurred there since 1905.

All these earthquakes occurred along or in the vicinity of the East 
Anatolian Fault. At the same time southern Turkey and northern 
Syria had significant and damaging earthquakes in the past. 
Aleppo, the second-largest city in Syria, was devastated several 
times historically by large earthquakes. Aleppo was struck by an 
estimated magnitude 7.1 earthquake in 1138 and an estimated 
magnitude 7.0 earthquake in 1822. Fatality estimates of the 1822 
earthquake were 20,000–60,000. In 1114, the city of Marash 
suffered an earthquake which killed 40,000. Major earthquakes 
affecting the Middle East in 856, 1033 and 1754 have resulted in 
200,000, 70,000 and 40,000 deaths, respectively.

Seismicity of the North Anatolian Fault Zone
On August 17, 1999, the devastating Izmit earthquake struck 
Turkey. Its magnitude was 7.7, the epicenter was at a depth of 
17 km near the city of Izmit, 80 km east of Istanbul. According 
to official figures, the death toll was about 15,000 people, about 
25,000 were injured, and 600,000 lost their homes. Damage from 
the earthquake was initially estimated at more than 25 billion 
dollars, but later increased by another 5-7 billion. The shocks 
were also felt in neighboring countries.
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The North Anatolian Fault, the first largest strike-slip fault in 
Turkey, produced 11 large earthquakes during the 20th century 
(1939, 1942, 1943, 1944, 1953, 1957, 1966, 1967, 1971, 1992, 
1999). (Figure 9).

Figure 9 (a) Active Faults in Turkey, with the North Anatolian 
Fault in Bold. GPS Observations Establish a 24±4 mm/yr Deep 
Slip Rate on the North Anatolian Fault.

(b) Cumulative Right-lateral Slip Associated with M>=6.7 
Earthquakes the Sequence Ruptured from Warm to Cool Colors. 
Slip in the 1949, 1966, and 1971 Shocks is Approximate

(c) The Region Inscribed by the Solid Red Line in a is Projected 
Relative to the Anatolia-Eurasia Rotation Pole, So that a Transform 
Fault would Strike Due East-West; the North Anatolian Fault is 
Seen to Deviate Less than 40 km from Being a Simple Right-
Lateral Transform [2].

Figure 9 (d). North Anatolian Fault and Earthquakes of 1939-
1999 [3].

Turkey is located in a seismically hazardous zone, its territory 
is crossed by the active North Anatolian Fault Zone (NAFZ), 
which separates the Eurasian and Anatolian tectonic plates, sliding 
relative to each other at a speed of 2 cm per year. Earthquakes 
constantly occur along it, and activity gradually shifts further 
and further west into the Sea of Marmara, towards Istanbul. The 
segment of this zone adjacent to the city has not been activated for 
250 years, and this gives 2 options for the development of events. 
In the first case, there is a constant and low-amplitude sliding of 
the plates relative to each other and the tectonic stress is removed 
in the form of a “silent earthquake”. In the second case the absence 
of slip means the accumulation of stress in the fault zone, which, 
when it reaches a critical value, can be released by a sharp shock 
of enormous force. And that spells imminent disaster for Istanbul, 
a city of 14 million people. This is why studying and monitoring 
the state of the NAFZ is truly vital for Turkey.

In 2014 work began on the project to create a Deep Geophysical 
Observatory on the North Anatolian Fault (GONAF) of the 
International Continental Scientific Drilling Program (ICDP). 
These studies are carried out jointly by Turkish and German 

scientists. To monitor the seismic state of the NAFZ in the 
land areas closest to the main branch of the fault, the islands 
of Yassyada and Sivriada of the Princes’ Islands of the Sea of 
Marmara, seismic stations are installed in wells up to 500 m deep, 
constantly monitoring microshocks along the dangerous segment 
with high resolution. (Figure 10).

Figure 10: Red Line - the Sea of Marmara Segment, Inactive 
Since 1766
http://www.gonaf.de/content/project/index.html

Also an international group of scientists from France and Germany 
undertook to study the underwater part of the NAFZ segment, 
located a few dozen kilometers from Istanbul. For this, a network 
of 10 transponders was installed at the bottom of the Marmara 
Sea in October 2014. (Figure 11).

Figure 11: Network of Acoustic Transponders (Red - German, 
Yellow French), Located on Both Sides of the North Anatolian 
Fault
https://www.sciencedaily.com/releases/2016/07/160713115102.
htm

The data obtained show that there are no significant movements 
along the fault within the resolution of the system. The distance 
between transponders located at a distance of 350 to 1,700 meters 
from each other is measured with a resolution of 1.5–2 mm. Based 
on the data obtained, scientists came to the preliminary conclusion 
that the segment is blocked or almost blocked and accumulates 
stress that can cause an earthquake. In combination with other 
types of monitoring, such work makes it possible to create a more 
complete and comprehensive picture of what is happening in this 
seismically hazardous region.

Earthquake in Turkey on April 23, 2025 and Seismicity of the 
Sea of Marmara
On April 23, 2025, at 12:49:10 local time (UTC+3:00), an 
earthquake with a magnitude of M 6.2 occurred in the Sea of 
Marmara. Its epicenter was located 21 km southeast of Marmara 
Ereglisi district, Tekirdag province, Turkey, 73 km southwest of 
Istanbul, with coordinates 40°49′58″ N 28°13′36″ E (Figure 12).
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Figure 12: Epicenter of the Earthquake in the Marmara Sea on 
April 23, 2025 (USGS)

According to a report from Istanbul Technical University (ITU), 
the earthquake lasted 13 seconds and triggered 291 aftershocks. 
Plate displacement was only 30 cm—significantly less than the 
expected 3.7 meters. The aftershocks were distributed along a 40 
x 12 km band, reaching depths of up to 30 km.

The maximum intensity rating on the modified Mercalli scale 
reached VII (very strong). According to various sources, the focal 
depth ranged from 10 to 16.9 km. The aftershocks were preceded 
by a magnitude 3.9 earthquake, which was recorded at 12:13 PM 
in the Sea of Marmara, near the town of Silivri.

It was followed by three more aftershocks, including a mainshock 
with a magnitude of 6.2. Two more earthquakes struck the 
Büyükçekmece region (41°01′12″N 28°34′39″E) within 11 minutes 
of each other. Their magnitudes were 4.4 and 4.9, respectively. 
According to the US Geological Survey, approximately 188,000 
people were affected by intensity VII tremors. Intensity VI (strong) 
tremors were felt by approximately 2.28 million people, primarily 
in the western parts of Istanbul Province. Intensity IV (moderate) 
tremors were recorded in the central parts of Istanbul and Bursa, as 
well as in Evros (Greece), and in the cities of Burgas and Yambol 
(Bulgaria). Tremors were reported from as far away as Gaziantep, 
Bucharest (Romania), and Sofia (Bulgaria). At least 359 people 
were injured in the mass panic caused by jumping from heights, 
including 236 in Istanbul. An abandoned three-story building 
collapsed in the Fatih district. Damage to several buildings and 
internet outages were reported in parts of Istanbul. At least 3,597 
rescue workers, including 1,443 in Istanbul, and 250 pieces of 
equipment were deployed in the Marmara region.

The city of Istanbul, with a population of approximately 16 million 
and once the capital of the Byzantine and Ottoman empires, is 
located dangerously close to the North Anatolian Fault, which 
runs 20 kilometers (12.4 miles) south of Istanbul across the Sea 
of Marmara. Each new strong earthquake provides additional 
information about seismicity in the region and allows for more 
accurate forecasting and prevention of future destructive events. 

The regular distribution of strong earthquakes along the North 
Anatolian Fault from east to west makes the Marmara earthquake 
a very important link in this chain and provides new data for the 
analysis of seismicity in the Istanbul region (Figure 13).
 

Figure 13: Earthquake in the Marmara Sea 23-4-2025 [4].

It is important to understand and examine how the 2025 Sea of 
Marmara earthquake compares to the large earthquakes along 
the North Anatolian Fault from 1939–1999, as well as to earlier 
historical earthquakes that caused significant damage to Istanbul 
and heavy casualties.

This requires a detailed analysis of the seismicity of the Sea 
of Marmara, as well as the deep geodynamics and geothermal 
environment of the entire Anatolian-Caucasian and surrounding 
regions. The major earthquakes in the Sea of Marmara region are 
presented in Table 1 and Figure 14.

Table 1: Earthquakes in the Sea of Marmara region from 
1500–1999 with Magnitudes M≥ 6.0. The list is complete for 
Earthquakes with Magnitudes M≥ 6.8, but not for Weaker 
Events [5].

Year Date Time Lat. Long. M
1509 9-10 2200 40.9 28.7 7.2
1556 5-10 2400 40.3 27.8 7.2
1719 5-25 1200 40.7 29.8 7.4
1737 3-6 0730 40.1 27.3 7.0
1754 9-2 0330 40.8 29.2 6.8
1766 5-22 0500 40.8 29.0 7.1
1766 8-5 0530 40.5 26.6 7.4
1809 2-7 0000 40.0 27.0 6.1
1826 2-8 2030 39.8 26.4 6.2
1841 10-6 0230 40.85 29.05 6.1
1850 4-19 2330 40.1 28.3 6.1
1855 2-28 0230 40.1 28.6 7.1
1855 4-11 1940 40.2 28.9 6.3
1859 8-21 1130 40.3 26.1 6.8
1860 8-22 1009 40.5 26.0 6.1
1893 2-9 1716 40.5 26.2 6.9
1894 7-10 1224 40.7 29.6 7.3
1912 8-9 0128 40.7 27.2 7.3
1912 8-10 0923 40.8 27.5 6.2
1912 9-13 2331 40.7 27.0 6.8
1935 1-4 1441 40.50 27.60 6.4
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1935 1-4 1620 40.55 27.75 6.3
1943 6-20 1532 40.68 30.48 6.4
1944 10-6 0234 39.7 26.5 6.8
1953 3-18 1906 40.0 27.4 7.1
1956 2-20 2031 39.84 30.41 6.2
1957 5-26 0633 40.6 31.0 7.2
1963 9-18 1658 40.70 28.95 6.4
1964 10-6 1431 40.1 28.2 6.8
1967 7-22 1657 40.7 30.7 7.2
1975 3-27 0515 40.45 26.12 6.5
1983 7-5 1201 40.28 27.76 6.1
1999 8-17 0001 40.7 30.0 7.4

Figure 14: Earthquakes in the Sea of Marmara region During the 
Period 1500–1999 with magnitude M≥ 6.0. The Main Earthquakes 
in the Sea of Marmara Region are from Table 1. Large Black 
Circles are Events with M ≥ 7.0, Small Black Circles are those 
with 7.0 > M ≥ 6.6, and White Circles are those with 6.6 > M ≥ 
6.0. Only those with M ≥ 7.0 are Labeled with Dates [5].

The historic Istanbul (Constantinople) earthquake occurred in the 
Bosphorus and Sea of Marmara region on September 10, 1509. 
The epicenter was located at 40°54′ N, 28°42′ E. The magnitude 
of the earthquake was 7.2 ± 0.3. Due to its severe consequences, it 
was nicknamed the Little Doomsday Earthquake (or the Doomsday 
Earthquake). Sultan Bayezid II was forced to move the capital 
to Edirne for several months. Estimates of the death toll range 
from 4,000 to 10,000.

The earthquake caused extensive damage to Istanbul (the Fatih 
Mosque, Topkapi Palace, and the Galata quarter) and the fortresses 
along the Bosphorus. The Princes’ Islands were also damaged by 
the tremors and the resulting tsunami, which reached up to 6 meters 
in height. One of the most devastating earthquakes in the history 
of the Ottoman Empire occurred on May 22, 1766. Two strong 
aftershocks struck the Istanbul area. The first, with an estimated 
magnitude of 7.1 and an epicenter at 40°48′N 29°00′E / 40.8°N 
29°E, occurred in the eastern part of the Sea of Marmara, in the 
Çınarcık Depression near the Princes’ Islands. Between 4,000 
and 5,000 people died. The two-minute earthquake destroyed 
numerous buildings. Aftershocks that followed the earthquake 
lasted for three months. The Fatih Mosque, built in 1463 by Sultan 
Mehmed II, known as Fatih (the Conqueror), was completely 
destroyed.

The strong historical earthquakes of 1509 and 1766 near Istanbul 
have led to the assumption that the recurrence period for strong 
earthquakes here is 250 years.

The North Anatolian Fault is a right-lateral strike-slip fault 
approximately 1,200 km long. It extends from the Gulf of Saros 
in the Aegean Sea in the west to the Karlovo Triple Fault at 
its junction with the East Anatolian Fault in the east. The fault 
began to form approximately 13-11 million years ago in eastern 
Anatolia and eventually spread westward. The fault in the Sea of 
Marmara region was fully formed approximately 200,000 years 
ago, although strike-slip movement in this zone began as early 
as the late Miocene.

In the eastern part of the North Anatolian Fault up to Izmit, the 
fault zone is a clearly defined morphological structure that follows 
the boundary between the Anatolian and Eurasian plates. The zone 
is fairly narrow and localized, effectively separating the relatively 
rigid regions of the Black Sea and Central Anatolia.

Right-lateral strike-slip faulting continues west of Izmit but 
becomes widespread in several subparallel belts in the Sea of 
Marmara, northwestern Turkey, and the northern Aegean [6,7]. 
Seismic studies in the Sea of Marmara reveal numerous faults 
with large normal components [Okay 1999], and earthquakes 
with normal fault mechanisms are observed around its margins 
[8]. The Sea of Marmara was presumably formed by pull-apart 
crustal extension. GPS studies indicate that east-west slip across 
the entire Figure 7 region is about 23 ± 3 mm/yr [9,10].

An important point is the transition of events to the Sea of Marmara 
region, which alters the rheological environment due to a decrease 
in crustal thickness and the dynamics of sedimentary basin 
formation and evolution. The observed seismicity patterns in the 
Sea of Marmara contribute to several earthquake prediction and 
warning issues. For example, it has been noted that the length of 
active elements of the North Anatolian Fault in the sea is shorter 
than onshore in the eastern part of the fault. Earthquakes in the 
sea are weaker than onshore. There are also seismic windows 
(gaps) where earthquakes have not occurred for many years. 
For example, the section of the North Anatolian Fault adjacent 
to Istanbul has not been active since 1766. A key point of the 
analysis is that the earthquake chain along the North Anatolian 
Fault, moving westward, skipped the city of Istanbul, which fits 
well with the concept of progradation, as the previous strong 
earthquake was the 1999 earthquake in the eastern Sea of Marmara. 
The 2025 earthquake has a lower magnitude of 6.2 compared to the 
magnitude of 7.6-7.7 in 1999, reflecting the transition to thinner 
marine crust with different rheology (Figure 15-17).

Figure 15: Crust Thinning in the Marmara Sea [11].
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Figure 16: MOHO Boundary in Turkey [12].

Figure 17: Structure of European Crust as Deviation of 40 km 
Thickness. TESZ – Trans European Sutur Zone [13].

If we assume that strong earthquakes propagating along the North 
Anatolian Fault from east to west have passed the Istanbul area 
and are moving further west toward the Aegean Sea, as evidenced 
by the 2025 earthquake west of Istanbul, this could indicate a 
decrease in seismic risk for Istanbul in the near future in terms 
of horizontal movements along the fault.

The historical 1509 and1766 earthquakes near Istanbul are not 
associated with a consistent westward movement of earthquakes 
along the fault, but reflect other important patterns. For example, 
it should be noted that seismicity in many sedimentary basins of 
the Alpine-Himalayan and Pacific belts is concentrated on the 
periphery of the basins, while the deepest parts of the depressions 
are characterized by reduced seismicity and increased heat flow 
(Figure 18-21). [14-16].

Figure 18: Seismicity of the Pacific Belt [17].

Figure 19: Seismicity of Mediterranean Sea and Surrounding 
Areas. (USGS)

Figure 20: Seismicity of Black Sea (USGS)

Figure 21: Seismicity of Caspian Sea (USGS)
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These patterns are well explained by the upwelling of mantle 
diapirs during the formation of sedimentary basins. In the initial 
stages of basin formation, a domed uplift structure forms on the 
Earth’s surface, followed by a deep depression, reflecting the 
geodynamics of diapir upwelling and cooling and the spreading of 
material above it due to gravitational instability [14,16]. A similar 
mechanism is evident in the Sea of Marmara. The upwelling of 
mantle masses thins the crust and increases heat flow beneath the 
basin. It is important to note that the entire Marmara Sea basin 
consists of individual depressions, which may reflect both the 
manifestation of gravitational instability in the form of the rise of 
individual diapirs, and the formation of the basin by the pull-apart 
mechanism of fault extension, when the rise of mantle matter in 
the center of the forming basins plays a passive role, filling the 
vacated space (Figure 22-24).

Figure 22: Bathymetry of Depressions of the Marmara Sea [18].

Figure 23: Historical Earthquakes of Marmara Sea [19].

Figure 24: Map and Cross section of the Seismicity of Marmara 
Sea 2007-2012. The Tekirdag Basin (TB) in Yellow, the Central 
Basin (CeB) in Green, the Kumburgaz Basin (KB) in Orange, 
and the Cinarcik Basin (CB) in red. GaF for Ganos Fault, IF for 
Izmit Fault, and GeF for Gemlik Fault. Dotted lines in the Depth 
Section Show the Locking Depth of Each Domain [20].

Heat flow in the center of depressions is increased, and the 
depression boundaries are in a more brittle state, susceptible to 
earthquakes. The hotter environment in the center of depressions 
promotes lower viscosity and is less conducive to the accumulation 
of elastic stress energy for a subsequent earthquake, when the 
rock’s ultimate strength is reached and stress release occurs (Figure 
25-27).

Figure 25: Heat Flow Map of Western Anatolia [21].

Figure 26: Heat Flow Map of Turkey [22].

Figure 27: Surface Heat flow Map for Europe [23].

It is important to mark the earthquakes positions in Marmara Sea 
in April and August of 2025 (Figure 28, 29). Earthquakes are 
mostly in the boundaries of the sea.
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Figure 28: Map of Earlier Quakes in the Area of M 6.2 Earthquake, 
April 23, 2025. Oldest Quakes are Shown in Yellow, Most Recent 
in Red (USGS)

Figure 29: Map of Earlier Quakes in the Area of M 6.1 Earthquake, 
10 August 2025, Sındırgı District of Balıkesir, Turkey, 8 km (5.0 
mi) South-Southwest of Bigadiç. Oldest Quakes are Shown in 
Yellow, Most Recent in Red (USGS)

The Geodynamic Models of Natural Hazards Regions
Geological-geophysical and seismic tomography research give 
possibility to connect complicated geodynamics and stress-strain 
state of the region with upwelling of mantle flow from the core 
boundary (Figure 30, 31).

Figure 30: Schematic Seismotomographic Section Across the 
Mantle Along 120° Segment of the Great Circle Passing Through 
the Point with Coordinates 0° N and 35° E at Azimuth 10°, (1) 
the Earth Core; (2) Mantle; (3) Hot Low-Velocity Zones; (4) Cold 
High-Velocity Zones.
[24-26].

Figure 31: Section δV of NGRAND Seismic Tomographic Model 

Based on S-waves from Mantle Roof to its Base from western 
Coast of South America Across Atlantic Ocean, Africa, and Arabia 
to East European Platform. Zero isoline is shown by dotted line 
[27,28].

This upwelling of huge mantle flow is confirmed by magmatism 
and basalt volcanism (Figure 32-34).

Figure 32: Tectonic Units and Distribution of Cenozoic Intraplate 
Plateau Basalt Volcanism and its Ages. Numbers Near Volcanic 
Plateaus Designate their age, Ma [24].

Figure 33: Age of Volcanic Activity Versus Distance Along the 
Hot Belt [24].

Figure 34: Distribution of the Modern Plume-Related Volcanism 
in the Afro-Arabian LIP (lithosphere plate) up to the Greater 
Caucasus. Black line-Contour of Projection of Proposed Mantle 
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Plume Head to the Surface. The Fields Painted by Black Represent 
the Areas of Young Volcanic Activity

The largest Quaternary volcanoes: A - Ararat, Ar - Aragats, CMW 
- Caucasian Mineral Waters, E - Elbrus, Er - Ercies, K - Kazbek, 
N - Nemrut, S - Savalan, Sa - Sahand, Su - Suphan, T – Tendürek 
[29,30]. Deep mantle flows extend north to the Caucasus region, 
where they divide into three branches: west to the Anatolian Plate, 
east to the Arabian Plate, and north to the Eurasian Plate and the 
Caucasus structure (Figure 35).

Figure 35: Geodynamics of the Caucasus-Anatolian-Arabian 
region (USGS)

The Zagros zone characterizes the collision of the Arabian, 
Anatolian and Eurasian plates (Figure 36-40).

Figure 36: Zagros Zone (USGS)

Figure 37: Tectonic Map of the Middle East in the Northwestern 
Segment of the Zagros Fold-Thrust Belt

MZF – Main Zagros Fault, HZF – High Zagros Fault, MFF – 
Mountain Front Flexure, ZDF – Zagros Deformation Front. Yellow 
stars – Representative location of subsidence curves.
[31].

Figure 38: (a) Isopach Map of Neogene Deposits (∼20–5 Ma) in 
the NW Zagros Foreland Basin
(b) Tomographic Cross Section Across Lines I, II, and III Across 
the NW Zagros Fold-Thrust Belt and Foreland Basin [31].

Figure 39: Geodynamic Scheme of the Zagros Zone [31].

Figure 40: Topography, Structure, Current Deformation Rates 
and Finite Strain of the Arabia-Eurasia Collision

Abbreviations are as follows: AF- Ashgabat Fault, E- Ecemis¸ EAF, 
East Anatolian Fault M-O, Malatya-Ovacik Fault, MRF- Main 
Recent Fault, NAF- North Anatolian Fault  Seismotomography 
of the Caucasus region shows mantle plumes and upwelling of 
the athenosphere (Figure 41) [32].
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Figure 41:  Seismotomographic Cross-Section of the Caucasus 
Region.
Lesser Caucasus, Great Caucasus, Caucasus Trough.
Red and yellow – asthenosphere, dark blue – mantle lithosphere, 
light blue – crust, green – higher density crust [33].

Results
Two possible mechanisms for reaching the ultimate strength of 
rocks at depth, leading to the formation of an earthquake foci, 
are possible. These are the activation of seismogenic faults 
due to horizontal movement of lithospheric plates and the 
vertical upwelling of material in the form of mantle diapirs due 
to gravitational instability. These mechanisms combine plate 
tectonics and plume tectonics. Both of these mechanisms are 
realized in the Sea of Marmara near Istanbul: activation of the 
North Anatolian Fault during earthquake foci advance from the 
east to the west and geothermal contrast in the lithosphere at the 
boundary of the rising mantle diapir off the coast in the Bosphorus 
region.

The propagation of earthquakes along the North Anatolian Fault 
and the East Anatolian Fault may be caused by deep mantle flow 
rising from the core beneath the Great African Rift, known on 
the Earth’s surface as the Afar Plume. Deep mantle flows extend 
northward toward the Caucasus region, where they divide into 
three branches: westward toward the Anatolian Plate, eastward 
toward the Arabian Plate, and northward toward the Eurasian 
Plate and the Caucasus structure.

It can be assumed that strong earthquakes propagating along the 
North Anatolian Fault from east to west have passed the vicinity 
of Istanbul and are moving further west toward the Aegean Sea, as 
evidenced by the 2025 earthquake west of Istanbul. This suggests 
a decrease in the seismic risk for Istanbul in the near future in 
terms of horizontal movement along the fault.

The risk of a strong earthquake propagating along the North 
Anatolian Fault for Istanbul is reduced by the 2025 Marmara 
earthquake. At the same time, the risk of a possible earthquake 
similar to historical geothermal earthquakes remains high due to 
gravitational instability and the formation of an earthquake source 
near the depression boundaries. Such an earthquake, with a 250-
year period (1509, 1766), could occur in the vicinity of Istanbul 
within the next few years.

As East Anatolian fault produced large earthquakes in 1789 (M 
7.2), 1795 (M 7.0), 1872 (M 7.2), 1874 (M 7.1), 1875 (M 6.7), 
1893 (M 7.1), 2020 (M 6.8), 2023 (M 7.8, M 7.7), it means that 
it is possible to link them in groups near 1790, 1880, 2020 with 
the frequency of groups (1790 – 1880 – 2020) near 100 years. But 
inside the groups there are 2-4 close in time large earthquakes. It 
could reflect matter rheology and lithosphere geodynamics of the 

region. It is necessary to investigate if 3 last large earthquakes of 
2020 and 2023 (2) produced enough relaxation of material or not. 
As there were many aftershocks after 2023 earthquakes and they 
continue, maybe the next large earthquake there will be not so 
soon but in 100 years only. It is possible to forecast that if large 
earthquake in Earst Anatolian fault did not occur in 1-2 years after 
2023, it will happen in 100 years only [34].
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