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Summary. The quantitative analysis of magnetic anomalies has been performed using ad-
vanced methodologies allowing the application of interpretation procedures under conditions of (1)
oblique magnetization, (2) rugged terrain relief, and (3) superposition of anomalies of different
ranks. Examples of unconventional magnetic anomaly analysis are presented for several geologi-
cally complex areas in northern Israel: the Sea of Galilee, Carmel, and Malgishon. The methodo-
logy of paleomagnetic mapping of such transition zones is based on the integration of the mapping
techniques for both continental and oceanic platforms: paleomagnetic reconstructions, results of
radiometric dating of magnetically active rocks, satellite data examination, tectonic-structural re-
constructions, biogeographical studies, and utilization of the results of various geophysical sur-
veys. In northern Israel, for the combined paleomagnetic mapping, were selected: (1) the Sea of
Galilee with the adjoining zones (preliminary constructed schemes for these areas were revised
and supplemented), (2) the Carmel area, and (3) Atlit area (internal part of the Carmel area). The
paleomagnetic profile for the Carmel area on the top of the Lower Cretaceous traps accumulative
surface indicates the complex history of the region's paleogeodynamic evolution. This testifies to
the effectiveness of combining magnetic anomaly quantitative interpretation with the paleomagne-
tic mapping of complex media. The constructed palinspastic reconstruction map (for the period of
3.6-2.0 Ma) unmasks important tectonic-magmatic features of that geological time.
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1. Introduction

This tectonic-geodynamic circumstance deter-

The Easternmost Mediterranean is a region be-
longing to the transition zone of large tectonic-
geodynamic structures of the Earth — Eurasia and
Gondwana (McKenzie, 1972; Xaun, 2001; Muttoni
et al., 2003; Stern and Johnson, 2010). In the Ceno-
zoic, four lithospheric plates were formed here:
Nubian, Arabian, Aegean-Anatolian, and Sinai
(Ben Avraham et al., 2006). The area is character-
rized by unique geodynamics, which simultaneous-
ly expressed the elements of the tectonic collision
associated with the evolution of the Tethys Ocean
(Ben Avraham and Ginzburg, 1990; Le Pichon and
Kreemer, 2010; Stampfli et al., 2013), and the ini-
tial spreading of the Red Sea rift system (Bosworth
et al., 2005).

mines the extreme complexity and variegation of the
structure of the developed here tectonic elements
and the rock complexes of the Earth's crust. They
form a very bizarre knot, which combines heteroge-
neous blocks of the continental and oceanic crust,
ophiolite belts, traps, folded island-arc and terrane
complexes, and the complex zones of the tectonic
strike-slip, thrusts, and underthrust faults (Picard,
1959; Ben Avraham, 1978; Rotstein and Ben-
Avraham, 1986; Robertson, 1998; Hall et al., 2005;
Eppelbaum et al., 2021).

The widespread development of the magmatic
associations of different ages and origins triggered
the employment of the magnetic methods in the re-
gion under study (e.g., Ben-Avraham and Hall,
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1977; Ben-Avraham et al., 1976; Eppelbaum et al.,
2004, 2007; Rybakov et al., 2008; Eppelbaum,
2015a; Eppelbaum and Katz, 2015a, 2021a). How-
ever, considering the presence of practically all pos-
sible positions of the magnetization vector, the use
of the paleomagnetic methods is essential. At the
same time, the importance of the paleomagnetic ap-
proaches goes beyond just explaining the magnetic
anomalies. Paleomagnetic mapping has methodolog-
ically successfully and widely recommended itself
for deciphering the structure of the intricate targets
from the subsurface up to the great depths in the
continents and oceans (XpamoB u gap., 1982;
MonoctoBckuii, XpamoB, 1997; Tauxe, 2003; Ep-
pelbaum and Katz, 2015a).

The paleomagnetic method was applied more
limitedly in the transition zones from ocean to conti-
nent (Kymman, Sholpo, 1986), but the prior experi-
ence of our studies in this region (Ben Avraham et
al., 2002; Eppelbaum et al., 2004, 2007, 2014, 2021;
Eppelbaum and Katz, 2014, 2015b, 2015c, 2020)
indicates that it surpasses in its effectiveness for ana-
lyzing the complex structures of the Easternmost
Mediterranean all others geophysical methods.
Therefore, we have significantly expanded the tech-
nigues and methods of the paleomagnetic mapping
of the Easternmost Mediterranean, combining them
with the data of the deep geophysics, geodynamics,
and structural analysis of the crustal formations dis-
cussed below.

2. Advanced Analysis of Magnetic Anomalies

2.1. Main Principles

The major principles of the quantitative inter-
pretation, formalized for vertical magnetization, do
not work in the conditions of oblique magnetization
in the low and central latitudes. The inclination of
the total magnetic field in Israel ranges from 46° in
the north to 42° in the south. Such conditions enor-
mously complicate the interpretation of magnetic
data using conventional procedures.

It should be noted that AT anomaly distortions
occur both due to the inclination of the magnetiza-
tion vector to the horizon plane and the different ori-
entations of the horizontal magnetization projection
from the body’s axes (e.g., Parasnis, 1997). Besides
the geomagnetic field inclination, the orientation of
the body’s axes relative to the horizontal component
of the geomagnetic field is also significant. There-
fore, the analysis of field graph maps is insufficient
and is often necessary to analyze the field isolines
maps (Eppelbaum and Khesin, 2012).

In the conditions of oblique magnetization, the
“reduction to pole” procedure is often used to calcu-
late the pseudogravimetric anomalies (Blakely,
1995). However, the procedure is suitable only when
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all interfering bodies in the studied area are magnet-
ized parallel to the geomagnetic field and simulta-
neously when the bodies have subvertical dipping.
Only the magnetic fields can be recalculated correct-
ly; the obtained graphs would be symmetrical, and
further interpretation using the conventional me-
thods can be made. Besides this, the “reduction to
pole” cannot calculate such disturbing factors as the
rugged terrain relief and practically always available
aspect of superposition of the magnetic anomalies
with the various wavelengths. Similar approaches
based on the transformation of the observed magnet-
ic field: analytic signal (e.g., Roest et al., 1992),
wavelet transform (e.g., Moreau et al., 1999; Vallée
et al., 2004); Euler deconvolution (e.g., Beiki, 2013;
Florio and Fedi, 2014) have the same limitations.

The developed interpretation methods involve
applying methods developed especially for the quan-
titative interpretation of magnetic anomalies in com-
plex physical-geological environments (Khesin et
al., 1996; Eppelbaum et al., 2001; Eppelbaum, 2011;
Eppelbaum and Mishne, 2011; Eppelbaum, 2015b).
Unlike other techniques, these methods (improved
versions of tangents, characteristic points, and areal
methods) are applicable in the conditions of oblique
magnetization, rugged relief, and unknown levels of
the normal field (superposition of magnetic anoma-
lies of different orders). The five main interpretation
models are used: thin bed, thick bed, horizontal cir-
cular cylinder (HCC), sphere, and thin horizontal
plate. In addition, Eppelbaum (2015b) showed that a
fairly representative class of models that take inter-
mediate forms between the thick bed and the thin
horizontal plate could be interpreted using the meth-
odologies developed for the thick bed. Thus, the de-
veloped advanced technigues can analyze anomalies
from the vast majority of the geological targets.

2.2. Quantitative interpretation of magnetic
anomalies in the Sea of Galilee (Lake Kinneret)

The Sea of Galilee (Lake Kinneret) is located in
the northern Jordan Valley at the central part of the
Dead Sea Transform (DST) (Fig. 1). This small sea
(lake) is Israel's primary source of fresh water, with
an average surface of 166 km? and an average vol-
ume of 4.3-10° m®. The geological studies indicate
the rock outcrops in this area and samples discov-
ered in the wells surrounding the sea range from Ju-
rassic to Quaternary. In contrast to the area around
the sea, the structure below it is not fully understood.
The drilling of boreholes in the lake is forbidden due
to environmental restrictions.

There are two phases of significant basaltic vol-
canism in the Sea of Galilee region — Early Creta-
ceous and Late Cenozoic. The thickness of the Early
Cretaceous basalts in the vicinity of the sea is mini-
mal for northern lIsrael; hence, their contribution to
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the total magnetic field is negligible (Eppelbaum et
al., 2004). The Late Cenozoic basalts range from
Miocene to the Pleistocene. Most of the surface out-
crops surrounding the sea's basalts are of the Plio-
cene and Pleistocene ages (Heimann et al., 1996).

Latiitude

0°
Longitude

Fig. 1. Simplified areal-tectonic map of examined magnetic
anomalies and paleomagnetic areas

The basaltic volcanism of different ages caused
severe difficulties in quantitative analysis: in the sea
and around it, the magnetic anomalies of different
signs and intensities were recognized (Eppelbaum et
al., 2004). About fifteen significant anomalies were
selected and interpreted (Eppelbaum et al., 2004,
2022). Results of the interpretation of anomaly 'A'
(located in the northern part of the sea (Fig. 1)) are
presented in Fig. 2. Anomaly A was interpreted us-
ing the thin bed model; the anomalous body's depth
is 920 m, and its magnetization | = 2.7 A/m.

2.3. Quantitative interpretation of Carmel
magnetic anomaly

The Carmel anomaly is located on the western
edge of the Galilee-Lebanon terrane (Fig. 1). The
Carmel structure differs from other coastal plain
structures of the Eastern Mediterranean by essential
tectonic amplitudes, geomorphological characteris-

tics, broad development of magmatic formations
(from Mesozoic to Cenozoic), high gradients of
gravity and magnetic fields, and significant intensity
of seismic events (Gvirtzman and Steinitz, 1982;
Gvirtzman et al., 1990; Ginzburg and Eppelbaum,
1993; Eppelbaum et al., 2006; Eppelbaum and Katz,
2015a). The magnetic analysis of the Carmel anoma-
Iy has been carried out with the application of the
advanced developed methodologies of tangents and
characteristic points (Fig. 3). The depth of the upper
edge of this anomalous body is about 6.5 km, and
average magnetization is about 3000 mA/m. It is
essential that the determined position of the magnet-
ization vector does not coincide with the normal one
and is vertical (90°). Later, the validity of the ob-
tained model was confirmed by the results of 3D
combined modeling of the magnetic and gravitation-
al fields (Ginzburg and Eppelbaum, 1993). Geologi-
cally this model is interpreted as an uplift of the
magnetic crystalline basement. An exciting fact con-
firming the modeling data is the coincidence of the
apical part of the Carmel magnetic anomaly with the
zone of the location of the highest hypsometric
marks of this ridge reaching 528-546 m (see Fig. 3).
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Fig. 2. Sea of Galilee: Quantitative analysis of magnetic anoma-
ly A (see its location in Fig. 1)

(1) excess magnetization of the anomalous body, (2) position of
the magnetization vector
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Fig. 3. Quantitative analysis of magnetic anomaly Carmel (see its location in Fig. 1)
(1) excess magnetization of the anomalous body, (2) position of the magnetization vector

2.4. Quantitative interpretation of Malgishon
magnetic anomaly

The Malgishon magnetic anomaly is located in
the southwestern block of the Antilebanon terrane,
near its border with the Galilee-Lebanon terrane
(Fig. 1). The main, northeastern block of this ter-
rane (where Hermon Mt. is located) is displaced
relative to the southwestern block by over 100 km
along the Dead Sea Transform. For the Malgishon
magnetic anomaly analysis, the same interpretation
methods were applied. The depth of the upper edge
of this anomalous body consists of 4.5 km, and the
magnetization is about 2800 mA/m. The position of
the magnetization vector also does not coincide
with the average for the northern Israel direction
(45°) and is about 105° (Fig. 4). We suggest that it is
also an uplift of the crystalline basement but is at a
lower depth and narrower than in the Carmel area.

2.5. Nature of the Carmel, Malgishon, and
Rosh Ha-Ayin magnetic anomalies

The Rosh-Ha-Ayin magnetic anomaly (its location
is shown in Fig. 1) has been analyzed using the magnet-
ic and gravity methods (Eppelbaum, 1996). It was estab-
lished that the depth of the anomalous body's upper edge
occurs at about 6.5 km, and its origin is close to the
anomaly Carmel. The Carmel, Malgishon, and Rosh-
Ha-Ayin magnetic anomalies most likely correspond to
the Permian-Triassic Illawarra paleomagnetic zone and
are allochthonous, like the Israeli terranes themselves.
The source of the extensive magnetic intrusions was
probably the hot spots of the active spreading zone of
the emerging Neotethys Ocean, where the initial massif
of the Levant terranes was located (Eppelbaum and
Katz, 2015a) and tectonically unloaded. Outside this
zone, on the Gondwana foreland, only the sporadic
dikes and alkaline ring intrusions of the Permian-
Triassic are developed (Hall et al., 2005; Said, 2017),
which do not form significant magnetic anomalies.
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Fig. 4. Quantitative analysis of magnetic anomaly Malgishon (see its location in Fig. 1)

excess magnetization of the anomalous body, (2) position of the magnetization vector. Sym-
bol + designates the location of the middle of the upper edge of the anomalous body, and val-
ue Xo indicates the distortion of the maximum of the magnetic anomaly from the middle of the

upper edge due to oblique magnetization

3. Tectono-Paleomagnetic Mapping and its
Role in Geological-Geophysical Integration

The paleomagnetic research is widely accept-
ed as a powerful independent tool for geodynamic
and tectonic analysis, studying deep structures,
searching for economic minerals, and other stud-
ies (e.g., XpamoB u np., 1982; Opdyke and Chan-
nel, 1996; Tauxe, 2003). Sometimes the geologi-
cal-geophysical conclusions reached from the
paleomagnetic data analysis cannot be obtained
from any other geophysical or geological methods
(Eppelbaum and Katz, 2015a). The regional and
the local magnetostratigraphic schemes are widely

applied to unify the stratigraphic schemes and cor-
relate the numerous local subdivisions. The paleo-
magnetic mapping (zonation) allows “jumping”
from the single measurements to some areal re-
constructions. This fact can meaningfully increase
the effectiveness of the paleomagnetic method
application. At the same time, integration of the
paleomagnetic data with the set of the geophysi-
cal-geological methods (Fig. 5) often strongly in-
creases the effectiveness and the significance of
the combined research.
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Fig. 5. Paleomagnetic mapping as a necessary element of geological-geophysical mapping of heterogeneous media (most important

components of the current investigation are red colored)

The methodology known as paleomagnetic map-
ping was precipitated by developing two main scientific
directions: (1) paleomagnetic stratigraphy and (2) exam-
ination of the magnetic anomalies in the World Ocean.

Obviously, the first paleomagnetic stratigraphic
studies in sedimentary rocks were associated with the
studies of Creer et al. (1954) and Irving and Runcorn
(1957). The authors detected normal and reversed
magnetic polarities at more than ten samplings of the
Proterozoic Torridonian Sandstones and rocks from
Scotland's Devonian and Triassic ages. For the Tor-
ridonian Sandstones, an attempt was made to corre-
late the observed polarity zones in stratigraphic se-
guences (after Laj and Channell, 2007).

Khramov’s (1960) investigation was intended to
analyze magnetic polarity stratigraphy in Pliocene-
Pleistocene sediments from western Turkmenistan
(Central Asia), where he carried out chronostratigraph-
ic interpretations based on the equal durations of polar-
ity intervals. Picard (1964) successfully applied the
magnetostratigraphic studies to Triassic red sandstones
of the Chugwater Formation (Wyoming, USA). Irving
(1966) discovered the Kiama paleomagnetic zone of
inverse polarity in Upper Paleozoic rocks in Australia
and defined its interrelation with covering the Illawarra
zone of normal polarity. This discovery has played a
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vital role in subsequent paleomagnetic investigations
(Opdyke and Channel, 1996).

The development of the first paleomagnetic maps
was associated with mapping ocean bottoms, where a
series of direct and inverse magnetization zones were
interpreted to be spreading zones (Vine and Mat-
thews, 1963; Vine and Wilson, 1965; Pitman et al.,
1974). At present, the paleomagnetic ocean recon-
structions include magnetization stages from the Cre-
taceous and Cenozoic (Cande and Kent, 1992) to
Middle Jurassic (Shreyder, 1993; Tominaga et al.,
2008). McDougall et al. (1977) effectively integrated
paleomagnetic analysis with radiometric dating to
examine basaltic formations in western Iceland.

Molostovsky (Momoctosckwii, 1986) and Molos-
tovsky and Khramov (Mosnoctosckwuii, Xpamos, 1997)
presented several detailed examples of paleomagnetic
mapping sedimentary deposits in Russia's Volga-Ural
and Caucasus regions. The methodology of a paleo-
magnetic mapping of the volcanogenic association of
the Miocene traps of Transcarpathia was shown in
Glevasskaya and Mikhailova (I'meBacckast, Muxaiiios,
1986). The foundations of the geodynamic paleomag-
netic zonation with examples from the Easternmost
Mediterranean, various areas of the USA, New Zea-
land, and some other regions were reported in Kissel
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and Laj (1989). Opdyke and Channel (1996) presented
some generalizations for paleomagnetic mapping. Ha-
lafov et al. (Xamados u ap., 1986) successfully applied
paleomagnetic zonation of the Upper Cretaceous vol-
canogenic-sedimentary deposits in the eastern part of
the Lesser Caucasus. Goguitchaichvili et al. (2009)
have reliably mapped the Gilbert-Gauss geomagnetic
reversal in the Pliocene volcanic sequences in the
Lesser Caucasus.

Nur et al. (1989) carried out the first geodynamic
paleomagnetic zonation of transition zones from the
ocean to the continent in northern Israel. Here the
mentioned authors revealed several tectonic blocks of
the predominant counterclockwise rotation.

Eppelbaum et al. (2004, 2007) have successfully
applied integrated paleomagnetic and magnetic data
analysis and the radiometric dating to the tectonic-
structural analysis in the region of the Sea of Galilee.
As a result, this area's initial magnetic-paleomagnetic-
radiometric map (scheme) was developed.

Kristjansson and Jonsoon (2007) extended per-
spectives of paleomagnetic mapping in Iceland. Pale-
omagnetic mapping of a speleothem from the southern
Pacific was carried out by Fukuyo et al. (2019).

Eppelbaum et al. (2014) discovered the Kiama
zone of inverse polarity in the Easternmost Mediter-
ranean. It triggered the development of the first pale-
omagnetic map of the Easternmost Mediterranean
based on the integrated interpretation of different ge-
ophysical fields and comprehensive analysis of the
surrounding sedimentary and volcanogenic structures
(Eppelbaum and Katz, 2015a, 2015b, 2015c, 2020).

Paleomagnetic-geodynamic mapping (Eppel-
baum et al., 2014; Eppelbaum and Katz, 20153,
2022) of the Easternmost Mediterranean, between
the Laurasia and Gondwana, where the Eurasian,
Aegean-Anatolian, Nubian, Sinai, and Arabian
plates converge, made it possible to clarify and sub-
stantiate the boundaries and nature of the crust of
these formations. For the first time, ophiolite out-
crops were identified and mapped in the distal re-
gions of the foreland adjacent to the southern Tethys
zone. A new tectonic map of the region has been
obtained, where the Mesozoic Terrane Belt with pre-
collision, collision, and post-collision traps was
identified and mapped for the first time.

At the same time, the dynamics of the diverse
movement of terrane and subterrane blocks were
revealed (Eppelbaum and Katz, 2015a, 2015b). In
addition, the Eastern Mediterranean—Nubian Volcan-
ic Belt (EMNVB), containing magnetoactive dia-
mond-bearing bodies of kimberlites and lamproites,
was mapped and geodynamically substantiated (Ep-
pelbaum et al., 2006, 2021).

Significantly, the paleomagnetic data showed a
counterclockwise rotation of the ring magmatic struc-

tures of this belt, which corresponds to the dynamics of
the deep mantle structure under the magma belt (Ep-
pelbaum et al., 2020). Under the conditions of the clo-
sure of the Neotethys Ocean (Gamkrelidze, 1986), the
EMNVB finds a direct (however, eastward) continua-
tion to the north where the submeridional Main East
European Fault (MEEF) separates the Eastern and
Western Caucasus (Eppelbaum et al., 2021). Currently,
MEEF is located outside the deep structure projection.
According to paleomagnetic and GPS data analysis, the
western flank of the MEEF is turning clockwise, and
the eastern side is turning counterclockwise (Ep-
pelbaum et al., 2021).

It should be noted that the specificity of the
Easternmost Mediterranean, where two different
types of geodynamics converge, collision and
spreading, may be used as a polygon for testing the
paleomagnetic mapping methods. With a wide range
of applied analytical, search and survey methods,
this gives reason to believe that it can become a ref-
erence for mapping techniques for transition zones
from the ocean to the continent. Besides this, this
methodology can be used for many geologically
complex regions (e.g., the Lesser and Greater Cau-
casus, the Alps, and the Himalayas).

4. Paleomagnetic Mapping of Several Areas
in Northern Israel

The combined paleomagnetic mapping has been
performed for the following geologically complex are-
as in northern Israel: (1) the Sea of Galilee and its vi-
cinity, (2) the Mt. Carmel and surrounding areas, and
(3) the Atlit area as part of the Mt. Carmel paleomag-
netic map (it was caused by the high complexity of the
Mt. Carmel map). Separately a paleomagnetic profile
across the Carmel-Galilee region was developed.

4.1. Combined paleomagnetic scheme of the
Sea of Galilee and its vicinity

The region of the Sea of Galilee (Lake Kinner-
et) is a kind of reference object for the paleomagnet-
ic mapping transition regions from the ocean to the
continent in terms of both structural historical-
geological and methodological approaches. The
uniqueness of this object follows from the fact that
here developed the phenomena and structures of the
collisional type caused by the closure of the Neo-
tethys Ocean and the elements of the initial phases
of the Red Sea — East African Rift system spreading.

It has long been used as the largest freshwater
reservoir in the Middle East and as an etalon region
for monitoring and accounting for seismicity in the
area of active housing construction and areas of in-
dustrial and agricultural facilities development.

There are several fault systems in this area, the
main ones being the N-S transform system and the
E-W and NW-SE fault systems that break up Gali-
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lee. The seas, and the plain to its south, are located
in a depression bounded on the east and west by ac-
tive fault scarps with steep gradients (Garfunkel et
al., 1981). The superposition of vertical displace-
ments perpendicular or oblique to the transform im-
pedes the structural interpretation of the investigated
basin (Ben-Avraham et al., 1996).

At the end of the twentieth century, various geo-
logical and geophysical surveys raised the question of
developing the generalizing tectonic-geodynamic
model (e.g., Ben Avraham et al., 1980, 1996). Further

studies (Eppelbaum et al., 2004, 2007; Eppelbaum
and Katz, 2015a) showed that the solution to this
problem is to develop a methodology for the paleo-
magnetic mapping by an optimal linkage of the meth-
ods of magneto-geophysics adopted in the study of
the oceans and the methods of the paleomagnetic stra-
tigraphy assumed for the continents, and supported by
a set of independent geological-geophysical investiga-
tions. This map also generalizes the results of the
quantitative interpretation of numerous magnetic
anomalies in the Sea of Galilee (Fig. 6).
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(1) outcropped Cenozoic basalts, (2) points with radiometric age of basalts (in m.y.), (3) boreholes, (4) faults, (5) general direction of
the proposed buried basaltic plate dipping in the southern part of the Sea of Galilee, (6) counterclockwise (a) and clockwise (b) rota-
tion of faults and tectonic blocks, (7) pull-apart basin of the Sea of Galilee, (8) suggested boundaries of the paleomagnetic zones in
the sea, data of land paleomagnetic measurements: (9 and 10) (9) reverse magnetization, (10) normal magnetization, (11 and 12)
results of magnetic anomalies analysis: (11) normal magnetization, (12) reverse magnetization, (13) reversely magnetized basalt
fields, (14) normal magnetized basalt fields, (15) Miocene basalts and sediments with complicated paleomagnetic characteristics,
(16) Pliocene-Pleistocene basalts and sediments with complicated paleomagnetic characteristics, (17) index of paleomagnetic zona-
tion.

Tectonic setting after Heimann (1990); Ben-Avraham et al. (1996), Sneh et al. (1998), Hurwitz et al. (2002). 1n, 2n, 3n, 1Ar, 2Ar,
and 3Ar are the indexes of paleomagnetic zones (see Fig. 6).

Radiometric data (K-Ar and Ar-Ar) after Heimann (1990), Shaliv (1991), Heimann et al. (1996), Heimann and Braun (2000), Segev
(2017). Paleomagnetic data after Freund et al. (1965), Nur and Helsey (1971), Ron et al. (1984), Heimann (1990), Shaliv (1991),
Heimann et al. (1996), Heimann and Braun (2000), Mor (1993), Dembo et al. (2015), Behar et al. (2019).

Huts, Hrrp, and Huce designate calculated depths of basaltic bodies in the basin: Huts is the upper edge for the model of a thin bed,
Hrup is the upper edge for the model of a thin horizontal plate, and Hrcc is the center for the model of a horizontal circular cylinder.

This development was the first experience of such
research in the areas transitional from the ocean to the
continent. In the context of the regional geological-
geophysical studies of the African-Arabian region,
paleomagnetic mapping of the area of the Sea of Gali-
lee has been significantly expanded and detailed (Ep-
pelbaum and Katz, 2015a, 2015b; Eppelbaum et al.,
2020, 2021; Eppelbaum and Katz, 2020, 2021a).

The supplemented edition of the Sea of Galilee
paleomagnetic map was extended to the south,
where the Belvoir uplift was developed (Fig. 6). A
deep well was drilled here, and a set of the radio-
metric dating of the Cenozoic traps was obtained.
The map was significantly detailed, attracting new
structural, radiometric, and paleomagnetic analyses
for the studied area.

Methodologically, in such a manner, we
nailed the mapping of the transition region from the
ocean to the continent to the methods widely used in
the paleomagnetic mapping of the oceanic regions
(Eppelbaum and Katz, 2015a), and optimally com-
piled with the geodynamic principles (Kessel and
Laj, 1989). A novel variant of the paleomagnetic
map of the Sea of Galilee and adjacent areas (Fig. 6)
includes an anomalous pull-apart basin, areas of de-
velopment of the circular structures (Eppelbaum and
Katz, 2015a; Eppelbaum et al., 2021), the arc faults,
and the rotational markers of the crustal block rota-
tion identified from the structural and paleomagnetic
data (Ron et al., 1984; Heimann and Ron, 1993; Ben
Avraham et al., 1996).

Here are presented two comparatively large ring
structures. The first is the Sharon trap depression lo-
cated in the central-western part of the map, and the
second is the Irbid ring structure, bounded by conical
dikes and partially presented in the southeastern part.
Significantly, the largest rotation amplitude of 58°
counterclockwise is registered in the Sharona ring
structure (Fig. 6). It emphasizes the complexity of the
geodynamics of the zones of trap genesis. A different
nature has an Irbid ring structure that is also prone to
counterclockwise rotation (Fig. 6).

4.2. Carmel and Atlit paleomagnetic maps

The Mt. Carmel structure (see Fig. 1) differs
from other coastal plain structures of the Eastern-
most Mediterranean by numerous geological-
geophysical characteristics (Gvirtzman and Steinitz,
1982; Gvirtzman et al., 1990; Ginzburg and Ep-
pelbaum,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>