
 

 

  

Abstract The region under study is of great interest from many 

positions: geodynamically (high seismic activity, modern riftogenesis 

and collision processes), structurally (presence of mosaic block system 

of continental and oceanic Earth's crust of different age), geophysically 

(presence of several greatest gravity anomalies and very intricate 

magnetic pattern) and economically (presence of the main 

hydrocarbon resources of the world). It is well-known that successive 

integration and generalization of isolated geophysical-geological 

features significantly increases reliability and exactness of earlier 

developed maps and schemes. Regional long-term seismological 

prognosis, strategy of searching economic deposits and many other 

important geological-geophysical problems are based mostly on 

results of combined tectono-geophysical zonation. This paper presents 

a new tectonic map of the Near and Middle East and Eastern Africa 

developed on the basis of numerous tectonic, stratigraphic and other 

sources supported by geophysical data analysis. Examination of 

satellite derived gravity data by the use of different advanced 

mathematical methodologies enabled to construct a series of principal 

new maps (here two examples of these maps are shown) indicating 

essential properties of Earth's crust and lithosphere of the region. 

Integrating the novel tectonic map with gravity map and its transforms 

enabled us to create precursors for development of a new seismological 

scheme of long-term prognosis for the region under study.   
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I. INTRODUCTION 

The region under study is limited by the coordinates (0o – 35.6o 

north, 30o – 57o east) and presents a giant territory of the Near 

and Middle East and Eastern (and partially – Northern) Africa. 

Totally this area covers more than 10 mln. km2 and its regional 

geological-geophysical peculiarities were presented in 

numerous publications, [e.g., 1 – 19]. The main goals of present 

investigation are following: (1) development of a novel tectonic 

map of this area (on the basis of careful examination of and 

generalization of available geological and geophysical data), 

(2) employment of a new powerful regional geophysical tool – 

satellite derived gravity data and its transforms for unmasking 

some buried tectonic and geodynamic peculiarities of the study 

area, and (3) finding definite relationships between the 

compiled tectonic map and the gravity field and its transforms.    
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II. DEVELOPMENT OF A NOVEL TECTONIC MAP FOR THE 

REGIONS UNDER STUDY 

Comprehensive analysis of published sources indicates 

absence of a common tectonic map for the region under study. 

Various authors published mainly isolated and uncoordinated 

maps and schemes of the region. At the same time, such a 

generalized map is of great necessity for solving different 

geological-geophysical problems: tectono-geophysical 

mapping, development of 3D physical-geological models, 

searching different types of economic deposits and long-term 

seismological prognosis. Therefore, on the basis of 

comprehensive analysis of the following main publications: [2] 

– [5], [8], [9], [12], [14], [18] – [29] (inclusion of all analyzed 

sources to this work is not possible), a novel tectonic map of the 

Near and Middle East and Northern-Eastern Africa has been 

developed (Fig. 1). For the tectonic map compiling a classic 

method of such maps development [e.g., 16] was applied. 

This map is constructed on the basis of historic principle of 

structural genesis. Such an approach enabled us for the first 

time to show an interaction of structures of three types: (1) the 

structure of basement of the African-Arabian platform, (2) 

structures of this platform northern boundaries (including 

originally delineated Mesozoic-Cenozoic mobile belts), and (3) 

active rift systems. Some results obtained for tectonic zonation 

of oceanic crust [e.g., 8, 27] are omitted due to the 

comparatively small scale of a tectonic map. 

 

III. SATELLITE GRAVITY DATA RETRACKED TO THE EARTH'S 

SURFACE AND THEIR IMPORTANCE 

It is known that in the 'pre-satellite gravimetry epoch', 

regional gravity observations (shipborne and airborne) were as 

a rule non-regular ones, with large 'white spots' areas and 

different accuracies and methodologies of gravity field 

observations. Besides this, the most part of the available 

shipborne and airborne gravity data is characterized by error of 

gravity field computation > 2 mGals.  

The satellite gravity data were obtained from the World 

Gravity DB as retracked from Geosat and ERS-1 altimetry [30]. 

A highly positive factor is that these observations were done 

with regular global 1-minute grids [30] and the error of gravity 

data computation was estimated at 1-1.5 mGals [31].  

The compiled gravity map (by the use of satellite derived 
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data) with main tectonic features (Fig. 2) shows the intricate 

gravity pattern of the investigated area. The gravity data cannot 

be related to the conventional type of gravity reduction but can 

be assumed as close to 'free air' anomalies [8, 31, 32]. At the 

same time this difference (between the conventional free air 

anomalies and satellite derive gravity field retracked to the 

Earth's surface) usually is not significant for marine areas [30, 

31] and land areas with relief values close to the mean sea level, 

but may reach considerable values in the land areas with middle 

and high-amplitude topography. 

Theoretically, free air gravity anomalies are mainly produced 

by non-uniform density distribution in the Earth's crust and 

upper mantle and reflect the differences of shape and mass 

distribution between the real Earth and geodetic ellipsoid [33]. 

Jin-Yu et al. [34] presented two important items: (1) for the 

areas with gentle terrains (assuming that width of terrain relief 

in general more than in ten times exceeds the compensation 

depth), free air gravity anomalies can be applied for crustal 

isostatic research and for analysis of significant tectonic 

movements; (2) recent tectonic events and lithospheric structure 

have more visible signatures just in the free air field. 

Concerning item (1) we should note that the region under study 

(see Fig. 1) basically does not characterized by high relief 

amplitudes. We completely agree with item (2) and our 

experience indicates that earlier constructed satellite derived 

gravity map retracked to the sea and land surfaces of the 

easternmost Mediterranean [9] reflects practically all main 

structural-tectonic peculiarities of this area.    

Gravity field anomaly behavior shown in Fig. 2 enabled to 

separate the main types of tectonic structures: (1) stable zones 

of continental and oceanic crust, and (2) mobile belts. First type 

is characterized by homogeneous character of gravity field 

pattern (for instance, see East Arabian Craton in Fig. 2), 

whereas second type is characterized by mosaic and variable 

behavior of gravity field (especially, in active rift zones).   

It should be noted that 'youngest' mobile structure (Alpine-

Himalayan orogenic belt and active rift system of the Red Sea 

– East Africa) significantly differ from the Mesozoic terrane 

belt and Neoproterozoic belt in the gravity field pattern (Fig. 2).  

 

IV. TRANSFORMS OF SATELLITE DERIVED GRAVITY MAP  

Some examples of satellite derived gravity field transforms 

were shown in [9, 35 – 37]. For example, computation of first 

directional derivatives (south-north) of satellite derived gravity 

field [35] enabled to clearly trace the main tectonic and 

geophysical peculiarities of the easternmost Mediterranean, 

especially a boundary between continental and oceanic crust. 

The use of Marussi tensor and some gravity fields invariants 

were successfully applied for computation of satellite observed 

gravity anomaly transforms in different regions of the world 

[36]. Entropy map derived from the satellite gravity data [9] 

unmasked some buried tectonic peculiarities of the eastern 

Mediterranean. An informational approach employed to 

satellite gravity examination in the South Caspian Basin [37] 

enabled to obtain new important characteristics about the buried 

geological targets. 

In this investigation two most effective computations 

(totally 12 different maps were compiled) are presented: 

multidimensional statistical analysis by the use of sliding 

window (Fig. 3) and 3D inverse methods (Fig. 4). Application 

of the multidimensional statistical analysis of satellite derived 

gravity data enabled not only to delineate geodynamical 

parameters of the studied region (collision zone at the boundary 

between the Arabian and Eurasian plates, and active rift zones 

between the Arabian, Nubian and Somalian plates, etc.), but 

also to estimate generalized properties of the Earth's crust (Fig. 

3). In this map are clearly shown zone of development of the 

oceanic crust of the Easternmost Mediterranean and the oceanic 

crust of the Gulf of Aden and eastern (oceanic) part of the 

Somalian Plate. Besides this, in this map are visibly traced the 

Arabian and East African active rift zones and collision zone 

between the Arabian and Eurasian plates. 

On the basis of advanced inverse method employment, the 

map showing most density contrast surface (discontinuity) in 

the upper mantle was developed (Fig. 4). This map presents an 

intricate density-tectonic depth pattern of the region. In this 

map are noticeably recognized such important tectonic features 

as Afar Triple Junction and collision zone between the Arabian 

and Eurasian plates. Besides this, we can note increasing of 

lithospheric thickness in central parts of the Arabian and 

Somalian lithospheric plates. Both these plates are countered by 

low-thickness lithospheric zones corresponding to the active rift 

zones. As indicated in the map, the thick lithospheric zones are 

associated with collisional zones at the boundaries between 

cratons and mobile belts. 

We suggest that the lowered values in the northern 

boundaries of the Arabian Plate correspond to subduction 

zones. The zones of lowered values in the middle of western 

part of the region correspond to the Neoproterozoic belt where 

ophiolitic and back-arc complexes with thinned crust [13] are 

developed. 

The depths of contrast density surface (discontinuity) 

presented in Fig. 4 map were compared with results of seismic, 

seismological and thermal investigations, where some 

disturbing objects (slabs) were determined at corresponding 

depths in separate areas of the region [e.g., 1, 4, 38 – 43]. The 

comparison shows reasonably good agreement between the 

values derived from the gravity data from the one hand and 

from the seismic, seismological and thermal data – on the other. 

V. SOME TECTONO-GEOPHYSICAL CONCLUSIONS 

Comparison of the novel tectonic map of the area under 

study (Fig. 1) and three developed gravity maps (Figs. 2 – 4) 

enabled to recognize the following regional tectono-

geophysical peculiarities: (1) observed gravity (Fig. 2) and 

transformed fields (Figs. 3 and 4) reflect both structural and 

geodynamic peculiarities of the region under study, (2) gravity 

field and its transforms contain patterns reflecting different 

types of mobile structures (first of all, active rift zones), (3) 

gravity field transforms clearly trace both (a) main tectonic 

boundaries, and (b) boundaries (discontinuities) of other ranks; 

(4) in all three maps (but in Figs. 3-4 – to a greater extent) 

different types of Earth's crust can be distinguished.   

  Fig. 3 mostly indicates the tectono-geophysical zonation of 

the region under study and different types of the Earth's crust, 
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whereas a distribution of contrast density masses in lithosphere 

is shown in Fig. 4.   

All these maps (Figs. 1-4) may be effectively employed for 

the long-term seismological prognosis. These maps may also be 

useful sources for development of any kind of physical-

geological models and searching various types of economic 

minerals in the region under study.   

 Further geophysical data analysis will include computation 

and examination of airborne magnetics (in the areas where these 

data are available) (for analysis of magnetic anomalies under 

conditions of oblique magnetization, rugged terrain relief and 

unknown level of the normal magnetic field a special 

interpreting system has been developed [e.g., 44-47]), and 

satellite derived magnetic data for the region under study.  
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Fig. 1. A novel tectonic map of the region under study. 
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(1) Archean cratons, (2) submarine continuation of Archean cratons, (3) Upper Precambrian salt basins, (4) Paleo-Mesoproterozoic basement: (a) exposed, (b) 

buried at the depth, (5) submarine continuation of Paleo-Mesoproterozoic basement, (6) Neoproterozoic belt: (a) exposed with ophiolites, (b) buried at the depth, 

(7) Early Cretaceous accretional complex: (a) traps and ophiolitic associations, (b) sedimentary rocks, (8) submarine continuation of the Early Cretaceous 

accretional complex, (9) Late Cretaceous accretional complex: (a) Neoproterozoic salts and Mesozoic ophiolites, (b) sedimentary rocks, (10) submarine 

continuation of the Late Cretaceous accretional complex, (11) Cenozoic accretional and fault systems: (a) traps and ophiolites, (b) sedimentary rocks, (12) 

collisional and active rift systems.   

EMNB, Eastern Mediterranean-Nubian Belt; SF, Sinai Fault; DST, Dead Sea Transform; OF, Owen Fault  
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Fig. 2. Satellite derived gravity map retracked to the Earth's surface with general tectonic features (cratons, belts and fault systems). Isoline interval is 30 mGal. 

Symbol �designates position of triangle junction. 
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Fig. 3. Comparison of the satellite derived gravity field (see Fig. 2) transformed by the use of multidimensional statistical analysis with plate tectonics.   
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Fig. 4. Comparison of map of contrast density masses distribution in the upper mantle obtained by satellite derived gravity map (see Fig. 2) transformation with 

major tectonic units drawn from Figs. 1 – 3.   
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