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Introduction. 
 
 Upper mantle of the Earth is a highly viscous layer between the 
Earth's crust and the lower mantle. From the Earth's crust upper 
mantle Moho boundary. The top of the upper mantle is defined by a 
sudden increase in seismic velocity, which was first noted by 
Andrija Mohorovičić in 1909; so this boundary is now referred to as 
the Moho. The uppermost mantle plus overlying crust are relatively 
rigid and form the lithosphere, an irregular layer with a maximum 
thickness of about 200 km. Below the lithosphere the upper mantle 
becomes more plastic in its rheology. In some regions below the 
lithosphere, the seismic velocity is reduced. This low velocity zone 

extends down to a depth of several hundred km. The bottom of the upper mantle – it is a 
transition zone. The transition zone (located at a depth of 400 - 650 km) is an area of great 
complexity; it physically separates the upper and lower mantle. The processes occurring in the 
upper mantle have a great impact on many natural phenomena observed on the surface of the 
Earth.  

1. Upper Mantle Internal Structure Study. 
 
 Geophysical studies are the main source of information about the deep 
structure of the upper mantle of the Earth. Here is a list of geophysical 
methods to provide the most accurate information about the structure of 
the Earth's mantle. 
     - Seismology - the scientific study of earthquakes, the propagation 
of elastic waves through the Earth, earthquake effects, such as 



tsunamis, diverse seismic sources such as volcanic, tectonic, oceanic, atmospheric,  explosions.                 
    - Gravimetry is the measurement of a gravitational field of the Earth. 
    - Geothermy is the measurement of a geothermal field of the Earth. 
    - Geomagnetism is the exploration and analysis the Earth’s magnetic field. 

1.1.Seismology 
 
 Seismology is the study of earthquakes and seismic waves that move 
through and around the earth. Seismology includes the modern 
technologies for studies of the interior structure of the Earth. The 
Structural seismology is the main source of information about the 
interior structure of the Earth’s upper mantle. Here is a list of 
seismological methods that provide the most accurate information 

about the structure of the Earth's mantle and the results of studies the  structure Earth’s upper 
mantle: 
   
   - Teleseismic P-waves and S-waves tomography. 
   - Surface ( Share/ Love and Rayleigh) waves tomography. 
   - Upper Mantle Velocity Structure.   
   - Upper Mantle Velocity Anisotropy. 
    - Three-Dimensional Community Velocity Models. 
 

1.2.Gravimetry. 
 
 Gravimetry is the geophysical method for the measurement and 
analysis of a gravitational field. The Gravimetry is used successfully f
studies of the interior structure of the Earth. Gravitation anomalies are 
the good source of information about the interior structure of the 
Earth’s upper mantle. Some aspects of the use of Gravimetry to study 
the structure of the upper mantle of the Earth are considered below.  

or 

otassium. 
per unit 

pects of the use of Geothermy to study the structure of the upper mantle of the Earth are 

loration. 

- Earth Gravity Model. Gravity Anomalies. 
- Geoid. Geoid undulations. 
- Three-dimensional density model of the Earth 
- Absolute Gravity. 
- Physical geodesy. 

1.3. Geothermy. 
 
 Geothermy is the geophysical method for the measurement and 
analysis of the Earth's heat flow. Heat flows constantly from its sources 
within the Earth to the surface. The Earth's internal heat was originally 
generated during its accretion, due to gravitational binding energy, and 
since then additional heat has continued to be generated by the 
radioactive decay of elements such as uranium, thorium, and p
The geothermal gradient is the rate of increase in temperature 

depth in the Earth. This geothermal energy is transferred to Earth's surface by diffusion and by 
convection movement of magma (molten rock) and deep-lying circulating water.  
Some as
considered below: 
 - Geothermics.  
- Geothermal Exp



- World Geothermal Province. 
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2. The Material Composition of the Upper Mantle. 

urrently, there are several sources of information about the material 

- Ophiolite Belts of the Earth are the sections of the Earth's oceanic 

xtraction of 
rocks, of which piled up 

e, which is composed of the modern upper 

m - the source of the substance, which was composed of the upper mantle of 

d systematized the following fundamental sciences: 

- Earth’s interior heat.  
- Heat gradient. 
- Heat Flow Map
- Geothermal Energy
- Geothermal modeling.  
- Geothermal Projects. 

 
 G
analysis of the geomagnetic field. The geomagnetic field is generated
by electric currents located in many different parts of the Earth. In the 
outer core the main part of the geomagnetic field is sustained by a 
naturally occurring dynamo. In the mantle currents can be induced 
time-dependent variations in the ambient magnetic field. In the crust th
field has both induced and permanent components. And, in the 
ionosphere and magnetosphere electric currents are sustained throug
complicated interaction with the Sun, the heliomagnetic field, and the 
ticles. The many different, and sometimes remote, sources of the 

Earth's magnetic field each contribute to the total field at any one particular location, with th
very different physical processes in each domain giving rise to a wide variety of time-dependen
geomagnetic variations.  
Some aspects of the use o
are considered below: 
 - The geomagnetic fiel
- Magnetic field variations.
- Magnetic storms. 
- Magnetic Observa
- Observatory Sensor Pac
- Magnetic Maps for the Earth's 
- Geomagnetic anomalies. 
- Geodynamo, Geomagneti
- Paleomagnetism. 
- Magnetotellurics. 
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composition of the upper mantle of the Earth. 
  
   
crust and the underlying upper mantle that has been uplifted or 
emplaced to be exposed within continental crustal rocks.   
    - Ocean-floor Dredging and Drilling - the technology of e
the bottom of the ocean. 

    - Recent Volcanism - the source of the substanc
mantle of Earth.  
    - Paleovolcanis
the Earth at the time of eruption. 
This information is generalized an
    - Petrology - is the study of rocks, and the conditions in which they form.  



    - Geochemistry - study of the chemical composition of the Earth. 
    - Mineralogy - is an Earth Science focused around the chemistry, crystal structure, and 

2.1. Petrology Mineralogy and Geochemistry. 

urrently, there are several sources of information about the material 

chemistry - study of the chemical composition of the Earth. 
a

 to study the composition of the upper mantle 
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 C
composition of the upper mantle of the Earth. This information is 
generalized and systematized the following fundamental sciences: 
- Petrology - is the study of rocks, and the conditions in which they 
form.  
    - Geo

    - Mineralogy - is an E rth Science focused around the chemistry, crystal structure, and 
physical (including optical) properties of minerals. 
Some aspects of the use these fundamental sciences
of the Earth are considered below:  
- Petrology of the Upper Mantle.  
- Mineralogy of the Upper Mantle.
- Geochemistry of the Upper Mantle.
- Crustal and upper mantle xenoliths.  
- Large igneous provinces. 
- Upper Mantle Melts. 
- Geophysical and Petro
Pirolit. 
- Upper 

 
 C
composition of the upper mantle of the Earth. The characteristic 
assemblage of rocks which form at spreading ridges is called an 
ophiolite sequence. Ophiolite Belts of the Earth are the sections o
Earth's oceanic crust and the underlying upper mantle that has been 
e exposed within continental crustal rocks. Some aspects of the use a

Ophiolite to study the composition of the upper mantle of the Earth are considered below.  
- Ophiolite Stratigraphy.  

uplifted or emplaced to 

- Petrologic Classification
- Ophiolite Groups and Assemblages. 
- Ophiolite Pulses. 
- Ophiolite and Oce
- Ophiolite Research. Integrated Ocean
- Ophiolite examples and their occurrences. 

 
 O
rocks, of which piled up the bottom of the ocean. Some aspects of the
use the Ocean-floor Dredging and Drilling to study the composition of 
the upper mantle of the Earth are considered below. 
- Ocean Dredging and Drilling.  
- Marine Geological Institutions. 
- Ocean Drilling Programs and Pro



- Ocean Drilling Ships. 

2.4. Recent  Volcanism. 
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2.5. Paleovolcanism. 

 Paleovolcanism - the source of the substance, which was composed of 
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 R
the modern upper mantle of the Earth. Information on the scientific and 
social programs of study of recent volcanism is presented below. 
 - Global Volcanism Programs.  
- Volcano Hazard Programs. 

- Volcanic Types and Pr cesses. 
- Volcano Maps. 
- Earthquakes and

 

the upper mantle of the Earth at the time of eruption. Paleovolcanology 
studies restore the geodynamical situation that existed at the time of 
eruption. This study helps to identify the paleo-ridges belts, the zones
of the paleo-spreading, the paleo-transform faults. 
nd Geochemistry of the Paleovolcanoes. - Petrology, Mineralogy

- Paleovolcano Maps. 
- Paleo-Ridges. 
- Paleo-Spreadin
- Paleo-Transform Faults. 
 

upper mantle of the Earth. 
 

 M
processes occurring in the upper mantle of the Earth. The most 
interesting and significant are listed below. 
  - Continental Drift is the movement of the E
to each other  
  - Plate Tecton
lithosphere. 

and upper mantle that creates seismic waves. 
  - Recent volcanic activity in many regions of
Earth's upper mantle. 
   - Deep Heat Flow du
   - Isostasy is a term used in geology to refer to the state of gravitational equ
earth's lithosphere and asthenosphere such that the tectonic plates "float" at an elevation which 
depends on their thickness and density. 
    - Spatial Positioning Main Metallogen
processes in the upper mantle.  
    - Spatial location of the Large
underlying processes in the upper mantle.  



3.1. Continental Drift and Plate Tectonic. 
 Many natural phenomena that occur on the Earth's surface due to 
processes occurring in the upper mantle of the Earth. The most 
interesting and significant are Continental Drift and Plate Tectonic. 
Continental drift is the movement of the Earth's continents relative to 
each other. The hypothesis that continents 'drift' was first put forward 
by Abraham Ortelius in 1596 and was fully developed by Alfred 

Wegener in 1912. However, it was not until the development of the theory of plate tectonics in 
the 1960s, that a sufficient geological explanation of that movement was understood. Plate 
tectonics describes the large scale motions of Earth's lithosphere. The theory encompasses the 
older concepts of continental drift, developed during the first half of the 20th century, and 
seafloor spreading, understood during the 1960s. The lateral movement of the plates is typically 
at speeds of 50—100 mm annually. Plate motions range up to a typical 10-40 mm/a (Mid-
Atlantic Ridge; about as fast as fingernails grow), to about 160 mm/a (Nazca Plate; about as fast 
as hair grows). Some aspects of the Continental Drift and Plate Tectonics are considered below.  
- Continental drift. 
- Magnetic striping. 
- Wadati-Benioff Zones. 
- Earth’s Plate Tectonics. 
- Plate tectonics on other planets.  
- Plate Boundaries. 
- Rifts. 
- Hotspots. 
- Transform Faults. 
- Subduction Zones. 
- Mountain-Building. 
- Oceanic Trench Formations. 
- Driving Forces of Plate Motion. 
- Mantle Convection. 

3.2. Crustal and Deep Earthquakes. 

 Many natural phenomena that occur on the Earth's surface due to 
processes occurring in the upper mantle of the Earth. Some of them are 
Crustal and Deep Earthquakes. Earthquakes - clear evidence of the 
inner life of our Earth. An earthquake is the result of a sudden release 
of energy in the Earth's lithosphere that creates seismic waves. At the 
Earth's surface, earthquakes manifest themselves by shaking and 
sometimes displacing the ground. When a large earthquake epicenter is 
located offshore, the seabed sometimes suffers sufficient displacement 
to cause a tsunami. The shaking in earthquakes can also trigger 

landslides and occasionally volcanic activity. The majority of tectonic earthquakes originate at 
the ring of fire in depths not exceeding tens of kilometers. Earthquakes occurring at a depth of 
less than 70 km are classified as 'shallow-focus' earthquakes, while those with a focal-depth 
between 70 and 300 km are commonly termed 'mid-focus' or 'intermediate-depth' earthquakes. In 
subduction zones, where older and colder oceanic crust descends beneath another tectonic plate, 
deep-focus earthquakes may occur at much greater depths (ranging from 300 up to 700 
kilometers). These seismically active areas of subduction are known as Wadati-Benioff zones. 

- Crustal Earthquakes. Lower-crustal earthquakes. 
- Deep Earthquakes. 
- Earthquake Clusters. Aftershocks. 



- Earthquake Swarms. 
- Remotely Triggered Earthquakes. 
- Seismotectonics. 
- Regional Tectonics. 
- Geomorphology. 
- Focal Mechanism. 

3.3. Isostasy. 
 
  Isostasy is a term used in geology to refer to the state of gravitational 
equilibrium between the earth's lithosphere and asthenosphere such 
that the tectonic plates "float" at an elevation which depends on their 
thickness and density. Isostasy provides an important 'view' of the 
processes that are actually happening into the Earth’s upper mantle. On 
a geological scale, isostasy can be observed where the Earth's strong 
lithosphere exerts stress on the weaker asthenosphere which, over 
geological time flows laterally such that the load of the lithosphere is 
accommodated by height adjustments. 

- Isostatic Models. 
- Isostatic Rebound. 
- Isostatic Evidences. 
- Isostatic Effects of Deposition and Erosion. 
- Isostatic Effects of Plate Tectonics. 
- Isostatic Effects of Ice-Sheets. 
- Isostatic Rates. 
- Ongoing Glacioisostatic Recovery. 
- Depression Beyond the Ice Margin.  

3.4. Deep Heat Flow. 
Many natural phenomena that occur on the Earth's surface due to processes occurring in the 
upper mantle of the Earth. Some of them is Deep Heat Flow. Heat flows constantly from its 
sources within the Earth to the surface. The Earth's internal heat was originally generated during 
its accretion, due to gravitational binding energy, and since then additional heat has continued to 
be generated by the radioactive decay of elements such as uranium, thorium, and potassium. The 
geothermal gradient is the rate of increase in temperature per unit depth in the Earth. This 
geothermal energy is transferred to Earth's surface by diffusion and by convection movement of 
magma (molten rock) and deep-lying circulating water.  
- Heat Flow. Heat Flow Measurements.  
- Heat Generation. 
- Deep Temperature. 
- Heat Flow Variations. 
- Core–Mantle Boundary Heat Flow. 
- Mantle Heat Flow. 
- Thermal evolution of the Earth's Core and Mantle. 
- Heat Transfer. Mantle Plumes and Heat Flow. Thermo-Chemical Mantle Convection.  
- Geothermal Energy. 

3.5. Main Metallogenic Provinces of the Earth. 
 

argely  Spatial Positioning Main Metallogenic Provinces of the Earth is l
due to underlying processes in the upper mantle.  
- Characteristics and Distribution of Earth's Mineral Resources. 



- The Spatial Distribution of Industrial Mineral Deposits. 
- Global Metallogeny. 
- Large Igneous Provinces of the Earth. 
- Metallogenic Specialization of the Largest Metallogenic Provinces and Plate Tectonics. 
- Mantle Plumes. 
- Diamonds. Kimberlite Pipes 

3.6. Largest  Oil-and-Gas Provinces of the Earth. 
 
 Spatial location of the Largest Oil-and-Gas Provinces of the Earth is 
also largely due to underlying processes in the upper mantle.  
- World’s Largest Oil-and-Gas Basins. 
- Giant Oil and Gas Fields. 
- Plate Tectonics and Oil-and-Gas Provinces. Passive Margin. Rift 
Environments. 
- Top Proven World Oil and Natural Gas Reserves. 

- Estimates of Undiscovered Oil and Gas World Resources. 
- Oil and Natural Gas Exploration. 
- Exploration Geophysics 
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