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Abstract  
 

Earthquakes are among the hidden forces that threaten human life and the future of civilization. And with the 

technological progress and studies in space sciences, the Earth did not receive the attention of studies and researches, 

especially those related to earthquakes. This paper is presents a brief study of the magnetic and physical properties of the 

elemental compositions of the earth's crust as an attempt to find out the causes of earthquakes. Results of calculations 

have suggested that compressions and tensions on the earth crust due to the interaction of the earth magnetic field with 

the magnetic materials in the crust may be one of the main causes of earthquake events. 
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1. INTRODUCTION 
Earthquakes are, one of the most destructive 

natural disasters faced by man. Earthquakes can result 

in landslides, ground shaking, fires, fissures, structural 

damage to buildings, tsunamis and damage to highways 

and bridges. The extent of destruction and suffering 

caused by an earthquake depends on: duration, 

magnitude, and intensity. 

 

Statistical studies that were related to 

earthquake events have shown that an average of 

60,000 lives was killed each year, (80,000 victims from 

1994 to 2004), and (780,000 victims from 2001 to 

2010) [1]. Such devastated earthquakes have also great 

negative impacts on economic grounds, causing 

massive possessions and industrial sector damage [1] 

gave some figures about the losses of earthquake 

events: as the 1989 Loma Prieta earthquake in 

California estimated at $6 billion, the 1995 Kobe 

earthquake in Japan estimated at $200 billion, the 2011 

Tohoku earthquake in Japan followed by its great 

tsunami were estimated at $220 billion. Moreover, 

additional costs such as: lost productivity, lost income, 

lost tax revenue, as well as the cost of rebuilding all 

infrastructures must be taken into account [1]. 

However, the economic impact of a magnitude 7 or 

larger earthquake is expected to exceed €100 billion. 

The situation can only become more severe with the on-

going growth and concentration of human populations 

in urban centers often found in seismic regions [1]. 

Despite all these human and material losses 

caused by earthquakes, there is a solid belief by experts 

that it is not possible to predict the occurrence of 

earthquakes. According to the United States Geological 

Survey, “Neither the USGS nor any other scientists 

have ever predicted a major earthquake. We do not 

know how, and we do not expect to know how any time 

in the foreseeable future” [2]. However, seismologists 

can only estimate where earthquakes may be likely to 

strike by calculating probabilities and forecasts [3]. 
 

From the introduction above and in the 

academic and engineering Frameworks it can be stated 

that earthquake prediction is one of the most urgent and 

challenging subjects for human beings. It was suggested 

by [4] that if short-term earthquake is realized, casualty 

is greatly reduced because with the prospective 

earthquake information, earthquake will not be a 

surprise attack to us [4]. However, recent sequence of 

highly destructive earthquakes around the world has 

heightened awareness of earthquake hazards and the 

inability of seismology as a discipline to derive 

information of increasing earthquake hazards in the 

weeks and days before major seismic events [4]. 
 

Since the interpretations of seismic events are 

based on conventional measurements of crustal 

movements (i.e., mechanical measurement), it was 

thought of great interest to look closely at the structure 

of earth in an attempt to understand its physical 

properties and mechanisms. 
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2. Structure of Earth 

The Earth is made up of four main layers: the 

inner core, the outer core, the mantle and the crust, as 

shown in figure 1. Geologists believe that as the Earth 

cooled, the denser and heavier material sank into the 

center, and the lighter material rose upwards. As a 

result, the outermost layer is made of the lightest 

materials, such as rocks and granites, and the innermost 

layer consists of nickel and iron [5]. 

 

 
Figure 1: The main layers of Earth [6] 

 

The inner core is the center and the hottest 

layer of the Earth. It is a solid and made up of iron and 

nickel with temperatures up to 6,000
o
C. Due to its 

immense heat energy, the inner core is more like the 

engine room of the Earth. It has a radius of 

about 1,220 km and has pressures and temperatures so 

high that the metals are squeezed together and not able 

to move like a liquid but are forced to act as a solid [5]. 

The pressure is nearly 3.6 million (atm). 

The temperature of the inner core is far above 

the melting point of iron. However, unlike 

the outer core, the inner core is not liquid or 

even molten [7]. The inner core’s intense pressure 

prevents the iron from melting [7]. The pressure and 

density are too great for the iron atoms to move into a 

liquid state.  

 

The outer core is very hot. Its temperature is 

around 2200
0
C to 5000 

0
C. It so hot that the metals 

inside are all liquid. The outer core is around 2900km 

under the crust and is approximately 2250km thick. It is 

composed of metals such as iron and nickel. The outer 

core surrounds the inner core [5]. The liquid metal of 

the outer core has very low viscosity, meaning it is 

easily deformed and malleable. It is the site of 

violent convection. Earth’s magnetic field is created in 

the swirling outer core. Magnetism in the outer core is 

about 50 times stronger than it is on the surface [7]. The 

liquid iron in the outer core is an excellent 

electrical conductor, and creates the 

electrical currents that drive the magnetic field [7]. 

 

Generations of earth magnetic field is based on 

Dynamo Theory, which implies that, for a planet to have 

a geodynamo, it must rotate, it must have 

a fluid medium in its interior, the fluid must be able 

to conduct electricity, and it must have an internal 

energy supply that drives convection in the liquid [7]. 

However, variations in rotation, conductivity, and heat 

impact the magnetic field of a geodynamo [7]. 

The inner core rotates a little differently than the rest of 

the planet. It rotates eastward, like the surface, but it’s a 

little faster, making an extra rotation about every 1,000 

years [7]. 

 

The mantle consists of very hot and dense 

rock. Its thickness is approximately 2,900 km. Its 

temperature varies between 870
0
C at the upper part to 

2200
0
C near the bottom [5]. The mantle is mainly made 

up of semi-molten rock known as magma. The rock is 

hard in the upper part of the mantle, but at lower down 

the rock is softer and begins to melt [5]. Geologists 

believe that due to the greatest temperature differences 

from the bottom to the top of the mantle, gave the 

reason behind the plates of the Earth moving is the 

movement of the mantle [5]. 

 

The Earth’s crust is the outer layer where we 

live. The thickness is around 0-60 km. It’s a solid rock 

layer divided into two types: Continental crust covers 

the land and Oceanic crust covers water [5]. 

 

https://byjus.com/physics/heat-energy/
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Continental Crust - buoyant (less dense than 

oceanic crust) and its thickness ranges from 10-70km. 

Oceanic Crust – dense (sinks under continental crust) 

and its thickness is about 7 km, (see figure 2) [8]. 

 

 
Figure 2: Earth’s crust [8] 

 

However, the Earth’s crust is made up of seven 

major tectonic plates: African Plate, Antarctic Plate, 

Eurasian Plate, Australian Plate, North American Plate, 

Pacific Plate and South American Plate. Figure 3, 

shows the Earth’s major tectonic plates [9]. 

 

 
Figure 3: The Earth's major tectonic plates [9] 

 

According to the theory of plate tectonics, the 

Earth's crust is made up of about a dozen plates on 

whose the continents and oceans rest. These plates are 

continually shifting because the substance beneath them 

is hot and soft mantle like a conveyor belt, driven by 

heat and other forces at work in the earth's core. The 

plates are moving about a 1cm to15 cm per year in 

different directions [10] (see figure4). Plates are made 

of rigid lithosphere. The lithosphere is made up of the 

crust and the upper part of the mantle. Below the 

lithosphere (which makes up the tectonic plates) is the 

asthenosphere [8]. 
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Figure 4: Plates are moved around by the underlying hot mantle convection cells [8] 

 

The Earth's crust comprises about 95% igneous 

and metamorphic rocks, 4% shale, 0.75% sandstone, 

and 0.25% limestone [11]. The most common elements 

in the crust by weight are oxygen (46.6%), silicon 

(27.7%), aluminum (8.1%), iron (5.0%), calcium 

(3.6%), sodium (2.8%), potassium (2.6%), and 

magnesium (2.1%). These eight elements account for 

about 98.5 percent of the weight of the crust [12]. The 

weight of the crust is (2.5x10
22

kg) [13]. It can be seen 

that oxygen is the most abundant element in rocks. It is 

an important part of most common minerals, such as 

quartz (SiO2) and calcite (CaCO3) [12]. 

 

3. MATERIALS AND METHODS  
For Earth’s continental Crust, it is important to 

understand the physical (electrical and magnetic) 

properties of curst elemental compositions. The 

magnetic field of Earth's outer core was measured to 

be 25 Gauss (25x10
-4

 T) [15]. The electric current at the 

center of the outer core was calculated using Ampere’s 

law and found to be 3.7x10
8
 Amp [15, 16]. Using 

Ampere’s law again the average magnetic field in the 

center of earth crust (~ 35km below the earth surface) 

can be calculated. The average magnetic field at the 

center of earth crust was approximated to be (2.5x10
-5

 

T). 

 

Table 1: Shows the chemical compositions by weight % of Earth’s continental crust and oceanic crust 

Elements Earth’s Continental Crust (weight %) [14] Oceanic Crust[13] 

SiO2 58.21 50.1 

Al2O3 15.28 15.7 

Fe4O3 3.52 8.3 

FeO 3.73 - 

MgO 3.51 10.3 

CaO 5.09 11.8 

Na2O 4.83 2.21 

K2O 3.28 0.11 

H2O 1.26 - 

TiO2 0.84 - 

ZrO2 0.02 - 

P2O5 0.20 0.10 

MnO2 0.07 - 

Inclusive 0.16 - 

 

The diamagnetic properties of materials are 

attributable to the magnetic susceptibility (χ˂0). The 

paramagnetic properties of materials are attributable to 

the magnetic susceptibility (χ˃0) and for ferromagnetic 

materials χ˃˃0 

 

For Paramagnetic and diamagnetic atoms the magnetic 

moment is given as [17]: 

m = ξ Bearth     (1) 

Where Bearth is the magnitude of earth magnetic field at 

internal location of earth. ξ (J/T
2
) is the magnetizability 

and is given as, 

ξ = 
 

    
     (2) 

Where χ is the magnetic susceptibility, μ0 is the 

magnetic permeability of vacuum (4π x10
-6

 T.m/A), and 
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ρx for each element x with y number of atoms is given 

as 

ρx = 
  

 
      (3) 

From figure5, the temperature value at 35 km depth in 

the earth crust was estimated at 450K. The thermal 

energy is given as: 

Eth = kBT     (4) 

Where KB is the Boltzmann's constant = 1.38 X 10
-23

 

joules/K and T is the absolute temperature. Table2: lists 

the results of calculations due to equations 1- 5. 

 

 
Figure 5: Temperature distribution with depth in the earth crust [18] 

 

However, when the elemental compositions of 

earth crust shown in table2 are placed in a spatially 

inhomogeneous magnetic field, magnetic forces are 

exerted on them. The resulting magnetic forces are 

produced by the spatial derivative of energy. This 

magnetic force is expressed by [17]: 

F = −∇Emag = ξ B 
  

  
                                                   (5) 

 

The spatial derivative of energy is a 

dimensional quantity expressed in units of Newton (N). 

Mathematically, it is the gradient of energy as a 

function of position. The negative gradient of energy is 

known as the force density. ∇B is estimated to be 

(2.5x10
-5

T). 

 

4. RESULTS AND DISCUSSIONS  

 

Table 2: Gives approximate values for the average magnetic energy (J/T) stored in the center of earth crust (35km 

below the surface of earth) to the thermal energy ratios 

Elements Mass Susceptibility 

4π*10
-6

 m3 mol
-1

 

Magnetic # of molecules Restored energy(
 

 
) Force 

10
9
N 

SiO2 -29.6 Diamagnetic 8.7x1045 1.1x1020 73.0 

Al2O3 -37.0 Diamagnetic 2.2x1043 3.3x1017 0.23 

Fe4O3 +3,586 Ferromagnetic 1.3x1042 1.9x1018 1.32 

FeO +7,200.0 Paramagnetic 4.6x1042 1.4x1019 9.3 

MgO -10.2 Diamagnetic 7.8x1042 3.2x1016 0.02 

CaO -15.0 Diamagnetic 1.3x1043 8.1x1016 0.06 

Na2O -19.8 Diamagnetic 1.2x1043 9.8x1016 0.07 

K2O +3,230 Paramagnetic 5.2x1042 6.9x1018 4.74 

H2O -12.63 Diamagnetic 1.0x1043 5.2x1016 0.04 

TiO2 +5.9 Paramagnetic 1.6x1042 3.9x1015 2.67 

ZrO2 -13.8 Diamagnetic. 2.4x1040 1.3x1014 0.00009 

P2O5 NA Non-magnetic NA NA NA 

MnO2 +2280 Paramagnetic 1.2x1041 1.1x1017 0.08 
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The data presented in table 2 show that the 

dynamics of the earth crust is still strongly influenced 

by the earth magnetic field due to the elemental 

compositions (Diamagnetic, Paramagnetic and 

Ferromagnetic materials) of earth crust. Generations of 

earth magnetic field is based on Dynamo Theory, which 

implies that, for a planet to have a geodynamo, it must 

rotate, it must have a fluid medium in its interior, 

the fluid must be able to conduct electricity, and it must 

have an internal energy supply that drives convection in 

the liquid [7]. However, variations in rotation, 

conductivity, and heat impact the magnetic field of a 

geodynamo [7]. The inner core rotates a little 

differently than the rest of the planet. It rotates 

eastward, like the surface, but it’s a little faster, making 

an extra rotation about every 1,000 years [7]. 

 

Geomagnetic storms are created when the 

Earth's magnetic field captures ionized particles carried 

by the solar wind due to coronal mass ejections (CME) 

at the Sun. When a CME hits the Earth, the 

magnetosphere is compressed further [19] and a 

geomagnetic storm (variations of geomagnetic field) is 

formed. This geomagnetic storm can produce a ground-

level geomagnetic field disturbance that could have the 

potential to impact on earth. One of the most important 

geomagnetic storm processes involves the 

intensification and flow of ionospheric currents known 

as electro jets. These electro jets are formed around the 

north and south magnetic poles at altitudes of about 

100km and can have magnitudes of ~1 million amps, 

which is sufficient in intensity to cause widespread 

disturbances to the geomagnetic field [20]. 

 

The widespread disturbances to the 

geomagnetic field produce the gradient of stored 

magnetic energy as a function of position in the crust. 

The results presented in table2 revealed that the 

components of the earth's crust have magnetic 

properties. The interaction of these properties with the 

intensity of the Earth's magnetic field in different 

regions of crust, and the diversity of such interactions 

throughout the earth's crust makes the earth's crust 

consist of regions with attractive magnetic forces and 

others repulsive. 

 

This implies that the interaction (repulsion and 

attraction) between the earth magnetic field and the 

magnetic materials in the earth crust is capable of 

producing vertical and horizontal (vibrations) 

compressions and tensions on the earth crust. These 

vibrational mechanisms taking place in the crust may be 

one of the main causes of earthquake events. It is 

noteworthy that the energy released from earthquake 

event with a magnitude of 8.5 is about 1.41x10
17

 joules 

which is far less than the magnitudes of stored magnetic 

energy in the crust (see table 2). Therefore, 

compressions and tensions (vibrations) on the earth 

crust could trigger a high energy release through the 

earth crust. 

 

5. CONCLUSION 
Our results have revealed that the accurate 

knowledge of the elemental compositions of earth crust, 

their distributions and their magnetic natures are 

essential for the understanding of the dynamics and 

processes that occur in tectonically stressed regions. 

The Spatial variations in earth magnetic field and the 

magnetic force ξ 
   

  
 are likely to produce significant 

stress differences in the Earth’s crust. In such 

conditions, a weak magnetic field B is sufficient to 

generate a large magnetic force if a large magnetic field 

gradient dB/dz is produced. The interaction (repulsion 

and attraction) between the earth magnetic field and the 

magnetic materials in the earth crust is capable of 

producing the buildup and the relaxation of stresses 

which may have important consequences for the state of 

stress of the crust, its deformational behaviour and 

seismicity. 

 

Perhaps the urgent conclusion of this study is 

to present ideas about the risks of natural disasters, the 

most important of which are earthquakes, and to come 

up with better construction and urban expansion 

policies. In this regard, at the present time, the two 

major approaches dealing with natural disaster 

curricula, the academic and engineering should be 

strengthened and working with each other closely.  
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