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Understanding ear thquakes requires understanding the media in which they take 
place: the Ear th’s crust and the upper mantle.

This study commences with the science of Seismology (Greek “ seismos”  means 
ear thquake and “ logos”  means science). Seismology cur rently provides a basic 
understanding of the mechanics of ear thquakes and the rates of their  occurrences 
around the wor ld. Richard Oldham of Great Br itain was the first physicist to study 
seismology in 1902.  A few years later in 1909, the Croatian physicist Andr ija 
Mohorovicic use it to map the boundary between the mantle and the crust (now 
known as the “ Moho”  discontinuity).

Basic Geophysical facts about the Earth.

The Ear th is not exactly spher ical: its equator ial diameter is 12,740 km versus the 
polar diameter of 12,700 km. The difference is due to the higher velocities due to the 
ear th’s rotation. The ear th weighs 5.4 x 1021 tons, so that the average specific 
gravity is about 5.5. The specific gravity of sur face rocks range from 2.7 to 3. 
Therefore, the deeper mass must have much higher specific gravities.

Seismology has studied the internal structure of the ear th using large ear thquakes 
that produce enough energy to shake most par ts of the ear th sur face.



Seismic Waves.

Ear thquakes produce body waves and surface waves.

Body waves travel though the inter ior of the ear th as p-wavesand s-waves.

P-wavesare also known as primary, compressional or longitudinal waves. These waves 
involve successive compression and rarefication of the mater ial through which the 
waves pass. Sound waves are similar to P-waves, and the mater ial par ticles travel in 
the same direction as the wave. Also like sound waves, p-waves travel through both 
solids and fluids. 

P-waves.



S-wavesare also known as secondary, shear or transverse waves. They move through 
mater ials causing transverse deformations. The direction of movement of par ticles is 
transverse to the direction of travel of the wave. S-waves have two or thogonal 
components: the SV (ver tical) and the SH (hor izontal). The speed of S-waves var ies 
with the stiffness of the mater ial. Since fluids do not have shear strength, S-waves can 
not travel through them.

Ear th solids are stiffest in compression, therefore the p-waves travel faster than other 
waves, and are the first to ar r ive at a recording station.

S-waves.



Surface-wavesare the type that ensue when the body waves emerge at the sur face. 
They increase in impor tance at distances greater than twice the thickness of the 
ear th’s crust. At these distances, sur face waves rather than body waves will produce 
the peak ground motions. The two most impor tant sur face waves are the Rayleigh 
and the Love waves. Rayleigh waves are the product of the interaction of p- and SV 
waves at the Ear th’s sur face, whereas Love waves are the interaction between SH 
waves with soft sur face mater ials. 

Rayleigh waves.

Love waves.





The Earth’s Internal Structure.

We humans live upon the outer crust, which is a tiny fraction of the Ear th, barely 25 to 
40 km thick beneath the continents and only 5 km beneath the oceans.  The crust is 
mostly basalt, over lain with a granitic rocks at continents.
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Since the upper sur face of the crust is exposed to the atmosphere or the oceans, the 
temperature is very low compared to the rest of the planet, such as the inner core, 
which is about 5,500 degrees.





The crust is markedly separated from the mantle by a discontinuous boundary, 
called the Mohorovicic discontinuity.  This boundary serves an impor tant role in 
reflecting and refracting seismic waves.

The mantle is 2,850 km thick. I t is divided into the upper mantle, which is only 650 
km thick, and the lower mantle which is 2,200 km thick. No ear thquakes have been 
recorded to or iginate in the lower mantle. This layer exhibits a uniform velocity and 
appears to be a chemically homogeneous. The mantle has temperatures in excess of 
4,000 degrees, which explains why it is in a viscous and semi-molten state. This 
mater ial behaves as a solid when subjected to a rapidly applied stress, such as an 
ear thquake wave. On the other hand, layer behaves as a fluid to a long-term applied 
stress. The mantle has an average specific gravity of 4 to 5.stress. The mantle has an average specific gravity of 4 to 5.

The mantle is separated from the coreby another boundary, called the Gutenberg 
discontinuity. The core is divided into outer and inner cores. The outer core is about 
2,260 km thick, pr imar ily made of iron with a specific gravity of 9 to 12. In the 
outer, or liquid core the velocity of the S-waves drop to zero. 

The inner, or solid core is about 1,220 km thick. I t is very dense, with a specific 
gravity of about 15, made up of both iron and nickel, with temperatures above 5,500 
degrees. 



Plots of seismic wave velocity and density versus radius of the Ear th.



The paths of seismic wave paths through each layer of the Earth are reflected or refracted at the two 
discontinuities. Both p- and s-waves can reach the ear th sur face between 0° and 103°, but due to the 

liquid nature of the outer core, only the p-waves can reach the sur face between 143° to 180°.



Continental Drift.

Scientists have speculated that the 
continents had been linked together in the 
past, since the seventeenth century. Taylor 
in 1910 and the Wegener in 1915 proposed 
that the continents were just one single 
mass only 200 million years ago. Wegener 
called that single continent Pangaea. 

This theory was r idiculed by most geologists 
until around 1960, when enough data from until around 1960, when enough data from 
the seismographs defined the areas of 
maximum seismic activities. Explor ing the 
geology of ocean bottoms is very recent, 
such as Gubbins in 1990, and that has 
confirmed the data suppor ting the theory of 
continental dr ift.

At left, the top view is 270 million, the 
middle is 150 million and the bottom 1 
million years ago.



Bullard’s famous 1965 Royal 
Society publication, used the 
statistical spher ical fit of 
several continents using their  
edge slopes rather than their  
coastlines.



Plate Tectonics.

The modern theory of plate tectonics is that the Ear th’s sur face consists of a number 
of large intact blocks called plates. There are six continent sized-plates: Afr ican, 
Amer ican,  Antarctic, Australia-Indian, Eurasian and Pacific.  There are also 14 
sub-continent plates, such as, Nazca, Car ibbean, Philippine, Cocos, etc.

These plates move along each others boundar ies which break off smaller platelets or 
microplates. This deformation occurs slowly and continuously in what is called 
aseismic deformation.

However, when deformation is rapid or spasmodically, it leads to the formation of However, when deformation is rapid or spasmodically, it leads to the formation of 
ear thquakes, and are called seismic deformation. Because these occur at the 
boundar ies of the plates, this is the area of concentrated ear thquake activity. 

Notice in the next two slides the location of the boundar ies of the plates versus the 
location of the maximum ear thquake activities, and see that they both coincide.

Plate tectonics thus predicts the geometry of the plate movement (“ its kinematics” ) 
but not the cause. 



The location of the major tectonic plates. The ar rows indicate the direction of the plate 
movement. 



The dots represent the epicenters of significant ear thquakes. Notice how they are 
intimately related to the boundar ies of the major plates. 



The cause of the plate movements is found through a very complex analysis of the thermo-
mechanical equilibr ium, as repor ted by Hager in 1978. The thermal flow between very hot core 
and the very cool crust. This process takes place through the convection currents of the semi-
molten rocks of the mantle. The upr ising hot currents help drag the bottom of the plates in 
var ious directions. Other effects lead to r idge push and slab pull.



Plate Boundaries.

There are three types of plate boundar ies:
1) Spreading ridge boundaries,
2) Subduction zone boundaries, and
3) Transform fault boundaries.

1) Spreading Ridge Boundaries.
In cer tain par ts of the crust, the boundar ies are moving apar t at rates of 2 to 18 
cm/year, due to the r ise of fresh molten basalt from the under lying mantle.  Every year 
3 km2 of new crust are formed.



2) Subduction Zone Boundaries.

The 3 km2 per year produced by the spreading r ifts are cancelled by the loss of crust at other 
areas through the process of subduction. At these points, one plate “ subducts”  or plunges beneath 
the other plate. This happens often at the edge of continents. Ocean crusts are colder and denser 
than continental crusts, and therefore the ocean plate tends to go under the continental plate. 
This subduction zone is called the trench boundary. The ear thquake is generated in the sloping 
Benioff zone at the inter face of the subducting and the overr iding plates. As the subducting plate 
sinks it becomes warmer and more ductile, and therefore, less capable of producing ear thquakes. 
Ear thquakes have not been recorded deeper than 700 km, thereby suppor ting this theory.



3) Transform Fault Boundaries.

Transform faults occur when one plate passes laterally the other plate, without 
creating or loosing sur face crust. These fracture zones may be traced by thousands of 
kilometers, although a small zone may produce ear thquakes. The San Andreas fault 
in California is a transform fault. 



Faults.

The smaller scale study of the plate’s tectonics will focus on the local movement 
between two por tions of the crust. This place of movement is called a fault.

Faults may be just a few meters long to as much as a thousand kilometers long. Faults 
also extend from the sur face to as deep as 40 kilometers.

The presence of the fault does not necessar ily mean that an ear thquake will take place. 
The fault movement can be aseismic. 

The fault plane is descr ibed by its strikeThe fault plane is descr ibed by its strike
and dip.  The str ike is the compass heading 
of the hor izontal line on the fault, and the 
dip is the perpendicular to the str ike, 
indicating the direction of depth. For 
example, a fault may be descr ibed as str ike 
N45°E, dip 90°. This indicated a fault 
or iented mid-way between Nor th and East 
with a ver tical fault plane.



1) Fault Dip Slip Movement.

When the movement occurs in the direction of 
the dip, it is called “ a dip slip” . A Normal fault 
is shown at left, where the r ight block (also 
called “ the hanging wall” ) moves downward 
relative to the other block. Normal faulting is 
associated with tensile stresses in the crust 
and results in the hor izontal lengthening of 
the crust. 

When the hor izontal component of the dip slip 
movement is compressive, a reverse fault takes
place. This also results in a hor izontal 
shor tening of the crust.



2) Strike-Slip Movement.

When the fault movement is parallel to the str ike, the fault is called a “ str ike-slip”  
movement.  These are either a “ right strike-slip”  or a “ left strike-slip” , depending on 
the observer facing the fault line. The figure below shows a left str ike-slip fault. The 
famous San Andreas fault in California is an example of a r ight str ike-slip fault.



The Elastic Rebound Theory.
High precision GPS instrumentation is now permitting the recording of tiny movements along 
fault lines. The California Division of Mines and Geology has recorded the shor tening 
movements of chords 17and 19, lengthening of 20 and 23. Chord 21 has not moved.



As the plates move against each other, shear stresses increase and are stored as 
elastic strain energy in the rocks at the boundar ies. When the shear stress reaches the 
value of the shear strength, the rock fails and the accumulated strain energy is 
released. What happens when the strain energy is released depends on the rock?

I f the rock is weak and ductile, the strain energy is released slowly and the fault 
movement occurs aseismically.

I f the rock is strong and brittle, the failure occurs rapidly. The rapid release of the 
strain energy forms heat and stress waves (an ear thquake)!

The study of this process is called the theory of elastic rebound, and was proposed The study of this process is called the theory of elastic rebound, and was proposed 
or iginally by Reid in 1911.



Earthquake Recurrence.

Ear thquakes relieve the rocks of their  stored strain energy. Therefore, zones in an 
active fault that have shown little activity in a long time is called a gap. This permits 
some prediction of future ear thquakes. For example, the Loma Pr ieta ear thquake 
in the Oakland area in 1989 was known to be coming due to the record shown 
below.


