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                                                   Earth Movements and Continental Drifts 

First: Environment and balance of geologic activities 

Through the geological time, the ecologic conditions varied greatly (G.R) 

Reasons Results 

1- Variation between water 

covered areas and land. 

2- Changing topographic terrains. 

3- Transition of climatic zones as a 

result of shifting Earth’s poles. 

Affect the living organisms, whether animals or plants. 

1- The consequent are migrations or accumulation in certain 

regions of the Earth’s surface and scarcity in other regions.  

2- The environmental changing is usually accompanied by genetic 

changes promote, after a long period of time, the appearance of 

other species more adapted to this new environmental conditions. 

 

Examples of the Ecological Adaptation of Organisms 

Period Ecologic conditions 

Carboniferous 

period  

(300 million 

years ago) 

• The flourishing of the vegetative cover (G.R) 

as a result of warm and moist climatic conditions and plains of organic rich soil that 

plant need. These conditions result the accumulation of vegetation organic matter in 

large quantities buried deep enough and had provided the chance to transform plant 

residues to coal seams (which their quality varies depending on the degree of 

transformation.) 

An example, occurrence of coal seams in Bedaa and Thora area south west Sinai. 

Permian period 

(250 million 

years ago) 

• The rock salts layers (NaCl and others) had accumulated in central Europe (G.R) 

environmental conditions were marked by the spread of depositional basins with 

great extension and small depth, sometimes intermittently connected with ocean 

water then separated of it several times, which provided an opportunity to 

concentration and deposition of salts in the form of layers as a result of evaporation 

processes for high temperatures under arid climatic conditions. 

Upper 

Cretaceous 

period  

(90 million 

years ago) 

• The accumulation of phosphate deposits in North Africa. (G.R) 

During this period North Africa had an ordinary temperature and normal salinity 

prevailed in shallow marine conditions which leads to the accumulation of marine 

vertebrate animals remains The result is the spread of phosphate deposits of 

economic value. 
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Examples in Egypt are the phosphate rocks existing near Safaga and Quseir (Red Sea 

Coast) and in Seba’eya (Nile valley, Upper Egypt) and in Abo Tartur (New valley, 

Western desert). 

The Glacial 

period  

(one million 

years ago) 

In the northern hemisphere : 

1- Progress of the ice sheet to south made up glacial periods (decline sea) 

was accompanied by periods of heavy rains (rainy periods) in southern areas 

affecting the flourishing and intensity of the vegetative cover and consequently the 

proliferation of animal groups that feed on it 

2- Retreat of  ice sheets northward made up interglacial periods (rising sea) 

The southern areas were described as dry areas so the vegetative cover had been 

deteriorated, causing decline of animal groups accordingly 

 

These cyclic regime had been continued since the beginning of the Glacial period and 

ended more than twenty thousand years ago, where soils and crops improved 

considerably in the northern areas of the African Great Sahara and resulted in prolific 

farms for the profits, welfare and civilization of the human being. 

 

The isostatic balance and it’s relation to some catastrophes: 

The geophysical studies done by professor Airy proved that the mountain chains that spread all over the 

earth’s crust which formed of Sial rocks those of light rocks of low average density 2.8 gm/cm3 to be in 

state of equlibrium with the surrounding depressions and plains (G.R) due to presence of root for these 

mountains that sink in the mantle of high density rocks for distances reaches four times its height. 

 

This state of equlibrium agree completely with many of the geological phenomena we have observed 

due to weathering processes and occurrence of some destructive earthquakes in areas between huge 

mountains and surrounding depressions. 
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How isostatic balance works ? 

1- Due to continuous erosion on top of mountains and plateaus, the exposed rocks are disintegrated 

and transported away causing lowering in the weight of these mountains and decreasing the affecting 

pressure on underneath rock layers. 

2- Whereas the pressure increases in areas where fragments are transported due to depositions 

processes. 

3- Consequently, gradual flow of the light molten rock (magma) - which is rich in feldspar and quartz 

forming the granite in upper mantle layers- under the deposition areas to the disintegration areas. 

4- So the mountains rise up and earth crust regain its balance. 

  

  

  

  

  

  

  

  

  

  

A classic example for this balance is the River Nile basin prior to 1964 (last annual flood in Egypt): 

- It is calculated that the Nile carried annually more than 100 million tons of load in the form of sand, silt 

and clay during the flood season (August and September) and built up its delta within millions of year 

ago through the old seven branches (now reduced to only two branches Damietta and Rosita).  

 

- As a result of these tremendous amounts of sediments and their excessive weight and increasing 

pressure in the delta and its cone which extends northwards for more than 10 kilometers in the 

Mediterranean sea, and the present sedimentation south of the High Dam in Aswan,  

 

- elastic rocks (magma) flow gradually southwards to compensate what transported of sediments from 

Abyssinian plateaus and equatorial Africa, thus maintaining the crust in an equilibrium and stable state. 
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Earth Movements and Their Effects on the Rocks: 

During the long history of the Earth (4600 million years), the Earth had been subjected to numerous 

movements which :  

1- Changed the landmasses, areas of seas and oceans. 

2- Consequently the mode of life that existed during the different ages. 

 

The evidences that reflect occurrences of earth movements: 

 

1. The occurrence of sedimentary strata, which were originally of marine deposits and accumulated on 

ocean floor, building up the summits of mountains and plateaus, ex.summit of Everest (Himalaya 

Mountains) at an elevation 8840 meters above sea level and there is rocks like it in the base of the Dead 

Sea at 762 meters below sea level. 

 

2. The occurrence of coal seams at great depths below sea level, which were originally thick 

vegetative remains, flourished and developed on the earth’s surface above sea level. 

 

3. The occurring of phosphate beds above sea level in some countries (regions). These phosphate beds 

were originally represent remains of marine vertebrates which dwelled in shallow marine environments. 

 

4. The presence fossils of coral reefs in the high places above sea level and it was marine living 

organisms in the form of colonies on the continental shelf of the coastal region in any (warm marine 

environment / high energy / clear water / high salinity / high amount of lighting / rich in organic 

matter.) 

 

5. A recent example of earth subsidence, the presence of remains of submerged Roman Temples in 

Alexandria waters, as well as many villages and coastal surveillance centers in northern delta has been 

flooded by seawater. 
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Earth movements are classified into two main categories: 

1. Epeirogenic Movements: 2. Orogenic Movements: 

Name is derived from the Latin origin 

“Epeiros = continent”  

- It is a slow movement which acts for a successive 

geologic time  

- Affects extensive regions of the continent or 

ocean floor causing gradual uplift or subsidence of 

the sedimentary sequence without deformation 

neither by folding nor faulting.  

- The emerged strata appear almost horizontal or 

in the form of plain folds at high altitude above sea 

level. 

- This kind of movement plays an important role in 

distribution and relationship between continents 

and oceans throughout different geological times. 

- Name is also derived from the Latin origin  

(Ores = Mountain)  

- It is relatively rapid movement compared to the 

Epeirogenic movement. 

- It changes the shape of the strata causing tight 

folding and intensive faulting through low inclined 

faults with great side displacements. 

- The effect of this movements usually appears on 

limited distinction extent for long distances on 

earth’s crust rocks 

- where the deposits accumulates over each 

other’s to occupy small areas after it was flattened 

on large areas and resulted in chains of mountains 

in local regions. 

Ex: The grand canyon of Colorado River in North 

America. Here, the Marine sediments remain 

horizontal on both sides of the canyon attaining 

an elevation of 1580 m. above sea level same as its 

original state of deposition. 

 

Which signifies that areas of land were uplifted 

without exposing to deformation during uplifting 

processes that continued slowly and consecutively 

for long times. 

Examples are: 

1- The Atlas mountain chains of north Africa 

(which extend in Tunisia, Algeria and Morocco), - 

2- The Alps mountain chains of central Europe 

(which extend in France, Switzerland, Italy, 

Austria and Hungary)  

3- The Himalayas mountain chains (north 

of India)  

4- North Egypt, such mountain chains are 

reported extending from Maghara massif 

mountain in north Sinai to Bahariya oasis in the 

Western Desert through the areas of Shabaraweet 

Southrn Ismalia and Abu Roash west Cairo. 
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It is noticed that the magma is extruded through deep seated faults and reaches near the surface where 

it cools down giving rise to fine crystalline igneous rocks either inter stratified or cutting across the deep 

and surface rocks. In someinstances, the magma ascended violently reaching the surface forming local 

volcanoes with lava flows, pluralistic material, volcanic dust and gases. The lava flows along the slops of 

the volcanic cone carrying rock boulders and transporting them to low areas where they cool down. 

 

                                                                 Continental Drift by Alfred Wagener 

 

Reasons that inspiered Alfred Wagener a German Meteorologist to introduce his theory in (1922) : 

1- The great similarity between meanders of the eastern coast lines of both North and South America 

and meanders of the western coast lines of Europe and Africa gives like  if they were one land piece and 

drifting away from one another.  

2- Similarly, the co-relatable criteria of the rocks of these continents and close features of ancient life 

and distribution of climatic belts on the two opposite sides of the Atlantic Ocean. 

 

Continental drift theory claims that the continents of the Earth where a huge vast landmass (called 

Pangaea) or (mother of continents) formed of the Sial (continental crust) rich in silica about 70% over 

Sima (the ocean beds) less rich  in silica about 45%. 

- The rocks of the Sima build up ocean floors and extend under the continents at great depths during 

Paleozoic era.  

- This single vast landmass (Pangaea) started by the Mesozoic era (since 220 million years ago) to split 

into pieces far apart from each other  

- and they achieved their present positions as our modern continents by during the Pleistocene time. 

 

Wagener attributed this slow drift to convection currents of heat in Sima which have enormous 

capability of folding and faulting the crust causing pronounced difference in the topography particularly 

on the edges of large continents as North and South America, Africa and Australia where great 

mountain chains are formed due to continental drift. 
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Evidences supporting theory of continental drift: 

Since the theory of continental drift was introduced by Wegener, it has been argued for more than 50 

years. However, the evidences for the theory and justifications were convincing and the following 

proofs were introduced: 

(1) Paleomagnetism: 

It is the magnetism of rocks that containing 

magnetized minerals such as iron oxides which 

affected by Earth’s magnetic field during formation 

of those rocks, where some magnetic minerals in 

rocks show similarity in the direction and intensity of 

the magnetic field at their formation , which gives 

evidence of the old magnetic field of Earth and their 

behavior in different geological eras. 

During study of igneous & sedimentary rocks scientist found that : 

 

1- The deviation angle of magnetic needle of compass is 90° at pole & 0° at equator. 

- so they could detect the original location of the rock during its formation ( if it was in a location 

different from its original one) 

- If a sample of rocks is found with deviation angle of 20° near the people we conclude that its original 

position was near to equator and that is an evidence of continental drift different ages as well as for 

rocks of the same age in different parts of the world. 

2- The study of mid-ocean ridge shows the similarities of magnetic polarity changes on both sides of 

the mid-ocean ridge as shown in the figure which indicating the occurrence of continental drift. 

 

(2) Paleoclimate: 

The climatic belts are arranged nowadays in a parallel manner extending from East to West. They grade 

from the equatorial, tropical (desert), and temperate (Pasture and herbs areas) then securities 

deciduous forests, conifer forests end with the freezing polar climate. 

And from the study of geological record we can support the continental drift through: 
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a) Ancient Evaporites Deposits : Evaporites are salt deposits which accumulated as layers as a result of 

the evaporation of solutions containing these salts in an arid dry climatic regions. Through the study of 

the ancient evaporites, where currently exists in extremely cold areas of northern hemisphere in 

northern Europe and Canada. 

b) Old coral reefs and coal: From the study of rocks containing coral reefs and coal which exist only in 

tropical and equatorial environment respectively. The presence of these rocks closer to polar regions 

today that differ than the environment of formation indicates the continental drift theory. 

 

(3) Late Paleozoic Glaciations: 

In the southern hemisphere, Cretaceous outcrops show many striking similarities among the rocks of 

the various continents from late Paleozoic up to cretaceous. 

- These are recorded in South America, the Falkland islands, South Africa, India, Australia and 

Antarctica. 

- This phenomenon reflects the existence of a great southern continent called Gondwanaland. 

- The distribution of ancient glacial deposits on the various southern lands is one of the convincing lines 

of evidence for continental drift particularly the identical features of the glacial cover in both South 

America and Africa that indicates that they were one continent that drifted away from each other. 

 

(4) Animals and plant fossils: 

- Presence of an assemblage of some reptiles fossils that can’t cross the oceans and trapped in the rocks 

of southern continents only, 

-  Presence of leaves, seeds and fossils of primitive terrestrial plants in southern continents and India, 

prove that there was a connection between these continents. 

 

(5) Geological structure of the continents: 

Some anciently formed mountain chains now terminate abruptly at the continental margins. If these 

continents are joined together, their geologic structures will match up between the landmasses. 

As an example:  

1- The close similarity between the mountains of south Africa and their counterparts in Argentina to the 

west Africa and the mountain of Australia to the east Africa 

2- western African coast with eastern south American coast. 
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Plate Tectonics Theory 

 

This theory was proposed by scientists Isaacs , Oliver and Sykes in 1968 followed 
 
(It says that the earth surface is made up of a number of large lithospheric plates either 
oceanic or continental each attaining up to 100 km in thickness.) 
 
- The boundaries of these plates are located at tremendous growing fractures extending for 
long distances on deep ocean floors or on high mountain chains. 
 
- These plates are in continuous motion in very slow speed due to the presence of 
rotational convection current resulting in all massive structural phenomena on earth’s 
crust. 
 
Reasons of Plate Tectonic Motion : 
The motion of plate tectonics resulted due to the variation in temperature distribution in 
mantle which forms rotational convection currents in magma which exists in the upper 
layers of mantle. These currents are two kinds : 
 
 
1- Downward convection 
currents : forming the deep 
trenches 
2- Upward convection currents : 
forming the mid oceanic ridge. 
 
- Seas and oceans beds are 
formed of heavy specific gravity 
basaltic rocks (high density) 
called Sima 
- Continents formed of light 
spesific gravity granitic rocks of 
(low density) called Sial 
 
- So theses oceanic plates slides 
under the continental one and then melt in mantle. 
 
-There are three types of motions are divergent , convergent and sliding 
- They form three kinds of boundaries movements which are : 
1. Divergent boundary motion 
2. Convergent boundary motion 
3. Transform plate boundary (sliding) motion 
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Divergent 
 

plate motion 
 

(constructive 
 

motion) 
 

- Which arise from tension force 
where two plates move away from 
each others as in mid continental drift 
or mid oceanic ridge 
 
- A new oceanic plate is formed 
 

1- Breaking of Africa 
forming 
Red sea where the Arabian 
plate move apart from the 
African plate 2.5 cm/year 
 
2- Breaking of Gondowana 
forming Indian and Atlantic 
oceans. 
 

Convergent 
plate motion 
(destructive 

motion) 
 

produced as a result of moving of two 
plates towards each other where they 
meet and colloid together . 
A) two continental plates where 
collision leads to 
 

The formation of mountains 
chains as Himalaya 
 

B) two oceanic plates where one of 
them slides under the other 
producing deep oceanic trenches and 
volcanic island arcs. 

 

C) one oceanic plate and other 
continental plate 
where the density of the two plates 
are differ, the oceanic plate (higher 
density) sinks below the continental 
plate (lower density) in mantle layer 
and melts completely forming …… 
 

1- Chain of mountains as 
Andes mountain in southern 
America 
 
2- Mediterranean sea. 
 

Transform 
 

(sliding) 
 

plate motion 
 

Produced as a result of sliding of edge 
of a plate with edge of other plate 
forming transforming vertical faults 
causing fractures or deformations 
also some volcanoes and 
earthquakes may be resulted 

1- San Andreas fault 
 
2- Appears in Aqaba gulf. 
 

 

Through continuous study and plotting the sites of earthquake foci on the world map, 
seven large tectonic plates are traced. 
These are 
(the African, Eurasian, North American, South American, Pacific, Australian, Antarctic 
plates) 
plus a number of smaller ones, and as mentioned before, all are moving slowly. 
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                                                                                               Earthquakes 

Earthquakes is a trapped energy inside the earth’s layers which escaped in form of consecutive quick fast 

shocks (seismic waves) one after the other, occurred on the earth’s crust and may cause massive 

destruction or as weak as to be felt by human. 

 

Examples of Recent Earthquakes which have Obvious Effect: 

• The earthquake that struck Egypt in October 12th, 1992 and destroyed thousands of buildings and 

killed about 600 persons. 

• Recently Tsunami (Marine seismic) that surprised many Asian countries bordering on Indian Ocean in 

December 26th, 2004 which killed tens thousands of people and destroyed villages and coastal cities in 

Indonesia, the Philippines, India and other countries. 

• Finally the earthquake that struck Japan in 2011 and caused great disaster. 

 

Types of Earthquakes: 

1. Volcanic Earthquakes : Their occurrences are associated with volcanic activity which indeed are 

local earthquakes, their impact do not extend in large areas(spread for 

limited areas). 

2. Tectonic Earthquakes : They occur in areas where the rocks subjected to faulting as a result of the 

motion of tectonic plates often.  

They are the most common earthquakes occurrence. 

3. Plutonic Earthquakes : Their foci are found at great depths reaches more than 500 km under the 

Earth’s surface. 

 

The most important reasons of earthquakes : 

- It is due to breaking down of rock masses as result of a sudden exposure to intense pressure or tension 

process which rocks can’t bear it so they breaks and : 

1- Liberate the enormous potential energy and turns into kinetic energy. 

2- The kinetic energy moves from the earthquake epicenter in the form of seismic waves spread to the 

vast distances and vibrate the rocks that pass out until reach Earth’s surface doing vibration to 

constructions which leading to their cracking or destruction. 
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Types of Seismic Waves : 

Body waves Surfacial waves 

Primary waves (P-waves) Secondary waves (S-waves) - They are called the long waves 

- They are complex waves of 

high frequency 

- Spread near earth’s crust 

- Resulted from the high energy 

of primary and secondary waves. 

- They are last waves reaches the 

seismographs. 

- The cause of mass destruction 

- Longitudinal (primary) waves 

- spread very fast 

- First to reach the seismic 

monitoring machines seismograph 

- Spreads all over solids, liquids 

and gaseous bodies 

- Transverse (oscillatory) waves 

- Slower than primary waves. 

- Spread only in solid bodies. 

• Through the study of these waves, the scientists discover Earth’s 

1- Interior structure core            2- Determine the earthquake foci. 

 

 

The epicenter point : It is the region located directly above the earthquake epicenter where the 

disturbance will be as stronger as possible and the intensity of the mechanical turbulence decreases 

quickly away from it. 

 

 

Determination of the Location of Epicenter: 

By cooperation between three seismographic stations (A,B and C) : 

1- Each one determine the relative time of the arrival of the three 

types of waves.( The device used to record earthquake is 

Seismograph.) 

2- By knowing their speed and times of their arrival, so we can 

determine the distance between station and the surface foci of the 

earthquake. 

3- Then we draw three circles on a maps, each station represents 

the center of a circle the point of intersection of these circles is the epicenter point. 

 

 

 



 

14 
 

 

 

 

                                                                  Earthquakes Measurments 

 

 

Intensity of earthquake Magnitude of earthquake 

A specific measurement of the damage results by 

the earthquake beside the reaction of people by it. 

The total amount of energy released from the 

earthquake’s source 

The modified Mercalli scale in 1931 : 

- The most common intensity scale used in US and 

world  

- This scale is divided into twelve scales between 

very week one (which are not felt by human) to 

very strong (which causes mass destruction). 

Richter scale in 1935 : 

- More accurate measuring scale than Mercalli 

(G.R) it depends on the amount of energy released 

 

- The magnitude of strongest earthquake till now 

was 9.5 on Richter scale in Chile 1960. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


