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                                                                                         Chapter one 

                                                                     Geology & Material  of the Earth 

 

Geology: word is composed of two parts which are “Geo” which means the “Earth” and “logus” which 

means “science” that’s means 

The science of Earth ( Geology ) : is the science which deal with everything has relationship 

with Earth, its components, its movements, its history,its phenomenon and its wealth. 

 

The natural phenomena which are explained by Geology: 

1- Earth’s surface is consists of continents, oceans and seas 

- the continents differs from one place to another in some regions we find mountain chains are 

extended in a certain direction while in others we find valley and plains of different shapes 

- Also the seas, some are relatively shallow while others are as deep as 11,000 m.  

2- Volcanoes happen in certain regions some of them become inactive then suddenly start its activity, 

magma released from it. 

3- Earthquake causing damage for villages and cities completely. 

4- The extraction of minerals and ores as well as petroleum and underground water near the Earth’s 

surface or in depth is known phenomenon used for long time. 

---------------------------------------------------------------------------------------------------------------- 

Different Branches of Geology: 

Physical Geology: is the branch which concerns with the external and internal processes affecting the 

rock of the Earth’s crust. 

 

Mineralogy and crystallography: is the branch which studies shapes of minerals, their physical and 

chemical properties and the forms of their crystal systems. 

 

Hydrogeology: is the branch which concerns  with groundwater aquifers, supply and withdrawal and 

how to use it in agriculture and land reclamation. 
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Structural Geology: is the branch which deals with the different structures of rocks resulting from the 

effect of both external and internal forces that continually work with variable degrees of forces on 

Earth’s crust. 

 

Stratigraphy: is a branch which deals with the rules and conditions that govern the formation of the 

layers and the sites of deposition of the sediments after weathering and transportation by different 

natural factors. 

 

Paleontology: deals specifically with studies of fossils and the remains of living organisms, vertebrates, 

invertebrates or plants present in sedimentary rocks, which help in determination of the rocks geologic 

age and environmental conditions of its formation. 

 

Geochemistry: is the branch which studies the chemical side ofr minerals and rocks, distribution of 

elements in the Earth’s crust and determine the type and ratio of mineral ore in the Earth crust. 

 

Engineering Geology: is the branch which deals with the study of mechanical and engineering 

properties of rocks in order to establish the different engineering structures such as dams, tunnels, giant 

bridges and skyscrapers and towers. 

 

Petroleum Geology: deals with all processes concerning the formation of oil or gas, their migration and 

accumulation in reservoirs rocks. 

 

Geophysics: is the branch which deals with the exploration of oil traps, ore deposits , ground water and 

all below the Earth using physical sensitive sets. 

 

The importance of Geology in our life: 

The economic and industrial evolution depends on geology as the wealth which extracted from the 

Earth and using it. (Discuss) 
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The most important benefits of Geology: 

1. Prospection for mineral ores as gold, iron, silver and others. 

2. Discovering the different energy resources as coal, oil, natural gas and radioactive minerals. 

3. Searching about building materials as limestone, shale, marble, gypsum and others. 

4. Help in planning for habitation projects as building new cities, dams, tunnels and establishment of 

safe districts from the dangers and disasters. 

5. Search of raw materials used in many chemical industries as sodium, sulphur, chlorine that necessary 

for manufactures of fertilizers, insecticides and drugs. 

6. Exploration of sources of groundwater for the new reclaimed areas . 

7. Geology plays an important role in the success of military operations. 

---------------------------------------------------------------------------------------------------------------- 

                                                                 Constitution of the planet Earth 

The planet Earth has six main components which are: 

1. The Crust: 

The crust is the outermost thin shell (layer) of the earth consists of igneous, sedimentary and 

metamorphic rocks. 

 Continental crust Oceanic crust 

Mineral comp. Basaltic rocks - Sima (Si / Mg) Granitic rocks - Sial (Si / Al) 

Thickness 60 km 8-12 km 

Denisty Lower density Higher density 

Although the difference in density between Sial and Sima, crust is always in what is known as isostatic 

equilibrium (permanent balance) 

 

2. The Mantle: 

- Volume : forms more than 80% of the volume of Earth’s rocks. 

- Thickness : 2900 km 

- Mineral composition : iron, magnesium and silicon oxides 

- Phyiscal state :  

- Most of the mantle is in the form of solid rocks (about 2550 km) 
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-  except the upper part of the mantle (Asthenosphere) with a thickness reaches about 350 km which is 

partially molten and elastic rocks which behave as fluids under certain conditions resulting from pressure 

and temperature that allow for the spread of convection currents which permits the drifting of the 

continents above. 

 

3. The Core:  The core is the innermost zone of Earth 

- Volume : It forms about one sixth (1/6) of the Earth by volume 

- Mass : about one third (1/3) of the Earth by mass (G.R) 

 because it composed of materials with very high density 

- Radius : 3486 km       - Pressure : very high reaches about millions of the atmospheric pressure                   

- Temperature : more than 5000°C. 

The studies that obtained by scientist when they analyzed the seismic waves that spread through the 

Earth’s zones during the occurrence of earthquakes helped greatly in determining that the earth’s core 

could be divided into two parts: 

 Outer core Inner core 

Thickness 2100 km Radius = 1386 km 

Mineral comp. Iron and Nickel  

Physical state Molten Solid 

Pressure 3 millions atmospheric pressure  

Denisty 10 gm/cm³ 14 gm/cm³ 

Scientists were able to explain the origin of the magnetic field of Earth (G.R) as result of the presence of 

outer core that composed of molten material revolves around the rocky solid inner core. 

4. The Atmosphere: 

Scientists think that during the formation of Earth planet, several elements and chemical compounds, 

which were in contact with the molten materials to remain in their gaseous state forming later in time 

our atmosphere. 

- Thickness : gets as high as 1000 km above the earth’s surface. 

- The air density : decreased as we go higher from the earth’s surface. 

- The atmospheric pressure : decreased as we go higher from the earth’s surface to be low as one half of 

its value for every 5.5 km high till it vanished at higher altitude. 
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- The constitution : the main constituents of the atmosphere in volume are the Nitrogen (78%) and 

Oxygen (21%) and other gases with percentage doesn’t exceed 1%, the most important of them is 

Hydrogen, Helium, Argon, krypton and Xenon with variable amounts of water vapour, carbon dioxide 

and Ozone. 

- It can be also noticed that the ratio of Oxygen decreases and becomes less and less at higher altitude 

which gives human being a state of suffocation at high altitude.)G.R) 

 

5. The Hydrosphere: 

During and after the formation of the solid earth and atmosphere, a tremendous amount of water 

vapour that already present due to eruptions of old volcanoes had been extremely condensed resulting 

heavy rains which felt on land to fill the gaps and large basins had formed on the surface during 

solidification of Earth’s surface forming the hydrosphere. 

 

The Hydrosphere includes all the waters of the seas and oceanic basins, rivers and lakes that cover about 

72% of the total surface area of the Earth, including the underground water which fills the pore spaces 

in rocks and soil in the ground. 

 

- Sea level : is the hydrosphere surrounded the Earth from all sides which is internationally recognized 

and all heights of different topographical features are attributed to such as mountains, plains, plateaus, 

valleys and others features that forming the rocks of earth’s crust. 

 

6. Biosphere: We will study it in detail in the second part 

 

                                                                                  Geological Structures 

 

The rocks which form the earth crust, specially the sedimentary rocks never stay as they have been 

deposited (G.R) because they are subjected from time to time to internal and external forces that make 

the rocks take new forms. These forms what are known as geological structures. 
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 Types of Geological Structures: 

 

1. Primary Geological Structures 2. Secondary Geological Structures 

-These type of structures, resulted due to the 

influence of climatic and environmental conditions 

such as (drought, heat and the effect of wind and 

water currents ... etc ) on the rocks of the crust 

and without any effect of tectonic forces or earth 

movements. 

 

Examples : 

Cross bedding 

Ripple marks 

Graded bedding 

Mud cracks 

-The structures that are formed by forces emitted 

from the interior Earth. So they are known as 

tectonic geological structures. 

- They are huge fissures and cracks and violent 

torsions which often we see deform the crust 

- Those internal forces causing earthquakes, 

ramage seas and oceans, regression and 

transgression of their water on the land, and 

drifting the continents and their movements 

around each other.. 

-. As well as make the rocks take forms other than 

those taken before such as (folds, faults and 

fractures or joints) which deforms the crust. 

 

We will study in detail the tectonic structures due to its economic importance. 

                                                                             Examples of Tectonic Structures 

First: Folds 

Fold is a bending or wrinkling happens to the rocks of the earth’s crust as result of pressure forces and 

It may be simple as single fold or often composed of several connected folds. 

The Folds exist quit clearly in sedimentary rocks (G.R)  

because they appear on the form of layers vary in their thickness and extension in nature from one place 

to another. 

 

The geologic and economic importance of folds: 

1. They form traps and reservoirs for crude petroleum oil, ground water and mineral ores deposite on it. 

2. Determine geological chronology of rocks (in terms of older or younger). 

3. Evidence on geological events. 
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Geological characteristics of folds: 

a) They occupy different areas of the earth’s crust, ranging from a few meters to tens of square 

kilometers in the same region. 

b) Fold is rarely found individually in nature, but often several folds are found connected together. 

c) Folds are rarely found in nature in definite shapes and systems (G.R) as folds are subjected to 

repetition of  folding, so the majority of them have a complex shape due to  fractures and cracks. 

 

 Structural elements of the folds : 

1. Axial plane: it is defined as the imaginary plane which divides the fold into two equal and identical 

parts in all aspects. 

2. Limbs: they are represented as rock blocks which found on both sides of axial plane. 

3. Axis: which is defined as the imaginary line of intersection of the axial plane with any surface of all 

different layers. 

Since any fold always consists of a succession of different layers and each one of these layers has its own 

axis, then it is expected that the axial plane should contain all these axes.(G.R) 

 

Principles of classification of folds : 

a) The appearance of the fold outcrop in the field. 

b) The positions of the structural elements of the fold in nature. 

c) The type and nature of tectonic forces that affecting the rocks during the mechanical folding process. 

 

Although folds take different shapes but the most familiar of all are those which are known as 

anticlines and synclines : 

 

* Anticlines Folds which are characterized by : 

The layers are concaved upward and its oldest layers are found in the center. 

* Synclines Folds which are characterized by : 

The layers are concaved downward and its youngest layers are found in the center. 
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Second: Faults 

The faults are fractures or cracks cutting rock masses and accompanied by relative movement 

(displacement) of rock masses along both sides of fault plane. 

 

Faults Structural Elements: 

1. The fault plane: it is the plane on its both sides, the fractured rock masses move with relative 

movement to each other causing its displacement. 

2. Hanging wall: the rock mass which found upper the fault plane. 

3. Foot wall: the rock mass which found below the fault plane. 

 

Determination the type of fault: 

To find out the type of the fault whether it is normal or reverse fault, we must first know the direction of 

rock mass movement on one side of the fault plane according to the direction of the same rock mass 

movement on the other side of the fault plane. 

 

                                                                                          Types of faults 

 

1) Normal fault:  fracture is resulting by tension where the hanging wall is moving downward along the 

fault plane with respect to the footwall. 

2) Reverse fault: fracture is resulting by compression where the hanging wall is moving upward along 

the fault plane with respect to the footwall. 

3) Thrust fault: It is a type of reverse faults and distinct from the reverse fault that its fault plane is almost 

horizontal (with low angle of dip). So it is called “creeping fault”(G.R) because its broken rocks almost 

creep horizontally for certain distance on the fault plane. 

4) Strike - slip fault: where the fragmented rock mass moves horizontally in the same plane without 

vertical displacement. 

5) Horsts: occur when the rocks are affected by two normal faults combine in footwall. 

6) Grabens: occur when the rocks are affected by two normal faults combine in hanging wall. 
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The importance of faults: 

1. Considered as traps for petroleum oil. 

2. Hot water and springs are rising along fault plane. Helwan sulphurised water in Helwan 

area and Ein El Sokhna on the western side of the Suez Gulf and Hammam Faraoun on the eastern side 

of the Suez Gulf which are used for tourism and treatment. 

3. Deposition of calcite minerals, manganese, copper and economic tin ores (G.R) due to rising of 

mineral water through the cracks along the fault plane. 

 

Structural features associated with faults (How to determine the fault’s locations) : 

1. The fault plane is polished, sometimes with lines parallel to the rocks movement. 

2. The presence of a fault breccia which are crushed rocks have sharp edges. 

3- The rise of hot springs and mineral deposition along faults planes. 

 

Notes: The structures of folds and faults also appear in igneous and metamorphic rocks, but are less 

clear than their apperance in sedimentary rocks (G.R) because bedding features of the sedimentary 

rocks which appear on the form of different layers vary from each other in their thickness, extension, 

color , mineral and chemical composition , cementing material , texture and fossils content. 

 

Third: Joints 

Joints are fractures present in different types of rocks; igneous, sedimentary and metamorphic without 

any evidence of movement. 

 

The distance between joints varies from a few centimeters to tens of meters; depending on: 

* The type of rock. 

* The thickness of the rock. 

* The method of response of rock to the forces affecting it. 

 

Importance of joints : the Ancient Egyptians had benefited from the presence of joints in the rocks in 

their constructing temples and tombs, as well as in making obelisks. 
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                                                                   Introduction of Historical Geology 

The main aim of geology is determining of the earth history which can be determined by geologist 

through studying the rocks specially sedimentary ones which contain fossils. 

 

Inspite of the great achivements which geology had reached in many aspects of life but 

the most important for humanity knowledge is ( Geological time scale). 

 

- Geological time scale (Geological time line): 

It means placing geological events are in their correct order 

 

 - The geological time scale is not complete in one place as some layers disappear (G.R) as result of 

erosion processes or non-deposition for certain period of time which is called (unconformity surface)  

 

Methods which used to determine the age of Earth by 4.6 billion years (4600 million years old) : 

1- The decay of Radioactive substances  

2- Developing (evolution) of life which depends on (Index fossil) 

 

Index fossil : is a fossil of wide geographical distribution and have limited time range. 

 

Through whole of this we devide history of earth into two large eons: 

1/ CRYPTOZIC (unknown life eon) : starts with the begings of earth history till 542 million years ago 

 - This eon devided into three eras (Hadean - Archean - Proterozoic) 

2/ PHANEROZOIC (Known life eon) which starts from 542 million years till now. 

- This eon is devided into three eras which are (paleozoic - Mesozoic - Cenozoic) 

 

- (Eon) >>> (Era) >>> (Period) >>> (Epoch) 

 

By Studying of the geological record, it has been proved that ( regression ) seas on land and 

( transgression ) seas away of land which caused periods of deposition and non-deposition or 

denudation and that cause formation of geological structures which called ( unconformity structures) 
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Eon Era Period Epoch Evolution of plants and animals 

 

Cenozoic 

 

Era of 

mammals 

Quaternary 
Holocene 

Pleistocene 

-Appearance of Human beings. 

- Advanced evolution of the mammals. 

- Spreading of the birds. 

- The emergence of grazing animals. 

- Appearance of Nummulite. 

- Prevalling of the flowering plants. 

- Extinction of dinosaurs and many other livings 

Tertiary 

Pliocene 

 Miocene 

 Oligocene 

 Eocene 

 Paleocene 

Mesozoic  

 

 

 

Cretaceous 

 -Spread os the flowering plants. / - Evolution of birds 

- Appearance of modern bony fishes. 

- Appearance of placental mammals. 

- Disappaearance of dinosaurs at end of this period. 

Jurassic 

-Dominance of the huge reptiles (Dinosaurs) 

- Appearance of the first birds. 

- Spread of small sized mammals. 

Triassic 
-The  spread of terrestrial, aquatic and flying reptiles. 

- Spread of Ammonites./ - Appearance of first mammals. 

Paleozoic 

 

 

Permian 
 -Spread of true seed-bearing plants (angiosperms) 

- First appearance of reptiles./ - Flourishment of marine life. 

Carboniferous 
-Appearance of scally trees and ferns that formed coal. 

- Spread of Amphibians 

Devonian 

-First appearance of the uncovered seed plants 

(gymnosperms) as conifers. 

- First appearance of trees and insects./ - Fish abundant. 

Silurian 
-First appearance of the vascular plants. 

- First appearance of fishes  (The first vertebrates) 

Ordovician 
-First appearance of green plants and fungi on land. 

- The diversity of invertebrates. 

Cambrian 
-Dominance of Trilobites. 

- First appearance of skeletal organisms. 

 
Proterozoic 

Called Precambrian 

represents about 87% of the 

Earth age 

-Green algae 

- First appearance of multi-cellular organisms. 

Archean 
-First appearance of unicellular organisms as anaerobic 

bacteria./ - The oldest rock 

Hadean 
-Origin of the Earth and its Lithosphere, Atmosphere and 

Hydrosphere 
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                                                                                  Unconformity Structures 

 

Unconformity surface is Erosion or non-deposition surface. It is clear and distinct and separates 

between two groups of rocks and indicates the absence of deposition for certain periods of time up to 

tens of millions of years. 

 

Evidences indicating Unconformities: 

1. Presence of layer of rounded gravel (conglomerate) lies directly above the surface of unconformity. 

2. Sudden change in the sequence of fossil contents between the layers. 

3. Difference in the inclination (angle of dip) of strata on both sides of the surface of unconformity. 

4. The presence of geological structures or dykes in some layers and its absence in other layers. 

 

                                                                                     Types of unconformities 

 

Nonconformity: 

This type consists of sedimentary rocks on a side and metamorphic or igneous rocks on the other side 

where the sedimentary rocks are younger and lie above. 

 

Angular unconformity: 

It is between two groups of sedimentary rocks. The older group layers are tilted (inclined) and the 

younger group layers are horizontal or the two groups of layers are inclined in two different directions. 

 

Disconformity: 

It is between two parallel groups of layers of sedimentary rocks, almost in horizontal position and occur 

due to erosion or period of non-deposition. 

 

- Geologist can distingnish the surface of disconformity through fossils contents. 

 

 

 

 

 


