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  Igneous rocks 

Igneous rocks are formed as a result of crystallization and solidification of the viscous molten rocks 

(magma or lava) by cooling. 

(Magma) : is viscous liquid and contains the eight elements of silicate minerals in form of ions, in 

addition to some gases ( the most important of them is water vapour). 

These elements remains trapped within this viscous liquid under high pressure in the upper part of 

mantle which characterized by partially molten (elastic)rocks. 

Formation of Igneous rocks 

The scientist Bowen experiments on magma reactions explained that when the temperature of magma 

decreases crystallization process start, 

- The first crystallized minerals are those rich in Iron, Magnesium and Calcium. 

- As 50% of magma is crystallized the molten part loses these three elements completely and so it 

becomes rich in Sodium and Potassium and also Silicon content increases and these elements crystallize 

in later stages of crystallization. 

These reactions are explained by Bowen in the following schematic diagram which is known as 

Bowen’s Reaction Series. 
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From this diagram shows two sides, 

The right side shows (the continuous reactions) 

1- Calcic feldspar (calcium rich feldspar) 

2- then gradually sodium replaces calcium forming (calcium sodium rich feldspar) 

3- finally sodium rich feldspar is formed 

The left side (noncontinuous reactions) 

- begins with Olivine followed by Pyroxene then Amphibole finally Biotite (black mica) at the end. 

- During the last stage of crystallization and after the most of magma solidified, crystallization 

of magma happens in the form of potassium feldspar minerals then Muscovite (white mica) and finally 

Quartz mineral is the last crystallized of magma minerals. 

 

We can observe that crystallization of magma includes six groups (mineral systems) arranged according 

to speed of cooling: 

1. Olivine (the first crystallized mineral groups)             2. Pyroxene             3. Amphibole 

4. Feldspar (Plagioclase & Ortuoclase)                               5. Mica (Biotite and Muscovite) 

6. Quartz (the last crystallized mineral) 

 

Principles of Igneous rocks classification: 

Igneous rocks can be classified according to: 

1. Place of crystallization of rocks which effects on the rate of cooling and texture. 

2. Mineral composition of rocks which depends on the chemical structure. 

 

First: Classification according to place of crystallization and texture: 

a) Plutonic Igneous Rocks 

The slow cooling which occurs at great depth in earth away from its surface allows large number of ions 

to accumulate at the crystallization center forming coarse grain texture, and small number of  

large-sized crystals seen with the naked eye which characterize these types of rocks 

such as Granite, Diorite and Gabbro, Peridotite. 
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b) Intruded Igneous Rocks 

When the magma flows to the surface but the surrounding conditions doesn’t allow it to flow to the 

surface, it intruded between the surrounding rocks then cooled down and take different shapes and its 

texture has large crystals (due to slow cooling in deep places) and smaller crystals (crystallized at the 

new places near to earth’s surface where the cooling is faster) forming intruded igneous rocks which its 

texture is known as porphyritic texture where large crystals are surrounded by samller ones which have 

almost the same mineral composition (as Dolerite, Microdiorite and Microgranite) 

 

c) Volcanic Igneous Rocks (Extruded) 

When volcanic lava extruded during volcanic eruptions into earth’s crust or near to it the lava cools very 

fast so it doesn’t take enough chance for crystallization so it forms a glassy texture (non-crystalline) like 

Obsidian or fine texture ( micro crystalline) of many crystals with large numbers that can not be seen by 

naked eye like rhyolite or frothy texture due to the presence of gaseous bubbles during crystallization 

such as Pumice. 

But Basalt, Andesite and Komatitehave glassy or micro crystalline texture. 

 

Second: Classification according to Mineralogy (mineral composition): 

Answered questions : 

- Felsic rocks has light pink color (G.R) 

because they contains more than 66% silica and sodium and potash feldspar, and quartz with 

ratio 25% 

- The most famous examples granite which used in the construction (G.R)  

due to natural beauty specially after polishing, 

- Pumice which has air bubbles so it is light weight (G.R) 

- The most famous of intermediate rocks is Andesite related to Andes mountains.(G.R) 

- Mafic rocks have a black color (G.R) 

Because they are poor in silica content which ranges from 45% to 55% and rich in iron, 

magnesium and calcium minerals such as Olivine, Pyroxene, plagioclase calcic feldspar and 

some Amphibole.  

- Basalt which is the most famous and used for roads pavement. 

 

Equivalent Igneous Rocks : 

They are igneous rocks which have the same chemical and mineral structure but they differ 

in place of formation, texture and grains size. 
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Type of rock Felsic (Acidic) Intermediate Mafic (Basic) Ultra mafic 

Volcanic 
Rhyolite/Obsidian 

Pumice 
Andesite Basalt Komatite 

Intruded (Porphyritic) Micro granite Micro diorite Dolerite  

Plutonic (Coarse grain) Granite Diorite Gabbro Peridotite 

 

 

 

 

 

 

 

 

 

 

 

Silica content More than 66% 55 – 66 % 45 – 55 % Less than 45 % 

Mineral comp. ---------- 

---------- 

Amphibole 

Plagioclase (Na) 

Orthoclase 

Muscovite Mica 

Quartz 25% 

---------- 

Pyroxene 

Amphibole 

Plagioclase Ca/Na 

Orthoclase  

Biotite Mica 

Quartz 

Olivine 

Pyroxene 

Amphibole  

Plagioclase(Ca) 

Olivine 

Pyroxene 

Color Light rosy Bet. Light & dark Black Dark black 

Temp. Less than 800°C Moderate More than 

1100°C 

First crystallized 
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Geological Structure of Igneous Rocks in Nature 

First: shapes of intruded plutonic igneous bodies 

1. Batholith 

The largest intruded igneous bodies and it extends hundreds of kilometers and its thickness is several 

kilometers. 

2. Domes: 

Produced when magma rises in narrow slot and then accumulates, 

rather than spreading horizontally, it may be: A- Normal dome 

“Laccoliths”: in case of high viscosity magma which press on the 

above layers rocks to bend layers up causing Anticline fold. 

B- Inverted dome“lopoliths” : in case of low viscosity magma which 

bends layers down causing Syncline fold. 

 

3. Dykes: 

Formed when magma is intruded in the surrounding rock so that 

they are cutting them. 

4. Sills: 

Formed when the magma is intruded the surrounding rocks but 

being parallel to the layers surfaces not cutting them. 

 

Second: Shapes of Extruded Volcanic Rocks 

to understand that we must study the volcanoes. 

The volcano :is a hole or fracture in the earth’s crust which permits the 

molten rocks and the trapped gases to leave outside the Earth’s surface. 

Magma reservoir : is a temporary chambers or cavities of magma present 

at great depths under the earth’s surface from which the molten rocks are 

coming. 
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Reasons of volcanoes and their eruptions 

1- The Energy of trapped gases in the molten materials are considered main force of volcanic eruptions  

2- That usually happens in the areas of subduction plate tectonics where they cause fractures in Earth 

Surface through which these volcanoes erupted. 

3- The magma is erupted through the cracks and the earth’s crust rocks to reach the surface and the rising 

magma is melting what encounter of rocks. 

4- When magma reaches the surface of the Earth it is called lava. 

5- When lava is exposed to air and normal atmospheric pressure, it cools rapidly and solidifies to form 

volcanic rocks, which usually in the form of a cone. 

 

Volcanoes components: 

• Volcanic Vent (Crater) 

• Volcanic neck: The volcanic substances are erupted through it into the crater. 

• The volcanic cone: It represents the shape of the volcano and contains the volcanic vent. 

• Reservoir of magma (magma chamber) 

Types of volcanoes: 

• Inactive volcanoes :most volcanoes become completely extinct volcanoes after their eruptions where 

magma chambers are completely empty of molten material. 

• Continue in their eruptions as “Stromboli”volcano in Italy 

• Erupt at discontinuous periods as “Vesuvius”volcano in Italy and “Etna” volcano in Sicily Island. 

The effects and benefits of volcanoes: 

Volcanoes are considered of the construction factors of the earth’s crust.(G.R) 

1. They add annually millions of tons of volcanic rocks to the earth’s surface, appear as volcanic plateaus 

or mountains. 

2. Appearance a new volcanic island due to volcanic eruptions happened under the surface of the water 

in the seas and oceans. 

3. The volcanoes lead to the formation of very fertile soil due to volcanic ash. 

4. The formation of volcanic rounded lakes if rain water gathered in the craters extinct volcanoes. 

5- The formation of metamorphic rocks as a result of touching magma to surrounding rocks. 
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Volcanoes products: 

1- Lava : molten minerals substances come out the craters, with estimated temperature about 1200°C. 

2- Gases and vapours such as ammonia, hydrogen sulphide, carbon dioxide, water vapour 

3- Volcanic ash      4- Volcanic bombs      5- Volcanic breccia 

 

Shapes of Extruded Volcanic Rocks 

1. Lava Flows: When lava of volcanic eruptions is consolidated on earth’s surface. It takes the shapes of 

ropes or pillows. 

2. Volcanic Pyroclastics: They are produced by breaking down the volcanic necks and including: 

a) Volcanic breccia: sharp edged rock fragments which spread around the volcano. 

b) Volcanic ash: very fine grained minerals carried by wind for long distances and may crossed the seas 

to deposit on another continent. 

3. Volcanic Bombs: oval-shaped massive rocks, composed of lava materials that solidified near the 

earth’s surface. 

 

Sedimentary Rocks 

Formation: 

Sedimentary rocks are formed due to deposition of products (detritus) of weathering processes, 

whether they are solid or soluble and are carried by transportation natural agents to depositional basins 

so they are deposited in parallel layers one over the other. 

Characteristics of Sedimentary Rocks: 

1. It covers ¾ of earth’s crust in relatively thin layers. It represents 5% only of earth’s crust volume. 

2. Most of them have economic value as limestone, phosphates, coal and iron deposits and sandstone. 

3. Includes mudy rocks in which oil, natural gas & kerogen are formed and also Porous Rocks like 

sandstone, limestone and sand in which oil, natural gas & underground water are stored. 

4. The types of sedimentary rocks are few relatively to those of igneous and metamorphic rocks so it can 

be classified into a very limited number, three of them are abundant and these are mudstone, sandstone 

and limestone which form about 90% of sedimentary rocks. 
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Classification of Sedimentary Rocks 

The most common classification according to mode of formation: - 

First: Clastic (Detritus) Sedimentary Rocks: 

They are classified according to t he dominant size of their solid fragments in their components into : 

 Gravel deposits Sand deposits Mud deposits 

Volume 

(Diametre) 

in size of pebbles and 

boulders which are 

more than 2mm in 

Diameter 

2 mm to 62 microns 

most of these grains are quartz 

They are the sand dunes in 

deserts. 

(Micron = 1/1000mm) 

Silt (size is 62 to 4 microns) and 

Clay (size is less than 4 microns) 

Both are usually mixed to form mud 

deposits such as most components 

of Egypt agricultural soil. 

Rock 1- Conglomerate: Rounded gravels 

lithified by a cementing material.  

 

2- Breccia: Sharp edged gravels lithified by 

a cementing material. 

- Used in the decoration of walls 

Sandstone 1- Mudstone: When mud deposites 

become lithified. 

2- Shale (Laminated mud): When 

mudstone components are 

compressed so they show fissility or 

lamination. 

 

Second: Chemical Sedimentary Rocks: 

They are formed as result of precipitation of the dissolved salts in water which is due to evaporation of 

water and the increase of salts concentration or due to chemical reactions. 

Chemical sedimentary rocks are divided into: 

1. Calcareous rocks: as limestone which is found in stalactite and stalagmite and Dolomite. 

2. Silica rocks as Flint (chert) rock (light and dark). 

3. Evaporates rocks : they salts that deposited as a result of the evaporation of water from semi-closed 

or closed lakes (inland lakes) or in the coastal sabkhas. 

such as gypsum (hydrous calcium sulphate), anhydrite (calcium sulphate) and table salt rock which is 

halite mineral (sodium chloride). 

• Man has used this phenomenon in the extraction of table salt from sea water by industrial evaporation 

in the salt works المالحات 
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4. Some iron ores deposits such as in Egypt is oolitic iron ores at Aswan, which is composed 

of red iron oxide (Hematite). 

 

Third: Biogenic and Biochemical Sedimentary Rocks: 

• Fossiliferous Limestone: Marine organisms build their inner skeleton or outer hard parts (shells) of 

calcium carbonate which they extract from sea water. 

When they die the hard parts accumulate on the bottom of the sea to from fossiliferous limestone of 

biogenic origin which are the solid remains of living marine organisms that may belong to : 

1- Vertebrates (such as fish,.. etc) 2- Invertebrates (such as molluscs, coral reefs) 

3- Micro living organisms as foraminifera 4- plants as algae of organic origin. 

 

• Phosphate rocks also contain fossilized remains of marine animals vertebrate containing phosphates 

minerals components which increase the concentration of phosphate ratio in the biochemical rocks. 
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Energy Resources in Organic Sedimentary Rocks: 

 

1.Coal : is another type of economical biogenic rocks.  

Formation : It is formed when plants are buried in the bottom of the earth away from oxygen for long 

time, so the plant tissues lost their volatile constituents and carbon gets concentrated forming coal. 

Place of formation :  This is usually done in the swamp land behind river deltas (G.R) where the 

conditions are suitable for landfilling (rapid burial) of plant remains in the absence of air this (reducing 

environment). 

 

2. Oil and Gas: 

Oil and gas, although they are not considered as deposits, but they have been formed and are stored 

within sedimentary rocks. 

Formation :  

1- Oil and gas are hydrocarbons, i.e. composed of hydrogen and carbon which have been formed by 

the decay of animal and plant remains of marine micro organisms, which are deposited and buried with 

fine grained muddy sediments (source rocks) away from atmospheric air. 

2- Where organisms are matured at a depth of 2-4 km in the ground and the temperature ranges 

between 70 to 100°C. 

3 - Then changed into liquid and gaseous states then migrate and accumulate to  

(the porous reservoir rocks) which are made of the sands, sandstone and sometimes limestone. 

 

3. Oil shale (Kerogen) 

It is a muddy rock rich in hydrocarbons, are mostly of plant origin and in a waxy solid state known as 

kerogen, which decomposes (turns) to oil substances when it is heated the rock to about 480°C. 

It is an important source of energy, although it is not currently exploited (G.R) 

but kept as reserves until natural oil have been consumed of Earth or when the price of its production is a 

competitor to production price of natural oil. 
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                                                                                    Metamorphic rocks 

Formation : 

Any rock whether it was igneous,sedimentary or even metamorphic may be metamorphosed when it is 

subjected to increase in temperature and pressure in earth’s interior (G.R)  

so that it requires re-equilibrium and recrystallization to be adapted the new conditions.  

 

Features of Metamorphism :( Manifestations of metamorphism) (Appearances): 

• The change of its minerals to new minerals , sometimes. 

• The change of its rock texture so that it becomes more crystallized. 

• The arrangement of its minerals in perpendicular directions to the direction of the effect of the applied 

pressure during its growth. 

 

Reasons and Places of Metamorphism: 

1- During the mountain building movements (Orogenic Movement). 

2- When the rocks are in direct contact or adjacent to the magma of high temperature. 

3- in lesser extent during movement of two blocks of rocks along faults planes causing friction that 

causes increase in temperature. 

 

Types of Metamorphic Rocks 

1. Massive Metamorphic Rocks 

They are the rocks originated from changing rocks under the effect of high temperature when they are 

in contact or adjacent to mass of magma, and the effect of metamorphism decreases gradually as the 

rocks becomes far from the area of contact magma. This results an increase in the size of the crystals 

forming massive granular texture. 

 

2. Foliation Metamorphic Rocks 

These rocks originated due to the effect of both temperature and pressure where the crystals grow 

under effect of temperature in definite directions in form of sheets of flakes perpendicular to direction of 

pressure forming foliation texture. 



 
 

12 
 
 

Types of metamorphic rocks : 

 

Type of rock Original rock Reason of meta. Meta. rock Texture 

Massive 

meta.rock 

Limestone (Sed.R) 
High temperature 

Marble 
Massive granular 

Sandstone (Sed.R) Quartzite 

Foliated 

meta.rock 

Mud rock (Sed.R) 

Pressure and 

temperature 

Mica schist 

Mica crystals arrange after their 

growth (due to the effect of high 

temperature) in perpendicular 

direction to the direction of 

pressure to reduce its impact and 

form foliated texture of (thin 

sheets which are similar in mineral 

comp., connected and not 

intermittent.) 

Granite (Ig.R) Gneiss 

Foliated texture where (Their 

mineral crystals are arranged in 

parallel rows and not connected 

and intermitted.) 

Shale (Sed.R) 

Pressure and 

 low heat 

 (less than 200°C) 

Slate  Foliated 

 

- Quartzite is resulting from metamorphosis quartz of sandstones when it is exposed to very high 

temprature. 

- Marble rock resulting from exposure of limestone to intense temperature under the ground, where 

crystals of calcite are cemented and compacted together so marble becomes more solid and cohesive. 

- Many types of marble with attractive colors and because of impurities which makes using marble as 

one of the ornamental stones is desirable.(G.R) 

- Slate is used in the construction purposes. 

- Schist rocks are different types and the most important type is mica schist. 
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Earth’s crust : 

is the solid outer layer of the earth and it consists of igneous, sedimentary or metamorphic rocks. 

Mineral : is the building unit of the rock. 

The rock : is a natural solid body consist of number of minerals combined together at different ratios and 

sometimes consists of one mineral only. 

Each rock is characterized by definite chemical structure so it has its own physical properties that 

distinguish it from others. 

Types of rocks: Rocks can be classified into three types according to their origin, these are: - 

Type of rock Igneous rocks Sedimentary rocks Metamorphic rocks 

Fromation 

-It is the first type of rocks which 

formed on the earth crust and 

from which all other rocks are 

formed due to different 

geological processes so it is called 

“the mother of rocks” or 

“primary rocks”. 

- It is formed due to cooling and 

crystallization of magma when its 

temperature decreases, whether 

inside the earth’s layers or on the 

surface. 

It is the rocks that formed due 

to 

1- fragmentation of ancient ig, 

sed or meta rocks due to 

weathering processes  

2- then transfer the fragments 

by natural transportation 

factors 

3- then deposition  

4- then consolidation of 

fragments. 

It is the rocks that formed 

when igneous or 

sedimentary rocks are 

affected by intense heat 

or pressure or both 

together so it is 

metamorphosed into new 

rock of new properties 

that doesn’t belong to the 

other two original rocks. 

Properties 
massive, crystalline, nonporous 

rocks that don’t contain fossils. 

stratified (found in layers), 

rarely crystalline,often porous 

and 

often contain fossils. 

foliated (in the form of 

sheets) or massive, 

crystalline and 

nonporous rocks and may 

contain distorted fossils. 

Examples Granite, andesite and basalt. 
Sandstone, mudstone and 

limestone. 
Marble and mica schist. 

 

The rock cycle: 

James Hutton, Scotch scientist in 1785, was the first who related between the three known 
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types of rocks on the earth and the effect of atmosphere and hydrosphere and their geological 

processes that leads to changes in rocks from one type to another in one cycle called the rock 

cycle, that passes through several steps or stages as follow: 

 

Weathering Process It is the impact of weather factors as rains and winds where the 

fragmentation and decomposition of igneous or any rocks into small pieces 

of rock detritus are happened. It occur due to the weather factors so it is 

called weathering process. There are two types of it : 

a mechanical weathering and chemical weathering. 

Transportation Process Fragments are transported to depositional basins in lowland areas by natural 

transporting factors of rivers or glaciers which are sliding on the mountains 

surfaces with the help of gravity or by wind currents in deserts or by water 

currents in the seas so new surface is eroded to activate weathering process 
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Sedimentation Process 

When the ability of the transporting agent weakens as a result of lowering 

in slope or decreasing in the velocities, the transported detritus deposits 

and accumulates in the bottom of the sea or ocean taking the shape of 

horizontal beds, which increase in thickness by the continuous of 

deposition. 

Lithicfication Process 

The lower beds are affected by the weight of highly upper layers making its 

grains closer to each other, adhesive and cohere by cementing materials to 

consolidate and then the loose sediments are changed into hard lithified and 

consolidated sedimentary rocks. 

Metamorphism Process 

-In areas where the relative instability of the surface layer of the Earth is 

significantly the sedimentary rocks or other rocks go slowly down to great 

depths. 

- They are exposed to increasing of temperature and pressure changing 

those rocks into new rocks called metamorphic rocks  

- The change usually includes minerals types and texture of the rock so that 

the appropriate balance of unstable rock occur with the new conditions of 

temperature and pressure. 

Melting Process 

When the metamorphic rocks or any other type subjected to significant 

increase in temperature and pressure in great depth their mineral constitutes 

melt when reaching melting point. 

Cooling and 

Crystallization Process 

When magma goes out from magma chamber and exposed to low  

temperature, it solidifies forming igneous rocks. 

- They may be intruded underground to give plutonic igneous rocks such as 

granite. 

- or erupted to the surface as lava in the volcanic eruption regions to give  

volcanic igneous rocks such as basalt and andesites. 

 

 


