IGNEOUS ROCKS

Formation of Igneous Rock
In deep boreholes, it has been established that the temperature goes on increasing as we go deeper and deeper into the Earth’s body.  Generally, there is an increase of 10C for every 40 metres depth.  The natural hot molten material or liquid rock, probably existing below the Earth’s surface but above the M-discontinuity, is called the magma.

Magma When this hot magma erupts out on the Earth’s surface due to volcanic activities, it is called lava.  The magma is a complex high temperature solution of silicates containing water and other gases.  The gases may escape when magma erupts out as lava.  Whenever some change takes place in one or more of the conditions surrounding the magma (such as temperature, pressure, chemical composition, etc.), it will change into a solid state, forming simple or complex solid masses, called igneous rocks.  Igneous rocks are also sometimes called Eruptive rocks.

Intrusive and Extrusive Igneous Rocks


If the magma is successful in erupting out on to the Earth’s surface from some weak point, it will come out with a great force in the form of what is known as a volcano.  This erupting lava from a volcano will spread out on the Earth’s surface and due to cool temperature of the atmosphere, it will quickly get solidified, forming Extrusive igneous rocks.  If the magma remains confined within the rocks below the Earth’s surface, and slowly cools down in the fissures or cavities, etc., it will solidify to form what are known as Intrusive igneous rocks.


The Intrusive igneous rocks are also called Plutonic rocks ; and the Extrusive igneous rocks as Volcanic rocks.  A third name of Hypabyssal rocks has also been given to plutonic rocks 
Textures of Igneous Rocks


The apparent sizes and shapes of the constituent mineral grains i.e. the textures of igneous rocks, will considerably depend upon the cooling rate of magma.  Slow cooling permits the growth of large sized crystal, which can be seen and identified by naked eye.  Average size of particle more than 5 mm are called megascopic crystals.  Such igneous rocks, which are formed due to slow cooling of magma, will posses a coarse grained texture our grantoid texture, rapid cooling of the magma, on the other hand, will result in the growth of microscopic crystals or grains (with average particle size less than 1 mm).  Such igneous rocks which are formed due to rapid cooling of magma will posses a dense or fine grained texture, also called felsitic texture.  The texture I intermediate between coarse and fine (i.e. average particle size lying between 5 mm, and 1 mm), it may be termed as medium grained texture. The igneous rocks contain grains of two distinct sizes conspicuously large crystals embedded in a finer grained ground mass  called as porphyritic texture. Reverse of the porphyritic texture is called poikilitic texture. The poikilitic texture is characterised by fine grained crystals embedded within a body of large sized crystals.

Mode of Occurrence of Igneous Rock


Forms of Intrusive Rocks


The hot molten magma, during its efforts to come up to the surface, sometimes gets successful in melting and distributing the exiting adjoining rocks.  When the magma is unable to disturb and cut across the existing intruded rocks, it may get cooled and solidified within the fissures and cavities prevailing in the existing rocks. Such intrusions (and their consequent solidifications) which are not influenced by the structural features of the intruded rocks, will produce, what are known as discordant bodies.


The concordant intrusive bodies are generally more or lese parallel to the bedding of the intruded rocks; and discordant intruded bodies generally cut across these older existing rocks.


The concordant bodies may occur in different forms, such as : Sills, Phacoliths, and Lacoliths; and similarly the discordant bodies may occur as : Dykes, Volcanic necks and Baitholiths.
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Concordant Bodies


(a) Sills. When the magma is pushed into the existing bedding layers of the intruded rocks and solidifies there in the form of a thin sheet, called sill.
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(b) Phacoliths. When the magma is under low pressure, if will not exert much pressure to makes space for itself. The magma may be pushed into the existing crests and troughs of a fold in the intruded rocks, and get solidified there
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(c) Lacoliths. When the magma injects into the layers of the intruded rocks, but is unable to spread length and width wise for greater distances due to high viscosity, if may force the layers of rocks upwards, in the form of a dome or an arch, known as Laccoliths.
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Discordant Bodies

(a) Dykes. When the magma is forced through the vertical or nearly vertical cracks or fissures in the intruded rocks, and is consolidated there as a wall like structure, is called a Dyke.
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Volcanic Necks. When the magma is forced into the holes of inactive volcanoes, and gets solidified there, in the form of more or less a circular thick pipe, is called a volcanic neck or volcanic plug.
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(c) Batholiths. When the magma moving under high pressure fills up a large space in the pre-existing intruded rocks by melting them away or keeping them aside, or by any other means; thus forming a huge mass of igneous rock, then it is called a Batholith.
Forms of Extrusive Rocks


The extrusive igneous rocks (i.e. volcanic rocks) may occur in two major forms; i.e. (a) Flows; and (b) Pyroclastics.

(a) Flows or Lava Flows. The most common type of extrusive rock is a lava flow or simply called a flow. Flows are identical to sills in their external appearance because when lava oozes out, it will spread over the surface in thin sheets.
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(b) Pyroclastics. It is associated with volcanism and represent rock fragments blow out of volcanoes during eruptions.
Structure of Igneous Rocks


The characteristic features that give conspicuous appearance to a rock are called its structures.


The structures of Igneous rocks may be broadly classified into two types, i.e.,

1. Primary structures; and

2. Secondary structures

Primary structures include all those features, which are developed in igneous rocks at the time of cooling and consolidation of the magma or lava, and immediately following it. The secondary structures, on the other hand, represent those features that have been subsequently imposed upon the existing igneous rock masses.

Primary Structures


The primary structures may be further divided into two types; i.e.

(a) those which are caused by the mobility

(b) those which are caused by the surrounding environment and the manners in which the magma cools.

The important structures developed due to first factor, include;

(i) flow structures;

(ii) pillow structures;

(iii) blocky and ropy structures;

(iv) spherulitic structures; and

(v) orbicular structures

The structures developed due to second factor (which are extremely important) include :

(vi) Rift and grain structures;

(vii) Tension joints or columnar structures;

(viii) Vesicular structures; and

(ix) Miarolitic structures.
Those which are caused by the mobility

(i) Flow structure. A flow structure is caused by the development of parallel or nearly parallel layers, or bands, or streaks in the body of an igneous rock.

(ii) Pillow Structure. Sometimes, when the lava is comparatively less viscous and more mobile (such as in basaltic lavas), the upper surface of the lava will get solidified, whereas the lava below the surface remain hot and capable of flowing. The process is repeated, producing overlapping masses. This structural feature is called the pillow structure.
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(iii) Blocky and Ropy structures. Highly viscous dry lavas under go very little flow before cooling, and their congealed surface shows broken or fragmented appearance, called a blocky structure.

(iv) Spherulitic Structure. Spherulitic structure is characterized by the presence of thin mineral fibres of various sizes, arranged in a perfect of semi – perfect radial manner about a common centre.
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[image: image10.jpg]Fig. 4.9. Orbicular structure.




(v) Orbicular structure. Orbicular structure is characterized by the presence of ball – like segregations.
Those which are caused by the surrounding environment and the manners in which the magma cools.

(vi) Rift and Grain Structure. Many igneous rocks have a tendency to split more easily in two directions than in others. The direction of the most easiest parting is called the rift, the direction of the next easiest parting is called the grain.

(vii) Tension joints or columnar structures. As cooling and crystallization of magma progresses, the magma becomes increasingly rigid, and ultimately gets subjected to cracking. The tension joints are, thus, developed in the body of the rock, so formed, and may sometimes follow some definite patterns, producing characteristic structures.

(viii) Vesicular Structures. Many lavas contain a lot of vapour and gases, *which escape out during their cooling and solidification. This may lead to the formation of cavities within the cooling mass. These cavities will remain empty during the initial periods of formation of rocks, and the rock structure is called vesicular.

(ix) Miarolitic Structures. Small and distinct cavities are formed during the crystalisation of magma. These small cavities may get filled up with some volatile matter, which may probably enlarge their size, and also facilitate formation of unusual minerals in a rock. These cavities often contain projecting distinct crystals, and are called miarolitic cavities. And the rocks containing such miarolitic cavities are said to possess miarolitic structures.

Secondary Structures


The structures developed in igneous rocks after their final consolidation, called secondary structures, are in the form of cracks*, joints*, shear zones*, faults* three sets of joints (two vertical and one horizontal) develop, dividing the rock into cubical blocks, and are called mural joints.


Shear zones i.e. the zones of closely spaced joints along which slight movements have occurred.


Faults or breaks along which differential movements have occurred, are also often developed as secondary structures in igneous masses.

Chemical Composition


The igneous rocks are composed of : silica i.e. SiO2 (the acid forming oxide); alumina i.e. Al2O3 (the alkaline matallic oxide); iron oxides i.e. (FeO & Fe2O3); magnesia i.e. Mgo; lime i.e. Cao; soda i.e. Na2O; and potash i.e. K2O. Other lesser oxides including water (H2O) are also present, but usually in very small amounts.

Mineral Composition


Divided into two groups i.e.

(i) Salic or siliceous minerals; and

(ii) Femic or ferromagnesian minerals.

It is classified into the following four types :

i) acidic rocks;

ii) intermediate rocks;

iii) basic rocks; and

iv) ultra basic rocks

(i) Acidic Rocks. the acidic igneous rocks are characterised by the presence of dominant quantities of siliceous minerals like felspars and quartz. Light in colour and low in specific gravity (average value about 2.6)

(ii) Intermediate Rocks. The intermediate igneous rocks are intermediate between acid and basic rocks. These rocks contain little or no quartz, but consists chiefly of felspars of both types, with or without ferromagnesian minerals. Although a little darker than the colour of the acidic rocks and have an average specific gravity of about 2.8 to 2.9.

(iii) Basic Rocks. The basic igneous rocks are those in which the ferromagnesian minerals are present in predominant quantities compared to siliceous minerals. In such rocks, quartz is generally absent; the dominant felspar variety is soda lime felspar i.e. plagioclase felspar; and olivine is generally present. specific gravity of about 3.1.
(iv) Ultra Basic Rocks. In the ultra basic igneous rocks, both felspars and quartz are essentially absent, and one or more of the ferromagnesian minerals is the dominant component, either hornblende, pyroxene, olivine or a mixture of these.

These rocks are darker than the basic rocks, and have a comparatively higher sp. gravity (of the order of 3.6).

Engineering Importance and Utility of Igneous Rocks


Many of the igneous rocks, especially the plutonic intrusive igneous rocks, such as Granites, Syenties, Diorites, etc. are found to possess very high values of crushing and shearing strengths. They are, therefore, considered to be the most satisfactory types of rocks for all types of engineering construction works, and as building stones.

