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Chapter 2 

• Origin of Earth, Geological Time scale 

• Internal structure of the earth 

• Plate tectonics and mountain building process 

• Origin of Himalaya 

Origin of Earth 

• Planet through an external force acting upon the 
sun to cause that star to yield forth the 
substances from which the planets and all other 
objects of the solar system are derived 

• There are numerous hypothesis about the origin 
of earth: 
– The Neubular hypothesis 

– The Planetesimal hypothesis 

– The Tidal hypothesis 

– The double star hypothesis 

– Condensation hypothesis 

Nebular Hypothesis 

A. Cloud of dust and gases (mostly hydrogen and 
helium) 

B. Started rotating and collapsing toward the 
center 

C. Rocky and metallic materials formed as nebular 
cools 

D. Collisions of particles created asteroid-zied 
objects 

E. Asteroids combined to form planets (Mercury, 
Venus, Earth Mars); gases and lighter particles 
formed planets farther from the center (Jupiter, 
Saturn, Uranus, Neptune) 

 

The Planetesimal Hypothesis 
 A rapidly moving star once passes close to over sun, 

the mutual gravitational attraction of the two bodies 
raising two great tidal bulges on the sun. As a result, 
they were ejected from opposite sides of the sun’s 
surface a pair of curved arms of the gaseous matter 
somewhat like the know solar prominences of today 
but much larger 

Objections: 

The passing star must have come within a distance of 
the sun not more than the diameters of the two stars 
and closing velocity must be 5000 km/sec which is 
unreasonable because it exceeds the escape velocity 
of the galaxy. 



2/7/2016 

2 

The Tidal Hypothesis 

A star passing near the sun has exerted a tidal pull upon 
the sun but that effect was to cause a long filament of 
gases to be drown from the sun. The outer part escaped 
in the space and the inner part fall into starting of bread 
like masses which condense to form the planets. 

Objections 

Thermonuclear reactions within the sun’s interior would 
have destroyed all deuterium (heavy hydrogen-an isotope 
of hydrogen) at an early stage in its history but deuterium 
is found in the earth and meteorites 

The double star hypothesis 

• The solar system was born from one of many star pairs 
which consisted of the sun and another smaller star 
known as the companion star 

• A huge-sized third star came into the region of this 
paired stars and caused tidal explosion in the 
companion star which was completely disrupted, when 
the third star came close to the companion star some 
parts of the companion star, were carried away along 
with the third star which eventually receded away. The 
rest fell into the sun’s gravitational control, these parts 
retained by the sun revolved round it an gradually 
cooled down to form the planets. 
 

The condensation hypothesis 

Scholars follow the concept of Kant and Laplace, 
the solar system developed in an orderly series 
of stages beginning with a primeval cloud of gas 
and dust-the solar nebula-which contracted to a 
rotating disk-like body with the sun occupying a 
central portion. 

The cloud and dust was cold rather than hot 
what the laplace imagined. 

Age of Earth 

• Scientific methods of estimating the age of the 
earth are based on analysis of evidence found 
in rocks and on radiometric dating. 

• Based on these methods, scientists have 
concluded that the earth is much more than 
6000 years old. 

• Recent estimates of the age of the earth: 

– 4.6 ba. 
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Methods for Estimating the age of the 
Earth 

• Fossils and evolution 

• Rates of deposition of sediments 

• Cooling of the earth from a molten state 

• Radiometric dating 

Age of earth 

• The rocks and minerals used for radiometric 
determinations are derived from one of the following 
verities of rocks. 
– Lava flows and pyroclasts interbedded with sedimentary 

rocks whose stratigraphical age is firmly established from 
fossil evidence. 

– Sedimentary rocks accurately dated stratigraphically from 
fossil evidence. 

– Intrusive igneous rocks and minerals derived from them 
that intersect sedimentary rocks of established 
stratigraphic position. 

– Radiometric age dating can be done from the 
metamorphic minerals. 

Geological Time Scale 

 

Oceanic Features 

• Passive continental margins have a continental shelf, 
continental slope, and continental descending to the 
abyssal plain 
 

• Active continental margins have continental shelves and 
slopes, but the slope extends down into deep oceanic 
trench 
 

• A mid- oceanic ridge system encircles the globe, typically 
running down the center of oceans 
 

• Numerous conical seamounts rise from deep ocean floor 
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Continental Shelves and Slopes 

• Continental shelves- gently (0.1 ) seaward-
sloping shallow submarine platforms at the 
edges of continents  

- Range in width from few km to >500 km 

- Typically covered with young sediments 

• Continental slopes – relatively steep slopes ( 
typically 4-5, but locally much steeper) that 
extend down from the edge of the continental 
shelf to the abyssal plain 

 

Contd… 

• Submarine canyons – V-shaped valleys that 
run across continental shelves and down 
continental slopes  

– Deliver continental sediments to abyssal fans on 
deep sea floor, sometimes by turbidity currents 

Continental Rises and Abyssal Plains 

• Continental rises – gently seaward-sloping (0.5) 
wedges of sediments extending from base of 
continental slope to deep sea floor  
– Sediment deposited by turbidity and contour currents 
– End at abyssal plain at depth of about 5 km 
– Lie upon oceanic crust 

• Abyssal plains- extremely flat regions beyond 
the base of the continental rise 

– Flattest features on earth, with slopes<0.01 
– Form where sufficient turbidity currents exist 

to completely bury rugged topography 

Oceanic trenches 

• An oceanic trench is a narrow, trough parallel 
to the edge continent or an island arc 

– Deepest parts of the oceans 

– Benioff zone earthquake foci begin at trenches 
and dip landward under continents or islands arcs 

– Volcanoes found above upper part of Benioff zone 
arranged in long belts parallel to trenches 

– Marked by very low heat flow and large negative 
gravity anomalies 
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Mid- Oceanic Ridges 

• Mid-oceanic ridge – giant undersea range extending 
around the world like the seams on a baseball 
– Made mostly of young basalt flows 
– More than 80,000 km long, 1,500-2,500 km wide, and rises 

2-3 km above ocean floor 
– A rift valley, 1-2 km deep, runs down the cres 
– t of the ridge 
– Shallow focus earthquakes common 
– Extremely high heat flow 
– Often marked by line of hot springs, supporting unique 

biological communities 
– Offset along transform fracture zones 

Seamounts, Guyots, and Reefs 

• Conical undersea mountains that rise≥1000 m above 
the seafloor are called seamounts 

– Isolated basaltic volcanoes along mid-oceanic 
ridges and out in abyssal plains  

– Chains of seamounts form aseismic  ridges 

• Guyots are flat-topped seamounts, apparently cut by 
wave action, and commonly capped with coral reefs 

– Reefs are wave-resistant ridges of coral and other 
calcareous organism that may encircle islands ( 
fringing reefs), parallel coastlines (barrier reefs), or 
rim circular lagoons ( atolls) 

 Continental Features 

• Mounain: a topograic features that rises above 
the level of the surrounding areas. There are four 
types of mountain 
– Fold mountain: Resulted by being compressed from 

the sides 
– Block Mountain: raised block by faulting eg. Horse and 

graben 
– Volcanic Mountain: Liquid and solid material which 

remains after the volcanic eruption create the 
mountain. 

– Residual Mountain: Resulted from the erosion of 
existing mountains. 

Plateau 

• Plateau is called a high plain or tableland 
which is an area of highlands, usually 
consisting of relatively flat terrain. 

• Tibetan plateau, Colorado plateau, Pamir 
plateau 
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Shield 

• A shield is generally a large area of exposed 
Precambrian crystalline igneous and high-
grade metamorphic rocks that form 
tectonically stable areas. 

• In all cases, the age of these rocks is greater 
than 570 million years and sometimes dates 
back 2 to 3.5 billion years. 

Internal Structure of the 
Earth 

The Earth has four main shells:  

The crust,  

The mantle,  

The outer core, and  

The inner core 

This dominant concentric structure has been 

established by many independent analyses of 

measurements of earthquake waves. Interpretations of 

the travel times, amplitudes, and other properties of 

recorded seismic waves of various types have 

provided the necessary tomographic images. 
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Upper part of the earth 

 Geologists distinguish between two fundamentally 

different types of crust. Crust is divided into two 

divisions: 
 

1. Continental Crust which underlies continents 

2. Oceanic crust, which underlies the sea floor 
 

The crust is not simply cooled mantle but rather consists 

of a variety of rocks that differ in composition (chemical 

makeup) from mantle rock  

The earth’s crust 
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Crust 

Seismic evidence shows that that continental 

crust has two proncipal layers, and upper one of 

granite or granodioritic composition and the lower 

one is basaltic composition. These layers are 

called Sial and Sima. 

 

Sial: This layer is composed of silica and 

aluminum. 

 

Sima: This layer is composed of Silica and 

magnesium. 

 1. Continental Crust 
 

At its thinnest where plates are being stretched or 

rifted, continental crust is generally less than 20 

km (12.5 miles) 
 

Where continental plates have collided to form 

mountains, the crust may be as much as 70 km 

(45 miles) thick. 

The oceanic crust is only 7-10 km thick. Oceanic 

crust consists of fairly uniform layers. At the top, 

we find a blanket of sediment, generally less than 1 

km thick, composed of clay grains and plankton 

(tiny floating animal and plant life) shells that have 

settled like snow, beneath this blanket, the oceanic 

crust consists of a layer of basalt and, below that, a 

layer o gabbro  (both mafic igneous rocks). 

2. Oceanic Crust 
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The Mohorovicic discontinuity separates the 

heterogeneous curse from the more homogeneous 

mangle and is marked by a sudden increase in the 

velocities of seismic waves. The geophysical data 

indicated that the mangle has a layered structures: 

 

The upper mantle: crust- 1000km 

Transition zone: crust- 1000km 

Lower mantle: 1000-2885 km 

•Dunite (Olivine), Peridotite (Olivine & Pyroxene) 

and ecologite (Garnet &Pyroxene) 

 

The Mantle 

(1000-2900 km) 

The mantle of the earth forms a 2,885-km-thick layer 

surrounding the core. In terms of volume, it is the 

largest part of the earth. In contrast to the crust, the 

mantle consists of ultramafic rock, peridotite, which is 

very rich in iron and magnesium and very poor in 

silica. That is peridotite though rare at the earth’s 

surface, is actually the most abundant rock in our 

planet.  

It is separated from the mantle by guttenberg-weichert 

discontinuity and extends up to the centre of the earth. 

The physical properties of the core indicate the presence 

of transition group elements and iron is sufficiently 

abundant. The S-waves do not pass through the core, 

which suggests that the outer core is fluid in nature. 

Both the pressure and temperature in the core are 

extremently high. The temperature is assumed around 

6000°C and pressure about 3 million atmospheres. 

The core 

Plate Tectonics  

 
Plate tectonics is a unifying model that attempts to 

explain the origin of patterns of deformation in the 

crust, earthquake distribution, continental drift, 

and mid-oceanic ridges, as well as providing a 

mechanism for the earth to cool. 
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Continental Drift 
(Alfred Wegner, 1910) 

 
• Continental drift hypothesis suggested that the 

continents have not always been in their present 
locations but instead have "drifted" and changed 
positions.  

• Wegener's idea was that the continents had once been 
joined together in a single "supercontinent," which he 
called Pangaea (pronounced "pan-JEE-ah"), from Greek 
words meaning "all lands."  

• He suggested that Pangaea had split into fragments like 
pieces of ice floating on a pond and that the 
continental fragments had slowly drifted to their 
present locations. 
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Seafloor Spreading (Harry Hess, 

1962) 

Types of Plate Boundaries 

1.Divergent Plate Boundaries 

2.Convergent Plate Boundaries 

3.Conservative Plate Boundaries 

 

 
 

Divergent Plate Boundaries (Constructive) 

(Oceanic Ridges) 

 

 
 

1. Plate splits and pull apart. 

2. New crust is created by the upwelling of material from the mantle. 

3. Magma derived from the partial melting of the mantle is injected 

 into the fissures as fissure eruptions. 

4.  Most active volcanic areas of Earth 
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Convergent Plate Boundary 

Diveregent Plate Boundary 
Transforme Plate Boundary 

collision 

subduction 
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Convergent Plate Boundaries (Destructive) 

(Himalaya) 

 

 
 

1. Two mark boundaries where two plates are converging by the  

mechanism of the oceanic lithosphere of one of the plates being thrust 

 under the other, eventually to become resorbed into the sub-lithospheric 

 mantle.  

2. Since the Earth is not expanding significantly, the rate of lithospheric 

 destruction at trenches must be virtually the same as the rate of creation 

 at ocean ridges.  
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Conservative Plate Boundaries 

(Transform Faults) 

 

 
 

 Transform faults are marked by tangential motions, in which 

adjacent plates in relative motion undergo neither destruction nor 

construction. The relative motion is usually parallel to the fault. 

 

 

Triple Junction 

1. Triple junctions are points where three plates meet.  

2. Such junctions are a necessary consequence of rigid plates on a 

sphere, since this is the common way a plate boundary can end.  

3. Triple junctions are classified as stable or unstable, depending 

on whether they preserve their geometry as they evolve.  

4. There are sixteen possible combinations of ridge, trench, and 

transform-fault triple junctions (McKenzie and Morgan, 1969), 

of which only six are common.  

 

R= Ridge 

T= Trench 

F= Transform Fault 
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Himalaya 

Himalaya is the product of collision between Indian and Eurasian plates  

How Himalayas are Formed ?  
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Indian Plate 

The End 


