
GEOTECTONICS



What is Plate Tectonics

• The Earth’s crust and upper 

mantle are broken into 

sections called plates

• Plates move around on top of 

the mantle like rafts



PLATE TECTONICS:

Pieces of a Jig-saw puzzle of both continent and 

ocean often reinforced by geological and bio-

geographical considerations.

In accordance to sea floor spreading from oceanic 

ridges the Continents move aside

If one ocean grows the adjacent ocean should shrink 

but it is not the case in some plate.

This is due to subduction at the plate collision site.





What is the Lithosphere?

• The crust and part of the upper 

mantle = lithosphere

–100 km thick 

–Less dense than the material 

below it so it “floats”



What is the Asthenoshere?

• The plastic layer below the 

lithosphere = asthenosphere

• The plates of the lithosphere 

float on the asthenosphere





2 Types of Plates

• Ocean plates - plates below 

the oceans

• Continental plates - plates 

below the continents



Plate Boundaries



Divergent Boundaries

• Boundary between two plates 

that are moving apart or rifting

     →
• RIFTING causes SEAFLOOR 

SPREADING



Features of Divergent 

Boundaries
• Mid-ocean ridges

• rift valleys

• fissure volcanoes









Convergent Boundaries

• Boundaries between two 

plates that are colliding

    →  
• There are 3 types…



Type 1
• Ocean plate colliding with a 

less dense continental plate

• Subduction Zone: where the 
more dense plate slides under 
less dense the plate

• VOLCANOES occur at 
subduction zones 





Andes Mountains, 

South America



Type 2

• Ocean plate colliding with 

another ocean plate

• The more dense plate slides 

under less dense the plate 

creating a subduction zone 

called a TRENCH





Aleutian Islands, Alaska



Type 3

• A continental plate colliding 

with another continental plate

• Have Collision Zones:

–a place where folded and thrust 

faulted mountains form.







Transform Fault Boundaries

• Boundary between two plates 

that are sliding past each other

• EARTHQUAKES along faults





San Andreas Fault, CA



Causes of Plate 

Tectonics



Convection Currents

• Hot magma in the Earth 

moves toward the surface, 

cools, then sinks again.

• Creates convection currents 

beneath the plates that cause 

the plates to move.











DIVERGENT PLATE BOUNDARIES

CONVERGENT PLATE BOUNDARIES



Theory of Plate Tectonic:

➢ Largely due to contrast in the deformational 

properties  of two outer layers.

➢ The stresses exerted along one part of a plate 

      can be transmitted  to distant part of the plate

➢ So the lithosphere plate move over the 

      Asthenosphere

➢ The surface between lithosphere and Asthenosphere 

      is otherwise is  the isothermal line.



Theory of Plate Tectonic:   Cont…..

➢ 80km below the surface the temperature 

     is 1400 C at that temperature mantel 

     rock is in molten stage

➢ The isothermal line in a static earth will 

     be horizontal

➢ However when the plate / lithosphere 

     moves it carries its isothermal with it, so 

     it produces downward boundary

➢ where as in the case of pull apart 

     condition the Asthenosphere moves  

     upward, so the crust thins out



Rigid, cold lithosphere slides over the soft Asthenosphere until it 

encounters a trench, where it sinks. Plate tectonic cross section : 

continent does not plow through the lithosphere but rides with it.



Lithosphere thickening and sinking as it cools. Lines  are 

isotherms within the lithosphere 



Formation of Atlantic Ocean basin by rifting initiated by a 

hot mantle plume rising beneath the Africa- North 

America super continent. As the rift widens, sediments 

eroded from the continents are deposited upon the 

trailing edge of the continents.



Plate layering:
Lithosphere:

➢ Entire crust + upper layer of Mantle

➢ Highly resistant layer to deformations due to high viscosity or 

       finite strength

➢ So it is a rigid layer

➢ about 80km thick

Asthenosphere:

➢   Soft, easily deformable layer of mantle below the rigid upper

 layer of mantle and crust (Lithosphere)

Mesosphere:

➢   Beneath the Asthenosphere

➢   Less deformable than the Asthenosphere but more deformable 

 than lithosphere





CONTINENTS & OCEAN:

                        sial layer - continent area

Crust    

                        Sima layer - Beneath the ocean

Oceanic eruption      :   Basaltic lava entirely

Continental eruption  :    All kinds 

     Basalt

     Intermediate

     Acid

     Fresh magma melt

      due to melting & 

      assimilation



Spreading sites:

⎯ The sites where from the sea floor spreads

⎯          successively the cooled floor acquire magnetism prevailing at 

              that  time i.e., 

     →  alternatively normal & reverse polarity

⎯          By dating the rocks by potassium / orgon method and 

             measuring distance apart of corresponding sea floor, 

             we can workout the rate of ocean floor spreading.

 eg:- 1)  Pacific expanded 4.5 cm/ year for ten million years    

                           making a   total of 45 km

        2)  1 - 2 cm / year for North Atlantic

        3)  2 - 3 cm/ year for South Atlantic & the Indian Ocean









HOT SPOTS:

 Many pacific volcanoes have a linear arrangement

 progressive change in age along the line

 This may have some bearing on ideas of sea floor spreading

→          Each volcano in turn appears to move through a sequence of  

             eruption, erosion, coral growth and subsidence.

 But the Island chains are explained as the result of an ocean 

plate passing over a hotspot fixed in the mantle, which result in 

periodical eruption.

 ⎯ the rate of migration of Islands matches with the rate 

                          of sea floor spreading

 ⎯ the direction of the Island chain matches the direction 

                          of movement of plates





COLLISION SITES:

⎯ Andes Type Subduction

⎯ Island Arc Subduction

Andes Type:

⎯          sea floor thrust under continental plate marked by a deep trench just 

              off the continent

⎯ down going slab melts & produce andesite magma & erupted

⎯ further movement marked by a series of earthquakes - Benioff zone

⎯ the continental edge is uplifted to form mountains (The Andes)





Subduction of Continental plate under continental plate



Geological cross section of the Subduction process



TRIPLE JUNCTIONS & AULACOGENS:

⎯         they are ‘Y’ shaped junctions where three plates comes 

            together,  & where the spreading site join

⎯        New plate boundaries are commonly associated with triple  

            junction

⎯ two arms become dominant and third dies out

⎯ the failure arm is - “AULACOGENS”







Island Arc:

⎯ Sites of many large deep - seated earthquakes 

⎯         Benioff zone dips with 30  - 35 to depths of 700km ( 1/10 of 

             earths radius )

⎯ movement causes earthquakes

⎯         pushes the continent towards ocean ( or the ocean under the 

             continent ) and

⎯ topographically gives rise to the arc.







OTHER TYPES OF PLATE COLLISION:

→  Continent & Continent -  make plate extra thick Mountain 

                     building but devoid of volcanoes.

                                                INDIA-ASIA (Himalayan Mountains)

→  Continent & Ocean  -  Slab of oceanic crust over the           

                                                             eg:  (Papua New Guinea)     continent

 →  Ocean - Ocean  -  Marked by deep trenches, 

       eg: (Scotia arc)        earthquake zone &   volcanoes pacific into  

                                                             Atlantic

→  Arc - Arc   -  Phillipine ( Two pre exhisting arc)





Andesite line:

 Line that separates the central basaltic volcanoes 

from the surrounding area characterized by highly 

explosive andesitic volcanoes in the PACIFIC.

 Volcanoes present dominantly in the PACIFIC area 

(nearly 3/4 of world activity)



















PALEOMAGNETISM



Magnetism of the Earth:

➢ The earth behaves like a large magnet, and a magnetic field not only 

exists in its body but also surrounds it far in space.

➢ The earth’s magnetic pole and equator do not coincide with the 

geographic pole and equator.

➢ The total magnetic intensity varies from 39,000 gammas in the equator 

to 70,000 gammas in the pole.

➢ The intensity of the field varies with respect to time.

➢ Daily variations in the earth magnetic field is know as diurnal variations.

➢ There are also variations which take place over much longer periods of 

time, known as secular variations.

➢ In dealing with earth’s magnetism, two angular relations called the 

declination and the inclination are commonly denoted on topographic 

maps.



Paleomagnetism:

➢Paleomagnetism of a rock provides a north arrow 

   inscribed on the rock at the time of rock formation

➢As a plate carrying the rock rotates about some 

   pole, the north vector embedded magnetically in 

   the rock also rotates to a new direction that is no 

   longer north.

➢It also tells us the latitude at which the rock formed.

➢These information provides a clue or guide to 

    rearrange the plates in its original position prior to 

    its movement.



Magnetic Latitudes and Colatitudes:

➢The distance from a point of observation to the 

   north magnetic pole is Magnetic Colatitudes.

➢Magnetic Equator is the midway between the 

   two magnetic poles where the magnetic 

   Colatitude is 90 ( θ)

➢Magnetic Latitude (λ) is the angular distance of 

   a point of observation from the magnetic 

   equator (λ = 90-θ )





➢For a dipole field (North & south pole ) at all point 

   along the magnetic equator where λ=0. F is 

   horizontal and the magnetic inclination is Zero. 

➢At all points along each magnetic latitude circle the 

   magnetic inclination ( I ) is constant.

   So the Magnetic Inclination ( I ) 

 I  = tan‾1 ( 2 Cos θ )  ; θ = Cot ‾1 { ( tan I) /2}

 I  = tan‾1 ( 2 tan λ )   ; θ = tan ‾1 { ( tan I) /2}



Samples / Rocks suitable for Paleomagnetic studies:

       Volcanic rocks : 

➢     Superb Magnetic recorder that too hot lava or ash flow rather 

     than cold ash fall.

➢       Sampling needed from more lava layers with slightly varying 

          age to remove the secular variation.

Sediments         :  

❖     Sediments of less than silt fractions

❖     Sediment deposited more faster

❖     Sediment not undergone any chemical change

 But small sample of 1cm to 2cm size is enough even to remove 

the secular variation because this 1cm thickness of sediment 

deposition is  taking place over a long space of time nearly 10my.



RED BEDS :

Positive aspect:

➢ Hematite (Fe2 03 ) is a good carrier of magnetic memory.

➢ Hematite is chemically stable

➢ The magnetic remanence of red beds, whether deposition of 

      chemical in origin, is generally accrued over a long interval 

      of time (so it averages secular variation)

Negative aspect:

➢ Fossils embedded give /provide uncertain ages for these red 

             bed deposition

➢ Uncertainty sterns from the difficulty of determining whether 

             red beds become magnetized during, shortly after or long 

             after deposition.



Collection of samples:

➢ We need to collect oriented samples

➢ six to eight oriented samples spread over a 

 lateral distance of several hundred meters 

 from each stratum to get the internal 

 consistency of the magnetization

➢ In the case of tilted lava flow & sedimentary 

 layer – the direction & amount of tilt need 

 to be recorded for tectonic correction.

























ISOSTASY



Isostasy:

➢ In general the high mountains have crustal roots

 ie., where the land surface rises to a higher elevation, 

          the crust underneath is thicker

➢ The high mountains are nothing but similar to 

           icebergs where small part of the ice float where as its 

           huge mass is below the water surface but still it 

           floats- this is due to Buoyancy.

➢        Here the crust acts like a buoy or float that holds the 

           lithosphere up

➢ the bigger the buoy ( thicker the crest) the higher the 

           lithosphere floats.





Isostasy:  conti…….

➢ the pushing up of lithosphere due to buoyancy force 

          is equals to gravitational force which pulls the 

          lithosphere down – this is called ISOSTASY  -  

          Isostatic equilibrium

➢       The isostatic equilibrium exists at the surface of the 

          crust.

➢       So that the surface elevation of the crust reflects the 

          level at which the lithosphere naturally floats.

➢       If a geological event happens that changes the 

          density or thickness of the lithosphere, then the 

          surface of the crust slowly rises or falls to reestablish 

          the isostatic equilibrium , a process called Isostatic 

          Compensation.



Isostasy:

It is a mass balance theory based on density and topography variations.

Isostatic Anomaly:

Gravity value either excess or short of the normal value.

J.H.Pratt:

Error in astronomic survey

G.B.Airy’s Hypothesis (Depth of compensation)

Mountain

Mountain 

Root

Ocean 

Basin

Anti Root

Density 

3.1



Airy and Pratt end-member isostasy models

This was a big debate in 1855 after a British gravity/geodetic survey 
in India.

 Mr. Pratt suggested that mountains do NOT have roots but instead 
the topography is compensated by a less dense (hence lighter) 
block. And, that all topography was compensated at the same 
depth.

Mr. Airy suggested that  mountains had thick low density roots 
supporting mountains and that the depth of compensation was 
NOT constant, but the density of the blocks was constant.

TIME TO TEST THE HYPOTHESES!







Who was correct ?
Airy was mostly correct about what 
supports large (wide) mountains, but it 
took until the 1970’s to prove this with 
seismic work that measured the thickness 
of the crust and lithosphere beneath 
mountains.

Pratt was correct in that the difference 
between the low standing ocean basins 
and the high standing continents is 
partially due to the fact that oceans have 
dense gabbroic composition crust whereas 
continents have lighter less dense 
‘Andesitic’ composition crust.



OROGENY & EPIOROGENY



Orogeny:

➢Except the Hot spot volcanoes, no mountain occur in isolation

➢Rather they occur linear ridges with series of hills and valleys.

➢They are called “Mountain Belts” – “Orogenic belt” or “ Orogens”

    Greek word         Oros       – Mountain

     Genesis       - Formation

➢The mountain building event or orogeny has a limited life time – 

   of the order of millions of years and then ceases.

➢After Orogen ceases the erosion level the land surface to sea 

   level during a period of 50my

➢The present mountain ranges are of  post cretaceous 





➢  Several orogenic event might have happened during the entire 

     geological time.

 Alleghenian Orogeny – 290my – Beginning of Permian – 

                                                                                   Pangaea form.

 Sevier Orogeny –  100my -Middle cretaceous 

 Laramide Orogeny -65my – Paleocene epoch

➢Orogeny causes deformation-bending-breaking-squashing- 

   stretching or shearing which yield geological structures.

➢An Orogen forms during an Orogeny or mountain building event

➢Orogens are a consequences of continental collision, 

   subduction at convergent plate boundary or at rift.

➢Even after erosion we can see in linear belts of metamorphic and 

   igneous rocks at the root of collision or convergent margin orogen



Seismic belts of the earth









SEISMICITY & PLATE MOVEMENT



SEISMICITY & PLATE MOVEMENT

➢Most Earthquakes originate along plate boundaries

➢Due to highly variable friction along the fault plane 

   between two plates

➢Where the friction is low the plate move fast each 

   other quietly

➢When the friction is high ( much below the surface) the 

   plate moves very slowly and get struck temporarily

➢Continued motion produces distortion in the form of 

   elastic strain in the vicinity of rough spot





SEISMICITY & PLATE MOVEMENT  Cont…..

➢The accumulated elastic strain when it get released it 

   is earth quake and the energy propagates as seismic 

   waves in the direction of its release ( ie., either side of 

   the fault.

➢The magnitude / size of  the earthquake depends on 2 

   factors.

❖ Amount of elastic energy per unit area of the fault 

    is released at  the time of rupture

❖ The total area of rupture ( larger the rupture greater 

    is the earth quake.  

















Origin of Earth Quake:

➢ At the first point of rupture (FOCUS or HYPOCENTRE)

 The point vertically above the focus or Hypocenter is 

       EPICENTRE

➢ The seismic wave may propagate from one point or 

 may be from different parts of rupture

➢ When these multiple energies crosses with each 

     other, echoes of earth quake formed from the earth’s 

     different layers, so earth may rings like a bell



Seismic records:

 From the seismogram records the following 3 

basic information are derived

i)  Epicenter location : by measuring the exact  

  time of arrival of the earthquake signals at   

     different stations

ii) Focal depth : determined from the timing of 

  arrival and also from the shape of the   

    recorded waveform

iii) Magnitude : determined from the amplitude of 

     the ground motion



Depth vs SEISMICITY:

➢   Deeper the condition the rock is more plastic so not 

      much of stored elastic strain so less magnitude of   

      earthquake.

➢  Shallower the condition, the rock is more brittle, breaks 

     and rupture suddenly and the sudden release of 

     accumulated   elastic strain – high magnitude   

     earthquake.



But,

➢   In the zones of subduction the earthquake happens at 

     deep level with high magnitude because the fast moving 

     cold slab reduces the temperature even at deeper level so 

     the brittle failure can happen at the level, hence the 

     magnitude is high.

➢  If the in this zone itself the movement is very slow or 

     gradual then at shallow level itself the brittle failure takes 

     place

➢  So earthquakes can be at Transform zone, at ridges and 

     even trenches.







INDIA

EARTHQUAKE PROVINCES

SUBDUCTION ZONE



Geodynamics of Indian Plate



Geodynamics of Indian Plate:

➢Himalayan mountains in the northern limit of Indian plate are the 

consequences of the collision of Indian plate of very strong continental 

block of lithosphere with Asia plate about 55my ago.

➢The collision of India with Asia has uplifted the Himalayas and Tibet

➢Where as the portion of China and Southeast Asia have slipped to the 

east to “Escape” the collision.

➢Faults in the central Asia have become active causing uplift of ranges 

like Tien-Shan, as compressive forces build up.



Geodynamics of Indian Plate:   Conti……

➢Since then the strong lithosphere of India has continued to push 

slowly into soft lithosphere of Asia – The Himalaya was raising 

constantly.

➢As the raising Himalaya came to a maximum raise it has started 

providing obstruction to the still ongoing plate movement forces.

➢So the Indian Plate started whirling like a worm with ups and downs     

( Arches and Deeps)

➢The related fractures started developing in N-S,E-W, NE-SW and NW-

SE directions.



CONTINENTAL DRIFT

Plate Tectonics



CONTINENTAL DRIFT

Plate Tectonics



CONTINENTAL DRIFT

Plate Tectonics



Drifting of Indian Subcontinent



India’s Locking Up





Geological section 

(Cape Comerion – Himalayas)



QUATERNARY TECTONIC SCENARIO

Rising Cochin -  

Ramnad region

Rising  Bangalore - 

Madras  region

Subsiding Ponnani - 

Manamelgudi region



Faults in Loccadives
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Cenozoic 

Tectonic of 

Peninsular

 India




