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CONTINENTAL DRIFT

The suggestion that there might have been lateral

displcements of the continental masses on a
gigantic scale is generally ascribed to F.B. Taylor
in America (1908) and to Alfred Wegener in

Germany (1910). For several years they developed

their ideas independently.



However, the germ of the idea can be traced back
to 1620, when Francis Bacon pointed out the

parallelism of the opposing shores of the atlantic.

Nearly two centuries later Antanio Snider

united the continents in much the same way as

Wegener did. He published a book in 1858 with

two maps showing the reassembling of the

continents.





Taylor (1910): He pictured the original Laurasia

as being a continuous sheet of sial and

supposed it to have spread outwards towards the

equator, more or less radially from the polar

region, much as a continental ice sheet would do.

Wherever the resistance was least, the crust

flowed out in lobes, raising up mountainous

loops and arcs in front.



•Paleontological evidence

•Evidence from structure and rock types

•Evidence from glaciation

•Evidence from other paleoclimatic records

Evidences for continental drift

Wegener (1915)



Photo by Upreti taken from the exhibit of Natural History Museum, London)







Alfred Wagener

Died at the age of 50









Paleontological evidence











Evidence from 

paleoclimatic records







Evidence from glaciation





Evidence from structure 

and rock types









PLATE TECTONICS

The period between 1950 and 1960 was very

important in bringing the revolution in

earthscience field

The study of the geology of ocean floor and the

paleomagnetic studies of rocks from continets

and oceans during the above decade revived the

theory of continental drift.



Two studies in paleomagnetism were

very important:

1. Apparent Polar Wandering

2. Patterns of Magnetic Reversals on

the Sea Floor



H.H. Hess

The man who gave the 

theory of sea floor 

spreading



SEA-FLOOR SPREADING

In 1960 H.H. Hess from Princeton University

(USA) proposed a theory of sea-floor spreading

which took into account the new data from echo

soundings and also suggested a possible

mechanism for continental drift.



Rock magnetism: The study of rock magnetism

developed during the 1950s with the perfection of

new, highly sensitive magnetometers.

In 1963, Fred Vine (graduate student) and D.H.

Matthews saw a way to test the idea of Sea-floor

spreading put forth by Hess. If sea-floor

spreading has occurred, they suggested, it would

be recorded in the magnetism of the basalts in

the oceanic crust. Investigations proved this

theory.



Evidence from the 
ocean floor







East Pacific rise









Evidence from sediments on 

the ocean floor

Glomar Challenger started drilling on the

ocean bottom. Youngest sediments rest on the

basalt of the ocean floor near the oceanic

ridge, away from the ridge, the sediments that

directly lie above the basalt becomes

progressively older.







Trenches







Lithosphere-Asthenosphere Interaction



When the concept of plate tectonics was

developing in the late 1960’s and early 1970’s,

the focus on the interior of the Earth became

its behavior — not its composition.

We now draw contrast between the:

• compositional Earth, and

• the behavioral or rheological Earth.



Earth layers - compositional & 

rheological

COMPOSITIONAL                             

EARTH

RHEOLOGICAL

EARTH

Silicic continental crust

— rocks rich in oxygen 

(O), silicon (Si), and light 

metals (Al, Na, Ca, K)

Mafic oceanic crust —

silicate rocks rich in 

magnesium (Mg)  and iron 

(Fe). 

Ultramafic mantle rocks

— silicate rocks very rich 

in magnesium and iron, 

with much lower amounts 

of oxygen, silicon, and 

light metals



Earth layers - compositional & 

rheological

CORRECTION:  the 

density of oceanic

crust is ~ 2.9 gm/cm3

RHEOLOGICAL

EARTH



Earth layers - compositional & 

rheological

COMPOSITIONAL                             

EARTH

RHEOLOGICAL

EARTH

(slightly melted

mantle rocks)



Earth layers - compositional & 

rheological

COMPOSITIONAL                             

EARTH

RHEOLOGICAL

EARTH

BASE OF PLATES HERE

(slightly melted

mantle rocks)



Earth layers - compositional & 

rheological

COMPOSITIONAL                             

EARTH

RHEOLOGICAL

EARTH

BASE OF PLATES HERE

THE boundary between rigid mantle

lithospheric rocks and underlying

ductile rocks of the asthenosphere is

temperature and pressure controlled.

Below this boundary the lithosphere

has melted slightly (only a few % of

molten rock).

This lowers the density of the

asthenosphere and makes it behave

in a more ductile manner in which

mantle crystals change their shape

and exhibit movement (flow).

(slightly melted

mantle rocks)



Lithosphere

Asthenosphere

solid      liquid

Melting of mantle rocks

requires an increase in

volume (melts have lower

density), but increasing

pressure at depth generally

prevents mantle melting

from occurring — except

in this depth range







When the asthenosphere flows, the

overlying lithosphere moves with it — like

rafts on a river.

The patterns of flow produce a small

number of “ rafts ” or plates that are

moving with respect other — apart,

together, or side-by-side past one another.



When the asthenosphere flows, the overlying lithosphere moves 

with it — like rafts on a river.  The patterns of flow produce a small 

number of “rafts” or plates that are moving with respect  other — apart, 

together, or side-by-side past one another.































Earthquakes and plate margins. Earth’s seismic activity outlines plate margins. This map shows

earthquakes of magnitude 5.5 or greater from 1960 to 1989. Earthquakes foci are colour-coded for depth



73Courtesy: Jean-Philippe Avouac, Caltech, 

USA
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Map showing main tectonic structures around the Anatolian Plate on a base taken from a snapshot from 

Nasa's World Wind software. Arrows show displacement vectors of the Anatolian and Arabian Plates 

relative to the Eurasian Plate. 

Istanbul

































Rock magnetism

The study of rock magnetism developed during the 1950s

with the perfection of new, highly sensitive magnetometers.

Two studies in paleomagnetism were very important:

1. Apparent Polar Wandering

2. Patterns of Magnetic Reversals on the Sea Floor





In 1963, Fred Vine (a graduate student) and 

D.H. Matthews (super visor) saw a way to test 

the idea of Sea-floor spreading put forth by Hess. If 

sea-floor spreading has occurred, they suggested , it 

would be recorded in the magnetism of  the basalts 

in the oceanic crust. Investigations proved this 

theory.















PLATES

The outer rigid layer of earth - the lithosphere is divided

into a mosaic of seven major plates and a number of smaller

subplates.

Plate boundaries are the most significant structural

elements of the planet Earth because they reflect the

internal dynamics of the planet.

The new geography of tectonic plates is much different 

than the  classical physical geography of our planet 

(distribution of continents and oceans) and more important 

in Geology.



Continental rifting leading to complete continental separation is always

accompanied by the development of new ocean lithosphere (crust +

mantle) between the fragments. This process when mantle-born mafic

magma rises along the pre-separation rift, is known as “ sea-floor

spreading” and it occurs along slow-spreading ridges and fast-spreading

rises.





Courtesy Greg Davis 



The earth’s uppermost layer, called Lithisphere,  is divided into different blocks called 

plates. The mosaic of lithospheric plates of Earth



Tapponnier et al. 2001 104















American Plate

Eurasian Plate





Indian-Australian plate

Pacific plate

Photo taken by Upreti. An 

outcrop of the very sharp 

plate boundary in New 

Zealand



















Plate Boundaries

Three kinds of plate boundaries are recognized and

define three fundamental kinds of deformation and

geologic activity:

1. Divergent Plate Boundaries:

Zones of tension, where plates split and spread apart

2. Convergent Plate Boundaries:

Zones where plates collide and (Subduction Zones)

one plate moves down into the mantle

3. Transform Fault Boundaries:

Zones of hearing, where plates slide past each other

without diverging or converging











SCHEMATIC CROSS SECTION OF PLATE 

TECTONICS

convergent transform  divergent convergent boundaries
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Figure 1: Colored Digital 

Elevation Model showing 

tectonic plate boundaries, 

outlines of the elevation 

highs demonstrating the 

thermal bulges and large 

lakes of East Africa. Click 

Image to Enlarge. The 

basemap is a Space Shuttle 

radar topography image by 

NASA.

http://geology.com/articles/east-africa-rift/figure1.jpg


Figure 3: "Textbook" horst and graben formation (left) compared with actual rift terrain 

(upper right) and topography (lower right). Notice how the width taken up by the 

trapezoidal areas undergoing normal faulting and horst and graben formation increases 

from top to bottom in the left panel. Rifts are considered extensional features (continental 

plates are pulling apart) and so often display this type of structure.



Figure 4: Triple Junction in the Afar

region of Ethiopia. Image shows areas

of stretched and oceanic crust as well

as areas of exposed flood basalts that

preceded rifting. Areas unshaded or

covered by flood basalts represent

normal continental crust. As the crust is

pulled apart you end up with thinned

crust with a complex mixture of

continental and volcanic rock.

Eventually the crust thins to the point

where oceanic-type basalts are

erupted which is the signal that new

ocean crust is being formed. This can

be seen in the Gulf of Aden as well as

a small sliver within the Red Sea. The

original extent of the flood basalts

would have been greater, but large

areas have been buried within the rift

valley by other volcanic eruptions and

sediments. Click Image to Enlarge

http://geology.com/articles/east-africa-rift/figure4.jpg


• Map of East Africa showing some of 
the historically active volcanoes(red 
triangles) and the Afar Triangle 
(shaded, center) -- a triple junction
where three plates are pulling away 
from one another: the Arabian 
Plate, and the two parts of the 
African Plate (the Nubian Plate and 
the Somali Plate) splitting along the 
East African Rift Zone (USGS).

• Map of East Africa showing some of the historically active volcanoes(red triangles) and the Afar Triangle (shaded, center) -- a triple junction where three 
plates are pulling away from one another: the Arabian Plate, and the two parts of the African Plate (the Nubian Plate and the Somali Plate) splitting along 
the East African Rift Zone (USGS).

http://en.wikipedia.org/wiki/Triple_junction
http://en.wikipedia.org/wiki/Nubian_Plate
http://en.wikipedia.org/wiki/Somali_Plate
http://en.wikipedia.org/wiki/Triple_junction
http://en.wikipedia.org/wiki/Nubian_Plate
http://en.wikipedia.org/wiki/Somali_Plate


This image shows 

several fault scarps 

that are progressively 

farther away. 

Essentially we are 

looking at the edges of 

several horst blocks 

from within a graben 

that contains Lake 

Baringo. Image © Alex 

Guth. Click Image to 

Enlarge

http://geology.com/articles/east-africa-rift/baringo-scarps-750.jpg


This was taken at the 

Njorowa Gorge in Hell's Gate 

National Park. The gorge was 

carved by water, and is quite 

spectacular in many regards, 

but here we have an igneous 

dike cutting through the wall 

of the canyon, with Dr. Wood 

and one of our guides for 

scale. Image © Alex Guth.





Thank you







Figure 2: Rift segment 

names for the East 

African Rift System. 

Smaller segments are 

sometimes given their 

own names, and the 

names given to the main 

rift segments change 

depending on the 

source. Click Image to 

Enlarge. The basemap is 

a Space Shuttle radar 

topography image by 

NASA.

http://geology.com/articles/east-africa-rift/figure2.jpg


Fig. 3. The continent of Africa 

is thought to have been split 

by a series of rift valleys in 

various states of 

development. Those in East 

Africa are still in thick crust. 

Those in West Africa are 

associated with thick oil-

bearing sediments. In the 

Red Sea area the rifting has 

gone so far as to form a 

narrow ocean. In the south-

east Madagascar has been 

completely separated from 

Africa by rifting. 




