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GEOMORPHOLOGY

The scientific study of the origin of landforms based on a cause and effect
relationship.

Geomorphology is closer to geology and is moving away from geography.
Recent trends:

1. Geomorphology is slipping out of the hands of geography.
2. Development of Regional Geomorphology.
3. Practical Application of Geomorphology
4. Quantification and Experimentation Application of laws of hydro dynamics
to the study of geomorphic processes.
1. Landform:

A landform is an individual topographic feature, of whatever size; thus the
term could refer to something as minor as a cliff or a sand dune, as well as to
something as major as a peninsula or a mountain range. The plural-landforms-is
less restrictive and is generally considered synonymous with topography.

2. Topography:

The surface features of the Earth’s surface, including the relief, the terrain, the
vegetation, the soils and all the features created in the landscape by human
endeavour. It is not synonymous merely with relief.

3.Uniformitarianism:

Fundamental to understanding topographic development is familiarity with
the doctrine called uniformitarianism, which holds that ‘the present is the key to
past’. This means that the processes that formed the topography of the past are the
same ones that have shaped contemporary topography; these processes are still
functioning in the same fashion and, barring unforeseen cataclysm, will be
responsible for the topography of the future. The processes involved are not
temporary and, with only a few exception, not abrupt. They are mostly permanent

and slow acting. The development of landforms is a virtually endless event, with
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the topography at any given time simply representing a temporary balance in a
continuum of change.
4. Geomorphic process:

Process considers the actions that have combined to produce the landform. A
variety of forces — usually geologic, hydrologic, atmospheric and biotic — are
always at work shaping the feature of the lithospheric surface, and their interaction
1s critical to the formation of the feature(s).

5. Geological structure:

Structure refers to the nature, arrangement, and orientation of the materials
making up the feature being studied. Structure is essentially the geologic
underpinning of the landform. It is a dominant control factor in the evolution of
landforms. It is the overall relationship between rocks together with their large
scale arrangements and dispositions. Structure includes faults, folds, rock
massiveness, rock harness, constituent minerals, permeability or impermeability
and the like. According to W.M.Davis “Landforms are a function of structure,
process and stage”.

6. Relief:

It is the character of the land surface of the earth. It comprises a wide variety
of landforms, which can be grouped into different types of terrain. (Terrain is the
physical characteristics of the natural features of and area, i.e. its landforms,
vegetation and soils.)

7. Geomorphic stage:

a)A Davisian idea , b) The point to which a landform has evolved during a

cycle of erosion ,c) As a result of the different processes the landforms pass

through different stages — a series of orderly and sequential changes.
8. Drainage:
Drainage refers to the movement of water (from rainfall and snowmelt)

either over Earth’s surface or down into the soil and bedrock. Although moving
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water is an outstanding force under the ‘process’ heading, the ramifications of
slope wash, stream flow, stream patterns, and other aspects of drainage are so
significant that generally the topic or drainage is considered a basic element in
landform analysis.

9. Slope:

An inclined surface, the gradient of which is determined by the amount of
the inclination from the horizontal, and the length of which is determined by the
inclined distance between its crest and its foot. A slope may be concave, straight or
convex when seen in profile.

10. Complexity:

Usually, most of the topographic details have been produced during the
current cycle of erosion, but there may exist within an area remnants of features
produced during prior cycles, and, although thee are many individual landforms
which can be said to be the product of some single geomorphic process. Horberg
(1952) classified landforms into five major categories:

1. simple
compound
monocyclic

multicyclic, and

A S

exhumed or resurrected landscapes.

¢ Simple landscapes are the product of a single dominant geomorphic process,
e Compound landscapes are those in which two or more geomorphic processes

have played major roles in the development of the existing topography.

e Monocyclic landscapes have been produced during more than one cycle of
erosion. Monocyclic landscapes are less common than multicyclic and are in
general restricted to such newly created land surfaces as a recently uplifted
portion of the ocean floor, the surface of a volcanic cone, lava plain or

plateau, or areas buried beneath a cover of Pleistocene glacial deposits.
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¢ Polyclimatic landscapes it has become evident in recent years that many
landscapes have evolved under more than one set of climatic conditions with
accompanying variation in the dominant geomorphic processes. Many of
these varying climatic conditions were associated with the fluctuating
climates of Pleistocene time, but are some areas certain aspects of the
topography reflect climatic conditions that existed during Tertiary times.

e Exhumed or resurrected landscapes are those which were formed during
some past period of geologic time, then buried beneath a cover of igneous or
sedimentary origin, then still later exposed through removal of the cover.
Topographic features now being exhumed may date back as far as the
Precambrian or they may be as recent as the Pleistocene.

11. Appreciation of world climates:

Climate variations may affect the operation of geomorphic processes either
indirectly or directly. The indirect influences are largely related to how climate
affects the amount, kind, and distribution of the vegetal cove. The direct controls
are such obvious ones as the amount and kind of precipitation, its intensity, the
relation between precipitation and evaporation daily range of temperature, whether
and how frequently the temperature falls below freezing point, depth of frost
penetration, and wind velocities and directions.

12. Pleistocene climate:

There is indisputable evidence that many regions that are today arid or
semiarid had humid climates during the glacial ages. Freshwater lakes existed in
many areas which today have internal drainage. We know also that many regions
now temperate experienced during the glacial ages temperatures such as are found
now in the sub arctic portions of North America and Eurasia, where there exists
permanently frozen ground or what has come to be called permafrost conditions.

World sea levels were also affected. Withdrawal of large quantities of water from
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the oceans to form great ice sheets produced a lowering of sea level of t least 300
feet and perhaps as much as 500 feet.
13. Internal and external Geomorphic processes:

The topography of Earth has infinite variety, apparently being much more
diverse than on any other known planet. This variety reflects the complexity of
interaction between process and structure — the multiplicity of shapes and forms
that result as the geomorphic processes exert their inexorable effects.

These processes are relatively few in number but extremely varied in nature
and operation. Basically they are either internal or external. The internal processes
operate from within Earth, energized by internal heat that generates extremely
strong forces that apparently operate outside of any surface or atmospheric
influences. These forces result in crustal movements of various kinds. In general,
they are constructive, uplifting, building forces that tend to increase the relief of
the land surface.

14. Historical extension:

Geomorphology concerns itself primarily with the origins of the present
landscape but in most landscapes there are present forms that date back to previous
geologic epochs or periods. A geomorphologist is thus forced to adopt an historical
approach if he is to — interpret properly the geomorphic history of a region.
Application of the principle of uniformitarianism makes this approach possible an
historical approaches if he is to interpret properly the geomorphic history of a
region. Application of the principle of uniformitarianism makes this approach
possible, an historical approach if he is to interpret properly the geomorphic history
of a region. Application of the principle of uniformitarianism makes this approach
possible.

15. Pursuit of Pattern:

A prime goal of any geographic study is to detect patterns in the areal

distribution of phenomena. If features have a disordered and apparently haphazard
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distribution, it is more difficult to comprehend the processes that formed them and
the relationships that exist among them. If there is some perceptible pattern to their
distribution, it becomes simpler for us to understand both the reasons for the

distribution pattern and the interrelationships that pertain.
16. Scale:

In any systematic study of geomorphic processes, two general, topics should
be kept in mind-scale and pattern. The question of scale is fundamental in
geography. Regardless of the subject of geographic inquiry, recognizable features
and associations are likely to vary considerably depending on the scale of
observation. This simply means that the aspects of the landscape one observes in a

close up view are different from those observed from a more distant view.

At lest five orders of relief can be recognized on the surface of

lithosphere.

1.First-order relief represent the small-scale end of the spectrum, which means that
the features are the largest that can be recognized continental platform and ocean
basins. Although the shoreline at sea level appears as a conspicuous demarcation
between land and water, it is not the accepted boundary between platform and
basins, each continent has a margin that is submerged, called the continental shelf.
At its outer edge, the slope pitches more steeply and abruptly into the ocean basins.
2. Second-order relief consists of major mountain systems and other extensive
surface formation of sub continental extent(such as the Mississippi lowland or the
Amazon basin) Second- order relief features (like those of all other orders) may be
found in ocean basins as well as on continental platforms, most conspicuously in
the form of the great undersea mountain ranges usage referred to as ridges.

3. Third-order relief encompasses specific landform complexes of lesser extent and

generally of smaller size than those of the second order, with no precise separation
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between the two. Typical third-order features include discrete mountain ranges,
groups of hills, and large river valleys.

4.Fourth-order relief comprises the sculptural details of the third-order features,
including such individual landforms as a mountain, mesa, or hill.

S.Fifth-order relief consists of small individual features that may be part of the

fourth-order relief such as sandbar, cliff, or waterfall.
ORGIN OF EARTH

Two sets of theories about origin or earth:
a. Catastrophic

b. Evolutionary
the catastrophic theories have hardly any evidence
uniformitarianism supports evolutionary theories
Nebular theory — Laplace
Dust cloud Hypothesis — Weizsaker

V V V V VY

Nebular Hypothesis suggests that the matter which forms the Sun and the
Planets originated as a disc shaped cloud of gas or nebula which eventually

contracted into discrete bodies.
STRUCTURE OF THE EARTH
Earth has a layered structure
¢ Core
e Mantle

¢ Crust
The Nature of Seismic Waves
1. The velocity of seismic waves depends on the density and elasticity of the

intervening material. Seismic waves travel most rapidly in rigid materials.
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2. Within a given layer, the speed of seismic waves generally increases with
depth because pressure increases and squeezes the rock into a more comp-
act elastic material

3. Compressional waves (P waves) travel through solids as well as liquids,
because when compressed, these materials behave elastically. Shear waves
(S waves ) cannot travel through liquids because, unlike solids, liquids have
no shear strength.

4. In all materials P waves travel faster than S waves

5. When seismic waves pass from one material to another, Based upon the

seismological data, the earth has been divided into various layers.
CORE:

e 1/3" of mass

e 1/6™ of the earth’s volume

® Pressure: millions of times that of atmospheric pressure at the surface.
e Temperature 4000°C - 5000°C

e Relative Density at the center 13.5 relative density.

INNER CORE
e Solid

¢ Predominantly Fe; also Nickel
OUTER CORE

It is in liquid form.

1. Addition of lighter elements, which when mixed with iron, lower its melting
point.

2. In outer core, the pressure is comparatively lesser, to allow the hot iron to
melt.

e There is a gradual flow of molten iron in the outer core and is very important

for maintaining earth’s magnetism.
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e The core behaves like a self sustaining dynamo
e The driving forces- Earth’s rotation and unequal distribution of heat in the
earth’s interiors

The existence of a liquid outer core when the inner core, which must be hotter, is
solid. Most probably in its formative stage the entire core was liquid. Further, this
liquid iron alloy was in a state of vigorous mixing . However, during the last 3.5
billion year’s the material of the core has been slowly segregating. As the core
cooled, a portion of the iron components gradually migrated downward while some
of the lighter components floated upward toward the outer edge of the core. The
sinking iron rich components, depleted of the lighter elements which act to depress

the melting point, began to solidity.
MANTLE

® 80% of the earth’s volume is contained within the mantle.

e Mantle is described as a solid rocky layer, and the most common rock is
peridotite

® Peridotite — ultra basic rock, consisting largely of olivine, hence its
predominantly dark green colour (olivine — silicate of magnesium mg,;SiOy
to silicates of iron Fe,Si0,).

e The crust increases its temperature with depth, but this trend does not
continue downward into the mantle.

e This means mantle has an effective method to transmit heat outward 1i.e.,
some form of convection.

e Material in this zone exhibit plastic behaviour, i.e., when the material
encounters short lived stresses, such as seismic waves, the material behaves
like an elastic solid. However, in response to long term stresses, this same

rocky material will flow.
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e So S waves can penetrate through mantle, yet, this layer is not able to store
elastic energy like a brittle solid and is thus incapable of generating

earthquakes
ASTHENOSPHERE

e Asthenosphere is located between 100 to 400 kms.

e P and S waves show a marked decrease in velocity one. The most probable
explanation for the observed slowing of seismic energy is that this zone
contains a small percentage of melt.

¢ But Asthenosphere is not continuous and is absent below the older shield
areas.

The asthenospher is the layer of Earth that lies at a depth 100 — 400 km beneath
Earth’s surface.

It was first named in 1914 by the British geologist J. Barrel, who divided
Earth’s overall structure into three major sections: the lithosphere, or outer layer of
rock like material; the asthenosphere; and the centrosphere, or central part of the
planet.

The asthenosphere gets its name from the Greek world for weak, asthenis,
because of the relatively fragile nature of the materials of which it is made. It lies
in the upper portion of Earth’s structure traditionally known as the mantle.

The material of which the asthenosphere is composed can be described as
plastic-like, with much less rigidity than the lithosphere above it. This property is
caused by the interaction of temperature and pressure on asthenospheric materials.
Any rock will melt if its temperature is raised to a high enough temperature.
However, the melting point of any rock is also a function of the pressure exerted
on the rock. In general, as the pressure is increased on a material, its melting point
increases.

The temperature of the materials that makeup the asthenosphere tends to be

just below their melting point. This gives them a plastic-like quality that can be
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compared to glass. As the temperature of the material increases or as the pressure
exerted on the material increases, the material tends to deform and flow. If the
pressure on the material is sharply reduced, so will be its melting point, and the
material may begin to melt quickly. The fragile melting point pressure balance in
the asthenosphere is reflected in the estimate made by some geologists that up to
10% of the asthenospheric material may actually be molten. The rest is so close to
being molten that relatively modest changes in pressure or temperature may cause
further melting.

In addition to loss of pressure on the asthenosphere, another factor that can
bring about melting is an increase in temperature. The asthenosphere is heated by
contact with hot materials that make up the rest of the mantle beneath it.

In order for plate tectonic theory to seem sensible, some mechanism must be
available for permitting the flow of plate. That mechanism is the semi-fluid
character of the asthenosphere itself. Some observers have described the
asthenosphere as the lubricating oil that permits the movement of plates in the

lithosphere.
INNER OUTER MANTLE

e After about 400 kms, the velocity of seismic waves increases as a result of
phase change.

¢ A phase change occurs when the crystalline structure of a mineral changes in
response to change in temperature and pressure.

e The mineral olivine (Mg,Fe)SiO,, which is one of the main constituents of
the rock peridotite, will collapse to a more compact high pressure mineral —
spinel.

e This structural change to a denser crystal form could explain the increased

seismic velocities observed.
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INNER MANTLE

¢ Another boundary at a depth of around 700 kms because, mineral Spinel,
undergoes transformation to the mineral Perovskite (Mg,Fe)SiOy,
e Since Perovskite is the predominant mineral of lower mantle, it is the most

abundant mineral in the earth.
LITHOSPHERE

¢ Situated above the asthenosphere is the cool brittle layer about 100km thick
called the lithosphere

e Lithosphere included the entire crust as well as the uppermost mantle and is
defined as the layer of the earth cool enough to behave like a brittle solid.

e Butitis not a single layer. A density discontinuity is there in the lithosphere.
It 1s broken/fractured along several lines. The different segments are known
as plates.

e So plates are essentially lithospheric plates are capable of sliding or, moving

over the plastic asthenosphere. Thus plates move from one point to another.
THE EARTH’S MAGNETIC FIELD

Anyone who has used a compass to find direction knows that the earth’s
magnetic field has a north pole and a south pole. In many respects our planet’s
magnetic field resembles that produced by a simple bar magnet. Invisible lines
of force pass through the earth and out into space while extending from one
pole to the other. A compass needle, itself a small magnet free to move about,
becomes aligned with these lines of force and points toward the magnetic poles.
It should be noted that the earth’s magnetic poles do not coincide exactly with
the geographic poles. The north magnetic pole is located in northeastern
Canada, near Hudson Bay, while the south magnetic pole is located near

Antarctica in the Indian Ocean south of Australia.
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CONTINETAL DRIFT

Early in the 20™ century Geologic thought was dominated by a belief in the
antiquity and Geographic permanence of oceans and continents, mountains were
thought to result from Earth’s cooling and contraction and were compared to the
wrinkles on a dried out piece of fruit, changes in sea level and occurrence of fossils
at depth were explained using the contraction model. Dramatic changes have taken
place over the past few decades.

Earth Scientists now realize the non-permanence of landmasses and ocean
basins, creation and continued destruction of crust. This profound reversal of
scientific opinion was termed as scientific revolution. An appreciable length of
time elapsed between the inception of the idea and its general acceptance. After
heated debates the idea of drifting continents was rejected, only to be resurrected

during the 1960’s.
HISTORICAL DEVELOPMENTS/LANDMARKS IN THE

REVERSAL OF THE SCIENTIFIC OPINION
Continental Drift:

An idea before its time

Although modern plate tectonics became an acceptable scientific theory
within only the past few decades, the concept of breaking up of an early super
continent into fragments that drifted apart is many decades old. Almost as soon as
good navigational charts became available to show the continental outlines,
persons of learning became intrigued with the close correspondence in outline
between the eastern coast line of South America and the Western coastline of
Africa.

As early as 1668 a Frenchman interpreted the matching coastlines as proof
that the two continents became separated during the biblical flood.

In 1858 Antoni-Snider-Pelligrini produced a map to show that the American

continents nested closely against Africa and Eurasia, and also suggested that the
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reconstructed single continent explains the close similarity of fossil plant type in
coal bearing rocks in both Europe and N.America.

In 1910 two American Geologist, Frank B. Taylor and Howard B. Baker,
whose published articles presented evidence favouring the hypothesis that the New
World and Old World continents had drifted apart.

Nevertheless, credit for a full-scale hypothesis of continental drift goes to a
German Scientist, Alfred Wegner, a Meteorologist and Geophysicist who worked
on several lines of geologic evidence to prove that the continents had once been
united.

He first presented his ideas in a lecture in 1912, the expanded version of
which was published in his book * The Origin of continents & Oceans” in 1915.

His Major work on the subject appeared in 1922 and his work was translated

into English in 1924.

EVIDENCE OR ARGUMENTS TO SUPPORT WEGNER’S
HYPTHESIS

1.Fit of the Continents:

There is Striking/Remarkable similarity / parallelism between the opposing
coasts of the Atlantic and (the mid Atlantic Ridge*), India-Africa-Madagascar,
Greenland, Baffinland etc and several other coasts in the world. If they are drawn
together they make a rough zig saw fit.

However his use of present day shorelines to make a fit of the continents
was challenged immediately by earth scientists. The opponents correctly argued
that shorelines, which are dynamic and are being continuously modified by
erosional processes, upliftment & subsidence are a temporary phenomenon, the use
of which, to prove the existence of Pangea and its break-up would be untenable.

A much better approximation of the outer boundary of the continents is the
seaward margin of the continental shelf. In early 1960s Sir Edward Bullard and his

two associates, with the aid of computers produced a remarkable fit of continents
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using the 900 meters isobaths. The fit of better than what even the supporters of the
continental drift theory suspected it would be. The continents overlap in a few
places, these are places where streams have deposited large quantities of
sediments, thus enlarging the continents.

2.Fossil evidences:

To add credibility to his argument for (the existence of ) Pangea, Wegner
used the already documented evidence regarding the existence of strikingly
identical fossils, particularly of Mesozoic life forms, on the widely separated
landmasses.

Fossil fern GLOSSOPTERIS was known to be widely dispersed in the
Southern continents of Africa, Australia, and S. America during the Mesozoic era.
Later the remains were also discovered in Antarcitica.

Fossils of Mesosaurus (reptiles-capable of swimming in shallow waters)
were found in eastern S. America and West Africa.

Distribution of modern day species with common ancestries-the Australian
Marsupials have a direct fossil link to the marsupilal Opposum found in the
Americas. For Wegner fossils provided undeniable proof that the landmasses were
joined together as the super continent Pangea.

Most Paleontologists were in agreement that some type of land connection
existed. Land Bridge hypothesis conjectured the existence of some land bridge
between Africa and S.America. We are now quite certain that land bridges of this
magnitude did sea level, but are nowhere to be found.

Wegner’s proposals were quickly countered using the logic of parallel
evolution-but in the process of evolution there are scores of random factors-how
could then the evolution be strikingly so similar? Land seeds and shells are
transported for thousands of kilometers across oceans. Floral similarities could be

explained by this mechanism.
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3.Back type and structural similarities:

Anyone who has worked a picture puzzle knows that in addition to the
pieces fitting together, the picture must be continuous as well. The picture that
must match in the “Continental drift Puzzle” is represented by rock types and
mountain belts found on the continents. If continents were once together, the
adjacent rocks should match in age and type. Wegner made a good correlation
between rocks found in N, W Africa and Eastern Brazil.

Recent re-examination of this early evidence has supported Wegner’s claim.
In both regions, 550 million years-old rocks lie adjacent to rocks dated at more
than 2 billion years in such a manner that the line separating them is continuous
when the two continents are brought together.

Several mountainous belts which appear to terminate at one coastline only to
reappear again on a landmass across the ocean. For instance, the mountain belt that
includes the Appalachians trends northeastwards through the eastern U.S.A and
disappears off the coast of Newfoundland. Mountains of comparable age and
structure and found in Greenland and Northern Europe. When these landmasses are
reassembled, the mountain Chains form a nearly continuous belt.

Numerous other rock structures exist that appear to have formed at the same
time and were subsequently split apart.

In the words of Wegner “It is just as if we were to refit the torn pieces of a
newspaper by matching their edges and then check whether the lines of print run
smoothly across. If they do, there is nothing left to conclude except that the pieces
were in fact joined this way”.
4.Paleoclimatic evidences:

Since Wegner was a Climatologist by training, he was keenly interested in
obtaining pale climatic data in support of the continental drift. His efforts were

rewarded when he found evidence for apparently dramatic climatic changes.

16

Dream Dare Win Courtesy : Saidai Manithaneyam WWW.jeywin.com



Dream Dare Win WWW.jeywin.com

Glacial deposits indicated that near the end of the Palezoic era(220-300
million year), ice sheets covered extensive areas of S. Hemisphere, layers of
Glacial till were found at the same stratigraphic position in southern Africa,
S.America, India and Australia. Much of the evidences of late Paleozoic glaciation
come from land areas which presently lie within 30° of equator in a subtropical —
tropical climate.

Could the earth have gone through a period sufficiently cold to have
generated extensive continental glacier in what 1s presently a tropical region.
Wegner out rightly rejected this explanation because during the same period large
tropical swamps existed in the northern Hemisphere. These swamps with their lush
vegetation eventually became the major Coal Fields of the eastern United States,
Europe and Siberia. How could these two situations co-exist?

As Wegner proposed, a better explanation is provided if the landmasses are
fitted together as a super continent and moved nearer to the South Pole. This would
account for the conditions necessary to generate extensive expanses of glacial ice
over much of the Southern Hemisphere. At the same time this shift would place the
Northern landmasses nearer the tropics and account for their vast coal deposits.

In spite of compelling evidences as these — it took almost 50years for the
scientific community to accept the idea of continental drift and the logical

conclusions to which it led.

THE GREATE DEBATE

Wegner’s proposal did not attract much open criticism until 1924 when his
book was translated into English. From this time on, until his death in 1930, his
drift hypothesis encountered a great deal of hostile criticism.

To quote the American Geologist Chamberlin “Wegner’s hypothesis in
general is of the foot-loose type, in that it takes considerable liberty with our globe
and is less bound by restrictions or tied down by awkward, ugly facts than most of

its rival theories. Its appeal seems to lie in the fact that it plays a game in which
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there are few restrictive rules and no sharply drawn code of conduct”. SCOTT
described in much fewer worlds, the theory as “Utter Damned Rot!”
Objections:

One of the main objections to Wegner’s hypothesis stemmed from his
inability to provide a driving mechanism for continental drift. Wegner proposed
two possible energy sources for drift.

1. The Tidal force/influence of the moon was presumed by Wegner to be
strong enough to give the continents a westward motion. However, the
prominent Physicist Harold Jeffrey’s quickly countered with the argument
that the tidal friction of the magnitude needed to displace the continents
would bring the earth’s rotation to a halt in a matter of few years.

2. Further Wegner proposed that the larger and sturdier continents broke
through the oceanic crust, much like icebreakers cut through ice.

However no evidence existed to suggest that the ocean floor was weak enough

to permit passage of the continents without themselves being appreciably

deformed in the process.

Despite criticisms from all corners he wrote the fourth and final edition of
his book in 1919, maintaining his basic hypothesis and adding supporting
evidence.

1930, Wegner made his 3" and final trip to the Greenland ice sheet to test
his hypothesis by precisely establishing the locations of specific points and
measuring the changes over a period of years, he could demonstrate the
westward drift of Greenland with respect to Europe. In November, while
returning from Eismitte (an experimental station) Wegner perished. His
intriguing idea, however, did not die with him.

Although the hypothesis was correct in principle, it also contained many
incorrect details. The hypothesis was criticized largely on grounds of its

inability to suggest a satisfactory means of engineering continental movements.
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It must be conceded that the cumulative evidence supporting the theory of
continental drift was massive and the theory was very attractive. If all the points
in the theory could be established and an adequate motive force discovered then
as Professor SHAND has said”.

“We would have to credit (prof.) Wegner with the greatest piece of
geological synthesis that has ever been accomplished”(1933).

Wegner himself in response to his critics said “Scientists still do not appear
to understand sufficiently that all earth Sciences must contribute evidence
towards unraveling the state of our planet in earlier times, and the truth of the
matter can only be reached by combining all this evidence”.

‘As one derides the past theories in the light of newly discovered Physical
facts, those theories which are deemed as modern, may be mocked at in the
future after the discovery of newer facts.’

Although most of Wegner’s contemporaries opposed his views, even to the

point of openly ridiculing him, a few considered his ideas plausible. Amongst
the noted supporter were.
Arthur Holmes (1928) contributed to the cause by proposing a plausible driving
mechanism for continental drift. Since the time he first proposed, he kept on
modifying his hypothesis and in his book Physical Geology (1966) he suggested
that convection currents operating within the Mantle were responsible for
propelling the continents across the globe. Although, even to this day geologists
are not in agreement on the exact nature of the driving mechanism, the concept
proposed by Holmes is still one of the most appealing.

Wegner also in 1929 suggested thermal convection currents. 1930 Death of
Wegner.

South Africa Geologist ALEXANDER DU TOIT (1937) published “Our
Wandering Continents” in which he eliminated some of Wegener’s errors and

added a great deal of new evidence in support of the drift idea.
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Very little new light was shed on the continental drift hypothesis between

the time of Wegner’s death and the early 1950s.
PALEOMAGNETISM

During 50s initial impetus for the renewed interest in continental drift came
from Rock — Magnetism — a comparatively new field of study.

Certain rocks containing magnetic minerals (Magnetite is common in
Basaltic lava flows) serve as fossil compasses.

When heated above a certain temp called the Curie point (about 580°C)
these magnetic minerals lose their magnetism. However, when these iron rich
grains cool below their Curie point, they become magnetized in the direction of
the magnetic field. Once the Minerals solidify the Magnetism they possess will
remain FROZEN in this position.

Rocks thus formed thousands or millions of years ago thus REMEMBER
the location of the Magnetic Poles at the time of their formation and are said to
possess FOSSIL MAGNETISM or PALEOMAGNETISM.

Rock Magnetism not only indicates the direction of the poles they also
provide a means of determining the Latitude of their origin i.e. the Latitude at
the time of formation/ solidification of the rock (From the DIP-needle’s angle
of inclination in a vertical plane-one can determine the Latitude)

Studies during 50s in Europe — The magnetic alignments in the iron-rich
minerals in lava flows of different ages were found to vary widely. The
paleomagnetic curves drawn for Europe revealed that the North Pole had
gradually wandered from Hawaii through eastern Siberia to the present position
over the last 500 million —year.

This was clear evidence that either the magnetic poles had migrated through
time, and idea known as POLAR WANDERING or the continents had drifted.

Although the magnetic poles are known to move, studies of the magnetic

field indicate that the average position of the magnetic poles correspond closely
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to the positions of the Geographic Poles, which themselves are not believed to
wander. Therefore, a more acceptable explanation for the apparent Polar
wandering was provided by the continental drift hypothesis. If magnetic poles
remain stationary their apparent movement can be produced by moving the
continents.

The latter idea was further supported by comparing the latitude of Europe as
determined from rock magnetism with evidences from Paleoclimatic Studies,
which places Europe near the Equator during the carboniferous Period.

Continental drift was further reinforced when the polar wandering curve was
constructed for N. America and compared with that for Europe. To nearly
everyone’s surprise, the two curves has similar path except that they were
separated by 30° (approx.) longitude. Could there have been two magnetic
poles, which migrated parallel to each other? Very unlikely! The problem is
resolved if the two presently separated continents are placed next to one another
prior to the opening of the Atlantic Ocean.

Palacomagnetic studies did not cause a major swing in opinion. The
technique was new & untested, rock magnetism tends to weaken with time,
rocks acquire secondary magnetization etc. in spite of all these limitations, and

a new era (of scientific thinking) had begun.
A SCIENTIFIC REVOLUTION BEGINS

Developments in the field of marine geology

During the 50s and 60s great technological strides permitted extensive and
detailed mapping of the ocean floor. From here came the discovery of a global
oceanic ridge system.

The mid-Atlantic Ridge revealed a trend which parallels the Continental
margins of both sides of the Atlantic.

Also of great importance was the discovery of a central rift valley extending

for the length of the Mid Atlantic Ridge an indication that great tensional forces
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were at work. In addition high heat flow and some volcanism were found to
characterize the oceanic ridge system. Seismic studies along trenches suggested
activity at great depths. Seamounts showed signs of formerly being Islands.
Dredging of oceanic crust was unable to bring up rocks that was older than

Mesozoic.
SEA FLOOR SPREADING

In the early 1960s all these newly discovered facts were put together by
HARRY HESS of Princeton University into a hypothesis, later to be termed Sea
—Floor Spreading. Hess was so lacking in confirmed data that he presented his
paper as an. “Essay in Geopoetry” Unlike its forerunner, continental drift,
which essentially neglects the ocean basins, Sea floor Spreading is centred on
the activity beyond our direct view.

In Hess’ now classic paper-he proposed

1. Ocean ridges are located above upwelling portions of large convection cells
in the mantle.

2. As rising material from the mantle spreads laterally, Sea floor is carried in a
conveyer belt fashion away from the ridge crest.

3. Tensional tears at the ridge crest produced by diverging lateral currents
provide pathway for magma to intrude and generate new oceanic crust.
Thus, as the sea floor moves away from the ridge crest, newly formed crust
replaces it.

4. He further proposed that the downward limbs of these convection cells are
located beneath the deep ocean trenches. Here, according to Hess, the older
portions of the sea floor are gradually consumed as they descend into the
mantle. As one researcher summarized “No wonder the ocean floor was
young it was constantly being renewed”.

With the sea floor spreading hypothesis in place, Harry Hess had initiated

another phase of this Scientific Revolution.
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The conclusive-evidence to support his ideas came a few years later from the
work of a young English graduate student, FRED VINE and his Supervisor, D.H.
MATHHEWS. The greatness of Vine & Matthew’s work was that they were able
to connect tow previously unrelated ideas: Hess’ sea floor spreading hypothesis
and the newly discovered Geomagnetic Reversals.

Geomagnetic reversals and Sea Floor Spreading:

About the same time when Hess formulated his ideas, Geophysicists had
begun to accept the fact that the Earth’s Magnetic field periodically reverses
polarity, i.e. the North magnetic Pole becomes the South magnetic Pole and vice
Versa.

The cause of these reversals is apparently linked to the fact that the earth’s
magnetic field changes in intensity. It has weakened by 5% over the past century
(Waxing & Waning)

During periods when the earth’s magnetic field is very weak, some external
influence such as sunspot activity, could possibly contribute to a reversal of
Polarity (Normal Polarity when polarity is same as today; Reverse Polarity — when
opposite).

Using the Potassium — Argon method of radiometric dating the polarity of
earth’s magnetic field has been reconstructed for a period of several million years.

Very sensitive instruments called magnetometers were lowered by research
vessels across a segment of the ocean floor located off the coast of western United
States. Alternating stripes of high and low intensity magnetism which trended in
roughly a North South direction was discovered.

This relatively simple pattern of magnetic variation defied explanation until
1963, when Fred Vine and Matthews tied the discovery of high and low intensity
stripes to Hess’ concept of Sea Floor Spreading.

They reasoned that as new Basalt was added to the ocean floor at the oceanic

ridges, it would be magnetized according to the existing magnetic field. Since the
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new rock is added in approximately equal amounts to both trailing edges of the
spreading oceanic floor, we should expect strips of equal size and polarity to
parallel both sides of ocean ridges.

This explanation of the alternating strips of Normal and Reverse polarity,
which lay as mirror images across the ocean ridges, was the strongest evidence so
far presented in support of the concept of Sea floor spreading, This proposal was
supported by several studies and by 1968, magnetic variation having similar
pattern were identified paralleling most oceanic ridges.

Rate of Spreading:

Now that the dates of recent magnetic Reversals have been established, the
rate at which spreading occur along various ridges can be determined accurately.
[North Atlantic Ridge 1-2 cms; East Pacific Ridge 3-8 cms.]

Thus, not only had Vine & Matthews discovered a magnetic tape recorder
that detailed changed in the earth’s Magnetic field, this recorder could also be used
to determine the rate of Sea floor spreading.

There is now general agreement that palacomagnetism was the most
convincing evidence set forth in support of the concepts of continental drift and
Sea floor spreading.

In 1965 J.T Wilson became the First to suggest that the Earth’s lithosphere is
made of individual plates and he also identified the zones along which relative

motion between the plates is made possible.

PLATE TECTONICS
A MODERN VERSION OF AN OLD IDEA

By 1968, the concepts of continental drift and seafloor spreading were
united into a much more encompassing theory known as Plate Tectonics. The
implication of plate tectonics are so far reaching that his theory can be considered
as the frame work which can view most other geologic processes Since this
concept 1s relatively new, it most surely will be modified, as additional
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information becomes available; however the main tenets appear to be sound and
are presented here in their current state of refinement.

Idea of moving continents is not new and goes back to the beginning of 20"
century, although it was inadequately substantiated. Several dramatic discoveries
And recent researches in the fields of Paleomagnetism polar wandering, Marine
Geology and Sea floor spreading led to the resurrection of the old idea (of
Wegner’s continent drift) in a rather different form. The most comprehensive and
Synthetic theory of PLATE TECTONICS was advanced during the late 1960s
which provided for the best and the most rational explanation for the distribution of
oceans and continents; ridges and trenches; and orogenic, volcanic and seismic
zones and the various processes leading to these.

Samuel and Matthews in ‘This Changing Earth’ stated: “The Atlantic
widens, the pacific narrow’s the Alps grow higher, Los Angeles slides northwards
and Africa splits apart”. The theory of plate tectonics can most beautifully be
summarized the words of Samuel and Matthews.

The integrated concept of continental drift, Sea floor spreading and plate
tectonic is termed the New Global tectonics.

Theory of plate tectonics:

As the name/expression suggests the theory have two parts to it:

1) Geometric part and
2) Kinematic part
The geometric part:

The theory of Plate Tectonics states that the outer rigid lithosphere consists
of a mosaic of stable, rigid segments called PLATES. Alternatively the Earth’s
lithosphere is like an eggshell which has been cracked in a number of places.

These plates may be large or small; oceanic or continental or partly oceanic
and partly continental and their thickness varies from 80-100kms in the oceans to

over 100kms (and in some regions may approach 400kms.) in the continents.
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About 18plates of various sizes have been identified. Of these the largest is
the pacific plate, which is located mostly within the ocean proper, except for a
small sliver of North America that includes SW California and the Baja peninsula.
All the other large plates contain both oceanic and continental crust a major
departure from the continental drift theory, which proposed that the continents
moved through, not with the ocean floor.

Most of the smaller plates on the other hand consist exclusively of oceanic
material e.g. The NAZCA plates located in the West Coast of S America. One
Small plate that roughly coincides with TURKEY is located exclusively within a
continent.

There are 6 Major plates and at least 12 Minor plates and Sub and Sub-
plates.

According to some Geologists there are only TWELVE MAJOR Plates
(6+6). Of the twelve, six are of enormous extent-THE GREAT PLATES —where as
the remaining six range from intermediate in size to comparatively small.
Geologists have identifies and named a number of even smaller plates within the
twelve major plates.

Today, a fairly good consensus exists in the geologic community as to the
number and name of the major plate, the nature of their boundaries, and their
relative motions, Differences of interpretation persist in many boundary details.
Also a few sections of certain plate boundaries are of uncertain classification or
location.

For a particular lithospheric plate to be identified and named, its boundaries
should all be active. In other worlds, there must be good evidence of present or
recent relative motion between the plate and all its contiguous (adjoining)plates.

The GREAT PACIFICPLATE occupies much of the Pacific Ocean basin
and consists almost entirely of oceanic lithosphere. Its relative motion is
Northwesterly, so that it has a converging (Subduction) Boundary along most of its

Western & Northern edge. The Eastern and Southern edge is mostly spreading
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boundary. A sliver of continental lithosphere is included, making up the coastal
portion of California and all of Baja California.

The California portion of the plate boundary is the San Andreas Fault, an
active transform Fault.

THE AMERICAN PLATE includes most of the continental lithosphere of
North and South America, as well as the entire oceanic lithosphere lying West of
the Mid-Atlantic ridge that divides the Atlantic ocean basin down the middle.

For most part, the Western edge of the American Plate is a converging
boundary with active subduction extending from Alaska through Central America
to Southern most S America.

THE EURASIAN PLATE is largely a continental lithosphere, but is fringed on
the east and north by a belt of oceanic lithosphere

A FRICAN PLATE can be visualized as having a central core of continental
lithosphere nearly surrounded by oceanic lithosphere .

THE AUSTRAL INDIAN (also called the Australian) plate takes the form of an
elongate rectangle. It is mostly oceanic lithosphere, but contains two cores of
continental lithosphere — Australia and the Peninsular India.

THE ANTARCTIC PLATE has an elliptical outline ad is almost completely
enclosed by a spreading. The continent of Antarctica forms a central core of
continental lithosphere completely surrounded by oceanic lithosphere.

Of the remaining six plates, the NAZCA AND COCOS plates of the eastern
pacific are rather simple fragments of oceanic lithosphere boundary, on the West
and by a converging boundary on the east.

The PHILIPPINE PLATE is noteworthy a having converging boundaries
on both eastern and western edges.

The ARABIAN PLATE has two transform boundaries and its relative
motion is northeasterly.

The CARIBBEAN PLATE also has important transform boundaries on

parallel sides
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