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1.Continental drift

1.1 Defination: _.'. v = E'%L_*‘;’
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Continental drift is the movement of the Earth's "ﬁ: Y rfff m;'{-:f"'m‘
continents relative to each other, thus appearing ok ' 7_._;_; -
to "drift" across the ocean bed.The speculation i | }?:lh_li.u:'uu:_
that continents might have 'drifted' was first put 3 | y
forward by Abraham Ortelius in 1596. The ﬁ,&l_;.;;*’“ W
concept was independently and more fully A "y e
developed by Alfred Wegener in 1912, but his o % = Siit.

theory was rejected by some for lack of a

mechanism (though this was supplied later by Holmes) and others because of prior
theoretical commitments. The idea of continental drift has been subsumed by the theory
of plate tectonics, which explains how the continents move.

In 1858 Antonio Snider-Pellegrini created
two maps demonstrating how America and
Africa continents may have once fit
together, then separated.

The theory of Wengener was not right
becouse he could not explain the couses of
physical process of continential drift and
they were not enough to couse the continential drift.

2.1 Evidence of continental 'drift’

Evidence for the movement of continents on tectonic plates is now extensive. Similar plant
and animal fossils are found around the shores of different continents, suggesting that they
were once joined. The fossils of Mesosaurus, a freshwater reptile rather like a small
crocodile, found both in Brazil and South Africa, are one example; another is the discovery
of fossils of the land reptile Lystrosaurus in rocks of the same age at

locations in Africa, India, and Antarctica. There is also living evidence —the same
animals being found on two continents. Some earthworm families (e.g. Ocnerodrilidae,
Acanthodrilidae, Octochaetidae) are found in South America and Africa, for instance.

The complementary arrangement of the facing sides of South America and Africa is
obvious, but is a temporary coincidence. In millions of years, slab pull and ridge-push,
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and other forces of tectonophysics, will further separate and rotate those two continents.
It was this temporary feature which inspired Wegener to study what he defined as
continental drift, although he did not live to see his hypothesis generally accepted.

Widespread distribution of Permo-Carboniferous glacial sediments in South America,
Africa, Madagascar, Arabia, India, Antarctica and Australia was one of the major pieces
of evidence for the theory of continental drift. The continuity of glaciers, inferred from
oriented glacial striations and deposits called tillites, suggested the existence of the
supercontinent of Gondwana, which became a central element of the concept of
continental drift. Striations indicated glacial flow away from the equator and toward the
poles, based on continents' current positions and orientations, and supported the idea that
the southern continents had previously been in dramatically different locations, as well as
being contiguous with each other.

3.1 Some theories:

1.Abraham & Notes that the shaps of continents on the opposite are fit. They
others seperated by

floods and earthquakes.
2.Alfared wallace | He explained the continetial drift by mutation.

3.Taylor He explained the continetial drift by lunar gravity towards to
aquare line
In cretaceoius era.
4.Holmes He was geophysicist and he explained the continetial drift by
radioactive heat.
5.Wengener, They were similar during explaination the couse of continential drift
Roberto but no one could show the reasons for the physical process and
Mantovani, other geologists proved that those explanations are not enough for
William Henry drifts.
Pickering .
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2.Plate tectonics theory

1.2 Difination:

It is a scientific theory that describes the large-scale motion of Earth's lithosphere. This

theoretical model builds on the concept of continental
drift which was developed during the first few decades
of the 20th century. The geoscientific community
accepted the theory after the concepts of seafloor
spreading were later developed in the late 1950s and

early 1960s.

The lithosphere , which is the rigid outermost shell of a
planet (on Earth, the crust and upper mantle), is broken
up into tectonic plates. On Earth, there are seven or eight
major plates (depending on how they are defined) and
many minor plates. Where plates meet, their relative
motion determines the type of boundary; convergent,
divergent, or transform. Earthquakes, volcanic activity,

mountain-building, and oceanic trench formation occur along these plate boundaries. The
lateral relative movement of the plates typically varies from zero to 100 mm annually.

2.2 Types of Plate tectonics

2.2.1
Transform
boundaries
(Conservative

)

occur where two lithospheric plates T
slide, or perhaps more accurately,

grind past each other along transform
faults, where plates are neither created

thhos'phere
nor destroyed. The relative motion of  [asthenosphere

the two plates is either sinistral (left TRANSFORM FAULT BOUNDARY

side toward the observer) or dextral (right side toward the observer).
Transform faults occur across a spreading center. Strong earthquakes can
occur along a fault. The San Andreas Fault in California is an example of
a transform boundary exhibiting dextral motion.
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2.2.2
Divergent
boundaries
(Constructive

)

. Pt gy B0 g § - " — 5 Sy

occur where two plates slide apart
from each other. At zones of
ocean-to-ocean rifting, divergent
boundaries form by seafloor
spreading, allowing for the
formation of new ocean basin. As
the continent splits, the ridge
forms at the spreading center, the
ocean basin expands, and finally, the plate area increases causing many
small volcanoes and/or shallow earthquakes. At zones of continent-to-
continent rifting, divergent boundaries may cause new ocean basin to
form as the continent splits, spreads, the central rift collapses, and ocean
fills the basin. Active zones of Mid-ocean ridges (e.g., Mid-Atlantic
Ridge and East Pacific Rise), and continent-to-continent rifting (such as
Africa's East African Rift and Valley, Red Sea) are examples of
divergent boundaries.

2.2.3

Convergent
boundaries
(Destructive)
or (active
margins)

occur where two plates slide toward each other to form either a
subduction zone (one plate moving underneath the other) or a
continental collision. At zones of ocean-to-continent subduction (e.g.,
Western South America, and Cascade Mountains in Western United
States), the dense oceanic
lithosphere plunges beneath
the less dense continent.
Earthquakes then trace the
path of the downward-
moving plate as it descends
into asthenosphere, a trench
forms, and as the subducted
plate partially melts, magma
rises to form continental volcanoes. At zones of ocean-to-ocean
subduction (e.g., the Andes mountain range in South America, Aleutian
islands, Mariana islands, and the Japanese island arc), older, cooler,
denser crust slips beneath less dense crust. This causes earthquakes and
a deep trench to form in an arc shape. The upper mantle of the
subducted plate then heats and magma rises to form curving chains of
volcanic islands. Deep marine trenches are typically associated with
subduction zones, and the basins that develop along the active boundary
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are often called "foreland basins". The subducting slab contains many
hydrous minerals which release their water on heating. This water then
causes the mantle to melt, producing volcanism. Closure of ocean
basins can occur at continent-to-continent boundaries (e.g., Himalayas
and Alps): collision between masses of granitic continental lithosphere;
neither mass is subducted; plate edges are compressed, folded, uplifted.

3.2 Driving forces of plate motion
Plate tectonics is basically a kinematic phenomenon. Scientists agree on the observation

and deduction that the plates have moved with respect to one another but continue to

debate as to how and when. The driving forces advocated at the moment can be divided

into three categories based on the relationship to the movement: mantle dynamics

related, gravity related (mostly secondary forces), and Earth rotation related.

3.2.1 Driving forces
related to mantle
dynamics

3.2.2 Driving forces
related to gravity

3.2.3 Driving forces
related to Earth
rotation

In the end of 20™ century, Holmes
Explained that the Mantle convection currents were the reasons
of plates motions .
The reasons of those forces are :
i. Gravity force or Slab suction
ii. Friction force or Basal drag

Forces related to gravity are usually invoked as secondary
phenomena within the framework of a more general driving
mechanism such as the various forms of mantle dynamics
described above.

Gravitational sliding away from mantle doming: According to
older theories, one of the driving mechanisms of the plates is
the existence of large scale asthenosphere/mantle domes which
cause the gravitational sliding of lithosphere plates away from
them. This gravitational sliding represents a secondary
phenomenon of this basically vertically oriented mechanism.
This can act on various scales, from the small scale of one island
arc up to the larger scale of an entire ocean basin.

Alfred Wegener, being a meteorologist, had proposed tidal
forces and pole flight force as the main driving mechanisms
behind continental drift; however, these forces were considered
far too small to cause continental motion as the concept then
was of continents plowing through oceanic crust . Therefore,
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Wegener later changed his position and asserted that
convection currents are the main driving force of plate tectonics
in the last edition of his book in 1929.

However, in the plate tectonics context (accepted since the
seafloor spreading proposals of Heezen, Hess, Dietz, Morley,
Vine, and Matthews (see below) during the early 1960s),
oceanic crust is suggested to be in motion with the continents
which caused the proposals related to Earth rotation to be
reconsidered. In more recent literature, these driving forces are:

1.

Tidal drag due to the gravitational force the Moon (and
the Sun) exerts on the crust of the Earth

Shear strain of the Earth globe due to N-S compression
related to its rotation and modulations;

Pole flight force: equatorial drift due to rotation and
centrifugal effects: tendency of the plates to move from
the poles to the equator ("Polflucht");

The Coriolis effect acting on plates when they move
around the globe;

Global deformation of the geoid due to small
displacements of rotational pole with respect to the
Earth's crust;

Other smaller deformation effects of the crust due to
wobbles and spin movements of the Earth rotation on a
smaller time scale.

4.2 Definition and refining of the theory

After all these considerations, Plate Tectonics (or, as it was initially called "New Global

Tectonics") became quickly accepted in the scientific world, and numerous papers

followed that defined the concepts:

In 1965, Tuzo Wilson who had been a promotor of the sea floor spreading

hypothesis and continental drift from the very beginning added the concept of

transform faults to the model, completing the classes of fault types necessary to

make the mobility of the plates on the globe work out.

A symposium on continental drift was held at the Royal Society of London in 1965

which must be regarded as the official start of the acceptance of plate tectonics

by the scientific community, and which abstracts are issued as Blacket, Bullard &
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Runcorn (1965). In this symposium, Edward Bullard and co-workers showed with
a computer calculation how the continents along both sides of the Atlantic would
best fit to close the ocean, which became known as the famous "Bullard's Fit".

e In 1966 Wilson published the paper that referred to previous plate tectonic
reconstructions, introducing the concept of what is now known as the "Wilson
Cycle".

e In 1967, at the American Geophysical Union's meeting, W. Jason Morgan
proposed that the Earth's surface consists of 12 rigid plates that move relative to
each other.

e Two months later, Xavier Le Pichon published a complete model based on 6
major plates with their relative motions, which marked the final acceptance by
the scientific community of plate tectonics.

e Inthe same year, McKenzie and Parker independently presented a model similar
to Morgan's using translations and rotations on a sphere to define the plate
motions.

5.2 Other celestial bodies (planets, moons)
5.2.1 Galilean satellites of Jupiter

Some of the satellites of Jupiter have features that may be related to plate-tectonic style
deformation, although the materials and specific mechanisms may be different from
plate-tectonic activity on Earth. On 8 September 2014, NASA reported finding evidence
of plate tectonics on Europa, a satellite of Jupiter - the first sign of such geological
activity on another world other than Earth.

5.2.2 Titan, moon of Saturn

Titan, the largest moon of Saturn, was reported to show tectonic activity in images
taken by the Huygens Probe, which landed on Titan on January 14, 2005.

5.2.3 Exoplanets

On Earth-sized planets, plate tectonics is more likely if there are oceans of water;
however, in 2007, two independent teams of researchers came to opposing conclusions
about the likelihood of plate tectonics on larger super-earths with one team saying that
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plate tectonics would be episodic or stagnant and the other team saying that plate
tectonics is very likely on super-earths even if the planet is dry.
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