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All about Geosynclines
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The geological history of the continents and ocean basins denotes the fact
that in the beginning, our globe was characterized by two important features
viz.,:

(i) Rigid masses and
(ii) Geosynclines.

Rigid masses representing the ancient nuclei of the present continents,
have remained stable for considerably longer periods of time.

These rigid masses are supposed to have been surrounded by mobile
zones of water, characterized by extensive sedimentation. These mobile
zones of water have been termed ‘geosynclines’, which have now been
converted by compressive forces into folded mountain ranges.

On an average, a geosyncline means a water depression characterized
by sedimentation. It has now been accepted by majority of the geologists
and geographers that all the fold mountains have come out of the
geosynclines and the rocks of the mountains originated as sediments were
deposited and later on consolidated in sinking seas, now known as
geosynclines.




If we consider the height and thickness of sediments of the young
fold mountains of Tertiary period (e.g. Rockies, Andes, Alps,
Himalayas, etc.), then it appears that the geosynclines should have
been very deep water bodies, but the marine fossils found in the
sedimentary rocks of these folded mountains belong to the category
of marine organisms of shallow seas.

It Is, thus, obvious that the geosynclines are shallow water bodies
characterized by gradual sedimentation and subsidence.

Based on above facts, geosynclines can now be defined as :

‘Geosynclines are long but narrow and shallow water
depressions characterized by sedimentation and subsidence’.

J.A. Steers (1932) has aptly remarked, “the geosynclines have been
long and relatively narrow depressions which seem to have subsided
during the accumulation of sediments in them.”



General Characteristics of Geosynclines
(a) Geosynclines are long, narrow and shallow depressions of water.
(b) These are characterized by gradual sedimentation and subsidence.

(c) The nature and patterns of geosynclines have not remained the same
throughout geological history, rather these have widely changed. In fact, the
location, shape, dimension and extent of geosynclines have considerably
changed due to earth movements and geological process.

(d) Geosynclines are mobile zones of water.

(e) Geosynclines are generally bordered by two rigid masses which are
called forelands.

Concept of Geosynclines

The concept of geosynclines was given by James Hall and Dana, but the
concept was elaborated and further developed by Haug.

J.A. Steers (1932) has remarked, “While the theory of geosynclines is due
to Haug, the concept of idea belongs to Hall and Dana.”



1. Concept of Hall and Dana

Dana studied the folded mountains and postulated that the sediments of
the rocks of folded mountains were of marine origin. These rocks were
deposited in long, narrow and shallow seas.

Dana named such water bodies as geosynclines. He defined, for the first
time, geosynclines as long, narrow and shallow and sinking beds of
seas.

Hall elaborated the concept of geosynclines as advanced by Dana.

He presented ample evidences to show relationship between
geosynclines and folded mountains. He opined that the rocks of folded
mountains were deposited in shallow seas.

According to Hall, the beds of geosynclines are subjected to subsidence
due to continuous sedimentation but the depth of water in the
geosynclines remains the same (see figure). Geosynclines are much
longer than their widths.



Sea Level

Fig. 11.2 : Sinking beds of geosynclines due to sedimen-
tation and subsidence.



2. Concept of E. Haug

If the idea of geosynclines is due to Hall and
Dana, the theory of their development is really due
to Haug.

He defined geosynclines as long and deep water
bodies. According to Haug, ‘geosynclines are
relatively deep water areas and they are much
longer than they are wide”.

He drew the palaeo-geographical maps of the
world and depicted long and narrow oceanic tracts
to demonstrate the facts that these water tracts
were subsequently folded into mountain ranges
(see figure).

He further postulated that the positions of the
present-day mountains were previously occupied
by oceanic tracts, i.e. geosynclines. Geosynclines
existed as mobile zones of water between rigid
masses.

He identified 5 major rigid masses during
Mesozoic era :

(i) North Atlantic Mass,

(ii) Sino-Siberian Mass,

(iii) Africa-Brazil Mass,

(iv) Australia-India-Madagascar Mass, and
(v) Pacific Mass.

He located 4 geosynclines between these
ancient rigid masses :

(1) Rockies geosyncline,
(i) Ural geosyncline,
(ili) Tethys geosyncline, and

(iv) Circum-Pacific geosyncline.



Fig. 11.3: Distribution of rigid masses and geosynclines during Mesozoic era as depicted by E. Haug.



According to Haug, there was systematic sedimentation in the geosynclines. The littoral
margins of the geosynclines are affected by transgressional and regressional phases of the
seas [a transgression is a landward shift of the coastline while regression is a seaward shift].

The marginal areas of the geosynclines have shallow water, wherein larger sediments are
deposited, whereas finer sediments are deposited in central parts of the geosynclines [i.e.,
littoral margins have coarser sediments, the finer sediments are deposited in the centre].

The sediments are squeezed and folded into mountain ranges due to compressive forces
coming from the margins of the geosynclines.

He has further remarked that it is not always necessary that all the geosynclines may pass
through the complete cycle of the processes of sedimentation, subsidence, compression
and folding of sediments. Sometimes, no mountains are formed from the geosynclines in
spite of continuous sedimentation for long duration of geological time.

Though the contributions of Haug in this regard are praiseworthy as he developed the concept
of geosynclines, but his theory suffers from certain serious drawbacks and confusing
ideas about them. His palaeo-geographical map (in figure) of Mesozoic era depicted
unbelievable larger extent of rigid masses (land areas) in comparison to geosynclines
(oceanic areas).

Questions arise, as to what happened to such extensive land masses after Mesozoic era?
Where did they disappear? Haug could not explain these and many more questions.

His geosyclines as very deep oceanic tracts are also not acceptable because the marine
fossils found in folded mountains belong to the group of marine organisms of shallow seas.



3. Concept of J.W. Evans

According to Evans, the geosynclines are so varied that it becomes difficult to
present their definite form and location.

The beds of geosynclines are subjected to gradual subsidence because of
sedimentation. The form and shape of geosynclines change with changing
environmental conditions. A geosyncline may be narrow or wide. It may be of
different shapes.

There may be several alternative situations of geosynclines :

(a) It may be between two land masses (example, Tethys geosyncline between
Laurasia and Gondwanaland),

(b) It may be in front of a mountain or a plateau (for example, resultant long trench
after the origin of the Himalayas, this depression was later on filled with sediments
to form Indo-Gangetic Plains),

(c) It may be along the margins of the continents,
(d) It may be in front of a river mouth, etc.

According to Evans, all the geosynclines irrespective of their varying forms, shapes
and locations are characterized by twin processes of sedimentation and
subsidence. Geosynclines, after long period of sedimentation, are squeezed and
folded into mountain ranges.



4. Views of Schuchert

He attempted to classify geosynclines on the basis of their characteristics
related to their size, location, evolutionary history, etc.

He has divided the geosynclines into 3 categories :
(a) Monogeosynclines

They were exceptionally long and narrow but shallow water tracts as
conceived by Hall and Dana.

The geosynclinal beds are subjected to continuous subsidence due to
gradual sedimentation and resultant load.

Such geosynclines are situated either within a continent or along its
borders. These are called mono because they pass through only one cycle
of sedimentation and mountain building.

Appalachian geosyncline is considered to be the best example of this type.
In place of the Appalachains, there existed a long and narrow Appalachain
geosyncline during Pre-cambrian period (4.6 billion years ago (Ga) to the beginning
of the Cambrian Period, about 541 million years ago). The geosyncline was bordered
by highland mass known as Appalachia in the east. Appalachian
geosynclines were folded from Ordovician to Permian periods.




(b) Polygeosynclines

They were long and wide water bodies. These were
definitely broader than the monogeosynclines.
These geosynclines existed for relatively longer

period than the monogeosynclines and these have
passed through complex evolutionary histories.

“These are considered to have experienced more
than one phase of orogenesis, consequently they
may have been diversified by the production of one
or more parallel geanticlines (a large-scale
upwardly flexed structure in the earth's crust)
arising from their floors in the squeezing process.”

They originated in positions similar to those of
monogeosynclines. Rocky and Ural geosynclines
are quoted as the representative examples of
polygeosynclines.

(c) Mesogeosynclines

They were very long, narrow and mobile ocean
basins which are bordered by continents from all
sides. They are characterized by great abyssal
depth and long and complex geological histories.

These geosynclines pass through several
geosynclinal phases e.g., phases of sedimentation,
subsidence and folding.

Mesogeosynclines are similar to the geosynclines
conceived by Haug.

Tethys geosyncline is the typical example of such
type. Mediterranean Sea is the remnant of Tethys
geosyncline. This geosyncline was folded into
Alpine mountains of Europe and the Himalayas of
Asia. The unfolded remaining portion of Tethys
geosyncline became Mediterranean Sea, an
example of median mass of Kober.



5. Concept of Arthur Holmes

Besides describing main characteristics of geosynclines, Arthur Holmes has
also elaborated the causes of the origin of different types of geosynclines.

He has also described the detailed processes and mechanisms of
sedimentation and subsidence and consequent orogenesis.

According to him, no doubt sedimentation leads to subsidence, but this process
cannot account for the greater thickness of sediments in geosynclines, rather
earth movements can cause subsidence of high magnitude in the geosynclinal
beds.

He further pointed out that the process of subsidence of the geosynclinal beds
was not a sudden process rather it was a gradual process.

The deposition of sediments up to the thickness of 12,160 m in the Appalachian
geosyncline could be possible during a long period of 30,00,00,000 years from
Cambrian period to early Permian period at the rate of one foot of
sedimentation every 7,500 years.

Holmes has identified 4 major types of geosynclines and has described the
mode of their origin separately :



(a) Formation of Geosynclines due to Migration of Magma

According to Holmes, the Crust of the earth is composed of 3 shells of rocks.
Just below the outer thin sedimentary layer lies:

(i) Outer Layer of granodiorite (intrusive igneous rock similar to granite)
(thickness, 10 to 12 km), followed by

(ii) an Intermediate Layer of amphibolite (thickness, 20-25 km), and

(iif) a Lower Layer of eclogite (a metamorphic rock formed when mafic igneous
rock is subjected to high pressure) and some peridotite (a dense, coarse-
grained ultramafic igneous rock consisting mostly of the silicate minerals olivine
and pyroxene).

He has further pointed out that migration of magmas from the intermediate layer
to neighbouring areas causes collapse and subsidence of upper or outer layer
and thus is formed a geosyncline.

The present Coral Sea, Tasman Sea, Arafura Sea, Weddell Sea and Ross Sea
have been quoted as typical examples of such geosyncline.

This concept of Holmes has been severely criticised because the transfer and
displacement of magmas cannot cause subsidence to form geosynclines.



(b) Formation of Geosynclines due to Metamorphism

According to Holmes, the rocks of the lower layer of the crust, as referred to
above, are metamorphosed due to compression caused by converging
convective currents. This metamorphism increases the density of rocks,
with the result the lower layer of the crust is subjected to subsidence and
thus a geosyncline is formed.

Caribbean Sea, the western Mediterranean Sea and Banda Sea have been
quoted as examples of this category of geosynclines.

This concept has been rejected on the ground that compression caused by
convergent convective currents would not cause metamorphism, rather it
would cause melting of rocks due to resultant high temperature.

(c) Formation of Geosynclines due to Compression

Some geosynclines are formed due to compression and resultant
subsidence of outer layer of the crust caused by convergent convective
currents.

Persian Gulf and Indo-Gangetic trough are considered to be typical
examples of this group of geosynclines.



(d) Formation of Geosynclines due to Thinning of Sialic
Layer

According to Holmes, there may be two possibilities if a column
of rising convective currents diverges after reaching the lower
layer of the crust in opposite directions:

(i) The sialic layer is stretched apart due to tensile forces
exerted by diverging convective currents. This process causes
thinning of sialic layer which results in the creation of a
geosyncline. The former Tethys geosyncline is considered to
have been formed in this manner.

(i) Alternatively, the continental mass may be separated due to
enormous tensile force generated by divergent convective
currents. Former Ural geosyncline is supposed to have been
formed due to this mechanism.



6. Geosynclinal Orogen Theory of Kober

Famous German geologist Leopold Kober has
presented a detailed & systematic description of
the surface features of earth in his book Der Bau
der Erde.

His main objective was to establish relationship
between ancient rigid masses or tablelands and
more mobile zones or geosynclines, which he
called orogen.

Kober not only attempted to explain the origin of
the mountains on the basis of his geosynclinal
theory, but he also attempted to elaborate the
various aspects of mountain building e.g.,
formation of mountains, their geological history
and evolution and development.

He considered the old rigid masses as the
foundation stones of the present continents.

According to him, present continents have grown
out of rigid masses.

He defined the process of mountain building or

orogenesis as that process which links rigid
masses with geosynclines. In other words,
mountains are formed from the geosynclines
due to the impacts of rigid masses.

This theory is based on forces of contraction
produced by the cooling of the earth.

He believes in the contraction history of the
earth. According to J.A. Steers (1932) “Kober is
definitely a constructionist, contraction providing
the motive force for the compressive stress”.

In other words, the force of contraction
generated due to cooling of the earth causes
horizontal movements of the rigid masses or
forelands which squeeze, buckle and fold the
sediments into mountain ranges.



Base of the Geosynclinal Orogen Theory

According to Kober, there were mobile zones of water in the places of present-day mountains. He
called mobile zones of water as geosynclines or orogen (the place of mountain building).

These mobile zones of geosynclines were surrounded by rigid masses which were termed by
Kober as kratogen.

The old rigid masses included Canadian Shield, Baltic Shield or Russian Massif, Siberian Shield,
Chinese Massif, Peninsular India, African Shield, Brazilian Mass, Australian and Antarctic rigid
masses.

According to Kober, mid-Pacific geosyncline separated north and south forelands which were later
on foundered (fill with water) to form Pacific Ocean.

Eight morphotectonic units can be identified on the basis of the description of the surface
features of the earth during Mesozoic era as presented by Kober :

(i) Africa together with some parts of Atlantic and Indian Oceans,
(i) Indian-Australian land mass, (i) Eurasia,

(iv) North Pacific continents,

(v) South Pacific continents,

(vi) South America and Antarctica etc.



Kober has identified 6 major periods of mountain building :

Three mountain building periods, about which very little is known, are
reported to have occurred during pre-Cambrian period. Palaeozoic era (541
to 251.902 million years ago) saw two major mountain building periods —
the Caledonian orogenesis was completed by the end of Silurian period
(443.8 to 419.2 million years ago) and the Variscan orogeny was
culminated in Permo-Carboniferous period (about 300 million years ago).

The last (6™) orogenic activity known as Alpine orogeny was completed
during Tertiary Period (66 million to 2.6 million years ago).

Kober has opined that mountains are formed out of geosynclines.

According to Kober, geosynclines, the places of mountain formation (known
as orogen) are long and wide water areas characterized by sedimentation
and subsidence.

According to J.A. Steers (1932) “Kober’s views (on geosynclines and
orogenesis) are, then, a combination of the old geosynclinal hypothesis of
Hall and Dana, which was developed later by Haug, and his own views on
orogenesis.”



Mechanism of the Geosynclinal Orogen Theory

According to Kober, the whole process of mountain
building passes through three closely linked stages
of Lithogenesis, Orogenesis and Gliptogenesis :

(i) Lithogenesis (the stage of creation of
geosynclines, sedimentation and subsidence of the
beds of geosynclines).

(i) Orogenesis (the stage of squeezing and folding
of geosynclinal sediments into mountain ranges),

(i) Gliptogenesis (the stage of gradual rise of
mountains, and their denudation and consequent
lowering of their heights).

The first stage is related to the creation of
geosynclines due to the force of contraction caused
by cooling of the earth. This preparatory stage of
mountain building is called lithogenesis. The
geosynclines are long and wide mobile zones of
water which are bordered by rigid masses, which
have been named by Kober as forelands, or
kratogen.

These upstanding land masses or forelands are
subjected to continuous erosion by fluvial
processes and eroded materials are deposited in
the geosynclines. This process of sediment
deposition is called sedimentation.

The ever increasing weight of sediments due to
gradual sedimentation exerts enormous pressure
on the beds of geosynclines, with the result the
beds of geosynclines are subjected to gradual
subsidence. This process is known as the process
of subsidence.

These twin processes of sedimentation and
resultant subsidence result in the deposition of
enormous volume of sediments and attainment of
great thickness of sediments in the geosynclines.



The second stage is related to mountain building and is called the stage of orogenesis.

Both the forelands start to move towards each other because of horizontal movements
caused by the force of contraction resulting from the cooling of the earth.

The compressive forces generated by the movement of forelands together cause
contraction, squeezing and ultimately folding of geosynclinal sediments to form mountain
ranges.

The parallel ranges formed on either side of the geosyncline have been termed by Kober
as randketten (marginal ranges) (see figs).

According to Kober, folding of entire sediments of the geosyncline or part thereof depends
upon the intensity of compressive forces.

If the compressive forces are normal and of the moderate intensity, only the marginal
sediments of the geosyncline are folded to form two marginal randketten (marginal
ranges) and middle portion of the geosyncline remains unaffected by folding activity (thus
remains unfolded).

This unfolded middle portion is called zwischengebirge (or Median Mass) (see I fig).

Alternatively, if the compressive forces are acute, the whole of geosynclinal sediments
are compressed, squeezed, buckled and ultimately folded (see fig) and both the
forelands are closeted.

This process introduces complexity in the mountain because acute compression results
in the formation of recumbent folds and nappes.
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Fig. 11.7: Hlustration of Kober's geosynclinal theory of
mouniain building through a block diagram.



Three stages of Mountain Building
1. Lithogenesis
2. Orogenesis

3. Gliptogenesis

Four Terms Used by Kober
1. Orogen

2. Kratogen

3. Randketten

4. Zwischengebirge
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Kober has attempted to explain the forms and

structures of folded mountains on the basis of his Pyrences  APS Proper ! "“'Emathtm
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Alpine mountain system. The Alpine mountain chains
were formed because of compressive forces coming
from two sides (north and south).”

The median masses located in the Alpine mountain
system very well explain the mechanism of mountain
building.

The direction of folding in the Carpathians and Dinaric
Alps (Dinarides) is north and south respectively, which
means that Hungarian median mass is located
between two mountain ranges having opposite
directions of folding.
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Fig. 11.9 : lllustration of Kober’'s median mass through Tibetan plateau between Kunlun and Himalaya.



According to Kober, Asiatic Alpine folded mountains can be grouped into two
categories on the basis of orientation of folds

(i) The ranges, which were formed by the northward compression, include Caucasus,
Pantic and Taurus (of Turkey), Kunlun, Yannan and Annan ranges, and

(i) The ranges, which were formed by the southward compression, include Zagros and
Elburz of Iran, Oman ranges, Himalayas, Burmese ranges etc. Tibetan plateau is a fine
example of median mass between Kunlun-Tien-Shan and the Himalayas.

The median mass may be of various forms :

(i) In the form of plateau (examples, Tibetan plateau between Kunlun and Himalaya.
Iranian plateau between Zagros and Elburz, Anatolian plateau between Pantic and
Taurus, Basin Range between Wasatch ranges and Sierra Navada in the USA);

(ii) In the form of plain (example, Hungarian plain between Carpathians and Dinaric Alps),
and

(iii) In the form of seas (examples, Mediterranean Sea between African Atlas mountains
and European Alpine mountains, Caribbean Sea between the mountain ranges of middle
America and West Indies).

Third stage of mountain building is characterized by gradual rise of mountains and their
denudation by fluvial and other processes. Continuous denudation results in gradual
lowering of the height of mountains.



Evaluation of the Geosynclinal Orogen Theory

(a) The force of contraction, as envisaged by Kober, is not sufficient to cause mountain
building. In fact, very extensive and gigantic mountains like the Alps, the Himalayas, the
Rockies and the Andes cannot be formed by the force of contraction generated by
cooling of the earth.

(b) According to Suess, only one side of the geosyncline moves whereas the other side
remains stable. The moving side has been termed by Suess as backland whereas
stable side has been called foreland. According to Suess, the Himalayas were formed
due to southward movement of Angaraland. The Gondwanaland remained stationary.

This observation of Suess gained much favour previously but after the postulation of
plate tectonic theory, his views have become meaningless and the concept of Kober,
that both the forelands move together, has been validated because ample evidences of
palaeomagnetism and sea-floor spreading have shown that both Asiatic and Indian
plates are moving towards each other.

(c) Kober's theory somehow explains the west-east extending mountains but north-
south extending mountains (Rockies and Andes) cannot be explained on the basis of
this theory.

In spite of a few inherent limitations and weaknesses, Kober is given credit for
advancing the idea of the formation of mountains from geosynclinal sediments because
geosyncline found berth in almost all the subsequent theories even in plate tectonic

theory.



7. Thermal Contraction Theory of Jeffreys

Jeffreys, a strong exponent of contraction theory, postulated his ‘thermal
contraction theory’ to explain the origin and evolution of major reliefs of
the earth’'s surface (continents, ocean basins, mountains, island arcs
and festoons), but his major objective was to explain the origin and
distributional patterns of mountain systems of the globe.

Jeffreys was a contractionist. His theory was based on mathematical
reasoning.

He postulated his contraction theory because he could not find any
strong reasons in the continental drift theory which advocated horizontal
movement of the continents due to tidal force of the sun and the moon
and the gravitational force as envisaged by A.G. Wegener.

Jeffreys used the force of contraction resulting partly from cooling of
the earth due to loss of heat through radiation from the earth’s surface
and partly from the decrease of the speed of the earth’s rotation.



In fact, the forces invoked by Jeffreys are divided into two
groups :

1. Force coming through the cooling of the earth : The earth,
after being formed, started cooling due to loss of heat through
radiation. This process resulted in the gradual decrease of the
size of the earth due to contraction on cooling. The resultant
contraction provided adequate force (as believed by Jeffreys) to
form various relief features including mountains.

2. Force coming through the decrease in the speed of
earth’s rotation : About 1,600 million years ago, the earth
completed its one rotation in about 0.84 hour, whereas it
presently completes one rotation in about 24 hours. The
decrease In the rotational speed caused contraction in the
equatorial circumference of the earth.



Mechanism of the Theory

Jeffrey’s theory is based essentially on the
history of the contraction of the earth. According
to Jeffreys, the earth began to shrink because of
contraction caused by gradual cooling of the
earth due to loss of heat through radiation from
the very beginning of its origin. He has
mathematically calculated the extent of
contraction on cooling.

A decrease of temperature up to 400°C in the
400 km thick outer shell of the earth would
cause shortening of the diameter of the earth by
20 km and the circumference by 130 km due to
cooling and resultant contraction.

He calculated the maximum shortening of the
crust due to contraction to be 200 km and the
reduction in surface area up to 5 x 10° cm?.

According to Jeffreys, the earth is composed of
several concentric shells (layers). The cooling
and resultant contraction take place layer after
layer but the cooling is effective up to the
depth of only 700 km from the earth’s surface.

Within the zone of 700 km from the earth’s
surface, every upper layer has cooled earlier
and more than the layer immediately below it.

Further, each upper layer continued to cool
unless obstructed by the immediate lower layer.
The outer layer began to cool first due to loss of
heat through radiation.

It may be pointed out that there is a limit of
cooling beyond which no further cooling is
possible.
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After maximum cooling and resultant contraction of
the upper layer, lower layer just lying below the upper
layer begins to cool and contract, with the result
already cooled and contracted upper layer becomes
difficult to fit in with the still cooling and contracting
lower layer.

The core of the earth is not affected by cooling
because of exceptionally high temperature prevailing
there.

Thus, the core obstructs the contraction of the layer
lying above it. The cooling and contracting layer lying
below the already cooled and contracted upper layer
becomes too short to fit in with the core of the earth.

Now, there is a layer between the upper and lower
layer where contraction is such that the intermediate
layer can fit in with the lower layer. This layer is called
level of no strain.

The layer lying over the level of no strain is too big to
fit with the lower layer and hence the upper layer has
to collapse on the lower layer so that it can fit with the

lower layer. This process (collapse of upper layer on
lower layer) results in the decrease in the radius of
the earth which causes horizontal compressive stress
which leads to buckling and folding of the rocks of
upper layer. Thus, the mountains are formed.

The lower layer below the level of no strain is too
short to fit with the core of the earth and hence the
lower layer has to stretch horizontally.

This process implies a lateral spreading and thinning
out of the materials of the lower layer below the level
of no strain. The spreading and thinning of the lower
layer introduces a state of stress which causes
fractures and fissures resulting into breaking of rocks.
This mechanism allows further collapse of the already
cooled outer layer and thus already formed
mountains are subjected to further rise in height.



Jeffreys has also explained various aspects of mountain building e.g., period of
mountain building, zones of mountain building, direction of mountains etc.

Period of Mountain Building

According to Jeffreys, the process of aforesaid mechanism of mountain building is
not always active throughout the geological periods rather is confined to certain
periods only.

There is a continuous accumulation of compressive and tensile forces resulting
from contraction of the earth due to cooling and this process continues until the
accumulated forces exceed the rock strength.

When this state (when accumulated compressive and tensile forces exceed the
rock strength) is reached, folding and faulting are introduced and the process of
mountain building sets in and this process continues till the compressive and tensile
forces are strong and active.

When these forces become weak, mountain building stops and the period of
quiescence (dormancy) sets in.

Again, the process of accumulation of compressive and tensile forces starts and the
next process of mountain building begins when these forces again become strong
enough to fold the crustal rocks. Thus, two periods of mountain building are
separated by a long period of quiescence.



Zones of Mountain Building

According to Jeffreys, mountain building depends upon
the nature and strength of rocks.

The areas having soft & elastic rocks are most affected
by the process of mountain building as the rocks are
easily folded by compressive forces caused by
contraction.

The regions having hard & less elastic rocks are
affected by tensile forces (when being stretched) &
thus several faults & fractures are formed because
such rocks are easily broken into blocks.

It is, thus, apparent that mountain building is localized
in certain zones of the globe.

Direction of Force

According to Jeffreys, not all the areas below the earth
surface are equally affected by mechanism of cooling
& contraction. The cooling process was more active
below the Oceanic Crust than the Continental Crust
because of dissimilar structure of these two zones.

Thus, the rocks below the Oceanic Crust experienced
more cooling and contraction than the rocks below the
Continental Crust.

Thus, the force of contraction is directed from Oceanic
Crust towards the Continental Crust.

This mechanism results in the formation of mountains
along the continental margins parallel to the oceans.

Rockies and Andes are the examples of such situation.

Direction of Mountains

According to Jeffreys, the compressive force generated
by contraction of the earth due to cooling was directed
from oceanic areas towards the continental areas
almost at right angle and thus the mountain ranges
were formed parallel to the oceanic areas.

The layout and direction of the Rockies and Andes
mountains are very well explained on the basis of this
theory because these mountains run north to south
along the western margins of North and South America
respectively and are parallel to the Pacific Ocean.

But the west-east extent of the Alps and the Himalayas
cannot be explained on the basis of this theory.



Evaluation of the Thermal Contraction Theory

Though Jeffreys has attempted to explain the origin and evolution of surface features of the earth
and has presented several evidences in support of his thermal contraction theory but his theory has

been severely criticised and attacked on the following grounds :

1. The force of contraction resulting from cooling of earth is not sufficient enough to account for the
origin & evolution of major surface reliefs of the globe. A. Holmes has remarked that “the calculated
reduction of area (by Jeffreys) is seriously in deficit of the amount to explain mountain building.”

2. The concept of cooling of the earth in the system of concentric shells (layers) is erroneous and is
not acceptable.

3. The impact of decrease in the speed of rotation of the earth on mountain building is doubtful. J.A.
Steers (1932) has aptly remarked, “It may, in fact, be safely concluded that whatever effects the
changing speed of rotation in geological times may have had, it was totally inadequate to influence
mountain building in any marked way.”

4. It is improper to believe that contraction would have been so immense about
200 million years ago so that it might have formed such gigantic mountains of
Tertiary period as the Rockies, the Andes, the Alps, the Himalayas etc.

5. As per thermal contraction theory of Jeffreys, the continents and oceans
should have been uniformly distributed as the earth was contracted from all
sides but presently there is uneven distribution of continents and oceans.



6. According to this theory, the situation of mountains should always be parallel to the oceans. The
arrangement of the Rockies and Andes is justified on the basis of this theory but the arrangement of
European Alpine mountains and the Himalayas cannot be explained.

7. If we believe in the competence of the force of contraction to form mountains, it cannot produce
great ranges of mountains as they are found at present over the globe but it would produce a larger
number of small puckers or minor folds.

8. According to this theory, there should not be any definitive distributional pattern of mountains as
they may be formed everywhere because all parts of earth’s crust experienced contraction but
contrary to this mountains are found in certain patterns e.g., along the margins of the consents
extending either north-southward or west-eastward.

9. It has been argued that on the thermal contraction theory the time interval between various
mountain buildings should have increased as cooling progressed, but in fact, judged on other
evidence, the interval seems to have remained almost about the same.

10. Jeffreys’ earlier quantitative estimates of contraction due to cooling have
been outright rejected because the effect of radioactivity has been totally
neglected. In Holmes’ opinion, to ignore the heat produced by radioactive
disintegration would be as wrong as to ignore the effect of gravitation.

11. Lastly, but not the least, is the presence of fossils in the rocks of the folded
mountains. It clearly indicates the birth of folded mountains in seas, a fact
which invalidates the thermal contraction theory of the mountain building.



TYPES OF MOUNTA]NS & OROGENY
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Orogeny
J

It is a process in which a section of the earth’s crust is folded and gmm
deformed by lateral compression to form a mountain range.

A""‘/—-'-'-).J
Orogenic movements are ‘Tectonic movements’ of the earth which [P
involve the folding of sediments, faulting and metamorphism. ﬂwﬁ/
St : : clfm’"ﬂ
Classification on the Basis of Location e
Coastal Mountains : Rockies, Appalachians, Alpine, Atlas, etc. g L 107
420!

Inland Mountains : Vosges and the Black Forest (Europe), Kunlun,
Tien Shan, Altai mountains of Asia, Urals of Russia, Aravallis, g
Himalayas, Satpura, Maikal of India, etc.

Oceanic Mountains

Oceanic mountains are found on continental shelves and ocean
floors.

. If the height of the mountains is considered from the ocean floor,
Mauna Kea (10,200) would be the highest mountain.



Lfg/\ﬂ\‘[ | %e‘ Cmbﬁs ‘Lw WE/
9 . Cpif_akcaw ML




ON THE BASIS OF PERIOD OF ORIGIN
Many orogenic or mountain-building movements have taken place so far.

Some of them occurred in Pre-Cambrian times (between 600-3,500 m.y.a.). The three more
recent orogenies are the Caledonian, Hercynian and Alpine.

1. Pre-Cambrian Mountains
Belong to the Pre-Cambrian period, a period that extended for more than 4 billion years.

The rocks have been subjected to upheaval, denudation & metamorphosis. So the remnants
appear as ‘Residual Mountains’.

Some of the examples are Laurentian mountains & Algoman mountains.

2. Caledonian Mountains

It was caused by the closure of the lapetus Ocean when the continents and terrains of
Laurentia, Baltica and Avalonia collided in the period from the start of the Cambrian (542
m.y.a.) to the end of the Silurian (about 416 m.y.a.).

The final collision was between a N.W. European and a North American—Greenland
continent, and it gave rise to prominent mountain ranges.

Examples are the Appalachians, Scandinavian Mountains, Svalbard, Eastern Greenland,
parts of north-central Europe and Aravallis.

The Caledonian orogeny is named for Caledonia, the Latin name for Scotland.



Laurentian mountains

Algoman mountains in Great Lakes Tectonic region




3. Hercynian Mountains
These mountains originated during the upper Carboniferous to Permian Period.

They came into existence between approx. 340 million years and 225 million years ago.

Some examples are the mountains of Vosges and Black Forest of Europe,/Altai,) Tian Shan
mountains of Asia, Urawﬁjugtains, etc.

! ree= P)LE} c_le Mth

> Fig : Caledonian and Hercynian mountains



4. Alpine System
M

Has its origin in the Tertiary Period (66 m.y.a. - 2.6 m.y.a.)
which consists of the Palaeocene, Eocene, Oligocene,
Miocene and Pliocene epochs.

The mountains were formed from about 65 million years to 7
million years ago. Examples are :

Rockies of North America, 2{
Alpine mountains of Europe
Atlas mountains of north-western Africa

Himalayas of the Indian subcontinent radiating from
Pamir knot.

Being the most recently formed, these ranges, such as the

Alps, Himalayas, Andes and Rockies are the loftiest with
rugged fefrain.



ON THE BASIS OF MODE OF ORIGIN
Original or Tectonic mountains

Original or Tectonic mountains are the product
of tectonic forces.

The tectonic mountains may be categorized into

Fold Mountains (Himalayas, Rockies,
Andes eftc.),

Block Mountains (Vosges mountains in
France, Black Forest in Germany, Vindhya
and Satpura in India etc.) and

Volcanic Mountains (Cascade Range in
USA, Mt Kenya, Mt Kilimanjaro, Mt
Fujiyama etc.).

Circum-erosional / Relict / Residual Mountains
Aravallis in India, Urals in Russia, etc. are the
remnants of old fold mountains derived as a
result of denudation.

1. Fold Mountains

They are formed when the rocks of the crust of
the earth fold under stress, mainly by forces of

compression (as a result of series of
earthquakes).

They are formed when sedimentary rock strata
iIn geosynclines are subjected to compressive
forces.

The presence of fossils suggests that the
sedimentary rocks of these folded mountains
were formed after accumulation and
consolidation of silt and sediments in a marine
environment.

They are the loftiest mountains and are
generally concentrated along continental
margins facing oceans.

Recurrent seismicity is a common feature in
folded mountain belts.

They extend for great lengths whereas their
width is considerably small.



Fold mountains can be divided into two broad types on the basis of the nature of folds :
1. Simple Fold Mountains

With open folds, in which well-developed systems of synclines and anticlines are found & folds are of
wavy patterns. E.g., Jura mountains.

2. Complex Fold Mountains I\\ %

In which the rock strata are intensely compressed to produce a complex structure of folds.

In the Himalayas, over folds and recumbent folds are often found detached from ti r roots and carried

few hundred km. away by the tectonic forces. These detached folds are called

On the basis of period of origin, fold mountains are divided into very old fold mo
mountains and Alpine fold mountains.

1. Very Old Fold Mountains

ins, old fold

> <=
They are more than 500 million years old.

Rounded features (due to denudation).

Low elevation.

The Appalachians in North America and the Ural mountains in Russia.






2. Old Fold Mountains

Old fold mountains had their origin before the
Tertiary period (70 million years).

The fold mountain systems belonging to
Caledonian and Hercynian mountain-building
periods fall in this category.

They are also called as Thickening relict fold
mountains because of lightly rounded features
and medium elevation.

Top layers worn out due to erosional activity.

Example: Aravalli Range (oldest fold mountain
systems in India; formed approx. 370 m.y.a.).

Aravalli Range has considerably worn-down
due to the processes of erosion. The range rose
in post-Precambrian event called the Aravalli-
Delhi orogeny (Silurian and early Devonian
periods).

3. Alpine or Young Fold Mountains

Alpine fold mountains belonging to the Tertiary
period can be grouped under the new fold
mountains category.

Examples are Rockies,

Himalayas, etc.

Andes, Alps,

Characteristics

Rugged relief; Imposing height (lofty); High
Conical Peaks.



Characteristics of Fold Mountains

Fold mountains belong to the group of youngest mountains of the
earth.

The presence of fossils suggests that the sedimentary rocks of

these folded mountains were formed after accumulation and
consolidation of silts and sediments in a marine environment.

Generally, fold mountains have a steep slope on one side and a
gentle slope on the other.

Fold mountains are characterized by granite intrusions on a
massive scale.

High heat flow often finds expression in volcanic activity (though
not exactly in Himalayas).

These mountains are by far the most widespread and also the
most important.

They also contain rich mineral resources such as tin, copper, gold.



2. Block Mountains

They are created when large areas or blocks of earth are broken and displaced
vertically.

When the earth’s crust bends, folding occurs, but when it cracks, faulting occurs.
That's why they are also called fault block mountains as they're formed due to faulting
as a result of tensile and compressive forces.

The faulted edges are very steep, e.g. the Vosges and Black Forest of the Rhineland.

Tension may also cause the central portion to be let down between two adjacent fault
blocks forming a rift valley, which will have steep walls.

The uplifted blocks are termed as horsts and the lowered blocks are called graben.
Great African Rift Valley, Rhine Valley & Vosges mountain in Europe are the examples.

The East African Rift (EAR) Valley system is the best example, where the African Plate is in
the process of splitting into two tectonic plates, called the Somali Plate and the Nubian
Plate, at a rate of 6 to 7 mm per year. It is 6,000 km long, stretching from the Begaa Valley
in Lebanon in Asia to Mozambique in S.E. Africa.

Compressional forces set up by earth movements may produce a thrust or reverse fault &
shorten the crust. A block may be raised or lowered in relation to surrounding areas.



Horst and Graben

Direction of

crustal
Grndos




P Tectonic stress

Horst Scarp Graben

HBuzzile.com

Fault block mountains are formed
when blocks of bedrock are split
into two by tectonic activity.
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3. Volcanic Mountais
. Volcanic mountains are formed due to volcanic activity.

These are, in fact, volcanoes which are built up from material
ejected from fissures in the earth’s crust.

The materials include molten lava, volcanic bombs, cinders,
ashes, dust and liquid mud. el

They fall around the vent in successive layers, building up a rio - |
characteristic volcanic cone.

Volcanic mountains are often called mountains of accumulation. N e

Eg : Cotopaxi in Andes, Vesuvius and Etna in Italy, Fujiyama in
Japan, Mauna Loa and Kilagea (Most active volcano) in Hawaii,
Ojos \}erl/ Salado in Argentina / Chile (Highest active volcano),
Popocatépetl in Mexico, Raineer of Washington, Stromboli in

Mediterranean (called Lighthouse of the Mediterranean), Mirapi
and Krakatoa in Indonesia, Taal in Philippines, etc.
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4. Residdial / Relict Motintains
These are mountains evolved by denya/tion.

Where the general level of the land has been
lowered by the agents of denudation, some very
resistant areas may remain and these form
residual mountains, e.g. Mt. Manodnock in US.

I"___._H—_"\.____-—-.._‘___._._‘_‘H-‘f-_.__

Residual mountains may also evolve from

plateaus which have been dissected by riv e R W o W
into hills and valleys. 2 e
Examples of dissected plateau, where the down- %

cutting streams have eroded the uplands into
mountains of denudation, are the Highlands of
Scotland, Scandinavia and the Deccan Plateau. j




Why World's Highest Mountains are at the Equator?

Scientists have solved the mystery of why the world’s highest mountains sit near
the equator.

Colder climates are better at eroding peaks. In colder climates, the snowline
on mountains starts lower down, and erosion takes place at lower altitudes.

In general, mountains only rise to around 1,500 m above their snow lines,

so it is the altitude of these lines — which depends on climate and latitude —
which ultimately decides their height.

At low latitudes, the atmosphere is warm and the snowline is high. Around the
equator, the snowline is about 5,500 m at its highest so mountains get up to
7,000 m.

There are a few exceptions, such as Mt. Everest, but extremely few.

When you then go to Canada or Chile, the snowline altitude is around 1,000 m,
so the mountains are around 2.5 km.

Ice and glacier coverage at lower altitudes in cold climates is more important
than collision of tectonic plates.

Glacial erosion is very strong because of huge boulders of rocks carried by the
glacial ice that graze the surface. Though ice moves only few meters a day, it
can take along it huge rocks that can peel the outer layers.
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Important Mountain Ranges
The highest known mountain on any planet in the Solar System is Olympus
Mons on Mars (~26 km in elevation). It is also the highest active volcano in
the Solar System.

Range Location Highest Peak (m)
Andes (longest mountain range) South America 6,960
Himalayas-Karakoram-Hindukush South Central Asia 8,848
Rockies North America 4,401
Great Dividing Range East Australia 2,228
Caucasus Europe, Asia 5,642
Alaska USA 6,194
Alps Europe 4,808
Apennines Europe 2,912
Ural Asia 1,895
Pennines Europe 893
Pyrenees Europe 3,404

Appalachian North America 2,040



Mountain Ranges by Height

. Himalayas — Asia: India, China, Nepal, Pakistan,
Bhutan; highest point- Everest; 8848 m.

. Karakoram - Asia: Pakistan, India, China; highest
point- K2, 8611 m.

. Hindu Kush - Asia: Afghanistan, Pakistan, India;
highest point- Tirich Mir (in Pakistan), 7708 m.

. Pamir - Asia: Tajikistan, China, Afghanistan,
Pakistan, India; highest point — Ismail Samani Peak
(in Tajikistan), 7495 m.

. Tian Shan - Asia: China, Kazakhstan, Uzbekistan,
Kyrgyztan, India, Pakistan; highest point — Jengish
Chokusu (Kyrgyzstan-China border), 7439 m.
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IMPORTANT MOUNTAIN RANGES
ANDES

The Andes is the longest continental mountain range in the
world (7,000 km long).

Formed due to Ocean-Continent collision.
Average height of about 4,000 m.

Spread along Venezuela, Colombia, Ecuador, Peru, Bolivia,
Chile and Argentina.

World's highest mountain range outside Asia.
The highest peak, Mount Aconcagua (6,960 m; highest in
both Southern and Western Hemispheres).

World's highest volcanoes are in the Andes. Ojos del Salado
(means “Eyes of the salty one”, 6,893 m) on the Chile-
Argentina border is the highest active volcano on earth.

Geology

Caused by the subduction of oceanic crust beneath the South
American plate.

Formed due to compression of western rim of the South
American Plate due to the subduction of the Nazca Plate.




MMOUNTAINS
Mountain range in western North America.

The Rocky Mountains stretch more than 4,800 km.

Spread along northernmost part of British
Columbia, in western Canada, to New Mexico, in
the southwestern US.

Located within the North American Cordillera, the
Rockies are distinct from the Cascade Range and
the Sierra Nevada, which all lie farther to the west.

Geology
Formed due to Ocean-Continent collision 80 m.y.a.
to 55 m.y.a. ago.

Took shape during an intense period of plate
tectonic activity that resulted in much of the rugged
landscape of the western North America.




GREAT DIVIDING RANGE
The Great Dividing Range, or the
Eastern Highlands, extends from Cape
York Peninsula (Queensland) to Victoria
and continues beyond the Bass Strait
into Tasmania (for more than 3,500 km).

Name was given for its function of
dividing watersheds, which determines
the direction of flow of many rivers.

It is also known as the Australian Alps.
The Greater Blue Mountains Area,
Gondwana Rainforests and Wet Tropics
of Queensland World Heritage Areas are
located in the range.

Highest Point : Mt. Kosciuszko (2,228 m)

It was formed due to rifting (divergent
boundary).




Two processes, continental collision and volcanism, were responsible for most of the world's mountain
ranges. Australia's Great Dividing Range, however, happened without either, puzzling geologists as to its
source. Finally, they have an answer, one that may also explain highlands elsewhere.

University of Sydney's Professor Dietmar Miiller Research has explained that these mountains are the
product of two successive rounds of uplift. From 120 to 80 mya, East Gondwana began to break up and
its continental slab sank. "Eastern Australia was drifting over a subducted plate graveyard, giving it a
sinking feeling. But around 100 mya subduction came to a halt, resulting in the entire region being
uplifted, forming the Eastern Highlands."

Miiller explained that sinking as a result of subduction is followed by a rebound. However, this effect
only raised the area by 400-600 meters. The northern highlands continued to rise, albeit slowly, while
the southern end didn't change much, aside from some erosion.

"Then, about 50 mya, Australia's separation from Antarctica accelerated and it started moving north-
northeast, gradually taking it closer to a vast mantle upwelling called the South Pacific Superswell. This
provided a second upward push to the Eastern Highlands as they gradually rode over the edge of the
superswell.”

The team's modeling has been confirmed by a study of river systems in the Snowy Mountains at the
southern end of the Great Dividing Range, which show signs of having cut through the mountains in a
two-stage process. Erosion records from offshore basins also support the theory.



Zealandia

It is an almost entirely submerged mass of continental
crust that subsided after breaking away from
Gondwanaland 83-79 million years ago.

It has variously been described as a submerged
continent, a continental fragment, a microcontinent,
and a continent.

The name and concept for Zealandia was proposed
by Bruce Luyendyk in 1995.

The landmass may have been completely submerged
by about 23 million years ago, and most of it (94%)
remains submerged beneath the Pacific Ocean.

New Zealand is the largest part of Zealandia that is
above sea level, followed by New Caledonia.



TRANSANTARCTIC MOUNTAINS

These comprise a mountain range of uplifted sedimentary rock in
Antarctica which extend, with some interruptions, across the
continent from Cape Adare in northern Victoria Land to Coats Land.

These mountains divide East Antarctica and West Antarctica. They
iInclude a number of separately named mountain groups, which are
often again subdivided into smaller ranges.

The range was first sighted by James Clark Ross in 1841 at what
was later named the Ross Ice Shelf in his honor.

The mountain range stretches between the Ross Sea and the
Weddell Sea, the entire width of Antarctica, hence the name.

With a total length of about 3,500 km, the Transantarctic Mountains
are one of the longest mountain ranges on Earth.
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3 g & . Mountain range that runs approx. from north to south through

western Russia, from the coast of the Arctic Ocean to the Ural
River and northwestern Kazakhstan.

. Their eastern side is usually considered the natural boundary
between Europe and Asia.

. Rich in various deposits, including metal ores, coal, precious
and semi-precious stones.

. Since the 18" century, the mountains have been a major mineral
base of Russia.
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Geology

The Urals are among the world’s oldest extant mountain ranges.

Formed due to Continent-Continent collision.

They were formed during the Uralian orogeny due to the collision of
the eastern edge of the supercontinent Laurussia with the young
and weak continent of Kazakhstania, which now underlies much of
Kazakhstan. The collision lasted nearly 90 million years in the late
Carboniferous-early Triassic.

Unlike the other major orogens of the Paleozoic (Appalachians,
Caledonides), the Urals have not undergone post-orogenic
extensional collapse and are unusually well preserved for their age.
For its age of 250 to 300 million years, the elevation of the
mountains Is unusually high.



ATLAS MOUNTAINS

Mountain range across the northwestern stretch of Africa extending about
2,500 km through Algeria, Morocco and Tunisia.

The highest peak is Toubkal, with an elevation of 4,165 m in southwestern
Morocco.

Separates the Mediterranean and Atlantic coastlines from the Sahara Desert.

Geology

Initially, these mountains were formed when Africa and America collided

(North America, Europe and Africa were connected millions of years ago),
and were once a chain rivaling today’s Himalayas.

Finally, in the Paleogene and Neogene Periods (66 million to 1.8 million years
ago), the mountain chains that today constitute the Atlas were uplifted, as the
land masses of Europe and Africa collided at the southern end of the Iberian
Peninsula.

Some remnants can also be found in the later formed Appalachians in North
America.

Rich in natural resources — Deposits of iron ore, lead ore, Cu, Ag, Hg, rock
salt, phosphate, marble, anthracite coal and natural gas among other
resources.






APPALACHIAN MOUNTAINS

System of mountains in eastern North America.

One of the major mineral bases of America (contain major deposits of
anthracite and bituminous coal, petroleum and natural gas).

Geology

A look at rocks exposed in today's Appalachian mountains reveals
elongated belts of folded and thrust faulted marine sedimentary rocks,
volcanic rocks and slivers of ancient ocean floor, which provides strong
evidence that these rocks were deformed during plate collision.

The birth of the Appalachian ranges, some 480 million years ago, marks
the first of several mountain-building plate collisions that culminated in the
construction of the supercontinent Pangaea with the Appalachians near
the center.

Because North America and Africa were connected, the Appalachians
formed part of the same mountain chain as the Little Atlas in Morocco.






ALPS

Stretches approx. 1,200 km and spread across eight Alpine countries from
Austria and Slovenia in the east, France, Switzerland, Liechtenstein, and south
east Germany, to the west, and Monaco and Italy to the south.

Geology
Formed when African and Eurasian tectonic plates collided.

Extreme shortening caused by the event resulted in marine sedimentary rocks
rising by thrusting and folding into high mountain peaks such as Mont Blanc
and the Matterhorn.

Mont Blanc spanning the French-ltalian border, at 4,810 m, is the highest
mountain in the Alps.

The Alpine region area contains about a hundred peaks higher than 4,000 m,
known as the “four-thousanders”.

The altitude and size of the range affects the climate in Europe; in the
mountains precipitation levels vary greatly and climatic conditions consist of

distinct zones.






Longest Mountain Ranges

1. Andes — 7,000 km

2. Rocky Mountains — 4,830 km

3. Great Dividing Range — 3,500 km

4. Transantarctic Mountains — 3,500 km
5. Ural Mountains — 2,500 km

6. Atlas Mountains — 2,500 km

7. Appalachian Mountains — 2,414 km
8. Himalayas — 2,400 km

9. Altai Mountains — 2,000 km (1,243 mi)
10. Western Ghats — 1,600 km

11. Alps — 1,200 km

12. Drakensberg — 1,125 km

13. Aravalli Range — 800 km
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