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1. GEOMAGNETISM
Magnetism is a force of attraction or repulsion
that acts at a distance. It is due to a magnetic field,
which is caused by moving electrically charged
particles. It is also inherent in magnetic objects
such as a magnet. A magnet is an object that
exhibits a strong magnetic field and will attract
materials like iron to it. Magnets have two poles,
called the north (N) and south (S) poles. Two
magnets will be attracted by their opposite poles,
and each will repel the like pole of the other
magnet. Magnetism has many uses in modern life.
Magnetic Field: In a magnetic field, electric
currents flowing in the same direction will be
pulled towards each other and currents flowing in
directions opposite to each other will experience a
repulsive force. A magnetic field is found around
a magnetic body or a current carrying conductor.

The geomagnetic field
The Earth has four layers: the thin outermost layer
of lighter rock, ‘crust’; the rocky ‘mantle’; a liquid-
iron ‘outer core’ and the innermost layer, an iron
‘inner core’. The ‘inner core’ of the Earth rotates
at a different rate as compared to the solid outer
layers. This feature, together with currents in the
molten ‘outer core’, generates the Earth’s magnetic
field.
The magnetic field generally is similar to the field
generated by a dipole magnet—a straight magnet
that has a north pole and a south pole—placed at
the Earth’s centre. But the magnetic field changes
depending on the time and location on the Earth.
The axis of the dipole is approximately 11 degrees
from the axis of rotation of the Earth which means
that the geographical poles and the magnetic poles
in the north and the south are not in the same place.
Modern scientific study of the earth’s magnetic
field is usually said to begin with the experiments
of Sir William Gilbert, physician to Queen
Elizabeth I. He showed that the field resembles
that which would result from a giant bar magnet
located near the centre of the earth and aligned
approximately along the axis of rotation.
Extensions of the long axis of the magnet intersect
the surface of the globe at points known as the
north and south magnetic poles. This dipole field
at the surface of the earth may be described in terms
of the magnitude and direction of the magnetic

force. The magnitude attains its maximum value
close to the magnetic poles and its minimum value
around the magnetic equator. The direction is
usually specified in terms of inclination and
declination . The inclination is the angle which a
freely suspended magnetized needle makes with
the horizontal. In the case of a perfectly regular
dipole field such a needle would stand vertically
at the magnetic poles and horizontally at the
magnetic equator; between these two extremes the
angle would vary as a function of the latitudinal
distance from the magnetic pole. The declination
is the angular difference between the geographic
meridian and the horizontal component of the
earth’s magnetic field. Its value reaches the
extremes of zero and 180° along the great circle
passing through both the geographic and magnetic
poles.
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The observed geomagnetic field differs in a number
of important respects from the simple dipole field
assumed so far. Measurements of magnetic
intensity show the expected general decline from
poles to equator, but superimposed on this are
longitudinal variations such that the intensity over
Australia, for instance, differs considerably from
that over South America in the same latitude.
Similarly inclination and declination show marked
divergences from the regular dipole pattern. It
should be emphasized that these divergences are
not due to shallow crustal peculiarities such as
local iron-ore bodies, but are part of a world-wide
pattern which appears to be independent of surface
form and structure and to have its origin much
deeper within the earth. In addition to these spatial
complications there are also important temporal
changes. /Continuous recording stations widely
distributed over the globe reveal small daily
fluctuations in intensity, declination and
inclination. These same properties also vary on a
longer, secular time scale. Ever since the
seventeenth century it has been known that the
positions of the magnetic poles slowly move. When
first recorded the declination at London was about
10°E; by 1800 it had reached over 20°W but is
now decreasing and in 1975 was about 7°W. In
the same period the inclination has varied between
75° and 67° and the intensity has gradually
weakened. Viewed on a global scale many of the
deviations from the simple dipole field migrate
slowly westwards, moving at a rate of 0.18° of
longitude each year that is, making one revolution
in about 2000 years. On an even longer time scale
the most striking change is undoubtedly reversal
of the earth’s polarity so that what is now the north
pole becomes the south pole and vice versa. But,
the pattern of polarity reversal and polar shifting
is unpredictable as evident from earlier records.
It is from detailed studies of the modern magnetic
field that the most acceptable hypotheses of origin
arise. These envisage that the outer core of the
earth, being liquid and an electrical conductor, acts

as a ‘self-exciting dynamo’. The precise
mechanism is still far from clear, but it seems that
some form of energy in the earth’s interior is
ultimately converted into electric currents which
encircle the core and produce the dipole magnetic
field. Most significantly, all the widely supported
hypo-theses demand a permanently dipolar field
with an alignment approximately parallel to the
axis of rotation.
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Remanent magnetism or Paleomagnetism.
When an igneous rock containing iron-rich
minerals cools from the molten state it becomes
magnetized in accordance with the prevailing
geomagnetic field. Laboratory investigations show
that most of the magnetization is acquired quite
abruptly during cooling, the critical temperature
being designated the Curie point of the rock. So
long as the rock is not heated again to near its Curie
point, which commonly lies between 400° and
600°C, the acquired magnetization is remarkably
stable and may be retained for hundreds of millions
of years. In other words, when an iron-rich lava
cools through the Curie temperature a permanent
record is frozen into the material. The record is
contained in the remanent magnetism of the rock,
its strength varying according to the mineralogical
composition of the rock and the intensity of the
geomagnetic field at the time of cooling. At best
the remanent magnetism is extremely weak, a fact
which undoubtedly delayed the widespread
application of palaeomagnetic principles. A major
advance came with the development of the astatic
magnetometer by the distinguished British
physicist, Blackett. With this highly sensitive
instrument it became possible to measure not only
the remanent magnetism of igneous rocks but also
the even weaker magnetism of certain sedimentary
rocks. As detrital particles settle through water,
those fragments which have already been
magnetized tend to align themselves in conformity
with the ambient magnetic field. In this way iron-
bearing grains assume a preferred orientation that
confers a weak remanent magnetism on the
sediment and ultimately on the resulting rock. This
is sometimes destroyed by chemical changes during
and after consolidation so that a sedimentary rock
with a weaker and less stable magnetization
presents greater problems of interpretation than an
igneous rock; nevertheless, with adequate
precautions in sampling and measurement it may
still yield much valuable information.
The basis of palaeomagnetic reconstruction;; when
a rock sample is selected for palaeomagnetic study,
its orientation is first carefully measured and any
necessary allowance made to compensate for
tectonic disturbance. Subsequent analysis of the
sample in a magnetometer theoretically specifies
the magnitude, declination and inclination of the
local force at the time the remanent magnetism was
acquired. At this stage a major assumption needs
to be made, namely that the total geomagnetic field
was dipolar in form. On that basis it is possible to
reconstruct the contemporaneous positions of the
magnetic poles. Of course there are several sources
of potential error. The allowance for tectonic

disturbance is difficult to assess and the final
estimate may often be accurate to no more than
±5°. Secular fluctuations distorting the pure dipolar
field place an additional constraint on the precision
of the method. In practice, the remanence of many
samples of the same age is measured, calculations
made for each individual sample and then statistical
procedures employed to define confidence limits
for the positions of the poles.
Most of the early palaeomagnetic investigations
were concerned with Cenozoic lavas in such
countries as Japan, Italy and France. Then in the
1950s came the dramatic studies initiated by
Blackett on the Triassic sandstones of the British
Isles. These revealed polar positions some 200 Ma
ago widely differing from those of the present day.
One obvious explanation, known as the polar
wandering hypothesis, was that the magnetic poles
had slowly migrated over the earth’s surface. This
led to attempts at drawing what are termed polar
wandering curves. These involve plotting the
apparent polar positions” at different geological
periods and joining the points by a smooth curve.
When this is done for a single continent a consistent
pattern emerges and seems to support the polar
wandering hypothesis. However, when a polar
wandering curve is calculated for a second
continent, it is found to differ from the first. It was
this vital discovery which led to rejection of the
polar wandering hypothesis and revival for
continental drift as the only satisfactory
explanation for the palaeomagnetic findings. If the
continents have shifted their relative positions, all
contemporaneous rocks from a single continent
should yield a unique polar position, whereas those
from different continents should yield different
polar positions. In essence this is what
palaeomagnetic investigators claim to have found.
At first it might seem that an assumed identity
between magnetic and geographic poles, justified
on theoretical grounds, would permit detailed
reconstruction of continental movement. However,
brief reflection will show that this is not so.
Whereas inclination defines palaeolatitude,
declination does not define palaeolongitude; former
longitudinal positions with respect to some
arbitrary datum such as the Greenwich meridian
must remain indeterminate. Nevertheless, relative
displacements of the continents can be evaluated
by drawing polar wandering curves. In theory, as
long as two continental blocks are fused together,
or not moving with respect to each other, they
should yield a curve of identical form. Once they
start drifting apart their individual curves should
begin to deviate. Employing this principle it is
feasible to check observed palaeomagnetic values
against the predictions of any particular model of
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continental drift. For instance,/Wegener suggested
that the major continental blocks once formed a
supercontinent which he termed Pangaea (Fig. 3.2).
He argued that this was in existence until at least
Permian times since evidence for Permo-
Carboniferous glaciation in South America, Africa,
India and Australia required contiguity of these
continents if the global ice cover were to be kept
to acceptable proportions. The opening of the
Atlantic Ocean as the Americas separated from
the rest of Pangaea was believed to have begun in
the south in Jurassic times and gradually spread
northwards until Europe and North America finally
separated in late Cenozoic times. The drifting apart
of Africa, Asia, Australia and Antarctica was less
closely dated but was believed to have begun in
early Jurassic times lf Wegener’s reconstruction
of Pangaea is correct, all continents when fitted
into their respective positions should indicate a
single palaeomagnetic pole during late Palaeozoic
times. In broad outline this proves to be the case
and constitutes important support for Wegener’s
original thesis. The polar wandering curves for
individual continents begin to split in late Triassic
times. This is clearly seen in a comparison of the
curves for Africa, South America and North
America. Australia and Antarctica appear to have
moved away as a separate unit at about the same
period. Palaeomagnetic data suggest that the final
splitting of India from Africa and of Australia from
Antarctica occurred rather later, the latter possibly
as recently as early Cenozoic times.

Reversals of polarity
He inner core is composed of mostly solid iron,
whereas the outer core is composed of liquid or
molten iron. The liquid iron provides the first
requirement for producing a magnetic field,
charged particles. The motion requirement is
believed to be driven by a combination of thermal
energy, chemical energy, and the rotation of the
Earth. This causes the molten core to rotate in
multiple spirals or corkscrews. The spin direction
of these corkscrews determines the polarity of the
generated magnetic field. Physicists know this as
the right-hand rule. If you curl the fingers of your
right hand in the direction of the current, your
thumb points in the direction of the magnetic north
pole. Currently, the Earth’s magnetic north pole is
located in the direction of the Earth’s geographic
south pole. This is referred to as normal polarity,
the opposite being reversed polarity. The Earth’s
magnetic poles have reversed multiple times over
geolgic history. This is evidenced by magnetic
minerals in the rock layers. Mid-Ocean ridges
provide a common example of the reversals. After
heated material is produced at the ridges, magnetic
minerals align themselves with the Earth’s

magnetic field. Once the rock cools, the minerals
are preserved in their aligned state. Samples
gathered from either side of ridges show parallel
strips normal and reversed polarities. Prior
reversals appear to have no determined length or
frequency. The present normal polarity has lasted

for approximately 780,000 years.
It was not long after the first systematic study of
remanent magnetism that instances of reversed
polarity were recorded. One of the early
discoveries was made by the French worker
Brunhes in 1906, but for a long time there was
uncertainty about the correct interpretation of such
findings. At one stage it was believed that there
might be a ‘self-reversal’ mechanism by which a
rock could become magnetized in the opposite
sense to the ambient field. Laboratory experiments
in Japan showed that this could indeed happen,
but that it required such exceptional circumstances
that it could not be expected to be a common
occurrence. Therefore when reversed remanence
was found to be almost as common as normal
remanence it was obvious that the geomagnetic
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field must have changed. This was confirmed when
dating was undertaken and it was shown that the
field reversals were synchronous all over the globe.
Further research has disclosed well over 100
polarity reversals during the Mesozoic and
Cenozoic eras. Detailed analysis of the transition
phases has shown that, prior to a reversal,
geomagnetic intensity declines rapidly to about
one-quarter of its normal value. This is
accompanied by growing instability of the poles
until, quite abruptly, they move along a great circle
route to approximately antipodal positions. There
after the field gradually regains its normal strength.
The whole process appears to take about 10 000
years and the actual movement of the poles is
completed in less than 5 000 years. At the present
time the intensity of the field is declining quite
rapidly, but as fluctuations are a normal feature of
the field there is no proof that we are heading for a
polar reversal; equally there is no proof that we
are not.
The upper Cenozoic era has been divided into
intervals of either reversed or normal polarity, each
lasting about 1 Ma. These periods have been
designated ‘epochs’ and accorded the names of
famous research workers in the field of
geomagnetism . During each epoch there were
much shorter ‘events’ when the field was
temporarily changed; there may even have been
very brief ‘flips’ if evidence accumulating for the
end of the Brunhes epoch is finally substantiated.
For reversals prior to the Gilbert epoch a
numbering system has now been adopted. Owing
to the frequency of reversals, isolated rock samples
can rarely be dated on the basis of their remanent
magnetism. More interest attaches to continuous
sedimentary accumulations in which long
sequences of polarity changes might be expected.
Deep-sea cores fulfil these requirements and
analysis of many oceanic cores has demonstrated
a succession of reversals directly comparable to
those inferred from the study of continental rocks
this not only provides a valuable way of correcting
different cores, but also permits dating by means
of the time scale that has been worked out for the
polarity changes

2012: Magnetic Pole Reversal Happens
All The (Geologic) Time—NASA
Scientists understand that Earth’s magnetic field
has flipped its polarity many times over the
millennia. In other words, if you were alive about
800,000 years ago, and facing what we call north
with a magnetic compass in your hand, the needle
would point to ‘south.’ This is because a magnetic

compass is calibrated based on Earth’s poles. The
N-S markings of a compass would be 180 degrees
wrong if the polarity of today’s magnetic field were
reversed. Many doomsday theorists have tried to
take this natural geological occurrence and suggest
it could lead to Earth’s destruction. But would there
be any dramatic effects? The answer, from the
geologic and fossil records we have from hundreds
of past magnetic polarity reversals, seems to be
‘no.’
Reversals are the rule, not the exception. Earth
has settled in the last 20 million years into a pattern
of a pole reversal about every 200,000 to 300,000
years, although it has been more than twice that
long since the last reversal. A reversal happens over
hundreds or thousands of years, and it is not exactly
a clean back flip. Magnetic fields morph and push
and pull at one another, with multiple poles
emerging at odd latitudes throughout the process.
Scientists estimate reversals have happened at least
hundreds of times over the past three billion years.
And while reversals have happened more
frequently in “recent” years, when dinosaurs
walked Earth a reversal was more likely to happen
only about every one million years.
Sediment cores taken from deep ocean floors can
tell scientists about magnetic polarity shifts,
providing a direct link between magnetic field
activity and the fossil record. The Earth’s magnetic
field determines the magnetization of lava as it is
laid down on the ocean floor on either side of the
Mid-Atlantic Rift where the North American and
European continental plates are spreading apart.
As the lava solidifies, it creates a record of the
orientation of past magnetic fields much like a tape
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recorder records sound. The last time that Earth’s
poles flipped in a major reversal was about
780,000 years ago, in what scientists call the
Brunhes-Matuyama reversal. The fossil record
shows no drastic changes in plant or animal life.
Deep ocean sediment cores from this period also
indicate no changes in glacial activity, based on
the amount of oxygen isotopes in the cores. This is
also proof that a polarity reversal would not affect
the rotation axis of Earth, as the planet’s rotation
axis tilt has a significant effect on climate and
glaciation and any change would be evident in the
glacial record.
Earth’s polarity is not a constant. Unlike a classic
bar magnet, or the decorative magnets on your
refrigerator, the matter governing Earth’s magnetic
field moves around. Geophysicists are pretty sure
that the reason Earth has a magnetic field is
because its solid iron core is surrounded by a fluid
ocean of hot, liquid metal. This process can also
be modeled with supercomputers. Ours is, without
hyperbole, a dynamic planet. The flow of liquid
iron in Earth’s core creates electric currents, which
in turn create the magnetic field. So while parts of
Earth’s outer core are too deep for scientists to
measure directly, we can infer movement in the
core by observing changes in the magnetic field.
The magnetic north pole has been creeping
northward – by more than 600 miles (1,100 km) –
since the early 19th century, when explorers first
located it precisely. It is moving faster now,

actually, as scientists estimate the pole is migrating
northward about 40 miles per year, as opposed to
about 10 miles per year in the early 20th century.
Another doomsday hypothesis about a geomagnetic
flip plays up fears about incoming solar activity.
This suggestion mistakenly assumes that a pole
reversal would momentarily leave Earth without
the magnetic field that protects us from solar flares
and coronal mass ejections from the sun. But, while
Earth’s magnetic field can indeed weaken and
strengthen over time, there is no indication that it
has ever disappeared completely. A weaker field
would certainly lead to a small increase in solar
radiation on Earth – as well as a beautiful display
of aurora at lower latitudes - but nothing deadly.
Moreover, even with a weakened magnetic field,
Earth’s thick atmosphere also offers protection
against the sun’s incoming particles.
The science shows that magnetic pole reversal is
– in terms of geologic time scales – a common
occurrence that happens gradually over millennia.
While the conditions that cause polarity reversals
are not entirely predictable – the north pole’s
movement could subtly change direction, for
instance – there is nothing in the millions of years
of geologic record to suggest that any of the 2012
doomsday scenarios connected to a pole reversal
should be taken seriously. A reversal might,
however, be good business for magnetic compass
manufacturers.
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2. ISOSTASY
Isostasy is the term used to describe a condition to
which the Earth's crust and mantle tend, in the
absence of disturbing forces. That is, it describes a
state of equilibrium between the Earth's crust and
the underlying mantle. So, Isostasy is ideal
theoretical balance of all large portions of Earth's
lithosphere as though they were floating on the
denser underlying layer, the asthenosphere, a
section of the upper mantle composed of weak,
plastic rock that is about 110 km below the surface.
Isostasy controls the regional elevations of
continents and ocean floors in accordance with the
densities of their underlying rocks. Imaginary
columns of equal cross-sectional area that rise from
the asthenosphere to the surface are assumed to
have equal weights everywhere on Earth, even
though their constituents and the elevations of their
upper surfaces are significantly different. This
means that an excess of mass seen as material
above sea level, as in a mountain system, is due to
a deficit of mass, or low-density roots, below sea
level. Therefore, high mountains have low-density
roots that extend deep into the underlying mantle.
Due to the dynamic nature of surface Earth, the
equilibrium state is constantly shifting; mountain
chains are formed and eroded, river deltas grow,
ice sheets wax and wane, and volcanoes form and
disappear violently. The ideal isostatic state is
disturbed by these dynamic and continuously
changing mass distributions on surface Earth.
Seismic and gravity data, however, suggest that the
Earth's outermost layers generally adjust to these
disturbances. The concept of isostasy played an
important role in the development of the theory of

plate tectonics. In 1735, expeditions over the Andes
led by Pierre Bouguer, a French photometrist and
the first to measure the horizontal gravitational pull
of mountains, noted that the Andes could not
represent a protuberance of rock sitting on a solid
platform. If it did, then a plumb-line should be
deflected from the true vertical by an amount
proportional to the gravitational attraction of the
mountain range. The deflection was less than that

which was anticipated. About a century later,
similar discrepancies were observed by Sir George
Everest, surveyor general of India, in surveys south
of the Himalayas, indicating a lack of compensating
mass beneath the visible mountain ranges.
Early models of isostasy were proposed by Pratt
(1855) and Airy (1855) to explain a positional
discrepancy of over 5" arc minutes between survey
positions determined using triangulation and
astronomical methods in the Himalayas, northern
India. Both Pratt (1855) and Airy (1855)
recognised that the Himalayan Mountains caused
the error in the triangulation based measurements
due to the deflection of the plumb-bob used to define
the vertical plane in this kind of survey. Pratt (1855)
applied a model based on dividing the Himalayan
range into columns of varying densities above a
compensation depth at which lithostatic pressure
was equal (Figure 1a). Pratt's theory failed to
correctly predict the observed difference between
the astronomical and geodetic calculations.
The Airy hypothesis says that Earth's crust is a more
rigid shell floating on a more liquid substratum of
greater density. Sir George Biddell Airy, an English
mathematician and astronomer, assumed that the
crust has a uniform density throughout. The
thickness of the crustal layer is not uniform,
however, and so this theory supposes that the
thicker parts of the crust sink deeper into the
substratum, while the thinner parts are buoyed up
by it. According to this hypothesis, mountains have
roots below the surface that are much larger than
their surface expression. This is analogous to an
iceberg floating on water, in which the greater part
of the iceberg is underwater.
Figure 1. a) Pratt's model of isostatic compensation.
Topography, h, is supported by density contrasts,
above a depth of compensation, Dc, relative to
standard density crust. b) The Airy model of
isostasy. Topography of height h is supported by a
crustal root, r, of lower density relative to mantle
density.
The Pratt hypothesis, developed by John Henry
Pratt, English mathematician and Anglican
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missionary, supposes that Earth's crust has a
uniform thickness below sea level with its base
everywhere supporting an equal weight per unit
area at a depth of compensation. In essence, this
says that areas of the Earth of lesser density, such
as mountain ranges, project higher above sea level
than do those of greater density. The explanation
for this was that the mountains resulted from the
upward expansion of locally heated crustal
material, which had a larger volume but a lower
density after it had cooled.

Following the failure of Pratt's theory of isostasy
to correctly predict the difference between the
astronomical and geodetic calculations in northern
India, Airy (1855) presented an alternative model.
Airy demonstrated that if the excess mass of the
mountains was supported at depth by a mass
deficiency then the discrepancy could be accounted
for (Figure 1b). He proposed that similarly to
icebergs in the ocean, a mountain range was
compensated at depth by a root of a relatively lower
density than the mantle (or "lava" as Airy referred
to it) displaced by the root. Which was the more
appropriate and applicable model of isostatic
compensation remained the subject of ongoing
debate for over a century. Ultimately, Airy's theory
of varying crustal thickness is generally considered
closer to a true representation of reality. The major
exception to this is the case of mid-ocean ridges,
where Pratt's theory of varying density columns is
typically more applicable.
In the theory of isostasy, a mass above sea level is
supported below sea level, and there is thus a certain
depth at which the total weight per unit area is equal
all around the Earth; this is known as the depth of
compensation or level of compensation. The depth

of compensation was taken to be 113 km according
to the Hayford-Bowie concept, named for American
geodesists John Fillmore Hayford and William
Bowie. Owing to changing tectonic environments,
however, perfect isostasy is approached but rarely
attained, and some regions, such as oceanic trenches
and high plateaus, are not isostatically
compensated.
The Heiskanen hypothesis, developed by Finnish
geodesist Weikko Aleksanteri Heiskanen, is an
intermediate, or compromise, hypothesis between

Airy's and Pratt's. This hypothesis says that
approximately two-thirds of the topography is
compensated by the root formation (the Airy model)
and one-third by Earth's crust above the boundary
between the crust and the substratum (the Pratt
model).
Airy was mostly correct about what supports large
(wide) mountains, but it took until the 1970's to
prove this with seismic work that measured the
thickness of the crust and lithosphere beneath
mountains.Pratt was correct in that the difference
between the low standing ocean basins and the high
standing continents is partially due to the fact that
oceans have dense gabbroic composition crust
whereas continents have lighter less dense
'Andesitic' composition crust.
Isostatic Anomalies
The Pratt and Airy models of compensation are
based on contrasting assumptions; however, they
are similar in that they consider compensation to
occur on a purely local scale. That is, the
compensation of topography occurs directly below
the topography. If it is assumed that the lithosphere
has a finite strength or rigidity, then the
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compensation of topography or anomalous mass
can occur over a greater area as it is supported by
the lateral strength of the plate; the load is supported
by flexure. This is the basic premise of regional
compensation. The broader wavelength, but smaller
peak amplitude, of regional compensation relative
to local compensation is illustrated in Figure 2.
Thus the regional compensation model bridges the
two endmembers of a spectrum of 'crustal strength'.
These endmembers are the Airy case which
assumes no flexural support, and the case assumed
for the Bouguer correction where the crust is
infinitely rigid and able to support all loads.

Figure 2. Schematic illustration of local and
regional modes of compensation. ?c = crustal
density, ?m = mantle density.
An ideal setting to illustrate the concept of isostatic
compensation and flexure on gravity anomaly
modelling is the passive rift margin. Rift margins
form the boundary between the two fundamental
geological terranes of Surface Earth, the oceans
and the continents, which requires a change in
continental crustal thickness (Figure 3). Rift
margins are also the locus of thick sediment
accumulations due to their proximity to the elevated
continents, these sediments load the crust and the

system (i.e. the crust and mantle) isostatically
compensates for this loading.
Figure 3. Schematic representation of a non-
volcanic rifted margin where a combination of
ductile stretching and brittle deformation (i.e.
faulting) accommodate massive thinning of
continental crust.
At rift margins isostatic anomalies can be
calculated by subtracting the isostatically modelled
gravity field from the observed field. The modelled
field accounts for bathymetry, sediment loads and
crustal thinning; assumptions are required
regarding:
i. Mode of isostatic compensation.
ii. A compensation depth where pressures are

assumed to be in equilibrium (see Figure 1).
iii. Density contrasts for the water, sediments,

crust and mantle in the system. Often there are
independent constraints on these density
contrasts from well bores, stacking velocities,
and also ideally (but in reality less commonly)
from wide-angle refraction velocity data.

This process aims to account for a greater number
of the known effects contributing to the observed
field to allow an interpreter to focus on any
remaining anomalies, which are likely to be of
geological interest.
If geometries and properties of a model are perfectly
constrained, but isostatic anomalies remain, it
indicates that a load is somehow
"undercompensated" or "overcompensated" in the
sense that there is a deficiency or excess of mass
involved in its compensation. If Airy isostatic
anomalies remain it may indicate that loads are
supported by the flexural strength of the lithosphere
so that compensating masses may be offset from
the load, however, integration of such isostatic
anomalies over the region of compensation should
tend to zero. Two further cases where both Airy
and flexural isostatic anomalies may remain are:
i. Where a load may not have been present or

absent for a sufficient period to allow a region
to achieve isostatic equilibrium, accordingly
isostatic gravity anomalies will be measured
over the region. For example, areas subject to
Pleistocene glaciation not completely adjusted
to the removal of ice loads .

ii. The presence of density anomalies within the
lithosphere, even if compensated, can also
cause isostatic anomalies. A mass excess
within the crust may be completely locally
compensated, however, if there is no associated
topographic expression then neither the mass
nor its compensation is accounted for in an
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isostatic model. Hence, an isostatic anomaly
exists despite perfect isostatic balance within
the lithosphere.

This second case is of great interest where the desire
is to characterize the subsurface density distribution
to improve understanding of the geology. The
interpretative uplift of carefully constructed
isostatic anomaly maps relative to FAA and BA
maps is illustrated in Figure 4 where in these Gulf
of Mexico examples a strong qualitative correlation
between known features and depocentres and
diagnostic isostatic anomalies is observed (IGC,
2002). Remaining energy in isostatic anomaly maps
suggest the presence of geological bodies of
anomalously high or low density relative to the
surrounding sediment and crust. These isostatic
anomalies can be further investigated with more
detailed modelling.

Comparison:
Pratt Airy

All blocks have equal depth/thickness with All blocks have varying depth/thickness with
varying density equal density
Based on law of compensation Based on law of floatation
He believed on contraction of earth in the He believed in upstanding portion was a result
process of origin of earth of expansion of earth's interior after getting

heated.
His concept was based on local observation His concept was also based on local observation.
Pratt model is used for mid oceanic ridges Airy model is used for continental topography,

especially mountain ranges
Pratt has not used word root, Height is proportional to root, higher the

elevation, thicker is the block and root.

Both of them have been criticized on the ground
that, crusts can't be composed of columns. If so, it
invites more problem than to resolve the isostatic
equilibrium. Study of gravity anomalies raised
doubts about it, e.g. in Canadian cordillera, a young
mountain range like Himalyas is isostatically
balanced.  Moreover, plate tectonics further denied
its acceptance as a theory of global isostatic
adjustments. It may have relevance at local level,
but unable to explain at regional level or global
level. Also, Airy's proportional column would not
be intact,due to high temperature inside.
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3. PLATE TECTONIC THEORY
Developed from the 1950s through the 1970s, plate
tectonics is the modern version of continental drift,
a theory first proposed by scientist Alfred Wegener
in 1912. Wegener didn't have an explanation for
how continents could move around the planet, but
researchers do now. Plate tectonics is the unifying
theory for explanation of geographic and geological
features. "Before plate tectonics, people had to
come up with explanations of the geologic features
in their region that were unique to that particular
region," Van der Elst said. "Plate tectonics unified
all these descriptions and said that you should be
able to describe all geologic features as though
driven by the relative motion of these tectonic
plates."
Plate tectonics, possibly the most important
geological theory ever developed, incorporated the

earlier theory of continental drift,espoused by
German meteorologistand lecturer Alfred Wegener
in the early 20th century. Although the scientific
community of the time ridiculed Wegener and flatly
rejected his theory, current-day geologists,
geophysicists, and oceanographers live by much
of what he had to say about our planet.
According to the theory of continental drift, the
world was made up of a single continent through
most of geologic time. That continent eventually
separated and drifted apart; forming into the seven
continents we have today. The first comprehensive
theory of continental drift was suggested by the
German meteorologist Alfred Wegener in 1912. The
hypothesis asserts that the continents consist of
lighter rocks that rest on heavier crustal material-
similar to the manner in which icebergs float on
water. Wegener contended that the relative positions
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of the continents are not rigidly fixed but are slowly
moving-at a rate of about one yard per century.
The word tectonics derives from the Greek
tektonikos, meaning "pertaining to construction."
In geology, tectonics concerns the formation and
structure of the earth's crust. The theory of plate
tectonics--formulated by American, Canadian, and
British geophysicists--attributes earthquakes,
volcanoes, the mountain-building process, and
related geophysical phenomena to movement and
interaction of the rigid plates forming the earth's
crust.
For a better understanding, we take a hard-boiled
egg and crack its shell. Does the egg remind us of
anything? The Earth, perhaps? The egg could be
seen as a tiny model of the Earth. The thin shell
represents the Earth's crust, divided into plates;
within the shell is the firm but slippery mantle.
Move the pieces of shell around. Notice how the
shell buckles in some places and exposes "mantle"
in other places. The same thing happens on Earth,
but on Earth, this activity results in the formation
of mountains, earthquakes, and new ocean floor.In
geologic terms, a plate is a large, rigid slab of solid
rock. The word tectonics comes from the Greek

root "to build." Putting these two words together,
we get the term plate tectonics, which refers to how
the Earth's surface is built of plates. A tectonic plate
(also called lithospheric plate) is a massive,
irregularly shaped slab of solid rock, generally
composed of both continental and oceanic

lithosphere. Plate size can vary greatly, from a few
hundred to thousands of kilometers across; the
Pacific and Antarctic Plates are among the largest.
Plate thickness also varies greatly, ranging from
less than 15 km for young oceanic lithosphere to
about 200 km or more for ancient continental
lithosphere (for example, the interior parts of North
and South America).
How do these massive slabs of solid rock float
despite their tremendous weight? The answer lies
in the composition of the rocks. Continental crust
is composed of granitic rocks which are made up
of relatively lightweight minerals such as quartz
and feldspar. By contrast, oceanic crust is composed
of basaltic rocks, which are much denser and
heavier. The variations in plate thickness are
nature's way of partly compensating for the
imbalance in the weight and density of the two types
of crust. Because continental rocks are much lighter,
the crust under the continents is much thicker (as
much as 100 km) whereas the crust under the
oceans is generally only about 5 km thick. Like
icebergs, only the tips of which are visible above
water, continents have deep "roots" to support their
elevations.

Like many features on the Earth's surface, plates
change over time. Those composed partly or
entirely of oceanic lithosphere can sink under
another plate, usually a lighter, mostly continental
plate, and eventually disappear completely. This
process is happening now off the coast of Oregon
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and Washington. The small Juan de Fuca Plate, a
remnant of the formerly much larger oceanic
Farallon Plate, will someday be entirely consumed
as it continues to sink beneath the North American
Plate. The theory of plate tectonics states that the
Earth's outermost layer is fragmented into a dozen
or more large and small plates that are moving
relative to one another as they ride atop hotter, more
mobile material called asthenosphere.
The expedition set to ease the Germany's economic
plight through extracting gold from sea revealed
the extent of the sea floor's rugged terrain. The
expedition also found that a continuous mountain-
like ridge runs through the Atlantic to the southwest
of Africa. Unfortunately it was not realized at the
time that this finding supported Alfred Wegener's
theory of continental drift.
That ridge, it was later discovered, extended
through the major oceans of the world. It is now
called the Mid-Ocean Ridge. In 1953, American
physicists Maurice Ewing (1906-1974) and Bruce
Heezen (1924-1977) discovered that through this
underwater mountain range ran a deep canyon. In
some places the canyon, called the Great Global
Rift, and came very close to land. The rift appeared
to be breaks in the earth's crust, but perfectly fitted
breaks, like joints made by a carpenter. The rift
outlined chunks of the earth's crust, which were
named tectonic (from a Greek word for "carpenter")
plates. Six large and several smaller plates make
up the surface of the globe. Most of the world's
earthquakes and volcanoes occur at the plates'
edges. The large plate containing most of the Pacific
Rim accounts for 80 percent of the earthquake
energy of the planet. Ewing and Heezen's finding
marked an explosion in data from newly advanced
technology that revolutionized geology. Harry Hess
was inspired by the findings to look back at
soundings he'd made during the war on a U.S.
submarine. His evidence and the work of Frederick
Vine and Drummond Matthews brought the data
together in the theory of sea-floor spreading.
Sea floor spreading
Harry Hess was a geologist and Navy submarine
commander during World War II, had discovered
in 1946 that hundreds of flat-topped mountains,
perhaps sunken islands, shape the Pacific floor. The
discovery of the Great GlobalRift in the 1950s
inspired him to look back at his data from years
before. After much thought, he proposed in 1960
that the movement of the continents was a result of
sea-floor spreading. In 1962, he added a geologic
mechanism to account for Wegener's moving
continents. It was possible, he said, that molten
magma from beneath the earth's crust could ooze
up between the plates in the Great Global Rift. As

this hot magma cooled in the ocean water, it would
expand and push the plates on either side of it --
North and South America to the west and Eurasia
and Africa to the east. This way, the Atlantic Ocean
would get wider but the coastlines of the landmasses
would not change dramatically. Hess proved
Wegener's basic idea right and clarified the
mechanism that broke the once-joined continents
into the seven with which we are familiar. The
continents are attached to the plates and do not
move independently of them. But the plates
themselves shift and change shape, carrying the
continents along. Running along the top of this
chain of mountains is a deep crack, called a rift
valley. It is here that new ocean floor is continuously
created.

As the two sides of the mountain move away from
each other, magma wells up from the Earth's
interior. It then solidifies into rock as it is cooled
by the sea, creating new ocean floor.
The speed at which new ocean floor is created
varies from one location on the ocean ridge to
another. Between North America and Europe, the
rate is about 2.2 inches (3.6 cm) per year. At the
East Pacific rise, which is pushing a plate into the
west coast of South America, the rate is 12.6 inches
(32.2 cm) per year.
Around 1930, Holmes suggested a mechanism that
could explain AlfredWegener's theory of
continental drift: the power of convection. Currents
of heat and thermal expansion in the Earth's mantle,
he suggested, could force the continents toward or
away from one another, creating new ocean floor
and building mountain ranges (a theory later
clarified by HarryHess).
Magnetic bands provide evidence of sea-floor
spreading 1963
In 1963, Fred Vine, Drummond Matthews, and
others found that the crust surrounding the
midocean ridges showed alternating bands -- each
band magnetized with a polarity opposite the
surrounding bands. They suggested that as new sea-
floor crust was formed around the rift in the
midocean ridge, it magnetized differently,
depending upon the polarity of the planet at that
time. This supported the theory that Harry Hess
had put forth, that the ocean progressively widens
as new sea floor is created along a crack that
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follows the crest of midocean ridges.
In 1966, earth scientists first identified the
Jaramillo Event, the wholesale reversal of Earth's
magnetic fields some 900,000 years ago. This
confirmed the theory that Earth's magnetic field had
flip-flopped through the planet's life, and it made
Matthews and Vine's 1963 finding quite clear. They
realized that the pattern of reversals matched
perfectly the magnetic profile they had compiled
of the sea floor. This discovery, together with data
from a 1964 research vessel, transformed the field
of geology. It confirmed sea-floor spreading as
hypothesized by Hess, and thus "continental drift,"
originally proposed by Alfred Wegener back in
1912. It convinced many that plate tectonics was
the best theory to unify nearly all the previously
accumulated, but disjoint geological data.
Forces
The land masses continued to move apart, riding
on separate plates, until they reached the positions
they currently occupy. These continents are still on
the move today.
Exactly what drives plate tectonics is not known.
One theory is that convection within the Earth's
mantle pushes the plates, in much the same way
that air heated by your body rises upward and is
deflected sideways when it reaches the ceiling.

Another theory is that gravity is pulling the older,
colder, and thus heavier ocean floor with more force
than the newer, lighter seafloor.

Whatever drives the movement, plate tectonic
activity takes place at four types of boundaries:
divergent boundaries, where new crust is formed;
convergent boundaries, where crust is consumed;
collisional boundaries, where two land masses
collide; and transform boundaries, where two plates
slide against each other.

DivergentBoundary
Also known as spreading boundary, a divergent
boundary occurs where two plates move apart,
allowing magma, or molten rock, to rise from the



PREP-SUPPLEMENT:                  GEOMORPHOLOGY

15

Earth's interior to fill in the gap. The two plates
move away from each other like two conveyor belts
moving in opposite directions.
Convergent Boundary
Convergent plate boundaries are locations where
lithospheric plates are moving towards one another.
The plate collisions that occur in these areas can
produce earthquakes, volcanic activity and crustal
deformation.
Continent and ocean
When continental and oceanic plates collide the
thinner and more dense oceanic plate is overridden
by the thicker and less dense continental plate. The
oceanic plate is forced down into the mantle in a
process known as "subduction". As the oceanic
plate descends it is forced into higher temperature
environments. At a depth of about 100 miles (160
km) materials in the subducting plate begin to
approach their melting temperatures and a process
of partial melting begins. This partial melting
produces magma chambers above the subducting
oceanic plate. These magma chambers are less
dense than the surrounding mantle materials and
are buoyant. The buoyant magma chambers begin
a slow asscent through the overlying materials,
melting and fracturing their way upwards. The size
and depth of these magma chambers can be
determined by mapping the earthquake activity
arround them. If a magma chamber rises to the
surface without solidifying the magma will break
through in the form of a volcanic eruption. The
Washington-Oregon coastline of the United States
is an example of this type of convergent plate
boundary. Here the Juan de Fuca oceanic plate is
subducting beneath the westward moving North
American continental plate. The Cascade Mountain
Range is a line of volcanoes above the
melting oceanic plate. The Andes Mountain Range
of western South America is another example of a
convergent boundary between an oceanic and
continental plate. Here the Nazca Plate is
subducting beneath the South American plate.
Effects of a convergent boundary between an
oceanic and continental plate include: a zone of
earthquake activity that is shallow along the
continent margin but deepens beneath the continent,

sometimes an ocean trench immediately off shore
of the continent, a line of volcanic eruptions a few
hundred miles inland from the shoreline, destruction
of oceanic lithosphere.

Ocean to ocean
When a convergent boundary occurs between two
oceanic plates one of those plates will subduct
beneath the other. Normally the older plate will
subduct because of its higher density. The
subducting plate is heated as it is forced deeper
into the mantle and at a depth of about 100 miles
(150 km) the plate begins to melt. Magma chambers
are produced as a result of this melting and the
magma is lower in density than the surrounding
rock material. It begins ascending by melting and
fracturing its way throught the overlying rock
material. Magma chambers that reach the surface
break through to form a volcanic eruption cone. In
the early stages of this type of boundary the cones
will be deep beneath the ocean surface but later
grow to be higher than sea level. This produces an
island chain. With continued development the
islands grow larger, merge and an elongate
landmass is created.
Japan, the Aleutian islands and the Eastern
Caribbean islands of Martinique, St. Lucia and St.
Vincent and the Grenadines are examples of islands
formed through this type of plate boundary. Effects
that are found at this type of plate boundary include:
a zone of progressively deeper earthquakes, an
oceanic trench, a chain of volcanic islands, and the
destruction of oceanic lithosphere.
Continent to continent

This is a difficult boundary to draw. First it is
complex and second, it is poorly understood when
compared to the other types of plate boundaries. In
this type of convergent boundary a powerful
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collision occurs. The two thick continental plates
collide and both of them have a density that is much
lower than the mantle, which prevents subduction
(there may be a small amount of subduction or the
heavier lithosphere below the continental crust
might break free from the crust and
subduct).Fragments of crust or continent margin
sediments might be caught in the collision zone
between the continents forming a highly deformed
mélange of rock. The intense compression can also
cause extensive folding and faulting of rocks within
the two colliding plates. This deformation can
extend hundreds of miles into the plate interior. The
Himalaya Mountain Range is the best active
example of this type of plate boundary; where the
Indian and Eurasian plates are currently in collision.
The Appalachian Mountain Range is an ancient
example of this collision type and is also marked
on the map. Effects found at a convergent boundary
between continental plates include: intense folding
and faulting, a broad folded mountain range,
shallow earthquake activity, shortening and
thickening of the plates within the collisionzone.
Transform Boundary
`A transform boundary occurs where two plates
slide against each other. But rather than sliding
smoothly, the plates build up tension, then release
the tension with a spurt of movement. This
movement is felt as an earthquake

Transform boundaries neither create nor consume
crust. Rather, two plates move against each other,
building up tension, and then releasing the tension
in a sudden and often violent jerk. This sudden jerk
creates an earthquake. The San Andreas Fault is
undoubtedly the most famous transform boundary
in the world. To the west of the fault is the Pacific
plate, which is moving northwest. To the east is
the North American Plate, which is moving
southeast. Los Angeles, located on the Pacific plate,
is now 340 miles south of San Francisco, located
on the North American plate. In 16 million years,
the plates will have moved so much that Los
Angeles will be north of San Francisco!
Mechanism:
On the basis of above details and a variety of other
evidences, plate tectonics got acceptance among
the scientific community.It provides a framework
with which we can understand and relate a wide
range of internal processes and topographic patterns
around the world.The lithosphere is mosaic of rigid

lithospheric plates floating over the underlying
asthenosphere.
The main features of plate tectonics are:
• The Earth's surface is covered by a series of

crustal plates.
• The ocean floors are continually moving,

spreading from the center, sinking at the edges,
and being regenerated.

• Convection currents beneath the plates move
the crustal plates in different directions.

• The source of heat driving the convection
currents is radioactivity deep in the Earths
mantle.

Advances in sonic depth recording during World
War II and the subsequent development of the
nuclear resonance type magnometer (proton-
precession magnometer) led to detailed mapping
of the ocean floor and with it came many
observation that led scientists like Howard Hess
and R. Deitz to revive Holmes' convection theory.
Hess and Deitz modified the theory considerably
and called the new theory "Sea-floor Spreading".
Among the seafloor features that supported the sea-
floor spreading hypothesis were: mid-oceanic
ridges, deep sea trenches, island arcs, geomagnetic
patterns, and fault patterns.
Mid-OceanicRidges
The mid-oceanic ridges rise 3000 meters from the
ocean floor and are more than 2000 kilometers wide
surpassing the Himalayas in size. The mapping of
the seafloor also revealed that these huge
underwater mountain ranges have a deep trench
which bisects the length of the ridges and in places
is more than 2000 meters deep. Research into the
heat flow from the ocean floor during the early
1960s revealed that the greatest heat flow was
centered at the crests of these mid-oceanic ridges.
Seismic studies show that the mid-oceanic ridges
experience an elevated number of earthquakes. All
these observations indicate intense geological
activity at the mid-oceanic ridges.
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Geomagnetic Anomalies
Occasionally, at random intervals, the Earth's
magnetic field reverses. New rock formed from
magma records the orientation of Earth's magnetic
field at the time the magma cools. Study of the sea
floor with magnometers revealed "stripes" of
alternating magnetization parallel to the mid-
oceanic ridges. This is evidence for continuous
formation of new rock at the ridges. As more rock
forms, older rock is pushed farther away from the
ridge, producing symmetrical stripes to either side
of the ridge. In the diagram to the right, the dark
stripes represent ocean floor generated during
"reversed" polar orientation and the lighter stripes
represent the polar orientation we have today.
Notice that the patterns on either side of the line
representing the mid-oceanic ridge are mirror
images of one another. The shaded stripes also
represent older and older rock as they move away
from the mid-oceanic ridge. Geologists have
determined that rocks found in different parts of
the planet with similar ages have the same magnetic
characteristics.

Deep Sea Trenches
The deepest waters are found in oceanic trenches,
which plunge as deep as 35,000 feet below the
ocean surface. These trenches are usually long and
narrow, and run parallel to and near the oceans
margins. They are often associated with and parallel
to large continental mountain ranges. There is also
an observed parallel association of trenches and
island arcs. Like the mid-oceanic ridges, the
trenches are seismically active, but unlike the ridges
they have low levels of heat flow. Scientists also
began to realize that the youngest regions of the
ocean floor were along the mid-oceanic ridges, and
that the age of the ocean floor increased as the
distance from the ridges increased. In addition, it
has been determined that the oldest seafloor often
ends in the deep-sea trenches.
Island Arcs
Chains of islands are found throughout the oceans
and especially in the western Pacific margins; the
Aleutians, Kuriles, Japan, Ryukus, Philippines,
Marianas, Indonesia, Solomons, New Hebrides,
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and the Tongas, are some examples.. These "Island
arcs" are usually situated along deep sea trenches
and are situated on the continental side of the trench.
These observations, along with many other studies
of our planet, support the theory that underneath
the Earth's crust (the lithosphere: a solid array of
plates) is a malleable layer of heated rock known
as the asthenosphere which is heated by radioactive
decay of elements such as Uranium, Thorium, and
Potassium. Because the radioactive source of heat
is deep within the mantle, the fluid asthenosphere
circulates as convection currents underneath the
solid

lithosphere. This heated layer is the source of lava
we see in volcanos, the source of heat that drives
hot springs and geysers, and the source of raw
material which pushes up the mid-oceanic ridges
and forms new ocean floor. Magma continuously
wells upwards at the mid-oceanic ridges (arrows)
producing currents of magma flowing in opposite
directions and thus generating the forces that pull
the sea floor apart at the mid-oceanic ridges. As
the ocean floor is spread apart cracks appear in the
middle of the ridges allowing molten magma to
surface through the cracks to form the newest ocean
floor. As the ocean floor moves away from the mid-
oceanic ridge it will eventually come into contact
with a continental plate and will be subducted
underneath the continent. Finally, the lithosphere
will be driven back into the asthenosphere where
it returns to a heated state.
Hot Spots
Volcanism also occurs in areas that are not
associated with plate boundaries, in the interior of
plates. These are most commonly associated with
what is called a hot spot. Hot spots appear to result
from plumes of hot mantle material upwelling
toward the surface, independent of the convection
cells thought  to cause plate motion. Hot spots tend
to be fixed in position, with the plates moving over
the top. As the rising plume of hot mantle moves
upward it begins to melt to produce magmas. These
magmas then rise to the surface producing a
volcano. But, as the plate carrying the volcano

moves away from the position over the hot spot,
volcanism ceases and new volcano forms in the
position now over the hot spot. This tends to
produce chains of volcanoes or seamounts (former
volcanic islands that have eroded below sea level).
Volcanism resulting from hotspots occurs in both
the Atlantic and Pacific ocean, but are more evident
on the sea floor of the Pacific Ocean, because the
plates here move at higher velocity than those under
the Atlantic Ocean. A hot spot trace shows up as a
linear chain of islands and seamounts, many of
which can be seen in the Pacific Ocean. The
Hawaiian Ridge is one such hot spot trace. Here
the Big Island of Hawaii is currently over the hot
spot, the other Hawaiian islands still stand above
sea level, but volcanism has ceased. Northwest of
the Hawaiian Islands, the volcanoes have eroded
and are now seamounts. The ages of volcanic rocks
increase along the Hawaiian Ridge to the northwest
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of Hawaii. The prominent bend observed where
the Hawaiian Ridge intersects the Emperor
Seamount chain has resulted from a change in the
direction of plate motion over the hot spot. Note

Seafloor spreding. Convection currents bring magma from the asthenosphere up through fissures in the
oceanic lithosphere at the midocean ridge. The cooled and therefore solidified magma becomes a new
portion of ridge along the ocean floor and the two sides of the ridge spread away from each other as
indicated by the arrows. Where denser ocean lithosphere converges with less-dense continental lithosphere,
the oceanic plate slides under the continental plate in a process called subduction, Magma produced by
this subduction rises to form volcances and igneous intrusions.

that when the Emperor Seamount chain was
produced, the plate must have been moving in a
more northerly direction. The age of the volcanic
rocks at the bend is about 50 million years.
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4. CHANNEL MORPHOLOGY
Geomorphology is the study of landforms including
the origin, evolution and the processes that form
them. These processes are each influenced
differently by climate, ecology, and human activity.
Present day structures are studied not only to help
us  understand the geological features we see today
and the forces that created them, but also  to help
us understand the features from previous ages that
we see recorded in geological  history. Tectonics,
volcanism, and glaciation have shaped the regional
landscape and resulted in different geologic terrains
that influence topography, drainage development,
sediment production, and hydrology.
Fluvial geomorphology deals with the landforms
developed by flowing water. This seemingly simple
subject encompasses a rather complex set of
interrelated processes that produce a diverse array
of fluvial forms. We restrict the content of this
compendium includes many types of streams and
rivers. For simplicity, we use "streams" as an all-
encompassing term that includes all channels with
flowing water (creeks, brooks, tributaries, rivers,
etc.), regardless of the absolute size or the timing
and frequency of flows carried by the channels.
This provides an overview of the key factors
determining the morphology of watershed streams.
The morphology of the river channel, including its
cross-sectional shape, size, longitudinal profile and
planform pattern, is the result of sediment erosion,
transport and deposition processes taking place
within the controls imposed by the geology and
terrain of the drainage basin. Rivers are constantly
evolving and adjusting as a response to the
sequence of normal flow, flood peaks and droughts,
which are controlled by the regional climate, local
weather and catchment hydrology. In this respect
the channel geomorphology can be best explained
if distinctions are made between those factors which
drive the fluvial system in producing the channel,
those which characterize the physical boundaries
of the channel and those which respond to the
driving and boundary conditions and define the
channel form. In brief, we can say that channel
morphology is part of fluvial morphology. As it
deals exclusively with the channel /river in different
physical background e.g. in arid areas or humid
areas.

There are four principal erosion processes:
1. Corrasion takes place when the river picks up

sediment, which acts like sandpaper and wears
away the rock by abrasion. It is effective during
flood stages and is the major process by which
rivers erode horizontally and vertically. It can
produce bedrock hollows and potholes, where

gravels can be trapped in pre-existing holes, and
because the current is turbulent, the gravel can
be swirled around in these holes which enlarge
vertically.

2. Corrosion or solution is where the rock is
dissolved in the water. It occurs ubiquitously
and continuously and takes place independent
of river discharge or velocity, although it can
be affected by the chemical composition of the
water, particularly from the soil system. For
example, where there is limestone bedrock the
soil carbon dioxide and humic acids can produce
high calcium concentrations in the water.

3. Attrition occurs where the sediment particles
being transported, particularly as bed load,
collide with one another, which may cause
breakage into smaller fragments. This accounts
for originally angular material becoming
progressively more rounded with time and
distance downriver.

4. Hydraulic action takes place where the sheer
force of the turbulent water hitting river banks,
as on the outside of meander bends, is forced
into cracks. Here the air in the cracks may be
compressed, increasing pressure and causing
expansion of the cracks and eventually bank
collapse. Cavitation is part of this hydraulic
action, where air bubbles collapse, producing
shock waves which weaken the channel
perimeter as they hit.

Streams of all sizes have the same basic function;
they move water, sediment, and other matter
(organic, chemical, biological materials, etc.) over
the land surface and, ultimately, empty all of these
materials into the ocean or a lake. The details
regarding time and space scales are numerous; to
enable us to consider these factors. A watershed
includes the entire stream network upstream of a
point on the main stem, as well as the hillslopes
contributing water, sediment, and woody debris to
the network. The fluvial dynamics at a given point
along a stream are influenced by the various
processes occurring in the watershed upstream,
which is why it is necessary to consider processes
that function at a watershed scale. The ridge
separating the two watersheds is called drainage
divide. Principal causative factors affecting the
channel morphology are as follows:
Climate describes the fluctuations in average
weather. Although the weather is always changing,
longer-term characteristics such as seasonal and
inter-annual variations can be defined .Climate
change occurs when this envelope shifts and a new
range of climatic conditions arises.
Tectonics refers to the internal forces that deform
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the Earth's crust. These forces can lead to large
scale uplift, localised subsidence, warping, tilting,
fracturing and faulting. Where uplift has occurred,
inputs of water have to be lifted to a greater
elevation, increasing energy availability; some of
the highest rates of sediment production in the world
are associated with areas of tectonic uplift. Valley
gradients are altered by faulting and localized
uplift, which may in turn affect channel pattern.
Lateral (sideways) tilting can cause channel
migration and affect patterns of valley
sedimentation.
Base level is the level below which a channel
cannot erode. In most cases this is sea level. If there
is a fall in sea level relative to the land surface,
more energy is available to drive flow and sediment
movement. Conversely a relative rise in base level
means that less energy is available, resulting in net
deposition in the lower reaches of the channel. Over
time these effects may be propagated upstream
through a complex sequence of internal adjustments
and feedbacks, base level first formulated by
Powell in 1875.He wrote, "We may consider the
level of sea to be a grand base level, below which
the dry lands cannot be eroded; but we may also
have, for local and temporary purposes, other base
levels of erosion, which are the levels of the beds
of the principal streams which carry away the
products of erosion. The base level would in fact,
be an imaginary surface inclining slightly in all
parts towards the lower end of principal stream".
Powell's definition of base level, thus includes three
basic ideas; namely
(i) The ultimate limit of sub-aerial erosion of the

continent is the base level of the sea.
(ii) Locally resistant rocks in the path of the

stream, lakes in the stream path, or other
obstacles can produce temporary base level.

(iii) Tributaries may not erode below that of the
main stream, and since mainstream will always

have some slope, the base level need not always
be a flat surface.
Thus, sea level may be considered as a general,
permanent base level which fluctuates from time
to time but which remains normally within a range
of a few metres. Local base levels such as rock
outcrops and lakes are temporary; changes in base
level cause changes in the mainstream, tributaries
and subtributaries.

Besides, human activities play a very imoportant
role in channel morphology through constructing
dam and other activities.
Concept of Graded stream
Geo-morphologists have used the concept of
equilibrium in streams. A stream in equilibrium is
called a graded stream or a poised stream. Mackin
(1948) has given the following definition of a
graded stream:
"A graded stream is one in which, over a period of
years, slope is delicately adjusted to provide,
with available discharge and with prevailing
channel characteristics, just the velocity required
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for the transportation of load supplied from the
drainage basin. The graded stream is a system in
equilibrium; its diagnostic characteristic is that any
change in any of the controlling factors will cause
a displacement of the equilibrium in a direction that
will tend to absorb the effect of the change".
Thus, the four variables related to the concept of a
graded stream are slope, discharge, channel
characteristics and sediment load. In a natural
stream, the discharge is continuously changing due
to precipitation, infiltration, evaporation and
withdrawals. Although stream tends to pick up
sediment or deposit it until load equals capacity,
because of rapid variations in flow it cannot do so.
Hence, in very short times the stream cannot be in
equilibrium. Similarly, since the tendency of the
streams is to lower the land surface to the sea level,
over very long periods the stream cannot be in
equilibrium. Thus, neither in very short not very
long periods can a natural stream be considered to
be in true equilibrium.
Yet, for all practical purposes, most of the alluvial
streams are in equilibrium over periods of the order
of a few decades. In such streams, the bed may go
down during high flows and fill back during low
flows; yet the net amount of change is not
sufficiently large to be detected by quantitative
measurements. Most of the alluvial streams which
are not affected by human interferences can be said
to be graded or in equilibrium. Construction of
dams, withdrawal or addition of clear water,
addition of sediment load, contraction of stream
and cutting off the bends are some the ways in
which the equilibrium of the stream is disturbed
by human activities.
Characteristics of Graded Streams
To get better appreciation of the stream morphology
the characteristics of graded streams are briefly
enumerated here. Firstly the slope of a graded
stream, in general, decreases in the downstream
direction yielding a concave profile. Secondly,
partly as a consequence of decreasing slope in the
downstream direction, the stream drops the coarser
material that it cannot transport, a phenomenon
known as sorting; and partly due to abrasion, the
bed material of an alluvial stream becomes finer
in the downstream direction. Thirdly in humid
regions as more and more tributaries join the main
stream; the discharge increases in the downstream
direction. However, if the stream passes through
arid region, the discharge can actually decrease in
downstream direction as in the case of the
Euphrates in Iraq. This is primarily due to seepage
and evaporation. In addition, the upper part of the
drainage basin is the main source of sediment even
though the runoff from this part of the catchments

may be small. The runoff from the rest of the basin
is large but it carries relatively less sediment. This
leads to decrease in the average concentration of
sediment in the downstream direction necessitating
a smaller slope. Lastly, because of finer material,
streams usually have relatively narrow channels
i.e. larger width to depth ratio, in the downstream
direction. As a result the stream has greater
hydraulic efficiency and flows with a smaller slope.
A graded stream may show aggradational tendency,
albeit temporary, under the following conditions.
1. If dissection of upland region is in progress and

a vast number of smaller new valleys and
ravines come into existence in the stage of youth.
To carry relatively higher load stream may
increase slope by aggradation.

2. If the river after it is graded flows in a wider
channel than it has hitherto had in youth, loss
of depth in the stream may rebuilt in a reduction
of velocity and transporting power that it needs
steeper slope to carry the load.

3. As a river develops increasingly large curves
by lateral corrasion, its length increases and
slope decreases and hence carrying power
decreases resulting in aggradation.

4. Decrease in water volume due to infiltration,
evaporation or withdrawal can cause increase
in slope due to aggradation.

As the controlling variables usually change more
frequently than the time taken for the channel
properties to respond, a graded stream displays a
quasi-equilibrium rather than a true steady state.
How Rivers Shape Their Channels
Rivers and streams continuously shape and reform
their channels through erosion of the channel
boundary (bed and banks) and the reworking and
deposition of sediments. For example, erosion and
undermining of the banks can lead to channel
widening. Scouring of the channel bed deepens the
channel, while sediment deposition reduces the
depth and can lead to the formation of channel bars.
These are just some of the ways in which channel
adjustment takes place.
There is an important balance between the erosive
power of the flow and the strength, or resistance,
of the bed and bank material to erosion. During
major flood events, when the erosive power of the
flow is greatly increased, there can be dramatic
changes in channel form. Just how dramatic these
changes are depends on how much resistance is
provided by the bed and banks. Channels formed
in unconsolidated alluvium offer much less
resistance to erosion than those cut in bedrock. In
fact, most flows are able to shape channels formed
in sandy alluvium because relatively little energy
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is required to set the individual sand grains in
motion. Because silts and clays are smaller than
sand grains, you might expect these particles to be
easier to erode. However, they tend to stick together
as a result of cohesive (attractive) electrochemical
forces between the particles. This means that
channel boundaries with a high proportion of silt
and clay are actually more resistant to erosion than
those formed in sand and fine gravel. The amount
and type of vegetation growing along the banks is
also significant, since this can provide additional
resistance to erosion.
In many cases, it is only extreme floods that are
capable of significantly modifying bedrock
channels. The comparative rarity of these very large
floods means that channel adjustments tend to occur
sporadically, being interspersed by long periods of
little change. Alluvial channels dominated by
cobbles and boulders may also be relatively
unaffected by most flows, which are not powerful
enough to move such coarse material.
The energy needed to carry out geomorphological
work is provided by the flow of water through the
channel. For any length of channel, energy
availability is dependent on two things: the flow
discharge and the steepness of the channel slope.
Increases in either of these will increase the stream
power and therefore the potential to carry out
geomorphological work. However, before sediment
transport and erosion can take place, a surprising
amount of energy has to be used simply to move
water through the channel. This is because of
various types of flow resistance, including friction
between the flowing water and the channel
boundary. This can be particularly high in rough,
boulder bed channels but is also significant for
channels formed in finer substrates. Energy is also
expended when the channel impinges against the
valley walls when the flow moves around bends
and as it cascades over steps and waterfalls.
Friction is even generated within the flow itself as
a result of eddies and turbulence. It is estimated
that 95 per cent of a river's energy is used in
overcoming flow resistance, leaving just 5 per cent
to carry out geomorphological work.
Flow and sediment supply
The flow in natural channels constantly fluctuates
through a continuous series of normal flows, floods
and droughts. Sediment supply also varies through
time. Rivers continuously adjust their form in
response to these fluctuations, which in turn
influences the flow of water and sediment transport
through the channel. Because the flow of water in
a river provides the energy required to shape the
channel, the characteristics of that flow are very
important in determining channel form. As

previously mentioned, the mean discharge usually
increases with the size of the upstream drainage
area. However, the mean discharge does not reflect
the way in which flow varies through time. These
variations are described by the flow regime, which
can be thought of as the 'climate' of a river.
Characteristics of the flow regime include seasonal
variations in flow and the size and frequency of
floods.
Processes of erosion, transport and deposition
within a channel reach are influenced by the supply
of sediment at the upstream end as well as sediment
that is locally eroded from the bed and banks. It is
not only the volume of sediment that is important,
but also its size distribution. Processes of sediment
transport are very different for coarse and fine
sediment, so sediment supply has an important
influence on channel form and behaviour. The finer
materials - clay particles, silts and sands - are
carried in the flow as suspended load. This can be
transported over considerable distances. Coarse
sediment, because it weighs more, is transported
close to the channel bed as bedload. Compared with
the suspended load, bedload movement is more
localised, involving much shorter travel distances.
Deposits of coarse material form the channel bars
that characterize many alluvial and bedrock
channels, although finer grained sand and silt bars
are also common.
In short, the form of a given reach (length) of
channel is controlled by the supply of flow and
sediment to its upstream end. Also significant are
the channel substrate, valley width, valley slope
and bankside vegetation. All these controls vary,
both between rivers and along the same river. This
creates a huge range of fluvial environments and
resultant channel forms. The three dimensional
shape of a river is described in terms of its planform,
slope and cross-sectional shape. Rivers
continuously adjust their channels in response to
fluctuations in flow and sediment supply. An
important balance exists between the erosive force
of the flow and the resistance of the channel
boundary to erosion. Four main types of alluvial
channel form can be identified: straight,
meandering, braided and anabranching. Bedrock
channels also exhibit a wide variety of different
forms.
The Planform of A Channel/Channel shape and
pattern
With so many environmental variables influencing
channel form, an enormous range of different
channel forms and behaviour is possible. It should
be pointed out that not all rivers fit neatly into one
of these categories - there are many examples of
transitional rivers that have characteristics



24

associated with more than one channel type.
(1) Alluvial channel form
Four main types of alluvial channels are generally
recognised: straight, meandering, braided and
anabranching.

Straight channels
Although there are many examples of streams and
rivers that have been artificially straightened for
engineering purposes, naturally straight channels
are rare. Even where they do exist, variations are
usually seen in flow patterns and bed elevation.
Straight channels are relatively static, with rates
of channel migration limited by a combination of
low energy availability and high bank strength. This
is especially true where the channel banks are
formed from more resistant material, such as
cohesive silts and clays.
Meandering channels
Meanders form in a variety of bedrock and alluvial
substrates. Associated with moderate stream
powers, alluvial meanders may develop in gravels,
sands, or fine-grained silts and clays. An interesting
characteristic of meanders is that they are scaled
to the size of the channel, being more widely spaced
for larger channels. The degree of meandering
varies greatly, from channels that only deviate
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slightly from a straight line to sequences of highly
convoluted meander bends. Variations are also seen
in the regularity of meander bends, many of which
are rather more irregular. Meandering channels
evolve over time as individual bends migrate across
the floodplain. Erosion is usually focused at the
outside of meander bends, which gradually eat into
the floodplain as the channel migrates laterally. At
the same time, deposition on the inside of the bend
allows the channel to maintain its width.
Braided channels
Braided rivers are characterised by wide, relatively
shallow, channels in which the flow divides and
rejoins around bars and islands. The appearance
of a braided channel varies with changing flow
conditions. During high flows, many of the bars
become partly or wholly submerged, giving the
appearance of a single wide channel. At low flows,
extensive areas of bar surface may be exposed .In
order for bars to form, an abundant supply of
bedload is required. Much of this is supplied from
the upstream catchment area, with additional
contributions from bank erosion. The bars
themselves can be formed from sand, gravel or
boulders. Braided rivers, are associated with high
rates of energy expenditure, which is involved in
the transport of large volumes of sediment. They
often have steep channel slopes, although there are
several examples of large braided rivers that flow
over low gradients, such as the lower reaches of
the vast Brahmaputra River in India and
Bangladesh. Erodible banks are also required for
the channel to become wide enough to allow for
the growth and development of channel bars.
Braided channels are highly dynamic, with frequent
shifts in channel position. Modifications, such as
the dissection and reworking of bars and the
formation and growth of new bars, occur over
relatively short periods of time (days to years). The
presence of bars leads to complex patterns of flow
within the channel, and there can be sudden shifts
in the location of sub-channels. Individual channels
can be abandoned or reoccupied in the space of a
few days.The Brahamputra a few km above
Gauhati in Assam, the Kosi in Bihar, the Ganga
below its confluence with the Gandak etc. are good
examples of Braided river.
Anastomosing channels
Anastomosing channels have a set of distributaries
that branch and rejoin. They are suggestive of
braided channels, but braided channels are single-
channel forms in which flow is diverted around
obstacles in the channel, while anastomosing
channels are a set of interconnected channels
separated by bedrock or by stable alluvium. The
formation of anastomosing channels is favoured by

an aggradational regime involving a high suspended
sediment load in sites where lateral expansion is
constrained. Anastomosing channels are rare: the
River Feshie, Scotland, is the only example in the
UK.
Anabranching channels
Anabranching channels, where the flow is divided
into two or more separate channels, are relatively
rare in comparison to braided and meandering
channels. The separate channels, called
anabranches, are typically cut into the floodplain,
dividing it up into a number of large islands.
Individual anabranches can themselves be straight,
meandering or braided. Unlike braided channels,
rates of lateral channel migration are typically very
low. The islands are stable features and, depending
on climatic conditions, are often well vegetated.
However, new channels can be cut when
floodwaters breach the channel boundary and spill
out on to the floodplain. Other channels are
abandoned as the flow is diverted elsewhere, or
when they become infilled with sediment.
(2) Bedrock channels
Bedrock channels also show a wide diversity of
form. In comparison with alluvial channels,
bedrock and mixed bedrock-alluvial rivers have
received relatively little attention until recently.
These channels often behave in a different way to
alluvial channels, being strongly influenced by the
resistant nature of their substrate. Structural
controls, such as joints, bedding planes and the
underlying geological strata can all have a
significant effect on flow processes and river
morphology.
Cross and Longitudinal profile
Analysing the bank to bank profile across the width
of a river, resulting from horizontal and vertical
cutting of valley is called as cross profile of the
river. On the other hand, source to mouth
observation of gradient and morphological features
on valley bed and along the bank is longitudinal
profile.
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River Cross Profiles
River cross profiles show you a cross-section of a
river's channel and valley at certain points in the
river's course. The cross profile of a river changes
as it moves from the upper to lower course as a
result of changes in the river's energy and the
processes that the river carries out.
In the upper course, the valley and channel are
narrow and deep as a result of the large amount of
vertical erosion and little lateral erosion. The sides
of a river's valley in the upper course are very steep
earning these valleys the nickname "V-Shaped
Valley" since they look like a letter V. The river's
valley can be anything from a few meters to a few

hundred metres in width depending on the lithology
but the channel rarely more than 5m or 6m wide.
In the middle course, the valley has increased in
width due to the increase in lateral erosion but its
depth hasn't changed significantly because vertical
erosion has slowed down. Similarly, the channel's
width has increased but it's still roughly the same
depth. The land to either side of the channel in the
valley is now the river's floodplain and the valley's
sides are much more gentle.
In the lower course the valley is now very wide
(often several kilometres) and the floodplain has
increased greatly in size. The channel is a little
wider but not much deeper.
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The Long Profile
The long profile shows how a river's gradient
changes as it flows from its source to its mouth.
You can draw a diagram of a river's long profile
either by drawing a quick sketch based on some
previous knowledge or by plotting the height of the
river above sea level at various points in its course.
A sketch of a long profile would look something
like this:

The long profile shows how, in the upper stage of a
river's course, the river's gradient is steep but it
gradually flattens out as the river erodes towards
its base level. One thing to note is the presence of
knickpoints in the long profile. These are points

where the gradient of the river changes suddenly
and can be caused by landforms like waterfalls or
lakes, where the lithology of the river changes and
differential erosion takes place. Knickpoints can
also be the result of rejuvenation, where the base
level of the river falls giving it some extra
gravitational potential energy to erode vertically.
Throughout the long profile of a river, deposition
and erosion are balanced meaning that, given
enough time, the river's long profile would become
a smooth, concave, graded profile and all the
knickpoints would be eliminated as they are either
eroded or filled in by deposition. It would take a
long time for a river's long profile to become a
graded profile though so the idea of a graded profile
is, essentially, theoretical as it doesn't really occur
in nature. It's not too hard to imagine what a graded
profile would look like but here's a sketch of one
anyway:
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Channel's  Geomorphic unit.
The longitudinal profile or long profile of a river is
the gradient of its water-surface line from source
to mouth. Streams with discharge increasing
downstream have concave long profiles. This is
because the drag force of flowing water depends
on the product of channel gradient and water depth.
Depth increases with increasing discharge and so,
in moving downstream, a progressively lower
gradient is sufficient to transport the bed load.
Many river long profiles are not smoothly concave
but contain flatter and steeper sections. The steeper
sections, which start at knickpoints, may result from
outcrops of hard rock, the action of local tectonic
movements, sudden changes in discharge, or critical
stages in valley development such as active
headward erosion.
Valleys
Valleys are so common that are seldom defined and,
strangely, tend to be overlooked as landforms. True
valleys are simply linear depressions on the land
surface that are almost invariably longer than they
are wide with floors that slope downwards. Under
special circumstances, as in some over deepened
glaciated valleys , sections of a valley floor may
be flat or slope upwards. Valleys occur in a range
of sizes and go by a welter of names, some of which
refer to the specific types of valley - gully, draw,
defile, ravine, gulch, hollow, run, arroyo, gorge,
canyon, dell, glen, dale, and vale. As a general rule,
valleys are created by fluvial erosion, but often in
conjunction with tectonic processes.
Like the rivers that fashion them, valleys form
networks of main valleys and tributaries. Valleys
grow by becoming deeper, wider, and longer
through the action of running water. Valleys deepen
by hydraulic action, corrasion, abrasion, potholing,
corrosion, and weathering of the valley floor. They
widen by lateral stream erosion and by weathering,
mass movements, and fluvial processes on the
valley sides.

Rapids and cascades
Like step-pool sequences, these are associated with
steep channel gradients. Rapids are characterised
by transverse, rib-like arrangements of coarse
particles that stretch across the channel, while
cascades have a more disorganised, 'random'
structure. Rapids and cascades are stable during
most flows because only the highest flows are
competent to move the coarser cobbles and boulders
that form the main structure.
Interlocking Spurs - As the river cuts its deep V-
shaped valley in its upper course, it follows the
path of the easies trock to erode. Thus it tends to
wind its way along, leaving the more resistant areas
of rock as interlocking spurs.
Alluvial fans
An alluvial fan is a cone-shaped body that forms
where a stream flowing out of mountains debouches
onto a plain. The alluvial deposits radiate from the
fan apex, which is the point at which the stream
emerges from the mountains. Radiating channels
cut into the fan. These are at their deepest near the
apex and shallow with increasing distance from the
apex, eventually converging with the fan surface.
The steepness of the fan slope depends on the size
of the stream and the coarseness of the load, with
the steepest alluvial fans being associated with
small streams and coarse loads. Fans are common
in arid and semi-arid areas but are found in all
climatic zones.

River terraces
A terrace is a roughly flat area that is limited by
sloping surfaces on the upslope and downslope
sides.River terraces are the remains of old valley
floors that are left sitting on valley sides after river
downcutting. Flat areas on valley sides - structural
benches - may be produced by resistant beds in
horizontally lying strata, so the recognition of
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terraces requires that structural controls have been
ruled out. River terraces slope downstream but not
necessarily at the same grade as the active
floodplain. Paired terraces form where the vertical
downcutting by the river is faster than the lateral
migration of the river channel. Unpaired terraces
form where the channel shifts laterally faster than
it cuts down, so terraces are formed by being cut in
turn on each side of the valley. The floor of a river
valley is a precondition for river terrace formation.
Two main types of river terrace exist that
correspond to two types of valley floor: bedrock
terraces and alluvial terraces.

Alluvial bedforms

River beds develop a variety of landforms generated
by turbulence associated with irregular
crosschannel or vertical velocity distributions that
erode and deposit alluvium. The forms are riffle-
pool sequences  and ripple-antidune sequences .
Floodplains
Most rivers, save those in mountains, are flanked
by an area of fairly flat land called a floodplain,
which is formed from debris deposited when the
river is in flood. Small floods that occur frequently
cover a part of the floodplain, while rare major
floods submerge the entire area. The width of
floodplains is roughly proportional to river
discharge. The active floodplain of the lower
Mississippi River is some 15 km across. Adjacent
floodplains in regions of subdued topography may
coalesce to form alluvial plains.
Meandering
The word meandering comes from the name of the
stream in south eastern Turkey, which was at one
time known as Buyuk  Meanderes .A stream having
a winding course and having either regular sinuous
pattern or irregular pattern is known as a
meandering stream. There are some streams which
follow sinuous or irregular path, but which have
cut into solid rock or hard strata in deep gorges.
These are called incised or entrenched meanders.
Entrenched meanders can also form in the flood
plain when winding pattern is formed in a mature
or old stream and rejuvenation takes place where
it starts cutting down again. The ratio of stream
length to valley length is known as the sinuosity.
Because of changing conditions of flow, stream
slope, sediment size, sediment load and lithology
the meandering pattern along the length can be
regular or can change along its length; the latter
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are then called irregular meanders. The irregularity
results

from variation in discharge along the length due to
tributaries, withdrawal of water, presence of lakes,
rock outcrops, weirs and barrages, and non-
homogeneity of strata through which the stream
flows. Leopold and Wolman (1957) have set an
upper limit of sinuosity of 1.5 for differentiating
straight streams from and meandering streams. For
some Indian rivers sinuosity values up to 2.5 have
been reported whereas a value of about 5.5 is
considered to be the upper limit. The shape of
meanders is rarely truly sinuous; it is many times
arc of a circle, parabola or some other curve. One
may sometimes come across a case where the
stream has a primary meandering pattern on which
is superposed a meander pattern of smaller meander
length and belt. This happens if the stream has more
than one dominant discharge.
Natural Levees:
Natural levees are long embankments formed by
the deposition of alluvial material by the rivers
when they overflow their banks. When streams
overflow their banks the velocity is appreciably
reduced and hence the carrying capacity of the flow
is decreased. This causes deposition of some of the
coarser sediment load resulting in the formation
low ridge along the banks of the stream; these are

called natural levees. Natural levees are highest
near the riverbank and slope gradually away from
it. Natural levees may be one or two kilometre in
width. They cause the present meander belt of the
river to stand up above the flood plain as a low
alluvial ridge. These levees may be built up until
the river channel is several meters above the general
level of the flood plain. This has occurred in the
case of the Yellow river in China and the
Mississippi river in U.S.A. In many cases tributary
streams have difficulty in breaching the natural
levees and many flow in the same flood plain for
many kilometres before breaking through the levee
to join the main stream.
Benches
Benches are flat-topped, elongated, depositional
features that form along one or both banks of
channels.They are typically found on the inside of
bends and along straight reaches, and are
intermediate in height between the level of the
channel bed and floodplains.
Bars
Bars are in-channel accumulations of sediment
which may be formed from boulders, gravel, sand
or silt. Bars can be divided into two broad groups:
unit bars and compound bar. Unit bars are relatively
simple bar forms whose morphology is mainly
determined by processes of deposition .
Playas
Playas are the flattest and the smoothest landforms
on the Earth . A prime example is the Bonneville
salt flats in Utah, USA, which is ideal for high-
speed car racing, although some playas contain
large desiccation cracks so caution is advised.
Playas are known as salinas in South America and
sabkhas or sebkhas in Africa. They occur in closed
basins of continental interiors, which are called
bolsons in North America. The bolsons are
surrounded by mountains out of which flood waters
laden with sediment debouch into the basin. The
coarser sediment is deposited to form alluvial fans,
which may coalesce to form complex sloping plains
known as bajadas. The remaining material - mainly
fine sand, silt, and clay - washes out over the playa
and settles as the water evaporates. The floor of
the playa accumulates sediment at the rate of a few
centimetres to a metre in a millennium. As water
fills the lowest part of the playa, deposited sediment
tends to level the terrain. Playas typically occupy
about 2 to 6 per cent of the depositional area in a
bolson. Many bolsons contained perennial lakes
during the Pleistocene.
Bedrock terraces
Bedrock or Strath terraces start in valleys where a
river cuts down through bedrock to produce a
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Vshaped valley, the floor of which then widens by
lateral erosion . The flat, laterally eroded surface
is often covered by a thin layer of gravel. Renewed
downcutting into this valley floor then leaves
remnants of the former valley floor on the slopes
of the deepened valley as rock-floored terraces.
Rock-floored terraces are pointers to prolonged
downcutting, often resulting from tectonic uplift.
The rock floors are cut by lateral erosion during
intermissions in uplift.

Alluvial terraces
Alluvial or accumulation terraces are relicts of
alluvial valley floors. Once a valley is formed by
vertical erosion, it may fill with alluvium to create
a floodplain. Recommenced vertical erosion then
cuts through the alluvium, sometimes leaving
accumulation terraces stranded on the valley sides.
The suites of alluvial terraces in particular valleys
have often had complicated histories, with several
phases of accumulation and downcutting that are
interrupted by phases of lateral erosion. They often
form a staircase, with each tread (a terrace) being
separated by risers.
Geomorphic cycle
It is subdivided into parts of unequal duration, each
part being characterised by the degree and the
variety of relief and by the rate of change, as well
as by the amount of change that has been
accomplished since the initiation of the cycle. The
various stages in the geomorphic cycle are
described in terms of age beginning with youth,
which passes into maturity and then into old age.
The topographic features of the first stage are
spoken of as young or youthful, later ones as mature
and those of the last stage as old, with further
subdivisions when desirable such as, for example,
early and late maturity. It may also be mentioned
that each of these stages need not be of the same

duration. It should also be noted that the blending
of types of topographies is the rule rather than an
exception. Thus in a region of general youthful
characteristics, some streams and valleys may be
mature. Similarly in mature plateaus there will be
some youthful streams actively engaged in
deepening their valleys. The span of time involved
in a complete transformation of landscape may run
into millions of years. Consequently during a period
of scientific observation the changes in topography
may be unnoticeable.

Youthful Topography
Youthful topography is characterised by
comparatively few streams but usually they have
high gradients. Drainage may be poor with lakes
and swamps on the divides between the streams.
Streams flow in deep walled canyons or V-shaped
valleys; these will be shallow or deep depending
on the height of the region above sea level. Usually
streams are actively engaged in cutting their valleys
deeper. Youthful topography also possesses rapids
and falls. There will be general lack of development
of flood plain except along trunk streams.
Mature Topography
When the region advances from youth to maturity
in the cycle of erosion, the drainage is better
developed with the number of streams increasing.
The streams cut their valleys to lowermost levels,
their tributaries are well established and lakes,
swamps and rapids disappear. Meanders may exist.
Since streams start eroding laterally, valleys are
flat but the widths of the valley floors do not greatly
exceed the width of the meander belt. If streams
flow through homogenous rocks, tree-like drainage
pattern known as dendritic pattern is developed
during maturity of topography. In the regions of
folded beds the drainage pattern is rectangular i.e.
tributaries meet their main streams at right angles.
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` Old Topography
In old topography, all main streams have very flat
slope and are meandering back and forth over their
flood plains. Valleys are extremely broad and slope
gently both laterally and longitudinally; valley
widths are considerably greater than the widths of
meander belts. Their velocities are low and
transporting power for sediment very limited. The
whole landscape is gently rolling. Occasionally
erosional remnants stand above the general land
surface. Lakes, swamps and marshes may be
present but they are on flood plains and not in inter-
stream tracts as in youth. The topography tends
towards the ultimate form namely peneplain which
is a large land area of low relief that has been
reduced to nearly base level by the combined action
of weathering and streams. As a rule, surfaces of
peneplains are not flat but gently rolling with low
hills standing island-like erosion remnants in the
general surface of lands(Worcester 1948).
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5. EROSION-PLANATION SURFACE
"At the very outset, it is recommended that
planation surface needs to look at, along with cycle
of erosion and slope models of three big names of
geomorphological history, Davis, Penck and King.
Davis remained most influential in coming years
due its noticing presence on different academic
bodies both in America and Europe, Penck was
most misrepresented geomorphologist because of
late publication of his book and partly due to
confusions created by Davisian school .King got
its foundation both from Davis and Penck, at some
places like upliftment of peneplain, he is in support
with Davis of a rapid rise of area, at other place
like slope analysis, he is more near to the concept
of Penck i.e. retreating slope or slope replacement.
Both Davis and King devoted a long period in
developing theories on the basis of observation in
different regions, but Penck lived a very short life
of 35 years was unable to reshape and review the
theories as others did.Also,they worked in different
physical environment with varied endogenic and
exogenic forces carved the differences in their
models. Davis worked in stable New England
region of U.S.A, while Penck in the unstable
Andese in South America and King in arid and
semi-arid regions of Africa. So the conflicting
models are not the dichotomies but to look at the
landscape from different point of view depending
on the physical milieu of different
geomorphologists. Planation surfaces can easily be

understand as changing slope angle to the gentler
side due to erosional effect on uplifted landform in
either Davis or  Penck's way. The transformation
of summit to planation surface can easily be
imagined as the slope decline or retreat of general
slope of landscape and through the declining valley
slopes of fluvial channel from lateral cutting of
water divides or ridges between the channels, and
progressively coalescence of remnant features
whether monadnocks, pediments or inselbergs. It
is also worth noting that even in arid cycle of
erosion, Davis and king combined the role of river
channels in shaping the geomorphic features. Davis
clearly stated that we are not talking about plain
deserts but mountainous desert where role of fluvial
channels are very important.
Old landscapes, like old soldiers, never die.
Geomorphic processes, as effective as they are at
reducing mountains to mere monadnocks, fail to
eliminate all vestiges of past landforms in all parts
of the globe. Old plains (palaeoplains) survive that
are tens and hundreds of millions of years old. These
old plains may be various kinds of erosion surface,
peneplains formed by fluvial action, pediplains and
panplains formed by scarp retreat and lateral
planation by rivers respectively, etchplains, or
exhumed surfaces. Exhumed sur faces and
landforms are old landforms that were buried
beneath a cover of sediments and then later re-
exposed as the cover rocks were eroded. Several
exhumed palaeoplains and such other landforms

Figure: planation surface and formation of monadnocks through lateral cutting
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as reef knolls have been discovered. Stagnant
landscapes are geomorphic backwaters where little
erosion has occurred and the land surface has been
little altered for millions of years or far longer. They
appear to be more common than was once supposed.

Fig: Formation of pediplain and inselberg
         Planation Surface:

Denudation chronologists once eagerly sought
erosion surfaces. However, the search for erosion
surfaces became unfashionable, particularly in
British geomorphological circles, during the second
half of the twentieth century, with many
geomorphologists questioning their existence. The
current consensus is that they do exist, and a revival
of interest in them is apparent. As Ollier (1981)
not so tactfully put it, 'Most people who are not
blind or stupid can tell when they are in an area of
relatively flat country: they can recognize a plain
when they see one'. Of course, a plain may be
depositional, constructed from successive layers of
alluvial, lacustrine, marine, or other sediments.
Erosional plains that cut across diverse bedrock
types and geological structures are all planation
surfaces of some kind. They occur in low-lying
areas and at elevation. Elevated plains sometimes
bear signs of an erosional origin followed by
subsequent dissection. A good example is a bevelled
cuesta.   Planation or erosional surfaces(paleoplain)
are the end product or near end product of the
processes of different agents of erosion, like wind,
running water, glacier etc., in different climatic
regions (humid, arid).It has been defined by Gilbert
as the 'process of carrying away the rock so as to
produce an even surface, and at the same time
covering it with an alluvial deposit'. These
geographically plain surface or faint relief is
produced in the last phase of cycle of erosion. Some
geomorphologists, mainly the 'big names' in the
field; have turned their attention to the long-term
change of landscapes. Starting with William Morris

Davis's 'geographical cycle', several theories to
explain the prolonged decay of regional landscapes
have been promulgated. Walther Penck offered a
variation on Davis's scheme. According to the
Davisian model, uplift and planation take place

alternately. But, in many landscapes, uplift and
denudation occur at the same time. The continuous
and gradual interaction of tectonic processes and
denudation leads to a different model of landscape
evolution, in which the evolution of individual
slopes is thought to determine the evolution of the
entire landscape (Penck 1924, 1953).
Peniplain
The 'geographical cycle', expounded by William
Morris Davis, was the first modern theory of
landscape evolution (e.g. Davis 1889, 1899, 1909).
It assumed that uplift takes place quickly.
Geomorphic processes, without further
complications from tectonic movements, then
gradually wear down the raw topography.
Furthermore, slopes within landscapes decline
through time - maximum slope angles slowly lessen
.  So topography is reduced, little by little, to an
extensive flat region close to baselevel - a peneplain
- with occasional hills, called monadnocks after
Mount Monadnock in New Hampshire, USA,
which are local erosional remnants, standing
conspicuously above the general level. The
reduction process creates a time sequence of
landforms that progresses through the stages of
youth, maturity, and old age. The 'geographical
cycle' was designed to account for the development
of humid temperate landforms produced by
prolonged wearing down of uplifted rocks offering
uniform resistance to erosion. It was extended to
other landforms, including arid landscapes, glacial
landscapes, periglacial landscapes, to landforms
produced by shore processes, and to karst
landscapes.
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In the above three dimensional diagram, fig iii, is
the planation surface or peneplain, formed over a
very long geological time from an uplifted land due
to the combined effect of vertical and lateral cutting
of fluvial channels resulting slope decline. From
Davisian view point, this almost featureless plain
with some presence of monadnocks got shaped after
a long crustal stability.
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Endrumph
A variation on Davis's scheme was offered by
Walther Penck. For the end product of cycle of
erosion, he used the term Endrumph with isolated
features of inselbergs. According to the Davisian

model, uplift and planation take place alternately.
But, in many landscapes, uplift and denudation
occur at the same time. The continuous and gradual
interaction of tectonic processes and denudation
leads to a different model of landscape evolution,
in which the evolution of individual slopes is
thought to determine the evolution of the entire
landscape (Penck 1924, 1953).Three main slope
forms evolve with different combinations of uplift
and denudation rates. First, convex slope profiles,
resulting from waxing development (aufsteigende
Entwicklung), form when the uplift rate exceeds
the denudation rate. Second, straight slopes,

resulting from stationary (or steady-state)
development (gleichförmige Entwicklung), form
when uplift and denudation rates match one another.
And, third, concave slopes, resulting from waning
development (absteigende Entwicklung), form
when the uplift rate is less than the denudation rate.

Later work has shown that valley-side shape
depends not on the simple interplay of erosion rates
and uplift rates, but on slope materials and the
nature of slope-eroding processes.
According to Penck's arguments, slopes may either
recede at the original gradient or else flatten,
according to circumstances. Penck (1953) argued
that a steep rock face would move upslope,
maintaining its original gradient, but would soon
be eliminated by a growing basal slope. If the cliff
face was the scarp of a tableland, however, it would
take a long time to disappear. He reasoned that a
lower-angle slope, which starts growing from the
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bottom of the basal slope, replaces the basal slope.
Continued slope replacement then leads to a
flattening of slopes, with steeper sections formed
during earlier stages of development sometimes
surviving in summit areas (Penck 1953). In short,
Penck's complicated analysis predicted both slope
recession and slope decline, a result that extends
Davis's simple idea of slope decline. Field studies
have confirmed that slope retreat is common in a
wide range of situations. However, a slope that is
actively eroded at its base (by a river or by the
sea) may decline if the basal erosion should stop.
Moreover, a tableland scarp retains its angle
through parallel retreat until the erosion removes
the protective cap rock, when slope decline sets in
(Ollier and Tuddenham 1962).As a result of
different processes of slope change due to erosional
effect of fluvial channels, the uplifted land get
eroded to its base level and change the whole
landscape to a featureless Endrumph with isolated

inselbergs. In the above diagram, pediment has been
used with penck, one should not get confuse,
features are almost same only name varies, Penck
himself used Endrumph, later geographers used the
term pediplains or pediment like for Penck too.
Pediplains and panplains
Penck's model of slope retreat was adopted by
Lester Charles King, who, in another model of
landscape evolution, proposed that slope retreat
produces pediments and that, where enough
pediments form, a pediplain results (King 1953,
1967, 1983). King envisaged 'cycles of
pedimentation'. Each cycle starts with a sudden
burst of cymatogenic diastrophism and passes into
a period of diastrophic quiescence, during which
subaerial processes reduce the relief to a pediplain.
However, cymatogeny and pediplanation are
interconnected. As a continent is denuded, so the
eroded sediment is deposited offshore. With some
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sediment removed, the continental margins rise. At
the same time, the weight of sediment in offshore
regions causes depression. The concurrent uplift
and depression institutes the development of a
major scarp near the coast that cuts back inland.
As the scarp retreats, leaving a pediplain in its
wake, it further unloads the continent and places
an extra load of sediment offshore. Eventually, a
fresh bout of uplift and depression will produce a
new scarp. Thus, because of the cyclical
relationship between continental unloading and the
offshore loading, continental landscapes come to
consist of a huge staircase of erosion surfaces
(pediplains), the oldest steps of which occur well
inland. Another variation on slope retreat concerns
the notion of unequal activity espoused by Colin
Hayter Crickmay (1933, 1975).Davis's, Penck's,
and King's models of landscape evolution assume
that slope processes act evenly on individual slopes.
However, geomorphic agents act unequally. For this
reason, a slope may recede only where a stream
(or the sea) erodes its base. If this should be so,
then slope denudation is largely achieved by the
lateral corrasion of rivers (or marine erosion at a
cliff foot). This will mean that some parts of the
landscape will stay virtually untouched by slope
recession. Some evidence supports this contention.
Crickmay opined that lateral planation by rivers
creates panplains. panplain (panplane, planplain)
Area of very subdued relief that consists of
coalesced floodplains. It is therefore due to lateral
stream migration and is a component of a peneplain.
Good examples are found in the Carpentaria region
of Australia.

Etchplains
Traditional models of landscape evolution assumed
that mechanical erosion predominates. It was
realized that chemical weathering reduces the mass
of weathered material, but only on rocks especially
vulnerable to solution (such as limestones) were
chemical processes thought to have an overriding
influence on landscape evolution. However, it now
seems that forms of chemical weathering are
important in the evolution of landscapes.
Groundwater sapping, for instance, shapes the
features of
some drainage basins.Some geomorphologists
suspect that chemical weathering plays a starring
role in the evolution of nearly all landscapes. In
tropical and subtropical environments, chemical
weathering produces a thick regolith that erosion
then strips . This process is called etchplanation. It
creates an etched plain or etchplain. The etchplain
is largely a production of chemical weathering. In
places where the regolith is deeper, weakly acid
water lowers the weathering front, in the same way
that an acid-soaked sponge would etch a metal
surface. Some researchers contend that surface
erosion lowers the land surface at the same rate
that chemical etching lowers the weathering front .
This is the theory of double planation. It envisages
land surfaces of low relief being maintained during
prolonged, slow uplift by the continuous lowering
of double planation surfaces - the wash surface and
the basal weathering surface.Whatever the details
of the etching process, it is very effective in creating
landforms, even in regions lying beyond the present
tropics. The Scottish Highlands experienced a
major uplift in the Early Tertiary. After 50 million
years, the terrain evolved by dynamic etching with
deep weathering of varied geology under a warm
to temperate humid climate (Hall 1991). This
etching led to a progressive differentiation of relief
features, with the evolution of basins, valleys,
scarps, and inselbergs. In like manner,
etchplanation may have played a basic role in the
Tertiary evolutionary geomorphology of the
southern England Chalklands, a topic that has
always generated much heat. There is a growing
recognition that the fundamental erosional surface
is a summit surface formed by etchplanation during
the Palaeogene period, and is not a peneplain
formed during the Miocene and Pliocene periods.

Exhumed landforms
Exhumed landscapes and landforms are common,
preserved for long periods beneath sediments and
then uncovered by erosion. They are common on
all continents. Exhumed erosion surfaces are quite
common. The geological column is packed with
unconformities, which are marked by surfaces

 



PREP-SUPPLEMENT:                  GEOMORPHOLOGY

39

dividing older, often folded rocks from overlying,
often flat-lying rocks. Some unconformities seem
to be old plains, either peneplains formed by coastal
erosion during a marine transgression or by fluvial
erosion, or else etchplains formed by the processes
of etchplanation. The overlying rocks can be
marine, commonly a conglomerate laid down
during a transgression, or terrestrial. The
unconformity is revealed as an exhumed erosion
surface when the overlying softer rocks are
removed by erosion. It is debatable how the
exhumed erosion surface relates to landscape
evolution. If a thin cover has been stripped, then
the old erosion surface plays a large part in the
modern topography, but where hundreds or
thousands of metres of overlying strata have been
removed the exhumed erosion surface is all but a
chance component part of the modern landscape,
much like any other structural surface (Ollier 1991,
97).The Kimberley Plateau ofWestern Australia
bears an erosion surface carrying striations
produced by the Sturtian glaciation some 700

million years ago and then covered by a glacial
till. The thin till was later stripped to reveal the
Kimberley surface, the modern topography of
which closely matches the Precambrian topography
and displays the exhumed striations. The relief
differentiation on the Baltic Shield, once thought
to result primarily from glacial erosion, is
considered now to depend on basement-surface
exposure time during the Phanerozoic aeon. In
northern England, a variety of active, exhumed, and
buried limestone landforms are present (Douglas
1987).They were originally created by
sedimentation early in the Carboniferous period
(late Tournaisian and early Viséan ages).
Subsequent tectonic changes associated with a tilt-
block basement structure have effected a complex
sequence of landform changes .
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6. CYCLE OF EROSION
The Cycle of Erosion or 'The Geographical Cycle'
was formulated in the latter years of the nineteenth
century by W.M. Davis (e.g. Davis 1899). It was
the first widely accepted modern theory of
landscape evolution. Davis regarded landscapes as
evolving through a progressive sequence of stages,
each of which exhibited similar landforms. In the
Davisian model, it was assumed that uplift takes
place quickly. The land is then gradually worn down
by the operation of geomorphological processes,
without further complications being produced by
tectonic movements. It was believed that slopes
declined in steepness through time until an
extensive flat region was produced close to BASE
LEVEL, though locally hills called monadnocks
might rise above it. This erosion surface was termed
a peneplain. The reduction in the landscape creates
a time sequence of landforms progressing through
three stages: youth, maturity and old age. Initially
the Davisian model was postulated in the context
of development under humid temperate ('normal')
conditions, but it was then extended to other
landscapes including arid (Davis 1905), glacial
(Davis 1900), coastal (Johnson 1919), karst
(Cvijic´ 1918) and periglacial landscapes (Peltier
1950). Davis's model was immensely influential
and dominated much of thinking in Anglo-Saxon
geomorphology in the first half of the twentieth
century, contributing to the development of
DENUDATION CHRONOLOGY. Davis was a
veritable 'Everest' among geomorphologists .The
model was largely deductive and theoretical and
suffered from a rather vague understanding of
surface processes, from a paucity of data on rates
of operation of processes, from a neglect of climate
change, and from assumptions he made about the
rates and occurrence of uplift. However, it was
elegant, simple and tied in with broad, evolutionary
concerns in science at the time. Nonetheless, by
the mid-1960s the concept was under attack
(Chorley 1965). The Davisian model was never
universally accepted in Europe, where the views
of W. Penck were more widely adopted. Penck's
model involves more complex tectonic changes than
that of Davis, and regards slopes as evolving in a
different manner (slope replacement rather than
slope decline) through time . An alternative model
of slope development by parallel retreat leading to
pediplanation was put forward by L.C. King (e.g.
King 1957). Another evolutionary model of
landscape evolution was produced by Budel (1982),
who developed the concept of etching, etch plain
and etch planation.
W.D. THORNBURY defined Geographic Cycle as
"The various changes in surface configuration

which a landmass undergoes as the processes land
sculpture act upon it"
An initial surface underlain by a certain type of
geologic structure, upon which geomorphic
processes operate ?=sequential development of
landforms.
Davisian model
The model of landscape evolution usually known
as cycle of erosion was developed by William
Morris Davis between 1884 and 1899, published
in 1899 in the geographical journal royal
geographical society. Accordingly, Landscapes can
be arranged in evolutionary sequences illustrative
of cyclical changes. Since fluvial action is
widespread over the earth's surface in all areas
excepting that of cold and hot deserts. Major parts
of the world (except the cold and hot deserts)
experience fluvial actions. This remained a
foundational concept in geomorphology for many
years, formed basis for i n t e r p r e t i n g
landforms. The idealized sequence of landscape/
landform evolution begins with uplifted, virgin
landscape culminates with featureless plane eroded
to base level, in between passes through stages,
each with a set of r e c o g n i z a b l e
landforms. Principle of uniformitarianism "no
vestige of a beginning and no prospect of an end"
was the inspiration for his cyclic concept, besides
Darwin and Lamarck.
Basic Concepts:
1. In a similar way to life forms (influenced from

the Darwin's and Lamarckian ideas) land forms
can be effectively analyzed in terms of their
evolution. He regarded landscapes as evolving
through a progressive sequence of stages each
exhibiting characteristics landforms.

2. Second key concept was thermodynamics
although not explicitly referred by Davis, as the
term developed latter. The landforms initial
uplift is the chief source of energy in the form
of potential energy and that; thereafter there is
an irreversible equalization of energy levels.
Throughout the landform assemblage, leading
ultimately to a spatially uniform terrain which
Davis called Peneplain.

3. The upliftment of the land is rapid and while
the landmass is being uplifted, there is very little
or no erosion.

4. Uniform lithology( physical and chemical
structural characteristics of rocks)

5. Davis divided stages into youth, mature and old.
These were however, relative time scale and
cannot be related to any particular time
framework.
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6. The streams will erode up to base level i.e., a
level below which streams cannot erode their
valley floors, further he, supplemented the idea
of base level with the concept of 'grade'- the
balance between erosion and deposition;
gradation= aggradation - degradation.

7. In the trio of Davis" structure, process and
stage" structure denotes lithology, composition,
texture  of  earth materials; process denotes
agents of weathering        &  erosion which
earth's surface  undergoes modification and
stage denotes  the successive phases of landform
evolution, i.e. youth, maturity and old stage.

Figure:1

Fig:2- recapitulation of landscape from peneplain
to the uplifted land mass

Figure: 3-

Figure: 4-
Figure 1 exhibits the cycle explaining the
morphological changes, any landscape passes
through, as Hutton pointed out that there is no
vestige of a beginning and no prospect of an end
and hence cycle goes on. Figure 2 shows the
recapitulation of a landform, which passes through
different stages.Figure 3 and figure 4 also helps in
understanding the sequential change of landscape.
Figure 5 and figure 6 are the diagrammatic
representation of landform evolution  as shown by
Davis to explain the undergoing processes from
youth to old stage, which a landform passes through
from sequential change resulting from endogenic
and exogenic forces and carving out the
morphological features turns the uplifted landscape
to a peneplain.
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figure-5

figure-6
Erosion starts after the completion of upliftment,
as Davis said there is very little or no erosion during
rapid upliftment of uniform structure.The above
graph represents the model of geographical cycle
wherein UC (Upper curve) and LC (Lower curve)
denote the hill tops of crests of water divided
(absolute relief from mean sea level) and valley
floors lowest relief (from mean sea-level)
respectively. The horizontal line denotes time
whereas vertical axis depicts altitude from sea-
level. AC represents maximum absolute relief
whereas BC denotes initial average relief. Initial
relief is defined as difference between upper curve
(summits of water divides) and lower curve (valley
floors) of a landmass. In other words, relief is
defined as the difference between the highest and
the lowest points of a landmass ADG line in denotes
base level of erosion which represents sea-level.
No river can erode its valley beyond base levels
(below sea-level). The upliftment of the landmass
stops after point C as the phase of upliftment is
complete. Now, erosion starts and the whole cycle
pass through the following three stages.
1. Youthful stage
The upliftment is complete and has stopped and
erosion starts after the completion of the upliftment

of the landmass. The top-surfaces or the summits
of the water divides are not affected by erosion
because the rivers are small and widely spaced.
Small rivers and short tributaries (consequent
streams) are engaged in head ward erosion due to
which they extend their length. Because of steep
slope and steep channel gradient rivers actively
deepen their valleys through vertical erosion and
thus there is gradual increase in the depth of river
valleys. The valley becomes deep and narrow
characterized by steep valley side slopes of convex
plan. The lower curve falls rapidly because of valley
deepening but the upper curve remains almost
parallel to the horizontal axis because the summits
or upper parts of the landmass are not affected by
erosion. Increased relief heralds the beginning of
mature age, indicated by widening of the gap
between lines 'A' and 'B'.
2. Mature stage
The early mature stage is herald by marked lateral
erosion and well integrated drainage network.
Vertical erosion or valley deepening is remarkably
reduced or vertical erosion slows down and
horizontal actions increases. The summits of water
divides are also eroded and hence there is marked
fall in upper curve (UC) i.e. there is marked
lowering of absolute relief, both decreases. The
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lateral erosion leads to valley widening which
transforms the V-shaped valleys with uniform or
rectilinear valley side. The coming closer of lines
'A and B' indicates emergence of gentle slope. The
subsequent streams gain importance now. The
marked reduction in valley deepening (vertical
erosion or valley incision) is because of substantial
decrease in channel gradients, flow velocity and
transporting capacity of the rivers. How soon youth
will turn into maturity depends to a large extent on
the texture of the drainage. The number of streams
and their relative distances will determine the speed
with the inter steam areas are being denuded.
3. Old stage
 A gentle gradient, accentuated by horizontal action
and deposition, reduces the erosion intensity. Old
age in characterized by almost total absence of
valley incision but lateral erosion and valley
widening is still active process. Water divides are

more rapidly eroded. In fact, water divides are
reduced in dimension by both, down wasting and
backwasting. Thus, upper curve falls more rapidly
meaning thereby, there is rapid rate of decrease in
absolute height. Relative or available relief also
decreases sharply because of active lateral erosion
but no vertical erosion. Near absence of valley
deepening in due to extremely low channel gradient
and remarkably reduced kinetic energy. The valley
becomes almost flat or get mellowed lines "A and
B" run parallel to each other with concave valley
side slopes. The entire landscape is dominated by
a graded valley sides and divide crests, broad, open
and gently sloping valleys having extensive flood
plains, well developed meanders, residual

Monadonocks (residual hills, Davis called such
residual hills by this name after mountain
Monadonock in New Hamshire. Thus, the entire
landscape is transformed into Peneplane sometimes
duration of old stage in many times as long as you
maturity combines together.
Evaluation of the Davisian Model of landforms
Development
The Davisian model of cycle of erosion despite the
criticism and  reinterpretation of the importance of
spatial and temporal scales in geomorphological
studies and the subsequent orientation of
geomorphology towards process studies, the
Davisian cycle of erosion still holds a special place
in the education of most university geography
students.Every geomorphological studies give
atleast a passing reference to the Davisian cycle,
which dominated the world for 60 years after its
inception in 1899.

Positive Aspects
The Davisian cycle affords a genetic classification
and nomenclature of landscape, as compared to a
morphological one and provides the means of
expressing texture and the build of a landscape.
Davis Model of 'geographical cycle' is simple and
applicable.
Davis presented his Model in a very lucid,
compelling and disarming style using very simple
but expressive language and his model is based on
detailed and careful field observation.
The consideration of Davis of change in base level
as indication of initiation of a new cycle has certain
advantages. One, the base level change can be
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considered a unit of time compared to the geologists'
stratigraphical time unit. Two, the base level
changes during glaciations are accommodated.
This model is capable of both predictions and
historical interpretation of landform evolution. This
model also synthesized the current geological
thoughts.
Davis ideas have been overthrown in the second
half of this century. Though the model faces many
challenges, and being criticized from the very
beginning of its postulation. One of the main critics
of Davis was Walther Penck, followed by S. Judson
and C.G. Higgins.
Criticism
1. For the sake of simplicity and according to

Davis, erosion is insignificant during the phase
of upliftment, Davis has assumed in his theory
that erosion begins only after the uplift has taken
place and that upliftment occurs very rapidly
and then ceases for the rest of the period of time.
But it is natural facts (process) that as land rises,
erosion begins and In fact erosion and upliftment
goes hand in hand. As soon as a landmass begins
to be formed by uplift erosion immediately starts
working on it.

2. There is no logical ground for the assumption
that flat slopes are old and steep slopes are
young. Other variables controlling the slope are

nature of soil material and the bedrock, climate,
vegetation and downslope factors acting at the
foot slope.

3. The ideal normal cycle of erosion is only
possible, if there is long crustal stability
allowing to pass through every stages, but earth
is very much unstable. The plate tectonics also
revealed that plates are always mobile and hence
long period of crustal stability is a remote
possibility.

4. Too much of generalization in the Davisian
cycle presents an inadequate framework for
landform interpretation.

5. There is little evidence to prove that landforms
actually evolve to an end product called
peneplane.

6. Davis has over emphasized time. His
interpretation of geomorphic processes was
entirely based on empirical observation rather
than a field instrumentation and measurement.

Penck's model of geographical erosion:
Penck made certain deviations from the views of
Davis. One, the erosion does not remain suspended
till the uplift is complete. In fact, he said, the
geomorphic forms are an expression of the phase
and rate of uplift in relation to the rate of
degradation, and that interaction between the two
factors, uplift and degradation is continuous, also
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the rate of uplift keeps changing.
W.Penck, perhaps the most misunderstood
geomorphologist's work got published in 1924
posthumously by his father A.Penck.He was great
critic of Davisian Geographical cycle especially
about the crustal stability and absence of erosive
work during rapid upliftment. He observed the
geomorphological features in tectonically unstable
region of Andese in South America.
Basic Concepts:
1. The morphological characteristics of any region

of the earth's surface is the result of competition
between crustal movement and denudation
processes.

2. On the basis of morphological characteristics
tectonic movements can be explained and their
causal factors ascertained.

3. Development of landscape is not time-
dependent.

4. The shape of the hillslope depends on the
relative rates of valley incision by rivers and
removal of debris from the hill-slope.

5. Three crustal states are witnessed: (a) state of
crustal stability with no active displacement; (b)
state of initial domed uplift in a limited area
followed by widespread uplift; and (c) state of
extensive crustal upliftment.

6. Upliftment and erosion are always coexistent.
7. Three states of adjustment between crustal

movement and valley deepening are observed:
(a) if for a longer time crustal upliftment remains
constant, the vertical erosion by the river is such
that there is balance between the rate of
upliftment and erosion; (b) if the rate of uplift
is more than the rate of valley deepening, then
the channel gradient continues to increase till
the rate of valley deepening matches with the
rate of upliftment and the state of equilibrium
is attained when both become equal; and (c) if
the rate of valley deepening is more than the
rate of crustal uplifment, then the channel
gradient is lowered to such an extent that the
rates of upliftment and erosion become equal
and the state of equilibrium is attained.

In the place of stage he used the term stage
(entwickelung); in the place of youth, mature and
old stages, he used the term; waxing or accelerated
rate of development; uniform rate of development;
and wanning or deccelarating rate of
development.He used the word primarumf to the
land before upliftment and endrumpf for the
residual plain after completion of stages, for which
davis used peneplain.
stage 1:

With uplift, the interfluves, as well as the lower
parts, rise. There is a lack of brisk undercutting.
Penck used the term 'Primarumpf' to represent the
characteristic landscape before upliftment.
Primarumpf is, in fact, initial surface or primary
peneplane representing either newly emerged
surface from below sea level or a 'fastenbene' or
'peneplane' type of land surface converted into
featureless landmass by uplift.
Stage 2:
Here, the rate, of downcutting is less than the rate
of uplift. There is not much change in relief.
Stage 3:
Rate of downcutting becomes equal to the rate of
uplift. Again, there is not much change in relief.
Stage 4:
Uplift comes to an end and the downcutting further
intensifies. The height of interfluves decreases.
Deepening of valleys accelerates. A convex slope
results: this is the stage of waxing erosion or
Gleichformige Entwickelung.
Stage 5:
The downcutting and the deepening of valleys slows
down. The interfluves are rounded and further
lowered. A concave slope results: this is the stage
of waning erosion or Absteigende Entwickelung.
Stage 6:
Uniform erosion or Gleichformige Entwickelung
characterises the end product- endrumpf or residual
plain like peneplain.
Among the above mentioned 6 stages, first stage is
the phase of waxing(accelerating) rate of landform
development. Here, land surface rises slowly
initially, but after some time rate of upliftment is
accelerated. Continuous active down cutting and
valley deepening result deep narrow v shape valley.
As the erosion fails to cope with rate of upliftment,
absolute height continues to increase, also relative
relief between highest point and lowest point
continues to grow.
2, 3 and 4th stage means uniform development of
landforms or Gleichformige Entwickelung. Stage
5 and 6 means waning development of landscape,
during which landscape is progressively dominated
by the process of lateral erosion and marked
decrease in valley deepening.Absolute relief
decreases remarkably because of total absence of
upliftment but continued downwsating of divide
summits.Relative relief continues to decrease
because of divide summits is being eroded.Parallel
retreat of valley side slope continues, the upper part
of this slope is called as gravity slope or
boschungen, and lower segment is called as wash
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slope or Haldenhang.The process continues and
initial landscape transforms in to inselberg and then
finally to endrumpf.
Positive Points:
1. Penck followed a deductive approach and did

not restrict himself to any particular condition.
2. Compared to the Davisian cycle, Penck's

approach was forward looking.
3. Penck, quite appropriately, emphasised the

mutual relation between uplift and the deepening
of valleys. This indicates Penck's respect for
geological evidence. Penck's third stage is
evident in the Middle Alps.

Negative Points
1. Penck gave too much importance to the role of

endogenetic forces.
2. The orderliness in landform changes, as

assumed by Penck, may be difficult to achieve.
3. Inadequate knowledge about the initial pristine

landscape does not allow much verification.

4. The concept of geographical cycle of erosion
itself has been criticised by many, since many
of the cyclic generalisations are based on
untested assumptions. An overemphasis on
historical and evolutionary studies in landforms
results in the reconstruction of stages of
evolution becoming the focus of study.

King's cycle of erosion
L.C. King's theory of landform development is
based on his studies of landforms in arid, semi-
arid and savanna regions of South Africa. He
formulated a set of cyclic models (such as landscape
cycle, epigene cycle, pediplanation cycle, hillslope
cycle, etc.) and asserted that these are practicable
in other parts of globe as well. The reference system
of King's model says "there is uniform development

of landforms in varying environmental conditions
and there is insignificant influence of climatic
changes in the development of fluvially originated
landforms.
Major landscapes in all the continents have been
evolved by rhythmic global tectonic events. There
is continuous migration (retreat) of hillslope and
such retreat is always in the form of parallel
retreat." For King, the profile of an ideal hillslope
consists of all four elements of slope, viz., summit,
scarp, debris slope and pediments and such
hillslopes develop in all regions and in all climates
where there is sufficient relief and fluvial process
is the dominant agent of denudation.
Pointing out that the Davisian model of arid cycle
of erosion was inadequate to explain all types of
landscapes, King, in the 1940s, propounded a new
cyclic model of pediplanation (or pediplanation
cycle) to explain the unique landscapes that he
observed in the arid, semi-arid and savanna parts
of Africa. According to King, the African landscape
consisted of three basic elements: (a) rock
pediments flanking river valleys and having

concave slope varying in angle from 1.5° to 7° cut
into solid rocks; and (b) scarps having steep slopes
bounding the uplands and varying in angle from
15° to 30° and experiencing parallel retreat due to
backwasting by weathering and rainwash; (c) steep
sided residual hills known as inselbergs
(bornhardts) which vary in size and shape. The size
of the inselbergs is dependent on the magnitude of
erosion and their shape on the nature of underlying
structure.
It is worth noting that King's concept of upliftment
and crustal stability is similar to the concept of
Davis. The cycle of pediplanation is performed by
twin processes of scarp retreat and pedimentation.
Each cycle begins with rapid rate of upliftment
followed by long period of crustal (tectonic)
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stability. The cycle of pediplanation begins with
the uplift of previously formed pediplains and not
of any structural unit. The pediplanation cycle
passes through the stages of youth, mature and old
as in the Davisian cycle of erosion.
However, there are certain differences between the
models of King and Davis. Davis's peneplain is
formed due to down wasting while King's pediplain
is formed due to coalescence and integration of
several pediments which are formed due to parallel
scarp retreat. Once formed, Davis's peneplain does
not experience further growth until it is re uplifted.
When uplifted, new erosional cycle is initiated and
the rivers are rejuvenated.
On the other hand, King's pediplain once formed
further grows headward. New scarp is initiated at
the far end of the previously formed pediplain which
is progressively consumed by the retreat of new
scarp and thus second pediplain is formed while
the former pediplain experiences decrease in its
extent. The process continues and a series of
intersecting pediplains are formed which extend
headward. Hence, King's pediplains, so formed, are
analogous to Penck's piedmont treppen.

King's model was subjected to many criticisms:
(a) King's model was limited to the African

experience.
(b) It is doubtful to assert that there is uniform

development of landscapes in different
environmental conditions.

(c) King's concept of antique pediplanation
remains questionable.

Important terms need attention
1. Palimpsest topography.
2. Base level of Erosion
3. Profile of Equilibrium
4. Graded Profile
5. Waxing, waning and uniform slope.
6. Gravity Slope or Boschungen
7. Wash Slope or Haldenhang
8. Piedmont treppen or Treppen concept
9. Epigene Cycle of king
10.Bornhardt
11.Dynamic Equilibrium theory
12.Cymatogeny
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7. SLOPE EVOLUTION
Of all landforms, slopes are clearly the most
common and often the most overlooked.
Understanding slope processes is of particular
interest to landuse planners,and because slopes
often reflect changes in lithology, they are of
particular interest to bedrock mappers. Slope is an
upward Or downward inclination of surface
between hills and valleys and form most significan
aspect of landscape assemblages. In mountainous
areas, it is more perceptible. In fact, morphological
characterestics of a given region are determined
by slopes of that region, because physical
landscapes are the result of combinations of slopes;
it enhances the complexity of landscapes of a
region. The slope study involves classification,
development and evolution of hill slopes. History
of slope studies, in its initial phase was dominated
by interpretation of different aspects of hill slopes
or valley slopes through field visits e.g. slope
models of Davis, Penck, King, Woods etc, in later
phase, slope models are based on quantitative
analysis of slope data derived from topographical
maps, like Young, Mosley etc. In the longitudinal
profile of hill slopes, it is found punctuated with
convexity, concavity, rectilinearity (in straight line
with constant degree of slope) and free face (wall
like).

Summital convexity is convexed upper segment of
crest, also called as waxing slope. It is the main
source of debris flows downward in the initial stage
or even later. Free face is wall like precipitous slope
devoid of any deposition. Below this rectilinear
element is that part of slope, which is gentle in
nature and covered by debris due to down slope
transport of materials, at the bottom concave slope
exists forms due to active denudation, mainly
rainwash, rill and gully erosion.it is also known as
waning slope.
Slopes can be divided laterally into sections based
on surface flow. Imagine or image formulation,
drawing flow lines from the highest contour to the
base of the slope. Diverging flow lines define

diverging sections, parallel flow lines parallel
sections, and converging flow lines converging
sections.

Plan view of a slope
Slopes can be genetically categorizes into primary
slopes, formed by processes that tend to promote
relief, and secondary slopes, formed by processes
tending to decrease relief. Secondary slopes evolve
from the erosion and modification of primary
slopes. The distinction is not always clear because
primary and secondary processes do not operate
independently. However, it's important to
understand to what degree a slope is the result of
primary and secondary processes. Many slopes are
paleo slopes formed under a different climatic
regime.   This is especially true in New England
where slopes occupy the flanks of relict glacial
features, such as drumlins, moraines, glacial
troughs, and meltwater valleys. A slope's shape is
governed by its internal structure and external
processes, such as slope wash, creep and other
mechanisms of sediment transport.  Material
deposited while in transit down the slope is termed
colluvium--an unsorted mixture of rock and
sediment derived from the slope face.
Origins of primary slopes
• Tectonic : fault scarps
• Depositional: volcanoes, glacial moraines,

drumlins, dunes, alluvial fans, delta foreset
(foreset is inclined part of delta), etc.)

• Erosional (glacial and riverine valleys, etc.)
• Human activity (blasted rock slopes, hydraulic

mining, tailings piles, etc)
Processes acting on slopes
* Mass Wasting
• creep, flow, fall, etc
* Action of water
• raindrop impact (aids in the suspension of

sediment)
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• slope wash (Horton overland flow*, sheet flow)
• Horton overland flow describes the tendency

of water to flow horizontally across land
surfaces when rainfall has exceeded infiltration
capacity and depression storage capacity

• channelized flow (rills)
• Subsurface flow (eluviation and solute

transport, sapping etc.)
         Mass movement and morphology of slope.

• creep leads to the development of convex
upward slope segments

• solifluction, slumps, and flows commonly result
in concave upward profiles at their heads and
convex toes of colluvium

• rock fall forms a talus (scree slope)beneath a
free face (cliff)

* slope of talus is governed by:
• angularity of sediment
• Rate of rock fall vs. rate of weathering and

erosion of talus
* Pediment surfaces that lack significant debris

beneath the free face develops because talus is
weathered and removed faster than it is
produced

Effects of water
* surface flow (Horton overland flow, or slope

wash, and channel flow):
• aids the development of concave upward

profiles in valleys and
• convex upward profiles along divides
*  subsurface flow (downward percolation,

through flow and groundwater flow)
• aids in eluviation (minor mechanism of slope

decline)
• aids in the formation of earthflows and

solifluction
• may lead to surface channel formation by piping

(sapping).
Other factors influencing slope morphology
1. Geology: Slope composition and structure

controls the detachability of slope material by
a     particular process

• Rock slopes: Slope is controlled by rock
strength and structure.

• rock strength: high strength promotes the
development of a free face low strength
promotes flatter slopes

• structure: orientation, type and abundance of
planes of weakness (e.g. bedding planes &

joints)
• fall faces typically occur where,
• there is an active geologic agent oversteepening

the slope
• previously oversteepened slope has not yet been

deeply weathered or consumed by colluvium
• Change in base level exhumes buried

topography
• Soil slopes: Shape controlled more by processes
• Erosion by water is influenced by permeability

and erodibility of slope materials and vegetative
cover

• sharp divides typically develop on poorly
vegetated, impermeable and easily eroded
slopes

• Mass wasting is influenced by sediment
characteristics (cohesiveness, grain size, sorting
and angularity), degree of consolidation, and
structure.

2. Climate
• controls intensity of chemical vs. mechanical

weathering
• controls vegetation and water content
• In arid landscapes lacking vegetation, such as

those shown in figures 1 and 2,  fluvial erosion
is quite effective.

Figure 1.  Slope developed on horizontal
sedimentary rock, Grand Canyon, AZ. Variations
in lithology strongly influence the rock slopes that
flank the canyon.  Cliffs of limestone and sandstone
alternate with gentle slopes composed of shale.
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Figure 2. Slopes developed in playa sediments
(Furnace Creek Formation near Zabrinskie Point,
Death Valley, CA)..
• Continues…..Generalizations regarding the

effects of climate:
• Humid
• Slope form is controlled by processes acting on

regolith: slopes tend to be transport limited
• Arid/semiarid
• Lack of vegetation increases the efficiency of

water and wind
• slope form is controlled by bedrock strength and

characteristics: slopes tend to be weathering
limited

3. Local activity: Rates of mass-wasting are
promoted by:

• Proximity to stream, shoreline, etc.
• activity of man
• rate of uplift and incision; relief
Terminology used to describe slopes
• Slope angle. See Table
• Transport limited: Rate of transport is lower

than regolith formation: Weathering and soil
formation rates are faster than rates of removal.
Slope form is greatly controlled by creep,
solifluction and similar mass movement
processes, and slope wash.

• Weathering limited:  Rates of regolith
formation is slower than transport: Erosional
processes, such as mass-wasting, slope wash,
fluvial activity, etc., are faster than weathering
(soil-forming) processes. Slopes are steep and
have little to no soil. Structure and lithology
control the shape of the slope.

Angle Description
0°-0° plain
0°-30' slightly sloping

2°-5° gently inclined
5°-15° strongly inclined
15°-25° steep
25°-35° very steep
35°-55° precipitous
55° and greater vertical
Profile Shapes
Slope profiles can have several manifestations
depending on the factors which have been discussed
by many scholars with qualitative and quantitative
approach.Some models have been discussed as
below.
Early geomorphologist, such as W.M. Davis, L.
King and W. Penck each devised different
conceptual models for slope retreat for which they
strongly advocated. However, their models are not
necessarily contradictory, but reflect the different
climates, tectonic settings, lithologies and processes
affecting the slopes where they studied.  William
Morris Davis studied slopes in New England where
the climate is humid and temperate and the tectonic
setting is stable.  Lester King worked in the-semi
arid climate of South Africa and Walther Penck in
the tectonically active Andes.
1. Slope Decline (By W.M. Davis, 1899)
Upper slope weathers and erodes at at faster rate
so there is progressive decline of slope angle occurs.
The slope becomes progressively decrease in the
angle of slope in each phase of their development.
It becomes less steep and a concavity develops at
the base, the convexity extends in length and
becomes more gently curved, i.e. smoothly convex-
concave forms and in particular long and gently-
curved convexities associated with decline. Cause:
it is equilibrium between the rates of weathering
and transport
- In stage 1, the elimination of the free faces is
done by the processes of fall and slump of the
bedrock until the slope is gentle enough to develop
a cover of regolith.
- Stage 2 shows this phase which is called the
graded slope. The regolith maintains a constant
thickness over the slope and all the weathered
materials is transported by mass movements and
wash. The form of the slope is concave-convex.
- Stage 3 & 4, the length of the straight segment
increased. The curvature of the elements decreases
as the slope continues to decline, and the length of
straight segment diminishes. The upper convexity
experiences more and more output than input,
whereas the lower concavity receives more input
than what it can output.
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- Lower part of the slope - with the accumulation
of the transported regolith, lowering is less.
- Davis, the original proponent of this theory, based
his arguments on visual assessment of slopes in
humid temperate areas.

A:Slope decline of Davis; B: Slope replacement of
Penck; C:Parallel retreat of King with scarp
Or free face; D:Parallel retreat without free
face(after young,1972)
2.Slope Replacement and retreating slope By
Walter Penck
Slope replacement means original steep slopes
being replaced by lower angle slopes which extend
upwards from the base at a constant angle. A free
face slope is slowly buried by scree which
accumulates at the base of cliff. (It means the
replacement of a cliff by scree). All parts of the
cliffs face are exposed to weathering. The scree
accumulating at the base increase in height and if
it is not removed, it will eventually replace the
entire cliff by a gentle slope, the angle of rest.
Continued weathering and removal leads to an
upward extension of this gentler slope. This
continues until the whole of the slope has been
replaced from below by the gentler slope.
Penck also discussed about the parallel retreat of
slope. Penck's model of retreating slope profile,
where evolution of the profile is controlled by rate
of output (river erosion) at the base and rate of
uplift of the land. He was able to deduce various
slope profiles for different combinations of river
erosion, uplift and rock resistance, by assuming that
stronger rock requires steeper slopes for the same
rate of denudation. He also modelled stream
longitudinal profile as controlled by uplift, rock type
and stream discharge.
Slope angle and lengths remain uniform as the slope
retreats parallel to itself.   Hillslopes are esentially
free of sediment. Parallel retreat occurs where
underlying strata are protected by a resistant cap

rock, such as a layer of sandstone, limestone, or
lava.  Failure of the caprock occurs only when
erosion has removed the weaker rock supporting
it. Parallel retreat is responsible for the classic
stepped topography of the Colorado Plateau, and
the formation of flat-topped buttes, mesas, and

pinnacles.
(Evaluation of Penck's model is hindered by its
hurried writing, posthumous publication and
confused representation in English, including
misrepresentation by Davis who was defending his
own ideas. Although there were important flaws
and contradictions in Penck's work, and it was
poorly translated or misrepresented especially by
adherents to the Davisian school, it was the one
comprehensive alternative to the cycle of erosion
and thus was a focus for contrary ideas, such as
emphasis on process rate (both endogenic and
exogenic) and greater attention to slope retreat. So
one should not get confuse because. King also used
parallel retreat of slope, the works of L.C. king is
quite in consonance with Penck, he differed from
Davis at so many points)

 



52

3. Parallel Retreat (By King)
Concave-convex slopes are, by no means
ubiquitous. In many semi-arid areas, more complex
profile are common, comprising an upper convexity,
a free-face, a rectilinear debris slope, and a gently
concave pediments. Each of the upper parts of the
slope retreats by the same amount and maintain
the same angle. Therefore, the convexity, free face
and debris slope all retain the same length.

The concavity extends in length and becomes
slightly gentler in angle. The pediment is
Monument Valley, Utah exhibits some of the best
examples of slope retreat.  Slopes are weathering
limited and reflect the angle of repose of the various
lithologies. Bryce Canyon Utah exhibits slope
retreat where weak rocks are protected by resistant
caprock.  Once removed the slope undergoe rapid
decline.

the name given to the gently concave area which
extends from the foot of the debris slope and
becomes wider and wider as the slopes retreat. The
pediment is generally slightly concave but the
slopes are very gentle, only 3-5 degree, and often
they appear to be completely flat. The pediment is
only covered by a thin sheet of regolith. In the arid
area, where chemical weathering is greatly
impeded. The supply of regolith is limited; the input
of transported materials at the bottom of debris
slope is little, with respect to the rate of output. As
a result, the debris slope is able to maintain a
constant angle, with an continual extension of
pediments primarily by the process of sheetwash.
Late in the erosion cycle, the hills are left as
isolated, steep-sided relicts, called inselbergs in

 After RJ Small 1970 
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Africa, or buttes and mesas in North America.
Parallel retreat in brief
(a) Of a slope containing a free face and debris
slope,
~ the angle of the free face is determined by the
strength of the rock. A strong will often form a
vertical free face.
(b) Of a slope without a free face
~ In less resistant rocks, the free face may not be
present. Weathering reduces the slope to a
continuous debris-covered slope.
Four unit slope model (Wood, 1942)
The four unit slope is best developed on a high
initial (primary) slope composed of strong rock and
the absence of local undercutting. As the steep fall
face retreats the base is covered by a straight talus
slope.

Figure: Four Unit slope model modified from Wood
(1942)
9-Unit Slope Model of Dalrymple et al, 1968
1.interfluve: divide area characterized by largely
vertical subsurface water and soil movement
2. seepage slope: gently dipping portion dominated
by downward percolation
3. convex creep slope: upper convex zone
characterized by creep and terracette formation
4. fall face: Cliff face characterized by rapid
detachment of material or bedrock (weathering
limited) exposure.
5. transportational mid-slope: Active region
characterized by mass movement, terracette
formation, slope wash and subsurface water action.
Figure:9-unit slope model.
5. transportational mid-slope: Active region
characterized by mass movement, terracette
formation, slope wash and subsurface water action

Figure:9-unit slope model.
6. colluvial foot slope: Depositional region.
Material is further transported down slope by creep,
slopewash and subsurface flow
7. Alluvial toe-slope: region of alluvial deposition
(e.g. levee deposits)
8. Channel wall: removal by corrasion, slumping,
fall etc.
9. Channel bed: Down stream transport of material
Besides, many analysis have been done by modern
geomorphologist through quantitative methods on
the basis of topographical data. There are actually
no universal pattern of slope evolution, slopes are
related to rock type, vegetation and various
weathering and sediment transport processes.




