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The Bnrakar Basin - The Sturly Area

The Barakar Basin (23' 4L'30" N. and
24 31'30" N. Lat. and 85" l0' 00" E" and
86' 54' 00" E. Long. ) is a well dsfined
geomorphic unit comprising the entire
catchment area (7026.1Km.2) of the Barakar
River, a tributary of the Damodar, in Bihar
( India ). It is a part of the Chotanagpur
Highlands ( Fig-l ).

The Barakar Basin is a region of physical
diversities. It presents a rich panorama
of topographical features, characterized
by scarp-zones, erosional surfaces and
residual hills. Its general slope is in the
southeast direction. Extensive areas lie
between the 152 metre and 457 m. contours,
which present a variety of morphological
fleatures. River - Valleys, most of thero long,
deep and terraced and a few o{'them with
gentle slopes alternate with low eiongated
ridges, someitmes hilly spurse, projecting
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ABSTRACT : The nrain ol-,iect of this paper is to critically analysc thc scquential stager iu
the history cf the landscape of the Barakar Basin in the light of the models o( landscape

evolution. The anaiysis leads to the conclusiort that the Barakar Basin shows neither step6-
reduction ofllavis nor slope-retreat of Penck-King, irr ail aspects, though both thesc
phenomcna are partiallv observed. 'fhey heavily lean to thc state of dynamic

equiiibrium envisaged by Jotrn T. Hack, as the Barakarian landscape carries the composite
slope forms, shilting divides with varyirrg degree of slopes on their sides, higli density of
hydrographic network and drainage texture in the arcas of moderate gradient, and increas-

ing and decreasing eroding capacity at the same stagc in thc cycle. That is why the authors

arc inclinerl to coucluCe that the gcon:orphic features ob-"erved in the Barakarian laudscapc

arc mostly in a state of dynamir equiiibrium and thcl' accept the Hack lvlodel with the

modification as the basis for explaining the geomorpbic featares in tbe barin.

froor higher tableland or elongated into
chains of hills and ridges.

The area under study bas been a part of
Archaean Basement complex, wbich has
been subjected to many cycles of erosion. It
is, therefore, a polycyclic region. A large
part of the region is covered with rich forest
and scrub-jungle. These protect the area at
places from severe soil.erosion. But great
elevations and steep slopes facilitate quick
run-off which renders the streams ephemeral.
At present the Basin is under sub-tropical
humid climate. Other features of morpho-
logical interest in the region are waterfalls
and springs. Waterfalls and rapids have
greatly influenced the topography of the
area, causing the long profile to be interrupt-
ed by abrupt breaks of slope.

The 300 metre surface : the core of the
basin

The 305 m. surface constitutes the core of
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the Barakar Basin. On the southeastern
side, it gradually slopes down to about 100

m. at the confluence of the Barakar with the
Damodar River. In the southwestern corner,
it ascends up to 609 m which is a part of the
Upper Hazaribaghplateau. The transition
lrom 305 m. to 381 m. surface is gradual on
three sides of the plateau. Thus the general

topography is undulating ( except in the
south and southwestern parts which com-
prise the scarps and hills. But if the lofty
Parasnath Hills are included the relief
increases, to about L265 m, the Parasnath
being 1365 metres high and the lowland
nea:' Chirkunda Barakar being only 100

metres above the sea level.
In landscape evolution, the critical element

is the behaviour of slopes. Landscapes are
made of slopes, and even a surface that
looks absolutely flat to the naked eye usually
proves to be at least gently inclined. So the
rtudy begins with the question of slopes

which assume varying forms.

Discussion on Models in the Light of the
Geomorphic Features of the Basin

1)The authors observed andmeasured the
slopes of a number of hills in the Basin and
found that there was one type of slope on
one side and a different one on the other.
The measured profiles are not equally uniform
in their slope variation from foot to crest.

Convex and concave segments both include
those units which are rectilinear sections or
maximum segments of profile ( Fig. - 1 ).
The presence of maximum units, their length
and amount of angularity, influences the
degree of curvature of convex and concave
slop: units. Its presencb or absence deter-
mines the complexity of profiles and nature
of development. So it is difficult to decide

whether flattening or steepening tendencies
of these profiles are prevailirrg.

According to Strahler's'equilibrium-slope
hypothesis'lwhich is more or less similar to
the slope system in dynamic equilibrium of
Hack), the slope angle represents a condition
of balance involving not only rock type and
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structure, but also climate, soil, vegetation,
and other circumstances. If one of these con-
ditions were to change ( say an increase in
annual rainfall ) then we could expect the

angle of slope to change as well. Forces act

on the materials of the slope. Gravity pulls

down, and the underlying bedrock pushes

up. Matter passes through the system

from the top to the bottom. EnergY

also passes through the system. The upper
rocks gain potential energy from previous

tectonic uplift. Potential energy changes to
kinetic energy, when gravity pulls the rock
materials downslope As in any system, there

are movements and chaages of material and

energy on a slope. Strahler suggests that the
angle of the slope adjusts itself so that the

system operates efficientlY.
2 ) The eroding capacity ofthe Barakarian

drainage has been increasing gradually for
the last 250 years with the removal of the

vegetal cover. The fact finds support in a
personal discussion with Mr. R. K.
Mukherjee, Deputy Director, Soil Con-
servation Department, Damodar Valley
Corporation. He corroborates that no sign
of flood by the Damodar was traced in West
Bengal before 1730 because its basin had a
dense vegetal cover and was thinly popu-
lated. As the pressure of population
increased the demand for agricultural land
increased. Consequently deforestation
started rvhich resulted in increasing erosion
on the slopes and silting of the river
channels. Consequently, the floods started
occurring year after year until they were

moderated by the construction of a number
of dams in the upper reaches of the streams.

The most plausible inference is that the
phenomenon of geomorphic shift is directly
related to the dynamic equilibrium of
landscapes and is not stage - dependent as
postulated in the models of Davis and
Penk - King.

3 ) The study of divides depicts the
landscape evolution. The outskirting divides
of the Blsin have migrated towards the
main stream from North and South resulting



in the contraction of the area of the Basin.
This is mainly due to disproportional ero-
sional activity of the adjacent rivers. There
is steeper slope beyond the Blsin where
erosion is more severe than on the gentler

slope towards the Basin. The divides in thc
Barakar Basin are spaced ununiformly and

the gradients differ very much on opposite
sides of divides suggesting unequal erosive
capacity of adjacent streams though the
stage is the same on both of the divide. This
shows the triviality of the stage concept of
Davis.

4) The analysis of the ' Hydrographic
Network' reveals that the areas of high
density of source heads and confluences are
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physiographically a combination of pene-
plain and outcr crosion fringe lying between
285 metres and 380 metres. Geologically,
this area is the linear Gondwana trough on
the Archaean base. So, here is a peculiar
situation. The high density Zone should have
occurred along the scarps, ridges and hills
of bigh gradient, but these areas fall mostly
under low density zone ( 15) and medium
density zone (5 - 20) to some extent ( Fig. a
& 5 ). This is because the initiation and the
development of streams has been more rapid
on the relatively less resistant rocks.

5 ) A striking geomorphic feature of the
Basin, which has reccntly been studied by
Ahmad ( 1969 ) is the higher margindl
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scarp. As we approach the edge of
the scarp zone towards North (Fig-6), "we
not only coms across the sudden drop of
surface represented by the steep slope of the
scarp, but we also obsene ridges and
monadnocks rising remarkably above the
general level of the planation level giving a
saucer - like appsi-lranue to th: ate&"
( Ahmad : 1969 ). Ahmad suggested th:rt
these ar; " the erninonces ( stems of olCer
mouutains; of o1J;r e'rosiol suriaces oui
of rvhich the presiill surfac;s and scarps

have been carved. " ( Ahmad : 1969 ).
For the exist:nce of this feature, thore

may b: two alternativ;s at ieasl. Firstly, the
force of ror.lrrcticn or re tieat did not act
upon, and seconr{ly they have a;ted upon
the surfacl, but th: force of dynamic
equilibrium has given tho m:rinlenance of
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this feature; although there may be a case

thet th: older stems ol mouotains do not
exist in thc original form, rather represent
tne forms under th; ncw environmental
conditions. The second alternative is more
logical than the fonner, and can b: more
plausibly explained by a state o[ dynamic
equilibrium which changses with the change
inviron:nent.

5) Th,. gullies observ,'d in the Barakar
Basin are ueith:r related to thr stagos of
landscaps dev.rlopment nor the concept of
slop: retreat nor that of th-. slcp: reduction,
It is related to th-- uplilt of tire ar:a aad th;
local condition.

7 ) The Barakar Ilasin is chrracterized
by entrenched meanCers, and reprcsefits 3

rcjuvenateil iandscap:. One mly argue that
a nerv environm:ntai condition ( tectonic or
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climatic change and so on ) may produce

such a surlace rvhere meandering of rivers
rnay be achicved and the subseqent uplift
may lead it to entrenching possessing

potentiai energy.

8) The analysis of the drainage texture of
the Barakar Basio, suggests that its develop-
ment is not related to the stages of landform
development. The drainage texture of the
Barakar Basin is probably the result of rock
structure, relief, vegetation with an over-
riding control of Iithology.

9) The stuCy ol streamline surfaces of
the Barakar Basin reveals that the scarp -
zone in the West and the Parasnath Tundi
area in the mid - southeast seem to be step-

ping down northrvards while the lorver
denuded areas seem to be rcceding west-
ward rapidly specially after the uplift of the
area during the Himalayan Orogeny.

Erosion anil Sedimentation ir llarakar basin

The study of silting in the resrrvoirs (Tilaiya
and I\'laithon ) of the Barakar Basin ruay
throw some light on the development of
landforms. Silting of rerserl,oirs is i1

univ;rsal phenomenon, bt:oause rro ruiloll
is completely free from siltload.

Murthy and Ayengar (i956) estirnated the
probable life of thc DVC resr'rvoirs on the
basis of the quantit_v of silt like ly to bc depo-
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sited in the reservoirs. They based their
computations on obscrvations of silt during
the period 1949 to 1953 at Barhi 1 near
Tilaiya I and Chivkunda ( near Maithon ).
Working on certain assumptions they cal-
culated the quantity of silt that would setrlg
down annually in each reservoir as follow: :

Table I
Tilaiya 404 Acre/feet
Maithon 684 ,,

Total 1088 ,,
Annual inflow of silt in Maithon was esti-

mared as follows :-
Maithon
S,rspendedSilt - 1486 Aclft.
Bed load 15 ?; of

1486 - 223 ,,

Tr:tal 1709

THE LANDSCAPE FVOLUTION OF THE BARAKAR BASIN
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Table II

Estimaled Annual Silt deposit
( Aclft )

Murthy and A. W. R. C. Ayengar
( 30?," increase )

Again, in 1959, the Committee for Aug-
mentation of Watcr Resources of Damodar
Valley Corporation (A. W. R. C.) made an
indepth study of the problem. The commit-
tee, taking into colsideration the experi-
ments carlied out in the U. S, A. arid Hirakud
about vertical distribution of suspended

sediment, were of the vieiv that the actual
annual silt deposit may bc 3016 or higher,
Their estirnates are giv*a as hi:i*under :-

Annual Inflow *f Silt
( AcTft;

Murthy and A. W. R. C.
Ayengar ( 3ti'., increase )

Rcse rvoir

Tilaiya
Maithon

404
68{

525

889 1709 1i I l
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This estimate excludes the inflow of silt
in the Khudia Catchment. If it is included,
the annual inflow of silt in the Barakar
Basin is estimated to about 1400 ame/ft.

On the basis of this estimate, we may
draw some conclusions. The total area of
the Barakar Basin is 7026.1 Km2 (1736108
acres ), and the average height of the Basin
is 334 metres (1095'). So the total volume of
the Basin is approximately estimated to be

1901038260 acre/ft. (17361()8 acre x 1095
feeQ.

Now, we assume that the annual reduction
of the Basin area is 2400 aclft. in all cases,
negiecting the fact that gradual reduction in
height will lead to the decreasing rate of
erosion and thereby decreasing rate ofsiltingr
It is so, because the reservoirs are, more or
less, acting as local base-levels at the present
time which have minimised the rate of
erosion reducing the force of the absolute
base-level (sea). Again, the rate of erosion
must have been higher in the past due to
comparatively high altitude and non-
existene of the resen'oirs.

Consequently if we assume it to be a
normal estimate, the totiil reduction of the
Basin up to the absolute base level wiil bs
reached in some 8 lakh years, provided that
all things remain unchanged.

If we take the geomorphic interpretation
of the Basin considering the surface
as 'Stand-still' since the Pleistocene"

th: whole Basin should have reached
the base level some one million years

earlier. An alternative explanation would
be that the Basin had attained almost
double the height of the present surface
during the last uplift. 'The alternative is

against the assumptions of Dunn (i942;,
Ahmad (1958) and Singh (1969) who have
worked in the region, and have delineated
the major portions of the Basin as the part of
the Lower Hazaribagh Plateau (305 metres),
formed during the l.rst upheaval of the
Chotanagpur plateau. This average heightof
the Basin, estimated at 600-700 metres in the
Pleistocene period, seems to be improbable.
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Instead of assuming a height of 600-700m,
before the initiation .the cycle, one may
think of a dynamic equilibrium which is
time-independent. It may suggest that the
annual inflow of silt cannot change the
volume of the Barakarian landscape due to
the preservation of the balance of energy.
Hack claims that the rates of removal must
be the same to preseve the overall balance of
energy. Geologic history demonstrates that

'the degradational forces acting on the
earth's surface are opposed by constructional
forces. " At present these deductions are

subject to considerable doubt ( Leopold,
Wolman & Millet: 1969;.

11) The Barakar and most of its tribu-
taries have their sources in resistant
granites and pass through the Gondwanas
composed mainly a nd comparatively of less

resistant rocks. In the resistant rock area,
relief is high because there is high potential
encrgy and consequently high kinetic energy.
Although the surface of the solt rocks in
the Gondwanas in the southeastern plrts ol
the Basin is being lowered at the same rate
as the resistant rock of the west or scarp-
zone, the graded slopes are much gentler
and the reiief is low erin the soft-rock area.

Almost all the streams of the Barakar
Basin pass through both hard and soft
rocks. When they enter the area of less

resistant rocks in the southeastern part they
imrnediately adjust themselves. They develop
comparatively broad plai ns specially on
the extreme southeast, com posed of the
river alluvium and thr residual soils derived
from the weathering of bedrock.

The streams like Khudia and Pusai that
pass through mainly soft rock, have a flatter
gradient than those flowing oo the resistant
rocks. This is bccause the streams have
adjusted to only the soft rocks and not to the
resistant rocks. This goes in favour of an
equilibrium Model that claims that large
areas are mutually adjusted and the variation
of form is mainly the result of rocks that
yield to weathering in different ways. So,

this characteristic of streams is an example



of equilibrium in the landscaPe.

12) The models of Davis and Penck-King

are time'dependent, i.e., everything depends

on the stage in the cycle at which the

landscape is observed and studied. Hack and

others have argued that the only time when
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forms change is when there is a cha4ge of
energy applied to the landscape'system.

The incised meanders and a number of
genetic features like waterfalls, springs,
gullies, tors, eroslon surfaces are the different
landforms of the Basiu and suggest the tec-

THE LANDSCAPE EVOLUTION OF THE BARAKAR BASIN

SOURCE, ONE INCH TOPo-SHEET

-WORK

{

35
E

r
0

FREOIJENCY D
'i

@

mmm
mn
ffi
l,*!r,g=

> -25
2A- 25
t5-20
l0-t5
5-l0
0-5

SOURCE HEADS
lut-e*

t
20

N

/28e

0

THE BARAKAR BASIN
FIG. 3

o25
L..J-sf

KILOME T RES

TWORKR

5
I

n
N

o

@

FREOIJENCY

rRtor,,Et{or

rba
c

Pr uug* / zsexn?

7026km?

*

60

AREAF

NO.

) -zz
20-25
t5-20
t0- 15
5- l0
<- 5

CONFLUENCES
/Nru rs2

KILOME TRES

N
0

ot_

z3'

30' s' 5

25
rll

THE BARAKAR BASIN
F IL;,4

l9



9B

tonic uplift of the Basin. This uplift has

increased the energy applied to the land-
scape system. Again the energy has become

less in the southeastern parts of the Basin

where the land has gradually been reduced

in height. So, the preservation ofthe balance

of energy may account for different relief
features.

Conclusion

This analysis leads to the conclusion that
the Barakar Basin shows neither slope redue-

tion of Davis nor slope retreat of l'enck -
King in all aspects. Both these'phencmena
are partially observed. But the explanation
of these phenomena does not follorv their
interpretation. They are most probably

related to the state of dynamic equilibrium
envisaged by John T. Hack. Examples of
dynamio equilibrium in the Barakarian
landscape include thc composile slope forms
shifting divides with varying degree of slopes

on their sides, high density of hydrographic
network and drainage texlure in the areas

of moderate gradient, and iucreasing and

decreasing eroding capacity at the same stage

in the cycle. An analysis of silting in the
reservoirs, gullies, and many other features
discussed above, suggest that the featur:s
observed in the Barakarian landscape are

mostly in a state of dynamic equilibrium.
The major changes occurred during the
Tertiary uplift, and will occur after an

initiation of a new set sf enviromental con-
ditions ( tectonic, clirnatic or any other else),

It lends support to the Hack Model in a
modified form because it does accept the
changes in landforms keeping the pace

with balance in energy. Hack asserts that
after a period of adjustment to new environ-
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mental conditions, a condition of dynamic
equilibrinm is arrived at.

Now a question arises as to how it is

noncyclic. The period between an environ.
mental condition that has occurred, and a
new environmental condition expected to
take place is a time which must have develop'
ment phases, may be of minor changes'
Naturally it carries the implication of a

cyclic order, though it may differ in techni-
cal jargon that of Davis ( youth, mature
and old ) or Penck ( aufsteigende, gleichfor'
mige and qbsteigende). But the tetm new

ent'ironmental condition, is suggestive of an
initial surface ( Davis ) or primarrunrpf
( Penck ). Similarly, before the commence-
ment of a new environmental condition in
the Hack model, the stage is endrumpf
( Penck ) or the l)avisian erosion surface at
thc end of the cycle. It may bo peneplain

- iike or like fastebene ( Penckt. Hack did
not relate peneplain to the erosional cycle.
but he asserts that they are represeDtatives
of denuded surflaces formed in a certain
enr,ilonmental condition, e. g., the surfacr:

of homogeneous structure, drainage and
slop*. So it is a difference in terminology
rather than in concept. Thus in spite of the
persistence and rejection of the cyclic
concept, it is so simple, natural and so direct-
ly observable that it is probably impossi-
ble to give up the cyclic concept.

Thus, if the features are best explained
by the dynamic equilibrium, they must be
correlated with the stages of a cyclic order.

*etz (1962) and Holmes (1964 ) have
strongly contested the view of Hack, but
our study area lends qualifying support to
the view of Hack, though in a modified
form.
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