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The Chhotanagpur upland has been the centre

of attraction for geomorphologists since

ea.rly times. A large number of scholars (Ahmad,

1948; Chatterjee, 1949; Singh, 1969) have

worked on the geomorphic aspect of this
region. Their studies are mainly concerned
with the recognition of erosion surfaces and

their genesis. Little attention has been givento
the processes like weathering which is of
prime importance in landscape making.

The present work is concerned mainly with
the type and extent of weathering which has

played a major role in the shaping of the

landscape. The work is based mainly on field
work.

THE STUDY AREA

fhe study area lies between Barhi and Haz-
aribagh towns,on Patna-Ranchi road, around
village Padma (24 12N-8 5 228). The region
enjoys a tropical monsoon climate with three
well defined seasons. Summer maximum
temperature remains about 40 C and the winter
minimum at 5 C. Mean annual rainfall is about

150 cm, major part falling during the rainy
season (June-Sept).

GEOMORPHOLOGY OFA PART OF HAZARIBAGH PLATEAU
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ABSTRACT The details of the Geomorphology of the erosion surfaces of Chhotanagpur
uplands is a product of deep weathering of rocks of varying resistance and the subsequent
exhumation of the irregular weathering front. This process of stripping seems to be due mainly
to slow and steady uplift of this part of peninsula and more recently to deforestation which has
accelerated the removal of wealhering products. The landforms thus produced closely resemble
those of lhe tropical regions of Africa, Australia, and South-America.

The paper has been divided in two parls, the
first part deals with the general process of
weathering and the other pait deals with
landforms.

WEATHERING

Chemical weathering has been far more
important than the physical. However, the
latter is not negligible. Ample evidences were
found during field work, exhibiting the
importance of mechanical weathering inland-
form shaping.

Insolation weathering seems to have little
impact on the rocks of the region which are

mainly schists and phyllites. Being fine
grained and soft they do not suffer expansion
and contraction except the phyllite which
crops out in the Kewta river channel.
Hornblende schist, on account of being made

up of black and white minerals, certainly
weathers in this manner. The Quartz-schists
which make up the whole of Ghiahi Pahar

is massive but not tough. The cementing
material is so soft that it would absorb any
expansion on heating so preventing any ten-
sion in the rock. Onthe otherhand thejoin8
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Figure-1- Physiography of the study area.
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Figure-2- Morphology of the region. A - Hills; B - Interfluvial uplands; C - Alluvium; '

D - Scarps; E - Core stonesF- Dip and strike; G - Rockexposure; Thinsuaightlines
are the most prevalent joint directions.
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Quartz fragments over 15 cm across 25cm

Thin laYer of red claY J- 5 cm

Quartz veins instrongly dipping Phyllites and

thin bands of Mica-Schists sandwitched be-

tween the Phyllite beds.

There is adeficiencyof ironandfinesiltin the

upper horizons and abundance of it in the

profile lower down. This is because of the

leaching of iron and eluviation of clay from
upper horizon to be deposited lower down.

This is possible under a much rainier climate
than the present. The formation of stone lines

seems to be due to redistribution of regolith
material consequent upon a shallow incision
of streams in the regolith. Thus the material

in stone-lines has been derived from older
regolith profiles.

Another profile, a complexonewas seen on

the middle segment of a Tanrplope, in many
pits and ravines. This profile differed in is
topographic position and anangement of strata

tiom the one previously discussed. A look at

the figure (fig-3c) would reveal thatthere is a

duplication of slone line. Here the yellow
brown sandy soil is followed downward by

stone-line with light red sandy clay below it,
followed by another stone-line which lies

overa thinbedofdeep redclay. Below this

clay layer lies the rotten bed-rock (phyllites
and mica schist with Quartz veins). In the

highestprofile there is no soil bed, the second

stone-line being sandwiched between beds of
pea sizedquartz grains. Thethicknessof the

lowerband was over 1.5metre. Belowitwas
thc bed rock.

This duplication of stone-line clearly reveals

a cyclic origin of the profile. Movement of
regolith down slope can notbe doubted here.

In the proces of down slope movement,

redistribution of regolith material would have

taken place, the heavier component settling at

the bottom.
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Recently Fairbridge and Finkle (1984) have
put forth their views regarding origin of
stone-lines. According to them "they (the
stones) are @ncentrated by differential win-
nowing by wind and water. Hill slopes
provide an ideal environment for both mass

wasting and winnowing.

At present on some Tanr slopes, stones of
various sizes were seen strewn as a sheet.

They have clearly been derived from the

destruction of older regolith profiles. This
sheet, under suitable environment, will be

burried to form stone-line. Thus the theory of
Fairbridge and Finkle sems to work here. But
still now there is a problem. The particle size

in this sheet varies greatly. The stone-line
forming due to their burial would exhibit
various sizes of stones in the profile. But the

profiles studied here exhibis remarkable uni-
formity of size of stones in each band.

The third profile (fig-38) was different from
the former two. This was seen in a shallow
pit dug at the tbot of Ghiahi massif; for the

purpose of irrigating the nearby field. Here

stone line was found sandwiched between two

bedsof yellow brownsandy soil. Therewas
no iron staining either in soil or in stone line'
The stone-line was about 30 cms thic$, the

constituent quartz pebbles measuring 5 cms at

an average. This stone-line was clearly of
colluvial origin, the stones orept down the

massif and were buried under the fine debris

comming from the same massif.

Besides these profiles, depths of weathering

was examined another topographic locations

too. In a stone quary in phyllite bed, thor-

oughly oxidized joint planes, were gradually

closing down, were observed. This oxidized
plane seemed to extend at least up to 30 mtrs'

The exposure itself was more than 15 mtrs.

Even this figure of depthof weathering seem's

little, since the majority of hand pump

borings in this regionare over 60 mtrs. deep'
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Obviously iitere is u,ater r:ble at that dcpth;

and waler table does nr,t extend intsr ,';*lid

heiiruck. "Ihus the depth of thssr-: irilrings
ili1i,;.rte the average depth cf wcath,:ring of
roeks. Ihe Mica-Schiits and i{ornblende-
Schists have no such rvide joints str the depth

Erf weathering is very shallou'. It rarely ex-
ixeds 10 metres and the whole r*tten rock is

restri,;tcd 1o ?-3 irtetres. Since these two rocks

do ur,rt consii;:tie high gr*ir::d. any natural

section warr ,-iotavail:ri;ic, llrr *xarnination' At
another l'r,:aiionby thc I!;rtna - Ranchiroad,
Phylliii: r.'.,, cre obse tvcd to be weathcred only
up to 2 metres. Thi:; i-u more sla,lv in appear-

ance and joinls x',rr': vr.:rY tighi"

Thus the cle*iir of weathering varies greatly

within short iilstances, depcnding upon the

t-vpe of rr:.i1-si" l.[ormally the depth of weath-

ei'ir:g is Eruilter or uplands, made up of Phyl-
iitcs, while the lorv lands are weathered to

small depth. The thickness of the weathered

mantle must !.r:.:5.,i1 been greater in the past, at

least cn upla::I:;, since at many places these

uplancls are crr:wned by huge spheroidally
weathercd hiitri;iirs or core stones. Such core

slones wealher uncer a thick mantle of rego-

lith. Stripping has exposed some of them

completiy and some are still half burried'

{]\SELBER.GS

Tlie '"Tongrics' i.,f inseli:ergs rrcre the most

i n i--,lr: i i.l{ Lia ii:ii,. .' i :.i:,;: iandncape. They rise
,,ir:::; ll;r i;,t-,:n ll;i' iii-trfila$ri;ng gently fOlling

i;i.rit;. 
'.[ l:r::', ,.:ii: iii.ati]' if+ni ;lll SifleS and afe

i;itive:r' iir{;rrrqoing letreal rathcr than de-

i;iiric. '1 tl'., :l:cil T<-rn.lilries rvere sludied in

ij*:iiii!. 'i ,tr'v ;clxcselll remflafiil; oi hrghef

iiitz;ilh;riri: ii,(tieau (55i1 nllr. surface) on the

ll,v,-,i {-i;l;'.,iI ii:l:E}i pialr:au ('i-{0 mtr" suri'ace)

iiiiii il;tvt he;en deurche:i ir*tn the main m:rss

f i,,,' tlx.] K,i:vil:l iti:il :ill".ttti tive,rs.

'f'hc: l'r;:'t:i:rlic,jl :,'rr:tr{-'i-y i}hi::hj p;thar (539

"lri:ii.) :1!-!ii {-ihti ;:::l;ll', i.:3"'iti ixtrs") are the
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outliers of the Banjhi hilly tract cf the east

(fig. -1). The former is made up w'holely of
Quartz-Schist while the latter is madc up of
alternate bands of hard and soft vat'ieties of
Quartz, mica and Hornblende Schisis. The
quartz schist is exposed at the sumn:iI ii:; r.vitl:

huge spheroidalty weathered bcuiders (ir rore
stones. Dip in both the hills, vari*s i'l*,tr'. Sfi

- 70 towards NE, the strike being WN1& f1SE.

There are three major joint sets (iii*-2): ont
runningalmostN-S, anotherNE-5W ar:tl iilr
third NW-SE. These petrologiciii anri silr:i:-

tural properties of thc Tongric;'; ilr:l*rii;i;'r*
their morphalogy as wcitr its {rir-rLr::,,:r*li u{'

geomorphic development.

The trvo Tongries differ greatlv- i:i rheir

Geology and topographic: positiott :.r--r il.iev

will be treated one hy one.

The Ghiahi Fahar lies in the same iinn: as tht:

Banjhi Pahar in the east. This is ntllt $ singlo

inselbergbuta complex ofsix domel and one

inselberg, jointedlyforminga massii. Out of

thesc six domes there is one domc inselh*rg

or Bornhardt dome (King, 1948)' The entire

massif is made up of massive quartz-schist

with strong foliation. Quartz reefs were seen

to traverse the massif a1 many places,

irrespective of strike or joint pattern. Most
of the domes of the massif are ol'al shaped,

their longer axis running in thc strike direc-

tion. The northern edge of th* miissif rnakes

an abrupt fall from over 25 iu less than 2 {'f i:i-

3E). The southern pnrt is mu*h disser"i'j.i

by nalas, headwate.rs of whicli have pt:te-

trated deep into the massit. f'he nalas l'xiiv;:

flat narrow berls iilted *'ith coarsc sand. TJlc

graciiant is vcry lorv but suddeniy lile ltiri''
head ber:omcs very steep at about 2t.1 ,wil.i;
28 -30 boulder controlled slopes b*unding
it on three sicir:s. Qllartz-st:hist hr-nt1ii'"ri:;r v;e;:c

not seetn outsidc the outiino t i thr massil, itr

rhe nala heds. F'riserlce ril'rl:ctri strcp lrr-i::ir-ie i
enntrolleii si,i-)Irt:E r{:r\/r'i:illri li:i': iil .:i 

"il.il 
ii.:;;'i'

Afc unr;*iqr:;:ii. rillt"rtii, :i5 d{;irll:'-':"iiri;'ir:11
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erosion at the foot consumes their bases.
Mostof thedomes in the massif arecovered
with weathered mantle but some degree of
stripping has exposed huge spheroidally
weathered core stones at the top and the
flanks, from where they roll down into the
nalas, as erosion proceeds.

The hill presents a scarp towards NWand SW
with a bamboo and bush covered debris
slope. Thefreeface is small (15mtrs). The
debris slope is very steepatabout40. At the
summit there are huge semi-spheroidal boul-
ders weathered alongjoints. Away from the
crest, to the North, there is a flat summit,
about 10 metreslowerthanthe highest point.
Here spheroidal boulders of varyingsizes are
strewn over a thin veneer of coarce sand.
Erosion along the edge of this sumit has given
rise to a very rugged cliff, some very big
boulders, of the order of 2 metres across, were
seen overhanging it. Some of these boulders
have dangerously narrow bases, only 40-60
cms in some instances.

The most interesting feature in this massif is
a domed inselberg or Bornhardt dome. This
is made up like other domes of the massif, of
massive quartz-schists. There is clear evi-
dence of structural control on the morphology
of this dome (fig-3D). Thedomeis irregular
convex in profile, that is there were minor
breaks of slopes in the ottrenvise convex profile.

All of these breaks were strictly joint con-
trolled, however modified to some extent by
weathering. Some of these breaks were caused
by quartz reefs which traverse iton the North-
ern slope. The quartz veins weather much
quickly due to insolirtion and frost action
during winter months, and create a linear
depression which alsochannelizes therwater
tlow during rains. Some large blocks
produced due to joint failure, were found at its
foot. [raving few as exceptions, all other

ioints were tightly closed, they appeared on

the bare domesurface only as thin lines, so
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weathering along joints is prevented. How-
ever in the nala beds, on the North and South
of the dome there is enough moisture to
promote weathering of the dome base. The
weathering products are gradually removed,
thus the area of the bare rock has been
increasing.

A perfectly rectilinear slope was observed on
the North-Westem side of the dome. This
plane is undoubtedly a joint plane running
N-S. Curiously, no big boulder which must
have slid down on this plane was found at the
footof this slope. Only fewsmallspheroidal
boulders were seen, they measured not more
than 30 cms across. This clearly reveals the
great age of the joint failure, during which the
big blocks have been reduced to very small
sizes.

There were only a few Core stones on the
dome surface. Their relation with the joint
system showed that they have never moved.
Ttrey are rather slabby in shape than spheroidal,
which is the common shape in phyilites and
recently exhumed quartz-schist core stones.
Around this dome, the slope away from the
bare rock exposure was covered with quartz
fragments 1 to 10 cms in size, resting on a thin
veneer of brown sandy soil. The soil veneer is
so thin thatbed rock frequently perforated the
cover.

The Chor Pahari lying about 2.5 KMS to the

east of Ghiahi Pahar is a single inselberg,
surrounded on all sides by low rolling rim
pediment. This hill is made up of alternate
bands of hard and soft varieties of Quartz,
Mica and Hornblende-Schiss. Only quartz
schist is capable of producing boulders of
huge diamensions which crown the hills. This
hill is completely bare of vegetation. It is
steep from all sides and presents a steep free

face, much longer than that of Ghiahi Pahar,

on the west. There is a very gently sloping
debris slope (1? ) below the free face as
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contrasted with very steep (over 40) slope of
Ghiahi Pahar. This is because the Chor Pahari

has no vegetation to protect its slope from
erosion, while the Ghiahi debfis slope has a

thick vegeative cover. Huge boulders lying
away from the free face and finer debris just
atthe footsuggestthat once thisdebris slope
was as steep as those of Ghiahi, butcontinued
erosion due to deforestation has washed away

the finer debris, hence the slope has greatly

declined.

PEDIMENTS

The pediment is quite broad and apparent in
this region. There is a sharp pediment angle

at the base of both Ghiahi and Chor Pahari.

In the former this angle is much sharper in the

north than in the south. In the north the

pediment is about 9 KM wide with a very
gentle regular slope. There is a fall of 20 mrs
in the first 0.5 KMs which decreases to 10 mtrs
per KM and still further to 10 mtr in 3 KMs.
Thus the slope is smoothly concave near the

inselberg. This slope continues till the main
drainage axis of the region, the Barakar is
reached. L,ocal relief on this pediment rarely

exceeds 5 mtrs which falls to less than 2 mtrs

near the inselbergs. .The debris cover is not
very thick exceptnear the inselbergs. Rock is

exposed in every big or small channel.

On the southern and western sides of the

Ghiahi pahar the pediment is much steeper

with greater relief. This ditference is due to
theproximity of themaindrainage, the Kewta

river, to the massif. On the other hand

alternate hard and soft rockexposureshave
favoured incision by even the small streamlet.

On the contrary, the Chor pahari has a rim
pediment. Thickness of weathered and trans-

ported mantle is much greater on the southern

side, where bedrock was seen exposed in a 8

mtr. deep pond dug in the channel bed.
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The origin of pediments has been much de-
bated by the western geomorphologiss. Some

of them regard this as a replacement slope,
extending as the hill slopes retreat (King,
1953; 1962)while Mabutt (1961) suggests

that pediments are late stage features of
exhumation, the process being 'slight back
trimming at the hill bases, partial levelling of
an irregular exhumed weathering front, and

imposition of the continuous concaveprofile
of sub-alluvial and part-subaerial rock
surfaces". (Quoted by Thomas in "Tropical
Geomorphology", p.219)

Field evidences are in favour of pediment
regradation process suggested by A. Young
(L972). The low gradient and the seasonal

character of nalas draining the pediment, ac-

companied by aridity, consequent upon
complete deforestation, which favours sur-

face wash of loose fine debris overloading the

nalas, all prevent incision of nalas. Thus the

pediment is fundamentally a transportation
slope. On the other hand the structurally
controlled hill slopes evidently retreatat the

same angle, making room for the pediment

extension.

So far weathering in this zone is concerned,

there exists great variation in the depth of
weathering. Unlike regions of homogenous

crystalline rocks, this region is made up of
alternate beds of hard and soft rocks, differing
greatly in weatherability. The same process

which would produce a smooth weathering

front in homogenous crystalline rocks, has

here produced weathering front too irregular
in depth. So exhumation of this surface would
give rise to a much rugged surface. But in the

present case the pediment surface is re-

markably smooth. This is due only to partial

exhumation which has not as yet excavated

deep into the weathered mantle.
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