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The Abhayanath, Bhuika and Jalapa hills

stretching between Jamalpur and Kiul, are

residuals of ancient Dharwar Structure
surrounded by alluvial tracts of north
Monghyr. Hills significantly barren of
vegetation reveal a series of miuor 'ledges '
ancl ' bluffs ' I Robinsons, 1966) interrupt'
ing the thin venier of weathered slope
waste. Hills are devoid of marked scree

slope and conspicuous free face. The
present paper is an attempt torvards the
understanding of the physical constants of
surface waste. underlying structure and
the slopc character on the basis of surveyed

slope profiles.

Geology anrl Morphological Background
The hills consisting mainly of metamor-

phosed sedimentary strata of quartzite, shale

strongly display strike trends of ENE-WSW
in the area of study, The three residual hills
rcveal a congeries of discontinous irregular
flcxture ( Pascoe, 1950 ) with eastlrard
dipping axial surtace of neariy isoclinal
syncline 1 B-fold ). Structurally, hills also
disply many smaller folds whosc axial plane s

dipping steeply towards the S. W. (Hasan

& Sarkar, 1967).

SLOPE MORPHOLOGY OF PRE-CAMBRIAN RESIDUAL HILLS, MONGHYR

ANIL KUMAR, Bhagalpur & DEVENDRA KUMAII', Sei<hpnra

ABS I'Rz\C'f : 'fhe i>resent p'aper is aD attcnlDt to a0alvse the Prof ile cbaracteristjcs ol

tle pre-cambrian residual hills of Ivlonghyr district of llihar wirh the lrelp o[ ferv selectcd

strrveved slope profiles. The general tendencl ofprofiles:rnd the stage of evoltttion lravc

b,:r r attempted througit the arralysis ol slope angles and the Ilature of slops mantle. Hills

rcpresenri:,g residuals ofthe Pre-cambrian quarlzites not or,ly clisplay the lithological

contj ol over slope form but also display the human interference I ading to rapid denudation

rrnd disposal ol .rvaste matters, The resultaot rnicro reiief fornrs ancl na'ure ot'u'eattered

\\,a.ste are intenrittent. The paper also outiines in brief, the develoPment mOdel of slope

profiles under the condition ofiostability.

The residuals of the ancient structure
present a typical hill slope where lilhology,
jointing in rocks and gravity display their
influence over slope form. Quartzites are
massive with well developed joints and their
spacing seems to be inversal related to the
slope gradient. Tabular blocks of out crops
giving rise to micro free faces or risers
causes irregularity in gradient over bill
slopes. Slopes are thinly manteld by
weathered waste in the forms of clitters,
mixtures of rock rubbie and sandy particles
and coarse sands, all in loose state. Once
continuous cover of regolith is still preserved
in patches and gradually being eroded away
by denudational processes. Water is the chief
agent of triinsportation of waste matters over
the slope. The absence of any dominate
scree slope reflects that the down slope
movement of weathered material over entire
slope is intermittent and related more to the
process ol wash.
Methods

Ten slope profiles were measured with
pantameter, lPitty, 1968) of 1.5 metres lenth
unit and nature of surface cover were also

noted down with each measured slope unit
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in field book. The slope surface has been

differentiated cn th-' basis of denudation
anC deposite. Waste matters over slope are

distinguished as clitters (aoprox. size less

than 5 to 25 cm.), mixture of rock rubbles
and sancls (approx. size less than 5 crn),

regolith and wash deposited coaise sands.

Prol ile no. 1 to 5 are measured over
Abhaynath hill (Fig. li no. 6 is the north
facing slope profile of tshuika hill.
Remaining four are from Jalapa hill (Fig. 21.

Profile Characteristics
The ten surveyed profiles demonstrate the

general convexo-concave forrns of residual
hills. The length of curved units and their
termin:rl angle establishes the amount of
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convexity and concavity of profiles. The lorv

average angle of profile units micro lree

faces or ledges and almost at'rsence of scree

over the slope are the testimony of the
advanced degraded stage of these hiils.
Profiles tbrough their length of curved slope

units, provide a sirnple way to determine
the curvature ratio of entire profile
irrespective of its ccnvex and concave units.

The num:rical freatment, thus fatilitate
in r'stablishing the probable tendency of
profiles in the sense whether they are

subjected to progressive decline or retreat.
Num:rical values ol proliles are depicted in
Table I.

TABLE-I

Pro-
fils

No.

Unit [ength
Percent

Ix ly

Angular chauge
in percent

Ax Av

Index of
curve form
Cx Cv

Location
Curve
Ratio
Ct

Abhayanath Hill
r 55.5 57.7

2 6t.s 69.2
3 59.3 7 5.2
4 57.8 64.8
5 66.7 51.2

Bhuika Hill
6 70.5 54.3

Jalapa Hill
7 69.2 71.8
8 7 4.5 78.7
9 52.6 54.9

10 72.7 84.t

43. I
68.0
5t.2
49.5

45.8

53.8
46.3

49.1

39.8

s6.9
32.0
48.5
51.5
54.2

1.29

0.9 r

t.t6
t.r'l
1.46

1.26
1.61

1.08

1.83

t.0l
2.19
1.55

1.26

0.94

1.28

0.42
0.7 5

0,1i3
1.55

58.4 4r.6 1.21 1.30 0.93

Facing South
,, North
., West

,, East

,, East

North

46.2
53.7
s0.9
62.0

0.83

1.09
1.00

1.31

North
South
North
South

I .55
1.47

1.09

1.37

,,

,t

,)

t,

,,

X-convex, V-concave, Cx-Lx/Ax, Cv-Lv/Av, Cr-Cx/Cv

The numerical consideration of profiles
first establishes that the length variation of
curved elements is highest in two profiles,
i. e. no 3 and 6. Whereas in the rest of
profiles difference is not more than 13

per ceot. But the tendency of prcfiles is

appareut when their respective curve ratio is

considered. Curve ratio depicted in Table-I
reveals the concave tendency of profiles uos
2, 3,7, 4 and 6 in decreasing order as their
ratio value is less than 1. Whereas profile
nos" 5, l0 and I reflect convex tendency of
profiles. Curvature is least in profiles 9 and
8. The general tendency of whole length of
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profile is though revealed in curve ratio and
it may be a good measure to deternrine the
steepening or flattening te ndenr:y of profile
it fails to explain the cornplex convexo-
concave nature of proliic forms of re.idual
slope. These residuals are almost bare

without having uniformally mantled
regolithic cover. Any conclusion regarding
the general tendency of, its development
cannot be safely established on the basis of
curve ratio, particularly when hill side slopes
are ungraded in the sense of classical
Davisian concept. The residul prtches or
regolith give testimony to the former graded
slope mantle and their subsequent rapid
denudation. The present , ungraded' slope
charaeter is closely related to some receqt
human interference and structul'al character
ol the underlying rock.

Similarly the rectilinerr sections or
maximum segment, do not provide any clear
cut evidence of the steepening tendency of
the slope profiles but aparr from profile
nos. 4 anb 5, percentage of rectilinear
section is conspicuously 1ow. The low
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percenatage in relative length ofthe
profites again establishes the advance

stage of slope development lKumar, 1978).

The rectilinear slope units are associated

to the rock out crops it't the profiles of
strong concave tendency as we iind in
profiels nos. 4 and 3. The conCitions ot
slope replacement under active denudation
is possible in profilrs havlng more than 2.0

per cent. of the rectilinear segment'

Conditions are more apparent over slope

of profilcs no. 3, 6 an'J 10 (table-Il).
The process of slopc flattening is more

obvious in the remaining seven profliles

where the length ol rcctilinear units are

lirnited in relation to convex-concave

sequence. The study of the residual hill
slopes also indicates the profile convexity
prevailing over the crestal and mid slope
sections of profiles such areas are

invariabiy out crops. It may be expected
that the mid slope micro free faces will
be ultimately replaced by slope units of
Iower angle tili aa angle of stablity is

acheived.

TABLE-II

Proflle Length of slope segment in percent
Convex Max. ConcaveNo

I
2

4
5
6
7
8

9
l0

Total

54.2

4I.0
42.2
49.6
42.7
33.3
30.8
34.0
39.2

r 5.9
36.8

12.2

15.2
30.6
08.s
1 5.3
30.5
12.5

12.8

7.8
29.8
22.0

33.6
43.8
1\'
41.9
42.0
36.2
56.4
53.2
53.0
54.6
41.2
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Angle Characteristics
The character of profiles and the stage

of evolution can be deductcd thrci-rgh the
analysis of slope angles, The hisiograph
(Fig. 3) showing trimodel character of slope
angle, distinguishes characteristics angi:s in
the angle range of 40-10u, i4o-16' and
l8o-24o It not only shows the litholigical co-
ntrol but also thc cornpk.rity ofl slope deve-
lopment. Ficld analysis also suppolls the
gcneral conclusion regarding the associati,tn
of slope angle with thc clevelop::rent of
profiles and nature of residual cover. [t is

easy to recognise the possibility ol a num-
ber of angles of lirniting stability aiid tireir
association with a particular stage in the
breakdown of the mantle. Wherever the un-
derlying quartzite rockrnass is jointecl arrd
weathcred Through the rele ase anil
disintegration, Ihe stable augie of slopc is
usually more than 34". Slopes in i8o-24" ra"
nge are mantled by ciitters and mixtui-c ot'
rock rubble and sandy piirticies in looac
state. 35 per cent. ol bed rock slop* unrier
this range reveals a stat€ of transition and in
due course prc,bably wili be manlled by low
partisles.

Angles of slope at )4'-16" aro very comm-
on over these Quartzite hills which wearhcr
to produce taluviura mantles. About l4 per
cant of slope profiies under this slrrpe
group, apart from bare rock surfaces, are
presently mantled by mixture of rock
rubbles sandy particules and regolity

4'-l0o angles are closely iisso;iaied with
materials forming loose mantle. Angies of
40-10" are secondary slopes which havo dei,e-
loped after a replacement of higher angies.
They will remain longer than t.!re slopes ol
higher angle values

The analysis further reveals a numbcr of
threshold slope rang*s although certain
threshold slopes arc especia!!y con!rnon
over the hills. The medians and quartiles
clearly demonstrate the ai;gl.: dispe rsions cf
given slope types. Regolith and s;rnd cover-
ed slopes are significautly different Bed
rock slope, clitters and mixeil rublrirs anil
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srnd slopes overlap each other. Bed rock
slope accounts for 34.6 pcr ceilt of all reco"
rilcd slcpe s. trn eaii be said that these
sloprr; hav: th;ee characterisiic angles of
8c-i0'', 24"-26 and 48' and limiring angle of
30 I upper semi quarrile ). But wide varjar-
ion occurs in the siope profiles, In Abhay"
anath hill profiles th; irrrer qu;rrtile range is
9 wliile over Bhuika anC Jalaprr rangs is
siguifii;ently higner. The characteristic anglc
is 5"*6,; for [rvo dcnudatioraily adv.inc*d
profiles nos. 4 and 5 oi Abhai'anath hill.
Whiie for thr rest ot' piofiles it is steei:rur
thau 24) anci 4[i0. j]uch bed rr:ck siopes are
ciistiilct fri;rn rttlrer dcpo5ilionui sl,-rpes. Sio-
pes ilre cssentially an exhurned forms. peaks

delinrd at 8"-i0o represenl erosion surface
reninants r-rrodified by pr*sett process. The
second rir(-j thirC pe:rk ilrgies appear to
cor;'erpond'rvi1h renui:ri deni:dalior.i.'Ilic fifiv per crni. r:f'clitter slope s rangr
b$lveen 5'-i5o and li'.--2So oyrr
Abhayanath anil tshuika-J.llapa lrills. Tirc
inter quartil: expressrs arrd def,ines ihi:
characerrisric argles of B" and 24. and
limiting angle oi 3{-,o Ciittcr grades up into
mix,:d dtbris siope without arry sir:gificant
break. Charircrerisric :rngles ol I0q- l6,,and
liiniti;rg ai:gle of 23' (upper s.-mi qu:rrtile)
reveal wtdr variation in angle tiispersion.
About 50 p,:r ccilt- of mix*ej d,:bris slope
rauge b,:tween 10" inter-quartiL. range. N,xe
of the depi;sitional slop(s have 50 per ccni.
its profilc uuils within a partilular range of
angle . tt signilies thar dcposiiionai slopes
do ni:t e.xprcss any constant slope as their
angle of rrpose is that oi. underlyiag bed
rock.

The ciraracieristic argle s of 8o aiid
lirniting angle ol 18,) are associated with
ccve re,J slopes- iiegoiith covi:red slopes
are gradr,:aily denuCed away both througir
slop; Crclin; and slope :t,:epening near
rise rs. h cc,mparison to orher siope types
regoiith skrp:s shilit, negative skeweel
distributiun indicating the operarion of
limiting iactors like retreat of micro free
faces and dcnuciation r:f ihe e.rhurned rock
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slopes.
Presence of tirree depositional and one

denudational slopes v/ith wide variation in
slope angles indicate that residuai hills are:

actively denuded by the processes. This
explains the non.exislence oi one

preiominent algle of rest for the debris and
clitters. 'Risers 'mark the joiiit plan of
massive quartites where blocks h:ive beett

dislodged either by gravity or wash. Near
these sites parallel re trriat of slope units aree

takiirg place in accordance with jointing
and strike plan, as rocks do not produce

any angle ol cohcsion. Just brlow the site

bed rock-s are mantled by a shallow clitter
and mixed d"'bris.

The sharp fgll in angles frequency at 82o

furthrr explairs that higher angles are
produced es a result of relatively active

erosion by agencies unCer cutting a slope or
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rises. As risers are short lived fbrms, they
are gradually transformld into slopes of
less th:rn 30o. The outcomB oi luch slope
replacernenf can be related to the groups
ofl characte ristic angles at 22"-28o and
8"-10'. The gentler slope angles are
expected to retain their angle for a r,:latively
longer period of time (Young. l96l).

The change from one threshold angie

range to another is sirnply the replacement
of one stability augle by another and there
is no continual process operating which
would result in indefinite flatt:ning of the
slope proliles. T'he study does not offer any
support to the idea that siope flattening is
a conlinuing process over these hiils.
Association of stabilitl' angles wilh both
the protected and uirprotectsC slopes
cculd be due to slope flattening as well
as due t.r slop* rclreat process.

st-()PE \{oRPHLocy oir, pRE CAN{BRIAN RESTDU.,\L }IILLS, lvIONGIIyp.

t
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The most pertinent point arising from the

analysis of slope profiles in relation to
pro-rcjses of denudation ancl slope type is

perhaps, relirted to the constructit)n of slope

profile development model under instability.
l. Devciopmeat of straight slope with a

particular angle oi stability in response to

the iiritial dip and strike ol stratas, The

evoiution r:f, slope over the h.rrd Qulrtzites
initatcd after th'; structttral growth of thc

atea. Development ol drainage system

providecl rapitl syslcm ilcision and cliff faces

may be form,:ci along valieys. As stl'eams

approacbcd base levei th': down cutting

gradually slackene d Tire initirri cliff faces of
valley beeome straight by acquiring a certain

angle ol stability. Under ih'; earl,'l tranrport
lirnitlng condiiions weathering oi rock

surfiice may result in producing a slcpe in

rcsponse to the angle of repose of the talus'

2. Orce stream incision diminishes relative

to tho weathering of the tock r:ass, slope

begins to develop independentiy of stream

sction. Tirree groups of pro':esses mainly

weathering anij mass failure: soil wash and

solution; and soil creep assumc irnportence.

Over the hard quartzite, weathering

continues to thickens the surfac

mantle. Becaus* of resistant quartize there

will be every pcssibiiity of a srcond $traiglit

slope under the transport limiting processes.

At this stage slight conversion at the upper

and iower lirnits may havr initiated the
growrh of curved elements of slope.

3. The hill sideslope underwent progressive

change due to weathering and uitimtly the
stability ol siope was alfected. Thus a

number o[ threshold slopos developed

depeneling upon thc phasbs oi disintegration
of waste slope mrnlle. rhe initial talus slope

with the angle of repose in the range of
32'-40" because subsequently unstable as

the frictional and permeability properties of
talus changed undrr weathering processes"

A second stability angle range ol l8o-24'
developed io respofls? to th; degree of
weathering of mantie.

4. The angle of stability of inantie agaia
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underrvent slope adjustment as soil creep
and i,vash gained importauce. A markcd
summita] convexity and a basal concavity
emerged over profiles in due course o[ time.
Slopr proliie gradually a;quired sigmoid
f'orm ivitir straight slopc stiil signiftcant in
t he uphill mid slope"

5. The slope continued to decrease while
maintaining its siginoid profite. Wherevir
huuran intcrference has alterrd tht pace o1'

processes. secrrndary slope tirreshold
dcvelop;d under the increased rate ol
trarrsporting and weath;red limitcd
conditions Secondary slope thus obliterate.
Previous slopes thus being oblitr:rated by
these seco*dary slopss through retreat of
slope units. Free faces and ledges are thus
created over the slirpe and are thus succeeded
by almost straight units ol clitters ard
mixed rubbles down slope. The persent
profiles of these residual hills, exhibit a

complix bimoidal forms. It is difficult to
distinguish threshold angles of various type s

of mantle ccver at present. Wherever time
had been available slopc becarne subdued
to producc slope profiles like profiles nos,
4 &, 5. The prociss of siltation became
associated with leciges, micro pondages over
hill slop;s and il:creased gradi..nt at the
basal slope sections.
Conclusion

The interaction ol structure, form and
process is reflscted in the compiexity ol lhe
proliles under review. The lumerical
consideration of slope pcfiles ref,lect an
advance stagc of their development. The
slope type liequencir:s reveal that bare rock
surf-ace, mixed rubbles aud sands, clitters
amcunt for 34.6, 32.5 ar,d l6.4per cent. of
slope. [n most cases angle of repose of their
depositional slopes is determined by the
undermined bed rooks. The analysis of
surveyed proliles reveals the general decline
of entire hiil side slopes and profile
retreat near individual risedi or ledges.

The nature of profile form and surfle,:e

cover provide ample evidence of relative
rate of waste transportation over siopes.



Relative rate of transportation varies from
fine sand to clitters, The surge florv which
is common over the rough surfaces
rSchumm. 1956) is probably responsible for
, ledges 'and their pool of fine sediments
in transitory deposition over the slope. The
numerous shallow distributary treads,
supporting only ephemeral flow, also
characterises the mode of removal of debris
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particulary fincr waste over lo.,ver mid and
basal slope section. A narrow, depositional
upon '(Mabbut, I955) of sediments around
these resiCual hills bcar testimony of waste
disposal from the slope and thei,
sedimentation. At presert slopes of these
residual hills are basrcally active and only
temporari Iystablized where profile units are
retaining regalithic cover.
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