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MORPHGMETRIC PERSONA',ITY OF THE HI},IALAYAN TECTOn"IC {JNITS

J. S. RI\WAT arrd S. C. JOSHI, Nainital

ABSIRAT.Ii' : Ihe stud,v estenCs io tiie i,].".'dr caiclline:rt of t:re Ramg:,nqa
river along the central sectiorls of U, P. H,ir*aiara. The workiug hi.po-
riiesis intri-.duced hcre reveais that tae mo'iphorfisllio parametcrs are
larqely c.:nt.oiled bi; tire tectonics, Tire Crystalline tectonic unir, comprising
of'the tligh Grade and Low Grade nretamnrphics conrposed oi gneiss,
phvllitcs and quartzites is passing throi;ah an early young stage ol-
geomorphic develoi:ment having moder'ate values of thc drainage dr.nsiry
i3.17 Km/Kmz), strearn freq.uertcy (6.0tr }io/Kmz.,. ruggerlness r,urrrber
i4 l6), drainage texture i7.35) and l-ii{urction ratio (3.C0} ancl high vnlues
r>f relief rario 10.08) and brsin circrilarity ratio (0.68). T'he rocks ol thc
Krol unit {younger an<l weaker ti:arr tl}e Crystalrine rrniri are parsir:g
through ;, )or:ng stage of'georr;or1:hic devtlolrnrcnt and deir ari)trate liigh
v;itires oi' drainage densiry ( 3 65 Krr/Kn,l ), str.ar, fie qucncy i6 50
No;Km2) ruggedness nunober (5 55), drair-.age rcx:i,re (8.85), l:ifurcaiiorr
ratio (3.l2), basin sloprr:s (27 3i") and rriiei ratio (0 09) The drailage
basins devoloped in tlre Siv,'alik unit ( vounger ar.d weaker than Kroi ),
ltoi,"'evor, exhihit the chararteristics of e arly 1'oung stiJg:. ir) the Siwalik.
ulountairrorrs and earl',' maturc stage u'ith low values of the aLeve variatrles
in ihe Siwalik-foothills. The distinct llatltrf ol' the u:arphon1i'tric pr'rscrral-
lity tretween the Siwalik atrd the Krol and tht C:'y:taiiine urrirssr'.tr-6;l:6111 isi
the existence of the Main Br.urdary Farlit anel ttrrust respe(:tirrh'

Statement of the Problem
Horton (1932) classified thc factors of

drainage basins into five groups i.e., mcrpho-
logic, soil, geologic structure, vegetationil
and climate. Tbe working bypothesis intro'
duced here reveals that the drainage basin

characteristics are largely controlled by the
tectonics.
Study Area

Tbe area of investigation lies between

29022' and 29050' N Latitudes and 78035'

and 79050'8. Longitudes 1Fig.i), encompas-
sing an area ol 1957 Square Kilometres in
the Lower Ramganga catchment of the

Wcstern Ramganga river (henceforth calle<l
Ranganga;. Adminisrratively, it irrcludes
parti (lf the districts of Almora, pauri
Garhwal and Naini Tal in the central sect.
ions of U.iP. Himala],a. The basic inspiration
that has led the aurhors to select the area
for study is that it falls in the catchment
of a multi.purpose project i. e. Ramganga
dam, completed at the cost of Rs. 133
crores, at a transition site between mount-
ains and plains.
Geological Setting

The structural, lithclogical anrJ stratigra-
phical framework of the study area is very
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Fig. I Showing the fifth order basins of
differen t geomorPhic stages;

l. Sona River, l. Palain River, 3. Baila
Nadi,4. Upper Mandal River,

5. Wudar Gad, 6. Katera Raula, 7.

Kalli Nadi, 8. Golagadi Nadi,
9, Patlion Gad, 10. Deo Gad, I l.

Badhangarh Nadi l2 Nair Nadi, 13

Khamaldasot, 14 Boksgadi Sot, 15.

Gaujera Nadi, 16. Maira Sot, l7
Koti Rao, 18. Phika Nadi.

much complicated. A detailed description of
the various formations encountered in the

area is given by Rupke (1974). A generalized

and sirnplified sequence after Rupke is

given in Table I which includes the major
tectonic units, stratigraphical formations
andl ithologies of the study area. Table t
indicates the tec:onic complexity of the

area including the tectonic units i. e. thc
Crystalline unit, the Krol, the Siwalik and

the Bhabar. The crystalline and Krol units
are separated by a thrust viz. South Almora
Thrust. The ailochthonous Krol and

autochthonous Siwalik units are separated

by Main Boundary Fault

Measurements and Results

All the fifih order basins t 18 ) were

selected for the purpose of the study (Fig. ll
from the S. O. I. topographical sheets
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( l/50,000 ). The morphonretric characteris.
tics such as stream length, stream number,
basin area antl relative height wer€ measur-
ed from these SOI sheets and these
mea$urements were used to derive the stage
of geomorphic development by using
hypsometric integral ( Strahler, 1964 ),
drainage density, stream frequency, drainage
texture, stream length ratio, bifurcation
ratio, basin slope and rclief ratio for all the
18 basins. The results of thcss basins are
presented in Table lI.
Stratification of the Selected Drainag:
Brsins

In order to work out the working
hypothcsis, all the selected drainage basins
were stratified into different stratum
according to the tectonic units and thc mean
morphometric characteristics of each
stratum was computed (Table tI ) by using
the data of Table II. The Palain draioage
basin has been excluded since it strecthes
over mori than one tectolric unit.
Interpretation

The morphometric personality of the
Crystallirie, Krol and Siwalik tectonic units
as prcsented in Table II[ reveal the follo-
wing:

1 l; Morphometrically, with regard to
basin slope, relief ratio, stream length ratio
and basin circularity ratio, there is no
marked difference in the Crystalline and the
Krol units, but these may be differentiated
by their stages of geomorphic development
drainage density, stream frequency, rugged.
ness number, drainage texture and bifurca-
tion ratio 1 Fig. 2 1.'Due to the hard bedrock
e. g. gneiss, phyllites and quartzites of the
crystalline unit as compared to tbe Krol
unit, the erosion itensity is; relatively less in
this case and only 40 per cent area of tho
total land has been eroded by tbe fluviel
process, while in the Krol unit the per cent
of consumed land stands at 50 per cent.
The impermeability of the bed--rocks of the
Crystalline unit does not allow a larger
number of streams to develop tban that of
the Krol unit and it is due to thi$ fact tha
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Table I
Tectonic units stratigraphicar Formations and Lithorogy of the Lower Ramganga

Catchment

Tectonic units Formations Lithology

The Crystalline

The krol

The Sii,,,alik

Bhabar ( Rr:ce nr
deposits ;

High Grade
Metamorphics
Low Grade
Metamorphics

Gneiss and granite

Phyllite and quarrzites

Gravel coarse sand minor
clay beds

THRUST

Kophara S-hale,.limeslone ( black ) carboniflcrous shaleSubathu p.rl "r-r- ,r:^^)----- '' !4ruuurlcrous snalc,

Lower rar ff.1j?thxfii'i,Jj;r,"merareKrol Limestone red 7 green'shate.
Blaini / Infra Fluxaturbide, tiJ.rto1".

ftlilo,, 3:ffi:;",Hsgrits, share, grey.wacke

MAI]\ BOUNDARY T'AULT

Upprr
Middle
Lower

Bha bar

Grey_wacke shale,
rshale, sandstone, greywacke
Sandstore, subgrey wacke

BREAK OF SLOPE

the bifurcation ratio, drainage density,
stream frequency and ruggedness number
are rnoderate ir the lbrmer case and rela
tively higher in the larter. 1

( 2 ) Rclief rario and the stage of geomor.
phic developmenr are rwo similar .nlru"t.i_
istics of the Crystalline and S*.iif.
moun_tainous units, while values of all orher
morphometric parameter$ were found
different. 1 Fig. 2l The differ.o"., U.i*r"i
stream lengtb ratio and basin .i."uloiiiy
ratio are notable. The lower o.Ce, *treu*.

111 l:rfl:r than.rhe higher order ones in the\-rystailrne unit and, tberefore. the streamIen€rhrario is low. While in'tne-Sj.w.a.l,;
unit, the lower order streamJ are smallerthan the higher order
tn" *,,.u * ii ;;; i ;;il :l'1.,f,,"#ii o 

i!il?;than that of the Crystailrne ,r'it. 
-'iJ"

increasing lengrh of the higher orJ., ,,..#,produces el.ng-:red basins in ail- d,.walil.
:Il: in" 

decreasing tength ,r ,n.-l,ie[.I
orscr streams in the Crystalline uo;t r.-ni,to give rise ro circular basins 

", ;;;;;;r.d
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by circularity ratic.
( 3 ) all the values of the morphometric

parameters, including the stage of geomorphic
development of the Crystaliine uoit are

differcnt from Siwalik foothills. The
difference is mainly due to the post-tertiary
deposits in the lower part of the Siwalik
foothills. The lower order streams in this unit,
have originated only in the upper part of the
Lower Siwalik forruation, while in tire post-
tertiary deposits, or:ly the maia stream is in
existence, rnd the minor streams are braided,
Consequently, the morphometric parameters
like draina.ge density, stream irequency.
ruggedness number, drainage texture and
bifurcation ratio are low" The high stream
length ratio in this unit is responsible for
elongated basins as evidenced by the low
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circularity ratio.
( 4 ) Drainage density, stream frequency,

ruggednes: number. bifurcation ratio a.re

the similar mophometric perameters of the
Krol and Siwalik mountainous units. These
units may be differentiated on the basis
of their stages of geomorphic development,
streiim length ratio, basin slope aod basion
circularity ratio ( Fig. 21.

( 5 ) The Krol and Siwalik foothills are
morphometrically two distinct units (Fig. 2 ).
Thc basins of thc Siwalik foothills are
passing through early mature st.,ge while in
the Krol unit, these are undergoing a young
stage ot geomorphic dcvelopment. whereas,

the morphometric parameters like drainage
density, stream frequency, ruggedness

number, bifurcation ratio are high in the

Table II
Morpfoop.1.ic Characteristics of Drainage Basins of the Lower R:'mganga Catchmcnt

Name of
thc
basin

Hypso-
me ric
integ
ral
(Sgur

Drainage
density
(in Km/
Km)
(Da)

Stream
fre-
quencY

iin no
Km(9t\

Rugqed
lteSs

nurni: er

1ne)

Drai-
nage
tex-
ture
{Dt)

S, re
am
lcngth
r atio
(Lr)

Bifu-
rca
tiotr
1at.io

(Br)

Basin
slope
(in
ilegree)
(sb)

Relicf
ratio

(Rr.i

Sona river
Palaio river
Baila Nadi
Upper
Mandal river
Wudar Gad
Katera Raula
Kalli Nadi
Golagadi Nadi
Patlion Gad
D;o Gad
Badhangarh Nadi
Nair Nadi
KhamalCasot
Boksgadi sot
Gaujera Nadi
Maira sot
Koti Rao
Phik,r Nadi

49',t
I a1

595
5',7 5

3.39
3. l4
238
3.06

422
438
345
6.84

,11
448
r.r 6
2.69

2.34
4,37
.].88
9.44

8.77
10 83

r1.35
5.76
f .i9
6.99
7.88

r t.35
6,73
3. r8
o r)

10.03

5.07
4.98

t.79
rt.5 I
0.62
0.06

8.00
il00
2.00
2.00

0.04
0.06
0.07
0.10

.A!+

23

t7
32

585

477
520
7't s
595

640
612
6{J2

57s
65s
742
69..r

425
492

3.98
3.62
3,65
3.35
4.6r
'1, tL

34r
3.97
3.10
3.3 r

4.31
3.4,r
?.23

2.48

8.45
7.28
6.63
6.66
6.10
5.5t)

4.70
6.27
5.45

6.06
793
5.87
3. [i5
3.71

3" 58

5.14
2.9e
"l a^

4.8 8

5.18
6.42
4.76
4.03
?.{)
310
1.52
l.r l
r.68

1.44
r.41
0.73
0.72
0.85
1.09
1.37
0.83
070
0.09
1.33

1.73

216
327

4.00
3.00
4.00
2.00
3.00
2,00
r.00
3.00
200
2.00
2.00
2.00
2.00
2.00

0.12
0.10
0,06
0.14
0.09
0.09
0.09
0.08
0.1I
0.l r
0.r 3
0.07
0.03

0.{J4

27
28

28
1q

26
25
27

26

27

20
23

17

t2
t0
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Fig. z Fifth order hypothetical basins showiog the drainge system and geomorphic
characteristice of different tectonic units ( See table II for the explanation of

symbols ),

Table III
Tectouic Units and thelr Morphometric Characteristics in the Lower Ramganga

Catchment

r89

Tcctonic rrnitg Hypso- Drainage Sfeam Ruggcd-

metric deosity frequency ness

integral ( in Km/ 1in No/ numbcr

Km') K*2 )

(svo) (Da) (st) (Rg)

Bif,-rr. Basin Relief Basin

c.rtion slope ratic circu-
ratio In larity

Degree ratio
(Br) (Sb) (Rr) (Cr)

Drainage Stream

texture iength

ratio

(Dt) (Lr)

The Crysta-
lline 0.602
The Krol 0 509

Tbe Siwalik
1i l Moun.

tainous. 0.612

I ii) Foothills 0.458

3.17
3.63

3.67

2,J8

6.00
6.56

6.50
3.78

4.r6
5.5 5

5.12
r.39

7.35
8.85

8.73

4.92

0.83
0.96

3.00
3.r2

26

27
0.08
0.09

l.1l
2.'71

3.20
2.t0

0.08
0.83

0.680
0.655

0.592
0.3 l2

20
1l

G. 11

I
M
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Krol unit, these are low in the Siwalik foot--hi[ls. Drainagc t(xture is fine and stream
length ratio is low in the former case while
these are coarse and high in the latter case.

161 With respect to the stage of geornor-
phic devslopment as well as morpho-
uietric artributes, the Siwalik mountainous
and Siwalik foothills are different unirs
(Fig.21. The considerable differences bet-

.rreen these two units are caused by the dis-
tinct nature of deposition (alluvium) in the
lower part of the foothills. The Siwalik

?NANSACTIONS OP THE IMTITUTE OF INDIAN.OEOGRAPHERS

mountainous unit is passing througb an early
young stage of geomorphic development
while the Siwalik foothill unit is undergoing
an early mature stage. Drainge density,
stream frequency, ruggedngss rumber,
bifurcation ratio are high in the fornoer
and are found low in the latter.

(7) Thus, the distinct nature of morpho-
metric personality between the Siwalik and
the Krol, and the Krol and the Crystalline
units corroborates the existence of the Main
Boundary Fault and thrust respectively.
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