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INTRODUCTI OU 

"Geomorphology is the study of the Earth 
surface •. But this definition is so vague as to be 
almost meaningless •.. Instead it is more practical 
to see the land surface,· and the soils from which 
landforms can rarely be separe.ted, · as part of 
the total environment. Within a dynamic system of 
interacting factors, geomorphology is best viewed 
from a balanced, total perspective and approached 
wi th an ecological bias"~ 

KARL ~!.,BUTZER 
"Geomorphology from the Earth", 1976 

The term 'Geomorphology' etymologically 

means (the Greek ge, 'earth'; morphos, 'Shape'; ·and 

logos, .'reason') the study of the Earth's shape, · 

which has been subject to various interpretations. 

The status of 'Geomorphology c;s an autonomous disci­

pllne has been· cabtroverted, as the disciplines ·like 

Geology, Geodesy and Geophysics claim it to be 

inalienable part of their respective domains. In 

practice these sciences overlap, so that hard and ·- . . 
"' 

fast definitions of Geomorphology is neither desirable 
'--~--:--..... . 

nor practicable;-Th(:t_ ambiguity relates to the various 

shades of meaning of the ·term consequent upon the 

varied definitions given by different scholars from 

time to time.; It is not \oiorthwhile on our part to be 
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a party to the controversy. It woald su:f:fice to 

say that Geomorphology in its widest sense is 

that branch of the •earthsciences • which concerns 

itself with the development of the surface features 

of the Earth. In a more restrictive sense geomorpho­

logy is the science of those features \o7hose shape is 

determined·by the action of exogenetic processes 

i ,e. of processes which originate outside the solid 

Earth •. It is with this latter concept of geomorpho­

logy that we shall concern ourselves. .. . 

Geomorphology tells about the shapes of hills 

,and valleys, the degree and frequency of slopes, the 

development of drainage pattems and the nature or 

·material exposed .in all available sections. But the 

study of geomorphology is not llmi ted to this academic 
' 

sphere only. In contemporary world it is being increas-

ingly realized that almost in every aspect, an appli-

-- cation. of geomorphological principles could be rewarding. 
--~---..... 

,_ ~--...___ 

In the .fiel:d-of engineering geology; measures of soil 
. -----....------.. ~ -

control; soil s~ience, economic geology; geopydrology; 

mill tary geology:.;-irrigat!on and for landuse and 

landscape planning coUld be mentioned as avenues which 

·~· 

\ 
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. ' 
could be well serve.d and strengthened by geomorpho-

logical studies~ In an agricultural country like 

India, the application of geomorphology in the 

fields of agriculture;· horticulture; forest deve­

lopment; transport and communication network; 

settlement location; and selection of dam sites and 

aerodromes etc. may be of great significance. It may 

not be pertinent here to review the history of geo­

morphology as it has been undertaken by different 
1 ' 

scholars; rather, the main concern here is to 

examine the current trends of the discipline and 

get on with our investigation. 

The study of this subject, which is concerned 

primarily with the form of the earth, is little more 

than one hundreC.: years old. The early works in this 

field led to a variety of approaches giving rise to 

the developmen~ of several schools of thought. According 
2 

to C.A.M. king ( 19.66) .there are three major groups; 

1. See~Thombury,lv.D.~·(-195l.f:,_1969) 'Principle of Geomor­
phology". John Wiley and ~rons, New York. · 
Chorley, K.J., A.J.Dunn, and R.P. Beckinsale(1964). 

- .__,The His tory of the study of Landforms or the Deve­
lopment of Geomorphology". Methuen and Co., London. 
Fairbridge, R.W., ed.(1968).'The Encyclopedia of 
Geomorphology".Reinhold Publishing Corp. ,Hew York. 

2. King,C.A.M, 'Te-chniques in Geomorphology' ,Edward 
Arnold(Pub.)Ltd.,25 Hill Street, London Wix 311 
( 1966) p p. 7 -11 • 



the first arising out of_ the work of 'Walter Panek t 

calleci. as the 'MobilistiQ, view';. the second gives 

priority to the effeqts of climate in studying the 

chara.cte.ris t~cs of · th~. lands cape; the third is based 

on the idea of correlation by cil ti tude and therefore, 
:. . . . . . . . ~ . . . 

be .termed as the 'eustic view• .• 

Following_ W,orld ltlar II, researches in geo~ 

morphology broke away from the traditional method; 

and the field. of quanti t~ti ve and dynamic geomorpho­

logy made_ a break through.Under the disciplinary 

impetus of R.E.Horton( 1945j,. the description of drain­

age basins and 1ehannel netwo!t"ks • were transformed 

from a purely qualitative and descriptive study of 
4 

'ltl.M.Davis (1899) to a regorous quantitative science. 

Horton •s '\o1ork was developed in details by A.N .s,trahaler, 

i;. Horton, R.E.(.191+5):Erosional Development of streams 
and Their Drainage Basins. Hyd-ro-physical Approach to 

. ·quantitative Morphology· "Geol~S·oc.Am.Bull., Vol. 56, 
N·~·3, pp. 2?5-370. . 

4. Davis, W.M. ( 1B99ar--•The geog;aptricai Cycle". Geogr. 
J .14: 481-5o4. ' 

·(1899) _l?J_~The peneplain''-. -Arn.Geol.23:207-239~ 
--
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( 1950, 1952,1956, 1957)
5 

and his aSsociates Melton, 
6 7 8 

(1957); Morisawa, (1959) and Schumm,(1956). The 

appli'cation of the tools of mathematical-statistics 

to geomorphology became indispensable in making 

precise measurements and :pu:tt"ihg ··:rorJard· '·riew ::hypotheses. 

·BUt the conc,:lusions drawn from mathematical calcula­

tions are not to be ovar emp~aslsed 1n relation to 

data and assumptions upon which they are based. 

Landform characteristics are influenced by many pro-- . . 
cesses and control factors, some of which are diffi­

~ult ~o ~e ~alysed in terms of mathematical specifi­

cations. The rol'e played by such factors as lithology, 
. ~ 

stratigraphy, structure; d!aatrophic history, and 

.5. S.trahaler,A.N., ( 1950): 'Equilibrium theory of Erosion­
al slopes Approached by Frequency Dist.ri:tution ana.lys1sf' 
Dynamic basis of Geomorphology", Geol.Soc.Am.Bull.Vol. 
63,pp.923-938. 
( 1956): 'quantitative slope analysis' ,Bull.Geol. S.oc. 
Arner.lVol.67,pp.571-96. . · 
( 1957.J: .•_qu,an,titative Analysis of watershed Geomorpholcm.v", 
Am.Geog,Union. ,Trans actions., :Vo1.38,pp.C)13-920. 

6. Meltan,M.A.,(1957): 'An analysis of the relations among 
__ .ol~ments of climate, surface. properties, and geomorphology". 

Colilmbia Unlv.Dept.of Geol. ,Tech.Rept.11 ,pp.1-102. -.. -. . . 

7. Morisawa, M. ,(1959-)_:_•Relation of quantitative geomorp­
hology o·f stream flm1 fn·-representative watersheds of 
the APPalachian plateau province" ,columb.Univ. Tech. 
Rep.No. 20. 

8~ S.chumm,S,.A. ,( 1956) 'Evolution & drainage systems and 
slopes in badlands at Perth Amboy, ''Ne";l Jersey. Bull. 
Geol~Soc.Am.67,597~646. 
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climatic variations in the development of landforms 

can not be ignored. All of these relevant factors 

must be examined, and their impact on land features 

and processes must be analysed in order to understand 

the genesis of landform evolution. 

The modern trend of geomorphology is not onlY 

towards a qu~ntitative approach but also towards the 

studies of topographic forms. With availability of 

good quality of topographical maps and by the help of 

aerial photographs and lands at~. imageries, ·precise 

mapping of observed and measured values is now possible. 

This has led to the progress of the study of landscape 

geometry or morphometry with the help of techniques 

based on hydrology (Borton) and hypsometric integral 

(Strahler). The broad categorizing of landform types 

and their assemblages in morphological mapping has 

been advanced-by the Polish Academy of Sciences, the 

British Geomorphologic Research Group, Dylik(1953)9 

10 . 11 ... 
( 1961) Peltier ( 1950), 'fricart and Coillux 

-· 
9.Dyllk,J .(-1953): 'Characters du development de la 

geomorphol-ogic Modeme", Bull.Soc~Sci. ,letters 
Lolz. vol.4.,No~ 1, pp .• 1-4o. 

10.Budel, J~(1961):Morphogenese des Fest lands in 
Abhangigkeit V vol den K1imazoner",Naturmissesu 
Chaften,vol.48~ 

11~Pelteir,L.C.,(1962): 'Area sampling for Terrain Analysis", 
Prof.Geog.,vol.15,pp-24-28~ 
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12 13 14 
( 195~), Birot ( 196o), Hammond ( 1964) and Savigear 

( 1965)15 

The grow~b this science in India is_ rather 

recent and the whole credit of carving the ways for 

this branch of science goes to th~ geologists • .Amongst 

the Geologists whose contri9utions are immensely 

valuable, mention may be made of A.M. Heron, D.N.Wadia, 

J .A.Dunn, 'ti.D.West, S .C.Chattarjee, J .B.Aude,Arogyasl>lamy 

and Radhakristma. At the early stage initiative was 

also taken by geographers like H.L.Chibber., S,.P.Chatterje, 

s.c.Bose, R.P.Singh, E.Ahmad and K.Bagch1~ 

Geomorphological studies in India received new 

impetus with the works of young geologists and geogra­

phers since 1950. The scope of their geomorphological 
16 

s twiies is now becoming 111ider. There is now emphasis 

on various aspects of geomorphology, from regional to 

coastal, fluvial, structural, climatic and applied 

124! ~ricart ,J ~and Cailleux, A.,( 1954)·.• I.e modele des 
_ · chaines Pliss 'ee~ .e.D. V. 

~ _ 13. Biro:t, P. , ( 1960) • I.e.- cycle d '- •e ros ion sons les differ­
'------~--en.ts- c~~imats". Curso de attes estudes geogr., lal 

de Janier-Q,Brazil. . 
1·4.- Ha.mmond,E.H-~-~-(1-96~)", 'Analysis of properties of Landform 

mcwpin,g", ~.Am._Ass.q,eog. Vo1.5~,pp:11-19. 

15~ Savigear,R.A.G.1 (1965'):'A Technique of morphological 
mappingrr, An.Am.Geog~ ,vol"55.p.511+._ 

16. See-Chatterjee, S,.P.( 1968:progress of Geomorphy in 
India,( Ind.Sc·. cony • .Ass; Calcutta. 
Subramanyan,V(1967),Proceedings,$em1nar 'n Geom.Studies 
in __Indi8,, S augar Uni v •. . 
Viidyanadhan;R.(1977):Reient Advances in Geomorphic 
studies of penn!nsular- India: A Review ,Ind.J .Earth ac. 
(S .• Roy Vol. )pp.13-35'._ 
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geomorphology~ But most of the works have been done 

in the field of re_gional geomorphology with an emphasis 

to eE1tablish the_ denudatiqn ghronology. of region and . . . . . 

r~cognitioJ?- of erosion surfages, (R •. P.S;ingh, 1956; 

E.Ahn1ed, ·19_58; Bagchi & Sengu~ta, ~958; R.K.]:\ai, 1969; 

Bis,,as, '197>+; Vaidy~adhaJ?-~ 1964,1971). T~e recent 

empha~is_ .i.s ·on· quantitat~ve ·geomorphology ·of. drainage 
. . . . 

.basins _by __ applying various morphometric techniques 

and measure to establish the interrelation of basii:J..:-...... 17 . . - - ' -. . - . 
parameters. Few recent studies related ta channel 

character is tics, -ri1ls,. ~d gullies, meanders, floods, 

slope pr'ofiles. and characteristics in the field of 
18 

fluvial geomorphology and slope analysis are encouraging. 

Application of morphometric techniques in classffication 

of landforms if:l,to morphological units of various order 

has been initiated by R.L.S~ngh (1976). Recent researchs 

in regional geomorphology incorporate the study of the 

17 .s.ee :Singh & Kumar(1969), Pal( 1972;73) iBhattacharya( 1973), 
_-Kumar & Pandey( 1975; 77); Pandmaj a( 1975 J ;Mukhopadha,y( 1971+), 

· Sen( 1977) Bagchi ( 1967);Sing h & Sirivastava( 1975) Kumar 
( 1975). 

· ·18~See·:S-ingb.(j_9_5.8 _6_0_ & 83) ,Ahmad ( 1958,65) ;Bagchi &Sengupta 
- (1958); Chil>be r( 1'953-)-.,_phatterjee( 1946) ,-Bose( 194-o) ,s,atpathi 

- (1970) Kumar (1968);Pat·hak(~968),N.P.S.ingh(1972) G.N. 
S.ingh (1977)Evan's ~ 1970) Vaidyanadhan &R.Rao(1972) MuBshi 
and Day(1965). 
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processes modifying the landscape. 

Thus, Geomorphology can now be visualised as 

a landform-process - science and the main thrust of 

this micro-regional study is to elucidate this theme 

in the context of Geomorphic study of Mawsynram Block, 

East Khasi Hills district of _Meghalaya. 

_ Broag "ob"3e.ctiyes of the stqdY: 

The present ~orlc, covering t.he south-western 

· section of East Khasi Hills· district of Heghalaya, is 

an excercis e in regional geomorphol::)gy. The study 

explains the landform assemblage, their origin and 

classification. The area of study poses varied and 

complex problems associated with landform and landscape, 

and their explanation requires careful consideration 

of structural, historical, process and form approaches 

of geomorphological studies. The analytical treatment 

of the problems is based on both theoratlcal and 

observational methods ·or study. An attempt is made to 

evolve a rational approach by utilizing quantitative 

dat~ as and when necessary to derive qualitative 

conclusions._ 
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C,hoice of Region. 

For an intensive micro-level geamorppological 

study a BloCk can be considered a feasible unit. It 

is being realised that a unit bigger than a Block will 

be too large for a meaningful study, as any planning 

for a region now-a-d~s involves a synthesis of knowledge 
. . . 

concerning ~he geomorphology, lithology and geologic 

structure of that region. Many of the factors that 

detcnnnine the choice of a site for an industry, higlnvays, 

railways, an air field;'settlements, dam sites' and 

agricultural landuse are largely influenced by geomorphic 

characteristics ·of the area concemed·. 

· .. 'fhe B,lock, selected tor present study, though 

an administrative unit·, interestingly, more or less 

coincides '\tritb geological and physical. features and 

possesses unique geomorpholog~cal characteristics. 

Besides this, it can safely be said that no intensive 
~ 

geomorphic 'study of this region has so far been done. 

Again this ·region is· the '\oJOrld's \vettest with about-
-

12000 mm. of-~rainf'~l annually,which results in the 
. '-::--.. ,_ - . 

formation of strong fluvially dominated landforms. 
..... 
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ThUs, keeping in mind the above mentioned characteri­

stics of the region, the Mawsynram Block area has 

been selected for present micro-level geomorphic study. 

Location: 

Mawsynram Block area lies between 24 °57' N to . ' : 

0 0 . 0 
25 27 'N latitudes and 91 2(5 'E to 91 4 3 'E long! tudes, 

which covers a territorial extension of 175.5 sq. mile, 

and forms a part of- the ~outhem hill region in East 

Khasi Hills district of Megbalaya (Fig.1 )~ 

• I 

The region is demarcated by Ma1rang Bloc~ and 

Umnagi River valley in North and West respectively; 

and in the East this region is separated from the 

Cherrapunjee platform by the Bagra of Umiel'I River valley 

and by Bangladesh plains to the south. 

S alignt features of the region: 

The general slope_ of the study region is to the 

s __ ou_th t..rard direction into Bangladesh plains. Small areas ··--- - '-:------....-....._ - --·-· ... 

lying between different ccm:tburs (F1g.2), present a 

variety of morphogenetic features. On the eastern side 

1 t gradually slopes 'down to the valley of river Umiew 

or Bagra. Again in the western part, it gradually slopes 
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dmm to val.ley of the river Umnagi and in the north 

it ascends gently towards the Sbillong upland. Con­

tinuous veathering processes on the erosional scarps 

have led to the formation of_I>4awsynr~ structural 

platforms ( 1305 m). Its southern par~ is marked 'vith 

a sudden lowering of the plateau surface to 3000 feet 

and it further gradually reduces up to a height of 

150 feet near the Bangladesh plains. This so~thern 

margin of the lower platea~ is a dissected hillY country 

-with ·host of microlandforms, viz. gorges, escarpments, 

spurs, divided rolling uplands, lm1 sand-hills and 

many S"tvampy tracks of land. The area can, thus, be 

divided into two broad topographical. units. 

(1) The Northern and central Plateau Region, and 

(11) The southern dissected Terrain. 

( 1) The Northern and Central Pl.ateau Region: 

This plateau with surfaces higher than 4-5'00 feet, 

represents the southern section of the Shillong plateau. 

Its-. graduated __ ~lope increases tm~ards the northern part 

of the area under study •.. On the' further south lies a 

vast s true tural platform on '1r:hich stands Mat-rsynram village 

(1305 m.). Th~s part of the central plateau is built up 
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of gently dipping sandstaaes of the Upper 

Age, and over its edge are found many small water falls •. 

Numerous residual bills of the Archaean and Eocene 

period are found scattered over the Mawsynram plateau. 

The most important among them are Mosingi {5800 feet), 

Symper 5827 feet) and Lumkyrphel ( 5892 feet). Some of 

them contain small limestone covers with narrow under­

ground passages and characteristic cage deposits. 

(ii) The Southern Dissected Terrain: 

The southern dissected Terrain follows the 

southern scarp face of the Mat-.1synram structural platform 

(3000 feet) and extends towards the Bangladesh plains 

in south (150 feet). In fact, in this region the most stri­

king feature is the abrupt fall in the elevation. The 

entire area is composed of Upper Cretaceous, Jurassic, 

Eocene, Oligo-miocene, Mio-pliocene and Recent sedimentary 

hills. The dissection has resu1ted in the formation of 

-~ -nan::-~ hills and valleys·'! The streams such as the Umsaitkha, 
··:;· "'-

. -
the Umka~ang and the Umnokria have cut deep valleys through 

the Crebaceous (chalky).sand-stones and lime stones. In 

many places over its bed, older rocks like the gneiss 

and schists have been exposed• 
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Thus, the Mawsynram region presents a variety 

of landscapes characterized by scarps, rugged topogra­

phy, long deep river valleys, water-falls and numerous 

rapids, residual hills (Monadnocks, fors etc.) gullies 

and other features like elongated ridges and many hill 

spurs projecting from higher tableland. 

Earlier tnyestigations: 

As in the present work it is contemplated to 

study regional geomorphology, a brief review of resear­

ches dane in this field is called for, particularly of 
" those concerned with the Meghalaya plateau of the country. 

The first ever "iork done on geomorphic aspects 
19 

of this region is by S.P.Chatt,arjee in (1941)~ R.P.Singh 
20 . 

(1968) bas presented the Geomorphology of Shillong 
. 21 . 

plateau, Assam. N ~c. Barua.b ( 1968) threw light bn the 

19~Chat tarjee, S .P. ,( 1941); 'The Meghalaya Plateau". 

20 .Singh, R .P. , ( 1968): 'Geomorphology of Shillong Plateau 
.. of Ass am", Proc._ pre't Cong.Symp.:IGU ,Gaubati._pp~ 1 -9. 

21. Baruah,N.C.(1968):'Geomorphology of Barapani area 
in Megha1ay~_~_Plateau, Proc.Pre-cong:Symp._IGU,Gaubati, 
PP·~ 25 -32~. - - --- __ . _ 
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·'geomorphology of Barapani Area in l..feghalaya Plateau. 
. . 22 

M.V.N. Murthy(1968) has presented one paper titled 

'An outline Geomorphology Evolu-t,ion of the Assam region' 

and attempts to trace the geomorphological evolution. 

of the Assam Region including Meghalaya plateau since 

Archaean to recent time, 

S.ome o:f the recent study have been undertaken 
. 23 

?Y scholars such as l-1. Taber ( 197·1-72) · on 'Man..Snviron ... 

ment Relationship in the Cherapunjee Region; • S..N aPattnaik 
2~ . 

(1979) has discussed the general geomorpnic character-

istics of Me ghal~ya plateu and al.s o analysed its 
25 

influences on agricultural landuse• Rai et.al (1980) 

in paper titled 'Hill slope and landuse aroWld Shillong • 

has studied the nature and characteristics of different 

hills slope elements and their landuse pattern.Again 

22;Mu!~hy. M~v·r~~ ;c 1968) 'An outline of Geomorohological 
Evolution o:( the Assam Region, Proc.Pre.,Cong. ,Symp. 
( GU.Gauhati, ~-pp.25-32). 

2J.Taher, M.( 1971-72) •Man Environment relationship in 
the Cherrapunji Region". 

24. Pattuailr;s·;N-. (-...1.9-1-9)! 'Geomorphology and Agriculture 
in S.hill~g pl§teau; Meghalaya'. Unpublished M. Phil. 
Dissertation, Department of Geography ,NEHU ,Shillong. 

25.Rai et. al( 1980) 'Hill s],<;>pes landuse and soil Erosion 
around Shillong(Meghalaya),Seminar paper presented 
in· NAGI, Chandigarh, India. 
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26 
Rai. ( 1980) discussed ,the Morphometric analysis of 

Umran Bas in of Meghalaya, and studied the geomorpholgy 

and rural settlements, In the ne~t jle~ (1981)27Panda 
I 

and Rai have also presented ou~ paper entitled 'Influence 

of landforms on location and distrib~tion of rural 

settlements in Khasi and Jaintia H!ll.sn. P,Panda( 1983)
28 

bas also made -a significant contribution in the field 

· of Applied Geomorphology through his study of the 'Geomor­

phology and Rural settlements in Khasi and Jaintia hills, 
' 

· Meghalaya'• He has pointed out the location, housing 

structure and the distribution _of· rural. se·ttlements 

of the region have emerged' under clear· influence of the 

regional processes of landforms· and their characterl. s tic 

m~ifestations. Apart from these works 'the region still 
' 

· awaits unveiling of its morphological characters, par~ 

ticularly in micro-regional level. 

S.ource~:a.r Materia],s and methods of Geomorpho1oglca1 

,Analysis: 

The proposed ge_6morphological stUdy consists of 

four aspects •. 

· 26.Rei R.K. ( 19AO): 'Morphome~r~c anal.ysis of Umran Basin 
of Negha:faya'l-, ·accepted for pub. in National Geograppher. 

27.Panda,P.C. and Rai, R.K.(1981),'1nfluenee of Landgorms 
on location and. distribution' of rural settlements in 
Khasi and Jaintia Hills ,r~eghalaya' ;National Georgrapher 
Vol.4o,No.4. '· 

28. 1 Panda,P .. C .( 1983) .Geomorphology and Rural settlements , 
in Kha.s 1 .and Jaintia Hills ,I~feghalaya'. Unpublished Pb~ 
Dissertation, Deptt.of Geography,NEHU,Shillong. 
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( i) The collection and s tudv of all releyant infonnations 

~ertaining to the subject: 

Topographical maps on one inch to a mile scale-, 
' 

No 78 0/7, 78 0/8, 78 0/11, 78 0/12 provided the basic 

information about the area under study. The amount, 

degree and intensity of slope, relief and dissection have 

been calculated from these toposheets. The literature 

available in this connection has been collected from 

both geology and Geomorphology. Various data regarding tte 

rainfall and temperature have been collected from the 
-· 

meteoro~gical data recording centre Mawsynram, and .,. 

informations about soils and geology were collected 

from the source like !CAR Research complex for NEH 

Region, S,hillong and Geological survey of India Shillong. 

(ii) Field investi~ation: 

Field work is an essential tool of geomorpholo­

gical analysis.-\farious features of landforms and charact_ar 

of surface, not shown in map have been noted during 

field work of the study region., Informations concerning 

structure, rocks, soils, river beds,caves, meandering, 

vegetation,. s·lope etc. have been noted for proper dis-
\ 

cussion and Ana~is:•., Photographs and measurement have 

also been taken into consideration to express some of 

the significant aspects of its landscape. 
' 
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(iii) Prm>atatlon of maps and diagram§: 

This has been based on the various data extracted 

from one inch toposheets to be used for drawing maps to 

sho\oT slope, relative relief, intensity of slope, texture 

of drainage and landforms region maps. Isopleths have 

been employed to show texture and disection index in 

maps. Apart from this 'm~y diagrams of long profiles, 

crossed-~alley sections, superimposed profiles, Hypsometric 

curve, and Altimetric graph etc.are prepared t~ help in 

visualizing the nature of landscape. The preparation 

further included the construc'tion of slope profiles,. 
\ and the data for the same have been collected through 

I 

field observation and measurements. 

(iv) Finally the Analysis of data and materials collected 

from field study and maps have been made. Various mor­

phometric techniques are extensively applied ~n a micro­

regional level to explain the evolution and characteri­

stics of landscape •. Besides this some of the statistical 

methods like correlation, significance test, regression 

analysis, linear and non-linear requations, scale ration, 

alang.with frequency graph have been used to arrive at 

fairly accurate results in landscape analysis~ Such methods 

and techniques led not only to an.ordered, systematic and 
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scientific portray§l .of varied topogr_aphic expression_s, 

but have also fac~litated.an understanding of the 

landforms (S.ingh, 1966)~ 

P~an of work: 

The scheme of micro-regional geomorphological 

work under study has been covered the follm1ing chapters: 

The first chapter deals with the geology,-

tecl)onbc ~d structural characteristics of rock formations. 

In first few pages, a brief geological account of 

the Shillong plateau· has been· given followed by a detailed 

di.scuss19Jl <m Geology:,>tectonic and stlSklGture of the 

ar~.a under study •. The important rocks ~ the gneisses co-

. mplex, syl.he.t-Trap, Arkose (Glauconite), Jainta Group, 

Garo Group,. Dupi-Tila Group and Recent formations. The 

structural characteristics and tectonic eVents are a~ 

less significant than the lithology of the formations. 

· The study area 1ilas. Particularly marked by tectonic 

disturbances e.speclall.y during the precambrian times 

and during the Jurrasic, Tertiary and- later periods •. 

The second cpapter eJCamines the weathering and 

soil formations<i' In this chapter,, factors which in­

flue~ce weathering and the intensity and impact of 

29. Singh R.P.(1966):Geomorpbological mapping in Applied 
Geography ,proc •. of the summer School, Dept. <:>f Geog •. , 
B.R.U., P.2.61 •. 
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l>Ieathe~ing on different parts of the study area have 

be~n discussed. An attempt 'has been also made to 

identify the different w.eatherlng z.onez of the area 

under study and some basic 1d~as allout the nature and 

type of soils· found on it, have al.sto been discussed. 

Then "''e. ~nter into the mciir.i.fold of geomorphology 

in the third chapter on 'Drainage and its Evolutimn', 

'We have _examined drainage systems of the studY region 

-from all 't:he · l~test points of view and techniques 

giving particular emphasis tb the'· quanti tat! ve aspects 

and their cartographic representation. In making an 

analysis of the rivers and valleys of the study region, 

an attempt has been made to explore the eaus es of the 

streams 'in .their present courses and during geol.ogi~al 

past too. 

The next chapter is on 'Morphometric .Analysis 

or the six mmall,dr~inage basins and their Geomorphic 

significance' •. In this chapter the systematic description 

or the drainage basins geometry and their channel 

netlrork have been discussed. Here too all the important 

morphometric techniques and quantitative methods have 

been _employed. 
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The fifth .chapter deals with slopes· • The study 

of slopes has been recogilised as ~'an in~egr,aJ.. part of C¥lY 

geomorph9logical study. This study tnclud~s slo~ pro- , 

file recognition of slope regions and their association 
' . . ' 

with structure·, process, and relie·r. Particular 

attention is given to a systematic --treatment of t~se 

important aspects, due emphasis is placed on some 

practical applications of.slope studies. 

Finally_ an attempt bas been made to clru?s~fy 

the .landform regions of study: area .. on g~netiq_ b~.ls· •. 

The select criteria used in defining tte· ~i·ts \>Tere . 
. . 

chosen from the fundamental and permanent charae·teristics 

of the landscape. In fact, this part contains ttre essence 

.. of the whole investigation., which is not emly an integra­

.. tion of the geology, weathering, morphometric, slope and 

climatic backgrounds of the area, but also t.he develoP,-

ment of geomorphic frame work on the basis of which the 

future investigations and planning· can be unde:rtaken. 
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GEOLOGY, TECT <E lC AND STRUCTURAL Cli ARACTERIS TIC 

OF ROCKS· .• 

"The geologist examines the past for its ~ 
sake, 1nasmach as geology is .concerned with the histor,y 
of the earth; the geographer examines the past only in 
so far as it illumines the present". 

t-J • r-1. Davis 
"Geographical Essays", 1909 p.-25'3 

Introduction: 

The making of Mmisynram structural Platforms 

is linked up with the stuructural .evolution of the 

Shillong plateau. So before going to discuss about the 

Geology, tectonic and structure of the area I.Ulder 

study, it is very much essential to give c brief geolo­

gical account oft he S,h1llong Plateau. 

· The Shillong plateau is mainl.y constituted Ly 

the rocks or the pre -cambrian age acut.ely folded and 

steeply dip)ing with an over-turned fringe of Mezozoic 
1 

and Tertiary Sediments. It is regarded as geologically 

part of the Indian peninsa!a, cut off there from by 
. 

the intervening spread of the Ganges and the BrahmQPutra 

1. Stratigraphical position of the cherra sandstone, 
Assam, .The Records of the Geological survey or India, 
Vol.IXXV. 
Personal paper N o-4,( 194o), p.7. 



25 

alluvium. Its landscape evolution is. closely 

linked with the Indian Peninsula~ Its chronology 

seems to have similar sequence records as that oJtf 

the Chotonagpur plateau including Rajmahal Highlands! 

A fUrther resemblance is seen in the marine trans­

gression which affected the southern shores of the 

plateau in cretaceous times and has left depos1 ts, 

much of which lie undisturbed upon the older rocks, 

as do similar depos1 ts, along the coroma.nddl coast 

of the ?eninsula~· 

The plateau contains the ancient (Pre -cambrian) 

penepl.aned surface,. with marks of different cycles 

of denudation, in the cantral and northern part, it 

is hidden beneath the Mesozoic traps along the 

central southern fringe and Cretaceous Tertiary and 

Post-tertiary sediments over the Southern, South­

eastern and south-western parts., The plateau also 

standing as a. watershed between the surma valley of 

Bangladesh on the south and the Brahmaputra valley 

on the north._ 

2., S-PATEO.H.K, ( 1967), ~~dia and Pakistan( 3rd ed.) 
Methuen and co~Ltd.pp-.15'.~. 
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Geological Investigation: 

The first geological study on the region was 

made by T.Oldnam ( 185'9>
3

-.The systematic geological 

papping of the region was subsequently carried out in 
4 ; 

detail by H.B.Medlleott ( 1869), Godwin Austin ( 1869) 

La Tonehe {1883,1889)
6 

and F~R. Mallet (1875)7 • Their 

accounts helped.considerably in continuation of syste-
. . 

matic mapping of different parts of the region by later 
8 . . 9 

workers viz. R.W.Palmer { 1923)~C.S.Fox ( 1936-38) ; 

3. Oldham, T.l(19~9)'0n Geological- structure of a part 
of Kbasi H lls • t.fem.G.S:.I. Vol.I,pp.99-210. 

4. Medl.icot·t,H.B. ,( 1869): 'Geollogical sketch of the Shillong 
Plateau", Mem.G.S .!. Vol. 7 ,Pt.! 9 pp._1 51-207. 

;. Godlrin Austin,H.H. ,( 1869); 'Notes to accompany a Geolo­
gical. 1-1ap of a Portion of the Khasi Hills", JCbum,A.a.B. 
Vol.38 9Pt.2.1869. . 

6~ La Touch, T.H.D.(1883): 1Cretaceous Coal measures in 
the Kbasia - Hills rr, Rec. G.S. I. Vol.161P ._164-165'. 
(1839): On Cherrapunji coalfield, Rec.G.S.I. Vol.20 

pp •. 167.-171 ~ . 

7. Mallet, F.R. (1875):'Note on Coals Recently found 
near Moflang, Khasla Hills" •. Rec.G.S .I. Vol. 8,Pt. 3. 

8. Palmer R. V., ( 1923) :Geology of a p:1rt of the Khasi 
and Jalntia Hills. Rec.G.S.I.Vol.55,pt.2 9 pp.143-187. 

9~ Fox,c.s.,( 1936-38):General Report, G.S..I.in Rec.G.S .• I. 
Vol .. ~9Ft.I,pp.82-84,Vol.71,Pt.I,pp.81-86, Vol.72,Pt.1 
pp.85'-90 9 Vol. 73,Pt. I, pp.75-80; Vol •. 74,pt.1., pp. 55-63. 
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V.R.Khedkar and P.N.MUkherji (1938-39)10 and A.M.N. 
11 . 

Ghosh ( 1936-39) , which led to the establishment of 

the stratigraphic sequence of different rock suits of ibe 

region. 

The self sediments over the southern part of the 

plateau have· been sys tematicail:V mapped by A.~.Gaswami, 

M.K.Das 9 S.C.TaJ.ukdar, A .• C.Bhat·tacharya, G.Barm·an, B.K. 

Duaran, C.Chakravarti, B.D.Adhikari, K.K.Sen and S.K. 

Srivastava ·during the field seasons from 1961-62 to 
12 

1972-73. Their· \'JOrk led to the delineation of differ-

ent litho-etrtigraphic units of the Tertiary self 

S,ediments ( 1as· given in the table - I(i) ald their sedi~ 

mentol.ogieal his .tory. The :recent lnvestigations along 
" ' ' ' . ' . . . 13 

the southern· Khas! Hil.ls (Tal.Ukda_r· 1966-67) and 67-680 

'Ehrew ne't-1 light on the sylhet trap volcanison and on 

the compos 1 ti on·· and type of the l.ava flm.rs. 

The 'l.vhole of Meghalaya ls ·occupied,· i·f one l.o~s 

at the given Map (Fig. -3) by the follmJlng rock groups 

... 

10. Khedkar,V.R.;(1938-39) aJid 14\lkherji, P.N.,(1938-39) 
Unpubl1sh~d progress Re9ort of G.S.I.,Assam • 

. ; 
11. Ghosh,A.M.N. ,( 1936-39) :General Report.,G.S .I .in Rec. 

G.s.I.Vol.71,Pt.I;Vol.72,Pt.I;Vol~73-,Pt.I,Vol.7~ Pt~I-. 

12. Unpublished Progress Reports of the· Assam· Ctrcle,G.S .I. 
for the field seasons from 1961-62 to 1972-73. 

13. Talukdar,&.c., ( 1966-68): •stratigraphic Revision of 
the Cretaceous -Tertiary Sediments of North East India" 
Unpublished paper read in the Seminar on Geology,of 
North East India,held at S,hillong in 1967. 
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of different geological periods as follows:-

1. Archean Gneissic Complex. 

2. Sbillong Group of rocks. 

3. Lower Gondwana rocks 

a.. Sylhet Traps 

5'~ Cretaceous -Tertiary sediments. 

The general strati graphic sequence of the formation 

is g1 ven below: 

TABLE -IC 1) 

Geological Group Formation name 
Age name 

1 • Recent Newer (Unclassified) 
Alluvium 

Thickness (unconformity) 
(not known) 

2.Pleis to- Older allu- (unclassified) 
cene v1um 

3.M1o-Pllo­
cene 

(thickness {unconformity) 
not 1mown1) 

( uncla.ss.ified) 

Rock Types 

Sand,silt and clays. 

Sand,clay,pebble, 
gravel and boulder 
deposits. 

Mottled clays 
Felds=patbic 
sand stone & 
conglomerate 

4. Oligo- Garo Group Chengapara Sand,Silt~, stone 
Miocene formation(700 m) clay ,Marl. · 

Baghmara for­
mation(630 m) 

Felspatnic sand 
stone ,pebble, 
conglometrate,clay 
sil.t clay. 

Kopill formation S,bale ,Sand stone 
( 5'00 m) 



~. E.ocene Jaintia 
Group 

6, Upper.:..·· Khasi 
cretaceous Group 

. '' 
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Simsang formation Silt stone-sand 
( 115'0 ·m). .stone alternation 

· sh.e'lla fbrmation 
( 6oo m) 

••• 1 :- • •.• -- •• -. 

1angpar formation 
( 1 O() ·.m) 

sand. 

Alternation of sand 
s ~one lil!les tone"! . 

CaJ.careous ~Shale,. 
s.anct stone,. ~me. stone'! 

Mahadek formation Arkose(glauconitric) 
<15om) 
Bottom Conglome-

... rate( 2~. !Dt 

Jadkata formation 
(140m)--
( unconforrni ty 

Conglomebate, arkose· 

Sand stone Conglo­
erate alternation~ 

--------~----~----~ ?.Jurassid( 2) Syihet 
Basalt ,Aikallbas alt, 
Rhyolite,Alid,Tuff • 

a."PI-e·­
cambrian 

. Trap· .. · · · 
(600· m) · . 

· · (UnConfo:r;mity) 

··Intrusives .. ·· · Porphyri'tic & ·coarm 
(Acid and basic) granites ,Pegmatite, 
Shillong Group aplite,-quartz 'vein· 

e pi diorite ,doieni te, 
basalt,Quartzlte, 
Phyllite,conglomerate 

-------------.-Unconformi_ty 
Gene-issic· 

9.Archaean complex 
·Biotite -gene iss, 
biotite-hornbende 
gneiss ,granite · 
gneiss ,migmati te' 
mic·as his t, sillemani te, 
Quartz Schist, Bio­
tite-granulite 

· · Amp hi bollt·e ·; ,. · 
Pyroxenegranxli te etc. 

Source: Geology and mineral Resources of :the states of India, 
Part IV MisceUaneous publications No~ 30., ~eological 

.' Survey of India, Dec.19(4,p,69-79~ 
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Geological setting of the area under study: 

AS a part of Shillong plateau, Ma.wsynram region 

also consists of very ancient Archaean and Shillong 

Series rocks expose in large parts along the northern 

and~s:oath-\'Iestern portion. T~ese are similar to the 

rocks exposed in the rest of the Garo,Khasi, Jaintia 

and Mikir Hills, and also like peninsula in Bengal 

· and Bihar of ~1hich it was a part at one time. These rocks 

form the basements for very m~cb younger Tertiary sedi­

ments along the southern part of the Mawsynram and that 

of its neighbouring areas too. 

The region to the north and central part of 

Mawsynram experienced peneplanation resulting in the 

formation of flat levelled surface , one of the most 
11f 

remarkable sights even today. A spectacular feature of 

the drainage in the S.outh-Mawsynram area is the deep 

gorges, which is the result of the relatively grater 

upliftment of this block, head ward erosion massiv.e along 

joints by antecedent stream and the control exercised by 
r'· ·-: -- • 

the well~j ointed Cretaceous-Tertiary sand-s tone cover. 

14 •. Geology and Mineral Resources of the states of India 
Miscellaneous publication No-30,Part.IV(GSI)p.69. 
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The present physiographic configuartlon of the 

region has t8ken shape only during geologically recent 

times, however it is the ultimate result of events 

that took· place through the geological past. 

Considering the General Geological succession of 

Sblllang Plateau "'re can derive the sequence of lithologi­

cal units of the study area as follm1s (Fig.4). 

TABLE - I( 11) 

Geological age Group name · Format! on 
name 

Rock types 

1.Recent 

·--
Newer Alluvium (unclassJ,.fied) Sand,Silt and 
(Thickness not clay. 
knmm) 

--~--------------------~Unconformity ------------------
-2-.PUo-pllocene Dupi Tlla · · (unclassified) 
· · Group('1 05'0m) 

Mottled clays, 
felds ,Pathic, 
sand stone and 

___________________________ un.conformity ___ c_o_n_g_l_o_m_e_r_a_te __ . __ 

3. Oligo-Miocene Garo Group Chengepara Sand,Silt stone, 
clay, Mar.l._,peblle, 
conglo -ire rate 

~ormation 

(700m) 

4. Eocene 
Shale,sand stone 

Jaintla Group Kopill forma- M 1 d 
· tion( 500m) ar · san • 

Sheila forma- Alternation of 
t1on(600m) sand stone limestone 

Langpar forma- Calcareens shale, 
tion( 190m) sand stone ,lime 

stone. 
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5 .Upper-creta Kh·asi ·group 
ceous. 

Mahadek . 
formation(~50m) 

Arkose( glau­
conitic) 

~--------------------------unconformity 

Sylhet-Trap Basal.t,alkal1 7 
( 6 ) bas al t, rnyoli ~e , 

------~--......,..---· ..,..,.....o~Om ____ unconformity acid tuff". · 
Shillong group Quartzlte,Phyllte, 

7·.Pre-combrian 1 ~ 
-----------~~--------~----u_ncon_formf.ty. cong omera:ae 

8!:/a'~aean 

. . ... ~ 

·Archaean· 

Gneissic 
complex 

Bioti.te-gneiss, 
biotite -hornble-
nde gneiss,granite 
·gene iss, migmatite, 
mica-schist ,Biotite­
gra:nulite~amphiboli~ 
te,pyrosene-gra-

·nvll te, etc. 

The Archaean _gneissi_c complex is exposed in the· 

extreme nor_th and south wes te~ pa,r.ts of the Mawsynram 

Block. The rocks are believed to be the north-eastern 

extension of the Indian peninsular Block, separated from 

·it by the Garo Rajmahal trough fault. This gneissic com-
" . 

plex consists of gray and pink Mica-gneissic, at places 
.. 

traversed by quartzite veins. The roeks are composed 

predominantly of para and or the gneisse~., Migmati ties 

and meta sedimentary bands. Rock types come under this 

complex has been given in the Table-I(ii). The contact 

bett-1een the Areha~~ Metamorphics and the Shillong series 

runs in a general N~E.S.W.direction. 
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Shillong Group 

_The Sh111ong Group of rocks is predominantly 

composed of quartzite, usually friable, with subordinate 

phylite, quartz-.sericite schist, conglomerate etc. are 

exposed these rocks. These rocks generally sttike in a 

N .E.S .ltJ. direction and is therefore regarded ISS homota­

xial with Dharwar formations of the rest of India. 

These roiks are composed in the extreme north-eastern 

parts of the Mavsynram Block, which is the south-western 

extension of the central Shillong group of Meghalaya 

plat;eau. These rocks generally strike in NE-S.\~ and dip 

either south-east or south. Current bedding is commonly­

noticed in these rocks. The mildly folded sediments have 

sufrered lm-r grade metamorphism and are dissected by 

numerous faults al.QIJg __ vhich the different ricks appa­

rently moved up and down at various times during the 

Tertlary period. These rocks are intradad by ultramaj ic 

and acidic sills and dykes. 

Kha.si Green stone and myllium. granite: 

Essentially, Khasi green stone is an epidiorite 

and consists of aug! te @Dd plagioclase. In Mawsynram 

Block, it is ~pecially developed in between Maophlong and 

s,aoarim. Tbe green stone acquires the amphibolitic 
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composition when it comes in contact '"ith the younger 

granite. These rocks a1so bear the intrusive relation­

ship with the Shilloqg series. The granite intrusive. 

a+ong the axial region of the Shillang group of rocks 

·around MYlliem is termed as mylliem granite. Megasco­

pically it is porphyritic and flesh coloured. Micro­

scopic studies shm1 that Mierocline, quartz, orthoclaSe 

and biotite are the essential mineral constituents of the 

_rock type. The age of the granite does not shO..J any 

sign of crustal movement like that of older gneisses •. It 

fixes its upper age limit as pre-sylhet or pre-Rajmahal 

trap. 

The sylhet· Tran:/" 

A1ong the s onthern mafg;in of Ma1-1synram Occurs the 

trap rocks, exposed in a narrwo E .• lwJ.strip, knm.;nras sylhet 

trap, that cot1ld be seen occuring at about 15 Kms awaY 

from Mawsynram on t~e way to Balat, along the road cuttings 

§.lld also near Shella. T.he sylhet traps are of the natu~ 

of plateau (flood) ~asalts, whic~ runs in a E.W. strip 

80 Km long and 4 Km wide along the s ou.thern border of 

the Shillong plateau, the Maximum exposed thickness is 

550-600M. They aPParently over lie the eroded pre-caJnbrian . 

basement and are themselves overlain non-comformably by 
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the Upper-Cretaceous -Eocene sediments. The sediments and 

the lavas - form a l4onocline, becoming a flexure southw~ds, 
" 

the sediments at the crest of the flexure have subsequent-

ly been eroded at places exposing the traps as sul.iers. The 

flexure in the T.herriaghat.Shella sector with its E.W 

axi~ ph~ges along its trace westward (along the Balat and 

Khas1mora of Mawsynram) high angle reverse fault through 
.. 

normal and vertical faults ( Dauki-fault) and marks the 

exposed limit of the Sylhet traps to the south. To the 

north in southern Mawsynram traps are in contact with the 

gneissess, granites or Shillong Group of rocks along an 

~ .vf. ~ault termed Rai\)ah faul·t; immediately south of this 
0 0 

fault the traps dip at 10 -.35' along .the monocline or at 

5'0° against tne Dauki fault (e. g. Umnagi river section, 

_west of M~Jsynram) Literally they plunge together with 

the sediments south llest al.ong the Jadukata river, to the 

east; the east exposure of the traps· is seen in the Dauki 

River •. 

The Sylhet Traps comprise. predominantlY basalts 

and minor alka1ibasalts (nepheline tephrite) rhyolitis 

arid acid tuffs. The baS.al.t occur as fibows and a:re 5'-7m 

in average thickness. Andesites are absent. T~e alkali 

basaJ.ts occur ~ flm..Js in the Umiew gorge. South East of 
. . 0 0 

Ma,..,synram, near tyngner (25' 1lt-'3" 91 36'30") Rhyolites 
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also occur associated with acid tuffs. (vitric tuff, 

11 thic lapicle) in the umi~ gorge. Both -wi thiil the 

news and aJ.s o in the immediately adJoining Archae an 

rocks to the north, basalt dykes are common; .,1ithin 

the trap area the dyke occurs §S swarms. The sylhet 

trap is supposed to QOrrespond with the Rajmahal trap, 

which continues below the Bengal alluvium, and hence 

the trap is supposed to be of Jurassic age. 

Qretaecous - Tertiary Sediments: 

The Cretaceous-Tertiary Sediments occupying the 

S-outhern part of the Mawsynram are thick and extensive 

and are considered to be physically continuous '11Jith the 

cretaceous tertiary Sediments of the Bengal Plain. These 

Sediments are affected mostly by basement controlled 

faults~ 

The Sediments are mainly sandstones and sl:kte 

(mud stone), except for the three .,,ell defined fossili­

ferous ·limestone, occurs as (i) discrete .outliers and 

91i) a con tinious narrow belt fringing the s out hem 

margin of the Mawsynram block bordering the Bangladesh 

plains~ Here the Sediments are divided into two groups 

(a) Khasi Group and (b) The Jaintia Group., .The Khasi 
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group is a distinct arenaceous facies consisting of the 

oldest Jadukata Formation, followed by the predomina­

ntly conglomeratic mahadek formation, of which the later 

formation only occur in the sou:.tb'eTn margin of Ma,\·synram. 

The Jaintia Group is a \C.ra.,te:cecaus facies (shelf facies) 

and bas been divided into three fo~ations, viz. the 

langpar, the sbella and the kopili Formations. 

" 
Khasi Grgup 

{1) Mahadek formations:- The Jadukata Formation 

and the bottom conglomerate Fonnation are overlain in 

turn by a coarse arkose, usually glauconitic which 1s 

termed as mahadek formation on the southern Mawsynram, 

north of Ralbah fault. The maximum exposed thickness of 

the maBadek formation is 15'0 m. 

(i) The Jaintia Group 

(i) Thellangpar formation:- The langpar formation 

of the Jaintia group overlies the Mab~dek Formation. 

These rocks are seen on the l-iawsynram- ~l~.:. road sides 

at about ; Km from r1a\>Isynram Twon. The rocks consist of 

calcareous shale, sandy limestone and fine calcaresous 

sandstone. Tne deposition of these fletiments marks the 
" beginning of a table shelf condition which was firmly 
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es tab lis hed later with the deposition of the Shella· 

formation ( 600m thick) represented .. by the alternating 

limestone and sandstone sequence. 

(11) The Sbella formation: 

The She lla formation consists of three sands tone 

and limestone members beginning with a sandstone over 

the langpar formation,. These have been des'ignad success­

ively the· lower (Therria sandstone/Lakadong limestone) 

middle ( Lakadong/sands tone/wnlatdeh limes tone), Upper 
.. 

(Narpur sandstane/Prang llmeston@/siju limestone and 

Sylhet sand stone/limestone member in eastern part of 

plateau looking westward along the cliff face below 

Mawsynram (25°18'- 19°35•) the lower sand stone band of' 

the Creataceous can be seen thinning in a northerly 

direction. 

(ii) The Kopil! Formation: 

The Kopili formation cover lies the 8hella 

formation and is about 500 m in thickness. The rocks are 

alternations of thin sand stone and fShale with rare thin 

fossillfdrous bands of limestone. T~e basal part comprises 

a dark horison ,.;tth scattered phosphatic nodules in 

southern Part of Mawsynram it occurs as crecent shape in 

a East-west direction~ 
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Garo Group • 

( 1) ;rhe Chmgapara Formation: 

This formation overlying· conformably the 

Baghrilara formation consists of poorly-cemented, fine­

grained, micaceous sand, blue to bra\"m sUt-stone and 

clays lJlth a few. thin beds at its base. East of Dareng 
.• -

river fi1 Mawsynram block {25°19'-90°30' 9 both the 

Ch(fllgapara and the overlying Dupi-Tila Group beneath the 

·alluvium, when it reappears in the extreme South West 
. 0 0 . 

of f-1awsynram block near Bal. at ( 25 13' -91 22') an ero-

sional unconformity can be seen. 

The DupiTila Group cons-ists of alternations 

of coarse felspathic sandstone with lenses and beds of 

pebbles of vein qpuartz and sandy molt~d clay. This gr~ 

also ma!n.l.y represent deltaic types. 

Quatemau and ·Recent Deposits 

Recent Alluvium: 

Recent Alluvium is found along the Southern foot 

hill regi.on of f.imvsynram. The Alluvium consists of fine 

silty sand and iight-- .to dark g~y!sh clay with rare pockets 

and layers of coarse sand. The fine sand at places con­

tains abundant minute nrutes of Mlcca. 
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GEOLQGICAL BlSTORY: 

The Archean basement of Mawsynram region 

inc.luding Shillong Plateau, a remanent of the north 

easterly extension ·of the Indian Peninsula, remained 

a land-mass experiencing earth movements .leading to 

complete folding and fracturing of the ancient rocks 

till Precambrian times, when the north eastern part 

of Mawsynram covering eastern Khasi and central Jaintia 

hills, developed into a trough over which the sediments 
15 

of Shillang Group of rocks were laid down. The sediments, 

later uplifted and folded, experienced low grade meta­

morphism es a result of granitic (l~lllem granites) 

and basic/ultrabasic (Khasi green stone) intmsions~ 

During the Post Pre-cambrian, the area to the 

·north and central part of Mawsynram experienced pene plan­

ation resulting 1n the formation of a nat levelled surface, 

preserved over this plateau even today. By the end of 

Jurraslc period about 15'0 millions years ~o, the southern 

margin of Mawsynram experienced plateau volcanism through 
:-----

east-1rr8St fissures i.e. ~Raibah fault along "'ith the 

southern block foundered and the northern block rose~ 

Not lang after the cessation of volcanism, the rest of 

15'~Murtby M.V.N (1968) op;cit.,pp.25'-32 
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sinking of southern block increased resulting in the 

invasion of· the sea· and deposition of the upper­

cretaceous sediments about 10 million years ago. The 

movement was evidently rapid first and s1m1ed down 

until and during Eocene times, about 6o million years 

ago, when the. aTea bad reached to· stable conoitions 

and fossilliferous calcareous formation at the Jaintia 

Group began to be deposited. 

During Paleocene·times large part of the Shlllong 

plateau covering the Ma"t>isynr~ \oTas still experiencing 

upliftment of the northern block resul~ing into the 

deposition of only the oldest {lower sylhet) sands tone 

and .limestone beds over the plateau. The younger sylhet 

formation comprises three distinct, successively 

younger limes tone bands, interbedded td th coal-bearing 

sandStones are exposed along the southern fringe of 

the Maasynram. This is evident be~ause the area to the 

north was experiencing uplift whi~e the area to the 

south continued to sink, since then, the sedimentation 

continued tminterruptedly over the subme_rged southern 

part of Ma-wsynram. Including South and South eastern 

fringe of Kbasl and Jaintia Hills, till the end of 
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Oligocene ~hen the Barail range t:o the South ·of Jaiiltia ·. '. 16 
Hills stood up as a landmass .• 

' . 
· During lower Miocene (about 25 mil~ on years ago) 

sedimentation con'tinued uninterruptedly over the south 
. ' ' . . 

and western Par't of Garo Hills tnd the Southern fringe 

of the Khasi Hills (along the South Mawsynram}, the 

Jaintia block became uplifted and remained a land~ass 9 

The major upliftment of the plateau as a '\-Jhole 

started at the end of the miocene resulting into the 

formation of land-locked sh~llow water laccustrine basins 

along southern fringe of Kha..c:;i and Garo Hills. The pliocene 

(Dupitila) 'tvere deposited in these basins, which occurs 

along extreme southern fringe of f.1awsynram. The sub-Recent 

older Alluvium deposits found along the southern boarder 

are fluviatile deposits along old river valley •. 

The deep gorges in the south Hawsynram is the 

result of "the relatively greater uplift of this block 

heathrard erosion massive along joints by antecedent 

streams, and the control exercised by ~ell-jointed 

Cretaceous Tertiary Sandstone cover \~est of r·1a"t1Synram 
7• . 

16 •. Dlitta.S.K., Palaeo-geography of the Assam plateau, 
Directorate of Geology and I'lining Deptt~ ,Shillong,Assam. 
~ . 1 
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platform hm1ever, uplift was . relatively, less, the 

basement wa~. not exposed, ~nd the consequent streams 

are_ mostly controlled by the structures (monoclines 

and faults). in the sediments. The sm.all stream valleys 

on the extreme ·northern margine of Mm1synram(North 

of waters.hed lines) represent headward erosion along 

the. joints, especially favoured b~ the absence of 

thick sedimentary cover in the south. 

The story of the Geological evolution.)af the 

Mawsynram region is thus one of uplift and down~sink!ng 

in different parts during the past 100 million years, 

1r1hich has produced the present spectacular _physiographic 

configuration of the region. 

S.TRutCTURE AND TEQTONI~ 

The Hawsynrarn region is a part of Shillong 

Massif. The. central and southern parts are true plateau, 

capped by Mesozoic-Tertiary rocks and underlain by 

r-tesozoinc flood basalts (The sylhet Traps) and polycy-
·-

clic precambrian gneisses, meta-sedimentarias (The 

Shlllong Grou;>) and plutons. Further North, only the 

jh-e-cambrians· crop out constituting upland. 
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The southern margin of the M~rsynram plateau is 

a sharp fracture zone, formerly considered (Evens 1964-) 

a strike slip fault but recently (Murthy etc. as 1969) 

demonstrated to be a vertical reverse fault belt secon• 

dary fractured associated with this system. The northern 

lilnlts t or:-thehregioi:t·:J]!supto southern \o!atershed zone of 

the Shillong plateau. 

A detailed study of the geology of t~e region 

is yet to be made, but geological structmoes occuring 

in .the rocks are studied by geologists. It is generally 

believed that Shillong plateau along vi th Ma,vsynram 

region is an autochthon of Crystalline rocks that 

constitute the foreland s.pur.of the Indian shield and 

it has been overthrust from the N-ltl by the Himalayas 

and from S-E by the Naga Hills. The general structural 

trend of the crystalline· rocks of it is N-E S ~, but 

a variation of it occurs in the south and western part 

of Mawsynram along the Garo Hills, where the trend 

is E-t-i. These t_~ends refer to the t.rend of the p_lanner 

structures like schistosity and gHeissosity in the rocks. 

The rocks are <f0TI.Cie:a and lineated., The folds are gener­

ally tight and isocllned, but these may become more 
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17 
metamorphosed rocks. Both folded and mineral lineations 

are seen. The plunge of the lineations is moderate 

to steep, but at places it becomes vertical or nearly sm. 

A good example of this is a fold at ~4airang (extreme 

north of Mawsynram) area, where lensoid bodies of 

massive silllmani te occur in the core and 1 ts immediate 

portions of the flanks of the plunges. 

Folds in the Shillong series are not frequent 

and those that occur are in general open, asymmetrical 

folds with steep axial planes and gently plunging 

axles~ The folds that occur in the rocks of the Shillong 

Series surrounding the granite, commonly knovm as the 

mylliem granite, have their exes, as nearly as possible 

towards the pluton. The trend of the rocks also veers 

round the pluton. These structural relations between 

the rocks of the S hillong series and milliem granite 

are seen arround Mawphlong, situated at the North-eastern 

corner of Mawsynram region~ 

The Sylhet Traps, the effusion of which marked 

the first majo-r--tecton-ic- event -:during the Jurrasic period 

occur along a narrOltl strip;_ exposed in gorges of Bagra 

17. S,ingh R.,P ... , ( 1968): op.clt. ,pp .. 1-9. 
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river along the south-eastem margin of Ma't~synram 

plateau •. ',{'heir contact 'qith the erystallines to the 

north is a fault, the Raibah fault, which aPParently 

de te rmlned the lim! ts of the traps during the effusion. 

The Dauki Lineament: 
/- -- r 

In the· southern fringe of l4:eghalaya, the pre­

dominant .. structural lineament is the Dauki fault \<Jhich 

comprises at least four R-W running usually normal faults 

and at places becoming reverse~·· faults. Each of these 

faults e.xhibi t different geometric .fault types along 

their trace. In the southern fringe of Mawsynram one 

of these four faults- (Dauki fault~II, from ·Balat to 

Khasimara.) branches off from Dauki fault-I longitude 

91°25' and from "1est to east it could be traced as 

a high angle reverse to vertical fault and further 

east it passes into a monocline. In all the faults of 

Dauk! system the-northern side is up thrm.~ ~ith basement 

rocks and the sedimentary caoping at a higher topography 
. 7 
level •. The amount of topographic and/or stratigrapbi 

displacement is great.,_!;_~~ structural relief on either 

side of the Daukl fault system ranges up to 1]3,00 mts. 

18. Chakrabarti,C.(1977)"The Dauki lineament along the 
southern part of the MeghalC\}Ta plateau. Misc.Publ. 
No.31 .Geological Survey of India, pp.92-93. -.. · 
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A ract111near drainage pattem in NE~.W, NW~E 

directions is a distinctive t"eature of the t-1EntlSynram 

region., S.ome of them appear to represent faults many 

of them are master j o1nts and fractures and the whole 

pattern has been dew loped due to upllftment of this 

·region along \-7i th Sh11long plateau during 'Upper TertiarJ' 

pelilod• 

.... ' 
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WEATHERING AND SOIL FORIJATION 

"The atmosphere's '\ITork on rock is slaw, bu·t 
ubiqtli tous and ultimately triumphant. 11 

JEROME \-!YCKOFF, 
Rock, Time and Landforms. 

Introduction: 

No GeomoJ>ptllc studies bas. supported the concept 

of a small region, like ~1awsynraJ\l, within which an exten­

sive group of distinctive Weathering process occurs. We 

also do not believe that the trans formation sequence or 
,. 

the synthesis mechanisms observed in oar present study 

area is essentially different from those occuring over 

other part of Shillong plateau, Nevertheless, the charac.ter­

is tics of the weathering products found in :Mawsynram region 

are marked to be dis tinct.i ve, and has also recognised 

weathering tyPes· in different parts according to the do­

minance of particular minerals. Further more, depths 

of rock ·.decay are frequently held to be greater 1n the 

~..fawsynram than elsewhere. This vie"' must also be accepted~ 

with caution because deep weathering as a. phenomena is 

not confined to ;Mawsynra.rp,~·11 thin the Mawsynram region 

itself ,_characteristic of weathering depths vary greatly, 

particularly '\·Jith tne hUilli3dity of climate but also in 

response to many other factors •. Some of the major factors 
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contributing to the rate and course. of weathering are 

li*ted · belm-1: 

( 1) Climatic factors; 

(1i) Biotic factors; 

(iii) Geomorphic factors; 

(1~) Geological factors; 

( v). Chronologie factors. 

From the study of above factors some very general 

predictions may be made, but the large number of variables 

involved makes detailed prediction of "reathering very 

difficult. However it is clear that the southern margin 

of l-1awsynram is one "'ithin which many of these factors 

operate to favour deep chemical decay of rocks, '1biJ.e 

in the northern part the effect of physical and thermal 

weathering is more marked. As an area with moderate 

temperature and world •s highest rainfall, it promotes 

the weathering processes, m d a l.a.rge part of northem 

Mawsynram, arou().d Mawpholong and and Nongpung is dominated 

by ancient crystalline massifs and sedimentary basins •. 

More of l.ess stable landsurface of late Tertiary.1 Thus 

provides a geological and geomorphic basis favouring 

deep penetration of weathering, and through docomposition of 

rocks. 

1. Singh, R.P.(1968 ) op.cit.,pp.1-9. 
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Climatic forces, particularly precipitation 

and temperature, directly or indirectly influence 

kinds of weathering. Comparatively in dry and cold 

regions of northern Mawsynram, Physical weathering 

is more important than chemical or biological weathering 
~ ' "' . . ;: . . " ' 

conditions are optimw: for heating, cooling, and frost 

action in moist, moderate hot regions of southern 

Mawsynra,, conditions favour chemical and biological 

"!eathering. The greater the effective precipl tation and 

temperature the greater the amount . and degree of 

chemical-and biological ~eathering. So. realising the 

role played by climate on :.weathering processes of. any 

region, it is very much essential tog ive a brief 

climatic account of o~ study area, before going to 

discuss the various types of weathering and its products. 

CLIHATE.: 

Situated beb1een the rain shad?W part of Shillong 

plateau, in the north and Bangladesh plains in the South, 

Mawsynram block experiences extremely varted climatic 

conditions mainly caused by altitude and aspect. In 

general the climate of Mm1synram is quite different 

from the adjoining Shillong plateau region of Garo, Khasi 
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and J aintla hills by comparatively heavier preclP1-

p1 tation and shorter and less opperesslve summers. The 

heavy rainfall and Altitudinal zoning of the climate 

are . two important characteristics of the climate of 

Mawsynram .• The Southern sandy foot hill tracts. ex-

perience bot and sub-humid troplcai climate. with the 

increase in altitude tmvards north the climate changes 

from rainy. , cool, temperate to 11 ttle bit· rainy, cold 

temperate. Thus most significant fa.ctor controlling the 

climate of l4awsynram are south '\oTest monsoon and altitude. ·· 

Based on the princlpll.e of Lapse rate the areas lying 

below {600m) 1000 feet above sea level have not and 

moist tropical climate. The areas above 1000 feet but 

below 5'000 feet above sea level experience rain$./ cool­

temperate climate. Higher up the climate is rainy.._,· cold 

temperate up to an elevation of 65'00 feet. The second 

most important factor affecting the climate of Mawsynram 

region is Monsoonal heavy rainfal~. The south facing 

slopes in this region are heaviest rainfall areas of 

the 'World today. The north facing slopes fall in the 

rain shadmr area of Shillong Plateau and thus are compan:a­

ti vely dry~ Bee:au§_e __ Qf __ slanting rays of the sun falling 

on the northern slopes these are comparatively colder 

· also. (areas North ___ ~f ~ongspung). 
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Climate no doubt consists of many elements 

like temper~~ure, pressure, humidity, winds, rainfall, 

snm1, Fog, moist, Frost,clouds, vegetation etc. Yet 

for our present p11rpose the elements of rainfall, 

temperature, humid! ty, vegetation, are described here. 

TEMPERATURE: 

\·Jith the exception of Bal.at and Shella areas 

normal monthly maximum temperature is recorded in this 

Biock. The highest monthly maximum temperature is observed 
' 

in tbe month of May. There after, onset of rain¥:- season 

brings dovm the temperature. The temperature continues 

t~ fall with the break of rains and the 10\oTest monthly 

temperature is recorded in January. As already stated ttle 

temperature changes with altitude, during the month of 
. 0 

may normal monthly maximum temperature is 35 C at :Salat 
0 . . 

and 30 C .at Mawsynram village.The places like Mawphlang, 

J akrem . ~.xperience . ~ven less in this time. Similarly in 

·the month::of Janu·ary·the normal minimilm temperature is 
< ' •• • 0 

recorded to .the -tune· of 8.5 C . at l;'a:lat(·a,nd 5.8°C at 
' .· . ,- . 

Mawsynram. The temperature at ~1awphlarig, Jakrem, and 
0 

Welloi, during this period however is ~~ound 5.5 C. As 

far as ahnual range of temperature is concerned the places 

at higher altitudes (Northern part of Mawsynram) observe 

lower range as c.ompared to the places ~t lm1 altitudes 

(Southern Margin of Mawsynram) experiencing higher range. 



55 

The mean maximum in this area is highest in the 

month of JUl.y (24.o°C) and August (24.7°C) and lowest in 
- . 

the month of January (15.6°C). The same month, recorded 

the highest and lowest minirium temperatures also. The 
0 

mean minimum temperature varies from 6.3 C in January to 

18 •. 1°C in July. The table II sh011JS. the variations between 

monthly maximum and m~nimQ~ is very high in ·the month of 

January, ~I hen maximum is 15.6°c and minimum is 6.3°C. 

From·'·may to eeptember the range bet"1een monthly maximum 
. . 

. and minimum· tempe·rature seems to ae narrov1ing dO\om and 

again is raised towards December,( Fig-5). 

Jan 

l-1ax C0 15'.6 

Min C0 6.3 

July 

Max C
0 

24.0 

t-iin C
0 

18.J 

T@JE -liC 1) 

17.0 

6.4 

Aug,. 

2lf-._7 

17.8 

March 

21.5' 

10.5' 

S.ept. 

2).6 

1-6.6 

April May June 

23.8 23.1 23.7 

14.1 15.5' 1?.0 

Oct. Nov. Dec. 

21.8 19.9 16.5 

13.0 7.9 6.5 

Source:Metrological data recording centre,Ma,·Isynram,l-1eghalaYa, 
1982. 
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In weathering processes the effect of average 

annual temperat~re and monthly average temperature is 

quite significant. The mechanical disintegration of 

rocks are frequent during high-temperature. The alter­

nate heating and cooling during day and night tielps the 

mechanical disintegration or rock easily. 

The above data shown that the daily maximum is 
0 

highest in the month of August ( 24.7 C). As the· temper-

ature ·plays the important role in mechanical lreathering, 

from the temperature distr1butlon, 1t could be considered 

that ·the mechanical weathering shows generally 

greater impact in the month of May to· August in Mawsynram 

Bloclt area. Hov.~ever temperature alone does not control the 

·, rate .of ,.;eathering, and quite apart .from the topographic 

factor, Humidity and the supply of groundwater and of 

organic matter are of particular importance. 

HUl.fiDITY: 

.It is the relative humidity at a place that 

. affects the amo!Jllt and process of precipitation at that 

place~ The amount and incidences of >.'tmosphere precipi ta­

, tion determines the mode of 'Weathering and even the 

characteristics of rock decomposition. 
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High atmospheric humidities, generally &~sociated 
. ' 

with abundant rainfall, favours chemical decomposition by 

the action of water infiftrating belmJ the surface. In 

areas of humid climate like t"lawsynram, the '\rJeathe·red man­

tle is generally deep, out-cDop of bed rock are rare 

even on the steep slopes and in· areas of resistant rock, 

the products of dcmomposition form an almost continuous 

mantle, which marks the irregularities beneath the solum 

and softens--all the landforms. In Mawsynram around lime­

stone area, humidity plays most important role, by giving 

a helping hand ·for chemical decomposition on the exposed 

rock mass. In many respects 1 t is the availability of 

water as the principal chemical reagent involved in 

weathering processes t~at becomes most critical, especially 

"iTithin humid tropical climate like f.'I§wsynram-region. 

RAINFALL: 

Generally the amount of rainfall ;received increases 

from the southem foothill tract of Mawsyn·ram towards the· 

mountanious area according to relief. The amount ·or 

rainfall decreases on further north due to the effect of 

rain shadow. The rain begins to fall by the third~§ek 

of April and continues right upto the end of September 
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after which it gradually diminishes • The. maximum rainfall 

occurs o~r the. Cherapunji and l-iawsynram platforms re­

ceive the average 12,000mm of rainfall annually. It is the 

wettest spot of the .'"'orld. 

It is clear from the above discussion that there 

is a marked variation between the southern and northern 

PaTts of I{cn-Jsynram block as f~ .as. rainfall is concerned. 

The rainfall at Mawsynram and Cherapunj i 1,1hich is located 

in the structural platform in the south is as· high as 13992Jmm. 

and 11 9 418.7mm respectively. While Shillong being located 

'0 Km. to the north with a rainshadow effect gets only 

· 2417.3mia,(F1g.5). The high rainfall in l4awsynram-Cherapunji 
. ~ -

· region is due to the fact that the sout.h-wes t monsoon laden 

~Jith great amount of moisture from the Bay of Bengal 

blows over Bengladesh and is suddenly· cut by the· cliffs of 

the table-land in the south ,.rith an average elevation abo~e 

1200 mts. Which just outs like a peninsula into the surro­

unding gorges about 600 mts deep on ei the,r side and as a 

result the monsoon having reached the he:::.ds of the gorges 

ascends vertically upwards and-causes heavy rhinfall. 
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TABlE - n (iU 

( Rainfall in mm. ) 

Jan. Feb. 

*Mawsynram 1?.00 4-3.8 

Cheraptmji 

S.hillong 

*Mawsynram 

July 

2813.4-

Cherapunji 24-5~ .7 

S.hillong 396.9 

37.3 

28.5 

Aug. 

2?4-5.00 

1827.5 

334.,6 

Mar. 

178.9 

59.4-

Sept. 

1277.00 

1167.7 

314-.9 

Apr. 

605.2 

136.4-

Oct. 

299.00 

447.4-

220.2 

1705.1 

325.4-

Nov. 

32.00 

46.7 

34.9 

June 

2921.5 

544.6 

Dec. 

3-3 

4.9 

6.3 

The factors of climate such as temperature, 

humidity and rainfall determine not only the fluvial 

processes but also the rate at 11Ihich \>1eather1ng t-Jithers by 

chemical or mechanical processes~ As the area under study 

is a Block, which has been considered as a reasible ....... tmit, 

for a detailed and intensive field observations" The 

researcher has done a vast field observations and finally 

selected some most important regions, which has been 

*Source:- from metrological data recording centre ,Ma-wsynram, 
1982. 
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affected by the processes of \ieathering severely. The 

selected regions are; Mawsynram limestone area, t4awphlong 

Kaolin rock area, :·and foot hills area around Bala.t. 

During field observations, the researcher, tried to 

identity those ,,.eathering areas ";here climatic factors 

might have played a significant role·. 

WEATHERING 

The weathered rind beneath the land surface, 

part of any landform, is a ~esult of the physico chemical 

alternation of rocks or sedilments ., The .group of processes 

responsible for s.~ch alternation is called l>leathering, 

which requires interaction bet,.reen mineral matter and 

atmospheric agents such as temperature, wind, pressure 
' 

and water. 
\ 

Rocks of similar chemical and mineralogical 

C?mposi ti?Jl may r~act very diffe~ntlY to the same wea­

t!'lering er,tvironme~t. For ~xample, .. coarse grained granite, 

we ather more rapi~ly. than. fine grpined granites. Weather­

~ng requires tpe_presence_of water, and hence rock 

structure is important because it largely controls 

penetration of \Jater into rocks. P9ros1 ty data for the 
., . ,, . 

common rocks are given in Table II {iii). 
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TAB IE .. - II( iiil 

Rock type Prosity in % Unconsolida- Prosity 
ted 

Granite 1.00 Clay 45.1 

Basalt 1.00 Silt lf.o 

Shale 18.oo ,Sand 35 
Sand stone 18.oo Grand 25 
Lime stone 10.00 

Source: Leopold, L.B., et.al., Fluvial processes in 
geomorphology, p.101. 

For the sake of convenience, depending on the 

operative factors, we may classify weathering processes 

as physical, chemical and biological. All of these 

pfocesses undoubtedly take place contemporaneously' but 

one of them may be dominant as a site of a particular 

time. As "1e have already mentioned the whole of 1-iawsynram 

structural platform experiences heavy seasonal rain and 

moderate temperature during mons.oon and summer months, 

this region becomes very much prone to the veathering 

processes. Ass is ted by heavu rain fall and moderate 

temperature it forms an important ,nedium to dissolve the 

minerals and hold them in solution during the process of 

weathering and transportation over the area under study., 
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Physical or Mechanical \oleathering 

Physical weathering is the change of consolidated 

rock to unconsolidated matter that is caused by pbySical 

fore:es acting on rock in place. This type· of "'e athering is 

brogght by two m,ain processes, temperature change ·and 

crystallis?tion. To these might be added, as a lesser 

effect, the action of plants roots in the purely mechani-

cal sense. 

2 . 3 
Thornbury.(1971) and Sparks {1972) have recognised. 

variOU:s proeess·es ·as--mechani-cal of these, however, only 

slaking and veathering caused by temperature, a-e noticed 

in this area. Wetting and drying cause alternate S'tlelling 

and shtinking arid generate stresses that cGuse breakdmrn 

of material. This pTocess ts knmm as slaking. In the 

limes tone area 1,and the Mflliem granite area of M~1phalong, 

this type of weathering dominates. Mainly the cretaceous 

Tertiary sediments show- this type of mechanical weathering. 

During the fieldwork the researcher has observed, the 

disintegrmtion of the fine grained sandstones into a. 

number of large pieces of different size, around ~Ielloi 

(Plate-f). A large variation in durinal. and monthly rainfall 

in this region helps the process of slaking. 

2. Thombur.Y ,w .D •
1
c 1971) "Princip.le s of Geomorphology', 

3rd ed. J"ohn W ley & Sons, Ne\v Jou:~ 
<' 

).Sparks, W;B.,(1972) 1 Geomorpho.logy 1 ,Longmans~London,p.41. 
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Temperature .changes· due to natural causes are 

no longer believed to be very effect! ve in rock break­

down. Black Welder (1969) has pointed out that a good 

deal of thermcy. expansion and con.t:raction of rock is 

caused by forest fires, vhich cause non uniform heating. 

of rocks. In Mawsynram, areas of high altbtude, around 
.: > 

"Wellol, Nongphung, f-4awphlong extensive jhum cultivation 

is practised, sho-,Is spalls and flakes of rocks ,.,hich are 

produced due to ex·fJo·liation caused by unequal heating and 

·cooling. When temperature fluctuates, the mineral 

grains composing rocks altemately expa."ld and contract. 

Because of the sl~1 penetration of heat into. the 

depth of a rock, the surface layer. expand more than 

those "t-Jith in .• The frequent result is the appearance of 

cracks parallel to the surface of rock blocks., and 

desquamation of the latter. 

On the steep slopes of high mountains, thermal 

weathering is more intense, where the air is more transpa­

rent, and insolation s·tronger than in the adjacent low­

lands. Again the practice of jhuming in hill slopes 

further acclerated it~ The· rock fragments produced by 
. 

l>Ieathering are redily removed from the slopes by 
., 

gravity~ This results in accumulation of hill sides 

waste or talus at the foot of mountain slopes~ In our 

study area such types of ,:eat he ring has been observed 

around the village Ma'll.rphlong, wellol, Nongsphung, 
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Mi. rang, Mawsynram etc •. _,over the old jhum culidvating 

ax:~ as • ( Plate -2) 

'~--The rneQbanicai action of external agents also 
'-·· ' 

break 'dmm rock~. and sediments. ·Tree,·, roots growing in 

cracks dry. rock apart, dividing it into small pieces 

(Plate-3); ~nts, termites and other burr~ing creatures 

· tear apart unconsolidated sed~·ments and soils. Tme mecha­

nical destruction. of rocks by Biological a gents may be 

observ~d practica~ly in all climatic zones. 

All of these physlcal procE;!sses increase the speci­

fic surface of a material. When particles are·broken into 

very small sizes~ electrical bonds are broken, \-Ihich 

leaves unsatisfied electrical charges on the particles. 

These particles, whose charges are ~~le to attract or 

absorb 'opposite charges, are then ready for chemical 

processing. 

Chemiea1 weathering 

Chemical·weathering is the change in the chemical 

composition of rock and sediments that is caused by atmos­

pheric agents, namely water and gases. Foilr basic kinds 

of changes take place; qddi tions, removals, transfers and 
4 

trans formations ( simon~H?I!_, 1959). 

4.S1monson,R.W. ,( 1959 )'Outline of a generalized theory of 
soil genesis'. Soil Scl.Soc.Am.Proc.23:152-170~ 
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The simplest kind of addi t.lon is hyd.ration, t-:hich 

is the chemical combination of t-~ater \Iith a particular 

mineral. As our study are·a. is the ~orld •s· "'ettest spot, 

the impact of -water on weathering is profound. ,complete 

dissolution of minerals .in water is observed in salt 

bearing series, iri JYPsums, limestones and dolomites etc~ 

It is with these rocks the formation of karst, .sinks and 
" 

cavaties are associated •. Water enriched with free 

carbon dioxide dissolves limestones and it relatively 

readily redeposits the dissolved carbonate of lime, ,The 

cave dElposits bre<found in Mawsynram limestone topography 
0 0 

( 25 19', 91 35' ) is through this process. 

One of the most striking karst features are cave. 

Such caves are generally long,. winding passages, but they 

may also be in the form of big rooms., Th.e Mawjymbuin cavef 

near Mawsynram village is almost 137 feet long -with "1alls 

135 feet apart and a celllng 15.5 feet high,.(plate-4).· 

Another importan-t cave, locally knmm as 'Jaieaiaw' cave is 

als 0 located 8 kms. away from the lv1awsynram town' on the 

La'111bah road. 

There .are several theories regarding the develo.P­

ment of caves. These can be classified as to *phreatic,' 

'vadose' and 'water table 1 theories, corresponding to the 

*The researcher has measured the length,.wi4th and hlght 
of the Mawjymbuin .~cave, during field study~ 
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ground water zone in 1,1hich the cave is as·sumed to be Created. 

For the study of genes is of the Mawsynram limes tone cave, 
5 

the phreatic theory, proposed by Ground(1910) is seems to 

be not fit, as the researcher dmring field studies, obser­

ved, that the Mawjymbuin cave is situated above the water 

table (vadose zone). Again it is also observed that tpe 

leaching occurs mamtly in channels through llhich the atmos ~ 

pheric water flm1s to the ground water table of this region, 

So the possibilities of t'lalljymbi.tin cave formation is supper,. 
' ' 6 

ted by the vadose theory of Matson (1909) then any other 

one., 

The researcher has also marked some unique develop­

ment of stalactite and stalagmite deposits inside the 

Mawjymbuin cave( plate -5). After moving few yards inside; 

at the centre of the cave a huge stalactite is hanging on 

the roof about 3.6 feet long and 4.2 feet in circumference · 

{plate-6) and just opposite to it, on the floor, a stla­

gmite of ~ feet high and 7~9 feet circumference is found, 

\>Jhich appear like the shape of a si valinga (plate -7)! OOring 

the Hindu festival of slvaratri, the local people visit 

and trJorship insloe- the eave~ It has illso been noticed that 

the entire roof of the Mawiymbuin cave is being severely 

affected by chemical \>reathering ( plate-8)" 

5.Ground,A.( 1910) 'Pencks Qeorgr' ~Abu 9,345 
6.Matson,G"C.( 1909) u.s O!Geol.Surv.Water supply,pal.233-42. 



In Mawsynram region there are innumerable areas 

where karst features are present but do not dominate the 

landscape. This may be a result of the topographic youth­

fulness of the karst features, but more commonly it is 

attributable to the absence of one or more of the essential. 

conditions esential to ideal karst developlaent. The .entire 

southern half of Ma~ynram from e;J.st to west is character­

ised by extensive lim· stone formations, but the features 

assemblage is too incomplete for it to be classed as a 

major karst area. This region is teraineous, rocky and full 

of steep slopes. They are some sort of •terra-in-cognita' 

so far. They may, \oiell contG\in karst features of great impor­

tance, ·which are yet to be discovered. 

An example of simple transformation is the oxidation 

of grani te-gaeiss surface of the areas, is indicated by red­

yellow surface layers of resld!£B:ll soil. Oxidatrous process 

is found in t4a"WSynram platform, particularly in the areas 

where,. hornblende rock structures are found. These rock stru­

ctures contain -'fer~ous iron which rapidly oxidizes under 

surface conditions, coating the mineral with a brown crust. 
. . 

The researcher has marked such a typical oxidation of 

horneblende rock structure area between the Mawsynram village 

and Mawsynram P.W.D. office (Plate - 9) oxidation process 

also found active in bank of the river· Umnagi, east of 
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Mawsynram ,Jbere sedimenta~Y. rocks, such as sadstones, 

~lays, often show a brown colourization, indicating. that· 
' ' ' ·-· ':. . 

the minerals underwent oxidat~on and turned into eyd.r9xide •. 

It is the hydro genion of 'Water that is the most 

p·mjerful agent ·or chemical weathering. Naturally·~whatever is 

dissolved in the water affect the chemical.- reactions that 
- . .. 

occur. The major.dissolved constituents -are sulfate,bicar­

bonate, chloride, nitrate, calcium, sodium, magnesium, 

hydrogen ions and 'potas.s i um • 

.. The product of chemical weathering may form a 

new mineral (the synthesis mechanism) or remain as residue 

when other constituents are removed (the residue mechanism. 'l . 
Jackson and Sherman 1953). Synthesis inyolves add.itions and 

transformations bUt residue results mainlY from removals 
(• . 

and transfer. Water is the main transfer agent ·in both 

of these weathering processes , and 1 ts acti vt. ty is funda­

mentally importan.t. 

Areas which have undergone by chemical weathering 

through removals and transfers (dissolution cand hydrolysis ) 

of Mawsynram structural platform area. are as follows: 

(1) Ma10synram area(2~19~ =91°36' )along· the stream, 

north of village Ma.wsynram. 

'l.Ruhe,Robert V.{19'l5)Geomorphology',Geomorphic processes 
and Surfical Geology.Houghton Miffin Company,Boston Atlanta 
Dal~?S Gen~va,Illinois Hopmvell,New Jersey,Palo Alto London 
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(11) Langrin area; at Chargaon, vhich is the 

extension of Mawsynram area. 

(iii) Shella area; situated in S.outh-eastern 
0 

(25'· 11 '=91°)8') corner of Mawsynram block.· 

Here four limestone beds-inter-bedded with 

sand stone have the total thiCkness of 

415 metres. The are a covered is about 

0. 36 Sq. Km. 
' \ 

(iv) Lamgaon area (25°10':91°15'') ·along the south­

ern border_of the Mawsynram platform. The 

limestone becoming to the Shella formation 

of the Jaintia Group (Eocene). 

The above mentioned calcareous rocks (essentially 

the limestone) o'f different parts of the study al'ea con­

sists of either chemically precipitated calcium carbonate 

or the remains of invetebrate organisms composed of the 

same material. They are very much susceptible to the action 

of carbondioxide and humus acids and vJeather into a 

variety of fonns. As the rocks are permeabmble, either 

because of major joint system or because oft he presence of 

a multitude or minor cracks, there is a very large surface 

available for weathering~ 
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8 
San-ches Furtado ( 1968) points out that 

Kaolimite deposits dominateiin the area of high humi­

dity, particular~· produced under the conditions of 

free drainage an~ slight ~cidi ty of ground vater. He 

also found that granites in such regions associated 

t-Ii tb kaolinite deposits. As our present study area is a 

region of great rainfall, there is a sufficient reason 

to believe that the anclent Archaean and Shillong 

series rocks, which have been exposed in large parts 

along the northern and south-western portion of Mawsynram 

Block; are more susceptible to chemical weathering. The 

area where kaolin de~osits marked is: 

ltia1trphlang area of Hawsynram; 

~ihere isolated out crops of the kaolin deposits 

occur in Wl area of six killS from ~1awngap small patches 

of these deposits scattered all over the area varying 

175 Sq.mts to 1550 sq.mts in area. Abundant biotite and 

potash feldspar shows that these areas have been affected 

by sever chemical weathering. Weathering of these rock 

blocks causes a slow rounding of the comers of the blocks 9 . . .. ·-

and the de-:velopment of pecu~iar shapes partially rounded . . 

8.Thomas ,M.F.' Tropical Geomorphology; A study of Weather­
ing and landform Development in vJann ~limates' pp. 25~ 
Pub~ Macmillan press Ltd. 19·74,. . 
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boulders~ S_uch features we·,ll (le,aoped in· ~1a'1r;phlong 

_and l-1misynram village are knmm as tors (Plate.;.10) •. 

A. considerable amount of. this 1;1eathering may take a 

place underground, and the tors may .be formed be,fore .. . 9 
they are exposed by erosion (Linton,1955). 

on the s out he rn part of Ma'tr1synram the sylhet traps 

are exposed 1n a narrow E.t<~.Strip. They comprise predomi­

nantly basalts_ and minor alkali basalts rholi tes and 

acid tuffs. These rocks are susceptible to water,. \vhlch 

undergoes the process of hydration. The Umiew gorg~, south 

East of Mmo1synram, near. Tyngner (25°14 1 3"=91°36'3") is 

the region of such intensive chemi~al weathering. 

Biological Weathering 

A critical role in weathering processes maY be 

played : bp both living organisms and by organic compounds 

resulting from the decay of plant materialso~ However the 

quantitative importance of these factors is as yet difficult 

to ~sess. The cyclong of nutrients within the vegetation 

" cover is one aspect of this probl.em, and it has been sugges­

ted that the deep rooting tmees or the heavy rain forest 

are capable of removing important quantities of dissolved 

9. Spark, B.w., (1972). op.cit.p.41 
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10 
mineral matter from considerable depths (!overing 1959 

quotes depth of from 10 to 30· m. as not. llncommon). 

The researcher during the field observation has 

marked the foiblowing typ,es of vegetation in different 

parts of study area. . 

(1) Northern Mawsynram: particularly al"Ound 

Malrphlang, Jekrem; The entire area is ·gay with sprinkled 

bushes of Rhododendron formos\lm and other important spe­

sies such flS Rhododendron . arl:>oreum, pyrus pashia, · 

Gentiana. Quadrifaria, etc. Apart from this the sacred 

grove castanopsis kuru!, quercus griofit hii etc. 

Occupy the basin of a swacer shaped depression "'ith the 

hill-slopping~ 

( ii) Central MalalSynrem, arotmd the Malisynnam village:-

There is a marked difference in the species 

compos! tion between northern and central Mm:synram forest. 

Here speci€s like Engilhardtia - Spicata; Drimycarpur 

recemosus, sysginm cummunnii, Elacocarpus Spp. cl:erodendron 

clerodendram Spp. et~. are dominating. 

10. Thomas ,r.1.F., ( 1974-) op. cit •. ,p. 25-26. 
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(111) Southern fringe of Mawsynram: 

from Balat to Shella : 

Here the long leaf plants are generally found. 

The dominating species of this ref4on are Anthouphalus 

kadamba, Arth'!anpus uplesa,Duabha1}ga Sonnens oides, Euria 

accuiminate, Schima walllcb11, casiafistula and castro­

nopsis rQxb.~r-gh~~a •. 

As, a _resuJ.t of .periodic leaf fall from the above 

me·ntioned trees, and of the decay of woody' material, 

much of this is returning to the surface layers of the 

soil of this region. These plants accumulate considerable 

quantities of major elements ,such as Si, A1,Ca and Fe,. 

during grmrth. Each year such forests contribute to the 

surface be~1een 10 and 20 tons of dry matter per acre. 

Us ling 16 tons as average, lowering thought that o.4 ton of 
11 

silica would be contributed to each acre per year. Over 

a long period this process amounts to the removal of 

important quanitites 'or silica from some depth below 

the land surface. Because of this fact, the soils of 

this area is highly acidic and P•H. value is generally 
. ·' 12 

between l., and 6 but may be as loVJ as 3 •. 5 in pine forests. 

11.Thomas, M.F.(1972) op.c1t.p.25-26 

12.Ramakrishnan, P.S .and et:al. ,( 1981 ). Slash and burn 
agric~lture in northeeastern India.in:Fire Regimes and 
Ecosystem properties, U.~.:.B.eptt.of Agtte.Gen.Tech •. 
Report ,t'JO 26, P?-583-587, Washington. 
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Open: to shifting cultivation (jhum) practice :in Maltrsynram 

region, the burning of the slashed material destroys the 

vegetative cover of the area. Subsequently, it leads tC? the 

failure of the protect! ve root syste_'ll of'. the vegetation, 

wh.i,.ch become very much prChn~ to t~e processes of' w~athering. 

In r4a:wsynram, since about ·9o% of the . rain comes during t tE 

monsoon perio4, it is reasonable to assure that most loss­

es of surface soil occur during this period. Again as the 

·rainfall is very great but (3vaporation is low, chemical. 

t-reatheri.Jhg is probably of greater impor.tance than phY:s ical 

weathering, as the rocks are almost al"Ja,ys moist at ground 

level. 

Weathering, then, is a complex phenomenon, involving 

a variety of pi'ocesses and being inf'luenced by a number of 

factors, the most important of which are lithological and 

climatic~ No hard and fast rules can be laid dmrn about 

exactly b~r different rocks llill weather, as so muc·h depends 

upon minute differences in lithology and process, one can 

really only tell h0\-1 a rock '1:1111 weather when one has seen 

it weathered. Doub~s and differences of opinion exist 

about the ef'ficacy of the processes ·or weathering and it 

will be many years before even some of the doubts are re-
- . 

solved, as weathering is such. a difficult process to study. 



76 

_Soils; 

A physical, chemical, biological, and mineral wea­

thering progresses, alternation of rocks and sediments 

develops threedimensionallY beneath the land surface. The 

intensity of weathering decreases in each succeeding 

lower layer. A we~thering zone is an altered layer that 

differs physically,- chem·ically and mine·ralogically from the 

layers adjacent to it and that extends beneath the land 

surface~ \-leathering zones can be used to study not only ireath-

. · ering per se but also geomorphic and stratigraphic re~ 
13 

lations~ Another pertinent use is the fit of soils to the 

zones~ specific soils of the soil envelope fit specific zones 

and thickness of zonest 

For our study purposes a soil may be considered 

as a unit formed at the earth's surface possessing distinctive 

zones or horizons characterized by difference in Mineralogy, 

organic content, texture ,and structure. Jdthough pedologists 

.and··ge·ologi.s.ts<~r'sometimes differ in the definii..~ion of a 
. . . .·.·; 

soil, geomorphologi,sts are concerned 'ttiith the entire 

weathered zone from surface down to u~1eathered bed rock. 
'. 

To understand f:. he nature and type· of soils found 

'a~ different weathe'r~.~~nes of the. Mm.;synram, We must haw ... 

13~ Ruhe, Robert, V ~( 1975). op,cit .. p. 33~1 •. 
. . !~i' 

.. 
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some basic ideas· about the factors that affect the f onnation 

of soil. Pedologist generally list c~imate, parent material, 

bicxt:a'.: :-<, and relief as fundamental factors· of soil formation;. 

Because soil properties change, time is also very i~portant. 

The ·soil formation factors in our present study are 

not considered individually. It has been desc,ribed along . . . . . 

with the .type and. ·properties of soils in su~ceedlng sect­

ions~ We have already discussed e_xtensively in our ear­

lier \'1eathering section about the various factors of 

weathering processes, which have also a substantial affects 

on soil formation on the region concerned. The soils of 

Ma.ssy,nram maY be broadly grouped in to hill soils and plain 

alluvium~, In some plac.es, we find red loamy soil, fine 

silt c$0Stitutirig the major fractions. They are also character­

ised by a very high organic matte~ and nitrogen content. At 

other places, 1.-.re find minimum clay to fairly heavy clay • 

. The soils of the paddy lands around Mawph1ang and welloi 

are heavy loams and contain a fairly L"lrge amount· of 

organic matter •. 

AgalYSis of soil 

The Indian .. Oour.cil of Agricultural Research com­

plex for NEH Region, of ~1eghalaya, have earri.ed out sample 
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soil testing of different places of Meghalaya, including 

Mawsynl'.am region. A perusal of the above soil test su­

mmary ·data suggestssthat the entire ·soil ·of Mawsynram 
. . 14 

are deficient in .available phosphorus. The lOW· availa-

bility of phosphorus in these soils might be due to 

strongly acirUc soil re~ction and presence of considerable 

amount of exchangeable AI .in these soils. The content of 

organic carbon was rated to be high in most of soUs of 

this region. The possible reasons for higher organie 

matter content may be thick forest vegetations high 

rainfall and low temperatare • 

The soil reaction varies from strongly acidic to 

acidic in nature Generally, the soils of higher altitudes 

and belonging to high rainfall areqs are strongly acidic 

(northern part of Mawsynram). The reason of low PH nay be 

assigned to the leaching of the bases from the e~&change 

compl.ex under the prevailing high rainfall ( 12,000mm) and 

hilly tepography of this region. About 95% of the soils of 
' 

this region is acidic in nature. 

Very meagre information is available regarding the 

status·of miaronatrients in these soils. Soils from differ-

ent altitudes of Ma\Vsynram region ranging from 100 to 1900 m 

above the mean sea level here anal.ysed for micronutrients. 

14. Prasad,R.N, Soil Science, Proceedings of l:Jorkshop on 
Agricultural research complex for N .E.B.Region ,S-hillong 
India( 1981) pp.89-107. 
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The contents of .tot~ zinc, copper and manganese ;varied 

from 10 ~o lt-7_!25 PPm, 17 !0. ppm and 110.0 to. '7'70.0 ppm . 

respect~ vely." The amounts of DTPA extrac_table zinc:'· 

copper and mal!ganese .. range from. o~72 to .).28 PPM, 0~6 to 
15 :· 

2~8 PPM and 3,0 to 162 PJ?r-t respect!~ l.y. The contents. 

of both total and available zinc and copper did not now 
any definite trend with the chang~ in altitude and 

toposequence, However, the content of available mangan~se 

in tne s::oils of higher and lower altitudes was almost 

50% in tpe valley land as compared to the slopy land, 

The infomation about the content of boron and molybdenum 

is very scanty" The prevail!~g high rainfall through out 
' 
1 

the year in Mawsynram and hilly topography are congenial 

for l.cnrer availability of both boron and r1ulybdenUm, 

Jhum and Soi~ Prooerties 

The practice of j hum, 1;1hich is prevalent in thiS' 

region, affects the soil properties.Burning causes changes 

in the soi.l properti~§: 
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. TABLE II (iv) • 

EFFECT§ OF BURNING OIDJ THE SOIL PROPERTIES~ 

Soil Properties Before After 

PH 5-1 .5:-5 

Organic carbon(%) 1.32 1.05 

Available P2 05(kg/ha) 3-30 3-31 

Available K2 O(kg/Ha) 2.19 5~70 

Exch, Ca ( !JLeg%) 7.15 9.46 

Increase in PH is related to increase in the content of 

available potash and exchangeable Ca. Burning causes 

appreciable increase in the levels of available potash 

and increase in its content depends on the amount and 

type of burning materials available. Nutrient status of 

the soil is further subject to altemation due to enormo­

us soil and nutrient losses. In course of erosion, the 

surface soil is likely to be detruncated and the sub-soil 

poor in fertill ty gets exposed to the surface. 

Occurence and distribution of acid soils in 

Mawsmram regton •. 

The Mawsynram region displays extreme variation 

in climate, vegetation and physiography. Conditions cona.uctive 

~ource: IC.AR Research Complex for NEH Region,Shillong, 1982, 
Megha.laya, India.\ 
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for the formation of acid soils in this region are 

high rainfall coupled with high temperature (at the 
. . : ., : 

lower altitude, southern extreme margin of study . . . 

are.a, around B'al.at and Sheila,. high amount. of. deco-· 

mposed and undecomposed organic matters associated 

'Hi th low temperatures at higher altUludes :and. hilly 

topography( around J.iawphalong, N ongpung ,J akrem and 

\-Jelloi). These encourage the loss of alkali and a!Ea­

line earth metals from the soils. 

Characteristics of acid soils: 

Besides hydrogen, exchangeable, it is also 

present in the exchange complex of the soils. It 

-varies from 0.05 to 2 •. 8 l·teg% in the soils of Mawsynram. 

Its contents were found to be more at higher altitude 

(0.80 meg%) than the lm1er altitude (O.o4; meg%). Iran 

may also play role similar to al.uminimum in soil 

acidity of this region. 

The soil of this region contains fairly high 

amount of organic matter. However, the rate of mineral­

isation is ~lmv- due ';to highly acidic s"oils reaction, 

low temperature, J.ow amount of caJ.cium. in these soils. 



82 

The content of organic matter .increased linearly '-11th 

the a1titude. The ~alley t?oils· ~re generally higher in 

organic carbon than the adjoining ~plands • 

. The study on the etfect of" topography of p·ota• . 

ssium in Mawsynram region s~ils, it was found that the 

contents ofwat.~r soluble and exchangeable K -were 

h:1gher in tile upland soils t~an the corres pending low 

lands. The regions for the lmJer ~ontents may be re• 

lated to the lower clay content and leachi~g in the 

valley soils. It was also observed that the total con-
. ( 

tent of potassium increased with increase in alti~de. 
16 

ExcepUng water soluble and exchangeable in the low lands. 

Variation due to altitude may be related to different 

geological formation from ancient Archaean gneissic 

complex to recent sediments of the soils. The soils. 

· of north eastern part of Matvsynram around Mawphlang 

has developed from the granite, \-!here as the Shillong 

group of rock is the dominating parent material at 

welloi and around Mawsynram village of central plateau 

area. 

16. Prasad, R.N.( 1981) op.cit, pp.91-93~ 
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Identification of clay minerals in the 

soils of Mmysypram re&ton. 

Clay .is the most active part of the mineral 

soil mass and is the seat of most of the chemical and 

physio-chemical reactions. The property of soils viz. 

swelling, plasticity, moisture, retentions, nutrient 

fixation and. release, .. buffering capac1 ty etc. are mainly 

dependent to a large -extent on the nature and quantity of 

clay minerals. Attempt vJas made to separate_clay, Salt 

and sand fractions from 30 soil samples collected from 

different altitudes and toposequence (upland and valley 

.land) of East Khasi Hills, including 1-i:awsynram region, 

of Meghalaya •.. The results indicate that mica, Kaolin! te, 

chJ.orite, vermiculite, are some of the important minerals 
1'7 

present in these soils. 

soil lan4scages 

If soils are part of the landscape, the pattern 

of soils on the grotmd ls the soil. landscape. It may be 

small and occupy an ancient Archaean gneisses of granite 

surface over Mawphlantt, north east portiop o.f Mawsynram 



·region {F1g.6). This soil land~cape is called a soil 

.association area •. There. dominant soils, loamy silt 

\>Jith high organic matter and nitrogen content,clay 

1 and loams, light grey loams, are on hill summits, hill 

slopes, and low lying closed depressions in the water 

logged landscape, such as pattern of soil sequences 

originating from the same parent-materi·al but which 
. . 

vary with topography i.e. relief and drainage is 

. termed soil catena. A soil catena is a physiographic 

complex of soils or sequence .of soils bet,Jeen the 

crests of hills and the floors of adjacent depressions 

or drainage ways, whose profile change from point to 

point in the traverse depending on conditions of 
18 . 

drainage and past history of land surface. These are 

the facts fundamental to soil geomorphology. 

Thus, the ~reathering of rock and the formation 

of soil prepares the~ land scape for eros ion and trans­

port and deposition of eroded debris. The Mawsynram 

region as a l-Jhole is a potential area susceptible to 

18.Ruhe, Robert v.,(1,975) op.cit.pp.42-4). 
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large sca,le .. soil erosion. Soil erosion· by G;eological 

and· Geomorphol.o_gical fact·ors and as .a result ·or. human 

activity is taking place at an alarming rate. Blockage 

of road_s and drainage sys.tems due to land slides, 

prev~alence of shifting cultivation, dee·pJturbid water 

flowing in the. streams, because of heavy rainfall .. 

during monsoon period and disappearing of vegetation 

cover in certain pocke.ts are 1ndicati ve of the serious­

ness of soil ero~ion problem. 



C.HAPTER - III 
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DRAINAGE &~ ITS EVOilJTION 

"All these varied and. wonderful proces~es, 
by which ~ater mightily alters the appearance of 
the earth's surface 9 have been in operation since 
the. most remote antiquity". 

AGRICOLA, 1~. 

INTRODUCTION: 

The ·significance. of drainage in the ·evolution 

of the landscape, has long fascinated geomorphologists, 

hydrologists and geologists. Rivers and valleys have 

a special place, for it is impossible to treat the 

development of l~ndforms, or to describe existing rorms 

in a rational manner \<ri thout constant reference to 

the valleys that have been '\riom in them and to the 

rivers by '-lhich the waste is washed along tpe channel 

in the valley floor, (i-J~M.Davis, 1900). In this co­

nnection our present discussion about the drainage and 

its Evolution have been very much in use in understand­

ing the geomorphological character of the region con-

cemed. 

The Mawsynram block area is. drained by the rivers . . . 
Umnagi, Umie~ or Bagra and Umparsumai. These rivers 

discharge their water through various deep channels 

into the Bangladesh Plain. The Umnagi collects its 

feeders like the Umiyngkhol, Umnongspung, Ummanrat and 
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Phud-symper. The Umit and Umsawrata excavating their 

courses, unite with. the Umnagi in its lower course 

along the south-western part o.f Mav.rsynram block. The 

Umie"1 or .t;;agra, having 1 ts source. in Smith area, south 

of Shillong city, enters in the area under study near 

eas-t o.f Tanglang, village and after travelling along the 

eastern margin of Mawsynram,block, .finally reached 

the Bangl.adesh Plain n~ar Shella. It collects· several 

streams on its left and right banks. The Umparsumai 

is the most important river .o.f south ~1awsynram. 

In making an analysis &f the rivers and valleys of 

Mawsynram, an attempt is being made to seek the causes 

o.f the location of the streams in their present courses 

and to· go back, if possib1e to the early date. The story 

of the drainage and landscape evolution of the Shillong 
. . .· . . . 1 

plateau has been discussed earlier by Evans(1964) and 
2 . 

R.P.S1ngh ( 1968) , they have expressed thelr vie'tlS 

of massive head\>1ard erosion a1ong the joints by antecedent 

streams, and the control exercised by the \Tell-jointed 
" cretaceous-Tertiary sand stone cover. Further south of 

~---------------------
1.Evans,(196~) Oi~ India, A brochure for 22nd I.G.C., 

India, New Delhl.. . · 

2.Singh 9R.P.( 1968) op.cit.~~auhati,p.1·9· 



study area the consequent streams are mostly controlled 

by the structures( monoclines and faults) in the sedi­

ments~ The present form of drainage pattern was attained 

through different geological events since Mesozo~ 

to present day (described in chapter-1, on structure 

and tectonics) as indicated by the polycyclic erosional 
'• •' . " ·.• 

surface at various levels. 

The natural history of a river, its morphology 

and grm1th 9 will be treated in relation to its geolo-
.... 

gical structure, and varying activities in different 

s tages, The revival of the river 's lost energy will 

be examined as it enters a new cycle of life. 

II- Drainage Divides 

The drainage divides delineate macro and micro 

river basins and enlist various orders of streams which 

ultimately describe the drainage network~ The major 

drainage axis runs in a zig0.ag fashion from north to 

south,, The primary divide outlines, the Umnagi and the 

Umiew or Bagra basins., The secondary divides mark the 

Umiyngkhol, Umnongspung, Phud symper,Umkynrem, tJmsaikha, 

Umduma, Umj angut, Umktang and Umnokria bas1Bs{Figt!7 ). 
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A glance at the· drainage divides map {F1g.7) 

of r·iatiSynram ~rould reveal that the drainage sys tern 

of this area is to a great extent directed by the 

structural platform zone, extendet;i from north ·t.o 

south, l-Ihich act. as the watershed, from where the 

various small streams., flcn.,. dou1n in a east and "1est 

direction towards Bagra and Umnagi river valley~ 

The area under study has lm: undulating divides 

in its northern part but in the southern portion, it 

has deep dissected section of divides. On the basis of 

their nature character and expressions the divides 

fall. under t\'10 categories: 

(1) Former accentuated divides with undulating 

Character, and 

( 11) 'Young divides dominating the· landscal;le in 

form, feature and number. 

The divides of the former type generally occu­

PY the ancient (pre-cambrian) polycyclic surface in 

the northern part. Second ce1te.gory of divides occurs . •' 

on scarps, southern dissected tract over the (i~~.taeeous-

Tertiary and Post-Tertiary surface. The pattern of 
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3 
divides protrays drainage patterns •. Thus the pattern 

of divides has equal significance to the pattern of 

drainage. 

Ill- Riv;er Basins 

The drainage divides have outlined macro and 

micro river basins. These bas1ris, to .a. large extent, span 

over Archaeah gneis:.ic complex· with acid and basic 1ntru­

si ve.s 9: Sh.illong group of .rocl<A, Lrn.Jer Gonda,,_,an rocks, 

· Sylhet Traps and. Cretaceous-Tertiary sediments. The 

allgnnient· of the major and minor joints _con_trol the 

. drainage lines of .Mawsypram.. The. study of the drainage 
' ' l I \ 

maps shows that .the drainage pattert:lin the region 

. represents a most spectacular feature revealing extra-

· o~~nary straight courses of the streams, evidently 
4 ' 

along j ointz and faults. The magnificent gorges scooped 

out by the ·streams, such as Umpursumai,Umnokria,Umktang 

and Umsaitkha in the southern part.of Mm1syn.ram are 

the result of mass! ve head,11ard . erosion by antecedent 

streams, along j<bints of the sedimentary rocks over the 

block, experiencing relati~ely greater up~ift during 

· 3. Kumar ,A~ ( 1979) Geomorphology ofstmdega and 1 ts 
adjoining area, Bihar. The National Geographical 
society of India, Banaras Hindu University, Varanasi, 
Pub.No. 22,p.23-42. 

4. Mathur,L.P. &Evans,(1964)'011 in India',Internatlonal 
Geological Congress.THenty Second Session, India,New Dehi. 
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Tertiary period. The northern part: of Na$!synr~, devoid 

of any sedimentary cove·r, is marked by long incisive 

valJeys of urnmanrat, umjangut and phudsymper, formed 

due to head\·lard erosion along joints in the gneissic 

rocks and !5:ra.rti~es. The limes tone covered country over 

the southern Ma"1synram repT·esent. a t.ypica~ karst 

topography, cut deeply by tr.e short tributaries of 
. . 

umnagi and Bagra river. 

I -The Umnagi Bas in . . 

The Umnagi river basin is the most extensive and by 

far the most important. This river system rises from the 

southern slope of Sohieng at an altitude of 6o53 feet (at 

25°29'N 91°4-JeE'), flawing to south west it- runs along 

the northern and ·western part of the study area. This 

river enters 14a".=synram region after receiving several 

tributaries from the gran! te country of t.fawphlang. It 

is united with the Umnongspung at an altitude of lt-58o ···· 

feet. The other tributaries, Umjarang, Phudsymper and 

Phudste'\-: join "Jith the river Umnagi at an altitude of 

45'00 feet, lt-ooo feet, and 3290 feet respectively. In 

the south-\orestern part of Mawsynram, at an altitude of 

645',5'25',203 and 15'o feet, the feeder st~eams such as 
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Umlt,UmsaUrata,Umjajuh and phud sbylla have joined in 

the lower course of the river Umnagi, and finally near 

Kathalburi it has reached the Bangladesh plain .. 

The umnagi meanders infrequently being admirably 

. controlled by the joimts over the granite-gneiss surface 

of Mawph1ang and Nongsoung and reveals some of the deposit­

.ional ( Plate-11~ and- erosional marks. "Wher·ever it takes a 

.. significat direction, joint direction guides t!le course of 

the Umnagi(Plate-12) and· its feeders._ The consequent stream 

. of south are mostly controlled by the structures-faults 

and monoclines in the sedimentary rocks surface. The 

long profile of the Umnagi (Fig-8) shaHs one significant 

break-in -slope at 4570 feet, where it dissects the scarps. 

(1) Urr.manrat Basin 

The Ummanrat is a major tributary of the 

Umnagi. lt rises in the north extreme part of Mawsynram 

and flatvs in s outh-.. ~:es.tern direction over the S;hillong 

group of rocks and Archaean gnisscs complex rock surface 

of sohphoh. At sohphoh village the ummanrat join with 

rymnagi and has formed a larger stream at an altitude 

of 4687 feet. Its long- pr~flle { Fig-9) shm;s very 
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gentle· slope from i·ts origin upto mouth. 

( 11), Umj arang Basin 

This stream rises in Jakrem area and flows 

towards north-east direction and has joined ~ith 

the Umnagi at an height of 4716 feet. A hot spring 

is marked, just few kms. gway from the main river 

Umnagi, over its bed. 

(iii) Phudsvmper Basin 

Most of its feeders have. their sources at an 

·altitude of 5827 feet over the gneissis complex. sur­

face around symper peak and bas formed a radial. pattern 

of drainage~ This ·small stream drained the hearts of 

Mawsynram region ~d then passes, through Mawlynu and 

Mawbiang villages and join the Umnagi, forming deep 

gorges at junction, at an elevatio~ of 4ooo ft. The 

long profile of Phudsymper ( Fig-9) shov1s no slgnifl­

cant breaks-in-slope, and it carves out a deep gorge 

near its mouth. 

2. The Umie11: or Eagra Basin 

The Umlew or Bagra basin is an extensive 

vall·ay of the nOlf'thern Cherrapunj 1 Plateau. This river 

rises from the southern slope of Smith area, at an 
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elevation. of 6094 ft., ente~ the .study ar~~ near 

T anglang village and. fiov:s further s.outh along the 

eastern margin of Mat:.'synram, by cutting deep valleys 

through the creataceous (chalky) sandstone and limestones. 

In many places older .rock~ like the gneiss and ochists 
) 

have been exposed along its bed. The basin of Umie'\17 or 

Bagra river has s~parated the Mat.;synram region from 

the Cherapunji platform and finally reached the BC!flgla-

desh plain near Shella. 

The feeders of the Umiew form a drainage net 

in relation to the granite and sedimentary joints. The 

import'allt tributaries of this river sys tern, \¥hich have 

mostly drained the entire eas tem and north eastern 

part of Mawsynram are: Umduma, Umjngunt, Umkynrem and 

Umsai tkha. The long profi'le of the Umiew shO\vs (Fig-8) 

two important break in slop~, at an elevation of 5000ft. 

and 3050 ft., Where it carves out deep gorges.~· and the 

nick point is marked by beautiful water falls. 

(1) Umingut Ba:sin 

The Umjngut rises from southern slope of 

painsanngut village at an altitude of 5735 ft. over 

the Archaean gneisses·· complex surface of Nongle\.,rai 
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area •. This. stream drainGd the' north .;.eastern part· of 

study area and after flowing· towards south it meets 

the trunk river Umiew at an elevation of 2215 ft.· 
•, 

The. long profile (Fig-9) of Umjugut· shows .a significant 

break in slope at a height of 48oo ft• A beautiful. 

waterfall is ·marked in its mouth. just before meeting 

Umiew. 

( 11) Y,mkmrem.IJasin 

This stream originates fran· the Laitmawsiang 

villagee at a.n ::Utitude of 5513 · ft. over the Shillong 

group rocks ·and Archaean gneissic complex rocks surface 

of central Mawsynram region. After nowlng through· the 

villages such as Hmoilynu and S-aitshilliah, it has formed 

a deep gorge before j oilblng the Umiet., at a height of 

1?50 f't. 

(iii) Umsitkha Basin 

. 
This is a small Etream basin, tihich originates 

along the eastern slop-e of Ma\VSynram village a. t an 

elevation of 5000 ft. The long profile of the Omsaitkha 

( Fig-9) shm.:s tt-?o important breaks -in-slope, at an 

.height of 3000 ft. and 1 ;oo rt. where it dissects the 
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scarps • The nick. point. !s marked 'Qy .. a \vaterfa11, 

2 km south of Mawsynra~,. near P.w:.n., I.B •. The lower 

scarp a1so regist,ers a nick point :'"hich is .marked by 

anoth~r small water fall of 120 ft •. Th~ stream :finally 

meets '-1ith Umiew near. the village Sinei at an. elevation 

of 504 ft. 

3. pmparsumai Basin 

This drainage basin is the most important ba'3in 

of .the. southern part of the study ~ea. It rises inn 

, s out he rn slope of Ma'\AJS yn ram vil1ag~ at an al t 1 tude of 

45'00 ft., flows ,in the south east direction, along the 

, steep slope of t.he terrain .• It has formed two. \?aterfalls 

of 120ft. and 15'0 ft.; in it~ upper reaches, .a,t escarp­

ment facing Bangladesh .plain. The Umparsumai meanders over 

the older alluviam surface for a short distance, before 

reaching the plain of Bangladesh hear katrang villa~ 

at a-height of 410ft. The Umnokria is most important 

tributary of this river. The long profile of tbis st:ream . . 

·shows a significant break in slope at a height of 

1000 ft.(Fig.9). 

J.t •. Ymktang Basin 

It is a' small basin; situated east 'of Umparst.unai 

basin in south Mawsynram region. Umktarig originates from 



Mawlyngbna area, at an elevation of 3078 ft .• , nows 

towards south over the older alluviam surface of 

Mrovdon region and finally reached Bangladesh Plain near 

Hat Mawdon, West of Shella Bazar, at an aJ.titude of 

only 5'0 ft. Its long profile(Fig·-9) shows one important 

break-in~lope at a height of 2000 ft., where a small 

water fal~ .is marked. 

If one looks at the drainage map of study area 

(Fig.7)•, it reveals that there are many other small 

streams of Umnagl, Umiew ~d Umparsuma; "'h~e courses 

are controlled by the geological structure and in ·many 

places in upper reaches of these rivers, they have 

adopted very aekward course to avoid the resistant 

Archaean gneissic complex rocks and Shillong group rocks 

surface._ The main- river Umnagi and Umie\oJ seem· to be in 

old stage of cycle of erosion in their upper reaches 

but youthful in the lower stages •. 

IV- Pattern of Drainage 

An outline of the macro and micro bas ins defines 

the varying OJ:"ders of stream system,- but an analysis of 

the composition of each type of basin ,brings out distin­

ctly the pattem of drainage•: Drainage patterns refers 

*Please see the drainage Qivides map(Fig.7) as the 
drainage map of Mawsynram~-
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to the particular plan or design which the individual 

stream-courses c-ollectively form. The pattern of dra­

·inage is one of the most revealing features of land­

scape and casts light on the rock type, . geological 

structure, stage in drainage evo;utions~ 

The drainage map of Mawsynram (Fig.7) reveals 

the follo":ing four types of drainage pattern C ·: ~~. 

viz, 

(i) Rectilinear pattern ; 

{11) Radial pattern ; 

(i>li) Semi-dendritic pattern; · 

(iv) Parallel pattern; 

(1) Rectilinear pattern 

In ~ectilinear pattern, stream bends and junctions 

are approximately at right angles,. A system of well d,eve­

loped joints , fracture zones or small faults may give 
,. 

rise to such a drainage pattern (Fig.10)~ 

If we examine the drainage map cG~ Mawsynram 

(Fig.7)* we find the nortt:ern tip and extreme south 

portion of study area is dominated by well-develope(j 

~-~ Zemitz 1E.R. ,('1931) :Drainage pattern and their signi­
ficance J ~Geol, Vol,4o,pp.498-~21•-. 

* Please see the drainage divides map(Fig.?) as the draina­
ge map of -t.fawsynram. 
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rectilinear drainage pattern, by stream Ummanrat and 

its tributaries and Umparsumai and its tributaries. 

Some of them appear to represent faults, many of them 

are master joints and fractures arid whole pattern has 

been developed due to uplift of tbls region along with 

Shillong plateau during Tertiary period. 

( ii) Badia1 Pattern 

In this pattern, streams extend outward along 

radil from a common centre like the ribs of a fan. This 

type of drainage pattern develops on flanks of domes 

and volcanoes, ~here there is no effect of differing 
6 

rock resistance. 

In Mawsynram, most prominent areas of such 

pattern (Fig.10) are situated in the central part where 

the stream phudsymper and its tributaries drain areas 

around isolated symper peal{ ( 5827 ft)• This pattern has de­

veloped here because the characteristics of the under­

lying rocks around symper peak are uniform and the 

relief consists of isolated hills of great hd!ights. A 

fe,;~prominent radial pattems are also' found in south­

eastern part of Hawsynram• .. 

6• Schumm1s~A~< 1973) Fluvial Geomorphology in river 
· mechan cs River Morphology (Ed,) 

0:.: -.• 
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(111) S.emi-dendritic pattern 

The dendritic drainage pattern is like that of 

limbs branching from the trunk of a tree. 

Small streams in eastern t4a\oisynram for example 

UmJngut and umkynrem bemnng to this category (Fig.16). 

As our study area underlies a ver-y complex ,,geological 

structures and a large part is cave red with very steep 

slope, there ~e a fe~ well developed dendritic drainage 

pattern marked. This type of drainage pattern develops, 

where geological structure is simpler and particularly 

over the surface of horizontal, uniformly erodible 

sediments or uniformly resistant crystalline rocks with 

gentle regional slope. 

(iv) Paral1el pattern: 

In the parallel pattern, main streams have 

parallel courses as to tribu·tarles., Parallel landforms 

such as sandstone ridges and steep regional slope 

play a significant role in the development of such 

pattern. 

In our area under study, the slope increases from 

north to south and finally in the exteeme south, the 

slope is very steep forming an excarpment facing the 
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Bangladesh Plain·. A few parallel pattern of drainage 

are notice in the southern part,- which fl~1S parallel 

along the steep slope of the terrain. The Umsaitkha 

stream and its tributaries in the south display a 

typical parallel drainage pattern (Fig. 10). 

(v) S,tream Fteguencv (FS.) 

Stream freauency shows the number of streams 

per unit area. This is one of the most important morpho­

metric analysiS' of. the drainage basins-. Horton (19.45)7 ·· 

. defines drainage frequency as the total number of streams 

in a drainage basin divided by the areas of drainage 

basin. 
N 

liS - -A 

,Jhose, •RP is the stream frequency, 'N' is total 

number of streams in a unit area, and 'A 1 is tbe unit 

area •. 

From the one inch topographic sheets 

(N 0-78/+ , 78 ~;-; , 78,\, 78.,}- ) 

a drainage map 6f the Mavsynram region is prepared and 

and tt is then divided into one inch grids north-south 

~. Horton,R.E.(1945) op.cit.pp.275-350. 
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and east-west, representing an area each block one 

Sq. miles on the surface. The total number ·of stream 

crossings ·are counted for each Sq. wblch represent 

the number of stream per one sq. miles. For the pre­

paration of a isopleth map, to study tbe S'patial 

variation of stream frequency over the surface at di-" 

fferent parts of the study region, all these figures 

are grouped in to follO\·' ing five categories: 

TABlE III( i} 

Sl No. Texture Stream category Frequency 

1 • Coarse 7 Lcn-1 

2. r-1oderately coarse 7-14 moderately low 

3. l·fedium 14-21 ·l4oderate 

4. Fine 21-28 High 

5. Very Fine 28 Very High 

An examiriat.i.on of isopleth map of stream fre­

quency ( Fig.11) would reveal that more than half of the 

study area is eovered by the category of moderate stream 

frequency, i.e. 14-21 streams per sq.mile, in the north­

western and .central parts of the re-gion. The next most 
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impo:rtant, .. modera~.ely .lOV! category, (7_-14) str~ams. 

per" sq.mile, OQcupy the ~xtreme .Qorthe.r~ and .southern 

margin of Mawsynram. The areas of ~ig~ and very high, 

21-28 and .above, ~tream freqaency per.sq;.mile l,i.e in_ 

the central and .southe-rn part of r~gion in. t"':o major 

patches, .delinked from areas of moderate stream frequ- _ 

ency. The l01:J strea~.1 frequency per _sq~mt,:le is found in 

extreme south and south-western belt of the study 

area. 

From the isopleth drainage freqaency map of 

l-iawsynram region,. it is clear that. the central ~d 

north-eastern part has a higher freqaency than that of 
I • ' ' 

the north-western and south-western part. In 1he 

former, an extensive area of 21 to 28 and above drainage 

frequency per sq.mile is marked along the eastern slopes, 
·' 

but in the plateau region its number has dnop dmm to 
. ·. . . 

14-2,.1\ This higher frequency may be attributed to the 

high rainfall and the lithological and structural 

characteristics of the Archaean complex, the Shillong 

grQup of rocks and Cretaceous -Tertiary .sediments, havi.ng 

sufficient relief and areas of dissection along the 

Mawsynram ea.Stern scarp, and the Umiew or Barga basin. 

To targe extent .rainfall plays a majCDD role in the 
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eavelopment of streams. As this part of the Ma\11synram 

receives heavy rains for around 222 days (more than 

12,000 mm) in a'year, it influences directly the quan-

. tity and character of run off. Heavy 'rainfall through 

out the year is perhaps, the most important single 

factor innuencing the drainage :frequency of the area 

unde·r study. 

Permeability of the mantle rock and relief 

also to some extent play important role in the deve­

lopment of drainage frequency. Greater relief along 

the Ma111synram structural platform presents favourable 

conditions for the development of numerous streams 

to"1ardS the Umiew and llmnagi river basin in the eastern 

and western direction. The hatd granite surface over 

the l-1a\~ph1ang area does not allm; large amount of 

percolation and hence surface runoff is high, and a 

large number of small streams originate over its 

surface, join the main river Umnagi and Umeiw or Bagra. 

In the middle of umparswnai basin, a small 

pocket of high frequency is marked (21 to 28 streams 

per sq. mile) tbi·s may be attributed to that region 

1.-1hich has a plate au like topography, with a great· relief 

along the scarp face~ 
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In the southern extreme margin of the Mawsynram, 

near Bangladesh Plain, the stream frequency is between 

7 to 14 and even below 7 per sq.mile. This is mainly due 

to the lack of relief (average 250 feet ) and the pre­

sence of highly permeable rocks of the Cretaceous­

Tertiary sediments. 

(vi) Stream conf1uence point 

The gr01-:th of drainage basin records the 

evolving number of stream channels ""hich unite to form 

confluence points. The distribution of confluences per 

unit (F1g.12) along with the earlier discussed distri­

bution of the number of streams (Fig.11) expresses the 

phases of evolution. The distribution map of stream 

confluence have been prepared for Mawsynram region by 

using isopleth techniques to bring out their genetic 

planning for forming drainage nets. The confluences and 

stream sources has been counted in one sq.mile, from 

the one inch toposheets and their respective figures 

have been inserted to draw isopleths. 

The greater the number of stream source and 

confluence, the greater is the drainage dissection. 

The isopleth map showing stream confluence density(F1g.12) 
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express five density categories. The number of 

confluence per sq.mile is above 28 in first cate­

gory and their minimum number is less than 7 in the 

fifth category. The maximum number of confluences 

per sq.mile is located in the north-eastern fringe. 

Other four categories lie around them. The isopleth 

map indicates the trend and pattern of each of the 

five categories, grouped in three major density 

categories viz. maximum, moderate ,~nd minimum density 

of confluence points. 

The north-central undulating country of 

Mm1synram, the areas around nongspung, welloi etc. 

have a density of 7 to 14 confluences per sq.mile. 

The area of highest density of confluences per sq. 

mile are two in number and lie on north-eastern 

and south-eastern margines near mosingi and M~don 

respectively •. The density of 21 ·to 28 lle in several 

small pockets on north-eastern, riorth-westem and 

south-l-Jestern part of the ·study area .• The maximum 

stream confluences per-sq.mile are observed in 

southern and "Soutti western ;fringe. 
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TABLE· II I( ii} 

DENSri'Y OF CDNRttJENQE 

No. of confluence 

· .Above 28 
21- 28 

14-.21 

,_ 7- 1~· 

belm1 7 

Confluence category 

Maximum 

In termed! ate 

Minimum 

The cEonfluence of streams concentrates along 

the valleys of umnagi and Umet-w or along the ridges 

and scarps of Mawsynram structural platform. Due to 

steep slope, stream gains good velocity which is 

required for the effective removal of debris from the 

foot s.lope. The minimum number of confluences reveal 
' 

less dissected parts towards extreme south, near 

Bangladesh plain. The intermediate number of confluences per 

sq.mile defines dissection, better span of excavation and 

lengths. The master stream like Umn 3 gi, Umeit,, Umparswnai 

and Umktang etc. have accordant connuences and they 

all are sh~ing youthfull features like long deep 

gorges, potholes, and water falls. 
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vii-Drainage Textu~ 

Drainage texture implies'the relative spacing 
. 8 

of drainage lines. Horton {19~5) states what we commonly 

refer to as drainage ··texture really includes both stream 

frequency and drainage density. Stream frequency of 

Mawsynram region has been sh~~~~by isopleth (Fig.11)~ 

This map sho\'dng number of streams per sq. mile, The 

isopleth trace the trends of the density categories of 

the number of streams per sq.mile~ 

Their density categories numbering five can be 

summed up into five categories viz. very fine, fine, 

moderately course, and course texture of drainage (Table 

III( i)). 
' 

The area of very fine and fine texture of 

drainage seems to concentrate in the north-eastern part 

of the relP:on along ,.,ith high stream frequency, i.e. 

21 to 28 and above stream per sq. mile. The. area of 

medium drainage. ~exture, lie in the north-western mid 

ce~tral part of MaliSytlram r.egion, '\>Jith a stream frequency 

of 14 t~ 21 stream. per sq.mile. The)araa lying in 

southern and south-~este:rn parts of region is marked 

by moderately.coarse and coarse texture of drainage, 

B. Horton, R.E.(1945) op.cit.,pp.2?5-350. 
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toJith a very low frequency of streams per sq .• mile, i.e. 9 

7 to 14- and beloW ? • 

facts: 

The above study establishes the follm1ing 

(a) The number of streams and confluences 

coincide '\rJith that of d:ra1n.age texture. 

(b) The relation between stream and confluences 

is obvious in the area of radial drainage 

system, particularly around the Phudsymper 

peak (5827 ft.) of the study area. 

(c) In radial pattern, where number of streams 

are many, the number of confluences may· 

remain fe'W or nil. This type of contra~t 

is found over Phudsymper peak( ?82? ft) of 

central Mawsynram plateau and primarily over 

the granite domes areas of Mm1ph1ang. 

(d) The high dissected areas of east, north-eastern 

and Soutb-~-es tern parts of l4awsynram is marked 

by large number of streams and confluences. 

The feeQ.ers in these areas has formed deep 

gorges 

(e) Fine drainage texture corresponds to the areas 

of high relief. The areas of low-relief 9 in 
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southern extreme parts of Ma,.•synram, cle>Se'. 

to B.angladesh plain, are the areas of coarse 

dfQinage texture. 

The study of stream frequency and confluence, 

expresses the influence of lithology, structure, ~limate 

and slope on drainage texture. Its further analysis leads 
. -=· . . . 

to the study of the drainage denstty. 

viii- pral,page Density (Index of texture of dissection) 

9-
Horton (19~5) defined drainage density as the 

total length of the stream (L) in a given drainage basin 

divided bY the area of the basin (A). The drainage density 

then is simply a length per unit. 

Using the ~bove formula, the drainage map of 

MmoJsynram region is divided into one inch grids, north­

south and ea.st-1.-vest, representing each grid one sq,. mile 

on the surface. The total le"«gth of s trefll11S are measured 

for each grid, which represent the length of streams · 

per sq~.mlle~ Then a isopleth map of drainage density is 

prepared "1h1ch tract the trends of the drainage density 

categories per unit area.· 

9. Horten,R.E. ,( 194-5) o.c1t.pp.275-350 
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An analysis of the isopleth map (Fig.13) 

showing index of texture of dissection per sq. mile shows 

the distribution of drainage density. Its implication is 

further revealed '\<Ihen it is compared to the stream 

frequency map shmving ng.mber of stream per sq. mile. 

The isopleth map traces the tendency of each five 

category. To avoid complications and elaborate descri­

ption only three majryr categories of drainage density 

viz. high,moderate and lm: are being accepted for 

analysis. 

l:ABLE III.Ciii) 

Catefor!es of stream Drainage Density or 
Sl No. l.eng h( in km) Texture of dissection 

category, 

1. below 4 LO,.l 

2. 4 8 

3· 8 - 12 ~1oderate 

4. 12 - 16 High 

'· . 
above16 

High drainage density of texture of dissection 

finds expression in north-eastern, south-eastern and 

central part of the are a under study. They are seattered 

over the scarps along the eastern sl.ope towards the Umie\'1 

river valley. They shm1 a density of 12 to 16 or more kms. 
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drainage length per sq.m!le lie over the south-~estern, 

western and south-eastern of the region and arranges 

in the adjacent area of high drainage density. The 

low drainage density category confined mostly to 

the 1m1er relief surface·:of Balat, M9wdon, Kathalba~i 

and south-vJestern corner of study region. This repre­

sented lower basins of rivers and low lying surface 

near Bangladesh Plain. 

The stream frequency map (Fig.11) and density 

map (Fig-13) canbinedly further reveals the follmring 

fact$: 

. ( 1 ) The are as of. high stream frequency vii th 

21 to 28 and abmre number of s treaTD pe·r sq •. ti!"mile 

coincides ,1ith the areas of stream length with 12 to 

16 kms and above per sq.mile, indicating high drainage 

density or texture of dissection. 

(ii) The lands with 14 to 21 number of streams per 

sq .• mlles and 8 to 12 kms .• ·stream length per sq. mile 

shm-.~ing moderate drainage density or texture of dissection. 

( 111) Below 7 and 7 to 12 number of streams per 

sq.mile '\-lith belml 4 and 4 to 8 kms. of stream length per 

sq. mile areas revealing low drainage dens 1 ty or texture 

of dissect! on. 



121 

(iv) drainage density is related to the number 

of streams and confluences in the study are a. 

Climatic elements like precipitation determines 

directly the quality and character of run-off, The 

Mat-rsynram region registers annual rainfall of over 12,000C111D. 

The greater per centage of rainfall runs off immediately 

creating many surface drainage lines~ Soil is also 

another factor to control surface runoff. Permeability 

of the mantle rock is most dominant factor that influe-

nces the drainage teBture. The gran! te and gneiss complex 

impermeable terrains of a area are characterized by fine 

drainage texture. Initial relief-rock structures, 

rock-massiveness, joints and fault-infested terrain 

also control the drainage texture. High relief promotes 

the excayation of river valleys favouring the development 

of numerous headward eroding streams, particularly 

around the plateau region of Mawsynram, is very much 

distinct frc;mt the map. The eastern scarps facts of 

plateau is responsible for the development of countleGs 

drainage exhibiting fine drainage texture. 

ix~ Denudation chronologY 

The his tory of t m major rivers in S hillong 

Plateau, including the present study area have concerned 

geomorphologist and geologists since a long time and 
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this interest persists to th.e present. Here an analysis 

of drainage sys tern in relation to the present frame 

work of Mawsynram region helps us to prepare a denu­

dation Chronology of the recent past. If we project 

our systematic kn~1ledge of the drainage organization in 

any morphological segment,it may be possible to set out 

a chronological development of drainage from the pre-
., 

cambrian till today. The ancient mountains act as base to 

reconstruct the probable profile of the then morphology, 

where we can not only prepare the model of drainage 

upon the structure, but can also trace the denudation 

chronology to represent its morphological history. 

The primaty s olicl'fled landmass of Mawsynram 

during Pre-cambrian period "ti7as uneven \>There initial 

drainage might have evolved. The primary eroded materials 

were deposited in the initial troughs. The Archaean 

earth movements corrugated the sedimentary layers and 

coverted them into complex folded structures~ The 

Mawsynram Plateau dips steepl.Y on 1 ts southern border.· 

The denudation chronology of the MmJSynram region thus, 

took a concrete shape in sympathy with folded structures~ 
,. 

The drainage plain was more or ies s similar to the 
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10 
drainage organisation of the tertiary fold montain. 

The Umnagi and Umiew or Barga with sone of 

its tributaries and streams might haw remained as 

Archean river. The geographical cycle seems to h~ve 

been intervened by the pre,-cambrian emission. This 

effusion might have been marked by the follov1ing 

drainage features: 

( i) Many truncated streams such as umnag 1 and 

umiew or Bagra appeared over the former 

surface without,·their source drainage. 

(11) Cooled lava surface constituted a hybrid 

of the stream organisation. These evolving 

stream either form· the new feeders of the 

truncated rivers .. or some of them carved. 

out their independent valleys. 

~,he drainage history of the area mi~ht. have 

undergone a great modifjtcation with the peninsulv.r 

India, when it wandered from its ancient anchorage , 

with super continent of Gondwna land to be tucked in 

to Asia~ In the new environment the land scape story 

was outlined and defined with the cbange in the boundarY 

of land and sea. 

10. S.ingh R,P.(1968) op.cit.,Gauhati, p,1-9~ 
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The Jurass·ic emission finds its expression 

in the southern part of the area~ This emission is 

popularly known as ·sylhet trap \Jhich no doubt brought a 

modification in the former drainage by burying topography. 

During tr..is period the drainag~·,..:might have modified in 

the following manner. 

(i) The Southern small streams of Mawsynram, 

such as Umnokria, Umktang, Umparsuma and 

Umsaitkba with their tributaries ~ere burried. 

( ii) The large rivers like Umnagi and Umie\-1 or 

Bagra remained as truncated streams either in 

source regions or also in the remaining streams. 

(iii) The cooled lava fonned a structural surface 

over which new drainage lines. evolved. 

(iv)Cycle thus initiated by this Jurassic inter­

van ti on might not have run its "ful.l coars as 

marine transgression brought change. 

The Southern extreme part of Mawsynram plateau 

recorded marine transgression during the Cretaceous period, 

which seems to have affected the previous drainage cycle in 

following manner: 



(i) The river. v~lys such as Umnagi, JJmiew or 

Bagra_,_ lTrppaws;urna.:L, Umk.atang and Umsaikha 

,~ere c;lrowned outlining the coastline of 

that_ pe~iod~. 

(ii) ~Pe. _aggrad~tionc;U featuJ;~S like delta for­

mation 011 th~ junction of land andsea, flood 

p~~n alqng the abov_e ment~oned river valleys 

might have been registered. As now its re­

n.tanants found along Balat to Sheila on Southern 

p::~.rt of Mawsynram region. 

The marine regression began and marine tongues, 

bays and bights again_ appeared as land of low relief in 

south. The landscape eycle initiated with this change in 

the level was marked by the following noted features: 

(1) The former rivers extended their courses 

over the newly emerged surface. 

( ii) Some consequent streams of umnagi aild umiew or 

Bagra might have also been initiate3. 

(iii ) The older rivers like umnagi and Bagra might 

have excavated new valleys in the old one 

and with the progress of cycle the outstanding 

features were gradually obliterated. 
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The one dominating fact to influence Mawsy­

nram region denudation chronology is epeirogenetic 

event of tte Tertiary period,which has formed t~ ') 

present morphology and "drainage systems. The changes 

that might have took place during this period is as 

follows: 

(i) The southern scarp section of Mawsynram 

rise steeply and comes under the st.;ay of the summer 

monsoons, recording high precipitations in this re­

gion. 

( 1i) Elevated peneplain has remained an average 

elevation bet~men 1350 to 18oo nits. above sea level. 

(iii) Each break-in -slope expresses useful features. 

River valleys of urnnagi, Umiew or Bagra, PhQasymper and 

Umparsumai etc. bound in water falls, rapids, imposing 

gorge pot-holes, discordant Junctions mark such breaks. 

(iv) The deep engravings of the recent periods 

the undulating peneplains ~1ibh graded river valleys do­

minate the central Mawsynram structural platform. 

(v) The Umnagi 9_ Umiew or Bagra, Umkatang, Umpar­

sumai, Umnokria, Umsaitkha and ho~t of other small 

streams dissect its south-eastern, souther and south­

western part. 



The Tertiary Landscape cycles explain most 

of the elements of landscape outlined above. The· 

Ma,1synram plateau presents a polygenetic landscape 

which defines peneplaines at different altitude. 

Many of the subdued hills appeared vii th the uplift 

and fanned axis of ne,., drainage line. The radlial 

pattern of drainage over granite surface of symper­

peak( 5827 ft) at central t-1a'ttJSynram region stands a 

contrast to the semi-dendritic drainage pattern 

eastem region. The southern extreme part is domi­

nated by rectilinear drainage;( pattern, t1hich has 

developed ~ith master and minor joints and the whole 

pattern has been developed due to uplift of this 

region during the Tertiary period. On the basis of the 

above discussion it can be concluded that the river 

systems of Mawsyn·ram region have probably been stable 

at least during the-late Tertiary and perhaps little 

bit earlier. There is no doubt that the phases of 

denudation chronology of the study region are not one 

but consists of several chapters. The simplest and 

therefore first hypothesis we should adopt is that the 

~ s t resembled the present, and thus -we should use 
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observation and interpr.etation of the present as fUlly 

as ."ee may in reconst~uction of the past, and only go· 

beyond it when its·, capacity to explain is exhausted. 
. 1 1 

(Jones, 1976, p.11). Thus only through the complex 

denudation chronology study, we will be able to assess 

the antiquity-of the present river systems and compli­

cated landscape evolution of the Mawsynram region~ 

11. Bishop Paul(1982): 11Stab11ity or change: A Riview 
of lands on Ancient Drainage in Eastern New South 
\'Jales", Australiean Geographer, Vo~.15.pp.219-229. 
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MORPHOMETRIC ANALYSIS OF THE SIX SMALL DRAINAGE 

BJ\SINS AND THEIR GEOMORPHIC SIGNIFICANCE 

'1When you can measure' what you are speaking 
about and express it in numbers, yw kncn-r something 
about it, but when you can i!ot express it in numbers 
your knmrledge is of a mep.gre and unsatisfactory kind". 

LORil)) KELVlll 

INTRODUCTION 

•Morphometry' refers to the measurement of 

the shape or geometry of the landform elements in the 

context of •Geomorphology'. The need for the study of 

the drainage basins through 'Morphometric Analysis 1 

has been derived from the two main sources i.e. firstly, 

to provide an empirical description of the inherent 

characteristics and to describe the form from relation­

ships of the Morphological systems and sec.ondly, to 

anal.yse the underlying inter-relationships of the 

landforms and processes associated within the basins. 
1 

( Doornkamp and King, 1971 ) • 

Since the second \-Iorld war, Morphometry has 

entered a new phase - the phases of micro-r.1orphometry 

which is concerned with the intensive study of the 

1.Doornkamp, J.C. & Klng,C.A.M.:Numerical Analysis in 
Geomorphology-An Introduction. Edward Arnold Ltd., 
London.1971. pp.18. · 
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small morphological units e.g. drainage basins. The 

drainage- basin is a fundemental geomorphic unit of "' 

the land, and all flm;~ of surface water is gove~ned 

by its properties. By analysing various properties 

of a drainage basin, the ,degree. of internal adjust­

ment 1;1hich he.s t_~en place amqng .different ;pro-perties 

and the stages of basin development can be established.· 

The present study is based on the fundamental 

hypothesis that the sys tern of landforms evoln .. ng from 

the same geomorphic processes under similar climatic 

conditions and geologic material, possess a high degree 

of geometrical similar! ty trJhich is manifested in the 

morphometric properties of the drainage basins. On 

the contarpry, the lack of geometrical similarity in 

the drainage basins may res.ult f.rom the geological 

heterogeneity or climatic variations '\>Jhich tend to 

distort the basin Morphometry. 

METHOpPL<P Y 

The systematic description of the geometry 

of the drainage basins and theiT channel network con­

stitute the measurement of the: 
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( 1) Linear aspects of the channel net 1.-J_?rk, 

( 1i) Are3~ aspects of the drainage basins and 

(iii) Relief or gradient aspects of the drainage 

basins and channel networks. 

The .first· t\-IO proper.ties ·are planimetric 

where as the third one reveals the vertical ·inequall ti~s 

of the drainage basin forms. In the present study, an 

attempt has been made towaras the evaluation of the 

geomorphic significance of the drainage basins o.f 

six small streams of l-1a'\>JSynram with the measurement. and 

analysis o.f the linear properties of the channel network 

and areal properties of the drainage basins. The data 

for the study has been ";orked out from the one. inch 

topographic sheets No-78 0/7, 78 0/8, 78 0/11, 78 0/12. 

The six small drainage basins under analysis are ( 1) the 

Ummanrat, (2) the Phydsymper, (3) the Umjngut, (4) the 

Umsaitkha, (5) the Umkatang, ,and (6) the Umnokria(Fig~ 14) 

The are a1 and linear properties of these stream basins 

are measured with the planimeter and the rotameter~ The 

geological as ,.,ell as the claimatological background 

of the drainage basins are supplemented to the present 

analysis (for detail see chapter I and n )• The 'pearson •s 

product moment correlation co-efficient' has been adopted 
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to establish the degree of association· of the morph·o­

metric variables and the significance of the observed 

relationships had been evaluated ~ith 't' test. The 

The magnitude of change in·the dependent variable with 

an independent variable has been teeated by the re­

gression analysis. Linear and non-linear equations have 

been used to reveal the best fit of this data. Lastly 

the geometrical similarity of the drainage basins ·are 

studied vllth the dimensional p~perties and non-dimen­

sional ratios. 

DRAINAGE B.t'lS.INS 

The drainage basins of the six small streams under 

- study extent over the Mawsynram region of tbe sou them 

~IeghalAYa Plateau(Fig.14).Their basin areas range from'· 

33.5 sq. miles of the Umkatang to 11 ~oo sq.rmiles of 

the phudsymper. The Umkatang, the Ummanrat, the Umnokria 

are all 5th order streqms whereas the rest are of the' 4th 

order streams~ All the details of the stre'Pll basins i.e. 

their highest order, total number of streams total length 

of streams and basin area are enumerated below in the 

Table IV( i). 

-:=-
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TABLE IV( i) 

MAT OR gHARAQIERIS TICS CF THE DRAJ;NAGE QHANNEIS 

Sl Order of Total Total Basin area 
No. River bas ins the trunk No. of stream in 

stream stre- length (sq.miles) 
ams (in mi-

les) 

1 • Ummanrat , 34o 1S7.oo 26.So 

2. Phudsymper 4 8<) S5.5o 11.00 

3· Umj angnt 4 138 78.50 14.50 

4. Umsaitkha 4 133 89.00 15.so 

5. Umkatang ' 309 195.00 33.50 

6. Umnokria ' 105 99.00 25.50 

Geologically most part of the drainage basins 

are formed ,or very ancient Archaean and Upper-Cretace­

ous rocks, although there are Jurassic and Oligo-Miocene 

sediments at the southern part of the study area, 

particularly in the Umkatang, the Umnokria and the 

Umsai tkha basins, where sandstone, shale and fossili­

ferous limes tone are the dominant rock types(Fig.2). 

The Umkatang originates over the sandstone and fossili­

terous southern slope surface of the Mawsynram Platea~., 

In northern part of the study area, the Ummanrat, the 

Phudsymper and the Umjngut stream basins extends over 



the hig~y resistant rqcks of, Archaean and Upper-

Cretaceous rocks, . 1t1hich pred()minantly composed of 

gr~itegneiss, Migm~tite, Biotite.~gneiss andArkose 

· etc~ A detai:led account· of the stream ba~ins, with. 

their physiographic a~as~ averag~ height and their 

ge9logical fonnations are given in the Tabl~ IV( ii) .. 

TABLE IV( ii l 

GEOLOGIC'AL CHARACTERISTICS OF THE STREAN:' BAsiNS 

S. t ream •TrUnk 
Basin :river 

' ' 

' 
'1. ' 2. 

Umman- Umpagi 
rat 

Phudsym- -do­
per 

Umjn- · Umiew 
gut or 

Bagra 

Urns a- Umiew 
i tkh~ or 

Bagra 

•coverage of ' Average • Ge ologi- ' MaJor 
•the Drainage , height : cal For- • Rock 
!Basin above/ • ··mations ' types. 

• §ea level' 
3 '4 ' 5 '!' 6 

s opphoh and 
Makham vill­
age area. 

. ·Mawhi ang &· 
Kmawan Vill­
. age(syiner: 
peak area 
:5827 ft) 

',l?ai,ns ann gut 
& Nonglewai 
village area. 

Nongshyluit 
& Sinei 
village are a. 

--~ --- -

54oo.-

5200 

5000 

4100 

Archaean, 
Upper­
cre~ace­
ous " 

Upper­
Creta­
ceou~. 

·-Upper­
cretace­
ous 

Biotite-. 
gneiss, 
migmati te., 
mica-schiSt 
etc. Arkose 

( Glauconi1e ) 

Arkose ( Glau­
conite) 

Arkose( GJam-­
conite) 

Upper- Arkose( GJau-
Cretace_ coni te); 
ous, 01- sand,Silt­
igo-Mio- stone,clay 
cene ,Jur- c·lay marl; 
,assic... Basalt, 

alkali­
basalt 
rhyolite, 
acid 
tuff. 
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Table IV( ii) ( contd ••• ) 

1 

Umka­
tang 

2 

Umiew 
af 

Bagra 

U Umpar-mno"':' 
kria sumai 

3 

Mawlyngbna & Hat. 2000 
Mawdon village 
area 

Nongkl & 
Maiaisohmat 

· village are a. 

1500 

6 

Jurassic, Basalt,Alka-
Eocene; li-bas alt, 
Oligo-Mio- rhyolite 
cene,~tio- acid tuff; 
pliocene, Sand stone 
Recent limestone, 

Archaean, 
Jurassic 

silt-stone, 
sand ,clay, 
marl,pebble-

. conglomora­
te.,S.hale ; 
sand,Silt 
& clays. 

Biotite­
gneiss and 
granite, 
mica-schist. 
Basalt, 
alkali-bas­
lt,rhyolite 
acid tuff, 

In terms of climate, all the 4rainage basins can 

be broadly put und~r tropical Monsoon climate, But, however 

there is considerable variation in rainfall and tempera-.. 
ture over the different basins according to their extension, 

altitude, passage of the S .E .• Monsoon and depressions, which 

the researcher has already discus.sed in detail in chapter-n. 

LINEAR CHARACTERISTIC OF THE CHANNEL SYSTID-1 

The linear proporties of drainage basins povpray 

the branching system of drainage lines regardless of their 
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\·ridth • It includes .the study of the channel patterns 

of the drainage ne.twork in _terms of open links \Vhere 

in the topological properties of ·the stream segments 

are anaLysed. For this purpose, t·he numbers. ·d~U) of 

all stream segments are counted, their hieracchical 

orders are determined, the length of stream segments 

are measured and various inter-relationship are analysed .•. 

S.TREAM ORDER .AND BIFURCATION RATIO 

The streams of all the six small drainage basins 

are ordered based on the most popular ordering sys tern 

of strahlar ( 19,2)
2

_, \-Jhere the smallest finger tip 

tributaries are designa~ed as order one (U1) and the 

joining of t'\>10 streams of first order form a stream 

segment of 2nd order and so on, so that the trunk stream 

gets the highest order. Total number of stream segments 

are counted and the bifurcation ratio is calculated by 

the division of the number of stream segments of the 

given order to the number of segments of the next higher 

order (Appendix-!) i.e., 

Where 

R b = NU 
N(U+1) 

NU = Number of stream -segments of 
order 'U' 

Rb = Bifurcation Ratio. 

2~ Strahler,.A.N,( 19,2):op.cit. ,Vol.63 pp.923-38,also 
1964 quantative Geomorphology of drainage Basins 
and Channel Networks,in chmv,V.T.(ed.)Hand book 
of Applied Hydrology ,J-iC Gra"r Hill Sec. 411. 
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.It has been established that in a region of 

uniform climate and rock type, the bifurcation ratios. 

tend to remain constant in different drainage basins. 

It varies bet\>J.een 3.0 to ;.o for river basins \>Jhere the 

geological structure do not distort the drainage pattern. 

Abnormally high bifurcation ratios are expected in re­

gions of steeply dipping rock strata where narrow strike 

valleys are confined to hogback ridges and the minor 

variations are due to chance variations in the watershed 

geometry (Strahler, 1971). In the present analysis, 

the bifu~ation ratios of all the stream net~orks of 

the drainage basins range between 3;0 to 5.0 (Table IV( iii). 

The Rb values indicate how mmny times the number of 

streams increase from any given order to the next lower 

order. The average Rb is calculated by determining the 

regression coefficient of· the stream numbers on_ order. 

T ,LWIE J;;~H ii1l* 

t40RPHOMETRO PROPERTY OF THE DRAINAGE BAS INS 

Name of Average Average Average Elonga- Drai-
the stream Bifurca- length Area tion nage 

tion Ratio(Ri.) Hatio Ratio Dens-
Ratio(Rb) (Ra) (Re) ity_ 

Ratio 
mile/ 
Sq.mtle 

Ummanrat ~~82 1.50 4.§3 o •. ~2o .5.92 
Phudsymper .24 1.95 3. 6 o. 54 5.04 
Umjngut 4.84 3.26 3.83 o.482 ;.41 
Umsaitkha 4 •. 70 2.01 3·29 o.;ao 5.74 
Umkatang 4.Zl 1.~ ·3.02 ' 0.238 5.82 
Umnokria · 3.08 2. 5.27 0.294 ).88 

Stream 
Fmqu-
ency 
(Sp. 
mile) 

12.83 
8.09 
9-51 
8.58 
~-22 

.11 

*Average Rb,Ri and Ra are the regression coe-ffic·ients of 
stream order Versus stream number,stream length and stream 
area respectively for all the six drainage basins. 
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The little higher bifurcation ratio for the 

umjngut and the umsaitkha streams can be attributed 

to 1 ts elongated course for a long distance being con­

fined to the deep gorges over paisangut to Nongle\>?ai 

and Nongshyluit to sine! village areas respecti~ly, 
'; 

till it.meets the Umiew or Bagra river in the east. 

The bifurcation ratios deere as ing towards the lower 

reaches in 'the drainage basins.such as the phudsymper, 

the Umjngut, the Umkatang and the Umnokria (Appendix-!) 

seem to have a close association ,,ith lack of conspi­

cuous relief and smooth topographic surf~ce in oppo~ 

s i tion to high available relief promoting severe disse­

ction of the landscape and favouring the development 

of head\oTard eroding streams. The increasing Rb value to­

wards the l~~er reaches in the Ummanrat and the Umsaitkha 

stream basins indicated development under structural 

control. 

~.t is in teres tin·g to note the decreasing 

bifurcation rations in the lower reaches of the Ufl!Ilokria 

(Appendix-!) as a result of the arrested development of 

small streams. This is because of the north vard extenslon 

of the Bangladesh plain tvhere lack of conspicuous relief 
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has acted as a retarding factor in the evoluti an of 

the drainage net~ork. In thi$ connection the umkatang 

crossing the southern scarp face of Mmvsynram struct­

ural platform and limiting the development of the tri­

butaries in the lm;er reaches bear an evidence to the 

previous statement. 

STREAM ffiDEH AND S,TREAI~ NUMBER 

The plotting of the number of streams against 

order for the six drainage basins on a arithmatic graph 

sh~s a linear relationship with small deviations from 

the straight line (Fig~15').The correlation-cofficients 

between stream order and stream number varies betltJeen 

- 0.795 (Table IV(iv). The regresion of stream number 

on stream order for the stream basins confirms to the 

mathematical model of negative exponential function 

i.e., 

NU = a+bu 

Thus the number of streams of successively lat>~er 

orders tend to ap~roXimate a geometric series beginning 

with a single segment or the highest order and increaslng 

according to a constant ratio.;· Rb i.e. the Regression 

Coefficient. 
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TABLE IV(iv) 

PAIR-WlBE RELATIONSHI:ffi ,AMONG MORPHOloo:'RIC VARIABlES IN 
STREAM BAS INS 

Drainage Correlation Cofficients among different 
Basin n~~s Q! mg[ghgmett!c ~a~!abl~~a 

Order Order Order Mean Total ar- Total 
vs vs vs areas ea vs. area 

Numbers stream mean vs. me an cumula- vs 
length stream stream tive Mean 

area ,length stream stream 
length length 

Ummanrat -o. 835* 0.917* 0.913* 0.787 -o.987* -0.859* 

Phudsymper-o.893* 0.898* 0.946* o.86o -o.890 -0.764 

Umjngut -o.866 0.937 0.964~ 0.988:(11 -o.876 -o.780 

Umsaitkha -0.961* o.89lt-* 0.879* 0.998* '-0.996* -0.658 

Umkatang -0.795 0.831 0.866* o-.993 -0.948* -0.563 

Umnokria -o.825* 0.728 0.789 0.985* ·-0.703* 0.161 

(*Indicates the significant correlation cofflcients( at 
95% probability and the rest are insignificant). · 

S .. TREAM ORDER AND LENGTH RAT! 0 

It is the ratio of mean length of streams of 

order •u• to the mean length of the stre&ms of the next 

lower order i.e. 

Ri = L'u/LCU -1) 

Whewe RI = I.sngth Ratio 
W = Mean length of stream of order 'U • 
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It indicates .. hm1 many· times the mean length 

.of streams of any order increases with respect to the 

meal'l length of the immediate lower order. The mean 

lengt) ratio (Rt) for the drainage basins are obtained 

from the regression coffic!Emt of· order agi:dns t mean· 

stream lengt~ which varies bet~een 3.~6 for the·U~jangut 

to 1. 50 for the Ummanrat (Table IV( iii). The length· 

ratios computed for the success! ve orders (Appendix-I) 

remain "'itb i~ a short range ~pto 4th, order f<;>r 1he 

Ummanrat, the .Umkatal}g and th~ Umnokri:a and uqto )rd 

order for the. PhudsyJ!lper, the .. Umjngut .and the .. Umsaitkh~h 

The high leng~h ratiC?S for th~ higher. order streams in .. 

the Umnokrla,, the Umlfatang, the. Umsait.kaa and. the phud~y­

mper reflect t,he long course 9f the tf~nk stream under, 

structural control as well as their meadering nature 

towards the lower reaches on the eas~ern, western and 

southern low-land section of the study region. The 

deviation from the general principle of length ratio at 

their lower reaches in case of the Ummanrat is oo cause 

this stream spring into the narrm1 Undulating plateau 

surface around·· village Sohphoh in northern Mmrrsynram 

leaving its more mountainous path in north, where the 
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trul)k stream join with the Umnagi at an altitude of 

4687 feet after flowing for a short distance_. The 

hard granite surface of the northern Mawsynram region 

does not allow large amount of percolation and hence 

the Ummanrat carry enormous quantity of water in the 

r.ain¥.i season which has not supported the development 

of meanders to contribute significantly to the total 

stream length of the Ummanrat~ 

S,TREAM ORDER .AND MEAN STRE.JU4 lENGTH 

The mean lengtp of the channels of the order 

•u' is obtained for all the six drainage basins by 

measuring with a rotameter and dividing the total length 

of streams of the given order by the number of the given 

order by the number of stream segments of that order i.e. 

When nris the ~ean length of the stream of 

order •u 1 .NU is the total number of streams of order 'U 1 

G.raphs have been drawn wl th the plotting of mean 

stream lengt~ against the stream order (Flg-16) \-Jhich 

yields a s traigbt line relation confirming to the 
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mathematical model of positive exponential function 

i.e. 

"'jj'"""::: a + b u 

Thus it can be stated that the average lengtp 

of streams of the successively higher orders tend to 

approximate a direct geometric series increasing 

according to the constant length ratio (of the regre­

ssion - Coefficient). 

AREAL CHAR.AQTERISTIO? OF THE DRAINAGE BASINS 

Areal properties of the sample basins are asso­

ciated \!lith the surface area and shape of basins. Basin 

area is one of the most important Morphometric parameters 

affecting the spatial distribution of a number of mor­

phometric attributes such as drainage density, texture, 

stream frequency, slopes, dissection index etc. 

S,TREAM ORDER AND MEAN STRE AN AREA 

The area of a stream of order 'U' (AU) is defined 

as the total area projected upon a horizontal plane con­

tributing overland now to the channel segments of the 

given order and all tributaries of lower order and the 

inter-basin areas contributing directly to a channel of 
. 3 

order higher than the first (Schumm 9 1956) • The plotting 

3. Schumm,S.A.: ( 1956) op.cit. ,pp .• 5'97 -646'! 



147 

of mean stream area against stream order yields a 

set·'of points along a straight line (Fig.17) 'showing 

very high positive correlation. The regression of 

mean stream le~gth versus stream order yields a positive 

exponential function i.e. 

Au :: a + bu 

When "lt1 is the mean area of the streams of order'U' 

This Jreveals that like strea'll number and mean 

stream lengt~ the mean stream area ·of progressively higher 

orders increase in a geometric sequence according to a 

constant area ratio ( of the· regression-coefficient). 

The mean area ratio for the six drainage basins 

vary from 3-Q2 from the umkatang to 5.27 in case of the 

Umnokria (Table IV(iii))~ 'The area ratios for· the success­

ive stream orders has been calculated by the fonnula i.e •. 

_/--(U-1) 
Ra = AU A 

When Ra = Area Ratio 

The variation in the area ratios of the sucfcessive 

orders in the drainage basins reflect the difference in 

geological set up and relief features which seems to be 

responsible for the varied development of the stream 

nett.sork in tbe down stream directions. ·· 
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RELATIOi'J OF STREAM AREA AND STREAt-1 LENGTH 

. The relationship of stream lengt!t· to basin area 

is one of the most senstive morphometric parameter which 

determines the texture of landscape dissection and spacing 
4-

of streams (Chorley,1969)· ~ Assuming the validity of 

exponential increase in mean stream lengt) and mean stream 

area with order, the pararneters i._e~: length and area 

should be related to each other~ The plotting of mean 

stream length and cumulative stream length versus total 

stream area of the six small stream basins shm1 a linear 

relationship i.e._ (Fig •. 18) 

Y = a+ bx 

When x & y are the two variables •. 

BASDl SHAPE 

it is an important Morphometric parameter in the .. 

.. geometry of the channel net-work. The Elongation Rati>o 

( 6 5 ' as a measure of _shapG Schumm, 195 ) was found oot for 

the drainage basins under study (Table IV(iii)., It is 

a non-dimensional property defined as the ratio of the 
" 

diameter of a circle of the same area gs the basin to the 

·-. ----- .. -:--... 

4. Chorley, R.J: The drainage Bas ins as the Fundamental 
' Geomorphic units'. in ''W·ater; Earth and Man -A Synthesis 

of Hydrology, Geomorphology and Socio-economic Geo-­
graphy" ( ed) , Methuen & Co. Ltd. 1969 •.. 

5. Schwnm,S.A., :(1956) op.cit.pp.597-646. 
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maximum basin length~ The ratios vary between G.6 

to· 1-.0 over a wide range of climatic and geological 

~ypes! Values near to 1-,o are .. typical of regions _of 

the lmv-relief where as the value below o.B are asso-. . . ' . 
elated viith strong re_li,ef and steep ground slope~ 

. . . ~ 

!he elongation ratious for all the six stream 

basins under review present a value ranging between 

0 .• 2 to Q .• 6 (Table IV(iii) indicating very high relief 

and steep slope in the basins where the reduction of 

divides are still in progress vlith headward extension of ~..;: · ' 

the acti~y·eroding·channels at the upper reaches. 

DRAINAGE DENSITY AND 'IEXTURE 

It is an indication ·of the nature of landform 

dissection and closeness in the spacing of ~tream channels. 

It is defined as the ratio of the total strea'll lengt~ 

cumulated for all orders within a basin to total basin 

area projected over a planimetric surface. 

The high drainage density values for·all the 

six basins ranging from 3.00 to 6.oo mile/sq. mile 

(Table IV(iii) indicates fine texture. The lm~est 

drainage dens! ty value is shm·:n by the Umnokria bas3Ln 
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of south-western Mawsynram region, while, the highest 

drainage density is shown by the Ummanrat basin. The 

law drainage density of the Umnokri a ( 3. 88) is due to 

the fact, that this basin is located in regions of highly 
.)- . . ~ 

permeable Cretaceous-Tertiary sadimen,ts with loW relief 

features, While, the high drainage densities shawn by 

other five stream basins can be attributed to the hard 

resistant 'Archaean complex and the Shillong Group of 

rocks ppreading over the undulating northern and higbly 

dissected eastern, western and central Mawsynra.m region, 

which becomes a controlling factor to the development 

of streams of lower order. 

An examination of isopleth map of drainage den­

sities for all six selected stream basins(Fig.19) would 

reveal that more than ha1f of· the basins area is eovered 

by the c~egory of moderate to High i.e. 1.5-J!:·Oand 3.0-4•5 

mile/sq.mile,(Table IV(v) drainage densities. This iso­

pleth map al.so showing the S"patiaJ. variation of drainage 

density over the surface at different parts of the each 

six stream basins, all these figures "''ith categories of 

drainage density and the area covered by each categories 

for individual stream basins bas been enumerated in 

following table: 
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TABlf£ IV(v) 

DRAINAGE DENSITY CATEGORIES. 1\ND AREA COVERED BY SIX Sr1A, LL STREAM 
BASISN 

Basins Total 0-1. 5'( mile/ 1.5'-3.0mile/ 3. 0-lt-. 5{ mile 4. 5' above Area · sq.mile) sq.mile) s~.mile) mile/sq. in sq. Low Moderate H gh mile) . mile. 
~e rx. llu h 

Ummanrat 26.50 4.66 8·~4 12. 75' 0.75 
( 17. 58%) (31. 7%) ( 4-8. 12%) ( 2~83%) 

Phudsymper 11.00 2. ;o 2.75' ;.25' o.;o 
(22.72%) ( 25.00%) (47.72%) ( lt-. 54%) 

Umjngut 14.50 2.75' 7·25 2.50 2.00 
( 18.96%) (50.00%) ( 17 .~%) ( 13~79%) 

Umsaitkha 15.50 2.7~ 4.?~ 7.50 o.5o 
(17.7 %) ( 39.6 %> ( 46.38%) ( 3-2~) 

Umkatang 33~50 4.?5 14·a' 12.15 2.25 
( 14.17%) (lt-2. 3%) (36 •. 26%) ( 6.71%) 

Umnokria 25.50 10.?5 14.30 o.4g o.oo 
(42.15%) ( 56.·07%) ( 1.? %) (0%) 

~ 

G1 
~ 
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S.TREAM F.REQUEN CY 

By stream freq~e~cy ls meant the number of streams 
6 

per un.t t o_f a:rea( Hor_tor_l, 2945) !' ;rt ge_nera.l;lY. varies ..... 1 th the 

drainage area. In the present siJ{ selected dr~nage basins 

it increases ~ith the steeper. slop_e gradie~ts; The _high 

f~g.uency values for. all, the ba,sins ranging from 4.00 to 

13,00 streams per sq.mile (.~able ~(iii) inC}icates fine 

texture which can be ?ttril:Juted to the ·heavy rainfall and 

li tho~ogical and s truc~u~al character is tics of the Archaean 

complex and _Uppercretaceous _sediments which has covered . 

vast are·as of all the six basins under study.(Table IV(ii)). 

It is interest.ing to note that the highest and lowest 

drainage den§.t ty basins i.-e.- the Ummanrat and the Umnokria 

are also the highest and lowest stream frequency basins, 

with 12.83 and 4.11 number of stream per sq.- mile respectively. 

The st~eearil fl'equency map '(Fig;20) for selected six 

small stream basins show clearly the regional variation of 

frequency of streams per sq. mile on its surface. It is also 

noticed that the areas of moderate to high stream freq.uency 

i.e., 4 to 8 and 8 to 12 number of streams per sq. mile, coincides 

with tbe.areas of .moderate to high st~eam density i.e. 1.5 
• 0 

to 3.0 and 3.0 to 4. 5 miles to stream lei).gtp per sq.mile of 

six stream. basins indicating fine texture of dissection. A 

detailed analysis of .the dj.ffer~nt s.~ream. frequency catogories 

6 •·' Horton,· R .E. ( 1945) op~ci t.pp.275 -370. 
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and the area.occupled by these categories for each stream 

basins and their per-centage to the totiH area has been 

given in the follm-1lng table: 

TABlE. IV( vi) 

s~TREAM. FREQUENCY CATEGOfiiES AND TEE AREA COVE.BmD BY S.IX 

.' SMALL DRAINAGE BASINS; '(Area in SQ.rnile) 

Basins 
Total 
area 

o-4 per· 4-8. per 8.,.._l12 per 

in 
sq.rili.le 

sq.mile sq.mile sq.mile 
LON Moderate · High· · 

Umma- ·26. $0 1 .1$ 
nr.at ( 4.34%) 

Phudsy- 11.00 0 •. 75 · 
mper ( 6.82%) 

Umjngut 14.50 9.00 
(62.06%) 

Umsai- · 15.50 2.25 . 
tkha (14~51%) 

3.75 
< 3lf.,1o%> 

' '• 

4.55 
( 31.38%) . 

5.25 
( 33.87%) 

6.5o· 
( 59.10%) 

0.95 
('6 .55%) 

5.75 
( 37 .10%) 

Umkat- 33.50 2.75:: 14,25 9.75 
ang (8.20%) (42.53%> (29.11%} 

Umno- 25.50 5.75 17.50 1.75 
kria (22.55%) (68.62% (6,86%) 

GEDrmRICAL SIMILARlTY OF THE DP~NAGB BASINS 

12 above 

very high 

3.75 
( 14.16%) 

o.oo 
(0%) 

o.oo 
(~ ) 

2.25 
( 14. 51%) 

6.75 
( 20.15%) 

o.5o 
( 1.96%) 

. From a number of studies, 1 t has been es tabllshed that 

the geometrical similarity is preserved in the draina~ basins 

when all corresponding landform elements having the dimension 

of lengtp are 1n the ratio' J.:. ' all corresponding measures 
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h§ving the dimension inverse of length,are in ratio 

.1(;;_ , and all those. having the dimensions of length 

~q~afd are in th~ ratio 1/ /(_and f~the~r mor~ a::Ll 

dimensionless properties should have identica~ value 

in corresponding parts of both the syst;ems (S.t:r-abl.er r, 
7 . . . 

1954). The analysis of the dimensionless p~·ope.rty of the . . . . . . . . . •. . .... ' 

drainage b~ins_ i_~e. Rb, Rl and Ra of successlve _ o~ders 

(Appendix ~ I) withi!'l the main basins show ,.,7ide variations 

a::J...though these property of the. drainage basins· (mean 

st;re_am area,meaJ1.str.eam l~ngth, stre~m number) be9,-r· an 

~xponential re~a.tionship with the-magnitude of order 

of. the streams~ .This reveals that although theareai.. 
? 

extent of the six drainage basins are small in size, but 
~- . 

because of the geol~gical complexcity" of its struc~ure 

and clim.atic var.iations with the alti'tudes resultlng 
•. 

differential_rates of erosion and deposition lea.ding 
: . 

to varied devel.opment of s t~eam network which tend t;.o 

distcort .the basin morphometry. It ~~-also marked 'that 

geemetrical dissimilarity is minimum at the lov.Jer orders~ 

Wide fluctuations in the dimensionless numbers i!'e. Rb, 

Ra a11d Rl (Appendix -.I ) in their magnitude for the 

successive orders for the Ummanrat,the Phudsymper, the 

Umjngut, the Umsaitkha, the Umkatang and the Umnokria 

~efJ.ect the d~~nance of structural control in the deve.­

lopment of drainage network. 

. . 
?. Strahler,A.N.:&tatistical ~alysis in_ Geomorphic 

Research, J.Geol,Vol 62,1954,pp._1-25. 
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.In comparing the dimensionless numbers of 

all the six drainage basins, rather a clear conclusion 

emerges that tb considering the drainage basins of the 

trunk streams' the geometrica+-~imilarity i~ retained 

more or less in all the· six stream basins, where the 

Rb, Ra and Rl values (Table IV(iii) are having good 

correspondence although the basins are too small to 

compare their geometrical similarity. 

With an at. tempt tmoJards testing the concept 

of geometrical similarity in landforms of all the six 

drainage basins produced under fluvial processes, the 

'linear scale ratio ( A ) are computed based upon mean 

length dimerision i.e. ratios.rfor mean length of streams 

of 1st and 2nd order, mean basin area for the 1st and 

2nd o1'der, mean basin area for the 1st and 2nd order 

and drainage dens! ty. Tbe analysis of the scale ratios 

for the all stream basins, it is interesting to note 

that in considering the.length dimensions the Umman,rat 

basin has approximate geometrical· simila.rity ~lth the 

Umnokria, the Phudsymper with the Umkatang and the Umjngut 

with the Umsaitkhao The remarkably similar scale ratios 

for the geometrically similar drainage basins are given 

belQtiJ in Table IV( vti). 
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'!'ABLE IV( vii) 

LINEAR SCALE RATIOO .. FOR GEOMETRICALIX SH1ILAR 
·· DRAIN AGE BASINH . 

s c aJ.e Ratios Hyjnbol Ummanrat Phudsymper Umjngut 
vs vs vs 

Umtjokria Umkatang Umsaitkha 

Mean length 
of the 1st. L1 0.6? 1.01 0.78 
order stre-
ams. 

Mean length 
L2 0.42 0.87 0~67 of the 2nd ord-

er S.treams 

Mean _ _areat:-: 
of the 1st A1 o.oa 1.20 0~71 

, order basin 

Mean area of ·• 

th~ 2nd Ol··dc·.i' A2 0.63. 1.20 1.16 
basin. 

Drainage 
Density D 1.5'2 o.86 0.94 

The morphometric analysis bt the drainage basins 

reveals the following salient points on the mor_phological 

evolution and geometrical similarity of the drainage ba­

sins. The dimensionless ratios i.e. Ra,Rb,Rl, (Appendix-!) 

between the successive orders of the streams i.e. their 

trend and fluctuations are the indicators in the varied 
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development of the stream net"1orks under the impact 

of geological structure, relief configuration, rock 

type and rainfall variation. 

It is noticeable to remark the abrupt drop in 

the mean leRgth and are a of the 4th order streams sin 

the umnokria because of lack of development of the 

tributari~s beyond this order. It se.ems to be probable 

that the rise of the northern part of Mawsynram during 

the late Jertiary perLod .has limi te.d the development 
'\,• ~ 

of large tributaries in the dmm stream directions. 

The abrupt change in altitude between the upper aild:; ;z· 

lower reaches, as ·pell as the antecedent character of 

the Umnokria strenm bears an evidence to it. A consider­

able portion of the Ummanrat, the Phudsymper, the Umjngut 

and the Umsaitkha in its middle reaches flows acrosr 

the highly dissected surface of Ar~haean, Upper-crefaceous 

and Jurassic & oligo-miocene sediments, 'd th conspicuous 

relief has acted as the main factors in the development 

of the tributaries resulting in highly unequal mean stream 

length IBOl' the 3rd and 4th order streams (Appendix - I). 

The direction of the Umjngut is guided by the 

undulating granite surface of Mm1phalang area• The hard 

resistant rocks along its valley seems to haw exerted 

considerable influence in guiding the direction of valley 
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carving \'lhich has resulted in high bifurcation ratio 

(4.84), length ratio (3 •. 26) and area ratios (3.83) 

(Table-IV(lii)). Because of "the strong structural con­

tDol is the direction of flow the Phudsymper, the 

Umjngut, the Umsaltkha and the Umkatang bas resulted 

in the high Rb and Rl valure.s~c for the trunk streams. 

It is significant to mark the sharp rise in the Ra, Rb 

and Rl values (Appen.dix I) betWeen the 2nd and )rd 

order s~reams because of high available relief and 

heavy rainfall favouring the development of the 

stream network • 

... 
.As regards the geometry of the drainage basins, 

the geometrical. similarity is maintained among the 

streams of lower orders of the different streams '\-Jhich 

which is exhibited by the similar dimensionless rfltios 

i.e. Ra, Rb and Rl (Appendix-!). Gradual],y '\tlith increa­

sing orders, the drainage basins tend to deviate from 

each other in their geometrical property. In comparing 

the geometry of the drainage basins as a ,~,hole tvi th the 

dimensionless ratios and scale ratios (Table- IV(vii). 

It has been observed that the umrnanrat is more simila.r 

with the Umnokria; the Phudsymper ~ith the Umkatang and 

the Umjngut "-'ith the Umsaitkha. Form this it becomes 

clear that the geometrical property of the drainage basins 
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is a function of geological structure, rock type, 

relief configuration, rainfall variation. and ot,her 

associated phonemena, In considering the geometrical 

similarity of the tributary basins of the successive 

orders within the basin of the trunk stream,· the. 

variations mainly because, the tributary basins had came 

from different environments and altitudes, which. haw 

a wide range of differing characteristics, they have been 

cut into a variety of rock types including varying amou­

nts of summit planation surface and relief configuration! 

Although climatic data is scarce, it is also probable 

that the tributary basins are also climatically differ~nt 

in terms o.f amount of rainfall and temperature. 

Thus keeping in vie,.,r the llmi tati ons of the scale 

of analysis a remarkable degree of correspondence is found 

in the dimensionless ratios to reveal the geometrical 

similarities because absolute correspondence will not be 

same except by purest chance. Hence, it can be concluded 

that under similar conditions of geology, climate and 

relief the landforms ,,1111 exhibit similar geometry. 



CHAPTER - V 
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ANALYSIS OF SLOPE 

''The hills are shadm.Js , and they flow.:' 

From form to form, and nothing stands; 

They melt like mist, the solid lands, 

Like clouds they s h{lpe themselves and go". 

Introduction: 

LORD TENNYSON 
In Memoriam. 

, Slopes t-Ihich make up a large part of any land. 

surface, are important landforms for Geomorphologis ts, 

Pedologists, and engineers. Slopes are formed by erosion, 

deposition, or a combination of both processes. When a 

stream cuts into a landsurface, a valley is created and 

slopes form that descend to the valley bottom and ascend 

to the upland. Slopes forrn by constructional processes, 

·such as Glacier deoosits, ,.;ind deposits and mainly by 

'\oJater de9osits sediment. Sooner after a slope is formed, 

it is subject to alteration by ~eathering, erosion, 

sedimentation and mass movement. By their inherent nature, 

slopes are unstable geomorphic features and so it is 

not surprising that the study of slopes has becomes one 

of the foremost branches of geomorphology. 
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Since the second '\<!Orld war, the study of 

slopes has to be recognized as an integral part of 

other branches of geomorphology. In the field of 

applied geomorphology,. studies of landslides and of 

accelerated erosion are concerned ";ith slopes,and 

involve links '\·Jith the techniques of soil mechanics, 

hydrology and soil science. The direct influence of 

landforms on soil is pr.imarily through the effects of 

slope; steep slopes tend to carry lithosols, and con-

. cave slopes are liable to gleying. There are a.ll"o in-

direct effects of slope, as it affects micro-climate, 

-wh.ich in turn influences vegetation. There is no doubt, 

however, that slope angle is the main property of land­

forms that affects man, in agriculture, transport or 

urban activities. The study of slopes 'vas developed 

for the intellectual challenge that it offered. It 

originated, like geomorphology in general, from curiosity 

about the natural '"arld. It has come to have some part to 

PlaY in one of the greatest challenges of our time: planning 

of the use and conservation of the earth 0s resources for 

its present and future population. 

The morphological character of the study region 

is depicted by the appearance• dimension and magnitude 

of slope~ The study of slope provides not onl.y the variety 
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of topographical features, but makes available also 

the evidence needed for the interpretation of the 

complex form of landscape~ The area under study is be­

lieved to be a part of Ancient Gondawana landmass which 

has registered the engravings of unhindered erosion, 

weathering and earthmovements. The northern and central 

Mawsynram region is a true plateau eapped by Mesozoic­

Tertiary rocks and underlain by Mesozoic flood basalts 

(The Sylhet Traps) and poJ..ycyclic Precambrian gneisses, 

meta-sedimentarias (The Shillong group) and plutons, 

whose surface expresses subdued topography with gentle 

slope forms., The eastern and western parts of the 

plateau are highly dissected and the southern Margin is 

reflected with a sharp fracture zone of very steep 

slope forms~. The slope of the area seems to have been 

infiuenced by the factors llke endo-gene tic forces, 

weathering under heavy rainfall a.rul process of erosion 

and drainage pattern~ 

The palaeogeography of this region shows that 

the Mawsynram ·plateau, tJhich is also a part of Shillong 

plateau, have been subjected to a variety of diastrophic 

movements since the Pre -.cambrian period-•. The different 
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moyements recorded dUring these periods must have created 

new~ slopes along the ~tine of uplifts -fracture zones 

and also evolved because ,of plateau volcanism. Newer 

slope forms developed (jradP~.lly over these surfaces. 

It is seen that scarps separating different topographic 

levels coincide with traces of fracture faults, .some 
1 

of 'tlbich are very young. The rapid! ty o~ denudation 

and its apparent influence can be observed along the 

steep banks o~ the Ummanrat, Phudsymper, Umkatang, 

umnokria, and· Umsaitkha streams of the study area •. 

The deep gorges of these antecedant streams is the 

result of massive headward erosion along joints and 

control exercised by the well-jointed Cretaceous-
2 

Tertiary sandstone cover. The development of drainage 

system has"produced the present surface in Mawsynram 

l1i th their characteristic Slope forms. 

(ii) Factors Affecting slope Evolution: 

The broad parameters which control the evolution 

of the hill slopes are structure, process and time. Accor­

ding to Pecsi( 1970 )3 "the e~is ting types of slopes are 

1~Mazumdar, S.K.,•states of fracture Analysis in Meghalaya', 
Geological survey of India,Shillong~· 

2.Murthy ,M. V .N ~ •An outline of Geomorphological evolution 
of the Assam region, Geological survey of Ind.tia,Sbillorg. 

3.,Pecsi, 11~( 1970) Factors affecting slope evolution and 
formation of slope elements in Hungary,Augments geograp­
hical Bond, 12, PP-193'~, 



188 

the results of the joint dynamism of the Tectonic, 

Structural-Morphological and lithological conditions 

of the relief and of the climatomorphologic processes 

acting perennially on a given region of the surface." 

Like in the other parts or" S.hillong plateau,covexo­

concave form of slope is found in !>iawsynram" region. The 
4-upper covexity is due to soil creep (Gilbert 1902) and 

the lower concavity is mainly due to concentrated rill 

' action (Fennemen, 1908}. The researcher has observed 

during the field trips that in the ~ woe;it-season the 

middle part of the slope of this region is coming under 

the influence of concentrated ri 11 action ,rhile during 

the dry season, it is affected by creet~ Creep which 
' means the slow movement of rock and soil do,m slope 

solely under the influence of gravity is the dominant 

process of slope formation, though slo\1 9 in the upper 
6 

convex segment,. Penck ( 19,3} has stated that creep 

might occur in all climates" so long as the mean slope 
0 

is estimated to'be ' ~. As the average slope gradients 
0 0 

of the study region are very high, ranging from 7 to 4-Q. 

~. Gilbert, G.K.,(1902). The convexity of hill tops, Journ. 
of Geology," Vol.17 pp.344~350. 

5. Fenneman,N.M,(1908) same features of erosion by un­
concentra$ed wash Journ.Geol. Vol.6,pp.746-7,4. 

"6. Penck~\i 9 'Die Geomorphologische ,Analyse-S tuttgrat:J .En­
gelhoms Nachf, 1929, English translarion by H.Czech 
and K.C.Bosell, london: Macmillan, 19,3, p._119. 
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the creep taken place predominantly over its surface. 

On the steeper slopes '\rhere the vegetation cover has 

been stripped of mainly due to shifting cultivation, 

the mud flows occur dnrrlng the period of precipitation 
. ·' 

of high 1nten~ity e.g. 4uring the month of May to August. 

Debris avalanches are also not uncommon. 

Although thick debris cov€lr i,s observ~.d on the 

slopes of south Mawsynram, yet, in the northern and 

central scarp region and in Mawphlang, over the granite 

surface the amount of debris to be carried a"'a.Y by 

the streams is not considerable. In the absence of 

large acale landsliding, -which is considered to be an 

important factor in the erosion of slope (W. .penck 9 1924; 

Blaclo1elder, 1942) running '~a ter is the most active agent 

of slope erosion and waste transportation'~ As in this 

region most of the streams have yet to attain graded 

profiles, it is quite likely that their influence is 

maximum in the convex hill-tops and on the free face~ It 

has been observed that due to surface cover with green 

grasses and shrubs the impact of weathering ·and erosion 

is less perceptble. 
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{111) Evolutign of Hlll Slopes: 

Evolution concerns the change of slope form with 

time.Among studies of the different aspects of the geomor­

phology of slopes evolution occupies_a central position. 

Application of divergent vie~s on slope evolu~ion on a 

particular region is very difficult.It is difficult to say 

with accuracy whether the typical convexo-coneave pro­

files of the slope are the products of progressive fla­

ttering {Davis, 1902) or •central rectilinear recession 

(Bakker and Letteux, 1946,1947,1950 and 1952) or by the 

retreat of slopes in parallel planes {Penck, 1924- and 

King, 19~3) or by the parallel rectilinear recession 

(Dijk and Letteux, 1952). Whether the evolution of diff­

erent hill slopes should be a geometrical treatment 

{Wood, 194-2, Fisher, 1966, lechrnann, 1933 and Lawson, 

1915) which is more preciee or s.hould be analysed by 

the inductive process as envisaged by Gilbert (1909); 

Davis ( 1902, 1938); S.harpe ( 1938) and tvhich constantly 

keeps the slope in the forefront even thourh it may 

not explain them fully., Altho~1gh the Davis ian concept of 

prorrressi~ flatteming in hill slope development cannot 

be totally ignored in this present study region; the 

following study of the selected six slope profiles of 
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"Mawsynrarn, t-Jould he_lp us to S\.Jitcb our opinion in favour 

of any one of the above mentioned views. 

(iv) Slgge Profile: 

The shape of the landsurface can be c onsidere.d 

a profile form. Profile form refers to the two-dimensional 

shape of valley slopes and scarps along a plane that 

follows the direction of maximum slope. Slope profiles 

reveal many salient geomorphic problem~ related tot he 

processes operating over the landscaep. It also provides 

the basis for making ::aasumptions regarding the develop­

ment of slope of any region under study. 

The modern _ hill slope study in the analysis of 
7 

hill slope form was made by \>Jood ( 194-1 ) , who suggests 

an idealized model of a fully developed normal slope. This 

reveals four distinct sections of slope form: (1) Waxing 

( ii) Free face ( Ui) Debris or talus ( i v) Pediment.- This 
8 

slope form does not differ from the views of King (1953) , 
-. 9 10 

Schumm( 1966) and Savlgiar ( 1967) •. l'JoodS vie\v is related 

7 •. l.rJood,A.(1942)._ The Development of Hill side Scarps •. 
Proc. Geol.Ass, Vol-5'3 ,pp •. 128-140. 

8. King.L.C., (1953):Conons of Landscape evolution, Bull 
Geol.Soc.Ame, \'ol-6lt-,_pp.721-752. 

9~ Schumm( 1966) :The Development and Evolution of Hill 
Slopes, Jour.Geol.Edu. Vol-14( 3), pp.98-104.-

10.Savigiar,R.A.G.( 1967):The analysts and classification 
of slope profile Forms, in:P.Macar(ed),L.Evolution 
des versants, Univ.of Liegs ,pp.271-290.-



to a cyclic development of slope, ,.Jhile four units of 

both kind Schumm •s are related to slope progress in 

which changes take place in each unit through time 

and environmental influences respectively. 

In thJ,s chapter an attempt has been made to 

study the characteristics of hill slope profile forms 

and "1eathered materials of the Ma'\oJSynram region, preceded 

by an account of the measurement and description of 

slope angle. 

Procedure of work; 

The researcher has conducted an extensive filed 

work and has tried to analyse~. the trend of development 
·' 

of slope elements in Mawsynram region. At first he has 

selected a few typical hills of the northern Mawsynram 

and a few of central Ma&synram to prepare slope profiles 

from top of the hills to their bottoms. For preparation 

of profiles the instruments used were one minute Theodolite 

(Carlzeise) and with the help of spot height af Bench mark 

of the area, various readings of the profiles were taken. 

·Four profile: two of the northern and t',ro of the central 
.. 

r-tawsynram have been prepared. The measured four slope 

profile angles and height is given in Appendix - 2. 
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The observations regarding the nture of soil 

and ,;eathered material. at different heights were also 

taken during field trips. The type of vegetation was 

studied at different heights duri.ng the pr,eparation of 

profiles. The details of hortizontal and vertical scales 

of profiles "··ould be visualized from the profiles itself. 

The slooe in ~1a,;svnram Hills: 

The four profiles (Fig.21) of Mawsynram hills 

clearly indicate that all the four elements of slope 

identified by Wood (1942) (1) Crest (11) Scarp (iii) 

Debris and (iv) pediment, may te clearly seen here. 

( i) Crest (Waxing slooe). 

This part of the slope is the summit area of 

hill or slope; the profile is usually.Convex. Weathering 

and soil creep are the main processes forming .this 

convex! ty. 

The profiles that have been discussed hare 

show the hills are characterised by a less extensive 

convex cres.t. The surface is covered with loamy sort 

soil 1d th high organic matter and nitrogen contain. 

ihe thickness of this soil ~aries in different hills. 
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In ·profile No.1 and No.2 the thickness of the surf'ace 

soil is less than two feet, while in profile No.3 and 

No.4, it is more than two feet. During the rainy.- season, 

from May to August, because of heavy downpour the surface 

soil is l!Iashed dow"'lwards in the form of rill or gully 

erosion. The rills descending down the slope ·are flooded 

with the weathered material in the form of solution 

and suspension. The bedded gneiss and sandstone are 

resistant to weathering, therefore the-bare rock surface 

is a common feature (Plate -13) ':the weathered material 

accumulating in the hollows and depressions are conducive 

to. the growth of vegetation. The crest surface of profile 

Nd».3 and No.4 is covered llrith sprinkled bushes of Rhodo­

dendron formosum and other species such as Rhododendron 

'arboreum, pyrus pashia etc., while in profile No.1 and 

No.2 hills the vegetation is totally destroyed and the 

slope is under cultivation of Jhum. In sorne places the 

crest surface is covered with shrubs of Engilhardtia­

spicata, Drimycarpurrecemosus and Elacocarpur Spp, Species. 

Thus, the presence of vegetation and. thick grass cover 

reduces the e~osian by running water •. 

( 11) Scarp (Free (ace}: 

Below the crest comes the zon~. of scarp. Here -- . ., ... _ . ·-

the bedrock outcrop on the steepest ,part of the slope. 



It is the most active element in backwearing of the 

slope as a whole. This baclrnearing is caused by rillwash 

and landslides. 

In the profile No.1 and No.2 the scarp face may 

be noticed at the height of 5410 to 5390 feet and 534o 

to 5310 feet. While in profile No.3 and No.4 the scarp 

is at the height of 4910 to 494o feet and 4960 feet respe­

ctively. Along scarp face the angle of slope is maximum 
0 0 

from 65 to 83 • The scarp surface is composed of bare 

massive Crete.ceous -Tertiary sandstone, which are affected 

mostly by basement controlled faults. Since the zone 

has a steep 'slope , the soil does not accumulate and the 

surface is completely devoid of vegetation( Plate .14) onlY 

few shrubs and long grass are noticed along the joints 

and cracks of the rocks. There are no possibilities of 

any kind of soil accumulation, as it is a zone of bare 

surface vlith very steep slopes. The soil produced on 

the crest is completely washed dm1n-ward under the force 

of gravit.Y and running water. This zone is very much 

prone to rilh: ash and lands 11 des • 

(iii) Debris slooe (constant slope): 

This slope has been formed by detritus fallen from 

the scarp above and resting at its angle of repose against 



the lower part of the scarp face .• Weathering reduces 

the coarse detritus to finer particles which are then 

removed by "Wash, fl0\1ing as rills or turbulent sheet 

flow .• 

In our present study the height of debris 

slope zone varies in different hill profiles. In the 

profile. No.1 and No.2 the height of debris is from 5350 

to 5380 feet and 5260 to 5290 feet, ~bile in profile 

No.3 and No.4 from 4855 to 4895 feet and 484o to 4890 

feet .•. The slope angle ailiong debris varies from 44 ° to 
0 

65 .• The thickness of soil decreases from low angle to 

high angle~ In the all four profiles the thickness of 

soil on the debris varies from 4 to 6 feet with coarse 

loams and clay. 

The profile No •. J sh<J\>JS thick gr0lt1th of vegetation 

with the species ·of pyrus pas hi a, Gentiana quadrifaria, 

and cleridandron SPP •. In other hi?-J-s the veget~tion has 

been cleared for cultivation. It is noticed that even up 

to slope of 65°, parallel narr~1 soil strips have been 

prepared along the hill slope. The important crops grm~th 

in this zone are potato, maize and some paddy. Due to 

Jhum farming and loose soil, the erosion is vigrous, 

particularly during the rainy season •. 
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( i v) Pediment( Waning slooe): 

The pediment is the broad concavity extending 
-

from the base of the other elements to the stream or 

alluvial plain. Although frequently veneered "'i th 

de,tritus, it is essentially a rock 'cut feature. It 

is produced by surface ,Iash, and 1 ts profile may appro-
11 

ximate to an hydraulic curve. 

I~ our present study of profiles, belm·t the zone 

of .debris or cQnstant slope, there is a less extensive 

concave surface developed by the hill side recession 

which ha~ been designated as a pediment or wanning 

surface. The prof~le No.1 and No.2 clearly ind.icate · 

the zone of .the pediment at the height of 5'330 to 5'345 

feet and 5'240 to 5'25'0 feet. The angle of slope v~rie~ 

from 10 to 20 degre~. The pediment slope of profile 

No.1 is slightly more steep and less extensive then the 

profile No.2. We can also notice the pediment zone in 

profile No.3 and No.4 at a height of 484o to 485'0 feet 

and 4830 to 4835' feet respectivelY. The zone of pediment 

in profile No.4 is also le·ss extensive and little bit 

steeper then profile No.,3. 

11 ~:·Young •. A., 'Slopes' Geomorpho+ogy Text-3, Published 
in the united states ·of America by Longman Inc,.New 
York ,Edited by K.M.Clayton ,( 1972) pp. 37 • 

< ' 
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It has been also marked during the field 

stuqy that there is a thick light grey loam soil 

deposit in the form of fine to coarse w2terials. The 

soil deposit, ·'\ibich is found at the pediment zone 

of profile No.1, No.2 and No.3 has developed from the 

Cretaceous-Tertiary sediments, ~herer~as in profile 

No~4 Archaean gneissic complex is dominating parent 

material. The thickness of soil also varies from 

5' to 10 feet, in this zone. 

HO'\•rever it is very much clear from t he s tudy 

of the,se profiles that, the pediment zone in these 

slopes has not been so well developed .• The value of 

slo~e angle indicates that the pediment zone of these 

profiles have high degree of slope an:g;le than it is 
.... 

usually to be noticed on pediment surface. ~t appe?~S 

that the topography is very much dissected into steep slopes 

and deep narrmv ~all.eys • Thus the process of reces:-;ion 

of slope is not so vell marked, -which is very much mipor­

tant for the development of an extensive pediment zone~ 

It is al.so noticed that the pediment zone of profile 

No~ 1 and No.2 is dominated by the ve ge ta tion species of the 

scred grove (castanopsia kurz11 9quercus griffitbii etc), 
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where as in profi+e No.3 and No.4 this zone has been 

almost devoid of vegetation, an~ usually ~sed as 

grazing land. At places some land is under cultivation 

of maize, pota~os an9 paddy. 

The analysis of slope forms and profiles of the 

area reveals that tfie hill slopes reflect more the pro­

cedure of retreat, as pointed out by Penck,(1953), then 

tHe old classical view given by Geomorphologist (Davis, 
12 

1902) of progressi'e flattening of slopes. According 

to Penck{195'3>
13

there is little reason to believe that 

uplift' and planation are taking place alternately; 

rather 9uplift and planation are concurrent phenomena and 

should be treated as such. So there is little justifi­

cation in speaking of a 'cycle' as classical Geomorpbo­

logist. There is no true beginning .nor any end to such a 

cycle ; slope development is a differenti,U process in 

which at best,_ several typical quasistationary stages, 

as discussed in. our pres.ent sl.ope profile study of 

Mawsynram, can be discerned. 

12 41 Davis ,t·l.M. ,{ 1902) ,Base-level,grade and Peneplain, 
Journ.Geol.,Vol~10,pp.77-111. 

1.3 41 Penck •'-'1. ( 1953) op. ci t.Macmillan{ 195'3), p.1 t9. 
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( v) Profiles_ ap.d Slope: 

The long profiles of the Umnagi, Umeiw of Bagra 

and the six other tributaries give a general impress ion 

of slope of surface at various levels with break-in -slope. 

The break-in-slope of the Urnnagi (F1g.8) depicts not only 

the site of one water fall, but it outlines also the 

deep gorge, before reaching the Bangladesh plain. The 

one important break-in-slope of the Umnagi demarcate 

6000 to 4-550 feet surface. During the field study the 

researcher has also marked wall like, steep slope bank 

of Umnagi river near Nongpung. 

The long profile of the Umeiw river (Fig.8) 

also convey the nature of slope of [entle undulating 

surface in its upper reaches and changes in its gradient, 

"Jhere it has carved out deep gorge through, the Creat­

aeous sandstone and lime-stone surface in the lower part. 

The two important break-in-slope along its lang profile, 

demarcate two gentle 6000 to 5'000 feet and 3050 su~face. 

Thus the long profiles of Umnagi and Umei1r1 show tha~ both 

rivers seem to be in old stage of cycle of erosion, ~ith 

their gentle slope profile, in their upper-reaches b~t 
. 

youthful in lm1er stages, where the slope gradient is 

high~ 
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The long profile of the, Umjangut, Umsaitkha, 

Umktang and Umnokria except Ummanrat and phudsymer (Fig.9) 

reveals different ~ntle rolling surface in their upper 

reaches and breaks -in-slope in their lower stages. The 

change in gradient in their lower stage, all along the 

southern margin of study area is the result of the greater 

upliftment of the northern part then the south, during 

the Tertiary period. 
' 

The valley side slope angles of all above six 

small streams have been measured from the Cross -profiles 

(Fig.22) of the study region. From the valley side slope 

angles of the Ummanrat and phudsymper basins it is quite 

clear that the valley side slope does not decrease 

progressively from tbe source region to the mouth as in 

case of Urnjangut, umsaitkha, Umktang and Umnokria drainage 

basins. Thus the valley side slope angles of these four 

basins have decreased abruptly in their lower stages, 

because of the presence of deep gorges and abrupt change 

in altitude of Mawsynram structural platform towards the 

Bangladesh plain •. 

The slope of the country around f-1awsynram can 

be analysed from S.upet imposed profiles draw from one 

·.inch topographical maps_~ ... These profiles not only classify 
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gently sloping lands of various ·levels and topographi'c 

expressionof the area urider analysis, but their cate­

gories are also arranged for landscape analysis from 

genetic point of vie\.J •· 

An interpretation of the superimposed profiles. 

(Fig~23) gives a summary of the slope plfittem of Mawsyn­

ram area as noted belo"1: 

The longitudinal, superimposed profiles (Fig.23A) 

show that the northern Archaean gneisses complex rocks 

capped on high plateau have an undulating surface, with 

more or less gentle slope profiles, which seems to re­

present a true peneplain surface. Towards south the undu­

lating surfaces abruptly descend and slope categories 

change to express ·steep gradient. OnlY in extreme southern 

margin of study area, close to Bangladesh plain, the 

slope gradient seems to be very gentle. 

The superimposed profiles prepared in west-east 

direcftion (Fig.2,3B) of the studY area also reveal that 

the slope gradient has increased progressively from north 

to· south direction. 

Thus the long profiles and cross valley profiles 

of river basins and superimposed profiles of the region 
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under study bas expressed very clearly the nature of 

terrain and slope of the area concerned. 

(vi)' ~.lope and Relief: 

The first-hand impression about the ground slope 

of any region can be obtained by the study of contours 

(Fig.2). The relative spacing of contours reflect the 

nature of slope. A measurement of the number of contours 

per un1 t are a gi 'Ul s an idea of general slope. A. de tailed 

study of the slope and its relation to the relief of 

the· region under study has been made· belO'Ii 'lt'i th ·the 

help of v'arious methods of relief and slope study • 

,-:, 

(a) IntensitY of Relief: 

The trend and distribution of the area in differ­

ent categories of average relief has been depicted by 

the intensity of. relief map. The relief intensity has 

been determined by finding out the average relief per 

unit area of Mawsynram region •. ·The isopleth map (Fig.24) 
.4-

. sho-ws distinctl~yeleven categories of intensity of relief 

in different parts of the area. The map also outlines areas 

of different intensity of relief under different categories 

and their percentage from. the total area is summarized below: 
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TABlE V{·i) 

. . . . 

Total area Intensity of Percen- Cwnmu- Major 
relief in feet in S4).mile tagefre- lative catego-

quency frequ ... ries of 
ency. intensi-

ty of re-
lief. 

5300 Above 27.5960 15.7242 1 ~.724-2 I 

~700-~300 20.6344 11.7574 27.4816 
'High 
'3~~41% 
• 

Y.:200~700 7.1392 4.o679 31.5459 ' 
3700-lt-200 6.7872 3.8673 3~-lt-1.67 I -
32.00-3700 10.~ 5.9491 lt-1.3658 I 

2?00-3200 16~9352 9.0798 50 .lt-lt-56 1Moderam 
:27.98% 

2200-2700 12,.1~04 6.9233 '~·3689 I 
•• 1700-2200 10.5720 6.0239 63.3928 I 

1200-1700 10.658o 6.0?29 69.4657 I 

... 700-1200 16.6028 9.lt-o33 78.8690: Low 

200-700 19.lt-760 11 .097lt- 89•966lt-J 36.61% 
• 

Below 200 17.6080 10.0330 
I 

100.000 I ~ . 

• 

100.00 

The ·isopleth map ·shotvs the area· of high. 1ntens1 ty. : 

of relief occupies 35.lt-1% of the region un~er study and 

extends over the Northern, North..JSastern and Western· part, 

~here the dissected terrains and high undulating hl~ls 
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appear. Area of moderate intensity of relief marks 

the surface of the central l-1m.:synram structural platform, 

with maximum span around eastern Part of the region, 

It forms a belt running rrom north-east to south ~est 

along the central undulating plateau~ About V .98% 

of the area falls under this category. Area at low 

intensity of relief covers about 36.61% of the total area. 

It has an extension over the Southern, South~·lestern, and 

S.outh-.Eastem part of the study region~ The area under 

this category coincides with lo~ dissected surface of 

the south, close to Bangladesh Plain~ 

By summing up, it can saf'ely be said that 

major area lies in the category of High to moderate 

category of intensity of relief. Thus, intensity of 

relief map gives a very clear conception of the nature 

and distribution of slooe of the area under study. 

It also shows that higher the intensity of relief, the 

steeper is the slope. 

(b) Afea-height diagram: 

The area height curve (or diagram) represents 

the absolute or relative areas of land between adjacent 

contours !4- In this diagram areas calculated in terms 

1 ~. Strahler A.N., 1952,Hy psometric( area-altitude) Analysis 
of erosional topography, B VII.Geol.,Soc.Vol •. 63, pp.241 •. 
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of percentage have been plotted against the height 

which are in absolute values. The area height curve 

(Fig·. 25) of Mawsynram ahows a 'tti.modal' distribution 

of lands: first mode at 200 feet above ae~ level , 

second at 2700 feet to 4200 feet and third ·one is be b 1een 

1+200 feet to ,a..oo feet above sea leveli 
~ 

The percentage of land above:: 5400 feet shmJS a , · 

sharp diminishing trend, although it is a fact that 

5800 feet surface is one of the most important erosion 

smrfaces of this region ~ith moderate slope gradients. 

The land between 2700 feet and ~0 feet above sea level 

has been sub.)3 ct.ed to deep dissection and severe··'1rosion, 

1JJhich is. interestingly coincide with the region of 

steep slope~ 

(c) Hrpsometric curve: 

Hypsometric is the measurement of the interrela-
15' 

tionships of area and altitude. Which has an intimate 

relationship 1Jlitb the distribution of slopes. It is an 

Ogive or Cumulative frequency curve or maY be said as 

the cumulative version of the area height curve discussed 

earlier in this chapter. 

15. Klng
1
c.A.M. ,T.ecbniqges in Geomorphology,Edward 

Arno d,London, 1966,pp. 
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The bypsometr1c curve of Mawsynram(F1v,25) shows 

the starting of profile at 58oO feet above the sea level 

and endlbng at about 50 feet above the sea level, near the 

. Bangladesh P_lain .• The longitutional superimposed profiles 

of this region (F1g.23A) disc·ussed earlier seems to be 

similar to the hypsometric curve. Hence the area is per­

fectly marked out as a geomorphic unit vi th dis tinct 

homogeni ty .• 

The surface above 4200 feet is extensive and 

oc~upy around 32% of the total area, of the study region. 

It roughly coincides ~i th the undulating moderate slope ,, 

gradient surface of northern and central Ma'Ws,Ynram stru­

ctural Platform area. The land between Boo feet and 4200 

feet seems to represent the steep scarp and deep dissected 

Valleys of S.outhern Mawsynram region, which is also a 

zone of very high slope gradient and has occupied 4o% of 

the total land surface~ 

The surface be~1een 50 feet to Boo feet has 

minimum percentage of the total land, e. g. 28%, which 

roughly coincides with the older and newer alluvium 

surface in southern foot hills region of Ma"'1synram, 

close to Bangladesh plain.. On these surface monadnocks, 

1dith get:ttle slope gradients stand out attaining height 

up to Boo. feet. Thus, the form of tte hypsomet:ric curve 
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of the region under study, s hmrs an intimate interrelation­

ships betl>reen are a, a1 ti tude and nature of slopes. 

, 
'(d) All!metrtc FreguencY Graph: 

The altimetric frequency,. histogram deal.c; 1fli th 

the frequency of occurence of d1ffert::nt elevation groups 

in a region •. It is especially valuable -when the geomor­

phologist is seeking to recog-nize and correlate the differ­

ent groups of relief ~ith the nature ·and character of 

slopes-~ The al timetric frequency graph_ of Ma,isynram region 

have been prepared after finding out the highest point 

in a grid of one inch from one inch topographica1 maps to 

shm1 their frequency distribution. 

The frequency graph (Fig.25) gives a clear picture, 

that the land surface of 4950 feet to 5950 feet is domi­

nant in Mawsynram. But the surface is restricted mainly 

to the northern and central part e.g. around Nongpung, 

Welloi and Mro-1synram village regioni which also roughly 

coincides ~ith the zone of moderate slope area. 

The second important surface is between 50 ~eet 

to 95'0 feet, which covers almost all the plain areas 

of study region e._g. trn extreme southern foot hills, 
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• 

gentle slope area situated very close to Bangladesh 

Plain!' The third one is between 295'0 .feet to 3950 feet 

surface above the sea le~l. This part represents ., 

highlands and scarp lands surface, ~hich coincides with 

the zone of very s te$p slopes_. 

The diagrams (Fig.25') therefore, has helped a 

great deal i.n identifying. the high level erosion surfaces 

and in roughly correlating these surface with slope 

.form in different parts of the study region. In spite 

of tte .fact that the diagrarn cannot. give any. clear in fro-

mation of general slope form and origin of any surfaces, 

although it is an important tool for understanding 

certain details of the geomorphology of Mm·Isynram region. 

( e) Aye rage SloQ~: 

Tte calculation of averave slope is useful in 

making quantitative generalization for the study of 

slope. There are different methods' silggested by geomo.:. 

rphologists for the studY of average slope of the region. 

Some methods are ~uch laborious and complicated calcula-

tion and results obtained are aJ.so not satisfactory •.. 
. ' 16 

But. tte method devised by C.X.l'lenworth ( 1930) is a • 

16.W,ent\>Jorth,C .. ~K~-( 1930) :A simple method of determi~ing 
·the average slope of land surface, Ame.Jour.of oc., 
Vol~ 22, pp~_184-194., 
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general and random' method of determining average slope 

over,an area from a map. This procedure has been used 

by geomorphologists very often as it is simple and the 

results obtained are also encouraging to get the gener­

al picture of the re.gion under study. So in the present 

study the method suggested by Wenbrorth to determine 

the average slope of the Ma,Jsynram region has been used·. 

The formula~devised by lrlentworth is as follm1s: 

Average Slope = Tan 6 =_!Ud 
3361-

.&ngle = e = 
-1 

TanS = N;K1 
3361 

Where, N= average number of contour crossing in 
an area per mile. 

1= contour interval in feet 

3361 = a constant figure. 

Follm1ing the \o1entworth •s method ( 1930), the aver-

age slope. has been calculated for the preparation of an 

average slope map of Ma\-Isynram region. First of all, the 

researcher has traced th~ co~tour map from the one inch 

to one mile topographical sheets of the study region and 

then grids of one inch north~south and east-west line 

haw been dra\-.rnf{. After that t.~ the. tQtal number counter 

crossings have been counted for each grid and that has 

*The constant. figu.r,e 3361 (is derived from a formula by 
Wentworth; it is 5280 X 0.,6366f "rhich figure .is the 

mean of all possible varues of si~~;e'1s the angle be­
tween the grid ~lines and con tours~· · · 
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I 
been divided by ~ to· get the average number of counter 

crossing per mile. By app_Jitng the formula: 

Average slope = Tan 9 : _!ixl_. 
3361 •. 

( 1 =50 feet) ; 

The researcher obtained the value bf Tan for each 

grid. Using the natural tangent we obtained the 0°(degree) 

value of each grid and then slope (degree) has been grouped 

into five classes (Table ~ii) and !salines have been 

dra\m for each classes of slope. 

XABIE y ( ii) . 

SlNo. Average slope Area in Per~entage Categories of 
ind degree sq. mile of total slope. 

area. 

1 0 - 8° 6.1590 3.,0 Gentle 

2 8°- 16°. 36.3300 ,20~7090 moderate 

3 16°- 24° 52.t,.5oo 29.894o moderately steep 

4. 24° -32° 55.3300 31·52, Steep 

' above 32 25.250 14.39 Very steep 

175 • 50 100.00 

The average slone map (Fig.26) shows tm distribu­

tion of average slope and concentration of major slope 

categories in certain section of area. Isopleth lines 

express the intensity of slope change and demarcate the 
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five; Gentle,Moderate,Moderatly Steep,Steep and very 

Steep average slope zones. The areal distribution of 

these five average slope zones in ~4awsynram regi. on has 

been discussed belmi: 

( i) Gentle Slope:. 

0 0 
Gentle Slope category l>tith 0 to 8 of average 

slope, covers Rn area of 6.19;'J sq.mile, l>lhich is 3~·5'0 

per cent of the total surface and lies in the Southam 

extreme part of tm Mawsynram region, close to Bangladesh 

Plain, in ~JO conspicuous pockets. One jtE t South-Western 

corner around the village Dhalaigaon and Kathalbari, the 

second one located near mouth of Ue streams, Umparsumai 

and Um~tang, around the Katrang and Hatmawdon vJJ..lage, 

in Sou th-e as tern corner of the study eegion. 

Area covered by this slope category almost 

coincides with the sections of low-relief ( 5'00 feet 

average), coarse to moderate texture, lm.r-s tream frequen­

cy (below 7), minimum stream confluences ( belm' 'l), and low 

density of drainage ( belm1 ~ and 4 to 8) .•. The soil in 

this area is mostly alluvial (Newer and Older)type,which 

is very much sui table for agr~cultural practices •. 



199 

( 11) Moderate Slooe: 

Moderate Slope category ¥ith 8° to 16° slope is 

mainly associated 1:.1ith the interfluvial tracts of South 

and undulhating nothern plateau areas of the s tud.Y region. 

Both the tracts have· covered an area of 36.,33 sq.mile, 

represents 20•70 per cent of the total area. The inter­

fluvial sections of the south, with moderate average 

slope covers the lower middle section of the Umparsumai 

and Umktang, Stream basins. Similarly tre northern undu­

lating plateau with moderate slope, covers the whole 

basin of Ummanrat and mainly around the village Sohphoh. 

It has been observed that this slope category 

zone is covered with shifting as well as sedentary cul­

tivation. The slope zone follows the trend of the ,country 

and gradually merges into the areas of moderately steep 

to steep slope categories. 

(iii) & (1 v) Moderately Steep to Steeo Slooe: 

The areal. extent of this category of slope is 
0 0 

107.78 sq.miles ( 52.4-5 sq.miles is of 16 to 24- of slopes 
' 0 0 ' 

and 5'5'.33 sq.mlh~e of 24 to 32 of slopes) llthich is 61.41 

percent of total area of too region unde~e study. 
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It spans over the entire central Mawsynram 

structural pla~form region and Southern hilly terrain 

except a narrow track of very steep (above 32 degree) 

zone in between, which devides the moderately steep 

category of slope into two distinct north-central and 

south central zone of slopes. The north-central zone 

of this category of slope acts as a major East-west 

·drainage di vie bett-reen the tributarf:es of )4unagi and 

the Umeiv or Bagra rivers. I~ covers th.e ~lages such 

as Welloi, Nongpung, Painsanngut, Laitmawsiang, Sonpian, 

Lawkhla, Mawllng and Twahlongwar etc. The second pro­

minent, south-central zone of moderately st.e~y to 

steep slope category e~tends over tre southern billy 

terrain and dissected parts region of tte upper Umpar­

sumai 9 Umktang and Umnokaria basins •. 

This slope zone area of Mawsynram region is 

very often witnessed by land slUles and debris flm1. 

One could find while travelling towards:~Mawsynram 

village minor to major land slides are frequent., In 

this area, mixed type ··of cultivation is ptactised viz. 

t4aize,Potato e,tc~ Interestingly this zone o.f sl.epe 
-

category almost coincides with the sections of fine 

texture with high( 21 to 28 ) stream confluence category 

and high density of drainage~. 
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(v) Very Steep Slooe: 

Very Steep Slope category (Above 32 degree) 

covers an area of 25.25 sq.mile ~ith 1~.39 per cent 

of total area of the region under study. 

This is tre highest category of slope zone in 

this region and is generally associated with the high 

·relief areas and dissected scarp region. Areas of very 

steep slope are seattered in small pockets in North, 

North-Eastern, North-Western and South-Western part 

of the .region under study. In north and North~estern 

part there are two small pockets of very steep slope 

category, one is around S,ymper pe.ak( 5827 feet) and tr.e 

second one is located north-west corner of this. The 

most important track of this slope category stretching 

in between the moderately steep to steep category of 

north-central and south-central part, all along the 

Southern and North...Eas tern scarp face of 11m1synram 

stv.uctural platform. In South-Western part of the study 

region three conspicoous pockets of this slope category 

are located in upper reaches of Umparsumai and Umktang 
I 

stream. 

A study of average slope map of Mawsynram reveals 

various zones of different magnitudes of slopes. It also 
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shaws that the undulating and low-relief region are 

the areas of gentle to m<>Qerate slope •. · The elevated 

Mawsynram structural _platform represents., on the other 

hand, a moderately steep to steep slope ,zone. The 

displaced surface have evolved scarps of very steep 

slope. Although this slope map depict some abstract 

surfaces and keep the eyes from the actual slopes on the 

landscape, yet the results are interesting and not far 

off from the truth. 

To sum up the entire analysis of slope, it can 

be said trat mean range of slope varfes greatly from one 

region to the other, but "'!thin a select..ed area of 

uniform conditions of climate,vegetation, bed roqk and 

the stages of development; slope tends to cluster closely 
17 

round a mean value (S trahler-1950) ~ Thus, an analysis of 

Ma-wsynram region s hm.Js close correlati;ons among relief, 

drainag@ texture, dissection and slope. 

17~ Strahler, A.N~(1950): Davis's concept of slope deve­
J-opment viewed in the light of recent quantitative 
investigation, Ann.As ~Ame.Geog.,, Vol • .KL,No.J,p.212., 
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C.LASS;IFICATICN OF LANDFORM REGIONS 

"I believe it is "Within nature itself that 
\rre should seek the principles for geographical division" 

GALLOIS , 1908 

Introduction: 

The basic concepts of landform classification are 

obtained from regional science, the one that most concerns 

the Geamorphologist. The most useful type of classificatio9, 

as pointed out by J.S.Mill (1891), relate to those classes 
1 

which permit the widest range of generalisations. For this 

reason, classification of natural phenomena should be gene­

tic and the select criteria used in defining the units should 

be chosen from the fundamental and permanent characteristics 

of the landscape. In general, therefore, ttE 'best type of 

landform regions classification is that which separates the 

landscape in to natural units, based on origin, process, 

and form. 

Landform is the expression of the geological 

character, and the surface geometry of the, earth's crust, 

and its general nature c§Jl be most easlly understood by 

1. Mill, J .s., (1891) A system of Logic, 8th edn~Barper 
New York as quoted in "l'errain Evalution 'An Introductory 
Handbook to the history principles and methods of practical 
terrain assessment" by M1 tchell 1ii.Colln, longman group 
Limited, 1973 9 pp.27-30._ -
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considering the maps which reveal these two aspects. for 

the classification of the present study area in to differ­

ent landform regions, various ·maps such as, Geological 

map, relative relief map, Drainage density map, Drainage 

frequency map and average slope map are superimposed and a 

map has been prepared to faithfully po:r.tary the different 

land~orm regions. In terms of surface geometry and geology 

these regions are more of less internally homogeneous and 

distinct from each other. 

Land form Re g1 Qll: 

Landform regions (Fig.27 ) have been outlined 

after correlating the results of various morphological 

methodologies and then the geological background of the 

area supplement to the present Analysis. The map is therefore 

based up on the informations collected about solid geometry 

of land and surface material to prepare a composite account 

of each carved out landform ( Chorcmorphographic units) as 

noted below in Table VI(i). 

Primary units _ 
( area in per cent) 

1 

A. Mountains: 
( 26.79) 

TABLE VI( i) 

Secondary units with Area 
l4orphometrlc and Geolo- covered 
g!c character. in sq. 

mile . 
2 3 

( 1) High hills 
( GUC -A· RML-Vh • Dm -h • ' ' - ' , Fm; __ Svs ) • 

Area in 
_ percentage 



MAWSYNRAM 

LANDFORM REGIONS 

0 1 mile .....__.... _ __, 

nrm High ~~~ 5 

Rf+l Low rolling dissected 
mE hills 
ffinExt~nsive undulotirg 
UllJ high tablela nd 

GIIJoissected tableland 

. f:-~ Dissected scarps 

r=-::loeepl y dissected high 
· e:=:J uplands 

[J Low rolling uplands with 
· sandhills ana swamps 
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fig-27 
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B. Plateau: 
(4o.4-4) 

c.scatps: 
( 7·· 26) 

D. Uplands : 
( 25. 5') 

Legends: 

.•. 
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2 3 

( il) ·!Ow rolling hills .35! 50 
( GA-VC-.E-J; Rml-h; Dm-h; 

Fm; Ss ). 

(111) Extensive undulating 
high tableland 41.5'0 

(GUC-PC-A; Rh-vh;Dm;Fm; 
Sms-vs). 

(iv) Lower dissected table 
land ( GE-UC -A. ,Rml-h, 29.$0 
Dtn-h,Fml-m,Svs) 

(v) Highly dissected 12.75 
sc·arps~.GE~UC;...OM-A;Rh;Dm-
h; Fm-h; Svs) 

(vi) De~ply dissected 24.50 
high ttpl:ands 
( Grl!P-OM-E.-J r Rml·; RM-h; 

S;ms ). 

( vii) Low rolling uplands 
.. \>11th many sand hills and 20. 5o 

swamps 
( GR -MP -OM -J; Rl; Dl-M; Fl -Ml; 
Sg-m). 

20!23 

23.64 

16 • .80 

13.97 

11.~ 

1. Geological format1ons(G) Recent (R), Mio-pllocene{MP), 
Oligo-miocene (0~1), Ecocene(E), 
Upper-ere taceous ( UC) ,Jurass ic(J), 
Pre-Cambrian(PC),Archaean(A). 

2 •. Relative Rellef(infeet) 
(I}) 

. . 

j. Drainage density (D) 
' .. (Length in/mile per 

sq. mile) 

l.o'll:( 1) below 700 ;Moderately lOl\l 
(ml) 700-27QOih1gh(h) 2700-4700; 
very high ( vh)above 5'300.. . 

Low(l) below 8; moderate(m) 8-12; 
high (h) above 16. · 



~~Drainage frequency· (F) 
(Number per sq.mile) 

~.Average slope (S;) 
(in. degree per sq.mlle) 
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Low(1) belmv 7; moderately low 
(m-1) 7-14; moderate(m) 1~-21; 
high (h) 21.;..28; very high(vh) 
above 28. 

Gengle (g) ·belm1 8, moderate(m) 
8-16; moderately. steep (ms) 
16-2~; steep(s) 2~-32;very steep 
( vs) above )2. 

The primary four landform units of the area clearly 

indicate that the plateau or table land-form a major landform . 
unit occupying almost 4o~~ per cent of the area under study. 

It· is a region of le_ss dissection and repl"€semts different 

uplifted plantation surfaces and their undulating extension. 

Mountainous tracts, scattered all over the area, form 

a separate broad landfo:n;n unit., They cover about 26~.79 per 

cent of the area and are regions of high dissection. Their 
.,. 

origin ls related to upper-Tertiary Uplift and their inland 

ext~ns'ion from scarps. The area is also a region of differ­

ential dissection and structural difference. Considering 

these differences, this major land-form unit is further 
2 

sub-d.i vided in to t\tTO secondary units. 

' The third very important primary landform units of 

the study area ls the scarps. This tracts occupy very limited 

area (7.,26 percent)· and are distributed in the central, 

2.,Singh,R. L.( 1957) Morphometric Analysis of Terrain,Nat.Geog. 
Soc., India ,Bull.:N o ., 2.2, pp: ~--1 • 24 •.. 

. ·~ ' 
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~as tem .and western part of the region. The presence . 

of scarp is a conspicuous feature. in the landscape~ The 

central scarps are slightly less steep than. e?Stern 

and ,1estern scarps. They are clearly associated in 

their characteristics "'i th structure· of thei~ respect! ve 

regions. 

The next most important primary landform units is the 

uplands occupying almos ~ 25'. 5'1 per cent of the study region. 

It is a region of deep dissection and represents various 

reliefs. It has been further subdivided into two secondary 
' 

units according to their nature of dissection, relief and 

slope. The. description of each of the seven secondary units 

would provide a fundamental differentiation of various 

morphological aspects of the region. 

( i) High Hills: 

This landscape unit occupies an ar~a of 11.50 sq.miles, 

whi.ch is 6. 56 per cent of the total area under study. It is 
' 

an area of high relief characterist~cs and intensity of slope 

are high relative relief is above 5300 feet and intensity 

of slope is more than 32° ~ Drainage dens! ty is moderate to 

high (8-16) and above per sq.mile) depending upon relief, 

while the area is characterised by moderate stream frequency 
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( 14-21 per sq.mile) ratio. The areas of high hills are 

scattered in five small pockets, north, central and South­

Western part of the study region. In north the most important 

part mainly lie around the Phudsymper ( 5827 feet). The other 
-

conspicuous pockets of high hills region are located in 

upper reaches of the Umparsumai and the Umkatang stream 

basin. 

(ii) Low Rolling Hil1s: 

Low rolling hills dominante the landscape in the 

north, central and south-central part of the Mawsynram block. 

In north and central part it spans around the scarp face 

south it runs as a narrow track in a east-west direction 

between the dissected tableland in the north and deeply 

dissected high uplands towards the south. This landform 

linit covers 35.50 sq.mile, vhich is 20.23 per cent of the 

total area under study. The relative relief is moderately low 

to high and varlesaccordingly ""'i th intensity of slope in 

north and central regions where it is 8 to 12 and above 16 

per sq.mile respectively., It is an area of moderate stream 

frequency "Jith 14 to 21 streams per sq.mile and steep slope 

region which varies from 24° to 32° per sq. mile. 

In the north it covers the part of Archaean gneissic 

complex rocks surface of the Ummaurat basin but in the central 
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part~ the Upp.er-Cretaceous, Archean, Eocene and Jurassic 

rocks 4'urface form low rolling hills. unit, "Jhich extends 

over the upper-reaches of the Umparsumai, the.Umkatang 

and the Umnokaria stream basins. 

(iii) Extensive undulating high tablelang: 

This extensive tableland is the south-west extension 

of the vast Shillong plateau, which remains separated from 

the 'south by well defined scarps region in the central part 

of the study region. It is extensive and prominent tableland 

~Ii th. a relative relief of 2700 to above 5'300 feet and covered 

an area of 41.5'0 sq~mile (23.6'+ per cent). This is an area 

of moderate drainage density ( 8-12 per sq.mile), moderate 

stream frequency (14--21 per sq.uwle) and moderately steep 

0 40 0 
( 16 -2 ) to very steep (above 32 ) of slope intenst ty and 

correspond to- the para and ortho gneisses, migna ti te.s, meta­

sedimentary bands, Arkose, Quartzite etc. of Archaean, 

Upper-Cretaceous and pre-cambrain period. 

(iv) Lower dissected tableland: 

The lower dissected tableland· seems to run in a 

south-\'Jest to North-East direction in the central part of 

the study region •. This is an area of moderately low to high 

relative relief (700 to 4-700 feet) \>Jhere intensity of slope 
0 

is also very high( above 32 ) • Drainage dens! ty is moderate 
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to high ( 8 to above 16 per sq.mile) and stream freQUency 

'd th the moderately low ( 1-14 per sq.mile) to moderate 

( 14-21 per sq, mile). This is a region lvith deeply dissected 

Upper-Cretaceous and Archaean sediments s11rface which occu­

pies and area of 29.5 sq.mile (16.80 per cent). 

( v) Highly diSS§cted scarps: 

In contr~st to other categories this ecarp terrain 

occupies only 12.75 sq.mile, ~rhich is 7.26 per cent ofi:the 

total a~ a under study, and is unev~nl.y located. The exten­

sive undlllating high table land is clearl.Y defined and 

·delimited by highly dissected scarp which runs almost in con­

tinuous narrow tracks all along the high ~able land •s eastern, 

southern and western face. 

These scarps outline break in-slope 111here the streams 

such as the Umjangut, the Umparsumai and the Umkatang and 

have cut back their deep valleys since those ha"te been elevated 

in ~atl.y and middle Tertiary periods. It is an area of high 

relief between 2700 to 1,.700 feet of relative relief., The 

area exhibits moderate to high ( 8 to above 16 per sq.mile) 

drainage density; moderate to high stream frequency ( 14 to 
. 0 

28 per sq.,mile) and very steep slope intensity (above 32 ) • 

This scarps region also cover the Eocene, Upper-Cretaceous, 

Oligo-Miocene and Archaean periods sediments surface. 
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(vi) j)3eoJ,.v dissected high qolan_d: 

This ·region covers 13.97 (24.5 sq.mile) percent 

of the area fonning moderately lo'~ relief (?00 to 2700 

feet) and slope intensity varies bet'Ween 16° to 24° per 

sq. mile. This is an area of law to moderate drainage 

density ( belm; 8 to 12 per sq.mile )and moderato to high 

(1~ to 28 per sq.mile) stream frequency. 

This deeply dissected high upland lies in a east­

west direction between the lo'-1 rolling dissected hills region 

in the north and law rolling upland!:i "'lth may sand hills 

and S,_1amps in the south. This dissected high upland bas 

been formed by shale, sandstone marl, limestone,calcareous­

shale, Arkose, mottled clays, conglomerate,Basalt,acid tuff 

rocks of . Eocene, Upper-Cretaceous, miopliocene ,Ollgo-mi ocene 

and Jurassic period and occupies the middle part of the 

Umkatang, the Umparsu.'!la.i and the Umnokia stream basins. 

(vii) !Q\,1 roling uo18nd ~ith manv sand hills and Sl•Tamps: 

This landform unit lies in the southern extreme 

part of the study area, close to Bangladesh plain, over the 

micace'ous sand, silt stone, felspatilie s~ndstone, clay, marl, 

calcareous shale, limestone, Arkose, fine silty sand, light 

to dark greyish clay of ~.flo -pliocene ,Oligomiocene ,Eocene, 

Upper-Cretaceous, quaternary and Recent periods sedtments, 
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covering 11.5'~ per cent·(20.;25' sq.mile) of total area under 

study. This is bot.h gentle. to moder3~e in slope intensity 

(less than 8° to 16°J and relative relief (less t~an 700 feet). 

Similarly d~ainage density is low to moqerate (less than 8). 

to 12 _per sq.mile) and stream f,l'~q~ency is low. to moderately 

low (less than 7 to 14 per sq~ mile). 

This area covers the vilJages such as Dhalaigaon, 

Kathalbari, Katrang,Balat and Hatmawdon etc. and also lower 

parts of the Umparswnai. and the Umkatang basins •. Many scattered 

low aand hill, and S\-.iamps located in betwe· n tttro sand hills 

is common features of this region. This zone is ,.,ell fares ted 
' 

and contain long leaf plants and shrubs. 

The study of the landform regions of Mavs~ram area 

not only defines their micro-morphometric units but also 

denotes the morphological character of each of them. For 

further recognition of lower order region each unit provides 

valuable informations. Thus such classification of landform· 

regions is the first stage of the data acquisition for agri-

cultural, engineering, military or planning purooses .and 

caters to the interests of all land users by providing them 

with background inforrnati on, and preventing costly duplicat,i on 

of field ~ffort._ It also facilitates the task of delimiting 

areas with different types of priorties of effort. In the area 
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under study, it is often more important to knO\IT the existence, 

location, and size of such areas and hm! they are ielated to 

· one another geographically and the concentrations of population, 

Agric~lture, settlements and transport systems. Thus land is 

the stage where its . varying. uses are depicted and the application 

of such geomorphological to.ols in diffex:ent fields will yi:eld 

substantial results. 

. .. ··\:::.. 

_._,... 
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SUMMARY AND CONCLUSION 

The Mavsynram area forms the soutb-ves tern part 

of East Khasi hills district of Me ~laya! The evolutionary 

story of its Geological landscape is one of recurring 

uplift and dotl1n-sinking during the past 100 million years, 

which led to the formation of the present spectacular 

landscape geometry. The variety of sediments from Archaean 

to the recent periods forming the region is discernible 

from its protruding surfaces. The follmring findings ...... ~ 

and observations pertaining to the Geology, teotonic, and 

structure of the study area are of paramount importance in 

so far as they thrm: light on 1 ts landscape evolution' 

(i) It is noteworthy th~~ landscape evolution of 

this region is more· in comnion t.; i th that of the 

peninsular region, rather than with that of the 

near by Himalayan ranges of the North-eastern 

part of India. The ancient rocks of north and 

Cretaceous depoiits on southern part of the study 

area bear testimony to it. 

(ii) The region has experienced tectonic disturbances 

from the pre-Cambrian up to Tertiary period. The 

former movements were violent leading to complete 

fcflding and fracturing of the ancient rocks •. The 
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TectQnics of the Jurassic and Tertiary are 

responsible for plateau volcanism, upliftment 

and downsinking of differe:nt parts resulting 

in the present unique physiographic configuration. 

The area to the north and centrai part of study 

area during the post pre-cambrian period experienced 

peneplanation resulting in the formation of a 

flat levelled surface (structural platform-1305 m). 

The marks of different cycle of denudation noticea­

ble on its surface and the presence of Ancient 

hard r_;ocks on hill tops provide corroborative 

evidences to this fact. The plateau is also stand­

ing as a watershed between the Umnagi valley an 

the west and the Umiew or Bagra river valley on 

the east as a result of major upllftment of this 

block at the end of the Mio-cene period. 

(iv ) The general structural trends of the rocks of 

this region is N .E. ;s.w but in south and "Western 

part the trend is becoming E-W. ~he rocks are . 

folded and 11neated. In the southern fringe of 

the studY are.a, the Dauki raul t -I I, ( Balat t o 

Khasmara), from "rest to east it could be traced ·,__ 
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as a high angle reverse to vertical fault. Here 

the amount of topographic and stratigraphic dis­

placement is very conspicuous. 

Though, it is an area with 175.5 sq.miles, the charact­

eristics of the weathering products and processes occurlng 

over its surface are marked to be distinctive. The study on 

. •weathering and soil formation • .of this region reveals the 

following facts: 

(i)~From the study of the climatic, Biotic, Geomorphic 

amd geol_og,ical factors it is evident that in sou­

thern part of Mawsynram these factors operate to 

favour deep chemical decay of rocks, ~hile the 

effect of physical and· thennal weathering is more 

marked in the northern part. As a reg.ion of moder­

ate temperature and ~orld's wettest spot it promotes 

the weathering process and being a stable landsur-
. 

face since late Tertiary favouring deep penetration 

of weathering and decomposition of rocks. 

(ii) The Analysis of rainfall and temperature data of 

this region shows that the rainfall is heaviest 
0 

(80%) and temperature is maximum (average 24°.00C ) 

during the month of May to August. As the rainfall 
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and temperature plays a vital role in w~atheting, 

it could be safely therefore pointed-out that. the 

intensity of weathering must be very high during 

these months. The areas affected by processes of 

"'~athering are limest~e ~ea ( 25°-19 'N to 90 ° -35iE), 

Mawphlong Mylliem gr~ite rock surface and foot 

hills area around Balat. 

(iii) The study of the limestone topography(2~-19'N to 

90° -35'E) of Mawsynram reveals that Karst features 

are present but do not domina.te the l~dscape. 

This may be a rt:::sult of the topographic youthfulness 

of the karst features, as this region has been 

uplifted during the Upper-Tertiary. period and also 

possibly due to the absence of one or more condi-

tions essential to ideal karst development. 

(1 v) Inves tigatlon of the Mawsyjymbllin cave sl tuated 

~bove. the water table (vadose zone) near Ma1r1synram 

village, reveals that the formation of this cave 

can theori tically be expl~ined by the •vedose 

theory' profounded by Matson. 

( v) The study of soils of this region also reveals 
, 

that specific soils of the sollenvelope fit spe-

cific weatheredrzones~ Broadly speaking there are 
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~vo types of soils found here i.e. hill soils 

and plain alluvium. They are also characterised 

by high organic matter and nitrogen contents. It 

is also noticed that the soil of higher altitude 

belonging to Ancient sediments because of heavy 

rainfqll are dominantly acidic. About 90 per 

cent soils of this region is acidic in nature. 

The study of soil landscape near Mawphlong of 

study region confirms that lomaY silt with ~gb 

organic matter and ni~rogen content; clay and 

loams; light greay loams; are on hill summits, 

hillslopes, and low lying closed depressions. 

These soils are from the samepq.:,E·entmaterial 

(Archean gnisses complex)but vary with altitude. 

The whole area under study is susceptible to 

largescale soil erosion, consequent u~on climatic 

and human rather than by Geological and Geomorpholo­

gical factors._ 

The investigation about the 'Drainage and its Evolu­

tuin • of the ~~.hudy region have been very much useful in under­

£! tanding the geomorphological character. The Umagi, the Umiew 

or Bagra, the Umparsumai, the Umkatang, and number of other 

small stream basins bear witness to the denudational history 
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for they continue to preserve many dissectional forms of 

varying ages in their beds. The following are the f.imdings 

of our investigation: 

(i) The present form of drainage pattern was attain­

ed through different geological events since 

mesozoic to present day ~ indicated by the 

polycyclic erosional surface o~ various levels~ 

In southern part of study region the consequent 

streams are mostly controlled by the structures 

(monoclines and faults) in the Cretaceous 

Tertiary sediments. Many deep gorges s~ooped 

out by the s trea.ms are the result of mass! ve 

headward erosion by mainly extensive shifting 

cultivation on hill slopes; antecedent streams 

along these joints. The drainage system of this 

area is to a great e:Xtent determined by the 

central structural platform zone in various dire­

ction. The analysis of long profiles confirms 

that the mai·n river, "the Umnagi' and 'the Umiew' 

are in old stage of cycle of erosion in their upper 

reaches but youthful in the lower stages. 

( 11) The drainage pattern study of this region reveals 

fo•r types of drainage pattern ie~ Rectilinear, 
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Radial, Semi-dendritic and JBrallel pattern. 

The radial patte.m of drainage over granite 

surface of Symper peak (5827 feet).in central 

part stands as a contrast to the semi -dendr1 tic 

drainager9attern of eastern region. The southern 

part is dominated by rectilinear pattern, ·which 

has developed with joints and the whole pattern 

has possibly been developed due to Tertiary 

upliftment of this block. These patterns have 

focussed light on the rock type, geological 

structure and stages in drainage evolutions in 

different I&rts of the study area. 

(iii)The stream frequency study of this region has 

confirmed that the central and north-eastern 

part has a higher ~quency ( 14--28 above) than 

t"at ~f the north-western and south-western 

part (below 7 to 14-). This higher frequency may 

be attributed to the high rainfall (more than 

12,000 mm~, in a year), non-permeability of the 

mantle rock ( Archaea rock surface) and relief 

(average 53 00 feet), on the other hand th~ low 

stream frequency is mainly due to. lact of relief 

(average 250 feet ) and the presence of highly 

p~~~eable rocks of the Cretaceous-Tertiary sediments~ 



The analysis of the stream confluence and drainage 

dens! ty does also indicate that, high of these two 

are :·rel.ated to the rainfall, relief and permeability 

of .rocks and interestingly coincides with the areas 

of stream frequency. 

·(iv} The denudation chronology discloses a cl.ear picture 

of the antiquity of the present river systems and 

complex landscape evolution of the study region in 

different geological periods. On the basis of this 

study one can conclude that the present river ~ystem 

of this region has probably been stable from late 

Tertiary or a little ear·lier to it.: 

The morphometric analysis of the six stream basins 

reveals the following salient points on the landform evolu­

tion and geometrical similarity of th~ different drainage 

basins: 

( 1} The abrupt drop in the mean length and area of the 

lo-th order streaJ!ls of the Umnokria is due to the lack of 

development of large tributaries beyond this order• 

During late Tertiarr period the rise of the northern 

part of t-iawsynram has probably limited the large tribu­

taries in the dmm stream directions. The antecedent 

character and abrupt change in altitude between upper 

and lm.rer reaches of the Umnokria bear evidence to it~ 
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(ii) The Ummonrat, the Phudsymper, the Umjangest 

and the Umsa1tkha in its middle· reaches no~Iing 

across the dissected Archaean and Upper-Cretaceous 

sediments, ~ith conspicuous relief and excessive 

rainfall have determined the development of many 

tributaries resulting in highly unequal meanstream. 

length for its 3rd and 4-th order stream( Appx. 1 ) • 

(iii) The strong structural control guides the direction 

of the flow of the Phudsymper9 the Umjangut, the 

Umsa1tkha and the Umkatang, resulting in high Rb . . 

and Rl values for these trunk streams• The sharp 

rise in the values of :Ra ,Rb and Rl(A.ppendix-I) 

bet'\-Jeen the 2nd and 3rd order streams of the above 

streams is due to the influence of high available 

relief and heavy rainfall favouring the develop­

ment of the stream network. 

,. (iv) The geometry of the six drainage basins reveals 

that the geometrical similarity is maintained 

among the stream of lower orders as exhibited 

, by similar dimensionless ratios i.e. Ra,Rb 9 and 

Rl (A.ppendix-I). With increasing orders; the 

drainage basins tend to deviate from each other 

in their geometrical property. 
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( v) By comparing the geometry of the drainage basins 

consisting of six streams with the dimensionless 

ratios and scale ratios it has been observed 

that the Ummanrat is similar with the Umnokria, 

the Phudsymper with the Umkatang and the UmJngut 

with the Umsaitkha• This similarity points forth 

the fact that between these stream basins their 

must have been more or less similar type of geo­

logical structure, rock type, relief configuration, 

rainfall distributions and other associated pheno­

mena. But there is not much geometrical similarity 

among the tributary basins of the successive orders 

within main basin• This variation is perhaps, due 

to the fact that the tributary basins had come from 

different environments, altitudes and climatic 

background. 

The Morphological character of the area is exhibited 

by the appearance, dimension and magnitude of sl.ope. The sl.ope 

of the region is the outcome of the factors like endogenetic 

forces, intensive weathering process of erosion and transpor­

tation. Tectonic movement associated \llith htgh ttegree of de­

nudational activity has produced regional variation in slope. 

The studY of slope which has ultimately influenced the classi­

ficatlon of the landiiorm regions of the area under study re­

veals the foll.m.11ng interesting facts~ 
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{1) The plateau region of the northern and central 

Mawsynram surface expresses subdued topography 

with gentle slope forms. The eastern and westem 

parts of the plateaU are highly dissected arid 

the southern part is reflected ~ith a sharp 

fracture zone {Dauki fat.il.t - II) of very steep 

slope forms. 

(11) The general dominating type of slope is convexo-. 

concave form of slope. The upper congexity is 

due to soil creep mainly during th~ dey season, 

and l~rer concavity is due to the concentrated 

rill action in the ~est season. The soil c~eeping 

and rill action can be attributed to the high 

average slope gradient, ranging from 8° to 32° 

and possibly due to extensive shifting cultivation 

on the steeper slopes. 

{iii) The study of the hill slope profiles clearly 

confirmed that all the four elements of slope 

identified by Wood(1942), i~e. lrJaxing, freeface; 

dibris and pediment have clearly been marked 

here. The analysis of different slope profiles 

reveal'-' that the pediment zone has not been 

so well developed~. The value of slope angles also 

indicates that this zorn .. of these profiles have 
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high degree of slope angle. Thus the process of 

recession of slope is net SO well marked 9 .,7hiCh 

is very important for tile' development of an ex­

tensive pediment zone. 

( i v) The st~dy of. ·the long-profiles and cross profiles 

of the region under study has thrown ligttt.on the 

nature of terrain and slope. The long profiles of 

all streams show that these rivers seem to be in 

old stage of cycle of erosion with their gentle 

slope profile in their upper reaches but youthful 

in lm1er stages, where the slol)3 gradient is high. 

The different other profiles also go to corroborate 

this facts •. This abrupt change in slope profiles 

gradient towards the southern part is the result of 

the great?r upliftment of the northern block and 

that of the south, during the Upper-Tertiary period. 

( v) The study of average slope of t·1awsynram indicate 

the five zones of slopes of different magnitudes 

ranging from 8° to 32°. It also shows·that the 

undulating and law-relief ·region are the areas 

of gentle to moderate slope. The elevated stru­

ctural' platform (1305 m) represents a moderate to 

steep slope zone.' 



Finally the genetic classification of landform 

regions of study area defines fG.(!lr primary and seven 

secondary mlcro~orphometric units and also denotes the 

morphol0gical character of each of them. This classifi­

cation is ba;:;ed on the fliDdamental and perm anent character­

istics of the landscape; i.e. Origin, Process and form; 

which 'ltiOuld not only help in acquiring initial data for va­

rious planning purposes but also brings together the 

interests of all land users by providing them ~ith backg­

round information and help them to save costly du~ication 

of field effort. 

Geomorphology, there fore, is the express ion of 

the geological character, processes operative, the soil 

and the solid surface geometry of the earth's crust. The 

systematic study of the discipline goes a long way in 

facilitating the research .in the unchartered areas of 

agriculture, engineering, Military terrain analysis and 

may provide a sound basis for opening new vistas for other 

related disciplines., We humbly hope that the Geomorphic 

study of Mawsynram have its relative importance for the 

planners and investigators. 
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1 2.QO 
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., 4.00 
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1 111 52.~00 
2 22 10~00 ., 4 11.00 
4 1 5.50 
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' 5 1.00 
4 1 4.00 
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6.li0 0 .• 59 
4.50 1.08 
'5.25- 2·.25 
2.00 2.00 
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• I I 
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,.go 
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.,.72 
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I 4.00 

,.70 
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5.00 
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1.24 
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2..24 
2.67 

- - ~ - - -- ~- ~ ~--- l 

I 

R.A) 
1 
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-
1.71 
4.16 
4.00 

);,/' - ~- ~- --~ ~~ ' ~ ~ ~ I 

Utwkatang 1 250 1 ,,.oo 12.75 0.55 1 ,,.oo o.os 5.81 1.45 1 2.00 
2 43 3;.oo 4.50 0.77 166.oo 0.10 4.30 t.94 1 5~20 

Umnf'krla 

, 1o 15.oo s.25 1.so 1a1.oo o.s2 2.oo o.67 I 1.34 
4 5 e.oo 3.50 1.60 1sg.oo 0.70 ;.oo 3.75 . 3.54 
5 1 6.00 2.50 6.00 195.00 2o50 • 

1 
2 ., 
4 
5. 

18 
18 

6 
2 
1 

57.00 
25.00 
a.oo 
2.00 
6.00 

10.00 ,.50 
3.50 
2.00 
6.50 

0.73 
1.59 
1.:S3 
1.00 
6.00 

57.00 
82.00 
go.oo 
92.00 
ga.oo 

0.12 
0.19 
0.58 
1.00 
6.50 

4.:53 :;.oo 
3.00 
2.00 

1.90 
0.95 
0.75 
6.00 -

"1.58 
3.05 
1.72 
6.50 -
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APPENDIX -II 

'' 

PROfllE No.l PROEI LE NS2a2 

Height above "Angle of . ~' 

Angle of Height· ·above 
the se.a level · .. ·.$,lop~. the· sea level slope 
( J.n ·feet ) · ( in degree) (in feet) {tn degree) 

5'45'0 46 5'35'0 37 

5'1Ho 5'9· 
.. 

5'3lto ' 5'0 

5430 ?8 5330 52 

5'4-20 83 5320. 5'5' 
54-10 Bo 5'310' 63 

~0 ?0 '$300 .?2 

5'390 62 5'290 75' 

5380 60 5'280 6? 

5'3?0 5'7 5'2'70 5'3 

5360 5'5 5'260 48 

. 5'350 51 5'250 20 

'534o 39 5240 10 

5330 20 
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APPE@IX··- II C Contd,,) 

. PROFilE No.3_ .PROFI IE NO.4 · 

Height above Angle of Height above Angle of 
the sea level slope the sea level slope 

. (in feet l 'in deg;te~l 'i.n feet> · ~ 
-

4-94o 49· ·4970 4-1 

:4-930 61 4960 . 49. 

'4-920 78 4-9;0 62 

.Y910 83 494-o 64-

.4-900 81 4930 60· 

:4890 63 4-920 ;6 
I' 

·4880 ;9 4910 53 

4870 ;7 4900 ;o 

4860 ;3 4890 48 

48;o 4-9 4880 4-7 

4-84o ·4-4 4870 4-; 

4830 1; 486o 36 

48;o 28 

484-o 38 

4830 20 

4820 . 18 
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