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INTRODUCTIGH

"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 separated, as part of .
the total environment, Within a dynamic system of
interacting factors, geomorphology is best viewed
from a balanced, total perspective and approached
vith an ecological bias",

KARL VW ,BUTZER
“"Geomorphology from the Barth", 1976

The term ‘Geomorphology' etymologically
means (the Greek ge, 'earth'; morphos, 'Shape'; and
logos, 'reason') the study of the Earth's shape,
vhich has been subject to various interpretations,
The status of ‘Geomorphology ss an automomous disci -
pline has been.cohtroverted, as the disciplines like
Geology, Geodesy and Geophysics claim it to be
inalienable part of their respectivwe domains. In
practice these sciences overlap, so that hard and
fastkaéfiniglons of Geomorphology is neither desirable
nor practigagigi\fhe\ambiguity relates to the various
shades of ﬁeaning of the term consequent upoh the
varied definitions given by different scholars from
time to time, It is not worthwhile on our part to be



a party to the controversy. It wauld suffice to

say that Geomorphology in its widest sense is

that branch of the 'earthsciences' which concerns
itself with the development of the surfaée features
of the Earth, In a more restrictive sense geomorpho-
logy is the science of those features whose shape is
determined by the action of exéggnetic processeé
i3e. of processes which originate outside the solid
Earth, It is with this latter concept of geomorpho-

logy that we shall concern oqrselves.

Geomorphology tells about.the shapes of hills

.and vaileys, the degree and frequency'of slopes, the
development of drainage patterns and'the nature of
‘material exposed in all available sections. But the
study of geomorphology is not limited to this academic
sphere only. In contemporary ﬁorld it is being increas-
ingly realized that almost in every aspect, an appli-
’ggtiﬁniof geomorphological prineciples could be rewarding,

- e o

In ihe\fiéiﬂ\of\ggg}neering geology; measures of soil

control; soil séience, économic geology; geohydrology;
military geologyj—irrigation gnd for landuse and

landscape ﬁlanning~could be mentioned as avenues which



could be well served and sﬁrengthéﬁed by geomorpho—
logical studies, In an agtiéuliﬁral country like
India, the application of géomorphoiogy in the
fields of agriculture- horticulture- forest dewe -
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 1t has been undertaken by different |
scholarg; rather, the main concern here is to
examine the current trends of the discipline and

get on with our investigation,

The study of this subjéct, vhich is concerned
primarily with the form of the earth, is 1ittle more
than one hundred years old. The early vorks in this
field led to a variety of approaches giving rise to
the development of several schools of thought. According

to C.A.M. king (1966) there are three major groups-

1. See-Thornbury,w D.,(195h ,1969) 'Principle of Geomor-
phology". John Wiley and sons, New York.

- Chorley, K.J., A.J.Dunn, and R.P. Beckinsale(1964).

- ~'The History 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.,llew York.

2. King,C.A.M, 'Techniques in Geomorphology',Edward
Arnold(Pub JLtd.,25 Hill Street, London Wix 3LL
(1966) pp.7-11.



the first arising out of the work of 'Walter Penck*
called as the 'Mobilistic view'; the second gives
priority to the effects of cli@ate in studying the
characteristics of the landscape; the third is based
V on the idea of‘cqrreletion by aitiﬁude»and therefore,

be .termed as the 'eustic:view';

»Following_Wprld,Qar I1I, researches in geo-
morphology broke awey_frem the traditional method,
and the field of quantitative and dynamic geomorpho-
logy made,a break through,gnder the diseciplinary
impetus of B.E,Horton(19#5§,,;he description of drain-
age basins and '¢hannel networks' were transformed
from a purely qualitative and descriptive study of
W.M.Davis (1899) to a regorous quantitative science.
Horton's work was developed in details by A N Strahaler,

3. Horton, R.E.(1945):Erosionasl Development of streams
and Their Drainage Basins, Hydro-physical Approach to
-augntitative Morphology’ "Geol Soc,Am,Bull., Vol,56,
No.3, pP. 275 370. :

4, Davis, W.M (1899a) *The geographical Cycle" deogr.
T.14: 481 sol+

(1899) plj?he peneplain".»Am.Geol.25:207-239.

- .
=~



A

(1950, 1952.1956,1957)5 and his associates Melton,

6 ‘ 8
(1957); Morisawa, (1959)7 and Schumm,(1956). The

ap?lication of the tools of matheﬁatical-statistics

to

geomorphology became indispensable in making .

precise measurements and puttihg'?érﬁard*ﬁeﬁihypotheses.

-But the conclusions dravn from mathematical calcula-

ticns are not to be over emphasised in relation to

" data and assumptions upon which they are based. -

ﬂandform charactefistics aredinfluenCéd by many pro-

cesses and control factors, some of which are diffi-

cult to bé analysed in terms of mathematical specifi-

cations, The role played by such factors as lithology,

stratigraphy, structure; disstrophic history, and

5,

Strahgler,A.N., (1950): 'Equilibrium theory of Erosion-
al slopes Approached by Frequency Distribution analysis"
Dynamic basis of Geomorphology", Geol.Soc.Am.Bull.Vol.
63,90 923-938.

1056): 'quantitative slope analysis',Bull,Geol. Soc.
Amer. Vol.67,pp.571-96.
(19575-'quant1tative Analysis of watershed Geomorpholggy",
4m,Geog,Union, ,Transactions, Vol.38,pp.313-920.

Melton,M.A.,(1957): 'An analysis of the relations among

< elements of climate, surface, properties,and geomorphology".
Columbia Unlv Dept,of Geol.,Tech.Rept. 11 »PP.1-102.

Morisava, M.,(1959). 'Relation of quantitative geomorp-
hology of stream flow in-representative watersheds of
the Apvalachian plateau province",columb,Univ, Tech,
Rep.,No. 20.

, Schumm,S.A,,(1956) 'Evolution & drainage systems and

slopes 1n bedlands at Perth Amboy,'"New Jersey. Bull,
Geol &oc. .67,597-646,



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 quantitative approach but also towards the
studies of topographic forms, With availability of
good quality of topographical maps'énd by the help of
aerial photographs and 1andsati imagéries,'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 (Horton) and hypsometric integral
(Strahler). The broad categorizing of landform.types
and their assemblages in morphological mapping has
been advanced by the Polish Academyvof Sciences, the
British Geomorphologic Research Group, Dylik(1953)9

10 . 11
(1961) "Peltier (1950), Tricart and Coillux

9.Dy1ik,J.(1953): 'Characters du development de la
geomorphologic Moderne", Bull.Soc.Sci.,letters
Lolz.vol.%,No, 1,pp.1-h0

10.Budel, J.(1961):Morphogenese des Fest lands in
Abhangigkeit V vol den Klimazoner",Naturmissesu
Chaften,vol, U8,

11.Pelteir,L.C.,(1962): 'Area sampling for Terrain Analysis"
Prof. Geog.,vol 15, pp-24-28
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(195h), Birot (1960), Hammond (1964) and Savigear

(1965)17

The growth this science in India is rather
recent and the wvhole credit of carving the ways for
this branch of science goes to the geologists, Amongst
the Geologists whose contributions are immensely
valuable, mention may be made of A.M. Heron, D.N.Wadia,
J.A;Dunn, W.D.West, S.C.Chattarjee, J.B.Aude,Arogyasvamy
and Radhakrishna. At the early stage initiative was
also taken by geographers like H.L.Chibber, S.P.Chatterjes,
S.C.Bose, R.P.Singh, E.Ammad and K.Bagchi,

Geomorphological studies in India received new Q
impetus with the vorks of young geologists and geogra-
phers since 1950. The scope of their geomorphological
studies is now becoming widéi. There is now emphasis
- on variousvaspects of geomorphology, from regional to

coastal, fluvial, structural, climatic and applied

12, Tricart,J.and Cailleux, A.,(1954%)'le modele des
" chaines Pliss'ees.8.D.V.

. 13; Birot P.,(1960)’Ie cycle d"erosion sons les differ-~
T ~.-ents. climats" Curso de attes estudes geogr., lal
de JanierobBrazil

——— e,

1, Hzmmond,E. H,,(196h)}iAnalysis of properties of Landfarm
mapoing" An, Am, Ass,.Geog.Vol,5%,pp.11-19.

15. Savigear,R.A.G.3 (1965):'A Technique of morphological
" mapping", An.Am.Geog.,v0l.55.p.51%.

16, See-Chatterjee S.P.(1968:progress of Geomorphy in
India,(Ind.Sc.cony.Ass; Calcutta.
Subramanyan,V(1967) Proceedlngs seminar én Geom.Studies
in India, Saugar Univ. :
Vb.idyanadhan R.(1977):Redent Advances in Geomorphic
studies of penninsular Ind1a~A.Review Ind.J.Earth Sc.
(S.Roy Vol,)po. 13-35.



geomorphology. But most of the works have been done
in the field of regional geomorphology with an emphasis
to eatablisﬁ,the,dequdatiqn’ghroﬁology.of region and
recognition of erosion surfaces, (R.P.Singh, 1956;

E, Ahmed, 1958; Bagdhi & Sengupta, 1958; R.K.Rai, 1969;
Biswés,,’197#;_,Vaidyar;édhax3,’ 1964,1971). The recent
emphaSis_is'on’quantitatgveﬂgeomérphology;of.d:ainage
.basins‘by”applying ﬁarious morphometric techniques
and measure to establish the ihtérrelatioﬁ,of basin:
parameter;?_Few,recent_studies rglated tb,channel
characteristiés,grills,_and gullies, meanders, floods,
slope profiles and characteriséics in'the’field of

18
fluvial geomorphology and slope analysis are encouraging. -

Application of morphometric techniques in ¢lassification
of landforms into morphological units of various order
‘has been initiated by R.L.Siﬁgh (1976). Recent researchs

in regional ge omorphology incorporate the study of the

17 See :$Singh & Kumar(1969), Pal(1972,73); Bhattacharya(1973),
Kumar & Pandey(197%,77); Pandmaja(19755 ;Mukhopadhay(1974) ,
' %eng%977) Bagehi (1967)-Singh & Srivastava(1975) Kumar
19

18.See:Singh(1958 60 & 83),Ahmad (1958,65);Bagchi &engupta
(1958) ; Chibber( 1953),Chatterjee( 1940) ;Bose(1940),Sat pathi
(1970) Kumar (1968);Pathak(1968),8.P.8ingh(1972) G.N.
Singh (1977 )Evan's {1970) Vaidyanadhan &R .Rao(1972) Mumshi
and Day(1965). ,



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 Magwsynram Block,
BEast Khasi Hills district of Meghalaya.

Broad objectives of ghé'sfggg:

The present vork, coverihg the south-western

" sectlion of East Khasi'Hills'district of Meghalaya, is
an excerdISe‘in regional geomorphology. Thé study
explains the landform. aésemblage; théir origlh and
classification. The area of study poses varied and
complei problems aséociated with landform and landscape,
and their explanation requires careful consideration
of structural, historical, process and form épproaches
of geomorphological studies, The analytical treatment
of the problems is based on both theoratical and
observational methods of study. An attempt is made to
evolve a raéional approach by utilizing quantitative
déﬁa as and-whén.necessgry to derive gqualitative

conclusions.,
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[s) of Re .

For an intensive micro-level geomorphological
study a Bi'ook‘,can be considered a feasible unit. It
is being realised that a unit bigger than a Block will
‘be too large for a meaninéful study, as ahy planning
for a region now-a-days involves a synthesis of knowledge
'concerning fhe geomorphology, 1lithology and geologic
- structure of that region.: Many of :the factors that
deterpmine the choice of a site for an industry, highways,
railways, an air ﬁ;eld;f settlements, dam sites and
agricultural landuse are 1argely influencod by geomorphic

characteristics of the area concered.

'V-T_he Block, selected for present study, though
an administrative unit, interestingly, more or less
coincides with geological and physical features and
possesses unique geomorphological characteristics.
Besides 'this, it can safely be said that no mtensive
’geomorphic ‘study of this region has so far been done.
~ Again this ‘rogviﬂlon is the vorld's Wettest with about-
12006 }zini. 'oi"_"‘r:ainfall annoally,which results in the
formation of strong fluvially dominated landfords.
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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:

Mevsynram Block area lies between 24°57' N to
25°27'N latitudes and 91°26'E to 91°%3'E longitudes,
which covers a territorial extension of 175.5 sq.mile,
and forms a part of the southern hill region in East

Khasi Eills district of Meghalaya (Fig.1):

The fegion 1é.demaféated by Mailrang Block.and
Umnggi River valley in N;rth and Yest respectively,
andfin the East this region is separated from the
Cherrapunjee platform by the Bagra of Umiew River valley
and by Bangladesh plains to the south,

Salient features of the gegion:'

The general slope of the study region is to the
lying between diffErent contoburs (Fig 2), present a
variety of morphogenetic features., On the eastern side
it gradually slopes down to the valley of river Umiew
or Bagra. Again in the western part, it gradually slopes
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dovn to valley of the river Umnagi and in the north
it éscends gently towards the Shillong upland. Con-
tinuous weathering processes on the erosional scarps
have led to the formation of,Maws&nrgm structural
platforms (1305 m). Its southern part is marked with
a sudden lowering of the plateau surface to 3000 feet
and it further gradually reduces up to a height of
150 feet near the Bengladesh plains. This southern
margin of the lower plateau is a dissected hilly country
with ‘host of microlandforms, viz. gorges, escarpments,
spurs, divided rolling uplands, low sand-hills and
many swampy tracks of land, The érea can, thus, be

divided into two'broad topographical units,

(i) The Northern and central Plateau Region, and

(ii) The southern dissected Terrain.

(i) The Northern and Central Plateaun Region:

This plateau with surfazces higher than 4500 feet,
represents the southern section of thé Shillong plateau.
Its graduated slope increases towards the northern part
of the area unde{"s“t.udy..‘..On the’ further south lies a
vast‘structural platform on %hich stands Mawsynram village

(1305 m.). This part of the central plateau is built up



of gently dipping sandstomes of the Uppé;fb?€€25eous
Age, and over its edge are faund nény small water falls.
Numerous residual hills of the Archaean and Eocene
period are found scattéred over the Mawsynram plateau.
The most important among them are Mosingi (5800 feet),
Symper 5827 feet) and Lukkyrphel (5892 feet). Some of
them contain small limestone covers with narrow under-

ground passages and characteristic cage deposits,

(i1i) The Southern Dissected Terrain:

The southern dissected Terrain follows the
southern scarp face of the Mawsynram 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, Juraséic,
Eocene, Oligo-;niocene; Mio-pliocene and Recent sedimentary
hills. The dissection has resulfed in the formation of
> narrov hills and valléys._ The streams such as te Umsaitkha,
the Umia;ﬁ.an'g and the Umnokria have cut deep valleys through
the Cretaceous (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 elongatéd ridges and many hill
spurs projecting from higher tableland.

Earlier inyestigations:

As in the present work it is contemplated to
study regional geomorphology, a brief review of resear-
ches done in this field is called for, particularly of

those concerned with the Meghalaya plateau of the country.

The first ever vork done on geamorphic aspects
of this region is by S.P.Chattarjee in (19#1;9 R.P.Singh
(1968) has presented the Geomorphology of Shillong
plateau, ASSam. N.C. Baruah (1968) threw light on the

19.Chattarjee, S.P.,(1941); 'The Meghalaya Plateau".

20.Singh, R.P.,(1968): 'Geomorphology of Shillong Plateau
of Assam", Proc, prequng.SymquGU,Gauhatiqpp.1-9.
21. Baruah,N.C.(1968): 'Geomorphology of Barapani area

in Meghalaya Plateau, Proc.Pre-cong:Symp.I1GU,Gauhati,
pp.25-32. e
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‘"geomorphology of Barapani Area in Meghalaya Plateau.
M.V;N. Murthy(1968)22has presented one paper titled

'An outline Geomorphology Evolution of the Assam region'
and attempts to trace the,geomqrphological evolution.

of the Assam Region including Méghalaya plateau since

Archzean to recent time,

Some of the regent study have been undertaken
by scholars such as M,Taher (1974-72)230n 'Man-Environ-
ment Relationship in the Cherépunjee,Regicn;! S.N;Pattnaik
‘(1979)2uha§ discussed the éeneral geomorphic character-
~istics of Meghalaya plateu and also analysed its
influences on agricultural landuse, Ral et.al (1980)25
in paper titled 'Hill slope and landuse around Shillong'
- has studied the nature and CharacﬁeristicsAof different

“'hills slope elements and their landuse pattern,Again

22, Murthy M,ViN3 C1968) 'An outline of Geomorohological
Evolution of the Assam Region, Proc,.Pre.Cong. ,Symp.
(GU. Gauhati, “pp.25-32).

23.Taker, M.(1971-72)'Man Environment relationship in
- the Cherrapunji Region".

24, Pattnaik SN (1979). 'Geomorphology and Agriculture
in Shillong plateau, Meghalaya'. Unpublished M.Phil.
Dissertation, Department of Geography NEHU,Shillong.

25.Ral et.2al(1980)'Hill slopes landuse and soil Erosion
around Shillong(Meghalaya),Seminar paper presented
in-NAGI, Chandigarh, India.



26
Rai (1980) discussed the Morphometric analysis of

Unmran Basin of Meghalaya, and studied the geomorpholgy
and rural settlements, In the neét ye§f (1981)27Panda
and ﬁai have also presented oﬁe paper entitled 'Influence
of landforms on location and distribution of }ural
settlements in Khasi and Jaintia Hilis", P,Panda(1983)28
has also made<; significant contribution in the field
'Qf Applied Geomorphology through hié study.of the !'Geomor-
.phology and Rural settlements in Khasi anquaintia hills,
"Meghslaya's He has poiﬁted out the location, housing
structure and the distribution of* fural_settlements

of the region have emerged  under clear: 1nf1uence of the
regional processes of landforms and their characteristic
menifestationsz Apart from these works the region still
awaits unveiling of its morphological characters, par-

ticularly in micro-regional level.

§gg£gg§§§ Materinls and methods of Geomorphological
" analysis: |
The prdposed geomorphological study consists of

four aSpects.

‘26AR,1 B.K.1(1980): Hor home$Tic analysis of Umran Basin
* ( 9§?)accep¥ed for pub, in National Geograppher.,

27. Panda,P C. and Rai, R.K.(1981), 'influence of Landgorms
on -location and distribution of rural settlements in
Khasioand Jaintia Hills Meghalaya'-National Georgrapher
Vol No.4

28, Panda,P.C.(1983).Geomorphology and Rural settlements |,
in Khasi and Jaintia Hills,Meghalaya'.Unpublished PhiiD
Dissertation, Deptt.of Geography,NEHU,Shillong,



(1) The ect and stud 1 e orma

pe £ e s :

Topographical maps on one inch to a mile scale,
No 78 o/7, 78 0/8, 78 o/11., 78 0/12 providéd 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 the
rainfall and temperature have been collected from the
metoorodogical data recording centre Méwsynram, and
informations about soils and geology were collected
from the source like ICAR Research complex for NEH
Region, Shillong and Geological survey of India Shillong.

(11) Field investigation:

Field work is an essential tool of geomorpholo-
glcal analysis.¥arious features of landforms and charactear
of surface, not shown }n map have been noted during
field vork of the study region. Informations concerning
structure, rocks, soils,Ariver beds,caves, meandering,
vegetation, slope etcﬁ have been noted for proper dis-
cussion aznd Analpgsis, Photographs and measurement have
also been taken into consideration to express some of

the significant aspects of 1ts landscape.



(111) Prepafation of maps and di agrams:

This has been based on the various data extracted
from one inch toposheets to be used for drawing maps to
show slope,relative relief, intensity of slope, texture
bf drainage and landforms region maps. Isopleths have
been employed to show texture gnd disection index in
maps. Apart from this many diagrams of long profiles,
crossed . falley sectdons, superimposed profiles, Hypsometric
curve, and Altimetric graph etc.are prepared to helplin
visualizing the nature of landscape. The preparation
further included the construction of slope»profiles,,
and the data for the same héve been cpllected-thf%ugh )

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 on a micro-
regional level to explain the evolution and characteri-
stics of iandscapeq Besides this some of'the statistical
methods like correlatioh, significance test, regreséion
analysis, linéar and non-linear requations, scale ration,
alcﬁé‘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

4



scientific portraysl of varied topographic expressions,
but have also facilitated an understanding of the
landforms (Singh, 1966)?9

Plan of work:

The scheme of micro-regional geomorphological

' vwork under study has been covered the following chapters:

The first chapter deals with the geology,

techonbe and structural characteristics of rock formations.
In first few pages, a brief geological account of

the Shillong plateau has been given followed by a detailed
discussion an Geology, tectonic and st¥déture of the

area under study The 1mportant rocks a¥e the gneisses co-
- mplex, sylhst-Trap, Arkose. (Glauconite), Jainta Group,
Garo Group, Dup1Jri1a Group and Recent formations. The
' structural characteristics and ﬁectonic events are no

less significant than the lithology of the formations,
'The study area was. particularly marked by tectonic
disturbances especially during the precambrian times

and during the Jurrasic, Tertiary and later periods.

' The second chapter examines the weathering and
soil formations. In this chapter{ factors which in-
fluencé weathering and the mtensity and impact of

29, Singh R.P.(1966): Geomorphological mapping in Applied
Geography ,proc.of the summer School, Dept.of Geog.,
B.H,U., P,261,

b2



weathering on different parts of the study area have
been discussed. An attempt has been also made to
identify the different w.ééthering zonez of the area
under study and some basic ideas abouf;_ the nature and

type of soils found on it, have also been discussed.

Then ve enter into the mawnfold of geomorphology
in the third chapter on 'Drainage‘a,nd its Evoluti@n',
ve have examined drainagev systems of the study region.
from all the latest points of viev and technigues
glving particular emphasis tb the' quantitative aspects
and their cartographic x'epresentation. In making an
anaiysis of the rivers and valleys of the study region,
an attempt has been made to éxplore the eauses of the
streesms ‘in their present courses and during geological

past too.

The next chapter is on 'Morphometric Analysis

of the six small-drainage basins and their Geomorphic

significance'. In this éhapter the systematic description.

of the drainage basins geometry and their channel
network have been discussed, Here too all the important
morphometric techniques and guantitative methods have

be en employed.



The fifth chapter deals with slopes . The s tudy
- of slopes has been recognised as~an integral part of any
geomorphological study, This study includes slope pro-
file recognition of slope regions and their association
with structure, process and relief Particular
attention is given to a systematic treatment of these
important aspects, due emphasis is placed on some R

:practical applications of . slope studies

Finallj4an attempt has been made to‘cleseify

_the landform regions of study area on genetic basis.

The select. criteria used in defining the units vere
chosen from the fundamental and permanent charaeteristics
of the landseape. In fact, this part contains the essence
_of the whole investigation, which is not only an integra-
:'tion of the geology, weathering, morphometric, slope and
| climatic backgrounds of the area, but also the develop-
ment of geom,orphic frame work on the basis of which the

future'investigations and planning'can be‘undertaken.




CHAPTER - I
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GEOLOGY ,TECT(MI X AND STRUCTURAL (H ARACTERISTIC
OF ROCKS.,

"The geologist examines the past for its own
sake, inasmuch as geology is concerned vwith the history
of the earth; the geographer examines the past only in
so far as it illumines the present®,

W.M.Davis :
"Geographical Essays", 1909 p.253

Intreoduction:

The making of Mawsyhram structural Platforms
is linked up with the stuructural evolution of the
Shillong plateau. So before going to discuss about the
Geology, beetrohic and structure of the area under |
study, it is veryﬁmuch essential to give = brief geolo-
gical account of t he Shillong Plateau.

The Shillong plateau is mainly constituted by
the rocks of the pre -cambrian age acutely folded and
steeply dipoing with en over-turned fringe of Mezozoic
and Tertiary Sediments, It is regarded as geologlcally
part of the Indian peninsula, ucut off there from by
the intervening spread of the Ganges and the Brahmgputra

1. St.ratigraphic&l position of the cherra sandstone,
Assam, The Records of the Geological survey of India,
Vol,IXXV,

Personal paper ok (19%),;).7.
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alluvium.‘ Its landscape evolution is closely

linked with the Indian Peninsula, Its chronology
seems to have similar sequence records as that of
the Chotonagpur plateau including Rajmahal Highdands,
A further resemblance is seen in the marine trans-
gression which affected the southern shores of the
plateau in cretaceous times and has left deposits,
much of which lle undisturbed upon the older rocks,

as do similar deposits, along the coromgnddl coast
2

of the Peninsula$
The plateau contains the ancient (Pre-~cambrian)
peneplaned surface, with marks of different cycles
of denudation, in the cantral and northern part, it
is hidden beneath the Mesozgolc traps along the
central southern fringe and Cretaceous Tertiary and
Post-tertiary sediments over the Southern, South-
eastern ahd south-wes tern 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. SPATE0.H.K,(1967), India and Pakistan(3rd ed.)
Methuen and Co.Ltd.pp.15.
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Geological Investigation:

The first geological study on the :egion was
made by T.Oldnam (1859)3;The systematic geologlcal
papping of the region was subseguently carried out in
detail by H.B.Medlicott (1669%, Godwin Aust1n~(1869)5
La Tonche (1883,1889)6 and F.R. Mallet (1875)7. Their
accounts helped.considerably in continugtion of syste-
matic mapping of different parts of the région by later
workers viz. R.W.Palmer (1923)?c.s;rox'(1936-38)9;

3. Oldham, T.,(1999)°'0n Geological structure of a part
" of Khasi H1115%. Mem.G.S.I.Vol.I,pp.99-210.

4, Medlicott,H.B.,(1869);'Geodogical sketch of the Shillong
Plateau"’ Mem.G.S oI.VOl.?,Pt.I 9 pp.‘1 51 -'2070

5. Godwin Austin,B.H.,(1869);'Notes to accompany a Geolo-
-~ gical Map of a Portion of the Khasi Hills", Joum,A.S.B,

6. La Touch, T.H.D.(1883):'Cretaceous Coal measures in
the Khasia - Hills", Rec.G.S.I. Vol.16,P,164-165,
(1839): On Cherrapunji coalfield, Rec.$.S.I. Vol.20

pp.167-171, ’ :

7. Mallet, F.R. (1879):'Note on Coals Recently found
near Moflang, Khasia Hilds". Rec.G.S.I.V0l.8,Pt.3.

8. Palmer,R.V.,(1923):Geology of a part of the Khasi
and Jalntia Hi115, Rec,G.S.I.Vol.55,pt.2,pp.143-187.

9. Fox,C.S.,(1936-38):General Report, G.S.I.in Rec.G.S.I.
Vol,69,Pt.I,pp.82-8%,Vol.71,Pt.I,pp.81-86, Vol.72,Pt.1
pp.85-90, Vol.?73,Pt.I,pp.75-80; Vol.74,pt.1,,pp.55-63.



V.R.Khedkar and P.N.Mukherji (1938-39)'0 ana A.M.N.
Ghosh (1936-39;1, which led to the establishment of
the straﬁigraohic sequence~of different rock eulterf the
region. | |

' The self sediments over the SOuthern'part of the
plateeu have been syetematieally mapped by A}Q,Goswami,
M.K.Das, S.C.Talukdar, A.C.Bhattacharya, G.Barman, B.K.
Duaran, C.éhakravarti, B.D.Adhikari, K.K.Sen ang S.K. -
Srivastava during the field seasons from 1961-62 to
1972-'731.2 Their  vork led to the delineation of differ-
ent litho-strtigraphic units of the Tertiary self
Sediments (es given in the table - I(i) and their sedi=
mentologieal history. The recent investigations along .
the southern- Khasi Hills (Talukdar 1966 -67) and 67-68b
€hrev new light on the sylhet trap volcanison and on

the eomposition»and type of the lava flows,

The whole of Meghalaya is- occupled, if one loojs
at the given Map (Fig.-3) by the foliowing rock groups

10. Khedkar,V.R.;(1938-39) amd Mukherji, P.N.,(1938-39)
. Uhpublished progress Reoort of G.o.I.,Assam.

11. Ghosh,A.M. N.,(1936-39) General Report,G.S.I. in Rec.
.« G.8.Ie Vol 71,Pt.1;V01.72,Pt.I;Vol, 73,Pt I,Vo1.74 Pt.I.

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

13. Talukdar,5.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 ef Shillong in 1967.
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t geological periods as follows: -

1. Archean Gneissic Complex.

2. Shillong Group of rocks.

, Lower Gondwana rocks

4, Sylhet Traps

5. Cretaceous -Tertiary sediments,

The

general stratigraphic sequence of the formation

is given below:

TAB -I(1
Geological Group Formation name Rock Types
Age name .
1. Recent DNewer - (Unclassified) Sand,silt and clays.
Alluviun
- Thickness (unconformity)
(not known)
2.Pleisto- Older allu— (unclassified) Sand,clay,pebble,
cene vium gravel and boulder
: deposits,
(thickness (unconformity)
& ~ not knownj
3.Mio-Plio- (unclassified) Mottled clays
cene Felds=pathic
sand stone &
conglomerate
4, Oligo-~ Garo Group Chengapara Sand,Siltr stone
Miocene formation(700 m) clay,Marl,

~ Baghmara for- Felspatnic sand
mation($30 m) s tone ,pebble,
conglometrate,clay
silt clay,

Kopili formation Shale,Sand stone
(500 m)



5., Eocene Jaintia
. h : Group -
6, Upper- Khasi

cretaceous Group

30

Simsang formation

- (1150 m) .

' 'Shells f‘émati on
(600 m)

Langpar formation
(100°m) N

Mahadek formation

:_(l?ofm)_\

BbttoﬁACOnglome-

., rate(25 m)

Jadkata formation

(140 m

Silt stone-sand
.stone alternation
sand.

Altermation of sand
stone limestone,

Calcareous ,Shale,
sand stone, Lime stone,

Arkose( glauconitric)
Conglometate, arkose -

Sand stone Conglo-
erate alternation,

(unconformity Basalt,Alkalibasalt,
7. Jurassid(g) Sylhet Rhyolite,Alid,Tuff.
- Trap- - - .. o
(600 m) o
_ : (Unconformity)
8.Pre- ‘Intrusives © " Porphyritic & coarse
. Cambrian (Acid and basic) granites,Pegmatite,

' Shillong Group aplite,quartz vein-
epidiorite,doienite,
basalt,Quartzite,

o Phyllite,conglomerate
Unconformity

e Geneissic- -Biotite-geneiss

9 . Archaean complex - biotiteé-hornbende

gneiss,granite
gneiss,migmatite,
micashist ySillemani te,
Quartz Schlst Bio-
tite-granulite

" Amphibolite, =

Pyroxenegranxlite etc.

Source: Geology and mineral Resources bf :the stétes of India,
Part IV Miscellaneous publications No, 30, Geological

- Survey of India, Dec.1974,p. 69-79-.
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Geological setting of the area under study:

As a part of Shillong plateau, Mawsynram region
also consists of very ancient Archaean and Shillong
Series rocks expose in large parts along the northern
and ‘sonth-vestern portion., These 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 which it vas a part at one time. These rocks
form the basements for very much younger Terﬁiary 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
remarksble sights even toda}% A spectacular feature of

the drainage in the South-Mawsynram area is the deep
gorges, which is the result of the relatively grater ‘
upliftment of this block, head ward erosion massive along
joints by antecedent s}?eam and the control exercised by

the well-jointed Cretaceous-Tertiary sand-stone cover,

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

region has taken Shape only during geoiogi_cally recent

times, however it is the ultimate result of events

that took plsce through the geologlcal past.

Considering the General Geologlcal succession of

Shillong Plateau we can derive the sequence

of lithologi-

cal units of the étudy area as follows (Fig.hW).
| BIE - I(i1) |
Geological age Group name - Formation Rock types
. name —
1.Recent Never Alluvium (unclassified) Sand,Silt and
e (Thickness not clay.
known)
Unconformity ‘
-26 Mio-pliocene Dupi Tila - (unclassified) Mottled clays,
: Group(1050m) felds,Pathic,
_ sand stone and
uncon formity conglomerate.

73.' Oligo-Miocene Garo Group Chengepara

Sand,Silt stone,

formation clay, Marl peblle,
(700m) conglo -erate
: Shal ston
4. Eocene Jaintia Group Kopili forma- Maﬁleéznagd °
tion(500m)
Sheilas forma- Alternstion of
tion(600m) sand stone limestone

Langpar forma-
tion(100m)

Calcareens shale,
sand stone,lime

stone,
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5, Upper-creta Khasi -group Mghadek .. - Arkose(glau-

ceous . formation(150m) conitic)
o ‘ : — unconformity
6 Turasaiel S v lhet _T , . mmatanzu
6,Jurqssic(?) %géggg trap ' basalt, rnyoliée,

- T unconformity  _acid ggg,
_ Shillong group Quartzite Phylite,

7.+ Pre-combrian
: — — unconformity cepglomerebev
8, Ardhaean . ' Gneissic Biotite-gneiss,

complex " blotite-hornble-

_ , nde gneiss,granite
geneliss, migmatite,
mica-schist,Biotite-
granul;te—amphibolit
te,pyrosene-gra-

‘nylite, etc,

'Afghaeag”

- The Archaean gneissic complex is exposed in the
_extreme north and south western parts of the Mawsynram
Block, The rocks are believed to be the north—eastern
extension of the Indian peninsular Block, separated from
"1t by the Garo Rajmahal trough fault;:This gneissie coﬁ-
élex consisﬁs of gfay and pink Mica-gneissic, at places
traversed by quaryzite veins;‘The ro¢ks are composed -
predomingntly of para and or the gheissee,-Miématities
and meta sedimentary bands. Rock types come uhder this
complex has been given in the Table-I(ii). The contact
between the Archaean Metamorphics and t he Shillong series
runs in a general N,E.S.W.directien,



shillong Group
v

The Shillong Group of rocks is predominently
composed of quartzite, usually friable, with subordinate
phylite, quartz--sericite schist, conglomerate etc. are
exposed these rocks. These rocké generally sttrike in a
N.E.S.W. direction and is therefore regarded as homota-
xial with Dhgrwar formations of the rest of India.

These ro¢ks are composed in the extreme north-eastern
parts of the Mawsynram Block, which is the south-westem
extension of the central Shillong group of Meghalaya
plaﬁeau. These rocks generally strike in NE-SW and dip
elither south-east or south. Current bedding is commonly-
noticed in these rocks. The mildly folded sediments have
suffered low grade metamorphism and are dissected by
numerous faults along which the different récks appa-
rently moved up and down at various times during the
Tertiary period. These rocks are intrudad by ultramajic
and acidic sills and dykes.

hasi G ton n 11 ite:

Essentially, Khasi green stone is an epidiorite
and consists of augite gnd plagioclase. In Mawsynram
Block, it is gpecially developed in between Maophlong and

Saoarim. The green stone acquires the amphibolitic



cbmposition when it comes in contact with the younger
granite These rocks also bear the intrusive relation-
ship with the Shillong series. The granite intruslve
-a;ong”theAaxial region of the Shillong group of rocks
around Mylliem is termed as mylliem granite. Megasco-
pically it is porphyritic and flesh coloured. Micro-
scopic studies show that Mierocline, quartz, orthoclase
and biotite are the essential mineral constituents of the
rock type. The age of the granite does .not shou any
sign of crustal movement like that of older gneisses, It
" fixes its upper age limit as pre-sylhet or pre-Rajmahal
trap.

u_u;u_m /

Along the sounthern margin of Mawsynram Occurs the
trap rocks, exposed in a narrwo E.W. strip, known:-zas sylhet
trap, that could be seen occuring at agbout 15 Kms away
from Mawsynram on tne ﬁay to‘Balat, along the road cuttings
gnd also negr Shella. The sylhet traps are of the nature
of plateau (flood) Basalts, which runs in a E.W. strip
80 Km long and 4 Km wide along the southern border of
the Shillong plateau, the Maximum exposed thickness is
550-600M. They apparently over lie the eroded pre-cambrian

basement and are themselves overlain non-comformably by
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the Upper'—Cre'taceous -Eocene sediments. The sediments and
the lavas - form a Monocline, becoming a flexure southwards,
the sediments at the crest of the flexure have subsequent-
ly been eroded at places exposing the trapsas suliers, The
flexure in the Therriagghat-Shella sector with its E.W
axis changes aleng its trace westward (along the Balat ahd
Khasimora of Mawsynram) high angle reverse fault thfough
normal and vertical faults (Dauki-fault) end marks the
~exposed 1limit 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
E.W. Fault termed Raibah fault; immediately south of this |
fault the traps dip at 100-.35°along ‘the monocline or at
5'0° against the Dauki fault (e.g. Umnagi river section,
.vest of Mawsynram) Literally they plunge together with'
the sediments south west along the Jadukata river, to the
~east; the east exposure of the traps is been in the Dauki
River, A B
The Sylhet Traps comprise predominantly basalts

and minor alkalibasalts (neoheline tephrite) rhyolitis
" and acid tuffs. The basalt occur as fdows and are 5-7m

in average thickness, Andesites are sbsent., The alkali
| basalts occur as flows in the Umiew gox:ge. Sodth East of
Mawsynram, near tyngner (25  14%'3" 91°36'30") Rhyolites
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also occur associated with acid tdffs. (vitric tuff,
lithic lapicle) in the umiew gorge. Both within the
flous and also in the immediately adjoining Archaean
rocks to the north, basalt dykes are common; within
the trap area the dyke occurs gs svarms. The sylhet
trap is supposed to correspond with the Rajmshal trap,
which continues below the Bengal alluvium, and hence

the trap is supposed to be of Jurassic age.
Cretaecons -~ Iexrtiary Sediments:

The Cretaceous-Tertiary Sediments occupying the
Southern part of the Mawsynram are thick and extensive
and are considered to be physically continuous with the
cretaceous ﬁ‘ertiary Sediments of the Bengal Plain, These
Sediments are affected mostly b& basement controlled
faults,

The Sediments are mainly sandstones and slate
(mud stone), except for the three well defined fossili-
ferous limestone, occurs as (i) discrete outliers and
9iil) a continious narrow belt fringing the southermn
margin of the Mgwsynram 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 scuthern margin of Mawsynram.
The Jaintia Group is a 'iCrad:e;céous facies (sheif facies)
and has been divided into three fom':ations, viz, the
langpar, the shella and the kobili‘Formations.

Ehasi ‘g’ roup

_ (1) Mahadek formations:- The Jadukata Formation
and the bottom conglomerate Formation are overlain in
turn by a coarse arkose, usually glauconitic which is
termed as mahadek formation on the southern Mawsynram,
north of Raibgh fault. The maximum exposed thickness of
the malladek formation is 150 m.

(1) The Jaintia Group

(1) Theilangpar formation:- The langpar formation
of the Jaintia group overlies the Mahadek Formation.
These rocks are seen on the Mawsynram- R¥ynku road sides
at about 5 Km from Mawsynram Twon. The rocks consist of
calcareous shade, sandy limestone and fine calcaresous
sands tone. The déposition of these sediments marks the
beginning of a table shelf condition which was firmly
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established later with the deposition of the Shella
formation (600m thick) represented by the alternating

limestone and sandstone seguence.

(1i1) The Shella go:matigg;

The Shella formation consists of three sandstone
and limestone members beginning with a sandstone over
ﬁhe langpaf formation, These have been designed success-
ively‘the'ld&er (Therria sandstone/Lakédong limestone)

' middle (Lakaﬁong/sandstone/umléfdeh liméstone), Upper
(Narpur sandsébne/?rang limestong/siju limestone and
Sylhet sand stone/limesténe member in eastern part of
plateau looking westward aloné the cliff face below
Mawsynpam (25018v; 19035') the J.ower sand st;one band of
the Creataceous can be seen thinning in a northerly

direction.

(ii) The Konggg Fogmat;on~

The Kopili formation cover 1ies the 8hella
formation and 1is about 500 m in thickness.<The rocks are
alternations of thin sand stone and Shale with rare thin
fossiliférous bgnds of iimestone.'The basal part comprises
a dark horison with scattered phosphatic nodulés in
southern part of Mawsynram it occurs as crecent shape in

a East -yest direction,
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Garo Group -
(1) Ibhe Chengapara Formation:

This formation overlying conformably the
Baghmara formation consists of poorly-cemented, fine- -
grained, micaceous sand, blue to brown silt-stone and
clays with é few thin beds at its base, East of Dareng
river in Mawsynram block (25°19'-90°30', both the
Chengapara and the overlying Dupi-Tilg Group beneath the
'allufium; vhen it reappears in the extreme South West
of Mawsynram bglock near Balat ('25013'-91022') an ero-

 sional unconformity can be seen.

The PupiTila Group consists of alternations ‘
of coarse felspathic sandstone with lenses and beds of
pebbles of vein qpuart:z and sandy moltgd clay, This grow
also mainly represent deltaic utypes. |

Quaternary and Recent Deposits

Recent Alluvium:

Recent Alluvium is found along the Southern foot

-—

hill region of Mawsynram., The Alluvium consists of fine
s11ty sand and 1ight-to dark greyish clay with rare pockets
and layers of coarse sand, The fine sand at places con-

tains abundant minute flakes of Miecca.



GEOLOGICAL HISTORY:

The Archean basement of Mawsynram region
including Shillong Plateau, a remanant of the north
easterly extenSion‘cf the Indian Peninsula, remained
a land-mass eXperiencing earth movements leading to
coﬁplete folding and fracturing of the ancient rocks
till Pré'cambrian times, when the north eastern part
 of Mawsynram coveriﬁg'eastern Khasi and central Jaintia
hills, developed into a trough over which the sediments
of Shillong Group of rocks were 1aid'dow;? The sediments,
later uplifted and folded, experienced low grade meta-
morphism as g result'of granitic (Mylliem granites)

and basic/ultrabasic (Khasi green stone) intmasions.

During the Post Pre-cambrian, the area to the
;north and cent:al part of Mawsynram experienced peneplan-
ation resulting in the formation of a flat levelled surface,
preserved over this plateaun even today. By the end of
Jurrasic period about 150 millions years ago, the séuthern'
margin of Ma@syn;am experienced plateau volcanism through
cast-vest fissuresri?;.:Raibéh fault along with the
southermn block foundered and the northern block rose,

Not long after the cessation of volcanism, the rest of

15.Murthy M.V.N (1968) opsecit.,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 slowed down
until and during Eocene times, about 60 million years
ago, wvhen the areahéd reached to stable conditions
and fossilliferous calcareous formation at the Jaintia

Group began to be deposited.

During Paleocerie times large part of_the'Shillong
- platean covering the Mawsynram was still experiencing
upliftment of the northern block resulting into the
deposition of only the oldest (lower sylhet) sandstone
and limestone beds over the plateau. The younger sylhet
formation comprises three distinct, successively'
younger limestone bands, interbedded with coal-bearing
sandstones are exposed along the southern fringe of
‘the Mamsynram, This is evident befause the area to the
north was experiencing uplift while the area tb the
south continued to sink, since then, the sedimentation
confinueduninterruptedly'over the submerged southern
part 6f Méwsynram. Including South and South eastern
fringe éf Khasl gnd Jaintia Hills, till the end of
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Oligocene when the Barail range to the Scuth of Jaintia
Hillsvstood_up-as'a landma;gw - '

During lower Miocehe‘(abdut 25 ﬁillionIYears ago)
sedimentation continﬁed unidtéfrubted;y over the south
and wvestern pari of Garo Hiiisznd‘thévSouthern fringe
of the Khasi Hills (along the South Mawsynram), the
Jaintia block became uplifted and remainéd a landmass,
The major upliftment of the plateau és a vhole
startéd at the end of the miocene resulting into the
formation of land-locked shallow'water laccustrine basins
alqﬂgléouthe:n fringe of Khasi and Garo Hills, The pliocene
(Dupitiié) vere deposited in these basins, which occurs
along extreme southern fringe of Mawsynram, The sub-Recent
older Alluvium deposits found along the southern bogrder

are'fluviatile deposits along old river valley.

The deep gorges in the séuth Mawsynraﬁ is the
result of the relativély greaﬁer uplift of this blqck
headward erosion ﬁaésive along joints by antecedent
streams, and the control exerciséd by uéll-jointed

Cretaceous Tertiary Sandstone cover West of Mgwsynram

16. Dutta.S.K., Palaeso-geography of the Assam plateau,
Q@rectorate of Geology and Mining Deptt,,Shillong,Assam.
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_plaﬁform hovever, uplift was relatively less, the
basement was not exposed; and the consequent sireams
are mostly controlled by the structures (monoclines

. and faults) in the sediments, The shall streaﬁ valleys
on the extreme northern margine of Mawsynram(North

of watershed lines) represént headward erosion along
the joints, especially favoured by the absence of
thick sedimentary cover in the south.

The story of the Geological evolution.of the
Mawsynram region is thus one of uplift and down-sinking
in different parts during the past 100 million years,
vhich has produced the present Spectaqular phys1ographic

‘configuration of the region,
STRUCTURE AND TECTONICS

The Mawsynram region is a part of Shillong
Massif. The central and southern parts are true plateau,
capped by Mesozoic-Tertiary rocks and underlain by
Mesozoinec flood basalts (The syihet Traps) and polycy-
clic precambriazn gneisses; meta—sédimenta}ieé (The
Shiliang Group) and plutons. Further North, only the

Pre-cambrians erop out constituting upland.



46

' The southern margin of the Mawsynram platéeau 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 secons
dary fractured associated with this system. The northern
1ihitéYofﬁthéb}egiohﬂisuptb southern watershed zone of

the Shillong plateau.

A detalled study of the geology of the region
is yet to be made, but geological strﬁct@res 6ccuring
in the rocks are studied by geologists., It is generally
believed that Shillong plateau along wfth Mawsynram
region is an autbchthon of Crystalline rocks that
constitute the foreland spur of the Indian shield and
it has been overthrust from the N-WW 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 gnd western part
of Mawsynram along the Garo Hills, where the trend
is E-%W. These trends refer to the trend of the planner
structures like schistosity and ggeissosity in the rocks.
‘The rocks are.d@ld@dand lineated, The folds are gener-

ally tight and isoclined, 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 sw.
A good example of this is a fold at Mairang (extréme
north of Mawsynram) area, where lensoid bodies of
massive sillimanite occur in the core and its 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
axies; The folds that occur in the rocks of the Shillong
Serles surrounding the granite, cbmmonly known as the
mylliem granite, have their exes, as nearly as pdssible
towards the pluton. The trend of the rocks also veers
round the pluton. These structural relations between
the rocks of the Shillong series and milliem granite
are seeh arround Mawphlong, situated at the North-eastern

corner of Mawsynram region,

The Sylhet Traps, the effusion of which marked
the first majd;‘fgatdnic—eventwduring the Jurrasic period

occur along a narrovw strip; exposed in gorges of Bagra

17. Singh R'O_.‘P!) (1968): op.o_Cit.',‘)pp!“"g'
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river along the south-eastern margin of Mawsynram

plateau, Thelr contact with the erystallines to the

north is a fault, the Ralbah fault, vhich apparently
determined the limits of the traps during the effusion,

The Dauki Linegment:
S

In ﬁhe'SOuthern.fringe of Haghalaya; the pre-
dominant structural lineament is the Dauki fault which
comprises at le'ast four E-¥W running usually normal faults
and at placés becoming reverse: faults, Each of these
faults exhibit differént géometric fault'types along
their trace. In the southern fringe of Méusynram one
of these four faults (Daukli fault-II, from Balat to
Khasimara.) branches off from Dauki fault-I longitude
91025' and from wvest to east it could be traced as
- a high angle reverse to vertical fault and further
east it passes into a monocline, In 311 the faults of
Dauki system the northern side is up thrown witb basement

rocks and the sedimentary capping at a higher topography
-1evelz The amount of topographic and/or stratigraphi
displacement is great,. the structural relief on either
side of the Dauki fault system ranges up to 43,00 mts, .

18. Chakrabarti,C.(1977)"The Dauki lineament along the
southern part of the Neghalaya plateau. Misc.Publ.
No.31.Geological Survey of India, pp.92-93.
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A ractilinear drainage pattern in NESW, NWSE
directions is a distlinctive feature of the Mawsynram
region, Some of them appear to represent faults many
of them are master joints and fractures and the whole
pattern has been dew loped due to upliftment of this
-régioh aliong vith Shillong plateau during Upper Tertiary
period. - |



CHAPTER - II




WEATHBERING AND SOIL FORBATION
"The atmosphere's work on rock is slow, but
ubiquitous and ultimately triumphant."

JEROME WYCKOFF,
Rock, Time and Landforms.

Introduction:

No Geomorphic studies has supported the concept
of a small region, like Mawsynray, within which an exten-
sive group of distinctive Weathering process occurs, We
also do not believe that the transformation sequence or
the synthesis mechanisms observed in omr present study
area is essentially different from those occuring over
other part 6f Shillong plateau; Nevertbeieés, the character-
istics of the yeathering produbts'found in Mawsynram region
are marked to be distinctive, and has also recognised
weathering~types'in different parts according to the do-
minance of particular minerals. Further more, depths
of rock decay are fregquently held to be greater in the
Mawsynram than elsewvhere. This view must also be accepted:
with caution because deep weathering as a phenomena is
not confined to Mawsynram,wvithin the Mawsynram region
itself ,.chéracteristié of veathering depths vary greatly,
particularly vith the humtdity of climate but also in

respdnse to many other factors., Some of the major factors
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contributing to the rate and course. of weathering are

listed below:

(1) Climatic factofs;
(i1i) Biotic factors;,
(iii) Geomorphic factors;
(iv) Geological factors;

(v) Chronologic 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 weathering very
difficult, Hovever it is clear that the southern mergin
of Mawsynram 1s one within which many of these factors
operate to favour deep chemical decay of rocks, while
in the northern part the effect of physical and thermal
~weather1ng is moré mérked. As @n area with moderate
temperature and world's highest rainfall, it promotes
the weathering processes, snd a large part of northern
Mawsynram, aroupd Mawpholong and and Nongpung is dominated
by ancient crystalline massifs and sedimentary basins,
More of less stable landsurface of late Tertiary.! Thus
provides a geological and geomorphic basis favouring

deep penetration of weathefing, and through docompdsition of
rocks.

1. Singh, R.P.(1968 ) op.cit.,pp.1-9.
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Climatic forces, particularly precipitanion
‘and temperature, directly or indirectly influence
kinds of weathering. Comparatively in dry and cold
regions of northern Mawsynram, Physical weathering
is more importent‘phangchemical pr_biolpgical weathering
conditions are optimnn for,heaiing, cooling;_ann frost
action in moist, moderate hot regions of seuthern
Mawsynra,, conditions favour chemical and biological
~vweathering., The greater the effective precipitation and
temperature the greater‘the amount and degree of
chemical*end.biological weathering. So realising the
role played by climate on weathering processes of any
region, it is very much eseential togive a brief
climatic account of our study area, before going to

discuss the various types of weathering and its products.
CLIMATE¢

Situated betﬁeen the rain sha&pw part of Shillong
plateau, in the north and Bangladesh plains in the South,
Mawsynram block experienees extremely varied elimatic
conditions mainly caused by altitude and asbect. In
general the climate of Mawsynram is qnite different
from the adjoining Shillong plateau region of Garo, Khasi
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and Jgintia hills by comparatively heavier precipi-
pitation and shortér ané leés opperessive summers, The
heavy rainfall and Altitﬁdinal zoning of the climate

are two 1mportant characteristics of the climate of
Mawsyanram, The Southern Sandy.foot:hill tracts ex-
perienee hot and sub-humid tropical climate. With the
increase in altitude towvards north the climate changes
from rainy , cool, temperate to little bit rainy, cold
temperaté. Thus most significant factor controlling the
"climate_of-Mawsyﬁram are south west monsoon and altitude. -
Based on the principle of Lapse rate the areas lying
below (600m) 1000 feet above sea level have not and
moist tropical cligiate. The areas above 1000 feet dbut
below fdbo féét above sea level experience ralny, cool-
temperate climéte. Higher up the.ciimate is rainy, cold
temperate up té an elevation of 6500 feet. The second
most important factor affecting the climate of Mawsynram
region is Monsoonal heavy rainfali. The south facing
slopes in this region are heaviest rainfall areas of
the vorld today. The north facing slopes fall in the
rain shadow area of Shillong Plateau and thus are comparm-
tively dry. Because of slanting rays of the sunvfalling
on the northernAslopes these are comparatively colder

" also. (areas North of Nongspung).
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Climate no doubt consists of many elements
like temper,at_«xire, pressure, humidity, winds, rainfall,
snoﬁ; Fog, moist, Frost,clouds, vegetation cte. Yot
for our present purpose the elements of rainfali,

temperature, humidity, vegetation, are described here.

TEMPERATURE:

With the exception of Balat and Shella areas
normal monthly maximum temperature is recorded in this
Block., The highest monthly maximum temperature is observed
in tke month of May., There after, onset of rainy. season
brings dovn the temﬁeratureg The temperature continues
to fall with the break of rains and the lowest monthly
temperature is recorded in January. As already stated the
temperature changes with altitude, during the month of
may normal monthly maximum tempefature is 3500 at Balat
and 30°C.at,Mawéynrém village,The places 1like Méwphlang,
Jakrem experience.even less in this time, Similarly in
" the month of January the normal minimum temperature is
.recorded to .the tune of 8.5 C . at balat-and 5.8 C at
Mawsynram, The temperature at Mawphlang, Jakrem, and
Welloi, during this period however is a*ound 5.5 C. As
far as annual range of temperature is concerned the places
at higher altitudes (Northern part of Maﬁsynrém) observe
lower'rénge as»gdmpared to the élaces at lcw'altitudes

(Southern Margin of Mamsynram).experiencing higher range.



The mean maximum in this area is highest in the
month of July (24.,0°C) and August (24.7°C) and lovest in
the month of January (15.6°C). The saﬁe month,lrecorded
the highest and lowest minigum temperaturés also, The
meankminimum temperature varies from 6.3°C in January to
18.1°% in July. The table II $hows_the variations between
monthdy maximum and minimum is very nigh in the month of
January, wvhen maximum is 15.6°C and minimum is 6.3°C.
From’ may po.September the range between monthly maximum
- and minimum- temperature seems to Be narrowiné dovn and

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

TABE -II(i)
Jan Peb, . March . April May June
Max c° 15.6  17.0 21.5 23.8 23.1  23.7
Min ¢° 6.3 . 6.4 10.5 1.1 15.5 172.0
July  Aug. Sept.  Oct.  Nov. Dec.
Max C° 24,0 247 23.6 21.8  19.9 16.5
Min ¢°  18.1 17.8 16.6 13.0 7.9 6.5

Source:Metrological data recording centre,Mavsynram,Meghalaya,
1



In weathering processes the effect of average
annual temperature 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 hBelps the

\ mechanical-disintegration of rock easily.

The above data shows that the daily maximum is
highest in the month of August (2#;7°c), As the temper-
ature 'plays the important role in mechanical weathering,
from the temperature distribution, it could be considered
that -the mechanical weatherihg shows generally
greater impact in the month of May to August in Mawsynram
Block area., Hovever temperature alone does not control the
rate .of weathering, and quite apart .from the topographic
factor, Humidity and the supply of groundwater and of

organic matter are of particulgr importance.
HUMIDITY:

It is the relative humidity at a place that
~affects the gmount and process of precipitation at that
place. The ameunt and incidences of :tmosphere precipita-
< tion determines the mode of weathering and even the

characteristics of rock decomposition,



High atmospheric humidities, generally associated
with abundant rainfall, favours chemicai decomposition by
the action of water infiltrating below the surface. In
areas of humid climate like Mawsynram, the weathered man-
tle is generally deep, out-cvop of bed rock are rare
eveh on the stéep slopes and in- areas of résistant rock,
the products of deamomposition form an almost continuous
mantle, which marks the irregularities beneath the solum
and softé,r}s'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 respecﬁs it is the availability of
vater as the principal chemical reagent involved in
weaéhefing procesces that becomes most critical, especially

vithin humid tropical climate like Mgwsynram-region,
RAINFALL:

Generally the amount of rainfall received increases
from the southern foothill tract of Mawsynram towards the
mountanious area according to relief., The amount of
rainfall decreéses on further north due to the effect of
rain shédow.v Thé rain begins to fall by the third-wéek
of Abril and continues right upto the end of September
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after which it gradually diminishes. The magximum rainfall
occurs over the Cherapunji and Mgwsynram platforms re-
ceive the avex'-age‘12',000mm of rainfali annuaily. It is the
wettest‘spot of the world, |

It is clear from the above discussion that thei‘e
is a marked variation between the southern and northern
parts of Mawsynram block as far as Arainfal.‘_l. is concerned.
The rainfall at Maysynram and Cherapunji vhich is located
"in the structural platform in the south is as high as 13,923mm.
and 11,418.7mn respectively. While Shillong being located
50 Km. to the north with a rainshadow effect gets only
'2&17.3mr‘n.,(Fig.‘5.). The high' rainfall in Mawsynram-c'he’ra'punji
‘régi\én is due to the fact that the south-west monsoon laden
with great amount of moisture from the Bay of Behgal |
blows over Bengladesh and is suddenly cut by the cliffs of
" the table-land in the south with an average elevation above
1200 mts, Which just outs 1like a peninsula inté the surro-
unding gorges about 600 mts deep on either side and as a
result the-monsoon having reached the hezds of the gorges

ascends vertically upwards and causes heavy rhainfall.
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TABIE - IT (ii)
( Rainfall in mm. )

Jan. Feb. . Mar. Apr.  May June

*Mawsynram 17,00 43.8 247.56 895.02 1484,05 3035.3
Cherapunji 19.8 37.3 178.9 605.2 1705.1 2921.5
Shillong 15.2 28.5 59.4  136.4 329.4 5446

July Aug. Sept. Oct. Nov. Dec.
*Mawsynram 2813.4 2745.00 1277.00 299.00 32.00 3.3
Cherapunji 2456 .7 1827.5 1167.7 Lu7.4 46,7 4.9
Shillong ~ 396.9 334.6 314.9 220.2  34.9 6.3

The factors of climate such as temperature,
hdmldity and rainfall determine not only the fluvial
processes but also the rate at which weathering withers by
chemical or mechanical processes, As the area under study
is a Block, which has been considered as a fEasible/hnit,
for a detailed and intensive fileld observations, The
researcher has done a vast field observat;ons and finally

selected some most important regions, which has been

*Source: from metrological data recording centre,Mawsynram,
1982,
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affected by the processes of veathering severely. The
selected regions are; Mawsynram limestone area, Mawphlong
Kaolin rock'area, Qand foot hills area around Balat.
During field oﬁservations, the researcher, tried to
identify those weathering areas vhere climatic factors

might have played a significant role.

WEATHERING

The weathered rind beneath the land surface,
part of any landform, is a result of the physicb chemical
alternation of rocks or sedbments, The group of processes
responsible for sauch alternation is called weathering,
which requires interaction between mineral matter and
étmOSpheric agenté such as temperature, wind, pressure

and water,

Rocks of similar chemical ané mineralogical
composition may react very differently to the same wea~
thering eyvironment; For gxample,,coafse graihed granite,
we ather more rapidly than fine grained gfanites, Weather-
ing required the presence of water, and hence rock
V»strhcture is important because it largely controls
penetration of water into rocks. Porosity data for the

common rocks are given in Table II (iii).



TABIE_ - II(iii)

. Rock type Prosity in % Unconsolida- Prosity
‘ ted oo :
Granite ~ 1.00 - Clay - u5.1
Basalt - 1.00 S11t 40
Shale - 18.00 'Sand 35
Sand stone 18.00 Grand 25

Lime stone 10.00 - -

Source: Leopold, L. B., et.al., Fluvxal processes in
geomorphology y D101,

For the sake of convenience, depending on the
operative factors, we may classify weathering processes
as physical, chemical and biological. All of these
pfocessos undoubtedly take place ccntemporaneously, but
one of them may be dominant as a site of a particalar
time, As we have already mentioned the whole of Mawsynram
structural platform exneriences heavy seasonzl rain and
moderate temperature during monsoon and summer months,
this région becomes very much prone to the wveathering
pfocesses. Assisted'by heavg rain fall and moderate
temperature it forms an important .medium to dissolve the
minerals and hold them in solution during the process of

veathering and transportatién over the area under study.



63

Ph or Mechanical Wesatherin

Physical weathering is the change of consolidated
rock to unconsolidated matter that is caused by physical
ifbi't;es acting on rock in place., This type of weathering is
brogght by two main brocesses, temperature change and
crystallisation. To these might be added, as a lesser
effect, the action oi‘ plants roots in the purely mechani-

cal sense,

Thornbury (1971 )a.and Sparks (1972)3have recognised
v,rious processes as- mecbanlcal of these, however, only
slaking and veathering cause'i by temperature, &re noticed
in this area, Wetting and drying cause alternate swelling
and shitinking and generate stresses that cause breakdovn
of material. This process 1i's known as slaking. In the
limestone arez:and the Mylliem granite area of Mawphdong,
this type of weéthering dominates. Mainly the cretaceous
Tertiary sediments show this type of mechanical weathering.
During the fieldwork the researcher has observed, the
disintegration of the fine grained sandstones into a
number of large pieces of different size, around welloi
(Plate-1). A large variation in durinal and monthly rainfall
in this region helps the pro(:ess of slaking.

2. Thombur 1971)"Principles of Geomorphology',
3rd ed. ohn lvi e?r &)Sons Ngw Youk: P &y

3.Sparks, W:B.,(1972) ‘Geomorphology*, longmans ,_London,;g.ln .
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Temperature .changes due to natural causes are
no longer believed to be very éffective in rock break-
down, Black Welder (1969),has pointed out that a_good
deal of thermaglexpansion and contraction of rock is
cauéed by forest fires, wvhich ;ause.non uni form heating.
of rocks;”In Maﬁsynram, areasdof bhigh alﬁhtude,.around
wélloi, thgphuﬁg, Mawphlong extensive jhum cultivationl
is praétised, shows spalls and flakes of rocks vwhich are-
produced due to exfoliation caused by unequal heating and
‘cooling. When temperature fluctuates, the mineral
grains composing rocks alternately expand and contract.
Because of the slow penetration of heat into. the
depth of a rock, the surface layer. expand more than
those with 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 stronger than in the adjacent low-
lands, Again the practice of jhuming in hill slopes
further acclerated it, The rock fragments produced by
yeatheriﬁg are redily removed from the slopes by
gravity, This results in accumulation of hill sides
vaste or talus at the foot of mountain slopes. In our
s tudy aféa such types of weathering_ﬁas been observed”

around the village Mawphlong, welloi, Nongsphung,



Mirang, Mawsynram etc,. over the old jhum cultivating

areas.(Plate -2) .

513Tﬁé‘mé¢hahica1 action of éxtefnal agents also
5§eak”éb&ﬁ rocks and sediments. Tree-roots growing in
cracks,dry_rock apart, dividing it into smail pieces
(Piate-3); Ants,‘terﬁites and other burrowing creatures
'téar aﬁart unconsolidated seddments and soils. Tie mecha-
nical destruction‘of rocks ﬁy Eiologicalzagents may be
observeéd practicéll& ih all climatic zones.

A1l of these physical processes increase the speci-
fic surface of a material, When particles are broken into
very'small sizes, éiectrical bonds are broken, which
leaves unsatisfied electrical charges on t he particles.
These parﬁicles, whose charges are able to attract or
absorb bppésite charges, aré then ready for chemical

processing.

Chemical veathering

- Chemical weathering is the change in the chemical
composition of rock and sediments that is caused by atmos -
pheric agents, namely water and gases. Fomr basic kinds
of changgs take place; gdditions, removals, transfers and

L
transformations (simonson,1959).

4,Simonson,R.W.,(1959)'0Outline of a generalized theory of
soil genesis'. Soil oCl.uOC Am, Proc .23:152-170,
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The simplest kind of addition is hydration, vhich
is the chemical combination of water with a particular
miﬁerél; As our study areea 15 the'wérid's?wettest spot,
the impact of water on weathering is profound, Complete
dissolution of minerals .in water is'observed in salt
bearing series,;in Jypsums, limestones and dolomites etc,
It is with these rocks the formation of karst, sinks and
cavaties are associéteé..Waxer enriched with free
carbon dioxide dissolves limestones and it felatively
readily redeposits the dissolved carbonate of lime, The
cave ddposits are found in Mawsynram limestone topography

(25°191, 91°9351) is through this process.

One of the most striking karst features are cave.
Such caves are generally long,,windihg passages, but they
may also be in the form of big rooms. The Mawjymbuin caveyf
near-Mawsynram village is almost 137 feet long with wails ]
135 feet apart and a celling 15.5 feet high, (plate-i).
Another important cave, locally known as 'Jalealaw' cave is
also located 8 kms. away from the Mawsynram town, on the

Léwbah road;

There are several theories regarding the develop-
ment of caves. These can be classified as to fphreatic,’

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

& The researcher has measured the length, width and hight
of the Mawjymbuin gcave, during field study.
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ground water zone in which the cave is assumed to be created.
For the study of genesis of the Mawsynram limestone cave,

the phreatic theory, proposed by Ground(1910)5 is seems to
be not fit, as the researcher during field studies, obser-
ved, that the Mawjymbuin cave is situated above the water
table (vadose zoné). Again it 1is also observed that the
leaching occurs mastly in charmnels through which the atmos-
pheric vater flows to the ground water table of this region,
So the poss:.bilities of Mawjymbuin cave formatlon is suppor-
ted by the vadose theory of Matson (1909) then any other

one,

The researcher has also marked some unique develop-
ment of stslactite and stalagmite deposits inside the
Mawjymbuin cave{plate-5). After moving few yards insigde,
at the centre of the cave a huge étalactite 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 4 feet high and 7.9 feet circumference is found,
which appear like the shape of a sivalinga (plate -7). Daring
the Hindu festival of siyaratri, the local people visit
and vorship inside the aéve% It has also been noticed that
the entire roof of the Mawiymbuin cave is being severely

affected by chemical weathering (plate-8).,

5.Ground,A, (1910)’Pencks Georgr',Abu 9,345
6.Matson,G.C.(1909) U.S.Geol.Surv. Water supply,pal.233-42.
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In Mawsynram region there are innumerable areas
vhere kérst features are present but do not dominate the
landscape.kThis may be a result of the topographic youth-u
fulness of the karst features, but more commonly it}is
attributable to the absence of one or more of the essential
coﬁditions esential to ideal karst develqpﬂent. The entire
southerﬁ half of Mawsynram from ezst to west is ;haracter-
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 'terré-in-cognita'
so far. They may well conﬁaiﬁ karst features of great impor-

~ tance, which are yet to be discovered.

An example of simple transformation is the oxidation
of granite-gmeiss surface of the areas, is indicated by red-
yellow surface layers of residaali soil, Oxidatrous process |
is found in Mawsynram platform, particularly in the areas
vhere, hornblende rock structures are found; These rock stru-
ctures contain ferrous iron vhich rapidly oéidizes under
surface conditions, céét;ng the mineral with a brown crust.
The researcher has marked such a typical oxidation of :
horneblende rock structure area between the Mawsynrzm village
and Mawsynram P.W.D. offiée (Plate - 9) oxidation process
also found agctive in bank of the river Umnagi, east of
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Mawsynram wvhere sedimentary rocks, such as sadstones,
clays, often shov a brown colourization, indicating that-

the minerals underwent oxidation and turned into hydrox1de.,

~ It is the hydrogenion of water tnat is the most
powerful agent of chemical weathering.lNaturally whatever 1s
dissolved in the water affect the chemical reactions that
occur. The major dissolved constituents -are Sulfate,bicar-
beonate, chlorige, nitrate, calciun, sodium,lmagnesium,

hydrogenions and potassium.

- 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.
Jackson and Sherman 1953)7 Synthesis involves additions and
transformations but residue results mainly from removals
and transfer, Water is the main transfer agent in both
of these veathering processes, and its activity is funda-

mentally important,

Areas which have undergone by chemical weathering
- through removals and transfers (dissolution and hydrolysis)
of Mawsynram structural platform area are as follows:

(i) Mausynram area(25°19g':91036')along'the stream,
north of village Mawsynram.

7 .Ruhe ,Robert V,(1975)Geomorphology',Geomorphic processes
and Surfical Geology.Houghton Miffin Company,Boston Atlanta
- Dallas Geneva,Illinois Hopewell,New Jersey,Palo Alto London
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(ii) Langrin area; at Chargaon, which is the
extension of Mawsynram area.

(iii) Shella area; situated in South-eastern
(25'01‘1 '=91°38 ') corner of Mawsynram block,’
Here four limestone beds-inter-bedded with
sand stone have the tptal thickness of
415 metres, The area covered is about
0.36 Sq. Km, o

(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 (éssentiallyA
the limestone) of different parts of the study area con-
sists of either chemically precipitated calcium carbonate
or the femains of invetebrate organisins composed of the
same material, They are very much susceptible to the action
of carbondioxide and humus acids and weather into a
variety of forms. As the rocks are permeabmble, either
because of major joint systeﬁ or because of t he presence of
a multithde or minor cracks, there is aAvery large éurface

available for weathering,
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| San-ches Furtado (1968§ points out that
Kaolimite deposits dominateiin the area of high humi;
dity,‘particulariy'prOduced under the conditions of
free drainagé'and slight acidity of ground watef. He
also found that granites in such regions assoclated
withAkaolin;te deposits. As our present study area is a
region of great rainfén, there is a suffiéient reason
‘to believe that the ancignt Archaean and Shillqng
series rocks, which have'been exposed in lafge parts
along the northern and south-vestern portion of Maﬁsynram
Block; are more susceptible to chemical weathering. The

area where kaolin deposits marked is:

Mawphlang area of Mawsynram;

Where.isolabed out crops of the kaolin deposits
occur in gn area of six kms from Mawngap small patches
of these deposits scattered all over the prea varying
175 Sq.mts/to 1550 sq.mts in area, Abundant biotite and
potash feldsper shoﬁs ﬁhat these areas have been affected
. by sever chemical weathering. Weathering of these rock
blocks causes a slow rounding of the corners of the blocks,
apd the gévelopment of‘peculiar shapes partially rounded

Ty P S
I R )

8.Thomas ,M.F., Tropical Geomorphology, A study of Weather-
ing and landform Development in Warm climates, ppP.25,
Pub, Macmillan press Ltd. 1974,
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boulders. Such features well dewdoped in Mawphlong

‘and Mawsynram village are known as tors (Plate-10).
A‘considerable amount of this weathering may take a
place underground and the tors may be formed before

they are exposed by erosion (Linton, 1955).

On the southern part of Mawsynram the sylhet traps
are exposed in a narrow E.W.Strip, They comprise predomi -
nantly basalts and minor alkali basalts rholites and
acid tuffs, These rocks are susceptible to water,Awhich
undergoes the process of hydration. The Umiew gorge, south
East of Mawsynram, near. Tyngner (25°1h'3"=91°36'3") is

the region of such intensive chemical weathering.

Bio ical Weathering

A critical role in veathering processes may be
playeo : bp both living organisms and by organic compounds
resulting ffom the decay of plant materials. However the
quantitative importance of these factors is as yet difficult
to assess, The cyclong of nutrients within the vegetation
“cover is one aspect of this problemy and it has been sugges-=
ted that the deep rooting tmees or the heavy r&din forest ‘

are cagpable of removing important quantities of dissolved

9, Spark, B.W., (1972). op.cit.p.l+
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. 10
mineral matter from considerable depths (lovering 1959

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

The researcher during the field observation has
marked the fodlowing types of wvegetation in different

parts of study area., .

(i) Northern Mawsynram: particularly around
Mawphlang, Jekrem; The entire area is gay with sprinkled
bushes of Rhododendron formosum and other important spe=
sies such g3 Rhododendron - arboreum, pyrus pashia,-
Gentiana, Quadrifaria, etc. Apart from this the sacred
grove castanopsis kurui, quercus griofit hii etc.

Occupy the basin of a swacer shaped depression with the

hill-slopping;

(1i) Central Mawsynrem, around the Mawsynmam village:-

Thére is a marked difference in the species
composition betwveenr northern and central Mawsynram forest.
Here species like Engilhardtia - Spicata; Drimycarpur
recemosus, sysginm cummunnii, Elacocarpus Spp. clerodendron

clerodendrom Spp. eté. are dominating.

10. Thomas,M.F.,(1974%) op.cit,,p.25-26.
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(1i1) Southern fringe of Mawsynram:
from Balat to Shella :

I:He’re the long leaf plants are generally found.
The dc;i;inating species of this regon are Anthouphalus
kadamba, Arthecanpus uplesa,Duabhgnga Sonnensoides, Euria
accuimingte, Schima wallichii, casiafistula and castro-

nopsis roxbur-ghigna. .

As a result of periodic leaf fall from the above

mentioned 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 growth, Bach year such forests contribute to the
surface betwveen 10 and 20 tons of dry 'matter per acre,
Ustng 16 tons as average, lowering thought that 0.4 ton of
- 8ilica would be contributed to each acre per yea:: Over
" a long period this process amounts to the remvoval of
important quaniﬁites 'of silica from some depth below
the land surface. Because of thks fact, the soils of
this grea is highly acidic and P;H. value is generally

o 12
betveen 4 and 6 but may be as low as 3.5 in pine forests,

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

12.Ramakrishnan, P.S.and et.gl.,(1981), Slash and burn
agricalture in northeeastern India,in:Fire Regimes and
Ecosystem properties, U.Z.Reptt.of Agfike.Gen.Tech,
Report ,W0 26,pp-583-587,Washington.
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Operr to shifting cultivation (jhum) practice :in Mawsynram
region, the burning of the slashed méterial destroys the
vegetative cover of the area. Subsequently, it leads to the
failure of the protective root systeém of the vegetation,
vhich become very much préne to the processes of weathering.
In Mawsynram, since about -90% of the rain comes during thre
monsoon period, it is reasonable to assure that most loss-
‘es of surface soii bccuf during'tﬁis period. Again as the
‘rainfall is very great but evaporation is low, chemical.
veatheritg is prqbably of greatervimportance than physical
weathering, as the rocks are almost always mpist at ground

level.,

Weathering, then, is a complex phenomenon, involving
a variety of processes and beihg influenced by a number of
factors, the mostiimportant of which are'lithologicél and
climatic. No hard and fast rules can be laid dovn about
exéctly how different rocks will weather, as so much depends
ﬁpon minute differences in lithology and process, one can
réally only tell how a'rock‘will weather when one has seen

‘ it weathered. Doubts and differedces of opinion éxist

about the efficacy of the processe€s of 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.



Soils;:

t

A physical, chemical, biological, and mineral wea-
thering progresées, alternatibn of rocks and sediments
develops threedimensiongally beneath the land surface. The
intensity of weathering decfeases in each succecding
- lover layer, A.weathéring ZOne is an‘altere& layer that
differs phySicaily; chemically and mineralogically from the
layers adjacent to it and that extends beneath the iand
éurface; Weathering zones can be used to studyinot only weath-
ering per se but also géomorphic and stratigraphic re-
lation;“:' Another pertinent ix'se' is the fit of soils to the
zones;7specif1c soils of the soil envelope fit specific zones

and thickness of zonessi

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 Minerology,
organic content, texture,and structure, &lthough pedologists
uandwgeolggistégﬁsometimes di ffer in the definip;oﬁ of a
'-soil, gebmorpholog;sts are concerned with theﬁehtire

veathered zone from surface down to unveathered bed rock.

To understand t he nature and type of soils found

on "di‘vffé_rent 'weathé.%.:,?*énes of the Mawsynram, We must hawe

.«
N, '

=

13. Kuhe, Robert,v,(19?5).op,ci;.p.33-h1



_ some basic ideas about the factors that affect the formation
of soil, Pedologist generally list ciimate, parent material,
biotais, and relief as fundamental factors of soil formation.

Because soil propérties change, time is also very important.

~ The so0il formation factoré in our present étudy are
not considered individually. It has been deseribed along
vwith the type and properties of soils in succeéding sect -
ions, We have alréady discussed extensively in our ear-
iier veathering section about the various factors of
weaﬁhering processes, which have also g substantial affects
on soil formation on the region concerned. The soils of
Magsynram may be brosdly grouped into hill soils and plain
alluvium, In some places, we find red loamy soil, fine
silt cénstituting the major fractions. They are also character-
ised by a very high organic mattee and nitrogen content. At
other pléces, ve find minimum elay to fairly heavy eclay.
_The soils of the paddy lands around Mawphlang and welloi
'ai'e heavy logms and contain a fairly lérge amount of

organic matter,
Analysis of soil

The Indian Gourcil of Agricultural Research com-
plex for NEH Region, of Meghalaya, have earried out sample



soil testing of different places of Meghalaya, including
Mawsynram region, A perusal of the above soil test su-
mmary ‘data suggestssthat the entire soil of Mawsynram

are deficient in available phosphorl:. The lov- availa-
bility of phosphorus in these soils might be due to
strongly acidic soil reaction and presence of considerable
amount of exchangeable AL in these soils. The content of
organic carbon.was rated to be high in most of soils of
this region, The possible reasons for higher organie
maﬁter content may be thick forest vegetations high

rainfall and low temperature .

‘ The soil reaction varies from sﬁrongly acidic to
acidic in hature Generally, the soils of higher jsltitudes
and belonging to high fainfall aregs are strongly acidic
(northern part of Mawsynram), The réason of low PH may be
assigned to the leaching of the bases from the exchanée
complex under the prevailing high rainfall (12,000mm)Gand
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 micronatrients in these soils. Soils from differ-
ent altitudes of Mawsynram region ranging from 100 to 1900 m

above the mean sea lével here analysed for micronutrients,

14,Prasad,R.N, Soil Science, Proceedings of Workshop on
- Agricultural research complex for N.E.H.Region,Shillong
- India(1981) pp.89-107.



4The contents of to;gl zine, copper and manganése varied
from 10 to 47,25 PPm, 17.0 ppm and 110.0 to 770.0 ppm
respectively, The ‘zmounts of DTPA extractable zine,
copper and magganese range from 0.72 to 3.28 PPM, 0. 6 to
2,8 PPM and 3,0 to 162 PPM respectively@ The contents

of both total and available zinc and copper did not flow
any definite trend with the change in altiﬁpde'and
toposequence?'ﬁoweﬁer, the content of available manganese
in the soils of higher and lover altitudes was almost
S0% in.the valley land as_compa:ed to the slopy‘land,

The infommation gbout the content of boron and moiybdenum
is very scanty? The prevailing high rainfall through out
the year in Maﬁsynram and hilly topography are congenial
for lower availability of boﬁh boron and Mulybdenuﬁ,

Jh d So Properties

The practice of jhum, which is prevalent in this
region, affects the soil properties.Burning causes changes

in the soil propertiés:

m e

15, Ibid.,pp.39-107 (1981)
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TABIE ITI (iy) *
EFFECTS OF BURNING OW THE SOIL PROPERTIES

Soil Properties Before After
‘PH | 51 5.5
Organic carbon(%) 1.32 1.05
Available P2 05(kg/ha) 3.30 3.31
Available K2 O(kg/H,) 2.19 5.70
Exch, Ca (Megh) 7415 9.46

Increase in PH is related to increasé in the content of
available potash and exchangeable Ca, Burning causes
appreciable increase in the levels of available potash
and incf‘ease in its content depends on the amount and
type of burning materials available, Nutrient status of
the soil is further subject to alternation due to enormo-
us soil and nutrient losses. In course of erosion, the
surface soill is likely to be detruncated and the sub-soil
poor in fertility getsrexposed to the surface.

0 dist b t ! [ s_in

Mawsynram region.

The Mawsynram region displays extreme variation

in climate, vegetation and physiography, Conditions conguctive

*Source: ICAR Research Complex for NEH Region, Shillong, 1982,
Meghalaya, 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, southem extf_em'e: margin of‘s:tudy . '
_ aré.a, aro\un’d.'Bial.at}. and Shella, high 'amount-:‘of deco-
‘-_mposeAd and undecomposed organic matters associated
with low temperatures at bighef altifiudes :and hilly
topography( around Mawphalong, Nongpun'g,J akrem and |
Welloi). These encourage the loss of zlkali and akka-
line earth metals from the soils;

aracteristics of acid soils:

Beside's hydrogen, exchangeable, it is also
present in the exchange complex of the soils. It
wvaries from 0.05 to 2.8 Meg% in the soils of Mawsynram.
Its contents were found to be more at higher altitude
(0.80 meg#) than the lower altitude (0.0 meg%). Iron
may also play role similar to aluminimum in soil
acidity of this region.

The soil of this _mgion contains fairly high
amourit of orgénic matter, However, the rate of mineral-
isation is slow due “to highly acidic soils reaction,

low temperature, low amount of calcium in these soils,



The content of organic matter anreased linearly with
-the altitude The valley soils are generally higher in

Jorganic carbon than the adjoining wplands.

The study on the effect of topography of pota-
ssium in Mawsynram region soils, it was found that the
contents of water soluble and exchangeable K wvere
higher in t&e upland soils than the corresponding low
lands, The regions for the louwer contents may be re-
lated to the lower clay content and leaching in the
valley soile.‘it wae aiso observed that ﬁhe total een-
tent of potassium increased with increase in altitede.
Ekcepting water soluble and exchangeable in the low lanég;
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 Mawsynram around Mawphlang
‘has developed from the granite, Where 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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nt ation o minera n the

sol Maws ynram (: on. |

Clay is the most active part of the mineral
soil mass and is the seat of most of the chemical and
physio-chemical.réactions. Thg property of soils viz.
swelling, plasticity, moisture, retentions, nutrienﬁ
fixation and.release,hbuffering capacity etc, are mainly
dependent to a large extent .on the nature and -quantity of
clay minerals, Attempt was made to'separate‘clay, Salt
and sand fractions from 30 soil samples collected from
- different altitudes and toposeguence (upland and valley
land) of East’khasi H;lls, including Mawsynram region,
of Meghalaya. The results indicate that mica, Kaolinit;,
chlorite, vermiculite, are some of the important minerals

1
present in these soils?

Soil landscapes

If soils are part of the landscape, the pattern
of soils on the ground is the soil landscape. 1t may be
small and occupy an ancient Archpean gneisses of granite

s&rface over Mawphlang, north east portion of Mawsynram

17.0.\“ Ibido ,( 1981 ) b} Dp o-.9l§~96.
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-region (Fig.6). This soil landscape is called a soil
.association area..There_dominant soils, loamy silt
uith high 6rganic matter and nitrogen content,clay
‘and loams, light grey losms, are on hill summits, hill
slopes, and low lying closed depressions in the water
logged landscape, such as pattern 6flsoil‘sequences'
originating from the same parent-material but which

- vary with topographﬁ i.e. relief and drainage is
_termed soil catena. A soil catena is a physiographic
complex of séils or sequence of soils between the
crests of hills and the floors of adjacent depressions
or drainage ways, whose profile change from point to
point in the tréverse debending on conditions of
drainage and past history of land surfacl? These are

the facts fundamentai to soil geomorphology.

Thus, the weathering of rock and the formation
| of soil prepares the land scape for erosion and trans-
port and deposition of eroded debris, The Mawsynram

region as a whole is a potential area susceptible to

18,Ruhe, Robert V.,(1975) op.cit.pp.t2-43.
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large scale soll erosion. Soil erosion by Geological
and'Geomorpholpgical_factors and as a result of human
activity is taking place at an alarming rate, Blockage
of roads and drainage systems dque to land slides,
prevalence of shifting cultivation, deep@turbid water
flowing in the streams, because of heavy rainfall
during monsoon pefiod and disappearing of vegetation
cover in certain pockets are indicative of the serious-

ness of soil erosion problen,



CHAPTER - IIIX




DRAINAGE AND ITS EVOILUTION

. "All these varied and wonderful proecesses,
by which vater mightily alters the appearance of
the earth's surface, have been in operation since
the most remote antiquity".

AGRICOLA, 1546

NTRODUCTION &

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 1mpossible to treat the
development of landforms, or to»describelexisting rorms
in a rational manner without constant reference to
‘the valleys that have been worn in them and to the
rivers by wvhich the waste is washed along the channel
in the valley floor, (W.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-

cerned,

The Mawsynram block area is drained py tpe r;vers
Umnagi, Umiew or Bagra and Umparsumai. These rivers
discharge their water through various deep channels
into the Banglagesh Plain. The Umnagi collects its
feeders like the Umiyngkhol, Umnongspung, Ummgnrat 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 of Mawsynram block, The
Umiew or Bagra, having its source in Smith area, south
of Shiilong-city, enters in the area under study near
egt of Tanglang village and after travelling along the
eastern margin of Mawsynram,block, finally reached

the Bangladesh Plain near Shella. It collects several
streams on its left and right banks. The Upparsumai

is the most important river .of south Mawsynram.

In makihg an analysis 6f the rivers and valleys of
Maﬁsynram, an attempt is-being made to seek the causes
of the location of the streams in their present courses
and to go back; if possible to the early daté. The story
of the drainage and landscape evolution of the Shillong
plateau has been discussed earlier by Evans(196#) and
R.P.Singh (1968) , they have expressed their views
of massive headward erosion along the joints by antecedent
streams, and the control exercised by the well-jointe“d

cretacébus-Tertiary sand stone cover, Further south of

1.Evans ,(1964) 0il India, A brochure for 22nd 1.G.C.,
lndia, New Delhi.,

2.5ingh,R.P.(1968) op.cit.Gauhati,p.1e9.



study area the consequent streams are mostly controlled
by the’strﬁbtures(monoclines and faults) in the sedi-
ments, The present form of drainage pattern was attained
through different geological events since Mesozoiic

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

and gectonics) as indicated by the polyeyclic erosional

surface at various levels.

The natural history of a river, its morphology
and growth, will be treated in relation to its geolo-
- glcal structure, gnd.varying activities in different
stages, The revival of the river's lost energy will

be examined as it enters a new cycle of life._

I1- 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 zigeag fashion from north to

south, The primary divide outiines, the Umnagi and the
. Umievw or Bagra basins,~The secondary divides mark the
Umiyngkhoi, Umnongspung, Phud symper,Umkynrem, Umsaikha,
Umduma, Umj aﬁgut, Umktang and Umnokria basims(Fig,7).
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A glance at the dralnage divides map (Fig.7)
of Mawsynram would reveal that the drainage system
of this area is to a great extent directed by the
structural platform zone, extended from north to
south, which act as the watershed, from where the -
various small streams, flov down in a east and west

direction towards Bagra and Umnagi river valley,

The area under study has low undulating divides
in its northern part but in the southern porticn, it
has deep dissected section of divides. On the basis of
_ their nature character and expressions the divides

fall.under two categories:

(i) Former accentuated divides with'undulating
Character, and
(1i) Young divides dominating the landscape 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 cgpegory'of divides occurs
on scarps, southern dissected tract over the gretaceous-

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. .

III- Riyer Basins

Thé draingge divides have outlined macro and

micro river basins. These basins,lpqna.large extent, span
_over Archacah gneistic complex with. acid and basic intru-
. sives, Shillong group of rocks, Lowerqundawan rocks,

- Sylhet Traps and Cretaceous-rertiary sediments. The
alignment of the major and minor joints control the
-drainage lines of Mawsynram, The study of the drainage
maps showé that:the drainage payterplin the region
.represents a most Spectacula: feature revealing extra-~
"ordinary straight courses of the streams, evidently
. along joints and.faultg. The magnificent gorges scooped
out by the ‘stréams,- such as Umpursumai,Umnokria,Umktang
and Umsagitkha in the southern part of Mawsynram are
the result of massive headward erosion by antecedent
streams, along jeints of the sedimentary rocks over the

block, experiencing relatively greater uplift during

3. Kumar,A. (1979) Geomorphology ofsdimdega and its
adjoining area, Bihar. The National Geographical
society of India, Banaras Hindu University, Varanasi,
Pub,N0.22,p.23 +2.

4, Mathur,L.P. &vans,(1964)'0i1 in India',International
Geological Congress.Twenty Second Session, India,New Dehi.
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Tertiafy period. The northern part' of Mawsynram, devoid
of‘ any seéiimentary cdve'r, is rnar}reé 'byAlcng_ incisive
valleys of ummanrat, unjangut and phudsymper, férmed
due to headward erosion alcng joints in the gneissic
rocks and granites, The limestone covered country. over
the southern Mawsynrzm represent a typical ka:st.
topography, cut deeply by tre short tributaries of

 umnagl and Bagra river.

I-The Umnagi Basin

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 6053 feet (at
25°59' 91%3'E), flowing to south west it runs along
the northern and vestern part of the s tudy éreé. This
river enters Mavsynram region after reseiving several
tributaries from the granite country of Mawphlang., It
is united with the Umnongspung at an altitude of l+580
feet, The other tributaries, Umjarang, Phudsymper and
Phuds tew join with the river Umnagi at an altitude of
4500 feet, 4000 feet, and 3290 feet reSpectively. In
‘the south-westerdpart of Mawsynram, at an'altitﬁde of

o 645,525,203 and 150 feet, the feeder streams such as
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Umlt,Umsalrata,Umjajuh and phud shylla hawe joined in
the lower course of the river Umnagi, and finally near
Kathalbari it has reached the Bangladesh plain.

The Umnagi meanders infrequently being admirably
_controlled by the joints over the granite-gneiss surface

of Mawphlang and Nongsoung and reveals some of the deposite

- .ional (Plate-11) and erosional marks wherevey it takes a

. Significat direction, joint direction guides the course of
the Umnazi(Plate-12) and its feeders. The consequent stream
. of south are mostly controlled by the structures-faults

and monoclines in the sédimentary rocks surface. The

long profile of the Ummagi (Fig-8) shows one significant
break-in-slope at 4550 feet, where it dissects the scarps.

(1) Ummenrat Basin

The Ummanrat is a major tributary of the
Umnagi, {t rises in the north extreme part of Mawsynram
and flows in south-vestern direction over the Shillong
group of rocks and Archaean gnisses complex rock surface
of sohphoh. At sohphoh viliage the ummanrat join with
rjmnagl and has formed a larger stréam at‘an altitude

of 4687 feet. Its long profile (Fig-9) shows very
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gentle slope from its origin upto mouth,
(1i) Umiarang Basin

This stream rises in Jakrem area and flows
towards north-east direction and has joined wvith
the Umnagi at an height of 4716 feet., A hot spring

is marked, just few kms., away from the main river

Umnagi, over its.bed.
(1ii) Phudsymper Basin

Most of its feeders have their sources‘at an
‘altitude of 5827 feet over the gneiss;s complex,;ur-
face around symper peek and has fpfmed a radial pattern'
of drainage, This ‘small stream drained the hearts of
Mausynram region gnd then passes, through Mavlyni and
Mawhiang villageg and join the Umnagi, forming deep
. gorges at junction, at an elévation_of 4000 ft. The
long profile of Phudsymper (Fig-9) shows no signifi-

cant breaks-in-élope, and it carves out a deep gorge

near its mquth.
2., The Umiev or Bagra Basin

The dmiew or Bagra basin 1s an extensive
valley of the narthern Cherrapunji Plateau. This river

rises from the southern slope of Smith area, at an
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elevation of 6094 ft., enters the study area near
Tanglang village and. flows further south along the
eastern margin of Mawsynram, by cutting deep valleys

- through the creataceocus (chalky) sandstone and limestones.
In many places'oider,rocks like the gneiss and achists
havé been exposed along its bed. The basin of Umiew or
xB‘agra river has spparated the Mawsynram region from
the-Cherapunji platform and finally reached the Bamgla-

desh plaih near Shella.

The feedefs of the Umiev form a drainage net
in relation to the granite and sedimentary joints. The
importent tributaries of this river system, which have
‘mostly drained the entire dastern and north eastern
part of Mawsynram are: Umduma, Umjngunt, Umkyhrem and
Ums ai tkha, The lohg profile of the Umiew shows (Fig-8)
tvo important break in slope, at an elevation.of SOOOft.
' énd 3050 ft., VWhere it carves out deep gorgeé;*énd the_
nick point is marked by beautiful vater falls,

(1) Umingut Basip

The Umjngut rises from southern slope of
painsanngut village at an altitude of 5735 ft. over

" the Archaean gneisses®complex surface of Nonglewai



area. This stream draincd the=north‘-eaétern part of -
study area and after flowing towards south it meets

. the trunk river umiew at an elevation of 2215 ft. ‘

The long profile ('Fi-g~9) of Umjugut shows a significant
break in slope at a height of 4800 ft: A beautiful
vaterfall is marked in its mouth just before meeting

Unievw.
(i1) Umkynrem Basin

This stream originates from the Laitmawsiang
- villagee at an altitude of 5513 - ft. over the Shillong
- group rocks and Archaean gneissic complex rocks surface
of central Mawsynram region, After flowing 'througb'the
villages such as Mawlynu and Saitshilliah, it has formed

a déep gorge béforé joifhing the Umiew at a height of
1750 ft.

(iii) Umsitkhp Basin

This is a small &ream baSiﬁ, which originates
along the eastern slope of Mawsynram village a2t an
| elevation of 5000 ft. The long profile of the Umsaitkha
(Fig-9) shows two important breaks-in-slope, at an
height of 3000 ft. and 1500 ft. where it dissects the
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scarps. The nick point is marked by a2 waterfall,

2 xm south of Mawsynramn, near P.W.D., I,B.. .The‘l_.ow’er.
scarp also registers a nick point{which is marked by
another small water fall of 120 ft. The stream ﬂ nally
meets with Umlew near the village Sinei at an‘elévatioh
of soh ft. |

3. Umparsumal Basin

L™

This drainage basin is the most important basin
of the southern part of the study area, It rises in:
" southern skope _of Mawsynram villagg at an altitude of
4500 ft., flous in the south ‘east direction, along the
_steep slope of the terrain, It has formed t‘:wo,waterfalls
“of 120 ft. and 150 ft. in ité upper reaches, at escarp-
ment fécing Bangladesh plain, ‘The Umparsumai meanders over
' the older alluviam surface for a short disf.ance, before
reaching the plain of Bangla&esh hear katrang villege
at a height of 410 ft. The Umnokria is most important
tributary of this river, The leong profile of i;his stream
‘'shows a significant break in slope at a height of
1000 ft.(Fig.9).

%, Dmktang Basin
It is a small basin, situated east ‘of Umparsumai

basin in south Mawsynram region, Umktyng originates from



Mawlyngbna area, at an elevation of 3078 ft., flows
towards south over the older alluviam surface of

Mavdon region and finally reached Bangladesh Plain near
Hat Mawdon, West of Shella Bazar, at an altitude of

only 50 ft, Its long profile(Fig-9) shows one important '
break-in-slope at a height of 2060 ft., where a small
wvater fall is marked.

If one 10oks at the drainage map of study area
(Fig.7)*, 1t reveals that there are many other small
streans of Umnagi, Umiew énd Umparsuma; vhose courses
are controlled by the geological structure and in many
places in upper reaches of these rivers, they hawe
adopted very askward course to avoid the resistant
Archaean gneissic complex rocks and Shillong group rocks
surface. The main river Umnagi and Umiew seem to be in
old stage of cycle of erosion in their ﬁpper reaches
but youthful in the lower stagesﬁ

IV- Pattern of Drainage

M outline of the macro and micro basins defines
the varying orders of stream system, but an analysis of
the composition of each type of basin.brings out distin-
ctly the pattern of drainage, Drainage patterns refers

#Please see the drainage divides map(Fig.7) as the
drainage map of Mawsynram,
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to the particular plan or design which the individual
stream-courses collectively formh The pattern of dra-
»inage 1s one of the most revealing features- of land-

Scape and casts light on the rock type, geological ”

structure, stage in drainage evolutions?i

The drainage ﬁap of Mawsynram -(ﬁig.?) reveals
the following four types of drainage pattern (. i7, |
viz, . | | : |

(1) Rectilinear pattern

(11_) Radial pattern ;

(211) Semi-déndritic pattefn;”‘
(iv) Parallel pattern;

(1) Hectilinear pattern

In rectilinear pattern, stream bends and junctions
are approximately at right. angles: A system of vell deve-
loped ;joints}, .fracture zones 61‘ small faults may gi\ie |
rise to such a drainage pattern (f‘ig.w)g

If ve examine the drainage map é6f Mawsynram
(Fig.,7)* ve find the nortrern tip and extreme south
portion of study area is dominated by well-developed

Se Zemitz‘ .R.,(1931) Drainage pattern and their signi-
ficance' J,Geol,Vol,40,pp.498-521,

% Please see the drainage divides mao(Flg 7) as the draina-
. ge map of Mawsynram.
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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 thenm
are master joints and fractures and whole pattern has
been developed due to uplift of thia reglon along with
Shillong platean during Tertiary period.

(11) Redial Pattern

. In this pattern, streams extend outward along
radil from:a common centre like the ribs of a fan. This
type of dréinage pattern develops on flanks of domes
and volcanoes, wvhere there is no effect of differing

rock resiétance?

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 peak (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 héights, A
feh,prominent redial patterns are also found in south-

eastem part of Hawsynram. .

6; Schumm,S.A.(1973) ‘Fluvial Geomorphology in river
mechanics River Morphology (Ed.)

a
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(1i1) Semi-dendritic pattern

The dendritic drainage pattern is like that of

limbs branching from the trunk of a tree,

Small streams in éastern Mawsynram for example
Um§ngut and Umkynrem bedong to this category (Fig.18).
As our study area underlies a very»ccmplex:geological
structures and a large part is covered with very steep
slope, there wure a-few well developed dendritic drainage
pattern marked. This type of drainage paﬁtefn develops,
vhere geological structure is simpler and particularly
over the sufface of hdrizontal, uniformly erodible
sedime@ts or unifofmly resistant crystalline rocks with

gentle regional slope.

(iv) Parallel pattern:

In the parallel iaatt.em; main streams have
parallel courses ags to tributaries, Parallel landforus
such as sandstone ridges and steep regional slope
play a significant role in the development of such

pattern,

In our area dnder study, the slope inéreases 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, vhich flows 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).

'(’w}) Stream Freguency (FS)

Stream frequency shéws the number of streams
per unit area. This is one of the most important morpho-
metric analysis of the drainage basins. Horton (19#5)7
.defines drainage frequency as the total number of streams
in a drainage basin divided by the areas of drainage
basin,

FS =

| 2

Vhose, 'FS' is the stream frequency, 'N' is total
number of streams in a unit area, and 'A' is the unit
area,

From the one inch topographic sheets

a drainége map 6f the Mawvsynram region is prepared and

and it 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
erossings are counted for each Sq. which represént

thé number of stream per one sq. miles, For the pre-
paration of a isopleth map, to study the spatial
variation of stream frequency over the surface at di-’
fferent parts bf fﬁe study region, all these figures

are grouped intO'fpllcving five categories:

TABE TII(i)

S1 No. Texture Stream category  Frequency
1.  Coarse v Lov

2. Moderately coarse 7-14 mederately low
3. Medium 14-21 ‘Moderate

. Fine 21-28  High

5.  Very Fine 28 ~ Very High

An examination of isopleth map of stream fre-
quency (Fig.11) would reveal that more than half of the
study area is ecovered by the category of moderate stream
frequency, i.e. 14-21 streams per sq.mile, in the north-

western and .central parts of the region., The next most
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important,;moderately,low category, (7-14) streans
per sg.mile, ogcupy the extreme northern and southern
margin of Mawsynram. The areas of high and very high,
21-28 and above, stream frequency per.sg.mile lie in
the central and .southern part of rggion in. two major
patches delinked from areas of moderate stream frequ- .
ency. The ldﬁ streaa fiequency per sq.mile is found in
extreme south and south-western belt of the study '
area..

From the isopleth drainage freqmency map of
Mawsynram region, it is clear that the central gnd
north-eastern part has a higher freguency than that of
the north-western and South-western part. In the
fofmer, an extensive area of 21 to 28 and above drainage
frequency pef sq.miie is marked éiong the eastern slopes,
but in the ﬁlateau region its number hastdpop down to
1h;2j;.This higher frequency mayAbe attributed to the
high rainfall and the lithological and structural
characteristics of the Archaean complex, the Shillong
group of rocks and Cretacecus-Tertiary sediments, having
sufficient‘religf and areas of dissection along the
Mawsynram eastern scarp, and the Umiew of Barga basin.

To targe extent rainfall plays a major role in the



110

@eveldpment of streams. As this part of the Mausynram
receives heavy rains for around 222 days (more than |
12,000 mm) in a year, it influences directly the Quén-
‘tity and character of run off. Heavy rainfall through
out the year is perhaps, the most important single
factor influencing the drainage fréqdency of the area

undef study.

Permeabillty of the mantle rock and relief
also to some extent play important role in the deve-
lopment of drainage frequency. Greater relief along
the Mamsynram stfuctural platform presents favourable
conditions for the development of numerous streams
tovards the Umiew and Umnagi river basin in the eastern
and weétern direction. The hagd granite surface over
the Mawphlang area does not allow 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 andvumeiw or Bagra,

In the middle of umparsumal basin, a small
pocket of high frequency is marked (21 to 28 streams
per sq.mile) this may be attributed to that region
which has a plateau 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 freguency is between
7 to 14 and even below 7 per sg.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 confluence point

The grovth of drainage basin records the
evolving number of stream channels which unite to form
confluence points, The distribution of confluences per
unit (Fig.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 4
confluence have been prepared for Mawsynram region by
using isopleth technigues to bring out their genetic
planning for forming dralnagenets, The confluences and
stream sources has been counted in one sq.mile, from
the oﬁe 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(Fig.12)
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express five density categories., The numbér of
confluence per sg.mile is.above 28 in first cate-
gory and their minimum fmmber is less than 7 in the
fifth category. The maximum number of confluences

per sg.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 gnd minimum density

of confluence points,

The north-central undulating country of
Mawsynram, 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 Mgwdon
respectively. The density of 21 to 28 1lie in several
small pockets on north-eastern, north-western and
south-vestern part of the study area., The maximum
stream confluences per-sq.mile are observed in

southern and south western fringe.



114

TABLE III(ii
' DENSITY OF CONFLUENCE

~ Categories * Noe.of confluence Confluence category
i o " Above 28 = Maximum
i 21- 28
iii ' © 1h- 21 ‘Intermediate
iv e 7- Minimum
v "~ below 7

- The €onfluence of streams concentrétes along
the valleys of umnagi and Umedw or along the ridge;
and scarps of Mawsynram structural platform.QDue go
steep slope, stream gains good velocity which is “
required for the effective removal of debris from the
foot slope, ?he minimum number of confluences reveal
less dissected parts towvards extreme south, near
Bangladesh plain, The 1ntermediate number of confluences per
sq.mile defines dissection, better s;an of excavation and
lengths, The master streaﬁ like Umnggi, Umeiw, Umparsumai
and Umktang etc. have accordant cénfluences and they
all are shofiing youthfull features like long deep

gorges, potholes, and water falls,
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vii-Drainage Texture

Drainage texture implies the relative spacing
of drainage lines. HOrton‘(19h5)8 states what we commonly
refer to as drainage %extdre‘realiy includes both stream
frequency and dtainag‘é density, Stream frequency of
Mawsynram region has been shown by isopleth (Fig.11),
This.map showing number of streams per sq. mile, The
isopleth trace the trends of the density categories of

the number of sﬁreams'per sq.mile,

Their density categories numbering five can be
summed up into five categories vig. very fine, fine,
moderately course, and course texture of drainage (Table

I1I(1)),

The area of very fine and fine texture of
drainage seems to cancentrate in the north-eastern part
of the region along with high stream frequency, i.e.

21 to 28 and above stream per sq. mile., The area of
medium draingge texture, lie in the north-vestern and
central part of Mawsynram region, with a stream frequency
of 14 to 21 stream per sq.mile. Theiyarea lying in
~Southern and sduth-western parts of region is marked

by moderately coarse and coarse texture of drainage,

8. Horton, R.E.(1945) op.cit. sPD.275-350.



with a very lov frequency of streams per sq.mile, i.e.,

7 to 1% and below 7.

The above study establishes the following
facts: d

(a) The number of streams and confluences
coincide vith that of drainage texture.

(b)}Tne relation betveen stream and confiuences
is obvious in the area of radial dréinage
system, particularly around the Phudsymper
peak (5827 ft.) 6f thé study area.

(c) In radial pattern, wvhere number of streams
are many, the number of confluences may-
remain few or nil, This type of contrast
is found over Phudsymper peak(5827 ft) of
central Mawsynram plateau and primarily over
the granite domes areas of Mawphlang,

(d) The high dissected areas of east, north-eastern
and South-western parts of Mawsynrém is~marked
by large number of sﬁreams and confluences,
The feederslin these areas has formed deep
gorges |

(e) Fine drainage'textﬁre cbrresponds to the areas

of high relief. The arecas of low-relief, in



southern extreme parts of Mawsynram, close’’
to Bangladesh plain, are the areas of coarse

dfainage texture.

The study of stream frequency and confluence,
expresses the influence of lithology, structure, climate
and slope on drainage texture. Its further analysis leads

&

to the study of the drainage density.
- viii- Drainage Density (Index of texture of dissection)

Horton’(1945)9’defined drainage density as the
total length of the stream (L) in a given drainage basin
divided by the grea of the basin (&4). The drainage density
then is simply a length per unit.

Using the pbove formula, the drainage map of
Mausynram region is divided into cne inch grids, north-
south and east-west, representing each grid one sq. mile
on the surface. The total leggth of streams are measured
for each grid, which represent the length of streams
per Sq,mile,_Then a isopleth map of drainage density is
prepared vhich tract the trends of the drainage density

categories per unit area.

9. Horten,R.E.,(1945) o.,cit.pp.275-350
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in analysis of the isopleth map (Fig.13)
showing index of texture of dissection per sq. mile s hows
the distribution of drainage density, Its implication is
further revealed vhen it is compared to the stream
frequency map showing ngmber of stream per sg. mile.
The isopleth map traces the tendency of each five
category.,. To avoid complications and elaborate descri-
ption only three majnr categories of drainage density

viz. high,moderate and low are being accepted for

analysis.
TABLE IIT(iji)
Categories of stfeam Drainage Density or
S1 No. leng%h(in km) Texture of dissection
category,
1. below k4 Low
2. Y - 8
3. . 8 -12 Moderate
b, . 12 - 16 High
Se - above16 .

High drainage density of texture of dissection
finds expressien in horth-eastern, south-eastern and
Acentrel paft of the area under study. They are seattered
over the scafps along the eastern slope towards the ﬁmiew

river valley. They shov a density of 12 to 16 or more kms.
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drainage length per sq.mile lie over the south-western,
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 lower relief surfacé :of Balat, Mawdon, Kathalbari
and south-western corner of s tudy reglon. This repre-
sented lover bésins of rivers and 16w lying surface

near Bangladesh Plain.

The stream frequency map (Fig.11) and density
map (Fig-13) combinedly further reveals the foliowing
facts:

. (1) The areas of high stream frequency with
21 to 28 and above number of stream per so.,mlle |
coincides with 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
sgemiles and 8 to 12 kms, Stream length per sq;mile

shoving moderate drainage density or texture of dissection.

(iii) Below 7 and 7 to 12 number of streams per
sq.mile with below % and 4 to 8 kms. of Stream length per
sqemile areas revealing low drainage density or texture

of dissection,
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(iv) drainage density is related to the number

of streams and confluences in the study area.

Climatic elements like precipitation determines
directly the quality and character of run-off, The
Mausynram region registers annual rainfall of over 12,000(mm,
‘The greater per centage of rainfall runs off immediately
creating many surface drainage lines, Soil is also
another fact.of to control surface runoff, Permeability
of the mantle rock is most dominant factor that influe-
nces the drainage testure, The granite 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 drainageAtexture. High relief prcmotes
the excayation of river valleys favouring the development
of numerous headward eroding streams, particularly
around the plateau region of Mawsynram, is very much
distinct from the map. The eastern scarps facts of
plateau is responsible for the development of countless

drainage exhibiting fine drainage texture,

ix., Denudation Chronology

The history of tke major rivers in Shillong
Plateau, including the present study area have concerned

geomorphologist and geologists since a long time and
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this interest persists to the present, Here an analysis
of drainage system 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 knowledge of the drainage orgaﬁization in
any morphological segment,it may be possible to set out
a chronological development of drainage from the pre-
cambrian till today. The ancient mouﬁtains 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 cém also trace the denudation

éhronology to represent its morphological history.

The primary solidfied landmass of Mawsynram
during Pre-cambrian period was umeven where initial
drainagge 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 compiex folded structures. The
Mawsynram Plateau dips steeply on its southern borders
The denudation chronology of the Mawsynram.region thus,
took a concrete shape in sympathy with folded structures.

The drainage plain was more or less similar to the
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' 10
drainage organisation of the tertiary fold montain,

The Umnagi and Umiew or Barga with some of
its tributaries and streams might haw remained as
Archean river, The geographical cycle seems to hgve
been intervened by the pre.-cambrian emission, This
effusion might have been marked by the following

drainage features:

(i) Many truncated streams such as umnagi and
umiew or Bagra appeared over the former

sur face wi thoﬁtvth_eir source drainage.

¥

(11) Cooled lava surface constituted a hybrid
of the stream organisation. These evolving
stream_ e;t;herj form the new feeders of the
f.runcated rivers or some of them carved

out their independent valfeys.

The drainage history of the area might have
undergone a great modification with the peninsulcr
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 change in the boundsry

of land and sea,

10. Singh R,P.(1968) op.cit.,Gauhati, p.1-9,
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The Jurassic emission finds its expression
in the southern part of the area, This emission is
popularly known as Sylhet trap vhich no doubt brought a
modification in the former drainage by burying topography.
During this period the drainaggemight have modified in

the following manner,

‘(i) The Southern small streams of Mawsynram,
| such as Umnokria, Umktang, Umparsuma and

Umsaitkha with their tributaries were burried.

(ii) The large rivers like Umnagi and Umiew or
Bagra remained as truncated streams either in
source regions or also in the remaining streams.

(iii) The cooled lava formed a ét:uctural surface

over which new drainage lines.evolved,

(iv)Cycle thus initiated by this Jurassic inter-
vention might not have run its.full 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:



(1) The river vallys such as Umnagi, Umiew or
Bagra, Umparsumai,Umkatang and Umsaikha
were drowned outlining the coastling of
that period.

(ii) The aggradational features like delta for-
mation on the junction of land and sea, flood
plain along the above mentioned river.valleys
might have been registered., As now its re-
manants found along Balat to Shella on Southern

prt 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 and umiew or
Bagra might have also been initiateg,

(iii ) The older rivers like umnagi and Bagra might

have excavzted new valleys in the old one
and with the progress of cycle the outstanding
features were gradually obliterated,
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The cne dominating fact to influence Mawsy-
nram region denudation chronology is epeirogenetic
event of tte Tertiary period,which has formed the »
pfesent morphology and drainpge systems., The changes .
that might have took placé during this period is as

follovs:

(1) The southern scarp séction of Mawsynram
rise steeply énd cémes under the sway'bf the summer
monsoons , récording high precipitations in this re-
gion. “ |

(1i) Elevated peneplain has remained an average -
elevation between 1350 to 1800 mts, above sea level.

(iii) Each break-in-slope expresses useful features,

River valleys of umnagi, Umiew or Bagra, Phudsymper and
Umparsumai etc. bound in water falls, rapids, imposing
gorge pot-holes, discordant Junctions mark such breaks.

(iv) The deep engravings of the recént periods
the undulating peneplains wibh graded river valleys do-
minate the central Mawsynram structural platfofﬁ.

(v) The Umnagi, Umiew or Bagra, Umkatang, Umpar-
sumai, Umnokria, Umsaitkha and host of other small
streams dissect its south-eastern, souther and south-

western part.
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The Tertiary Landscape cycles explain most
of the elements of landscape outlined above, The-
Mawvsynram plateau presents a polygenetic landscape
which defines peneplaines at different altitude,
Many of the subdued hills appeared with the uplift
and formed axis of new drainage line, The radial
pattern of drainage over granite surface of symper-
peak(5827 ft) at central Mawsynram region stands a
contrast to the semi-dendritic drainage pattern
eastern region, The southern extreme part is domi-
nated by rectilinear drainageﬁ pattern, which has
developed with master and minor joints and the whole
pattermn 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 Mawsyﬁram 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

past resembled the present, and thus we should use
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observation and interpretation of the present as fully
as we may in reconstruction of the past, andnonly go
beyond it when its: capacity to explain is exhausted.
(Jones, 1976, p.11;3 Thus only through the compléx
denudation chronblogy study, we will be able to assess
the antiquity of the present river s&stems and compli -

cated landscape evolution of the Mawsynram region.

11. Bishop Paunl(1982):"Stability or cliange: A Riview
of lands on Ancient Drainsge in Eastern New South
Wales™, Australiean Geographer, Vol.15.pp.219-229.
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MCRPHOMETRIC ANALYSIS OF THE SIX SMALL DRAINAGE
BASINS AND TEEIR GEOMORPHIC SIGNIFICANCE

"When you can measure wvhat you are speaking
about and express it in numbers, yey know something
about it, but when you can hot express it in numbers
your knowledge is of a meagre and unsatisfactory kind"”.

LORD KELVIN
INTRODUCTION

'‘Morphometry' refers to the measurement of
the shape or geometry of the landform elements in the
context of 'Geomorphologyi. The need for the study of
the drainage basins through 'Morphometric Analysis'
has been derived from the two main sources i.e. firstly,
to provide an empirical description of the inherent
characteristies and to describe the form from relation-
ships of the Morphological systems and secondly, to
analyse the underlying inter-relationships of the
landforms and processes associated within the basins,

1
(Doornkamp and King,1971).

Since the second world war, Morphometry has
entered a new phase - the phases of micro-Morphometry

which is concerned with the intensive study of the

1.Doornkamp, J.C. & King,C.A.M.:Numerical Analysis in
Geomorphology-An Introduction. Edward Arnold Ltd.,
London.1971.pp.1 8.
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small morphological units e.g. drainage basins. The
drainage basin is a fundemental geomorphic unit of -
the land, and all flov of surface water is governed
by its properties., By analysing various properties

of a drainage basin, the degree of internal adjust-
ment which has taken place among different properties

and the stages of basin development can be established.

The present study is based on the fundamental
hypothesis that the system of landforms evolwing from
the same gécmorphic processes under similar climatic
conditions and geologic material, possess a high degree
of geometrical similarity which is manifested in the
morphometric properties of the drainage basins. On
the contargry, the lack of geometrical similarity in
the drainage basins may result from the geological
heterogeneity or climatic variations which tend to

distort the basin Morphometry.

METHODOLOGY

The systematic description of the geometry
of the drainage basins and their channel network con-

stitute the measurement of the:
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(1) Linear aspects of the channel net work,
(1i) Aresal aspects of the drainage basins and
(11i) Relief or gradient aspects of the drainage

basins and channel networks.

‘The first two properties 'are planimetric
where as the third one reveals the vertical inequalities
of the drainage basin forms. In the present study, an
attempt has been made towards the evaluation of the
geomorphic significance of the drainage basins of
six small streams of Mawsynram with the measurement and
analysis of the linear properties of the channel network
and areal properties of the drainage basins. The data
for the study has been worked out from the one inch
topographic sheets No-78 0/7, 78 0/8, 78 0o/11, 78 0/12.
The six small drainage basins under analysis are (1) the
Ummanrat, (2) the Phydsymper, (3) the Umjngut, (i) the
Umsaitkha, (9) the Umkatang,.and (6) the Umnokria(Fig: 14 )
The areal and linear prOpertiés of these stream basins
'ére measured with the planimeter and the rotameter, The
geological as well as the claimatological background
of the draingge basins are supplemented to the gresent
analysis (for detail see chapter I and II). The 'pea&son's

product moment correlation co-efficient' has been adopted
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to establish the degree of association of the morpho-
metfic vaiiabies'and the significance of the observed
relationships had been evaluated with 't' test. The

The maghitude of change in- the dependenﬁ variable with
an independent variable hgs been treated by the re-
gression énainiS. Liﬁear 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 with the dimensional prpperties and non-dimen-

sional ratios.

DRAINAGE BASINS

The drainage basins of the six small streams under
- study extent over the Mawsynram region of the southern

| Meghalapya Plateau(Fig.14).Their basin areas'renge from
33.5 sq. miles of the Unkatanf to 11.00 sq.miles of

the phudsymper. The Umkatémg, the Ummanrat, the Umnokria
are all 5th order streams wvhercss the rest are of the bth
order streams. All the details of the stregm 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)
MATOR CHARACTRRISTICS F THE DRAINAGE CHANNEIS

S1 Order of Total Total Basin area
No. PRiver basins  the trunk No.of stream in
: stream stre- 1length (sq.miles)

ams (in mi-
les)
1. Ummanrat : ] 340 157.00 26.50
2. Phudsymper by 89 55.50 11,00
3. Umjangnt 4 138 78,50 14,50
4, Umsaitkha L 133 89.00 15450
5. Umkatang 5 309 195.00 33.50
6. Umnokria 5 109 99,00 25,50

Geologically most part of the drainage basins
are formed of 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 ihe Umkatang, the Umnokria and the
Ums ai tkha basins, wvhere séndstone, shale and fossili-
ferous limestone are the dominant rock types(Fig.Z).

The Umkatang origingtes over the sandstone and fossili-
terous southern slope surface of the Mawsynram Plateau.,
In northern pért of the study area, the Ummanrat, the

Phudsymper and'the Unjngut stream basins extends over



the highly resisﬁant foeks of Archaean ‘and Upper-
Cretaceous rocks, which predominantly composed of
granltegneiss, Migmatite, Biotite-gneiss and Arkose..'
etc, A detailed account of the streem basins, with.
their’pnysiogrepb}c,a;eas,_averege heighﬁ and their
geological formations are given in the Table IV(ii) .

TABIE TV(ii
. GEOLOGICAL CHARACTERISTICS OF THE STREAM BASINS ‘
Stream ‘Trunk ‘Coverage of ' Average Geologi-' Major
Basin ,river ‘tthe Drainage, height , cal For-' Rock
) A - . |Basin -~ y abovey t'mations ' types.
_ - : ' sea level:! L
1 t2 1 3 R Y
Umman- Umnagi Sobphoh and 5400 . - Archaean, Biotite--
rat Makham vill- Upper- gneiss,
age area, .. cretace- migmatite,
e L : © ous - mica-schist
etc, Arkose
(Glauconite )
Phudsym- -do- Mawhiang & : - 5200 Upper~- - Arkose(Glau-
per Kmawan Vill- Creta- conite)
' o ‘age(symer: . . ceous, ,
peak area
5827 ft)
Unjn-- Umiew Painsanngut 5000, - ‘Upper- - Arkose(Glam-
gut or & Nonglewai cretace- conite)

.. Bagra village agrea. . : ous ' ‘ '
Umsa- Umiew Nongshyluit 4100 Upper- Arkose(Ghuw
itkha or . & Sinei ) Cretace- conite);

Bagra village area. ous, 0l- Sand,Silt-

. 1go-Mio- stone,clay
cene,Jur- §l:£l%ar1;
.assic.. a
asste alkali -
basalt
rhyolite,
acid
tuff.



Table IV(ii) (contd...)

1 4 2

' 3

Umka-~- Umiew
tang of

Bagra

" Umpar-
Umno-
krig sumai

Mawlyngbna & Hat 2000
Mawdon village

area

Nongkl &
Maiaisohmat

" village area.

Jurassic,
Eocene,’
Oligo-Mio-
cene,Mio-~
pliocene,
Recent

Basalt,Alka-
li-basalt,
rhyolite
acid tuff,;
Sand stone
limestone,
silt-stone,
sand,clay,
marl,pebble-

- conglomora-

Archaesan,
Jurassie

te,Shale;
sand,S5ilt
& clays.

Biotite-
gneiss and
granite, ‘
mica-schist.
Basalt, -
alkali-bas-
1t,rhyolite
acid tuff,

In terms of climate, all the d@rainage basins can

be broadly put under tropical Monsoon climate, But, however

there is considerable varkation 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 discussed in detail in chapter-II,

LINEAR CHARACTERISTIC OF THE CHANNEL SYSTEM

The linear proporties of drainage basins poﬁpray

the branching system of drainage lines regardless of their



width . It includes the study of the channel patterns
of the dralnage network in terms of open links whefe
in the topological properties ofithe stream segmenté
are anaiysed, For this purpose, the numbers.(NU) of
‘all stream segments are counted, their hieraechical
orders are determined, the length of stream segments

are measured and various inter-relationship are analysed..

STREAM ORDER_AND BIFURCATION RATIO

The streams of all the six small drainage basins
are ordered based on the most popular ordering system’
of strahlar (1952)2, where the smallest finger tip
tributaries are designated as order one (U1) and the
Joining of tvo streams of firgt 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 caléulated 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) i.e., | ‘

R b NU

N(U+1)

Where .
NU = Number of stream segments of
order 'U‘ :
Rb Bifurcation Ratio.

2. Strahler,A.N,(1952):0p.cit.,V01.63 pp.923-38,als0
1964 quantative Geomorphology of drainage Basins
and Channel Networks,in chaw,V.T.(ed.)Hand book
of Applied Hydrology,MC Graw Hill Sec.411.



It has been established that in a region of
uniform climate and réck type, the bifurcation ratios.
tend to remain constant in different drainage pasins.

It varies betveen 3.0 to 5.0 for river basins where 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 str;ke
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 bifuréation-ratios of all the stream netvorks of

the drainage basins range between

The Rb values indicate how many 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.

3.0 to 5.0 (Table IV(iii).

TABIE iii)*
MORPHOMETRO PROPERTY OF THE DRAINAGE BASINS
Name of Average Average Average Elonga- Drgi- Stream
the stream Bifurca- 1length Ares tion nage Fmequ-
tion Ratio(Rt) Ratio Ratio pens- ency
Ratio(Rb) (Ra) (Re) ity (Sp.
' ' Ratio mile)
mile/
Sq.mile _
Ummanrat .82 1.50 h.g3 £ 0320 5.92 12.83
Phudsymper 24 1.995 3.86  0.45% 5,04 8.09
Umjngut L, 84 - 3.26 3.83 0.482 5.41 9.51
Umsaitkha  4.70 2,01 3.29 0.580 5,74 8.58
Umkatang 4,27 1.33 3.02° 0.238 5,82 022
Umnokria- 3.08 2. 5.27 0.29% 3,88 .11

*Average Rb,Ri and Ra are the regress1on coefficients of
Stream order Versus strezm number,stream length and stream
area respectively for all the six drainage basins,



‘The 1ittle higher bifurcation ratio for the
umjhgut and the umsaitkha streams can be attributed
to its elongated course for a long distance being con-
fined to the deep gorges over paisangut to Nonglewai
and Nongshyluit to sinei village areas respectiwly,
till it. meets the Umiew or dagra river in the east.
The bifurcation ratlos decreasing towards the lower
reaches in the drainége basinsfsuch as the phudsymper,
the Umjngut, the Umkatang and the Unnokria (Appendix-i)
seem to have a close association with lack of conspi-
cuous relief and smooth topographic surface in opnpo-
sition to high available relief promoting severe disse-
ction of the landscape‘and favouring the development
of headward eroding streams., The increasing Rb value to-
wards the lower reaches in the Ummanrat and the Umsaitkha
stream basins indicated development under structural

control,

It is interesting to note the decreasing
bifurcation rations in the lower reaches of the Ummokria
( Appendix-I) as a result of the arrested development of
small streams. This is because of the north ward extension

of the Bangladesh plain where lack of conspicuous relief
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has acted as a retarding factor in the evolution of
the drainage network. In this connection the umkatang
crossing the southerﬁ scarp face of Mawsynram struct-
ural platform and limiting the development of the tri-
butaries in the lower reaches bear an evidence to the

previous statement,

STHRE AM_(RDEE_AND STREAM NUMBER

The plotting of the number of streams against
order for the six drainage basins on a arithmatic graph
shows a linear relationship with small deviations from
the straight line (Fig.19%).The correlastion-cofficients
between stream order and stream number varies between
- 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 lover
orders tend to apnroximate a geometric series beginning
wvith a singie segment or the highest order and increasing
according to a éonstant ratior Rb i.e. the Regression

Coefficient.
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1B IV

PAIR-WISE RELATIONSHIPS AMONG MCORPHOMETRIC VARIABIES IN

STREAM BASINS

Drainage

Cofficients among different

Correlation
Basin palrs home a
Order Order Order Mean Total ar- Total
vs vs vs areas ea vs. area
Numbers stream mean vs.mean cumuala- vS
length stream stream tive Mean
area .length sctream stream
. length length
‘Ummanrat -0.835% 0.917* 0.913* 0.787 -0.987* -0,859*
Phudsymper-0.893¢ 0.898% 0.,946* 0.860 -0.890  -0.764
Umjngut -0.866 0.937 0.964* 0.988% -0,876 -0.780
Umsaitkha -0.961% 0.89%*  0.879% 0.998% -0.996* -0.658
Umkatang -0.795 0.831 0.866* 0.993 -0.948* -0,563
UmnOkria ‘0.825* 00728 00789 00985# "00703¢ 0-161

(*Indicates the significant correlation cofficients(at
95% probgbility and the rest are insignificant).

STREAM ORDER AND LENGTH RATIO

It is the ratio of mean length of streams of

order 'U' to the mean length of the streams of the next

lower order i.e.

Ri
RI
7]

Wheme

L]

" ou

TV T(U-1)

Iength Ratio

Mean length of stream of order 'U‘
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It indicates. how many times the mean length
of streams of any order increases with respect to the
mean length of the immediaté 1bwer order., Thé mean
lengqplfatio (Ri) for fhe drainage‘basins are.obtained
from the regressidn'cqffiéient.of”order against mean
stream lengt¥ which varies between 3.26 for the-Umjangut-
to 1.50 for the Ummanrat (Table IV(iii). The length
:atips computed for the successive‘ordersb(Appendix-l)
remain vith in a short range upto hth»ordef for the
Ummanrat, the Umkatang and the Umnokria and upto 3rd
order for the Phudsymper, the Umjngut and the Umsaitkha.
The high length ratios for the higher order streams in
the Umnokria, the Umkatang, the Umsaitkha and, the phudsy-
mper reflect the long course of the trunk stream under,
s;ructural control as well as their meadering nature
towards the lower reéches on the eastern, 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 te cause
this stfeam spring into the narrow Undulating plateau
surface around village Sohphoh in northern Mawsynran

leaving its more mountainous path in north, where the
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trunk stream join with .t.he Umagi at an altitude of
4687 feet after flowing for a short distance., The
hard granite surface of the ndrthern Mawsynram region
does not allow large amount of percolation and hence
the Ummanrat carry enormous quantity of water in the
rainy, season which has not supported the development
of meanders to contribute significantly to the total

stream length of the Ummanrat.,

STREAM ORIXR AND MEAN STHEAM IENGTH

The mean length of the chanﬁels 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.
U=

NU
1=/

When TU is the mean length of the stream of

order 'U'.NU is the total number of streams of order ‘'U!

Graphs have been drawn with the plotting of mean
stream lengtD against the stream order (Fig-16) which

yields a straight line relation confirming to the
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mathematical model of positive exponential function
i.e. |

EU:a‘i'bu

Thus it can be stated that the average length
of streams of the successively higher orders tend to
approximate a direc_t geometric series increasing
according to the constant length ratio (of the regre-
ssion - Coefficient). "

AREAL CHARACTERISTICS OF THE DRAINAGE BASINS

) Areal properties of the sample basins are asso-
ciated wvith 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,

STREAM ORDER AND MEAN STREAM AREA

The area of a stream of order 'U' (AU) is defined
as the total area projected upon a horizontal plane con-
tributing overland flow to the channel segments of the
given order and all tributaries of lower order and the
intér-basin areas contfibuting directly to a channel of

order higher than the first (Schumm,1956)3. The plotting

3. Schumm,S.4A.:(1956) op.cit.,po.597-6L6,
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of mean stream area against stream order yields a

set of péints along a straight line (Fig.17) showing
very high positive correlation. The regression of

mean stream léggth versus stream order yields a positive

exponential function i.e,

AU = a + bu

When A0 is the mean area of the streams of order'U!

This weveals that like stream number and mean
Stream length 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 3-02 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 formula i.e.

— U-1
- Ra = AU/K-( )

When Ra = Area Ratio

The variation in the area ratios of the sufcessive
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

network in the down stream directions.
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RELATI ON OF STREAM AREA AND STREAM LENGTH

The relationship of stream length to basin area
is one of the most senstive morphometric parameter which
determines the texture of landscape dissection and spacing
 of streams ('Chorley,1969)'u., Assuming the validity of
exponential increase in mean stream length and mean stream
area wvith order, the parameters i,e% length and area
should be related to each other, The plotting of mean
stream lenéth'and cumalative stream length versus total
stream area of the six small stream basins show a linear

relationship i.e. (Fig.18)

Y =2+ bx

When x & y are‘ the two variables..
BASIN SHAPE

It is an important Morphometric parameter in the.
. geometry of the channel network._The Elongation Ratbo
as a measure of shape (Schumm, 1956)5was found éut for
the drainage basins under study (Table IV(iii). It is
a non-dimensional property defined.as the ratiq‘of the

diameter of a circle of the same area gs the basin to the

4 Chorley, R.J: The drainage BasLns as the Fundamental
" Geomorphic units' in "Water; Earth and Man-A Synthesis
of Hydrology, Geomorphology and Soclo-economic Geo-
graphy"(ed), Methuen & Co. Ltd. 1969.,

5. Schumm,S.4A.,:(1956) op.cit.pp.597-646.
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maximam basin length, The ratios vary between 0.6
t0'130'0ver a ﬁ1de range of climatic and geological
types, Values near to 1,0 are typical of regions of
the low-relief where as t he value below 0.8 are asso-

ciated with strong relief and steep ground slope.

The elongation rations for aliéihe six stream
basins under review present a value ranging between
0.2 to 0.6 (Table IV(iii) indicating wvery high relief
and steep slbpe in the basins where the reduction of
divides are still in progress with headwasrd extension of i:-

the activ&iy'eroding'channels at the upper reaches.
DRAINAGE DENSITY AND TEXTURE

It is an indication of the natu;e of'landform
dissection and closeness in the spacing of stream channels.
It is defined as the}ratié of the total stream length
cubulated for all orders within a basin to total basin

area projected over a planimetric surface.

The high drainage density values for-all the
six basiﬂs ranging from 3,00 to 6,00 mile/sq. mile
(Table IV(iii) indicates fine texture. The lowest
drainage density value is shown by the Umnokria basin



of south-western Mawsynram region, wvhile, the highest
drainage density is shown by the Ummanrat basin. The

low drainage density of the Umnokria (3.88) is due to
the fact that tﬁ;sApasip is located in regions of highly
permeable Cretaceous-Tertiary sediments with low relief
features, Whilé,Athe high @rainage densities shown by
other five stream:basins can be attributed to the hard
resistant 'Archaean complex and the Shillong Group of
rocks gpreading over the undulating northern ang highty
dissected eastern, western and central Mawsynram region,
which becomes a contéolling factor to the dévelopment

of streams of lover order.

An examination‘of isopleth map of drainage den-
sities for all six selected stfeam basins(Fig.19) would
reveal that more than half of the basins area is covered
by the cafegory of moderate to Eigh i.e. 1.5-3:0and 3.,0-4:5
- mile/sq.mile,(Table IV(v) drainage densities; This iso-
pleth map also showing the spétial variation of drainage
density over the surface at different parts of the each
six stream basins, 2ll these Tigures with categories of
drainage density and the aresa covered by each categories
for individual stream basins has been enumerated in

following table:



152 i

) . y s -
- ﬁ m

g I . o

| .
NE. _ WM

2 Z ) DI

i3 | { ¥

. Z20 a0+

>

Y¥ .01 N |

2

<«

z

EAM

STR

[P IRVEN




1 e 5-30 Omile/

Basins 11;;22,1 8;3&?&".3“’ sq.mile) | 3'?;?123“16 4.5 above
in sq. Low Moderate High 33‘;{5‘1'
mile, Very m.g__
Unmenrat 2630 35o%m (3589 (18:0%3) 3:8%;
Phudsymper  T1.00 - 2-2%) (252 53%) (Fioa (B .
omineut RO 2 (5b:00%) (hiRB (13 2
Gnsaltiche 1330 (\5:00a (39:60%) A T S
Unkates B0 cha: 85 3 N 1
Umnckria - 23.50 - 19 Zg%) %2 37%) ¢ 3298 0ok




STREAM FREQUENCY

By stream frequency is meaﬁt_the_numbér of streams
per unit of area(Horﬁon,AZQRS)é It generally varies with the
drainage area, In the present six selected drainage basins
it increases with the steeper slope gradients} The high
frequency values for all the basins ranging from 4.00 to
13,00 streams per sq.,mile (Table IV(iii) indicates fine
texture which can be attributed to the heavy rainfall and
lithological aﬁd structural characteristics of the Archaean
complex and Uppercretaceous sediments which haé covered .
vast areas of all the six basins under study.(Table IV(ii))
It is 1nterest1ng to note that the hlghest ‘and lowest
draingge den§ity basins ises the Ummanrat and the Umnokria
are also the highest and 10West stream frequency basins,

with 12.83 and 4,11 number of stream per sq;lmi;e respectively.

Ihe steeam frequency map ‘(Fig.20) for selected six

small stream basins show cléarly the regional variation of
frequency'of streams per sq. mile on its surfaée. It is also
noticed that the areas of moderate to high stream ffeguency

i.e. 4 to 8 and 8 to 12 number of streams per sq, mile, coincides
with the areas of moderate to high stream density i.e. 1.9

to 3.0 and 3.0 to b, 5 miles to stream lengtn per sq.mile of

six stream basins indicating fine texture of dissection, A

detailed analysis of the different apream’frequency catogories

6.- Horton, R.E. (1945) op.cit.pp.275-370.
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ahd.éhé‘aréaibééupied by these categories for each stream

basins and their pér;centage'to the totél area has been

given in the following table:

TABE. IV(g;)
STREAM FREQUENCY CATEGOEIES AND THE AREA COVEEED BY SIX

" SMALL DRAINAGE BASINS;: - A e n_s
_ Total Q-4 per - 4-8 per 8=$2 per 12 above

Basins area sq.mile sg.mile sq.mile .

in LOW Moderate ~High - very high

sqg.mile
Umma- 26.50 1. 15 25 5 3.79
nrat : (4. 3#%) (23 587%) - (57 92% (1%.16%)
Phudsy- 11.00 . ) - e 0.00
mper 82%) (3 10%) (59 10%) (0%)
Unjngut 14.50 9.00 0.95 0.00

, (62.06%) (31.38%) (6 .55%) (of )
tkha " (14,51%)  (33.87%) (37.10%) (14%,51%)
Umkat- 33.50 2,75 14.25 9.75 6.75
ang : (8.20%) (42.53%) (29.11%)  (20.15%)
Umno- 25.50 5.75 1750 1.75 0.50
kria (22.55%) (68.62% (6,86%) ( 1.96%)

GEOMETRICAL SIMILARTTY OF THE DRAINAGE BASINS

From a number of studies, it has been established that

the geometrical similarity is preserved in the drainag basins

wvhen all corresponding landform elements having the dimension

1
of length are in the ratio'/& ) all corresponding measures
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hgving the dimension inverse of 1ength,are in ratio
/R, and all those having the dimensions of length
squard are in the<ratio“1//3‘and further more all,
dimensioniess properties should have identic¢al wvalue

in correspondlng part° of both the systems (Stmabler
195“) The_analySLSAof the dimensionless property of the
drainage nasinsli ., Rb, Rl and Ra of successive orders
(Appendlx - I) w1thin the main hasins show wide varlations
'although these property of the drainage basins (mean
‘stream area, mean stream length stream number) bear an
exponential relatlonshlp with the magnitude of order

of the streams, This reveals -that although theareal
extent of the 514 drainage ba51ns are small in size, but
:because of the geological complexcity of its structure
and climatic variations with the altitudes result}ng
differential_rates of erosion and deposition leading:

to raried develobﬁent of stream network which tena‘to
distort the basin morphometry. It is:also marked that
geemetrical dicsimilarity is minimum at the 1ower orders.,
‘Wide fluctuations in the dimen51onless numoers i.,e, Rb,
"Ra and Rl (Appendix -1 ) in their magnitude for the
successive orders for the Ummanrat,the Phudsymper, the
Umjngut, the Umsaitkha, the Umkatang and the Umnokria
reflect the dém&nance of structural control in the deve-

lopment of drainage network.

7. Strahler,A.N.:Statistical gnalysis in Geomorphic
Research J.Geol,Vol 62,19 h,pp 1-25,



In coméaring the dimenéionless nhmbers of
all the six drainage basins, rather a clé‘ar conclusion
emerges that th considering the drainage basins of the
trunk streams, the‘geoﬁetfical‘similarity is retained
more or less in all the six stream basins, where the
Rb, Ra and Rl values (Table IV(1iii) are having good
correspondence although the basins are too small to

compare their geometrical similarity.'

Viith an attempt towvards 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 dimension i.e. ratios-for mean length of streams
of 1st and 2nd order, mean basin area for the 1st and
2nd order, mean basin area for the 1st and 2nd order
~ and drainage density. The analysis ‘of the scale ratios
for the all.stream basins, it is interesting to note
that in considering the length dimensions the Ummanrat
- basin has approximate geometrical similarity with the
Umnokria, the Phudsymper with the Umkatang and the Umjngut
with the Umsaitkha. The remarkably similar scale ratios
for the gedmetrically similar drainage basins are given

below in Table IV(vii).
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RATICS FOR GEOMETRICALLY SIMILAR

DRA

AGE_BASINS.

Scale Ratios

Symbol Ummgnrat

Phudsymper Umjngut

<

vs vs - 'vs

Umgokria Umkatang ‘Umsaitkha
Mean lehgth ‘ ‘
order stre- :
ams.
Mean length ‘
of the 2nd ord- L2 O.42 0.87 0.67
er Streams '
Mean_arééth_,‘
of the 1st A 0.08 1.20 0.71
-order basin
Mean area of L .
the 2nd oiderx A2 0.63 1.20 1.16
basin. S
'Drainage ,
Density D 1.52 0.86 0.9%

The morphometric analysis &€ the drainage basins

reveals the following salient points on ths morphological

evolution and geometrical simiiarity of the drainage ba-

sins. The dimensionless ratios i.e. Ra,Rb,R1, (Appendix-i)

between the successive orders of the streams i.e. their

trend and fluctuations are the indicators in the varled
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development of the stream networks under the impact
of geological structure, relief configuration, rock

'type and rainfall variation.

It is noticeable to remark the abrupt drop in
the mean leggth and area 6f the 4th order streamssin
the umnokria because of lack of development of the
tributaries beyond this order. It seems to be pfobable
that the rise of the northern part of Mawsynram during
the late %ertiary period has limited the development
of large tributaries in the down stream difections.
The abrﬁpt change in altitude between the upper and:
" lower reaches, as vell as the antecedent character of
the Umnokria streom bears an evidence to it. A consider-
able portion of the Ummanrat, the Phudsymper, the Umjngut
and the Umsaitkha in its middle reaches flows acrosc
the highly dissected surfaée of Archaean,Upper-crefaceous
and Jurassic & oligo-miocene sediments, with cﬁnSpicuous
relief has acted as the main factors in the development
of the tributaries resulting in highly unequal mean stream

length Hoi' the 3rd and 4th order streams (Appendixz - I).

The direction of the Umjngut is gulided by the
undulating granite surface of Mawphalang 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 which'haé resulted in high bifurcation ratio
(4.84%), length ratio (3.26) and area ratios (3.83)
(Table-IV(ii1)). Because of the strong structural con-
tvol-is the direction of flow the Phudsymper, the
Unjngut, the Umsaitkha and the Umkatang has resulted
in the high Rb and Rl valugs® for the trunk streams.
It is significant to mark the sharp rise in the Ra, Rb
and Rl values (Appendix I) between the 2nd and 3rd
order streams because of high available relief and
heavy raiﬁfall'favouring the development of the

s tream netvork.

, As regards the geometry of the drainage basins,
the geometrical similarity is maintained among the
streams of lower orders of the different streams which
which is exhibited by the similar dimensionless ratios
1.é. Ra, Rb and R1 (Appéndix- I). Gradually with increa-
sing orders, the draingge basins tend to deviate from
sach other in their geometrical property. In comparing
the geometry of the drainage basins as a whole with the
‘dimensionless ratios and scale ratios (Table- IV(vii).
It has been observed that the Ummanrat is more similar
with the Umnokria; the Phudsymper with the Umkatang and
the Umjngut with the Umsaitkha, Form this it becomes

clear that the geometrical property of the drainage basins
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is a function of geological structhre, rock type,

relief configuration, rainfall variation and other
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 come
from different environments and altitudes, which. hawe

a wide range of differtng characteristics, they have been
cut 1nto a variety of rock types including varying amou-
nts of summit planation surface and relief configuration.
Although c1imatic data is scarce, it is also probable
that the tributary basins are also climatically different

in terms of amount of rainfall and temperature.

Thus keeping in view the limitations 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 ourest chance., Hence, it can be concluded
that under similar condxtions of geology, climate and

relief the landforms will exhibit similar geometry.



CHAPTER - V
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ANALYSIS OF S LOPE

"The hills are shadows, and they flow!
From form to'fdrm; and nothing stands;
They melt like mist, the solid lands,
Like c_louds they shape themselves and go"'.

LORD TENNYSON
In Memoriam,

ntro ion:

.Slopes which make up a large part of any 1and-‘
surface, are important landforms for Geomorphologists,
Pedologists, and engineers. Slopes are forméd by erosion,
deposition, or a combingtion 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 form by constructional processes,
such as Glacier denosits, wind deposits and mainly by
water deposits sediﬁent. Sooner after a slope is formed,
it is subject to alteration by weathering, 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.



[N
o NN
(W2 |

Since the second vworld war, the study of
slopes has to be recognized sas an-integral paft of
other branches of‘geomorphology. In the field of
applied geomofphoiogy;.studies of landslides and of
accelerated erosion are concerned with slopes,and
involve links with the techniques of soil mechanics,
hydrology and soil science. The direct influence of
landforms on soil is primarily thrdugh the effects of
slope; steep slopes tend to carry lithosols, and con-.
‘cave sSlopes are liable to gleying. There are also in-
direct effects of slope, as it affects micro-climate,
vhich in turn influences vegetation. There ié no doubt,
however, that slope angle ié the main property of land-
forms that affects man, in agriculture, transport or
urban activities. The study of slopes was devéloped
for the intellectual challenge'that it offered. It
originated, like geomorpholcgy in general, from curiosity
about the natural wvarld. 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's 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 only 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 regis tered the engravings ofhnhindered erosion,
wveathering and earttmovements, The northern and central
Mawsynram region is a true plateau e@apped by Mesozoic-
Tertiary rocks and underlain by Mesozoic flood basalts
(The Sylhet Traps) and polycyclic Precambrian gneisses,
meta~sedimentaries (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 secems to have been
influenced by the factors like endo-genetic forces,
weathering under heavy rainfall and process of erosion

and drainage pattern.

- The palaeogeography of this region shows that
the Mawsynram-plateau;_which 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 -iine of uplifts-fracture zones
and also evolved because .of plateau volcanism., Newer
lepé forms developed fsiradirlly over these surfaces.

It is.seen that scarpé separating different topographic
"levels coincide with traces of fracture faults, some

of which are very youné. The rapidity of denudation
and its appafent influence can be observed along the
steep banks of the Umménrat, 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
coﬁtrol exercised by the well-jointed Cretaceous-
Tertiary sandstone cover? The development of drainage

' system has. produced the present surface in Mawsynram

with 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 eiisting types of slopes are

1 .Mazumdar, S.K,,'Stgtes of fracture Ahalysis in Meghalaya',
Geological survey of India,Spillong,

2.Murthy,M.V.N.'An outline of Geomorphological evolution
of the Assam region, Geological survey of Indfia,Shillomg

3.Pecsi, M.(1970) Factors affecting slope evolution and
formation of slope elements in Hungary,Augments geograp-
hical Bond,12,PP-193..
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the results of the joint dynamism of the Tectonic,
Structural-Morphological and lithoiogical conditions
of the relief and of the climatomorphologic processes

acting perennially on a given region of the surface."

Like in the other parts of Shillong plateau,covexo-
concave form of slope ié found in Mawsynram region, The
upper covexity is due to soil creep (Gilbert 1902)Lk and
the lower concavity is mainly due to concentrated riil
action (Fennemen, 1908). The researcher has observed
during the field trips thdt in the :wet-season the
middle part of the slope of this region is coming under
the influence of concentréted rill action while during
the dry season, it is affected by creep, Creep which
means the slow movement of rock and soil down slope
solely under the influence of gravity is the dominant
process of slope formétion, though slow,'in the upper

convex segment,. Penck (1953)6 has stated that creep
| might occur in all climates" so long as the mean slope
is estimated to be 5°v. As the average slope gradients
of the study region are very high, ranging from 7°to %O?

4, Gilbert, G.K.,(1902). The convexity of hill tops, Journ.
of Geology, Vol.17 pp.34#+-350.

- 5. PFenneman,N.M,(1908) some features of erosion by un-
concentraged wash Journ,Geol.Vol,6,pp,746-754,

‘6. Penck.,W, 'Die Geomorphologische,finalyse-Stuttgrat:J,En-
gelhorns Nachf, 1929, Fnglish translarion by H.Czech
and K.C.Bose}l,london:Macmillan, 1953,p.119.
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the creep taken place predominantly over its surface.

On the steeper slopes where the vegetation cover has
been stripped of mainly due to shifting cultivation,

the mud flows occur daring the period of precipitation
of hiéh intensity e.g. during the month of May to August.

Debris avalanches are also not uncommon.

Although thick debris cover is observed 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 avay by
the streams is not considerable., In the absence of
large scale landsliding, which is considered to be an
important factor in the erosion of slope (¥.penck, 1924
Blackwelder, 1942) running water 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 veathering '‘and erosion

is less perceptble.
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Evolution concerns the change of slope form with
time.kmong studies of the different aspects of the geomor-
phology of slopes evoiution occupies a central position.
Application of divérgent views on slbpe evolution on a 7
" particular region is very difficult.It is difficult to say
wvith accuracy whether the typical'convexo-concave pro-
files of the slope are the products of progressive fla-
ttering (Davis, 1902) or"Central rectilinear recession
(Bakker and Letteux, 19%6,1947,1950 and 1952) or by the
retreat of slopes in parallel planeé (Penck, 1924 and
King, 1963) or by the parallel rectilinear recession
(Dijk =nd Letteux, 1952). Whether the evolution of diff-
erent hill slopes should be a geometrical éreatmént
(Wood, 1942, Fisher, 1966, Lechmann, 1933 and Lawson,
1915) vhich is more precise or should be:analysed by
the inductive process as envisgged by Gilbert (1909);
Davis (1902, 1938); Sharpe (1938) and which constantly
keeps the slope in the forefront even thourh it may
not explain them fully. Although the Davisian concept of
prosressivwe flatteming in hill slope development cénnot
be totally ignored in this present study region; the
following study of the selected six slope profiles of
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‘Mawsynram, would help us to switeh cur opinion in favour

of any one of the above mentioned views,

(iv) Slope Profile:

The shape of the landsurface can be considéred
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 problems related to the
processes operating over the landscaep. It also provides
the basis for making -:assumptions regarding' the develop-

ment of slope of any region under study.

The modern hill slope study in the analysis of
hill slope form was made by Wood (1941 )7, wvho suggests
an idealized model of a fully developed normal slope, This
reveals four distinct sections of slope form: (1) t:faiing
(ii) Pree face (iii) Debris or talus (iv) Pediment. This
slope form does not differ from the views of King (1953)8
Schumm(1966)9and Savigiar (1967) O, Woods view is related

7. Wood A.(19’+2). The Development of Hill side Scarps.
Proc., Geol.ASs ,V01-53,pp.128-140.

‘8. King.L.C., (1953):Conons of Landscape evolution, Bull
Geol.Soc, Ame, \.ol-6k,pp.721 ~752+

9. Schumm( 1966) :The Development and Evolution of Hill
Slopes, Jour.Geol,Edu.Vol-1(3), pp.98-10k,

10.8avigiar,R.A.G.(1967):The analys&s and classification
of slope profile Forms, in:P.Macar(ed),L.Evolution
des versants, Univ,of Liegs,pp 271 -290.
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to a cyélic development of slope, vhile 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 this chapter an attempt has been made to
study the characteristics of hill slope profile forms
and wveathered materials of the Mawsynranm regioh, preceded
by an account of the measurement and description of

slope angle,

- Procedur - work:

The researcher has conducted an extensiﬁe filed
work and has tried to analyse;{the trénd of dew lopment
of slope elements in Mawsynram régioﬁ. At first he has
selected a few typical hills of the northern Mawsynram
and a few of central Magsynram to prepare slope profiles
from top of the hills to their bottdmsl For preparation
of profiles the instruments used were one minute Theodolite
(Carlzeise) and with the help of spot height of Bench mark
of the area, various réadings of the profiles were taken,
'Fpur profile: two of the northern and tvo of the central
Mawsynram have been prepared. The measured }our slope

profile angles and height is given in Appendix - 2.
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The observations regarding the nture of soil
and weathered material at different heights were also
taken during field trips. The type of vegetation was
studied at different heights during the preparation of
profiles. The details of hortizontal and vertical scales
of profiles vould be visualized from the profiles itself.

The slope in Mawvsynram Hills:

The four profiles (Fig.21) of Mawsynram hills
clearly indicate that all the four elements of slope
identified by Wood (1942) (i) Crest (ii) Scarp (iii)

Debris and (iv) pediment, may te clearly seen here.

(1) Crest (Waxing slope).

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 processas forming this

convexity,

The profiles that have been discussed hére
show the hills are characterised@ by a less extensive
convex crest. The surface is covered.witb loamy soft
soil with high organic matter and nitrogen contain,

the thickness of this soil varies in different hills.
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In profile No.1 and No,2 the thickness of the surface
soil 1srless 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 washed dovnwards in the form of rill or gully
erosion. The rills descending down the slope are flooded
with the wedthered 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
Né.3 and No.4 is covered with sprinkled bushes of Rhodo-
dendron formosum and other species such as Rhododendron
arboreum, pyrus pashia etc., while in profile No.1 and
No.2 hiils the vegetation is totally destroyed and the
slope is under cultivation of Jhum, In some 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 egosian by running water,

(11) Scarp (Free face):

Below the crest comes the‘zoggkof 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 vhole, This backwearing 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 5340
to 5310 feet, While in profile No.3 and Ho.4 the scarp
is at the height of 4910 to 490 feet and 4960 feet respe-
ctively. Along scarp face the angle of slope is maximum
from 65°to 83°. The scarp surface is composed of bare
massive Cretaceous-Tertiary sandstone, which are affected
mostly by basement controlled faults. Since the 2zone
has a steep slope, the soii does not accumulate and the
surface is completely devoid of vegetation(Plate.1k) only
few shrubs and long grass are noticed along the joints
and cracks of the rocks. There are no possibilities of
any kihd of soil accumulation, as it is a zone of bare
surface with very steep slopes. The soil produced on
the crest is completely washed down-ward under the force
of gravity and running water., This zone is very much

prone to rillwash and landslides.

(iii) Debris_slope (constant slope):

This slope has been formed by detridbus fallen from
the scarp above and restingat its angle of repose against
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the lower part of the scarp face, Weathering reduces

the coarse detritus to finer particles which are then
removed by wash, flowing 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, while in profile
No.3 and No.4 from 4855 to 4895 feet and 4840 to 4890
feet. The slope angle aZong debris varies from hho to
650. The thickness of soil decreases from low angle to
high angle. In the all four profiles the thickmess of
soil on the debris varies from 4 to 6 feet with coarse

loams and clay.

The profile No.3 shows thick growth of vegetation
with the species of pyrus pashia, Gentiana quadrifaria,
and cleridandron SPP. In other ﬁi;ls the vegetation has
been cleared for cultivation, It is noticed that even up
to slope of 650, parallel narroy soil strips have been
prepared along the hill slope. The ;mportant crops grovth
in this‘ zone are potato, maize and some paddy. Due to
Jhum farming and loose soil, the erosion is vigrous,

particularly during the r&iny season,
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(iv) Pediment(Waning slope):

The pedimént is the broad concavity extending
from the base of the other elements to the stream or
alluvial plain, Although frequently veneered with
detritus, it is essentially a rock cut feature, It
is produced by surface wash, and its profile may appro-

. . 1
ximate to an hydraulic curve.

In our present study of p}ofiles, below the zone
of debris or constant slope, there is ahless extensive
concave surface developed by the hill side recession
which has been designated as a pediment or wanning
surface., The profile No.1 and No,2 clearly indicate"
the zone of the pediment at the height of 5330 to 5345
feet and 5240 to 5250 feet. The angle of slope varies
from 10 to 20 degre¢, The pedimant slope of profile .
No.1 is slightly more steep and less extensive then_the
profile No.2. We éan also notice the pediment zone in
profile No.3 and No.4 at a height of 4840 to 4850 feet
and 4830 to 4835 feet respectively, The zone of pediment
in profile No.4 is also less extensive and little bit

steeper then profile No,3.

114 Young.A., 'Slopes' Géomorphology 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 hzs been also marked during the field
study that there is a thick light grey loam soil
dédposit in the form of fine to coarse materials, The
soil deposit,ﬁvhiéh is found at the pediment gzone
of profile No.1, No,2 a2nd No.3 has developed fron the
Cretaceous-Te}tiary sediments, vhere:as in profile
No.% Archaean gneissic complex is dominating parent
material. The thickness of soil also varies from
5 to 10 feet, in this zone..

Hovever it is very much clear from the s tudy
of these profiles thét, the pediment zone in these
slopes has not been =0 well developed. The value of
slone angle indicates that the pediment zone of these
proiiles hage high degree of siope angle than it is
usually to be noticed on pediment surface. ?t appears
that the topography is véry'much dissected into steep slopes
gnd deep narrow-naileys, Thus the process of receszion
of slope is not so vwell marked, which is very much mipor-

tant for the development of an extensive pediment zone,

It is also noticed that the pediment zone of profile
No.1 and No,2 is dominated by the vegetation species of the
scred grove (castanopsis kurzii,quercus griffithil etc),
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where as in profile No.3 and No.4 this zone has been
almost devoid of vegetation, and usually used as
grazing land. At places some land is under cultivation

of malze, potatos and paddy. .

The analysis of slope forms and profiles of the
area reveals that the hill slopes reflect more the pro-
cedure of retreat, as pointed out by Penck,(1953), then
the old classical view given by Geomorphologist (Davis,
1902)120f progressie flattening of slopes. According
to Pen0k(1953)13there is 1little reason to believe that
uplift and planation are taking place alternately;
rather,uplift and planation are concurrent phenomena and
should be treated as such, So there is little justifi-
cation in speaking of a 'cycle' as classical Geomorpho -
logist, There is no true beéiuning nor any end to such a
cycle ; slope developmenf is a differential process in
which at best, several typical quasistationary stages,
as discussed in our present slope profile study of

Mawsynram, can be discerned,

i2.,Davis W .M. ,(1902) ,Base-level,grade and Peneplain,
Journ,Geol.,Vol,10,pp.77-111,

13,Penck.W.(1953) op.cit,Macmillan(1953), p.119.
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(v) Brofiles and Slope:

The lcong profiles of the Umnggi, Umeiv of Bagra
and the six othef tributaries give a generél impression
of slope of surface at various levels with break-in-slope.
The breask-in-slope of the Umnagi (Fig.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 4550 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 zentle undulating
surface in its upper reacheé and changes in its gradient,
vhere it has carved out deep gorge through the Creat-
aeous sandstone and lime-stone surface in the lower part.
The tvo important break-in-slope along its long profile,
demarcate two gentle 6000 to 5000 feet and 3050 surface.
Thus the long profiles of Umnagi and Umeiw show that both
rivers seéh to be in old stage of cycle of erosion, with
their gentle slope profile, in their upper-reaches but
youthful in lower stages, where the slope gradient is
high,
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The iong profile of the, Umjangut, Umsaitkha,
Umktang and Umnokria except Ummanrat and phudsymer (Fig,9)
reveals different gentle 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 vallej side slope does not decrease
progressively from the source region to the moath as in
case of Unjangut, 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 élope of the country around Mawsynram can
be analysed from Supet imposed profiles drawn from one

. inch topographical maps, These profiles not only classify
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gently sloping lands of various levels and topographic
expressionof the area under analysis, but their cate-
gories are also arranged for landscape analysis from

genetic point of view.

An interpretation of the superimposed profiles.
(Fig.23) gives a summary of the slope psttern of Mawsyn-

ram arcea as noted below:

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 abruptiy descehd and slope categorieé
‘change to express 'steep gradient. Only in extreme southern
margin of study area, close to Bangladesh plain, the

slope gradient seems tb be very gentle.

The superimposed profiles prepared in west-east
direétion (Fig.23B) of the study area also reveal that
the slope gradient bas increased progressively from north

to south direction.

Thus the long profiles and cross valley profiles

of river basins andvsuperimposed profiles of the region
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under study has expressed very cleérly the nature of

terrain and slope of the area concerned.

(vi) Slope and Relief:

The first-hgnd 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 unit area giws an idea offgeneral slope. A detailed
study of the slope and its relation to the relief of
the region under étudy has been made below with the
help of various methods of relief and slope study.

(a) Integsitz of Re;;égz

The trend and distribution of the area in differ-
ent categories of évefage"relief has been depicted by
the intensity of.relief map. The relief inﬁensity has
been.determtnéd by finding out the average relief per
unit area of Mawsynram region;j?he'isopleth map (Fig.24)
‘shows distinct;yjeleven categories of 1ntensi§y of relief
'in different parts of the area. The map also outlines areas
of different intensitj of relief under differént categories

and their percentage from. the total area is summerized below:



187

S ey A L bt T A N A R G e hes e

o AT AGERERITT D A 4 s v TR T 4y 2 L A e T e .
N P BTG T RS ASINK 2E A TSI w1 0 L et ) e = e My s 0o b 55 ot
N ‘o - et vin e . R LU UNI WL S

)

N

1200 1700
11700 - 2200

o
L
.
S —
—— e
e -
—
-
-
e etean]
s
ol
AR )
»
.
4 e
v
f
.
....3,..1._.;...
i

Y
{Below 200 feet

11200 - 700
2200- 2700

52700 - 3200

13700 = 4200
14200 -4700
14700~ 5300
LAbove. 5300 - -

Ty
"Relief Intensit
per sq@ mile

—
4
Awd
k4

7

N U
anCd SEERDR? J//]I
s ARV BN BE

m.. 1 J.m.\\ . WA 1%%.#/

WLl ek FARBA 4 LA
T UHEGY ..Lwnf...%./j:.
: AunncRassIQyNNE
a‘r. > ¥ 7.:.11;

! E Gy g

- : LJ(R\DHUK
: AN R L
8 . gt,xwu Pl e
IEEEEEGEDEOHGE ErrRid 3
EREEEnE H

Lo
w
MU
. W - .
A =
Wan
£
v -0
< >
L =~ _
Mmm.
=
W
P
=

fig-24 "



188

175.50

TABLE V(i)
| ihtéhSiﬁj of  Total area Percen- Cummu- Major
relief in feet in sgmile tagefre~ lative catego-
E - . : quency frequ~ ries of
ency. intensi-
: ty of re-
lief,
5300 Above  27.5960 157242 15,7242 o
, . . . . g
k700-5300 20,6344 11.7574 27,4816 :35;#1% '
42004700 7.1392 4.0679 31,5459 !
3700-4200 16,7872 3.8673  35.4167 .
32.00-3700 10.4408 5.9491 41,3658
. 9
- 2700-3200 16,9352 9.0798  50.4456 ;g;agagm
2200-2700 1241504 6.9233 5%.3689 |
1700-2200 " 10,5720 6.0239 63.3928':
1200-1700 10.6580 6.0729  69.4657
. 700-1200 © ° 16.6028 9.4033 78.8690: Low
200-700 19.4760 11.007%  89.9664 36-61%
) | ]
Below 200 17.6080 - 10,0330 100.000 !
" 100,00

The isopleth map shows the area of high intensity. .

‘df relief occupies 35.41% of the region under study and

extends over the Northern, North-Eastern and Western part,

vhere the dissected terrains and high undulating hills



appear., Area of moderate intensity of relief marks

the surface of the central Mawsynram structural plafform,
with maximum span around eastern part of the region,

It forms a belt running rro@ north-east to south wvest
along the central undulating plateau. About 27.98%

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, Southdiestern, and
South-Eastern part of the study region, The area unger
this category coincides with low dissected sdrface of

the south, close to Bangladesh Plain,

By summing up, it can safely be said that
major area lies in the categofy 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 slope of the area under study.

It also shows that higher the intensity of relief, the

steeper is the slope,
(b) Area-beight diagram:

The area height curve (or diagram) represents
the absolute or relative areas of land between adjacent

contours1._l+ In this diagram areas calculated in terms

14, Strahler A.N.,1952,Hypsometric(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

vhich are in absolute values. The area height curve
(Fig.25) of Mawsynram ahows a 'trimodal' distribution

of lands: first mode at 200 feet above sea level ,
second at 2700 feet to 4200 feet and third ‘one is between
4200 feet to 5400 feet zbove sea 1eve1,

The percentage of land above::")’lmo feet shous a
sharp diminishing trend, slthough it is a fact that
5800 feet surface is one of the most important erosion
sarfaces of this region vith moderate slope gradients,
The land between 2700 feet and 5400 feet above sea level
has been subj cted to deep dissection and severe ~rosion,
wvhich is 1nterestingly‘ coincide with the region of

steep slope,
(c) Hypsgmetric curve:

Hypsometric is the measurement of the interrela-
tionships of area and ﬂtituég, Which has an intim.ate
relationship with theri distribution of slopes, It is an
Ogive or Cumulative frequency curve or mpy be said as
the cumulative version of the area height curve discussed

earlier in this chapter. .

15. King C.A. M.,Tecbnigues in Gecmorphology,Edward
Amoid s London, 1966,pp.
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The hypsometric curve of Mawsynram(Fiv,25) shows
the starting of profile at 5800 feet above the sea level
and endiing at about 50 feet above the sea level, near the
. Bangladesh P}ain,AIhe longitutiongl superimposed profiles
of this region (Fig.23A) diééQSSéd earlier seems to be
similar to the hypsometric curve. Hence the area is per-
fectly marked out as a geomorphié unit—with éLStinct
homogenity1

The surface above 4200 feet is extensive and
occupy around 32% of the total area, of the study region.
It roughly coincides with the undulating moderaté slope
gradient surface of northern and central Mawsynram stru-
ctural Platform area. The land between 800 feet and 4200
feet seems to represent the steep scarp and deep dissected
Valleys of Southern Mawsynram region, which is also a
zone of very high slope gradient anﬁ has occupied 40% of
the total land surface,

The surface betweenv5o feet to 800 feet has
minimum percentage of the total'land, e.g. 28%, which
roughly coincides with the older and never alluvium
sufface in southern foot hills region of Mawsynram,
close to Bangladesh plain, Oh these surface monadnocks,
with gentle slope gradients stand out attaining height
"~ ap to 800 feet, Thus, the form of the hypsomefric curve
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of the region under study, shows an intimate interrelation-

ships between area, altitude and nature of slopes.

(d) Altimetric Frequency Graph:

The altimetric frequencyvh;spogram dgals wvith
the frequency of occurence of different elevation groups
in a region, It is especially valuable vihen the geomof-
phologist is seeking to recogdnizé and correlate the diffei-
ent groups of relief with the nature and character of -
slopes. The altimetric frequency graph of Mawsynram region
have been prepared after finding out the highest point
in a grid of one inch from one inch topographical maps to

show their frequehcy distribut;on.

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,
Welloli and Mgwsynram village ré-gion; which glso roughly

coincides vwith the zone of moderate slope area,

The second jmportant surface is between 50 feet
to 950 feet, which covers almost all the plain areas

of study region e.g. tke extreme southern foot hills,
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gentle slope area situated very close to Bangladesh
Plain, The third one is between 2950»feet to 3950 feet
surface ébove the sea leﬁel. This part represents -
highlands and scarp lands surface, which coincides with

the zone of very steep slopes.

The diagrams (Fig.25) therefofe; has helped a
great deal in identifying the high level erosion surfaces
and in roughly correlating these surface with slope
form in different parts bf the study region. In spite
of tle fact that the diagram cannot give any clear infro-
mation of general slope form and origin of any surfaces,
although it is an 1mportant tool for understanding |

certain details of the geomorphology of Mawsynram region.
(e) Average Slope:

The calculation of averave slope is useful in
making quantitative generalization for the study of |
slope, There are different methods suggested by geomo-
rphologists for the study of sverage élope of the region,
Some methods are mach laborious and complicated calcula-
tion and results obtained are also mot satisfactory..

: 16
But the method devised by C.K.Wentvorth (1930) is a'

(1 : mining
JMentworth,C.K.(1930):A simple method of determ
1ﬁ"t.he aver,aée slope of land surface, Ame,Jour.of Sc.,

Vol, 22, pp.184-19k4,



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 region uhder study. So in the present
study the method suggested by Wentvorkh to determine

the average slope of the Mavsynram region has been used,
The formula*devised by Wentworth is as follovs:
Average Slope = Tan ® = Nx1

3361

Tan § =_Nx1
3361

Where, N= average number of contour crossing in
an area per mile,

gngle = O

1= contour interval in feet

3361 a constant figure,

Folloving the Hentworth's ﬁethod (1930), the avere
age slopeAhas'been calculated for the preparation of an
average slope map of Mawsynram regibn. First of all, the
researcher has traced the contour map from the one inch.
to one hile topographical sheets of the study region and
then grids of one inch north-south and east-west line
haw been drawap, After that ;- the.total number counter

‘crossings have been counted for each grid and that has

#The constant. flgare 3361(is derived from a formula by
Wentworth; it is 5280 x 0.6366, which figure is the
mean of all possible values of sige @' is the angle be-
tween the grid-lines and contours.
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/
been divided by 4 to get the average number of counter

crossing per mile., By applyjmg the formula:
Average slope = Tan@ =_Nx1

3361 -

(1=50 feet);

The researcher obtained the value 6f 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 isolines have been

drawvn for each classes of slope.

ABLE if

SiNo Average slope Area in Per-centage Categories of

ind degree sq.mile of total slope.
area,
1 o0 -8 6.1590 3.50 Gentle
2 8°- 16°. 36,3300 2047090 moderate
3 16°%- 24° 52.4500 29,8940 ‘moderately steep
b, 249 320 55,3300 31.52. Steep
5 above 32 25.250 | 14,39 Very steep
175 .50 100.00

The average slone map (Fig.26) shows the distriba-
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 Mawsynram region has

been discussed below:

(1) Gentle Slope:

Gentle Slope category with O° to 80 of average
slope, covers an area of 6,167 sq.mile, vhich is 3.50
per cent of the total surface and lies in the Southern
extremel part of thke® Mawsynram region, close to Bangladesh
~ Plain, in tvo conspicuous pockets. One just South-Western
corner around the village Dhalaigaon and Kathalbari, the
second one located near mouth of tiestreams, Umparsumai
and Umktang, around the Katrang and Hatmawdon llage,

in South-eastern corner of the study eegion.

Area covered by this slope category almost
coincides with the sections of low-relief (500 feet
average), coarse to moderate texture, low-stream frequen-
cy {belovw 7), minimum stream confluences (below ?7), and low
density of drainage (belov 4% and 4 to 8). The soil in
this area is mostly alluvial (Never and Older)type,which

is very much suitable for agricultural praectices,.
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(11) Moderate Slope:

Moderate Slope category vith 8° to 16° slope is
mainly associated vith the interfluvial tracts of South
and undudating nothern plateau areas of the study region;
Both the tracts have covered an area of 36.33 sg.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 sgction.of the Umparsﬁmai
and Umkiang, Stream basins, Similarly tke northern undu-
lating plateau with moderate slope, éovers 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,

(i11) & (iv) Moderately Steep to Steep Slope:

The areal extent of this category of slope is
107.78 sq.miles (52.45 sq.miles is of 16%to 24° of slopes
and 55.33 sq.mtle of 24°to 32° of slopes) which is 61.41

percent of total area of the region under study,h
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It spans over the entire central Mawsynram
structural plagtform region and Southern hilly terrain
except a narrov 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 divie betveen the tributaries of Munagi and
the Umeiu or Bagra rivers. It covers the dllages such
as Welloi, Nongpung, Painsanngut, Laitmawsiang, uonpian,
Lavkhla, Mawling and Twahlongwar etc. The second pro-
minent, south-central zone of moderately ste=p to
steep slope category extends over the southern hilly
terrain and dissected parts region of tre upper Umpar-

sumai, Umktang and Umnokaria basins,.

‘ This slope zone area of Mawsynram region is
very often witnessed by land sli@es and debris flow,
One could find while travelling towards ~Mawsynram
village minor to major land slides are frequent, In
this érea, mixed type of cultivation is pfactised viz.
Maize,Potato etc., Interestingly this zone of‘slspe
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) Yery Steep Slgpe:

Very Steep Slope category (Above 32 degree)
covers an area of 259.25 sq.mile with 14,39 per cent

of total area of the region under study.

This is tke highest category of siope 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, Northdestern and South-Western part
of the region under study. In north .and Northestern
part there are tvo small pockets_ of ‘vety steep slope
category, one is around Symper peak(5827 feet) and the
second one is located north-west corner of this, The
most important track of this slope category stretchirig
in betveen the moderately steep t.orsteep category of
north-central and south-central part, all along the
Southern and North-Eastern scarp face of Mawsynram
structural platform. In South-Western part of the study
region three conspicaous pockets of this .slope category
are located in upper reaches of Umparsuqai and Umktang
stream, |

A stud‘;f of average slope map of Mawsynrém reveals

various zones of different magnitudes of slopes, It zlso
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shows that the undulating and low-relief region are

the areas of gentle to moderate 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. Althbugh this slope map depict some abstract
sarfaces 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 enti;e analysis of slope, it can
be sald ttat mean range of slope varies greatly from one
région to the other, but within a selecied area of
uniform cénditions of climate,vegetation, bed rock and
the stages of development; slope tends to cluster closely
round a mean value (Strahler-1950)1? Thus, an analysis of

Mawsynram region shows close correlations among relief,

drainagg texture, dissection and slope.

Ed

17. Strahler, A.N.(1950): Davis's concept of slope deve-
- dopment viewed in the light of recent quantitative
investigation, Ann,As.Ame,Geog., Vol,XL,No,3,p.212,
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CLASSIFICATION OF LANDFORM REGIONS

"I believe it is within nature itself that
ve should seek the principles for geographical division"

GALLOIS, 1908
Introduction:

The basic concepts of landform classification are
obtained from regional science, the ohe that most concerns
the Geomorphologist, The most useful type of classificatiop,
as pointed out by J.8.Mill (1891), relate to those classes
which permit the widest range of generalisation?;. 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 thé landscape. In general, therefore, tre 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 geometi'y of the earth's crust,

and its general nature can be most easily understood by.

1. Mil1l, J.S. (1891) A system of Logic, 8th edn.Harper
New York as quoted in "Terrain Evalution 'An Introductory
Handbook to the history principles and methods of practical
terrain assessment" by Mitchell W.Colin, longman group
Limited, 1973,pp.27-30.
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-considering the maps which reveal these two aspects. For
the classification of the,present,spudy 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 portary the different
landform regions. In terms of surface geometry and geology
these regions are more of less internally homogeneous and

distinct from each other.

Landform Region:

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 soiid geometry
of land and surface material to prepare a compqsite account
of each carved out landform (Choramorphographic units) as

noted below in Table VI(i).

TABLE i
Primary units ~ Secondary units with  Area  Area in
(area in per cent) Morphometric and Geolo- covered . percentage
gic character. in sg. '
mile .

1 , 2 ERE.

A,Mountains: (1) High hills 11.50 6.56
(26.79) (

C-A;RML-Vh;Du~h;
3

Gy
Fm; Svs).
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2 3

B.Plateau:
(40 44)

- (ii) low rolling hills 35,50

(GA-VC<E-J; Rml-h; Dm-hs
Fmj Ss),

(iii) Extensive undulatinE 5 ‘
1.50

high tableland
(GUC-PC-A; Rh-vh Dm;Fm;
Sms-vs)

(iv) Lower dissected table
land (GE-UC-&,Rml-h, 29.50
Din-h,Fml-m,Svs)

(v) Highly dissected 12.75
$catrps(GE-UC-0M-As ;Rh; Dm- ,
h; Fm-hjy Svs)

(vi) Deeply dissected 24450
high uplands

(GMP-OM-E-J 3 Rml; RM~h;
Sms).e

(vii) Low rolling uplands

- with many sand hills and 20.50

sSwamps
(GR-MP-OM-J ;R1;D1-M;F1 -M1;
Sg-m).

20.23

23.64

16,80

7.26

13.97

11.5%

Legends:

1. Geological formations(G)

"Recent (R), Mio-pliocene(MP),

Oligo-miocene (OM), Ecocene(k),

Upper-Cretaceous(UC),Jurassic(J),

Pre-Cambrian(PC), Archaean(A).

2. Relative Relief(infeet)
(RB) Low(l) below 700;Moderately low
(ml) 700-27003h1gh(h) 2700-4700;

very high (vh

above 5300.

‘3. Drainage density (D) Low(1l) below 8; moderate(m) 8-12;
(Length in/mile per high (h) =zbove 16.

sq,mile)



4.Drainage frequency (F) - Low(1) below 7; moderately low
(Number per sq.mile) (m-1) 7-14; moderate(m) 14+-21;
‘ ' o high (h) 21-28 very high(vh)
v above 28.
B Average slope - () : Genéle (g) ‘belou 8, moderate(m)
(in. degree per sq.mile) moderately. steep (ms)

16—2&0 steep(s) 2#-32 very steep
(vs) above 32,

The primary four landform units of the area clearly
indicate that the plateau or table land~form a major landform
unit occupying almost 4O, L4l+ per cent of the area under study.
It‘is“a region of less dissection'and rgpresénbs di fferent
uplifted plantation surfaces and their undulating extension.

Mountainous trabts,-scatteréd allloverﬁthe areé,vform
a separate broad,iandform unit; They cover about 26,79 per
cent of the area and are regions of high dissection. Their
origin is related to upper-Tertiary Uplift ax;d° their inland
extension from searps. The area is also a‘region of differ-
éntiai dissection and structural difference. Considering
these differences, this major land-form unit is further
sub-divided into two secondar& unitg.

The third very inportant primary landform units of
the study area is 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;Noﬂaz,pg;J,2#{»
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eastern and western part of the region. The presence .
of scarp is a cbnspicuousvfeature'1n~thé landscape, The
central scarps are slightly less steep than eastern

" and western scarps. They are clearly associated in
their characteristics with structure of their respective

regions.

The next most important primary landform units is the
uplands occupying almost 25.51 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 theif nature of dissection, relief and
siope. The description of each of the seven secondary units
would ﬁrovide a fundamental d;ffEréntiation of various

morphological aspects of the region.

(1) High Hills:

This landscape unit occupies an area of 11.50 sg.miles,
which is 6,56 per cent of the total area under study. It is
én area of high relief characteristics and intensity of slope
are high relative relief is above'53oo feet and intensity
of slope is more than 320, Drainage density 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
conspicucus bockets of high hills region are located in

upper reachés of the Umparsumai and the Umkatang stream

basin.

(11) Low Rolling Hills:

Lowv rolling hills dominante the landscape in the
north, central and south-central part of the Mawsynram block.
In north and central part it'épans 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
init 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 with intensity of slope in
north and central regions where it is 8 to 12 and above 16
per sqg.mile respectively, It is an area of moderate stream
frequency withA1h to 21 streams per sq.mile and steep slope

region which varies from 24° to 32° per sq. mile.

In the north it cowers the part of Archaean gneissic

complex rocks surface of the Ummaurit basin but in the central
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part the Upper-Cretaceous, Archean, Eocene and Jurassic
rocks furface form low rolling hills unit, wvhich extends
over the upper-reaches of the Umparsumai, the Umkatang

and the Umnokaria stream basins,
| (111) Extensive undulating high tableland:

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
wvith a relative relief of 2700 to above 5300 feet and covered
an area of h1.50'éq:mile (23.64 per cent). This is an area |
of moderate drainage density (8-12 per sqg.mile), moderate
stream frequency (1#-21 per sq.mble) and moderately steep
(160“2’*0) to very steep (above 32°) of slope intensity and
correspond to-the para and ortho gneisses, migmtiteés, meta-
sedimentary bands, Arkose, Quartzite etc. of Archaean,

Upper-Cretaceous and pre-cambrain period,

(iv) Lower dissected tablelang:

The lower dissected tableland seems to run in a
soubth-vest 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 4700 feet) vhere 1nteﬁsity of slope
is also very high( above 320). Drainage density is moderate
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to high (8 to above 16 per sq.mile) and stream frequency
with the moderately low (1-14 per sq.mile) to moderate
(14-21 per sq. mile). This is a region with deeply dissected
Upper-Cretaceous and Archaean sediments surface wvhich occu-

pies and area of 29.9 sq.mile (16.80 per cent).

(v) Highly dissected scarps:

In contrast to other categories this gcarp terrain

| occupies only 12.7% sq.mile, vhich is 7.26 per‘cent ofithe
total area under study, and is unevenly located. The exten-
sive undulating high table land is ciearly defined and
'delimited by highly dissected scarp which runs almost in con-
ltinuous narrow tracks all along the high table land's eastern,

southern and western face.

These scarps outline break in-slope where the streams

such as the Umj angut, the i]mparsumai. and the Umkatang and

have cut back their deep valleys since those haw been elevated
in eatrly and middle Tertiary periods. It is an area of high
relief between 2700 to W700 feet of relative relief, The

area exhibits moderate to high (8 to above 16 per sq.mile)
drainage density; moderate to high stream frequency (1% to

28 per sq.mile) and very steep élope intensity (above 320),
This scarps region also cover the Eocene, Upper-Cretaceous,

0ligo-Miocene and Archacan periods sediments surface.
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(vi) Deeply dissecgted high upland:

This region covers 13.97 (24.5 sqg.mile) percent
of the area forming moderately lovw relief (700 to 2700
feet) and slope 1ntensity.varies between 160_to o0 per
sq. mile. This is an areca of low to moderate drainage
density (belovw 8 to 12 per sq.mile)and moderatc to high
(1% to 2B per sq.mile) stream freguency.

This deeply digsected high upi&nd lies in a east-
vest direction Between the lov rolling dissected hills region
in the north and low rolling uplands with may sand hills ‘
and Swamps in the south, This dissected high upland bas
been formed by shale, sandstone marl, limestone,calcarecus-
shale, Arkose, mottled clays, conglomerate,Basalt,acid tuff
rocks of . Bocene, Upper-Cretacecus, miopliocene,0ligo-miocene
and Jurassic period and occupies the middle part of the

Umkatang, the Umparsumal and the Umnokia stream basins,

(vii)

This landform uni£ lies in the southern extreme

part of the study area, close to Bangladesh plain, over the
micaceous sand, silt stone, felspathic s»ndstone, clay, marl,
calcareous shale, limestone, Arkose, fine silty sand, light
to dark greyish clay of Mio-pliocene, 0ligomiocene,Eocene,

Upper-Cretaceous, quaternary and Recent periods sediments,
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covering 11.54% per cent'(20;25'sq;mile) of total area under
study. This is both gentle to modergte in slope intensity

(less than g8° to“16°).and relative relief (iess than 700 feet).
Similarly drainage density is lovw to moderate (less than 8),

to 12 per sq.mile) and stream frequency is low. to moderately

lov (less than 7 to 1l per sg:; mile).

This area covers the villages such as Dhalaigaon,
Kathalbari, Katrang,Balat and Hatmawdon etc. and also lower
parts of the Umparsumai.and the Umkatang basins. Many scattered
low sand hill, and swamps located in betwe ' n twb sand hills
is comimon features of this)region. This zone is well forested

and contain long leaf p;ants and shrubs,

The study of the landform regions of Mawsynrém 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 étage of the data acquisition for agri-
cultural, engineering, military or planning purnoses and
caters to the interests of all land users by providing them
with background information, and preventing costly duplication
of field effort, It also facilitatés the task of delimiting

areas vwith different types of priorties of effort. In the area
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under study, it is often more important to know the existence,
location, and size of such‘areas and hov they are related to

- one another geographically and the concentrations of population,
Agricalture, settlements and transport systems. Thus land is

the stage where Lts,varyingvuses afe depicted and the application
of such geomorphological tools_in_diffenent fields will ykeld
substantial results,

"
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SUMMARY AND CONCLUSICN

The Mawsynram area forms the south-western part
of East Khasi hills district of Meghalaya, The evolutionary
story of its Geological landscape is one of recurring
uplift and down-sinking during the past 100 million years,
vhich led to the formation of the present spectacular
landscape géometry. The variety of sediments from Archaean
to the recent periods forming the region is discernible
from its protruding surfaces. The following findings ...l
and observations pertaining to the Geology, teotonic, and
structure of the study area are of paramount importance in

so far as they throw light on its landscape evolutiong

(1) It is noteworthy th};zﬁ landscape evolution of
this region is more in common with 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 deposits on soﬁthern 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 violentllead'ing to complete

félding and fracturing of the ancient rocks, The
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(iv )

Tectonics of the Jurassic and Tertiary are
responsible for plateau volcanism, upliftment
and downsinking of differznt parts resulting

in the present unique physiographic configuration,

The area to the north and central 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 ité surface and the presence of Ancient

hard rsocks on hill tops provide corroborative
evidences to this fact, The plateau is aliso stand-
ing as a watershed between the Umnagi valley on

the west and the Umiew or Bagra river valley on

~the east as a result of major upliftment of this

block af the end of the Mio-cene period,

The general structural trends of thé rocks of
this regionhis N.E.,8.W but in south and western
part the trend is becoming E-W, The rocks are.
folded gnd lineated, Inwthe southern fringe'of
the study area, the Dauki fault-II,(Balat to

Khasmara), from west to east it could be traced



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 occuring
over its surface are marked to be distinctive. The étudy on
'Weathering and-soil formation' of this region reveals the
following facts: |

(i), From the study of the climatic, Biotic, Geomorphic
and geological factors it is evident that in sou-
thern part of MawSynraﬁ these factors operate to
favour deep chemical decay of rocks, while the
effect of physical and thermal weathering is more
marked in the northern part. As a region of moder-
ate temperature and vworld's wettest spot it promotes.
the weathering process and being a stable landsur-
face sihce late Terfiary favouring deep penetration

of weathering and decomposition of rocks.

(ii) The Analysis of rainfall and temperéture data of
this region shows that the rainfall is heaviest
(80%) and temperature is maximum (average 21+°.OOC°)
duriﬁg the month of May to August. As the rainfall
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and temperature plays a vital role in weatheking,
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

« : T o __.
veathering are limestone area (25 -19'N to 90 -35'E),
Mawphlong Myliiem gramite rock surface and foot
hills area around Balat.

(11i) The study of the limestone topography(25°-19'N to

900-35‘E) of Mawsynram reveals that Karst features
are present but do not dominate the landscape.
This may be a result of the topographic youthfulness

of the karst features, as this region has been

uplifted during the Upper-Tertiary,périod and also

possibly due to the absence of one or more condi-

tions essential to ideal karst development.

(iv) Investigation of the Mawsyjymbuin cave situated

(v)

above the water table (vadose zone) near Mawsynram
village, reveials that the formation of this cave
can theoritically be explained by the ‘vedose
theory' profounded by Matson.

The study of soils of this region also reveals
that specific soils of the sollenvelope fit spe-

cific wveatherg¢drzones., Broadly épeaking there are



tvo tyées 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 Andient sediments because of heavy
rainfall are dominantly acidic. About 90 per
cent~soils of this region is acidic in nature.
The study of soll landscape near Mamphlong of
study region confirms that lomgy silt with hizgh
organic matter and nifrogen content; clay gnd
loams; light greay loams; are on hill summits,
hillslopes, and low lying closed depressions.
These soils are from the sameparentmaterial
(Archean gnisses complex)but vary with altitude.
The whole area under study is susceptible to
largescale soil erosion, consequent uocon climatic
and human rather than by'Géological and Geomorpholo-

gical factors,

The investigation about the 'Drainage and its Evolu-
tuin® of the :8kudy region havelbeen very much useful in under-
dtanding the geomorphological character. The Ummagi, the Uniew
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 findings

of our inves tigation:

(i) The present form of draingge pattern was attain-
ed through different geological events since
»mésozoic to present day as indicated by the
polycyclic erosional surface 6f various levels;
In southern part of study region the consequent
streams are mostly controlled by the étructures
(monoclines and faults) in the Cretaceous -
Tertiary sediments. Many deep gorges s€ooped
out by the streams are the result of massive
headward erosion by mainly extensive shifting
cultivation on hill slopes; antecedent streams
along these joints., The drainage system of this
area is toa great ektent determined by the
cantral stmctural platform zone in various dire-
ction, The analysis of long profiles confirins
that the main river,"the Umnagi' and 'the Unmiew'
ére in old stage Qf cycle of erosion in their upper

reaches but youthful in the lower stages,

'(11) The drainage pattern study of this region reveals
four types of drainage pattern ie. Rectilinear,
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Radial, Semi-dendritic and parallel pattern.
The radial pattern of drainage over granite
surface of Symper peak (5827 feet) in central
part stands as a contrast to the semi-dendritic
drainageygéttern of eastern region. The southern
part is dominated by rectilinear pattern, which
has developed with joints and thé whole pattern
has possibly been developed due to Tertiary
upliftment of this block. These patterns have
focussed light on the rock type, geological
nmmuemdm%%inuamyemhumsm

different parts of the study area.

(iii)The stream frequency study of this region has
confirmed that the central and north-eastern
part has a higher frequency (14%-28 above) than
that of 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‘e low
stream frequency is mainly due to lack of relief
(average 250 feet ) and the presence of highly

p¢rmeable rocks 61‘ the Cretaceous'-Tertiary sediments.
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The analysis of the sﬁream confluence and drainage
density does also indicate that, high of these two
are .related to the rainfall, relief and permeability
of rocks and 1nterestingly coincides with the areas

of stream frequency.

The denudation chronology discloses a clear picture

of the antiguity of the present river.sys;ems and

complex landscape evolution of the study region in

different geological periods. On the basis of this

s tudy one can conclude that the present river system
of this region has probably been stable from late
Tertiary or a little earlier to it. |

The morphometric analysis of the six stream basins

reveals the following salient points on the landform evolu-

tion and geometrical similarity of the different drainage

basins:

(1)

The abrupt drop in the mean length and area of the

4th order strea@s of the Umnokria is due to the lack of
development of large tributaries beyond this order,
Duringllate Tertiéry pericd the rise of the northern
part of Mawsynram has probablyvlimit.ed_ the large tribu-
taries in the down stream diréctions. The antecedent
character and abrupt change in altitude between upper

and lower reaches of the Umnokria bear evidence to it.,
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(11) The Ummonrat, the Phudsymper, the Umjangest

(iii)

. (iv)

and the Umsaitkhs in its middle reaches floving
across the dissected Archaean and Upper Cretaceous
sediments, with conspicuous relief and excessive
rainfall have determined the development of many
tributarigs resulting in highly unequal meanstream

length for its 3rd and 4th order stream( Appx.1).

The strong structural control guides the direction
of the flow of the Phudsymper, the Umjangut, the
Umsaitkhs and the Umkatang, resulting in high Rb
and Rl values for these trunk streams. The sharp
rise in the values of F&,Rb and Rl(Appendix-I)
between the 2nd and 3rd order streams of the gzbove
streams 1s due to the influence of high available
relief and heavy rainfall favouring the develop-

ment of the stream network.

The geometry of the six draingge basins reveals
that the geometrical similarity is maintained
among the stream of lower orders as exhibited
by similar dimensionless ratios i.e. Ra,Rb, and
Rl (Appendix-I). With increasing orders; the
drainage basins tend to deviate from each other

in their geometrical property.



(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 Umsaitkhay This similsrity 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
vithin 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‘énd magnitude of slope. The slope
of the region is the outcome of the factors like endogenetic
forces, intensive weathering process of erosion and transpor-
tation. Tectonic movement associated with high degree of de-
nudational activity has produced regional variation in slope.
The study of slope which has ultimately influenced the classi-
fication of the landform regions of the area under study re-

veals the folloving interesting factser



(1)

(11)

(111)

]
%)
A

The plateau region of the northern and central
Mawsynram surface expresses subdued topography
with gentle slope forms., The eastern and western
parts of the plateau are highly dissected and
the southern part is reflected with a sharp
fracture zone (Dauki fault - II) of very steep

slope forms.

The géneral dominating type of slope 1s convexo-
concave form of slope. The‘upper congexity is

due to soil creep mainly during the dry season,
and lover concavity is due to the concentrated
rill action in the vest season. The soil creeping
and rill action'can be attributed to ﬁhe high

average slope gradient, ranging from 8° to 32°

and possibly due to extensive shifting cultivation

on the steeper slopes.

The study of the hill slope profiles clearly
confirmed that all the four elements of slope
identified by Wood(1942), i.e. Waxing, 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—develdpedg The value of slope angles also
indicates that this zome of these profiles have
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nigh degree of slope angle. Thus the process of

recession of slopé is nét so well marked, which
is ﬁery important for the development of an ex-

tensive pediment zone,

The stady of the long-profiles and cross profiles
of the region under study has thrown lighton the
nature of terrain and slope. The *ong profiles of
all streams show that these rivers seem to be in
oid,étage of cycle of erosion with their gentle
slope profile in their upper reaches but youthful
in lover stages, vhere the slope 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 greater upliftment of the northern block and

that of the south, during the Upper-Tertiary period.

The study of average slope of Mawsynram indicate
the five zones of slopes of different magnitudes
ranging from 8° to 32°, It also shows that the -
undulating and low-relief region are the areas
of gentle to moderate slope. The elevated stru--

ctural platform (1305 m) represents a moderate to

s teep slope zone.’
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Finally the genetic classification of landform
regions of study area defines four primary and seven
secondary microe-morphometric units and also denotes the
morpholdgical character of each of them, This classifi-
cation is based on the fundamentai and permanent character-
istics of the landscape; i.e. Origin, Process and form;
which would not only help in aequiring initial data for va-
rious planning purposes but also brings together the
interests of all land users by providing them ﬁith backg-
round information and help them to save costly dupdication

of field effort.

Geomorphology, therefore, is the expression 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, fiilitary 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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APPENDIX - I
Name of the ¢ Stream' Number of' Iangth of Area "eanstream Cumulative ﬂ-zean streanm .Bi furca- ' Iength ¢
Dralnage { Order ¢ gtreams the Streams- the Sgreama: ‘Iength in + Stream 1angtharea 8q, tion Ra- s Ratio : A;f‘ea Rati
Basins ' i (NT) ! in wile ' in sq.mile ! mils ' in wile 157 sd1 itio. ' :
: : v (10) +(AD) LI b (an) } (RB) i (RI) (RA)
! i 2 13 S E ! 6 v 7 I JE 10 F 0 W
o ¥,
Urmanras 1 207 . 102.00 10.25 0.49 102.00 0.01 3.90 1,20 12200
2 53 31.00 6.50 0.59 133.00 0.12 4.41 1.83 3.08
3 12 13.00 4.50 1.08 136.00 0.37 3.00 2.08 RT
4 4 9.00 3.25. 2.25 195.00 0.81 4.00 0.89 2,48
_g 1 cQo 000 2 -OO 1 26?00 2 .OQ_ - - -
Phud Symper o7 36,00 4.50 0.54 $6.,00 0.06 3.72 1.24 2,00 ¢
2 18 12000 2-25 0067 48-00 0-12 6000 1 098 { 8-3 ’
3 3 4.00 3.00 1.53 52,00 1.00 3.00 2.63 1.2
. 4 ’ 3.50 1 025 3050 55050 1 025 - - - |
U jngut 1 11 52,00 6,00 0,47 52,00 0,05 5404 0,96 1 2.80.
2 22 10,00 3,25 0,45 62,00 0.14 5450 6.11 6.64
3 4 11.00 3.75 2.75 7300 0.9% 4,00 2,00 .61
4 “ 5.50 1 -50 5050 ?8‘:50 “050 - - ! -
Tmsaitkha 1 100 60.00 7.00 0.60 60.00 0.07 .70 1.12 1.7
2 27 18.00 3450 0.67 78.00 0.12 5.40 2.24 4.16
3 5 7.00 2.50 1.50 85.00 0.50 .00 2.67 4.00
4 1 4.00 2.00 4.00 89000 2'i00 - - -
2 43 33.00 4,50 0.77 166,00 0.10 4.30 1.94 | 5420
3 10 15,00 5.25 1.50 181.00 0,52 2,00 0.67 P 4434
3 3 8,00 3.50 1.60 189.00 0.70 5.00 3.75 b 3,54
3 ? £.00 2,50 6,00 195.00 2450 - - o=
Umnﬁkria ‘ 78 57.00 10.00 0.73 57'&0 0912 4033 1 tgo 1 058
2 18 25,00 %50 1.39 82,00 0.19 3.00 0.95 3.05
3 6 8,00 3,50 1.%3 90.00 0.58 3.00 0.75 1.72
4 2 2,00 2,00 1.00 92,00 1,00 2,00 6.00 6.50
5 1 6.00 6.50 6.00 98,00 6450 - ~ -
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'APPENDIX - II

PROFIIE No,1 . .+ PROPFLIE No,2
Height above ~ "Angle of ' Height above ' Argle of
the sea level . ' slope. ‘ the sea level slope
(in feet ) - (in degree) (in feet) ~'(in decgree)

50 . s
Swo 59 530 50
S+ 78 53300 52
sv20 83 "§320 55
5410 . 80 - 530 63
S0 70 536 72
5390 62 . s®0 75
5380 60 5280 &7
5%0 .5 s70 53
5360 : - 55 _: 5260 1«. . 48
5% . s s 20
530 39 50 10
5330 20 ' |
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APPENDIX- II ( ggntgv .V s
.Pﬁog' IE No,3. PROFIIE No, k-
Height above  Angle of | ﬁeight above Angle of
el e (o R Hre
49h0 L w0 w
4930 . 61 4960 - 49 -
4920 78 4950 62
%910 © 83 49hko 64
4900 81 4930 60
4890 63 4920 56
- 4880 . 59 4510 53
4870 57 4900 ¢
- kB60 53 4890 48
4850 49 u80 7
480 o w70 b5
- 4830 15 4860 36
4850 28
L840 38
4830 20

4820 © 18
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