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INTRODUCTION

Geomorphology is a study of landforms, "The
Science of the Earth". It 1is an important branch of
physical geography. ItLEoncerned with the scientific
study of the origin and evolution of the relief features
of the earth surface. The literal meaning of geomorpholo-
gy is a discourse on the form of the earth. The term geo-
morphology is derived from the Greek word, 'Geo' meaning
'earth', 'morpho' meaning 'form' and 'logos' meaning
'science', the science of landforms. Thus, geomorphology
is a systematic and organised description and analysis of
the landforms of the earth. The word ’'landform' is under-
stood in its widest connotation and includes not merely the
minor features of the land but also the major relief fea-
tures such as continent and ocean basins, mountains, pla-
teaus and plains and an interpretation of their origin is
equally relevant. This is possible only if we have knowledge
of the structure of the earth, the nature of rocks, diastro-
phism, plate tectonics, continental drift as well as the
processes of weathering and erosion, because it is all
these factors that influence processes and change in the
relief features of the earth. The study of landforms have
a structural, erosional and depositional dimensions and
both the aspects have been considered for a proper under—

standing of the evolution and distribution of landforms.



Worcester has used the terms geomorphology in
this extended sense. According to Worcester, "Geomor-
phology is the interpretative description of the relief
features of the earth, in other words, geomorphology is
the science that describe the surface of the lithosphere,

explains its origin and interprets its historyl.

Geomorphology is the science of landscape. It
describes the landforms and attenpts to explain their
origin in terms of Geology, structure climate and pro-
cesses. It is traditionally, the science of description,
interpretation and evolution of landforms of the land -
scape, which provides the geomorphic knowledge for iden-

tification of an aereal landscape.

There has been phenomenal development in the
field of geomorphological studies in the twentieth century,
modern trend in geomorphology is towards the increasing
importance of guantative methods. Morphometric techniques
have been evolved for utilizing various topographic infor-
mation about the earth's surface configuration to arrive
at numerical indices. The information provided in toposheets,
aerial photographs and landsat imageries and data collected

directly by the field investigation are utilized for the

purpose.

1. Worcester,P.G. - A text book of Geomorphology, Van
Nostrand East-West Ed. 1965, p.3

¥



The science of geomorphology has not been treated
as only an academic discipline but it has more practical
applications in the field of soil science, economic,
geology, geohydrology, ecology and for rural and urban
development . For the agricultural resources the terrain
assumes special significance, so far as agriculpural
planning is concerned geomorphological studies at regional
level have great significance. In a country like India,
the applied geomorphology particularly for agriculture,
horticulture, forest management, selection of sites for
large dams, development of transport communicationE__t;;t_._c;__.~

geomorphology pla§5a.very important role specially for

successful planning in the region like Garo Hills.

Oldham (1858) was the first to initiate the geo-
logical work in Meghalaya after the inception of geologi-
cal survey of India in 1851. He came to Cherrapun jee from
Rangpur in the erstwhile Bengal State now Bangladesh. He
was followed by Medlicott (1869). In the post.independence
period, large areas of Meghalaya have been mapped by the
Officers of the Geological Survey of India and the Geology
of Meghalaya is very well established by now-(Fig.No.1l).
However, due to the restricted area provisions, much of
the information is classified and unpublished. The compiled
geological framework of Meghalaya is given by anon (1974},

Murthy et al (1976 a, 1976) and Mazumdar (1986).



The_gr0wth of this science in India is rather
recent and the whole credit of carving the ways for
this branch of science goes to the geologistsf Among
the geologists whose contributions are immensely valua-
ble, mention may be made of A.M.Heron, D.N.Wadia, J.A.
Dunn, W.D.West, S.C.Chatter jee, J.B.Aude, Arogyaswamy
and Radhakrishna. At the early state initiative was
also taken by geographers like H.L.Chibber, S.P.Chatter jee,

S.C.Bose, R.P.Singh, E.Ahmad and K.Bagchi.

Geomorphological studies in India received new
impetus with the work of young geologists and geographers
éince 1950 . The scope of their geomorphological studies
is now becomiﬁg widerz. There is now emphasis on various
aspects Of geomorphology, from regional to coastal,
fluvial, structural, climatic and applied geomorphology .
But most of the work has been done in the field of
regional geomorphology with the emphasis to establish
the denudation chronology of region and recognition of
erosion surfaces ( R.P.Singh, 1956; E .Ahmad, 1958; Bagchi
and Sengupta, 1558; R.K.Rai, 1969; Biswas, 1974; Véidya—
nadhan, 1964, 1971). The recent emphasis is on quantita-

tive geomorphology of drainage basins by applying various

2. See Chatter jee,S.P.(1968} Progress of Geomorphology in
India,(Ind.Sc.Cony .Ass; Calcutta).
Subramanyam,V.(1967),Proceeding,Seminar in Geom.Studies,
in India,Saugar Univ. '
Vaidyanadhan,R.(1977): Recent Advances in geomorphic
studies of Peninsular India: A review, Ind.J.
Earth Sc.(S.Roy Vol) pp.13=35.



morphometric techniques and measuredto establish the

the interrelation of basin parameters.

Few recent studies related to channel charac-
teristiés, rills and gullies, meanders, floods, slope
profiles and characteristics in the field of fluvial
geomorphology and slope analysis are encouraging. Appli-
cation of qui?ometric techniques in classification of
landforms in£o morphological units of various order has
been initiated by R.L.Singh (l%Zél; Recent research in

regional geomorphology incorporate the study of the

processes modifying the landscape.

.For the present study, the author has selected
the particular area to f£ind out the nature of geomorphic
characteristics, lithology and structural characteristics
of rocks which provide much scope for study of geomorpho-
logical processes. In the present research work morphometric
analysis have been basically used for the illustration and
description of landscape, i.e., relief, average slopes,
drainage analysis etc. which has focussed the light on

particular topographical features.

LOCATION OF THE STUDY AREA

Geographically, the present study area Tura and



_ . , wa 3;
LOCATION OF THE STUDY AREA |
INDIA N.E. INDIA

o . ST
S o™ VA .
[ - £ IR
S 2 S [
.) " N S T ’ - _;/‘\)
J'r ¢ o7 ‘{ ol
~ p AV . / REPWN A 2
. wsd | / ’/‘/‘// e
) g (% ‘//&/ /f%’ e 7/ \
¢ . * ,v.}l-l\’/ /- é
> p fsals |
’ /L".'J j .) ' )
( . i - i
‘}w 18 .00~y ol
;
f'/“L'f\S'f.'M')‘
[ 4
- I
e
"\ 3 /‘/\‘:‘
‘. o Y
- ! '4.
. L
\\ :b"
: s
i %
Ve B i N, ,.)
~ 4‘\ r.r
\"“v,y.
WEST GARO HILLS DISTRICT ;
ST T ’,
.J (I lf
r ¥
7, /f’?/’/ ;l,~‘¢
e STUDY ARZA 3 !
. .
‘\-/\, Y
\’.\_./--""\J"'\av"“ 1
W 0 0  20yes

FIG.No 1.



ad joining area lies in the West Garo Hills district

and occupies the western part of the state of Meghalaya
(Fig. No.1l). The altitude of study area ranges from

100m to 1500m above mean sea level., Tura lies in between
25°31' North Latitude and 90°15' East Longitude. This
study area includes the highest spot of the Garo Hills
district, Nokrek peak 1515m standing like a water divide
which forms watershed. The slope of the study area gra-
dually decreases both towards the north and south direc-

tion from the central Tura range.

OBJECTIVES

The following are the main Objectives as given

below :-

1) the basic objective is to investigate and
interpret the geomorphic characteristics of
Tura and its adjoining area in relation to
lithology and structural characteristics of

rocks and geomorphic processes.

2) to examine the nature of average slope, drai-

nage patterns and characteristic features.

3) to describe and interpret the erosional acti-
vity mainly under the impact of weathering

processes and fluvial action of streams, and



rivers and also to identify the erosion
surfaces with the help of morphometric tools

and techniques and field evidences.

SALIENT FEATURES OF THE REGION

Topographically, the present study area charac-
terised by undulating hills and deep narrow valleys.
Average elevation of the study area is 600m to 1200m
above mean sea level. The area in and around Tura has
a-distinct geomorphic tracts. The central part of the

—)

area 1is occupied by the hilly elevated Tura range and
undulating hills, where several streams and rivers origi-
natqg and form deep narrow valley with huge boulders %n %/ —

the river bed. The rivers originated from the Tura range

flows towards north and south directioné There is a break

in the gradient of the streams at about 2.5 to 3 Km west
of the source, thereby depositing a major portion of
the load at this break which falls in the heart of Tura
town. All the stream crossing Tura, however they are
small and forming deep gorges and full of boulders in
the river bed. The main study area, i.e., Tura is situa-
ted at a place of aggradation. Another break of slope is
evident at about 5 Km towards west from the source of
streams beyond which only finer load of sediments is

carried away.
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The areas to the west of Tura are relatively
flat with gentle slopes along edges of the flat areas,
and from the depositional surface of the Tertiary sedi-
ments dissected by present streams. There are laterite
formations on top of these flats, derived from the

Tertiary sediments.

The Garo landscape, broken up by rising preci-
pices and ravines, has a number of water falls. The most
famous falls are the Khanchurisik, Mokma, Rongbang, Chi-
bok etc. Some of them are quite sharp’steep having height'$f2/

about 50 to 150 m.

As the study area falls in the western part of
state of Meghalaya, geologically it is composed of pre-
cambrian, Archaean gneisses with acid and basic intrusive
and cretaceous Tertiary sedimentary rocks. There is also A~
small patch of limestone series which is a continuation
of Jaintia limestone series, exposed to the ground at

Samphalgri hills® towards the south of Tura range.

EARLIER INVESTIGATION

The present study area has been taken up for
the geomorphic study. The area has not been investigated

from geomorphological point of view. However, Geological



information has Been contributed by the Geological Survey
of India. As Fox (1937) mentioned that the contact of
;xéftiary shales and underlying gneisses in Darrangiri
village, just south of Tura as reverse fault. Similar
work was carried out by Bhattacharya and Chakravorty

(1967) La-Tonch (1887) Narula (1985} described briefly

the Tura range as an asymmetric hosts back, meaning that
the hill mass hazgﬂbeen uplifﬁed aleong fracture plane

and also studied the landslides in Tura. In 1965-66, A.C.
Bhattacharya and O.Barman have contributed geological
information around Tura. Sukumaran P.V.(1986=-87} submitted
report on the Geo-environmental studies carried out in
Tura township and its surrounding, Garo Hillé district.
However, some of the geomorphological studies of Meghalaya

have been contributed by R.P.Singh (1968} P.C.Panda(1985)

R.K.Rai (1985) and G.C.Panda (1984) etc.

METHODOLOGY

For the present study., the methods adopted have
been extensively based on the field investigation and lab.
work. The toposheet No.78K has been used for generating
morphometric data of the study area for the analysis of
average slopes, drainade frequency and drainage density

of the study area. The data of rainfall, temperature,



13

humidity etc. are collected from mateorological station
fixed at.Tura town. The field investigation has been done
by practical observation of the study- area, like nature
of slopes, rivers, waterfalls, weathered zones and other

related geomorphic features.

LIMITATIONS

The geomorphic study of Tura and adjoining area
has been undertaken. Yet there were many constraints in
conducting the field work in remote places of the study
area because of lack of transport system. Sometime, wea-
ther conditions weggypoming in the way to conduct field
work. The Garo Hills district lacks the detailed geolo-

gical literature.

~

PLAN OF WORK

The present research work has been divided into

following chapters.

In the first chapter, deals with the introduction
of study area, its location, physiographic characteristics,
the methodology used and the earlier investigation and

plan of work,etc.



The second chapter deals with geoiogy and
structural characteristics of rock formations. It
also describes the physiogrephic characteristics and

drainage basins present in the study area.

Chapter third deals with Geomorphic processes,
physical and chemical changes which effect & modification
of the earth's surficial form. The climmtic data for about
20 years have been shown in the table No.4. This chapter
also &al with the drainage systems and the action of

erosional activity.

The fourth chapter deals with the morphometric
analysis of average slope, drainage, density, freguency

etc,

The last chapter brings out summary and conclu-

sions of the study area.



CHAPTER II
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GEOLOGY AND STRUCTURE

The Meghalaya Plateau is the North-Eastern tip
of the Indian Peninsula. The State of Meghalaya compri-
sing of Garo, Khasi and Jaintia Hills District, was a
part of Assam till January 1972. Geographically, the state
covers an area of 22,429 Sq.Kms. Physiographically, it is
a prominent geomorphic unit stretching across the Garo,
Khasi and Jaintia hills in east-west direction. According
to Murthy et al (1976) and Mazumdar (1986), Meghalaya is
a geomorphic arch bounded on all the sides by faults. The
Northern boundary is marked by the Brahmaputra lineament,
to the south by the famous Dawki fault while the Eastern
boundary is a NE~-SW lineament separating the massif from
the sediments of Bengal - Assam shelf and to the West it
is detached from the main shield by the north-south tren-
ding Rajmahal Garo gap. This major gap has been filled by
the speeading of the Ganga and the Brahmaputra alluvium.
The resemblence is seen in the rocks found in the Meghalaya
Plateau to that of Chota Nagpur plateau of Bihar and West
Bengal. Structural trends of rocks of the two parts are
matchable. The ?eological, ?eomorphological and biotic
evidences strongly support the assumption that the Megha-
laya Plateau is a continuation of Chota Nagpur plateau. The
Meghalaya plateau is massif horst, forming a plateau region
block uplifted to its present height about 200 to 1900mts

above mean sea level.
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The earliest geological investigation were made
sometimes in 1850s, Oldham (1858) was the first to initiate
the geological work in Meghalaya after the inception of
Geological Survey of India in 1851, Oldham came to Cherra-
punjee from Rangpur in the erstwhile Bengal state now in
Bangladesh. Later on the systematic geological mapping of
Meghalaya was carried out in detail by H.B.Medlicott(1969),
Godwin Austin (1869), La Touche (1883), 1887 and F.R.Mallet
(1975). Thus in post inde%endence period, their account
helped considerably in continuation of systematic mapping
of different‘barts of Meghalaya by the Officers of the
Geological Survey of India and the Geology of the state is
very well established by now(Fig.No.2). However, due to
the restricted area provisions of the geological informa-
tion is classified and unpublished. The compiled geological
map of Meghalaya is given by Anon (1974}, Murthy et al

(1976a, 1976) and Mazumdar (1986).

Since the inception of the Assam -~ Meghalaya circle
of the Geological Survey of India at Shillong in 1961, a.
more systematic detailed geological mapping still continued.
The work led to the delineation of different 1litho units of
the Archaean and Pre-Cambrian rocks, but also revealed the
relationship of these two major rock groups and brought out
an interesting structural features. The structural and geo-

morphic features which are quite prominent and interesting
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have been analysed and classified by using landsat imagery
of the region. The landforms have been intermeted on the

basis of relief and geological set up.

The Meghalaya Plateau is mainly composed oOf :~

(1) Pre~-Cambrian Archaean gneisses with acid and
basis intrusive.

(2) Shillong series rocks.

(3] Sylhet traps rocks.

(4) Lower Gondwana rocks.

(5) Cretaceous Tertiary Sedimentary rocks.

(6 Alluvium.

Geologically, Garo Hills area is characterised by
the presence of wide variety of rocks types originated
during various epoch of the earth-evolution starting from
archaean period (about 3600 million years) upto the recent
time. The oldest group of rocks the archaean group, is
represented by the hard and massive gneisses, granulites,
migmatites and minor banded ferruginous quartzite which
occupy about 60 percent of the area in the northern part,
patchy occuggﬁce of sedimentary rocks belonging to Gondwana
group permocarboniferous (about 350 million years) and
comprised of pebble bed, sandstone with streak and lenses

of coal. They contain fossils imprint of vertebraria
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are noticed in between

(Pe 2)

Narrow walleys

Hills slope., Fig, No,
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indica and other lower Gondwana plants that once upon
a time grew abundantly in the neighbonring shallow basins

in which the Gondwana sediments were deposited.

Sediments Of értiary age (about 65 million
years) occur along thé southern part of Garo hills,i.e.,
south and west of Tura range. These rocks are represen-
ted by shella formation, Kopili formation, Garo group

and Dupi Tila group.

All along the fringe area of Garo hills except
to the east alluvium consisting of unconsolidated sand
clay and soil of the &{uarternary period (about last one
million year) of the earth's geological history followed

by recent alluvium were deposited.

The greater part of the Garo hills are formed
of gneissic rocks, upon them are super-imposed strata
referable to the cretaceous system, which‘consists of
sandstones and conglomerates with subordinate clays and
occassional coal beds. The cretaceous beds are overlaid
by rocks of numulitic age, consisting of lime stone and
sandstone with interstratified shales. Above the numulitic
there are p@perffertiary rocks composed mainly of sandstones
which forms low hills along the border of the Mymensingh
district marine fossils have been_gggg within the lower

beds of these sandstone.
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The stratigraphic sequences of various rocks

formations as observed in the Garo hills are given below:=-

Archaean Rocks

The Archaean gneissic complex is exposed on the
northern part of Garo hills including the Tura range. The
rocks are believed to be the northern extension of the
Indian Peninsular shield, which is separated by the Garo-

Rajmahal gap (i.e.,of the Bengal plains).

Geological Name Group Name Formation Rock types.

<N name with
thickness
Recent Newer Allu- - Sand, Silt and
vium clays.
Unconformity .
Pleistocene Older Allu- - Sand, clay, Pebbles,
vium Gravel & boulder
deposits.
Unconformity
Mio-pliocene Dupi Tila - Mottled clays, Sand- .
Group stone and Conglome-
rate.

Unconformity
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Chengapara Sand, Siltstone,

formation. Clay marl(700m} .
Oligo-Miocene Garo Group
Baghmara Felspathic sand-
Formation stone, Pebble, Cong-
(530m) . lomerate clay,silty
clay.
Simsang Siltstone,Sandstone,
Formation Alternation,Sand.
(1150m) .
Kopili Shale, Sandstone,
Formation Marl.
(500m)
Eocene Jaintia Shella Alternation of
Group Formation Sandstone and Lime-
(600m) stone.
Unconformity
Jurassic Sylhet trap - Alkali, lemprophyre,
(600m) delerite, basalt,
dykes, agglomerates.
- Unconformity
Permocarbo- Lower Gond- = Pebble bed,Sandstone,
niferous wana Group Carboniceous shale,

Unconformity

Lenses of coal,

dolerite dyke.




Pre-Cambrian - Acid intrusive -

Non Propﬁéitic

. i it i ra-

Archacan migmatitic g
nitoiou rocks.

e

Diffused Contact -
Gneissic Complex

(Unclassified)

Unconformity

Granite, - Pegma-
tite, Aplite,

Quartz, Veins.

Oortho and Para-
gneisses & achists,
granulites, amphi-

bolites etc.

Source : Geology and Mineral Resources oOf the States of

of India, Part IV Miscellaneous Publications No,

30, Geological Survey of India, Dec.1974, p.

69 - 79.

PRE-CAMBRIAN ROCKS

Several bodies o7@orphyritic granite cut through

the Agchaean rocks on the Eastern and Northern ;parts of

Garo hills. Aplites,pegmatites and vein quartz are found

29

associated with older rocks. Origin of these rocks are likely

to be related with the granite bodies. It is probable that

there were more than one phase of granitic pegmatitic acti-

vity during the long Pre-Cambrian time.
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PERMO-CARBONIFEROUS ROCKS

Lower Gondwana group - A very small patch of Lower
Gondwana rocks is exposed in the Singrimari area located
in the extreme western part of Garo hills. The rocks
include pebble beds, sandstone, carboniciousm shale with
strgié and ‘lenses of coal and impression of vertebraia

indféa. The sandstone dips westward and is intruded by

dolerite dykes.

JURASSIC ROCKS

Dolerite and basalt dykes are found in the Archaean
rocks of Garo Hills, trending between NNE-SSW and NE-SW
which is nearly coincident with the grain of country rocks,
Alkali lanprophry dykes are also found in the ﬁychaean
rocks of North- Eastern Garo Hilléjférobably belonging

to the ignious activity during the Jurassic period.

\]

[
Several occusgﬁces of rhyolete, tuff and agglomerate
S
together with associated diamictite of possible volvanogenic
origin are found over a fairly ¥rge area around Rongbu vil-
lage on the right bank of Dudhnai river in migmatitic
gneiss country. These volcanic rocks are thought to be

belong to the Sylhet trap rocks of the Southern Khasi Hills.



TERTIARY ROCKS

Sediments of kertiary age occurs all along the
southern border of the Garo Hills and many other locali-
ties in the south-eastern part of this area. These sedi-
ments are thick and extensive and considered to be phy-
sically continuous in the west with the creteceous -
'fgrtiary sediments of the Bengal basin and on the east
with the sedimentary rocks of the same age in Khasi and

Jaintia hills of Meghalaya.

Q.

The Shella formation of Jaintia group of rocks
consists of sandstone, lithomargic clay, shale and coal
seems followed by Siju limestone formation which locally
contains potential reserve of suitable raw materials for

making port land cement.

The Kopili formation comformably overlies the
Shella formation. This formation is about 500m,in thickness
and consists of alternations of thin bed of sandstone and
thick shales beds with sporadic thin fossiliferous bends
on limestone. Phosphatic nodules are found scattered through-

out the shales of this formation.

The Simsang, Baghmara and Chengapara formations
constitute the Garo group. The Simsang formation confor-
mably overlies the Kopili formation without any break in

sedimentation. This formation consists of a cycle of massive
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festoon of cross bgged sandstone alternating with silt-
‘_

stone, sandstone unit can be traced from near a place in

the Garo Hills uninterrupted eastward upto Shella in the

Khasi Hills.

The Baghmara formation conformably overlies the
Simsang formation in the eastern part and consists of
irregular bed of coarse, fes%%%hic sand with minor mudstone,
pebbles-conglomerate and massive silty clay beds, near Tura
Dalu road, the Simsang formation generally grades into

sediments of the Baghmara formation.

Conformably overlying the Baghmara formation is the
Chengapara formation consisting of poorly cemented fine
grained Miceacous and blue to brown sandstone and clays
with a few marly beds at its base. A fossiliferous calca-
reous siltstone lying horigontally between Baghmara and
Chengapara formation can be traced from near Baghmara to

a place few kilometers west of Baghmara.

—

A prominent unconformity is oObserved at the top
of the Chengapara formation ever which rest Dupi tila group
of rocks. This rocks includes alternation of coarse, fels-
pathic, sandstone with lenses and beds of pebbles of vein-

quartz and sandy molted clay.
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QUARTERNARY DEPOSITS

Isolated patches of older alluvium overlies the
/%ertiary rocks along the southern and western borders of
Garo hills.This deposits consists beds of assorted pebbles
with coarse, loose sand and brownish clay and usually from
flat topped. Older alluvium aeccurs at various level along
the ag?ﬁdoned river courses representing a kind of river

terrace.

RECENT DEPOSITS

Recent deposits are found in the river valleys in
the northern foothills region, along the western border
and also in the southern foothills of Garo hills. The
alluvium consists of fine silty sand and light to dark
greyish clay with occassional pockets and layers of course

and pebbles.

Shillong is a horst which has been block uplifted
since{g;rassic times to its presents heights of about
610-1554m above mean sea level, and its tectonic history
begins with the effusion of plateau basalt (Sylhet Traps)
through fractures of adjacent blocks. These were followed
by upper Ereteceous;gértiary sedimentation into the rela-

tively down thrown portions along faults. The trend of

these faults is found to be NW-SE and EW in the north
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-

western parts of Garo Hills, EW in the south Khasi Hills
and NE-SW in the eastern margin of Khasi Hills. The tec-
tonic force has been vertically dominated and controlled

by differential movements along these basement fractures.

In the western parts of the plateau in the Garo
hills, the E-W lineaments are represented by monoclines
and faults among which the Dapsi reverse fault at the
base of the Tura range is spectacular. The Tura range,a
horst, is bounded to the south by the Dapsi fault (upthrust).
In the Garo hills, there is ample evidence to indicate
activity along a number of E-W, N-35 and NW-SE basement
faults throughout the tertiary period. In the west Garo
hills in the study area, are found the consegygent streams

which are mostly controlled by the sedimentary rocks.

The Garo hills has been subjected to vertical
block displacement in the middle upper focene time. Fox
(1933) has identified two major faults in the following

places.

(i) Daranggri normal fault on northern side of
Tura range.
yi-
(ii)Dapsi reversed fault the southern side.

Darang fault runs in the N=W and S-E direction with

local variation to EW direction. The dip of the fracture zone
—
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is about 45° to the north-east. These fault zones coincide
approximately with sharp break in slope of the topography

of the Tura range in the western and southern escarpment.

It is thus most likely that the Tura is a horst block up-
lifted along the fracture fault system, where first fracture
fault passes through the heart of Tura and second fault
passes through southern parts of Tura. There are also many
minor faults like Artheka near Siju which steeply dips
towards east, some other minor faults lie along the Tura

Dalu road, dipping towards east.

Generally joints are scanty in the sedimentary for-
mation (eocene) of Garo hills. However, the clay bed of the
Tura sandstone stage exhibit more conspicuous joints in the
north eastern parts of the Nangal bibra.and in the western
and southern parts of the Tura town. They are either vertical
or horizontal in nature. Similarly, limestone beds display
the vertical and horizontal represented from the Siju lime-

stone bed.

PHYS TOGRAPHY

Physiographically, Garo hills is a part of Meghalaya
Plateau, represent a remnant oqgncient plateau of Pre-~Cambrian
peninsula shield, block uplkfted to its present height of
Nokrek 1515m, the highest spot in the district. The kernel
of the plateau the Archaean gneisses and schists are covered

over the districtl. The plateau standing as watecrshed between
1. G.S.I.Pub.,No.3, Part IV "Physiography" pp.72
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. the Surma valley on the south and the Brahmaputra valley

on the north, dissected by several rivers and a network

of their tributaries and lateral streams. The western

part of the Meghalaya, i.e., the study area is an exten-
sively dissected tract with an average elevation of 600m,
or less. The highest peak of the study area is the Nokrek
peak situated 15 kms north east of the Tura town. Among

the other several peaks, Moheskola, Adagiri range divides
the Khasi and Garo hills, seperately. The most important
physiographic features of Garo hills are the Tura range

and ﬁhe Simsang valley. Tura range runs almost through the
central part of the district, west to east extending from
Tura town to Siju,a distance of 50kms. The hills in the
north of Tura range including Arbella hills running paral-
lel to Tura range are low, gradually decreaségpin height
until they reach the later in the south’. Kailas hill, east
of the Simsang and the Balpakram on the border of the Khasi
hills. The rest of the district consists of a tumbled mass
of hills whose general éendencylis to run to the north and
south. The Kails hill which is called Chitmany by Garos
stands out an abrupt hog-back mass, which towers above most of
the hills in viéinity, it thus appeared to be higher than it
really is and it is probably on this account that it is re-

garded by the Garos as the "Home of the Spirit of the dead"3.

2. Singh,R.L. India. A Regional Geography,Meghalaya Mikir
Region p.690.

3. Pakinthain,E. District census Hand Book,Garo Hills, 1961
P.2, "Mountain System" .
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rills along the slope., lhe gully is covered

with thick wvegetational-cover along the side

of the stream, Fig.Neg (P.3)
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The new road construction is seen over the Samphalgre range
leading to the New tura stadium, this construction also

causes the minor erosional process. Fig, (P.4 )

™
o

Jhum cultivation over the low hill slopes at Edenbari

12 km, north of the tura town, Fig, (P.5 )
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Physiographically, Garo Hills can be divided

into following three regions:-

(1) The Northern Sub-Montane Region
(2) The Central Main Plateau Region

(3) The Southern Hill Slope Region.

The Northern Sub-Montane Region

This region forms a continuation of the central
plateau of the district till it merges with the plain of
Brahmaputra valley of Assam. Generally, the slope is steep
and abrupt in certain places, but it decreases gently
towards the plains of Assam Valley. The northern sub-

montane region is covered ®!ith thick vegetation.

The Central Plateau Region

The central plateau region is the highest part
situated between 900m-1500m above mean sea level. The cen-
tral plateau region forms the major parts of area. It is a
dividing line of catchment area or watershed for river and
streams traversing both to the north and south direction.
Numbers of streams originate from this central range of

plateau flowing towards the north and south direction.

The Southern Hill Slope Region

The southern hillslopes begins where the central

plateau ends at about 900m of elevation and stretches down-
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wards upto the Bangladesh plain. The slope gradually
decreases as it reaches the plain of Bangldesh. In some
places, slope is found very steep and rivers have formed

deep gorges with huge boulders on the river bed.

The study area has a distinct geomorphic tracts.
The geomorphic features are undulating hills and forms
small narrow valleys along the lower part of the plateaus,
it shows more or less diverse ;opographical features over
the area. The western and northern partsof the study area:
ii_charactérised wiﬁh valley plain land. One of the impor-
tant valley plain land is found at about 12km north ofthe
Tura town which is known as Command Area in Edenbari. This
plain land is highly utilized for the agricultural purposes
by providing flow irrigation scheme constructed on 1986-87.
Covering an area of 398 hectares, the command area irrigated
plain land have been shown inAthe photograph taken during

€%
the field work which is stretcgigg,along the foot hills.

River Basins

In the study area there are numerous river basins.
The Tura range lies in the central part of the study area,
most of the river originate>from the Tura range and the
drainage system of district is divided directly by the

central upland zone.
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The drainage basins of the district can be divided

into two distinct zone:

(i) The Northern river basins

(ii) The Southern river basins

The northern river basins zone can be denar;ated
into several river basins. Among them, the largest river
basin isthe Damring river and its tributaries and there
are six sub-basins, like Didram, Manda, Galwang, Ringgi,

Didak and Diti. The rest of the rivers have smaller basins.

On the other hand, the southern river basins,
Simsang is the largest out of the total 14 rivers. The
other larger criver basins are Ganol, Bugi, Dareng and Bandra.
Both to the north and south of central upland zone have
become the catchment area of several rivers found in the

study area.

There are some major rivers in the study area which
flows to the north and south direction from the Tura range.
The peincipal river is the Simsang (Someswari) which rises
in the northern part of Tura hill, and flow towards south
and falls into the Kangsa river in M%ﬁmensing district of
Bangladesh. Other important rivers flowing towards south

are Moheskali, Mahadeo, Dareng (Nitai) and Bugi(Bogai}.
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The north flowing important rivers are the Krishnai,
Dudhnai etc. and some of the north west flowing important
rivers are the Ringgi (Rongai) Ganol(Kalu}, Rongkai and

Jingiram.

The rivers found in the study area are mostly
perinial one. It characterises with less volume of water
duringthe winter season, but it flows in high volume of

water during rainy season.

Some of the important lakes found in the district

are:

(1) Dangga-Chi (Boro hill) Near Rajmahal hat which
is the biggest lake in Garo hills.

(2) Chimite (Katta bill) which is believed to have
been constructed by the Garo King named Lengta,
the lake lies near Nagorpara village nor very

far from Mohendraganj.
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GEOMORPHIC PROCESSES

The geomorphic processes are all those physical
and chemical changes which effect a modification of the
earth's surficial form. A geomorphic process may be epi-
genic or exogenetic and hypogenic, endogenetic in nature.
But the most common geomorphic processes are weathering,
mass wasting which are generally an exogenetic processes.
other geomorphic processes originate within the earth's
crust and ére designed as endogenetic, for the present
study area the exogenetic processes have been taken into

Y

consideration which are combined to physicaf and chemical

weathering and mass wasting.

Weathering

The disintegration or decomposition of rock is
generally referred toO as weathering. Normally, there are

two distinct kinds of weathering =-

(1) Mechanical or physical weathering

(ii) Chemical weathering

Though both the types of action commonly co-operate
in producing the mantle of rock waste. Each has its region
of optimum activity. In the present study area, it is
noticed that the chemical weathering is more active than

the mechanical weathering.



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

transformations (Simonson,l959)l.

The simplest kind of addition is hydration, which
is the chemical combination ofwater with a particular mine-
ral. As the study area experiences heavy réinfall in rainy
season, the impact of water on weathering is profound. Com=-
plete dissolution of minerals in water is observed in lime~
stone bearing series etc. Water enriched with free carbon
dioxide dissolves limestones and it relatively readily re-

deposits the dissolved carbonate of lime.

THE MAJOR FACTORS RESPONSIBLE FOR WEATHERING

-

IN THIS STUDY AREA ARE:-

1) Climate

2) Petrological and lithological characteristics
of rocks

3) Structure and

4) Vegetation

1. Simonson, R.W.(1959) Outline of a generalised theory of
Soil genesis. Soil.Sci.Soc.Am.Proc. 23:152=-170.
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The processes of weathering in the region are
greatly influenced by the type oOf réck, the climate and
reliéf. These factors play an important role in both in-
d;vidually and collectively. Among physical weathering,
rainfall plays most important role to play in the intén—
sity and the extent of weathering. The steep slope along
the ridges where the rocks are exposed are weakest part

where the effect of physical weathering are noticed.

Climate and Weathering

The climate factors especially temperature and
rainfall in study area are the vital physical factors which
keeps active weathering and erosional processes. The climate
is characterised by sub-tropical to semi-temperate type of
climate. The study area experiences with heavy rainy season

oYY ~¢
and short winter. Due to the heavy rainy season, the chemi-
e ——

cal weathering keeps active erosional work especially during

rainy days.

Temperature

The climatic date for the study area was available
for Tura recorded in Epe'Tura station, West Garo Hills,
Meghalaya. The mean monthly temperature recorded of study
areas is from 14.20°C minimum to 34.75°C maximumr/i;he

lowest temperature recorded in the month of January is



quite low, temperature gradually goes up till the month
of May. During the month of May, temperature goes upto
maximum as recorded 34.,75°C. Thereafter generally, from
the middle of May the rainy season begins and it brings
down the temperagure due to the heavy rainfall and tempe-
rature continue;to fall with the break of rain. The low

temperature is e@xperienced from the month of November to

January, the temperature recorded is very low.

Table No.l shows the monthly mean temperature
for the year of 1988-89. It can be noticed from the table

that the minimum temperature recorded is 10.38°C in the

+

month of‘January and the mean maximum temperature is

eI

highest in the month of June (34.75°C). The monthly tem-
perature of last 6 years of study area is given in table
No.2, the monthly mean temperature of 1988-89 are repre-

sented by a graph Fig.No.6.

In weathering process the effect of average annual
< .
temperature and monthly average temperature is quite sig-

nificant. The mechanical disintegration o7§ock are common

during high temperature. The alternate heating and cooling
/—".N——'\.

e

during day and night helps the mechanical disintegration of

rock easily. However, temperature alone does not control the

/

rate of weathering,and quite apart from thefnﬁppographic

factor, humidity and the supply of ground water and of
\\\»\
organic matter are of particular importance.
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Humiditi

It is the relative humidity at a place that
affects the amount and process of precipitation at that
place. It is the humidit{rzgg amount of water present in
atmosphere. It is also the humi@ity of climéte whose varia-
tion appear to exercise the greatest influence on the evo-
lution of relief.'The high amount of humidity determines
the mode of weathering and characteristics of rocksNaecom-
position, high humidity geﬁerally associated‘with the high
rainfall which also causeéthe decomposition of rocks by
chemical processed through the action of water infiltration
below the surface. In the area of humid climate like Tura
of West Garo Hills, the weathering processes are quite

active and it becomes continuous processes for erosion work,

which makes irrigularities of the landforms.

In the present study area, it is noticed that humi-
dity pPlays an important role to disintegrate the exposed
rock .surface by chemical processes. In many respects, it is
mainly due t5 the heavy raihféll in the area the principal
chemical re~agent, involve in weathering processes which
becomé mosﬁ c}iticél, especiaily wiﬁhiﬁ humid t£§pical
clima;é zone‘like West Garo Hills District. The diagramatic
representation of relative humidity. ofthe study area is shown
in the Fig.No.7 which showsthe high humidity almost throughout

the year. Table No.3 showsthe relative humidity in percentage

of Tura, West Garo Hills District, Meghalaya.
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Rainfall

The present study area is characterised with sub-
tropical to semi-temperate climate, the mount of rainfall
received is quite high during rainy season. In the study
area, the rainy season begins from the month ofMay and
continues to the month of August. During rainy season,
the area experience excessive rainfall. The abundant rain-
fall causes the flood especially to the extreme north and

south western part of study area.

According to the monthly rainfall data collected
from the Meghalaya additional Secretariat, Department of
Agriculture shows that the maximum rainfall is 1090 .84mm
occured in the month of July(1989). The data available
for monthly rainfall of Tura, West Garo Hills, Meghalaya

are given in the table No.4 for last 20 vears.

The study area experiences violent storms from
the north west swept over the hills in the month of April
and May, from the given table ofmonthly rainfall it is
noticed that the monthly rainfall has some variation
from year to year. The monthly rainfall of 1989 have
been presented digramatically, which shows higher rainfall

in the month of July.
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Physical or Mechanical Weathering

Mechanical weathering isthe breakdown of mate-
rial entirely by mechanical methods brought about by
various causes. Some oOf the forces originate within the
rocks, while some others act externally. The temperature
conditions mainly determine the type of mechanical wea-
thering. The effect of temperature causes the mechanical
disintegration of rocks. High degree of temperature helps
the surface of the earth gettting heated and during the
night subsequent fall in temperature cool down the surface,
alternating cooling and heating gives rise to mechanical
disintegration of rock easily. The repeated process of
heating and cooling of sandstone and shales, which are
poor conductors of heat, give rise to stress and strain in
the upper lavers of rock mass in the temperature, thus,
ultimately disintegrate the rock surface. Various processes
have been recognised as mechanical by Ollier(1964)2, Thorn~
bury(1971)3, and Sparks(l97l)4. Amongst these onlyfiéaking

caused by fire are noticed in the area under study .

Alternate wetting and drying of rocks is a very
important factor in weathering, a process known as slaking.

/
Cn the steep and gentle slope of study area the‘fértiary

2. Ollier,C.D.(1969),Weathering,Hongkong ,Longman .
3. Thornbury,W.D.(1971),0p.cit
4., Smrks,W.W.(1971),Rocks and Relief,London,Longman .
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sandstone and shale shows the type of mechanical wea-
thering, to the North and North-Western part of study area

are noticed this type of minor weathering.

Chemical Weathering

Chemical weathering is the result of interaction
of rocks of the superficial layers of the lithosphere
with chemically :attive constituents of the atmosphere,
and the biosphere. Chemical weathering is basically carried
by rain water and atmospheric gases. The chief chemical
weathering processes are hydration, hydrolosis, oxidation,

carbonation and solution(Thornbury 1971)5¢

The chemical weathering is at its maximum in the
rainy season due to the presence of sufficient rain water
and moderate temperature. On the contrary, the intensity
of chemical reaction reaches its minimum in the drv season

due to less ground water and cOmperatively high temperature.

The action of chemical weathering %E study area
caused by hydration and solution upon thefgédimentary rocks.
The water enters through cracks and joints which reaches to
a considerable depth. The process of hydration and solution
takes place with lime stone and other mineral constituents

of the sedimentary rocks. In the study area,there is an

exposed limestone series towards the samphalgre hills causes

5. Thornbury,Ww ,D.(1971),0p.cit
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the chemical action upon the surface during the rainy

season.

Biolodical Weathering

A critical role in the weathering process may be
played by both living organismsand by organic compounds
resulting from the decay of plant materials. The process
of biological weathering the root of the trees penetrate
through the crack and joints of the rocks and produces
the mechanical action over the rocks, it causes the gfrag-
mentation of rocks. The dead roots of plant become swollen

with rain water and widen the cracks.

This biological weathering of the study areas
is less significant. However, the effect of roots of the
trees in penetrating along the joints of the wé;ker rocks
cannot be ignored. This type of weathering is noticed

less in the study area except along the joints, and in

the steep slope and along the cliffs and river banks.

Mass Wasting

Weathering and mass wasting contribute to the
gradation of the earth's surface to a much greater degree
than is usually realized. These process alongwith sheet

wash, are important not only in the general lowering off
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the land but in the shaping of details of the topngaphy
of interstream areas. The process of weathering loosen,
decompose, and dissolve rock debris everywhere on the

land and the process Of mass wasting then moves this

debris to lower altitudes where streams, ice and wind
transport them away. Rock falls, landslides, soil slump,
creep, mudflows and slope wash are the example of mass
wasting. In the study of geomorphic processes mass wasting
is also an important process, which is a part of weathering

(R.K.Rai 1980)6 .

In the study area during field work, it has been
noticed that there are several landslides along the road
which is newly constructed in the samphalgre hill north
of Don Bosco the road which leads to stadium, the mass was-~
ting is also caused by the human interference in the area
for example, in the study area towards New Tura town. The
construction of new buildings causes dumping of waste
material which ultimately causes movement of loose mass.
Such materials begin to move down under the gravitational
force. Hence, it is more effective or steeper slopes, as

well as an slopes which are bare rock surfaces.

6. R.K,Rai, (1980) Geomorphology of the Sonar-Bearma
Basin, Concept Publishing Companv, New Delhi.
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The intensitv of mass wasting depends on such

factors like -

i) lithologv(unconsolidated or weak materials)
ii) stra%égraphy (thinly bedded rock and alter-
nating weak and strong or permicable and
impermeable beds) .
iii) structure (closely speed joints, faults and
foliation planes)
iv) topography (steep slope and vertical cl