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GEOMORPHIC STUDIES AROUND CHERRAPUNJI,

EAST KHASI HILLS, MEGHALAYA

Introduction

Geomorphology is the study of evolution of land-
forms. It 1s the science which is concerned with the study
of landforms at the surface of the earth. Geomorphology
plays a dominant role 1in developmental programmes and

resource management.

Geomorphology tells about the shape and size of
hills, mountains, the relief of an area, the degree of
slope, the characteriséics of soil, the subsurface geology
and the nature of raw material exposed in all available
sections. But the application of geomorphological princi-
ples could be increasing. The same parameters may be appli-
cable 1in the so0il science, economic geology, military
geology, engineering geology, mining geology, hydrology,
location for construction of dams, railways, highways,

industries, townships and channel network etc.

Geomorphology 1is a very dominating factor 1in the
human environment that 1its influence on the pattern of

land use at any place is immense. Thus land use in moun-



tains, ©plateaus and plains differ greatly. Similarly,
the underlying strata of geological formations, surface
configuration and climatic conditions control the geomor-
phic processes and their varied impacts upon the human

activities.

The slope characteristics, the relief of the areaza
the physico-chemical characteristics of so0il, the hydro-
geological conditions and the subsurface geology are some
of the parameters controlling the landform configuration
and denudational history of an area. The same parameters
determine suitability of a 1location for construction of
dams, railways, highways, industries, irrigation distribu-
tion, channel network etc. In a way geomorphology helps
in rationalising and integrating developmental schemes

with the land resource.

The main idea 1is to identify individual 1landform
or landform complexes as either favourable or unfavourable

to a particular type of economic activity.

There has been a phenomenal development 1in the
field of geomorphological studies in the 20th century.
Each geomorphic process have distinctive features and
develops characteristics assemblages of 1landforms. Thus
the importance of geomorphology in any developmental acti-

vity cannot just be over ruled.



The present study "Geomorphic Studies Around Cherra-
punji, East Khasi Hills, Meghalaya" has been taken up
to understand the geomorphological traits of the study

area.

Choice of the Area

The area selected for present study has certain
very 1interesting g=ological and physical features and
unique geomorphological characteristics. Besides that
it can be said that no intensive geomorphic study of this
region has so far Dbeen done. Another 1important aspect
is the world's wettest spot with about 11000 mm or 1100 cm
rainfall in a year, which results in the formation of

strong fluvial dominated landforms.

The area of study falls in the survey of 1India

0 0
toposheet No. 78TT TE-

25°15' to 25°22' N latitudes and 91°39' to 91°51' E longi-

and 78 The area of study lies between
ftudes around Cherrapunji. The study area includes the
Shella Bholaganj C.D. Block, Pynursla C.D. Block and Cher-

rapunji town.

Objective

The aim of the present study is,

(i) To study the geology of the study area in relation
to lithologv and structural characteristics of

rocks.



(i1) To investigate the spatial nature of weathering
variations on different rock types with an inventory
of so0il characteristics and its relationships with

rock types and climate.

(iii) To examine the nature of relief and slopes and

their association with structure, process and form.

(iv) To examine the type, evolution and characteristics

features of drainage systems.

(v) To study the type and characteristic of limestone

topography in the area.

(vi) Identification and classification of different
landforms and geomorphic domains in the area. To

study their characteristics and evolution.

Plan of Work

The work was carried out 1in three phases, viz.

1) Pre-field phase.
2) Field work phase.

3) Post field work.

To understand the geomorphology the following inter-

related aspects were studied.



1) Geology

2) Relief and Slope.

3) Weathering, soil and mass wasting.
4) Drainage and its evolution.

5) Analysis of limestone topography.

6) Landforms Analysis.

Geology

Physiographically it forms part of ‘£he peninsular
shield 1lying south of the northeastern Himalayas. It is
a horst farming plateau region block uplifted since Pre-
cambrian. The Kernel of the plateau comprises the oldest
rocks 1in the State i.e., the geneissic complex along with

Shillong group of rocks. The southern fringe of the massif

has Cretaceous-Tertiary sedimentary pile.

Physiographically the formation of Cherrapunji
plateau is 1linked with the structural evolution of the
Shillong plateau. Shillong plateau comprises of the oldest
rocks in the state, i.e, the Shillong group of rocks 1in
the eastern part. The western part 1is composed of Creta-
ceous-Tertiary sedimentary rocks. The area has quite exten-
sive deposits of 1limestone formations and also has many
interesting tectonic features including the famous Dawki

fault.



As a part of Shillong plateau this region consists
of the Pre-Cambrian rocks acutely folded and steeply dipp-
ing\\with an overturned fringe of Mesozoic and Tertiary
sediments. The geological chronology seems to have similar
sequence as that of the Chotnagpur plateau and the Rajmahal

Highlands.

Relief

The different geomorphological features 1in any
area have relief manifestation on different scales. The
relief is based on differences in elevation. The important
relief analysis includes altitudinal zones, absolute relief

and relative relief.

The altitudinal distribution reveals erosion sur-
faces occurring at different levels. Generally, the maximum
concentration of altitudinal zone lies towards southeastern

part in Wah Tymshun catchment area and 1its tributaries.

The 1lowest elevation (600 m) of absolute relief
lies 1in very small part of the study area. In general
the absolute relief decreases towards south. The height
group of above 1600 m occurs in patches towards the north-

western part of the area.

The lowest relative relief less than 100 m is con-



fined in the central west corner. The relative relief

gives more regional character of the physical landscape.

Slope

Slopes are the basic features of 1landscape. The
slope profile 1s not constant. It is subjected to altera-
tion by weathering, erosion and mass movement. Slope analy-

sis revealed nine categories of slope in the area.

The 1level to gentle slope less than 5° category
is confined mainly in the southern part of the study area.
The moderate slope (10° to 15°) 1is mainly found in the
south central part. Rest of the categories are distributed
throughout the area. Slope analysis reveals that no vegeta-
tion cover 1s found on steep slopes. The weathered rocks
are slipping and rolling along the slopes as a result

very few settlements are found in such area.

Weathering, Soil and Mass Wasting

These three phenomena occur in nature in a sequence.
Weathering 1s the disentegration and decomposition of
rocks and minerals at the earth surface as a result of
physical and chemical action. The physical landscape of
the study area is a cumulative function of the exogenetic
and endogenetic forces activé in the area. Lithology,
structure and climate play a very significant role in

shaping the landscape.



The limestone formation of the area shows a complete
dissolution of rocks in water. It 1s observed that the
cave deposits are mainly due to chemical processes. There
are some unique development of stalactites and stalagmites

as noticed inside the cave.

The soil formation has been described along 1i1ith
the type and properties of soils in succeeding sections.
The most important soil is red loamy soil, lateritic soil,
red and yellow soil and recent alluvium. Shifting cultiva-
tion in the hilly areas is generally hazardous and associa-
ted with continued slope degradation, consequent wupon
the low production, so0il erosion is a common feature in

the area.

Drainage Analysis

An understanding of both the drainage characteris-
tics and fluvial processes 1is very important to understand
the evolution of landscape in the area. The area by and

large form part of Wah Tymshun basin.

The drainage frequency and drainage density maps
have been prepared. It 1is seen that the northern half
of the area has relatively 1lower drainage frequency and
drainage density with comparison to the southern half.
Some underground channels in 1limestone formation are

clearly seen,



Limestone Topography

In the study area well developed caves and develop-
ing caves of 1limestone are ‘found. The area 1is full of
sedimentary, massive, crystalline rocks 1like sandstone,
limestone, clay and they are well bedded and well jointed.
In the study area the Lakadong limestone, Sylhet limestone,
Prang 1limestone, and Therria 1limestone are found here.
The lower part of the limestone beds contains good quality
"of limestone which is suitable for cement manufacturing.
Small rounded limestone hills of the Eocene period are
found scattered in the region. Limestone cave, Karst topo-
graphy Caverns and cone -are the common feature 1in this

region.

Landforms
Landform is the expression of the geological charac-
ter and the surface geometry of the earth's crust. Geomor-

phologically the area is divided into two domains.

1. Plateau or table land.

2. Hill
Each domain is characterized by distinct landforms.

The plateau depicts the following landforms.

1. Gently sloping plateau.
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2. Plateau Relicts.

3. Cuesta.

The hill depicts the following landforms.

1. Moderately Sloping Hill.
2. Steeply Sloping Hiil.

3. Scarp.

Recent terraces are confined by and large along
the southern part of the study area, and along the valley
of Wah Tymshun river. The terraces are mostly of sandstone

and limestone.

Conclusion
From the present study, the following conclusions

can be drawn.

1) Geological information indicate the Shillong group
of rocks are highly dissected and slopy but the sedimentary

rocks have less undulation and thin layer of soil.

2) The relief (absolute and as well as relative) rises
south to north. The relative relief gives more regional

character of the physical landscape.

Nine slope categories varying between below 5° to

above 30° have been identified 1in the area. A general
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pattern of slope rise with rise 1in absolute relief 1is
observed. The weathered rocks are slipping and rolling
along the slopes as a result very few settlements are

found in such ares.

3) Weathering 1is the disentegration and decomposition
of rocks and minerals at the earth surface as a result
of physical and chemical action. VLithology, structure
and climate play a very significant role in shaping the

landscape.

4) The drainage characteristics and fluvial processes
is very important to understand the evolution of landscape
in the area. Some underground channels in limestone forma-

tion are clearly seen.

5) The limestone formation of the area shows a complete
dissolution of rocks in water. It 1is observed that the
cave deposits are mainly due to chemical processes. There
are some unique development of stalactites and stalagmites

as noticed inside the cave.

6) The area has two distinct geomorphic domains (Pla-
teau or table land and Hill domain), each having its charac-

teristics landforms.
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Underground channels are developing Dbecause of
less soil cover and.weak planes joints and bedding planes

in the limestone rocks.
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INTRODUCTION

Geomorphology 1is the study of origin and evolution
of topographic features by physical and chemical processes
operating at or near the earth's surface. The study of geo-
morphology has been described as the 'Earth shape science'
(Brown 1970). The study of geomorphology 1is based on the
principle that all landforms can be related to a particular
geomorphic brocess or set of processes and that all landforms
thus developed may evolve with time through a sequence of

~form dependent in part on the relative time, a particular
process has been ope;ating underlying all geological and
geomorphical principles in the concept:of uniformitarianism,
which states that the natural, physical and chemical proces-
ses which'opengpe today have operated in the past and will
continue to do gé.in the future. Study of present phenomena
which "can be observed in operation allows exploration into
the past to infeqﬁ_gné__origin of landforms which are the

effects of past processes.

kfhe«~first; aspect geomorphology is derived from the
Greek word 'geo' meaning 'earth', 'morpho' meaning 'form',

and ‘'logas' meaning 'sc¢ience', the science of landforms.



The second aspect is surficial geology, the study of the
rocks -Snd mainly wunconsolidated materials that 1lie at or
near the land surfaijy/fhese unconsolidated materials over-
lying bedrock are surficial deposits or surficial sediments.
They are the materials in which soils form, on which crops
grow on and in which life exists and which man made struc-
tures are built ftogether the landscapes surface rocks and
surficial deposits comprise a major part of the scenery
that is pleasing to the eye and is enjoyed places set aside

for recreation.

Recent works emphasise the definition of F. Hijulstram,’

that geomorphology is the science of land forms and land

forming processes. In a sense g‘laﬁdscape cannot be under-

CTe St

stood until the entire gééiagié“lﬁiéléﬁy 'of the rocks is
known. The céncept was first succinctly stated in 1875 by
James Hutton} who thought that the pfesent bhenomena which
can be observed in operation allows exﬁrapolation into the
past to infer the origin of landforms which are the effects
of past processes. Building upon the work of his predecessors
William Morrisaa Davis in 1909 synthesized many earlier
geomorphic idggs and‘molded them into a unified system for
the study of l;;d?3?H§PNHe recognized that the origin and
evolution of topography was dependent on geologic structure,

geomorphic process and stage of development. This concept

-



provides the framework™ for interpretive geomorphology and

thus its understanding is imperative to the geomorphologj.

Geomorphology tells about the shapes and size of
hills and mountains the morphometric analysis the degree

of SIGpéS,-the drainage pattern and the nature of raw mate-

rial exposed in all avaiiabie sections. But the term geomor-
phology is not 1limited to this context only. Application
of geomorphological principles could be increasing. In the
field of soil geology, military geology, social sciences,
economic geology, engineering geology, mining geology, hydro-
logy ecology and agriculture could be mentioned, which could
EF-E?ll served and strengthened by the application of geomor-

phological knowledge.

Geomorphology is a very dominating factor in the
human environment that its influence on the pattern of land
use at any place is immense. Thus land use in mountains,
platéaus and plains differ greatly. Similarly, the underlyiné
strata of geological formations, surface configuration and
climatic conditions control the geomorphic processes and

their varied impacts upon the human activities.

Rl TN

How far fég&dﬁéfzdesqgggpion, historical reconstruc-
tion and the details of the chemical and physical response

of rocks to water and air be unified into the science of



geomorphology. There has been a phenomenal development in.
the field of geomorphological studies in the 20th Century.
Since 1960 a phase of intensification and concentration
has emerged during which attempts have been made to place
the study of geomorphology in the correct perspective. Each
geomorphic process imparts to the landscape distinctive
features and develops characteristics assemblages of 1land
forms. Since landforms bear the stamp of the process that
developed them, it becomes possible not only to describe
landforms but also to infer their origin. Interpretation
of the origin and evolution of 1landforms 1is the principal
objective in geomorphology. The growth of the geomorphology
in India 1is rather recent. Among the geographers and geolo-
gists are D.N. Wadia, Krishnan, J.A. Dunn, W.D. West, S.P.
Chatterjee, S.C. Bose, R.P. Singh and S.C. Chatterjee. Appli-
cation of morphometric analysis in classification of 1land-
(forms into various order has been done by R.L. Singh (1976).
Recent researchs in regional geomorphology incorporate the

study of the processes modifying the landscape.

4

In India geomorphological works have been done by

the National Atlas Thematic mapping organisation and 0il

and\NEtun@;“gggﬁgomgi§§iqn“and Geological Survey of India.
During the past period many papers have been submitted by

them in a number of seminars. A number of studies on regional



geomorphology of India have 'also been done by some geomorpho-
logists and geologists. A number of regional geomorphological
studies such as some parts oﬁiAndhra Pradesh (R. Vaidyanathan,
-1964), " Chotnagpur Plateau (R.P. Singh, .1960), Rajasthan
‘region (B. Ghosh and S. Singh, 1969) and Sonar Bearma basin

of Madhya Pradesh (R.K. Rai, 1980).

Now-a-~days Aerial photographs and Satellite imagery
is becoming more and mbre popular in geomorphology. These
‘are helped in the mapping of drainage, geology stream beds.

More aerial photographs are used for soil erosion, gully

and sheet erosion etc.

Choice of the Area

The area selected for present study has certéin veryu
interesting geological and physical features and possesses
unique geomorphological characteristies. Besides that it
can be said that no intensive geomorphic study of this region
has so far been done. Again this region is the world's
wettest spot with about 11,000 mm or 1100 cm rainfall in
the year, which results in the formation of strong fluvial

dominated landforms. Thus keeping in mind the above characte-

~
———— e mm e -

ristics of the-areé‘Cherrapunji has been selected for the

present study.

Area of Study

The State of Meghalaya is comprised of the Garo,
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Khasi and Jaintia Hills Districts whiéh came into existence

as a separate state in January 1972. The area of study falls
0

_ 15 °
Study area lies between 25°15' to 25°22' N latitudes and

in ‘the Survey of India toposheet No. 78%7 and 78 The
91°39' to 91°51' E 1longitudes around Cherrapunji (Fig. 1).
The total—area of- the study region is about 260 square kilo-
metres. To the North of the study area lies Shillong Plateau
and further South is Bangladesh plain. The diverse geology
and geomorphic characteristics that 1is the' occurrence of
the extensive undulating high plateau with numerous hills
to the North moderately  high gently dipping table land in

the Central part and lowlying dissected terrain in the South

.pregéﬁf*a'éémplex variety of landforms. The climate of the

region also varies from Sub-Tropical to temperate type with'
highest rainfall in the world accounting more than 11,000 mm
annually. Thus the fluvial geomorphic processes are domina-

ting in shaping the landforms.

_Physiography
The*Cherpgpunji plateau is a dissected terrain along

-theuspgthern part of the Shillong Plateau. The plateau like

character of the terrain is well developed within Cherrapunji

town and to its North with an elevation between 1200 m to
1530 m whereas the gorges on the East and West sides go

down about 450 m. Towards the South of Cherrapunji the plateau



abruptly ends on a scarp face of thick cretaceous sandstones
and then slope abruptly like a wall to the plains of Surma

Valley along its Southern margin.

The Umstew, Umsohra, Wahrew, Umiew or Umlam or Bagra
find their way down this wall originating over the plateau
surface and given rise to waterfalls along the south of
Cherrapunji. Towards the souta the terrrain covering the
Shella and Bholaganj shows a karst 1limestone topography
with numerous sink holes over the thick limestone deposits

covering the area.

Flora and Fauna

Over the plateau portion the flat topped hills area
covered by coarse grass;and pine groves whereas the gorges
ravines support almost impenetrable Jjungles. Flora and fauna
play an important role in this study area. The higher eleva-
tion over the plateau are clad and pine groves. Dense forest
of m%xed trees cover the area along the southern part of
the terrain in which orange betel nut, jack fruit, pine
apple, and varieties of fruits are the main agricultural
products the hill slopes around Cherrapunji. Regarding fauna

this part -of-_the

terrain along the southern part of the
TR - - N

=~
S e—

plateau 1is probably the 1least animal infested area except
for a few variables of snakes, birds, wild cat, panther

and rarely deer. This area is however well known for a variety



of rare orchids and rare species of butter flies attracting

visitors from outside.

Climate

The area experiences tropical monsoon climate. The
plateau bears the burnt of the monsoon which begins from
February to September. The moisture bearing winds obstructed
first by this scarp face of the plateau, precipitate moisture
over Cherrapunji areas with annual rainfall exceeding 1100 cm
one of the rainest places of the world. The Cherrapunji
area experiences cold temperate climate with foggy winter
months while the southern part of the terrain along the
Bangladesh border experiences hot summer and cool winter
months similar to that of adjacent plains. The average monthly
rainfall at Cherrapunji for 1last 12 years (1977-1988) is
given in Table 1. Figure 2 reveals that for the period of
last 12 years, the average annual rainfall in the area is
11,132.5 mm with highest rainfall of 16,673.5 mm in 198M‘
and minimum rainfall of 6,688.9 mm in 1979. The rainfall
fluctuation “and -~ total annual rainfall from 1977 to 1988
is given in Figure 2. It is seen th;t the months of April
to September have contributed maiimum rainfall. During the
lagt 127=years~the month of\January has contributed minimum

rainfall of 1.4 mm and the month of July contributed the

maximum rainfall of 5398.70 mm.
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The mean monthly minimum and maximum temperature
at Cherrapunji for the last 9 years (1980 to 1988) is given
in Table 2. The average minimum and maximum temperature
for the period is 14.1°C and 20.7°C in August. However for
this nine year period January 1985 had the minimum mean
temperature of 6.5°C and May 1982 had the maximum mean tempe-

rature of 24.1°C.

People and Occupation

The area of the study comprises parts of Pynursla
C-D Block, Shella Bholaganj C-D Block-and Cherrapunji town.
Religion wise the people are represented by Christians,
Hindus Khasis etc. Language-wise the people can be differen-
tiated as Khasi, Garo, Bengali, Nepali, Assamese and Hindi
speaking. It 1is revealed from the Table 3 that the highest
density of population 782 in Cherrapunji town against the
state average of 60 and District average of 98. The decadal

change in population is lowest in Shella-Bholaganj C-D Block.

Significantly the Shella-Bholaganj C-D Block together
with Cherrapunji town represents with higher S.C. population
ratio and lower S.T. population ratio. This is mainly due

to large seggregations of 'other™ denominations in the area.

The total population of the study area is 36,487,

that is 2.74% of the total population of Meghalaya (1981).
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The rural population is 30,383 (83.27%) and urban population
is 6,104 (16.73%).

The working population is also lower 1in comparison
to State and District averages. The rural working population
is by and large engaged in Jhuming or shifting cultivation

activities.

Previous Work

Very 1little work has been done on geomorphic study
of this region. Siba Prasad Chatterjee (1941) for the first
time work on the 'Meghalaya Plateau'. The name Meghalaya
has come into existence from this 'Megha' means 'cloud'
and 'alaya' means 'abode', i.e. abode of <c¢louds. Oldham
(1958) was first to visit Khasi Hills to document the geology
of this par; of the region. Subsequently, Medlicot (1869),
Palmer (1923), Evans (1932), Das Gupta (1934), Khedkar (1936)
Ghosh (1952), Gogoi (1975), Mazumdar (1976, 1986) have unra-
velled the geological history of Khasi Hills. Mazumdar (1986)
has however given a very generalized regional physiography

of Meghalaya.

Work Procedure

The present study comprises the following three com-

ponent activities.

(a) Pre-field phase
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(b) Field work phase

(c) Post field phase

(a) Pre-field Work

This stage has included the collection of data and
study of all relevant literatures. The basic objective during
this stage was collection of secondary data (Geological,
Meteorological etc.) geological maps, toposheets, aerial
photographs and synthesis of data. The data were extracted
’fkdﬁ“iQS0,000 Survey of India toposheets No. 78%7 and 78%3
used for relief, slope and drainage maps. During this stage
of work, general landform units were identified in the area

with the help of aerial photographs and satellite imageries.

kb) Field Work Phase

During this stage micro-relief features and landslide
zones were also identified and documented. All the sample
sites were visited and on reaching a sample site identifica-
tion of the landfacets were made on the basis of sufficiently
uniform in»:fqrmj relief and materials. Having identified

e~

the facets at different éample sites, information concerning

weathering, soil characteristics, Karst features, slope
characteristics etc. ‘?ield photographs were also taken to:
explain the significant- aspects of geology, landform soil

and vegetation.
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(¢) Post Field ﬁhase

In this stage all collected data were classified,

procéssed and tabulated wherever necessary. The final maps

were

prepared depicting distribution of geological wunits

and geomorphic characteristics. Finally, the data was synthe-

sized for interpretation and presentation of results.

~Objective

below:

i)

The main objective of the present study 1s given

To study the geomorphic characteristics in relation
to geology, characteristics of rocks and the geomor-
pHic--processes working in the area.

To examine the nature and processes of relief, slope
and 1its relations with geomorphological features.
To have weathering characterisation in the area.

To study the evolution and drainage analysis.

?o assess the impact of 1limestone topography and
ché?écterisﬁics on the study area.

Identification and classification of different land-

forms in the area. To study their characteristics

and evaluation.

Plan of Work

Identification of different landforms the area of

study has been divided into seven chapters. The first chapter
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defines the nature of work, location of the area, its physio-

graphic characteristics in relation to the Meghalaya plateau.

~

In the second chapter detailed account of geology
has been described. The evolutionary story of its geological
landscapes and characteristics of rocks of the Meghalaya
plateau is discussed subsecuently the geology of the study

area is described.

Chapter three deals with relief and slope analysis.
The average slope categories and distribution of slope of
the area 1s discussed. Kltitudinal zone, Absolute relief
and Relative relief of the area 1is described in relation

to geology of the area.

~——

In the chapter four weathering and soil characteris-
tics are discussed. The lithogroup wise weathering and soil

characteristics are described.

Chapter five deals with the evolution and characte-
ristic features of drainage systems. It describes the drain-
age pattern, drainage _frequency and drainage density. It

describes the drainage analysis and enumerate the important

morphometric parameters in relation to geology of the area.

The chapter six deals with the analysis of limestone

topography. The characteristics and types of limestone are
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discussed. Important features of limestone are describ-

ed.

The 1last chapter, 1.e. chapter seven deals with
Tgeomorphic ~characters of the area. The evolution of diffe-

rent landforms is described in this chapter.

In the 1last the general summary and conclusion

of the study is presented in a meaningful way.
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CHAPTER II

GEOLOGICAL SETTING




GEOLOGICAL SETTING
Introduction
The state of Meghalaya comprising Garo, Khasi and
Jaintia Hills Districts, which previously formed a part
of Assam came into existence on 19th June 1972. Jo the north

of the study area lies Shillong and further south is Bangla-

desh plain. The diverse geology and geomorphic characteris-

tics of the Shillong Plateau with numerous hills to the
north, moderately high gently dipping table 1land 1in the
central part and the low lying dissected terrain in south

present a complex variety of landform.

The formation of Cherrapunji Plateau is linked with
the structural evolution of the Shillong Plateau. A further
resemblance is seen in the marine transgressiong which affec-
ted the southern part of the Plateau in Cretaceous-Tertiary
periods. Similar deposits are also found along the peninsu-
lar area. Considering the geology of the Shillong Plateau

we can derive the geological units of the study area.

The earliest geological reference on this region
was first made by T. Oldham (1859). The systematic geologi-
cal mapping of the region was subsequently carried out in

detail by H.B. Medlicott (1869), Godwin Austin (1869), La
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Touche (1869). Their account helped considerably in conti-
nuation of systematic mapping of the region by later workers.
They are R.W. Palner (1923), C.S. Fox (1936-38), V.R. Khed-
kar (1938-39), P.N. Mukharji (1938-39). Their work helped
in the classification of stratigraphic units of different

rocks of the region.

In Meghalaya, the Archaean and Pre Cambrian rocks
of the Plateau have been mapped systematically by K. Gogoi
(1961-62, 62-63, 65, 67-68 and 72-73), M.M. Munshi (1964-
65), M.K. Das and B. Dayal (1964-65), S.K. Mazumdar (1965-
66, 66-67). Their work is based on rocks and the relation-
ship of the major rock groups and brought interesting struc-

tural features.

Regional Geology of Meghalaya

Geologically, Meghalaya represents remnant of an
_Egpient plateau of Pre-Cambrian Indian Peninsular shield
block ‘ﬁélifted to 1ts present position. Geographically,
the state covers an area of 22,429 sz. Physiographically,
it is part of peninsular shield 1lying south of the North
Eastern segment of the Himalaya. It forms a prominent geo-
morphic unit stretching across the Garo, Khasi and Jaintia
Hills in E-W direction. The generalized stratigraphic suc-

cession 1is given in Table 4 and Figure 3. The different

stratigraphic groups are described as:



Table U4: Stratigraphic Sequence of the Rocks formed in
Meghalaya
Geologiéal Group Name Formation Rock types
Age Name
Recent Newer Alluvium Unclassified Sand, Clay
(Thickness not silt and
known clays
-------------------------------- Unconformity---—-—-cceeeue---
Pleistocene Older Alluvium Unclassified Sand, clay,
(Thickness not pebble,gravel
known) and boulder
deposits
-------------------------------- Unconformity--=-=--=--c-——----
Mio-Pliocene Dupitila Unclassified Mittled clays
group feldsphathic
(1050 m) sandstone
and conglo-
merate
[Ty gy gy Unconformity---—-=c-ceeeu-—-
Oligo Miocene Garo Group Chengapara Sand, silt,
formation clay, marl.
(700 m)
Baghmara Feldspathic
formation sandstone,
(530 cm) pebble, cong-
lomerate,
clay.
Kopili Silt, clay
formation sandstone
(500 m)
Eocene Jaintia Group Simsang Silt stone,
T formation sandstone,
(1150 m) alternations
sand
" Shella Alternation
Formation of sandstone
(600 m) limestone.



Table 4 (Contd.)

Geological Group Name Formation Rock types
_-A-ge Name ~
Langpar Calcereous,
formation Shale sandstone,
(100 m) limestone.
Upper Khasi group Mahadek Arkose (glauco
Cretaceous formation nitic)
(150 m)
Bottom Conglomerate
Conglomerate arkose
(25 m)
Jadukata Sandstone
formation conglomerate
(140 m) alternations.
---------------------------- Unconformity —--=-----eccmammeo
‘Jurrassic- . Sylhet Trap Basalt, Alkali
(600 m) Basalt, Rhyolite
Acid tuff.
---------------------------- Unconformity--—e-——--—cmcmemeaa—
Pre-Cambrian Intrusive Edpidorite,

Archaean

Acid and Basic)

Shillong group

Unconformity---

Gneissic
Complex

dolerite basalt.

Quartzite, Phyl-
lite conglomerate.

Biotite, gneiss,
biotite-hornblen-
de, gneiss gra-

nite, gneiss
migmatite, mica
schist, Biotite

granulite amphi-
bolite, pyroxene
granulite.

Source: Geology and mineral resources of the states of India,

Part IV, Miscellaneous

197U' y PP. 69—79 .

Publications, No.30, GSI,
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Archaean Gneissic Complex
+ Archaean gneissic complex 1s exposed 1in central and
~northern part of the Meghalaya Plateau} The rocks are believed

to be the northeastern extension of the Indian Peninsular

block, separated from it by the Garo Rajmahal fault.

The rocks are composed ;redominantly of para and ortho
gneissic magnetites and sedimentary types. They comprise
mainly bio-tite gneiss, bio-tite granulite, amphibolite etc.
Possible presence of an unconformity is recently postulated
between the two groups of rocks. At some places the rocks

are feldspathic gneisses and garnatiferous, mica schists.

Shillong Group
The Shillong group of rocks comprising quartzite usual-
ly friable with subordinate phyllite quartz schist conglome-

rate etc. are exposed in the central and eastern parts of

Tt e———

the Méghalaya PlateaquRocks of this group generally strike
in a N-E, S-W direction. The rocks are intruded by acidic
sills and dykes. /The basic and wultrabasic intrusives are
represented by epidiorite, diorite, amphibolite, pyroxenite
etc. The granite intrusive along the axial region of the

Shillong“'group_\qﬁ‘frqgkgﬂ around Mylliem is termed Mylliem

Granite. Several other granite such as south Khasi batholith,
Pluton etc. are intrusive into the gneissic complex in diffe-

rent part of the plateau.
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Sylhet Trap
The Sylhet Trap is of the nature of plateau (flood).
Basalts exposed in a narrow E-W strip, 80 Kms 1long and MU

Km wide along the southern border of the Shillong Plateau.

_The Sylhet. Trap comprises predominantly basalts and

——— e

alkali basalts and are 5 - 7 m in average thickness. The
acid volcanoes occur as incrusions within the basalts and
the close association of ryholites with the nature of the

acid tuffs grading into ryholites shows that the ryholite

——
—

are really occurring as dyke. The southern part of Shillong

plateau is geologically quite interesting because of the

Sylhet Trap and the overlying well developed thick succession

of shelf sediment from Cretaceous to Eocene period.

As a part of Shillong Plateau this region consists
of the Pre-Cambrian rocks acutely folded and steeply dipping
with an overturned fringe of Mesozoic and Tertiary sediments.
The Shillong Plateau 1is thus regarded as the north eastern
tip of the Indian Peninsula. The geological chronology seems

to have similar sequence as that of Chota Nagpur Plateau

and Rajmahal ‘Hills. - -

Cretaceous-Tertiary Sediments (Sédimentary Rocks)
The Cretaceous-Tertiary sediments occupying the south-

east and south-west part of the Meghalaya. The sediments
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are generally sandstone, 'shale, limestone and mudstone etc.
The sediments are divided into two groups: (1) Khasi Group,

(2) Jaintia Group.

Khasi Group
ﬁdhadék-Formatioﬁ

This formation consists of alternations of conglomerate
and sandstone. These rocks overlie non-conformable the Sylhet
Trap and their distribution is limited to the north of the
Raibah fault which formed the shore line during their.deposi-
tdonT—This 1s designated as the bottom conglomerate formation.
The maximum exposed thickness of the Jadukata, bottom conglo-
merate and Mahadek formations are 140 m - 25 m and 150 m

respectively.

Jaintia Group
(i) Langpar Formation - The Langpar formation of the
Jaintia Group overlies the Mahadek formation. The rocks con-

sist of calcereous shale, sandy limestone and sandstone.

(ii) The Shella Foérmation - The Shella formation con-

sists of .three sandstone and 1limestone members beginning

-~ .

with a sandstone over the Ladéﬁgr"formation. The Upper Sylhet
limestone "member has been traced north-east wards through

Jaintia Hills into the North Cachar and Mikir Hills.
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Garo Group

(i) The Chengapara Formation - This formation overlying
the Baghmara formation cbnsists of poorly cemented, fine
grained, micaceous sand, brown sandstone and clays with a
few thin bends at 1its base. It reappears in the extreme south-

west near Balat, an erosional unconformity can be seen.

Recent Alluvium

—~--- = Recent alluvium overlies the Tertiary rocks along
the southern and western borders of Garo Hills in isolated
areas and along the southern fringe of Khasi Hills. Such pat-
ches are also found along the northern fringe of Garo Hills.
This deposit consists of beds of pebbles with coarse loose

- sand and brownish clay. The pebble beds at places occur in
irregular repetition. These rocks usually form exceptionally

flat topped low hillocks and mounds with red soil cover.

In the Garo Hills along the western border, older
alluvium 1is found at various 1levels, invariably along the
abundant river coarses represgnting a kind of river terraces.
Along ~-the-.southern border of Khasi Hills the older Alluvium
mainly consists of‘assopggd boulder deposits. Recent alluvium
is found in the river valleys\oﬁ the northern foothill region

of Garo and Khasi Hills.

The recent alluvium consists of fine silty and light

to dark-greyish clay.
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Local Geology of the Area

The area forms part of the Shillong plateau, by and
large exposing the Shillong Group of rocks (Figure 4). The
stratigraphic sequence of rocks formed 1is given 1in Table

5.

Shillong Group
Tne rocks of the Shillong group are covering a large
part of the eastern portion of the study area. The rocks
of the Shillong group are the oldest formation exposed in
the Umstew gorge. The rocks are mainly composed of metamor-
phosed sediments and include quartzite frequently micaceous
and auto clastic conglomerate. The Umstew gorge above the
»‘n»»Nongpn;apg “village exposes about 16 m of the formations.
The auto clasfic' conglomerate composed of large angular to
sub angular blocks of quartzites cemented by silicious mate-
rial. The Pre-Cambrian rocks in the gorge to the east of
Cherrapunji area overlain by the rock§ of the Cretaceous
age., But to the south Cretaceous rocks are overlain by the

Sylhet Trap which did not extend further eastwards.

The rocks are intruded by altramafic and acidic dykes.
The granite intrusive of -the Shillong group of rocks around
Mylliem village is termed Mylliem granite. Thus Mylliem gra-

nite name was given by first H.B. Medlicott.



Table 5: Stratigraphic sequence of rocks formed in the area
Geological Group Name Formation Rock types
Age Name
Recent New Alluvium Unclassified Sand, silt and
(Thickness not clay
known)
---------------------------- Unconformity-=-cecememmcmer e~
Oligo-Miocene Garo Group Chengapara Sand, silt stone
formation clay.
(700 m)
Kopili Forma- Shella sandstone
tion (500 m).
Upper Eocene Jaintia Group Shella forma- Alternating sand-
tion (600 m) stone, limestone.
Langpar forma- Calcereous shale
tion (100 m) sandstone, lime-
—— stone.
Lower Eocene Sylhet forma- Siliceous grey

tion (100 m)

coloured limestone
with sandstone.

Upper Khasi Group
Cretaceous

Jurassic Sylhet Trap
Precambrian.

Mahadek forma-
tion (150 m)

Unconformity---

Shillong Group

Bedded fine grained
buff coloured sand-
stone sandy and
earthly limestone,
clayey sandstony,
clay.

Basalt c¢lay ryho-
lite acid tuff.

Hard Quartzite
phyllite, conglo-
merate and auto
clastic conglome-
rates exposed at
the bottom of the

gorges.
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Sylhet Trap

Along the south-western margin of the study area occurs
the Trap rocks exposed in a S-W strip knpwn as Sylhet Trap.
It is a fine grained hard massive basaltic lava occasionally
exhibiting porphyritic texture. Generally the ¢trap has a
vescicular néture towards' the top becoming massive towards
the bottom the base being uhekposed. The rock gradually thins
-out towards the north and do not extend beyond Mawsmai falls.
The traps form prominent cliffs facing the plains of Bangla-

desh.

Near the Sonali falls 12 Kms south of Cherrapunji
the upper part of the basalt 1is well exposed and nuﬁérous
vescicles observed along the road section. Vescicular filling
of a different type was observed near Sohbar where green
Jaspar fills the vescicular flattered bedding. Near the road
section the trap shows all stages of weathering exhibiting
different colours like violet reddish etc. There is occur-
rences of copper in the Trap in Pyngad area. Boulders of

laterite were found arohng Pyngad.

The Sylhet Traps comprise predominantly basalts, alkali

basalts, bhyolitgp and acid tuffs. To the west in the Nonglyng-
kien Traps are in contaot\‘with the gneisses this trap is
supposed to correspond with the Rajmahal trap which continuous

below the Bengal alluvium and hence the trap is supposed

to be of Jurassic age.
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Cretaceous-Tertiary Sediments (Sedimentary Rock)

The Cretaceous-Tertiary sediments occupying the southern
part of the study area are thick and extensive and are consi-
dered to be ph&sical continuously with the Cretaceous Ter-
tiary sediments of the Bengal basin. The sediments are affec-
ted mostly by basement controlled faults. The sediments are
mainly sandstone, mud stone and 1limestone. The sediments

are mainly divided into two types: Fig. (p. 1).

(a) Khasi Group

(b) Jaintia Group

The Khasi group 1is distinct erroneous facies consisting
~of the oldest Jadukata formation followed by the predominantly
conglomerate. Mahadek formation which is the later formation

occur only in the southern margin of the area.

Khasi Group

(i) Mahadek Formation - This formation consists of
alternation of conglomerate and sandstone. These rocks overlie
on Mghe Sylhet trap and its distribution is 1limited to the
nortﬂ.n%gé-maximum<e§posed thickness of the Jadukata, bottom

conglomerate and Mahade;—formation are 140 m, 25 m and 150 m

respectively.

The chief rock of a coarse to gritty feldspathic 1is

very prominent in some section with green glauconite bearing
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bonds including fragment of decomposed felspar and quartz.
The sandstone weathered to dirty brown, strong violent, grey
and bluish colour observed mainly along the cliff. The Mahadek
Formation contains of fossiliferous sandstone bond, and 1s
well exposed in the road section down the Umstew gorge near
-kﬁbﬁgﬁriaﬂg~ village. The stage also includes their beds of
clay as observed in the Umsohra river section south-west
of Laitryngew. The deposition of Jadukata formation and pro-
gressive migration of the shore line towards the north is

followed by the deposition of a thick horizon of conglomerate.

Jaintia Group

(i) Langpar Formation - The Langpar formationlof the
Jaintia  group overlies the Mahadek formation. These rocks
are seen on the north-east portion of the study area. The

rocks consists of calcareous shale, sandy limestone and fine

sandstone. The deposition of these sediments marks the begin-

RN

niné of "a tableshelf condition which was firmly established

later with the deposition of Shella formation.

(ii) Shella Formation - The Shella formation consists
of sandstone and 1limestone 1lying over Langpar formation.

These hawve ~been designated successively the Lower (Therria

T e ——

sandstone/Lakadong limestone/Umlatdeh limestone) Upper (Narpur
sandstone/Prang limestone and Sylhet sandstone/limestone
member has been traced north-east wards through Jaintia Hills

into the North Cachar and Mikir Hills.
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Garo Group

(i) Kopili Formation - The Kopili formation overlies
the Shella formation and is about 500 m in thickness. The
rocks are alternations of the sandstone and shale with rare

thin fossiliferous bands of limestone.

(ii) Chengapara Formation - This formation overlying
the Baghmara formation, consists of poorly cemented, fine
grained, blue to brown silt stone and clays with base. It
reappears in the extreme south-west near Balat, an erosional

unconformity can be seen.

Recent Alluvium

~——

Recent alluvium 1is found along the southern fringes
\,—;—____,—\' - T e - -

of the study area along the Bangladesh plain. The deposits
consist of beds of assorted pebbles with coarse 1loose sand
and browish clay. These rocks usually forces exceptionally
flat topped low hillocks and mounds with red soil cover.
Along the southern border of Khasi Hills the recent alluvium
mainly consists of assorted boulder deposits. The alluvium

consists of fine silty sand and light to dark greyish clay

with more pockets and layers of course sand. The apparent
e T T TR T

—

accordance of summit level in the south is produced by verti-
cal dissolution of the once continues structural sediments.
There is a marked contrast in landforms of the areas formed

by the Pre-Cambrian metamorphics in the east and Tertiary

LY
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sedimentaries 1in the south. So structure 1is the dominant

factor in the evolution of landform in the area.

Tectonic and Structural Characteristics of Rocks

The Shillong-Cherrapunji area of the Meghalaya shows
definite relationship between the structure and topography.
The northern part of the study area 1is covered by the rocks
of the Shillong series which includes quartzites with slates,
schist aﬁd conglomerate. The southern portion is formed by
Tertiary sediments including sandstone, limestone and shale.
some of the rivers follow the structural weak zones and the
landform in general show definite relationship with the struc-

ture. The Pre-Cambrian mass experienced peneplanation till

— e

Jurassic~timés resulting into the formation of a flat levelled
surface preserved over the plateau till today. Since the
end of Jurassic period the southern portion of Khasi Hills

_‘gxperiqugd with eruption of plateau basalts, the Sylhet

T e S ———

traps. The rate of subsidence gradually showed down towards

Eocene times when this area attended a stable shelf.

The southern portion of Meghalaya Plateau which forms
an east-west nearly rectangular horst between the Brahmaputra

Valley and_‘thg plains of Bangladesh 1is characterised by

L,

the Dawki lineament.

The Dawkil 1lineament 1is exposed along the southern
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margin of the Meghalaya plateau for about 170 km from Jadukata
river in the west to Haflong in the east. The lineament actual-
ly consist of four major east-west faylts along Jadukata

river and Therriaghat.

The tectonic history of Shillong plateau begins with
the Plateau basalts, through fractures and faults in the
basement. The trend of these faults is found to be E-W in

the southern part of the area under study.
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CHAPTER III

RELIEF AND SLOPE ANALYSIS




RELIEF AND SLOPE ANALYSIS

Introduction

The morphological chapter of the study area is depic-
ted by the appearance, dimension and magnitude of relief
and slope. The study of relief and slope provide not only
the variety of topographical features but also makes available
the evidences needed for the interpretation of the complex
form of landscape. The central part of the study area 1is
a true plateau capped by Pre-Cambrian rocks. The eastern
part of the plateau are highly dissected zone of very steep

slope forms.

The palaeo-geography of this region reveals that the
Plateau has been subjected to a variety of distrophic move-
ments since the Pre-Cambrian period. The different movements
recorded during these periods must have created new relief
and slope forms along the line of uplift-fracture zone and
also evolved because of plateau volcanism. Newer relief and
slope forms developed gradually over these surfaces. The
development of the drainage systems thus have played a vital
role "in- shaping the present surface features of the study

area, with their characteristics relief and slope forms.

The relief in its true meaning for the relative verti-
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cal inequality of thé differences in elevation of any part
of the earth surface, collectively or individually has been
studied. Sometimes it has been misused for the altitude

or absolute elevation from the sea level.

To study the geomorphological features of any area
the first step is the analysis of its relief features. Relief
and other geomorphic elements are based on differences 1in

_eieveatronT‘The*iﬁEEFtant geomorphic elements are altitudinal

‘distribution, absolute relief and relative relief.

The present relief features of the study area show
manifestation of fragmental or remnental shapes arising
—due—tG  diverse denudational agencies. The elements of relief

are discussed in this chapter.

Altitude

The altitudinal range represented by heights. "The
range varies from area to area. The maximum elevation of
-i7UO m located on the north-west corner of the study area.
The altitudinal range varies between 200 m to 1740 m, they
are represented in five groups have an interval of 400 m
(Figure 5). The heighest category of above 1600 m covers
only 11% (28.17 Sq.Km.) of the total area. Table 6 reveals
that the area has three major height categories viz. 1200 m-

1600 m covering 31% (80.22 Sq. Km.), 800-1200 m covering



Table 6: Category-wise area distribution of altitudinal

zone

Altitude Area 1in Cumulative Area in Cumulative
height Sq. Km. area in per cent area 1in
in m Sqg.Km. percent
Below 400 17.47 17.47 7.0 7.0

400 - 800 60.67 78.14 23.0 30.0

800 - 1200 73.H7 151.61 28.0 58.0

1200 - 1600 80.22 231.83 31.0 89.0

Above 1600 28.17 260.00 11.0 100.0

Total 260.00 100.00

—
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28% (73.47 Sq.Km.), and 400-800 m covering 23% (60.67 Sq.Km.)
of the total area respectively. The terrain between 1200-
1600 m and above 1600 m categories represented by limestone
rocks known as Cherrapunji plateau. Minimum area 1s under
the group of 400 m covering 7% (17.47 Sq.Km.) of the study
area. Maximum concentration of this zone 1s towards south-
eastern part of the study area. Generally it lies in Wah
Tymsun catchment area and its tributaries. Lithologically

~the low land area category is represented by gneissic complex.

Absolute Relief

The absolute relief, a function of geotectonics con-

structive and destructive processes, provides clues towards
estimating the intensity of forces at work. The absolute
relief has been determined by dividing the study area into
grids of one Km2. Absolute height in each grid has been
recorded from spotheights, trinéulatiOn points wherever
available and from the maximum contour value passing through
the grid (with contour interval 20 m). These absolute heights
are plotted at the centre of the grids and the area contoured
with contour interval of 150 m. Figure (6) reveals 9 catego-
ries of absolute relief in the area ranging from below 600 m

to above 1650 m. Table 7 shows category-wise area distribu-

tion.



Table 7: Category-wise distribution of absolute relief

Absolute Area in Cumulative Area in Cumul;tive
relief Sq.Km. in Sqg.Km. percent area in
category percent
Below 600 8.0 8.0 3 3

600 - 750 16.0 24.0 6 9

750 - 900 18.0 42.0 7 16

300 - 1050 27.0 69.0 10 26
1050 - 1200 22.0 91.0 8 34
1200 - 1350 30.0 121.0 12 46
1350 - 1500 40.0 161.0 16 62
1500 - 1650 67.0 228.0 26 88
Above 1650~ 32.0 260.0 12 100
Total 260.0 100
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Distribution Pattern of Absolute Relief

Table 7 indicates that the area with absolute relief
1500-1650 and above forms 26% (67.0 Sg.Km.) of the total
area. Three major absolute relief categories viz. 1200-1350 m
covering 12% (30.0 Sq.Km.) 1350-1500 m covering 16% (40.0
Sq.Km.) and more than 1650 m covering 12% (67 Sg.Km.) of
the total area respectively are revealed from the table.
The lowest absolute relief category is < 600 m covering 3%
(8 Sq.Km.) of the study area. This category includes very

small patches of the study area.

From the Figure (6) it is revealed that the absolute
relief above 1650 m is found in the northern portion of
the study area. Three major absolute relief categories viz.
1500-1650 m, 1350-1500 m and 1200-1350 m covering the north-
ern, southern, north-west portion of the study area. It
is covering more than 50% of the study area. The absolute
relief categories viz. 1050-1?00 m, 900-1050 m and 650-900 m
covering the south-east portion of the study area. The minor
absolute group 600-750 m and below 600 m is found in southern

portion of the study area.

By- this‘ above discussion we came to know that the
major area lies in the category of high to moderate absolute
relief. The analysis of absolute relief gives a very clear

conception of the nature and distribution of relief of the



36

area under study. It shows a general comparison of the
various parts of the study area and helps in determining

the stages of development.

Relative Relief

-The relative relief gives more regional character
to the physical landscape than the precise altitude of single
peak. In general it denotes the actual variation of height
" in an unit area with respect to its local base level. Accord-
ing to Glock, relative relief is not strictly Aa function
of elevation above sea level. Relative relief is also known
as relative altitude, topographic relief, amplitude of avail-
able relief, drainage relief and 1local relief etc. This
method has been used as early as 1911 by Partech and later

adopted by Smith, but with connotations as relative altitude

— ————

or relative relief. It presents a better index of erosion

along with the stage of development.

" For. the analysis of the relative relief the area
has been divided into one square Km grids as done in the
case of absolute relief. The height difference between the
highest and lowesé elevation within each grid is computed
and recorded at the centre of the grid (with contour interval
20 m). The area is contoured with contour interval of 100 m
(Figure 7). The figure reveals 8 categories of relative

relief ranging from 1less than 100 m to above 700 m. The



Table 8: Category-wise distribution of Relative Relief

Relative Area in Cumulative Area in Cumulative
Relief Sg.Km. area in percent area in
Qategory Sq.Km. percent
in m

Below 100 24 24 9 9

100 - 200 29 53 11 20

200 - 300 21 T4 8 28
300 - 400 37 111 14 42

400 - 500 b7 158 18 60

500 - 600 67 225 26 86

600 - 700 25 250 10 96
Above 700 10 260 Yy 100
Total 260 100
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