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GEOENVIRONMENTAL FACTORS AND
PARAMETE




GENERAL CONSIDERATION

The study area as already stated in the earlier chapter provides a very good
example of landscape diversity and is divisible into very well defined smaller terrain units
each characterised by its own geoenvironmental features. In order to fully understand and
evaluate the diagnostic and distinctive terrain features of the area, the present author,
identified the various factors an%i parameters which could be taken into account. For
describing each geoenvir(;nmentally distinct units, following four major factors have been
taken into account:

(1) Terrain attributes
(1)Climatic diversity
(iii)Sﬁrface and sub-surface wgter regime

(iv) Anthropogenic impact and interference.

TERRAIN ATTRIBUTES

This factor includes the overall landscape and geological framework of the area
and systematic description and analysis of various terrain attributes comprises an in-depth
study of two main asi)ects: (i) Landscape and (ii) Geology. The former includes various
landforms which collectivély comprise the physiography of the area. Physiographic
diversity is an important factor which ir; turn, is a reflection of geology and climate. It
however, represents an independent and important element of geoenvironment.
Topographic features and slopes very significantly influence the behaviour of surface
runoff including rivers and streams. Geology and groundslope togctﬁer control the
drainage of an arca. Rivers and streams though follow the slope and behave differently in

rock types of different lithology and hardness. In many cases however stream courses
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ideally reveal strong structural control, flowing along fracture lineaments (shear zones,

faults, joints etc.), synclinal troughs etc.

LANDSCAPE

In landscape, aspects of topography, drainage, slope and soils are studied. The
factor of top;)graphy cdmprises the overall features of the surface and the landforms. An
important aspect of topographic analysis pertains to the a evolutionary history especially
whether the various landforms dre aggradational/degradational or are controlled by
tectonic features like folds, faults etc. Several land features may be typical of igneous
activities like batholiths, plugs, dykes, lava flows etc. The role of tectonism in landscape
evoluti«:;n is also very impo;'tant, and it is quite vital to fully recognize a topography in
which folding, faulting ogr joints, at various scales, have played their due roles. The aspect
of Drainage is mainly manifested in the form of streams. Essen;ially a synonym for paths
of running water, a stream could be of varying dimensions in terms of channel length,
width and depth. Drainage of an area represented by streams oi: various orders may form
a complete basin or it may form a part of the total river basin. 'l;he stream may be of any
order ranging from a first order to the higher order of the main river (trunk). The pattern
of streams again may reflect slope control or théy ﬁlay be following various sets of joints.
Running water erodes as we}l as depcsi;s, depending upon the load that it carries aﬁd its
flow energy. Generally the low order streams cause crosidn, but quite often deper-xding on
the breaks in the slope provide sites of local flood plains and deposition. A precise

evaluation of the drainage characteristics therefore- is very important in any

geoenvironmental study.



Slope constitutes another important feature of landscape. Obviously, it is a
product of geology (lithology and structure), processes of erosion and deposition caused
by marine, ﬂuvial and aeolian agencies, and climatic conditions. The factor of slope has
to be viewed at variable scales in a larger context. The entire area under investigation
shows a régional westerl; slope; within such a slope conﬁguratio_n, smaller topographic
features show diversity of slope characteﬁstics at all scales. A slope could be gentle,
moderate or steep. Slopes are expressed either in degree values or in gradient scales. For
the purposes of general description, s-lope can be divided into :seven categories viz. (i)
Horizontal (ii)Very gentle (iii)Gentle (iv) Moderate (v) Moderately steep (vi) Steep
(vit)Vertical.

The Soils also formi an impdrtaﬁt component of the landscape, and they are vital
from the point of view of geoenvrionmex;tal diversity. Soils could be insitu or transported;
they may be totally absent or may form a cover of variable thickness, very thin to deep.
The soils are important from the point of view of natural and human induced eco-
systems. To a major extent soils form an important base for agriculture. A soil cover
might have escaped pedogenic changes or might provide'a good mature soil profile. Soils
are investigated from various angles and studied by geologists, botanists, agriculturists
and engineers. As a result, enormous data on soils are available. Of course, the

information is categorized into well defined use base.

GEOLOGY
No geoenvironmental study can be complete in the absence of a thorough and

complete understanding of the factor of geology because it is an important controlling

clement in the evolution of landscape. Rock types, their disposition and lithology are very
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vital in carving out landscape and physiography. Igneous and metamorphic rocks each
provide their own district responses to sub-acrial and sub-terrainean processes. An
important aspect of geology is that of tectonism and structure. Folding and faulting of
rocks, presence or absence of joints, faults and fault-related features like vertical and
lateral movements, crushed zones etc., all these comprise features that significantly
control landscape.

It may be mentioned that the influence of geology on landscape is not exclusively
confined to the surface exposures but very often the sub-surface features also play vital

role in producing surfaces, configuration of the land.

CLIMATIC DIVERSITY

The factor of climate also forms a very important component of geoenvironmem',‘
especially in its interaction with the land surface. It may be emphasized that temperature
and rainfall would interact differently with geology and topography. Very often the
complexity of the combinations of terrain attributes vis-a -vis climate produce
interestingly distinct geoenvironmental conditions. An area could lie within a climatic
zone markéd by a uniformity in temperature variation and rainfall; on the other hand
the area might st}OW' significant variations in the temperature in its different parts and also
experience vary}ing intensity of rainfall. Obviously, in the two cases cited above the
response of the rocks of the area to these two important components of ¢climate would be
very different. As a result the terrain conditions, and water regimes would be quite
different. Apart from rainfall and temperature changes, the two other elements of climate
are those of wind and humidity. Areas prone to strong winds coming from one or other

direction bring about striking changes in the landscape; the winds erode, transport and

p—
159, ©
L2



deposit, resulting into degradational and aggradational landf;orms. The role of wind is
very much conspicuous in the coastal area where it controls sea water movement and
beach morphology, and in deserts where winds are responsible for acolian landscape. The
factor of humidity which is more or less related to either periods of high rainfall or
neamess 1o coastline, is also one of the causes that influence terrain conditions. The
i}lcreased humidity tends to stabilize loose sediments and also under appropriate
temperature conditions provides,environment for soil formation. Humidity varies from
area to area and seasor; to season. The above discussed factors which characterise
climatic conditions and their influence on the landscape are described in terms of
quantified values so that the phenomena concemed are more pregisely described.
Climatic description of any area is generally presented in‘the following style :

1. Rainfall : a) Average annual rainfall

b) Number of rainy days

c) Rainfall extremlcs

d) Dependability

e) Rainfall intensity
2. Temperature : a' Mean annual temperatures

b) Mean maximum and Minimum

¢) Temperature extremes
3.Wind : Aa) Direction (su;nmer, winter and monsoon)

b) Velocity (Seasonal)

¢) Average annual velocity

4. Humidity : a) Relative humidity (seasonal )

b) Change in relative humidity based on nearness to sea or desert.




In addition to t};e above discussed parameters which define the climatic
conditions, there are a few climatic phenomena which have to be considered, namely
storms, depressions and cloudy skies. These are difficult to fit into the routine climatic
framework of an area because they are not the elements that couid be monitored year to
vear. Skies could become cloudy once in a while every year or once in several years and
these could cause appropriate impact on the then prevailing climate. Similarly, stormy
conditions marked by high velocity winds with or without heavy rainfall, though in-

v’frequent, are potential agents of bringing out _marked changes in landscape and water
regime. The various manifestations of climate, quanti“ﬁed tempofaliy as well as spatially,

are considered in totality and expressed in terms of Aridity Index. It indicates sustained

potential water depicit when P.E. (Potential Evapotranspiration) out-weighs precipitation.

WATER REGIME

Water regime of the area constitutes an important facet of geoenvironment. It is
divisible into (i) Surface water and (ii) Subsurface water (groundwater). The former
includes rivers, and streams, reservoirs lakes and ponds, and the latter mostly comprises

groundwater under phreatic and piezometric conditions.

SURFACE WATER

Running water in the form of streams and rivers is the most important source of
water availability. As course, occurrence of rivers of various orders, is not universal.
Some areas are endowed with numerous rivers and streams while others have none.
Similarly, the groundwater resource can also be erratic. In‘ some areas, it may be a
dominant source while in others, it is scarce. The water regime of an area has therefore to

be categorized on the basis of the surface water and groundwater availability, and as
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water forms the backbone of all human activity, ‘the nature, mode of occurrence,
availability and utilization pattern of water constitutes a very important geoenvironmental
element. Rivers can be of any size and dimension, may carry water in varying abundance,
may be perennial or ephemeral, all these aspects have to be very thoroughly investigated
and quantified. As the behaviour of rivers and streams is intertwined with rainfall,
bedrock characteristics, gradient etc., a proper evaluation of flowing water resource,
therefore cannot be done in isolation. Thus the drainage pattern of an area \yhich in turn
manifests the nature of the rivers and streams is an important feature that requires in-
depth investigations. |

The surface watt?r regime for the purpose of quarﬁiﬁed appraisal is described in
terms of rainfall -runoff relationship. Surface storages (stagnant water bodies) viz.
reservoirs, lakes and ponds, also constitutes an important constituent of water regime. Big
natural lakes can be sources of water supply for purpose of domestic use, irrigation,
industry, etc. Man-made reservoirs by damming ‘rivers, also simulate lakes to
considerable extent. On the other hand, natural ponds though holding comparatively
small quantities of impounded water very often assume considerable significance. Small
impounded water bodies, sometime natural but very often man-made are almost
invariably associated with most villages, and form an integral part of village economy,
providing domestic requirements and limited irrigated needs. In fact, most of village
ponds represent bunded shallow channels and form sites of rainwater storage, providing
an ideal éxample of village level rainwater harvesting as practised by our forefathers.
These ponds not only are the direct sources of water but they also act as agents of

recharging shallow groundwater dug wells located on the periphery of ponds.



GROUNDWATER

Qroundwater always constitutes an important source of water for all human
activities. Its occurrence and availability in terms of quantity and quality depends on a
number of surface and subsurface terrain attributes and climate mainly rainfall. An
essential factor that controls groundwater behaviour is geology. The rock types of an arca
depending on their lithology and structural features comprise the major component
because-on this attribute of the terrain depends the storage conditions of groundwater.
Together with the surface features like topography, slope and soil cover the geological
conditions play their due role. The groundwater occurring at variable depths below the
surface is restricted to well defined levels and forms water bearing zones or aquifers. The
groundwater occurs in confined or unconfined aquifers, and in the case of former it may
at times occur under artesian pressure. Studies on unconfined aquifers can be easily
carried out because they represent repclenisable resource, mostly represented by open dug
wells; the water availability is directly proportional to the periodic recharge of the aquifer
storage through direct precipitation or lateral migration along impervious layers. But in
the case of confined groundwater the problem of recharging of aquifers happens to be
somewhat complex. In most cases the recharge zones happen to be located at long
dis;tances, and the water tends to occur under hydraulic pressure. Many a times, the
confined aquifer marked by artesian ‘conditions, represents reasonably deep-seated
“fossil” accumulation of water. '

In such cases there are little chances of replenishment, and once the supply is exhausted
the aquifers get depleted more or less permanently.

The quality of groundwater is also an important aspect and its chemical

composition as well as contamination by pollutants significantly affect the utility of this




resource. Inherent salinity or high fluoride and nitrate contamination could be due to
various reasons, natural as well als human-induced. Natural causes for increased salinity
have been found to be either the inherent salt content of aquifer sediments or nearness of
sea..

Judicious groundwater utilization not only depends on the quantity and éuality,
but also on the level and degree of exploitation. Any schemé f;)r the development and
exploitation of groundwater resource has to take into account the parameters of
(1)potential,(ii)recharge, (iii)draft, (iv)utilitiblity, and (v) level of development. Unless an

appropriate balance is maintained bet;veen the replenishment and exploitation, the
groundwater regime tends-to gradually depléte and deteriorate. An understanding of this

aspect of the geoenvironment of an area, is very vital.

ANTHROPOGENIC IMPACT AND INTERFERENCE

The various development activities which in combination with the other discussed
factors, play an important role in modifying the overall geoenvironment, both for the
better or the worse. As is welknown, landscape of an area keeps on changing with
increasing human activity; whether it is for agriculture or for urban and ‘or industrial
development. Construction of new roads, leveling of hilly terrains, designed and planned
landscape changes for various human activities, these all, bring about very significant
changes in the topography, slope characteristics and drainage pattern. Mining of rocks
and minerals by quarrying also is responsible for bringing about landscape changes.

Another field where human interferes with environment is @hat of water regime.
The increased tempo of developmental activities in economically backward areas

{paradoxically where the geoenvironment shows its original natural preservation) is one



of the major causes of environmental degradation especially in respect of water regime.
Construction of reservoirs, dams, canals etc. vitally affect the natural surface water
behaviour by interfering with the natural drainage system. Similarly, exploitation of
groundwater also in most cases causes much damage to the subsurface water regime both
in terms of quality and quantity of water.

Industrialization with accompanying unplanned disposal of toxic waste,
indiscriminate application of pesticides in agricultural practice and overdraft of the
groundwater are the most common and vital hazards to the enviror;ment. It is not to say
that the development activities need to be completely stopped but it is most essential that
all human activities have to take into account the various facets of the prevailing natural
geoenvironmental components of an area and work out a sustajnabie strategy'such that a

happy balance exists between development and environment.

GEOENVRIONMENTAL OVERVIEW OF THE STUDY
AREA

i

The district has a very unique geoenvironmental setup. It 1s located at the junction
of several environmentally diverse regions (Fig 3.1), \and within itself also shows much
variation. lts north-eastern hilly part forms the southwestern extremity of the Aravalli
mountain of Rajasthan. To the west, as it 'abuts against the Ranns of Kachchh, the western
" part more or less comprises a saline wasteland. The median portion, the aeo-fluvial area,
forms the northern extension of the Central Gujarat blains. To the north, these plains,

merge into the Thar desert. On the basis of geoenvironmental diversity, the district is

divisible into following units :
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1) Eastern Rocky Highland (ERH)
2) Central Alluvial Plain (CAP)
3) Western Saline Wast "land (WSW)

The three geoenvironmentally distinct units (Fig 3.2) of the district have their own
physiography, geology and surface and subsurface water regimes. Climatically too, the
district shows a marked change from east to west and north to south. The Luni river in the
north separates the semi-arid Banaskantba alluvial plains go beneath desertic sands. The
Banas and Saraswati broadly delineate the North Gujarat plains from those of Central
Gujarat.

ERH typically represents Precambrian terrain, made up of folded metasediments
and intrusive granite. ;fhe CAP Shows mixed characteristics of aeolian and fluvial
sediments. The WSW typically comprises a barren and some\lvhat' sandy and saline area
(Plates 3.1 and 3.2).

Detailed descriptions and discussions of the abovc factors and parameters of the
three geoenvironment units are given separately in the following chapters. However, in
the background of the theoretical perspective of the geoenvirons given in the present
chapter a comparative statistical profile of the three units is provided here (Table 3.1).
This gives a geoenvironmental overview of the district as a ;vhole and its internal
diversity. The taﬁulated albstract information will serve as a good guide for understanding

the implications at unit scale with the district in totally.
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