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ABSTRACT
Nargund a small town in Gadag district is having unique and variegated
geological formations and structural features in its lap. As the saying goes “water
finds its own way” some localities of this small town have been worst affected by
the groundwater induced land subsidence issues resulting from the unscientific
construction of water impounding structures like tank/lake built in the
geologically sensitive zone coupled with the age old agrarian practice of
construction of granaries by its inhabitants in the historic past and present
anthropogenic interventions have exacerbated the life of the people. This Geo
Technical Investigation has made an all-out effort by adopting a comprehensive
method to identify the root of the problem and to bring this issue to its logical
end.
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BACKGROUND: Nargund a small town and one of the taluk headquarter in
Gadag district has hit the headlines of the mass media and has caught the attention
of the people of the state through the multimedia frequently in the last few weeks
because of the unprecedented incidents of highly localised sinkhole styled land
subsidence in its municipal limits. The same issue had frequented this small hilly
town way back in 2008-09 when the whole of the northern Karnataka was under
heavy rainfall and inundation. Hence, at the behest of government of Karnataka,
a technical study has been initiated by constituting a committee of Geoscientists
under the technical superintendence of Additional Director and Deputy Director
(Mineral Administration) of Department of Mines and Geology.
LOCATION AND ACCESSIBILITY: - Nargund is a Town Municipal Council
city and a taluka head quarter in the district of Gadag, Karnataka. The Nargund
town is divided into 23 wards. The Nargund Town Municipal Council has
population of 36,291 of which 18,353 are males while 17,938 are females as per
censuc-2011. Nargund Town Municipal Council has total administration over
7,433 houses to which it supplies basic amenities like water and sewerage. It is
also authorized to build roads within Town Municipal Council limits and impose
taxes on properties coming under its jurisdiction.
The Nargund study area is contained in the Survey of India toposheet No:
48 M/6 and the location map of this small hilly town is provided below along
with the Area of Interest section of the topographic sheet.
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This small hilly town of Nargund which happens to be the taluk head
quarter of Gadag district has faced the land subsidence event in 2008-09 also.
And accordingly, a study was conducted in the same year by the officers of the
erstwhile Groundwater wing of Department of Mines and Geology, Central
Groundwater Board and M/s Civil Aid which is a private consultation agency
based in Bangalore. In consideration of the above-mentioned scientific efforts, it
was decided to adopt a comprehensive multidisciplinary and integrated approach
to geoscientifically identify and unravel the triggers of this event which are prima
facie seemed to be induced by the anthropo-geo-hydrological factors.
SCOPE OF THE STUDY AND METHODOLOGY: Understanding the
movement of groundwater is a challenging task in hard rock terrain as it exhibits
inherent heterogeneity. Therefore, it was decided to make an inventory of field
data by conducting the GPS survey of all the reported locations of subsidence
since 2008-09 to till date for the purpose of mapping and delineating the affected
zone in the Nargund town. Simultaneously, the attribute data of these incidents
was also collected while interacting with affected people and their narration of
this dreaded event so as to have an insight into the problem. This interaction had
an impetus on us to going back into the pages of history to identify the
anthropogenic events which have become one of the triggers for the subsidence
which will be dealt in the separate paragraph in this report.
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The mapping of the litho units and structural geological features was
undertaken to understand the terrain and its geological influence on movement of
groundwater. The geohydrology and aquifer behaviour were also observed by
conducting the pumping test in the Desai dug well located in the affected area.
Further, the geochemical nature of the groundwater was also examined by
collecting and analysing its qualitative parameters in relation to the rocks so as to
know the temporal changes if any to obtain the clues to identify the source of the
problem. The field datasets collected during the field inspection and survey were
further correlated with the rainfall and groundwater observation wells data to
understand the groundwater movement and its association with the locally
geologically predominant quartz-Arenite and Amphibolite schist underlined by
the basement gneissic complex with the thick cover of black cotton soil.
BRIEF HISTORY OF NARGUND TOWN: Nargund is located at 15.72°N
75.38°E and has an average elevation of 605 metres (1984 feet) from MSL. The
name "Nargund" comes from "Nari Gundu", which means "Hillock of Foxes" in
Kannada. The town is marked by such a hillock right in the centre of town.
Although known to be a place full of foxes in the past, it has none now and is
pocked with windmills on all sides. Nargund was one of the earliest possessions
wrested from the feeble grasp of Bijapur sultans by Shivaji. And the fortification
of the hillock was done to keep the army in this strategic location along with a
number of small reservoirs to store water atop the hillock.
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On the conquest of the Peshwa's territory by the British, it was restored
by them to Dadaji Rao, the chief then found in possession. This
petty
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was,
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height
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the
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engagement,
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the
have

since

fort

and

been

dismantled,

town
and

fell.
the
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The
has

been

rendered untenable by destroying some of the chief reservoirs.
Historically, Nargund principality was predominantly an agrarian
economy. And during its hey days, this small zamindari town was a busy entrypot
of trade where the merchants of Dharwar and North Kanara exchanged rice,
sugar, spices, and other agricultural products. Therefore, large underground
granaries had been excavated in the Schistose rock formations in the pediment
zone of the hillock to store the food grains to cater to the needs of the trade and
to thwart the drought/famine which is frequent in this dry area of Karnataka.
Apart from this there are some local narratives on underground tunnels being dug
by erstwhile Maratha Rulers for being used as escape routes in times of
emergency and distress.
GPS SURVEY-MAPPING AND INVENTORY OF THE AREA: The
subsidence affected sites were systematically mapped with the help of GPS and
their photos have been taken along with the attribute data was collected where
ever possible by interacting with local people of their experience as narrated by
them. And some of them are presented below.
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1)

Place: Desai Dug well
N15 29.232 E 76 41.722
Elevation: 583 Mt
During local enquiry it was informed that this dug well 150 to 200 years old having an
average depth of 85 feet. This well has an inner masonry lining with size stones. Further
it was stated that this well wad devoid of water a few years ago. However, it has
rejuvenated on its own due to groundwater recharge and the water is consumed by the
neighbouring public as it is saline. The diameter of the well is 3.35 meter and it is
having parapet wall of one feet height on one side. This dug well has been utilised for
pumping test to understand aquifer characteristics.

2)

Place: House in Arabana street
N15 29.232 E 76 41.722
Elevation: 583 Mt
During enquiry the owner of the house informed that the ground subsided in this area
in May-2019 and the subsidence pit was back filled with the soil to reclaim the lost
ground surface.

3)

Place: Basavaganapathi’s house in N 15 43.132 E 75 22.894
Elevation: 552 Mt
hagedakatti Oni
The owner informed that the subsidence occurred on 22/10/2019 and it was refilled
with soil immediately.
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4)

Place: Mallappa veerappa Aluru’s N 15 43.178 E 75 22.894
house in hagedakatti Oni

5)

The house has been abandoned after the subsidence and the family has relocated itself
to other area.
Place: House of Gulappa Krishnaji N 15 43.186 E 75 22.919
Elevation: 585 Mt
The incidence of subsidence occurred here on 08/08/2019 and the pit has been refilled
with soil immediately.

6)

Elevation: 552 Mt

Place: The shed near the houses of N 15 43.207 E 75 22.895
Elevation: 587 Mt
Eeranna
Navalagundi
and
Gaddinakeri.
The ground subsided here on 22/10/2019 and it was refilled immediately to reclaim the
lost ground surface.
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7)

Place: house of Mallappa N 15 43.202 E 75 22.902
Elevation: 588 Mt
ramadurga.
About two months ago the ground subsided in this house and it was refilled with soil
immediately.

8)

Place: Infront of Hosuru Gowdas N 15 43.186 E 75 22.854
Elevation: 589 Mt
house (chavani)
The locals informed that there was a big underground chamber dug for using it as a
granary and it was refilled with120 to 150 tractor load of soil and gravel around 10
years ago.

9)

House of Imam Sab Rahashildar
N 15 43.183 E 75 22.850
Elevation: 598 Mt
The owner of the house informed that the ground subsided around 15 days back and it
was refilled immidiately with soil and gravel.
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10)

Place: Near the house of Masalaji. N 15 43.141 E 75 22.949
Elevation: 601 Mt
The ground subsided 2-3 years ago and it was refilled with soil and gravel.

11)

Place: Infront of B C Patils house. N 15 43.155 E 75 22.963
Elevation: 609 Mt
The locals informed that the ground subsided around 8-10 years ago and the pit was
around 10 feet long 08 feet wide having an approximate depth of 15 to 20 feet. And the
pit was refilled immidiately with soil and gravel.

12)

Place: Mahesh Katagi house
N 15 43.140 E 75 22.972
Elevation: 604 Mt
The ground subsided around two months back in this locality and the owner of the
house refilled the pit with 3-4 tractors of soil and gravel.
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13)

Place: Backyard of Ratnakara N 15 43.143 E 75 23.683
Elevation: 609 Mt
Dashapande house
On 26/10/2019 the ground subsided all of a sudden when Mr Ratnakara Deashpandey
set his foot here while plucking flowers. He went down the surface to a depth of 10-12
feet and held to the roots of the plants/trees for support was he was rescued by lifting
him up using a ladder. This elderly person had a horrific expereince of his life and has
survived this dreded event sheerly out of luck. And this event has become an antecedent
in this town indicating the magnanimity of the problem. The flooring and the wals of
the house of Mr Ratnakara dashapandeys house are slowly developing cracks indicating
the upward movement of saturated groundwater and its consequent effect of movement
of underneath earth down the gradient. Even the Minister of mines honble C C patil
visited him just a day after the incident expressing deep concern over the dreaded
situation he had undergone during that unfortunate incident.

14)

Place: Amjad Khajis house.
N 15 43.126 E 75 23.096
Elevation: 606 Mt
The first incidence of ground subsidence reported to be happened in this house during
2008-09. And presently the floor and the walls of the house have gradually developing
cracks now.
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15)

Place: chakrasali building in N 15 43.083 E 75 23.098
Elevation: 602 Mt
Savadatti road.
The groundwater is oozing from the cellar level wall of this building since last one year.

16)

Place: On Savadatti road, infront N 15 43.081 E 75 23.101
Elevation: 600 Mt
of Mr sakali’s house.
During April-2019 the ground subsided in the centre of the Savadatti road here.

17)

Place: Behind Mr Shivappa Kori’s N 15 43.086 E 75 23.084
Elevation: 603 Mt
house.
The ground subsided here around three months ago and the same was refilled with soil
and gravel.
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18)

Place: opposite hanuman temple in N 15 43.160 E 75 23.110
Elevation: 600 Mt
Qasba Oni.
The ground subsided here one weak ago and it was refilled again with soil and gravel.

19)

Place: Near the tank infront of P L N 15 43.159 E 75 23.121
Elevation: 600 Mt
Patil in Qasba Oni.
Here the subsidence has occured twice within a span of two months. And the pit has
been refilled with soil and gravel.

20)

Place: In front of P L Patil’s house N 15 43.157 E 75 23.118
in Qasba Oni.
1 «ÄÃ * 1 «ÄÃ * 1 «ÄÃ C¼ÀvA
É iÀÄ UÀÄAr ©¢ÝzÀÄÝ ªÀÄtÄÚ ªÀÄÄZÀ¯
Ñ ÁVgÀÄvÀÛzÉ.

Elevation: 599 Mt
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21)

Place: Eeshwara Gowda Kubera N 15 43.142 E 75 23.098
Elevation: 601 Mt
Gowda Patil.
N 15 43.145 E 75 23.099
Elevation: 599 Mt
N 15 43.141 E 75 23.103
Elevation: 599 Mt
Here, the land subsidence has occured in 2009 and the same area has undergone
subsidence in August-2019 again. The subsided area has been filed now with soil and
gravel.
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22)

23)

24)

Place: House of channappa N 15 43.169 E 75 23.096
Elevation: 600 Mt
Deshapandey.
The owner stated that the ground subsided in his house causing a pit with a dimension
of 4 feet length and 3 feet width.
Place: front side of Ratnakara N 15 43.159 E 75 23.088
Elevation: 600 Mt
Deshapandey house.
The front steps and the wooden framework of the front door are gradually tilting and
the walls and floor of the house are also gradually developing the cracks. Mr Ratnakara
Deshapande stated that this process is being observed for the past 06 years.

Place: In front of Mr Ratnakara N 15 43.162 E 75 23.090
Elevation: 600 Mt
Deshapande house.
Mr Ratnakara Deshapandey stated that here there is a underground granery of the olden
days.
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25)

Place: ganapathi Temple in N 15 43.181 E 75 23.089
Elevation: 599 Mt
Shankaralinga Oni.
The locals stated that the land had subsided upto 5-6 feet below the ground in 2008-09
the spot has been immidiately filled with soil and gravel immidiately.

26)

Place:
Veerabhadreshwara N 15 43.184 E 75 23.098
Elevation: 600 Mt
Temple.
The wall of the sanctum sanctorum and one of the column has developed the cracks
due to the oversaturation of underneath earth leading to the gradual sinking. Of the
structure.
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27)

Place: Anegundi’s House.
N 15 43.160 E 75 23.152
Elevation: 599 Mt
This house is like one of the heritage buildings of the erstwhile Nargund Principality
as the owner Late Mr Anegundi was acting as the Judicial magistrate during the olden
days. However unfortunately, this iconic structure is gradually developing cracks in the
wall and floor which may affect the longevity of this grand structure unless this problem
is resolved with the scientific reasonong.

28)

Place: Anegundi’s House.
N 15 43.174 E 75 23.147
Elevation: 597 Mt
The below photo shows the old underground granery chamber which has been filled
with soil and gravel in 2009.
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29)

Place: Anegundi’s House.
N 15 43.181 E 75 23.148
Elevation: 599 Mt
The ground subsided in this vehicle parking area about two months ago and the
susidence had occered just in front of the car perked in this area.

30)

Place: Shashidhar Anegundi’s N 15 43.145 E 75 23.146
Elevation: 598 Mt
house.
The ground subsided in the hall of the house in 2009 causing a pit of around 5 feet
radius. The affected area was filled with cement concrete and the surface regainned.

31)

Place: House of Fakira Gowda N 15 43.168 E 75 23.192
Elevation: 595 Mt
kannuru
Here the ground subsided two months ago and it was refilled again with soil and gravel.
Place: House of Matiger in Jiddi N 15 43.188 E 75 23.197
Elevation: 597 Mt
Oni.
The land subsided in this area on 05/06/2019 and it was filled with soil and gravel
immidiately.
Place: House of Basappa N 15 43.195 E 75 23.192
Elevation: 596 Mt
Guddadanavar.
The owner of the house narrated that the ground in his house collapsed 10 months ago
and he was able to here the sound of flowing water and later this pit was filled with soil
and gravel and the surface was regained.

32)

33)
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34)

35)

36)

37)

38)

Place: House of Siddavva N 15 43.208 E 75 23.187
Elevation: 597 Mt
Guddadanavar
The land subsided in this area in 27/10/2019 and it was refilled now. However the
family has abandoned the house for the sake of safety.
Place:House of Virupaksha Kuratti N 15 43.108 E 75 23.143
Elevation: 599Mt
Here the ground subsidd in 2009 and again in 2019. Presently the locale has been filled
with soil and gravel.
Dr. S P Patil’s House and Guru N 15 43.120 E 75 23.132
Elevation: 587Mt
clinic.
Dr. S P Patil stated that he had a underground cellar in house and had suffered the
ground subsidence issue in 2009 in thit place and that now he has levelled the cellar to
the ground level and closed the same. He also stated that when he excavated 5 feet
below ground level for laying foundation he encountered the groundwater. And hence
he did not go further deep and laid the column footing at this level itself and started the
construction of his house. Further he also stated that he had drilled a bore well for his
house upto a depth of 250 feet and water was struck at 190 feet and the casing pipe was
inserted upto a depth of 60 feet. And that the water was very much saline earlier and it
is improving in its quality and taste in recent two years and that they are using it for
domestic consumption by adding a water filter.
Place: Mahadevappa Parasappa
N 15 43.110 E 75 23.129
Elevation: 587Mt
Kuratti
The land subsided in this area 3 years ago and it was filled with soil and gravel
immidiately.
Place: Channappa mallikarjuna
N 15 43.157 E 75 23.237
Elevation: 599Mt
nagathana
This house was said to be constructed in 1987 and a underground chamber was created
to have a storage space. But as of late from last one month the groundwater is
percolating through the walls as seepage and around one feet of stored water was
noticed during inspection.
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39)

Place: Venkatesh gujanagudi
N 15 43 12.633 E 75 23 12.314
(Rice Mill)
This rice mill was constructed 40 years ago. This rice mill also has a underground
chamber for storage purpose. From last two years the seepage of groundwater is
occuring through the wall below the ground level. About one and half feet of stored
seepage water was noticed and the same was being pumped out during inspection.

OUTCOMES OF GPS SURVEY: The GPS survey and consequent mapping
revealed that all the 43 incidents of ground subsidence are restricted to around 20
Acres 37.45 Guntas spread over 4 villages/localities of the Nargund Town
Municipal Council limit which is as follows.
Sl No

Village municipal limit

Extent

1

Qasba Nargund

8 Acres 28.98 Guntas

2

Peta

2 Acres 24.84 Guntas

3

Urbana

6 Acres 32.15 Guntas

4

Dandapura

2 Acres 31.00 Guntas

Note: Further, these 20 Aces 37.45 Guntas of affected land spread
over above 4 villages is in fact falling under the ward no: 12, 13 14,
15, 19, 20 and 21 of Nargund Town Municipal Council.
The Google Earth map of the delineated area with the help of GPS survey
is provided below.
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The interaction with the general public during this survey revealed that this
area once upon a time was used as a royal granary for the storage of food grains.
The people having settlements in this area also had private underground granaries
for the storage of food grains in their houses. However, with the passage of time
the presence of these underground chambers has been forgotten by the present
generation except a few families.
The area coming under the royal granaries called Gange and Gowry which
were meant for storing jowar and wheat respectively are said to be backfilled at
a later date with soil. The same area was excavated using JCB and it was found
that these structures were excavated within the Amphibolite Schist formation
which has undergone the process of weathering and the mineral alteration is
found to be under progress through the process of sericitization and hydration.
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And it is conspicuous in the samples observed. The photos of the same are given
below.

Weathering and consequent mineral alteration of schist beneath the erstwhile
Gange-Gowry granary through hydration leading to chemical weathering of
rock
These underground chambers are now saturated with the inflow of
groundwater and the movement of groundwater is gradually moving the
underneath chemically weathered Amphibolite Schist and surrounding soil
through the process of liquefaction into these chambers. This process has led to
the movement and deposition of underlying weathered earth into the superficially
covered underground chambers and the rising water table is causing the age-old
houses with very loose foundation to suffer from dampness and eventual collapse.
The sinkhole styled collapse of the ground may be attributed to the presence of
innumerable underground chambers where the movement and deposition of
underneath earth is taking place before the water is getting drained through
percolation and seepage into the Desai open well located in this area. The
continued flow has led to the dissolution of water-soluble minerals from the soil
leading to the reduction in the volume of the overburden.
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The pakka houses which have collapsed due to the ground subsidence are
predominantly of loose foundation and the other pakka houses which have
developed cracks are solid foundation as seen from the below photographs
obtained during the field visit.

Houses with loose foundation and constructed with brick and mud are worst
affected leading to eventual collapse due to subsidence.

The pakka Houses with solid foundation have gradually developing cracks due
to the subsidence.
With this background in mind, it was decided to identify the possible
source of groundwater by undertaking the geological and structural mapping of
the area, surface water hydrology and their influence on movement of
groundwater.
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RAINFALL AND CLIMATE: The Nargund town falls in the semi-arid tracts
of Karnataka. The annual and average annual rainfall is generally less than 578.20
mm. It lies to the east of the westerern ghats in the rain –shadow region. Hence
receives low rainfall and the area is generally drought prone and it is a part of
Krishna major basin. The Bennihalla drains this area and show a seasonal regime
varying from lean sluggish flow during summer to torrential muddy flow during
the monsoon. As this town falls under semi-arid tract of the state and is
categorized as draught prone. The north-east monsoon contributes nearly 143.20
mm which is about 24.76 % and prevails from October to early December. And
about 336 mm which is about 58.11 % precipitation takes place during south –
west monsoon period from June to September. And remaining 17.13 % takes
place during rest of the year. South West monsoon is dominant followed by
northeast monsoon. The rainfall data from 1989 to October-2019 is given in the
form of Bar chart below.
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A close observation of the above bar chart reveals that this area has
received 1032.30mm of rainfall in 2009 and 1057.50 mm of rainfall in 2014.
These periods are the time of flooding and inundation in this area resulting from
torrential rainfall. Further, in 2019 the area has received already 745.60 mm of
rainfall till October end crossing the normal and average annual rainfall limit of
578.20 mm.
HYDROGEOLOGY & SOIL TYPES: The Nargund town is predominantly
composed of hard rock formations like Quartzite and schists underlain by
Basement Gnessic Complex in addition to the BIF and Dolerite dike which are
minor in their lateral extent. These rocks have no primary porosity or
permeability. Ground water occurs under phreatic conditions in weathered zone
of these formations. At higher depths, ground water occurs under confined to
semi-confined conditions in fractures and joints as well as formation contacts. Its
movement is controlled by the interconnectivity and geometry of the structurally
week zones called lineaments. The faulting and shear zones along with joints in
the quartzites and Schists act as favourable conduits for movement of
groundwater. The borewell drilled by the town municipal council near the
savadatti road and in the geo-coordinate N 150 43.086 and E 750 23.084 is
reported to be of 280 feet depth with a casing of 180 feet. However, it has been
reported that there was a collapse of underneath earth below 180 feet and
weathered pebbles were encountered at a depth of 80 feet. This borewell is
reported to be yielding 3 inches of water as stated by municipal officials. Further,
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a bore well has been drilled by municipal authorities in Kempagere tank bed two
years ago to a depth of 280 feet and the casing is upto a depth of 60 feet. And it
has been stated that water was struck at a depth of 120 feet in this area. And above
all, around 05 bore wells have been drilled in this tank bed. These averments
indicate the groundwater gradient to be following the topography of the terrain.
The Nargund quartzite hillock itself is a watershed divide and the drainage
is almost parallel to the general trend of the hillock. And the drainage shows subparallel pattern wherein the first order tributaries are usually nearly parallel to the
second order tributaries denoting the uniformity of slope.
Two main types of soils have been observed in this area. The soil around
the hillock and pediment zone touching the plane region generally belongs to the
red soil family. And the entire plane region consists of black cotton soil. This
gives an indication of change in the lithology and sharp litho contact.
DEPTH TO WATER LEVELS AND ACQUIFER DISPOSITION:
The CGWB in its draft “REPORT ON AQUIFER MAPPING AND
MANAGEMENT

PLAN

NARGUND

TALUK,

GADAG

DISTRICT,

KARNATAKA STATE” (Courtesy: Sri M. Muthukkannan Scientist ‘D’,
CGWB) has observed that the Depth to Water level (DTW) during the premonsoon period-May observed 10->20 mbgl, during November it is recorded
between 5.00 to 20 mbgl during the Post- monsoon period respectively. The
annual seasonal fluctuation of water level registered between < 2.0- 4.0 m and
there are pockets where a –ve fluctuation/fall of water level up to 2.00 m and
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more recorded. The water level recorded in the bore wells during pre-monsoon
period ranged from 20.00 to >40.00 mbgl.
The major rocks in the area are the sandstone, Quartzite and shale of
Kaladgi formation. These rock formations form the main water bearing
formations in the Nargund area. Weathered zone occurs 10.00 to 17.00 m thick,
the bore wells studied indicates the presence of potential fracture between 50 100 mbgl. It is observed that the fracture occurrence in the bore wells reduces
with depth. The soil cover extends up to 1.80 m b.g.l. Average being 1.10 mbgl.
The constant rate of infiltration in sandy to clayey residuum ranges between 0.5
to 4.5cm/hr. Ground water in them occurs under phreatic and semi-confined
conditions.
Further, National Institute of Hydrology has conducted a study vide its
report “Groundwater Quality Modelling in Nargund” during 1995-96 using
Double Ring Infiltrometer, Guelph Permeameter and Disc permeameter.The
results of infiltration and permeability tests carried out in this sector were as
follows.
Sl No
1
2
3
4
5
6
7

Location
Hulikatti
Belvatagi
Alagwadi
Konnur
Nargund
Kalvad
Manoli

Infiltration (cm/Hour)
5.4
3.0
3.3
4.8
6.0
1.2
4.8

Permeability
Very low
2.9 mm/hr
3.5 mm/hr
Very low
6.5 mm/hr
Very low
Very low

Page 29 of 63

The data of the above table clearly depicts that the rate of infiltration and
permeability is highest in the Nargund area of the Navalgund-Nargund sector
study area.
STRATIGRAPHY AND LITHOLOGY: Nargund Quartzite hillock is though
a part of Kaladagi basin, it is an outlier of the basin. And the following map
indicates the various stratigraphic horizons of the area.

Coutesy: Geological Survey of India
The Nargund town is part of the kaladagi super group of Proterozoic
kaladagi sedimentary basin of south India having Precambrian Basement
Complex covered with thick layer of black cotton soil in the plane area. The
standalone hill with horizontal beds of arenaceous quartzites of Proterozoic age
are exposed in the immediate N-W side of Nargund town, Gadag District,
Karnataka State, India. This quartzite hillock is underlained by a bed of
conglomerate horizon which is conspicuous in its presence near Siddeshwara
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temple along with the lower beds of Argillites grading into Phyllites showing
fissility. Further this hillock is juxtaposed on either side with Amphibolite Schist
formation along with the BIF and Dolerite dike in the eastern flank of the hillock.
The geological and Structural Features map of the area is given below.

1) QUARTZITES: As reported by S C Puranik and et al, Nargund hillock area
measures about 400 square meters and is located within 750 22’ to 750 23’E
Latitude and 150 43’ to 150 44’ N longitude The Nargund hill trends in general
NW-SE direction and the top 150 mts or so of the hillock are composed of white
to grey coloured medium grained quartzites. These rocks strike N25 0 W-S250 E
direction and in general have a low dip of 40 towards west. These quartzites rest
with a distinct angular unconformity over Dharwarian rocks, and the latter rocks
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have the tydical N400W-S400E strike and high angle easterly dip. The following
Photo depicts the bedded quartzites atop the hillock.

STRUCTURAL GEOLOGICAL FEATURES OF QUARTZITES: Though
the quartzites in general have a low dip of 40 in the middle portion of the outcrop,
these rocks suddenly show an increased dip of 180 to 160. Further this change
from 40 to 160 has suddenly occurred across well-developed shear zones CD and
EF, CD on southern and EF on northern portions of the middle block as shown in
the diagram.

Courtesy: S C Puranik and et al
Since the dip amount is considerably steep only for the central portion of
the hillock, this is reasonably attributed to the faulting movements of the nature
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of “Rotational type”. The hinges for this rotational fault is developed on the
eastern most side of the hillock, and is shown by the FD. It is interesting to note
that yet another rotational fault but of smaller extent is developed in the northeastern portion of the hillock. Here, the quartzites once again have developed a
dip of 160 which suddenly flattens to the general dip of 4o, beyond the fault plane
GH (as seen in the above diagram). For this second rotational fault AF constitutes
the hinge and GH the fault plan, the latter surface displaying characteristic slicken
sided surfaces. The hinge AFDB trends nearly parallel to the trend of the hillock
namely N250W-S250E. That the quartzites of Nargund area were subjected to
intense deformative forces is supported by the development of long and wide
shear zones, brecciation along the shear zones. Slicken sided surfaces and sudden
change in the amount of dip. Even from a distance, morphologically the central
portion of Nargund hillock clearly shows sagging. This is shown in the following
Google Earth imagery.

Hence, it has been concluded that the Quartzites of Nargund have been
subjected to strong structural disturbances, which have resulted in the
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development of intense shearing and faulting and that two rotational faults have
been produced, the major one situated in the central, while the minor is located
in the northern portions of the hillock and the rotational faults further belong to
the category of hinge fault, the eastern portion of the hillock marking the hinges.
Further, the hinge faulting is coupled with dip faults (EF and CD) and strike fault
(GH) cum shear zones, brecciation zones and slickensides. But due to the blasting
conducted in 2004 for levelling the ground for installation of wind mills the
geological traces of faulting are now difficult to recognise and decipher atop the
hillock.
The Nargund hillock predominantly consists of arenaceous beds of
quartzite which has stood like a residual hill. The quartzite shows nearly
horizontal bedding with well-developed horizontal (basal) and vertical joints.
These planar features have been recorded for their strike, dip and dip direction
and the same has been plotted in the Rose diagram using GeoRose software to
map the fracture/joint density and their orientation which is as follows.

2) AMPHIBOLITE SCHIST: Surrounding this hillock at a lower elevation is
the presence of amphibolite schist trending N 300 W and S 300 E. This formation
is dipping towards Northeast with a high angle dip of 700. This formation has well
Page 34 of 63

developed primary S1 and secondary S2 schisticity which is conspicuous through
its well developed lineations and foliations. The formation also exhibits the beds
being folded with conspicuous limbs as seen from the cuttings of the road which
leads to the Siddeshwara Temple by the side of the hillock. Further, this formation
extends up to the soundatti road and acts a zone of ground water movement in the
Nargund town.
The formation has undergone geological disturbances through the multiple
events of intrusion of quartz and quartzo-felspathic veins. The intruded quartz
veins show white to grey and smoky quartz types indicating multiple episodes of
intrusion. This process of intrusion has led to the silicification of the Schist and
the same has undergone mineral alteration through sericitization and consequent
weathering over a period of geological time. These features are notable in the
cross section which can be observed near the Venkateshwara temple of the
Naragund town. Some of the photographs of the hand specimens collected in this
area are given below.

Intrusion of Quartzo-Felspathic veins in the Schist seen near Venkateshwara
Temple
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Highly silicified schist due to the intrusion of quartzo-Felspathic veins

White to grey and Smoky quartz intruded into the Amphibolite Schist

Amphibolite Schist under sericitization and weathering near Venkateshwara
Temple
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The Desai open well of the area bears this formation through which the
percolating groundwater draining into the well. This Amphibolite Schist
formation also shows horizontal bedding with well-developed horizontal (basal)
and vertical joints.

Amphibolite Schist Formation showing minor fault traces in accordance with
the Pumpellys Rule which states that “Small structures are a key to and mimic
the styles and orientations of a larger structures of the same generation within
a particular area”.

The scree of quartzite stones and soil along the slope of the Nargund hillock
covering Schist
2.1) STRUCTURAL FEATURES OF AMPHIBOLITE SCHIST: The planar
features of Amphibolite Schist have been recorded for their strike, dip and dip
direction and the same has been plotted in the Rose diagram using GeoRose
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software to map the fracture/joint density and their orientation which is as
follows.

3) ARGILLITES/PHYLLITES AND CONGLOMERATE: Near the
Siddeshwara temple of the quartzite hillock, there lies thin bed of Argillites
grading into Phyllites and also showing fissility. Above this there lies a bed of
conglomerate showing a period of nondeposition. And it is an angular
unconformity overlined by the arenaceous beds of Quartzites. The photographs
of the same are provided below.

Nearly horizonatal Argillites grading into Phyllites showing fissility

Basal conglomerate horizon showing the presence of unconformity
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4) BANDED IRON FORMATIONS: BIF are also found to the north eastern
side of the hillock with a general trend of NW-SE. These BIFs are generally
smaller in size. Banded Iron formations are of Proterozoic age and are composed
of alternating layers of iron-rich material and silica. Each layer is relatively thin,
varying in thickness from a millimeter to several centimeter. They were formed
in sea water as the result of oxygen released by photosynthetic cyanobacteria.
The oxygen then combined with dissolved iron in Earth's primitive oceans to
form insoluble iron oxides, which precipitated out, forming a thin layer on the
ocean floor. Each band is similar to a varve, to the extent that the banding is
assumed to result from cyclic variations in available oxygen. The repetition of
this cycle has finally resulted in the origin of BIF. These BIF bands in this area
have undergone stress and have deformed with folding and intense crumbling of
the thin beds.
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5) DOLERITE DIKE: The presence of Dolerite dike trending NE-SW near
Kempagere was traced and it is almost trending N-S. This dike has suffered the
weathering process and shows prominent spheroidal weathering as shown in the
following photos below. However, the dike was not traced towards its south and
south western portion as there is development of settlements. It is conjectured that
the indurating and baking effect of this dike during its origin may have led to the
recrystallization of minerals in the surrounding rock formations deep inside the
earth and this dike being acting as a vertical barrier against the flow of
groundwater in the settlements near the vicinity of tank bund areas. Some of the
photos taken during field visit are given below.

Prominent Spheroidal weathering in Dolerite dike.
5.1) STRUCTURAL FEATURES OF DOLERITE DYKE:- The planar
features of Dolerite dyke have been recorded for their strike, dip and dip direction
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and the same has been plotted in the Rose diagram using GeoRose software to
map the fracture/joint density and their orientation which are as follows.
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6) ACHAMATTI DIORITE BATHOLITH: The ground subsidence event in
Nargund is localised within 20 Aces 37.45 Guntas is spread over Qasba Nargund,
Peta, Urbana and Dandapura areas of Nargund town. Interestingly, the
groundwater movement was not noticed beyond the Savadatti road. This enigma
forced the investigation to identify concealed subsurface dikes if any in this
region. However, no surficial clues have been observed in this area. But, on an
enquiry with the public about the presence and use of mafic rock types showed
the way to the Achamatti village from where the Diorite rock was quarried and
supplied to other areas. This site is at an aerial distance of 8.5 KM from Nargund
town. On a close inspection of this site, it was found to be a diorite rock with
micro-orbicular structure. And this diorite formation is conjectured to be a small
batholith. However, a bore hole cuttings or log data would definitely throw more
light on such a geological scenario. On verification of this site in Google Earth,
this site is almost subparallel to the Savadatti road and its lateral extension
beneath the soil cover up to the Nargund town may not be ruled out as a geological
possibility and its influence on groundwater movement as an effective vertical
barrier. This vertical barrier all along the compacted asphalted Savadatti road is
effectively preventing the flow of groundwater beyond the road. Thus, leading to
the oversaturation of the subsidence induced area which is the lowest part of this
small basin. And it also explains the proximal artesian condition of Desai well
which was totally dry previously. The Google earth Imagery of the same and field
photographs are provided below.
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Google Earth Imagery:

Diorite Intrusive Batholith exposed near Achamatti Village 8.5 KM NorthWest of Nargund Town.

The hard massive Diorite rock devoid of primary and secondary porosity.
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SURFACE WATER DRAINAGE AND GROUNDWATER QUALITY OF
AFFECTED AREA IN NARGUND MUNCIPAL AREA: Nargund town
being located in the pediment zone of the quartzite hillock lacks a good storm
water drainage system and UGD in its municipal limits for proper disposal of
domestic waste water. As a result, the domestic waste water and sewage is being
directly let into the drainage system which is not even properly lined with
concrete.
The two water samples drawn from the Desai dug well

and from the

house of Imam Saab Tahashildar of Hagedakatti Oni have been analysed in the
departments Belagavi lab and the test result is as follows.
Chemical Analysis Report of Water Samples
Sample (1)
Sample (2)
Name of the Owner: Desai Dug Well
Name of the Owner: Imamsab Tahasilder
Location : Nargunda
Location: N 150 431 15.26 8811
Laboratory No:109
Laboratory No:108
Date of Receipt:06/11/2019
Date of Receipt:06/11/2019
Date of Analysis:08/11/2019
Date of Analysis:08/11/2019
Constituents

Units

A. Type: CATIONS
1
Calcium (as Ca)
2
Magnesium (as Mg)

mg/L
mg/L

75
30

3

Sodium (as Na)

mg/L

4

Potassium (as K)

5

Total Iron (as Fe)

B. Type: ANIONS
Carbonate (as CO3)
1

Indian Standard Drinking
water Specification IS
10500:2012
Desirable
Permissible
limit
limit

Sample (1)
Results

Sample (2)
Results

200
100

272
150

283
155

-

-

590

620

mg/L

-

-

24

26

mg/L

0.3

No Relaxation

0.40

1-80

mg/L

-

-

Nil

Nil
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2

mg/L

-

-

583

593

3

Bicarbonate
(as
HCO3)
Chloride (as Cl)

mg/L

250

1000

896

938

4

Fluoride (as F)

mg/L

1.0

1.5

0.92

1.08

5

Nitrate (as NO3)

mg/L

45

No Relaxation

200

210

6

Sulphate (as SO4)

mg/L

200

400

680

720

7

Total Dissolved
Solids (TDS)

mg/L

500

2000

3250

3400

8

Specific
Conductance

µmho
s/cm

-

-

5220

5450

9

Total Hardness
mg/L
200
600
1280
1328
(as CaCO3)
10 pH value
mg/L
6.5 – 8.5
No Relaxation
7.42
7.38
Sample collected by Sri Venkana gowda Patil, Geologist, DMG, Blagavi on 03/11/2019 in
Nargund
Laboratory Note: Both the water samples are not potable for drinking purpose as per
chemical analysis.

Further, Nitrate (NO3) is the most frequently detected drinking water
contaminant as well as the most common form of nitrogen in ground water. nitrate
levels of less than 0.2 mg/L are considered to represent natural or background
levels. Concentrations ranging from 0.21 to 3.0 mg/L are considered transitional,
and may or may not represent human influences. Concentrations between 3.1 and
10 mg/L may represent elevated concentrations due to human activities. High
concentrations of nitrate are undesirable in drinking waters because of possible
health effects. Concentrations above 20 ppm impart a bitter taste to drinking
water. Concentrations greater than 10 ppm may have a toxic effect
(methemoglobinemia) on young infants. A variety of anthropogenic activities can
contribute nitrate to ground water and may increase nitrate concentrations. Nitrate
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is commonly present in domestic wastewater, and high levels of this constituent
are often associated with septic systems. The presence of high Nitrate content of
200-210 Mg/L over and above the desirable limit of 45 Mg/L in the groundwater
samples drawn from the Desai open well is a direct indicator of anthropogenic
influence on groundwater contamination this phenomenon can be directly
attributed to the ineffective municipal drainage system and disposal of domestic
waste water.
As a result, this polluted water is also percolating and seeping down into
the groundwater system through the geological conduits resulting in the
contamination of groundwater. This explains the formation of foam in the water
present in some of the sinkhole styled ground subsided locations and the
bitterness of water samples analysed in the laboratory. However, as narrated by
the locals this bitterness is getting mild over a period of time which can be
attributed to the dilution of Nitrate concentration due to the influx of surface water
impounded in the Kempagere lake through the feeder of Nargund branch of
Malaprabha dam into the groundwater system. Some of the photos taken during
the field visit are presented below to elaborate on the magnanimity of this
problem.
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Domestic waste water and sewage being directly let into the storm water drain
due to lack of UGD.
PUMPING TEST OF DESAI OPEN WELL:
The hydraulic characteristics of water-bearing formations can be
determined by conducting pumping tests. Pumping Test is conducted to examine
the aquifer response, under controlled conditions, to the abstraction of water. The
basic principle of a pumping test is that if the water pumped from a well and the
pumping and the drawdown in the well is measured then we can substitute these
measurements into an appropriate formula and can calculate the hydraulic
characteristics of the aquifer. A pumping test is a practical, reliable method of
estimating well performance, well yield, the zone of influence of the well and
aquifer characteristics (i.e., the aquifer’s ability to store and transmit water,
aquifer extent, presence of boundary conditions and possible hydraulic
connection to surface water).
In Nargund town, the pumping test of the Desai dug well has been
analysed. This dug well has depth of 85 feet bgl and has a inner diameter of 3.35
meters with an internal stone mason lining. Below which the Schistose formation
is acting as an aquifer from which water is draining into the well. Further it was
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found that the static water level in this well would always remain at a depth of
5.62 meter (18.54 feet) bgl, there by clearly showing that the hydrostatic pressure
equalising with the atmospheric pressure leading to the hydrostatic equilibrium.
The pumping test of the well was conducted from 01/11/2019 to 02/11/2019 using
two centrifugal pumps each with a power consumption capacity of 5 HP. Initially,
the static water level was measured which was found to be 5.62 Feet below
ground level and the recovery of groundwater was measured at a regular interval
of 10 minutes and the following observations were recorded.
1.1 RECOVERY TEST OF GROUND WATER IN WELL
Date
Time
Time interval (min)
Depth BGL (m)
01/11/2019
10.40
10.00
5.62
10.50
10.00
5.60
11.00
10.00
5.58
11.10
10.00
5.50
11.20
10.00
5.48
11.30
10.00
5.42
11.40
10.00
5.40
11.50
10.00
5.37
02/11/2019
12.00
10.00
5.32
12.10
10.00
5.29
12.20
10.00
5.26
12.30
10.00
5.22
12.40
10.00
5.19
12.50
10.00
5.15
1.00
10.00
5.11
1.10
10.00
5.09
1.20
10.00
5.06
1.30
10.00
5.03

Simultaneously, the yield test for both the pumps was done using 100 litre barrel
and the time taken to fill the barrel was noted which is as follows.
1.2 YIELD TEST
New Pump
23.69 sec

Old Pump
28.77 sec
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23.97 sec
27.85 sec
avg 23.83 sec
avg 28.31 sec
Later, the pumping test was conducted and readings were noted at regular
intervals of 15 min, 30 min and 60 min which is as follows.
1.3 PUMPING TEST DATA
Date

02.11.2019

Time
1.50
2.05
2.20
2.35
2.50
3.05
3.20
3.35
3.50
4.20
4.50
5.20
5.50
6.50
7.50
8.50

Time interval (min)
15
15
15
15
15
15
15
15
15
30
30
30
30
60
60
60

Depth BGL (m)
5.60
5.70
6.65
7.26
7.81
8.30
8.81
9.27
9.70
10.52
11.2
11.85
12.41
13.42
14.32
15.22

Further, the recovery test was resumed again and the values were noted which is
as follows.
1.4 RECOVERY TEST OF GROUND WATER IN WELL
Date
Time
Time interval (min)
Depth BGL (m)
02/11/2019

8.50
9.05
9.20
9.35
9.50
10.05
10.20
10.35
10.50
11.05

15
15
15
15
15
15
15
15
15
15

15.22
14.41
13.65
13.07
12.53
12.02
11.54
11.09
10.68
10.29

The dug well of diameter 3.35 mtr and with the depth of 85 feet and with
static water level of 5.62 mtr bgl was pump tested using two submersible
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centrifugal pumps of 5 HP each on 02.11.2019 for a period of 7 hours 50 minutes.
The drawdown readings were noted initially at 05-minute interval and then at 15and 30-minute intervals till pumping ended. The data on the same is given in the
Table 1.3 above. Using the above data, the specific capacity of the well has been
calculated which is defined as the “discharge for unit time for unit drawdown”
which depends on several factors including storativity and transmissivity of the
aquifer size of screen perforations of method of well development and duration
of pumping.
The specific capacity of the large diameter dug well is computed by the
analysis of recovery data using slichters formula C=2.303 A/t log 10 s1/s2 where
A= cross-sectional area of the well in sq.m, t= time since pumping stopped in
min, s1= drawdown just before pump was shut down and s2= residual drawdown
at any time ‘t’ after pump was shut down.
Time since
pumping
Depth to
Residual
stopped in
water
drawdown Time t
mins
level in mt in mt (s2) in min
421
15.22
9.62
1
422
15.22
9.62
2
423
15.22
9.62
3
424
15.22
9.62
4
425
15.22
9.62
5
430
15.22
9.62
10
435
15.22
9.62
15
450
14.41
8.81
30
465
13.65
8.05
45
480
13.07
7.47
60
495
12.53
6.93
75
510
12.02
6.42
90
525
11.54
5.94
105
540
11.09
5.49
120

Time t/t' in
min
421
211
141
106
85
43
29
15
10.33333333
8
6.6
5.666666667
5
4.5

s1/s2
1
1
1
1
1
1
1
1.091941
1.1950311
1.2878179
1.3881674
1.4984424
1.6195286
1.7522769
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555
570

10.68
10.29

5.08
4.69

135
150

4.111111111
3.8

1.8937008
2.0511727

A linear scale plot was prepared for the ratios of log value to residual time
from which the residual drawdown ratio for 40 minutes was noted and calculation
was done using the following using slichters formula C=2.303 A/t log

10

s1/s2

where A= cross-sectional area of the well in sq.m, t= time since pumping stopped
in min, s1= drawdown just before pump was shut down and s2= residual
drawdown at any time t after pump was shut down.

Naragund

0.25
0.2
0.15
0.1
0.05
0
0

20

40

60

80

100

120

Naragund

A=2*3.1416*1.675=

10.5244*4/40=1.0526*0.06=0.0632

m3/minute/meter

drawdown. Therefore, the yield is almost 632 litres per minute per meter
drawdown.
It appears to be heavy to moderate percolation rate as for as high rainfall
period is concerned. The percolation rate indicates moderate to high fracturing
even at depth giving scope for larger flow from high level to the low level.
However, exact groundwater flow situation can be assessed only with a detailed
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study with a greater number of water table observation stations in the northern
and southern side plain area within a radius of 2 to 3 km.
PROXIMAL ARTESIAN CONDITION OF THE AFFECTED AREA:
Toposheet:

The drainage conditions indicate that the affected area is a small localised basin.
Google Earth Imagery:

Further, on close verification of the affected area in the toposheet in
relation to the drainage pattern and in the Google Earth timeline imagery, the
affected area is the lowest lying area in the entire Nargund town and happens to
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be a small localised basin. The same comparative idea is presented below using
both the toposheet and the Google Earth Imagery.
Preliminary analysis and interpretations based on the above data sets
revealed substantial interlink between the highly weathered deformed,
structurally disturbed and altered quartz-Arenite and amphibolite schist formation
and the newly built Kempagere lake which is situated in the geologically
disturbed and deformed area and is aiding in the seepage of groundwater along
the weak zones which are acting as geologically favourable conduits for
movement of groundwater. This geological scenario is further aggravated by the
pre-existing hollow underground chambers created for the storage of food grains
in the historical past.
The groundwater movement in this sensitive zone is not only acting as a
favourable conduit for the its movement but also acts as a lubricant for the
underground soft strata to undergo liquefaction leading to the displacement of the
underlying earth. This process of Soil liquefaction caused by the saturation of
water is leading to the substantial loss of strength and stiffness in response to the
applied stress leading to the mass wasting at the subterranean level causing
sinkhole styled circular ground subsidence in the area where there are pre-existing
underground granaries in parts of Nargund town of Gadag district.
Observations indicate the highly fractured quartzite with both vertical and
basal joints with Megascopic and microscopic joints which easily makes possible
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for percolation water during high rainy season and from pre-existing fresh water
recipient source like Kempagere lake which in turn feeds to the deeper fractured
and faulted zone thereby over saturating the entire fractured quartzite zone.
Underneath the quartzite there appears to be a zone susceptibility to hydration
due to high percolation of water which allows compression of the over zone/ load
causing slow subsidence in the saturated localized zone. This appears to be
possible explanation for localized subsidence in this area.
Adding to it, the faulted zone also helps to abet this process as this shear
zone acts as a favourable conduit for movement of groundwater. The central
portion of the Nargund quartzite hillock is more reactive to the drainage. These
are the conjectures derived on the basis of data collected and analysed.
GEOLOGICAL REASONING AND INFERENCES:

The historical

commercial, cultural and recent anthropogenically induced development trends
of the Nargund town has been correlated with the GPS survey of the affected
sites, Geological and structural mapping of the area, Rainfall data analysis, well
pump test and groundwater quality report and the following conjectures and
inferences have been derived for the cause of land subsidences in Nargund town.
1)

The Nargund town itself is an outlier of the kaladagi super group of

Proterozoic kaladagi sedimentary basin having Precambrian Basement Complex
covered with thick layer of black cotton soil in the plane area.
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2) This small little town has developed along the pediment zone of quartzite
hillock and is characterised by varied geological formations like quartzites,
Amphibolite Schist, Argillites, Phyllites, Conglmerates, Quartzo-Felspathic
Veins showing characteristica of multiple episodes of intrusion, BIF, Dolerite
Dyke and Achmati Diorite Batholith which is inferred to be in contact with these
formations beyond the Savadatti Road.
3) On one side, the parent rock Amphibolite Schist in the Nargund town has
undergone sericitization and on the other hand, the quartzite formation in the
Nargund hillock has suffered reverse rotational faulting which is clearly visible
as the hillock is sagging at the middle.
3) This unique setup has made this town geologically very sensitive. And in such
a sensitive area the authorities have located and built the Kempagere lake
unscientifically for the augmentation of surface water for the drinking water
needs of the town by connecting Nargund Branch canal to this lake through a
feeder canal.
4) In addition to the variegated geological formations which have developed the
secondary porosity, most prominently, the Kempagere lake which has been
aligned along the inferred geological fault line are aiding as a favourable
conduits/channels for the movement of groundwater which is resulting from the
seeping of surface water being stored in the Kempagere lake.
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5) However, the inferred Achmati Diorite Batholith beyond the Savadatti road
concealed under the black cotton soil is acting as an effective subsurface barrier
in addition to the metalled, asphalted and hardened road and is preventing the
movement of groundwater down the topographical gradient.
6) Further, no direct correlation can be established between heavy rainfall and
ground subsidence. Because, though this area has received 1032.30mm of rainfall
and for the first-time subsidence was reported in 2009 no ground subsidence
incidents were reported in 2014 when this area received 1057.50 mm of rainfall.
These periods are the time of flooding and inundation in this area resulting from
torrential rainfall. Further, in 2019 the area had already received 745.60 mm of
rainfall till October end crossing the normal and average annual rainfall limit of
578.20 mm and the subsidence incidents were highly critical. This tendency selfevident in itself that some extraneous factor other than rainfall is triggering the
subsidence although its role may not be ruled out completely.
7) As per the study conducted by National Institute of Hydrology, Roorkee the
Nargund area has infiltration rate of 6.0 cm/Hr and permeability of 6.5 mm/Hr
when compared to other surrounding areas. This is because of the presence of
quartzites, Schist, BIF in the pediment zone and consequent red soil resulting as
consequence of weathering. However, in the plane region the soil is black cotton
soil resulting from the weathering mafic rocks like Diorite indicating the presence
of sharp litho-contact as observed from the soil map appended to this report.

Page 56 of 63

8) The GPS survey has revealed that the 20 Aces 37.45 Guntas of area within the
four village limits of Nargund town and falling under the ward no: 12, 13 14, 15,
19, 20 and 21 of Nargund Town Municipal Council itself being the lowest area
of the town is acting as a small localised basin having the behaviour of proximal
artesian condition due to the inflow of water into the groundwater system from
the Kempagere lake above and the subsurface vertical barrier behaviour of the
Achmati batholith beyond Savadatti road effectively blocking the movement of
groundwater.
9) This unique geological setup coupled with huge inflow of stored surface water
from the Kempagere lake has altered the groundwater regime leading to the
supersaturation of the geological formation and upwelling of groundwater in this
zone.
10) The situation has been exacerbated by the presence of household graneries
dugout during its historical past of the town for the storage of food grains and
abandoned and forgotten have accumulated the water in them. And over a period
of time the loose cover is collapsing leading to the circular sinkhole styled
subsidence in this area.
11) The supersaturation of geological formations has resulted in the recharge and
activation of old abandoned wells like Desai well and the water is raising up to
the near brim condition in this well. As found out during pump test, If the water
is not pumped out from this well then water would be rise in the well until the
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hydrostatic equilibrium is established between atmospheric pressure and the
aquifer pressure. Once this equilibrium is established by not pumping out the
water from Desai well, then the groundwater tends to flow and spread laterally
leading to the increase in the events of land subsidence laterally.
12) On one side, this supersaturation of the geological formation due to raising
water table has lead to the initial dampening and gradual collapse of kaccha
houses with loose foundation. And on the other side, the dissolving of minerals
from the underlying strata by groundwater is resulting in the reduction in volume
of the strata below leading to the gradual sinking of the ground and development
of cracks in the pakka houses with solid foundation. This process explains the
development cracks in Mr. Anegondis house and other homes in Nargund town.
13) Further, the Nargund town lacks a good storm water drainage and UGD in its
municipal limits for proper disposal of domestic waste water. As a result, the
domestic waste water and sewage is being directly let into the drainage system
which is not even properly lined with concrete.
14) This groundwater contamination from domestic sources in an area of high
rate of infiltration and permeability in addition its structural geological sensitivity
is the reason behind the high presence of Nitrate in the range of 200-210 mg/L
which is over and above the desirable limit of 45 mg/L with no upper relaxation
limit. Hence, making this groundwater nonpotable and dangerous for human
consumption. However, there is a slight dilution in the chemical parameters of
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the groundwater as narrated by Dr S P Patil that the groundwater was saline earlier
and it is improving in its quality and taste in recent two years which corroborates
the effect of entry of surface water directly from the Kempagere lake which has
been augmented with Malaprabha river water through a feeder conncting it to the
Nargund Branch Canal.
REMEDIES:
The cause of ground subsidence in Nargund town is due to its unique
geological setup upon which there is unscientific human intervention leading to
the creation of an artificial tank like Kempagere lake for impounding surface
water which in turn has found its way through the geological conduits. The
situation has got worsened by the presence of old unknown abandoned granaries
created in the historical past as a result of commercial and subsistence activities
of an economy predominantly with agrarian culture.
The remedy to this problem should have a multipronged approach which are
as follows.
a) The impounding of water in the newly created Kempagere lake whose
location is in alignment with the geologically sensitive zone shall be
stopped with. Alternate source of water supply to the town shall be made
by abandoning the use of Kempagere lake. The lake shall be completely
dessicated and its land use shall be changed from wet land type to dry
landscape conditions.
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b) The pumping out of water welling up from the Desai open well shall be
continued to minimize the lateral spread of groundwater. Thus, containing
the spread of subsidence incidences.
c) A household survey shall be conducted for identifying all the underground
granaries dug out in the schistose rocks of this affected area to create an
inventory of the same. These granaries shall be filled with red soil and
murrum to prevent the eventual collapse in a circular fashion.
d) The storm water drainage and domestic sewerage system should be
properly lined with cement concrete so as to prevent their eventual
percolation into the groundwater regime.
e) As there is a fractured zone approximately at a depth of 40 feet as observed
in the Deasi well, an engineering intervention by way of constructing a
deep trench or aqua duct at this depth is recommended as shown in the
below map down the nargund hillocks gradient in alignment with the Desai
open well cutting across the Savadatti road and finally connecting it to the
nearest feeder tributary of Bennehalla.
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f) This prevents the accumulation of groundwater in a confined geological
setup and easily enables the uninterrupted flow of the groundwater down
the topographic gradient. And it is hoped that this measure will solve the
ground subsidence issue permanently. However, sporadic isolated and
stray events may be anticipated until the ground stabilizes over a period of
time probably within next one year provided these recommendations are
implemented in its true spirit.
g) Further, it is highly recommended to create a network of observation wells
within the four-kilometer radius of Nargund town to effectively monitor
the groundwater fluctuations.
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