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Abstract

A 60m long and 2-4m wide ground crack developed on 26'̂  September 2007 at Priyanagar under 
Chakdah Block near Kaiyani town of Nadia District. Besides badly damaging an old pucca 
house, this subsidence crack endangered the adjacent house and other structures.A detailed 
study of the ground crack was carried out to evaluate the causes and to assess the gravity of the 
incidence.

Quaternary sediments, deposited by the west-flowing Bhagirathi river occupy the area. The two 
major Quaternary formations occupying the area are (I) Late Holocene Hoogiy formation consisting 
of fine sand, silt & clay and (ii) Mid- to Late Holocene Katwa /Arambagh formation consisting of 
alternate layers of sand, silt & dark gray clay. The sediments of both these formations are 
unoxidised and unconsolidated in nature.

Field studies revealed a 30-75 cm deep and N65“-80° E-S65°-80°W trending crack confined in 
between two man made ponds with a level difference of 10 to 12m and a separation of 85-90m, 
with the gradient being westwards. The damaged house and the prominent subsidence zone 
occur along the crack and He in between these two ponds. Three segments are discernible in the 
crack from NE to SIA/, viz i) crack traversing the ground, ii) cracks traversing the house and Hi) 
cracsk traversing the subsidence zone.

Subsidence of ground and its effect on surface as ground cracks is generally due to four causative 
factors, which may be responsible either singularly or severally, viz i) Seismic activity, ii) Overdraw' 
of groundwater. Hi) Mining activity and iv) Presence of buried channel

The paper discusses, in detail, about the nature and impact of each cause, before pointing at the 
presence of a buried channel as the most likely causative factor responsible for the occurrence of 
ground cracks at Priyanagar

Introduction assess the gravity of the incidence, at the
_  ̂ request of District Magistrate, Nadia, to work
Subsidence ground crack, measunng 60m in appropriate remedial measures,
length and 2-2.4m width developed on 26"'
September 2007 morning at a place called The residents of the badly damaged house
Priyanagar under Chakdah B lock near first noticed the cracks, both on the ground
Kaiyani town of Nadia District, West Bengal, and in the house, on 26"' September early
Besides badly damaging an old pucca house, morning, after a heavy downpour in the
this ground subsidence has endangered the locality. No casualty however was reported,
adjacent house and other structures, thus Another house in front of the damaged house
creating panic among the locals in general and located 10-12m away from the crack
and the occupants of the pucca house in alignment remained unaffected and with no
particular. A  detailed study of the earth crack sign of distress visible,
was undertaken to find out the causes and
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Site Geology

T h e  a r e a  i s  c o v e r e d  w i t h  Q u a t e r n a r y  

s e d i m e n t s  d e p o s i t e d  b y  t h e  r i v e r  B h a g i r a t h i  

w h i c h  f l o w s  f r o m  e a s t  t o  w e s t .  T h e  p r e s e n t  

c o u r s e  o f  t h e  B h a g i r a t h i  r i v e r  is  a b o u t  1 . 5  t o  

2  k m  w e s t  o f  t h e  a r e a  o f  s t u d y .  T h e  t w o  m a j o r  

Q u a t e r n a r y  f o r m a t i o n s  o f  t h e  a r e a  a r e  i) 

H o o g l y  f o r m a t i o n  c o n s i s t i n g  o f  f i n e  s a n d ,  s i l t  

a n d  c l a y  o f  L a t e  H o l o c e n e  t o  R e c e n t  a g e  a n d

i i )  K a t w a / A r a m b a g h  f o r m a t i o n  c o n s i s t i n g  o f  

a l t e r n a t e  l a y e r s  o f  s a n d ,  s i l t  &  d a r k  g r a y  c l a y  

r e p r e s e n t i n g  n a t u r a l  l e v e e  a n d  f l o o d  b a s i n  

z o n e  o f  M i d -  t o  L a t e  H o l o c e n e  a g e .  

S e d i m e n t s  o f  b o t h  t h e s e  f o r m a t i o n s  a r e  

u n c o n s o l i d a t e d  i n  n a t u r e .  N e a r  t h e  

i n v e s t i g a t e d  a r e a ,  a  n u m b e r  o f  d e t a c h e d  

c r e s c e n t  s h a p e d  w a t e r  b o d i e s ,  h a v i n g  

c o n v e x i t y  t o w a r d s  e a s t  a n d  a l i g n e d  a l m o s t  

p a r a l l e l  t o  t h e  p r e s e n t  r i v e r  c o u r s e  a r e  n o t i c e d  

w h i c h  i n d i c a t e s  t h a t  t h e  r i v e r  c o u r s e  h a s  

s h i f t e d  t o w a r d s  w e s t .  T h e s e  d e t a c h e d  l i n e a r  

w a t e r  b o d i e s ,  i f  j o i n e d  w i l l  m a r k  t h e  p a l a e o  

c o u r s e  o f  B h a g i r a t h i  r i v e r  ( F i g .  1 ) .  N o  h a r d  

r o c k s  a r e  e x p o s e d  in  a n d  a r o u n d  t h e  l o c a l i t y  

a n d  t h e  b u i l d i n g s  in  t h e  a r e a  a r e  f o u n d e d  o v e r  

s o i l .

N ature o f c ra c k s

T h e  3 0 - 7 5  c m  d e e p  c r a c k  t r e n d i n g  N 6 5 ° - 8 0 “ 

E - S 6 5 ° - 8 0 ' ’W  is  c o n f i n e d  b e t w e e n  t w o  m a n  

m a d e  p o n d s  w i t h  a  l e v e l  d i f f e r e n c e  o f  

a p p r o x i m a t e l y  10 t o  1 2 m  a n d  a  s e p a r a t i o n  o f  

8 5 - 9 0 m ,  w i t h  g r a d i e n t  t o w a r d s  w e s t  T h e  

p o n d  in  t h e  n o r t h e a s t  is  a  s m a l l e r  o n e  f o r m e d  

a t  a  h i g h e r  e l e v a t i o n  o f  3 1  m ,  w h i l e  t h e  p o n d  

o n  t h e  s o u t h w e s t  is  r e l a t i v e l y  b i g g e r  a n d  is  

a t  a  l o w e r  e l e v a t i o n  o f  1 7 m . T h e  d a m a g e d  

h o u s e  a n d  t h e  p r o m i n e n t  s u b s i d e n c e  z o n e  

l i e  in  b e t w e e n  t h e s e  t w o  p o n d s  a n d  f a l l  a l o n g  

t h e  c r a c k  a l i g n m e n t .  A  s c h e m a t i c  s k e t c h  o f  

t h e  c r a c k s  is  s h o w n  in  F i g .  1 .  T h e  c r a c k  c a n  

b e  s u b  d i v i d e d  i n t o  t h r e e  s e g m e n t s  f r o m  N E  

t o  S W ;  v i z ,  i ) g r o u n d  c r a c k  t o  t h e  N E  o f  t h e  

d a m a g e d  h o u s e ,  i i )  c r a c k s  in  t h e  h o u s e  a n d

i i i )  t h e  s u b s i d e n c e  z o n e  t o  t h e  s o u t h w e s t  o f  

t h e  d a m a g e d  h o u s e .

i. G round  c ra c k s  to the NE of the 
dam aged  h ou se : A  v i s i b l e  a n d  

p r o m i n e n t  c r a c k  s t a r t s  f r o m  t h e  w e s t e r n  

f l a n k  o f  t h e  s m a l l  p o n d  a n d  e x t e n d s  

c o n t i n u o u s l y  f o r  a  l e n g t h  o f  1 7 m  u p  t o



the base of the damaged house. The 
crack in this stretch is 10cm wide and 
30-40cm deep (Photo-1), The ground 
slope is towards the damaged house. The 
subsurface soil revealed by the crack is 
loose silty clay while on the surface it is 
clayey in nature and partly consolidated.
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Photo 1

ii. Cracks in the damaged house: The
lOOyears old house has been badly 
damaged with cracks all over the house, 
both inside as well as outside. The 
distress observed on the cemented floor, 
wall and ceiling reflects the gravity of 
subsidence. The tilting of the window and 
the base of the house is very prominent

Photo 2

(Photo-2). The bricks on the wall and over 
the window arch are dislodged and some 
of the bricks have fallen down (Photo-3). 
The ground crack passes below the 
house and the trend is N70°E-S70°W. 
Both the rooms of the damaged house 
are badly affected. The cracks are

Photo 3

irregular but continuous in nature. 
Another house, relatively new, to the 
northwest of the damaged one but away 
from the crack alignment has not been 
affected at all. It is reported that the hand 
pump in the north of this house has 
intercepted ground water at a shallow 
depth of 3.0 m with sand layers occurring 
at 3 to 4m below ground level.

iii. Subsidence zone: The ground crack 
extends further west beyond the 
damaged house up to the bigger pond. 
The ground in between the house and 
the pond has subsided up to a depth 
ranging from 35 to 75cm. The width of 
the affected area is 4.6m(max.). The 
tilting of a mango tree falling within this 
zone is very prominent. The cracks 
bounding the subsidence zone trend 
N80°E- S80°W and the approximate 
extent of this crack is 45m (Photo-4) . 
The width and depth of the crack

Photo 4



d e c r e a s e s  t o w a r d s  t h e  b i g g e r  p o n d .  It  

g r a d u a l l y  d i e s  o u t  a n d  r e a p p e a r s  a t  t h e  

e a s t e r n  b o u n d a r y  o f  p o n d - l l .  T h e  

s e e p a g e  o f  w a t e r ,  a l o n g  t h e  c r a c k ,  f r o m  

t h e  s m a l l e r  p o n d  t o  t h e  b i g g e r  o n e  is  n o t  

e v i d e n t  o n  s u r f a c e  b u t  a  d i s c e r n i b l e  f l o w  

o f  w a t e r  w i t h  c a r r i a g e  o f  f i n e r  s a n d  

p a r t i c l e s  is  o b s e r v e d  a t  t h e  t e r m i n a l  p o i n t  

o f  t h e  c r a c k  n e a r  t h e  b i g  p o n d  ( P h o t o -  

5 ) .  I t  w a s  i n f o r m e d  b y  t h e  l o c a l s  t h a t  t h e  

l e v e l  o f  w a t e r  in  t h e  s m a l l e r  p o n d ,  w h i c h  

is  a t  a  h i g h e r  e l e v a t i o n ,  w a s  d e c r e a s i n g  

g r a d u a l l y ,  t h o u g h  t h e  s a m e  c o u l d  n o t  b e  

c o n f i r m e d  d u e  t o  m o n s o o n .  T h e  g r o u n d

Photo 5.

c r a c k s  in  t h e  s u b s i d e n c e  z o n e  a r e  u p  t o  

7 5  c m  d e e p  a n d  g e n e r a l l y  l i n e a r  in  n a t u r e  

t h o u g h  c i r c u l a r  c r a c k s  a r e  a l s o  n o t i c e d .  

T h e  s o i l  c o l l e c t e d  f r o m  t h e  f i s s u r e s  

i n d i c a t e s  a  s i l t y - s a n d y - c l a y  c o m p o s i t i o n .

D iscuss ions

G r o u n d  s u b s i d e n c e  a n d  c o n s e q u e n t  

d e v e l o p m e n t  o f  s u r f a c e  c r a c k s  g e n e r a l l y  t a k e  

p l a c e  d u e  t o  t h e  f o l l o w i n g  f o u r  c a u s e s  e i t h e r  

i n d e p e n d e n t l y  o r  a s  a  c o m b i n e d  e f f e c t .  T h e  

s a m e  a r e  e v a l u a t e d  v i s - a - v i s  t h e  p r e s e n t  c a s e .

i) S e i s m i c  a c t i v i t y

i i )  O v e r d r a w  o f  g r o u n d w a t e r .

Hi) M i n i n g  a c t i v i t y

iv ) P r e s e n c e  o f  b u r i e d  c h a n n e l  a n d  p a r t i c l e  

c a r r i a g e

I) Se ism ic activity: T h e  p r e l i m i n a r y  d a t a  

a n d  i n f o r m a t i o n  c o l l e c t e d  d u r i n g  t h e  s i t e

v i s i t  d o  n o t  i n d i c a t e  a n y  e a r t h q u a k e  

r e l a t e d  h a z a r d .  V i l l a g e r s  f e l t  n o  t r e m o r  

d u r i n g  t h e  p e r i o d ;  n e i t h e r  I M D  r e c o r d e d  

a n y  e v e n t  f r o m  t h e  a r e a .  P a s t  r e c o r d s  

a l s o  d o  n o t  s u p p o r t  t h e  p o s s i b i l i t y  o f  a n  

e a r t h q u a k e .  T h e  a m o u n t  o f  s e i s m i c  

s h a k i n g  r e q u i r e d  t o  c r e a t e  s u c h  c r a c k s  

o n  t h e  w a l l  a n d  o n  t h e  g r o u n d  s u r f a c e  

c a n n o t  g o  u n n o t i c e d  b y  t h e  p e o p l e  

r e s i d i n g  i n  t h e  a r e a ;  h e n c e  s e i s m i c  

a c t i v i t y  a s  a  c a u s a t i v e  f a c t o r  is  r u l e d .

ii) Overdraw of groundwater: It  i s  l e a r n t ,  

f r o m  l o c a l  r e s i d e n t s  a n d  a l s o  f r o m  t h e  

w a t e r  l e v e l  o b s e r v e d  in  t h e  n e a r b y  t u b e  

w e l l ,  t h a t  t h e  g r o u n d w a t e r  t a b l e  in  t h e  

a r e a  i s  v e r y  s h a l l o w  ( a b o u t  10 f t  d e e p ) .  

T h e  B h a g i r a t h i  r i v e r  is  a b o u t  1 . 5  t o  2  k m  

a w a y  f r o m  t h e  a f f e c t e d  a r e a .  T h e  p o n d  

n e a r  t h e  a f f e c t e d  a r e a  h a s  i n t e r s e c t e d  

g r o u n d w a t e r  t a b l e .  A t  P r i y a n a g a r  g r o u n d  

w a t e r  i s  n o t  b e i n g  e x c e s s i v e l y  d r a w n ,  

m o r e o v e r  t h e  a r e a  w a s  a l r e a d y  

s u r c h a r g e d  w i t h  w a t e r  d u r i n g  m o n s o o n  

r a i s i n g  t h e  g r o u n d  w a t e r  l e v e l .  T h e r e f o r e  

t h e  c a s e  o f  s u b s i d e n c e  d u e  t o  t h e  

p o s s i b l e  c a u s e  o f  e x c e s s i v e  p u m p i n g  o f  

g r o u n d  w a t e r  i s  a l s o  r u l e d  o u t .

iii) IVIining activity: G r o u n d  s u b s i d e n c e  d u e  

t o  u n s c i e n t i f i c  m i n i n g  a c t i v i t i e s  i s  

c o m m o n  p h e n o m e n a ,  p a r t i c u l a r l y  in  c o a l  

b e l t  a r e a s .  T h e r e  is  h o w e v e r  n o  r e p o r t e d  

o c c u r r e n c e  o f  a n y  m i n e r a l  o r  c o a l  in  t h e  

a r e a  i n v e s t i g a t e d  a n d  a s  s u c h ,  t h e  

q u e s t i o n  o f  m i n i n g  a c t i v i t y  r e l a t e d  

s u b s i d e n c e  d o e s  n o t  a r i s e .

iv) P re sen ce  o f bu ried  channe l: T h e

p r e s e n c e  o f  a  b u r i e d  p a l a e o  c h a n n e l  in  

t h e  a r e a  is  w e l l  r e f l e c t e d  in  t h e  g e o l o g i c a l  

m a p  o f  t h e  a r e a .  A  n u m b e r  o f  d e t a c h e d  

w a t e r  b o d i e s  h a v i n g  c o n v e x i t y  t o w a r d s  

e a s t  a n d  a l i g n e d  a l m o s t  p a r a l l e l  t o  t h e  

p r e s e n t  r i v e r  c o u r s e ,  n e a r  t o  t h e  p r e s e n t  

l o c a t i o n ,  i n d i c a t e  t h a t  t h e  r i v e r  c o u r s e  

h a s  s h i f t e d  t o w a r d s  w e s t  a n d  t h e s e  

i n d i v i d u a l  l i n e a r  w a t e r  b o d i e s ,  i f  j o i n e d  

t o g e t h e r  w i l l  i n d i c a t e  t h e  p a l a e o  c o u r s e  

o f  t h e  B h a g i r a t h i  r i v e r .  T h e  w i d t h  o f  t h e  

s u b s i d e n c e  z o n e  p r o b a b l y  r e p r e s e n t s  t h e



w i d t h  o f  t h e  b u r i e d  c h a n n e l  a n d  i t s  l i n e a r  

e x t e n s i o n  t o w a r d s  s o u t h w e s t  m a y  b e  t h e  

p r o b a b l e  f l o w  d i r e c t i o n  o f  t h e  c h a n n e l .  

T h i s  b u r i e d  c h a n n e l  m a y  h a v e  f a c i l i t a t e d  

a n  e a s y  p a s s a g e  o f  w a t e r  f r o m  h i g h e r  

l e v e l  p o n d  t o  t h e  l o w e r  l e v e l  p o n d  w i t h  

e n o u g h  h e a d  t o  c a u s e  r e m o v a l  o f  t h e  

l o o s e l y  c o n s o l i d a t e d  m a t e r i a l .  T h i s  m a y  

h a v e  c r e a t e d  v o i d s  in  t h e  s u b - s u r f a c e  

c a u s i n g  t h e  g r o u n d  a t  P r i y a n a g a r ,  in  

b e t w e e n  t h e  t w o  p o n d s ,  t o  s u b s i d e .

T h e  r e m o v a l  o f  f i n e  s a n d  a n d  s i l t  m a t e r i a l  b y  

t h e  u n d e r g r o u n d  w a t e r  a l o n g  a  c h a n n e l  

d e f i n e d  b y  t h e  g r o u n d  c r a c k  w a s  n o t i c e d  

d u r i n g  t h e  s t u d y .  H e n c e ,  c r e a t i o n  o f  e x t e n s i v e  

s u b s u r f a c e  v o i d s  d u e  t o  p a r t i c l e  c a r r i a g e  b y  

g r o u n d  w a t e r  i s  c o n s i d e r e d  t o  b e  t h e  m o s t  

l i k e l y  c a u s a t i v e  f a c t o r  f o r  t h e  s a g g i n g  o f  

g r o u n d  a n d  d e v e l o p m e n t  o f  g r o u n d  c r a c k s  a t  

P r i y a n a g a r .

Sum m ary and C onc lus ions

T h e  d i s c u s s i o n  a f o r e  p r e s e n t e d  is  m a i n l y  

b a s e d  o n  f i e l d  o b s e r v a t i o n s ,  f e e d  b a c k  f r o m  

l o c a l s  a n d  c o n s u l t a t i o n  o f  a v a i l a b l e  m a p s  o f  

t h e  a r e a .  T h e  d i f f e r e n t  c a u s e s  o f  l a n d  

s u b s i d e n c e  a n d  i t s  s i g n a t u r e s  o n  t h e  g r o u n d  

i n  t h e  f o r m  o f  c r a c k s  h a v e  b e e n  

g e o t e c h n i c a l l y  e v a l u a t e d  t o  a r r i v e  a t  a  l o g i c a l  

c o n c l u s i o n  w i t h  r e g a r d s  t o  t h e  c a u s a t i v e  

f a c t o r .

L i m i t e d  d i m e n s i o n  o f  t h e  c r a c k s ,  t h e i r  

l o c a l i z e d  o c c u r r e n c e  a n d  d a m a g e  c o n f i n e d  

t o n e  h o u s e  d o  n o t  f a v o u r  a n y  s e i s m i c  a c t i v i t y  

t o  b e  t h e  c a u s a t i v e  f a c t o r .  T h e  a v a i l a b i l i t y  o f  

g r o u n d  w a t e r  a t  v e r y  s h a l l o w  d e p t h  a n d  

o c c u r r e n c e  o f  t h e  e v e n t  d u r i n g  m o n s o o n ,  

w h e n  t h e  r a t e  o f  r e c h a r g e  i s  a t  l e a s t  e q u a l ,  i f  

n o t  m o r e ,  t h a n  t h e  r a t e  o f  d r a w a l  o f  g r o u n d  

w a t e r  d o e s  n o t  f a v o u r  s u b s i d e n c e  d u e  t o  

e x c e s s i v e  d r a w a l  o f  g r o u n d  w a t e r  e i t h e r .  A n d  

s i n c e  t h e r e  is  n o  m i n i n g  a c t i v i t y  in  t h e  p r e s e n t

a r e a ,  s u b s i d e n c e  d u e  t o  t h i s  f a c t o r  is  a l s o  

r u l e d  o u t .

T h e  p r e s e n c e  o f  a  p o s s i b l e  b u r i e d  c h a n n e l  in  

t h e  a r e a  is  w e l l  r e f l e c t e d  in  t h e  g e o l o g i c a l  

m a p  o f  t h e  a r e a .  A  m e a n d e r i n g  c o u r s e  o f  t h e  

B h a g i r a t h i  a n d  i t s  w e s t w a r d  s h i f t i n g  is  a n  

e s t a b l i s h e d  f a c t .  T h e  r e m o v a l  o f  f i n e r  s a n d  

a n d  s i l t  m a t e r i a l  b y  t h e  u n d e r g r o u n d  w a t e r  

a l o n g  a  p o s s i b l e  b u r i e d  c h a n n e l  h a s  b e e n  

n o t i c e d  in  t h e  f i e l d .  T h i s  b u r i e d  c h a n n e l  

s e e m s  t o  i n d i c a t e  t h e  p a l a e o - c o u r s e  o f  

B h a g i r a t h i  r i v e r .  T h e  w i d t h  o f  t h e  s u b s i d e n c e  

z o n e  r e p r e s e n t  t h e  w i d t h  o f  t h e  b u r i e d  c h a n n e l  

a n d  i t s  l i n e a r  e x t e n s i o n  m a y  b e  t h e  p r o b a b l e  

f l o w  d i r e c t i o n  o f  t h e  c h a n n e l .  S a g g i n g  o f  

g r o u n d  a n d  d e v e l o p m e n t  o f  c r a c k s  d u e  t o  t h e  

v o i d s  c r e a t e d  u n d e r g r o u n d  - w h e n  t h e  

m a t e r i a l  ( s a n d  in  t h i s  c a s e )  s u p p o r t i n g  t h e  

g r o u n d  f r o m  b e l o w  is  r e m o v e d  b y  g r o u n d  w a t e r  

i s  c o m m o n p l a c e .  H e n c e  i t  i s  c o n c l u d e d  t h a t  

r e m o v a l  o f  s u b s u r f a c e  s a n d y  m a t e r i a l  b y  t h e  

g r o u n d  w a t e r  u n d e r  h e a d  f r o m  h i g h  l e v e l  p o n d  

t o  t h e  l o w e r  l e v e l  p o n d  a l o n g  t h e  b u r i e d  

c h a n n e l  m a y  h a v e  c r e a t e d  v o i d s  i n  t h e  

s u b s u r f a c e  r e s u l t i n g  i n  s u b s i d e n c e  a n d  

g r o u n d  c r a c k s  a s  a  c o n s e q u e n c e .

F u r t h e r ,  a l t h o u g h  r e s e n t l y  n o  c r a c k  o f  a n y  

m a g n i t u d e  is  s e e n  in  t h e  h o u s e  a d j a c e n t  t o  

t h e  d a m a g e d  o n e ,  p r e s e n c e  o f  a n y  w e a k  z o n e  

b e l o w  o r  a d j a c e n t  t o  t h i s  h o u s e  n e e d s  t o  b e  

r u l e d  o u t .  M o n i t o r i n g  o f  t h e  c r a c k s  a n d  s t u d y  

o f  s u b s u r f a c e  s o i l  s a m p l e s  f o r  t h e i r  p h y s i c o -  

m e c h a n i c a l  p r o p e r t i e s  in  t h e  a f f e c t e d  a r e a  

a n d  n e a r  t h e  b i g  p o n d ,  w h e r e  s a n d  is  d r a i n i n g  

o u t ,  i s  n e c e s s a r y  f o r  a  m o r e  c o m p r e h e n s i v e  

g e o t e c h n i c a l  e v a l u a t i o n  o f  t h e  g r o u n d  a t  

P r i y a n a g a r .

A cknow ledgem ents

T h e  a u t h o r s  a r e  t h a n k f u l  t o  D e p u t y  D i r e c t o r  

G e n e r a l ,  E a s t e r n  R e g i o n  f o r  a c c o r d i n g  

p e r m i s s i o n  t o  p u b l i s h  t h i s  p a p e r .


