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ABSTRACT : Significant changes in water levels of shallow and deep wells before and after earthquake events were observed in
the Thar Desert of India and reported for the first time. Rise in water level of the deep well (165-m depth) was of the order of 5 to
50 cms and was observed prior to earthquake events having epicenters at distances ranging between 100 – 800 kms.  Analysis
yields that the water level changes to be directly proportional to the magnitude-distance ratio (magnitude/epicentral distance) and
inversely proportional to the epicentral distance. Sudden drop in water level of 1 to 2 meters is a unique experience observed on
13 occasions during a four months period of observation (Dec 2001 - March 2002) at deep well. The fall in water levels was
associated with global events in some cases and signifies the sensitivity of the site in arid conditions for earthquake precursory
studies. The plot of epicenters is found to be falling in two major trends of N-S and NE-SW direction, which are transverse to the
Himalayan arc and sub-parallel to the Aravalli Range respectively.  These preliminary observations signify the favorable conditions
of the desert environment to be a good sensor for earthquake hazard management of densely populated northern continent of
India.

INTRODUCTION

We report here the seismicity related significant
changes in water level of shallow and deep wells located in
Thar desert and near to an earthquake swarm region and close
by the active plate tectonic boundary of Indian Plate and
Greater Himalayas for the first time. The pronounced signature
of water level changes during pre- & post- earthquake events
is a unique phenomenon in Hydro-seismological science.  The
present evidenced observations probably indicate the
suitability of isotropic, homogenous and undisturbed
hydrogeological conditions of desert environ for earthquake
prediction studies.  We hope the observations experienced by
us will encourage the search for similar phenomena in other
desert parts of the world and to study the premonitory
evidences for prediction of earthquake. The devastating
earthquake of Latur and Bhuj of recent times, not only claimed
human lives of more than 0.3 millions but also left behind
rehabilitation task. Several lines of evidence show that one or
more great earthquakes may be over due in a large fraction of
the Himalaya, threatening millions of people in that region
(Roger Bilham et al.2001). Records of shallow aquifer (19
Mts. depth) and records of deep aquifer (165 Mts. depth)
exhibited a clear relation of water level fluctuation with
earthquakes.  Much of the report seeks to document that
significant changes in water levels do, in fact occur and that
too the fluctuations are of significant even a day earlier to
events in the undisturbed homogenous desert aquifer
conditions that we studied.   A significant rise in water level
at deep well was observed a day earlier in the range of 5 to 50

cms, followed by 24 earthquake events occurred during the
study period, having the epicenter near to our monitoring
station. The water level change a day earlier to the event is
found to be directly proportional to epicentral distance and
inversely proportional to the magnitude-distance ratio.  The
plot of 65 events provided in Table-1, clearly indicate
clustering of epicenters along major trend lines of NE-SW
and N-S directions, which is transverse to the Himalayan arc
and sub-parallel to Aravalli’s as shown in Fig.1.

GEOLOGY AND TECTONICS OF STUDY REGION

The great Indian Thar Desert forms the eastern limit
of a vast tract of arid region that encompasses the deserts, the
Arabia, Iran and Beluchistan in Africa and Asia. The Thar
forms a part of country’s hot arid zone, spread over 0.32
million-sq. km. area. Quaternary continental sediments
comprise a succession of fluvial, fluvio-lacustrine and aeolian
deposits. The thickness of aeolian deposits (wind blown sand)
is about 40 to 50 m followed by fluvial arenaceous sediments
of another 100-120m thickness resting over Pre-Cambrian.
The eastern and south western boundary of the study region,
is marked with Aravalli Mountain Range and it has been
tectonically divided into two major Proterozoic sequences,
namely the Orthotectonic sequence, consisting of the Arvalli
Group (2500-2000 Ma), the Delhi Group (2000-800 Ma) and
their equivalents and the Paratectonic sequence, represented
by the Trans-Aravalli Vindhyans (Sinha Roy 1988). The
orogeny of Delhi- Gneissic Complex-Aravalli System has been
related to plate tectonic processes during the Proterozoic.  An
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Table 1: Earthquake events with magnitude and their epicentral location and distance from observation wells of Shallow and Deep
located in Thar Desert, India during the study period

S.No Date of Event Latitude Longitude Time (IST) Magnitude Epicen-DistanceIn Kms

1 11.09.2001 23.53 70.34 23:41:14 4 822.684
2 12.09.2001 27.714 70.23 7:10:50 3.3 597.65
3 12.09.2001 28.61 76.53 9:19:47 2.8 118.72
4 13.09.2001 28.69 77.3 19:53:00 3.5 112.59
5 13.09.2001 29.98 80.91 11:51:00 4.3 614.33
6 13.09.2001 29.2 70.15 15:49:00 4 204.42
7 14.09.2001 28.9 77.45 20:02:00 2.2 217.6
8 17.09.2001 23.43 70.15 6:11:00 3.8 874.64
9 20.09.2001 23.5 70.4 19:05:00 4.5 849.28
10 23.09.2001 29.2 77.3 11:29:00 2.7 204.42
11 25.09.2001 23.5 70.02 11:46:00 3.6 850.07
12 28.09.2001 33.6 75.4 4:11:27 4.2 1381.76
13 03.10.2001 23.3 69.8 6:18:00 4.1 883.05
14 05.10.2001 23.5 70.1 14:31:00 4.1 843.75
15 04.10.2001 33.41 75.97 2:54:00 3.6 507.85
16 04.10.2001 23.78 69.38 7:24:00 3 882.003
17 10.10.2001 29.08 76.59 14:26:23 2.3 124.518
18 10.10.2001 29.21 77.35 48:15 2.5 204.42
19 11.10.2001 23.55 70.45 12:30:00 3.9 812.63
20 15.10.2001 32.3 75.9 2:45:00 4.3 384.54
21 15.10.2001 28.29 77.73 15:39:00 2.1 213.815
22 17.10.2001 23.7 70.6 1:29:00 4 789.09
23 21.10.2001 29 77 23:46:00 2.9 168.329
24 21.10.2001 23.4 70.4 14:02:00 4.2 828.16
25 22.10.2001 23.5 70.3 8:03:00 3.8 828.165
26 22.10.2001 23.3 70.2 10:32:00 3.6 851.868
27 28.10.2001 23.32 70 21:25:03 3.3 865.74
28 28.10.2001 36.32 70.23 1:00:24 5 1013.2
29 29.10.2001 23.7 69.9 6:27:00 3.1 844.42
30 30.10.2001 23.6 69.9 23:41:00 4.6 851.99
31 31.10.2001 23.7 69.8 14:48:00 4.7 852.61
32 09.11.2001 28.7 80 11:17:37 2.9 500.92
33 09.11.2001 24.5 70.9 14:11:33 2.9 702.7
34 13.11.2001 36.66 70.29 22:07:15 4.9 1040.56
35 20.11.2001 23.9 69.7 8:55:00 3.6 846.26
36 20.11.2001 29.16 77.35 17:27:00 2 209.128
37 21.12.2001 23.7 69.7 23:03:21 4.7 860.874
38 25.12.2001 29.9 76.2 6:47:00 2.9 142.41
39 27.12.2001 28.48 76.68 22:19:54 2.9 145.86
40 03.01.2002 36.9 68.7 6:35:21 4.6 1162.25
41 03.01.2002 36 70.1 12:35:00 6.3 987.39
42 10.01.2002 23.8 70 5:23:00 4.1 829.824
43 11.01.2002 35.1 73.7 1:29:00 3.3 716.966
44 18.01.2002 23.8 69.8 19:15:25 4.4 841.178
45 21.01.2002 28.64 76.6 18:23:46 1.9 132.812
46 22.01.2002 25 73.6 16:59:00 3.2 475.636
47 26.01.2002 23.5 70.4 21:47:00 3.6 816.978
48 28.01.2002 33.1 75.9 4:04:00 4.9 471.794
49 28.01.2002 31 74.6 3:52:00 3.9 252.987
50 28.01.2002 27.5 75.5 12:17:00 3.1 152.95
51 03.02.2002 29 81 21:46:00 3.4 618.756
52 05.02.2002 36.1 70.21 06:43 4.7 989.104
53 16.02.2002 23.9 70.6 18:42:04 4.1 769.51
54 17.02.2002 33.98 76.04 10:52:46 4.4 570.611
55 23.02.2002 29.1 77.2 13:55:00 2.8 198.367
56 24.02.2002 27.9 75.8 22:08:00 3.2 115.978
57 28.02.2002 28.92 76.75 25:18 2.2 146.93
58 03.03.2002 36.8 70 17:38:00 6.7 1066.07
59 07.03.2002 31.3 76.9 15:49:00 2.5 314.847
60 12.03.2002 31.12 78.22 16:02:49 3.2 397.862
61 14.03.2002 25.3 72.4 1:06:00 3.4 520.05
62 15.03.2002 33.7 75.89 0:10:00 3.6 537.92
63 15.03.2002 35.2 75.9 0:13:00 3.9 703.924
64 15.03.2002 34.5 75.62 7:32:00 3.6 624.63
65 22.03.2002 28.4 77.1 16:40:54 1.6 193.073

Source: Indian Meteorological Department, Delhi, INDIA.
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alternate model in which the development of large oceanic
basins (characterized by Delhi-Aravalli sediments) occurred
as a result of ductile extension of hot sialic material, rather
than by brittle rupture was postulated (Sharma, R.S 1988).
The study region shows active prolonged seismic history with
evidence of great earthquake of 1720 (Int.IX) and 1803 (Int.X)
(Oldham, T 1883). The area forms an interesting seismic zone,
which is transverse to the main Himalayan seismic zone (Gaur,
V.K et.al 1985; Khattri, K.N et.al 1983b).  Maximum
concentrations of the earthquake epicentres have been located
in the study region (Valdiya. K.S 1976). The seismicity with
respect to occurrence of earthquakes confined to crustal depth
of about 20 km. and is related to the underthrusting process
as indicated by focal mechanism solutions of earthquakes as
well as surface geological evidence of northward
underthrusting of the Indian Plate (Ni. J and Barazangi 1984).
The shallower earthquakes in the depth range of 6 km.,
however, may display strike-slip dislocation (Kamble, V.P et.al
1979).
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(A) Hydrogeology of the Region

The observation site (Lat 28.876 N, Long 75.427 E)
in Churu district of Rajasthan State, India, experiences extreme
weather conditions among the Thar Desert region. As there
are no surface water sources and potable groundwater sources,
the region faces an acute scarcity of water and manages with
the rainwater using traditional harvesting methods.  The
regional groundwater system remains static without any
disturbance in general. The average monsoon rainfall (June-
September) over the investigated area is around 300 mm/
annum and the influx and efflux of moisture studies carried
out in this area indicated that nearly 68% of the total flux of
infiltrated rainwater is lost through vapour diffusion process
during the summer months (Athavale, R.N et.al 1998). The
shallow groundwater bearing aquifer formations in the desert
area are mainly composed of aeolian sands of unconsolidated
nature with 18-20 m depth to water level and mostly brackish
in nature.  Few deep boreholes drilled to a depth range of
140-180 m for exploring the deep aquifer, encountered mostly
arenaceous sediments below the aeolian sands and met the
gneissic rock forming as the basement.  The quality of
groundwater tapped at deeper levels is brackish to saline having
conductivity range from 5000 to more than 10000 micro-mhos
and fluoride content as similar to that of shallow groundwater
indicating the vertical hydraulic continuity of the aquifer
(Muralidharan, D et.al 2002). In general the groundwater is
not being used owing to the nature of quality of water

(B) Pre-Cursory Studies

Since, the first successful earthquake predictions of
the 1970s in China (Zongjin, M et.al 1980) the number of case
studies reporting anomalous phenomena preceding moderate
to large earthquake has steadily increased. However, the related
reporting do not provide statistical analysis which would show
how frequently the phenomena occur, so that the significance
of the temporal correlation can be attempted (Geller, R.G 1997)
(Wyss, M and Booth, D 1997).  In some cases, it has been
attributed that these anomalies may be due to anthropogenic
noises (Varatsas, P et.al 1996a) (Varatsas, P et.al 1996b)
(Pham, V.N et.al 1999). Controlled Parkfield experiment
results report (Evelyn A.Roeloffs, et.al 1989) contributed to a
better understanding of earthquake process and to certain
extent on isolating the features that could have been signatures
of precursory nature. Water level changes takes place due to
not only by earthquakes, but also various aseismic effects such
as barometric pressure, the earth tide, and precipitation

Figure 1: Location of Observation Wells in Thar Desert, India and
Epicenters within 690 - 810 N and 230 - 370 E and their
radial distances with respect to observation wells
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influences (Bredohoeft, J.D., 1967) (Van der kamp, G and
Gale, J.E., 1983).

WATER LEVEL CHANGES AND ANALYSIS

The epicenter of 65 earthquake events of moderate
intensity ranging between 2-6 magnitude during the
observation period over six months were plotted and their
radial distance from the observation wells were drawn as
concentric circles and shown in Figure.1 itself. Eleven events
occurred within radius of 100-200 kms. and 3-4 events
occurring in general at every further 100 kms. range distances.
There are two clear clusters of epicenters one on southwest
and the other on northeast beyond 700 kms radial distance.
The southeast cluster marks the post-earthquake shocks
experienced by Bhuj region of Gujarat State, which witnessed
a disastrous earthquake of 26th January, 2001 (Narsimhan,T.N
et.al 1984).  The northwest cluster is connected to events of
Baluchistan and Afghan regions.  There are two visible trends

Earthquake Prediction Studies through Desert Aquifer Sensitivity

of alignment of epicenters in the direction of NE-SW and
N-S.  The groundwater level response at shallow well was
monitored at hourly interval using a water level logger with a
submersible pressure transducer and having facility of auto-
compensation for atmospheric pressure changes and
temperature changes with high accuracy 0.2% and 0.1%
linearity. Hydrogeologically, the study area is quite in nature,
with the low rainfall having little influence on water levels.
There is also no effect on water levels due to extraction, as
the groundwater is not being utilized due to salinity. The
correlation between earthquake event and water level changes
is more pronounced in the deep well than in the shallow well.
The observed water level records of deep well reflect the geo-
instability of the region and observation of significant order
of 1 to 2 m fluctuations at more number of occasions is first
of its kind that never been observed in any earthquake pre-
cursory studies. The observed deep well hydrograph showing
sudden changes in water level in the month of December 2001
is shown as an example in Fig.2. A sudden fall in water level

Figure 2: Well Hydrograph of Deep Tube Well ( 280 52' 33.4" N & 750 25' 35.5"E) in Thar Desert and
earthquake events for the observation period of December 21-31, 2001
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of the order of 1.38 m was observed on 21st December 2001
at 02:00 Hrs., which was followed by an earthquake of Bhuj
region, occurred on 21-12-2001 at 23:03 IST with a magnitude
of 4.7. The recovery of 1.38 meters was within one hour
(constrained by sampling time interval), which is a unique
feature in hydrology. Similarly, sudden drop in water level of
the order of 1.16 and 1.41 m were observed on 27th December,
2001 between 05:00 Hrs. to 08:00 Hrs. which was followed
by a moderate earthquake of 2.9M at a distance of 200 kms.
away from  the observation well. The observations clearly
denote the influence of epicentral distance in the order of fall

in water level. Both the earthquake events are falling in the
inferred NE-SW trend line. A sharp and significant change in
water level prior to earthquake was observed related to
earthquake in most of the events evidenced during the study
period.  The deep well hydrograph for the month of January
1-15, 2002 is shown in Fig.3 exhibiting marked changes in
water level before observed earthquakes.

A sharp rise in water level of the order of 40 cms.
from 00:00 Hrs (IST). to 16:00 Hrs (IST). of 1st January, 2002
was followed by a sharp fall of 22 cms. with in an hour (17:00
Hrs.). Another fall in water level of 18 cms was observed at

Figure 3: Well Hydrograph of Deep Tube Well ( 280 52' 33.4" N & 750 25' 35.5"E) in Thar Desert and earthquake events
for the observation period of  January 1-15, 2002
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23:00 Hrs (IST). of 2nd January, 2002.  All these precedent
water level rise and subsequent fall are followed by two
earthquake events of 3rd January, 2002 originating from Afghan
region with 4.6 and 6.3 magnitudes.  Another similar rise in
water level of 27 cms. was observed  between 8-9 of January,
2002 followed by two earthquake events  one from Bhuj area
of having 4.1M and the other from Pakistan  region  with 3.3
M. The distances of these epicenters are given in Table-1.
The rise in water level prior to earthquake originating from
Bhuj region is contradiction to the signature observed during
December month.  The rise in water level which could be due
to compression phenomena associated with block movements.
It is necessary to study the response of aquifer and relate to
the focal mechanism by statistically analyzing. Fig.4. indicates
the correlation between epicentral distance and water level
fluctuation.

understood. Simultaneous observation in different part of
desert region may provide clue for predicting catastrophic
earthquakes from nearby earthquake prone areas and facilitate
in making plan for earthquake hazard management.
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Figure 4: Correlation of water level changes at 24 hours prior to
earthquake event observed at Dumki Deep Well (Lat
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CONCLUSION

In conclusion, the water level change in the desert
aquifer system clearly imprints the various process of
earthquake focal mechanism and provides a ray of hope in
prediction of earthquake. Further understanding of the causes
of sudden water level changes of the order of 1 to 2 meters
observed in the study area for the first time need to be


