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Geological and magnetic features were interpreted  
using IRS-P6 (LISS-III) and aeromagnetic data re-
spectively. Historical rainfall data and the water-table 
fluctuations were also analysed and integrated with 
the above in conjunction with ground truth informa-
tion. It is observed that the intrusion activity of the 
dykes had disturbed the fracture network, resulting in 
filling up of pore spaces in the weathered columns. 
Lineaments across the dykes, the associated pediment 
and the weathered pediplain have more porosity and 
permeability. The accumulation and rising of ground- 
water flow is influenced by the above structural  
set-up. It is concluded that significant amount of base 
flow had resulted in hydro-loading and was responsi-
ble for the micro-seismicity. 
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A NUMBER of micro-earthquakes occurred in the sur-
roundings of Vanasthalipuram area of Ranga Reddy dis-
trict, Andhra Pradesh, India during October 2010. The 
epicentres were located at around 17°19′43″N lat. and 
78°34′11″E long. adjacent to the compound wall of a 
temple; along which a vertical crack also developed as a 
result of these micro-earthquakes. These data were  
acquired during ground truth using Global Positioning 
System (GPS) based on the field observations as well  
as the reports of the residents. A total of 27 micro-
earthquakes were continuously recorded in a span of five 
days during the period from 23 to 27 October 2010. 
Though most of the shocks that were recorded were of 
less magnitude, the largest one was of magnitude 1.8 on 
the Richter scale (source: National Geophysical Research 
Institute, Hyderabad). Ground shaking due to these  
micro-earthquakes was not felt and there was no damage 
to human life or property, but sounds were heard like the 
detonation of explosives. In order to understand these 
low-magnitude seismic events, a study area bounded  
between 17°13′49″–17°29′50″N lat. and 78°14′59″–
78°42′31″E long. was selected. This area is covered in  

56 K/7 and 56 K/11 topographical maps published by the 
Survey of India on 1 : 50,000 scale. The area covers 
greater Hyderabad city comprising Uppal, Rajendranagar, 
Hayatnagar, Malkajgiri and Moinabad mandals and parts 
of Shamshabad, Maheshwaram, Ibrahimpatnam, Shank-
arpalle, Sherilingampalli, Balanagar, Quitbullapur and 
Shamirpet mandals. Musi River, a tributary of the 
Krishna River, is the major river system in this area flow-
ing from west to east. There are other streams like  
Erimulli vagu and Pedda vagu and their branches, which 
join this river system with major reservoirs such as  
Osmansagar, Himayatsagar, Mir Alam Cheruvu, Sarurna-
gar Cheruvu, Adilabad Cheruvu and Hussainsagar. The 
area is a gently undulating terrain interspersed with hill-
ocks and mounds and the major lithology is granites of  
Archaean age. 
 It is well known that satellite-based remote sensing 
data have the unique advantage of synoptic view of the 
terrain providing regional perspective over an area for 
carrying out detailed localized studies. The utility of  
satellite imagery for mapping the regional geological 
structures useful for groundwater exploration has been 
emphasized by various workers1–5. This is possible  
because of the synoptic view provided by the satellite  
imagery, which is otherwise difficult to get in conven-
tional ground surveys due to terrain ruggedness, scanty 
rock exposures, soil cover, lack of continuous observa-
tions, etc.6. The primary and secondary geological struc-
tures can be interpreted from satellite imagery by studying 
the landforms, slope asymmetry, outcrop pattern, drain-
age pattern and individual stream/river courses, etc.6,7. 
Lineaments appear as linear to curvilinear features on the 
satellite imagery and are often marked by the presence of 
moisture, alignment of vegetation, straight stream/river 
courses, alignment of ponds/tanks, etc. In hard-rock  
areas, geological structures exercise definite control on 
the aquifer characteristics of different rock types, as the 
structurally weak planes act as conduits for movement 
and occurrence of groundwater8. Weathering and fractur-
ing can also impart secondary porosity and permeability 
to a varying extent. The length, breadth and orientation of 
fractures have significant control over the hydraulic 
properties and the water-table conditions in granitic ter-
rain9. In contrast, magnetic surveys are basically aimed to 
study subsurface geology on the basis of observed 
anomalies in the Earth’s magnetic field resulting from the 
magnetic properties of the underlying rocks. The aero-
magnetic data acquired and processed by the  
National Remote Sensing Centre (NRSC) for the Geo-
logical Survey of India (GSI) were used in the present 
study. These data were acquired along N-S flights at an 
altitude of 5000 ft amsl and a flight line spacing of 4 km. 
The instrument employed was a cesium vapour magne-
tometer with sampling rate of 0.25 s. The causative sub-
surface environment for seismicity is essentially controlled 
by the regional geological factors, which can be better 
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understood by the combination of electromagnetic spec-
tral anomalies of remote sensing data and the potential/ 
force field anomalies obtained from aeromagnetic data, 
which highlight the surface and subsurface information 
respectively. As these datasets are collected from elevated 
platforms, the data are free from surface and near-surface 
noise, which is most common in ground surveys. Hence, 
in the present study, an attempt has been made to under-
stand the structural set up and its influence on observed 
micro-seismicity utilizing airborne magnetics and satel-
lite-based remote sensing in conjunction with ancillary 
information. The methodology followed is presented in 
Figure 1. 
 The integrated information in terms of lithology, geo-
morphology, geological structure and hydrology aspects 
and their inter-relationship is most significant in studying 
the hydrogeological set up of an area. Lineaments are 
considered important regarding the occurrence and 
movement of groundwater, particularly in areas underlain 
by crystalline rocks10,11. Lineaments are generally associ-
ated with zones of higher weathering and are considered 
to be potential sites for locating high-yielding wells12. 
IRS-P6 (LISS-III) data having a spatial resolution of 
23.5 m (Figure 2) were interpreted based on the image ele-
ments such as tone, texture, association, etc. and geotech-
nical elements such as drainage, slope, vegetation, 
erosion, etc.13. The interpretation of the geological struc-
tures such as lineaments/fractures and dykes and drainage 
network is shown in Figures 3 and 4. The landforms were 
interpreted for a part of the study area around the epicen-
tral location (Figure 5). The main landforms that were  
interpreted based on the physiography and genesis are the  
denudation hills (DH), pediment inselberg complex 
(PIC), shallow weathered pediplains (PPS) and moder-
ately weathered pediplains (PPM; Figure 5). The demar-
cation of the pediplain has been further confirmed by the  
 
 

 
 

Figure 1. Methodology flowchart. 

observations of the thickness of the weathered material 
along the nalas and well sections during ground truth 
(Figure 6). The seismic activity is observed from the tran-
sition zone of PPS and PPM. Towards the eastern side of 
the epicentre, the area is topographically low-lying  
depicting the PPM zone connected by fractures. The 
weathered pediplains are broader towards the east com-
pared to the west. The deposition of alluvium is more 
along the Musi River in the northeastern portion of the 
epicentre. This is clearly understood from satellite data 
(Figure 2) and confirmed during ground truth. The mean-
dering of the Musi River (Figure 2) is conspicuous indi-
cating the soft nature of the terrain. The water-divide 
zones are occupied by PIC. The first- and second-order 
streams originated from the above, which are fracture-
controlled. The groundwater levels are observed at a very 
shallow depth of 1–2 m (Figure 6 b) at a residential area, 
namely ‘Padmanagar colony’, which is situated between 
Sahibnagar and Hayatnagar. This is located in the eastern 
side of the study area towards Hayatnagar from the epi-
centre. The weathered zone, water-table conditions, and 
lineament and pediment zone, which were observed  
during field studies are presented in Figure 6 a–c respec-
tively. 
 Magnetic contours provide better definition of gradi-
ents necessary for depth and dip estimates and often give 
a more clear representation of absolute and relative  
amplitudes than the images14. Individual bodies of the 
same rock type occurring within a single geological prov-
ince show similar magnetic characteristics and thus can 
be identified from a magnetic map15. Frequently, magnet-
ite may be formed in some rocks due to the effects of the 
adjacent igneous intrusive body and this helps in outlining 
the intrusive body itself15. The dynamic range of the 
Earth’s magnetic field in the study area is approximately 
340 nT, with the minimum and the maximum fields being 
41,920 and 42,260 nT respectively. By visual observation 
of the amplitude, shape, density and elongation of the 
contour pattern, the magnetic contour map of the study 
area was divided into two zones, namely zone-1 in the 
western portion and zone-2 in the eastern portion respec-
tively16 (Figure 7). Zone-1 comprises broad magnetic 
anomalies of the order of approximately 120 nT contain-
ing low frequency and longer wavelength components, 
indicating that the subsurface contains less magnetic  
materials. This also indicates that the basement in this 
zone is lying at relatively greater depth. In contrast, zone-
2 shows sharp magnetic anomalies of the order of 250–
300 nT containing high frequency and short wavelength 
components, indicating a shallow basement and relatively 
high magnetic constituent in the subsurface rocks. Mag-
netic highs and lows were also interpreted and marked as 
‘H’ and ‘L’ respectively (Figure 7). Termination of  
the contours along a line or the presence of flexures in the 
contours indicates a major fault/lineament/fracture in  
the region. Magnetic axes are also frequently displaced 
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Figure 2. Indian Remote Sensing Satellite – IRS-P6 (LISS-III) image of the study area with settlements and epicentre. 
 

 
 

Figure 3. Geological structures interpreted from IRS-P6 (LISS-III) data. 
 
 
due to the presence of the above15. Based on the above 
criteria, a number of dykes and fractures were interpreted 
using aeromagnetic contour map15,17. More number of 
lineaments were interpreted in zone-2 compared to that of 

zone-1, indicating crustal undulation as a result of intru-
sive activity along the weak areas in zone-2. Several  
E–W and ENE–SSW trending contour closures and pat-
terns can also be seen from the map (Figure 7) in zone-2, 
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Figure 4. Drainage network interpreted from IRS-P6 (LISS-III) data. 
 

 
 

Figure 5. Landforms interpreted from IRS-P6 (LISS-III) data. 
 
 
manifested in the form of high frequency and low wave-
length components, as a result of intrusive activity. Two 
prominent lineaments, one in the NE–SW and the other in 
the NW–SE direction were interpreted from the magnetic 

data, which are passing through the epicentre location 
and are named as AB and CD respectively (Figure 7). 
The granites of the study area are of two types – pink and 
grey, which have considerable differences in the rock 
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Figure 6. Field photographs. 
 
 

 
 

Figure 7. Interpretation of aeromagnetic data. 
 
 
magnetic properties indicating that these granites are of 
two different origins18. Interpretation of magnetic data 
(Figure 7) had revealed that the eastern side (zone-2) is 
highly magnetic compared to that of the west (zone-1). 
The low frequency and high wavelength anomalies of 
zone-1 may be due to the prominence of rocks such as 
pink granites of orthoclase/potash felspar of relatively 
low magnetic character18. The high magnetic field of 
zone-2 may be attributed to the presence of grey granites 
of plagioclase feldspar represented by the higher fre-
quency and lower wavelength components (Figure 7). 
The lineaments interpreted from magnetic data (Figure 7) 
were supported by the water-divide zones and deflection 
of drainage (Musi River), as seen from the drainage map 
presented in Figure 4. It is also observed that the Musi 
River, flowing from west to east, develops close/broad 
meanders after intersection of the lineaments AB and CD 
(Figures 4 and 7). Thus the information obtained from 
magnetic data interpretation is correlated with that of  

remote sensing and subsequently with the ground obser-
vations of well sections and water-table fluctuations with 
the help of GPS in the field. 
 The process of in situ weathering is in the order of 2–
18 m at which the shallow water-table conditions exist in 
the study area19. Musi River which is flowing from west 
to east is along the major fracture in the study area (Fig-
ure 2). In the study area, Peddavagu and Erimulli vagu 
are the streams flowing in NE–SW and NW–SE direc-
tions respectively and are part of Musi River basin. The 
other streams joining Hussainsagar and Osmansagar are 
in the NW–SE direction (Figure 4). The density of  
the lineaments is more towards the eastern portion of the 
study area, compared to that of the western portion  
(Figure 3) and is mainly responsible for the recharge in 
the area. The lineament trends are mainly in E–W, NE–
SW and NW–SE directions. However, smaller fractures 
are also observed in N–S direction and are responsible for 
contributing to the groundwater recharge in this area. 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 104, NO. 4, 25 FEBRUARY 2013 507

Dykes are the intrusions within the country rocks (gran-
ites) and extend into tens of kilometres laterally. They are 
younger than granites. The dykes in the area are running 
in three directions, i.e. N–S, E–W and NE–SW, and occur 
in discontinuous patches. The N–S trending dyke, which 
is located in the easternmost part of the study area, is dis-
sected by the NE–SW dyke and by the E–W fractures in 
the southern portion of the area to the east of Koheda. 
This major dyke, which is running beyond a few tens of 
kilometres (approximately up to 100 km) laterally is dis-
sected by another small NW–SE dyke and lineament in 
the northern portion, dissected by the major E–W dyke 
near Koremalla and also dissected by the E–W fractures 
near Abdullapur (Figures 3 and 7). The two E–W trend-
ing dykes, one in the northern portion and the other in the 
southern portion of the study area, running parallel to the 
Musi River are dissected mostly by NW–SE and N–S 
trending fractures. In view of the various fractures in dif-
ferent directions and followed by the dyke activity, the 
pore space diffusion and the permeability are high. The 
observed micro-seismicity was noticed in the intersection 
of E–W trending lineament and the NE–SW trending 
 
 

 
 

Figure 8. Graph showing historical annual rainfall data. 
 
 

 
 

Figure 9. Graph showing water-table fluctuations/levels. 

dyke (named as ‘AB’ in Figures 3, 4 and 7). The eastern 
part of the study area is acting like a basin for collection 
and accumulation of surface and subsurface water  
because of the presence of the major N–S regional dyke 
(Figures 2, 3 and 7), which is acting as a potential barrier 
for arresting the water column in the extreme eastern part 
of the study area adjacent to Abdullapur. This basin is bi-
sected by another regional dyke extending in the NE–SW 
direction, further stopping the water column and is  
increasing the hydro-pressure. The above dyke is inter-
sected by another E–W running fracture along Boduppal 
and Koremalla (Figures 3 and 7). 
 The annual rainfall and its deviation from normal for 
Uppal, Sarurnagar and Hayatnagar mandals is observed 
as excess, normal and scanty respectively19. The ground-
water development in Uppal mandal is ‘safe’ in terms of 
the quantity of groundwater because of underutilization, 
whereas Sarurnagar and Hayatnagar mandals fall under 
‘semi-critical’ condition19 because of overexploitation, 
though the water table is rising. The historical rainfall 
data of the study area for the period from 1999 to 2010 
were plotted in the form of a graph20 and is presented in 
Figure 8. The rainfall was seen to continuously increase 
from 2006 to 2010, reaching the highest 2010 (Figure 8), 
though there were both increasing and decreasing trends 
up to 2006. The groundwater table data of the observation 
wells belonging to Central Ground Water Board 
(CGWB)20, corresponding to the same area of Figure 8, 
for the period from 2005 to 2009 were also plotted in a 
graph (Figure 9). An increasing trend of the water table is 
seen continuously, year-wise, all through. 
 The slope of the Musi River is from west to east and 
the tributaries of its catchment and their erosion activity 
are extending the weathering process both laterally and 
vertically in different subsurface depths, as interpreted 
from remote sensing data. The integration of aeromag-
netic and satellite data in conjunction with ground truth 
information had revealed the changes in the water level 
conditions. This is creating hydro-pressure towards the 
western portion because the eastern portion is locked by 
regional dykes in different directions. In fractured and 
hydraulically permeable crust, the depth of penetration of 
this pore-pressure diffusion can be as deep as the brittle–
ductile transition (15–18 km)21. It is also observed that 
the fracture frequency and permeability are more in the 
surrounding areas of the epicentre. The flow movement 
of the water table, in general, fluctuates towards the east-
ern side of the region, as revealed from the measurements 
of shallow water-table depths in the field around Sahib-
nagar and Hayatnagar. A very shallow water-table depth 
of 1–2 m was noticed in Padma colony, which is situated 
in between Sahibnagar and Hayatnagar (Figure 6 b). A 
sharp rise in the rainfall is seen continuously from 2006 
onwards till 2010 (Figure 8) and is well correlated with a 
proportionate rise in the water table (Figure 9), support-
ing the interpretation of magnetic and satellite data and 
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the ground truth. The major fracture trends, viz. E–W, 
NE–SW and NW–SE and the associated smaller linea-
ments and their permeabilities are varying at different 
places and concentrated in the eastern side. In addition to 
the dissection of the dykes at different places, the connec-
tivity of the fractures in the subsurface had allowed the 
water table to be percolated down into the deeper extents, 
especially around the epicentre. Extensive research on the 
interaction of hydrological activities and seismicity had 
shown that pore-pressure changes due to reservoir filling 
or water-level changes in a suitable geologic setting can 
generate seismicity22. Therefore, it is concluded that signi-
ficant amount of base flow in this part of the area had  
resulted in hydro-loading, following heavy rains during 
the monsoon period of 2010 and was responsible for the 
micro-seismicity. 
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Phenytoin is an antiepileptic drug which has been 
used in the present study to assess its effect on deve-
lopmental toxicity from egg to adult eclosion and also 
life-history traits in Drosophila melanogaster. Flies 
were reared on media supplemented with different 
doses of phenytoin. The dose-dependent developmen-
tal delay, reduced pupal and adult size reduced adult 
eclosions, minimum larval, adult mortality, but sig-
nificant pupal mortality was observed with incomplete 
pupal eclosion. The data show reduction in fecundity 
for life-history traits, but differences are not statisti-
cally significant for fertility and lifespan. The present 
study reveals that on exposure to phenytoin pre-adult 
stages are prone to developmental toxicity than the 
treated adult. 


