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SUMMARY 
 
The seismic hazard is estimated for Delhi region due to various seismogenic sources around Delhi.  The 
area within about 300 km of Delhi is bifurcated into six seismogenic sources. Maximum likelihood 
estimates of seismicity rate, b-value of GR relationship and maximum probable earthquake  (Mmax) are 
made in respect of each of the seismogenic zones.  The peak ground acceleration (PGA) in Delhi region 
are estimated for 20% exceedance value in 50 years from each zone using the appropriate attenuation 
relationship. The maximum PGA value observed in Delhi is due to the Mathura fault zone which is closest 
to Delhi while it is only 0.04g from Himalayan zone for which the estimated Mmax value was maximum. 
The isoacceleration map for Delhi region is prepared by considering the maximum PGA due to all the six 
seismogenic sources. The two seismogenic zones namely, Mathutra fault zone and Sohna Fault Zone are 
found to govern the pattern of isoacceleration map for Delhi region. The horizontal peak ground 
acceleration map at bed rock level for Delhi may be used directly for the microzonation purpose.  
 

INTRODUCTION 
 

The patterns of damage and loss of life caused by recent earthquakes in the last decade in India 
have amply demonstrated the need of evaluation of site-dependent factors related to local ground 
conditions and faulty structural designs. It calls for serious thinking on the part of urban planners, 
scientists and engineers to look for the measures to counteract and mitigate the disastrous effects of future 
natural hazards  like earthquakes to which the large urban centers could be exposed to. The losses due to 
damaging earthquakes can be mitigated through a comprehensive assessment of seismic hazard and risk. 
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Seismic zonation of vulnerable areas for bedrock motion, thus becomes important so that the planners and 
administrators can make use of it after applying appropriate amplifications factors to take into account the 
local soil conditions, for better land use planning and safe development. 

 
The region around Delhi, the capital of India, has been indicated as the felt region of severe 

earthquakes in the past. The damages recorded in the city of Delhi made it imperative to work out the 
seismic hazard posed by the seismogenic sources around the Delhi region.  In the present study, the 
seismic zonation on the bed rock level is carried out for Delhi so that seismic microzonation can be further 
worked out taking into account the effects of local site conditions including the soil profile and the 
topographic structure. The peak ground horizontal acceleration at bedrock level is computed for the Delhi  
region which is then utilized for seismic zonation of the area.   

 
SEISMOTECTONIC SETUP OF THE REGION 

 
The Delhi region occupies an area between latitude  28o  24’  to 28 o  53’ N and longitude 76 o 50’ 

to 77 o  20’ E.  The terrain of Delhi is flat in general except for a low NNE-SSW trending ridge which is 
considered an extension of the Aravalli hill ranges of Rajasthan.  The seismicity in this region may be    
associated with  the Delhi-Hardwar Ridge which constitutes an important tectonic block between 28o - 30o 
N and 76o - 79o E with a NE-SW trend. It coincides with the extension of the Aravalli Mountain belt 
beneath the alluvial plains of the Ganga basin to the northeast of Delhi towards the Himalayan mountains. 

 
The seismotectonic setup of the region around Delhi is shown in Fig. 1.  The tectonic map of the 

region has been prepared based upon the features as given in Geological Survey of India[1], Srivastava 
and Roy [2]  and  Srivastava and Somayajulu [3]. This region is encompassed by several dominant 
features such as the Himalayan Main Boundary Thrust (MBT) and Main Central Thrust (MCT), the Delhi-
Hardwar ridge, the Delhi-Lahore ridge, the Aravalli-Delhi fold, the Sohna fault, the Mathura fault, the 
Rajasthan Great Boundary Fault and the Moradabad fault in addition to several other minor lineaments 
Sharma et al [4]. The distribution of the epicenters of moderate earthquakes appears to follow a NE-SW 
trend correlated with the direction of major tectonic features of the region. It is difficult to associate the 
seismicity of Delhi with any particular tectonic unit. On the other hand, it is observed that a number of 
lineaments appear to be seismically active simultaneously but to different extents. Therefore, in order to 
carry out the seismic hazard analysis the seismic potential of all the tectonic features (Fig. 1) need to be 
taken into consideration.  

 
 For carrying out the assessment of seismic hazard in this region the area is subdivided into various 
seismotectonic segments, i.e., into  parts of the seismogenic zones having distinct characteristics. To carry 
out the seismic hazard analysis, the first step is the most plausible association of historic seismicity of the 
region (i.e., area between Latitude 26o - 31 o  N, and Longitude 75 o - 80 o  E as shown in Fig. 1) with the 
known potential seismogenic sources. Based on the geological historical setup and geophysical 
characteristics of the seismogenic sources along with the prevailing tectonic regime in the region, the area 
around Delhi is divided into mainly eight zones. Out of the eight zones, two zones namely, the region 
encompassing Delhi- Lahore ridge and Rajasthan shelf and the east west trending faults and lineaments 
falling in trend with the Rajasthan Great Boundary Fault (left bottom portion of the map shown in Fig. 1) 
are neglected for consideration in the  seismic hazard analysis due to fewer data available for these zones 
(a disadvantage of this methodology). The six seismogenic sources finally considered are as follows: 
 
Seismogenic Zone I     :  Himalayan Zone 
 Seismogenic Zone II    :  Delhi- Hardwar Ridge Zone 
 Seismogenic Zone III  :   Moradabad fault Zone  



 Seismogenic Zone IV  :  Rajasthan Great Boundary fault Zone 
 Seismogenic Zone V   :  Mathura fault Zone 
 Seismogenic Zone VI :   Sohna fault Zone   
    

 
The Himalayan seismogenic zone falling in the north east of the Delhi region is the most 

seismically active zones. The maximum observed  magnitude in this zone is 7.0, which occurred  on 19th 
Oct.,  1991 near Uttarkashi.  This earthquake left 70 persons dead and about one thousand houses were 
damaged. Since 1720 this region has experienced about 149 earthquakes out of which 88 are below 
magnitude 5 and contains 20, 9 and 1 earthquakes in the magnitude ranges as 5 ≤ M < 6, 6 ≤ M < 7 and M 
≥ 7.0, respectively. For 31 earthquakes no magnitude could be assigned. The frequency distribution of the 



magnitudes is shown in Fig. 2. The inset in the figure on upper left corner shows the extreme part of the 
seismicity taken for seismic hazard evaluation. 

 
 Delhi-Hardwar Ridge lies towards northwest of Ganga basin and is considered to be a 
prolongation of the NNE-SSW directed Peninsular rock (Aravalli) as a horst delimited by faults.  Since 
1720, the region has experienced about 231 earthquakes out of which 102 are below magnitude 5. There 
are 8 earthquakes with magnitude 5 ≤ M < 6 (Fig. 2). There is one earthquake with magnitude 6.5 which 
occurred on 15th July 1720. For 120 earthquakes the magnitude could not be assigned. 

 
 

Fig. 2  Frequency magnitude distribution for seismogenic zones I to VI for complete and 
extreme data    

 
The Moradabad fault zone is having a general trend along NE-SW direction. The largest 

magnitude earthquake in this zone was of 10th Dec 1956 with magnitude 6.0. Since 1720 the region has 
experienced about 11 earthquakes out of which 7 are below magnitude 5. There are 3 earthquakes in the 
region for 5 ≤ M < 6 and one earthquake for  M = 6.0 respectively in this region as shown in Fig. 2.  

 
The Rajasthan Great Boundary Fault (RGBF) represents a 10-20 km wide zone and demarcates 

the interface between the Vindhyan supergroup of rocks on the eastern side and the Aravalli supergroup of 
rocks on the western side. RGBF zone is a well defined fault which runs for about 400 km in the NNE-



SSW to NE-SW direction as a major dislocation zone in Rajasthan. The earthquake of 31st Aug., 1803 
near Mathura is associated with this zone also in addition to its association with Mathura fault zone. This 
earthquake was felt as far as Calcutta and caused extensive fissures in fields near Mathura through which 
water gushed out. Based on macroseismic data, the magnitude of this earthquake has been estimated as 
6.5 assigned by Indian Meteorological Department (IMD) while the same was estimated to be of 
magnitude 7.0 by Oldham [5]. The epicentral location of this earthquake indicates that the earthquake 
could be due to movement along postulated Mathura fault. Since 1720 the region has experienced about 
22 earthquakes out of which 9 are below magnitude 5. There are 7, 3 and 1 earthquakes in the region for 5 
≤ M < 6, 6 ≤ M < 7 and M ≥ 7.0, respectively. For 2 earthquakes the magnitude could not be assigned.  

 
The Mathura fault zone postulated by Srivastava and Somayajulu [3] runs in NWN-SES direction 

from Mathura in south to Panipat in North. This zone probably controlled the course of river Yamuna in 
the tract in which the river follows a course parallel to the fault zone. The most disastrous earthquake in 
this zone was of 1st Sept. 1803, near Mathura and was recorded by Oldham and estimated to be of 
magnitude 7.0. Iyengar [6] and  Tandon [7] mentioned of damage to the Qutub Minar during the 1803 
earthquake in Delhi. The earthquake of 10th Oct 1956 is the biggest instrumentally recorded earthquake 
near this fault. A magnitude of 6.4 was assigned to the event on the basis of instrumental records by IMD 
with epicenter at latitude 28.15 o N and longitude 77.67 o E. Rothe [8] lists this event with epicenter at 
latitude  28.2 o N  longitude 77.3 o E  with same origin time 15h, 31m, 36sec(GMT). This earthquake was 
felt in a very large area and was responsible for damage to buildings in which 23 persons were killed in 
Bulandshahar and some were injured in Delhi. The depth of focus for this event is estimated to be 2 km as 
referred by International Seismological Summary. The earthquake of 27th Aug., 1960 with its epicenter at 
latitude 28.2o N and longitude 77.4o E is generally referred as 1960 Delhi earthquake which had a 
magnitude 6.0 and reported depth of focus as 109 km. The earthquake was felt at Kanpur and Jaipur. 
Minor property damages and injuries to about 50 persons were reported from Delhi. Since 1720 the region 
has experienced about 12 earthquakes out of which 6 are below magnitude 5. There are 3, 3 and 1 
earthquakes in the region for 5 ≤ M < 6, 6 ≤  M < 7 and M > 7.0, respectively. For 2 earthquakes the 
magnitude could not be assigned.  

 
Sohna fault zone runs in N-S direction from Sohna to the west of Delhi and has been mapped by 

Geological Survey of India. Along this fault a hot spring is noted to occur at Sohna. The earthquake of 15th 
July 1720 has been described by Oldham [5] as a dreadful earthquake in which walls of the fortress and 
many houses in Delhi were destroyed. It was followed by 4 to 5 aftershocks per day for 40 days and 
occasional shocks for 4 to 5 months. The likely magnitude for this earthquake, based on macroseismic 
data has been assigned by IMD as 6.5. Since 1720 the region has experienced about 68 earthquakes out of 
which 28 are below magnitude 5. There is only one earthquake in the region  with magnitude 6.5.  For 39 
earthquakes the magnitude could not be assigned.  

  
 

SEISMIC HAZARD ASSESSMENT  
 

For the present study a well known method described by Kijko and Sellevoll [9] has been used to 
estimate the Mmax and thereafter to compute the seismic hazard for the individual seismogenic sources as 
described earlier. The seismicity data for each of the six seismogenic zones is listed in Table I. It gives  the 
values for threshold magnitude, maximum observed magnitude and the number of events of complete part 
as well as extreme part of the data set for each zone  used for the seismic hazard analysis. The data set is 
considered complete after 1956 and before that the data is taken as the extreme data in which only the 
extreme values are taken.   
 



Table I:  Seismicity data used for seismic hazard analysis for different seismogenic zones (After 
Sharma et al., [4]) 
 
Seismogenic  
 zone 

Threshold 
 magnitude 

Number of 
events of 
complete part 
of the data set 

Maximum  observed 
 Magnitude 

Number of 
 events of 
extreme part of 
the data set 

       I 
      II 
     III 
     IV 
      V 
     VI 

       3.2 
       3.0 
       3.7 
       4.0 
       4.0 
       2.0 

      106 
        60 
          7 
          4 
          4 
        28 

            7.0 
            6.5 
            6.0 
            7.0 
            7.0 
            6.5 

         12 
           2 
           1 
           5 
           6 
           1 

 
The hazard estimation is carried out using the computer program developed by Kijko and Sellevol (1989). 
The values computed for each seismogenic sources are listed in Table III. In seismogenic zone I i.e., 
Himalayan zone,  the seismicity rate is the highest. The values of hazard parameters computed  are β  
=0.72 ± 0.05,  λ =1.89 ± 0.22,  Mmax= 7.07 ± 0.31  and  b = 0.31 ± 0.02, where Mmin = 3.20. Here the 

data contribution by the complete and the extreme parts are 80.4%  and 19.6% for β  and  89.8%  and 
10.2% for λ , respectively. The frequency distribution of the data for complete and extreme parts is also 
shown in Fig. 2.  
 

In seismogenic zone II i.e., Delhi Hardwar ridge zone, the value of hazard parameters computed 
are β  =1.04 ± 0.09, λ =0.73 ± 0.17, Mmax= 6.87 ± 0.48 and b = 0.45 ± 0.04, where Mmin = 3.00. Here 

the data contribution by the complete  and the extreme parts are 91.5% and 8.5%  for β  and  96.8% and 
3.2%  for λ , respectively. In seismogenic zone III i.e., Moradabad Fault zone, the value  of  hazard  
parameters computed  are β  =0.44 ± 0.60, λ =0.33 ± 0.20, Mmax= 6.08 ± 0.31 and b = 0.19 ± 0.26, where 

Mmin = 3.70. Here the data contribution by the complete  and the extreme parts are 72.7% and 27.3%  for 

β  and  87.5% and 12.5%  for λ , respectively. In seismogenic zone IV i.e., Rajasthan Great Boundary 
Fault, the value  of  hazard  parameters computed are β  =1.08 ± 0.30, λ =0.34 ± 0.17, Mmax= 7.60 ± 0.67 

and b = 0.47 ± 0.13, where Mmin = 4.00. Here the data contribution by the complete and the extreme 

parts are 18.2% and 81.8%  for β  and  44.4% and 55.6%  for λ , respectively. 
 
In seismogenic zone V i.e., Mathura Fault zone, the value  of  hazard  parameters computed are β  

=1.11 ± 0.42, λ =0.36 ± 0.18,  Mmax= 7.20 ± 0.54 and b = 0.48 ± 0.18, where Mmin = 4.00. Here the data 

contribution by the complete and the extreme parts are 29.2% and 70.8%  for β  and  40.0% and 60.0%  
for λ , respectively. In seismogenic zone VI i.e., Sohna Fault zone, the value  of  hazard  parameters 
computed are β  =0.99 ± 0.13, λ =0.76 ± 0.16,  Mmax= 7.24 ± 0.80 and b = 0.43 ± 0.06, where Mmin = 

2.00. Here the data contribution by the complete and the extreme parts are 74.0% and 26.0%  for β  and  
96.5% and 3.5%  for λ , respectively. The return periods for magnitude 6.0 ( R6.0) are given in Table II.  
 
 
 

TABLE II      Computed values of seismic hazard parameters   (After Sharma et al.[4] ) 
 
Seismogenic Seismic hazard parameter 



Zone        λ       β b value Mmax R6.0 
         I 
        II 
       III 
       IV 
        V 
       VI 

1.89±0.22 
0.73±0.17 
0.33±0.20 
0.34±0.17 
0.36±0.18 
0.76±0.16 

0.72±0.05 
1.04±0.09 
0.44±0.60 
1.08±0.30 
1.11±0.42 
0.99±0.13 

0.31±0.02 
0.45±0.04 
0.19±0.26 
0.47±0.13 
0.48±0.18 
0.43±0.06 

7.07±0.31 
6.87±0.48 
6.08±0.31 
7.60±0.67 
7.20±0.54 
7.24±0.80 

  14.5 
145.5 
291.1 
  92.8 
103.6 
268.2 

 
A comparison of the above results (also table II) shows that the b value is found to be highest in 

the seismogenic zone V namely Mathura Fault zone while the activity rate λ  is observed to be maximum 
for seismogenic source I, namely Himalayan zone. The observed magnitude Mmax(obs) is maximum (7.0) for 
seismogenic zones I, IV and V(Table II), while the Mmax value showing the maximum probable earthquake 
for the region is maximum for the seismogenic zone IV i.e.  Rajasthan Great Boundary Fault zone. The 
values of different observed maximum magnitudes and computed maximum magnitudes in different zones 
show their different tectonic behavior. Kanamori and Allen [10] observed that earthquakes which  
produced fault ruptures of similar length were yet of different magnitudes, and therefore different stress 
drops, could be correlated with different recurrence intervals.  Sharma and Wason [11] have shown that 
the earthquake occurrence in the Himalaya region is of low stress drop thereby reflecting that the 
adjustment is going on in the upper crust in this region. This again is shown by the highest activity rate in 
the seismogenic zone I while the maximum magnitude is from seismogenic source IV.  

 
The respective distance from the seismogenic sources, their potential to generate higher 

magnitude earthquakes and the activity rate govern the strong ground motion to be experienced at any 
point in the Delhi region. It is necessary, therefore, to evaluate the strong ground motion which in the 
present case is taken as Peak Ground Acceleration (PGA) at the  bedrock, depending on the seismic 
hazard level posed by each individual source. To compute the strong ground motion, 20 % exceedance 
value in 50 years is taken for each zone. The earthquake magnitudes corresponding to this exceedance 
value are found to be 6.95, 6.21, 5.95, 6.6, 6.44 and 5.85 for seismogenic zones I to VI, respectively.  
 

PEAK GROUND ACCELERATION IN DELHI REGION 
 

The seismic design of any engineered structure is based on an estimate of expected strong ground 
motion, either implicitly through the use of building codes or explicitly in the site-specific design of large 
or particularly critical structures. There are rarely sufficient number of strong ground motion recordings 
near a site to allow a direct empirical estimation of the motion expected for a design earthquake. The 
attenuation relationship developed by Sharma [12] based on the strong motion data from the Himalayan 
region has been used to estimate the PGA values on grid points in Delhi region. The attenuation 
relationship is as given below :  

 

)log(21.13903.0072.1)log( 5873.0 MerMa +−+−=  
 

where, a is peak horizontal acceleration, r is the distance in km to the hypocentral distance, M is the 
magnitude.  



 
Fig. 3 Peak ground isoaccelration contours in Delhi region due to the six seismogenic zones  



The contours for the peak ground horizontal accelerations (PGA) thus computed for 
approximately  0.5 o x 0.5 o grid area within Delhi are shown in Fig. 3 (a) to (e) for the seismogenic sources 
I to VI, respectively. The maximum value of PGA which this region will experience arising due to the 
combined effect of all the seismogenic sources is shown in Fig. 4. Since the seismogenic zones I to IV 
have larger distances from the Delhi region, the seismogenic zones V and VI are showing more PGA 
values observed in this region. As shown in Fig. 4, the southern part of Delhi is more affected by the 
Mathura fault while the western part is having more PGA values due to Sohna fault. The isoacceleration 
contours in the north west of Delhi are due to the Delhi Hardwar ridge effect.  These values are given in 
terms of latitude & longitude so that they can be directly used with the local soil conditions if the 
properties are known accordingly in Delhi region.   
 

 
 
 
Fig. 4 Seismic zonening map of Delhi region in terms of Peak ground horizontal acceleration at bed 
rock level.  

RESULTS AND DISCUSSION 
 

The peak ground horizontal accelerations at bed rock level in Delhi region due to the seismogenic 
sources present around Delhi are estimated. The region around Delhi is divided into six seismogenic 



sources for which seismic hazard analysis is carried out using the complete and extreme part of the 
seismicity data. A comparison of the seismic hazard computed for different zones shows that the b value is 
found to be highest in the seismogenic zone V, namely Mathura Fault zone while the activity rate λ  is 
maximum for seismogenic source I, namely Himalayan zone. The observed magnitude Mmax(obs) is 
maximum for seismogenic zone I, IV and V, while the Mmax value showing the maximum probable 
earthquake for the region is maximum for the seismogenic zone IV i.e., Rajasthan Great Boundary Fault 
zone. The values of different observed maximum magnitudes and computed maximum magnitudes in 
different zones show their different tectonic behavior in terms of higher maximum probable earthquake in 
future and the activity rates are different for different zones.  This is shown by the highest activity rate in 
the seismogenic zone I while the maximum magnitude is from seismogenic source IV. The peak ground 
acceleration value for 20 % exceedance value in 50 years is computed for the Delhi region from each 
zone. The maximum PGA value considering all the zones is 0.32g which is due to the Mathura fault zone. 
The seismogenic zones V and VI, i.e., Mathura fault zone and the Sohna fault zone are contributing 
maximum PGA values in Delhi region. The microzonation map for the PGA values at the bed rock level is 
proposed for the Delhi region. This can be used directly as input for microzonation of ground motion at 
the surface by incorporating the local site conditions in the Delhi region accordingly.  
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