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Extended Abstract 
It is an established fact that ground shaking by earthquakes and intensities of damage depend on the 
magnitude, source and path of earthquake energy and on the local site conditions. It has also been long 
known that effects of local geology on ground shaking represent an important factor in earthquake risk 
evaluation. Site response parameters deciphered from geotechnical property of soil, geological setting 
and instrumental studies can give a good estimate of risk factor by removing the source and deep path 
effects assuming that these effects are same for records on the bed rock and on the surface of nearby 
overlying soil. In San Francisco, USA, local amplification over unconsolidated sediments have shown 
to be responsible for intensity variation as large as two degrees (MM scale) during both 1906 San 
Francisco earthquake and more recent Loma Prieta event. There are many such examples over the 
world including the effects of 2001 Gujarat earthquake. Therefore, seismic microzonation for built 
areas and fast expanding areas of mega cities like Kolkata falling in seismic zone IV and V is must 
towards retrofitting of old and vulnerable buildings and for incorporating appropriate seismic 
coefficient to new constructions and installations. 
The mega city of Kolkata covers an area of about 185 sq km with population of about 4.4 million 
(census report, 1991) and a phenomenal increase to 13 million as per the census report of 2001. The 
vulnerability to earthquake damage has increased many folds with time. More than 80% of the city has 
built up areas dotted with high rise residential buildings, congested business districts, hospital and 
schools, most of these without any proper town planning and are very old. Density of population in 
some parts around north Kolkata is over 100,000 per square kilometer.  
The city had suffered damage to buildings by both far and near source earthquakes in the past. Notable 
amongst them are 1897 Great Assam earthquake (Memoir GSI, vol. 29, 1899), 1906 Calcutta 
earthquake (Record GSI, vol.30, 1908), 1934 Bihar-Nepal earthquake ( Memoir GSI, vol. 73, 1939) 
and 1964 Contai earthquake (Record GSI, vol. 97, 1969) reaching maximum intensity of VIII (MM 
scale) and maximum magnitude 5.7. From this evaluation of intensity an average peak velocity of 8 to 
10m per second and acceleration of 0.10g to 0.15g can be expected in Kolkata due to distant or near 
source earthquake. An estimate by GSHAP also indicates that that Kolkata could expect Peak Ground 
Acceleration (PGA) values in the range of 0.08g to 0.13g, in next 50 years with 10% probability. 
There are records of 67 earthquakes, either felt or occurred, in and around Kolkata from 1737 to 1993. 
There is a report of severe earthquake and hurricane that affected Kolkata occurring between 11th and 
12th October, 1737, that destroyed 200 houses along the river front and killing 300,000 people. Perusal 
of original description of destruction as appeared in ‘The Gentlemen’s Magazine’ published in 1737-
38 from London; it appears that the event was a distant great earthquake and related tsunami that 
affected the coast of greater Bengal. The seismic hazard zonation map published by the Indian Bureau 
of Standard (IS 1893 part I: 2002) has classified the whole Indian territory in to four zones (zones II to 
V) and Kolkata falls in the boundary of zone III and IV with a triangular zone of IV with its tip from 
north of Kolkata and spreading towards south covering the area of North and South 24 Parganas and 
eastern part of Medinipur district. 
Originally the city of Kolkata grew in a north-south direction over the natural levee of the river 
Bhagirathi for over a length of 50km. But due to enormous population pressure it has encroached in to 
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the back swamp and marshy land to the east by way of filling up extensive areas, especially in the Salt 
Lake and Rajarhat areas as well in many other places in unplanned ways. 
Kolkata is situated over the Bengal Basin, a huge pericratonic Tertiary basin with enormous thickness 
of fluvio-marine sediments. The Bengal Basin can be divided in to three structural units: the 
westernmost shelf or platform, the central hinge or shelf/slope break and deep basinal part in the east 
and southeast that open in the present Bay of Bengal. The Kolkata city is located over the western part 
of the hinge zone across which the sediment thickness and facies significantly varies from shelf area in 
the west to deep basin area in the east. The hinge zone and the shelf area are traverse by many faults, 
some them seem to be tectonically active at present. The hinge zone is about 25km wide that occurs at 
a depth of about 45000m below Kolkata. The Total sedimentary thickness below Kolkata is of the 
order of 7500m above the crystalline basement; of these the top 350-450m is Quaternary, followed by 
4500-5500m of Tertiary sediments, 500-700m trap wash of Cretaceous Trap and 600-800m Permo-
Carboniferous Gondwana rocks. 
The subsurface geological data for Kolkata area are mainly obtained through ground water resource 
study by GSI and CGWB and from the exploration and excavation for the underground Metro Rail 
Project. Broadly speaking, the surfacial geology in and around Kolkata is rather uniform characterized 
by the presence of 30-60m thick gray sticky clay below which occur relatively coarser sediments 
consisting of either silt/fine to medium sand or coarse sand with or without cobbles or pebbles. But 
there are certain long narrow zones with predominant sand representing old and abandoned river 
channels. Besides, there are many patches of land, which has been recently filled up for construction. 
Geomorphologically, the area can be divided in to fluvial plain, tidal flat, natural levee and aggraded 
channels. It is observed that characteristics of geological layer up to the depth of first 30m are very 
important in amplification of earthquake shaking. Though upper 30m of the sedimentary layer seems 
to be uniform in character shallow SPT bore holes reveals that the foundation soil up to 12-13 m depth 
is very much unconsolidated for which N-value varies from 0.5 to 5, then suddenly N-value jumps to 
16-18 with some patches of brown sand in the clay. This plane of sudden increase in N-value may 
indicate the boundary between the Holocene and the Pleistocene.  
From the foregoing discussion though it appears that there may not be any significant variations in site 
response due to broad uniform character of the shallow subsurface geology but the filled up land areas 
in the eastern Kolkata, narrow areas underlain by abandoned river channels and the areas covered by 
natural levee are likely to suffer from enhanced effective seismic shaking during an eventual moderate 
to strong earthquake. These areas may also liquefy during intensity VIII event. 
Therefore, considering the level of seismicity of the region, size of the city and density of the 
population as well the condition of the very old buildings it is urgently required that work on seismic 
microzonation Kolkata megacity should be started immediately. 

The first cut seismic microzonation maps may be prepared following the steps mentioned below: 
1. Preparation of detailed geological and geomorphological map of Kolkata on 1: 25,000 scale on the 

Survey of India toposheet base with the help of aerial photographs, satellite imagery, subsurface 
information and field mapping in GIS platform. 

2. To map all the faults, both exposed and concealed in and around Kolkata covering about 300km 
radius and classify them according to their antiquity and age of movements along them. 

3. Preparation of seismotectonic map of the area of about 300km radius around Kolkata. 
4. Preparation of detailed land use map. 
5. Determination of spatial variation of shear-wave velocity up to 30/50m depth from N-value 

obtained from SPT bore hole at well-spaced locations of both geographical and geological 
variations using appropriate empirical relations. 
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6. Determination of predominant frequency at well representative sites (based on geological map) 
from the ratio between Fourier spectra of horizontal and vertical component of noise survey 
(Nakamura’s method). 

7. To assess the liquefaction potential of a number of sites (based on geological map) from detailed 
SPT/CPT data and shear wave velocity using suitable model studies, backed by field and 
laboratory geotechnical studies of the undisturbed cores. 

8. Estimation of site specific Peak Ground Acceleration and response spectra for probabilistic and 
deterministic seismic hazard assessment from synthetic data. 

9. Preparation of overlays of all the attributes in 1:25,000 scale (except tectonic and seismotectonic 
map) for the Kolkata mega city on GIS platform after proper digitization. 

10. To map ground water table up to the depth of 20m- post monsoon and pre-monsoon. 
11. Classification of sites and preparation of seismic microzonation map by homogenization and 

adoption of integration based on rules following decision-making principle with assigned weights 
and ranks of all the attributes considered. 

12. Creation of awareness to all concerned. 
 
 
 


