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Abstract 
 

The P-SV- and SH-wave field in the Talchir basin is simulated along eight profiles: four 

profiles strike across the basin and the other four are along the basin. The hybrid method, which 

combines two computational techniques, modal Summation and finite differences, is used to produce 

multiphase synthetic seismograms. An M = 6 earthquake is considered, with hypocenter along the 

North Orissa Boundary Fault (NOBF) at a depth of 5 km and with the focal mechanisms parameters: 

dip = 90°, strike = 160° and rake = 180°. The peak acceleration (AMAX) along each profile is 

determined considering the maximum acceleration obtained at the horizontal components. The 

response spectra ratio (RSR) as a function of frequency is computed for the eight profiles and the 

higher amplification is seen to increase in correspondence with the thicker sedimentary cover, 

especially for the radial component. Higher site amplification for all the profiles is observed in the 

frequency range from 0.5 to 1.4 Hz. To validate the obtained site-effects, the sources, for the profiles 

across the basin, are placed near to the southern end of the profile and the site amplifications are 

recomputed. Even if the spatial distribution of AMAX is mainly controlled by the epicentral distance, 

i.e. the geometrical spreading prevails on local soil effects, the RSR shows a pattern that can be easily 

correlated with the local site conditions. The RSR at the intersection of the profiles is dependent not 

only upon the local lithology and sediment thickness but also upon the epicentral distance. The 

Talchir basin is classified into three zones based on the RSR values: low RSR zone (1.0 – 1.9), 

intermediate RSR zone (2.0 – 2.8) and high RSR zone (2.9 – 5.2). The PGA estimated for the bedrock 

model by Bhatia et al. (1999) for the study region is around 0.05 to 0.10 g while the Indian seismic 

zonation map estimated it to be in the range from 0.1 to 0.2g. In the present study, that considers the 

effects of lateral variations in the structure, the PGA is estimated to be as high as 0.55 g along the BC 

profile. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 2

1. INTRODUCTION 

The recent earthquakes of the 1993 Latur, 1997 Jabalpur and 2001 Bhuj have raised questions on the 

stability of the Peninsular Indian’s continental crust. The 2001 Bhuj earthquake greatly affected the 

city of Ahmedabad that lies about 240 km away. According to the seismic zonation map of India (IS: 

1893, 2002) (Fig. 1), Ahmedabad and Jabalpur lie in Zone III but these earthquakes have left their 

death tolls in thousands and rendered many homeless, besides damage to properties. Most parts of 

Orissa belong to Zone II of the seismic zonation map of India, but the stretch of land between the 

Chilika Lake and Bittarkanaka right up to the Jharsguda-Sundergarh-Chattisgarh border, including the 

cities of Bhubaneswar, Cuttack, Angul, Talchir, Sambalpur, Dhenkanal (Mahanadi Graben) and a part 

of Balasore district, are classified as Zone III (Fig. 1). This essentially means that the Mahanadi basin, 

which comprises Talchir and the Ib basin, is in the same seismic zone as Ahmedabad and Jabalpur 

and the basin with its thick sediment cover can be a threat for future earthquakes.  

The Vulnerability atlas of India prepared by the Building Materials & Technology Promotion 

Council (BMTPC), Ministry of Urban Development, denotes that about 59% of the land area of India 

is vulnerable to seismic damage (BMTPC, 1997). Though none of the major earthquakes had the 

epicenters in any of the major cities, the 2001 Bhuj earthquake caused untold damages to the city of 

Ahmedabad. Even though most of the seismicity is focused around the plate boundaries, seismicity in 

the Indian shield region has reached a considerable level in the last few decades, with significant 

earthquakes like the 1969 Bhadrachalam, 1970 Broach, 1993 Latur, 1997 Jabalpur and 2001 Bhuj 

raising questions that even the, supposedly, stable Peninsular India is not free from the earthquake 

damage. 

The Talchir basin comes under the Mahanadi basin and occupies an important position in 

terms of its rich natural resources with many major industrial investments and set up. The seismic 

hazard map of India and adjoining areas been prepared by various workers (Khattri et al., 1984; 

Bhatia et al., 1999; Indian seismic zonation map (IS: 1893, 2002); Parvez et al., 2003). Bhatia et al. 

(1999) have estimated the bed rock level (1D) peak ground acceleration (PGA) for the area around the 

Talchir basin in the range from 0.05g to 0.10 g while the Indian seismic zonation map (IS: 1893, 

2002) gives an estimate in the range from 0.1g to 0.2g.  

For the present study, a realistic modeling of P-SV and SH waves for eight profiles of the 

Talchir basin are done by the hybrid method (Fäh, 1992; Fäh et al., 1993; Fäh and Panza, 1994; Panza 

et al., 2001) based on modal summation (MS) and finite difference (FD) methods. The earthquake 

source used in the computation has a magnitude M = 6 and is located along the North Orissa 

Boundary Fault (NOBF). The choice of the magnitude 6 earthquake is based on the earthquakes of 

Latur (M = 6.3) and Jabalpur (M=6) (India Meteorological Department, http://www.imd.ernet.in/) 

which, similar to the study area, fall in the Peninsular India, in Zone III of the seismic zonation map 

of India. The site amplification and the seismic microzonation of the Talchir basin is determined on 

the basis of response spectra ratio (RSR).  
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2. STUDY AREA 

The Talchir basin is bounded by the co-ordinates from 84°19’E to 85°30’E and from 20°44’N to 

21°20’N and extends over an area of about 2312 km2. The Talchir basin occurs as an isolated basin 

surrounded by Precambrian rocks on all sides (CMPDI, 1998). Structurally, the Talchir basin is a 

north-westerly plunging syncline truncated by a boundary fault in the north along a WNW-ESE 

direction, preserving the southern part. Extensive exploration done in the eastern half of the Talchir 

basin has established that the general dip of the strata, both in the southern part as well as in the 

northern part, is northerly throughout. The major industries in this highly populated region are 

National Aluminum Company Limited (NALCO) National Thermal Power Corporation (NTPC), 

Mahanadi Coalfields Limited (MCL), and Central Mine Planning & Design Institute (CMPDI). 

The Talchir coalfield covers an area of about 1800 km2, situated mostly in the Dhenkanal 

district of Orissa and a small portion lying in the bordering Sambalpur district. The importance of the 

Talchir basin lies in its key geographical position, as it is located close to the coast. The Talchir 

coalfield caters to the need of coal for railways and also for power generation. 

 

2.1. GEOLOGY AND TECTONIC SETUP 

The origin and the evolution of the Mahanadi basin has been reconstructed through geophysical 

investigations, Landsat imagery (Nash et al., 1996), structural analysis, sedimentological, 

paleontological and sensitive geochronological methods. Based on the seismic, gravity, aeromagnetic 

and heat flow data and geological indications, many previous and recent investigators are in favor of a 

rifting-related evolution of the Mahanadi basin. Different authors support different opinions such as: 

(a) a single rift valley with synsedimentational and postsedimentational faulting episode (Fox, 1934 

and Thakur et al., 1993), (b) a multiple rift system together with the Son lineament in the Son-

Mahanadi rift (Choudhury, 1979) or combined with the Lambert Graben in the Indo-Antarctic rift 

(Fedorov et al., 1982 and Hofmann, 1996). Other authors (Balme and Playford, 1967; Barrett et al., 

1972; Tewari and Veerers, 1993) propose the model of a common intra-Gondwana rift system, which 

is supported by numerous paleontological, stratigraphical and structural observations. 

The Mahanadi basin is a NW-SE stretching Gondwana basin, which is aligned perpendicular 

to the east coast of India. It has an extension of almost 600 km from the passive eastern continental 

margin of India in the SE to the Narmada Son valley. The exposure of the sediments of the Mahanadi 

basin is seen in two sub basins: the lb basin and the Talchir basin. It is developed along a suture zone 

between three major cratonic elements of different geotectonic character: the Singhbhum craton, the 

Eastern Ghats Mobile belt (EGMB), and the Bhandara craton (Fig. 2).  

The rocks of the Talchir formation generally overlie the basement unconformably and are 

well exposed along the south-eastern and eastern boundary of the basin besides some isolated patches 

(Fig. 2). The stratigraphic succession of the Talchir coal field is given in Table 1. The maximum 

thickness reported is 170 m. The Talchir formation is conformably overlain by Karharbari formation, 
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which is exposed as a narrow strip along the Southern margin of the basin; it attains a thickness of 270 

m in the southern part of the coalfield. The Barakar formation, which is the most potential unit for 

coal reserves, attains a thickness of more than 500 m in the basin. The Barakar formation is 

conformably overlain by Undifferentiated Kamthi formation, which occurs in the western and central 

part of the basin, with a thickness of more than 250 m (CMPDI, 1998). 

The NOBF, also known as the Kerajang fault, is a major tectonic suture which is clearly 

visible on Landsat imagery (Mahalik, 1994; Nash et al., 1996) and it separates the Singhbhum craton 

from the EGMB. The WNW oriented NOBF defines the northern margin of the Talchir basin. The 

northerly dip of the sediments right up to the northern limit of basin results in the maximum thickness 

of sediments towards the northern part of the basin. The basin thickness continuously increases from 

few 100 m in the south to a maximum of 1.5 km towards the NOBF in the North (CMPDI, 1998). The 

major geological and tectonic boundaries of the region are shown in figure 2. 

 

2.2. SEISMICITY OF THE REGION 

Enhanced seismicity has recently been reported in some parts of the Precambrian shield area of 

Orissa. The fault plane solution carried out by Chandra (1977) for three moderate earthquakes (ML: 

5.3-5.5): Midnapur 1964, Ongole 1967 and Bhadrachalam 1969, revealed a strike-slip mechanism 

with an ENE-WSW fault plane and the N-S tectonic stress. The Bonaigarh-Talchir area of Orissa was 

affected by an earthquake with ML = 5.0 on 27th March 1995 (Fig. 3a) causing moderate damage in the 

area. Again on 22nd June 1995 an earthquake with ML = 4.8 occurred in the same area. In the past, the 

area has experienced two earthquakes with ML= 5.2 in 1958 and 1962. The locations of the four 

earthquakes are confined within 50 km radius to the north of the Rengali Dam, which is located north 

of the NOBF. In January 1986, two earthquakes with magnitude ML = 4.4 and 4.1, respectively,  

occurred, followed in 1993 by an event with magnitude ML = 4.3, located to the south of NOBF. 

These two groups of earthquakes, one in the north and the other in the south of the Rengali Dam 

originated from two different geological domains. The clustering of these earthquakes bounded by 

latitude 21°N - 22°N and longitude 84.5°E - 85.5°E makes the area prone to significant earthquake 

hazards (De et al., 1998). 

A temporary micro earthquake (MEQ) network of four stations was established by the 

Geological Survey of India (GSI) in January 1997 in the Bonaigarh-Talchir area (Fig. 3b) and was 

operated till the middle of May 1997. During the span of a few months, 26 earthquakes were recorded 

with most of the seismic activity observed south of the Rengali Dam. Clustering of the epicenters is 

observed at the junction of the NOBF and the Brahmani River (Fig. 3b). The survey delineated a 

seismically active zone 20 km south of Rengali Dam (De et al. 1998). From recent earthquakes and 

the study of the vertical cross section of the hypocenters in the orthogonal direction of the NOBF, it is 

observed that the hypocenters are clustered on both sides of the NOBF indicating that a segment of 

the NOBF is activated. The junction of the NOBF and the Brahmani River possibly represented an 
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asperity, and produced the earthquakes due to an accumulation of strain generated by plate 

movements. Detection of such asperity zones in the shield area is useful for microzonation and hazard 

mitigation (De et al. 1998). Figure 2 shows the seismicity of the Mahanadi basin with earthquake 

magnitude ranging from 3.0 - 5.2 for the period 1963 – 2003. The earthquake epicenters were 

obtained from the United States Geological Survey catalog 

(http://neic.usgs.gov/neis/epic/epic_rect.html). The list of earthquakes surrounding the region is 

shown in Table 2. 

 

3. METHODOLOGY 

In seismic microzonation, the distribution of strong ground motion in the study area is an essential 

parameter. The strong motion data can be obtained in two ways: one method is by recording real time 

earthquake and the other method by theoretically computing seismic signals. The recorded data alone 

are useful only if the strong earthquake is recorded on a dense set of instruments. In the absence of 

reliable strong motion data or while waiting for the strong earthquake to occur and to measure the 

seismic ground motion with an extremely dense set of accelerograms, the computation of realistic 

synthetic seismograms is the only viable approach for a timely definition of seismic hazard. 

In this paper, we used the hybrid method (Fäh, 1992; Fäh and Suhadolc, 1994; Fäh et al., 

1994; Panza et al., 2001), which combines two computational techniques: Finite Difference (FD) and 

Modal Summation (MS) (Panza, 1985; Vaccari et al., 1989; Florsch et al., 1991; Romanelli et al., 

1996). The input parameters are the earthquake scenario and the geological structures through which 

the seismic waves propagate from the source to the site of interest. 

The structural model used in the computations consists of two parts: a simple ‘bedrock’ or 

‘regional’ structure and a laterally heterogeneous structure representative of the local conditions. The 

source is located in the bedrock structure and the calculations are performed in two stages. The 

seismic wavefield is propagated from the source to the boundaries of the laterally heterogeneous area 

applying the MS method. The time series that result from this technique are used to excite the wave 

propagation in the laterally heterogeneous medium and the seismic wavefield is propagated with FD 

technique. The hybrid approach thus allows the efficient calculation of the local seismic wavefield for 

short (few kilometers) as well as for long (several hundred kilometers) epicentral distances. 

The bedrock model is defined as a stack of horizontal layers, each characterized by its 

thickness, longitudinal and transverse wavefield velocities, density and Q factor, controlling the 

anelastic attenuation of earthquake waves. 

Results obtained from the MS computation are compared with those obtained from FD for the 

simple case of the regional model (1D) and if the differences between these two results vary within 2-

5% then the 2D simulations are performed.  
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4. INPUT DATA 

In the laterally heterogeneous structure, eight profiles are chosen (Fig. 4): profiles AB, CD, EF, GG’ 

are perpendicular to the basin, whereas profiles PP’, QQ’, RR’ and SS’ are parallel to the basin. The 

geological section along the basin is obtained from the Geological Survey of India (1997). The figure 

below each plot shows the different litho-unit at different depths along each profile. The details of the 

material properties of each layer are shown in Table 3. The regional bedrock structure is taken from 

the structural polygon no. 7 (Parvez et al., 2003). 

 The input data considered are (a) the regional (bedrock) model parameter describing the 

average properties of the various sub-surface lithologies, (b) the local model parameters and (c) the 

source parameters. The earthquake source is taken along the NOBF, as it is the major regional 

tectonic feature of the Talchir basin. For the present study, an earthquake with M = 6 is considered 

along the NOBF at a depth of 5 km and the focal mechanism parameters are: dip = 90°, strike = 160° 

and rake = 180°. 

 

5. RESULTS 

Complete synthetic seismograms have been generated for eight profiles in the Talchir basin. The 

seismograms are computed with frequencies reaching 10 Hz and subsequently filtered to f ≤ 6 Hz. For 

the profiles AB, CD, EF and GG’, the source is taken north of the basin at a distance of 10 km away 

from the nearest seismogram. The other set of profiles PP’, QQ’, RR’ and SS’ are aligned roughly in 

the NNW-ESE direction and the source is taken on the eastern side of the profile on the NOBF. The 

Response Spectra Ratio (RSR), computed as RS (2D)/RS (1D), where RS indicate the Response 

Spectra, is used as an estimate of the amplification to the local soil condition. The RSR (2D) at 5% 

damping is used for the zoning of the Talchir basin. 

 

5.1. AMAX AND RSR VALUE ALONG THE PROFILE 

The Peak Acceleration (AMAX) is observed to be maximum at the transverse component for all the 

profiles and for the AB, CD, EF and GG’ profiles it ranges from 0.46 g to 0.53 g. The estimated AMAX 

is high, it roughly corresponds to a MCS intensity of XI (Panza et al., 1997) or MM intensity of X 

(Bolt, 1993) and therefore it represents a high seismic hazard. The AMAX for the radial and vertical 

components is comparatively much lower and ranges from 0.13 g to 0.16 g and 0.09 g to 0.12 g, 

respectively. The highest acceleration of 0.53 g is observed along the AB profile at the site closer to 

the source, where the younger soil deposit is present (Fig. 5).  

To test the stability of wave propagation in the basin and the effect of source strike, the 

earthquake source is placed at the eastern side of the basin and synthetic seismograms and site effects 

are analyzed along the PP’, QQ’, RR’ and SS’ profiles, that intersect profiles EF, GG’, CD and AB, 

respectively. The AMAX at the transverse component for PP’, QQ’, RR’ and SS’ profiles, range from 

0.05 g to 0.48 g. The wide variation in the AMAX is explained by the large distance of SS’ which is ~65 
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km from the source while for PP’ the distance from the source is only 10 km (Fig. 4). The AMAX for 

radial and vertical components, range from 0.07 g to 0.09 g and 0.01 g to 0.14 g, respectively. The 

highest AMAX (0.48 g) is seen along the PP’ profile (Fig. 6). 

 Site amplification is estimated in terms of RSR as a function of frequency (up to a maximum 

of 6Hz) and epicentral distance. The RSR (with 5% damping) distribution for all three components is 

shown in figure 7. The site amplification is maximum for the radial component. The RSR for AB, CD, 

EF and GG’ profiles ranges from 5 to 14 within the frequency range from 0.5 Hz to 1.0 Hz. The RSR 

for the transverse and vertical components ranges from 3 to 7 (from 0.8 Hz to 1.5 Hz) and 6 to 13 

(from 0.8 Hz to 1.4 Hz) respectively, as can be seen from Fig. 7. For the EF profile, the RSR shows 

two distinct sets of amplification at distances of 15 km and 25 km away from the source. The 

amplifications correspond to two outcrops of Quaternary deposits (Fig. 7), that represent the more 

recent deposits of the basin.  

 Considering the source on the eastern side, for profiles PP’, QQ’, RR’ and SS’ profiles, the 

RSR for the radial component varies from 8 to 18 in the frequency range from 0.8 Hz to 1.3 Hz. The 

RSR for the transverse and vertical components ranges from 3 to 7 (from 1.0 Hz to 2.0 Hz) and from 

4 to 14 (from 1.0 Hz to 1.7 Hz) respectively. High RSR amplification is observed at the outcrops of 

the Quaternary alluvium deposits along the PP’ profile (Fig. 8). 

 

5.2. REVERSE PROFILING 

The source is placed on the southern side of the basin. This is done to see, whether the amplification 

at sites is controlled by epicentral distance, source strike, or lithology, or a combination of all.  

The Peak Acceleration (AMAX) is observed to be maximum for the transverse component for 

all reverse profiles. The AMAX for BA, DC, FE (Fig. 9) and G’G profiles ranges from 0.34 g to 0.55 g, 

while for the radial and vertical components, the AMAX ranges from 0.06 g to 0.09 and from 0.11 g to 

0.21 g. 

The RSR is observed to be highest for the vertical component with an amplification ranging 

from 7 to 18 in the frequency range from 1.0 Hz to 2.0 Hz. The RSR for the transverse and radial 

components ranges from 3 to 10 (from 0.5 Hz to 1.3 Hz) and from 5 to 10 (from 0.8 Hz to 1.4 Hz) 

respectively. High amplifications are observed at the outcrops of the Quaternary deposits, like in the 

profile FE (Fig. 10). The RSR of the profile follows the trend of the basin. The amplification is seen 

to be higher where thicker sediment deposit occurs.  

 

5.3. INTERSECTIONS OF THE PROFILES 

The accelerograms at the intersection of the profiles are computed to further check whether the site 

amplifications and response spectra are dependent on epicentral distance, source orientation or 

lithology. For the profiles AB, CD, EF and GG’ the source is at a distance of 10 km, in the north 
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direction, away from the nearest seismogram while for profiles PP’, QQ’, RR’ and SS’, the source is 

on the east and at distances of 10 km, 23.5 km, 49 km and 65 km, respectively.  

The peak RS for the three intersections (AB and SS’, CD and RR’ and GG’ and QQ’ profiles) 

is observed in the frequency range from 2.0 Hz to 5.0 Hz and the peak RSR in the frequency range 

from 0.5 Hz to 1.0 Hz. 

The RS at the intersection of the profiles EF and PP’, which are at the same distance from the 

source (Fig. 4), is shown in figure 11a. The peak RS, for the radial component, on the EF profile is 

0.07 g at 0.24 s and on the PP’ profile is 0.17 g at 0.2 s. For the transverse component, the peak RS on 

the profile EF is 0.20 g at 0.19 s and on the profile PP’ is 0.25 g at 0.36 s. The peak RS for the vertical 

component on the EF and PP’ profile is 0.05 at 0.19 s and 0.11 g at 0.8 s, respectively. The radial 

components show a similarity in their period content, but for the transverse and the vertical 

components the variation is high.  

The RSR for the intersection point along the profiles EF and PP’ shows, for the radial 

component, an amplification of 5.4 at 1.0 Hz on the EF profile and amplifications of 2.4 at 1.0 Hz and 

0.5 Hz on the PP’ profile. For the transverse component, the amplification on the EF profile is 2 at 0.9 

Hz and on the PP’ profile, the amplification is observed to be 5.5 at 1.1 Hz. The amplification for the 

vertical component on the EF profile is 2 at 2.5 Hz and on the profile PP’ is 7.3 at 1.4 Hz. For the 

horizontal (radial and transverse) components of motion the period at which they peak is similar (Fig. 

11b). 

 

6. ZONATION OF THE TALCHIR BASIN 

The RSR vs frequency has been analyzed to define the seismic zonation of the Talchir basin. The 

maximum amplification, medium amplification and medium plus one standard deviation amplification 

are computed for the stack of RSR pertaining to the same class of soils. The RSR values are obtained 

from the profiles analyzed and then extrapolated to similar soil conditions, where the modeling has 

not been performed due to the limitation of the available geological/geotechnical profiles. Based on 

the considered earthquake scenarios, the Talchir basin is classified into three zones of different levels 

of RSR: low RSR level (zone 1), intermediate RSR level (zone 2) and high RSR level (zone 3). 

Figures 12 to 14 show the maximum amplification, medium amplification and medium plus one 

standard deviation amplification, as defined by RSR. The zones are classified by considering the 

medium plus one standard deviation RSR. 

For zone 1, the peak RSR is 6.9 at 1.3 Hz for the radial component, 3.9 at 0.9 Hz for the 

transverse component and 6.8 at 0.4 Hz for the vertical component. The peak of the medium RSR, 

3.7, is observed for the radial component at 1.8 Hz and for the transverse and vertical components it is 

2.0 at 1.6 Hz and 3.5 at 0.4 Hz, respectively. The peak of the medium plus one standard deviation 

RSR is 2.5 on the radial component at 1.4 Hz and on the transverse and vertical 1.5 at 0.9 Hz and 2.2 

at 0.4 Hz, respectively (Fig. 12). 
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For zone 2, the peak RSR is 18.8 at 0.7 Hz for the radial component while for the transverse 

and vertical components is 6.6 at 0.9 Hz and 9.4 at 0.4 Hz, respectively. The peak of the medium 

RSR, 8.0, is observed on the radial component at 0.9 Hz and for the transverse and vertical component 

it is 2.6 at 1.8 Hz and 3.4 at 0.7 Hz, respectively. The peak of the medium plus one standard deviation 

RSR is 5.0 for the radial component at 0.9 Hz, while for the transverse and vertical components it is 

2.0 at 1.9 Hz and 2.3 at 0.8 Hz, respectively (Fig. 13). 

In zone 3, the peak RSR is 17.4 at 0.7 Hz for the radial component, 9.3 at 0.9 Hz on the 

transverse component and 14.7 at 0.8 Hz on the vertical component. The peak of the medium RSR is 

10.3 at 0.8 Hz, on the radial component, 5.2 at 0.7 Hz on the transverse component and 9.1 at 0.8 Hz 

on the vertical component. The peak of the medium plus one standard deviation RSR is 6.6 on the 

radial component at 0.8 Hz, while on the transverse and vertical components it is 3.8 at 0.6 Hz and 5.4 

at 0.8 Hz, respectively (Fig. 14). 

The frequencies at which most of the peak RSR values are observed, ranges from 0.8 Hz to 

1.3 Hz. The maximum RSR value of 5.2 is observed at a frequency of 1.0 Hz. Figure 15 shows the 

contour of the RSR for the Talchir basin and the three zones based on the classification of RSR are 

shown in Figure 16. The RSR for zone 1 ranges from 1.0 to 1.9 and represents a zone of low 

amplification; the RSR zone 2 ranges from 2.0 to 2.8 and represents a zone of intermediate 

amplification, zone 3 RSR ranges from 2.9 to 5.2 and represents a zone of high amplification. The 

high amplification zone is seen over the alluvium of the younger Quaternary deposits of the Brahmani 

River, which follows the trend of the river. The Talchir formation, which is the oldest formation of 

Talchir basin, shows lower RSR values. 

 

7. DISCUSSION AND CONCLUSION  

The profiles AB, CD, EF and GG’, across the Talchir basin, are analyzed considering, as earthquake 

scenario, the earthquake source at the NOBF, at a distance of 10 km from the northern most extreme 

of each profile. For all the profiles, the AMAX is observed in the transverse component and varies from 

0.46 g, at the EF profile, to 0.53 g, at the AB and CD profiles. The AMAX for these profiles is observed 

at the site nearest to the source. For the profile EF, at a distance of 14 km from the source, the AMAX is 

estimated to be 0.45 g. In the GG’ profile, the AMAX is observed to be 0.48 g for the site nearest to the 

source at a distance of about 11 km. The AMAX on the profiles seems to be epicentral distance 

dependent, with minor control from local soil conditions.  

A common earthquake scenario is taken also for the profiles PP’, QQ’, RR’ and SS’, that, 

within the Talchir basin, strike parallel to its elongation. For all the profiles, the AMAX is seen in the 

transverse component of the seismic ground motion. It gradually decreases from 0.48 g in the PP’ 

profile to 0.05 g in the SS’ profile as the profile SS’ is more distant from the source with respect to the 

PP’ profile. In the profile PP’ the AMAX is observed at a distance of 11 km from the source. The QQ’ 

profile is at a distance of 23.5 km and the AMAX of 0.17g is observed at the site closer to the source 
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while for the RR’ profile, which is at a distance of about 48 km, the AMAX is estimated to be 0.10 g for 

the site nearest to the source. The AMAX further decreases for the SS’ profile because of the distance of 

65 km from the source, and the acceleration (0.05 g) is the highest for the site nearest to the source. 

The position of the earthquake source is reversed for the profiles BA, DC, FE and G’G and 

placed on the southern side of the profiles. The new source location is considered to analyze source 

strike, epicentral distance and site effects. Though the AMAX is dependent on the epicentral distance 

(conservation of energy), the site amplification frequencies are consistent. The AMAX is also observed 

in the transverse component, for the four profiles, at the site nearest to the source. The AMAX varies 

from 0.55 g in the BA profile to 0.34 g in the G’G profile. As in the case of profiles AB, CD, EF and 

GG’, the maximum amplitude depends on the epicentral distance. 

The site amplification in terms of RSR is also estimated for all the profiles. The frequency, at 

which the site amplification is the highest, for all the profiles, ranges from 0.5 to 1.0 Hz, except for 

the profile G’G, where the frequency of the peak reaches 4.5 Hz. The RSR is higher for the radial 

component for almost all the profiles, except for the profiles GG’, DC, FE and G’G where the 

amplification is higher in the vertical component. For profiles AB, CD, EF and GG’ the site 

amplification is higher in the frequency range from 0.5 Hz to 1.4 Hz. The peak values of the RSR for 

PP’, QQ’, RR’ and SS’ profiles are observed in the frequency range from 0.5 Hz to 1.0 Hz. The RSR 

is determined also for the reverse profile and the highest RSR is observed in the frequency range from 

0.8 Hz to 4.5 Hz. The highest RSR are generally seen at the sites that overlie the younger sediments or 

very thick sediment deposits. The low frequency range at which amplification effects maximize is an 

indication of loose soil conditions, and, in general, along the profiles of the Talchir basin the sites of 

high amplifications corresponds to soft or loose soil conditions and also to a very thick sediment 

cover. 

 From the results obtained for the 12 profiles, in agreement with energy conservation, it is seen 

that the AMAX is higher at the sites nearest to the source. There are not phenomena of inverse 

attenuation of due to critical reflections from major horizontal discontinuities (Conrad and Moho) like 

the ones that have been both observed and modeled by several authors (e.g. Burger et al., 1987; Panza 

and Suhadolc, 1989; Fäh and Panza, 1994). From the RSR, it is evident that the ground motion 

(amplification) is influenced by the local site condition and epicentral distance. There is a sharp rise in 

amplification, due to the strong impedance contrast between the geological units in contact, in the 

presence of thick sediment deposit or of a sub-surface fault. From the RSR plot, it is often seen that 

the radial component is more sensitive than the transverse one to the sub-surface structure and 

lithology. Furthermore, the site effect is dependent not only upon the lithology and sediment thickness 

but also upon the epicentral distance and source strike. 

The RS and the RSR, at the intersection of the eight profiles, are analyzed to determine the 

period at which the maximum value is reached and also to check the stability of site effects when two 

different sources are considered. At the intersection of the profiles EF and PP’, the highest RS is 
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observed in the transverse component at frequencies ranging from 5.2 Hz (EF profile) to 2.7 Hz (PP’ 

profile). The RS at the radial component has the peak at periods of 4.1 Hz (EF’ profile) and 5.0 Hz 

(PP’ profile). The RSR at the point of intersection show maximum amplifications at similar 

frequencies for the radial (EF: 1.0 Hz; SS’: 1.1 Hz) and transverse (EF: 0.9 Hz; PP’: 1.1 Hz) 

components. For the vertical component the frequency where peak values are reached changes 

significantly (EF: 2.5 Hz; PP’: 1.4 Hz).  

The frequencies of the peak values, observed for both RS and RSR of the horizontal (radial 

and transverse) components, are consistent at the intersection of most of the profiles. Not much 

stability can be seen for the vertical components, contrary to the common believe. The horizontal 

components give relatively higher peak values for RS and RSR as compared to the vertical one and 

the frequency of the peak value is rather stable, hence the horizontal components give relatively stable 

and conservative hazard estimation. 

The results obtained at the common intersections for the eight profiles show that the RS for 

most of the points depends on the source and the epicentral distances though the period of the higher 

RS is similar for both sources. 

The estimated AMAX for the Talchir basin is considerably high: 0.55 g along the BA profile. 

This peak value, obtained considering a scenario earthquake with M = 6, roughly corresponds to MCS 

intensity of XI (Panza et al., 1997) or MM intensity of X (Bolt, 1993). This means that the seismic 

hazard is high in the region, which can experience severe damage even from moderate magnitude 

earthquakes. Therefore the estimates by Bhatia et al. (1999) turn out to be severe underestimations of 

the hazard in Talchir basin, and the Indian seismic zonation map (IS: 1893, 2002) values can be 

representative, in their upper limit, of the average hazard (IMCS=IX), even if they miss the peak values 

of hazard that may reach IMCS= XI.  

Based on the RSR values, obtained with the considered earthquake scenarios, the Talchir 

basin is subdivided into three zones of hazard of different RSR level viz., zone 1 (low RSR level: 1.0 

– 1.9), zone 2 (intermediate RSR level: 2.0 – 2.8) and zone 3 (high RSR level: 2.9 – 5.2). Accordingly 

with Bolt (1993) and Panza et al. (1997) results, the proposed seismic zonation corresponds to a one 

degree variation of macroseismic intensity when going from one RSR level to the next. 
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Table 1: Geological succession of Talchir basin (CMPDI, 1998) 
 

Age Formation Lithology Approximate 
thickness (m) 

Recent  Alluvium and Laterite - 
Upper Permian to 
Triassic 

Kamthi Fine to medium grained sandstone, 
carbonaceous shale, Coal-bands, with 
greenish sandstone, pink clays and 
pebbly sandstone at top 

250 

Lower Permian Barakar Medium to coarse grained sandstones, 
shales, coal seams with oligomictic 
conglomerate at base 

500 

Lower Permian Karhabari Medium to coarse grained sandstones, 
shales and coal seams 

270 

Upper Carboniferous Talchir Diamictite, fine to medium grained 
greenish sandstones, shales, rhythmite, 
turbidite, etc 

170 

----------------------------------------Unconformity---------------------------------------- 
Precambrian  Granites, gneisses, amphibolites, 

migmatites, etc 
 

 
 
Table 2. The earthquakes recorded in the Mahanadi basin (USGS: United States Geological Survey) 

 
Year Month Day Latitude Longitude M Source 

1963 5 8 21.70 86.00 5.2 USGS 
1979 8 5 22.10 86.00 4.7 USGS 
1982 10 14 20.39 84.42 4.7 USGS 
1986 10 19 21.01 85.22 4.1 USGS 
1986 1 19 20.93 84.90 4.4 USGS 
1993 11 1 21.00 85.10 4.3 USGS 
1995 3 27 21.66 84.59 4.4 USGS 
1995 6 21 21.76 85.29 4.5 USGS 
1996 9 25 22.00 84.00 4.2 USGS 
1998 5 22 22.13 84.91 4.5 USGS 
2001 6 12 22.24 83.92 4.7 USGS 
2003 7 30 21.80 84.30 3.4 USGS 

 
 

Table 3. Mechanical properties of various litho-units of the Talchir basin. 
 

Formation Vp Vs ρ Qp Qs 

Recent 700 350 1.6 44 20 
Barren formation 1200 693 1.82 44 20 
Barakar formation 1500 867 1.85 66 30 
Kamthi formation 1800 1040 1.85 66 30 
Talchir formation 2000 1156 1.9 44 20 
Metamorphics - 3179 2.0 44 20 
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Figure Captions 
 
Figure 1. Map showing the four seismic zones of India and the seismic zonation map Orissa (after IS: 
1893(Part 1), 2002). 
 
Figure 2. Geology of the Mahanadi basin with the tectonic framework and the recorded earthquakes 
(BC: Bhandara Craton; NOBF: North Orissa Boundary Fault; EGMB: Eastern Ghats Mobile Belt; 
EGBF: Eastern Ghats Boundary Fault; RSZ: Ranipather Shear Zone; SC: Singhbhum Craton) 
(modified after Lisker and Fachmann, 2001). 
 
Figure 3. Map showing (a) the Isoseismal map of Bonaigarh Earthquake of 27th March, 1995 and (b) 
the micro earthquake (MEQ) network in and around Bonaigarh, Orissa (after GSI, 2000).  
 
Figure 4. The profiles considered for the computation of the RSR are AB, CD, GG’ and EF, across the 
Talchir basin, and PP’, QQ’, RR’ and SS’, along the Talchir basin. The beach ball of the fault plane 
solution shows the location of the sources 10 km away from the nearest computed seismogram.  
 
Figure 5. The accelerograms along AB profile for the three components of ground motion are shown. 
The maximum amplitude AMAX  is indicated in cm/s2. 
 
Figure 6. The accelerograms along PP’ profile for the three components of ground motion are shown. 
The maximum amplitude AMAX  is indicated in cm/s2. 
 
Figure 7. The response spectra ratio (RSR) versus frequency and epicentral distance along the EF 
profile. A 5% damping is considered. 
 
Figure 8. The response spectra ratio (RSR) versus frequency and epicentral distance along the PP’ 
profile. A 5% damping is considered. 
 
Figure 9. The accelerograms along FE profile for the three components of ground motion are shown. 
The maximum amplitude AMAX  is indicated in cm/s2. 
 
Figure 10. The response spectra ratio (RSR) versus frequency and epicentral distance along the FE 
profile. A 5% damping is considered.  
 
Figure 11. The (a)RS and (b)RSR as function of period at the intersection of EF and PP’ profiles. 
 
Figure 12. The RSR of the three components of seismic ground motion vs period for the zone 1 
(MAX: maximum amplification; MSD: medium with one standard deviation amplification; MED: 
medium amplification). 
 
Figure 13. The RSR of the three components of seismic ground motion vs period for the zone 2 
(MAX: maximum amplification; MSD: medium with one standard deviation amplification; MED: 
medium amplification). 
 
Figure 14. The RSR of the three components of seismic ground motion vs period for the zone 
3 (MAX: maximum amplification; MSD: medium with one standard deviation amplification; 
MED: medium amplification) 
Figure 15. The RSR contour of the Talchir basin obtained from the profiles and extrapolated 
to similar sites within the basin. 
 
Figure 16. The four zones of hazard of Talchir basin based on the RSR values. 
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Figure 1. Map showing the four seismic zones of India and the seismic zonation map Orissa (after IS: 1893(Part 1), 2002). 
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Figure 2. Geology of the Mahanadi Basin with the tectonic framework and the recorded earthquakes (BC: 
Bhandara Craton; NOBF: North Orissa Boundary Fault; EGMB: Eastern Ghats Mobile Belt; EGBF: Eastern 

Ghats Boundary Fault; RSZ: Ranipather Shear Zone; SC: Singhbhum Craton) (modified after Lisker and 
Fachmann, 2001). 
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(b) 

(a) 

Figure 3. Map showing (a) the Isoseismal map of Bonaigarh Earthquake of 27th March, 1995 and (b) the micro 
earthquake (MEQ) network in and around Bonaigarh, Orissa(after GSI, 2000).
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Figure 4. The profiles considered for the computation of the RSR are AB, CD, GG’ and EF, across the Talchir 
Basin, and PP’, QQ’, RR’ and SS’, along the Talchir Basin. The beach ball of the fault plane solution shows the 

location of the sources 10 km away from the nearest computed seismogram. 
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Distance along the profile (km) 

Figure 5. The accelerograms along AB profile for the three components of ground motion are shown. The maximum 
amplitude AMAX  is indicated in cm/s2. 
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Distance along the profile (km)

Figure 6. The accelerograms along PP’ profile for the three components of ground motion are shown.  
The maximum amplitude AMAX  is indicated in cm/s2. 
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Figure 7. The response spectra ratio (RSR) versus frequency and epicentral distance along the EF profile. A 
5% damping is considered. 
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Figure 8. The response spectra ratio (RSR) versus frequency and epicentral distance along the PP’ profile. A 
5% damping is considered. 
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Distance along the profile (km) 

Figure 9. The accelerograms along FE profile for the three components of ground motion are shown. The maximum 
amplitude AMAX  is indicated in cm/s2. 
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Figure 10. The response spectra ratio (RSR) versus frequency and epicentral distance along the FE profile. A 
5% damping is considered. 
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Figure 11. The RS and RSR as function of period at the intersection of EF and PP’ profiles. 

(a) 

(b) 
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Figure 12. The RSR of the three components of seismic ground motion vs period for the zone 1 (MAX: 
maximum amplification; MSD: medium with one standard deviation amplification; MED: medium 

amplification). 
 

 

 
 

Figure 13. The RSR of the three components of seismic ground motion vs period for the zone 2 (MAX: 
maximum amplification; MSD: medium with one standard deviation amplification; MED: medium 

amplification). 
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Figure 14. The RSR of the three components of seismic ground motion vs period for the zone 3 (MAX: 
maximum amplification; MSD: medium with one standard deviation amplification; MED: medium 

amplification) 
 

Figure 15. The RSR contour of the Talchir Basin obtained from the profiles and extrapolated to similar 
sites within the basin. 
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Figure 16. The four zones of hazard of Talchir Basin based on the RSR values. 
 


