


Chapter 6:
Seismological and Geophysical constraint to the crustal structure beneath 

the North Western Himalaya, India

6.1. Introduction

6.2. 1 D Crustal velocity model and seismicity relocation using JHD



Figure 6.1: shows the transect AB (solid black line) taken across in the WWS-

EEN direction cutting through major thrusts staring from MBT (Main 



Boundary Thrust) in north to STD (South Tibetan detachment) in South. The 

major thrust faults through which the transect pass are termed as MBT, MCT, 

STD from south to north. The earthquake epicentres are indicated by solid 

Red Cross symbol.

Figure 6.2: shows the focal depth distribution of seismic events (hollow red 

circles) across major tectonic boundaries. Such as MBT: Main Boundary 

Thrust; MCT: Main Central Thrust; STD: South Tibetan Detachment; ITSZ: 

Indus-Tsangpo Suture Zone;   from south to north.

6.3. Microseismicity, Tectonics and seismic potential of NW Himalaya





Table 6.2





Figure 6.3: It shows the generalised cross section AB taken across the major 

tectonic breaks starting from the Himalayan Frontal Thrust (HFT) in the 

south to Indo-Tsangpo Suture Zone (ITSZ) in the north. This cross section 

greatly characterizes the status of the Main Himalayan Thrust (MHT) and its 

sub-surface geometry in the NW Himalaya. The maximum depth of the 

investigation below the cross section is 50 km. The cross section clearly 

postulates the locking zone and also the motion velocity of 14 mm/y for the 

Indian plate in the north direction. The section also shows the two ramps of 

the MHT plane below the Main Central Thrust (MCT) and the South Tibetan 

Detachment (STD). The depth range for these ramps is mentioned in the text.



ISC Data*

Long Lat Distance, m Depth, 
km Mb

Seismic 
Moment, 
dyne-cm



Note:*

Total amount of energy released from ISC EQ data= 1.4E+26 dyne-cm

Equivalent moment magnitude= 6.7 in 45 years 

Average energy release/year= 3.0E+24 dyne-cm

Average equivalent moment magnitude= 5.6

WIHG Data#

Long Lat Distance, 
m

Depth, 
km Mb

Seismic 
Moment, 
dyne-cm







Note:#

Total amount of energy released by Local EQ data (WIHG catalogue) = 

7.2E+24 dyne-cm

Equivalent moment magnitude= 5.87 in 5 years 

Average energy release/year= 1.4E+24 dyne-cm

Average equivalent moment magnitude= 5.4

Table 6.1: Earthquake energy calculation from Wadia Institute of Himalayan 

Geology (WIHG) Catalogue and the ISC-EHB Catalogue separately.
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6.4. Static stress change and earthquake triggering in the NW Himalaya 

6.5. Seismic attenuation characteristics of NW Himalaya
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Figure 6.4: Comparison of the values obtained in this study with others 

estimated for various regions in the world. The regions are NW Himalayas 

(Tripathi et al., 2012); Kumaun Himalayas (Singh et al., 2012); Garhwal 

Himalayas (Gupta et al., 1995); western Himalayas (Mukhopadhyay and 

Tyagi, 2007); western Greece (Tselentis, 1998); Mt. Etna, Italy, (Pezzo et al., 

1995); Sikkim Himalayas (Hazarika et al., 2013); Apennines, Italy (Bianco et 

al., 2002); and this study (LT =50; WL = 30)

6.6. Gravity anomalies and Lithospheric structure of NW Himalaya 





Figure 6.5 shows Bouguer gravity anomaliesof the NW Himalaya. Major 

tectonic boundaries in NW Himalaya along with the studied NE-SW profile.

ITSZ: Indus-Tsangpo Suture Zone; MCT: Main Central Thrust; MBT: Main 

Boundary Thrust; HFT: Himalayan Frontal Thrust; STD: South-Tibetan 

Detachment. A SW-NE profile (A-B) is shown along which a lithospheric 

density model is shown in Figure 6.8.

6.6.1. Isostatic studies and Effective elastic Thickness (EET)





Figure 6.6: Effective Elastic Thickness (Te) based on coherence between the 

Bouguer anomaly and topography. The best fit is obtained for Te=53 km.



Figure 6.7: Accounted error in residual for different Elastic 

Thickness (Te) with a minimum observed at 53 km for the NW Himalaya, 

India-Eurasia collision zone.

6.6.2. 2 D Density model for NW Himalaya 





Figure 6.8: Observed and calculated response from gravity data and the 

corresponding lithospheric model (Bottom) for NW Himalaya – (a) Regional 

and (b) Residual.


