


Chapter 3:
1D Crustal Velocity Model:P and S-wave travel Time Inversion Study

3.1. Introduction



3.2.Initial Hypocentral Locations

Table 3.1

Table 3.1: Preliminary velocity model of Kumar et al., 2009.

Depth
(Km)

P wave 
Velocity
(Km/s)

S wave 
Velocity
(Km/s)



Figure 3.1 

Figure 3.2 

Figure 3.3

Figure 3.1: This Figure signifies the error in latitude plotted against the no. of 

earthquake events obtained with preliminary velocity model. 



Figure 3.2: This Figure signifies the error in longitude plotted against the no. 

of earthquake events obtained with preliminary velocity model



Figure 3.3: This Figure signifies the error in Depth plotted against the no. of 

earthquake events obtained with preliminary velocity model. 



Figure 3.4: Seismicity plot of the NW Himalaya along with the major tectonic 

breaks such as HFT: Himalayan Thrust Fault; JMT: Jwalamukhi Thrust; 

MBT: Main Boundary Thrust; MCT: Main central Thrust; SNF: Sundarnager 

fault; STD: South Tibetan Detachment; KCF: Kaurik Chango fault; TSM: 

Tso-Morari fault; ITSZ: Indo-Tsangpo suture zone; KF: Karakoram fault. The 

yellow triangle specifies the seismic stations utilized in the study. The 

earthquake hypocenters are specified in the form of green solid circles, blue 

solid circles and ted solid stars based on its magnitude. The magnitude limit 

for each of the hypocenter is specified in the figure itself. The elevation colour 

scale given on the right side is expressed in meters. 



Figure 3.5: Seismicity plot of the NW Himalaya along with the major tectonic 

breaks such as HFT: Himalayan Thrust Fault; JMT: Jwalamukhi Thrust; 

MBT: Main Boundary Thrust; MCT: Main central Thrust; SNF: Sundarnager 

fault; STD: South Tibetan Detachment; KCF: Kaurik Chango fault; TSM: 

Tso-Morari fault; ITSZ: Indo-Tsangpo suture zone; KF: Karakoram fault. The 

yellow triangles specifies the seismic stations utilized in the study. The 

earthquake hypocenters are specified in the form of blue solid circles and ted 

solid stars based on its depth distribution. The depth limit for each of the 

hypocenter is specified in the figure itself. The elevation colour scale given on 

the right side is expressed in meters. 

Figure 3.4 Figure 3.5



3.3. Calculation of minimum 1 D velocity model



Figure 3.6 

Figure 

3.7

Figure 3.6: Shows the Seismic network deployed and operated by Wadia 

institute of Himalayan Geology, Dehradun (WIHG) along with the seismicity 

plot utilized for 1 D crustal velocity model estimation in Himachal Pradesh, 

NW Himalaya, India. The triangles indicate the seismic stations and the 

hollow red circles indicate the earthquake epicentres. 



Figure 3.7: Shows a comparison between the RMS values with respect to 

number of earthquakes obtained for the Hypocentres before applying the 

VELEST (red line) algorithm and after (blue line) applying it. This shows a 

gradual decrease in minimum and maximum RMS residual values after 

VELEST is applied.

3.4. Optimal 1 D crustal velocity model



Table 3.2. Figure 3.8 



Table 3.2: Final velocity model obtained through VELEST.

Depth 
(Km)

P wave 
Velocity 
(Km/s)

S wave 
Velocity  
(Km/s)



Figure 3.8: (a) and (b) shows the minimum 1 D velocity model of seven layers 

(red line) obtained with VELEST from travel time inversion of P and S-wave 

arrival times and its comparison plot with the preliminary velocity of Kumar 

et.al; 2009 (green line) and Kamble et al.,  1974 (blue line).

3.5. Stability Test for the derived minimum 1 D crustal velocity model 



Figure 3.9 (a), (b) and (c) 





Figure 3.9: (a), (b) and  (c) shows the number of earthquake hypocentre and 

its variation with the RMS residual (blue line) for the two iteration velocity 

models at an interval of 3.5 Km, 4.0 Km and for the final obtained model at an 

interval of 5.0 Km.

3.6. Seismicity study and JHD

Table 3.3

Figure 3.10 (a) and Figure 3.10 (b) 
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Figure 3.10: (a) and (b) describes the variation of station corrections with 

respect to P delay and S delay by taking PULG station as the reference 

station. Solid black star indicates seismic stations.



3.7. JHD and earthquake hypocenter depth in NW Himalaya

.

Figures 3.11 (a) and (b)



Figure 3.11: (a) and (b) shows the Ray path coverage of the seismic events to 

reach different stations with respect to latitude and longitude. Solid black 

circles indicate earthquake hypocenters and solid red triangles shows 

recording stations.


