Presence of large crustal strain around an asperity/heterogeneous body in the lower crust beneath Kachchh: A Possible explanation for the occurrence of 2001 Bhuj earthquake sequence.
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With a view to comprehend the source processes of the Bhuj earthquake sequence and its influence on the seismic hazard of the Kachchh, we estimate various seismological parameters using the reliable and accurate aftershock data. These studies led to several important findings including delineation of an east-west trending south dipping (( 45o) fault (named by us as the north Wagad fault, NWF), which touches the surface about 25 km north of Kachchh Mainland Fault. The aftershock zone confines to a 60 km long and 40 km wide region lying between KMF in the south and NWF in the north, extending from 3 to 45 km depth. Focal mechanism solutions of the mainshock and 25 significant aftershocks of Mw(3.0 obtained from waveform inversion of broadband data and local earthquake moment tensor inversion suggest that the region between the KMF and NWF is mainly characterized by E-W trending south dipping reverse faults matching with the geological faults in the region. A 1-D velocity model is obtained by inverting P and S travel times of 500 aftershocks, which was constrained by the controlled source seismic results for the region. The Vp and Vp/Vs tomographic inversion technique is used to invert 6000 travel times from 500 aftershocks recorded at 8 to 18 stations during 13 February - 07 March 2002. Vp and Vp/Vs tomographic results suggest that the presence of an ultra-mafic body characterized by high V and low ( at 10–40 km depths beneath the epicentral zone resting on the base of the lower crust. This high velocity bell-shaped body exists in most of the 160 km x 160 km area of Kutch at the bottom and 40 km x 30 km at the top. It must be contributing significantly in inducing large crustal stresses resulting in the generation of great earthquakes in the intraplate areas. This body might have intruded in the lower crust during rifting time. The most important result of this study is the detection of a fluid-filled weak asperity body along the NWF at 20 –30 km depths within 1/3rd area of the high velocity body that is characterized low V, high ( and large Vp/Vs beneath the aftershock zone. Further, the depth distribution of b-values suggests a high b-value zone at 15 – 30 km depths indicating large heterogeneity. Further, the spatial correlation dimension (D2) for the M(3 Bhuj aftershocks is found to be 1.5(0.2 indicating a highly heterogeneous crust beneath the aftershock zone. Hence, the progressive failure of large stress/strain accumulation near this asperity/heterogeneous body in response to NNE compression due to the northward movement of the Indian plate must have resulted in the 2001 Bhuj earthquake sequence. It is inferred that this weak fluid filled (meteoric water/aqueous fluid/ melt) fractured body in response to NNE compression due to Indian plate northward movement acts as an asperity that caused the 2001 Bhuj earthquake sequence.

