Constraints on the rupture mechanism of the 2001 Bhuj earthquake from satellite imagery
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The 2001 Bhuj earthquake (Mw-7.6) occurred in the paleo-rift region of Rann of Kuchchh on a south dipping reverse fault. The rupture of the earthquake did not extend up to the surface, as subsequent field investigations did not provide any evidence of coseismic rupture and land deformation due to primary faulting. Though the earthquake occurred in the modern era of seismology, it generated almost no near-field data as the region is poorly instrumented. Thus our knowledge about the rupture process of this earthquake and process of earthquake occurrence in the region is largely lacking. We analysed the satellite imagery, namely, LANDSAT, ASTER, SPOT, ERS and IRS, taken before and after the earthquake to constrain some of the rupture parameters. 


We compared the pre and post earthquake images that were taken after the monsoon period and compared the low-lying regions of water filling, particularly in the southernmost Rann of Kachchh. We found that prior to the Bhuj earthquake a region about 10 km NNW of the USGS reported epicenter used to be flooded after the monsoon, as seen in the post-monsoon imagery of 1999 and 2000. There were no indications of flooding in the region lying immediately south of it. After the earthquake, in the post-monsoon images we find that the region southwest of the previous submergence has been flooded and the flooding is more intense, long-lasting and covers a significantly large area. Thus it appears that about 10 km WNW of the reported USGS epicenter, ponding in an area of about 50 km2 occurred in the post-earthquake monsoon periods of 2001 and 2002. It appears that the region of post-earthquake filling subsided relative to the region that was flooded during the pre-earthquake years. This can only happen if the region of pre-earthquake filling experienced uplift compared to the region of post-earthquake filling. 

We calculated the coseismic elevation changes due to this earthquake assuming uniform slip that tapers at the rupture edges. The strike and dip of the rupture plane and slip direction were assumed as reported in the available fault plane solutions of the earthquake. As expected, the predicted elevation changes indicate uplift in south and subsidence in north. We used aftershock data of this earthquake to approximately define the geographical location and size of the rupture. From these data, it appears that the rupture had a strikewise length of about 40 km and in depth it extended down to about 37-39 km. These data are consistent with inferred dip of the rupture from the fault plane solutions, which varies between 51 and 66(. Though there appears to be a general lack in aftershock occurrence at shallow depths, these data are unable to place any suitable constraints on the updip edge of the rupture. We consider a depth of 10 km for the updip edge of the rupture. The model predicts maximum coseismic uplift at about 23(30’(3’N latitude, in the region, which flooded in the pre-earthquake periods. Thus we suggest that this uplift prevented the flooded water to migrate to the north in the previously low-lying areas.  The uplift has also led in shifting the southern limit of the waste salt land. Coseismic subsidence coincides with the low-lying flat salt region in the north that lies between the Pachham and Khadir islands. We varied the depth and dip of the rupture plane, but the subsidence always appears to coincide with the low-lying flat region in the north. This apparent correlation between the coseismic subsidence and the low lying area suggests that similar large earthquakes in this region occurred in the past due to which such low lying region was formed. Further, we suggest that the distance between the region of post-earthquake flooding and the coseismic subsidence in the north, which is about 20 km, may be used to provide additional constraints on the location and depth of the rupture. We varied the depth of the updip edge of the rupture from 0 to 20 km with an interval of 5 km, and calculated the elevation changes across the rupture. All other parameters were held constant, except the slip, which we vary so as to maintain the seismic moment of the earthquake to be constant. Varying the depth of the rupture lead to significant shift in the maximum uplift, but the region of subsidence does not shift that significantly. As noted earlier, flooding in the uplifted region can only occur in the region that lies south of the maximum uplift. Thus the analysis leads us to conclude that that the updip edge of the rupture may not lie deeper than 10 km. The variation in dip from 50 to 65( does not affect the elevation change profile much. Another important observation, which we made from the imagery, is that the earthquake seems to have shifted the southern limit of the flat salt region, as the area south of it experienced coseismic uplift.
