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This paper presents a study of the deformation due to the Bhuj earthquake (23.40oN, 70.28oE, focal depth 25km, magnitude Mw 7.7, Ms 8 and origin time 03:16:42.9 UTC, India Met. Dept.) of 26 January 2001. It was a powerful earthquake with a high stress drop of 8.3 MPa and a maximum acceleration inferred to be 700cm/s2. The moment tensor solution determined from regional broadband data indicates reverse motion along a plane dipping towards south at an angle of 47º. Aftershocks (up to M4) have continued for about two years and their distribution indicates a rupture plane of 60 km x 40 km at depths of 3 to 45km along an E-W trending and south-dipping fault. It meets the surface approximately 25 km north of the Kutch Mainland Fault (KMF) but at depth it extends to the KMF and south of it. Surface faulting was not observed as the rupture extended up to (3 km depth. However, intense land deformations have been observed in a 40 km x 20 km meizoseismal area. These include lateral spreading, ground uplifts (about a meter), ground slumping and deep cracks. Liquefaction with ejection of sand and copious water was widespread in the Banni grassland, Rann areas (salt plains), along rivers and also in the coastal areas up to 200 km distance from the epicenter in areas of intensity VII to X+. Stray incidences of liquefaction have occurred up to distances of at least 275 km. Big craters of more than 6m diameter have been formed in great Rann up to 100km distance. The deformation features picked up in the satellite imageries will be described.

This earthquake is a rare great intraplate earthquake. It is difficult to explain large strains and that to at a lower crustal depth. The rates of internal deformation of 2-3mm/yr within the Indian Peninsula can give rise to a low strain of 10-9. However, the seismic moments for the past earthquakes yield a strain of 10-6 consistent with the return period of 180 yr in the region or 800 yr on individual faults estimated from paleoseismology. It is obvious that the large strain has to be due to some anomalous local cause. It is enigmatic that such large strain can accumulate in a region away from active plate boundaries. It has been speculated that it could be due to arching of the Indian plate along some belts, pop-up effect of the Indian lithosphere due to sediment loading in the Indian Ocean and rising Himalaya, stress recoil from Himalaya or stress concentration around a high velocity body.


The region has a high frequency of damaging earthquakes but lesser number of smaller earthquakes giving a low regional b-value indicating high stress in the region.  Nine damaging earthquakes of M5-6 have occurred during the past 155 yr, on an average every 17 years. The three significant earthquakes are: Mw 7.7 Kutch of 1819, MMI VIII Lakhpat earthquake of 1845 and Mw 6 (intensity VIII) Anjar earthquake of 1956. Some others were in the years 1864,1903, 1940 and 1950. The region west of Kutch has also experienced devastating earthquakes. In 1668, intensity X earthquake destroyed the Samaji town (25o N, 68o E) 200km west of Kutch on the Indus delta in Pakistan.
The 200kmx200km Kutch region is having salt plains due to sea incursions in the north and east (called Rann) and high lands (Kutch uplift) in the south with intervening grassland (Banni plains). The rocks in the epicentral region comprise Mesozoic (135-65Ma) and younger Cenozoic sediments overlying a granite basement.  The Deccan volcanics (60-65 Ma) are exposed in southern Kutch. The Kutch region is a rift basin that started forming 135Ma at the time of breakup of Gondwanaland. It is bounded between the two extensional faults namely the south dipping Nagar Parkar Fault (along Pakistan border) in the north and north dipping Kathiawar Fault in Saurashtra. The major tectonic features of the Kutch region are trending E-W. A reversal from extensional tectonics to compressional tectonics occurred 10Ma with the formation of two thrust fault systems: the north-dipping Allahbund Fault in the north and the south-dipping Kutch Mainland Fault (KMF). The Katrol fault is south of KMF along which the 1956 earthquake occurred. The present earthquake has occurred along a hidden south-dipping fault named by us as North Wagad Fault, situated about 25 km north of KMF and alongside which the Banni area is inferred to be uplifting. It is hidden beneath soft soil northwest of the Wagad uplift. 
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