Neotectonic joints – Towards understanding the orientation of stresses that build up to cause large magnitude earthquakes

Aniruddha S. Khadkikar

Geology and Palaeontology Group

Agharkar Research Institute

G.G. Agarkar Road, Pune 411 004

Recent earthquakes in Gujarat along with the Latur earthquake of Maharashtra on 30th September 1993 serve to highlight the seismically active nature of the Indian Peninsular Shield region. The 26th January 2001 Bhuj earthquake (Karanth et al., 2001 Geological Society of India, 58, 193-202; Rajendran et al., 2001, Current Science, 80, 1397–1405) was preceded by an earthquake swarm around Bhavnagar between 13th August and 12th September 2000. The largest magnitude during this event was 4.7 and comprised over several hundred tremors. The recent spate of seismic activity in Bhavnagar only belies the fact that this region stands a prospect of experiencing large magnitude earthquakes. The Bhavnagar district falls along the western margin of the Cambay Basin (Fig. 1) and is part of Seismic Zone III of the Seismic zonation map. 


An effective understanding of seismicity would be greatly facilitated were one to know the nature and distribution of contemporary stresses in the lithosphere. Towards this geophysical techniques exist but these are expensive. An effective way of mapping stresses is through mapping of neotectonic joints. A major problem with younger sediments is that they are soft and unconsolidated. Hence they stand little chance to deform in a brittle fashion. However in aeolianites, owing to the dominance of CaCO3, meteoric diagenesis induces early cementation and lithification of such deposits. Cemented aeolianites, which gain tensile strength in the early stages of sedimentation act as a brittle rock under stress fields of the late Quaternary. This renders them as excellent repositories of maximum horizontal compressive stresses. 

The relationship between contemporary stress fields and neotectonic joint orientation was not proved until recently (Khadkikar, 2002; Geophys. Res. Letts., 1029,). This relationship proposed by Hancock and Engelder (1989; Geol. Soc. Amer. Bull. 101, 1197-1208) was open to discussion as the youngest rocks of the American craton were ~30 million years old. The presence of similar joints in late Quaternary aeolianites (Miliolite) of coastal Saurashtra was mapped in a small stretch between Gopnath and Methla (Fig. 1). These joints remain the world’s only example of truly “neotectonic joints”. Comparisons with geophysically determined maximum horizontal stress directions show that these neotectonic joints propagated in to the same direction as the SHmax (maximum horizontal stress) of the contemporary tectonic stress field thus confirming the utility of neotectonic joints as inexpensive tools for measuring maximum horizontal stress. However, multiple joint sets suggest that even the neotectonic stress field can be complex. The orientations of the joints match well with geophysically determined stresses and offer an opportunity to map stress distributions in Gujarat. This is due to the fact that aeolianites are very well distributed throughout entire Gujarat (Merh, 1996; Geological Society of India). Detailed mapping of such neotectonic joints is imperative towards understanding the nature of seismicity in Kachchh and Saurashtra. Such mapping may well be achieved with high-resolution multi-spectral data or panchromatic remotely sensed data.
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