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How the Boxing Day Tsunami 
opened up the “holy grail of 
earthquake studies”

The Boxing Day tsunami of 2004 remains one of the most devastating natural hazards 
to have occurred in recent history, one that was all the more shocking for the fact that 
it took scientists as well as the coastal communities affected unawares.

At the time, speculative analysis suggested that 
the shallow extent of the earthquake was likely 
caused by the abundance and extreme thickness 
of sediments feeding the subduction zone – where 
the Indo-Australian plate slides beneath the Sunda 

plate.  Scientists hypothesised that the thick 
sediments have become very dense and strong 
over time due to high temperatures and pressures 
at the base of the sediment pile where the plate 
boundary “megathrust” fault forms. 

Understanding 
unprecedented 

earthquakes

The tsunami, which killed more than 250,000 people, 
followed a Magnitude 9.1-9.3 megathrust earthquake 
that was triggered by an unprecedented coseismic slip 
of 10-30 metres between the Indo-Australian and Sunda 
tectonic plates.
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In 2016, the International Ocean Discovery 
Program (IODP), a multinational programme that 
has been at the forefront of sub-seafloor exploration 
for 50 years, sailed the JOIDES Resolution 
ship out to the Sunda 
subduction zone to test 
this hypothesis.

Although the subduction zone that generated this 
earthquake extends for 5000 km, it had never 
before been sampled as part of a scientific ocean 
drilling programme. IODP Expedition 362 was 
therefore a rare opportunity to directly sample and 
take measurements within fault-forming materials 
that generated the earthquake. 

IODP Expedition 362 drilled down to 1500 mbsf 
(metres below the sea floor), enabling scientists to 
sample and measure the properties of the sediments and 
sedimentary rocks which enter the subduction zone in time 
(and represent the sediments already in the subduction zone), 
impacting on how the fault line would have developed, and therefore 
determining how the fault slipped during the earthquake.

Understanding unprecedented earthquakes

“Although we now have very sophisticated techniques to remotely 
record the earthquake process and the geology below the 
seafloor, we really needed to sample the fault rocks themselves, 
where the real action goes on and where earthquakes are 
generated, typically 5 km or more below the surface or seafloor. 

“Sampling this zone in situ is one of the holy grails of modern fault 
and earthquake studies. In the case of Sumatra, the thickness of 
the sediments means that we would need to drill 5 km or more to 
reach the fault zone. Instead, we drilled the same sediments before 
they reach the subduction zone where they are less deeply buried 
and more easily accessible, and we can measure their properties 
and predict how they will change upon reaching the subduction 
zone. The only way to reach these sediments is through ocean 
drilling using the same techniques as the petroleum industry.”

Professor  Lisa McNeill  
University of Southampton 
Co-Chief scientist of Expedition 362
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Their studies found that rapid burial of the 
fault-forming sediments over the course of ~9 
million years had led to an increase in sediment 
temperatures that drove the sediment components 
to change releasing water. This process, known 
as “diagenesis”, in turn increased the density 

and strength of the sediments and rocks in the 
subduction zone, which subsequently enabled 
slip to build up and be released in an earthquake 
at much shallower depths than expected, causing 
the increase in the earthquake rupture width and 
magnitude and tsunami magnitude.

The expedition has since opened up new avenues for scientific exploration as well as proposing 
previously unanticipated theories as to why such great earthquakes and tsunamis occur.   
As Greg Moore, a geophysicist at the University of Hawaii told Science magazine: 

“Every time we get more data in a subduction 
zone, the more we realize how little we 
understand.” ■

Greg Moore 
Geophysicist, University of Hawaii 
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■ Professor McNeill’s participation in IODP Expedition 362 as a Co-Chief scientist was 
funded by the Natural Environment Research Council (NERC).

■ Lisa McNeill is Professor of Tectonics at the University of Southampton. 
Publications arising from this research are available online:  
https://www.southampton.ac.uk/oes/research/staff/lcmn.page

■ The International Ocean Discovery Program has been at the forefront of sub-seafloor 
scientific exploration for more than 50 years, with an increasing emphasis on scientific 
outputs that are societally relevant through that time.  Uniquely, IODP is a legacy 
scientific programme with data and samples routinely made publicly available one year after each expedition 
has concluded. UK is a member of IODP via the European Consortium for Ocean Research Drilling (ECORD), 
funded as a NERC directed research programme. ww.iodp.rocks 
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