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The monumental damage wreaked by the magnitude-9 Tohoku earthquake, and the 
subsequent meltdown at the Fukushima Power Plant, caught the global scientific community unawares.  
It also provided them with an unprecedented opportunity to understand why, where and how the disaster 
began.  Their findings demonstrate the value of acting on and learning from natural hazards.
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Mega-earthquake, 
rapid response

The entire disaster meant that 20,000 people 
lost their lives and an additional 230,000 lost 
their homes.  Tohoku alarmed the seismological, 
geological, and ocean science communities.   

It was the worst incident of its kind in Japanese 
history and challenged previously held theories 
about stress levels in the Tohoku region’s 
subduction zone.   

The 2011 large slip earthquake occurred along a subduction zone 
where two of the Earth’s tectonic plates collide, 45 miles east of 
Tohoku, Japan, and 15 miles below the sea. 

The earthquake triggered a 15-metre 
tsunami and a Level 7 meltdown at 
Fukushima.  

How historic Japanese earthquake 
opened up rare scientific 
opportunity 
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JFAST’s mission saw an international cohort 
including Japan-based experts in geology, 
geochemistry, paleo-magnetism, sedimentology, 
geophysics and microbiology sail to the Pacific 
Coast of Japan to characterise the Tohoku 
subduction fault zone. 

The timing of the expedition was key  
– just over a year after the earthquake, the residual 
heat would allow them to capture measurements 

of the fault zone, as well as chemical properties 
of the fluids and rocks, that contributed to the 
tectonic processes underpinning Tohoku.

The Drilling Vessel Chikyu, operated by the Japan 
Agency for Marine-Earth Science and Technology 
(JAMSTEC), was positioned off Oshika Peninsula 
and drill sites were located approximately 220 km 
from the eastern coast of Honshu, Japan, in nearly 
7000 m of water.

Mega-earthquake, rapid response

In April 2012, the University of Leicester was granted NERC  
funding related to the IODP Japan Trench Fast Drilling Project 
(JFAST) Expedition 343 as part of the International Ocean 
Discovery Program (IODP), which has a long record of  
investigating the geodynamic nature of the Earth. IODP 
expeditions date back to the 1960s when it started out as 
the Deep Sea Drilling Project (DSDP), before migrating into 
the Ocean Drilling Program (ODP) and then the Integrated 
Ocean Drilling Program (IODP1).  

Using downhole logging measurements, 
drilling, coring, logging and borehole 
observatories, samples were retrieved 
from the plate-boundary thrust associated 
with the earthquake.  A small stress drop 
with very low peak and steady-state shear 
stress was found, which was attributed to 
the abundance of weak pelagic clay and 
thermal pressurisation effects, providing 
an explanation for the huge shallow slip 
that occurred during the earthquake. 

M 9.0 Tohoku 
earthquake 
epicenter

Japan
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In the words of Jim Mori, Co-Chief Scientist from 
Kyoto University who led JFAST, the expedition 
provided the global scientific community 
with a rare “opportunity, maybe even a 
responsibility” to learn what they could from this 
event, and apply that to other areas where the 
risks are still unknown so as to safeguard against 
future disasters.

Mega-earthquake, rapid response

“The distance the fault slipped in less than three minutes seemed to 
have been greater than any earthquake ever observed (as much 
as 60 m). Whereas earthquakes usually show a pattern of larger 
slip distance at depth, decreasing toward the surface, the Tohoku 
earthquake actually increased to maximum slip near the surface, 
right to the ocean floor in the Japan Trench. This bumped the sea 
floor straight up about five metres, pushing the base of the water 
column in a sudden undercut.

“It was this great bump from below that created the tsunami wave.  
We know from studying faults on land that after an earthquake 
the fault zone rapidly changes. Cracks close up, groundwater flows 
through and cools things down, new minerals grow to repair the 
damage. So if we want to see the earthquake source when it’s hot 
and fresh, the only option is to drill into it, as soon as possible after 
the earthquake.”

Dr Louise Anderson 
Expedition 343 participant 
Former Research Associate at the University of Leicester

The IODP provided the means, the  
resources and the skills to seize 
that opportunity.  The JFAST project is a 
prime example of how a rapid response 
drilling expedition can yield invaluable 
information that has the potential to 
save lives through informing policy on 
a national and international level. 

As well as wreaking humanitarian, societal and geographic devastation, the Japanese 
government estimated that $300 billion dollars were lost.
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■ Dr Louise Anderson’s participation in the JFAST project was funded by the Natural 
Environment Research Council (NERC).

■ Further information about the research findings arising from this project is available 
here https://www.jamstec.go.jp/chikyu/e/exp343/science.html 

■ 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. www.iodp.rocks

Additional Information
Photo: (D/V) Chikyu at sea off Japan © JAMSTEC

“Investigations and research findings from the expedition have 
obvious consequences for evaluating future tsunami hazards at 
other subduction zones around the world, such as the Nankai 
Trough in Japan and Cascadia in the Pacific of North America.” ■

Jim Mori 
Co-Chief Scientist from Kyoto University

Mega-earthquake, rapid response
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