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Schedule for Expedition 343  

Integrated Ocean Drilling Program (IODP) Expedition 343 is based largely on the IODP drilling 
proposal 787, titled Japan Trench Fast Earthquake Drilling Project (J-FAST). The expedition is 
scheduled for the D/V Chikyu, operated by the Japanese Implementing Organization, Center for 
Deep Earth Exploration (CDEX). At the time of publication of this Scientific Mini-Prospectus, the 
expedition is scheduled to begin on 1 April 2012 by transiting from Shimizu to the drill site, and 
then returning to port to end on 18 May 2012. A total of 45 days of operation will be available for 
drilling, logging, coring and deployment of borehole instrumentation.   
 
Background and Overview of Science Objectives 

The 2011 Tohoku Earthquake (Mw 9.0) off the coast of Japan produced huge slip (~ 50 meters) 
on the shallow portion of the fault close to the toe of the megathrust. The large displacement on 
this portion of the subduction zone was unexpected by earthquake scientists and caused the 
devastating tsunami that took over 23,000 lives and inflicted massive damage along the northeast 
coast of Honshu. The main science goal of this project is to understand the physical mechanisms 
of large slip during earthquakes, which is a fundamental issue that is currently poorly understood. 
This topic has obvious social consequences globally for evaluating severe shaking and large 
tsunamis from future earthquakes at subduction zones. 
 
The science objectives are closely aligned with the overall goals of the IODP.  In the IODP Initial 
Science Plan, research concerning Solid Earth Cycles and Geodynamics highlights an Initiative: 
Seismogenic Zone, which advocates subduction zone studies that include investigating the 
behavior of rocks and sediments to better understand the fault zone, and integration with studies 
of earthquake mechanics.  Deformation microstructures and physical rock properties at in situ 
conditions, along with observatory monitoring of temperature, pore pressure, and stress are also 
emphasized in the plan. These are all key components of the J-FAST project. Furthermore, J-
FAST directly addresses Challenge 12 of the IODP Science Plan for 2013-2023, ‘What 
mechanisms control the occurrence of destructive earthquakes, landslides, and tsunami?’ 
 
The prioritization of science objectives reflects the unique opportunity provided by rapid response 
drilling into a slipped fault following an earthquake. The shallow distribution of large slip for the 
Tohoku earthquake provides an unprecedented opportunity to directly access a fault that has 
recently moved tens of meters. As outlined in the report from ICDP/SCEC International Workshop 
on Rapid Response Drilling (Brodsky et al., 2009), fundamental questions regarding stress, 
faulting-related fluid flow, and the structural and mechanical characteristics of the earthquake 
rupture zone can be addressed uniquely through rapid response drilling.  Specifically, the science 
objectives of Expedition 343 are: 

1) What was the stress state on the fault that controls rupture during the earthquake and 
was the stress completely released?  
• Dynamic friction during the rupture - Potentially the most significant result of this 

project will be a value for the dynamic coefficient of friction. Time decaying 
temperature measurements will be used to estimate the frictional heat produced at 
the time of the earthquake, which can be used to infer the level of dynamic friction. 

• Rupture to the toe of accretionary wedge - Past thinking was that sediments in this 
region are weak and rate-strengthening, so earthquake instability should not nucleate 
or easily propagate through this region. Measurements of current stress and stress 
during the earthquake can be used to explore different models to explain how 



dynamic slip occurred.  Hydrogeological measurements can constrain the healing of 
the fault. 

2) What are the characteristics of large earthquakes in the fault zone, and how can we 
distinguish present and past events in fault zone cores?  
• Core Analyses – Detailed analyses of textures and small-scale structures of core 

samples of the fault zone will be used to infer the role of fluids and pressurization 
during rupture. We will look for evidence of melting and other processes that 
contribute to dynamic strength reduction. Trace elements will be used to estimate the 
thermal history of the recent and past events.   

• Laboratory Experiments - High-speed friction and petrophysical experiments on fault 
material can be used to characterize the frictional behavior of the fault.  

 
Secondary science objectives include carrying out other geological, geochemical, and 
microbiological observations to the greatest extent possible during drilling in accordance with the 
IODP Measurements Document. As a specific example, there is some evidence that great 
amounts of hydrogen may be released at the time of large faulting (e.g., Kita et al., 1982). The 
massive amounts of hydrogen may greatly stimulate microbiological activity, thus samples of the 
fault may contain records of biogeochemical and microbiological processes. 
 
 
Summary of Planned Operations 

The sequence of operations to be completed during Expedition 343 consist of: 
• Drill the pilot hole with Logging-while-drilling (LWD)-Measurement-while-drilling (MWD) to 

total depth (TD), currently planned for ~ 1,000 mbsf; 
• Run casing and completion assembly (including long-term temperature and pore 

pressure observatory) in LWD-MWD hole to a depth of ~800 mbsf. (Casing to 100 m 
below fault, ~900 m) 

• Drill the main hole with Rotary coring barrel (RCB) drilling (with center bit) to ~300 mbsf; 
and continue with RCB coring to ~1,000 mbsf 
 

 
LWD-MWD is expected to acquire important data in the first stages of drilling and provide the first 
information on the location of the fault zone (e.g., IODP Expedition 314-Kinoshita et al., 2008). 
LWD-derived resistivity is an effective way to identify the depth and width of a frontal mega-thrust 
fault zone, and will be used to refine strategies for subsequent coring. Resistivity images with 
360° coverage of borehole are also essential for identifying geometry of faults and measuring in 
situ stress by stress-induced borehole compressive failures (borehole breakouts) and drilling-
induced tensile fractures (DITF). Determination of in situ stress conditions from geophysical data 
will be augmented with 3D, core-based anelastic strain recovery (ASR). Other key LWD 
measurements could characterize fundamentally important fault physical. 
 
After completing the LWD-MWD operation, the hole will be cased with 3.5” diameter casing to 
provide access for temperature and hydrologic monitoring.  In the planned “Strap-CORK” 
configuration, hydraulic ports outside of the casing will provide access to the formation at three 
discrete intervals to achieve multi-level pore pressure measurements (and allow for possible 
future fluid sampling or active perturbation testing via ROV); the inner bore of the 3.5” casing will 
therefore remain available for temperature monitoring. The important temperature monitoring will 
be accomplished by installation of a string of autonomous miniature temperature loggers (MTLs), 
suspended inside the casing (e.g., Shipboard Scientific Party, 2004). An additional temperature 
monitoring system will be placed on the exterior of the casing with dataport access at the 
seafloor. This system would allow data retrieval throughout the experiment and is not dependent 
on the physical recovery of the MTL string. Pore pressure will also be continuously measured in 
two ports near the fault zone.  
 
Successful RCB coring in the main hole across the toe will allow for careful analysis of fault zone 



structures, as well as provide fault rock for experiments to illuminate the frictional characteristics 
that allowed such large slip to occur at shallow depth.  Core studies will characterize important 
attributes of the fault including composition, mineralogy, grain size and fabric, as well as damage 
zone fracture density. Several different techniques will be employed to identify of the main slip 
zone, which may be as thin as several millimeters and may occur within a damage zone as wide 
as several hundred meters. As was done in IODP Expedition 316 in the Nankai accretionary 
margin, X-ray computed tomography (CT) scanning, visual core study, and microscopy will be 
used to identify the location of the recent rupture (Expedition 316 Scientists, 2009). Evidence in 
the core of co-seismic slip may include structures indicative of fault gouge fluidization and 
injection of gouge into wall rock, grain size segregations and other fault rock textures, and 
petrographic, geochemical or geophysical signatures of transient heating. Detailed Multi-Sensor 
Core Logger (MSCL) profiles will provide important complementary information of physical 
properties such as density and magnetic susceptibility across the slip zone. Biostratigraphic age 
analysis may also play a critical role in detecting a stratigraphic age gap expected across the 
main slip zone.  
 
If there is excellent core recovery, including capturing an identifiable rupture zone from the 
Tohoku Earthquake, then various on-shore core analyses and experiments will be performed, 
particularly to determine petrophysical and mechanical (friction) properties. Even if core recovery 
does not include an identifiable rupture zone, experiments can still be performed on in situ 
sediments that will characterize useful frictional parameters of the sediments within the wedge. 
 
The highest priority is to gather repeated temperature measurements across the fault zone to 
determine the amount of frictional heat generated by the earthquake.  Observations of a decaying 
temperature signal will be used to estimate the level of dynamic friction during the large rupture. 
To obtain good resolution of the thermal signal, calculations show that initial measurements need 
to be started within about 2 years following the earthquake with measurements continued over 
subsequent years. In addition to the temperature observations, other time sensitive 
measurements, such as borehole stress provide insights on the rupture mechanisms. 
Observatory data that is recorded in the borehole will be retrieved later using the JAMSTEC's 
ROV Kaiko.  
 
 
Site Surveys 

The offshore Tohoku region is well-characterized from decades of data collection, including 
geophysical surveys of bathymetric and seismic reflection data taken after the 2011 off the Pacific 
coast of Tohoku Earthquake (Figure 1). A differential bathymetry analysis across the trench axis 
eastward of the hypocentral area, using bathymetric data collected along the same track before 
and after the earthquake, demonstrates considerable topographical changes on the landward 
side of the trench. From this analysis, Fujiwara et al. [submitted] demonstrate movement of 50 m 
horizontal toward the SE and 10 m vertically upward. A critical result is that the co-seismic 
displacement of the 2011 Tohoku earthquake extended all the way to the trench axis (Figure 2). 
The pervasive displacement shows that the large slip is not due solely to slope failure, which is 
visible as a superposed signal. Analysis of other data sets also point to coseismic slip on the 
order of 50 m that extends to the trench (e.g., Ito et al., 2011; Ide et al., 2011; Simons et al., 
2011).   
 
Based on existing data sets, three possible fault interfaces that may have experience coseismic 
slip have been identified as targets for rapid response drilling:  

1) The interface near the trench between the subducting plate and the overriding block 
(hereafter referred to as the plate interface), which is the most likely candidate as a co-
seismic slip interface on the basis of the differential bathymetry data and the geometric 
continuity with the deeper main displacement surface; 

2) Back stop interface, including reverse faults imaged in the wedge-shaped, low-velocity 
zone between the plate interface and the Cretaceous unit above and to the west,  



3) Normal fault cutting the unconformity at the top of Cretaceous unit.  
All these interfaces occur at depths that can be reached with non-riser drilling.  Although the plate 
interface is the most likely candidate as a co-seismic slip, a clearly-imaged frontal thrust 
continuing from this interface to the trench is not observed in existing seismic data at the time of 
writing this mini-prospectus.  
 
In general, the plate interface becomes shallower toward the trench, but the water depth 
becomes greater. Based on technical information from CDEX engineers, the maximum water 
depth for drilling of the proposed borehole and observatory is 7000 m. Generally the plate 
interface at a water depth of about 7000 m is shallower near 38˚ N and deeper further north. On 
the basis of existing seismic data, both a primary and an alternate site have been identified. 
Preliminary analysis of seismic data indicates the primary site (J-FAST1) occurs at water depth of 
6989 m along line D05, and the fault is at 740 mbsf (Figure 3). The alternate site (J-FAST2) 
occurs at a water depth of 7096 m along line TH03, and the fault is at 900 mbsf. 
 
The drilling target at the proposed site J-FAST1 is the reflector that is interpreted as the top of the 
Pacific plate basaltic crust at a depth of 740 mbsf (Figure 3).  We anticipate identifying one or 
more basal plate boundary faults with large slip in cores and logs.  By analogy with NantroSEIZE 
results (Expedition 316 Scientists, 2009), the main faults may be located slightly above the strong 
reflector imaged by MCS data. Logistic plans are not affected if the exact depth of the target fault 
is unknown until logging is completed. The 740 m interval to be drilled above the plate interface is 
likely composed of weakly-consolidated hemipelagic and pelagic sediment (muds and 
mudstones), turbidites, cherts, and volcanic ash, based on a combination of the relatively nearby 
DSDP Sites 436 (on Pacific plate), 434, and 441 (on lower trench slope) geology. This toe region 
of the low-velocity wedge may be complexly deformed by thrusting, slope failure, and mélange 
formation; numerous faults and otherwise deformed intervals are likely to be encountered. Based 
on experience of drilling other accretionary wedge settings (e.g. Barbados, Costa Rica, and 
Nankai) and the Taiwan Chelungpu Fault Drilling Project (TCDP), we anticipate that identifying 
one or more basal plate boundary fault(s) that slipped during the Tohoku event will be possible on 
the basis of cores and logs. 
 
 
Contingency Operational Options 

There are significant technical and logistical challenges for this project, including drilling in 7000 
m water depth and conducting the long-term monitoring of temperature and pressure. The drilling 
and monitoring plans presented are the result of extensive discussions, including the platform 
operators, and are considered to be feasible operations. 
 
Contingency operational plans will be developed as site surveys are completed and more 
information becomes available; these options include identifying targets at shallower water 
depths, specifically thrust splays and normal fault interfaces. 
 
 
Data sharing  

Shipboard and shore-based researchers should refer to the IODP Sample, Data, and 
Obligations policy posted on the web at www.iodp.org/ program-policies/. This document 
outlines the policy for distributing IODP samples and data to research scientists, curators, and 
educators. The document also defines the obligations that sample and data recipients incur. A 
Sample Allocation Committee (SAC; composed of co-chief scientists, expedition project 
manager (EPM), and IODP curator on shore and curatorial representative on board ship) will 
work with the entire scientific party to formulate a formal expedition-specific sampling plan for 
shipboard and postcruise sampling. 
SAC will prepare a tentative sampling plan, which will be revised on the ship as dictated by 
recovery and cruise objectives. The sampling plan will be subject to modification depending 



upon the actual material recovered and collaborations that may evolve between scientists 
during the expedition. The co-chief scientists, EPM, and curatorial representative on board ship 
must approve modification of the strategy during the expedition. 
The minimum permanent archive will be the standard archive half of each core. All sample 
frequencies and sizes must be justified on a scientific basis and will depend on core recovery, the 
full spectrum of other requests, and the cruise objectives. Some redundancy of measurement is 
unavoidable, but minimizing the duplication of measurements among the shipboard party and 
identified shore-based collaborators will be a factor in evaluating sample requests. 
 
 
Scientific Staffing Needs 

Scientists with interest and expertise in faulting and earthquake mechanics, stress in the crust, 
physical, friction and temperature measurements, hydrologeological properties and their 
evolution, pore fluid properties and processes, core-log-seismic integration (CLSI) in structurally-
complex settings, borehole instrumentation, and deep subsurface biology are invited to apply. A 
shipboard party size of 27 scientists is anticipated. Shipboard duties will likely include 
sedimentology/lithostratigraphy, structural geology, physical properties, observatory installation 
and in situ stress, log analysis and core-log-seismic integration, paleomagnetism, microbiology, 
micropaleontology, geochemistry (organic and inorganic).  
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Figure 1. Seismic reflection profiles shot by JAMSTEC’s R/V KAIREI since the 2011 earthquake. 
Data from TH03 and TH04 (yellow lines) were acquired in the March 2011 cruise, and data from 
other profiles were acquired in the May 2011 cruise (green lines) and the September 2011 cruise 
(red lines). Seismic reflection data along the same profile with TH03 (the longest yellow line) were 
acquired before earthquake, in 1999. 
 



 
 
Figure 2. (a) Bathymetric data along TH03. (b) Difference between the bathymetric data acquired 
before the earthquake (1999) and afterwards (2011). (c) Time migrated MCS section along TH03. 
Comparing (b) and (c) suggests that co-seismic fault slip reached to the trench axis along the top 
of the basaltic layer (or an interface slightly above it) because the top of the basaltic layer and an 
interface slightly above it are the only visible interfaces in the MCS section (see Fig. 3) 
 
 
 

	  



 
Figure 3. Proposed Site J-FAST1 on depth converted section of line D05. 
 
 


