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Long term US Japan collaboration has provided critical insights into shallow

subduction zone tectonics

BARhEFSIMBIRBE

Gregory Moore (Emeritus Professor, University of Hawaii)

I am deeply honored to have received this prestigious
award from the Geological Society of Japan. I first want to
thank all of my Japanese colleagues who allowed me to
work with them over the past 40 years to increase our
understanding of the Nankai Trough subduction zone.
Their warm hospitality has included many field trips
through the Shimanto and Mino Belts that have increased
my understanding of subduction processes as well as
allowing me to join several scientific cruises on Japanese
research vessels that increased my respect for the
abilities of Japanese marine scientists. I am particularly
honored to receive this award because my long-term
mentor and colleague, J. Casey Moore, received the
predecessor to this award in 2011. I also gratefully thank
Casey, Dan Karig, Joe Curray, Tom Shipley and Brian
Taylor for helping/encouraging me to collaborate with
our Japanese colleagues in the field, on ships and in
meetings/workshops.

Studying shallow subduction zone processes has been
the focus of my research for the past 50 years. As a
graduate student from 1974 to 1977 at Cornell University,
I worked with Professor Daniel Karig. Although I mostly
conducted field work on an uplifted accretionary complex
on the Sunda margin, I was already being influenced by
collaboration with Japanese scientists. I didn't know until
I arrived at Cornell that Prof. Karig had, in 1973, begun a
collaborative effort with Japanese colleagues to
understand the evolution of the Philippine Sea and its
margins as Co-Chief Scientist on DSDP Leg 31. The
scientific party included several Japanese colleagues
including Hiroshi Ujiie, as well as J. Casey Moore of UC
Santa Cruz. Both of us wrote papers with Prof. Karig in
1976. Mine was on the evolution of trench slope basins
that was based partly on Leg 31 results and used seismic
reflection data across the Nankai margin (G. F. Moore &
Karig, 1976).

During Leg 31, a single site was drilled into the toe of
the Nankai accretionary prism. DSDP Hole 298 penetrated

18

through the top of the
frontal thrust, allowing
for the first time
verification of thrusting
and an overturned fold
above the frontal thrust
in an active subduction
zone. Using those drilling
results, Casey and Prof.
Karig' s paper also
defined the sedimentary faces within the trench axis (J. C.
Moore & Karig, 1976).

In 1978 through 1982, I worked at the Scripps
Institution of Oceanography, collaborating with Prof. Joe
Curray on seismic reflection data along the Sunda arc,
showing how the changes in thickness of sediment
transported from the Himalayan collision zone influences
development of the frontal accretionary prism, a concept
that also applies to the Nankai Trough. Another
collaborator during that time was Dr. Tom Shipley, who
later moved to the University of Texas at Austin. Tom
and I worked together on the Middle America Trench
accretionary prism and began a long-term collaboration
working on subduction zone processes that eventually
involved Japanese colleagues.

While at Scripps, I met Dr. Yutaka Aoki of JAPEX, a
Japanese company that was a member of the Scripps
Industrial Associates program. The SIA offered yearly
seminars for the members. During discussions at those
seminars, I learned of Dr. Aoki' s interest in the Nankai
Trough. He told me that he had some new high quality
multichannel seismic reflection lines across the Nankai
Trough that showed the toe of the subduction zone and
nicely documented the development of the frontal thrust.
He said that if I was ever passing through Tokyo, he
would like to host me at JAPEX to show me these seismic
lines. The following year, on my way to Indonesia, I
stopped in Tokyo, and he introduced me those excellent

Fig. 1. Line drawing of
JAPEX seismic reflection
line across the toe of the
Nankai accretionary
prism showing Leg 87
drill Site 583 (Aoki et al.,
1982).
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Fig 2. Seismic line collected by R/V Fred Moore over the toe
of the Nankai Trough off Mutoro (1987) showing location of
drill Site 808.

seismic reflection lines that were later used for choosing
sites for drilling on DSDP Leg 87 (1982).

Prof. Karig was Co-Chief Scientist on that expedition
along with Prof. Hideo Kagami of Ocean Research
Institute (ORI), University of Tokyo. Another participant
on that expedition was Dr. Hajimu Kinoshita who later
moved to JAMSTEC and was instrumental in additional
programs of Nankai drilling. Also participating in that
expedition was a young Assistant Professor from Kochi
University, Asahiko Taira. As we all know, Prof. Taira
was, even at that time, a well-known expert in subduction
zone geology based on his years of field work in the
Shimanto accretionary complex. He came to be the leader
of Nankai subduction zone work when he moved to ORI a
few years later.

Figure 1 shows Dr. Aoki's seismic profile across the toe
of the Nankai prism with the results of DSDP Site 583.
Notice the number of holes that were drilled at Site 583 -
although the drilling was successful in further
documenting the structural features at that site, the holes
did not penetrate very deeply into the accretionary prism.

When I moved to the University of Tulsa (1983), I
continued my collaboration with Tom Shipley. Tom and
Paul Stoffa conceived a 2-ship seismic expedition for
further study of structure of the Nankai accretionary
prism in 1987. They invited Prof. Taira and me to
collaborate with them on the project. In this experiment
we collected 2-ship expanding spread profiles to
determine detailed velocity structures of the accretionary
prism at Nankai. We also collected several excellent 2D
seismic reflection profiles. It was my pleasure during that
cruise to join Prof. Taira on the R/V Tansei Maru. During
that cruise I got to know not only Prof. Taira but Profs. H.
Tokuyama and K. Suyehiro, who I also collaborated with
many times over the next several years. One of our
transects crossed the toe of the accretionary prism in the
Muroto area and imaged the detailed deformation
structures (Fig. 2).

After I moved to the University of Hawaii in 1989,
Shipley, Karig, Taira and I put together a proposal for
drilling additional sites in the Nankai Trough. ODP Leg
131 (1990), with Taira as Co-Chief Scientist drilled a hole
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(at Site 808) through the accretionary prism based on our
seismic reflection line (Fig. 2). The hole is the first and
only drill hole to penetrate the frontal thrust, the
décollement, the subducting strata, and then into the
oceanic crust in an active subduction zone. This hole was
the first to recover early tectonic structures such as kink
bands, shear zones and other small-scale features that are
important for understanding the dewatering history of a
‘sandy’ accretionary prism. The cores highlighted the
highly fragmented nature of the décollement zone.

In 1992 Shipley and I proposed a single ship 3D seismic
reflection survey of the accretionary prism north of
Barbados. We imaged the region from the toe of the
prism into the central part of the prism that had been
drilled previously during DSDP Legs 78A and 110. The
3D data set showed a clear décollement reflection
separated by reflection-free intervals above and below.
The décollement amplitude varies along the dip direction
from positive to negative providing interesting targets for
later drilling. In mid-1994, Yujiro Ogawa (Tsukuba
University) joined Shipley as Co-Chief Scientist for ODP
Leg 156 that drilled several holes through the prism and
décollement, providing excellent new information on
differences in deformation above and the décollement. I
was fortunate to join that expedition and spent many
memorable hours with Prof. Ogawa discussing the drilling
progress and the insights provided for Nankai tectonics.

In 1997, Shipley and I led a workshop for the U.S.
MARGINS Program. We were charged with determining
the best location for the newly-defined “Seismogenic Zone
Experiment” (SEIZE). Among the most important criteria
for choosing the location of a subduction zone transect
were (1) local expertise and (2) potential for cooperative
support from the local universities and government
agencies. Because of continued cooperation with our
colleagues throughout Japan, and potential support from
JAMSTEC and other Japanese organizations, the Nankai
Trough was selected for the first SEIZE transect.

In June-July 1998, Shipley and I, along with Nathan Bangs
and many Japanese collaborators (Prof. Taira, S. Kuramoto,
K. Mochizuki, S. Morita, Y. Nakamura, T. Ike, and J-O. Park)
collected an 8 X 80 km 3D seismic volume over the Moroto
area of the Nankai Trough in preparation for future IODP
drilling (Moore et al., 1999). We were able to define the
tectonic setting for additional drilling that took place in May-
July, 2000 with Prof. Taira and myself as Co-Chief Scientists.
ODP Leg 190 drilled a reference site seaward of the

Fig. 3. Cross-section of the Nankai Trough Muroto transect
based on 3D seismic data and drill data from IODP Let 190
(diagram by A. Taira).
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Fig. 4. Cherry Blossum party during my 2001 visit to ORI.

accretionary prism, a site through the proto-thrust zone into
the oceanic crust through the proto-decollement, as well as
several sites into older parts of the accretionary prism, to
define a zone of landward dipping reflectors as thrust faults
and showing uplifted and back tilted slope sediments in the
trench slope basins (Moore et al., 2001).

Prof. Taira invited me to join ORI as a Visiting
Professor for three months in early 2001 to analyze our
3D data and Leg 190 results (Fig. 4). During that time we
had many discussions with other Japanese colleagues
about the potential use of a new drilling ship (D/V
Chikyu) that was under construction by the Japanese
government. We had an international meeting at ORI
later in 2001 to discuss future Nankai drilling at which the
NanTroSEIZE project was born.

A few years later, after Prof. Taira had moved to
JAMSTEC, he invited me to work with him at JAMSTEC
to help launch the new Chikyu drilling program. I joined
JAMSTEC for 2 1/2 years beginning in 2006 before
returning to the University of Hawaii in mid-2008. During
those 2 1/2 years, we set up and initiated the
NanTroSEIZE program that began with a 3D seismic
project carried out by a commercial contractor that
produced a 3D seismic volume of the entire accretionary
prism in the region off Kii Peninsula.

We used the new 3D data set to define drilling
locations, and during 2007 - 2020, NanTroSEIZE carried

out 12 scientific drilling expeditions. The spectacular
drilling results greatly advanced our understanding of
subduction zone processes. The Co-Chief Project
Scientists were Masataka Kinoshita from JAMSTEC and
Harold Tobin from the University of Wisconsin. Japanese
Science Leaders/Co-Chief Scientists for individual
expeditions included M. Kinoshita, J. Ashi, G. Kimura, E.
Araki, S. Saito, T. Kanamatsu, K. Kanagawa, T. Hirose, A.
Yamaguchi. A 3-day synthesis meeting for NanTroSEIZE
that brought more than 50 international participants to
Yokohama in October, 2023 (Fig. 5) laid out plans for
several additional collaborative synthesis papers.

I am happy to have been involved in continued analyses
of Nankai seismic reflection data, including ‘legacy” data
sets (e.g., Tilley et al, 2021a,b) and new 2D data collected
by JAMSTEC (Kimura et al, 2024) that has led to new
insights into influence of variable thickness and type of
subducting sediment on the deformation at the toe of the
Nankai prism.

The 2011 Tohoku earthquake and tsunami brought an
additional opportunity for collaboration with JAMSTEC
colleagues - one of my graduate students, Brian Boston,
joined a voyage of R/V Kairei that collected 2D seismic
reflection profiles across the Japan Trench forearc. He
analyzed some of the reflection data and produced two
papers with JAMSTEC colleagues (Boston et al., 2014,
2017). Brian also participated in a NanTroSEIZE
expedition. When he finished his Ph.D., he continued our
collaboration with JAMSTEC colleagues during a 3-year
post-doctoral research position at JAMSTEC.

The discovery in the early 2000" s of shallow Slow Slip
Events (SSEs) along the Hikurangi margin of eastern New
Zealand led to a long-term collaborative effort among
scientists from New Zealand, Japan, and the U.S. The
Japanese effort was led by K. Mochizuki of the
Earthquake Research Institute (who joined our 1998
Nankai 3D seismic cruise). In 2017/8, this continuing
international project included drilling with D/V JOIDES
Resolution on IODP Exp 372 and 375. A group led by N.
Bangs also collected a 3-D seismic data volume around the
drilling area. During that acquisition program, S.
Kodaira" s group at JAMSTEC, led by R. Arai, deployed

Fig. 5. NanTroSEIZE Synthesis
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Fig. 6. Hikurangi margin seismic profile with velocity overlay (Bangs et al., 2023).

100 OBS' s that recorded all of the 3D seismic shots. A
tremendous processing effort allowed the velocity
information to be used in a Full Waveform Inversion
(FWI) of the 3D data. The reflection volume by itself is
the best ever collected over an accretionary margin, but
the addition of the velocity data makes it a spectacular
data set that will be used for many future publications.
This data set has already shown that subducting
seamounts do not cause erosion of the overriding plate as
had previously been suggested. Figure 6 shows that,
rather than being causing previously accreted thrust
packages to be detached from the overriding plate carried
down into deeper parts of the subduction zone, seamount
subduction causes the previously accreted packages to be
rotated, further uplifting the accretionary prism. While
accretion continues farther seaward, packages of low-
velocity sediment trail behind the subducting seamounts.
The new 3D data also image a highly variable
sedimentary section on the incoming plate, that
potentially influence the location and occurrence of SSEs.

Again, I am very appreciative of my 50-year
collaboration with so many Japanese colleagues to
decipher the complexities of both the Nankai and
Hikurangi margins, an association that I hope will
continue for many more years.

b)) TIF L
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