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The Shimanto Complex and Ocean Drilling: Linking Across the Pacific

BAtEFEERE

Dr. Casey Moore

Today I would like to talk about the subduction complexes
both of Western North America and Japan. I will especially
focus on the influence of the study of the Japanese geology in
the Shimanto complex on developing concepts applicable to
both sides of the Pacific. Additionally I will outline the
importance of the various ocean drilling programs that
fostered international cooperation between the US and Japan
for more than 40 years. The cooperative work, both in the
United States and Japan, has been greatly assisted by the
unselfish generosity of people of both nations.

My Ph.D. thesis, completed in 1971, argued for a large
accretionary prism and a Cretaceous subduction zone along
the continental margin of Southwestern Alaska. Because the
rocks I studied were folded and thrusted turbidites, with little
stratal disruption, some disagreed with the accretionary
prism interpretation and suggested alternatively that the
deposits originated in a forearc basin. At this time, recently
after the birth of plate tectonics in the 1960s, people expected
accretionary prisms to be highly disrupted and contain blue
schists. Now we understand that such folded and thrusted
rocks may be part of an accretionary prism. Comparisons of
the Alaskan rocks to the more coherent parts of the
Shimanto Complex was important in contributing to this
understanding.

By reading the literature, I had learned that there were
more coherent rocks, in the Shimanto Complex in Japan,
similar to what I was working in Southwestern Alaska. I
made attempts to get to Japan. First, I applied for Japan
Society for the Promotion of Science fellowship to come and
work through Kyoto University in the Shimanto complex; I
didn’t get the fellowship. Then, I found that there was an
ocean drilling program cruise (Deep Sea Drilling Project, Leg
31) going from Guam to Hakodate in Northern Japan. I got
on that cruise and a number of things were accomplished.

Number one, I was able to participate in the first drilling in
the Nankai Trough in 1973. Secondly, I began to develop
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relationships with Japanese scientists. For example, I met
Hiroshi Ujiie on the cruise; Kohtaro Ujiie, son of Hiroshi, has
shown me good many outcrops of accretionary prisms in
Japan. There were number of Japanese scientists sailing in
the deep sea drilling project cruises because, from the
beginning, Japan was a major partner in ocean drilling;
Today Japan is a driving force in the Integrated Ocean
Drilling Program. These cruises, with common goals, are
essential in developing people-to-people relationships that
further our scientific endeavors.

After arriving to Japan in 1973, I was fortunate to be taken
through the Shimanto complex by Professor Nakazawa of
Kyoto University and Professor Toshio Kimura who was then
at the Tokyo University. I had applied through Professor
Nakazawa for the JSPS fellowship. They took me through
the Shimanto complex in the Kanto area and then on the Kii
Peninsula. I saw rocks and structural styles that were very
similar to what I had worked on in Alaska. The Shimanto
rocks were folded and thrust faulted but largely coherent
sequences, of deep sea turbidites that were at the edge of the
margin. Because there was a modern trench offshore and the
Shimanto Complex became younger in that direction, I was
convinced that the Shimanto Complex represented an
accretionary prism.

This was the beginning of expanding our the view of
accretionary prisms. The broadening of our view of
accretionary prisms to include rocks in a range of
deformation styles and degrees of metamorphism seems
simple now. But there were battles that needed to be fought
at that time. Another issue that had to be clarified was the
idea that accretionary prisms had low thermal gradients.
When I was a student, the dominant paradigm was that
accretionary prisms had to be quite cold to have blueschists.
For example, the Franciscan Complex of California had a
paleo geothermal gradient of about 10 degrees per kilometer.
In contrast the rocks I worked in, in Alaska, had gradients of
around 25 degrees per kilometer. The Shimanto complex had
a similar or warmer geothermal gradient, actually locally
very high; Now, we now know the geothermal gradient is
dependent upon the oceanic crust, its age, and the degree of
circulation of fluids from the crust.

Drilling in subduction zones continued through the 1970s
and 1980s, and for me was a wonderful opportunity to
collaborate with Japanese scientists. For example, on two
Barbados Legs (ODP Leg 110 and 156) I worked closely with
Yujiro Ogawa and Juichiro Ashi. These particular cruises
focused on the development of the Barbados accretionary
prism at shallow depths looking at the decollement and
related fluid transport. Because of these cruises, Ogawa-san
and I developed a relationship that brought many of his
students to visit the United States, some to spend about a
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year at UC Santa Cruz. These relationships and the ongoing
science also brought me back to Japan where I was treated
to many field trips that helped develop broader perspectives
on the geology of accretionary prisms.

US-Japanese participants in deep sea drilling programs and
the International Lithosphere program were important in
developing the plan for the seismogenic zone experiment. In
1995 an international meeting on the dynamics of lithospheric
convergence convened at Miyagi, Japan, and developed the
concept of the Seismogenic Zone Experiment (SEIZE)
including drilling into the seismogenic zone.

In 1997, at another meeting in Japan, drilling to the
seismogenic zone was tied to the development of a riser ship.
Now, the R/V CHIKYU, is operated by your country, central
to the NanToSEIZE program, and probably to be involved in
lots of other very large scale deep drilling programs in the
future. The linkage of people and the importance of the
Japan subduction zone deep drilling is clear ; and these
efforts are supported by a broad group of international
scientists.

This slide shows a group that was on the field trip after
ODP Leg 196 which drilled in the Nankai Trough in 2001. I
point out two people here, Arito Sakaguchi and Gaku Kimura,
because they were principals in mentoring Ikesawa-san who
changed the way we think about how accretionary prisms
can deform and the fact that frictional melts can develop in
subduction zones. Sakaguchi-san and Kimura-san were very
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kind to take this group to look at the accretionary prism in
Southwestern Shikoku Island and at the pseudotachylyte-
bearing rocks there.

For me, the discovery of the pseudotachylytes on Shikoku
is the basis of a most recent linkage between Japan and
North America. Ikesawa-san, who was a student of Arito
Sakaguchi at Kochi University, was obviously a very
persistent as he made 300 thin sections as part of his
undergraduate research project that
pseudotachylites in an accretionary prism. Pseudotachylytes
in an accretionary prism was hard for many people to accept,
including me. The idea that you could frictionally melt
something in a wet and likely cold environment. In fact,

discovered

neither of those things are issues because the porosity of the
rock can be very low and the geothermal gradients can be
high.
received a Ph.D. with Gaku Kimura and further developed
the pseudotachylyte story. Pseudotachlytes became
something people would really look for in accretionary
prisms.

Tkesawa-san went to Tokyo University where he

The investigation of pseudotachylytes in accretionary
prisms in Japan explains some of the geology in North
America. About the time that Ikesawa-san was doing his
work, in the early 2000s, a group started to study this
accretionary complex, particularly in the Kodiak Islands to
look for paleoseismogenic rocks. This study was fostered by
the scientific community’s focus on the seismogenic zone and

the search for analogues for the seismogenic zone drilling.

The accretionary prism in the Kodiak Islands is several
hundred kilometers long, 100 kilometers wide, and most of
these rocks have passed through the seismogenic zone. It
would be a place where you would go to look for rocks that
record the high-velocity slip of great earthquakes. Indeed,
this area overlies the great 1964 Alaskan earthquake, which
still ranks as one of the largest earthquakes ever recorded.
In general, geologists have not been able to find enough rocks
that represent big earthquakes, which occur frequently in
this environment. Looking for the missing earthquakes in the
geologic record was the focus for investigation. The work
that was done in Japan was very important to further our
work in Alaska.

We concentrated on a mélange belt along the southeastern
coastline of Kodiak Islands. During our the second field
season, we discovered rocks which are black, very fine-
grained and cut across the pre-existing fabric. They intrude
into the cataclasite around them; the black fault rocks
resemble pseudotachylytes, except that they are very thick.

They are decimeter thick layers of apparent pseudotachylyte.

This image below shows a black fault rock layer being
sampled with a rock drill and the people involved in this
project. One of Gaku Kimura's students Asuka Yamaguchi
spent a summer in Alaska with us. He was a very valuable
contributor and is studying the chemistry of the
pseudotachylytes. Francesca Meneghini, from Pisa Italy, did
critical electron microscopy that identified the igneous
textures and Christie Rowe integrated observations within
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the mélange, cataclasite, and black fault rocks. Akito
Tsutsumi undertook experimental work on the fault rocks.
During 2006 Gaku Kimura hosted me as a JSPS Fellow at
Tokyo University. There I met many of Gaku's students,
including Asuka, and learned a great deal about fault rock
research in Japan.

The slide below shows the details of the area where the
black rocks were studied. There are three groups of rocks: a
meélange which is cut by a cataclasite. The cataclasite is like a
micromelange. It's ground up mélange with chunks that are
no bigger than your fist but extending down to microscopic
size.  Always included within the cataclasites are what we
initially called black faults rocks.
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This aerial photo from a helicopter shows the mélange
fabric, the blocks outlined in black, cut by the cataclasites
shown in orange, which in turn is cut by the yellow bands
representing the black fault rocks which turned out to be
pseudotachylites.

We took guidance from the work that was done in Japan.
The initial publication documented fluidized movement of
possible melt, now devitrified. Higher optical magnifications
showed an irresolvable matrix with survivor grains that
might be materials which have partially melted. We claimed
that these were frictional melts but the most convincing data
was yet to be gathered. As the work continued, Francesca
Meneghini identified what she called crystalline layers and
When she examined these with a high
resolution scanning electron microscope she saw that the

granular layers.

granular layer had a wide range of grain sizes, basically like
ground-up material; whereas the crystalline layers are
comprised of quartz and feldspar (locally zoned and euhedral)
in a chlorite matrix.

Every igneous petrologist, that we’ve showed this image
to, has agreed that it looks like an igneous texture.

Akito Tsutsumi came to the Kodiak Islands in 2006. Akito
does high velocity friction. After suffering many days of bad
weather he did collect some cataclasites and ran high velocity
shear experiments on them. Akito’s work gives us a
potential explanation of why these pseudotachylites are so
thick. His work shows that at the start of the high velocity
experiment, initially the friction drops very low, below 0.2.
Next, as the melting occurs, the friction increases back up to
0.5 or 0.6. This progression suggests a runaway slip event
that could create, high velocity slip with enough frictional
energy to cause the melting; the melting then would
strengthen these rocks and slow the slip. Then, slip could
jump to another area of cataclasite which would be weaker.

Francesca’s ultramicroscopic work shows evidence for
repeated melting and cataclasis at a small scale. Her images
show continuous layers that melted. But adjacent to them
fragments of the melted are layer included in the granular
layers. These observations show a progression from melting
to cataclastic shear in a single black fault layer. Presumeably
a progression from cataclastic shear to melting and back to
cataclastic shear can explain the large thickness of the black
fault layers.

To summarize the orgin of the black fault rocks: an
earthquake should produce a lot of displacement versus time.
Now, because of the Tohoku earthquake, we know that these
displacements could be 50 meters or greater. During that
displacement we imagine that alternation and cataclasite slip
and frictional melting could produce the black fault layers,
consisting of pseudotachylytes and ultracataclasites. Between
major seismic events, we presume that smaller aftershocks,
after slip, and creep may lead to the localized disruption of
the black fault rock layers.

The key points of the science part of this talk are that
progressive strain localization occurs in a subduction zone
where we go from mélange to cataclasite layers that are
about the thickness of shallow décollements (10s of meters
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thick) to the black fault rock layers (pseudotachylytes and
ultracataclasites) about a decimeter thick. The rock is both
ultracataclasized (finely ground material) and frictionally
melted. These rocks represent the thickest examples of
ultrafine-grained fault rocks from an accretionary prism.

In Alaska, everything has to be the biggest. The Kodiak
Islands have the biggest grizzly bears so it’s great that they
also have the thickest ultrafine-grained fault rocks. The
hypothesis to explain the thick ultrafine-grained fault rocks is
repeated weakening by this ultracataclasis and then
strengthening through a melt formation within one fine
grained layer of the black rock sequence. We have multiple
black fault rock layers to suggest distinct events, correlation
with earthquakes, and then their progressive underplating
beneath the accretionary prism.

Clearly my work and that of other American scientists has
benefited from contributions by Japanese scientists. The
North American scientists have enjoyed travelling to Japan
and seeing the rocks here. Moreover, we have collaborations

that occur both on-land and at sea. These collaborations
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might be about a specific particular project but there’s also a
great deal of informal communication. If you're at sea for 2
months, you' re working 12 hours a day with the same people,
you talk about a lot. All kinds of scientific topics are
discussed. The wide-ranging discussions also continue at the
meetings associated with the international drilling program.
We should all be thankful to funding agencies in Japan
(MEXT, Japan Society for the Promotion of Science), in the
US, (US National Science Foundation), the ocean drilling
programs, DSDP, ODP, IODP, and our home universities and
agencies that have all supported these international
collaborations that have furthered our science.

I have gained much through the generosity and hosting of
the Japanese people. Your unselfish cooperation has made an
enormous contribution to the science that I and many other
American colleagues have been able to accomplish. I am very
honored to receive the International Prize from the Geological
Society of Japan.

Arigatou gozaimasu.
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Miguel Cisneros (University of California, Los Angeles,
USA): The experience at the MISIP 2011 has been quite
unique. We were given the opportunity to carry out research
with some of the best analytical facilities available, and with
great staff to go along with them. Over the course of 6 weeks
we learned a variety of techniques, many of those being very
significant because they can only be taught in a laboratory.
These methods are supplemental to furthering our
understanding of geochemistry. We were provided with
plenty of support for carrying out or research project during
the 6 weeks. The faculty, staff, and mentors could not have
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been better. Domo arigato gozaimashita.

Xiaofei Pu (Indiana University, USA) : By the time I
started to count down my last days in Misasa, I know I'm
going to miss here. English is not my native language, so
probably I cannot fully describe all my appreciations. I wish
the internship program would start from the very beginning
once again. All the experience and memory I got here will be
cherished. What a big fortune of me to be recruited in the
intern program and allowed to work in the gorgeous labs at
PML. I'm sure this experience will have important influence
on my future career. I had no idea about geochemical
analysis work before I came here, but now I'm more
experienced in the preparation for sample solutions in TIMS
and ICPMS, and have an idea about SIMS and SEM. These
are all owed to the PML faculty members' elaborate design
for the whole program, tireless efforts on supervising us, and
their distinct inspirations and insight that edify us day by
day. Again, thank you all for the sweet memory I got in the
past 6 weeks.

Adam Richmond (Central Michigan University, USA) : The
MISIP 2011 program was a very special and fruitful
experience for me. So far, I consider the six weeks that I' ve
been here to be the best six weeks of my life and by far the
best summer I've ever experienced. Not only did I get to
work at a world-renowned facility, but I also had the
privilege of working with amazing scientists everyday. I have
to admit that I was a little bit scared going of the US (except
for Canada which doesn’t really count). However, I found the
social environment very easy to adjust to here making my
experience that much more fulfilling. The amount of care and
generosity that I have experienced here is something that I
will never forget. I would obviously recommend this institute
to anyone and I truly hope that I may be able to visit in the
future.

Ivan Pineda Velasco (University of Barcelona, Spain) : The
MISIP is a big opportunity for students to get in contact with
the world of the research. The ISEI is a full-equipped center
with all the facilities necessary to study terrestrial and extra-
terrestrial materials. The best part of this is that you have all
of these facilities within your reach. In my case, for example,
I have never worked in a well-prepared clean room like the
one at the institute. Another thing that is good to emphasize
is the philosophy of doing multi-integrated studies which
allows the student to combine all methodologies and solve the
proposed problem for the program. Additionally, this
program has given me the opportunity to meet new friends
from different parts of the world.
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