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ABSTRACT

TheNankai Trough is located off the coast of southwest Japan, where the Philippine Sea
plate is subducting beneath the Eurasian plate. The margin’s Kii Peninsula or Kumano
Basin corridor is the focal area for the Nankai Trough Seismogenic Zone Experiment
(NanTroSEIZE). This multi-disciplinary, multi-stage, multi-expedition project was
designed to improve our understanding of seismogenic processes along the plate
interface. Drilling Stage 1 of NanTroSEIZE included Expeditions 314, 315, and 316
of the Integrated Ocean Drilling Program. Coring and logging during those three
expeditions generatedawealthofnew informationabout the stratigraphic andstructural
evolution of the margin. Our summary descriptions are organized into three broad
domains: the Kumano (forearc) Basin; the megasplay fault zone, which is a significant
out-of-sequence thrust within the accretionary prism; and the frontal thrust zone of the
accretionary prism. For themost part, drilling results validate structural interpretations
of 3D seismic-reflection data, but they also place invaluable constraints on the timing of
such events as the initiation of forearc-basin sedimentation and the history of slip on the
megasplay fault.We seemany types of interactionbetween tectonics and sedimentation.
The frontal thrust zone is dominated by packets of sand and gravel that probably
accumulated within trench-floor axial channel systems prior to their accretion in the
early Pleistocene. The accretionary prismbecomes progressively older toward land, and
a time-transgressive unconformity separates the prism from the overlying slope apron.
Turbidite sedimentation within the Kumano Basin did not begin until the early
Pleistocene, after a succession of precursor events: formation of the underlying accre-
tionary prism during the late Miocene and early Pliocene; erosion of an unconformity
above the accretionary prism, with an associated hiatus of �1.2My; a long phase of
unusually slow hemipelagic sedimentation, lasting from�3.8Myr to�1.67Myr; accel-
eration of uplift along the megasplay fault at �1.55Myr, which enhanced accommo-
dation space; and organization of a robust sediment-delivery system, which was
achieved through uplift and erosion of the hinterland and incision of canyons and
gullies into the upper trench slope.

Keywords: Integrated Ocean Drilling Program; Nankai Trough; forearc basin;
accretionary prism; lithostratigraphy

INTRODUCTION

The Nankai Trough subduction zone is, arguably,
the world’s most thoroughly studied sedimentary
system of its type (Fig. 15.1). The plate boundary is

a tectonic product of Philippine Sea plate subduc-
tion beneath southwest Japan, and one of its more
unusual attributes is the absence of an associated
chain of active (Quaternary) volcanoes. Plate con-
vergence occurs at a rate of �4.0–6.5 cm/yr and at
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an azimuth of �300–315� (Seno et al., 1993; Miya-
zaki andHeki, 2001; Zang et al., 2002). The Nankai
system represents one end of the accretion-erosion
continuum, characterized by thick accumulations
of sediment (>1000m)outboardof thedeformation
front and high rates of subduction accretion at the
prism toe (Underwood and Moore, 1995; Clift and
Vannucchi, 2004).Broadly similar conditions exist
in the Cascadia Basin (Kulm and Fowler, 1974;
Carlson and Nelson, 1987; MacKay et al., 1992;
Underwood et al., 2005), the Aleutian Trench
(Piper et al., 1973; Scholl, 1974; McCarthy and
Scholl, 1985; Lewis et al., 1988; Gutscher et al.,
1998), the Sunda Trench (Karig et al., 1978;

Moore et al., 1980; Beaudry and Moore, 1985;
Koppetal.,2001;KoppandKukowski,2003;Fisher
et al., 2007), and southern Chile (Schweller
et al., 1981; Thornburg and Kulm, 1987).

Nankai has been the focus of scientific ocean
drilling over four decades by the Deep Sea Drilling
Project (DSDP Legs 31 and 87) (Karig et al., 1975;
Coulbourn, 1986; Kagami et al., 1986), the Ocean
Drilling Program (ODP Legs 131, 190 and 196)
(Taira et al., 1991; Pickering et al., 1993; Moore
et al., 2001;Mikada et al., 2005), and the Integrated
Ocean Drilling Program (IODP Expeditions 314,
315, and 316) (Tobin et al., 2009a). In addition to
the three drilling transects shown on Figure 15.1
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(designated Ashizuri, Muroto, and Kumano),
Nankai scientists have acquired an extensive cat-
alog of 2D and 3D seismic-reflection images of the
accretionary prism and subducting sediments in
the Shikoku Basin (Aoki et al., 1982; Moore et al.,
1990; Park et al., 2002; Bangs et al., 2004, 2006;
Gulick et al., 2004; Moore et al., 2007; Ike et al.,
2008a). This superb combination of geophysical
data, and the ability to confirm depositional ages
and lithologies from the cores, provides an unprec-
edented view of the margin’s stratigraphic and
structural evolution.

The Shikoku Basin, which is located seaward of
the trench (Fig. 15.1), started to formduring the late
Oligoceneby rifting andback-arc spreadingbehind
the Izu-Bonin arc system (Okino et al., 1994;
Kobayashi et al., 1995; Sdrolias et al., 2004).
Late-stage reorientation of the spreading center
and off-axis seamount volcanism continued into
the middle and late Miocene, and this magmatism
created significant variations in the configuration
of igneous basement, including the Kinan sea-
mount chain (Okino et al., 1994). Kashinosaki
Knoll represents one such basement feature in
the Kumano transect area (Ike et al., 2008a). Relief
on the young basement, in turn, influenced the
thickness of total sediment, which is highly vari-
able, and the facies character of each sedimentary
unit within the Shikoku Basin (Ike et al., 2008b).

The typical sedimentary responses to basement
topography were for thicker intervals of Miocene
turbidites to fill areas where the basement is lower,
and for the basement highs to be overlain by a
highly condensed section of Miocene hemipelagic
mud (Underwood, 2007; Ike et al., 2008b).

As the subducting abyssal basin gradually filled
with sediment, relief across the seafloor became
less pronounced. Consequently, the Pliocene-
Pleistocene stratigraphic intervals of the Shikoku
Basin evolved to a more uniform thickness and
consistent lithology, composed of hemipelagic
mud with abundant interbeds of air-fall volcanic
ash (Taira et al., 1991; Moore et al., 2001). Clay
minerals in the Shikoku Basin also show gradual
shifts through time, beginning with a Miocene,
arc-derived smectite-rich assemblage and chang-
ing to younger chlorite- and illite-rich assem-
blages eroded from the uplifted accretionary
complexes (mostly sedimentary and metasedi-
mentary rocks) that are now exposed across the
Outer Zone of Japan (Steurer and Underwood,
2003; Underwood and Steurer, 2003; Underwood
and Fergusson, 2005). As subduction carries strata
closer to the subduction front, the Shikoku Basin
facies eventually experience rapid inundation
beneath a landward-thickening wedge of trench
turbidites (Fig. 15.2), which builds up the total
sediment thickness by an additional 0.5 to 1.3 km
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Fig. 15.2. Schematic illustration of depositional environments within the Nankai Trough subduction zone.
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(Taira and Ashi, 1993; Mountney and Westbrook,
1996).

At its northeastern end, the Nankai Trough
merges almost imperceptibly into the Suruga
Trough, an immense submarine canyon system
thatwas incised along thewest side of the collision
zone between the Izu-Bonin volcanic arc and Hon-
shu (Fig. 15.1). Detrital provenance studies show
that the primary source for the Quaternary trench
wedge is this zone of rapid uplift and collision
(Marsaglia et al., 1992; Underwood and Fergus-
son, 2005). Turbidity currents have funneled ter-
rigenous sediment from several fluvial sources on
Honshu through a series of large submarine can-
yons (Suruga Trough, Tenryu Canyon, Shionomi-
saki Canyon). These deeply incised conduits head
very close to the present shoreline and thus remain
active evenduring highstands of sea level (Soh and
Tokuyama, 2002; Kawamura et al., 2009). Collec-
tively, this combination of a coarse-grained trench-
wedge turbidite facies resting aboveheterogeneous
Shikoku Basin deposits comprises the sedimen-
tary inputs to the subduction system (Fig. 15.2).
Three-dimensional variations in those inputs
help mold the structural architecture, mechanical
properties, and hydrogeology of the accretionary
prism (Underwood, 2007). Structural evolution of
the accretionary prism, in turn, has controlled the
development of sedimentary depocenters on the
overriding plate, including a series of prominent
forearc basins (Fig. 15.2).

The Nankai Trough Seismogenic Zone Experi-
ment (NanTroSEIZE) is an ambitious, multi-stage,
multidisciplinary project designed to improve our
understanding of seismogenic processes along the

plate interface of an active subduction zone
(Tobin and Kinoshita, 2006). The transect area
for NanTroSEIZE is located seaward of the Kii
Peninsula, Honshu, Japan (Fig. 15.1), within the
confines of a recent 3D seismic reflection survey
(Fig. 15.3). This study area contains several prom-
inent features, including a large forearc basin
(Kumano Basin) and a potentially seismogenic
megasplay fault seaward of the forearc basin.
Stage 1 of NanTroSEIZE was completed during
2007–2008. Three IODP expeditions drilled holes
for coring and logging-while-drilling (LWD) mea-
surements at eight sites; the drilling operations
extended to relatively modest depths of 329 to
1401 meters below seafloor (Fig. 15.3). During
Stage 2 of NanTroSEIZE, the project documented
subduction inputs at two reference sites seaward of
the trench (Expedition 322; Underwood et al.,
2009). The ultimate scientific and technological
challenges, however, will be to utilize ultra-deep
riser drilling to penetrate the seismogenic plate
interface at a depth of 6 to 7km below seafloor
and then install long-term borehole observatories
within the fault zone (Tobin and Kinoshita, 2006).

As the opening act of Stage 1 drilling, IODP
Expedition 314 focused on acquisition of log-
ging-while-drilling data across most of the forearc
and accretionary prism (Tobin et al., 2009b). Two
of those six sites were then cored during Expedi-
tion 315, one above the megasplay fault zone
(Site C0001) and the other (Site C0002) within
the distal or seaward side of Kumano Basin
(Ashi et al., 2009). After that, Expedition 316
targeted two sites across the frontal thrust zone
of the accretionary prism (Sites C0006 and C0007)
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and two (Sites C0004 and C0008) above and across
the shallow extension of the megasplay fault
(Screaton et al., 2009a, 2009b). Data from these
three expeditions finally allow the team of scien-
tists to pin down many aspects of the margin’s
sedimentary and structural evolution that had
been unconstrained by geophysics alone. The
purposes of this chapter are twofold: to highlight
some of those key shipboard discoveries and to
merge the most up-to-date interpretations of the
3D seismic stratigraphy with the ground truth
provided by coring.

TOE OF ACCRETIONARY PRISM

IODPSites C0006 andC0007 are located on thefirst
ridge landward of the frontal thrust (Fig. 15.4). The
incoming sedimentary section seaward of the
deformation front is �2.4 km thick and is typical
of the Nankai system, overall, with igneous base-
mentoverlain successively byShikokuBasin strata
and the Quaternary trench wedge (Fig. 15.3). From
seismic data, we can see that the upper part of the
trench wedge contains numerous nested channel-
levee complexes, and a prominent axial channel
meandersdown the axial seafloor gradient from the
source areas feeding into the Suruga Trough (Shi-
mamura, 1989). Near the base of slope, a well-
developed proto-thrust zone affects the upper Shi-
koku Basin strata and the lower trench-wedge
deposits (Fig. 15.3).

The frontal thrust within the Kumano transect
area is anomalous if compared to the frontal Nan-
kai prism elsewhere (e.g., Muroto or Ashizuri).
Along most parts of the Nankai margin, the dip of
the frontal fault is steep (25–35�), and it extends
landward only 1–2 km before merging down-dip
into the basal d�ecollement of the accretionary
wedge; this typical “ramp-on-ramp” geometry
places trench-wedge deposits over trench-wedge
deposits (e.g., Moore et al., 1990, 2001). In con-
trast, the frontal fault near Sites C0006 and C0007
is a gently dipping (�7 to 8�) detachment that
extends �6 km landward and elevates both upper
Shikoku Basin facies and trench-wedge facies in
the hanging wall over younger trench sediments
in the footwall (Fig. 15.4). At its seaward edge, the
frontal fault is essentially parallel to bedding in
both the hanging wall and the footwall (“flat-on-
flat” geometry). The frontal thrust zone of Kumano
is also dominated by steep landward-dipping
subsidiary faults and local backthrusts. In

addition, a small wedge-shaped slope basin is
evident landward of Site C0006 (Fig. 15.4); sedi-
ments within the basin were remobilized off the
adjacent landward slope and lap onto the under-
lying accretionary prism. Less than 5km land-
ward of the frontal thrust, another prominent
fault translates its hanging wall at least 1.25 km
over the slope-basin fill; that thrust cuts off the top
of an underlying anticline, making it an out-of-
sequence thrust. The overriding block of the out-
of-sequence thrust exhibits very low seismic
amplitudes with little continuity, as compared
to the footwall block (Fig. 15.4). Collectively,
this extraordinary structural architecture of the
frontal zone can be attributed to ridge or seamount
subduction just west of the 3D seismic survey box;
in that nearby region, the base-of-slope is scarred
by a large submarine slide, which was probably
mobilized by subduction of a basement high
(Moore et al., 2009).

Coring at Sites C0006 and C0007 showed that
the uppermost stratigraphic unit is an upward
fining succession of hemipelagic mud with thin
interbeds of silt, sandy silt, and fine sand turbi-
dites, plus rare volcanic ash beds that probably
entered the base-of-slope environment as air-fall
tephra (Expedition 316 Scientists, 2009b, 2009c).
The turbidites typically display sharp bases, plane-
parallel laminae, and normal grading (Fig. 15.5).
The sand component is mainly fine- to very-fine
grained and consists of quartz, feldspar, lithic
grains, and vitric fragments. The maximum age
of these deposits is late Pleistocene (0.436Myr,
based on nannofossil events), and the inferred
depositional environment is a gradual transition
from uplifting accretionary prism into the
slope apron.

Beneath this carapace of slope sediments lies
�422m to �328m of accreted trench turbidites,
with several sand-rich and gravel-rich packets
(Fig. 15.4). The sand is dark gray to black and
consists of metamorphic and volcanic lithic frag-
ments with secondary quartz and feldspar. Indi-
vidual sand beds reach thicknesses of 1 to 7m thick
and are internally structureless. Thinner beds typ-
ically display normal grading (Fig. 15.5). The
gravel is clast-supported with no obvious matrix
and is moderately sorted. Clasts are subrounded to
subangular (Fig. 15.5). The clast assemblage is
polymictic with grain types including chert, sand-
stone, mudstone, mylonitic quartzite, quartz-rich
metamorphic rocks, volcanic fragments, and
quartzo-feldspathic plutonic lithic fragments.
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Mud-rich intervals between the sand and gravel
packets are thought to represent interchannel and/
or distal trench-wedge deposits. Overall, the
trench-wedge facies displays a trend of thickening

and coarsening upward, with a maximum age of
early Pleistocene (1.24–1.46Myr). One way to
explain this trend is as a response to the deposi-
tional site’s increasing proximity to the trench axis
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through time. Repetition of the sand-rich and
gravel-rich packets could be a consequence of
thrust faulting within the frontal prism and/or
periodic migration/reactivation of the trench’s
axial channel prior to accretion. Although climate
must have played a subsidiary role in these cycles,
the age constraints from microfossils and paleo-
magnetics are not precise enough to correlate with
global cycles of allocyclic forcing.

One of the more significant drilling discoveries
duringExpedition316 is the existenceof a timegap
across the base of the accreted trench-wedge facies,
as shown by abrupt shifts in age from 1.46Myr to
2.87Myr (at Site C0006) and 1.46 or 2.06Myr to
3.65Myr (at Site C0007). Strata below the unit
boundary consist of upper Shikoku Basin facies,
as exemplified by the preponderance of biotur-
bated hemipelagic mudstone with interbeds of
volcanic ash. The maximum age of those mud/
ash deposits is late Miocene (5.32Myr). Removal
of the top of the upper Shikoku Basin facies at both
coring sites is enigmatic, since the contact appears
to be conformable on seismic profiles (Fig. 15.4).
We suggest that the missing section was removed
by submarine slides on the steeply inclinedflankof
a subducting seamount, prior to burial beneath the
trench wedge. Seismic profiles show analogous
slide scars on the flanks of Kashinosaki Knoll
(Fig. 15.1), which is located seaward of the trench
within the Kumano transect area (Ike et al., 2008b).
Deeper in the boreholes, the frontal thrust trun-
cates the upper Shikoku Basin deposits at �603
mbsf (Site C0006) and �439 mbsf (Site C0007).
LWD logs show clear evidence of abundant sand
deposits below the frontal thrust (Expedition 314
Scientists, 2009b), but the recovery of unconsoli-
dated sand in the footwall was minimal. The high
proportion of sand beds is consistent with the
seismic interpretations of the frontal thrust,
which places upper Shikoku Basin facies in the
hanging wall over a trench-floor axial-channel
complex in the footwall (Fig. 15.4).

SEAWARD EDGE OF SPLAY FAULT
SYSTEM

IODPSites C0001, C0004, andC0008 are locatedon
the slope of the accretionary prism, just to the
southeast of a major ridge that forms the seaward
boundary of Kumano Basin (Fig. 15.3). These three
sites also span across the seaward edge of the
megasplay fault system (Fig. 15.6). The megasplay

is regionally extensive, out-of-sequence fault sys-
tem that cuts across the older part of the accretion-
ary prism (Park et al., 2002). Appearing as a
complex series of anastomosing segments, the
megasplay can be traced from the seafloor to a
depth of �10 km, where the system branches off
the top of the plate interface between the basal
accretionary prism and subducting igneous base-
ment (Fig. 15.3). A series of smaller thrusts within
the accretionary prism offset bands of high-ampli-
tude, laterally continuous reflections, which likely
represent accreted trench-wedge and Shikoku
Basin strata. Strata above some of the individual
thrusts are folded into hangingwall anticlines, and
the oblique dip angle of the faults creates a series of
oblique ramps, the tops of which are truncated by
the megasplay (Moore et al., 2007). The hanging
wall above the shallow megasplay is much differ-
ent than what we see in the frontal prism, charac-
terized by low seismic amplitudes and a lack of
laterally continuous seismic reflections (Fig. 15.6).
That seismic character is consistent with a
deformed,mudstone-dominated succession rather
than extensive turbidites. Close to the seafloor, this
fault block of accreted strata has moved up and
over the top of younger slope-basin and slope-
apron sediments, which can be traced beneath
and landward of the megasplay for at least
1250m (horizontal direction) and 750m (vertical
direction). Slope sediments also rest above the
hanging-wall block, where they have been affected
by slumping in several localities. As chronicled by
Strasser et al. (2009), slip on the megasplay began
by out-of-sequence thrusting near the prism toe at
�1.95Myr, and after a period of relative quies-
cence the fault was reactivated as a major splay
fault at �1.55 Myr.

Coring revealed that the slope apron above the
megasplay fault is composed of carbonate-rich,
bioturbated hemipelagic mud with thin interbeds
of volcanic ash (Fig. 15.6). Thin beds and irregular
patches of silt, sandy silt, and fine sand are more
common at Sites C0004 and C0008 than at Site
C0001. At Site C0001, the lowermost 10m of the
slope apron consists of siliciclastic sand, whose
grains consistmostly of detrital quartz and feldspar
with abundant sedimentary and low-grademetase-
dimentary rock fragments (shale, argillite, chert,
and quartz-mica grains). The maximum deposi-
tional age of the slope apron ranges from early
Pleistocene (1.60Myr) to late Pliocene (2.06Myr),
and its thickness ranges from 78m (Site C0004) to
207m(SiteC0001).Mudintheslopeaproncontains
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substantial amounts of calcareous nannofossils
(up to �25 wt-% calcite), with concentrations
increasing up stratigraphic section. This trend is
consistent with gradual uplift of the depositional
sites above the calcite compensation depth (CCD),
as seen elsewhere in theNankai subduction system
(Underwood et al., 2003).

The slope apron’s base is marked by a compli-
cated angular unconformity (Fig. 15.6). At Site
C0004, the corresponding hiatus extends from

1.60Myr to 2.06Myr (on the basis of calcareous
nannofossils), whereas the time gap at Site C0001
is from 2.06Myr to 3.79Myr. Immediately below
the unconformity at Site C0001 we find upper
Pliocene to upper Miocene accretionary-prism
strata, with an age range of 3.79 to 5.32 Myr. Low
seismic amplitudes indicate that this portion of
the hanging wall to the megasplay is lithologically
monotonous; the cores verify this interpretation,
consisting mostly of carbonate-poor hemipelagic
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mudstone (Fig. 15.6). This mudstone-rich facies
stands in stark contrast to the sand- and gravel-
rich units of accreted trench sediments that were
cored within the frontal thrust zone (Fig. 15.4). Its
original depositional environment is enigmatic but
was tentatively ascribed to an unusually muddy
phase of trench floor deposition below the level
of the CCD (Expedition 315 Scientists, 2009a).
Unfortunately, coring at this site was terminated
at a depth of only 456m below seafloor because of
highly unstable hole conditions.

At Site C0004, a 40-meter-thick mass-transport
complex (MTC), with clasts of hemipelagic mud,
lies immediately beneath the unconformable base
of the slope apron (Fig. 15.6). There is evidence for
chemical alteration at the top of themass-transport
complex (e.g., pyrite). The synsedimentary breccia
is matrix-supported in some places and clast-
supported in others, with an age range of 2.06 to
2.87 Myr. The mud clasts could have been canni-
balized either from uphill exposures of the slope
apron or from the exposed top of the accretionary
prism (Expedition 316 Scientists, 2009a; Strasser
et al., 2009). Strata below the mass-transport com-
plex consist of Pliocene carbonate-poormudstone,
similar to the accreted strata at C0001; the age is
younger, however, equal to 2.39–4.13 Myr.

Unlike Site C0001, coring at Site C0004 actually
penetrated the megasplay fault near its up-dip tip
(Fig. 15.6), where roughly 50m of Pliocene strata
are sandwiched between two sub-parallel fault
strands. This fault sliver contains carbonate-poor
hemipelagic mudstone with unusually abundant
layers of volcanic ash, and a maximum age of 3.65
Myr. Biostratigraphic correlation of the fault sliver
to kindred parts of the accretionary prism remains
inconclusive, but we see a substantial reversal of
age across the lower of the two sub-parallel faults.
Strata in the footwall are early Pleistocene in age
(1.60 to 1.67Myr); the lithologies are similar to
those of the slope apron above, consisting of hemi-
pelagic mud with moderate amounts of calcareous
nannofossils. Thin graded beds of silt and silty
sand turbidites are also common within this
unit. Recovery of this lithologic assemblage rein-
forces the structural interpretation in which the
hanging wall of the megasplay has overridden the
slope apron (Fig. 15.6).

Site C0008 was cored seaward of the tip of the
megasplay fault (Fig. 15.7). The slope apron at
that locality is approximately 272m thick and
consists of two sub-units. The upper sub-unit con-
sists of Pleistocene (maximum age of 1.67Myr)

hemipelagic mud with moderate amounts of cal-
careous nannofossils and thin interbeds (<10 cm)
of silt, sandy silt, and volcanic ash. Along with the
normal air-fall ash layers (Fig. 15.5), this interval
includes a distinctive 5-m-thick volcaniclastic
sand bed with abundant basaltic rock fragments
(with brown glass), pumice, and glass shards; the
tephra is concentratedmore near the top of the bed.
Most of the terrigenous silt and sand beds are
dominated by quartz, feldspar, and metasedimen-
tary lithic fragments, but some are enriched in clear
volcanic glass shards andpumice fragments.Many
of the sand beds are nearly black in color due to
high contents of authigenic pyrite. Overall, the
proportion of sand and silt decreases up section,
and the combination of lithologies is typical of the
slope apron.

The underlying sub-unit is more unusual, con-
sisting of interbeddedmud-clast gravels and hemi-
pelagicmud. The gravel beds range from 2 to 80 cm
thick, and the maximum size of indurated mud-
stone clasts is 5 cm. Clast-matrix organization
ranges from clast-supported to matrix-supported,
and clast shape ranges from rounded to sub-angu-
lar (Fig. 15.5). This lower sub-unit was interpreted
to be a mass-transport complex that accumulated
at the base of the slope apron (Expedition 316
Scientists, 2009d). Its maximum age is 2.87Myr
(similar to the breccia deposits at Site C0004).
The upper contact of the mass-transport complex
is conformable, however, and its lower contactwith
the underlying accretionary prism also appears to
be conformable judging from the geometric concor-
dance of seismic reflections (Fig. 15.7). The
accreted strata immediately below the contact are
3.65Myr in age (ranging downward to a maximum
of5.59Myr), so theMTC-prismboundarycouldbea
disconformity with a modest hiatus (�0.78Myr).

Accreted sediments below the mass-transport
complex consist of fine- to coarse-grained sand
and pebbly sand, with minor interbeds of hemi-
pelagic mud. Sands are polymictic, with abundant
quartz, feldspar, and heavy minerals (mostly
pyroxene), plus lesser amounts of brown to black
semi-opaque grains, which could bemafic to inter-
mediate volcanic rock fragments, clay clasts, or
glauconite. Pebbles include rounded fragments
of basalt, plutonic rocks, schist, vein quartz,
chert, sandstone, and mudstone. This lithofacies
is compositionally similar to the accreted axial-
channel deposits near the prism toe, so we infer a
similar origin of axial turbidity currents and frontal
offscraping during the early Pliocene.
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KUMANO BASIN

Site C0002 is located near the seaward edge of
Kumano Basin, which is one of several prominent
forearc basins to dot the landscape of Nankai’s
upper margin (Fig. 15.1). A seismic inline through
thedrill site (Fig. 15.8) shows�1000mof relatively
undeformed strata resting above an acoustic unit
that displays steeply dipping, discontinuous seis-
mic reflections (Moore et al., 2009). This style of
deformation (e.g., hanging-wall anticlines, land-
ward-dipping reflectors) is consistent with what
has been imaged in other parts of the Nankai
accretionary prism, including the current zone of
frontal accretion. Coring into the accretionary
prismwas hampered by poor recovery but showed
that the accreted sediments consistmostly of indu-
rated, highly fractured mudstone, siltstone, and

sandstone, with rare carbonate-cemented nodules.
Low contents of calcium carbonate in the mud-
stone indicate deposition close to or below CCD.
The accretionary-prism strata are upper Miocene
to lower Pliocene, ranging in time from 5.0Myr to
5.9Myr on the basis of nannofossils events. The
original depositional environment (i.e., prior to
accretion) is difficult to pinpoint but probably con-
sisted of a relatively fine-grained part of the paleo-
trench wedge (Expedition 315 Scientists, 2009b).

The upper surface of the accretionary prism near
Site C0002 displays a convoluted geometry on
seismic profiles, above which sits a relatively
transparent interval measuring �50–100m in
thickness (Fig. 15.8). Locally, the transparent inter-
val dips seaward, and in other places it fills topo-
graphic lows in the underlying prism. This
geometry is consistent with hemipelagic settling

500 m
No VE

5400 5350

2.5

3.0

3.5

5150520052505300
D

ep
th

 (
km

)

Cross-line

NW SE

Slump scar
Site
C0004

Slump/onlap surface

C0008A
C0008C

Mass flow
deposit

IL 2675

sandy silt

silt turbidite

sand turbidite

conglomerate

hemipelagic mud

volcanic ash

Accreted
trench-wedge
facies

100

200

300

P
le

is
to

ce
ne

P
lio

ce
ne

S
lo

pe
 a

pr
on

P
le

is
to

ce
ne

Mass
transport

Slope sediments

Accretionary prism

Slope sediments

2.87 Myr
3.65 Myr

Hole CHole A

D
ep

th
 (

m
et

er
s 

be
lo

w
 s

ea
flo

or
)

5.59 Myr

1.67 Myr

1.67 Myr

correlation

Fig. 15.7. Regional seismic line crossing IODP Sites C0004 and C0008, shallow megasplay fault zone of the Nankai
accretionary prism. Seismic interpretation is from Moore et al. (2009). Also shown is the stratigraphic summary for
C0008 based on the results of coring during IODP Expedition 316. Ages (Myr) are based on nannofossils zones.

320 Part 4: Convergent Margins



onto an irregular substrate; the acoustic character
is consistent with a monotonous lithology. Depo-
sition probably occurred on the lower trench slope
before that part of the prism was uplifted by slip
along themegasplay fault (Moore et al., 2009). Cor-
ing confirmed that the transparent interval is com-
posed of a condensed section of clay-rich
hemipelagicmudstone.Themudstone is separated
from the underlying prism by an angular uncon-
formity, with a corresponding hiatus spanning
from �3.8Myr above to �5.0Myr below. Strata
above the boundary are within the lower Pleisto-
cene to middle Pleistocene (3.79Myr to 1.67Myr
on the basis of nannofossils events), and rates of
sedimentation within that time interval were only

18–30m/My. The condensed section accumulated
at rates considerably slower than the typical rates
for the Pleistocene slope apron. The content of
calcite averages �16 wt-% in the mudstone,
which indicates deposition aboveCCD.Other note-
worthy characteristics of this stratigraphic interval
include sigmoidal, clay-filled vein structures (sim-
ilar to those described by Ogawa andMiyata, 1985;
Pickering et al., 1990; Brothers et al., 1996), a wide-
spread ichnofauna of Chrondrites and Zoophycos,
local concentrations of glauconite, and sharp, irreg-
ular surfaces thought to represent firmgrounds
(Expedition 315 Scientists, 2009b).

The acoustic character of most strata filling
the Kumano Basin consists of landward-tilted,
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high-amplitude, laterally continuous reflections,
interpreted as a sequence of turbidites (Moore
et al., 2009). The turbidites lap onto the older,
condensed-mudstone unit (Fig. 15.8), but there
is no evidence from coring to suggest an uncon-
formable contact. The turbidites are tilted land-
ward, presumably because slip along the
megasplay fault promoted uplift at the seaward
flank of the basin (Park et al., 2002). Continuation
of the uplift also migrated the locus of sedimenta-
tion landward. The basin-fill strata are displaced
by very young normal faults, many of which cut
and displace the surface sediments. Coring dem-
onstrated that the onset of turbidite sedimentation
was abrupt, beginning at�1.67 to 1.60Myr. There-
after, rates of sediment accumulation accelerated,
reaching values of 400 to 800m/My. These results
show that the forearc basin is a relatively young
feature with turbidite sedimentation not kicking
into high gear until the middle to late Pleistocene.

The sedimentologic character of the forearc-
basin turbidites (e.g., meso-scale cycles and indi-
vidual graded beds) was recorded in impressive
detail by LWD data (Expedition 314 Scientists,
2009a), but recovery of the sand bedswas generally
poor using the rotary coring system. The best infor-
mation comes from the uppermost 140m of sedi-
ment, which was cored using a hydraulic coring
system; that interval consists of hemipelagic mud
and numerous thin (1–15 cm) interbeds of nor-
mally graded silt, sandy silt, and sand, together
with local layers of volcanic ash (Fig. 15.8). The
thickest recovered sand bed is �1.8m. These beds
display sharp bases, faint plane-parallel laminae,
normal size grading, anddiffuse tops. Silt and sand
grains are composed mostly of quartz, feldspar,
sedimentary and metasedimentary rock fragments
(shale, argillite, chert, andquartz-mica grains), and
a rich diversity of heavy minerals. Calcite content
within the silty mud is generally low (average of
2 wt-%); presumably, this is because the biogenic
contribution of nannofossils was diluted by high
rates of terrigenous influx. Initiation of sand accu-
mulation in a distal basin-plain type environment
probably depended on the creation of suitable
accommodation space by accelerated uplift along
the megasplay fault, and that did not happen until
�1.55Myr (Strasser et al., 2009). At the same time,
the frequency of transport by sandy and silty tur-
bidity currents from the shoreline also depends on
high rates of erosion in the hinterland and incision
of an effective delivery system into the upper con-
tinental slope, as represented by the Holocene

network of through-going submarine canyons and
slope gullies (Fig. 15.1). Those delivery systems did
not begin to reach a state of high activity until ap-
proximately 1.6Myr, or roughly 3.4Myr after frontal
accretion of the underlying prism and �0.35Myr
after the initial slip events on the megasplay.

CONCLUSIONS

Integration of geophysical data from a 3D seismic
survey with coring and logging data from three
recent IODP drilling expeditions has provided a
wealth of new information about the lithostrati-
graphic and structural evolution of the Nankai
subduction zone. We regard the following as
among the more significant discoveries extracted
from the IODP shipboard data.

Most of the information gathered from coring
through the frontal fault zone is consistent with
structural interpretations of the seismic data and
generic models of frontal accretion. The accretion-
aryprismwithin theKumano transect area consists
largely of offscraped sand-rich and gravel-rich
packets, with an overall pattern of upward thick-
ening and upward coarsening. This facies charac-
ter is similar to what has been cored along the
Muroto and Ashizuri transects of Nankai Trough,
although the Kumano transect show a higher pre-
ponderance of coarse-grained channel-levee com-
plexes. This makes sense given the closer
proximity to Suruga Trough and Tenryu Canyon.
Tectonic transfer of upper Shikoku Basin facies by
thrust faulting to shallow depths of the frontal
prism is unusual, however. Evenmore unexpected
is the truncation of strata from the top of the
ShikokuBasin section.We suggest that themissing
sections were removed before frontal accretion by
submarine slides on the flank of a subducting
seamount, prior to gradual burial of the seamount
beneath the landward-thickening trench wedge.

Most of the information garnered from coring
around the up-dip terminus of the megasplay fault
system is consistentwith structural interpretations
of the seismic data. One of the unexpected out-
comes is the occurrence of an unconformity sepa-
rating the slope apron from the underlying
accretionary prism. The age of this unconformity
seems to be time-transgressive (seaward young-
ing), and the duration of the hiatus ranges from
�0.46Myr to �1.73Myr. We suggest that the
unconformity was created by persistent and wide-
spread slumps and submarine slides during initial
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uplift and oversteepening of the accretionary
prism. The recovery of mass-transport complexes
(mud-clast breccia and gravel) at two coring sites
reinforces this interpretation. The shallow hang-
ing-wall block to the megasplay fault is also
unusual, consisting mostly of carbonate-poor
hemipelagic mudstone. That fine-grained and
monotonous lithology stands in sharp contrast to
the sand-rich and gravel-rich accreted trench-
wedge sediments in the frontal thrust zone.

Seismic reflection data clearly reveal the geo-
metric patterns of infilling of the Kumano Basin,
but coring demonstrates that nearly all of the basin-
fill accumulated within the last 1.6Myr. The basin
rests above upper Miocene to lower Pliocene aged
accretionary prism (5.0Myr to 5.9Myr). Turbidite
deposition within the forearc basin was preceded
by a long period of slow hemipelagic sedimenta-
tion; deposition of this condensed section
extended from �3.79Myr to �1.67 Myr. An angu-
lar unconformity separates the starved basin facies
from the underlying accretionary prism, and the
hiatus there lasted approximately 1.2Myr. Accel-
eration of sediment delivery to the forearc basin
lagged behind creation of the accommodation
space via uplift along the megasplay fault, which
began around 1.95 Myr. Rapid influx of turbidite
sand to the forearc basinwasprobably enhancedby
incision of a widespread system of submarine
canyons and slope gullies across the upper conti-
nental margin, together with rapid uplift and ero-
sion of sediment sources on the nascent Japanese
Islands during the Pleistocene.

Collectively, these remarkable seismic-reflection
records and coring results provide an outstand-
ing view of the Nankai margin’s evolution over
the past 6 million years. New data from the
NanTroSEIZE Kumano transect reinforce some
basic contentions about how sedimentary sys-
tems behave in subduction zones. Subduction
inputs change in intricate ways along the strike
length of the subduction zone, particularly in
response to basement topography, and those var-
iations heavily influence how the accretionary
prism evolves. We also see dynamic interplays
working in the other direction, particularly with
respect to offsets along the megasplay fault,
remobilization of slope sediments by submarine
slides, and creation of accommodation space for
turbidite basins. This 3D complexity of structural
and lithostratigraphic evolution certainly needs
to be taken into account when interpreting
ancient analogs in the rock record.
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