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Background and objectives
At Integrated Ocean Drilling Program Site C0002 (proposed Site
NT3-01B), we planned and carried out logging-while-drilling/
measurement-while-drilling (LWD-MWD) operations to 1400 me-
ters below seafloor (mbsf) through the Kumano forearc basin sec-
tion and the underlying formations, interpreted as older rocks of
the accretionary prism and/or early slope basin sediments depos-
ited prior to the development of the megasplay fault and forearc
basin (Fig. F1). Scientific objectives included investigation of the
outer forearc basin depositional systems, especially documenta-
tion of the turbidite depositional record, the physical properties
of these basinal sediments and the underlying preexisting rocks,
likely gas hydrate deposits, and a bottom-simulating reflector
(BSR) within the forearc basin sediments. We were able to drill
and log the entire section from 0 to 1401 mbsf with complete suc-
cess. An excellent suite of logs and vertical seismic profile (VSP)
data reveal the structure, physical properties, and stress state of
the forearc basin, the gas hydrate–bearing zone, and the underly-
ing deformed rocks of the inner accretionary prism. The LWD
program at this site is the deepest LWD penetration in Ocean
Drilling Program (ODP)/Integrated Ocean Drilling Program his-
tory to date, as well as the deepest penetration of any type into
the interior of an accretionary prism.

Site C0002 is slated for deep drilling across the entire plate bound-
ary system to >5500 mbsf during later stage riser drilling (Tobin
and Kinoshita, 2006), and the location was selected primarily to
meet deep riser drilling objectives to the plate boundary and me-
gasplay reflectors rather than based on the shallower targets
drilled during Expedition 314. However, these shallower targets
are important primary objectives of the Nankai Trough Seis-
mogenic Zone Experiment (NanTroSEIZE) Stage 1 in their own
right. Operations during Expedition 314, along with later coring,
had the following goals:

• Document the depositional and uplift history of outer Kumano
Basin sediments to shed light on the long-term slip history of
the megasplay fault system and deformation in the accretion-
ary prism,

• Sample the interior of the accretionary prism below the forearc
basin,

• Determine the orientation and magnitude of horizontal
stresses in the forearc basin and the prism below, and
 doi:10.2204/iodp.proc.314315316.114.2009
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Provide critical physical property information
needed to plan for later stage riser drilling and cas-
ing program, as well as for observatory installa-
tion.

s planned, drilling was successful to total depth
TD) of 1401 mbsf and included continuous logging
f the entire sedimentary section through the Ku-
ano Basin and several hundred meters of the un-

erlying rocks. A principal objective was to penetrate
hrough this seismically imaged unconformity to
ample the underlying formation. Characterization
f seismic velocity, density, porosity, stress, rock
trength parameters, and pore pressure in both tec-
onic domains (basin and prism) were all high priori-
ies.

ased on the seismic reflection data, the uppermost
950 m in the Kumano Basin domain was expected
o be primarily turbiditic and hemipelagic sediments
eposited in the forearc basin, with progressive tilt
aused by development and displacement of the me-
asplay system. Several discrete packages of basin
ediment bounded by unconformities are evident in
his section. Within this sequence, a prominent BSR
nterpreted as the base gas hydrate reflection is evi-
ent at ~400 mbsf (Fig. F2). Log data were used to es-
imate the presence and distribution of gas hydrate
nd possible free gas in the sediment porosity at Site
0002 (see “Log characterization and lithologic

nterpretation” and “Physical properties”).

etween the base of the Kumano Basin at ~936 mbsf
nd the shallowest branch of the megasplay fault
ystem at ~4000 mbsf lies an interval of rock inter-
reted as frontally accreted material of the accretion-
ry prism. By analogy with land-based geology and
DP Leg 190 Site 1178, where the interior of the
ankai accretionary prism was drilled in the Muroto

egion (Ujiie et al., 2003), we anticipated a sequence
f variably dipping and disrupted clastic strata cut by
umerous small faults, locally forming mélange.
rilling and sampling of this domain affords the

irst-ever penetration of the deep, older interior of an
ctive accretionary prism, addressing long-standing
uestions on the fate of offscraped material, the evo-

ution of accretionary mélanges, and role of fluids in
rism interiors. Logging to detect fracture and bed-
ing orientations and variability, porosity and den-
ity, and state of stress in this environment was
herefore a major objective as well.

Operations
Transit to Site C0002

he D/V Chikyu moved to a low-current area (14 nmi
orthwest of Hole C0001D) on 13 October 2007 in
roc. IODP | Volume 314/315/316
order to avoid shock and vibration from the Kuro-
shio Current while picking up and running in with
the LWD bottom-hole assembly (BHA) and drill col-
lars. The ship drifted to the location of Site C0002 at
1.5 kt while running the LWD BHA, and the ship ar-
rived at the location at 2145 h.

Hole C0002A
Preparation for drilling began at 0400 h on 13 Octo-
ber 2007. Like the previous LWD-MWD-annular-
pressure-while-drilling (APWD) holes, the LWD tools
(6¾ inch [17.15 cm] collars) included the geoVISION
tool with a 23.18 cm button sleeve, the sonicVISION
tool (four-receiver array), the MWD (PowerPulse)
tool, the seismicVISION tool, and the adnVISION
tool. A breakdown of operations is given in Table T1,
and the full BHA is described in Table T2.

Tools were assembled, and communication and
function checks were conducted at 36.8 m drillers
depth below rig floor (DRF) between 0730 and 0800
h. The radioactive source for density measurement
was installed and the BHA was lowered to 700 m
DRF. From 1430 to 2200 h, the Chikyu slowly drifted
to the hole position while the bit was lowered to
1488 m DRF, where a second series of tests was suc-
cessfully conducted. After tagging the seafloor at
1964.5 m DRF (1936 m mud depth below sea level
[MSL]) the hole position was located and surveyed
by remotely operated vehicle (ROV) from 2200 h on
13 October to 0045 h on 14 October.

Hole C0002A was jetted-in from 1964.5 to 2035 m
DRF (0–70.5 m LWD depth below seafloor [LSF]) at
0045 h on 14 October with an initial pump rate of
714 gpm (2700 L/m). Drilling continued with an av-
erage rate of penetration (ROP) of ~30 m/h, normal
collar rotation (80–100 rpm), and minimal weight
on bit (WOB). Surface pump pressure maintained at
15 MPa while pump flow rate was decreased to
~2500 L/m. At 0445 h, a problem with the inline
blowout preventer prevented real-time communica-
tion with the LWD tools. After repairs (0515 h), drill-
ing continued to 709.5 m LSF (2674 m DRF) and the
decision was made to relog the missing section
(535.5–556.5 m LSF) during the next wiper trip. A
wiper trip was conducted from 709.5 to 401.5 m LSF
(2674 to 2366 m DRF) between 1500 and 1745 h on
15 October, and missing data were successfully col-
lected. Drilling continued to TD of 1401.5 m LSF
(3366 m DRF) at 0600 h on 17 October without any
difficulties except moderate increase in equivalent
circulating density (ECD) at each pipe connection,
which was rapidly controlled with mud recircula-
tion.
2
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he hole was displaced with 100 m3 of kill mud
density 1.3 g/cm3). At 1400 h on 17 October, two
tands of pipe were removed to create an offset in
phole check shots at every pipe disconnection. All
WD tools were recovered on the rig floor at 0800 h
n 18 October, and all memory data were success-
ully downloaded. However, the seismicVISION bat-
ery failure before retrieval of the tool required that
ata be sent to the land base for processing. A time
ersion of the surface drilling parameters and down-
ole ECD, annular pressure measurement (APRS),
nd real-time gamma ray log (GR_RAB_RT) is given
n Figure F3.

Transit to Site C0003
s the BHA was rigged down from Hole C0002A, the
OV was deployed to pick up four beacons at 0800 h
n 18 October 2007. The ship was then moved to the
ext site (proposed Site NT2-01D) at 1700 h for 6
mi with average speed of 6 kt, and four beacons
ere deployed at 2130 h. At this site, the deploy-
ent plan was changed for greater efficiency and

afety. The ship was moved against the Kuroshio
urrent by 12 nmi from 1400 h on 19 October for
.5 h with average speed of 3.4 kt. The BHA was then
ade up and run into the sea as the ship drifted back

t 1.5 kt from 2130 h. Upon arriving at the location
t 0530 h on 20 October, running continued to 2480
 DRF. The bit was positioned, and a survey was
ade of the sea bottom.

Data and log quality
Hole C0002A

vailable data
ole C0002A was drilled with LWD-MWD-APWD

ools. MWD-APWD data were transmitted in real
ime with a limited set of LWD data (see Table T2 in
he “Expedition 314 methods” chapter). When LWD
ools were recovered on the rig floor, memory data
ere successfully downloaded and processed accord-

ng to the data flow described in “Onboard data
low and quality check” and Figure F8 in the “Ex-
edition 314 methods” chapter. A list of available
WD data is given in Table T3 in the “Expedition
14 methods” chapter.

epth shift
he mudline (seafloor) was identified from the first
reak in the gamma ray (GR) and resistivity logs (Fig.
4). In Hole C0002A, the mudline was picked at
964.5 m DRF, showing no discrepancy with drillers
epth (water depth = 1964.5 m DRF; 1936 meters be-

ow sea level [mbsl]). The depth-shifted versions of
roc. IODP | Volume 314/315/316
the main drilling data and geophysical logs are given
in Figures F5 and F6, respectively. Figure F7 presents
the time-depth relationship linking the time (Fig. F3)
and depth version (Figs. F5, F6) of the data from
Hole C0002A.

Logging data quality
Figure F5 shows the drilling control logs. The target
ROP of 30 m/h (±5 m/h) was generally achieved until
TD (1401.5 m LSF). This ROP was sufficient to record
one sample per 4 cm over the majority of the hole.
WOB was set to a minimal value (<5 kkgf for most of
the drilled interval). Surface pump pressure (SPPA)
was maintained at constant value (~15–18 MPa) for
the entire drilling period, and a normal (hydrostatic)
increasing trend in APRS and ECD was observed. The
four azimuthal calipers (C15, C26, C37, and C48)
showed poor borehole condition with washouts ex-
ceeding 2 inches (5.08 cm) in most places except be-
tween 830 and 930 m LSF, where the hole was almost
in gauge (stand-off < 1 inch [2.54 cm]). Stick-slip and
friction increased linearly with the length of the
penetrated interval but never exceeded the critical
limit of 250 rpm that could impair geoVISION resis-
tivity tool (GVR) image quality. In the washed out
lower section of the hole (950–1400 m LSF), the GVR
experienced numerous shocks with peak intensity
sometimes >25 g without any failure.

Time after bit (TAB) measurements were ~5–10 min
for the gamma ray log, except in a short depth inter-
val corresponding to pipe connections where they
sometimes exceeded 1 h. The gamma ray log is
highly correlated to borehole shape, suggesting li-
thology-controlled washouts of sandy layers. TAB
measurements for density and neutron porosity logs
are ~45 min. In spite of the major washouts, the im-
age-derived density (four bin average maximum azi-
muthal density [IDRO]) and image stand-off correc-
tion (IDDR) provide valuable logs. TAB
measurements for resistivity were between 5 and 10
min. Where hole conditions were good, comparison
between deep button (RES_BD) and shallow button
(RES_BS) resistivity values showed that drilling fluid
invasion was not significant, consistent with the
short TAB readings. Elsewhere, the discrepancy be-
tween deep and shallow readings reflects possible in-
vasion in permeable (sandy) layers or poor hole con-
ditions (washouts, also associated with sandy layers).

The sonicVISION data for Hole C0002A were pro-
cessed by the Schlumberger Data Consulting Services
(DCS) specialist on board the Chikyu. Three products
were produced. The first analysis relies on a broad
band-pass filter on the data acquired during drilling,
referred to here as “wide.” The second relies on a
very narrow band-pass filter, designed to pass only
3
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he leaky P-wave arrival on the data acquired during
rilling, referred to as “leaky-P.” The third relies on
he wide filtering on the data acquired at high speed
hile pulling out of the hole, referred to as “wide-

ast.” As a result, the composite sonic velocity curve
or this site includes data from all three processed
ogs (Table T3). In the upper half of the hole (0–634

 LSF), the results of all three processed logs were
sed. The leaky-P data were only used for intervals
here neither of the other logs allowed reliable
icks. The wide data were the most reliable in the
ottom half of the hole, so these data were used to
ssemble the composite log from 634 to 1293 m LSF.

he quality control analysis of the sonic data is
ased on examination of the plots showing the sonic
aveforms and the slowness coherence images for

he common receiver data and the common source
ata (Fig. F8). The full versions of these three plots
re available as picture description standard
Schlumberger) format files in the raw data for the
xpedition (available at sio7.jamstec.go.jp). Figure
8 illustrates a typical example of an interval in
hich few if any picks are possible (Quality Type 3 in
able T3). Examples of Types 0–2, are shown in
Data and log quality” in the “Expedition 314 Site
0001” chapter.

ensity, gamma ray, and resistivity images are of
ery good quality. However, depth shifts of several
ens of centimeters are observed in these images.
hese depth shifts are neither systematic nor con-
tant with depth. They even occur within the images
rom the same tool (e.g., geoVISION deep, medium,
nd shallow resistivity images). All images and scalar
ogs were processed with the same time-depth con-
ersion files; however, the origin of these local depth
hifts is not clear and can not be realistically attrib-
ted to preprocessing of the data. At first, these
epth shifts seemed localized in zones of high con-
rast (resistivity, density, and gamma ray values) sug-
esting a possible combination of (1) tool deviation
n respect to layering and (2) shoulder effect. Se-
ected examples were sent to a Schlumberger DCS
pecialist on shore for further investigation. He re-
orted similar observations on past drillship expedi-
ions, suggesting that incomplete heave compensa-
ion and rapid vertical movements between the
ampling of all data (sampling rate = 5 s) are the ori-
ins of the depth shifts. Most of the analyses con-
ucted on board were done on the shallow resistivity

mage. Density (density correction and photoelectric
actor [PEF]) and gamma ray images have not been
sed for log characterization, physical properties,
tructural analyses, or log-seismic integration.

he resistivity image log from Hole C0002A extends
rom 129 to 1398 m LSF (Table T4). Overall, the qual-
roc. IODP | Volume 314/315/316
ity of the image data is excellent (except isolated
spurious depth shifts discussed above). The log is
marked by three 1 m intervals of poor quality where
the image is smeared, perhaps because of lack of ro-
tation. A short section of variable resistivity around
the hole circumference occurs from 129 to 197 m
LSF, probably because of hole eccentricity. Sharp
changes in resistivity along knife-edge planar hori-
zontal surfaces, typically bounding decimeter or
thicker domains, are suspected to be drilling arti-
facts. Centimeter-scale horizontal variations in resis-
tivity are also suspected to be artifacts because of
their thinness, regularity, and horizontal orientation.
Overall, the general structural patterns and sedimen-
tary features are apparent. Interpretation of resistiv-
ity image data is further discussed in “Structural ge-
ology and geomechanics” in the “Expedition 314
Site C0001” chapter.

Log characterization
and lithologic interpretation
Log characterization and identification

of logging units
Hole C0002A logging units were characterized from
visual inspection of the gamma ray, resistivity, bulk
density, and PEF log responses (Fig. F1). The resistiv-
ity images were used to define finer scale characteris-
tics within the units. Four primary logging units
were defined, as well as two zones of variation
within logging Unit II (Table T5). Bulk density and P-
wave velocity values increase slightly with depth,
whereas neutron porosity decreases with depth,
showing a clear compaction trend.

Logging Unit I (0–135.5 m LSF) exhibits a particu-
larly homogeneous conductive character in the resis-
tivity images. The ultrasonic caliper log indicates
poor borehole quality between 43.3 and 135.5 m LSF.
Gamma ray, resistivity, and density log values are rel-
atively low throughout this uppermost section and
change abruptly to higher values at 135.5 m LSF (Fig.
F1). This shift is taken as the boundary between log-
ging Units I and II.

At the upper boundary of logging Unit II (135.5–
830.4 m LSF), the variability of the resistivity and
gamma ray logs increases from the baseline values.
Caliper values are good throughout most of logging
Unit II, with the exception of 481.6–547.1 m LSF and
the lowermost section (below ~700 m LSF). Bulk den-
sity values show intervals of larger and smaller vari-
ability; stronger negative spikes correlate well to
higher caliper values, indicating washouts (Fig. F1).
Two zones were identified within logging Unit II.
Zone A (218.1–400.4 m LSF) is similar to the rest of
4
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ogging Unit II in terms of gamma ray, PEF, and neu-
ron porosity log responses. However, resistivity logs
how >50 significant resistive spikes (2–50 Ωm).
one B (481.6–547.1 m LSF) was defined as the high-
st sustained frequency and magnitude of log varia-
ions seen in logging Unit II. More than 50 conduc-
ive and low gamma ray layers occur within this
one.

ogging Unit III (830.4–935.6 m LSF) is characterized
y relatively consistent responses in the gamma ray
75 gAPI), resistivity (1.4 Ωm), bulk density (2.0 g/
m3), sonic velocity (2500 m/s), and neutron poros-
ty (0.5 PU) logs. The PEF values increase gradually
ver the upper few tens of meters and remain at a
elatively elevated baseline (3.3 b/e–) until decreasing
t the base of the unit (Fig. F1).

n logging Unit IV (935.6–1400 m LSF) all of the log
esponses exhibit high variability. Caliper values are
igh throughout, and the density and sonic logs are
orrespondingly unreliable for significant portions.
he neutron porosity and PEF curves reach their
ighest variability and lowest values within this
nit. The gamma ray and resistivity logs have gener-
lly higher variability magnitudes than in any of the
ther logging units but do not exhibit as high or as
any resistive peaks as in Zone A of logging Unit II

218.1–400.4 m LSF). Within logging Unit IV are sev-
ral more homogeneous intervals that exhibit mod-
rately high gamma ray, PEF, and resistivity log val-
es.

asic statistical analysis supports the broad logging
nits defined above. The fluctuation in the PEF curve
nd constraint of other parameters in logging Unit
II indicate a difference in composition from the
ther units (Fig. F9). The variation in sonic log trend
llustrates the unique characters of Zones A and B.

Log-based lithologic interpretation
ow resistivity associated with low gamma ray values
nd a higher average borehole diameter are common
hroughout the borehole. The difference between
he shallow and deep resistivity log values for a given
epth can be taken as an approximation of the de-
ree of invasion of drilling fluid into the formation
Fig. F10). Intervals with significantly high resistivity
ifference (i.e., deep button resistivity is greater than
hallow button resistivity) coincide with the gamma
ay lows that are typically associated with sandier
ithologies. Where borehole quality is good, high re-
istivity differences may indicate permeable layers
hich have been partially invaded. Therefore, lower

darker color) resistivity images alongside particular
og responses throughout the borehole are indicative
roc. IODP | Volume 314/315/316
of higher sand content, with high conductivity po-
tentially an effect of invasion.

A subtle change in bedding dip is exhibited at each
of the logging unit boundaries, implying that they
are angular unconformities (Fig. F11). Logging Unit
IV is composed of steeply dipping beds with variable
orientations. Bedding in logging Unit III exhibits a
clear bimodal distribution between north and south
dip directions. Logging Unit II consistently dips shal-
lowly to the northwest except for the very top of the
section, which begins to dip to the south. The bed-
ding that can be seen in logging Unit I dips shal-
lowly to the south.

Logging Unit I
Logging Unit I exhibits conductive resistivity images
corresponding to sandy beds with significant wash-
outs. Layering is also faintly visible. Accordingly, the
lithology for logging Unit I is thought to be uncon-
solidated sandy/silty mud. Low density and high cal-
iper measurements, as well as sonic velocity mea-
surements coinciding with the borehole fluid arrival,
indicate that Unit I is the least consolidated of the
units defined in this hole.

Logging Unit II
Below the logging Unit I/II boundary, resistivity im-
ages show more variation, with clearer bedding. Fine
bedding in the images corresponds to high variation
in the other logs. The high variability throughout
the unit is attributed to the lithologic and composi-
tional variation within turbidite sequences, which
are characterized by higher amplitudes and frequen-
cies of variation in the gamma ray, resistivity, and
density values (Fig. F12A). When viewed at a finer
scale, many of the gamma ray cycles show an abrupt
drop from values indicative of mud below to those
indicative of higher sand content above, followed by
a gradual, fining-upward trend returning to muddier
values. The sand beds identified in the gamma ray
log also exhibit low P-wave velocity and resistivity
and a slightly larger borehole diameter, implying
that the beds are uncemented, soft, and permeable.
Meter-scale cycles dominate and are locally ex-
pressed in the density profiles. Several zones of
smaller scale cycles are interpreted as finely interbed-
ded sand and mud (Fig. F12A). Some decameter-scale
cycles are also observed, as well as slightly sandier in-
tervals in the lower half of the unit (Fig. F12B). Over-
all, logging Unit II appears to consist of sandy/silty
turbidites and hemipelagic mud, with some varia-
tion in frequency of interbeds and composition.

Two zones within logging Unit II demonstrate differ-
ences potentially related to postdepositional proper-
ties and thus are classified differently. Zone A resis-
5
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ivity logs show >50 significant resistive spikes (2–50
m), ranging from 20 to 140 cm in thickness and

ewer conductive spikes than the rest of logging Unit
I (Fig. F12A). More than half of these resistive peaks
ccur between 350 and 400 m LSF and are generally
75 cm thick (Fig. F13A). Low gamma ray values,
igh velocity, and better borehole diameter are asso-
iated with these occurrences.

oth resistivity and sonic baseline values increase
lightly throughout Zone A and decrease sharply at
he base. Interpretation of the seismic data indicates
 negative polarity BSR near 400 m seismic depth be-
ow seafloor (SSF). The interval above the BSR proba-
ly contains gas hydrates, which yield high resistiv-
ty and velocity values but have low density and
ittle effect on the gamma ray log. Upon closer exam-
nation (Fig. F13A), resistivity peaks are usually
ound at the base of asymmetric gamma ray log lows,
hich have been interpreted as fining-upward se-
uences with gradational tops. This relation indi-
ates a host bed grain-size control on porosity and
as hydrate formation.

ore than 50 possible sand layers occur within Zone
, with thicknesses ranging from 20 cm to 1 m (Fig.
13B). The sand beds are thickest between 500 and
25 m LSF, whereas the thinnest beds are observed
ear the top and bottom of the zone. Above and be-

ow Zone B are mud-rich zones, which yield less vari-
tion in resistivity log responses and a lower magni-
ude of separation between the deep and shallow
esistivity values. This implies that the strata in Zone
, particularly the central portion (500–525 m LSF),
re more permeable and form a possible conduit for
as and liquid. Increased magnitude of variation in
he density log through this zone, slightly depressed
onic log values, and the presence of a negative po-
arity bedding reflection in the seismic profiles (Fig.
14) suggest the presence of abundant gas.

ogging Unit III
ogging Unit III displays distinctly different log re-
ponses from the logging units above and below (Fig.
15). Low variation from gamma ray and resistivity
aselines, which are near the high end of logging
nit II values, indicates a uniform lithology within

ogging Unit III, similar in some respects to the mud-
ich end-member of the Unit II variation. Values of
EF near 3.5 b/e– are particularly high, in contrast to
 b/e– in the section above. This difference suggests a
ompositional change to a very low sand content, as
.5 b/e– is close to pure shale or mudstone values
Rider, 1996). Resistivity images show very fine layer-
ng and a decrease in breakout occurrences. The

ost likely lithology is hemipelagic mud.
roc. IODP | Volume 314/315/316
Several conductive peaks in the resistivity logs, corre-
sponding to low gamma ray, PEF, and density log
values, are found in the middle portion of logging
Unit III and are interpreted as thin sand or silt beds.
These beds are at depths (~890 m LSF) consistent
with an unconformity seen in the seismic profile
(top of lower sediments I in Fig. F14). Distribution of
dips within this unit shows that above this uncon-
formity the dips are dominantly southward, whereas
below the dips are dominantly to the north (Fig.
F11). This differs somewhat from the seismic inter-
pretation, which shows the upper part of logging
Unit III (seismic Unit Kumano 11) dipping to the
north. However, the surface of this unconformity
may be uneven, and the southward dip may be a lo-
cal phenomenon. Above the unconformity, the PEF
curve decreases upward to the top of the unit; how-
ever, other logging parameters show no difference
from the lower portion of the logging unit. Classifi-
cation of a lithologic boundary at this unconformity
is therefore not warranted.

Logging Unit IV
Logging Unit IV corresponds to the accretionary
prism inferred in the seismic interpretation (Fig.
F14). The boundary between logging Units III and IV
is sharp and marked by a negative spike in each log
except for the neutron porosity. All of the logs ex-
cept for resistivity and PEF return to values similar to
logging Unit II and III baselines within 40 m of the
logging Unit III/IV boundary. Observed bedding dips
are steeper and more variable in logging Unit IV
than in the logging units above. Intervals which ex-
hibit more variation, particularly in the resistivity,
and intervals which appear more homogeneous are
both observed within Unit IV. Some of the intervals
of high variability are similar to Unit II, with some
fining-upward cycles and meter to decameter scales
of variation. High caliper values (9.5–14 inches) are
believed to indicate higher concentration of unce-
mented sand both within these cycles and overall.
These zones are interpreted as strongly deformed
sandy/silty turbidite sequences.

The more homogeneous intervals of logging Unit IV
are distinctive on the image logs, where they appear
mottled (Fig. F16). These more homogeneous inter-
vals are characterized by relatively constant, high
gamma ray and density values and significantly less
variability in resistivity logs. Associated high resistiv-
ity could be attributed to compaction, which would
make the formation more stable and is consistent
with good borehole quality. The homogeneous ap-
pearance indicates higher clay-size content, al-
though the mottled appearance on the resistivity im-
ages lends itself to several interpretations. Given the
6
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eformed nature of the rest of Unit IV, it is possible
hat the mottled sections are the dismembered rem-
ants of clay-rich horizons. Incorporation of volca-
ic ash or volcaniclastic inputs are also possible with

his interpretation. An alternative hypothesis is that
ogging Unit IV may be composed predominantly of
eformed interbeds of sand and mudstone with local
ass flow deposits. The mottled sections would cor-

espond to more homogeneous intervals.

Physical properties
hysical properties analyzed at Site C0002 include
hermal neutron porosity (TNPH), IDRO, five differ-
nt resistivity logs (bit; ring; and shallow, medium,
nd deep button), and sonic P-wave velocity. Porosi-
ies were also derived by several different methods. A
eries of cross-plots between different physical prop-
rties were produced to compare and reveal relation-
hips between properties.

Density
he density log in Hole C0002A is based on IDRO,
hich is derived by extracting the highest value

rom the 16 azimuthal measurements of density at a
iven depth.

og density in Hole C0002A generally increases with
epth (Fig. F17). In logging Unit I, the density log

ncreases rapidly from 1.15 g/cm3 at the seafloor to
.68 g/cm3 at 64.0 m LSF. From 64.0 m LSF to the
ottom of Unit I (135.5 m LSF) density data are af-
ected by hole conditions. The density log remains
early constant at ~1.8 g/cm3 from ~136 to ~300 m
SF with some negative spikes. The density log shifts
o higher values (~1.9 g/cm3) between 299.3 and
43.8 m LSF with minor fluctuations and then re-
ains constant (~1.93 g/cm3) to 481.6 m LSF. No

arge fluctuations in density are observed in Zone A
hydrate zone) (see “Log characterization and lith-
logic interpretation”), whereas resistivity data
how high variability (see “Resistivity and esti-
ated porosity”). The density log shows a gradual

ncrease to ~2.0 g/cm3 at the base of logging Unit II.
n Zone B (potential gas zone, 481.6–547.1 m LSF)
ensity exhibits large variations associated with
luctuations in the caliper, which can also be seen
n the resistivity log (see “Resistivity and esti-
ated porosity”). This variability may correspond

o a turbidite-rich layer. At the boundary of Units II
nd III (830.4 m LSF) density shows a negative peak
t 1.83 g/cm3. In logging Unit III, density decreases
rom 2.10 g/cm3 at 832.6 m LSF to 2.00 g/cm3 at the
ottom of Unit III (935.6 m LSF). The data are much
ore scattered in logging Unit IV as a result of hole
roc. IODP | Volume 314/315/316
conditions. Density shows an increasing trend with
depth, reaching a value of ~2.3 g/cm3 at 1366.4 m
LSF.

Density-derived porosity
A porosity profile was calculated from the bulk den-
sity log (IDRO) (Fig. F18), using a constant grain
density (ρg) of 2.65 g/cm3 and a water density (ρw) of
1.024 g/cm3 (see the “Expedition 314 methods”
chapter). The density-derived porosity shows higher
values than the neutron porosity in logging Unit I.
The density-derived porosity and neutron porosity
show almost the same value from 131 to 319 m LSF,
and the density-derived porosity is ~10% lower than
the neutron porosity to the bottom of the hole. The
difference in values is especially marked in Unit II
below Zone A (Zone B excepted) and in Unit III,
which is clay-rich.

The density-derived porosity log is generally slightly
less scattered than the neutron porosity log, except
for intervals with large caliper measurements (i.e.,
135.5–344.5, 481.6–547.1, and 935.6 m LSF to the
bottom of the log). The discrepancy between the two
porosities is also demonstrated in the cross-plot of
density-derived porosity versus neutron porosity,
which shows an overall positive correlation between
the density-derived porosity and neutron porosity
(Fig. F19). High porosity data mainly lie above the
diagonal line and relatively low porosity data (≤55%)
mainly lie below the diagonal line.

Neutron porosity
The TNPH log in Hole C0002A shows large scatter
throughout the entire depth range (Fig. F20); there-
fore, the porosity data were smoothed using a 4.5 m
running average to reduce the scatter. In logging
Unit I, the porosity data show relatively high poros-
ity (60%–75%) with high-frequency fluctuation. In
logging Unit II, the porosity log shows a stepwise de-
crease from 63.3% to 49.2%. At the first step, the po-
rosity log drops from 63.3% at 135.5 m LSF to 56.0%
at 146.0 m LSF; thereafter, the log stays constant at
~56%. At the second step, the porosity log drops to
54% at ~262 m LSF and remains nearly constant un-
til 547.1 m LSF (54.3%). The porosity log decreases
from 54.3% to 50.0% across the 46.8 m interval from
547.1 to 593.9 m LSF then remains nearly constant
at ~50% to the bottom of Unit II, with only small
fluctuations around this value. Porosity slightly in-
creases from 49.2% to 55.0% in Unit III (830.4–935.6
m LSF). In logging Unit IV, TNPH data show signifi-
cant scatter and are affected by the hole conditions.
The porosity log shows a decreasing trend with
depth and reaches ~37.2% at the bottom of the log.
7
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Resistivity and estimated porosity
esistivity logs
igure F10 shows a comparison of the caliper (CCAV)
og, smoothed logs of the five different resistivity

easurements (ring; bit; and shallow, medium, and
eep button resistivity), and the smoothed result of
he difference between shallow and deep button re-
istivity. A moving average using a 21-point (~3 m
nterval) window was used to smooth the resistivity
alues. Superposition of the deep, medium, and shal-
ow button resistivity measurements shows generally
ood agreement among them. The logs show in-
reasing resistivity values from the seafloor to the
ottom of Zone A followed by a slight decreasing
rend of resistivity to the top of logging Unit IV and
n increasing trend to the bottom of the hole.

ore systematic comparisons between resistivity
ogs were made through cross-correlations. Figure
21 shows bit and ring resistivity and shallow and
eep button resistivity cross-plots. Contrary to Hole
0001D, the ring resistivity is generally lower than

he bit resistivity. The difference between bit and
ing measurements is ~0.3–0.5 Ωm for all the resistiv-
ty values.

he cross-plot between shallow and deep button
easurements indicates that deep resistivity mea-

urements are generally higher than shallow resistiv-
ty measurements. Figure F10 shows that the zones
here deep resistivity values are significantly higher

han shallow resistivity values correspond in most
ases to intervals with large caliper values identified
s possibly sand-rich layers (see “Log characteriza-
ion and lithologic interpretation”). At the bottom
f Zone A, some notable peaks showing relatively
igh deep resistivity values imply the presence of gas
ydrate.

n logging Unit I, resistivity values gently increase
rom 0.8 to 1.1 Ωm. A stepwise increase from 1.1 to
.4 Ωm is observed at the logging Unit I/II boundary.
he top section of logging Unit II, above Zone A,
hows relatively constant resistivity values of ~1.5
m, reduced at depths between 200 and 218 m LSF.
he resistivity values increase in Zone A from 1.5 to
.6 Ωm, with a lower resistivity value excursion from
80 to 320 m LSF. It is noted that this lower resistiv-
ty zone is between (below and above) spikes of high
esistivity values. Similar high resistivity spikes (up
o 50 Ωm) are found at the bottom of Zone A and are
nterpreted as the signature of gas hydrate–rich inter-
als (see “Log characterization and lithologic in-
erpretation”). The bottom of Zone A is marked by a
et decreasing trend of resistivity values from 2.6 to
.7 Ωm. The resistivity values are nearly constant in
one B and the deepest part of logging Unit II, below
roc. IODP | Volume 314/315/316
Zone B (1.5 and 1.6 Ωm, respectively). The ring and
the shallow, medium, and deep button resistivity sig-
nals become very noisy in Zone B and are scattered
in patches below Zone B to the logging Unit II/III
boundary. This scattering is likely to be linked to the
presence of sand-rich layers. It is noted that most
spikes in Zone B are negative (conductive), which is
typical for sandy layers, whereas spikes in Zone A are
mostly positive (resistive), representing a gas hy-
drate–dominated character. From 530 to 700 m LSF a
decreasing trend of resistivity from 1.7 to 1.3 Ωm is
observed followed by an increasing trend of resistiv-
ity from 1.3 to 1.5 Ωm. Logging Unit III is character-
ized by a slightly decreasing trend of resistivity from
1.5 to 1.4 Ωm and by a stable ring resistivity signal.
The logging Unit III/IV boundary is marked by a de-
crease in resistivity from 1.4 to 1.1 Ωm. The upper
section of logging Unit IV (from 936 to 1080 m LSF)
is characterized by the general increase of resistivity
from 1.4 to 2.1 Ωm. Below that section, the resistiv-
ity measurement is relatively constant at ~1.9 Ωm
except for one zone of lower resistivity values (1.7
Ωm) between 1080 and 1140 m LSF and two zones of
higher resistivity values (2.2 and 2.3 Ωm, respec-
tively) at ~1220 and ~1300 m LSF.

Estimation of temperature profile
The temperature gradient was integrated from poros-
ity-dependent rock thermal conductivity and estima-
tion of temperature at the base of the gas hydrate
zone.

The depth-dependent thermal conductivity (K) at
this site was inferred using a geometric mean model,
as follows:

,

where Kg is the grain thermal conductivity (2.85
W/[m·K], from Leg 190 Site 1173) (Moore, Taira,
Klaus, et al., 2001), Kw is the water thermal conduc-
tivity (0.60 W/[m·K]), and φ is the porosity. TNPH
was used to estimate φ. Calculated K is ~1.25 W/
(m·K) from seafloor to ~950 m LSF and ~1.5 W/
(m·K) from ~950 m LSF to the bottom of the hole.

The temperature at the base of the gas hydrate zone
(400.4 m LSF) was estimated at 22°C from the stabil-
ity fields of gas hydrate (Kvenvolden, 1988).The re-
sulting regional surface heat flow (Q) is 60 mW/m2,
as obtained from the integration of the thermal resis-
tance between the surface and the base of the hy-
drate zone:

.

K Kg
1 φ– Kw

φ=

T T0 Q dz
K
------

0

z

∫+=
8
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urface temperature (T0 = 2°C) was assumed. The es-
imated heat flow is consistent with surface heat
low data. The in situ temperature profile was calcu-
ated using the same equation assuming the heat
low estimated above. The resulting temperature pro-
ile reaches 67°C at 1370.7 mbsf.

stimation of porosity from resistivity
eawater electrical resistivity was calculated using
he temperature profile estimated above (see the
Expedition 314 methods” chapter) and was used
o evaluate formation factor from both ring and re-
istivity logs. They are normally related to porosity
y Archie’s law. The Archie’s law parameters that best
it the lower bound of the density-derived porosity
re a = 1 and m = 2.4 (Figs. F22, F23, F24). It should
e noted that lithologic variations not taken into ac-
ount in this estimation could affect the resulting
orosity, as well as the choice of Archie’s law con-
tants.

esistivity-derived porosity generally decreases with
epth (Fig. F21). In logging Unit I, resistivity-derived
orosity decreases from 70% at the surface to 54% at

ts base. Within a 10 m interval at the top of logging
nit II, the resistivity-derived porosity jumps from
4% to 50% then decreases gradually to 47% to the
op of Zone A. Resistivity-derived porosity further
ecreases within this zone to 33% at its base. The
igh ring resistivity peaks in this zone apparently
enerate negative resistivity-derived porosity peaks
nterpreted as intervals of gas hydrate occupying the
ore spaces of the formation. At the base of Zone A
he resistivity-derived porosity jumps from 33% to
0% within <7 m, corresponding to the BSR visible
n the seismic sections. This apparent increase is al-
ost certainly an artifact of the resistivity difference

etween hydrate-filled pore space and pore space
illed with free gas rather than an actual change in
orosity. From 406 m LSF to the base of logging Unit
II (936 m LSF), resistivity-derived porosity decreases
ery slowly from 40% to 37%, corresponding to a
radient of ~0.6% per 100 m. Possible explanations
or this very slow decrease could be the cementation
f a somewhat sandy formation, the presence of
luid overpressure in an undrained material, increas-
ng hydrous clay content downsection, or the result
f lithologic variations. The resistivity-derived poros-
ty gradient with depth increases to ~2.0% per 100 m
n logging Unit IV, corresponding to the shallow part
f the older accretionary prism. Resistivity-derived
orosity reaches ~28% at the base of the hole.

P-wave velocity
he formations at this site can be divided into two
ain sections at 934 m LSF based on quality of the
roc. IODP | Volume 314/315/316
P-wave velocity log (Fig. F25): (1) upper formation
of relatively good quality (quality level of 1–2) and
(2) lower formation of relatively poor quality (qual-
ity level of 2–3) (see “Data and log quality”). There
appears to be a significant discontinuity in physical
properties at the boundary between the forearc ba-
sin (logging Units I–III) and the accretionary prism
(logging Unit IV). The lower quality of the sonic
logs in logging Unit IV can be attributed primarily
to hole conditions.

No reliable formation velocity was measured in log-
ging Unit I because of either mud arrival interaction
(0–100 m LSF) or borehole washouts (~135 m LSF).
Sonic P-wave velocity increases monotonically from
1600 m/s at the logging Unit I/II boundary to ~2000
m/s at ~380 m LSF. Velocity begins to decrease
sharply at 380 m LSF through an interval below the
BSR between 400 and 550 m LSF. Below this depth,
velocity tends to gradually increase with depth with
a few minor fluctuations. The low-velocity zones at
660 and 710 m LSF should be noted because sonic
data at these depths are of high quality. Also noted is
a nearly constant velocity (~2260 m/s) between 810
and 890 m LSF in logging Unit III, where muddy sed-
iments are dominant. It is noteworthy that other
physical properties such as resistivity, TNPH, and
gamma ray values also remain almost constant in
this depth interval. Directly above the logging Unit
III/IV boundary, a notable low-velocity zone exists.

The quality of the sonic logs is poor in logging Unit
IV. Thus, it is hard to define detailed characteristics
of the sonic behavior in this unit. However, a strong
increasing trend (1.33 m/s per meter) in VP com-
pared to that in the upper formations from 550 to
920 m LSF (0.73 m/s per meter) is noted. Values up
to 3000 m/s or more were recorded in intervals of
good data quality near the bottom of the hole.

Comparison of P-wave velocity 
with other properties

In this section, we compare VP with resistivity (Fig.
F26) and estimated porosity (Fig. F27). Figure F26A
shows a cross-plot between VP and bit resistivity. The
entire data set in this cross-plot (except the mud ar-
rival at 1500 m/s) produces three main subsets de-
pending on the velocity-resistivity relation: (a) for-
mations above the BSR (~400 m LSF, indicated by
purple and light blue), (b) formations below the BSR
(red and orange), and (c) accretionary prism (green).
Note the remarkable difference in slopes between (a)
and (c). The formations above the BSR (a) are charac-
terized by a significant increase in resistivity but a
minimal increase in velocity with depth, resulting in
a gentle slope in the velocity-resistivity relation. In
9
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he prism (c), both velocity and resistivity increase
ith depth, resulting in a moderate slope in the ve-

ocity-resistivity relation. The data cluster for the for-
ations below the BSR (b) has a negative slope re-

ulting from the decrease in resistivity while velocity
ncreases with depth, connecting the two subsets (a)
nd (c). Such a trend is more clearly visualized in Fig-
re F26B. Both velocity and resistivity decrease with
epth immediately below the BSR over a 100 m in-
erval. Velocity then increases with depth, but resis-
ivity continues to decrease and stays constant to the
ogging Unit III/IV boundary.

-wave velocity and porosity relationships are pre-
ented in Figure F27. Four different porosity logs
TNPH, density-derived porosity, and bit and ring re-
istivity–derived porosities) are cross-plotted with P-
ave velocity. Clearly, there are some differences in
alues between differently derived porosities. See rel-
vant descriptions for individual porosities in “Phys-
cal properties” in the “Expedition 314 methods”
hapter.

hereas all four plots show a general agreement in
rends of decreasing porosity with increasing veloc-
ty, there are slight differences in fitting data for indi-
idual formations. For example, the gas hydrate–
earing formations (indicated with light blue) tend
o have different patterns of resistivity-derived po-
osities from those of other porosity data, such that
he slope of the relationship is relatively low. It is

ainly because resistivity-derived porosity is biased
oward higher resistivity values in the gas hydrate–
earing formations. The velocity-porosity relation-
hip for the accretionary prism is markedly scattered
or density-derived porosity. The relationship for the
rism is quite well constrained for both resistivity-
erived porosities, simply because the resistivity-de-
ived porosities themselves vary less than the noisy
ensity-based values.

Structural geology
and geomechanics

ur interpretations of structure and in situ stress are
erived from resistivity images in Hole C0002A (see
he “Expedition 314 methods” chapter). We used a
ariety of images for the interpretation, including
hallow, medium, and deep depths of investigation
nd several static and dynamically normalized im-
ges. Final interpretation was based on the shallow
mage. Data quality is good for the majority of the
ole. See the “Expedition 314 methods” and “Ex-
edition 314 Site C0001” chapters for comments
n uncertainties and methods in picking features
nd in differentiating bedding and fracture planes.
roc. IODP | Volume 314/315/316
Where possible, the level of uncertainty of interpre-
tation is provided in the text and figures of this
chapter. Caliper data were not directly integrated
with the resistivity images but were considered dur-
ing interpretation.

Site C0002 penetrated both the forearc basin and the
underlying older accretionary prism; therefore, the
structural character of these two major units can be
compared (Fig. F28). We also compare structural as-
pects of this site with Site C0001.

Bedding
Bedding dips contrast clearly between the forearc ba-
sin, with mostly shallow dips (≤15°), and the under-
lying prism, with markedly steeper dips (~30°–60°)
(Figs. F28, F29). The shallow dips of the forearc basin
make identifying and accurately determining dip
and strike difficult, and this should be considered in
the following interpretation. Our interpretation re-
sults, however, show that the poles to the bedding
planes in the basin are highly concentrated and their
trends generally agree with the regional bedding pa-
rameters defined by the three-dimensional (3-D) seis-
mic data volume (Fig. F29), suggesting sufficient reli-
ability. See “Discussion and synthesis” for
comparisons of borehole image and seismic data.

The forearc basin is divided into three logging units
(Figs. F28, F29). The majority of beds in logging Unit
I trend northeast to east and dip to the south (<4°).
Logging Unit II beds appear to trend approximately
northeast–southwest but with some scatter in azi-
muth and dipping (<8°), both toward the north and
south. Logging Unit III beds also trend northeast–
southwest but are more variable in azimuth and dip
magnitude, with dips to both north and south. Bed-
ding dips increase in the lower half of logging Unit
III (Fig. F30). For the structure of logging Unit III, see
the next section.

The stratigraphy of the underlying prism (logging
Unit IV) is more deformed with steeper dips (~18°–
60°) and a dominant northeast–southwest trend (Fig.
F29). The poles to the bedding of this unit have two
clusters on the stereonet (Fig. F29B). One highly
scattered cluster dipping to the south approximately
corresponds to the shallow beds (~1120 m LSF), and
the other less scattered one dipping to the north cor-
responds to the deeper beds.

Structure of logging Unit III
(forearc basin–prism transition)

Logging Unit III is distinguished from other units by
its lithologic homogeneity and distinct gamma ray
and PEF signature and is interpreted as a homoge-
neous mud deposit (see “Log characterization and
10

314_112.PDF
314_112.PDF
314_113.PDF
314_113.PDF
314_112.PDF#page=8
314_112.PDF#page=8


Expedition 314 Scientists Expedition 314 Site C0002

P

l
t
F
m
t
T
b
(

B
z
w
t

F
w
p
i
t
c
t
i
s
b
F
r
a
d
b
t
i
t
i
L

F
c
f
t
t
d
a
“

A
t
s
F
h
n
U
e
o
e
m
i
l

ithologic interpretation”). Structurally it also con-
rasts with logging Units II above and IV below (Fig.
30). Borehole breakouts, which occur throughout
ost of the hole, are very weakly developed within

his unit, possibly as a result of sediment properties.
he base of this unit (lower ~30 m) is characterized
y a number of steeply dipping resistive fractures
Fig. F30).

edding is difficult to discern, but beds in the middle
one (870–910 m LSF) dip to the south at up to 25°,
hereas beds in the lowermost 10 m of the unit dip

o the north (<16°).

Natural fractures
ractures were less common at this site compared
ith Site C0001 within the active accretionary
rism. Fractures have been analyzed according to az-

muth and conductivity and are classified into four
ypes: (1) conductive, (2) resistive, (3) undefined
onductivity, and (4) uncertain fractures. Most frac-
ures only show a partial sinusoid in the borehole
mages, often preventing accurate determination of
trike and dip. In some cases, these fractures have
een classified as “uncertain” fractures (e.g., Fig.
28), as there is a small possibility that they are not
eal features. Uncertain fractures are not differenti-
ted according to conductivity but are mostly con-
uctive. In some cases, fracture conductivity cannot
e defined because of small fracture aperture or lit-
le/variable resistivity contrast with surrounding sed-
ments, hence the fracture class “undefined conduc-
ivity.” Fracture frequency (Fig. F31) indicates
ncreased deformation in the prism (below 936 m
SF) relative to the forearc basin.

ractures in the forearc basin are both resistive and
onductive, but mostly conductive if all uncertain
ractures are included (Figs. F28, F32C). In the frac-
ured base of the forearc basin (logging Unit III), frac-
ures are resistive (Fig. F30). The majority of better
efined fractures within the prism (logging Unit IV)
re also resistive but more mixed in conductivity if
uncertain” fractures are included.

nalyzing the entire hole, the fractures exhibit scat-
er in trend but with dominant trends of northeast–
outhwest and northwest–southeast (Fig. F32C).
ractures of the forearc basin (logging Units I–III) are
ighly scattered (Fig. F32A). However, trends of
ortheast–southwest to east–west may be present.
ncertain fractures show a clear northwest–south-
ast trend. A few of the forearc basin fractures, with
rientations northeast–southwest and east-north-
ast–west-southwest, offset bedding planes with nor-
al offset (Fig. F33). Higher fracture densities occur

n the upper 200 m of the forearc basin and within
ogging Unit III (Fig. F31).
roc. IODP | Volume 314/315/316
Prism fractures (logging Unit IV) are more difficult to
differentiate from bedding but show much less scat-
ter than the forearc basin and a dominant northeast–
southwest trend with a minor northwest–southeast
trend (Fig. F32B). Examples of conductive prism frac-
tures are shown in Figure F34. Fracture dips are not
significantly steeper than those in the basin (~30°–
85°). Many of the fractures are bedding parallel
within this unit. Several large-aperture (10–30 cm)
highly resistive fractures were observed within the
prism, and we interpret these as cemented or miner-
alized. These features were interpreted as fractures,
not bedding, because of their extreme resistivity.

Borehole breakouts
Breakouts were common throughout Hole C0002A
(e.g., Fig. F33) and present in both the forearc basin
and underlying older accretionary prism. Interest-
ingly, the breakout orientation is approximately the
same in these two distinct units (Figs. F28, F35A). No
tensile fractures were observed. The average azimuth
of breakouts is ~135° (northwest–southeast) with a
range of 080°–170°, indicating that SHmax is oriented
northeast–southwest (045° or 225°). This orientation
is at ~90° to that at Site C0001 in the megasplay fault
zone or outer arc high. Breakout widths range from
10°–170° but with a modal range of ~20°–40° (i.e., at
the lower end of the total range) and an average of
~60° (Fig. F35B).

In detail, breakout parameters (azimuth and width)
vary slightly with depth (Fig. F36). Figure F36A illus-
trates azimuth varying nonlinearly downhole, gener-
ally from a mean of 120° in the upper forearc basin
to a mean of 145° in the lower part of the prism pen-
etrated by the borehole. The most dramatic change
in orientation occurs at ~1200 m LSF from 125° to
140°. The general change in azimuth downhole is
likely a result of changes in the stress field, but local
variability on the 50–200 m depth scale may be re-
lated to sediment properties around the borehole.
Breakout width (Fig. F36B) shows a distinct increase
at ~1000 m LSF near the top of the old accretionary
prism material, which might be related to physical
properties of the borehole sediments and/or related
drilling parameters (e.g., borehole pressure).

Stress magnitude analysis
from breakout widths

A preliminary attempt to constrain stress magnitude
based on breakout widths was carried out at two
depths (900 and 1300 m LSF). These two depths were
chosen because rock types were relatively well identi-
fied from multiple logs and the states of stress may
be different at depths above and below the major
11
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orearc basin/prism boundary. Average widths of
orehole breakouts are 34° and 85° at the respective
epths.

ormation pressure at each depth was assumed to be
ydrostatic. Figure F37 shows stress polygons for the

wo depths, in which the drilling-induced tensile
racture criterion (indicated by a red line) and rock
niaxial compressive strength (UCS) lines (indicated
y blue lines) are plotted. Each blue line represents a
race of SHmax and Shmin that is required to create the
bserved widths of borehole breakouts for a given
CS value. Because no drilling-induced tensile frac-

ures were observed at Site C0002, SHmax and Shmin

ust lie within the stress polygon to the right of (be-
ow) the red line and along a blue line representing
ock strength.

eliable information on rock strength is essential for
his analysis. Since no known rock strength data are
vailable in this area, an indirect estimation of rock
trength was attempted using a series of empirical re-
ationships that relate velocity or porosity to UCS
Chang et al., 2006). These relations are calibrated
or high-porosity shale and sandstones from the Gulf
f Mexico and North Sea, which might have under-
one a different compaction and diagenetic history
rom the rocks of the Nankai forearc. Thus, the esti-

ated UCS values here are subject to uncertainty
nd await corrections using data from subsequent
xpeditions.

he values of UCS were estimated to be 5.1 ± 3.9
Pa (shale at 900 m LSF) and 11.9 ± 1.7 MPa (sand-

tone at 1300 m LSF). Based on these estimated UCS
alues, the state of stress at 900 m LSF is a normal
ault stress regime (Shmin < SHmax < Sv) and that at 1300

 LSF is categorized to be either a strike-slip fault or
 thrust fault stress regime.

Discussion and conclusions
omparisons between borehole analysis 
f structure and seismic reflection data
edding in the 3-D seismic data set shows gentle dips

n the Kumano forearc basin sediments, and this
grees with the structural style in the resistivity im-
ges (Fig. F29). Forearc basin bedding orientations
rom borehole data are generally compatible with
hose imaged by seismic reflection data (Table T6)
ith a northeast–southwest strike. Prominent seis-
ic scale horizons in logging Unit I strike northeast–

outhwest and dip south, which agrees generally
ith small-scale bedding from the borehole. Logging
nit II beds strike northeast–southwest and dip
ostly to the north in seismic data. The strike is con-
roc. IODP | Volume 314/315/316
sistent in borehole data, but dip directions are more
scattered. This may be due to difficulties in resolving
low-angle features or to some difference between
bedding at two different scales.

Logging Unit III represents the lowermost forearc ba-
sin sediments and appears to be divided into two
subunits in seismic reflection data (Fig. F14). The
lower of these two subunits lacks continuous seismic
reflectors and coincides with more intensive fractur-
ing from resistivity images (Fig. F30). The two seis-
mic units of this logging unit have contrasting dip
directions: the upper dipping north and the lower
dipping south. Borehole bedding interpretations
(Fig. F30) show northeast–southwest trends and
more scattered dip directions (north and south) but
with a more consistent southeasterly dip direction
and increased dip magnitude in the lower half of the
unit (below ~870 m LSF), except for the basal 10 m
where dips decrease again. This also generally agrees
with the seismic data.

Within the prism, both seismic and borehole inter-
preted beds dip more steeply than the basin above
and strike approximately northeast–southwest. The
scattered azimuth and dip of the borehole beds sug-
gest a strongly deformed structural style of the
prism, which cannot be clearly imaged in the seismic
profiles.

Seismic reflection data show clear normal faulting
within the forearc basin (Figs. F14, F38) with trends
from east–west to northeast–southwest and predomi-
nantly dipping to the north. There is another set of
faults identified in time slices, with some displacing
the seafloor, with a northwest–southeast trend.
These seismic scale faults can be correlated with the
forearc basin fractures identified in resistivity im-
ages, (i.e., those with northeast–southwest to east–
west trends and northwest–southeast trends [uncer-
tain fractures]) (Fig. F32A).

The orientation of possible faults within the upper
prism has not been determined from seismic reflec-
tion data, although some of the northeast/east-
trending normal faults in the basin may extend into
and offset parts of the upper prism. If we presume
that the tectonic setting has remained similar for the
last few million years, then we might expect old
compressional structures within the older prism unit
with similar trends to the active prism (i.e., north-
east–southwest), as observed in the borehole fracture
data set at this site (Fig. F32B). It is possible that
some of these structures may have been reactivated
as other fault/fracture types in the present stress re-
gime or, alternatively, these structures may be inac-
tive prism fractures.
12
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tress magnitude implications 
or deformation style
tress magnitude estimations from borehole break-
ut widths, compressive strengths, borehole pres-
ures, and friction coefficients suggest different stress
egimes within the forearc basin and prism (Fig.
37). At ~900 m LSF, the base of the forearc basin,
ormal faulting would be expected. In this case, the
aximum principal stress would be vertical and the
inimum principal stress would be to the north-
est. This is generally consistent with the observed

eismic scale faulting and with evidence of normal
ffset by borehole scale fractures trending ~north-
ast–southwest. At ~1300 m LSF, within the prism,
he estimated state of stress conditions favor either
trike-slip or thrust faulting. However, if the empiri-
al equations have overestimated UCS, normal fault-
ng is also possible. So the faulting stress regime is
ot well constrained in the older prism. Conceiv-
bly, the following deformation styles are geologi-
ally possible and plausible from the predicted state
f stress in the prism:

Normal faulting and extension similar to the over-
lying forearc basin, with faults extending into the
upper prism, possibly reactivating old thrust faults
with favorable orientation;

Strike-slip faulting accommodating some compo-
nent of margin-parallel deformation; and

Thrust faulting but with northwest–southeast
fault trends (perpendicular to the margin) result-
ing from the orientation of SHmax.

he latter style of deformation, however, is not com-
atible with northeast–southwest borehole fracture
rientations in the prism. If the strike-slip or thrust
aulting stress regime dominates, then SHmax is also
he maximum principal stress and trends parallel to
he strike of the margin and prism. Ground-truthing
y coring will reduce the uncertainty in the parame-
ers for determining stress state and magnitude,
hich may allow these hypotheses to be tested.

omparison of in situ stress and deformation 
etween Sites C0001 and C0002

n situ stress indicators (borehole breakouts) suggest
Hmax is rotated by ~90° at Site C0001 relative to Site
0002 located to the southeast, which is compatible
ith the northwest–southeast to north–south exten-

ion observed in the forearc basin. This abrupt
hange in stress regime over a short distance (~10
m) may represent the transition from the actively
hortening prism to the relatively static landward
art of the forearc. This corresponds well to the mod-
ls of Fuller et al. (2006) and to some extent Wang
nd Hu (2006) that predict high strain rates within
roc. IODP | Volume 314/315/316
the active critical wedge (“outer wedge”) and rela-
tively little deformation in the stable “inner wedge”
(beneath and within a sediment-filled forearc basin).
At the latter location, the convergence-related defor-
mation is thought to be focused on the plate bound-
ary at depth. The transition between the inner and
outer wedges, which should be between Sites C0001
and C0002 based on deformation and morphology,
is proposed to mark the approximate updip limit of
the seismogenic zone (Wang and Hu, 2006). During
the interseismic period, Wang and Hu (2006) predict
compression in the inner wedge, which we do not
observe. This may be due to the proximity of Site
C0002 to the inner-outer wedge transition zone,
shallowness of the borehole (so not sampling the
true stress state of the inner wedge), variations in co-
efficient of friction along the plate boundary, or
other problems with the model.

Extension within the forearc basin and potentially
the underlying prism can be explained by gravita-
tional collapse and downslope extension as move-
ment on the outer arc megasplay fault zone causes
uplift and backtilt of the seaward part of the basin
(inner wedge). Another example of a forearc basin
extending perpendicular to the margin is northern
Cascadia, USA, where underlying overpressured
prism melange drives downslope migration and ex-
tension of basin sediments (McNeill et al., 1997).

The gradual rotation of breakout orientations and
therefore SHmax with depth at Site C0002 (Fig. F36)
suggests that such a change could continue with
depth to the megasplay fault or décollement where
in situ stress might be expected to reflect plate con-
vergence.

Log-seismic correlation
Kumano Basin seismic stratigraphy

A series of seismic units lie within the southwestern
Kumano Basin in the area imaged by the Kumano 3-D
seismic volume (Gulick et al., 2007; Moore et al.,
2007). These seismic units (Fig. F14; Table T6) show
the evolving uplift within the southwestern basin
and in places can be correlated to specific features
within the logs. To aid correlation of bedding strike
and dip observed in the image logs, we report the dip
and dip directions for each of the sequence boundar-
ies that separate our defined seismic units (Table T6).

Seismic Unit Kumano 2/3/4 (undifferentiated) ap-
pears to dip to the southeast based on the dip of the
underlying horizon, Top of Kumano 5. In contrast,
the underlying seismic Units Kumano 5–11 all dip to
the northwest, based on their sequence boundaries.
As the Kumano Basin sequences were deposited,
13
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here appears to have been a gradual shift from more
orthward dip direction in the oldest sediments to
ore northwestward dips in the younger sequences,

nding with the deposition of Kumano 5. Kumano 5
hows lower dip than the underlying sequences.
astly, at the base of the sequence is an angular un-
onformity between the Kumano Basin units and a
eismic unit called Lower Sediments 1. The uncon-
ormity dips to the southeast, whereas the underly-
ng horizon, Top of the Accretionary Prism, dips to
he north (Table T6); therefore, the dips of individual
trata within seismic Unit Lower Sediments 1 may
ary (Fig. F14).

Overall log unit correlation
ogging Unit I (Fig. F14) corresponds to seismic Unit
umano 2/3/4 (undifferentiated) (Gulick et al.,
007). Depths to the boundaries of the seismic units
nd their structural orientations are shown in Table
6. The structural orientations of the faults near the
orehole are shown in Table T6. Logging Unit I ap-
ears to consist of hemipelagic sediments that dip
1° to the southeast (Fig. F14). The base of logging
nit I correlates with the positive peak below an un-

onformity in the seismic data. We mapped this un-
onformity using the positive peak at the top of the
nconformity and named it horizon Top of Kumano
. The interval between the base of logging Unit I
nd horizon Top of Kumano 5 is ~30 m; however,
he difference may arise from which peak or trough
s selected to trace the top of seismic Unit Kumano 5.
his boundary is subjective enough to allow for a 30
 difference.

ogging Unit II (Fig. F14) corresponds to the major-
ty of seismic Unit Kumano 5, all of Units Kumano
–10, and a portion of Unit Kumano 11. These are
lder forearc basin sediments, now dipping gently to
he northwest, as will be discussed below in greater
etail (Table T6). Included within logging Unit II are
 prominent BSR, a north-northwest–dipping nor-
al fault, an interval of interpreted gas hydrate, an

nterval of negative polarity reflection suggestive of
race amounts of free gas at the base of the BSR, and
 dipping negative polarity reflection deeper than
he BSR that also suggests the presence of free gas.

lthough there is an obvious unconformity in the
eismic data between seismic Units Kumano 11 and
ower Sediments 1 that suggests a hiatus across the
oundary, there appears to be little lithologic or
hysical property contrast. Therefore, logging Unit
II (Fig. F14) corresponds to the middle part of the
orthwest-dipping seismic Unit Kumano 11, the on-

ap of Kumano 11 onto the top of southeast-dipping
eismic Unit Lower Sediments 1, and the Lower Sedi-
ents 1 strata. Logging Unit IV (Fig. F14) corre-
roc. IODP | Volume 314/315/316
sponds to the drilled portion of the old accretionary
prism. The seismic data show that the top of the
prism is a rough surface that is difficult to pick defin-
itively everywhere but locally produces a bright low-
frequency reflection. The abrupt changes in most of
the logs at ~947 m LSF seem likely to accurately lo-
cate the top of the accretionary prism.

To facilitate discussions involving the correlation of
log and seismic reflection data at this site, we present
a series of figures (Figs. F39, F40, F41, F42, F43, F44,
F45) in which we have superimposed logs over a por-
tion of the check shot–corrected prestack depth mi-
grated (PSDM) seismic reflection profile. The seismic
reflection profile was produced by converting the
PSDM profile from depth to time using the PSDM ve-
locity model, and converting the PSDM time section
from time to depth using the velocity depth func-
tion obtained from the check shot survey at this site.
This process should yield the best seismic profile to
compare to logs and to estimate the depths to signif-
icant stratigraphic and structural features (Table T6).

Log-seismic correlation in zones of interest
Logging Unit I/II boundary
The strata of logging Unit I, which in general corre-
lates with seismic Units Kumano 2/3/4 (undifferenti-
ated) (Fig. F14), show local evidence of erosion and
normal faulting. The boundary between logging
Units I and II likely correlates with the top of seismic
Unit Kumano 5 despite the depth difference, as dis-
cussed above (Fig. F46A). P-wave velocity increases at
the boundary (Fig. F46B), suggesting a transition
from higher to lower porosity hemipelagic sediments
(possibly the result of compaction and consolida-
tion). The gamma ray value abruptly increases to a
higher value in logging Unit II than that in Unit I
(Fig. F46C), suggesting that the top of seismic Unit
Kumano 5 is an abrupt boundary.

Zones A and B in logging Unit II

The base of Zone A matches exactly with the BSR in
the seismic section (Fig. F47A). This boundary is
clearly indicated by high resistivity above the BSR in
Zone A and lower resistivity below (Fig. F47B), sug-
gesting the existence of gas hydrate in Zone A. P-
wave velocity beneath the BSR is lower than that in
Zone A (Fig. F47C), which is consistent with the
presence of trace amounts of free gas.

The upper boundary of Zone B corresponds to a
bright reflection with negative polarity that dips to
the northwest (Fig. F47A). Regionally it is a high-am-
plitude, negative polarity reflection only below the
depth of the BSR, and the seismic image is poorly fo-
cused in the same region (see Fig. F4 in the “Expedi-
14
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ion 314 summary” chapter). Zone B correlates with
 low P-wave velocity zone beneath a zone of higher
elocity (Fig. F47C), suggesting that Zone B may be a
one of permeable coarser sediments where small
mounts of free gas may be migrating updip.

ogging Unit III/IV boundary

he boundary between logging Units III and IV cor-
esponds to the seismic reflection Top of Accretion-
ry Prism (Figs. F14, F48A). This major boundary lies
etween the basin sediments and the apparent older
ccreted sequence. The PEF log curve shows a signifi-
ant change at the boundary, with a larger value
bove and lower value below (Fig. F48B). The
amma ray curve exhibits a zone of low values at the
op of logging Unit IV (Fig. F48C), suggesting that a
andy interval may lie near the top of accretionary
rism, aiding in the generation of a strong seismic
eflection.

Structural orientations from seismic 
observations

n order to allow accurate correlation between the re-
ional seismic observations of faults and stratigraphy
nd the observations in the logs, we computed ori-
ntations for features of interest. For these calcula-
ions, we used the prestack time-migrated seismic
olume combined with the velocities provided by
he check shot data. We used the horizontal plane
time slice) at 2888 ms, the depth where Hole
0002A intersects a normal fault, to determine the

trikes of nearby faults, and we generated seismic
ections from the 3-D volume oriented in the direc-
ion of maximum fault dip to determine their respec-
ive dips. The accuracy of the reported strikes and
ips for the faults near Site C0002 is estimated at ±5°
ased on the velocity-based errors inherent in using
he prestack time-migrated volume and the human
rror of determining the exact strike along a curved
ault plane. Dip directions for horizons were deter-

ined by digitizing a 100–400 m long transect cen-
ered on the borehole orthogonal to the two-way
raveltime contours of each horizon. The dips were
hen calculated from the end points of these digi-
ized transects with time to depth conversion com-
uted using the check shot velocities. The estimated
rror for the reported dips for the seismic horizons
lose to the borehole is ±1°, whereas the estimated
rror in the dip direction is ±5°. The dips within the
rism are less reliable because of the reflections be-

ng laterally discontinuous and affected by migration
lgorithms; therefore, the error is estimated at ±5°.

he southern boundary of the Kumano Basin is cut
y numerous normal faults (Fig. F38), and Site
0002 penetrated one of these faults at 253 m SSF
roc. IODP | Volume 314/315/316
(Table T6). The trend of these faults changes along
strike. However, near Site C0002 three of four faults
show remarkably consistent strikes and dips (Table
T6). These faults all strike east-northeast, whereas a
potentially older fault strikes more northeast (Table
T7; Fig. F38). Regionally there are distinct fault pop-
ulations, including a dominant population of nor-
mal faults striking east-northeast, a smaller popula-
tion striking northeast, a few faults related to the
seafloor depression to the south (Fig. F38) that strike
east, and a few faults striking northwest. This last
population may be responsible for accommodating
some of the 3-D complexities of the basin. The east–
west striking faults close to the seafloor depression
are either near vertical or dipping south (Martin et
al., 2007).

 Check shot survey and vertical seismic 
profile data

A very complete check shot survey was acquired at
Site C0002. One-way traveltime seismic records were
obtained at 72 depths from the seafloor to 1355 m
LSF in Hole C0002A (Fig. F49). Of these observa-
tions, 63 were of adequate signal strength to be used
in the check shot analysis (Table T8). Data were ac-
quired during each pipe connection as the pipe was
lowered and as it was pulled out of the hole. Each
depth observation involved acquiring and stacking
multiple shots, typically 15 per observation on the
way down and 8 per observation on the way up.
Noisy traces and traces with poor first arrival wave-
forms were deleted or edited. The remaining traces
were filtered (trapezoidal, zero phase, and 30-40-150-
200 Hz band-pass) and stacked to produce the traces
shown in Figure F48. The first arrival wavelet is un-
ambiguous on all traces, although noise makes iden-
tifying the true first break difficult on a few of the
traces.

The first arrival times were picked manually. These
are the “raw first arrival” times in Table T8. We ap-
plied a damped least-squares inversion to the ob-
served depth/time data (Lizarralde and Swift, 1999).
This inversion determines a smooth velocity depth
curve by varying the arrival times by amounts that
are within the data uncertainty. We estimated the
uncertainty of the arrivals to be ~1 ms. We used an
inversion damping coefficient of 0.05 because it pro-
duced a χ2 value consistent with the optimal balance
between over- and underfitting the data. The
smoothed interval velocities and adjusted arrival
times are shown in Table T8. We used the smoothed
first arrival times and the observation depths as the
check shot function, which we then used for the
time-depth correction of seismic reflection profiles
and synthetic seismogram preparation.
15
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he smoothed interval velocity curve and sonic log
nterval velocity data are generally similar (Fig. F50).
he most significant difference between the two is
etween ~550 and 675 m LSF, where the check shot
elocity is 100–200 m/s lower than the sonic log ve-
ocities. The discrepancy in this interval may be a re-
ult of the smoothing method applied to the check
hot arrival times. Both curves show a general pat-
ern of steep increases of velocity separated by inter-
als of approximately constant velocity. There ap-
ear to be ~4 such cycles in the hole. The check shot
elocities show a low-velocity zone that has a lowest
oint at ~540 m LSF.

e also obtained a near-zero offset VSP using the
heck shot data (Fig. F51). In the VSP, we observe
lear upgoing reflection arrivals originating from the
eafloor to the top of the accretionary prism. The sig-
al-to-noise ratio is not high for these arrivals, but

hey seem to correlate reasonably well with packages
f reflections in the seismic profile at the site.

Synthetic seismogram
n order to construct a synthetic seismogram for Site
0002, we used the IDRO log and the sonic (DTCO)

og. The density log was edited to remove densities
ssociated with density-derived caliper values
DCAV) of 9.5 inches or larger and DTCO. It should
e noted that we later learned that the ultrasonic cal-
per (HORD) might have been superior to the den-
ity-derived caliper as a log to filter density values,
ut the change in the result of the synthetic seismo-
ram would likely be inconsequential and not worth
he effort of repeating the calculations. Because both
he density and sonic logs have gaps in them, we
sed a 51-point running average over the gaps in the

ogs to fill them in. Where the gaps were greater than
50 points, we linearly interpolated between the fi-
al running averaged values within each gap. Be-
ause of the high caliper values for the seafloor and
ppermost sediments, where we were jetting-in, we
reated a seafloor curve shaped similar to that ob-
erved in Hole C0001C with values derived from the
ighest recorded IDRO densities in Hole C0002A.

he resulting synthetic seismogram correlates with
he observed reflections in the seismic data in some
ntervals such as at the BSR (404 m SSF) (Fig. F52).
owever, both on the edges of the longer gaps in the

ogs and at locations where high caliper values corre-
ate with low gamma ray values, the gap-filling pro-
ess introduced artifacts. In some cases, the artifacts
ere false reflections produced in the synthetic seis-
ogram. In other cases, expected reflections are not

roduced. A variety of smoothing, editing, and filter-
ng techniques were tested, but a highly correlated
ynthetic seismogram was not achieved.
roc. IODP | Volume 314/315/316
Discussion and synthesis
The goal of drilling at this site was to log the ~1000
m thick Kumano forearc basin section and several
hundred meters of the underlying formations, inter-
preted as older rocks of the accretionary prism and/
or early slope basin sediments deposited prior to the
development of the megasplay fault. We were able to
drill and log the entire section from 0 to 1401 mbsf
with 100% success. An excellent suite of logs and
seismic VSP data reveal the structure of the forearc
basin, gas hydrate–bearing zone, and the underlying
deformed rocks of the inner accretionary prism.

Site C0002 is slated for riser drilling across the entire
plate boundary system to >5500 mbsf during later
stages of the NanTroSEIZE project. Similar to Site
C0001, which is planned for riser drilling to 3500
mbsf, it is important for the installation of the blow-
out preventer on the seafloor and a few hundred me-
ters of 20 inch casing pipe to obtain geotechnical
properties in the upper sections. In addition, P-wave
velocity structure in the prism, which is essential for
a precise estimate of the depth to the seismogenic
fault zone, has been determined using the 3-D seis-
mic survey (Moore et al., 2007) but still needs to be
calibrated using in situ data. Using continuous drill-
ing and logging to 1401 mbsf, we obtained data that
can serve to prepare for future riser drilling.

The hole was tagged at 1936 mbsl and was jetted-in
to 70.5 m LSF. Approximately 3 days of drilling time
(excluding ~0.5 days of wiper trip and other down
time) was required to reach TD (1401 m LSF) without
any significant difficulties. The average rate of pene-
tration was ~30 m/h. All LWD tool memory data
were successfully downloaded. In spite of several ma-
jor washouts (stand-off > 2 inches) in sand-rich inter-
vals, log data quality is generally good, and image
logs in particular are of high quality. These logs pro-
vide a rich data set for interpretation of the geology
and stress conditions at this site.

Four logging units bounded by dip discontinuities
interpreted as angular unconformities were identi-
fied. Logging Unit I (0–135.5 m LSF) is the youngest
of the slope basin deposits at this site. Logging Unit
II (135.5–830.4 m LSF) is interpreted as thick basin
fill marked by numerous turbidite deposits, as seen
clearly on the log responses, particularly the gamma
ray log. Logging Unit III (830.4–935.6 m LSF) is a ho-
mogeneous clay-rich interval of mudstone immedi-
ately overlying the top of the older accretionary
prism section that forms basement to the forearc ba-
sin at 936 m LSF. Logging Unit IV (936–1401 m LSF)
corresponds to the accretionary prism imaged on the
seismic profiles, with a distinct change to much
more variable responses in virtually all of the logs.
16
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Kumano forearc basin features
he Kumano forearc basin is composed of logging
nits I–III, or 13 seismic units (Kumano 2–13 and
ower Sediments). Bedding dips are shallow (<15°) in
he forearc basin and increase downhole toward the
ase of the section. All fractures dip between 30° and
5° with no significant difference between basin and
rism. Basin fractures have three dominant trends:
1) northeast–southwest, (2) east–west, and (3) north-
est–southeast. All three orientations can be identi-

ied in faults imaged in seismic data. A few basin frac-
ures offset bedding in a normal sense, consistent
ith the seismic-scale normal faulting.

ithin logging Unit II are two zones of particular in-
erest defined by changes in the log responses. Zone
 (218.1–400.4 m LSF) is interpreted as a gas hy-
rate–bearing zone based on the resistivity profiles,
ith the hydrates concentrated in the sandy bases of

he turbidite deposits. Velocity and density decrease
t the BSR, suggesting that the reflection may be
enerated by the presence of small amounts of free
as below.

one B (481.6–547.1 m LSF) is interpreted as an in-
erval in which the sandy horizons of the turbidite
eposits are potentially gas-bearing. At the top of
one B, a strong, dipping, negative polarity reflec-
ion in the seismic data correlates with a low-
elocity region in the sonic log. The regional obser-
ation that some reflectors brighten in amplitude as
hey approach the BSR from below, coupled with in-
erpreted sandy turbidite layers based on gamma ray
ogs of Zone B, supports the suggestion that this re-
lection may represent sands bearing at least small
mounts of free gas.

he lower part of the forearc basin below 400 m LSF
t the BSR is characterized by physical properties
hat suggest changing lithology, relative undercom-
action, or other effects: slightly decreasing or nearly
onstant resistivity with depth, whereas velocity in-
rease is insignificant and changes in density and
orosity are relatively limited.

ogging Unit III, at the basin–prism transition, is a
omogeneous clay-rich interval of mudstone and is
haracterized by increasing bedding dips and a frac-
ured base.

Old accretionary prism features
ogging Unit IV from 936 to 1401 m LSF corre-
ponds with the chaotic reflectivity imaged on the
eismic profiles and interpreted as the inner older ac-
retionary prism, with a high-amplitude reflection
nd a distinct change to much more variable re-
ponses in virtually all of the logs. A sequence of low
amma ray values just below the top of the prism
roc. IODP | Volume 314/315/316
suggest that a sandier interval may contribute to this
bright reflection.

Physical properties not sensitive to hole condition
(e.g., bit and deep resistivity) suggest that the accre-
tionary prism is denser and more compacted than
the forearc basin.

Bedding dips increase within logging Unit IV (~30°–
60°). Clearly imaged natural fractures are rarer than
at Site C0001 and have scattered orientations within
the basin but a more consistent northeast–southwest
trend within the prism. All fractures dip between 30°
and 85° with no significant difference between basin
and prism. Resistivity of the fractures is varied, but
includes several wide aperture (10–30 cm) and
highly resistive (mineralized or cemented) fractures
in the prism.

Stress field and tectonics
in the Kumano Basin

Whereas the structural styles of the forearc basin and
underlying accretionary prism at Site C0002 are dif-
ferent, the orientations of bedding planes and bore-
hole breakouts are consistent, northeast–southwest
and northwest–southeast, respectively, throughout
the entire borehole.

Borehole breakouts indicate a northeast–southwest
oriented SHmax, nearly perpendicular to that at Site
C0001. Breakout azimuth gradually rotates clockwise
with depth and breakout width increases in the
prism relative to the basin. Stress magnitude deter-
mined from breakout width is consistent with ob-
served dominance of normal faulting in the basin
but is more ambiguous in the prism. Fracture and
fault orientations, breakouts, and state of stress col-
lectively support margin-normal extension of this
part of the forearc. We suggest this is driven by uplift
of the megasplay/outer arc high causing gravitation-
ally driven extension of the inner prism. This con-
trasts with Site C0001 in the active outer prism
where convergence-related compression dominates.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F1. Summary log diagram, Site C0002. Bedding and fracture dips from resistivity at bit image. LSF = LWD depth below seafloor, VE = vertical
exaggeration, PEF = photoelectric factor. Black tadpoles = bedding, red tadpoles = fracture, tadpole line = dip direction of plane.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F2. Three-dimensional seismic profile crossing Site C0002 (Moore et al., 2007). A. Inline 2529. BSR =
bottom-simulating reflector. B. Cross-line 6225. VE = vertical exaggeration.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F3. Drilling parameters and gamma ray log plotted vs. time for LWD-MWD-APWD operations in Hole
C0002A. GR_RAB_RT = gamma ray resistivity-at-the-bit (real time), ECD = equivalent circulating density,
APRS = average annular pressure, TRPM = MWD turbine rotation speed (off = <1500 or >4500 rpm, on = 1500–
4500 rpm), TRPM_RT = TRPM (real time), CRPM = collar rotation, SWOB = surface weight on bit, HKLD = hook
load, SPPA = standpipe pressure, ROP = rate of penetration, ROP_5ft = 5 ft averaged ROP, LSF = LWD depth be-
low seafloor, DRF = drillers depth below rig floor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F4. Mudline (seafloor) identification in Hole C0002A using natural gamma ray and resistivity logs of the
geoVISION resistivity tool (memory data). The seafloor is defined by a break in the natural gamma ray and re-
sistivity logs at 1964.5 m drillers depth below rig floor (DRF). Resistivity data are plotted on a linear scale.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F5. Control logs of Hole C0002A. LSF = LWD depth below seafloor; ROP = rate of penetration; SWOB =
surface weight on bit; CRPM = drilling collar (bit) rotation; HKLD = hookload; SPPA = standpipe pressure; ECD =
equivalent circulating density; CC15, CC26, CC37 and CC48 = ADN tool ultrasonic calipers; SKR_T and
SHK_R = transverse and radial shocks experienced by the geoVISION resistivity tool; SHKPK = shock peak;
STICK = stick-slip indicator.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F6. Geophysical logs in Hole C0002A. LSF = LWD depth below seafloor, ROP = rate of penetration;
TAB_RAB_GR = time after bit (TAB) of gamma ray measurement by the geoVISION resistivity (GVR) tool,
GR_RAB = gamma ray log (GVR memory data), Cxy = ADN ultrasonic calipers (C15, C26, C37, and C48),
TAB_DEN = TAB of ADN density measurement, IDRO = image-derived density, IDDR image-derived density cor-
rection (for stand-off), TAB_RAB_BD = TAB of GVR deep button resistivity, TAB_RAB_BIT = TAB of GVR bit re-
sistivity, RES_BD = deep button resistivity, RES_BM = medium button resistivity, RES_BS = shallow button resis-
tivity, VP = sonic compressional velocity, DTCO = Δt compressional transit time measurement, sonic processing
and quality color-coded indicators and geoVISION resistivity image quality. (Figure shown on next page.)
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Figure F6 (continued). (Caption shown on previous page.)
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Figure F7. Plot of time-depth relationship in Hole C0002A. LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F8. Example of wide quality control log prepared for the sonic log from the sonicVISION tool. Color
panels are slowness coherence plots for the common source (left) and common receiver (middle) configura-
tions of the tool. Horizontal axis is slowness, with higher slowness (lower velocity) to the right. Warm colors =
high signal strength at a particular slowness. Black vertical lines = manual picks. Gray-scale plot shows seismo-
grams with time increasing to the right. Blue line = arrival pick associated with slowness identified in the picks.
Final slowness value at depth is given by the mean of the slownesses picked in the common source and com-
mon receiver configurations. This serves to compensate for tool position in the hole. This plot illustrates an
interval in which few if any reliable velocity picks are possible. LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F10. Caliper log (CCAV) (red = caliper values >9.5 inches); smoothed ring and bit resistivity logs;
smoothed shallow, medium, and deep button resistivity log; and smoothed resulting curve of the difference
between deep and shallow resistivity button data. Smoothing results from a moving average of the resistivity
values using a 21-point (~3 m) window. LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F11. Summary of variation in bedding dips between the logging units and zones. Green boxes = inter-
vals shown in Figure F12. PEF = photoelectric factor, GR = gamma ray, LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F12. A. Representative images of facies variability corresponding to boxed intervals in Figure F11. Typ-
ical resistivity image of logging Unit II Zone B. Layered sediments are identified as alternating resistive and con-
ductive layers in the image. A thickening upward trend is displayed within this section. Light bands are also
observed on the density image and the natural gamma ray (GR) image. Higher frequency excursions are indic-
ative of thinner layers toward the bottom. Dip measurements indicate generally north-northwest to northwest
bedding dips. LSF = LWD depth below seafloor, PEF = photoelectric factor. (Continued on next page.)
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F12 (continued). B. Resistivity images from the basal part of logging Unit II showing high-frequency
alternating cycles composed of resistive and conductive layers. Notice a predominance of darker colors indicat-
ing lower resistivity than in Zone B. Dip measurements indicate north-northwest to northwest bedding dips.
LSF = LWD depth below seafloor, PEF = photoelectric factor GR = natural gamma ray.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F13. A. Ring resistivity, gamma ray, sonic velocity, and ultrasonic caliper logs and a resistivity-at-the-bit
(RAB) deep image in the interval 371–401 m LSF, the lowermost part of Zone A. Arrows indicate that all resistive
peaks (colored zones) are correlated to lower gamma ray and higher velocity peaks and intervals of larger bore-
hole diameter. Dip measurements indicate north-northwest to northwest bedding dips. (Continued on next
page.)
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Figure F13 (continued). B. Ring resistivity, gamma ray, sonic velocity, and ultrasonic caliper logs and resistiv-
ity-at-the-bit (RAB) deep image in the central part of Zone B (495–525 m LSF). Arrows indicate that conductive
layers (colored zones) are correlated to lower gamma ray and lower velocity peaks and intervals of smaller bore-
hole diameter. Sharp lower boundaries and gradational tops are observed in each conductive layer from the
ring resistivity log and RAB image.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F14. Logging Units I–IV and Zones A and B superimposed on check shot–corrected prestack depth-mi-
grated seismic profile through Hole C0002A. Seismic Units Kumano 2–12, Lower Sediments, and Accretionary
Prism from Gulick et al. (2007). LSF = LWD depth below seafloor, VE = vertical exaggeration.

NW SE

0

200

400

600

800

1000

1200

1400

D
ep

th
 L

S
F

 (
m

)

0400 400

Distance from hole (m)

BSR

I

II

III

IV

Logging
zones

A

B

Logging
unit

5

6

7

8

9

10

11

12

A
cc

re
tio

na
ry

 P
ris

m

2/3/4

Lower Sediments

Kumano
seismic

units

Prism reflectors

3

2

1

VE = 2
Proc. IODP | Volume 314/315/316 35



Exp
ed

itio
n

 314 Scien
tists

Exp
ed

itio
n

 314 Site C
0002

Proc. IO
D

P | Volum
e 314/315/316

36

ne = unconformity characterized by a variation in bedding dips (Fig. F11)
WD depth below seafloor, PEF = photoelectric factor.
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g Unit IV. LSF = LWD depth below seafloor, PEF = photoelectric
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F17. Image-derived density data (IDRO) profile from Hole C0002A. LSF = LWD depth below seafloor.
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Figure F18. Neutron (TNPH) and density (IDRO)-derived porosity profiles from Hole C0002A. LSF = LWD depth
below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F19. Plot of neutron porosity vs. density (IDRO)-derived porosity. Solid line = unit slope passing through
the origin.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F20. Neutron porosity (TNPH) data profile from Hole C0002A and smoothed porosity data using a 4.5
m running average. LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F21. Plots of (A) bit vs. ring resistivity and (B) deep vs. shallow resistivity.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F22. Plots of ring and bit formation factor (FF) vs. bulk density (IDRO)–derived porosity. Curved lines
correspond to the plot of the Archie’s law, FF = 1/φ–2.4.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F23. Bit resistivity porosity derived from Archie’s law with parameters a = 1 and m = 2.4 compared with
neutron porosity (TNPH) and bulk density (IDRO)–derived porosity. LSF = LWD depth below seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F24. Plots of ring and bit resistivity porosity vs. bulk density (IDRO)–derived porosity. Solid line = unit
slope passing through the origin.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F25. P-wave velocity log in Hole C0002A. LSF = LWD depth below seafloor.

Z
on

e 
B

200

400

600

800

1000

1200

0
1000 2000 3000

P-wave velocity (m/s)

1400

D
ep

th
 L

S
F

 (
m

)

I

II

III

IV

Logging
unit

B

A

Zone
Proc. IODP | Volume 314/315/316 46



Expedition 314 Scientists Expedition 314 Site C0002
Figure F26. Comparison between sonic P-wave velocity and bit resistivity in Hole C0002A. A. Plot of P-wave
velocity vs. bit resistivity. a = basin formations above the bottom-simulating reflector (BSR) (purple and blue),
b = basin formations below the BSR (red and orange), c = older accretionary prism (green). Note the resistivity
axis is in a logarithmic scale. B. Velocity and resistivity logs.
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Figure F27. Plots of P-wave velocity vs. (A) neutron porosity, (B) density porosity, (C) bit resistivity–derived po-
rosity, and (D) ring resistivity–derived porosity. Purple and blue = basin formations above the bottom-simulat-
ing reflector (BSR), red and orange = basin formations below the BSR, green = older accretionary prism.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F28. Shallow resistivity image (dynamic normalization) in Hole C0002A showing bedding and fracture
orientations, dip, and fracture conductivity. Tadpole lines = dip direction of the plane. LSF = LWD depth below
seafloor.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F29. Equal area lower hemisphere stereographic projection of poles to bedding planes in (A) the forearc
basin, logging Units I (0–136 m LWD depth below seafloor [LSF]), II (136–830 m LSF), and III (830–936 m LSF)
and (B) the prism, logging Unit IV (936–1400 m LSF). Left panel data identified in borehole images; right panel
data determined from 3-D seismic data (Table T6).
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Figure F30. Resistivity image (static normalization shallow) of logging Unit III (830–936 m LWD depth below
bedding interpretation and ring resistivity and gamma ray logs. Inset shows fractured base of this unit (~915–9
rection of the plane.

N E S W 30 60 900 0.5 2.0 30 110

II

III

IV

Low High

Logging
unit

913

915

917

919

921

923

925

927

929

931

933

830

840

850

860

870

880

890

900

910

920

930

940

D
ep

th
 L

S
F

 (
m

)

D
ep

th
 L

S
F

 (
m

)

Dip (°)Image orientation

Ring
resistivity

(Ωm)

Gamma
ray

(gAPI)

Resistivity (Ωm)

Dynamic normalization Bedding

Fracture

N EN E S W

Low

Image orientation

Resistivity (Ωm)

Dynamic normalizat



Expedition 314 Scientists Expedition 314 Site C0002
Figure F31. Fracture frequency with depth for Sites C0001 and C0002. Site C0001 in the active prism has a sig-
nificantly higher fracture density than Site C0002 in the forearc basin and older prism. Within Site C0002, the
prism is more fractured than the forearc basin; the latter has regions of more intense fracturing at 100–200 and
~800–1000 m LWD depth below seafloor (LSF) (including logging Unit III). Bin size = 20 m.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F32. Equal area lower hemisphere stereographic projection of poles to fracture planes for (A) forearc ba-
sin, (B) prism, and (C) all fractures differentiated according to conductivity. Rose diagrams represent fracture
azimuths (shown as dip direction –90°), preserving dip direction information.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F33. Normal fault displacement of a bed within the forearc basin (649 m LWD depth below seafloor
[LSF]). The fracture cannot clearly be seen, but its azimuth and dip can be estimated from the displacement.
Breakouts oriented northwest–southeast are clearly seen as conductive vertical lines 180° apart. Static normal-
ization shallow resistivity image. 3-D = three-dimensional, tadpole lines = dip direction of the plane.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F34. Steeply dipping conductive conjugate fractures in the prism (1207–1210 m LWD depth below
seafloor [LSF]). Static normalized shallow resistivity image. 3-D = three-dimensional, tadpole lines = dip direc-
tion of the plane.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F35. Histograms of borehole breakouts. A. Azimuth of breakouts. Azimuths are symmetrically distributed
around mean value of 134°. B. Breakout width. Note tail extending toward larger breakout widths, which are con-
centrated in logging Unit VI (see Fig. F36).
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F36. Variation of borehole breakouts with depth. A. Azimuth. Black line = 100-point moving average
illustrating general trend from mean azimuth of 120° at 200 m LWD depth below seafloor (LSF) to 145° at 1400
m LSF. B. Breakout width. Note sharp increase in breakout width at top of logging Unit IV.

0 50 100 150 200 250

Breakout width (°)

Unit I

Unit II

Unit III

Unit IV

Unit I

Unit II

Unit III

Unit IV

060 080 100 120 140 160 180 200
0

200

400

600

800

1000

1200

1400

Breakout azimuth (°)

D
ep

th
 L

S
F

 (
m

) 

A B
Proc. IODP | Volume 314/315/316 57
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Figure F37. Stress polygons and likely stress regimes based on breakout widths and estimated uniaxial compres-
sive strength (UCS) values at two depths in Hole C0002A. A. Forearc basin. B. Prism. SHmax and Shmin lie within
the stress polygon, to the right (or below) the red line and along a trajectory of rock strength, parallel to the
blue lines. LSF = LWD depth below seafloor. TF = thrust faulting, SS = strike-slip faulting, NF = normal faulting.

Shmin (MPa)

25

30

35

40

45

50

 55

25 30 35 40 45 50 55

S
H

m
ax

 (
M

P
a)

Shmin (MPa)

UCS = 20 MPa

UCS = 10 MPa

UCS = 5 MPa
Sv

TF

SS

NF

A

30

35

40

45

50

55

60

65

70

30 35 40 45 50 55 60 65 70

UCS = 30 MPa

UCS = 20 MPa

UCS = 10 MPa

Sv

TF

SS

NF

B

UCS = 5 MPa

900 m LSF 1300 m LSF
Proc. IODP | Volume 314/315/316 58
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Figure F38. A. Time slice of prestack time-migrated seismic volume at 2888 ms two-way traveltime. Note con-
torted shape of basin and presence of faults of several different orientations. B. Scaled-up view of the area of
the time slice near the borehole. Faults that exist close to the site are displayed with overlapping squares and
follow consistent trends. Blue star = location of Hole C0002A, red shades = positive amplitude, gray shades =
negative amplitude, white area = seafloor depression between forearc basin and thrust sheets of active accre-
tionary prism (Martin et al., 2007).
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F39. P-wave interval velocity from check shots (left of hole location) and sonic log (right of hole loca-
tion) superimposed on check shot–corrected prestack depth-migrated seismic profile through Hole C0002A.
LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F40. Density log superimposed on check shot–corrected prestack depth-migrated seismic profile
through Hole C0002A. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F41. Ring resistivity log superimposed on check shot–corrected prestack depth-migrated seismic profile
through Hole C0002A. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F42. Gamma ray log superimposed on check shot–corrected prestack depth-migrated seismic profile
through Hole C0002A. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Figure F43. Caliper (hole diameter) log superimposed on check shot–corrected prestack depth-migrated seismic
profile through Hole C0002A. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F44. Neutron porosity log superimposed on check shot–corrected prestack depth-migrated seismic pro-
file through Hole C0002A. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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Figure F45. Photoelectric factor log superimposed on check shot–corrected prestack depth-migrated seismic
profile through Hole C0002. LSF = LWD depth below seafloor, VE = vertical exaggeration.
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tive) at logging Unit I/II boundary.
ar Hole C0002A. A. Logging units.
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SU = seismic unit. B. P-wave velocity. C. Gamma ray values. LSF = LWD depth below seafloor.
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ative) at depths of Zones A and B.
ear Hole C0002A. A. Zones. BSR =

elow seafloor.

0 100

Distance from hole (m)

P-wave velocity (m/s)
1800 1900 2000 2100 2200
Figure F47. Log curves and local seismic section (variable density display method; red = positive, black = neg
Data superimposed over Inline 2529 from the check shot–corrected prestack depth-migrated seismic volume n
bottom-simulating reflector, SU = seismic unit. B. Ring resistivity data. C. P-wave velocity. LSF = LWD depth b
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e) at logging Unit III/IV boundary.
ar Hole C0002A. A. Logging units.
. LSF = LWD depth below seafloor. 
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SU = seismic unit, Seds = Sediments, Acc. = Accretionary. B. Photoelectric factor (PEF) data. C. Gamma ray values
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Expedition 314 Scientists Expedition 314 Site C0002
Figure F49. Check shot seismogram at Site C0002. First arrivals increase in time as sensor is deployed at increas-
ing depth in the borehole. Slope of nearby first arrivals is an indicator of interval velocity.
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Figure F50. Comparison of check shot interval velocity and sonic log interval velocity as a function of depth
at Site C0002. LSF = LWD depth below seafloor.
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Figure F51. Relationship between vertical seismic profile (VSP) and a prestack time-migrated seismic profile
from the site and to the northwest of Site C0002. Sections are aligned at the seafloor and are at the same time
scale. Red lines in the VSP do not show particular reflections but illustrate expected slope of upgoing reflection
arrivals and indicate their general relationship with the reflection profile. LSF = LWD depth below seafloor.

400 600200

Depth LSF (m)
0

1300

1500

1700

1900

2100

2300

O
ne

-w
ay

 tr
av

el
tim

e 
(m

s)

02000 1000

2750

3000

3250

3500

3750

2500

Distance (m)

Tw
o-

w
ay

 tr
av

el
tim

e 
(m

s)
Proc. IODP | Volume 314/315/316 72



Exp
ed

itio
n

 314 Scien
tists

Exp
ed

itio
n

 314 Site C
0002

Proc. IO
D

P | Volum
e 314/315/316

73

ay values suggestive of sand layers,
ltime. B. Sonic log (see text for de-
polation). D. Computed synthetic
d from the input sonic and density
 closest to borehole. H. Synthetic
 of Inline 2529 closest to borehole.

0 109

Gamma
GR

(gAPI)

K

6 15

Caliper
DCAV
(inch)

2

J

Figure F52. Synthetic seismogram test for Site C0002. Note correspondence of high caliper values, low gamma r
and erroneous reflectors in the synthetic. A. Time vs. depth curve based on check shot. TWT = two-way trave
scription of interpolation). C. Image-derived density (IDRO) log (see text for description of filtering and inter
(Synth.) seismogram shown as five identical traces side by side. E. Reflection coefficients (Refl. coeff.) determine
logs. F. 256 ms deterministic wavelet (Wvlt.) used for the source wavelet. G. Fifteen traces of cross-line 6221
seismogram repeated with positive amplitude filled in red and negative amplitude filled in blue. I. Fifteen traces
J. Ultrasonic caliper (DCAV). K. Gamma ray (GR) log. LSF = LWD depth below seafloor.

3.00

Kumano 3-D
Xline 6221

Kumano 3-D
Inline 2529

3.25

3.50

3.75

2.75

200

600

800

1000

0

1200

400

208 81

Sonic
DT (µs/ft)

1460 3750 1.0 2.3 -0.075 0.075 2514 2529 6221 621

Tw
o-

w
ay

 tr
av

el
tim

e 
(s

)

D
ep

th
 L

S
F

 (
m

)
0 3.935

A B C
Density
IDRO

(g/cm3) Synth.
Refl. coeff.
primaries Wvlt. Synth.

Seismic
Xlines

(12.5 m)

Seismic
Xlines

(12.5 m)

D E F IHGCheck shot
Two-way
traveltime

(s) Velocity (m/s)



Expedition 314 Scientists Expedition 314 Site C0002
Table T1. Operations summary, Site C0002. (See table notes.)

Notes: LSF = LWD depth below seafloor. LWD = logging while drilling. GVR = geoVISION resistivity tool, sonic = sonic while drilling (sonicVI-
SION), SVWD = seismicVISION while drilling, MWD = measurement while drilling, APWD = annular pressure while drilling, ADN = Azimuthal
Density Neutron tool (adnVISION). ROV = remotely operated vehicle. 

Hole C0002A
Latitude: 33°18.0192′N
Longitude: 136°38.1810′E
Seafloor (drill pipe measurement from rig floor, m): 1964.5
Distance between rig floor and sea level (m): 28.5
Water depth (drill pipe measurement from sea level, m): 1936

Operation

Start

Drilled 
(m LSF) Comments

Date 
(Oct 

2007)
Local 

time (h)

Depth (m LSF)

Top Bottom

Hole C0002A LWD hole 0 1401.5 1401.5 8-1/2 inch LWD (GVR-sonic-SVWD-MWD-APWD-ADN)
ROV survey 13 2200
Tag seafloor 13 2200
Spud-in 14 0045
Rig floor maintenance 15 0445 Mechanical failure on power swivel
Ream and sweep 15 1500 Wiper trip for 8 stands
Reach total depth 17 1110
Pull tools out of hole 17 1400
Recover tools on the rig floor 18 0415
Recover data 18 0600 Download all data with delay on seismicVISION because battery 

ran out before reaching rig floor
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Table T2. Bottom-hole assembly, Hole C0002A. (See table notes.)

Notes: BHA = bottom-hole assembly. PDC = polycrystalline diamond compact.

Table T3. Quality control characteristics and sonic log data, Hole C0002A. (See table notes.)

Notes: LSF = LWD depth below seafloor, MP = mixed processing. See “Data and log quality.”

BHA component
Length 

(m)

Cumulative
length 

from bit 
(m)

PDC bit 0.320 0.320
Stabilizer/float sub 1.500 1.820
Crossover sub 0.612 2.432
geoVISION 3.080 5.512
sonicVISION 7.620 13.132
Power Pulse 8.550 21.682
seismicVISION 4.630 26.312
adnVISION 6.230 32.542
Crossover sub 0.610 33.152
6-3/4 inch drilling collar 9.315 42.467
6-3/4 inch drilling collar 9.319 51.786
6-3/4 inch drilling collar 9.313 61.099
6-3/4 inch drilling collar 9.315 70.414
6-3/4 inch drilling collar 9.316 79.730
6-3/4 inch drilling collar 9.313 89.043
6-3/4 inch drilling collar 9.315 98.358
6-3/4 inch drilling collar 9.314 107.672
6-3/4 inch drilling collar 9.314 116.986
6-3/4 inch drilling collar 9.318 126.304
6-3/4 inch drilling collar 9.315 135.619
6-3/4 inch drilling collar 9.314 144.933
Jar 10.095 155.028
6-3/4 inch drilling collar 9.314 164.342
6-3/4 inch drilling collar 9.314 173.656
6-3/4 inch drilling collar 9.310 182.966
6-3/4 inch drilling collar 9.310 192.276
6-3/4 inch drilling collar 9.315 201.591
6-3/4 inch drilling collar 9.310 210.901
6-3/4 inch drilling collar 9.310 220.211
6-3/4 inch drilling collar 9.315 229.526
Crossover sub 0.610 230.136
Crossover sub 0.800 230.936
Crossover sub 0.610 231.546

Depth interval 
(m LSF)

Zone Quality CommentsTop Bottom

–6 107 2 0 Difficult to distinguish from mud arrival.
107 634 2 2 Fairly intermittent arrivals with zones of clear arrivals and zones hard to pick on MP wide. While in general worse, there are 

patches where MP widefast (pulling out) returns improved signal over MP wide (e.g., 327–347 m LSF). Leaky-P gives a more 
continuous, but less trustworthy coherence. Separation from mud arrival improves with depth. Note: processing parameter 
change at 546 m LSF but no obvious change in coherence.

634 760 1 1 Fairly strong arrivals on MP wide clearly distinguished from mud velocity.
760 813 1 2 Intermittent arrivals with some gaps in MP wide. 2 m scale oscillation in values that may be noise related.
813 934 1 1 Excellent arrivals; significant jumps appear to be trustworthy.
934 978 1 3 Very few reliable looking coherency patches. Base is location of parameter change from “very slow” to “slow” parameters.
978 1075 1 2 Reliable patches with small gaps that are unpickable in between.

1075 1099 1 3 Large unpickable gap.
1099 1118 1 2 Pickable section.
1118 1150 1 3 Unpickable.
1150 1165 1 2 Pickable but not as clear as some of the patches.
1165 1191 1 3 Unpickable.
1191 1282 1 2 Pickable with some clear patches and some mediocre patches.
1282 1293 1 3 Unpickable.
1293 1391 1 2 Mix of pickable coherent packages and small unpickable gaps.
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Table T4. Quality control characteristics and resistivity image data, Hole C0002A. (See table notes.)

Notes: LSF = LWD depth below seafloor. GVR = geoVISION resistivity tool.

Table T5. Logging units and zones, Site C0002. (See table notes.)

Notes: LSF = LWD depth below seafloor. TD = total depth.

Table T6. Check shot–corrected depths, dips, and dip directions for prominent stratigraphic and structural fea-
tures, Site C0002. (See table notes.)

Notes: SSL = seismic depth below sea level, SSF = seismic depth below seafloor, BSR = bottom-simulating reflector. — = no data.

Depth interval 
(m LSF)

CommentsTop Bottom

— 129 Start GVR rotation, beginning of image log
129 197 Very good
197 201 Excellent
201 202 Poor
202 218 Excellent
218 219 Poor
219 323 Excellent
323 324 Poor
324 1353 Excellent

1353 1355 Good (data drop-outs)
1355 1398 Excellent

— 1398 End of GVR image log

Depth 
(m LSF)

Logging
unit Zone Interpreted lithology Description

       0–135.5 I Unconsolidated sandy/silty mud Basin sediments

135.5–218.1 II
Hemipelagic 

mud and 
silty/sand 
turbidites

218.1–400.4 A Hydrate-bearing zone
400.4–481.6
481.6–547.1 B Potential gas zone
547.1–830.4

830.4–935.6 III Mudstone

935.6–TD IV Deformed sandy/silty turbidites Accretionary prism

Depth (m)

Feature

Dip (°)

SSL SSF Direction Angle

1937 0 Seafloor
2065 128 Top of Kumano 5 165 2
2154 217 Top of Kumano 6 294 2
2190 253 Fault, Kumano 11 — —
2268 331 Top of Kumano 7 323 4
2341 404 BSR — —
2362 425 Top of Kumano 8 330 6
2426 489 Dipping negative reflector — —
2492 555 Top of Kumano 9 334 7
2584 647 Top of Kumano 10 346 6
2739 802 Top of Kumano 11 354 5
2807 870 Top of Lower Sediments 1 111 2
2884 947 Top of Accretionary Prism 0 2
2970 1033 Prism Reflector 1 119 10
3076 1139 Prism Reflector 2 107 15
3186 1249 Prism Reflector 3 127 23
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Table T7. Strikes and dips of four faults closest to Site C0002 within the Kumano Basin. (See table notes.)

Notes: * = relative to borehole. SSE = south-southeast, NNW = north-northwest.

Fault Location*
Strike 

(°)
Dip 
(°)

Kumano 10 475 m SSE 082 57.5
Kumano 11 At borehole 080 55.5
Kumano 12 250 m NNW 083 59.5
Kumano 13 500 m NNW 058 55.0
Table T8. Check shot raw and smoothed traveltimes and calculated interval velocities, Site C0002. (See table
notes.)

Depth* 
(m LSF)

Midpoint 
depth† 
(m LSF)

Raw Smoothed

First arrival 
time* 
(ms)

Interval 
velocity† 

(m/s)

First arrival 
time* 
(ms)

Interval 
velocity† 

(m/s)

1.65 9.20 1292.0 1257 1291.6 1494
16.74 27.08 1304.0 2584 1301.7 1487
37.41 46.27 1312.0 0984 1315.6 1489
55.13 62.35 1330.0 2405 1327.5 1488
69.56 81.38 1336.0 1313 1337.2 1534
93.19 100.57 1354.0 2460 1352.6 1570

107.95 119.76 1360.0 1312 1362.0 1652
131.57 150.77 1378.0 1745 1376.3 1722
169.96 177.18 1400.0 2888 1398.6 1783
184.40 196.21 1405.0 1575 1406.7 1803
208.02 215.41 1420.0 2462 1419.8 1801
222.79 234.60 1426.0 1389 1428.0 1789
246.41 253.63 1443.0 2407 1441.2 1783
260.85 272.66 1449.0 1575 1449.3 1817
284.47 291.85 1464.0 3690 1462.3 1845
299.23 311.05 1468.0 1477 1470.3 1846
322.86 330.08 1484.0 2405 1483.1 1827
337.29 349.11 1490.0 1575 1491.0 1846
360.92 368.30 1505.0 2109 1503.8 1845
375.68 387.49 1512.0 1968 1511.8 1845
399.30 406.52 1524.0 1805 1524.6 1828
413.74 425.55 1532.0 1687 1532.5 1803
437.36 456.56 1546.0 1745 1545.6 1786
475.75 482.97 1568.0 2407 1567.1 1783
490.19 502.00 1574.0 1476 1575.2 1750
513.81 521.20 1590.0 2462 1588.7 1738
528.58 540.39 1596.0 1575 1597.2 1724
552.20 559.42 1611.0 2063 1610.9 1761
566.64 578.45 1618.0 1476 1619.1 1803
590.26 609.46 1634.0 1919 1632.2 1873
628.65 635.87 1654.0 3607 1652.7 1977
643.08 654.90 1658.0 1688 1660.0 2020
666.71 674.09 1672.0 2460 1671.7 2050
681.47 693.28 1678.0 1687 1678.9 2109
705.09 712.31 1692.0 3610 1690.1 2124

Notes: Smoothed values were used in the generation of synthetic seis-
mograms and time-depth conversion of seismic reflection profiles
near the site. * = first arrival time picks associated with depths of
observations, † = interval velocities associated with midpoints
between depths of observations. LSF = LWD depth below seafloor.
— = no data.

719.53 731.34 1696.0 1968 1696.9 2167
743.15 750.37 1708.0 2407 1707.8 2188
757.59 776.79 1714.0 2133 1714.4 2169
795.98 834.20 1732.0 2123 1732.1 2165
872.42 891.62 1768.0 2399 1767.4 2194
910.81 922.63 1784.0 1969 1784.9 2229
934.44 941.66 1796.0 2405 1795.5 2255
948.87 960.68 1802.0 2362 1801.9 2339
972.49 979.88 1812.0 2462 1812.0 2344
987.26 999.07 1818.0 2362 1818.3 2410

1010.88 1029.91 1828.0 2379 1828.1 2455
1048.94 1056.33 1844.0 2462 1843.6 2547
1063.71 1075.52 1850.0 2952 1849.4 2540
1087.33 1094.55 1858.0 2407 1858.7 2533
1101.77 1113.58 1864.0 2362 1864.4 2513
1125.39 1132.77 1874.0 2460 1873.8 2502
1140.15 1159.18 1880.0 2719 1879.7 2537
1178.21 1190.03 1894.0 2363 1894.7 2597
1201.84 1209.22 1904.0 2460 1903.8 2636
1216.60 1228.41 1910.0 2952 1909.4 2747
1240.22 1247.44 1918.0 2888 1918.0 2831
1254.66 1266.47 1923.0 2953 1923.1 2880
1278.28 1285.67 1931.0 2954 1931.3 2896
1293.05 1304.86 1936.0 2624 1936.4 2846
1316.67 1324.06 1945.0 2954 1944.7 2896
1331.44 1343.25 1950.0 2952 1949.8 2846
1355.06 — 1958.0 — 1958.1 —

Depth* 
(m LSF)

Midpoint 
depth† 
(m LSF)

Raw Smoothed

First arrival 
time* 
(ms)

Interval 
velocity† 

(m/s)

First arrival 
time* 
(ms)

Interval 
velocity† 

(m/s)
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