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INTRODUCTORY REMARKS

Esteemed members of the International Drilling, Oceanographic, Marine Geologi-
cal, Climate/Paleoclimate, and Microbiological scientific communities, herein we present 
the first Center for Deep Earth Exploration (CDEX) Technical Report. This publication 
marks the first in a series of Technical Reports that will be published by CDEX as an Imple-
menting Organization of the Integrated Ocean Drilling Program regarding the progress of 
ongoing engineering site-surveys, site-hazard surveys, and technical investigations of po-
tential drilling and operational training sites. These reports will provide an ongoing glimpse 
into the operations of the riser drilling platform and support programs operated and main-
tained by CDEX.
 

 This report is composed of the results of a seismic survey of the Nankai Trough 
conducted by CDEX as a part of an engineering site survey designed to evaluate technical 
and safety concerns in a proposed riser drilling site. The presentation of these data in unin-
terpreted, raw format is intended as an invitation for further inquiry, debate and investiga-
tion, as well as an introduction to the first in a series of engineering site surveys that will 
be conducted as CDEX prepares to implement the operations of the riser drilling vessel 
CHIKYU.

 Sincerely,

 Asahiko Taira
 Director General, CDEX
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ABSTRACT

 This technical report is an introduction to the ongoing site survey activities in the 
Kumano region of the Nankai Trough, off the east coast of the Kii Peninsula, Honshu Island, 
Japan. The document is designed to be a description of the data collection tools and methods, 
a detailed look at the onboard quality control and processing techniques, an overview of the 
postcruise processing procedures and techniques, and, finally, a detailed look at the explora-
tion two-dimensional (2-D) seismic data. There are no geological or geophysical interpreta-
tions applied to these data – no faults are picked, no horizons highlighted, and no composite 
geological cross-sections, time-slices, or attributes analyses presented. 
 This presentation of raw data alone is intended to give the geological community 
an unfiltered glimpse at the fundamental basis of the ongoing site survey, site planning, and 
target identification being undertaken by the Center for Deep Earth Exploration (CDEX) as 
we perform site hazard and site engineering seismic surveys as a part of the Integrated Ocean 
Drilling Program (IODP) riser-drilling (Drilling Vessel CHIKYU) site selection process. 
Thus, this document is intended both as an informational tool and as an open invitation for 
the ocean drilling scientific community to examine the data collected to date.
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1. INTRODUCTION AND GEOLOGIC SETTING

OVERVIEW

The Nankai Trough marks the plate boundary between the Philippine Sea plate and the 
Japanese archipelago (Eurasian plate). The Philippine Sea slab is subducting beneath Eurasia at a rate 
of ~4 cm/y, with a plate motion vector orientation of 310°-315° (Seno et al., 1993). The interface 
between the subducting slab and the overriding plate dips 3°-7° (Kodaira et al., 2000) and has been 
the locus of repeated great earthquakes (>M8) with an average recurrence interval of ~180 yr (Ando, 
1975). Currently, the margin is locked with little evidence for convergence between southwest Japan 
(Tokai, Muroto Peninsula, Kii Peninsula, and Shikoku Island) and the Philippine Sea plate (Mazzotti 
et al., 2000). A pelagic sedimentary section ~1 km thick is accreted to or underthrust beneath the 
margin, forming a well-documented accretionary prism and a fold and thrust belt (Moore et al., 
2001), which is overlain by terrigenous sediments derived from the Japanese Islands. This subduction 
zone off southwest Japan comprises a sediment-dominated accretionary prism, and is considered an 
end-member in the spectrum covering sediment-starved to sediment-dominated trenches (Moore, 
Taira, Klaus, et al., 2001, and references therein). 

The convergent margin of southwest Japan has a long geologic record of accretion of deep-
sea deposits and is characterized by imbricate thrust slices of Cretaceous to Miocene trench turbidites 
intermixed with mélanges composed of ocean-floor basalt, pelagic limestone, hemipelagic shale, and 
radiolarian chert composing the Shimanto Belt (Taira et al., 1988; Ohmori et al., 1997). However, 
rocks cored during Ocean Drilling Program (ODP) Leg 190, including those subducted to seismogenic 
depths, entered the subduction zone no earlier than the Pliocene (Moore, Taira, Klaus, et al., 2001). 
In the area of Leg 190 and Leg 196 ODP drilling, the Muroto Transect, the basin to margin transition 
can be divided into the undeformed Shikoku Basin sediments, the overlying trench fill, the protothrust 
zone, the imbricate thrust zone, the frontal out-of-sequence thrust zone, the large thrust slice zone, 
and the landward-dipping reflector zone. A condensed summary of these tectonic provinces from 
Moore et al. (2001) and Moore, Taira, Klaus, et al. (2001) follows. Additional information specific 
to the Kumano Basin, off the Kii Peninsula, will be presented in order to contextualize the general 
geological and tectonic background with respect to the Integrated Ocean Drilling Program (IODP) 
NanTroSEIZE site hazard survey, which forms the basis for this Technical Report.

GEOLOGIC AND TECTONIC CONTEXT

Philippine Sea Plate – Major Geologic Features

The Philippine Sea plate (PSP) is marked by several geological features that trend at a high 
angle to the Nankai Trough (Fig. 1). The area of the PSP off the coast of southwest Japan is marked 
by the Shikoku Basin, a back-arc basin formed between 34 and ~15 Ma by island-arc rifting and 
subsequent spreading across the Shikoku Basin spreading center, forming an ocean basin floored by 
basaltic rocks (Okino et al., 1994, 1999). The Shikoku Basin is bounded on the southwest by the 
Kyushu-Palau Ridge, located off the coast of eastern Kyushu, which comprises a prominent island 
arc remnant rifted away from the Izu-Ogasawara arc (Taylor, 1992) and enters the Nankai Trough 
oriented at a high angle to the subduction zone. To the east is the Izu-Ogasawara Island arc, which 
collides with Japan near the Izu Peninsula. In the central-eastern segment of the Nankai Trough, 
near the site of the recent Off-Muroto ODP Leg 196, the extinct Shikoku Basin spreading axis and 
several seamounts in the Kinan Seamount chain are being subducted. The Zenisu Ridge, off the 
coast of the Kii and Tokai regions of Honshu Island, Japan, is approaching the subduction zone in 
the northeast segment of the Nankai Trough. Recent research (e.g., Park et al., 2002, 2003) has 
shown that a subducted correlate of the Zenisu Ridge, termed the Paleo-Zenisu Ridge, is underlying 
the accretionary prism and may be playing a significant role as a structural backstop, affecting the 
seismicity and structural character of the eastern Nankai Trough (Fig. 2a).

Major Sedimentary Units and Deformation Zones in the Accretionary Prism

Shikoku Basin oceanic crust in the area of interest (Off-Shikoku, Off-Muroto, Kii, and 
Tokai regions of the Nankai Trough) formed at ~15 Ma and is overlain by, from oldest to youngest, 
volcaniclastics, a middle Miocene to middle Pliocene massive hemipelagite, an upper Pliocene to 
lower Pleistocene hemipelagite with tephra layers, a Pleistocene turbidite to hemipelagite transition 

Fig 1. Geography of South-
west Japan and environs.

Fig 2a. Detail of the Nankai 
Trough region.
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sequence, and a Pleistocene to Holocene trench turbidite unit (Moore, Taira, Klaus, et al., 2001). 
This thick (>1 km) sedimentary section initially deforms above a protodécollement zone 

or incipient detachment surface developed in the uppermost Miocene massive hemipelagite layer 
as it enters the protothrust zone (most seaward area of the subduction zone). The lower portion of 
the massive hemipelagite, along with underlying volcaniclastics and oceanic crust, is underthrust 
beneath, and presumably partly incorporated into, the Nankai Trough accretionary prism. Coring and 
seismic studies demonstrate that this initial deformation above the décollement zone consists of small 
thrust faults associated with subtle folding at seismic scales (Park et al., 2000) and is characterized 
by minor faults identified in core samples (Morgan and Karig, 1995; Moore, Taira, Klaus, et al., 
2001). 

Starting at the frontal thrust and continuing landward, large-scale thrust faulting facilitates 
rapid growth of the accretionary prism. A ~20-km-wide zone of imbricate thrust faults occupies the 
area immediately landward of the frontal thrust. The geology of this zone consists of a series of well-
developed, seaward vergent, thrust-bounded packets spaced several kilometers apart. Approximately 
20 km landward of the deformation front, a zone of out-of-sequence thrusts overprints the imbricate 
thrusts. Farther landward from the deformation front, the out-of-sequence thrusts are well developed 
and cut across the thick thrust packages, defining a large thrust/slice zone. Landward of the large 
thrust/slice zone there is a landward-dipping reflector package that, although it is less well imaged 
than more seaward portions of the accretionary complex, probably represents both thrust boundaries 
and tilted sedimentary layering.

Kumano Basin: Structure, Geology, and Historical Seismicity

The Kumano Basin is located in the eastern Nankai Trough domain, as defined by historical 
seismicity and geologically defined tectonic boundaries (Ando, 1975; Sugiyama, 1994; Park et 
al., 2002, 2003; Nakanishi et al., 2002a). Specifically, the Kumano Basin is found in the Tonankai 
segment of the Nankai Trough accretionary prism and is the location of the 1944 Tonankai M = 8.1 
earthquake (Ando, 1975). Results of multichannel seismic and ocean-bottom seismometer surveys 
in the eastern Nankai Trough indicate that the overall crustal structure, specifically the thickness and 
interpreted age of forearc basin sedimentary deposits and the thickness, age, and distribution of pelagic 
sediments on the downgoing slab, are broadly correlative with those sampled in the Off-Muroto ODP 
legs 190 and 196. The Kumano Basin itself comprises a sediment-filled forearc basin developed atop 
the Nankai Trough accretionary prism (Nakanishi et al., 2002b). The seafloor morphology of the 
Kumano Basin is relatively flat and continuous and contrasts with the morphology of the more eastern 
segments of the Nankai Trough near the Tokai district, where the Zenisu Ridge and the subducted 
Paleo-Zenisu Ridge have imparted a rough, folded, faulted, and heavily canyonized morphology to 
the seafloor. 

The internal structure of the Kumano Basin is characterized by families of imbricate and 
out-of-sequence thrust faults rooted in the décollement (Fig. 2b). Most prominently, distinct splay 
faults arise from the décollement, and the character of these splay faults (fault dip, displacement, and 
distance from the frontal thrust) change toward the east, in accord with the inferred impact of the 
Zenisu and Paleo-Zenisu Ridges (Park et al., 2002, 2003; Nakanishi et al., 2002a, b; Takahashi et 
al, 2002). The variation in the geometry of these splay faults along the Nankai Trough is thought to 
correspond to changes in the degree of coupling along the plate interface between the downgoing slab 
and the overriding arc and accretionary prism. These changes in coupling are inferred to be related to 
the morphology of the subducting slab, the thermal profile of the subduction zone itself, the presence 
or absence of fluids in the subduction zone, and the geometry of the plate boundary (Nakanishi et al., 
2002a, b; Park et al., 2002, 2003).
            The Kumano Basin is the subject of a closely spaced, high-resolution multichannel seismic
survey carried out in January – February 2003 (Fig. 2c). These data were collected as a part of the 
site survey for the proposed IODP NanTroSEIZE drilling project, and the Kumano Basin was chosen 
ongoing for this survey based upon several geological and technical criteria: historical seismicity 
(e.g. the Tonankai earthquake and the repeated earthquakes reported in Ando, 1975) the structure 
of the accretionary prism, the density and distribution of previously collected data (see Moore,  
Taira, Klaus, et al., 2001) and, for drilling purposes, the relatively shallow depth of both the ocean
floor and the décollement. The following sections outline the data collection, data processing, and 
 results of that site survey.

Fig. 2c. Map showing 
seismic line locations.

Fig. 2b. Cross-sectional 
structure of the Nankai 
Trough.
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2. DATA ACQUISITION, PROCESSING, AND PRESENTATION
SEISMIC SURVEY ACQUISITION PARAMETERS

Survey Information and Objectives

Nippon Marine Enterprises (NME, Japan) and Multiwave Geophysical Company ASA 
(MGC, Norway) contracted to perform a two-dimensional (2-D) marine seismic survey off the Kii 
Peninsula, southwest Japan, in the Philippine Sea in the Kumano region of the Nankai Trough (see 
Figs. 1, 2a). Acquisition was carried out using the purpose-built seismic survey vessel Polar Princess 
(Rieber Shipping AS, Norway), built to Det Norske Veritas Class 1A1 Ice 1A Helideck standards at 
Kleven Løland, Leirvik, Norway, in 1985, with overall length 76.20 m and draft 5.80 m. The vessel 
was upgraded with new streamer and air gun deck in March 2001. 

The Kumano Basin survey employed standard-resolution survey/acquisition parameters 
including a single 4240-in3 source towed at 6 m depth and a streamer totaling 6000 m in length towed 
at 10 m depth. Deployment of the seismic streamer started in the area south of the target region, to 
stay away from the heavy coastal traffic farther north. The survey started on January 31, 2003 on line 
E, acquired as sequence 001. The seismic lines (prefix OKDM03) were recorded according to the 
Center for Deep Earth Exploration (CDEX) line shooting plan. The Simrad echo sounder (EA 600) 
did not function during this part of the survey; therefore, water depth was derived from seismic trace 
data and merged into the navigation data using the ProMAX interpretation and analysis package.

Strong currents, at times up to 5 knots in a northeasterly direction, influenced data collection 
in the target area. This caused feather of as much as 40° at times. The northern part of the prospect 
area cut through the east-west traffic flow to and from Tokyo; however, this traffic did not have 
significant impact on the survey logistics. One sequence (sequence 019, February 10, 2003) was re-
shot due to swell noise; this line was re-shot as Non-Weather Standby on February 15-16, 2003 as 
sequence 034.

Survey Area, Equipment Configuration, Navigation

The survey was conducted in the Kumano Basin region of the Nankai Trough, offshore Kii 
Peninsula, Japan (see Figs. 1, 2a). The seismic survey lines are shown in Fig. 2c and comprise a total 
of ~1500 km of full-fold, multichannel 2-D seismic data. The vessel and streamer configuration (Figs. 
3a, 3b; Tables 1, 2), air gun array setup (Fig. 4, Table 3) and air gun array navigation (Fig. 3b, Table 
4), the survey control and data logging system (Fig. 5, Table 5), as well as the technical specifications 
used in navigation (Tables 6, 7) are briefly outlined in the paragraphs below.

The Kumanonada survey was navigated using MGC standard operation mode for single-
streamer/single-source seismic surveys. Positioning of the vessel (Table 7) was determined using dual-
frequency differential Global Positioning System (GPS), with differential correction data determined 
using a proprietary format that was then translated to standard format and recorded in the GPS output 
files. The sources (air gun arrays) were positioned relative to the vessel using a network of relative 
Global Positioning System (rGPS) units mounted on sub-arrays 2, 3, 4, and 5 (see Fig. 4). The center-
first group of receivers on the streamer cable was positioned by a combination of compass heading 
and nominal offsets from the vessel. The center-last group of receivers was positioned using a network 
of one rGPS unit mounted on the tail-buoy (see Fig. 3a) and streamer-mounted compass units. The 
streamer shape was modeled using combined streamer depth control and magnetic compass units 
on each streamer. Least-squares condition equations for the streamer were used assuming circular 
arcs between compasses and by relating the tracking nodes, compasses, tension-corrected distances 
between compasses, rotation biases, and scales. These factors were used to compute scale, rotation, 
and individual compass corrections. The streamer shape was computed using a circular arc method. 
A correlation model for weighting multiple range corrections was used to obtain optimum pseudo-
range corrections. W-test and F-test statistical techniques were applied to detect and reject correction 
outliers. Differential position corrections were transmitted to the navigation room and seismic control 
units (see Fig. 5) by two different means, and this redundancy ensured continuous and accurate vessel 
positioning.

Data Quality Control

Before the beginning of the survey, during the survey, and after finishing, a complete set of 

Fig. 3a. Aquistion survey 
equipment configuration.

Fig. 3b. Streamer and air 
gun navigation geometry.

Table 1. Vessel configura-
tion and equipment.

Table 2. Streamer and hy-
drophone specifications.

Table 3. Source character-
istics

Table 4. Streamer and 
source positioning systems.
Table 5. Recording tools.
Table 6. Geodetic param-
eters used in data collection 
and navigation.

Table 7. Navigation tools.

Fig. 4. Air gun array.

Fig. 5. Data logging setup.

36m

10
9m

14
5m

45m

15m

Stern to Nav. Antenna

Nav. Antenna

Towed source arrays x 4

Support Wire

Streamer Cable - 6000m x 64 mm

Float/Stabilizer

Center, first receiver group 

Center, 
source

Umbilicals

Deflector Foils

Common Midpoint

C
en

te
r o

f S
ou

rc
e

N
ea

r H
yd

ro
ph

on
e

G
ro

up
 C

en
te

r

Streamer

Layback = 217.5 m

Base of Hull
Polar Princess

145 m

N
av

ig
at

io
n 

R
ef

er
en

ce
 P

oi
nt

Sh
ip

 S
te

rn

36 m 109 m

290 m

D

D = Depth Tr.

D D D

2.8 m
2.8 m

2.8 m
2.8 m

3.5 m

Array 5

300

300

300

300

250

250

250

250
100

Total volume = 4240 cu. in.

100

100

100

150

150

150

150

150

150

150

150
70 70 70 70

40

8

7

6

5

4 3

12

8

7

6

5

4 3

12

8

7

6

5

4 3

12

8

7

6

5

4 3

12

40 40 40

100

100

Stream
er C

able (receivers)

100

100

Array 2Array 3Array 4

D
N

N N

N = Near Field

D
N

D
N

D
N

D
N

D
N

D
N

D
N

P

P = H. Press Tr.

P P P

N
G

G = GPS

N
G

Cluster
Guns
Inactive
Guns
Single
Guns

SeaProQC

Seal-HCI

DigiSCAN

GSC90
Source

Controller

Auxiliary
Channels

Gun Data

Ti
m

e
B

re
ak

Ti
m

e
B

re
ak

Bird Data

Sy
st

em
St

ar
t

Sy
st

em
St

ar
t

rGPS

dGPS

B
ird

 D
at

a

Ext. Trigger

Spectra Sprint

Umbilicals (to Airgun Array)
Streamer

(to receiver array)

Streamer 
Interface

CDEX TECHNICAL REPORT VOL. 1,
NANKAI TROUGH SEISMOGENIC ZONE SITE SURVEY
CHAPTER 2 - DATA ACQUISITION, PROCESSING, AND PRESENTATION

8



instrument tests were performed. These tests included the following:
 

Noise test,
Gain shift, 
Phase shift, 
Harmonic distortion,
Cross talk,
Common mode rejection ratio test,
Sensor capacitance,
Sensor cut-off,
Sensor leakage.

The tests above were recorded to tape and sent to the processing center together with 
the seismic data. The results of these instrument tests were good, except for failed sensor tests on 
streamer 1, channels 252, 440, and 446. Tests were run daily, and the results of these tests were noted 
and logged. Initial, monthly, and final tests were stored to tape for use in on-land processing. The 
equipment used for onboard quality control (QC) and processing is listed in Tables 8 and 9, and the 
following sections describe the processing and QC procedures.

QC Products and Processing Sequence 

SeaPro QC software was used during this survey to perform online QC of the seismic data. 
The SeaPro was set up to produce a screen plot of all shots. It also displayed a single-trace display 
(Fig. 6) and a noise vs. channel/shot history (Fig. 7). The ProMAX seismic analysis system was in use 
during the survey to further monitor the quality of the seismic data and to produce brute stacks. 

Geophysical Objectives and Reference Parameters 

The production processing sequence used during the survey was kept to a standard basic 
flow after a few preliminary tests. This sequence consisted of the following steps: 

Reformat from seismic acquisition data format,
Apply a minimum phase anti-alias filter,
Resample to 4 ms,
Perform velocity analysis on a 4 km grid,
Perform adjacent trace sum with differential normal moveout,
Compensate for recording delay,
Perform static sea level correction for air guns and cable,
Perform spherical divergence correction,
Perform surface consistent deconvolution with parameters :
 280 ms operator, 
 24 ms gap, 
 start at wavebase  + 200 ms, 
 2000 ms length,
 0.1% white noise.

The above sequence of tests and the parameters used in those tests were applied to both acquisition 
QC and production processing. 

Processing Objectives 

The main objective of the onboard processing was to stack every line with minimal processing 
to enable a thorough on-board QC check of data quality. In addition to brute stack processing, gun 
hydrophone channels were checked to monitor the performance of the source; near-trace and root 
mean squared (RMS) velocity displays were generated and examined to identify any noise problems. 
A complete list of processing steps and products can be found in Table 8.

The general aim of the onboard processing (the equipment used can be found in Table 9) 
was not to attenuate noise but to show the data as they were recorded, or how they would be presented 
to a shore- or vessel-based processing center. Bandpass filtering was normally confined to the anti-

Fig. 6. SeaPRO single trace 
display.

Fig. 7. SeaPRO noise vs 
channel/shot history.

Table 8. Processing prod-
ucts (online QC).

Table 9. Onboard QC 
equipment.
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alias filter prior to resampling to 4 ms. A wide bandpass filter at the signal bandwidth was the last step 
in the processing sequence; this was intended to clean up the high frequency noise introduced by the 
deconvolution operator. Automatic gain control (AGC) and similar scaling processes, which tend to 
soften and hide background noise, were avoided; raw stacks were always produced without any AGC 
scaling. The objectives of the onboard seismic processing were to perform a thorough QC check of all 
data recorded. In order to perform and document this QC check, the following data were produced: 

Auxiliary channel gun hydrophone QC records,
Near-trace source comparison QC records
Shot vs. channel color RMS amplitude display records,
Shot RMS records,
Channel RMS records (whole line average),
Velocity analysis records at 4 km interval,
Raw stacks.

Production Processing 

Parameter Testing 
Due to the high production rates expected during this survey, parameter testing was kept to a 

minimum in order to ensure little lag between production and final QC check. Parameter testing was 
therefore limited to checking suitability of the parameters on the first sequence, along with post-stack 
scaling for display purposes. 

Main Seismic Processing Parameters 
Pre-stack 

The first stage of the pre-stack processing was to input SEG-D data from tape and convert it 
to internal ProMAX format as 16-bit data. The data were filtered with a minimum-phase high-fidelity 
anti-alias filter and then resampled from 2 to 4 ms. Any relevant header information such as shotpoint 
number, water depth, etc., was extracted from the SEG-D tape headers. All 480 data channels were 
input from tape, with a record length of 14000 ms. 

Further data reduction involved 2:1 trace summation, which increased the receiver spacing 
from 12.5 to 25 m. The new common depth point (CDP) interval was therefore 12.5 m after decimating 
the data. A regional velocity function was used for differential NMO prior to trace sum. Marine 2-D 
geometry spreadsheets were used to generate the geometry information and CDP binning, and this 
information was then loaded into the seismic trace headers. As the geometry information was applied 
after 2:1 summation, it was necessary to set up the geometry database using 240 channels and 25-m 
receiver separation. An instrument delay of 50 ms was applied to the data during acquisition, so this 
was removed using a bulk shift static correction. Water bottom times derived from the near-trace 
displays were then transferred into the data set headers from the database. Trace editing involved 
killing any bad traces or shots based on observerʼs logs comments and the results obtained during 
ProMAX QC analysis. A wide minimum-phase Butterworth bandpass filter was then applied to the 
data using corner frequencies of 3-18 90-72 Hz-dB/octave. 

To balance the shot records, true amplitude recovery using a spherical divergence correction 
was used and applied to the whole record. The CDP gathers were then NMO corrected using the 
picked RMS stacking velocities, and an NMO stretch mute was then applied. The NMO stretch mute 
was also picked off water-bottom-time-sorted CDP gathers, to enable it to accurately follow the water 
bottom. 

Stacking 
A straight mean vertical stack algorithm with a root power scalar for normalization of 0.5 

was used for CDP stacking. Water bottom multiples were particularly strong in this area, and more 
exhaustive processing utilizing an offset weighted stacking method may provide a means to attenuate 
seabed multiples, especially if combined with an inner trace mute (Fig. 8). 

Post-stack 
Correction for air gun and cable depths required post-stacking application of a 10 ms bulk 

static shift. Stacks were then output to disk without any further filtering or scaling. Both of these 
processes were applied during the display jobs. Filtering was limited to a 3- to 70-Hz broadband filter. 
Scaling proved a particular problem in that the water bottom reflection and its associated multiples 

Fig. 8. ProMAX Stacking 
results display.
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were very high amplitude. Two stack plots were produced – one with no scaling and a second with a 
robust 1024-ms AGC. 
 All brute stacks (without any post-stack filtering or scaling) were written to tape in SEG-Y 
data format. The brute stack headers contain all relevant shotpoint (SP), CDP, and RMS information. 
The coordinate information within the stack headers was not derived from navigation data, but it 
should be possible to do a post-stack merge of the SP coordinates if required. 

Velocity Analysis 

Initial Velocity Field 
An initial velocity field was created from velocity estimates supplied by a combination of 

onboard measurement; previous measurements of water salinity, temperature, and depth; earthquake 
data; and from previous seismic surveys conducted in the area.

Stacking Velocity Field 
Velocities were picked for each line at regular 4-km intervals using on-screen interactive 

velocity picking utilities in the ProMAX processing package (Fig. 9). The ProMAX velocity picking 
module included a semblance display, a CDP supergather with optional NMO correction, function 
stack panels, and an interval velocity graph. 

To improve the signal-to-noise ratio, supergathers were formed by combining five adjacent 
CDP gathers, and these CDPs also made up the stack panels. A regional velocity function was used 
as the central guide function for the stack panels. A total of 21 stack panels were processed using a 
±20% velocity variation. 

To speed up the on-screen velocity picking procedure, the velocity analysis displays were 
pre-computed. When primary velocities were clearly defined, they were normally picked off the 
semblance display and NMO corrections were applied to the gathers to check that events were lining 
up well. Velocities were also picked off the function stacks whenever the velocities were poorly 
defined on the semblance display. 

Velocities were normally well defined down to the first water bottom multiple, but below 
that it was often difficult to identify significant events. For final velocity analysis a a frequency (f) and 
wavenumber (k) (f-k) deconvolution or radon deconvolution filter would be beneficial in order to pick 
reliable velocities at depth. Unfortunately, the excessive run times required for the radon filter meant 
that it was not a practical option for processing on this survey. 

After velocity picking, velocities were viewed and checked for quality on screen using 
the ProMAX velocity viewer module, which provided an isovelocity display together with interval 
velocities. This module was most useful for editing stray velocity picks. NMO-corrected gathers were 
also displayed on screen both at and between velocity locations for further verification (Fig. 10). 

Processing Flow & Quality Control 

Quality Control of Processing Steps 
At every stage of the processing sequence the data were checked for quality on screen to 

ensure that there were no problems. RMS analyses were also used to check for noisy or spiking 
channels. The final QC check involved close examination of the brute stack. The flow chart shown in 
Fig. 11 indicates the steps employed during onboard processing and QC checks. 

Acquisition Processing and Quality Control

Channel RMS 
The start and end of line noise records were used to compute RMS values for all 480 channels. 

In addition, an average channel RMS was computed for all shotpoints, using data from the color RMS 
display. For the noise record the entire record length was used. RMS values were calculated for both 
raw data (i.e. as-recorded with no low-cut filter) and using a 3- to 90-Hz bandpass filter (Fig. 12).

Shot RMS 
Shot RMS values were computed for every shotpoint along the line. Prior to RMS computation 

the data, were resampled from 2 to 4 ms and the traces were 2:1 summed. A shallow RMS window 
was selected to avoid contamination from first breaks. Channels 36-240 (after 2:1 sum) were used to 

Fig. 9. ProMAX velocity 
picking display.

Fig. 10. ProMAX isoveloc-
ity and interval velocity 
display.

Fig. 11. Onboard QC flow-
chart.

Fig. 12. RMS results (with 
bandpass filter).

SEG-D Input from Tape
Reformat to ProMAX format
Input 14000ms, 480 channels
(+30 auxilliary channels)

Resample to 4ms with anti-alias filter
Trace Edits from observer logs and RMS displays
Marine Trace Decimation 2:1 using diff. NMO, regional function
2-D Marine Geometry
Bulk Static Shift -50 ms for instrument delay

Bandpass Flter Minimum phase, 3 Hz 18 dB/octave
Shot Edits  from Observer Logs
True Amp. Recover t1.8

NMO   Analysis every 4 km
NMO Mute  Picked from CDP gathers

Stack Mean, square root scaling
Shot & Streamer Static 10ms
Output to disk and SEG-Y tape
Stack Displays
3-70Hz bandpass filter w & w/o AGC

Noise Record Analysis
Window 0-1400 ms, on-screen display

RMS Shot vs. Channel
Windows 0-300 ms & 13500-14000 ms
On-screen display

Auxiliary Display
Timebreak and gun hydrophones

Near Trace Display
On-screen, Channel 1, pick WB time

Source Comparison
On direct arrival amplitude, on-screen

Shot Display
On-screen every 2 km

RMS Analysis
Window 0-500 ms, 3 freq. bandwidths

NMO Gather Display
On-screen check and pick mutes
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obtain an average RMS value for each shot, and a window of 0-500 ms was used. Fig. 13 shows shot 
RMS in signal bandwidth displayed above the stack of sequence 10, with cross-current noise clearly 
visible in the center of the stack. For each QC run, shot RMS values computed at three different 
frequency bandwidths: 

High-cut filter at 6 Hz to look at low-frequency RMS noise values,
Low-cut filter at 50 Hz to look at high-frequency RMS noise values,
Bandpass filter at 3-90 Hz to look at RMS noise in signal bandwidth.

The low-frequency RMS shows swell noise trends along the seismic survey line. The high-
frequency RMS shows ship noise or remnant multiple energy interference. Any RMS variations 
within the signal bandwidth RMS, which corresponds to either of the above, suggests that the data 
quality could be degraded by the noise and would require further investigation. For this survey only 
the signal and low-frequency RMS showed any fluctuation, normally due to strong currents resulting 
in strong feather swings and consequent noise as the streamers moved laterally through the water. 

RMS values for all three frequency bands were entered into the line database and examined 
to correlate with any noise observed on the stack displays. The signal bandwidth RMS values were 
written into the SEG-Y stack headers at the end of the survey.

Shot vs. Channel Color RMS Amplitude Display 
Two-color displays of shot vs. channel RMS values were processed for every line. Raw data 

with a sample rate of 2 ms were used to calculate the RMS values for every channel on every shot. 
This analysis was restricted to an approximate signal bandwidth of 3-70 Hz. A deep RMS window of 
13,500-14,000 ms was selected, along with a shallow window of 0-300 ms, as the deep window was 
sometimes contaminated by strong water bottom multiples. 

The color RMS displays (Fig. 14) were viewed on screen, and the screen images were then 
saved as GIF files. The displays were extremely useful in showing noise trends along the line, such 
as bad channels, bird noise, cable tug, front-end noise, cable strikes, swell noise contamination, auto-
fires and misfires, multiple interference, etc. The on-screen analysis also allowed the exact shot and 
channel location of any noise trend to be located and investigated. Several lines were affected by 
strong cross currents; these created high levels of noise, as can be seen in Fig. 15.

The RMS amplitude maps were kept on disk throughout the survey, and a library was 
constructed. To investigate noise problems, the color displays from each sequence were displayed 
side by side. In this way it was possible to compare whether one line was noisier than the other 
and identify any swell noise increases or cable deterioration. This comparison also proved to be an 
extremely useful method for identifying any dead, noisy, or spiking channels from line to line. 

The single average value per shot was also displayed in areal format showing noise trends 
over the entire survey (Fig. 16). This figure also reveals the effects of swell noise on particular lines or 
line sections: sequences 014, 019, and 024 were badly affected by swell noise, resulting in sequence 
019 being re-shot. The high value for sequence 035 was due to water bottom multiples contaminating 
the RMS window. For all RMS computations, a scaling factor of 50 was used to convert from 
millivolts to microbars. 

Near-trace Display 
For all sequences, near traces were extracted from the raw data set and re-sampled to 4 ms. 

Near traces were routinely displayed on-screen at the end of each line. This process proved useful 
in quickly determining any possible errors with acquisition, and revealed gun volume changes, bad 
records, time-break problems, and any auto-fires not reported by the recording system. The near traces 
also provided a good indication of acquisition conditions, including strength of the water bottom 
multiples, remnant multiple interference, and swell noise contamination. 

The near traces were also used to pick the water bottom times (Fig. 17), using a first-
break picking utility. The water bottom times were then transferred to the shot records prior to pre-
processing. Near traces were routinely reviewed on screen, so hard-copy plots were not generated. 
The near-trace files were saved to disk and are available for plotting should further investigations 
become necessary. The navigation department used water bottom times to generate water depths used 
in further processing. 

Auxiliary Channel
All 30 auxiliary channels were input from tape during the SEG-D tape loading procedure. 

Fig. 13. RMS for a single 
shot with current noise.

Fig. 14. Color RMS display.

Fig. 15. Color RMS with 
cross-current noise.

Fig. 16. Average RMS per 
shot, entire survey.

Fig. 17. Near-trace display 
with first break.
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The auxiliary channels were then separated from the data channels and stored in a separate data 
file, which was used for on-screen analysis. The displayed information consisted of the recorded 
time break, the delayed navigation time break, the hydrophone water break, and three near-field 
hydrophones for each of the six sub-arrays. 

The performance of the air guns was monitored by routinely displaying auxiliary channels 
13 to 30, which corresponded to the gun hydrophone channels. The three hydrophones from each 
sub-array were vertically stacked after being time shifted, such that hydrophone 1 was displayed 
as 0-500 ms; hydrophone 2 as 500-1000 ms and hydrophone 3 as 1000-1500 ms. In this way it was 
easy to determine whether any discrepancies were related to the individual hydrophone, suggesting 
a problem with the hydrophone itself, or affected all three hydrophones of the string, suggesting a 
physical source problem. Additionally, the pressure reading from each sub-array was displayed as a 
graph above the hydrophones, allowing correlation with any drops in source pressure. 

All auxiliary channels were used to check every line, using on-screen color amplitude displays 
(Fig. 18) that clearly showed any amplitude variations along the line. All amplitude variations were 
cross-checked against the comments in the observerʼs logs, and any anomalies were reported for 
further investigation and quality check. 

Shot Record Displays 
Shot records were filtered to signal bandwidth and balanced with a true amplitude gain 

recovery after 2:1 trace decimation. Shot records were displayed on screen at 2-km intervals for each 
line. Hard copy displays were produced only when necessary, and individual records were examined 
on screen to investigate anomalous seismic energy or problems with acquisition. The color RMS 
displays were frequently used to pinpoint bad shots, and these could be investigated on screen. 

The raw shot displays (Fig. 19) were used to estimate the amplitude and amount of swell 
noise on the raw shot records prior to further processing. Consistently noisy channels were also 
identified on the raw shot displays, and any edited channels on the observerʼs logs were verified. 

CDP Gather Displays 
Gathers (Fig. 20) were regularly displayed on screen at 4km intervals to check velocities 

after NMO correction. All pre-stack mutes and time gates were picked off water-bottom-time sorted 
CDP gathers. 

Additional Displays 
Spectral analysis displays were generated for several lines to evaluate the power and 

frequency content of the data and noise. F-k plots and fourier transform (FT) displays were also 
occasionally displayed. 

Navigation Processing

Navigation data were processed on board the vessel but were not merged with the seismic 
data for constructing the 2-D brute stacks. Geometry assignment was carried out using a nominal 2-D 
geometry to enable the brute stacks to be processed quickly without having to wait for the navigation 
data to be processed. 

As a check of the navigation data, the near traces for each sequence were merged with the 
processed navigation data. The trace offset was calculated from the navigation data and the traces 
corrected with linear move out. It should be noted that these offset calculations did not use source 
geometry or orientation. There were often instances where currents affected the steering and source-
streamer geometry, which showed an apparent slight reduction in the actual offset, whereas navigation 
data suggested a slight increase in offset. These discrepancies were caused by rotations of the source, 
which shifted the center of the source slightly toward the vessel while the gun nearest the streamer 
actually became closer. The distances involved were of the order of 4 m. The tie between navigation 
and seismic data was excellent (Fig. 21).

Data Acquisition Summary

Many potential problems were analyzed using ProMAX including checking field tapes; 
checking shot records for noise bursts, swell noise, or auto-fires; confirming bad or noisy channels, 
etc. Very few problems were encountered during the survey, and data quality was uniformly good. 
Occasionally, lines suffered from strong turn noise induced by currents. This noise was usually of 

Fig. 18. Onscreen color am-
plitude display - auxiliary 
channels.

Fig. 19. Raw shot display.

Fig 20. CDP gather display.

Fig 21. Seismic data - navi-
gation tie display
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relatively low amplitude and, to a large extent, was removed by stacking. Where this noise was 
not removed by stacking, application of a swell noise attenuation package would probably be an 
effective method of removing the noise. These lines are easily identified on examination of the RMS 
displays.

POST-CRUISE PROCESSING

Introduction

 The following sections describe the processing applied to the Kumano Basin 2-D seismic 
data; this processing was completed as a part of the engineering site survey report for the NanTroSEIZE 
project proposed to IODP.
 The purpose of this inquiry is to narrow the number of candidate locations for the proposed 
IODP drilling expeditions to be carried out in the Kumano Basin, offshore Kii Peninsula, Japan. 
Bridging the gap between the collected raw data and allowing geological interpretation for scientific, 
engineering, safety, and environmental planning requires repeatable, accurate, and scientifically 
rigorous data processing. The data processing sequence described here was performed by JGI (JAPEX 
Geoscience Institute).

Data Processing

Processing Overview

 An IBM RS-6000 F80 SP computer system at the JGI Central Research Laboratories and the 
SUPER-X data processing package (a product of JGI) were used for this data processing. The iVAS 
interactive software system (a product of JGI) was used for velocity analysis using the following 
basic parameters:

Record length:  11 s.
Sampling interval:  4 ms (after resampling).
Standard fold number:  60.
CDP interval:  6.25 m.
Datum plane:  Mean sea level.

Fig. 22 shows a flowchart outlining the procedure used. Below, we present an overview of each step 
in the processing sequence. The numbers assigned to each step correspond to the processing sequence 
numbers in the final cross-section figures. 

Stacking Processing

Format conversion
 First, we converted the field data collected in SEG-D format to the SuperX format (standard 
JGI format) in preparation for subsequent processing.

Resampling
 Next, we converted the sampling interval from 2 to 4 ms. An anti-aliasing filter was used.

Bad trace removal (trace editing)
 We then removed bad traces that could adversely affect later processing.

CDP trace edit (CDP sort)
 In this step, we used CDP sorting to edit sets of traces with common depth points into CDP 
gathers. The CDP interval was 6.25 meters and the standard fold number was 60.

Recording delay correction
 This step corrects for the fact that the recorder start time was set to be 50 ms ahead of the 

Fig. 22. Postcruise process-
ing flow chart.
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time the air gun was fired.

First velocity analysis
 In this step, we applied amplitude compensation and deconvolution using provisional 
parameters and performed a velocity analysis. The iVAS interactive velocity analysis system was 
used for the velocity analysis, and the constant velocity scan method was applied every 4 km.

Pre-stack filter
 We applied frequency component analysis to analyze high-amplitude low-frequency and 
high-frequency noise that could adversely affect later processing (Fig. 23). We found that the low-
frequency noise due to swell was excessive, and applied a filter with operator length 1000 ms and 
passband from 6 to 125 Hz to remove this noise at this step.

Minimum phase conversion
 In this step we resampled the air gun waveform wavelets acquired from the same measurement 
system, added ghosts corresponding to the cable depth, and determined the minimum phase conversion 
operator.
 We applied this operator to all the measurement data to convert them to a waveform with the 
minimum phase.
 Fig. 24 shows (1) the original gun waveform, (2) the gun waveform with added ghosts, and 
(3) the gun waveform after minimum phase conversion. As a result of this operation, the polarity is 
reversed in the post minimum phase conversion waveform.

Amplitude recovery
 The amplitude of an elastic wave emitted from a source declines with travel-time due to a 
variety of phenomena, including geometrical spreading, the effect of multiple reflections, and inelastic 
scattering. One point of this processing was to maintain relative amplitudes. As the result of testing 
(Fig. 25), we decided to apply a geometrical spreading compensation that can be expressed as the 
gain coefficient (G) as described below:

Note that the RMS velocity is the same as the stacking velocity described above.

Prestack deconvolution
 This step applies prestack deconvolution to the data to remove short-period multiple 
reflections. We used the following parameters, which were determined by testing.

 Operator length:                200 ms (Test figure: Fig. 26).
 Gate length:   2000 to 2200 ms (time variant) (Test figure: Fig. 27).
 Prediction distance:   36 ms (Test figure: Fig. 28).
 Sliding velocity:                1500 m/s.
 Prewhiting:   0.5%.

Since one goal of this processing is to avoid changes to the phase of the waveform, we used the source 

Fig. 23. Prestack filtering 
by frequency.

Fig. 25. Tests of geometri-
cal spreading coefficients 
for amplitude recovery.

Fig. 24. Waveform analysis 
used in minimum phase 
conversion.

Fig. 26. Prestack decon-
volution test with operator 
lengths from 100-400 ms.

Fig. 27. Prestack deconvo-
lution test using a 200 - 220 
ms set gate.
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wavelet used in minimum phase conversion, and tested for the prediction distance (see Fig. 28).

Multiple suppression
 Since the multiple reflections from the seafloor and the repeated multiple reflections from 
between strongly reflecting surfaces were prominent in the ocean area covered in this study, we applied 
multiple suppression processing. This step uses the following procedure for multiple suppression. 

1. In multiple suppression using the parabolic radon transform, a large trace spacing within 
the CDP gather can have an adverse influence on the processing. In this project, the trace 
spacing is 100 m. Since this is large enough to have adverse affects, this step interpolates the 
trace spacing to 50 m.

2. An NMO correction using the velocities determined during the first velocity analysis is 
applied.

3. The parabolic radon transform extracts the multiple reflection waveform.
4. The multiple reflection components are removed by taking the difference between the 

original data and the multiple reflection component.
5. The traces inserted in step 1 are removed.
6. A reverse NMO correction using the velocities determined by the first velocity analysis is 

applied.

This approach has the advantage of exerting no influence on the waveforms from shallow areas, since 
the start time for the computation in step 3 above is the time when multiple reflections appear. Figs. 
29 and 30 present the results of this processing.

Dip moveout velocity analysis
 We performed velocity analysis again using the record of the DMO correction for velocity 
analysis and determined stacking velocities that include no influence of the dip in the in-line direction. 
This step uses the iVAS interactive velocity analysis system with a constant velocity scan method 
applied every 2 km.

Normal moveout correction
 The stacking velocities determined in DMO velocity analysis are used here to perform 
an NMO correction. At the same time, we applied automatic muting with a stretch factor of 2.0 for
excessively stretched waveforms.

Common offset panel generation
 In this step we applied common offset panel generation for the DMO processing that 
follows.

Dip moveout correction
 In this step we applied common offset dip moveout (DMO) processing in both the spatial 
and time domains to handle underground structures associated with faults or dipping reflectors. 
Amplitude phase compensation (exact solution) preserves the relative amplitudes.
 
Outside mute
 We then applied an outside mute to remove the excessively stretched waveforms that could 
not be completely removed with the automatic muting that was performed during NMO correction, 
the noise generated during the application of DMO correction, and other components.
 We performed tests (Figs. 31a, 31b) at several places during the design of the mute pattern 
and modified the mute in the spatial direction according to changes in the observed structure.

Trace balancing
 In this step, we applied trace balancing by normalizing amplitudes within a gate time with 
an AGC gate length of 1500 ms. Trace balancing was performed to compensate for inelastic and 
other effects that could not be fully corrected during amplitude recovery, and also to emphasize the 

Fig. 28.Prestack deconvolu-
tion with 36 ms predicted 
separation.

Fig. 29. Multiple suppres-
sion test: parabolic radon 
filter test panels.

Fig. 30. Multiple suppres-
sion: parabolic radon filter 
applied to the data.

Fig. 31a. First outside mute 
test.

Fig. 31b. Outside mute test 
after modification of mute 
pattern.
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reflected wave that appeared due to the results of multiple suppression.

Inside mute
 Although we removed multiple reflections when multiple suppression was performed, 
minimal amounts of multiple reflection waveforms remained at the near side due to the characteristics 
of that procedure. We applied an inside mute to remove those components. We performed the tests 
shown in Fig. 32 to design this mute.

CDP stacking
 We applied trace stacking at each CDP and normalized the amplitude by dividing by the fold 
number.

Datum correction
 Since mean sea level is used as the datum plane, we applied a static correction of +11 ms, 
which takes into account the depth of the sound source, the depth of the receiver cable, and the 
velocity of sound in seawater.

Noise reduction (FX) prediction filter
 To separate the weak reflected signal from the noise and to emphasize the reflected wave, we 
investigated the application of predictive filters in both the frequency and spatial domains. Based on the 
results of those tests (Fig. 33), we adopted an f-x prediction filter with the following characteristics:

Operator length:                 3 traces,
Gate length:   30 traces,
Time gate length:  500 ms.

Time varied (TV) bandpass filter
 We applied a bandpass filter with the pass band modified in the time direction to suppress 
noise that is outside the frequency band of the reflected waves (Fig. 34). Note that the filter start times 
are based on the water depth; therefore, the gate width was altered over the track of the seismic line 
in order to accurately reflect structural changes, as follows:

1st gate:  10-70 Hz
2nd gate: 6-60 Hz
3rd gate: 6-50 Hz
4th gate: 5-40 Hz
5th gate: 3-25 Hz

Trace scaling
 We applied AGC scaling with a gate length of 3000 ms to adjust the amplitude balance in the 
time direction of each trace.

Final cross-section display
The final cross section was output using the following parameters.

Display scaling:  Trace sigma scaling
Trace deflection:  2.5 sigma = 2.5 traces
Polarity:  Compression = black peak
Display size 1:  Vertical: 10.0 cm/s
 Horizontal: 0.5 mm/trace (1:25,000)
 (Only even numbered CDPs are displayed.)
Display size 2:  Vertical: 5.0 cm/s
 Horizontal: 0.25 mm/trace (1:50,000)
 (Only even numbered CDPs are displayed.)

Time Migration 

The stacking processing procedures outlined above provided a basis for time migration of 

Fig. 32. Inside mute tests.

Fig. 33. Application of f-x 
prediction filter.

Fig. 34. TV Bandpass filter 
with depth-dependent gate 
width.

CDEX TECHNICAL REPORT VOL. 1,
NANKAI TROUGH SEISMOGENIC ZONE SITE SURVEY
CHAPTER 2 - DATA ACQUISITION, PROCESSING, AND PRESENTATION

17



the seismic sections. The initial stages of processing (format conversion through CDP stacking) were 
followed identically to the steps described above. We performed a time migration using the frequency 
domain (FD) method to move the apparent position of the reflection points in the traveltime section to 
their true positions, and to restore diffracted waves to their diffraction points. We applied smoothing 
using the velocities determined during DMO analysis as migration velocities. We performed velocity-
scaling tests using a step size of 4 ms and a velocity scaling of 100%. Following time migration 
processing, the final processing steps described above (datum correction through final cross-section 
display) were applied to the time migrated seismic sections. Fig. 35 shows the results of time migration 
and velocity scaling.

Depth Conversion

Following initial processing and time migration, we converted traveltime information to 
depth values based on velocities determined by DMO velocity analysis. We handled large horizontal 
velocity changes by simple smoothing. Depth conversion was carried out using a sampling interval 
of 4 m and a processing record length of 15 km, and this process was carried out on seismic lines 
ODKM03-B, ODKM03-E, ODKM03-I, and ODKM03-M. We displayed the final cross section using 
slightly different parameters than during the initial and time migration processing runs, as follows:

Display scaling:  Trace sigma scaling
Trace deflection:  2.5 sigma = 2.5 traces
Polarity:  Compression = black peak
Display size:  Vertical: 4 cm/s (1:25,000)
 Horizontal: 0.5 mm/trace (1:25,000)
 (Only even numbered CDPs are displayed.)

Processing Summary

 We processed the Kumano Basin seismic data using methods and parameters that preserved 
relative amplitudes up until depth conversion was carried out. In particular, we used the parabolic 
radon transform for multiple suppression, and even during DMO correction for common offset areas 
we used algorithms that compensate for relative amplitudes. Furthermore, after applying minimum 
phase conversion in the prestacking steps, we made a point of not changing the phase.
 Time migration and depth conversion both incorporated trace scaling after stacking. This 
processing step incorporated AGC methods, therefore amplitude values that fall within the preset time 
gate are normalized and relative amplitude information is not preserved. However, the reflected waves 
from deep areas are emphasized, producing cross sections appropriate for structural interpretation. 
Fig. 36 presents two cross-sections, one in which trace scaling has been applied and another in which 
relative amplitudes are preserved.
 We saved prestacking data with relative amplitudes preserved following DMO correction; 
these data can be used for amplitude vs. offset (AVO) processing and similar applications. We 
conducted poststacking processing with primary consideration given to structural interpretation, so 
trace scaling and other processing techniques were employed to produce the final cross section.

SEISMIC DATA

 The seismic data collected in the Kumano Basin site survey expedition were processed 
according the the steps outlined above. These data are presented in cross-section format in the pages 
below, and large format, high resolution imagery is available on the companion compact disk. These 
data are shown with no interpretation, and only the locations of crossing points are shown on the 
profiles. All profiles are displayed with horizontal distances shown in terms of shot point (with ~50 
m between shots) and depth shown in terms of two-way traveltime (in seconds). A total of 21 
seismic lines parallel to the trench (ODKM03-1 through ODKM03-22) and 18 lines perpendicular 
to the trench (ODKM02-A through ODKM03-M) are displayed (see Fig. 2c), with one seismic line 
(ODKM03-Z) at a 45° angle to the trench also displayed. Lines are displayed in numerical order 
followed by alphabetical order.

Fig. 35. Time migration and 
velocity scaling tests.

Fig. 36. Representative 
cross section with trace 
scaling and relative ampli-
tude preservation.
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Figure 2c. Kumano site survey lines (ODKM03 survey). White circles are ac-
tive links to individual seismic lines.
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Seismic line ODKM03-1. Seismic line ODKM03-2.

Seismic line ODKM03-3. Seismic line ODKM03-4.
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Seismic line ODKM03-5. Seismic line ODKM03-6.

Seismic line ODKM03-7. Seismic line ODKM03-8.
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Seismic line ODKM03-9. Seismic line ODKM03-10.

Seismic line ODKM03-11. Seismic line ODKM03-12.
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Seismic line ODKM03-13. Seismic line ODKM03-14.

Seismic line ODKM03-15. Seismic line ODKM03-16.
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Seismic line ODKM03-17. Seismic line ODKM03-18.

Seismic line ODKM03-19. Seismic line ODKM03-20.
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Seismic line ODKM03-22.

Seismic line ODKM03-A.
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Seismic line ODKM03-B.

Seismic line ODKM03-C.
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Seismic line ODKM03-D. Seismic line ODKM03-E.

Seismic line ODKM03-F. Seismic line ODKM03-G.
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Seismic line ODKM03-H.

Seismic line ODKM03-I.
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Seismic line ODKM03-J.

Seismic line ODKM03-K.
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Seismic line ODKM03-L.

Seismic line ODKM03-M. Seismic line ODKM03-Z.
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Figure 1. Southwest Japan, Phillipine Sea and environs. Inset: East and Southeast Asian landmasses, 
major geographic features and plate boundaries (fine lines). Boxed area indicates location of detailed 
map. Main map shows the southwest Japan region, Phillipine Sea, Shikoku basin, major geographic and 
tectonic features
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Figure 2a. Southwest Japan, Kii Peninsula, Nankai Trough, Kumano Region. Gray area shows location 
of seismic survey (Fig 2c).
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Figure 2b. Cross sections showing the velocity structure and seismic structure of the Kumano Basin, 
with interpretive diagrams showing the mechanics of this section of the Nankai Trough.
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Figure 2c. Kumano site survey lines (ODKM03 survey). White circles are ac-
tive links to individual seismic lines.

ODKM03-1

ODKM03-2

ODKM03-3

ODKM03-4

ODKM03-5

ODKM03-6

ODKM03-7

ODKM03-8

ODKM03-9

ODKM03-10

ODKM03-11

ODKM03-12

ODKM03-13

ODKM03-14

ODKM03-15

ODKM03-16

ODKM03-17

ODKM03-18

ODKM03-19

ODKM03-20

ODKM03-22

ODKM
03-A

ODKM
03-B

ODKM
03-C

ODKM
03-D

ODKM
03-E

ODKM
03-F

ODKM
03-G

ODKM
03-H

ODKM
03-I

ODKM
03-J

ODKM
03-K

ODKM
03-L

ODKM
03-M

ODKM03-Z

136° 30ʼ 137° 00ʼ
32° 30ʼ

33° 00ʼ

33° 30ʼ

-5000 -4000 -3000 -2000 -1000 0
meters

Depth

Z

1

19

20

22

K

I

ML

C
D E

F G
H

J

B
A

18

17
16

15
14

13
12

11
10

9

2

3

4

5
6

7
8



CDEX TECHNICAL REPORT VOL. 1,
NANKAI TROUGH SEISMOGENIC ZONE SITE SURVEY
FIGURES: FULL SIZE

36

36m

10
9m

14
5m

45m

15m

Stern to Nav. Antenna

Nav. Antenna

Towed source arrays x 4

Support Wire

Streamer Cable - 6000m x 64 mm

Float/Stabilizer

Center, first receiver group 

Center, 
source

Umbilicals

Deflector Foils
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Figure 3b. Navigation and streamer/airgun array positioning system layout.
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Figure 6. SeaPRO on-screen quality control: single trace duplay.

Figure 7. SeaPRO on-screen quality control: Noise vs. Channel/shot history.
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Figure 8. ProMAX CDP stack using straight mean vertical stacking algorithm. 0.5 power normalization.

Figure 9. ProMAX velocity picking.
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Figure 10. ProMAX iso-velocity and interval velocity display,

SEG-D Input from Tape
Reformat to ProMAX format
Input 14000ms, 480 channels
(+30 auxilliary channels)

Resample to 4ms with anti-alias filter
Trace Edits from observer logs and RMS displays
Marine Trace Decimation 2:1 using diff. NMO, regional function
2-D Marine Geometry
Bulk Static Shift -50 ms for instrument delay

Bandpass Flter Minimum phase, 3 Hz 18 dB/octave
Shot Edits  from Observer Logs
True Amp. Recover t1.8

NMO   Analysis every 4 km
NMO Mute  Picked from CDP gathers

Stack Mean, square root scaling
Shot & Streamer Static 10ms
Output to disk and SEG-Y tape
Stack Displays
3-70Hz bandpass filter w & w/o AGC

Noise Record Analysis
Window 0-1400 ms, on-screen display
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On-screen display

Auxiliary Display
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Near Trace Display
On-screen, Channel 1, pick WB time

Source Comparison
On direct arrival amplitude, on-screen

Shot Display
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On-screen check and pick mutes

Figure 11. Onboard quality control processing flowchart.
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Figure 12. RMS values for all 480 channels with 3-90HZ bandpass filter applied.

Figure 13. RMS for a single shot with current noise clearly visible in the center of the stack.
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Figure 14. Color RMS amplitude display each channel on each shot, signal bandwidth of 3-70Hz.

Figure 15. Color RMS display showing shot and channel location of strong noise related to currents.
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Figure 16. Average RMS value per shot displayed to show noise trends over the entire survey.

Figure 17. Near trace disply with water bottom pick (first break pick).
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Figure 18. Auxiliary channel display showing amplitude variations along a seismic line.

Figure 19. Raw shot display used to estimate amplitude and swell noise.
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Figure 20. CDP gather display after normal moveout correction.

Figure 21. Navigation tie-in to seismic data showing near trace merged with processed navigation data.
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Figure 22. Flowchart outlining the analysis and computation steps taken during post-cruise processing



CDEX TECHNICAL REPORT VOL. 1,
NANKAI TROUGH SEISMOGENIC ZONE SITE SURVEY
FIGURES: FULL SIZE

47

Figure 23. Frequency analysis (high-amplitude, low- and high-frequency noise analysis) applied to data 
before beginning the stacking process.
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Figure 24. Waveform analysis; (1) original waveform, (2) original waveform with added ghosts, (3) 
waveform after minimum phase conversion; (4)-(16) permutations on the original waveform.

Figure 25. Geomterical spreading compensation tests. Original (right), standard spreading (center), ex-
ponential gain adjustment (left).
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Figure 26. Prestack deconvolution tests on the original data (left) with an operator length varying in 
50msec steps from 100-400msec.
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Figure 27. Prestack deconvolution using a time-variant (TV) and non-time-variant (Non TV) gates rang-
ing from 2000-3000ms.
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Figure 28. Prestack deconvolution tests using predicted separations varying from 0msec (original, right) 
to 48msec (left). 
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Figure 29. Multiple suppression test using the applied parameters from previous deconvolution steps 
and a Parabolic Radon filter.
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Figure 33. Test of f-x prediction filters with varying length (distance) operators and time gates.
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Figure 34. Test of TV Bandpass filter with depth-dependent gate width.
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Figure 35. Time migration tests performed on the deconvoluted and filtered data, with variable velocity 
scaling from 90% to 110% (left to right)
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Figure 36. Representative cross section with trace scaling (left) and relative amplitude preservation (right).



Table 1. Vessel configuration and equipment.

Item Description Type Number Remarks
Air guns Long Life Bolt 6 arrays, 8 guns per array

Chambers 40 – 300 in3 (1900)
Cluster 2 gun cluster Bolt 12 2 clusters per array

Near-field hydrophones 2540 I/O 18 3 per array
Depth/pressure sensors 2527B I/O 18 3 per array

Source Varying MGC/Bolt Single/dual 90-110 bar peak-peak
Compressors 4B5S-1.55 Sultzer Burchardt 3 137 bar/2000 psi

Source controller GCS 90 Sercel 48 guns, expandable
Solenoid power supply SPS 90 Sercel 25 ms fire pulse width

Deflector MGC 4 foils 2
Air gun winches ODIM Dual/Single 2 × 3 Slipring, Air

Streamer winches ODIM/BARO Single/Single 2/1 9000 m (50 mm)/5000 m (50 mm)
Spooling device ODIM Linear 3 Spool on streamer winch

Tow points ODIM Flexible 3

Streamer Specifications
Number of streamers 1 Seal (Sercel) type streamer, starboard-mounted

Trace allocation Streamer 1
Near hydrophone assigned number 1
Far hydrophone assigned number 240

Streamer length 6000 m
Groups per section (150m) 12

Group intervals 12.5 m (no overlap)
Active group array length 11.7 m

Jacket (skin type, thickness, outside diameter) Estane 58 887, 3.3 mm, 50 mm
Breaking strength 10000 kg
Ballasting fluid Isopar M

Connectors (diameter-length) 50 mm × 29 mm
Channels per module ≤60

Data transmission link Two twisted quarter AWG 22
Power ±175 V DC 400 W

Leakage 30 mA differential circuit breaker
Near offset 145 m

Streamer depth 10 m ± 1.0
Number of channels 480

Number of front 50 m stretch sections 1 (85 mm diameter)
Number of tail 50 m stretch sections 1 (50 mm diameter)
Number of compasses per streamer 22 (within digibirds)

Number of depth sensors per streamer 22 (within digibirds)
Hydrophone Parameters

Hydrophone type Vinci NH 95-250
Hydrophones per group 16

Number of groups per section 12
Hydrophone spacing 0.781 m

Operating temperature range –10°C to +40°C
Maximum operating depth 30 m

Group sensitivity 17.4 V/bar @ 20° C

Table 2. Streamer & Hydrophone specifications.

CDEX TECHNICAL REPORT VOL. 1,
NANKAI TROUGH SEISMOGENIC ZONE SITE SURVEY
TABLES

61



Source type Bolt long-life air guns
Source controller GCS-90

Number of sources 1
Source separation NA
Volume per source 4240 in3

Source depth 6 m
Source pressure 2000 psi/138 bar
Source length 14.7 m

Number of sub-arrays per source 4
Sub-array separation 15

Flip/Flop NA
Shotpoint interval per shot 50 m

Shotpoint location Common midpoint
Near fields to be recorded? Yes
Source firing specifications ±1.0 ms

Table 3. Source characteristics.

Tailbuoy positioning Relative Global Positioning System
Streamer positioning Nominal layback, magnetic compasses
Source Positioning Relative Global Positioning System

Table 4. Streamer and source positioning systems.

Instrument type Seal (Sercel)
Record length 14 s
Sample rate 2 ms

Recording filter: Hi-cut 200 Hz, 370 dB/Octave
Recording filter: Lo-cut 3.0 Hz, 12 dB/Octave

Filter type Linear Phase
Pre-Amplifier Gain NA

Tape format Seg D Rev.1
Recording media 3590 Tape

Tape Copy Yes

Table 5. Recording system.
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Spheroid World Geodetic System 1984 (WGS 84)
Semi-major axis 6378137
Inverse flattening 298.257223563

Work datum WGS 84
Datum transformation N/A

Projection Universal Transverse Mercator (UTM)
UTM zone 53

Central meridian 135°E
Scale factor 0.9996

False easting (m) 500000
False northing (m) 0
Latitude of origin 0

Transformation from datum WGS 84
Transformation to datum NA

Latitude in WGS 84 33º10'0.0"N
Longitude in WGS 84 136º08'0.0"E

Northing in local projection 3670335.69
Easting in local projection 605674.57

Location of prospect center: Lat 33º10'0.0"N
Location of prospect center: Lon 136º37'0.0"E

Geoid height 34.73m
Source of geoid height data Earth Gravitational Model 1996 (NASA)

Table 6. Geodetic parameters used in data collection and navigation.

Navigation/QC System SPECTRA/SPRINT
First Vessel Positioning Systems

First navigation system Fugro Starfix Plus Multi Reference Differential GPS
First GPS signal source system Starfix Spot (APSAT)

Differential GPS reference stations 370 Seoul, 261 Okinawa, 430 Asahikawa, 510 Sakalin

Second Vessel Positioning Systems
Second navigation system Fugro Starfix Multi Reference Differential GPS

Second GPS signal source system Starfix NM8 Inmarsat
Differential GPS reference stations 370 Seoul, 261 Okinawa, 430 Asahikawa, 510 Sakalin

Table 7. Navigation system.
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Processing Product Increment
Noise record per sequence – at start of line

Near-trace display per sequence – all shots
Shot-trace root mean squared error (RMS) per sequence – all shots (last 500 ms)

Ambient RMS per sequence – all shots
Direct arrival RMS per sequence – all shots
Raw shot display per sequence – every 4 km
Velocity picking per sequence – every 4 km

Common depth point gather display per sequence – every 4 km
Brute stack (raw) per sequence

Brute stack (filtered) per sequence
Frequency-wavenumber and Fourier analyses as appropriate

Seismic attributes as appropriate
Spreadsheets, logs per sequence

Table 8. Processing products (onboard QC).

Item Description Type Number Remarks
Online QC SeaPRO QC V3.2 Sercel 1 Online integrated seismic QC
Offline QC ProMAX Landmark 1 Brute stacks, etc.

Plotter 24” Veritas 1
Computer Sun Blade 2000
Terminals Sun 21” 2

Graphic interface UNIX X11 Ultra 5
Remote X terminal Sat. link
Network UNIX Ethernet

Product options

High-resolution seismic record display, pre-filtering of seismic data, attribute calculation, first break 
picking, signal to noise ratio.

Seismic trace energy, noise level, seismic trace frequency analysis, single trace displays, attribute 
database generation.

Table 9. Onboard QC equipment.
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