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INTRODUCTORY REMARKS

This second CDEX Technical Report is intended to present the most recent site hazard and technical 
survey data acquired as a function of CDEX and JAMSTEC operations as an Implementing Organization of 
the Integrated Ocean Drilling Program. These data and associated interpretations and technical evaluations 
are presented to our colleagues in the International Drilling, Oceanographic, Marine Geological, Climate/Pa-
leoclimate, and Microbiological scientific communities in order to provide an ongoing window into the opera-
tions of the riser drilling platform and support programs operated and maintained by CDEX.
 
 This report comprises the results of a seismic survey of the Shimokita region on the landward flank of 
the northern Japan Trench, offshore northern Honshu between Aomori Prefecture and Hokkaido. The survey 
was designed to evaluate technical and safety concerns in the areas selected for riser-drilling training opera-
tions slated for 2006. These data were used to identify and delineate any gas, hydrocarbon, methane hydrate or 
other geohazards, and to propose several potential drilling locations. These locations will be further evaluated 
at finer scale in upcoming Technical Reports. The presentation of these data is intended as an invitation for 
further inquiry, debate and investigation as a part of a series of engineering site surveys that will be published 
by CDEX as we prepare for D/V CHIKYU riser drilling operations and testing.

 Sincerely,

 Asahiko Taira
 Director General, CDEX



CDEX TECHNICAL REPORT VOL. 2,
SHIMOKITA AREA SITE SURVEY

ABSTRACT

ABSTRACT

 An exploration 2-D hazard/engineering site survey was conducted in 2002 in the Shimokita region, 
on the western flank of the Japan Trench between northern Honshu and Hokkaido, Japan. Forty-one seismic 
profiles (15 east-west and 26 north-south) were acquired in two areas suitable for riser drilling training op-
erations. These data were processed and subject to initial geological interpretation, and were combined with 
existing geophysical, drilling, and geological data in order to provide a basis for choosing drilling sites that 
meet safety, operational, training, and scientific needs. Initial processing, interpretation, and combination with 
existing data provided the basis for developing structural and lithological models of the proposed drill sites. 
These data are used to lay out preliminary drilling-engineering plans for casing, drilling-mud weights, and to 
evaluate potential drilling hazards. 
 This document comprises an introduction to the details of this engineering site survey:
  • a brief overview of the initial choices for potential test-drilling sites, 
  • the rationale behind the final choice of the Shimokita region, 
  • a brief description of the geological and tectonic setting of the area, 
  • a description of data collection tools and methods, 
  • a detailed look at the onboard quality control and processing techniques, 
  • an overview of the post-cruise processing procedures and techniques,
  • a detailed look at the exploration two-dimensional (2-D) seismic data,
  • engineering, hazard, and geological interpretations of the seismic data,
  • proposed drilling sites, inferred geology, and initial engineering parameters. 
 Three initial drilling training sites are proposed to meet the requirements of the upcoming riser-drilling 
training operations; these three proposed sites will be further characterized by high-resolution seismic surveys. 
This report is intended to provide the drilling community a comprehensive view of the rationale, procedure, 
and components used for hazard site surveys, target identification, and site planning operations undertaken 
by the Center for Deep Earth Exploration (CDEX) as an Implementing Organization of the International 
Ocean Drilling Program (IODP). This document is intended as an informational tool for use in evaluating and 
exploring the proposed drilling area and drilling sites, and as a quick reference containing the gamut of basic 
information related to the site hazard survey, from equipment to survey parameters to processing routines and 
guiding assumptions used in interpretation and site engineering.
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INTRODUCTION AND GEOLOGIC SETTING

This report summarizes the acquisition, onboard processing, shore-based processing, and 
interpretation of seismic survey data required to determine sites suitable for conducting drilling 
testing and training for the newly operational Drilling Vessel CHIKYU. These investigations and 
analyses were performed by the Japan Agency for Marine-Earth Science and Technology (JAMSTEC, 
previously the Japan Marine Science and Technology Center).

The purpose of this work was to perform data processing, analysis and interpretation for 
site survey and site hazard analyses of the Shimokita region offshore northeastern Japan between 
Hokkaido and Honshu (Fig. 1). Geological interpretations of these data coupled with existing well 
and seismic data were used to choose riser-drilling candidate locations for the D/V CHIKYU training 
cruises.

SELECTION OF ENGINEERING SITE SURVEY AREAS FOR D/V CHIKYU DRILLING TRAINING

In order to ensure safe and efficient operation of D/V CHIKYU, a drilling training period 
was scheduled for the period immediately following delivery of the vessel from the shipyard and 
construction contractors in August of 2005, and prior to D/V CHIKYU coming on line as an integral 
component of the Integrated Ocean Drilling Program (IODP), slated for 2007. Selection of these 
drilling training sites requires site hazard surveys for both the prevention of drilling accidents and 
the determination of appropriate drilling sites for training and testing of all phases of D/V CHIKYU 
operations, from site survey and site selection, to vessel and drilling operations, to the administration 
and operation of the shipboard laboratory and scientific operations. The objective of this drilling 
training are summarized as follows:

• To familiarize the drilling crew with the latest high-tech drilling equipment and dynamic 
positioning system (DPS) onboard D/V CHIKYU.

• To familiarize all crew (navigational, operational, scientific, and drilling) with routine 
drilling work.

• To check the performance and characteristics of D/V CHIKYU.
It was determined that two locations (one in ~1000 m water depth and the other in ~2000 m 

water depth) would be selected for the riser-drilling training program. Initially, 12 areas were selected 
in off the coast of Japan (Fig. 2a). After extensive evaluation of the 12 candidate site survey areas, 
two areas (Fig. 2b) were selected for more extensive engineering site survey operations. The final 
two candidate areas were off the Shimokita Peninsula, northeastern Japan and offshore Tokai, eastern 
Japan. The main criteria for selecting the drilling training areas were as follows:

Calm meteorological and oceanographic conditions
Reduced drilling hazards from pressurized fluids, seafloor conditions, and existing seafloor 

infrastructure or commercial equipment/operations.
Infrastructure (port, heliport, supply base and etc) sufficient to support operations.
A significant body of existing data and information for primary site selection work.
Suitability for the needs and aims of the proposed training program.
In 2002, two 2-D (two dimensional) exploration seismic surveys (EX-2D) were carried out 

in the final two designated potential drilling training sites. After initial evaluation of these EX-2D 
seismic surveys, the Shimokita area was selected for the training cruises. The EX-2D seismic data 
were interpreted, integrated with existing seismic and well data, and provisional drilling sites were 
chosen. These sites were then subjected to additional high-resolution seismic surveys (HR-2D) in 
2003. This technical report covers the collection, processing, analysis, interpretation and integration 
of the EX-2D seismic survey of the Shimokita region, and provides the results of these analyses in 
terms of initial site selection.   

GEOLOGIC AND TECTONIC SETTING

The area off the eastern Shimokita Peninsula (termed the Sanriku area or the Sanriku-Oki 
area in various publications), between Honshu and Hokkaido, Japan (see Fig. 1) was selected as the 
site for the initial training cruise of the newly built scientific riser drilling vessel D/V CHIKYU. The 
area is located in the forearc basin along the Japan Trench where the Pacific plate is subducting under 
northeast Japan at a rate of 10cm/yr in a northwesterly direction, and has been the site of several 
scientific drilling investigations, including DSDP Legs 56 and 57 (von Huene et al., 1980, 1982; 
Honza, 1980; Nasu et al., 1980; Arthur et al., 1980a, 1980b; Carson and Bruns, 1980; Shephard 
and Bryant, 1980; Coulbourn, 1986), DSDP Leg 87 (Coulbourn, 1986), ODP Leg 186 (Sacks and 

FIG. 1

FIG. 2



CDEX TECHNICAL REPORT VOL. 2,
SHIMOKITA AREA SITE SURVEY 
CHAPTER 1 - INTRODUCTION AND GEOLOGIC SETTING

7

Suyehiro, 2000; Sacks et al., 2003) and hydrocarbon exploration drilling efforts from 1977-1999 
(Japan Natural Gas Association and Japan Offshore Petroleum Development Association, 1992; 
Osawa et al., 2002) conducted by the Japan National Oil Corporation (JNOC, restructured in 2004 
as the Japan Oil, Gas and Metals National Corporation, JOGMEC) and other industrial concerns. 
An exploration 2-D seismic survey in 2002 and a high resolution 2-D seismic survey in 2003 were 
carried out by JAMSTEC as a part of the engineering site survey and hazard evaluation survey in 
preparation for the training cruise. Below we briefly describe the general geology, tectonics and the 
results of previous investigations of the area; describe the layout and methodology of the exploration 
2-D seismic survey (Fig. 3); describe the procedure used to process the seismic data; and present the 
results and interpretation in terms of the chosen test-drilling sites.

Seafloor Morphology of the Shimokita Region
The seafloor morphology of the area exhibits features typical of arc-trench systems (Fig. 

4). There is a relatively flat continental shelf with water depths of about 100 m and widths ranging 
from 5 km in the north to 40 km in the central and southern Shimokita region. The continental slope 
dips ~5° and extends down to water depths of 400 - 600 m. Further to the east, a flat plain with a < 1° 
slope extends seaward to depths of 2500 m, and forms the surface expression of the buried Ishikari-
Hidaka forearc basin (Fig. 5) (von Huene et al., 1982; Honza, 1980). The Shimokita survey area 
under discussion in this report is located in the southern part of this forearc basin. This plain, also 
referred to as a deep-sea terrace, extends about 200 km beyond the continental slope and is thought 
to be underlain by thick crust with a continental velocity structure, similar to the characteristics of 
typical continental shelf, albeit with water depths that are atypical for continental crust (von Huene 
et al, 1980). The plain is divided into two parts, upper and lower, by a narrow, elongate midslope 
terrace. The upper (shallower) section of the plain is relatively smooth with gently sloped mounds 
developed on the sea bottom, and is incised by several submarine canyons. The midslope terrace is 
1 km wide, more than 4000 m deep, and is underlain by crust with a velocity structure that suggests 
a transition from continental to oceanic crust. In some other island arcs, the continental crust does 
not extend beyond the continental shelf edge (von Huene et al, 1980), while in the Shimokita region 
there are indications that continental crust extends seaward to the upper trench slope. The lower 
(deeper) section of the plain is steeper, with a slope ranging from 4° to 7°, and exhibits much rougher 
topography. Here, wedge-shaped sedimentary packages with low velocity lie above rocks interpreted 
as oceanic crust. There are two bank-like topographic features that occur at 1300-1500 m depths on 
this plain, one of which, named “Hachinohe Knoll,” lies north of DSDP Sites 438 and 439. Further 
to the east the landward side of the Japan Trench slopes 3° to 4° and extends from 2000 to 7000 m 
depths. The floor of the Japan Trench off the Shimokita Peninsula is more than 7500 m deep and 
contains very little sediment except for local areas of high sediment accumulation found to the north, 
near the junction with the Kurile-Kamchatka Trench. The ocean floor to the east of the trench (on the 
Pacific plate) takes the form of a broad rise cut by normal faults related to the formation of the outer 
flexural swell associated with subduction of the oceanic slab, and is composed of 500 to 600 m thick 
Cretaceous to Quaternary sequences overlying the oceanic crust (von Huene et al., 1980, 1982).

Geologic Context
Scattered Late Cretaceous and younger sedimentary and volcanic rocks overlie Triassic 

to Early Cretaceous sedimentary rocks and Cretaceous granites along the coast from the Shimokita 
Peninsula to near Kuji City, Aomori Prefecture. These sedimentary formations rapidly increase in 
thickness offshore. The oldest known formation collected from offshore areas is a Middle Jurassic 
limestone unit penetrated by the 1977 Kuji-Oki 1-X test well (Japan Natural Gas Association 
and Japan Offshore Petroleum Development Association, 1992) drilled to 3030 m below mean 
sea level (mbmsl) in water depths of 130 m. The Hachinohe-Oki 1-X test well (Japan Natural 
Gas Association and Japan Offshore Petroleum Development Association, 1992) was drilled in 
water depths of 104.5 m in 1978, reached a depth of 3501 mbmsl, and penetrated Early Cretaceous 
volcanic rocks. In 1999, the MITI Shimokita-Oki test well (Osawa et al., 2002) was drilled in water 
depths of 857 m, reached a depth of 4500 mbmsl and confirmed the presence of Upper Cretaceous 
rocks. DSDP Site 439 (Arthur et al., 1980a) also penetrated Late Cretaceous silicified and altered 
claystone at depths of ~1150 m below sea floor (mbsf) (Fig. 6). 

These wells and drill holes are located along the southern edge of the Ishikari-Hidaka forearc 
basin, which extends more than 600 km northward past Hokkaido and into the offshore Sakhalin 
region (Osawa et al., 2002). Its outline is clearly delineated by aeromagnetic anomaly data (Fig. 
7), possibly indicating the signature of Early Cretaceous igneous basement rocks. Near the Mutu 
basement high, the Ishikari-Hidaka basin is subdivided into the Yufutsu-Oki sub-basin in the north 

FIG. 7

FIG. 6

FIG. 3

FIG. 4

FIG. 5
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and the Sanriku-Oki sub-basin in the south (Osawa et al., 2002). 
Late Cretaceous units have been documented beneath the continental slope and locations 

seaward of the continental slope, as well as on the landward slope of the trench where they are overlain 
by Neogene deposits. Paleogene sediments are found beneath the continental shelf and seaward to 
the deep-sea terrace, then thin and disappear beneath the upper trench slope to the east. These Late 
Cretaceous and Paleogene rocks form a large syncline with an axis that trends north-northwest to 
south-southeast and plunges gradually to the north-northwest. Kuji-Oki 1-X and Hachinohe-Oki 1-X 
were drilled on the western wing of this syncline, and MITI Sanriku-Oki was drilled in its axis (Fig. 
8). Upper Cretaceous rocks recovered from these drill sites were of non-marine to shallow marine 
origin, while at DSDP Site 439, located well to the east of the nearshore drill sites, benthic fauna 
of probable deep water affinities were reported from Upper Cretaceous rocks, suggesting that the 
Cretaceous shelf edge was situated somewhere between MITI Sanriku-Oki and DSDP Site 439. 

From near the eastern edge of this Cretaceous to Paleogene forearc basin to the midslope 
terrace, there is a package of landward-dipping seismic reflections interpreted to represent folded 
and tilted older sedimentary rocks accreted to the overriding plate (Nasu et al., 1980). This seismic 
package is continuous beneath a late Oligocene unconformity (see Figs. 4, 5) documented in seismic 
reflection sections and in velocity data derived from seismic refraction experiments (Nasu et al., 
1980). These sequences emerged above sea level (and are referred to as the Oyashio landmass in 
several publications (von Huene et al., 1982, 1980; Arthur et al., 1980a)), were eroded during the 
middle to late Paleogene, began to subside in the Latest Oligocene, and were completely submerged 
by the latest Miocene. After this emergent landmass ceased to function as a sediment source, the basin 
depocenter shifted seaward and Neogene sediments accumulated in the central part of the forearc 
basin. In contrast, Neogene sediments are absent or extremely thin in coastal areas.

Latest Oligocene sediments above the unconformity are documented only in the vicinity 
of the MITI Sanriku-Oki test well and DSDP Site 439, and Neogene sediments onlap to the east on 
the western flank of the Oyashio landmass (von Huene et al., 1982). This relationship suggests that 
subsidence of the Oyashio landmass initiated in the west and propagated eastward. During the late 
Paleogene to early Neogene, sediment sources for outer forearc basin deposits shifted coincident 
with lithology changes from predominantly nonvolcanic clastic material sourced from the Oyashio 
landmass to volcanic clasts and arc-derived sediments rich in volcanic glass, plagioclase, and volcanic 
clasts sourced from Honshu and Hokkaido (Arthur et al., 1980a).

Neogene sediments are widely distributed above the unconformity, average about 1500 m 
in thickness, are documented in locations across the entire margin from the continental shelf edge 
to the trench floor, and are cut by landward-dipping normal faults spaced about 10 - 15 km apart 
(Arthur et al., 1980a; Sacks et al., 2003). The Neogene sediments at all DSDP drill sites consist 
of fairly uniform hemipelagic mudstone and are overlain by coarser-grained Pleistocene sediments. 
Sedimentation rates are estimated at 3 - 15 cm/1000 y from the Miocene through the Pliocene (Arthur 
et al., 1980b). The depocenter for these deposits shifted to the east and north with time. The midslope 
terrace and the lower trench slope primarily consist of Quaternary and Neogene submarine slump 
deposits; these overlie the inferred accretionary prism. Repetition of the Miocene and lower Pliocene 
sections are documented at DSDP Site 434 (Arthur et al., 1980a). The Pleistocene section is very 
thin or absent on the lower trench slope (Sites 441 and 434), and occurs in isolated sediment ponds on 
the midslope terrace (DSDP Site 440) (von Huene et al., 1982).

Tectonic Context
Subduction of the paleo Kula plate beneath northeast Japan began in the middle to late 

Cretaceous following accretion of the Okhotsk terrane to Siberia (von Huene et al., 1982). At this 
time, northeastern Honshu and western/southwestern Hokkaido belonged to the same tectonic plate. 
Subduction of the Kula-Pacific spreading center is suggested to have resulted in a change in relative 
plate motion, local and regional uplift, and subsequent formation of the Yufutsu-Oki and Sanriku-Oki 
sub-basins and the Abukuma basin. Subsequent subduction of the Pacific plate under northeast Japan 
may be related to the opening of the Japan and Okhotsk seas (Taira, Tokuyama, and Soh, 1989; 
Taira, 2001) (Fig. 9).

During the early Paleogene, subduction slowed or nearly stopped and arc volcanism 
ceased until the late Oligocene. This is interpreted as an indication of a change in plate motion from 
convergent to strike-slip motion (von Huene et al., 1982). Accreted material was confirmed as being 
Cretaceous age at DSDP Site 439. In the late Paleogene, in possible association with ridge subduction, 
the Oyashio landmass emerged and acted as a significant source of sediments deposited in the forearc 
region. On the eastern flank of the Oyashio landmass, early Paleogene and Cretaceous formations 
are thought to be deeply eroded; diagenetic clay minerals estimated to have formed at ~2000 mbsf 

FIG. 8
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have been uplifted and exposed near the surface. Arc magmatism resumed for a short period at the 
end of the Paleogene, as indicated by volcanic rocks from Site 439, and is represented by an elevated 
magnetic anomaly zone along longitude 143° E. This magmatism may be related to the collision 
between the Cretaceous arc-trench system and eastern Hokkaido (von Huene et al., 1982). In the late 
Oligocene, so-called “Green Tuff” volcanism started in the arc region, possibly indicating the onset 
of subduction along northeastern Honshu. During the early Miocene, the western side of the Oyashio 
landmass subsided, and several researchers have suggested that the forearc area underwent extension 
at this time (von Huene et al., 1982; Ishii, 1989). It is during this time that volcanism became most 
active in the arc region, and the initiation of Japan Sea opening occurred (von Huene et al., 1982). In 
the early Pliocene, the area near DSDP Site 439 ceased subsiding, the midslope terrace was formed, 
and the lower trench inner slope (sediment trapping area) was destroyed by slumping. Uplift started 
at 2 to 3 Ma, which may indicate a rapid change from extensional to compressional tectonism (von 
Huene et al., 1982).
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DATA ACQUISITION, PROCESSING, AND PRESENTATION

SEISMIC SURVEY ACQUISITION PARAMETERS

Survey Information and Objectives
Fugro-Japan Co. Ltd., and Multiwave Geophysical Company ASA (MGC, Norway) were 

contracted by the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) to perform 
a 2-D marine seismic survey off the coast of northeastern Japan, between the Islands of Honshu and 
Hokkaido, in the Shimokita area (see Figs. 1-3). Acquisition was carried out using the purpose-built 
seismic/expedition/offshore survey vessel M/V Polar Duke (Polar Ship Management, Norway), built 
to Det Norske Veritas Class +1A1-sealer-EO Helideck standards at Vaagen, Norway, in 1983, with 
overall length 66.8 m and draft 9.50 m. The vessel was rebuilt for seismic survey operations in 1998, 
and upgraded April 2001. 

The Shimokita survey employed standard-resolution survey/acquisition parameters including 
a 3500-in3 source towed at 6 m depth and a single streamer comprised of 408 primary and 12 auxiliary 
channels totaling 5100 m in length and towed at 10 m depth, with a record length of 12000 ms. 
Deployment and testing of the streamer were completed on April 12, 2002, and acquisition of the 
first line (ODSR02-7) began. The seismic lines (prefix ODSR02) were recorded according to the 
JAMSTEC survey plan. The survey was comprised of two blocks, the western block was located 100 
km northeast of Hachinohe and the eastern block was located 180 km northeast of Hachinohe. 

Minor disruptions in data collection due to commercial vessel traffic, local military training 
operations, and some technical issues were encountered, however the survey was fully completed on 
April 26, 2002 with the completion of line ODSR02-15.

Equipment Configuration
The seismic acquisition setup on board the R/V Polar Duke consisted of a polyurethane-coated 

Sercel/Syntrak seismic streamer with 480 receiver groups (Fig. 10a) with 16 Benthos hydrophones per 
group (Fig. 10b). The streamer was mounted with 44 depth transducers and 22 Digicourse compass 
birds and an active rGPS tailbuoy. The seismic source consisted of 26 Sleeve airguns with a total 
operating volume of 3500 in3. These were powered by two Hamworthy 1600 standard cubic feet per 
minute (SCFM) and two Hamworthy 800 SCFM electric drive compressors operating at 1800-2000 
pounds per square inch (psi). Airguns were monitored and fired by a Syntron GCS90 timing system 
that was integrated with the navigation and recording systems (Fig. 11). Airguns were towed in four 
parallel arrays, two arrays separated by 6 meters on both port and starboard sides of the vessel with 
a separation of 13 m between those array pairs (Fig. 12). A detailed airgun setup diagram (Fig. 13) 
shows the geometry of the array and the capacity of the individual airguns, and a detailed diagram of 
the airgun towing in vertical section (Fig. 14) shows the offsets and placement of the guns.

Seismic data was recorded using a Syntron 960 MSRS recording system with digital telemetry 
that was linked to both the airgun firing and timing system and the navigation system (Fig. 15).

Seismic Acquisition and Navigation System Tests
A full set of acceptance tests on the GPS and seismic acquisition equipment were performed 

prior to data collection operations, and the results of these tests were presented to JAMSTEC prior to 
mobilization. After equipment deployment, these same systems were tested in place, and performance 
tests were run during data acquisition. These tests included the following:

DC Offset 
Checks the value of the residual voltage remaining across the amplifierʼs output terminal 
when the input voltage is zero. 

Internal Noise 
Checks the value of the internal noise level in the streamer modules, with the inputs 
grounded. 

Dynamic Range 
Checks the ratio of the maximum to the minimum signal input power levels over which 
the amplifier can operate. 

Channel Gain Accuracy 
Introduces a known square wave into the amplifier, and compares the sampled output 
signal with the known input signal. 

Harmonic Distortion 
Measures amplitude versus frequency characteristics, and checks for any undesired 

FIG. 10

FIG. 11

FIG. 12
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FIG. 15
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harmonics introduced by the modules.
Common mode rejection 

Provides synthesized sine waves to both inputs of the pre-amplifier and measures the 
rejection of the common signal by the amplifier. The amplitude of the sine wave is 0.8 
of the full scale. 

Impulse Response 
Measures the response of the system to the low-cut and high-cut as well as the mid-band 
pass. 

Crosstalk Isolation (Odd / Even) 
Measures the noise appearing in one signal path as the result of coupling from other 
signal paths; tests are conducted on odd and even channels sequentially, with the other 
channel grounded. 

Hydrophone Leakage 
Measures the electrical resistance in the streamer hydrophones. 

RMS Noise 
Checks the noise level in the streamer. Throughout the survey some of the traces failed 
the RMS noise test (>10 µbar @ 3 hz), mainly due to bending or feathering of the 
streamer during testing. 

Gyroscope calibration 
The last gyroscope calibration onboard the Polar Duke was carried out in Darwin, 
Australia on November 30, 2001. Both the primary and the backup gyro were checked 
with the vessel turning 180° for two complete sets of readings. The calibration tied in 
well to previous calibration results showing the gyros to be stable and free from drift. 
The results were Gyro 1: Correction -1.29° Gyro 2: Correction -1.52° 

dGPS Systems verification 
The latest verification of the primary dGPS system was carried out in Darwin on  December 
12, 2001. The vesselʼs GPS position was tied to a known point on the quayside and the 
difference in position noted. The results are as follows: Difference North Surveyed - 
Observed Position = dN -0.60 m ± 0.19 m Difference East Surveyed - Observed Position 
= dE -0.36m ± 0.19 m During the survey and during mobilization the two GPS systems 
were checked against one another and always found to be in close correlation. 

Draft measurement 
A fixed draft of 5.65 m was input into the Spectra Navigation software. This value was 
determined by lead-line readings to the seabed taken in Darwin, Australia in December 
2001. 

The results of the above tests were recorded to tape and sent to the processing center together 
with the seismic data. 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 shore-based processing. The following 
sections describe the processing and quality control procedures. Data quality was generally very high, 
with minor disruptions due to weather and the capsizing of the navigation tailbuoy. The tailbuoy 
on the seismic streamer failed completely midway through the survey, and manual adjustment of 
the navigation data using known declinations and remaining float-navigation data were successfully 
performed with no loss of data quality.

Survey Positioning
Navigation System

The navigation system (Fig. 16) is comprised of two Trimble 4000SSi global positioning 
system (GPS) units and an integrated navigation package (the Spectra Integrated Navigation System, 
termed “Spectra”), a real-time navigation system that logs UKOOA (United Kingdom Offshore 
Operators Association) P2 raw data, along with quality control and audit files. Spectra combines 
operator configurable displays that enable real-time device performance monitoring, data quality 
appraisal, video displays of lines being tracked, online statistics, and steering utilized by the bridge 
and is a direct representation of the current location. Differential corrections are supplied by the 
SPOT satellite system for the primary GPS and Inmarsat for the secondary GPS (Fig. 17a). These 
two independent sources of corrections were transmitted to and received onboard the vessel by 
independent means and interfaced with the Spectra positioning system software, providing a high 
degree of redundancy and ensuring continuous vessel positioning (Fig. 17b). 

The survey was carried out using MGCʼs standard mode of operation for single streamer 
and single source surveys (Fig. 18). Positioning of the vessel was accomplished using the differential 

FIG. 17

FIG. 16

FIG. 18
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global positioning system (dGPS), with delivery of differential correction data in RTCM (Radio 
Technical Commission for Maritime Services)-104 format. Source and front end streamer positions 
were computed by combining calculations of gyrocompass orientations, layback from the tow-point 
reference, and straight-line distances between the first compass, the center of source, and the center 
of the nearest receiver group. The offset from the center of source to center of the nearest receiver 
group was established using water break data from the seismic source. Streamer tail positioning was 
determined using streamer compass modeling. Streamer modeling and display was carried out in real 
time and streamer position data (UKOOA P1/90 processed data) were calculated and logged to disk 
for later use in processing.

Float navigation sources for surface navigation were provided by Fugro and integrated 
with the Spectra system. The in-sea units incorporated a GPS receiver and interfacing for direct data 
transmission of raw satellite position by conventional UHF telemetry radio. Raw GPS position from 
the floats was compared to the GPS position of the vessel and range and bearing were calculated. 
These range/bearing values were input into Spectra with a resultant relative position with ~2 m 
accuracy. Nineteen series 5211 Digibird/Syntron compasses were utilized for the Shimokita survey 
for streamer and source positioning. The sampling rate for these compasses was 1 sample per shot, 
or around 1 sample every 20 seconds. Magnetic Declination entered into the Spectra system for the 
Shimokita survey was 8.39°, as computed using GeoMag V2.2.0.0 and verified by navigation chart. 
Compass performance was monitored on a line-to-line basis throughout the acquisition phase of the 
survey. 

Depth measurements were collected using a Simrad Model EA500 12 kHz echosounder 
(installed and tested in January of 2002), with a Furuno Model FCV-271 used as backup; the backup 
system was neither required nor used, primarily as the depths in the survey area exceeded instrument 
range. A nominal value of 1500 m/s was used for the velocity of sound in water throughout this 
survey. A draught correction of zero was entered in both echosounders; all recorded depths are based 
on the position of the transducer on the vesselʼs hull and depth data points should have 5.65 m added 
to give the true water depth from the surface. In general, interpolation and extrapolation of depth 
data were limited to 200 seconds. A minimal median-reject gate was used with a 30-second window 
to remove spikes. Any apparent spikes that remained were investigated to determine whether further 
action was required. A 30-second averaging filter was typically used on the depth data. 

Navigation Post-Processing
Navigation post-processing was carried out on board using the SeisPos System created and 

supported by Fast Geophysical Positioning Solutions (FGPS) in Swanley, Kent, UK. SeisPos is a 
Windows NT/2000/98/95 program that enables processing of raw navigation data for marine seismic 
streamer surveys from UKOOA P2 raw data format to UKOOA P1/90 final data format. 

Data from the navigation system were stored in UKOOA P2 format, and warning logs were 
used to determine any integrity or quality problems. Data were stored in the systemʼs proprietary 
relational database, and manual observations and adjustments (specifically the creation of a range 
from the center of the vessel to the streamer head) were used to enable front end positioning of the 
streamer. This range was used during processing in association with the front streamer compass data. 
Tests have shown that using compass data gives a more realistic result than using gyro or course 
made good. The vessel had relative GPS (rGPS) position data from the tailbuoy, but due to the lack 
of an acoustic tie to the tail end of the streamer, a manual observation was added between the last 
hydrophone group and the tailbuoy, such that any tail end stretch was absorbed into the residual of 
this observation. After entering the manual observations for the first line, a set of defaults was saved, 
which could be imported into subsequent lines. As each line was loaded into SeisPos, the presence of 
any changes in the P2/94 header was checked to determine whether all default nodes and observations 
should be loaded. 

Preconditioning was carried out on the raw data, including user-defined gating, filtering and 
interpolation/extrapolation parameters, and interactive time series plots enabling quality appraisal 
and manual editing and rejection were constructed. Default processing parameters for interpolation, 
extrapolation, despiking and minimal filtering were applied. All individual observations were then 
viewed on screen to determine whether any manual editing was required, or whether it was necessary 
to modify gating and filter parameters. 

Upon completion of preconditioning, each line was network adjusted to produce positions 
for all network nodes and receivers. During network adjustment the computed positions were viewed 
via an onscreen graphical display. These processes were completed via a fully integrated weighted 
least squares adjustment of the positioning network. This includes least squares estimates of streamer 
rotation and stretch along with revised compass offsets and bearings for the interpolation of receiver 
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group positions based on the concatenation of circular arcs between all nodes (compass or other) 
along the streamers. The adjustment computation produced final node coordinates and corrected 
compass positions and bearings along with quality control (QC) data using a staged process enabling 
the survey line to be processed according to data quality. 

Receiver group positions were interpolated and selected records were output to files in 
UKOOA P1/90 format. When satisfactory results were obtained, P1/90 data files were output for 
each survey line using the WGS-84 datum for all receiver records. P1Tools QC software was used 
as a further check of the processed results, and to confirm the integrity of the final P1/90 files. Any 
anomalies were inspected and adjustments were made to the filtering and editing process. If alterations 
were required, the network adjustment was repeated, followed by a repeat of the QC checks. A 
comprehensive set of QC plots was configured and used for visual inspection. Fixed-scale cross-
course plots were used to highlight spikes in the processed data, allowing analysis and manipulation 
of time series plots of all data and adjustment statistics, including:

Coordinates, 
Error ellipse semi-major axes, 
Processed observations, 
Standard deviations, 
Residuals, 
Rotation, 
Stretch, 
Unit variance, 
Redundancy,
Iterations, 
Shot time and distance interval. 

Time series analyses of the following data were conducted and the results output to disk for later use 
in processing and quality appraisal:

Shot-to-shot node movement, 
Node offsets, 
Position differences between nodes among two data sets along orthogonal and radial axes, 
Integrity checks for the type and number of nodes, 
Source firing sequence, 
Shot-point range.

ONBOARD PROCESSING AND QUALITY CONTROL

Overview
Seismic processing was carried out during data acquisition in order to provide initial quality 

control (QC) information and to provide guidance for later, shore-based processing of the data acquired 
by the vessel MV Polar Duke on behalf of Multiwave Geophysical Company in the two Shimokita 
Prospect Areas; a western block located 100 kilometers northeast of Hachinohe and an eastern block 
located 180 kilometers northeast of Hachinohe (see Figs. 1, 3). Acquisition was implemented using a 
source array of 3500 in3 and a single streamer with 408 primary and 12 auxiliary channels. The survey 
commenced recording on March 28, 2002, and was completed on April 26, 2002. Raw and Brute 2-D 
Stacks were processed for all of seismic lines. On board processing maintained an average processing 
throughput of 57 kilometers per day of 2-D, 12000 ms record length, 51 fold seismic data.

Acquisition Quality Control
Many potential problems (including checking for bad field tapes, checking shot records for 

noise bursts, swell noise or autofires; confirming bad or noisy channels) were analyzed using a stand-
alone ProMAX (v. 1998.6) system running on a UNIX workstation. Data quality was generally good 
in this area, although swell noise was prominent on several lines. Bottom multiples, remnant high 
frequency energy, and multiples from previous shots were present on some shot records and were 
normally associated with deeper water. Factors affecting data quality included the following: 

Ship noise
Although the center of source to center of first group was 140 m, ship noise was visible 
on the seismic records. Spectral analysis and FK analysis of this noise revealed what was 
thought to be propeller noise with 5 Hz harmonics, within the 10-70 Hz frequency range. 
FK analysis revealed that the moveout of this noise was 1500 m/s. As would be expected 
for ship noise, the strength of these frequencies was strongest on the near offset traces 



CDEX TECHNICAL REPORT VOL. 2,
SHIMOKITA AREA SITE SURVEY

CHAPTER 2 - DATA ACQUISITION AND PROCESSING

14

and minimal at the far offsets. The noise from passing ships was prominent on a number 
of lines. This was visible on the shot vs. channel RMS displays as well as on the plot of 
>70 Hz high pass filter above the Raw stack. 

Spikes/noisy channels 
Throughout most of the survey, all 408 channels were good. Any spiking or noisy channels 
were dealt with during processing, and identified problem receivers were eliminated by 
replacing streamer sections. 

Geological noise
Water bottom multiples were strong on both the shot records and stacks on most of 
lines. Although weighted stacking partly attenuated these multiples, a radon demultiple 
procedure is recommended for final processing. Diffractions were often visible and were 
either caused by faulting, or synformal/antiformal structures.

Swell Noise
Swell noise was prominent on most of the RMS and raw stacks in the Shimokita area. This 
low frequency noise peaked at up to 15-30 µbars on a number of lines. Low frequency 
coherent noise trends caused by cable jerk were observed on the noise records. This was 
predominantly caused by tail buoy tug, and was effectively removed using a 3-6 Hz 
lowcut filter. 

External Seismic interference
No other seismic surveys were conducted in the area; therefore no external seismic 
interference is present in the records. However, a number of earthquakes were noted in 
the area. 

Seismic reflections were generally visible down to maximum depths of approximately 6000 
ms. Water bottom multiples were strong on both the shot records and the raw stacks. Brute stack 
processing included an offset weighted stack, and processing for final multiple removal (using a 
Radon demultiple procedure) is recommended. The deliverables for this project were paper copies of 
QC plots including Raw Stacks, Brute Stacks, Near Trace Displays, and RMS plots. 8 mm Exabyte 
tape copies of raw stacks and brute stacks were made in SEG-Y format. Velocities and water bottom 
times were saved as ASCII files saved to electronic format (both disk and tape). The results of the 
onboard processing procedure (outlined in Fig. 19) are described below.

Onboard Processing
Start of Line RMS Noise Analysis

Using the start of line noise record, channel RMS values were computed for all 408 channels 
(Fig. 20). The data were not resampled, and no filter was applied. The RMS values for each individual 
channel were computed using an 11500-12000 ms gate to inspect ambient noise levels.

The plots were analyzed in conjunction with the color RMS displays to check for dead or 
noisy channels, and these were then crosschecked with the edits in the Observerʼs logs. These RMS 
values also gave a good indication as to the amount of swell noise at the start of each line, and the 
results could be analyzed as soon as the first tape was available. The average ambient noise from 
this unfiltered RMS analysis was normally around 3-4 µbar on the noise record, and similar values 
were observed on the shot records. A 3-6-100-120 Hz filter was applied to the data prior to this RMS 
analysis. A scaling factor of 50 was used to convert from millivolts to microbars.

Auxiliary Channel 
All 12 auxiliary channels were input from tape during the SEG-D tape loading procedure. 

The auxiliary channels were then separated from the data channels and stored in a separate data file, 
which was used for on-screen analysis (Fig. 21). Unfortunately not all gun hydrophone channels were 
connected during this survey. Auxiliary channels 1, 2, 5 and 6 were good, and were used for onscreen 
monitoring of gun volumes and pressures. Gun performance was also monitored using a direct arrival 
RMS on the near trace displays. Figure 21 shows an example of drop in pressure/volume due to an 
airgun leak. 

Near Trace Displays
Near traces were displayed on screen at the end of each line (Fig. 22). This proved to be 

useful in quickly determining any possible acquisition errors, revealing gun volume changes, bad 
records, internal time break problems and any autofires not reported by the recording system. In 
addition to looking at the entire near trace display, an averaged direct arrival RMS was computed over 
the 10 nearest traces. An RMS window of 12-30 ms was used after the 10 near traces were normal 

FIG. 19

FIG. 20

FIG. 21

FIG. 22
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moveout (NMO) corrected. The direct arrival RMS was plotted along the top of all the near trace 
displays. Variations in source volume and pressure were visible on the direct arrival graph, but the 
amplitude of the direct arrival was often variable due to vessel speed, feather angle and cable jerk. 
This display was really only useful when used in conjunction with the gun hydrophone channels to 
check for any undetected source anomalies. 

RMS amplitude and dominant frequency statistics were also calculated for the direct arrival. 
These were viewed on screen whenever further investigations were required. The near traces also 
provided a good indication of the geological conditions including strength of the water bottom 
multiples, remnant multiple interference and reflection data. Hardcopy plots of the near trace displays 
were made for all lines. Plots were generated using a high level of gain, which helped to show any 
amplitude variations in the direct arrival, and also assisted in the assessment of the level of swell noise 
whenever weather conditions deteriorated. 

Shot Versus Channel Color RMS Displays
RMS and trace statistics were calculated for every shot and all 408 channels (Fig. 23). An 

analysis window of 11500-12000 ms was used, and RMS values were computed for both unfiltered 
and filtered data. A 4-8-90-120 Hz Ormsby bandpass filter was used for this procedure (Fig. 24). 
These displays were used to check the performance of each channel, and also to identify noise trends 
over the course of shooting each line (e.g. changes in swell noise, water currents or external seismic 
interference). Earthquake noise was frequently identified using these displays. In each case the 
affected shot point range was listed in the comments section in the Observerʼs Log. Only shots that 
were significantly affected were listed as bad shots. Multiple interference also often fell within this 
deep RMS window. In addition to the RMS computations further trace statistics included: 

Trace amplitude - Average trace energy. 
Spikiness - Ratio of maximum magnitude sample to trace signal amplitude. 
Dominant Frequency - Based on a count of zero crossings within signal window (Fig. 25). 
Frequency Deviation- Based on statistical scatter of frequency estimates. 
Amplitude Decay- Estimated late trace energy decay rate (in dB/sec). 
These statistics were averaged within the ProMAX database for the source, common depth 

point (CDP) and channel domains, where they could be viewed in the various different domains using 
the ProMAX database display tools. In addition to a color plot being generated for all shots for every 
sequence, a sequence-by-sequence RMS display was also generated. This involved extracting 200 
shots from each sequence, and then displaying the color RMS side by side (Fig. 26). These displays 
enabled a direct comparison of bad traces and noise conditions from sequence to sequence. 

Shot RMS
Shot RMS values were calculated by averaging the RMS values for the central 11 channels 

(after 2:1 summation) from the streamer. RMS values were calculated using a fixed shallow window 
at 100-600 ms to evaluate ambient noise levels. The central 11 channels were chosen to avoid 
contamination by the direct arrival and any shallow water bottom events. 

Ambient noise RMS values were also calculated using 3 different filters. A 3-6-70-90 Hz 
bandpass filter was used to look at ambient noise levels within the signal bandwidth, and a 6-9 Hz 
high-cut filter was used to look at the amplitude of the lower frequency swell noise. An additional 
50-70 Hz low-cut filter was used to evaluate ambient noise levels at the high frequency end of the 
spectrum, which occasionally fluctuated above 5 µbar due to the noise generated by passing ships. 
The ambient noise remained around 3-6 µbar. Noise levels in microbars provided a good statistical 
means of confirming the amount of swell noise interference visible on both the raw shot records and 
stack. One of the main advantages of using these RMS values to assess the swell noise, was that 
they could be processed during the SEG-D tape loading operation if necessary, and were therefore 
available well before the raw stack could be processed. A scaling factor of 50 was used to convert 
from millivolts to microbars. This is the conversion factor used for the recording system, which has 
a sensitivity of 20 Volts per bar. 

Noise (<6 Hz, 6-70 Hz, >70 Hz), Signal (6-70 Hz) and signal to noise ratio RMS graphs were 
plotted above all raw stacks, so any noise contamination on the stack could be verified statistically 
on the RMS plots. All CDP averaged RMS values were written into the SEG-Y brute stack headers 
as a backup. 

RMS Analysis 
RMS values from the last 500 ms of the record (11500-12000 ms) were calculated for every 

trace and each shot. These values were displayed for identification of noise sources and noisy traces. 

FIG. 26
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Average RMS values for the cable and each shot were also calculated. Applying a 4-8-90-120 Hz 
Ormbsby bandpass filter prior to the RMS calculation produced filtered shot vs. trace RMS values. 
Cable averaged RMS values were stored on disk for later use. 

Raw Shot Displays
Shot records were filtered to the signal bandwidth and balanced with a true amplitude 

gain recovery. Shot records were displayed at 4 km intervals for each line. Hardcopy displays 
were produced when necessary, and individual records were examined on screen if there identified 
acquisition problems or sources of anomalous seismic energy. This was useful in confirming the 
onset of any seismic interference or for confirming autofires. The raw shot displays 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.

Velocity Analysis
Velocities were picked at regular 4 km intervals along every line, using one of the ProMAX 

on screen interactive velocity picking utilities (Fig. 27). The ProMAX velocity-picking module 
included a semblance display, CDP super gathers which could have NMO applied instantly, a series 
of Function Stack Panels and an interval velocity graph. Supergathers were formed by combining 
5 adjacent common depth point (CDP) gathers in order to improve signal to noise ratio; these same 
CDPs were used to create made up the Stack panels. 

A regional velocity function was used as the central guide function for the stack panels. A 
total of 11 stack panels were processed using a ±10% velocity variation. The velocity analysis displays 
were pre-computed to speed up the on-screen velocity picking procedure. When primary velocities 
were clearly defined they were normally picked off the semblance display, and Normal Moveout 
(NMO) was applied to the gather to check that the events were lining up well. Velocities could also 
be picked off the Function Stacks whenever the velocities were poorly defined on the Semblance 
Display. Velocities were normally well defined to approximately 6000 ms in the Shimokita area. 
However, it was often very difficult to see any strong primary events lining up below the first water 
bottom multiple, both on the semblance display and on the function stacks. For final velocity analysis 
an FK demultiple or Radon demultiple filter will be required in order to pick reliable velocities. After 
velocity picking, velocities were viewed and checked on screen using the ProMAX velocity viewer 
module, which provided an isovelocity display together with interval velocities. This module was 
most useful for editing any stray velocity picks. Velocity functions were output to ASCII file for every 
line, and then saved to 8 mm Exabyte tapes for data shipment. 

CDP Gather Displays
These displays were used to verify the velocity picking. On screen displays and, when 

necessary, hardcopy plots were made from NMO corrected gathers with an NMO stretch mute 
applied; these were displayed at 4 km intervals. These displays provided a good indication as to 
whether elevated swell noise would stack out, and were useful for identifying consistently spiking 
traces. All mutes and time gates were picked interactively on screen using CDP gathers sorted into 
water bottom time order. By picking all the mutes and time gates in this manner it was possible to tie 
them all to water bottom depth, and therefore make the gates and mutes extremely accurate. As all 
the gates were tied to water bottom depth, this in turn speeded up the picking of mutes considerably 
and enabled the mutes and gates to be carried over from one line to the next. All gates were carefully 
checked on screen before running the stack processing flows.

Raw and Brute Stack Processing
The main objective of onboard processing was to stack each line with minimal processing, 

and enable a thorough onboard quality and integrity check of these data. Normally, the general aim of 
the processing was not to attenuate noise but to display these data as they were recorded, or how they 
would be presented to a shore or vessel-based processing center. This required that bandpass filtering 
be confined to an anti-alias filter applied prior to resampling to 4 ms, and a wide bandpass filter at 
the signal bandwidth applied after deconvolution to eliminate high frequency noise introduced by the 
deconvolution operator. It is also important to avoid using an Automatic Gain Control (AGC) as this 
tends to soften and hide background noise; raw stacks were calculated and displayed with no AGC 
scaling. A basic raw stack with minimal processing (Fig. 28), and a brute stack with deconvolution 
and some de-multiple attenuation (Fig. 29) were processed for all lines. The raw stack was used 
for quality control purposes only, and the brute stack was used initial geological interpretation. The 

FIG. 27
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SEG-D data was input from 3590 copy tapes, re-sampled to 4 ms and output to hard disk as 16-bit 
data. An anti-alias filter was applied within the ProMAX resampling module to prevent aliasing of 
frequencies above 125 Hz. Minimum Phase Predictive Deconvolution and True Amplitude Recovery 
tests were carried out on the first sequence, and the parameters for the entire survey were set up at this 
time. Deconvolution parameters were picked from CDP gathers, with corresponding autocorrelations 
plotted along the bottom of the display. Analysis of the results indicated that an operator length of 
240 ms and gap of 24 ms would provide a good average for the entire survey. Due to the length of 
the lines, more detailed testing should reveal optimal spatially variable deconvolution parameters. 
The deconvolution gates were picked from the CDP gathers and tied to water bottom times, the start 
of the gate being approximately 20 ms below the water bottom and the end of the gate being close 
to the bottom of the record. Deconvolution was only used for the brute stack processing, and no 
deconvolution was applied to the raw stack. 

Processing sequence for raw stack: 
Input: 1 cmp line per sail line: 408 channels (Shimokita, Seq. 21-64)
Data reduction: Resampled from 2 to 4 ms; 
Marine Trace Decimation: (2:1 trace summation)
Edits: Exclude bad shots, noisy/spiking channels
Filter: Single bandpass filter: Ormbsby 4-8-90-120 Hz 
Gain recovery: Spherical divergence: 1 dB/sec from water bottom to 12.0 sec
Normal Moveout Correction: Velocities picked every 4 km and written to  database 
Pre-stack mute: Tied to water bottom times 
Stack: Mean method for trace summing 
Stack Root N scaling: 51 fold 
Bulk shift: static 9 ms 
Output: To disk file
Method of scaling: Unscaled
Display: Paper plots: 6 cm/sec, 20 traces/cm 

Processing sequence for brute stack: 
Input: 1 cmp line per sail line: 408 channels (Shimokita, Seq. 21-64) 
Data reduction: Resampled from 2 to 4 ms; 
Marine Trace Decimation: (2:1 trace summation)
Edits: Exclude bad shots, noisy/spiking channels
Filter: Bandpass filter: Ormsby 4-8-90-120 Hz 
Gain recovery: Spherical divergence: 1 dB/sec from water bottom to 12.0 sec
Pre-stack mute: Pre-decon mute Tied to water bottom times
Minimum phase predictive deconvolution:  Operator length 240 ms 
      Operator prediction distance = 24 ms 
Deconvolution gate: Tied to water bottom times
Filter: Bandpass filter: Ormsby 4-8-90-120 Hz 
Normal Moveout Correction: Velocities picked every 3 km and written to  database 
Pre-stack mute: Post NMO mute tied to water bottom times
Stack: Weighted method for trace summing based on square root of offset 
Stack Root N scaling: 51 fold
Bulk shift: static 9 ms
Output: To disk file
Method of scaling: AGC with 1000 ms operator 
Display: Paper plots: 6 cm/sec, 40 traces/cm 

True Amplitude Recovery 
These tests indicated that the data was better balanced when the dB/sec amplitude recovery 

started at the water bottom, rather than at the initiation of the shot (T0). A Spherical Divergence 
correction followed by a 1 dB/sec correction tied to the water bottom time were chosen as optimal 
parameters for this procedure, and resulted in a reasonably well-balanced stack. However, with 
shallower water depth the amplitudes of deeper data often dropped off significantly. For the purpose 
of checking data integrity the True Amplitude of the stacked data was preferred, but for interpretation 
purposes a post-stack AGC could be very beneficial to suppress the high amplitude events near the 
water bottom and increase the amplitudes of the weaker events at depth.

The bandpass filter was set at 4-8-90-120 Hz as initial spectral analysis (Fig. 30) of the data 

FIG. 30



CDEX TECHNICAL REPORT VOL. 2,
SHIMOKITA AREA SITE SURVEY

CHAPTER 2 - DATA ACQUISITION AND PROCESSING

18

revealed that this filter would not affect the data in any way, and would remove only a minimal amount 
of swell noise contamination. A filter was applied to remove any high-amplitude low frequencies 
prior to true amplitude recovery and deconvolution, and applied again after deconvolution to remove 
any noise that might be introduced by the deconvolution process itself. 

Noisy and dead traces, as well as bad shots noted in the Observerʼs Logs, were killed. The 
brute stack was run after QC had been completed and the data had been thoroughly analyzed. Any 
additional shots with timebreak errors, gun problems and any new noisy traces were edited from the 
brute stacks. 

An unscaled, unfiltered raw stack was plotted for every line on board the vessel. A relatively 
high level of gain was applied as needed to the raw stack plot to boost the amplitudes of deeper 
data, but this had the adverse effect of over scaling the water bottom and near surface events. Trace 
equalization was occasionally added to the plotting routine to improve the brute stack plots. Shot 
ambient noise RMS values were plotted above the raw stack, as already discussed in the shot RMS 
part of this report. The raw stack plot was intended solely for QC purposes. In addition to the unscaled 
raw stack plot generated for every sequence, a brute stack was plotted out with an AGC operator of 
1000 ms, to look at the geological structures along the line. 

On all lines primary events were visible down to depths of approximately 3000 ms. Multiples 
were consistently strong on both the shot records and the raw stacks. Some minor spatial aliasing of 
the water bottom multiples at far offsets was observed on a few of the NMO corrected CDP gathers, 
but was never a problem on the stacks themselves. The NMO stretch mute removed the majority 
of this aliased energy. Trace summation (final trace spacing of 25 m) did not create a severe spatial 
aliasing problem. All shotpoints with misfires, spread errors or timing errors over 2.5 seconds were 
removed, and all dead or noisy channels were eliminated from the stack. The CDP to station tie used 
for brute stacks in this prospect was:

 Station = first SP + ((CDP-204)/4). 
Spectral analysis displays were generated for several lines to evaluate the power and 

frequency content of the data. FK plots and FT displays also occasionally displayed, but the spectral 
analysis displays were found to be most useful for analyzing the frequency range of both noise and 
data (Fig. 31, 32). 

POST-CRUISE PROCESSING

Introduction
The following sections describe the processing applied to the Shimokita EX-2D seismic 

data; this processing was completed as a part of the engineering site survey and hazard analysis report, 
and used to identify potential riser drilling locations for the D/V CHIKYU training cruise scheduled 
to take place in 2006. The purpose of this inquiry is to narrow the number of candidate locations 
for the proposed riser-drilling training expedition. 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, Inc. (JAPEX Geoscience Institute) under a subcontract with 
the Independent Administrative Institution, Japan Agency for Marine-Earth Science and Technology 
(JAMSTEC).

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:   12 seconds.
Sampling interval:  4 ms (after resampling).
Standard fold number:  51.
CDP interval:   6.25 m.
Datum plane:   Mean sea level.

Figure 33 shows a flowchart outlining the procedure used. Below, we present an overview of each 
step in the processing sequence. 

Stacking Processing
Format Conversion

Field data acquired in SEG-D 8058 (version 2) format were converted to SuperX format 
(standard JGI format) in preparation for subsequent processing.

FIG. 31

FIG. 32

FIG. 33
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FIG. 36

Resampling
Raw data were recorded in 2 ms intervals. For processing purposes, the data were resampled 

to a 4 ms interval and an anti-aliasing filter was applied.

Trace Editing
Bad traces that could adversely affect processing routines or results were identified using 

onboard QA/QC logs, or identified during initial pre-processing, and were removed. 

Common Depth Point (CDP) Sorting
Sets of traces with common depth points were sorted into CDP gathers, with a CDP interval 

of 6.25 m and a standard fold number of 51.

First Velocity Analysis
Amplitude compensation and deconvolution using provisional parameters were applied and 

a velocity analysis was performed. The iVAS interactive velocity analysis system was used for the 
velocity analysis, and the constant velocity scan method was applied every 4 km.

Prestack Filter
Frequency component analysis was used to analyze high-amplitude low-frequency and 

high-frequency noise that could adversely affect later processing (Fig. 34). Low-frequency noise due 
to swell was excessive, and a filter with 1000 ms operator length and passband from 6 to 125 Hz was 
applied to remove this noise at this step.

Minimum Phase Conversion
Air gun wavelets extracted from the seismic acquisition system were sampled and ghosts 

corresponding to the cable depth were added to these signals in order to allow determination of the 
minimum phase conversion operator. This operator was used to convert all measurement data to a 
minimum phase waveform.

Figure 35 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 traveltime 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. 36), we decided to apply a geometrical spreading compensation that can be expressed as the 
gain coefficient (G) as described below:

G = T×Vrms(T0)
2/V1

T = (T0
2 + (X/Vrms(T0))

2)½

Vrms: The RMS velocity for zero offset two-way traveltime (T0)
V1: RMS velocity in the upper strata
X: Offset distance

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. The following parameters were determined by testing, and used produced a series of test 
panels to display the results of variations in those parameters:

Operator length:   300 ms (Fig. 37).
Gate length:   200 to 2700 ms (time variant and non time variant) (Fig. 38).
Prediction distance:  32 ms (Fig. 39).
Sliding velocity:   1500 m/s.
Prewhitening:   0.5%.

Since one goal of this processing is to avoid changes to the phase of the waveform, the same 
source wavelet employed in minimum phase conversion was used, and the data was tested for the 

FIG. 35

FIG. 37

FIG. 39

FIG. 38

FIG. 34
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prediction distance (Fig. 40).

Multiple Suppression
Since the multiple reflections from the seafloor and repeated multiple reflections arising 

from echoes passed between strongly reflecting surfaces were prominent in the area covered in this 
study, multiple suppression processing using the parabolic radon transform was used to eliminate 
echoes and multiples. Large trace spacing within the CDP gather can have an adverse influence on 
processing, and in this project, the trace spacing is 100 m. Since this is large enough to have adverse 
affects, the trace spacing was interpolated to 50 m. A Normal Moveout (NMO) correction using the 
velocities determined during the first velocity analysis was applied. The parabolic radon transform 
extracts the multiple reflection waveforms, and multiple reflection components are removed by taking 
the difference between the original data and the multiple reflection component. The traces inserted 
at the beginning of the process are removed, and 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 coincides 
with the time when multiple reflections appear. Figure 41 (test) and Figure 42 (application to data) 
present the results of this processing. 

Dip Moveout Velocity (DMO) Analysis
Velocity analysis was again applied by using the dip moveout (DMO) gather correction for 

velocity analysis and using these data to determine stacking velocities that include no influence of 
the dip in the in-line direction. The iVAS interactive velocity analysis system was used to apply a 
constant velocity scan every 2 km.

Normal Moveout (NMO) Correction
The stacking velocities determined during DMO velocity analysis were used to perform a 

Normal Moveout (NMO) correction. At the same time, automatic muting with a stretch factor of 3.0 
for excessively stretched waveforms was applied to the data.

Common Offset Panel Generation
Common offset panels were generated for the DMO processing that follows.

Dip Moveout Correction
Common offset DMO processing in the space-time domain was used to handle underground 

structures associated with faults or dipping reflectors. Amplitude phase compensation was employed 
in order to preserve relative amplitudes.

 
Mute

An outside mute was to remove 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. Although most multiple reflections 
were removed by multiple suppression, minimal amounts of multiple reflection waveforms remained 
at near offsets; an inside mute was used to remove those components.

Several tests were performed during the design of the mute patterns and the mutes were 
modified in the spatial direction according to changes in the observed structure.

Common Depth Point (CDP) Stack
Trace stacking at each CDP location was applied, and amplitudes were normalized by 

dividing by the fold number.

Deghost
Since the operators applied during minimum phase conversion do not take cable ghosts into 

account, cable ghosts remain in the record. These artifacts were removed at this stage of processing 
by first adding cable ghosts to the original gun waveform. A composite waveform was created, and 
a phase minimization operator was applied. Finally, the resultant waveform was deconvoluted to 
remove the cable ghosts (see Fig. 35).

Datum Correction
Since mean sea level is used as the datum plane, a static correction of +11 ms was applied 

to the data in order to take into account the depth of the sound source, the depth of the receiver cable, 

FIG. 40

FIG. 41

FIG. 42
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and the velocity of sound in seawater.

Noise Reduction (f-x) Prediction Filter
Predictive filters in the frequency and spatial domains were used to separate weak reflected 

signals from random noise and to emphasize reflected waves. An f-x prediction filter with the following 
parameters was adopted based on the results of those tests (Fig. 43):

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

Time-Varied (TV) Bandpass Filter
A bandpass filter with the pass band modified in the time direction was used to suppress 

noise falling outside the frequency band of the reflected waves (Fig. 44). The filter time windows and 
frequency bands are as follows:

0 – 1500 ms:  6-65 Hz
1500 – 4000 ms:  6-55 Hz
4000 – 120000 ms: 6-45 Hz

Trace Scaling
Automatic Gain Control (AGC) scaling with a gate length of 2000 ms was applied to adjust 

the amplitude balance in the time direction of each trace.

Cross-Section Display
Final cross sections were output using the following parameters.

Display scaling:   Trace sigma scaling
Trace deflection:   3.5 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 initial stages of processing (format conversion through CDP stacking), along with 

deghosting and f-x prediction filtering were followed using the same parameters as described in 
previous sections. Time migration was performed using the frequency-wavenumber (FK) method 
to move the apparent position of the reflection points in the time section to their true positions, and 
to restore diffracted waves to their diffraction points. Smoothing was conducted using velocities 
determined during DMO velocity analysis as migration velocities. Velocity-scaling tests were 
conducted using an alpha (α) of 3 and velocity scaling factor of 100%. The α-factor used here is 
defined in the correction expression for the dispersion relation between frequency (ω) and the wave 
numbers (kx, kz):

dω = (v/2)×(kz/((αkz)
2+k2

z  )
½dkz

When the α-factor is greater than 1.0 there is a resulting attenuation of the amplitude of wave 
trains with large apparent velocities. Following time migration processing, the final processing steps 
described above (datum correction and TV bandpass filtering through cross section display) were 
applied to the time migrated seismic sections. Figure 45 shows the results of time migration.

Optional Processing
Several additional processing techniques were applied to selected data as needed for detailed 

interpretation, but are neither displayed here nor discussed in significant detail in this report, which is 
focused primarily on the basic processing from raw data to interpretable seismic cross sections. These 
techniques included:

FIG. 43

FIG. 44

FIG. 45
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High Density Velocity Analysis
DMO-corrected data were subjected to reverse-NMO corrections and deghosting 
and a velocity analysis was conducted over 200 m and 10 ms intervals as opposed 
to 2 km and 100 ms intervals used in standard velocity analysis. Results of this 
analysis were used for detection of shallow velocity abnormalities associated with 
gas hydrates or free gas. 

Angled Stack Processing
DMO-corrected data were subjected to reverse-NMO corrections and deghosting 
and mutes were applied based on variable incident/reflection angles ranging 
from 0-15°, 0-30°, and 0-45°. Stacking was conducted for each CDP with similar 
incident/reflection angles. Results of this analysis were used for an independent 
means of detecting and delineating shallow velocity abnormalities associated with 
gas hydrates or free gas.

Pre-Stack Depth Migration (PSDM)
Seismic data were subjected to multiple-suppression processing as described 
earlier, and the CMP gather data generated during this process were deghosted. The 
resultant data were then depth-migrated using interval velocities generated during 
DMO velocity analysis. Common reflection point (CRP) gathers were output in 
the depth domain and subject to residual moveout processing aimed at flattening 
reflections in post-migration CRP gathers. This process was done iteratively by 
conducting grid-based tomography analysis to determine corrections to the interval 
velocity model. The purpose of this data processing operation was to (1) infer an 
interval velocity model with good precision in the regions around the proposed 
drilling sites, (2) to infer the formation pressures and contribute to setting up 
the drilling program and (3) to acquire a high-precision depth cross section by 
appropriately handling horizontal changes in the sea floor topography, sedimentary 
geometry, and structure. 

Processing Summary
All parameters and processing methods applied in this analysis were designed to preserve 

relative amplitudes. In particular, multiple removal was conducted using a parabolic radon 
transformation for all data, using algorithms that preserve relative amplitudes, even during DMO 
correction. Furthermore, in the prestack steps, signal phases were not modified after the acquired data 
was converted to minimum phase.

SEISMIC DATA

The seismic data collected in the Shimokita area were processed according to the steps 
described above. These data are presented in cross-section format in the pages below, and large-
format, high-resolution imagery is available on the companion DVD. These data are shown with 
no interpretation, and only the locations of crossing points are shown on the profiles. All data are 
presented with horizontal scales in terms of shotpoint number and vertical scales in terms of two-way 
traveltime (in seconds). A total of 41 seismic lines are presented here, 15 numbered lines running east-
west (near-perpendicular to the Japan Trench) and 26 lettered lines running north-south (near-parallel 
to the trench).
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Seismic line ODSR02-1. Seismic line ODSR02-2.

Seismic line ODSR02-3. Seismic line ODSR02-4.
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Seismic line ODSR02-5.

Seismic line ODSR02-6.
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Seismic line ODSR02-9.Seismic line ODSR02-8.

Seismic line ODSR02-7.
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Seismic line ODSR02-13.Seismic line ODSR02-12.

Seismic line ODSR02-10. Seismic line ODSR02-11.
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Seismic line ODSR02-14. Seismic line ODSR02-15.

Seismic line ODSR02-b.Seismic line ODSR02-a.
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Seismic line ODSR02-c. Seismic line ODSR02-d.

Seismic line ODSR02-e.
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Seismic line ODSR02-h.

Seismic line ODSR02-f. Seismic line ODSR02-g.

Seismic line ODSR02-i.
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Seismic line ODSR02-k.

Seismic line ODSR02-j.
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Seismic line ODSR02-o. Seismic line ODSR02-p.

Seismic line ODSR02-m. Seismic line ODSR02-n.
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Seismic line ODSR02-s. Seismic line ODSR02-t.

Seismic line ODSR02-r.Seismic line ODSR02-q.
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Seismic line ODSR02-x.

Seismic line ODSR02-v.Seismic line ODSR02-u.

Seismic line ODSR02-u.
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Seismic line ODSR02-y. Seismic line ODSR02-z.
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GEOLOGICAL INTERPRETATION OF SHIMOKITA SEISMIC DATA: IDENTIFYING HAZARDS 
AND TEST DRILLING SITES

DATA EMPLOYED FOR INTERPRETATION

The data used in this interpretation are listed below. Figure 46 (as well as Figs. 1, 3) shows 
the positional relationship among these data, Figure 47 provides a cross-sectional view of the well data 
with tie lines between wells derived from the seismic survey data. Figure 48 shows one seismic line 
(ODSR02-E) interpreted in terms of the units derived from prior drilling and geophysical exploration 
and the location of one of the wells (MITI Sanriku-Oki exploratory well) used for interpretation.

Seismic Survey Data 
Shimokita Pre-Training Cruise Drilling Site Survey (JAMSTEC, 2002)

(All seismic data, line numbers: ODSR02-1 to 15, ODSR02-A to Z)
Seismic survey “Aomori Oki” (JAMSTEC, 2000)

(Lines: am-101, am-102)
Seismic survey “Hokkaido Nanto Oki” (JAMSTEC, 2000)

(Lines: hk-201, hk-203)
Regional Geophysical Reconnaissance “Sanriku - Kitakami” (JNOC, 1974)

(Lines: 1, 2, 3-1, 3-2, 4-1, 4-2, 5, 6, 7-1, 7-2, 8, 9, A, B, C-4, C-5, D-6, D-5-1, D-5-2, D-6)
Regional Geophysical Reconnaissance “Sanriku - Tokai Oki” (JNOC, 1974)

(Lines: 1, 1-1, 2, 2-1, 3, 4, A, A-1, B, B-1, C)

Well Data 
MITI Drilling Program “Sanriku Oki” Exploratory Well (JNOC, 1999)
DSDP Leg 87 (Site 584) (ODP, 1982)
Exploratory Well “Hachinohe Oki 1-X” (Teikoku Oil Co., Ltd./Gulf Oil, 1978)
Exploratory Well “Kuji Oki 1-X” (Teikoku Oil Co., Ltd./Gulf Oil, 1977)
DSDP Legs 56, 57 (Sites 434 to 441) (ODP, 1977)

SURVEY AREA BATHYMETRY AND GEOLOGICAL OVERVIEW

The survey area for the Shimokita Pre-Training Cruise Drilling Site Survey is located to the 
east of the Shimokita Peninsula, off the coast of Aomori Prefecture, Honshu, Japan (between Honshu 
and Hokkaido). Seismic survey data were acquired in two areas within the Shimokita region with a 
line spacing of ~2 km. Two longer E-W lines (ODSR02-5 and ODSR02-7) were shot to connect the 
two smaller survey areas, and two longer N-S lines (ODSR02-E and ODSR02-K) were shot in order 
to connect this survey to previously drilled exploratory wells, specifically the MITI Sanriku-Oki 
well.

The western survey area has water depths ranging from 1000 to 1500 m, and the eastern 
survey area has water depths ranging from 2000 to 2500 m. These depths correspond to the target 
depths for the riser-drilling training cruise. In the following sections, we briefly review the sea floor 
topography and the geology of the areas that are the subject of this survey. More detailed discussions 
of the morphology, geology, and tectonic setting of this region can be found in the initial sections of 
this technical report.

Bathymetry
The seafloor immediately east of the Shimokita Peninsula is characterized by a relatively flat, 

narrow (5 to 7 km wide), shallow (less than 100 m water depth) thought to correspond to continental 
shelf. Water depth increases rapidly from the outer edge of the continental shelf out to depths of 400 
to 600 m, and the slope of this transitional area is greater than 5°. This steep transition grades into a 
flat region with a gentle slope of under 1° that extends to depths of ~2500 m. This flat area comprises 
the base of a large valley-shaped feature with a width of over 30 km. The landward continuation 
of this valley extends towards the low-lying countryside around Ishikari, Hokkaido, with a branch 
extending toward the southern end of the Shimokita Peninsula. Seaward of this flat canyon bottom, 
at depths exceeding 2500 m, the seafloor slope steepens to greater than 4° and extends seaward to the 
Japan Trench.

In contrast, in areas adjacent to the base of the Shimokita Peninsula (coastal Aomori 
Prefecture, Tohoku Region, Honshu), the flatter, shallower (< 200 m depth) continental shelf area 

FIG. 46

FIG. 47

FIG. 48
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is 20 to 40 km wide. The region from the edge of the continental shelf seaward to depths of 2000 
m comprises a comparatively gentle (1-3°) continental slope. Seaward of the continental slope, the 
depth increases rapidly toward the Japan Trench with a slope of over 4°. 

Geological Overview
The onshore region from the Shimokita Peninsula to the vicinity of Kuji City is comprised of 

Triassic to Lower Cretaceous sedimentary rocks with scattered occurrences of intrusive and/or fault-
bounded Cretaceous granite. Sedimentary and volcanic rocks more recent than Lower Cretaceous are 
found discontinuously scattered above the Lower Cretaceous deposits. On the Shimokita Peninsula 
north of Hachinohe City, Neogene volcanic and sedimentary rocks occur above Cretaceous basement 
rocks, and are overlain by Quaternary strata that include large amounts of volcanic ejecta. Lower 
Cretaceous rocks are common from Hachinohe City south to the vicinity of Kuji City, and upper 
Cretaceous (Kuji group) and Paleocene (Noda group) shallow sedimentary rocks are found locally 
around Kuji City.

Late Cretaceous and younger strata rapidly increase in thickness seaward of the Aomori 
coast. In Kuji exploratory well 1-X (130 m water depth, 3030 m below mean sea level (mbmsl) 
drilling depth), Lower Cretaceous units were reached at a depth of 1960 mbmsl and Jurassic limestone 
was reached at a drilling depth of 2868 mbmsl. In Hachinohe exploratory well 1-X (104.5 m water 
depth, 3501 mbmsl drilling depth), Lower Cretaceous volcanic rocks were reached at a depth of 2705 
mbmsl. In the Sanriku Oki exploratory well (857 m water depth, 4500 mbmsl drilling depth), Upper 
Cretaceous rocks were reached at a depth of 3534 mbmsl, however Lower Cretaceous rocks were not 
reached even at a depth of 4500 mbmsl.

Upper Cretaceous to Paleocene units in the survey area form a large-scale syncline with a 
gently NNW-plunging, NNW-trending axis. The syncline axis in the survey area is located roughly 
between 142° and 142°30’ E, and continues into the Hidaka Trough to the north of the survey area. 
The east limb of the syncline has been removed by erosion, forming a large-scale unconformity 
identifiable in seismic survey cross sections, and further out to sea older strata are documented below 
the unconformity. Oligocene sediments are deposited on this unconformity surface as confirmed 
through drilling at DSDP site 439 (1656 m water depth, 1157.5 m below sea floor (mbsf) drilling 
depth), where the unconformity surface was penetrated at a depth of 1145.5 mbsf and Upper Cretaceous 
mudstone was confirmed below the unconformity. 

INTERPRETATION

Stratigraphic Units
Based on the stratigraphic and seismic characteristics of the available data (Sanriku Oki 

exploratory well, Kuji Oki 1-X, Hachinohe 1-X, DSDP Site 439, and the JAMSTEC seismic data 
described in previous sections), we selected horizons that were thought to be important for geological 
interpretation and that could be followed over a wide area in the seismic survey cross sections.  
Well-to-well correlations (see Fig. 47) between drill sites used in this analysis show the relationship 
between Units B, C, D, and E (from deepest to shallowest) identified in the Sanriku Oki exploratory 
well coupled with a seismic horizon (Unit F) that onlaps Unit E identified in the JAMSTEC Shimokita 
Seismic Survey. Each horizon (Base B, Base C, Base D, Base E, Base F) was interpreted across the 
survey area on time domain seismic survey records (see Fig. 48) with the base of each unit  interpreted 
and contoured in order to determine the sedimentary and structural geometry in the survey area. 
Countour maps derived from the results of the seismic interpretation (selected interpretations can be 
found in Appendix 1; detailed contour maps for each area and horizon can be found in Appendix 2) 
show the geometry and structure of the base of each strata; Base B (Fig. 49), Base C (Fig. 50), Base 
D (Fig. 51), Base E (Fig. 52), and Base F (Fig. 53), again from deepest to shallowest, respectively.

Unit Thickness, Lithofacies, and Provisional Age
The table below shows lithologic and stratigraphic relationships for interpreted horizons.

Horizon  Unit Lithofacies Geologic age
Base F Unit F Mudstone, sandstone, tuff, conglomerate Pleistocene (?)
Base E Unit E Mudstone, sandstone Pliocene (?)
Base D Unit D Mudstone, sandstone, conglomerate, and tuff L. Miocene - U. Miocene
Base C Unit C Mudstone, sandstone, tuff, conglomerate M. Eocene
Base B Unit B Sandstone, tuff, mudstone, coal M. Eocene - U. Palaeocene
N.A. Unit A Sandstone, tuff, mudstone, coal U. Cretaceous

 

FIG. 49

FIG. 50

FIG. 51

FIG. 52

FIG. 53
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The geological age and lithofacies were inferred from well data (Sanriku Oki exploratory well, 
Hachinohe 1-X, Kuji Oki 1-X, and DSDP Sites 438 and 439) and reflection patterns (seismic facies). 
Units A to E in this interpretation correspond to strata A through E in the Sanriku Oki exploratory 
well. The base of Unit A (Upper Cretaceous) was not verified in the Sanriku Oki exploratory well and 
was not used for interpretation. For the strata corresponding to the uppermost unit (Unit F), no notable 
development could be seen in any of the wells, including the Sanriku Oki exploratory well. A feature 
that onlaps Unit E can be found in the seismic survey cross sections and can be clearly differentiated 
on several seismic lines (see Fig. 48 and Appendix 1); we termed this Unit F in this interpretation. 
Unit E in the Sanriku Oki exploratory well is also identified based on features in the seismic survey 
cross sections, however no cuttings, cores, or other geological materials were acquired from this 
unit in the Sanriku Oki exploratory well. The geological ages for units E and unit F are provisional 
since they are inferred from the only concrete data available: DSDP well data far offshore of the data 
collected on the continental shelf.

Bottom Simulating Reflectors (BSR)
Bottom Simulating Reflectors (BSR), reflections with high amplitudes, distinctively low 

continuity, and reversed polarity were confirmed in the Shimokita seismic survey cross sections. 
Deghosting processing was applied to test for the possibility that changes in the recorded seismic 
reflection waveform could be seismic source artifacts (see Fig. 35). There were no large changes to 
the waveform resulting from either phase minimization or deconvolution (using long gap parameters), 
and after deghosting (the final processing in which waveform changes can occur), the minimum phase 
waveforms were preserved in the processed record section.

During data acquisition, the compression phase of the seismic source was defined to be 
negative, the seafloor reflector is recorded as a strongly positive reflector, and the reflector immediately 
below the seafloor is strongly negative. In several instances, an initial reflector was recorded as strongly 
negative and the underlying reflector was strongly positive. Several incidents of such polarity reversal 
are documented in this seismic survey, and are interpreted to represent evidence for the presence 
of gas. Where such polarity reversals are coincident with high-amplitude, low-continuity reflectors 
parallel to the seafloor, we inferred the presence of BSRs.

BSR Distribution and Morphology
BSRs were identified in the shaded areas shown in Figure 54, in both the western (Fig. 55, 

ODSR02-7) and eastern (Fig. 56, ODSR02-9) survey areas, and in one isolated area along the E-W 
seismic lines tying the two areas together; the BSRs are discontinuous across the survey site. BSRs in 
the Shimokita region have reversed polarity, similar to reflections from a seismic survey in the Tokai 
region (Fig. 57) where BSRs were confirmed to correspond to sub-seafloor methane hydrate deposits 
(JAMSTEC unpublished data; Colwell et al., 2004 and references therein). BSRs in both the western 
and eastern survey areas, as well as in the Tokai seismic survey, are stratigraphically discordant. 
In the western survey area, the BSR cuts across a monoclinal structure at a depth (inferred from 
stacking velocity) of 500 to 600 m below the seafloor. In the eastern survey area, the BSR cuts across 
an antiformal/anticlinal structure at a depth of about 650 m below the seafloor (again, inferred from 
stacking velocity). In both survey areas, reflection amplitudes increase dramatically where BSRs 
intersect with sedimentary horizons, suggesting that fluids or gases have permeated the sediments. 

Detailed Velocity Analysis applied to BSR
In order to augment the velocity analysis performed in the initial data processing phase 

(horizontal analysis spacing: 2 km), a detailed velocity analysis using a horizontal spacing of 200 m 
and a vertical spacing of tens of ms was carried out on the Shimokita seismic data. Velocity reversals 
of 200 to 250 m/s, with increased interval velocities above the BSR and decreased interval velocities 
below the BSR in seismic lines in both the western and eastern survey areas. A similar velocity 
reversal is documented in the vicinity of the Japan National Oil Corporation (JNOC, now JOGMEC) 
Nankai Trough exploration drill site (Colwell et al., 2004 and references therein), and is interpreted 
to indicate gas hydrate at or above the BSR and free gas below the BSR.

Amplitude Versus Offset (AVO) applied to BSR
True amplitude processing on common depth point (CDP) gathers reveals clear amplitude 

versus offset (AVO) phenomena related to the BSR in the Shimokita area (Fig. 58). Low-amplitude 
negative polarity reflections at near offsets are continuous with and grade into high amplitude negative 
polarity reflections at far offsets. This is a characteristic of so-called “type 1” AVO phenomena, and 
is interpreted to indicate the presence of free gas directly below gas hydrate (Hyndman and Spence, 

FIG. 54
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FIG. 58



CDEX TECHNICAL REPORT VOL. 2,
SHIMOKITA AREA SITE SURVEY
CHAPTER 3 - INTERPRETATION AND SITE SELECTION

39

1992; Andreassen et al., 1997; Ecker et al., 1998). 

BSR in the Shimokita Survey Area
It is highly likely that the BSRs identified in the Shimokita seismic survey indicate the 

presence of a seafloor parallel gas hydrate layer with free gas collected under the solid hydrate cap. 
Future analyses and sampling (AVO gradient analysis, geothermal gradient and heat flow analysis, 
total organic carbon and other organic geochemistry analyses) should provide means for testing this 
conclusion.

High-Amplitude Reflections: Potential Shallow Gas Occurrences
High amplitude packages of irregular, discordant reflections were identified in seismic lines 

from the western survey area (Fig. 59); they are adjacent to and coincident with the location of identified 
BSRs (see Fig. 54). The reflectors exhibit high amplitudes, low frequencies, are discontinuous (Fig. 
60) and are found in deposits interpreted as Quaternary or late Quaternary (Fig. 61) – units that are 
absent from the near-shore Sanriku Oki exploratory well. Pull-down phenomena, where reflections 
below high amplitude packages are displaced downward (i.e. arrival times are later), are documented 
in several places (Figs. 62, 63) suggesting that travel times for seismic waves propagating through 
these high-amplitude packages were slowed. Pull-down phenomena have a relatively constant width 
for a given depth (Figs. 62, 63), possibly related to the influence of survey geometry and the geometry 
of seismic ray paths. The high-amplitude structures were interpreted to have a negative reflection 
coefficient based on the characteristics of the lower reflections in the high amplitude packages (see 
lowermost reflections in Figs. 62, 63). In some of the same seismic sections that exhibited high 
amplitude reflections and pull-downs, umbrella-shaped high amplitude reflection packages interpreted 
as shallow gas occurrences or escape chimneys (Roberts and Carney, 1997) are documented above 
the main high amplitude packages. 

Detailed Velocity Analysis Results
We performed a detailed velocity analysis for the high amplitude reflections similar to 

that described for the BSRs in the preceding sections. Although the velocity for the horizons that 
exhibit high amplitude reflections is about 1,750 m/s, a low-velocity horizon (about 1,600 m/s) is 
documented directly under those reflections. In some examples low velocity strata below the high 
amplitude reflections clearly disrupted seismic ray paths, suggesting that the anomaly responsible 
for the high amplitude reflectors extends below the reflecting horizon and produces locally depressed 
seismic velocities – another possible indication of shallow gas. 

Amplitude versus Offset
Again, similar to analyses performed for BSRs as described in preceding sections, we checked 

for AVO phenomena by conducting true amplitude processing using CDP gathers. In some instances 
clear evidence for Type 1 AVO phenomena (low amplitude, near offset negative polarity reflections 
grading into high amplitude, far offset negative polarity reflections) was documented, however there 
were areas with high amplitude reflections that exhibited no AVO phenomenon whatsoever. Without 
further testing or investigation, there is no current explanation for this contrast.

AVO Interpretation
The high-amplitude reflections are interpreted to indicate low acoustic impedance based 

on high reflection coefficients and the presence of pull-downs. We suggest that these high amplitude 
features are indicative of the presence of free gas, and this interpretation is bolstered by the presence of 
characteristic umbrella-shaped gas-escape features (also called ʻchimneysʼ) that are both interpreted 
and confirmed as free gas in other analyses (Roberts and Carney, 1997). These features are 
discontinuous, isolated, and lens-shaped in the seismic sections; therefore we suggest the possibility 
that gas has accumulated in highly porous sandstone deposits (e.g. channel sand). The regions where 
these reflections occur are coincident with the projected intersection between the Quaternary deposits 
and a normal fault system that cuts Oligocene and Cretaceous rocks, indicating the possibility that this 
fault system provides a pathway for gas migration into relatively permeable Quaternary sediments.

Normally, gas- (or liquid-) trapping deposits are thought to consist of fine-grained, relatively 
impermeable deposits such as mudstone, siltstone, or clay overlying porous sandstones. In the area 
extending to the west of the region where the BSRs are documented, however, it is possible that gas 
hydrates have accumulated and it is possible that this gas hydrate is functioning as the seal keeping 
the free gas trapped at depth. The free gas inferred from the seismic data may have the a Cretaceous 
source or it could have the same organic source as the BSR gas hydrate; only direct sampling and 
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analysis will allow resolution of this question. The Quaternary sediments in the Shimokita region are 
much thicker than Quaternary deposits in similar geological contexts along the Pacific coast of Japan. 
BSR and high amplitude phenomena are common in these Quaternary strata, possibly as a result of 
their less-compacted, soft, porous character and the relative ease with which such sediments can 
contain free gas and host the formation of methane hydrate. These inferences for the Shimokita region 
are supported by the results of coring and analyses in the Tokachi area (offshore Hokkaido just north 
of the Shimokita area, Ohkushi et. al., 2005; Uchida et al., 2004), reporting the recovery of very 
methane-rich, non-compacted, highly porous quaternary sediments. The inference that this methane 
is derived from deeper (possibly Cretaceous) formations and has impregnated porous Quaternary 
sediments via recharge along permeable, fault-controlled pathways is further supported by this recent 
research.

The Cascadia Margin off the coast of Oregon provides a correlative example of similar 
geological relationships and processes in a similar tectonic setting (Fig. 64, after Tréhu, A.M, 
Bohrmann, G., Rack, F.R., Torres, M.E., et al., 2003). In this example, high-amplitude reflections 
are recorded in an area that is adjacent to documented BSR occurrences, and both the BSR and the 
high amplitude reflections (interpreted as free gas) form directly above a buried fault system. This and 
other similar examples suggest that the interpretation of the high amplitude reflectors as indicative of 
free gas is a reasonable one.

SELECTION OF POTENTIAL DRILLING POINTS

Potential drilling sites for the riser drilling training cruise were chosen based on interpretation 
and analysis of the processed survey data coupled with interpretations and analysis of available well 
and seismic data in the region. The following guidelines were followed as closely as possible when 
selecting potential drilling sites in order to hold potential problems during training drilling operations 
to an absolute minimum.

• Avoiding BSRs thought to be methane hydrate sources and free-gas seals.
• Avoiding sites with the potential to host shallow gas.
• Avoiding sites with the potential for shallow water flow through porous sand.
• Avoiding sites with potentially high pressure in order to avoid well-casing difficulties. 
• Avoiding sites with steep slopes.
• Avoiding sites with steeply dipping strata.
• Avoiding sites with large numbers of faults.
• Avoiding sites with potential oil or natural gas deposits.
• Avoiding sites where hard rock units may be present in order to avoid drilling difficulties.
• Choosing sites where older strata can be penetrated within the planned drilling depth. 
• Choosing sites with the best seismic data, and where results are widely applicable.

Shimokita West, Site 7-B (ODSR02-7/ODSR02-B Intersection)
The intersection of seismic survey lines ODSR02-7 (Fig. 65) and ODSR02-B (Fig. 66) 

in the western survey area, at a water depth of 1161 m was selected as a potential drill site. In 
many areas near this site, Unit F is relatively thick, and is inferred to mainly consist of Pleistocene 
sediments thought to have accumulated over a relatively short period of time. The unconsolidated 
sands intercalated in these strata may have abnormally high pressure and there is a possibility that 
shallow water flow may occur along these sand beds. Reflections exhibiting high-amplitudes and low 
velocities lead to suspicion of the presence of shallow gas, and BSRs are documented in some areas 
along these survey lines. This particular site was chosen to avoid the high-amplitude reflections found 
in nearby occurrences of Unit F.

Shimokita East, Site 11-X (ODSR02-11/ODSR02-X Intersection)
The intersection of the ODSR02-11 (Fig. 67) and ODSR02-X (Fig. 68) seismic survey lines 

in the eastern survey area at a depth of 2160 m was selected as a potential drill site. Unit F is not 
developed to a significant thickness in the east side of the survey area, which includes this potential 
drilling point. The possibility for shallow water flow in porous sand is comparatively lower than in 
the western survey area. High-amplitude/low-velocity reflections that might indicate the presence of 
shallow gas are absent from these survey lines, however, BSRs that could indicate methane hydrate 
sources and/or gas traps do appear in Unit E. Additionally, there is a dome-shaped structure in the 
northern part of this survey area, and there is a thickly sedimented synform present in Unit E. There is 
a possibility that hydrocarbons could form in this synform, and a danger that hydrocarbons could be 
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trapped in the dome-like structure (e.g. due to anticline traps and pinch-out traps).
This site was chosen to avoid documented BSR occurrences, and to avoid deeply buried 

and steeply dipping horizons associated with structures that could represent hydrocarbon traps. 
Unfortunately, the location of this potential site precludes the possibility of penetrating the base of 
Unit E and sampling Unit D at 2000 meters below the ocean floor, which is the planned drilling depth 
for the training cruise, and it will not be possible to penetrate strata under the unconformity, a subject 
of interest to researchers. 

Shimokita East, Site 9-W (ODSR02-9/ODSR02-W Intersection)
The intersection of the ODSR02-9 (Fig. 69) and ODSR02-W (Fig. 70) seismic survey lines 

in the eastern survey area at a water depth of 2224 m was selected as a potential drilling site. At 
potential drilling point 11-X, it will not be possible to drill through the base of Unit E at the planned 
drilling depth (2000 m below the ocean floor) and cannot meet scientific needs. Therefore, Site 9-W 
was chosen based on the decreased thickness of Unit E, enabling penetration of the unconformity and 
sampling of older units (D and C). Since this is an inclined section, there are potential drilling hazards 
posed by sandstone pinch-out traps and associated hydrocarbon sources.

Lithofacies Expectations, Depth of Appearance, and Formation Pressure Estimates
Predictions for expected lithofacies and depth of appearance for each potential drilling site 

were made based on geological correlation and stacking velocities. Geological correlation between 
reference wells and interpreted seismic facies was used to derive the lithofacies expected at each 
potential drilling site. Stacking velocities in the vicinity of each proposed drill site were used to create 
a time-depth conversion curve, and the two-way travel times to each seismic unit were converted to 
depth values. Drill site 7-B (Fig. 71) is planned to penetrate to 3000 mbsf at ~1000 m water depths, 
while sites 9-W (Fig. 72) and 11-X (Fig. 73) are planned to penetrate to 2000 m below the seafloor 
in ~2000 m water depths.

Abnormal high pressure detection using seismic survey velocity analysis was carried out 
for two of the three potential drilling sites: the intersection of ODSR02-7 and ODSR02-B in the 
western area near the coast (Fig. 74), and the intersection of ODSR02-11 and ODSR02-X in the 
eastern area offshore (Fig. 75). Velocity analysis was performed for the ODSR02-07 and ODSR02-
11 seismic traces. Figure 74a shows the RMS velocities for the ODSR02-7/ODSR02-B intersection. 
Figure 74b shows the results of pressure analysis and the inferred interval velocities. This analysis 
was performed for depths up to 5 seconds (about 4500 mbsf). The RMS velocity analysis shows that 
slowing of interval velocities can be demonstrated down to depths of about 1000 mbsf. These areas 
of slower interval velocities were excluded from the analysis for three reasons:

 
(1) dewatering veins and diatomaceous clay were documented to depths of 500 mbsl at DSDP 

site 438 (leg 57), 
(2) such phenomenon could influence measured velocities in this sort of rock, and 
(3) these intervals do not coincide with documented depths of either BSR or free gas in the 

survey area.

Slower interval velocities at depths near 500 mbsf require an increase in the specific gravity of drilling 
mud to 1.1 at this depth. As previously mentioned, BSR are documented near this depth, and caution 
will be required during drilling. Interval velocities slow again near 2800 mbsf, requiring an increase 
in the specific gravity of the drilling mud to 1.2. A similar decrease in interval velocity, requiring an 
increase in drilling mud specific gravity occurs at 4500 m depth, and care will be required for drilling 
at this depth as well. Figure 74c shows the lithofacies predicted based on the velocity and seismic 
facies analyses.

A parallel velocity and pressure analysis was performed for the intersection of lines ODSR02-
11 and ODSR02-X in the eastern survey area (Fig. 75a) to a depth of 5.5 seconds (about 2750 mbsf). 
RMS velocity analysis revealed interval velocity increases at depths of about 200, 551, and 900 m 
(Fig. 75b). Since strong reflections can be seen in the seismic survey cross section at or near these 
depths, the presence of reflective sandstone deposits (and potential hydrocarbon) is a possibility. 
Interval velocities are somewhat slower near 350 mbsf, requiring an increase in the specific gravity of 
drilling mud to 1.08. Interval velocities again decrease at 1300 mbsf depth, requiring an increase of 
the specific gravity of drilling mud to 1.13. Figure 75c shows the predicted lithofacies based on the 
velocity and seismic facies analyses.
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CONCLUSIONS

Data processing, analysis, and interpretation of the Shimokita seismic survey data acquired 
in 2002 shed light on the sub-seafloor geology of the area and enable forecasting of drilling hazards 
required for choosing two candidate locations riser drilling training. The choice of these two riser 
drilling training sites (and potential alternate sites) is provisional, and will be modified by high-
resolution 2-D (HR 2-D) seismic survey results; these HR 2-D survey results will be presented in a 
later Technical Report, and will focus on the areas immediately surrounding the provisional drill site 
locations described in this document. The overall results of the preliminary exploration 2-D seismic 
survey and analysis are presented below.

• Both BSRs and high amplitude reflections that may indicate the presence of free gas were 
documented. In the western survey area, these occurred in a monoclinal structure, while in the 
eastern survey area, these features were mainly recognized in anticlinal structures.

• The depth of first appearance of BSRs was derived from stacking velocities, and is interpreted to 
be about 600 mbsf in the western area and 640 mbsf in the eastern area.

• Detailed velocity analysis conducted with a horizontal spacing of 200 m and a spacing of tens of 
ms in the vertical direction showed that interval velocities above the BSR are higher, and those 
below the BSR are lower. Where the results of this analysis were most robust, a velocity reversal 
of about 200 m/s was documented. 

• Clear AVO phenomena were documented in association with BSRs, and low-amplitude negative 
reflections graded into higher-amplitude negative reflections with increasing offset. This is a 
so-called “type 1” AVO phenomenon, and is interpreted to indicate the presence of gas directly 
below gas hydrate deposits.

• Seismic survey velocity analysis was used to detect abnormally high pressure horizons at 
the potential drill sites and to guide well planning and assist in the development of drilling 
strategies. 

• Three candidate locations were chosen for riser drilling, two of which were subject to detailed 
pressure analysis for preliminary assessment of mud weights required for riser drilling 
operations.
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Figure 1. Northeastern Japan (Honshu and Hokkaido) and environs, with the study area outlined in black. Inset map shows East 
Asia and the Western Pacific (boxed area corresponds to the larger scale maps in Fig. 3). 
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Figure 2. a) Initial candidate areas for D/V CHIKYU riser-drilling training operations, selected in 2000. b) Shimokita and 
Tokai-Oki candidate areas that were subject to exploration 2-D seismic surveying, purple areas indicate the final locations of the 
site surveys.

Figure 3. Detailed location map showing the Shimokita exploration 2-D seismic survey, along with the pre-existing wells 
drilled by the Japanese government and the DSDP drilling program.
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Figure 8. Inferred basement structure map with the locations of previous drilling operations.
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Figure 9. Tectonic evolution diagram showing the history of collision, accretion, and rifting 
in the East Asian region from 130 Ma to 7 Ma (from Taira, 2001).
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Figure 10. a) Diagrammatic representation of the seismic streamer used on board the R/V Polar Duke for this survey. b) Detail 
showing the hydrophone layout for each active section on the streamer.

Figure 11. Diagrammatic depiction of the links between airgun timing, navigation, and seismic recording systems. System 
Ready (blue): informs navigation that the recording system is ready for data acquisition. System Start (green): Input from 
navigation to both recording and airgun control; begins the firing cycle. Time Break (orange): Signal sent from airgun control to 
navigation, recording, and streamer interface initiates data acquisition.
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Figure 12. Plan view of the seismic source layout as used on board the R/V Polar Duke.

Figure 13. Detailed diagram showing the airgun geometry, airgun volumes, and the geometric center of the seismic source.
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Figure 14. Side view of the individual airgun arrays and floats, with the positions of the rGPS pod and depth indicators.

Figure 15. Diagrammatic depiction of the seismic recording setup used on board the R/V Polar Duke.
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Figure 18. Vessel towing geometry, source/streamer depth and position, and navigation offsets.

Figure 17. a) Diagram of the positioning system on board the R/V Polar Duke. b) Geometry of the GPS, SPOT, and rGPS 
antenna layout.
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Figure 19. Onboard processing data and operation flow.
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Figure 20. Channel RMS values computed using a 11500 to 12000 ms gate for all 408 seismometer channels, and used to 
inspect ambient noise levels.

Figure 21. Auxiliary channel RMS display used for on-screen monitoring of gun performance; this example shows a drop in 
pressure/volume due to an airgun leak.
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Figure 22. Near trace display used to provide indications of the signal quality and geological conditions, as well as identify 
source or data collection anomalies.

Figure 23. RMS and trace statistics calculated for each shot and channel using a 11500 to 12000 ms window.
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Figure 25. Shot vs channel color RMS display modified by counting zero crossings within the signal window to show the domi-
nant frequency.

Figure 24. Shot vs. channel color RMS display filtered using a 4-8-90-120 Hz Ormsby bandpass filter.
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Figure 26. Sequence-by-sequence RMS display; 200 shots from each sequence were extracted and displayed side-by-side to 
investigate multiples, bad traces, and noise conditions

Figure 27. On-screen velocity picking completed at 4 km intervals along each seismic line.
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Figure 29. Brute stack with deconvolution and multiple attenuation processing (see text for details).

Figure 28. Raw stack with minimal processing (see text for details).
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Figure 30. Spectral analysis showing the effects of a 4-8-90-120 Ormsby bandpass filter: used to verify the use of the Ormsby 
filter would not attenuate the data during true amplitude recovery.

Figure 31. Alternate spectral analysis display used for analyzing the frequency range of both noise and data.

Figure 32. Alternate spectral analysis display used for analyzing the frequency range of both noise and data.
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Figure 33. Flowchart outlining the procedure used for shore-based processing of the seismic data.
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Figure 35. Minimum phase conversion processing showing (1) the original waveform, (2) original waveform with added 
ghosts, (3) gun waveform after minimum phase conversion, (4) xxx, and (5) deghosting.
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Figure 36. Amplitude recovery: Top - Original data, Middle - application of a geometrical spreading compensation algorithm 
with normal gain, Bottom – geometrical spreading compensation with an exponential gain of 2.
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Figure 37. Prestack deconvolution test panels showing the original data and sequentially applied operator lengths in 50 ms 
increments from 100 to 400 ms.
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Figure 38. Prestack deconvolution test panels showing the original data (top) and both non-time variant (left side) and time 
variant (right side) gate lengths ranging from 2000-3000 ms in steps of 500 ms.
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Figure 39. Prestack devonvolution test panels showing the original data (top) subjected to filters with varying prediction dis-
tances from 4-32 ms in 4 ms increments.
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Figure 41. Multiple suppression test showing the original data and the effects of the parabolic radon transformation.
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Figure 42. Mutliple suppression using the parabolic radon transfom.
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Figure 43. Application of a noise reduction (f-x) prediction filter.
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Figure 44. Application of a time-varied (TV) bandpass filter.
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Figure 45. Time migration processing showing the original data (top), frequency domain (FD) migration (middle), and frequen-
cy-wavenumber (F-K) migration (bottom).
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Figure 46. Data used for interpretation and analysis.
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Figure 49. Contour depth map of the base of stratigraphic Unit B.

Figure 50. Contour depth map of the base of stratigraphic Unit C.
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Figure 51. Contour depth map of the base of stratigraphic Unit D.

Figure 52. Contour depth map of the base of stratigraphic Unit E.
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Figure 53. Contour depth map of the base of stratigraphic Unit F.

Figure 54. Map of the EX-2D seismic lines in the Shimokita area showing the location of identified bottom simulating reflector 
(BSR) occurrences.
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Figure 55. Seismic line ODSR02-7 (western area) with BSR identified ~600 m below the seafloor.

Figure 56. Seismic line ODSR02-9 (eastern area) with interpreted BSR and observed enhanced reflectivity of strata that inter-
sect the BSR.
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Figure 57. Comparison of BSR from the Shimokita area (left) and Tokai-Oki area (right).

Figure 58. Amplitude versus offset (AVO) analysis of both Shimkita (left) and Tokai-Oki (right) data showing increased ampli-
tude with increasing offset, indicating the presence of free gas beneath the BSR.
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Figure 59. Map of the EX-2D seismic lines in the Shimokita area showing the location of identified high frequency reflector 
packages in the western area of the survey.

Figure 60. Seismic line ODSR02-XX interpreted to show the BSR, high-amplitude reflectors, pull-downs, and umbrella struc-
tures all interpreted as indications of shallow gas.
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Figure 61. Seismic line ODSR02-e showing the onlap of Quaternary-late Quaternary sediments (Unit F) onto older deposits.

Figure 62. High-amplitude reflector packages and the BSR in seismic line ODSR02-7. Boxed area shows the location of Fig. 
63.
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Figure 63. Detail of seismic line ODSR02-7 showing the high-amplitude reflectors, umbrella structures, and pull-downs indica-
tive of shallow gas.
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Figure 64. Gas hydrates, shallow gas and seismic characteristics of the Cascadia accretionary prism, offshore Oregon: Tectonic 
setting (a), local geologic setting (b), seismic data (c), (d), and relationship between drilling data (cores and logs) and seismic 
characteristics (e), after Tréhu, A.M, Bohrmann, G., Rack, F.R., Torres, M.E., et al., 2003.
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