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Abstract

In 2007, the northwestern part of the Noto peninsula, central Japan, was struck by damaging
earthquakes of Myua 6.9. To correlate seismogenic source faults with geologic structure we con-
ducted seismic reflection profiling of the focal areas. We used two vessels: a gun-ship with a 1,500

cu. inch air-gun and a cable-ship with a 1.2-km-long, streamer cable and a 480 cu. inch air-gun. Com-
mon mid-point seismic reflection data was acquired by total 150 km-long seismic lines. The obtained
seismic sections portray faults, that displaced the shallowest part of the reflectors. A deeper ex-
tension of the active fault was traced down to 4km in depth on the seismic section. The deeper
extension of the imaged fault accords well with the linear distribution of the hypocenters of
aftershocks, providing direct evidence of fault reactivation at depth. Seismic sections suggest the
three tectonic phases; the early Miocene rifting, late Miocene, and Late Pliocene to Quaternary
shortening deformation. The 2007 Noto Hanto earthquake was generated by reverse and strike-slip
faulting of Miocene normal fault under a compressional stress regime with a WNW-ESE trending
P-axis. The ruptured fault segment is strongly controlled by transfer faults, which was formed

during the rifting.

Key words: 2007 Noto Hanto earthquake, two-ship seismic reflection profiling, earthquake source

fault, central Japan
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Fig. 1. Location of the seismic lines of the west of Noto Peninsula seismic survey.
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Table 1.
seismic survey.

(A) Data Acquisition Parameters

EREFSHE - INRRE T -

FEERA - )l =

Data acquisition parameters (A) and survey line information (B) for the 2007 West of Noto Peninsula

Two-Ship Standard Reflection Survey

Two-Ship Deep Reflection Survey

Cable Ship Gun Ship Cable ship Gun Ship

Source Type Bolt 2800LL Two Cluster Bolt 1500LL Tri-Gun — Bolt 1500LL Tri-Gun
Volume / Pressure (480cu.in.,2000psi) (1500cu.in.,2000psi) - (1500cu.in.,2000psi)

Source Gun Depth 6m 6m — 6m
Shot Interval 50m 50m _ 25m

Simultaneous Flip-Flop Shooting

Two-Ship Offset 1150m 2300m, 3450m, 4600m, 5750m, CE offset
Cable System Digital Streamer(SEAL) — Digital Streamer(SEAL) —
Sensor Hydrophone(SLH-20) - Hydrophone(SLH-20) —

Sireamer Cable Depth 6m — 6m —

Cable
Receiver Interval 12.5m - 12.5m -
No. of Channels 96 - 96 —
Recording System MS2000 MS2000

Land Line Length 5km 5km

Geophone Geophone SM-7(10Hz) 3-Series SM-7(10Hz) 3-Series

Line Receiver Interval 50m 50m

[ Line-A] No. of Channels 102 102
Spread Pattern Fixed Spread Fixed Spread

. Sampling Rate 2msec(MS2000..4msec) 2msec(MS2000..4msec)
" wx
Recording(**) Record Length 8sec 12sec
(B) Survey Line Information *near offset gap = 88.25m, **A/D Decimation Filter...Minimum Phase, Pre-amp Gain...12dB, Lowcut Filter..3Hz(6dB/oct)
Line Length No. of SPs Two-Ship Offset Maximum Offset

LINE-A 22.1km 837 1150m 2450m
LINE-B 10.5km 421 1150m 2450m

Cco S d LINE-C 12.9km 518 1150m 2450m

s tag:: 1) |[EINED 16.7km 663 1150m 2450m
LINE-E 22.5km 902 1150m 2450m
LINE-1 25.6km 1023 1150m 2450m
LINE-2 15.8km 633 1150m 2450m

CO Spread LINE-A-1 19.8km 396 2300m 3600m

D pread  ITINE-A-2 10.5km 210 3450m 4750m

R Eept. ) [LINE-A-3 10.0km 199 4600m 5900m

ctiecion ) ITINE-A4 9.4km 187 5750m 7050m
CE Spread LINE-A-CE 9.7km 388 8800m~0m~10000m 10000m
Total Number of SPs 6382 Line-7(3.0km,106SPs), Line-8(3.0km, 113SPs)
&, 1 v54 VEHEOEAICIZESm, CE EBEHOIEAIC FTh -1

13 +10m OHEIPHPIITAERE L 72, 200-500 b > o FLigi/h
BSAMAAIC B W CEBEERINL v X 7 A 2O IcFER, w
B = 7 Vi SRR O MRS 15 5 < &
HRETH - 12,

3.3 EREFACINRMNI—TT—TIDEME

MR T7AHUKRERBICLEF—IWE

Aa| £ T3 24bit Delta-Sigma Y A/D Z k&
D2 ZREHA THE SN TVWE T 4 Y9I N ) —=
F—TZNWEBOVE CORNY) -2 —TIVIFEES
cm, 2K 150m OEXE L = v FicRagshTEh, »
OHNEHDF = Sk 5 A VROEFHAE S 1 v ED
HEME 2, [k ROBEEN/DI CZGE L fod
BRIENAIRETH - 2. F 72, HEIEECOEESIE, Al
BL Y R T b OLRTEMW R O/ ORI E &Y,
EHET 4+ VI VA N =< =7 VORMIE, BT
iR O EETE B S o R I I L 5 _ETRRR S

L 77 YERE, FBEMRT T — 7 vidtic
WHETHRHz T v Thsb, CORODITHY Y RT A
T 7 4 v [ERECS ORI EIHS 7 L A O SLEEH
15, =T AV EMEZE S TS RCE & 17 RO &
CHMETFBHICL - T, N7/ A DK &
N5, SEELITOREMRTT — 5 20058 L. 1),
‘Flip-Flop’ 1L 2 MR 74 v RHEE, 77— 7 vk
MoFEREES TEHE N, 7 — 7 URAlOREIZH
BT L - T, FREMMORRIIMFIC L - THRER
ST E S N,

FEEMN: A 2w E 1,500 cudin. (2 Cluster: 300 cu.in. X 3
guns/200 cuin. X3 guns), FZEH /) 2,000 psi, FEIRE
6.0 m

r— TVl 7 VB E 480 cu.in. (2 Cluster: 150 cu.in.
X 2 guns/90 cu.in. X 2 guns), FEEN /7 2,000 psi, FEEE
& 6.0m
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Fig. 2. Data acquisition by flip-flop two-ship shooting used in the 2007 west of Noto Peninsula seismic survey.
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Fig. 3. A two-ship data acquisition layout along the seismic line A.
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- - 1200m
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Fig. 4. Example of shot gathers obtained by a two-ship method at constant distance spread.
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Fig. 5. Examples of shot gathers obtained by a two-ship method at contraction and expanding spread.
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T EINECERTR T 4 vy —ITHELL 72 b L — 2N
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125m OFEEIRELT — ZITOWTHE L., oMl
Hick->T, b —2ANEFEREZEH LS OIGAICER
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fo. FHCHEFHD O MEFEIRTICE 2 g IcB ) 5
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FEAID ) 7 FEHERE D IR 51T 0 9 A sl
BV CHBET 3 EIT L BRI HEITH - 72,
Fig. 71T b L — ANIRLEERESK (A) & HEE A6
(B) #/RL7c.

4.2 ZERSENFINEDREL

BRI B W TS BT HEE L s, FEER

NAVIGATION
DATA

[ GPS POSITIONING

and LAND SURVEY ]

COMPILATION of FIELD DATA / TRACE EDIT

CMP SORTING / 100% RECORD SECTION
GEOMETRY APPLICATION to TRACE HEADER " FRELIMINARY STACK for PARAMETER TEST

GENERATION of GEOMETRY
INFORMATION TABLES

DEFINITION of CMP STACKING LINE
COMPENSATION of ACQUITISION FOOTPRINTS
by F-X TRACE INTERPOLATION

!

l

‘ FIRST-BREAK PICKING l

l

PREPROCESSING on SHOT RECORDS
FIRST BREAK MUTE

REFRACTION ANALYSIS
by TIME-TERM METHOD

AIR-GUN SIGNATURE DECONVOLUTION
[ MINIMUM-PHASE CONVERSION ]
PRE-FILTER[ LOWCUT 8Hz ]
GEOMETRICAL SPREADING COMPENSATION
TRACE SCALING by LONG-AGC
MULTIPLE SUPPRESSION
COHERENT NOISE SUPPRESSION
[VELOCITY FILTER with NMO CORRECTIONS
in COMMON-SHOT and COMMON-RECEIVER DOMAIN ]

and TURNING-RAY TOMOGRAPHY

PREDICTIVE DECONVOLUTION
1 CMP STACK
Y F-X PREDICTION FILTER
PREPROCESSING on CMP ENSEMBLES DATUM CORRECTIONS
CABLE/GUN DEPTH CORRECTIONS CASCADED FD TIME MIGRATION
NMO CORRECTIONS I STACKING TV FILTER and TRACE SCALING
( REFLECTION STATIC CORRECTIONS ) VELOCITY ANALYSIS DEPTH CONVERSION
OUTSIDE MUTE [ 500m INTERVAL ]
MERGING of SEISMIC DATA in TRANSITION ZONE

Fig. 6. Flow chart of data-processing of the 2007 west of Noto Peninsula seismic survey.
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Table 2. Processing parameters for the seismic data of the west of Noto Peninsula.

Offshore Reflection Lines

Transition Zone Reflection

Reprocessing of INOC Data

Line
Trace Interpolation
Common Receiver Channel Domain
No. of Application Steps 2 N/A 1
Operator Length 2traces 2traces
Gate Length 8traces 8traces
Time Gate Length 300msec - 300msec
Common Shot Domain
No. of Application Times N/A N/A 1
Operator Length 2traces
Gate Length 8traces
Time Gate Length 300msec
CMP Sorting
CMP Interval 6.25m 6.25m 12.5m
Bandpass Filter
Operator Length 240msec 240msec 400msec
Pass Band 8-80Hz 8-120Hz 8-60Hz
Gain Recovery by Instantaneous AGC
Window Length 600msec 600msec 600msec
Coherent Noise Suppression
Algorithm N/A T-X Domain Velocity Filter N/A
Reject Window -2000m/s - +2000m/s -
Multiple Suppression
. . Hyperbolic
Algorithm Model Trace Constructing Method N/A Radon Try;r’lsfonn Method

Deconvolution

Source Wavelet Compensation

Minimum Phase Conversior

Minimum Phase Conversior

Minimum Phase Conversior

Prediction Distance 2msec 4msec 4msec

Window Length 2500msec 2500msec 2500msec

Operator Length 240msec 240msec 240msec

Pre-whitening Factor 5.0% 5.0% 5.0%
Velocity Analysis

Interval 500m/1000m 500m 2000m

No. of Scanning Velocities

65(1400-6000m/s)

31(3000-6000m/s)

65 (1400-6000m/s)

CMP Stacking with NMO Corrections

NMO Stretch Factor 5.0 3.0 5.0
No. of Effective Stacking Folds 96 97 48
88-7200m (Deep Reflection Line
Offset Distance 40-11000m (CE-Spread Line) 650-12000m 322-2672m
88-2400m (others)
Bandpass Filter
Operator Length 300msec 400msec 300msec
8-70Hz(0-1000ms) 15-55Hz(0-1000ms)
Pass Band 6-50Hz(1000-8000ms) 8-20Hz 10-40Hz(1000-5000ms)
Signal Enhancement
weight function N/A {1,1,1} N/A
Time Migration
Cascaded Finite Difference Migratiot| . Cascaded Finite Difference
. . L. S T-X Domain L
Algorithm F-X Domain (Initial Migration) Finite Difference Miaration Migration
T-X Domain (Residual Migration ¢ F-X Domain (Initial Migration.
Maximum Dip 45deg 45deg 45deg

* INOC: Japan National Oil Coporation
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Fig. 7. The schematic description of trace interpolation in common-location domain and a comparison of CMP
stacked profiles before and after spatial trace interpolation.
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Fig. 8. A comparison of CMP stacked profiles before and after the suppression of surface-related multiples based
on the parabolic radon transform and model-trace extraction.
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(A) Turning-ray Tomography (LTI/SIRT) Initial Model
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(B) Flnal Velocny Model Estimated by Turning-ray Tomography
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Fig. 9. Velocity structure along the line A.
(A) Initial velocity model for tuning-ray tomography.
(B) Final velocity model estimated by tuning-ray tomography.
(C) Interval velocity model estimated by refraction velocity analysis.
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(A) CO-Spread Profile { Maximum Offset 2400m / Time Section ) (B) CO-Spread Profile { Maximum Offset 7200m / Time Section )
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Fig. 10. Processing flow for deeper reflection profile along the seismic line A.
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Fig. 11.

Based on the data acquired by two-ship standard reflection survey.

Migrated time section and depth converted seismic section of the line A.
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Fig. 12.
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Migrated time section and depth converted seismic section of the line B.
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Fig. 13. Migrated time section and depth converted seismic section of the line C.
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Fig. 14. Migrated time section and depth converted seismic section of the line D.
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Fig. 15. Migrated time section and depth converted seismic section of the line E.
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Fig. 16. Migrated time section and depth converted seismic section of the line 1.
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Fig. 17. Migrated time section and depth converted seismic section of the line 2.
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Fig. 18. Migrated time section and depth converted seismic section of the line 73-4.
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Fig. 19. Migrated time section and depth converted seismic section of the line 73-5 and A-2.

Line 73-B-3

Two-way Time [sec.]

Depth [km]

Fig. 20. Migrated time section and depth converted seismic section of the line 73-B-3.
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Fig. 21. An example of geologic interpretation of the seismic section of the west of Noto Peninsula (Line E).
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Fig. 22. Seismic sections of the line A, acquired by two-ship deep reflection survey, and its geologic interpreta-
tion.
A: Migrated time section, B; Depth converted section, C: Geologic interpretation.
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Fig. 23. Comparison between aftershock distribution and deep seismic section of the Line A. Hypocenters of
aftershocks within 2km from the seismic line were projected on to the section. Data of hypocenters are shown
in red circle after Sakai et al. (2008) and blue circle after Yamada et al. (2008).
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Fig. 24. Geologic interpretation of the seismic sections Line B to D.
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Fig. 26. Geologic interpretation of the seismic sections by JNOC (1973) seismic data.
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