KRR AR 2T
REPORT OF HYDROGRAPHIC RESEARCHES, No.25 March, 1989

=TT OEEE - HhEkigEmE T
A O g g BO e

TECTONIC LANDFORM AND GEOLOGICAL STRUCTURE
SURVEY IN THE TOYAMA TROUGH'

Akira Asada,* Shigeru Kato** and Shigeru Kasuga**
Abstract

Hydrographic Department of Japan conducted multichannel seismic reflection and refraction survey
and Sea Beam bathymetric survey in the Toyama Trough extending northward in the southeastern
margin of the Japan Sea. The purpose of the survey is to reveal the geological structure and tectonic
landform of the Toyama Trough and to confirm the hypothesis that the Toyama Trough is a subduction
zZOle.

Another purpese of this study is to establish a refraction survey system using ocean bottom seismome-
ters for revealing deep crustal structure, and to develope new method for image mapping of Sea Beam
‘bathymetry which clearly shows topegraphical feature caused by tectonic deformation,

Seismic profiles across the Tovama trough do not support the presence of distinct subduction zone
along the trough because the basement of the trough is not traceable beneath the Sado. Ridge. This
suggests that the Toyama Trough is different in geological feature from typical subduction zone such
as the Japan Trench or the Nankai Trough, where subducting oceanic basement is clearly traceable
beneath the overriding plate in seismic profiles. Further, seismic profiles show that the sedimentary
layers thicken to the east in some places and to the west in the other places. These features indicate that
convergent plate boundary is not present, or only extremely incipient plate boundary is present along
eastern margin of the Toyama Trough. However, the tectonic landform and geological structure
characterized by the presence of active reverse faults indicate that Toyama Trough has been subjected

to compressional stress.
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Phote 1. Ocean-Bottom Seismograph and Hydrophone (OBSH) .
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Figure 1, Bathymetric map of the survey area, Multi-channel seismic survey lines (A, B) . Ocean
-Bottomm Seismograph and Hydrophone (OBSH) location points (Al, A2, Bl, B2) by
Kaiyomaru in 1986. Sea Beam surveyed area (solid line box) by s/v Takuyo in 1987, Figuers
8~11 produced area (broken lined box) .
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Figure 2. Processing flow of multi-channel seismic survey data.
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Figure 3. Processing flow of OBSH refraction seismic survey data.
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Figure 4. Tunnel effect occurs (B) when reflected signal of pre-formed vertical beam is very great
and the other beam signals are very weak in relatively flat seafloor, (C} shows pre-formed
receiving directivity of end beam of port, and the received signal is interfered from strong
side-lobe signal of the vertical.
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Figure 5. Sea Beam swaths without sound velocity correction in the case of acutually occured tunnel
effect {A) and corrected contour chart (B) .
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Figure 6. Effect of the 3-D interpolation method. (A) Contour chart by using 3-D interpolation
program, contour interval 20 m. (B) Contour chart by using plane interpolation program,
contour interval 10 m. (C) Sounding chart of original data which were used in (A} and

(B) processes.
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10 € hikkkiikakadt I-p-3 HOKAN *hdkdkkdikhdkrnk

:II; ¢ 330 CALL LESQ33{XX,YYrZ,ICOrA,LCH)

13 IF {ICH.NE.D) 60 70 320

14 PELZ=0.0

15 W7=40.0

16 bO 53 IKP=1,1C0

7 U=XX{INP)

18 =YY {INP)

19 Vo mA{1 1) kUxx3xWrd3+A(2 132 UARTAUAA 2+ AT, 1) kU4 T2 UTACL 1) RUX3

20 T +A(S, 1) RURAZRUKETEACO 1D AURKZ AKX ZHACT LTI RURK2XHEACH, 1) ALAR2

21 T FACF 13 *UxUFY +ACTU 1) 2UaH#%2  +A1T,3)%U%W +A(12,10 %0

zz?g 1 +A0I3, 1) %pxx3 FA(T 4, ) Rlan2 +AC15 1) %M +AL16,1)
c

24 [

25 £

26 WTT = 4.0/ (UxU+W+Y)

27 WT=HT+RTT

28 DELZ={Z(INPY-¥D)*UTT ¥ DELZ

29 53 CONTINUE

30 Z0=A{16,1)+DELZ/UT

1 SUBROUTINE LESQ33(X,Y,Z-N-A,ICH)

2 DIMENSION X(MI,Y{N),Z{N},A{16,1)

3 [+ X DLW = N INPUT

4 4 ¥ :pIn = K : : INPUT

5 c z t PIM = N 1RPUT

6 [ M : DATA NUHBER

7 C A16.1) QUTPUT

8 C I = NAX3#Y3 $A24XI&Y2 +AZ&NIHY #AG2X3

9 c + ASHNZXYZ HAGENZRYZ HATKHZXY FASAX2

10 [ + APRXAYI  FATORNXYZ +ATI#XAY +A125X

1% [ + A13%Y3 +A14%Y2 FAT5%Y +A16

12 [ ICH = D NORMAL OuUTPUT

13 [ = 1 ABNORMAL CALCULATION

14 [

15 DIMENSION C(16,%63,8(16-1)

18 po 10 1=1-16

57 BC1,1}=0.0

18 20 10 4=1,1¢6

19 £(1,4)=0.0

20 10 CONTINUE

21 <

2z Do 280 K=1.,N

23 20 20 1=1,16

24 20 20 J=1.16

25 I1F (J.GT.I) GO TO 2CG-

26 11=1~1

27 JI=§-1

28 LI=HOD{II %)

29 LI=MOD{dJ 4)

30 MI=INTC(L{I-1)/4}

3t MJ=INT({a~1)/4)

32 KX=6-HE-HiE

33 HY=6-LI-LJ

34 XA=XAK)

35 YY=Y{K)

38 IF (NX.E@.D )} XX=1

37 IF (MY.Eq.0 ) Yy=1

38 IF (XC(K}).EQ.D .AND. NX.HE.D) HX=1

39 IF (Y(K}Y.EQ;O .aND. NY.WNE.D )} HY=1

40 ClEA)=C{L g2+ (XA (NXI IR (Y YRR {NTY)

41 IF (I.GE.16) 8,13=B0 1)+ XA & (NI DX {YY 2 (HY) 222 (KD

42 20 CONTINUE

43 [

44 Bo 30 I=1.16

45 b0 30 J=1.16

46 IF {J.LE,F) G0 ¥& 30

47 C{I ) =C 1)

48 30 CONTINUE

49 CALL SAINVC(16,16,C,8,I1CH) cl.c

50 IF ¢ICH.NE.D ) GO TO 99

51 CALL SAMMET(16,16,16,16,16-1,C,Bs A, IERRY C+B-A

52 IF (IEAR.E@.0) GO TO 999

53 WRITE (&5,100) IERR

54 100 FORMAT (1HO,28Hxxxx% LESQI3 SAW ERROR w&xxik £13)

55 ICH=1

56 GO TO 999

57 99 WRITE (6,200} I1CH

58 280 FORMAT C(1HO,28H4xx*x [E5Q33 YNV ERROR **k%# £I3 )

59 ICH=1

40 999 RETURN

61 END

Figure 7. Fortran 3-dimensional interpolation program list made by Akira Asada. Interpolated point
is setted in X-Y origin in main routine,
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Figure 9. 3-D image view map of Toyama Bay. Viewed direction : from north, elevation angle . 45°,
exaggeration rate of depth . X4.
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|
137

Figure 11. Toyama Bay color code map corresponding to direction of seafloor down slope, viewed from

north.
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Figure 13. Migrated depth section of line B. Location of line B is shown in Figure 1.
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Figure 14, Line drawings of Figures 12 and 13.
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