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Bathymetric, Subsurface, and Gravity Survey off the Sada-misaki Peninsula,
the Seto Inland Sea

Toshiya Fujiwara!™, Toshiya Kanamatsu!, and Takafumi Kasaya'

We conducted a bathymetric, subsurface, and gravity survey off the Sada-misaki Peninsula aboard the R/V Shinsei-
maru KS-16-E01 cruise. The objective of the survey is detailed mapping and collection of basic geological information
about the western end of Median Tectonic Line (MTL) active fault zone which is inferred to be located in the Seto Inland
Sea. In the eastern side of the survey area, the bathymetry is characterized by sand wave structures. These structures are
thought to be formed by strong tidal currents. In the western side of the survey area, the seafloor is rather smooth without
the sand wave growth. Uneven topography and depressions probably reflect the MTL active fault zone. The bathymetry
is considered to be formed by lateral fault movements. In the western side of the survey area, acoustic wave reflections of
the sub-bottom profiling interpreted as a boundary between Quaternary and Pleistocene sedimentary layers were identified.
The sedimentary layers were vertically displaced probably caused by faults. The MTL is associated with a steep gradient
zone of gravity anomaly. There is positive anomaly along the shoreline in the southeastern side, and the gravity anomaly
decreases across the tectonic line to negative gravity anomaly in the northwestern side. The gravity anomaly is suggested
to reflect a deeper basement structure beneath the subsurface sedimentary layer. The basement structure inferred from the

gravity anomaly profile is consistent with the half-graben crustal structure formed by the listric curving fault.
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1. 3twic

AR AL KS-16-E01 ALifg T, A I 5 i i = A
BT, WEHIE, REEE, EORELTo7 K
AT SRR OREM ~ v ¥ v 7, RS
WIS HITd A, SR SR 71 0 T8 Ui 3 T
WHEDWEIZdH 5 LHEE SN TS (Fig. 1).

A 2= B g PR T U, ST R A IR 2 Al BT
AL v 7 —RWUEEIHRASHIC L o T, Bk
W - IR PR TONTB Y, I SRR E R O
A>T D (BIEA, 2002; KEIEA, 2005; 7§
WA, 2006). WA RSS2 C oM R EFAIC
DOWTIE, WRORHE R ZEAT O F A MR HKT-91-10
#itifEC, Tokyo Surface Ship Gravity meter (TSSG) fift L
BENRIEHAWTTOILTW S UNMRIEA, 1994). T
WIMOERI L HEEB O H D, —EHE THEM
AL AL 2 LY 72 il BT IR F IR EETh 5 2
LD, INHBIEIME—OWm FEIFETHL. TOHK

S > 4L T8

& OM MG

OESJEFEHANIES, WOANEEELICELTE, Zo
BRI T — & AL TW5 (KEFIZD, 1994; HUE
AT, 2000; £ A11Z22, 2008) 75, HlESEE L LTt
SV,

AR 72 M T lE B B A3 22 f 43 R RE R A &
%oTwh (Fig.2). K@ TIE, BEFMIZEESHL %
D5, BN MR R ER L 7o,

2. B WKS-16-E01 fiiiigic I 1 5 7 — % WU

KS-16-E01#itifF (20164F6 A27H : #iZHE ~7H2H :
REZEE) FO6H29H 256 H30H D31ER (B Fiikic
A>T BT 5 ET) TR TN, AL
ESDIIRER, WA S8 1 km O S LRI 8 km, H
PRI 11 km DO TH 5 (Fig.2). FAEF MBI Z
L CH gL C B2 2 6P~ B T, AR R
13K280m T 5. FEMERTILSHMEB X, #1400m

8 ORI AR R AT N =R

F1{E200075 5 1 ~6000TT £ 1
TR OBVWEATEME
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Fig. 1. Geological map around the survey area. Red lines show estimated traces of active faults (Geological Survey of Japan, Advanced Industrial

Science and Technology: <https://gbank.gsj.jp/seamless/>, (accessed 2018-06-20)). MTL: Median Tectonic Line active faults, Sanbagawa: Sanbagawa

metamorphic belt, Ryoke: Ryoke metamorphic belt.

1. PSRN OB, RIS OEERE 2733 (EERAEATIZEAT I A ~ & —: <https://gbank.gsj.jp/seamless/>, (accessed 2018-06-20)).

MTL: WIS R WIE T, Sanbagawa: =% JI1Z5 5, Ryoke: PAZZERLAT.
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HIETITh Lz, AR IR AR 2 # 8 ke, VRIEHE
PRI 45kt TH o 72, BT U CHlE
Ehi-.

W IE~ V70— ¥ — A FEHERE SeaBat
7125SV2 (200 or 400kHz, A7 Tld 400kHz % 1)
rHWTHAESI N, P E A EILREO 2O, A
WTOMll, KiLOFHESAEE (XBT) 2177 (Fig.2,
3, Table 1). F 7z, ARITRILBEIFT O T — % % H)
LT, 85 N7KGEMEIEINHIE 21T > 72, Kongsberg
EA600 & » 7V & — A B BHIRNE 2 F W 72 KiIER AR S
[T T D, EEREEIY 7R A 7Ta 77475
Kongsberg TOPAS PS18 (1 K% 15-21kHz, 2 K% 0.5~
6.0kHz) #= v CiAr &7z, i EEJIEHE Micro-g
LaCoste Air-Sea Gravity Meter System II (S-177) Td 5.
ALHERT 5 O JAMSTEC BiZHE % - RF 12, EIHEG D720

132°10'

lyo Nada

33°25'

33°20'

Fig. 2. Tracks of the R/V Shinsei-maru KS-16-E01 cruise in the
survey area. Red and blue lines show tracks of the multi-narrow beam
survey and the sub-bottom profiler survey, respectively. Texts attached
to the lines indicate survey line numbers, and black triangles point
locations of XBT measurements.

2. FrHAKS-16-E01ALEOFHAIROMEF. AFE~ IV F F 10— — L4
BRI, EREY TR AT 07 7 A ZWER A RS, EERICA R
LA G - R RS, BRI XBTIE KON EEZRT.

Table 1. Time and place of XBT measurements.

21, XBTHIZEREZ] & e s,

Site Time (UTC) Latitude Longitude Depth (m)
1 2016/06/29 06:54  33°26.9390° 132°05.6227° 93
2 2016/06/29 10:01  33°27.1789’ 132°04.4464° 75
3 2016/06/29 13:10  33°27.1989’ 132°03.6559’ 79
4 2016/06/29 16:00  33°26.0970° 132°03.5897° 96
5 2016/06/29 19:04  33°25.5699’ 132°03.4422° 75
6 2016/06/29 21:58  33°26.6738’ 132°02.1441° 98
7 2016/06/30 01:18  33°24.6471° 132°03.6127° 83
8 2016/06/30 04:43  33°25.5557° 132°02.0953° 110
9 2016/06/30 07:46  33°26.1158’ 132°00.7419” 84

3. WENCHIIE & P

AR A TORGEIZ60~120m, FIKFEIZ88m TH
% (Fig.4). RAEBHEMOMEEBZIIET Y Ky =7
MEPR SN, TS OREEImWETIC & D IEHR S
RSN T2 b0 LEZ 6, RNUAANIZERIZE
45 ESND, WENMEICIEEHRICY Y Ky 2 — 778
AT 52 EAHSNTEY (Inouchi, 1990), FHAIHE
DTRBILENTERLZY Y Ry 2 — 728G S hTn
% (#g EAREIT 5N E X B AR ARER, 2010). v R
=7 OEMIILE~FERTH L. FEIILEE -
ESTHBEICRTE 22 HOY > Ny 2 =725
N5, FEPKEWT Y FY 2 —T7OWHEH250m, &
B KRELRLDOTIIY20m, HBEHIV/NSI WY Bz —
TOWRIIKI40m, HSIIHK3ImTHS (Fig. 4(c), 4(d)).
FAIROVEHIZY >~ 7« — 7HIEET, B0
SRR T D, BAFIIZE TG S hCwv e
REEARIT R (RSB ST B R A v & —
W T — 5 N—=2) ICHIST 5 L9 BB, BT
BTG L > TR SNt E 26N 5
FADH SN (Fig. 4(b). RAEIL2016FREARMER
d 2 AATDNIZA, REOWEEE 2 R~ET 2 X9
, Yx—THKREBIL O ETEERREZFED, #BEM
D2 HMEWE) % EE_Bo0 s hhorz (&8l
7, 2017).

AV O 7R LA TO7 74 TREENPH A A —
VENLEEREEIZIE, EilEs (2002) THRESNT

Temperature (°C)
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1 1

—

—50 1

Depth (m
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Fig. 3. Vertical water temperature profiles by XBT measurements.
Numbers attached to the profiles correspond to site numbers shown in
Table 1.

B3, XBTHIEIL & 2 KEROSHE A, 707 7 4 VIS 5551
KUIRTHERFEZIIIEL TV,
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Fig. 4. (a) Multi-narrow beam bathymetry illuminated from the northwest. (b) Contour lines are at 5 m interval. Red dashed lines show traces of estimated active faults of the Median Tectonic Line active fault
zone (Geological Survey of Japan, Advanced Industrial Science and Technology). The black line indicates Line 25. The arrow corresponds to the arrow in Fig. 5. Blue lines show locations of bathymetric cross
sections across sand waves shown in (c) and (d).
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Bathymetric, Subsurface, Gravity Survey off the Sada-misaki Peninsula

W5, BEEAREEDEICHINT 5 LD SR
AEN7z (Fig. 5(F). ARITIRAEBELORK EAfE T, 13
BKFZEEZRL, THEEIEIARESTHETS. DE
LEBEED VAT AR L, A ANER A
F2. ARIEFIEOHERE, DI BN Dl
DM LR TE 5 (KFIT, 2001;2002). &
ZZITIZIIWIE E # 2 SN s HIER X OHEfE BRSO -
THEOTI (eg. L1EA, 2002) AFEE Sz GHI
#i Line 25, Fig. 5(). —77, $RICFHABGRMA T 7R
MATO T 7 A FEREPAHETH o 72 (Fig. 5(a)—~(d) %
&), SIUIBEFOY >~ F 7 = — 72T 5 EBH 0 E
ThHbloh, HHWIET Y FYo— 71X 2l
MOERID 720, FOEBIHENT NS 20 LHfEE

ENb.

4. 15— e

EFHNIANETAPC (V7 7 =7 - SeaLogger) TUX
FRSNENT— Y IX VB THA, B, EJE, %
B, TN RAMEZEOTF =PI ENDL (774
JVgy ek kxS 177 DAT (S-17TDRIDFLH DT ¥ 57—
A7), AALHEEORE TIXEIME (counter unit: cu) 1
180%%, #ERE - fEEE, T M ARAMHIEMEICIZ60F DT — /%
AT 4 )Y —MENFRE STz (7 7 A Vg, sk _wxx Q.
177.ENV IZE M) . B 7 — & 3RMIETT 1 v
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Fig. 4. (Continued)
4. (&)
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5 —WLBRAS TN D 728, HES kt Dil%E TIZHF 741 miE
DZEMT AN =L, fiiE4.5ktTIZF41TmIED 7 1
Wy —knh,

NARIEMETO0F OREHIEE X SIE L, EIIfE (cu) 2
VI IE£R$20.990822865 (20154F M) Z#MT7-. = b
NAFHEFEIE S E Sz b ARNAFIEfE % v
TAT- 72, AR O 180 O 7 — & 13 B4k L 72

SE

0

1

V.E. 25 Distance (km) 4
33°2721.14" 33°26'01.64"
132°05'17.08" 132°06'22.36"
SE

HEJJH (counter unit: cu) TI180FF, P - #&HEE, T b
® yw
60 |(b) Line 5

V.E. 25 Distance (km)
33°27'29.46" °25'15.40
(c) 132°04'23.71" 132°06'10.08
NW SE
60 L(€) Line 10 i
i
6 4 0
V.E.25 4 Distance (km) A
27'39.50" 33°25'01.25"
(d) 1%%“03?’198%09" 132°05'32.16"
174 SE
60| (@) Line 15 \ !

8 6
VE. 25 T
33°27'33.11"
132°02'24.76"

Fig. 5.

Distance (km)

33°24'32.39"
132°04'44.99"

Sub-bottom profile along (a) Line 1, (b) Line 5, (c) Line 10, (d) Line 15, (e) Line 20, (f) Line 25, and (g) Line 30. The vertical exaggeration is

25. The arrow in (f) shows a location of an estimated fault in the Median Tectonic Line active fault zone.

[45.

FTRNLTTT 7 A, (a) #ll#ELine 1, (b) Hl#ELine 5, (c) #ll#H Line 10, (d) {#l## Line 15, (e) {ll## Line 20, (f) fll## Line 25, ZFId A Suif 4 ik

Wi b O Wi iE OHEERLE & 7R T, () MR Line 30. $RTE AL 25fFICFHRS N TV 5.
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AL R 7% O JAMSTEC #EZHE #5 =R 7 — & % Fv T 0.06 mGal/day Td - 7z (Table2). K1 7 b2 X 2387%
BEAEEEIT-o 72 (11651.8cu = 979760.2 mGal) . fiLifE HARAEHIEN CEIIEMICRE CEET L2 L33
AEOMEMELSROSNLEEO K 7 b [Tz, R 7 MR TR o7z, T =T

(e)

i .
V.E.25 4 Distance (km) A
07! 33°24'13.72"
1 32“2071 f1137'ft91z 132°04'08.15"
()
NW SE

60 | () Line 25

A (Quaterna

8
V.E.25 A Distance (km) A
33°27'25.07" 33°23'57.55
132°00'34.46" 132°03'23.90'
()

60 (g) LirJe 30

0
V.E.25 A Distance (km) 4
33°27'15.09" 33°2342.57"
131°59'35.32" 132°02'23.16"
Fig. 5. (Continued)
5. (Hex)
Table 2. Gravity measurements for shipboard gravity data tie.
2. R EEIJNEMO TG DI2dOEIJGE.
Site Time (UTC) CG-5 Reading Heightto Gravity after Free-air S-177 Reading
(mGal) S-177 (m)  Correctio (mGal) (cu)
No 6 2016/06/26 21:36:22  4242.097 -5.96 979760.209 11651.840
DSR 2016/06/26 22:01:45 4241.395
No 6 2016/06/26 22:17:31 4242.053 -5.86 979760.178 11651.580
No 6 2016/07/02 05:10:40  4240.367 -5.46 979760.055 11651.760
DSR 2016/07/02 05:36:46  4239.669
No 6 2016/07/02 05:57:56 4240.361 -5.36 979760.024 11652.030

No 6: JAMSTEC Yokosuka Pier "Former No 6 Bitt" (JAMSTEC H#{ZHE [ 2EEIH6FE v 1) -
979758370 (mGal) DSR: Deep-Sea Research Building (JAMSTEC % #ERF721#) © 979757.660
(mGal)
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HIRE OFHAAIT I H ZE#E R 1980 12 &0 < IEHLE S
KA L7 AN TENRICEET 20 (Line
T1) L D70 A+ —N—TF—DFIEIZ-0.5mGal,
Hff#13 1.8 mGal Tdh - 72 (Fig.6). 7V — T 7 HEIE
‘¥ 7 — ¥ %, Generic Mapping Tools (GMT) V7 b7 =
7 (Wessel and Smith, 1991) @ ‘blockmean’ % Fi\>TC, 0.2
arc-minutes f FENEDFIGL 7 1 )V & — LB % 17 - 7214,
0.05 arc-minutes HJ[g T2 1) v ML L7 (Fig.7).

T = —EH R ORI AR T L 2R
Wiz R L7z, RET — % 0% WP, ETOPOL
7 — % (Amante and Eakins, 2009) |27 & & %1258
B LI Lic. 7= —EFRE OFH I 13 Parker
(1972); Kuo and Forsyth (1988) OFiE% v 7z, FIgHh
R DIGER 1L 2670kg/m? (2.67 g/em?) % 72, K
BEEIL1030kg/m? & L7- (Fig.8). RE%FE2300kg/m?
(2.30g/em?), 2000kg/m?® (2.00 g/cm?) % HWTHEHHEE
To 72085, FFEITITAREDE KT 2K TH 5
7o, WERZZALIE TS, WKENR SN LT TH
ImGalD7 =7 —EREOETH ), KELRETLHo
7z (Fig.9(c)).

5. HiJIRH

KRABIZ Lo TRO SN2 7= —FEEE (Fig.8)
&, BERRADIIEE QFRAN (NRIZ2, 1994; KEFIZ
72, 1994; WEFRART, 2000; %A1132, 2008) T, Hit
REERIIR - 2B RFEORER TH Y, RO
FH2SEEE, LEMSEREE &> Twd (Fig. 10).
HMEENEH AL TD, MO TR0 d 2 E)
BNy =2 THAHI EDbroT: (Fig.8). #T, It
PN EE (<-30mGal) |ZIZHUEEAT R S, A

15

10 -

Count

5, -

0
-10 0 10
Crossover Error (mGal)

Fig. 6. Histogram of crossover errors of the free-air gravity anomaly.

The crossover error was computed by subtracting a measured value at
an earlier time from a measured value at a later time.

M6, 7N —ZTENREDO/OAF—N—TF—DLA ST A 70
A == LT — [ ZROREH OREME D S e ORI OMEM Z 5 [\ 72 b .

Va1l D F DS E ) Fel DK AB D FRZR P 5 T 5.

L) EERGREETH HEH 45kt TOREIC Sk
E (EEHEmITY) OENEEFHFEIIEZE S ewn
(Fig. 9D FGA 8kt L 45kt L DILER) . oz ki, &g
DOHEFEEEEAN DB R OB EEALD /NS W T & ZIRIE
T5. L7adso T, il aE s oo W i sl I 3K
Wi, HERERE % 20 STV B A, RBHEREE N TRFE
HINOBEEREZEALZELSEL L) R Eid%RL
T —ERENOFGIIN S O Bbing, T —
FENREIE L) EHOEEEEE Y KT 550
EEZOLND.

RPN L D ENEFE 707 7 4 )ik, EIREOZE
HWOZALZE L VIEMHEICE S ZTWRIETTH5H. AN
HERIB T — % Ml T 5 7200, ZEAAWIZETHW S5 %
M- RETHTICL Y, B CENENETRE>/-ET)
FEINY — 1% > T Y (Fig. 99 GSI BGAXFig. 11D
GSIBGA £ ON & D), IO ESHEH OFENIL, £
CRFEFoTWZRV, FREERICERT L2707 7 1)V
&, B L L C, L) TS ARTERICE > T D
(Fig. 99 GSJ BGA & This Survey BGA & O [L#%). BBl
2kmDIX HOESJEFE ORPABLAYK E < 11.5 mGal/km,
JLPEH 6 km @ X[ D KA L 14 4.0 mGal/km (27 > TV
% (Fig.9).

FHAIRAS T O U R T O M Y, SR
TR T DRGNS, ) AN v 7 IEREIC X o
TINTVRON=T TR EN, TDT T —
Ny e WREE IO TR E N RSN T 5 (eg.
HEIED, 1992). R L > THEE SN A TSI A&
NEBREEORREE, VAN vy 7 WiEEEI N—T T
T —NUEE IR TH S, KEFIED (1994) 1, Bk
32 (1992) 12 & 2 M 2 SR L 055, 1% 5 AR
L7 7= —E) S & B & AT L 72 (Fig. 11).
BHIKEEIZH DT T 7 AV ARSI E A
(1992) 12X >Tw3 (Fig.10,11). ¥/7877 1 IVA
2/ A (1994) O FEIJTHIFRIZIZIZR> T 5, 7
0774 VBOBEREEI T 7 7 A VADORREE 5T
ZCHEINZLDOTH D, 2RITCEEREICLLESN
FUR OFHIZ1d Talwani et al. (1959), Blakely (1996) O
FHE W7

AR I NSO Ta T 7 A VOREOMEIZD S
(Fig. 10). A& OB 7 — 7 —F )5 (Fig. 11D O0bs
L25 (fl#iLine 25)) O&MMEIX, 707 7 4 VADFH
BERE (Fig. 110Cal) ORMMEL VKL, Tu7 74
WBEDEWT L b, D 7 T — NIRRT DHA
DOWEEIZAEBOHFMBEORELHEESND., 7T —
N YRR OFEBROEE T 7O 7 7 4 )V A TIEHI3km,
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70774 VB TII4kmTH D, Bl 7—r—E )R
HOHEIE, FEM (Fig. 110 0bs L25 D4 Tid 7
077 A )VBORTHEENREOARS, JLEMTIiE7 o
TrANVAIL, DA L ICEbIE. EHREOR
IR OMEFZ KL Cwh e Bbhs, 70774
VB TlEEAEOEFNIR30°TH B, T T 7 A VAT
¥l1ech s, BlMl7—r—ENRE 7097 74 VhH
L cl, EEomEshi T L cams, TETi

33°28'

33°27' 1

33°26'

33°25' |

33°24' |

131°58' 132°00' 132°02'

L OBERHC R o T LfEESNSL. T T 74 VB
OEEMELX SR C, FEOBEMIILZ RNT, 7
T = NURIETROHER L ORE (RBE) #&EH L7
ZORE, HFRIEBEORE XK 3km &35 L BIAME L X
CHEH T EDbho7z (Fig 11(c)). T OFEMRRE XFA
WAL O RS O s & S EENTH D (K
P37, 2005). 707 7 A VB2 LY I IRASE M ©
FAETEEMR R (<=30mGal) DOAEARLD L H & (8

132°04' 132°06'

33°23'

-40 -30 -20 -10 0

Fig. 7. Free-air gravity anomaly. Contour lines are at 2 mGal interval. Red and blue lines show tracks of the multi-narrow beam survey and the

sub-bottom profiler survey, respectively.

(7. 7)) =27 ESE. FEGEMSIE2mGal. AREHE IV 10— Y — A BRI,

131°58' 132°00' 132°02'

33°28'

33°27' N

33°26' |

33°25' |

33°24' 4

FRIIF 7R ba 707 74 7L RS

132°04' 132°06'

33°23'

-40 -30 -20 -10 0

Fig. 8. Bouguer gravity anomaly with an assumed density of 2670 kg/m? (2.67 g/cm®). Contour lines are at 2 mGal interval. The black line indicates

Line 25. Red dashed lines show traces of estimated active faults of the Median Tectonic Line active fault zone (Geological Survey of Japan, Advanced

Industrial Science and Technology).
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projection of observed Bouguer gravity anomaly along Line 25 shown
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Profile Line 25.
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