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Kiichiro Kawamura (2010) Geologic structures in the west wall of the Kushiro Submarine Canyon revealed using the
manned-submersible SHINKAI6500. Bull. Geol. Surv. Japan, vol. 61 (3/4), p.137-145, 5 figs, 2 tables.

Abstract: Two Shinkai 6500, human occupied vehicle (HOV) dive surveys were performed on the sidewall in the
Kushiro Submarine Canyon, off Tokachi, NW Pacific Ocean. These dives, 6K#1033 and 6K#1035, allowed
observation of the geologic architecture of the Kuril trench. Samples from the canyon wall provide examples of
deformation textures of fault-zone rocks and associated measured uniaxial compressive strengths of these rocks.

The 6K#1033 and 6K#1035 dives surveyed in the middle part of the canyon. The dive area is divided into a highly
deformed zone and non-deformed zone based on geological structures and stratal orientation. The highly deformed
strata are cut and deformed by normal faults, thrusts, liquefaction and vein structures. The strata mostly strike NE-SW
and dip south. The average value of the uniaxial compressive strengths in three specimens collected from highly
deformed strata are 1.12-1.30 MPa. The horizontal strata unconformably overlie the highly deformed strata. At the
base of the horizontal strata, a more than 1-m-thick conglomerate layer was observed. Average values of the uniaxial
compressive strengths of two specimens collected during 6K#1032 dive (dive survey at upper horizontal layers of the
canyon) were 0.46 MPa and 0.58 MPa. Given these observations, I suggest that cessation of deformation coincided
with deposition of the conglomerate layer.

Keywords: Kuril trench, SHINKAI6500, geologic structure, slope sediments, fore arc basin sediments, uniaxial
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AEHAART L A2 6500 % W T T b7z, KT,
Z OWBERGE, Wiks OB iz zhsDBEaD
— P TR 2 REIC ECHT 5.

6K#1033 & 6K#1035 i, HHEA O P Tt S h 7z,
TEAUIR O HUE RS X, 3 L S ETB L - i & JEATE
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T, > 1 mEOMHEEREIEE I Nz KOl
ORI 3 E TE G2 o 7205, 6K#1032 WAL (IR
LFEEICH 720, FERROATFREBFEHNLT0DS) 2k
TIZE s g 5 ERHLL 72 2 3B O — iR o F-
ik, ThZh 046 MPa & 058 MPa TH~72. ZHh
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EREEIR, 37027 - LOWEREE X0 EEIICA S
ZENTE, MHEHEERICEESNR 287256 L T
7=.

—HT, WBETIE, 1) &2 ItkoT, WEMEL
HETHZENEL, 3) IS TAFEASETIEE
AEFTONBEZ 3o LiL, HE HA -
AN & O 22 B REF A TN, MBI TOREE
HUEOWERSE AW S 22 T5 2N TEDL LI ITE S

VIF R R AR EZET (Fukada Geological Institute. 2-13-12 Honkomagome, Bunkyo, Tokyo 113-0021, Japan)
*Corresponding author: K. KAWAMURA, Email: kichiro@fgi.or.jp

—137—



WEFAM SRS 2010 4F S 61%& H3/4 %5

7z (Kawamura et al., 2009). FRVAMUEO B G, €
FKIFETHW SN T E IHI PR EA L 13 %5 5 K
em ~ ¥ m DM 2 r — L OWERE S Z ENTE
BELSTHLULOWEETILETH 5.

B, mEAE, EBERICE > CRimE2E<HI5h T
B0, ZOWFORIZIIIAEIZ D7z > TR B0 %
ST FOMERE A FE W LT 5. mAHIIA TR, R
TS WSS L WS, RKERA A — Lo
KEUE R BER N DD, ZOMFORIZEH L T\ 5
BRE SR T Z L T3 (Kawamura et al.,
2009).

Aan i, AcdE P O PIBBIEA T, DL
FEREME OB AT AM [ LA 20 6500] (BT 6K)
IZK > TSR SN BHE RIS h 725 h & & idl L,
EASOMFEICHEN T2 HEMEIIOVWTHE 5. B
12, M ECHlE & 7250 O HliEMERE 12DV TR

&1 %
YIRS A & T-Eigi & Thi < 225K 233
km O HAREATE R AROMBEATH D, TEIFHD
FEfHI7HA 2 900 m Hll > Ty % (Noda et al., 2008, 55 1 [X]) .
Z DK TIE, BRI ATIRITIC K 5T, 2004 4
~ 2005 A2 TV ILFF v SLHEEA M TD R
WIRSELH S M XN TEHD GEEIES, 2006), #I
IS A OMEEZ 1L, VL FF v 3L Tl X - g
RSN KBIZB L TW B Z e PRI

2. AEHE

IS A L Oz, d¥iEs (2006) X Noda
etal. (2008) TEELIMBRENTWD., T Z TILEAL
FAEHIBIZDONTZE NS 2P LTI TICEERd 5.
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Fig. 1  Bathymetric maps around the study area (a solid square in B). Upper slope, Lower slope and Segments are after Noda et al.
(2008) (see text). The maps A and B were drawn based on a data set of the ETOPO2 and the JODC-Expert Grid data for
Geography -500 m, respectively. Contour lines of A and B are 2000 m and 100 m intervals, respectively.
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3) FEERBERNAIZ AR GE1RD). 1) KBEMIE 2)
EERARERNm & IERNC K > TXBI & 5. BB - T
KPEFhm L, EREN 2 E I (Outer high or Outer-arc
high) 12 & > THi & 415 (Nodaetal, 2008 5 55 1 [X). 2)
ERARERNA AT IE L, 3) TERARERMEI AR
s e ahad GEEHEA, 20065 1K), LLFIC
6K#1033 (FARMZEE : JIIA = —H8) & 6K#1035 (&
ARWFZEH © =i ty) OEMETH S 2) L 3) 12D
WORNR B, F 72 Z Ot T, 6K#1032 (BARZE#
HBIE) PR S EmE Tirbhiz GE1X) 4
AEOETIENMIFFLLL BRI N THBE DT, Kim Tl
it b CHIE & M7= O — AR 12 DWW il 5 0

1295,

2) EEpKBERNm & 3) TECKBERIANZ, ThEh@
EHRERES & ORAERHER I 2 5. EERRER T o 2zt
o (2a 1K) 1%, KEK 200 ~ 1000 m, “F¥a#hm
a3 5° LA ETH 0, #HEFRB (2b) 1%, 1000 ~ 3500 m,
2~3"T»% (Nodaetal, 2008). 2b) ® 2000 m {3t

;'W\Jrﬁ’ﬁ bh, HISHEEFNIZ->TH 0, JIEsmEa

FIZIE T L Cv5  (Nodaetal., 2008) (GE11X).

ﬁffﬁﬁ'ﬂﬁ%iﬂ!%li, TEHEL T TH D, IEWr
Blzk-sTEREhZESATWS (ETHIEH,
2006). MUEEAICK 2 L, EWEAEET 51O A
W LEEEHR ORGSR 6, ZhzEHisE>
GL¥piE 70, 2006). EHHEIE, EWFEOHBICL & &
STHRENIZN=T T =RV ERMT5EDEHE5
N3 (GLEIEA, 2006).

TR PERR O BHEFHEE (3a) 13, KEHR 3500 ~
5000 m T V¥ phafE R 5° L Lo #hi ¢ (Noda et
al., 2008 5 2 1 [X), 3600 m DRI F-17 22 (KRN S5 Gt
MZ L > TRHED T 6N e =Ko rH 5 L S h
% (Schniirle et al., 1995). %7z, ZoOFEhmiE, A
MERIZ L > T L 72& T3 (Klaeschen et al.,
1994). —J4, TabRPeERhaOMRMERREE (3b) 1%, K&
#9 5000 ~ 7000 m O T & & T O fE ik D V- Yo 3
#2~3° (Nodaetal,2008; E1X) T, Vy & ¥

IZ&k o THREOTSNS MK TH S (Ogawa et
al., 1993).

% 72, Nodaetal. (2008) %, IS % Segment
A, B,C,D, EIZ/ L Tvd. Segment A TOFIEEIHIES
HIETE L -4 4 FAHERL TR, Segment B
T, FhE EEAET S Z kD, BELZENH
NHEIZH—EL A FELUTHRL TS, ZOHERTE
Wi, 76 FTH D, %h%@ﬁi?@ﬁﬁ@ﬂ%@%
EJEHED 50 ~ 100 F- L IZIE—HT 52 &n56, Thb
DHFEIZk > THERESh LIS hTn5. B
Segment C ~ E{&, fHIIfFHICKS7 2 b=y a2V}
0 —JUZ &k 5 THEADIZIRA B T N T\ 3 L ilaD
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Fig.2  Detailed bathymetric map and geologic map around
the dive sites of 6K#1033 and 6K#1035 by
SHINKAI6500. Solid lines indicate the dive survey
routes.

3. BfBAE

2007 £ 10 H 2 H~ 10 H 9 HIZSZHRRHIN & 234
12& % YKO7-14 #iiiTld, 6K#1033 XU 6K#1035 23T
bz, Tho OEMEHA, LRCOEREN & Bt
WD T ERBERA (3a) ORMERKER A & LS KPER R D
PRIEREE (2b) 128 725 Segment B ~ C DK 3400
~ 3900 m OHIFEIFEA DM OMEETT b (58 2
X)) .

6K#1033 Witid, 2007 4710 H 3 HIZ, BYFRIEH (3
Aay b)), BSOS (T84 ay b)), JIIFE B (&
WIFZEE) 12k > Tirbiz, EBHTARIEU TO X512
T L2 T, ‘?@Fﬁ?ﬁ‘% 50mTY VY AEED, K
7 3898 m DFIFIBEAEICEE L 72, KEIFEEC D
Je, 5 5m, K 1.4C, ARz, 5 oWk, 5
cm/sec. ThH -7z, HIEH, ME 320° THIR L DIROME
[KAEMET 5. BIE, ABOEBE~hEET, Bz ks
LT JdfE U7 HERE S CTh - 72, AR 3860 m DLk
5w 4 OEEFOBNSHIEL, Wﬁ%zﬁk%<
BoTWo7z 3780 mICHAEEA MR L, RIFFC
20 cm FRIE D/ N T ) Ty b éE%Lﬁu”\
L7z GE3XA). ZofE»biE»@issh, 5h
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/03 104743
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%3 6K#1033 TRIR SN WERE L NN 7Y 7wy b A FULLSAB LG m0/ss 7 ) 7~y b, 6K#1033 R-1

Fig. 3

P4 MEL. B FHLLZBLEHEOD 300° FrOENE. Zo#ENEHRE, HEOEMERNZE ST, KFEEEE
LA LZBBLEOWFIZRONS. C: BETWEN» 25 2 Mok THEEXEONME. ZOH¥ A M,
6K#1033 R-2 %V 7Y V744 MIxed 5. D:BLZ 10 emJEDOHNZ -4 A4 MEEFELL AL 720 Lk
FEREOMBOARES. 6K#1033 R-4 34 D, E: AFETO, X7 10 cm JEOFWH - &4 Mg, 6K#1033
R-544 tdiik.

Geologic structures and bacterial mats observed during 6K#1033. A: Small bacterial mats in highly deformed strata zone,
near 6K#1033 R-1 site. B: Fractures of ca. 300° direction in highly deformed strata. This fracture system does not depend
upon the strike and dip of the strata, and was observed in both of horizontal and highly deformed strata. C: Strata
duplicated by probably thrusts and/or layer parallel faults. This site corresponds to 6K#1033 R-2 sampling site. D: Thin
turbidite layers of approximately 10 cm thick and an unconformity between highly deformed strata and horizontal strata,
nearby 6K#1033 R-4 site. E: Thin turbidite layers of approximately 10 cm thick in horizontal strata, nearby 6K#1033 R-5
site.

— 140 —



P ES 75 VU B O I EURE (J1TRHE )

4K 6K#1033 & 6K#1035 TR X =g D Em &
BRI ZF VA &4 775 4 (FLEEE). 2
FLAEAT T LOEREE, WEHOMRZ R

Fig.4 Astereodiagram of strikes and dips of strata
observed during 6K#1033 and 6K#1035 (lower
hemisphere projection). Dots in the stereodiagram
show poles of the bedding planes.

F2UAD O KD Wi kg s &2 PR L 72 (6K#1033R-1). Hbjg
OFEMTE I EHFAEFANTNEH, §XXTEAT
LA 5 & GEANTIEIE NE-SW TREBIZH S (5
4K). 7z, HUEIZIEH 50 cm RS CTRDOENE 2/

bh, BB &LZ300°HTHS (FE3XB). ZD 300
CHEOENE I, FAHTIEIERIRICE S TS h
5. 0830707y ME, 2Ot m O TH
f£EL Tz fMeomiEERlmE %80, A6
6K#1033R-2 % £RHL L 72. 6K#1033R-2 % fRHL L 7= -3
T, SRR L 2B E (B2 o IeEE) AE (B
Z 6 KKK OMgE AR Nz, Thbic
2T 2 FRBEETWRESAD, HE D ELTH5
E5ICRAS (E3XC). ZTZh,6, 3000 FTHA
B 5. K 3600m T, 9 300° HENCHE, &Ik
Fom O/NELZBRAWL D E Roh7 BiRe EBR
ORI 50 m TH D, EBHREEBROBONT AIZIE
JEHERE L CTur7=. 3600 ~ 3580 m I A IZ 2 - C
B, TOHEIIBLZ30m THS. 3580 m » 5 KA
OWEE PR X, 3560micvaw ) H4aa=—
AR 5Nz, 22T, MBARI 27 5 —IZ Tk 20 cm
BEOFXra2ruvy) 4 2flkE SN (6K#1033
R-3) #FRELL 7z.

K 3500 m 5132 6 13, IEZETE DK TG T T 5.
ZOAFIED FRUZIE, JEE 1m 282 2EEE1H D,
Thifg s ARBETE-STWS (B 3XD). ZOHRMY
DEITAN & N7 WOHERES T, EARITRK 50 em F2E

Ths. WEIIHRHERDO & 5 Ic@Big e h, &k
BXHTd s EIXD). 2o Eicix, BE (B2
LLYE) LIKE (BZ6<WE) DEOHE S,
IFNTFIhDBEDORE X, BHem 26 tem TH 5 (5B
3XIE). K% 3420m 12C, AFREH 5 6K#1033 R-4 %
FHL 72, 2 D%, B, dE~fiE L, 3370 m KA,
SUFEICRED 7=, % 203, WPHISHO B 10 500 m FEJE
ORI R BHE T H > 72, 200° IS Y F — KIEA
HO, ZTOHAH 20 m BEL, BEHERR L. %
DI, KFEETHD, 6K#1033 R-4 HiodEiE s &
LB, %Zh5 6K#1033R-5 A HFHLL, HEEL 7-.
6K#1035 1%, 2007 410 H5 H (&) 12K (54
vy b)), FH (/34 vy b)), “daiEt BREE)
TiTbh =, EHFAEIE, 6K#1033 & IZIEH U T
fibhrz (&F2X). EHHFEATIE, 6K#1035 R-1 KT*
6K#1035 R-2 23RS e (58 2 X))

4, EMEhi-BH

B S - S A ORE A RIS % 55 1 RITRNT.
6K#1033 R-1 1%, FFHUFICIZEY 50 cm 24 % 5 K X
BTy I THo7=h, NATy MZARBEIZHlA, <
1y 7272, 10 cm RS OKRE XORKREOT T v 712
mrhTtnd GESXA). 2hbid, ) TIkEy L
FETHD, BEOMKHERYIC X > THRE S N2IE
1-2 mm DARAEL em [BIFE TIEA TV B S (RIS,
vein structure) AR 6N 5. 72, ZOikBHIIE, EEE
oem ORNEROWBEA L IL b OHIZ R S h, ARG
ICHRIREL L 2B E B A B h 5. Zh b ORBEREETEHE
Eix, WEick-TiohTky, WEIZIE2Y vy
T4 VRGNS,

6K#1033R-2 1%, £H20ecm BED 7 1 v & & 10 {H
FEOH 25k, IKGYILNEL) TIKE T IL M
fE, WERE»GRD, MEOBERIAHETH S, LW
JEREARE 25 2 83 1T AHER S S, IEWTEIZ TR
BAN 9y I4vRhohsd (555X BCO).
6K#1033R-3 i, 9 EH DRI cm BBEDE R 575D
6K#1033R-1 &L 72k % LT 5.

6K#1033R-4 & R-5 1%, 2R 10 om FEE DO WE RS
FH5T, R-1~R3IZHND ERGE L L EGAP LG
DEATH S, HIATRERIR NS, HISERIRD S
LREMEARSNS. R5IE, EFAWEs» 5O |
MEHELEZA, EHTZWORES LR L
TWBZ Enbh o7

6K#1035R-1 1%, 2 MDD R 30 cm FE DA 5 7%
D, IR ARSI & > TREDO T 5 h b, IROIEIE
KEODOTE5mm #lA 5. IRIFEEISIB->TAY v r
Vo4 UnEERS (55X DEF).

6K#1035R-2 1%, FIKBEIKMICEK > T XV b Ehiz
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w5 6K#1033 & 6K#1035 DOFIFRHFIESA O PHIEE A & FREL X =Bkt A 0 XA U iE & kg, 6K#1033 R-1. B : &

Fig. 5

WIS A ARG & EWT R (RF1), 6K#1033 R-2. C: IEWikd& 27 2 b, 6K#1033 R-2. D : N4 VHif, 6K#1035
R-1. E: XA VOREDZY) v or v 74 v, 6K#1035 R-1. F : XA VHEEDOWMIMAL, +—7 > =3, 6K#1035
R-1.

Rock samples collected from a west side wall of the Kushiro Submarine Canyon during 6K#1033 and 6K#1035. A: Vein
structures and faults, 6K#1033 R-1. B: Unconsolidated deformation structure and normal faults (arrow), 6K#1033 R-2. C:
Normal and thrust faults, 6K#1033 R-2. D: Vein structures, 6K#1035 R-1. E: Slikenlines on surfaces of veins, 6K#1035
R-1. F: Microtextures of vein structures, open nicol, 6K#1035 R-1. A scale bar is 1 mm.
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1R GURHRHUb S
Table | Sampling sites

Sample Name Latitude Longitude Depth

6K#1032 R-1  42°29.2069'N  144°34.3110'E 1791m
6K#1032 R-2  42°28.5972’N  144°34.6419'E 1580m
6K#1032 R-3 42°28.5814'N  144°34.6467'E 1554m
6K#1032 R-4  42°28.2025'N  144°34.9162’E 1410m
6K#1032 R-5 42°28.1989'N  144°34.9639'E 1386m
6K#1032 R-6  42°28.1989'N  144°34.9639'E 1387m
6K#1033 R-1  42°3.5449'N  145°9.6931TE 3762m
6K#1033 R-2 42°3.5506'N  145°9.6689’E 3715m
6K#1033 R-3 42°3.7127'N  145°9.3847’E  3514m
6K#1033 R-4 42°3.8802’'N  145°9.3067’E  3391m
6K#1033 R-5 42°4.3733'N  145°9.0772E 3363m
6K#1035 R-1  42°3.6720'N  145°9.5679E 3672m
6K#1035 R-2  42°3.7617'N  145°9.4023'E 3511m

$2F SHEARERIC L 2B O —#IEE®RE. Av. 13F
Y—whiERETRE, NPLIZSHEH AR, PPIEEA
£, UCS id—lliEfwame .

Table 2 Uniaxial compressive strengths of samples by needle
penetrationtests. Av. [saverage uniaxial
compressive strength, NPL is needle penetration
length, PP is penetration pressures and UCS is
uniaxial compressive strength.

Sample  Av. (MPa) NPL (mm)PP (N) UCS (MPa)

6K #1032 R-2 0.58 10 10 0.42
10 20 0.82

10 10 0.42

10 20 0.82

10 10 0.42

6K #1032 R-4 0.46 10 10 0.42
10 15 0.62

10 10 0.42

10 10 0.42

10 10 0.42

6K #1033 R-1 1.30 10 10 0.42
10 30 1.22

10 20 0.82

5 30 241

5 20 1.62

6K #1033 R-2 1.12 3 10 1.36
3 10 1.36

8 20 1.02

8 20 1.02

10 20 0.82

6K #1035 R-1 1.22 10 30 1.22
10 30 1.22

10 30 1.22

10 30 1.22

10 30 1.22

B TH 5. Waicid, MRHERMIC & > TR
N7z 1 mm FREORENRZ S Wi AR SN 5.

5. —EhEMAE
ERO—MEMGRIE L, RS AR ER OWca <

F ha X —2%—SH-70 # W\, Lzl
L7z, ZOWEREL, ShIZstEEEflL, ToL &
OEAEN#HIEL, EEa Y2 ) — b ORERHID 5
—HEMERE AT 58D TH B, WETIE, &E20
S DAERICHAZYE, 5 MHlE L2 HIEMEA» 5 —ii
FEAGRE & KD 2 B & DL MR $ (A%,
1991). 3B 2 2T, BEREH S5 kKN/m? TidZk <,
MPa T/R L7z (1 kN/m?iZ, 0.001 MPa).

LogY = 0.978 x LogX + 2.621

= — Il EAFEARE (KN / m?)
X=BAEHN) /#HEAEE (mm)

HE LRI 2 RITINE N D, 6K#1033R-1 &, #lFt
MWNEL, FHERFIZENS 728, 5mm LABEAX
VRZENRTERVLDNR 2 b7, ZDED, fHiF
0.42 ~ 2.41 MPa &3 5O %, 5 [HHIEDFEEIE, 1.30
MPa Td - 7z. 6K#1033R-2 & [al bk 12 G023 I v i 5]
nd7-8, BAmE —EIZTHZ &ML, T
0.82 ~1.36 MPa & R-1 1ZE T AW ARRIT 5Dz,
SE¥913 112 MPa Td 5 72, 6K#1033R-3 1& 4 > 7L
INXFTETHIERRETH - 7. 72 6K#1033R-4 & R-5
BROEPTETCEHARENZNE TE & Hh o 7.
6K#1035R-113, M OEWTF -2 285 Z L BN TXE,
Z O—lEMRIE 1, 6K#1033R-1 % R-2 L IXIF[AHRD
fE&mL, F¥1E 1.22 MPa Td - 72. 6K#1035R-2 i3,
Mg &E5720, $NREALLE» 72

SO T, 6K#1032 THRIL X 00—
JEAFDRE & HIE L 72, 6K#1032 T, Segment B T
PN, B EACEE D 5 AR BRI X N (1
X). BT RHEAEL S PR EE 5 L5 1iTbh
7z, ZO1®, REBSAFORBHEE, fhm M5
HINL T3, ZOWEMTIE, 6#1032R-1 ~ 4 £ TIHIFE
FRPRICERI S e (BB 148) G L OEUEHREOE R,
ZOFOEWIEN»ESH). 6#1032R-2 1%, 0.42 ~ 0.82
MPa (F-¥30.58 MPa), 6K#1032R-4 i% 0.42 ~ 0.62 MPa
(F-¥1 0.46 MPa) Th »7-. hOREHIZE 0§ & /272
Iz, BAEJIBHETE 52 - 7.

6. HEHYIC

FREOEMFEERE RIS &, BE B I
BRI, [F LB L-E] & (IO ATRE]
Liarhs (F2X).

A 1, 7K€ 3800 m {5435~ 3500 m {i35 & TOHiPH T,
M DA NE-SW HIHD & DAL L, HFHIHE S
DEDNREh -7z EAK). ZoEmE, JIEES
PEHI D B R BE R 0 SHERKE & SRERHE DB O F
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EHEMLL (55 1 XIBER) , 2 Z & 143, Schiirle et al. (1995)
TEDON TS RIS AT SRR AT & > THy
Mo ohdHkg] EFEL AW,

F 7z, MRIRKESE, IRk, 1EWrkE, 25 2 b2 fh
g Eh, N T Tvy bRvay ) L aa=—
BRENZZEEE LA LIMEDORETH 5. A
HhOZEEREEE, KISBRZEHIZLD, ZEAER
AEFERFICER SN -ETEHEETHELEL 6N 5.
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