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Clay Mineralogy of Slope Sediments around the
Japanese Islands

Jianhua YIN*, Hakuyu OKADA** and Laurent LABEYRIE***

To make clear factors controlling distribution of clay minerals of surface sediments on
the slope areas of the Japanese Island Arc, samples collected at 65 sites around the
Japanese Islands were examined mineralogically. Clay minerals in almost all the samples
consist of illite, montmorillonite, kaolinite and chlorite. The distribution of each of these
minerals is summarized below.

Illite is concentrated in the southern Sea of Japan, largely transported by the Tsushima
Warm Current from the East China Sea, and in the offshore areas on the Pacific side of
Southwest Japan, partially derived by turbidity currents from sedimentary rocks and
metamorphic rocks widely exposed in the Outer Zone of Southwest Japan, and partially
transported by the Kuroshio Current from the East China Sea. Montmorillonite is con-
centrated on both sides of Northeast Japan. It may have been derived from Neogene to
Quaternary volcanic rocks well developed in Northeast Japan. The relative abundance of
kaolinite seems to be higher in the San-in offshore area than in other areas. This is
related to the weathering of granites on adjacent lands. No trend was recognized in
chlorite distribution, although its amounts are not small.

As to the controlling factors of the distribution pattern of clay minerals on the slope
environments around the Japanese Islands, it is concluded that not only regional on-land
geology but also major ocean circulations and local gravity flows are most important,

although the role of wind for the dispersal of clay minerals has not been properly evaluated

except for illite.
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Fig. 1. Schematic flow patterns of the Kuroshio and Oyashio Currents around the Japanese
Islands (after AOKI ef al., 1974 and GUAN, 1983).
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Fig. 2. Locations of the samples used in this study. Samples only with numerals: by the RV
Jean Charcot cruise; Samples with G: by the RV Hakurei-maru cruise; and Samples with K:
by the RV Hakuho-maru cruise.
® piston-core sample, A Smith-Mclntyre grab sample, B box-core sample
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d

Specimen heated at
300 °C for 1 hr.

Fig. 3. Flow sheet showing the procedures of pre-
paration of specimens for X-ray powder diffraction
analysis.
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Fig. 4. X-ray diffraction patterns of sample 26-core catcher.
1: untreated, 2: heated at 100°C for 1 hr., 3: heated at 300°C for 1 hr., 4: treated with 6NHCI
at 90-95°C for 1 hr., 5: treated with ethylene glycol.
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Fig. 6. Vertical variations in clay mineral composition in cores 8, 21, 26 and 27.

1: illite, Ch: chlorite, M: montmorillonite,
noplankton age.

AR TIZ15% Lz, Lad, LTI,
WEHBOA 74 MIFE LD bEL, Lo &
FI O OFE T2 %BIREIZT X220,
HARGIEDAFEB TS, 474 b DSFDHIE
HHRHBRICED SN D, BREEOREMEZEL L
T, HALHAEMSE TR A 71 b &ERIZ12—
22%, REBFIFL0B %2 T X2 nhs, PaREHAE
OREMRIE TIHIZ L AL 0BLEE ED T2,
Frz, AAEKFERBRCH DRESE 2@LOY > 7
VTHA T4 ND0%EBL TV 5,
2) ®r®YRrqb+ (Fig.5b): v €Y uiA
NIAREERO S > 1 DOEELKE M TH S,
BEROLERIIFEFICKRE L, 8 —65%IET 5,
Ty urd MEFECEILEBROFTERMES, &<
WHENCEBL TED, 474 b B om%
RLTW5, HEABOESCIdtL5EAE T Y

K: kaolinite; CN14 and 15: calcareous nan-
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B, BAREANZAFRENCERTRRE Y, LK
B TiZ2 Vs (10 %R E), Rl NS FEHEIZ
FNOWEOfHETA A ) F4 P OBERBFVI &
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Table 2. Clay mineral composition of the sediments obtained by the ESTASE I cruise (samples
without prefix), GH86-2 cruise (samples with prefix G) and KH86-5 cruise (samples with prefix
KP, KB and KD).

Samples K I Ch M Samples K I Ch M
01-C. C. 3 19 24 54 14-#. 8 19 33 42
14-10 8 c2 26 44
02-51 4 21 32 44 14-160 3 14 24 53
02-C.C. 5 26 28 42 14-310 4 20 31 45
14-460 7 17 30 48
03-0 5 21 25 49 14-610 K] 13 33 46
03-3S. L. 6 28 31 37 14-C. C. 4 20 32 44
03-C. C. 8 24 27 40
15-0 8 15 14 65
04-0 4 17 32 47 15-150 7 18 17 58
04-C.C 5 217 21 41 15-300 7 16 19 57
15-450 8 18 17 59
05-0 5 20 2 50 15-C. C. 12 18 12 58
05-150 5 24 18 52
05-300 7 21 28 40 16-150 8 14 23 58
05-450 8 2 24 44 18-300 6 14 20 51
05-C. C. 7 23 24 45 16-450 8 17 14 51
16-C. C. 8 18 16 83
07-17 4 1% 19 62
07-1865 5 25 23 47 18-0 10 44 25 21
07-315 5 20 20 56 18-150 10 41 14 35
07-465 3 17 23 58 18-300 10 45 12 34
07-C.C 5 21 28 51 18-450 12 39 8 40
18-600 8 30 13 48
08-0 3 17 20 53 18-750 7 38 15 42
08-172 5 21 25 43 18-900 14 46 21 19
08-322 3 18 25 55 18-1050 | 11 32 12 45
08-472 3 14 26 58 18-C. C. 8 31 12 47
08-622 5 17 17 61
08-712 7 14 23 58 19-0 12 38 1% 34
08-C.C 5 1% 26 54 13-159 15 42 21 22
18-300 8 24 8 83
09-0 8 12 21 53 13-450 8 42 18 31
09-150 7 20 22 50 13-600 3 33 12 47
09-300 8 16 21 56 19-750 3 30 1 51
09-410 8 14 21 57 19-900 10 38 1" 40
19-C. C. 13 40 25 22
10-0 7 2 30 42
10-300 4 16 27 52 20-0 15 37 12 7
10-430 4 20 25 51 20-150 7 40 23 31
10-C. C. 4 16 38 44 20-300 8 35 18 37
20-450 10 42 7 41
11-10 5 1% 28 52 20-600 11 41 13 35
20-150 3 32 12 48
12-150 8 18 24 50 20-1050 7 33 10 50
12-300 0 3 35 57 20-C. C. 9 34 8 51
12-450 5 10 24 61
12-504 5 38 28 53 21-0 12 24 15 49
12-C. C. 0 10 27 82 21-150 8 29 19 44
21-300 7 24 13 438
13-0 11 18 23 47 21-450 13 31 15 42
13-150 5 18 29 43 21-600 13 30 18 38
13-C. C. 8 22 30 39 21-17%0 11 42 22 25

(to be continued)



Table 2. (Continued)

H 751 ke AR T A T V6 L HE A8 0 ¥ S

Samples K [ Ch M Samples K I Ch M
21-900 10 34 16 40 27-1002 7 44 25 24
21-1050 12 33 18 33 27-C.C. 8 43 30 21
21-C.C. 7 27 16 49

28-0 8 45 26 24
22-H. 8 23 20 50 28-150 4 44 28 24
22-0 7 21 22 50 28-240
22-120 7 33 31 29 /250 4 51 28 17
22-210 g 217 24 40 28-C. C. 3 49 28 19
22-420 10 33 26 30
22-570 12 35 16 37 29-0 5 38 34 24
22-720 5 22 13 59 29-C.C. 4 42 33 21
22-870 8 28 18 46
22-1020 10 28 17 45 30-C. C. 4 49 31 17
22-C. C. 11 24 24 31

G1 13 42 28 19
24-W. 8 30 28 34 G2 12 41 32 15
24-83 9 32 23 38 G3 10 44 26 20
24-233 11 31 21 37 G8 10 45 31 14
24-383 12 34 25 29 G14 15 44 26 15
24-533 11 35 22 32 G15 32 29 31 8
24-683 8 30 30 32 G186 29 30 33 8
24-384 11 34 27 28 G193 13 42 30 15
24-C. C. 8 24 16 53 G22 ] 44 34 13

G23 44 30 18 8
25-H. 10 36 24 30 G29 11 43 27 19
25-15%0 10 39 25 27 G38 17 43 28 12
25-300 16 40 21 23 G46 36 28 13 13
25-450 14 43 24 19 G47 27 32 25 18
25-600 13 47 24 15 G56 41 27 19 13
25-1750 11 41 28 22 G71 13 42 30 15
25-300 13 44 18 25 G73 10 42 30 18
25-1050 10 33 15 33 G5 10 41 30 19
25-C. C. 11 40 25 24 G108 12 40 31 17

G164 10 43 35 12
26-H. 11 43 24 21 G168 19 36 22 23
26-150 13 35 18 34 G190 12 39 28 21
28-300 11 37 33 18 G211 16 38 26 20
26-450 1 44 24 21 G213 13 40 28 19
26-600 14 43 27 16 G215 14 141 28 17
26-150 13 40 23 24 G217 12 39 29 20
26-900 11 42 23 24 G235 15 35 35 15
26-1050 12 41 25 22 G266 14 36 34 16
26-C. C. 10 33 28 24 G269 10 43 34 13

G272 10 44 32 14
27-0 5 48 34 13 KP2 3 44 36 17
27-125 7 42 25 25 KP3 2 41 34 23
27-275 8 42 29 21 KP4 3 49 40 3
27-425 7 41 30 23 KP6 2 47 41 10
27-575 8 40 28 24 KP7? 3 43 36 17
27-72% 8 45 21 20 KB2 3 46 38 12
27-852 7 42 28 23 KD1 7 41 33 20

C.C. : Core Catcher, S.L.: Sand Layer,
W. : Mud attached to the lead weight.
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Fig. 7.
tents in the Sea of Japan.

Ch

Triangular diagram showing regional variations of montmorillonite-illite-chlorite con-

Note a general increase in the montmorillonite content to the north (along the arrow).

M: montmorillonite, I: illite, Ch: chlorite.

BRI IZD 72 < v, BB R A ORAITE IR
HoNEv,

(2) TSP EEMDH

ES # > 7Nz 2w T, MO BERNS A 2R
BfL7:, #DFEHEIZ Table2 & Fig. 6 iCAH SN 58#
b, BEHAZIZIZEEAERDSRZ Y, 70
BRIz OWTIE, —EO I TICOWTDOAAKEM
ILEERBB LN TS (BREFERFEHEH
BOMEICLB), T2bb,ES26 27 DFEES300cm
Bz 2 ) 2{baHE o CN15 12, 1050 cm B3
CN14 ic %7 % (Fig. 6). CN14 & CN15 08132075
FERiE IR TV,

V. £

1. g nER

BB EHE R TR O Y i3, RN
M EEEOKINEENCHRT 20D 200H5 2
IS N T 5 (BISCAYE, 1965 ; GRIFFIN ef al.,
1968). £ 94 b, #A YV F 4 b, BRIEHBIREEE
BrEZLNTVWS, Er®Voi4dEED
HODIEHIC, BETOBHERLED L DBH»RDS
MLTWw5, L CEAFEETE, hREO kL
EENC L b5 o KU Sk L gL, BER
{WER%*#Z3TC, KEDOEVEY o+ A bBEES
LTV % (GRIFFIN ef al., 1968 ; AOKI et al., 1979).
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Fig. 8. Illite concentrations in the <2 gm size fraction of surface sediments in the Tsushima

Strait and the southern Sea of Japan (compiled from AOKI and OINUMA, 1973; PARK and HAN,

1985 and ARITA et al., 1987).
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ES29,30 a7 DY > FNICBIFEEYEY T HFA b
DM EIZES28 a7 DH > FNEidIFEAEE DS
TBST,KPADY > LDEYEVEF A4 M 8%
L7y, Sample 26750 DEEFV O+ A4 N 2
DED L ETIWCH B KA T ADD I CHEREY & 13
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HIESHEYR D€ £ ) uF 4 b HKILE DMK
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B KB okt izEY T Y O
FA4IBHELEEFN TS (H, 1966 ; 8 - F
T, 1975).
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Ch

Fig. 9. Diagram showing the regional variations of montmorillonite-illite-chlorite contents in the

forearc area.

M: montmorillonite, I: illite and Ch: chlorite, A: off the east coast of Northeast Japan, B: off

the south coast of Southwest Japan.
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Fig. 8 .03 2 & 51z, LA, St &
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Fig. 10. Kaolinite concentrations in the <2 gm size fraction of surface sediments in the Tsushi-
ma Strait and the southern Sea of Japan (compiled from AOKI and OINUMA, 1973; PARK and

HAN, 1985 and ARITA et al., 1987).
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DRI RESE» SHBEENZDDTH S S,

BTHND L O, ZOEREA L L TIREBTH
KEOWREIZRLLITHS .

Ry FBREBHBYTCEEI N1 714 VOER
3 A IR I AT — R Ic BB BV (AOKI ef al.,
1983) (Fig. 11a). HAX B IHEHHEEYH O 7 4 b
DI EBRD /Y — > 2ELYTERTNE, A
i H AT AR O HEREY IC o 3 s (B O
ER@mnEEZOSNS, Txbb, EEAKRELX
BHEHREBHEYICEIN 25 D1 74 MEFER
HyFE»ONEBERICL > GEEN TS, fEm
AAERMHERY DA 54 FO—EHIEEICE-
THY I SERSNT S, 74V EBILE
FERHRBYPICZ{&ENTnwE1 74 PicDOw
T (Fig. 11a) ,Z DRESIZHE Y Figr sfia s n
fleEzZohTwad (AOKI & OINUMA, 1974
CHAMLEY, 1980 ; AOKI et al., 1983). VErE HARE
BootianiaA 74 b EEAARE W TEY
FHENPSEITNTERLLDLERELT, Z0—E5S
BEBICL>TEBIEELIAEEIN TV EE 2
sha, BERETCHARER 2HLOY 7V
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WA T4 MBEHELEENTVE L L EFMOBESL
HRLTWS,

HAL AR FEAEMME T A 74 b2 gn
2, THEEFPEREEOHETHEEL TZ0W
BlgErRiZa&kholzlzoeEz o5,

ZITELRECERYFHEDA T4 FORFIZDOWT
ERLTBE W,

By OB PEKREY S FICHT LT
LI ->TGERESNTEZHDTHS (QIN & LI, 1983 ;
XU, 1983 ; YANG & MILLIMAN, 1983 ; NITTROUER
et al.,1984). B L HBFILOFLATIE, FIEDOH
e mIKCBEBL COIWEFRDOA 71 MIks
THEMD60%LL EEEDH TS (YANG & MILLI-
MAN, 1983 ; £,1985). F7:, EMAFEEIZIZA F 4
N R EEIOFERS T 5 EEDIEE L S
LTHBD (8i3d, 1985), HBFILRBEOLTE L
BDA 4 MHEEN TV S (AOKI ef al., 1983).
ZHLTHHREINIA T4 ME, TTIE@RULED
12, BRI & 2 BEFNERI D LEHBAAD/ NS —
VERLTWS,

2) ErEYAFAPIEVEOSA PEER
WAL B AT HIEER ICEBE L T (Fig. 5b). 205
FFEICHAMOHE TR D 5.

HAL AT, FE=LLD SFEMULD K ILDE
LML TWT, KIUKD DV IiKILUREYSIL
B-Tw3, FHEOKUKIIBIIZEDE
EVOFAS b BEENRTHLS BEFH, 1966 ; 8H -
FT, 1975). HARAEE (1985) kL3 &, HEiILH
A ZREMT SR EHEREY R O L EHEHR b €
vEVTOFA MNRERSTTHS.

B HAMEREE T, W2 SHEH S ik
YR D b O L THRE T 503, €€ Y
TFA S ESCHREOLORBBRETI V-4 %
FERL BERZEICE > T IEL NEIIN S,
BHA £ (1985) EEREHCBUIZECEY TS
1 b OEFIHHEBIER 2L, 20, €%
VoA MIMOREY & i U TR 2RI
BORT L, FVBELINERSNZERLD S,

3) AFNFAL I HRREEOMTEYOFTH
AV FA bbb ok bAnhs, BREOILIERT
(9% < 4345 L T B (Fig. 5¢). Fig. 10 131k

et EBRREHEEYFOA LY 4 bOSHE
RLTWS, ZITR, #AVFA LT 4 b L
N /87 — > R L Tw3 (Fig. 8 ),
Tibb, WALV BBREELSTAL ) F 1 M 23%
(o Tw3, kLI, Lol e#EIORE O
TIX30%LAET, B EOREILOMOMFE TS
0%LUEEED TS, FEREEANTTIE, HIEL
POHEBEZAL T TDIREI I EERLLFHELT
BO, BEEEREITY, VaTiihr oB = Kai
DIEZ > BETEHE T oD (ZF, 1979, #4117
A MBINSDIET I EFICHRL TLEDIFHS
BHTH5,

4) iR\ BAYEEGEMBIEREERY
IR DI X ARAIME T S, CHA-

NAT T aqQey ) rQn ==

MLEY ef al. (1986) i DSDP Sites 582, 583 (FE¥%
N7 7), Site584 (HAMGEREAIRIE 27 OKt
RS, ZOFOKRAIZAERTIEICHKT
5 ERARTW 5, HASE A GEMBEEEY DO
BEADHKIFRIEBZ 5 HEVIETHS S,

(2) RogZ

¥ DN T 2 BOEERY AL I:DICH
ARFE A A D LB e H R R IEHEEYI R DM T80
SR EBHEOERNIE IO TRE L7 b O Fig. 11
Th 5,

194 VIEYFETEEENE L, BT
ONTREAR AR T L B2 EA %~ L (Fig.
11a), BOEEHRE X 15, B, BH-X (1984)
3 HAREHERY R O R EOBERRIMELE ST L,
WM T Y T REPSRIC L > TEENTED
DBPED A>THE I ERIEHLTWS, EVE
VoA b+ (Fig. 11b), #4 Y + 4 + (Fig. 11c), #%
A (Fig. 11d) oW T OROEEIZEE TR W»,

(3) HETEPDER L HERRIC BT ZIRBTROKE
GORSLINE (1984) 1= & % &, HIRHEREY % B~
EWT 2B 2EE T ToN S, 1 23— RKiC
REIRICER S 2R, BEIT KR OERYE
DEEEIIZBHC, HDVWIESSITEVERTEL
T57V—2A (plume) TH S, Iz, FOFNET

o R N BRET, @Y, ERTRORRICE - T
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REND I N—LT, TRORBROEBEICL ST
HELARET 5. b 1 DOEREMREIIRRICT
T, ERVEOBEOEVWENRTH S, BE
¥, LA, BEMIROZENENTDH S,

WFeriR T, M EEY % & O IR HEREY) D E i
WRELETH S, BIEICSRRIEROIE L, BE
FHYEETHD LEbNLS.

PaE HAR FEMME T, L FHELBES
ZBUCRBRSEFCEE TS (TAIRA &
NIUTSUMA, 1986 ; FiZ 4>, 1984 ; KR, 1985). Z
D & 5 ¥ T3 8 % & L HIRBEREY) O E i
CHRBCREBERSAZOEEEZRZLTHS LED
h3 BERLSE X 28, R 2 b O BESICH >
THNLTWL S, HIREIIEEH T 51T turbid
plume 2K T 5. 2O & 7% turbid plume (ZFFiC
BIEE IR, BESISTTHL, BEAMEDM
EHNCE BT T O E 2 BT 2 e TS
2 (SHIPLEY, 1978 ; MOORE et al., 1982), #HFH
K%ﬁﬁ@%%@%aﬁﬁw%MﬁgéﬁﬁTma
KF|E D S ORG T OB & HERRIC 1L, BB
JED turbid plume BEETH A 5.

VL. # ]

H A% & B Rk e A i 3% R R O RS L8591
454 b, FYEVTOFA N, A4V FA L, B
Gnokb, Zho FHEIC—EDKF LS HRE
FERY. ZO&) RomEHAGT 2ERELT,
VT B BE F B OIS E BROTENEETH
D, RN ITRBROBE LR TH 3,

RALAATUCIA < ST 2 KUY E 3 B s
EYhoxr Y a)r A ORIEIERT, BEAEEEAN
HEHHT AL DB AR CHET 2 HEBE X
BEREBEFNFNLA ) F A4 DA T4 b 2EEE
ST A, HY TS IREEDA 54 MASFER
B2 HEBHREZEE) XD, b 5BEEIC
Lo THATEBIESIGE TN T 5, MRHERE
Ylonts 2 BMOEE R —RA R hnEEbhb

M, 4 T4 PSR O T ORERERITHE R0 -
7z,
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B —IF 2 X ¥ T2 B B KRBT %

e EHRIcEL BB L LT 5,
RFFROERE T, FAEMLE I DL TAEFHR—IE L
FEREAZE) 5, X KREEITIC D W TR B &% -
MESHEEL @REAE) BIUEEREL GiE
K poBELR AR CHEEHL o, F2,
SEOMLAEFERORE CHEEHER (REEE
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