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Classification of Deep-sea Sediment by Geotechnical Properties from the
KODOS Area in the C-C Zone of the Northeast Equatorial Pacific
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Abstract : Deep-sea surface sediments, acquired from 1997 to 2002 in the Clarion-Clipperton fracture zone
of the northeast equatorial Pacific, were analyzed for index and geotechnical properties to provide
background information for the design of manganese nodule minor. The sediments were classified into 16
types based on the measured properties and evaluated in terms of miner maneuverabillity and potential
environmental impacts arising from mining activities. It was found that the middle part of the study area
covered with coarse siliceous sediments is more favorable to the commercial production than the northern
part of pelagic red clay. In particular, Area B2 in the middle part is considered the best mining site since it
shows the highest abundance as well as it consists mostly of normally to over consolidated (types B,C,D)
coarse siliceous sediments that are appropriate for effective minor movement and accompany weak
environmental impacts. Taking account of all the analyzed core logs, the average shear-strength values are
proposed as a practical guideline for movements of a manganese nodule miner: 6.0 kPa at 10 cm and 7.0
kPa at 40 cm below the seabed.
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Fig. 1. Distribution of sea floor sediments in the north-
eastern part of the equatorial Pacific (after Raw-
son and Ryan, 1978). The study area was marked
as A2, B2, C1, N1, and N3.
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Table 1. Locations, lengths, and sediment characteristics of the studied cores and water depths of the sampling stations.

Station number Locations Water depth  Core length R K
(Area) Latitude (N) Longitude (W) (m) (cm) emarks
MC97-P-05(B2) 09°57 131°49' 5,101 24 C.B.: 12 cm, Unit /I
MC97-P-13(B2) 09°59' 131°47 4,983 26 Unit I1
MC97-1-01(B2) 10°30' 13120’ 4,953 22,39 C.B.: 7 cm, Unit I/III
MC97-1-03(B2) 10°29 13120’ 4,976 41 C.B.: 6 cm, Unit V111
MC97-1-05(B2) 10°27' 13120 4,923 25,27 C.B.: 7 cm, Unit I/III
C.B.: 5 cm, Unit IIl/carbonate
MC97-1-11(B2) 10°30' 131°18 4,921 17 C.B.: 8 cm, Unit /111
MC97-1-13(B2) 10°29’ 131°18 4,999 29 C.B.: 5 cm, Unit I/II
MC97-1-15(B2) 10°27 131°19 5,044 35 C.B.: 10 cm, Unit /1
MC97-1-21(B2) 10°30" 131°17 4,908 35 C.B.: 21 cm, Unit I/I1
MC97-1-25(B2) 10°27 131°17 4,848 36 C.B.: 11 cm, Unit /I
MC98-N12 12°00¢' 131°29' 4,957 18 Unit, carbonate
MC98-N11(B2) 10°59' 131°32' 5,150 28 C.B.: 10 cm, Unit I/11
MC98-N10(B2) 09°59' 131°30° 4,968 34 C.B.: 12 cm, Unit I/11
MC98-N09 08°58' 131°32 4,828 30 C.B.: 13 cm, Unit VII
MC98-N08 08°01' 131931’ 5.022 46 C.B.: 17 em, Unit VI
MC98-NO7 07°10’ 131°42' 4,561 24 C.B.: 10 ¢cm, Unit I/
C.B.: 20 cm, Unit 1I/111
MC98-NO6 06°02' 131°30’ 4,084 30 calcareous sediment
MC98-NO5 05°00" 13129 4,200 28 calcareous sediment
MC98-G01(B2) 10°05' 13147 4,981 10 Unit I1I
MC98-G02(B2) 10°16' 131°48' 4915 20 C.B.: 6 cm, Unit I/II
MC98-G03(B2) 10°25' 131°4¢' 4,871 10 C.B.: 2 cm, Unit /I
MC98-G04(B2) 10°15 131°40’ 4,988 16 C.B.: 3 cm, Unit I, carbonate
MC98-G06(B2) 10°15' 131929 4,988 26 C.B.: 12 cm, Unit V11
MC98-G0O7(B2) 10°14' 131°22' 4,779 12 C.B.: 4 cm, Unit V11
MC98-G08(B2) 10°24' 13123 4,981 40 C.B.: 8 cm, Unit /11
MC99-N11(B2) 10°59' 131°3¢’ 5,089 12 C.B.: 6 cm, Unit /11
MC99-N10(B2) 09°59' 131°30’ 5,008 20 C.B.: 10 cm, Unit I/HII
MC99-N09 09°01" 131929 4,900 30 C.B.: 14 cm, Unit /11
MC99-N08.5 08°30' 131°28 4,371 26 C.B.: 10 ¢m, Unit I/I1
MC99-NO8 07°58' 131928 5,007 36 C.B.: 12 cm, Unit /11
MC99-N07.5 07°31' 131°28' 4,965 30 C.B.: 8 cm, Unit I/I1
MC99-NO7 06°59' 13128 4,697 22 C.B.: 6 cm, Unit I/11
MC99-N06 05°59' 131°30 4212 38 C.B.: 15 cm, calcareous sediment
MC99-N05 05°00' 131°31 3,955 36 calcareous sediment

C.B.: Color Boundary.
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Table 1. Continued.

Station number Locations Water depth  Core length R "
(Area) Latitude (N)  Longitude (W) (m) (cm) emaris

MC99-GO1(B2) 10°18' 131°3¢1 4,870 8 Unit /111

MC99-G02(B2) 10°19' 131°30 5,110 26 Unit /111

MC99-G03(B2) 10°20° 131929 4,996 18 Unit VI

MC99-G04(B2) 1o°2r 131°29' 4,998 10 Unit I/111

MC99-G06(B2) 10°24' 131927 5,024 16 Unit /111

MC99-G07(B2) 10°17’ 131932 4,828 12 Unit I/IIT

MC99-G08(B2) 10°26' 131926 5,033 12 Unit, carbonate
MCO00-4-16(B2) 10°10" 131930 4,942 24 C.B.: 7 cm, Unit V11T
MCO00-4-18(B2) 10°11’ 131°2¢' 4,819 17 C.B.: 8 cm, Unit V11
MC00-4-20(B2) 10°19 131°24' 4,720 17 C.B.: 8 cm, Unit /11T
MC00-4-N07 07°00' 131°30' 4,596 27 calcareous & siliceous sediment
MCO00-4-N7.5 07°30' 131°40' 4,944 50 siliceous & calcareous sediment
MCO00-5-04(A2) 10°29° 135%41 4,720 18 C.B.: 10 cm, Unit I/III
MCO00-5-14(A2) 10°49 135935 4,805 10 C.B.: 1 cm, Unit VIIT
MCO00-5-20(A2) 10°50 135°05' 4,988 30 C.B.: 16 cm, Unit VII
MCO01-03-01(B2) 10°00" 131°50 5,081 375 C.B.: 15 cm, Unit V11

C.B.: 27 cm, Unit II/I1I

MC01-03-02(B2) 10°30' 131°18' 4,383 453 C.B.: 10 cm, Unit I/II
MC01-03-03(C1) 11°18’ 128°23' 4,830 54.5 C.B.: 20 cm, Unit /11
MCO01-03-04(C1) 11°15 129°4¢' 4,833 50.0 C.B.: 15 cm Unit I/I1
MCO01-03-05(N1) 16°19' 13125 4,972 35.5 Dark Yellowish Brown, Unit I
MC01-03-06(N1) 16°17" 131°52 5,091 36.0 Dark Yellowish Brown, Unit I
MCO01-03-07(N1) 16°18' 132°17 5,019 36.0 Dark Yellowish Brown, Unit I
MCO01-04-01(N3) 16°18' 125°55' 4,555 43.0 Dark Yellowish Brown, Unit I
MCO01-04-02(N3) 16°18' 125°18' 4,544 40.0 Dark Yellowish Brown, Unit 1
MCO01-04-03(N3) 16°18' 127°00' 4,689 375 Dark Yellowish Brown, Unit I
MCO01-04-05(N1) 16°12 130°33' 4,880 19.0 Dark Brown, Unit I
MC02-01-01(N1) 16°12 130°09' 4,824 36.0 C.B.: 22 cm, Unit /I
MC02-01-02(N3) 17°02' 126°00' 4,620 55.0 Dark Yellowish Brown, Unit I
MCO02-01-04(N1) 16°12' 130°49 4,512 47.0 Dark Yellowish Brown, Unit |
MC02-01-05(N1) 16°40' 133°32' 4,777 36.0 Dark Yellowish Brown, Unit 1
MC02-02-02(B2) 10°30' 135°00' 4,876 45.0 C.B.: 14 cm, Unit /11
MC02-02-03(B2) 10°30' 134°00 4,843 28.0 C.B.: 15 cm, Unit /I
MC02-02-04(B2) 10°01" 133°00' 5,084 24.0 C.B.: 12 cm, Unit /I
MC02-02-05(B2) 10°30’ 131°20 5,029 34.0 C.B.: 12 cm, Unit VI
MC02-02-06(C1) 10°39’ 129%28' 4,799 30.0 C.B.: 16 cm, Unit I/II

C.B.: Color Boundary.

7¥A0 2 AFHT A E= & 1970t} A7)
& ANEE SoX YRt F 6971 A -oA AFHE Fo
Al E.o]th(Table 1).
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sl "y widEA Zo] 2 em A 02 RA E (sub-
sample)E | 3l%c}.

PEE 9k 10 go] HHES 34 U7 FF5E ke 4
Holo] FRg AAT F, 0.5% IIFare 78S
AASL, RSP ERA 7 (Master Sizer)E o] - A8}
ATHEN Fg2H- 1998).

T8 (% dry weighty> 2k 30 g0 32 A EE 110°C
2 24N7F 3 A7) (oven)ollM & AR Az
F(desiccator)ol] M A0 2 2407 BHF & k. A
AH% water content=100X (wet wt.-dry wt.)/dry wt.)3}$1T}.

HHEY AYsE A8 Altslr] sl v)=
MicromeriticAte] A5 Wiz 4 7] (AccuPyc 1330 Pyc-
nometer)S: 2-§-3led EHZAE JAF9] ¥]5(grain density,
specific gravity)& 5793It}. AW =(wet bulk density)
= 9A ¥FI FrEE o83l AFI} ol
100% E3}=o] vk 7Pg st ARt 5
2000). At o}8-¥ HAEe B3 A 24 WiaE
< ©](1991), A(1994), Lee and Clausner(1979), 223
S FTAHE(1998)0 A3 71 =) Slct.

4. ¥42%
HAE] A= A4

ArA Y HAE AGEE R AFoA] T2
A SRR W#7tEA Skt Ha
Zlolol A= 1 kpa PINHe] W AGYE gHe BolA]wh
HAH%E SR 7MAx A&H o= F7138le] 13 cm Zo)
M= Bt 7.0 kPa7kA] FS7FshE, 1 819 13 emellA]
40 cm7HAE B 6.6 kPa(5.9-7.2 kPa)= YRS 7S &
A GTHFig. 24). & AT dEle i vl Ay
(under consolidated state)*]u}, B & Z Z1o] 10 cm ©]3}2l
st whdel Adelth(Fig. 24A).
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Fig. 2. Core log of maximum shear strengths of sediments,
measured by motorized vane. (A) Plot of shear
strengths of all the studied sediments against depth.
The solid line represents the values averaged at a 2
c¢m interval. (B) Plot of average shear strengths
taken from (A) against depth. Regression lines were
drawn for the top (<13 cm) and bottom sediments
(>13 cm). The measured maximum shear strengths
of the top sediments increases rapidly with depth
up to 13 cm, while those of the bottom sediments
are rather uniform and vary in a narrow range.

Aeb7dee] Bkl olgh gaAlselH, dal 6971 Fof
Agolld F48 Fold, 57 Zold dedEE Fig
2(APNA AR ups} Zho] ZAte] wlg- A}, 3L H
A& 13-40 cm Holo] FagkelM 3k 4] (2)2] B¢ 2
ol M Fa AEAEe] Mt vl Ao e

BHHAE BAth

= NIAY 5A3E

kPa(2.7-10.5 kPa)°]™, N34|9 A]5.(0-38 cm)¢] H

G 3.8 kPa(3.2-4.4 kPa)2 Z79 = IcH(Table 2).
NIX93} N3 Ae] 53 Zlo]o] m}E Aedee] 4
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Table 2. Averages and ranges (maximum-minimum) of maximum shear strengths, residual shear strengths, and sen-
sitivities (maximum shear strength/residual shear strength) of the surface sediments in the different blocks of

the KODOS area.

Study Area N1 Area N3 Area A2 Area B2 Area C1 Area
Location 134-130°W 127-125°W 136-135°W 133-130.5°W 130-128°W
16-17°N 16-17°N 10-11°N 9-12°N 10-11°N
Average core depth (cm) 33 38 18 24 40
Number of cores 7 4 3 39 3
Maximum shear strength (kPa) 4.7(2.7-10.5) 3.8(3.244) 6.8(4.4-9.1) 7.0(1.6-15.1) 5.0(3.0-8.5)
Residual shear strength (kPa) 1.9(1.4-2.8) 1.5(1.2-1.9) 1.3(1.0-1.5) 2.2(0.6-5.9) 1.8(1.2-2.7)

Max./Res. ratio 2.34(2.02-3.73)

2.55(2.23-2.68)

5.21(4.46-5.95)  3.66(2.31-6.82)  2.68(2.39-3.14)

Maximum Shear Strength (kPa)

15 20

—o— N1 Area
<~@-- N3 Area
—v — B2 Area

Depth (cm)

40 X

Fig. 3. Depth profiles of average shear strengths in each
study area.

22 Bshz A 0-10 emollME 20 Bolx|wH 10-40
cm ZoldlA= A9l vt & Btk & NIXN Y}
N3A9] E&ZF 4-10 cm Z)0)9] Aa7t=e] WaFghe NI
A9 o] 4.5 kPaZ N3R|(2.5 kPa)oll B15)] =t} o= =}
23kl gk - MC 01-04-05(Z2] Zol: 0-10 cm)®] |
gFoln, 10-40 cm F-#9] AWAEE FX o] nj$ 2
A=) gkc}(Fig. 3).

A2A 9] 8 EAHE A F(0-18 cm)?] Hi AU7te
T 6.8 kPa(4.4-9.1 kPayol™, 7} ©& A 57} B9
B2AY HAE Al5(0-24 cm)d] HFE AWRREE 70
kPa(1.6-15.1 kPa)2 74 =] H(Table 2). =3+ C1XY
2 A= AE(0-40 cm)e] FF ADLEE 5.0 kPa(3.0-
8.5 kPa)= A& o2 Sri(Table 2). ekt 257
o] ¥)E YeE U EE A2 X90] 522 7P 2o
™, B2A19¢] 3.72 € Aol s} 23}slo] Ut A2A]
o7 B2 A9 9] HM7te wsks ol fASH, C1AY
0-20 cm 7o HA7tee Az oz Yrh(Fig 3). 2
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Fig. 4. Locations of the DOMES, IFREMER, and KODOS
areas in the Clarion-Clipperton fracture zone of
the neortheast equatorial Pacific.
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AFA G A HHE AA HAEY HFYEE 150
um(3.8-31.5 um)E HF 6.3 B(5.1-8.0 D)°lt}. Shepard
(1954)2] 7ol M=W Ao F-E HEH HEilty
clay) £ HER HE(clayey silt)) 3=, Folk
(1968)2] ®Fo MW o5 HAEL BT HES] &
7t Aol e H(mudyl sHFECHA S 2000, 2003). €
I AHE7E BES e EF9 N1X9 3} N3x 4
Aol HAFAErt 22t 4.9 um(7.7 D)8} 4.5 um(7.8 D)E
AxAAE Foll 7P Agdolot. FAE A Eo] B2}
= 59 MEd 9R13 A2XH L 17.6 um(6.0 @), %
o] 9x13 B2AY 2 15.6 um(6.2 @), T3 X $1]
3 C1A YL 251 um(54 DY QTFAGE £ /M =9
Zo]t(Table 3).

HAge &L HA B 246%((FH 2-F: 83-
415%)2 = NIA 9] Ha §-8-2 148%(126-174%)
olm, N3X & 139%(124-148%)% AFA| & Fol| 7}
7 g, AR AR A2A G & 221%(206-240%), F
gl g B2AI9) o] HAphS 281%(225-415%)°)
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Table 3. Index properties (grain size distribution, mean grain size, water content, grain density, bulk density, void
ratio, and porosity) of the surface sediments in the different blocks of the KODOS area.

Study Area N1 Area N3 Area A2 Area B2 Area C1 Area

Location 134-130°W 127-125°W 136-135°W 133-130.5°W 130-128°W
16-17°N 16-17°N 10-11°N 9-12°N 10-11°N

Number of cores 7 4 3 43 3
Mean grain size(um) 4.9(3.8-8.2) 4.5(4.0-5.4) 17.6(11.2-21.6)  15.6(7.2-27.6)  25.1(20.6-31.5)
Mean grain size(J) 7.7(7.0-8.0) 7.8(7.7-8.0) 6.0(5.5-6.7) 6.2(5.3-7.2) 5.4(5.1-5.6)
Water Content(%) 148(126-174) 139(124-148) 221(206-240) 281(225-415) 281(257-305)
Grain density(g/em?®) 2.59(2.56-2.63)  2.59(2.57-2.65) 2.43(2.36-2.51) 2.44(2.32-2.54) 2.40(2.36-2.44)
Bulk density(g/cm?) 1.37(1.34-1.40)  1.38(1.36-1.41) 1.25(1.25-1.26)  1.22(1.15-1.25) 1.22(1.20-1.24)
Plastic limit(%) 32(20-75) 29(17-34) 66(48-77) 87(37-176) 54(48-59)
Liquid limit(%) 151(107-294) 112(108-116) 188(171-203) 196(138-281) 168(157-187)

Comments: average value, ( - ) range; minimum-maximum.

th CIA L 281%(257-305%)2 BRI Ao} U
88 HtTable 3).

H42 4Rt Uxe AAl HE 247 glem (@FHa-A)
:2.31-2.65 glem®)2 AubAQ) 849719 HAE YAt
% 2.65 g/lem’] B3k Yith NIA9 9] Ha grpdEE
2.59 g/em’(2.56-2.63 g/em’)o] ¥, N3ZGL 259 glom?
(2.57-2.65 glem®)2 TR Qo] M & 7t} FA| Rl 9]x]gt
A2 B 243 g/em’(2.36-2.51 glem?), TH-FYo) ¢
3 B2AY EHAHEO HAYL 244 glem’(2.32-2.54 ¢/
em®)olt}, oluloll CIAY S 2.40 g/em’(2.36-2.44 g/em?)
2 71 B2 AR EE BeltK(Table 3).

AUEE gy gAQR 5 g8 svs &
o} Qe HAE] A5 onthA] 5 2000). A+
A AAY HaF ALEE 126 gem’(@HA-H): 1.15-
1.54 glem)Z R} 28U NI Fage 137 g
em’(1.34-1.40 g/lem*)e] ), N3 1.38 g/em’(1.36-1.41
glem’)2 M E fAleA HlA B8 71e Holth Ay
o AR& A2AFL 1.25 g/em’(1.25-1.26 glem’), FH-%
ol 1A B2AY HAES] HaFghe 1.22 glem’(1.15-
1.25 glem?)olt}. ojytell CIAIE-L 122 g/em’(1.20-1.24
glem®)E 7FF wre AU E B Tk(Table 3).

WG A dEiolA adEE Walshs A9
TS ou|3ch#] 5 2000). AFRAG HA B HA
A, A Fet 164%019, NIX9 2] HEZL 151%
(107-294 %), N3 292 112%(108-116)Z B3 e
AGTAE Hlrh FAF AT A2 G 188%
(171-203%)°19, B2A9 9] HiFh2 196%(138-281%)%
7P Erh. o9l C1AY 2 168%(157-187%)Z B2 A<
o vlal] 2g e AYIAE BAtKTable 3).

248l A A A 9] el 2 Mslele 39
Ul E onBeh(R] 5 2000). QFEAYG Y A4 A=

A B 97%e1H, N1X S 9] B2 32%(20-75%),
N3 A H& 29%(17-34%)2 & & Bt} A9
66%(48-77%)°1™, B2A A &] A3t 87%(37-176%)=
7P Eth. oluloll C1AY L 54%(48-59%)Z B2 A Fd
vjE) 28 W& 2ASE BRItK(Table 3).

AFfA o2 A7AY HAES A AFES X3}
= EFAYGNI, N3 A9)3 AE7199] 32 HAHEo]
B¥3l= $RA2(A2, B2, C1 A0 FRE, o5
HAEL FR0 e} FElo] thE NHFE EAL B

ok,

¢

FEA G =28 B d7dHete) v

A8 AdEeE 54 A5E C-C AGHA e F3H
ARG RaE AEEH v - A3 28
L aF A A AR oR HIEE (AR =
Folle YA RS (raw data)?} 2 L JAR] ¢ko
B2 A vlart ofgo. b AZE e 9AF
71 @HE By 2AEE A - 8310 v gidA]
9L C-C Ay e} FA - $1X3F DOMES(Deep Ocean
Mining Environmental Study) AAY, SR5Yel $1x13k
DOMES BA|Y, %39 91%3 DOMES CX ¢, 2]
. IFREMER®IA B3 ¥ Zakso] s o Qx|
o|th(Fig. 4).

DOMES A¢} BA Y- #AAY7F A 8HA X3kl
Rom, B Aol N3 vz gl $X]3 DOMES
CAYe #3 HEJ A8 2SI UrHUSGS
1977; Richards 1978). 53} IFREMER 91729 & M=
of A& AFAGQolle FAAYF Xk o, B
A7A ] N1 A ofzff 911§+ IFREMER 55 474
Aol 72 YEZL EEXIHIFREMER 1989).

g2 zlold] wE Hh7bno] 4223 B o)) [FRA-
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Maximum Shear Strength (kPa)

8 9 10 11 12

Core Depth (cm)

~4— |FREMER Area : Siliceous clay
—~»- DOMES C Area : Silicecus clay
—e— KODOS N3 Area : Pelagic red clay
—=— KODOS N1 Area : Pelagic red clay

Fig. 5. Depth profiles of average shear strengths of under-
to normally-consolidated siliceous clay and pelagic
red clay in the IFREMER, DOMES C, and
KODOS N1 and N3 areas. Note the differences in
maximum shear strengths of DOMES C from
others.

MER 729 A 29} AHE NI, N3 9] A%
3 AAUE HAEC] §4 Zolo wlg} FARE FaHwr)
= WH3kE HRIthFig. 5). 53] IFREMER X0 vig ¢l

Maximum Shear Strength (kPa)
0 1 2 3 4 5 & 7 8 9 10 11 12

/

20

25 |

Core Depth (cm)

30 -

35

40

—»— DOMES A : Siliceous ooze

—— DOMES B : Siliceous coze

—v— DOMES C : Siliceous clay

—a— KODOS : Average of all study area
—e— KODOS B2 : Siliceous sediment

Fi

—
5]

. 6. Depth profiles of average shear strengths of slightly
over- to over-consolidated siliceous ooze and sili-
ceous sediments in the DOMES A, B, C, and
KODOS areas. Note DOMES C data (siliceous
clay) compared well to other data nevertheless of
sediment composition different from others.

Aafde N1 99| AP 79 EY3 7He 1ot}
a2y DOMES C8| #RHEE %2 F A9 z89)
Hjale] 53] & AL E HATHFig. 5). o3 &

Table 4. Geotechnical properties of sediments reported in the Clarion-Clipperton zone. Data of IFREMER area are
from IFREMER (1989) and those of DOMES are from USGS (1977). Data for N1, N3, A2, B2, Cl, and

southern area are determined in this study.

Water content Bulk density Grain density Liquid limit

Plastic limit

Sytdy area Sediment type (%) (@/em®) (g/em®) (%) (%)
IFREMER Pelagic clay 130-150 - - - -
Siliceous clay 220 1.24 2.49 156 105
Siliceous ooze 300-470 1.12 2.45 240 179
Calcareous ooze 80 1.48 - 70 51
DOMES A Siliceous ooze 263 1.22 - 193 83
DOMES B Siliceous ooze 247 1.23 - 189 72
DOMES C Siliceous clay 177 1.31 - 134 76
N1, N3 Pelagic clay 148 137 2.59 150 32
A2,B2,Cl Siliceous sediment 281 1.21 2.44 196 109
Southern Area Calcareous sediment 88 1.52 2.64 40 24
C-C Zone Pelagic clay 197 1.29 2.43-2.87 - -
Andreev and Anikeeva,  Siliceous clay 380 1.15 2.17-2.48 - -
1989 Calcareous ooze 95 147 2.56-2.76 - -
C-C Zone Pelagic clay 180-300 - - 160 108
Tisort, Siliceous ooze 315-400 - - 239 178
1981 Calcareous ooze 70-80 - - 70 52




Classification of Deep-sea Sediment by Geotechnical Properties 537
Ae A B SRl WE pe) R siMElele vR S F4e] dekshA 18lEe] ) WiEo®m kg
& Apolo|B R o] APe] EAo 1‘416}1 Hoh Agd A8 P E 2003).
7} D 2.35lth. DOMES A, B A|91& FAAV 7 x50, AR gAEe] Mebde Wste] i thE F8 4Rl
DOMES C;<1°ﬂ & FAAEI} BEshs AHoln2(Table & ¥3 A%9 &4 f52 AaEth 438 s 2
4) ThE A gro] el dEu MR fARE AU & ol iR sl AEe AREAR| FAeT A
& Hole é% DOMES C A9 HAE AWt e & AFri(Tisort 1981). &, Hat 10 cm ©}312] ZoloA 3}
do] TS AARICHFig. 6). 5’_§} FEHE Hols HAEEL HA R T EYUH &
g, 4 HAZo] Bxshs B2 A9 HAF] Zo] ol oJ&) A3 He Hol7A HAHAA 18 HE
of W& AG= %5}%}*&—8— 2 01147} BEsle e Zlojm, 11 o) ol #A|e}

DOMES A, s 2t

F3E ARt Al Breiar E]Z’ v?‘o*O] Al
™, AE 548G AAFIEEC] A AXFE e
‘*E}(Table 4). 2T EAE AH3A

W S, AUE QAUE 2pEe} oA 9 AYEA T
TS Vg Ay zF FEE {3 SYAEY W
HE2 F AABIKTable 4).

n

R |

A AT €9
AYA HAET FA50] A& NI, N2X|dojA =

o2l

o Ajsh vHIAR el S AR Yirow
FAHE HAF Zolel 7l et gl Rad

AGAE7E dlelA| Zrlsle 842 oln] B ks
o] HER Tt (Moore 1962; Inderbitzen 1970; Bennett ef
al. 1980; Tsurusaki ef al. 1994). ©]&]3 54L& &2 &9
AR Z2S wrd3 Aol (Keller and Yincan 1985;
Lee et al. 1987), % % deo] F7be HA Zlo] Fvb| ot
& WAl wslagol o3t g Aol Aol
(Baraza et al. 1992).

AFAGMNA 10 cm Zo] olste] 3ld S HEHE
o] A7t B2 sl S7Hsh=dl(Fig. 3). ]l“ AE
—ra}xl-_g_“,} 0:];].5]0101‘— 40; /\].g_glu} ]x-lu
(10-20 cm) Woll AM2jsks HAMAAEES C”X}EE A
3= &M (cementing effect)}, H}Eﬂi Ao g gAY
& A9z 748 21t Grupe ef al. 2001; Lam-
bert e al. 1955)

-2 G EHE(A2, B2 A1) 10 cm ©)3e} 7
olo| X TrdatA Zstelo] Qirt. of9} o] Al ol
3td 4552 52 48(200-300%) AEiolA 10
1QITHTable 3, Fig. 3). ©]
A7t 57} ”°]'X]L FHAAAE
| 124 EAy _,,}t Apal

7re. B2 zkgol 23] 4 10 em AR A4
B gasle Ao Mtﬂﬂv}

E= 7].2]- A-]]%xli %1-
el e 3

N rlo

A9 i A5 l*g*kﬁc’ﬂ/ﬂ 71 He
AR IER o] Yrbgo] Ho “Jrﬁ‘rf\i AE7149
UAHES] F9dol A2 whd, AHozE i 7171
wjZol ulgtl ol FAEE $471€ dAES] F9l

w7 Ees fAddn.

THAG 2 HAE2 TP 2HAR M w2 9
FEE Koy, Yzle] Wl MUty o]z ¢
AL o] AP AHw AL HEe] e, &
A vhFel B4k dF7 v 85R77F d4HE Ay
L2 FF FHoA da} grtEe] FR|d] vlste &
3 CCDEU} F4o] Zomz nlwd g7} =efi, ot
T4 292 FAAAEC] Bl FYHN WELE
Azt

HAEY FI3EFH

ArAY HHE| Hdte B4 447 7] x8
A E 13 g} 714 P o= s, 7
Zhe} §3e tA] JEst g Zjolof] me) Al 3}t

16572 Rttt g8 £ AAFTH /B EHF
P Al abel] Al FEl A A e
7] 9o 2 AW HAES JsbdEol &
[24 2ks.9] P adol wpe} A== drt. oleigh H
B AAFE f8EF= 54 A58 (northwest Med-
iterranean Sea) S|AAMA H A Eo] AAFH EHEH
(Cochonat et al. 19938 Frslch.

28l ofw
On

o
N

Ty

e Yo B2 BF

HAE A2 dE FYEFE A E9 sl
wat ARr) e9L g oz A3y A3 AEA
& Aol FulEojol sl NFA ] Z1EA A}
Folr}
AN F71 7% A A A
TE 2.5-4 kPa® 9
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Maximum Shear Strength (kPa)
0 1 2 3 4 5 6 7 8 9 10

20+

25 | . X
—=— Depth profile of France |
30 +—=— Depth profite of German\
—=-— Depth profile of this study\
35| —® Base line of France

—a— Base line of German

4o LTS Baselreottisstudy  \ v

Core Depth (cm)

Fig. 7. Depth profiles of averaged shear strengths in the
IFREMER (France) and KODOS (this study) in
the C-C zone and in the Peru Basin (German).
Dashed lines represents the base lines of maximum
shear strength suggested by France, German and
this study for collector vehicle design.

kAl glem, AB717F FIE vXle H4 ZolE 15-
20 cmZ /35t UTh(Fig. 7, Grupe et al. 2001). 3
ZF20] 74, MG AN AR E AL 7o)
AT Paghel] SAs AP Yl dad
A7k ze] 7138 10 cm ZolollA 3.5 kPa, 40 cm
oA 5.0 kPa® HAsIATHFig. 7, IFREMER 1989
ulol] THETIS(1992y= #133719] B3 AR 7]
ste] AE7] 5o Bad gHHZe AUy E
3.5 kPa® At or, :3717F & Z) re)Ae
3.5-5 kPa® #ehata o), Zehaol 7|E A F
o2 AA Aoe] Fagel A% NS 2F
oh, HES A% A9 7122 10 em HoldlA 6
kPa, 40 cm ZojollA 7 kPa® AAT 4 Urh(Fig. 7).

Zeht HAE Avgee 379 FY45S FHF
stAl Hu(F 5 2003), 23719 Y5 W A
JAAre] S AAshs Foado|mg B QoA
= Ao 54 i %S aesle AR
HAES v KPR BRI

ARG HAE F £F 10-40 cm ZHo|7HA] H
AGAEL 5 kPa | RHO.2 2)37]9] A F8)0]
olglg AL osle HAEL vslt AE (under
consolidated state)s YERNE Type A% FE3IUTH 2
23 EF 10-40 cm Hol7HA B HRFEI} 5 kPa ¢}
e 716 A $-8o) et ddEE
HAE] diste] Aeis gl wet 2% 78K (normally
consolidated state), 2F3}318}(slightly over consolidated

A

lo

BN fo

—

. ©°

—
—_—

me meh Be [
b rlo b o

15}

rot

Table 5. Four surface sediment (10-40 cm) types classi-
fied by average shear strengths.

Average shear

Type Consolidated state strength
Type A Under consolidated <5kPa
Type B Normally consolidated 5-7 kPa
Type C Slightly over consolidated 7-10 kPa
Type D Over consolidated =10 kpa

Maximum Shear Strength (kPa) Maximum Shear Strength (kPa)
5 20 25 B 20 25
D D
i I Pl Y
(M) Type-A (B)Type-B
Maxirum Shear Strength (kPa)  Maximum Shear Strength (kPa)

20 25

LRI

(C)Type-C (D) Type -D

Fig. 8. Depth profiles of shear strengths of all the studied
samples plotted with the consolidation state of
sediments classified in Table 5 (see text for details).
(A) under consolidated, (B) normally consolidated,
(C) slightly over consolidated, (D) over ceonsoli-
dated sediments.

state), Z# 3. 23} over consolidated) YEHI 2 #7F3}

At
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=, 33 10-40 cm Hol7HA] B A= 5kPa o] (sediment plum)S A8, WHIE EEHEL )Rl o
& 7 kPa vRIRI EJAES HET3N(Type B), B2 1040 3] FHAol| A A (resedimentation) E 7 o]th(Lavelle
cm ZJoV7kA] Bk HGZFE7E 7 kPa o1 10 kPa PI9RQ1 er al. 1981). o]u] EEHES] Eik(dispersalyd 919} 425
HAZE b (Type O)F THIAAOH, X 1040 A9 RAFAZR A=be] A7 H29) a7 o)Fol 24
em Zo7EA] Wt AHFEI 10 kPa 049 HH 8 ZARHmnE HHR] Jr B EEE 32 e

#2.8HType D)E E-F3F9tH(Table 5, Fig. 8).
o, FAA 871 40 cm Aok AHHA 23t

AN

B,
° FYAE H5Rrel gk 1 ol8h 40 oAl

glod FUL e Beltkes 71 el EFskch
AFEY] THE EF

BTt A Qe e AANE S ALY
5 g FEHo2 T A wdhE Aolng A
Ao % HAEL A YR (resuspension)s] o] ETEHE

Table 6. Four sub-types of the surface sediments (0-40
cm) classified based on mean grain size (sub-
types 1-3) and water content (sub-type 4).

Sub-type Characters Range
1 fine mean grain size: < 10 ym'
2 medium  mean grain size: 10-15 ym'
3 coarse mean grain size: > 15 ym!
4 very low  water content: < 100%

*lwater content: = 100%.

Sk 2 Q4o|ch(Becker et al. 2001).

weba P Eol we HR/E 78] HAHE /Y
Ag71e] 5o mEt B EHE & e F
FAZY, EEEE] olF Tl &S v M
842 yHHE HAYEE
H (sub-type) 22 LESTE 3 AR A AF g
o Bl3l oF 40% ol|3t= o] mi F&(<100%) H
HEL Y=ol dgle] FHlo] v AT 548
Holung 71A] ARFE-g F7keld AA 4714 AlR-F
Ho g FE3IUTHTable 6).

%, HA59 HAYEE 71Fo 2 AHE (sub-type 1,
10 um ©}3}h), 72 (sub-type 2, 10-15 um), ZH 2 (sub-
type 1, 15 um oPhE FE8iitt. 22 F3] ¥ 3
FEL 2He HEHES(sub-type 4, 100% ©|3}) F713 o
2 FEEA.

ARHog st Aol wet FRE VA HIE H
g Yot Frg 549 et v /2 PR
Z 17K 322 Ao, o2A AEd 545
F3e) A BEEE Table 80l Y&} Type C-49F

T2
7|E0R s 371A] Al

8=

Jo rot 2 o

Table 7. Average values of mean grain size, water content, porosity, bulk and grain density, and consistency limits of

the sixteen sediment types.

Type Mean grain size Water content  Bulk der;sity Grain de;)sity Plastic limit Liquid limit
(pm) (%) (g/em”) (g/em’) (%) (%)
Type A-1 44 151.7 1.36 2.60 25.7 126.0
Type A-2 13.5 285.1 1.20 235 67.7 142.5
Type A-3 22.8 295.9 1.21 2.39 60.9 154.1
Type A-4 12.2 89.0 1.52 2.63 21.2 34.5
Type B-1 44 134.8 1.38 2.60 272 118.0
Type B-2 11.7 248.5 1.23 241 58.8 171.9
Type B-3 20.1 2593 1.23 242 70.8 1451
Type B-4 144 86.4 1.53 2.65 26.3 46.0
Type C-1 54 123.6 1.40 2.57 314 108.1
Type C-2 133 255.8 1.24 245 752 150.4
Type C-3 18.9 285.2 1.21 2.42 75.1 187.4
Type C-4 - - - - - -
Type D-1 82 226.9 1.27 2.47 82.9 221.1
Type D-2 12.3 275.7 1.22 2.44 84.8 199.6
Type D-3 19.2 305.2 1.21 2.45 90.3 203.5
Type D-4 - - - - - -
Total average 143 244.9 1.26 247 66.8 163.9
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Table 8. Occurrence frequency of the 16 sediment types in the study area.

Type Sub-type N1 Area N3 Area A2 Area B2 Area C1 Area  Other area Sum
Type A-1 2 3 5
Type A Type A-2 2 2
(21%) Type A-3 1 2 2 5
Type A-4 2 2
Type B-1 4 4
Type B Type B-2 3 3
(25%) Type B-3 2 7
Type B-4 2 2
Type C-1 1 1
Type C Type C-2 2 1 3
(15%) Type C-3 4 1 5
Type C-4
Type D-1 1 2 3
Type D Type D-2 11 12
(40%) Type D-3 10 1 11
Type D-4
Total 7 4 39 3 10 65

Type D-4 78] A8 o7 A=A dgkor} C-
CAY Al Bxshe HAE A4S nud 93 A5
(THETIS 1992; IFREMER 1989)0l] <A & wj, 98] ¢
A WellM= wARele} o dste] EFel T3

RS EGS Sy mhE H7A)9e] 57

SN QTR HAEY AL AFATTH BFel ue
167H4] f-8 o2 slobalgth(Table 7, 8). B2 X|&-2 #|9)
X HEL A ANETL 1070 o Mg BEse] B

7 Al wet AEhe HJrhg s7) oFo

NI, N3 9] 9443 AHE A5 734, dvkdoes
= vs e BEas e e AlEsE $AEA el
THTable 8). 15 VFA HAYEE BALYE7 48 um
(3.8-8.2 um)E M PZ 0|2 2 (Table 7) ¥4 E wTA] LAY
he A EE AR ARFEGE PR FFolM 9
AlZbol FiH o2 YA FEXG 9 14 HAE
vlE) & Zlow sardr)

T EAEo] X35k gl A2, Cl, B2 AG0lA =)
F=ol B7€ Age #arst Ao 287t $AEA
EPCH(Table 8). 7+ EA g9 B4 BRx|de 9%
4 AR Y8 D53 -2 (16.6 um)°) 22 (Table 8)
H3E A By 232U ARFEAde
oF FFollM e ZRAT] FE oz HPEe BEA Y
o] 93 APEN vis) 453 AS Zlow g

AAAoR A% ANE BE e B A
A2 v}, AgkE, Ay AEA HE(Type A-1)9 B

% a3}, Agke, MY AEA HE(Type B-1)7} 5481
el whde) 313 HHEo] EXs e FHAT
AGL& s}, T3, TH AEA AE(Type D-2)¢F 2
23}, 23, 29 HEZ A E(Type D-3)7} 4184
bt meba] 87 ARG o) viste] 4 HAEo| &
Tl e FRATFAG0] AT F S A
A G Zel]l g AR A
2 ARG vlate] oA oR Adek A}
A B2 A9 9] 739, A1) FAAR1 F8o]
o)JHE Ao AEE v} EHE(Type A) EZAY
< B2A|9 9 oF 8%oln] L] 92% X HL BETE) oF
a3} #313t Al (Type B, C, Dyl @t 34491 33
o] 7bsd Zow WekE APyl Fas HAHE aF
o g HFT SHelN 7P AT XY ez Ay
£ Type D-32] 82 B2K19 9] 25%% AF31H, 22
2 A3 Type D-29] 488 28%E H-dlaL ok w3k
B2AI9 e #2310 Q= 18 EAEL 1 549 99
AP E vs) 2HAETE 15.6 um)e) B2 1) Fo o
T FH4 SHAME FEe Agog wdct

6.4 &

AR gHE N HWETE EAG 9o Y
X E&E AxAzie} v)F BAe A, BxA0] 9
o HAEE g Andne 2 dxEe, 2R F
2 GAHBe 34 A9 #2 AES F7H 548 A
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e,

UF wHel AFL Sl ATAG L AAFRHoR
B AS, el WYY AYE wRAGe vlg) £
£ HETS oS nolEg Ao TSN B
Dlelul, 9 A29) PAYAA AQLolnz A8 @k
o <lal Y @ PREARS] gt SBelel B
Azko) 27 whee] Fe] Y mixE Wit 49
A5l vla) JHOT F o] g}, Hivle) FRo

Fd 548 EAGe F2 AT A4S woln), ¢

F

dolog AY7le] F4 S93 WAus) F4 Sl
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