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A Shear Strength Characteristics in Deep-sea Sediment from the Clarion-
Clipperton Fracture Zone, Northeast Equatorial Pacific

Sang-Bum Chi*!, Cheong-Kee Park!, Jung-Kuk Kang!, Ki-Hyun Kim!, Seong-Kyu Son!
and Young-Tak Ko'

"Deep-sea Resources Research Center, Korea Ocean Research & Development Institute, Seoul 425-600, Korea

Deep-sea surface sediments acquired by multiple corer from 69 stations in the Clarion-Clipperton fracture zone of
the northeast equatorial Pacific, were analyzed for shear strength properties to understand sedimentological process.
The pelagic red clay from northern part of study area shows low average shear strength(4.4 kPa), while the sili-
ceous sediment from middle area shows high(6.3 kPa). The calcareous sediment from southern area shows very low
average shear strength(3.4 kPa), and transitional sediment between middle and southern area shows intermediate
value(3.8 kPa) between siliceous and calcareous sediment. The depth profiles of average shear strength of pelagic
red clay show gradual increment with depth due to decrease of water content with depth by general consolidation
process. On the other, abrupt increment of average shear strength with depth in siliceous sediment is related to sedi-
mentary hiatus. The very low shear strength in calcareous sediment is linked to very high sedimentation rate of
southern area compared with other study area.

Key words : shear strength, northeast Pacific, deep-sea sediment
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2 | MY HuH=E 79, 523 (sediment
facies)o] W3l wzt Ee]% S4H= & WHslE HAd
(Bennett e al, 1980). C-C X HulolA] g 7
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Fig. 1. Distribution of sea floor sediments in the northeastern part of the equatorial Pacific (after Rawson and Ryan, 1978).
The study area was marked as northern, middle, southern and transitional area.
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AAFsd 54 aiMe ZEEHA ¥ #
B A 5¢ HSo| FAo)2 2 (Hagerty 1974;
Almager 1982; Baltzer et al, 1994) E2]% &0
)¢ e v FAAAE AF 7 (multiple corer; TF
Z: A7 095cm, Ao] 60cm, S FA AMF)E ol
L3l FHANEE AT A8 AHe 1997
WellA 2002714 617 S=afl Aol e
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Table 1. Locations, lengths, and sediment characteristics of the studied cores and water depths at the sampling stations.

Station Locations Water Depth Core Length
Area Remarks
Number Latitude(N) Longitude(W) (m) (em)

MC97-P-05 middle 09°57" 131°49' 5,101 24 C.B.: 12cm, Unit V11
MC97-P-13 middle 09°59' 131°47 4,983 26 Unit 11
MC97-1-01 middle 10°30' 131°20' 4,953 22, 39 C.B.: 7cm, Unit /I
MC97-1-03 middle 10°29" 131°20¢ 4,976 41 C.B.: 6¢cm, Unit VII

. P o C.B.: 7cm, Unit /I
MC97-1-05 middle 1027 131920 4,923 25, 27 C.B.: Sem, Unit [l/carbonate
MC97-1-11 middle 10930 131°18' 4,921 17 C.B.: 8&m, Unit III
MC97-1-13 middle 1029’ 131°18' 4,999 29 C.B.: 5cm, Unit I/l
MC97-1-15 middle 10°27' 13t°19' 5,044 35 C.B.: 10cm, Unit I/
MC97-1-21 middle 1030 131°t7 4,908 35 C.B.: 21cm, Unit /11
MC97-1-25 middle 10927 131°17 4,848 36 C.B.: 1lcm, Unit /11
MC98-N12 middle 12°00' 131929 4,957 18 Unit I, carbonate
MC98-N11 middle 10°59" 131°32' 5,150 28 C.B.: 10cm, Unit VI
MC98-N10 middie 09°59' 131930 4,968 34 C.B.: 12cm, Unit I
MC98-N09 middle 08°58' 131°32' 4,828 30 C.B.: 13cm, Unit 111
MC98-N08 middle 08°01" 131°31' 5.022 46 C.B.: 17cm, Unit /I

I o1y o4qr C.B.: 10cm, Unit VI
MC98-NO7 transitional 07°10 131°42 4,561 24 C.B.: 20cm, Unit VI
MC98-N0O6 southern 06°02' 131°30 4,084 30 calcareous sediment
MC98-NO5 southern 05°00' 131°29" 4,200 28 calcareous sediment
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Table 1. Continued.

Station Locations Water Depth Core Length
Area Remarks
Number Latitude(N) Longitude(W) (m) (cm)

MC98-GO1 middle 10°05' 13147 4,981 10 Unit

MC98-G02 middle 10°16' 131°48' 4915 20 C.B.: 6¢cm, Unit/

MC98-GO3 middle 10°25' 131°40' 4,871 10 C.B.: 2cm, Unit/

M(C98-G04 middle 10°15' 131°40 4,988 16 C.B.: 3¢m, Unit, carbonate

MC98-G06 middle 10°15' 131°29 4,988 26 C.B.: 12cm, Unit/

MC98-GO7 middle 10°14 131°22' 4,779 12 C.B.: 4¢cm, Unit/

MC98-G08 middle 10°24' 131923 4,981 40 C.B.: 8cm, Unit/

MC99-N11 middle 10°59" 131°30 5,089 12 C.B.: 6¢cm, Unit/

MC99-N10 middle 09°59' 131°3¢' 5,008 20 C.B.: 10cm, Unit/

MC99-N09 middle 09°01" 131929 4,900 30 C.B.: l4cm, Unit/

MC99-N08.5 middle 08°30' 131°28' 4,371 26 C.B.: t0cm, Unit/

MC99-NO8 middle 07°58' 131°28' 5,007 36 C.B.: 12¢m, Unit/

MC99-NO7.5 transitional 07°31' 131°28' 4,965 30 C.B.: 8cm, Unit/

MC99-NO7 transitional 06°59' 131°28' 4,697 22 C.B.: 6¢cm, Unit/

MC99-NO6 southern 05°59" 131°30 4212 38 C.B.: 15cm, calcareous sediment

MC99-N0O5 southern 05°00" 131°31" 3,955 36 calcareous sediment

MC99-GO1 middle 10°18' 1319831~ 4870 8 Unit I~~~

MC99-G02 middle 10°19 131930 5,110 26 Unit I/IT

MC99-GO3 middle 10°20' 131°29' 4,996 18 Unit /11

MC99-G04 middle 10°21 131°29 4,998 10 Unit /IT

MC99-G06 middle 10924 131927 5,024 16 Unit /I

MC99-G0O7 middle 10°17' 131°32' 4,828 12 Unit /I

MC99-G08 middle 10°26' 131°26' 5,033 12 Unit, carbonate

MC00-4-16 middle 10°10 131°30" 4,942 24 C.B.: 7 em, Unit /11

MC00-4-18 middle 10°11 131°26' 4,819 17 C.B.: 8 cm, Unit I/II

MC00-4-20 middle 10°19 13124 4,720 17 C.B.: 8 cm, Unit I/IT

MCO00-4-NO7  transitional 07°00' 131°30 4,596 27 calcareous & siliceous sediment

MC00-4-N7.5 transitional 07°30' 131°40' 4,944 50 siliceous & calcareous sediment
TMC00-5-04  ‘middle  10°29'  135%1° 4720 18~ CB. 10 em, Unit VH

MCO00-5-14 middle 10°49' 135°35' 4,805 10 C.B.: 1 cm, Unit I/

MC00-5-20 middle 10°50' 135°05' 4,988 30 C.B.: 16 ¢m, Unit I/II

MC01-03-01  middle  10°00' 131°950' 5,081 375 g:g:; ; o g;‘:: %

MCO01-03-02 middle 10°30’ 131°18' 4,883 453 C.B.: 10 ¢m, Unit I/II

MC01-03-03 middle 11°18' 128223 4,830 54.5 C.B.: 20 cm, Unit I/I

MCO01-03-04 middle 11°15' 129°40' 4,833 50.0 C.B.: 15 cm Unit I/II

MCO01-03-05 northern 16°19' 131925 4,972 355 Dark Yellowish Brown, Unit I

MCO01-03-06 northern 16°17' 131°52' 5,091 36.0 Dark Yellowish Brown, Unit I

MCO01-03-07 northern 16°18' 132°17 5,019 36.0 Dark Yellowish Brown, Unit I

MCO1-04.01 northem ™ TIE T SRS T IS8T T 130T ek Veliowish Brown Unit T

MC01-04-02 northern 16°18' 125°18 4,544 40.0 Dark Yellowish Brown, Unit I

MCO01-04-03 northern 16°18' 127°00' 4,689 375 Dark Yellowish Brown, Unit [

MC01-04-05 northern 16°12' 130°33' 4,880 19.0 Dark Brown, Unit [

MC02-01-01 northern 16°12' 130°09 4,824 36.0 C.B.: 22 cm, Unit VI

MC02-01-02 northern 17°02' 126°00' 4,620 55.0 Dark Yellowish Brown, Unit [

MC02-01-04 northern 16°12' 130°49 4,512 47.0 Dark Yellowish Brown, Unit I

MC02-01-05 northern 16°40' 133°32 4,777 36.0 Dark Yellowish Brown, Unit 1
TMC02-02-02°  middle 10°30° 135%0° 4876 450  CB. 14 cm, Unit I/

MCO02-02-03 middle 10°30' 134°00 4,843 28.0 C.B.: 15 cm, Unit VI

MC02-02-04 middle 10°01° 133°00' 5,084 24.0 CB.: 12 cm, Unit VI

MC02-02-05 middle 10°30' 131°20' 5,029 34.0 C.B.: 12 cm, Unit I

MC02-02-06 middle 10°39' 129°28' 4,799 30.0 C.B.: 16 ¢cm, Unit /11

C.B.: Color Boundary
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Flg. 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 cm interval.

(B) Plot of average shear strengths taken from (A) against
depth. Regression lines were drawn for the top (<13cm)
and bottom sediments(>13cm). 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.



A - 7T

260

718 -

7] - St - I9H

Table 2. Average values of maximum shear strength, residual shear strength, sensitivity (max. s.s./ max. s.s. ratio), mean grain size,
water content, grain density, bulk density, and porosity of surface sediment according to sediment types in study area.

Type of Sediment Pelagic red clay

Siliceous sediment Transitional sediment Calcareous sediment

Arca 134-125°W 136-128°W 131.5°W 131.5°W
16-17°N 9-12°N 7-71.5°N 5-6°N
Average core depth(cm) 35 26 30 34
Number of cores 11 11 3 4
. 44 6.3 38 34
 Maximum shear strength(kPa) (2.8-10.5) (1.6-15.1) (.152) (2.24.5)
. 1.8 19 12 0.6
- Residual shear strength(kPa) (122.8) (0.65.9) (0.9-16) (0.3_0;9_)
Max/Res. ratio 242 3.66 332 5.84
’ ’ (2.02-3.73) (2.31-6.82) (3.16-345) (4.87-7.94)
Mean grain size(um) 4.8 16.6 224 133
o (3.8-8.2) (7.2-31.5) (13.9-29.8) (10.9-15.5)
145 282 238 88
Water Content(%) (124-174) _ (206-415) (180-345) (83-94)
. . 3 2.59 242 2.49 2.64
G_ram density(g/em) (2.56-2.65) (231-2.54) (2.40-2.53) (2.63-2.65)
. 3 1.37 1.22 1.27 1.52
Bulk density(glem) (1.34-1.41) (115-126) (119-1.32) (150-1.54)
. 783 86.6 o 838 69.6
Porosity(%) (75.9-80.8) (82.4-90.4) (80.4-88.4) (68.5-71.1)
Comments: average value,
( — ) range; minimum-maximum
Dept o o Y Maximum Shear Strength (kPa)
(om) 5-6°N 8-12°N 16-17°N 0 s o . 2
' L ) T T T
—o— Calcargous sediment
---g-- Transitional sediment
——— Siliceous sediment
—+ 10 _ 10 —o— Pelagic red clay
£
e/
£
Q.
—+ 20 a8 *r
[
5
o
30
—t— 30
40 L
40 Fig. 4. Depth profiles of average shear strength according
to sediment type.
i Zol7A] 0.5kPaollA] 6kPa= gekslAl HRHo= &

Ag. 3. Photographs of core sections from the multiple corer
showing the boundaries between the upper section of
homogeneous and semi-liquid layer and the lower section of
highly burrowed and consolidated layer in the middle area (8-
12°N). In comparison, color change boundaries are absent in
the northern area (16-17°N) and southern area (5-6°N).

kP2 &35 o (Table 2), A2 2NA
oA BIE7IA] Feo] T glo] AT HAN
HFig. 3). ¥4 Zoldz AsEd ZZFNA 40cm

7l e BOtFig 4). 7180 BHu® A4
APE EHHZ(1-3me ADFE AS(AMR and
Preussag, 1985/1986; Richarids and Parks, 1975)°i
H|Fo] Hol B A7 qloky AAE A5 BiR
-2 05-3m °]3ke] HoldME Ad7tse] F4% F
e g Ao=E pvtdd,

N AAY 2 HHEETHC]: 0-26 cm)] B
& A9 EE 63kPa(l6-15.1 kPo)E 4=
(Table 2). 74 HIEL L £HJ(semi-liquid)
AEIE Kol w9 A4 S (Unit Dt ©heksiAl
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13td 3RS (Unit 1T = Unit IDOE 5o] F
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2o Hug 2 AY(10-19 kPa)o} Wike A4 3.5-
7kPa) HFEZF(13m)e HAEH= AFAMR and
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WEH FARE 54 AU e 2 7R 72
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Aoz 43 AFAES HEE0] A A
W= 3 Uehd o]fdl HHE ZHo| BHdE A
oA G o AR3ie A=s ofuiditt 12
HAZe A B 63 kPa® 99 AHEY
B 44 kPaol vlsted €953 wielx B3l
+2 BHEe AFEE He 19 kPaZ 99 4
AEQZkPayell Wdtd T4 92 7 RItK(Tuble
2). wgA] A FHHES] g, dAddwet AR
H1E Jehlls W7 (sensitivity)=  3.6601H, D54
HHEEE 2428 ZGHATHTable 2). 9=7} =85
=2 FHHEL2 13lEe] e HYS E3h & H
& %3Zo] ua57] o]d (undisturbed state)oll= =2
=g Boj|qk w3 F o] F(disturbed state)e] =
7b wob daE7] AT Hw Ao|rt mig- & AL
oju)ghcth, Wigel v AT HAEC] JskE] gl
A oke AU L) E™E 2Fo] HaE7] o
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Fig. 5. Plots of maximum shear strength against water
content (A), and against porosity (B).
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Fig. 6. SEM photographs of undisturbed sediment at 24 cm core depth of MC 98-N10 showing irregular, firm, and porous

biogenic component firmly mixed with clay minerals.
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Fig. 7. The cross cutting faces of consolidated sediment cores showing the influence of burrowing organisms (bioturbation).
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