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Mass Physical Properties in Deep-Sea Sediment from the Clarion-Clipperton
Fracture Zone, Northeast Equatorial Pacific

Sang-Bum Chi*, Hyun-Bok Lee, Jonguk Kim, Kiseong Hyeong, Young-Tak Ko
and Kyeong-Yong Lee

Deep-sea Resources Research Division, Korea Ocean Research & Development Institute, Ansan P O. Box 29,
425-600, Seoul Korea

Deep-sea surface sediments acquired by multiple corer from 69 stations in the Clarion-Clipperton fracture zone of
the northeast equatorial Pacific, were examined to understand the correlation of mass physical properties and sedimen-
tological processes. The seabed of the middle part (8-12°N) of the study area is mainly covered by biogenic siliceous
sediment compared with pelagic red clays in the northern part (16-17°N). In the southern part (5-6°N), water depth is
shallower than carbonate compensation depth (CCD). The mass physical properties such as grain size distribution,
mean grain size, water content, specific grain density, wet bulk density, void ratio, and porosity of sediments are dis-
tinctly different among the three parts of the study area. Surface sediments in northern part are characterized by fine
grain size and low water contents possibly due to low primary productivity and high detrital input. Conversely, sedi-
ments in the middle part are characterized by coarse grain size and high water contents, which might be caused by
high surface productivity and deeper depth than CCD. The sediments show low water contents and high density in the
southern part, which can be explained by shallower depth than CCD. Our results suggest that the variations in mass
physical properties of sediments are influenced by combined effects including biogenic primary productivity of surface
water, water depth, especially with respect to CCD, sedimentation rate, detrital input, and the geochemistry of the bot-
tom water (for example, formation of authigenic clay minerals and dissolution of biogenic grains).

Key words : mass physical properties, northeast Pacific, deep-sea sediment
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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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A ARE & AAERe o & Ee BA g
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A Azpe] A&EQ ol FEHA 69y E FHAH
e Y=o W BAHA F43A7F des £
S (Horn ef al, 1973). mheby A sy
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(Fig. 1).
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e FH oA FZo 2 B]3le] Line Island RidgeE
o|FE AL FEL ut riGEH] FYHE AeE
B3 QHEdmond ef al, 1971; Mantyla, 1975; Volet
et al, 1980). Deep Ocean Mining Environmental
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v FRX Y SERHA]IE ¥ Deep Sea Drilling
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& A AFY AYAAIR od 2EHe HFE
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Table 1. Location and length of the studied cores and water depths of the sampling stations.

Station Area Locations Water Depth  Core Length
Number Latitude (°N) Longitude (°W) (m) (cm)
MC97-P-05 middle 09°57 131°49' 5,101 24
MC97-P-13 middle 09°59' 131°47 4,983 26
MC97-1-01 middle 10°30 131°20' 4,953 22, 39
MC97-1-03 middle 10°29' 131°2¢0 4,976 41
MC97-1-05 middle 10°27' 131°20' 4,923 25, 27
MC97-1-11 middle 10°30' 131°18" 4,921 17
MC97-1-13 middle 10°29' 131°18' 4,999 29
MC97-1-15 middle 10°27' 131°19 5,044 35
MC97-1-21 middle 10°30" 131°17' 4,908 35
MC97-1-25 middle 10927 131°17' 4,848 36
MC98-N12 middle 12°00" 13129’ 4,957 18
MC98-N11 middle 10°59' 131°32' 5,150 28
MC98-N10 middle 09°59' 131°3¢' 4,968 34
MC98-N0O9 middle 08°58' 131932 4,828 30
MC98-N0O8 middle 08°01" 131°31 5.022 46
MC98-NO7 transitional 07°1¢' 131°42' 4,561 24
MC98-N06 southern 06°02' 131°3¢ 4,084 30 .
MC98-N05 southemn 05°00" 131°29' 4,200 28
MC98-GO! middle 10°05' 131°47 4,981 10
MC98-G02 middle 10°16' 131°48' 4915 20
MC98-G@3 middle 10°25' 131°40' 4,871 10
MC98-G04 middle 10°15 131°40' 4,988 16
MC98-G06 middle 10°15' 1319 4,988 26
MC98-GO7 middle 10°14' 131°22' 4,779 12
MC98-GO8 middle 10°24' 131923 4981 40
MC99-N11 middle 10°59' 131°3¢ 5,089 12
MC99-N10 middle 09°59 131°30' 5,008 20
MC99-N09 middle 09°01’ 131°29' 4,900 30
MC99-N08.5 middle 08°30" 131°28' 4,371 26
MC99-N08 middle 07°58' 131°28' 5,007 36
MC99-NO7.5 transitional 07°31' 131928 4,965 30
MC99-N0O7 transitional 06°59' 131°28" 4,697 22
MC99-N0O6 southern 05°59' 131°30' 4,212 38
MC99-N05 southern 05°00' 131°31' 3,955 36
MC99-GO1 middle 10°18' 131931 4,870 8
MC99-G02 middle 10°19' 131°30' 5,110 26
MC99-GO3 middle 10°20' 131°29' 4,996 18
MC99-G04 middle 10°2¢1 131°29' 4,998 10
MC99-G06 middle 10°24' 131°27 5,024 16
MC99-GO7 middle i6°17 131°32 4,828 12
MC99-GO8 middle 10°26' 131°26' 5,033 12
MC00-4-16 middle 10°1¢' 131°30' 4,942 24
MC00-4-18 middle 10°11" 131°26' 4,819 17
MC00-4-20 middle 10°19' 131924 4,720 17
MC00-4-NO7 transitional 07°00" 131°30' 4,596 27

MCO00-4-N7.5 transitional 07°30' 131°4¢' 4,944 50
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Table 1. Continued.
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Station Area Locations Water Depth ~ Core Length

Number Latitude (°N) Longitude (°W) (m) (cm)
MC00-5-04 middle 10°2%' 135°41' 4,720 18
MC00-5-14 middle 10°49' 135939 4,805 10
MC00-5-20 middle 10°50' 135°05' 4,988 30
MC01-03-01 middle 10°00' 131°50' 5,081 375
MC01-03-02 middle 10°30' 131°18' 4,883 453
MC01-03-03 middle 11°18 128°23' 4,830 54.5
MC01-03-04 middle 11°15' 129°40' 4,833 50.0
MC01-03-05 northern 16°19" 131925 4,972 355
MCO01-03-06 northern 16°17 131°52 5,091 36.0
MC01-03-07 northern 16°18' 132°17 5,019 36.0
MC01-04-01 northern 16°18' 125°55 4,555 43.0
MC01-04-02 northern 16°18' 125°18' 4,544 40.0
MCO01-04-03 northern 16°18' 127°00" 4,689 375
MC01-04-05 northern 16°12' 130°33' 4,880 19.0
MC02-01-01 northern 16°12' 130°09' 4,824 36.0
MC02-01-02 northern 17°02' 126°00' 4,620 55.0
MC02-01-04 northern 16°12 130049 4,512 47.0
MC02-01-05 northern 16°40' 133°32' 4,777 36.0
MC02-02-02 middle 10°30' 135°00' 4,876 45.0
MC02-02-03 middle 10°30' 134°00' 4,843 28.0
MC02-02-04 middle 10°01' 133°00" 5,084 240
MC02-02-05 middle 10°30' 131°20' 5,029 34.0
MC02-02-06 middle 10°39' 129°2¢8' 4,799 30.0

Table 2. Average and range of index properties such as grain size distribution, mean grain size, water content, grain density,
bulk density, void ratio, and porosity of surface sediment according to sediment types in study area.

Type of Pelagic Siliceous Transitional Calcareous
Sediment red clay sediment sediment sediment
Area 134-125°W 136-128°W 131.5°W 131.5°W
16-17°N 16-17°N 7-1.5°N 5-6°N
Number of cores 11 49 5 4
Sand fraction(%) 0.4(0.0-1.3) 9.0(2.2-22.0) 11.1(7.1-15.0) 9.6(4.4-15.5)

Silt fraction(%)

Clay fraction(%)
Mean grain size{pm)
Mean grain size(o)
Water Content(%o)
Grain density(g/cm?)
Bulk density(g/cm®)
Void ratio
Porosity(%)

45.7(31.1-62.8)
53.9(37.1-68.5)
43(3.83-8.2)
7.8(7.0-8.0)
145(124-174)
2.59(2.56-2.65)
1.37(1.34-1.41)
3.76(3.18-4.56)
78.3(75.9-80.8)

54.3(35.6-74.8)
36.8(18.3-59.5)
16.6(7.2-31.5)
6.1(5.1-7.2)
282(206-415)
242(2.31-2.54)
1.22(1.15-1.26)
6.81(4.85-9.58)
86.6(82.4-90.4)

56.2(53.661.6)
32.7(28.4-39.3)
22.4(13.9-29.8)
5.6(5.2-6.2)
238(180-345)
2.49(2.40-2.53)
1.27(1.19-1.32)
5.88(4.48-8.24)
83.8(80.4-88.4)

44.0(36.6-48.5)
46.4(36.0-56.8)
13.3(10.9-15.5)
6.4(6.1-6.6)
88(83-94)
2.64(2.63-2.65)
1.52(1.50-1.54)
2.31(2.19-2.48)
69.6(68.5-71.1)

HAE A&

MicromeriticAte] A5 I
Pycnometer)& ARg-sle] S8 Ao
AA}2] H)Z(grain density)S 23R
, PRk B]F3 e o8-St
100% E3telo] Jvhe 71 3t Ad(wet bulk

= 23 7)(AccuPyc 1330
olgd 1=

A&7} sl

SOy

density), 3=E(porosity), 34
Fol] Ao
#3223 UHES o]8F(1991),
and Clausner(1979), Z18] L AR (1998)00 AMA|3]

71&H0] At B3 ol Algd I HHEY g

J(void ratio)® Axba}
ol8¥ EHzEo EaF B4
X4 (1994), Lee
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)] =2 AYEE HtHTable 2). §3% ol
A R ze] £2A wWale 7l A8 A9 s
2 7PaA AR Zrkee AL BAFg. 20).

AEEE g HAYA viFe] SR AFE
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& AUEE 152 gem®(1.50-1.54 gem®)E e /3
9] HHE| H)sld 7P B 3k HQIth HojEF
& 127 gem’(1.19-1.32 giem®)oth. 2 HIHEL
1.22 g/em®(1.15-1.26 glem®)& 7w}, BRR| 99
AP FHEE 137 gem’(1.34-141 giem®)e] =2
7S HOtK(Table 2). EASE WA HUze] +7
2 W3l HAEE0-10 cmpelME SR 7hA 3
2} Z7Vske A% Holw, 1 ol ZoldMe A
olof] W W3l glo] ARl F71AFE WITKFig.
2D).

EAHo R FHAY HAEY ¥ Hixe
122 gem’2 3)5¢) Wi L% 1.024 glem®Br} 2F
B HOE ol gEo] W ¥7) wEelth T
Aol MEE 7S IFREMER(1989)014 B7d &
HEY¥ C-C ¥y AwtEe) BAEY Ad= 3
HwHL o, FEAG HHE] BIgke 23E
AREQ.24 gem®)9}t AL, 72 AU(L12 gem®)
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Fig. 3. The relationship between mean grain size and
water content showing relatively good correlation.
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Fig. 4. Primary productivity (g C m? yr') in the eastern
Pacific Ocean (modified from Berger et al., 1988).
Primary productivity in the study area generally increases
toward the equatorial zone of high productivity, as both
latitude and tongitude decrease.
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a-FH: 685-904)0 FTFES Heth HAEY F
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H)sld 71g Q) Ho|EAEL 83.8%(80.4-88.4%)°]
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AGolA GEAY - E0] 3-10 mmvkyre|H, HEA]
o] Imm/kyr o|3l2 BEFOE A HAHESE W
o} Tl Listizin(1972), Mller and Mangini(1980)2]
HyEE Y4FHch

LN JAE B 271904 el X He
=8 umyt A o= o] Aol Am Ak
oA 7HF He] "ojA glonz 3o 7|2
do] Wal(Fig. 4) webA =HZA FEYAS] 7Y
o] 27| WEoz FAYHT, T3 HIEo| BYde
UA A HHIRS 250 98 EAgEen
o]EEEE AR 7|ZANA0] BEUY FEZR
AA39e o FHPHAY 2 F2 YAEE o]
BHE 7788 A 388l 8F A B
ARS8 HFENA 2€AY 2 dAE
o] Al&How L3)(von Stackelberg, 1979)=o] Al
dad A3z A9 4 ok

olttell AuiH oz thEake Art 7M7) wiEel
Be g9 A 4719 BFo] fiElo A€V
2 HHE8RtE JHE $AS §4% 0= wskd
Zoz Add). ol APE HIEAME FA7Y
o2 9483 AL Ti Sc, K, Rb, Zr 59 &7} 7
A FHE Hsle Aoz of 2v) ¥ e
Bl Rspehid Adel AERE T $47190=
P Lol E(llite)s] ol EF3] EFoe A
GREFARR 2002)0 2% ST w3 99 of
2 ¥ 9xE 7k AU 2 gom®)el Blel =
& UE(262.75 gem®)e] SA7199Re] gl =
7] Wil HAES A5 de dAEEs 9%
8] wolzt),

A HHES g3 F580] #2 HAE
w3} B olfE thad 7E dxiel 2uElelE
(smectite)e] o] P& Zlo] 8190 Aoz Y
He}. A=lA] 713 vl o] AEx|de] HAEL
g FFEC] Sl wE HEdEs FUe
= Aoz 2NEE(Fig 3), ol 283 A=
o] tgd A7) YRR, ol A=
WRe 3] 2] wielt). &, A% 547 kbt
A2 el AEZY FAYAY Fge] A7) &

of Ao HAES gL Pt Brgo] e ®

gE ol v AEZE vlE) dF3] &
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9] ~uElojEe] gy pEo] Yrt. B FXRE

B P4EE e 20l SRoeny

E ¥Zd 89" L (biogenic silica)o] &35
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R

WA SiE FFekL, £ s SolA Feg Frdiw
Al HAEGEISGARE, 1998). 2 99 AA
E BZAYE Sif F 3799 759 7128
ol & HHE XA 3] dF3] 7] vl
Sig} 37 FHoE AvE|Ee] P4o) 14 HHE
ExAGel vja] golatA] dth. wepr sHElo|e9)
FFEEFEY F 19%)°] 953 *e 5L 4%
4 ARMETE BE Fgres Bole F8 8o ¥
et

52 T EXE

74 HEEL B9 81259 EX3E ginh. ol
A MukH o g Ax JAANe 5RO HRIst
3 glong $£202HE {Yse AEZ AP
%ol Huidoz Pl k3, B9 89w +F 7%
A 2443 (410 mgC/mP/day) = 10-12%(238 mgC/m?/day)
o] Aibde & AolE HRItHFig. 4, 5C). 2 94U
59 8% RF2X9e T AR W (eastward
north equatorial counter current)dt A3ke] B-A%L &)
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t(divergence zone)s HFAJFEZ E5H7T A =lo]
Pl TR HET e dFoE 75 TH
A 12 AR A EZREES] o] golsidle] ot
2 7)2AA o] =olx)7] wiZo|thA g, 2003). ©]
x| o] FFrAE oF 4940mz C-CA9 9] gl
AT 44004500 m(Piper et al, 1979; Chester,
1990)=1} 71| deol ehtd AL SalEa AE
7199] 732 ARl F2 EFArHFig 54, B). C-
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HEL B9 8959ME 038 mm/kyr, 10-1250)M=
0.13 mm/kyr® Ato|E HIthFig. 5D).

g, FEA AAHE HEZLY F2 A
(biogenic siliceous fossils)?] THEEL sRHo)| &
2z]7] Aol galiEe} oF 2%To] EZ v (von Stac-
kelberg, 1979), EIFE Folx= sl ojs] A|&xoz
g3ldrt. AvAE HEEY 2] 2HE ARl
AEZVA FEYA7E 2ol (Fig. 6), o8 739Y
AL 3 Wizl 55 Hades) ol$ =2 A
HAR?=099)8 Holnz FAYAY] e B
T Hale] gL viAE v 2 8%k Aoz S
HohFig. 7). Wb ARG 5] 712440
245 AEY HAHE due gAY B4e B
=
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Fig. 6. Scanning electron microscope(SEM) photograph
showing a coarse biogenic siliceous fossil grain of the
uppermost layer.
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Fig. 7. A plot of mean grain size(um) versus sand
ratio(%) showing a very good correlation.
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Fig. 8. The relationship between calcium carbonate
(CaCOs;) content and water content of biogenic tran-
sitional sediment showing a very good correlation.
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of w2 wWsle] 991e g £ wigl 8%
Tt ok, g2 Ee] Fave Y Ee sy
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