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In the KODOS (Korea Deep Ocean Study)-89 area, western part of Clarion-Clipperton fracture
zones in the northeastern equatorial Pacific, mangane nodules and sediments were sampled during the
“Farnella’ cruise in Oct., 1989. Bulk chemical and mineralogical analyses have been made on a suit of
ferromanganese nodules and sediments to study the origin and distribution pattern of the nodules. The
nodules are classified into three groups based on their origin: diagenetic nodules with high Mn/Fe ratio,
Cu, Ni, Zn, Mg, todorokite contents and rough surface texture; hydrogenetic nodules with high Fe,
Co, vernadite contents and smooth surface textue; and transitional nodules with intermediate
characters between diagenetic and hydrogenetic nodules.

Study area is divided into four zones according to the origin and abundance of nodules: far north
area where nodules are hydrogenetic and intermediate in abundance; north area where nodules are
diagenetic and low in abundance; south area where nodules are diagenetic and intermediate in abun-
dance; seamount area where nodules are hydrogenetic and high in abundance. Distribution pattern of
manganese nodules in the KODOS-89 area seems to be controlled by latitudinal variation of produc-
tivity in water column and sea bottom morphology.
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Fig. 2. Sedimentary facies in Clarion-Clipperton fracture zone.
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Fig. 3. Line drawing of seismic profiles representing sea-floor morphology and sediment thickness in the KODOS-89
area (s: seconds).
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Fig. 4. Primary productivity (mgC/m?2) map in the nor-

theast equatorial Pacific (revised from Roman-
kevich, 1984).
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Fig. 5. Filow diagram for manganese nodule analysis.
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Table 1. Latitudinal variation of pore water constituents (nitrate, phosphate, silica, calculated dissolved oxygen), par-
ticulate organic carbon (POC), sediment metal contents in the KODOS-89 area (St. No.: station number, Sed.
Fac.: sedimentary facies, Sil.: siliceous ooze, Cal.: calcareous ooze, Hydro.: hydrogenetic origin, Dia.: diagenetic

origin).
Latitude Sed. Mn Nodule NO; + NO, . Oxygen
. No. . %
St. No N) Fac. Origin POC (%) M) PO, (uM) Si (uM) (M)

2 12° Sil. Hydro. 0.75 40 1.9 180 163

7 10°40 Sil. Diage. 0.78 43 2.1 200 120
11 10° Sil. Diage. 0.80 S5 2.1 210 85
18 9°40° Cal. Hydro. — 65 2.8 250 25
15 9°20" Sil. Diage. 1.05 — —_ —
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Fig. 6. Relationships between the Mn/Fe ratio, Cu, Ni, Zn, Mg,

All samples were analysed with flame AAS.
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able 2. Corelation matrix for the chemical and mineralogical compositions of manganese nodules (Ver.: Vernadite, Tod.:

Todorokite, Fel.: Feldspar, Qtz.: Quartz, W.C.: Water content, M/F: Mn/Fe ratio).

Ver. Tod. Fel. Qtz. W.C. Cu Ni Co Fe Mn M/F Zn K Mg
Ver. 1.00
Tod. -.75 1.00
Fed. -.56 17 1.00
Qtz -.63 .38 .59 1.00
w.C 51 -.44 -.49 -.43 1.00
Cu -.84 .79 .33 .54 -.38 1.00
Ni -.66 .58 .23 .46 -.06 .87 1.00
Co .27 -.18 -.31 -.26 13 -.19 -.13 1.00
Fe .88 =75 -.50 -.56 .61 -.88 -.72 .29 1.00
Mn -.25 .48 -.21 .03 .14 .60 .61 .01 -.32 1.00
M/F -.78 .78 .33 .48 -.54 .90 67 -.21 -.89 .57 1.00
Zn -.63 .62 .06 .36 -.06 .85 .86 =21 -.64 .67 .70 1.00
K -.42 22 42 31 -.43 17 .04 -.23 -.46 -.37 21 -.08 1.00
Mg -5 T .38 47 -.44 .84 T -.09 -.79 51 77 .63 .26 1.00
Factor 1 Factor 2
1.0 1.0
0.5¢ | lall |I2 : 0.5 |lo : i
h- - (] N
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Fig. 7. Results of factor analysis for chemical and mineralogical compositions of manganese nodules in the KODOS

H EUE

AFAA e ARE Leorsiu

tﬂzzlo]

-

e

| =3

-89 area (E. value: eigen value, Cum. Pct.:

U oled, v, !

AAED

%‘%LO] =l Table 3).

Al v

wralolE 93 ol

, Mn/Fe w7} a9 ?E

commulative percent).

R-¥, BHzxo] sjiéy, d, ALE, virelE
go) ool ke S-¥, 21 24 R FFEHo
o)go Z7H3AE Hi: RSE AR T
23
£ 9

1. 2izichniel del

ofe] 719le]l BBl T WdAE g5
z9) o B weh £V 547181, 85
N Seoz BHHed, 7 719 wdAe 5
AHQ FEALES o) AudAE TG «lE
SH AvIe) Wk g v §4719
o) whzbghule] wla) A, snEE Fheo] ¥ 7



196 34 .

24 - ol

Table 3. Chemical and mineralogical compositions in top and boittom parts of manganese nodules in the KODOS-89 area.
Top surface has smooth texture whereas bottom has rough texture.

Sample  Vern. (%) Tod. (%) Plag. (%) Qtz. (%) Si (%) Al (%) Ti (%) Ca (%) P (%)
St. 14-top 94 4 0 1 4.5 1.4 1.3 1.9 0.28
St. 14-bot 73 26 0 1 4.2 1.2 1.0 1.5 0.15
“\_\h——a_ .
St. 19-top 82 15 2 1 3.7 0.6 1.3 1.9 0.32
St. 19-bot 69 26 3 2 4.3 1.4 0.8 1.5 0.15

_— T

Samp. No. Mg (%) K (%) Mn (%) Fe (%) Mn/Fe Ni (%) Cu (%) Co (%)
St. 14-top 1.3 0.62 21.7 16.1 1.35 0.60 0.25 0.65
St. 14-bot 1.2 0.67 20.4 9.0 2.27 0.70 0.52 0.27
St. 19-top 1.0 0.54 16.6 25.7 1.06 0.26 0.11 0.50
St. 19-bot 1.3 0.61 20.5 11.4 1.80 0.85 0.49 0.31
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Tabie 4. Metal contents, abundance and surface texture of Mn nodules in the KODOS-89 area.

Cu+Mi Mn/Fe Abundance Surface
. Co (%) )
(%) ratio (Kg/m2) texture
St 1 1.46 1.8 0.17 0.3 rough
St. 2 1.55 1.9 0.33 8.1 smooth
St. 3 2.29 3.2 0.23 1.0 rough
St. 4 2.44 4.4 0.37 Trace rough
St. S 2.47 5.5 0.14 Trace rough
St. 6 — — — 0.5 —
St. 7 2.33 4.2 0.19 1.0 rough
St. 8 2.45 4.5 0.18 0.4 rough
St. 9 1.72 2.5 0.51 8.3 medium
St. 10 2.08 2.6 0.31 7.4 medium
St. 11 2.24 3.1 0.24 8.5 medium
St. 12 2.49 3.8 0.22 5.9 medium
St. 13 1.98 2.5 0.27 7.8 medium
St. 14 1.36 1.5 0.26 19 smooth
St. 15 2.27 3.2 0.14 4.1 rough
St. 16 2.26 33 0.22 6.1 rough
St. 17 2.32 3.6 0.18 4.2 rough
St. 18 1.55 1.9 0.31 20 smooth
St. 19 1.51 1.8 0.32 14 smooth
St. 20 2.02 2.3 0.27 11 medium
St. 21 2.42 3.0 0.22 5.8 rough

*. Trace:<0.1 kg/m?

¥

o] F&Tgo] A9 #L FES BAKFig 9).
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Mn / Fe ratio

the KODOS-89 area.

TEEYL 37 4190z &€ oh(Fig. 11).
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Fig. 11. Zonation of Mn nodule distribution based on
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