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Fig.1 Sampling stations and types of sediment.

TR, 1964).

LR Fe. Mn. Al Ti. Sr. Mg, Ca fi% & TR HAERDHr; Cu. Co.
Ni. Pb. Zn. Cr. K. Na KB XIGIRTRWI I EERE: Chuyp. N A 240C
TCENPHLIHT S| AERERE.
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R1ETRNFEE SWFTPTME. W, RBREFBHREX TR ESKE SN
LEEEA R

MR 1SRG, KTHRREEEEX TR TR EERA Y FILAHHIE:

(1) HMEm M. ERREEETRY LR, FELK Si. Mg, NBHLRH
2. MEITEK Mn, Cu. Co. Ni. Zn & Ca IRMES, T Fe. Al. Cr. Ti & Cyyffixi
nZ.

(2) SKFEBRAETBAYEE, Si. Al Fe. Zn. K. Cr. Pb. Ti B N B AH
2, Mn, Cu. Co. Ni & CailH{EMELE, ChylIBRHXRZ.
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I'abie 1 Comparison of elements abundance in sediments of the difTerence area.

Hg 1 Eg o

7 g | AR | AR | KHHR Mo | | o s R
Si 2815 | 1697 | 2628 32.00 20.46 29.08 2025 7.71
Al 7.18 4.92 6.96 6.51 5.65 2.61
Fe s63 | 670 | 320 | 3.9 341 4.20 3.49 10.06
Mn | 0095 | 0.085 | 0.064 0.064 0.88 032 T 078 | 19.30
Ca 339 | 312 | 289 4.06 6.89 0.43 787 132
Mg 194 | 16 | 121 0.66 161 | 131 159 | 127

. -

Na 0.70 276 | 08l 2.92 171
X i 174 | 211 174 | 210 | os2
Cu 5| 48 v 2 66 " 250 310 5119
Co 25 13 12 noo| s 7 04 | 234
Ni 75 55 41 30 82 225 185 6392
Pb 20 R  n - 27 506
Zn 70 95 74 128 165 126 8
cr 100 8 | P B
St U oo | | 0027 | 0.040
Ti 0.57 0.36 0.26 0.35 0.28 0.64
Can 0 0.55 | 0.50 044 | o072 042 | 039

N 007 | 007 0.035 009 | 004 0.07

¥ 1.Cu. Co. Ni. Pb. Zn. Cr {i} mg/ kg, HA{A% 2.HFBHRIHSIH
Laylar, 8, ERHE. MRE. ABRS.

(3) 5R—RXSEKNBREZILE, Si. Al K. Na, Mg. Ca & Cr MiB@, T
Mn. Cu. Co. Ni. Pb. Sr. Ti K& Fe ¥H@E{k 1—2 MR,

Y bk, HIERFFSE: A OEHRKX, JURYH Mo, Cu. Co. Ni HEME
£, FhNO—FREREE —KERGEX — KBS REHU TR X — KSR BoL .
Cyy. TiMHIB, T Fe. N. Mg MALALHE,

LR FEE MBS

TCE W1 43 A M H KB LT LR _

(1) Y Fe. Mn., Cu. Co. Ni. Zn K. Al TiZxEZNoABHERAE 2—4
(BA Fe. Mn. CuXfl). S#FLHEANLATERE. AEnTLATEILRAREE=1ER0
X BEER, BEXAEWRXMN 4. 11, 26 sk LRSI, Fe 2314 4.80%.
5.54% F1 4.50%; Mn 451k 1.00% . 1.10% fl 1.22%; Cu 45|k 390mg/ kg.
410mg / kg F1 521mg / kg, T4BHAVE X & R ER K.

HF 1 BT WA (L),

(2) VTR Cgye N. Si & Na (4G RIFE 4 Feo Mn HRRTTERAALM (F 5L
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19.20 R EBE K IEH, Mok
ALY R IR, AN
R R AL 32, 39 530 1)
BERCARTR AN (ORS x 0 |
PE), Chupinih 0.55 %
F10.59%.

FF 2 #ar i migr
(HEZ%)

(3) Ca H! Sr oA F
'j Fe. Mn % f{hitg " ¢
MY (K6 LA Sr Ky
B . ATEM A<, A &
RATLIX, B2 TRAK.

(4) Pb W4r4 'y Fo.
Mn fl Ca. Sr BL A4 2
fb. XAARL (W 7.k
B VAL 5 BE B AR TR X 0
11, 12 3, I e 1AL fF 5
FRAK PRI 41 53, it K
T3mg / kg, LK kBT A
XM 16 S8 N 39mg / ky,
T AR AFL S AL 5 85 B 4K U 1% 1)
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Fig.5 The distribution law of Corg.In surface
sediments and score value of factor 2.
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A, HECAFEBRAHRMNE
T (2) viRYPERET
YEER QET Y RIEEYN
HRET Y@ (3) nfy+
#HIB, WA Tio,—ALO—
Mgo ZHRIBERRN, WXL
HamAn Sl EERASE
RA M Ty SELRN
X R AT RAEHBR
B 5 K PR BE R B A A 32
¥ #€ ( Ryuichi Sugisaki,
1980) X (4) ERTES
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R, ATBEEE 3k A B RES
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@ EFHER. 1986, HAIENREEREEREY;
® ERMIER. 1986, PREHELHRAME.
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Tablc 2 Statistical results of the interrclation cocfficient of ¢lements.

n=28 Mn | Fe | Cu | Co | Ni | Pb } Zn | Cr |[Cgy |COY | Mg | Al | Ca | Ti Sr K j. Na N 3i
- R — . [ S R R '
Mn | 1.00 f ‘ |

s -+ i b - — - 4 4

Fe |0.72 | 1.00 ; |

SR W SN - B 1. —— a4 i

Cu 087|076 | 1.00 | i |

it o e Rl B —ie- -+ ——t— = 4 - J——— — ——— fr

Co ! 0.89 |-0.83]|—0.93|-1.00 |

- S e - — |

Ni |0.88 (-0.67|—0.91|—0.86]|—1.00

S S SR _

Pb 016 |0.39 | 028 | 0.27 | 023 | 1.00 | f ‘

Zn [ 0.7510.71 (084 | 0.88 | 0.86 | 0.34 | 1.00

Cr 1061 [0.73 | 071 {075 | 0.55]040 ) 0.58 | 1.00

Cyim | 0.34 | 0.51 | 037 | 0.45]0.16 | 0.26 | 0.30 | 0.56 | 1.00 |

CO§_ —0.74|—0.83}-0.86 |—0.83 | —0.64{—0.33 1 —0.66 |—0.78 —0.72| 1.00

Mg [ 0.78 | 0.76 | 0.86 | 0.85 | 0.72

Al {078 | 0.86 | 0.87 | 0.86 | 0.72 | 0.31 | 038 | 0.83 | 0.53 |—0.93] 0.86 | 1.00 ‘ !

Ca |—0.73|~-0.82{—0.82|—0.62|—0.33|—0.65(—0.76 —0.72} 0.99 |-0.87 —0953| 1.00 :
R o S
Ti (064 (084|076 | 0.75| 0.64 | 0.36 ‘ 062 | 083 | 045 | 081 [0.80 | 0.88 | 0.81 | 1.00 !

Sr |-0.70|-0.81|~0.80|—0.77|—-0.59|-0.30 | —0.61|—0.71{~0.72| 0.99 |—0.81|—0.50| 0.99 1-0.76 | 1.00

K 076 080084 077072029 062072036 |—0.86|0.73 | 094 |-0.85 0.80 \—0.84 1.00

Na | 0.69 | 0.72 | 0.75 | 0.75 | 0.55 0.30’0.58 0.69 | 0.81 (—0.94| 0.85 | 0.84 |—0.94, 0.69 |—0.94] 0.74 1.()()J

N (042 055 040|052 |015|0.19  0.28 | 0.57 | 0.73 |~0.70| 0.62 | 0.62 —0.72T0.52 —0.68] 042 | 070 1.00 -

Si | 0.69 {079 {075 | 0.76 | 0.55 | 0.31 | 0.59 | 0.71 | 0.75 |-0.99| 0.82 | 0.88 |—0.98] 0.77 |~0.99| 0.81 0oy om 1 190

e e )

— R |

Y r=03748f, a=0.05 r=04798f, a=0.01; r=0.588 B, a=0.001.

(t=0.99), [FHf Ca &j COY LIRFUMIEHA (r=0.99). XKW Ca ZEARLL CaCO, HIE 7
TEfE. PIERETAERY, CasRAEMNM L. FAAMFERHA, Bl 19 SHi. Ca
ik 33.28%, AFLHRIL 144126 K/ 25 TEFHE. EH KA LA, Nurtalids umbonifer.
Globocassidulina Subglobosa— Nutialides, Nuttalides—umbonifer— Epstominella exigua 7%
We4TfL 8 Globoratalia tumida, Globoguadrina dutertrei—Globirinodes AL . ik, Sr kit
FERE T LARAILAM TR AL, XTFER ERTFBAEH (REEARLSH), Ca¥
J7 b WKEARL EHEF R KM T E (i Ba®) #EA, T Sr ARG HEA, WA FLAL b
SR — R E A Sr. St 5 Ca. Sr BIFIMHAARE (r 4F10-0.98 }1-0.99). &M Sify
TR ST Car At VRIS B AT 728 AL HE R, EBLLAS AL
MR
3CsuE NHIXE
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BRI Cyppp 5 N ESRPIMEA X (r=0.73), XXRUEYH N FEUFIRNE
R, —BIAK, KERBYYH Chy, B TREEXE, KEX, BE. HENFEELK
A, PURRSREAMXTE ATAE, Eith, TR ALYIR, MUK N REEUES R,
SRBREAGE. FEL, fHC5 Ccol EMmAMAMK(E=-0.78), 5 Si. Mg TEEM
PUM AR RS, KTPREILPSRESEEEXMAIC, FERFTENY RS, aEF%E
PATE B A o A HUR AT AR TE.

4Pb 5 Cgy K Fe. STHIXE

Pb B 5 Fe BEFMIEA X (BEKT-H 95.0%), KiL5 CHM., BE StHXER
B (£ 2). RTIRKX Pb MR FEREFELATERAE R, AMHLIG RGN E
(H 7). FRERERXFOERE, £2HUN, TERERGIURY S Pb KKK, BRSEEE
it mAEYERIUERS, BARSHEEY (R XM bR TR RN U 5
) RGTRPIA K U g X,

I N e SIE SV SE S 88 3

HTIITA B RERS EE XU R e KA MR R ORI, ZBEMIMRTE
MR BAR AT T GRG0 T, I R BIR PO A E B BB AHNBIARE P m o4
M B R E AR EER A T H M EMNER.

LEFIEE

3 REF VR I =A R PO S DR SRR T 8 A B R R AR R
REaas GEREN 28 (BESED x18 (ERIEDTTH).

M3 AR, WEAFETHEEET MR CIL 87.47%, XERADIFR K TEM
HFEZTZARTORM. BRTF 1SRN MR TR T U5 K £ F 2071,

FAR=ZARFHHRER P RETEKASGRAESH. 457 (BE) BRE#H—Y
B RA RN T ERAIER G, BT 13 WS4 FT-msr .

XA 4.5.7 f 4 3T RAHT, AT A K:

(1) BF 1 MRESAETRETX (F4), ARYEERY, XRERYEREL
B, HEEHAE: AR (—RAHET 10%); MATTE Fe. Mn, Cu & Mg
it (EBA) SEE: CupMaaE CKIE) FRIE R4, XRAPRRITR
YR TEMEAEEZE TR LR E (IR /EM. ERHT 1.8.26 ¥kt
ERAHFEIX 39.27%. 45.16%F1 42.55%, ATHETF 1 WESERE,. ERF10EME

3 TRFRHNMCE

Table 3 Major factors and the characteristic value.

BT WEH REMCP PS8 | BT rf RS B
1 13.73 72.25 72.25
2 1.91 10.06 - 8231

3 0.98 517 87.47
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Table 2 Statistical results of the interrelation coefficient of elements.

lh=28| Ma | Fe | Cu | Co | Ni | Pb | zn | Cr Can |CO3"|Mg | Al |Ca | Ti | St [ K | Na| N | Si

Fe |0.72 | 1.00

Cu | 0.87 | 0.76 | 1.00

Co | 0.839 |—0.83(—0.93|-1.00

Ni | 0.8 |~0.67|-0.91~0.86|~1.00

Pb (0.16 [ 0.39 ; 0.28 | 0.27 | 0.23 | 1.00

Zn {075 {0.71 | 0.84 | 0.88 | 0.86 | 0.34 | 1.00

Cr 061 /073|071 |0.75| 055|040 | 0.58 | 1.00

Cxin | 0.34 | 0.51 | 037 | 0.45 | 0.16 | 0.26 | 0.30 | 0.56 | 1.00

co? |-0.74|—0.83|—0.86 |-0.83 |—0.64-0.33 | —0.66 |—0.78 |-0.72 | 1.00

Mg 1078 | 0.76 [ 0.86 | 0.85 | 0.72 | 0.36 | 0.74 | 0.84 | 0.65 |—0.87 1.00

Al |-0.78 | 0.86 | 0.87 1 0.86 | 0.72 | 031 | 0.38 | 0.83 | 0.53 |—0.93] 0.86 | 1.00

Ca |—0.73/-0.821-0.82{-0.621—0.33|-0.65(-0.76|—0.72| 0.99 |—0.87(—0.93| 1.00

Ti |0.64 10.34 | 0.76 0.75 0.64 | 0.36 | 0.62 | 0.88 | 0.45 | 0.81 | 0.80 ) 0.83 | 0.31 | 1.00

Sr |—0.70|-0.81|-0.80|—0.77|-0.59 |—0.30|—0.61 [-0.71 |—0.72 | 0.99 |—0.81|—-0.90| 0.99 |-0.76| 1.00

K:|0.76 | 0.80 | 0.84 | 0.77 | 0.72 | 029 | 062 | 0.72 | 0.36 |—0.86] 0.73 | 0.94 |—0.85] 0.80 1—0.84} 1.00

Na | 0.69 |0.72 { 0.75 | 0.75 | 0.55 | 0.30 | 0.58 | 0.69 | 0.81 (—0.94{ 0.85 | 0.84 |—0.94| 0.69 [—0.94| 0.74 | 1.00

N (042 (055|040 (052(0.150.19| 028 |0.57|0.73 {-0.70| 0.62 | 0.62 |—0.72| 0.52 {—0.68| 0.42 | 0.70 | 1.00

Si }0.69 079 (0.750.76 | 0.55 { 0.31 | 0.59 | 0.71 | 0.75 {—0.99| 0.82 | 0.88 |—0.98| 0.77 |—0.99| 0.81 [ 0.93 | 0.71 | 1.00

W r=0.374 Bf, a=0.05; r=0.479 8, a=0.01; r=0.588 8, a=0.001.

(c=0.99), ARt Ca 5 CO¥ SMAUMIEEFRX (r=0.99). XKW Ca EEPL CaCO; KB
HE. RS TEEEY, CagRBNNMLE, FAAMEERK, AWM195H, Ca
ik 33.28%, BILHBRIK 144126 B/ 25 ETHE. EEHJRMATLH, Nuttalids umbonifer,
Globocassidulina Subglobosa—Nuttalides, Nuttalides—umbonifer—Epstominella exigua 7%
WA FL. & Globoratalia tumida, GIoboguadﬁ'na dutertrei—Globirinodes A 58,. M, Sr IFEk
FERET ERELBNTRASH . XFERERFTHAGH (REEARSH). Ca®*
% b KEAL EHIR R AMITE (Blin Ba™) #EA, T SrHMBEBHA, WMALREE
BRIy — MR EA Sr. Si 5 Ca. Sr EMFIMHAMR (r 435H1K—0.98 F1-0.99), =Y Silfy
HFEBRZLHAT Ca, FUEREFEHEAATLEAFRMMEER, F2LUSGE mE
BRI AFE.
3.Can5 NHIXFE
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GEOCHEMISTRY OF ELEMENTS IN SEDIMENTS OF
THE ENRICHMENT AREA OF FERROMANGANESE
NODULES FROM THE PACIFIC

Bao Gende

(The Second Institute of Oceanography, National Breau of Qccanography, Hangzhou)

Abstract
The distributing law, contralling factors and source of Fe, Mn, Cu, Co, Ni, Pb, Zn, Cr,
Mg, Ca, Al, Ti, K, Sr, Na, Corg.Si, N in 28 stations scdiments were described in detail by the
study method of the mathematical geology bascd of the data obtaincd during the second oceanic survey of
the ferromanganse nodules from the Pacific North region (7 ° —165° W), Main results are as follow:
1. There are charecteristics for the abundance of ghemical elements in sediments of study area as
follow:

a) .Major clements Si, Mg, N are similar and the trace elements Mn, Cu, Co, Ni, Znand Ca
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are obviously enrichment, and Te, Al, Cr, Tiand Corg are poorer than that of the earth’s crust, clay
of the coast an:i the sediments of continental shelf.

b) .8i, Al, Fe, Zn, K, Cr, Pb, Tiand N are similar, and Mn, Cu, Co, Niand Ca are obvi-
ously enrichment too, and Corg is poorer than that in sediments of the half deep sea and the ocean of the
poor {crromanganese nodules.

¢) .Thccontent of Si, Al, K, Na, Mg, Caand Crin sediment arc obviously higher, and the tracc
clements Fe, Mn, Cu, Co, Ni, Pb and Sr, Ti are 1— 2 quantity stager lower than that in
ferromanganese nod nodules.

d) .Mn, Cu, Co, Ni, in sediments are obviously cnrichment and incrcased and the organic carbon
is decrecasced, and the major elements are similar in the order of estuary—continental shelf~—half deep sca
—arca of the poor ferromanganese nodules— arca of the enrichment ferromanganese nodules— —
[erromanganese nodules.

2.The distribution law of the elements in the surface sediment is similar for Fe, Mn, Cu, Co, Ni,
Zn and K, Al, Ti their content in calcsiliceous ooze is lower than that in brown clay and siliceouse ooze,
relatively, the content of elements in brown clay is higher than others. The distribution trend of Corg. N,
Si and Na are in agreement with the trace elements of Fe, Mn, but their content of elements in biological
scdimcents is higher than that in brown and calcsiliccous ooze and the content clements in calcsiliceous ooze
is lowest than others.The distribution of Ca, Sr and opposition with Fc, Corg.and the content of elemtnts
in calcsilicenus is higher than that in brown clay and siliccous ooze.

3.The result of factor analysis shows that the distribution of elements in study area mainly is controlled
by the three factors, thatis; 1) the adsorption of clay and colloid of the hydrate of Mn, Fe oxides: 2)
the authigenic sedimentation of the processe of the biochemistry; 3) voicanism near to the strdy area and
shale weathering in floor,

The rclationship between factors and elements indicates that Fe, Mn, Cu, Co, Ni, Zn, Crand
Mg, Al, Ti, K, mainly came from adsorption of clay; Corg.N, Sr, Naand Si, Ca, Srmainly came
from the sedimenation of processes of biochcmistry; Pb mainly came from the calastic rook (volcanic

clastic) and biological clastic.



