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No.. # B % m % Kl %
v21-D14 9°48' N 136°01' W 4813 K

2 V18-T120 12°25.5" s ) 55710 W o] 52205240 KT

3 RCO-T1 40°13' " 135°49.1'E 4927—4850 K

4 RC16-D19 28°45.4'N 60°21n5'W 53385350 KT

5 RC14-D4 23°26's 50°49'E 4993—4050 BB
$-9 15°00' N, 18°30°F 000 5 K
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x 2 SEUSBERNLFESNER

S Ne 1 2 3 4 5-1 5-2 6 7
~ 5,%) “H5] y21 D14 | v18-T120 | RCO-T1 |RCI6-D19| RCI4-14 | RC14-D4 $-9 $-10
AN
5E
MnO, 43.19 12.88 32.90 5.08 15.52 18.36 23.67 18. 88
Mn,O, 6.59 8.23 1.49 16.35 6.19 0.01 0.40 0.89
MnO 1.01 1.29 0.46 7.54 0.39 0.23 0.26 0.20
Fe,0, 5.34 17.38 11.78 21.14 21.39 19.76 20.96 22.15
H,0* 17.88 22.05 21.03 21.37 24.11 18.50 28.64 25.65
Sio, 9.99 17.28 18.07 13.50 16.67 23.69 10.95 18.58
ALO, 2.66 4.83 2.70 5.71 3.33 5.21 2.62 3.95
CaO 1.70 2.24 1.64 1.58 2.02 1.94 2.10 1.90
MgO 2.82 1.72 2.38 2.24 1.54 1.94 1.50 1.64
Na,O 3.00 2.15 2.21 1.74 2.62 2.15 1.99 2.01
K,0 0.98 1.09 0.78 0.73 1.25 1.10 0.49 0.71
TiO, 0.45 1.32 0.61 0.88 1.28 1.11 1.20 0.82
P,O, 0.13 0.57 0.28 0.63 0.66 0.51 0.47 0.56
H,0" 0.93 1.24 0.94 1.20 1.38 1.88 1.44 1.46
20) 96.67 94,27 97.27 99,69 98.29 96.39 96.69 99.40
Mn/Fe 8.74 1.22 2.69 1.38 0.96 0.85 1.05 0.82
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10t co 110
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P, 05 (%)
B 1 BEABPBSH% EZRNRR

1. Mn; 2. Fe0,
nH;0) %o AEHITE Mo Ml Fe EREFMELFELE, R Mo g +4 NE, Feh+3 it &,
LAFE T ABHAU/RIE MR E, E REERHRENE F&¥ MMM ROT WEE, B
SRR E D E Mo WG LA 3 87 A JF 0 IR SR T BTilESE , RERfy
HmEBRL T NEEALE, THRNALDREFAMD 2P, WiiMe™ F 7T LL B E 5 (Mn,0,)
I Ao

mE 2 UER, &8 PO, WEES Fe,0, WEBREEMHN,5 Mn HEEERE
AR (JLE 1)
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—. MERTESELRIE Mn/Fe [LHMXR
%ﬁggﬁtpﬁ&%ﬁ% Cus Co, Ni, Sr, Ba, RE, Scy U, Th %B’\Jﬁ%?ﬂ?i@ 30
#£3 SEEEHESNNEBRTEMRER

i\\\ No. 1 2 3 4 35-1 5-2 6 7
\
aR
T FES| \21-D14 | v18-T120] RCI-T1 |[RCI6-DI19 | RC14-D4 | RC14-D4 $-9 S-10
i \\A
CuO(%) 1.24 0.25 0.05 0.20 0.12 0.17 0.05 0.05
CoO(%) 0.14 0.31 0.13 0.25 0.28 0.22 0.32 0.14
NiO (%) 1.61 0.42 1.13 0.38 0.28 0.37 0.38 0.25
Sr0 (%) 0.04 0.05 0.05 0.04 0.08 0.06 0.08 0.07
BaO (%) 0.23 0.11 0.10 0.08 0.13 0.14 0.08 0.07
BaO/SrO 5.8 2.2 2.0 2.0 1.6 2.3 | L0 1.0
RE,0, (ppm) | 740 975 1040 1425 975 900 1500 1475
Sc,0, (ppm) 20.4 25.0 20.4 39.6 20.4 24,0 27.0 37.6
U (ppm) 5.3 11.2 5.3 10.0 12.5 7.0 25 24.8
Th (ppm) 13.0 6.0 28.0 14.0 8.0 11.6 22.0 28.0
Mn/Fe 8.74 1.22 2.69 1.38 0.96 0.85 1.05 0.82

£4 NMRBRFARDEIELST Sr, Ba ZRRHER

BARK Sr Ba CaO CO, MgO MnO FeO Ca0:CO, y
BW | g ((ppm) (o) | (%) | ) | (%) | (%) | (@) (T |[PRRR
M | MFREAE | 1860 | 270 | 51.95 | 41.35 | 0.30 ] 0.03 —  [0.928:0.940=1:1
| &I
HIRNH AR 1140 B 50.59 40.63 0.70 0.12 0.19 0.903:0.923=1:1

Cul%) Ni(%)
Ly 11.4
o1
12} o, 1.2
1.0t 11.0
[ ]
0.8t 10.8
0.6} 10.6
0.4+ 0.4
0.2t N 0.2
lo i A 1 ) SR - i
0—™1 2 3 4 5 6 7 8
Mn/Fe

B2 g% H Mo/Fe [LES Cu, Ni IU3CR
i. Cu; 2. Ni,



504 ® ° 5 # A 15 %

£S5 FRO-BORTHHERLCFERS
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Ba*t 6 WREZAIN Ri=1.364,

FEL BaCO, 1.554 9 # Ba R F AT,
smr | soo, | Lxk | v | g | Sy SvEseOo SR
{ﬁmﬁ) Caco, 1.26& 9 #% & Sr, AI4—ERE Ba,
. E M M F SEE—ERM
EhG | oo 1054 6 v & Ra e TR
E=EF MnCO, | 0.75—0.914& 6 VAVl
n*t, *, Fe*t B3
P A MgCO, 0.804 6 NF %‘5;&/}\\%;&@: HENTWE
EHF FeCO, 0.69—0.714 6 AVl
1.5
1.0f
£
= o5t
T3 5 6 7 89

Mn/Fe
B3 SHE4Bg Mo/Fe thii 15 TiO, fUX R

M 3 AL, B Cus Co, Ni SERE, M Ms —EDHREBENIRIER,
Bt Sr» Ba ifE, Ba/Sr LL{ER & B A REGKEE PRI BRI, — #2402 iE X,
XFE Ba WELERX R, BETEBNEARKE, NAHEILHE TR ABRBRISH )5 iR
AR (RRBATIER), XM Ca' b 6 RERAL, BHER L2 R Bt WREA, fi
S& ARG, MEARPREE St mRD& Ba, Wifi B AT GEIEN Ba/sr Huifl
B EERNYIOR R, RERDRZ CaCO; MMR, TR REEMERELEN,
Xt Sr» Ba BITTEK, Ba HITE THER, BREEEALEKBULE 4, 5), Fifibl
CaCO, 24 =AY Az Wit 8%, 883 1o FE VA W 0 25 Xt QLD BRI, WA Ba/sSr LUAE L3R 1 & AR
T B XATEE, AW fE Fsa A BB X A R TR A BRI, AT AR A $45
FRNAEEo

iRy Mn/Fe IWESHEITLER N, Cu, Ti FZRECHRLE 2, 30
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=, Wb RBE 'R MERX

g R TTENER. . OmEAX K ACe, AEu RUESBINE 6, 7 f1Fd 4,

SEPNm LI TEERRE, —K% 1000 ppm 47, AIRRFRA S &K 100—200
5, XCe/3Y %4 2.29—3.96, MBI L—NLRIRRZRE Q-8) U REEER
kW (W-40, W-41) ) ZCe/3Y HLEMEARE L, 43514 1.20, 0.69 K1 0.83, ZEkirhay
3Ce bt IY FHo LIRKBAAIRBALIIRE L0 R o A, AU B, 52
Eu DRTAER T E AT (Eu DUGKRAYE) o 25, 0k 2 IRIABE S B Ce fUIE
SR MK 7 FTFIRBIERE, ACe FIIEH 11, (L Bl —0.20—40.48, ALk
BKo MEWLE, ACe (9Z{LE Mn/Fe b2 RITEHHE X A, HEESEREE—E
B, Mn/Fe thENIH S ACe EMMKY, FABETTHESEZARER, REEfRHHIT Ce
FERHTE (B ACe > 0) BABAFEUNEE. ZBPH AEu H¥/NTE, Eu B
AR, HE5RES Lk (BHE) PREK, N5 A+ E, AR EE
—0.11——0.21 ZRE,, 5EHEZ-HOEE, XESBOREET dl g a8 k)
TERE Lo BRBLT M LRI S, BAERNELXAEY . FA—BRNEESER
A (PO RIEERTER S, KR B ARG, Lo E SR Eu B4 8
E5H, T AR EBEE/NT —0.7, XSS B PR ok IEE R BN AR Y
R, MEEFNRERE BN Rifi, M SCe/3Y MILLE I E Ce B KIERH
gk, HTRABRBNES/NFEY REZE, BAHETSHRIS R IO0 AT e

100()E

TO0F
!
500¢
400

50 AN (’

1 i 1 1 "3 1 i1 1 1 1 Y - RN _ x‘ Sﬁ‘)
La Ce Pr Nd Sm Ev Gd T Dy Ho Ec Tm Yb Lu

44 R RO T A
Bdi7e 5% 6 sk m = FH.
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#= 1 SESEHEERD Co T Ev f1FBWMRAERRIT L)
e
I e 1 2 |2m| 3| 4 fs1]s2] 6 7 8 9
T
o~ Vv21- | v18-| V18- | RCY- [RC16- [RC14- [RC14-
oA \\ D14 {T120] T120| v1 | D15 | Dt | D4 | 59| S710 } W-40 | W-4l
ACe* —0.19] 0.43 }—0.57]—0.20} 0.24 | 0.24 | 0.48 {—0.14 0.09 -0.39 | —-0.52
AFEu* —0.19/-0.21}—0.18—0.19]—0.17]—0.17}—0.12}—0.11}f ~0.15| —0.18 | —0.20
1;1“ 8.74 11.22 10,02 2.69)1.38]0.96)0.85} 1.05 0.82 0.1 0.1
=1
Ces 1 { Las Prs) Eus _1_(Sms @j)
* Cec — 2 \Lac + B . _ Fuc 7 2 \Smc ' Gdc
aCe = ; AFu = °
1 sLas Prs 1 /Sms Gds
Z(Lac Prc> 2 \Smc Gdc)
i, Dbk, WD H R B SR S R T U R T AT RE R 2 TR
> P I 4
MO, bbb e

EB T E RN , EEITE Mo, Fe FRACRITRE B EEE. KEWHgE
MEBE SR BT & MIREJLEER Fe > Mn, PLAGERPR Mo LA LRR
BF Mn/Fe WEET 1 EEXRT 12 T ERALERBRE R, KRB IR,
HRABS BEBERIEAERERBRL, FERRERZBORERTRE LEE, X
KUIEE®E Fe, Mn, Cu, Co, Ni FHEBAPHRFIETLR, ENGETRAEBRBKENE.
e 4, NS HE R IGH™, ¥ XM EHH 5K 250°C, 500 E(HHT 5000 m
WA TEDNSESFREEM, 2ETT 1, 2, 4, 8, 16, 32K, AaRUWERK

#® 8 ZREWMEHKHARLRLER"

EES) O frAHH e * )
(GNP feFEM pH | Fe (ppm) Mn(ppm) Fe/Ma
0 K 0 7.26 5.2 <0.1 >52

fg-1 K 24 <5 R Sl

1 BA+ZRERH 24 5.44 295 117.5 2.5
2 B+ ZREH 48 5.50 52 37.5 1.4
4 B +ZRERRE 96 5.64 63 45 1.4
8 B+ ZRERTS 192 5.80 148 20 7.4
16 K+ ZRE R 384 6.00 8.7 6.3 1.4
32 BK - ZRE R 768 6.30 10.5 6.3 1.7
ZRAEFRBEE O 9.31%10¢ 1.3%10° 71.6

* LB 250°C, 500 B, EB L 15100, K 10 ml,
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R pH E I Fe, Mo G BB T A8, TREENT 8o

MR 25 Rk E , KBS B (BUKILR) 5i#K7E 250°C & 500 DA HTHE
18, KEE Y Fes Mn R ATDERS B IHORAY, B Fe/Mn LERETRAE M &
KREFHEP Fe/Mn END 72, BB PN 1.4, X—FLUH, BLH AT XK
ERBOURERR, TUSIEENRERR. WXFRRAEREER LEsNEE
LEFEEKR, BT o8 f1 EA WZEL, B8 Mn, Fe TG, RETUE TR

ZBhBR Mo, Fe S, f L &R ETFE— AT BMBESL 4k, HAIAKT Mo,
Fe HUFEAERS R K (FI0E) pH ERIHEI, LR R LA 50

100

REE/X#@E (%)
5 2 =

2o
=

= § 10 pH
B 5 Fe, Mn FFERT REE KFGRIBEHR
1. 5 Smg Fes Mn F7E; I. & Fesr Ma HiE,

5 B, Fe, Mo WOFERIEREIAROLE S (4 D, BEZ.H Feo Mn
FEAENT, B T IF 18K T pH EPE Ko X4 pH = 5.6 I, T Fe, Mn AUIA, AIER T
KIRFEI 13% $REF] 60% Ao

TR 5 A 7 I ) B

EWFNRSREERA AN, AEEROTILAREENRE, B (D) BFERE; (2
Wzt () ERILESHRE,

L. FETROPRER

B EOHI KA 3 Fe, Mn, Cu, Co, Ni HILEBREE, HT KLIEHM
EEESETIHKNEERIER, B2 8 R T mEEGORMEREE LSBT
FENWR. EEERBKSERKKLDRERSER, Fo/Mn thiEREAETIRKBL, L
BRI, Fe/Mn thaf MBS R 72:1 BABER B 14: 16 BATNA, EITTIRE
Bl Fe, Mn #ECRIER, BT HIEKUMERAMSEESE FKY KLhEanEEER
DLSN, A Ge5E £ BHE KBGO R B fE
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2. Fe, Mn S R1OTH

RERHIKMAELR RAFRNFT RO RE, £—BKB R ERNER Fe,
Mn (Fe™™, Mo™) Lbig A Fe, Mo RHEE KT HEE 1, &t Mo (OH), Bl
Mn(OH), BB ERB L. RNAWY IR oH 1 Er (BTSN AL, Eif
BRI RN ZRE Feo Mn REFERNEBNIFAER] pH, Er BHRMRK), DRE /N
Fe, Mn IKE .

HTHERENRARE, RSB TREERER, —BA lug/a - o™, HifiiE
KBTI By Fe, Mo BRI, RELER KIS, Eb, pH 4 L IEH KKK H
TLENEAK pH, Eb S5ZHRMEERK, RMAER T MEEEEEHR LW, KEE
BB AT AT, XEA BRIEAMA R ER RE B Mts, Wit i, XMikT
BHEST EKRIEREETERE K. ERERAET, mR EENFERKENRET
TR BAXFE BRI TIRE R R o

L. ARNESRARKE

MK LD IS HRAS Fe, Mo S&BET(EESIFREE RN, WRYH
RIEBK R BE T BERD, B TREWE R SH# K KOERMME Fe, Mo RER
1, REESE—ENZLEZBIR TR, IMBESRTERERE, HNinEREZRNIRFIR
Mo WK, Fe, Mn MIPIIEWMIRHET M THIKFE, BT MoO, WRRRE C | Cet*
Ak, H Ce™ B GIRE, NTFBEHKTEI Ce ERT. MRINRBAERESH pH &
TREAT, WIAERER Ce XM LW E, I oHABEREER B R PHORB L ES T
B, X AT EEH I Ce MARHEHB o

EAEZRURTNIIED, ZRIAKEEXTNEZATTREBNITE, Eb, pH 765
BERNREEEOE L AMMRERAESH R BATENL T 4 MEARNK, HE
YT Eb 5 pH FHEHB(LE 9o FHIFENBIREBIE R XMPEH AR HE
HEE AG)H RERHEIMEHE AG), B

AG] = ZAGjry — ZAGizum
BT E R AR R AL
— AG,
nF
AR FIREN SR B 5 ERK Z AL R

Er=E + 2Lk

nF

EO

ANH FASERE R, » AR SR REBNRTH, T AL ER, R ABESKEL.
EWRELET, apets ardts ayert BB 1078 mol /1, FREYEIEEE 102 mol /1, 2R3k
IKIREE, WAL L HCO5 A%y, TROEPA N BERIATEL Es-pH R (E 6)o BB
MR, DRSEHHFEMRLE 25°C, 1 MRAENRERT THER, RIEEDEEERN
KIEo

fEVEE SRR, I A — TR BN SN SR 5EM (I Fe(OH);» FeO (OH)
5 Fe0s, Mn(OH)4 5 MnO, H)WReEHEERENUN. HE 6 JLIEL, BRER
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Hd 98770 — 14677 = vd 85T 1677 05¢ FONUN-FODUIN | §D+ v veennn 57 4 PEHE + 25008 + B0 = RO 4 BFODUNE
HY 650°0 — 97870 = 44 92870 €8y 6Cl FOUN-"O U 3 97 + VPHC + EIOUNG = ®QY] + BfOftuNg
HA 81170 — 88" = ¥4 96b° 1 6hL 88T COTN-FODUW @eeeee 57 4+ PPHY + PPS00H7 + BYOUN = B0 + BOOUNE
0647, =Hd 01270 = M31 L6171 = FODUN- 4TI @  ceeeeeneess PIH 4 BEPQDUN = P00 + PRuw

HY ££170 — 86871 = ¥4 b1 ccer 87 O~ 4T @ ceeeeenee o7 + PPHY 4 BN = BO'HS + DTuwg
HA §11°0 — 90¢ "1 = 74 622°1 S FOUIN 14U @ ceerennenannnn 57 + PPH + FOUW = ROz 4 Plupy
HY 65070 — ¥L6°0 = ¥4 60 £56°/81. OUN-TOUI @ coovvnen 37 -~ YEHZ + B'OuUNZ = ®O°H + EQlup
HY gy1°0 — ¢eL°0= ¥4 01670 pS ST Of 100 @ ceeeee 57 4 PIHS + PE00HE + B0 = 407} + EOD0ue
6787L = nd 12170~ = M5 81670 2S00 @  eeeereeies b% S0 + P8 = PFH ++ BGO00

HO 9§70 — STh "1 = 43 6870 809" 741 0541040 @ cveeeen- 97 + PIHS + E'Ofd = ®O'Hp + L4
H4 65070 — LL17°0 = ¥4 1010 b77 bs €Ot - O @ oeeeeen 57 + Pz 4 BO%g = RO 4 B0y
Hd 22170 — 60071 = ¥4 <90 0857921 COtarT-rpod @ eeeeeens 57 4 PFHY 4 BO% = BOTHE + DFedyr
9¢g°1 = Hd $98°¢ = M3 090°2Z— {O L EER| @ revereereens PrHY + BEQWg = BOHS 4 Plog7

04L70 = o8 = ¥4 (AN 002! Y SHEY @ ceeeeenn s b Doq = #PEa

LB A& TN ERY | iy % & 8 & W x

BYMASTNUTNBUFEREGNBBE ¢ %



-

6 EREE: RHEHOR LAMETRMRAF REKR 511

h MnO,, Fe,0, (8 FeO(OH)), Mn,0; K Mn** "fLI[EIRAE pH = 7.32 1 EA = 0.54
V NRE, WHERDEAREERERTRENEITME. ZEBEEEEE DRk WLE
F S KB R ) pH < 7 (N5 TRIEEHRS , ile 5 AN H,O W [H* 1[oH™] = 10719, [
Mk F G BT RN EPr pH B R/NT LREIRME 7.32, WANFITE IR F
KRR B, A BIE IR pH 4924 6.5—8.5, i1 EA M4 0.45—0.65 (JLE
6 HE/NBHA R TEXIR) o

0.8F Mn

0.6

0.4+

0.2

Ehiwv)
<

-0.2¢

MR %Fes0s
e |

~047

-061

-0.8

pH
B ZuET.HpBEEA Eh-pH Eig

V2T \ &

I%E{qjﬁ"jﬁﬁi%% Mn, Fe, Cu, Co, Ni *H REEO Mn, Fe iE%%ﬁT%& (Mﬂ
HA+4 ), (HIRFELEN Mo f1 Mo, REIE Fe'
2. Mn/Fe [WERAVBAIERFE, Mn/Fe [LEE Ni, Cu EEMEX, S5 Ti R

%o
3.EBFTRANE Ba/Sr LhE, MERE T KBRS EMBRBEE EEWRER RSB
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O R IR F] fE o

4. SR RERRL B A PRI R LT R AR, Eu DIRTAM HREAE, Eu LURMECS
P25 ACe FJIEAI 1, AN K , AR BI/NT 0, HP BN Eu T/, SEHEO
FRHE T, X LA LR IR S, T L 57 R EHBYIE R E W (HM 2Ce/2Y HEF
FHIEE K, AR HEF 2 R IR 7 fg .

5. TRV E R K (LR AT B § 1B EEE S B S I B S 1 IO 8 R R 1 18 K
AT EE (R B R ZE) R RE RN SR Feo Mo F&EET, HEEBEIM
M E R LLIEHE KK pH, Eb KK, Feo Mn SRBEENSTIRK, EREHA L
WREATE IR , BRI e K5, 1 T oM, Ek J2 Fe, Mo YARMIEREE, KA pH
4 6.5—7.5, Eh 24 0.45—0.65 V AT , HINA Feo Mn & AZABHITTRE, AR {22
TR A KR

6. 1 Fe, Mn —#f, Cu, Co, Ni LB FHETT R, MR AR IRFEIFER K B #E 5
R 08 , B IR AT RERETR N

2 £ X #™

(1] ERERHH EUR ZHE X—FH. 1982, REABRESRIIRYE LOFRMRLFHT. HRLF
1. 56—65,

[2] ERELHE KBS, 1979, RERFKRAR. BEHRY, 107115 T,

[3] KK, H, 1957, FE(REE, 1959). MR, 189—193 1T,
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GEOCHEMISTRY OF RE AND TRACE ELEMENTS IN
FERROMANGANESE NODULES AND THEIR GENESIS

Wang Xianjue, Chen Yuwei and Wu Mingqing
(Institute of Geochemistry, Academia Sinica, Guiyang)

ABSTRACT

Trace and RE element geochemistry and genesis have been studied with respect to
a few ferromanganese nodules from the sediments of the Pacific, Atlantic and Indian
ocean,

1. Geochemical characteristics of major and trace elements

The essential composition is Mn and Fe in nodules with 17.88—28.64% of H,0.
Besides 3-MnO, and Fe;0;, there are hydrous Mn and Fe oxides such as Mn(OH),,
Fe(OH)s, MnO, - nH,0 and Fe,0,-nH,0 in the nodules.

Fe and Mn are presented in higher valences such as Fe®* and Mn**. The Fe**
was not found by chemical analysis and EPR in ferromanganese nodules, but Mn** was.
These nodules contain by weight 1—2 percent of the oxides of nickel (Ni), copper (Cu)
and cobalt (Co). The Ba/Sr ratio of the nodules is usually over 2. It is considered
that foraminiferas ean not be material source of the nodules, because foraminiferas with
caleite structure contain usually proper Sr but almost no Ba.

2. REE data

The REE contents in nodules are usually greater then 1000 ppm, with XCe/ZY
ranging from 3.29 to 3.96. The REE distribution pattern for nodules demonstrates that
there is no remarkable anomaly for Ce, with ACe — 0.20— +0.48, and AEu<0, and a
distinet negative slope.

3. Genesis

In order to study the geneses of the nodules, an experiment on the seawater-basaltic
glass interaction at 250°C and 500 bars has been conducted. It is considered that ba-
salts widely distributed over the ocean floor are perhaps the main source of Mn, Fe, Co,
Ni and Cu in the nodules.

4. Conclusion

(1) Mn, Fe, Cu, Co, Ni and REE have an important significance in Fe-Mn nodu-
les. Mn and Fe mainly oceur in high valant eation, i.e. Mn in Mn**, a small part of
Mn®* and Mn®*, but no Fe’* in the nodules.

(2) The Mn/Fe ratio in the nodules is of indicative character, as the Mn/Fe ratio
increase, the contents of Cu and Ni increase, but and Ti decrease.

(3) The higher ratio of Ba/Sr in the nodules suggests that their sources do not de-
rive from the carbonaceous bioclast through solution at high pressure below CaCO; com-
pensation depth.

(4) The chondrite-normalized REE distribution pattern of the Fe-Mn nodules ap-
pear to be a characteristics of LREE enrichment. ACe values may be positive or nega-
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tive. AEu values are all negative near zero, which suggests that REE source is in
elose relationship with oceanice erust or upper mantle, but £Ce/ZY ratio with 2.29—
3.96 in the nodules are approximate to those of the continental erust materials. The
facts mentioned above suggest that the REE in the nodules are perhaps of polyeenesis.

(5) Fe and Mn in the nodules are derived prinecipally from volcanic materials,
including sea-floor basalts, and the suitable pH for the formation of Fe-Mn nodules is
about 6.5 to 8.5, Eh is about 0.45 to 0.65V, hased on the geochemical experiments and
thermodynamical caleulation,



