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H 5318 X F Ce SR UL, Br— ¥ & (Dy85-3C6) ,6 Ce
=1.04 #A FBFECe REN  HUURESHEH
197 Ce 5% ,6 CeZE{L7EO. 62 ~ 0. 972 ] , F-HIME
4 0. 85, T Dy85-3A % # F1 o & ¥ 4~ £ & (Dy85-
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Table 1 Usual element contents (%) of ferromanganeses nodules from the southern C-C zone, eastern Pacific Ocean

S (B4 K,ONa;O SiO; |Al0sMgO|Ca0O| Fe | Mn % Co|Ni|[Cu| Pb | Zn [P;O5|TiO;| Ba | As | Sr Zr | Mo
5763F1(5763(1. 18(3. 16|15. 80|5. 24|3. 95|2. 58(5. 86| 29. 19 4. 980. 22[1. 49(1. 30{0. 037| 0. 12 | 0. 46 | 0. 62 | 0. 20 |0. 0060. 057(0. 026{0. 052
5773F1(5773|1. 123. 10|16. 27|5. 38|4. 08|2. 76|5. 54|29. 55 |5. 33|0. 191. 43|1. 40[0. 034| 0. 12 | 0. 46 | 0. 58 | 0. 20 [0. 0070. 059/0. 025/0. 053
5781F1|5781|1. 23/3. 18|16. 91|5. 59(3. 80|2. 68|4. 82{30. 09|6. 24{0. 161. 42(1. 470. 029| 0. 14 | 0. 48 | 0. 52 | 0. 21 |0. 006/0. 057[0. 021/0. 056

B HEGHELRERTFISHERARRHTEE.
R2 FRAEXECCRHELEUBLITERE(X107
Table 2 REE concentrations (X 107°) of ferromaganeses nodules from the southern C-C zone, eastern Pacific Ocean
T =T La |Ce | Pr [Nd [Sm |Eu |Gd | Tb | Dy | Ho | Er [ Tm | Yb | Lu |2REE|68 Ce |8 Eu
Dy85-3A4 | ZBBIMELERAL60% [68. 8] 107 (19. 8/91. 8(20. 5(5. 12|21. 0{3. 33(18. 7|3. 74(9. 54|1. 34|8. 92{1. 21| 380. 8{0. 62|1. 16
Dy85-3A5| ZBHFHKM LR H80% [47.7(93. 8(14.9|71. 0|17. 1|4. 23|17. 2|2. 78|15. 6/3. 06|7. 80|1. 07|7. 26(1. 01| 304. 5{0. 75|1. 16
Dy85-3A6 | ZBMNTWHERA H60% |71. 6] 163 |21. 6] 100 |22. 35. 58|23 3|3. 79|20. 3|4. 08|10. 3|1. 42|9. 56/1. 32|458. 2{0. 89|1. 14
Dy85-3B4 B RE R E60% 109 | 219 [28. 9| 137 |30. 2|7. 30|29. 94. 45|25. 9{5. 02{13. 3{1. 81{13. 1{1. 85|626. 7 |0. 82|1. 14
Dy85-3B5 | PHE, #i-FA4L80%  |74.8| 153 [21.1| 100 [22. 9|5. 66{23. 2|3. 73{21. 3|4. 24[10. 9/1. 58|10. 5|1. 45| 454. 4]0. 82[1. 15
Dy85-3B6 B BERAL60% (824|189 |23. 6/ 111 |25. 2|6. 28|25. 5|4. 18(23. 4|4. 62|11. 9|1. 65)|11. 4]1. 55/521. 7[0. 91|1. 16
Dy85-3C4 BERL BB 580% 64.5| 153 [19. 5[91. 6{20. 7[5. 15(20. 7|3. 45|19. 4|3. 86|9. 67|1. 34|9. 26 1. 20|423. 3/0. 92|1. 17
Dy85-3C5 | "¥8, ¥iHRAE50%  |48.6( 106 |15.1{73. 8|17. 5|4. 37[17. 1|2. 80|15. 6{3. 01(7. 72|1. 06]7. 18|0. 96|320. 80. 82(1. 18
Dy85-3C6 B BERAE60% 60. 4| 162 |18. 3|85. 4(20. 6|5. 14|21. 4|3. 41(19. 6|3. 85[10. 0]1. 41|9. 60{1. 32(422. 4|1. 04|1. 15
Dy85-3D4 R BERAE70% 106 | 214 [28. 8| 131 (29. 7|7. 36/29. 8|4. 88|28. 0|5. 48(14. 4|1. 99{13. 5/1. 78| 616. 7|0. 83|1. 16
Dy85-3D5 HE, MERAL80%  [61.9| 131 |18.0(87. 4(20. 2|4. 94(20. 6{3. 38{18. 7|3. 72|9. 84|1. 34|9. 03|1. 24|391. 3[0. 82|1. 13
Dy85-3D6 | h#¥8, SkERAGE70%  |94. 2| 226 |26. 2| 123 |28. 4|7. 08|29. 6|4. 76|26. 85. 30|13. 7|1. 93|12. 9|1. 78|601. 7]0. 97|1. 14
E: RO ELRERT SWERTHRFTUE, FER ICP.RFRFINFATRNE, WENHNT IR, B Nd.Gd . Ho 1 Tm H+

0.5%5M RARW AL 2% ~+3%.
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Fig. 1 Triangle genesis diagram of ferromanganeses
nodules from the southern C-C zone,

eastern Pacific Ocean
(the division of genesis is besed on Xu Dongyu et al. ,1994)
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(a)— Hydrogenous growth; (b)— early diagenetic growth;

(c)— hydrothermal activity
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Fig. 2 REE distribution pattern of ferromaganeses
nodules from southern C-C zone,
eastern Pacific Ocean

(normalized to average of north American shales)
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AR, XBRESRARENAR. B E.JL, 4
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fE .

2 Ce.Nd R &
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H (GLARE W D) R 7, a5 a3 LR B4 A
B AR RIS AR R BT & L, A
B4 PAKE R G 8« .Ce . Nd R Ho{E & La.Ce.
Sm fINd N TEESBHNBMBENELRII TR
3.La-Ce i Sm-Nd % L BB FFH EEEEF
Q99O RO kAL Q9D EA M. AR A
F,Ce AR ERER—LRESH—H MAT261
B 3t b 58 B FE BB I R S I E R, SE 9 2 Ce
IR EHRRE IMC304 CeO,171K , ¥ Ce/ *Celti A L 7E
0.0225718 ~ 0.0225846Z & , ¥ {H0. 0225771+
0. 0000020(20) , R3HFF M HEFH KM ZAHLEDHRE
JMC304 CeO,%r #E{E 0. 0225762 (Makishima et al. ,
1987)fE TAZIE . 6 3K M <& Nd [Fl Sz E 454 La Jolla
Nd,O,, H *Nd/**Nd § ¥ ¥ {8 & 0.511854 =+
0. 000011 (20) (£3).,

A2 B B IR AR IE R e (00 M
ena(0) EB<<0, 4 HHF—1.9 ~ —0.8 FI—4.6 ~
—1.4, B ecconi B EARTFEIRRB B, 5
Tanaka % (1986)F Amakawa 28 (1991) %8 4> HliRiE
E R AR TFEPE. AFANEREHXWEER
fEHA—F . T X, i #E Amakawa 45 (1991) ¥
BLEBERE T KR . EFWENECXES
BREBHMNEER, EMNBHAERENRR, K
£ (0) >0 exa (0)<CO0, BN FIAL E B 2R AL th i, &
AHEERE KR EX MK FEEEN . (0)
<0,E—BEEBRHNE,Ce RETERTHBE, B
BT ena(0)<<0, 3R K EH B K BEFER IR, K
¥4 Nd Bk B K. £—PMRERS,Ce f
Nd Z B HE T AP A2 X Fh B R W 78 S 4B
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Table 3 Ce,Nd isotopic data of ferromaganeses nodules from southern C-C zone, eastern Pacific Ocaen
W (X107°) 138 138 147 143

e o eaan me e | metze | c® |mem | NSt | e | 0Ce
Dy85-3A1| 95.53 | 153.9 | 24.17 | 101.4 [0.00507|0.02257044+43| --0.8 |0.1442| 0.512416+6 —4.3 0.71
Dy85-3A2| 71.64 | 127.7 | 20.43 | 81.81 |0.00459|0.0225694+18} —1.2 [0.1511 0.512567+7 —1.4 0.76
Dy85-3A3| 117.5 | 289.7 | 32.29 | 129.2 |0.00331|0.0225687+18| —1.6 [0.1512| 0.512402+38 —4.6 1. 07
Dy85-3B1 | 138.1 327.2 | 35.72 | 146.6 |0.00345|0.0225686+24| —1.6 |[0.1474|0.512422+10 —4.2 1. 04
Dy85-3B2 | 143.4 | 173.1 24.93 | 102.0 |0.00677|0.0225682+12f —1.8 |[0.1479| 0.512490+6 —2.9 0.61
Dy85-3B3 | 96.00 | 204.9 | 27.52 | 107.7 |0.00383|0.02256784+61| —1.9 |0.1545] 0.512464+17 —3. 4 0. 92
Dy85-3C1| 106.3 | 222.9 | 29.21 118.1 |0.00390|0. 022570230} —0.9 |[0.1497| 0.512428+38 —4.1 0. 90
Dy85-3C2 | 82.85 179.5 | 24.65 | 96.77 |0.00377|0.0225681+12| —1.8 |[0.1541| 0.512403+13 —4.6 0.92
Dy85-3C3 | 110.2 | 263.4 | 31.31 122.7 |0.00342]| 0. 0225689+38 —1.5 |0.1544] 0.51244348 —3.8 1.03
Dy85-3D1 | 104.5 181.2 | 27.63 | 115.2 |0.00471| 0. 022568143 —1.8 |0.1451| 0.512451+8 —3.6 0.75
Dy85-3D2 | 77.20 | 129.4 | 21.78 | 89.37 [0.00488|0.02256914+21| —1.4 |0.1475| 0.512431+6 —4.0 0.71
Dy85-3D3| 79.18 | 206.6 | 24.98 | 100.8 [0.00313]| 0.0225701+3 —0.9 |0.1499] 0.512423%6 —4.2 1. 06
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A ENTB4S Ce Nd [FL R 4 BAFE 2 5 ec. (00>0
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Ce 7EM K B9 /5 B B M {LFH 40~80 a £4, th Nd
#9180~ 270 a B &) B 45 (Goldbeg, 1963) , IF X
JRE MK ) Ce, MXFF Nd K388 & 5%
ULV ,Ce—Nd [H] 4 i 3R 4318 (B R 72 KR %I 1%
X, THME Ce WIERHEM, BEX MR ALVIRE
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Ce—Nd H W BEAHLHEIR, ZHIEE XK
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Fig. 3 ec.-&ns diagram of ferromaganeses nodules from
southern C-C zone, eastern Pacific Ocean, together
with the data reported by Tanaka et al. (1986)
and Amakawa et al. (1991)

O—XF# (&30 ; @— K F ¥ (3 Amakawa et al. , 1991);
+—X¥# (4& Tanaka et al. ,1986) ; A—K ¥ # (#F Amakawa
et al., 1991); A— 3T K%, B 89 B B (3% Amakawa et al. ,
1991) ;[ 1—BE# 3 ¥# (Amakawa et al. , 1991)
(O—Pacific Ocean (this paper) ; @—Pacific Ocean (data from A-
makawa et al. , 1991); +—Pacific Ocean (data from Tanaka et
al. , 1986); A—Atlantic Ocean (data from Amakawa et al.,
1991); A—Baltic Sea and Gulf of Bohtnia (## Amakawa et al. ,
1991) ;[ ]—Barents Seas($#% Amakawa et al. , 1991)
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REE and Ce, Nd Isotopic Characteristics of the Ferromanganese Nodules

from the Chinese Pioneer Area in Eastern Pacific Ocean

LI Zhichang”, CUI Ruyong?®, LIU Wengui”
1) Yichang Institute of Geology and Mineral Resources, MLR, Yichang, Hubei Province, 443003
2) Institute of Marine Geology, MLR, Qingdao, Shandong Province, 266071

Abstract

Four ferromanganese nodules were selected from the southern Chinese Pioneer area (C-C zone), Eastern
Pacific Ocean (7. 7633°~8. 6866°N,143. 875°~146. 937°W ). Each of the four nodules was split into three

portions — the core, the intermediate part and the outer part, bounded on the easily-stripped structure and the

concentrated ferromanganese laminae of the nodules. Totally 12 samples were measured for the isotopic compo-

sitions of Ce and Nd, and the REE concentrations. In addition, 3 whole nodule samples selected from the same

station were measured for concentrations of the major and trace elements. The measured results of the concen-

tration of the major and trace elements demonstrat that the ferromanganese nodules studied belong to the early

diagenetic type. The REE patterns show a feature that is different from previous reports (Amakawa et al. ,

1991; Xu Dongyu et al. , 1994) ; all the samples collected from a wide region have weak negative Ce anomalies,

with average 6 Ce=0. 85, except one which shows almost no Ce anomaly (6 Ce=1. 04). It is more important
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that both ec, and ey values from all the 12 samples measured are negative, and the ey values are higher than
those from other oceans (Piepgars et al. , 1979; Amakawa et al. , 1991), ranging from —0.8 to —1. 9 and —
1. 4 to —4. 6 respectively. They all are located in the I quadrant on the ec.-&ng coordinates diagram. According
to these characteristics, combined with the ocean-floor geological environment, it might be suggested that the
ore-forming materials derived directly or indirectly from the oceanic depleted mantle are dominant in the ferro-
manganese nodules of the Pacific Ocean. The obvious variations in the Ce and Nd compositions and the intensity
of Ce anomalies (Jc. values) among the various lamella within the nodules (for example Dy85-3A and 3B)
might indicate that a greater change had taken place for the sources of the ore-forming material during the
whole formation process of the nodules, and strong activity of mantle-derived components had occurred in the

formation of the nodules.

Key words: ferromanganese; Ce, Nd isotopes; REE; Pacific Ocean; C-C zone
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