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BAEHREA EHE LEENESHRMER
BRAY RS SBR T Hh 3R 7R 40 08 28 i — Su U i L 1)
nxt BAEHEEHERE ARMLECAMBREHR (Veizer
et al. , 1974,1999; Burke et al. ,1982; DePaolo et
al. , 1985; Hess et al. , 1986; Hodell et al. , 1990,
1994 ; Henderson et al. , 1994) , A Ff A 1, 28 W 42 7%
PE RN R IRG AL S vk K RSB A X
(Shackleton et al. , 1973) ; Wi H7 4 X ¥ ¥ %" Sr/*° Sr
B RE K POA N 5B SRR T X (Raymo et
al. , 1988; Edmond, 1992) . B T f## ¥ Nd R R
WAL B, 0 e xt BRI ¥ N R R EAA
BEREWHERERT#.
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1.1 BRE\EFENIFLRER
AR Nd A EAREEEL 3 T ER

H.ATHERERMLELTH (HE 4987300 MBIRRE.
RS H 8. 2000-09-19 ; B[] H £ :2001-01-05; AL 48« X F
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(1) Wi Fe-Mn JLRYH Nd [F]HL E H 5
(O’ Nions et al. , 1978,1998; Piepgras et al. , 1979;
Goldstein et al. , 1981; Futa et al. , 1988; Amakawa
et al. , 1991; Albarede et al. , 1992; Jones et al.,
1994; Burton et al., 1994,. 1999;, Ling et al.,
1995, 1996, 1997; Albarede et al. , 1998; Reynolds
et al. , 1999; Frank et al. , 1999a, 1999b) : % 7 Fe-
Mn ViR B RAEKEK T RRAEME L LK Fe-
Mn 4558, A R RN K P EHETIEERK, K
Nd R BHRARR T LB KR Nd [FALR AR
Fe-Mn Ui 5 T ib ¥ K BA — B Nd RALRA
B (Albarede et al. , 1992; Jones et al. , 1994; Ling
et al. , 1997), T 5 XA BB IS K Nd FALRA
BT (Jones et al. ,» 1994),EBH T Fe-Mn UL 4
H i Nd R E R A¥KTIER BRBULARY . X
—HEREENEEK Nd R E@ASTT. 1,
YR58 o T 8 A FL B A7 L HLAh Fe-Mn £ )2 #9 Nd [/
B & 41 AR HE W7 M8 K 19 Nd 8] AL K 4 il (Palmer et
al. ,1986;Vance et al. , 1999), Albarede % (1992) 4
% Fe-Mn JII2 1 T 28R A¥ Nd R R AR5
A,

(2) ¥ 7k Nd [ i & & # Wl % : Piepgras %
(1980, 1982, 1987,1988,1992) . Stordal £§ (1986)
HEFBEX TR . BE XA —LHRAEH#HTTX
75 T B BF 5% (Bertram et al. , 1993; Jeandel, 1993;

Ve H4r BB TC, 55,1060 4R 4, . BUABIR A HBIRBER ERAZAESBRT KR IHFAEREAERENE, ANFRMLK

IR T T RO AT .l IRMAE 210093, B R R EBRBLER .
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Jeandel et al. , 1995; Shimizu et al. , 1994) , X 58F
RERBIE T HM O EWHERE, I HE—-DBR
BEGE T RAR. XK EE R E Nd R R H AR
BRE, EREZME/AK Nd FMREAREHB K,
1000 m PATF ¥k Nd [FI4% 2K 4 5 i 83 € (Piepgras
etal., 1988; B 1), REW/K Nd FURAREE
32 R 2k 014 50 9] 5 A B 5 TR ER ¥ K Nd R AL R 4
BARFBREAZGH Nd [ R AR

(3) MW Nd & B Nd [ E H B K&
T B, A8 BB & K Nd R4 R F 3 4 AR (Gold-
stein et al. , 1984, 1987) : K% exna= —2.9, K
Hoena= —12. 6, T ea= —8.7,

EREMFTERBHER B, RFEER
W KEABESMBHRE Nd FAR (eva =
— 40), REHRABE K BEA RIKK B BE Nd
FPLE (ena= —134), BIEFIRE K B Nd B £L
EABRN TREFFEMREHEZE (eva= —9E1). X
MRBEENEFESRERAERBX A Nd FAzR
HE—B A VPERABEZERKILE, BEHHBRE
Nd R 8 KEFEFHZRICKXKTEFERAES G EH
B, B st A Nd [ & _

1.2 ¥ Nd B RAMMERHEE

0 A Nd R R H A R . Nd Kk
T8 B e [F)A & 4H B s Nd 72 9% ¥ i 77 B8 B ) s Nd
EFEFERN YT BEH.

1.2.1 BAKRB\HFEP NdWRERERECEREAR

(1) 77T 3 2 o 9 N - AR 8 5 3 S0 o ) i
N Nd # & BAEHE 54 R BEA G 0% Nd
N 1.7X10° g/a (Korzun, 1978), 7 O ¥ , — &8
53 W5 % Nd BB B BURL T UL VE , BB Bk 8 4 SE bRtk A
KEWEM Nd 5 5.1X10° g/a (Goldstein et al. ,
1987). 1 FHKF& iR REIER BB b A ot
AW EE, T & —3 0 Nd %8 B Sk A
7K, B Goldstein % (1987) 4554 , 48 4F iy W] 3% fF
B B BB B SR H#EA KA Nd 2 7.2 X 10°
g/a, B X457 E A 09 JBURL R B SR A9 Nd 2R
2.5X10°g/a. MAKRFHEZAFH exa= —10. 1~
+1L9,FH -2 MAREEZARE ea=
—10.0~—17. 9, F¥—12. 6; AN FEHZ WM H K
ena= —3.0~—10.0, ¥ —8.7,

(2) P 1728 FRIROR TR 19 Nd 4R 38 X B 3 ol A
R B B B B 5% (Piepgras et al. , 1985) L K& Tl i .
e Nd AR WERITHE , B ERBORTRA Nd X
0.2X10°~0.4 X 10° g/a, RN & i i 2% i ¥7 Nd #

4% . W (21° N RRFEEFEFH)RIEL Nd B9 e
=-+2~+8, ¥¥+5.2,

e AT O, 7 R Bk R R Nd ZEVE R S 4 X E
S Hu {3 , Goldstein %5 (1987) AR 4% H 7 3 2l Wi 1) W
B Nd f& B Nd [ AL 4 BRALE 8 Nd [z
EZHBROKREE ea= —2.9, KFAHE ea= —12. 6,
ENEEVE ena= —8.7), 5L Nd R RARZ
T ORF2E ena= —2. 86, KFGHE ena= —11. 8,6
B au= —8.6DHYE.

1.2.2 Nd EigFhHFRRE

E—-nREBFEPHFENE, PR ZTRHE
A VG R B B IGVE P UITE iR FR & G B mt [a] . 3
FEBHE R XBRSHITERE, HFEME (DR
BEPZTRLRSHAEEGNEESHT
E 3R M i (dA/de) BT .

t=A/(dA/dt)

AT Nd K77 B EFE 425 1500~1800 a
(Jeandel, 1993; Jeandel et al. , 1995), }t Sr HIFE R
B [8] (2 Ma,Broecker et al. , 1982) & B £, M5
X, 18 7K 38 i — & W9 B 8] (10° a, Broecker, 1991) 48
VT, Nd #7788 i [E] A T BB Nd ZE 23R P IA
YRGBT M#E Nd ER—MEETHENEEY
SXMELSRERE NI FAALRARRFES & B
JABE IR X —BEE . T Sr #9778 B (8T i 48 i
WKW — BB E , BT LA Sr ZE 2 BRI FHE P X B
WY TREG AMARLREFRFEETI—K
Sr [A L & A MR (V'Sr/*Sr=0. 70915+5),

1.2.3 NdBEFRIIH

BT Nd 2% 7 P i 77 B B E] b, R
FRAKET BEEARE N Nd FARAR. XRER
AT A A Nd R 3R 4 BRUR BRI W sh 15 6L . Bl
KPFHREFE K evalE— N — 3~ —4, TR IR
Fe-Mn ViYW BI X R, H B 246, K FHETH
FE—% el —8~—5 WIEKH, EHG KT
FIRE, A ERIK R (AABW, enax~ —8.5)FA

B2, X BUAR % ¥ Fe-Mn UL R ) F1 8 7K 34T
Nd R BB R RAE 70 FRFK.80 ERFME L FF
4, (O’ Nions et al. , 1978; Piepgras et al. , 1979,
1980; Goldstein et al. , 1981), HRTX BALH# Nd
A RERE A B A # AR,

2 ¥ Nd FALREL

2.1 ¥ Nd RRBUHTHE BT H®
Xt ¥ Nd [R5 38 4k 89 B 53 3% L 98 ¥ Sr ]
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PR E D (Keto et al. , 1988; Martin et al. ,
1995; Yang et al. , 1997), X H TR LB EMRHF
R Nd FA R EARES, BN EEhF
VIR — Bk BREE A Nd & B KK, A RE&1E Nd
R EWNE., ARk a. a8 . FRH%E
(Staudigel, 1985, 1986; Whittaker et al. , 1993;
Martin et al. , 2000). % # (Hooker et al. , 1981;
Stille et al. , 1989) A L Ht & H 4 i 2.5 (Palmer et
al. ,1986; Vance et al. , 1999) % 3£t M # J& [ 2 |
KK Nd RIS ZRAR . Hie5 8B4 B AEHEK
Nd R R BEAH T HRERAR.

iR, AREBERTRELERKK Fe-Mn 4
FRAERKTEATEH A TEFEEFREH N
&8, Nd >k B 25 EEK, B R Fe-Mn 45
TARAAUBKEFEREE N FAREADE.
Burton % (1994), Ling & (1995, 1996, 1997) & 5t
Xt H K F ¥ Fe-Mn 555 #£47 T Nd 7] £ R 3 A B
3%, 8k T % 36 K P8 ¥ . V5 5 BT ¥ Fe-Mn 45523
17 T BF 5% (Burton et al. , 1997; O’ Nions et al.,
1998; Albarede et al. , 1998; Abouchami et al.,
1999; Reynolds et al. , 1999; Frank et al. , 1999a,
1999b) , B T % 7 4 AR FE Nd 6 R By T
EZAETKENIE. W BEZ . Z4%K, % Fe-
Mn £7%FF R T Z#FE AR BT S (Pb.Be . U-Th.Hi,
Os, Christensen et al. , 1997; Peucker-Ehrenbrink
et al. , 1998; von Blanckenburg, 1999; Henderson
et al., 1999; Lee et al., 1999; Burton et al.,
1999),BAR T HFEZHEHEMEMITEAER, X8
H T AR, X B AR,
2.2 FHAERBENIARERULRABX

AT FT IR, MK B Nd R XA RZEHEREE
o YR X 6 2 B BT o 5 RO L Y8 OK N R R
B AL T BF 5T 18 P 3 s AR 2 B AR A L o R OX AR
BEHTAEENE L. Bk, K8 HEEEH Nd [/
AL, 5 A T RE1B R I P IR AR K B AR AR ok
BEXEERTE.

Ingram % (1990) ., VonderHaar % (1995) & ik
Bl ¥ Sr/%Sr %f Fe-Mn 455 ¥ 47 & 48, H B H B
3, Ling % (1997) .Burton & (1997)#1 O’ Nions %
(1998) X B [ AR A - 7 oIt K 7 4 0 7 i B R R Y
Fe-Mn 45554 #6477 #16 Nd.Pb R R 24, 3
2E£19Be /*Be 52 4F (Belshaw et al. , 1995),3R18 T X
B X % /> 20 Ma A3k Nd.Pb R R BT L .

(1) Fe-Mn £FHAREKKEN Nd FLRE

BE A KA ER —F(E 1),iESE Fe-Mn 4555
Nd R R B8 KULEE.

KE  (km)

B1 R FPERRFKEFe-Mn 572 2EM Nd R %
HR 5 R — X ¥EK Nd [ 3 4R 8 R
Fig. 1

growing surfaces of ferromanganese crusts dredged from

Comparison between Nd isotope compositions of

different water depths in the north Pacific and Nd isotope
compositions of water profiles in the same area
B —# Ling et al. , 1997;],O—#% Piepgras et al. , 1988
M —After Ling et al. , 1997;[] and O—after
Piepgras et al. , 1988

2) WA= KREN N ANERBEEREH
(BIRTP- enafEL B » KVPEHE enaEBAR, EDBEFE ena
ﬁﬁ?iﬁ?ﬁ%ﬂkﬁﬁZlﬂ)\u&K?% Nd [E 4L
ZHBBEKEBLHDBEESEH EREK e BB
BK enefHAE) EERR T 20 Ma DA (F 2a), 8 20
Ma UK, R EERRETESHERASFEK
R EA BN KR EREX A= KRN N
R E A R & FP IR X A LBl R R BA REMR A
B LR

(3) 20 Ma L3k H K # Pb Rl % 4R 8
a2 (E 2b), i1 F Pb 7E M % 72 B A )R 48 (<
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100 a, Schaule et al. , 1981) , & ¥ 3 % F ¥ K K
Xt ¥ 7K Pb [A £z & 895 W A K (Chen et al. , 19863
Abouchami et al. , 1995),#F7k Pb L& R8T H
4R 3 b Y8 X /9 4% 4E (Chow et al., 1959, 1962;
Schaule et al. , 1981; Frank et al. , 1998) , f K%
% E 19 Pb [ AL 4 B3 B H A Bl IR X 20 Ma L
WA RAW B R, B, RFE Nd R R
R BA L B 12 Ma FF iR e [EA B F 5

é\d

(2)
T a0

20 30

F 8’ Ma)

10

25pp*ph

F 3 Ma At enaf T+ E 5 B HE A MR KX ZLH
e R Finsh AR E s, BEDWK A 12 Ma
BB AER A, E 3 Ma 524 KM (van Andel et
al. , 1975) , ZR ¥t PR A0 55 Jo VBT T K G e R P
Z A KRB, H L2 & D8 REA K
PERK e AR R TE R K ZHR D ML L, ST
ERARFEEK eEFA B BEEL.

(4)FE 3~5 Ma LART, JLRFEH K Nd RALRA

18.8 | {
18.7 + o 0—0, ]
[ .. \ /O\//
M
186 | -
I 2¢
185 (b) -

20
F % Ma)

1
10 40

B 2 JtRKFHERRAR Fe-Mn 45758 Nd [ 3 41 BT 8] 89 38 1 () AL K3 R K3
Fe-Mn %55 #) Pb Rl % 45 5 Bl A [ 49 38 4k (b)

Fig. 2 Evolution of Nd isotope compositions of ferromanganese crusts from different water depths in the North Pacific (a)

and evolution of Pb isotope compositions of ferromanganese crusts from different water depths in the North Pacific (b)
Fe-Mn %2 KK : B—D11-1, 1.8 km; @—CD29-2, 2.3 km; O—VA13/2, 4.8 km; 20 K4 #7{#3 (& Ling et al. , 1997)
Sample numbers and water depths: ll—D11-1, 1. 8 km; @—CD29-2, 2.3 km;(O—VA13/2, 4.8 km; analysis error in 26
(after Ling et al. , 1997)

BB RBEE (ea=—1) M 3~5 Ma FIRZE 4, 4L K
TG 3 0 P R PR Y ena (LR B B PRI (B 32) , IXBTIA
HREFEBILKRFEERE R Nd RALR B2 HHIM 3
Ma DLk % #7358 , 7 B o VW A SR AR IR
HEA BB R EEMEER ., LRTEHETRER M E AL
RfFESHWHAR 5K B Labrador # (ena = — 26,
Stordal et al. , 1986) B TXEAA 3%, B Tk B %ig
35 A BB i ) ) B 38, B Al TR0 L K R
RN X —EENFRESEEDE0 o HER,
7E B & Mg QP LLAT, IR E W RF B KZE
EOWRREBRERAKREE HIE T KAERES
AKTFRUAERAEKRBEERER . BLRREERS:
RRRECEDFRXHALEAFHRELY . g
HAMERN[BEEAFEEE W, B3R
PIWT T AR E S M R, KIS FEREER, k8

FEHHEMBREEZHEREM T R X HEER
B, AW A RAEIRE RiKkE. R, EZM#E#RE
B K £ B N R U, AT b K 78 HE g W AE LA
B,

(5) BRI KZHHFRE NN EREHETS/
CSIMREMKFERESNBEREAZMBYER.
B 20 Ma LI3E, B S H0HE RE F i ok 4 B 0 B 3R
H——EPEEVE, L Nd R RAREE BB HEL
(B 3b), A iEit , B Dho Fk iy R T i i o Bp B v
Nd FfZHARBRAEHBHEWH., XRVLEGE
Nd BfiEE St A RZEAFEERNRHEX
R REWMAXRTHAEREE ST AMNENERERF
BIE. XFEE Nd.Sr A RARELABEE U
R B T hr FE B RE T 0 Xt B BE P Nd R R 4 R B
FHBEHNEEATES —EHE.
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Fig. 3 Evolution of Nd isotope compositions of ferromanganese crusts from the North Atlantic (a) and

evolution of Nd isotope compositions of ferromanganese crusts from the Southwest India (b)
(a) :[[]—ALV539; M—BM1969. 05520 H 4 #7iR2; (b) :[1—SS-663; M—109D-C(3% Burton et al. , 1997; O’ Nions et al. , 1998)
(a) ;[ J—ALV539; BM—BM1969. 05; analysis error in 26; (b):[[]—SS-663; M—109D-C (after Burton et al. , 1997; O’ Nions et al. , 1998)
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Evolution of Oceanic Nd Isotopic Composition in the Cenozoic

and Its Environmental Significance

LING Hongfei”, JIANG Shaoyong”, Ni Pei”, ZHANG ZhiYuan”, ZHOU Huaiyang”
1) State Key Laboratory for Mineral Deposits Research and Department of Earth Sciences,

Nanjing University, Nanjing, 210093

2) Second Institute of Oceanography, State Oceanic Administration, Hangzhou, 310012

Abstract

Recent achievements in obtaining information of the evolution of oceanic Nd isotopic composition in the

Cenozoic and its environmental significance are summarized. Variations in the circulation between the Pacific

and Atlantic and in Nd isotopic composition corresponded to the closing of the Panama seaway 5~3 Ma ago.

However, the cause for the little variation in Nd isotopic compositon in the Indian Ocean in the same period is

not clear and needs further work to reveal.

Key words: evolution; Nd isotopic composition; paleoceanography; enozoic
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