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Mesozoic-Cenozoic Mafic Magmatism in Western Shandong Province and
Its Implication for the Chemical Evolution of the Mantle

QIU Jian-sheng, HU Jian, JIANG Shao-yong, WANG Ru-cheng, XU Xi-sheng
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Abstract; Mafic igneous rock, a widely distributed and typical mantle-derived rock, has become a major research source for
revealing possible mechanisms for the chemical evolution of the mantle. Combined geological and geochemical studies have
been carried out on the Mesozoic and Cenozoic mafic igneous rocks in western Shandong Province, determining the elemental
and isotopic compositions of typical samples. Generally, the Mesozoic mafic igneous rocks have enriched LREE and LILE
concentrations, low HFSE abundance, and display highly variable Is, ratios (0. 703 96—0. 712 47) and distinctly negative
ena (2) values (—9. 20 to —21. 21). Compared to the north of western Shandong Province, the Mesozoic mafic rocks in the
south have higher total REE contents (2 REE = 325, 52 X 107® — 555, 75 X 107%), higher LREE/HREE ratios
(17.75—25.97), and higher LILE/HFSE ratios (e. g., La/Nb=6, 37—13. 85, Th/Nb=0, 52—1. 53). They also have
more radiogenic Sr isotopic compositions, with Is, values of 0. 708 44—0, 712 47 and 0. 703 96—0. 705 98, respectively. Inte-
grated elemental and isotopic tracing suggest that the Mesozoic mantle of western Shandong Province is generally character-
ized by the EM [ component, which was probably formed by large-scale lithospheric delamination, whereas the mantle
source in the south part has been superimposed by the influence of the deep subducted Yangtze continental materials, and

thus displays the mixed features of EM | and EMI components. The geochemical characteristics of the Cenozoic basalts are
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similar to those of the oceanic basalts. It is likely that the rocks were derived from a depleted asthenosphere source but un-
derwent metasomatism shortly before partial melting. From the Mesozoic to the Cenozoic, the nature of the mantle beneath
the North China craton evolved from an enriched one to a depleted one. This chemical evolution most likely resulted from an

asthenosphere upwelling, which was induced by large-scale lithospheric delamination and thus replaced the original lithos-

pheric mantle with a newly created one,

Key words: mafic igneous rock; geochemistry; source tracing; mantle chemical evolution; western Shandong Province.
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Fig. 1 Sketch map showing the distribution of the Mesozo-
ic and Cenozoic mafic igneous rocks in western
Shandong Province
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Table 1 Major, trace element contents and Sr-Nd isotopic compositions of the typical mafic igneous rocks in western Shan-

dong Province

B HAER HAEAR
i) i B — B & T g il
At MM ZRE BRE BMXRE  BEZRE ZRMEE HEXRE HRERE
=227 B—1 B—4 B—5 B—7 B—9 FC—-2 FC—~5 MY—1 MY-6 M-—2 IN-—1
Si0; 44,01 47. 60 46. 05 42.53 46. 05 47.24 47,75 53.54 54.40 50. 69 47.04
TiO; 2.49 1. 83 1.79 2.68 2.16 1.11 1.13 1. 26 0.91 1.09 0.43
AL O3 13.52 15. 25 13.01 12.75 13. 87 13.00 13.91 16.84 15.48 14. 99 8.09
Fe; O3 * 13.71 12. 27 13. 19 13.98 13.14 9. 47 9.53 7.21 7.17 8.11 16. 09
MnO 0.18 0.16 0.17 0. 20 0.16 0.14 0.14 0.08 0.12 0.12 0.25
MgQO 10. 23 8.82 12.17 10. 70 10.79 10.78  10.66 3.71 5.37 6. 35 17.78
CaO 9.10 8.89 8.29 9. 81 9.14 9.38 9. 46 6.31 7.38 7.76 10. 59
Naz O 3.42 2. 69 2.37 3.99 2.03 3.12 3.14 3.98 3.35 3.08 1.04
K0 2.19 1.31 1.31 1. 88 1. 42 1.13 1. 06 3.09 2.90 3.17 0.32
P20s 0.70 0.40 0.38 0. 86 0. 39 0.81 0. 87 0.73 0.50 0.85 0.05
LOI 1. 24 2.29 2.23 1. 88 2.25 3.41 3.21 3.77 2.58 3.67 -
Total 100.79 101.51 100.96  101.26 101. 40 99.59 100.86 100.52 100.16 99. 88 101. 68
ALK 5.61 4. 00 3.68 5.87 3.45 4,25 4.20 7.07 6.25 6. 25 1. 36
Mg* 0. 60 0.59 0.65 0. 60 0. 62 0. 69 0. 69 0.51 0. 60 0. 61 0. 69
La 37.88 21.17 21.15 51.46 22.29 124.36 124.98 101.30 78.78 117. 94 4. 45
Ce 79. 80 46. 42 47.26 103.18 48. 81 248.80 250.96 177.20 142.30 231.74 11. 40
Pr 8.76 5. 40 5.45 11. 21 5. 54 28.62 28.86 20.58 17.48 27.06 1.58
Nd 36.01 23.28 22.79 44. 68 23.88 108.45 108.15 71.84 61.68 102. 40 7.98
Sm 7.03 4. 80 4,82 7.89 4. 98 14.89  15.27 9.94 9.02 14. 14 2.16
Eu 2.26 1.73 1. 64 2.65 1.79 3.89 3.79 2.41 2.10 3. 66 0. 66
Gd 6.59 4. 68 4. 64 7.44 4. 94 11.45 11.57 6. 54 5. 87 10. 68 2.12
Tb 0.92 0. 69 0.70 1. 03 0.75 1.24 1.23 0.79 0.74 1.16 0.34
Dy 4.68 3. 66 3.65 5.11 3.84 5. 77 5. 70 3.69 3.53 5.24 1.90
Ho 0.78 0.63 0. 66 0.81 0. 67 0. 84 0.83 0.70 0. 69 0.78 0.38
Er 1.97 1. 69 1.75 2.12 1.77 2.23 2.27 1. 49 1.58 2.16 1.00
Tm 0.24 0.22 0.23 0. 25 0.23 0.28 0.28 0.22 0.21 0.28 0.15
Yb 1.42 1. 30 1.35 1.34 1.33 1.79 1. 69 1.16 1. 31 1.61 0. 88
Lu 0. 20 0.19 0.20 0. 20 0.19 0. 26 0.26 0.17 0. 20 0.24 0.15
2REE 188.55 115,86  116.27  239.36 121. 00 552.87 555.85 398.03 325.52 519. 10 35.14
LR/HR 10. 22 7.87 7.82 12. 08 7.82 22,17 22.32  25.97 21.99 22.43 4.08
(La/Yb)n 18. 02 10. 94 10. 57 25.83 11. 30 46.78 49.78 58.88  40.54 49. 27 3.40
(La/Sm)n 3.39 2.77 2.76 4.10 2.82 5.25 5.15 6. 41 5. 49 5.24 1.30
(Gd/Yb)n 3.76 2.89 2.78 4. 47 3.00 5.16 5.51 4.55 3.62 5. 34 1. 94
SEu 1.00 1.10 1.04 1. 04 1. 09 0. 88 0. 84 0. 86 . 83 0. 88 0.93
Rb 21.48 12.76 11.12 32.72 17. 33 14.68 14.12 61.70 57.90 68. 32 6.17
Sr 799 585 518 880 720 1374 1408 1436 1096 4482 230
Ba 286 319 248 414 949 1525 1554 1191 1438 2597 145
U 1.32 57 0. 65 1. 62 53 1.73 1.75 1. 60 2.10 2.11 0.13
Th 4. 68 .15 2.33 6. 28 78 12.00 11.83 8. 30 4. 60 13. 86 0. 49
Pb 77 2. 60 5. 46 7.84 .54 11.35 11.51 13.00 12.90 14. 51 2.36
Ga 21. 48 19. 09 18. 09 19. 83 17. 85 17.52  17.45 17.70 16.70 17.38 7.87
Y 19.21 16. 24 16. 34 20.71 17. 45 23.31 23.32 1815 17.73 21.70 9.66
Sc 21.55 21.78 22.78 21.98 23.81 22,10 21.41 15,90 15.60 19. 69 56.73
Nb 51.96 23.90 24,97 63. 97 29. 06 13.63  13.82 15.90 7.00 16. 92 0. 94
Ta 3.44 1. 68 1.65 4. 15 1. 95 0. 87 0.72 1.75 1.22 0.83 0.13
Zr 241.2 148. 6 153.0 251.2 153. 8 283.6 286.2 287.0 237.0 298.9 25.4
Hf 5. 60 3. 86 3.80 5. 90 3.93 6. 54 6. 79 5. 30 4. 80 7.14 0. 86
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B FER AR
7 i B — B 5 Lk g3 sl
i B ARE BRE BWMKRE B XRE RRMEE HEXRE FKEKE
j=3=2 B—1 B—4 B—5.* B—7 B—9 FC—2 FC—5 MY—1 MY—6 M—2 JN—1
\% 230. 8 203. 8 208, 7 257.6 243.4 180, 178.8 142,0 122.0 170, 7 243.7
Cr 142, 2 161.2 201.7 167. 9 208.5 287.9 2711 122.0 189.0 120, 0 403, 8
Co 64. 2 54,7. 72,4 .67". 6 66.9 45. 8 43. 9 20, 3 24,9 34,4 100. 5
Ni 109. 8 74.7 143.0 124.0 118, 2 102. 3 90,7 126.0 90. 2 43.7 81.3
La/Nb 0.73 0. 89 O 85 . 0. 80 0.77 9.12 9. 04 6,37 11,25 6.97 4,73
Ba/Nb 5. 50 13.33 9,95 6. 46 32. 66 111,86 112,45 74.91 205,43 153. 50 154, 39
Th/Nb 0. 09 0.09 0. 09 0. 10 0. 10 0. 88 0. 86 0. 52 0. 66 0. 82 0. 52
Nb/U 39. 31 41,78 - 38. 31 39,57 54, 65 7. 86 7.90 9. 94 3. 33 8. 00 7.38
Zr/Ba 0. 84 0. 47 .0, 62 0. 61 0. 16 0.19 0.18 0. 24 0.16 0.12 0.17
t/Ma 14, 9 14, 90 14. 9© 124, 99 114.8® 118,29 115,09
87Rb/86Sr 0.079 45 0.06338 10,1097 0.03163 0.12358 0, 174 0.079 24
878r/8Sr 0.703133 0.703517 0.703 219 0. 709 234 0.71266 0.71158 0. 705 556
20 12 9 13 15 8 11 12
Is: 0,703 116 0,703504 0,703 196 0. 709 178 0.712458 0. 711288 0. 705 426
47Sm/ 14 Nd 0.118 6 0.1185 0,107 0,083 51 0.087 52 0,092 31 0. 164
143Nd/ 144 Nd 0.512 898 0.512615 0,512 823 0.511 884 0.512073 0.511769 0.512 100
20 8 6 7 9 9 8 10
ena () 5.22 —0. 30 3.78 —12.91 —9,42 —15.38 —14,. 94

EBTREMNY, BEMMBITERM 1076, Fe, 05 * fF 248 ALK=K,0+Na;O; Mg* =Mg/(Mg+ ZFe), EF W, ¥RTELER
REIAH .0 M XRF HERE 3T nle RS e B/ T 2% BB ey AT 0% HBELTR(EFERLTE
ERRERZERT EHERESLREN ICP-MS A FBER T 10%. Sr.Nd R K 4 BAE R 7 K FE IS4 .0 8 VG354 R
BT J7 B L E SR B 55 (1988). ™ Sr/% Sr AN/ 4 Nd BTR M 20 $R3% /MRS UG 3, FE R SURE S At /2 o 340
5 E B9 NBS—987 #RAE Y87 Sr/86Sr=0, 710 31418(20), La Jolla kREERI143 Nd/ 44 Nd==0. 511 871+8(25),Sr 1 Nd [A{ & L E 4 3R
86 Sr/8Sr=0, 119 4 S Nd/*Nd=0, 721 9 FHTHEEHMERIE , LB ELWMBARK :Rb.Sr R 1X1079~2X107° g,Sm . Nd 2 5X 10711 ~
X107 g WA ITE P R E R O S M (1985) IE M K-Ar FE WM F-HE; @K K-Ar 8, 48 Zhang et al. (2002); QDK
OAr-9ArEER 1B Qiu et al. (2002) 5O R0 Ar-3 Ar 485, B E R IBFIARRAF (1994).

PARMAZRERLTRETB—F K-Ar 5
#84 119~125 Ma(Zhang et al. , 2002; EB{HEE,
2004). AL WA A A AR RE R X R A
X P S AR EMER R R RAEHHRA
{5 % (Zhang et al. , 2004), (H& PG AR K IL%E
WEFEARZFEALE, TREEEFEHRZIRE.
LRHEE TR E A% A
|EE AL EHCA-P ArE R BT 114, 8~
124. 3 Maz i8] (Qiu et al. » 2002)  XEXAFRE
R s a .

R — KRR E R RE N ERK
Z EEAEE B (B SR, 1992). B R IE FMRAT
(1994) W15 w15 < 2% A AR B Ar- Ar SE R O
115 Ma, X —4E i 540 F A HUE R FUE R RAF L
2 kA (K-Ar i 128 ~130 Ma, L 448 Hb i
B, 199D B R LBAYIA, Bk, BATNE
FRELMIE RGBSR =Y. ZE R R E N

BT RE RS, ARG YA BEEMK G EE
A ETEAFLBREMEA R f%, K
ERST 5 B T X 3 Ohy e 1 7 B U A B o
1A G EARULEAR , AR K RIS R R AR
BB

2 BT BR B K BUE HL R AL A
Xt b

1P T & B BRI AR E R
YeaatmrER HEMAH TR IR’ L SrNd
A R, -SRI AN B A FOR, XA A B A 1UBE
BBk TR ERAUT BFHEH.

WFARZTREWARES, K TiO, FEELE
BT 2.00%, ¥R 2. 610 (H 52 4K G ¥ER 4
), 5SS X ECAHE, T AR RE A H
TiO, FB—BEMET1. 30% (H2a). (2)BRFREE
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LEAERTRE 2. FPERZTRE . EHPARBEFAILE; 4. FEEK A5 SV EKE 6. B hAERZTREAUE CFE
RZREMS. & TR R 30 b A (RS B R s MN, B Bt 3 s A RS R A LA, B PR A SCHERST , AR S B FERK
RSB (1989) FBE (1990) BB A (1992) FiI4-18 2 2(2001) ; FAER B R A T BB E S (1997) .Guo et al. (2001),Zhang et
al. (2002).Guo etal. (2003)FNFEREHER(2004)

1000

100

(@)F £/

—o— B-1
-—=— B-4
—a— B-5
—e—B-7

—»— B-9

100

10

)

1

L 1 1 L

La Ce Pr Nd Sm Eu Gd Tb DyHo Er Tm Yb Lu

B4 B 3 (BRobi R 5 /3 Boynton, 1984)

the Mesozoic and Cenozoic mafic igneous rocks in

western

Shandong Province

1000

100

10

0.3

AR

100

10

1
0.3

TN TS T SR TR GHOU OO T T N Y Y T Y T N S S U IO N T T U N S B

—e— B-1

(a)F =4

Ba U Ta La

| Y S Y T Y I

Pb Sr Nd Hf Eu Ti Dy
| NS TN T N U O Y N O T T S T |

)P HEAR | —e— FC-2
—a— FC-5
—— MY-1

—— MY-6

Ho Tm Lu

| N T S T N e |

Rb Th Nb K Ce Pr

P Zr Sm Gd Tb Y Er Yb Sc

B4 BT FHERBERE SO BBTRMAX TR HE

PR ALk P R FL 46 08 B 48 Sun and McDonough, 1989)

Fig. 4 Primitive mantle-normalized spidergrams of trace el-

ements for the Mesozoic and Cenozoic mafic igneous

rocks in western Shandong Province


http://www.cqvip.com

H6H

ERKLAE % B P o BT ARBR B A AR A S iR AL ¥ Mk

651

Table 2 Incompatible element ratios of the Mesozoic and Cenozoic mafic igneous rocks in western Shandong Province and

%2

BEF FEREERAREFTHEARLERSETEBRUFEENT L

comparison with those of the other geochemical reservoirs

W B (N=8) FAER i £ EE IR AR

JLE(N=23) FEN=12) PM N-MORB CC HIMU-OIB EMT-OIB EMI-OIB
Zr/Nb 3.2~6.2 1.7~26.9 14,5~33.9 14. 8 30 16. 2 2.7~5,5 3.5~13.1 4.4~17.8
La/Nb 0.57~0. 89 1.54~4.73  6.37~13.85 0. 94 1.07  2.20 0.64~0.82 0.78~1. 32 0.79~1.19
Ba/Nb 4.6~32.7 146.0~1265.4 59.4~205.4 9.0 4.3 54.0 4.7~6.9 9.1~23.4 6.4~13.3
Ba/Th 61~341 248~4532 67~313 77 60 124 39~85 80~204 57~105
Rb/Nb 0. 28~0. 60 3,07~7.88 0. 75~8. 27 0.91 0.36 4.70 0.30~0.43 0.69~1. 41 0.58~0. 85
Th/Nb  0.052~0, 098 0.201~0,590 0.522~1,529 0. 117 0.071 0.440 0.071~0.123 0.094~0.130 0. 105~0. 168
Th/La  0,092~0,125 0.095~0.373 0.058~0, 126 0.125 0.067 0.204 0.099~0.164 0.089~-0.147 0.108~0.183
Ba/La 7.5~42.6 85. 0~766, 2 8,3~22.0 9.6 4.0 25.0 6.2~9.3 11.3~19.1 7.3~13.5

PM. [Fi5Hu08 ; N-MORB. ¥4 % ## ; CC., KR ; HIMU-OIB. HIMU Bl# S L #2; EMIT-OIB EM I BI¥S % R, EMI -OIB.
EMII #ERZRE. ST MEFENFITHE S B P BRA RSN B H T 418 2% (2001) ,Guo et al. (2001, 2003), Zhang et al.

(2002) TR} s & FE HERIL 2 AE PR R BHE Weaver (1991454

KEFE R H G T RIS H TFeO FBAMAL
RS, ERPEREETEE AN TFeO FERK
FAERZR AL R (E 2b), H5REEEBRER
A IR (Lassiter and Depaolo, 2000). (3) . H4EA;
EHABAYERH L AR s R RE
BIRHR + SB[ X REE=(35. 15~127. 88) X107 ]
% . E# + {8 [ LREE/HREE = 3. 83~ 8. 07,
(La/Yb)n=3.41~11. 40, 2c R 3b], X T &
RHTFZFEREERENH T EAIE HAR
TEANTE T &8 D ERTRAMER, H XA
MEAFENTE TR + (Henderson, 1982). H4h, &7
HREE AR B — S — i A A 5 TR —
ARV BTE A RA R E AR LT RAK
FHE AR T A BB ER LT WERES TE
B 2¢c.2d), A ZFH MR X A BB A S B
TS FAERTRE N LT R SRR
LG AR — MR EE A, (DF FER
B8 A A Rb.Ba,. Th, U S K& TR A TR
BEEAFERLREVUETE S H/EAHELT
BRERA BZREGBTRERN TR (A 12, R
Rk AREN IS IEX , i A RESEREA
¥ERME Nb. Ta . Zr /HE . P. Ti EE B ITENT
WA 4b) , BA S5 opE A G K S 1 SR RHE
(Kelemen et al. , 1990; Stolz ez al. , 1996), (5) 5
BZ BRI E TR M SRR, AR RE
B LILE/Nb HE B E MR FHERBERRE S A 10
K& La/Nb,Ba/Nb, Th/Nb {8 235K 0. 57~
0.89.4. 6~32. 7 1 0. 052~0. 098, i FAALE AW
MBI N1, 54~13. 85,59, 4~1265. 47
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Fig. 5 La/Nb versus Ba/Nb diagram of the Mesozoic and

Cenozoic mafic igneous rocks in western Shandong

Province

0.201~1. 529, H A & PG b e g AR 0% B — 3R B —
Hrp A B BUa 1 R A B B9 La/Nb,U/Nb Al
Th/Nb B (E 2e.2f, % 2). FrAERZLRAEK La/
Nb.Ba/Nb LAE 5 7 8 % Boa KRR g 5
A B P A AUE A AR E (R 2 Ba/Nb ECAED
A AW (K 2, [ 5), FEAHRBX AP BT AR K
WIS HRTFAEZER. OFERZTREN I« HER
T 0. 704 5,ena DAL A IEME, SHAMFES LK
ERLLE 6), T AR BE K TUS A W B A JAA
RIHG Sr-Nd [RIALRH BURFHAE » b B U B 0 22 5 i
BAE ena (OE L, FERERTUE A K exa (OEBY
BERRE—BIET —10). toh, &7 RE I
AL AR e A AUBE Bk BT A Y Se- Nd R R 4 Al
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LBAERKRE 2. B FEXRR AL A3 S ERSE 4. FHER
Fi5 WK RE 6. FHHF X FALE; 7. BT &P ERE
B HBBRIEREE 8. S E A AL 9. AL BB — B
510, BRI X A — R ASE ;DM T8 ; MORB. ##
KA ;OB EHXRAE; PM Rk, EMIOIB. R EMI & E
RHIFENFES XRAEML . I REHEME, EMI. [ RIEEH
v HARS R 2. BRA SRR, FAER TR A THEE A (1992)
HIXBEFA994) ;P AERBEETAE A Guo ez al. (2001),Qiu et
al. (2002); Zhang et al. (2002) Fll Guo et al. (2003) ;dt K FlEEEL—
FRERBA IR Jahn er al. (1999 L WHEHF K LA BHBES
(2002) ; B A4 K B K Ll — 2 AE 35 RS A 0 1 4838 (1999)
Fan et al. (2001)

FAEEHN, A ARZIBAAEHEREH I
. X5 —HE R AN AR TSR, it
KBk — B A (Jahn et al. , 1999) AL YEPHE
Bk LA (B A 25,2002) & Ti s S 4k — 48
BERR FIEBE A (Qiu et al. s 2002) , LI Je B 3 25 H 0
Zikig (Fan et al. , 2001) 2 A 7 CE A
FEEE,1999) M EA 5E R R A G
KA Sr-Nd R E AR (E 6), HE X 268 A /Y
AR IE X HERAR.

3 he

o TR SE SRR BUG A 7 T R X, s 2R
AE-FRPAE R T DX S AR B S R, JE R Bk 7 4
FURGER . MR —H BN, X R E AFHEW
T HY ) AL

3.1 HFKBER
ST AERTRE TR S8 IR B R E
dr R A BT BRI, 7E AR SE A
oY) W AE B A AR 3 (Glazaer and Farmer,
1992). A H BRI A K Fo(HEZ X T 90, &%
MO ERIEEET 8Y R ENME FRAERXRA
3 (McKenzie and Bickle, 1988). 4, A A B LILE/
HFSE HAB (41 La/Nb,Ba/Nb, Th/Nb, Th/Ta %)l
Sr-Nd [Flfii R H S KRR R AL, ERFFIER 3
BIA R RE X BERHTY R IAER.

MNEANTERERREATS, TRZRES
AR AREEMMEAME R SRR EALKE
FHE M, A RF ST BUR B R EUH AR R
MR, AR XK ILE RER KIS HE A,
BHEAM K.0/P,0; \K,O/TiO, HHAHMIEE, &
& Sr.Nd R RA M 5N 25 08l iR AHE
AT YR (Qiu et al. , 2002), HITE —[F
i R ARIESEA AT 5507 38 X A XS HL. B e i
KB Ratm e, Mg® (IR X F 0. 65, 5k
REEFHELL. SR —HEER AL —RBARER
Eo AL RS AR BT R AR K Sr-
Nd FAL R 45 5% i 2 A R 2. s, [/ — 7=
FE A Sr G R A RN ¥ — , IsAB AR BEAE B AE S
SiO, & & Mg® 15 80m AT & 4 B8 2 (B
7a), ERFHERA IR MR TUAE A A TR
FAEIR FURER AR H 72 ) BV e 1 ) L fth 2 5 O
HWBBEMYANEL L (Guo et al., 2001, 2003;
Zhang et al. , 2002). H M, AT/ LA R A 2
b ERAL AR SO R X g AR
3.2 BRERER

HF& A LILE/HFSE H{H & Sr-Nd [F[{y &
HR—BAZ T ERA B SSRYER, H
WRAREERAEERE BRI A7, B 6 /T F
AR L EAR St Nd Fy RARFBELEKRFER
A TEE M, $EE 5 # #08 (DMD 5570, H6 7~ & 7o b
8 7237 AR AL T BURAE » BRELSK I P 8 1 SR 1 R
BOEBRLIMABE FRAXENHEXSFMNER
RIS NERERAY G, X— It E RN R4
TRAIRREIL R B A 2 IR X H B 7E 3R A i i T
KR Z LA E BT EL, B e R R £
I TRIBE A BE0 , (075 U LR R AL R BB A TR,
BTIAR B T 545 b i[RI R ENE LB L, 1990).

RAERBEREEAKNS NARL RARH &
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Fig. 7 Ig versus Mg* and SiO;, diagrams (a) and La/Nb versus Ba/La diagram (b) for the Mesozoic and Cenozoic mafic ig-

neous rocks in western Shandong Province

B 7a BRASCYERAL  HAYERE] B Guo et al. (2001) . Zhang et al. (2002)F1 Guo et al. (2003); B 7b ¥kt Wi EHE 2

BT IR T B g, 76 (¥ Sr/%* Sr)i —ena () R
FE L B R EENEGEBENESE, HhE
Pa R B — AR P — S e A R S %
¥ EM 1 3on, s S g 2 2L — 5 I — I Bk
HAMRE SN sREX FE5F EMI A5
(B 6). FIFHARHAETCEK LA X A R IR X MR R
WARHERUE R, e A B s £ 1) La/Nb,
Ba/Nb.Rb/Nb #l Th/Nb H{EHZFHH T i
8B R (R 2,8 5), L E B B — A8 — i g gk
Ji%5 1 ) Ba/Nb,Ba/La fil Ba/Th te{E X B 5 F
R —FA R a A (R 2,E Tb) X
—FHEBRIE R ERTEE AN ERK R B8R
EMI44, MRl A FHEEKRE a0
BRBEXNER EMI 44, #3HE EMT 1 EM]I
MR AW E EIBRAE, B 5 EMI AL,
EMI 44374 ¥ = 1 Ba/Nb.Ba/La 1 Ba/Th [t{&
(Weaver, 1991; Tatsumoto et al. , 1992). JUEF 2
FEREE (2005) #E— B R EIENES EM T BUE £t
M2 E B AN RECR S = B S, Z LR,
B b AR B EA B ERE, HIL AR
TR S S MR T A  FEE R R
3.3 SFHIBLFEIERARL R A
HAERICE — AN ENE S REATEL, B
AREFAR  GFIHEBEAHBEER THEMHS
A P 1t ) O P b S B R BRE R PR
K X—EEBHREBNMEIRIAER LR
(Fan et al. , 2000; Zhou et al. , 2002). Ky, IE#

3 HAMREPHERERRER enva(t)E
Table 3 ena(2) values of the Mesozoic mafic igneous rocks

in east part of the North China block

RE at s /Ma end (1)
1 ZRE 130~135 —6.8 ~ —1L0
2 MM ZE 128 —8.5~ —13.9
3 S 140 —9.5
4 JEBEE 120 —8.3~ —15,2
5 TR 115 —8.3 ~ —21.2
6 WA KA 116.5 —15.7 ~ —16.5
7 HRHE 114.8~124. 3 —9.4 ~ —15.4
8 JEBEE 119.6 —12.5 ~ —17.9
9 ZTRE 119~125 —12.9 ~ —14.4
10 ZRE 120 —15.8 ~ —17.3

LR CLBED , HFE%, 200152, b 0, BRSF &%, 2001
3. XF71l ,Chen et al. , 200354. K471, Chen and Zhai, 2003;5. [1)
RIFB—BF¥,Guo et al. , 2001;6. INFR A, SR HE%,1999;7. 1)
HREFR,Qiu et al. , 2002;8. INFKHE,Qiu ezal. , 2002;9. INRHFH
(FIR) s Zhang et al. , 2002;10. ILZ BB, Fan et al. , 2001.

FEARE VI B Qe AL 2 R A AR, BB R BX
AR B AR g T UL B B KA
T ERARIAR.

HILEEMBERCHEZ  BRERERSE
s X B BRI IRIRE. Guo et al. (200D)1AR
U E R KR CF7E, P AR
FEAREREFEERAERH. KM E KRR
B R, IR BB IR E A exa (DHEEY N
IE{H (ZEEEEFTRRIE 1990, K715, 1998) , EEE
HAE+2~+ 3R (K BAF,2003) , i B X — Bt
B At T 5 HCRA. Rl ERZFEAESEF
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Fig. 8 Histogram of exg(#) values for mantle-derived rocks

of different ages in western Shandong Province

AAERSAFE T REFREF (1996) ;b FAEREAFE 6

B oo (OEBT —4. 78~42. 76 (& 8a), F-¥1 R
—L10, KRB A AR ena (1) =—1. 21~
—4, 78, ¥ —3. 01 (P& FE MIEBEE -, 1996) . ik
B e Ak g O P 46 B 5 M0 85 8 R A
FER RIERE G TR EE B E MK (O
B (R 3, Hrh &V b A RS E A K ena ()
ENF—9. 20~—21. 21, I EHALF—12~—182
(5] (] 8b) , 15 B Kb b KRR ) & B R R AR 7R

A
Xt b A RUOR MU B G238 TR ML) H A
FrAEE AR BRIk EEA 2 Fis . —

MA AR E P ERENEE EBE ST %4t
HRERAE A S TATT =2 [ B K Bt TR AT i A A 5% TR AT
T DRt b 5 [ 3 B e A AR TR B 42
Hoi (Zhou et al. , 2002) ; 75 —F W A AL
ARMENEREETESEABRAEFERE
K, KTl Z Y AR UL G SRk A g ,
FEOME R K A BUR T R E R g (R T4,
2003; Gao et al. , 2004).

Iss
B9 SRHFRERBEFRAEE ARSH FRRERR 72
Fig. 9 Histogram of Is, values for the Mesozoic mafic ig-

neous rocks in the north and south parts of west-

ern Shandong Province

F TR AR R 447 R B . 576 B R R DA &% B
feduiEsb b, AR BESRE G R B E R
enxa (OMERIFFEFERE AR AU RS A3 7, I,
AT &R B RIESRIUE AN Z 2 S8kl +
AR EENFERE RSEEBNREHE
TN T A 4b b A RO U IR ULAE AR A 9 RT RE L
il , GnFR A (200 1) 38 1L P B P F AT (EE
R PR T RE R — R IR, P SR AE e 3k
KICE A S RIS U R RS HE A , [FlAst
IRHE A B S bR g Y, S B E E R
K HI, 25 B @ A0 T Hb3%E mT UK A= SR LA B i
AR B S | FEAR G 2K 0 P b 3. Mok T4
(2003) AR Edb s AERUE A B KRR TR £ 5
J&H] Pangea & K fifi B9 24 % Fr 30 £ 3, Gao et al.
(2004) 418 T LA FRGR T 28 K 1 A& BB TAE &
HT SR UL A L 8 f5 & A R4 Rl ) B
BRAFIESE, AR EE T PEAH P —HENRT
L1 N ER R K bt A BB T SR B A o — R AR
L3550 8 T8 e PRI F AR B 8 3
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YEFIA % (Gao etal. , 1998, 2003). FH I, A L4k
a5 A B RMAETRIIE A A B 25 H KA R

SR P A A SR 22 B0 S B K BRI
YERITIE AL EM T 245 48 08 6 4R AF , (B R g 4%
R A B B B A R R ART e 7 4 A B8 4 e
FRIEND, R RIER RIS E A A K L (8WH 51
. LB T ], AR B R — AR — R R
AR IEZT 0. 703 96~0. 705 98, T /5 ¥ 2
E—RA—-WESRAEANELTF 0. 708 44 ~
0.712 47 9, LR BB st AE R RS
A8 I ¥ WS (Jahn et al. , 1999; Fan et al. ,
200D, B KANE LI E FE—RERX—HFE
KA Nd. Sr FE RER B AEBITE, X
HAERBE X WEER Bt Asig il &
B 4 ¥ TR S A A AR (R R A 4%
2002). B ik, #edb b A S A B 08 1 & 4 B A 32
BETEABYNARERER BEE&ENTH
GRS e T E A S B4 F Rl e RS2 MR, TE 2 B TR
MR OV A A B TTITE B8 EM B E 4
HoS R TS (A5 g P U S R R R E
£, AL, AU R% = £ g v o8 EM TR EM /R
AR, XSS PSR AR A Bk
A AR AR 22 R 0 T TE.

ZHAEMN, B TEABNIFITLG KIER M
JEl AR 3 2 3 P L T R R A A B g ek
BUB W A A B & A KR 0 R 4%
2000, 2003; Zheng et al. , 2005). BFGHERF R
ZRAMW eve O EHHKF 13, BEEPE 4~
+6(F 8c) , X —RHIE AL IE T HAR IR T2 B b,
E R RIE T8 A B g ZRE N e OE—R/DT
+3(Livaceari and Perry, 1993). HEitt, #1454 B A
BEHRUT S B B 08 L IRt R S A g
Hd , NS T BRI B AR ERAEN
Hu b2 R By B AR 1) 7 B AR A F R AL

4 HHiR

(OB RPERBEERARESEREAE
BRIMABEFRATLRE ASHEIR. IEE
PETE K ena (O 18 B Z WA B 0 BR (L2 FFAE. (LR
AL IR B A A R B A R R A B 7E
—EEM, ERRAEFHBEZIMERRE AR
FERBNR LA EMR. ERLHE, UAERK

LILE/HFSE WAEM Isf8. JTCE — R R AR B
EREth A 8 SR B F 4T, Kb
e E &L Mg EM T 8, g il 4 EM T #i
EMIMIRERAE. QOO FHERZREEEFELEVTK
R A B 22 AR, R K NN 5 3 3R
P i, (ELZE SR R T LA 2K 2 AT T8 5% T I W
AR QB AEREHAR  BATIELAE
JeFehE g B BB 5 1 5 HE A R, X —
e PR AR R P AR R LUK B A B KRR
PUER , BGRB8 38 0 A & A g
B e

References

Boynton, W. V. , 1984, Geochemistry of the rare earth ele-
ments; Meteorite studies. In; Henderson, P. , ed. , Rare
earth elements geochemistry. Elservier, Amsterdam, 63
—144.

Bureau of Geology and Mineral Resources of Shandong Prov-
ince, 1991, Regional geology of Shandong Province. Ge-
ological Publishing House, Beijing, 1572 (in Chinese
with English abstract).

Chen, B. , Zhai, M. , 2003, Geochemistry of late Mesozoic
lamprophyre dykes from the Taihang mountains, north
China, and implications for the sub-continental lithos-
pheric mantle, Geol. Mag. ,140(1) ;87—93.

Chen,B. ,Jahn,B. ,Zhai, M. G. , 2003, Sr-Nd isotopic charac-
ter of Mesozoic magmatism in the Taihang-Yanshan
orogen, North China craton, and implications for Arche-
an lithospheric thinning. Journal of the Geological So-
ciety ,160:963—970.

Chen,D. G. , 1992. The geochemistry of Cenozoic basalt at
the middle-south segment of Tanlu fault zone. In: Liu,
R. X ,ed, , The age and geochemistry of Cenozoic vol-
canic rock in China. Seismological Press, Beijing, 1 —43
(in Chinese).

Deng,J. F. ,Zhao,H. L. ,Mo, X, X. ,et al. ,1996, Continental
roots-plume tectonics of China—Key to the continental
dynamics, Geological Publishing House, Beijing, 1 —110
(in Chinese with English abstract).

Fan,W. M. , Zhang, H, F. , Baker, J. , et al. , 2000, On-craton
and off-craton Cenozoic spinel peridotites in eastern
China; Similarity and difference. J. Petrology,41:933—
950.

Fan,W. M. ,Guo,F. ,Wang, Y. J. , et al. , 2001. Post-orogen-
ic bimodal volcanism along the Sulu orogenic belt in
eastern China, Phys, Chem, Earth (A),26,733—746.


http://www.cqvip.com

656

HERFHE—— T E R 2R

P OO0 http:/Avww.cavip.com]

LRUE

Fan,W. M. ,Guo, F. , 2005. Late Mesozoic mafic magmatism
from the eastern part of North China block and its adja-
cent regions; Magma genesis and geodynamic implica-
tions for lithospheric thinning, Geotectonic et Metalloge-
nia »29(1) :44—55 (in Chinese with English abstract).

Ga0,S. ,Zhang,B. R. ,Jin,Z. M, , et al. , 1998, How mafic is
the lower continental crust? Earth Planet. Sci. Lett. ,
106.:101—117.

Ga0,S. ,Kern, H. ,Jin, Z. M. , et al. ,2003. Poisson’s ratio of
eclogite; Implications for lower crustal delamination of
orogens. Science in China (Series D), 46 (9) ;909 —
918.

Gao,S. ,Rudnick, R. L. , Carlson,R. W. , et al. , 2004. Recy-
cling lower continental crust in the North China craton.
Nature,432.:892—897.

Glazaer, A. F. , Farmer, G. L. , 1992. Production of isotopic
variability in continental basalt by cryptic crustal con-
tamination, Science,255:72—74.

Guo,F, ,Fan, W, M. ,Wang, Y. J. ,et al. , 2001. Late Meso-
zoic mafic intrusive complexes in North China block:
Constraints on the nature of subcontinental lithospheric
mantle. Phys. Chem. Earth (A),26:759—771.

Guo,F. ,Fan,W. M. ,Wang, Y. J. , et al. , 2003. Geochemis-
try of Late Mesozoic mafic magmatism in west Shan-
dong Province, eastern China; Characterizing the lost
lithospheric mantle beneath the North China block.
Geochem. J. ,37:63—77.

Henderson, P. , 1982. Inorganic geochemistry. Pergamon, Ox-
ford,1—353.

Hong,D. W. , Wang, T., Tong, Y. , et al. , 2003. Mesozoic
granitoids from North China block and Qinling-Dabie-
Sulu orogenic belt and their deep dynamic process.
Earth Science Frontiers,10(3):231—256 (in Chinese
with English abstract).

Jahn,B. M. ,Wu,F. Y. ,Lo,C. H. ,et al. , 1999, Crust-mantle
interaction induced by deep subduction of the continen-
tal crust: Geochemical and Sr-Nd isotopic evidence from
post-collisional mafic-ultramafic intrusions of the north-
ern Dabie complex, central China, Chem. Geol. ,157(1—
2):119—146.

Jin, L. Y. , 1985, K-Ar ages of Cenozoic volcanic rocks in the
middle segment of the Tancheng-Lujiang fault zone and
stages of related volcanic activity. Geological Review,
31(4):309—315 (in Chinese with English abstract).

Jin, L. Y. ,1989. Petrologic and geochemical characteristics of
Cenozoic volcanic rocks in the middle segment of the

Tancheng-Lujiang fault zone. Acta Petrologica Sinica,

5(4):45—57 (in Chinese with English abstract).

Kelemen, P, B. , Kingler, R. J. , Johnson, K. T. M. , 1990.
High field strength element depletions in arc basalt due
to mantle-magma interaction. Nature,345:521—524.

Lassiter, ]. C. yDepaolo,D. J. ,2000, Plume/lithosphere inter-
action in the generation of continental and oceanic flood
basalts: Chemical and isotopic constraints. In: Mahoney,
J. ,Coffin, M. F. , eds. , Large igneous provinces: Conti-
nental,oceanic,and planetary flood volcanism. American
Geophysical Union Monograph, Washington, D. C. ,
100:335—355.

Li,C. J. , 1992. Opinions on stage division of the intrusive
rocks in Jinan-Zouping area. Geology of Shandong , 8
(1):68—79 (in Chinese with English abstract).

Li,S. G. , Zhang, Z. Q. , 1990. Nd isotopic compositions and
evolution of the upper mantle in the Archean of North
China: Constraints on the mantle heterogeneity of the
unmetasomatic continental lithosphere. Geochimica, 4:
277—285 (in Chinese with English abstract).

Livaceari, R. F. , Perry, F. V., 1993. Isotopic evidence for
preservation of Cordilleran lithospheric mantle during
the Sevier Laramide orogeny, west United States. Geol-
0g8y,21:719—722.

Lu,F. X., Zheng, J. P., 1996. Palaeozoic nature and deep
processes of lithospheric mantle beneath North China.
In:Chi,]J. S. ,Lu,F. X, ,eds. , Kimberlites and Paleozoic
mantle beneath North China platform. Science Press,
Beijing,215—274 (in Chinese).

McKenzie, D. , Bickle, M. J. , 1988, The volume and composi-
tion of melt generated by extension of the lithosphere,
J. Petrol. ,29.625—679.

Niu, M. L. , Zhu, G. , Song,C. Z. , et al. , 2001, Features and
evolution of the mantle source area of Cenozoic basalts
in the middle-south segment of the Tanlu fault zone.

" Geoscience,15(4): 383— 390 (in Chinese with English
abstract).

Pei,F. P. , Xu, W. L. , Wang, Q. H. , et al. , 2004. Mesozoic
basalt and mineral chemistry of the mantle-derived xe-
nocrysts in Feixian, western Shandong, China: Con-
straints on nature of Mesozoic lithospheric mantle. Geo-
logical Journal of China Universities, 10(1) ;88 —97
(in Chinese with English abstract).

Qiu, J. S., Wang, D. Z., 1999. Geochemistry of pyroxene-
monzonite at Qibaoshan caldera in Wulian County,
Shandong Province and the nature of the magma
source. Geological Review, 45 (Suppl. ): 612— 617 (in
Chinese with English abstract).


http://www.cqvip.com

F6

B S5 BT B AR B RE KA S g (= AL

657

Qiu,]. S. ,Wang,D. Z. ,Liu, H. , et al. , 2002, Post-collisional
potash-rich volcanic rocks in the north margin of Dabie
orogenic belt; Geochemistry and petrogenesis, Acta Pet-
rologica Sinica ,18(3) :319—330 (in Chinese with Eng-
lish abstract).

Qiu,]. S, , Wang, D, Z. , Zeng, ]. H. , et al. , 1997. Study on
trace element and Nd-Sr isotopic geochemistry of the
Mesozoic potash-rich volcanic rocks and lamprophyres
in western Shandong Province. Geological Journal of
China Universities, 3(4) ;384 — 395 (in Chinese with
English abstract).

Qiu,J. S. , Xu, X. S, , Lo, Q H. , 2002. Potash-rich volcanic
rocks and lamprophyres in western Shandong Province;
© Ar-% Ar dating and source tracing. Chinese Science
Bulletin,47(2) ;91—99.

Shao,]. A. ,Li,X. H. , Zhang, L. Q. , et al. , 2001, Geochemi-
cal condition for genetic mechanism of the Mesozoic bi-
modal dike swarms in Nankou-Guyaju. Geochimica, 30
(6) :517—524 (in Chinese with English abstract).

Stolz, A. J. , Jochum, K. P. , Spette, L. B. , et al. ,1996. Fluid
and melt-related enrichment in the sub-arc mantle; Evi-
dence from Nb/Ta variations in island-arc basalts. Geol-
08y,24:587—590.

Sun, S, S. , McDonough, W. F. , 1989, Chemical and isotopic
systematics of oceanic basalts; Implications for mantle
composition and processes. In: Saunder, A. D. , Norry,
M. J. ,eds. , Magmatism in the ocean basins, Geol. Soc.
Spe. Publ. ,42:313—345.

Tan,D. J. ,Lin, J. Q. , 1994, The Mesozoic potassic igneous
rock zones in North China platform. Seismological
Press, Beijing,1—184 (in Chinese).

Tatsumoto, M. ,Basu, A. R. , Huang, ]. W. , et al. ,1992. Sr,
Nd,and Pb isotopes of ultramafic xenoliths in volcanic
rocks of eastern China: Enriched components EM | and
EMIl in subcontinental lithosphere. Earth and Plane-
tary Science Letters,113:107—128.

Wang, Y. X. , Yang,J. D. , Tao, X. C. , et al. ,1988. A study
of the SmNd method for fossil, mineral and rock sam-
ples,and its application. J, Nanjing Uni. (Natural Sci-
ences Edition) ,24(2) :297— 308 (in Chinese with Eng-
lish abstract).

Weaver, B, L. , 1991. The origin of ocean island basalt end-
member compositions; Trace element and isotopic con-
straints, Earth and Planetary Science Letters, 104,381
—397.

Zhang,H. F. , Sun, M. , Zhou, X. H. , et al. , 2002, Mesozoic

lithosphere destruction beneath the North China craton;

Evidence from major-, trace-element and Sr-Nd-Pb iso-
tope studies of Fangcheng basalts, Contrib. Min. Pet-
rol. ,144.,241—253.

Zhang, H. F. , Ying,]. F. , Xu, P, ,et al. ,2004. Mantle olivine
xenocrysts entrained in Mesozoic basalts from the
North China craton: Implication for replacement process
of lithospheric mantle, Chinese Science Bulletin ,49(9) :
961—966.

Zhang,Q. ,Qian, Q. , Wang,E. Q. ,et al. ,2001. An east Chi-
na plateau in Mid-Late Yanshanian period: Implication
from adakites. Chinese Journal of Geology,36(2):248
—255 (in Chinese with English abstract).

Zhang,Z. Q. , 1998. On the continental growth periods of
North China craton based on Sm-Nd isotopic character-
istics of the Early Precambrian metamorphic rocks. In:
Chen, Y. Q. , ed. , Contributions on the Early Precam-
brian geology in North China craton. Geological Pub-
lishing House, Beijing, 133—136 (in Chinese).

Zheng,]. P. , Lu,F. X. , O'Reilly, S. Y. , et al. , 2000. Mantle
modification and replacement beneath east China: A
study on clinopyroxenes of Laser ICPMS, Sciences in
China (Series D),30(4):373—2382 (in Chinese).

Zheng,J. P. ,Lu,F. X. , Yu,C. M, , et al. , 2003, Mantle re-
placement; Evidence from comparison in trace elements
between peridotite and diopside from refractory and fer-
tile mantle, North China. Earth Science— Journal of
China University of Geosciences,28(3):235— 240 (in
Chinese with English abstract).

Zheng,]. P. , Griffin, W. L. , O'Reilly, S. Y., et al. , 2005.
Late Mesozoic-Cenozoic mantle replacement beneath the
eastern North China craton: Evidence from the Paleozoic
and Cenozoic peridotite xenoliths. International Geolo-
8y Review,47.457—472.

Zhi, X. C. ,1990. Trace element geochemistry and petrogene-
sis of Cenozoic alkalic basalts from the Penglai and Lin-
qu areas, Shandong Province. Geological Review, 36
(5):385—393 (in Chinese with English abstract).

Zhi, X. C. ,Chen, D. G. , Zhang,Z. Q. , et al. , 1994. The neo-
dymium and strontium isotopic compositions of Cenozo-
ic alkalic basalts from Penglai and Linqu, Shandong
Province. Geological Review,40(6) :526 —533 (in Chi-
nese with English abstract).

Zhou,X. H. ,Yang,J. H. , Zhang, L.. C. , 2002. Metallogenesis
of superlarge gold deposits in Jiaodong region and deep
processes of subcontinental lithosphere beneath North
China craton in Mesozoic, Science in China (Series D),
32(Suppl, ),46:14—25.

D 000 http://www.cqvip.com]



http://www.cqvip.com

658

HuERBL2E——rp B K 4R

D 000 http://www.cqvip.com]

%30 %

Zhou,X. H. ,Zhang,G. H. , Yang,J. H. ,et al. , 2001. Sr-Nd-
Pb isotope mapping of Late Mesozoic volcanic rocks
across northern margin of North China craton and im-
plications to geodynamic processes. Geochimica,30(1):
10—23 (in Chinese with English abstract).

Mt 325 % STk

PRIE 2y, 1992, %5 JF5 T 245 s B R A AR KR A L BR 1 2.
W XNEH, PEF AR ALSFRE SRS I
R AR, 1—43.

AERE. RIER, EE¥,%,1996. HEKMR —HE—
KEGahF)2%# M8aRE. JboT b Bl AR, 1—110.

TERE , T4, 2005, b X e P ARG R A K ERARE
HIRE J) TR K v S 2, 29(1) : 44—55.

WK, T8, B, %,2003. 44t & AR — K5 — &
EFRPERER A SHETMIRE ) FIT . o2
B4 ,10(3): 231—256.

SR, 1985, SFETRE P ERAT AR ALEN K-Ar £51
{EF3. #EI81F,31(4) : 309—315.

SRR, 1989, BSETNTF FBH ER AL EW A GEMN
BRALZENFIE. B A ¥R, 5(4): 4557,

2%, 1992, AR PR B A AR A Z R, WK
HFR,8(1): 68—79.

ZEREOL, TRARE , 1990. At AR b 08 4k [R) 40 K 4 AR
A B3R X A 8 R — M i 2. sERIE . 4.
277—285.

BERFE KRBT, 1996. bty & A 1A G B S S A R IR
AR W MR, BBRE. it s AR SR H4E
RE A B HIBFHE. LT B2 H AL, 215—274.

40822 Rt KRB, %5, 2001, BRI TR R RF BRI A AR
REE X8R R sl SR, 15(4); 383—
390.

RN, R, TIEE, %,2004. B HEPERZTRER
06 IR 4 1% AL T b X B A B IS R R L. &
oMb 24, 10(1) . 88—97.

A AR , FARE, 1999, IWAR AL FIER K&K ERL
FRAERFEXMER. ST, 450GET)D .612—617,

ER#e AR, E AR, ik, 25,2002, KFIEILFLEERESSE
KA IR F S A G RE. Ea%¥HR,18(3): 319—
330.

B4, A0, SR, %,1997. B8R RAREH KSR
EBLA BB T EM Nd-Sr R E sk ¥, SRR
238 ,3(4) : 384—395.

WZRE H D =5, 1991, LR 48 DX 8t R . 65T o R
fRAt,1—572.

BRGF2E , 2EikAe, IRIBHT . 45,2001, B 0 — iy 2 B P AR AR XL
A B UML) ) R Ak 2 1 2. HER1L,30(6) .
517—524.

ERIE  PRRAT, 1994, e & FAERFFE K AR, L.
B W AR, 1—184.

FHE BARER BB, %, 1988 (A T YMEARESEN
Sm-Nd R R LI ik R HMA. MR KFER(BR
FLER) ,24(2) ; 297—308.

KK 4RE, 6, %, 2001, FE L B A  E KB E R
BRRTAEKE R, HUFERLF,36(2): 248—255.

TKIRIE 1998, AL R R AT R LA A # Sm-Nd [/ fiz
AR EMFT RN EE AR, 0. E8E 2
B RATRER DM BT SCEE. bt R H AR, 133
—136.

FEF, B K&, O'Reilly, S. Y. .%,2000. 41t 7 5 #b 08 %
EERAMEBRER. R AR HE. PER
%,30(4); 373—382,

REF, BRE, RIEH, %, 2003. H8 B IA/E . L FH%
B E R EBEAMETCEN IEH. tEkflE—
o R R R, 28(3) ¢ 235 — 240,

XEE,1990. IARER . EMFERBEZTRANRETE
FAA RE. #RISIF,36(5) : 385—393,

FTEE, BN K%, 1994 (W FREFE. G ERR
PR A RO EH AL #HFRIE P, 40(6): 526—
533.

FFTHE, K EHE, Bt e, 5, 2001, b SR ROE I G i A AR
KUz Sr-Nd-Pb [ £ H B R HE L. #hEkib2, 30
(1); 10—23.


http://www.cqvip.com

