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Geochemical characteristics of basalts: evidence for the tectonic setting and
geological significance of Kulehu ophiolite, South Tianshan Mountains

MA Zhong-ping"?, XIA Lin-gi*, XU Xue-y#*, XIA Zu-chun®, LI Xiang-min"'? and WANG Li-she!
(1. Department of Geology, Northwest University, Xi’an 710069, China; 2. Xi’an Institute of Geology and Mineral Resources,
CGS, Xi’an 710054, China)

Abstract: Kulehu ophiolite located in South Tianshan Mountains consists of two groups of basalts characterized
by different geochemical types. The > REE(24 X 10 ~28.36 X 107%), (La/Yb)x(0.35~0.37), Zr/Nb
(39.91~95.12), Ta/Nb (0.07~0.09) and eNd(t) (8.85~12.25) values of the first group indicate that
their mantle sources have been subjected to intense depletion, similar to things of the source of N-MORB. Fur-
thermore, the enrichment of LILEs and the depletion of HFSEs, especially the appearance of Nb and Ta nega-
tive anomalies, show the affinity of this group to island arc tholeiite (IAT). On the contrary, the > REE
(56.38X1076~101.29 X107 %) and (La/Yb)n(0.96~1.36) values, the contents of incompatible elements
(REEs, LILEs and HFSEs) and the appearance of Nb and Ta positive anomalies all show that characteristics of
the second group are between E-MORB and OIB, more close to E-MORB. The eNd (¢) ( 8.39), Zr/Nb (9.74
~10.94) and Ta/Nb (0.06) values are similar to those of E-MORB, suggesting that the mantle source of the

KB 2005-11-03;#iTRH: 2006-04- 18

E&EA: b EBREZERLEAFRIE (200313000063, 200313000028, 1212010611804 ) ; El % B AR 2 K 4 ¥ BT B (40472044)
EEEN: SHF(1970- ), B, DUR, AR MR A , TENE A E S S A %5, Email: xamzhongping@cgs. gov. cno


http://www.cqvip.com

D000 http://www.cqvip.com]

[28)

= Y

388 a v v ¥ X F 825 %

second group is fertile relative to that of the first group. According to an integrated analysis of geochemical char-
acteristics of these two groups of basalts, Kulehu ophiolite should have been formed in a back-arc basin setting.
The first group of basalts, which have obvious SSZ features, are products of partial melting. They were formed
at the eatly stage of back-arc basin, being products of the depleted residue of MORB-source mantle following
earlier melt extraction. With the evolution of the back-arc system, mantle counterflow resulted in the formation
of a relatively fertile mantle, and the upwelling of this mantle beneath the spreading ridge of the back-arc basin
and the partial melting resulted in the generation of the second group of basalts. The age of Kulehu ophiolite cor-
responds with the subduction age of the South Tianshan Ocean, and the formation of Kulehu ophiolite might

have been related to the subduction that induced the back-arc extension of this ocean in a period from Late Siluri-

an to Early Devonian.
Key words:  geochemistry; forming environment; t

Mountains; South Tianshan Ocean
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Fig. 1 Sketch geological map showing tectonic units of Tianshan orogenic belt (after Xia et al., 2003b, 2004)
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1—ophiolitic mélange of Kulehu; 2—calcareous rnylonite with interbed of cordierite quartz micaceous schist(the fault inlier of southern Tianshan

Micro-landblock, after Gao Jun et al. ,1995b); 3—marble and limestone; 4—sandy and silty slate; S—silica rock with interbed of limestone
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Table 1 Major element and trace element analyses
of basalts from Kulehu

S  02TRe4 02TB7-6 02TBS 02TB9-2 (2TBL0-4
wy/ %
SIO, 46.52  50.08  43.16  45.82  47.28
TiO, 2.68 0.86 1.63 0.69 0.72
ALOs 15.25  14.34 12,97  15.19  16.08
Fe,057 11.14 11.37 9.40 10.18 10.60
MnO 0.14 0.18 0.16 0.16 0.13
MgO 7.64 8.85 6.59 8.26 5.02
Ca0 4.46 10.05  11.23 8.94 10.70
Na,O 5.25 2.96 4.20 3.85 4.57
K,O 0.18 0.07 0.34 0.55 0.27
P,0s 0.36 0.07 0.18 0.07 0.07
LOI 6.80 1.50 10.58 6.43 5.01
Total  100.42 100.33  100.44 100.14  100.45
wy/107°
Li 71.3 14.74 34.0 56.9 23.3
Be 0.57 0.23 0.42 0.27 0.29
Ba 481.4  17.12 57.3 65.6 34.31
Rb 2.46 0.68 3.77 8.54 4.57
Sr 312 115.2  114.2 182 245
Cs 0.804 0.186  0.518 1.34 0.589
Ta 1.24 0.079 0.47 0.037  0.043
Nb 19.6 1.12 7.56 0.41 0.47
Hf 5.05 1.37 3.03 1.08 1.2
Zr 191 44.7 82.7 39 41.4
Y 55.1 25.5 35.9 22 24.6
Se 54.4 49.6 44.3 44.9 49.9
v 396 315 333 258 289
Cr 115.0  217.2 188 392 448
Co 60 46.0 37.6 49.6 47.0
Ni 63 85 68 159 211
Pb 2.67 0.267  0.989  0.201  0.257
Th 1.56 0.096 0.61 0.027  0.038
18] 0.70 0.038 1.25 0.059  0.065
La 11.2 1.44 5.38 1.18 1.32
Ce 26.8 4.63 13.04 3.75 4.26
Pr 4.08 0.87 2.06 0.76 0.85
Nd 19.7 5.05 10.61 4.4 4.98
Sm 6.05 1.98 3.58 1.69 1.90
Eu 1.80 0.73 1.18 0.64 0.73
Gd 6.93 2.58 4.36 2.17 2.50
Tb 1.39 0.56 0.89 0.47 0.55
Dy 8.7 3.75 5.63 3.16 3.55
Ho 1.98 0.87 1.28 0.74 0.83
Er 5.36 2.41 3.43 2.05 2.31
Tm 0.90 0.42 0.58 0.36 0.40
Yb 5.55 2.65 3.76 2.27 2.55
Lu 0.85 0.42 0.60 0.36 0.40
SEuy 0.85 0.99 0.91 1.02 1.02
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Fig. 3 SiO; - Nb/Y(after Winchester&Floyd, 1977)and FeOt/MgO - SiO, (after Miyashiro, 1975) diagrams of Kulehu basic lava
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for basalts from Kulehu
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Fig.5 N-MORB-normalized trace element pattemns for basalts

om Kulehu(Normalizing values from Sun & McDonough,1989)
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(¥SeA8Sr), fH 9 W B KV X B A 8 B 51, T Al
(MSr/8r) MEKEE M ERE . oAb, A X EEE
F eNd(2)HE B 5118 B 5148 8L (B0E F17)
HIRE (¥7Se A9Sr) MH FH R T PR AR B A S (6


http://www.cqvip.com

D000 http://www.cqvip.com]

%54 D, {R RS T IR B B B X —— AR IR AR 393
£ 2 EHWMEMBSE Nd.Sr BARAR
Table 2 Nd and Sr isotope composition of basalts from Kulehu.
Sm Nd 147 Sm 143Nd 143 Nd Sr '87Rb 87Sr 87 Sr
(=} —_— —_— — —_
#ﬂﬂ wB/lo,G 144Nd MANd (IMNd), ENd(O) ENd(t) wB/lo,G SGSr SGSI’ (%Sr)z
02TB6-4 5.55 17.99 0.1866 0.513040+18 0.512527 7.84 8.39 4.27 307.88 0.040 0.708647+18 0.708 408
02TB7-1 1.85 4.87 0.2305 0.513353+13 0.512719 13.94 12.15 2.42 117.37 0.060 0.706801*17 0.706442
02TB7-2 1.79 4.76 0.2276 0.513331+8 0.512705 13.52 11.87 3.18 118.75 0.077 0.707150+8 0.706 689
02TB7-3 1.82 4.75 0.2319 0.513362+30 0.512724 14.12 12.25 1.32 115.38 0.033 0.706333+19 0.706 136
02TB7-4 1.79 S5.54 0.1949 0.513129+18 0.512593 9.58 9.68 1.63 121.78 0.039 0.706747+18 0.706 514
02TB7-5 1.79 4.60 0.2355 0.513346+10 0.512698 13.81 11.74 1.91 112.64 0.049 0.707151+16 0.706858
02TB7-6 1.78 4.57 0.2363 0.513342+10 0.512692 13.73 11.62 1.57 125.07 0.036 0.706299+17 0.706084
02TB9-1 1.52 4.02 0.2288 0.513200+13 0.512571 10.96 9.25 22.77 126.85 0.519 0.708306+17 0.705 201
02TB9-2 1.51 3.91 0.2334 0.513216 £11 0.512574 11.28 9.32 10.27 178.85 0.166 0.707992+13 0.706999
02TB9-3 1.66 4.27 0.2346 0.513218+9 0.512573 11.31 9.29 7.3 199.44 0.106 0.708543+18 0.707909
02TB9-4 1.69 4.47 0.2287 0.513227+13 0.512598 11.49 9.78 12.52 205.14 0.177 0.709035+19 0.707 976
02TB9-5 1.38 3.65 0.2294 0.513181£13 0.51255 10.59 8.85 8.07 219.37 0.106 0.707408+15 0.706774
02TB9-6 1.63 4.1 0.241 0.513223+10 0.51256 11.41 9.04 20.23 217.73 0.269 0.708831+14 0.707222
02TB10-4 1.65 4.38 0.2273 0.513226+14 0.512601 11.47 9.84 4.51 231.52 0.056 0.707100+x12 0.706 765
¥t =420 Ma,
DM JRERRCKRHE) o
16 1 25 R FAE 1 219 (P°Ph2%Ph), . (X7PbA%Pb), |
12 0?80 o 1 (208pY, 204 Ph), A5 AL 5 Bl 4> 9 K 16.867 ~ 17. 667,
> (1)
8 A 15. 421 ~ 15. 545, 37. 088 ~ 37. 789 (% 3),
— 13
54y NE RSN - (*Pb/2%Pb), 5 (A*7PbA%Pb), K (A*®Pb/*%Pb),
< Bl N AN 2
A Ed e |7 (EEF (B AR FIERSRBEL
4 BENG T X, | (NHRL)Z I, (*7Pb/2%Pb), #1(*8Pb/2%Ph), ZE 4L
8- EMI by 0T AT 0T LS50 5.421~13.894,54. 369~132. 810, FF &
bk .  EME~ Hart (1984) % # ) DUPAL R % 1 & & ¥
0.702 0,703 0.704 0.705 0.706 0.707 0.708 0.709 207 204 204
St (A7Pb/A¥Pb > 3, ¥ Pb/A% Pb > 10), 3 B, &

B 6 FEEIEE eNd(2)-(37St/Sr), HXE
(#E Zindler and Hart, 1986)
Fig. 6 eNd(z) versus (¥Sr/ASr), diagram (after
Zindler and Hart, 1986)
DM—S #i#i98; EM T 1 EM [ — 5 53048 ; BSE— ik sk
R LBk ; PREMA— 17308 ; HIMU—# U/Pb {5 3208
DM—depleted mantle; EM 1 and EM [l —enriched mantle;
BSE—bulk silicate earth; PREMA—prevalent mantle;
HIMU—mantle with high U/Pb ratio

02TB7-6 (A8 PbA%Ph), BE /NN, HAR R AR
#% DUPAL %3 5 89 Pb [l {3 R 471 (A% PbA%Pb
>60, Hart, 1988), A% Pb/A%Pb - A2®PLA2%Ph 4f
KE L (E 7)), BaRAXAERERX KT H g (DM)
MEEHEE R (EMI % EM L )REHN™Y,

8 FREMRES AT IR

AR Lok P B s on BRI 5 BB IR 2 4

®3 EHHESBRSBECRAEN.
Table 3 Pb isotope compesition of basalts from Kulehu

BS  2pL/2%ph 27phA%Ph 28PL/2MPp (2%pp/2%PbY, (PPbA%Pb), (P®Pb/%Pb), (A27PbA%™Pb), (APPL/A%Pb),
02TB6-4 18.7963 15.6074 38.6001 16.767 17.667 15.545 37.789 13.894 80.241
02TB7-6 17.8965 15.4535 37.5724 8.846 17.301 15.421 37.088 5.421 54.369
02TB9-2 18.0995 15.5167 37.5295 18.302 16.867 15.449 37.348 12.927 132.810

02TB10-4 18.2452 15.4906 37.5508 15.800 17.182 15.432 37.350 7.842 95.096

:1=420 Ma; U.Th.Pb SEMIAENE 1,
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v

ok LR
HIMU

n .
DM
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RUHMAE: O02TB10-4 ®02TBY-2 €02TB7-6

%%2%‘1}%%“5: A02T86-4 : : |

-1

-100 -50 0 50 100 150

(A™PH/™'Ph),

EMI

(ATPBAP),

B 7 (AYPPb/A%Pb), ~(AM8Pb/A%Ph),
FE (4% Hart,1988).
Fig. 7 (A?7Pb/2%Pb), versus (A 28Pb/2*Pb), isotope
diagram for basalts from Kulehu (after Hart, 1988)

i, AN PR R e a8 DR B T S 2 31 8%
HEHE NG B e 5 T2 R F o Z b (SS2)
RIUEY K IEE, B BT B REIRY K
YEH F= 4 (Wilson, 1989; E M1, 2001; Xia et al .,
2003a). TEING ZH0 D4R T 1 MY B, B B9 444 Fh 25 B
k& 98 (b MORB ) 1R X 3 Jin 5 i,
Hawkins, 2003) B 47532 B4 80 WAk Ve, BT
B EEZ R A ZEIE IAT F1EM N-
MORB(& il MORB) BRI Z R A . 1 FEE M b4t
B JGIE X EB (roll-back ) ( Hamilton, 2002;
Hawkins,2003) , 5 | & i) b8 33 9, {5515 J&] 1Bl K o
st E & 0 i Ak F a5 RSN Z B
(SSZH ) BN LR (FBONE Z b —F 47
), RHEIR R = A BA MORB(N-MORB #l
E-MORB) . # 2 & OIB ## 1t ) Z R % (Ikeda and
Yuasa, 1989; Gribble et al., 1996, 1998; Hawkins,
2003), FARPIEER BB ¥ (East Scota Sea) G
1 (Wilson, 1989) | P8 A v 5 B .45 (Mariana) i
JG A H (Stern et al., 1990; Gribble er al., 1996,
1998) B3 E A #R % 1 B 2 I 5 2 b (Xia et al .,
2003a) FF 88 R 2290 )5 2 (P 4K 0% %, 2001) BE
& EFE IAT $1EAY N-MORB E! fl E-MORB #!
PRI ZRE ‘

AXE 1 HEMEE AW LREE #BFIS5H, &1
1IE eNd( E% R T X AR ZS5 0 ig, 5K
FREZRANREXAERM, 55—, x4H
A4 1 HFSE M % F N-MORB M & 5 1, U H &
Nb.Ta BB K 7 78, RIZA LGSR EKX
ZE Tk BIHBAR A JAAR W, BA S ZR

A (IAT) BFSHE s T4 K SR B T E M R8s 1) 51
Bl (&l 8a.b.c),iZHME A L A N-MORB [X & kK
MK ERSNFEZM, BRZAB AR
H N-MORB FIR 5K 5 f s BRI 245 1E , ©
TR 5 R TS5 2 77 4 5K T B B3 b 8 1 X 48 40 425
W=y, 3 B 7EE 8d P AR A TEA NG X
RA(BA)X 5 MORB [X f) R £ 4 55090 5 25 it %
RAE—M,

X FE 1 AMEES, 5 2 HIEA M LREE A
HFSE 4 8& 5, M Nb. Ta iR ¥ (A FERE),
BT E-MORB #1 OIB Z 6], £ B T B My 3
BH A EE (E 8), A A% A E-MORB &
MORB X, 3 B EMTH) eNd(¢ ) EAEX 5 1| HixHE
ik, HEMS IR XARXT R E 45, BTN VT w4t B &
R BRI BT 51 A A3 A4 M08 T I, 9K 3 ) B R IR
FRARXS B R g [ &b F 51 SRS RIS LB EA
o B (R BONE A i — 255Kk, RAEF 4Rl
fr=y, B 8 AR E NI Z i K A R (Y
ERKT20x107°%TiO, 8 KF 1.0%, Th/Yb
H/DF0.6,Xia er al.,2003a) 5 FiRJL PG &
#H E-MORB B Z B A FRIEAE—BL.

£5 LR, AW R, K W B e R R
BF— UG A IR sk EE, R F TR
J5 A RS AR TR B IR IR AE VR AR IR

9 TRXHHE Koa A A E

AR B AT eNd(2) 1B (8.39~12.25)iE K
FOo, XRUALAKBERXARE T M1, B
(3781 A9Sr) AH B A 17 =5 {8 7 1) B B AR B B FR4E (1B
6). 2R IR M2 E (Sun & McDonough, 1989) F
HElLSE A X B £ @ 19 (Th/Nb)y EU1EH 0.55~
0.72, M E/NF 1, ZHSK EALBPRERZ
Hu 7240 B BV TR 4 (Saunders e al . ,1992;Xia e al .,
2003b,2004), 7E Nb/Ta -La/Yb % % & ( Mnker,

1998) b (EIBE ), PH 40 Bt ok L A5 B bR ée ,ﬁﬁkaﬁ
B AR RR, BREBRBENE R

Th/Yb - Ta/Yb%%EL(Pearce,w%)(lElﬂl%),iﬁ
BAEMFRYMES, FHit, &R S S, [&E
EHFERBRMFERIFER AR FA B BTt
PIR A IR A BT B, WK AR el LLE R Z R A’ Sr
WAL Z tLfE B B3 &, 3 B Nd EHARFEE
( Yogodzinskietal . ,1996) A X 45 A B H KR &


http://www.cqvip.com

553

Tp 2 K L PR G T R S B R S —— A A R BRI

D000 http://www.cqvip.com]

395

Ht/3

Ti/100

- o
Th Ta

ZrrY

10 100 Zr

[VEERY,
1000 Th

AVa AVA
Zr Se/2

Bl 8 PREnWIEEVEIA A BRI E (B FIRE 5)
Fig. 8 Tectonic discrimination diagrams for basalts from Kulehu
a 1B (Wood, 1980); b 1% Pearce 1 Cann{1973); ¢ & Pearce and Cann{1973);d $#& Cabanis and Thiéblemont(1988)
N-MORB—E# ## X R & E-MORB—~ B £ HH X R E  WPB—RAZRE : Ak-WPB— R T RAE  VAB— KL BT KA
IAB—BIZRE; IAT M TA—B MR L RE ;CA M CAB— B IS TR A ; BA— MG #M T RE ; TC— AR X RE;
PIAT- WIS WA X RE  Alc— ¥ B M KHEBIETRE
a after Wood(1980); b after Pearce and Cann(1973); c after Pearce and Cann(1973) ;d after Cabanis and Thiéblemont(1988)

(LOI = 1.5% ~ 10.58%, & 1), 3t B LOI -
(¥7Sr/Sr) AR F (I8 , (7S A%Sr), 5 LOL 2
PR IFRIEM XK ER, 1R B K il A B 256
AR MR AR (7SS, R EEHET RRB
RIRTREIR B 22— LA, (R v T 4 T s R B 5T
AR 7K A P T T B B 9 1, BT BB X6t (37 Sr/%Sr ),
A8 7 B REE A BT TUER (Gertisser et al. ,2003),
1B el F g /K 8 /R B LA B A v o 5 28 SRR K T AR 38
AEER R Nd [0 & L 2 (Gertisser et al. ,2003),H
WARDBRESMERBESN Nd()HES
(¥SrA6Sr), Z 181 BT B 7~ th 1 5 308 B B 4B A ( 50
FAT R R R (B 6 RESHCKHE), M EA
FHIRA NN H B K 157 Se A0 Sr L E B IR
BUIBRYIRE R i T HE T S I E A2 T
P XS, 2 53BN EEMTRENS
SBLHE o AT DA AT R X — 4R 1E, Pb [ R

FUERTREREXHAEEEME(EM] 8 EMI)
MAEEA(EH 7). BT EMI EEBREN
BN A NIUE B BAR8Y SeA0Sr {8 (Hugh, 1993 28
BN, 1994) NEER I R AR X 45 55 (¥ Sr 6Sr), 1]
HEMHERBEES Nd()EZ A AHEEXRK
FHIE, M Pb R B TR B8 A A X 385 5 15 Hig
HEEMmEY RN TEE EMI . EM I &% g #
B 5 BIEA MR TURYA % (Hart, 1988 ; Hugh,
1993),

BT IR X HFSE BEFE R LR E B TiH
AR B B IR (AR S TR ) A A R BURR, B i
AT LR SR 7 B T DB AR 400 T A\ B e 0 R X AT A
PEIE X 4H B 4 iE (McCulloch and Gamble, 1991
Woodhead ez al.,1993), HFSE [6] 8 E A #H L # #
AL, BENESK RN HAEIAE 2
R4 ERREMBA B REX, 28 BEKXH
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AAHBEHREM HFSE X FARES HRFHH
HFSE B & BH BTk (Woodhead et al. ,1993; Ger-
tisser et al . ,2003), Nb WIAHAEMEAE . 7r 38, 1R
RETERES FiEAERK . Nb 5 Ta WRHE
P HFE V8% & T )5 & (Green et al.,1989),
AR 1 BEEER Zr/Nb (% 40~95,Ta/Nb HAE
$0.07~0.09, tt N-MORB # 48 Jif . {8 (Zr/Nb {
214 30, Ta/Nb H.AE N 0.05, Sun & McDonough,
1989) Bl & , X IR R TS A IR X B &
Pt RE WA RHER, (F15 5 R i@ IR X (H MORB
HEXE A3 ) Y Zr/Nb, Ta/Nb KA B s
BRI, 5 2 HIE A Zr/Nb Rl Ta/Nb H{H 4 5
% 9.7~10.9 # 0.06, 5 E-MORB MR T E H il
(43 %1% 10 1 0.06, Wilson, 1989; Sun & Me-
Donough, 1989) #H— 2, LA - 4F4E %88, 7EH AR A
YRR AH, FEEh W B0 A B o B AR R e
RIX 58 2 HEME AR X B | HEH
AR ie R X BEARX L,

AR EEFWrh-THBAERABEVEXHNE 14
EUB AWM KB FEATLE(LILE) I Cs.Rb.Ba,
U.K.Sr M EHE R THES®ETE (HFSE) MEMK
+5C & (HREE), H i i 4H B & 58 LILE/
HFSE % LILE/HREE B (% 1./ 5) tk N-MORB
B HiZHEHE AR LREE &4 t N-MORB K LREE
FINSHAS B (FE 1.8 4b) , FEAEE S K
LREE(JtH La.Ce) /HREE , LREE/HFSE H (B ZE 15
F LILE 55 HFSE % HREE Z [E]#y tb(E. & 9 Ffw
ARE 1 AIB AR R MEREER (0% ES)
BEASR VT LA AR BE i 4 B 2 B A KA LREE F
BE,EIRBEMRE LILE £ MR RARE, Bk, %
R ELABEPRKEFRATELILE)WEE,
R T BT R DU T i B 80U tuie IR
X2 5REKEHEmMALS R (BPAFHE SSZ A
FERARES) X — i Rt AT LA T AR AR X
MR AR (T ScASr), M EM T RRBULRS
eNd( VER MR X RNIFIE, 550, NE 4 FnlE
5 PA K Zr/Nb, Ta/Nb {HXEF , LKA B E PSR
(02TB-9-2 #1 02TB-10-4: Zr/Nb = 88 ~ 95, Ta/Nb =
0.09) hf He [R) 28 #9 55 —#E & (02TB-7-6: Zr/Nb = 40,
Ta/Nb=0.07) 7 14 B4R A A& TR 9 A Hij 9 8
XEmMSH (FEEXAE—), HENTR eNd(2) B
(O7Sr A5Sr), EH A HEF M@ FEH (F2), XA
BB 514 BAR A VTR (LA KA Nd [E R E 8

¥SrASSe{E ) FEHIE HE R I A B FR B B AR, BT B
FEWRX AR E L HHEBAR A TR A (R
AAEWEEFESK LILE/HFSE WE, 210K 5),%
BEATH eNd(2) E (Y7 SrA8Sr), 143 B BT AR
MAR

L e aan et r

A |
[ BIHBE. BB IEE P
S O —02TBl0-4 m—02TBS P
® —02TBY-2 A 02TB6-d _~~
& — 02TB7-6 -

RERZEHME ]
T4 3 08 fe A
B 5 A % ]

EETE EMNE ]
R EMARR ]
445 B 2% ]

w(Yb)/10°
.
T

403020 15 10 2

w(TiO,)/%

B9 Yb- TiO; XA (# Gribble 4,1998)
Fig. 9 Melting degree estimation of mantle source of
basalts from Kulehu based on Yb versus TiO,
diagram(after Gribble et al. ,1998)

A X5 2 M A R H B8R B A9 HFSE fi
HE(HH Nb. Ta WIERE B S), RAXLKESH
BAR R DU R X RAANHE; N8 Zr/Nb. Ta/
Nb tWERA R eNd () EH BT | Hig s, 5
NEATRIHIIS IR X AHX 3 R B 4R, A, I 1
BXHTERMBERKCNT 5%, 8 9), 3840
T—EBRENS RS RER, REJRABENAR
HMATENEERALS | AXRMEENR(F L,
B S) (PLAb AR JE Wi 445 A (6] i F 3L 8 IR X 5 1}
BEAREREHER A —H), B, %A%
BN RFEFAM PR KGR EH (roll-back) 51 2
“HTHY” 08 X, B 3 1] SR IR AR AR X 4 ) i
AL F 5 | 3RS A IS A7 B 45 5 1 _E T8 (Hamilton,
2002 ; Hawkins, 2003 ) (F Z20R G 2L #b i — 4T ),
KA BARTR B W #5438 M AR A BT P 4 /9 MORB #!
(3 MORB-Like) Il 5 ## 5 o

10 fEE R
ELA OB IT R, (o T Uk e gt 4 4 LA I

B LR BT & F— 8 —& LT ER e iR
e HRENPRIUBGRESRICET(E D (XH
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TSP . T L B M R T AR B i T S —— B A R R A AR 397

PERESE AP /R & B 838 ) B o B AR
TSP A S Rk . P AR BRPEK A AR 1
dpg TR A U-Pb A—BARSBEERM FAA4F
% 440 + 18 Ma( F 18 =2%,1998) SV KB B i
FETEAYAr/ Ar FAERE 439 MaOBASSE,1993)
3L 0E TG A P BT, R BRI
ZOEREBHASE ST HAFE. XTRER
(RS sh—JH VBB, B AT PSSR B 23 S R 1L
g AERBAETHNNEEERES (JHaR N-
MORB.E-MORB 8 OIB)#47 T[R4 & W 4F, 4n . 7
B K P B T 1S A R B TR R 401 £ IMa( &
R ,2000) , FETLHTE FE A K IE 26 0 378 AR i
415.4+2.2 Ma( B 1R%5,1994; IR % ,1995) (¥
FOAr A Ar PR ) s RBUFEKAT X, AR ) g 4
A R A 4 A SHRIMP 4R #825 390 ~
392 Ma(JA R EE,2004), XE[E L BMAFLEREK
B BRI R B DR A B tH—() TR 4 i 3 )
LE 2T IR IR - T %2 AR SRR . HE,
FRINE%REZ R (REMEBR)PHEFEEAR
370~344 Ma( ¥ ¥ % %, 1992; B R %, 2000; X3
& 2003 ; Gao and klemd, 2003 ) B /25 [T s 351 738 5 01
() E BB AR A8 . &L, klemd 4§ (2005)
BA 310~ 311 Ma FI4F# (Rb-Sr P Ar P Ar 3538
WREEAE- I i A R TRE R G, Mg iR %
HELS RO MRS HEA 385 Ma HIFER B
TNo bR a4 A E0UE R BA, B K LT g
2T 28 2 B B AR - T I R A 1 HR T VE A
R RE RN EREL T RS E L HE, T TiX
B—BA 28 BN B - T8 s A I s R
#FUFET ER N AT E ML ATk 1000 2248 )%
W, FLARF AR 1 A PT R S B AR R (R BROWH]) .
XFFAS KA 5T 0 P 8 e 4 28 R ik, 1 T A
D,—C, WIS B A (XTI EE, 1994; B K%,
1995) , X HHE B A ERR BT TR, &R, K
B85 A SHRIMP Ml 4F 45 5 (425 £ 8 Ma, B R FI|%,
2006) \LA-ICP-MS MAE£5 5% (417~ 397 Ma, £ H %
FRRTR)F , KA FE G e85 1 Bt R R
-RAEBH—ERAN, 5 E e K R -
IREEH A Y . PRSI rE AR A MR A LR L2
FRAER B HOE s SR B RS s, F B, 7/
Egite s s LU T K ID B e SR IR 2 S B, 14
Al -REFHEETAETA(S;L0) B KILE (S
25,1993 AR T, 1995; XA 2, 1996) M 77

£, R ERE IR BRI B ae e e 1A 7]
RERm K I FH- K & E H— R R I m & 4
FOART i T UV E P8 R IV R K BT Y LI 2 B
HR(gE )R, E5 TR IEEIRE Z RN
Rl — P 4 Gl B R L) T A e e RO AS 1) 4 1
o

11 % &

EE e s E P BA P AR s ER L 22 2RI 1Y
HEMBAE F IHABAERARERINEIR S
(IAT) il N-MORB W) iER{L 22 551E , 55 2 1A A 1E
HER AL AT FF L5 E-MORB A, BATE
IR E IR AINE 2. PR G 2 R g 4
BRI TR 5y A R K L 1 IR e 9 A B A
MY, ERATREREHTERLETR-RKEFH—
R At 1) %A P R o DB 12 & OIS B gk B
B RIEE K AEFRE (R E) R A, 5hXRI
&S E ZATTRE N R — & (R R EL
H TR A SR 47

B O oYX RKEGRERIFF Y,
BAKXFFZM ARA KR FBRAZT H R
RRFELF)N PRI AL T ARAHHFILT
THLT TRXE , R P ERZWLFT K],
AR KREFFARABITTA R 3T#, £R—3F
AT B
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