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Abstract: In order to probe and reveal the characteristics of mantle sources for high-Ti basalts in the
Emeishan overfall basalt province, major elements, trace elements and Sr — Nd - Pb isotopes of the Ertan
high-Ti basalts are systemic studied. It’s indicated that they can be divided into group A and group B
types. Two types of basalts shows such distinct geochemical characteristics as different concentrations of
the trace elements(Rb, K, Ba, Th, Nb, Ta) and trace-element ratios(Ba/Nb, Ba/Th, Zr/Nb, Th/La,
Zr/H{) as well as different 57 Sr/* Sr and ** Pb* /** Pb* ratios. The difference between group A and
group B is resulted from distinct mantle sources instead of magma evolution processes (fractional
crystallizztion, crustal contamination, assimilation-fractional crystallization, and partial melting ).
Group A, with the feature of EM II, is probably generated by partial melting of metasomatic mantle
enriched pyroxenite. Group B, with the mixed features of EM I and “C” component, is probably derived
from partial melting of mantle-derived materials with wide metasomatic spectrum,
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Table 1 Compositions of Sr, Nd and Pb isotopes for the Ertan basalts
A B#

T ERT -3 ERT - 18 ERT - 22 ERT - 28 ERT -7 ERT -9
ESFE-3.| %) HMERE ZRE TR HHERE ZRE
8TRb/% Sr 0.180 5 0.328 8 0.105 3 0.282 4 0.137 6 0.085 6
8 Sr/86 Sy 0.706 973 0. 707 248 0.707 134 0.707 474 0.704 833 0. 704 659

M7 Sm/ M1 Nd 0.141 5 0.119 6 0.119 3 0.118 2 0.108 2 0.145 4
HM3Nd/!""'Nd 0.512 672 0.512 378 0.512 370 0.512 377 0.512 359 0.512 701
(% Sr/%Sr); 0.706 308 0. 706 308 0.706 746 0.706 433 0.704 326 0.704 344
(M3Nd/" Nd); 0.512 432 0.512 175 0.512 168 0.512 177 0.512 176 0.512 455
Exd 2.49 —2.52 —2.67 —2.50 —2.32 2.93
206 Ph/291 Ph 18.310 4 18.410 4 18.358 4 18.381 5 18.532 7 18.300 1
27 Ph/%Ph 15,547 2 15.545 7 15.558 0 15.5351 6 15.570 4 15.535 8
205 Ph/2' Pb 38.945 7 38.842 3 38.818 9 38.823 9 38,789 7 38.409 5
(208 Ph/201Ph), 18. 169 18.214 18. 280 18. 319 18. 441 18. 262
(297Pb/20' Pb); 15. 540 15,3536 15.554 15.548 15. 366 15.534
(208Pb/20TPh); 38.632 38. 386 38.526 35.673 38.624 38. 319
08P /206 Pph ¢ 1.052 1.029 1.032 1.030 1. 009 0.993

A GRS P [y ZEEEN EFE T T eng (1) (29 Ph/20 Ph); L (207 P/ Pb) FI(28Pb/2 Pb); f BT [E] =259 Ma; fi 45 | BRY
Y48 ;299 Pb* /205 Pb* = (295 Ph/206 P, il £ {1 — 29. 476) / (25 Pb/2! Pb M B {& — 9. 307)7221,
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Um0l Bl Y B R A1 FNAR IR A0 S OF S R
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WX A — 4 R A BUR P AE 5 #0246 7508 1B i)
WE., g RIERAFAEERE MERIRE A
A BAZRER Zo/H IWHEZE S
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AHMBHYWE Nb. Ta AR H LB _# &
R LR ZHSE IR B fE AN HA B, X 5 5 B ik
BlmsgZRANHRER -5, AR B4
#9*"Sr/*Sr 5 SiO, \Rb 1 K Z [a] A4 K4, ;X
HER T HISE IR YL Al AFC /9T e, iboh, B EE L IA]
# Ba/Nb.Ba/Th.Zr/Nb i Th/La M B R T
ZRM,HEYSr/*Sr AR B AR KA (E
5. AHMBAAZHAEYRMER., X5
Xu 20 B 25 ROR 58 & — B0, Xu VA8 3B 40 1k
BIEsZRAEMHTDRSF T AFCEA.
3.1.3  Fyaitt

MTFAAMBANWMBITEERSEHER
HE (B 4a, by, 5 OIB AL, Btk A 4070 B 41 54k
TE IR B AR A T A AR e RN, Ais
KRR+ (LREE) X H# 1 (HREE) ¥H1 &
& ([ 6a,b) X ML B & 9 A A8 B LIR
B MR

Yb/Sm il Tb/Yb XM ERMBERRFNERAE
Y. (Yb/Sm)p —(Tb/Yb), HHREMFEH, A 4L H
BAKBBMBEEAMXANE 7)., A HEBBERE



FERETR LA A e K ROE B K A 1 T R OR (7] e Y R AiE

= 6 1 1317
1000

R AL

=

—_:_:%1

%

= BHe —_HMZHKELAHEHENBTEER
5 Cloth o ¥ H 3

| | McDonough and Sun{?)

Rb K BaTh NbTa La Ce Sr P Nd

Zr HfSmEuTi Y Yb

Fig. 4 Primitive mantle-normalized

incompatible trace element

diagrams of the Ertan basalts
B4 (

Primitive mantle

normalization factors are

from McDonough and

Sun!?1)

NAY%~5%, Kk BHEARMEER L 60%~87%,
KEBFESR R 80% ~87%: B H BB E N
3N ~T%, kR BAMA X MR E 50%~87%, K
ZRFER K 507 ~T70% . XULHIE AL A 4 M5 1K
KSR TR FE LU TE L B 48 1 6 1A A e O 5 ok BE RS L I
AT BRATRER R MH S AME TR LERKA
SARUFRZ—., FERBAHE, XERMFIEE
IERBEY BRI R, R Xl nT RERE &
AFE AR R AR, HEARMTARENX
REBMEBHEEN.

ML R AT AL A LA B 4 2 8] 16 @il 4 44 1)
ZRIEABE. FEt, BAF % ETE ER
[F 67 % HAE R B B 22 B R 3E P4 M BT 3 3%, AT fiE
55 #1108 UF B R IR O3 — M) %

3.2 HuRIBEHFME

AHAHETLERb ., K, Ba, Th, Nb.
Tati AAMBATHERERFEM. BATRT
ERT-19 M1 ERT-26 fd Rb . Th A BHERS
ShEHEMTREEREEMET A 4 6a,b), BB
Wi e B SRS RER BB A BE RS
A4 B M Rb,K.Ba, Th.Nb,Ta £ % #

Rb K BaTh NbTa L.a Ce Sr P Nd Zr HfSmEu Ti Y Yb

FEFEH, XMEFARERT AAMBAZH
A [ 3 05 0 o R BT R R B AR b s TR
WREDN TEREROREN. HARSERE
JCZ W {H Ba/Nb.Ba/Th.Zr/Nb, Th/La 8] B 2%
SE S, #—FHHIET A AfM BAHARBARNEY K
5 U5 R BT T L BT BB MRS . e Ah, B HLRE iR
LREE/HREE {4 ¥ 89 & & F 5 1A b o AE , X th
BLSR B S ) Hh 08 R 6 28R B Y

BT ARG & RER A2 E o Sr,
Nd #1 Pb [F]47 # L™, [ I 26 bl A 1 R B
YWHERRME. SR E AHMBURAR
6] e oL B LU AR AE , U H B Sr MM R LEMER
BE® 5), A HEY Sc/* Sr b 1H (0. 706 9 ~
0.707 4)H EM II 4% 4F, B 41 ¥ Sr/* Sr W
(0.704 6~0.704 8)E EM - 1 $#%#4F. 7E”Pb/?Pb
5¥Sr/*Sr iR (B 8),BH AT EM 1 53t/
#H41“C”(common component) 28], C H 4 B 7
7 5 BTN Ry 2 T A 8 s s A L R B SR IR T
DA e . XU B 4@ IR 2 EM 1 #1 C 4y
PFHIE, ATRE R AR @ 4 F A ZE A AR E X E
BAET R, AR s R AR EM TR S



%40 %

1318 H O OK ¥ 2 ROGE BR B % B
43 200
40F a [ d
35¢ '
30F 150
2 25} E
o 20F @ [
15t 100}
10 (i ; [ @
5
0 Bt e g 50 N e . . N
14k b e
0.14
12}
1o 0.13
o 3
z 8f =
= E
N 6 0.12
4r 0.11
2.
0 e 0.0 Ciaod . Ceciin
0.83} ¢ 09t (AL
0.82 08
0.7
0.81 0
~ 0.80} =2
5 3 0.5
E 0.79¢ z 04t
0.78 03}
0.77 02} ® A
0.76 0.1} A B
()75 N N X N N . - . 0 PP T ITE I S AT A Y 1 PN TN WA
0704 0705 0706  0.707  0.708 0704 0705 0706 0707  0.708
YSr/“Sr Sr/“Sr

Bs5 —MEZEE"S/"Sr SHEBTKILEEXER

Fig. 5 % Sr/*Sr vs trace element ratios variations for selected group A and group B lavas

BT B4, A AN KRB IAR EM - 2 41,
VT A i JELT EM TT 69 3 U5 AR 50 1% Bl B 2
. AN, A ZE™ Pb™ /*°Pb" 5 exa (1) B Kl (B
NHLERHEER,AHMBARAL T AR
LS A HY™ P /°Pb HE A EM 11 #§
fE, B LA™ Pb” /**Pb" [L{HA EM T RE™ . X
BE— B ULE A 4 B 4 8 IR R R IR 89, A7 7E B
BER. FEUIKE. AR AHGLZTT™
TEREI R k- TR k- 11 b 08 IR i
EARE .
3.3 ERMEHRENZEL

W8 U SR B AR 8 — PR A S R ol 0 b B R
PE ST R BF T ET 08 T LT BDARY e K B

7 Hb 08 TR b 1 S T B HIMU , 46F w28 75 1 o 8 T AR
YT B EM T, 46 o 7 55 1 Bt 8 DU RR 9 JE B EML T,
XMMEESPET ZEZ. R A EH NN
ST RS T R BB B B s HIMU OIB i A 48
RITETENIFMET . Workman %% th, 5% 3 s H
ERMEGBITEBREMBET LML EM I K
. ERBLE A AFE T PrRFE AR,
HOERMEAR OB B FEMNEEHART .
WA T AR e R (AT RBRE S I RE 5 b
8 WM A B B2 BT BT TE B 5 33X S5 0 o A ARS8 0
Rl U BT A @) R AE B 0 5 K R R B s O X R
AU, Pilet FY M TR MR, MEKRNEZRE
A B R A R BRI R R KB RE A XK .



oM

FERE G 45 LU TR IR A R AR K B Y B R S T 3 98 Y R AiE

1319

1000

AR

—

(=]

<
T

w (KE W/ wo (BR BB AT

<

a

l I -

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Ln

Beé

w (A i/ wo (B P m

1000

100

<
T

. P

I -

La Ce Pr Nd Sm Eu Gd Tb Dy

Ho Er Tm Yb Lu

“HERER TR S B GRE MG EE McDonough and Sun 1)

Fig. 6 Chondite-normalized REE diagrams for the Ertan basalts(Chondite normalization factors are from McDonough and

Sunt?®1)

1.1 - T
1o} e Adl

A& Bl
0.9}

0.8}
0.7}
0.6
05t
04}t Gar0
03}
0.2
0.1

(Yb/Sm),

5% Gartoo

N,
NN

0.5 1.5 2.5 3.5 4.5
(Tb/Yb),

(Tb/Yb)r —{Yb/Sm), B#R U B X#(17])
Plots of (Tb/Yb), vs (Yb/Sm), for the Ertan

7
Fig. 7

basalts

THESRZIRAE AN BAUABRRBAEEE
FiE  HEEBEANAR. AHHEBETE LR
HBHMEEE, LHEZ Rb.K . Ba, Th.Nb fl Ta
(B 4a,0), AHBBARSENTRLEERE (B
4a) M + oL B WA A HLUFAE (B 6a), U B H 18
BHS B — TRFIENEEEA AT,
VA ANBMEEREY . XAl ERERN X
WA A BB A A TR B AR
FEEHHNE EM I #HE., BAMMEBICEN® LT
EHARENALTEE (E 4b, 6b), i B H b i I
YR 43S AIE R B TR B 0B IR el B R A LA R A

0. 708} D o Al
EM-2 s
0. 707} @ 4 Bl
0. 706}
_ EM—ID
S 0.705}
> @
L 0. 704}
* C
0. 703} —
HIMU
0. 702} ;
n L 1 e i 1. 1 i 1 1
t6 17 18 19 20 21 22
“pp/24ph
8 ZHMTEEPb/MPb5TS/Sr MR(EM -1

EM - 2 # Hofmann''', C #1 4} #& Hanan and
Graham™*)
Plots of ¥ Sr/* Sr vs 2 Pb/** Pb for the Ertan
basalts(EM - I and EM - II are from Hofmann",

Fig. 8
C component is from Hanan and Graham!®’)

YWEREG AT L. A, B Y Sr/% Sr bk {H d1 B B
T A4, Hit, BHRMMEES A HEb@iRE
HE X5 . BAKY S/*Sr #M*°Pb/* Pb N T
EMIM CHM(THMP B Z MW T X — K
(& 8); B A8 4 Ay M 08 4 43 8 B 1A 5 5 L 9 IR
R R A K BEEP RERERNAAEREL
O R Y R R AR, NTTTE R T B 4.
ML, AHMBAKWAERENET EWELRE



5 40 ¥

1320 AR OK FFE RO BB E B

5

4

3t A

@

2
~ 1

-1

-2

A A ®y ® Afl

A B
-4
0.99 1.00 1.061 1.02 1.03 1.04 1.05 1.06
R

E 9 :ﬁgﬁ%u)xph* /Zl)ﬁPbk 5143Nd/l44Nd Qﬁg

Fig.9 3 Pb’ /?Pb” vs **Nd/'**Nd for the Ertan basalts

FRAEXRT R R R Ve B 7 RY A A AR KB R
F R A L R T B2 . LK TR A AR
VEBATE B A 2 890 R R T2 AR B 4 4 ml iR
E.x 5 AHEMN Zr SEVRET BHMW Zr 32—
BOHEN Ze EARAO TR REMAEN. b T HRE L&
T2 A T SR T A PR I 3 T AL [ AR
BT BOF N ) BB B 2 R . Fef, A AR
B 47643 IR 43 A b s JC 9§ 22 52 7 SR A B T A9
JRIEA A 4R BT FE P LR EER A
. X AT R AL 7E B B ) 48 RiUA OE B A 41D 1E
LR ER TR MY B OF BB 4D B R
F 3K T A R A 1] b R B O JC IR & . B
BT A B A [A]3 A M R . TE I 1ACE TE B
FTH G » G A3 VR DR Ut b 26, 7 LA 35 o b
BoMA A4,

FRE AR MR R A R T A 4IF B
I Bt 23 43 A A Ry o 3 R B B 2H B AN [R) 4 0
RIRA BB TREEA R B XS A HEAH X
B H B AOR & R AT B . B B 410
R B B R AT R M 0 R R A AT AR
.

4 &R

(DG H BRI 2F FRE AR R], R S sk 2 s
H#S M AHAMBAWAERA. A AW AHEM
BT (Rb.K.Ba, Th,Nb fl Ta) EEBREET B
20, Y Sr/*Sr Ph” /**Ph” lhEHBLHIE & T B
4, A A S A ZH R E TR L {E (Ba/Nb,
Ba/Th.Zr/Nb Th/La.Zr/HD & 1 T 843 5.

(DOFERL A 1B 44 & A o] B B ERfL o
ERMEBEFRFIFEERIR G HI R BTR
Yo HB 43 RO Y A [6) B 5 8, TR M R IR N ] 5
BT EHRESR.

(HAHE EM I ##1E, TRENE S A HH
ARG AR B . BAWEA EMTH1C
H4F IR A HHE AT A8 O 2 AIE R B TSR 8 )
T Rl T2

£ % 3L Hk (References) :
(1]

Hofmann A W. Manle geochemistry: the message
from oceanic volcanism[J]. Nature, 1997, 385; 219
- 229.

[2] Prytulak J, Elliott T. TiQ. enrichment in ocean island
basalts [ ] .
2007, 263 388 - 403.

Hofmann A W, White W M. Mantle plumes from an-

Earth and Planetary Science Letters,

(3]
cient crust[J]. Earth and Planetary Science lLetters,
1982, 57 421 - 436.

[4] Sobolev A V, Hofmann A W, Sobolev SV, et al. An

olivine-free mantle source of Hawaiian shield basalts

[J]. Nature, 2005, 434 590 - 597.

Sobolev A V, Hofmann A W, Kuzmin D V, et al.

The amount of recycled crust in sources of mantle-

derived melts[J]. Science, 2007, 316: 412 -417,

McKenzie, ()’ Nions. The source regions of ocean is-

land basalts[ ] ]. Journal of Petrology, 1995, 36: 133~

159.

Niu Y L, O’ Hara. Origin of ocean island basalts: a

(6]

(7]
new perspective from petrology, geochemistry, and
mineral physics considerations [ J ]. Journal of
Geophysics Research, 2003,108. 2209, doi: 10,1029/
2002JB002048.

[8] Pilet S, Hernandez J, Sylvester P, et al. The meta-

somatic alternative for ocean island basalt chemical

Earth

heterogeneity [ J . and Planetary Science

Letters, 2005, 236.:148 - 166.
[9] Pilet S, Baker M B. Stolper E M. Metasomatized
lithosphere and the origin of alkaline lavas [ ] ].
Science, 2008, 320: 916 - 919.
[10] Willbold M, Stracke A, Trace element composition of
mantle end-members: implications for recycling of
oceanic and upper and lower continental crust[J].
Geochemistry Geophysics Geosystems, 2006, 7.
Q04004 , doi: 10.1029/2005GC001005.

[11] Jackson M G, Hart S R, Koppers A P, et al. The



%6 AR B LR KR A A B K R N RR R [ #h.08 JR AR AE 1321
return of subducted continental crust in Samoan lavas from the Black Forest, Germany — evidence for a

f1z]

{1s]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[J]. Nature. 2007, 448 684 - 687.

Chung S L., Jahn B M. Plume-lithospher interaction in
generation of the Emeishan flood basalts at the
Permian — Trassic boundary[J]. Geology, 1995, 23.
889 - 892.

Xu Y G, Chung S L., Jahn Bor-ming, et al. Petr-
ologic and geochemical constraints on the
petrogenesis of Permian — Triassic Emeishan flood
basalts in Southwestern China[J]. Lithos, 2001, 58:
145 - 168.

Xu Y G, He B, Chung S L, et al. Geologic, geo-
chemical, and geophysical consequences of plume
involvement in the Emeishan flood-basalt province
[J]. Geology, 2004, 32;: 917 - 920.

RS, THRA. B LK RE Sr Nd Pb F L R 5
fiE R EPEAR T[T, s BB —— P E B K F ¥
i ,2003, 28(4): 431 - 439,

ZHANG Zhao-chong, WANG Fu-sheng. Sr, Nd and
Pb characteristics of Emeishan basalt province and
discussion on their source region[J]. Earth Science —
Journal of China University of Geosciences, 2003, 28
(4) . 431 - 439.

Xiao L., Xu Y G, Mei H J, et al. Franco Pirajno dis-
tinct mantle sources of low-Ti and high-Ti basalts
from the western Emeishan large igneous province,
SW China; implications for plume-lithosphere interac-
tion[ J]. Earth and Planetary Science Letters, 2004,
228 525 - 546.

Zhang Z C, Mahoney J J, Mao ] W, et al. Geo-
chemistry of picritic and associated basalts flows of
the western Emeishan flood basalts province, China
[J]. Journal of Petrology, 2006, 47: 1997 — 2019.
PEEEER.ELE.Z BMBLIER LR EYE
B -~ [T, 548 G ,2007,27(4) .60 - 65,
YAN Zai-fei, HUANG Zhi-long, CHENG Li-jun, et
al. Heterogeneity of source for Emeishan high-Ti ba-
salts[ J]]. Journal of Mineralogy and Petrology, 2007,
27(4); 60 - 65.

PEEGER ARG BJE L TR A R
SRHEL]]. BE 7 ,2006,26(3): 77 - 84,

YAN Zai-fei, HUANG Zhi-long, XU Cheng, et al.
Geochemical feature of Emeishan basalts from the Er-
tan area[ ] ]. Journal of Mineralogy and Petrology,
2006, 26(3): 77 - 84.

Chen F, Hegner E, Todt W. Zircon ages, Nd iso-

topic and chemical compositions of orthogneisses

(21]

[22]

[23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

[31]

Cambrian magmatic arc[J]. International Journal of
Earth Sciences, 2000, 228: 525 — 546.

Chen F, Siebel W, Satir M, et al. Geochronology of
the Karadere basement (NW Turkey) and implica-
tions for the geochemical evolution of the Istanbul
zonel J .
2002, 91. 469 — 481.

Galer S J G,0O’Nions R K. Residence time of thori-
um, uranium and lead in the mantle with implications
for mantle convection[ J]. Nature, 1985, 316, 778 -
782.

International Journal of Earth Sciences,

Miyashiro A. Nature of alkalic volcanic rock series
[J]. Contributions to Mineralogy and Petrology,
1978, 66: 91 — 104,

Le Matire R W, Bateman P, Dudek A, et al. A clas-
sification of igneous rocks and glossary of terms: rec-
ommendations of the International Union of Geolog-
ical Sciences Subcomission on the systematics of igne-
ous rocks[ M]. Oxford: Blackwell, 1989.193.
Linnen R 1., Keppler H, Melt composition contral of
processes [ ] J.
Geochimica et Cosmochimica Acta, 2002, 66 3293 -
3301.

McDonough W F, Sun S S. The composition of the
earth[J], Chemical Geoglogy, 1995, 120: 223 - 253.
David K, Schiano P, Allegre C J, et al. Assessment

of the Zr/Hf fractionation in oceanic basalts and con-

Zr/Hf {ractionation in magmatic

tinental materials during petrogenetic processes{J].
Earth and Planetary Science Letters, 2000, 47 285 -
301.

Klemme S, Blundy J] D, Wood B J. Experimental
con-straints on major and trace element partitioning
during partial melting of eclogite[]J]. Geochimica et
Cosmochimica Acta, 2002, 66. 3109 ~3123.

Beier C, Haase K M, Hansteen T H, et al. Magma
evolution of the Sete Cidades volcano, Sao Miguel,
Azores[J]. Journal of Petrology, 2006, 47, 1375 —
1411. .
Pfander ] A, Miinker C, Stracke A, et al. Nb/Ta
and Zr/Hf in ocean island basalts: implications for
crust-mantle differentiation and the fate of Niobium
[J]. Earth and Planetary Science Letters, 2007,
254, 158 - 172.

Hart S R, Allegre C J. Trace-element constraints on
magma genesis[ C]//Physics of Magmatic Processes.

Princeton;: Princeton University Press, 1980: 121 -



1322 F Ok K ¥ ¥ MO R B ¥ B 540 %
159. of mantle plumes{]J]. Science, 1996, 272 991 - 995.
[32] Cook C, Brigges R M, Smith I E M, et al. Petrology [35] Hofmann A W. Sampling mantle heterogeneity throu-
and geochemistry of intraplate basalts in the south gh oceanic basalts: Isotope and trace elements{ M].
Auckland volcanic field, New Zealand: evidence for Amsterdam; Elsevier,2003:61 - 101.
two coeval magma suites from distinct sources[J]. [36] Spandler C, Yaxley G, Green D H, et al. Phase rela-
Journal of Petrology, 2005, 46 473 - 503. tions and melting of anhydrous K — bearing eclogite
[33] Workman R K, Hart S R, Jackson M, et al. Recy- from 1 200 to 1 600 C and 3 to 5 GPa[J] . Journal of
cled metasomatized lithosphere as the origin of the en- Petrology, 2008, 49, 771 - 795.
riched mantle II (EM2) end - member; evidence from [37] Day ] M, Pearson D G, Macpherson C G, et al. Py-

[34]

the Samoan volcanic Chain[J]. Geochemistry Geo-
physics Geosystems, 2004, 5. Q04008, doi: 10.
1029/2003GC000623.

Hanan B, Graham D W. Lead and helium isotope evi-

dence from oceanic basalts for a common deep source

roxenite-rich mantle formed by recycled oceanic litho-
sphere: oxygen — osmium isotope evidence from
Canary Island lavas[J]. Geology, 2009, 37(6): 555 -

558.

R E R LT N PO DI CEC LI PLIC CEIC SR EL IR ICEC EEIECEICECELICELICEL R CUILLICEDC ERIRSEICE DI E S EECE LR PR ER R PRI EL U PR ELICEE REERESERE TR R R RCE RS

¢ B#% 1310 )

[28]

[29]

(303

[31]

[32]

[33]

[34]

BAEI, R A T, M ER R IM ] LR MR AR
2001,

ZHAQO Lun-shan, ZHANG Ben-ren. Geochemistry
[M]. Beijing: Geological Publishing House,2001.
Bedard ] H. Petrogenesis of boninites from the Betts
Cove ophiolite, Newfoundland, Canada: identification
of subducted source components( J]. Journal of Petrol-
ogy,1999,40(12). 1853 - 1889.

Green D H. Experimental testing of equilibrium par-
tial melting of peridotite under water-saturated, high
pressure conditions [ J]. Canada Mineral, 1976, 14;
255 - 268.

Nisbet E G, Cheadle M J, Arndt N T, et al. Cons-
training the potential temperature of the Archaean
mantle: a review of the evidence from komatiites[J].
Lithos,1993,30: 291 - 307.

Herzberg C,0’ Hara M J. Plume-associated ultrama-
fic magmas of Phanerozoic age[J]. Journal of Petrolo-
gy»2002,43; 1857 — 1883.

Arndt N T. Hot heads and cold tails[J]. Nature,
2000,407; 458 — 461.

W R AT, B/ » 5. 3 88 AR KREIE K 0 0] B ik
s8R0 ]. ¥ ARG, 2007,14(2): 1-9.

XU Yi-gang, HE Bin, HUANG Xiao-long, et al. The
debate over mantle plumes and how to test the plume

hypothesis[]J]. Earth Science Frontiers, 2007,14(2).

[35]

[36]

[37]

£38]

[39]

1-9.

S, John ] M, EA8 A, . B IR K BEE W
TR RO I A TR R B A Sk A
BURYIEHR)]. &6 2%1],2006,22(6): 1538 - 1552,
ZHANG Zhao-chong, John ] M, WANG Fu-sheng,et
al. Geochemistry of picritic and associated basalt flows
of the western Emeishan flood basalt province,China:
evidence for a plume-head origin[ J]. Acta Petrologica
Sinica,2006,22(6); 1538 - 1552,

Henderson P. Rare earth element geochemistry[ M.
Amsterdam: Elsevier Science Publishers, 1984,

Ellam R M. Lithospheric thickness as a control on ba-
salt geochemistry[J]. Geology,1992,20. 153 - 156.
AEEBAR HEE,F. FEAR—H Rl
BoXREMNEHRAREHEEX] A%,
2006,22(5): 1279 - 1293.

ZHAO Ze-hui, GUO Zhao-jie, HAN Bao-fu, et al.
Comparative study on Permian basalts from eastern
Xinjiang — Beishan area of Gansu Province and its tec-
tonic implications[J]. Acta Petrologica Sinica, 2006,
22(5): 1279 - 1293.

Sun L H,Wang Y J,Fan W M, et al. Post-collisional
potassic magmatism in the southern Awulale Moun-
tain, western Tianshan orogen: petrogenetic and tec-
tonic implications[ JJ]. Gondwana Research, 2008, 14,
383 - 394,



