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Cox % (1967) 7E W 5T 75 IE Karoo Kk B H &
(R Z &)t B e TiO, M ERMEIR B E P mw
ZRER T AERAREFR, X RB X
RAEZE AR B H, LB SR E R
FoERAMBEKERAE ., FR—LEE Ford et al. ,
1980; Mantovani et al. , 1985)7E 5 4h— 6 K k R &
ALP)PHEFNHEXRELRE FEAT EM
B 25 (8] 4 A6 B 7 5 Q0 B FS B9 Parana (B 5 E 1),
B A Queen Maud Land (kB 2), HEZ R 2E
BREZREEFETERE AMBE TR ME ALK B
ERIEEEERBHXI, B FZ¥EIINE
TTEAARRMIE RALE AR T, X218 R E & F A
AR AR, BB B — 2% 3% (40 Faure et al.,
1972; Hoefs et al. , 1980; Allegre et al., 1982;
Wilson, 1989)% & A, i (A% BA B i 08 36
BTy, MERKZRENERMTRENES R,
Carlson (199D INAHARFE MKK L R EH L
HSTIR PS5 R, B R A A B b 08 A Bk 0 45
R RENFTREBEOE X EFEARR AR,
b 5E B AT IR i R BRI MR B R
8 R B R 2 B 4 R 1E A (AFC) , R i Tl K
AHIZFTLE M Sr.Nd, Pb [FI{ F #y 2R b % 4R AE 1

BENMEATRE STHESRER EhBE BARE RELAARES

e LA 5] #b 5% 0 A A B b 18 4 4 (Lassiter et al. ,
1997; Brauns et al. , 2000), FF A kAR X K&
Y B R E 18 . Gibson (1995, 1996)A K, &
RZRERENEABMERE RSB, W
BREZREMEHW A ABEREBER S BR A T
¥, T Wooden % (1993)F Arndt £ (1993) WA K
PERZREERTHMEHEARBEESBBMO ™Y,
RENMNBFZRTHTHBRITRY N, B — g
ZHWRE T AR KA, 40 Lightfoot %8 (1993)IA K
REZTREREEHE BB TIRY 5 A B g
5 T 10 5 SR, T 780 R K IR 5 Ot M A ik A =400
Sharma (1997) X FHF LR K REEHWEZRE
FERT (8] B W BUSE R 08 R R s R AL S R S BT 5
Rk, R XA BIE AT AR IR X A F]
BEMNEGR, BEH T ARTYRKIRY.
TR 55 (2001) 3 o X g% JE LK K B B AR
X ZRAEK TIO, W (MK, 1988 E=R%,
199G 2 B, B TiO, K& B LEII—&
LIP X R EZAEEER, I 1%~5%,HHF
ARSI H A LIP ARAE LA 25 8] 4 H B 4 2 . Xu
% (2001) WA Ay gk JB Ll K K B 48 R AR an Ho At LIP
REERAEEAHNES  EARABRERE,
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Table 1 Major element analyses (%) of basalts from Emeishan large igneous province
X == SiO, TiO, Al,O; | Fe;0; FeO MnO MgO CaO Na,O K;0 POs | BkE | S8

BZ-26 | 48.63 3.19 13.99 6. 71 7.62 0,23 4.17 10. 33 2.16 0.58 0.43 T 2.20 |[100.24

BZ-21 47.03 3.10 14. 55 7. 15 7.24 0.22 4.88 10. 94 2.153 0. 65 0. 40 1.93 100. 62

BZ-19 | 45.55 4.12 12..37 7.76 8.93 0.23 5,73 7.91 4.02 0.56 0. 44 2.88 100. 55

= BZ-15 46. 50 1. 66 16.34 5.18 6.45 0.21 6. 24 7.91 2: 70 0.91 0. 49 3.0 99. 90
M| Bz-29 | 50.15 | 2.02 | 13.61 | 5.86 | 6.36 | 0.19 | 5.12 | 8.94 | 3.34 | 2.30 | 0.40 | 2.40 |100.69
BZ-9 48. 38 2:12 13.92 5127 6. 29 0.15 782 12.70 2135 0.40 0. 20 1.43 100. 53

BZ-6 51. 26 1.54 1357 3.42 6.68 0.17 8. 44 11. 34 1. 66 0. 29 0.17 1./56 100.10

BZ-1 51.21 1.31 14.01 2.84 6.38 0..13 7. 66 7.43 4. 06 1.40 0.19 3.01 99. 63

DD-2 66. 98 0. 83 14. 66 3.84 1. 15 0.16 0. 46 1.07 6. 21 3. 64 0.10 0. 86 99. 96

DD-4 46. 90 2.54 15.14 6.47 6. 60 0.18 5.59 9.51 2.70 0.82 0. 38 271 99. 54

DD-8 48. 34 3.69 13.73 8.17 4.72 0.22 4. 49 8.24 3: 47 2:15 0.51 1.99 99. 72

th( DD-11 | 47.83 3.75 12.93 7. 80 6. 81 0. 20 4.24 9577 2.37 1.59 0. 49 1.91 ) 99. 69
DD-17 | 50.17 3.62 12.70 6. 94 5.59 0.18 5.18 9.:28 2. 60 0.51 0. 39 2:122 99. 33

DD-21 | 47.84 4.01 12.99 6. 81 6.-32 0.16 6.02 726 3.76 0.56 0. 41 3.19 99 38

DD-6 48. 84 1.94 12. 41 4.76 6. 83 0.19 9.19 10. 85 1: 71 0. 15 0. 24 2:.72 99. 83

LG-2 50. 29 2.41 15. 95 5. 82 6.56 0.18 3.89 5.63 5.45 0.22 0. 39 3.03 99. 82

LG-13 | 46.19 4.53 13..22 5.27 8.26 0.17 4. 49 8.74 2.84 2.10 0. 56 2.83 99. 50

il LG-20 | 47.98 3.53 13.29 5.35 7.99 0.19 5. 21 9. 64 2.6% 1. 30 0. 40 2.58 100.13
% LG-25 | 45.47 3.82 13.12 7.19 782 0.22 5.47 9.98 2. 40 1. 94 0.41 2. 27 100. 21
LG-27 | 47.17 3./75 12..67 7.07 7.58 0.23 5. 23 8.16 3.82 1.31 0. 40 2.41 99. 80

TD-2 47. 45 2.03 13. 28 4. 85 6. 84 0.22 8. 94 8. 75 2.62 1. 90 0.25 3.49 100. 62

H BTA BRTE B i R (RO B R FR AR T2 08 0k R 4R W B A R 3l 1 S FF SR I = # A XRF i63K78 .

AXARSKRZRE, FROEBUR TR ERES A HE
0B 154 b 08 A £ ] U B A X A AR 3 0 IR T 3 A
Y= TR BK X B A R T A B s T Y 3t 0 A
FRAL B IR AR X B Ak A T R AR A A R R

HAT KB W R KREEERAFROMLE
RRTHAZ WIS TOR, A SO BB 1 Xt X £ %%
B EFEESORDHETEEHRUKERE
A —FHFTHELRENRE .

1 TiO, F B MR K

KA (200D MBF X & B, 7EUR B 1L K K
BAEEH, Tid B AR X 2V X 3477 76 R 4k F 5 4k
KA, I B AT R 277 B4 A, BP k1L mg & B4 R 1K
BREL, B R Ak AL, K TIO, ST B RS,
HAFEVBHMEYE . HEHTF TiO, M1 PO, W& &
2IEMXK.H PO, & & EF W B KA W, M0k
HR4rH® P& Ti BI(HPT) i P 4% Ti 2 (LPT)
(Zhang et al. , 2002) . SR , R ITEH L@ T H— %
B AR R B, Uk B 1l K KR A B AR A2 7E 25 6] 4
T Bt AN 7 7 B IR] 43, 40 00 T 7 X B9 7 VT H
K, ZRAERHRK, PHEK, BB XN EE,TE
REAL T 78 DX 09 0 3 5 3t (X TR B % A B R 7 ek
RRE . B RE TiO, #1 P,O; W& B EAK LEE
EHXXRHREZHBREEH PO, SEAEE

SRS GE LB DIE I HEREFE LM
5K 8 52 55 (2004a) ], FE R R LART A A 9 BE B 77 76 B
B A1) T, G ke, TR Y R THO, R & BRI 4
MR ZRE. BB 1 FRHREXEBERT
ENTRER RIS K EERN=Y .
tFREREERK, BT SO, FBBAARK, BT LU
— A MgO & 83 Mg* {6 [Mg/(Mg+Fe) IR &
SiO, BB REH DD RBA R WEbES. i
2 LAEH MO B TiO, S BB REHE L
BURER: B L, TO, FB KT 2. 2% £ K/,
MgO 5 TiO, WEBERMAXR ;MY TiO, 48
INF 2. 200, M B R B EE, —BREMEE

0.7
067}

TiO2 (%)

B 1 ZRAEH PO fl TiO, kX 7 E R
Fig.1 Diagram of P,O;s vs TiO, of basalts
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RoA—RAMRRR MM R T &%
R BERIER . H2Y MgO & BERA, MM
AR, XTSRRI FMLIR RAE A X

TiO5 (%)

A2 ZRAEW TiO, 3 MO X & Af#
Fig. 2 Diagram of TiO, vs MgO of basalts

2 BAH 5

XF TiO, & B R M % Ra M iea #9 Sr.Nd,
Pb R E B %0, 5 Sr.Nd il Pb R E 4 B3
EEHERNXH(E 3, RN X ZRE K F
P ERARE TR B Gk 5 %%,2004c), 78 B Sr,
Nd.Pb R ERA4KEH S TIO, WEREXK. H
B3mMUEH BENBROBRBHELEARR
B ik &1 P B B9 Sr.Nd.Pb R {7 & 4b, K2 80k &
BEAMUMRMLRAR EHEMNTRERE SR
2 4:

HTH BRI XEE AR R RESKEL
BIFEY) , 8 % H) A /D Tk (Geist et al. , 1985)
StEETEHT TEY AR, BEEENTH
SGREBRMABTYMHETAR . AE 2 TLUER,
MARAWEMANZREZEVHFE 4 HELE
AR ERANTRERA FEEBRAERERT R
BRI H MO & B2 22%, 00 MgO 5B E
F 22% M8 A R R A ALK T HAEE, B
KRB ER S BE RN GRIBE%,2004b) . BT
AR BEERCA M AP A A . — B AR
TRARRKRERW O BEERFE.

TR B A MR T D A B A A IR
BAR., BAREAERSENEHCE, B &5
A.BRBEMALBRAEA MAARGESERN
EE HBERRAEMMAMEREA, MEE LR/
VEFR (RIBA24,2004b) , EBHE S 1(E 2)RAET M
A TR AR AR e 2(8 2T BERR T R
AHMBREAN  BERREA S ELE R B 3R
PR FEE MO & B &K, TIiO, i & & &K, TiO,

MERERSHET WO BERE L. b TSy
AEERERSBT AR T TiO, WK, Btk g
ERERBMOEHET R, X 5EMEHR
BER—HGHIENRRTRE " PRSKT W S
BRME. BT MgO S BA 12X MHEMERAENBR
mAMMA . RREGRDBMKA, BT AHEN
MO S BHMEMRN SHMEOMAREANSBESE
AfE A K. H a3 N RHAM A B RUE A AR
BB RER;BE 4 RIANEE MO 8
A R THO, B & &38R » B M HE T B0 RE Bk 1 2
BERER . BAREERT YNBSS RER, X
PR THRPREERKRNWERIEA. BRIAEE
HRWZRERAVEHR Eu ¥, TUENEH
KAWSELE . 75HMgO BIFEE N -5 HA A F
BROES B B A R R R X 3R Y 9
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0.708 |+

ena(2)
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B 3 TiO, 5 Sr. Nd. Pb Ay EHRM KR
Fig. 3 Viations in Sr, Nd and Pb isotope with TiO,
W=k A—TEEREERE 140,508
B4 £ 4 (2003, 2004a)

M —Binchuan, Yongsheng; A—Lijiang; datas from table 1
and Zhang,et al. (2003,2004a)
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Table 2 Simulation of fractional crystallization of

basalts from Emeishan large igneous province

WRAE | HHEE WA | THEE
d % | % B % | B bl
SiO; | 45.96 | 45.88 | 0.08 | 45.96 | 45.97 | —0.01
TiO, | 1.56 | 1.69 | —0.13| 1.56 | 1.65 | —0.09

Al Oy 8.12 8.13 | —0.01 | 8.12 8.07 0. 05
TFeO | 12.64 | 12.61 0.03 12.64 | 12.65 | —0.01
MnO 0.18 0.13 0. 05 0.18 0.48 | —0.30
MgO | 22.91 | 22.98 | —0.07 | 22.91 | 22.91 0. 00
CaO 7.72 7.85 | —0.13| 7.72 7.71 0.01
Na,O 0.52 1.15 | —0.63 | 0.52 0.50 0.02
KO 0.22 0.63 | —0.41 | 0.22 0.01 0.11
P,0s 0.16 0.21 | —0.05| 0.16 0.12 0. 04

3 0.613 0.145
ik 0129.2%, Cpx 6.9% 0120.1%,

Cr-Sp 1.9% Cr-Sp 1.2% (HE&)
( SM-15 = DJ-25) ( SM-15— DJ-31)
SiO; 48.88 | 48.84 0. 04 48.88 | 48.82 0. 06
TiO, 2. 20 1. 69 0.51 2..20 2.49 —0.29
Al,O; 10..35 10.51 | —0.16 | 10.35 | 10.39 | —0.04
TFeO | 11.64 | 11.72 { —0.08 | 11.64 | 11.54 0.10
MnO 0.16 0.17 —0.01 0.16 0.14 0.02

&M

MgO 12.20 | 12.21 | —0.01 ¢ 12.20 | 12.28 | —0.08
CaO 11.98 | 12.05 | —0.07 | 11.98 | 12.06 | —0.08
Na,O 1. 49 1.21 0.28 1. 49 1.94 | —0.45
KO 0. 82 0.21 0. 60 0. 82 113 | =0;:31

P20s 0.28 0.12 0.16 0.28 0.26 0.02

i 0. 7691 0. 4077

A Ol 7.1%, Cpx 17.4%, 01 10.63%,Cpx 34.69%,
0, 0,

o o Mt 2.9% P19.73%

(DJ-25—> BZ-6) (DJ-25— DJ-1)
B RMERNRSBIEE KBRS (2004b); HSHMBERRAE
9 73 X, T 3 B A A R 0 3R 51 B Zhang % (2002) MK 1B £ %
(20042) . Ol—H#¥i & ; Cox— B ##E A ; Cr-Sp— R F A s Mt—RE B
7P—RKHA
BERERULSHTHRBERKNEE.

7 —TJ7HE BT R T E SRR A B AL
SFEAE B B W R A 22 5 GRIB 4256 ,2004) , B LAFE 3
18 H A RN, AT B A & N A 4 . B
2HBH 1 BTREEPN DB LGN, BT L A
¥ Fo S BERFm MMM A (Fo 91.4%0);:a% 2 &
METHEBEHOMM A, BMEF Fo 3 &KRS
B A (Fo 90%) ;8% 3 A% 4 RAX B8
SrES g & E R, IR T 3 B M X BB U A (Fo
85000 . B 4 BB FNHAT, B 1085 R
BHER W ERCE B SR A s S
B2 ORI E K BOT HIE UG > S MR R A
WA RE "R TRE B 4. HEMIRE
BRI RA. BRUERNEK 2. 1ER 2 WA, 67

ERBEMEROTE(CHYRKIRTYE
R, FEB IR L 80 A ST BRI .
HEFERHNE, ERIBEHIBRUN T A
¥ (4N BZ-6 %) BA LR B AKRAELNTY,
FTLA 2 PRTFIM 0 B4 BB A 2 L RRIUKRT
MNEBERIZTEREENBERERATTENY
YIAR A B A SR EL B, T X T 2 i — s At E A
HAEA. FIL, RN EEREARHMbE A (B
WA A M BETEAEGRED, Mo Ha s L
Bl 2 K HE AE R B9 AR AL

3 ik

(1) B LK KA 5 2R — 26K KR
A& (B VG A Parana 18 JE & Karoo %) A A 19
2, BRZREN TIO, E B EAWEEME,EHIFA
FEHEBHAL, BESTAN, KRR FEZE S
W WA 7 AE B B R B[R] 47

(2 RAEHMAEMZREAD R 4 N ELE
¥, B RER T U FBERIX 4 S ELB
P 1R R AR ST N EBUE B A 3 R
A B 5 HCE (B A AR R A R s e % 2.
ER IR EH BT S E > SR RE WG . 8
REAMBRBANTELERER; BH 3.5
TRE R ZRA A RREA MBS
B MER B 4. FEHMERE“"BRX
RAEHMMA  RAEAMMRAMSBEERER.

& % X W

MR, 1988. ZEFEHHLSMHEREFHEA. b B EHRE, 217~
250.

EnR,.ZEW.ARAE, %. 1993, HEAMETEAR/LEFEE
BB A—FWRELZREOBRE. BAR B 5 KR
it.

HIRE, ERAE,BEH,%. 2001 BELZREFRIBD -5
BFER TS, EAET WHEREK,2003):239~246.

A, ERAE. 2003, IKJE ILK KA Sr.Nd Pb [ A R4 R HY)
BT #ERBl2E,28(4): 431~438.

ki, EHEA, M, Mahoney J J. 2004a. KB IL K KRESE
PEBESHEESANBRULERERENERMGLE. #
B4R, 78(2): 171~180.

IS, XA, 2004b. KBILKEHAZREEEHMEAEGNE
BHMAASHELAGAREEN. ARB¥HER, 141 .70~
74.

W, T4, MHEAN, Mahoney J J. 2004c. BRE LK ABREL
MEAMTERKREEBRIEERFEOHBERARERR. &
AT YE¥IERE, 23(4); 289~297.

References

Allegre C J, Dupre B, Richard P, et al. 1982 Subcontinental versus



Feo

RIS E LKA A B Z AR R a7 B 591

suboceanic mantle, II. Nd-Sr-Pb isotopic comparison of continental
tholeiites with mid-ocean ridge tholeiites, and the structure of the
continental lithosphere. Earth Planet. Sci. Lett. , 57; 25~34.

Arndt N T, Czamanske ] L, Wooden J L,et al. 1993. Mantle and
crustal  contributions to  continental  flood
Tectonophysics, 223: 39~52.

Brauns C M, Hergt ] M, et al. 2000. Os isotopes and the origin of the
Tasmanian dolerites. J. Petrol. , 41; 905~918.

Carlson R W. 1991. Physical and chemical evidence on the cause and

volcanism.

source characteristics of flood basalt volcanism. Australian Journal
of Earth Sciences, 38: 525~544.

Cox K G, MacDonald R, Hornung G. 1967. Geochemical and
petrographic provinces in the Karoo basalts of southern Africa.
American Mineralogist, 52: 1451~1474.

Faure G, Bowman J R, Elliot D H, et al. 1972. Isotope composition
of strontium and silica content of Mesozoic basalt and dolerite from
Antarctica. In: Adie R H J, ed. Antartic Geoscience. Oslo; Oslo
University, 431~438,617~624.

Ford A B, Kistler R W. 1980. K-Ar age, compositional and origin of
Mesozoic mafic rocks related to Ferrar Group, Pensacola
Mountains, Antarctica. New Zealand Journal of Geology and
Geophysics, 23: 371~390.

Geist D J, Baker B H, McBirney A R. 1985. GPP, a program
package for creating and using geochemical data files. University of
Oregon, Eugene.

Gibson S A, Thompson R N, Leonardos O H, Dickin A P, Mitchell J
G. 1995. High-Ti and low Ti mafic potassic magmas: key to
plume-lithosphere interactions and continental flood-basalt genesis.
Earth Planet. Sci. Lett. , 136: 149~165.

Gibson S A, Thompson R N, Dickin A P, Leonardos O H. 1996.
Erratum to High-Ti and low-Ti mafic. potassic magmas: Key to
plume-lithosphere interactions and continental flood-basalt genesis.
Earth Planet. Sci. Lett., 141: 325~341.

Hoefs J, Faure G, Elliot D H. 1980. Correlation of & #0 and initial
87Sr/86Sr ratios in Kirkpatric basalt on Mt. Falla, Transantarctic
Mountains. Contrib. Mineral. Petrol. , 75: 199~203.

Lassiter ] C, Depaolo D J. 1997. Plume/lithosphere interaction in the
generation of continental and oceanic flood basalts: chemical and
isotope constraints. In; Mahoney J, ed. Large Igneous Provinces:
Continental, Oceanic, and Planetary Flood Volcanism.
Geophysical Monography 100, American Geophysical Union, 335
#355.

Lightfoot P C, Hawkesworth C J, Hergt J, et al. 1993.

Remobilisation of the continental lithosphere by a mantle plume;
major-, trace-element, and Sr-Nd- and Pb-isotope evidence from
picritic and tholeiitic lavas of the Noril’sk District, Siberian Trap,
Russia. Contrib. Mineral. Petrol. , 171~188.

Mantovani M S M, Marques L S, De Sousa, et al. 1985. Trace
element and strontium isotope—— constraints on the origin and
evolution of the Parana continental flood basalts of Santa Catarina
State (Southern Brazil). Journal of Petrology, 26: 187~209.

Sharma M. 1997. Siberian Traps. In: Mahoney J, ed. Large Igneous
Provinces: Continental, Oceanic, and Planetary Flood Volcanism.
Geophysical Monography 100, American Geophysical Union, 357
~380.

Wilson M. 1989. Igneous Petrogenesis. London: Unwin Hyman.

Wooden J L, Czamanske G K, Fedorenko V A, et al. 1993. Isotopic
and trace-element constraints on mantle and crustal contributions to
Siberian continental flood basalts, Noril’sk area, Siberia.
Geochim. Cosmochim. Acta, 57: 3677~3704.

Xu Y, Chung S, Jahn B, et al. 2001. Petrologic and geochemical
constraints on the petrogenesis of Perian—Triassic Emeishan flood
basalts in southern China. Lithos. , 58: 145~168.

Zhang Zhaochong, Wang Fusheng. 2002. Geochemistry of the two
types of basalts of the Emeishan Basaltic Province: evidences for
mantle plume-lithosphere Interaction. Acta Geologica Sinica, 76
(2): 138~147.

Zhang Zhaochong, Wang Fusheng. 2003. Sr, Nd and Pb isotopic
characteristics of Emeishan basalt province and discussion on their
source region. Earth Science 28(4): 431~438 (in Chinese with
English absract).

Zhang Zhaochong, Wang Fusheng, Hao Yanli, Mahoney J J. 2004a.
Geochemistry of the picrites and associated basalts from the
Emeishan large igneous basalt province and constraints on their
source region. Acta Geologica Sinica, 78 (2): 171 ~ 180 (in
Chinese with English abstract).

Zhang Zhaochong, Wang Fusheng. 2004b. High-Mg olivine and high-
Cr spinel in picrites from Emeishan large igneous basalt province
and its geological significance. Progress in Natural Sciences, 14
(1):70~74 (in Chinese with English abstract).

Zhang Zhaochong, Wang Fusheng, Hao Yanli, Mahoney J J. 2004c.
A geochemical comparison between the Emeishan and Siberian
large igneous basalt province and its petrogenetic implications. Acta
Petrologica et Minerlogica, 23(4): 289~ 297 (in Chinese with
English abstract).

Petrogenesis of High-Ti and Low-Ti Basalts from the

Emeishan Large Igneous Province

HAO Yanli®, ZHANG Zhaochong!?, WANG Fusheng”, John J. MAHONEY?®
1) Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037
2) China University of Geosciences, Beijing, 100083
3) School of Ocean and Earth Science and Technology, University of Hawaii, Honolulu, HI 96822, USA

Abstract

Analyses of basalts from the Emeishan large igneous province show that the TiO, contents of them are

variable continuously. And outcrops of high-Ti and low-Ti basalts in field are unzoned spatiotemporally. The
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similar Sr, Nd and Pb isotopic compositions of these two types of basalts indicate that they are comagmatic
igneous rocks. The MgO versus TiO, diagram for picrites and basalts shows four evolution trends, whose
geneses were simulated by the fractional crystallization model. The result suggests that high-Ti and low-Ti
basalts are different products of the same parent magma (picritic-basaltic magma) through fractional

crystallization of different minerals.

Key words: high-Ti and low-Ti basalts; fractional crystallization; evolution trend; petrogenesis; Emeishan

large igneous province
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