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Table 1 The major elements (%) and trace elements (X 10™¢) concentrations of the Emeishan basalts
=22 YY-10| Yl6 |YL-4|YL-2| YI1 |YB-6 YP_>25 YB24 | YB23 | YB22 | SE29 |SE-24 |SE-21|SE-20|SE-19|SE-18
SiO, 48.69(40. 27|45. 21|45.69|42.09|45.82|41.39|43. 62|45. 34|44.14| 43.8 |47. 49| 50. 2 |47.84|48.66(49. 98
TiO, 2.44 | 1.04 | 2.76(2.57 | 1.19 [ 4.09|1.64|1.78|2.26|2.14 | 1.882.12|2.55]2.44}2.69| 2.43
Al,O; |12.42| 5.94 {12.32(13.15|6.21 |12.73}4.65| 8.2 |9.17 | 8.79 | 6.23 |12.01(12.25]10.58}11. 95(10. 99
Fez0s 4.133.17 | 5.94| 5.2 [3.08{5.51}6.11|4.55|6.92|4.98|5.48|5.12(3.77{2.75}3.91|3.93
FeO 5.6 [7.73|6.61|7.15(7.65{9.635.95|7.07|5.56|6.76|6.37|7.46|7.38(8.46|7.31|7.19
MnO 0.14 1 0.17|0.22| 0.2 |0.16] 0.2 |0.16|0.16 | 0.15|0.17 | 0.16 | 0.22 | 0.17 | 0.18 | 0.17 | 0. 16
MgO 6.6 (27.23(8.29| 8.1 (25.52}5.21 |26.21| 18.6 |13.62]17.37]|21.66|8.33| 7.4 [(10.35| 8.26 | 8.72
CaO 9.78 | 6.22 (10.51|9.94 {7.28 | 7.84|5.83| 8.8 | 9.42} 8.7 |6.42|10.85(9.94[9.93|8.01|7.71
Na,O 1.43(0.3212.92|2.47(0.513.37|0.53|1.151.34| 1.4 | 0.72|3.01|2.56|1.06 3 2.05
KO 4.820.18 | 0.66 | 1.59{0.14}1.47 | 0.29 | 0.58 {1.08} 0.7 {0.76 | 0.74 | 1.01 | 2.47 2 2.41
P05 0.4 1]0.12{0.29|0.28|0.11|0.47 | 0.25]0.2410.33|0.31| 0.2 [0.22]0.29|0.25]0.32]0.36
LIO 2.8216.72|3.04 |2.2814.96|2.82|6.26(3.96)3.82|3.684.94|1.7811.562.32| 2.3 |2.84
TOTAL |99.27}99.11{98.77]98.62( 98.9 |99.16(99.27198.71]99.01|99.14}98.62{99.35|99.08(98.63)|98.58(98.77
Mg# 62.1 |84.99(61.94(83.75|60.76|44.17|84.9479.01|74.74|78.14[82.02|61.19(59. 92(65. 98|62. 58|64.13
La 34. 04| 9.98 [24.69({20. 82|10. 26|37.88|20.44)23. 69| 31.3 |28. 68| 28.3 |21.69|32.23(38.97(46.12}49.53
Ce 62.89|18.71149.48141.07|20.34|73.93|37.89|43.89|56.57|52.33|53.96| 40.9 | 62.6 | 73.5 | 87.2 {93.92
Pr 7.45|2.3516.25[5.08| 2.6 |9.7614.85(5.3%|7.11|6.67|6.74]5.23|8.17|9.24 [10.93]12.05
Nd 29.14|10.16|27.67|22.24|11. 25|40.14]19. 78|20. 91 |28. 22|26. 36|27.79|22. 18|32.09(36. 41|43, 02|45. 49
Sm 6.52(2.316.85|5.37|2.8810.12}4.83|4.92|6.37|6.11|6.07|5.59(7.8117.98| 9.4 |9.92
Eu 1.94 | 0.82 | 2.14|1.7410.91|3.04| 1.4 |1.46 |1.94(1.83|1.75|1.79| 2.3 | 2.28 | 2.61 | 2.66
Gd 5.3212.55|6.52|5.7612.77}110.16| 3.78 | 4.68 | 5.28 ] 5.42 | 4.5 | 5.72|7.07 | 6.65| 7.3 |7.24
Tb 0.8 0.3 |0.84| 0.7 [0.36| 1.3 |0.49|0.62[0.74}10.69{0.58| 0.8 {0.84|0.740.83]0.97
Dy 4.51 | 1.86 | 4.87 | 4.03|1.88|7.84|2.96]3.4413.87|3.64}3.13|4.34|4.69(4.35(4.86(5.19
Ho 0.9 10.36| 0.9 |0.78| 0.4 1.6 | 0.6 | 0.66|0.72|0.7110.56|0.86}0.93]0.82|0.86]0.95
Er 2.36|0.9412.3611.87|0.72|3.95| 1.6 [1.79(1.86|1.73[1.51(2.36|2.28|2.12]2.32] 2.56
Tm 0.3 [0.1210.27|0.24| 0.1 10.560.21 0.24|0.23|0.22|0.17}0.28|0.29[0.2610.28]0.32
Yb 1.7710.75|1.58 | 1.48 | 0.59[2.96 }0.97 [ 1.25|1.21 [1.22 | 0.97 |1.64 |1.64}1.48|1.66| 1.8
Lu 0.27 0.1 |0.21|0.24] 0.1 |{0.49]0.15|0.19|0.15|0.14 | 0.14 | 0.23|0.24]0.22|0.23}0.27
Y 20.78| 8.76 |21.03|18.49] 8.13 |36.84|12.39(15.41| 16 | 15.6 |12.87|19.94|20.75|18.75]|21.05|22. 27
Sc 21.71)|17.66|26.05|21.96}15.03| 25.1 |18.42| 22.2 |21.05/21.58|17.61|32.15]26.15|26. 92| 22.1 |21.18
Ba 643 150 | 341 | 1100 | 207 570 | 298 | 580 (1200 | 594 | 299 | 295 486 619 546 619
Co 35 42 41 41 45 42 45 69 70 67 41 46 40 51 43 42
Cr 192 | 2900 | 297 | 442 | 2500 | 114 | 1800 | 1300 | 1200 | 1100 | 2000 | 452 290 705 383 | 403
Cs 0.2 | 0.4 0.2} 0.3 | 03] 0.5 1.1 33 1.2 1.9 1.9 0.6 | 0.2 0.2 0.2 | 0.3
Cu 94 72 87 73 102 331 93 110 61 109 94 194 121 89 69 121
Hf 2.8 1.3 |35 | 33|15 4.6 | 1.8 | 1.8 | 2.7 | 2.4 | 32|29 4 4.8 | 4.9 | 5.2
Nb 27 10 20 22 9 28 13 15 23 20 21 15 24 27 34 34
Sr 829 54 468 | 1100 | 118 | 706 | 142 | 319 5 371 | 281 | 552 | 566 | 515 | 502 | 734
Ta 1.9 11712217 ]| 0.8 2 1 1.2 { 1.5 | 1.4} 1.4 {1117 ]| 1.9 2 242
Th 3.8 1.1 2.5 3.1 1.4 | 4.4 | 2.4 | 3.5 3.8 | 3.7 3.8 | 2.5 2.8 | 5.5 6.7 7.1
U 1.2 {1 0.3 | 0.6 | 0.7 | 0.4 1.1 0.7 | 0.8 0.9 0.9 | 0.9 0.8 | 0.7 1.2 1.4 1.5
v 259 | 154 | 312 | 288 | 175 | 436 | 160 | 223 | 248 | 232 | 219 | 346 | 275 | 290 | 274 | 269
Zn 62 54 71 75 69 141 101 84 103 100 104 41 74 93 93 88
Zr 189 74 182 170 82 291 145 148 188 180 163 142 204 205 238 | 263
Ni 88 793 112 164 | 855 75 1100 | 634 | 572 | 547 750 133 86 160 111 114
Rb 52 9 11 27 4 27 14 19 22 22 31 25 22 60 35 46
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Fig.1 The correlation between TiO, and Mg*
of the Emeishan basalts(after Sharma,1997)
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Table 2 The mineral /melt partial coefficients
of some trace elements in basalt and andesite

T | BiE | BOTER | 2REA | ARE | #KA
Sm | 0.0066 0. 05 0.5 1.4 0. 067
Eu | 0.0068 0. 05 0.51 0.4 0. 34
Ce | 0.0069 0. 02 0.15 0.2 0.12
Rb | 0.0098 | 0.022 0.031 0.29 0. 071
Sr | 0.014 0. 04 0. 06 0. 46 1.83
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Fig. 2 The:correlation between MgO and the other main oxides of the Emeishan basalts
B R E1 (Legend same as the figure 1)
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Fig. 3 'The correlation between Sm/Eu and Sr or Rb during fractional crystallization of the-Emeishan basalts
B R &1 (Legend same as the figure 1)
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Fig. 4 The correlation between Th and Ta of
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Fig.5 The diagram of ¥Sr/®*Sr vs **Nd/**Nd
of the Emeishan basalts (after Zindler et al. ,1986)
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DM—Depleted mantle; BSE—average composition of the Earth;
HIMU, EM-1, EM-2—isotopic composition of the three OIB ends;
PREMA—primitive mantle
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Fig, 6 The primitive-mantle-normalized patterns of the Emeishan basalts
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UC—Upper crust; LC—lower crust; EM-1,EM-2—enriched OIBs; HIMU—depleted mantle contaminated by crust material; N-MORB—nor-

mal middle oceanic ridge basalts; GLOSS—average composition of global pelagic sediments; The sample numbles in the figure same as the table 1
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Hi B 7E Ce/Nb-Th/Nb E & (E8) , F 815 # #h X
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Th/Yb

Ta/Yb

B 7 ®BELZEA Th/Yb-Ta/Yb HXEE
Fig. 7 The diagram of Th/Yb vs Ta/Yb
of the Emeishan basalts
B #iEIE1 (Legend same as the figure 1)

HWBHRHEEIN—HEERS, EHEHHN1~2
Ma, AR ENE B EXKBESERSHRIAFENE
B2 A RERBORAMER Y KL B E I, R
W B B SR B BR X TR AGARIRE K KA S
MM I REANER, URERES _BL 2R
EYREBHERR, S —KKLEHFXE R
MIIRBEEENE L EFFRIEHRE LY
RE TR 5F DAKE Z HFE—ZHR R R
i, RIRAH —Br K5, 5 E A MAAHRE 2

10t

Ce/Nb

1.00

B8 #RfEILERE Ce/Nb-Th/Nb X
(# Saunders %,1988)
Fig.8 The diagram of Ce/Nb vs Th/Nb of the

Emeishan basalts(after Saunders et al. ,1988)
DMM 5 i it 8% ; PM-—JF 4 3th 88 - 2 ; SDC—1F vh iy - 29 B 4 5
RSC—1ff 38 5% 88 4k F 3 i 4 s GLOSS—m HE LAY L B R 4
(3% Weaver, 1991); N-MORB—IE % # # % %X R #; E-MORB—
HEMNEPHLRE,OB—# 5 XRE;ECFB—®JE L X5
B L R Y ] TR
DMM—Depleted mantle; PM—primitive mantle; SDC-—average
composition of subducted slab; RSC—average composition of resid-
ual slab; GLOSS—average composition of global pelagic sediments;
N-MORB—normal middle oceanic ridge basalts; E-MORB—en-
riched middle oceanic ridge basalts; OIB—oceanic island basalts;
ECFB—Emeishan continental flood basalts;Legend same as the fig-
ure 1 of Emeishan basalts
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ZEBE TUEBRRE_BRAFN=22>FT LR,
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FHREMRPERAXRE L BIEFERNRE
AR BB L AE R 258. 6 Ma(RAAE R, 5
FKEMIRP 2% E Al -+ Thompson {1+ 4
FEXT g% 8 LI ¥ & BB 3ol B 0k 570 35 TR ) o ) 2 R A
X EIRE LR AN AN RY K1 Ma, B Il
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BEIAERNEE B ZXRE RFHEEE—E M
BASE MERARBETHERHEHERETE
AR RSB ESEMEANTTRER.

P/ TEYRRGEEHGANR_BLLHRME
AMERNZREBRKEFTBCHIONKEBEELEYH
70 %% B i 3 A W TR X R AE ) K K 4 B4 4k (Er-
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5 i
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T (B B AT, 1998 RABIL,1998) K Fli 1 72 1%
BRI R UM P A0 SR b 4 P R o 52 900 R 5 18
WEENHR . ERMHAEZTUTED TS
(Cox, 1983; Arndt et al. , 1989; Hofmann, 1997),
EM- 2% #b 48 3% 1A 2 & DDM (5 3t Y 3b 8 ) 5 HIMU
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BAaRAEM2BZREAFEACR, BHEHE
BB M KK B3 Y ] (Hofmann, 1997) . 146,
W HAEE SRS, R A T @AY R R
B BNE A R 8 R AR TR A A R A TR S S T R
HAO B AIR S, Bk, 5 A P b 08 A R AL Fr
RUSRBEZREY.

IET BT, IR JE X EE BT B R TR X 8 R
—Ff 5 EM-183B 8 KR, X BH EM-28#)
B8 3 LU RRAE AY B AR AL 3 08, B £ AN i Yy BRIR B
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T-BIHREZEH Y RS,

BET-BUHE LG FHRNERE TN Z
B (19860) AR EF T-BILY 5 Fib Xy RE
IV SR PG 5 UK, 6 T 49 75 TR ol AR R 16 2R A e 5 D E
FADIRIGFRRABEHE THER SHES
UBAERZNE XU FRREEZN S0 B
BAE_BLZIHLEZIMT YRR, 22T
SRFLRI B, B —F B ARG X R E R RS
MEBERMETE, XEF HO il CO Wik Ll &
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Geochemical Characteristics and Period of the Emei Igneous Province
SONG Xieyan? ,HOU Zengqian? ,CAO Zhimin® ,LU Jiren®,
WANG Yunliang” ,ZHANG Chengjiang" ,LI Youguo”

1) Chengdu Institute of Technology, Chengdu, 610059; 2) Chinese Academy of Geological Sciences, Beijing,100037
3) The College of Earth Science, The Qingdao University of Ocean, Qingdao,266003

Abstract

Features of the correlations between MgO and Ca0,SiO; and Al,O;,trace element concentrations normal-
ized to the primitive mantle and the Sr anormaly indicated that the evolution of the Emeishan Basalts was con-
trolled mainly by the fractional crystallization of Ol + Cpx,and crustal contamination was less. The main geo-
chemical characteristics of source mantle were remained. The primitive-mantle-normalized patterns and the cor-
relation between Th/Yb-Ta/Yb imply that the Emishan Basalts were originated from enriched mantle. The
concentrations of LILE and HFSE are slightly lower than the EM-1 and EM-2 OIB. With the lower ratios of ¥
Sr/%Sr FI'"*Nd/***Nd and the relationship between Ce/Nb-Th/Nb, it is implied that the mantle source of the
Emishan Basalts had been contaminated by subducting sediment. The subduction of the Old Qingzang Oceanic
plate toward the Yangtze Block along the western margin during the Jinning—Chenjiang Period (Neo-protero-
zoic) caused the oceanic sediment contamination of the lithospheric mantle, and the enrichment features of the
Emishan Basalts were closely related to the heavy contamination during the partial melting of the mantle plume
in this enriched lithospheric mantle. So, the studies of the Emishan Basalts are significant for the researches of
the crust-mantle reaction and the recycling crustal materials in the western margin before the Late Palaeozoic.
Stratigraphic and palaeomagnetic studies and the zircon uranium/lead age indicate that the Emishan Basalts
erupted during the middle/late Permian (259~257 Ma) and were closely related to the extinction of 258 Ma.

Key words: Emeishan basalts; lithospheric mantle; trace element; geochemical; enriched mantle
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