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Abstract: Huaying Pianyanzi area is located in the middle-east of Sichuan Basin. The newly discovered Pianyanzi

Late Permian basalt is between Maokou Formation (underlying) and Longtan Formation (overlying), which

can be

compared with Emeishan basalt. The study of petrology, mineralogy and geochemistry suggests that Pianyanzi

basalts belong to the high-Ti alkaline series, and the rare earth element (REE) and trace element patterns are simi-

lar to those typically found in ocean island basalts (OIB). The basalts have not undergone any significant

crustal

contamination. The crystallization temperature of clinopyroxene is estimated to be 1 405 ~1 439°C, suggesting

anomalously thermal inputs from a mantle source and a possible plume-head origin. The REE simulation re

sult su-

geests that Pianyanzi basalts were produced by small degree of partial melting of Emeishan mantle plume within the

garnet-spinel transition region. In general, the Pianyanzi Late Permian basalt is very similar to the Emeishan basalt,

especially the basalt in the east of Emeishan Large Igneous Province (ELIP), which is an integral part of ELIP.
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Fig. 1

Structural map of Sichuan Basin and distribution of outcrops/wells of Late Permian basalts (a, base map after Yin Jifeng
et al. , 2013; Ma et al. , 2019; outcrops/wells after Li et al. ,

2016, 2017; Chen et al. , 2019; Wen et al. , 2019; Liu Ran et

al. , 2021; Xiang et al. , 2021) and location map of Emeishan Large Igneous Province and Sichuan Basin (b, after Li et al. , 2017)
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Fig. 2 Geological map of Late Permian Pianyanzi basalts in Sichuan Province (a, after SBGMR, 1995) ® and Section

and column map(b)
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Fig. 3 Representative field photos and photomicrographs of the Late Permian basalts in the Pianyanzi, Huaying, Sichuan
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a—the Upper Permian Longtan Formation ( P;/) unconformably lying over the Late Permian basalt, Pianyanzi section; b—eruptive unconformity

between the Late Permian basalt and the Middle Permian Maokou Formation (P,m) ; c—columnar joint of basalt; d—basalt with intergranular texture

(cross-polarized light) ; e—euhedral-subhedral clinopyroxene( Cpx ) phenocryst distributing in lath-shaped plagioclase( P1) and anhedral fine-grained
Fe-Ti oxides(Fe-Ti) ( cross-polarized light)
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Table 1 EPMA analysis results of clinopyroxene in Pianyanzi basalts
e PYZ16 PYZ18 PYZ20 PYZ21 PYZ23 PYZ25 PYZ26
H5 PYZ16-1 PYZ16-2 PYZI18-1 PYZ18-2 PYZ20-1 PYZ20-2 PYZ21-1 PYZ21-2 PYZ23-1 PYZ23-2 PYZ25-1 PYZ25-2 PYZ726-1 PYZ26-2
Si0, 49.46  48.75 47.42 48.73 48.37 48.65 47.45 46.91 47.71 48.44  48.05 49.39 46.72 50.14
TiO, 1.16 1. 60 1.71 1.26 1.26 1.15 1.71 1.44 1.22 1.13 1.22 1.21 2.21 0.97
Al, O, 2.45 3.56 3.17 2.74 2.66 2.63 4.12 4.91 2.54 2.70 2.63 2.21 4.68 2.39
Cr, 054 0.08 0.16 0.05 0.09 0.22 0.15 0.13 0.20 0.46 0.11 1.97 0.04 0.00 0. 05
FeO 10. 65 11.38 11.50 11.44 11.04 11.01 10. 87 11.43 14. 09 11.09 11.19 11.40 12. 60 11.65
MnO 0.24 0.29 0.28 0.24 0.25 0.25 0.25 0.32 0.29 0.26 0.24 0.33 0.35 0.26
MgO 14. 50 13.91 13.42 13.88 14.19 13.75 13.87 13.74 12.67 13.79 13.77 13.95 12.48 15.17
Ca0 21.18 20. 65 20.71 21.48 20. 82 21.06 20.13 19.55 19.83 20. 86 20.99 20. 96 20. 63 19.25
Na, O 0.35 0.35 0.38 0.36 0.39 0.32 0.43 0.42 0.34 0.38 0.36 0.88 0.41 0.37
K,0 0.01 0.01 0.00 0.02 0.01 0.01 0.02 0.00 0.04 0.02 0.00 0.20 0.00 0.00
it 100.08 100.66 98.64 100.24 99.21 98.98 98.98 98.92 99.19 98.78 100.42 100.57 100.08 100.25
LL 6 AT 4 A PHE T 3k
Si 1.8682 1.8354 1.8295 1.8489 1.8498 1.8633 1.8149 1.7977 1.8492 1.8601 1.8265 1.8684 1.7857 1.8854
Al 0.0329 0.0453 0.0497 0.0359 0.0363 0.0330 0.1852 0.2023 0.0356 0.0327 0.0349 0.0344 0.0636 0.027 4
AICD - - - - - - 0.0005 0.0194 - - - - - -
Ti 0.0329 0.0453 0.0497 0.0359 0.0363 0.0330 0.0492 0.0416 0.0356 0.0327 0.0349 0.0344 0.0636 0.027 4
Cr 0.0025 0.0048 0.0015 0.0026 0.0067 0.0044 0.0039 0.0060 0.0139 0.0032 0.0593 0.0013 0 0.001 4
Fe’* 0.1659 0.1507 0.1841 0.1955 0.1932 0.1604 0.1694 0.1844 0.1891 0.1757 0.1864 0.2479 0.178 8 0.1397
Fe?* 0.1660 0.2030 0.1812 0.1617 0.1543 0.1877 0.1734 0.176 3 0.2606 0.1752 0.1637 0.1052 0.2180 0.2222
Mn 0.0076 0.0091 0.0093 0.0077 0.0082 0.008 1 0.0082 0.0102 0.0095 0.0085 0.0076 0.0105 0.0115 0.008 1
Mg 0.8164 0.7807 0.7721 0.7850 0.8091 0.7853 0.7906 0.7849 0.7319 0.789 1 0.7805 0.786 7 0.7113 0.850 3
Ca 0.8571 0.8332 0.8563 0.8734 0.8530 0.80642 0.8249 0.8028 0.8235 0.858 1 0.8547 0.8495 0.8447 0.7753
Na 0.0256 0.0258 0.0287 0.0263 0.0292 0.0240 0.0315 0.0311 0.0256 0.0286 0.0262 0.064 6 0.0302 0.0269
K 0.0003 0.0003 0.0001 0.0010 0.0003 0.0003 0.0007 - 0.002 0 0.001 1 - 0.009 8 - 0. 000 2
it 3.9754 3.9336 3.9622 3.9739 3.9764 3.9637 4.0524 4.0567 3.9765 3.9650 3.9747 4.0127 3.9074 3.964 3
Wo 42.05 4]1.61 42.15 42.61 41.67 42.58 41.29 40. 35 40.36  42.17 42.33 41.15 42.35 38.33
En 40.05 38.99 38.00 38.30 39.53 38.69 39.57 39.45 35.87 38.77 38. 66 38. 11 35. 66 42. 04
Fs 16. 65 18.12 18. 44 17. 80 17.38 17.55 17.56 18. 64 22.51 17. 66 17.71 17.61 20. 47 18. 30
~FRAIHE LR
2 MNEEREFZRENKABFRIDNER wy/ %
Table 2 EPMA analysis results of plagioclase in Pianyanzi basalts
B2 PYZ16 PYZ18 PYZ20 PYZ21 PYZ23 PYZ25 PYZ26
w5 PYZ16-1 PYZ16-2 PYZI18-1 PYZI18-2 PYZ20-1 PYZ20-2 PYZ21-1 PYZ21-2 PYZ23-1 PYZ23-2 PYZ25-1 PYZ25-2 PYZ726-1 PYZ26-2
Si0, 56.57 52.40 53.60 51.06 52.40 50. 32 50. 82 52.64 52.32 51.81 50.75 53.61 51.59 52.61
TiO, 0.20 0.11 0.17 0.22 0. 08 0.17 0.10 0.08 0. 06 0. 08 0.12 0.13 0.10 0.12
Al, O, 25.51 28.80 28.06 29.91 28.57 28.55 30.50 29.30 28.52 29.38 29.39 27.70 30.05 28.26
FeO 1.02 1.01 0.84 0. 85 0.90 0. 86 0. 80 0.96 0. 81 1.36 0.74 0.95 0.85 0.68
MnO 0.01 0.05 0.05 0. 00 0.03 0.05 0.01 0.01 0.04 0.02 0. 06 0. 00 0.01 0. 00
MgO 0.09 0.11 0.12 0.11 0.14 0.12 0.12 0.12 0.13 0.28 0.10 0.13 0.12 0.14
CaO 8.13 11. 86 11.04 13.13 11. 83 12.43 13.45 12. 16 11.79 12. 54 12.72 10. 49 13.21 11.94
Na, O 6.57 4.71 5.29 4.25 4.75 4.30 4.13 4.85 4.83 4.56 4.31 5.41 4.22 4.73
K,0 0. 86 0.38 0.47 0.30 0.38 0.35 0.29 0.41 0.39 0.30 0.34 0.51 0.30 0.37
it 98.96 99.43 99.64 99.84 99.06 97.15 100.21 100.53 98.88 100.33 98.53 98.91 100.44 98.86
DL 32 AU R SR
Si 2.6030 2.4200 2.4635 2.3559 2.4254 2.3846 2.3345 2.4054 2.4247 2.3873 2.3677 2.4792 2.3617 2.4358
Al 1.3832 1.5675 1.5199 1.6265 1.5587 1.5943 1.6513 1.5780 1.5576 1.5958 1.6158 1.5097 1.6216 1.5420
Ca 0.4010 0.5867 0.5437 0.6493 0.5868 0.6313 0.6619 0.5952 0.5856 0.6190 0.6358 0.5196 0.6482 0.5922
Na 0.5858 0.4221 0.4711 0.3805 0.4263 0.3951 0.3676 0.4300 0.4340 0.4075 0.3898 0.4848 0.3742 0.424 3
K 0.0505 0.0222 0.0276 0.0177 0.0222 0.0212 0.016 8 0.0241 0.0231 0.0179 0.0205 0.0301 0.0176 0.0220
An 38. 66 56.91 52.16 61.98 56. 68 60. 26 63.26 56.72 56. 16 59.27 60. 78 50.22 62.33 57.02
Ab 56. 48 40.94  45.20 36.33 41.18 37.71 35.13 40. 98 41.62 39.02 37.27 46. 86 35.98 40. 86
Or 4.87 2.15 2.64 1.69 2.14 2.03 1.61 2.29 2.21 1.71 1.96 2.91 1.70 2.12
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Table 3 EPMA analysis results of Fe-Ti oxides in Pianyanzi basalts
S PYZ16 PYZ18 PYZ20 PYZ21 PYZ23 PYZ25 PYZ26
M5 PYZI6-1 PYZ16-2 PYZ18-1 PYZI8-2 PYZ20-1 PYZ20-2 PYZ21-1 PYZ21-2 PYZ23-1 PYZ23-2 PYZ25-1 PYZ25-2 PYZ26-1 PYZ26-2
Sio, 0.45 0.63 1.45 4.23 2.74 0.29 0.18 0.09 1.59 0.69 3.66 4.07 0.24 5.14
TiO, 22.62 22.53 23.48 26.96 24.64 24.28 22.50 20.79 23.85 29.53 29.23 30.92 23.00 29.81
Al, 04 1.81 1. 89 2.32 3.08 2.29 2.11 2.81 2.06 2.03 2.53 1.77 1.37 0.83 1.19
FeO 69.07 69.50 65.95 58.08 65.21 67.56 69.58 72.12 68.09 62.90 57.08 59.62 70.86 56.21
MnO 1.30 1.24 1.26 1.33 1.52 1.53 0.74 0.67 1.58 0.47 0.82 1.49 1.96 0.90
MgO 0.04 0.14 0.22 1.41 0.42 0. 06 0.05 0.03 0.24 0.10 1.01 0.90 0.03 1.13
CaO 0.11 0.20 0.15 0.19 0.09 0.14 0.12 0.07 0.10 0.21 0.22 0.27 0.13 0.39
Na, O 0.02 0.03 0.08 0.08 0.05 0.03 0.07 0.04 0.08 0.04 0.08 0.02 0.04 0.07
K,0 0.02 0.03 0.01 0.03 0.04 0.04 0.04 0.00 0.03 0.02 0.04 0.03 0.00 0.05
Cr,y 04 0.05 0.11 0.59 0.15 0.13 0.19 0.28 0.22 0.12 0.08 0.08 0.13 0.07 0.11
NiO 0.07 0.02 0.02 0.00 0.00 0.05 0.05 0.10 0.00 0.00 0.03 0.04 0.11 0.00
CoO 0.06 0.15 0.14 0.04 0.08 0.08 0.06 0.23 0.16 0.07 0.10 0.02 0.08 0.09
Total 95.62 96.48 95.66 95.58 97.20 96.37 96.48 96.44 97.88 96.63 94.13 98.86 97.34 95.08
Si 0.017 0.024 0.055 0.158 0.102 0.011 0.007 0.003 0.059 0.026 0.14] 0.149  0.009 0.195
Ti 0.648 0.639 0.670 0.758 0.689 0.691 0.637 0.591 0.666 0.840 0.845 0.853 0.651 0.851
Al 0.081 0.084 0.104 0.135 0.100 0.094 0.125 0.092 0.089  0.113 0.080 0.059 0.037 0.053
Fe®* 0.585 0.585 0.427 0.027 0.312 0.494 0.578 0.711 0.456 0.152 -0.056 -0.068 0.639 -0.152
Fe?* 1.616 1.607 1.665 1.787 1.716 1.643 1.611 1.567 1.657 1.836 1.891 1.895 1.589  1.937
Mn 0.042 0.040 0.040 0.042 0.048 0.049 0.024 0.021 0.050 0.015 0.027 0.046 0.063 0.029
Mg 0.002 0.008 0.012 0.078 0.023 0.003 0.003 0.002 0.013 0.006 0.058 0.049 0.002 0.064
Ca 0.005 0.008 0.006 0.008 0.004 0.006 0.005 0.003 0.004 0.009 0.009 0.010 0.005 0.016
Na 0.001 0.002 0.006 0.005 ~ 0.004 0.002 0.005 0.003 0.006 0.003 0.006 0.001 0.003 0.005
K 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.000 0.002 0.001 0.002 0.001 0.000 0.002
Cr 0.002 0.003 0.018 0.004 0.004 0.006 0.008 0.007 0.004 0.002 0.002 0.004 0.002 0.003
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
v 0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.002  0.001  0.001 0.000 0.000 0.002 0.001 0.003 0.000 0.000 0.001 0.001 0.003 0.000
Nb 0.000 ~ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total 3.002 3.002 3.004 3.004 3.004 3.003 3.005 3.003 3.004 3.002 3.005 3.002 3.003 3.004
FTHENO0.97% ~ 2. 21%, ALO, T8RN 2.21% ~  ~13.68% ,TFe,0, Fi A 14.71% ~16.23% ,MgO %

4.91% ,Na,0 &4 0.32%~0.88% (£ 1) ,Bx 1 4~
RO BB AR Z P (B 4), fEBT
R UEAT AT X AT RERWITEIA W R Z i, A 5
ISRC 23k 3 7P, AR Putirka 55 (2003) By HR
RO R EE T, AR T e TR e R A TR e
K2 B 250 1 405~1 439°C, s+
ZRA R A oA — B, FER PR A
AT (Abyy_Angs s Ory 45 ) (R 2) o AT Xk
i Fe-Ti A4L¥H TiO, & 824 20. 79% ~ 30.92%,
FeO' F80 56. 21% ~72. 12% , J& TEKREHA (% 3) .
3.2 F METEWIE

s F XA 25 3 ORI R a4
RANTHRA, HER AT, ZRAEFESHERITEN
ALK, Horh Si0, &l 46. 15% ~ 48. 88%
TiO, &K 3. 02% ~ 3. 25% , AL,O, &K 13. 30%

HHN4.07%~5.48% ,Ca0 51 9.38% ~10. 00% ,
4Bl (Na,0+K,0) N 3. 32% ~4. 38% ,P,0, &
5 0.39% ~0. 42% , e Bk 5 1112 8 = R AR
BRI R R UE (Xu et al. |, 2001) A T X i A @
TrEEkEL Mgl 35~42, £ & THRRER
Bk, M TAS FIfERFE , I h XA AR TR
T WA Z A T 2 P R R R S A A 3 4y
SEITBRE BP0 SRR (B 5a) o PG RE T
K& B WA BE & (BR A T LA TE Ze/Tio, —
Nb/Y B &R 5 7E T it 2 A e B 2 N (B
5b) , Ui A T X EA B AT BB W SR M AR AR
SRRV, A T XA B R ITTRRFHES ELIP 4R
W Z A (SN AT PR L R A, Fan et al.
2008; Qi and Zhou, 2008; Lai et al. , 2012; B0
4, 2012) ALY,
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Ca,8i,0, F4 MOIREFHE_BHZRELETE (wy/ %) .
METESE(w,/107°) HHEIEER

Table 4 Data of major (w,/ %) and trace elements

(wz/107%) of Late Permian Pianyanzi basalts

S PYZ-16 PYZ-18 PYZ-20 PYZ-22 PYZ-24 PYZ-26

Si0, 48. 88 47.40 49. 05 47.93 47.75 46. 15
TiO, 3.21 3.21 3.25 3.02 3.22 3.18
Al, 04 13.58 13.30 13.62 13. 44 13.43 13.68
TFe, 05 15.10 16. 25 14.71 15. 88 14. 88 15.72
by — MnO  0.22  0.24 021  0.23 024  0.23
et o =gl e

. : it MgO 4.13 4.82 4.07 4.86 5.48 4.44

RJTT 2 s U (O 2015, 1988)
CaO 9.56 9. 60 9.49 9.81 9.99 9.38

MgCaSi,0, FeCaSi,0,

AL

— Na,0  3.12  2.85 311  2.69  2.69 3.1l
e \ K,0  1.25 0.8  1.28 0.8  0.63  0.76
I [ TS \ P,0; 0.41 0.41 0.42 0.39 0.39 0.41
Me.Si,0, MgFesi,0, Fe,S1,0, Lol 0.52  0.78  0.47  0.99  1.26  2.37
Total  99.99  99.73  99.67 100.13 99.94  99.41
N Mg 35 37 35 38 12 36
Rb  27.6 10.3 27.9  10.2 5.9  18.1
Se 466 S04 453 478 410 401
Ba 370 396 387 411 318 315
Th 564 554 575 519 504  5.39
U .24 127 1.3 132 LI18 165
Nb  40.1  39.4 413 37.1  37.0 389
Ta 2,38 2039 243 218 2.21 2.3l
Zr 260 258 273 233 238 243
Hf  6.60 662 7.02  6.03 611  6.07
Y 39.7 387 39.7 380 367  35.0
Se 292 290 29.5 30.1  29.8  30.1

Co 43.0 46.6 43.7 44.3 44.7 42.6
Ni 49.2 51.6 50.7 51.1 50.3 46.4

Cu 304 307 312 289 289 317
Or Pb 5.25 5.04 5.17 4.91 4.93  13.00
P4 T~ R 2 R LRI 7 150 40 51 P A e Be Bl R
_ ) v 401 399 405 400 413 410
(a, Morimoto et al. , 1988) Fll An— Ab - Or K Cr 33,3 33,9 35.1 38,0 37,0 372
&% (b, Smith and Brown, 1974) La 40.2  40.3  41.4  36.8  37.2 345
Fig. 4 Wo — En - Fs diagram of clinopyroxene composition Ce 83.8 83.3 87.4 75.6 77.3 71.8
(a, Morimoto et al. , 1988) and An— Ab — Or diagram of Pr 10.3 10.3 10.6 9.21 9.38 8.78
feldspar composition (b, Smith and Brown, 1974) of Late Nd 42.6 42.6 42.7 38.1 38.7 36.0
Permian, P sl Sm 9.01 8.76  9.18  8.04 814  7.54
ermian Hianyanzi basalts Eu 2.78 2,73 271 2.47 2.6l  2.39
Gd 8.18 826 845 7.76 179  7.18
Th 1.24 1.28 1.30 .20 1.17 1.13
D 7.38  7.56 7.4  7.04  6.78  6.55

N \/\ y
4 ﬂhb Ho 1.41 1.43 1.43 .34 1.25 1.20
Er 3.89  3.87  3.88  3.76  3.57  3.38
4.1 2EEfthsRs Tm 0.54 0.55 0.56  0.53  0.49  0.49
h ey Yb 3.20 3,39 3.33 339 3.1l 2.9

Ay S o B (e HE D) A SR e X A A

B Hﬂf):% ”HH(EZ%E/HH)% brciie s TT*Hﬁ Lu  0.48  0.49  0.50 049  0.45  0.43
TUER Y F R LU (R RS2 e, PRI, 7 4 P R Ak Li 5.70 8.35 6.43 8.83 7.44 18.3
THX S FERA OB K GG 2R, 5 B 1% L7 Lss L8 L4s 13
2.7 2.2 2.6 20.3  20.8  20.7

S A M2 3 G
FEEEX o B A M S IR AR LA T IE -
Sn 2,16 2,07 215 1.87  1.83 1.9

e 2 o A BE Mg*H (35~42) , &M Cs 0.29  0.48 027 0.7 022  0.46
25 T T4 A TR (AL 25 458 F L ([E13d 3e) | T 0.050 0.015 0.050 0.029 0.030 0.041
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Fig. 5 TAS diagram(a, alkaline/subalkaline boundary are from Irvine and Baragar, 1971; data of eastern ELIP basalts are from

Qi and Zhou, 2008; Fan et al. , 2008; Lai et al. , 2012 and Liao Baoli et al. , 2012) and Zr/TiO, — Nb/Y diagram (b, after

Winchester and Floyd, 1977) of Late Permian Pianyanzi basalts

T T Z B AR AT Ni(46.4x10°°~51.6x107%) il
Cr(33.3x10°~38.0x10°) & LA KL% Eu 75
W St SR (F 4 B 6a), EWmE T XRAESR
D3 T KBt i g 2 T i R Ay g s i LA KA
ST AE  UMEA R G E A e
MG A FIE A1 (Jourdan et al. , 2007)

Nb/ U {E 2 %00 X i A 2 5 32 B e IR e i A
WAERF, REEL A Nb/U (H-N 4710, J5 15 Hi b
Nb/U {HZ)R 30, K7 Nb/U {5 10, Nb/U {H
FRALG , 7 1 7 3 7 TR L 2 B B R (Hofmann et al. |
1986) , A T XX A1 Nb/U {54 24 ~ 32, F 3
29, 5 F IR (E T B2 (£ 5) . WAL, R IT R
Wk R [ 1B 7% 45 Nb Ta %% HFSE JGZ Y L 535 (
6b) , FREHFLAWAT Z B M IR Y . 48 Uf H s A v
05 (Nb/Th) ,, A AT S B Nb 555 19 2 B, 1
(Th/Yb) , fH M FE IR Y 19 RS R F, 78 (Nb/
Th) py —(Th/Yb) ,, ElfifH, AH L T ELIP 7R &8 H Al
HuIX A (2 R (UK Bk A T X
A B R A3 ST R L i, R R T
ZRARARE Z R (E 7)), B2,
s T ZRA R HTEIR YA,

4.2 BRX4FE
T e FER A& T —ERERE L,

BT ARG B A B DRI e DA L ofe Pk A2 D
TR I O, A BEA 35O 2 7 ¢ A b g 5 X
MBI TR (1) o SRTIT, XA TP BRE ft 1 405l T 2
AT DAL TR . AT T I | A SO 3 6 D s T
ZaE A P R A BE B 4 R E O 1405 ~
1 439°C, 3X /™ il B2 PT BB AR 17 Mg v 3R 9 T PR,
DA BRUBR % 1 b V5 X 1 9 2 0 B (e F v
ESA T T M, 515 H A 500 B R AR 3, X
AN 2 50 ~ 100°C ( Mckenzie and Bickle,
1988) ., fREE X I/R T A T H X 9 A S AR I AF
FESER YRR, H S50 L e T4 7R 1 1R 5
WA (ZFFINTT, 150 ~230°C ) A 14 ( Zhang et al. |
2006) , fiir T Z il 1Y TR 5 5 LT i AIk— 26 | ]
It AR T R FR P ME (Cai et al. , 2020) . H3 4L
WA AR 00, e A 0 ( b el R 0 o e 8 A S 5
TG b ) I T A, R B S RTak 300 £
100°C 1 b A Sk 50 A Bl 10 s, 0 A 3
ST S A v TR 0 55 v B A T g ) R TR
B =, H A e JOELAIS T b0 A A R R SR
2 JEGE 1) M AR VE AR, P8
At 254 100°C ( Griffiths and Campbell, 1990) ., HF
i F X AL F ELIP A9 58 FRl, 328 55 06k 5 101 i A
B A (B D) A 0% E Ll Mo A A Sl i X
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Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spidergrams(b)

PR AL L B O1B AR 4% Sun A1 McDonough (1989) 5 ELIP AR #H X A WEHES] B Zhang 5 (2006) Fan 45 (2008) Qi Fl Zhou(2008) | Lai

45(2012) JEETIZE(2012) I Shellnutt(2014)

Normalizing values and OIB data are from Sun and McDonough, 1989; data of eastern ELIP basalis are from Zhang et al. , 2006; Fan ez al. ,

2008 ; Qi and Zhou, 2008 ; Lai et al. , 2012; Liao et al. , 2012 and Shellnutt, 2014

x5 RETFHR_EBHZHES ELIP ROXRERETELEMLL

Table 5 Comparison of trace element ratios between the I.ate Permian Pianyanzi basalts and Eastern ELIP basalt

TG A+ IRIR (B E IV ( Lai BeIN-214: (Lai Ak (Qi and OIB( Sun and
EIE ZRE 45 2012) et al. , 2012) et al. , 2012) Zhou, 2008) McDonough, 1989)
Th/Nb 0.14 0.15~0.22 0.08~0.23 0.16~0.18 0.14~0.25 0.08
7Z1/Nb 6.25~6.62 8.81~10.4 6.00~11.5 8.18~8.77 7.83~10.93 5.83
Nb/La 0.98~1.13 0.64~1.19 0.47~1.05 0.90~0.97 0.77~1.19 1.30
Th/Ta 2.29~2.38 1.78~2.24 1.26~4.81 2.39~2.71 2.04~3.53 1.48
Nb/U 24~32 16~24 25~35 23~26 16~38 47
i - (s T2 I T B — 91 5 M B
=MOR ™, 1y IS \
RULE &R, HIL, 256 ma TR A A S5k
R JB I Z R AAR L OIB Bt 3K Ak 2% R AF | A b 4
] T R X IR B N %R R T s R A AE
T mois AT Z X 5 19 MREE/HREE 43 AN sm &1 H
E R
AL - (Tb/Yb) y=1.61~1.79, L F 7K HREE[ ( Dy/
' i Yh)y=1.35~1.46 i/t % W] HREE 4 %A
ol i 3 XL TSR T A TR AR A O TR
W5 FEA AT IE X . 7F La/Sm — Sm/Yb # &t A T
3 ; ; ; ; . ; ZRAVEAE T AR A0 RS 5 il 2 RN 2 i A1
T Bawveny T T O A e R = IR W R AR T A R (R
BT i T B L A (ND/Th) y (Th/Yb) o R 8a) o KA HLER 2 A Bk ) B A4 A7F 5 a2 1A

Fig. 7 (Nb/Th) ;y—(Th/Yb) ., diagram of Late Permian
Pianyanzi basalts
JF LG HuE (PM) \N-MORB ,OIB 5| H Sun 1 McDonough (1989) ; I
JE WACAT ] TRIRSE 55 (2004) H1 Zhang 55 (2006) 5 ELIP 7B
ZRATI A Qi Al Zhou (2008) BTN (2012) Hl Lai 45(2012) ;
B ¥ 35851 A Gao %(1999) Hl Ma 45 (2000)

PM, N-MORB and OIB ( Sun and McDonough, 1989) , Emeishan pic-
rite ( Zhang Zhaochong et al. , 2004; Zhang et al. , 2006) , eastern
ELIP basalts ( Qi and Zhou, 2008; Liao Baoli et al. , 2012; Lai et
al. , 2012) ; the Yangtze upper crust (Gao et al. , 1999; Ma et al. , 2000)

S T TR B X e A 100 8 23 Js R R LA B S 4 i A
F(Niu and Batiza, 1991; Ellam, 1992; DePaolo and
Daley, 2000) . (Yb/Sm),,~ (Th/Yb) ,, K] LA
e Xof F8 A e b AR BE DA K YR IXRR AR AT R 2 R
(Zhang et al. , 2006) , ¥ 8b BnfwE T X RALT
T2 3% ~ 5% ER ST R ARk B AR AR
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Ef#[ b, B A Zhang 55 (2006) ]
Fig. 8 La/Sm—Sm/Yb diagram (a, after Lassiter and Depaolo, 1997) and (Yb/Sm),, — (Th/Yb),, diagram (b, modified

from Zhang et al. , 2006) for Tate Permian Pianyanzi basalts
ELIP B8k Z R 4551 H Xu 25 (2001)  Xiao % (2004a) | Zhang % (2006) \Wang 25 (2007) ,Song 25 (2008) ,Fan % (2008) Qi I Zhou (2008) .
Lai 55 (2012) 5 MEJS LM 5] A iK1 5555 (2004) F Zhang 45 (2006)
Data sources: Emeishan high-Ti basalts (Xu et al. , 2001; Xiao et al. , 2004a; Zhang et al. , 2006; Wang et al. , 2007 ; Song et al. , 2008 ;
Fan et al. , 2008; Qi and Zhou, 2008 and Lai et al. , 2012) ; Emeishan picrite ( Zhang Zhaochong et al. , 2004 ; Zhang et al. , 2006)

25 AT S TA Y R T S M A e b
WAV SR LA SS | B S A RERR A I el A
A 00 5 b X118 . i s X ) 4 R (A0 1R A B
X) (Xu et al. , 2001) , SR, f 5 T H DX B — S i
KA B IR XRS5 2N AF . Qi ik, fe 2
LR Wi 58 2 o Jo I o 1A s 4 A 4 il 4
Ui Ly b 525 P 1 A B AR 0T B o W Sy
AT S — ST . ISR A P T 55 4 (A5 D
AT LA R,

4.3 REEEIPIEIT ELIP FiIEREX

A0 F 0 5T G ARAE R A DU A
2R S JE R R AT RO Y B AR
AR (E 2 B 3) . s F LA N R )
LR, X5 ELIP R LA 2 Mtk L A e
HE&—F Y (Fan et al. , 2008; Qi and Zhou, 2008;
BEERNSE, 20125 Lai et al. , 2012) . M REE {8870
B EL BT DL K — S i T R W ER R, WA T
ZA S ELIP R XA L& OB 43 A, IF A
AT —efm T R L EE i (B 5.8 5)
M TR AR R T R, e AR
w5 E X R, JUHE ELIP RAI X o3&

BURAIMLTE (B 6~ T8 8 3 5) , NI, fi A T X Bl
S A 2 6 2 W IR 77 9, )2 ELIP (Y 20 1
.

BT UL BRI A 7 R A PR DRI D) 5 i
L2 o PR O R A 2B, 7T DA H 0T 4 ol A A
BB e At (~260 Ma) , 7647 T o hiad ph 4, K/
TORR R K A A AR e A T XA T
ELIP F9 J 10 Mty | 0 5 3t e A ol 0 , e 0 A 1) g il
SRR — 28 (HRIC R R BT A KA R R,
HuAE 5 A B AR B R e A AR
AP X, BARREEE AU BR o Rl 7 A T SRR
PR RE BUa K, AR e 2 IR R 2 E
T, B RTE T A T XA

H T8 A 3 e g s v g XUAR SR b L 7
JZBIHEHE LI R A (pluming system ) XE LS 25
JEPA, HRDG LIP (JEHSE & 19 LIP) 234 i AU A
PURATBE HZ UK — A (Emst, 2014) . JT4FK, i
T SO S Sy B AN W A B, (4T LIPs 1Y I BUAN
Wr 5 i 3, 40 5 AA A SE. LIP ( Reichow et al. , 2002;
Ivanov, 2007) .Ontong Java Ki¥ LIP (Ingle and Cof-
fin, 2004 ; Taylor, 2006) ,Comei-Bundury LIP ( Zhu es
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al. , 2009) %

ELIP KM L A F B0 M T F bz
P K HIX A% Ge Il A2 IX B 25 [ J AT 4 30l &%
PO/ NS, AR A0 3 2% 52 T R0 2R T 0 37k 3
H TR R R (R R AE, 20025 B 1) RETE
T ETEWT L LA M X, X sl A L % A il G L
WRA M S L RAAETE H— ER AR B AH AT
FERYIESE (FES, 1992; Ma et al. , 2008) . A3l
I W 2E R R AL A R AR B BT ST R I e T
X RA SRE L L RE = FE7Y), & T ELIP
EOEAENT 5

AR, Zhu %5 (2010, 2016) X DU 1| 454 f B0 s
AIRESE 22, DU I 45 HL7E 259 Ma 7547, 4 b A0 iy 44
DILABLRI oy b A B 3R 31 i ey (i 7 BRI Y NG 1Y
WA 67.8 W/m?®) |, B L(E A B 25 0 A 5 1k
J& B 1 OV E B ARG AR DG, R 5
U J Ly A B 35 B A G, X% IR A (2013) | HAI
HIE (2014) 43 5% 5 P Rg | 6 — Bt 8 I DA K I
TERSRBE T TS, 45 R TG R B K A
WA YA e S ELIP B9 5M: 54 G 56

T 1 2 B A 10 2 BLLL G S8 iE i 6 B | ELIP
FHAE R R K T VYN ) KX (L e
al. , 2017) ,

5 4

VU e — B A e = bl 50
WA X L, R R =8, RO M BRI
KU WA T XA R TR £5,0F B A
OIB B[ REE M LR LK, 15 ELIP AKHRAY
LML, s T XA AR Z B Fe R A 1
SO, FRRDEEAT IR T B TR (A P 2R ]
D 5 % A I WA L e AR e AR T AR A
DX R B BB o ™ R A9, % ELIP B2 A
gy fmE T X ECE I & BRI ELIP 5 AR H]
FISZ MR S 1 DU BB ) KB IX
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