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Abstract: Provenance analysis is an important way to understand basin mountain evolution. Understanding the
provenance of the Upper Permian Xuanwei Formation in the southwest margin of Sichuan Basin is of great signifi-
cance for reconstructing the evolution of the Late Permian Yangtze Craton perimeter. In this paper, the petrology
and whole-rock geochemical analyses of mudstone and sandstone at the top of Xuanwei Formation in the Emeishan

area are analyzed, and the provenance, sediment environment and tectonic setting are studied. The mudstone of the

ks BEA: 2022-07-12; ¥ HEA: 2022-10-09; 445 M

E&TE : WIAERT-RI5 H (2020IDJQ0042) 5 AR TR FERIEFL-ZWFFT 14 (2020ZF11407)

EERN: BETF(1997- ), B, Wihd, FENFE IR, E-mail: m13990526329@163. com; iRVER : BE24iF(1982- )
Bt #i7, KIPNSFRT EA 55 K225, E-mail: langxinghai@126. com,

W& B & HE ;. 2022-12-26; M E &ML hitps://kns. enki. net/kems/detail /11. 1966. P. 20221223. 1419. 001. html



a " oW % ROk 5542 35

84 A

Xuanwei Formation is mainly composed of clay minerals with medium SiO, content (average 49.42%); the sand-
stone is mostly composed of volcanic rock fragments, containing a small amounts of quartz and feldspar, with medi-
um Si0O, content (average 40. 12%), belonging to the greywacke series. Mudstone and sandstone of Xuanwei For-
mation have light rare earth element enrichment, heavier rare earth elements are more right-leaning. Compared with
the continental upper crust, trace elements are relatively rich in high field strength elements (such as Nb, Zr) and
relatively depleted in large ion lithophile elements (such as Sr, Ba). Combined with the published data of Permian
sediments at the perimeter of the Yangtze Craton, it is considered that the source area of sediments at the top of
Permian Xuanwei Formation experienced strong chemical weathering, and the depositional paleoenvironment was an
oxygen-rich freshwater environment. The sediments at the top of Xuanwei Formation not only came from the
Emeishan high-Ti basalt transported near the source, but also supplied by the Yangize Craton. The western margin
of the Yangtze Craton was deposited on the active continental margin during the Late Permian.

Key words: Yangtze Craton; Late Permian; Emeishan large igneous province; whole-rock geochemistry; Xuanwei
Formation
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Fig. 1 Tectonic setting of Sichuan Basin and adjacent regions (after Enkelmann et al. , 2007; Deng Yulin et al. , 2018;
Li Chen et al. , 2020)
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Fig. 2 Skeich geological map of the study area (a, after Li Chen et al. , 2020) and the simplified stratigraphic column of the

Xuanwei-Dongchuan Formations in the Emeishan area(b)
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Fig. 3 Field photos(a, b) and microscopic photos (¢, d) of the mudstone and sandstone at the top of the Xuanwei Formation

in the Emeishan area
Q—A%,; F—Kf; L—KIAE ; Gh—ifg4t 1 ; KI—m=id A, Chl—4% A1

O—quartz; F—feldspar; Lv—volcanic rock fragments; Gli—glauconite; Kl—kaolinite; Chl—chlorite
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(0.24% ~ 0. 27%) ,FeO (3. 93% ~ 4. 80%) , Na,0
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B TR e o FAD  AE al + fE JT R
T MRHIE LR 2, JeE Y SREE A 164. 74x107° ~
2 824.74x10°°, ¥ 1 110. 77x10°°; LREE N
144.92x107° ~ 2 646. 34x 107, 34 1 022. 63 x
107°;HREE & 19. 82x107° ~ 178. 40x 107, SF- 34 N
88. 14 x107°; 38 1 oo X HEM LT R /BB N W
5, LREE/HREE 4 5. 31 ~ 14. 83, -1 9. 71, (La/Yb)
B4 4.13~23. 97, )24 11. 89;8Ce {H A 0.93 ~2. 35,
S50 1,485 8Eu {0 0. 33~0. 61 (% XW04 Jy 1. 07
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Table 1 Analytical results of major elements contents of mudstone and sandstone samples at the top
of the Xuanwei Formation in the Emeishan area

B e W

A XW-1 XW-2 XW-3 XW-4 XW-5 XW-6 XW-7 XW-8 XW-9 XW-10 XW-11 XW-12  XW-13

Si0, 50. 38 48. 11 47.52 51.65 49.26 49.30 40.24 40.32 40. 50 39.95 40. 44 39.95 39. 60
Al, 04 19.35 18. 67 19.52 19.26 19. 15 18.75 19.21 19.48 19. 40 18.96 19. 67 19. 25 19.11
Fe, 04 1.62 1.19 1.51 1.61 1.11 1.71 17.79 17.15 17.57 18.05 17.71 17. 84 18.59

FeO 7.80 8.22 9.01 6.73 9.02 7.71 4.10 4.37 4.22 4. 80 3.93 4.24 3.93

MgO 2.48 2.25 2.34 2.04 2.30 2.17
CaO 0.75 0.83 0.74 0. 66 0.74 0.68
Na, O 0.02 0.01 0.01 0. 04 0.02 0.03
K,0 3.30 2.98 3.15 3.30 3.12 3.13
TiO, 3.00 3.07 3.05 2.82 3.04 2.96
MnO 0.11 0.12 0.12 0.10 0.13 0.11
P,05 0.26 0.35 0.28 0.18 0.27 0.24
LOI 7.41 7.25 7.38 7.33 7.24 7.25
Ca0 " 0.01 0.01 0.01 0.04 0.02 0.03

1.59 1.62 1.61 1.65 1.59 1.63 1.59
0.90 0.89 0.88 0.90 0.90 0.91 0.93
0.09 0.08 0.09 0.09 0.09 0.11 0.09
3.22 3.21 3.19 3.10 3.25 3.19 3.13
3.74 3.63 3.70 3.88 3.73 3.89 4.11
0. 06 0.07 0.07 0.07 0. 06 0.07 0.07
0.25 0.24 0.24 0.26 0.24 0.26 0.27
8.24 8.31 8.01 7.87 7.81 8.08 8. 14
0.09 0.08 0.09 0.09 0.09 0.11 0.09

CIA 85.30 86.17 86.03 85.06 85.85 85.44 84.96 85.25 85.20 85.25 85.15 84.95 85.24
ICV 0.54 0.52 0.52 0.52 0.51 0.54 1.38 1.33 1.36 1.42 1.35 1.39 1.45
PIA 99.79 99. 89 99. 88 99. 48 99.78 99. 58 98. 89 99.03 98. 90 08. 88 98.92 98. 65 98. 89
A1) SEHI R 0. 60, A B BT Bu 2. M I8
ERMEAE P AL, FRARALERGE 4 TN

TCREE BRI RGN B Eo 7555 1R 5
(El 5a) , X SEREAE S0 112X 2AF L, A i
WILE &5l L H5T (UCC) AH EE ( Rudnick and
Gao, 2003) , F53 5 TG % (U1 Nb Zr \Pb 55 ) MXT &
£ KBS T4 00 (U0 Sr . Ba) HBISRFU A 5 15 (
5b)

WA SREE 24 170. 88x10 °~361.52x10°°, *F-
4 259. 18 x107°; LREE & 149. 18x107° ~317. 66X
107,54 225.29x10°°; HREE iy 21. 70x10°° ~
43.86x107° -0 33.89 x10™° ;M 0 & 5 HM
TIHRESTEEZRRK, /B AN S, LREE/HREE
5 (La/Yb) {63 % %, LREE/HREE {4 5. 25 ~
7.26, V% 6. 43, (La/Yb) {5} 3. 65~12.97,F
)4 8.53;8Ce fH N 0. 72~ 1. 84,4 1. 12;8Eu
HM 1 11~1.33 3 F48 1.2, £FHA A IE Fu 7
Ho MR ICR BB B AT DL 1 B R
HERARMLICREE ER TR A, B Eu
IES R Ce 18055 7 0 BYRE AL, X SR 5k JE 1L X
AL 5a) , WA METTERS &5 KA L
H15% (UCC) ( Rudnick and Gao, 2003) #H I, A%} &
SEEFRITE (0 Nd Zr HE 55 MRS58 7%
AICE (U Sr Ba %) (I 5h)

4.1 WMERMHERLEE

MBI SRR T AL AR 7 3 S b f 5
FUP I T 5 1) 3 d o0 3 RN B0 I8 25 41 K ( Nesbitt
and Young, 1982; McLennan et al. , 1993; Fedo et
al. , 1995) , M, 7T 25T, WE AL S 35
W A NS R R A, L, fh2F
RhR A PR DXt KA B T —Fh R4 T B, 1
Al,0,-(Ca0+Na,0) -K,0 (A-CN-K) =Ju &+ k¢
i T RIS ARAE F B ALk (W B SR 73k ) (Fedo
et al., 1995) , M5 T Tl ity 3 AEL LAk b 3 (20 52
LSk ) B TR, W T 885 09 KARAE FH (I 6a)
R FL KA VE AT RE BT K, 0 MIREAK, M
PEE T E AL RE S I 2E A EL CIA {H (84, 95~
86. 17, V14 85. 40, &l 6a) , KWLM &y 1 B A
B9 XA AE H ( Nesbitt and Young, 1982) , Frfg HIAE
O TREA S K AELR(REAEL) Z B Bk
HH S SR S TR VR X 28 7 T s B KUARAE T, e b,
B SRR O ) = A A T RE SR FE R AL Ve
WA PR AR, B T 3R AR (B 3e
3d) . [AE, RHE A il A2 48 50 (PIA {H) (98. 65 ~
99. 89,1 99.27, K1) W FHMIF LN T FIAY
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Table 2 Analytical results of trace elements and REE contents of mudstone and sandstone samples at the top of the
Xuanwei Formation in the Emeishan area
RER, Vet [iFe
i XW-1 XW-2 XW-3 XW-4 XW-5 XW-6 XW-7 XW-8 XW-9 XW-10  XW-11  XW-12  XW-13
La 60. 00 66. 60 66. 10 58.30 61.70 64.50 46. 95 48. 81 49.91 45.87 46.73 40. 35 41.39
Ce 112.00 129.00 119.00 107.00 112.00 121.00 114.70 121.40 122.70 115.30 116.90 107.50 105.10
Pr 15. 00 17.70 15. 60 14. 10 14. 60 15.90 15.42 16. 17 16. 08 15. 40 15.92 14.98 14. 31
Nd 54.30 68. 00 53.90 49.20 50. 50 56.70 65. 88 68. 82 69. 48 66.24 68.34 66. 07 62.79
Sm 9.46 12.90 9.11 7.62 8.52 9.47 15.24 16.12 16. 44 15.74 16. 08 16. 15 15.34
Eu 2. 14 3.07 2.12 1.75 1.96 2.20 4.28 4.49 4.59 4.38 4.57 4.46 4.27
Gd 7.68 10. 47 7.74 6.46 7.08 7.79 11.42 11.83 12.21 11.61 11.93 11.79 11.28
Th 1.25 1.63 1.24 1.06 1.13 1.27 1.96 2.01 2.09 1.99 2.07 2.05 1.94
Dy 6.40 7.90 6.54 5.76 5.91 6. 60 9.25 9.32 9.92 9.43 9.72 9.73 9.35
Ho 1.24 1.50 1.27 1.18 1.15 1.29 1. 60 1. 60 1.77 1. 60 1.69 1.65 1.59
Er 3.18 3.77 3.38 3.11 3.00 3.33 3.81 3.71 4.18 3.70 4.07 3.96 3.72
Tm 0.46 0.52 0.49 0.45 0.43 0.48 0.56 0.55 0.62 0.54 0.61 0.57 0.58
Yb 2.69 2.94 2.87 2.72 2.53 2.76 3.11 3.06 3.54 3.07 3.35 3.13 3.22
Lu 0.41 0.45 0.43 0.41 0.39 0.42 0.45 0.43 0.52 0.45 0.50 0.45 0.45
Y 31.10 36. 60 32.40 30. 00 29.80 32.50 35.75 35.63 39.62 35.34 38.28 37.10 36.03
As 0.23 0.44 0.62 0.34 1.43 1.43 0. 82 0. 68 2.76 0. 65 0. 68 0.44 0.45
Cd 0.06 0.06 0.05 0.15 0.27 0.07 0.15 0.03 0.03 0.02 0.03 0.02 0.04
Co 98. 39 96. 00 98. 65 88.12 105. 41 92.27 52.43 53.48 53. 89 53.17 51.27 52.81 51.57
Cr 150.39 156.08 151.78 150.08 150.20 150.57 324.19 330.83 335.36 364.10 330.44 366.33 387.51
Zn 210.98 212.35 222.82 204.11 267.00 217.18 165.75 138.10 135.60 142.15 122.90 135.90 137.90
Ga 30.71 28.37 30. 33 28.95 31.00 29.91 36.17 36. 69 35.79 33.72 35.84 35.91 33.63
Ge 1.37 1.30 1.34 1.29 1.43 1.33 1.73 1.59 1.79 1.61 1.65 1.75 1.70
Mo 0.36 0.33 0.35 0.33 0.43 0.34 9.90 2.78 2.08 1.06 1.34 0.99 0.73
Nb 36. 15 35.33 36.07 34.43 37.81 36.22 21.30 20. 94 20.95 21.43 21.39 21.62 22.13
Ni 133.08 123.62 132.93 124.81 138.52 123.93 155.38 161.51 158.24 151.94 156.89 167.88 165.61
Rb 104. 30 94. 36 101.94  105.19 100.73  100. 61 83.05 84.73 82.82 82. 14 84.41 84.72 82.40
Sh 0.07 0.07 0.10 0. 06 0.33 0.11 1.05 0.78 11.58 0.52 0.59 0.42 0.38
Se 29. 66 29.35 29. 08 28.33 30. 40 30.43 41.20 41.19 40. 74 39.49 41.24 40. 68 38.92
Se 0. 04 0.04 0.04 0.06 0.04 0.03 0.13 0.14 0.14 0.11 0.13 0.12 0.11
Sn 3.96 3.56 3.68 3.50 3.77 3.56 3.25 2.94 2.92 2.87 2.73 2.70 2.96
Sr 58. 86 61.57 57.95 64.31 57.39 57.89 95.67 100. 22 98.51 94.12 95.78 102. 59 93.06
Zr 393.48 400.38 407.23 392.56 406.27 397.94 322.17 312.92 315.16 316.02 321.72 321.40 324.12
Te 0.04 0.04 0.04 0.04 0. 06 0.06 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Tl 0.54 0.65 0.43 0.42 0.42 0.48 0.31 0.30 0.29 0.31 0.29 0.29 0.27
v 281.75 306.61 295.00 291.61 288.22 295.87 446.30 441.90 425.90 439.85 404.80 441.30 425.70
Cs 2.87 2.28 2.69 2.51 2.77 2.59 1.78 1.63 1.62 1.56 1.71 1.73 1.56
Ba 288.33  304.32 297.14 311.72 300.91 305.47 460.30 451.80 429.20 420.75 421.90 441.60 436.90
Hf 28.07 37.85 32.62 24. 60 28.40 31.99 7.76 7.76 7.70 7. 66 7.99 7.81 7.81
Ta 2.87 2.78 2.86 2.76 2.97 2.83 2.73 2.62 2.58 1.78 2.64 2.69 1.63
W 1.19 0.99 0.90 0.99 1.31 0.92 0.78 0.90 0.63 0.44 0.61 0. 66 0.31
Pb 4.76 5.62 5.70 37.73 100. 09 9.59 19. 82 16.72 15.41 16.23 15. 60 19.49 15.53
Bi 0.11 0.08 0.08 0.09 0.12 0.17 0.20 0.13 0.15 0.13 0.12 0.12 0.11
Th 5.23 4.23 4.26 3.60 4.34 4.21 6.06 5.54 5.66 5.59 5.74 5.81 5.36
U 1.45 1.17 1.06 1.08 1.15 1.14 1.47 1.23 1.22 1.25 1.30 1.24 1.20
SREE  754.98 2824.74 874.16 164.74 412.36 865.67 195.73 322.22 361.52 291.30 232.18 226.43 170.88
LREE 644.41 2646.34 808.96 144.92 346.96 798.15 164.39 279.48 317.66 256.03 201.20 192.84 149.18
HREE 110.57 178.40 65.20 19. 82 65. 40 67.52 31.34 42.74 43. 86 35.27 30.98 33.59 21.70
LﬁR]f}f; 5.83 14.83 12. 41 7.31 5.31 11.82 5.25 6.54 7.24 7.26 6.49 5.74 6.87
(La/Yb)y 4.13 23.97 13. 88 5.63 4.91 14. 46 3.65 8.28 10. 85 12.97 7.65 7.38 9.34
SEu 0.35 0.33 0.51 1.07 0.54 0.61 1.20 1.33 1. 11 1. 14 1.20 1.21 1.17
6Ce 2.35 1.07 1.35 1.44 1.39 0.93 1.84 1.02 0.72 0.83 1.08 1.01 1.02
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Fig. 4 Tllustration of rock classification of Xuanwei Formation
sediments in the Emeishan area(after Pettijohn et al. ,
1987)
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spidergrams (b) of mudstone and

sandstone samples at the top of the Xuanwei Formation in the Emeishan area (primitive mantle and chondrite form Sun and
McDonough, 1989)

AU FHJ5 KA R T (PAAS) 41 Taylor Fil McLennan( 1985) ;5 K 158 (UCC) ## Rudnick 1 Gao(2003) ; H g4 F#85| H He 5
(2007) , Zhang 5(2010) \Zhao 55(2016) ; WkJH 1L Z R IR)E ILRSCE S| H Xu 55 (2001)  Xiao 55 (2004) \Fan 55 (2008) \Zi 55 (2012) |
Zhu %5 (2017)
data sources: mean post Archean shale (PAAS) form Taylor and McLennan, 1985; upper continental crust (UCC) form Rudnick and Gao, 2003;

the lower part of Xuanwei Formation from He et al. , 2007 ; Zhang et al. , 2010; Zhao et al. , 2016; Emeishan basalt and rhyolite from Xu et al. ,
2001; Xiao et al. , 2004; Fan et al. , 2008; Zi et al. , 20123 Zhu et al. , 2017
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1991) |

1993 ) F 51| [l fit
,1991) , Th/Sc=Zr/Sc ( ¢, after

1993) discrimination diagrams of mudstone and sandstone at

the top of the Xuanwei Formation in Emeishan area

FHG oS SRR FRESR: Sun 71 McDonough ( 1989) 5
Rudnick F1 Gao (2003) ;

%i@féj{ﬁﬁﬁﬁ( PAAS) #& Taylor 1 McLennan ( 1985) ; j(ﬁﬁj:ﬂh’?{’( uce) #
HRAG] A He % (2007) Zhang % (2010) \Zhao %5 (2016) ; AT A He 45 (2020) , FFES (2017) ; WJE 1L

Ti ZalE JE LRACE H Lk Fe WA LA S H Xu 4F(2001) Xiao 45(2004) Fan 47 (2008) \Zi %(2012) \Zhu %(2017) ; #7

AR R E S RVBUES A L 45 (2003) |

primitive mantle and chondrite form Sun and McDonough,

nental crust( UCC) form Rudnick and Gao, 2003; Xuanwei Formation from He et al. ,

mation from Yu Xin et al. , 2017 and He et al. ,
2001 ; Xiao et al. , 2004; Fan et al. , 2008; Zi et al. ,
2003 ; Xiao Jiafei, 2005; Sun et al. ,

Xu et al. ,

Craton from Li et al. ,

IR 5 B 52 TE AR 5C A [a] £ 9058 DX XA 58 38 X AN
[A] % FLAE ( McLennan and Taylor, 1980; McLennan et

al. , 1993) . BEEAHIIRAEA SR Th/U {E (3. 30
~4.69; FIHHE K 4. 09), % % AFEE A KM

(UCC>3. 8, Taylor and McLennan, 1985) ., 7£HI3k
VA i 22 Ak 2 KAV E FH AU PG A 72 1Y Th-
Th/U W& & |, ﬁ%ﬁ#nn/ﬁ%ﬂ%i;@%ﬂﬂ
(&l 6d) , 2 Wik JE 1L DX b T XA i 2, 28 17
SRELAA RS JF 2 T PR R e AR

B 11K (2005) \Sun % (2008) ,Zhao Fl Zhou (2008) HMFIAZ (2013) Wang %5 (2014)
1989; mean post Archean shale( PAAS) from Taylor and McLennan, 1985; upper conti-

2007 ; Zhang et al. , 2010; Zhao et al. , 2016; Longtan For-

2020; Emeishan high-Ti basalt, Emeishan rhyolite, Emeishan silicalite and Emeishan syenite from
2012; Zhu et al. ,
2008 ; Zhao and Zhou, 2008 ; Du Lilin et al. ,

2017; Precambrian to Permian sedimentary rock of Yangtze

2013; Wang et al. , 2014
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Wz b BEARMEE IR KA PRI ¥ ve i K
U JE L K A 4 2 W IR ) T RESR R (18 1, Zhou et
al. , 2013) . HIEFNMKJE LK JORCA A 19 K 5]
FEARABAAR Ti KA | BB T & A AT
PR AR JC LA 2H R, TR ZR AR 222 Jy v Ti Kk
A (Xu et al. , 2001; Xiao et al. , 2004) , 4565 @4
REE PR K LTS () 3) R 4% ¥ v 418 75 23 1,
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Fig. 7 V-Ni-Th (a, after Bracciali et al. , 2007), Co/Th—La/Sc (b, after McLennan et al. , 1993; Zhao et al., 2017),

Al,0,/Ti0,-6Eu (c, after Zhao et al. , 2017) and TiO,~Ta (d, after Zhao et al. , 2017 ) provenance discrimination diagrams of

Xuanwei Formation sediments in Emeishan area (the data sources are shown in Fig. 6)
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FERTA DNV % & B TRV A | 0 i IR A 27 R ik S 5 3 S 93

& B TR S T BE R BT 40 23 N A B ( Willis et
al. , 1988) , K A E A MIEE AbA R HAA B
1) AL,0,/TiO, {8, W TIRJE L& Ti Zals (2.7~
8.1; Zhu et al. , 2018) ARTMEJE IR LA (>10.0;
Zhu et al. , 2018) , HRAIE A P A IE A B T Ik
JE R Ti Zikos T (K 6a) , 3R T HBALY
UEA RS LS Ti ZRCA R, 5340, F e diid
P S MRS (B TR A ) BA 7L
fE#4 AL, 0,/TiO, . Th/U La/Sc . Th/Sc . 8Eu Fl Co/Th
E(E 6. & 7), I RIB I Eu 7578 LT
UCC ByERR B A bs AL H e R EL X (B 4)
R AL ILE S W= 25 ) ORI Ab =iy N1 73 o AV mET S 11
WA e Ti 2R A [, DE L T 85E R 1 5
B ATFER 2 T E RUTBUA T (K 6c [ 7h) o

25 TR, M BR AR 25 FRAE A0 51 P i 0 % BH i
BT e B P R S DT A N JE 1K
KA AR X T R T LA RS
WM F B2 T YIRS
4.3 MRMEHERE

DIBUAE T TR & & TR A B A nf
DL Ry iy 55 0 R AE 4 R T 545 B ( Rimmer el al.
2004; Algeo and Maynard, 2004; 7K ff#%, 2016;
EYEREE ) 2017, EERGE ) 2010) , B TR e
) Sr/Ba {H(0. 19~0.21) & V/Ni & (2. 08 ~2. 89)
5 Bl AH U A R, F8 7R oy TORR R B IR K U AR
WEE, X SRS R TR EE 5 TR AR
AT (2B 855, 20145 Bercovici et al. , 2015; 5K
W5, 2016; HES%, 20165 5KEEILS, 2017),
(R R A IR 5 D 5 i L 1) 1) Vg 2 A )T 38 W 0k
J& Ly b X A 2 A TR A EE (1] 3¢ .3d) (Odin and
Matter, 1981; HFEIAHZE | 2008) ., Lweis(1964) AN
TR SR AT A0 3 6 P 5 P4 A P T o L 1
S AR R AR A R B AR B TOR M 2 op (Mg R AH 46
2008; MRIEESE, 2014) . Fischer(1990) A M2
() LA T LI DA 1) b 23 v 32 A1 i T ke
FROUB A A UKL, R VLV 55 (2022 ) 76 7K 35 5 B
R A TS, B B 5 (2002) 7E 2K AR
Hi DX Y R B G HEO A E R T 6 J2 gk
AP BRI AE (1984) 2 B T A R B R -FE R
AP R TS A, X & IR S sl J 1)
2 A FE IS A, 455 B R TR e
WA R, FRATTIA R Bl 20 00358 19 v 5 A 1] i 2
TET AR K 3 1L 2 v ) T S 38 o B s R DT

AL

— e Ale s h U/Th KT 0.75 H 8U KT
1, NEREIRES, U/Th (/N F 0.75 H 8U /NF 1 AE
SE IR (Jones and Manning, 1994; SHAZA5E | 1999;
TKRARSE, 2016) , HIRATEIE A9 U/Th {6
0.21~0.30, 724 0.25;6U 4 0.78~0.95,F-1 K
0.85,¥5 /" W e A BE, 53 ob, B R AL TS I =
V/Cr A (1.87~1.96,°F4 1.93) & Ni/Co {H (1. 29
~1.42 F¥ 1. 35) AT A DU K AR 855 o B A )
FH1E (Jones and Manning, 1994; 5K KA#E4%, 2016)
AN, & B T 45 1 Ce,,,, {H(=0.06~-0.05;
24 2014) ,Eu 5% (8Eu=0.33~0.61; [
SR, 2016) RN AL IREE | B, H R 2 T
TR AR Fe?* /Fe™ YU 7E 0. 23 ~ 0. 30, F 34K
0.26, $5 7~ 10 4 DL BT S 40 40 R 88 (RE /N #E 55,
2011)

Zhang %5 (2010) {5 X% 5% M 75 350 09 & 8 41 0F 5
1 AN B R 2L T 0T I TR B i K S 5 1
BRI I HATPIRAE R, WD I 0UA T8 T R
PN E AR PEIRT  BA (2008 ) %47 T v 48 vE 2
AR B - =& R LM R E W oAt
1777 JC R MR Ak 2= 5 4307, A BETLIh A T
X & AR A DU S & A, oKt
%5 (2017) KM EMIX &R EWA) 2 kT
BT AR AR A D R A S M AR DR 2
KB T B E O . ABYLEL(2013) A R I
JE LS AL AR Z B e TS AA i 2 Al
OB A TR AT - TR A 55 A, B A B R AIE
Sk p V) AR M2 R S K, I HTRUA 2 A T
T3] 24 FR RT3 A 28 A BEAR FRAE AR AR R e iR 6 A 15 b
AH, Py s 2% 5 OB AR 20 A R AE (R AE 1L 46
2017) , U HHIR JE L X AfE B a8 4 1 RS T
P, AT T A I L B g 2 Ay ol ot 90 AR O 0
JE I S 20 M 2 AR Y B, DU PR BE 4
AR B AR K DU
4.4 MREHEES

DUBUA I 4 A Bk k22 B T X DU A b
fF4 7% #1455 ( Bhatia, 1983; Bhatia and Crook, 1986
Roser and Korsch, 1986), Fi 0 & % #H T X 7
T Bl Ik Bl i1 24 385 R 5% ( Bhatia, 1985; McLennan
et al., 1993; Verma and Armstrong-Alirin, 2013) .
HRHE Bhatia( 1985) FUBF5T, B 3h i1 & 976 £ 0 &K 5
AR AE 2R BT uCe AR R AR K A T
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(PAAS) {4 F- 4418 ( Taylor and McLennan, 1985) , H.
AR Bu 5, 5 A TTBUE B9 # 10T
FAHMES Eu 578 A 6] T 724 bl 5e AU R AR
KA TS (K 5) , R HITR BB IR & 98l R
Riiih%k, MRS Th RREEATE ST R 1Y & &
{H REREHE— 2L H) 51 I 4] 43 DR 3 FRBE (AN KVE
NN GTEUE 3 WA DN UL N S PN EUE )
(Bhatia, 1983; Bhatia and Crook, 1986; McLennan
and Taylor, 1991) . ‘& & 41 &R UL A ) LREE/

*®3

HREE {E 326305 % 2h KBk 1 200 7, B 6 i i o
FIWE (0 La/Y) 596 2 KB A b 2 A oL (3%
3) o SEBR I e T ER H 0 A 2 — S 2
B G E A IR T A A K sh K b s
T, B s EAT R AR h R Rl 2 A5 T DR (&
8b~8d) , FAb, EIEA TR A A AR A K, 0
(2.98% ~3.30%) } Na,0(0.01% ~0.11%) 5t
(El 6a), W5 7R Ho] BE 28 7 T J 5 125 342 i 0 e ok M
BLYIIER A FHseia T Ix

ERARSE BWESHEMMES RUWEHMKLFESHT L

Table 3 Comparation of geochemical parameters between the mudstone and sandstone from Xuanwei

Formation and sandstone of different tectonic settings

M IEFRE HERAYY ERAREEY SRAnarE KRELR PNCEIE L) R I N i) S S5 PN UL 3
La 53.61 62.87 45.72 8x1.7 27+4.5 37 39
Ce 115.85 116. 67 114. 80 19£3.7 59+8.2 78 85
SREE 712.43 982.77 257.18 58+10 146+20 186 210
LREE/HREE 8.20 9.58 6.48 3.8+0.9 7.7£1.7 9.1 8.5
La/Yb 18.28 22.86 14.25 4.2+1.3 11.0+3.6 12.5 15.9
(La’Yb) y 10. 31 11.16 8.59 2.8+0.9 7.5£2.5 8.5 10.5
6Eu 0.90 0.57 1.19 1.04+0. 11 0.79+0. 13 0.6 0.56
Rb/Sr 1.25 1.70 0.86 0.05+0. 05 0.65+0. 33 0.89+0. 24 1.19+0. 40
Zx/Th 74.57 93.78 56.24 48.0+13.4 21.5+2.4 9.5+0.7 19.1+5.8
La/Sc 1.60 2.13 1.13 0.55+0.22 1.82+0.3 4.55+0.8 6.25+1.4
La/Y 1.58 1.96 1.24 0.48+0. 12 1.02+0. 07 1.33+0. 09 1.31+0. 26
La/Th 11.20 14.74 8.06 4.26x1.20 2.36x0. 30 1.77+1. 1 2.20+0. 47
Zv/HI 27.92 13.30 40.99 46 36 26 30

T FATCE G AN 10705 KPR IR KBS IR T SR b S Rk 3l bl i 280 3% Bhatia F1 Crook (1986) .

Hh BRI, S VYT - AR 1L g 1) AR
SRS KA I e | 1% JE 245 15 3l , i — 20 1Y
M rERETH BT T 2H 32 B AS [ #5520 ) ok (g PR A
85, 2014) o BES W8 MW AL TT BTG S 0T 5 | & R
BT (260. 55~ 257.22 Ma) JE B T Wk JE 11K
KA 4B (Zhong et al., 2014; Li et al., 2018;
Huang et al. , 2022) , ffif5 PO )| ZHb i) 2 h — S oK
WA AR B, X AT RE R N SR 1 32 X Y Ak 27 X
AEAEH (Huang et al. , 2022) . B & tHA0E], %5
Hiule A T S A T4 - SR P R i 2 04 IR
A EHIT R ER, R EME I X R H — &R
R th 2 2 (REZRTESE, 1984) , th TR 2L
A IS Bl , 4 SR VY R Sk A BT R Be
VG Tty DR A B AT SR I A0 5 B P AR
HEAS )= (I 9b) (HFJE 55, 2013 mE#E, 2015;
Huang et al. , 2021) , & B TUAR v BY #6321 0] 1]
it S A — B 4 1 v P VY R e — I B R

Rih A 5E (E 8) . T Likihie, AN N TEM
TS IRJE L X DTS 22 Y AL i AR
e, Briesz TIRJE L R A CE B R T XA
PRALATE B IR A2 T F s PLE W IR AN 4
HUTBA TS 5o e il vh 2k 0 1% 2h KRt 4
W (E 9¢)
5 Hhig

(1) WJE L B R A UTRUE RIS A =
) CIA {H =5 19 PIA {B SR ICV B IR X 57
TR B2 XACVE T, R4 07 T P g pl i L

(2) WA I EBATBA M E T SRS K
fiti e (UCC) A EE , FEX B 4R B e &, Mt
WK F A TCE 5 G UURUA I 3 B i AR &
AU YIRS TR SR, WIEAICR A TigE
e Ti LA, 0852 T his I Ab 45
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Fig. 9 Reconstruction of the sea-land distribution and main sedimentary facies of South China plate and adjacent plates in Late
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of tectonic sedimentary basin around the Yangtze Craton in Late Permian (b, modified from Ma Yongsheng, 2009; Zhu e: al. ,

2018, ELIP location from Li et al. , 2021) , paleogeographic evolution model of the southwestern Yangtze Craton in Late Permian

(¢, modified from Yin and Harrison, 2000; Zhu et al. , 2018)
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