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Abstract

The Emeishan mantle plume has always been one of the research hotspots of scholars at home and abroad.
Increasing attention to the metallogenic effect of the Emeishan mantle plume in recent years, but there are few
studies on the types of deposits providing metallogenic sources, in particular, there are very few studies on sand-
stone-shale-hosted copper deposits. Sandstone-shale-hosted copper deposits are stably distributed at the bottom of
the Feixianguan Formation in the West and Southwest of Muchuan. In the past, a lot of exploration work has been
carried out and good prospecting results have been achieved, but ore-forming material sources is still controver-
sial. In order to clarify the enrichment regularity, sedimentary environment and genetic mechanism of the sand-
stone-shale-hosted copper deposit at the bottom of the Feixianguan Formation in Muchuan area, this study carried
out systematic studies such as field investigation, mineralogy, lithofacies paleogeography and Lithogeochemistry,
discussed its ore-forming material sources, enrichment regularity, sedimentary environment, and established
metallogenic model. The results show that the sandstone-shale-hosted copper ore body in Muchuan area occurs in
a set of grey-green fine clastic rocks at the bottom of the Early Triassic Feixianguan Formation. The main ore
types are silty strip clay rock type copper ore, pelitic striped siltstone type copper ore, siltstone type copper ore
and fine sandstone type copper ore, and the ore minerals are mainly chalcopyrite, bornite and chalcocite. The sedi-
mentary facies at the bottom of the Feixianguan Formation in Muchuan area belongs to the tidal flat subfacies of
the barrier coastal facies, which can be identified as four microfacies: Supratidal mud flat microfacies, intertidal
mixed flat microfacies, subtidal sand flat microfacies and tidal channel microfacies. The copper element is mainly
enriched in the intertidal mixed flat microfacies with weak hydrodynamic conditions such as silty strip clay rock
and argillaceous strip siltstone. The enrichment of copper is strictly controlled by lithofacies palacogeography and
sedimentary facies. The copper element mainly comes from the Emeishan high titanium basalt, and the Kangdian
Ancient Land in the west is the main provenance area. Sandstone-shale-hosted copper deposit at the bottom of the
Feixianguan Formation in Muchuan area belongs to syngenetic sedimentary deposit. Its metallogenic model can
be divided into four stages: Emeishan basalt flooding(source bed formation) stage, weathering and denudation
stage, sedimentary enrichment stage and diagenetic preservation stage. The above results are of great significance
to further realize the strategic mineral prospecting breakthrough and supplement and improve the metallogenic
system of the Emeishan mantle plume in southwestern China.

Key words: geology, sandstone-shale-hosted copper ore, Emeishan mantle plume, metallogenic model, sedi-

mentary environment, lithogeochemistry, Feixianguan Formation, Muchuan
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Fig.1 Tectonic setting of Muchuan area (a, modified after Wen et al., 2021) and geological map of copper deposit in Muchuan area(b)
1—CQuaternary; 2—Xujiahe Formation of Upper Triassic; 3—Leikoupo Formation of Middle Triassic; 4—Jialingjiang Formation of Lower Triassic;
5—Tongjiezi Formation of Lower Triassic; 6—Feixianguan Formation of Lower Triassic; 7—Copper ore body; 8—The second member of Xuanwei
Formation of Upper Permian; 9—The first member of Xuanwei Formation of Upper Permian; 10—Emeishan basalt of Upper Permian;

11—Location of sampling points; 12—Reverse fault; 13—Normal fault; 14—Stratum occurrence
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Fig.2 Column diagram of borehole ZK0301(a) and characteristics of copper-bearing strata at the bottom of the Feixianguan

Formation in Muchuan area(b~o0)

b. Silty strip clay rock type copper deposit, which develops lenticular bedding, and ore minerals are distributed in the silty strip in a star-shaped man-

ner; c. Pelitic striped siltstone-type copper deposit, developed vein bedding and wavy bedding, and ore minerals are distributed in silt sediments in a

star-shaped manner; d. Siltstone-type copper deposit, developed horizontal bedding, and ore minerals are dotted in silt sediments; e. Fine sandstone-
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type copper deposit, developed parallel bedding, ore minerals dispersed in fine sand sediments in the form of smaller gravel; f. Malachite in oxidized

ore, emerald green; g. Clay rock, developed horizontal bedding; h. Complete Bivalve fossils on the rock level; i. Complete Lingula fossils on the rock

level; j. The boundary between the silty clay rock of the second member of the Feixianguan Formation with a small amount of purple-red bands and

the argillaceous siltstone of the first member of the Feixianguan Formation with a small amount of purple-red bands, showing an integrated contact;

k. Rework surface structure; 1. Mud gravel in fine sandstone; m. Sandstone shale-type copper deposits occurring in the first member of the Feixian-

guan Formation; n. First Member of Feixianguan Formation-gray green argillaceous siltstone and Xuanwei Formation dark grey carbonaceous argilla-

ceous rock boundary, showing integrated contact; o. Pelitic striped siltstone-type copper deposit, developed tidal bedding and herringbone bedding

BT B AT, LR MR AT, A S B IR R
PR AT A TR b B 451 SO D AR h . 48
WA KRB EEA A G INT

IR S A Ry b T 45 B A BV A, 0 A 2
00 KRR S R R AT B A R R
R, B A Th S AP ISR SOB AR b BT
SR 0.5~5.0 mm, P 1.0~2.0 mm A, K &
RIZE(E 2b) . B A0 ) 2 & T b4
i, 2R R AR RRIREEH , B SR I .

IR &% e T 255 Ry b A BB, B A 2
L e Q= e O 7/ - TR TN O G e
B, A T B R B AR YR T 45T IR BE 1.0~8.0
mm, LA 1.0~4.0 mm N &=, Y 5571 Hh ILAS 2R s | &
BHCRZEE PORZE(F 2¢) . 0 A0 Y EZEE
T U b, R A D UT AR Y 5 R Ui BT
S W TR bl A L B R SR A, Bt kL
RGN, B ARG

IRERAE R RV, 5 322 i o R
E i A R S TR = X TR I L TR R E 7 o =
FEEL(E 2d) . B A0 YR R DRI AR TE R D TR
Yk, HATERDIR S5 4, B AR A 1 .

JRERE AR 5 RV, 7 A7 322 A0k e
B FE YRR B AT R LR, A A
TWEZRE, RETZE (K 2e) . B AT YL
NER AT S S T A Ui HERIR S
LIS RN ap
3.3 ARMIKILFIHE

MR IATLIEH,ZK0301 £5FL S a2 12 (kR
w(ALO;) A 13.64%~17.13%, “F 14 15.61%; w(TFe,0,)
9 12.14%~16.91% , *F 1 14.90% ; w(Si0,) 4 33.70%~
52.68%, F- 14 45.92% ; w(TiO,) N 2.78%~3.57%, F- 14
3.20% ;w(MnO) 4 0.10%~0.37% , -4 0.18% ; w(CaO)
N 1.74%~12.40%, “F 4 5.18%; w(Na,0) K 0.07%~
0.14%, “F 1 0.10%; w(MgO) N 2.72%~4.34%, F- ]
3.77%; w(K,0) N 1.48%~2.48% , F- 11 1.81%; w(P,O5)
H0.32%~0.45%, F 14 0.37%; w(CuO) ~ 0.01%~

1.59%, V-1 0.48%. Z5 b ik , "Rl 5C 20 5 il 4h )=
H1 (%) MnO , CaO \Na,0 . MgO . K,0 . P,O; & # 3 1Ik ,
Si0,.ALO;.TFe,0, . TiO, &% &4 & , 5 Cu & i %
AR ENE B 43 )R JC R WK Na,Ca Mg - f {1% .

i JC R B (32 2) R, ZKO0301 4L 7% 4 Hh
2 12 148 w(Ga) h 22.6~30.2 pgl/g, 14 27.4 pg/g;
w(Sc)H 22.3~26.0 ug/g, F1525.0 ug/g; w(V)H 301~
414 ng /g, F11 356 ng/g; w(Ni)N 61.6~78.3 ng/g, F
¥170.9 pg/g;w(Co)Hy 37.0~48.3 ng/g, 1 43.9 pg/g;
w(Zn) M 141~182 pg/g, V11161 pg/g; w(Cd)k 0.04~
2.26 ng/g, F10.60 pg/g;w(n)k 0.10~0.14 pg/g, ¥
170.10 pg/g; w(Sb) A 0.17~3.46 pg/g, F-14 0.80 pg/g.
R LR kM (& 42) 78 ,Ba . Sr.P.Y .Yb.Lufg
— B e %, Th U . La,.Ce Nd . Zr . TifF fE— &
FREE Y 5 40

Fis £ OC R AT as IR (38 3) R R R AP RE S G
IREE (#i + 00 % & &) 22 50 5/, A T 224.35~
34498 ug/g, ¥ 1 262.27 png/g, LREE 41 T 195.94~
312.03 ng/g, ‘¥4 232.82 ug/g, HREE 4 T 24.28~
33.58 ng/g, F-#129.46 pg/g, % EM T E L IH
(LREE/HREE) 4 6.89~9.47 , J2 W T #F 5% X 55 £ b 2
FEf R Lt R WEM e R E LR
Lay/Yby 7 T 8.07~12.37, 8Eu & 0.83~1.05, F- 13
0.93 , {735 75 Ml Hh JZ A i A 1559 1Y Eu 171 5%, 8Ce
0.99~1.05, *F- 34 1.03 , 2 W] 55 4 b J2 4 i FE A TG Ce
SR o WG TR LA (& 4b) R AT, YR b X6
Uy 2 2 VS % ] b 2 A o 5 DX RO R
Be A B R AR B B 7R b2 A IR S KR
BARE RSN
34 SEEHIE
3.4.1 b PRI

TE 29 260 Ma I 30, ik JE M A %) el 19 , Hh
e ot - R (A BRI Bl e A T R A i T
TZRAMERA M, XK E IR R T P e R AR
M (U255 ,2019) 6

W5, FEEL T Bl AR A 2R A T AR 2 b 1 = S U
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Fig.3 Characteristics of sandstone-shale-hosted copper ore at the bottom of the Feixianguan Formation of borehole ZK0301 in

Muchuan area and microscopic photos of thin sections and polished sections

a. Silty strip clay rock type copper ore; b. Photomicrograph of sample a under transmitted light; c. Photomicrograph of sample a under reflected light;

d. Siltstone copper ore; e. Photomicrograph of sample d under transmitted light; f. Photomicrograph of sample d under reflected light; g. Pelitic

striped siltstone-type copper ore; h. Photomicrograph of sample g under transmitted light; i. Photomicrograph of sample g under reflected light;

j- Silty strip clay rock type copper ore; k. Photomicrograph of sample j under transmitted light; 1. Photomicrograph of sample j under reflected light;

m. Silty strip clay rock type copper ore; n. Photomicrograph of sample m under transmitted light; o. Photomicrograph of sample m under reflected light

Q—Particle quartz; Clay—Clay minerals; Hyd—Hydromica; Cal—Calcite; Glt—Glauconite; Lm—Limonite; Ccp—Chalcopyrite;

Bn—Bornite; Cc—Chalcocite

F1 KX ZK0301 $57LAT F R TUERFEmEETEW (B)/%)FHEITTE W (B)/(ng/g) FFHEFR
Table 1 Characteristics of major(w (B)/%) and trace elements(w (B)/(jrg/g)) of copper ore body and wall rock samples
from borehole ZK0301 in Muchuan area
H1 H2 H3 H4 HS5 H6 H7 H8 H9 HI10 H11 H12
415 WpT o YeRT Vet SHURRT BRI RIS MEMRACHE METUREA WS Wm R A
WE TS e mEbE  BEBEE REAEET AR RRIUEET  BMEbE mebs mebs A
SiO, 45.02 4691 45.47 43.92 46.13 45.74 48.81 52.68 33.70  46.54 51.13 4498
TiO, 2.78 3.27 341 3.10 3.19 3.57 3.13 3.06 3.23 3.20 339 3.1
AlLO, 13.64 1525 1522 15.89 15.67 15.80 15.64 17.13 1493 1572 16.58 15.86
TFe,O, 12.14  13.60 14.61 15.43 15.11 16.61 15.11 12.64 1548 1549 15.62 1691
MnO 0.18 0.16 0.18 0.19 0.17 0.16 0.14 0.10 0.37 0.18 0.12  0.17
MgO 4.31 3.93 4.01 4.34 4.18 4.33 3.92 3.38 3.64 3.43 3.07 272
CaO 8.55 5.51 5.66 5.65 4.48 3.40 2.48 1.74 12.40 5.13 2.00 5.16
Na,O 0.11 0.07 0.09 0.10 0.11 0.14 0.14 0.11 0.09 0.10 0.09  0.10
K,O 1.74 2.24 1.94 1.75 1.68 1.51 1.76 2.48 1.48 1.68 1.92 1.53
P,O4 0.35 0.36 0.36 0.35 0.35 0.39 0.41 0.45 0.32 0.38 0.37 033
CuO <0.01 <0.01 <0.01 0.17 0.77 1.25 1.59 0.41 0.07 0.03 0.03  0.02
Bt 10.65 8.52 8.88 8.89 7.43 6.44 5.81 5.43 13.86 8.12 5.65 7.88
584 99.47  99.82  99.83 99.78 99.27 99.34 98.94 99.61 99.57 100 99.97 98.77
CIA 87.44  86.50 87.77 89.07 89.19 89.82 88.46 86.38 89.99 89.32 88.76 90.16
CIW 0.98 0.99 0.99 0.99 0.99 0.98 0.98 0.99 0.99 0.99 0.99  0.99
Icv 2.17 1.88 1.95 1.91 1.83 1.87 1.70 1.37 2.43 1.85 1.57  1.86
ALO,/TiO, 4091 4.66 4.46 5.13 491 4.43 5.00 5.60 4.62 491 4.89 5.10
TE: AN 1,
D, FEuge i 2 B CA TR WUk se 2 EOIRUE L RLe W CaJE b, RE DR Rokia e, WK £ 5%

TEBHEEZ, RS, okt g b
KA, S5 7 5 4L A AR DR,
TRt DX J 70 5 = s A 1A A oy e AT ARG
PO R AL B S (DU M R 7 )Ry, 1977)
AR AL LR TR B T A7 B BE U 1A 2 i YR 0T
FEUAH B AH
342 HHHFHIE

B N R (B 3be) PRI LA, &
1l 5 2RV A i 2 2 A LA AR DT RR ) o 2 A A
rh R R i S b IR B R R R 2% Ak v AR L BT L

RERIELE S A AT, AR B T TG B BE I AR A T
RO, JoRRRESE B A A A AETE B DU RS
e R, o R R, SRR SRR
WRE . WEASNGE K Son BBk, Al 4L
TS ] M S A A T A7 T R S R K L 1 Y
JEEL DU AR &, 42 8 S8 B A 58 S DL
et BEWIK Bl T 25 PR, IR 8 QA S A e
M S T R IR R R T A

VR M XA SR LB 55 A 22 TR K ¢
@R A RS OB A B A A R ek G T
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---- Copper - bearing strata samples at the bottom
of Feixianguan Formation in Muchuan area
I B R, MBIE KR XA R
Basalt samples from Muchuan, Leibo, Yanjin,
- . Zhaotong and Dafang areas

T T T T 1T

AR R A
=
(=]

| 1 1 1 1 | 1 1 1 L | L Il

Rb K BaTh UNbLaCe SrNd P Zr Hf SmTi Y YbLu

LaCe Pr Nd

Sm EuGd Tb Dy Ho ErTm Yb Lu

P4 VRl DX QA SR 2R TR TR0 2 i 3 2= Fol i 6 2% ke 4 1] () I 1 TG R T 73+ (b)
Fi . BT R IEL B Sun et al., 1989 ; YR L BA i L0 R B IR TR SORAE, 20195 7 i 2 i 0 R BUEE XS 45, 20195 #hit
LA L TT R B S AR, 2019 IR K aUE T LT REUEIRAE LIS, 20185 K05 LA 2 C R BUEE B fe 4, 2015
Fig.4 Trace element spider diagrams(a) and REE patterns(b) of the copper-bearing strata at the bottom of the Feixianguan

Formation in Muchuan area

Standardized values of rare earth and trace elements after Sun et al.,1989; REE value of Muchuan basalt after Cheng et al., 2019 ; REE value of Leibo
basalt after Liu et al., 2019 ; REE value of Yanjin basalt after Ma et al., 2019 ; REE value of Zhaotong basalt after Ren et al., 2018 ; REE value
of Dafang basalt after Zhao et al., 2015

Jo S5 MR 5 A K G R D A K S D 5
AH S FPAY AT SRR AT

JRERETE A EE B T AR, DA
M a)Z, JLF- 28 R AR, & & KFZ2
FLOE 2g) , A AR R PP TR . B A
H A

JR SRR R T 45 B A A I A A s K 25
SR TR, WAL Z KR BB R b 802 Brib
RS2 R FE £ 0 1.0~4.0 mm, K B 5 55k 2 B0 (
2b.o)  fE)Z 1 AT WAEE e G (K 2h) 7
TE DA (P& 21) , BB ZK 20 1 R4 55 B M AF BR B
{H SR 2 40 el U S DR A AL B, B0 e A T i
TR ) 2 AR A R A PE DT . 0 a0 2 A
RUR A A0 FE R D I Sty BB B A v, Wb It ety I
bria L NGRNON TR TR vk vAs- =< I N I e 3 el P e s
FHH CuTe R B R R .

Y SR AT iR U SRR ey £ L SR A
gk A Th R 2 kg, kB B BUIRZHE
PEARIZ B IR 23 A2 F5 802 (8] 2 0) S5 HLR )30
YR A PRUTRAL i, J 10 7% PR 58 1) LR ARAIE | b AT

DU ey A0 2 2R B9 N7 22 B (& 20) , LK TT
T HAT XU P, J2 8107 BRBE Y EL IR [R] s o m] L
Wb Sl YR 3 2 Al A 1) 4 S 1) AR Ak, LR 98 S 2%
7 ) I 1 K (8] 20) , At Sz e 139 947 BR35E A4 7K
7 1) BA XUl P, WL/t S8 B XGe SRR LA AT,
TE7R R IERHER I, S B S AR I EHE 5 PR DO
0411 5 B ROIR A 7 W0 DLAR W o il A
WU IR 5 . AR Cul R E
TR T B A R A

K 2 @R RY S5 < I S AR 32 By by R R
AU, 001 W 5 2 R AR R DU o, WK
FJRBECE 2d) A R AR B AP B GOAH ER
Bio MCAE MR Cudn R & AR R TR i I 2
B LA AR AR R A

R 2 (AR S R < M R T2 iy AR SR T
AU, H 0 I Z 8 KR TRZ | JR R LS T4
¥, & ARG @ YRRk (18] 21) , Bidt 4~10 mm, K H
AT R B SCHEZ B, 8 R L) FEAE TR (T
2k) , A EE AR AR AR DU . B4 LA N Y
BROTEE BT b iR (K 2e) o A A Y
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®2 KX ZK0301 $AFLIAT 1k R FUR IR R E TR (w (B)/(ng/g) FHER
Table 2 Characteristics of trace elements(w (B)/(jng/g)) of copper ore body and wall rock samples from borehole ZK 0301

in Muchuan area

H1 H2 H3 H4 HS H6 H7 H8 H9 H10 HI11 H12 b
4oy VIR B WR SV R REAHER MR MERAE  JRm R W e i

WE  WE BEE wpdE DA AR REAr LA Bes mika Riba A
Li 6.60 5.80 5.90 6.70 6.70 6.90 6.90 6.60 6.00 6.10 7.00 7.10 6.50
Be 2.06 2.53 1.94 2.24 1.90 1.82 2.19 3.08 1.71 1.86 2.31 1.65 2.10
Sc 223 24.8 25.7 25.1 25.8 25.0 242 259 26.0 23.5 259 252 250
v 301 358 371 353 385 377 328 326 414 363 347 343 356
Cr 180 160 160 160 150 160 130 120 200 160 130 140 154
Co 37.0 39.7 44.1 47.2 45.0 47.4 459 39.1 455 429 445 483 439
Ni 61.6 65.1 71.2 73.4 71.7 73.1 72.6 70.1 78.3 70.2 707 73.0 70.9
Zn 153 147 154 182 169 178 161 141 172 164 157 155 161
Ga 226 27.6 27.0 29.8 28.1 26.6 27.8 30.2 243 28.0 29.1 275 274
Rb 56.0 76.0 61.5 53.7 49.2 42.4 55.0 77.8 41.4 50.7 577 412 552
Sr 112 123 115 128 118 103 110 129 131 122 120 127 120
Mo  0.29 0.36 0.27 0.72 2.28 2.35 4.58 3.30 0.23 0.88 254 0.58 1.50
Cd 0.25 0.20 0.11 0.14 1.00 2.26 1.66 0.84 0.13 0.05 0.04 0.07 0.60
In 0.10 0.10 0.11 0.14 0.11 0.10 0.12 0.11 0.11 0.10 0.12 011 0.10
Sb 3.46 1.79 0.88 0.92 0.49 0.21 0.17 0.30 0.20 0.23 027 024 0.80
Cs 1.68 2.17 1.83 1.62 1.46 1.42 1.78 2.51 1.36 1.54 1.80 126 1.70
Ba 201 284 247 212 207 178 208 297 215 229 217 216 226
w 2.40 1.70 2.50 1.60 1.10 1.10 1.30 1.00 0.80 0.80 090 080 1.30
Tl 0.17 0.21 0.18 0.16 0.14 0.13 0.17 0.23 0.11 0.14 0.17 0.16 0.20
Pb 66.0 40.5 21.3 27.2 13.9 16.3 11.4 13.4 9.10 8.90 8.10 820 204
Bi 0.07 0.08 0.07 0.13 0.13 0.08 0.10 0.14 0.03 0.08 0.11 0.17 0.10
Th 6.88 7.41 6.99 11.8 7.24 7.43 8.91 11.6 4.80 7.49 875 770 8.10
U 1.62 1.76 1.57 2.37 1.87 1.60 1.74 2.18 1.07 1.61 1.82  1.85 1.80
Nb 36.6 39.3 39.0 47.6 37.8 39.3 43.5 49.1 30.0 38.7 409 335 396
Ta 2.30 2.40 2.40 2.90 2.30 2.50 2.70 3.10 1.70 2.40 270 220 2.50
Zr 291 332 325 404 333 337 376 427 263 344 372 326 344
Hf  7.30 8.40 8.20 10.2 8.20 8.50 8.90 10.8 6.40 8.50 930 840 8.60

Cu THE M & LR RAL,
3.4.3 AT HLERARRAE DURRUAH S AN K S AL R PR
AR WCEE RN B JB 10 Ml X L = B Al e 4 —
B OFHR) Mo 296U )1 48 #u 5™ 7= )=y, 1977) , LK
MG ZH — B i €a, JEERE A R0 R Rl oAk as il
VBT R B J 0 i [X L = 8 o) ) o A oy b BRI
S5 R A PUIE AR A R i 2 s Ik X
TEEEEIAEE (] 5) o R L IX KAl S 4 A s
B F UG 7 AR B S AR AR, o] R 3 i e A
U BV A FEAORE T B O A R Ok 4

Cu G & £ T & £ T RN A S0 | BUR R0 5 &5
Bh AR AT B0 A A R TR B A A A
W R Z TR Al

T3 Ak R SR AR s 5 1 5 104 o6 R AT
RS 04T, 2 B i s I FB . iTAMIR B, |
F 32 Th IC R U 1 3 AR 3 /D 58 U JT 2 IR 3
TAFZR 2R F U/Th Eb AR 5048 A vty 2 b2 B R
B RURAEEAE, R V/Cr \V/(V+Ni) ,Ce/La %
fiR: 76 2 L AELAE SRy 40 S0 o i UL X v A, L LA 53
KT 4.25.0.84 F12.0 $5 78 My ik SAUA LA 8%, /N T
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®3 AKIHEX ZK0301 $AFLIAH A R TR @ # £ TR w(B) (ng/e) HFHER
Table 3 Characteristics of REE(w(B)/(jrg/g)) of copper ore body and wall rock samples from borehole ZK0301 in Muchuan
area

H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 HI11 HI12

4153 W YRR WRT IR WRARTR RIS BTN E MDA e R R p—

WAVE BN b ME AR AT AR BRI OREE BTE MBS

La 43.1 45.9 43.1 60.3 41.1 42.5 51.9 70.0 37.9 46.1 54.5 40.4
Ce 93.1 95.9 93.0 128.0 93.0 94.0 113.5 143.5 86.5 103.5  112.0 95.0
Pr 11.30  12.25  11.70 15.15 11.90 11.90 13.95 16.45 10.85 13.05 13.75 12.60
Nd 45.5 50.8 48.1 61.4 47.8 50.2 57.1 65.8 46.4 55.1 55.6 53.6
Sm 9.25 10.30 10.30 12.85 10.90 10.75 11.70 13.00 10.80 11.90 11.30 12.25
Eu 2.61 2.99 3.30 3.98 2.88 2.85 291 3.28 3.49 3.47 3.10 3.61
Gd 8.17 8.87 8.92 10.90 9.95 9.88 9.93 10.35 10.25  10.65 9.78 10.75
Tb 1.22 1.30 1.31 1.60 1.49 1.48 1.46 1.49 1.47 1.52 1.45 1.55
Dy 6.63 7.29 7.43 9.22 8.28 7.90 8.28 9.33 7.95 8.43 8.22 8.67
Ho 1.25 1.36 1.34 1.76 1.58 1.51 1.56 1.76 1.43 1.52 1.55 1.62
Er 3.34 3.76 3.54 4.75 4.23 4.00 4.15 4.70 3.58 4.13 4.18 4.25
Tm 0.47 0.52 0.51 0.66 0.58 0.56 0.60 0.66 0.50 0.58 0.60 0.61
Yb 2.79 3.10 2.97 4.11 342 3.24 3.51 4.06 2.81 3.40 3.46 3.59
Lu 0.41 0.46 0.43 0.58 0.50 0.47 0.52 0.60 0.42 0.50 0.52 0.52

XREE 229.14 24480 23595 315.26 237.61 241.24 281.07 344.98 224.35 263.85 280.01 249.02

LREE 204.86 218.14 209.50 281.68 207.58 212.20 251.06 312.03 195.94 233.12 250.25 217.46
HREE 24.28 26.66 26.45 33.58 30.03 29.04 30.01 32.95 2841 30.73 29.76 31.56
LREE/HREE 8.44 8.18 7.92 8.39 6.91 7.31 8.37 9.47 6.90 7.59 8.41 6.89
La,/Yby 11.08 10.62 10.41 10.52 8.62 9.41 10.61 12.37 9.67 9.73 11.30 8.07
SEu 0.92 0.96 1.05 1.03 0.85 0.85 0.83 0.86 1.01 0.94 0.90 0.96
5Ce 1.03 0.99 1.02 1.04 1.03 1.02 1.03 1.04 1.05 1.03 1.00 1.03

T LU 1,

2.0.6 Fl LSRR & A EAL A, LWE 73 50 T 25
22 [) 15 BH JFL Ay Ao Y A 855 8 2 AR A B (AR 7 45
2018) . 7 V/CrH I (K 6a) i, B 1 ANFE i V578 &
SCAACIRIR A AR 1L AR i I V5 A 2% At 3R 8
X35 78 VIV + Ni)F 3 B (B 6b) i, 12 4N 7 7E
BRI T TR B 5 e R D R B 1 28 AR T 5 7
Ce/La 3 51 & (8 6¢) Hr, 12 NRE G 98 78 T B4k
JREREE Xk, PR UL, PR X6 G 435 75 4
J2 B A T B A U - A SRR R
I S AR A T, TR 3 XA S 4G 35 25 4
Hb 2R R gt 2R D BT RS A s Sk
IR Sk ANRD 77 S T00HR ) IR o £, 36 /i 52 41 2 e I 2%
A 18- IR S D AR, A D R R e R L
F & RS HIE N (Lingula) i 2164 (€ 2h) , &
TR N2 5 DU AR 16 T 20 4R I T v
WhE . Wb BB A LR b s b kB 2
PR R DU PR A . 25 6A A Hhak Ik F |

P Rt AR AR L VR L DX A G LG 5% i
JEIE T A (14 52 4 - i S SR DU RR R B5

4 i

4.1 A EEME

R TR AR S AT AR B DGR X K S A 2
WA KGR R A A KGR T 5l Ry i 5 AH
FURK GO RD 5T 551 B 1A 4 05 i S AH Y 80 4
FEa i Cudt R & Wil 47 7 481t 4551 1
TN, K 8 A1 RD A A w(Cu) M 0.11%~0.37%, F- 14
0.19% ; JK 25 (a3 b 5 AH w0 (Cu)h 0.13%~0.71% , - 14
0.28% 5 JK £ {0, e Jit 4%+l B3 b 25 AH w(Cu)h 0.10%~
0.95% , V- 44 0.38% 5 JK &5 €8 %y 10 J51 45415 7 1= 5 A
w(Cu)h 0.11%~1.19%, 734 0.50% (£ 4) . M FE 4 Fil
Bl 7T LA, Cudt & F 2 & 5 T KRG M Fi sk
Mkt A CGF 3 0.50%) o, ok 5 48 T IR ek (4 1
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Fig.5 The lithofacies paleogeographic map for the bottom section of the Feixianguan Formation in Muchuan and surrounding areas

(modified after Sichuan Geological and Mineral Bureau, 1977)
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Fig.6 Sedimentary environment discrimination diagrams of V/Cr(a), V/(V + Ni)(b) and Ce/La(c) for copper-bearing strata at the

bottom of the Feixianguan Formation in Muchuan area(after Dai et al.,2018)
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Fig.7 Column diagram of the relationship between lithofacies and the average content , enrichment coefficient of copper element

of copper-bearing strata at the bottom of the Feixianguan Formation in Muchuan area
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Table 4 The relationship between copper enrichment and lithofacies at the bottom of the Feixianguan Formation

in Muchuan area

w(Cu) B/ ME~H AR /%

AR

Cu 5 42 R B MBI

SPYE CRE D SEE CRE LD
0.11~0.37 44~148
IREEA AR A
0.19(7) 75(7)
0.13~0.71 52~283
RGO D A A
0.28(9) 113(9)
. 0.10~0.95 40~380
IRER AR T A5 DA A
0.38(23) 153(23)
0.11~1.19 46~476
KSR RD B A5 B A A
0.50(41) 202(9)

W45 BE 1 A A & S R B 46~476, 734 202,
T R IR R IR G D T A5 B A M
) CuTt R & R e, RO KRSk e i 45
Kb AR FR Sk R D 25 A, K S (L 4D 2 A T Y
CuTt R & ERE R 2.

MERT A 6 7 B T % 25 (B 3c . fLill.0)
KE U AN Y EEE R BT, i R
U0 AT Y RAIERCIR ATHDIR B E L TR 0
Y CATE T A SR DS KA 22 R . R
ARRERE 0 A0 Y F B ERCR A TR0 5 5%
SO TR T A S T R O ROk
B D A B A A A R AR R A, IR
U LA B Ab A A XA B S5O B T e 4
ROEBLD AR, B R5F 5E 45 R iR, 35
i NSRS 3w A T D T A5 & A AR
JoT 25 A b A R R R D B AR O b TR B v
Samama (1980 )/ 5% #= BH , il i) T3 77 B4 AR 2 1Y
IRREAK Bl 254, i R LR IS A 2 5 10 & RE DT
IS FF 5 DO o H A & B, TR 1| Hh
DX AN SR8 ) b 2 ) e DA i AR A
A5 RE I 0 RNR A FEHbAT |, RR IR 7R RE fE T 55— Lk
R T St B A A T o AR
4.2 YRS

HIAXT L3 PR HIX T = &4 CAlCA Y
JEIEAT T — R 5T, 250308 L4
PSR L2 A A G, ARk, 200223 8 i i
JE B A U-Pb AR IF 58 2R, v ) G R b X6 A1) e 4
(R 5 2 B i A Lk X U (B 45,2021 55K
7452019 K F) 45, 20165 J4 51 4F 45, 2022; R R
45,2016) , X ELF 5T R R A SCOF 5T Al S 4 IG

(— B ) 7 il 1 J2 (R Wy U AR AL T S DI R 4
X TRAN S AL B 2 DU B (SR AT R S e i T SR Y
WFFE, CALCALE R DU B A L R L i JE
HA IR A5 WA L Bk KR CA A AR,

28 T A XA A 1 i b R T A A b
BR AL 2= FEAEAF 5T, 6 W IR AT W Y 48 O
Hayashi 55 (1997) BIF 58 & W], #1080 B BRBE I3 o 14
K2 T A A 1Y ALO,/TiO, H {8 43 ] 2 3~8 . 8~21 FlI
21~70, BF5E X RAN DG AL IR 5 4 2 ALO,/TiO,
B4 4.43~5.60 , B 7 W 5% X 61l 56 20 38 1 4 T
URA I AT RS M R T i Ll kX A
ALO,/TiO, M {1 78 il (2.7~8.1) N (Fan et al., 2008) .
g3 8, Al 2 ik AR KA 8 B (CTA) AL 2 XU AK 45 %L
(CIV) T 5 6 DX ) A 2 AR R B, 2835 R H CTA
(H771: % B Feng et al., 2003)F1 CIW (4407 2
M Harnois, 1988) 47 ARl FF i KL R EAFGE . CIA
B = 48 N BERR ER 0 W vh Na K Ca 7 B vh
Je i A2 X AL B GE (Nesbitt et al., 1984) . T154%5
JECR D) R, R M XA S L 38 25 4 b 2 B
1 CIA {4 86.38~90.16, CIW {H >4 0.98~0.99, 1} HH
AU I RS 1 i b 2 A7 T 5 A A 2E KU TR
I AR R I IR FREE . Li%E(2009) A58 %W,
B3 R BE AR R U8 B A 3 A 5 v L B AR 2 1k
MR, HA R ICVH s M R, SRR L REmR L
WD s DA W A0 ) o D35 G v 7 U T
o HICVAEAE o R M X 6AIl 56 41 JES & 25 1 )2
FEM Y ICV 4550 1.37~2.43 22 4], F-4418 1.87, ¥ K
T 1, R HYIRIA R 2713 K AL- DR B Y
SRR, R — AR | 132 11k 2 KAk SR 5
58, Y WA AR, R BT VR TR . Sc 7E bR KUk
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YER A AR i B oA 5y B AR, v] LIAE IR Y
HiER AL 2745 78 77 (Zhou et al., 1994) , BF 5% X BE 5 Y
45w (Se)25.0 png/g Her i B S A 2K w (Se)
S 2441 (29.0 pg/g, Chi et al., 2007), 15858 X % i
FRE I w (Se) (21.9~27.1 pg/g) 3k (S0 R &,
2021) , WS HA I 5 BV A A 6

MAFA 50 R ES F -4 591 R 2 F2 51 (1] 8a) W] LI
WL BR T2 R A A BT IR X A, HLA 10
PFRE S IVEE T BE T KB IX ; La/Yb-ZREE [
fift (181 8b) 7 , KA AL IE TE T UTRVE i X i
SR X A Y B S XU 7 Th/Sc-Zr/Sc K it (&
9)H, 12 P RE Al A TRTEAE T IRJE LU R X R X
X 3 fit 2 W KA1 S 2L DS 3 5 i b 2 B W U5 2
I JE LS R X B, AT RE A A i R R A Y
RA . HH L ITTREC K (E 4b) AT LA H 91 1
DX AN SR8 ) b 2 0 ot 5 DX b ) X iR 1)
s A B A A A A I, W s 7 B 2 B R S X
RABAEENFESEME ., VI8 XA w(TiOo,) A
2.78%~3.57%, SREE 4 T* 224.35~344.98 ng/g, 4k /K
TR L R A AE AR (2 FEVKEE,2009)

J3Eh WL HL BT SR Wty AR AR A L
AT IR IR R T A LR K A N SE I TR A
KT K e Mk E 1L RS A w(Cu)
IKF 170 pg/g (& 75 5UE , 4 B R IS AR A DT AR
RO 424 T F & B9 JE (Wang et al.,2011) . %5

Ak, Zhang 55 (2006) B 7 2 1 Z A R 3 T AR
A DL B A 0 SR, AR A O A BRE
R BT A SRR, I 0 R AR FE X
A I & A A 2t 5 3 ARGR Y el i ik —
A E RN (R R, 2006) , WG RIRN LA
W IR, AL, LA Z AR AR R R 06 & 4
ZRA G WAL R, 2B BT R 2 A7 43 5]
SRUURRIX {3 B 2 RS TR

A AR SR, TR DX Bl AL RS 38 6 4 TR
T B IR JE 118 Bk X A (Wang et al., 20115 3CR
85,2021) , 7 B8 RANSC AL IR 2 1 1) 42 41 i
J& P, 32 B2 R 0 i L v Bk X A TR 4
2016; A7 5F, 2019 Ji 8 A4E 45, 2022) , 0 L3 i H
REBEFEELEMT LR ZRAHE, R
U5 A i 1L 2 B e B UE R . 28 L TIR 4%
HERE S 8541 U-Po AR A A R E A A2 IR JE
L2 3 (R s 2 ORR e 371 B s ok e 471 26 4, R 4
AN SR JECTHS b 22 1 th  E B A IR L
KL A
4.3 R

VRN b XA S LS 30 (4 A2 DL 25 PR A ™ AR s B
T R0 TR, 2 AT 2 IR AR 7 A B4 i A =X
A4 R R - BT O - B B R e A K
W R B AR W B 4 Fp s 455X (R 45, 2012) . 7K
U H DX RAN S LR AD T2 B B A 10 2 AR 2 2
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Fig.8 Discriminant function F1-discriminant function F2 diagram(a,after Roser, 1988) and La/Yb- Y REE diagram(b, after Floyd,

1987) of copper-bearing strata at the bottom of the Feixianguan Formation in Muchuan area
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N R R R R
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P19 VR DX A DG ZR IS 75 i b2 ThySc-Zr/Sce [ figt (S
45 Mclennan et al.,1993 ; 1k Ji§ 1L Z 58 A 4551 A Xu et al.,
2001)

1—Z A 5 2— AL SCZR R 4 2 it s 3— IR KA R
GUABRMEEE ; 4— LBEFE T b 4
Fig.9 Th/Sc-Zr/Sc diagram of copper-bearing strata at the bot-
tom of the Feixianguan Formation in Muchuan area(base map
after Mclennan et al.,1993; data on the Emeishan basalts are
quoted from Xu et al., 2001)
1—Basalt; 2—Copper-bearing strata samples at the bottom of the Fei-
xianguan Formation; 3—Australian Post-Archean shale standard value;

4—Average chemical composition of upper continental crust

SR RD BT Al LA TR A | PR AR AR S T AR
W R A B S A A BT, 0 2
AT BEH T R A BP0 R AL
JEH BORZEL R Z R GEBCRZ R, A0

B AR E A A SO R OB 0 A e
Yy B BURLIR 43 A0 7E R D O v, o] W A
Y1 5k W U S LT IR U B, VR )1 M IX
KA DG 2 I B D U R 1) B A 2 A AR -
B B A B A A

HRAE DA B98I , 28 3 A R TR | b X1l 56
LIS A DA B (1) B A5 T o oA i i 1Lk
s (B2 IE 80 B BE XL hiE B B TR
B B AL B B (B 10) .

U I L2 B M (B VR 2T 1) o B« - —
Bttt T A P 2 g i L b X A s e | T
T8l A W T RS ) B Bk X A, 1l Tk
JU Ml DX 7tV v A AP A oy b AR Ry AT il X
PHHR 0 2 B g 2 BR L B . A RS R
B, Cu e R CEMRJE L LA w25 s 4R (ke
LW iR ELAG e S0, AR A% 5 A TR R
W IR (225 R4S, 2006) .

KAL) i bz B B < e T BREE oy i e T e b,
= B A I A T BRGHT - E IHE SAE S A R 2T
WL HEK S0 FEEIREE T k8 1L 2 RA K 2
5 R A7 XA R 8 2 T R R A RS
o 2 ) BORE B R VR RS B B ) S R
(Sholkovitz, 1978) , 1fij 4 iz 31 5 & iy ki 4= M 114 30 ¥
7 Hu AR TR

TUBLE S B B« 4 4 MR Ak 27 R ke 5 2 M LA
b KA R B B BRI (AR R, 1995) , T
ITHE 45T S IR (181 3boe) TP AT LA HY )
SRR AR BRI 22 B RS I B A,

FIT0 VR DX RAN LRI R 2 B Jl X

Fig.10 Schematized metallogenic model of sandstone-shale-hosted copper deposit at the bottom of the Feixianguan Formation

in Muchuan area
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A, BRETE Y Bl A5 000 A T 1 | 3 DX R = 8 ) 300 1 2 A
T BRI SR T A A B R AH , MU R T
R AT, A A TH UL, Samama(1980) 57 %
B0 1 T T B 22 W R I IR RB K B0 ) 2% TR
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Aty % - G2 FF M B | a4 A DO TE B

BCA PRAE B B A R OB L B E— 202
EEWTIRY 2 EUTRLT AN — B 2 DU B
JZ , TR 6 Al 6 2138 1 0 00 AL i 2 3 56
TRA7

5 4 it

(1) VR )1 3l XA 5L T AR 4 7 th T . = S i
RANSCAET (—BO) W —E KRGO E A, =
B A AV D I A B AR T T Rl
Kb BV b R B A eb A RVR T 5
WY AER SO KRR

(2) VR 3l DX A DG 2L kA B 7R 36 2 A
T ARTORR, m R0 0 e GO L VR A
T 0T A0 BRARORE A0 SR O 4 R BOR L B A
TR AL V- AR JFEURA S s Cu i R R EEET
Kb 0T 2%t 2 5 RN T A b A 25K 8l S
55 11 (R)IR A PRI R, AR R L R E IR,
Wb i Cu e R & BB R TR, i b
) CuTt R & R AL, KZ A Cu &
A IR BN AL RS A2 R T B R OB Y
CLis

(3) V)1 Hiu DX Al L B D T A A4 ™ Cu
JCE REORIE T TP 5 & 440 1 ik A 1Lk %k
o, PR A (LR s ) R L R

(4) TR M XAl DGR AD DA B 57 1) B
PR L[] £ DR A 5 T T IO R AR A A, R A X
A4 R 4B B, B JE L% s mE i (0 R R B

IR0 B BE XA i iz B Be OB £ By BERUSCA
RAFBTEL

B ORI L SO AR SO R R
H A B AL

References

Cheng W B, Dong S Y, Jin C H, Zhao B, Zhang Y and Wang C. 2019.
Characteristics of elemental geochemistry and petrogenesis dis-
cussion of the Emeishan basalts in Muchuan area, Sichuan Pro-
vince[J]. Mineralogy and Petrology, 39 (4) : 49-60 (in Chinese
with English abstract).

Dai H Z,Liu J J and Zhu W B. 2018. Studies on tectonic setting, sedi-
mentary environment and mineralization mechanism of the Yin-
min copper in Yunan Province[J]. Earth Sicence Frontiers, 25(1):
108-124.

Fan W M, Zhang C H, Wang Y J, Guo F and Peng T P. 2008. Geochro-
nology and geochemistry of Permian basalts in western Guangxi
Province, Southwest China evidence for plim-lithosphere interac-
tion[J]. Lithos, 102(1-2):218-236.

Gao H, Pei R f, Wang A j,Cao D H,Fan S J and Mei Y X. 2012. Ma-
rine sand shale-hosted copper mineralization model and geologi-
cal correlation: A case study of the Dongchuan copper mine in
Yunnan and the Aynak copper mine in Afghanistan[J]. Geological
Bulletin of China, 31(8): 1332-1351 (in Chinese with English ab-
stract).

He B,XuY G, Xiao L, Wang K M and Sha S L. 2003. Generation and
spatial distribution of the Emeishan large igneous province: New
evidence from stratigraphic records[J]. Acta Geologica Sinica, 77
(2):194-202(in Chinese with English abstract).

He B, Xu Y G, Wang Y M and Zhen Y L. 2006. Sedimentation and
lithofacies paleogeography in SW China before and after the
Emeishan flood volcanism: New insights into surface response to
mantle plume activity[J]. The Journal of Geology, 114:117-132.

Hua R M. 1995. Three main genetic models of stratiform copper depo-
sits[J]. Geological Review,41(2) :112-120(in Chinese with Eng-
lish abstract).

Jiang H B, Jiang C Y, Qian Z Z,Zhu S F, Zhang F B and Tang D M.
2009. Petrogenesis of high-Ti and low-Ti Emeishan basalts in
Yunnan, China[J]. Acta Petrologica Sinica, 25 (5) : 1117-1134 (in
Chinese with English abstract).

Li H M,Mao J W,Zhang G,Xu Z B,Gao H G, Zhang C Q, Wang D H
and Xu H. 2006. Alteration zoning and organic fluid inclusions in
basalt copper deposits in northeastern Yunnan and western Gui-
zhou and their geological significance[J]. Acta Geologica Sinica,
80(7):1026-1034(in Chinese with English abstract).

LiSR,Yang Y P,Gong Z D, Yang Y F and Yang X G. 2016. Metallo-

genic regularity and resource evaluation of copper deposits in Si-



616 o JZN

b Jt 2023 4F

chuan Province[M]. Beijing: Science Press. 1-210(in Chinese).

LiuJ Q, He L, Hu Y H, He J W and He P. 2019. The petrological and
geochemical characteristics of Emeishan basalt in Leibo County,
Sichuan Province[J]. Acta Geoscientica Sinica, 41 (3) : 325-336
(in Chinese with English abstract).

MaJF, Sha X B, LiuJQ,LiY G and He L. 2019. Geochemical charac-
teristics and genesis of Emeishan basalt in Yanjin area[J]. Mineral-
ogy and Petrology, 39(2): 25-33 (in Chinese with English ab-
stract).

Miao Y, Tian Y F,Wu L,Li X C,Li S Z and Song W T. 2021. Zircon
U-Pb chronology, petrochemistry and its implications for Rodinia
supercontinent tectonic evolution in the Lower Triassic Feixian-
guan Formation in the Daibu area, Southwest of Upper Yangtze[J].
Acta Geologica Sinica, 95(12) :3739-3757 (in Chinese with Eng-
lish abstract).

Ren G M, Wen J, Pang W H, LuJ Y, Zhang P and Zhou Y. 2018. 1: 50 000
regional geological survey report of Luoluoba, Luokan and Yuhe
sheets in Wumeng mountain area of Yunnan Province[R]. 1-216
(in Chinese) .

Samama J C. 1980. A comparative review of the genesis of sandstone-
type copper-lead deposits[A]. Director: Wolf K H. Layer-con-
trolled deposits and layered deposits[M]. Beijing: Geological Pub-
lishing House. 1-17(in Chinese with English abstract).

Shao LY, Gao C X, Zhang C, Wang H, Guo L J and Gao C H.2013. Se-
quence-palacogeography and coal aaccumulation of Late Permian
in southwestern China[J]. Acta Sedimentologica Sinica, 31 (5) :
856-866(in Chinese with English abstract).

Sholkovitz E R. 1978. The flocculation of dissolved Fe, Mn, Cu, Ni,
Co and Zn during estuarine mixing[J]. Earth and Planetary Sci-
ence Letters,41(1):77-86.

Sichuan Provincial Bureau of Geology and Mineral Resources. 1977.
The stratigraphic summary report of the Late Permian Xuanwei
Formation in the Leshan-Liangshan area of Sichuan Province[R].
1-265(in Chinese).

Sichuan Provincial Bureau of Geology and Mineral Resources. 1997.
Sichuan lithostratigraphy[M]. Wuhan : China University of Geosci-
ences Press. 1-417(in Chinese).

Leshan Geological Team of Sichuan Bureau of Geology & Mineral Re-
sources. 1961. Exploration report of Zhangjiacun-Shengjiping
copper mine in Muchuan County, Sichuan Province[R]. 1-220 (in
Chinese).

No.207 Geological Tem of Sichuan Bureau of Geology & Mineral Re-
sources. 2012. Detailed investigation report of Yujiaping copper
mine in Muchuan County, Sichuan Province[R]. 1-98 (in Chi-
nese).

No.207 Geological Tem of Sichuan Bureau of Geology & Mineral Re-
sources. 2019. Summary report of the 2019 annual mass screening
of Zhoujiawan copper mine in Muchuan County, Sichuan Pro-
vince[R]. 1-103(in Chinese).

No.207 Geological Tem of Sichuan Bureau of Geology & Mineral Re-

sources. 2019. Summary report of the 2019 annual detailed inves-

tigation of Shengjiping copper mine in Muchuan County, Sichuan
Province[R]. 1-95(in Chinese).

Wang F L, Zhao T P, Chen W and Wang Y. 2013. Zircon U-Pb ages
and Lu-Hf isotopic compositions of the Nb-Ta-Zr bearing syenitic
dikes in the Emeishan large igneous Province[J]. Acta Petrologica
Sinica,29(10):3519-3532(in Chinese with English abstract).

Wang F D, Zhu X Q and Wang Z G. 2011. Madouzi-type(nodular)sedi-
mentary copper deposit associated with the Emeishan basalt[J].
Science China Earth Sciences,54:1880-1891.

Wang Y, Wang K, Xing C M, Wei B, Dong H and Cao Y H. 2017.
Metallogenic diversity related to the Late Middle Permian Emei-
shan large igneous Province[J]. Bulletin of Mineralogy, Petrology
and Geochemistry, 36(3) : 404-417 (in Chinese with English ab-
stract).

Wen J,Ren G M, Pang W H,Lu J Y, Zhang P and Zhou Y. 2019. Ana-
lysis of sedimentary environment and coal accumulation under the
sequence stratigraphic framework of the Late Permian in the Dian-
gianbei Weixin depression[J]. Mineralogy and Petrology,39(3):
85-94(in Chinese with English abstract).

Wen J,Liu Z C,Zhu H L, Zhang H F, Zhang J Y, Zhong H R, Chen D
F,Guo WY, You X J, Zhao W, Ling M Q,Li PC,He Y G and
Guo Y H. 2021. Characteristics and geological significance of ab-
normal enrichment of Nb-REE in bottom of Uper Permian Xuan-
wei Formation in Muchuan area, southern Sichuan[J]. Mineral De-
posits,40(5) : 1045-1071(in Chinese with English abstract).

Xu'Y G. 2002. Mantle plumes, large igneous provinces and their geo-
logic consequences[J]. Earth Science Frontiers, 9(4) :341-353 (in
Chinese with English abstract).

Zhang H,Li R T,Ba J,Li X P and MaJ Y. 2019. Geochemical charac-
teristics of the Lower Triassic Feixianguan Formation in Meigu ar-
ea, southwestern Sichuan and it significance for the provenance
and tectonic setting[J]. Mineralogy and Petrology, 39 (3) : 52-59
(in Chinese with English abstract).

Zhang Z C,Mao ] W, Wang F S and Pirajno F.2006.Native gold and
native copper grains enclosed by olivine phenocrysts in a picrite
lava of the Emeishan large igneous province[J]. American Mine-
ralogist,91(7):1178-1183.

Zhang Z C. 2009. A discussion on some important problems concer-
ning the Emeishan large igneous Province[J]. Geology in China,
36(3):634-646(in Chinese with English abstract).

Zhang Z C, Hou T and Cheng Z G.2022. Mineralization related to
large igneous Provinces[J]. Acta Geologica Sinica, 96 (1) : 131-
154(in Chinese with English abstract).

Zhang Y L, Wang Z Q,Wang G, Li Q and Lin J F. 2016. Chromian spi-
nel, zircon age constraints on the provenance of Early Triassic
Feixianguan Formation sandstones from Huize area, Upper Yang-
tze region[J]. Geological Review, 62 (1) : 55-72 (in Chinese with
English abstract).

Zhang Y X,Luo Y N and Yang C X. 1988. Panxi rift{fM]. Beijing: Geo-
logical Publishing House.1-325(in Chinese).

Zhao B,Ma R Z,Tao X F,Liu D Z and Hu X W. 2015. 1:50 000 re-



B2k HIW 3 BRI =S i sUs BT PRUCERIREE i RO A LA S R SR E 617

gional geological survey report of Xiangshui, Baina, Dafang, Lin-
quan, Niuchangpo, Shawo sheets in Guizhou[R]. 1-469 (in Chi-
nese).

Zhou'Y S, Yang J H, Huang Y, Liu J Z,Qi L S and Deng X S. 2022.
Provenance of the Lower Triassic Feixianguan Formation in
southwestern Guizhou Province and reconstruction of volcanic de-
nudation sequence in Emeishan large igneous Province[J]. Acta
Geologica Sinica, 96(7): 2348-2364 (in Chinese with English ab-
stract).

Zhu M, Chen H L, Zhou J and Yang S F. 2016. Provenance of Early
Triassic in Yanyuan basin, Upper Yangtze and its implication for
the tectonic evolution[J]. Earth Science, 41 (8) : 1309-1321 (in
Chinese with English abstract).

Bt 32 5% SOk

RSO, FER X, Sl X 5 5KFS  Fig. 2019, DU A8 AR 1 X 1k
JE 1L Z B A 0 R MR AR AE 5 SRR 0], WA 4, 39
(4):49-60.

Mg TE XK A, R SCIE L 2018, = g A R AT PR A 15 U B 35E 2
W HLHIBEGR [J]. M2 4%, 25(1) :108-124.

M, BRSO E , LA, WA Tt R Ml . 2012, VEARAD DA R
BT A A5 5 A5 X L —— DA o [ 2 2R AR A e s
G AR R I[I]. M PTIE R, 31(8):1332-1351.

fapsak, 4 SCRIL, 1 8, EREEA VR4 AL . 2003, ik JE 11K K A B 1 E
BRI B2 ) JE A o B ORI 24 A B UE B (9], M5 248, 77
(2):194-202.

ARG 1995, S AR O ( —=Fh F2 E L] BT AT, 41
(2):112-120.

FIEYK, ZEH R R RE S, FE AT . 2009. = FE IR JE 1L
R FMIRER 2R A 1 A AR R [T, A A2 40, 25(5) 1 1117-1134.

ZRIRR, BRI, IR, IR TR, Ok, IR, LD PRI . 2006.
TS ZE P X 2 A A Dl 2 43 AN B 2 AR i S o
JEE X[J]. Hu B4z, 80(7) : 1026-1034.

2L Mk S, SRR Mk i A SEot . 2016, UG B0 A A1
BERCGIRPEA M. JE3 RE R RRAL L 1-210.

XU AR, 5T, AT AT 2019, DU TR Dl 8 1 & A
A BRI RRAE ()], HiBR2E 4, 41(3) :325-336.

I 6, Vb MV RV AR AR 2019, R HE X E 1L KR
A HERA SRR SR 43 BT [J]. 500 A, 39(2) :25-33.

S5 HEE, 2%, BIRE 2 RS0 . 2021, TR R4
H X RAN S ARE AR A MR b 2 K ST Rodinia #8 Bl 1)
AL R [J]. M ST, 95(12) :3739-3757.

{ESEH, Dedite, F5oR BT, SO RIS, JEIVE . 2018, 5 INIX 115
TIB I3 I R 3 R Xk 5 R A 4 [R]. 1-216.

Samama J C. 1980. JC T-0 4 LA 415 07 PR 0 R A9 X LU MEIE IR [A]. 32
Yt IRIR T K H. 20 RRZARE PR [C. Abse: MR b k. 1-17.

Bl e X, i, SR TN S R AL 2013 PE R ML X 1 —
T2 Pty B SR RERRAE [7]. DT 2241, 31(5) : 856-866.

DU 25 15 3 2R L 3 B BA . 1961, DU 1 45 TR B 5K A — 2 S R4
XA [R]. 1-220.

PO TS 58 7™ JRy . 1977, DU 4SS5 1L -Gt 1L X 06— 5t 7 Jgl 2
2R [R]. 1-265.

V1A ST 7 SRy . 1997, DU)IAS A1 HiuJZ2 M. 2R3 s o ] b oK 2
AL 1-417.

PSSy — 25 -E M B BA . 2012, DU 45 VR 1| By 5 B4 A7 1
WA R]. 1-98.

DU A8 A SR 2 S A . 2019, DU A8 AR | EL J8) 5 75 4 13
2019 4FJi MAEH S [R]. 1-103.

POAS $a Jeh — 25 -E MR BA . 2019, U458 VR 1| B A JE P4 17 3 A
2019 4F 8 SAE R [R]. 1-95.

F Y, WK B, E4 . 201388 11 245 B Nb-Ta-Zr 87
ABIE K A K TR LA R 47 HF [R50 R4 AR [0]. A 4R, 29
(10):3519-3532.

T, Tah B B, FE0, Wk e . 2017, S 0 0k JE Ll b A
AR 0 ZREVE (D). 4 A M ER AL 2 4, 36 (3)
404-417.

SO ATIEH e e S B SRS, R 2019, S AL R MTRE G
AU S 2P M2 AR T A SRR I]. 5
£1,39(3):85-94.

SCHR XA G, AT AR SRR TR AT, BT R AR O SO0,
T2 25 AT e P, ZE MG R, AT AR, S8 2021, )1 oA
ML IX b = B 55 8 41 IE 4 Nb-REE 8 3 & 58 4 1 b H b
B XI]. WARHLT,40(5) :1045-1071.

7 SCHI. 2002, B AEAA 3 R K LA B H M TN, [T]. b2 i 2%
9(4):341-353.

kA, 2R A, 2N, ARER . 2019 I PU R E G HLIX R =&
G5 KA R A 2R AE R Xt 4 8 R 3 B 3 /5 78 L [0].
W YEA,39(3):52459.

TRIAEE . 2009, RS 1L IR SO A — b ) Y A [T].
1S5, 36(3): 634-646.

RIS P R AR . 2022, KKSCA A B AT RN [T]. H BT 2E A
96(1):131-154.

YA, TR, TR, 250, M K. 2016, L FAEBX R =&
AN DCLL D W IRARAE - >R 1 055 2 A1 R R S 8541 1Y
FRAE [J]. HLBIE T, 62(1) :55-72.

TR, ISR, et 1988, BEP AR (M. db ot M AL 1-
325.

XA, ThIE U], B IR IR0, X8 R . 2015, S 15 TR AR
K55 6 M DX I S A5 145 [R]. 1-469 .

JEVE A AT e X AR BT 2022, PR T =S
G5 Al 4L TURV IR 5 Hr Xt TR JE 11K O A L i
G L PR T]. T2 42, 96(7) : 2348-2364.

RE BRDUMR, B A . 2016, 37 TP R Eh IR AR = & ik
VR 22 Mok 3t 3 SC[T). bR B2, 41(8) 1 1309-1321.



