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Fig.1 Distribution diagram of Emei basalt (a) and geological sketch of the study area (b)
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Fig.2 -1 Photos of kaolinitic clay rock( ore) in the lower part of Longtan Formation
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Fig.2 —2 Photos of kaolinitic clay rock( ore) in the lower part of Longtan Formation
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Fig.3 -1 XRD images of typical rock (ore) in the study area
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Fig.3 -2 XRD images of typical rock (ore) in the study area
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Tab.1 Statistical table of the characteristics of total rare earth oxides of different rocks (ores)

w(TRE,0,)/%

Faydn FEA A YN, PR Fam o TR T/ %
(LA e 7 0.051 0.167 0.090 0.076 1.01 ~3.35 100
SHYT R AE LA 28 0.031 0.409 0.100 0.069 0.61~8.19 79
TR I 7 2 5 0.064 0.145 0.098 0.095 1.27 ~2.89 100
FE S RS B 40 0.031 0.409 0.098 0.076 0.61~8.19 85
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Tab.2 Analysis results of rare earth elements for kaolinite clay rock samples in the study area

. wp/107°
RS La Ce Pr Nd Sm Eu Gd T Dy Ho
CNOL -1  110.0 156.0 12.4 39.6 10.6 3.6 20.2 4.6 33.6 6.8
CNO2 -1 51.3 270.0 8.3 28.7 6.0 1.8 7.3 1.5 10.0 2.1
CNO4 -1 137.0 300.0 31.0 120.0 14.2 3.3 11.6 2.0 12.3 2.4
CNO6 — 1 72.6 99.0 11.0 34.4 7.0 1.9 1.7 2.7 20.7 4.4
CNO7 -1 171.0 357.0 4.5 190.0 3.2 5.8 26.4 3.9 2.2 4.1
CNOS —1  110.0 248.0 26.2 111.0 16.7 4.2 15.2 2.4 13.2 2.5
CNI9 -1 262.0 474.0 68.6 308.0 51.0 9.3 39.0 5.2 25.6 4.5
CNO4 -2 140.0 327.0 35.2 140.0 19.3 3.3 18.2 3.1 19.4 3.7
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K " v SLREE  SHREE SREE w(TRE,0;)/%  LREE/HREE 5Fu 5Ce (La/Yb) y
CNO1 -1 2.7 180.0 332.2 289.4 621.6 0.075 1.2 0.8 0.9 3.9
CNO2 -1 1.1 56.1 366.2 92.1 458.3 0.056 4.0 0.8 2.9 5.0
CNO4 -1 1.0 65.1 605.5 109.2 714.7 0.086 5.6 0.8 1.1 13.7
CNO06 -1 1.9 123.0 225.8 192.7 418.5 0.051 1.2 0.6 0.8 3.8
CNO7 -1 1.5 127.0 798.5 208.4  1006.9 0.121 3.8 0.6 1.0 11.0
CNO8 -1 1.0 67.4 516.1 116.2 632.3 0.076 4.4 0.8 1.1 11.2
CN19 -1 1.6 123.0  1172.9 224.4  1397.3 0.167 5.2 0.6 0.8 15.5
CNO4 -2 1.6 93.5 664.8 162.6 827.4 0.100 4.1 0.5 1.1 8.7
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Tab.3 Analysis results of rare earth elements for pyrite — bearing kaolinite clay rock samples in the study area

. wyp/107°

RS La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb
CNO6 -2 78.5 209.0 19.7 73.4 13.8 3.7 13.6 2.2 12.4 2.3 6.1 0.9 5.5
CNO7 -2 155.0  321.0  37.2  141.0 18.1 3.9 15.8 2.7 16.9 3.5 10.3 1.6 10.6
CN09 -2 40.3 103.0 7.9 25.1 3.5 0.7 4.4 1.1 8.5 2.0 6.1 1.1 7.3
CNI2 -1 39.0 171.0 8.4 32.0 8.3 2.6 10.9 2.3 15.7 3.1 8.8 1.4 9.2
CN14 -1 312.0  716.0  51.8  194.0 20.5 3.2 16.1 2.8 17.2 3.5 10.6 1.7 11.7
CNI5 -1 144.0  325.0  33.5 130.0 19.4 4.2 18.0 2.8 17.4 3.6 10. 1 1.6 10.5
CNI6-1 79.4 190.0 17.8 53.3 7.0 1.4 7.4 1.5 10.6 2.2 6.5 1.0 6.6
CN19 -2 193.0  398.0  44.7  192.0 27.7 5.3 18.9 3.0 19.1 4.1 12.2 2.0 12.8
CN20-1 129.0  312.0  34.5 155.0 27.9 5.5 26.0 3.7 19.6 3.6 9.6 1.5 9.4
CN56 -1 132.0  335.0  32.5 126.0 11.4 1.8 7.9 1.5 9.9 2.4 8.1 1.5 10.5
CN57 -2 54.6  314.0 11.8 48.5 11.2 2.7 10.2 1.8 11.1 2.3 6.6 1.1 7.2
CN58 -2 48.7 92.0 7.5 27.5 6.4 1.5 8.3 1.7 11.8 2.6 8.1 1.3 8.9
CN64 -1 71.2 121.0 18.2 73.0 14.7 3.2 13.1 2.2 13.4 2.6 6.9 1.1 .7
CN68 -1  69.8 194.0 13.2 45.2 9.1 2.1 11.3 2.2 14.4 3.0 8.9 1.4 9.4
CN75 -2 205.0  340.0  33.8  111.0 9.7 1.7 9.6 1.9 13.3 3.0 9.0 1.5 10.1
CN77 -1 301.0 1731.0 141.0 745.0  157.0  30.3 105.0 12.7 49.5 6.0 13.5 1.9 12.3
CN52-2 87.8  332.0 16.9 56.0 10.4 2.2 8.9 1.5 8.3 1.6 4.4 0.7 4.6
CNO3 -1 100.0  209.0 17.7 53.0 10. 4 2.6 13.4 2.7 18.4 3.7 10.4 1.6 10.5
CNO5 -1 154.0  423.0  49.3  250.0 48.3 9.6 29.0 4.0 24.8 5.0 14.3 2.1 13.6
CNO5 -2 92.6  261.0 18.8 57.4 8.8 1.9 10.1 2.0 13.2 2.7 7.6 1.2 .5
CNI1 -3 624.0  637.0 109.0  384.0 51.3 11.6 30.9 4.2 21.0 3.7 9.8 1.4 9.1
CNI3 -1 47.8 146.0 8.8 32.0 6.6 1.8 8.2 1.6 11.0 2.3 6.6 1.0 6.8
CN55 -2 474.0  510.0 111.0  487.0 72.8 19.8 55.9 5.2 24.5 4.7 13.5 2.0 13.9
CN59 -1 32.0 171.0 6.8 25.3 6.0 1.5 5.9 1.3 8.2 1.8 5.1 0.9 .0
CN76 -1  66.5 205.0 16.6 68.5 13.7 1.74 7.3 1.2 6.8 1.4 4.0 0.7 4
CN79 -1 131.0  424.0  30.8 114.0 12.0 2.0 12.4 2.5 17.0 3.6 10.4 1.6 10.4
CN8O -1 52.7 144.0 9.4 32.8 5.6 1.1 6.3 1.3 8.3 1.7 5.1 0.9 5.6
oo wy/107° o .

B2 o ~ SUREE  SHREE SREE o(TRE,05)/%  LREE/HREE SEu 5Ce (La/Yb) y
CNO6 -2 0.8 62.7 398.1 106.6 504.7 0.061 3.7 0.8 1.3 9.6
CNO7 -2 1.5 92.2 676.2 155.1 831.3 0. 100 4.4 0.7 1.0 9.9
CN09 -2 1.1 40.8 180.5 72.4 252.9 0.031 2.5 0.6 1.3 3.7
CNI2 -1 1.3 77.8 261.3 130.5 391.8 0.048 2.0 0.8 2.2 2.9
CN14 -1 1.7 93.6 1297.5 159.0 1456.5 0.176 8.2 0.5 1.2 18.0
CN15 -1 1.5 87.6 656. 1 153.1 809.2 0.098 4.3 0.7 1.1 9.3
CN16 -1 1.0 53.5 348.9 90.3 439.2 0.053 3.9 0.6 1.2 8.1
CN19 -2 1.9 120.0 860.7 193.9  1054.6 0.127 4.4 0.7 1.0 10.2
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Fn wu/10°° (TRE,0,)/% LREE/HREE  oF Ce  (La/Yb)
FRAR S Lu Y SIREE  SHREE  SREE 2 oku oCe A
CN20 — 1 1.4 91.9 663.9 166.6 830.5 0. 100 4.0 0.6 1.1 9.3
CN56 - 1 1.6 59.9 638.7 103.2 741.9 0. 089 6.2 0.6 1.2 8.5
CN57 -2 1.1 68. 1 442.8 109. 4 552.2 0.067 4.1 0.8 2.9 5.1
CN58 -2 1.4 71.6 183.5 115.7 299.2 0.036 1.6 0.6 1.0 3.7
CN64 — 1 1.0 72.5 301.3 119.5 420.8 0.051 2.5 0.7 0.8 7.2
CN68 - 1 1.4 79.2 333.4 131. 1 464.5 0.056 2.5 0.6 1.4 5.0
CN75 -2 1.5 76.4 701.3 126.2 827.5 0. 100 5.6 0.6 0.9 13.7
CN77 -1 1.7 99.5  3105.3 302.1  3407.4 0. 409 10.3 0.7 2.0 16.5
CN52-2 0.7 36.6 505.3 67.5 572.8 0. 069 7.5 0.7 2.0 12.8
CNO3 -1 1.5 98.4 392.7 160.6 553.3 0.067 2.4 0.7 1.1 6.4
CNOS -1 2.0 142.0 934.2 236.8 1171 0. 141 3.9 0.7 1.2 7.6
CNOS -2 1.1 76.6 440.5 121.9 562.4 0.068 3.6 0.6 1.4 8.4
CNI1 -3 1.3 111.0  1816.9 192.4  2009.3 0.240 9.4 0.8 0.5 46.2
CNI3 -1 1.0 60.3 243.0 98.8 341.8 0.041 2.5 0.7 1.6 4.7
CN55-2 2.0 141.0  1674.6 262.8 1937.4 0.231 6.4 0.9 0.5 23.0
CN59 - 1 0.9 36.8 242.6 66.9 309.5 0.038 3.6 0.8 2.7 3.6
CN76 -1 0.7 31.9 372.0 58.4 430.4 0.052 6.4 0.5 1.5 10.2
CN79 -1 1.5 93.7 713.8 153. 1 866.9 0.105 4.7 0.5 1.6 8.5
CN8O-1 0.9 39.1 245.5 69.2 314.7 0.038 3.6 0.6 1.5 6.3
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Tab.4 Analysis results of rare earth elements for carbonaceous kaolinite clay rock samples in the study area

Fig.4 Box diagram of total rare earth oxidation of

different rocks (ores)

oo wy/107°
RS La Ce Pr Nd Sm Fu Gd Th Dy Ho Er Tm Yb
CN17-2  130.0 275.0 27.7  98.8  17.3 4.1 21.4 4.2 28.0 5.3 14.5 2.2 14.1
CNI9-3 238.0 443.0 51.6 198.0  29.2 4.5 27.9 4.5 27.6 5.2 14.5 2.2 14.4
CN53-2  110.0 242.0 26.4 109.0  16.1 3.9 14.4 2.3 12.8 2.5 6.6 1.0 6.4
CNO2-3 102.0 190.0 14.7  39.3 9.3 2.5 14.2 2.8 18.5 3.5 9.9 1.5 10. 1
b wy/107° o(TRE,0;)/  LREE/ )
S Lu Y SLREE  SHREE  SREE % HREE ot oCe (La/Yb)
CNI7 -2 1.4 103.0 745.7 185.3 931.0 0.112 4.02 0.76 1.04 10.39
CNI9-3 2.0 139.0 552.9 230.7 783.6 0.095 2.40 0.65 1.05 6.22
CN53 -2 2.1 141.0 964.3 239.4  1203.7 0.145 4.03 0.47 0.92 11.14
CNO2 -3 1.0 67.9 507.4 114.8 622.2 0.075 4.42 0.76 1.05 11.66
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Fig.5 Standardized partition pattern of rare earth element chondrites of samples in the study area
a8 (B i 0 B 26 (181 S ) S JE 1 2 e
5 ik ARITC 73 B A — 85, B R B A o e 1 4R

5.1 ¥ESH

STV 2T L 5 Hb X A ek i 1y A KB
EEHT 2 260 ~50 Ma™", fhy i A9 L4k il
HRORBIZRE) FEMERAE, DL /5
MR A g R D g E I Z R R T AR A
ST BN (Pm) KA Z b, M
RWHATE , 5% R 11 % B e PR T
SRR TR T R . TE
BHFRAE R T 3 KU 4 R
WL RIS , T IR T A R SE TR I BB (Pav) 5
TR (P, . TENIRGHLIX B L (Pox) 5 T 4l
(P,0) 2 BIFAT A B 43 8 36 Tk L Z il 5 vk —
BHF A (Pm) K2 b, B 2 ) kA
* R,

5 b TR Z T LA 7 o 5 BE R X 4 M BR b2
S HHOTN T RIS P BORIR . BIFSE X RE

fF AR, HH A 8 % 19 LREE/HREE {5 # ( La/
Yb) y fH, S BIL T Z IO X iCs . Ak,
SEuw Xt T B DU A (14 My I AT B4 1 5 s A
FA e R e AR TR B TR
HA WA Bu 00575, 7% BOE S5 5 JO80E
AT S DUARE R TG Eu 5% s R A 55 Eu 1L
S, A TE R Bu 5 BT 32 2 i TS B ) I
TR BRI () AR A 1 SEu 251
R, AT 0.47 ~0.91, EE K 0. 67, Bk EF
Bl 55— A5 Bu G5 1 HAE 3 KA (57) A1
ZIRZE AN, R A I DR R s 2 40, AT
REIEATHB /W 11K K4 4 Hh R 1Y DT
FE L REE — (La/Yb) y J5| g b (T 6) , K
TR RE L 7 AR RERLBE 2 0 A 2 s X
PEROIEAE R X, A IR 220k A T kJE L
L, Wk B TR A . X 5 JE IR k4
e A A R — 8



- 46 - hOE

BioW & 2023 4E

e X A

1 10 100 1 000
YREE

A e = SN IR A A - T o e U 28 2
B 6 3K IREE - (La/Yb) #ZIEBE"
Fig.6 Y REE - (La/Yb)  discrimination diagram in the

10 000

study area"?”!

ZERTA, A b M 2 B A Oe R W
JUER ML BRAL 22 REAE 55 25 s B 9% X R VR 2 T BB %
A Y ORI A e T IR E R ik
J& LR KO 48 W R R A — 2 Y BTR .
5.2 HmiE&EIE

XIS X IR X AT R B, & e iR A
TER RIS AR A YR E R A 1L XA,
BRI T R YE S . TEIR AR R R B A 32 K
IAARTS P R YE R KR UE R, 2 s s KUk
T 5 R 12 R A= iR
B kFE I Z R A REE & BF125 232 x10°°,
HRAE5EH REE & 857352 675 x 10, W 8 3 F
KR L R, RUIRAAETEF TR LIRS
AP, MR X B % A KU AR
LR EETESE

I RS eV ) DURR R85 O Ve v — Y 3 1Y) T
TR A s R M KL R WS F
WCIREE FHERR, ot Lo B it — D B ARG T
MG 250 AT M LU R E AL
KA BEE B S8 5% AR , 1 352
AL AR R 45 pH (2 R il 290
TEMFREAC T EREE |, 450 % i T /K E 1R (45 AL il
s Tk ) it it — 2 2 KAk, o K (Na Mg 45
k&Rt R R, S AL FoR SRR E 1
ZEOTE R W £1 A R Y Al
REE 5 0%, (15 oo Rt — P w4 Wikl
A& H IS4G XA HERR P T I8 R X 30 i 55 Bk

PERIEREE, A F) TF LT KB B L. Ce 225
Z B EACR R S5 A5G v pH (E AR AR %520, [
I Ce S X UUARER B R AR LR S 5 1 AT BB 1Y)
FER P il 8Ce > 1 E R AALIREE, 6Ce < 1§
TR SRR, e AL T Ak A 6Ce 140 [
£ 0.52 ~2.86 2 Ji] , A4k i F B, A K —2F b
A 6Ce (B 1 8i/N T 1, IR L T4
—E RN E LR, AR TR LR e %, &
Byt WAL e — TR SR HOARAE . A, BIFSE X
TR FEELETEEGY S AR A2, B
BRAT IR LS IR ARR PR AE A ¢, IR A 120t
ZH AT REWSZ B T 5 BB A 0

6 %k

(1) Je 41T m e £ 3 Loa ms () A2k
TG w0 A0 R e 3 B 0 A B e Sk
[ A7 R e, R DU Bk e 4 B e
Fo Wi JtRUL LREE B4R E, & mEke sk 1
LA o (TRE,O5) ey, JE M + 5 5
oAtk A . BRI T 0.61 ~8. 19, F LRIk
85% , A ARGF IR T1

(2) ARty s B st 2 Ao R s L On R Bk
PR AR 2 S R AR X T AL T T o Bk
PTG — Bttt A 1L B, PR KOS A R
S TRR o

(3) i LT H Y ARG B AR A i A,
— R L2 R 5 B XA A A T R R A )
I 0 AR o 1 v i 5 B AL —8 I
WS H ORI R WM R TUTE , R R
A

52 3Lk ( References) :

[1] Hower J C,Granite E J, Mayfield D B, et al. Notes on contribu-
tions to the science of rare earth element enrichment in coal and
coal combustion byproducts[ J]. Minerals,2016 ,6(2) :32.

(2] B2, ERLL, ERUF, . 55 T WA L3R S 5 it
JELT]. Hfi2#412 ,2019,93(6) 11454 - 1465.
Zhao Z,Wang D H,Wang C H,et al. Progress in prospecting and
research of ion — adsorption type REE deposits[ J ]. Acta Geologi-
ca Sinica,2019,93(6) : 1454 —1465.

(3] SCIEZAS, BRI, E 1, 55, 2035 4R H [E BRI S5 87 LI
RIERLI]. o TARRLE,2019,21(1) 168 - 73.
Wen B J,Chen Y C,Wang G S, et al. China’s demand for energy



5 6 4]

(ORE I

JIREXSCHLIX b = B e Je AL R A TR & 4R 4HIE

47 .

[10]

[11]

[12]

and mineral resources by 2035[ J]. Strategic Study of CAE,2019,
21(1) .68 -73.

TR, TR, K EY, 45 R 7 BT IR IR e T
RS R X[ T]. P EHE,2018,27(8) :9 - 16.

Ji G Y,Zhang H P,Li Q L,et al. Current status of rare earth re-
sources in China and strategies for its sustainable development[ J].
China Mining Magazine ,2018,27(8) :9 - 16.

R, BRI, SCEZS. JSTRIA T B b R LA % R P
FIFsE LT ]. dhERABERE T ,2022,37(11) 11586 - 1594.

Dai T,Gao T M,Wen B J. China’s rare earth supply and demand
pattern and balanced utilization strategy from perspective of ele-
ments [ J |. Bulletin of Chinese Academy of Sciences, 2022,
37(11) ;1586 —1594.

WA, A, A, 55 I AR T RS T T L
RS PRR[ 1], Bl#iEfR ,2020,65(33) :3778 ~3793.

Fan H R,Niu H C,Li X C, et al. The types, ore genesis and re-
source perspective of endogenic REE deposits in China[ J]. Chi-
nese Science Bulletin,2020,65(33) ;3778 —3793.

JAZESR, AR, BRI, 5. XA TR 2 AT R i
RIS HE AR B[] B 2408 41, 2020, 65 (33) :3809 -
3824.

Zhou M F,Li MY H,Wang Z C,et al. The genesis of regolith —
hosted rare earth element and scandium deposits ; Current under-
standing and outlook to future prospecting[ J ]. Chinese Science
Bulletin,2020,65(33) :3809 - 3824.

FEAE , 541, O, 55, 2 B B T MR B 0 T
H[J]. HUF 2447 ,2020,94 (1) 1179 - 191.

Lu L,Wang D H,Wang C H,et al. The metallogenic regularity of
ion — adsorption type REE deposit in Yunnan Province[ J]. Acta
Geologica Sinica,2020,94(1) :179 - 191.
BFIC, M YT, % 21 120 Lok o [ S 4 1 7
B SRR LT]. B R 5T,2019,38 (5) 1935 -
969.

Mao J] W, Yuan S D,Xie G Q,et al. New advances on metalloge-
nic studies and exploration on critical minerals of China in 21st
century[ J]. Mineral Deposits,2019,38(5) :935 —969.
TR A, SR AL, S 2 R L N A B I 7R
M LA 10 R B R SCL T T k2412, 2022, 43 (4) 1509 —
519.

Wang X Q,Zhou J,Zhang B M, et al. Finding and implication of
an undiscovered giant deposit of ion — adsorption rare earth ele-
ments in Honghe, South Yunnan, China[ J]. Acta Geoscientica
Sinica,2022,43(4) ;509 -519.

XSS 2 F B X T 1L 2 s WUk e vh & 3L A L i
W [J]. PEHLT,2020,47(2) :540 - 541.

Liu D X. Nb and REE deposits found in the weathering crusts of
Emeishan basalt, Xuanwei area, Yunnan Province[ J]. Geology in
China,2020,47(2) .:540 —541.

ZR, SRR G B [, . SN PE R B RS X R
TR oy KA se Bt - 88 - M B b SR Z I RIS B [T ].
B Y)2E4R ,2021,41(4 -5) 531 —547.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Gun M S,Cai G S,Zeng D G, et al. Discovery and significance of the
Sc —Nb — REE - enriched zone in the paleocrust of weathering atop
the Permian Emeishan basalt in the western Guizhou, China[ J].
Acta Mineralogica Sinica,2021,41(4 -5) :531 —547.

Zhou L J,Zhang Z W,Li Y ], et al. Geological and geochemical
characteristics in the paleo — weathering crust sedimentary type
REE deposits, western Guizhou, China[ J]. Journal of Asian Earth
Sciences,2013,73:184 - 198.

Zhang Z W ,Zheng G D, Takahashi Y, et al. Extreme enrichment
of rare earth elements in hard clay rocks and its potential as a re-
source[ J]. Ore Geology Reviews,2016,72:191 —212.

Zhao L X,Dai S F, Graham I T, et al. Cryptic sediment — hosted
critical element mineralization from eastern Yunnan Province,
southwestern China: Mineralogy, geochemistry, relationship to
Emeishan alkaline magmatism and possible origin[ J]. Ore Geolo-
gy Reviews,2017,80:116 —140.

BEULET , R I, n B, AR B P ALk JE 1L X RS TR Fe —
ALGRARAE R =Moo 5 W R ni [ ] v [ 3t Bk A
2021,8(5) :25 -34.

Xue H F,Zeng D G,Xiang M K, et al. Characteristics of Fe — Al rock
series on the top of Emeishan basalt in northwestern Guizhou Pro-
vince and enrichment characteristics of its three rare elements[ J].
Geological Survey of China,2021,8(5) :25 -34.
T, T, Uz, 55 NI RSO X | A G e R TR
AP Li Ga Nb REE % 5CHE G @ s 4RIZ ()] e ¥, 2023,
69(1).415 -417.

Hao X F,Peng Y, Tang Y, et al. Critical metal enrichment layers
of Li, Ga, Nb, REE found in the lower part of Upper Permian
Longtan Formation in Xingwen area, southern Sichuan[ J]. Geo-
logical Review,2023,69(1) :415 -417.

rhAe N IR A0 [ TUAR 95, ] ] b v A 4 B 2 B 2. GB/T
5009. 12—2003 &b F I E [ S]. ALt . sh EfRE AL,
2004.

Ministry of Health P. R. China, Standardization Administration of
the People’s Republic of China. GB/T 5009. 12—2003 Determi-
nation of lead in foods [ S]. Beijing; Standards Press of China,
2004.

Boynton W V. Cosmochemistry of the rare earth elements:; Meteor-
ite studies[ M ]//Developments in Geochemistry. Volume 2 ; Rare
Earth Element Geochemistry. Oxford ; Elsevier, 1984 :63 —114.
Zhong H,Campbell 1 H,Zhu W G, et al. Timing and source con-
straints on the relationship between mafic and felsic intrusions in
the Emeishan large igneous province[ J]. Geochimica et Cosmo-
chimica Acta,2011,75(5) ;1374 —1395.

TasmAR Bk, B, 56 SNPGRS G SR I KAk
FERAEHVERLT]. 5924 ,2007 ,21 (1) :41 -48.

Yang R D,Bao S, Liao L, et al. Ancient weathering crust and its
mineralization near the middle — upper Permian boundary in west-
ern Guizhou province, China[ J|. Acta Mineralogica Sinica,2007 ,
21(1) .41 -48.

PRI 55 YO M, o5 B8, 55 BN T —if R & R IR TS



.48 .

hoE

it i

EER 2023 4F

[23]

[24]

[25]

[26]

[27]

(28]

R A RUUBUAEE R U R & R RS AT T]. it
44,2017 ,53(2) :237 - 246.

Chen G Y,Fan Y M, Meng C Z, et al. Sedimentary environments
and mineral element concentration features of iron — aluminum —
bearing rock series in the Leping Series of Permian of the Weining —
Hezhang Area, Guizhou [ J ]. Geology and Exploration, 2017,
53(2).237 -246.

ki SN AR L X Bt KU - DURREG R 2 R R
A LRSI R ] SERH b E R B IR A= DT i+ 5
WHFER i ,2018.

Zhang H. Study on Metallogenic Mechanism of Paleo — weathering
and Depositional Rare Earth Polymetallic Deposit in Emei Moun-
tain, West Guizhou Province[ R ]. Guiyang: Postdoctoral Research
Report of Institute of Geochemistry, Chinese Academy of Sci-
ences,2018.

XL, H R, 2 IR g, 45, JUR M BRAL 2 [ M. JE st Rl
AL, 1984 1 - 553.

LiuY J,Cao L M, Li Z L, et al. Elemental Geochemistry[ M ].
Beijing: Science Press,1984 .1 —553.

Bau M, Moller P. Rare earth element fractionation in metamorpho-
genic hydrothermal calcite ,magnesite and siderite[ J]. Mineralogy
and Petrology, 1992 ,45(3) :231 —246.

Li H B, Zhang Z C, Emst R, et al. Giant radiating mafic dyke
swarm of the Emeishan Large Igneous Province: Identifying the
mantle plume centre[ J]. Terra Nova,2015,27(4) ;247 —257.
Allegre C J,Minster J F. Quantitative models of trace element be-
havior in magmatic processes [ J ]. Earth and Planetary Science
Letters,1978,38(1) :1 - 25.

BN M 7R BN AR DX B AR [ M JE T HUST R AR
41,1987

Guizhou Bureau of Geology and Mineral Resources. Regional Geo-
logy of Guizhou Province [ M ]. Beijing: Geological Publishing
House,1987.

foitpve AL PSR MR 22, . STHUK IR —2A FE e X e A 11 X
A WAL 7E B TR B 2R b A PR Ml B R E 2 B 1 (]
R 5 ¥, 2019,55 (S1) :351 - 356.

Hou H F,Du Q A,LinJ S, et al. Geological characteristics and re-

[30]

[31]

[32]

[33]

[34]

[35]

source potential of ion adsorption rare earth deposits in weathering
crust of Emeishan basalt in the Shuicheng — Nayong area, Gui-
zhou[ J]. Geology and Exploration,2019,55(S1) :351 - 356.
HSSFAL e e — S AR DTN Bk IR A3 L] U1
JiF4, 1986 (1) .8 -20,89.

Deng S H. Genetic analysis of the early Late Permian sedimentary
pyrite in southern Sichuan[J]. Acta Geologica Sinica of Sichuan,
1986(1) :8 —20,89.

RET I R AR, S RS A — B XA T R
TICRMRAFTE KAWL W[ T]. 0 R BT, 1993,12(4)
297 -307.

Wu C Y,Lu H L,Xu L M, et al. A preliminary study on modes of
occurrence of rare earth elements in the tropical — subtropical
weathering crust of Nanling region [ J ]. Mineral Deposits, 1993,
12(4) :297 -307.

BESEL. -l R WP DR S R LT ] st SR
%4 ,2010,29(1) .1 -8.

Hong H L. A review on paleoclimate interpretation of clay miner-
als[J]. Geological Science and Technology Information, 2010,
29(1):1-8.

skl IR, B, 4 BT AE R B X R R T
RO T bR AL 2= TS [R5 2R AE S R 1A 11 25
WL MR R ,2022,41(4) 1149 ~ 164,

Zhang Q D,Xiao C Y,Li Z W, et al. Geological , geochemical and
sulfur isotopic characteristics of critical metal — enriched pyritic
ore in the Puyi area, northwest Guizhou Province: Constraints on
the genesis of the deposit[ J ]. Bulletin of Geological Science and
Technology,202,41(4) :149 —164.

Braun J J, Pagel M, Muller J P, et al. Cerium anomalies in lateritic
profiles[ J ]. Geochimica et Cosmochimica Acta,1990,54(3) ;781 —
795.

R B ZS EIRLL, 55 T F S R TUAT Hc # ek
MFRFE B BTRE SCLT ] B}, 2020 ,45(11) 4118 —4127.
Zhao C J,Kang Z H,Hou Y H, et al. Geochemical characteristics
of rare earth elements and their geological significance of Permian
shales in Lower Yangtze Area[ J]. Earth Science,2020,45(11) .
4118 -4127.

REE enrichment characteristics in the lower part of Upper Permian
Longtan Formation in Xingwen area of Southern Sichuan Province

HE Yangpiao'*, LIANG Bin'?, HAO Xuefeng’, TANG Yi’, FU Xiaofang’ , PENG Yu’
(1. School of Environment and Resources, Southwest University of Science and Technology, Sichuan Mianyang 621000, China;
2. Sichuan Institute of Geological Survey, Sichuan Chengdu 610081, China)

Abstract; Upper Permian Longtan Formation clay rocks, which are related to the weathering of Permian Emei ba-

salt, are widely distributed in the middle zone and outer zone of Emei Large Igneous Province of Southern Si-

chuan, and they have geological background and metallogenic conditions for the formation of rare earth and other

critical metal mineral resources. A systematic geological survey has been carried out in the lower part of Upper
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Permian kaolinitic clayston Longtan Formation in Changning anticline, and REE content in clay rocks was ana-
lyzed. The results show that the types of clay rocks (ore) include kaolinite clay rocks, pyrite bearing kaolinite
clay rocks and carbonaceous kaolinite clay rocks. The content of w( TRE,0;) in clay rock samples ranges from
0.031% 100.409% (with average of 0.098% ) , and the mineralization coefficient is 0. 61 ~8. 19, with the min-
eralization rate up to 85% , indicating good prospecting potential. The REE content and mineralization coefficient
are the highest in pyrite bearing kaolinite clay rocks, which are the main lithologic assemblages for REE enrich-
ment. The samples are LREE enrichment type, with moderate negative Eu anomalies and weak positive Ce anoma-
lies. The stratigraphic contact and rare earth elements characteristics indicate that the source materials are mainly
from Emei basalts, and a small amount of medium — acid rocks in Emei Large Igneous Province. The enrichment
process of rare earth elements includes the initial enrichment formed by Emei basalt weathering, and further mi-
gration, adsorption and precipitation of rare earth elements under the oxidation — reduction environment of sea and
land interaction, and then the enrichment and mineralization. The discovery of the enrichment of rare earth ele-
ments in the clay rocks of the lower part of Longtan Formation in Xingan area has guiding significance for the stra-
tegic prospecting.

Keywords: rare earth element; Longtan Formation; enrichment process; Southern Sichuan Province
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