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Fig.1 (a) Geotectonic location (modified from Jin ez al., 2023); (b) paleogeography of the Early Permian
(modified from Du ez al., 2026); (c) geological diagram of the Wuchuan—Zheng'an—Daozhen area
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Fig.2 Sequence characteristics and sedimentary cycles of the aluminum bearing rock series
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Fig.3 Mineral resource connections comparison diagram of the aluminum bearing rock series
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Table 1 Mineral composition by X-ray diffraction of the Dazhuyuan Formation (%)
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bl S
E E RS R A —KIEE A ABERET SR AR Rk KEBE GRA AR Anf HifA SR
T 8 F AR AR R — — 721 330 — 62.57 1244 556 223 2.84 385 —
k& 72 B A 8.78 1.86 784 322 @ — 61.74 1197 3.13 146 — — —
doREE R 96.48 Y 057 026 — 0.24 Y Y Y — — 245
[N ERE R 79.72 5.18 124 046 — 825 130 262 Y — 123 Y
N AR 72.54 4.17 315 187  — 1325 427 075 Y — Y —
k72
FemRE L 66.46 2.48 334 168 128 1618 429 047 28 Y 100 —
Pid i 62
TSRS T 37.42 2.82 465 187 Y 39.63 893  1.92 152 — Y 1.24
RS BT 31.11 3.65 558 218 089 4294 860 1.68 1.82 1.05 Y 0.0
B G N =i 28.85 2.73 629 226 Y 4636 928 082 253 — Y 088
52 B E 10.21 0.78 932 225 048 5674 876 1025 121 — — —
T 42 HRRE A 2.36 0.82 1148 3.64 075 5428 931 1493 168 — — 075
J&H 32 BRI R A 7 1.26 0.85 1282 443 118 4476 1113 1952 184 — — 221

E: YRER, HEEWD, KS51HE; < RERGH.
HRE LA T Pid P R 5 Bl EESE 72, B0 MSEN T 10%~37.5%,
B EBENT 0~25%, Bt MEENT 62.5%~90%. IH T8 T U ELE ik 5 5L ye i L 7



KRANFELE . BEMIST IR X R — & G0 KA el 2 OR e [l Bz i AR =X

RIS R B R P B T R DR ORI £ o 5 SR R BUE A
MEAPOR . BUBER CRm AEFARSGE, 2020: RAZESE, 2025¢) .

BRESMT Pid b B 6 ZEEE 7R, B WEENT 37.5%~62.5%, Y W&
N F 0~20%, Bt EENT 37.5%~62.5%. MWITHE NSRRI F, K
15 22 BRSSP R BRI ) D R B R SR I 4 A SR DR
SR FRARE A, WIEABUIR, BORIR GEES, 2022; DS, 2025 .

B AT PidH EIEE 6 BHEE 72, B WEENT 62.5%~100%, &b &&=
NF 0~15%, FitHYEENT 0~37.5%. it s N ARk R T+, KO KRS
1) SR T B R D R RO BR S B AR IR A« A AR LR L B
Bedm, MIERSCR. BEIR. TREEER GEES, 2022) (& 4a~h)

ERR T B ST AR R B LA AT Pud TS 8 2, S IS ENT 0~10%, Y Y& &=
AT 0~10%, FiLHDEENT 90%~100%. it s FIRELERER skye i i, RID
SR R B ATE 5T TR SR S IR R R DA R . AR e PR B R R R A .
ARG . BB &, Mg PR (& 4D

Zi b, FIETEMX Pid A0 AHAEFEHF LA, BE. BEV AR, A AL
=R, IR UMK N E . =B R R H AR, 3R DR
F.OEBREIRZ . DRI AR =R U KB SRR A SR
T, U E=RE WA Pud T RA YRR, BHEK CRANESE, 2025¢) o A/
G FEARURE A RS M . BB S5 M =Fh . B0 A M BRI IE |
HURRIE . R ORI =R 4%, 2022)

42 BETRMIKUFIFE

WG5S IEEH X &S RE BT ROITINRL RGgiit, ARREHZ . HRAE . &5
ARBFERPEECESESAMHEE (£2) .

Pag K& SiO2. MgO. CaO %5 3 Wi BIu R & BH S, HIFAEEH>1%: 3HEE
Z AT 54.18%~60.93%, T3 56.36%, HFEA2EH 5 . ALOs. TFex03. TiO2+ TS+ P2Os.
Li;O. MnO. Na;O. K20 %5 9 Wi B R S EEK, HIFHEEH<1%:; 9SG EZM
AT 0.85%~4.56%, “F152.16%, NIRENFEH . SHFEFEE (B

i MnO. CaO P S E>SHEFEEM, RIWNEE, 54525 Kwi=1.89, Kc=6.56; ALOs.

NS

,» 1976) XfHL, Pag

SiO>. TFex03. TiO>. TS. P20s. LixO. MgO. Na,O. KoO V& & <HuseFEH, RM

N
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Table 2  Statistical analysis of test results content elements of the aluminum bearing rock series (%)

HhZ Pyq P2/ Cah Sih Pid/ P/ HhFEE

Bl KA BRI A EiR sy A R KA 2 WK WBRE Sih RE(E

FEm 8 7 38 21 32 91 6 8 / / /
0.15~1.71 1.81~23.67  25.03~45.66  33.68~51.40  40.00~77.50  25.03~77.50 0.10~1.88 14.14~27.52

ALOs3 7793 254 15.69
(0.45) (11.02) (33.95) (43.83) (63.23) (48.87) (0.63) (19.26)
1.57~16.55  29.59~60.07  13.42~47.37  23.70~47.30 1.60~27.04 1.60~47.37 0.24~4.87 41.37~67.92

SiOx 1800 044  57.83
(4.59) (46.17) (39.10) (33.35) (12.84) (26.36) (1.46) (59.54)
0.24~2.16 1.50~30.34 1.05~3829  0.60~14.99 0.71~26.58  0.60~38.29 0.21~5.58 4.17~9.39

TFe;03 699 085  6.86
(0.88) (8.60) 9.32) (4.39) (4.51) (6.18) (0.88) (7.26)
0.02~0.06 0.06~1.10 0.31~2.09 0.65~2.25 0.86~3.25 0.31~3.25 0.02~0.08 0.20~1.19

TiO, 37.59  4.20 1.07
(0.03) (0.41) (0.88) (1.38) (2.51) (1.70) (0.05) (0.41)
0.01~0.03 0.03~4.69 0.03~6.55 0.01~8.23 0.03~8.05 0.01~8.23 0.01~0.04 0.01~0.33

TS 43.84 2882  0.04
(0.02) (2.01) (0.53) (1.47) (1.29) (1.06) (0.02) (0.04)
0.02~0.31 0.03~0.10 0.04~0.18 0.03~0.15 0.03~0.12 0.03~0.18 0.02~0.11 0.04~0.15

P20s 140 082 027
(0.06) (0.05) (0.08) (0.07) (0.07) (0.07) (0.05) (0.09)
0~0.004 0.001~0.045 0~0.263 0.008~0.626 0~0.615 0£0.626 0~0.060 0~0.126

Li;O 1594 759  0.005
(0.002) (0.015) (0.076) (0.291) (0.123) (07141), (0.009) (0.019)
0.01~0.95 0.08~1.10 0~0.58 0~0.19 0~0.56 0-0'58 0.01~2.12 0.02~0.48

MnO 026  0.63 0.17
(0.32) (0.61) (0.05) (0.04) (0.06) (0,05) (0.20) (0.08)
0.83~14.85 1.74~5.12 0.24~4.15 0.22~3.82 0.06~4.23 0.06~4.23 0.12~2.28 0.61~3.18

MgO 1.67 059 464
(4.05) (3.61) (1.18) (1.28) 1.12) 1.17) (1.70) (1.99)
36.05~53.43  0.77-24.11 0.15~4.08 0.13~1.53 0.09~1.70 0.09~4.08 48.03~55.74 0.38~2.79

Ca0 001 050 727
(47.72) (10.91) (0.79) (0:64) (0.50) (0.63) (53.70) (1.26)
0.17~0.48 0.15~0.31 0.18~1.45 0.13%1.79 0.07~1.73 0.07~1.79 0.06~0.74 0.09~0.91

Na;0 271 1.19 3.11
(0.25) 0.21) (0.72) (0.78) (0.54) (0.65) (0.24) (0.55)
0.03~0.43 0.07~7.90 0.17~5.89 0.10~5.89 0.02~1.46 0.02~5.89 0.02~0.35 0.30~4.53

K20 790 036 205
(0.15) (3.61) (1.82) (0.90) (0.32) 0.97) (0.12) (2.70)
36.96~43.59  9.42~25.59 5.15~2225  8.30~16.36 11.04~18.47  5.15~2225  38.60~43.18  2.69~15.84

LOI 032  2.08 /
(41.42) (16.40) (12:43) (13.37) (14.01) (13.32) (42.04) (6.41)
0.03~0.53 0.04~0780 0:63%2.20 0.85~1.75 1.83~44.41 0.63~44.41 0.07~2.34 0.21~0.64

Al/Si 922 1515 /
(0.14) 0.27) (0:90) (1.37) (10.13) (5.06) (0.55) (0.33)
0.32~3.25 6.84~81.94  78.64~97.81  79.26~98.90  93.51~99.55  78.64~99.55 0.18~3.75 67.56~92.42

CIA 81.70  1.17 /
(0.92) (40.79) (91.05) (94.76) 97.77) (94.77) (1.16) (80.83)

W CURINEAME, “~SEARKAE, <O7PACEEIE; BRELL AUSi=w(ALOs)/w(SIO2); HIFEEREIE TRV LY. 1976) , FALih

FeF A N 70 R B A AR S R MO SO S A0 G AR AR FE R (CIA) = {w(ALO5)/[W(ALOs)+w(CaO)+w(Na:O)+w(K20)]} x100, FKFH Mclennan e
al. (1993) #RH 7 EHATRIE.

Pol BT e ALOs. SiO2. TFexOs. TS. MgO. CaO. KO %5 7 WiH Bn R & BER &,
B8 BRI > 1%; 7 Wi

TiO2. P20s. LixO. MnO. Na,O ££ 5 Iil

BEZINT 78.09%~98.32%, T4 85.94%, NFEENFH
UHRILR S ERIK, BICFHEEN<1%: SHE
BT 0.47%~2.47%, F34 1.30%, AXREHsy. SHEFEME GUY, 1976) Xt
SE>HFEEE, KUNEE,

LR Kre=1.25, Ks=50.19, K1i=3.23, Kmn=3.61, Kc=1.50, Kx=1.76; Al;O3. SiO2. TiO>.

o

Em}

tt, Pa/ H TFe,Os+ TS. LixO. MnO. CaO. K,0O “Fi%



KRANFELE . BEMIST IR X R — & G0 KA el 2 OR e [l Bz i AR =X

P,0s. MgO. NaxO ‘P& R <M £EH, RINTH.

Pid Bt 5. fala NN ALOs. SiO2. TFexOs. TiO2. TS. MgO %5 6 Wi &It &

TERE, BUCFYERER>1%; 6 MEEIMNT 71.02%~93.41%, T4 8535%, NE
AR 5y . Po0sy LixO. MnO. CaO. NaO. KoO % 6 TiH Bo R & BEK, BICFE&
BB <1%; 6 MEEIANT 0.38%~9.06%, T3 2.52%, NIRENFH . SHcFEEE

P, 1976) XFEE, Pid H ALOs. TiOx. TS+ LixO FHIEE>SMFEEHE, LI NEE,
B RH Ka=3.12, Ki=1.60, Ks=26.43, Ki1i=31.23; SiO2. TFexO3. P20s. MnO. MgO.
CaO. NaxO. K.O VP& <MisefEE, RIMATH: K, FEE% Al Fe. Li 54,
Ti 541 A &K H Al Ti. Li 545, Fe 5. ALOs 5 Si0, £ A, R2=0.797 3;

5 TFe,03 27 AHIE, R?=0.299 7; 5 TiO, £ IEAHK, R?>=0.838 7; 5 Li,O 255 1EAHK, R>=0.166

5 (E5 .
60 50
a ¥=—0.817X+66.288 b y=20234¢ 0033
R*=0.7973 o R*=02997
45 a
[ |
& = 304
e ) [l
& 304 <, -
1) [ |
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Fig.5 Constant element correlation diagram of the Dazhuyuan Formation

Coh KA SiO2. CaO. MgO %5 3 DiUF EILR & B m, HICFYEEL>1%; 3
w2 FANT 52.93%~57.47%, P15 55.87%, ANEEZEH ). AlLOs. TFexOs. TiO2w TS

P,0s. LiO. MnO. NaO. KO %5 9 Wi B0 R & BRK, BUCFHEEY<1%; 9 W&



BZHANT 0.79%~8.35%, 5 2.21%, AXRBENZFHS . SHRFEREE (Y, 1976) X
b, Coh "1 LixO. MnO. CaO FHEE>HFTEEME, RIWNEE, FHERIK=1.96,
Kwmn=1.21, Kc=7.39; ALOs;. SiO2. TFe;03. TiO2« TS. P20s. MgO. NaO. KO V¥ &
B<MFRFEEMH, BINTH; 5 Pid X, ChF ALOs. SiO2. TFex0s. TiO2v TS+ P2Os.
Li,O. NaxO. KoO ‘FH¥JEBE<Pid T & E, MnO. MgO. CaO V¥ &8E>Pid T & E.

Sih B R e ALOs. SiO2. TFexO3. MgO. CaO. K,0 25 6 WiH B n & & B &,
IS R > 1%; 6 TEEZ AN T 83.03%~96.38%, T3 92.00%, HF B ZEH 5.
TiOz2. TS. P20s. LixO. MnO. Na,O % 6 WiH EIt &R A REK, BICFYERE<1%; 6
& B2 T 0.74%~2.47%, P35 1.18%, ARENEE . SHsEFEE (BY, 1976)
XFEE, Sih H ALOsy SiO2. TFex03. LixO. KoO FHFESHFFEH, RUNEE, &
£ RB Ka=1.23, Ks=1.03, Kre—=1.06, Kii=4.11, Kx=1.32; TiO>. TS. P20s. MnO. MgO.
CaO. Na)O ‘P& <MFEFEME, BRI NTH: 5 P X, Sk ALOs. TiOx. TS.
P20s. Li2O. MnO. Na)O P& & <Pid FH &8, SiO2\TFe;05. MgO. CaO. Ky0 “F¥
HE>Pd THEE,
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MR 55 IETE L X5 08 RIE TR AP a0ss Raiih, ARERAEHZ . HRALE . 5
ARUFEGPMETR EESEAMEE (R3).

Pog NIKE, SHFEFEM L, 1976) XTtt, Pag & Sr. U P& &> 5T FRE1H,
RIMNESE, BEAK K480, Ku=3.92; Ga. Sc. Ba. Th. Ni. Co. Cu. Cr. Zr. Rb.
V. Cs. Ta. Be. Nb P¥&EHFFEEME, RIATH (K 6a) .

Pl BRI, SHFEEEM (B2, 1976) Xttk, P o Th. U. Cr. Zr. V. Cs°F
Vg E> R EEE, RUNEE, EER Knw=3.27, Ku=2.72, Kc=1.96, Kz=1.48, Kv=1.30,
Kcs=1.85; Ga. Sc. Sr. Ba. Ni. Co. Cu. Rb. Ta. Be. Nb P& m<HFcF [, £
N (K 6a) .

Pid RFi LA SBRCE AL, SHRFEEME (BYY, 1976) Xk, PidH Ga. Sc.
Th. U. Cr. Zr. V. Cs. Ta. Be. Nb P& E>MFTFEME, RUNEE, 5% R Ka=2.49,
Kse=1.23, Km=8.58, Ku=7.68, Kc=2.54, Kz=5.11, Kv=1.87, Kcs=2.16, K1;=2.52, Kp:=4.43,
Kno=2.62; Sr. Ba. Ni. Co. Cu. Rb- P& E<HEFEM, RIMATH (K 6a) ; Ga.
Sc 7E Pid Bt A A KB FHEGHENEENS, GaEfm L hEERE RS

KGa=3.03, Sc Rl AH E EREE R Ks=1.37 ( 6b)
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Table 3 Statistical analysis of test results trace elements of the aluminum bearing rock series (x10°)
2 1298 P2l Pid Cah Sih Pid/ P HiFEE
ES Wit R e R R B RrE KE OBWREE  oh sk Rl
Ff 8 7 38 21 32 91 6 8 / / /
0.17~5.28 0~25.01 0~55.90 0~127 0~131 0~131 0.08~3.35 0~33.84
Ga 57.05 2.09 18
(2.00) (7.84) (31.40) (46.51) (54.61) (44.73) (0.78) (21.41)
1.55~4.07 2.08~3542  0.36~57.68 8.86~39.32 2.38~51.23 0.36~57.68  0.51~36  0.23~38.60
Sc 201 141 18
(2.07) (14.10) (22.74) (24.61) (20.59) (22.18) (11.05) (15.78)
859~4204 120~555 12.80~669  13.20~226  7.40~249  7.40~669 73~826 22.80~226
Sr 032  1.09 480
(2303.10) (228.17) (187.06) (88.51) (79.95) (119.58) (368.82) (110.19)
3.59~50.60  19.10~365.73  7.10~536  5.20~613  231~297  231~613 2.26~124 7.02~613
Ba 537 031 390
(27.58) (140.34) (193.81)  (126.48) (55.99) (119.29) (22.20) (386.31)
0.09~3.17 1.44~86.60  9.87~138 11~150  1590~148  9.87~150  0.04~2.28  9.96~61.80
Th 10451 260 58
(1.18) (18.97) (41.19) (59.91) (51.92) (49.78) (0.48) (19.14)
1.24~14 1.62~11 2.61~22.10  4.12~2830 5.43~39.60 2.61~39.60  0.10~15.50  1.62~25.20
U 540 295 17
(6.66) (4.63) (9.67) (13.25) (15.68) (13.05) (2.42) (4.42)
8.14~29 14~118 1.91~175  1.58~83.60 1.56~70.40  1.56~175 8.55~44  17.20~73.30
Ni 197 076 89
(19.18) (35.27) (54.33) (24.67) (19.11) (3271 (16,59) (43.29)
3.24~19.80  6.18~33.20 0.64~111  0.42~28.80 1.66~76.90  0.42~11% ,358~63.50 11.70~33.20
Co 107 072 25
(7.36) (19.70) (22.01) (8.70) (13.01) (15.30) (1%.30) (21.25)
0.08~27.42  2.74~21.75 224~109  3.12~48.70  495~111  224~111 0224320  4.76~89.10
Cu 261 082 63
(5.63) (11.96) (26.00) (17.71) (18.12) (20.82) (7.98) (25.48)
7.66~62.60 3430~576  33.50~2278 49.20~826 29.10~2278 29.10~2278  4.74~34.50  47~393
Cr 2826 272 110
(35.13) (215.97) (271.10)  (279.36) \_(28645)  (279.56) (9.89) (102.97)
1.39~22.60 13~911 1751300  287~2 103820451 290" 175~2103  0.47~20.50  89~1240
Zr 146.57 3.10 130
(9.32) (192.23) (510.44)  (75325)  (M671)  (664.55) (4.53) (214.25)
0.06~21 2389130  0.15-286  2.63~209  0.14~77.50  0.14~286  0.03~123 7.52~217
Rb 390 023 78
(6.82) (41.80) (73.99) (33.74) (12.33) (38.56) (9.88) (167.87)
5.13~145 25.10~658  67,50~686  94.80~583  100~658  67.50~686 1~39.40 61~279
\% 3020 2.03 140
(46.53) (181.43) (2409,  (285.05)  (282.53)  (262.39) (8.69) (129.47)
0.01~1.26 0.37~5294 —901~22.80  0.06~9.12  0.01~11.90 0.01~22.80  0.01~20.10  0.01~21.40
Cs 063 037 14
(0.51) (2.60) (5.02) (@2.11) (1.84) (3.02) (4.78) (8.23)
0.01~0.20 0.10~1.58 0.96~8.19  1.58~18.40 0.99~11.80 0.96~18.40  0.01~029  0.63~1.70
Ta 5262 336 16
(0.09) (0.56) (2.74) (4.33) (4.93) (4.03) (0.08) (1.20)
0.08~0.99 047~1.59  0.13~11.50  1.60~9.80  1.65~27.70 0.13~27.70  0.02~10.20  0.04~10.80
Be 240 164 13
(0.37) (1.04) (431) (4.38) (7.58) (5.76) (2.40) (3.51)
0.15~2.68 1.52~25.60  13.50~67.50 27.96~162  29.50~100 13.50~162  0.06~220  7.27~29.89
Nb 103.02 3.04 19
(1.03) (7.99) (34.25) (53.40) (60.52) (49.76) (0.48) (16.39)
27.62~268.52  039~17.40  0.22~35.07  0.12~40 0.22~40 0.12~40  1.73~144.47  0.14~3.25
Sr/Ba 0.09 838 /
(119.97) (5.58) (2.59) (2.93) (4.56) (3.52) (40.97) (0.42)
0.04~0.31 031~7.87  0.75~20.76  1.06~849  0.71~16.60 0.71~20.76  0.02~4.78  0.86~7.93
Th/U 488 0.79 /
(0.15) (3.62) (5.28) (4.62) (3.91) (4.54) (0.93) (5.72)
Ni/C  0.77~6.17 0.73~428  0.16~19.51 021~120.88 0.13~13.75 0.13~120.88  0.20~4.26  0.73~6.26
182 1.96 /
0 (3.49) (1.80) (3.89) (8.54) (2.66) (431) (2.37) (2.20)
35.16~19513  5.83~202.55  0.77~70.98 0.49~48.72 0.28~27.40 0.28~70.98  7.11~3660  0.73~32.77
St/Cu 003 1.23 /
(2759.07) (48.77) (12.66) (7.13) (6.98) (9.02) (336.11) (7.34)
W URCREUME, “JEARCKE, “OTARFEIME; M EREIERY (1976) o
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Fig.6 Standardized spider chart of trace element crustal abundance (Li, 1976) of aluminum bearing rock series

Coh NIKE, SHFRFEEME (F2Y, 1976) X, Ch F U, Cs. Be FH&E> 57 F
JEH, RINEE, FHEAB K=1.42, Kc=3.41, Kp—=1.84; Ga. Sc. Sr. Ba. Th. Ni.
Co. Cu. Cr. Zr. Rb. V. Ta. Nb ‘P& BE<HFTEEME, RIWANTH. 5 Pid XL, Ch
F Ga. Sc. Ba. Th. U. Ni. Co. Cu. Cr. Zr. Rb. V.»GCs.\ Ta. Be. Nb F#& & <Pid
P EE, Sty Cs FHEE>Pd FHEE (K 6a) .

Sih NFRb TR, S RFEEME (B2, 1976) Xk, SihH Ga. Th. U. Zr. Rb.
Cs.Be ‘& E> M FEE, RINE £, £ R Ke.=1.19, Kr=3.30, Kuv=2.60, Kz=1.65,
Kry=2.15, Kcs=5.88, KBe=2.70; Sc. Sr«.Bax Nit Co. Cu. Cr. V. Ta. Nb ‘P& E <
FEEME, RIANTH. 5 Pd Xk, SihH Ga. Sc. Srv Thy U. Cr. Zr. V. Ta. Be.
Nb P15 8 <Pid ‘F&E, Ba. Ni. Co. Cu. Rb. Cs FHIEE>Pd FHEE (4 6a).
44 I RMIKUFIFE

R S5 IETEH X S ACA R M L n Rm RS Ratit, ARRAEHE . AL E ., &
AFRBFEGPHRLTREESEAMEE (R4 .

Pg N K %, IREE 4 T 1.16x10°~97.40x106, °F 3 31.72x10°; LREE /* T
0.92x10°~87.06x10°, “F13 28.37x10°; HREE /T 0.24x10°~10.34x10°, “F13J 3.35x10;
LREE/HREE 4 F 3.87~12.36, “F#J 6.99; (La/Yb)x /1T 3.96~19.24, “F349.58; (La/Sm)x
AT 2.52~5.15, T 3.76; (Gd/Ybw /T 0.74~3.57, T4 2.03; JEu /T 0.40~0.96, Ty
0.60; 6Ce /T 0.62~1.05, “F#) 0.90. F M Pog FHs L BHAK, REMREMEEES, &
M b bl R L R AR BE AR s B Bu SRR, Ce SR s W L0 4y NIl A 25 “v7”
TR, REETELZL, BEMmLTESER (Taylor and McLennan, 1985; #2355, 2022)
(K] 72) -

Pof NWRJE U %, IREE /T 16.60x106~788.32x10¢, 14 234.90x10%; LREE 4 T
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15.01x10~719.87x10%, “F-14 210.65x106; HREE 41T 1.59x106~68.45x10°6, “F-}3J 24.24x10;
LREE/HREE 4 F 4.93~13.03, “F#J 8.83; (La/Yb)x /T 5.36~15.32, “F3J9.15; (La/Sm)x
AF 0.57~3.79, FH12.30; (GAd/Yb)N /T 1.91~2.41, “F#2.12; JEu /T 0.17~0.81, “F¥J
0.56; 0Ce /T 0.79~1.42, P31 0.98. KW Pol FLL Pog - M EH, REM LWL,
M 5 A N R — R B Bu SR, Ce U MR IL A N A AR “M”

TR V7 TR, BEMEIEER (EDKSE, 2013)

(E 72)

F4 FREFBLITESIMNAERGITR (<100

Table 4 Statistical analysis of rare earth elements of the aluminum bearing rock series (x10¢)

HhZ Pag Pa/ Pid Coh Sih Pid/ Pl

Bl WK 35l k= FLA A R KATIEH K& B e Gk Sk

FEm 8 7 38 21 32 91 6 8 / /
0.22~17.50 3.59~107.50 2.09~1425 1.63~139.97 0.89~103 0.89~1425 0.16~47.70 32.30~73.70

La 1032 123
(6.40) (35.26) (134.44) (18.57) (13.40) (57.25) (5.55) (46.65)
0.43~40.60 6.14~379.90 6.62~3819 5.73~215.83 2.37~182 2.37~3819 0.30~47.80 71~176.60

Ce 20.15  1.43
(13.16) (100.82) (304.80) (51.13) (35.68) (134) (6.65) (93.74)
0.04~4.59 0.89~36.60 0.74~179 0.68~17.80 0.23:2330 023~179 0.04~12.60 8.22~18.04

Pr 725 0.94
(1.44) (10.63) (22.39) (4.14) (3.24) (10.19) (1.41) (10.81)
0.19~19.10 3.56~159.40 2.62~649 2.82~58.90 1.03~79.40 1.03~649 0.14~57.70 30~68.78

Nd 569  0.92
(5.84) (44.63) (83.69) (14.69) (11.61) (37.32) (6.57) (40.42)
0.03~4.37 0.68~56.92 0.72~177.14 0.68~31.42 0.53~19.33  0.53~177.14 0.03~11.80 5.21~58.42

Si 619 1.02
(1.26) (17.69) (21.67) 4.98) (3.70) (10.32) (1.67) (10.14)
0.01~0.90 0.16~3.94 0.14~15.20 016~3.83 0.22~2.78 0.14~15.20 0.01~3.15 1.05~4.41

Eu 280 0.84
(0.27) (1.62) (2.42) (0.99) (0.77) (1.40) (0.50) (1.67)
0.03~3.96 0.51~24.36 1.19~69.40 0.83~12.30 1.05~10.60 0.83~69.40 0.03~14.50 4.57~18.80

Gd 284 0.84
(1.19) (8.37) (11.15) (4.02) (3.37) (6.26) (2.20) (7.43)
0.01~0.52 0.08~3.31 0.28~9.18 0.18~2.76 0.24~1.77 0.18~9.18 0.01~2.31 0.71~2.64

Tb 312 098
(0.16) (1.18) (1.70) (0.81) (0.75) (1.10) (0.35) (1.12)
0.04~2.63 0.41~1702 1.96~56.60 1.24~20.10 1.75~12.90 1.24~56.60 0.02~15.50 4~12.20

Dy 3.10 113
(0.86) (6.22) 9.24) (5.61) (5.14) (6.69) (2.16) (5.93)
0.02~0.53 0.09~3 0.43~13.30 0.29~4.86 0.44~3.19 0.29~13.30 0.01~3.96 0.89~2.37

Ho 287 121
(0.18) (1.18) (1.97) (1.29) (1.20) (1.49) (0.52) (1.24)
0.02~1.37 0.21~8.68 1.17~36.10 0.84~13.90 1.29~9.25 0.84~36.10 0.02~11.20 2.52~5.74

Er 320 1.33
(0.46) (3.22) (5.77) (3.96) (3.56) (4.42) (1.38) (3.34)
0.01~0.18 0.04~1.40 0.18~5 0.12~2.04 0.20~1.37 0.12~5 0.01~1.55 0.35~0.70

Tm 3.58  1.45
(0.07) (0.47) (0.86) (0.62) (0.55) (0.67) (0.19) (0.46)
0.03~1 0.22~9.27 1.18~30.30 0.94~13.80 1.46~9.69 0.94~30.30 0.01~9.75 2.47~4.34

Yb 428 154
(0.38) (3.14) (5.92) (4.45) (3.95) (4.75) (1.11) (3.09)
0.01~0.15 0.04~1.41 0.16~4.27 0.14~1.94 0.21~1.42 0.14~4.27 0.01~1.36 0.36~0.67

Lu 441 157
(0.05) (0.46) (0.88) (0.66) (0.59) (0.70) (0.16) (0.45)
1.16~97.40 16.60~788.32 21.33~6339 21.21~468.26  13.45~425.64  13.45~6339 0.94~227.13 172.44~369.63

SREE 9.08 1.22
(31.72) (234.90) (604.85) (115.92) (87.51) (276.24) (30.41) (226.48)
0.92~87.06 15.01~719.87 14.65~6196 16.31~443.34  5.28~389.38 5.28~6196 0.67~180.63 154.96~344.92

LREE 1120 123
(28.37) (210.65) (567.37) (94.50) (68.40) (250.16) (22.34) (203.43)
0.24~10.34 1.59~68.45 6.67~209.15 4.58~71.60 6.64~46.94  4.58~209.15 0.26~57.93 15.97~47.30

HREE 323 113
(3.35) (24.24) (37.48) (21.42) (19.11) (26.08) (8.08) (23.05)



HhZ Pag Pa/ Pid Coh Sih Pid/ Pl
ESit] K& BRI e & FdE HRIRE iR KATIEH K& B e Ch Sih
LREE/ 3.87~12.36 4.93~13.03 0.84~43.48 0.46~17.79 0.63~15.43 0.46~43.48 1.04~7.56 4.93~13.96 46 o
HREE (6.99) (8.83) (11.72) (4.35) (3.42) (6.55) (4.47) (9.17)
3.96~19.24 5.36~15.32 0.39~65.51 0.16~18.92 0.20~14.78 0.16~65.51 0.74~10.46 5.36~15.41
(La/Yb)y 0.82 054
9.58) 9.15) (11.18) (2.86) (2.29) (5.55) (6.76) (10.34)
2.52~5.15 0.57~3.79 0.51~23.52 0.14~8.31 0.17~14.50 0.14~23.52 0.83~4.04 0.67~5.46
(La/Sm)y 113 0.88
(3.76) (2.30) (4.89) (2.56) (2.36) (3.30) (2.90) (3.75)
0.74~3.57 1.91~2.41 0.43~3.83 0.36~1.13 0.42~1.53 0.36~3.83 1.02~4.99 1.29~3.56
(Gd/Yb)y 041 048
(2.03) (2.12) (1.30) (0.75) (0.70) 0.92) (2.27) (1.91)
0.40~0.96 0.17~0.81 0.13~1.05 0.13~1.70 0.17~1.09 0.13~1.70 0.54~0.96 0.16~0.70
JEu 090 1.08
(0.60) (0.56) 0.57) (0.79) (0.70) 0.67) (0.75) (0.62)
0.62~1.05 0.79~1.42 0.67~2.42 0.89~3.85 0.69~5.78 0.67~5.78 0.07~1.37 0.76~3.32
oCe 201 146
(0.90) (0.98) (1.20) (1.41) (1.51) (1.38) (0.69) 1.21)

E: CSCRUNEAME, “~ENECRE, () WREIME: BRRBIBAA AR HEAGESE Taylor and McLennan (1985)

10000 F 10000 F
E ad F b
5 - a— Pd T
| | —a—8— P d I#
—e—— P, d b
1000 F 1000 E . S S P,ld i"ir:jﬁﬁ
[{u [Ru ———— Pd 76
I [ = [ ——3— P d T
2 z
100 100
E: 2
o= - o= -
10 E 10 E
] 1 T T 1 T T 1 1 1 T 1 1 1 T I 1 1 T T 1 1 I 1 1 T I T 1 I 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Tu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
10000 10000
EC \ = d .
- Pd ®itH - - Py d ARG A
I —8—8— P d B i —8—8— p g VAR
— —e—e— P, d B1F p— —o—e— P,d EREEE
g —F—>3F— P d BFERTH —F—3F— P,d tRIEERELS
M e —34A— P,d HFH T e F ——— P,d BRRELT
= i = [ ———3— P, d TERE LT
15 1= —#—— P, d EHERB LT
jg' 100 %,; 100 '
- 82 F
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10 10E
1 T T T T T T 1 T T T T T T T T 1 T T T T T T T T T T T T T T T
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K7 SHERMEICRERRA (Taylor and McLennan, 1985) FrefEAb 4345 = A
Fig.7 Rare earth elements tandardized distribution pattern diagram in chondrites (Taylor and McLennan, 1985)

of the aluminum bearing rock series

Pid NE LA FAFUE MAR LR, IREE AT 13.45%10~6 339x106, 73 276.24x10;
LREE /T 5.28%10~6 196x10°, “F#J 250.16x10°; HREE 41T 4.58x10~209.15x10¢, ~F
) 26.08x10%; LREE/HREE /T 0.46~43.48, “F-3 6.55; (La/Yb)x /1T 0.16~65.51, “F-13 5.55;

(La/Sm)x /T~ 0.14~23.52, *F-#5 3.30; (Gd/Yb)x /1 T~ 0.36~3.83, *F*#5 0.92; 6Bu /T 0.13~1.70,
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P31 0.67; 6Ce AT 0.67~5.78, T35 1.38. K Pid Itk Pl Wi LS, BHEM L HIEE
E—/, BMEAMSEREE S, EREASSMERIS: R Eufim®, CelERE,: Mt
Beoy NG “v” FRME, BEH T EEL (P E%, 2012; £F%, 2015 (A
Ta) o EHFALERISY, Pid REM AR R G, TEIRZ, SEAENEAR, T A B
ik (B 70D s AT ARG, PdFLaEMLSERS, FRAERZ, BLy sl (&
7o) 5 HELAEFEEK G, PdBRE AR LEES, R LA (B 70 WERS
KRGy, Pid BUEIREEFUA W L S BB AR SR A & (B 7d) 5 &R 28R
X173, Pid SARREE R R B RREEIR . OREE AOR L B E (Li e al., 20205
RKANFE, 2025¢) (E7d) .

Coh N K H , IREE /T 0.94x100~227.13x10%, “FJ 30.41x10°; LREE 4 T
0.67x10~180.63x10, P13 22.34x106; HREE 41T 0.26x106~57.93x106, “F-13 8.08x10-¢;
LREE/HREE /1T 1.04~7.56, %] 4.47; (La/Yb)x /T 0.74~10.46, V¥ 6.76; (La/Sm)n /Tt
T 0.83~4.04, 714 2.90; (Gd/Yb)x /T 1.02~4.99, T4 2.27 SEu /T 0.54~0.96, “F-13 0.75;
dCe /T 0.07~1.37, “F340.69. K Coh FikLt Pid # LA EAK, Pi1d/C:h=9.08; HHEM T
SRR R, B L ECER LA RS B BufiRE, Ce i ML a MG
Ze) “v” PRI, NEILTHEL, AR LEER (XA, 2022; RANESE, 2025¢)
(K] 72) -

Sih KPR A, REE /T 172.44x109~369.63x10°, P13 226.48x10°; LREE /T
154.96x10~344.92x10°6 ,/ )P4 203.43x106; HREE 4 T 15.97x106~47.30x10¢, V1
23.05x10°; LREE/HREE/NT'4.93~13.96, “F¥J 9.17; (La/Yb)x It T 5.36~15.41, “F-3J 10.34;
(La/Sm)x /1T 0.67~5.46, 77 3.75: (Gd/Yb)n /it T 1.29~3.56, “F-33 1.91; SEu /T 0.16~0.70,
34 0.62; 0Ce T 0.76~3.32, P 1.21. £ Sih T Pid s LM BRYIK, Pid/Sih=1.22;
REMLEEES, BRI ATMEREER, ERLASSMEE K B EBEufimH,
Ce IERH; MLy NMAZGMEY “V” AL, BEMREEEL CUFE, 2022;

RN 2025¢) (K 7a) .
5 THig

5.1 SHEAZH
B AR i —e i AAh Y, T kB AR T 2B . R SRR
the GRS, 2016; XRAESE, 2018) AR (KEHE—EEHH) WES



128 NBERZNFHD , KI5 0 K AL X K AR A T b o 24 vt X Bh 2k 58l
LY, BT T B PREENMER GBI, 20200 ;5 2dbi X Bk w5 i K L A5 B 1 B
BATRR, HE R — SN TR REGRIT R (AR 055, 20200 o B4 X b 34 S ik i i
HN T ERERGIRIR RS, DA AL B AR A 3 B b X s 3 Sk B, A
ZARFEEER, TEAXTFRRERRIER AT Sih PR E . TUAE KD ERE (5
5, 2014) o RO AMCRE] (MRS K7 Es) On R ARSI , e —BL
X EAR R4 T T 2R 43, 4k AR R R AR A1 s AR A TS, B b REie BT
FES R RO X Sk BB AV, B X SR B B A IR OB 4E,
2010; FJEFFEE, 20200 o BREAEREH QRRL—RA RN WERE) Bz
BE— AR PHIS ) G TS, IF AT R THE S WU B DL SR R B R
By ehti Bk BT ALt — B Y R B B L Bl RN ES P X SRRV B AU
M, Bt X BRI RLD R B ARMITR (F225%, 2004GRYDF 5%, 20250)

Wt — 5 S B L X R T4 7 e hod@ bl ARG R, S m dLIr H ik i
B, mERTBIGEN, s TE A, 20160 RANVESE, 2025¢) ; HE], %
SERVE R LN UK R SEMR R AR RO AR (A B RS B MMM (Al UK AR AN, 2t
VTS 547 7 HEAHE 0K KRR, e TS 54 7GRS, T2z Cft
TS, 2020b; fPEERSE, 2023) o S IEEHLX PUAR A 2EA B rg AL R LA — BRI A
B b —E5 6 W B — i iR —E RS — i (& b, E 2, 3 .

By rh— B b ot Bt 2 SRR P — e ot AR AR B AL B X AR T R B IR R A R
. BEE A KBNS, CLE RN Sih R A K TS RO IR, K52 %
X JE (5138 B ) R R 45 S P AT 6 T, K303 52 b R 38 -4 Y XS 45¢, 20105 X1 J 255, 2018)
51U Ly AR AR A A — e oy A A S0 A 0 P VR 5 ) PR AR A TR (R S
WA, 2013; ARJUTHEE, 20200 , MR SEERIEEITR T —EEERmRIEE, L
T — 2L X Coh G B A e O MRY, W5 B RO i o g

T J5 A2 X EC YA (B VK S (2 B e 8, UK UK R I R R 1 X 3, R T S5 85
—E LA REAE CUHTEE, 2010; XBHEFEE, 20200 5 BAREMH GRREMN) HE, FE
RHIE Coh BiIR Eh A TH R oA 8- 4E FY S U T (RAF AR Z BN R B 3 A, Pid R HZEGRK (Fhix
FERIASCHE, 20205 AR/NZEEE, 2025¢) o MRIGIRHEZ X TLANIE VK AR I i T B
UK UK SR VAT T T PR B R NV R i U X, SR — (0 ST T AR, T
— M 538 B AREE (Zhoueral, 2022) ; KARMREEIR. K& pFam, LAURIRTTRRE
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REEAGIR AT AT . SR X NI N — B TKIIZ R, ZFREREHERDN, *
EEZVRII X, LS FiEAeE, ARPRIEEI T a R KEREEIR. K3 %
755, LURGBUITRT (35XEMLD HE.

52 RERHR

BEA B A TE R I A U % F N & — RAUHURE BN R L . s kL
b, RENEAS FELEE, EEHEWET R TR FEER TR, MRS & EE.
M G R FEID e W R I DO SRR 4 A R N . SRS, &
R TR R HUE M REA BRR S GRS, 2017; R/ANESE, 2025¢) o Pid ' ALOs AT
25.03%~77.50%, P33 48.87%; TiO2 /T 0.31%~3.25%, “F¥J 1.70%. Coh H ALO; /T
0.10%~1.88%, “F3J 0.63%; TiO2 /& T 0.02%~0.08%, “F3J 0.05% . Sih H ALOs /i T
14.14%~27.52%, “F3J19.26%; TiO2 /T 0.20%~1.19%, F35 0.41% (% 2) . Pid 5 Sik
Hoy S BZEMEW Pid 5 Coh /b, AL Coh 3] Pid B4R 775745 N Sih B Pid B4 2.54 %
Ti M\ Coh 3| P1d ‘E4E 34 £, MM Sih 3 Pid B4 4.15 5. Wiz, 55IEEMIX Sih JFJE >400
m T Coh JEEE 0~50 m, Sih BA 54 Pid Bs B i 6 R B 5 i Atk Ol B #R45, 2021).

Wi HEICER Al-Si-Fe EARMZE . RFEAET AR T ERE=MAE ST (Schellmann,
1982) , Sih P RE K TUE R E IR IR R T LB L Pud B8, IR E RS XL
TERGTE RIS, A5 EiR U AMAE B S TS 10, S5E SR A8 Ly 2l
RALAEF R T AL AR 0 (M AR 4%, 2025; Fhm/E%E, 2026) , ETFHrBIZ AIBAER
& M Coh KE KA BES5Pd Rt mivae Lty I, Al Al ELE
fadh, FRMEARR (B 8.

MEERRGEERE (BUE, 1976) friEtl, Pid 5 Sih BEAM BT, T Pid 5 Coh
MZEBR (E 6a) o ¥ Sihy Pud Rl SHSEEREXLL, KREFRATER. myRoRBE
PR 70 2 R B PRI 55 W ' SR AR M B P/ k%, 2013 &R ESE, 2019) 5 Ga.
Th. U. Zr. Cs. Be ¥ NIER%, Sr. Ba. Ni. Co. Cu¥NfiRH. ¥ Sih bRl s 5
Pd FitE. BEE. B EMR EXFE, Ga. Thy U. Cr. Zr. V. Ta. Be. Nb %53
SRIGER SRS, S5HEICE AL Ti —HHEGESEENBES; 1 Ba. Rb. Cs %X
BT RATLRBEEMI (Bl 6b) . @il Ni-Cr ZuE 44 (Schroll and Sauer, 1968) , Sik
OMAG T KR, K I TUS U B s Coh 23 AR VS ARG BN, V6 A AR BRIR £h 4 I 3
od SSATTEEE S, AR R A . TS RIRCE N E, FasiEitks. wE, Simed
A IEKE: Pid A B R VE AL T U AR L, Fia Bk (K
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Fig.8 (a) Al-Si-Fe sediment source discrimination of the aluminum bearing rock series (modified from
Schellmann, 1982); (b) Ni-Cr sediment source discrimination of the alumjinum bearing rock series (modified from

Schroll and Sauer, 1968),

EICEK Zr. V. Nb. Ta FEWZEXAL . BUE R SRR 72 € (MacLean and Barrett,
1993; Kurtz et al., 2000) , AJLLETTRILE Z/V. No/Ta IBERYIE (MacLean, 1990;
Calagari and Abedini, 2007) - Pid H Zr/V /- F 0.58~12.29, “F15 3.02; Nb/Ta /T 8.10~29.80,
45 13.17. Coh 1 Zr/V AT 0.05~4.71, K34 0.80; Nb/Ta /T 1.79~12.87, “F14 6.42. Sih
i Ze/V ST 0.67~7.52, SFJ 2.59; Nb/Ta /85710.99~18.52, “F-3 13.53. A EIC & HAH Zi/V.
Nb/Ta 78, Sih 5Pd b Coh 5 Pd XX EZRF L, FYMEENEEL, TRAREKR,
KW Sih FBREIR LA S Pid R RUTBITR I £ R4 .

Fo Lo R ERKL R AT CPaydoy and McLennan, 1985) #a#Efk, Pid 5 Cohv Sih ¥ LREE
BHEA; Pid 5 SihMAERETNER, MPd5 CGrEREL. BEEERHE (K 72 .
XFEdCe, Pid P35 1.38, NIERE: Coh T35 0.69, AR Sih P 121, NIERE Gk

) o RY Pd 5 Sih EWFRIEEEE —EHRG KRR (Guetal, 2013b; #FH5E, 2015;
SRR, 2021) .

Zi LRTIR, 55 IEEHIX Pid SUBRIVR AR Suh SRR e A (B E %, 2013)
X5 1A SR P 2 3 T I R B 4 A U-Pb AR S e HH 55 TR T 4 X B8 LA B P U5 o 3
KB Sih Z—E CRICGHZE, 2014a, 20205 [4 5405, 2015) .

53 MARHE

DUARMB IR 27 PR 2 4 ) vy PR 056 114 2 2 B, KA 0 3R AE S RIFR 58 T RAEA F R R £k

FATRISMER, FoA R AR HUAE S 2E A T SR R HR S R R K S Rk 2 RS, LS
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VORIt SR 5 AL A EREE . T 3hBE . DIRRAL . EUIE R &M S5 abn (gt
45, 2016; &HE %%, 2018a; Leietal, 2023) .
I AR FE R (Chemical Index of Alteration, CIA) F5 P1d JURR RS [ i S 1% 5%

P B A2 RALGRE (McLennan et al, 1993) , CIA<70, {HRZTEA T, b2 RILKS
CIA /T 70~90, FE/NIRMRIRIE . A2 A4 : CIA>90, fRm RPN, b2 XA sEZY

(R, 2014b; Leieral, 2023) o Pid H CIA /T 78.64~99.55, F794.77 (£ 2) ;
70~90 (it 16%, >90 fitl 84%. M, Fit# CIA /T 78.64~97.81, “F#4 91.05; 70~90
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Fig.9 Sedimentary environment discrimination of aluminum bearing rock series in the Xinmin Profile
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Fig.10 Sedimentary environment discrimination of the Dazhuyuan Formation
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Fig.12 Sedimentary cycle of aluminum bearing rock series in the Xinmin profile
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Abstract: [Objective] The aluminum bearing rock series in the Wuchuan-Zheng'an-Daozhen area of northern
Guizhou province belongs to the Lower Permian Dazhuyuan Formation (Pid), which is a significant
bauxite-bearing stratum in South China. Significant controversies persist regarding the evolution of its sedimentary
basin, sediment provenance, the relationship between diagenesis, mineralization, and geological events, as well as
the types of mineral resources. [Methods] This study employs methods from stratigraphy, petrology, mineralogy,
geochemistry, and paleogeography to investigate the characteristics of the Dazhuyuan Formation, including rock
and ore types, mineral paragenesis, sediment provenance, sedimentary environment, and sedimentary cycles.
[Results] The Dazhuyuan Formation, predominantly comprisingclaystone, aluminous rock, and bauxite, was
deposited within a semi-enclosed bay system. From north to south this paleogeographic setting encompassed the
Daozhen bay, coastal wetlands, and offshore plains. The sediment provenance is attributed primarily to the
aluminosilicate rocks of the underlying the Hanjiadian Formation. Thepaleoclimate ranged from warm and humid
to hot and humid, fostering moderate to strong chemical weathering. Deposition occurred in a predominantly
brackish environment, characterized by the mixing of oxygen-rich primary sediments with weathering-derived
oxides. The stratigraphic record reveals at least two distinct sedimentary cycles. [Conclusions] The Dazhuyuan
Formation is controlled by the karst depressions intthe underlying carbonate Huanglong Formation and the
peneplainization of the aluminosilicate Hanjiadian Formation. Characterized by distinct sequence and cyclicity, it
hosts sedimentary-type bauxite and lithium deposits, The aluminum-bearing rock series evolved through three
evolutionary stages: weathering decomposition and transport reorganization, seepage leaching and subsurface flow
cementation, and syngenetic superimposition with subsequent modification. These processes resulted in key
characteristics such as syngenesisy penecontemporaneity, mutual superimposition, remodification, and differential
mineralization. Based on this findingSya sedimentary model for the Lower Permian Dazhuyuan Formation in the
Wuchuan-Zheng'an-Daozheh aréa' of'Guizhou Province has been established.

Key words: aluminum bearing rock series; sedimentary bauxite deposits; clay type lithium ore; rare earth

resources; key metal resources; sedimentary cycles; sedimentary models
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