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Abstract:  Previous researched showed that a set of Fe-Al rock series which were hosted in the unconformity contact
between the top of the Emeishan basalt and the overlying Xuanwei Formation (Psx)/Longtan Formation (P3l) are generally
distributed in the northwestern Guizhou. They are characterized with obvious enrichment of the critical metal resources
including Sc, Nb, and REE. In this paper, we have carried out the research on the distribution characteristics, enrichment
regulations and occurrence forms of Sc, Nb, and REE in this Fe-Al rock series, and have given following conclusions. (1)
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Most of the key metals such as Sc, Nb and REE enriched in the Fe-Al rock series have reached the comprehensive
utilization requirement with good prospecting potetial; (2) In the Fe-Al rock series of the Xuanwei Formation (P;x), Sc,
Nb, and REE are evenly distributed with small differences. Sc is mainly concentrated in the lower part, Nb is mainly
concentrated in the upper part, and REE is mainly concentrated in the middle and lower parts. The Sc, Nb, and REE are
mainly hosted in tuffaceous ferrous claystone, oolitic bauxite-bearing claystone, and aluminous claystone; (3) In the Fe-Al
rock series of the Longtan Formation (Psl), Sc is mainly distributed in the middle and southwest parts, Nb and REE are
mainly distributed in the north and southwest parts, Sc is mainly concentrated in the lower part, and Nb and REE are
mainly concentrated in the upper part of the Fe-Al rock series and the bottom of the overlying coal-bearing strata. Sc, Nb,
and REE are mainly hosted in tuffaceous claystone, plant clastic claystone, and carbonaceous claystone; (4) Sc and Nb are
mainly presented in the form of isomorphism in clay minerals, monazite, and rutile, while REE are presented in various
forms such as ion adsorption, isomorphism, and independent minerals; (5) The enrichment of Sc, Nb, and REE has
experienced the initial enrichment by weathering, and the re-enrichment by diagenetic reformation in the late period. In
addition, the enrichment of Sc, Nb, and REE is closely related to the integrity of the Fe-Al rock series.
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Fig. 2. Lithological columns with the variations of Sc, Nb and REE contents in the Fe-Al rock series from the
Xuanwei Formation (Psx) (a) and the Longtan Formation (Pl) (b).
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Fig. 3. Photos for field outcrops and typical rocks in the Fe-Al rock series from the Xuanwei Formation (P3x).
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Fig. 4. Photos for field outcrops and typical rocks in the Fe-Al rock series from the Longtan Formation (P3l).
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Table 1. Statistics and comparison of enrichment coefficients of Sc, Nb,Os and REO contents for samples from
the Fe-Al rock series in the northwestern Guizhou, China
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Sc 204 5~64.2 (°F-#)34.8) 18 0.28~3.57 20~50” 90.69
Nb,Os 204 44~760 (¥4 183) 19 2.32~40.00 80 83.82
AL REO 204 130~13780 (¥4 920) 165.35 0.79~83.33 500" 66.67
(P3x) LREE 133 135~9817 (“F-# 767)
HREE 133 16~583 (P44 81)
LREE/HREE 133 1.73~22.12
Sc 530 4~86.6 (1 32.1) 18 0.23~4.81 20-50 83.21
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Fig. 5. The distribution characteristics of Sc, Nb,Os and REE contents in the Fe-Al rock series from the Xuanwei
Formation (P5x) and Longtan Frmation (P3l) in the northwestern Guizhou, China.
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Fig. 6. Distribution features of the Sc,Nb and REE in the Fe-Al rocks series in the northwestern Guizhou, China.
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iRy HrERE, BEIX Fe-Al 5 &M Sc. Nb. REE &4 BA W BHZ MM, BAAEI N: =
AL (Pex) Fe-Al 5 & (B 2a), Sc FEEHET M, Nb FEELET LB, REE FEELETH FHl;
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#2 HBRHA (Px) FREH (Py) Fe-Al HAR&HM Sc. Nb. REE BEFHE
Table 2. The enrichment characteristics of Sc, Nb, and REE in different rocks from the Fe-Al rock series of the Xuanwei
Formation (P5x) and Longtan Formation(Pl) in the northwestern Guizhou, China
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55 Sc Nb;0s REO
(E BRI ) e JPTRG to 18 24.0~51.9(°F-#) 40.5) 44.4~318 (°F¥]108) 300~1450 (V44 560)
BRI IURE 20 31.8~51.6(°F¥# 42.7) 56.3~97.4 (‘¥ 86.4)  310~1580 (°F-¥J750)
- BRFURE LA 55 6.3~64.2(°F# 36.4) 44.7~505 (°F#4 139) 130~1980 C*F-¥J 950)
?ng) IR TRG 1 35 21.3~51.3(°F"¥J 38.3) 45.0~419 C°F#y121) 340~1560 (°F#4 730)
GEDib e 42 5.00~60.0(°F-¥) 28.3) 84.6~760 (*F#4340)  220~13780 (V-3 1420)
TR PR 1 13 18.2~49.3(°F-#) 29.4) 91.7~737 (V-3 398) 230~3300 (P37 840)
Wi B BRI R A 21 11.3~41.0(F¥#) 29.2) 81.8~505 (¥4 171) 330~3060 (*F-¥J870)
A AR S 77 11.5~66.3(°F-¥J 36.7) 50.6~161 (°F-¥J102) 210~3160 CF¥J 720)
R PURS 61 13.4~64.8(°F# 41.3) 51.8~387 (7 104) 170~1980 (¥4 570)
R TR TR 5 35 16.9~59.7(F# 35.9) 54.0~421 (735 144) 120~1100 (¥4 490)
— BRITURG 25 112 4.08~74.4(°F14 31.2) 39.5~603 (T 140) 140~4000 (¥4 700D
(P3I; SRR TR 27 15.6~43.5(°7# 31.8) 58.8~335 (¥ 117) 370~1950 (*F¥J 700)
BRI R, T2 12 19.3~40.1(°F#4 25.9) 95.2~264 (T 161) 270~1310 (V44 650)
LERN Y R o 63 4,05~58.4(°F 14 23.1) 73.2~669 (T 215) 110~2400 (7 730D
T B 11 18.7~47.9(°F-¥J 30.2) 137~354 (P4 221) 150~1370 (V¥ 670)
BRIFRG 25 30 4.7~35.9(7#4 21.3) 28.2~418 (F1193) 390~6040 (V44 980)
SRR 10 13.1~43.9(°F-¥J 26.6) 83.7~380 (V¥ 157) 240~1310 (*F-¥J510)
BUE B S 13 11.1~50.4(°F-¥J 30.6) 40.0~428 (°F#4112) 240~1330 (°F#4590)
BT RD TR 12 17 16.6~37.0(°T-¥J 25.2) 84.9~302 (°F¥J141) 200~1180 (°F#4 720)
}ff‘liﬂ BRI TURS 1 10 7.6~21.2(°F¥) 14.6) 113~339 (°F 196) 520~1460 (°F#4 890)
) %Tﬁ o T BB RS -5 15 7.5~29.7(°F#4 17.3) 97.4~326 (7207 470~1310 (°F#4890)
Bk Kt 34 5.9~86.6(*F#4 33.1) 75.2~300 (P33 145) 120~2180 (V13 580)
b RS 19 4.7~49.6(F# 25.2) 65.0~329 (71 143) 390~1290 (°F#4 720)
mibE 29 4.3~43.8(F#) 25.9) 42.2~505 (°F#4 115) 260~1700 (°F#4 690)
4 it i
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5 I RRAE SRR T HE R FH I 1y o o, Sc 2 4 Tk [l U bR 20x10°~50x107°; Nb,Os 218 (™
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Tk 7 160x10°~200x10°); 1] REO 2 M8 XAk 7% 85 1 Wi B B (8 6 1) 48 b (2 W 30 L Aor
500x10°~1000x10°, TMkhfr 800x10°~1500x10°). W5t (£ 1) FH: (1) EE4L (Px) Fe-Al
# & Sc. Nb,Os 1 REO 'E 5 & %437 7F 0.28~3.57. 2.32~40.00 f1 0.79~83.33 2 [i], AF|4A
FI FHARAE FORE & EL 51123 514 90.69%. 83.8296 411 66.67%; (2) JiEiZH (Psl) Fe-Al %5 % Sc. Nb,Os Al
REO )& 4 250 HI7E 0.23~4.81. 0.12~35.21 1 0.67~24.19 2 [a), 25 ) 2x &A1 F bRk AR 5 Ee 1 2y
AN 83.21%. 81.51%F1 61.89%. n W, EAPHILMLIX E AL (Pex) HEELA (Psl) Fe-Al & & Sc.
Nb Al REE Z ¥ ik B AR bruE, S BBRIHEE . DR —E4£X No A, HEHEXH 3
ANEARHE S Nb & 22 B w(ND,Os) - 34143 7l 322x10°°, 371x10° F1 331x10°, P44 2 JF £ 43 il K 7.82m.
6.00m A1 4.57m, E A T 100m P& Nb,Os AL & AIE BIR R A | (%) 37000 ).

4.2 Sc. Nb. REE BRAFER

N T## Sc. Nb. REE 7E Fe-Al 5 R WIRAFIRAS, 1E#EEE7> Sc. Nb. REE S B E A (B
bR BRFURE o BEAJTURS S5 AR RS A SRR b AT A BB AT RENS b . 45 SRR, Sc A1 Nb



528 oo % iR 2021 4E

FEIZ LA it b AR R BSR4, HOR BB s SR X, BRI IEA 4 Sc At Nb 222K A
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Fig. 7. SEM images with energy spectra for typical rocks from the Fe-Al rock series in the northwestern Guizhou, China.
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ZIX Fe-Al 5 RPN IHA REE SHAS, WA Fhil. KEALHLIX Fe-Al 25 &% REE
B BITE 7.64%~14.25% . 10.47%~24%P%, 31.1%~41%" ], BERH -+ REE fA7E HAbG
iR BhAh, EA—IRNE, SRR, U BRIRE 2%—31%), B HERIKEEm,
REE 2 B (Fik 64.86%~86.29%), Wi/~ REE B4R S pHEAE IR, 4 “Tiksbeab Bk &4t
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fRiz” 1.2, REERHZEE N 90.87%. KM LHEE-IUER-E4HEH (8D &FfE, B 10%#RI56R
1 REE, ¥R H1% 73.83%, TG K BIE bkKE, iRl 79% A A4 G M8, 22 Fpng,
SEEAT R, AWK Fe-Al 75 RN Nb 7] #8 EZ U HCRERAZ TR L0 9. MEA. &4 6%
i, AHERRAA AN L, (HHATEA R RNEE RS TSR EERA A, KPR arge
LB PR BN AS . RIRRIRE LRI AXIAE, AR E e . RA&smRE =, Wt
BRHEBC, HARIEA ER LR HRAEE R, a7l Mt JaR 2R RN
(Wi 32 R B = ml ik 90.87%, #emliks 79%), 1en B ARKKIIFRFI AT 5. HIXT Fe-Al A& H
Sc. Nb fil REE EAKIRAERA 5 527 5 L 02 AR 15 B — IR IR I, 3 T2 B 5
RS RINERE R A B S EEL

4.3 EEWLH]

4.3.1 RALAE R 889 & Sc. Nb #= REE #1465 &

MBI, DR XEEASEET B, AT ANIAT, B L XA RER, R

WY TS (Tl A RS2, A R T B st 2R (A 1L 2 A e A - - 2 T Y, R
Uk JE L2 A KA . Ho ke L X EUE N st Sy Nby REE 4%, 78 RAKFRARW) Y vl 46
B AR L NBH T — R R X i 4 b REE S 39209 232x10°°, JL KUK 5EH REE 1541 675%10°°,
ST R Z A, BRI FA R TR w2, @WK RS R, T
Sc. Nb. REE g M, K MIALE R R, F—RZRE R Nb &8 — B2 FUA I 1~2 (55
W, 1M REE FERAENKMAEA T, RIS E R G RIRHE.

432 JEHBaE e RALE Sc. Nb #= REE RS &

PN 4G X B Bt LUER 9 B, L X KA e R . MR B AR, R
Bzl (R, W65, BoE), HERR A TR T AREGT R, Sc. Nb. REE ZE7E4y HI7EE B
VB BN Sr , TERGHIRE S LXK Fe-Al %5 2N Sc. Nb. REE &S H I\ m 537k
i (B 2), Bt d R s T (R 2), XA SRR S/E S U 6. X 95tk 2127
5 i REE BRG0P 5W H Re D B A B AR Dk /N T e 55  Fe-Al 5 52 LREE & &1 5 T HREE

(R 2), RINEM T EEMY, XlgeeR b WIEEHMANSOE, &7 12/ M0 HREE X DI
R LT S BRI % 5 T S AR K LREE 25 B kS i W Bt 1 45 ALR AT, 32k 1T 512 LREE 5 HREE
5. AN, MRS L XA AR ETE, WG HSSH, AR T HRK NEAWXT Fe-Al 7 FRilt
TGS, Fe-Al 7 RN Z Ak, MiER Scv Nb. REE NIFEXEA IS4 A MEA &
R0 S A T P AR B PR 4. (BRI,  Sc. Nb. REE ®4Em it Fe-Al 5 R 52 AT
%, WRTATR, FEEA (Px) Fe-Al 5 REFRERE, MAEA (Pal) Fe-Al 75 R 7ER [ X 45 5 BL A7
TEfRK, Sc. Nb. REE EHEEEFURM LA, MM AERA R (8 2), JUHZEFUR 4528 Nb,
REE B &4, XrlaeREEA (Px) Fe-Al 5 R W Sc. Nb. REE S&EIHE & T REA (P Fe-Al
HRFEFHRZ —,

5 %5 &

1 B7hdk Fe-Al 75 2P & 4E Sc. Nb fl REE %50 & &, H-FIH ke EAal, LEoAa Tt
FRIXILPE SRS, Hef, B4l (Pax) Fe-Al ‘H RAEIX M, Scv Nb. REE 43 7i¥5], ZRHEUVN,
MRFEH (Pl Fe-Al H R4 AX A, Sc EEAAMT M, Nb fl REE FZE oA T, ™M
PEEE, AP Fe-Al 55 R AHEL, A& A% & £E Nb 1 REE.

2) Sc. Nb Al REE &% BA 7S [0 40 iy A A YRR BRRFAE . 258 |, BRI (Pex) Fe-Al 5 R Sc
FEEET T, Nb FEFEET L#E, REE FEFET T B, RFEH (P Fe-Al'4 RN, Sc F#
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BHET T, Nb M1 REE FEEELT B & FEBRMZIE . etk tJrm, f# Sc. Nb #
REE 43 AI7E 25 AR U SSURE 128 . SLRHRER TRk s AN TR, 28 R TR AT o & 4, J5 & Sc. Nb
I REE & &5 BIAEREA RS 25 . AR B RS 128 AR TR 155 & AR s

3) Sc Al Nb A g 3 2 A [ G B 4 HCRES A TR 9. Bs A, &40A%H, T REE
AIREAEAE B TR AR R A S5 ML, AHERMALR CH Y RAAE TR, SAT S, XK
Fe-Al 5 & 4 B MR AF T 5 %288 5 L RO AR AR ST B f B gk — B 7L .

4) Bk Fe-Al 7 & Sc. Nb. REE &4 AT HEAE X A MALIE FH RN ibian & 48, 1 ek
EERERE R EE, HEETRRE Fe-Al 5 RTEEMER X,

W BN LR RSN L P R IR AR BRI T e L. R & TR S, i
2 cp FE A CAE AR BB FTBE A7 ST b o b P AR SR SE AR N SR DISERE, 4 LB -AE T
SR A 3 v [E B} 2 B ER AL 22 TR O AR o5 5 AR — IR B LA A
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