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Abstract: Catastrophic events contain important geological information, and their relics have economic and scientif-
ic value. Discovering and studying catastrophic events is one of the methods to solve geological problems and also a
way to improve the understanding of geological science. This article lists the main catastrophic events of the Permi-
an bauxite rock series in western Guangxi basing on field investigations, microscopic feature studies, and analysis of
heavy metal elements in the bauxite-bearing rock series, and explains their formation. The main catastrophic events
in bauxite-bearing rock formations are volcanic ash season, heavy metal anomalies and earthquake episode. The
duration span of volcanic ash deposition can extend to 10 Ma, and the lithology of volcanic ash varies from basic to

acidic, showing the arc-related calc-alkaline magma series. Compared to bauxite ore concentration areas in the
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North China and North Guizhou, the bauxite-bearing rock series in studied sections of western Guangxi is strongly
enriched in Cr, with an average value of 400x107° to 900X107°, whereas Ni is strongly enriched in some sections,
with an average value of 300107~ 600x10°°, Cd is enriched in most sections, but Co is enriched in few sec-
tions. In addition, Sb and As are greatly enriched in the rocks with felsic volcanic ash. Six elements including Cr,
Ni, Cd, Sb, As, and Co constitute heavy metal anomalies. The seismic relics include soft deformation, seismic
turbidite, and small graben, etc. The triggering factors for volcanic ash fall and seismic episode were probably the
subduction of the Indosinian plate beneath the southwestern margin of the South China plate, which formed island
arc magmas and volcanic eruptions, meanwhile the back arc basin tension caused earthquakes. Volcanic ash not

only provides substances such as aluminium and iron for bauxite-bearing rock series, but also heavy metals which

generated to heavy metal anomalies
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Fig. 1 Regional tectonic location (a) and distribution of the Permian platform containing accumulated bauxite deposits (b) of the

western Guangxi ( modified after Qian Xin et al. , 2022; Zhang Qilian et al. , 2024)



826 F=

fa i Y

2
¥R &

i 44 3%

5585 TR K VR ) 2] 1 < L4207 Z i, A Jmy LA
GYoRMIFRIF 2 R =S, kK E G AR LA DT
AR AR R 5 A DO (fham AR 4, 2009) , R &
TR R 3 N 3 O, A VLA e AT 9IS
BrEe, BEER = E R, 5oz R p E 5
TR, b =S A A A Hi B 25, DO T E R
RGO A, th =S R, B S B 5 A e B
PEA i AR B AL 2 P AR (CRARME S, 2001 ; FE
EAESE, 2009)

HHIAE X (1 AR5 X)) DARIK TR
TIE B FR ER 5 32 22 A MR I A e K TR K
BRI SRR A R AR JE K S T
PR AU R 3 ek IR A iR BA e A A
R AR ol A AR X LRSS RE A N 3, RHIE A B 7
FHIIIAT T — P L s (PRI AR A 2009)

PR el AR MIh B oK, A VLA P RIR Eh 5 Hh

a|

—J BI R, B KR, TR SR A R b
CERSSIARNERS R a5 UL R
A MEFHIER T8 (1) o i T Sty G b X
TSR ISR R R A O AR e, 7 8
BT AL (] 2) T AR R, RS R
AR, R /DSE 8 B oR, LU 52 ZK1271 &5 L1 #5 38
2 T RGR, A SCHTT 2 R TR R R &8
RN HAS TR ERAERMA T EEAR, LY
FRH A TE EAME 10~ 15 m, &0 X 22 A K, FEH A
AT ESRAERT, FEHAE R IRIE N, T
W EFRA R L TRE R,

FEBARA LM FWREEZT (K 3) il
mr,

© RIPHIHZ (L) ;

® A

@ #2592 e A

f D0
o ) ORI
R V4

K2 HP SRS A RMAEIE (a b 51 A KA IESE, 2024b)
Fig. 2 Representative sections of bauxite-bearing rock series of Permian in western Guangxi (a and b from
Zhang Qilian et al. , 2024b)
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a—mudstone with wavy bedding in the upper portion of bauxite-bearing rock series that lack the carbonaceous mud or coal seam in Taiping of Pinguo;

b—middle to lower portion bauxite-bearing rock series in the Taiping of Pinguo, without ferro-aluminous and paleosol at the bottom; ¢ and d—drill

core of ZK1271 of Gumei deposit in Tianyang County showing upper bauxite-bearing rock series with chick beds of bauxite and bauxitic rocks at the

bottom of the Heshan Formation and lower bauxite-bearing rock series with bauxitic rocks in the upper portion of the Maokou Formation, indicating

at least two stages of exposure, lenth of the drill-core box is 1 m
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Fig--'4 " \The h'stopram o samples of bauxite-bearing rock series of Permian in western Guangxi(b~ e from Zhang Qilian

et al. , 2024b)
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Fig. 5 Typical characteristics of volcanic ash in the Permian bauxite-bearing rock series in western Guangxi
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a—the lithophysae in pelitomorphic bauxite, with comb-like crust, presenting acidic magma, Leye County, SB-2; b—the plastic detritus and quartz
phenocryst presenting acidic magma in aluminaceous mudstone, Pingguo City, Taiping-2; ¢—the porphyry of quartz, alkaline feldspar, plagioclase in
aluminaceous mudstone, showing resorption texture, Fuishui County, KLSK-1; d—the magma fragment in massive ore, showing inner devitrification
and a shell, Pingguo city, Fubu 1; e—the plastic detritus and crystal fragment in massive ore, Fushui County, Qukanl; f—the plastic hyaloclastic
fragment in massive ore, Jingxi City, Xinxu X; g—andesite debris in aluminaceous mudstone, with feldspar microcrystals are slightly oriented in the
matrix, and a spherule displaying, Chongcuo, BB2-1; h—round basaltic debris in ferroaluminite rock, Chongcuo, BB2-7; i—andesite debris in ferru-
ginous bauxite,, with hyalopilitic texture in plagioclase, Chongzuo city, BB2-2; j—the olivine pseudocrystal in ferruginous bauxite, showing goethite
(light gray) constituting the graphic texture, some of the crystal fragments circled by reacting edge, the size of goethite in the matrix vary wildly and
disseminated, the primary mineral of goethite was magnetite, Chongzuo City, BB2-2, reflecting light
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Fig. 6 Composition of chromite and zircon of in bauxite-bearing rock series of the upper Permian in western Guangxi
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a—chromite in bauxite of the Shanxu of Fushui County; b—euhedral zircon in bauxite of the Shanxu of Fushui County
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Table 1 The contents of heavy metal in bauxite-bearing rock series of Upper Permian in westerr Guangxi
T B A Cd Pb Cu Co Ni Cr N\ n Sh
XSBT01-@ R 2.16 23.7 35.7 68.4 302 1150 9.3\ 10. 0.89
XSBT01-© BARA 0.79 29.3 54.8 210 35/ 780 6.2 152 1.98
XSBT01-& AR 2.05 27.2 44.7 71.7 31 1130 9.9 111 1.06
ek XSBTO1-@ Wk 1.31 27.7 52.8 183. % 338 530 16.8 126 1.96
XSBT01-0 R 4.28 9.1 595 170.5 ¢ 780 2.5 120 0.41
XSBT01-2) LR 0.84 9. £ 3,4 224.0 361 740 10.3 149 1.39
FH 1.91 2071 40900 1.4.68 379.67 851.67 10.83  127.33 1.28
HERK 24, €1 1.y 1.24 4.83 6. 66 13.52 5.70 1.48 8.54
SB-3 PemsE A ). 22 ©\37 454" 45.0°  68.7° 600 * 9.5 171°* 2.82
SR SB-1 A RS (. 06 8" 369" 17.2% 92.1° 770" 5.4 161° 1.90
F 0.14 5.55  411.50 31.10  80.40  685.00  7.45 166.00  2.36
LT ~55 0.37 10. 83 0.97 1.41 10. 87 3.92 1.93 15.73
EB2: g, LIRS 0.28 23.4%  56.2°  26.5" 333* 650" 7.9 54 1.15
22-6 NeApiE Sl o=y 0.11 26.7" 76.7" 49.9" 352° 1 000" 9.0 113" 1.51
BL2-5 LERriNie =) 0.33 27.8% 22.0" 17.9° 322° 600" 6.1 36" 1.25
BB2-4 A msE 0.11 6.2" 18.5°  18.9° 452" 740 2.9 30° 0.26
BB2-3 LER Wi E ) 0.18 21.5° 32,9 20.9° 394" 1020" 7.6 35° 0.92
s A BB2-2 LR wrib b ) 0.06 19.7°  100.0° 18.8" 460" 830" 5.2 72" 0.70
BB2-1 LERwriie =) 0.12 10.2° 228" 28.2° 383" 1430" 3.9 78" 0.23
BB2-0 g 0.12 4.8" 886"  166.5° 560" 780" 2.7 268 0.09
BB2-A Jiiga st 0.33 13.4*  184.5"  20.3" 380" 1440" 4.1 97" 0.36
BB2-B gt 0.11 7.8% 264" 73.3* 512 1250° 12.5 90" 0.27
1y 0.18 16.15  186.88  44.12  414.80 974.00  6.19 87.30 0.67
HER 3.18 1.08 4.92 1.38 7.28 15. 46 3.26 1.02 4.49
H6 T JBR AR A 0.35 45.5" 11.9* 4.7* 36.9° 660 * 13.4 19° 1.43
H5 B 5 0.23 48.9* 10.1° 3.6" 34.5% 470* 4.6 16* 1.56
. YH2 Yok +4™ 0.31 75.4* 3.5" 22.7°  111.0° 630" 12.8 18* 1.94
PRagH 0k . i _ . v
YH1 N R 1.34 64.17 3.2° 19.5°  113.0° 820" 30. 4 20° 2.71
T 0.56 58.48 7.18 12.63  73.85  645.00 15.30  18.25 1.91
HERK 10. 14 3.90 0.19 0.39 1.30 10.24 8.05 0.21 12.73
ZK4004-2 H;ERFB LT <0.02  21.5°  10.57 2.2° 22.3" 100* 11.0 4* 3.00
ZK4004-1 N R 0.09 58.8" 15.6" 3.6" 28.0° 950" 38.2 4* 7.43
T K--2 HEARE 0.06 8.4" 5.9" 5.2" 46.7* 60" 15.9 5% 2.11
KF-1 RS L 0.16  47.7" 6.3" 9.1* 20.8" 520" 16.9 12" 4.66
T 0.10 34.10 9.58 5.03 29.45  407.50  20.50 6.25 4.30
CEET 1.88 2.27 0.25 0.16 0.52 6.47 10.79 0.07 28.67
b E R 0. 06 15.0 38.0 32.0 57.0 63 1.9 86.0 0.15

* —5| FSRIFAESE(2024b) 5 HEIREFEHURR A RIE (1994) .
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S| O =L R & T b R R 1 YNSRIV 2
TR (Liu et al. , 2014; X2 K4 20205 KO8
%, 2023), PG AR 0 X Cu F&E—B/DT
100x 107, AN BB 1 228. 8x107°, Ni & 1 —fi
7 100~300x 10, ™ Hil4E i {2l 509% 107, Co % ik
— B 10 ~100x107°, F = fH M 173. 1x107°, Cd . Cr,
Sh As A WEHE (IMNEFESE, 2012) . FEESL, BRAENE
Y Parnassos-Ghiona B 5 T-AS X b | B H 38 A4 W8 4
HIEE 43 X H Cr Ni & 81K T4 74 ( Laskou and
Economou-Eliopoulos, 2007) . H: P4 X & 40745 R B
Cr Ni JysmFUs 4, Cr 727 A (W35 o 35 HoA & )

i FEIE 400%107° ~900x 1070 Ni 5 & 76 #4334
T o) A R B Al ) TR IR AL R, — R 300x 107 ~
600x10°°,Cd W EE(HERE1.5~5) BmFIEE
(BHERE=5),Sb As WIFEERYE K LK A 35 BIRE S
o Z0 e AR, PR ORI, S — M =l
1~10x107°, As — & 2 10~40%107°, Co JR1&B &
#,Cd .Cr.Ni Co.Sb As X 6 NMICEMME T EEE
S
3.3 ihE

TERE F TP b R 5t R A L R, L R
e AR M BUA RAAE BT (B 7).

K7 P B RS Rl AR
Fig. 7 Relics of Permian earthquakes in bauxite-bearing rock series in western Guangxi
a— M LA E () MBI SIS SR L SRR A O, AT 28 b—AE (A 6) RO S 58 84 AL,
H BT 265 c— @ 8 RTINS A BOWBRSMERE  BEER T EEA R R s oA < SR O Bl ; d—/ s
WA R0 B8R, DU LU s , HE DRI A Jertis | J2 BoE 4 | 18I h ek
a—gypsum (white) in the bauxite ore formeda flowing structure, containing bauxitic or ferroaluminite boulders, Gumei of Tianyang; b—gypsum
(white) formed microfluidic structure that splits the bauxite into pillows, Gumei of Tianyang; c—seismic turbidite lying over bauxite-bearing rock
series, showing the A park like shattered rock, and the ground fissures not penetrating the overlying layer, while the boulder scattering within bauxite
mudstone, Ma’ai of Debao County; d—a small graben filled giant boulders of bauxite, covered by mudstone which wrap successive siliceous

rock, Ma’ai of Debao County

BRIt B TURSORE RS, e n B R, B A E R A
@, Jr) FRIE L Sh A 3, A IR ER T AR o 2
R = I EOK A0 B WK A R K R R
e, U e sl A b o Bk AR e BRI TR K @ A 0

AR (E 7a.7b) , WF HFHE 287X ZK1111,
KA TEERE - 44 3 B JE 20~50 m, &
BT JRARCH R K A8 07, ARSI & A
B2 LA T s, nTHERR W AT B, 2 A
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7 28 il 4 L B B AL B T B,

RMBUA (E 7e) , A R LA Rle s
PR, 5 2 8 e BUA —FE LA BN ) AR 40 3
AR EEE RN 2 (H R MRS B B 2 T AB B
LB B N R, KRB A GEE L AR ER
SEuUIRMEAS IR T | R ARXE R, AR B A (B T L5
2006) , IRV BT WLE TR IR R AT SR IR S A
ULIAZE AR, JB T TR (22 hR 5, 2011) %
KA (G P, 1986)

NHEE (] 7d) DL AE AR T R i X, M — R
KR, 53 —RE AR LR A I AR A N TR
TR ZES AR AN AE A LR B
JEEE 0 WAR 0T ELRR, S LR R B AR e
AN, R B A R A R B S M
JEMAHTURL, I — B LB & 48 A R AR, i Lk
RMBUA —8E, NEE T A R LS R
T UURL B B, J iy M AR B R AE 2 — (R 2 25 %,
1991) ,

BR T Lk 4 FhARER LR AN, 75 = A0 X 205 A
F WA U A v UL B R — R A 1 A A T
F AT ILEER + A SRR I AR AR s
TR KR BT SRR, FE R e R
TR AR A #7200 B0 ROV R 2R
MR E A A NIRRT B R A, 2009)

4 HHE

4.1 SRRLBEFEIE R KR KT E4RIFE
LR 5T A K LA B ST e — e
ATLZE AN 71 (BREEFE S 19905 TR IR 55,
1994 ; ¥ R4 1995, FLimA:45; 2009) , & 7 845
(1999) FEE AR R IR BB T A et — &40 By ok L
o, SHENVP A (2012) FEAR S AL T Horp =& B
Kl E TG A e R S e B, £
BN _EREHRARPEARLAEBSZR
o B BR K A3AT T 5 RS A B AR BT Ay 145
Hah B R LR LR A TP A B Z s
HETPRARMSIR, Bh i, 22 1A%
58, AR WLICAE Sl B it 7 o, SR 2 25 0 s K
P TR A S R AR RIE K T (Wang et al. |
2022) , FEMT L BT RS & (K] 5g) , A T RESE
AR R BT T AR R A KR K (R A, 2024) ;
KRR (CRACH ) BRI ) T s

WIE A IF s W i B Ko AR A A
BEAR A (] Se) o Ui @ v, 2 alA -4l
F-TBUE A8 = 3R SR8 R 51 (T e
4, 2009; XIMEAE, 2012) , AR TAERI S A R
HLEZET Cr Ni & &Es, RUEA K YR E
TR [ Hb AL AR wp AR AT AR A AR Rl A
H B S SR A i s 25 BB ) b BR L 2 AR AR R
LR ICR (L/HFHH 3. 4) AR R 7R A
JLE (Th U.Pb), 5 ICE (Nb Ta) (KA %
&, 2022)  UERHAS IR AR B a ORI B A PE 4R IX 2
A BN s AR T SR A R A o
[ Cr Ni H IR BA A 5 22 AR o, Ll i s k2 AR
PE R B ) R, 2 AR R o R 7= 4 (2
BOARSE, 20195 H SCAEAE, 2022, KL s TS 1Y)
FEAE R KL IR X ASZE , LA B A1) 5 kLR
7E 100 ~600-'m | W7 [l N (FRE @55, 2014, 2022)
JIT LA IR 20 %% B 3wk 1Ly S oIk L s & 5 AR
DR B I Pk 2 B S AR B R A g Al R 2 ]
5 5O IE AL 7E B ) (Jian er al. , 2009; Shi et
al., 2015; MRAEZE, 2024) , Fr LA 07 248 74 il K
R M, B A ER AR 32 B A9 kL s & R 7% H
B IO FUB R R 1t 1L 43 A, 7625 SR AR
PRSP TR R D A S AR i B Al R T LS R IS
FE Y 5K A A TP AL 3 Bl , YRI5 ] R O R R Y
KA (HSCAE A, 2022) AP Y I AL 1 A 8 IS
FEH HEWITCK LRSI 25 e 5K 2 A X K DL
R A TS R R A A
4.2 S5\ T ERARKEE

AT ARE LT AR 0 S A s W
Ko AR REEIY AL m ] A 2 D — KUk
WRIERDATIE B T B A 5 1T ABR R £k 5 o 3655 i K
b 5E 75 BRI IE A BT LR B A, IS LA 1L P
WX =& ARRB L0 (ERES, 1986; T4
JI&E 2011 ASCHSE, 2013b) kR BARLL + 148
T E B S AR IR AR A i, BRI R
AR (R AR s B Tl R A (B a4
2021) , KR A Al & 22 U 0 0 8 2N
R, WX —& R EHS R D 2Rk EL 5 A
i, R XA B0 B, T8 BEACRURK , LR
THIE AZ D8 A BL AR A a8 I AT L vE (9 4R T IR
Wi, WK AT e A AR T AR Y
BL , ANTE T 220008, T2 A 155 57 1 4 Joz B L
Kz5,
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5 ALK ER R 83 1 B AU AR 15 R AARILAR
T RM I, PR L &P Cd,Cr,Co Ni,Sh, As
FEYRE, ARA S8 S0 E R, BRI
TRAERIEERE A X R BT R0 4 W ) SC R 25 2
B, KR T 0T Fe & AR FIREA R, Lk 6 4~
LR BEGHRA RPN & ST YHer
(ARCHE, 2017) , RAFE I -FetE A K mi &, flr
KW, 4 J8ICE As Bi . Te . Se .Sh 5 54T
REE NIRG G &, EATZ B LR 58 T 40 %
TR SRS, BRETE R P TR (44
4, 2023) o WESR KL K 1) 5 4 T R 5% 4 I ]
TEG PO F A R E S IS EAR AR i s
BT EERERSIRAW S EE K IR ] &L TE
J3ia R PR v PR PR DT AR B R A L i 0 1
IR A HLT, IR AT A7 BRER oRe UR A A K ; AR K R AT
A RETE S5 T 0 15 30 Bl P Ak S B K AR T
IR X AE %, MG RCH™ , TEL A R S [X 49 41k Y
S IR ARAE R 260 Ma 245, 555 A R
AEARA Y, H b 32 B K R IR B R 24 E K
WAy 1l 227K AR K RIEA 3K TR A iR (e
&5, 1995) , 41 Al RSz ik LA g E A 0

5 %5t

(1) flly DA SRS R FERASHM A K
JRZE HE 4R SR R R . KLl KRR T B T R
10 Ma, JILBR A M b B R bE A B, J& 5 90
FER M A 3% 251, HA Cd . Cr.Co Ni Sb As 54>
JE& S T H R 5l WA AR T R MR N
A,

(2) KRRV F b= 45 1175 TR A B S AR
LSRR TN E Sl I IORSRUISTE a1 DR
IR S8 B I SRt e TR B I 2 e A 7 5K i 2
1k T HE,

(3) KIKANA R TR0 B e, 8
JnsE T EA RN E L
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