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Abstract: Volcanic ash input holds significant impacts on the reconstruction of sedimentary environments in saline
lacustrine basins. Specifically, when abundant trace elements from volcanic ash enter lakes and are preserved in tandem
with sediment, the element contents in lacustrine strata cannot accurately reflect the original sedimentary setting.
Focusing on the 2nd member of the Permian Lucaogou Formation (P,/?) in the Tiaohu-Malang Sag within the Santanghu

Basin, we investigate the mechanisms by which volcanic ash alteration affects element anomalies in fine-grained mixed
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deposits using major, trace, and rare earth element analyses, gas chromatography-mass spectrometry (GC-MS) of
saturated hydrocarbons, whole-rock X-ray diffraction (XRD), total organic carbon (TOC) content determination, and
thin section observation. Accordingly, the saline lacustrine sedimentary environment under the action of volcanic ash is
reconstructed. The results indicate that the P,/* consists of fine-grained tuffaceous materials and carbonates, with the
total content of felsic and carbonate minerals reaching up to 95 % on average, suggesting gradational mixed
sedimentation at facies margins in a broad sense. Under the influence of alteration such as early dissolution in water and
mid-late devitrification and organic acid corrosion, substantial volcanic ash thermodynamically unstable released various
high-abundance nutrient ions (including metal ions) into pore fluids, which significantly interfered with the elements
including Ni, Co, S, P, and Ga in the fine-grained mixed rocks of the P,/ As a result, these elements cannot
accurately reflect the original sedimentary environment. Biomarker compounds, together with the analysis of major and
trace element data after screening and correction, reveal a hot and arid climate during the deposition of the P,I*,
featuring limited water supply to the lacustrine basin and extremely high salinity and low oxygen concentration of the
lake. Volcanic activity played a significant role in regulating the sedimentary environment of the P,I>. The transition
from intense to intermittent volcanic eruptions corresponded to an increasingly hot and arid climate, along with elevated
water evaporation, water salinity, and oxygen concentration, leading to the deposition of various types of rock
assemblages.

Key words: volcanic ash, saline lacustrine facies, alteration, element anomaly, sedimentary environment, Lucaogou

Formation, Permian, Tiaohu-Malang Sag, Santanghu Basin

SRS A M A% 5 o, 55 LB LS X TR AR T0 3R 7 1 S M) Bk iy BRI S A T —— LA = I 2 b A8 - S BT T B — s 3R
RO BT ). A SRR M, 2025,46(2) : 530-549. DOI: 10. 11743/0gg20250213.
PAN Yongshuai, LIU Bo, YANG Yizhuo, et al. Impacts of volcanic ash alteration on element anomalies in fine-grained mixed deposits and
paleoenvironmental reconstruction: A case study of the 2nd member of the Permian Lucaogou Formation, Tiaohu-Malang Sag, Santanghu Basin

[J]. 0il & Gas Geology,2025,46(2) :530-549. DOI: 10. 11743/0g220250213.

UURBRBR S5 H ) T2 A AR TURR ) 4 S PRI A
SR ORI A AR LA S AT L T AR LB A A E
RSCHT I WA TR PR B I R A, A
TP BRI T AN R A T AL BR L 255
B A5 vy PREE A AR A s A 2 M ) DT AR
Bk AR, DU P A0 & R A AE AR A AL
B YIIPERH I AR DRk AT LA a3 A i 46 2 S ok
PRI DA K AR AL AL Rl A ) 30 T
19 RS A A LR, S8 DA A R A X A
Je ORI I E ZARATIE & & 2RI i
REYTTERN " B RN RS2 R AL 4 5 B0
WARARLILER D), Bl U RN B W 4, U R R B4
WEET s AR 7AW sl 3 HA ML SE = I DLRRZ
A W O R AR AR AR T

SRS B3R5 1 REA SR S A A A TURR PR
{EAE S L Sl 6 00 DI, TR X T B R kil
BRI B4 LA ) 2, T e A ity R A ot BRI AT T
BRI PR LW R T RRIR R, S A
SrAFILER S S H A R, KK R AR
w R NN ZMESREE T, XY s

W& J R B TR W 4 b i UG DU B R R AF T
ettt AL KAE R LR BITTAR, R A B S
R 207 LR DURR R UG TURR ) I8 2R Bk AL~ IR
SR SO RIEN , RO JA O R e Kk i iz 1T 5 80t
KPR KK TR A i 7 DU B e
2, O W T B K R B AR DL R EEAG A
ZAHr B AN BB LR AR 2 A A AR T E0T
RILRBANY T S38h, KR T2 it
ANERSE TR S SRR E M oh , M e AR 2 S EOE
AR e 2 - 1) F LB E R B ChE I I A 2R,
(ERE K PSSR Y/ D0 et TRITR A7) B oVl & i wive N
IR A LR T TSR AR . SO A
AR AR B R OC R SR 2 T R AR DR D)
JCER WIS 73 AT , REAE AR R P iy
JLE KT AR 2 e 22 , KL R AL et
FRERSE FU AR E S 75 22 BT AN, R 1l PR
FOAMEFTER SN R . ITAFRAIMTTE A B, Tl X 5
SE IR 3 DCHEAT A R e A4 20 B 1T 2 ST A DT AR PR
FEBR AW (BT BETFANE T H A AR AR LR #Rd5E
A M, L AN AR I A 3 e P 2 O R Y



532 £S5 KRR R

546 5

2E 0 DR, RO ) R R P A5 A RS v R T
VEATS A 85 22 1) L5 A DR I 3

W A b A W) - S A M R A R RV 2 T
O ZBO VLRI QLS S5, K — 2 th BEM R A
i T2 3 I ot 2L 3 A 0 ) AR ARA) , LR B B £R
F IR, BT 95 %L B JE A B K LK
TS AR BUA T0 2R MR AL A AR IR R i LR K
KRR AR DUAR PR F e Y R A RO IX . AT
TAZFIRLE 23 DU Y WIS T T30 25 1 L R ) Bt
FEEE RN , o M R T BEAT AR RO IR 2 o HR it AT
FELAP B ), R A LR AL 2 (W hn S A&
Yy A5 ) ML R AL 7 (F2/00R TR 55 ) 7 B 45 T Be
RS & B9 T7 35, 68 K LR 52 0 T Ja Ak T8 A TR 25
Rl BRI R AT E A, 5 A PR KL ol A o 2R TR
BUE TCER 5 1952 MR AL ) 20 B3k X LB ) S5 18 A
DURRER LS8 A5 B2 W), g 1 5 IX R Fe A BAT il
S B A DU A R R AR S
BUA BRI R

1 DX 3 o A O

AT ST B A5 [ DY L AR /N 2t — — I T8
HH o AT P BN B BB R A, P R 32
A Sk M I 2, AR L Ll s AR IR MU g UK SR
SRR, 5 PR FR LA S2 P E Bl -1
1 BN S0z s g A2 B b -3 % S S ks gl
S5 22 AL 35 3B B 1 SE I, = I ) 4t v L 3R AR TR
5i A1, P R VR A ik I RS X, ZR U IE R I
FRIX, B W U A, DR RO S AV R 3
PR R 2 AL AR 1) S U R

AR SR . o, AT b
26 T — T U3 T4 e M D) i A UK, R R
WP REE IX (& 1a) o I 0 F i 2 22 1 B &
G5 0 LA S PR VU e B AT 4 VY B 2%
M35 Bl WL 3 1T A L R, A i X 3 O 2
RLEEIK TR 25 A7 1 5 DURR B A A1 2628, Uz T Mt
AT B B L R B T A DR RS I (P 1a)

F A1 2 Lok, = 308 80 i DA LS 3+ 23 il 24 L
WSS, B X G LB R Y Ak AR e D
JEN . TARLUURE R, B RO AL, 4
Hu AR K L B R ZE , 8 2300 G L S L TE K
T ANREEIK T AN N A A RIR R T R
TR A DURAR R S A B 20 vh W3, 2 P R A A
R KT AR I 2036 3, S B B A 4UE T ILT

KIER KA R RS PR 4L i T2 Bl 4050
PR — B O — B RN B O B A
R =B O =B o T B DU RO A
AU RE e JEE R L), SR W X R E 2 T
HMJE BB 1b) o (H 32 5 8 2 B8 L 16 Bl B3
Wi, 7 BRI R S AR 227, FRTR Tz X U ER5
ORS VRS TARA fp it — P IF I 2 E i 29 1 X% X
GO B BRI A DX oA B S AT L AR
FRIREEAR T I i ) B R S 8

2 FEaRREE S

AWFFEIT R /MR TR i TR MRS
AR TS T3 A XS ATT S A ALK &5 553 B7 L LA
LAl e SR WL I Py S A S, R B T
OHEATINL . BFFE XA 2 D2 RGO, IR
O A BE R AT 35 200 430K, 0L JZ= Bl 8 5 0 — Bt
R T HERR 53 BT KL IO TURR BRBE 48 Bk 1 52 W), 7E LA
R A T SE R GO R A O AT AT AL S A
AR A3 LR o0 SR R A AR Bl IBOR B
DR (K 6 em FLAE 3 em A0 o

TR A b, X i R S AT T A X AT
R HLR S 12007, DL F B R B R e 45
IR JEARAE 2 90 45 BRI S [m) LB B A R o ik A T
F/CER IR i A 0 R R SR 3 - BT A A
Br B OR T LIRS [R] LB 5 12 B RE al i EA T8 L 43 #T
JIE A 8 53 A I SA TR AR A Tl R 2 22 ¢ U5 3 [ i A
AR AT R A [ T S 0 2 A A DA T R
T RUOTT 2808 8 o e S 0 2 5 L, T T R A
PAT T3H0 R Tk S B ik /D TE s HERR R A
P53 D [ A e e i ST A W05 Bt LA R i
NFIAHDCAIE T R e B 1 88 23 3 Bl Je 3R 5540 A
Hodh

3 KUKFEME T AR A FRAIE

3.1 2RF5TYFEHE

i A % O WS RO P 48 7 DL e XY
AT AT SR B, T T B ARLIR B TR AR R
KB WA o BRIRER O W AR e B 4y (18] 2a) o H:
FORTE EEUA AN ECFERZAH22.8%),
BRHORZCFE SR8 19.1 %), 7 g 4150
CFEFRZN4.1%) )58 FEUAIN ECHIF



WA, A5 L IR P AR o AR RS T0 R S AR IR B il SRR A A 1 533

)z
|4

JEEE/m | vk

e

100

SRR

400

200 x X X X

1

TR
X
X
X
X

600 |[rrrr

AR

el

100

200

F
el
i

™
E
[
[
[

Bl 200 =

BT =050 2t O (a) S — 38 R MR ZESAEIRIE (b) (B Sk 16 ])

Fig. 1 Geological overview map (a) and the Permian composite stratigraphic column (b) of the Santanghu Basin (after reference [ 16])
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Fig. 2 Mineral characteristics of the fine-grained mixed deposits

in the P,/*, Tiaohu-Malang Sag, Santanghu Basin
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Fig. 4 Characteristics of major and trace elements in the fine-grained mixed deposits in the P,/*, Tiaochu-Malang Sag, Santanghu Basin
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