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IR 1) PRABE DU Y SR8 o 7R Bl R AL S ] /K S
(Calcareous Alps) Hi [X. , Schlager and Schéllnberger
(1973)4F 15 WOULER ) 13X Fb fid 25 1 A v 4k, F 5
A T “Reingraben #5477 iX —#2& . FJ5 7E 1989 4,
Simms and Ruffell (1989) B WK ¥ b X 5 1F iy 44 0
“Carnian Pluvial Episode” (< Je W12 F 3 F, T 3C
fETFR CPE) o i F A 19 & A= LA B8 0 3 T 42 () 185
(Trotter et al.,2015;Sun et al.,2016; Dal Corso et al.,

2022) g [F) 57 Z 74 (Sun et al., 2016; Dal Corso et
al.,2018,2022) . fiK iz £ %5 WIS 1 (Hornung and
Brandner, 2005 ; Jin et al. ,2020) 7 517 84 (Lu
et al.,2021) B KBk XA I (Pecorari et al. , 2023 ) %%
Jy EZREE, T SE I 1 DU B FAE M) 2 A
HE T A BT E 4 (Li et al.,2020) . Fif AN CPE 5
PRS2 T Rl A il KR PR AR AL A5 T B 2
LD T EMEITR RFEM R EYa Ak
Br 45 (Z5 A0 145 , 2023b; Lin et al., 2024; Rahman et
al.,2024; 2 [E 45, 2025) . (HIEAER, BEE YR
AL B 5E T B i ke, HL2H oy B
AE A% P14 i W AR 2 b LR PR3 08 A o R RS 20
B (Bray and Evans, 1961 ; Peters et al., 2005 ; & £ 5%
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45,2017 5K 25 ,2020) , X S5 B A% 58 b 5T i Bk
A T ME LSRR o Rl AR bR i B A
R — SEFIFRE WAL NS 2 WAL SR T Y
T | BB 85 3 0 i DR A7 J5L h A ) RN BRS843R
(Powell and McKirdy, 1973 JHFEIREE 1991, 22572
1999; #5855, 2017) , 1 H X HE e PR A i
(4 0 107 S BURR, A A e B A e A R
A AR A A AR TR (E RA5AE , 19915 Peters et
al.,2005; 5K 245 ,2020) . AR, FAHIXS CPE S 41
AH A = B Th AR M AR B2 | i A b2 A 5 1A
AFAE X3RO E 55 AL AT B 55 1) 1 ( Celia et al.
20113 Jin et al.,2020) o SP/R Z W G HAE R AR
HRAE L A e S TR (7% Fifi AR O AR 28 | FLAE K 2 b 22 Ak
Th— =880, )R ESE, AU A R
R T, B M A R R R A TUS B K
FWETUR” AL B, e SR PR
HERAR TR, PR, ANF 5T X CPE S5 04 i B A DT
Ao 17 A 98 B A7 HE 2 AN 58 5 L (Fu et al., 2018;
Zhang et al.,2021c) .

AR SCLASRIR 22 37 4 3 vl 7040 ) 1| s DX ZK 903 4t 3
R, bR RS Y E R TR BT
A BB R ZR AT 25 G 4R b, J A 5T X S 4
7~ CPE FARAE SRR Z2 3 H X (R 1, A itk —25 = &
B AU AT B PR AT 5 BRI 58 35 i AR I8
A AL R R AR AR

1 DX daf b B MO

rh— = I SRR 22 B A ML TR B
IRER AR A Z e W] O P 2 M
IR Z W A Ak TR AR S PE AR 2 AU BT L,
FACE I TS LA, PUIG P =l AR B2, T 1w
28 3.7x10° km? . WY& &, SRR 22307 4 b
KI5 R 7S A 1 BT - R B RS  PE 2 b Bl L R A
Wi PR B T RS A FTTE JERE S (Zhang et
al.,2021a,2021c)

F b N Y 2 0 sk T 2 IR AR Dy s,
b e 5 L L A i TG S DA G . 7=
BB AZ BN S0 s s fedu R e 53 1 ARk
REFEDFA , SRR 22 B A btk A e i 3 e B B, 7
ARG UL , T A KA PN i 191 22 (Fu et al. , 20185
Zhang et al.,2021a,2021c) , 5 B4 PN ZE K 4 72T
B R AL T — &0 i — — A P — 51 AH B Bl R

PRIBUTRUR R o JETUURUIE M AL R4 & PR e K
AATMESRI0B (K 10B—K 1B, Sk 17
TR R EFNE T 2 2 (Fu et al.,2018) . Hor
K8 Bt—K 7 B iE A T sk i OR AR K 7 Bk
210 2 B X BEEE R 100~120 m, LRUAR L2
DRI —BR AN 32, nT ARG A AL & it — 25 b K
7 K TR 7 34N B, AR 7, BRI K A ik
Bl ey, Ak AT o s A LTI IS, B ik
FEMET A" (Zhang et al.,2021a,2021¢) ., ZK903 H:A3;
FI R Z W ZE M rE 2%, A T AP B Ak 3k R db B A 1ot
VA AR 9E RGEILUT ZK903 B0, K 7
B—RK8EETEHMWZ(E ).,

2 SRR A AT I

AT R GEEI T ZK903 B0, LK 8 Bt
AR KA T B B2 FIR A bR A B
HWILE VA PR (TOC) & & A WL [E A 25 5 2
HERAC2E AR PRI TS . e HORAE 95 (- RE S i A 7
TOC M, 86 FFHE S AT TR MK, 63 FFFE & it
FTBR IR 2 40T (8°C,,) , 34 VHRE i A5 25 -9 il
B 27 RS A T A AR AL S (GC-MS) 43T o

TOC MEAAE T AT DA 5L A GBI 7 8 A
SRS IEAT , 2 IR E AR QTR A BILAR B 5 )
(GB/T 19145—2003) fifi i LECO CS-230 i i 73 B 1%
AT, 8"C, MR AE 75 AR [ £ BE I AR L T
W= GRS SR = AT TR S
)57 2 bSO S e B A T . At oo M
B8 W53 S B E AR (GB/T 14506.30—2010) 76t
SR Tl A 8

YRR B G Y TS MR T s S5 3L g
VR4 77 B i S0 2 SR F AU 85—t (GC-MS ) Bk
FAGE RS, 3 B i R 2 BRI K AR GB/T18606—2017
PEAT o IR D) T A LB 2 B AR P hn
A YIE LR e &P b (9 DK
PEATHhARE , B XTIl B T A W A T 25 A, A
1EC K820 mL 8 12 h, ZJ5 AT B O B R kY
o HENTE CEFERER AL ER) 2 3 AR RS
J5 TR Bl A 03 — BT A (GC-MS ) X Al
5 IR AT AT o AR A5 TS AR FH 30 m
HP-5MS 5 PE A7 55 B 40488 A (N 42 £ 0.25 mm; R
0.25 wm) o B IREEFE 50 CFOREF 2 min, 7+
TR AN 4 °C/min, 75 320 °C FAF4% 20 min.
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31 BHRXEERBMEFE
R IX H 2K 8 BE TOCHA T 0.51%~7.91%,
SEXIE R 1.70%,8"C, fHAF—27.7%0~~23%0, “F-HIE

H=25.1%0, TOC 5 8°C, HIHAL; £ 7, B TOC 5

Regional geological map of the Ordos Basin
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S35 {8 N 8.53% . —28.2%0, 15 /R 1% B TOC i M1 . _E
It,8°C, M G A & 5 K 7., B TOC 5 6°C, (553 B
T 0.37%~18.10% . — 29.6%c~ — 23.1%0, F ¥ 1 Ky
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32 EWMETERFE

ZK903 - 7 Br £ &t R F L h Sio,. ALO, .
TFe,0,.K,0 Fl CaO ZH 1, , HAF- 3 {H 53 51 4 55.27% .
15.61% .6.44% .3.32% .2.36%., HAhF8ITE KHT
Y48 43 W) N 2.29% (MgO) | 1.72% (Na,0) . 0.58%
(Ti0,) .0.23%(P,0;) .0.08%(MnO ) ,

FE i e oG R AR ARRE S < K 8 BE P St/Cu A
F2.37~16.74, F- 34 {5 H 8.67, St/Rb 4t F 0.85~4.22,
A4 M 2,76, 111 V/Cr F1SU (B A XA, 43 34 T
1.02~2.71 F10.74~1.48 , F- {8 43 51 4 1.28.0.89; K
7, B Sr/Cu 11 St/Rb {E 21 81 & B, 43 5 A F 0.70~
16.96 F10.28~5.92, F- Y1 43 %l 4.52 .1.56 , {H V/Cr
SUH I B3 K, ViICr 4 F 1.17~6.87, 141 K
2.65,8U4 T 0.81~1.91,F-Y(EH 1.49; K 7, B3Rl
Jy b T #a Y, Sr/Cu F1 St/Rb {8 43 %1 4 1.40~7.54 F11
0.79~2.52, -4 {E 53 5}y 4.56 . 1.60, V/Cr F11 8U {E A
ST/, 43 A T 0.99~2.63 H10.74~1.84, -2 43
B4 1.31,1.10, S/Ba HLHAZfLE /N, K 8 BN T
0.27~0.63, F- 3414 4 0.50, K 7,B A T 0.22~1.07, F
P 0.45, K 7, BT 0.19~0.52, SFH41E 4 0.36.
33 EYIRELEYREHE
33.1 EMIEBRALIREF R IR

HEWbR B A Y IEA R 0 oA S A LY
SRR AN RS %5 U AH O (Zhang et al. ,2021b) . FE53
Mr AR 3 mlz 57 %F IEABEREFIIC IR % —
W R TR, AT LALER B[R] TR B B v I A e
R 25 . AR IEMBEE (<nC,) 5 L,
BRI/ AR (S C,, /3 C, ) BB K, 8 5 35 /R i Al
(A ATREAE , DR ML 32 B2 U5 [ 77 U e 2 A IR 5
IKAE A 5 B TEABERE (nC, o) IR K AE R AIHEK
)5 A AL BT %) T3 R A R 3 5 T i T A8 e g
(>nC,e) LR BIS C,, /3 C, FEAE/IN, U2 e i
WA Y %) S AT RS AIE , A8 LIS B R IR T i A Rl AR A
(Peters et al., 2005; 5k 2 %5, 2020) . Bt #4458 5L
(CPD) FIZHE AL S35 5 (OEP ) W2 FHEA WL R
AR ) HEZ BRI 22 28 (Bray and Evans, 1961) .
WH T, CPUAS OEP {E#423T 1, A L s i
AR

AR 8 B ([ 2a) , IEMIE R IH) TN T nC,,, I
i B /N F nC,, . nCypp 1K F nCy B L B 43 501 O
20.3%~41.3% . 42.9%~54.5% . 15.8%~27.2% , ¥ ¥ 1
53 50 K 33.4% . 46.1% . 20.5%. 3. C,. /Y C, i F

(a) C. Cy;
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I )/min
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IR
LSS e
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LI

i 8)/min
El2 SRZEZMAK 7 B—K 8 Bt Ml (m/z 57)
TE A 4 Jo o £ i 4]

(a)ZK903 3, £ 8 Bt , 806.95 m, TOC:5.81%; (b) ZK903 -, & 7, Bt , 754.50 m,
TOC:9.06%; (¢)ZK903 I, 1 7, , Bt,689.81 m,TOC:10.45%
Fig.2 n-alkanes mass chromatograms of saturated hydrocar-
bons (m/z 57) from Chang 7 member to Chang 8 member in
the Ordos Basin

0.69~1.63, “FHIE R 1.20(F 1) . ZBTEEIER SRR
7 P LA, PR DU BIL 3 2 K AR R ALHE KA )
DURR , T PSR o SR 1 DTBRAE XD

R 7, B (B 2b)  IER e ke i R 56 AS 22 nC
i /N F nC,, 0 LB BT Y8 BN 36.0%~
70.0% , E-Y91E K 56.1%, 11 nC,, ,, 5 W EUK T nC, 1
Fe 9143590 K 23.5%~42.2% F1 3.19%~21.7% , F-3I1E K
33.0% F110.7%. 3 C, I3 C, 4+ F 1.07~6.29,F 1
HR3.01(581), K 7,BIEEE EMBEIE S L B 31
LS G, 13 C, AE B B, R T A MR LLVE
TR AR AR £

R T B (B 20)  IERIGEIE 1) T AR FS 22 nC,,
WRE N T nC,,  nCyy e FIREUK T nCo 19 LLA 53 511
37.9%~59.8% .33.5%~44.1% .6.2%~19.9% , “F-H4{H Ky
46.7%.39.2% 1 14.1%, >, C,, I3, C,, /T 1.37~3.92,
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Table 1 GC-MS analysis results of the samples from Chang 7 member to Chang 8 member in the Ordos Basin

ASSCRE B AP
B <nC, /Y nC, ./ >nC,/
B 2 * 3G, /30, CPl OEP Pr/Ph Tnv/Ts Gl C,/Cyy ()R
"c|4—36 2 ncmr}b 2 "’Cmaﬁ
“r B 37.9-59.8  33.5~44.1 62~199  137-392  1.08~122  0.83~1.15  055~0.86  1.29~2.71  0.02~0.09 0.39~0.79
7,8
" 46.7 39.2 14.1 2.28 115 0.98 0.75 1.8 0.05 0.64
e 36.0~70.0  23.5~42.2 3.0-21.7  1.07-629  096~120  0.63~1.15  045~1.15  1.23~479  0.02~0.06 0.72~1.40
NYN=4
: 56.1 33.0 10.7 3.01 112 0.98 0.75 2.44 0.04 1.04
- 203~41.3  429~545  158~272  0.69~1.63  1.02~1.29  0.72~1.01  057~1.53  0.53~3.16  0.02~0.11 0.53~1.38
=48
33.4 46.1 20.5 1.20 112 091 1.2 1.73 0.07 0.97
. s fs oy, S/ME~RORE _ 1 SC G | S~ CayB G+ 6C 5+ Gyt
(j::?é‘:fj;&ﬁjﬂwiﬂ‘(]l’l—f ™ + o ;OJLP— 4 4 1+2j‘7£ iﬁi}u{%&o
SER{E 2 ZC24~C321H4§5I 2C26~C331r'i%§5( Ciyy 4G
> = J ) WA
FIE N 2.28(FK 1) MEEIEM BRI LG 333 HEXRES

W, S G, 1Y G, A R AR, B i ATy
FRFE ARSI A LE W AL

e (Pr) FIAEBE (Ph) 2 TG HILT i S
K IR a Y A BRI T8 R UL
TR 1) B A I8 JR 25 44 (Powell and McKirdy, 1973
NP 1999) . K 8 Bt Pr/Ph HATF 0.57~1.53,F3
B4 1.20, 2550 ELLE PR3, 36 1% W Be 3222y 55 4
PR 5 4 7, BORIK 7,, B Pr/Ph EYE 53551 4 0.45~
115 #10.55~0.86, {82/ NT 1, SR ke L%, 15
TN A A TR R S A 1] T3 SR AR
332 #EAS

TEBFTE XA 7 FH 8 B U Y Cy~Co = B0
ot LR =i E , o R = b R A R T
Iitiidor (1 3) 03X — 485 L W] L3R =i Joe 75 il AR 391
THEREE T A Ak 2= A2 PR RN ORAF T 1 S v, T BB S R
JE IIITA AR 25 R S8 AR HILJB R J5AH G (Kolaczkowska
et al.,1990) .

17a(H)-22,29,30- = [ 72 %¢ (Tm ) 5 18a(H)-22,29,
30- =R bE LUAA (Ts) B2 5 78 A HLBUSCAEE 4
#% (Peters and Moldowan, 1993) . 3% X CPI 5 OEP
(EAE =B bR/ (R 1), TR e H Bl LA 3
J, Tm 23 32 87 1] Ts 564k, Ho fE BTG, 70 B2 e
(Peters and Moldowan, 1993) , KI5 FH Tm/Ts #6478
UL R, K 8 B 7., BOFE i T/ Ts {55333
0.53~3.16.1.29~2.71, “F-4{H J 1.73 1 1.80; i 1 7,
B T/ Ts A T 1.23~4.79, F- XM A 2.44, B8 T K
T BOZAH B R AR BN A A LB AL o 3K A A
JE 2 5 mT RE S A DA R WA AR TR B2 A Bl
i A S 1) 22 528 ¢ (Kolaczkowska et al., 1990;
Peters and Moldowan, 1993) .

8 2R BRI AR R T AP R R IR
M5 R SRR PSR AR A v e ) 5
BRI, — RN, C, M) 55 e R U T 2 S IR S K
A=A, Co NS Bt 7 = SEAH R IR (Gelpi et al.
1970; (L £ 55, 20245 5K F 45, 2024) o HR4fE m/z 217
B &, AR IRl 5 2B ) S A AE C~C o B
DUV o iR S ot 2 S e ATH 2 S 4o (11 3)

1 8 B LI 5 e 53 A0 R AIE A Co>C>Cog (B 3a)
Cor/Cy () R F-HIE M 0.97, F5 78 T 1ZBEA LT A
VLl SR . K 7B e C,>Co>Coy (B
3b), Cpy/Co () RF-YI(E S 1.04, 7675 1% Be A AL BT
UG E R ST D TR R IR A K AR
AW TRk . K 7L, B B A C>Cl>Cy,
(E3c),C,p/Co ()R F-IE N 0.64, F5 /R 1Z B = 4
MY BTk I £

4 e

41 EENENLEERRHFRREE
RICHPEHE =Bttt 55— ] (237~227 Ma) , i1
LURDER 7t AP T o R e ) /| IR 87 IR 4 6 e = e
FAEHL BB U TGS R, BRI CPE St gk
oA I e 1 B 5 3 4F” (Hornung and Brandner,
2005) o WEAb IZFAF R A AR BEE AT HLER R A2 Y 5
ZUAA A, S B T 42 3k ik I 25 98 3 (Hornung and
Brandner, 2005 ; Jin et al.,2020; Lu et al. ,2021 ; Z=AH1H
4%,2023b; Lin et al.,2024; 2 H[E45,2025) . JLF-4
BRI Fl PN AR AT I S AR DG, 2 R A g 2 )
(Dal Corso et al.,2015) , ¥ (Mueller et al.,2016) , %
[ (Miller et al.,2017; Baranyi et al.,2019) , 7 [ (Sun
et al.,2020; Li et al.,2022; Zhao et al.,2022) 55, %) F
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(a)ZK903 I, 1 8 B¢, 806.95 m, TOC:5.81%; (b)ZK903 I, 4 7,5, 754.50 m, TOC:9.06%; (¢ )ZK903 H-, K 7, B ,689.81 m, TOC: 10.45%

Fig.3 Terpenes and steranes mass chromatograms of saturated hydrocarbons (m/z 191 and 217)

from Chang 7 member to Chang 8 member in the Ordos Basin

F] Transdanubian L1 ik Met-1 &5 LA+ JE ] B 78 T
FUARY 724 - L BRIRER IR Z S5 s % 25 S e K
AU (Dal Corso et al. ,2015) ; ZEFRE VIR HLIX , F
JEIHTURRH e Bk ER o 988 BB A DU, BB X 2
M X A] RS 52 3 e A i e S A 520 (L et all
2022;Zhao et al.,2022) . FEFVIFFIZRAL , X 2L X
TRAD DU 22 e A 5 A [ R 0 0k ) 5 2R 0
1 Dal Corso et al.(2015) 58 7, 8"C, w8 i
3K 6%o. Zhao et al.(2022) % 5t M L2 4 1H A ALK
G52 2R 19 73 A s L 8V°C,, B e i B2 3%o (181 4) o
SRR IR FE A EA 6] i AN RO RS P iy
8°C, Sl BEAN ] (A XA 6°C,, fi i & A iXAG ik
W7 8"C,,, il & CPE S AR AR IE 2 —.

PR 22 i F S ZH TR T b — 1 = A I 2
(9K ¥ 4E | 2014; T8 4 76 45, 2019; Sun et al., 2020;

Cao et al.,2023) , AN/ 2 B % T % X #E 47 1 8%
AE RS, Wk AE (2014) 30 1 XK 7 Be e KA
) o 2 AF AR S WF 5T L K HAR R O 234 Ma 72 47
(234.3 Ma+2.8 Ma #11 234.9 Ma+2.6 Ma); Sun et al.
(2020) %4 )1 3 X = 25 S 7, Berh BE D A EA T8
A E AR AR I R E 7E 234.1 Maz1.2Ma, 234.8 Maz
2.1Ma % 236.0 Max1.7 Ma, A K 7 Bt 5K 8 By
R Hh— E =S5 RR ., AW Ey E,
2= ] 45 (2025 ) 38 5 X ZH2 B ALK 4 45 647 4
Mr, & B 8 BE A Punctatisporites - Verrucosisporites -
Osmundacidites 205, ¥~ ARy =B A T, 1M
£ 7 BX M Asseretospora-Apiculatisporis 416, #i Bt AT
e =S RIS DORAC % o, K 8 B 7
BOZ U A DT 9 AR T, ] of 2 138 e A2
SRR (35 42 p 45, 20195 Cao et al., 2023 ; 25 Ff {55,
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2023b) , WF5E X ZK903 H:-ths 2 BUAH [R] (1 R 1iE (K 4) o
[ 7 BT I DRV RRAE 5 R JE 3R i e 4
FERE RSP R 2 A 8 BE B A 7 Be =z fa] A
WA B B TR TR 248 e S B B
ML [ 57 22 0 , AR A% 0 B2 38 6%o , L5 S0 FL A
F T CPE 4 & A B A R ik EL A v B2 AH (U (&
4) o WEAN, oy E oy )2 AR St
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Paleoenvironment Reconstruction and Organic Matter Enrichment
Mechanisms of the Middle to Upper Triassic Yanchang Formation at
the Southern Edge of the Ordos Basin

NING Ting"?,LIU Rong"*, WANG Xu"?, HE TianXin"?, LIU Qiang’

1. College of Earth Sciences, Jilin University, Changchun 130061, China

2. Key Laboratory of Oil Shale and Coexistent Energy Minerals of Jilin Province, Changchun 130061, China
3. PetroChina Qinghai Oilfield Gas Production Plant No. 2, Dunhuang, Gansu 736200, China

Abstract : [Objective] The Carnian Pluvial Episode (CPE) was a critical climatic perturbation in the Late Triassic,
marked by a pronounced transition to warmer and more humid conditions. These environmental changes sub-stantially
facilitated the accumulation of fine-grained sediments and the enrichment of organic matter. This study aims to eluci-
date the sedimentary and geochemical responses of Chang 7 member of the Yanchang Formation in the Ordos Basin to
the CPE, by examining thick successions of organic-rich black shales.[ Methods] A multi-proxy analytical approach
was employed using core samples from well ZK903. Biomarker compounds serve as the principal dataset, supported
by analyses of organic carbon isotopes, trace element geochemistry, and clay mineral assemblages. These proxies
were used to reconstruct the paleoclimatic conditions, redox environment, paleosalinity, and organic matter sources
across Chang 7 member to Chang 8 member. On this basis, an organic matter enrichment model was developed to in-
terpret the basin’ s response to the CPE. [Results] In the Ordos Basin, the Chang 7, submember records a distinct
lithological transition from sandstone to black shale, signaling intensified influence from the CPE and progressively
increasing organic matter accumulation. Geochemical proxies, including Sr/Cu and Sr/Rb ratios, together with clay
mineral data, indicate a climatic shift from arid-hot to warm-humid conditions. Redox-sensitive parameters such as V/
Cr and U/Th, along with biomarker ratios (Pr/Ph and Ts/(Ts+Tm) ), point to a significant reduction in bottom-water
oxygen levels during this interval. Additionally, increased Sr/Ba ratios and a higher gammacerane index (GI) suggest
elevated precipitation and lake-level rise, which led to enhanced water column stratification and diminished vertical
mixing. These conditions promoted the development of a freshwater, anoxic environment conducive to the preserva-
tion of organic matter. Notably, elevated values of >, C, /> C,,. and C,,/C,, (acx)R ratios in the Chang 7, interval in-
dicate a shift in the biotic community structure, with a dominance of lower aquatic organisms, particularly algae, as
the primary contributors to the organic matter pool.[ Conclusions ] The CPE exerted a profound influence on the pa-
leoclimate and depositional dynamics of the study area. Enhanced thermal and hydrological conditions, in
conjunction with lake stratification, promoted the accumulation of fine-grained sediments and created favorable condi-
tions for both primary productivity and the preservation of organic matter. These factors jointly facilitated the forma-
tion of organic-rich black shales (oil shales) in the Yanchang Formation, underscoring the role of global climatic
events in shaping regional hydrocarbon potential.

Key words: Carnian Pluvial Episode (CPE) ; paleoenvironment; organic matter enrichment; biomarkers;

Yanchang Formation; Ordos Basin
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