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Abstract: The eastern China Cenozoic rifted lacustrine basins are important hydrocarbon-rich regions, with the Eocene shale (ca. 54-32 Ma)
serving as a major reservoir. Although the depositional ages of these basins are similar, significant differences exist in lithofacies
characteristics, lake water salinity, and organic matter abundance, and their formation mechanisms remain unclear. This study focuses on
organic—rich shales from the Jiyang and Liaohe sags in the Bohai Bay Basin, the Jianghan Basin, and the Nanxiang Basin. Through integrated
lithofacies classification, mineralogical, elemental, and isotopic analyses, the depositional environments and enrichment mechanisms of
organic-rich shales were investigated. Results show that the intensified East Asian summer monsoon during the early Paleogene caused
pronounced climatic fluctuations, with all basins reaching their maximum lake depth around 40 Ma. Cyclic changes in salinity under extreme
heat led to the development of multiple mixed lithofacies, including laminated limestone/dolostone, calcareous — dolomitic mudstone, felsic
shale, and calcareous/dolomitic mixed fine—grained rocks. The Liaohe Sag is characterized by muddy analcime microcrystalline dolostone,

whereas the Jianghan Basin is dominated by dolostone - marly glauberite rocks. Overall, mineral compositions show a north—to—south
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increase in siliceous and calcareous contents. Paleoclimatic transitions controlled lake salinity and redox conditions: warm — humid climates

enhanced bioproductivity, while high—salinity stratified waters strengthened reducing conditions and promoted organic matter preservation.

The Jiyang Sag exhibits relatively high TOC contents (1.5 - 4.5%), while the Qianjiang and Liaohe sags show lower values (0 - 3%),

indicating that saline — alkaline conditions were the dominant factor controlling organic matter enrichment.

Keywords: Salted lake basin; Mixed shale; Shale lithology; Organic matter enrichment; Eocene epoch
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Fig. 1 Distribution of eastern China basins at global and domestic scales (modified from references[19-22])
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Fig. 2 Tectonic setting of major eastern China basins (modified from references[19-22])
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basins of eastern China (data from references[51-54])
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Table 1 Paleosedimentary Environmental Parameter Indicators (Modified from literature[62-65])
Ezisib
Eries SRR IR o P -
R TWURHIAR S AR
»(Sr)/w(Ba) <0.2 0.2~0.5 >0.5
et w(Ca0)/[w(Ca0)+w(Fe) ] <0.2 0.2~0.5 >0.5
1 000xw(Rb)/w(K) <4 4~6 >6
w(B)/w(Ga) <3 3~6 >6
e eibn
Eesl] E2(Ciztin T N o
SR BRI = A TR A A
) (Sr)/w(Cu) <5 5~10 >10
A . ;
At R C >0.8 0.2~0.8 <0.2
S5
S S : et .
ALIREE AN BRI
w(Ni)/w(Co) <5 5~17 >7
AL ) ®(U)/o(Th) <0.75 0.75~1.25 >1.25
w(V)/w(Cr) <2.00 2.00~4.25 >4.25




XXXX 4E
EXXE XX

FEZL G P E AR A A AR ST IR AR U

HA AL B R 7

FEHEALTREFM, 0(V)/io(V)+o(Ni) .o (Ni)/w
(Co) Al (V) /o (Ni) B B AE Ay W B2y AR AR AL 3 5 45
(L ERfL A6 b o 78 SR EREE NI AN AT A7 A
M Co LA Co™ B 20 il AE K Th o oty S0 Ak 308 Ji 25 1 i ke
T UL K A & AR,V OND AT Cr SHTLRRERBE Y 4R
b3 T A% b AR SRR, BE 5 B oty A B ) AR A R 4R
77, @ (V) /o (VANDEA T 0.84~0.89, 2% B /K 1443
ZLRZE KB S IRAREE . % VI(VHND) B
(0.54~0.82) F /n K AR 43 J2 A 01 W (0 IR S| R 8% . MK
V/(V+NDTE(0.46~0.60) B T /K AR 432 1 3 A A B8

AR KA A A K A 25 1k o i IR
A R 0 25 R R PP S 1 2R 2B B AR
Fio BBAb, IR AR S A RE AR AL 78 2 AR R , (V]
UL B 81 75 R SO R BT 2 200 DT ik — 2D 2
R I SR 2 U 2 TS M 55 A R
KRR S i . AR DT T, R ECh CORT R
JEW S R 0 (Sr)/w(Cu) , i1 C=3 (Fe Mn.Cr.Ni, V.
Co)/Y (Ca.Mg.K.Na.Sr.Ba) LSt EETICE, Cu =T
., ETREANT, il T Rk B S hN, Ca.
Mg .K Na.Sr.Ba 505 R RUUHE AT eI A < 5%
TF R Aa e Z IR, i Fe Mn ,Cr.Ni V. Co.

R AR BN S T R T AR AR TR AR
PER IR K B A8/ TN 2% 5 B 10 2 S0 K 5 B
I, AT RE S BN Mg/Ca HUAE , JFBE S T BURIREE (M =41
FIUTTE . PR, %55 Y Me/Ca LU AB 267 78 T4 S M3 45 1
K7 Kk T

NESBITT 5 W T #4215 5 (CTA) a2
A R OO (U D) B R D s, T 52 s 1A U
S A Ak A 3 55 4 U DX XA g B 164705 70790 i

16

14~

Sr/Ba B/Ga

B BRI SR A T A A A P KA 280 W 1 0ol
K g+ P # .

x(CIA) = A1,0,/(ALO, + CaO + Na,0 + K,0)x 100 (1)
Aoy O R HRFIRE IR EL, %o

CIA H T RAR PR X AL 2 KAR R BE - CIA 47 T 50%~

60% F R LAALNEFH , 60%~80% 271 H 25 72 XL,
M 80%~100% M| sz il 1 5 U Ak 2 WAk et #2 . 55 4k, CIA
FEAE Ll S B b 2 AR B i mT B A2 21 2 R R 1 52
M), AL FE DU IR 22 5 K 8l 1 2540 T BB BE 41 3400,
DL UTRE B KA Can s PR A A sose FRAE AT o
FE & 5 B R AR 1 e 0 v ELEZ R ] CIA PPl AU A ks i ]
AT 30 22 , U BRI ER T W1 19 CaO 2 TR RERR R R
i CaO BEIR A3 B TAAL , AT R I HE 5 A R 150

4 ARRDURERSE 1 50

INIGB THE FIATE bf , 4 A 2 i AT 5 I AR 3
HEMA T HRAA G, T R T, HiK
W7 e 4, e MR NIE L T BOK B R . 5484
ARSI, VLIS 7 bk R v, T T 2 bk = o VLA
TV ZH ELA B R 805 R AR 5 S AR MR I, T i
Z ML) AT A SRR I . Y
TELRHT IR 22 47 Ma (1930 FEAHXT 8 , A 47 Ma B 4658
A, B BUSUK ARFAE . A ST T, X 43
DXCTE G 7 B0 1 22 SR 0 TP T e T 045 2 1) <
B AE 45~47 Ma B 2 7 T T 52 2R 08 0 19 7%
AR AR U N6 B T 64 4 S/ Cou {ELARGT 2/ B T A
AT AL 0T [T AR U o BN 198 A T T )
AbF T AT (K S) . ETUA K E XIE M, St BV IT

08 725

0.7

noas

CfH Sr/Cu

I ks s ] 25%-75% [= =] hiftisk

a. P BIARBA R BT R Tt 4R B SR b

b i FEI3 B R4 B M0 /e s O

P55 F38) e 18 AT vy 35 28 A L 2 (1 SCHiR21,83 1 240)
Fig. 5 Comparison of multiple indicators of paleoenvironment between the Jiyang Depression and Biyang Sag (modified from literature

[21,83])



8 FEZ A o E AR R A6 S IR B DU A AR B A LB AL

XXXX4F
FXXE XX

FEAE WA BH U R Bk el 4 = B SR AR X B AR £, Sr/Cu f
3 KT 10, V/Cr B30 K2, Sl T KA B 22
TR, TURLIRSE Ry (o J ) B /K R 5 5 Ak el 20 — Bt
B b #B 5 R ERAR R, Sr B FIV JC &K & i L FRAR (1] 6-
Kl7). St/Cufi—M/NT 10, VICr{E R Z /N T2, RUIR
fot MR . VLA DU B TR, A R AR b
B Ak 27 1 A8 H5 K T 0.2, Se/Cu (AR 7, W T VR
i 3 VR VT2H 45 = BT AR Se/Cu {5 , 28 B A0 A 1w it 2
M IR AR (18) o

TE T AR A E D5 T, 40 Ma 01 1E] , 4 /4> %5 i 35 3¢
IR H 3 D PR A ) A AL A B U AR B (T 9) o AU
-0 JE B A, WL 9 Fh AT LIE L, VT M 1Y v/
(VN B i 5, Y40 38 TR PR 85 10 36 BH 19T B3 114 V/(V+
NifE /N, REZREREIFMAT . AR =B
BV IC R A X E 4R, V/ICr {H 8 K T 2, K BZ I Ay 3T
FRERBE I — N X 8 i %) A 05 5 A Bk el 4 55 — B I
5 R, VU E & BERL, VICH R 2 /N T2,
FATURRIA S 2 55 A AL IR KRBT . 52~47 MafiHl], K
PO B2 WG o, 5 e R T R R SR A R A
Ko Zoad— BEma) i KL BE T AR U055 , 7 42 Ma Z2 47
FRURBESR . 63X 458 X b 2030 (U156 0 3 1 4 U1
PR I 55, KHB i 0 55 KAk o R 8 T B R Y 1
B8 1 XA R A, 8 TV o e e L 3k 54ty 6 B 28 Sy
Ba i A RAHRL(E 10) . FEA M I, 4 Hu X 5 PR 7
CH T = N o2 S R U A R 8% [B N I < & RS
O 2le 5 7 A8 R TR S D I 2 A o 7E 40 Ma Ay
[ MECO S A7 76 R A RD 25 ¢ 12 0 U8 He o S 1 i
SRS DT ER I E N E R R B E
Wef T 1R, S ST S S5 R 174 o b A 8 o A3 [ sf
WA T WA 1.

N T i M EBa B G YA 0N = S =1 M P i Rl S|
R 2R 3 T AR PO, DTG oK v g 61C, T A HLITE Y
A Lre A 2C0,, FEUKH 8PCIR /D . LAk, IRIK Y 8C
AR T K IRAK TS BEARIIK 1 8°C i 78 K s34
WK 8BC, FERURINL b B 1) 00 A T RE K
T 196 36 ) 23 A5, B A K A 8180, T I ARG A A AN R R
W RTIHI K 119 80 e IR AK rpaE H e SEAEY . AR
SEOVEG T O R FRMER AR AL R BE (K 10) , ZEBACTF
J0E= iR RS I AR RO N iR VA /e = VAl ) i 0 =l i R i |
Eé‘]ﬁz}z‘[%—mjc

FEBRAE IS K ) 24 7E K 22 B K AR R i 3k 3
T T 5 1 A0, L o 36 B 0 19 6 AN L AR A i3 . 3R
i SR 90 ) LR 7]~ 4 i T — 0 L iV TS 2
(U T F7 2L ORRU S 300 ) 4 85 1L 5 P8 OOVRI A A0 235 b (BT 20
AT 1L 2R TR 0T ) 01031 Bl ARl A T 2 4 K A

JE 5 (pHAE KT 9) Ak B2 AR A% BRI B 4y X A A
A

RAE & H B H RS & ROl
FOBE IR T, v I B S0 R W20 S B B 75 N 7%
TR TIPFhIER . BIRR B RURKIBIY  2 EA A
fR B SRR R AR, RIAH = A e A BRI
Bl SR K T 1 225 B PCAE A IE, A T 0~10 %o, T
Hs"0HKZ R HE, it T -20%~< 0" (& 11)
VAT VS b YT [ A ST R VTR A 2 O AR I A 7
R T SRR O B SRR K B R B s
FEBAE T W PO DU b SRR A B
I E Py =N S P 1wk, SR A [N & Pab v || & Py it e =
SR BRT A A AR A A K A A
b T A 7 K SRR Bl K T TR A AR Lo

Bl SR B R IRAT I, LR R A )
TURRZRBRERGN . TP [ kR 5 0 35 A% Wk e 4L T U Y
T 2P A L 00 T 115041 o MBS J1K % b P2 980 111 ke s T4
508 B 1T B AN T] (PR 1), 38 25 4 =E 5 A8 K L e RIE I 7+
Py I B ER W Y A ) 32 AR A
f A R R R AE T A = R A A = TSR IR
rpltsel gt R W 1 2 B 8P CAE A T 0~T7 %0, 80 {H
A TF 5%0~15%0 (] 11)1114> 116 1171101

B 4 A 110 5 i S TR o7 38 A 1T A0 A R I
TG0 3 By Z 70 4 Bk A st sk w0 , Bhit
VA PR AR TV R 7 3 B 2 Vb 4 BEK A Sy A5 P £k 8 AN
P WA L T 7 b I8 BH 39 B A% 1 BE—A% 2 BEK A R i
PREER I, YOO A VT IR T 3 Bk 4 Bk AR Sk AR
JRH

5 AMEXA MU E S LA R R

T VS 2 b AT YT R TR TOC B s ARG, 3
BLAETE 0~3%, R0 H B 1 P B U A e fiE . 55—
BBt Ry 42.4~39.2 Ma, 43 BT 5 42 18 B A 1 ) [] 7 42.0
Ma 7247 (TOC % 55 2.5%) , 55 B Bt 0 39.1~38.0 Ma,
A HLA R R 4 % A 38.5 Ma Z£ 45 (TOC % >
2.8%) o VRV F b AR E M RE VA ALV = B A Y
TOC & B0 Ai 18 1.5%~4.5%, A HL T & 38 i 45
o IWTFELE, BRI 2MRKIAE ., BBl 424~
39.2 Ma, A P & 42 B e i i [E] 78 41 Ma 2245 (TOC 5
5 4.5%) 55 B Bk 39.1~38.0 Ma, A HLI & 4 5 H B
WA P FF [R] 7E 38.5 Ma 2247 (TOC 580 3.0%) . 1 FE 753
05 B 1T o A2 Mk el 4155 = B TOC & HE AR X A 5, B4 A
TE 0~6%, 1F 42.1~37.5 Ma 5 8 H % 3l 48 i i #a # , #¢
39.2~38 Ma kb T R HBA HLET & B B, TOC % i 3 %L



XXXX 4

AR AT B AL

REUH S

&

FEL LA E AR R A 2 R

5 XX

FXXE

— QINJRIDII[ UO pase(q parjipow) Seg sueiluer ue ‘geq gurkiq ‘uorssaxdo(r SurAif ‘Seg oyorry oy) utl porrad auooor] oY) SuLINp SOFURYD oNfRA 0 pual 31
([68-98] I] U0 paseq pajIpour) Seg tfuerc) p S ' ! a I[ “o€G OUOBIT 91} UL POI a2y Lmp 4 [BA VIO Jo pual], [ "ol
(X Z68-98 1Y X ) g Y S H) VID Hf ] S B s [l o L I3

I e I T R

- ~
~ N

Al HERE VAN FONRTERED,, YFONRT RO,
—= [ ] [~ ~] [~

N
SN

0°9¢

i

134 £ 29

0°6s
0vs
0°¢S
0TS
0TS
0°0S
0'6¥
0°8%
0Ly A
09 pAnsh
0y 2z

0y
0Ty A
0¥ A
0°0%
0°6€
08¢

L
a
~

OLE
09¢
0S¢

ik

8¢

Lo
001 06 08 0L 09 0S 0¥ 0€ 0T

L marces
THEALTL

s
Toleli e
Io]ofi|e

¢ L
¥ 0€ 0T 0T

6'€€ %
0ee
. . . ozs 4

00 1 T

VD

WS !
e %, w0, W |
el i

([$8—£8 1] @ame1ay1] U0 paseq peyipowr) Seg Suetluei() pue ‘Seg Suedrg ‘uorsserda( Surdif ‘Seg oyoery ayy ur porred suedo7] oy} SuLIp se3ueyD ONRI BY/IS JO PUAL], "SI
(TR S8~€8 TTIYEIIC i ) i Y M) T H) P/S I P P B b el b 9 B

WA B4 s Haa 2 IR e 24 et} Ak 0% 2] WANT  FONRERRO, FONRTHRRO,
Z | — — — R ] - — — _ _
=
vz, = = = 2 — | =] ] [
s — 0o T2
] Il ] ,Nm OWWI
== bois == s == 06
| e Lo - - - ! — 0°€S 4
W oS I = 0TS
m 5o o m 6t I I — 016 -
. g oo Lo e =X 0’8t -
e S P —— /A 0Ly
[ - - = C — F < 097 pnanl
R <= I - — - 0er ] 45
S I — Do [— o O] ety
, CRC Lo — D 0t 1
P - — - 2 - - - 0TH 1
[ J o4 L LA — - — - 0%
o S o —— i
P ——— O 0°6¢
Lo ) Lo .« .. . . e 4
Do —— N LS P -
. —— e ﬁ - - - 09¢
R ] P A ] P AP ] NI . o 05t
U068 LOSHETTO anor6sLosvectot === N0I68L9SheETTO 20168 L9S ¥ €T 1/o 6€e
vgps egpg /S RIS Nag 0€€ %‘
HALLTA S Sl BTt L : ) | e R
e M 0 w0, w0, W | 2
Ml |




XXXX 4

5 XX A

5 XX

e AT BT R S

IRFIL

4t

JEZ A P R AL LR

10

Qﬁo nhwlmwgmwuﬁwhmﬂwh wody —U@ﬂ&vogv BUIY) WID]ISE9 JO sulse( 9yl ut —UOCQQ QUIN0Y 9yl MECET Son[eA IN+A/A JO PUadi] 6 Wﬂm—
(W16 “L8—S8IYH I ) ¥ TAH T BN+ AV A [ UG M 2 sl Bl ok 6131

fat e I

SR VAL WRTREERED . RO,

7 2 e —
% il I _M_
L 1 — = —

L] =] &

~~—|

LA

095+
07667
0S|
0€S
0TS
0715
0705
0°6¥
0'8%
0°LyA
09%4
(U
01y
0'ev
0Th
0%
0°0¥7
0°6¢
08¢

R

W [EI
LR

L PR 0T 80 90 v0 <0 01 80 90 ¥0 TO 0
01 80 90 ¥0 TO 0 0T 80 90 ¥0 0 0 (INFAYA (IN+AYA

(IN+A)/A (IN+A)/A s s s

S S i . w0
ezt BT T ¥0u

([06°LS—5S] soouatagar uo peseq parjipoly) seg suetfuei() pue ‘Seg Suedrg ‘uorssarda(] Suedif ‘eg oyoery oy ut porrad ouedoj] oy} SuLmnp seSueyo ORI N7)/I§ JO PUSL],
(TR H06° LSS S IYEIIC i ) 7 A M S H) OIS [ PHFHHEE Y ML skl Bl ch - 8 134

0LE
09¢]
0°5€

6'¢E
0°ee
0Ce

%
L2

BN

Al

8 S

w3 e i e I A A el Ak S VRN WORERED. RO,

— || [

ERLEY

RS :
0010608 0L 09 0S 0¥ 0£0501
Bl BT

oo e
001 0608 0L 0905 0% 0€0CTOI O
nnag nnag nOAS AS

0010608 0L090S 0F0€0T O 0

00S 00¥ 00€ 00T 001

mArcEs mlEs Sl IS ! 00 ! 4
mﬂm%ﬂ, mﬂ@%@ Qﬂ@ﬂaﬁ mﬁwﬂ@ﬁw oo\o\u: o&\oz

PN
A8y




XXXX 4

BXXE XX FEZ 4 E RS A 2 1R A SR AR DU R B BT B AL 11
10, 12 100,
09} ) 0 ;Eél(m{vﬁz ool
08} *»? [T S
4N
0.7H ol L= i 80|
=06
E 0.5} “\? 6L = o
o4l JEoNi] - = 60}
- s al
03} T{lﬁl - . 50k
02t fofh 5| 0
o1} i ;X 5 I
ol— s s ; o L= , s 30— . . i
L] RE WHFH WL ORI} R UA R} v L] R WARH T
a. d AL AR b. TR c. WALFE%L
750 1200 8¢ 50,
BRAE |
%ﬁ%ﬁﬁ I 1T Irfm«/ﬁ 40
bl h ! 1150 6r 1/ \éwﬁ
50F o M I
_ : {is st 30}
- I 175 34 20¢
|
150 21
;‘f’; %> . of
| 125 1t
s s L.y 0 s [ — -
L] RE WFH I iF E A ISE I ILim| I
d. AR SRS
B0 v FEASHR 2 0B 4 b HUER A~ 28O 2k ¥ (SR [55-57, 70, 78-80, 85-90, 92-9311& k)
Fig. 10
8"C/%o Br
-7y TR
L 1 ﬁl?ﬂ””/u‘ﬂ(u
7 15 .// VLA VT M B
Yoy A VRS F BT BH I B
’ R ° A8 ML T
BRPERACHIE ~ _ - -<~1Q . > i 3 7 M B [T
_>--" _ al' -7~ 9
7 - DRl VTS ST REY TR °
03 S =
,87 ‘9% ) -:_.-)_———‘ ] . . o .
20 -15N o 21040 =5 0 \@ 15 20 25 30
wkit o A3, SRR 8°0/%
7‘9] \ 00 e *)
I 21N HEREHE L) . n%gfm@;mﬁggg .
10t s D e i
o M %ﬁﬁiﬁidé ISB PRSI A
15 L
BT TG 20 A (4 SCHRT120~12411E 0
Fig. 11 Distribution map of lake basin types (modified from literature[120-124])
T 2%~6%. VLI ZEHE LB KRR E TOC B i AH  7E K2 40 Ma iy, 2B URALE LT, 39 Ma 2 41 MaTii 4
MEAR, FLAAE0~4%, BIRRIH BB RPN 7E DX A TOCH] WA 8 EARIg.

45T X U Y

39.2 Ma I35 3| i KAH 3.8% (158112) .
HAHLF SRR LT BRI, M T, ok Ak AL A
B2,

TE AN IX A RTS8 DA, T B E SR HLAK &

BT REAR , %R T K 29 55 Ma B PETM 3 81 42 BRAF
%, r‘Jj:é’J 34 Maiif EOT 3 23RBS 1628 . 23RA
T Tt e 2 s AL it B, TR 1) A R T AR S
AHLFORIE S5 . ddog s B (MECO ) & 4=

B 16 6 L 4 A 23 M 09 TOC 5 4 70 125 430 1l 30 3] (1]
BT = Bevb DU BL I TOC & i e I%, VLD A v — 4 —7%
lEéﬂE‘JTocé‘im?EfE& A FE A b Az B e = Be i) TOC &%
SRR o ol R A M DX TOC & AR, X T e S
ERAE A AL ﬁLﬁﬂlﬁ%ﬁ‘z@@?ﬂ: SRA G, A, Fh]
AR B A BT 5 AU B A, A R A AL AR AE

RO L 4R IX B TOC TS +S, 25, 45 8 U
f TOC AS,+S, BT E R P SR AIG, R T

AR,



XXXX 4

5 XX A

5 XX

FEZ A o E AR R A6 S IR B DU A AR B A LB AL

12

(621 “C6 26 “LS]soous1901 U0 paseq payjipour) porad U005 Sy} FULIMP BUIY7) UIDISES JO SUISE( S} UL UOHBLIEA JUSU0D (1)()],) UOGIRY) O1ueSi() [210], jo puai], ¢] Big
(TAZI6TT “€6-T6 "LSINHICH) e AN AT L DOL I P HHE G M bl bl o T 13

s B O N 2 e i s AR YRR RSHPRO. RO,

=] = — [ ] =] [

RN
(1002 ‘soy2e7)
194 ¥4 [

~~ |

N
NN

096 .%

INLId 0SS

0vS
fe 0°€S
TNLH 0ZS

015
0°0S
067
0'8%
0'LY
09 [Ny
o
oer -

0'Th -
0'1%
007
0'6€
0'8€

1
—
<
tlefr] el elefr]ofe]r|e

|

144

0Le
0°9¢
R ! R S 05t

- S 6'¢E
oo oee Tt

AT ! . : 02€ - g

g%wmw@ 4 1 00 [ z g

%/, %/0y, GELED |

Mo

D01 :
Sl TAg: PlnlHiat
AL rEaEE




XXXX 4E
EXXE XX

FEL A P E AR R S AR ST IR AR U e A S AT LB R SR AL 13

VI VS M AR TV o 1 A R e A SR AR . T P A ik P
MG TOC & B HESE — 5 S +8, & S 5 AIC, th B A fa
AR AR A R o5, o 39T 10 o3 R P 10T EL A R I A AR A
TOC & BAL (A S +S, & B, B T3 24> Hi X
B AR (E 13) , X — % 0] BE -5 (=241 R
ZA5 BT i A B 2R 8 11 g R B T g i o 56 . b 2R
B B BE B PR, A LR T 2 . X 2 b X AR
LA R G N PR AT R T A B AR K A B A0 A
FATE 8, AR T LT 5% A0 o il <, 3 804 18 % k%
BAK

FEAHLIT R AL IS 1 L A B B, A B R AR s B
R Ve R RIS, LU S s i oK rP o il T i —
AL S KA RS TG 38 T A ML i 54
FEFAT AR T TR A R 0 /i AR
L BB sE T BEE  0) RARAE sk T AR =4
(A 4iz 5, DTS S50 AT 1 TS 4 o S S 14 i
5 IRI I, i 20 AT BB 7 A 0 7 A AR W A= 7 0 1 3
FRR R TUA R R A R N U, kLl g it
PR IR 23 AR PR v 1 U, T K R A T B —
EIREE AR T AU RAT

TEMFAZ R SZ 0T, W FF 110 e A Ak el 2 BB 8 4R 1)
3N FEFER (HRIHRA I AP R) BAET
Ak Bl AR RGN, AT AL BRI L S,
A WU PRAF AR AT B IS AL , DURHCR AR, X — i
T 2CH HLTE BESERA MU ER  Sh R
WA 5 V(R 0 T A R R 2 R T A AR s i

T AT S PE oA R, W TN B DL T AT 3
P drcdg, OB FHI B 006 BH 1 B AN ] [T o 9
B3 R BH 450 B 14 OST (5 b A A0 32 8 50 R 40 5l A K
T 100 mg/g, ML UIRE A OST ARG 55 K2 /N T 75 mg/g.
MAEREEE T 0 AR o] LG H L, 4 A HLIX TOC 5 AR 189 )

20 o g Ml B T CLTOCHS '
Pl e L P P --- S 5TOCHY I F PR
LTI Og) s moc
o S ML T
* HhIE AL T y=131x+022
15k y=1.59x-0.28 R =0.60
R=02 /
~ s
3 . I
10 . £/
L]
E NS 08I = 75 mgls TOC
2 //o
. 2n) 08I = 100 mg/g TOC
st/
39/ S y=0.06x+]1.25
% Q P 0 9
,,59@:3;—7 K000 25— 775 1604006
e e AR )
0 5 10 15 20
TOC/1%

a. PR SR A M A T e DU i A T S

Z A AH DG PERRAR LS, R* (P 288, HUE 0~1 (B KR
IRFERIN A T ) KT 077, FEAR LA 2k 2 1al il % 2
INT 2, K 4 X ) A SR AL AL . N B TR
F UL S ih e i, TOC A S+, & s iy, il U
o fi vm , LU WA BH T 6 L 5% BH 3 B, 0 70T 11 5 il 1
%,

6 Lo T R Ak W 2 A 5

WA AR AR DU A MU 52 2R R R 2 ]
Pl , FE AR AR A R A ) ol
ERRE AR DL R AR R B AE (8] 14) o A Tl s
5, A LB A A A 2 AR S 0T SR A S5 )

T VA b R TV 8 57 T4 03 B M IX, A B
FF 3 32 AR 52 2 R e 4 553, AR R BE LA, EL AR 32 31T
1RAVEM o 1ZH DK LT S8R X 0 A U AR PR B ™ A
ERMA . K L B A BOK AR ER B A, A LTS
A, (ARG R TR 5 A 8 S A 858 A ) 1A AL AR A
B Ak, DTS A= Ja 200 30 B ey, DS % il o AH X 38 i
(E15),

T VS 1 AR TV b Ak 0V DX 3R, A G B
ZHFAE TR 2 . K AR KA EE T TRl 2R
7B 2 XA MG i, 3 380 45 XU B ) T A 2% A7) o
TURRPA A5G DA 555 481 128 W a0 380 0 55, Sl A7 AL 1
FERRAL T RAFSc M o 2 XIS A AL F B &, DUA T
R, HE S IRER W), A A T8 L i 2 01 i
A RS IR AE (B115) 0

T 2P A 15 4 2 i ThE P 40,52 38— R B 1Y)
MRS AH 32 R 0 5 2 U SE R ARG 55 /N . fR T X
SEAT N B KPR R BE AL, WK b BE ARG, A DA

70

© BERALEII - S+ S STOCHERBRELL
o YT A MR
60 - & W A HbS B B v
v EDIERE f M M1
50 /{=7.39x—}93
=] _ = ] .2 R'=0.78 -
w 40F y=8.10x-673 2 §a94x-002
Y R =097 ./// A/ R =087
g o R
= ./{W'/'/A
A 30F ¥ o
e '>}\,~ =5.76x-0.28
20 . R=077
10
0 6 7 8 9 10

TOC/wi%
b. PR Za L BT 8 U T 5 T

P13 v AR i i 4 ol ) e sl P A0 5 i i (s Sk [ 131135118 2k0)

Fig. 13  Mobility and oil content of Eocene shale oil in the basins of eastern China(data from references[131-135])



14 FEZL A E AR R G AR T IR AR U

XXXX 4

A A USSP EXXE XX

*

ﬁﬁ
AL 1 (ﬁﬁﬁiﬁjﬁa Ta g—
[ Eﬂﬁ% TLIMIRE
lﬁﬁ lmﬁ
Hz A AT
Jifefa HAa
Py =

K, Li, B LRt

\ /
14 E AR LR WIE R

Fig. 14 Formation model of salt lakes in basins in eastern China

-5, TUBASE LS A ik 2R N E R
T A LR B ARAF 5 554k, MR IR S TOC & B A0 5
IR (E 15),

VLI 3 b 5 VIV o £ R A7 1 PN i b X, {H b A 32
RS B, 4 tH i 30 52 05 20 A0 75 0 B Z KU i . %
XA Je 4R, 28 A ISR B, WA IR B R (R R By
R ERRAE o DU AL VTN B AE 4R B T 7 30 A5 B
KL BN 5 BRSO I . PSRRI, il
R V% 5 A0 I T R 0 BE S AR T I e A
FPUBT 1l B A T A G a4 KRR AR T
T AR HE AR bR U A 0 BB (DA R K R B R
PR 2 NI AT A HLE RS A,
A, AL R BTRR IR ) K AR 43 2 LR T S ik 4
W T A BT AR ARPE T R AE — s BB BT Ik TR
VTR AL sh S, PRt VRV IR A A AR
TOC & & B, (A HAE R A AL RO B, R B Y
A (E15) .

L A
I MR

‘4 f&fx—??f

A ZER,
/

TS F

AR ZER,

{% KEiﬁﬁBa / /

N

0 200 km
[E—

RHEEFR

HIFEL D
WA BH TR

;jggzg ?’/‘/ 2

ARWEZER

T 7 o
VETT VIR /

FRO [ ]

AR

[= 1w [ ]ras

KIS i R M A B 4 U A BT i A X

Fig. 15 Organic Matter Enrichment Model of Eocene Shale in Basins of Eastern China



XXXX 4E
EXXE XX

FEZL G P E AR A A AR ST IR AR U

HA AL B R 15

XF R W A A T SEIR B VUA 1 A AR IE A LT
ENLRIEAT T RGEMTE . Db E R0 55 FH 00 PH %
TRVLAE S AL 2 AR, 4 6 kb TR 5 U
PEo3 BT X M 1 — e — DU & R P Y A A 22 5 5
AHLTUE EMERIAT VLR a3, FEASBWT .

1) 2R R CO, & it il 3l SR 2 FE X
SRS % W BRI SRR BERNICR . TETPIR
Bt (MECO, 2941~39 Ma), 7 50% b S AR
JE AR G R | S R T A 2 %o 4 R S R 1
SR

2) 4 M1 e e o A X AR — B, X 2 e )
o AL ST BE A2 JOLE B i, TR S
KRBTSRI FH T A AL & f A0, 15K Ll i 55
AR TMSIA YL A S0 R . TR a5
H U1 o 32 ¥ A=A P T SR i A 88 8 08 2 3k B O T e
AMEA LI, TU# TOC & i B o BEAR b, 7 T i)
Zh I AR B3 S e A o] e 4 i A B

3) FEAR AU ORAE AR S s B A
KRR o FhEE 5 AU - Al SR A AR Y B ] A2
feAERIE T T A DL DUA R . AR i ol £5 B
o N H S A LB A B € R A AIESE , ATR A X £
b VI IS =R A i ML A AR

2 % X

[1]  LAZAR O R, BOHACS K M, SCHIEBER J, et al. Mudstone primer:
Lithofacies variations, diagnostic criteria, and sedimentologic—
stratigraphic implications at lamina to bedset scale[M]. Tulsa, USA:
SEPM Society for Sedimentary Geology, 2015.

(2] ABARE, ERUE, EEWE, . b E U RE . PR TR (—)
[J1. AIhIR S %, 2015, 42(6): 689-701.
70U Caineng, DONG Dazhong, WANG Yuman, et al. Shale gas in
China: Characteristics, challenges and prospects ( I )[J]. Petroleum
Exploration and Development, 2015, 42(6): 689-701.

[31 KRUMBEIN W C. The dispersion of fine-grained sediments for
mechanical analysis[J]. Journal of Sedimentary Research, 1933, 3(3):
121-135.

[4]  PICARD M D. Classification of fine—grained sedimentary rocks[J].
Journal of Sedimentary Research, 1971, 41(1): 179-195.

[5] LAND L S, MACK L E, MILLIKEN K L, et al. Burial diagenesis of
argillaceous sediment, south Texas Gulf of Mexico sedimentary
basin: A reexamination[J]. Geological Society of America Bulletin,
1997, 109(1): 2-15.

[6]  XUELRS, F 5, BAESE, 5 Pr BB g bR AR R B T3
FBOIARHEL. b BR AR, 2023, 25(4): 752-767.

LIU Huimin, WANG Yong, LI Junliang, et al. Main controlling

factors and distribution characteristics of shale lithofacies in the

(7]

(8]

[10]

[12]

[14]

Eocene of Jiyang Depression[J]. Journal of Palaeogeography (Chinese
Edition), 2023, 25(4): 752-767.

AT, X i B, EHAE, 5F R AR BUA AR DUBE
] J AR DS IR R b KUV b DR 22 S 1. A bR 5
FF%, 2024, 51(6): 1304-1316.

SONG Guangyong, LIU Zhanguo, WANG Yanqing, et al. Lithofacies
types, sedimentary cycles, and facies models of saline lacustrine
hybrid sedimentary rocks: A case study of Neogene in Fengxi area,
Qaidam  Basin, NW  ChinalJ].
Development, 2024, 51(6): 1304-1316.

WEHE, IR, EAE, A RIS A I 4 R Ak ) AR A T
FRAE P = L 2 A5 8 TV B L A A0, A i 5 K98 st
J5i, 2018, 39(2): 340-354.

TAN Xianfeng, WANG Ping, WANG Jia, et al. Mixed sedimentation

Petroleum  Exploration  and

in saline lacustrine basins during initial Eocene thermal maximum
period: A case study on Kongdian Formation in Dongying Sag, Bohai
Bay Basinl[J]. Oil & Gas Geology, 2018, 39(2): 340-354.

Tra, AR RE, SRAATE, A5 RALI GO BRI A R E AL S A
IMET B B DU IROR G0 N T 5890 21 E BOA (D). IR,
2025, 50(7): 2875-2898.

YIN Jia, ZOU Caineng, WU Songtao, et al. Development mechanism
of high—quality source rock and enrichment processes of shale oil in
saline lacustrine basin: A case study of upper member of lower
Ganchaigou Formation, Qaidam Basin[J]. Earth Science, 2025, 50(7):
2875-2898.

ARG . AL B o O AR TUA T AR R A 5 40 AR ([D). dE s b
el 4 A~ (1L 50), 2013.

DAN Yansheng. Accumulation conditions and distribution of shale
oil and gas in the Paleogene of the Liaohe Depression[D]. Beijing:
China University of Geosciences (Beijing), 2013.

FLILTR L B BH I A 501 R IT R AR AR LR AL (D). 55
By IARFHE R, 2019.

KONG Fanfei. Sedimentary mechanism of Paleogene continental fine
grained rocks in Niuye 1 Well, Jiyang Depression[D]. Qingdao:
Shandong University of Science and Technology, 2019.

A A B LI v S — o5 1 O 2 T R A T AR S i D).
Jbat: A E O (IE AT, 2009.

LI Hui. Structural characteristics and oil controlling effect of the
complex fault zone between Gucheng and Gaozhuang in the Biyang
Depression[D]. Beijing: China University of Geosciences Beijing,
20009.

o B ] 4R S P i g Y110 5 A M el 201 38 AR U A LT
B A MOt AR RID ] BT PR 2 (8%, 2020.

SU Ao. Organic matter enrichment and paleoclimatic records of
lacustrine shale in the Walnut Garden Formation of the Biyang
Depression, Nanxiang Basin, eastern China[D]. Wuhan: China
University of Geosciences (Wuhan), 2020.

TENG X, FANG X, KAUFMAN A ], et al. Sedimentological and
mineralogical records from drill core SKD1 in the Jianghan Basin,
Central China, and their implications for Late Cretaceous - early
Eocene climate change[J]. Journal of Asian Earth Sciences, 2019,
182: 103936.

SHEN C B, DONELICK R A, O’SULLIVAN P B, et al. Provenance



16

FEZ A o E AR R A6 S IR B DU A AR B A LB AL

XXXX4F
FXXE XX

[16]

[17]

[18]

[21]

[22]

[23]

[24]

and hinterland exhumation from LA-ICP-MS zircon U - Pb and
fission—track double dating of Cretaceous sediments in the Jianghan
Basin, Yangtze block, Central ChinalJ]. Sedimentary Geology, 2012,
281: 194-207.

WU L, MEI L, LIU Y, et al. Multiple provenance of rift sediments in
the composite basin—-mountain system: Constraints from detrital
zircon U=Pb geochronology and heavy minerals of the early Eocene
Jianghan Basin, Central Chinal[J]. Sedimentary Geology, 2017, 349:
46-61.

YU X, WANG C, LIU C, et al. Sedimentary characteristics and
depositional model of a Paleocene=Eocene salt lake in the Jiangling
Depression, Chinal[J]. Chinese Journal of Oceanology and Limnology,
2015, 33(6): 1426-1435.

YAN K, WANG C, LIU C, et al. Reconstruction of early Paleogene
landscapes and climate in the Jianghan Basin, Central China:
Evidence from evaporites and palynology[J]. Palaeogeography,
Palaeoclimatology, Palaeoecology, 2022, 601: 111095.

FRRIE, T4 T8, BARAH, 45 . W ) 22 0 TR S b ST 22 3K T
TiC: LR 94 A 1M v = B S 4101, b BRI, 2016, 35(5):
148-153.

JING Tieya, WANG Jinyi, MAO Junli, et al. Geological factors
matching of shale oil accumulation in rifted lacustrine basins: A case
study from 3rd member of shahejie formation in Liache western
depression[J]. Geological Science and Technology Information, 2016,
35(5): 148-153.

IR, AR, B, 55 . 3 BH I B T 2R D)2 e b2 A 4
HRARFAEXT UL T AR, 2006, 8(1): 89-102.

SU Zongfu, DENG Hongwen, TAO Zongpu, et al. Correlation of
stratigraphic features in regional sequence stratigraphic framework of
the Paleogene in Jiyang Depression[J]. Journal of Palaecogeography,
2006, 8(1): 89-102.

FRICHE . BT (RO BT R 20 Hr ik i ADRL TR DO ER IR ) 1)
VAR Bl 41 7 2 A ol 1 Xk 352 10 I B BT AR LA
KeEz2EdR, 2017, 41(4): 99-106.

ZHANG Wenwei. Identification of sedimentary environment of fine—
grained sedimentary rock based on major(trace)elements analysis:
Taking the lower fourth member of Shahejie formation in the well of
Shen 352 of Anfutun area of Damintun depression for example[J].
Journal of Northeast Petroleum University, 2017, 41(4): 99-106.
Ty VUG G AL S B AR5 11 D] Jbat: Ho ] iR 2
(dExT), 2006.

WANG Bijin. The structural envolution and favorable exploration
areas in JiangHan basin[D]. China
Geosciences, 2006.

SR MR I A R v a0 I ARSI ST D], JCAR:
HARHL TR, 2014,

CAI Huihui. Simulation study on greenhouse climate during the

Beijing: University  of

global cooling process in the Eocene epoch[D]. Chengdu: Chengdu
University of Technology, 2014.

SUN D, LIU D, CHEN M, et al. Magnetostratigraphy and
palaeoclimate of red clay sequences from Chinese Loess PlateaulJ].
Science in China Series D: Earth Sciences, 1997, 40(4): 337-343.

FRT, AN T, XTI 0 R P A I Sk A v R I — A A

[26]

[27]

(28]

[31]

(32]

(33]

[34]

[35]

[36]

[38]

WAIREL]. A4, 1984, 26(4): 448-455.

WANG Daning, SUN Xiuyu, ZHAO Yingniang. The Paleocene—
Eocene Palynoflora from the Tantou Basin in West Henan[J]. Journal
of Integrative Plant Biology, 1984, 26(4): 448-455.

SUN X, WANG P. How old is the Asian monsoon system? :

Palaeobotanical ~ records  from  China[J].  Palaeogeography,
Palaeoclimatology, Palaeoecology, 2005, 222(3): 181-222.
KENNETT J P, STOTT L D. Abrupt deep—sea warming,

palaeoceanographic changes and benthic extinctions at the end of the
PalaeocenelJ]. Nature, 1991, 353(6341): 225-229.

ZACHOS J, PAGANI M, SLOAN L, et al. Trends, rhythms, and
aberrations in global climate 65 ma to present|[J]. Science, 2001, 292
(5517): 686-693.

ZACHOS J C, DICKENS G R, ZEEBE R E. An early Cenozoic
perspective on greenhouse warming and carbon—cycle dynamics|[J].
Nature, 2008, 451(7176): 279-283.

ZEEBE R E, ZACHOS ] C. Long-term legacy of massive carbon
input to the Earth system: Anthropocene versus Eocene[]].
Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 2013, 371(2001): 20120006.

LI M, BRALOWER T J, KUMP L R, et al. Astrochronology of the
Paleocene—Eocene thermal maximum on the Atlantic coastal plain[J].
Nature Communications, 2022, 13: 5618.

LI'Y, SUN P, ZHANG Q, et al. Middle Eocene Climatic Optimum
sensitivity of a continental lake basin from geochemical records of
the Fushun Basin, Northeastern ChinalJ]. Ore Geology Reviews,
2023, 161: 105637.

XIAO G, ZHANG Z, YAO Z. The Eocene—Oligocene climate
transition: Review of recent progress[J]. Geological Review, 2012, 58
(1): 91-105.

SLUIJS A, ZEEBE R E, BIJL P K, et al. A middle Eocene carbon
cycle conundrum[J]. Nature Geoscience, 2013, 6(6): 429-434.

ROHL U, WESTERHOLD T, BRALOWER T J, et al. On the
duration of the Paleocene—Eocene thermal maximum (PETM) [J].
Geochemistry, Geophysics, Geosystems, 2007, 8(12): 2007GC00
1784.

EIUT . O Tl T 20 BB AL S5 A L B AR AL BE 52 [D].
AR FHMRE, 2022.

LI Yuanji. Paleogene Paleoenvironmental evolution and organic
matter accumulation mechanisms, Fushun Basin[D]. Changchun:
Jilin University, 2022.

B A, RAGAR, FEIE, AF L BR BRI - AR TR o T AR v i AL R
MFFARI]. B A BT24 41, 2003, 9(3): 450-457.

GE Ruiquan, SONG Chuanchun, CHUN Ping, et al. Restudy on the
shahejie formation transgression of the Paleocene in Zhan—Che Sag
(Jiyang depression) [J]. Geological Journal of China Universities,
2003, 9(3): 450-457.

EIER, BhalAE, 2R, AF . YT B A b — Bty H B () i i) A2
B IR T )], R, 2005, 24(3): 243-247.
WANG Guanmin, ZHONG Jianhua, JIANG Zaixing, et al. Possible
transgressive channel in Paleogene deduced by lateral change of
palaeosalinity in 1st Member of Shahejie Formation in Jiyang

depression[J]. World Geology, 2005, 24(3): 243-247.



XXXX 4E
EXXE XX

FELL A P E AR R G AR T IR AR U

AR AT B AL 17

[39]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

FEICTT, WA, BB IR IS A M ot o 20 T AR R T Y 0
SR ER(T]. DURRAAR, 2005, 23(4): 604-612.

YUAN Wenfang, CHEN Shiyue, ZENG Changmin. Research
development and prospects on Paleogene Sea transgression in Bohai
Bay Basin|[J]. Acta Sedimentologica Sinica, 2005, 23(4): 604-612.
FOCTF, BR85S R 5F S B 1t 2R VI A 2 T £ ]
SN AR, 2006, 27(4): 40-44.

YUAN Wenfang, CHEN Shiyue, ZENG Changmin. Study on marine
transgression of Paleogene shahejie formation in Jiyang depression
[JI. Acta Petrolei Sinica, 2006, 27(4): 40-44.

FEICTF, R R, MR . % FH A8 I v 20 A 2 B T S e
C31 SBEAFEL]. TURLAR, 2008, 26(4): 683-687.

YUAN W, ZENG C, CHEN S. Characteristic of dinosterane and C31
sterane in Paleocene saline formation of Jiyang depression|[J]. Chenji
Xuebao, 2008, 26(4): 683-687.

CHEN Z, HUANG W, LIU Q, et al. Geochemical characteristics of
the Paleogene shales in the Dongying depression, Eastern ChinalJ].
Marine and Petroleum Geology, 2016, 73: 249-270.

XIA L, CAO J, HU S, et al. How marine incursion influences the
quality of lacustrine source rocks: The Paleogene Nanxiang Basin,
Eastern ChinalJ]. AAPG Bulletin, 2019, 103(5): 1071-1096.

HOU D, LI M, HUANG Q. Marine transgressional events in the
gigantic freshwater lake Songliao: Paleontological and geochemical
evidence[J]. Organic Geochemistry, 2000, 31(7/8): 763-768.

LI Maowen, PANG Xionggi. Contentious petroleum geochemical
issues in China’s sedimentary basins|J]. Petroleum Science, 2004, 1
(3): 4-22.

DING W, WAN H, ZHANG Y, et al. Characteristics of the Middle
Jurassic marine source rocks and prediction of favorable source rock
kitchens in the Qiangtang Basin of Tibet[J]. Journal of Asian Earth
Sciences, 2013, 66: 63-72.

ERBACHER J, HUBER B T, NORRIS R D, et al. Increased
thermohaline stratification as a possible cause for an ocean anoxic
event in the Cretaceous period[J]. Nature, 2001, 409(6818): 325-327.
WEI W, ALGEO T J, LU Y, et al. Identifying marine incursions into
the Paleogene Bohai Bay Basin lake system in northeastern ChinalJ].
International Journal of Coal Geology, 2018, 200: 1-17.

JAGNIECKI E A, LOWENSTEIN T K. Evaporites of the green river
formation, Bridger and piceance creek basins: Deposition,
diagenesis, paleobrine chemistry, and Eocene atmospheric CO,[M]//
Stratigraphy and paleolimnology of the green river formation, western
USA. Dordrecht: Springer Netherlands, 2015: 277-312.
LOWENSTEIN T K, JAGNIECKI E A, CARROLL A R, et al. The
Green River salt mystery: What was the source of the hyperalkaline
lake waters?[]J]. Earth-Science Reviews, 2017, 173: 295-306.

R, A, AN A S G (M v A 2 O R A
URCHCH A PERITIELT . M5 B, 2017, 26(2): 140-146.

LI Yi, FANG Shi, SUN Pingchang, et al. Geological conditions of
shale gas accumulation of Paleogene shahejie formation in the
western sag of Liaohe basin[J]. Geology and Resources, 2017, 26(2):
140-146.

HE J, CAI J, LEI T, et al. Characteristics comparison and occurrence

mode of different types of soluble organic matter in lacustrine shale

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

in the Dongying Sag, Eastern China[J]. International Journal of Coal
Geology, 2022, 254: 103971.
P, T e B, UMk, 45 . 0 BH M B B 2 A S A 2 v Tk
BB PR i 1 9 e A S 0] B BOR 5 TR, 2020, 20(15):
6018-6025.
TAO Guanghui, DING Lianmin, ZHAO Lin, et al. Experimental
study on influence of physicochemical properties of shale reservoir in
Biyang depression on borehole stability[J]. Science Technology and
Engineering, 2020, 20(15): 6018—6025.
SUN Z, HE Z, WANG F, et al. Occurrence characteristics of saline—
lacustrine shale—oil in the Qianjiang depression, Jianghan Basin,
Central ChinalJ]. Journal of Earth Science, 2022, 33(4): 945-962.
SIS, oA S AR, AF L R ITUNE ] bR 2 ST K WA U A
BT SR DUACE MG L R Vb = F B ). o
iz, 2022, 24(4): 759-770.
ZHOU Jinghao, XIAN Benzhong, ZHANG Jianguo, et al. Organic
matter enrichment law of lacustrine shale constrained by high
resolution cyclostratigraphy: A case study from the lower sub-
member of Member 3 of Paleogene Shahejie Formation, Dongying sag
[JI. Journal of Palaeogeography (Chinese Edition), 2022, 24(4):
759-7170.
AR, P, EAESE, 55 . i sl v M1 15 v e S ety st amm
B ST K RCRFE L], RS HBIBT AR, 2021, 27(4): 444-458.
TIAN Derui, NIU Chengmin, WANG Deying, et al. Genetic types
and accumulation of crude oil in the central inversion zone in the
Bohai SealJ].
Universities, 2021, 27(4): 444-458.
Wi, A%, fLAE R, 45 (IE]K@(H‘/IQE'LHEHQH}#FUL
B HOXT U F IR A5 ). Hh2 2R, 2021, 28(5): 421-435.
CHEN Chen, JIANG Zaixing, KONG Xiangxin, et al. Sedimentary

liaoxi  depression, Geological Journal of China

HURHIE

characteristics of intersalt fine—grained sedimentary rocks and their
control on oil-bearing ability of shales in the Qianjiang Formation,
Qianjiang Sag|J]. Earth Science Frontiers, 2021, 28(5): 421-435.
YR . i A T 75 98 A L BT D Sl 2 B e B A o TR 3R A
HriD]. BB A [ i R A, 2017.

GUO Laiyuan. Heterogeneity and controlling factors of organic-rich
shale in continental rift basin[D]. Wuhan: China University of
Geosciences, 2017.

LR . ALY IR MIBA v = V0 B SUE IR AR 1 B R A
KDL LR P EHFCAER), 2016.

LYU Yannan. Formation conditions and development patterns of
shale oil in the Sha-3 and Sha—4 sections of the western depression
of Liaohe River[D]. Beijing: China University of Geosciences Beijing,
2016

WANG A, WANG Z, LIU ], et al. The Sr/Ba ratio response to salinity
in clastic sediments of the Yangtze River Delta[J]. Chemical Geology,
2021, 559: 119923.

LI P, LIU Z B, BI H, et al. Differences in and factors controlling
organic matter enrichment in the Ziliujing Formation shale in the
Sichuan Basin[J]. Petroleum Science, 2024, 21(1): 77-86.
MCARTHUR J M, ALGEO T J, VAN DE SCHOOTBRUGGE B, et
al. Basinal restriction, black shales, re=Os dating, and the Early

Toarcian (Jurassic) oceanic anoxic event[J]. Paleoceanography, 2008,



18

FEZ A o E AR R A6 S IR B DU A AR B A LB AL

XXXX4F
FXXE XX

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[72]

[73]

[74]

[75]

[76]

23(4): 2008PA001607.

NESBITT H W, YOUNG G M. Early Proterozoic climates and plate
motions inferred from major element chemistry of lutites[J]. Nature,
1982, 299(5885): 715-717.

VISSER J N J, YOUNG G M. Major element geochemistry and
paleoclimatology of the Permo—Carboniferous glacigene Dwyka
Formation and postglacial mudrocks in southern AfricalJ].
Palaeogeography, Palaeoclimatology, Palaeoecology, 1990, 81(1-2):
49-57.

YOUNG G M. Geochemical investigation of a Neoproterozoic glacial
unit: The Mineral Fork Formation in the Wasatch Range, Utah[J].
Geological Society of America Bulletin, 2002, 114(4): 387-399.

VON ALLMEN K, BOTTCHER M E, SAMANKASSOU E, et al.
Barium isotope fractionation in the global barium cycle: First
evidence from barium minerals and precipitation experiments[J].
Chemical Geology, 2010, 277(1-2): 70-77.

PAISTE K, PELLERIN A, ZERKLE A L, et al. The pyrite multiple
sulfur isotope record of the 1.98 Ga Zaonega Formation: Evidence for
biogeochemical sulfur cycling in a semi-restricted basin[J]. Earth
and Planetary Science Letters, 2020, 534: 116092.

SULLIVAN M D, HASZELDINE R S, FALLICK A E. Linear
coupling of carbon and strontium isotopes in Rotliegend Sandstone,
North Sea: Evidence for cross—formational fluid flow[J]. Geology,
1990, 18(12): 1215-1218.

VAN OS B J H, MIDDELBURG J J, DE LANGE G J. Possible
diagenetic mobilization of barium in sapropelic sediment from the
eastern Mediterranean[J]. Marine Geology, 1991, 100(1-4): 125-136.
KABATA-PENDIAS A. Trace elements in soils and plants[M]. Boca
Raton: CRC Press, 2010.

DYMOND J, SUESS E, LYLE M. Barium in deep—sea sediment: A
geochemical proxy for paleoproductivity[J]. Paleoceanography, 1992,
7(2): 163-181.

ALGEO T J, MAYNARD ] B. Trace—element behavior and redox
facies in core shales of Upper Pennsylvanian Kansas—type cyclothems
[J]. Chemical Geology, 2004, 206(3-4): 289-318.

TRIBOVILLARD N, ALGEO T J, LYONS T, et al. Trace metals as
paleoredox and paleoproductivity proxies: An update[J]. Chemical
Geology, 2006, 232(1-2): 12-32.

GALARRAGA F, REATEGUI K, MARTINEZ A, et al. V/Ni ratio as
a parameter in palaeoenvironmental characterisation of nonmature
medium—crude oils from several Latin American basins[J]. Journal of
Petroleum Science and Engineering, 2008, 61(1): 9-14.

MURPHY A E, SAGEMAN B B, HOLLANDER D ], et al. Black
shale deposition and faunal overturn in the Devonian Appalachian
Basin: Clastic starvation, seasonal water—column mixing, and
efficient biolimiting nutrient recycling[J]. Paleoceanography, 2000,
15(3): 280-291.

CAMPOS ALVAREZ N O, ROSER B P. Geochemistry of black
shales from the Lower Cretaceous Paja Formation, Eastern
Cordillera, Colombia: Source weathering, provenance, and tectonic
setting[J]. Journal of South American Earth Sciences, 2007, 23(4):
271-289.

SINHA S, ISLAM R, GHOSH S K, et al. Geochemistry of Neogene

[78]

[79]

(80]

(82]

[83]

(84]

(85]

[86]

(87]

(88]

Siwalik mudstones along Punjab re—entrant, India: Implications for
source—area weathering, provenance and tectonic setting[J]. Current
Science, 92(8): 1103-1113.

KASANZU C, MABOKO M A H, MANYA S. Geochemistry of fine-
grained clastic sedimentary rocks of the Neoproterozoic Ikorongo
Group, NE Tanzania: Implications for provenance and source rock
weathering[J]. Precambrian Research, 2008, 164(3-4): 201-213.
ZAGHLOUL M N, CRITELLI S, PERRI F, et al. Depositional
systems, composition and geochemistry of Triassic rifted—continental
margin redbeds of the Internal Rif Chain, MoroccolJ]. Sedimentology,
2010, 57(2): 312-350.

VON EYNATTEN H. Petrography and chemistry of sandstones from
the Swiss Molasse Basin: An archive of the Oligocene to Miocene
evolution of the Central Alps[J]. Sedimentology, 2003, 50(4):
703-724.

MONTERO-SERRANO J C, FOLLMI K B, ADATTE T, et al.
Continental weathering and redox conditions during the early
Toarcian Oceanic Anoxic Event in the northwestern Tethys: Insight
from the Posidonia Shale section in the Swiss Jura Mountains[J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 2015, 429:
83-99.

MA Y, FAN M, LU Y, et al. Climate-driven paleolimnological
change controls lacustrine mudstone depositional process and
organic matter accumulation: Constraints from lithofacies and
geochemical studies in the Zhanhua Depression, Eastern ChinalJ].
International Journal of Coal Geology, 2016, 167: 103-118.

LIANG C, WU J, JIANG Z, et al. Sedimentary environmental controls
on petrology and organic matter accumulation in the upper fourth
member of the Shahejie Formation (Paleogene, Dongying depression,
Bohai Bay Basin, China)[J]. International Journal of Coal Geology,
2018, 186: 1-13.

LI W, LU S, TAN Z, et al. Lacustrine source rock deposition in
response to coevolution of the paleoenvironment and formation
mechanism of organic-rich shales in the Biyang depression,
Nanxiang Basin[J]. Energy & Fuels, 2017, 31(12): 13519-13527.
TREEEL . VLA T T M B AR i 5 8 T R 8 G &R (D). P
2% THALREE, 2018.

XU Chongkai. The relationship between salty characteristics and
source rock formation in Qianjiang sag, Jianghan basin[D]. Xi’an:
Northwest University, 2018.

s, iR, TKEE, A5 I RE R R TR 7 T R v A A
HOER AL AE AR K I BT RS ST BT 2E 4R, 2021, 95(2): 517-535.
ZHANG Ni, WU Yi, ZHANG Xia, et al. Geochemical characteristics
and its implications of the third Member of Paleogene Shahejie
Formation from the Damintun sag, Liaohe depression[J]. Acta
Geologica Sinica, 2021, 95(2): 517-535.

WU J, LIANG C, YANG R, et al. Sequence stratigraphic control on
the variations of organic matter in Eocene lacustrine shales within
the Dongying Depression, Eastern ChinalJ]. Journal of Asian Earth
Sciences, 2022, 237: 105353.

TAN Z, LU S, LI W, et al. Climate—driven variations in the
depositional environment and organic matter accumulation of
mudstones: Evidence from organic and

lacustrine inorganic



XXXX 4E
EXXE XX

FEZL G P E AR A A AR ST IR AR U

HA AL B R 19

(89]

[91]

[92]

[93]

[94]

[95]

[99]

geochemistry in the Biyang depression, Nanxiang Basin, ChinalJ].
Energy & Fuels, 2019, 33(8): 6946-6960.

GE T, JIANG Z, KONG X, et al. Salt rhythmite formation and organic
matter enrichment in the Qianjiang formation, Jianghan Basin,
China: Constraints from alternating dry and wet climates[J]. Marine
and Petroleum Geology, 2023, 148: 106067.

WANG Z, LIU G, GAO P, et al. Geochemistry of source rocks and oil
- source rock correlation in the Hetaoyuan Formation of the
Nanyang Sag, Nanxiang Basin, Eastern China[J]. Geological Journal,
2018, 53(5): 2334-2351.

¥R, R, Al T, A I BH MR A% = B ) WA LB U2
HLERAESEREAE L], BTBRAT LR, 2015, 36(1): 42-47.

SHANG Fei, LIU Zhengjun, XIE Xinong, et al. Geochemical
characteristics of organic—rich shales of He=3 member of hetaoyuan
formationin Biyang Sag|J]. Xinjiang Petroleum Geology, 2015, 36(1):
42-47.

PRI, Aotk AR IR, 45 IR ML IX I A /A R Ak
FEHFL)). MhERELE, 2018, 43(6): 2160-2171.

HOU Qingjie, JIN Qiang, NIU Chengmin, et al. Distribution
characteristics and main controlling factors of main hydrocarbon
source rocks in Liaodong Bay areal]]. Earth Science2018, 43(6):
2160-2171.

LIANG C, WU J, CAO Y, et al. Storage space development and
hydrocarbon occurrence model controlled by lithofacies in the
Eocene Jiyang Sub-basin, East China: Significance for shale oil
reservoir formation[J]. Journal of Petroleum Science and Engineering,
2022,215: 110631.

STUIVER M. Climate versus changes in "C content of the organic
component of lake sediments during the Late Quarternaryl[J].
Quaternary Research, 1975, 5(2): 251-262.

HORTON T W, DEFLIESE W F, TRIPATI A K, et al. Evaporation
induced O and "“C enrichment in lake systems: A global
perspective on hydrologic balance effects[J]. Quaternary Science
Reviews, 2016, 131: 365-379.

MCKENZIE D. The extraction of magma from the crust and mantle
[J]. Earth and Planetary Science Letters, 1985, 74(1): 81-91.
TALBOT M R. A review of the palaeohydrological interpretation of
carbon and oxygen isotopic ratios in primary lacustrine carbonates|J].
Chemical 1990, 80(4):
261-279.

AL, IWSekE, B4, G5 ACE MG U BOYIAR A = A DU
fiE KA ). W<, 2010, 17(4): 418-422.

LI Deli, TAN Xianfeng,

Geology: Isotope Geoscience Section,

XIA  Minquan, et al. Sedimentary
characteristics and genesis of lacustrine dolomite in the fourth
member of Shahejie Formation in Dongying Sag[J]. Fault-Block Oil
& Gas Field, 2010, 17(4): 418-422.

TR . AR MR R 0 1 e U T 2 A R B 22 T S
(1. LT 5 R IR, 2018, 25(2): 1-7.

TENG Jianbin. Genesis of dolomite in shale drilled by Well Liyel in

Dongying Sag and its significance on sequence boundary indication

[J]I. Petroleum Geology and Recovery Efficiency, 2018, 25(2): 1-7.

[100] HEEEMy, WREAD, slsp I8, 45 . 5F BRI oy i 2R U B2 A v A

BB BUA 2 A1 i Bl AR . A i 3 5 I %, 2022, 49

[101

—

[102]

[103]

[104]

[105

[106]

[107]

[108

[109]

(6): 1080-1093.

TENG Jianbin, QIU Longwei, ZHANG Shoupeng, et al. Origin and
diagenetic evolution of dolomites in paleogene Shahejie Formation
lacustrine organic shale of jiyang depression, bohai bay basin, east
China[J]. Petroleum Exploration and Development, 2022, 49(6):
1080-1093.

XTIV, EBERH . ML AT 2H 1 2 2 A5 A i SRR R
SCLIL E AR HBEE, 1997, 17(1): 22-26.

LIU Wanzhu, WANG Pujun. Genesis and environmental significance
of the dolomite concretions from the Nenjiang formation in the
Songliao basin, northeast ern ChinalJ]. Sedimentary Facies and
Palaeogeography, 1997, 17(1): 22-26.

FEA, B O, B, 4 AN A O A A R L
VIFABRE 1 IF R fL (0], T4, 2008, 82(1): 48-54.

WANG Guodong, CHENG Rihui, WANG Pujun, et al. The forming
mechanism of Dolostone of Nenjiang Formation in Songliao Basin:
Example from CCSD-SKII[J]. Acta Geologica Sinica, 2008, 82(1):
48-54.

AFFH, 5200 22, SCBE, 45 ML A 1 = R PR 58 K 1 R AL 3
[J]. PUREAR, 2024, 42(1): 113-129.

FU Xiu Li, MENG Qian, WEN Zheng, et al. Sedimentary
environment and genetic mechanism of dolomites in the Qingshankou
formation, Songliao Basin[J]. Acta Sedimentol. Sinica, 2024, 42(1):
113-129.

YANG J H, YICL, DU Y S, et al. Geochemical significance of the
Paleogene soda—deposits bearing strata in Biyang Depression, Henan
ProvincelJ]. Science China Earth Sciences, 2015, 58(1): 129-137.
BTN ER SN N TE R U s s W SRR 1
Mz AL I, 2012, 14(1): 45-58.

LI Hong, LIU Yiqun, LIANG Hao, et al. Origin of lacustrine
dolostones of the Middle Permian Lucaogou formation in santanghu
basin of Xinjiang[J]. Journal of Palacogeography, 2012, 14(1): 45-58.
WEN H, ZHENG R, QING H, et al. Primary dolostone related to the
Cretaceous lacustrine hydrothermal sedimentation in Qingxi sag,
Jiuquan Basin on the northern Tibetan Plateau[]]. Science China
Earth Sciences, 2013, 56(12): 2080-2093.

FIRAS, SRR, ARFRI], S5 IR S M T DX T AR VDT
LLWIAR 1z R AE B [T]. ot B0, 2014, 16(1): 65-76.
WANG Bingjie, CAI Mingjun, LIN Chunming, et al. Characteristics
and origin of lacustrine dolostone of the Paleogene Shahejie
in Tanggu area, Bohai Bay Basin[J].
Palaeogeography, 2014, 16(1): 65-76.

RS, k3], fE 2R, A5 R A L T3 R o BT AR D A
ALY BESIAR 7B 41 i R (). AR, 2015, 17(1):
33-44.

SONG Bairong, HAN Hongdou, CUI Xiangdong, et al. Petrogenesis

Formation Journal of

analysis of lacustrine analcite dolostone of the Member 4 of
Paleogene Shahejie Formation in Liaohe Depression, Bohai Bay Basin
[J]I. Journal of Palacogeography, 2015, 17(1): 33-44.

I, ERBEAR, 47 D30, 45 . 75 B AR MR = i Vi) 4 ok ko i
Se [7) o7 2% AR5 E K HG i 300 2 3 S0 R AR 4, 2017, 91(3):
605-616.

QU Changsheng, QIU Longwei, YANG Yonggiang, et al. Carbon and



20

FEZ A o E AR R A6 S IR B DU A AR B A LB AL

XXXX4F
FXXE XX

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

oxygen isotope compositions of carbonatic rock from Permian
Lucaogou Formation in the Jimsar Sag, NW China and their
paleolimnological significance[J]. Acta Geologica Sinica, 2017, 91
(3): 605-616.

BREL, ARACEL AR, 45 T BT R MR R RS RS R 2
ARz B U (). Bk, 2017, 42(2): 258-272.

WEI Wei, ZHU Xiaomin, ZHU Shifa, et al. Origin of lacustrine
dolomitic rocks of the Lower Cretaceous tengge’ er formation in anan
sag, erlian basin[J]. Earth Science, 2017, 42(2): 258-272.

ZHANG S, LIU Y Q, LI H, et al. Hydrothermal-sedimentary dolomite—
a case from the Middle Permian in eastern Junggar Basin, ChinalJ].
Journal of Palaeogeography, 2020, 9(4): 415-437.

YANG Z, ZHONG D, WHITAKER F, et al. Syn—sedimentary
hydrothermal Dolomites in a lacustrine rift basin: Petrographic and
geochemical evidence from the Lower Cretaceous Erlian Basin,
Northern ChinalJ]. Sedimentology, 2020, 67(1): 305-329.

WU A, CAO J, ZHANG ], et al. Origin of microbial - hydrothermal
bedded Dolomites in the Permian Lucaogou Formation lacustrine
shales, Junggar Basin, NW ChinalJ]. Sedimentary Geology, 2022,
440: 106260.

ZHU S, QIN Y, LIU X, et al. Origin of dolomitic rocks in the Lower
Permian Fengcheng formation, Junggar Basin, China: Evidence from
petrology and geochemistry[J]. Mineralogy and Petrology, 2017, 111
(2): 267-282.

GUO P, WEN H, GIBERT L, et al. Deposition and diagenesis of the
Early Permian volcanic-related alkaline playa—lake dolomitic shales,
NW Junggar Basin, NW ChinalJ]. Marine and Petroleum Geology,
2021, 123: 104780.

YU K, ZHANG Z, CAO Y, et al. Origin of biogenic—induced cherts
from Permian alkaline saline lake deposits in the NW Junggar Basin,
NW China: Implications for hydrocarbon exploration[J]. Journal of
Asian Earth Sciences, 2021, 211: 104712.

FRW, RIS, T 5, 55 EME /R A S — R X — 3 R IR
T RAE BRI, Ty b AA R, 2014, 16(2): 157-168.

WANG Junhuai, LIU Yinghui, WAN Ce, et al. Characteristics and
origin of dolomitic tuff in the Permian Fengcheng Formation in Wu—
Xia area of Junggar Basin[J]. Journal of Palaeogeography, 2014, 16
(2): 157-168.

WANG T, CAO J, XIA L, et al. Revised age of the Fengcheng
Formation, Junggar Basin, China: Global implications for the Late
Paleozoic ice age[J]. Global and Planetary Change, 2022, 208:
103725.

DN Y 185 IR 235 b 15— 52 b DX AU A = I 2 S OB 58 B Al
PRI W RO 22 AR (R4 AR, 2022, 52(1): 80-93.

LIU Yinghui. Origin of dolomitic tuff in Permian Fengcheng
Formation in Wu-Xia area of Junggar Basin[J]. Journal of Jilin
University (Earth Science Edition), 2022, 52(1): 80-93.

LIU X, TARANTOLA A, CHEN H, et al. Middle Eocene
Paleoclimate recorded in halite deposits in Jianghan Basin, Central
ChinalJ]. Marine and Petroleum Geology, 2023, 153: 106305.

HE J, DING W, JIANG Z, et al. Mineralogical and chemical
distribution of the Es3 L oil shale in the Jiyang Depression, Bohai
(E  China): paleoenvironmental

Ba, ~ Basin Implications  for

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

reconstruction and organic matter accumulation[J]. Marine and
Petroleum Geology, 2017, 81: 196-219.

WANG Q, HAO F, XU C, et al. Paleolimnological environments and
the formation of high quality source rocks in the Bohai Bay Basin: An
integrated geochemical study of biomarkers, stable carbon and
oxygen isotopes, and trace elements[J]. Journal of Petroleum Science
and Engineering, 2020, 195: 107753.

ARTF UK, JREL . L] 7 04 T8 1 o /b B £ A B R A R 2
fIELT). HbBRAL, 2022, 47(12): 4724-4730.

ZHU Fangbing, ZHOU Hong. Characteristics of carbonate cements in
sandstone of shahejie formation in western depression, Liaohe Basin
[J]. Earth Science, 2022, 47(12): 4724-4730.

SU A, BONS P D, CHEN H, et al. Age, material source, and
formation mechanism of bedding—parallel calcite beef veins: Case
from the mature Eocene lacustrine shales in the Biyang Sag,
Nanxiang Basin, ChinalJ]. Geological Society of America Bulletin,
2022, 134(7-8): 1811-1833.

ZEEI, I R, BRERR, AF L RE R B T A X
FRART: DL I 2 A8 MR v =R =90 09 S B ). A1
SR T, 2021, 43(5): 767-775.

LI Zhiming, SUN Zhongliang, LI Maowen, et al. Maturity limit of
sweet spot area for continental matrix type shale oil: A case study of
lower Es3 and upper Es4 sub-members in Dongying Sag, Bohai Ba,
Basin[J]. Petroleum Geology & Experiment, 2021, 43(5): 767-775.
ATES . Tl AT BT A AL B fif 5 23 18] 5 AL A1 2 1 3R AR D], b
A PEAR (L), 2019.

ZHAO Yuyan. Quantitative characterization of reservoir space and
pore throat distribution of continental organic-rich shale [D]. Beijing:
China University of Petroleum (Beijing), 2019.

TETE, AR, 0T, A5 R A P IV B v AR Ak el £
IR B S R AT RS AR L] A7 T 5C 56 M 5, 2024, 46(2):
354-365.

JIN Yunyun, LI Chuxiong, WANG Yong, et al. Oil-bearing potential
and hydrocarbon occurrence characteristics of shale in Paleogene
Hetaoyuan Formation in Biyang Sag, Nanxiang Basin[J]. Petroleum
Geology & Experiment, 2024, 46(2): 354-365.

TR . 1L PG R MR DO il R S A SRR D], e
Hh I b R 2 (I 1), 2020.

MAO Junli. Reservoir formation mechanism and enrichment modes
of shale oil and gas in the western Liaohe Depression[D]. Beijing:
China University of Geosciences (Beijing), 2019.

BRI, FUAE R, ZEAE2%, A5 TRTLIMIBG T 30T R R )4 2 DU 5
A HLBT R B DIV =B R B 105 8 R )], A 24,
2022, 43(5): 605-616.

CAI Yuan, KONG Xiangxin, JIANG Zaixing, et al. Sedimentary
environment and organic matter enrichment of Paleogene inter—salt
strata in Qianjiang sag: A case study from 10th rhythmite of the
Lower Member 3 of Qianjiang Formation[J]. Acta Petrolei Sinica,
2022, 43(5): 605-616.

WANG C, WANG Q, CHEN G, et al. Influence of volcanism on the
development of black shales in the Chang 7 Member of Yanchang
Formation in the Ordos Basin[J]. International Journal of Earth

Sciences, 2021, 110(6): 1939-1960.



XXXX 4

BXXE XX FEL A P E AR R S AR ST IR AR U e A S AT LB R SR AL 21

[131] LI S, HU S, XIE X, et al. Assessment of shale oil potential using a
new free hydrocarbon index[J]. International Journal of Coal Geology,
2016, 156: 74-85.

[132] LI M, CHEN Z, CAO T, et al. Expelled oils and their impacts on
Rock-Eval data interpretation, Eocene Qianjiang Formation in
Jianghan Basin, ChinalJ]. International Journal of Coal Geology,
2018, 191: 37-48.

[133] CHENG P, XIAO X, FAN Q, et al. Oil retention and its main

controlling factors in lacustrine shales from the Dongying Sag, Bohai

Bay Basin, Eastern ChinalJ]. Energies, 2022, 15(12): 4270.

PR, WREDEE, TR, A5 . T34 o DR IR o M b 4 2 I Bt o

BRI TA)). £hS KA TR, 2016, 37(1): 8-14.

LU Shuangfang, CHEN Guohui, WANG Min, et al. Potential

[134

=

evaluation of enriched shale oil resource of Member 4 of the Shahejie
Formation in the Damintun Sag, Liaohe Depression[]J]. Oil & Gas

Geology, 2016, 37(1): 8-14.

[135]

[136

[137]

[138]

SONG Y, CAO Q, LI S, et al. Salinized lacustrine organic-rich shale
influenced by marine incursions: Algal-microbial community,
paleoenvironment and shale oil potential in the Paleogene Biyang
Depression, East ChinalJ]. Palaeogeography, Palaeoclimatology,
Palaeoecology, 2021, 580: 110621.

KURENKOV 1 I. The influence of volcanic ashfall on biological
processes in a lake[J]. Limnology and Oceanography, 1966, 11(3):
426-429.

XIAO D, CAO J, LUO B, et al. Neoproterozoic postglacial
paleoenvironment and hydrocarbon potential: A review and new
insights from the Doushantuo Formation Sichuan Basin, ChinalJ].
Earth—Science Reviews, 2021, 212: 103453.

LEE C A, JIANG H, RONAY E, et al. Volcanic ash as a driver of
enhanced organic carbon burial in the Cretaceous[J]. Scientific

Reports, 2018, 8(1): 4197.
(¥ FA)



