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WEAESR, BEAE B U SRR AR R I H At G4 B AR RRIEE = e T AT
B AT 55 (AR A B2, 2023; Hao and Liu, 2024). fERZH4EEIRH, TUE MM E R H H A
B M4 2 TE . AHRBFF R, AIRTUE M HOR AT R B &1k 2512 420, 2 Ak
AHERLAAR R A S T B I EE A G 2 (PR T4, 2023; Xu et al., 2024a). JCH R TESE ETT
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HEMMAES N, TSRS RIG T RE R, SR T R R BRI A g, s 4
ERAEIFR = 10 TR BRI A T 3 (R EE A

ML TS [ 2 R B RO T, JRE TUA I P05 32 5 A 7E AR 7 rh (Wang et all,
2022; BAKIEE, 2024) TR E BB K ANE B A R AH DUA B R 2 B 2% A
RBZFE, OFE KA & IR SR G BB S5 (M 5E, 2023; &2 855, 2023; Gou et
al., 2023). Pkl GUS it 2 AR I = BE ARSIt M DAERR B T A e, R SuE
JEF AR ZE R R 5, 2024). Bk, JE7R KGR TUA 2 0T 8 & UAERRE &
LR R 3R A A X B R (N 5CE . SEF 1k, A SC LA BRI DU X O], AR
B RV =T B AR S A HUR TUE AT R, 8 R G R AR b, AT
TSR AN S, PR DU T P IR A RAAE B AR R R 35, DAY Ay 1 i A 5 el 5 0 v 2
B PRI AR BERL 244

1 XEHRE &

IR VT8 2 V) VA VS 5 O 340 A 7 P 0 1) — N IR )3 BT S v R SRR T R
RRE, HEWKL 90km, FILHEL 65km, SHFRZ) 5850km?(&] 1A-1B). 7T X Hid i
WEEAT L NI B 65-24.6Ma IR HIZLREH], I WIWTREE 398,  Z iR vE
PR, BTG 5 — 07 e K F 4 1 (Feng et al, 2013); 24.6Ma 24 HIH)RE
W, FEZE LRSI =AW, RS, JHR&RA Ao, LRk
AR5 55 k1) B RS2, 2020 Shii et al., 2020).

wE R, ARE M AT mBREETOR R &R, R B2 2ROV LS 4L Wi
HAMARE N, Hrh b oA Ta A e, PN A B W =B, W Bofiib— B
(B 1C). ¥IU BB = F B T BT RT BUK-1 BUK IR, HARRA R IKE . K
e KB FD B E KR, AR FEE(TOC) T 1%-12% 17, W tjes )5

—MRAE 500m L b, SR TT X R ) BRI (3B A, 2023; Wang et al., 2025).
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Fig.1 Location map and comprehensive stratigraphic column of the Dongying Sag in the Bohai Bay Basin,

modified from Feng et al., 2013
2 FEREXR A

AU T INARE YD = F B ILERE 62 (3 HIF, FAUME W 1B), RGIFET
XRD H 553t TOC M. & CoFI oWl . 7 B3 scse: . fELEER |, 4 TOC
TR A RS A SR TUE S AR 3, IR T B A B FR 3 R sk — 2D T R e A
JEARIE No Wb FLBREEMINA . 3 & A4 B (FE-SEM)AI . & A HLBK TOC Al X 74 55
5B R HRLAE /N T 100 H R ACIRARE, Horf TOC B Leco CS230 BUACESAI, B 447 5 1]

5 D/max-2600 FIACES 73T, FEAIARIRE & 2 AR e B AR 7] 2 Il Gou et al. (2019)
A1 Shi et al. (2020). FLIEE i RIENE, FE 5 1 em S2T74&, HIJ Washburn 77
FEREAN RS0 Rk ok B A SRR AN FLIE RN, BRI 5 50U FLIE (Gou et al., 2023).

G330 B SEIR T BORE L A 100-200 H B ACIR A, A5 Rock-Eval 6 #A#73 HT4X .
MR FE A, KA THE S 200°CHEIR Tmin, BIF=H) S (R B S AR EL &9,
RUE2 B ). B, iRAXER DL 25°C/min Y FHIRIE 2 73 73l AR 22 350°C. 450°CHT 600°C,
FAEXS NG EAENR 1min, SREUSIMZ > Z80 Sio(E B gS it 201~ BIVAR v 5 e 25 )



S 1 (B AN A0 PR B T 7 o P S0, BRIV Byt 5 &) S (AR R A il B8 ) o A
ARUHEFEH, Sia 55 S0 IR T B i B 0% 5 5155, 2016, EIREE, 2019).

IR N W B SEBG R AE 77.35K 2640 N XTRES RSTA 60-80 H IR ARMREFETT I, LA
FE 2 7 AR L) ASAP2460 4 B A A . AT No MR SESR e i, BRlZ o)
Fes, & W S TEARRLL N 3: 1 BRRAAHLIARIIT R st 525, veih K248 1 4.
REGETH SRR EE RS, RHRE S EATHE A0, FE R UGHEATRIR No TR B 5256

FE-SEM F|FH 43 #F% ZEISS-MERLIN 8437 & 5414 L1 S A 76— Uk F 1 A i
FARRE T BEAT A 2 73 MFLIRE S5 o SEBGAT 75 204 TUAFER IR 1emxlemxem ()
SETTARANEEFF AT HUBBIT B, P PR 2 T DG A 0 S A R I AT A 4R AL PE . O 1 S e
L, PR AT RN AR, FERRI 2 0.5-1kPa 28] ey B 2 W AR AX A J5
295 1.5nm FIBRME.
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3.1 TEaMRE Rk ER

B ZE IR FLOEL F2 AT NT JR 62 RS X S ERATH et R o, Yl fde
TUAH AR P BRER R W) & S B, SME N 53.7% (B 2), Hrh 7 A2 i A R
FAED TSR 11.3%-74.7%, HMEN 44.8%; HaAEERN 0-60.1%, HMEH 8.9%. HiIK
NEL W), XA 6.1%-48.4%, YMHA 24.2%. MAMELEFE—E &K A S AT

M, RN T 5.1%-30.3%F1 0%-18.7%2 18], $1E 4519 15.6%F1 4.4%.
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Fig. 2 Mineral composition of the lower submember of Sha3 in the Dongying Sag
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ZEFNRT AR TCE 2RI R, AT AR AU F DTG - A 21 50 % T
FE AT 25 A0 R 2 (R EE A%, 2020; Wang et al., 2025). BEARN: AR L TOC=2% 4 7
PR, Rl w A LB DU A A LR U AR, SR IS IIRIR G2 B, KRN T
Imm & SCAZUZAR, JZERT 1mm B2 SONEAR, MSUZ KB RINDvPOR; RIE a0
o2k, #E 2 FoRmal s, R HRKIERIUE . RIRTUE . R 5 TUE AR &5 7T
WRHZIN 53 T 28, WO H AR TV B b e 4L U 2 2 B AR AN & A LR SRR 7T
BANRGZRIBE RIS . EANRBRIESRICE . B ANRBCIR KR TUE . S LR
LRI TCEME B ITUZ IR B IS, HAl 3 Fea f AR o R & (K 3).
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Fig.3 Main lithofacies types and characteristics of Shahejie Formation shale in Dongying Sag
B3 BoR, EANURSUZRRAK R TS e A WU SUZ R 5 51 TUa oI A Ly T
REBGRE, AW KERRAMRINSUR KT, SURESNE, 2 8K R, J5E ik
RE BRI 2 T 5 A R R TR 2 22 N3 W KT A DL IR AR TR 1
JE REARARNE AR R . BRI =, 8 A WU SUZAR AT TUA AV A7 WS SUZARIR & 5 T



TEWF S X AT AL B AR B, B BN 5.41%81 5.92%. & B IR ERIES R ITA 28
JERER IR, fEE A REE @ B A B2 mT 0L, &40 HE 211 SEM BUE BRI JZ2 B 4L
EWIEAED GHREEZENE 2%3%2 0, BHEHN 4.03%. &HPURPCR KT 74
HASHBNE—, NRELUZ, SEM ERERIEH . KIS U6 i BRR 3L i ) TR 2
HERR, 8 WIS PR SR B AN RS A0 R 2 8], P35 TOC & 3.05%.

E AR SUZ RIS A AUBZ IR IR TUE 20U B B0k, W5 #1 SEM R AT
WEERE, EERNTIRALUZ, BiESUERERERZ&ETE#: TOC 5 AmiEH SR,

E AR SUZRIR T RIS A AUZR A0 DU A U B AR AR, AL T 1%-2%

Z I8, YMESHIN 1.25%F0 1.31%((& 3).
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Fig. 4 Shale porosity and oil bearing characteristics of Shahejie Formation in Dongying Sag

B 4A JE7R T VDTN [F) 55 A DUA o PR R PR R AR A RFAE . SR, E A HUREL
JEIR TV ALBRBEAR N S i, Horh e A HUR SUZIR IR T AL BREE 73 AV N 1.2%-8.0%, 3
64 4.4%;: EHENRSUZRIEA R TUE FE AR EIRIB S R ICEFLEZ R L, b T
1.7%-4.9%H1 2.7%-5.0%2 18], KIE N 3.8%F1 3.9%. & A3 HLFHOIR T FLEEE N 1.9%-4.8%,
BMEN 3.2%: EEHURSUZRBT T FI & A HUT IR KR T8 FLBR AR A%, 435K
1.3%-4.0%(FH N 2.8%)F1 1.3%-4.7%FMEN 2.7%). 5BV, & RS20l e L
B P82 it )AL R E (B I SR AR AR B SRR AR S 5 AR L), BT —@EZE T, 1
FHE A AT B R 5 2 A AR, DR v R SR L BGURE AT BB /N T DU R i S B 1 A 2K
FLBRBE(F K5, 2019).



3.2 TUAHBAE S | BARTS

TR B EARIRAR T B AR TUA B 2R A SR IR AR T R TSR RS P (i 2
HCARE Y0 IR . SALRR P EE I B (FR IR THAE, 2023).  EIEULSEIEFI v 70
HBAEHA, TR AT LLE HWI AR A A B ORIl 5 B, i AR IR 2
TUE SR MR B35 25 5, BRI 80T TUE W A AT SR AR . X T B AN SUZ
WRIVET S, SUZGE2 R TUA R LB 822 18], TR T S8R 43 e T 32 3 I SR/
559, 5 LA B ZS T A AE , (R SEML B s FLAE F ARIRAS TR AE T LA Bt (B 5A).
BEAh, BUZ A AT UK E —E s RG], WA R SR Th KSR PRI R Eh 0 P 6]
FERRLIRIFL, P95 WL B il (A7 7E (B SB-5C). & A HLSUZIR T s A HUR PR 7%
REUZBBIEARAR R, TUE GRS 0] 20 Y RORL A R 56 BT FLRR . DUl 2 IR
R GCIRF T AN RIS B (75 A AN RS ) RUREAR T, IS 2 ALK S L R AS
Z( 5D-5F).
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Fig.5 SEM images reveal the main locations of shale oil
HAWFERIE,  BF BRI VI 2H TS A B LI (Shi et al., 2020; Wang et al., 2022),
R BRI RF A AR 20 it B 2 T A A AR S ) 7R (B 5), ERLL 0O P B VA
(I FLAR 53 A 9 B (RRHAE B IR IR, T LR 2 9 B B R Rk B, @i He el
PRRVAEGE S, I T = B IR AR 23 () (B 6). B 6 o 1 AR AH T SRR S ) e
TS No WAL A FLAARARARFAE, BRI 5 DUA e K FLARR o3 A i 2 3 W8 e TR



AR 2B it o R A AN (] i 8 2 T P ) T A5 3 7RI e i B JS SRR AR R AE B
A AR ZE TUE T I 0 A FFE(Kuila et al., 2014; FR%, 2019). dAh, AFREERT], R
B AN RS AH DS FE G e Tl S LR A 1 0, A8 S0 LR ARG e S 3= 2 AR i FLAR TG 1]
HAFAE— B Z R X T B AIRSUZR KT TUE M E A HURSUZRIB & R IUE T &, el
B FLAARR A1 it 2 ) LT A B A T i B A FLARAR 7 A i 42 177 (] 6A-6B), FR/R R IMAE LR
TUEAEZ o A LB RS AR, 5 SEM 87 R i £ 7 (] R B A 4B Tl 4l oK 44 8 it AL R
MK R L7585 BA —FHE(E 5A-5C) . HAl DU A A0 TUE SLIRBU R BAR AR, H4
FL4£>100nm J&, BEMETEFLARBIEAR—, —Trm R TR SEE A TUE SR T B A
BB SUE IR 5 T F 8 A BB SUZARIB & B TUE (8] 4D), 53— J5 48R 1 0Ua A7
LR 2 ) RS s A WU BUZRTUE BN 5)
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Fig.6 Pore volume distribution characteristics characterized by N2 adsorption before and after oil washing in
typical shale samples with different lithofacies

N T B MR ZR S MBI 2 DU i 3 ZERAE FLAR 2 TRV BB, AR 78 DA i A 5
B i o AR 9 R G, 4% LA /N BOZ T RN LA, BT XA R A TUE &
TAARR RAIM LR, 210 AT DR — FLAR Vi PRl A B0xeh I 3 22 LA RN LB P )25 il A4 AR
(RPFLARARAEAL ), ARG LZ AR S il R BB AR B, Aoy 2B SV RAL (K & I O AL A,
RS M R uEz i N BRI S R NEE A EPS C =P PR E e i o N NS o e
N TUEH EE RS FLBR A 8], 07 iR 28 SN AT FE P 2 I8 £ R55(2019), fEBEA
FEOR . BFRZRER, TUA MM R 5>15nm FLESE A 10 FLARFUR (b & B I B 1 IE
MRRXZRE TA), HAEPrEEE PR S A R, 6K 6 Hra R, IR AE MG
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VORI ZE DUA IAE AR RS 32 2 (A7 25 (B0 8 29 15-100nm, 33X 5 i A FH 2800 B A s
TR I 45 0 (R 5 R R RS R YDA 20 TUA R PR v 32 IR A7 T 4L 42 /N T 100nm
RIFLBR A BA R ME(E R A, 2019). FREUHINZ, BT 24 Rk Tt G,

AL U il B (G DA T 2 T S 45 SR s AN, X R AN ) AR AL R —
DX B AL K B AL DU, SRAE ARSI A FLAR Y B AR — 8 22 5 1) 225 [ (Kuila et al.,
2014; TR, 2019). @ FIRIFNTTIE, AR LBV LR AREALER, W7 8RR
PAAR, PR T B IR A T RR(E 7B, Suit 4R EoR, FLAE>3nm Vi FE N LR L
SRS B G KRR TB), RUIEEMIRA WAL FIRATAEA 3nm, X 50F
ZJ) 713 5 R4 R B0 2 TR A AR R HCO 0 B e A R PR 43 30 2.88nm( E AR SE, 2015) N

3nm(Dang et al., 2022) E. 5 —# 1.
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Fig.7 Main occurrence space of shale oil in Shahejie Formation in Dongying Sag
3.3 TUAEmERmER

FEREARTUA 2 BT A RE T, B DU T RE TS o S U2 AT 5. AT AT TSR,
TUA N AT RS R AR PR AP (0 B S DR R DU I 25 B S A SR AT 2R e Jo 2k
& 22 7 T L A (M AE, 2023; DUKIESE, 2024). TUAEEEZS I K/INRE T TUA T SR 4R
MAERIRERE, —BORUL, R URETR RIS, hEER R B, TUA s 12
JEAUR 8K (Cui et al., 2022; ¥FAETFEE, 2023). 24 SEM EEAI SR, A8 MR 24H
VUSRS (B SR A 2R, SURSER 2R & BRLE FL fb 18] FLIE R AT 7T DX 00 T A4
BT HER AR, BT SUZ SR SLIE P AR K00 B, SOA FLEE PRI W B A S (P
5). Rl BEHESLBEERISEIN, e R Ul Wi Sl &, AR IR R

k=2

(K 8A-8C).
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Fig.8 The controlling effect of porosity and TOC on shale oil content
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Fig.9 The controlling effect of mineral components on shale oil content
TUEH A& AU R 2R G BOR 1 HLAE e SR R RE FEE DU 308 3o 5 i £ L B 45 44 T 4%
il D 1 T oA EE R (8 2 #95%, 2023; Xu et al., 2024b). —BERUE, RITER )5

RLAT™ Al B E AR 8558 5 G e A X U A IR BE /008 2.16mg/g(Mohammadi and
Sedighi, 2013). KA AT 514 Tmg/g Al 3-4.5mg/g(Ribeiro et al., 2009), 5k H E ()2,
PRI FE 45 R T 2 e AT U420 B4 i KR B ot 8 T RS S R AR 30%-40%(EX 3¢

B, 2023), Bk, ST w8 A HLT(179mg/g) F L LA I(18mg/g)ifi &, NI 4
FE MR FLIR Gk B IAE T o X TR E MBI A TCE T =, DT N ERIRIR

N
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BRI H DAL S R S5 S S A T AR ) LR AR AR, FLAR LR AR, S FLRR
AR E BN R BAREERTN ) & EA B, (HAEMRECE R T, WIPER KI5
YRl DA ROCHESLBE, (RIS mT AR L BRIR S0 W i S 455, ) DUE FLIR 2 [ B A — &
FIERIE I (FKRINEE, 2018). B, TUSMEE SRRV Y E —EMN AR, 15 KIm
W A RENEA KR (E 9A-9B). 2 L0 00 TUA & BB N R 2%, H:

B AR L — T T A AW PR 4, BN A A il A R s B K Wi AR
TR A Al fLEE, NI ER Bt FLRR = (8] (] 5F): 5 —TJ7i, ®t sl s
AT e BOTUE RN, SEOUA SRR IR %, AR TILRR A R Rk B AR AR, Rk
B LA I DU R R R (B 9C).

4 it

(1) ZREMBEDHEHATE FERE 6 Paisiil. EHIRSUERKRITE . &AaHL
FRSUERIR G U B AN EIRIBE BUUE & A VURPCR K 00E . SAHURSUER
TR TUE M EFHRERIRIT TS & AHURSUBRIR T TCE R, P LB ik
4.4%; EHBURSUZIRIT TUE A& A HUUZ AR5 TS FLBEEAR X AR, PRI LR EE AL
N 2.8%H1 2.7%.

() KEMPEW =T RRIUERE Z MR MGEEAR, OiFZUZ%. FiLuWEnR4l.
RGPk ) FL2%, AF RS FLBR I Al 0 DUA IR B, (HAE R IRH BORE T, W B 7Egk
JUZTEHE N T ZAEEELE 15-100nm JE A LB . RT3 3= ZEA7 AR R FLBR ANl gs o,
ANFLBGE AR By R A, i B A I LA 200 3nm.

() TUa M FEEEEANFERE, EERIBIFEANRSUERITCEZBE . &
[f) TOC & TUE K B SR I A, SUZ SRR 2R & I TN P R FL I s 1
TUEREEERE ST, 2 TUA s B 1 B R

EE TN : =i BEi B LA sCiRE ;s 07 WRSCiBEG MR WRSCBEG HR . B ARE K
LI, KA IR
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Study on Oil Content and Its Occurrence state of the Lower

Member of the Shahejie Formation shale in the Dongying Sag

Bo Gao'*?, Fang Hao', Shang Xu'!, Qiyang Gou!, Zhiyao Zhang®

(1. School of Geosciences, China University of Petroleum, Qingdao 266580, China; 2. Binnan Oil Production
Plant, Shengli Oilfield Company, Sinopec, Binzhou 256600, China; 3. Shandong Institute of Petroleum and
Chemical Technology, Dongying 257061, China)

Abstract: The Shahejie Formation shale in Dongying Sag is one of the key formations in shale oil exploration and
development. However, its complex mineral composition and diverse laminae types result in strong heterogeneity
in the distribution of favorable shale oil zones, posing significant challenges for prediction and leading to highly
variable development outcomes. This study focuses on the organic-rich lacustrine shale of the lower third member
of the Shahejie Formation (Sha-3 lower member) as a case study. By employing techniques such as core
observation, thin section analysis, mineral composition testing, stepwise pyrolysis, low-temperature nitrogen
adsorption, and field emission scanning electron microscopy (FE-SEM), the study characterizes variations in
reservoir quality and oil-bearing potential among different shale types. The analysis clarifies the pore size
distribution for shale oil occurrence and identifies the lower pore size limit for movable oil, while exploring factors
influencing shale oil content. The Shahejie Formation shale features diverse pore types, including laminar fractures
and various intergranular pores. Under ambient temperature and pressure, residual shale oil is mainly stored in the
pores of 15-100nm in the nanoscale range, with a lower pore size limit of approximately 3 nm for free oil
occurrence. Organic matter abundance (TOC) provides the material foundation for shale oil generation and
enrichment, while sufficiently large reservoir spaces ensure the retention of significant hydrocarbon quantities.
Among the studied shale lithofacies, organic-rich laminated calcareous shale and laminated mixed shale with high
TOC content and high porosity demonstrate superior oil-bearing potential and higher free oil content, making them
the most favorable lithofacies in the study area. These findings offer critical insights for advancing the

understanding of lacustrine shale oil enrichment mechanisms and optimizing development strategies.

Key words: Shale oil; Reservoir quality; Oil-bearing potential; Movable oil threshold; Jiyang Depression
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