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Fig 1 Tectonic location and stratigraphic characteristics of the Linnan sag (modified from Feng Dongxiao et al. , 2018)
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(a)—DBohai Bay basin; (b)—Linnan sag; (¢)— lithological histogram of a single well
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B2 RS = B BRI U B 1 B Y A R Ak SRR AT 25 A O 1
Fig 2 Comprehensive evaluation diagrams of source rock geochemical characteristics in the lower
sub-member of Es; and upper sub-member of Es, in the Linnan sag
(a) ~ (d)— e P A5 A it R P 23 R E OV P 90 KT 45, 2019 1B 1D 5 (o) — A BILIBTZE AL J3 A 18] 5 (D — A HLSTR B0 LE T IR ¥ 4 Hakimi et al.
2016 &0
(a) ~ (d)—geochemical characteristics of hydrocarbon source rocks (modified from Zhang Li et al. » 2019); (e)—distribution of organic

matter types; (f)—comparison map of organic matter sources (modified from Hakimi et al. , 2016)

3 I e B R R A A LT A 4 B T R AE
Fig 3 Microscopic characteristics of organic matter macerals in source rocks from the Linnan sag
(a)—TX307 H,4368 2 m, K E AW KA BRSO 5 (b)—198 I ,4118 1 m, K E MBR A (FE) 5 (0 —X105 H.3669 m, & & #
AR TN s (D—X105 H-.3669 m. & F 2B B A GBS
(a)—well TX307, 4368 2 m, developed banded keratinite (fluorescence); (b)—well 198, 4118 1 m, developed elliptic alga
(fluorescence) ; (¢)—well X105, 3669 m, developed alga (fluorescence) ; (d)—well X105, 3669 m, developed rhombovitriol (transmitted
light)
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Fig 4 Evolution of organic matter in the source rocks from the third Member of Shahejie Formation in the Linnan sag

(a)—S,/TOC KA ; (b)
(a)—S,/TOC changes with buried depth; (b)—T .
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Fig 5 Comparison of biomarker compound parameters between middle-lower sub-members of

Es; crude oil and source rocks of different horizons in the Linnan sag
(a)—J5 3l R IR S A AR S B S EON s (b)) — Tl R TR A A2 WG 20 43 Bk IRl 62 R AT B s (o —J5l BB IR 25 Pr/nCy; 5 Ph/nC 38

(a)—comparison of petroleum and source rock biomarker compound parameters; (b)-—comparison of carbon isotope ratios of biogenic

components in petroleum and source rock; (¢)—crossplot of Pr/nC,; and Ph/nC,g for petroleum and source rock
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Fig 6 Thickness distribution of source rocks from the first layer (a) and the third layer (b)

of the lower sub-member of Es, in Linnan area
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23 8] 3 A AR AR FE ROk ARV BT B 1
INEREIRE ., BUEBE ST X RS B R B, R R F A%
X B RS F8 F8 11 e | R O P A A R A
SN 25 A AR S A A L Ry S, A
MTE 30 % ~60% FIMEH R 40, 48% 51, KT 40%H
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Bl 7 H 305 b = Beb R M BRI A G AL ST () Al R, ARIE (b)
Fig 7 Simulation of the thermal evolution history (a) and R, calibration (b) of source rocks from the
middle-lower sub-member of Es; in well T305
O — BUBHH : @ — 5 — By

(—the first period of oil and gas accumulation; @—the second period of oil and gas accumulation

K8 g R v = Berh T B R BT K
Fig 8 Microscopic inclusions in reservoirs of the middle and lower sub-members of Es; in the Linnan sag

(a)—F§ 548 3.3300. 57 m, Y =B P W B GO0 (b)—H 103 H,3564 75 m, ¥ = B W B, 4 (55 (o — M 305 3,4057. 02 m, ¥ =
BT 2 /N2 B G EIOE; (D AL 307 I, 4227 1 m W =B R B 2 /N2 i ATOE; () M T 1THF J,4687. 8 m. ¥ =Bt F W Bt
4~6 /N2 ARG s (D—H 305 HF,4208 5 m, W =B N 5 /N2 B S @

(a)—well S548, 3300. 57 m, middle sub-member of Es,, blue fluorescence; (b)—well X103, 3564. 75 m, middle sub-member of Es,, green
fluorescence; (¢)—well T305, 4057. 02 m, in the second layer of the lower sub-member of Es, , green and blue fluorescence; (d)—well T307,
4227. 1 m, in the second layer of the lower sub-member of Es, , blue fluorescence; (e)—well TYIHF, 4687. 8 m, in the fourth to sixth layers

of the lower sub-member of Es;; (I)—well T305, 4208 5 m, in the fifth layer of the lower sub-member of Es,, green and blue fluorescence
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B9 e R Y = B R B IS HE ke X

Fig 9 Hydrocarbon expulsion mode of the source rocks in the lower sub-member of Es,, Linnan sag

B0 IR YD = BT B 1.3 /N2 BRI A AR Al i R S 1 S (B 2

Fig 10 Plane contour diagram of the cumulative hydrocarbon generation and expulsion intensity of the 1st and 3rd

layers of lower sub-member of Es, in the Linnan sag

(a)—1 /N2 RIT AR R0 B TS (L P 5 (b)— 1 /82 BRI HERR 0 P BT S 5 (o3 /N2 Bt AR S ok B P % R B (D3 /M2

S 5 - 1 45 (R 2k A

(a)——contour of cumulative hydrocarbon generation intensity in the first layer; (b)—contour of cumulative hydrocarbon expulsion intensity

in the first layer; (¢)—contour of cumulative hydrocarbon generation intensity in the third layer; (d)——contour of cumulative hydrocarbon

expulsion intensity in the third layer

w42 9%, KT 60% FEfh 14 3%, HWH A
A5% s B 2R R 9. 14 m, JEEBFE I AEZ W2 5
FE AR e AT IR 37 %0, T2 i b 5 ZAH 2 (B 12)
JIG 0 7 1 7R v 2 R R A A R A v R L %
TN R L IO L B 3

R SJe it LAt )2 R vb = B R W BE 2 /NZ K
Jit S AR — i 5~20 m, e KJEFE 1 30 m, il
SOk B R RRIE A B R L) FE VR B IR
Z. BR& S, A 30% ~60% , BIMEH N 37. 22%;
Top KF 40% FEfh i 28 6%, KT 60% £ b i
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Bl 11

e 3 o 50 it )2 5 2 A6 )

Fig 11 Classification of tight reservoir charging mode in the Linnan sag

14 3% BME R 34 %0 ; M2 R EBIME 7. 65 m, TH
T AREMEZMZ G 29% , T2 At 43% . WA 5
R R R AR AR 2 A R e T B R,
PRS2 I ) kiR T B e R R
fiti

FAETHAGEERND =B TEE 4~6 /NE=
TR 200 L & § IR AR SF e s, LUK
BRKEE A = AR R EE R A Y =
BEF B 3 /N2 s g T30 70 1 B0 A% )2
SEEREMEYRZE, BR S, M 20%~50%,
YA N 33 46% 5 1o KT 40%FEMh & 28 1%, KT
60 YFE dh i 7. 8%, BIME Ry 24 %5 & i 2 R B ¥ {E
& 83 m, IHHB 7 i 2 2 o b 36 %6 . Tl K R 2 A
B2 A7 EUAR S L A R 10 %A 9%, T 78 v A

I )2 R B R B 2 A R TR R R A X 2% L Bl
Sl e g T R A AR T UL A RS R AL g
4 ANE TR DT XS H A E S B

Ze e FuE

I EEE Y —Bh TR FELFRHHED S
AR AMBY ST 5 e B 5 v IR B A
BH 7 ALEE B ) AN RE W e R BLIa B RS 177K,
AR TR R HE R R W S ) (KRR,
2017 M 1ESR 5%, 2022; ERAE.2023), WF5E XK )2
FEIMAR O B0 (N RAE.2023) L BUSTH
FFRE R RS IORE T RIS ERIE RS E
Y B 7 AR XS RN, S AE B B ) R TR
BFARER B T . KR B MR A R BUR
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Bl 12
Fig 12

i e 3 B A T) 78 3 g i Atk 4 AT

Oil-bearing characteristics of different charging methods in the Linnan sag

() — AN FE T 7 AL BRE 5 W AR DG 18T 5 (b) — AN [ 7 1 T =08 Wl 00 3 A 5 (o — AN TR FE 3 0 34 b e 3 4

(a)—porosity-permeability correlation chart for different fluid injection methods; (b)—distribution of oil saturation levels for different fluid

injection methods; (c¢)—evaluation of oil saturation for different {luid injection methods

TR B 775 B0 A B 230 M T 5 DX S0 i R AR

WL L2 o3 A AL
41 FEEFA

I e 3 v — B 2 A T SR AR T B R A E
T B B — B AR L R 2 PR PR AR R
52 3E AN RIS A HE K B B, A e 1 A 5 30
SEBCN W BUR IR SR A R RS m . AR IR
LA 75 R TR o8 B AR B RN J vk O 0 FR B L e B
ANSCEE (2011) 2B 38 P 2 1T 55 0T #4550 X6 F 5 X
Ife T 3 I T AR S0 0 A 0 8 TR A R A REVEARY

HR A A 8 1 RT3 A (/N5 L 201D . 70 =
BT B 1 /N2 AR U5 A A 32 0 b 2 P A5 1 4
U B AR SR T B AT DAGA B 20, 7 MPa 245 (R 1)

W= BN W B 3 /N2 BRI A TE 2 B M SR A
R EEWT PIAFE] 19 3 MPa( 1), 1] LA &
38 A 0 BIF 5 X0 S o e T A A DR
42 FEMBEN

FOREAEZ M BE R MR SIEB M FE
BHJJ. 2535 HCHE 55 A e s T oK 52 30 715 31 1) FL Wk 2 42
I3 AR 5 T 23 A BIF 5 DX B0 A 1Y B A B
FORFIE . T S0 0 25 10 b 23 25 1 10 22 S, 75 S5 X
S DN AT Y O R AT g B R R D 5K g A I A
KB S5 T HESK R 7 5% Ak o 52 bR oK S5 1
TS )ZHESR R T, A T A 43 B BT 5 DX U8 T
TEARAE . FEOR SE0 21 T 09 B A& B ) i+ 58 24 =8
(Schowalter,1979) .

x1 IEERRKIRSEEEESTHE
Table 1 Hydrocarbon pressurization statistics of source rocks inthe Linnan sag
i JR A S
WA K : : - -
HI (mg/g) D (m) R, (%) F (%) 0, (kg/m®) a AP (MPa)
N 32~483 (274) 4000 0. 8~0.9 73 846 10 20. 7
=BT IR
32~483 (274) 4000 0.8~0.9 73 846 0.9 9.0
1 /N2
32~483 (274) 4000 0. 8~0. 9 73 846 0.8 3.2
Vb B S 88~415(244) 4150 0.8~10 75 846 L0 19. 3
88~415 (244) 4150 0.8~10 75 846 0.9 8 2
3/NZE -
88~415 (244) 4150 0.8~10 75 846 0.8 2.7

TE AR5 N HUEAF M, D, — RIS BRI BRI 5 F

TRAREE LR p,

JELTH B L s o A1 AR B R B AP — A SR B IEAE
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2oy, X cosly,

P, =21 (D
SR T BB A B A A
P(‘() _ 25()W X COS@()W (2)

-
B (D) A C2) R A5 B P Z 8] Y O A%
o ow X costl ow

P..=P., x- 2t -770" (3)
CcO CHg O e < Congg

WS HARA BHE 5N X, R
DM 2 R B4 TR X A2
Peo =0 05769 X Py, (4)
K Pey, WER KT BUNEH S (MPa); P,
S 5 A T B AN B T (MPa) 504, N 250 45 1F
TSR e A A IR B BT 5K 7, BU(E 480
mN/m;so 0w AT T K A S 1E 5K 7 (mN/m)
R4 B8 I 55 45 (1996) £ 37 Y 155 BH 340 3 i J2 25 4F T I
K ST 22 30 A 3K I e 3 B T K A T K O BUE N
30 mN/m; 0oy A I 7K I W B il /A )L A LT/
Y2009-005 F fish £ I 5 A% . 38 2o 2L VR 1k XA X 38
FES AT E o G e T B T = B B A 2 1) ) 1 A
YAV, N 357 ~72° HAE 43 A 7E 30°~40°,

2P SR Y SR KR A YR R A IO SF B (R
45, 13°30p, AR 55 il BUE R 140°,

B 3% B BH 34 B 0% I RRAE L 5T E Tk SR
AT )2 5 T AR R B R PR E AT T R R 4y B R g 1
(ERRFE, 20215 X E % ,2023) , LAF I 10 A1 EE K
40 %6 1 60 Y6 1 hy B R B A TSR 1 RN EE T BRAAL
3 o o) AN [ FL B A 22 A7 2 0 T R S, A E AN
R Pk 45 5 1 it J2 oK 4 i 4R A5 19 8 4l 45 BHL O Giif
AR ANE =0 %) | UL BE F3 CiE 5K 1 F0 EE =40 %) Al
AR B 7 GHER AN BE =60 %) (& 13) , FF X Ik ¢
P AT eI RN 534, 5T B 7 Bl L B B2 728 AL R, I
T T 53 9 2% 8 T A )2 S B D (3R 2) . FROR Bl
PaR TR T RN AL /R = e WA . 4 = I NI T R
R DR figg 2 AR 2 ok 1 S PR R HEIK B )y . A
J LSRR L B 2R B L IS A R R BB W S R
LB R E L LR AL R R LRI R %
F (& 1da by, W0 09 5200 1 2540 2 B, IS 9 e
B2 LB o & B L FLBR B 3 240 A 76 8% ~
6%, BBEHRNAT 0. 1X10 *~ 10X 10 * pm?,
H R b, A TR FL B RE v = B rp T B SR B JEAE L Ik
SEGHAEZ ., =B B HZ FLIR S5

13 it R B A R 2 e TE B D S AL O R
Fig 13 Relationship between effective reservoir filling resistance and porosity in the the Linnan sag
(a)— ¥ = B BEFE i B (P ) S5 ALBRE 5 2 5 (b)— b = Be b IE Be i B 1 (S, =40 %) SALBRE R £ (o0 — ¥ =B P B & 4
(Sy, =60 FBERF (D =BT WEBFEEML I (P ) SALBE K £ () — W = BN W B M J1 (S, =402%0) SFLBE K 5

(D—V =BT WBEAEM I (S, =6020) SILEE R R

(a)—relationship between filling resistance (P ) and porosity in the middle sub-member of Es;; (b)—relationship between reservoir

formation resistance (S, =40%) and porosity in the middle sub-member of Es,; (c¢)—relationship between enrichment resistance (Sy,=

60%) and porosity in the middle sub-member of Es,; (d)—relationship between filling resistance (P ) and porosity in the lower sub-

member of Es,; (e)—relationship between reservoir formation resistance (S, =40%) and porosity in the lower sub-member of Es,; (£)—

relationship between enrichment resistance (S”gZGO%) and porosity in the lower sub-member of Es,
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F2 hEERARBEESRZGSHBEEGTRIERAIE
Table 2 Comparison of charging resistance under experimental conditions in different reservoirs and reservoirs in the Linnan sag
. FEEM P p B T3 (S, =40%) WHEH (S, =602
RA P oy, (MPa) P, (MPa) P oy, (MPa) P, (MPa) P oy, (MPa) P, (MPa)
W= BB 0. 143~7. 931 0. 008~0. 458 2. 049~105. 138 0. 118~6. 065 |11 312~180. 879 | 0. 653~10. 435
=BT 2 /N 1. 274~9. 792 0. 074~0. 565 | 10. 428~116. 568 | 0. 602~6. 725 |47 111~189. 124 | 2. 718. ~10. 911
W=B PR 4~6 /N2 | 1 053~11 627 | 0. 061~0 671 | 8 318~142 844 | 0 480~8 241 |41 364~212 606 | 2 386~12 265

TE Py, FRAM T BHMTHIT; P oo — MMM T BHITH I,

P14 il R R A A () 58 T O SO 2 LB R & AR
Fig 14 Pore space characteristics of tight reservoirs with different charging methods in the Linnan sag

(a)— P 848 JF ,HLTR 2807. 03 m, JIEHPFE FEBY , 4R , B i ot 5 (b)— R 646 JF BLUR 3393, 00 m, JiE & 78 i 28 , o ] 3¢ AL AUAE P4 345 9L, B2 fi
s (O —T 741 H R 3087, 20 m R AL L R 0] R 5 4 SO ROk SL L L BT s (D —HT 26 3 IR 3019, 80 m, AL 7T
TR AR D AR 25 4 L & T RL A AL L B O s () — B 941 L R 3849, 17 m, X J) 3 4 AU L L A) ¥ 1ok L . B R AR I &5 L B D O s (D — 305
Fe HR 4107, 70 m, XU S0 A AL P FLADRE AR AR AL L SR B8 5 (o) — 1 306 JF, JIR 3946, 13 m, THUAR 50 3 B , 5 1 S AF FH R R 46
JEZ , Bt s () — B 99 b 3K 4132 87 m, BRFRER A, L THAB 78 1 Y, IE 8 MW ot s (D — I 98 J, 3K 4294, 58 m, THHB 38 14 B, s [ 6 +
TR Y R FL R SR A R B

(a)—well S848, depth of burial 2807. 03 m, bottom-up filling type, microfractures, single-polarized light; (b)—well S646, depth of burial
3393. 00 m, bottom-up filling type, intergranular dissolution pores and intragranular dissolution pores, single-polarized light; (c¢)—well
S741, depth of burial 3087. 20 m, bottom-up filling type, intergranular clay, calcite fill pores, and intragranular dissolution pores,
scanning electron microscope; (d)—well T26, depth of burial 3019. 80 m, dual-phase filling type, fine-grained sand structure, developed
intergranular pores, single-polarized light; (e)—well X941, depth of burial 3849, 17 m, dual-phase filling type, intergranular dissolution
pores, carbonate cementation., single-polarized light; (f)—well T305, depth of burial 4107. 70 m, dual-phase filling type, intragranular
dissolution pores and intergranular residual pores, scanning electron microscope; (g)—well T306, depth of burial 3946, 13 m, top-up
well X99, depth of burial 4132 87 m, carbonate
cementation, top-up filling type. orthogonally polarized light; (i)—well L98, depth of burial 4294. 58 m, top-up filling type. intergranular

filling type, strong compaction and carbonate cementation, single-polarized light; (h)

clay mineral fill pores, intergranular pores, and microfractures, scanning electron microscope
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i BCA AR RS AR A LB EE T L A X[} 78 AU BUR D A i 2 R LB R F R AU

A BERBE 1 (18 13a.d) . WIET 741 I (8 1do) 4 S8R R & kLI AL OB AL A1 5 36 67 )
FLBE T A SR SO A OB DL 3 ok B 4 L (ELRORE 1] fn () L (P 14d D), UKL ] DL % J5i J0E 465 0 e 1R £ T2
PR B LSRR Y FO7 A7 (K ) SR Y, AT S5 Lde) ; DI R E R EUR M Z R R LA F
fLBE N 4 205, e B2 i 22, A7 A6 /0 o iR 18] LA ol 24 4% (I 140

K15 IR AR T XS S A A
Fig 15 Superposition of different charging methods and charging intensity in the Linnan sag
(a)— RHABFTAE)Z RT3 1 5 AR EE S () — W REMZ R EES N SR RES SR (o— BT MER TGRS Y
FUE R A
(a)—filling net power and filling strength overlay diagram in bottom filling reservoir; (b)—{illing net power and filling strength overlay

diagram in bidirectional filling reservoir; (¢)—filling net power and filling strength overlay diagram in top filling reservoir
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BT Lo R SCVE RS 25 /E H (B 14g.h) . T8 =B
TWE: 2 /NZER 4~6 /NZFLBRE FEAMAE 4%
~14%,BER 0. 1X10 ° ~1X10"° pm?, AP
B B R R B T L AT R
B 1A e e IRk B AN J1 . I 98 S 52 AL B EE
3.9 %0 FL BT RE ACAIG L AH PR 30 47 7 ok 2R 8 {1 A5 L 0k 3%
WG, 2 OR B AR TR 741 A (B 13d) .
DAy b 26 B fig 52 2 FLBR S5 4 LT 4% DL B A 1
FH A P g FeERCR
43 REFSFHALSGBRESHEER

T8 Bh ) T B KT HE UK BH ) 3R s BE ) A e TR
BB RGMZ . 1 =BT W BRI A e 8 ke ok
T BE 7, 5t 28 3 ok Je T Bl ) 5 R BE )
(S, =40%0) 43 BT AN [ 78 4 28 70 58 v v 8h ) (e i
Bl )75 BUBRH 71 2 22) A3 A FRAE . WO R A R S
Lt 5 ok e = S L B R S L R
JE 85 G i A FL BRI Ak B 2 00 A S0 b = B AL
Wit B A7 R S AL R (B B 45, 20165 £ 55 4%,
2017; A, 2023) , BT AE 2 SR EERL S, 45
LN e RE 2 AR X E AR S R o) NS R 1 R T IN
G (R 12.15) T b e B e U6 A A BT 4D
T i 4 22 2 TR A7 FE 58 R W R 25 6 )2 A0 ih e
JEGE (B 16) U8 AEIE B <150 m WIBE )2 S, E M
MTE 30% ~50% ., V& A% HE B >250 m B, A5
WARREAR, S, /NT 30% , i 5 fiff J2 I B 08 TR A e
FE I Bh 7 5 U L I R B i B B S 8 i

TR PR R VR 5 2 I T SO T R
FEE 1T,

JHR SRR 2 RIS A =B R E 1 /D
JZIEZ RIS LB R A E S A AR
TR AV =B B R R T R Y ek, 5K
BERD it 2 B U 25 O SO Wl v B S e, 1
1 S vk RS 2R BT NS A v A i )2 L B
NEBALBEN 8% ~16% . BERSAT 0. 1X
10 '~ 10X10 7 ym® , HEHEARBMZ . KRIES
A 23 I et 5 0 L LA S0 Y B R 17 5 2
JRGFB AL 2 5 78 1T ¥ B 0 O A SR B B R R AR
PEAE TR (Y 3h 7, 45 i S0 I 2 W o A T I RS IR
HEFTE B S 3 A E 5~ 21 MPa, i 15 % H: 9 1% 4
AT A 70 T R A AR A L G AR B AR T v sl
HEBE AR L AR TS S AR 5 T R TR K2
K Z

XM FETE T 2 th v = BE R B 1.3 /N2 R
FICFEME Y S BT B 1 N2 A R R R R
BRI EE s ., B FEE:?2
IINZFLBREE 4% ~14%, LL 10% ~12 % B FR IR FL A
FLBBEERHNO 1X10 P ~10X10° pm”, R EH 4K
B, BTN B WERIE A L F AR i
FBCFN B 2 /N2 A T s 0 K I RS R
B F1 50 A AE 10 ~ 27 MPa, ) Jb 35 B 2 45 32 ¥ 5
ik, Ak E SRl s h A RE N —3
PE YRR A RS 5 BE K, SR AT LA B 80 %6, i)

P 16 i Pl Ve e 7 T 4 2l 0 90 TR R 2 A ) Yk 45 4 5 il 1k

Fig 16 Characteristics of net dynamic profile of charge and oil-bearing properties of different

source-reservoir structures in the Linnan sag
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P17 R R B U = BN B R B 2 2 S i A R AR DG

Fig 17 Correlation between source-reservoir distance and oil saturation of the lower sub-member of Es, in the Linnan sag

A6 70 1 i B R

TR 70 1 A 2 B V> = BE N B 3 /N2
J R VR 1) R kR L A e 1R T B A S R T R
MARAEEVE W EEN T, B TR 4~6
INZALBREE — BN T 12% BB R 01X 107 ~
1X107° pm® A F, BEMAL TP FE S8 )
EE X, A3 A T 5 99 HFE 82 - K BT H e v
Bl J1 A TE T~19 MPa, hH— 78 % 5h 77, b
TR B T R TR S R A R T T
FEBAR.,

5 HUEh 2 E AR

L4548 9 02 L X ¥ 3l 7 6 0% T R T RR
BF L ATH A B0 50 X R RRIE B U 4 . 350 T/
AR IR IR Ay Ak 2 IS RS A PE IEAA I B OC R AR
Z R A R A ], B R SR Bl e AR
A —E RBIE WA RO 2, anvd = Be b W B fit )2
OB 2 /NZE AT B AR B S X A 8l ) R
T RUECRE ) AR TR 2R A 48 A R B B IR AR T
it o A2 B AR XIS, 33 IR A S R b R Y
B PEAA S B Bl B R G L R T B RN
R A A HER R T . s B A AT AR SR T ) RN R T
Vgl J R SR S R L A R R SR T
AT Ty FETE sl S RS R i A J
AR AR G (B 18)

JUE S 7 T AL R e o AR L i 2 VD = Berp B
EETEERELDER. 50 =B TFEE 1 /N2
Jo A R S T T AR L R R A TR AR R TR T
UK T 58 B IR At ST 7E i 2 RIS X R AR (A
19) . MRk e 4 A T BR 030 78 1 AU A A e o i
>200xX10" t/km*, L H ) J1 >10 MPa B, 5%

K18 IR 22 57 I BUR I S, FRIEF )
SERBEEME LR
Fig 18 Coupling relationship of differential charge tight

oil S, , net charge power and hydrocarbon generation

intensity in the Linnan sag

(G R G 06 R AR AR 45 1 vh B o B e
R 25 P S 24 S I A AR T 40260 (B 18) . X m)
FoUE R R R A AR RV = BT B AR
WP =B P B 2 /N 3520k A TR R U8 5 XL Im)
HEAE L AR R Bl ) AR B o L S R VA A2 TR
RS 2 N2 EBERTHZ0E 2R
JERE 2 5, S OB ) 78 1 ol A I 25 R L ST
2 JE BE AN K 2 o AR T = B B B R B
TERR IR 5 A i AR L S, Wil 78 7 1 30 07 g 3 R
N AR S T 2 AR R A AR R R KL S, Bl
FUTE G B ) B I ORI R U FEVE LA R
SRE>150 X 10" t/km?®, FLIE ¥ 3 J1 >13 MPa i,
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B 19 I g EE RE I 4 = B b T S BE B I 22 5 i AR

Fig 19 Differential enrichment model of tight oil in the middle and lower sub-members of 3rd

Member of Shahejie Formation in the Linnan sag

S35 5 I RT B K T 45 %0, TR AR v AL R 55 4R
BMU=BETEE3I/NZREASSYD =BT WET
JE 2 B b R T B A W S B N B 3 NE A
RV I8 T 1 /N2 R I A 7 O R B S ¥ 3l )
SR A A At S T AR o 40 B T B TS s v T
A RERE 230X 10" t/km”, FE1EE S 11 >15 MPa
B SF 38 S A KT 40%

6 45

(OIGFEERY —B T EEREFWNERES. Y
SEITWE 1 /N2 3 NZE A LIRS @ T
hE, DEBETFTEBERBEAEAGIEER, H0.5%
KRBT, BT KRR =R A R HER
PO P EBETNE L /NZRA BIF AR EE R 50
X 10" ~410X10" t/km” , HERE 58 BE F 273 A 7E 30 X
10" ~220 X 10" t/km’, rEd.0 Bt EERE N
50X 10" ~290X10" t/km” , HEJE 58 & 50 X 10" ~170
X 10" t/km’, BRI A TP = Berp BT W B
(18 58 fitt 2 P T AR R RS EG B AE e JE 1) ) Jo R A

@AY 2=l A o I /W N T 1
U At 2 1) T 0% T B B v PR SR S R T
V5 A7 > YR I i > R R AR, R A AL
SR T S 25 S R AR AR S 7E TR A
5 R PCAL G R B n i G gl i DL R A

EARG ARG I,

(3L A 5 e A e Tk 0 5 S8 e Y0 i 5 1
li) 7634 (14 30 1 He A, 56 T 3 1 FUAS 5] i 2= Lk BEL 77
MG e TECE R R, ARIEEES
U LR V8 0 AN 58 3 v 2 3 /R AN TR, T L i
=B E 1 /NI BRIA A 51 =B
BSUEAGZIE L T 49 5~21 MPa 7814 sl J1 A iF
AT DXl 2 K AL B iz £%  fil i BOh R 2
fiff 46 25 (W) S P e i, VD = BUT B 1 /NZ 3 /)
JERR VA 1 v = BT M Bk AR AU R T
29 10~27 MPa JETEH S 1 A BR8P R L 2 ik
JZR YRS SRR AR, W =B B
SNBRIEE ST =BT W B 4~6 iMEEUR 2
JERL T 29 7~19 MPa FE3EH 8 )y, IR AR A5 H T B &%
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Abstract

The Paleogene Shahejie Formation in Linnan sag is one of the main potential strata for tight oil
exploration in Jiyang depression. At present, it is in the early stage of exploration and development, and
the distribution characteristics of source rocks, hydrocarbon supply capacity and reservoir charging are still
unclear. Based on the logging, core observation, geochemical analysis, fluid inclusion analysis and high-
pressure mercury injection, the middle and lower sub-members of Es, in the study area were divided into
lower source and upper reservoir type, upper source and lower reservoir type and source sandwich reservoir
type according to the spatial configuration relationship between source and reservoir. The effects of the
differences in hydrocarbon supply capacity and charging methods on the oiliness of hydrocarbon sources
under different source-reservoir structures were analyzed. The results show that two sets of organic-rich
shale formations are developed in the lower sub-member of Es,, with high abundance of organic matter
(TOC of upper source rocks is 0. 41%~7.20% , and TOC of lower source rocks is 0. 13% ~4.32%) , and
good types (the upper source rocks are mainly | -]l | type, and the lower source rocks are mainly [, ~ I,
types), which provide a good material basis for the tight reservoirs in the middle and lower sub-members
of Es,. Due to the difference in the thickness of the parent material and the source rock, the upper source
rocks of the lower sub-member of Es; have better hydrocarbon generation and expulsion capacity than the
lower source rocks. The lower source upper reservoir type reservoir is the hydrocarbon supply at the
bottom of the upper source rock, with strong net charging power, and the medium and thick sand body
reservoir is developed, and the oily content is the best. The source and reservoir type is two sets of two-
way charging of source rocks, with strong net charging power, high oil and gas filling degree, but the
thickness of the sand body limits the degree of oil and gas enrichment, followed by oil content. The upper
source and lower reservoir type is the hydrocarbon supply to the top of the lower source rock, the net
power is filled in the middle, and the buried deep and large pores are not developed, and although the
medium and thick sand body reservoirs are developed, the oil content is the worst. The new understanding
of the control factors of tight oil enrichment in the Linnan sag has theoretical guiding significance for

promoting the practice of tight oil exploration in the Jiyang sag.

Key words: tight sandstone oil reservoir; hydrocarbon generation potential; filling method; filling

power



