L5 K& *&t&/,:
40 % 4 OIL & GAS GEOLOGY 2019 4 8 A

X EHS 0253 -9985(2019)04 - 0810 — 12 doi:10. 11743/0gg20190411

TEERE DR - EREEEHRERES
B — T4 B IR AT

T REDEZEEEAA
(A BT 5T R, L 5T 100083 )

BMEATEBUBRERBX D AHANEAERLAZHNBSRET LA FFEEEZI T H B RS TE, R TIRER
MB (R, =0.3%~0.7%), HEHE I AHERLNKA, WE@EE ZRAMEL R ELE BT HHEAJLLT, HRILEE
HEEH FTHBT WA, AINRN KL LT, FA TOC T 3+ 2 BTN 5 (AlgR ) WA T 3 W Bk 7B IE 2 (T0C >
4%) Y RAHME, AP HEXEMEREZREGEAMERTEREHNET N ETE - B REBHK ., HEREIH L

KX D BB E W - T mEHRER 1.37x10° 1, ARE -HAEHEAM, ANEXHAR P IEM R G ME VB E - A2
MARBRE,E I E AT A A RE, i T AL EA e B mth R, &6 BUE M - TUEmEERIT A,
KRR - Ao - RARIRE  HRRR BT - W DU FERAX T HY G

HES XS TEI22. 1 SCEkARIRES A

The hydrocarbon expulsion efficiency of medium-low mature source rocks and
tight-shale oil potential in the Es*, Leijia area in West Depression, Liaohe Basin

Wang Yuan, Wang Shaoyong, Li Jianzhong,Zhang Yijie
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Abstract ;: Thick dolomitic/analcite mudstones and shales at the stage of lower maturity (R,:0.3% -0.8% ) are deve-
loped in saline and restricted bay environment of the 4" member of Shahejie Formation( Es*) | Leijia area in West Depres-
sion , Liaohe Basin. Based on the analysis of casting thin sections and SEM images , it is found that structural fractures and
constricted fissures are highly developed in shale reservoirs,intergranular pores in clastic minerals are also developed , and
dissolved nanopores in dolomites and analcites are present without organic nanopores. What’ s more , the distribution of
hydrocarbon source rocks with high abundance of organic matters( TOC >4 % ) is determined with the quantitative evalu-
ation of well logging using TOC data ( AlgR method ). It reveals that quality hydrocarbon source rocks in Dujiatai and
Gaosheng reservoirs are distributed mainly in Leijia and Chenjia sags. In addition ,the experimental results of hydrocarbon
expulsion efficiency show that at the current maturity stage,the expulsion efficiency of hydrocarbon source rocks ranges
from 12% and 17 % , with the hydrocarbon production totaling 10 to 35 mg/g. As for the high abundance and large cumu-
lative thickness of hydrocarbon source rocks, it is estimated that the tight-shale oil reserves can reach 1.37 x 10° t in Es*,
Leijia area. According to the integrated analysis of source-reservoir assemblages , the Dujiatai reservoir in Es*, Leijia area
is favorable for tight-shale oil exploration,while the Gaosheng reservoir is favorable for shale oil exploration. In a word,
the studied area is favorable for integrated exploration of tight-shale oil since different types of hydrocarbon source rocks
have certain hydrocarbon-generating and reserving potentials.
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Fig. 1

Sedimentary facies of Es*(a) and composite stratigraphic column(b) in Leijia area, West Depression of Liaohe Basin
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Fig.2 Mineral composition of source rocks(a) and diagrammatic sketch of their hydrocarbon-generating

potential and porosities(b)in Es* in Leijia area, West Depression of Liaohe Basin
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Fig.3 Geochemical characteristics of different kinds of source rocks(a) and the correlation between TOC and hydrocarbon

generating potential of sources rocks from Well L36(b) in Leijia area, West Depression of Liaohe Basin

2.3 fEETEZEE

AT XV DU BRI A5 YR B 2, HfL
BIRMIZHE, DM N IUASUZE AR, 802
JERE 2 ~4 wm, Z A FAT VST (AR SUZ, R A AL
FHRIR L E o BT A ] UL mFLBR, (R i 4% Ak
HEERE ,ZEMRETE 1 ~4 pm, PR G HZE 2L,
HEWE T (K 4da—c) . HIHEE T, TS LB
FLALFGRG A YR L B PV DAL S LR (fL
BREAR AT 1 ) (& 4d—f) |, LA HLUTFL (FLEE
£ 50 ~200 nm) | [ = A N AL (FLBR AR 6 ~
10 nm ) FIEEZRG LA FL (FLER 242 6 ~ 10 nm) ZE442K
fL(E 4g—i) . Hr HHLERALALE , 1] WD w=A L
T AL, B IR 5 AR (EAT A R 2 A R HE
(Bl 4g) s 1z A NI TR AL, FLER AR 410N, 5 )8
PR R AL B I%E E 1 22 (18] 4h)

YN TR g R T, AR E T o] IF
ZRBERTT IR A T AR - S, R aE
5 ~50 wm, FRIEJS (14 5% 4% FL Bt ok % 4y 4 48 1 9 SR 7E
1 ~4 um(E4d) o Jridif Xt UUA i) 2 9P ke OUE #23 i)
YER . —J5 I, ik A e LR el 2448 |, [ %) 2
PEAR 2% 5y — 5, il A A B R BV AL, e
TEREEERE (K 4e) .

2.4 fiEgtae

T IUB A2 R T 5% - AL - AR fLE &
ZHAMER G, BA —E (R RE . S
T AR LB E EEAN T 2% ~ 6%, B 15 Rk
F0.01 x107° ~100 x 10 ° pm® , K454 K K F 0, iE
JEB BR300 x 1077 pm® L b, LB 535ER
SIEAHSCE S AM R EEN(ELS) o AR =

AT Az EZER AR Z SR, BaA
B 40% LI Rl B8 A e, KA - AR
BEAE40% UL LAl O A TR A - 13
WEERLE AL A& , BALBREARAEROR L |, Y
AR IZ PR AT — A S0 S 3N, 5O GRS 1
REASLF o Kl 2 18] B LI S 2O KL AL | (Rl gt
FLEEARZAE S wm LUR, BEE RS 09 & 5 py 3,
AR PR 2%

3 LB A

e RS R I = B o s o (TS (W R o8 = o
FRIRRLE , ey Sl 43 R B S e S HEA T R VR PR AR 1)
HEME, FE2EERERIEE TOC SHRIE(S) .
ST A" E R A S BT, dilE TR Y S0
T AR A AT bR — A
RS TOC & mE R IRET, HoA: i ke 28 g i 2
BB e DA ) PR o da TR A ) R 2 A i
F B , A0 B dt [a] S HE S B X R ) TOC T BR
DR IE A T2 3 TR RS 0 MR U Y B R T
TOC 5RTUA AT HE A" FHRHECR,
TOC P\ 2% 3 KF| 4% i, A7 HE A7 & Pl 1y
L, TOC K58 4% LUS , @05 “ A7 & B 1l 2% .
ULEH TOC g 4 % B 206 DUt )2 R 28 me B 5 HE
AOER B L A, RN T, B R AR
5 HR TOC FRRAERE 4% 0 i T8 5 X 70 DY Bt
SRR UG, v B4 TOC 3T WA A I 4R TOC
Ho ZEULEHRER, ACHEZRHIX TOC KT 4%H)
RBE TR 5 72 R o R, WM A I3 A R 2 7
JERS SRR 23 ) R AR R, X TR A b X0 T R
S HA KA M X



814 WS KRR MR

%540 &

P4 L0 PY IR R 500 DX D PO B DU il 2 AL BRI R KRN
Fig.4 Pore types and sizes of shale reservoirs in Es* of Leijia area, West Depression of Liaohe Basin
a. 129 — 15 3, #1IK 2 546 m, WA , PURMIELE , ZAETEHEO. 1| ~ | mm;b. 193 I R 2 875 m, = Fiife s , MG 4E , 48 TEIE 10 ~20 pmjse. 136 Jf,
PR 2 687 m, mFTiR S, WZ4E, AR TEES ~ 10 pm;d. 157 I #1K 2 344. 4 m, G bR, IR ER A Fe I L4E s 15T JF MR 2 347 m, kA1
W, b a N ALAE LB T ~4 um;f 129 - 15 3R 2 646. 4 m, e, A AR £ A& F, FLAESE)E 0.1 ~ 1 pum; g 193 S, #1IE
2 874 m, = A, B MU WL AL , FLBREA% 50 ~200 nm;h. 193 J 3VR 2 874 m, = T4, Fl =4 INEB R B 2R i il AL, FLER 1428 6 ~ 10 nm;
1129 — 15 JF  #HK 2 586.6 m, = il ’d, Sk RIMIFL , FLBEEAR 4 ~ 10 nm

3.1 TOCit&7Hik

X FAREEIEUE , PR 220 0 FL BEL AR phy £
SRR TOC ] 2 W LA BT M MISEHE™ S Passey
(1990) AR iX — it , a7 T4y AlgR 2%, 1% 071k
TERIE AN TR 3 7 AR AR KR
WHFER T AlgR %, il e T8 Z X 66 1V 1Y Be i
TOC {8, GEit 1 AR A5 B 08 ke U TR B, A i)
TOC fEL i BB TOC I BI{ERE -

TV DU BRI A AR ) o 20 R
AlgR ImE, AR — A 35U A TOC 5 AlgR Z [l
KEF ML TEI3 % I e i oA A AR b, e B
RETTRWIAH (S168 ) TR WIAH (L84 JF) | ¥ i AH

1000 °
L4 °
100
E ® e, ® ®
< 10F e % ¢ °
=] o e
= o, e ®
B 1 F
) °
N o ® o ° )
0.1F °
P e
0.01 2 4 6 8 10 12 14
FLBR /%

PS94 M1 B AR M X Vb DO B e i 2 il SR )
Fig.5 Porosity and permeability of shale reservoirs in Es* of

Leijia area, West Depression of Liaohe Basin

(G8 It) 1 3 LU [AIAREH: | 735Ul A 225 B £ i
TR B TOC A (£ 1) o



5 4 101 TR LPUE SV PR — (A R S B — SO R 815
£1 TEMBEEREE D OEREEENHTE T0C A% 3 FOREVAS B0 TOC F/N 55230 TOC (K
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AL (1 6) o MAESEIER, Hel AT i ke
P BRI R THIZ  JREE 50 m; 2B WA B9 48

B e A SR e A R TR AL B R
FBM G800 = 24,029 SAeR 8T8 39 LT3 60 m Rl 100 m EBUARAF BT I 8
184 TOC =2.086 TAlgR +2. 688 9 16 RPN . 5 . N
*ﬁﬁ;ﬁ » o e Tl 2 OYALE RS TR R R — I Be— =SB 13, O R
% 168 TOC =3.351 AlgR +1. 005 11 .
A BRUEEE /354 110 m 1120 m,
a.L843f b.G8H: C.S1683f
. AC/(ps-m ) TOC/% RT/(Qm) TOC/%
RT/(Q-m) TOC/% ' 0 10 .

001 100 0 o [w|mne A0 B S || e (001 100) gy 10
| v 3] —— 2| (m) |RT/AQ-m) FIHE | PHETOC/ % 2| (m) |AC/us-m™)| A HHETOC/%
B| m) | ACKus-m™) FETOC/% 0.000 1100 -0. . ‘10 200 0 lo_~_ _ 5]

656 0 o _ 10 »

S =
ﬁ B 4}, T 11300 *:i_f 100
T z - =0
[ aaso —4 H: i —
C - 3 [ 350 -_3 150
L -}:‘ R L
u —¢ B -
2400 N =L al
L 5. | 11400 by _% 200
. 1 [ L
L ‘? AT i
- 2450 < =0 L
i — 5 F1 450 i
g . 13250
= ¢ B | |
- 7{ wl
— 2500 $ F L sh
B (Y SO I A ——— 1l — [ 3300
- ¢ N L
i 2 B3 Al
L 7—3 g B
. 2 550 :‘— ?@ L
ﬁ: [ ;
— [ j
B =l
— +
L2600 A =
R =tz =1 @ &
B N = %,
- %A -;P'
L X ""Lﬂ;.-
A A
[26% LB L, =T | \ { | | | | \ 1 1
- s A = A - —— === E
L - = e N e B = B e R
—r - Jal /-7 Sz HabE M VMR MR E Ve gy
- = = =1 — 7= = 7 71
oo 5 = =3 B B B
L L‘ WA WKIFRAE Hz=RJEE 75?9?6 Hz &H ﬁjﬂﬁ‘.ﬁ Hzas
- 7] 7 71 =1 s lﬁ%ﬁ%ﬁ T Tl
18 [—T—= [~ F [A A r] Irrrrrl
F 270 HREZE KRAZE  BRERE  SRTBER BEH TR
| Hza
u: (a] [&] [2
sl 2800 I HAH WSE i e
% —
?@ —

Kl 6

LV 111 T 8 b DX 70 DY B AN [R) O AR LB 3 S TOC 0408 5 AlgR A 85000E LK
Fig. 6 Comparison between measured TOC data and calculated AlgR data of different typical sedimentary

facies in Es* of Leijia area, West Depression of Liaohe Basin



816 s Kk R R

%540 &

3.2 RIFESHEHE

i, TER X VP BRI S TOC F5AE 2% ~
8% , IG5 1) R 5% 32 e v 0 32 T 086 K (18] T, ¢) o
MR EMZSETHINE RIS TOC BAG IR 546 #
PO TOC EHEX BITE PRI I I, B LRI A 1Y
SMARTEARSN R 120 1140 km? . #EFK G2 R IR
SRR R RATIA 270 m( [ 7h) R e TRl E R
W BRI, MR G2 BRUE R 5 TOC 43
BB —et:, BRUEE KT 20 m BIEETRIR S
SMARTERTUN 260 km? o 5 FHRZ TR IR A SRR
AAES), BA 3 NRGEFIEE SHEX, Horh SRR

KT 20 m B BRI SR AN 180 km® (1 7d) .
Ghia) b, PR BUREIR A T B0 A0 A 5 T 2 R
WEBE, TR O B e VR A AR 3 B M X 43 A R
PR 90 m, Jey R B . A W B B kR
WA TE S169 FH IR HLIX 43 2K, S169 F: AL M IX /3 #i
FoOE , JEEBE 100 m, [ /5 A AL Ty ) 2 e ( 1 8)

4 RBRIAHRRSR
SR SURI LI R &, KL s

IR AT S I HE R BB S X O i L oA
SPGB CH 2, AR UNMEE &

a

P 7 S MR Rt DX DU B e S et Y52~ F T 3 A
Fig.7 Distribution of quality source rocks in Es* of Leijia area, West Depression of Liaohe Basin

a AR GIMRIEIECE TOC 73043 3b. MR G iR BUR IR A RBURED s c. @ THIRIREE TOC 245 . & FHIR L PR RS RV L1



%4 W TR, H IERMX D U — RV TRA HEERCR SEEE N - TUS TR T = 817
HE{F/m G
(R,) G22 0 2 km ~
) —

S168

1500

03% 5169
Fh—Bt

B j’
) 5175
MR 10
2700 | iE Bt
0.6% g JE
IR |5 1
1!

il X

G X

] e e E== = o Te] [7=71] [Frr]

= B B = B2 = IO H B
] e B BE=— E=o Tl 7270 [Fmard
Hwb A Wb WS MR Vv HITTE Hzd HzaRKE KRAE fiRkKksE RBRA=E 8EKE

e ol e = = T

EeH B B /=5 = B B ‘ A ‘ ‘ L ‘ A ‘ ‘ ‘

KREE KEMEYE KRS HzREsS KRS aRE ZRA B JHEE I % N =

P8 L VY IMIRE 7 S Ml X U0 DU B ok D A 1) A B — e 2 OG 2R

Fig.8 Vertical distribution of quality source rocks and source-reservoir configuration in Es* in

Leijia area, West Depression of Liaohe Basin

JE U 1) A 725 98 1 A T2 T R IR o A B
AR RS T AN 2 B HER ORISR i, JF
TEFARAE AL MW A FE AL, 7 7 WA A D5 A o
FAETF e HERA " L IR, B 2 R T 2 A
TGRS, R R HER AR R W K AR
FURI ORI B HER RO 508D, A T BB
W AR WA B IR T

4.1 MREMSSHHE

A SCHE ST DCETRMIAR 136 R Ua FE S T
HERRCR LY, 136 b U B BB B iR Ak, SR e
AR, WORETRE 2 687 m (JRA i =W Bt ) ,
Fedl A T N BUZAR = s, 52 TOC 4 8.58% , R,
40.32%,S, 4 0.81 mg/g,S, H46.37 mg/g, FHH
SRR A O HER BRI B AT S0,

WS S I0 A F SRR T SR A R 22 B R
JE RS E AR AT AE R R AR R ik AR
R, [l A AR R S 25 5 5 Sk v 2 A 1 b2 AL
B A A HEARAS LS 565 285 SR XoF EL 0BT, 6 T AR L5 56
SERI TSR

W5 s K00 5 A o3 A H17E [ Vined Tech-
nologies = ;=Y Rock — Eval 6 5 #URALSE AL, HERS
RICRAALN S5 R FH 25 A FF i 1 A e 3 g 2 1 R 34
BLADL S B4 B (& R A HF5 CN101149363 ) S8 i, fi
(19 43 A 0 3R 5 ¥k ¥ i B GB/T 19145—2003, GB/T
215—2003 F1 SY/T 5118—2005 % & 5 b5 #E 5547 b b
HEPAT o

4.2 SEHAKRAFELRELIRE
SLIG R R IR A AR A AR 2 80 H L ] 200 HAY



818 WS KRR MR

5540 &

128 R il
11
] LU N @Y pr—— N
|
Y 1
13
KA \ — HE4 14
< SRS

GEISARER)

1| HIE == < A

Ax O -

s| B || B8R | RS | R | | RE | |32k
|| VB || IEsR | | PR | | dEd | RS

4 | |RPR| | R4 | RE | | F% | | R4S
L A1 | 8 [o [ 10

LRI <— 17

KO HERBCR I R G b TAR 3
Fig.9 Experimental system and working flow of

hydrocarbon expulsion

AR EBCEARZ , B U s M2 R B
PR — MR o, il PR ER s 2 B T, e
SMERHE NS E T 1, e SRR R, M3 g AR ke
Beatre)m, nT A e = i )2 a8 . 0Nk
SHGAAT T, REMERR 2 R TR AR Ak, m] AR LS
MR T 26 (181 9) o

SCHG I B B AN 6 mm, NAED 5.5 mm,
KJIEH 60 mm, Sy PR A 25 TH B, Bl B2 Jeabk
B A AT, R R B &8 SR T
IR R, A R R TR A K e K A
AEAEAEIE , AT X R R TN s g o 5 A A i )
TEMAEE RS U R4 . S A R, B
A, HARGES GCT890 “UAH (i 74 4, R
HA R B IERE, AT 58 W C,—Cs R IR AN CO,
€O, ,H,,N, A1 0, B35 o

TR S8 U , IRV VR 5 L2 BB A i

FERIRE SRR ISR I BRI 028 RGP Y Co o e, X
RERRHUE A S BT SRS TR
25 RGO TERERRER 4T Ak R 25 2 0 0 8 5 T 478
Horp S A RERRER AT HE RSP 1 S A AP bt
PR A RE A CE 2 D9 HEJRBR ARORL) 5 R A R il M4
P EBUH A TS — A FE L (E 2 0 5 B IR RO
IMA B R o & AR B S UL R A S, 28
SRR XHRE AR P A RO AT IE
18 Co MR, FHZHE(E 7 890 N “URH (3534 T Co—
Cu YRR, TG T 7E U, AH Cyy ., AR
oy, PR E L E o

4.3 HRMEBEPLHER

SIS AT AR AN S R TR (R 2) , LR A T
TN 1.5 C/h, K18 50 MPa, k82877 5 1) 5
i 2 mg/g, MM SLEE5 R, R, £ 0.4% ~0.8%
B, A S AR D AR 5 mg/g HEINE] 35 mg/ g,
R, 7£0. 8% Z Ji& , A= BUAY S i Y0, Az i it F B ok 2
(K 10a) . MR¥EEA R GSHE B R HEERCR
{HE 12% ~44% . 7E 75 Z3 1 X vb DU B 24 11 1) 4478 Ak
BET(R, 50.3% ~0.7%) , )RIA M HEESCE R
H12% ~17% . R, Bk 0. 7%1E0M%] 0. 9% I, HEKZE 5K
RIEINARTR, N 17 %38 %] 41.8% (& 10b) . Hytw]
UL, BB XM IR B HER BRI E K,

4.4 IBWERAEMESH

RASLADL S B0 A, 1 7 e I HE S AR i T 16 ik
AR LT I AR sl Jr o2k FET YA i Ak
WEIRE T L RIS HE R AR 1 Ry
5, HOT RS AR G AR R v i (S) AR AR AR
(S, +8,) IWHEHRE  He i S S, i LU b HE

&2 TAMPEDHEEREHHENERIULHRSH

. . . . . . 4 o
Table 2 Experimental parameters for hydrocarbon expulsion efficiency simulation of source rocks in Es” in

Leijia area, West Depression of Liaohe Basin

BAER/ (mg - g7!)

BEM/ (mg - g7h)

PR ERIL g, s 5 1 A b 51 T 44 g4 A Bk )58il3 7 i’g
g o o oy RERE  REER Gk CcHEkR sk (mgeg™)  (mgegh) X o
Co—Cuy Cias Ce—Ciy Cias ?
1 279.0 0.41 0.03 0.122 6.95 0.005 0.98 8.06 8.09 1.01 12.5
2 299.8 0.5 0.06 0.212 8.90 0.021 1.32 10.45 10.51 1.40 13.4
3 321.0 0.6 0.06 0.410 12.53 0.090 1.96 14.98 15.05 2.11 14.0
4 340.5 0.71 0.54 1.297 19.12 0.201 3.67 24.29 24.83 4.42 17.8
5 355.8 0.81 1.30 2.244 21.82 0.872 8.95 33.89 35.18 11.12 31.6
6 376.2 0.91 3.28 4.274 17.86 2.029 10.57 34.72 38.00 15.87 41.8
7 393.1 1.11 5.72 7.564 14.44 2.375 9.31 33.69 39.41 17.40 44.2
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Fig. 10  Total hydrocarbon amounts(a) and hydrocarbon expulsion efficiency(b) of source rocks with

various degrees of maturity in Es™ in Leijia area, West Depression of Liaohe Basin
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