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Abstract; The lacustrine dark shale deposits of the Upper Cretaceous Qingshankou Formation in the Central
Depression of Songliao Basin contain a considerable amount of shale oil resources, among which the shale oil
exploration of the Qingshankou Formation in the Qijia—Gulong Sag has made a major breakthrough. In this pa-
per, methods of sealed thermal release, combined with organic solvent extract and Rock-Eval, has been used

for the comprehensive evaluation of shale oil-bearing capacity of the Qingshankou Formation. The TOC of shales
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from the Qingshankou Formation in the study area range from 1.48% to 6.97% with an average value of 3.40%.
The values of T

max

range from 440 C to 453 °C with an average of 448 °C for the samples after extraction, and
the production index ranges from 0.28 to 0.67, indicating a middle stage of oil generation window. The shale oil
contents of the studied samples range from 4.00 mg/g to 19.49 mg/g with an average value of 13.74 mg/g. The
contents of free oil range from 3.41 mg/g to 13.63 mg/g with an average value of 8.70 mg/g; while the content
of adsorbed oil ranges from 0.60 mg/g to 9.43 mg/g with an average value of 5.04 mg/g. Free oil is made up of
restricted oil and movable oil in the proportion of 1 : 1. The content of restricted oil of the studied samples ranges
from 1.81 mg/g to 8.49 mg/g with an average of 4.15 mg/g; while the content of movable oil ranges from
1.36 mg/g to 11.05 mg/g with an average of 4.55 mg/g. The movable oil resource is 12 kg/m’ based on the
average content of mobile oil, which reveals good resource potential of movable shale oil in the first member of Qing-
shankou Formation of the Sanzhao Sag.

Key words: shale oil; sealed thermal release; solvent extract; Rock—Eval; Qingshankou Formation; Central

Depression; Songliao Basin
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Fig.2 Workflow of the experiments used in this paper

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

AL 23 M r R 350 B XA 3 o7 B ¥y s BTl

Tectonic location and units of Central Depression, Songliao Basin

%, HodR B YRR AU i A B 5 R Ao R R 2 Ak
TFHEAFMT AR FEEFRELESIL . BEEO
DB 1 g BRI RE B RE, B AT
HIRE S SR IRS HI 2= 0~5 °C RJFIERE N 60 H LA
R AR RE G FEOR A R R RR T (5, 90,
300 °C, FHEEH 50 C/min) A S, .S, 1S,
I 3R C,—CyABIE .C—C  FRIE I C o 18
Wy, FRATEEI: 37 % PH IR 2 B 3R A5 1 5
PR PR S St B S, S, F1S, =HZH,
2.3 BRIHERAE

FRELZ) 0.7 ¢ 2 AIIARE IS I Ry AR BE B A B 7K
HEWA I AGE B Z S W e (DCM) %51 J5 , £ DCM
IR IRIE 2 h B MR SR VS Sk g Oy =0
20 DCM I3 5 HRE i, B 2 I IE VR (AR
PUAFE ST Al A HUTTRIER T, ZJ5 Rk
AHEFE T 72 80 C &M T T2 h, THEHEMIE
1T TOC & & FUA A AR AT
24 EHRRMBAIE

FREL 40 ~ 100 mg 19 T 45 A8 ARG, HA
A AR A [ K bR 1 s A R 3 B GB/T
18602—2012) M5 S, .S, Al T fi, FHEEF N,
300 CAHE 3 min K2 S, , SR J5#% 50 °C/min F+ii
% 600°CHIE 1 min A& S, S, W d5e e 5 %o o7 IR
H T, TERA BTSSR, A SOV IR S
FESE B BT 23 0T T 25 A AR AT
3 EmEITRITE
TR RS

PRUESE AT B 3BT 7€ L 300 °C A5 1F T 4G I Y
S AR AR S e Bl & 1 TR BT B s A

Po=N
Ny

31

http://www.cnki.net



B & B

<02 .

2

http //www.sysydz.nel

B

5 45 %

I T vk U S T R E IR A PRl (—)
JARVIE"™) 48 H 00 2 r 4 U 28 T 2 o g B 0 il 2
A S E S S H2 22 (=) HAN 257 Ak Hh
PEI5 S BRI R W LRSS S, (A
BT B AR A, PR R A R A S, (40 3R i
e, LA YRS S, (8 T RE b 5 1
GOKAFLBR P T B AL, TRl — R S 7S R Bsf [R] 224K
FRMA S, (B2 AN Wi/, BT 449 K L BR
e B L AT R — BRI R AR SO A
BN TR S, [ =2 FVRR R S 3l

AR T S AR A A R S (E X
Fesza P AR S, S A — A i, X
OrATI B B R R B R R
T R W R B T S A LS R )
VEFR 7, i A REAE 300 °C SALHE & ok Mok BA 1
S, Hf I A ML AR T 2Bk S, AR BE A,
PRI, AR S A S B 1SS B S, T L B iR
BATE S, H R A B X 40 A S BE Rk R ik B i, AR
Pt mi e S50 R L DY e X, AR B AR 2 T
W Bt/ SR, A2 S A T ANET 3,

TUA R (TOY ) BV Ay it 25 i AR 4890 =2 il .

TOY:RHC_I-SI*&‘-'-( SZ*re B SZ*ex)

A RHC ARG S8 o mg/g; S, F1 S, 70l h
PBERE S AL ET S, F1 S, H , me/g; S, NHER)S S,
fH,mg/g,
3.2 AIEhBANEZ BRI

A SR TE A2 45 0F T 0T H i sh IR 43
Ui B, T AU B ARG 2 45 TR T A i h,
FrohaZ b, e fE SR LT AR B ok oST
{HRKTF 100 mg/g( HC/TOC) VR UL il it sh P i
— A B2 B v i i A W I 7 L 3 i
Il SR AR | 3 2L H I SR AN TR A 0 R 32
W B 13 AR AL AR 28 BRI 7 11 S R Bt 55
B TOC {8, 5070 me/g, FORAE 2 4510 T i 3l
ZBRA AT, SANDVIK 255 75 8F 58k I [ 44
A AT AR B A W B B e 100 ¢ [
WHENLYI A 10 ¢ W, BT HEIRA S E LY
(9 829% 2 A SCHRE 122 me/g ME R TUEHIMTR B
B P, TR 2 B AN T sl &5 i

4 HRAHE

4.1 ZHARREE
BT I AR T (R 1) BTSRRI S,
HA T 0.14~0.91 mg/g, FIIMH 0.53 mg/g, FHIHF

FRES T YIS A 0.5 mg [ C,—C,SAER; S,
HA T 0.47~2.54 mg/g, FIIMA 1.60 mg/g, KA
FREM AT A 1.6 mg B9 C,—C 24, S,
{EA T 2.43~8.88 mg/g, F-HI{H 5.36 mg/g, S,
Sy ZHH Y T A& g A A /@ S,, S, +S, HA T
0.62~3.44 mg/g, FY¥I(H 2.13 mg/g, % HHRIE
FRE(S,+S, +S,) TR 3.04~11.52 mg/g, FHIH
7.49 mg/g, T HAMFPAFNEE IS S, T HETE
R IR A = ZE MR 4350 R 0.86 ~2.9 mg/g Al
0~8 mg/g™" , R Wi, S, 2k T BUH A IVl
B S, S i E AT A M R B R e, &
TUR & PP 7 AR R 22

RN ARG ® RN 7%, BiE & &
VIR 21%, C K E BB 72%, B SR
BB mEIRIRE, NEIIRERE &
AT PR IR & i B AT WL R S (1B 3),2 027 ~
2 039 mAl 2 043~2 048 m PR B TUA SRk
R, IR 9 my/g, Hof =R B it
IR S AR A, R NI B (2 020 ~
2027 m 12 048 ~2 051 m) JUA HURIR & 11
25 5 mg/g, TR EL (2 039~2 043 m) PVREIE
SRV AN T mg/ g,
4.2 EHRPMBEIE

I3 %5 P IARE 5 AR AR S (B T 0.34 ~
2.40 mg/g, #fi# S,{EAN T 3.67~30.12 mg/g, V-3
916.36 mg/g, VAR AL i B R AT A= 42 fig
Ji. DCM 42 J5 B A & A 0.12~1.16
mg/g WIPIE S {E, #i# S, (ENT 3.07~20.69 mg/g,
I A 11.32 mg/g(F£ 1),
2 PH VB RE B 22 DCM 42 )5 1 i S, (B 2

PERT S (A1 44% , 99 A BAF 4P 1E A ¢

KE(KE 4) , TUARALBR A 2l 2 S fb il
SeHE R AT B R R BRI T B I IRAE TR N gk
FLBR A, th TR T 598 K FLBREE 22 18] g /F FH 1
B 5k AR AOR AL B 1 R SRR H 2, R
{8 R A BILI TR B8t T 7 4R AT 4 5 B ) U
W BRE T YORILBR AR T B R 2 AL
BRI FLAR K/ INFIFL B o B 2 il Wi
BHMAEASRIFLBR RUBE v () W AE IR A5 1 7 i 2 45 1
N B B R R B A2 R

FAARERE i DCM S FT /5 i i S, (2
FARGF M IEAH DG OC R AHOC R BN 0.99 (K
4)  FEERRE S IR S, 29 R AR Fh AL S A S, (E
1) 53.5% ~83.7% , V-1 70% , F2 W it S, o P25
F30% B AT A LT, 33 F8 43 v A LT 352



.93 .

L 2 —Be v 5 il AR

ESU RS RS

FREUE , 55 AL A b S X

%14

0£T 091 181 00 090 1€ ro'€ 61 L0°E P10 951 sth L9€ 9€0 al €T ) P10 €01 il 8T
16¢ we 19T 6LL or'1 6£9 €S St €L $90 17T Sth €T 980 61T 0S% 980 LT0 Y01 wi Vi
vy 8’ 9€T 81Tl 86°€ 618 SL9 9 €19 w0 681 Tty €61 LTs 60T 650 €01 81 9
IS¢ 6L wr 10°L1 98 Sl €801 0st [yl 990 6€°€ (éad 9r'¢ 65L ST 160 01 6€°€ Nd
9T (334 or'’s 6TLI gL 666 IS8 6t L1 0L0 90 0st Ay €19 81 50 481 0S% T
ste 34 LS SYLT 989 0901 156 oSt LOST €50 9F 0st Ly 99 Vrad 790 SOl g €
(954 6 €LY LOLL 69 8901 we 0st €Ll 90 06° wh 88°¢ w9 60T wo POl I€€ w
Ly oL 9T 08°€I 487 99'6 [Tl i 9¢8 STl w1 65t 91T oL's LIl 0r0 Y'l vST 1T
€ee Y09 99°¢ 65T 6L'S 0L6 508 0st 6901 1L0 10°€ v 00 509 1 9€0 0T we 0c
19T (484 9b'¢ 60°€1 IS 8SL €9 St 1011 LT0 9T v €8T 8IS 660 P10 901 £€0°¢ 61
L6T NS 6L°€ 80°S1 ¥8's vT6 KL St SO1L 80 6T St e 8¢S 59l wo oIl we 81
9C o1y €87 L1 LS €63 [TL 6 951 L¥0 £€6°¢ St 96 ¥s's &l 0£0 €Il L0 L
|f34 or's 69 98'S1 L0S 6L01 St6 It o1F1 180 8T St 99 6L9 0T 090 01 ws 91
LT NS 6t SISt s Y001 €8 St P01 9I'l ore 6c 89 LS Ll 980 601 09 S
81 w'E LEL LULL L8'S 0g'11 1€01 (192 9Ll 50 ws Sty 509 YL L£T 0L0 S0l 609 vl
8K 8ty €€ 951 SLY 188 SoL st L9€1 90 LLg 6 sse 9IS 6L1 0L0 91l 59l €1
) SO 85T 961 €8s £9°€1 [ b 699 0L0 181 sy (4% 888 61 690 601 €T al
60€ sL9 vy 65L1 79 STl we i [ 670 Is€ 44 19°¢ 199 €81 8L0 481 8I'e 1
LT L9 L9€ 6611 s9¢ o WL 0st LSTI 950 kA3 o 10°€ L0S 181 90 YO W 01
LIT ot 6€S 1LYl s 656 9¢8 st L§91 K0 6 St W sLs 681 wo SOl €87 6
1T 69° 6% 95°€1 96 098 veL 454 ISH1 €90 60 Ly (012 oS 691 090 181 19°¢ 8
1 ST 678 661 &6 9001 w6 394 69°0C 9€0 99 6 L69 679 91T L80 SI'1 699 L
SsT 9¢'T oS PETT (32 19 L0'9 0st 0v91 70 sev L vy 18°€ 8€'T 880 N 97 9
90€ Yo't 89T 0gTT St w9 109 i 9L 9€0 961 ot 0CT 16 191 670 0T 96T S
Pred 7€ vL'E €€l 8€S 69 €69 8t 06 820 16T £hb 90°€ wr LS 50 90'1 160 ¥
99T sTT 161 S€9 61T 9t £9°¢ or €6°¢ 670 IS'1 sep ST €T 60 20 00T 09 €
1T w©T L0€ L0l 80 655 oct 9 YL 0£0 T 65 T 90°¢ 160 €0 60 IsT z
881 081 €€ 8€6 (T s 632 o 01’8 ) KT v LT 66T 901 920 o1t T I
(88w (85w % % (88w (38w (SSw) 3

(83w) (58w (SSw) (55w (FSw) (FSw) (SSw) O L /g g /OoL® ./ /(O0L)® /s /08 /s /I % .

SO el Az MR E¥ R B fope  EH
e L D e Ly I SN[ e

sordures yo ejep [uowLadxy [ Aqel,

RIS L W e i T

nki.net

JIWww.

http

hts reserved.

o
t=}

i

shing House. All r

Publi

ctronic

)1994-2023 China Academic Journal Ele

-

(C



B W F % b B
- 94 - http ; // www.sysydz.net 545 B
p ysy
14
Sll
2 msx
ms
10t
)
@ 81
&
i 6f
G
4
2
0 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
SEifiiEEE3 fiEEEZ9593935953335¢%
[o I o I o N o IR o MY o\ Ao\ NN o A o N o A o AN o AN o I o NN o A o I o\ AR o R o I o IR Ao o N o R o IR o\ o R o]
A% /m
B3 ML EH R R IX Z I A 2G0T 10— BOUa I3 PR 4 R
Fig.3 Results from sealed release experiments in site of the first member of Upper Cretaceous
Qingshankou Formation, well Z, Central Depression, Songliao Basin
14 25
_ 12t . . ol o
_'qo 1.0f “en * %
%D 08} . . ‘éﬂ 15 .,_'_._.,(’
= o .o ° 4 ° o8
%] . ® 0® * %Y ¥ Sl
206 : ¥
}5 e e, y=04374x 10 & ¥=0.697x
= oaf . o0 R=0919 4 # | R=0.994 4
= 2 = | o
. ° A= 5
02 o®
4 .
NE ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘
0 05 10 15 20 25 30 0 5 10 15 20 25 035

RIS /(mg-g)

HHEATS,/(mg-g")

K4 EPIVEERE S DCM R AT IS o0 P S E00 1L

Fig.4 Comparison of Rock—Eval results before and after DCM extraction for samples after sealed release

Wi T 300 CHYR 7 FREMBPLA LT YY)
W B AR IR S BT AL T
43 PRAESH

i T, AE SRR AR ERE AR 2 — 5
T, JE52 TREARISAE N, 5 R Z A S — 4
KRR AN AR E HUR AT WAL
SYHT S, T A B I ( OR AR ) S i )
)RS, R T A 5 S, AR SRS T bR R o
T, JERFE AR LB, 1 4 U R
FIFhEEFr A A T, (AT 437 ~ 450 °C,FHME
443.7 °C HRE Y T, fHA T 440 ~453 C, ¢y
{H 448.1 °C HHERFES T, (HBAIARAE S T, (5
PRI 44 C(R D), FFEARAET LEM
Bakken U1+ # Barnett 71 4+%" o

5% 1l X 75 1L 14 DA A AL SR B w1
P T, M5 ZHANG 2607 B S a8 AL, 1 b
TS0 Ay A 5 B S R AR A 1.0% , 1T RE A7 8 ™
IR IE Y, S, P EAEREEANE, &5
T, fEE AR E A, BRI A LR
B BB $2 A0 B I vE R B9 S, (8 e o AR R PR

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

T, AE'*' ) 4 ESPITALIE %A= 1 #
TREHR T, =443.7 °C X R Y S5 R0 8 A I B 2R
(R,) 2924 0.74% ,1fii T, =448.1 TR R, 29N
1.15% . 7350, 77 34650 PI[ PI=1F M/ (i B3+
S,...) 1L} 0.28~0.67, F15 0.45 (&% EHEE,
ZAERMAG) o T, 577 B8 B R iR X
L TS IR AL TR A M B
44 BIKREE

AR SO SR T R R B 25 O i PR il
PERTE B E T TOC & &, 53 5 0 [FITR B A DA
mn AVBERE SRR AE S A TOC (£ 1), R
JEADFESD TOC 5B S TOC  Fli 42+ 5 TOC
EHRBERE Y TOC Z [RI34AE 5 B 4T 1 2 M AH DG
(F5), B TOC B2 [FIREE & O FE i TOC
B 0.99 A% , AL & T BE A2 AR Y Bt 52 ),
TOC 1B i B AL . FhARAE i TOC (B2 PR i
TOC {1 0.97 £%, Ui BAE & P A7 28 I R A= A AL
(EVAHMAR) WA & T TOC IZ AR /N,
MBI B B UG T HE & P AR A L

REAE A B 1S VS, (A 5 TOC & 2 2 (7]

http://www.cnki.net



BRI , 45, AL G S B DX =2 (M1 b e 7 L A — B U A i PR R - 95 -

Yivand
51
8
L)
.
~ 6 %
o -
o)
=) P
3 "%
24 . o
% <e®
% 0 0 1=0.989 8x
=2 %% R*=0.968 2
ER3 e
0 ‘ ‘
0 2 4 6 8

[FJR FE 2 O FE i o(TOC) %

8
c\c e ]
3 ‘
o 2
g 23
3 4 i
o2 ‘I..
3}; - ¥=0.967 3x
& 2_

Lﬂﬁ 2 _},,3 R=0.997 1

0 ‘ ‘

0 2 4 6 8

HREFE S o(TOC) %

K5 R[FEFEG ) TOC & 5L
Fig.5 Relationships of TOC values for different samples

HA RIS MLk AR S, A 56 R 4K 0.98 (& 6)
BHUAEF I B W S, P sk BB, (175 S, 5
TOC 2tk R RR 4.7 W8/ h 3.3, BN ML
FI LA SRR S Y SR B R 473 mg/g BE
iK% 330 mg/g. HITFASCR AR & ARy 2
AAF T WRAF T D 16 2 b (8 T A e 2R 5, -1
PR B 1 AR BOT-¥E S 600 me/g., LA
FH) TOC &4 3.40% (3R 1) #ER W iR TOC % 27
YIHEA N 5.719% %),
4.5 MM

FRPE E SR A, 2N 2 HEF L4l
— B UAN A AT 3.41~13.63 mg/g, 1
{E° 8.70 mg/g; AR & AT 0.60~9.43 mg/g,
EEIME N 5.04 mg/g; Bl E BT 4.00 ~ 19.49
mg/ g, FEIME N 13.74 mg/g(F 1), WEEMS LY

35

o‘,,."“/
= 20r \;"’ .
=15 2l

2 sl S

_!’:E [ v,oo'"
= 10} o

=t

L]

y=4.733 4x
§ R=0.984 5
Y

4 6 8
HBERE i o(TOC)/ %

S BT Y 63% , SRAE 0 B i 29 R SO Y
37%., ZIHH — BB B 55 Xl R MG
B RALE B i E A (6.7~14.4 mg/g)
Y A SRS TR E A" CFE
9.6 mg/g" ) BT RAFHY TUA IR 7
TOC &1 2% ~ 7% W5 Bl N, U 25 & i IA
W S 1 B/ N, T KM R S8 - B I B (18 7)
FEA A AR A AR R S A ELE T, &
TOC 7t 1) B0 U A A= iR b LA 4 RE T 1) il
R, T HAREAK TOC & 5 A b i le 75 Fe v | i
[0 =S R 2 B o A = S K (G R e s ey = A N ]
BRI T ES S TOC S RZ MR, 3R H
M5 TOC &t Z 1] i AH BT (B 7)), 24 TOC
KT 2%}, 5% B 10 2 B TOC 5 38 K8 K,
KRB S TOCH & B &K &R ; ¥ TOC/NF

25
_20r °
E . .
g1 o @78
o 10 °
é [t y=3.309x
= %% R=0.985
S5r ..
oL
0 4 6 8
IRERE L 0(TOC)/ %

El 6 #HBEFESHIRRTE S,{E5 TOC &&EZ [AlH) &R

Fig.6  Relationships between S, and TOC for sealed-released samples before and after DCM extraction

20
~15F
N .
50 .

L] L]
1 P S P .
fﬂ ° e ° %
i s .
Piand
=R 5 . ®e
L)
0 .
0 2 4 6 8

PR S o(TOC)/%

15
e y=0.80x+2.46
z 2 =
= 1ok R*=0.46 .
e
é _____
= .
ﬁ ° °e —--"".' —————— °
et 5 o u»_'___’.--'~t'.; oo
S R
°
°
°
0 .
0 2 4 6 8

HFEFE S o(TOC) %

K7 s A g B S TOC &5 [ A9 6 &
Fig.7 Relationships between free/adsorbed oil contents and TOC

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



B & B

- 96 -

2

http // www. sysydz.net

B

545 %

25

w3
201 | ™ AZPR

LA

K 8

FALL Z i SR B DX Z B e Ll 02— B DU T il 32 BRI A sk Al i 7 i AR

Fig.8 Characteristics of free, restricted, and adsorbed oil contents of the first member

of Upper Cretaceous Qingshankou Formation, well Z, Central Depression, Songliao Basin

2%, B R B TOC KT 2% 0 A i, /R
SRS TOC & B IE R B0 53 W2 B 3l 0 6 7 757
AT AR — R KU

PG =2 MG 2 510 D4 —B s ToC &
HRTUA IR SR T TRR (122 mg/g) 5, DH9R 2
BOOUAZ R S EA T 1.81~8.49 mg/g, FXIMH N
4.15 mg/g(F 1), TT BN & 55 T 25 70 2 1 ok
o2 BRI &, L 0 A mT sl = A T 1,36 ~
11.05 mg/g, FHME ] 4.55 mg/g(F 1), 29 L e
MM 53%, 5 R EmE Y 173, "8l 2R
ARSI B B2 1 12 1, K 2 028~
2 050 mJZ B U Al Bl S A, A T 3.69 ~ 11.05
mg/ g, FHE N 5.46 mg/g(F 8) B i K BAALIA
BUAEATEA 12 kg W] b (B A2 FE 2 200
kg/m®)  Hg7n = AEMRE T L0 4 — B B A R AR
U PSR

(AT B A2 ST X e R T R 5 T
R Z R GUR A P e B s, D T 3k
FIBRAA B = SRR . REHEEH Y 350k
T A PP EUE , LA 100 mg/g 1E 9 0T 3 AT
kTR, IR SRR 2 K 7 B
FCAM AT BT TR N 70 me/g, BEX RA TUA A=
PRSI = AR MIBE T — BUUA AR UCR T RO ™
T DU AT S TR, T 3RAS 1 DA 1T 23 96 R
AR AT REZ BUIRAS , 75 B AE 5 5 A2 S i A s
IEZ M X DU AT SR TR, AL 7 —BLiUs
GIREIRH A5

5 458

BT AT 5 = IR S s
AR AT AR ES S B IAEOAR , = 2 MBS 1 4
— BEUUA U B P {E N 8.70 mg/g, WA

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

FEEEN 5.04 mg/g, B A= AN 13.74
mg/ g, E B R 290 B A R Y 63% , SRATIM
HANSIMESER 37%, T, FYMER 448 C 7
RIGECOT-BIE R 0.45 , I G208 TR R R 20
1.15% , #57R =2 M H 1 Ol —BoyUaah T k=
AETRET

SHEMBET IO H B Z RIS E AT
1.81~8.49 mg/g, F-¥I°h 4.15 mg/g, NI BHiM & B4
T 1.36~11.05 mg/g, F-HJy 4.55 mg/g, TSI,
SZ PRI A B = S R ES S 11 1,
—Br 2 028~2 050 m JZB U AT il & i, A
T 3.69~11.05 mg/g, V-IME N 5.46 mg/g, T 75
KRR BUA TS 12 kg TN, 38R = 261
B L A — B AT R DU A] Bl IR )
FLLF, T RO, % AR I S B [ 1], 6

MR 5 I % 2016 ,43(6) :850-862.
WANG Hongjun, MA Feng, TONG Xiaoguang,et al. Assessment

(1]

of global unconventional oil and gas resources [ J]. Petroleum
Exploration and Development,2016,43(6) :850-862.
Rt L YRS S AR FLIN A BRI S R S R TR
HLIT MRS TT & ,2017,44(4) :638-648.

SONG Yan, LI Zhuo,JIANG Zhenxue et al.Progress and develop-

(2]

ment trend of unconventional oil and gas geological research[]].
Petroleum Exploration and Development, 2017, 44 (1 4).
638-648.

B WL, X B S R 2 A R R i B PR S
B M EEEDGR[ ] B i, 2022,43(3) :253-260.
LUO Anxiang, YU Jian,LIU Xianyang, et al.Practices and cogni-

(3]

tions of petroleum exploration in Mesozoic , Ordos Basin[ J].Xin-
jiang Petroleum Geology,2022,43(3) :253-260.

X, T8, R, A5 I AR G KRB R M — B/ R
F R 2H SN R AL B DU S AR AR [ ] A7 I SE 563t
J5t,2022,44(2) :270-278.

[4]

http://www.cnki.net



14

FEIRUH | 5. AL 2 rh S B X = S M1 1 P 240 10 02— B s 5 il PR AR

.07 .

[10]

[11]

[12]

LIU Jin, WANG Jian,ZHANG Baozhen, et al.In situ occurrence
of shale oil in micro—nano pores in Permian Lucaogou Formation
in Jimsar Sag, Junggar Basin[ J].Petroleum Geology & Experi-
ment,2022,44(2) :270-278.

AR I XV R ARAR , 45 R 22 0 Ay R i) 1 3 IX =
BRERKAR 7 BRI & Hm ST [T ] ST
57 % ,2022,12(1) :233-245

ZHAO Junfeng, LIU Chiyang,ZHANG Dongdong, et al.Descrip-
tion and its hydrocarbon geological implications of outcrop sec-
tions of Triassic Chang-7 Member in southern Ordos Basin[ J].
Reservoir Evaluation and Development,2022,12( 1) :233-245.
BB BN R T, 5 SRR AR AN R B A
ORI SHGEM 5IF %, 2021, 11(4) :536-541.

XIA Yun,ZHANG Liping,CHU Haoyuan,et al.Low-cost technology
of Jimsar shale oil ;a case study of lower “sweet spot” [ J].Reser-
voir Evaluation and Development,2021,11(4) :536-541.
B, L BT A R ZR 4 7 AR R [ 7 7 2 5
AR IE LB RS A S K S W B Se R L] A
SEHHLT,2021,43(6) :941-948

WANG Jian,ZHOU Lu,JIN Jun,et al.Pore structure, hydrocarbon
occurrence and their relationship with shale oil production in
Lucaogou Formation of Jimsar Sag, Junggar Basin[ J | .Petroleum
Geology & Experiment,2021,43(6) :941-948.

ZEE WY, PP R BN, A% It R R A il DX
JE BRI - DU I A 0 2R 8 M B v = — b Y B B
HBILT] AT 5, 2021,43(5) :767-775.

LI Zhiming,SUN Zhongliang, LI Maowen, et al. Maturity limit of
sweel spot area for continental matrix type shale oil ;a case study
of lower Es; and upper Es, sub-members in Dongying Sag,
Bohai Bay Basin[ J ].Petroleum Geology & Experiment, 2021,
43(5) .767-715.

TR, RS SRIEOYG , A5 G AR 4 B 1 (M R 2R KU
S TTEMIBRAE AR AR 5 5% e A2 [ 7). A i S 56 b ST, 2021,
43(5) .784-796.

YANG Zhifeng, TANG Yong,GUO Xuguang,et al.Occurrence states
and potential influencing factors of shale oil in the Permian
Fengcheng Formation of Mahu Sag, Junggar Basin[J ].Petroleum
Geology & Experiment,2021,43(5) :784-796.

FRAF XL A, 45 0K 20 307 I D FE <
BIIRE SRR [ 1] B 5, 2021 ,42(3) :253-263.
ZHANG Caili,LIU Xinshe,YANG Yajuan,et al.Petroleum exploration
history and enlightenment of Changging Oilfield in Ordos Basin[J].
Xinjiang Petroleum Geology,2021,42(3) :253-263.

FRYRAR, XUBAR 88 et | 45 B8 PR 231 1580 2
JEVERTSEL T ] AT TR b 5T, 2022,44(4) :730-738.

LU Zhendong, LIU Chenglin, ZENG Xiaoxiang, et al.Shale oil
size distribution models and their sensitivities [ J ]. Petroleum
Geology & Experiment,2022,44(4) .730-738.

TRUK AL RHALTR DU Z 30 BTN BOCHEE AR B FE [ ] 47
Fil <M, 2022,29(5) :72-79

ZHANG Bing.Geological evaluation and key technology of shale
reservoirs in northern Songliao Basin [ J]. Special Oil & Gas

Reservoirs,2022,29(5) .72-79.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BRI, A R A RN A v A T B A
FrE TR L] R A7 i 3 5T 5 9% %2, 2022, 41 (3)
14-23.

CUI Baowen,ZHAO Ying,ZHANG Ge, et al.Estimation method
and application for OOIP of Gulong shale oil in Songliao Basin[J].
Petroleum Geology & Oilfield Development in Daqing, 2022,
41(3) :14-23.

HU Tao,PANG Xiongqi, JIANG Fujie, et al.Movable oil content
evaluation of lacustrine organic-rich shales ; methods and a novel
quantitative evaluation model [ J ]. Earth — Science Reviews,
2021,214:103545.

Vla vt BRI, 5 S IR A2 AR A DU I B R AT
HoRG BB [T] - A4 5 5 5, 2016, 38 (6) -
842-849.

JIANG Qigui, LI Maowen,QIAN Menhui,et al.Quantitative charac-
terization of shale oil in different occurrence states and its applica-
tion [ J ]. Petroleum Geology & Experiment, 2016, 38 (6 ) :
842-849.

LI Maowen, CHEN Zhuoheng, MA Xiaoxiao et al. A numerical
method for calculating total oil yield using a single routine Rock-
Eval program:a case study of the Eocene Shahejie Formation in
Dongying Depression, Bohai Bay Basin, China[ J].International
Journal of Coal Geology,2018,191:49-65.
ROMERO-SARMIENTO M F.A quick analytical approach to esti-
mate both free versus sorbed hydrocarbon contents in liquid-rich
source rocks[ J].AAPG Bulletin,2019,103(9) :2031-2043.

LI Jinbu, WANG Min,CHEN Zhuoheng, et al.Evaluating the total
oil yield using a single routine Rock-Eval experiment on as-
received shales[J].Journal of Analytical and Applied Pyrolysis,
2019,144.104707.

JARVIE D M. Shale resource systems for oil and gas: part 2—
shale-oil resource systems [ M ]//BREYER J A. Shale reser-
voirs ; giant resources for the 21st century, AAPG memoir 97,
2012:89-119.

DELVEAUX D,MARTIN H,LEPLAT P,et al.Comparative Rock-
Eval pyrolysis as an improved tool for sedimentary organic matter
analysis[ J ].Organic Geochemistry,1990,16(4/6) :1221-1229.
MICHAEL G E,PACKWOOD J,HOLBA A.Determination of in-situ
hydrocarbon volumes in liquid rich shale plays[ C]//Unconven-
tional Resources Technology Conference. Denver, Colorado,
USA :SEG,2013:2037-2043.

LI Maowen, MA Xiaoxiao, LI Zhiming, et al. Emerging shale oil
plays in hypersaline lacustrine Qianjiang Formation, Jianghan
Basin, Central China[ C]//Unconventional Resources Technology
Conference.Houston , Texas,, USA ; SEG,2018 ;:108-125.
JARVIE D,BAKER D.Application of the Rock-Eval Ill oil show
analyzer to the study of gaseous hydrocarbons in an Oklahoma
gas well[ C]//187th American Chemical Society National Meeting.
St.Louis , Missouri ; ACS, 1984.

o, SR, TR, A MNT At AL A e 40 L0 AR A
TUATCR MR R AR S DU PRI IR AT [ 7] M il 27,
2022,57(1) :156-171.

WANG Lan,ZHOU Haiyan ,SHANG Fei,et al.Element geochemical



- 08 -

B & B

&

b

http //www.sysydz.nel

545 4%

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

characteristics of black shale and paleo-sedimentary environmental
restoration of Qingshankou Formation of the Cretaceous in the
northern Songliao Basin [ J ].Chinese Journal of Geology, 2022,
57(1):156-171.

B, M SR S A A TR T BRI BUA i
PERFAE : LLDU N F PR B R R 22 ZE B [T ] A il S2 30
J1,2022,44(4) :712-719.

LUO Chao,ZHANG Huanxu,ZHANG Jizhi, et al.Evaluation of
oil content in shale by sealed thermal desorption:a case study of
Jurassic Da’ anzhai Member ,Sichuan Basin[ J ].Petroleum Geology &
Experiment,2022,44(4) :712-719.(in press)

JARVIE D M.Components and processes affecting producibility
and commerciality of shale resource systems [ J ].Geologica Acta,
2014,12(4) :307-325.

HAN Yuanjia, MAHLSTEDT N, HORSFIELD B.The Barnett

shale; compositional fractionation associated with intraformational
petroleum migration , retention, and expulsion[ J ]. AAPG Bulletin,
2015,99(12) :2173-2202.
ZINK K G,SCHEEDER G,STUECK H L, et al.Total shale oil
inventory from an extended Rock-Eval approach on non-extracted
and extracted source rocks from Germany[ J].International Journal
of Coal Geology,2016,163.:186-194.
WAL, BORAR R IR, AR SUAHM 1 T IR T B s M
Mk AT IS KA R 7548 Duvernay TUA AHI[T].
A RAR AR, 2019,40(3) :459-468.
CHEN Zhuoheng, LI Maowen, JIANG Chunging, et al.Shale oil
resource potential and its mobility assessment: a case study of
Upper Devonian Duvernay shale in Western Canada Sedimentary
Basin[ J].0il & Gas Geology,2019,40(3) :459-468.
LI Maowen ,CHEN Zhuoheng,MA Xiaoxiao, et al.Shale oil resource
potential and oil mobility characteristics of the Eocene—Oligocene
Shahejie Formation, Jiyang Super-Depression, Bohai Bay Basin of
China[ J ]. International Journal of Coal Geology, 2019, 204
130-143.
SANDVIK E I,YOUNG W A,CURRY D J.Expulsion from hydro-
carbon sources; the role of organic absorption [ J ]. Organic
Geochemistry,1992,19(1/3) .77-87.
JARVIE D M,COSKEY R J,JOHNSON M S, et al.The geology
and geochemistry of the Parshall area, Mountrail County, North
Dakota[ M]//The Bakken-Three Forks petroleum system in the
Williston Basin. Rocky Mountain Association of Geologists,
2011.:229-281.
BT RO, B R AN AL AR 1 T R A
WP HTT] . HBRAE2:,2018,47(4) :345-353.
ZENG Weizhu, SONG Zhiguang, CAO Xinxing. Oil potential of
Qingshankou Formation source rocks in northern Songliao Basin[ J].
Geochimica,2018,47(4) :345-353.
ZR b SRS, a5 AN A = 2R IR T 1L D A U
AR BT A R LT ] e B S BRI, 2021,30(3)
366-376.

LI Ang,ZHANG Liyan, YANG Jianguo, et al.Seismic method for

shale oil sweet spot prediction in Qingshankou Formation of

[36]

[37]

[38]

[39]

[41]

[43]

[44]

Sanzhao Sag,Songliao Basin[ J ].Geology and Resources, 2021,
30(3) :366-376.

ESPITALIE J.Use of T, as a maturation index for different types
of organic matter.Comparison with vitrinite reflectance[ M ]//BUR-
RUS J.Thermal modelling in sedimentary basins. Paris ; Editions
Technip, 1986 :475-496.

KING R R,JARVIE D,CANNON D, et al. Addressing the caveats of
source rock pyrolysis in the unconventional world ; modified methods
and interpretative ideas [ C ]//Unconventional Resources Tech-
nology Conference.San Antonio, Texas:SEG,2015:919-934.
ZHANG Penglin, MISCH D, MENG Qingtao, et al. Comprehen-
sive thermal maturity assessment in shales:a case study on the
Upper Cretaceous Qingshankou Formation ( Songliao Basin, NE
China) [ J]. International Journal of Earth Sciences, 2021,
110(3) :943-962.

KATZ B J,LIN Fang.Consideration of the limitations of thermal
maturity with respect to vitrinite reflectance, T, , and other
proxies[ J].AAPG Bulletin,2021,105(4) :695-720.
KRUGE M A.Diagenesis of Miocene biogenic sediments in Lost
Hills Oil Field,San Joaquin Basin, California[ M ]//ISAACS C
M, GARRISON R E.Petroleum generation and occurrence in the
Miocene Monterey Formation, California. Los Angeles: SEPM,
1983:39-51.

JARVIE D M,HILL R J,RUBLE T E et al.Unconventional shale-
gas systems :the Mississippian Barnett shale of north—central Texas
as one model for thermogenic shale-gas assessment[ J |.AAPG Bul-
letin,2007,91(4) :475-499.

SRR, A, DRI A5 DI i b e AT S e A
LERIH] ATIS KRR T, 2021,42(6) :1451-1463.
GUO Qiulin, WANG Jian, CHEN Xiaoming, et al.Discussion on
evaluation method of total oil and movable oil in-place[ J].0il &
Gas Geology,2021,42(6) :1451-1463.

Wtk R R  Ab A g  U bE ot R T A
TROUAE R B R R SRR R R T] A
B J5T,2021,43(5) :776-783.

YAO Hongsheng, ZAN Ling, GAO Yugiao, et al.Main controlling
factors for the enrichment of shale oil and significant discovery in
second member of Paleogene Funing Formation,Qintong Sag,Subei
Basin[ J ]. Petroleum Geology & Experiment, 2021, 43 (5):
776-783.

HU Tao, PANG Xionggqi, JJANG Shu, et al.Oil content evalua-
tion of lacustrine organic-rich shale with strong heterogeneity : a
case study of the Middle Permian Lucaogou Formation in Jimu-
saer Sag, Junggar Basin, NW China [ J ]. Fuel, 2018, 221
196-205.

EIRYL, RIS R, A, SR Z WA 7 Brl TR R
R AR S BRI S LA H317 AR D). P
5T ,2020,47(1) :210-219.

HUANG Zhenkai, HAO Yunging, LI Shuangjian, et al.Oil-bearing
potential , mobility evaluation and significance of shale oil in
Chang 7 shale system in the Ordos Basin:a case study of well

H317[ J].Geology in China,2020,47(1) :210-219.

(HE # %)



