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Quantitative characterization and influencing factors of free oil content in
lacustrine shale: A case study of Funing Formation in the Gaoyou Sag, Subei Basin
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Abstract: The lacustrine shale samples were selected from the second member of the Funing Formation in Gaoyou Sag,
Subei Basin, to precisely and quantitatively evaluate the free oil content and its controlling factors of lacustrine shale.
The mineral composition, hydrocarbon generation capacity, pore structure, oil-bearing properties, and other
characteristics of the samples were analyzed using X-ray diffraction tests, TOC content measurement, multistep rock-
eval pyrolysis, high pressure mercury injection, organic matter extraction and 2D NMR. The results show that the
shale is rich in quartz, feldspar, calcite, dolomite, clay, and other minerals. The TOC is between 0.61 % and
3.70 %. The R, is between 0. 70 % and 0. 72 %, indicating the source rocks being in the mature stage. The reservoir
space is mainly composed of intergranular and organic pores. Two-dimensional NMR, which can efficiently detect and
characterize the occurrence of free oil, was employed to help extracting free light and heavy hydrocarbons as well as
soluble organic matter from the samples, and performing spectra analysis before and after the extraction, on which light
oil zone, solid organic matter zone, hydroxyl compound zone, and water zone were identified. Post-extraction solid

organic matter content was found to have a good correlation with TOC. Pre-extraction NMR-based light hydrocarbon
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content and NMR-based differential light hydrocarbon content between pre-extraction and post-extraction show a
relatively strong linear connection with pyrolysis free oil content. The free oil content rises initially and then fall as the
felsic mineral content rises, and it is positively correlated with TOC as a whole. The free oil contents in type [ and II
kerogen source rocks are higher than those of other kinds. The right degree of thermal evolution of source rocks
increases the ratio of light hydrocarbons and mobility of kerogen-generated hydrocarbons, as well as free oil content.
Shale reservoirs with high porosity, specific pore volume, and median value of pore throat radius are conducive to free
oil enrichment.

Key words: free oil content, nuclear magnetic resonance, Funing Formation, lacustrine shale, Gaoyou Sag, Subei Basin
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Fig. 1  Structure location (a) and stratigraphic column (b) of Gaoyou Sag, Subei Basin
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Table 1 Mineral components of E,f? shale of Well X1 in Gaoyou Sag

Bt atk 1 . L : —
ERRIRY Vag Ka T Mz

S-1 Fit A 3119.35 54. 89 25.05 9.15 7.07 3.85
S-2 by 3120. 49 9.39 41.41 27.07 12.32 9.80
S-3 RGO 3121.92 40. 66 33.78 14. 68 5.03 5.85
S-4 TRE TR 3123.95 41.21 23.74 11.61 10. 46 12.97
S-5 RGBT 3128.17 33.47 30. 47 11.71 0.41 23.94
S-6 TRA I 3129.82 35.03 25.28 18.24 18.13 3.32
S-7 TRA R 3130. 61 48.09 27.61 8.58 7. 14 8.58
S-8 TRTRER BT A 3131.00 21.13 14. 46 3.74 18. 60 42.06
$-9 KB T 3132.90 28.90 34.69 25. 66 0.71 10. 04
S-10 TRE I 3133.47 32. 86 26. 16 8. 11 1.84 31.03
S-11 RS U 3136.02 37.58 23.15 27. 86 9.02 2.40
S-12 TR U 3143.99 31.81 29.42 9.45 9.55 19.76
S-13 RA TR 3149.35 28.87 34. 80 15.37 0.99 19.98
S-14 RTR R 5 T 3151. 69 15. 87 16. 18 8.09 16.29 43.57
S-15 TRA I 3161.54 25.84 20. 56 12.70 5.96 34.94
S-16 TRA R 3161. 87 39.90 22. 60 8.77 9.98 18.75
S-17 TRTRER BT LA 3162. 41 15.79 9.34 5.26 11. 60 58.00
S-18 RA A 3164.93 12. 64 28.74 17.45 1.46 39.71
S-19 RA A 3166.93 21.45 21.23 13.53 28.05 15.73
S-20 TRA R 3357.24 43.27 23.27 10. 61 15. 82 7.04
S-21 TRA U 3128.47 35.71 25.94 10. 38 16. 38 11. 60
$-22 RARITA 3119.12 18.57 35.12 4.04 41.27 1.01
$-23 RA I 3114.42 41.37 30. 92 8.48 5.17 14. 06
S-24 RA A 3125.07 45.95 32.02 13. 62 1.56 6.86
S-25 dive N iIb= 3128.84 10. 20 19. 09 0.91 1.82 67.98
$-26 TRA U 3127.68 33.47 30. 47 11.71 0.41 23.94
S-27 TRTR R 5 T 3129.11 27.23 13.26 3.54 5.36 50. 61
S-28 RGBT 3131.49 38.38 32. 04 11. 16 7.78 10. 64
$-29 s 3124.39 55.39 27. 02 8.59 4.29 4.71
S-30 B RuTs 3124.79 56. 15 26. 68 10. 34 1.96 4.86
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Fig. 3  Evaluation map of E,f source rocks of Well X1 in Gaoyou Sag
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Table 2 Geochemical characteristics of E, f* shale of Well X1 in Gaoyou Sag
FEfgS  TOC% S /(mglg)  S/(mglg)  T,./C R/% | BESGS  TOC%  S/(mglg)  S/(mglg) T, /C R /%
S-1 1.30 0. 65 3.26 418 0. 705 S-16 1. 14 0.74 5.36 447 —
S-2 0.61 0.19 0.45 422 — S-17 0.90 0.71 2.50 440 —
S-3 1.21 0. 60 1.75 414 0.713 S-18 1.24 1.21 5.98 438 —
S-4 0.93 1.32 6.36 445 0.702 S-19 1.52 1. 44 7.29 450 0.715
S-5 1.32 0.96 6.61 406 — S-20 0. 68 0.35 1.85 456 0.713
S-6 1.72 0.83 7.09 415 — S-21 3.70 2.43 14.24 440 —
S-7 1. 60 1. 01 5.37 424 — S5-22 2.49 1.19 9.30 439 —
S-8 0.78 1.22 2.27 422 — S-23 2.21 1.68 13.10 414 0.714
S-9 0.72 0.43 1.23 408 0.713 S-24 1. 40 1. 11 5.08 407 —
S5-10 0.77 0.43 1.27 402 — S5-25 2.39 0. 68 11.43 432 0.720
S-11 1.36 0.97 5.00 449 0.712 S-26 1.32 0.96 5.05 406 —
S-12 1.31 1.28 5.42 429 0. 708 S-27 2.04 1. 08 10. 92 424 —
S5-13 1.26 1.08 3.20 431 — 5-28 0.96 1.02 5.32 422 —
S-14 1.02 0. 80 1.32 424 0. 706 S-29 1.71 0.62 4.69 402 —
S-15 1.97 0.63 3.69 440 0. 705 S-30 1.48 0.77 4.68 407 —
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Fig. 4 Pore characteristics of E,f” shale of Well X1 in Gaoyou Sag
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Fig. 5 The mercury intrusion curves of E,f” shale at Well X1 in
Gaoyou Sag

3.4 SilMEEHE

Xof 25 ARG TR PR AV VAL BRI o TR S R A B A
FHLR) T 2H DU i o0 S A , 0 LA B AR IR I O 2R K
G Z M AR IS B IE R W . TUAR
JRE S 0. 23 ~ 3. 00 mg/g, “F1 1. 02 mg/g; B REK
5 ZBU(K oy ) N 1.29 ~ 4,61, 44 2. 15 U1 25 3RS s
B RN 1.17~7.41 mg/g, F ¥ N 3.81 mglg

(#£4;K6),

XEUUE AT S A ARG Y (i IR
H ) AT MU T et S gk i A1
SR EE S RS TR, A5 DXAE S R A B
55 7)o MRPERTABETE S, LIRE S S-11 861, 36 F
T/T, B AN T, (80K 3% R 4 T 44 X8 DIk 2
FERAT ML A 5 X, AL 46 T AR | 144 90 755 R 5 7l
A5 QX IR B2 T, HA BT 0 AT Bl s B IX 4l A
A7F DU AL A U0 2 ko W /K 5 (O DX 3k Ay 1 4 % 1T 1)
AL B G KA K (B T) .

F3 SHEME X1 HE B TEEERHE
Table 3 Reservoir characteristics of E,f* shale of Well X1 in

Gaoyou Sag
Feingis  fLBREE% AR (emg)  fLHEEAZES(E/nm
S—4 7.44 0.036 14. 68
S-5 8.24 0.047 15.52
S-10 8.09 0. 042 15.43
S-11 9.20 0. 045 15. 88
S-13 9.03 0.036 16. 88
S-14 4.43 0.023 14.47
S-15 7.26 0. 045 16.33
S-16 7.64 0.037 15.37
S-18 7.34 0. 038 15.43
S-19 5.87 0.029 14. 81
S-20 5.57 0. 024 14. 47
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Table 4 Oil-bearing parameters of E, f* shale at Well X1 in Gaoyou Sag
i K i/ (mg/g) K K i/ (mg/g)
éﬁ'% o SleAi’F 51—1 51—7 Sz—l ﬁ%{mi éﬁ'% " SleAi’F 51—1 Slf7 SZ*I ﬁ%{mi
S-1 1.35 0.88 0.41 1.13 2.71 1.77 S-16 3.61 2.67 0.93 2.79 2.04 5.65
S-2 2.89 0.55 0.18 0. 81 1.29 1.35 S-17 1.52 1. 08 0.29 1.26 1.27 1.92
S-3 2.27 1.36 0.54 1.53 2.03 2.83 S-18 1.98 2.39 0. 66 2.51 1.72 4.35
S-4 1.83 2.41 0.54 1.88 1.92 3.51 S-19 1. 66 2.39 0.51 3.24 1.29 4.70
S-5 1. 81 1.74 0. 66 2.05 1.51 3.49 S-20 1. 80 0.63 0.21 0. 69 2.3 1.17
S-6 4.61 3.83 0.93 3.26 2.53 7.19 S-21 1.91 4.64 1. 18 4.02 1.28 7.41
S-7 2.00 2.00 0.94 1.98 2.60 3.92 S-22 2.71 3.23 0.73 3.02 1.72 5.79
S-8 1.29 1.57 0.47 1.94 1.40 2.76 S-23 1.40 2.35 0. 60 3.24 3.49 4.51
S-9 2.12 0.91 0.18 0.98 1.28 1. 64 S-24 2.36 2.62 0.53 2.29 2.55 4.33
S-10 1.95 0. 84 0.30 1. 05 1.96 1.76 S-25 2.97 2.02 0.71 2.20 0.95 4.25
S-11 2.87 2.78 0.42 2.36 1.76 4.59 S-26 1. 81 1.74 0. 66 2.05 2.29 3.49
S-12 1.74 2.23 0. 80 2.93 1.41 4.68 S-27 1. 81 1.95 0.57 1.98 2.06 3.42
S-13 2.45 2.65 1. 00 2.64 2.37 5.21 S-28 1.82 1. 86 0.72 1. 80 1. 89 3.36
S-14 1. 84 1.47 0.49 1.91 1.26 3.07 S-29 2.47 1.53 0.79 1.54 2.73 3.24
S-15 1.62 1.02 0. 87 4.49 0. 66 5.75 S-30 2.01 1.55 0.58 1. 85 3.56 3.21
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Fig. 6 Free oil contents of E,f” shale at Well X1 in Gaoyou Sag
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Fig. 7 2D NMR spectra pre-extraction (a) and post-extraction (b) of S—11 from E,f shale of Well X1 in Gaoyou Sag

(O—@R M55 X0, ORI ZEE G PR S X, 5T B A5 AU 50 A QX R T, HOA B AT 8h s @ XU A F i
FLBR A 7 B B B K s @ IO T ) 2R TET Y 5 A 45 A K S i K )



5 4 1]

X KA AR DU R E AR S S A 3R 917

A R R (B 8a) o A HLFUH 4R X va 26 [
A DL R E B2 o AR PLR AR i AT T
FEH (I 8b) , i 2 o e i 5 22 RNl B i i b4 e
EERAILR S TOCH RUF LM R (K 8¢, d),
RS BHERMME X1 HEZRTUE S ZHHRES

Table 5 2D NMR extraction signals of E, f* shale of Well X1 in Gaoyou Sag

VLB 5 5% B QOUER T 3 52 )5 4 B L B 2 A7
TE BRI & WA TR B AR DL 58 B QX
] -5 AOFR AT T LB A B e A 5 W0, 78 YY)
AR 2R T X LA P R RESC BB . 25 b AL

. TR AT REAS 5 5 /au S5 RS 5 i fau
EE RS2
KEFENR  RIEAEY K Rk KEHANTR  RIEAEY K Bk
S-4 0.393 2.132 0.252 0.259 0. 138 1. 798 0.123 0.178
S-5 0.758 5.109 0.119 0.111 0.427 4.736 0.172 0. 068
S-10 0.274 2.677 0.279 0. 129 0.209 2. 169 0. 181 0.071
S-11 0. 675 1. 606 0.269 0.329 0. 406 1. 246 0.192 0.112
S-20 0. 300 1. 090 0.476 0.071 0. 087 1.215 0.343 0.075
F6 SHRMPE X1 R R TUE — SREEHIRE R
Table 6 2D NMR extraction results of E, f* shale at Well X1 in Gaoyou Sag
b ShERAT S/ (pl/g) A S (pl/g)
[218] 52
R SR EREIAR AR BRI A K BRIk HERTEg  BEIEAIUR RIS K B
S-4 30. 03 2.62 14.22 1. 68 1.73 29.76 1. 04 13. 49 0.92 1.33
S-5 25.27 7.00 47.20 1.10 1.02 25.11 3.77 41.81 1.52 0. 60
S-10 29. 60 2.04 19.92 2.08 0.96 29.50 1.65 17.13 1.43 0. 56
S-11 30. 24 3.69 8.77 1.47 1. 80 30. 14 2.97 9.13 1.41 0.82
S-20 34.50 2.61 9.49 4. 14 0. 62 34.35 0.72 9.95 2.81 0.61
6 8
—e— T K[ A LT
® - o - H IS R A LT
gm »=0.96x-0.17 — 6l —e— AT R
?3; al R=0.73 - 5:‘: - o - i e U
= . =
4 ./ 3” 41
] g %
vg , e é:u
Eﬁ"r‘ 2k Ve - Té
& e, ) e
X 4 2
- ./ e
o ‘ a ok ‘ ) ‘ b
0 2 N 4 6 S-1 S-2 S-3 S-4 S-5
SRS B Il R (mg/g) B
3 4
° ) (¢}
_ 0500017 = y=3.76x-1.78 )
&0 y=0.59x-0. = e
c ) 18 R=0.82 .
3,| R=0.64 . <‘m 3 -7 e
ﬁ\H s, 7 = -7
= s = L7
=1 7 T oL -,
X 7 7 ﬁ s ’
\1{;’ 1+ 7’ (@] P s
el ® 4 y'\ -,
5 . s °} I£ n e ®
X 7’ 4 s
Ve = [©]
' Ry
or o’ | . § d
0 2 4 6 %5 T0 rs
AR A (mg/g) TOC/%

8 MR IMIRE X1 B B vl — AR R S 4 SR A

Fig. 8 Analysis of 2D NMR extraction results of E,f shale of Well X1 in Gaoyou Sag

a. R BT B B AR B T OC 3R 5 b, AR BURFIZE [ (A A HLETHR Z5 2R s 0. MREAR ORI $2 25 M g il 1 DG 2R
d. ARG RS ST AT HLG SR TOC e R



918 £S5 KRR R

Jo A B R A A S IR S 5 g UL R B R TUE TR AN
) T A7 tR 2 2 S P e o LT i e e VP A% R TR 1
Jo e 5 AU S T A R R T LU R AE T
B

TU 1B DAk A2 I ARG Ui 2 A 3. 16 /g, 3R
i e B I 24K 3. 36 my/g; UL 2 W B USRI S A%
T4 I B I O 2 1. 86 /g, #AR Ui B o i S 2o
3.79 mgfg. Ak K i B R A E R K D
SRR A AT A X T s T B ARk, T
3Bt DUA WK A S5 ARG B I i 5. 14 /g, AR I
TR 4,42 mglg. YR A i 2530 W2 B &
FH K DX 8 23 B B B S S 45 AL A B
A Ut I R Y LR . DU S B A WK S ARG
Wess it 1. 22 pl/g, R B A 1. 17 me/g, 4k
T 1 e R SR DX R 5 s AN B, W A
Hem (E9).

R
4.2 HFEBEMMER
4.2.1 FH@y

W) 3 S 2 A 2 1) Y R R B
LR S, 5 R 2 B R B BE T AN ) S Bk
UL A B AR B A, 5 0 2 0T T A R A e
P B U RS B B RN, R TR AR
B P Y o EOE 22 ATl ] Sl SR T R ST
BERIF I o BERE L7 E 3 I, S A PLC
PRZEAE B b I 2 R (B 10) . 15
T d T AR PR I DR S AR B, TR
ISR BER TR0 A H TARSE K A L A A7, $E T
Tt AR ) AR R A 40 %ol i A 13k F
WAL, I A S o A B 2 W B UL LB . B o
GO HAT e PR T BRI I S W T RE S, S A

e BT % AR o
= 0 10 . IR (mg/g) YRR
. - TOC/% 0
Wl || DA G .
B B 0 4 B’Z ﬁi%{ﬁ‘f— %‘ »
e KI5 /% ° W A(uL/g) A S
0 100! °
{5 3
0.018
il 3100} 0.016
0014
° ° 0012
0.010
) e o®
ji2 .‘r 00 ° o 'i '. o 0.008
B @ L] 0.006
-+ & ® [ <] P9 0.004
° ® 0.002
e® ° B A T, ms
{5 S a
L] 0.045
® ° % 0.040
0.035
0.030
i Ho.025
3 0.020
3200 0015
0.010
0.005
— iisstent o ms 0
- PEETT
0.014
0.012
0.010
0.008
W 0.006
4 0.004
0.002
o
15 5 3]
3300 0.014
0.012
Bt 0.010
b 0.008
s 0.006
0.004
0.002
@ (] 0

PO g R I1T B X1 - B — B e g i ot S — A IR 1
Fig. 9 Free oil content and T,~T, spectra of E,f shale from Well X1 in Gaoyou Sag



%4 X R AE . TR DA I B B RATE SR R R 919
60 8
N=5 ° N=30 o, T0C

= .’ !
en Vs .

£ P _ 6} 2
= ) o® ©
401 @ e E ° o3
= Ve =
i P B 0% , ° @4
= L7 Z4r ®
e =
= . ./ = ) o & ®
=20} ’ B ° i

& #
= 1=1.71x-0.33 2r ° @ o

I R=0.44 ° o

0 1 . 1 1 a O 1 1 1 b
20 30 40 50 60 0 20 40 60 80
KL & /% KIE0 P05 /%
80 4

& = —

2 N=5 ° N=30 . o
=1 7=3.36x-0.79 ~0.04x-0.63

pi R=0.49 , sp 0040 )
4260 e, 7| R=057 -

E 4 g ° 2

= 7/ =~ [}

T y i o "o

foss @ 7 = 2k [ ] ././ ‘

’ = - 4

401 = e o -

& L7 = o o

ﬂg , ;&* o o ¢ e o

o z

0L / [ ]

ﬁ 20 ® ®

1 1 c 0 1 1 d
20 30 40 50 0 20 40 60
& 5% R mE %

P10 R TR X1 B B GUA 7 o k500 B i R B o DG 3R
Fig. 10  Correlations between minerals and free, absorbed oil contents of shale from X1 Well of E,f? in Gaoyou Sag
a. BRI 22 A B I vs. KO i s b, BRI vs. ROEBTE ) i o, A LTI 22 2R A HLBT B vs. B L
WY i s . PR R i vs. B E W) R

A0 5 B M R RSS2 i O ol R A L
191358 22 , AT 98 125 it el 7

4.2.2 AIR

i il B TOCSEImisE i (1 11a) . A HLRE

PRI IE AR Y TR, e T AR T,

TOC AR, AR 5™ A= B ek Ik i J D7 182 B/

9 9
N=35 ® ZEMINFE
y=174x+131 © —HkbihL
R*=0.51 ° -
® g
EX3 TS 63
£ L e ° E
= 00 I
[-l@ o, -7 N
jos ) _ - L Y h
’f{: /)// d HE
=R [ ] H
37 ,0” e *° *3?&:
ﬁ: - 7 i\ﬁ
8® o 1=3.26x-0.67
% R=0.41
a
0 1 1
0 1 2 30
TOC/%
E 11

Fig. 11

K AETT , IR Gk AR HE R KRS . BERE TOC RIBE N,
T I B DA A R J AN R, L2 bR i B 7 i
LB REE b Ui R B

| CR T | Wi e S DR T
(E 11b) o A HLFEE R 5 LA FOR IR DIAR G, A
A PLRE R B A AR ARE . TR R
BB 2k A BEE Al B R i A= 1, BA 9 AR i AE

9

_ C125%~75%
NS0 T
o P
&
29
T
=
b
¥ 3r
O 1 1 1 1 b
IR I B IR YA AR
HHURZEA

I HR M A X1 B B A TOC (a) FIA AL IS (b) S BsimE C R

Correlations between TOC(a), types of organic matter(h) and free oil contents of shale from X1 Well of E,f* in Gaoyou Sag



A 5K AR R R

Fa4 B

920
9 9 —
=11 o X HiE N1l ® 2 I i
B © YL © YL
— 1=0.48x+1.467 ) —_ y=110.32x+0.95 @
L0 2 3 Lo 2 4
e gL R*=0.58 16 = e 6+ R*=0.68 e 16 =
g ® o - = g o _~o =
= -~ e i I e’ o il
I - © A - b1
= [ ] _ - - < = e _ ° hT
‘E\E -7 ® e b '\ZE -7 =
3 - _- B e - =
= & = °® -
g 3t ® e - By B3 ° e~ 35
Eg P - X # P N
- oo _ - e o
o _~ y=0.84x-3.85 "o 1=83.01x-0.60
o e R=0.51 a ‘ ‘ R=0.23 ‘ 0
4 6 3 . 0.01 0.02 0.03 0.04 0.05 0.06
FLBRIE /% He AL B (emg)
9
Nell @ ZIRET AR
© YEA%TL
=0.76x-6.97
@ R*=0.48 ::“
o 61 4 =
&l 6 ) eo_ — 6=
=1 o — o| H
= o ___-—7 -l E
= _-—"e _-" %E’i
e - - W=
5 - o
g3 _-T I
® _ - N
- oo y=1.49x-20.00
° R>=0.31
¢ 0
0 1 1
14 15 16 17
FLE 47148 nm

B2 BT RE X1 F R BOUA fLBRUE (a) U ALIARR (b) B AL AR I (o) 537 B il B 2R
Fig. 12 Correlations between Porosity (a) , Specific Pore Volume(h), Median value of pore throat radius (c) and free oil contents of shale

from Well X1 of E,f? in Gaoyou Sag

T3 AR e A v U PN R TR AR SRS T i
N A2 A LR B A7 ST A A I AR T E
JIFLBR, S D U Il BRI 2 )

4.2.3 fEEMERILLELEH

VU A T2 DU i B i A e T B A TR AR =S
(] A E Y FLBREE M, AL | FEALIAR SRR (E
iy I S R AROCOC R (B 12) o BUH R ke 28l
1B i e e A FLBR , ELRE 3 R Y ik — 25 1
-5 A A S YA LB FL R A, 0 A R
ARG ICHLAL B A HILAL B R A il B A7 43 1 s
(107 o it 0 2 1) DR /I o 2 3 e 52 W) 3 0 T ) i 2
LAY, B BETUAEZ R MRl AL 5 T AL A5 AL
B A H , FLBR L ALAFROR Mgy, nT LR A 20
te 1 A B 2 () a8 e e fLBRUEE L LR LA
AR IIEA ) T R R s S A

(9]

1) FErHR TR B B U UR A TR S 35 ToC
H0.61 % ~3.70 %, &5 A 5 iR TR =G g0, Ak TRk

AW B At 2 ) F2 Sy i (B AL A R] LA BILAL 5 3R
BTSN 1. 17 ~ 7. 41 mg/g.

2) T HERZHETE K 43 S B O S AR AL R
FALEPIRUK 44 DI, R AT 5 TUA R R & T
Y1350 4 1. 23 wl/g F10. 79 pl/g, 25 A A ML & &
SER AR5 K 3. 59 wl/g #12. 03 pl/g.

3) UM RE LR 5 A A HLITT I £ 50 06 Al A2 i T
Wl B RAE DU AN AR 22 e fh R fe 2
FAG ML & 2 A TOCH RAFAHC R i HR i % g
RS i R T A 25 A A i T A

4) ViF B I B A K T A RN R S
WO, 5 TOCHEAK FoRIEA KRR TR A+
% AR AT ATL BT D025 i 25 i A I 78 K 3 g A
JE AL IR R A 4 1 22 T SR B Ui T
%, RAEFLBEE 5 AL K L AR 34 (B Y
TUFH R A R T B s 4R

& X X o

Zz

[1] HOU Lianhua, ZOU Caineng, YU Zhichao, et al. Quantitative

assessment of the sweet spot in marine shale oil and gas based on

geology, engineering, and economics: A case study from the



5 4 1]

X KA AR DU R E AR S S A 3R 921

(6]

(8]

[11]

Eagle Ford Shale, USA[J]. Energy Strategy Reviews, 2021, 38:
100713.
ADEYILOLA A, NORDENG S, ONWUMELU C, et al
Geochemical, petrographic and petrophysical characterization of
the Lower Bakken Shale, Divide County, North Dakota [J].
International Journal of Coal Geology, 2020, 224: 103477.

LIU Kouqi, OSTADHASSAN M, GENTZIS T, et al. Characterization
of geochemical properties and microstructures of the Bakken Shale
in North Dakota[J]. International Journal of Coal Geology, 2018,
190: 84-98.

A, RWMYL, MRS . MR TUE I b BRI B R
FLT] AEPEImAE, 2022, 34(1): 163-174.

LI Mengying, ZHU Rukai, HU Suyun. Geological characteristics

e

and resource potential of overseas terrestrial shale oil. Lithologic
Reservoirs[ ]|, 2022, 34(1): 163-174.

XI Kelai, LI Ke, CAO Yingchang, et al. Laminae combination
and shale oil enrichment patterns of Chang 7, sub-member organic-
rich shales in the Triassic Yanchang Formation, Ordos Basin, NW
China [J]. Petroleum Exploration and Development, 2020, 47
(6): 1342-1353.

BREEHE, SRR, A, S5 BRI T R I A )2
TLBRZAS A By I [T ). AR, 2022, 34(3): 142-153.
LEI Haiyan, GUO Pei, MENG Ying, et al. Pore structure and
classification evaluation of shale oil reservoirs of Permian
Fengcheng Formation in Mahu Sag [J]. Lithologic Reservoirs,
2022, 34(3): 142-153.

RRR, Gz B), HWUPT, AF L R SUAE BUE AT DUR I
SENLIBIFT T, £ SEsa T, 2020, 42(4) : 489-505.
LI Maowen, JIN Zhijun, DONG Mingzhe, et al . Advances in the
basic study of lacustrine shale evolution and shale oil accumulation
[J]. Petroleum Geology & Experiment, 2020, 42(4): 489-505.
A PO GOk B R R 2 FE BURE AT B I BRI
BT L], Al S, 2022, 44(2) : 219-230.

FENG Dongjun. Geological characteristics and exploration direction
of continental shale gas in Jurassic Daanzhai Member, Sichuan Basin
[J]. Petroleum Geology & Experiment, 2022, 44(2): 219-230.
SO0, BUAE, SRR, A5 RN A Mt e O M i A B
TPk BN RGBT ST A, 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[]].
Petroleum Geology & Oilfield Development in Daqing, 2022, 41
(3): 14-23.

PR, B, R, SF . IS A BH A B AR UE M
BF bl R L. WS KRR, 2022, 43(3): 489-498.
WANG Yongshi, LI Zheng, WANG Min, et al. Factors controlling
lacustrine shale oil adsorption in the Jiyang Depression, Bohai Bay
Basin[J]. Oil & Gas Geology, 2022, 43(3): 489-498.

JIN  Zhijun, LIANG Xinping, BAI Zhenrui. Exploration
breakthrough and its significance of Gulong lacustrine shale oil in
the Songliao Basin, Northeastern China[J]. Energy Geoscience,
2022, 3(2): 120-125.

B, G228, R, . E R USRS &
5 {58 R E—— DU I 1 20 b T BH 35 b AN VT
MBS BT ], Al SRR BT, 2022, 43(2) : 378-389.

[14]

[16]

(18]

[21]

SHEN Yungi, JIN Zhijun, SU Jianzheng, et al. Characteristics of
horizontal and vertical permeability of continental shale oil
reservoirs in China: A case from Jiyang Depression in Bohai Bay
Basin and Qianjiang Sag in Jianghan Baisn [J]. Oil & Gas
Geology, 2022, 43(2): 378-389.

BOGRS, BIE, 28, L b EE A UA R R LA
ZRE SRR UM IRE L] Al 5 R, 2022,
43(1): 1-25.

LI Maowen, MA Xiaoxiao, JIN Zhijun, et al. Diversity in the
lithofacies assemblages of marine and lacustrine shale strata and
significance for unconventional petroleum exploration in China
[J]. Oil & Gas Geology, 2022, 43(1): 1-25.

CAO Zhe, JIANG Hang, ZENG Jianhui, et al. Nanoscale liquid
hydrocarbon adsorption on clay minerals: A molecular dynamics
simulation of shale oils[J]. Chemical Engineering Journal, 2021,
420(Part 3): 127578.

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.

Wa o, BRRR, DR, & USRI S s Rk 2T
W I HE——LABF B B ORI o BT ). Arih S g s, 2018,
40(6) : 849-854.

JIANG Qigui, LI Maowen, MA Yuanyuan, et al. Molecular
geochemical evaluation of shale oil mobility: A case study of shale
oil in Jiyang Depression[J]. Petroleum Geology and Experiment,
2018, 40(6) : 849-854.

LI Chaoliu, YAN Weilin, WU Hongliang, et al. Calculation of oil
saturation in clay-rich shale reservoirs: A case study of Qing 1
Member of Cretaceous Qingshankou Formation in Gulong Sag,
Songliao Basin, NE China [Jl.
Development, 2022, 49(6): 1351-1363.

BRIV, a5, BORER, . R IUA S 4e YO TR
SR AT, 2020, 42(2): 311-318.

QIAN Menhui, JIANG Qigui, LI Maowen, et al. Three-dimensional

Petroleum Exploration and

quantitative fluorescence analysis and application in shale [J].
Petroleum Geology and Experiment, 2020, 42(2): 311-318.
LIU Bo, BAI Longhui, CHI

characterization and quantitative evaluation of shale oil reservoir

Yaao, et al. Geochemical
by two-dimensional nuclear magnetic resonance and quantitative
grain fluorescence on extract: A case study from the Qingshankou
Formation in Southern Songliao Basin, northeast China [J].
Marine and Petroleum Geology, 2019, 109: 561-573.

XU Yi, LUN Zengmin, PAN Zhejun, et al. Occurrence space and
state of shale oil: A review[]]. Journal of Petroleum Science and
Engineering, 2022, 211: 110183.

XU Chenyu, XIE Ranhong, GUO Jiangfeng, et al. Comprehensive
characterization of petrophysical properties in shale by solvent
extraction experiments and 2D NMR[J]. Fuel, 2023, 335: 127070.

SONG Yiqgiao, KAUSIK R. NMR application in unconventional
shale reservoirs-A new porous media research frontier[ J . Progress in
Nuclear Magnetic Resonance Spectroscopy, 2019, 112/113: 17-33.

ZHU Chaofan, GUO Wei, LI Yajun, et al. Effect of occurrence

states of fluid and pore structures on shale oil movability [J].



922 AT IR NN %44 5
Fuel, 2021, 288: 119847. NMR (Guizhou, China) [J]. Marine and Petroleum Geology,
[24] SUI Hongguang, ZHANG Fenyun, WANG Ziqiang, et al. 2019, 107: 555-571.
Molecular simulations of oil adsorption and transport behavior in [35] WANG Xin, WANG Min, LI Jinbu, et al. Thermal maturity : The
inorganic shale [J]. Journal of Molecular Liquids, 2020, 305: controlling factor of wettability, pore structure, and oil content in
112745. the lacustrine Qingshankou shale, Songliao Basin[J]. Journal of
[25] WANG Sen, JAVADPOUR F, FENG Qihong. Molecular dynamics Petroleum Science and Engineering, 2022, 215(Part A): 110618.
simulations of oil transport through inorganic nanopores in shale [36] DONG Tian, WANG Chuan, LIANG Xing, et al. Paleodepositional
[J]. Fuel, 2016, 171: 74-86. conditions and organic matter accumulation mechanisms in the
[26] HUANG Hexin, LI Rongxi, CHEN Weitao, et al. Revisiting Upper Ordovician-Lower Silurian  Wufeng-Longmaxi shales,
movable fluid space in tight fine-grained reservoirs: A case study Middle Yangtze region, South China[J]. Marine and Petroleum
from Shahejie shale in the Bohai Bay Basin, NE ChinalJ]. Journal Geology, 2022, 143: 105823.
of Petroleum Science and Engineering, 2021, 207: 109170. [37] HOU Lianhua, WU Songtao, JING Zhenhua, et al. Effects of
[27]  MENG Ziyuan, SUN Wei, LIU Yiqun, et al. Effect of pore types and content of clay minerals on reservoir effectiveness for
networks on the properties of movable fluids in tight sandstones lacustrine organic matter rich shale[ J ]. Fuel, 2022, 327: 125043.
from the perspective of multi-techniques[J]. Journal of Petroleum [38] YANG Meihua, ZUO Yinhui, YAN Kangnan, et al. Hydrocarbon
Science and Engineering, 2021, 201 108449. generation history constrained by thermal history and hydrocarbon
(28] GAO Gang, YANG Shangru, ZHANG Weiwei, et al. Organic generation kinetics: A case study of the Dongpu Depression,
geochemistry of the lacustrine shales from the Cretaceous Taizhou Bohai Bay Basin, China[J]. Petroleum Science, 2022, 19(2) :
Formation in the Gaoyou Sag, Northern Jiangsu Basin [J]. Marine 472-485.
and Petroleum Geology , 2018, 89(Part 3) : 594-603. [39] LIANG Tian, ZHAN Zhaowen, ZOU Yanrong, et al. Research on
(20] AF#E, SRAR, SR, 26 . 5L i 3 S 1 B 17 3% 4 type I kerogen molecular simulation and docking between kerogen
—BEICEHH MR ARSI HT L. A1 S0 H L 2020, 42(4) and saturated hydrocarbon molecule during oil generation [J].
625-631. Chemical Geology , 2023, 617: 121263,
FU Qian, LIU Qidong, LIU Shili, et al. Shale oil accumulation [40]  22b, BiibrE. ShERHK, 45, T TR T AR AT S
conditions in the sccond member of Palcogene Funing Formation, ATBUBHI (). o 57K 2524 AARRERT) 2022, 46
Gaoyou Sag, Subei Basin [J]. Petroleum Geology and Experiment, (4): 22-29.
2020, 42(4): 625-631. ) XU Xuemin, YANG Jiajia, SUN Weilin, et al. Pyrolysis analysis
[30] &I, BORAEL, )8 0t, . JUA A ORERIERBURRHIE S

[31]

[32]

[33]

[34]

W XT]. AR, 2022, 44(3): 497-504, 514,
QIAN Menhui, LI Maowen, JIANG Qigui, et al. Evaluation of
evaporative loss of hydrocarbon in shale samples and its geological
implications [ J]. Petroleum Geology and Experiment, 2022, 44
(3): 497-504, 514.

RBTIE, SR, S, A5 B A KU O BT TH
VT2 — B U i BRGSO R ST ). AR, 2022,
43(10): 1369-1382.
ZHAO Xianzheng, JIN Fengming, ZHOU Lihong, et al
Breakthrough and significance of shale oil exploration in Member 1
of Shahejie Formation of Well Qiye 1H, a risk exploratory well in
Bohai Bay Basin[J]. Acta Petrolei Sinica, 2022, 43(10): 1369~
1382.

TEA MR AB AR . BRI R 2 PR ik SY/T
5735-1995[S]. dbat: At Toll iR, 1996.

China National Petroleum Corporation. Geochemical evaluation
method of continental source rock: SY/T 5735-1995[S]. Beijing:
Petroleum Industry Press, 1996.

LI Jinbu, JIANG Chunqing, WANG Min, et al. Adsorbed and
free hydrocarbons in unconventional shale reservoir: A new insight
from NMR T,-T, maps [J]. Marine and Petroleum Geology,
2020, 116: 104311.

MA Xiao, GUO Shaobin, SHI Dishi, et al. Investigation of pore
structure and fractal characteristics of marine-continental transitional

shales from Longtan Formation using MICP, gas adsorption, and

[41]

[42]

[43]

and total organic carbon prediction in shale oil and gas exploration
[J]. Journal of China University of Petroleum (Edition of Natural
Science), 2022, 46(4): 22-29.
SU Siyuan, JIANG Zhenxue, SHAN Xuanlong, et al. The effects
of shale pore structure and mineral components on shale oil
accumulation in the Zhanhua Sag, Jiyang Depression, Bohai Bay
Basin, Chinal[J]. Journal of Petroleum Science and Engineering,,
2018, 165: 365-374.
W, BRI, REMh, S5 i A AR M R JL AR A
SR O RIS A AR AE —— DA SC 410 1 35 R Vb il i 41 =
B BILI]. Ak se s i, 2022, 44(6) : 1028-1036.
LENG Junying, QTAN Menhui, LU Kun, et al. Enrichment types
and hydrocarbon composition characteristics of shale oil in the
northern part of Dongpu Sag, Bohai Bay Basin: a case study of the
third member of Paleogene Shahejie Formation of well Wen 410
[J]. Petroleum Geology & Experiment, 2022, 44(6): 1028-1036.
AN, BHER, RLH, L P ARHIX =S R K T B
fift 2 FUBR S5 A0 R AR B R L [J]. 5 PRI R, 2022, 34
(6): 47-59.
WEN Zhigang, LUO Yushu, LIU Jiangyan, et al. Pore structure
characteristics and genetic mechanism of Triassic Chang 7 shale
oil reservoir in Longdong area [J]. Lithologic Reservoirs, 2022,

34(6): 47-59.

(4% TRIAE)



