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Abstract; Shale oil and tight oil are current hot spots of oil and gas exploration, and the shale hydrocarbon-generating simulation
experiment can provide important information for the exploration of these oil and gas resources. Taking the shale in 7th Member
of Yanchang Formation (Chang-7 Member) , Ordos Basin, the gold tube-autoclave hydrocarbon-generating simulator is used to
systematically study the Type-II organic matter, the gaseous hydrocarbon (C,-5), light hydrocarbon (C-,), heavy hydrocar-
bon (C,;: ), other components of hydrocarbon-generating products in the maturity range (Easy R, 0. 7%-1. 6 % ) corresponding
to “oil-generation window”, and the geochemical characteristics of hydrocarbon generation residues. It is found that in the shale
of Chang-7 Member during oil-generation period, gaseous hydrocarbons of 2. 35-103. 91 mL/g and light hydrocarbons of 10. 83-
88. 24 mg/g are produced simultaneously. The peak yield of heavy hydrocarbons corresponds to Easy R, of 1. 00% , closely ap-
proaching to the maturities corresponding to the peak yield of saturated hydrocarbons, aromatics and non-hydrocarbons. Moreo-
ver, the asphaltene yield of heavy hydrocarbons starts to decline after reaching the Easy R, of 1.35% , reflecting subsequent
large scale of asphaltene cracking and solidification. However, the light/heavy ratio ( gaseous hydrocarbon/light hydrocarbon)

and gas/oil ratio (light hydrocarbon/heavy hydrocarbon) vital for physical property of crude oil are continuously increasing as the
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maturity getting higher, and the increasing rates are evidently accelerated after Easy R, of 1. 05%-1. 15% . During oil-generating
process, the massive loss of HI and H element of shale residue and the kerogen solid carbon isotope becoming heavier occur prior
to Easy R, of 1. 00% ; the kerogen solid carbon isotope changes less, and can be taken as an original source index in Ordos Ba-
sin. Through comparing six kinds of common biomarker maturity parameters in the hydrocarbon-generating products, it is vali-
dated that MPI and F1 among the PAH maturity are linearly correlated to maturity in the whole oil-generating window, and can
be used to identify the crude oil maturity in the shale of Chang-7 Member in Ordos Basin. The change nodes of various geochemi-
cal characteristics of hydrocarbon-generating products and the maturity indexes can be applied to the exploitability assessment for
shale oil or correlative tight oil in 7th Member of Yanchang Formation, Ordos Basin.

Key words:7th Member of Yanchang Formation; golden capsule-autoclave system; hydrocarbon-generating simulation; full-compo-

nents analysis; shale oil generation; later oil-generating window; maturity index
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Table 1 Change of the yield of C,_; gases in hydrocarbon generation simulating experiments with two heating rates
TR % B/ Easy Ro/ IRB7 3/ (mLeg™ 1) JRREP A/ (mgeg ™)
C %o G C, Cs Ci+C CG—GC CG—Cs C C, Cs Ci+GC CG—GCs C—GCs
363.9 0.70 1. 99 0.27 0. 08 0.02 0.37 2.35 1.30 0.33 0.14 0. 04 0.51 1. 81
402. 0 0.92 9.45 3.23 1.76 0. 68 5.67 15.12 6.17 3.95 3.17 1.69 8. 81 14.97
408. 2 0.97 11. 84 4. 40 2.55 1.10 8. 05 19. 89 7.73 5.39 4.58 2.74 12.70 20. 44
413. 0 1. 01 15. 66 6. 34 4. 08 2.13 12.55 28. 21 10. 23 7.76 7.32 5.30 20. 38 30. 61
20C /h 418. 0 1. 05 20.92 8.73 5. 85 3.59 18.17 39. 09 13. 66 10. 69 10. 51 8.91 30. 11 43.77
423.1 1. 10 26. 29 10. 94 7.15 4.26 22.35 48.63 17.17 13.39 12. 84 10.57 36. 81 53.97
428.1 1.15 24.42 10. 28 7.01 4.50 21.79 46.22 15. 95 12. 59 12. 60 11.16  36.35 52. 30
433.0 1. 20 30. 05 12. 28 7.97 4.62 24.87 54.92 19. 62 15. 04 14. 31 11. 48 40. 82 60. 45
442.1 1.30 34.75 13.92 8.99 5.52 28.43 63.18 22.69 17. 05 16. 14 13.70 46. 89 69. 58
458. 1 1.50 53.07 20. 46 13. 15 8. 20 41. 81 94. 88 34. 66 25.06 23.61 20. 36 69.03 103.68
333.1 0.70 2.34 0.33 0. 10 0.02 0. 45 2.79 1.53 0. 40 0.18 0. 06 0. 64 2.16
350. 1 0.79 5.79 1.33 0.53 0.14 2.01 7. 80 3.78 1.63 0. 96 0. 35 2.94 6.72
360. 2 0. 86 9.01 2.69 1.23 0. 40 4.32 13.33 5.88 3. 30 2.21 1. 00 6. 50 12.38
368. 3 0.93 12. 46 4.55 2.47 0.99 8. 01 20. 47 8. 14 5.57 4. 44 2.46 12. 47 20. 61
2C/h 376. 1 1. 00 18. 02 7.23 4. 48 2.19 13.91 31.92 11.77 8. 86 8. 05 5.44 22.35 34.11
384. 4 1. 08 22.39 9.17 5.78 3.17 18.13 40. 51 14. 62 11.23 10. 38 7.88 29.49 44.10
392.3 1.17 25.89 10. 40 6. 49 2.25 19. 15 45. 04 16. 91 12.73 11. 66 5.59 29.99 46. 90
400. 2 1. 26 30. 36 11. 89 7.33 4.20 23.43 53.78 19. 82 14.56 13.17 10.42  38.15 57.98
408. 1 1.35 37.23 14.33 8.77 5.03 28.12 65. 36 24.32 17.54 15.75 12. 48 45.77 70. 08
428.0 1. 60 60. 46 21.82 13. 45 8. 19 43.46 103.91 39. 48 26.72 24.15 20.32 71.19 110. 67
120 120
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Fig.1 Changing trend of gaseous hydrocarbon yields with pyrolysis temperature (Easy R, ) rising(2C /h)
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Fig.2 Gas generating potential of 7th Member of Yanchang Formation shale, type I organic matter and type III organic matter (2°C /h)
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Table 2 The yields of light, heavy compounds and the four group

components in slow heating rate experiment(2C /h)

i A/ (mgeg ™)

g/ Easy R,/

C %o ke ERE AR JFRE IR Ui R
333.1 0.70 10.83  71.21 18.81 22.07 25.94 4.39
350. 1 0.79 14.33  98.31 22.03 32.04 34.24 10.00
360. 2 0. 86 25.37 134.04 30.14 41.93 44.52 17.45
368. 3 0.93 31.25 165.85 36.55 55.07 50.72 23.51
376. 1 .00 35.16 182.68 44.73 55.55 54.89 27.51

1
384. 4 1. 08 49.40 184.94 41.15 60.67 55.14 27.98
392.3 il 51.30 174.80 30.62 50.82 49.09 44.27

1

1

1

400. 2 .26 65.66 166.53 25.28 50.02 48.20 43.03
408. 1 .35 65.88 161.69 15.28 49.29 45.19 51.93
428.0 . 60 88.24 101.35 9.06 35.18 25.34 31.77
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Fig.4 Relationship between Rock-Eval parameters for shale residue and temperature
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Table 3 Rock-Eval analysis results of shale residue
THEM R  HE/C Easy Ro/%  Si/(mgeg™') S;/(mgeg ') S3/(mgeg™ ') Tuw/C HI/(mgeg ") TOC/ %
363.9 0.70 1.17 77.49 1. 80 436 377 20. 54
402. 0 0.92 0. 64 27.22 1. 05 441 149 18.29
408. 2 0.97 0. 81 24.10 1. 66 440 93 25. 81
413.0 1. 01 0.51 12.18 0.78 437 75 16. 34
.0 .0 0. € 9. 0. L
20C /h 418. ( 1. 05 66 9.58 ). 61 436 56 17.07
423.1 1.10 0.51 5.55 1.87 432 29 19. 04
428. 1 1.15 0.39 6.37 0. 47 432 36 17.77
433.0 1. 20 0. 41 4.99 0.69 567 25 19. 85
442.1 1. 30 0.26 3.69 0. 60 570 20 18. 43
458. 1 1.50 0.21 2.25 0. 41 586 13 17.90
333.1 0.70 0.57 71.06 0.52 436 348 20. 40
350. 1 0.79 0.57 44.12 0.97 438 212 20.79
360. 2 0. 86 0. 34 30. 87 0.98 442 152 20. 32
368.3 0.93 0. 38 23.85 0. 80 442 108 22.04
2C/h 376. 1 1. 00 0.34 12.85 0.76 438 72 17. 84
384.4 1. 08 0. 41 9.29 0.76 434 54 17.19
392.3 1.17 0.15 8. 87 0. 41 438 52 17.18
400. 2 1.26 0.21 6. 01 0.32 566 34 17.89
408. 1 1.35 0.22 4.23 0. 49 571 27 15. 69
428.0 1. 60 0.14 1. 80 0.26 591 10 17. 60
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Table 4 C,H,O,N element analysis for kerogen in shale residue

Ttk W/ Easy R,/ TR TE/ % . .
i , . - H/C O/C
AR C Yo C H 0] N
363.9  0.70  65.93 5.80 12.66 2.22 1.06 0.14
402.0  0.92 65.02 4.09 12.98 2.25 0.76 0.15
408.2  0.97 64.52 3.67 11.20 2.14 0.68 0.13
4130 1.01  66.46 3.53 14.15 2.33 0.64 0.16
} 418.0  1.05 65.51 3.43 13.82 2.02 0.63 0.16
20C/h ’
4231 1.10 67.75 3.54 14.74 2.34 0.63 0.16
428.1  1.15 66.30 3.34 12.73 2.37 0.60 0.14
4330 1.20 64.62 3.19 14.27 2.26 0.59 0.17
4421 1.30  66.43 3.23 16.46 2.34 0.58 0.19
458.1  1.50 69.82 3.14 17.52 2.42 0.54 0.19
3331 0.70 63.31 5.68 10.92 2.39 1.08 0.13
3501 0.79  64.62 5.03 12.31 2.09 0.93 0.14
360.2  0.86  64.93 4.80 14.17 2.18 0.89 0.16
368.3  0.93  63.53 4.23 13.31 2.25 0.80 0.16
seyp 3761 1000 6330 3.66 15.43 2.38 0.69 0.18
384.4  1.08 6403 3.49 13.56 2.45 0.65 0.16
3923 1.17  62.26 3.38 15.92 2.44 0.65 0.19
400.2  1.26 61.97 3.22 16.06 2.41 0.62 0.19
408.1  1.35 61.90 3.07 16.32 2.40 0.60 0.20
4280 1.60 64.44 2.91 15.89 2.49 0.54 0.18
H/C (FEFI)
0.4 0.6 0.8 1.0 1.2
320 . . '
360 F
4]
= 400 | e
| \
Easy R,=1.00%
440 |
—8— 20C/h
—8— 2T /h
480
(a)

BEE/C

Bif I 3 T R A B AR R R AR T B R A 433.0°C
(20°C/h) 1 400.2°C(2°C/h) , 8" C {H 5 I B 1 A1 5¢
A XAERHE(E 6) ., K 3 ) Al 18 TR S 56
1 368. 3 ~408. 1°C 15 & X [6] (Easy R, & 0.93% ~
1.35%) W 7 B A HUS U 19 A il v e By B, R
FEERALE 162 mg/g LA b, PRI 5% i BB 28 0k il 45 L 5 40
AR W) AT SR AT RE T R OO BEED) A T S AR IR 45 A
Hperl TRz 8" C A Xt T BEA S5 4(dD
o T (HTE G 158 58 T i 25 Rl D 1A
30 ®
3.1 KimtkfnizEL

ARG IR AR 1 i R TR ST T SR M i) T
2. BV HE R W T mah . — Bk,
%2 P RO R SR U R A TP s R R &
B W FLRG B AR R B AR B M TR A, AR
A I R 3 SR PV R PR A TSR SR LA
B AR ) SRR 2 0 i 2 )2 0 DI AR HE B AR
JH A5 S5 3 7 T R B 5825 5y D 2s R HE . SR A T
R RO R I A R SRR A R R Z
FIHR AR & B O bt DR o BB DA S 56 XA 1 i 2 P R
T SE PR ASAR R R i

0/C(JETH)

0.12 0.14 0.16 0.18 0.20 0.22
320 T T T T
360
400
440 +

—8— 20C /h
—8— 2T /h
e 0 RHEM
480
(b)

BS5 REFHRH/CRO/CEREXR
Fig.5 Relationship of H/C and O/C with temperature for kerogen in shale residue
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Fig. 6 Variation of §"C value for kerogen in shale residue as

temperature rising
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1) 55 H 4 0 1 bR i B B ) o Bl 52 36 3 2 1% o o 4
o BRE LSSl — M5 Easy R, 220D MK R
(I 7Ca) ], X2 HORTACM 43 51 55 Easy R, %R i
PRIEICR W 80, K B 1 IR 85 A Easy R,
9 1.01% 1. 05% DA K2 Easy R, S 0. 94% 1. 15% 4k 4
T OLEl 7(b) ], % & [k A1 < Lt 43 51 78 Easy R, 7E
1.01% ~1.05% F1 0. 94% ~1. 15% Z [a] 3 Jin (%) 3 & R
B (B8N T 00, Y Easy R, #id 1. 05% )5 . 52 b
HYG T b T EAS o b, i Al e B AE Easy R, 8
L15% B fL . XU 7 BOs A LR A 7R
Easy R, R 1. 05% Z & ¥ 8 ok 8w 5 A= W5 5 )
(Cio1) AR CC - ) W19 43 5 AE Easy R, 7 1. 15%
JEUKE ORI . A L TF R 1 ¢ U AS B AR A
A 200m’, QR 1 km' REARSEEFR T 1o ke d,
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Fig.7 Relationship of gas/oil ratio and light/heavy ratio with Easy R, ,for hydrocarbon-generating product in

pyrolysis of slow heating rate (2°C /h)
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FHI A= W) A5 & ) A 2 80, B Ts/Tm, Gy M/H,
C5iS/(S+ R) . Coo B/ Caa+ BR) CHLFIED o DL K Y BEHE
F8HC(MPD (F1CH JE HE BB 1F 0 3F & K8 5 A B0
U R T

WL 5 s A8 R BE o 55 10 2R 302 i, 6 F AR )
s 3 0 2 3R I S T e R A B S AR Ak R R LR
AR R R U A BN BE e bR 0 TR BE S TR R S A T
Ts/Tm {14 Z0 B G By 333. 1~ 392.3C,{H H7E
350. 1~ 392.3°C 5 iIEAH L& 9(a) ] C5, M/H Fil

m/z191 < N N o °
Cy S/(S+ RO 3 Vu Bl hy 333.1~384.4°C, 1fif 43 5 £E
368. 3 CZ R FI360. 2 C 2 Hi 5 i B 1F A7 5 L& 9 (b) Al
x5 BEARBQCC/MIBHFUHE 6 HEZEWREN
5 B
cg  CoME m/2217 MHESH
mikhig | | (,&1 Table 5 The 6 kinds of major biomarker maturation parameters
£ s
o in slow heating rate experiment(2C /h)
(b) W/ Easy R,/ Ts/ CioM/ C31S/ Cy BB/ MPI Fi
C % Tm H (S+R)  (aa*BR)
EF'_|.§§E m/z178+192
333.1 0. 70 0.17 0.12 0.55 0. 35 0.65 0.43
s 350. 1 0.79 0.16 0.16 0.56 0. 34 0.69 0. 44
360. 2 0. 86 0.21 0.19 0.58 0. 44 0.70 0. 44
{) 368.3 0.93 0.24 0.21 0.54 0.51 0.74 0.45
P 376. 1 1. 00 0.35 0.18 0.55 0.58 0.76 0. 46
V2 Coy H Cay He 752+ Coy M Cay M 384. 4 1.08 0. 67 0.19 0.55 0.82 0.48
FE + Cao H G H 505 G2 ML Lao TPt 3923 1.17  0.80 0.84 0.49
8 K7TERAAREHNMBMENFEENTRELEY 4002126 0.85 0.50
C
Fig.8 The biomarkers in saturates and aromatics for original 4081135 0-89°0.51
428.0 1. 60 1.06 0.60
7th Member of Yanchang Formation shale
Ts/Tm C, M/H C,S/ (S+R)
0.2 0.5 0.8 0.11 0.16 0.21 0.52 0.54 056 0.58
320 T T T 320 T 320 T T T
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0.4 0.5 0.6 0.6 0.8 1.0 0.4 0.5 0.6
320 T T 320 T 320 T T
10.7 10.7 10.7
360 h 360 . 360 |
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Fig.9 Relationships of major biomarker maturation parameters with temperature and Easy R, respectively,in

hydrocarbon-generating product of 2°C /h experiment
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