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Hydrocarbon generation and evolution characteristics
of Triassic Zhangjiatan oil shale in southern Ordos Basin
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Abstract; The Zhangjiatan oil shale from the Upper Triassic Yanchang Formation in the southern Ordos Basin is
an important solid mineral resource, it can also be considered as the main source rock of Triassic oil and gas in
the basin. Results of analytical experiments such as TOC, bitumen extraction and group composition, oil content
etc. of shale samples from key typical outcrop sections and drilling cores showed that the Zhangjiatan oil shale has
a high organic matter abundance. The TOC content ranges 5.11% to 36.47% , with an average value of 16.15%.
The S,+S, +S, value distributes between 16.58 —230.98 mg/g, with an average value of 94.20 mg/g. The
extracted bitumen abundance is between 0.42% —2.22% , with an average value of 1.25%. Based on these
analytical results, Zhangjiatan oil shale can be assigned to be high-quality source rock with an excellent hydro-
carbon generation potential. The oil content of oil shale is between 3.52% and 14.6% , with an average value of
8.16% , which belongs to medium- and high-quality oil shale. The kerogen type is mainly I-II;, and the R, value
generally ranges from 0.43% to 1.09%. Based on field outcrop and drilling core samples, a thermal evolution
profile of the Zhangjiatan oil shale in the southern Ordos Basin was established. Moreover, the oil contents of oil
shale before and after solvent extraction were compared, and the variations of oil content and pyrolysis hydrocarbon
products during the thermal evolution of oil shale were analyzed. There are two types of resources such as oil shale
and shale oil in the Zhangjiatan oil shale with a great potential in the southern Ordos Basin. Moreover, some
exploration and development countermeasures of oil shale and shale oil were put forward.

Key words; thermal evolution; shale oil; Zhangjiatan oil shale; Yanchang Formation; Upper Triassic; southern
Ordos Basin
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Fig.1 Thickness of Zhangjiatan oil shale in southern Ordos Basin
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Table 1 Geochemical characteristics of Zhangjiatan oil shale in southern Ordos Basin
- 3 So+S,+S,)/ N AT 1y/ T/ R,/
W% w(TOC)/ w(S)/ (Sp+S; 712) AT A"/ W o
% %o (mg-gh) %o (mg-g™") i %o
_— 15.74~27.74 0.45~2.69  78.38~105.57  0.93~1.06 312~576 432~ 440 0.63~0.68
" 20.37(3) 1.31(3) 90.82(3) 1.01(3) 459(3) 437(3) 0.66(3)
BIE 26.72~36.47 2.81~5.88  167.39~230.98  1.52~1.71 428~815 433~439 0.54~0.59
31.60(2) 4.35(2) 199.18(2) 1.62(2) 622(2) 436(2) 0.57(2)
T l[EE®)] 20.19 3.42 116.19 1.48 550 430 0.59
R g 27.08 0.61 122.29 0.72 436 430 0.51
i) ity 8.34 2.04 42.93 0.42 486 425 0.69
B ity 9.35 1.19 35.42 0.51 363 428 0.43
- 20.91~33.71 0.82~2.57  61.04~150.87  0.46~1.82 283~485 426~432 0.44~0.47
e 28.04(3) 1.53(3) 120.00(3) 1.27(3) 394(3) 430(3) 0.46(3)
o 9.60~9.95 0.75~0.97 67.1~159.99 0.83~1.15 680~ 1467 432~433 0.42~0.43
9.78(2) 0.86(2) 113.54(2) 0.99(2) 1074(2) 433(2) 0.43(2)
Wk JH4 Jt: 10.00 2.93 59.38 1.63 549 433 0.74
JH6 Jt: 17.77 2.98 104.45 1.53 555 434 0.72
1H60 3 7.40~22.81 1.55~2.32  57.60~206.38  1.33~1.66 757~871 438~439 0.6~0.73
13.13(3) 2.03(3) 113.67(3) 1.54(3) 799(3) 439(3) 0.65(3)
HHI12 J 13.75 2.17 114.17 1.22 780 443 0.61
i~ HH151 JF 6.24 0.55 46.30 1.24 730 448 0.67
T HHIST I 5.44 0.44 42.00 1.05 733 446 0.7
HH159 J 6.41 1.58 39.01 1.07 574 438 0.74
- LH2 FF 6.81 2.39 16.58 1.54 202 449 0.84
" ZF25 Jt: 5.11 0.49 17.42 2.22 275 455 1.09
. 5.11~36.47 0.44~5.88  16.58~230.98  0.42~2.22 202~ 1467 425~455 0.42~1.09
V0 Bl B H1E
16.15(25) 1.83(25) 94.20(25) 1.25(25) 583(25) 437(25) 0.63(25)
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Fig2 [y vs. T, diagram indicating kerogen types and
maturity range of Zhangjiatan oil shale in southern Ordos Basin
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Fig.4 Distribution of oil and sulfur contents of Zhangjiatan oil shale in southern Ordos Basin
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Table 2 Testing data of Zhangjiatan oil shale in southern Ordos Basin

GRS

Bl o(T0C)/ Sy SY Sy (SySieS)/ AN W S Ak B R/ Towd
iR % (mgegh) (mg-g) (mg-g!) (mg-gh) WAV % % % % mER mieE % C
JKAb¥E SBG1 9.95 0.53 13.45 146.01 159.99 1.154 37.63  23.14 34.96 4.27 14.38 4.25 0.43 432
WA NJH3 3371 0.33 785 139.90 14808 1542 3898  9.06 4448 748 1250 545 046 426
B NJH2 29.51 0.27 751 14310 15087 1.822 4502 1342 3853  3.03 9.57 366 047 432
HERE BWZ2 3647 0.62 1072 15606  167.39  1.522  33.87 1508 49.94 LIl 1460 428 054 439
HEE BWZ4 2672 0.44 1267 21787 23098 1714 3453 1937 4105 505 1310 416 059 433
9 HHI2Z  13.75 0.45 651 107.22 11417 1222 3296 3379 2543  7.82 1135 305 061 443
W JHE0  22.81 0.91 6.80 19858 20638  1.663 3315 2066 38.08 811 1235 242 063 439
Wil FD2 17.64 0.09 3.80 10167 10557 1.056 3691 2247 3134 9.8 865 251 0.68 440
VWl JHe  17.77 0.17 5.59 98.68 10445 1530 5542 2387 1913 158 1027 275 072 434
FW JHA 1000 0.15 431 54.92 5938 1632 4223 2607 3048 1.2 824 179 074 433
W LH2  6.81 0.15 2.67 13.76 1658 1541 5041 2115 1581  3.63 6.14 185 084 449
wH ZF25 5.11 0.18 3.21 14.04 17.42 2.221 64.72 17.38 11.88 6.02 6.35 0.89 1.09 455
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Fig.6 Relationship between oil content and related parameters of Zhangjiatan oil shale in southern Ordos Basin
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Fig.7 Thermal evolution characteristics of natural profile of Zhangjiatan oil shale in Ordos Basin
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