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Component characteristics and mobility assessment of shale oil : A case study of the
Permian Fengcheng Formation, Mahu Sag, Junggar Basin
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Abstract: Continental saline lacustrine basins in China hold considerable potential for mixed-type shale oil resources,
exhibiting promising exploration prospects. Determining the component characteristics of the produced oil can lay a
foundation for the mobility assessment and production increase of shale oil. In this study, we investigate the mixed shale
oil in the Permian Fengcheng Formation, Mahu Sag, Junggar Basin. Through comparison of components in produced oil
and residual hydrocarbons, we determine that the shale oil is characterized by component-dependent flow. Furthermore,
we explore the relationship between movable oil and produced oil. The results indicate that for shales in the Fengcheng
Formation in the Mahu Sag, produced oil exhibits higher hydrocarbon content than residual oil obtained through solvent
extraction. With an increase in the time of shale oil recovery, the produced oil shows elevated heavy hydrocarbon content,
verifying its component-dependent flow. Gas chromatograms indicate that the saturated hydrocarbons in the produced oil
are dominated by n-alkanes with medium to low carbon numbers. Regarding residual hydrocarbons, calcareous/
dolomitic shales and mixed shales show a high proportion of saturated hydrocarbon compounds with low carbon numbers , while

felsic shales contain relatively well-developed saturated hydrocarbon compounds with medium to high molecular weights.
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After the light hydrocarbon loss correction and the heavy hydrocarbon recovery by pyrolysis method, in-situ residual

hydrocarbon content in the Fengcheng Formation shales is calculated at 1. 39 ~ 14. 25 mg/g (average: 2. 87 mg/g). The

average movable oil content of this formation is estimated at 1. 60 mg/g, which accounts for up to 55. 8% of the residual

hydrocarbons, indicating high mobility of shale oil. The comparison of the movable oil and produced oil from the perspective of

molecular geochemistry reveals that the intervals with a high oil saturation index (OSI), high movable hydrocarbon content,

and low total organic carbon (TOC) content hold greater potential for shale oil exploration. This study is significant for the in-

depth understanding of the mobility and recoverability of shale oil in saline lacustrine basins and enhancing its production.

Key words: light hydrocarbon loss recovery, group composition, movable oil, produced oil, shale oil, Fengcheng

Formation, Mahu Sag, Junggar Basin
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Fig. 1  Structural distribution map and composite stratigraphic column of the Mahu Sag, Junggar Basin
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Table 1 Group composition of crude oil from pay zones in the Fengcheng Formation, Mahu Sag
Jpg I3 HLY B T R ALY %
(4FTHTH) (gem?) TN I e[ Wi Bt
R 2010/06/12 K—B& 4394 4445 0. 864 81.00 7.02 7.31 4.67
KUEE 5 2010/06/17 HA—Bt 4394 4445 0. 864 79. 36 9.44 9.73 1. 47
NG 2010/07/23 A— B 4418 4446 0. 861 717. 66 12.30 8.42 1.62
R 14 2015/09/14 K— Bt 4 446 4458 0.924 60. 00 16. 66 20. 96 2.38
K 14 2015/10/09 K—B& 4391 4458 0.897 55.55 22.53 16. 67 5.25
A 14 2017/09/15 W B 4316 4356 0. 879 56. 12 14.23 17.39 12.26
S| 2019/11/01 Bt 4 877 4937 0. 882 74.58 12.71 8. 69 4.02
il 2019/12/13 H—Be— =B 4579 4852 0. 882 60. 30 19. 69 14. 38 5.63
M1 2020/01/16 N—Bi—R =B 4579 4852 0. 890 62.90 15. 64 12.37 9.09
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Fig. 2 Pie charts showing the average contents of group components

in extracts from source rocks in the Fengcheng Formation, Mahu Sag
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Fig. 3 Vertical distributions of group components in extracts from source rocks in the Fengcheng Formation, well Maye-1, Mahu Sag

2.2 BIiLHHE

FE ke A iR S AR &R 4R AR

FI T8 10T 3 T 1 R XU DT 4 SR i 1)
N (FE4),20194E 11 5 H K ) R — B i, HE
P SO gk RLEAR — U6 32 20 R A 1Y RAE , 3206
WA nC.o, PIANIRIEERR 53 38 nCos B nCy, , IEFABERR B IR/
R A (R AR/ L, nC,, nCyy ) M 1. 33,0C, 08
i E 14, 26%;nC )8 R B UK 1T R S5 4 53 o
B, RS T A KA K (H R4 d) . 2019
AE12 A 13 HF120204E 1 A 16 H 43 BI% K —Bt— X =
B2 R AR T T S ai o, e biks
GIATRRIEARRL, 5 52 =08 o A R, FEUERR IR nC, IR

2.2.1

W 21 R nC, F nCoy (El 4) , nC,, InC., B 53 5] 4 1. 87 Al
1.97,nC, & & 1t o5 b3 512 36. 42% 138, 43%., F 1t
1 3ANAS [ s [ %) S AR A S 5 L B T R —
B T RCE B BRI AN nC E A B S A4
TEARARL . AT 0L, KU = R 4l 0 o e 8 AR
SPIE R T IRAR TR ), 2153 S ARRAE B 5 i AR A B o
HIZE 0GP 58 10% 2247, W B e 55, ix
Sk RIRZH - v S e e st Al 1 2%k

2.2.2 FhIRpiaAe iz A8 €k AR

O 08 1T 5 XU H D0 5 0 ) 2l B R A o K
A VHRA H AT, PL50% & 8o BB,
TE =0 on o328 = A i 1 MR KO i i K
J/ A 2 i 0L R A B 0L 2223738 DI L 1 9



F5H

HEMW, 45 . SUATAL M RAIE & ol S 1587

H20194E11HSH, R—B
H20194E12H13H, M—B—K =B
M 2020401 H16H, M—B—X=§

0
e A B NN N R R N B I I e S R RN v RS SENE A P PSR
IERIE R bR EL

P4 3 I3 5T 1 XU 7™ 2 IS AN [v A ]SO (0 13 S I TE A et 75 ik 7 A1 Ak

Fig. 4 Distribution of measured n-alkane contents of gas chromatography at different times in crude oil from pay zones in the Fengcheng

Formation, well Maye-1, Mahu Sag
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lithologies in the Fengcheng Formation, well Maye-1, Mahu Sag
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Table 2 Comparison of pyrolysis analysis data of reservoir
rocks with different lithologies in the Fengcheng Formation,

well Maye—1, Mahu Sag
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