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Abstract

The Nenjiang and Qingshankou formations in the northern Songliao Basin host thick, organic-rich
shales with significant potential for low-maturity shale oil resources. However, systematic stud-
ies on the hydrocarbon generation characteristics and dynamic evolution during thermal matu-
ration remain insufficient, which constrains the optimization of exploration sweet spots and ac-
curate resource assessment. This study focuses on the Qijia-Gulong and Sanzhao sags as key areas,
systematically collecting low-maturity shale samples from different layers and with varying total
organic carbon (TOC) contents. Experiments including oil yield determination, closed-system ther-
mal evolution, and semi-open (generation-and-expulsion) thermal evolution were designed to re-
veal the hydrocarbon generation characteristics and variation patterns of low-maturity shales un-
der different temperatures. The results show: (1) The kerogen in low-maturity shales of the north-
ern Songliao Basin is predominantly type I-Ila. The geochemical parameter thresholds defining fa-
vorable zones for oil shale potential in the study area are: TOC > 4%, oil yield > 3%, pyrolysis hy-
drocarbon Sz > 25 mg/g, and hydrogen index HI > 350 mg/g. (2) Under closed-system conditions, oil
generation first increases and then decreases; the peak oil generation window occurs at 350°C~400°C,
corresponding to a maturity of 1.08%~1.74% R,, with an organic matter conversion rate of 68.2%. (3)
Under semi-open system conditions, oil generation continuously increases with rising temperature.
The temperature range of 350°C~400°C exhibits a sharp increase, accounting for 78% of the total oil
generated, corresponding to a maturity of 0.95%~1.53% Ro and an organic matter conversion rate
of 71.7%.
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Figure 1. Plan view distribution of sampling wells for low-maturity shale oil in the northern Songliao
Basin
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Table 1. Comparison of experimental conditions for thermal evolution hydrocarbon generation
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Figure 4. TOC-S; relationship diagram
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Figure 5. Sz2-oil content relationship graph
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Figure 6. Hydrocarbon generation potential identification map of the sample

& 6. HmERBHFIRE

4.2. FRFMETHHE

AT VN A FEEE TMRATUS ARSI, R 3 P A £ I B e R U & D #2561 T
PTUE PRI SELS . B FEBE YIRS =R, SZIGIEIUBARA HLR(TOC <4%). FEF VK (E%~8%)
FE = A NS 2= (TOC > 8%) MR TUAFEMAE N AN % .

4.2.1. FFAERBE NSRS

© AR KB

5 AR SR RN AR S G B A8 B v i v R RSO, B S AR R A IR T, R IUE R
[FE AR PR A A R . B PR AR R B A S50 R AR A SHILS-3 (TOC = 11.05%) J79-29 (TOC =
3.47%). Y20-17 (TOC = 7.14%)Hl SH15-13 (TOC = 4.91%).

FRHE SH15-3 (TOC = 11.05%)7E 300°C~500°C #Afiila FE Yo By s A= =0 A B (15 7), nTRAE o, i
T S B B B R T v IS TR R A, AR 350°C SRl BT, 375°C ey, 450 CIGE R
B, U6 350°C~400°C 9 M =B By, FEXT RIS 1.08%~1.74%. H MRS, JRIEF S TOC
M 11.05%, EmAilE 7536 me/g, AHURENERETIL 68.2%. HEFART, REMEBRTHHMHE,
He il 5 Eh2 37%~50%, A2 R S T mnE i

80
= <0.01% ot
® 70
2 37.31%
E 60 3672% "
0.03
; 50
£
® 40 49.97%
E 30
ﬂ - 21% 6269%
‘g 1 0.01% 50.00%
P 4491% 109%
0 55.08% [ | Do % 5%
300°C 350°C 375°C 400°C 450°C 500°C BEE/
0.71% 1.08% 1.38% 1.74% 2.65% 3.63% R
L R:3-F: T LR 25 v

Figure 7. Distribution map of oil and gas production in closed system samples
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Figure 8. Composition of the generated oil at different pyrolysis temperatures in a closed system
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Figure 9. Composition of the expelled oil at different pyrolysis temperatures in a closed system
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Figure 12. Composition of the generated oil at different pyrolysis temperatures under semi-open
system conditions
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