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Abstract; The continental lacustrine shale is developed in Nenjiang Formation of Songliao Basin, and characterized with wide distribu-
tion area, good quality of source rocks and large-scale potential shale oil resources. Previous studies mainly focused on the medium-
high mature shale reservoirs of Qingshankou Formation, and rare attention is paid on the medium-low mature lacustrine shale in Nen-
jiang Formation. Based on whole-rock mineral analysis, organic geochemical analysis, as well as test data of field emission scanning
electron microscopy and nitrogen adsorption, in combination with the regional tectonic background and sedimentary characteristics,
the paper comprehensively analyzes the distribution of shale and the characteristics of source rocks, shale oil content and reservoir
property of Nenjiang Formation, and discovers the geological characteristics and resource potential of shale oil in Nenjiang Forma-
tion. The results show that the shale is widely developed in Member 1 and 2 of Nenjiang Formation, with large thickness and stable
distribution. Vertically, there are three sets of shale reservoirs with high organic matter in Nenjiang Formation, dominated by the

organic matter of Type I and 11, in the medium-low mature stage. The nano-scale reservoir space of shale is dominated by intergranu-
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lar pores, intragranular pores and pyrite intercrystalline pores, and the pore size is mainly distributed in the range of 64 nm to 128
nm. The paleoenvironment provides a material basis for the development of organic matter, and the enrichment of shale oil is jointly
controlled by the coupling of high quality source rocks and multi-type nano-level reservoir space. The comprehensive evaluation
shows that the best sweet spots are developed in Member 2 of Nenjiang Formation, followed by the middle section of Member 1 of
Nenjiang Formation. The oil resources are preliminarily estimated to be more than 100 X 10*t. Well NY1H in Nenjiang Formation
was deployed and drilled in 2021 by Daqing Oilfield Company Limited, with a cumulative oil production of 2 160 t, achieving stable

production of medium-low mature shale oil in Nenjiang Formation, which confirmed that Nenjiang Formation has a good resource

base of shale oil and utilization potential.

Key words: Songliao Basin; Nenjiang Formation; shale oil; organic matter type; resource amount; exploration breakthrough

SR A SCUH 4 5 S0 3R A B A B0 B AT L X 2 B AR AR P L 3t G A IO 4 b — R B T i 3 B R AL R B R e e [T .

2R, 2024,45(6) :900-913.

Cite : HE Wenyuan, CUI Baowen, ZHANG Jinyou, ZHAO Ying, CHENG Xinyang, LIU Zhao, LIU Xin, ZENG Huasen. Geological

characteristics and exploration breakthroughs of the middle to low mature shale oil of Nenjiang Formation in northern Songliao

Basin[ J]. Acta Petrolei Sinica,2024,45(6) :900-913.

H ] i A DA SR IR ) BRI e e S, I
Hi TR 7 U R 397, 46 X 10°t, A SR R TR 5k 34. 98 X
10%t AR H MM A PR EZ BRI, IR A
F14) AV T T T ) Ay v R B T i A
IR B TUA Tl b, Hh— 8 U DU T Y B IO AR S S
RRITE 1. 0% ~1.5% . H AT, FE KR 7k
S AR R B R B S B v — R R T Y 9T R B
FH » 45 R A © 58 1 T 25 T A b 5 9% 5 0F A I 4R T
P Forb R IL 2 1 8 ¥ VS 4R b L ST R 22 30 4 b, A S IR
TP E R . B BN R A R
BRI ACHE D A R A8 2022 4R 8 I AL
Hi T A AR A KO B S B R i B
T3 A 30 2 T R o T AV B B 2 3l T A O
Wi B it R LA A HLST Dy 3 Ll H DL AN #4087
TR BE MRS = 87 AL M T ALz A A
FEARBEA U o 13— P R R AR B T il i B 4R
T 7 K PG A B 53 4F 2 B R 8 7K OF I R B
TR 28 A V2 o5 3 12 R 7 P 0I5 20 T 2 i 80 8 40 4
DU Ry RS o — IR B A T il 4

2021 4R, K P A BRTT AT 2 w) X BT 2 1) 5 il
M BTRFAE T S T R GBI AT L A e MR P R TR
B PR ——NY1TH I PRZEAE R 2 U8 DU o 3 508 28
R GUA MW T o 38 2 s 248 R 1 etk B HE R il BE 1)
Al NY1TH 5280 T 5 R B R 2k, ol B B 3K 45
PR 12,3 t/d PR E SN 1000m’/d, H TR CR
424 d, BRI E R 2160 o B A K ER” B RRAE , 58
BT A 1L b, O 2 T R A0 B T T B R Y
SV RE T DU R S A B AR 0 R R e T
NY1H JF i TUE i IR SE B 45 & 25 0 W 40 B s
A B IR AL 53 BT 37 S 41 4 R S T R R R
S AR BORE B8 R G AT TR I Z M OV 2 T

T ) B M SRR AE , WA T R I BB L i ) 3
PRI A8 7 LA BT A T 90 o — A0 s 38 0 2 ity 1 480 440
R7E LS B L &I E N
1 M o

PA LA T E RS T AR L Oy 26 X 10 km? , J2
DA AR B A 0 R R Bl AR TORR 4 1, HAT T T 1 38 1) b
FR AR AE . Hr b ] R 4% A 3 R A AT R 43 A P AR AR
P JEEBMIE X L Hr SR X AR L R A X AR PR A X
VYR REAL DX 6 A4 3 DX, o, A g 34 g X il <0
FEIIRIX . G2 LT 2 BIITUE TR, 43
HEER T IO AT TS R R K,
Horb O A e 5UE A T AR BB B R, B ARy
0.35%~0. 78% , A W5 1 H W E A0 (B 1), FEL A
DURRMGI ol 148 38 46 THVE R BT 4H m T AR s 1] 42
VG RIS LA D AR T B A T e e B X
P 5% G M1 B — by e T B L R R M o A = 2 [T 45—
P 3ERTC . WAL — Bt CI— B Ao gl — B (i —
BOW O TUA W A A BB L 9. 0 X 10k, I — Be g
8 T TR v S ) B XY JEE SRR G 160 my, Bl — B
T 7E 7 0 1M1 BE 4 B YA b i) J52 B2 B8 2o 100 m,

2 HbJFARAE

2.1 TIEIMIREHE

BT A5 N ARk A A D i SR DU S R S ik
I 2L g A T M T e R R A I AR I8 ) DT AR i —
B—th—Ba Tm LR KRS KT —F
SRRV A Y L) R I A R U A
T M e F B FUAR S R R AR = (] 2)
I — B 5 0 e Y JE B 0 70 m, B B B R A 1Y
JEE# AT 160 m,



ki 2024 4 55 45 &

e

902 el bl

|l 4| B Py WRKE WA | B2 | 22
" 5
% T
H
X
3
ES % ﬁ
4 W
i
i
o
4§
2= %
3L w5
(a) WESX (b) WAEMER
FH —% —% TUATH 7 i - Fan: Hafa PR webE h—ginbE
HhHLL gL WELR /K b= RE b

B1 RMIZMLETEESRERTEMER

Fig.1 Tectonic divisions and shale oil strata in northern Songliao Basin
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Fig.2 Sedimentary facies of Nenjiang Formation in northern Songliao Basin
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Fig.3 Laser confocal images of shale oil in Gulong sag
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Fig.4 Distribution of free hydrocarbon and total organic carbon contents in Nenjiang Formation shale
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Fig.5 Organic matter type division of source rocks in the Member 1 and 2 of Nenjiang Formation, northern Songliao Basin
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Fig.6 Whole rock maceral components of high-quality source rocks in the Member 1 of Nenjiang Formation, Songliao Basin

(a) H—B (b) B
[z ]

AHAR  HWEEEZ WERhE B WERT A
AT % Ul 8

7T WIARRENAETESH

Fig.7 Maturity distribution of source rocks in Nenjiang Formation
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Fig.8 Vertical distribution characteristics of mineral and lithology in the whole rock of Well Guyel
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Fig.9 Lithology and microscopic characteristics of the middle part of Member 1 of Nenjiang Formation
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Fig.10 Lithology and microscopic characteristics of the bottom of Member 2 of Nenjiang Formation
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Fig. 11 Porosity distribution of mudstone in Nenjiang Formation
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Fig.12 Pore size distribution of mudstone in Nenjiang Formation
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Fig. 13 Types and characteristics of the shale reservoir microspace in Nenjiang Formation
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Fig. 14 Core and structural characteristics of tuff in Nenjiang Formation
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Fig. 15 Productivity profile of ancient lakes in the Member 1

and 2 of Nenjiang Formation
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