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Abstract: The Linhe Depression in the Hetao Basin represents an important area for potential breakthroughs in
hydrocarbon exploration of medium- and small-sized basins and ultra-deep strata in China. Although the Jilantai and
Bayan oilfields have been discovered in recent years, multiple exploratory wells in this depression have failed to deliver
expected results. The failure analysis suggests that insufficient oil sources represent a critical constraint on hydrocarbon
exploration in the depression. Based on the latest exploration achievements and laboratory data, we systematically
investigate the characteristics of source rocks therein and calculate their resource potential using an integrated approach
that combines geological assessment, basin simulation, and resource prediction. The research results indicate that the
Linhe Depression in the Hetao Basin experienced an evolutionary pattern during the Meso-Cenozoic characterized by
multi-stage tectonic subsidence and staged migration of subsidence centers, with the Naoxi sub-sag acting as a long-term
inherited subsidence center. The depression contains four suites of source rocks: source rocks of the Guyang, Wulate,
Linhe, and Wuyuan formations. The source rocks of the Linhe Formation, among others, predominate, characterized by
substantial thicknesses, extensive distribution, high organic matter abundance, and favorable kerogen types.
Furthermore, these source rocks exhibit low activation energy for hydrocarbon generation, offering advantages including

early maturity, early hydrocarbon expulsion, a wide oil window, and high efficiency of organic matter conversion. These
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characteristics and advantages are closely related to the deposition of the source rocks in a highly reducing, saline
lacustrine sedimentary environment and the enrichment of algae and sulfur within organic matter. Basin simulation
results identify the Pliocene-Quaternary as the major oil generation period of source rocks in the Linhe Depression,
accounting for 83.1% of the total oil generated. This result aligns well with the late-stage tectonic activity and
contributes to the formation of a rapid late-stage hydrocarbon accumulation model. Hydrocarbon resource evaluation
indicates that the Linhe Depression has a total amount of generated oil of 31. 19 X 10° t and petroleum resources of 2. 299 x
10° t. Given that the current cumulative proven reserves account for merely 1. 2% of the total petroleum resources, the
Linhe Depression holds considerable potential for hydrocarbon exploration. Since the oil generation centers are
concentrated in the Naoxi sub-sag and the central fault zone, future exploration efforts in the depression should focus on
tectono-lithologic composite traps within the Linhe Formation in the central fault zone (including the Xinglong, Nalinhu, and
Ulan Buh structural zones ) , as well as lithologic traps and shale oil in the Linhe and Wuyuan formations in the sub-sag.

Key words: oil generation intensity, resource volume, basin simulation, resource evaluation, source rock, Linhe

Depression, Hetao Basin
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Fig. 1 Tectonic location map (a), structural unit division map of the Linhe Depression (b), and composite stratigraphic column (c) of the

Hetao Basin (modified after reference [ 1])
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Fig. 2 Scatter diagram showing the relationship between burial

depth and vitrinite reflectance (R,) of source rocks in the Linhe

Formation, Linhe Depression
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the Linhe Formation
a. C(T52) s b C—Cy(RAR) s e C—C, (Y5 d. C (T

3 MY

5 I A DRV R ) 5 vE T IH O 3R
s QORI , T SR B0 BT o 2 1) 2 k43 B 7
e @2k, f0FE EUR (estimated ultimate recovery B
Fb i 5 0 5 = B 2R LR AR B BT B @G Tk L i
AT AR R IR E P RESS S SLiES g s R 1A
2 DIl A i —is B — SR A i b o 1 FH ok 7 A 3
it Jit B A 2R 5 ) LB A L H S B R R 0
(W DI IR Ak )2 H 3 T A DA B 3 sb 45 22 4 i 2
B, 5 15 Bl 2 ML) 58 A, 1B R R
BORAM R o A R 2 i M AR ER , A BT R
HA AW Bad v, HE AR RA I . D24k
SR AL A I R R A R CRR U A R T AT AN)
J IR b o 38 A PRI (R T Ak s | A R 5 B 0 A7 T4
S — A S RS ) Y S A AR T QS T VR
M AR Y A R RS o I PR S R R it
R FR Y FR G0 20 W RE T, R LRI SR B R
Wi ERIES L R S I ARG AR K

JE R A T A b ER Y B E D) S BR T SR 22
BHE B, & 28 I SRR DX P A H AR e R AL
FAR

3.1 XESH

PetroMod {24 F #EE] TES 22 w] & 0 E PR 4 &
ARG, 2 YT RIS HAR 4 45U 7 1Y
Tl BT T R e PE RN T 2 e A 2Tl
A AT P22 AEE F PetroMod 504 3D AR BT i vl
SARGBIUTAER, TR 2SR 202500
T QBB S5 M2 850 S50, (35 Bl Bt 4
TF R MR HIC AR IE BT H I OR 5 M RR A RE f Hl 2 )2
JE O35 BT e U b S22 JRE P 3 A ] 22 o A S
PELH A FAIE LA S OB AT RALE ; @3 i 0 5 TRR ]
Wr B0, A e K A s T PRT Bl ol P P & A g s ]
JPHN I s @R TR A IR 2= 28, A4 T AR S AR
g3 Can 1A RS AL TR ) A BLBF B2 4a4n (TOC
55 BB SR (S R ) LUK A KR 8 ) S RIS A
KR s @IS SE, AR M SRR FE 53 A Rk A
AT s KR DL R )Z 1SS TS



F2M SR, AF . T M TR B e DU R S B U T 563

e HPI/(mg/g)
BB
350 150 \ 300 450 600 750
\\
\\
\\
\\\
@) o O0g s
X N
O ~,
@ o O(I) 8\\\ 1)
FN X >© Q0 So
)‘7)(“ ® [} ﬁ CQ OO AN
# wl e *9 .
Xm B
*
R=0.5%
IR
R=0.7%
&
A
@/
R=13% I
. o JtWME
' ® ItkXH
i X RS
1 3 5
sof ! o ki
& ' B L
o o Teol M EsS
1
1 3 SO0 B AV B 2k
e
8
1
1
1
1
550 L !

Pl 6 Il iy 3 e e o 2L e ey FA R 2 b 418 B CHPI BE G R 1) 22 A
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Contour maps showing the oil generation intensities of the four suites of source rocks in the Linhe Depression
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Table 2 Volume of oil generated by the four suites of source rocks in the Linhe Depression across various geological periods
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Table 3 Respective and total petroleum resources of the four suites of source rocks in the Linhe Depression
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