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Abstract: In recent decades, fundamental research on the evolution of Proterozoic life has made great
progress.With the discovery and commercial development of many Mesoproterozoic primary oil and gas reser-
voirs worldwide, Mesoproterozoic strata have gradually become thefocus of oil and gas exploration. The Meso-
proterozoic strata are widely distributed, thick and well-developed in Yanliao Faulted-Depression Zone, espe-
cially in Jibei and Liaoxi Depression and the deep structure is located in the "cold circle and cold basin" unit

with thickening lithosphere, which is very favorable for the preservation of ancient oil and gas resources and is
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fully equipped with the conditions for forming and enriching large-scale oil and gas resources. This paper sum-
marizes the research progress of Mesoproterozoic oil and gas resources in the northern area of Yanliao rift belt
from three aspects:hydrocarbon generation potential, oil-source correlation and accumulation stages. The sedi-
mentary characteristics and hydrocarbon generation potential of 6 sets of main hydrocarbon source rocks in Jibei
and Liaoxi Depression are evaluated based on the previous data and self-published data. It is considered that
Hongshuizhuang Formation shale is the most important source rock of mesoproterozoic in the northern area of
Yanliao faulted-depression zone, with wide distribution, large sedimentary thickness and good hydrocarbon gen-
eration potential due to late alteration and structural damage. It is suggested that the Mesoproterozoic oil and gas
exploration in the northern area of Yanliao faulted-depression zone should focus on finding the structural stable
traps supplying oil from the Hongshuizhuang Formation in the western Liaoning Depression.

Keywords: oil and gas exploration engineering; hydrocarbon potential; source rock; Mesoproterozoic; the
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northern area of Yanliao faulted-depression zone
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H 1Y )2 (Xiao et al., 1998; Hoffman et al., 2002, 2009) .
SR, U JL4F A e vl o 1 40 A i 1 B Al 1 T 5 B
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HERBEARITh RN TS RBENEZ YA S
il B A A (Kt 5, 3.47 Ga) ; 75 B AF Mozaan B 11Y)
VAR B DAY b R B R R B A W B R B IR (h
Kt #t, 2.9 Ga), IFWI#A 1 ool SR IR A BT & A HL
JU-F 4ROk A T S G0 A W 3 (32 0 2 20 o Ay A2 1)
(Altermann, 2004; Kontorovich et al., 2005; Canfield et al. ,
2007; Brocks et al., 2009; Craig, et al., 2013a, 2013b;
French et al., 2015; Brocks et al., 2017) . M 2R [l 2k
A BRI LA 25 N ER A T S 3 i R AR
AU JZ R TETE (38 1; Klemme et al., 1991; Bazhenova
et al., 1996; Kuznetsov et al., 1997; Galushktn et al., 2004;
Kontorovich et al., 2005; 1= Ak & 45, 2009 ;Yuan et al.,
2011; Bhat et al., 2012) . FIKTE 42 BRI BT IR )2
At B GETH B R, ool AL 1% ~2% Byl 0
BFEE PUAARIE . ZRBR . BV ERE BTRiR | ORI
S i hriE h—pr oo At 2 T IER G R A R 5 A
114 A I, AR ol 2 o T O )1 . AR S AR P A R I
] ey DX IR R < P A & BN T 22, 156 1] Jad o 3 I
FEAETT T S AR B, IR T BTl SOl AR
B9 B R T, ooty SR B < Y & B i b B R T
K 17 AE 7] fE (& 1; Murray et al., 1980; Jackson et al.,
1986; Crick et al., 1988; Summons et al., 1988; Jacob,
1989; Peng et al., 1998; Terken et al., 2000; Banerjee et al.,

2006; Su et al., 2008, 2010; Craig al., 2009;Blumenberg et
al., 2012; Strauss et al., 2014) .
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K Z—, WRFFE T —F oo i ST 2 e
5, A A 0 s —goo b 5o A, Ju R I
g 38 A S E 380 5 (Tl b 2 R f— 5 3 —F SR ) I
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K3 513k ) 8 043 m Al 7 567 m) (1 45 R -+ 2%,
1994; 3 i 75 45, 2003; Bao et al., 2004; = bk 45, 2008;
W 4, 2013) . PIMPE & B2 Ak b ooy AT
Wi WA 5 (A Bk 3] 115 1 86 4b), VRHR 45 #4
Wb A A BIEIR CTE  WAT HoT, MR AR A,
Xty 2 AT IR B ORAE 5 R, L A AL AR
TG SRR AR ) (8] 1; EBRGE, 1980) o
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Geological sketch map of the study area
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2014; 52 CHIEE, 2017, X SCR 45, 2019) . 2295 45(2010)
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78R ME, B A 9T N B3O AR OB TR PE A b
AT T R AR TSR (B 77 77 5, 2004; P e 755,
2012) . ZEFH XML R PG AT ool FUR IR A A T )
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Tab. 2 Classification and evaluation criteria for Marine source rocks

RTE T R 46 A
LR -P
TOC( %) S+S,(mg/g) TOC(%) S, +S,(mg/g)
El2 <05 <0.5 <0.5 <05
2% 0.5~1.0 0.5~2.5 0.5~0.75 0.5~2.0
& 1.0~2.0 2.5~6.0 0.75~1.5 2.0~6.0
s 2.0~3.0 6.0~20.0 1.5~2.0 6.0~10.0
33 3.0~5.0 >20.0 2.0~4.0 10.0~20.0
e bt >5.0 >20.0 > 4.0 >20.0
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Fig.2 Mesoproterozoic composite bar diagram of Yanliao Faulted-Depression Zone
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Tab. 3 Organic geochemical testing analysis of the Chuanlinggou formation samples in Jibei depression
K5 i TOC( %) T C) S+S,(mg/g)  EIEE  Hl(mg/g) Ro( %)
Si1 e A 0.15 492 0.07 0.29 33 1.60
S12 KA 0.05 543 0.04 0.25 60 —
S13 VR 0.13 572 0.03 0.33 15 1.57
S14 IR 0.15 569 0.03 0.33 13 1.55
S15 WK 0.46 530 0.06 0.17 11 1.54
S16 i 1.02 497 0.08 0.25 6 3.01
S17 igss 1.08 548 0.04 0.25 3 2.68
S18 BOTE 131 534 0.03 0.33 2 248
S19 BOTUE 2.36 531 0.04 0.25 1 1.84
PR A RS MIEERNERA RN —E BORE, IRz A, DL AL
TG B IR £ A B R UR A (MK S, 2016) . T3 b ) B T8 0 2 30 VY 4 B v IR — A (22 7 % A
HokEA 2023)
ML T e RUKEA R —EF TR R 20 2 e R Bl oo Bt i E SR IR IR
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Fig. 3 Organic matter abundance distribution of Source rocks in Gaozhuzhuang Formation, Liaoxi depression
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Fig. 4 Photos of carbonate source rocks in LLD1 well, Gaozhuzhuang Formation, Liaoxi depression
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Tab.4 Abundance of organic matter in source rocks of Gaozhuang Formation in Jibei and Liaoxi depressions

TOC(%) K[UiWE A (%) S1+S2( mg/g)
Hh X ) T I
i ¥ I [ ¥iH 1 [ ¥I{E
AT E 0.02~238  0.33(180)  0.0080~0.0106 0.0039(34) 0~0.63 0.052( 180)
b 34 b )
B3I 0.02~429 0.61(157)  0.0016~0.0152 0.006 1(23) 0.01~239  0.19(157)
T 0.11~1.83  0.49(35) 0.0020~0.0370 0.024 0(35) 0~2.0 0.35(35)
1T 75 ) [
I6LPHI T 0.11~0.90  0.30(10) 0.0019~0.0040 0.0029(10) 0.10~0.40  0.26(10)
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AR S it R U5 5 R 43 A, SEA ) B K R 4H
SRR A FAL VR o 3EAUIBE 36 {4 4F & B HLAR
TOC {A F ¥ 35 3| 4.65%, A k&7 71 (S,+S,) ¥ A ik F
12.2 mg/g, Ro (S50 5E JBT 1A 52 I 258 S8R 1.19%, A &L
R JZ BT EE 60 m, AL C 3 AAKRTTIR, A
HLJT B AR g, AR i TR, R IR o

BB S BT G AL PG 3 B KO 2 TR R
B St 172 0F, 88 Sk AE S 106 7, 10 %2 b 2 JE AR
S5 UF, AL 3 IRRE MY 11 1. b 3 T RE S AT HL
B TOC {2 M 0.01%~4.07%, FIIME R 1.2%. & o

22 (0 O AR SR IR, OO AR ke T A 22 he TR e
(B 5) o SRRt S UL b AE bl o5 A AR il S R0 18%,
M7 22 FARRR A 5 LR F) 48.1%. H NGRS A i 19 43

40
34.0 W Jxh N=106
301 264
g 21.7
i 20 b
= 14.2
10}
3.8
. . _ W00,
<0.5 0.5~1.0 1.0~2.0 2.0~3.0 3.0~5.0 >5.0
TOC (%)

ES ITEMEEKEATFIIES TOC HHIMEEFE
Fig. 5 Distribution frequency histogram of TOC in outcrops of

the Hongshuizhuang Formation, Liaoxi Depression
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Mok, oK R A PSR BEIF AT S, HAHE b DOM EEmS AR, (B3 A B BORE & 8 T4 AR S )
T —F R RO AR A T2 R s . A R TR
WA He—2 DL, 5878 KRR R ik e HL A B 1 HEIK R 2 58 Sk R i A 1y JL IR ] T R i A
A e W) SRR A AR o O KA A A A5 A7 AL A I 301 DR A7 i

2020 4F 20 20 St 4 30 0 b 3 R 8 A K R4l
J& IR 7, F TOC “F- #1355 3.57%, A48 1 (S,+S,)
HI{H 8.20 mg/g, Ro( 4544 5% A s G %) B -y 0.95%,
FRUR IR B 49 m, A LT SAE 8, A ke
WK, MRS (5, K6 K 7).

254 DL LB SRR I 25 L WAL, 30 Y 3 B 4
Sk bk AR IR A RE 5L TOC /“Eﬁtﬁ HIT B b 3 JF
BEOK FE AR AR TOC S im .. BEORE, iL
VU B AR AR R, B A i A R . 53

P B AL R fE, S B8R B TOC 34k, @R
FEAE 5 ZUAE A5 B A SR B AR B b i AR e bk, BN
KRR SO ARICA BAATUR B . QB 46 51
kB R AR A B, X SRR B TOC B E L TR A
TUABL SEUER TOC 43 Aii R AR ESIE R

FIHT LA b 85 3k R0 o3 A Bdie OF 2 % i Nk R
L L i X B, AR TAEZ 7 10 24 f A b it
JKHEZH TOC T 42 1 (18] 8), TOC S A 52 B VS e
1R AR AU AR I A A, A5 (1 4k 2 8500 NE-NNE J7 [n] 42 fift

x5 TH.EYHEBKEABVRBRESHIKUFSHTRE
Tab.5 Abundance of organic matter in source rocks of Hongshuizhuang Formation in Jibei and Liaoxi depressions
TOC( %) AT A(10°°) S1+82(mg/g) AL TR R R Ro(%) B AR RCE
X 35 R EE
Vi Fl ¥ H Vi Fl ¥ v ¥ {H FieA ¥ 1H (m)
FALHBE  050~7.21 4.65(36)  34~4510 2650(10)  0.52~18.23  12.2(36) 0.90~1.42 1.19 60
LPEHEE 0.16~542 1.79(51)  25~2556  220(49) 0.02~8.37  0.878(51) 0.51~2.26 1.74(48) 923
LLD3 321~421 3.57(4) — — 6.25~9.89 8.20(4) 0.86~1.06 0.95(4) 49
TE: BIERES I BEARE R A A RBURIRE LITOC=0.5% IhRESE I SR
100 B Djx N=2 100 M Djx N=2
W Jxt N=2 W Jxt N=2
30+ W Jxh N=7 80 - W Jxh N=7
;\3 60 ;\? 60 F
= 40t 401
20 + | 20
0 0 .
<0.5 0.5~1. O 1.0~2.0 2 0~5.0 >5.0 <3.0 3.0~6.0 6.0~12.0 >12.0

TOC (%)

Si+S, (mg/g)

Blo TAEMRIIEMIFHTIRA-HKERARBEEFNRFESHE

Fig. 6 Organic matter abundance distribution of source rocks in Xiamaling-Hongshuizhuang Formation of

LLD3 well, Liaoxi Depression

a. SR 410.6~412.6 m; b. K 414.6~416.6 m
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Fig. 7 Photos of source rocks in LLD3 well, Hongshuizhuang Formation, Liaoxi depression
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Fig. 8 Contour map of organic carbon content in source rocks of Hongshuizhuang Formation source

rock in Northern Yanliao rift zone

TOC 43 4ii A — A~ F B 0 fm {E v O Al — S R 2
Hl o A A PO A T e T I A A BRI,
TOC ¥ i K T 2.5%, {3 B A1 b 5 422 30 DORL o i 47
B KB O T LB T HEHE, TOC 338 K
F 1.5%. TOC 5K = 4 JE B 4y A LA AR 4 1) — 3
P, BIJEEE KA L X TOC 5 o

25 Tk, B AR AR T 4 AL R ot
e EEMRIRZE o AL A R K R 2 R TR A A
FIT VG B, F TV 39 B b T R A2 5 0T A IR A g
V524 & WA W B fR v r. hooly SUih A R &
SR AR T VG 3 5 L A AR il 4 A s e A
24 $RIG4E

eI AP AR BE L | 30 7Y P 34 B 19 mpoe oy ARk
WS ZH S PE T 43 3 B — BUAME E B K AP R 2
KA BB IR AR IUA s —BOM RIS @A
TUA BRI PR ZR S A oA BN KA
KAEE-PRESRASH AR S, Filkkarh
JEERERE Ve S = . 3L L LV ) B k0 4 R
BE43 508 211 m F1 329 mo i AT T LIk 34 B k04 21
JE PR )2 R R W T BN R AE A i X1 5 41 55 (2000)

Xof B b 3 B R U AR R HEAT T AN . kA A B R
R T IUA TOC ~F- 3445 5390 0.31% F1 2.39%; 4=
R (S+S,) M 1.12 mg/g, AT “A” F
Y178 0.008 8%, 4 &% B i 1A S It 4l (Ro)F- ¥ 18
1.10%, J& T 45—k (K 4) . PMIXAE (2016) 1A
SR S b3 B Ak 04 21 R R T 1 s A SR HLR
FEAN s, i) R A B, SR I8 BTk FE A

ZEA TS SCHT(2017) FNIT e . 3 - H i, X2 75 34
FABRUSZH 14 (R AT ER G 00T FERCR A K5
AL P1701 #1m (4 o) | AT RS P1702 #1 (1 )
10w Hh 2 F LLD2(7 B ) J 35 % #b 3 JF LLD3(2 3 ),
P1701 & T 2k U4 41 %38 U5 A TOC A R 0.21%~0.82%,
BI{HH 0.47%; 4= 5% W & (S1+S2) 4 0.01~0.06 mg/g,
¥I{EH 0.04 mg/g; HAFWEHE “A” {HH 0.001 8%~
0.006 0%, ¥J{E > 0.003 4%; %520 54 57 14 2 5t %4{H (Ro)
M 1.45%~1.62%, V- Y1 1.54%. P1702 # 1 £ 0%
AR AL 1 F, H TOC Ky 0.26%, 4= k& 1 1 (S1+S2)
4 0.03 mg/g. LLD2 HARIALIEE A TOC fH4 0.53%~
0.94%, ¥J{H 4 0.70%; £ )8 ¥ & (S1+S2) 4 0.06~0.47
mg/g, HIH R 0.04 mg/g; FATWITE “A” {EHN 0.004 0%~
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0.084 6%, ¥J{H 4 0.023 6%; 5530 5% It 14 S it %A (Ro)
H 2.08%~2.18%, ¥ME N 2.13%, F & —id BEBFFAE .

LV Ml 3 4 04 2 V9 RORE o 0 2 T B 0 VR R
TOC 4351 4 0.47% F1 0.32%, A= 18 4 (S,+S,) 43 Bl
0.08 mg/g 1 0.26 mg/g, %5 &5 i 1A L 5 % AH (Ro) 43
SR 0.86% £ 1.28%, YI{E N 0.96%. KA F 1Lk
T2, MAEREAE-ZREA (F6).

2% b IR, DR ok R AL VG M 0 g AR
A AR e 22 5%, (BB ROh R IR T A - 22 1R R
OAERRRITA R,

25 THIRA

HOGH AR R R DI 41 A Pk LIRS (A N &,
JEEHR DL A SR A DU, T — K KA -
AR AR, I B DUORE . WK TUA S F . 3k
3L 7 W B S BE 3 )k 369 m AT 303 me 2 )
F8 TR 52, LE L R A AR S U 2 43 A AN,
XL VG ) B G P 3 —/IN P P — e JREJEE R R, 1) AR R

WA, AFAE X PG SIS AT R A

AR EE A, T D04 4% Je A7 2~4 JZ 15 K
SO WL IR, AR BRI 25 T S 41
—2, MR MRS R, (T T 4 3 57 3 AN [
P B Bl AR fE L, o6 T SId gl v i A ke | Sl
DA B SBUHOR AT 52 9 (B 9) o HH K A 55 (2012) %t
PAERONIRCY T (RS S YNNI SRS e
B MRS R AR ARV 20 3 BEAR B, B [y
0.1 Ma, 12 AMAXE 5 5% i 3 LA B, 5 R 5% i) 3 Bl
2 50 m, 5% A BRF T s 41 (H ik 5 4%, 20125 R 5%
54, 2019)

LA BE T B0 A 4 VR 2 BciE DL AR R ) i A
I Jg 9], BE 5L B A HLER TOC 315 K 1.11%, ARk
F1(S+S,) ¥ {E K 0.07 mg/g, EATWTE “A” FHEN
0.002%, A AEKEIE A (FMIREE, 2016)

AL P 56 S P 350 1 (LP 51 187 ) 9 B R Eh s £
J5 S RES TOC {85 M 0.15%~1.68%, YI1E H 0.76%; 4=

Fo UAYREKKARFEMKUZSHIIRR

Tab. 6 Abundance of organic matter in source rocks of Tieling Formation in Liaoxi depressions

TOC( %) AW E A" (%) S1+S2( mg/g) Z5 3 T R T FERo(%)
[ NTITE S
31 [ ¥IH 1 [ ¥IH W ¥l 31 [ ¥
#t 0.31(68)"
i 239(13)" — 0.008 8(38) — 1.12(78) — 1.10(28)
P1701% & 0.21~0.82 0.47(4) 0.001 8~0.0060  0.0034(4) 0.01~0.06 0.04(4) 1.45~1.62 1.54
ey
P17021 0.26(1 — — 0.03(1 — —
Wi s i) T 0.26 (1) 0.03 (D
LLD23}: 0.53~0.94 0.70(7) 0.004~0.0085  0.0236(7) 0.06~0.47 0.31(7) 2.08~2.18 2.13(7)
LLD3J 0.32~047 0.40(2) — — 0.08~0.26 0.17(2) 0.86~1.06 0.96(2)

T BEESE S T EE IR EG a BRARERE S b JEDUA s FAL BB R IR T X5 55 (2000) .

a LV BT B B FL D B S A R T IR LU 5 b DU [P SR B P AL T R SR 5 (R AR BRCR AL
B9 TAYHKRTIRABGANERR

Fig. 9 Photos of Intrusive rock in Xiamaling Formation, Liaoxi Depression
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JR T (S14S2) Jy 0.04~1.54 mg/g, YI{H 4 0.32 mg/g;
BT “A” (K 0.041%~0.090%, HI{E A 0.010%;
S0 AR ST R AH (RO AN 1.26%~2.24%, HI{H
9 1.87%, i —ick BEVERAE o AL P 3 B T ) T
(LP 1) 1) % A Sy 22 —vb 45 9 ) 48 05 (5% SO 4

2017) . 2020 4 52 i 10 %2 b 3 JF7E 56.72~94.44 m
B8R A 2H, Hirh 93.7 m Ay S 68 T A RE R TR AL
I8 01 A T oA, A HLAR TOC {H 35 5] 6.64%, 1 Kk
It (S1+82) ik F| 26.8%, 55 A4 T 14 I 4t % {8 (Ro) Ny
0.89%, ik BRI IR S bRifE(SR 7)o

*7 Hi TAYETIKRARBESMIKKFZSHITRER

Tab. 7 Abundance of organic matter in source rocks of Xiamaling Formation in Jibei and Liaoxi depressions

b TOC(%) Ui E "A"(%) S1+S2(mg/g) S5 RUBE T AR 5T R Ro (%)
Tl A L H ¥fH L S L ¥E
HAL A 0.02~2.69  1.11(8) 0.001~0.003  0.002(4) 0.04~0.11  0.07(8) — _
1T 75 4 i 0.15~1.68  0.76(9) 0.041~0.090  0.010(9) 0.04~1.54  0.32(9) 1.26~2.24 1.87(9)
LLD3(93.7 m) 6.64 6.64(1) _ 26.8 26.8(1) 0.89 0.89(1)
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