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Abstract: The structural belt in the western margin of the Songliao Basin is a key area for studying the formation and evolution of the
Songliao basin. However, regarding the structural framework of this structural belt, the activity history and basin control characteristics
are still unclear. This fine definition of deep material architecture and Meso-Cenozoic tectonic evolution in this structural belt provide a
new evidence for solving this scientific problem. The Bouguer gravity anomaly and comprehensive geophysical profile characteristics
indicate that the structural belt in the western margin of the Songliao basin manifests as a zonally distributed supercrustal deep
structural belt. Through a comprehensive analysis encompassing the occurrence, nature and kinematics of the tectonic deformation
zone, a "Bifurcated Dual Belt" structural framework is proposed. This framework divides into eastern and western zones, exhibiting
opposing inclinations. According to the differences of basement background, tectonic pattern and geophysical characteristics of the
structural belt development, a “four-stage” distribution framework is established for the north and south section. Additionally,
considering the regional tectonic evolution, the structural analysis of deformation zones, and chronology data, the Meso—Cenozoic

tectonic activity chronological framework of six periods is restored, including Late Triassic, Middle to Later Jurassic, middle Early
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Cretaceous, middle Late Cretaceous, Paleocene to Oligocene and Neogenic to Pleistocene. And combined with the basin-controlling

influence of the structural belt, it is emphasized that the middle Jurassic and middle Early Cretaceous sedimentary basins, under the

control of the exterior basin belt, hold paramount significance for the exploration, provided new basis for the exploration of petroleum

reserves of new strata in northeastern China.

Key words: Songliao basin; structural framework; chronological framwork; basin-controlling; potential petroleum resources; oil and

gas exploration engineering
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Fig. 1 Tectonic map showing the subdivisons of East Asia
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Fig.2 Bouguer gravity anomaly and its correlation inversion diagrams in the Great Hinggan Range
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Fig. 3 Structure maps of the western margin of Songliao basin structural belt
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Table 1 Muscovite (biotite) “’Ar/*Ar isotopic data for ductile deformed rock from Wulanhaote and other areas
=) HWOLHER/% “Ar/Ar AL/ Ar A Ar “OAr*/PAr, OAr*/% PAn/Y AFE/Ma 20 Ma
1 1.50W 23.312310 0.018128 0.016970 18.29919 78.49 34.18 153.81 1.55
2 1.60W 21.851937 0.677986 0.014037 17.76778 81.26 10.96 149.52 2.12
3 1.70W 23.423294 0.229771 0.018281 18.04269 77.01 8.09 151.74 2.70
4 1.80W 24.937060 0.667720 0.023693 17.99866 72.14 11.13 151.39 2.52
5 1.90W 28.860318 1.286701 0.039646 17.26572 59.76 5.77 145.46 4.30
6 2.00W 22.699149 1.001668 0.015667 18.16442 79.95 6.80 152.72 2.75
7 2.10W 27.161442 6.133033 0.030441 18.75154 68.68 3.01 157.45 5.72
8 2.20W 35.844234 30.604546 0.062298 20.39964 55.43 0.39 170.66 35.77
9 2.30W 33.023446 8.452511 0.059655 16.18353 48.65 2.11 136.68 9.16
10 2.40W 28.455048 5.078449 0.036543 18.13837 63.47 4.37 152.51 4.86
11 2.50W 23.515048 2.651530 0.018646 18.25688 77.46 7.46 153.47 2.84
12 2. 70W 24.571885 2913325 0.024311 17.66314 71.71 5.73 148.68 3.52
13 1.50W 26.109030 0.000000 0.036757 15.19722 58.23 1.52 129.46 4.60
14 1.60W 18.125528 0.000000 0.009450 15.31029 84.49 4.69 130.39 1.64
15 1.70W 17.354669 0.000000 0.006171 15.48204 89.25 6.53 131.80 1.40
16 1.80W 17.485682 0.000000 0.006665 15.49508 88.63 5.83 131.90 1.42
17 1.90W 17.497083 0.000000 0.006625 15.53078 88.77 9.02 132.20 1.32
18 2.00W 18.615354 0.000000 0.010119 15.62297 83.93 8.20 132.95 1.49
19 2.10W 16.856446 0.000000 0.004450 15.50659 92.02 7.47 132.00 1.26
20 2.20W 16.746109 0.000000 0.004462 15.36834 91.82 4.87 130.86 1.44
21 2.30W 17.068313 0.000000 0.005463 15.38659 90.20 7.45 131.01 1.30
22 2.40W 16.817514 0.000000 0.004740 15.38418 91.50 5.60 130.99 1.36
23 2.50W 16.496783 0.000000 0.003620 15.34011 93.06 6.65 130.63 1.26
24 2.60W 16.664914 0.000000 0.004010 15.42067 92.58 6.67 131.29 1.28
25 2.70W 16.611332 0.000000 0.003907 15.43765 92.95 7.20 131.43 1.25
26 2.80W 16.903862 0.423359 0.004592 15.58588 92.17 5.02 132.65 1.44
27 2.90W 16.967996 0.000000 0.005283 15.21664 89.84 1.36 129.62 3.12
28 3.00W 17.742077 0.000000 0.007097 15.60053 87.97 7.91 132.77 1.35
29 3.10W 16.578803 0.000000 0.003924 15.37304 92.77 1.98 130.90 2.28
30 3.20W 16.684977 0.000000 0.004221 15.22589 91.43 2.01 129.69 2.16
31 1.50W 25.052591 0.092813 0.051030 9.98111 39.84 14.47 61.55 3.68
32 1.60W 31.114990 0.000000 0.065313 11.78729 37.89 13.24 72.47 4.55
33 1.70W 31.471051 2.922017 0.070080 11.02169 34.93 9.63 67.85 4.98
34 1.80W 33.063487 0.000000 0.072437 11.64914 35.24 13.64 71.63 5.01
35 1.90W 35.373439 0.000000 0.079879 11.69293 33.08 9.49 71.90 5.64
36 2.00W 35.824868 1.664856 0.080244 12.26221 34.18 8.86 75.33 5.75
37 2.10W 37.860488 2.961543 0.087379 12.30630 32.42 6.33 75.59 6.89
38 2.20W 39.547660 1.546248 0.080384 13.27492 33.52 4.34 81.41 7.82
39 2.30W 39.414444 3.152848 0.094838 11.67150 29.53 4.67 71.77 7.97
40 2.40W 41.752203 2.396616 0.099253 12.63879 30.21 3.91 77.59 8.82
41 2.50W 41.100909 0.000000 0.095455 12.85300 31.28 2.99 78.88 9.79
42 2.60W 41.243827 0.000000 0.092539 13.61202 33.09 2.14 83.43 11.59
43 2. 70W 44.225163 1.334166 0.102592 14.03109 31.69 2.01 85.94 12.72
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F5 WOEREE/% YA Ar AP Ar AT Ar DA/ Ar, OArF/% FAL/Y% Ay /Ma 20 /Ma

44 2.80W 44.247886 4.286393 0.102165 14.45209 32.54 1.87 88.45 13.76
45 3.20W 74.311936 5.552318 0.225393 8.18847 10.97 2.41 50.65 17.52
46 1.50W 36.649529 0.119099 0.100735 6.89219 18.90 21.87 42.63 3.29

47 1.60W 23.680486 0.199983 0.056581 6.97756 29.46 22.79 43.15 2.03

48 1.70W 23.439156 0.291692 0.057677 6.42009 27.38 15.62 39.74 2.17
49 1.80W 23.023448 0.875969 0.055595 6.66938 28.95 13.37 41.26 2.22
50 1.90W 23.098630 0.000000 0.050853 8.04535 34.84 10.81 49.66 2.31

51 2.00W 24.641239 0.000000 0.054862 8.29350 33.70 7.91 51.17 5.22
52 2.10W 25.968659 0.000000 0.057431 8.19431 31.80 4.10 50.57 5.76
53 2.20W 31.332134 2.768777 0.075230 9.34366 29.75 2.83 57.55 5.12
54 2.30W 39.434792 24.412100 0.109580 9.18824 22.82 0.42 56.61 25.08
55 2.40W 52.363214 42.689161 0.143753 13.78254 25.36 0.28 84.26 38.45

1 #C R R 594 Ar, k ACFAE TP 4R IR P KPR A 070 Ar, 200 (Ma) fCRAE I HIT IR 22,57 5 1~12 0 FE FiD16013b%5 5, 13~30 LA

D16160b145 58, 31~45JREiD16154b145 5, 46~55 WKL HD16150b145 H

KN 0.4~1.0 mm, HRBRIR  BEIR, K002 ), 4
[vi) #4930 ) A8 B s SR A K A Rk B s B
(65%) . Fr K AR AT T (25% ) B A TERLRBHS A7
(5% ) 2 A

FESh 2(D16160b1, B~ —KEER A )R H A
TS T ML X (] 5-b), H R 4R R 1250 2500, ir
L FH PR N 45° £ 12°, 2247 8T Y158 B 24 HRAE .
TR, RORES A S5, RoRA I, 55 58
BT o FRBEN S GHE(5%), K/N 2.0 mm A4, A
FRHR BRR, o 0L O A 514 Btk A1 (8% ), K/
1.0~3.0 mm, AR B FAR, ARSI A, %0
RHA 5 A DY G IR SO . FEBTH R S
RIBELE(40%) | TERLIREHS A (35% ) R K hr
IRATTE(12%) 4H AT

FEfh 3(D16154b1, KA EER F s ) R H L%
o 17 /N Bl b DX (1 5—c ), G B8 W TE B IR
115° £.75°, AL =R 140° £ 73°, B fiifizg)
SERFAE . A R A, RRIRAR S A5 R, 55 R R
W, EAARAR 0.04~0.5 mm, K& IREB =B
(10%) . fJZ R0k GEB 2 B P RR) BHE A (30%)
M RLR GER AT Fr A RIR) Bl A (25% ) R At A
RO HLRLIR) A 95 (35%) 4

FEfh 4(D16150b1, BABERHS B ) R A Il
TLE BN M X (F 5-d), HEE b B Pk A 50° 2
10°, FEAHZEBE PR 45° £ 10°, 5 iz g2 45
fiEs AA KA, FpRRI S . IRECRAG &, Rtk

% 78 L 45K, FEEHAHCAT(40%) . A1 5E(30%) .
BARE(25%) MDA 41 (5% ) 4R, W Ik B 4
R (10%), FREERUR K/ NVE LR (0.2~1.5 mm) . &}
KAl ] A, LA AT DT B, mT UL HR Btk
FE R, A R AERCIR | BEUIR, FEIAERHE
A 5T 2Z 18], A BH S RIS O, B s BER BT I )
AN AR R R E 1 HES

FE T Y B2 220 R BOE SR U e g E
BE &t A0, P8R 3 b i AR T 2k B P B AR )
Wikz. D16013b FEAHAGIIREE R R, AR
DA E R (>70%), HARR ISR E (B 6-a,b), H
BEAEWSY M 152.042.0 Ma, &40 151.8+1.2 Ma
(MSWD=3.63), [nl 4315545 2| Jz 55 if 2 4 1
153.2+6.2 Ma (MSWD=4.13), HHAIHEAr/ °Ar F{H
(287.4+39.7) 5 KA GMH (295.5) #3r. HiAHN, A
EHEEN R 7R U R 153.246.2 Ma., D16160bl
FEA IR L, T R, BB U R A B R
(>70%), HFEMRERE (K 6-c, d), HIFAFH
4 131.5+£0.9 Ma, £ 4FEH A 131.6+£0.8 Ma
(MSWD=1.37), [0l 531+ 55 15 | ;2 55 i) e 45 18 0
131.3+1.2 Ma (MSWD= 1.43), H H¥I 4 Ar/°Ar (&
(299.9+17.5) 5 R Um A (295.5) £l HItIAA,
= RKEER R A AR AR 131.3+41.2 Ma,
D16154b1 #f & a2l 1 8w, 2B 2 B0 1k
AT B IEAL (<40%), {H A AR E5 R AR (& 6,
£)o BABREELE 10 M Bt Ar, BitiEh
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Fig. 5 Photomicrographs of ductile deformed rocks in the structural belt of the western margin of Songliao basin
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Fig. 6 Muscovite (biotite) “Ar/*’Ar plateau age (a, c, e, g) and inverse isochron age map (b, d, f, h)
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Table 2 Dating results of ductile deformed rocks in the structural belt of the western margin of Songliao basin

SRAEN Wi i T WaRZS EiE/Ma SCHRAE IR
FRIERE T FeATE MR JEbE DAL Ar 133 HRIGERESE, 2002
RN T FEATE R PIERYU) BERS O Ar 127~117 X4, 2003
TR SEWEIERYI JEM OArPAr 134~126 B4, 2005
RIEHET IS ez 5 £ S/ ¥ Y it K-Ar 121~112 FHEAE, 2006

Fe FEATE I U e DAL Ar 128.35+0.59 EREMAE, 2012

FUIE T e BITERT ) JBEHE # OArPAr 136.746.6 i E 4, 2012
WA JE R A FATE R BER “AT O Ar 158.99+0.61 i E 4, 2014
PR 4x B MBI BERE “AL O Ar 112.9+1.2 HHHEAE, 2008

sy el LA 165 b A OAT O Ar 123.0+0.7, 124.4+0.9 HoHH4E, 2015
J/CA=Y TR TR R R DAL Ar 118.39~117.37 RYIESF, 2012
ST All] iR AL TER R Jha FI A “Ar O Ar 144.15+0.32, 147.11+0.34 XK, 2014

FI3RIe T LeATERPIERT Y BERH U-Pb 216=15 A4, 2019

FI3e T~ LeATERPITEDT Y] EW U-Pb 152.8+1.8 A4, 2019

FUE T ZEATE W EITERT ) BERE U-Pb 156.5+1.5 TS, 2019

Fe LeATERPITERT Y e U-Pb 154.3+4.1 A4, 2019
Ly LA B EEDT ) e AT Ar 223.7+2.0 B4, 2022

PAG— A ARG (3R 2) . 5B AR A A
GELEE AT, TN RS 23 VG AR v A T R /D
FETEM =B (230~216 Ma) . R 2 i (160~152
Ma) . F ¥ (138~112 Ma) . iy F7 t—r
(65~40 Ma) Jrifr 4—H gt (25 Ma LR ) 2
42 HEREEFEHFERERE

KL ZWE T AR HZR AR, T =&5%E
TSk 4 RN | = B 50 4] 4 2 (A A7 A )2 Bk, ik
B G R 2 I RN AR % G i v Sk T T2 A A i
AR BEANEE A, R rp e VT L 2 iR
KRB ER R, T AES EEINLsEAZ T
NG T s N o R ) = € S 3 L |
PR G A /D i St AR, ek, K%
GUISHRIRE T 2 ADBAF A, 435 0 F rp R 2
G- F A R —E AL T S A
JUE I -8 b T2 RSPl . — e Fe i b Rk
T RSB AE A = F i 0 Ok TG
W—Wp O 2t . L et i 3 ki is 8, 5
ARYR B S B RS 30 4 VG 2% 4 38 4 AR AR B AR AR
FH(230~216 Ma, 160~152 Ma, 138~112 Ma)#%
/s

FRENZE (2013 ) X FHE 111 3 X (1) 3HE 111328 Bl k) i 4 28
HEAT T RS (B 7)), A dE RS 2 A A AT L AT
W PR P ARG 1 el R | S S
1) 2~3 WIErh s, DL A 1 i 4 A 4 300 s
Heo Hoh, R Z AT RS I R
H A AT A (]9 05 5 AR RS B A 1L Z 1 VG 2K 1 Y
A 1 R AR AR B — B, DS94, AL ik
K H M Z A28 BoR, fEM = B IR AR TR e S 5 2
e, PR A 2 S % BT Ak, NS TR
—ERaOMEERZ EER T A Mk, A
(29 140 Ma), FAIT ZHE A K 1L T FE 28 e AL By
B, IFRIE R e 4l YomFdl ., B, Z)E,
29 110 Ma JFUaE A8 b6 22 1 AL i B, DR b2 AS
AT RN G A TR 2 b, BTSSR,
Fh & AR R (29 80 Ma), FFURTE U 75 5 4 R 7K
4, 2 AR, I IARZES . T A RS
e B W 2 IR A A S P R B R, S5
AR JEE R 160~152 Ma 1 138~112 Ma P41 75
SETBRI M)A o PRk, DA A BE U, FA TS A kb PG 2%
FAJ T 5 X RN TL Z AT AL DR, Ak ELA 3 4
YEH .

e 1 S R (2 80 Ma) (A4 1 1 FH 7 2t L 3
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o] 2 Ffjﬁ i Bt Wi
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120 A | i
i - 3yl
1307 FROM | LE4A K A e AR LUEZ3:5 ) R
] oy eI IS I e M ik
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AL | e | Bl oy
150+ e e v iz 18| s iz 12 | s
W | BELA | BRLAH | 2R = B LAY X ORATN
||| TR E ] s | | m AL A | BT
1607 JUle AR | EAEbd A | R A wkiEz |Juligl) ] T I R I
J o MW MAA M 1 3] M A B2 M FLZE WA}AI/ ’ M (jf)
170 § Sk AR iz oz ] :
15 JeRA # . B NG ARE NI _
¥ ZEIE vy 3] ) 3 &)
180 - PN S
l it
) 34
oy | W )
b0 ] TSR

K7 gLz SRR 2 (HERREN S, 2013)

Fig. 7 Division of tectonic episode of Yanshan Movement
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Mo — S 11 (230~216 Ma) S ZEATE B B, & B
R LS T B, DASRAS I BE bty FIAE i<
HPRRIE R 3 TP AR 2 T (160~152 Ma) Fh 47k 13 i
W R B, BUORY 202 % A v e, kB4 1TH)
i P B ERLAR A, P IE b VG AN AR W R R
WI(138~112 Ma) ZEAT3E M B BL, BB ZEATZE B Wi
2, (Al A F T TCIARL 3 — i R K 1L 2 L A6 B
AL R ol 5748 B A% A o, WAL 2 b & A KA
W 5 G 1St TR 0 (24 80 Ma ), FAIT 7 i 40 564 7 v
KA U
43 FMERWEEHERBE

B R KA SRR LR A RO BN, RO%%

AT 100~60 Ma H1 50~0 Ma &A= 2 YAHXHLi (1 v
HFF, T 60~50 Ma &AM F (Pang et al.,
2020) . 5 A% (2008) XL 2% o b X A8 B B A A
TEI T W KA BB SE, RAR T 4 A s pE T
W1, 73 59°H 56.44~49.65 Ma, 40.40~31.80 Ma,
25.00~17.91 Ma, 11.72~4.45 Ma, 2E&i@idH. 20—
B 5 Bk 2K Y0 it DX 45 4 R Ay IR IR AR AR AR 2
98, AR T RLLWE R ILINTTIX 25~15 Ma [ HRHE %
HFMF CRARFRER) . 35305 (2008) X K42
YA A oA . A | AR S MR SGHAT T
WS, A HA AT TR L2208 LT F b X, Ay o
TR HE R, T BB AR B I D (29 0.80
Ma) . A2 (2013) 3T DEM Fdi Xt K68 (1)
P 3 M 3 AT AT, N NAE RIS R R B 29
BBtk iR oS . BeAh, ERFE A (2018) ZEFL 22 i 4%
Hi e BT 22 b M S5 HR T RN WG S5 Sl ol AR I S
R TERMEE R, WAL ZHb T R A B AR R A T
22 AR 1 105 oy, R DX S b SR A Ry EL A 3 A 4R
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DXl Ml 2 A 2R R, RSB AR e O vl 3 22
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FOLAEZE R R B (5 A48, 2007), B t—16 8
& B/ INEL R B 7 25 70 U 22 L AR, o i
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1 53.0 £15.2 Ma), TR HSIL 210 VG %4 38 7 8T
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B PRIE (T, ) AT 474~563°C ZIA], — M HESL Y
BRI F(R,) g 1.43, J8 iA—m AR BE, A
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