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Meso-Neoproterozoic tectono-thermal evolution in the northern margin of North China
Craton: Constraints from zircon ( U-Th) /He ages

Abstract: Due to the complicated tectonic and sedimentary history and the lack of effective paleo-thermal
indicators, the Meso-Neoproterozoic thermal history of the Yanliao rift zone in the northern margin of the North
China Craton is ambiguous, which causes the maturation evolution of ancient source rocks controversial. In this
study, zircon ( U-Th) /He dating is used to study the tectono-thermal evolution of the Yanliao rift zone since the
Mesoproterozoic, and we also analyzed the maturation evolution stages of two sets of Mesoproterozoic source rocks.
The single-grain zircon ( U-Th) /He ages from the Meso-Neoproterozoic strata in the Yanliao rift zone are all
younger than the corresponding stratigraphic ages and therefore recorded the thermal information in the past.
Moreover, the single—grain zircon ( U-Th) /He ages of the Neoproterozoic Longshan formation show a negative
correlation with the effective uranium concentration. The forward and inverse coupling simulation revealed that the
Yanliao rift zone experienced two rapid cooling events of 440 ~320 Ma and 220 ~0 Ma, probably related to the
collision between the Bainaimiao island arc and the northern margin of the North China Craton and the subduction of
Mongolia Okhotsk oceanic crust below the eastern North China Craton, respectively. In addition, the formation
temperature variations at the end of Ordovician and the end of Triassic had an important influence on the maturation
evolution of Mesoproterozoic source rock.

Key words: Zircon ( U-Th) /He; Yanliao rift zone; Meso-Neoproterozoic; forward modeling; maturation evolution

of source rock
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Fig. 1 Tectonic units of the Yanliao rift zone in the northern margin of North China Carton, showing the sample locations ( modified

after Wang et al. , 2016)
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Fig. 2 Stratigraphic column of Meso-Neoproterozoic strata in the Yanliao rift zone ( modified after Wang et al. , 2019)
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Table 1 Zircon ( U-Th) /He data of Meso-Neoproterozoic in the Yanliao rift zone
e U/,G Th{ﬁ He/ Th/U 4z SR/ eU{6 AR/ +lo/ Pt FEIEAEY / +lo/

x10 x10 ( nmol/g) pm g x10 Ma Ma Ma Ma

LX14 215. 141 147.737 378.94 0.710 39.8 3.08 249.9  276. 46 4.49 0.721 383.44 20. 16
LX1=2 64.033 63.799 160. 62 1.030 37.1 2.63 79.0 367.82 6.53 0.701 524.71 27. 84
LX1-3 121. 428 116. 531 269. 33 0.992 31.9 1. 64 148.8  328.55 5.53 0. 657 500. 08 26. 38
LX14 98.279 90. 884 308. 12 0. 956 37.3 2.43 119.6  462.42 8.71 0.702 658.72 35.20
LX1-5 122.785 76. 599 313. 18 0. 645 42.2 3.37 140.8  401.21 7.09 0.737 544. 38 28. 87
LX1-6 93. 467 83. 668 284.90 0.925 32.1 1.53 113.1  452.50 8.92 0. 662 683. 53 36.74
LX17  558.091 324.982 602. 87 0. 602 29.6 1.37 634.5 174.73 2.96 0. 637 274.30 14. 48
LX1-8  255.394 177. 548 429. 69 0.718 33.0 1. 69 297.1  263.93 4.57 0.671 393. 34 20. 81
LX24 109. 620 66. 037 92. 85 0. 622 50.9 6.41 125. 1 136. 88 2.27 0.779 175.71 9.26
LX2=2 187.939 93.531 124. 31 0.514 39.1 2.69 209.9 109. 52 2.07 0.718 152.53 8. 15
LX23 172. 895 104. 976 152. 60 0. 627 46.6 4.96 197.6 142.43 2.34 0.759 187. 65 9. 88
LX2-5 174. 687 100. 043 111.15 0.592 41.6 2.98 198. 2 103.76 1.83 0.734 141. 36 7.49
LX2-6 347.411 93. 139 140. 20 0.277 30. 1 1.31 369.3 70. 49 1.23 0. 646 109. 12 5.78
LX2-7 171. 052 99. 991 104.70 0. 604 48.2 5.15 194.5 99. 60 1. 66 0.767 129. 86 6. 84
LX2-8 213.721 173. 049 156. 02 0. 837 41. 4 2.96 254. 4 113.33 1. 89 0.731 155.03 8. 17
LX341 220.110 98.923 124. 56 0. 464 40.2 2.99 243.4 94.79 1. 60 0.725 130. 74 6.90
LX32  230.152  109.995 169. 00 0. 494 44.2 4.05 256.0  121.97 2.23 0. 748 163. 06 8. 68
X33  735.832  442.919 466. 39 0.622 33.8 1.76 839.9 102.74 1. 69 0.678 151.53 7.98
1LX34 159. 371 50. 203 80. 15 0. 486 38.0 2.40 136.0 108. 99 1. 89 0.712 153. 08 8. 10
LX3-5 99. 963 30. 396 86.51 0.325 38.8 2.38 171.2 93. 64 1. 56 0.72 130. 06 6. 85
LX3-6  297.526 84.226 46. 24 0.314 27.2 0.99 107. 1 80. 08 1.71 0.613 130. 64 7.10
LX3-7 165. 490 37. 400 177.01 0.293 37.4 2.21 317.3 103. 27 1.82 0.71 145. 45 7.71
1L.X3-8 159. 371 50. 203 86. 37 0.234 33.7 1. 80 174.3 91. 85 2.34 0. 681 134. 88 7.57

A PR o BTSN RS IE S, 11 )2t I, Farley et al. (1996) ; eU RpAg 2Caik B, /AR A eU=U+0. 235xTh ( Flowers et al. ,

2009)

FE&R LX1. LX2 F LX3 [4 52 BA 05 ey gt 7 i3 LAY ( Guenthner et al. , 2013) . HBEhh LX2
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Fig. 3  Correlation of zircon ( U-Th) /He age with effective uranium concentration ( a) and particle radius (b) in the samples from the

Yanliao rift zone

The dotted lines in the figures indicate the deposition age of the samples
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Fig. 4 Thermal history modeling results of the samples from the Longshan formation in the Qingbaikou system

(a) The input thermal history path in a forward modeling; ( b—e) The inherited envelopes obtained from different thermal history
paths; The light gray area, medium gray area and dark gray area in the figure represent the modeling results corresponding to the
starting time of 2500 Ma, 1800 Ma, and 900 Ma, respectively; (f) The possible thermal history path obtained by inversion modeling,
in which green lines represent the thermal history path with low fitting degree, purple lines represent the thermal history path with high

fitting degree, black line is the most possible thermal history path, and black boxes are constraints of inverse modeling
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Fig.5 Thermal history modeling results of the samples from the Dahongyu formation in the Changcheng system

(a) The Input thermal history path in a forward modeling; ( b—e) The inherited envelopes obtained from different thermal history

paths; The dark gray area and the gray area in the figure represent the modeling results corresponding to the starting time of 2500 Ma

and 1620 Ma, respectively; (f) The possible thermal history path obtained by inversion modeling, in which green lines represent the

thermal history path with low fitting degree, purple lines represent the thermal history path with high fitting degree, black line is the

most possible thermal history path, and black boxes are constraints of inverse modeling
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Fig. 6 Thermal history modeling results of the samples from the Changzhougou formation in the Changcheng system

(a) The input thermal history path in a forward modeling; ( b—e) The inherited envelopes obtained from different thermal history
paths; The dark gray area and the gray area in the figure represent the modeling results corresponding to the starting time of 2500 Ma
and 1800 Ma, respectively; (f) The possible thermal history path obtained by inversion modeling, in which green lines represent the
thermal history path with low fitting degree, purple lines represent the thermal history path with high fitting degree, black line is the

most possible thermal history path, and black boxes are constraints of inverse modeling
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Fig. 7 Thermal evolution history and maturity evolution of source rocks in the Yanliao rift zone
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