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�����•�š�Œ�����š�W��The Bohai Bay Basin basement is composed mainly of Archean granitoid gneisses 17 

with minor supracrustal rocks and is the largest basin in the Eastern Block of the North 18 

China Craton. Due to a cover of Mesozoic and Cenozoic strata, little is known about the 19 

age and crustal evolution of this basement. In this study we report new zircon SHRIMP and 20 

LA-ICP-MS U-Pb and Lu-Hf isotope data for drill core samples, including TTGs 21 

(granodiorite, tonalite gneiss, trondhjemite gneiss), granites (monzogranite, syenogranite) 22 

and leptite, with the aim of revealing the Archean crustal evolutionary history of the Bohai 23 

Bay Basin basement. The U-Pb age of magmatic zircons from these granitoids reveals that 24 

basement rocks were mainly generated by two-stage events at ~3.1 Ga and ~2.5 Ga. The 25 

�HHf(t) values of ~3.1 Ga magmatic zircons vary from +0.56 to +8.27, and their 26 

corresponding single-stage model ages range from 3.3 Ga to 3.0 Ga. The �HHf(t) values of 27 

~2.5 Ga magmatic zircons range from -12.87 to -0.07, their corresponding two-stage model 28 

ages range from 3.8 Ga to 2.9 Ga with most ages from 3.4 Ga to 3.0 Ga. The Hf isotopic 29 

characteristics show that the crustal growth of basement beneath Bohai Bay Basin occurred 30 

mainly between 3.4 and 3.0 Ga, different from crustal accretion ages of 2.9�±2.7 Ga on the 31 



periphery of the Bohai Bay Basin. However, both areas were reworked by the ~2.5 Ga 32 

tectono-thermal event. Integration of this new data from the basin basement with previous 33 

data, indicates that the Eastern Block of the North China Craton may have been formed by 34 

a mantle plume during the ~2.5 Ga period. The results from this study are significant in 35 

assessing the tectonic environment of the eastern basement in the North China Craton. 36 
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Eastern Block. �8���3�E�� �J�H�R�F�K�U�R�Q�R�O�R�J�\�� �R�Q�� �P�D�J�P�D�W�L�F�� �]�L�U�F�R�Q�� �U�H�Y�H�D�O�V�� �W�K�D�W�� �W�K�H EB underwent a 49 

significant number of tectono-magmatic events, between~3.8 Ga and ~1.8 Ga (Jahn et al., 2008; 50 

Wang et al., 2014; Wu et al., 2014; Xie et al., 2014). Events dated at 2.8�±2.7 Ga and 2.6�±2.5 51 

Ga display evidence for the most significant tectono-thermal events and major periods of crustal 52 

growth (Zhu et al., 2013; Diwu et al., 2011; Geng et al., 2012; Sun et al., 2020). However, rocks 53 

older than 2.7 Ga in the NCC commonly underwent metamorphism and deformation at 2.6�±2.5 54 

Ga. Therefore, the major period of continental growth in the NCC could be 2.8�±2.7 Ga, which 55 

is consistent with a peak in global crustal growth (Zhai and Bian, 2000). The 2.6�±2.5 Ga rocks 56 

probably represent a special event of crustal growth and reworking in the NCC (Wan et 57 

al.,2012a). 58 

Abundant 2.6�±2.5 Ga TTGs (Trondhjemite-Tonalite-Granodiorites) have Hf-in-zircon and 59 

Nd whole-rock model ages that mostly range from 2.8 to 2.7 Ga with some at 2.6�±2.5 Ga (Zhu 60 

et al., 2013; Zhai, 2014). It has been proposed that the 2.6�±2.5 Ga TTGs or other magmatic 61 



rocks were mostly formed by partial melting of 2.8�±2.7 Ga rocks (Diwu et al., 2011; Geng et 62 

al., 2012; Wan et al., 2012a; Wu et al., 2016). Only some magmatic zircons in 2.6�±2.5 Ga rocks 63 

yield negative zircon �HHf values and have Hf model ages greater than ~2.8 Ga (Zhai, 2014), 64 

indicating reworking of the Mesoarchean and Paleoarchean crustal rocks at 2.6~2.5 Ga. 65 

However, it is still unclear why the 2.7-2.8 Ga crust mainly remelted in this tectono-thermal 66 

event, and why there are few records of the Mesoarchean and Paleoarchean crustal rocks 67 

being melted at the same time? 68 

The Bohai Bay Basin (BBB) is the largest basin in the EB of the NCC. However, the BBB 69 

basement is extensively covered by Mesoproterozoic and younger sedimentary sequences. 70 

Recently, some samples from drill holes were dated by U-Pb zircon, and Precambrian ages of 71 

~2.5 Ga and ~3.0 Ga were obtained (Song et al., 2011; Wan et al., 2014b; Meng et al., 2017; 72 

Wang et al., 2019), proving the existence of Precambrian rocks beneath the BBB. Although 73 

Archean tectono-thermal events have been identified beneath the BBB, the lack of studies on 74 

the origin of Neoarchean rocks has limited our understanding of the tectonic setting of the late 75 

Neoarchean in the EB. 76 

In this study, we report new zircon U-Pb age and Lu-Hf isotope data for Archean 77 

granitoids from drill holes that penetrated the BBB basement in the EB of the NCC. In 78 

combination with previous studies, the present study provides new constraints not only on the 79 

timing of magmatism but also on the crustal evolution beneath the BBB during the Archean. 80 

The results provide a new perspective on the tectonic setting of the EB on the NCC during 2.6-81 

2.5 Ga. 82 

 83 

2. Geological setting and samples 84 

The NCC is composed of Eastern and Western blocks, separated by the 85 

Paleoproterozoic Trans-North China Orogen (Zhao et al., 2001a; Yang et al., 2008). The 86 

Western Block includes the Yinshan and Ordos blocks, separated by the Paleoproterozoic 87 

Khondalite Belt (Wang et al., 2011a; Yin et al., 2014). While the Eastern Block can be 88 

further subdivided into the Langrim and Longgang blocks separated by the Jiao-Liao-Ji 89 

Belt, which resulted from a series of rifting-subduction-collision events (Liu et al., 2020; 90 

Wang et al., 2020). The BBB is one of the largest basins in the Eastern Block of the NCC, 91 



bordering the Yinshan-Yanshan orogenic belt in the north, the Taihang orogen uplift in the 92 

west, the Western Shandong uplift in the southeast, and the Jiaodong and Liaodong uplifts 93 

in the east (Fig.1b). The BBB consists of the Jizhong, Linqing, Huanghua, Jiyang, Bozhong 94 

and Liaohe depressions separated by uplifted older strata, including the XingNing, 95 

CangXian and ChengNing uplifts (Fig.1b). 96 

Fig.1  97 

Archean rocks (�Ú3.8Ga�±~2.5Ga) are widespread around the BBB, including Western 98 

Shandong (WS), Eastern Hebei (EH), Western Liaoning (WL), Southern Liaoning (SL), 99 

Eastern Shandong (ES)��(Zhao et al., 2005) (Fig.1a). The distribution of pre-Neoarchean (3.8 100 

Ga�±2.8 Ga) rocks is sporadic��in WL, ES, and EH (Liu et al., 1992). Neoarchean rocks 101 

(~2.8�±~2.5Ga) constitute most of the exposure of Archean basement around the BBB, 102 

including ES, WS, EH, WL and SL (Zhao et al., 2005; Wu et al., 2008; Wan et al., 2011; 103 

Zhai and Santosh, 2011; Wan et al., 2014a; Wu et al., 2014; Wang et al., 2015). In recent 104 

years, a few boreholes have revealed the existence of Precambrian basement beneath the 105 

BBB (Meng et al., 2017; Wang et al., 2019). However, little information about the early 106 

Precambrian is known from the basement of the BBB (Wan et al., 2014b), because of the 107 

covering Paleozoic to Cenozoic strata (Li et al., 2005). 108 

In this study, samples were collected from drill cores at different depths in nine 109 

boreholes that penetrated the BBB basement. These boreholes are all located in the 110 

Chengdong uplift in the Jiyang depression in the BBB (Fig.1c). We analysed nine fresh 111 

samples, including six TTGs (massive granodiorite, Fig.2a-b; tonalitic gneiss, Fig.2c; 112 

tonalitic gneiss with migmatized felsic veins, Fig.2d; trondhjemitic gneiss, Fig.2e; 113 

trondhjemitic gneiss with migmatized felsic spots, Fig.2f), two granites (monzogranite, 114 

Fig.2g; syenogranite, Fig.2h) and one supracrustal rock (leptite, Fig.2i). The TTGs and 115 

granites were metamorphosed to gneisses, displaying blastic texture and directional 116 

structure, some of which experienced migmatization (Fig.2c, d, f). The TTG gneisses are 117 

composed of plagioclase (50�±70%), quartz (20�±30%), biotite (5�±15%), and alkali feldspar 118 

(±5%) with accessory minerals of zircon, apatite and magnetite (Fig.3a-f). The granites are 119 

chiefly composed of plagioclase (15�±30%), alkali feldspar (30�±40%), quartz (20�±35%), 120 

biotite (10�±15%), and hornblende (5%), accompanied by zircon and magnetite, some 121 



biotite and hornblende had been altered to chlorite and epidote. Plagioclase and alkalI 122 

feldspar are partially altered to sericite and calcite (Fig.3g-h). The supracrustal rock is 123 

composed mainly of quartz (75�±80%), plagioclase (20�±25%), and minor microcline (5%) 124 

with accessory minerals of zircon and magnetite (Fig.3i). Eight samples (except for the 125 

sample of the supracrustal rock) were analysed for major elements (�6�X�S�S�O�H�P�H�Q�W�D�U�\���7�D�E�O�H��126 

�6��). Zircons in all nine samples were dated by U-Pb methods (Table1), and analysed for 127 

Lu-Hf isotopes. 128 

Fig.2 129 

Fig.3 130 

Table1  131 
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 379 

5 Discussion 380 

5.1 Magmatism events of the BBB basement 381 

Available zircon U-Pb data for the early Precambrian rocks from drill holes into the 382 

basement beneath the BBB are summarized in Table 2. In this study, magmatic zircon U-Pb 383 

data gave crystallization ages of ~3.1 Ga and 2.60�±2.45 Ga for the protolith magmas of TTGs, 384 

granites and supracrustal rocks, in good agreement with previous zircon U-Pb ages of ~3.1 Ga 385 

and 2.6�±2.5 Ga, respectively, obtained for different lithologies from drill holes within different 386 

depressions in the basement of the BBB (Song et al., 2011; Wan et al., 2014b; Wang et al., 387 

2019). As shown in Table 2, in general, TTG magmatism, including granodiorite, tonalite and 388 

trondhjemite rocks, occurred during 3.16�±3.12 Ga and 2.60�±2.45 Ga, respectively. The diorite 389 

and granites were almost simultaneously emplaced at ~2.5 Ga. For the supracrustal rock 390 

(sample CH917-3), we obtained two magmatic ages of 2486±21 Ma and 3081±19 Ma, which 391 



are consistent with previous magmatic zircon U-Pb ages of ~3166 Ma and 2.35�±2.54 Ga from 392 

the Jidong and Bozhong depressions (Wan et al., 2014b; Wang et al., 2019), respectively. 393 

However, some magmatic zircons from supracrustal rocks in the Liaohe depression in the BBB 394 

have an age of approximately 2600 Ma (Song et al., 2011). These different ages obtained from 395 

the supracrustal rocks in the basement of the BBB suggest that the detrital zircons in the 396 

supracrustal rocks come from various sources. The ~3.1 Ga rocks are sporadically exposed 397 

within the Eastern Block of the NCC. Wu et al. (2008) conducted in situ analyses and testing 398 

of single grain zircon U-Pb in the Anshan complex and concluded that the protoliths of the 399 

Tiejiashan and Dongshan gneisses included 3.3�±3.1 Ga ancient rocks (Wu et al., 2008). 400 

Archean rocks that are ~3.3�±~3.1 Ga were also discovered in Caozhuang, Hebei (Liu et al., 401 

1990; Nutman et al., 2011). Therefore, there was indeed a ~3.1 Ga tectonic-magmatic event in 402 

the Mesoarchean on the North China Craton. In addition, the 2.6�±2.5 Ga rocks are the most 403 

widely distributed on the North China Craton with records in both TTGs and metamorphic 404 

supracrustal rocks (Zhao et al., 2001b; Yang et al., 2008; Liu et al., 2009; Diwu et al., 2011; 405 

Geng et al., 2012; Wan et al., 2012a). 406 

Table 2 407 

In summary, all these geochronological data from the TTGs, granites, diorite and 408 

supracrustal rocks from the basement of the BBB suggest two magmatic events during the 409 

Mesoarchean�±Neoarchean eras with magmatism occurring at ~3.1 Ga and 2.6�±2.5 Ga (Table 410 

2). 411 

 412 

5.2 Crustal accretion and reworking of the BBB basement 413 

The zircon Lu-Hf system is usually used to track the origin of magma and to constrain the 414 

time of crust-mantle differentiation (Zeh et al., 2010). Basic rocks are formed by partial melting 415 

of the depleted mantle, and intermediate-acid rocks are formed by partial melting of the middle 416 

and lower crust originating from the depleted mantle. Basically, if the age of the Hf model, is 417 

much higher than the crystallization age of the magma, this indicates a long residence period 418 

of the crust after the magma separated from the depleted mantle. On the other hand, if the Hf 419 

model age is close to the crystallization age, the parent rock is considered to be a juvenile rock 420 

or mantle-derived rock with a short crustal residence time. In this study, the sources of TTG, 421 



granite, and upper crust were acidic, and a two-stage Hf model age is used. The Lu/Hf 422 

fractionation index (fLu/Hf) of the lower crust represents the time when the magma was extracted 423 

from the depleted mantle (Wu et al., 2016; Wu et al., 2007). 424 

Zircon Lu�±Hf data from the Precambrian basement of the Jiyang depression are first 425 

reported and discussed in this study to decipher the crustal evolution of the BBB basement, as 426 

shown in the �HHf (t) values versus zircon formation age diagram (Fig.8). Fig.8 shows that 427 

magmatic zircons of ~3.1 Ga and 2.6�±2.5 Ga ages from the BBB basement have variable Hf 428 

isotope compositions. Almost all ~3.1 Ga zircons in samples CHG12-2 and CHG14-2 have 429 

positive �HHf(t) values from 0.56 to 8.27 and TDM1 model ages of 3.33�±3.03 Ga, which are slightly 430 

older than their crystallization ages of ~3.1 Ga. In addition, most zircons with ~3.1 Ga ages 431 

from supracrustal rock (sample CH917-3) have positive �HHf(t) values from 1.00 to 12.67 and 432 

TDM1 model ages of 3.27�±2.81 Ga, and two zircons have negative �HHf(t) values from sample 433 

CH917-3. The single-stage zircon Hf model ages with ~3.1 Ga U-Pb ages are concentrated 434 

between 3.3 Ga and 3.1 Ga (Fig. 9a), which is the same as the Hf model age of ~3.1 Ga Archean 435 

rocks in Eastern Hebei and Western Liaoning (Fig. 9b). These results suggest that the ~3.1 Ga 436 

magmatic rocks were derived from the depleted mantle. Nearly all of the late Neoarchean 437 

magmatic zircons from the TTGs and granites with ages of 2.6�±2.5 Ga have negative �HHf(t) 438 

values of -12.87 ~ -0.07, and TDM2 model ages of 3.78 ~ 2.96 Ga (concentrated at 3.6 Ga�±3.0 439 

Ga) with two peaks at ~3.4 Ga and ~3.1 Ga (Fig.10a), suggesting that the crust was mainly 440 

derived from the recycling of older crustal rocks. In addition, in samples CH96-1 and CHX911-441 

1, there are a small number of inherited zircons with core-rim features. The apparent 207Pb/206Pb 442 

age of zircon cores is ~3.0 Ga, indicating that the Mesoarchean crust (3.0 Ga) was reworked in 443 

the late Neoarchean (2.6�±2.5 Ga). The late Neoarchean magmatic zircons (2.6�±2.5 Ga) from 444 

supracrustal rock (CH917-3) also have a TDM2 model age with a peak at ~3.38 Ga. The TDM2 445 

model ages indicate that the late Neoarchean crust was formed by the reworking of the pre-446 

existing ~3.3 Ga crust, which is different from previous studies on the Archean rocks around 447 

of the BBB. The Archean rocks with 2.6�±2.5 Ga ages around of the BBB have TDM2 model ages 448 

concentrated 2.9�±2.7 Ga (Fig. 10b). It means that the late Neoarchean crust (2.6�±2.5 Ga) around 449 

the BBB was mainly derived from 2.8�±2.7 Ga crust with some juvenile crustal addition at the 450 

end of the Neoarchean (Wan et al., 2010; Diwu et al., 2011; Geng et al., 2012; Wan et al., 2012a; 451 



Wang et al., 2014). A few magmatic zircons in 2.6�±2.5 Ga rocks with positive �HHf(t) values 452 

close to those of the contemporary depleted mantle and TDM1 model ages of �ý2.9 Ga indicate 453 

that minor juvenile additions may have contributed to crustal evolution (Wu et al., 2013). 454 

In summary, the zircon Hf isotope data presented in this study indicate that the basement 455 

of the BBB experienced major juvenile crustal growth at ~3.3�±3.0 Ga and that the old crust was 456 

reworked at 2.6�±2.5 Ga. It is worth noting that previous studies found magmatic zircons with 457 

negative �HHf(t) values in 2.5 Ga rocks, indicating that some of the 2.5 Ga rocks may have been 458 

derived from the remelting of the Mesoarchean crust (Zhai, 2014). However, this is the first 459 

study in which the magmatic zircons in ~2.5 Ga rocks all have negative Hf isotope values. 460 

 461 

5.3 Implications for the Archean crustal evolution of the eastern NCC 462 

The Archean crustal evolution of the Eastern Block has been a controversial issue. Previous 463 

studies proposed that the Neoarchean basement rocks of the NCC underwent a large-scale 464 

tectono-thermal event at 2.6 �± 2.5 Ga (Yang et al., 2008; Wang et al., 2012; Wu et al., 2013), 465 

which led some researchers to argue that the major crustal growth of the NCC occurred at ~2.5 466 

Ga (Liu et al., 2009; Diwu et al., 2011). However, an increasing number of 2.8�±2.7 Ga rocks 467 

have been discovered in the eastern NCC, many of which have 2.8�±2.7 Ga model ages based 468 

on whole-rock Nd and zircon Hf isotopes (Kröner et al., 2005; Polat et al., 2006; Jahn et al., 469 

2008; Wan et al., 2011; Wu et al., 2013; Yang et al., 2013; Zhu et al., 2013; Wu et al., 2014). 470 

These results have led to proposals that both the early Neoarchean (2.8�±2.7 Ga) and the late 471 

Neoarchean (2.6�±2.5 Ga) were important periods of continental crust accretion in the NCC. The 472 

2.8�±2.7 Ga tectono-thermal event was of global significance, as it can be found in the Superior, 473 

South African, Western Greenland, Baltic and Yilgarn Cratons (Bateman et al., 2001; Crowley, 474 

2002; Poujol et al., 2003; Rino et al., 2004; Bibikova et al., 2005; Percival et al., 2006). The 475 

difference is that the 2.8�±2.7 Ga accretion event on the NCC was strongly reworked by the 2.6�±476 

2.5 Ga event��(Wan et al., 2011; Zhai and Santosh, 2011; Wang et al., 2016).  477 

On the NCC, there were still multiple tectonic-magmatic thermal events, such as ~2.9 Ga, 478 

~3.1 Ga, ~3.3 Ga, ~3.6 Ga, and >~3.8 Ga (Song et al., 1996; Zheng et al., 2004; Wu et al., 2008; 479 

Wan et al., 2012b; Xie et al., 2014), based on studies of whole-rock Sm-Nd isotopes, zircon 480 

Lu-Hf isotopes, detrital zircon U-Pb ages and xenoliths. However, there has hitherto been no 481 



report on the large-scale remelting of the pre-Neoarchean crust during the 2.6�±2.5 Ga tectonic-482 

thermal event. Our data show that almost all zircons with ~2.5 Ga age exhibit negative �HHf(t) 483 

values, and the corresponding TDM2 ages are predominantly ~3.4 �± 3.0 Ga, which indicates that 484 

the Mesoarchean and Paleoarchean crust was also remelted during the ~2.5 Ga tectonic thermal 485 

event. Additionally, in this study, we obtained a magma emplacement age of ~3.1 Ga from two 486 

TTG gneiss samples (CHG12-2 and CHG14-2) and one metamorphic supracrustal rock sample 487 

(CH917-3), indicating that there are Mesoarchean rocks within the basement of the BBB. 488 

Moreover, the magmatic zircons in these ~3.1 Ga rocks display positive �HHf(t) values and TDM1 489 

ages of 3.4�±3.0 Ga, indicating that the Paleoarchean crustal accretion events occurred within 490 

the basement of the BBB. Previous studies have confirmed that Mesoarchean and Paleoarchean 491 

rocks (>3.0 Ga) are occasionally found in Caozhuang, Hebei (Liu et al., 1992) and Anshan, 492 

Liaoning (Song et al., 1996; Wan et al., 2005; Wu et al., 2008), Xinyang, Henan (Zheng et al., 493 

2009) and Jiaozuo, Henan (Gao et al., 2006). In the Jiaobei area, the Hf isotope model ages of 494 

zircons in some 2.8�±2.7 Ga rocks range from ~3.4 Ga to ~3.1 Ga, which represents the 495 

remelting of Paleoarchean and Mesoarchean continental crustal materials during the 2.8�±2.7 496 

Ga period (Wu et al., 2014).�� 497 

In summary, in the Eastern Block of the North China Craton, the Mesoarchean and 498 

Paleoarchean crust is mainly distributed in the basement and peripheral outcrops of the BBB, 499 

and they underwent remelting at ~3.1 Ga, 2.8�±2.7 Ga and 2.6�±2.5 Ga. 500 

 501 

5.4 Tectonic implications 502 
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Fig.1 (a) Geological sketch map of the North China(NCC) (Modified after Zhao et al.,2005); 842 

(b) Structural units in the Bohai Bay Basin (Modified after Li et al., 2017); (c) Location of 843 

boreholes for sampling in the northeastern ChengNing uplift 844 

Abbreviations: EH-Eastern Hebei; NL-Northern Liaoning; SL-Southern Liaoning; WL-845 

Western Liaoning; WS-Western Shandong; ES-Estern Shandong; NL-Norhtern Liaoning; LQS-846 

LinQing depression; JYS-JiYang depression; JZS-JiZhong depression; HHS-HuangHua depression; 847 

LHS-LiaoHe depression; XNU-XingNing uplift; CXU-CangXian uplift; CNU-ChengNing uplift�� 848 



�� 849 

 850 

�)�L�J������ �'�U�L�O�O�� �F�R�U�H�� �S�K�R�W�R�J�U�D�S�K�V�� �R�I�� �W�K�H�� �E�D�V�H�P�H�Q�W���U�R�F�N�V�� �L�Q�� �-�L�\�D�Q�J�� �G�H�S�U�H�V�V�L�R�Q�� �R�I�� �W�K�H�� �%�%�%�������D���� �E����851 

�0�D�V�V�L�Y�H���*�U�D�Q�R�G�L�R�U�L�W�H�����Ä�F�Å�7�R�Q�D�O�L�W�L�F���J�Q�H�L�V�V�������G�����7�R�Q�D�O�L�W�L�F���J�Q�H�L�V�V���Z�L�W�K���P�L�J�P�D�W�L�]�H�G���I�H�O�V�L�F���Y�H�L�Q�V�������H����852 

�7�U�R�Q�G�K�M�H�P�L�W�L�F���J�Q�H�L�V�V�������I�����7�U�R�Q�G�K�M�H�P�L�W�L�F���J�Q�H�L�V�V���Z�L�W�K���P�L�J�P�D�W�L�]�H�G���I�H�O�V�L�F���V�S�R�W�V�������J�����0�R�Q�]�R�J�U�D�Q�L�W�H�������K����853 

�6�\�H�Q�R�J�U�D�Q�L�W�H�������L�����/�H�S�W�L�W�H 854 

 855 



�)�L�J�������3�K�R�W�R�P�L�F�U�R�J�U�D�S�K�V�����R�U�W�K�R�J�R�Q�D�O���S�R�O�D�U�L�]�H�G�����R�I���W�K�H���E�D�V�H�P�H�Q�W���U�R�F�N�V���L�Q���-�L�\�D�Q�J���G�H�S�U�H�V�V�L�R�Q���R�I��856 

�W�K�H�� �%�%�%���� �+�E� �K�R�U�Q�E�O�H�Q�G�H�����%�W� �E�L�R�W�L�W�H���� �4�W�]� �T�X�D�U�W�]���� �3�O� �S�O�D�J�L�R�F�O�D�V�H���� �3�W�K� �S�H�U�W�K�L�W�H���� �0�F� �P�L�F�U�R�O�L�Q�H����857 

�.�I�V� �.���I�H�O�G�V�S�D�U���� �=�U� �]�L�U�F�R�Q���� �6�S� �W�L�W�D�Q�L�W�H���� �$�S� �D�S�D�W�L�W�H���� �(�S� �H�S�L�G�R�W�H���� �0�D�J� �P�D�J�Q�H�W�L�W�H���� �6�H�U� �6�H�U�L�F�L�W�H����858 

�&�K�O� �&�K�O�R�U�L�W�H�����0�V� �P�X�V�F�R�Y�L�W�H�����&�D�O� �&�D�O�F�L�W�H�����D���P��� �D�F�F�H�V�V�R�U�\���P�L�Q�H�U�D�O 859 

 860 

 861 
�)�L�J�������$�Q���$�E���2�U���G�L�D�J�U�D�P���R�I���E�D�V�H�P�H�Q�W���U�R�F�N�V���I�U�R�P���W�K�H���-�L�\�D�Q�J���G�H�S�U�H�V�V�L�R�Q���R�I���W�K�H���%�%�%��862 

��Modified after ���2�¶�&�R�Q�Q�R�U�������������� 863 



 864 

�)�L�J�������5�H�S�U�H�V�H�Q�W�D�W�L�Y�H���F�D�W�K�R�G�R�O�X�P�L�Q�H�V�F�H�Q�F�H�����&�/�����L�P�D�J�H�V���I�R�U���]�L�U�F�R�Q�V���I�U�R�P���$�U�F�K�H�D�Q���U�R�F�N�V���W�K�H���L�Q��865 

�-�L�\�D�Q�J���G�H�S�U�H�V�V�L�R�Q���R�I���W�K�H���%�%�%���� 866 

�8���3�E�� �D�Q�G�� �/�X���+�I�� �D�Q�D�O�\�W�L�F�D�O�� �V�S�R�W�V�� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �S�R�V�L�W�L�R�Q�����������3�E���������3�E�� �D�J�H�V���� �D�Q�G�� �0�+�I���W���� �Y�D�O�X�H�V�� �D�U�H��867 

�P�D�U�N�H�G 868 



 869 
�)�L�J������ �5�H�S�U�H�V�H�Q�W�D�W�L�Y�H�� �F�D�W�K�R�G�R�O�X�P�L�Q�H�V�F�H�Q�F�H���&�/���� �L�P�D�J�H�V�� �I�R�U�� �]�L�U�F�R�Q�V�� �I�U�R�P�� �$�U�F�K�H�D�Q�� �U�R�F�N�V�� �L�Q��870 

�-�L�\�D�Q�J���G�H�S�U�H�V�V�L�R�Q���R�I���W�K�H���%�%�%���� 871 

�8���3�E�� �D�Q�G�� �/�X���+�I�� �D�Q�D�O�\�W�L�F�D�O�� �V�S�R�W�V�� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �S�R�V�L�W�L�R�Q�����������3�E���������3�E�� �D�J�H�V���� �D�Q�G�� �0�+�I���W���� �Y�D�O�X�H�V�� �D�U�H��872 

�P�D�U�N�H�G�����F�R�Q�W�L�Q�X�H�G���I�U�R�P���)�L�J�������� 873 

 874 



 875 

 876 

�)�L�J�������=�L�U�F�R�Q���8���3�E���F�R�Q�F�R�U�G�L�D���G�L�D�J�U�D�P�V���I�R�U���E�D�V�H�P�H�Q�W���U�R�F�N�V���I�U�R�P���W�K�H���-�L�\�D�Q�J���G�H�S�U�H�V�V�L�R�Q���R�I���W�K�H��877 

�%�%�%�����'�D�W�D���S�R�L�Q�W���H�U�U�R�U���H�O�O�L�S�V�H�V���D�U�H�����1�����7�K�H���D�Q�D�O�\�W�L�F�D�O���G�D�W�D���D�U�H���O�L�V�W�H�G���L�Q���6�X�S�S�O�H�P�H�Q�W�D�U�\���7�D�E�O�H��878 

�6�����D�Q�G���6�� 879 

 880 

Fig.8 Plots of the zircon �¦ Hf (t) values versus crystallization (Ma) for the dated samples. (a) 881 

Supracrustal rock (Sample CH917-3); (b) TTGs and granites 882 

Data source for zircon �¦ Hf (t) values and 207Pb/206Pb age of 3.3 -3.1 Ga, 2.8 -2.7 Ga and 2.6-2.5 Ga: Wu 883 

et al., 2008; Yang et al., 2008; Li et al., 2010; Wan et al., 2011; Wang et al., 2011b; Lv et al., 2012; Peng 884 

et al., 2012a; Wang et al., 2012; Liu et al., 2013; Meng et al., 2013; Wang et al., 2013; Wu et al., 2013; 885 
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Fig.9 Histogram of single-stage Hf model ages with the U-Pb age of ~3.1Ga model ages of magmatic 888 

zircons from the. (a) Archean basement of the Jiyang depression of BBB; (b) Archean basement of 889 

the Eastern Hebei and Western Liaoning  890 

Data source for Eastern Hebei and Western Liaoning: Wu et al., 2008; Liou et al., 2019 891 
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 893 

Fig.10 Histogram of two-stage Hf model ages with the U-Pb age of 2.6-2.5Ga 894 

(a) Archean basement of the Jiyang depression of the Bohai Bay Basin; (b) Archean basement around 895 

the Bohai Bay Basin 896 

Data source for Archean basement of around the Bohai Bay Basin: Wu et al., 2008; Yang et al., 2008; Li 897 

et al., 2010; Wan et al., 2011; Wang et al., 2011b; Lv et al., 2012; Peng et al., 2012a; Wang et al., 2012; 898 
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Fig.11 Age histogram of of magmatic zircons.  905 

(a) Basement of Bohai Bay Basin (this study and Song et al.,2011; Wan et al., 2014a; Wang et al.,2019) 906 

(b) Around the Bohai Bay Basin (Liu et al., 1990; Kröner et al., 1998; Li and Shen, 2000; Du et al., 2003; 907 

Lu et al., 2004; Wan et al., 2005; Geng et al., 2006; Shen et al., 2007; Tang et al., 2007; Jahn et al., 2008; 908 
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