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 § (E ThevBohai Bay Basin basement is composed mainly of Archean granitossemei
with minor supracrustal rocks and is the largest basin in the Easterk @ltite North
China Craton. Due to a cover of Mesozoic and Cenozoic strata,dittleoivn about the
age and crustal evolution of this basemanthils study we report new zircon SHRIMP and
LA-ICP-MS U-Pb and Lu-Hf isotope data for drill core samplexluding TTGs
(granodiorite, tonalite gneiss, trondhjemite gneiggdnites (monzogranite, syenogranite)
and leptite, with the aim of revealing the Archean crustal &eolary historyof the Bohai
Bay Basin basement. The U-Pb age of magmatic zircons from theseigsareteals that

basement rocks were mainly generated by two-stage events at ~8ntl Ga.5 Ga. The

IH(t) values of ~3.1 Ga magmatic zircons varynirer0.56 to +8.27, and their

corresponding single-stage model ages range from 3.3 Ga to 3.0 Gid(Mhealues of

~2.5 Ga magmatic zircons range frah2 87to -0.07, their corresponding two-stage model
ages range from 3.8 Ga 20 Ga with most ages fro.4 Ga to 3.0 Ga. The Hf isotopic
characteristics show that the crustal growth of basement beneattBagtBasin occurred

mainly betweer8.4 and 3.0Ga, different from crustal accretion ages of 29 Gaonthe
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periphery of the Bohai Bay Basin. However, both areas were reworked b théa
tectono-thermal event. Integrationtbfs new data from the basin basement with previous
data, indicates that the Eastern Block of the North China Craton may ravéheed by

a mantle plume during the ~2.5 Ga period. The results from this studygargcart in

assessing the tectonic environment of the eastern basement in the North Cloina Cra

.H\ ZRUGRUWK &KLQD &UDWRQ %RKDL %D\ %DVLQ EDVHPHQ\
JUDQLWRLG =LUFRQ 8 3E GDWLQJ =LUFRQ /X +I LVRWRSHV &L

, OWURGXFWLRQ
7KH 1RUWK &KLQD &UDWRQ 1&& LV D JHROVIH O WH RP WYXH G
6LQR .RUHDQ 30DWIRUP FRYHULQJ PRVW RI 1RUWHK &KLQD ,(
QRUWKHUQ SDUW RI WKH <HOOQORZ ®HKIHS&E KIVRRKWM BO WKH RROGH
FRQWLQHQWDO IUDJPHQWYV ZLWK *D FUXVIVDDXUHRW ND/OD QG (
6RQJ HW DO 7KH UHFDPEULDQ PHWDPRUSKLF EDVH]
LOQWR WKH :HVWHUQ %ORFN :% DQG (DVWHUQ %ORKEN (% ZKI
&KLQD 2URJHGKDR& AW DMOst Archean rocks in the NCC are exposed in the
Eastern Block 8 3E JHRFKURQRORJ\ RQ PDJPDWHEB uijdedvem®eQ UHYHDOV
significant number of tectono-magmatic events, between~3.8 Ga an@a{l#hn et al., 2008;
Wang et al., 2014; Wu et al., 2014; Xie et al., 2014). Events dated #t72@Ba and 2.@.5
Gadisplay evidence for the most significant tectono-thermal events ajod periods of crustal
growth (Zhu et al., 2013; Diwu et al., 2011; Geng et al., 2012; Sun et al., 2020). Howeker, r
older than 2.7 Ga in the NCC commonly underwent metamorphism and deforai&tic 2.5
Ga Therefore, the major period of continental growmtithe NCC could be 2.82.7 Ga, which
is consistent with a peak in global crustal growth (Zhai and Bian, 2000). TEe®®a rocks
probably represent a special event of crustal growth and reworking in the NCCefWan
al.,2012a).
Abundant 2.62.5 Ga TTGs (Trondhjemite-Tonalite-Granodiorites) havénfircon and
Nd whole-rock model ages that mostly range from 2.8 to 2.7 Ga with somea62G&a (Zhu

et al., 2013; Zhai, 2014). It has been proposed that th2.8.6a TTGs or other magmatic
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rocks were mostly formed by partial melting of 28 Ga rocks (Diwu et al., 2011; Geng et
al., 2012; Wan et al., 2012a; Wu et al., 2016). Only some magmatic zircons2rbA3& rocks

yield negative zirconids values and have Hf model ages greater than ~2.8 Ga (Zhai, 2014)
indicating reworking of the Mesoarchean and Paleoarchean crustal rocks at 2.6~2.5 G
However, it is still unclear why the 2.7-2.8 Ga crust mainly remelted $ntelcstono-thermal
event, and why there are few records of kiesoarchean and Paleoarchean crustal rocks
being melted at the same time?

The Bohai Bay Basin (BBB) is the largest basin in the EB of the NO@eler, the BBB
basement is extensively covered by Mesoproterozoic and younger sedimentary sequences.
Recently, some samples from drill holes were dated by U-Pb zircon, and Prieceageof
~2.5 Ga and ~3.0 Ga were obtained (Song et al., 2011; Wan et al., 2014b; Mengpdfral.,
Wang et al., 2019), proving the existence of Precambrian rocks beneath the BBB. Although
Archean tectono-thermal events have been identified beneath the BBB, the lackax sh
the origin of Neoarchean rocks has limited our understanding of the tectonic setting of the late
Neoarchean in the EB.

In this study, we report new zircon U-Pb age and Lu-Hf isotope data for Archean
granitoids from drill holes that penetrated the BBB basement in the BBeoNCC. In
combination with previous studies, the present study provides new constraioitgynon the
timing of magmatism but also on the crustal evolution beneath the BBBgdhe Archean.

The results provide a new perspective on the tectonic setting of the EB o@Ehéuxing 2.6-

2.5 Ga.

2. Geological setting and samples

The NCC is composedf Eastern and Western blocks, separated by the
Paleoproterozoic Trans-North China Orogen (Zhao et al., 2001a; Yahg2€08). The
Western Block includes the Yinshan and Ordos blocks, separated by ther&talezoic
Khondalite Belt (Wang et al., 2011a; Yin et al., 20Mile the Eastern Block can be
further subdivided into the Langrim and Longgang blocks separated by theiaadi-
Belt, which resulted from a series of rifting-subduction-collision events (Lal.e2020;

Wang et al., 2020). The BBB is one of the largest basins in the Eastern Block of the NCC,
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bordering the Yinshan-Yanshan orogenic belt in the north, the Taihang orogen upéft in t
west, the Western Shandong uplift in the southeast, and the Jiaodong and Liaodong uplifts
in the eastFig.1b) The BBB consists of the Jizhong, Linging, Huanghua, Jiyang, Bozhong
and Liaohe depressions separated by uplifted older strata, including nig&lidxg,
CangXian and ChengNing upliftsig.1b)

Fig.1

Archean rocks (J3.8Ga+2.5Ga) are widespread around B2B, including Western
Shandong (WS), Eastern Hebei (EH), Western Liaoning (WL), Southern Liaoning (SL),
Eastern Shandong (E&hao et al., 2005)Fig.1a).The distribution of pre-Neoarche&d.8
Ga®.8 Ga) rocks is sporadin WL, ES andEH (Liu et al., 1992). Neoarchean rocks
(~2.8+2.5Ga) constitute most of the exposure of Archean basement around the BBB,
includingeS WS, EH, WL andSL (Zhao et al., 2005; Wu et al., 2008; Wan et al., 2011;
Zhai and Santosh, 2011; Wan et al., 2014a; Wu et al., 2014; Wang et al.,|Ia0&6ent
years, a few boreholes have revealed the existence of Precatds&ament beneath the
BBB (Meng et al., 2017\Wang et al., 2019 However, little information about the early
Precambrians known from the basement of the BBB (Wan et2014), because of the
covering Paleozoic to Cenozoic strata (Li et al., 2005).

In this study, samples were collected from drill cores at different depthse
boreholes that penetrated the BBB basement. These boreholes are tatl iocthe
Chengdong uplift in the Jiyang depression in the BBB.1c) We analysed nine fresh
samples, including six TTGs (massive granodiorite, Fig.2a-b; tonghtgss, Fig.2c;
tonalitic gneiss with migmated felsic veins, Fig.2d; trondhjemitic gneiss, Fig.2e;
trondhjemitic gneiss with migmatz felsic spots, Fig.2f), two granites (monzogranite,
Fig.2g; syenogranite, Fig.2h) and one supracrustal rock (leptite, Figt&)TTGs and
granites were metamorphosed to gneisses, displaying blastic texture raciibml
structure, some of which experienced migmatizaffeg.2c, d, f) The TTG gneisses are
composed of plagioclase (500%), quartz (2@80%), biotite (515%),and alkali feldspar
(£5%) with accessory minerals of zircon, apatite and magrietide3af). The granites are
chiefly composed of plagioclagé580%), alkali feldspar(30#0%), quartz2085%),

biotite (10#45%), and hornblende (5%), accompanied by zircon and magnetite, some
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biotite and hornblende had been altered to chlorite and epidotgodPse and alkal
feldspar are partially altered to sericite and cal(fite).3g-h). The supracrustal rock is
composed mainly of quartz (#0%), plagioclase (225%), and minor microcline (5%)
with accessory minerals of zircon and magnefitg.3i). Eight samples (except for the
sample of the supracrustal rock) were analysed for major elef@etS SOHPHQWDU\ 7DEO
6 ). Zircons in all nine samples were edby U-Pb methodgTablel) and analysed for
Lu-Hf isotopes.

Fig.2

Fig.3

Tablel

$QDO\WLFDO PHWKRGYV
ODMRU HOHPHQWYV
ODMRU HOHPHQW DQDO\WHVY ZHUH FRQGXFWHG DWQWKH ,QVWL\
$FDGHP\ RI 6FLHQFHV ,**&%$6 LQ %HLMLQJ) &&OWRXVHGDNROXF
GHWHUPLQH WKH PDMRU HOHPHQWYV ZLWK WKHLBDRMHGEXUH U
XQFHUWDLQWLHY UDQJH IURP WR 56'DRG HOBBHORWYV SUH
HOHPHQWY SUHVHQW DW ZW 7KH *65 D EDVDIOMWKUB IHUHQF

WKH UDQJH RI FRQVHQVXYV YDOXHYV

=LUFRQ VHSDUDWLRQ DQG &/ LPDJLQJ

=LUFRQV IURP WKH GULOO FRUHV ZHUH VHSDUDMWKGGURP +
DQG PDJQHWLF WHFKQLTXHV IROORZHG E\ KDQGSLFNLQJ XQGt
FU\WWDOV ZHUH HPEHGGHG LQ PP HSR[\ GLVNV DQG SROL"
WKLFNQHVV =LUFRQ VHSDUDWLRQ ZDV FRQGXFWHG DW WKH ¢
IWG %HLMLQJ &KLQD

$00 JLUFRQ VDPSOHV ZHUH H[DPLQHG XYKRW RPLIFQRR U\D &K\
DQG &/ LPDJH DQDO\VLVY WR UHYHDO WKHQU KQWMDIAMO ¥\ XF
SHUIRUPHG ZLWK D VFDQQLQJ HOHFWURQ PLFURVFRSH -60
ZLWK D YROWDJH RI' NY &/ LPDJHV RI VDPROHV &BOG &+*
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&+* ZHUH REWDLQHG DW WKH ,QVWLWXWH RI 6HRORFHV &KLQF
%HLMLQJ &KLQD DQG RWKHU VDPSOHV VDPSOHV &+* &+
ZHUH REWDLQHG DW %YHLMLQJ &UHDWHFK 7HVWLQJ 7THFKQRO

6+5,03 ]LUFRQ GDWLQJ
6LQJOH JLUFRQ 8 3E GDWLQJ ZDV FRQGXFWHG XVLQJ 6+5,03
&KLQHVH $FDGHP\ RI *HRORJLFDO B6FHKHDQENRW®R S LM LUDIW BR\L Q
FRUUHFWHG IRU LQVWUXPHQWDO LQWHUGDHWBHDW ZWUBKWLRC
3E 8 DW 0D 8 7K DQG 3E DEVROXWH DEXQGDQFHYV
JLUFRQ VWDQGDUG 6/ 0D ZLWK 8 SSP DQG 7K SSP
WZR JLUFRQ VWDQGDUGY ZHUH SURYLGHG E\ $XVWWGDOLDQ 1D
XVLQJ WKH /XGZLJ 648, DQG ,623/27 SURJUDPV OHDVX
FRUUHFWHG IRU FRPPRQ 3E3XVLQKH CRIDUDELRIFARQELWLRQV I
DSSUR[LPDWHO\ EMDP ZNOWX D VSRW VL]H RI PLQ GLDPHW
HDFK JLUFRQ JUDLQ ZDV DQDO\VHG IRU D SIS\QRWRBRWEO\VW P Q®E
ZDV DQDO\VHG IRU HYHU\ WKUHH 8 3E VLQJO MW KIS F/Q DQ\ML\VHIY
DFFXUDF\ H[WHUQDO SUHFLVLRQ DQGLR®VWWUKE®HRW PG DBVUXLU W
3E 3E DQG 3E 8 LVRWRSLF UDWLRV ZDV DSSUR[LPDWHO\
SUHVHQWHG DV D)ER QIDRUGE K8 SSIORW QWD 7K ADXQ@FHUWDLQWLH\
WKH LQGLYLGXDO DQDO\VHY DUH VKRZQ DW \QIGH FDVOHHE HE® 0D

WKH PBEQ DJH DUH UHSRUWHG ZLWK D FRQILGHQFH LQWH!

/$ ,&3 06 JLUFRQ GDWLQJ DQG /X +I LVRWRSLF DQDO\VLV
U-Pb analyses were conducted by LA-ICP-MS%tHLMLQJ *HR$QDOasErLYV &R W (
sampling was performed usirmg (6, 1:5 QeBer ablation system. ABQO\LWLN-HQD
3406 (OLWbingtr@ment was used to acquire ion-signal intensities. Heliunuseths
a carrier gas.3UJRQ ZDV XVHG DV WKH PDNH XS JDV DQG PL[HG ZL
FRQQHFWRU EHIR U HEadmanalysisLiqrdrpdrddd a, Bagtkground acquisition of
approximately 1520 s (gas blank) followed by 45 s data acquisition from the samplén@©ff-

raw data selection, integration of background and analyte signals, time-driftticorrand
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guantitative calibration for U-Pb dating were carried out by ICPMSDataCal (Liu et HD). 20
Zircon GJ-1 was used as an external standard for U-Pb dating and was analysewd-nyibe
10 analyses. Time-dependent drifts ofTbHPb isotope ratios were corrected using linear
interpolation (with time) for every B0 analyses according to the variatioms5J-1 (i.e., 2
zirconGJ1 + 540 samples + 2 zircon G)<(Liu et al., 2010). Uncertainty of preferred values
for the external standard GJ-1 was propagated to the ultimate results afmpless In all
analysed zircon grains, a common Pb correction was not necessary due to the loof signal
commor?®Pb and high®PbF%Ph. U, Th and Pb concentrations were calibrated by NIST 610.
Concordia diagrams and weighted mean calculations were made using Isoplot/Ex_ver4.15. The
zircon Plesovice was dated as an unknown sample and yielded a weighte@®Ri#d#U age
of 337.5 + 1.5 Ma (2SD, n = 11), which is in good agreement with the recomnT&tirigicU
age of 337.13 £ 0.37 Ma (2S[glamaet al., 2008) 7KH /$ ,&3 06 JLUFRQ 8+3E DJH GD
OLVWHGGEQHPHQ®WDU\ 7TDEOH
7KH JLUFRQ /X +1 LVRWRSLF DRWOHVMYVQIHHR FOO\WHE RRW
%HLMLQJ &KLQD ZLWK D 5(62 QP ODVHUVDEO X\ LFFBQ VI\VWH
'XULQJ WKH H[SHULPHQW KHOLXP ZDV XVHGBWMHWUMXH PDQGUWHLUE
ODVHU EHDPYVY VSRW GLDPHWHU ZDV P 7KH LARYHBBDWLRQ
ZDV XVHG DV WKH UHIHUHQFH PDWHULDO OGGWRDWD ONW VWD O6
SURFHGXUHY DUH GHVFULEKB +tLQ+IXYBWXBPIORI WKH VWDQGDUC
30HARYLFH DFTXLUHG GXULQJ WKHVH D Q®iPHW\¥ DD/O “
ZLWKLQ WKH HUURU UDQJH + WY V®& ¥ HVBD IOWAHDDR/MGEKR @1 RI WKH 0
UDWLRV RI SUHVHQW GD\ FKRQGULWH DQG WKH GHSOHWHG P
UHVSHFWLYHO\ *ULIILQ HW DO 7y ZHUHWZR VW

FDOFXODWHG A\ BGRSWLQRU DYHUDJH FRQWLQHQWDO FUXVW

5HVXOWYV
ODMRU HOHPHQW FRPSRVLWLRQ
$PRQJ WKH HLJKW VDPSOHV DQDO\WHG L@E&WKLY SDSHU Wtk
&+* &+* E&+; DQG &+; VKRZARQW HQ WV ZW
ZW D ZLGH UIFRIHFRQWUDWLRQV ZW. 2 UDWWRYV DQG 1D
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7KH WZR VDPSOHV &+ DQG &+* IURFR QW H QWD QRIW HV ZBAL V

ZW 0J2 FRQWHQWV RI ZW 2 . ZWDWZRWKa ORZFFRUG.L
WRKHEQU GLDEYDP DQG &+* IDOO ZLWKLQ WRQDOLWHV &+
EHORQJ WR JUDQRGLRULWHV &+; DQG &+; DUH WURQG

DUH LQGHHG JUDQLWHYV VDPSOHV )LJ

Fig.4

=LUFRQ 8 3E DJHV

77*V

7KUHH VDPSOHW+&+* DQG &+* RI WKH 77*V ZHUH GDWHC
6+5,03 8EPHWKRG DQG RWKHU WEKEBHH VDBPOGH&+;&+* ZHUH
GDWHG E\0O& §8&8E PHWKRG

=LUFRQV IURP VDPSOH &+* D JUDQRGLRULWH HI[KLELW
RVFLOODWRU\ JRQLQJ ZLWK PRVW KDYLQJ D VKIRRIAWRLMWRWLGYV
SDUWLDO UHFU\VWD GOLIWWHRQDQDRMVHY IURP ILIWHHQ JLUFR!
RVFLOODWRU\ |RQLQJ KDYH 7K 8 UDWLRV RI + HIFOXGLQ
, | WKH PRVW GLVFRUGDQW DQDO\VLV VSRWLHOG/ MHGIOFRHUG L\D
OLQH ZLWK DQ XSSHU LQWHUFHSW DJH RI : OD 06:" L C
DQDO\WLVIE®RBE JH RI “ 0D VIZRW UDQDWWK RI QHDUO\
VDPH DJH DV WKH XS)SHU BEWMWUMHMGGEGMEDDB3H DJH Rfl
0D &RQVHTXHQWO\ “ OD LV WKH FU\VWDOOL]DWLRQ DJH RI

=LUFRQV IURP VDPSOH &+* D WRQDOLWH JKDBWVGLVSO
ZLWK OHQJWKY DQG OHQIJWK WR ZLGWK UDWLRWRLUFRQVP DQ
KDYH RVFLOODWRU\ |[RQHY 7KH 7K 8 UDWILRYV RKIEKFBQN DU
WV\SLFDO IHDWXUHV Rl JLUFRQVLFU\VHDYCHILWHHEH QURE DD \PH D W
FRQGXFWHG RQ VL[WHHQ JLUFRQV IURP WKH VDPSOH 7KH GDW

([FHSW IRU IRXU VSRWV VSRWV DQG OLWKLDWHHQ®QEL
XSSHU DJH RI “ 0D 06:" FRQVLVWHQW ZLWK WKH PRV
ZKLFK KDYH D@D SEDDHQ W “ 0D &RQVHTXHQWO\ ZH FRQ\

obbv WKH HPSODFHPHQW WLPH RI WKH WRQDOLWH

)LJ
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ORVW JLUFRQV IURP VDPSOHQ&H*YV UMW REERH®HDO WR H>
VWXEE\ WR ORQJ SULVPDWLF LQ VKDSH QWWY RHQIWKWRIQG
OHQJWK WR ZLGWK UDWLRV RI  # DQG KDPH M QRXQFHG
& 6HYHQWHHQ 8 3E DQDO\VHV ZHUH SHUIRUPHG RQ ILIWHHQ ]I
XUDQLXP DQG WKRULXP FRQFHQWUDWLRQV RI % SSP DQC
7K 8 UDWLRV RI + LQGLFDWLQJ PDJPDWLF JOUFRQV 6H
FRQVWLWXWH D OLQH ZLWK DQ XSSHU LQWHB FHEISMVF IO PDRI “
ZHOO EH WKH HPSODFHPHQW DJH RI WKH WRQDOLWH

=LUFRQV IURP &+* VDPSOH D JUDQRGLRULWH DUH HXKFE
UDQJLQJ IWRP P LQ OHQJWK ,Q &/ LPDJHV ]JLUFRQV KDYH ZHO
RVFLOODWRU\ ]JRQLQJ ZLWK VWURQJ OXPLQHWPHEGORE | RRIVWN\ [R)
JLUFRQY $7KH\ KDYH 8 FRQWHQWYV RI % SSP 7K FRQWHQW
KLJK 7K 8 UDWLRV RI + PRVWO\ ! 7 R W/ LLROW HQ @ IDFCD WK |
WKDW WKH\ DUH DOO W\SLFDO PDJPDWLF JLUFRQV ORVW DC
HVHQWLDOO\ JGUVFRAXGDIQWNLQJ WKDW WKH\ H[SHULHQFHG YD
VXEVHTXHQW WHFWRQR WKHUPDO RU PHW BFRWSK WR HYRHXJ WYP
WKH IRUPDWLRQ DJH RI WKH JUDQRGLRUR® KK SBKHKYVFARIQMR DGE
LQWHUFHSW DJMHDRI6:' “ FRQVLVWHQW ZLWK RQO\ RQH FRQ

“ 0D)LJ I7KH DJH RI “ 0D LV WDNHQ DV WKH FU\VWE

JUDQRGLRULWH 7KH UHPDLQLQJ HLJKW DQDO\WVHV ZKLFK D

3E 3E DJHV RI + 0D DUH SRVVLEO\ UHODWHG WR D KLJK
)LJ
=LUFRQV IURP VDPSOH &+; D WURQG KM HRIMMWH. F\Q MMR/ V
WKRVH Rl VDPSOH &+* H[FHSW WKH JLUFRQ JUBRBN DUH VP

JLUFRQV KDYH FRUURGHG P@BEPDWLMRRHHVILUFRQ JUDLQV ZHL
8 3E LVRWRSHVY RQ WKLUW\ WKUHH VSR@/\D BB RRDW\LKHPR W R W\
D 7K 8 UDWLR RQDSSDUMRBYE DJH RI “ 0D DQG UHSUHVHQMW
LQKHULWHG JLUFRQ JUDLQDFIRMWRREBEDQWWOZQW QKM REPDLQL
DQDO\VHV FDQ EH ILWWHG RQ D UHJUHVVLRQ“OL@M ZLWK D¢
06:" )LJ FRQVLV\WAHLWKIN.MG3 EHIEQD JH R 0D FDOFXODW
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E\ WKH WKUHH FRQFRUGDQW DQDO\VHV DB VDVIHP RWH R1 VWOH
FU\WWDOOL]DWLRQ DJH Rl WKH WURQGKMHPLWH
=LUFRQV IURP VDPSOH &+; D WURQGKMHPLOMHQIJWKLVV \
WR ZLGWK UDWLR DQG RVFLOODWRU\ |RDL QYIS WRQW KRMH RI1 \
WZHQW\ RQH DQDO\VHV RI WZHQW\ RQH JLUFRQ JUDERW WKH R
EXW ZLWK KLJK GLVFRUGDQFH DQG GLVWDQFBWWRFRWKH FR
KDV DQ DSEDIEHOQWH RI “ 0D ZLWK D 7K 8 UDWLR RI C
JROQLQJ LQ WKHLE&/ &PRPIHWKHU ZLWK WZR DQDO\WHV WZHQW\ V
OLQH ZLWK DQ XSSHU LQWHUFHSW PLK RKHUHIRUWDH 0B LQWHU !
“ 0ODDV WKH HPSODFHPHQW WLPH Rl WKH WURQGKMHPLWH

*UDQLWHV

7ZR VDPSOHV &+ DQG &+* IURP WKH JWBB®LOBHY ZHUH C
8 3BEPHWKRG

=LUFRQV REWDLQHG IURP VDPSOH &+ D PRGRRIJUDQLWH
D[HV UDQJLQJ EHWZHHQ DQG PLQ OHQIJWK,Q®EG OHQJIW]
LPDJHV PDQ\ JLUFRQ FU\WVWDOV FRQWDLQ LQWHYVQB®RWKOLFW
FRUHV DQG ULPV KDYH RVFLOODWRU\ ]RQLQUW D@QXX IL\DK VIRIPFHV F
IURP WKH)IFRUBWYHQWHHQ DQDO\VHYV ZHUH REWDLQHG IURP
DJH LV IURP WKH FRUH RI D FIRUHZUWK3BVIEX FR®BRUGDPRQD JH
RI “ 0D DAXG8 UDWLR RI UHSUHVHQWLQJ DQRQKHULWH
IURP DQDO\WVHV DUH GLVFRUGDQW DQG VKRZ VFIDRX®WWU ZKLF
DOWKRXJK WKEHBEKRZHY YDU\LQJ EHWZHHQ 0D DQG 0D
HOHYHQ DQDO\VHV ZLWK 7K 8 @DOGVIMARBGLD DLQHNLHOMK DQ XS
DJH RI “ Y)DD5 ZKLFK LV WDNHQ DV WKH EHVW HVWLPDWH R
WKH JUDQLWH

=LUFRQV IURP VDPSOH &+* D VIHQRJUDQLWBPS®RZ VLPL:
&+ H[FHSW WKDW WKH\)DUH ¥HIKW O\QDODDVHHIZHUH FDUUI
QLQH JLUFRQV LQ ZKLFK W KWHPHI HIW FRKGINBWBRGBOVFRUMVDRIG =+

SSP 7K FRQWHQWV RI * DQG 7K 8 UDWLRYV RI + r
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ZLWK D 7K 8 UDWLR RI ZKLFK ZDV Y HKWD\VGLQ HSH@W H Q W/
3E 3E DJH RI “ 0D UHIOHFWLQJ GLIIHUHQW 3EHORVV |U
UHPDLQLQJ HOHYHQ DOPRGVEVVFRQGWDWXWH ZLWK DQ XSSHL
“ 0D 06:" )LI H.GHQWRKMOZHLIJKWHG PHDQ DJH RI :
06:" &RQVHTXHQWO\ “ 0D UHSUHVHQWY WKH FU\WWDO

6XSUDFUXVWDO URFNV

=LUFRQV IURP VDPSOH &+ D OHSWLWH VKRZLEDULDEOF
ORQJ DQG XS WR PDQG ZLWK OHRIWK)RBW\L TR DQ O RAH |
RQ JUDLQV ZHUH REWDLQHG IURP WKH VDPSOH WYW JURXSV
JURXS FRQWDLQV HXKHGUDO FU\WWDOV ZLWK DD@MRQQJSULVPL
EHWZHHQ DQG PLQ OHQJWK 7KH\ VKR&/FODXFLWQ) RVEW® ODV
7ZHQW\ QLQH DRGD G/HAFRIUHEA® OLQH ZLWK DQ XSSHU LQWHUT
06:" LGHQWR/RBOZHLJKWBFR @ ARQGRIQW DJH RI “ 0D $0Q
JURXS RI JLUFRQV KDV RYDO VKDSHV ZLWXQ OHIWIWKRP D Q &/ FOH (

P DQG IURP W R UHVSHFWLYHO\ ,Q &/ LIP@QUHV WKH\

DQG DUH JHQHUDOO\ VXUURXQGHG E\ LUUBJRR®G W UYPRUGKDU\
OLQH ZLWK DQ XSSHU LQWHUFHSW DWUH.L FIRQVLVVWBQW6ZLWK W
ZHLIKWHG CFRDERRUGDQW DJH RI “ 0D :H WKHUHIRUH LQWF

“ 0D DV WKH VRXUFH DJHV RI WKH VXSUDFUXVWDO URFNV

)LJ

=LUFRQ /X +1 LVRWRSHYV

=LUFRQ /X +1 LVRWRSH DQDO\VHV ZHUH FRQGXFWHG RQ W]
SUHYLRXV 8 3E GDWLOIJLVRWRBHFRIQV % & WODIBH W ¥ WHTD EQ H
=LUFRR® YDOXHV ZHUH FDOFXODWHG DW WKH FU\WWDOOL]DW
JLUFRQV ZLWK DJHV RI “ 0D DQG “ Hy DV | UYFORO X B P SZOHHU 18 +
FDOFXODWHG DW3E RHLJEKGHE DWHDM XHY DQG WKH GLVWULEXW
JLUFRQ +| PRBH® DHHW HMHQWHBGGL QL J

)LJ

)LJ
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77*V

6L[ VDPSOHV &+* &+* &+* &+; & +; DQG &
IURP WKH 77*V ZHUH DQDO\VHG IRU JLUFRQ /X +1 LVRWRSHYV

JLIWHHQ DQDO\WHY ZHUH SHUIRUPHG RQ JLUFRQV IURP VDPS
([FHSW IRU RQH DQDO\VLV VSRW 3EZB8®W IO XRIKVVHMBORUGDQFH
D QD O\V H VH{t) vlDes bf G.19-5.56 with a weighted mean of 3.02+0.67 and dges
ranging from 3143 to 3306 Ma with a weighted mean of 3240+25 Ma.

JRXUWHHQ@QDO\WHY ZHUH PDGH RQ ]JLUHR QR QUROR. W B PISXOHH. \&
([FHSW IRU WZR DQDO\VHV ZLIEK3KELDKHINL WFRRMEY QBHMNG R W ZH «
+1 DQDO\V HM(t) kdthes®HE.37~-1.06 with a weighted mean of -6.2+1.8, angl T
ages ranging from 3761 to 3139 Ma with a weighted mean of 3447+110 Ma.

6HYHQWHHOQ@QDO\WVHY RQ JLUFRQV IDRPRODAEONWHS&HIHLVYV \L
I#(t) values of -3.60~-0.49 (except spot I#(t)=-0.07) with a weighted mean of -1.47+0.5
and Tom2 ages ranging from 3242 to 3053 Ma with a weight mean of 3112+30 Ma (except 17,
Tom1=2843 Ma).

7ZHQW\ IKLdKWQDO\WVHY ZHUH SHUIRUPHG RQ JLWDFRQV IURP
WURQGKMHPLWH JQHLVYV ([FHSW IRU RQHI3EBEQIEOD/JIIHWWN ZLWK K
WZHQW\VXHIYBQDO\V HM(t)\ Latues@HI12.87 ~ -1.05 andw ages of 3777 ~
3062 Ma.

7ZHQW\/RK@H DQDO\WHV ZHUH PDGH RQ ]JLUFRQB IURP VD
WURQGKMHPLWH JQHLVV ([FHSW IRU R QGH 3 MDONAXHQIN\W K KLJ
/X +1 DQDO\WHB(t) atues@®f -11.36 ~ -2.93 with a weighted mean of+6.0 and
Tom2 agesnf 3650 ~ 3140 Ma with a weighted mean of 333361 Ma.

JRUW\N IRXU DQDO\WHYV ZHUH SHUIRUPHG RQ JLUFRQV IURP
JUDQRGLRULWH ([FHSW IRU HLJKW DQBG\E HD\ H\L WW KK IUIW\ /LLY
/X +1 DQDO\V HMN{1\ ahies @fHEG56 ~ +8.27 (except for spot 2#(t)=-1.49) with a
weighted mean of 3.45+0.63 andul agesof 3329 ~ 3032 Ma with a weighted mean of

3211422 Ma. (spot 24,0l12=3568+45 Ma).

*UDQLWHYV



362 6L[WHHQ DQDO\WHV ZHUH SHUIRUPHG RQOLRAERIGRVUDRERWIBP S
363 1LQH DQDO\VHV ZLWK D FR@FRHDHER)@aNMeDfIH R1 and4Tow:

364 ageof “ 0D 7KH UHPDLQX®U VO E Q/HY values®512.0 ~ -2.28

365  with a weighted mean of -6.7+3.6 anglwf ages of 3722 ~ 3133 Ma with a weighted mean of

366  3418:140 Ma.

367 7ZHOMHI DQDO\WHY ZHUH PDGH R@+LUFR YYHIQURADNMOQPWEBH
368 ([FHSW IRU RQH DQDO\VLV ZLWK ¥ EH IXIKGLVFVFBBWDHHHVORNY HQ
369 D QDO\VH Wt val0egs Bf4.80 ~ -0.67 with a weighted mean of -2.23+0.87 angl T

370 agesof 3291 ~ 3041 Ma with a weighted mean of 3136+53 Ma.

371
372 6 XSUDFUXVWDO URFNYV
373 TKLUWYXRXDQDO\WVHY ZHUH SHUIRUPHG RQ ]DUFRIWLWRP VI

374 7TKH WKLUXWAITRRDO\WHYVY FRPSULVH WZR JURXSV 7KH ILUVW JL
375 ZLWIKXSSHU LQWHUFHSW D JH HRt) value$ of AD54+0-8@ ahdhzages

376 of 3686 ~ 2937 Ma. The second group veithupper intercept age of 3081+19 Ma yeeddid(t)

377 values of +12.67 ~ +Q0 (except spot 39, -7.25) and theuwI ages of 3269 ~ 2809 Ma (except

378  for spot 39, Bm2=3522+46 M

379

380 5 Discussion

381 5.1 Magmatism events of the BBB basement

382 Available zircon U-Pb data for the early Precambrian rocks from drill holes ieto th
383 basement beneath the BBB are summarizethlne 2.In this study, magmatic zircon U-Pb

384 data gave crystallization ages of ~3.1 Ga and 283 Ga for the protolith magmas of TTGs,

385 granites and supracrustal rocks, in good agreement with previous zircon U-Pb ages of ~3.1 Ga
386 and 2.62.5 Ga, respectively, obtained for different lithologies from drill hali¢sin different

387 depressionén the basement of tHBBB (Song et al., 2011; Wan et al., 2014b; Wang et al.,

388 2019). As shown iffable 2 in general, TTG magmatism, including granodiorite, tonalite and
389 trondhjemite rocks, occurred during 38612 Ga and 2.68.45 Ga, respectively. The diorite

390 and granites were almost simultaneously emplaced at ~2.5 Ga. Fsgptaerustal rock

391 (sample CH917-3), we obtained two magmatic ages of 2486+21 Ma and 3081+19 Ma, which
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are consistent with previous magmatic zircon U-Pb ages of ~3166 Ma an#l.2436a from

the Jidong and Bozhong depressions (Wan et al., 2014b; Wang et al., 2019), respectively
However, some magmatic zircons from supracrustal rocks in the Liaolessiepin the BBB
haveanage of approximately 2600 Ma (Song et al., 2011). These different ages obtained from
the supracrustal rocks in the basement of the BBB suggest that the detdnk Zn the
supracrustal rocks come from various sources. The ~3.1 Ga rocks are sporasjpadigd

within the Eastern Block of the NCC. Wu et al. (2008) conducted in situ analysessting t

of single grain zircon U-Pb in the Anshan complex and concluded that the proodlites
Tiejiashan and Dongshan gneisses included8313Ga ancient rocks (Wu et al., 2008)
Archean rocks that are ~3t33.1 Ga were also discovered in Caozhuang, Hebei (Liu et al.,
1990; Nutman et al., 20LI)herefore, there was indeed a ~3.1 Ga tectonic-magmatic event in
the Mesoarchean on the North China Craton. In addition, th#.8.&a rocks are the most
widely distributed on the North China Craton with records in both TTGs atdnmorphic
supracrustal rocks (Zhao et al., 2001b; Yang et al., 2008; Liu et al., 2009; Diwu et al., 2011,

Geng et al., 2012; Wan et al., 2012a).
Table 2
In summary, all these geochronological data from the TTGs, granites, diorite and

supracrustal rocks from the basement of the BBB suggest two magmatic evemgstiiri
MesoarcheadNeoarchean eras with magmatism occurring at €aand 2.62.5 Ga (Table

2).

5.2 Crustal accretion and reworking of the BBB basement

The zircon Lu-Hf system is usually used to track the origin of magméoasmhstrain the
time of crust-mantle differentiation (Zeh et al., 2010). Basic rocks aretbby partial melting
of the depleted mantle, and intermediate-acid rocks are formed by partingroéthe middle
and lower crust originating from the depleted mantle. Basically, if thefape Hf model, is
much higher than the crystallization age of the magma, this indicates a |lafenoesperiod
of the crust after the magma separated from the depleted mantle. On the oth#rtheurkdf,
model age is close to the crystallization age, the parent rock is considered to be a josienile r

or mantle-derived rock with a short crustal residence time. In this study, the soUTCES,



422  granite, and upper crust were acidic, and a two-stage Hf model age is used. Fihe Lu/
423 fractionation index (fs+r) of the lower crust represents the time when the magma was extracted
424  from the depleted maet(Wu et al., 2016; Wu et al., 2007).

425 Zircon Lutf data from the Precambrian basement of the Jiyang depression are first
426  reported and discussed in this study to decipher the crustal evolution of theaBBBent, as
427  shown in the | (t) values versus zircon formation age diagr@uy.8). Fig.8 shows that

428 magmatic zircons of ~3.1 Ga and 26 Ga ages from the BBB basement have variable Hf
429 isotope compositions. Almost all ~3.1 Ga zircons in samples CHG12-2 l46d 452 have

430 positive IF(t) values from 0.56 to 8.27 an@vh model ages of 3.38.03 Ga, which are slightly
431 older than their crystallization ages of ~3.1 Ga. In addition, most zircons-@&ithGa ages
432  from supracrustal rock (sample CH917-3) have positi/) values from 100 to 12.67 and

433  Towm1 model ages of 3.22.81 Ga, and two zircons have negatiit) values from sample
434 CH917-3. The single-stage zircon Hf model ages with ~3.1 Ga U-Pb ages aretradeden
435 Dbetween 3.3 Ga and 33a(Fig. 98, which is the same as the Hf model age of ~3.1 Ga Archean
436  rocks in Eastern Hebei and Western LiaoniRg. 9b) These results suggest that the ~3.1 Ga
437 magmatic rocks were derived from the depleted mantle. Nearly all of thé\&archean
438 magmatic zircons from the TTGs and granites with ages aZ&65a have negativédk(t)

439 values of -12.87 ~ -0.07, anédwMz model ages of 3.78 2.96 Ga (concentrated at 3.6 8&

440 Ga) with two peaks at ~3.4 Ga and ~3.1 (Gag.10a) suggesting that the crust was mainly
441  derived from the recycling of older crustal rocks. In addition, in samples Cld88-CHX911-

442 1, there are a small number of inherited zircons with dandeatures. The appareitPb?°Pb

443  age of zircon cores is ~3.0 Ga, indicating that the Mesoarchean crust (3v@s3&worked in

444  the late Neoarchean (285 Ga). The late Neoarchean magmatic zircons#256Ga) from

445  supracrustal rock (CH917-3) also havemm:Imodel age with a peak at ~3.38 Ga. Th@2T

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

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

448  of the BBB. The Archean rocks with 2855 Ga ages around of the BBB hawg.JImodel ages

449 concentrated 2.2.7 Ga(Fig. 10b) It means that the late Neoarchean crust£2%G3g around

450 the BBB was mainly derived from 248.7 Ga crust with some juvenile crustal addition at the

451  end of the Neoarchean (Wan et al., 2010; Diwu et al., 2011; Geng et al., 201, aNaP012a;
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Wang et al., 2014). A few magmatic zircons in 2.6 Ga rocks with positiverk(t) values
close to those of the contemporary depleted mantle aadniodel ages ofy2.9 Ga indicate
that minor juvenile additions may have contributed to crustal evolution (Wu 2048B).

In summary, the zircon Hf isotope data presented in this study indieatthé basement
of the BBB experienced major juvenile crustal growth at &BGa and that the old crust was
reworked at 2.8.5 Ga. It is worth noting that previous studies found magmatic zircons with
negative I(t) values in 2.5 Ga rocks, indicating that some of the 2.5 Ga rocks may have bee
derived from the remelting of the Mesoarchean crust (Zhai, 2014). However, tmésfisst

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

5.3 Implications for the Archean crustal evolution of the eastern NCC

The Archean crustal evolution of the Eastern Block has &eentroversial issue. Previous
studies proposed that the Neoarchean basement rocks of the NCC underwgetsaalar
tectono-thermal event at 262.5 Ga (Yang et al., 2008; Wang et al., 2012; Wu et al., 2013)
which led some researchers to argue that the major crustal growth of thedd@€zd at ~2.5
Ga(Liu et al., 2009; Diwu et al., 2011). However, an increasing number &?.Z.&a rocks
have been discovered in the eastern NCC, many of which ha@2®a model ages based
on whole-rock Nd and zircon Hf isotopes (Kroner et al., 2005; Polat et al., 2006; Jhn et
2008; Wan et al., 2011; Wu et al., 2013; Yang et al., 2013; Zhu et al., 2013; Wu et al., 2014).
These results have led to proposals that both the early Neoarche#h7(Z5&) and the late
Neoarchean (2.2.5 Gg were important periods of continental crust accretion in the NCC. The
2.82.7 Ga tectono-thermal event was of global significance, as it can be fotlvedSuperior,
South African, Western Greenland, Baltic and Yilgarn Cratons (Bateman2&i(l;, Crowley,
2002; Poujol et al., 2003; Rino et al., 2004; Bibikova et al., 2005; Percival] 20@6). The
difference is that the 28.7 Ga accretion event on the NCC was strongly reworked by the 2.6
2.5 Ga evenfWan et al., 2011; Zhai and Santosh, 2011; Wang et al., 2016).

On the NCC, there were still multiple tectonic-magmatic thermal evemts, as ~2.9 Ga,
~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;
Wan et al., 2012b; Xie et al., 2014), based on studies of whole-rock Ssetéges, zircon

Lu-Hf isotopes, detrital zircon U-Pb ages and xenolitiawvever, there has hitherto been no
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report on the large-scale remelting of the pre-Neoarchean crusty doei 2.62.5 Ga tectonic-
thermal event. Our data show that almost all zircons with ~2.5 Gexhggt negative lH(t)
values, and the correspondingul ages are predominantly ~3#8.0 Ga, which indicates that
the Mesoarchean and Paleoarchean crust was also remelted during the ~2.5 @altentoai
event. Additionally, in this study, we obtained a magma emplacement age of ~8ahiGad
TTG gneiss samples (CHG12-2 and CHG14-2) and one metamorphic supracrustal réek samp
(CH917-3), indicating that there are Mesoarchean rocks within the basemt BBB.
Moreover, the magmatic zircons in these ~3.1 Ga rocks display pokkitjevalues and gw1
ages of 3.43.0 Ga, indicating that the Paleoarchean crustal accretion events occuhiad wit
the basement of tH8BB. Previous studies have confirmed that Mesoarchean and Paleoarchean
rocks (>3.0 Gaare occasionally found in Caozhuang, Hebei (Liu et al., 1992) and Anshan,
Liaoning (Song et al., 1996; Wan et al., 2005; Wu et al., 2008), Xinyang, Henan (Zheng et al.,
2009) and Jiaozuo, Henan (Gao et al., 2006). In the Jiaobei area, the Hf isotope maafel ages
zircons in some 2.2.7 Ga rocks range from ~3.4 Ga to ~3.1 Ga, which represents the
remelting of Paleoarchean and Mesoarchean continental crustal materials during2hie 2.8
Ga period (Wu et al., 2014).

In summary, in the Eastern Block of the North China Craton, the Mesoarchean and
Paleoarchean crust is mainly distributed in the basement and peripheral outcroBBB the

and they underwent remelting at ~3.1 Ga,22.8 Ga and 2.®.5 Ga.

5.4 Tectonic implications
,Q WKH 1&& + *D URFNV LQFOXGLQJ 77*V DQG PHWDPRU
GLVWULEXWHG +RZHYHU WKH WHFWRQLF @BWXDG RYHWWUI
UHPDLQV FRQWURYHUVLDO 6RPH KDYH DUJXHGNWKDW WKHUH
*D LQ WKH HDVWHUQ SDUW RI WKH 1&& EHFDON D PRMWLQH
FKDUDFWHULVWLFY VLPLODU WR PRGHUQ LVODQG DUFV -DKQ
/[LX HW DO 6XQ HW DO +RZHYHDL QKK HVIIOFNG C
RI DQGHVLWH LQ WKH $UFKHDKLJK HHOR/SHRIQHW EHBWR WPDWLRQ
RI NRPDWLLWH ODUJH VFEDOH 77* URFNV GRPDWWUXKWWXUH V
DQG UHIHUHQFHVY WKHUHLQ 2ZWKHUV KDYH SQRSRVHG D
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UHDVRQDEO\ H[SODLQ ODUJH VFDOH $UFKHDQ 7VWURHFWYVY LQ I
DQWLFORFNZLVH 3 7 SDWKV DQG WKH ODEN RI EOXHVFKLVWYV
W\SLFDO FKDUDFWHULVWLFV RI LVODQG DUF VXEGXFWLRQ ]RC
*HQJ HW DO X HW DO )XUWK#KIPRRUH URFNV GHULYHG Il
SOXPH DUH JHQHUDOO\ GLVWULEXWHG RYHURDEBURIHY BUWBG Z |
DVOLQHDU VWUXFWXUDO EHOWV $UFKHDQWR® HIQUHV E Q R DEHQ \
GLVWULEXWHG DURXQG WKH 77* JQHLVV GRPH ZRWEKLQV PRUH
=KDR =KDR HW DO
5HFHQWO\ =KDR HW DDPDQWO 5 BROSX®PWHGHULYHG RFHDQLF
ZKLFK FDQ H[SODLQ WKH RULJLQ Rl ELPRG D OHQROQVFOQH. E WRWN L
,Q WKLV PRGHO WKROHLLWH DQG XO W UDIDE B M DRV N@ P IRW MLKAFH K2
DQG WDLO RI D PDQWOH SOXPH UHVSHFWIKYXROLWHOWH SDEFEW
PHOW SURGXFWV RI WKH FUXVW FDXVHG E\23KPR WREUKD®D D QR
+RZHYHU WKH PDLQ UDQJH RI LQIOXHQFH RI WKH a  *D F
2XU VWXG\ UHYHDOV WKDW a *D 77*V DQGWUQRRWWKHEHUF
OHVRDUFKHDQ DQG 3DOHRDUFKHDQ FUXVW EK KDV DEWKH E
EHHQ UHSRUWHG EHIRUHOLRUWW KBX W W WXWKHVLE&8Q O\ VRPH JLUF
H(t YDOXHV DQG ROGHU +1 PRGHO DJHV ZHUH IRX@SVLQ a  *D
RI WKH %%% 7KH FU\WWDOOL]DWLRQ DJHV RI URFM\GDURXQG \
*D DQG  )LJ*D7KHUHIRUH ZH SURSRVH WKDW % %% LQ V
WKH 1&& LV DQ DUHD ZLWK FRQVLGH U DEID A KRLIVORDIHN OO XPBIXP F
DFWLYLW\ ZRXOG KDYH UHVXOWHG LQ JWHKBWHRK KB QLDW %oma. (
UHJLRQ UHVXOWLQJ LQ UHPHOWLQJ RI ERWK WKH 1HRDUFK
3DOHRDUFKHDQ FUXVW + *D +RZHYHU OHYWRKHPHOWL
OHVRDUFKHDQ DQG 3DOHRDUFKHDQ FUXVW WKD® KDYWKH 1HR
PDLQO\ UHPHOWHG ZLWKRXW PDQWOH SO XWHWHWUD/QM \R 10 R/IKk
1&& SURSRVHG E\ :DQ HW DO LV PRVWO\ ORGHMHBOLQ WK

7KLY PD\ KDYH EHHQ WKH YLWDO DUHD RI WKH HDVWHUQ

6. Conclusion
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%DVHG RQ QHZ 6+5,03 |JLUFRQ 8 3E /$ ,&3 06 JLUFRQ 8 3E D
REWDLQHG IURP $UFKHDQ URFNYV ZKSWHKWHRINW MAKHQ WR QRO RZK K J
FRQFOXVLRQV

ODJPDWLF JLUFRQ 8 3E GDWD VXJJHVW WKDW WKH 77*V J
URFNV RI WKH EDVHPHQW EHQHDWK WKH %%% IRUPHG DW a

=LUFRQ /X +| GDWD UHYHDOHG D PDMRU RALXWKNWEH UR ZW
DGGLWLRQ RI ROG FUXVWDO PDWHULDOV ZK MALHDHLYW & W \a *C
WKH %% % PRVWO\ LQYROYHG LQ FUXVWDO UHZRUNLQJ

(3) The Eastern Block of the North China Craton may have been sigrifiagthtenced
by a mantle plume ~2.5 Ga, and tbeUHD ZLWK W KHthe Ranté [dlughed i QN LYY MV \

might have been located beneath the BBB and peripheral areas.
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841 TI6°T TIS°E T20°R 122°F,

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

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

844  boreholes for sampling in the northeastern ChengNing uplift

845 Abbreviations: EH-Eastern HebeNL-Northern Liaoning; SL-Southern LiaoningVL-

846  Western LiaoningWS-Western Shandong; ES-Estern Shanddtig:Norhtern Liaoning; LQS-

847  LinQing depression; JYS-JiYang depression; JZS-JiZhong depression; HHS-HuangHua depression
848 LHS-LiaoHe depression; XNU-XingNing uplift; CXU-CangXian uplift; CNU-ChengNing ftpli
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Fig.8 Plots of the zircon | w (t) values versus crystallization (Ma) for the dated samples. (a)
Supracrustal rock (SampleCH917-3); (b) TTGs and granites

Data source for zircon| s (t) values and”Pbf°®Pb age of 3.3 -3.1 Ga, 2.8 -2.7 Ga and 2.6-2:5/Gn
et al., 2008; Yang et al., 2008; Li et al., 2010; Wan et al., 2011; Wang20Hlh; Lv et al., 2012; Peng
et al., 2012a; Wang et al., 2012; Liu et al., 2013; Meng et al., 2013; &¥ahg2013; Wu et al., 2013;
Wan et al., 2014b; Guo et al., 2008y et al., 2016; Sun et al., 2020
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Fig.9 Histogram of single-stage Hf model ages with the U-Pb age of tGa model ages of magmatic
zircons from the. (a) Archean basement of the Jiyang depression of BBB; (b) Archean asent of
the Eastern Hebei and Western Liaoning

Data source for Eastern Hebei and Western Liaoning: Wu et al., 2008; Liowzéetial.,

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

(a) Archean basement of the Jiyang depression of the Bohai Bay Basiicliean basement around
the Bohai Bay Basin

Data source for Archean basement of around the Bohai Bay Basin: Wu 808|.Yang et al., 2008; Li

et al., 2010; Wan et al., 2011; Wang et al., 2011b; Lv et al., 2012; Peng8tlah, Wang et al., 2012;
Liu et al., 2013; Meng et al., 2013; Wang et al., 2013; Wu et al., 2028; &Vval., 2014b; Guo et al.,
2015; Wu et al., 2016; Sun et al., 2020
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Fig.11 Age histogram of of magmatic zircons.

(a) Basemenof Bohai Bay Basin (this study and Song et al.,2011; Wan et al., 20t et al.,2019)
(b) Around the Bohai Bay Basin (Liu et al., 1990; Kroner et al., 198d Shen, 2000; Du et al., 2003;
Lu et al., 2004; Wan et al., 2005; Geng et al., 2006; Shen et al., PAQY et al., 2007; Jahn et al., 2008;
Liu et al., 2008; Lu et al., 2008; Wang et al., 2008; Wu et al., 2088¢ ¥t al., 2008; Zhao et al., 2008
Grant et al., 2009; Li et al., 2010; Wan et al., 2010; Liu et al., 2011; Nudtnaln 2011; Wan et al.,
2011; Lv et al.,2012; Peng et al., 2012b; Wan et al., 2012b; Guo etld;, Keéng et al., 2013; Wan et
al., 2013; Wang et al., 2013; Wu et al., 2013; Wu et al., 2014; Xie eDa¥,; Buo et al., 2015; Wang
et al., 2015; Bai et al., 2016; Sun et al., 2020)



