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Abstract: The Guandu Group, which has undergone high greenschist to high amphibolite facies metamorphism, is
an important meta-volcanic and meta-sedimentary rock sequence in the Zanhuang Complex of the Trans-North China

Orogen, North China Craton. Depositional age and provenance of the Guandu Group are vital for understanding the
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Neoarchean-Paleoproterozoic tectonic evolution of the Trans-North China Orogen. In this study, LA-MC-ICP-MS
(laser ablation multi-collector inductively coupled plasma mass spectrometry) and TIMA (tescan inergrated mineral
analyser) were used to analyze mineral inclusions, U-Ph-Hf isotope and rare earth element compositions of zircons
in the biotite leptynite and quartzite in the Guandu Group. Based on the mineral inclusions, internal structure, and
U-Pb ages of zircons, the concordant *’Ph/**Pb age of 2 544 Ma or 2 536 Ma in the youngest group of detrital zir-
cons is chosen as the maximal depositional timing of the Guandu Group. Combined with the geological relationship
which the Guandu Group was intruded by the Huangcha granites, it is speculated that the depositional age of the
Guandu Group wasn’t Paleoproterozoic but late Neoarchean. Detrital zircon age patterns from the biotite leptynite
and quartzite samples are similar and are characterized by the major peak of 2 512 Ma. Combined with the mineral
inclusions and internal structure of the detrital zircons, it is suggested that the main provenance of the Guandu
Group is the late Neoarchean intermediate-acid magmatic rocks. Two stage Hf isotopic model ages of detrital zircon
reveals that the intensive crustal growth in the Zanhuang Complex was concentrated from 2 850 Ma to 2 700 Ma. In
addition, the new and published data from the Trans-North China Orogen reveal that the zircons in the Guandu
Group recorded the consistent metamorphic age of ca. 2 500 Ma, similar to other complexes in the Trans-North

China Orogen, indicating that the Trans-North China Orogen also experienced an intense regional metamorphism in

ca. 2 500 Ma, which may be related to the late Neoarchean initial cratonization of the North China Craton.
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Fig. 1 Simplified geological map of the Trans-North China Orogen (a, b, Zhao et al. , 2005) and Zanhuang Complex
(¢, Wang Qichao et al. , 2008) in the North China Craton showing the exposure of Archaean to Paleoproterozoic basement rocks
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the abbreviation of the metamorphic complex in Fig. 1b as follows; CD—Chengde Complex; NH—Jibei Complex; XH—Xuanhua Complex; HA—
Huai’an Complex; HS—Hengshan Complex; WT—Wutai Complex; FP—Fuping Complex; LL—Liiliang Complex; ZH—Zanhuang Complex; ZT—
Zhongtiaoshan Complex; DF—Dengfeng Complex; TH—Taihua Complex; the age data in Fig. 1b are cited by the following referencs: 1—Huang et
al. (2020); 2—Xiao Lingling et al. (2019); 3— Xiao et al. (2014); 4—Wang Jianlong et al. (2020); 5— Cheng Yuqi et al. (2004); 6—
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Fig. 2 Field photographs showing the outcrops of the biotite leptynite and quartzite from the Guandu Group in the Zanhuang

Complex
a, b—EHEERAIE B ALE SRR BT QIR B SME 5 5T SRR o— B AR A R 2 AR T L TR B 4K 159 BH 1 37 5 1 14 7
HPEERIT I d—E AR T R S RRIA W EE KT I o, f—EHAR A A TSR S R IR M o B AR A ST P E AU
TR h, i AR E AR 2 RH T A R R Y 5 Sk 0 R
a, b—the far and near field photographs showing the quartzite with biotite leptynite of the Guandu Group was intruded by the granitic veins; c—the
field photographs showing the granitic veins within the with biotite leptynite of the Guandu Group was deformed and lentoid; d—the field photographs
showing biotite leptynite of the Guandu Group was fine-grained and massive; e, f—the far and near field photographs showing the quartzites of the

Guandu Group have undergone compression deformation and formed rolling fold; g—the field photographs showing the mullion structure of the quartz-

ites of the Guandu Group; h, i—the field potographs showing the biotite plagioclase gneisses of the Guandu Group as xenoliths within the Huangcha
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Fig. 3 Representative photomicrographs of the biotite leptynite and quartzite from the Guandu Group in the Zanhuang Complex
('mineral abbreviation after Shen Qihan, 2009)
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a, b, ¢, d, e—typtical photomicrographs showing the main mineral assemblage of quartz + microcline + plagioclase + biotite identified in the biotite

leptynite of the Guangdu Group, a and c are aplane polarized light (PPL), b, d and e are cross-polarized light (CPL) ; f, h—the main and minor

mineral is quartz and plageclase in the quartzite from the Guandu Group, respectively, PPL; g, i—the main and minor mineral is quartz and plage-

clase in the quartzite from the Guandu Group, respectively, CPL
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Fig. 4  Cathodoluminescence images and *” Ph/*®Ph ages of zircons from the biotite leptynite from the Guandu Group in the

Zanhuang Complex
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Fig. 5 Representative mineral phase (a, d, g), backscatter electron (b, e, h), and cathodoluminescence images (c, f, i)

showing mineral inclusions of zircons from the biotite leptynite in the Guandu Group of the Zanhuang Complex
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a, b, c—zircon grain 21ZT20-1-131 showing multiphase mineral inclusions of K-feldspar + quartz were identified in the magmatic-type detrital zircon

domain; d, e, f—zircon grain 21Z2T20-1-70 showing multiphase mineral inclusions of K-feldspar + quartz + plagioclase were identified in the magmat-

ic-type detrital zircon domainj g, h, i—zircon grain 21ZT20-1-132 showing multiphase mineral inclusions of K-feldspar + quartz + plagioclase were

identified in the magmatic-type detrital zircon domain
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Fig. 6

Cathodoluminescence images, “’Ph/*Pb ages and sHf(#) values of zircons from the quartzite in the Guandu

Group of the Zanhuang Complex (the black and white circles are U-Pb and Lu-Hf isotope analysis points, respectively)
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Fig. 7 Representative mineral phase (a, d, g, j), backscatter electron (b, e, h, k), and cathodoluminescence images

(e, f, i, 1) showing mineral inclusions of zircons from the quartzite from the Guandu Group in the Zanhuang Complex
a, b, c—55 98 BIA I B A, MRS R E A A KA (Kbs) + A58 (Qz) + B BE(By) +4%08 41 (Chl) + REEKT (Mag) B2
TPk, d, e, (5 103 KA IR A, AR BRSO &8 B A (Kbs) +A 358 (Quz) + AHSA (PL) + BRI A (Ap) M Z A0 P13
W5 g, b, i—55 29 KA SRR B A, R ARE B B0 S B A (Kfs) +B 2 BE(Bu) + #HSA (P + B KA (Ap) + BEERD™ (Mag) 2 HH
TWak; j, k, 1—5 10 KA R B A, AR AR 4SO O A A (Kbs) +B B BE(BL) + A3 (Qz) + B KA (Ap) + BEEKH™ (Mag) By

EZELE7LaNEN

a, b, c—zircon grain 21ZT22-1-98 showing multiphase mineral inclusions of K-feldspar + quartz + biotite + chlorite + magnetite were identified in the

magmatic-type detrital zircon domain; d, e, f—zircon grain 217ZT22-1-103 showing multiphase mineral inclusions of K-feldspar + quartz + plagioclase

+ apatite were identified in the magmatic-type detrital zircon domain; g, h, i—zircon grain 21ZT22-1-29 showing multiphase mineral inclusions of K-

feldspar + biotite + plagioclase + apatite + magnetite were identified in the magmatic-type detrital zircon domain; j, k, l—zircon grain 21ZT22-1-10

showing multiphase mineral inclusions of K-feldspar + biotite + quartz + apatite + magnetite were identified in the magmatic-type detrital zircon domain
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S, ABAFEIN S AR — 222 57 Ce/Ce " fH M 1. 11
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MR E RO L TR BT B, N
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MIE Ce S 51 Eu S0, (BANER GAF7E— 2650
INKIZE S, Ce/Ce™ fH N 14.65 ~ 84.40, Ew/Eu” {H
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7 g5 HE [E R RHE

TEES A U-Pb AR SEAE L, 28 T 51 43K
AR S K B B A T TRV Lu-HE [R07 R
o, HER AT R LR 5, FIDARFE L, 51
AN A5 )7 Lo/ THE B A 0. 000 384 ~ 0. 001 917,
TOHE/THEE A 0. 281 240~0. 281 441, FI AN
A1 g5 UL 2R R P Ph/Ph AE I HE AT R, 3K
FHTOHE/THE (2 0.281 209 ~ 0.281 349, gHf (1)
EH>H 1.36 ~ 6.37, — B Bt AT B B A5 = A7 #8433l
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AR N 2 210 Ma( EJH 2SS, 2008) , HL, 25
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2 450 Ma 2247, 125 J7 I 3000 45 DX 3t o ) A 41 75
I EER AR IE BT AR AT RESN 2 450 ~ 2 061 Ma
(FEiRHES%, 2008),
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HHr, Tang 45(2016) X B ARAFER LA TF R T8 A
U-Pb I4E ) ARA5 T 13 M54 U-Pb 4R 8%, IFARE
A BER DT AR O 2 033 ~ 1 900 Ma; Li %%
(2016) X B #R A e B 7 A W Ir e 7 2RIy TAR,
INAH B # SRR A d oo (. (E1548 Hm
J&, Tang %:(2016) 5 Li % (2016) R4 X B #F A #E
JERET W) B A U-Ph AR, Hp 00 5 B0k X 4
A HXF T2 T R sk s Al - i AR DA A AR AR Y
HASERRI S OARAT 0 S B A 1 dRe N — A 3R T A
15 1] e L BRI R /), B R R Y R T
HToeT AR IA TR S B
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Table 5 Lu-Hf isotopic compositions of detrital zircons from quartzites of the Guandu Group in the Zanhuang Complex
FEma AT AEiR/Ma YL/ HE 20 "L/ T HE 20 o Ht/ T HE 20 S HI(0) eHf()  torwe
2172T22-016 2522 0.018 056 0.000 084 0.000 675 0.000 002 0.281283 0.000017 -0.979 663 -52.65 2.82 2 843
217122-018 2500 0.037 720 0.000 589 0.001 202 0.000 015 0.281 335 0.000 017 -0.963 783  -50. 82 3.27 2799
217122-019 2500 0.014 380 0.000 278 0.000 472 0.000 008 0.281 316 0.000019 -0.985781 -51.50 3.82 2765
217T22-020 2527 0.017 355 0.000 460 0.000 592 0.000 014 0.281282 0.000 017 -0.982 167 -52.69 3.04 2 834
217122-025 2514 0.034 992 0.000 266 0.001 138 0.000 006 0.281 363 0.000017 -0.965 737 -49.82 4.69 2723
217122-027 2511 0.015 161 0.000 083 0.000 523 0.000 004 0.281 291 0.000 015 -0.984 254 -52.37 3.11 2 817
217T22-028 2534 0.017 664 0.000 046 0.000 656 0.000 002 0.281285 0.000015 -0.980253 -52.59 3.19 2830
217T22-029 2516 0.012 750 0.000 136 0.000 440 0.000 006 0.281 309 0.000018 -0.986762 -51.73 4.02 2 766
217122-032 2524 0.020398 0.000 661 0.000 712 0.000 022 0.281 332 0.000016 -0.978 542 -50.93 4.53 2 741
217122-034 2518 0.014 386 0.000 153 0.000 496 0.000 004 0.281 299 0.000 015 -0.985065 -52.10 3.59 2793
217722-035 2513 0.025931 0.000 464 0.000 861 0.000 014 0.281 319 0.000016 -0.974075 -51.37 3.59 2 789
217T22-038 2536 0.016 539 0.000 418 0.000 686 0.000 018 0.281 354 0.000 014 -0.979 342 -50. 14 5.65 2 682
217122-041 2539 0.016 364 0.000 058 0.000 557 0.000 001 0.281 284 0.000 015 -0.983 230 -52.62 3.44 2 819
217T22-042 2546 0.013 243 0.000 085 0.000 456 0.000 004 0.281294 0.000015 -0.986268 -52.27 4.13 2782
217T22-043 2535 0.009 716 0.000 238 0.000 384 0.000 007 0.281299 0.000015 -0.988435 -52.09 4.18 2770
217122-046 2535 0.014 822 0.000 044 0.000 505 0.000 003 0.281279 0.000 016 -0.984 802 -52.81 3.25 2 827
217122-048 2526 0.031 695 0.000204 0.001 035 0.000003 0.281315 0.000016 -0.968 830 -51.51 3.44 2 809
217T22-049 2510 0.020 321 0.000 265 0.000 683 0.000 006 0.281 335 0.000016 -0.979440 -50.81 4.38 2739
217T22-050 2530 0.029 113 0.000 263 0.000 961 0.000 006 -~ 0.281 353 0.000 017 =0.971059 -50.19 4.98 21718
217122-051 2530 0.016 264 0.000 039 0.000 546  0.000 002  0.281 278 0.000 016 -0.983 548 -52.82 3.05 2 835
217122-052 2516 0.037 818 0.000 278 0.001 250 0.000 011 0.281 355 0.000 019 -0.962 359 -50.10 4.27 2750
217722-053 2536 0.023 439 0.000 351 0.000775 0.000011 0.281 311 0.000017 -0.976 668 -51.67 3.95 2785
217T22-054 2521 0.026 511 0.000 182 0.000 863 0.000 005 0.281 311 0.000 017 -0.974 005 -51.67 3.46 2 804
217122-056 2545 0.020992 0.000 313 0.000 705 0.000 007 0.281 348 0.000 017 -0.978 772 -50.36 5.60 2 692
217122-057 2523 0.026 814 0.000 386 0.000 883 0.000 009 0.281 280 0.000017 -0.973 401 -52.77 2.36 2872
217T22-058 2533 0.017 469 0.000 154 0.000 640 0.000 007 0.281 310 0.000 014 -0.980 719 -51.71 4.07 2775
217T22-059 2525 0.056 771  0.000 283 0.001 917 0.000 012 0.281 441 0.000 018 -0.942 266 -47.06 6.37 2 629
217122-060 2523  0.044 288 0.000 495 0.001 457 0.000 019 0.281 394 0.000017 -0.956 114 -48.73 5.45 2 684
217T22-061 2552 0.016 272 0.000 094 0.000 557 0.000 004 0.281297 0.000017 -0.983219 -52.18 4.18 2783
217T22-062 2474 0.014 902 0.000 045 0.000 527 0.000 003 0.281284 0.000013 -0.984 133 -52.64 1.99 2 856
217122-065 2518 0.027 289 0.000 230 0.000 891 0.000 004 0.281 308 0.000016 -0.973 163 -51.77 3.25 2 814
217T22-068 2524 0.021 810 0.000 154 0.000 724 0.000 004 0.281 271 0.000 016 -0.978 180 —53.07 2.35 2 873
217T22-069 2491 0.055 314 0.000 849 0.001 829 0.000 022 0.281 382 0.000 020 -0.944 901 -49.15 3.69 2 766
217T22-070 2523  0.019 023 0.000 096 0.000 636 0.000 000 0.281240 0.000 015 -0.980 832 -54.19 1.36 2933
217T22-071 2527 0.020 607 0.000 127 0.000 819 0.000 004 0.281 328 0.000 015 -0.975329 -51.07 4.28 2 758
217T1T22-072 2529 0.017 679 0.000 077 0.000 598 0.000 001 0.281289 0.000 017 -0.981988 -52.46 3.31 2 819
217122-073 2524 0.016 400 0.000 166 0.000 555 0.000 007 0.281 308 0.000016 -0.983293 -51.77 3.95 2776
217T1T22-076 2542 0.033 199 0.000 250 0.001 233 0.000 008 0.281 332 0.000 020 -0.962 863 -50.91 4.06 2783
217T122-078 2534 0.013 939 0.000 104 0.000 476 0.000 005 0.281286 0.000016 -0.985670 -52.57 3.52 2 810
217T1T22-079 2506 0.013 211 0.000 143 0.000 449 0.000 003 0.281 266 0.000 016 -0.986479 -53.27 2.22 2 868
217T22-082 2521 0.021 966 0.000 338 0.000 851 0.000011 0.281326 0.000016 -0.974 376 -51.14 4.02 2 769
217122-084 2507 0.032 143 0.000 368 0.001 065 0.000 008 0.281 351 0.000016 -0.967 924 -50.25 4.23 2 746
217122-085 2507 0.015 134 0.000 127 0.000 512 0.000 004 0.281 270 0.000018 -0.984 585 -53.13 2.28 2 865
217122-089 2514 0.022 688 0.000 177 0.000 871 0.000 005 0.281 338 0.000 015 -0.973 754 -50.71 4.25 2750
2172122-090 2517 0.016 157 0.000 079 0.000 568 0.000 002 0.281 306 0.000 014 -0.982897 -51.83 3.71 2785
217122-092 2497 0.032985 0.000483 0.001 081 0.000013 0.281 349 0.000016 -0.967 433 -50.32 3.91 2757
217122-093 2518 0.011 067 0.000 189 0.000 387 0.000 007 0.281 290 0.000 015 -0.988 338 —52.42 3.45 2 802
217122-100 2510 0.017 527 0.000 122 0.000 617 0.000 002 0.281 311 0.000 014 -0.981 429 -51.67 3.64 2784
217122-104 2498 0.021 354 0.000 275 0.000 721 0.000 006 0.281 299 0.000 015 -0.978 297 -52.08 2.77 2 827
217122-108 2506 0.027 762 0.000 385 0.000 933 0.000 008 0.281 342 0.000 018 -0.971 894 -50.56 4.12 2751
2172122-111 2506 0.015 010 0.000 108 0.000 524 0.000 002 0.281 309 0.000 015 -0.984 230 -51.75 3.62 2782
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Fig. 9 Histogram with frequency distribution diagram (a) of the zircon Hf two stage model ages and plots of zircon

eHf (1) ="Pb /*Pb age (b) for the biotite leptynite and quartzite from Guandu Group in the Zanhuang Complex
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Fig. 10 U-Pb age histograms of detrital zircons from the
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Zanhuang Complex
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