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Abstract: The Changzhougou Formation is one of the oldest sedimentary cover on the Archean-Paleoproterozoic
metamorphic basement of the North China Craton. The analysis for the U-Pb geochronology and Hf isotopes of the
detrital zircons from the Changzhougou Formation is of great significance for exploring the formation age and source
characteristics of the Changcheng System as well as the basement evolution. In this study, LA-ICP-MS (laser abla-
tion inductively coupled plasma mass spectrometry) and LA-MC-ICP-MS (laser ablation multiple inductively cou-

pled plasma mass spectrometry) were employed to analyze detrital zircon U-Pb ages and rare earth element composi-
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tions and Lu-Hf isotopic compositions of samples from the Changzhougou Formation of the Changcheng System in the
Wengcheng area, Zanhuang Complex, respectively. The main peak ages of detrital zircons in two sandstone samples
is 2 500 Ma, and the detrital material of the quartz sandstones is mainly derived from the late Neoarchean metamor-
phic basement in the North China Craton, and the *Pb/**Pb age of youngest detrital zircon is 1 822 Ma, combi-
ning with the 1 850 ~ 1 800 Ma metamorphic ages which was recorded by the Zanhuang metamorphic basement and
the 1 635 Ma age of magmatic zircon from the volcanic rocks in the upper Dahongyu Formation, further define that
the initial depositional timing of Changzhougou Formation of Changcheng System in the Zanhuang Complex is later
than 1 800 ~ 1 635 Ma. The ¢Hf(¢) values of the detrital zircon from one quartz sandstone sample vary from —6. 8
to +5.2, and the corresponding two-stage model peak age is 2 820 Ma. Combined with the published Hf isotope re-
sults of 2 900 ~ 2 700 Ma magmatic zircons and detrital zircons from the Zanhuang Complex, it is further indicated
that 2 900 ~ 2 700 Ma is the most important period of crustal growth in the Zanhuang Complex. Integrating with the
published sedimentary and new geochronological data of the Changzhougou Formation of the central and southern
parts of the Taihangshan area, it is speculated that the Changzhougou Formation in Wengcheng area was deposited
in the continental rift basin.
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Fig. 1 Geologic schematic maps of the Meso-Neoproterozoic strata in the North China Craton (a, modified by Peng et al. ,
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Fig. 2 Comprehensive and lithological columns and sampling location in the Changzhougou Formation of the Changcheng System

in the Zanhuang Complex ( Modified after Zhou Jie, 2016)
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Fig. 3 Field photographs showing lithological associations and sedimentary structures of the Changzhougou Formation of the

Changcheng System in the Wengcheng area of the Zanhuang Complex
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a—geological feature of the purple quartz sandstones; b—mud crack of the purple quartz sandstones; c,d—ripple marks of the purple quartz sandstone;

e—vparallel; f—cross beddings; g—pebbly in the sandstones; h, i—sampling location of the greyish and purple quartz sandstone
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Fig. 4 Representative photomicrographs of quartz sandstones from the Changzhougou Formation of the Changcheng System

in the Wengcheng area of the Zanhuang Complex ( cross-polarized light; mineral abbreviation after Shen Qihan, 2009)
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a, b—main mineral assemblage of the gray quartz sandstone sample (D1533-1.1) is consist of quartz ( Qz) +plagioclase (Pl); ¢, d—main

mineral assemblage in the purple quartz sandstone sample (D1533-2. 1) is consist of quartz (Qz) + plagioclase (Pl)
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Fig. 5 Cathodoluminescence images of detrital zircons from the quartz sandstones (D1533-1.1) of the Changzhougou Formation

of the Changcheng System in the Wengcheng area of the Zanhuang Complex
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Fig. 6 Cathodoluminescence images of detrital zircons from the quartz sandstones (D1533-2.1) of the Changzhougou Formation

of the Changcheng System in the Wengcheng area of the Zanhuang Complex
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Fig. 7 Zircon U-Pb concordia diagrams (a, ¢) and *”Ph/*®Ph age histograms (b, d) of detrital zircons from quartz

sandstones in the Changzhougou Formation of the Changcheng System in the Wengcheng area of the Zanhuang Complex
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Fig. 8 Cl-normalized rare earth element pattern of detrital zircons from the quartz sandstones in the Changzhougou Formation

of the Changcheng System in the Wengcheng area of the Zanhuang Complex ( chondrite data after Sun and McDonough, 1989)
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Fig. 9 Two-stage model Hf ages histogram (a) and Hf(t) versus *"Pb/**Pb age diagram (b) of detrital zircons from quartz

sandstones in the Changzhougou Formation in the Wengcheng area of the Zanhuang Complex
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*3 BEFERPMRATHERKERAENENTEA Lu-Hf FMEHER
Table 3 Lu-Hf isotope composition of zircons from quartz sandstone of the Mesproterozoic Changcheng
System from the Zanhuang Complex in the Wengcheng area

FERMTA AE/Ma TV THE L 20 TOLw/ THECcon) 200 ORI, 20 Srwne  CHUTHE, eHE(0)  eHI()  Typ

D1533-1.1-120 2 696 0.009 520  0.000 077  0.000 293  0.000 001  0.281204 0.000 021 -0.99 0.281 189 -55.4 4.66 2 866
D1533-1.1-94 2614 0.035760  0.000 810  0.001203  0.000 024  0.281 094 0.000 022 -0.96 0.281 034 -59.3 -2.76 3253
D1533-1.1-173 2 576 0.041 237 0.000 392  0.001247 0.000 012  0.281 347 0.000 024 -0.96 0.281 286 -50.4 5.32 2732
D1533-1.1-48 2556 0.009 237  0.000 115  0.000 358  0.000 003  0.281 345 0.000 018 -0.99 0.281 327 -50.5 6.32 2 656
D1533-1.1-100 2 556 0.013 477  0.000 132 0.000 476  0.000 003 ~ 0.281299  0.000 022 -0.99 0.281 276 =52.1 4.49 2768
D1533-1.1-144 2538 0.024 204  0.000 095  0.000 750  0.000 003  0.281 313  0.000 020 -0.98 0.281 277 =51.6 4.12 2776
D1533-1.1-171 2538 0.018 714 0.000 258  0.000 596  0.000 006  0.281 315 0.000 022 -0.98 0.281 286 =51.5 4.44 2757
D1533-1.1-149 2537 0.017 282 0.000 132 0.000 560  0.000 006  0.281 194  0.000 019 —0.98 0.281 166 -55.8 0.17 3016
D1533-1.1-63 2 536 0.019 281  0.000 278  0.000 654  0.000 006  0.281 102 0.000 018 -0.98 0.281 070 -59.1 -3.28 3225
D1533-1.1-170 2 531 0.041 449  0.000 882  0.001 307 0.000 036  0.281 389 0.000 020 -0.96 0.281 326 -48.9 5.70 2675
D1533-1.1-67 2529 0.010220  0.000 284  0.000 359  0.000 007  0.281283 0.000 024 -0.99 0.281 266 -52.6  3.53 2 805
D1533-1.1-69 2527 0.027 025  0.000 910  0.000 904  0.000 022  0.281270 0.000 023 -0.97 0.281 226 =53.1 2.05 2 894
D1533-1.1-132 2523 0.004 051 0.000 154  0.000 145  0.000 005  0.281 307 0.000 021 ~-1.00 0.281 300 -51.8 4.59 2736
D1533-1.1-62 2522 0.014 859  0.000 150  0.000 520  0.000 003  0.281290  0.000 021 -0.98 0.281 265 -52.4 3.32 2 812
D1533-1.1-70 2521 0.017 619  0.000 240  0.000 603  0.000 005  0.281 309 0.000 021 -0.98 0.281 280 =51.7 3.84 2 781
D1533-1.1-85 2521 0.019 897  0.000 280  0.000 664  0.000 007  0.281290 0.000 021 -0.98 0.281 258 -52.4  3.07 2 827
D1533-1. 1-61 2520 0.020 787  0.000 754  0.000 715  0.000 022  0.281 265 0.000 022 -0.98 0.281 231 -53.3  2.07 2 888
D1533-1.1-73 2520 0.011 545  0.000 069  0.000 407  0.000 001  0.281233 0.000 020 -0.99 0.281 214 -54.4 1.45 2925
D1533-1.1-38 2517 0.029990  0.000 334 0.001 035 0.000 010 0.281293 0.000 020 -0.97 0.281 243 =52.3  2.44 2 862
D1533-1.1-105 2516 0.025953  0.000 102  0.000 788  0.000 005  0.281256  0.000 023 -0.98 0.281 218 -53.6 1.51 2919
D1533-1.1-26 2515 0.027 653  0.000 268  0.000936  0.000 015  0.281297 0.000 024 -0.97 0.281 252 -52.2  2.72 2 844
D1533-1.1-135 2513 0.017 202  0.000 144  0.000 515  0.000 007  0.281 317  0.000 024 -0.98 0.281 292 =51.5  4.09 2759
D1533-1.1-65 2510 0.013 442 0.000 189  0.000 461  0.000 003 0.281290  0.000 020 -0.99 0.281 268 -52.4  3.16 2813
D1533-1.1-89 2510 0.031 590 0.001 248 0.001 079 0.000 043  0.281 268 0.000 018 -0.97 0.281 216 -53.2 1.32 2926
D1533-1.1-164 2510 0.011 615  0.000 040  0.000 358  0.000 002  0.281279 0.000 019 -0.99 0.281 262 -52.8 2.94 2 827
D1533-1.1-167 2510 0.041 627  0.000 682  0.00! 228  0.000 014  0.281 351  0.000 021 -0.96 0.281 292 -50.3  4.02 2761
D1533-1.1-148 2 506 0.016 732 0.000 088  0.000 512 0.000 002  0.281 306 0.000 022 -0.98 0.281 281 -51.8 3.55 2787
D1533-1.1-35 2505 0.027 598  0.000 252  0.000 945 0.000 003  0.281296 0.000 020 -0.97 0.281 251 =52.2  2.43 2 854
D1533-1.1-44 2 505 0.011 621 0.000 165 =~ 0.000 431  0.000 003  0.281 282 0.000 017 -0.99 0.281 261 =52.7 2.80 2 831
D1533-1.1-130 2 505 0.014 565  0.000 151  0.000 464  0.000 002  0.281 302 0.000 021 -0.99 0.281 279 -52.0 3.45 21792
D1533-1.1-21 2503 0.015 337  0.000 306  0.000 537  0.000 008 0.281252 0.000 021 -0.98 0.281 226 -53.8 1.51 2908
D1533-1.1-25 2502 0.025 773 0.000 482  0.000 910  0.000 009  0.281275 0.000 019 -0.97 0.281 231 -53.0 1.67 2 898
D1533-1.1-02 2501 0.024 365 0.000 161  0.000 798  0.000 004  0.281275 0.000 019 -0.98 0.281 237 -52.9 1.85 2 886
D1533-1.1-22 2501 0.009 107  0.000 352  0.000 347  0.000 008  0.281 308 0.000 018 -0.99 0.281 292 -51.8 3.80 2767
D1533-1. 1-81 2 500 0.015399  0.000 204  0.000 538  0.000 004  0.281 267 0.000 023 -0.98 0.281 241 -53.2 1.97 2 878
D1533-1.1-136 2 499 0.018 912 0.000298 0.000591 0.000 006  0.281302 0.000020 -0.98 0.281 274 -52.0 3.11 2 808
D1533-1.1-13 2498 0.012702  0.000 088  0.000 460  0.000 003  0.281289 0.000 018 -0.99 0.281 267 -52.4 2.86 2822
D1533-1.1-75 2494 0.019 915  0.000 328  0.000 694  0.000 007  0.281 293  0.000 019 —0.98 0.281 260 -52.3  2.52 2 840
D1533-1.1-166 2 494 0.016 871  0.000 342  0.000 516  0.000 010  0.281 285 0.000 017 -0.98 0.281 260 -52.6 2.50 2 841
D1533-1.1-28 2492 0.038 388  0.002 720  0.001 217  0.000 092  0.281 326  0.000 021 -0.96 0.281 268 =51.1 2.74 2 825
D1533-1. 1-01 2491 0.008 977  0.000 078  0.000 310  0.000 002  0.281 254  0.000 020 -0.99 0.281 239 -53.7 1.70 2 888
D1533-1. 1-31 2 491 0.014 503  0.000 786  0.000 565 0.000 021 ~ 0.281298 0.000 022 -0.98 0.281 271 =52.1 2.84 2 818
D1533-1.1-29 2490 0.014 207  0.000 326  0.000 484  0.000 008  0.281269 0.000 022 -0.99 0.281 246 -53.1 1.92 2873
D1533-1.1-42 2488 0.013 585  0.000 123 0.000 484  0.000 002  0.281299 0.000 019 -0.99 0.281 276 =52.1 2.93 2 810
D1533-1.1-172 2 487 0.024 763  0.000 348  0.000 772 0.000 011  0.281 318 0.000 021 -0.98 0.281 281 -51.4  3.10 2799
D1533-1.1-160 2 482 0.022 272 0.000220 0.000 691  0.000 010  0.281297 0.000 019 -0.98 0.281 265 =52.1 2.39 2 838
D1533-1.1-108 2 481 0.023 334 0.000 658 0.000 791  0.000 019  0.281 322  0.000 021 —0.98 0.281 285 -51.3  3.08 2 796
D1533-1.1-99 2467 0.019 246  0.000 226  0.000 633  0.000 005 0.281 305 0.000 019 -0.98 0.281 275 -51.9 2.42 2825
D1533-1.1-142 2453 0.019 071 0.000 238  0.000 591  0.000 008  0.281 360 0.000 016 -0.98 0.281 333 -49.9 4.14 2709
D1533-1.1-133 2443 0.026 964  0.000 494  0.000 863  0.000 009  0.281 303 0.000 022 -0.97 0.281 262 -52.0 1.41 2 868

T A HE R SECR: ol B H A =1.867x10" ", BRRIHIA (CHUR) 7CLu/""HE=0. 033 2, "7%Hf/"7Hf = 0. 282 772 ( Blichert-Toft and Al-
berade, 1997) ;75 Hiuig (DM) "Lu/"7HI=0. 038 4, "7SHL/'TTHI=0. 283 25( Griffin et al. , 2000) ; FIIHFE(AC) 19 £, p0 F=0. 55( Griffin et al. , 2002)

FRECT AR 4 3 AP, B2 1 800 Ma 1 730 RJEAEHL/NTF 1 800 Ma, 455 (2008) MR A
~1 700 Ma FI/NTF 1 700 Ma, JTiA:55(2003) 5 B AR B )2 i % = R REAL i) 7 SHRIMP 45
Wan 55 (2011) 245 B+ =B HBIX KRR G M A U-Pb 4F#4°8 1 68515 Ma, 254 KA KLLIG 4
WA YEE PR AR — 1B AR, BRI KA 1 626 Ma BUAAERY  IAH 2 = HLIX K &R
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AR MO ALRD 2 WO 65 7 U-Pb-HIE 5 763

JEFAERS M 1 685~1 626 Ma, FIBLZE4E(2011) 7EJL
U M IX R B IR AR R NI b B e A
WAL FE AR BEAE 7 2 I, by WAk e Hp g A 4R
1 68220 Ma #il 1 708+5 Ma , M 1M #fE W K 30 2R (1 IS 5L
AERENTF 1 682 Ma, M HIAE (2011) 5 Li 4%
(2013) FEAL % = BRI T 9w VAN A S
A BE A A Bk, IF FH LA-MC-ICP-MS 5 SHRIMP J5
ARG A A U-Pb AR 1 673210 Ma, AHH
LA G T 1 670 Ma, Peng % (2012) 7
B K PR IR I R A R I M A R AN A
FEEA BB Z b A i RS A U-Ph AR R
1 7314 Ma, 45 BUHE KT 25 2 Hb X300 R 9 DT AR ETA
T 1 730 Ma, Zhang %5 (2015) X #He10 204545 N i
BRI R B 4l b 14 [ AR se AT T
U-Pb B4, 315 36 AR 4 7E 1 713 ~
978 Ma Z[H], R AW NG Sl 2, Hor 25 AR IR 4K
WA 2T Ph/ X Ph WE{HAERY K 1 576+10 Ma,
A K 17163 Ma, 10 TR I 1624
KA, BRE T £ 8 1 H e /NIURR IR A 1 716
Ma, JEIZL9e55 (2020 ) X s B M 2H 2 H E b 4R
FP I RRRLE R S AT T AR AR A T TIMS
WA U-Pb 4E#8 1 666216 Ma, [A]422 KR 5 5 M V)
Y ICFHAFIE (R BRI 240 KGR IS FHAE IS ) 2y
1650 Ma, Z&6 VA bl 40, At sa 4 JHE L0 Hh X
K IR RIEFAE R PR ETE 1 700~ 1 650 Ma,

T E A RAT LU R 3 S DX IR M
WARFET &, H UM ERNEAHEE TR
R ot A TS R b, T g FE R 22 b 217
AEBEHEE IR T E =R E R ——
UREAT 25 AR H DX P R R i M 28 i TR B AR
A SR MER IR E o 1968 4ETAT 044 Hi 5 =) X 8l
JoT I £ R BAAE e 2 R TS 55 e 1220 3 DXl b o ] A
(LY NESTEES PARCNG ARV AE R U E =Y g A= RN
AAVERYE R E A AR R H R RLIGd], 1984
AR AL A M R B — IX R BN 7E B B b X R S T
Ji& 15 J7 DRI B DX X A b o 3 B B
RS SCEEE R B ONRRIE RS A T
FHE L1y 1 X 86 L) T 2R A 7 X FO A 9, TS A N YA
1987—1996 i) b4 M BT i 7™ ey 55 1 — Hb 5T K BAIF
JE I 0 PR S S B A 15 T X AR
T S IFE B e B i DX IR R T R R A
HMIELL RIS LA LT

AR SCARAFHE LI IX 2 A 3k R R N VA A

BEb A T B AR N B — AL RR B B AR I A o
1 822 Ma 5 1 925 Ma, KR T 57 3k Hh [X 1 78 41
TR /N T 1 822 Ma, 454 AAT L b X K ik
A MRILR A A EAN T 1 850~1 800 Ma A8 Fiff
FHVA K DX 358, i M3 21 b 78 R 2 Wi 2 A ok L 2
1 635 Ma 4f fd A 4R 08 (5K A4S, 2015) , A SC) 25
B 8 Bl DX 3 R N 98 A DT RAR % R 1 800 ~
1 635 Ma, {HEE AEH I DTRR B AGIA T5 22— 20 TAE
5.2 nFRMIRE

FI R JE &5 47 U-Pb H1 Lu-Hf [543 Z %Rk, 7 DA
BT MO R, I T XA K -8 i
P FIRL 3 A Ay T PR AL MR B (B AR,
2008; Yao et al. , 2011; Xue, 2019) , AXHKIKR
FONVALL 2 AP ARE G, SRR B A AT i
HZH 2.5 Ga, BANA B JC AR Bkl 10 1)
Sk AR R (09) o TR JE B A I 45 SR
M JHL T A R XA A L S A0S DX A oy A e 3 24
2.5 Ga IR AGHMPTAR, S5+ =K KRR T
ML BT 8 5 K A A b2 B AR AR U X
SAE (T RS, 2003; Wan et al. , 2011), =k
KR H M I A LA DA R A R AR
AEIR R 2.5 Ga Hb, i —EEE 2.3~2.1 Ga F11.9
~1.8 Ga B &AL, R E M IWARE A LT
IR DX A Ak (T ¥ AR A5, 20035 Wan et al.
2011) , TiSR/R Wb IR 08 DBV h
AR BN B 2% - 2 FAFE (2016) 7R PRI H 5P /K
24 6 AR IRARDTRUA h 3R A5 18 B 5 A 1Y 4F
HAIEME K 2.5 Ga 2. 35 Ga.1.95 Ga H1 1. 85 Ga, Al
AP 1.6 Ga fifa; UGS (2019) FESR/R 2 W
3 FEGIE 4 AR R DUBUE R T A5 20 i)
BRI IEE N2 1.8 Ga, 754 2.5 Ga fEAE— /)
MIIEAE , T SRR 2 A b K IR R AR LR 2
AEFEAS 4335 0, AU DX A8 A 3 R JEG 3
WHE (T A%, 2003; Wan et al. , 2011), b
T R IER F NI AR SCRAT I XK IR R
YA LR B 2 ELA LT 58 4 A ) 1) e 8 s A 0
{ELRRAIE | 26 BH 33 A AS ] i X A9 K 3k 2 ISR TR 9
JEAR A B T se i B K A S, (R85 G
WA M X T Ak 0 ) o 07 8 4 B, 63+ = B o T4E
At v Fr 38 AR Bl B Py, 4 IR R IS ER YT, ok
A FRE W s hEE L . A SO SR IR R b T
At 1L R R AR I, 32 DXl e A A 8
TR AR A R K 1.95~1. 8 Ga 97E
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A
= % Gk

43 4%

s AT AE R A0 3% (Xiao et al., 2011; 14 % ¥4
2011a, 2011b), R ABR EFHRRKRE LB A
292.5 Ga WERKEIN (S, 2011a, 2015; &
1£4%, 2017; Wang et al. , 2017) ,if H #&A — & B
2y 2.1 Ga ALK A (H5HESE, 2011b; Du et al.
2016b) FEM:Z4A (Peng et al. , 2017 ) FIK 1 =TT
FAR (BUWERSE, 2013; Du et al. , 2016a) , HIL, A<
SCHEDR & M V) 2V BB e 4 S AR AT g R 2ok R &
Fe s I 3 1 R SRR, R A A BT A
252.1 Ga ‘HHRWEEEE A M 1.9~1. 8 Ga ZE i — A0
B T B B A, PR K R B2 W0 4R DUARR B, ik
T IC AR A I A FAE A O 2 58 M 3R 0148 1 1k
YRR ot i AR S DIBUA Y B IX, BL ok, 1 )5
A N U e AT R B (B 10) N R 1Y)
WY FE N KRG, X — 25 R AR XH M
YL EEYIER A 3R AE B Y K A -l o AR
AR JRFEIE , A SCHIFST I R 41 D 2 R 5 (D1533-2.
1) BREMH 2.5 Ga IIEIEAFRSN , IBFF R R 7R
FIRE B ES AAEIRE R (R 1) . MRS P iR B i
T8 55 41 Pb/*°Ph AF #3252 Ma, 1iii H 7iij o 4F
A AL BERA KT 3.2 Ga MIRLIE A A IRIE , N
T A AR, 12 1l 2 (R R TS 8 0 ml SR F 3 2R M IX
o F A e P B % ( Natman et al. , 2011; 55 7K
5, 2018) . HAbh W A EE S A A 13 A
AEWE N 2 975~2 654 Ma Z[8], 24 /5 BIril 7€ £ 6%
AR B B I A A A TR Ll Y R AR R B R
A —E A H 28 (Liu et al. , 2009; Yang et al.
2013; % 4% Jp 45, 2014; K& £S5, 2018; Diwu
et al. , 2020; FRIMREERERGHR) , ATRE N KR
HWHIARM TR, 5KEA A0 AN AR
Pl SARGR Pk b NI B N AW AW (L Y ok =
B ), Ho 4 RS 4RI R 2 402 ~2 306 Ma,
A6 TR 2 400~2 300 Ma A 41 T8 L& TR
GERAE-BE-/NFRIE P AR R T2 fE L IX (BT
HEAE, 20065 5 ALE G4, 2007; Kroner et al.
2005; Duan et al. , 2021; Zhou and Zhai, 2022) ,i%
B BERE i 5 A T RSk A i b X ] B AR A A A R
P, 2200~2 000 Ma H)f A1 i s AEAEIL se i 43 Af
BRI e A K S AR R R A, w
Wi R 4T R 7 5 K L B Rb A 2 200~2 000 Ma FfE
B ATTRER A TR B LA fEIL B R
ARG LX) RAE G E HLIX (5 MRS, 2011b; @& i iR
45 2011; kR Ak 4, 2012, 2015, 2018; Huang

et al. , 2012; Du et al. , 2013, 2016b; Wang et al. ,
2020) .
5.3 MREHMIEEME

K FAEICHETT - K AT M X rp T i AC W TR R
B U HL A 1 PR BT T ARG PR T R A 2
(EMM, 1985; FKIE, 1986; FMi%s, 1986; I
BRTE ) 1989 MK WG4, 1997, MIBLZE4S: ) 2000; #
5, 20015 BOKF-AE, 2004; KRB, 2007;
RS, 2007; MicuRsdsE, 2011; W& E5%, 2013;
MRIE5E, 2014; EAMSE, 2021; BRESE, 2022; #H
FRAE, 2024) , HAGX T oot ST 4L H S 7 Je L
KA FANAF AL ZFOR R R, Horp R
4 (2004) 5 BARSE (2007 ) TA eI - KATE4A
M I8 T v i 2 PN S S A (R P P A ) | R A
i R Al B P A KR E I A 38 B R B
WFE T FEse AR, S — AN R AT RO P
o IeFFRAE (2007 ) MR I o T AR 2 Th A E 1
L 3E D QIRGESI I F U o St EE/ 310
T AR T I IR AR R R RIS § e A
KRS (2011) 5 % 2 [ 55 (2013) 7640 B g A %
BHOFERE I 256 KSR DTR 2 X b, ST A B T 4
3t 5 ha A6 2k vhopn oo AR UTRUR b i Ak 32
T5 B Bothy i i Ao X R Al B gy g 21 55, IR
Aede e pnmde g oot R AL T A 3
1 L2 Bl 22 5 10 R i R4 i JR A 1 1 55, Z L rh o0
REU T AR - e —7 | bl KBl 445 1 — 25 e
S5e I R, A db s pnam b 21 5% 45 ) # 3h KBtk
Grudifb, BBl R Bl i S i) 3 PR AR AR RRE B LA
T M RERIEREE A R A s S DT BUA R, ZEEkIS
HPCFRG , et v b b 4 ] G5 48 Ry % 3h K i i
%, BRVEAF (2014) 8 2 % i B b DX 3 2D 5 e
B ARSI A5 48 R N VA R iR NE
Tt ), AT I AR AR A P R DX R AR X P R B
GBI - R RIX, HA JE DU R 32 B
H v 3 Y DX {E P ] 3 1 e o R DX i
e WIR EATIE T Rl N S E A AN R A
RIR R 5, WRAEAE (2022) 7857 40 5 25 1
FERE [ XF 3R L B R L X W YA A m AT T
DUBUA A 2E MU BRI 22 2R BT, DO X M
NIRRT VA M N W R RV IR 2V oo e = 2 VNI
R B, R X AT REZE D T ek i AR FE T, <
IR R, FE R b SE IR B R o DA K B
S A oA 3 I L DX N A AL AP T R T
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a D1533-1.1-149 D1533-1.1-149 : D1533-1.1-149
Bt
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-t ¢ \ &
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b |
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Ws

= Kis

20 um

K10 B S SO X KR NI A S A h s R B0 0 A (a d g jom) B T IE%R (b e th kn)
SRR (o 100 0) (B 148 5 45 T, 2009)
Fig. 10 Representative mineral phase (a, d, g, j, m), backscatter electron (b, e, h, k, n), and cathodoluminescence images
(e, f, 1, 1, o) showing mineral inclusions of zircons from the quartz sandstone in the Changzhougou Formation of the Zanhuang

Complex ( mineral abbreviation after Shen Qihan, 2009)

SCALIE A, BIFHEL AR N R TR s Rl bl oe A7 oo AU DT AR B O M A T Y S
SR LY BRI, RIS BIR R e 20T FE5eil 7R R AR, {H 4 I BIF 5 38 32 A D 360 Ml X
BRI, ZiG LA al A R AL -k ool AU R A 4 T me i i P E 2448 4
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(BRBEAE, 20145 B 2021 ; BHEAE, 2022;
A, 2024)

Al O I bR ) e XA Ee, H AT X
KAT L8 2 e HAH AR b IX 30k 2 M V8 A DU RR B
SRR A s R B R 7 R T = R
(2016) X% 52 3l X H MM YA 2L T e 1 BB 051 T R0 5
URUREE DU AR BORFAE 234, I Ak T £ b X
FON I A B T O A DU A G, E A A
(2021) % L VS B3 H M I L0 AT T 5 1 2 FIUT R R
B R G 0 1, IAR  MN I A U AR PR 5% 3 2 [ BE
R 52 AH R A B, F MY AL TR R p ok 3
AL R - 55 -5 - 55 1 L A VO T A R B
TR B BT ARE

— R, T BT AS [R5 T A S DR
o B A A R S R OR R AR 1S, 7 T
TR TR B 4 A R — A4
I TCRR P OB AR 1) B0 | 5 B Bl 8 3t 1Ly A G
ATt v B AR T A D DA HE B A A B D (O
FRAE , T4 Bl K i 10 2 RS 43 IR B v 0 e T s 1
A T T M S IE AR T S A 22 30 M 5 S i
A B 2% B AT WS WAL, I AR 22 500 T 4 A AR A1l
AR K F HPTRAF IS A 4E 45 ( Cawood and Nemchin,
2001; Hawkesworth et al. , 2009; Gehrels , 2014),
HT I, Cawood 55 (2012) 12 H AT FI FH AR J& 85 A4 47 %
A3 AR BYAS R B AT DT R BR B 3 ok o S s A 45
FHAE S (crystallization age, i FX CA) 5 UTFLAE #%
(deposition age, fij FX DA ) 22 [a] B[] 25 B B2 91 B K
KAy 3R R AR 3 A B UTRL IR 2R
BICE 1), B S RO R H M VA 4L 2 AR Y
TR TS B A 45 ot A 0 5 L R A W I [ 55 5 359 0 3
150 Ma, 5 {0 JR #3055 DU RH 230 1) 18 1 0 A 41 0%
TR RFAEIEA—B(E 1), 25500 82 S AR IX H M
IULE A DUBIIREE 5 R 8 4 A AR WA 1% 2R R AIF (J&
A, 2016; FAFES: 2021; WITESE, 2024) , A CHE
N 2 b X K 2R M 3 2E T T i PR e R 2t £
i 2V A | 3 5 T - KA T DA K BEH b X Tl 4R
HII(1.87~1.67 Ga) KB Kt SR ERET
TE U AR AW & (CRERFE S, 2020) , I 24 K
JEARHC A (A4 | 20045 Zhang et al. , 2007) B~
B 5 (S, 20055 45, 2008) LUK AE
Jb Rl P AR HLIX 1. 78~ 1. 67 Ga FEME A S (k) BE
(ZHILI5E, 2001 BXORSF4E, 20015 BUEIARSE, 2003;
WA, 2004; AEWELE ) 2010; Peng et al. , 2012)

100

. ; e
90|
‘ B

80

70 F

s ,I CA-DA=100
i 60 | ' = s ca-pa<100

=sob \1’
| A
A | 1= il
40
|| E2 (30% A-DA<15
0 foofet AEZH ) ) "I::H DA<150
| | | CA-DA>150
20 H |
)
et c \(l,
10 f ! )
| D (594) D1533-1.1
; B ayy — DI533-2.1
0 & L n L N .
0 500 1000 1500 2000 2500 3000
LESERH(CA)-ITTBITER (DA)/ Ma

BT R SRR ot DI R MY LA S i

AR B A £k F (35 Cawood et al. , 2012)
Fig. 11 Accumulative probability diagrams of detrital zircon
age for quartz sandstone in the Changzhougou Formation of the
Changcheng System in the Wengcheng area of the Zanhuang
Complex (after Cawood et al. , 2012)
CA—E A IMES RS ; DA—H M M PIRRAEES ; A—ICR (I
o) BT B—RRIRG ; C—hrik IR
CA—crystallization age of zircon grains; DA—depositional age of the
Changzhougou Formation; A—convergent (subduction) setting;

B—collisional setting; C—extensional setting

5.4 FEXHFEEWEE

R A ERAS A LT (1 8 7 38 T S5 T A R R
SR, A (R 22 4R AR 2 Bk 2 B Ky i 2 4
BRK Bili b 7 A= K i 0% B B 3] ( Belousova et al. |
2010; Cawood and Hawkesworth, 2019) ., fEdJt 5o i
i 55 4 Bk HL Al i R0 ) 5 7 38 K Pk b 5 T AR R AR 2
o), ¥ S PR BePEARAE | H 32 B8 A T Kb iy, (HAE
A v 7 388 Pl 7 18 1 K R A o R AR
KT (3. 0~2.5 Ga) B AE HURE K (B LA
20125 HEHEZE, 2021), /A 50% 1y KKl Hb
SO T X —BH B R AR K294 60% ~80% Y
B4 K i 52 B 20 T8 B, IS5 A b T 38 A B i 2
RS (B AR, 2021), BLAh, — Lm0t
TN EIAEICSERE Al 2. 52 Ga MILIRA A
M4 Nd [l 2l o el A i HE [R)7 2R b 7oA
AEWE N 2.8~2.7 Ga, RIILHR T 2. 8~2.7 Ga J21E
b e e EE A A KB (Wa et al. , 2005;
Geng et al. , 2012) , X5 HAEMEILwhiE KA &
P TELL BOE BE R R gk 1L R ER UM AR
294 2.7 Ga HAM—Z(TAES, 2022)

— SRS ORI R T (X & 45, 20095 Diwu et al.
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2011) , el 5 F 3 ok L I PR 242 T ROK
Geh BEFCE TR IR A RS 2. 52 Ga
A AT, XS LA IR 4 eNd (o) {5 R/ 8
A eHf(t) 8, REBCH AT eHE (1) (HIZE T IH
15 P i, BB AR IS 5 5 A T BUAR I LA
FEIT (4R 22 < 200 Ma) , 2 BT Rt AU A0 I8 A7 A
AR ZU ) b 5T A (X & AE, 20095 Diwu et al.
2011)

AR SCHE i s A W I BB LSS AT I8 40 BT 465 AR
7, HASAL G g 3 130~2 637 Ma( 3 3), H 354
H1T 2 800~2 700 Ma( & 9) , 3= WI8E 52 b IX i 5 K
T RO KA AR TTG Bk ( Yang et al. , 2013;
ReERA 2018) , A Aty oo vt A H B iar i v i g 485
AW B HE B4R B AT 3R 1 2 800 ~2 700 Ma
WEME (Du et al. , 2016a) , #E—25F W H A 1R H 48]
S R R B M AR K BT (Wu et al. , 2005;
Geng et al. , 2012)

T o R B AR A R bl DX K 3 R I D
TR £ U-Ph-HE [R5 47, 45 & if AAH G B8
BE A SCIRIG LU R I AA

(1) ARYEEJE £ A B & B FEIE S U-Pb
AEWS 25 IR TE 2 PP 5 R b AR AR B AR R R
A2 Pb/*Ph 4E IR 40 1 925 Ma 5 1 822 Ma, 24
AFTRTRBAMWEIR R EE LT T 1850 ~
1 800 Ma 7% B FH 5 X4 b8 N IB 20 F 3 R 2T 4
Hk g 1635 Ma 25 St A 4F 08, 9120 FRE B
X H M A I A DU 1 800 ~1 635 Ma,

(2) %8 4  KOUk &R M V8 AL A i e B
A7 Pb/Ph AFHREE TP AE 3 252~ 1 822 Ma Z[H], Fe F
B AR 20 2 500 Ma, 367 H =B W 8ok
AR R T s AR R B A HE T o Bt
KERAE WY h 3 253 ~2 656 Ma, W (B 4E#4 K 2 900 ~
2 700 Ma, 45 &% B2 4 2 700 Ma 538 55 40 FIE S
B HE R R G R, i — 278 T 2 900~2 700 Ma
SR LA R ST i R AR K B,

(3) SEAH R N IHANIX B E R A F NI A A
2 DURRIREE 50 55 A 0 AR DCEICH | #k B 52 42
S X I R H M AT T Rl P S AR f

Bt RORX R AR FEFSMMERRELE T

BB B3 IEFRERTARALGAAFTET A
IR T BRSO ED, B % B3R T AR
0 B Y g
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