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Discussing the age of the typical Paleoproterozoic stratigraphy in the North
China Craton based on geological events: A case study of the Hutuo Group
in Wutai Mountains
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(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: From the different distribution areas of the Sijizhuang Formation at the bottom of the Hutuo Group, one
sample of orthoclase granite-porphyry and one sample of porphyritic monzogranite gravels were selected, along with
one sample of orthoclase granite-porphyry intruded into the Sijizhuang Formation in Jiangcun area. Zircon U-Pb-Hf
isotope analysis was conducted. The weighted average ages of the orthoclase granite-porphyry and the porphyritic
monzogranite gravel were determined to be 2 507+ 14 Ma and 2 519+35 Ma, respectively, indicating that the
sources of the granite gravels were likely the late Neoarchean Ekou granite and Lanzhishan granite. The zircon
*"Pb/**Pb age of the orthoclase granite-porphyry intruded into the Sijizhuang Formation was determined to be
2 157+15 Ma. Combining the ages of the Sijizhuang Formation and the Gaofan Group volcanic rocks in the Wutai
area, and the geological events in the North China Craton from 2.2 to 2. 0 Ga, it is inferred that the lower boundary
of the Hutuo Group is likely to be 2.2 to 2. 18 Ga, and its upper boundary age is approximately 2. 0 Ga. The depo-
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sition process represents a period of intense intracontinental rift setting. The Hf isotope results of the Neoarchean

granite gravel and the Paleoproterozoic granite zircons indicate that there was strong crustal growth in the early Neo-

archean and crustal growth also existed in the late Neoarchean in the Wutai area.
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Fig. 1

Geological sketch map of Wutai area (after Wilde et al. , 2005)
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Fig. 2 Geological sketch map of the Hutuo Group in Wutai area (after Wu Jiashan et al. , 2008)
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1—the age of metamorphic basaltic andesite ( Du Lilin et al. , 2010) ; 2—the age of pyroclastic rock (Peng et al. , 2023) ; 3—the age of volcanic
tuff (Wilde et al. , 2004 ) ; 4—the peak age of detrital zircons from weakly metamorphic sandstone (Du Lilin et al. , 2011) ; 5—the youngest age of

detrital zircon in metamorphic sandstone ( Du Lilin ez al. , 2011)
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Fig. 4 Outcrops of conglomerates in the Sijizhuang Formation and granite-porphyry intrusive
a— LML MR AR E ; b—TIE RS PIER AR BEA TR, o— TR EARRE T KA A IR d—I T BUR MR EA RS
e—{ A PUSE FEZ R JBTih- vh O B A ARHZ B 5 (—IE RAB R BEA R A TUSR AU BTN 25 g h—IE AL b BEA B A1 2 Sk A

a——conglomerate in the Sijizhuang Formation, north of Shiji Village; b—orthoclase granite porphyry pebble in the Sijizhuang Formation; ¢—monzonitic

granite porphyry pebble in the Sijizhuang Formation; d—conglomerate in Sijizhuang Formation, east of Jiangcun Town; e—oblique bedding in meta-

morphic sandstone of the Sijizhuang Formation near Jiangcun Town; f—the intrusion of syenite granite porphyry into the metamorphic sandstone of the

Sijizhuang Formation; g, h—field outcrops of syenite granite porphyry
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U.Th &390 19x10°~213%x107° 23x10°~119
x107  Th/U N 0.34~1.30(F£ 1), 1E/rHr4s
[ 23 53T 2 Ph/ 2 Ph 4RI K 2 685433 Ma
A HAGHT A Ph/* P AFIEERN 2 567~2 463 Ma,,
TERS A U-Ph ARSI IR T, 15 17 21 T 25 5407
MEAWEA Ph R AR s 240 Tl Lk -
SR (B 6a) o FBRATRE AR A1 14 23 5 A
HATHREL P BB 4 A B s ok, Hidx 23 A~ a00R
1327 Pb/ > Ph IMACF-HIAEIE S5 R 2 507 £14 Ma( &
6b) R T WA IR X AL 4 BT BT €

(2) IBER AR 18R 1 (HT76-2)

RIBLIR K AL B A A (HT76-2) BE i £1 2 5
FEFEIR—AATAR R /N 100~ 300 pum, &S
T H A A TS B W R FURL AT B R T M
A 68T PN 285 A B T A T 38 D PR R 22, A ) UK R 1T
ERER O A PR R F B B Y
T I < B LS R AN T T B

HT76-1

11 2393 +35Ma

(8.18,2515 Ma)

.-_""]l"\}l-l'l'l == (4+45; 2689 Ma)

9) 251634 Ma
(4.63,2689 Ma) 200 um

WA %) 5 SRR A B AT T 8 0 AR PN 08 5 & o b 5
FUCE5) o EFETCH 5 a0 B 1k 52 e EL A I 24544 )
1Y 24 Rigk A1 84T U-Pb RN Z 4007, U Th & 843
T A 48%107°~1 057%x107° 34x10™° ~654%107°, Th/U
BH0.11~1.54(F 1), FrASEERES, > Ph/*Pb
AR AT BB (2 532~2 285 Ma) , fEH5 AT U-Pb
AEISTE AR 280 B s TR LAY Ph KT
AR, A s R G A —8 &k T
AR AR 2 50912 Ma F1 77433 Ma, i 7%
L | 4 N30T RIS Ph/ ™ Ph AFEIA45 4 2 519+
35 Ma( ¥l 6) , 5 I 58 AR FE 1R 25 Y5 N — 3k, AR
T T ZRAL AR R X AL R A TR AR,

(3) IERKAEXEES (HTT75-2)

IERAER BE S (HT75-2) Bl P 85 407G N 2270
o IR, 2 KA - S AR D a5 AR R 150
~400 pm AR ZF MR AEE . EIRE
FeEMG R, o3 A Uk N EL A A IR
AR A AR FR A (] S) o 28T 30 gl 50
BZT U-Pb [R5 25087, U Th & 54300 13x107° ~
54x107° 9x10°~42x10°°, Th/U {5} 0.58 ~0. 92 (
1), FEFTA S HTEE R 27 Ph/ ™ Ph 4B A 2 217
~2 087 Ma, FEH: A1 U-Pb 45 I8 M, Bk 8 A1 18
S HT L EA I B A Ph ESAN, HAx 28 N s
FEARL TS AL b sl B, 2R45°7 Ph/ 2 Ph INACT- 3
I 2 15715 Ma (18 6) 3K T B K BEA BT AL
A
4.2 %A Lu-Hf F{IX
(1) IERAERKBEERAT (HT76-1)
XYPZFE S SERL U-Ph [R5 M1 28 Rk £,

2213:440Ma
5 (0r9 2578 Ma)

2604 Ma)

200 um

K5 pud EALE R A iR AR AR B4R i 41 CL IR
Fig. 5 Zircon CL images of granitic pebbles in the Sijizhuang Formation and granite intrusive
Pl 2 P R B A7 U-Ph 4307, SRR Lu-HE 53075 PP I 57 005, RSN B S A0 AT R 85 4170 Ph/ 2 Ph 4% (1) (AN
BA R B U I

the red circles are U-Pb isotope analyses, and the green ones are Lu-Hf isotope analyses; numbers in the circles represent the spot numbers,

and marks out the circles represent the zircon 2*' Ph/*®Ph ages, £Hf(t), and single stage Hf model ages
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a HT76-1 2800 051 b HT76-1
0.49
0.47
045
2
/ LTS 2507+ 14 Ma
S N=73
0.41 MSWD=0.61, N=23
0.2 . 0.39
| 6 8 10 12 14 16 8.5 9.5 10.5 1.5
"Pb/U TPbU
0.6
¢ HT76-2 042 | d HT752 2250 |
0.5
04 0.38
2 =
2 03 ” B T
E = . E 034 _
- o IBUT 488 2519435 Ma : 16 MECTEEIAERS: 2157+ 15 Ma
02 A MIWD=0,095; =4 MSWD=0.83, N-28
" - aBcs P il
7 BRI 0.30 X,
0.1 TTE33 Ma & 250912 Ma

(=]
L=
)
=
ta

5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0
TP

Bl 6 Aepiatiif RAER A B 41 U-Ph I FIIE]

[ig. 6 Zircon U-Pb concordia of granitic pebbles and granitic intrusive

JSATRELE T U-Pb 22 4F A A7 B 384T Lu-Hf [F 47 3R 43
Mr, BARZE R 2,7 Lo/ HE {H 75 F R 0. 000 407
~0.001 319, Hf/"Hf {5 0. 281 235~0. 281 364, Hf
[ BT B 23 540 B o5 T R AR A e 25
ANBE IH T — 4 2R i s AR 927 Ph/ 2 Ph AR i
A, HAR T SR F S A B IS Y AR 25 SR 3
AHR Y OHE TTHE, {54 0. 281 240~0. 281 332, £Hf (1) {H
LI +2. 1~ +5. 38, BB Be AT [ Bese AR 18 5 )
2780 ~2 612 Ma F12 808 ~2 643 Ma( % 2),
1E2"Ph/™ Ph 4E A 5 HI (1) R EIH,2.7 Ga I
2.5 Ga MBS/ A 45 BEERAL T 0. 75 A% 75 4 1L
Bow AL Z B (K 7).

(2) MIBER KA AR (HT76-2)

SHUBER — AL 5 7 (HT76-2) H5g i U-Ph [F4i7
MY 24 Rk IEAT T Lu-HE [0 25T 4R I
2. Lo/ "HE (B3 B 0. 000 423 ~0. 002 955, HE/ " Hf
B4 0. 281 308 ~ 0. 281 546, 1 TiZ ke S & 4
U-Pb 4F % 45 3 B B mZin pb %K,
i 7 HE/ T HE {5 57 Ph/ ™ Pb 4E % I JC W W B A &

PECEINS) , 2B Lu-Hf R Z AR RAE Ph KR rh
AR Z A WA sZm, R, 7E HE R4 2 H At
o, R B A% RE S R B 3 AR 6 25 R AT
S TSHE/THE {HA 0. 281 227 ~0. 281 403, eHf (1)
{HYEE A +1. 89~ +8. 18, HL [ B Al B B A%t s 4F %
4351k 2 763~2 515 Ma 12 824~2 515 Ma( 2)
127 Ph/ ™ Ph 4EIR 5 eHI (1) X R R, ZKAE K
FEA eHE(O) (RIS T 0. 75 £5 75 1ot i F Bk
AT A 2 =2 (8], B a3 AT 4 R T A e N
0. 75 {57 ik Z 8] (& 7) .

(3) IEKAERBES (HT75-2)

S IEKAE R B (HT75-2) F1 58 i U-Pb 4E 3 1)
R 30 R8s A AT Lu-HE [ 07 254087, 45 5 WL %
2. Lo/ HE {HIEF A 0. 000 453~0.001 177, Hi/ " Hf
{E°4 0.281 385~0. 281 480, A M4 #r w2k g &1
U-Pb AFI A BT 85 R4 715, 7 e/ THE, (H R
0.281 337~0.281 443, eHf () {HIEFI}-2. 5~ +1.26,
BB B BB AR IS 53501 2 618 ~2 468 Ma FiI
2 746~2 560 Ma(#2) , 7EES A Ph/*Ph 4FHi% 5 eHf (1)



779

TEREA 1]

VAT & X

DAt B R4 B e AL s e vy ooy S R R A

FEAIARSE

56

909 ¢ L8S T €9 L 8Y— 16¢ 18C°0 L6°0— L10 000 "0 S6€ 18C°0 120 000 0 L16 000 "0 S1L 000 °0 8¢8 8¢0 0 616 C €0-C-9LIH
19 ¢ Y19 ¢ Q9°¢ € 6v— 1€€ 18C°0 L6°0— 810 000 "0 8LE 18T 0 €00 000 0 896 000 "0 811 000 0 068 0€0 0 616 C C0-C-9LLH
06S ¢ 9LS T 999 99— 09¢ 18C°0 60— 020 000 "0 Sy 18C°0 110 000 0 9¢6 100 0 €69 000 "0 €2L 8900 616 C 10-C-9LLH
Lfiy 2 B S YY) TOLLH

1L ¢ €99 ¢ 66 ¢ | S €6C 18C°0 86 '0— 120 000 "0 9¢¢ 18C°0 200 000 0 €89 000 0 910 000 0 L8 020 0 LOS T 0€-1-9LLH
€L9 T 6e9 ¢ LLY 9°08— SI€ 18C°0 86 '0— 120 000 "0 cre 18C°0 00 000 0 19S 000 0 061 000 0 €0S 910°0 LOS T 6C-1-9LIH
€ILT 999 ¢ 96 ‘¢ s 6T 18770 86 '0— €20 000 0 e 18C°0 100 000 0 969 000 0 1,0 000 0 €S 610 °0 LOS T 8C-1-9LIH
0L9 T [43° ¢ €8y L0S— LI€ 18C°0 66 '0— 0¢0 000 0 8€€ 18T 0 €00 000 0 6€ 000 "0 691 000 0 CIL 1070 LOS T 9C-1-9LLH
8L T 69 €T 9T ¢ ¥ 1S- €LT I8CT0 L6°0- 610 000 "0 61¢ 18C°0 620 000 "0 1,6 000 "0 6LC 100 °0 LS6 €€0°0 L0S T SC-1-9LIH
969 T 69 ¢ 0ey S'0S- c0€ 18C°0 L6°0- 820 000 "0 Sye 18C°0 €00 000 "0 168 000 "0 LT1 000 0 S8¢ LTO 0 L0S T ¥C-1-9LLH
808 C 08L T 66 ¥ ¥ vS- 90C 18C°0 86°0- 120 000 0 €T 18T 0 100 000 0 ¥9¢S 000 "0 €60 000 0 e v10°0 €89 T €C1-9LLH
€9 T 19 8¢S 0°0S- cee 18C°0 86 00— 20 000 °0 LSEI8CT 0 €00 000 0 €26 0000 S€1.000 0 880 S10°0 L0S T CC1-9LLH
889 C L¥9 T o ¥ S'0S- LOE 18C°0 36 °0— 120 000 0 € 18C°0 00 000 "0 €LL 0000 I€1 000 0 €81 120 °0 LOS T 1C-1-9LLH
708 C 9¢L T 01°¢C 1°¢6— ovc 18C°0 36 '0— 810 000 "0 69C 18C°0 S00 000 "0 09 000 0 €12 000 0 S1C L1070 LOS T 0C-1-9LLH
999 ¢ 629 T 16t 9°06— 61¢€ 18C°0 66 0— 610 000 "0 1v€ 18C°0 S00 000 "0 LSY 000 "0 991 000 0 L80 €100 LOS T 61-1-9LIH
9 € €19 ¢ S 8 ‘6v— cee 18C°0 86 '0— 610 000 "0 ¥9¢ 18C°0 100 000 0 £99 000 "0 €0 000 "0 618 610 °0 LOS T 8I-1-9LILH
0EL T 6L9 T (3 €16— €8C 18T 0 86 00— 910 000 "0 0CT¢ 18C°0 10 000 "0 18L 000 "0 11€ 000 "0 9Ly €70 °0 LOS T LTI-T-9LILH
I1SL T 69 T 81°¢ ¥ CS— 0LT 18C°0 66 0~ 10 000 "0 06¢C 18C°0 €00 000 0 LO¥ 000 "0 €21 0000 16 110 °0 L0OS T 91-1-9LLH
09T €9 ¢ (434 6 °6V— L1€ 18C°0 L6°0- 20 000 "0 09¢ 18C°0 €10 000 0 L68 000 "0 805 000 "0 €48 920 0 L0OS T SI-T-9LLH
LYL T 169 ¢ LT¢ (A4 €LT 18C°0 66 '0— L£10 000 "0 L6C 18T 0 L00 000 "0 96¥ 000 0 LOT 000 "0 266 €10 °0 LOS T Y1-1-9LLH
YOL T 099 ¢ 1404 S0S—- L6C 18C°0 L6°0— L10 000 "0 S¥e 18C°0 800 000 "0 86 000 "0 20T 000 0 600 620 0 LOS T ¢€I-1-9L1IH
L99 T 0€9 ¢ 06 v S '0S—- 61¢€ 18C°0 86 '0— 910 0000 Sye 18C°0 200 000 0 ¥6S 000 0 L0 000 0 vl 910 0 LOS T CI-1-9LLH
90L T w99 ¢ ol v 9°06— 96T 18C°0 L6°0- 910 000 0 19€ 18C°0 €10 000 0 €€6 000 0 £6¢ 000 0 886 CC0 0 LOS T 0I-1-9LLH
LTL T 089 ¢ L9°¢ 08— 8¢ 18C°0 96 '0— 910 000 "0 8¢ 18C 0 910 000 0 61¢ 1000 <Ly 000 0 S69 LEO 0 LOS T 60-T-9LLH
0CL T 1L9¢C 18°¢ 9°16- 88¢C I8C 0 86 '0— 910 000 "0 €le 18C°0 200 000 "0 01S 000 "0 8¢0 000 "0 9L ¥10 0 LOS T 80-1-9LIH
LL9 T LE9 T 69 v 8 05— €1e 18C°0 66 '0— L10 000 "0 9¢€¢ 18C°0 00 000 0 8L¥ 000 "0 S1T 000 °0 €01 €10°0 LOS T LO-1-9LIH
089 ¢ 19 ¢ €9y 08— 11¢ 18C°0 86 '0— 910 000 0 9v¢ 18C°0 110 000 0 1€L 000 0 08¢ 000 0 S1€ 120°0 LOS T 90-1-9LLH
TILT 199 ¢ 00 v €S- ¥6C 18C°0 86 '0— 910 000 "0 cTe 18T°0 €00 000 "0 009 000 0 1,0 000 0 108 910 "0 LOS T SO0-T1-9LLH
€CL T L69 T v1°¢ 6°16— 69¢C 18C°0 86 '0— 910 000 0 S0 18C°0 900 000 0 €€L 000 0 0ST 000 0 61 120 0 LOS T 0-1-9LLH
LELT 989 ¢ 9% °¢ I°16- 6LC 18C°0 L6°0- L10 000 "0 8T 18C°0 810 000 "0 €20 1000 S8% 000 "0 8¢ 0€0°0 L0S T €0-1-9LLH
8CL T 8.9 ¢ €9°¢ S IS— 8¢ 18C°0 86 '0- L10 000 "0 L1€ 18C°0 €00 000 "0 269 000 "0 L60 000 "0 ¥9C 610 °0 L0S T 20-1-9LLH
689 C L¥9 T S4ad 6°0S- 90¢ 18C°0 86 '0— 10 000 0 €ee 18270 €00 000 "0 69¢ 000 "0 980 000 0 €26 S10°0 LOS T 10-T-9LLH
i B T 1-9LLH

e/ e/ NN (1)IHs (0)3H7 JH g, mey o1 JH 11 /Mgy o1 JH 1 /Moy ! JH 1 /Ry 1% 7 =Rl (22

dnoxo omynyy ay) jo uoneurioy Suenyzilt

S 9y ur darsnul dnued pue sa[qqad dnruead uo sasfeue d1dojost JH-N'] UOIIZ T IqEL

EHWCETEIH YT BEEY NS H R 5 D3 b 3 b 25 35 b 4 A B

(%5



42 4%

780

996 T SLY T PI°l L Sh- Orr 1820 L6°0- 020 000°0  08F IST°0 SO0 000°0 896 000°0 90T 000°0  OLI 0£0 0 LS1T 60-T-SLLH
179 T S T 8¢ 0— S Ly- L6E 18T°0 860 810000°0 6T 18T°0  €00000°0  6LL000°0 T 000°0  SOS €200 LS1 T 80-C-SLLH
$69 T €LS T 8y 1- L 8y- 99¢ 18270 860 810 000°0  ¥6€18T°0  900000°0  189000°0  #¥1000°0  LOL 0TO 0 LS T LO-T-SLLH
6L9 T 655 T vIo1- 9°8p- 9/¢ 18T°0 860 920 000°0  66£ I18T°0  €00000°0  £9S000°0 €40 000°0 08I 910°0 LS1 T 90-C-SLLH
81G T 18v T 68 °0 S 9p— €Er 182°0 860 910 000°0  9SY I8T°0  LOO 0000 €95 000°0 €8T 000°0  T06 9100 LS T S0-T-SLLH
9 ¢ §Ts T 1T°0- € Lh- 20t 18770 860 TT0000°0  €EPI8T0 SO0000°0  19L000°0  II1000°0  9LLTTOO LS T $0-C-SLLH
0¥9 T 875 T 9¢ "0- 6 Li- 86¢ 180 66 0 L10000°0  LIFIST'0  #00000°0  #87 000°0  ¥81000°0  SOE +10°0 LST T €0-T-SLIH
L6S T 00S T 0S "0 € 9P TTH 18T°0 L6°0- 810 000°0  T9F IS0 800000°0  186000°0  €4€000°0 TSt 0£0 0 LSTT T0-T-SLLH
€19 ¢ 60S T 61°0 1L €1 182°0 860 910 000°0  6£F I8T°0 €00 000°0  £ZT9000°0  OTI 000°0 009 8100 LSTT 10-C-SLLH

AR T-SLIH
v78 T €9L T 68°1 €15 LTT 18T°0 ¥6°0- 880 000°0  €TEI8T°0 12000070 866 10070  I6L000°0 €61 TLO'O 61S T YT-T-9LLH
LSLT LOLT 97 °¢ 9°05- S9T 182 °0 60— 9€0000°0  OPE IST'0 810 000°0  SSST00°0  +TS000°0  9TS 670 0 61S T €2-T-9LIH
L69 T 659 T 6v v 9 61— 00€ 1870 96 0 0¥0 000°0  OLE I8T°0  €10000°0 097 100°0  SOE 000°0 €99 8%0 0 61S T TTT9LLH
YLS T 795 T L6°9 € 8p- 69€ 1870 86 0 L0 0000  LOP IST'0  TTO 0000  0SL000°0  OLLO00O  ¥¥T LTO 0 61S T 12-C-9LLH
LILT 1L9¢ L0 8 15— 887 180 66 0 820 000°0  80€ I8T°0  TOO000°0 €T 000°0  SSO000°0  ¥91 €10°0 615 T 0T-C-9LLH
795 T €56 T €L I°Ly- 9LE 18T°0 96 "0~ PO 000°0  I¥P IST0 800 000°0  YECT00°0 8PS 000°0  SE¥ 9¥0 0 615 T 61-C-9LLH
vL9 T 0r9 T v6 ¥ T°0S- TIE 18T 70 L6 0~ T90000°0  YSEI8T'0 900 000°0  198000°0 €T 0000  OLy LTO 0 61S T 81-C-9LLH
869 T 719 ¢ 89°G 0 "6h— €€€ 182°0 L6°0- €40 000°0  L8€ 18T°0  610000°0  STI 100°0  69L000°0  LOS 8€0°0 61S T LI-T-9LIH
99 T 819 ¢ 1$°¢ 96— 87€ 18270 L6°0- 0£0000°0  OLETST'0O  LIODOODO'O 098 000°0  T8S000°0  T9T 820 0 61S T 91-T-9LLH
¥89 T 99 T YLy 6°0S- 90€ 1820 86 0 €20 000°0  €€€18T°0 1000000  €SS000°0 €40 000°0  TOS L10°0 61S T SI-T-9LIH
0TL T SL9T 10t €15 987 180 86 0 810 000°0  I1TEIST'0 010 000°0  9TL0O000  €TE000°0 900 £20°0 61S T Y1-C-9LLH
069 T €59 T €9y S 6v- €0€ 182 °0 96 0 810000°0  TLE18T°0  L00000°0  ¥O¥ 100°0  STE000°0  ¥TT €400 61S T €1-C-9LIH
€29 ¢ €09 T 66°S 89— THE 18270 €6 °0— LZ0000°0 6FF 18T°0  ¥I0000°0  8€TTO0°0  OFS000°0  S¥S 0L0 0 615 T TI-T-9LLH
SIS ¢ SIS ¢ 81°8 vep- €0¥ 182 °0 16 0- 920 000°0  9¥S I8T°0  0SO000°0  $S6200°0 990 TOO'0  +TT 101°0 61S T 11-C-9LLH
TI9¢ 16S T 1279 S 8- 8¢ 18T 0 L6°0- €0 000°0  TOF I8T0 €0 000°0  €IT 1000  +IT 100°0  6TL €£0°0 61S T 01-T-9LLH
689 T 759 ¢ €9y 05— Y0€E 1820 L6°0- L10000°0  SPEI8T'0  I110000°0  0T6000°0  LOE 0000  ST9 8200 61S T 60-C-9LLH
0L T 099 T 8¢ ¥ 16— 967 1820 86 0 810 000°0 9T I8Z°0  800000°0  [19000°0  TST 0000 800 0Z0 0 61S T 80-7-9LLH
W9 T S19¢ 65 °S € 67— 1€€ 18270 L6°0- 610000°0 ~ ZLEI8T'0  LO0 0000  €S6000°0  ¥61 000°0  L98 ££0°0 61S T LO-T-9LIH
0L9¢ 9€9 T €0°S 1°0S- SI€ 18270 L6°0- 610000°0 ZSEI8T°0  €00000°0  0L8000°0  ¥80000°0  SLS 9200 61S T 90-T-9LLH
979 T ¥09 T T6°S 18— 0r€ 18T°0 $6°0- TTO000°0 €17 I8T°0  620000°0  SIST00°0  T66000°0 €48 9¥0 0 61S T S0-C-9LLH
LLS T $95 T 69 e 89¢ 18T 0 60— 610000°0  19% 182°0  LI0O000'0  TT6100°0 6.9 000°0  ¥6S 6500 61S T $0-C-9LLH

e/ LA (Nm= (0)JH®  JH,,;/MHg, mmyp o] JH 1 /MHog,, o] JH /Mgy, o] JH /9K gy H 3y L WIGL0

I-T 91qe], panupuo)

1T %5



781

TEREA 1]

VAT & X

DAt B R4 B e AL s e vy ooy S R R A

FEAIARSE

56

(NG ) 7 T M L (L66T “OPeIaqly pue Jo-Moydlg ) TLL T8T "0 =JH ,/FHg,, T €60 "0 =FH /M, L CANHD ) M Tk * |, 0T X L98 "1 =V X%

(000T * v 1 Woosd A )/ "0— & MU [ (wsnio saddn 0 ) LR (OISR I 363 (000T ¢ 1P 10 WYID ) ST €8T 0=JH ,, /THy,, ‘b 8€0 0=JH /Ny, Gl

H,

$o T "oy " IR O M T [ JH 58 S

68 ¢ v ¢ 19°0 69— Scy 18C°0 86 '0— 20 000 °0 9t 18C°0 00 000 "0 €15 0000 01T 000 "0 866 S10°0 LST T 0€-C-SLLH
919 ¢ 116 ¢C 4N} € Ly— 1% 18C°0 86 '0— €20 000 0 ey 18C°0 00 000 "0 §6S 000 0 811 0000 LT L1070 LST T 6C-C-SLIH
LT9¢T 816 T 60 '0- L'Ly— SOy 18C°0 66 °0— 610 000 "0 ¢ 18C°0 00 000 0 £5¥ 000 0 6€1 000 "0 6CS €10°0 LST T 8C-C-SLLH
029 ¢ [ ¥0°0 SLy- 60% 18C°0 66 °0- 020 000 "0 8¢ 18C°0 200 000 "0 LY 000 0 €50 000 0 6L6 €10°0 LST T LTT-SLIH
oYL T 819 ¢ 0S 'C- 06— LEE 18T°0 960~ 0%0 000 "0 98¢ 18T 0 L20 000 "0 LLT 1000 808 000 "0 660 S€0°0 LST T 9C-C-SLIH
889 ¢ L9S ¢ 2 S 8y— 0LE 18C°0 86 '0— 020 000 "0 00 18C°0 00 000 "0 €L 0000 S0 000 "0 €56 120°0 LST T SC-CT-SLIH
YOL T 8LS T 91— 16— 19¢ 18C°0 86 '0— 20 000 0 G8¢ 18T °0 €10 000 °0 €LS 000 0 1S+ 000 "0 s L1070 LST T YC-C-SLIH
029 ¢ LIS T S0°0 69— 60¥ 18C°0 L6°0— 120 000 °0 Ly 18C°0 €00 000 "0 €26 000 0 81 000 "0 186 L2T0 0 LST T €T SLIH
€99 T 6vS T 98 '0- T 8y- 8¢ 18C°0 86 0 020 000 "0 01y 18C°0 900 000 "0 S€9 000 0 LT 000 "0 €€0 610°0 LST T CCTSLIH
619 ¢ LIS T 90°0 8 9y— 60¥ 18C°0 L6°0— 020 000 "0 0Sy 18C°0 200 000 "0 066 000 "0 960 000 "0 L00 1€0°0 LST T 1C-C-SLIH
619 T 9¢S T 60— 08y °6€ 18C°0 86 '0— 020 000 0 v1v 18C°0 €00 000 0 9¢S 000 0 0cI 000 0 178 S10 "0 LST T 0C-C-SLLH
ILS T 9Ly T €01 ¥ 9y- LEY 18C°0 86 0~ 610 000 "0 09% 18C°0 900 000 "0 6SS 000 0 €21 0000 L¥6 910 °0 LST T 61-C-SLILH
LOL T 986 T IL° 1= ¥ 8v— 6S€ 18C°0 L6°0— €0 000 0 0¥ 18C "0 800 000 "0 ¢80 100 0 89¢C 000 "0 L99 1€0°0 LST T 81-C-SLIH
096 T 89% ¢ 91 09— vy 18C°0 86 '0— 810 000 "0 CTLY 18T°0 00 000 0 L69 000 "0 SS1 000 0 CLT 17070 LST T L1-T-SLIH
869 ¢C £€ve ¢ <L 0 T8y L8E 18C 0 86 '0— 810 000 0 01y 18C°0 00 000 0 866 000 "0 061 000 "0 296 910 0 LST T 91-C-SLLH
09 € 90§ ¢ 8¢°0 € 9y- 81¥ 18C°0 L6°0— 610 000 "0 9% 18T °0 S00 000 0 190 100 "0 €L0 000 0 TLL TEO 0 LST T SI-CT-SLIH
€8¢ ¢ 98y C SL°0 8O- 6T 18C°0 66 0— 810 000 "0 8v 18C 0 100 000 0 L9 000 "0 LS50 000 "0 8¢6 €100 LST T Y1-C-SLLH
8LS T Wy 68°0 S 9y- €ey 18C°0 86 '0— 810 000 "0 LSY 18C°0 00 000 "0 €85 000 0 061 000 "0 LST LT0O 0 LST T €1-C-SLLH
059 ¢ 8¢S T 9¢ 0 L'Ly— °6€ 18C°0 86 '0— L10 000 "0 ey 18270 €00 000 "0 L 000 0 L0 000 0 €86 7200 LST T CI-C-SLLH
LE9 T 6CS T 1€ 0- S Ly 66€ 18C°0 86 '0— 910 000 "0 0€y 18270 800 000 "0 1vL 000 0 65€ 000 0 ST €20 °0 LST T 11-C-SLLH
9LS T €8 ¢ ¥6 °0 6°Sv— YeEy 18C°0 L6°0— 910 000 0 SLy 18T °0 900 000 0 L86 000 "0 981 000 0 88 0€0 "0 LST T 01-C-SLLH
e/ e/ NN (1)ms (0)3H2 H ,, /Hg,, mmy o7 JH /Mg, o1 H 1Mo o1 JH 11 /R oy )3y gLy

-7 dIqeL, panupuo)
TT EE



= 42 4%

-
2

0 HT76-1
-10 A HT76-2

© HT75-2

_15 P S R O ey A I S (S I ([ (I
1500 2000 2500 3000

“PbiPh

Bl 7 AER AR S AE R A8 47 Ph/*  Ph 4R IR 5 eHE(1)
KR
Fig. 7 Zircon > Pb/*®Pb ages versus Hf(t) of granitic
pelbbles and granite intrusive
FEH 0. 75 f5 7 b AL 2851 H Belousova 45 (2010) ; fif
TIngk 55 Pl A2 2 A XA E SOk B8 A e
(Belousova et al. , 2010)
0.75 times depleted mantle evolution line is from Belousova et al.
(2010). eHf(t) value between the 0. 75 times and depleted mantle

evolution lines is defined as the juvenile crust ( Belousova et al. ,

2010)

R E R, A 0T 5500 eHE (o) (8 7EBRRE 5 A7 38
e A, I T 2.8~2.5 Ga FHbFEE L 2
mCE 7).,

5 BREPRIRIX LSO A AU TE AR K

CAWFIE R B, D IE I & DU 48 TR AL 8R4 1
JEUE XK AR L BRI 0 46 d T bR
(F1EE, 1986 Zhang et al. , 2006; 1R %5, 2008;
Jii A, 20105 FEFIAKSE, 2013; Peng et al.
2023) . {HERS H AL B R A L B g 47 U-Ph 4F
A5 SR B, P A6 B A TR X 32 BN 6 Hb XY
TTG i WK 7+ ( Zhang et al., 2006; {IL 5 3% %,
2008; FEFIBREE, 2013) . AW TAERT R BRAHE
dn B AMRFIE A ) AL 5 B B X TTG R Rk
FHABKMER AN K- RN, A
WFFE ORI, 1 6 i DR R AR — K -4 A
b R IRR 7 BN 24 25 LA B RN A ik 1 46 B
(Liu et al. , 1985; F1FE, 1986) , R 4%
WORIAS A7 U-Ph 353045 22 2 11 AE 59 # AT B4R % 0
2 560+6 Ma( Liu et al. , 1985) . Wilde % (1997) #i%

BT 22246 A 1 SHRIMP #5417 U-Pb 45 %
I35 2 553+8 Ma Hl 2 537+10 Ma, i Wilde %5
(2005) X H. G HIX AL 5 7 BRE 3R G AR5
KIL,TTG R IE B R FE 2 2 560 ~2 515 Ma,
FEAT LA — 2L PRI R R 2 560 ~2 540 Ma Al 2 540 ~
2 515 Ma W/ B, {HHE B AR A8 0k 452 % 2 1L 46 i
AR MASHESE (2015h ) TEAN /0 T AR L sE P aE
BRI (2. 56~ 2. 47 Ga) ALK A& AR Bk
AR R 1 B0 215 5Ll 2.55~2.52 Ga &
BUR TTG #3163, S50 o B 9 58 45 6, 2,52~
2.50 Ga EENEGHRME AL R N KA T R AL XA
SRR TG SA X 2.50~2. 47 Ga FEIE B R
b, B TR ARG, AT R AT,
22 RE B XN TIG B iRS E2, 54
B | AT ARG ST N AW W s B S R o 107 N O
MASHT Y 2 2 1 46 4 %5 SHRIMP 45 47 U-Pb 4F & 4%
A2 511~2 502 Ma (s MR R TR,
I AR SCHIAEAEWT , PUSEFEZH 2 N AR T & B A A6 1
WEA FTRER H T 22 2 LRI 1 46 5 H R

MAE B 5 Bk AT B 85 47 HE W) 457 & 43 B7, HT76-1
BRI eHf () (HIEAN T 0. 75 fi5 75 0 s o fL 26
ZF, [ s B B R B B AT I A A U-Pb AR
15K 100~300 Ma( Bl 7,35 2) , RIIZAG K A F 2N
2.8~2.6 Ga Misc i, T HT76-2 Bkf1 eHE(¢) A2
A R AR, (R Bf ZD 3 43 A HE BUARE I8 5 U-Ph
AR EEE (K7 .38 2) , W RE AT AR M58 i 3 20 4 il
S HLE ) BT A IIA 5 TR 438 A 1 A5E AR i I
KFHIE SR (- 7 36 2) , SO T 48 % b 52 1 7if
i, IERAERBEE T, 80 eHf (¢) B2 T R =
g HAEARRR 207 T 2. 8~2.5 Ga My 5e i fk
222 (A, 2B £ M DXty ol AR A 32 Bk A T
1 (FEFIMRAE, 2018) , 456 CA BIETEREL X A ik
AUES A HE R 2R A R A 1 A R Az
[ EME il B b DO ARl AR I A7 e 5 B 1Y)
Hhre AR TR AR AR I At B S 9 e A K (fE
FIBREE, 2013)

6 VEIERERT ALY LR

HIC R K, P TE B AR S A b v 17 38 e S 780 1) 7y
Tl Fih 2 I R R AR TR KR
PEICHE AR B B AR AR AR BERE SR I DR Ve HE Y
JRARHR A K 2.5 Ga (LK HESE, 1986, 2008; [
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B, 1986; FcH4E, 1997) , 2ZJ5, Wilde 25 (2004)
TET A B BE A T ARTE 2 0879 Ma HYAF IR 4,

RS I IEE R AT g St oot AR B T
FFA R B AR AE IR 2 300~ 400 Ma, IT4EE, IR RE
JECHB U AR 21 PR T K LU AR 2350l 2 140+14
Ma ( #EFIAREE | 2010) F1 2 121+10 Ma( Peng et al. |
2023) ; [RIET, P8 18 HE AN [ 2 AL 0 18 DRV H
P2.2~2.0 Ga BEJE B A (FEFIMREE, 2011, 2015;
Liu et al. , 2011; Du et al. , 2017) . X EEHF5T 5 51
T8 DR TERER W BR DT AE 2. 2 Ga Z )5 (FEA)
MREE, 2010, 2011, 2015; Du et al. , 2017) . KT,
HRPEIAT WA A5 5, LTt Ay — 2608 I, AR AR
Z5(2010) FE-E B R A DU R 3R AR LR Z 1A
HIAERA N 2 140+ 14 Ma, Peng %5 (2023) fE 4 FL) A
B 3 DU R 20 2 BT 23 A 0 o ok LU R i 2 IR
FREEAT AR AE T 2 121210 Ma, 2 W PUAE FEH TR
BN 2. 14~2.12 Ga, HFIAREE (2011, 2015) 7F
F - BRI 20 3R BRI 04 DO 4R 1 4 AR Jo b
AT A AR 85 A AR 2 53 1R 2 13731 Ma
121336 Ma; [AIBF, 1 F MRS (2015) F1 Peng 55
(2023) 75 DU FELH A R 43 A5 DX i o by oot 4G
AepdE F L Bk A, I 3RS B A B AR S 45 2
2 166£17 Ma 2 138+17 Ma 12 150427 Ma, R
Je8 B A0 R AT 7 235 S KR DU 4 A1 B A 0 e T
2.14~2.13 Ga, SR, AR TAERIGZ AT H A Y
SEEARAE R BEA TR 2 157215 Ma, R HTE A 1Y
AU T 2. 16 Ga, HPULE L4 A5
BEARA (2 138217 Ma, KFIAREE ) 2015) Fk il
(2 140 £14 Ma, F:FIFREE, 20105 2 121+10 Ma,
Peng et al. , 2023) FFIE45 R B G . oo fCHb
JE b R AR R 7 i 1 25 S AR T R g
W AFFE ; Luo 55 (2004 ) £ 1L 3 e T #RIR T 1L 413k
TR B S5 AT AR 2. 24 ~2. 05 Ga, TA AL i BEW) 4R 1T
FHBHRIET 2. 05 Ga, ol AR10 i 4k i< o H R it
TR (T4, 2004) , 1M 05 45 (2015h ) 16
BRI h 3R A5 BB AR R A (A8 B R A ) 1)
BEAAERRZE R 2 1765 Ma, 22 W BLURIRZH K 1A B
A 2.18 Ga, BLAM, BFHMAT UL 2. 12 Ga HYFENES
BRAR A TAL B (Wang et al. , 2016) , fJL i
3 PR S b DX 1) H B T R R S A AR RS
AP R A 3K S BB St et AR A
<2 1 A, 2% B H PR TR s DURR B 0 e T
VAR o BRI, VRS AE R A IR (2 092 ~2 066

Wi ji 4 20115 Du et al. , 2016b) 5 M BE pg 3
H2H (2 090~2 087 Ma; Liu et al. , 2012; S50
2013; Du et al. , 2016a) ITFIFIE AL, XEEdTOHR
b2 R A A KLU R 1L 4 e SO A R
G i a5 R AR ] e QR [l — A S = 0 AN [R] By
B, T A ORI A T BN T [ — U H T
MR TR 2. 2~2. 0 Ga Hr oo AR TR R
TIE B e S 1 JB PR LR 4 AT, 12 00 Tl o = 0
BT R (1) il Y 2445 IR B, S AT R R BT AR
FE UL K B S ) — Hb B AN R R IIE 2L (Du e
al. , 2016b) , X T K ILEA KT TR ZHL T
I FH ()3 P 2 2 AR 8 1% B S ) 42 PR 4 b 1)
KRB, P, 256 50 HrIA R I e ) 1 DU i
R0 2.2 Ga(FEFIAREE | 2010, 2011, 2015; Du et
al. , 2017) , ATAER, B2 X L6 4 X 5 )L () B
IR ABIESE K LA AR A& T oy oo b AR, I B 7
2350~2 176 Ma, H ZAEFZE 2 125 Ma( ST ¥ A2 5%,
2010, 2022; Liu et al. , 2016; Peng et al. , 2017,
2023) . HPAMHJT O RN E R AR A5 SRR = L
WA H G REZ AR S (B, 19865 MK,
1991; Jiiw A= 4§, 2010, 2022; Liu et al., 2016;
Peng et al. , 2017, 2023) , {HIETEHES & JLHEZ [H]
FI AR A R AE 55 e LB S5 L S B 2 IR R 3 A 4 fiE o
RSB, 1986) M\ H I BY AR 2 TR AT,
e JUBES 15 B 2 D) R B AR ) B A D Ve 3 5 v L
2 B B AR A B 3K A5 19 AR AR 24 Bl (Peng et
al., 2017, 2023; JiinE4E, 2022) , = JLAFES B T
2.2~2.0 Ga myAedt s fir i fili N A iR 72 ( Du et
al. , 2016b) , DIJSTEHEIUAE ARG TE & L
R SR LR TR BT R %K TR
HEDUSE R B AERS . H s LR S I e Rt 40L
PORIELLA, S U R B R R A
WS T E R, R, BT 0% f
B, FRATI ] Tk R IR IERER B DO BTG 2.2 ~
2.18 Ga, B XM IVE R IZ AL HE SR FI ARG
BE(Mh K 355%, 2008; FEAIPRAE, 20115 Du et al.
2017) , H - FR A F Tk AT £ 5 A i X6 G uf DA
TR AR, — S ARl AR 1S s A A o R 58 SR TR A 1Y)
BN R IETERE Y LR 1 960 Ma (Peng et al.
2023) ,#: % 1.88 Ga ZJ5 (Liu e al. , 2011) , {HM
AEJb il e 10 2.2~2.0 Ga F12.0 Ga 2 J5 HiJFi F 4
(A8 335 A BT 3 A, A S ) T TA R 0 Y8 1 T AL AT
W20 2.0 Ga B A3k (FEFIAEE, 20115 Du et
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al., 2017) o XFFIE G ILHPFETEREN P — 2
JESE , 33 26 AN [ 3t J5t 5 0 300 78 Jo 2 B A S A AT 5
M RAFACE TAE B EE G, A RS R G H
R,

7 WIEEEE

DU A P A AR B B e R BEIR — A AR B ik
A HERAY Ph/ P AR S5 R 73 5 R 2 507 £14 Ma
F12 519435 Ma, #EWTH AT AR B T 105 ML X ik 1 46
MEA AL Z IR S . RA TR H X P 4 4 Y
IERAE R BEAES A1 U-Pb 4F 250 2 15715 Ma,
FEPEAT PUAE A VTR B KT 2. 16 Ga, Z56
e vehrm oo A P 2. 2~2. 0 Ga MR
TP S5 N e PLAFE BT A AR A B0k BR 2 DRV R A IS
AATHEHR 2. 2~2. 18 Ga, iZEM)Z I UTELR FR 7] g
A 2.0 Ga L5, #540 HE A R R R, LA
b DX Ay AR 22 I i B ) s se 3 A R RO
AR B S0 A B i e AR

Bt HARFRATRAFZLRARERLEL R
U-Pb 47 P 4R4E T /2K B 805 JULE 45 % R R R
Zr @A LF R TR S BB L FRE
RERI HFHEFANAH AR —FT T ET LT
B RGA, AR A E R B AT s Bk
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