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Abstract Biotites separated from two Zanhuang metamorphic rocks in south Taihang mountains respectively yield well-
defined *° Ar/* Ar plateau ages of 1792. 611+ 2. 26 Ma and 1826. 83+ 0. 76 Ma for about 70% released ** Ar. These ages are
interpreted to date the tectonothermal event of postmetamorphic cooling through appropriate argon closure temperatures
(ca. 300C). A significant tectonothermal extension event was overprinted at ca. 1800 Ma in North China Craton, resulting in
the rapid uplifting of the metamorphic basement to middle-upper crust level with a cooling rate of >>6'C /Ma, corresponding to
a uplifting rate >>200m/Ma. Three biotites separated from mylonites respectively from the Canyansi- Yingfangtai, Podi-Guandu
and Yudi- Gangxi-Heishuihe NNE-trending ductile shear zones, give the ** Ar/% Ar plateau ages of 1688. 9+2.4 Ma, 1632. 7+t
2.0 Ma and 1645. 0=3. 0 Ma for over 75% released * Ar. These ages are interpreted to date the cooling through * Ar/* Ar
closure temperatures following synkinematic growth of biotite as a consequence of mylonitic overprinting. These ages are also
close to the lower-limited age of Changcheng Group. Assuming that the geothermal gradient is 30'C/Ma, a slow average
cooling rate of ca. 0.4°C/Ma and the corresponding uplifting rate of ca. 15m/Ma can be calculated since Mesoproterozoic era.
Our observations appear to suggest that the Zanhuang metamorphic complex has not been overprinted by younger thermal event
over than 300°C since ca. 1800 Ma. It is also unlikely for the shear zones to reactivate after ca. 1633 Ma. This means that the
Zanhuang metamorphic complex might be a Paleoproterozoic metamorphic dome rather than a Mesozoic metamorphic core-
complex, i.e. s the total uplifting magnitude is no more than 10km since Mesozoic.

Key words Biotite ** Ar/*® Ar dating, Tectonothermal overprinting, Zanhuang metamorphic dome, Extensional uplifting,
South Taihang Mountains
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The geological sketch of Zanhuang massif
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Fig. 2 Field photos from Zanhuang massif. (a) overturned fold from Zanhuang Group in Jiangshui; (b) a sense of top-to-

NWW shear from Cangyansi; (¢) a sense of top-to-SEE shear {rom Heishuihe ductile shear zone; (d) structural lens from

Haozhuang, indicating a sense of top-to-NWW shear

HRBHREEREREBEFER, A THEE NEE BT, &
BOURHE AR AR . BANDEKEITHLE
PRI G SRR, x/2E 3 1~
S5z, HPUEESF WMUARE - FTERNHE, B#
WEFH, SHEALARDEELEHMAREREAL. A
HREEEHNK.ANAMBEZGTWEOHS. B8
0 Ar/* ArsE SERE H 90]X-22 99HXT-12 #1 99JX-41 4> B %
B R I8 A WA SR ROT R BRI R (A O, =8
SEABAMKRESRS. FEGYARNIBR B A%~
15%) 8 A (30% ~40%) . i B (359 ~ 45000 . I A
GH~TW ETATRBEHRER.SCHM . AERFTRE
EHEBASBETENE. SR ERBHETE . & KR
SHRTEM ARG, HEER R B 240
£ 7°,270° £25°, 70° 35, B JE ¥ K HE & 99JX-78.

IOHXT-IRAMBPRE MEK KA D . WEEHEIR
TR R RBHTRORE RS BROR R IR W E
FETYRAERZEA5K~2000) KA 35K ~45%
) AEGOK~35%) RO E BRABTVEREHA
BKA SO BA BT S T RRNEDHS, R &
A AR PR &R, SRRT P F T A,

2 aPkik

BRERETESBEE 40~60 H, EXEHT it
B MEAONULE. BT YRRO.20MNBHELRE,
RIERME, 5B — R E b E R F P # 5T 5B 8RB
W ERST, BRET R FE RN 6. 63X 10" /em® o s, ROFTFEE
H1.05X10%n/cm?, AT &) 2627 min, FfEh FERK



134

Wb RS b ZBH-25 BZ & f BSP-1 iR A, HER 2
3% 132.7+1.2Ma F1 2060+18. 6Ma, ZHEEASHER
GrhaxERALIRLRMBMN AP mMtEE. S MR
4 9~12 PEr B 420°C~1350°Cimgk (44 m B B 8t 8]
20 436y, B2 5 B TF M. Cu-CuO(550°C), ¥ 4 &
(850 CHMEK LR AL, A b HPH¥ B 5 Ry
BB RGA-10 SRR £ (RE VSS A 8D 3T #
BArFMENE. TRENEMHKRS Ar & Ca. K B =4
KYAr P ArCAr T, AZREMEHEWHET TRE, ®
BERTFSHH, C Ar/" A =3. 81X 1075, (* Ar/*Ar)
a=294, 2, (** Ar/* Ar)a=0, 1869, (*®* Ar/¥ Ar)c, =2. 64 X
107, (P Ar/" Ar)e, =6. 87 X 1074, (® Ar/*? K)x = 0. 01,
A=5.543e7'°/a, J=0. 008471

3 AHERSHBRRR

SARATRATRMEARAWEREP RS &
CAr/PAr B MBRM RS WARII TR . BINERBE
M s,

BaHm s PRI A H 7056 ~8204 4 o i B B K
KR 44 th T 18 47 89 P 48 16 T 06 38 96 i X 3 (18% ~
VOHMARFERNBER, ERBBRRDNER. X
BRENCA/Ar—P A/  Ar SR RABEER(R DX
HE8I M RBBHUS RB YN SR, I9HXT-9,
99HXT-12,99JX-78.99)X-41 R WS RER 5 HAERH
27 2Ma BAP, Y Ar/® Ar ¥ 8 (E At T 283. 0~300.5, 5%
SECOHBRAR . RUXERENTERZINELW
BN EZHEBHEZR HIFERMETHE, W 9IX-22 85
BOAr/ Ar B H41H 334. 7. R RE G A — EM S ME R K
% % % (40 Maluski ezal. , 1990, 1993) ,fHIFERBE,
MREBTRBEFN Ar B RBHAER.

AELAHITABRETRKAATAREEF-BEEEWNY
HHEBRETREH(O9IX-22) B M T 1688. 92+2. 43Ma i
HEH PHUBEBENTHFANEBAEATREE
(99HXT-12)4H T 1632, 66 £ 1. 99Ma M HE4E 1, KT R
H-WE-BAHNIHEANERSPREBOUXADEH
T 1645.0542.98Ma MR . BBPBZ G EMEN &
HNOEREABRFERSBRE T A/ Ar B RERMN
EFVPH MAaX . RKABUHTRERGAETRBEE 300C~
350°C (EXRYESF, 1997, B X MEHARBZFHHY
CA/PAr REREMR BT Z4AWUHRNETHER
(Krol ezal., 1996; EHEBEE, 1997, MHA ML PR/
© Ar/* AcHR4EHY 1792, 611 2. 26Ma(99HXT-9),1826. 83+
0.76Ma (IX-TOOMBEB T ERRAEL T RBEREH
FHRAVRDZEREZGHAEE (Y 300C) B KA HER, B

E£E5%H 2003, 19(1)

Acta Petrologica Sinica

HRELFNBRRAPRZ BB A G A/? Ar HHRE
(300°CH LA L By H AL R AF IS .

4 Wi
4.1 FHeEiLTEiril 1800Ma = My A 1K 4 By KR

BE B 4E AR % ¥ B (SHRIMP, ¥ B B & A U-Pb,
Sm-NAAS S R . ABAC Ar/® A R, IR R AT
(MBTAZER B L HEURGERTHRSE ERERSEWN
TRAENEET—-WEREA, HEREP T 1870~1810Ma
Gl —%, 1984; BWHES, 1999; SHHHE, 1999; BT
A%, 1997; %%, 1998; Zhao ezal. , 1999b, 2001), X
—FERER LBCOA SR ELEITRGEAMS B (S HFE,
1989) , 3T 47 U e % 7 09 — I 58 B9 K i Al 18 BF & B 44 (Zhao
etal., 1599, 2000, 2001 ; FEEES, 1996), 2 5 tr #u 48
HEATHRXHNBESAE L (EYES, 2000, 2001),
W A REAE PRI Ar/® Ar FRAEHS 1827~1793Ma, X
TERERAZTRBEARSE B HH 300 +40C
(Harrison, 1985) BB HER, AT B R & EKE
H.AEGLAEAKANAEPEBERANE Ar/> Ar £
(1782~1775Ma, B E%, 2000 A X B S KA TR LR
“Ar/® AriPAERY (1798Ma, EHR L%, 1995), FHH 1800Ma
L RAED 22— K4 AR AR (RERE%, 1991,
BEYE%, 20000, WHELENBARST T —KRIEZW
BAMWERMBEE(FETLES, 20000, TEFRKE
NERERER ISR RENAAMN KA &R
W Ph/* P 4 W 1799 + 7Ma, B W R % & SHRIMP 4F #
1790 E8Ma(EFB %, 19D URBAFRETHEERN
NW (] 5 35 T #8453 4 4 55 89 K/ Ar 4R 8 1770~1750Ma(Qian
etal. , 1B8DMARBTHERLEERE X H R K PHE-A
BT H &I,

EERTHENEREERERBRASI IELH, &
AL IR TS BB A8 ¥ H (1850~1800 Ma) \ e i i
AApHFU-RE-FZMPRL-BEHNSMERAAHE
B (1950~ 1750Ma) (Gilder ez al. , 1991; B H 2, 2000,
2001) JLABE/DER AT B (1840~1780 Ma) (Mao et al. ,
1998) FLRE N A\ B (1770~1750Ma) (Qian et al. ,
1D REBUAREIN EXTEMARL EHRE
(1999, 2000, 2001)iA K 1800Ma = 4 1t 75 Hir i (0 #3  1h JB
HESHBEEAEATHBAREREREL. FT52R
[A B (1850~ 1700Ma) ¥ & 1§ /B B 4§ (Alkmin ez al. , 1998;
Teixera et al., 1999) A . 1B Zhao et af (1999a, b,
2000, 2001){A % 1870~ 1810Ma 2 4 b %< 74 Kl 5 Rk 18 9 2
E B (8], 4000t , 1800 Ma -t By #4) 185 - #40 (e B i A BE A RE 4B /S
REIBIER,



EERF RILRTHRREE A/ Ar FREFGRBA TSR FHH S £ 135

£1 RZGOAS/” Ar BHERIZ D nvh Wil 5 47 45 R

Table 1 * Ar/* Ar isotopic analyses for incremental heating experiments on biotite concentrates out of deformational and

metamorphic rocks in Zanhuang domain

gg jmcﬁ& (PA/PAD . FA/PAD (TAC/EAD BA/TAD N 13; /’\‘r;mol) ) A&/li)mk " °AA“ (tf‘liﬁa)
AR (99)X-22), RAHBREA-FHUIHNBEME, w=0.1120g
1 420 286, 44 0.0372 1. 8833 0. 0644 1. 367 275.9+0. 04 3.51  2174,34154,28
2 550 119. 17 0. 0342 1.9788 0.0698 3.382 109,340.00  8.69  1182.99+12, 69
3 650 137,38 0. 0327 2. 1462 0.0626 2. 478 128.040.01  6.36  1325.62+14.79
4 750 159. 24 0.0252 1. 8052 0. 0445 2.757 152.140.01 7.08 1493,73+17.93
5 850 189, 77 0. 0286 1. 4872 0.0363 2. 424 181.640.01  6.22 1680, 54+23.76
6 940 186. 71 0.0156 0. 9838 0. 0320 2.967 182.240.01  7.62  1684,68+23.25
7 1030 188, 11 0.0139 2. 1498 0.0671 6. 625 184.4:0.01  17.0  1697.35+23. 98
8 1100 184. 67 0.0101 2. 2005 0. 0685 7. 876 182.150.01  20.20 1683,59+23.32
9 1200 187. 84 0.0114 2. 2767 0. 0655 5. 049 184.9£0.01  12.90 1700, 33+23.93
10 1300 192. 43 0.0336 1.3072 0.0798 z.758 182,74£0.01  7.08  1687.65+24.84
11 1420 296. 22 0. 0943 £, 6556 0.1377 1. 227 269.1£0.04  3.15  2142.94458.29

BEAERS tp=168C. 92-52, 43Ma, W KR tiso=1693. 731116, 41Ma; ** Ar/% Ar ¥J 8 { =293.0

B (99HXT-12), X AR & 30 e By 3 N BE B &, w=0.1167g

1 432 217,89 0. 2736 0. 6096 0.1199 1.101 137,440,002 3.32  1393.02+26.99
2 530 126. 26 0. 1777 0.8774 0.0585 1. 147 74, 0410. 00 3.45 878, 391:10. 32

3 650 139. 08 0.1034 0. 7904 0. 0436 2.017 108. 74:0. 00 6.08 1177.90%13.50
4 750 158. 06 0. 0752 0. 7005 0. 0440 2,156 136.04:0.01 6.50 1382.78+16.91
5 850 175,37 0.0098 0. 3838 0.0325 3. 061 172.5+0.01 9.22 1625, 05+20. 97
6 930 178. 94 0.0150 0. 3810 0. 0296 6. 169 174.5+40.01 18.50 1637,68+21.59
7 1000 177. 47 0.0118 0.4578 0.0371 2.933 174.0%0.01 8.84 1634.43 +£21.39
8 1080 179.71 0.0181 0, 3672 0. 0355 3.200 174.4%0.01 9,64 1636,78:t21.74
9 1160 177.72 0,0131 0. 4109 0.0323 5,311 173.940.01 16.00 1633.72:+21.39
10 1240 185. 48 0.0362 0. 5264 0.0370 2.875 174.840.01 8.66 1639.61122.69
11 1320 189. 28 0. 0595 0. 6032 0.0392 1.947 171.8+0.01 5.87 1620.92:+23.18
12 1430 320, 37 0.1111 1.1395 0. 0685 1. 251 287.940.05 3.77 2228.56+67.68

BEAEWS tp=1632. 661 1. 99Ma, BB tiso=1628. 36157, 76Ma; “*Ar/ S Ar W1 =334. 7
BZER (99]X4D, RATGKEBAKWARLY GH AREE, w=0.1347g

1 420 118. 23 0,1794 1. 8297 0, 0974 0. 903 66. 620,00 3.10 807, 33410. 00
2 530 108, 44 0, 0519 1. 6007 0.0727 1.784 93.3510. 00 6.13 1051.22411.26
3 650 127. 77 0, 0277 1.0811 0.0611 2.503 119, 740,00 8.60 1263.45+13.62
4 750 160. 65 0.0327 1.1343 0. 0666 2.121 151,140.01 7.28 1487,45%+18.35
5 850 180, 07 0.0150 1.0242 0. 0556 3.083 175.810.01 10.50 1645.42122.08
6 930 177.04 0. 0073 0. 9039 0. 0565 2.828 175.040.01 9.71  1640.52+21.59
7 1000 178. 57 0, 0082 0. 9623 0. 0532 4.219 176.340.01 14.40 1648,38+21.84
8 1080 179. 35 0, 0090 0. 9207 0. 0483 3.593 176.8+0.01 12,30 1651.71+21.93
9 1180 181. 25 0,0130 0.5743 0.0432 4. 452 177.50. 01 15.20 1655.69+22. 20
10 1280 186. 23 0. 0458 0.9522 0.0623 2.527 172,940.01 8.68 1627.38+£22.99
11 1420 291. 48 0.1382 1. 7943 0.1425 1. 089 251.240.04 3.74  2057.46+55.52

FAE R tp=1645.05+2, 98Ma, R L 4E Y tiso = 1646, 6575, 21Ma; “*Ar/* Ar Y B {H=298.0
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Table 1 (Continuted)
b TEEE Caan. camao. Cagaon Ganaon (GO O T BTG
BAFOUX-78), RAMBAREN BZBFK RIS, w=0.1109g
1 420 215. 66 0. 0710 1.1558 0.0951 0. 962 194.940.02  3.73  1759.26+30. 25
2 530 108. 86 0. 0582 0. 7005 0.0537 1. 831 91.8040.00  7.12 1037.87410.86
3 650 151. 26 0. 0527 2.0228 0.0730 2,282 136.04£0.01 8,87 1383.10+16. 64
4 750 172. 11 0. 0259 1. 6674 0.0750 2,410 164.740.01  9.36 1760, 23-£20. 66
5 850 212. 06 0.0172 1.0178 0. 0655 2. 689 207.140.02  10.40 1828, 38429, 67
6 930 211.81 0.0196 1. 0459 0.0531 2. 944 206.240,02 11,40 1822, 97429, 42
7 1000 209. 66 0. 0096 0. 6060 0. 0381 4. 800 206.9+06.22  18.60 1826, 88428, 87
8 1080 210. 47 0.0133 0.9136 0. 0552 2. 434 205.740.02  9.46 1825, 78+29,19
9 1180 213.69 0.0238 1. 0981 0. 0630 1947 206.94:0.02  7.56 1826, 7529, 97
10 1300 216. 66 0.0312 0.5765 0. 0411 2.226 207.540.02  8.65 183047430, 44
11 1450 264. 99 0.0773 0. 8564 0. 0557 1.198 242.440.03  4.65 2013.85445.30
PPAE RS tp=1826. 8340, 76 M, BH B4R tiso =1826. 08427, 11Ma, * Ar/% Ar FJ#G1H =300. 5
RE (9OHXT-9), R ATBA K22 £ SR B & TBHCH AR, w=0. 1174g
1 430 111. 45 0. 0610 4,0614 0.1389 3.030 94,0440.01  8.55 105703413, 21
2 540 117. 39 0. 0279 0. 6425 0.0472 3.733 109.240.00  10.50 1181, 88+12.23
3 650 149. 55 0.0353 0. 8501 0.0592 2.620 139.240.01  7.39 1405, 72+ 16. 40
4 750 197. 32 0. 0491 0.7257 0.0428 2.597 182.940.01  7.32 1688, 8825, 22
5 850 204. 40 0. 0157 0. 5527 0. 0417 2.945 199.840.02  8.31 1787.27+27.46
6 930 205. 23 0.0174 0. 7303 0. 0569 3,988 200,240.02  11.20 1789, 34::27.79
7 1000 205. 75 0.0132 0. 8501 0. 0632 5. 240 202.040.02 14,70 1799, 3642807
8 1080 206. 38 0. 0212 0. 9957 0.0723 3.268 200,340.02  9.22 1789, 79428, 24
9 1160 207. 39 0. 0260 0.5783 0.0339 2. 666 199.840.02  7.52  1786.96+28.00
10 1240 211,17 0. 0372 0. 6682 0. 0404 2,179 200.340.02  6.15  1789.90+28. 86
11 1320 220. 64 0. 0580 0.7151 0. 0464 1.797 203.640.02  5.07 1808.84+31.15
12 1450 290, 67 0.1016 0. 8767 0.0576 1. 367 260.940.04  3.86 2104.36454,74
AR tp=1792. 61+ 2. 26Ma, ZHFLR4EKS tiso=1793. 48+ 84.06Ma, ** Ar/3 Ar ¥ §5{H =283. 0
AUUHEMBESFOENIF AT TERRRSKERR
4.2 1688~1632Ma IR BB RN KHEEAERY Bamb, BANUHFANSCABERANNERTNGE

#3R
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2001; 4MH, 1994; K, 1997; Zhang, 1994). BAHK
BEm F B AU R S N EB A R 45 A AR IR B 4L T 1870~1810Ma
(BBARFHABES 700C), Bt ERE BT RER LK
F 1870Ma, i B = 8% Ar/* Ar R & (3 AR E 2 300C)
BT 5% B9 BR4E 68 2 1800Ma, M 7E R 8] 70Ma iy B [7) R Py
N EERRERADN D LR GERE, 1997;
Zhang, 1994) HAHER(HHAARRACEARYHAR
Bx/FRAFRBAARERFNENERE) >6C/Ma;
WATRZEXHWBEBEE N 30C/km (West etal. , 1993), N
Xt RO B R 3 R (4 1 2 3R/ oth 1B 6 ) ) >200m/ Ma,
BERBYAr/CAr RN EFREREW . XAFWUFT
1689~ 1633Ma & A= W VI BT 6, 48 i 2% & I K0 R B Y
HELHER WU ERFRUESKTR-RAUEHARRT
TREAEFIORBNBRPIER, XEXWAF TR ELSGRE
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MERERCEERABHERZREAr/* Ar R K HH
HEUT,B<300C, MERKIT. BEMEERZMKA K
HEEMB R K/ Ac ER A F 1500~ 1545Ma ({8 74 25,
1986), AR REERMEBAKREMNBERENIIMRKA
“ At/ ArERS A+ F 1409~ 1430Ma (3 BB 160%25C &
AR, FAPTHRUR, ZRAZEHMERSE
HeRZIR . BEBHBEBER 30C/km (West et al.,
1993, MAH AR PEEREIAXEELHERY 0.4C/
Ma, XF07EREF R L 15m/Ma; B B 1689~1632Ma L) 3k
BRXMBEEEERSHDT 10km, YR, WHREMBH
BE/ANTF 30°C/km, W ¥ &1 58 B 7 3 32 F0 R TR BE (8 % 4
MR, BRFECRMESROBZARPERURRKFE
>10km BEFH IR B R A (R B4R %, 1994, 1995) B M RE.
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MEBREREARBRETRAEEY Ar/” Ar 0%
WEBCRTH-PAGANHREEHER GRS, .

O REERERELTRBERERRE T 1827~
1793Ma ¥ H1 E 300C AL RABEH T HR KB L
BT W R AR R

(2) HBERIE T 1689~1633Ma BAT H—KKH
e e R 0 O I, EL PG A A G 1 RO AL O B (R B TR
TR A AR R 3B LB A1 24 60Ma. % BY 4D R R 4F S )
EUNKBRRRAFRVHRBETHHNGFER. ILER
MEEERREERFRETEARTERERERE, ML
BRaRRAKARELERESHE.
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