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Abstract In Northwest Hebei Province, North China Craton, the Late Archean units include grey gneisses-dominated Sanggan and
Chongli complexes and amphibolite-facies volcano-sedimentary sequence, the Hongqiyingzi Group. In this paper, zircon grains from a
meta-basaltic-andesite sample ( amphibole plagioclase gneiss) from the Hongqiyingzi Group in Huangtuyao-Wushijia area, Shangyi,
was dated using LA-MC-ICPMS method. A weighted mean *” Pb/** Ph age of 2528 + 12Ma (2¢-, MSWD =0. 1, n =34) was obtained,
and this age is interpreted as igneous age of the rock. Although this age is close to the ages of the grey gneisses in this area, field
relations clearly show that the Hongqiyingzi Group has formed earlier. In the grey gneiss domain, pieces of the Hongqiyingzi Group and
other meta-gabbros appear as sheets, lens or “dyke” -like bands. These lens and bands sometimes have numbers of lined smaller lens
around the main bodies, with no fine-grained margins and intrusive branches, which can distinguish from the Paleoproterozoic mafic
dykes (also metamorphosed) in this same area. These gabbroic sheets could be roots or partly the magma chamber relics of the
Hongqiyingzi Group, or they could also be partly the remanents of ancient crust. Element and isotope geochemistry show that the
volcanics are akin of grey gneisses or dioritic intrusions in the grey gneisses in this area. Both geological relations and geochemistry
show that these volcanic rocks may have similar origins with the grey gneisses and dioritic rocks. According to the geological
relationships of the Late Archean units in this area, the volcano-sedimentary sequence (the Honggiyingzi Group) and the grey gneiss
complex (Sanggan and Chongli complexes) composed a 2-dimension Late Archean crust structure. Identifying the spatial continuity of
such crustal structure, as well as the time and material evolution of the related units, can reveal the forming mechanism of Late
Archean continental crust in the North China Craton.

Key words North China Craton; Late Archean; Crust structure; Volcano-sedimentary sequences; grey gneisses (TTG gneisses) ;
Hongqiyingzi Group
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Fig. 1 Simplified map showing Early Precambrian geology of the study area

(a)-location of the study area in the North China Craton; (b)-main Early Precambrian geological units in Northwest Hebei Province; (c)-simplified

geological maps of the Huangtuyao-Wushijia area, Shangyi County. Lines labeled with AA’,

BB’ and CC’

are localities of sections shown in Fig. 2
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Fig.2  Simplified geological profiles of the Late Archean sections in Northwest Hebei
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AA’ ; Huangtuyao Section in Shangyi County; BB’ : Wushijia Section in Shangyi County; CC’ : Hongqiying-Nandi Section in Chongli County; Blank
areas are those covered by vegetation or soil; See Fig. lc (Sections AA’ and BB’ ) and Fig. 1b (Section CC’ ) for localities. Ages of 2528 +12Ma,
2507 +58Ma, 2512 +19Ma, 2535 +18Ma and 2502 + 10Ma are from this study, China University of Geosciences ( Beijing) (1994 ); Wang et al.
(2009) ; Liu et al. (2007) and Liu et al. (2011), respectively
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Fig.3  Photos show geological relationship between Late Archean meta-volcano-sediments and grey gneisses, as well as representative
micro-textures of selected samples

(a-c) -meta-pebbly sandstone-sandstone-quartzite-marble sequences (a) and enlarged parts of meta-pebbly sandstone-sandstone (b) and quartzite (c,
with minor banded iron formation ( BIF) ) in the Hongqiyingzi Group ( Huangtuyao, Shangyi) ; (d-f)-meta-volcanic layers, showing interlayer of felsic
and mafic layers (d, e) and meta-andesite (f) (Huangtuyao, Shangyi) ; (g, h)-tonalitic gneisses intruded metamorphosed mafic volcanics (g), with
locally sedimentary structures preserved (h) (Huangtuyao, Shangyi) ; (i-m)-tonalitic gneisses intruded the meta-gabbro slices, the meta-gabbros present
as two-pyroxene granulite, amphibolite and minor garnet-bearing two-pyroxene granulite, and the two sides of these meta-gabbro slices show some
enclaves, deformed as lenses (j-m), (i) is from Wushijia, Shangyi, (j-1) is from Hongqiying-Nandi, Chongli; and (m) is from Xiaosuangou, Shangyi;
(n, q)-slices of megacrystal gabbro (p, q; locally pyroxenite, o) were intruded by tonalitic veins (n) ( Wushijia, Shangyi); (r, s)-microtextures of
meta-basaltic andesite (amphibolite plagioclase gneiss) (r, plane polarized light; s, cross polarized light; x25); (t, u)-microtextures of meta-andesite

(‘amphibolite biotite plagioclase gneiss) (t, plane polarized light; u, cross polarized light; x25); (v, w)-Microtextures of meta-dacite (v, plane

polarized light; w, cross polarized light; x25)
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Table 1  List of U-Pb zircon analyses data
207 ply 27Pp},
U Th Th Ph 207y, 207py, 206 py, 206 py, EERy
Spot (x10-5) (x10-%) U (x10°5) 6 pp, +lo W +lo W +lo PRy +lo IE +lo
(Ma) (Ma)
1 141.6 134.9 1.0 254.9 0. 1680 0. 0051 6.59 0.18 0.278 0.008 2538 50 2058 24
2 206. 5 185.3 0.9 440. 8 0. 1654 0. 0028 10. 58 0.17 0.454 0.010 2511 28 2487 15
3 54.5 26.6 0.5 57.4 0.1673 0. 0068 7. 86 0.29 0.334 0.010 2531 66 2216 33
4 107.3 57.1 0.5 202.9 0. 1666 0.0038 8.93 0.19 0.381  0.009 2524 38 2331 19
5 217.6 207.9 1.0 447.6 0. 1655 0. 0029 8.85 0.15 0.381 0.009 2512 29 2323 15
6 247.3 70.5 0.3 470.3 0. 1667 0. 0025 9.05 0.13 0.388 0.009 2525 25 2343 13
7 22.5 19. 4 0.9 41.0 0. 1676 0. 0093 7.55 0.38 0.324 0.012 2534 90 2179 45
8 153.6 71.3 0.5 278. 1 0. 1649 0. 0031 8.34 0.15 0.365 0.009 2507 31 2268 16
9 211.9 248.5 1.2 502.2 0. 1685 0. 0028 11.26 0.18 0.483 0.011 2543 28 2545 15
10 84.9 34.2 0.4 161. 4 0. 1660 0. 0035 11. 49 0.23 0.501 0.012 2518 35 2564 19
12 125.2 59.9 0.5 255.8 0. 1671 0. 0043 8.40 0.20 0.365 0.010 2529 42 2275 21
13 245.7 202.9 0.8 522.3 0. 1681 0.0032 9.54 0.17 0.413 0.010 2539 32 2392 17
14 306. 2 341.9 1.1 703.8 0. 1661 0. 0023 10. 40 0.14 0.456  0.010 2518 23 2471 13
15 127.6 97.3 0.8 239.5 0. 1665 0. 0026 8.68 0.13 0.380 0.009 2522 26 2305 14
16 181.1 146.0 0.8 356.6 0. 1682 0. 0036 9.02 0.18 0.392  0.010 2540 35 2340 18
17 215.3 171.2 0.8 375.5 0. 1682 0. 0027 8.25 0.13 0.361 0.009 2540 27 2259 14
18 148.0 98.3 0.7 189. 4 0. 1681 0. 0037 6.27 0.13 0.275 0.007 2538 36 2014 18
19 377.2 526. 4 1.4 713.7 0. 1668 0. 0026 8.30 0.13 0.368 0.009 2526 26 2264 14
20 136.9 72.5 0.5 255.8 0.1671 0. 0037 10. 60 0.23 0.470  0.012 2528 37 2489 20
21 162. 1 143.7 0.9 267.2 0. 1668 0. 0039 6.67 0.14 0.296 0.008 2526 38 2068 19
22 174.3 162. 8 0.9 330.7 0. 1686 0. 0049 9.14 0.24 0.403 0.012 2544 47 2352 24
23 142. 4 63.9 0.4 225.7 0.1673 0. 0038 7.70 0.16 0.342  0.009 2531 38 2197 19
24 102. 5 69.5 0.7 190. 2 0. 1676 0. 0043 8.55 0.21 0.380 0.010 2533 42 2292 22
25 106. 3 66. 3 0.6 227.7 0. 1650 0. 0045 10. 63 0.27 0.481 0.014 2507 45 2492 24
26 85.4 58.0 0.7 188.9 0. 1681 0. 0044 11.55 0.29 0.513 0.014 2539 44 2568 23
27 160. 0 116.5 0.7 338.1 0. 1681 0. 0033 10. 55 0.20 0.473 0.012 2539 33 2484 18
28 60. 4 39.3 0.7 124.5 0. 1684 0. 0057 10. 32 0.33 0.463 0.014 2542 56 2464 29
29 386.0 279.3 0.7 752.9 0.1673 0. 0033 9.07 0.17 0.410 0.010 2531 32 2345 17
30 79.3 55.9 0.7 138.7 0. 1671 0. 0043 8.48 0.21 0.384 0.011 2529 43 2283 22
31 81.6 59.6 0.7 170.0 0. 1665 0. 0047 9.75 0.26 0.444 0.013 2522 46 2412 24
33 171.8 134.6 0.8 349.7 0. 1683 0. 0037 10. 37 0.22 0.469 0.013 2541 36 2469 20
34 154.7 126.5 0.8 228.4 0. 1676 0. 0036 7.95 0.17 0.362 0.010 2533 36 2226 19
35 434.7 267. 1 0.6 752.5 0. 1675 0. 0044 7.81 0.19 0.356  0.010 2533 44 2210 22
36 167. 1 147. 6 0.9 340. 5 0. 1653 0. 0040 10.24 0.24 0.473 0.013 2511 40 2457 21

AR L 5 14 SCH DX — 30 T B G , B 1) 2T RS T
KALTUBUE BB A A 52) JR 6 F 2 v T i —
B LI T B | L — B LT RS TR LR o 2R
Bk 43) IR IR P T L — SRR R A A (R
BT )

DA - T 25 R L2 2 A R o S 1
IR R K L1 PR T AR MR i, OB o7
2a BIEREL, A8 % IR LA RE S (BE S5 O8HTYOL,02) 8
BT 5 DA (20% ~30% , 1 B B0 R 19 TR
3, R IR AR k0 8 KR M DA R K 7
(60% ) , WA TE K AT RETHE (P 3r, s) , 544 WAl I ARHE
RS . 2 LR (B 5 OSHTYO3 ) 56 M) 4L iR My

N A (20% ) R = B (10%) R A (40% ) L IE K £
(10% ) A HE(15% ) (B 3t, u) 4 0 Bz M INRHS R
Fro ZETRBCHFE i (FF i O8HTYO4 ) = 2084 20 i A &%
KAT(40% ~50% ) IERK AT (10% ) A1 5 (30% ~40% ) %
wtE(5%) (K 3v, w) E4 N (R R A RRE o

4 bk

RJUHE S o308 T5 1 N — 1 29 Skg 1978 20302 1A FE
(O8HTYOL , i INARHS AR ) FRor e il 1 ORI RS A7 X SE
AT B E R R A IR L Lo B 40 U-Pb A Lu-Hf [&] 47 % LA
Rt oo 2R UL o3 A 388 2 O ) ot b SRR £ A S 1 T I
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x2 #FEA Lu-Hf B ESHEE
Table 2 In-situ Lu-Hf analyses data of zircons
- 176 176 176 AE A
Spot ( x 1L(1;75 y o ( WI;I;«C ) 177 I;Il; 20 177 Il:lli 20 177 gffl (Lkﬁg\) en(0) ey (1) (t;[g) Srwnr
1 70. 1 1.01 0.001234  0.000043  0.281369  0.000023  0.281309 2538 -49.6 5.2 2648 -0.96
2 81.1 0. 86 0.001303  0.000016  0.281394  0.000022  0.281331 2511 -48.7 5.4 2618 -0.96
3 24.0 1.09 0.000387  0.000003  0.281461  0.000021 0.281442 2531 -46.4 9.8 2466 -0.99
4 34.2 1.22 0.000344  0.000008  0.281306  0.000018  0.281290 2524 -51.8 4.2 2671 -0.99
5 55.4 1.08 0.000827  0.000015  0.281349  0.000019  0.281310 2512 -50.3 4.6 2646 -0.98
6 37.0 1.29 0.000450  0.000003  0.281314  0.000016  0.281293 2525 -51.6 4.3 2668 -0.99
7 24.4 0.76 0.000436  0.000002  0.281347  0.000018  0.281326 2534 -50.4 5.7 2622 -0.99
8 30.6 1.09 0.000409  0.000003  0.281358  0.000017  0.281338 2507 -50.0 5.5 2606 -0.99
9 97.8 0.93 0.001489  0.000015  0.281392  0.000022  0.281320 2543 -48.8 5.7 2633 -0.96
10 27.5 1.14 0.000204  0.000004  0.281266  0.000016  0.281256 2518 -53.3 2.8 2715 -0.99
12 32.0 0.93 0.000516  0.000002  0.281333  0.000018  0.281308 2529 -50.9 5.0 2647 -0.98
13 47.2 0. 86 0.000692 0. 000001 0.281332  0.000020  0.281299 2539 -50.9 4.9 2660 -0.98
14 86. 1 0. 80 0.001560  0.000004  0.281383  0.000021  0.281308 2518 -49.1 4.7 2651 -0.95
15 63.9 0.78 0. 000881 0.000029  0.281306  0.000021 0.281264 2522 -51.8 3.2 2709 -0.97
16 78. 1 0.73 0.001358  0.000021  0.281349  0.000022  0.281283 2540 -50.3 4.3 2683 -0.96
17 54.0 1.03 0.000707  0.000024  0.281370  0.000020  0.281335 2540 -49.6 6.2 2610 -0.98
18 38.5 0.93 0.000567  0.000007  0.281431  0.000019  0.281404 2538 -47.4 8.6 2518 -0.98
19 62.9 1.05 0. 000701 0.000020  0.281298  0.000016  0.281264 2526 -52.1 3.3 2707 -0.98
20 25.3 1.11 0.000352  0.000002  0.281342  0.000017  0.281325 2528 -50.6 5.6 2623 -0.99
21 71.1 0. 83 0.001265  0.000009  0.281405  0.000020  0.281344 2526 -48.3 6.2 2600 -0.96
22 88.7 0. 81 0.001662  0.000004  0.281362  0.000023  0.281281 2544 -49.9 4.3 2688 -0.95
23 30.7 1.14 0.000362  0.000001  0.281318 0.000017  0.281300 2531 -51.4 4.7 2657 -0.99
24 32.0 0. 87 0.000473  0.000008  0.281364  0.000020  0.281342 2533 -49.8 6.3 2602 -0.99
25 34.3 0.90 0.000545  0.000003  0.281343  0.000021  0.281317 2507 -50.5 4.8 2636 -0.98
26 34.7 0.95 0.000454  0.000002  0.281306  0.000018  0.281284 2539 -51.8 4.4 2678 -0.99
27 57.0 0. 86 0. 000741 0.000008  0.281326  0.000019  0.281290 2539 -51.1 4.5 2672 -0.98
28 26.3 0. 85 0.000450  0.000001  0.281324  0.000022  0.281302 2542 -51.2 5.0 2654 -0.99
29 45.5 1. 05 0.000547  0.000008  0.281291  0.000018  0.281264 2531 -52.4 3.5 2706 -0.98
30 26.9 0. 86 0.000437  0.000002  0.281338  0.000022  0.281317 2529 -50.7 5.3 2635 -0.99
31 36.7 1.22 0. 000481 0.000005  0.281345  0.000018  0.281322 2522 -50.5 5.3 2628 -0.99
33 70.8 0.77 0.001310  0.000002  0.281358  0.000023  0.281294 2541 -50.0 4.7 2668 -0.96
34 49.6 1. 00 0.000873  0.000006  0.281350  0.000018  0.281308 2533 -50.3 5.1 2648 -0.97
35 82.7 1.56 0. 000701 0.000002  0.281369  0.000016  0.281335 2533 -49.6 6.0 2610 -0.98
36 47.2 1. 00 0.000769  0.000012  0.281286  0.000016  0.281249 2511 -52.5 2.4 2728 -0.98

T ren (1) =10000 x { [ (T°HE/'THS) gy -
AxIn{ 1+ [ (TSHEYTHE) g

(" Lw/TTHE) g x (e = 1) 1/0 (TOHETTHE) g
= ("HETHE) py ]/ [ (7 Lo/ HE) pean — ( o Lu/ " HE) py ]} i = ("*Lu/'""HI) pein/ (" Lu/"THE) CHUR

— (" Lw/"THE) qup % (€M = 1) ] =1} 500y = 1/

—1;BRBIBA (CHUR) A5 45 s ( DM) 9176 HE/ V77 HE F11'76 Lu/'7 HE BLAE 43524 0. 282772 11 0. 0332 L) % 0. 28325 #i1 0. 0384 ( Blichert-

Toft and Albarede, 1997 ; Griffin et al.
(LA-MC-ICPMS) #E4 71l 52t , #5648 & 193nm [y Geolas %14
it A YRR AR 292 63 pom , 3% (R 1] Neptune MC-ICPMS
il Agilent 7500a Q-1CPMS JEAIL /351l i) i 3 Al ST o
R T 91500 HR RS A1 15 Ry S s b HE ) B R AT B A B 38
JEIEAL s A U-Ph AR A FRAN HE [F] 7 R A IE J5 /] Wu
et al. (2006) ,

FEITR TR X 2O06EE (XRF) Mo
A 2% 5 & Shimadzu XRF-1700/1500, #5 &£ 5 GBWO07101-
07114 ( XRE) , T8 R AR ZEWE AL T 0.2% . ke’k
(AR ) BE R RE S AE 1000°C R REE Th J5 19

2000) ;A =1.867 x 10 ="' a~' ( Soderlund et al.

, 2004) 51 A% 1 Xt 5 97 Ph/2% Ph AR i
R, TR R T ELEMENT B B A5 455 T
JTiEAX (ICP-MS) il 22 , fii F§ HNO, + HF & & B2 7 i A o, DU
T A P R LA S bR R A GSRI, GSR2 I GSR3 £
I, TR ER R Z BT 5% o Sr-Nd [F] 7 2 43 41 7
Finnigan MAT 262 %Y i 3% 4% | 58 5, 1 %8 1 22 i ] NBS987
(Sr brifE) Al Ames (Nd bxifE) 2% ¥ Bl Sr Al Nd [7]fiz
FEMSE 3 R A S 2 548 T 100pg F1 50pg. ™ Rb/™ Sr Al
YSm/ M N HAE AN HORS BRI T 0. 5% (20) o
DL S , 349 50 T A P b B K A S A
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Table 3

selective meta-volcanic samples

Major (wt% ) and trace element ( x 107°) data for

Sample 08HTYO01 08HTY02 08HTY03  08HTY04

s fAARHE AN BARR RKH
FRE FRE KRS i

Si0, 54.78 54.70 59.38 70. 46
TiO, 0.77 0. 80 0. 81 0.24
Al, 0, 15.58 15.10 15.47 15.98
FeO" 8.9 9.0 7.5 1.8
MnO 0.15 0.15 0.11 0.02
MgO 4.54 5.13 2.99 0.86
Ca0 7. 14 6.61 5.18 2.64
Na, O 4.42 4.19 4.28 5.06
K,0 1.99 2.86 2.94 1.71
P, 0, 0.55 0.45 0.38 0.08
LOI 0. 64 0.56 0.44 0. 66
TOTAL 99.4 99.6 99.4 99.5
Rb 37.1 47.1 62.7 44.9
Sr 1700 1170 1166 745
Ba 862 1111 1358 828
Th 0.24 0.14 0.43 0.22
U 0.15 0.10 0.16 0.13
Pb 9.11 10. 1 13.9 10.8
Zr 178 128 286 9. 8
Hf 4.10 3.23 7.06 2.38
Nb 4.73 4.50 5.41 1. 64
Ta 0.20 0.19 0.18 0.09
Sc 19.6 22.7 15.9 1.17
\% 169 206 180 32.8
Cr 148 172 95.5 15.7
Co 25.1 25.9 19.1 5.63
Ni 44.6 45.1 41.0 9.87
Cu 8. 54 13.7 10. 8 10. 1
Be 1.71 1.29 1.28 1.13
Ga 21.9 21.2 22.4 16. 4
Cs 0.35 0. 61 0.39 0. 65
Bi 0.04 0.05 0.04 0.02
Li 21.6 24.2 16.7 27.3
La 53.8 32.6 32.9 21.2
Ce 112 75.9 71.9 31.1
Pr 13.8 10.2 9.96 2.94
Nd 54.4 40.7 40. 8 9.26
Sm 9.30 7.56 7.00 1.06
Eu 2.55 1.91 1.77 0.76
Gd 7.15 6.16 5.66 0.81
Th 0.87 0.77 0.74 0. 09
Dy 4.44 4.00 3.88 0.39
Ho 0.79 0.75 0.73 0.06
Er 2.03 1.91 1.86 0.15
Tm 0.28 0.29 0.27 0.02
Yh 1.82 1.79 1.62 0.13
Lu 0.27 0.26 0.24 0.02
Y 20.5 19.2 18.6 2.55
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F4 REUEZFALERR Nd-Sr B EHRE

Table 4 Nd-Sr isotope data for selective meta-volcanic samples

Sample 08HTYO1 08HTY02 08HTY03  O8HTY04
Rb( x107%) 34.9 45.7 59.2 43.0
Sr( x107%) 1617 1138 1121 722. 4

8T Rb/% Sr 0. 0625 0. 1164 0. 1530 0.1724
878yr/80Sr 0. 706243 0. 708101 0.710899  0.706746
20 0. 000011 0. 000011 0.000012  0.000011
878r/36 Sy, 0.70398 0. 70389 0.70537 0. 70051
20 0. 00049 0. 00053 0. 00057 0. 00058
Sm( x107%) 8. 62 7.25 6.68 1.07
Nd( x1079) 50.7 39.7 36.9 9.7
YSm/Nd  0.1029 0.1105 0. 1097 0. 0668
WNd/"Nd  0.511244 0.511341 0.511267  0.510852
20 0. 000012 0. 000011 0.000014  0.000013
ena (1) 3.0 2.4 1.2 7.0
20 1.7 1.8 1.8 1.1
tpu (Ga) 2.61 2. 66 2.74 2.37
Ssmna -0.48 -0.44 -0.44 -0.66

5 srbreh
IR F2 F3 KA,

5.1 A U-Pb b

AR AW (08HTYOL , £ (NARHS RS ) #E il 23 1Y
A KABAIE ZE 4 TS IR, B B AR 0 AR, AR
LR 150um 47, BIRAESEIR R R XA REA R
HSET(58) , NHEB 2 ARG A SR 4544 , 20 BGE BAT V4
25k (& 4 1615 a) |, FaoR X e A AR FT REJE A A

0.6
TRHRIWAE: 08HTYO!

| =TPb/m PO i
0.5 |- 2528+ 12Ma

| MSWD=0.10; n=34 ) SRS
:;) / ’/5}‘)14 Il'?\ )
g 04 ) ( 2
..,\r: & 100 pm :*’ 16
& L
£
B
0.3 AT TR \a
2502+ 19Ma &
=
MSWD=2. 1 T
0.1 | L ! L P
3.0 5.0 7.0 9.0 11.0 #®
20Tpp5Y ToCePIN SMEWGMBDyRGETToLs

K4 U-Pb 4F# I FIE]

A3 5 R B A I RO T (o, BT R 00T 85, Wk 1)
IBRRLI A b Al 85 A SR AR o0 3R & 1 i 4 B X (b, B0k 5
A FRUEMESE Sun and McDonough, 1989)

Fig.4 Concordia U-Pb age diagram

Inset figures are selected cathodoluminescence ( CL) images ( a,
numbers are spot serial numbers as those in Table 1) and chondrite-

normalized rare earth element patterns (b, chondrite-normalized values

after Sun and McDonough, 1989)
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Fig. 5
Shangyi area

Major, trace element and isotope features of meta-volcanics in the Honggiyingzi Group in Huangtuyao-Wushijia,

(a) -chondrite-normalized rare earth element patterns; (b)-primitive mantle-normalized trace element diagram; (c¢)-gy vs. age diagram; (d)-gy

vs. age diagram (sample 08 HTYO1 ). Data for both grey gneisses ( TTG gneisses) and diorite gneisses are from Liu et al. (2009). Chondrite and

primitive mantle-normalized values are after Sun and McDonough (1989)

ARG T 34 A5, X L4 17 28 2T AL T B &G
R ) 3, T AR RO B I sE AR, i R
(B 4) BAPASA BB B0 U F 22 x 10 7° ~ 437
x107°, Th/U [{HHN 0.24 ~ 1. 4, B EAFHREE K, 1o 12
BEE R 1% ~2% , {077 Ph/>™ Pb 4F % 25 1k 36 [ &/, A
2544Ma ) 2507Ma,>” Pb/ > Pb fINALT- H44FE 1 g 2528 + 12Ma
(20,MSWD =0. 1,n=34) (& 4), 7EIEFE E, I 0 S
FAR T — 55 LU B AP AR — 304k, HE B AT s AR IR R 2502 +
19Ma(2¢ ,MSWD =2. 1) , 5fBCF- B4R A —3, F2E8
fe i) JFa , R Pb BR FE R A AN BT AR a4
A A RIFH AR, i o0 E & BN A R A R
(B 4GB b)), T A A 4 57 0048 50 200 5 A8, R ATy,
~2528Ma IYAEICER TR LA T AR

AN A R AT Lu/' HE 7 0.00020 ~ 0. 00166,
e (1) (1 F8M 7 Ph/ > Ph 4EIB(E ) Ky +2.4 ~ +9.8,

5.2 EE.METMELE MK FRFE

A 2 7 TR AR N SRR AR SR A TR, 9 Bl DT
Z (I K Na Rb . Cs 55) (& 0] BE3Z 2 T 28 e/ FH 9 52 0,
8 Al Mg Ti S F 1T E, YA L0 R &t € —i
WS PEAR XTI, 52 52 /N (A Middelburg et al. , 1988)

BRRZINCE-ZIERRT S0, &5 54. 7% ~59.4% ,
MgO &5 3.0% ~5.1% ,AL O, & & ~15.5% ,TiO, & & ~
0.8% , B 55 Na it K,Na,0 + K,0 &t ~7.0% (£ 3), #
A ER TR VB A ER L REE L, (La/Yb) | =
13 ~21([&l 5a) . 7F J5 4R b Ar o Ak ok 0 1 b, 4 0 o5 R
EBAr AR CR (W, Th U Nb Ta Ti) , &4 K4 K& F
SEAJGE (W1, Ba,Sr La, Ce) (K 5b) " Rb/* Sr AFfk 45 Kk
(0. 0625 ~0.1530) , {H J&" St/* Sr, A5 {k. %% /N, 2 0.7039 ~
0.7054 (3£ 4) , XULH] Sr R Z B fEIR B T I 2 19 4y
1E.¥Sm/%Nd 7 0. 1029 ~0. 1105, £y, () (t =2500Ma) H7 1.2
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~3.0, 8k N(FR4) .

BIMBUEFE M MgO &5 ~0.9% ,AL0, # ~15.5%,
TiO, & ~0.2% , & Na ik K,Na,0 + K,0 & ~7.0% (%
3)o HAHERIICE, B AT ER LA E4E, (La/
Yb)\ =122( & 5a) , FEJR 4R MR E AL IR W B - FE R S5 X
RZWA-ZIWEAR, TR KRR IcE (i, Th U,
Nb . Ta Ti) , g K4 KB F R AITEK (4N, Ba,Sr.La, Ce)
(K 5b), % B & Y Rb/* Sr 2 0.1724,% Si/* Sr, Ry
0.7005;* Sm/** Nd 3} 0. 0668 , &, () (t =2500Ma) Ky +7 (3
4) o XELIR A LA I AN IR F A28 K a2 LA -4 LA R
i, eng (1) (1 =2500Ma) {E£L 2 5 T 5 BB (E (B 5¢) o X
Fe sk L W) o7 22 LA FT RS2 2 T A8 B A5 IS S AR i 5%
Wi, AN B S5 BB 25 9 A 4R AIE

6 it

6.1 RU-ARERMNHREEEREFREHNXER

MEEAT U-Ph 4R I8 SR AR SCRT A5 19 o S8 - a5-10 1
G Mb IX TR 78 T L (9 TR A A R At 25 3R A5
FAH DG K L B AR I 42 T (40, X S5 ,2007 ), i ATAC X (i
FEL b B K2 (b 50) , 1994 Wang et al. ,2009) K 3275 40 &=
HIX.( Zhao et al. ,2008 ;X1 & 25,2009 ; X1 ¥4 32,2011 ; Liu et
al. ,2012) JREO 7 R A B8 U AR — 2, #2249 2520Ma,, 4R
M, AHB BT 2R, BV 3k Hb XA G4 5T 1) 18 (&) 2a-c) of
KA R RS T —IAMRAEN T LS T REJOL-DIRE R 2
o BV, R 5 BRA A AL B B - DR R TR A

AR DR 8RR - RRORL A 1 A 5 A ) 8 18 3% 19 722 A/
oS e R RRORE R 33k 2 R 08 A T R AR e e oty e 40
(Guo et al. 2005 JJIr5|3CHK) o SR, X 2855 4 ] BE7E B K
WA T AR BT, U TR ool AR R A 2R A
PN, A5 S LT 28 AR W A5 S ME TR AF . AR IX B AR M
KR bR E FmRgEEEER A LR ERSL T
~2510Mapt) 28 Jii 4% % ( Zhang et al. ,2012; Nutman et al. ,
2011) o 1T 1 LB IX LT 5 AL K L TR 22728 R i
B, BOA 2 T AT RERYE BTARE IS . SRR BER IAAS IX e Kty
R ( ~2510Ma) 245 28 JJ7 T AS [ R BE (9 48 B/, AT
FHORF FAIC Y M52 TR BE R AR S X AR Ak (HR ARy X
A 1 T A I A AR BT BT, K R R AR R R LR
A AL F A N E R M, L0 L TR
FRILIM T HFE R, B FTEIE U (25 124817 18 b 7e
S R R 7 B TCBE SR A 1Y, LT I A HL G R AT LA
SR B 1 b e S5 4

A SCARAG T /0 i SCHb X T T R LU R Y
IR AR, 33 LEBSCHE A b, 5T Rk b oRE SC AR ([ b B
KA (AEHT) ,1994) A — B, K3 LR A & 55 (2009)
ST HGE AR AT R B - ORE A M A B X L, 68 0T R FRAE
OS2 [F) L 2R AFAE , B R K L 23 0 R B AR A

FOR e BRAEARL (18] Sa-c) o R R B H i TR S5
BB BTE B A ORI T 2015 TR K s & HRENDE
TR — DX PR, e 28 AR A IR s A A
RLCIRD) BB, 9 B2 DAL 73 S i s sl K ales &
PRSI AR IR e RN B F R 89 iU 1) 3 B2 20 1R o
NI JG 3 FTREVERL/IN, RO ISR KLes R
FEREAR MR, BT R 22 A BOR X, [ Il B8 23 12 1
B REE IR T S R T IR AN R R A o T
H, KNG 2 i — L TURUE A5 RS R 95 4%
Bl KRR FEMAEE AT , IR BT 8 bR e AN TR S5
FRRE P AR A o T4 Nd [R) 52 28RS A1 B o HE
[ 2R AT B (P Se-d) |, KA R 5K R A B T
JRCR RS —HF (X 5 45,2009 Liu et al. ,2012) , EfTHIRIR
TR M PRI, O AT REAT AR R A MU IR X W B A

6.2 HEEJLMXEGEKER XM THEEE TR E

P 6 AR PR PG b DX A AR TR & (LS
TRE) AP A IR - IR A IR0 R bR B HG R A8 I
KINPUBA A R L ORI T A A DA - A T RO
KRB G LR W 09 DN R 578 B i dR A MR S5 ) ) 3t 5 5%
ZR TR 23t DX K i AR il b5 i T ] 3 P R R
BRI T e SRR A BT S 2R, B W TR
B SR ARRGE o BATRIL DN, R R fRA i b
FEERI BRI a4 IR 3B B AR AR O KA A A
FeR MRS i — 843 AT RE SR L0 IS 7 1A B s &
P AR O, — 3820 T B KL TLRUE BRI IR 1 Y 52
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