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Abstract Zhoutaizi iron deposit lies on the northern margin of the North China Craton, which is located in Luanping, Hebei
Province. The iron deposit occurred in the metamorphic rocks, Dantazi Group of Precambrian. And the deposit which has obvious
banded iron formations is an Anshan type iron deposit. The banded structure is obvious in ore rock, whereas striate and massive
structure is rare. The quartz magnetite type is the main ore rock type which contains 30% ~35% irons. The main wall rock is the
metamorphic rocks in Precambrian including biotite plagiogneiss, amphibolite and granitic gneiss. The granitic gneiss is characterized
as Si0, >56% , MgO <3% , Al,O, >15% , Sr>500 x 10 ™°®, Yb > 1.9 x 10, obvious fractionation between HREE and LREE,
HREE depleted strongly, inconspicuous negative Eu anomalies. It is indicated that the granitic gneiss is geochemically similar to
adakite. Zircon U-Pb analysis has shown several different ages, which are 2512 £21Ma, 2452 +9. 6Ma, 2394 + 55Ma, respectively.
First of all, the ages around 2512Ma represent the volcanic eruption event and the sedimentary age of BIF deposit. Secondly, the ages
around 2452Ma represent the crystallization age of TTG granitic gneiss. At last the ages around 2394 Ma represent a metamorphic event
which resulted in the modification of original rocks and ore rocks. The Hf isotope data indicates that the magma source of amphibolite
and TTG granitic gneiss may be contaminated by ancient crustal material. And therefore the tectonic setting of Zhoutaizi iron deposit
was extensional related to rifts.

Key words Banded Iron Formation; Hf isotope; Zircon U-Pb ages; TTG; Zhoutaizi iron deposit; The northern margin of the North
China Craton
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Fig. 1

1-Mesozoic volcanic and volcanic-sedimentary rock; 2-Mesozoic diorite and granite intrusions; 3-Neopaleozoic diorite and granite intrusions;

Geological sketch map of the Precambrian metamorphic complexes in northern Hebei (after Liu et al. , 2007b)

4-Neopaleozoic mafic and ultramafic intrusions; 5-unmetamorphosed sedimentary cover in Mesoproterozoic-Paleozoic ; 6-metamorphic complexes of the

Hongqiyingzi Group in the Early Precambrian; 7-metamorphic complexes of the Dantazi Group in the Early Precambrian; 8-major faults; 9-cities and

towns
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Fig.2  Geological map of Zhoutaizi iron deposit
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Fig.3  Photos of rocks, ore rocks, outcrops and microphotographs

in the study area
(a)-banded ore rock; (b)-amphibolite; ( c¢)-granitic gneiss; (d)-

plagioclase hornblende gneiss; (e)-banded magnetite; (f)-amphibolite
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x1 FATFYTEETE (W% ) METHMETE(x10°)E

Table 1 ~Major elements (wt% ) and trace element ( x 10 ~®) contents of Zhoutaizi iron deposit

(=TI Z-1-1 Z-12 729 Z-1-5 Z-1-6 Z-1-7 Z-1-8 722 7-2-3 7-2-8
A AR IR BHC AN (AR & LEE)
Si0, 62.46 62.93 63.48 58.22 68.77 48.76 47.08 48.68 48.05 55.61
TiO, 0.61 0.55 0.62 0.99 0.42 0.73 1.30 0.27 0.19 0.02
Al, O 15.19 15.12 13.31 16.42 14.47 14.50 13.14 5.21 2.25 0.16
Fe" 8.22 7.90 8.34 8.79 4.39 13.08 19.01 33.89 37.64 38.53
MnO 0.09 0.10 0.11 0.09 0.05 0.17 0.27 0.25 0.11 0.09
MgO 3.04 3.00 2.63 2.85 1.89 8.31 6.27 7.06 6.59 3.64
Ca0 3.71 3.86 3.91 5.11 2.33 9.78 9.91 1.72 4.06 1.64
Na, O 3.45 3.54 3.74 3.54 4.44 3.12 2.29 0.14 0.16 0.12
K,0 2.47 2.31 2.25 2.21 2.16 1.03 0.30 1.70 0.17 0.02
P, 04 0.19 0.19 0.22 0.30 0.06 0.05 0.12 0.10 0.61 0.03
LOI 0.62 0.58 1.15 1.02 0.80 0.62 0.38 0.86 0.10 0.10
TOTAL 100. 05 100. 08 99.76 99.54 99.77 100. 14 100. 07 99.88 99.93 99.95
FeO 5.72 5.21 5.70 5.50 2.93 8.45 11.98 18.15 17.80 17.40
Fe, 0, 1.93 2.17 8.34 2.74 1.17 3.79 5.83 13.93 18.06 19.39
Na, O +K,0 5.92 5.85 5.99 5.75 6.60 4.15 2.59 1.84 0.33 0.14
Na, 0/K,0 1.40 1.53 1.66 1.60 2.06 3.03 7.63 0.08 0.94 5.00
Ba 923 834 830 880 454 286 43.3 93.9 31.0 4.43
Rb 64.2 59.6 59.4 52.7 78.4 24.6 3.38 174 4.84 0.48
Sr 534 521 526 611 325 170 113 21.9 82.4 26.5
Zr 138 172 176 186 150 34.9 70.0 6.17 3.47 0.37
Nb 4.74 4.62 4.59 9.77 5.03 2.05 4.46 4.13 0.59 0.29
Ni 44.43 45.26 44.81 36.76 40.68 148.8 63.48 17.48 20. 46 8.52
Co 21.89 22.39 22.07 24.41 17.74 50.97 57.21 6.32 7.57 5.16
Zn 85.07 83.13 81.16 98.42 62.04 103.7 141.7 118.7 53.67 13.36
Cr 330 348 377 165 260 353 112 135 238 223
La 22.57 20.81 21.59 32.15 38.71 2.09 3.89 6.61 14.24 0.51
Ce 41.13 38.70 39.83 70.97 74.52 5.18 10.88 13.66 27.36 1.05
Pr 5.05 4.80 4.87 9.49 8.68 0.86 1.85 1.91 3.30 0.16
Nd 18.04 17.20 17.22 36.74 29.62 4.50 9.65 7.71 12.71 0.65
Sm 3.50 3.47 3.42 7.55 5.20 1.60 3.12 1.61 2.71 0.17
Eu 1.32 1.24 1.24 1.84 1.31 0.65 1.08 0.33 0.63 0.09
Gd 2.80 2.80 2.77 5.90 4.09 2.25 4.17 1.47 2.43 0.19
Th 0.35 0.36 0.35 0.84 0.53 0.41 0.81 0.24 0.36 0.03
Dy 1.80 1.80 1.77 4.50 2.85 2.96 5.75 1.55 2.10 0.22
Ho 0.33 0.33 0.33 0.84 0.55 0.67 1.23 0.34 0.42 0.05
Er 0.84 0.85 0.84 2.14 1.47 1.93 3.60 1.00 1.11 0.14
Tm 0.11 0.12 0.12 0.31 0.23 0.30 0.55 0.15 0.16 0.02
Yb 0.68 0.70 0.70 1.87 1.45 1.96 3.58 1.02 0.99 0.12
Lu 0.11 0.11 0.11 0.27 0.23 0.30 0.56 0.17 0.16 0.02
Y 8.10 8.13 8.20 21.10 14.31 16.44 31.13 8.48 11.16 1.87
Cs 0.70 0.67 0.67 0.68 0.90 0.52 0.26 4.13 0.17 0.03
Ta 0.20 0.21 0.21 0.45 0.23 0.15 0.30 0.18 0.04 0.01
Hf 3.80 4.99 5.05 4.82 4.39 1.13 2.15 0.25 0.18 0.01
Th 0.37 0.37 0.40 0.35 14.19 0.08 0.03 0.28 1.30 0.01
v 117.8 111.5 109.0 108.1 69.12 263.2 384.4 37.84 57.17 5.28
> REE 98.63 93.28 95.15 175.4 169.4 25.66 50.73 37.76 68. 66 3.40
LREE 91.61 86.21 88.16 158.7 158.0 14.88 30.48 31.82 60.95 2.62
HREE 7.02 7.06 6.99 16. 66 11.38 10.78 20.25 5.94 7.72 0.78
LREE/HREE 13.05 12.21 12.62 9.53 13.88 1.38 1.51 5.36 7.90 3.36
(La/Yb) x 23.7 21.2 22.1 12.4 19.2 0.77 0.78 4.65 10.4 2.99
SEu 1.25 1.18 1.19 0.81 0.84 1.05 0.92 0.64 0.73 1.57
Euw/Eu” 2.16 2.02 2.06 1.35 1.43 1.70 1.45 1.02 1.21 2.54
Ce/Ce™ 0.89 0.89 0.90 0.93 0.94 0.85 0.88 0.88 0.92 0.85
Pr/Pr* 1.09 1.09 1.09 1.09 1.09 0.99 0.99 1.09 1.04 1.09
Gd/Gd” 1.15 1.09 1.13 1.06 1.15 1.10 1.04 1.06 1.10 1.12

E:Ew/Eu”® =[Euw/(SmXxSm xTh)1/3 ] psas; Ce/Ce”™ =[Ce/(0.5La+0.5Pr) Jpyrs; Pr/Pr* =[Pr/(0.5Ce +0.5Nd) Jprag; Gd/Gd™ =[ Gd/
(2Th = 1Dy] pyas ( Frei and Polat, 2007)
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Fig. 4  Primitive mantle-normalized spidergram pattern of
metamorphic rocks in Zhoutaizi iron deposit ( primitive

mantle values after Thompson, 1982)

(a) -granitic gneiss; (b)-amphibolite
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Fig.5  Chondrite-normalized REE pattern of metamorphic
rocks in Zhoutaizi iron deposit ( chondrite values after Sun

and McDonough, 1989)

(a) -granitic gneiss; (b)-amphibolite

FR LB oA B, S B A TN U A — B
SIRTE,

W AR (222, 7-2-3, 7-2-8) [JHi + 0% PAAS (Post
Archean Average Shale) HRUEALIE ([ 6) , HAFE Sy . HRH
AR 4 AR LA B AR A B 43 B, AR XS B Y Eu iE
SH(EwEus =1.02 ~2.54, L3 1), CHE K Ce 11 7%
(Ce/Ce+ =0.95 ~0.94) ,Pr LU It % (Pr/Pr = =0.99 ~
1.09),Gd/Gd * 4r T 1 ~2 Z[u], X L6 Ff - 50 R FRAE 5 A
BIF AATRAKIAHRIME, BEHI A & 788 1Y BIF 5 M Al BIF
FATA TR B P, #8213 AH TUALAY 77 ) ( Derry and Jacobsen,
1990; Horstmann and Hiilbich, 1995; Frei and Polat, 2007) ,

4.3 $#FU-PbESE
JA & FHR RHS A N (Z-1-7) TRk B R (2-1-2)
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®2 BETHRERKAASE(Z1-7) #54 U-Th-Pb HTHE (SIMS %)
Table 2 Zircon U-Th-Pb data of amphibolite (Z-1-7) in Zhoutaizi iron deposit

Th Y [ 2 LAl [R5 R AF-#% (Ma)
UHU ‘Iﬁ‘ 207 Pb/ZOG Pb 207 Ph/235 U 206 Pb/ZSS U 208 Ph/232 Th 207 Ph/ZOG Pb 207 Pb/235 U 206 Pb/238 U
T (x107%) v lo lo lo lo
OB (%) OB (%) LEAE (%) LEAE (%) g 1o FRR 1o FERR Lo
01 83 115 0.72 0.1625 0.63 9.8847 1.63 0.4410 1.50 0.1180 3.33 2482.3 10.6 2424.1 15.1 2355.3 29.7
02 113 108 1.05 0.1500 0.52 8.3742 1.59 0.4050 1.50 0.1073 2.94 2345.4 8.9 2272.4 14.5 2192.1 27.9
03 198 261 0.76 0.1595 0.61 9.9289 1.62 0.4516 1.50 0.1210 2.89 2449.8 10.3 2428.2 15.0 2402.5 30.2
04 32 1062 0.03 0.1556 0.31 9.2595 1.58 0.4315 1.54 0.1244 3.90 2408.6 5.3 2364.0 14.5 2312.6 30.1
05 644 534 1.21 0.1661 0.21 11.0399 1.53 0.4821 1.51 0.1366 2.87 2518.6 3.6 2526.5 14.3 2536.4 31.8
06 83 323 0.26 0.1612 0.27 10.3585 1.52 0.4659 1.50 0.1303 2.94 2468.7 4.6 2467.3 14.2 2465.7 30.8
07 115 939 0.12 0.1623 0.25 9.9378 1.52 0.4440 1.50 0.1230 2.79 2479.9 4.2 2429.0 14.1 2368.7 29.8
08 53 58  0.92 0.1532 0.67 8.8015 1.65 0.4166 1.51 0.1126 2.92 2382.1 11.3 2317.6 15.2 2245.2 28.7
09 83 930 0.09 0.1493 0.29 8.0733 1.55 0.3921 1.52 0.1089 2.92 2338.1 5.0 2239.3 14.1 2132.7 27.7
10 179 140 1.28 0.1659 0.40 11.0465 1.55 0.4830 1.50 0.1250 2.79 2516.4 6.7 2527.1 14.6 2540.4 31.6
11 67 225 0.30 0.1586 0.93 9.4281 1.96 0.4312 1.72 0.1295 3.02 2440.6 15.7 2380.6 18.1 2311.1 33.5
12 59 73 0.81 0.1507 0.69 9.1296 1.65 0.4394 1.50 0.1222 2.92 2353.6 11.7 2351.1 15.2 2348.2 29.6
13 45 31 1.47 0.1688 0.87 11.6031 1.74 0.4986 1.51 0.1355 3.00 2545.6 14.5 2572.9 16.4 2607.8 32.4
14 102 127 0.80 0.1466 0.65 8.3969 1.64 0.4155 1.51 0.1157 2.83 2306.1 11.2 2274.8 15.0 2240.2 28.5
15 156 130 1.20 0.1488 0.46 8.7263 1.57 0.4254 1.50 0.1160 2.88 2332.1 7.8 2309.8 14.4 2284.7 28.9
16 16 32 0.50 0.1720 0.76 11.8892 1.78 0.5014 1.61 0.1329 3.27 2577.1 12.7 2595.7 16.9 2619.6 34.8
17 53 116 0.46 0.1652 0.79 10.8187 1.75 0.4750 1.56 0.1349 3.66 2509.5 13.3 2507.7 16.4 2505.4 32.4
18 48 68 0.71 0.1628 0.58 10.3444 1.62 0.4609 1.51 0.1226 3.29 2484.7 9.7 2466.1 15.1 2443.5 30.8
19 36 36 1.00 0.1454 1.09 8.0485 1.87 0.4016 1.52 0.1080 3.02 2292.1 18.6 2236.5 17.0 2176.2 28.1
20 118 536 0.22 0.1639 0.20 10.5402 1.52 0.4663 1.51 0.1269 2.80 2496.6 3.4 2483.5 14.2 2467.5 30.9
21 71 207 0.34 0.1619 0.36 10.4996 1.54 0.4704 1.50 0.1283 2.90 2475.4 6.1 2479.9 14.4 2485.3 31.0
22 74 337 0.22 0.1630 0.29 9.4487 1.70 0.4205 1.67 0.1200 3.21 2486.6 4.9 2382.6 15.7 2262.9 32.0
23 86 707 0.12 0.1614 0.37 10.1901 1.55 0.4579 1.51 0.1268 2.84 2470.6 6.3 2452.2 14.5 2430.1 30.6
24 62 128 0.48 0.1618 0.48 9.3770 1.59 0.4203 1.51 0.1220 3.16 2474.7 8.1 2375.6 14.7 2261.8 28.9
10 03-2449.8Ma
mz22 XZ23 @723 10-2516.4Ma ™ 11-2440.6Ma
/ A
2 W \ A0
5 41 05-2518.6Ma & 12-2353.6Ma
£ 13-2545.6Ma 20-2496.6Ma
w \
0.01 @\ (
@
La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu 17-2509.5Ma &
06-2468.7Ma 14-2306.1Ma 21-2475.4Ma
16 JH A T 404 £ C % PAAS i ft L oo
(PAAS {#4}# McLennan, 1989) —
Fig.6 PAAS-normalized REE pattern of metamorphic rocks BTG TR R I (2-1-T) B 2 DR 4 e
in Zhoutaizi iron deposit ( PAAS data after McLennan, L 01 ~2482. 3Ma Jg fiil, Horpr 01 4832047 552, 2482, 3Ma {43
1989) PEETAE

Fig.7 CL images of zircon grains for amphibolite (Z-1-7)
in Zhoutaizi iron deposit

Bidr U-Ph g ARSI ILAR 2.3 3, 5 A1 i) ) *&kj\lﬁ Pl (CL Take 01 ~ 2482.3Ma as an example. 01 represents the analyzed
Vel ) B A AIRAT (9 SR B H 35 A7 P PR 205 A R, A [l AT ) data; 2482. 3Ma represents the zircon age
A BA AR ESHRAE(E 7 80 8) .
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®3 BAEFHTERRRKE(Z-1-2) 355 U-Th-Pb 4T ##& (LA-MC-ICPMS %)
Table 3 Zircon U-Th-Pb data of granitic gneiss (Z-1-2) in Zhoutaizi iron deposit

U IR Z el R Z AR (Ma)

UHIIJ:‘l‘E": . Th/U 207 Ph/ZOﬁ Ph 207 Pb/235 U 206 Pb/238 U 208 Ph/232 Tl’l 207 Ph/206 Pb 207 Pb/235 U 206 Pb/238 U
7 (x0T Wi 1o i 1o Wl e K le  Fk 1o A le Gl Lo
01 125.28 169.96 0.74 0.1576 0.0015 9.8391 0.0882 0.4527 0.0053 0.1106 0.0016 2430.5 16.0 2407.2 23.4 2419.8 8.3
02 104.40 163.36 0.64 0.1590 0.0011 10.1170 0.0689 0.4616 0.0049 0.1173 0.0013 2444.6 12.1 2446.7 21.5 2445.5 6.3
03 86.85 138.72 0.63 0.1615 0.0014 10.4951 0.0882 0.4712 0.0054 0.1198 0.0018 2471.8 14.8 2488.9 23.6 2479.5 7.8
04 97.53 144.16 0.68 0.1612 0.0013 10.3724 0.0798 0.4666 0.0051 0.1158 0.0015 2468.7 13.6 2468.6 22.6 2468.6 7.1
05 160.24 185.55 0.86 0.1569 0.0012 9.8513 0.0704 0.4554 0.0049 0.1160 0.0012 2422.5 12.7 2419.2 21.7 2421.0 6.6
06 95.23 136.99 0.70 0.1599 0.0013 10.2043 0.0796 0.4630 0.0051 0.1157 0.0015 2454.1 13.8 2452.8 22.6 2453.5 7.2
07 116.95 173.58 0.67 0.1626 0.0013 10.5307 0.0805 0.4698 0.0052 0.1234 0.0015 2482.7 13.5 2482.7 22.8 2482.6 7.1
08 77.76 148.57 0.52 0.1595 0.0016 10.1664 0.0988 0.4625 0.0057 0.1172 0.0021 2449.8 17.2 2450.5 25.0 2450.0 9.0
09 71.52 119.83 0.60 0.1611 0.0015 10.3538 0.0941 0.4661 0.0056 0.1240 0.0020 2467.5 16.0 2466.5 24.4 2466.9 8.4
10 127.25 202.92 0.63 0.1583 0.0016 10.0145 0.0955 0.4590 0.0056 0.1184 0.0019 2437.1 16.9 2435.2 24.7 2436.1 8.8
11 65.86 108.02 0.61 0.1576 0.0021 9.9437 0.1232 0.4575 0.0064 0.1120 0.0025 2430.5 22.1 2428.7 28.2 2429.6 11.4
12 103.98 185.51 0.56 0.1598 0.0015 10.2034 0.0922 0.4632 0.0055 0.1232 0.0020 2453.6 16.0 2453.4 24.3 2453.4 8.4
13 111.38 178.75 0.62 0.1597 0.0014 10.1799 0.0876 0.4625 0.0054 0.1221 0.0018 2452.2 15.2 2450.4 23.8 2451.3 8.0
14 166.49 218.11 0.76 0.1594 0.0012 10.1445 0.0743 0.4618 0.0051 0.1184 0.0013 2448.9 12.8 2447.3 22.4 2448.0 6.8
15 46.49 99.40 0.47 0.1591 0.0017 10.1202 0.1008 0.4613 0.0058 0.1226 0.0024 2446.5 17.6 2445.3 25.4 2445.8 9.2
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DL 13 ~2454Ma/ + 0.9 ), Hh 13 fLF M 55,2454 Ma {0
TEAER, +0.9 10 e4 (1)

Fig.8 CL images of zircon grains for granitic gneiss (Z-1-
2) in Zhoutaizi iron deposit

Take 13 ~2454Ma/ +0. 9 as an example. 13 represents the analyzed

data; 2454 Ma represents the zircon age; +0.9 represents gy (1)
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x4 BAETHTRKAAE(Z-1-7) MR F RS (2-1-2) HE AR SR

Table 4  Hf isotope data of amphibolite (Z-1-7) and granitic gneiss (Z-1-2) in Zhoutaizi iron deposit

W a5 TOYL/THE S Lu/THE TSHE/THE 20 176 1/ 7T HE, enr (1) tpy (Ma) 1y, (Ma) S
BHCAA NG (Z-1-7) 540 HE BOdfg
01 0.019674 0.000784 0.281312 0.000019 0.281276 2.3 2693 2832 -0.98
02 0.028103 0.001189 0.281267 0.000026 0.281212 0.0 2784 2972 -0.96
03 0.010708 0.000446 0.281268 0.000018 0.281247 1.3 2729 2893 -0.99
04 0.028429 0.001180 0.281328 0.000018 0.281275 2.1 2700 2839 -0.96
05 0.004685 0.000189 0.281279 0. 000023 0.281270 2.1 2697 2844 -0.99
06 0.013248 0.000575 0.281256 0.000018 0.281230 0.6 2755 2933 -0.98
07 0.018387 0.000734 0.281204 0.000021 0.281170 -1.5 2836 3061 -0.98
08 0.027903 0.001222 0.281299 0.000018 0.281243 1.0 2743 2907 -0.96
09 0.006477 0. 000250 0.281256 0.000016 0.281246 1.1 2732 2900 -0.99
10 0.041070 0.001575 0.281353 0.000023 0.281282 2.4 2694 2825 -0.95
11 0.016672 0.000676 0.281215 0. 000024 0.281182 -1.0 2818 3033 -0.98
12 0.025158 0.001031 0.281288 0.000019 0.281239 1.0 2744 2911 -0.97
13 0.022568 0.000932 0.281280 0.000021 0.281237 0.8 2748 2918 -0.97
14 0.009842 0.000393 0.281291 0.000017 0.281273 2.1 2695 2839 -0.99
15 0.038875 0.001579 0.281271 0.000018 0.281197 -0.5 2807 3002 -0.95
TR TR (Z-1-2) 8547 HE Bl

01 0.023773 0.000862 0.281303 0.000014 0.281263 1.1 2711 3066 -0.97
02 0.015736 0.000578 0.281299 0.000012 0.281272 1.7 2697 3021 -0.98
03 0.015052 0.000543 0.281281 0.000015 0.281255 1.8 2719 3036 -0.98
04 0.015266 0.000560 0.281293 0.000015 0.281266 2.1 2704 3007 -0.98
05 0.021426 0.000758 0.281325 0.000014 0.281290 1.9 2674 2994 -0.98
06 0.014052 0.000515 0.281304 0.000014 0.281280 2.2 2686 2984 -0.98
07 0.016579 0. 000604 0.281279 0.000015 0.281250 1.9 2726 3037 -0.98
08 0.014099 0.000511 0.281247 0. 000022 0.281223 0.1 2762 3164 -0.98
09 0.016820 0.000602 0.281259 0.000017 0.281231 0.8 2752 3118 -0.98
10 0.015674 0. 000565 0.281314 0.000016 0.281288 2.1 2676 2983 -0.98
11 0.011719 0.000436 0.281274 0.000015 0.281254 0.8 2721 3096 -0.99
12 0.014478 0.000525 0.281269 0.000017 0.281244 0.9 2734 3095 -0.98
13 0.019105 0.000689 0.281269 0.000020 0.281237 0.7 2745 3120 -0.98
14 0.023283 0.000815 0.281273 0.000016 0.281235 0.5 2748 3128 -0.98
15 0.009635 0.000352 0.281276 0.000016 0.281260 1.3 2712 3057 -0.99

TE st AR T AR AR 1 AR SR AE WS T1ET £y (1) BRI Ph/?% Ph AE W8 (AN B8 S35 41 HE [R] {2 28R AT
20 (" Lu/"THE) cyor =0- 0332, (TS HETTHE) g = 0. 282772 ( Blichert-Toft and Albarede, 1997 ), (" Lu/"7" Hf) py = 0. 0384, ('7° HE/
YTHE) py =0. 28325 ( Griffin et al. , 2000) , ("7 Lu/'"" Hf) gz = 0. 015 (Veevers et al. , 2005) ,\ =1.867 x 10 “Myear~! (Soderlund et al. ,

2004)

RAE G T BIF JUAUAE % ;2452 Ma #5 4 4E 85 7] e AR %
B GFYu BA TG F5AF A6 b b KA B2 0 45 b A
2394Ma # £ 44 T g AR TR 45 AR S 80 Pb EA 5|
AERE AR IRR T 5 1128 B sl AR, R JE & T8k 78
2394Ma ZEAT 2] T — WRAE AR, 50 IR B A G A
AT T G .

XIB SCAE (2007a) B4 T SIS F A B 25 7 4
BrBt, 2600 ~2530Ma 2 [a] JE i T BE4R i 5t , B HIE 1
Zu M A 52516 ~2505Ma 1 2494 ~2473Ma O TTG 23 42
{128 & 52417 ~ 2404Ma 2 [8] J A= T JRORE A AH AR AR AR
EIRA A ACIE 1859 Ma MEERK A AR, B AL T BE 45
SRR K ;1834 ~ 1793Ma il 1730Ma 25 )77 T R 5 4738 Ji B

FHCE RN . ARIEA SR A 35 A1 AR IR B, AR X
AR TR 234 A B AR W J B A 2577 ~ 2292Ma 2 (8], AR SCIK K
WF5EIX TTG BAE R & R AL 8]y 2452Ma 7247, [R) I BF 5
DX AT A SR B LT B I BR Sy 2512Ma 747, 55 X1 3C
S5(2007a) X BERR BT 58 45 M TTG S I AR A5 245 it i B 1
I3, AEVRZEVE R N AR — B TS X 2394Ma 7647 1748 it 54
PR X SCAF (2007 ) X LB 72 45 1 2417 ~ 2404Ma i 2E
AR AR FH AR s R 73 A —

5.2 AREBERXRMR
BHCANS 2-1-7 EA e ()N - 1.5 ~ +2.4,5F
WE R +0.47 , K55 ey (1) HIEE, 3 HTE +0.6 ~ +2.4
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Fig. 11

Protolith restoration diagrams of metamorphic rocks in Zhoutaizi iron deposit

(a)-Si0,-TiO, diagram ( after Tarney, 1977); (b)-(Na,O + K,0)-Al, O; diagram ( after TTpenomnckuit, 1980) : 1-andesite; 2-dacite; 3-quartz

diorite; 4-rhyodacite; 5-quartz trachyandesite; 6-rhyolite; 7, 8-alkaline granite.

The direction of arrowhead represents the direction of lower

concentration of sub-greywacke and feldspar sandstone. The molecular number calculated by coordinates multiplied by 1000; (¢)-MgO-Zr diagram

(after Geringer, 1979); (d)-Zr/TiO,-Nb/Y diagram (after Pearce and Cann, 1973)

ZIH) o Hf [F 47 3 75 AR 1, 76 3013 ~2693Ma 2
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A2 Ph/ M Ph AR HE TE 2577 ~ 2292Ma YE N, T LLE H H 5
0 b A AT A RO 2 it e A AT 0 24 K T4 A TR AR
%, Ul B SRR X 32 33 e M s ) T TR G . 4B R
FL12 B ey (O MEHTE +0.1 ~ +2.2 Z 0], I E N
+1.3, 7578 3.0Ga F1 2. 8Ga - 44 5 ¥ 4k 4k 38 Bl 4 (&
12) o Hf 4z 3 75 8 0 A AR W8 1, 7E 2762 ~ 2674Ma 2
li] , P MR AR 1y, 73 A 7E 3164 ~2983Ma 2 [1], FLE,

A7 Ph/*® POAE WA E 2483 ~2423Ma S5 [l P, [AIRE 7 J51 st g
BRI AP By s e A UAR IR 1 K T 85 0 T AR %, R I HE
BRI Z B e Y TR g .

TTG Ak i i BRAFE M 1Y Si0, & & KT 56% ,MgO &%
H/NT 3% ,ALO, ST 15% ,Sr SRR T 500 x 107,
Yb SN 1.9 x 107 KFAFES Y T RAET 9 x107°,
REM LTRSS R, BER LT RBESHLIFE Fu i F
WA RUIDFI X AL R R 5 3R 3K 50 A T s IR 27
fik I ( Defant and Drunmmond, 1990; Castillo, 2006 ) , EL.A5 —
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Fig. 12 Zircon Hf isotope features of amphibolite (Z-1-7)
and granitic gneiss (Z-1-2) in Zhoutaizi iron deposit
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