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Simplified geological map of the Heigou area, Liaoning Province
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1—Quaternary; 2—Paleoproterozoic monzogranitic; 3—Paleoproterozoic alkali feldspar granite;4—Xiaoling Formation;5— Lieryu Formation;

6—Gaojiayu Formation; 7—Dashiiqao Formation;8—Gaixian Formation;9—{fault;10—sample locatons
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Fig. 2 Petrographic characteristics of alkali feldspar granite in Heigou area, Liaoning Province
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(a)—Fabric characteristics of the alkali feldspar granite; (b)—alkali feldspar granite has obvious striac structure; (c¢)—mineral
characteristics of the alkali feldspar granite (perpendicular polarized) (the plagioclase develops an albite twin. which is bent by stress, and
the quartz partly dissolve feldspar to form a harbor structure); (d)—mineral characteristics of the alkali feldspar granite (perpendicular

polarized) ; Qz—quartz; Pl—plagioclase
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Fig. 3 CL images and analyses of zircons from the alkali feldspar granite in Heigou area, Liaoning Province
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x1 ITFEBEAMXBAKERSE LA-ICP-MS $&7 U-Pb HiF%
Table 1 LA-ICP-MS zircon U-Pb isotopic data of alkali feldspar granite in Heigou area, Liaoning Province

U | Th Ifl 37 5% FU E ISR (Ma)

D= _ Th/U | *"Pb/ 207Ph/ 206 Ph/ 207pp/ 207 P,/ 205 ply/

< 107(} 206 Pb 16 ZI%BU 16 238U 10‘ 2()61’)b 10' 2€3U 10‘ ZSXU 16
TW-1 449 294 0. 65 0.1383 | 0.0016 | 7.5419 | 0.1256 | 0.3971 | 0.0055 2205 21 2178 15 2156 25
TW-2 334 | 240 0.72 | 0.1363 | 0.0016 | 7.6065 | 0.0734 | 0.4029 | 0.0038 2181 20 2186 9 2182 17
TW-3 110 46 0.42 0.1360 | 0.0017 | 7.6730 | 0.0821 | 0.4074 | 0.0044 2177 21 2193 10 2203 20
TW-4 334 268 0. 80 0.1375 | 0.0011 | 7.6168 | 0.1254 | 0.4049 | 0.0065 2196 14 2187 15 2191 30
TW-5 683 | 572 0.84 | 0.1351 | 0.0012 | 7.7127 | 0.0861 | 0.4155 | 0.0053 2166 15 2198 10 2240 24
TW-6 483 | 353 0.73 | 0.1355 | 0.0014 | 7.6782 | 0.1173 | 0.4097 | 0.0051 2170 18 2194 14 2214 23
TW-7 250 121 0. 49 0.1364 | 0.0018 | 7.6142 | 0.1098 | 0.4074 | 0.0057 2182 23 2187 13 2203 26
TW-§ | 173 | 85 | 0.49 | 0.1363 | 0.0015 | 7.6566 | 0.0961 | 0.4072 | 0.0039 | 2180 19 2192 | 11 | 2202 | 18
TW-9 137 70 0.51 | 0.1375 | 0.0013 | 7.5841 | 0.0979 | 0.4002 | 0.0043 2197 17 2183 12 2170 20
TW-10 255 | 143 0.56 | 0.1371 | 0.0016 | 7.4628 | 0.0831 | 0.3938 | 0.0036 2191 21 2169 10 2140 17
TW-11 165 109 0. 66 0.1372 | 0.0020 | 7.5851 | 0.0927 | 0.4026 | 0.0066 2192 26 2183 11 2181 30
TW-12 293 | 237 0.81 | 0.1363 | 0.0013 | 7.6890 | 0.0660 | 0.4087 | 0.0027 2180 16 2195 8 2209 12
TW-13 424 | 234 0.55 | 0.1358 | 0.0016 | 7.5902 | 0.1620 | 0.4056 | 0.0069 2175 21 2184 19 2195 32
TW-14 278 | 186 0.67 | 0.1364 | 0.0019 | 7.5671 | 0.1448 | 0.4019 | 0.0067 2182 24 2181 17 2178 31
TW-15 299 | 221 0.74 | 0.1364 | 0.0013 | 7.5885 | 0.0887 | 0.4029 | 0.0039 2182 16 2184 10 2182 18
TW-16 189 79 0.42 | 0.1373 | 0.0013 | 7.5549 | 0.0655 | 0.3987 | 0.0027 2194 16 2180 8 2163 12
TW-17 89 42 0.47 | 0.1375 | 0.0021 | 7.3249 | 0.1726 | 0.3843 | 0.0064 2196 26 2152 21 2096 30
TW-18 567 125 0.22 0.1355 | 0.0010 | 7.5598 | 0.1089 | 0.4048 | 0.0042 2170 13 2180 13 2191 19
TW-19 555 489 0. 88 0.1372 | 0.0012 | 7.5369 | 0.0696 | 0.3977 | 0.0028 2192 15 2177 8 2158 13
TW-20 261 154 0.59 | 0.1365 | 0.0011 | 7.7237 | 0.0745 | 0.4102 | 0.0028 2183 14 2199 9 2216 13
TW-21 405 | 292 0.72 | 0.1379 | 0.0011 | 7.5042 | 0.0746 | 0.3937 | 0.0032 2201 14 2173 9 2140 15
TW-22 289 71 0.25 | 0.1370 | 0.0022 | 7.4962 | 0.1597 | 0.3958 | 0.0073 2189 28 2173 19 2150 34
TW-23 308 | 188 0.61 | 0.1364 | 0.0012 | 7.6964 | 0.0620 | 0.4089 | 0.0026 2182 15 2196 7 2210 12
TW-24 218 | 107 0.49 | 0.1364 | 0.0011 | 7.6317 | 0.1470 | 0.4042 | 0.0064 2182 14 2189 17 2188 29
TW-25 232 | 148 0.64 | 0.1375 | 0.0012 | 7.5580 | 0.0863 | 0.3975 | 0.0031 2197 15 2180 10 2157 14
TW-26 106 53 0.50 0.1379 | 0.0018 | 7.6276 | 0.0939 | 0.4010 | 0.0033 2201 23 2188 11 2174 15
TW-27 141 | 123 0.88 | 0.1390 | 0.0018 | 7.5663 | 0.0831 | 0.3948 | 0.0028 2215 23 2181 10 2145 13
TW-28 285 | 150 0.52 | 0.1379 | 0.0019 | 7.6191 | 0.1297 | 0.4005 | 0.0060 2201 24 2187 15 2172 27
TW-29 95 54 0.56 | 0.1363 | 0.0016 | 7.6388 | 0.1118 | 0.4057 | 0.0040 2180 21 2189 13 2195 18

T« P A7 b ST e H S O
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Table 2 Hf isotope composition of zircons of alkali feldspar granite in Heigou area, Liaoning Province

= 176 Y}, /177 H| 178 1y /177 HE | 176 H/177 HE 2% AEHY (Ma) enr (0) ene () tom, (Ma) | tpu, (Ma) frLo/He
Hf-01 0.020183 | 0.000718 | 0.281392 | 0.000019 —48.8 —0. 96 2578 2817 —0.98
Hf-02 0. 033472 0.001218 0.281461 0. 000024 —46. 37 0.75 2517 2712 —0.96
H{-03 0. 015270 0. 000558 0. 281540 0. 000022 —43. 56 4. 55 2367 2479 —0.98
H{-04 0.037264 | 0.001263 | 0.281450 | 0.000028 —46.76 0.28 2535 2740 —0.96
HIf-05 0.023261 | 0.000805 | 0.281465 | 0.000018 —46. 21 1.53 2484 2665 —0.98
H{-06 0. 022401 0. 000794 0.281462 0. 000018 —46. 32 1. 42 2487 2670 —0.98
H{-07 0.022701 | 0.000759 | 0.281468 | 0.000023 2186 —46. 11 1.71 2477 2654 —0.98
HI-08 0.009107 | 0.000312 | 0.281531 | 0.000028 —43.87 4.58 2364 2476 —0.99
Hf-09 0.036626 | 0.001261 | 0.281488 | 0.000022 —45. 41 1.67 2483 2657 —0.96
Hf-10 0. 036248 0. 001216 0.281438 0. 000024 —47.18 —0.07 2549 2763 —0.96
Hf-11 0.040645 | 0.001342 | 0.281513 | 0.000023 —44.53 2.42 2454 2610 —0.96
Hf-12 0.013147 | 0.000472 | 0.281380 | 0.000025 —49.22 —0.99 2578 2821 —0.99
Hf-13 0. 025214 0. 000873 0.281444 0. 000024 —46.98 0. 64 2518 2718 —0.97
Hf-14 0. 015490 0. 000581 0. 281465 0. 000021 —46. 22 1. 85 2470 2645 —0.98

P+ 3% {37 B S R ST AR P
74.94% ,F 1 74.68%), & (K, O + Na, O = 0.16% ~ 0.30% ., 4 0.24%), K 45 (AL O, =
7.34% ~ 7.48%, F 1 7.42%) . 345 (Ca, O = 13.04% ~13.53% 44 13. 34 Y ) 4R AF . F-m i
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Fig. 4 Zircon U-Pb concordia diagram (a) and weighted mean age (b)

of alkali feldspar granite in Heigou area, Liaoning Province
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Table 3 Major (%) and trace ( X 107°) element data of alkali feldspar granite in Heigou area, Liaoning Province

FedhS | PM11-2 | PM13-2 | PM13-4 | PM13-5 | PM13-6 | PM13-7 S PM11-2 | PM13-2 | PM13-4 | PM13-5 | PM13-6 | PM13-7
Si0O; 74.26 74.72 74.67 74. 94 74.67 74.82 Thb 1. 82 1.72 1. 58 1.52 1. 36 1.23
TiO; 0. 28 0.3 0.3 0. 28 0.3 0. 27 Dy 9.10 9.33 9.73 8. 76 7.87 7.33
Al O3 13.4 13. 04 13. 32 13.53 13. 32 13.42 Ho 1. 88 1. 81 1. 94 1. 68 1. 38 1.22
Fe; O3 3. 36 2.48 2.6 2. 46 2.97 2.71 Er 6.10 5.69 5. 89 5. 47 5.12 5.19
FeO 0.19 0. 64 0. 48 0. 26 0.16 0.1 Tm 0.98 0.97 1.03 0.97 0. 85 0.92
MnO 0. 027 0.02 0.01 0.033 0.01 0.01 Yhb 5.61 5.59 5.93 5. 54 5.12 5. 06
MgO 0. 05 0.16 0.12 0. 15 0.08 0.07 Lu 0.78 0.77 0. 74 0. 77 0. 62 0. 67
CaO 0. 26 0.3 0.3 0.16 0.21 0.2 Y 42. 30 51.70 57.10 46. 60 43. 20 45. 60
Na, O 7.27 7.35 7.22 7.33 7.32 7.2 SREE 215.7 213.2 208.9 165. 2 148.3 144. 6
K. O 0.13 0.1 0.12 0.14 0.16 0.17 (La/Yb)n 5.00 4. 34 3.25 3.22 3.26 3.22
P20 0.03 0.02 0.02 0.01 0.02 0.01 0Eu 0. 54 0. 64 0. 55 0. 35 0. 49 0.32
Mg*# 2.70 9.03 7.05 9.76 4.79 4. 69 Nb 23.3 20.7 22.3 22.5 19.6 18

A/NK 1. 11 1. 07 1. 11 1. 11 1.09 1. 10 Ga 24.6 23.2 22.8 24.7 24.3 22.2

A/CNK| 1.07 1.02 1. 06 1. 08 1. 06 1. 07 Zr 371 406 365 355 352 365
643 1.75 1. 74 1.7 1. 74 1. 76 1.7 Th 22 13.4 15. 6 27.1 21.3 15.4

AR 3. 36 3.53 3.34 3. 40 3.47 3. 44 Sr 34.8 19. 8 24.3 32.9 17. 2 18.1
An 0. 86 0. 87 0.98 0. 30 0. 29 0. 69 Ba 30. 6 29 30. 6 27.55 19. 6 31.1
Ab 61.97 62. 54 61. 46 62.32 62. 34 61.65 \Y% 7.09 2.81 3.59 5.4 3.47 4.18
Or 0.77 0. 60 0.72 0. 83 0.95 1.02 Co 1. 37 0. 46 0. 36 1. 07 0.62 0. 48
La 39. 10 33. 80 26. 90 24. 87 23. 30 22.70 Cr 7.97 5.34 6.17 6. 44 4.32 4. 94
Ce 83. 50 81. 30 82. 30 60. 90 54. 30 52. 80 Ni 4. 34 1.01 0. 89 1.23 1.74 1.19
Pr 10. 40 11. 20 10. 80 8. 19 7.23 7.65 Rb 5.9 4.13 3.78 6.73 7.58 4. 39
Nd 39. 00 43. 60 43.90 33.10 28.70 27.40 Ta 1. 46 2 1.77 1. 66 1. 95 1.7
Sm 8.58 8.50 9. 05 6. 26 5.72 6.01 U 1. 96 1. 83 1. 69 1.53 2.47 1.91
Eu 1.22 1. 35 1. 34 0. 75 0. 64 0. 56 Hf 10.6 11.5 10. 3 10. 3 10. 6 10. 8
Gd 7.69 7.58 7.84 6.51 6. 14 5. 92 T.(C) 857 882 884 880 878 878

T < P00 3B 7 ) - B R O I 7 B D A I

BN (Na, O/K, O=142. 35~73.5,F#J 55.0), A RERE — 3. 76 SIO,-AR K it (| 6a) 7%
BT AL A . 7E Si0,-(K, O+ Na, O) [# % (& AT 2506 B (AR=3. 34~3. 53) . J& i P & %1
Sa)FE ik AL XA XN TEARHER™ ) An-Ab-Or A4 .78 SI0,-K, O B fig h (B 6b) , #F 5 8% 76 R4
oy Z I rh (L 5b) o B i 38998 A B TR 1 2 X3 (BLBE) 29 K I, 75 A/NK-A/CNK & fif v #E i 7%
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A/CNK-A/NK diagram (c¢) (after Frost et al. ,2001) of alkali feldspar granite in Heigou area, Liaoning Province

A5G 48 X (] 60) . K AL A R
H# SREE = 144. 66 ~215. 76, F- 1 182. 71, (La/
Sm)y=3.22~4. 34, B HM TR IR . TEW
+- JCE BRORL A bR A TC 40 i e A A B (] Ta)
TR A R - R R R R I e A
i Ak, AR L I o ol 2R 30, BLA B R B 4 R R
(3Eu=0.32~0.64), ByEAEEAGWALH Sr %
F(17.2X 10 ° ~34.8X 10 %) fIfik Ba.Cr.Ni &
H.BARTEM Y(42.3X10 *~57.1X10 °).Yb
(5.06X10 °~5.93X10 %), Zr(371 X 10 ° ~406 X
10 °) & a . 78 It 4 b 0 A o £k ook 1 18] v (I 7h)
AAEE Th .U Zr HI, B B 5 # Rb.K.Ba.Sr.P,
T, HoAth 0 28 AHXT = 1 5 4G Mg S AN 45, HUs SRR
JEIE T —3. 50 7R Al b DX RN 1Y) B 5 O AR
B A R ST A R XS IEE L AR R s B AR TR

VIR

WA 5 R 8 S PR AT B B9 A R B R AR AT
B A R WAL (A 7o), B B 5 45 Rb.K . Ba %8 K
BFoRAILEE Th .,
4 Phg
4.1 =REH

BV K T KA 2 AR K O (0.10% ~
0.17%) Rb(3.78 X 10 °~7.58 X 10 %), Sr(17. 2
X10 % ~34.8%10 °) . K,0/Na, 0(0.01~0.02),
Rb/Sr(0.15~0.44), § Y (45.9 X 10 ® ~57.1X
107°) . Yb(5.06 X 10 ° ~5.93X 10 %), J& {IK # (FI
BO RS, LKA aT A m N HE
BETHAR LS B K &= (Wu Fuyuan et al. ,
2007b) . A EREL B BUES L BE LR BOR B E W
(K, O+ Na,0) /Al O, \FeO' /MgO.Ga/Al FAf, &
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b)

of alkali feldspar granite in Heigou area, LLiaoning Province (normalization values after Sun et al. ,1989)
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Fig. 8 Genetic type discrimination of alkali feldspar granite in Heigou area, Liaoning Province (after Whalen et al. ,1987)

Th.U.Zr.Hf.Ga.Y,% Sr.Ba.Cr.Co.Ni, 2 & #
FAr iR L B W R Eu SR 8 T Z o il
2R AR Ui RS TR E 0 RS, A TR AR R Bk AL
FRAE R I — F (Loiselle et al. ,1979;Collins et al. ,
1982; Whalen et al., 1987), #F Whalen et al.
(198O 4 i i A HLAE 1 2 ) 1) 1&1 e v (B 8) 5 A
KHEAT ARERAXBN, SAUTHKS
Na, O(7. 20 ~ 7. 35%0) FEAK Y P, O; (0. 0196 ~
0.03%0) [al & 43 5 (19 S B AE K A& (Na, O ¥ {H

2.81%.P,O; ¥ MH 0. 16) A7 X 4. 5 1 BIAE B4 &
A A B A% & Th(13.4 X 10 ° ~21.3 X
10%).Zr(352X10 *~406 X 10 H & &, FE o R0
T RIAE i) OF B BE A 764 C, Sr ¥{H 247. 00 X
107°) (King et al. ,1997) A bt A1 HA 8 198 R
JE (857 ~884°C) AL Ik 1) Sr & (17. 2% ~24.3%) ,
[ 75 45 Rb\ K. Ba & K& 3£ A TR (LILE) .
4.2 ARBERREMEREHF

HHESCT A BAE & i PR 2k R 58—
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Sr-Yb diagram (a) (after Zhang Qi et al. ,2006) and Zircon Hf isotopic feataures (b)

of alkali feldspar granite in Heigou area, Liaoning Province
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IR R A BUAE A A HOR IR S % &
Fopr DLl 7 5 A0 PR R IR EE (Loiselle et al.
1979; Eby.1990; Frost et al. ,2001; Dall” Agnol et
al. ,2012) . B IKAE X A/ SO, . & MgO,Cr,
Co . Ni DI B #f Ik Mg™ {5 (2. 70~9. 30) f) Hu Bk 1k 2%
FRAE 0 B 5 9% 32 2205 T M 5 ) B 104 958 23 s i [) Esf
HAHAMARR Sr % & KWW Eu i w, R E
ITEXARK AR, SRR ERKET TR A
0 53 B 45 &, 72 IR AE 1 2 12 TE i 72 v R A
REENKREYZ —. TEKRBER ALK S Sr-Yb 71
FE R (E 9a) AR IEAE V KR AEH K Sr % Yb
) 7 e 7R 4K B 27 IX 4R 78 HOB U J7 <<0. 8GPa. I8
JE/N T 30km., JE AR B9 AL i 1 5 9 080 58 A R
(Zhang Qi et al. , 2007) , £% 77 1 F1 5 B 24 4%

(Waston et al. ,1983) I 7 & VA S (R 45 UL 2 o T
800'C (£ 3) 4871 X BEAE b FL AT 5 19 5 K 45 il
JE R B PR TR AE B B T T R T A0 R A
TEREE . R AE < 2 BT T e A4 A 2 B
BEge s 1 H AT G838 2ok 25 & 43 S A T DA H: Al 26 7Y
AE 5 A TR S P8 XA R A A BR BE L U3 B BRI AE
< A T BE 2 1 e e IR o) S OB R o s 1Y
TR IERIE . A AP mE el A B S
FIRER H 3 2 N -8 B TN K J5T 3 76 5 A il 4%
TF R A7 IR R A 15 00 ~ 40 26 72 B 1 35 4 I
(King et al. ,1997;Popov et al. ,2002), [FH} King

et al. (1997) 48 8 Bt A BUIE i A FIBs iR A 48
Fr HA R B MR 1L 2% FRAE K s A i R T A
TE B K B i B 0 5 M 5 100 3 43 Ml S 2 A 0 R
il 1 B A I I S 4 A A TR I 7= 4

A7 R AR R SR e hil AR 2 i B
Kb R BRA  BUCE AR A 2500Ma 247,
A HI R ZBA B S 2500Ma B 75 351 Hi i 1)
HI [6] 7 2 A0, B0 AF % R X 288 1 2 K8
2600~2800Ma Hy 75 i b 18 43 5 T8 B, i W] 2600 ~
2800Ma ML TE 38 B E A A KEHH(Wu F Y et
al. ,2005) , FAMWHLA AL 5 A T E A ene (OMEHA T
—0. 99~ +4. 58, AL T [ =5 5 b A8 o A Bl
b i A RN S Sl RV 2 3 S S N i B
fF 2.5Ga M 3. 0Ga 1) #b 73 L 28 Z N (J&l 9b),
A LB B B BB AR S O 2364 ~2578Ma FI
2476~ 2821Ma, W] i K T 16 i 5 19 A B AR, 546
At va B3 AR FOR R A AR TTG it b ks BA A
Rl A HE BEUAERY, 86 A A MES A U-Pb 4
2% HI R R L Bk AE 2 R AR TR ATTIA Sy 2RV B
16 5 5 1 S 25 ok U A b e BE Kl 7 TTG
IR T 3 b 5 3 4 H

PRI A TE X A DLHAR Ko O AL O, (St & &5l
FY & AR Sr/Y HfE  Th 251 CAGG M |
i Rb,Ba K %K B F 2% A o0 % WoR 5 [6) B 35 4
Rl HARE A AHE 255, FEREC+HND-RD
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K fi# (& 10a) (Pearce et al. ,1984) 1 Rb-Hf-Ta
fi# (& 10b) (Harris et al. ,1986) 1 y& A V& E £ X
DX, T W A o R R BRI AE e R TR AT
G X A X (B 10D B2 58 8L F 7 b B B
5@ TR ST A B BUR 2R e 5 5 7 8 1 TR A
i 7 (Pearce et al. ,19840) A AR X . HiEmH
A6 B 5 2R I T B T b 5 1 0 e Rl [ I AL 9
Ll A AR & M Y 1 e 2o 2H L BT LR A 0F
AR A 8 5 S iy M 2B A AR O I R
HAL K o AR A BRI 27 R AR AN AU e T Tt
PRI 8 o O R R BE TR A K (Zhang Qi
et al. ,2006; Wu Fuyuan et al. ,2007b) , B2 y5 08 K 4¢
B A it T AT AR B X B S TR A
& A BE H AT AH B JE BB 8. Pearce et al.
(198G FELTE (Y + Nb)-Rb E it ORG X 35 (1 1€
B AR T PR A S SR — SR IR W R kT
R 5 O e VR T TE 56 5 — 2 T2 R o A T R 1
A WLy S 5 5k L I AET 4 b F (Barbarin,
1999; Maniar et al. , 1989), % 45 #5 2¢ (Peacock)
(Frost et al. ,2001) 1 (Y + Nb)-Rb [&] i i) 1€ 4 {if
FIAFF 3 5] (Y +Nb)-Rb &l fig 1 i) ORG #4) it 55 355
T ARG IEE Y KRR Sy ACLIE W IS
sKE K CALIRHETY 5k Co Al 7E (Y + Nb)-Rb
Pl BB W B9 K bl IS 5 & 62 T ORG
X, M ARAT Y 364 62 F ORG+VAG K8k VAG X,
BRI AC AL 5 A FE B 7E Peacock B B8 4S IR f H (1]
11a) % A &G Bk X 3k (CAD L #E (Y +Nb)-Rb #4 1& H
g (B 10a) 5 A ORG X, A IS 246 4
L BRfb 2# 4AE (Hergt et al. ,1994; Hawkins, 1995;
Bébien et al. . 1997) , 275 M < AE B 4 Y TE S
A i A 1375 & 19 9IS e A AT A 56 . Eby. (1992)
P A RIIE A ALLA2 BIFP AL R 53 J5 58,
AL B R e R ARG I N AE K a5 R A
RBE 5l 08 P 5 CHb i P A7 06, A2 B F S i 4
B A 1L BRI A A I R A i S R A A )
Pl PRl v A A2 KIS CIET 11b) . 25 83 H AL
o L R B A R AR B IR B BRI B OR
2. 2Ga ZHiAEAE N ool A L T 2R B FE B
TR N 5 3 L T 56 (AR s 5 9 R AR
AKX, GG I N A A2 A R AR
fE i Tl AR B 2 B A AR R A T P-T
B DL R A AR 3 2 A 1Y A ) 43 A1 R S5 AT HE D
VA AE b 5 T8 T R Rl 3 2 905 4 B 85, 2
IG5 T .

4.3 MRENX

2. 1~2. 2Ga J& 1L ¥ 3 1L N 5 J0 3l d ok o
FUR B Bz — X A A] 4= 67 19 3L 35 A8 X0 a2 80 &
AR B A7 BIAE 1 5, B BT M R el Y 7 5, 2
1L 3 L A A . R AR AL 5 | R 1%
b DX 3 — IR 399 A ol % 9 oA P 30 A A Bl 2R84 468 5
AN T sk 52 4 il R AR R e e
i Jili HRe AL e ity B L AR AR il Bl L o el AR I A
A SRR VI L R B R PR A R A AR o
VEF A7 N & A B B XK BE F A B AR A S5
PATE DA O AL 3 36 L7 00 Fr) AR AR b e L 30 g s B 5
J b s e — A, 32 iR R AR TTG & 4 4
ity S A, o T R I A U R ) — R B
IS XA R WS FEE R Z — o SR T Y
[Fi) (37 2% 45 i 7% W) 66 055 N R ARt B AR A7 1 RS iy
Tt U K A8 BT F 1990 % (Zhao et al. , 2006
Zhai et al. , 2007; Wu et al. , 2007a, 2007b; Wu
Fuyuan et al. ,2016) , {FE i V1. — % A 8 U Kl
LR A 1 3B (Zhao et al. ,2006), 1L F Ky
o I AN A SRy BR T i 2R e i Y 48 M — T — 7 L DA
AN R 1 3L g Rl B IS Y 20 A S B B B S R
T2 EAEEINE R KR TTG
BRos AHAERCERE R R EATE T oo i 2 2
A4 (Lu Xiaoping et al. ,2004b), M E KT FH &
Ly 114 B 52 Jo A 3 T LL B A T TA A 1 B K AR bR
Herb oy A7 AR AREEAR A AT RE 0 1L 7 6k 147 i) — &R
g . R Z MRS 1 R 105 8 i H A RN
JRZ 43 W TE 2 A0 o HLBR Ak 2 A 3 T 55 55 U7 I
FIEMR ZER, WEEILTNTTZKERHE A
RUAE B T g B A Ve R L 5 B e K s BT SR
etk W AN [F] T A IR R R B S A B AR R
A RN 20 1~2. 2Ga 5 306 3 B Jg — > JE 4
I J R 91, O HE T A Y X A H A A
(Chen Bin et al. ,2016) , X PNl it 19 B2 38 58 1 1L <
o HAWAL Sr F R AN Y &, 58 Rb.Ba K
KRETHRATLR . BE 2o H migmoo s, AAIIN
Jii 4 M A B e Bk AL 2 AR AE A S T (R A ) B0 5 AE
B s R AR op s B CIEL 10D T8 BT 9IRS 78 b A
JEAL TG IR . a SRR T 5 ZUA R R AL T A
Pl b 13 5 R RS Y B (TTG) 3 43 e il @R
AL 3 i e ol AU I (2. 1~ 2. 2Ga) b T ok
Wi I A b A 3 B 5 L O 3 36k 1 iy R 48 O 5 OB
Tolf: 428 A7 O Y AL 32 8 A A AN SRR B — A Y
WA o AL 3 Ll DI 2 R e AR 3 1 X
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of alkali feldspar granite in Heigou area. Liaoning Province. legend is the same as Fig. 8
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[vi) 9 B0 IO 3L 5 A Bl R AR JO R P e (R 48 6 1l
FRRAE) MR I SR . BT A B 18 K
HESE R UKFEREFRATLEMBER IR,
T Nb.Ta, Ti & &%t K. £ (Y + Nb)-Rb &
fife vV A KLLEIRAE i) 25 TR P AE 1 25 22 8]0 2o 3 X
B 102) s K4 FE fh ik A T BA 5 IR s KRR
A2 BIfERG A X P (B 11b), H Y A %F T Nb 3 5
£ AAHSMEX KA Y/Nb FX R HE. 2

AN BB A e A Sl R Sl
I A A 5K B B 7 #) (Wang Huichu et al.
20153 Song Yunhong et al. ,2016; Wang Xiangjian
et al. ,2017; Ren Yunwei et al. , 2017; i Chao et
al. ,2017), [A] i M9 9 A2 BT X e (AR IR A
2. 2Ga) s B AT SR A 4% PR R AIE B AR KBS TR A
TR, THREEMITR a0 BT B IH IR 5L,
R Rl AL AR AT RE 2 IS FE b Y 7 ) (Wang
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Huichu et al. , 2011; Meng En et al. , 2013; Xu
22017) o DATERRAT 9R-ili 55l i A 42 16
14 2 2 AE A 9 A I 3 L b o 3 A AR e AT
TETESC, T FHRAREH R TG (Li et
al. ,2011) , T S BRAF BUAR AT BE S o oo iy AR 0 & AR
W{EPE’%*“TIMHA%W%% R IE AT
T LU P VRN i S IR B T ) 2 1, D
%ﬁ@i-‘%%,LQ%Lﬂ:%ﬁ%%(jﬁ%iﬂ%%)%%
J5 X3 (Peng et al. ,2014), L7 & (4 5 1949 1%
AL FRAR T RE 2 b ot AU R IR A R B AR
18 DR Y 2 A BB A e [ 9 b T A0 v 3 5 Rl AR o
FERZ T 5T IR ZE 0 vh 5 )5 S ZOIUS A W fif
Je B T AE Bl & 9IS M7 A 2.1~ 2. 2Ga Iy
3 NG 4 (Li Chao et al. , 2017, Chen Bin et
al. ,2016) , 7E TR AR b B i T VT 4 X i 2 10 5% A it?:?
T FE IS A BE 2 AR AL 3 9 BP0 R s e
%Eﬁ?{iﬁﬁﬁﬂéﬁf}:*‘,i&ﬁﬂﬁﬁﬂ@%ﬁ%ﬁf%
A O R e b AR TR RO # R (TTG) &
A R 3 J T 4 T B0 PR K E s KA B . KERIR
Jo 3L M DR i R A TR R 22 b T R 2 Rl o
fip R 5K I HLR % 58 0K DAL 5K G Pt A
PE— 2B RAMEFT

Wang et al.
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(2) F 0 e A b4 5 A LA-ICP-MS i 4 25
Ry 2186. 546. SMa, B L A il oot AL, B A
ene (OEHN —0. 96~ +4. 58, W B Be B U4 WS 20w,
2476~2821Ma, ZE43 A A0 ML ER AL 22 R AE L R R
T BB AE B 1Y D B o ORI T A b e B3 Ry
TTG J bR 7E 1 R 30 7€ 8 70 il

(3) X3 51 5 A1 27 o A M BR AL 2 | R 2R
AIE S5 G0k e W] 22 WY A0 35 M IX AE b ool A i (2. 1~
2. 2Ga) 4bF R Bl N 5 7 i A 3o B 5% L 5 Z A9 90 i
JEAEFIE I T BRI AL X A

B o B RN G B A SO RS IR I E 2 %
Bt AL TE I — I R R0 B

References

Bai Jin, Huang Xueguang, Dai Fengyan, Wu Changhua. 1993.
Precambrian Crustal Evolution of China. Beijing: Geological
Publishing House,68~119. (in Chinese with English abstract)

Barbarin B. 1999. A review of the relationships between granitoid
types, their origins and their geodynamic environments. Lithos,
46.605~625.

Bébien J,Dautaj N, Shallo M, Turku I.,Barbarin B. 1997. Diversity of
ophiolitic plagiogranites: The Albanian example. Comptes
Rendus de 1’ Academie des Sciences Series IIA Earth and
Planetary Science,324(11) :875~882.

Belousova E A, Griffin W L, O Reilly S Y. 2002. Igneous zircon:
Trace element composition as an indicator of source rock type.
Contributions to Petrol,143:602~622.

Chen Bin, Li Zhuang, Wang Jialin, Zhang Lu, Yan Xuelong. 2016.
Liaodong Peninsula ~2. 2Ga magmatic event and its geological
significance. Journal of Jilin University (Earth Science Edition) ,
46(2) :303~320. (in Chinese with English abstract)

Chen Rongdu. 1984. A Paleoproterozoic rift basin: Liaodong rift.
Liaoning Geology, 1(2):125~ 133. (in Chinese with English
abstract)

Collins W J,Beams S D, White A J R, Chappell B W. 1982. Nature
and origin of A-type granites with particular reference to SE
Australia. Contributions to Mineralogy and Petrology, 80 (2):
189~200.

Dall” Agnol R, Frost C D,Ramé O T. 2012. IGCP Project 510 “A-
type Granites and Related Rocks through Time”: Project vita,
results,and contribution to granite research. Lithos,151:1~16.

Eby G N. 1990. The A-type granitoids: A review of their occurrence
and chemical characteristics and speculations on their
petrogenesis, Lithos,26(1~2):115~134.

Eby G N. 1992. Chemical subdivision of the A-type granitoids:
Petrogenetic and tectonic implications. Geology, 20 (7). 641
~644.

Frost B R,Barnes C G, Collins W J, Arculus R J,Ellis D J, Frost C
D. 2001. A geochemical classification for granitic rocks. Journal
of Petrology,42(11):2033~2048.

Hao Defeng, Li Sanzhong,Zhao Guochun, Sun Min, Han Zhongzhu,
Zhao Guangtao. 2004. Origin and its constraint to tectonic
evolution of Paleoproterozoic granitoids in the eastern Liaoning
and Jilin Provinces, North China. Acta Petrologica Sinica, 20
(6):1409~1416. (in Chinese with English abstract)

Harris N B W, Marzouki F M H, Ali S. 1986. The Jabel Sayd
complex, Arabian shield: Geochemistry constrains on the origin
of peralkaline and related granites. Journal of the Geological
Society-London,143:287~295.

Hawkins J] W. 1995. Evolution of the Lau Basin: Insights from ODP
leg 135. Active Margins and Marginal Basins of the Western
Pacific: 125~173.

He Gaopin, Ye Huiwen. 1998. Two types of Early Proterozoic
metamorphism and its tectonic significance in eastern Liaoning
and southern Jilin areas. Acta Petrologica Sinica, 14 (2):152~
162. (in Chinese with English abstract)

Hergt ] M, Farley K N. 1994. Major element, trace element, and
isotope ( Pb, Sr and Nd) variations in site 834 basalts:
Implications for the initiation of backare opening. Proceedings of
the Ocean Drilling Program, Scientific Results,135:471~485.

King P L, White A J R, Chappell B W, Allen C M. 1997.
Characterization and origin of aluminous A-type granites from
the Lachlan Fold belt, southeastern Australia. Journal of
Petrology,38(3):371~391.

Li Chao, Chen Bin, Li Zhuang, Yang Chuan. 2017. Petrologic and
geochemical characteristics of Paleoproterozoic monzogranitic
gneisses from Xiuyan-Kuandian area in Liaodong Peninsula and
their tectonic implications. Acta Petrologica Sinica,33(3): 963-
977. (in Chinese with English abstract)

Li Sanzhong, Han Zongzhu., Liu Yongjiang, Ma Rui. 2001.
Continental dynamics and regional metamorphism of the Liaohe
Group. Geological Review, 47 (1): 9 ~ 18. (in Chinese with
English abstract)

Li Sanzhong, Hao Defeng, Han Zongzhu, Zhao Guochun. 2003.
Paleoproterozoic deep processes and tectono-thermal evolution in
the Jiao-Liao Massif. Acta Geologica Sinica, 77 (3) ;328 ~ 340.



wooB

=
2224 http://www. geojournals. cn/dzxb/ch/index. aspx

2020 4

(in Chinese with English abstract)

Li S Z,Zhao G C,Sun M,Han Z Z,Luo Y.Hao D F,Xia X P. 2005.
Deformation history of the Paleoproterozoic Liaohe assemblage
in the eastern block of the North China Craton. Journal of Asian
Earth Sciences,24(5) ;659~674.

Li SZ.Zhao G C,Sun M, Han Z Z,Zhao G T, Hao D F. 2006. Are
the South and North Liaohe Groups of North China Craton
different exotic terranes? Nd isotope constraints. Gondwana
Research,9(1~2):198~208.

Li S Z, Zhao G C, Santosh M, Liu X, Dai L M. 2011.
Palacoproterozoic tectonothermal evolution and deep crustal
processes in the Jiao-Liao-Ji Belt, North China Craton: A
review. Geological Journal,46(6) :525~543.

Li Zhuang, Chen Bin, Liu Jingwei, Zhang Lu, Yang Chuan. 2015.
Zircon U-Pb ages and their implications for the South Liaohe
Group in the Liaodong Peninsula, Northeast China. Acta
Petrologica Sinica,31(6):1589~1605. (in Chinese with English
abstract)

Liu Fulai, Liu Pinghua, Wang Fang, Liu Chaohui, Cai Jia. 2015.
Progresses and overviews of voluminous meta-sedimentary
series within the Paleoproterozoic Jiao-Liao-Ji orogenic/mobile
belt, North China Craton. Acta Petrologica Sinica,31(10) ;2816
~2846. (in Chinese with English abstract)

Loiselle M C, Wones D R. 1979. Characteristics and origin of
anorogenic granites. Geological of Society of America, 11
(7):468.

Maniar P D, Piccoli P M. 1989. Tectonic discrimination of
granitoids. Geological Society of America Bulletin, 101, 635
~643.

Lu Xiaoping, Wu Fuyuan, Lin Jinggian, Sun Deyou, Zhang Yanbin,
Guo Chunli. 2004a. Geochronological successions of the Early
Precambrian  granitic magmatism in southern Liaodong
Peninsula and its constraints on tectonic evolution of the North
China Craton. Chinese Journal of Geology,39(1):123~138. (in
Chinese with English abstract)

Lu Xiaoping, Wu Fuyuan, Zhang Yanbin, Zhao Chengbi and Guo
Chunli. 2004b. Emplacement age and tectonic setting of the
Paleoproterozoic Liaoji granites in Tonghua area, southern Jilin
Province. Acta Petrologica Sinica,20(3):381~392. (in Chinese
with English abstract)

Lu Xiaoping, Wu Fuyuan, Guo Jinghui, Yin Changjian. 2005. Late
Paleoproterozoic granitic magmatism and crustal evolution in the
Tonghua region, Northeast China. Acta Petrologica Sinica, 21
(3):721~736. (in Chinese with English abstract)

Meng En, Liu Fulai, Liu Pinghua, Liu Chaohui, Shi Jianrong, Kong
Qingbo, Lian Tao. 2013. Depositional ages and tectonic
implications for South Liaohe Group from Kuandian area in
northeastern Liaodong Peninsula, Northeast China. Acta
Petrologica Sinica,29(7) :2465~2480. (in Chinese with English
abstract)

Middlemost E A K. 1994. Naming materials in the magma/igneous
rocksystem. Earth-Science Reviews,37(3~4): 215~224

Pearce J A, Harris N B W, Tindle A C. 1984. Trace element
discrimination diagrams for the tectonic interpretation of granitic
rocks. Journal of Petrology,25(4):956~983.

O’connor J T. 1965. A classification for quartz-rich igneous rocks
based on feldspar ratios. US Geological Survey Professional
Paper,525.:79~84.

Peccerillo A, Taylor S R. 1976. Geochemistry of eocene calc-alkaline
volcanic rocks from the Kastamonu area, Northern Turkey.
Contributions to Mineralogy and Petrology,58(1) ;3~81.

Peng P,Wang X P, Windley B F,Guo J H,Zhai M G, Li Y. 2014.
Spatial distribution of 1950 ~ 1800 Ma metamorphic events in
the North China Craton:Implications for tectonic subdivision of
the craton. Lithos,202~203:250~266.

Popov V' S, Bogatov V 1, Zhuravlev D Z. 2002. Multiple gabbro-
granite intrusive series of the Syrostan pluton, southern Urals:
Geochemistry and petrology. Petrologia,10:389~410.

Qu Hongxiang, Zang Yong, Lei Guangxin, Wang Zhijun, Cheng

Peiqi, Zang Fusheng. 2000. On the Paleoproterozoic crust-mantle
mixed complex in EastLiaoning. Liaoning Geology,17 (3): 199
~205. (in Chinese with English abstract)

Ren Yunwei, Wang Huichu,Kang Jianli,Chu Hang, Tian Hui. 2017.
Paleoproterozoic magmatic events in the Hupiyu area in
Yingkou, Liaoning Province and their geological significance.
Acta Geologica Sinica. 91 (11) ;2456 ~ 2472, (in Chinese with
English abstract)

Song Yunhong, Yang Fengchao, Yan Guolei, Wei Minghui, Shi
Shaoshan. 2016. SHRIMP U-Pb Ages and Hf isotopic
compositions of Paleoproterozoic granites from the eastern part
of Liaoning Province and their tectonic significance. Acta
Geologica Sinica. 90(10) :2620~2636. (in Chinese with English
abstract)

Sun S S,McDonough W F. 1989. Chemical and isotopic systematics
of oceanic basalts: Implications for mantle composition and
processes. Geological Society, London, Special Publications, 42
(1):313~345.

Wang Huichu, Lu Songnian, Chu Hang., Xiang Zhenqun, Zhang
Chagjie, Liu Huan. 2011. Zircon U-Pb age and tectonic setting of
meta-basalts of Liaohe Group in Helan area, Liaoyang, Liaoning
Province. Journal of Jilin University (Earth Science Edition),41
(5): 1322~1334,1361. (in Chinese with English abstract)

Wang Huichu, Ren Yunwei, Lu Songnian, Kang Jianli, Chu Hang,
Yu Hongbin, Zhang Chagjie. 2015. Stratigraphic units and
tectonic setting of the Paleoproterozoic Liao-Ji orogeny. Acta
Geoscientica Sinica,36(5):583~598. (in Chinese with English
abstract)

Wang Xiangjian, Liu Jianhui, Ji Lei. 2017, Zircon U-Pb chronology,
geochemistry and their petrogenesis of Paleoproterozoic
monzogranitic gneisses in Kuandian area, eastern Liaoning
Province, Jiao-Liao-Ji Belt, North China Craton. Acta
Petrologica Sinica,33(9):2689~2707. (in Chinese with English
abstract)

Waston E B, Harrison, T M. 1983. Zircon saturation revisited:
Temperature and composition effect in a variety of crustal
magmas types. Earth and Planetary Science Letters,64(2):295
~304.

Whalen J B, Currie K L, Chappell B W. 1987. A-type granites:
Geochemical characteristics, discrimination and petrogenesis.
Contributions to Mineralogy and Petrology,95(4) :407~419.

Wright J B. 1969. A simple alkalinity ratio and its application to
question of non-orogenic granite genesis. Geological Magazine,
106: 370~384.

Wu Fuyuan, Li Xianhua, Zheng Yongfei, Gao Fei. 2007a. Lu-Hf
isotopic systematics and their applications in petrology. Acta
Petrologica Sinica,23(2): 185~ 220. (in Chinese with English
abstract)

Wu Fuyuan, Li Xianhua, Yang Jinhui, Zheng Yongfei. 2007b.
Discussions on the petrogenesis of granites. Acta Petrologica
Sinica,23(6) :1217~1238. (in Chinese with English abstract)

Wu F Y, Zhao G C, Wilde S A, Sun D Y. 2005. Nd isotopic
constraints on crustal formation in the North China Craton.
Journal of Asian Earth Sciences, 24: 523~545.

Wu F Y, Han R H, Yang J] H, Wilde S A, Zhai M G, Park S C,
2007a. Initial constraints on the timing of granitic magmatism in
North Korea using U-Pb zircon geochronology. Chemical
Geology, 238(3~1) :232~248.

Wu F Y. Yang J] H, Wilde S A, Liu X M, Guo J] H, Zhai M G.
2007b. Detrital zircon U-Pb and Hf isotopic constraints on the
crustal evolution of North Korea. Precambrian Research, 159(3
~4):1556~177.

Wu Fuyuan, Li Qiuli, Yang Zhenghe, Jin Zhengnan, Han
Longyuan. 2016. Crustal growth and evolution of the Rangnim
Massif, northern Korean Peninsula. Acta Petrologica Sinica, 32
(10):2933~2947. (in Chinese with English abstract)

Xu Wang, Liu Fulai, Liu Chaohui. 2017. Petrogenesis and
geochemical characteristics of the North Liaohe metabasic
rocks, Jiao-Liao-Ji orogenic belt and their tectonic significance.



598 HEMHE.L

R ARTA DX O AR AR B e AR AR R A2 HI (R R AR B ORI 3 i i s i e il 2 2225

Acta Petrologica Sinica, 33(9):2743~2757. (in Chinese with
English abstract)

Yang Jinhui, Wu Fuyuan, Xie Liewen, Liu Xiaoming. 2007.
Petrogenesis and tectonic implications of Kuangdonggou syenites
in the Liaodong Peninsula, East North China Craton:
Constraints from in-situ zircon U-Pb ages and Hf isotopes. Acta
Petrologica, 23 (2): 263 ~ 276. (in Chinese with English
abstract)

Yang Mingchun, Chen Bin, Yan Cong. 2015. Petrogenesis of
Paleoproterozoic gneissic granites from Jiao-Liao-Ji Belt of
North China Craton and their tectonic implications. Journal of
Earth Sciences and Environment, 37 (5):31~51. (in Chinese
with English abstract)

Zhai Mingguo, Peng Peng. 2007. Paleoproterozoic events in the
North China Craton. Acta Petrologica Sinica, 23 (11).2665~
2682 (in Chinese with English abstract)

Zhai M G, Guo J H, LiZ, Chen DZ, Peng P, Li T S, Hou Q L,

Fan Q C. 2007. Linking the Sulu UHP belt to the Korean
Peninsula: Evidence {rom eclogite, Precambrian basement, and
Paleozoic sedimentary basins. Gondwana Research, 12(4) ;388
~403.

Zhai M G, Santosh M. 2011. The Early Precambrian odyssey of the
North China Craton: A synoptic overview. Gondwana Research,
20(1) :6~25.

Zhang Qi, Wang Yan, Li Chengdong, Wang Yuanlong, Jin Weijun,
Jia Xiugin. 2006. Granite classification on the basis of Sr and Yb
contents and its implications. Acta Petrologica Sinica, 22(9).
2249-2269. (in Chinese with English abstract)

Zhang Qi, Pan Guogiang, Li Chendong, Jin Weijun, Jia Xiugin.
2007. Are discrimination diagrams always indicative of correct
technic settings of granites? Some crucial questions on granite
study(3). Acta Petrologica Sinica, 23 (11): 2683-2698. (in
Chinese with English abstract)

Zhang Qiusheng. 1988. Early Crust and Mineral Deposits of Liaodong
Peninsula. Beijing : Geological Publishing House, 276 ~331. (in
Chinese with English abstract)

Zhao G C, Sun M, Wilde S A, Li S Z. 2005. Late Archean to
Paleoproterozoic evolution of the North China Craton: Key
issues revisited. Precambrian Research, 136(2):177~202.

Zhao G C, Cao L, Wilde S A, Sun M, Choe W J, Li S Z. 2006.
Implications based on the first SHRIMP U-Pb zircon dating on
Precambrian granitoid rocks in North Korea. Earth and
Planetary Science Letters, 251(3~4):365~379.

Zhao G C, Cawood P A, LiSZ, Wilde SA, Sun M, Zhang J, He Y
H, Yin C Q. 2012. Amalgamation of the North China Craton:
Key issuesand discussion. Precambrian Research, 222~223:55
~76.

2 % x #

FIEE, #aEot, MR, % B4, 1993, d i 28 2t 40 i A v k. b
o0 U R AL . 68~119.

Mm $4i EZRM, KB, BB IR, 2016, LR P8 ~2. 2Ga H I
oA B FUsth BT S 75 AROR 2 S 4R (MR B 24 D, 46(2):303
~320.

PRogRE. 1984, — AR U R AR A — L KA US. L THR, 1
(2):125~133.

AT, HEM, M E. X, BEF, R, XI5 2007, KL
FAASHERE TG, SRR, 13(3) :392~402.
T, A==, R E . M BEASER, BT, 2004, 3T X Ay
JE T ARAE B 5 R B X A 3 A 2. A A SE R, 206D

1409~1416.

B A, W EE . 1998, 3 AR - b X IR T AR T R 2k A AR AR A
T Fo 1 3 S0 A A 2E R 14(2) 1 152~162.

. Mt Bt Bl 2017 TR Ul - T ) L Xy e AR Sk
A6 B4 A A A MR AL 2 5 AE T LA 7 38 L A A A %3<3>

963~977.

2= ERER, XKL, B IRTE, . 2001, 3T VATBE X3 AR R
HE B HooR Bl 2 F7 2 7 L. M B, 47(1) . 9~18.

AR RN, SRR, BCE TR, PMVEL. 20030 T Ml B I8 AR
A 3 — A AL 5 TR T R B2 . 77(3) £ 328~340.

2, Bk, X& 4, kB, M. 2015, 30 82k B g I BE S A U-
Pb 45 % 2% o HoHb T3 3. A 24, 31(6):1589~1605.

XAk, XS4, . XDBAE . 254k 2015, I3 ol ol AR
/3G s B R AR VLBUE R BEIE . A A M. 31(10):
2816~ 2846.

BT, RAEIC, Mﬁ}aﬁ f/J %ﬁ, B R . B8N, 2004a, i K2R
5 LA g€ R 4 AE AR AE AR B b R 2
39(1):123~138.

B, SAE G, dkHE, B, SA TN, 2004b. MK RE H W 1L
X I QAL 5 A B IR AL AR AR 5 T8 i 3 15 . A A R
20(3) :381~392.

BRIV, RARIT, SO, B A 2005, 3 16 H X il oo A 0 1k

FiE AR S Mg A, A A iR, 21(3):721~736.

d B XUAESK, XA, XBRE, fdoe, FLECHE . BEVE. 2013, LA
e 1 AR A S ) M X g 30 o] B U0 B B R A o R L s R
B, 29(7) 12465~ 2480.

Mt ee, dkok, w)UOB. EERE, BEGE. kL. 20000 B R
Hiy X TG AR TR A A A LTHﬁﬁﬁs 17<3> 199~205.
B, EEY, FEfdu, P, HE. 2017, R R i b X

iy G AR B b TR S M AT 91<11> 2456-2472,

RB 2, R, FIEG, U, A1, 2016, 178 3 Xy ooy
AL x5 SHRIMP U-Pb 4F i  HI [7] 43 2 41 % B 4 1 & L. Hh
B2 . 90(10) :2620~2636.

T HA) . BEAAAE . WAL, AHPREE . SRACHE, XK. 2011, 3L BH T A M X
LA R A R R B 0 U-Pb 4E I 58 s 8 1 5.
PRK 223 R B M0 » 41(5) :1322~1334, 1361.

FHY . AL a . RS, BT, P, T2k, kK4, 2015, 40
Ol 7Tl A L I b 2 B T R 4 R B R M. s ER2E 4, 36
(5):583~598.

TR, XUEENE, BEEE. 2017, 10 -7 7 30 7R 98 ) i IX oy oo i 0
K GER) 16 B TR R A 1945 4 U-Phb 4R 4825 3 BR 10 2 B i 1A
B, 33(9):2689~2707.,

RARIC, ZEHkAE, K K, Bl 2007a. Lu-HI R 2k & R H A H
SN A A FR . 23(2):185~220.

RAEIC, FWkAE, B, Ak K. 2007b. FE
i EH 23(6):1217~1238.

RAEIC, FROL, HIER . S IET . R IH. 2016, 57 & Jb AR A
Yot 1t 59 8 55 7 T i AR A A 2R, 32(10) 12933 ~2947.

VEE, XUARSR . X HE. 2017, Jie-10 -7 2 Ll A7 b A0 ) 4% 3 1 2 9 Bk
LMk Al 22 JE v R A B L A A R, 33(9): 2743
~2757.

Wi E . RAEIC, WELSC. BiZNEH. 2007,
LA 3 B A R AL X U-Pb 4
24, 23(2):263~276.

B AR, Boat, . 2015, ARk v R0E AS-IT - A ol ool 1RARRDIR
A6 A I B ) i R . ER R 2 5 3R ﬁ?ﬂfs’u 37(5):31
~51.

AR, 2. 2007. 44t 5w b
(11) :2665~2682.

TR, WEESR . 2RAK, SR, TUFE B 2007, 16 K 5 1 R B 0]
MR FREKAMRMESTZ = A A%k, 23(11):2683
~2698.

JRHE, M. FRAR . Eoole, MR, BHE ). 2006, £ A 1) Sr-

b 4325 T b R S A A 2 AR, 22(9) :2249~2269.

TREK A, 1988, IL AR 2 i R W 52 5 7 K. b 5t 3t 5T RAE . 276

~331.

RS T R

ILAR A 9 1E K R &
R HI FM R Y. 50

dr G UM I H . R A, 23



Hoom R )
2226 http://www. geojournals. cn/dzxb/ch/index. aspx 2020 4

Chronology, geochemistry and zircon Hf isotopes of the Paleoproterozoic
alkali feldspar granite from the Heigou area in the eastern Liaoning Province:
constraints on the tectonic evolution of the Liao-Ji orogenic belt
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Abstract

The middle Paleoproterozoic (2. 1~2.2 Ga) magma in the eastern orogenic belt of the north China
craton recorded important crustal evolution information in the early stage of the orogenic belt, which is of
great significance for understanding the Paleoproterozoic geological evolution in the Liaoning-Jilin orogenic
belt. In this paper, we have studied petrology, geochemistry, zircon U-Pb chronology and Hf isotope
characteristics of Paleoproterozoic alkali feldspar granite in the Heigou area, eastern Liaoning province.
The zircon U-Pb dating result of the granite by LA-ICP-MS was 2186.5=+6.5 Ma, and the formation age
was Paleoproterozoic. The rocks belong to the alkaline and weakly peraluminous A-type granites. The
rocks are high in Si and rich in alkali, poor in Ca, Mg and Al, extremely rich in sodium and poor in
potassium. They are also rich in the HFSEs (such as Hf, Zr, Nb, Y), deficient in the LILEs (such as
Rb, K, Ba), have high (K,O+Na,0)/Al,O;, FeOT/MgO, Ga/Al ratios, and negative Eu anomaly. The
rare earth elements distribution curve shows the right-leaning seagull pattern. The saturation temperature
of zircon ranges is between 857 C and 884 ‘C, and has a very low Sr and high Yb characteristic, indicating
that the rock was formed in the extensional tectonic background of low pressure and high temperature. ey
(¢) values of zircons in the granites range from —0. 96~ +4. 58, and two-stage Hf model ages (zpy, ) are
2476~2821 Ma, which are significantly older than the zircon U-Pb ages of the granites. Combined with
lithogeochemical characteristics, it indicates that the Paleoproterozoic granites were derived from partial
melting of Archean TTG gneisses under an extensional environment at shallow crustal level. Based on the
data of petrology, geochemistry and isotopic characteristics, the Liaoning-Jilin region was likely to be in
the tectonic environment of continental back-arc basin in the early Paleoproterozoic, and the Heigou alkali

feldspar granite is the product of the extensional environment of back-arc basin.

Key words: Paleoproterozoic; Liao-Ji orogen; zircon Hf isotopes; A-type granites; back-arc basin



