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Abstract Metamorphism and geochronology of the garnet mafic granulites from the Wuchuan high-grade gneiss terrane are very
significant in revealing the Neoarchean tectonic evolution of the Yinshan Block. These mafic granulites have been identified mainly as
irregular lenses and as a set of deformed dyke/sill swarms within the Late Neoarchean tonalitic orthogneisses and supracrustal rocks,
and crosscut the regional south to north foliation. On the basis of petrography, mineral transformation and mineral composition, these
mafic granulites commonly develop a typical high-pressure ( HP) granulite facies mineral assemblage of garnet, clinopyroxene,
plagioclase,, amphibole, quartz and Fe-Ti oxide. Coarse-grained garnets are weakly diffusion zoned where pyrope contents decrease and
almandite increasing with almost unchangable contents of almandine and spessartine from mantle to rim, which probably is caused by
the late cooling. Plagioclases were divied into the fine-grained inclusion-type and coarse-grained matrix-type, and they have similar
chemical compostion and belong to andesin ( An =35 ~45). Phase modeling using THERMOCALC3. 33 in the NCFMASHTO ( Na, O-
Ca0-FeO-MgO-Al, 0,-Si0,-H, 0-TiO,-Fe,0,) system for two garnet mafic granulite samples, suggest that the modelled peak
assemblage of garnet + hornblende + clinopyroxene + plagioclase + quartz + Fe-Ti oxide, matches well the observed one. The isopleths of
the minimum ca(pl) (Ca/(Ca+Na)) in plagioclase and minimum x(g) (Fe’*/(Fe** +Mg)) in garnet were used to constrain the
peak P-T conditions of 1.31 ~1.43GPa and 770 ~ 840°C. LA-ICP-MS analyses of metamorphic zircon grains for two garnet mafic
granulite samples yield similar mean ages of 2517 + 6Ma ( BT58-1, MSWD =0. 66, n =21) and 2512 + 16Ma ( LH66-1, MSWD =
0.26, n=42), which correspond to the ca. 2500Ma metamorphic ages recorded by the other Neoarchean rocks in the Yinshan Block,
and are interpreted to represent the timing of the HP granulite facies metamorphism for the Wuchuan garnet mafic granulites. Combined
with other new investigations of the Yinshan Block, it is suggested that the Wuchuan garnet mafic granulites were caused by the late
Neoarchean orogenesis of the Yinshan Block.
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Fig. 1  Simplified geological map showing gelogical feature and

hao et al. , 2005 ;c, PE2=Hih%E,1987)

location of the Wuchuang high-grade gneiss terrane and the locations

of the garnet mafic granulite samples (a and b, after Zhao et al. , 2005; ¢, after Li et al. , 1987)
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Fig.2 Representative field photographs from the Jiaobei terrane showing the relationships between the garnet mafic granulites and

their country rocks

(a, b) field photographs showing garnet mafic granulites as irregular irregular lensess preserved in tonalitic gneisses; (¢, d) field photographs

showing homogeneous and massive structure of the garnet mafic granulites
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Fig.3 Photomicrographs showing the typical minerals and textures of the Wuchuan garnet mafic granulites ( plane-polarized light)

(a-e) garnet (Grt) + clinopyroxene ( Cpx) + amphibole (Amp) + plagioclase (Pl) + quartz ( Qz) + magnetite ( Mag) + ilmenite (llm) as an index
HP granulitic mineral assemblage identified in the matrix of the garnet mafic granulites, with Grt chains or coronas around coarse-grained Pl and Cpx;
(f) typical granulite-facies mineral assemblage of Cpx + Orthopyroxene ( Opx) of the county rocks of the garnet mafic granulites, with Amp rim around
the coarse-grained Opx; the scale bar is 800wm in this figure
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Fig.4 Back-scattering images showing the typical inclusion mineral assembalge of the Wuchuan garnet mafic granulite ( BT58-1)

(a) Pl and Qz as fine-grained inclusions preserved in coarse-grained Grt and Cpx; (b, d-f) Qz, Fe-Ti oxide, Pl, Cpx and Amp as fine-grained
inclusions preserved in coarse-grained Grt; (c¢) Qz as fine-grained inclusions preserved in coarse-grained Cpx; The scale bar is 20pum, 10pum, 50pum,
100pm, 10pum, and 10um in Fig. 4a, 4b, 4c, 4d, 4e, and 4f, respectively
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Fig.5 Back-scattering images showing the typical inclusion mineral assembalge of the Wuchuan garnet mafic granulite (LH66-1)

(a) Qz, Cpx and Fe-Ti oxide as fine-grained inclusions preserved in coarse-grained Grt; (b) Amp, Cpx and Fe-Ti oxide as fine-grained inclusions
preserved in coarse-grained Grt; (c¢) Amp as fine-grained inclusions preserved in coarse-grained Git; (d) Qz and Cpx as fine-grained inclusions
preserved in coarse-grained Grt; (e) Cpx and Fe-Ti oxide as fine-grained inclusions preserved in coarse-grained Grt; (f) Cpx as fine-grained
inclusions preserved in coarse-grained Grt;The scale bar is 20pum, 100pum, 10pum, Sum, 10pum, and Sum in Fig 5a, 5b, 5¢, 5d, Se, and 5f,

respectively
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Fig. 6 Back-scattering images showing the typical minerals and textures of the Wuchuan garnet mafic granulite ( LH66-1)

Grt chains or coronas around coarse-grained P1; The scale bar is 200um, 100pm, 500pum, 200pum, 100pwm, and 200pm in Fig. 6a, 6b, 6¢, 6d, 6e

and 6f, respectively
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Fig.7 Back-scattering images showing the typical minerals and textures of the Wuchuan garnet mafic granulite ( LH66-1)

Grt chains or coronas around coarse-grained P1; The scale bar is 100pum, 200pm, 100pum, 100pum, 200wm, and 200pm in Fig. 7a, 7b, 7¢, 7d, 7e

and 7f, respectively
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Fig.8 Back-scattering images showing the typical minerals and textures of the Wuchuan garnet mafic granulite

(a) sphene (Sph) rim around coarse-grained Ilm; (b-d) Mag oriented rods in the coarse-grained Ilm; (e) Fe-Ti-oxides are consist of Mag + Ilm in

the garnet mafic granulite; (f) zircon as fine-grained inclusions preserved in coarse-grained Pl; The scale bar is 20um, 100pum, 50pm, 50pm,

50m, and 20pm in Fig. 8a, 8b, 8¢, 8d, 8e and 8f, respectively
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Table 1 Representative chemical composition (wt% ) of garnets from the Wuchuan garnet mafic granulites

o BT58- BT58- LH66-  LH66- BT58- BT58- LH66-  LH66- BT58- BT58- LH66-  LH66- LH66-

W 125 127 123 127 1.1.3 149 1215 1412 1212 1418 1.1.11 1.1.10 1.6.28
K 1 I I I | | | | I I I I I
(ALK C R C R C R C R C R C R C
Sio, 37.80 38.09 37.97 38.24 37.38 37.83 38.30 38.69 37.95 37.92 38.30 37.76  38.47
Ti0, 0.03 0. 02 0.01 0.00 0.01 0. 04 0.02 0. 04 0.03 0. 06 0. 04 0. 06 0.05

Al, O, 20. 42 20.70 20. 74 21.12 20. 50 20. 39 20. 86 20.72 20. 27 20. 63 20.77 20.76 20.77
Cr, 054 0.02 0.06 0.00 0. 06 0. 00 0. 09 0. 00 0. 00 0.03 0. 04 0.00 0.02 0. 00
Fe, 05 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

FeO 26.32 25.97 25.36 24.75 26. 80 26. 67 25.12 25.08 26.42 26. 11 24.56 25.74 24.07

MnO 0. 87 0.96 0.85 0.88 0.90 0.94 0.93 0.89 0.93 0.99 1.00 1.02 0.81
MgO 5.82 5.88 7. 66 7.81 5.97 5.41 7. 66 7.74 5.26 5.58 7.57 7.07 7.79
CaO 7.73 7.82 7.06 6. 68 8.05 8.21 6. 86 6.91 8.55 8.56 7.41 7.18 7.16

Total ~ 99.01  99.49  99.65  99.54  99.60  99.57  99.74 100.08  99.43  99.89  99.64  99.63  99.11
A 12 AR T bRt R B & T R 8

Si 2.976 2.980 2.938 2.957 2.924 2.968 2.961 2.981 2.981 2.959 2.961 2.935 2.985
Ti 0. 002 0.001 0. 001 0. 000 0. 001 0. 002 0. 001 0. 002 0. 002 0. 004 0. 002 0. 004 0. 003
Al 1. 895 1.909 1. 892 1.925 1. 891 1. 886 1.901 1.882 1. 877 1. 898 1. 893 1.902 1. 900
Cr 0. 001 0. 004 0. 000 0. 004 0. 000 0. 006 0. 000 0. 000 0. 002 0. 002 0. 000 0. 001 0. 000
Fel* 0. 148 0. 126 0.233 0. 161 0.259 0.170 0.174 0. 150 0. 159 0.177 0. 182 0.219 0. 126
Fe?* 1.585 1.573 1. 408 1. 440 1.494 1.580 1. 451 1. 466 1.577 1.528 1. 406 1.454 1.435
Mn 0. 058 0. 064 0. 056 0. 058 0. 060 0. 062 0. 061 0. 058 0. 062 0. 065 0. 065 0. 067 0. 053
Mg 0. 683 0. 686 0. 883 0. 900 0. 696 0. 633 0. 883 0. 889 0.616 0. 649 0. 872 0.819 0.901
Ca 0. 652 0. 656 0. 585 0.553 0. 675 0. 690 0. 568 0.571 0.720 0.716 0.614 0.598 0. 595
x(g) 0.70 0.70 0.61 0.62 0.68 0.71 0.62 0.62 0.72 0.70 0.62 0. 64 0.61
Grs 0.22 0.22 0.20 0.19 0.23 0.23 0.19 0.19 0.24 0.24 0.21 0.20 0.20
Prp 0.23 0.23 0.30 0.30 0.24 0.21 0.30 0.30 0.21 0.22 0.29 0.28 0.30
Alm 0.53 0.53 0.48 0.49 0.51 0.53 0.49 0.49 0.53 0.52 0.48 0.49 0.48
Sps 0.02 0. 02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

1 :FeO" =FeO + Fe, 05 ;x(g) =Fe** /(Mg + Fe?* ) ;Grs = Ca/( Ca + Mg + Mn + Fe?* ) ; Prp = Mg/ ( Ca + Mg + Mn + Fe?* ) ; Alm = Fe?* /( Ca + Mg
+Mn +Fe’* ) ;Sps =Mn/(Ca +Mg+Mn +Fe’* ) ; T -FAZERH A A TE HoR B Bk B ARG G 5 TT-BRS8RHE A B IE o 88 otk 2 5 b R4 4
A1 5 M-rPARLARTE -2 H IR AT IR AT 5 C-A A B s R0 WA S

Alm+Sps Alm+Sps Alm+Sps Alm+Sps
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Fig.9 Prp-(Alm + Spr) -Gro triangular diagram of the garnets from the Wuchuan garnet mafic granulites ( second after Liu, 1995)
(a-c) sample BT58-1; (d-f) sample LH66-1; 1-C: core of the garnet with ‘red-eye socket’ ; 1-R: rim of the garnet with *red-eye socket’ ; 2-C.
core of ‘C-type’ garnet; 2-R: rim of ‘ C-type garnet’ ; 3-C: core of matrix-type garnet; 3-R: rim of matrix-type garnet. A and B represent the regions
of the garnet formed in granulite-facies and amphibolite-facies, respectivecly
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Table 2 Representative chemical composition (wt% ) of plagioclases from the Wuchuan garnet mafic granulites

M9 BT58-1_5.11 BT58-1.4.14 LH66-1.5.6  BT58-1_2.2a LH66-1_3.6  BT58-1_4.13  LH66-1_4.4 BT58-1_3. 4

B I I I I m | il| I
(A= C C C C C R C C
Si0, 59. 04 58. 85 58.32 58.25 58.06 58.27 58.46 58.84
TiO, 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
AL O, 25.51 25.51 26. 00 25.92 26.24 26.24 25. 89 25.59
FeOQ" 0.17 0.14 0.10 0.05 0.04 0.23 0. 10 0. 04
MnO 0.01 0.01 0.02 0. 00 0. 00 0.01 0. 00 0.01
MgO 0.00 0.00 0. 00 0.01 0.00 0.00 0.03 0.01
Ca0 8. 64 8.54 8.27 8.10 8.94 8. 41 7.92 7.77
Na, O 6.57 6.49 6.70 6.98 6.57 6. 44 6.94 7.06
K,0 0.12 0.17 0. 04 0.19 0.10 0.15 0. 09 0.12
NiO 0. 00 0.04 0. 00 0.02 0.03 0.04 0. 00 0.03
Total 100. 08 99.74 99. 46 99.52 99. 99 99.78 99. 45 99. 46
LA 8 AU A AR i |5 0 P S T R A
Si 2.637 2.637 2.619 2.618 2. 601 2.610 2.625 2.641
Ti 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Al 1.343 1.348 1.377 1.373 1.386 1.386 1.371 1.354
Fe?* 0. 006 0. 005 0. 004 0. 002 0. 001 0. 009 0. 004 0. 002
Fe?* 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Mn 0. 000 0. 000 0. 001 0. 000 0. 000 0. 000 0. 000 0. 000
Mg 0. 000 0. 000 0. 000 0. 001 0. 000 0. 000 0. 002 0.001
Ca 0.413 0.410 0. 398 0. 390 0. 429 0. 404 0. 381 0.374
Na 0. 569 0. 564 0.583 0. 608 0.571 0.559 0. 604 0.614
K 0. 007 0.010 0. 002 0.011 0. 006 0. 009 0. 005 0. 007
Sum 5 5 5 5 5 5 5 5
Ca(pl) 0.42 0.42 0.41 0.39 0.43 0.42 0.39 0.38
Or 1 1 0 1 1 1 1 1
An 42 42 40 39 43 42 38 38
Ab 58 57 59 60 57 58 61 62

1 :FeO" =FeO + Fe, 05 ;0r =100 x K/ (K + Na + Ca) ;An =100 x Ca/(K + Na + Ca) ;Ab =100 x Na/ (K + Na + Ca) ;Ca(pl) =Ca/(Na+Ca); | -
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Fig. 10 Back-scattering image (a) and compositional zoning profiles (b) across garnet from garnet mafic granulite sample LH66-1

The scale bar is 200 wm in Fig. 10a. Alm-almandine, Grs-grossular; Prp-pyrope; Sps-spessartine; Xy, = Mg/ (Mg + Fe’* )in Fig. 10b
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Ab-Or-An diagram of the plagioclases from the Wuchuan garnet mafic granulites (after Deer e al. , 1997)

1-C: core of the inclusion-type I plagioclases; 2-C: core of the inclusion-type Il plagioclases; 3-C: core of matrix-type plagioclases; 3-R: rim of

matrix-type plagioclases
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Fig. 12 Fs-Wo-En diagram of the clinopyxenes from the Wuchuan garnet mafic granulites (after Deer et al. , 1997)

1-inclusion-type clinopyroxenes; 2-martrix-type clinopyroxenes
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Table 3

clinopyroxenes from the Wuchuan garnet mafic granulites

Representative chemical composition ( wt% ) of

Pl s S KON B AR M Rt 5 P-T ok AL TR ok B AR PR 5 45 5 U-Pb 2 0925 % 1963
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Table 4

Representative chemical composition ( wt% ) of

amphiboles from the Wuchuan garnet mafic granulites

g LH66- BT58- BT58- LH66- LH66- BT58- BTS8- e LH66- LH66- LH66- LH66- BTS8- BT58- BT58-

1_1.7 1211 1.1.15 12,2 1.1.12 13.2 1.23a Y1317 11,2 143 153 142 1215 1.5.1
B3 I I I I I I I B 1 I Il I I I I
g C C C C C C C fig C C C C C C R
Si0, 51.48 50.53 50.61 50.36 50.60 48.81 50.19 Si0, 43.33 41.80 43.09 43.34 40.88 41.68 41.03
TiO, 0.17 0.38 0.24 0.33  0.35 0.36  0.45 TiO, 2.25 2.25 1.81 1.77 1.99 1.56 1.85
ALO; 2,06 3.12 231 3.54 3.73 4.41 4.27 ALO; 11.05 11.63 11.12 10.83 11.97 11.30 11.84
Cr,0; 0.07 0.03 0.02 0.00 0.04 0.01 0.03 Cr,0; 0.02 0.07 0.05 0.07 0.06 0.08 0.04
FeO" 8.55 9.66 10.68 9.84 9.18 12.04 10.60 FeO' 13.73 17.36 15.49 15.51 19.00 18.50 19.84
MnO 0.08 0.16 0.09 0.13 0.14 0.12  0.09 MnO 0.09 0.09 0.09 0.06 0.10 0.04 0.09
MgO 14.07 12.56 12.55 12.64 12.33 10.67 11.16 MgO 13.11 10.72 11.63 12.19 9.08 10.23 8.94
Ca0 22.92 21.94 22.66 22.10 22.65 22.03 21.91 CaO 11.77 11.08 11.60 11.49 11.34 11.40 11.17

Na, O 0.58 0. 80 0. 68 0.75 0.81 0.89 1.03
K, 0 0.00 0.00 0.01 0. 00 0. 00 0. 00 0.01

Total 99.96 99.19 99.86 99.68 99.82 99.34 99.74
Ph 6 AR F bR BH B RS
Si 1.907 1.898 1.895 1.881 1.886 1.847 1.882
Ti  0.005 0.011 0.007 0.009 0.010 0.010 0.013
AIM0.090 0.102 0.102 0.119 0.114 0.153 0.118
AV 0.000 0.036 0.000 0.037 0.050 0.044 0.071
Cr  0.002 0.001 0.001 0.000 0.001 0.000 0.001
Fe3* 0.126 0.102 0.145 0.118 0.101 0.153  0.095
Fe?* 0.139 0.201 0.190 0.189 0.185 0.228 0.237
Mn 0.003 0.005 0.003 0.004 0.004 0.004 0.003
Mg 0.777 0.703 0.700 0.704 0.685 0.602 0.624
Ca 0.910 0.883 0.909 0.884 0.905 0.893 0.881
Na 0.042 0.058 0.049 0.054 0.059 0.065 0.075
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Xy, 0.85 0.78 0.79 0.79 0.79 0.73 0.72

Na,0 1.51 1.83 1.72 1.67 1.54 1.43 1.55
K, 0 0.60 0.71 0. 62 0. 63 1.35 1.13 1.37
NiO  0.00 0. 00 0. 06 0. 00 0. 00 0.04 0.07

Total 97.46 97.54 97.29 97.56 97.31 97.38 97.79
A 23 A ST bR i B B - R
Si 6.352  6.238 6.403 6.395 6.211 6.265 6.215
Ti 0.248 0.253 0.202 0.196 0.227 0.176 0.211
Al 1.910 2.046 1.948 1.884 2.144 2.003 2.114
Cr 0.002 0.008 0.006 0.008 0.007 0.010 0.005

Fe’* 0.508 0.543 0.385 0.524 0.422 0.645 0.509

Fe?* 1.175 1.624 1.540 1.390 1.992 1.680 2.004
Mn 0.011 0.011 0.011 0.007 0.013 0.005 0.012
Mg 2.864 2.384 2.576 2.681 2.056 2.292 2.018
Ca 1.849 1.772 1.847 1.817 1.846 1.836 1.813
Na 0.429 0.530 0.496 0.478 0.454 0.417 0.455
K 0.112 0.135 0.118 0.119 0.262 0.217 0.265

Xy, 0.71 0.59 0. 63 0. 66 0.51 0.58 0. 50

:FeO" = FeO + Fe, 05 5 Xy, = Mg/ (Mg + Fe?* ) 5 T £ #4410k 4
RCE AR AR 5 11 - 0 5 40 4 AR DR A S5 0 0 B i £
UKL SR £ 5 C-BARDEE £ A% 70

AR PILBRIEA ALO; 5 Na,O &4, 703l 246 T
2.06% ~4.41% 5 0. 68% ~ 1. 03% 2 [a] , A8 19 75 YR BC A7 48
(A" 4T 0.002 ~0.075 i), H ALO, 5 Na,0 FHEA
BAF LM CPE (AHOCREL R =0. 50 KB ) . KREHIFRSS
LW (Anovitz, 1991 ; Yoshino et al. , 1998) , 75 £ #8444 bk
R, BRIED AL O, 5 Na, O (15 8w , AU RN
A E SR AT A, R OB T S ) A
AR DX R PERRORL 5 PO R 2R B8 )R S AP A ALO, 5
Na, O (1% 2475 (8] 12 .38 3) , 3R WIG 26 S RbvE A T 1) e
JISAAR IR, (AL A R B ROV A1 T8 B He T BRI

5.4 AR

FA N INAEAS D AR R R 40 A 43 )1, 7EAE
LH66-1 B¢t d oo A A 2RI 98 32 W1, 24 X A 3 1 R
BB N A T 25 A AN S PR S AL, AR A

TE:FeO" =FeO + Fe, 05 ; X, = Mg/ (Mg + Fe** ) 5 T -F1 i A7 fufdc v 41
RLPERDIR A TN A 5 I -B6 0T 5 A SRR 25 ) S 2 o v
FOHLRL AR PN 5 C-A DN A 8T 5 R DN A 0

HALRRIFA TN A, T A2 AIRL A B PR A A 0 R B, L
B - e ) 200, 5 A0k SR AR A A
RCRCRAS S 254, R — /N F 0. 50mm, 25 ZFp 27 Sy
FTRRIAINA, BT H 52 v - N AL R R X5 50 b 2 A T
T WA EZ A, R R T 1. Omm, 5 HL A S -5
e 2, KRS B M N A S T A Y
LR A A R A S Rl LR B, i S e A 2
FAHREAIE

A DX 2 A R A BB 5 AR it 29 AN TR] i R 2 TR 1Y
AINARETFHEE g R an e 13 5% 4 i, WE 13
556 4 AT AKHR Leake et al. (1997) 432 FU, A IR
ISR F TN A 34 o 85 A TN A K28, BT B A A Y
Ca0 Si0, 5 ALO, &, 20 B4k T 11.07% ~ 11.77% .
40.39% ~43.42% 5 10.71% ~12.81% , fif MgO 5 FeO" %
RATTE—E 225, /9 h 8.85% ~ 13. 11% 5 16.80% ~
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13 R)A B RRR S TP A N A Si-Mg/ (Mg + Fe® ) [Efi# (a, #f Deer et al. , 1997) 55 Ti-(Na + K) 43 fif (b, 35 8 2
3£ .1991)

1-Ff i BT58-1 HhJL i AL [N A7 524 i LHO6-1 H A fA A8 £ T4 53K LHO6-1 Hp L i 2L A [N £
Fig. 13 Sivs. Mg/(Mg + Fe**) (a, after Deer et al. , 1997) and Ti vs. (Na + K) (b, after Jin, 1991) diagrams of the

amphiboles from from the Wuchuan garnet mafic granulites

1-matrix-type amphiboles from sample BT58-1; 2-inclusion-type amphiboles from sample LH66-1 ; 3-matrix-type amphiboles from sample LH66-1

20. 08% , HIRL ) Xy, fl( = Mg/ (Mg + Fe** ) ) 5 0.50 ~0.71,
HAp R R TN A Y MO & it b 5 A i) & S g o OPE
XA IN AR E, EA1E T &gk N A -5 8kdk
A B AINA WS (E 13a) o

N 13b TR, A8 X A S bR 5 TR A THO,
Na,0 55 K,0 & & 75+ 4 M1 iE, 2 51 9 1.56% ~ 2.25% .
1.43% ~1.83% 5 0.63% ~1.46% . [H 1, 7F Ti-(Na + K)
Efg (B 13b) , BT 8 A TR A A X an A &
LH66-1 w7345 T A PR 4R BRI A N A, B
FHXTEE S Y TiO, 5 it (2.09% ~2.25% ) , g% A BRKLA
X ([ 13b) , R EA L8 TR A A AR AR =9

6 HPP-rBHt i Al 5

Ry TR A R M RORE S 1 8 B AR P-T 454
AR B 4 3£ 2ok B, AR SO TR iR R NCFMASHTO
(Na, 0-Ca0-FeO-MgO-Al, 0,-Si0,-H, 0-TiO,-Fe, 0, ) I+ 5 T I
2 A RREEERRCE 19 P-T AR . S AR S 2l
A FL LT SRS . K0 5 MO J & & KIEA T
0%, WL I &9 155 AT THERMOCALC3. 33 ( Powell et
al. ,1998;2009 4 10 H &35 ) M EE E teds55. txt ( Holland
and Powell 19982009 4= 10 H ¥ #) #47., RAMH Y ax
BERINR A1 A7 (White et al. , 2007 ) 5 BRI A7 AL TN £1
( Diener et al. , 2007) ; &5 ¥4 ( White et al. , 2002) ; BHE A
(Holland and Powell, 2003 ) ; £k k"™ FI L4k ( White et al. ,
2000) o HEAMATE T BT A REAAAE R, I a-x BERLE

x5 RIIBBEMRKIETE NCFMASHTO AR THHERE
E5T (mol% )

Table 5 Normalized mole-proportions (mol% ) of the Wuchuan
garnet mafic granulites

S H,0 Si0, AlLO; CaO MgO FeO Na,O TiO, O
BT58-1 2.99 48.03 8.89 13.87 9.28 12.73 2.20 1.06 0.95
LH66-1 5.50 46.43 9.14 11.39 11.22 11.30 2.34 1.07 1.63

W H White et al. (2007) , Jhyidi FH - JEMER Z op 2R AU #6040
AFIR A, R G 4R i T SilL(8/5AL,S105 ) #f Z4s, Al
A AL A AT Sl TG

AR50 8 F I 28 o BB L H XRE S A7 4057
R R Y mole F 43 E, 8% MnO {UfETE TAE S A
AL (MnO), - AL O, - (Si0,), 1R, CO, il P,0s
S BRBRR S CaO - CO, A KA (Ca0)s + (P,05), 5 -
(H,0) o s BRI A2 2o 7K B B 15 A8 O 4 132 30 1 AH £k
W W2 A WG AR AN BT /K it ( White ez al. , 2001) o FAMEE
2ok FIRAL PRI AT A AT ISR 5 g,
6.1 #Ff BT58-1 MBI E
AR SEE BB ARy BT58-1 7 NCFMASHTO fR R T
P-THFHIEE WA 14 froR, HEREELE N P=0.6 ~
1.5GPa, T =650 ~950°C , EZETYHIMKEN  FHIRFZMAT
SR, BAAE EEZBERER, WE R T =660 ~
840°C, ELLAMANAMAHRL FE 28 TEIIHH TIE
D7 TH AR BT AR Z W EE R A MRS, MINATES
R AT HEA, R RRESEASTN H,0 &8H—



X P LR B RE S P-T AR LT RR . R AMTHEEMS 25 U-Pb 504 K%

1.5 NCFMASHTO
. 7

1.4 - €pqruy

1.3

T=776+26°C
P=1.31£0.14GPa

1965

LH58-1

______ x(g)=Fe”/(Mg+Fe”") of garnet
------ ca(pl)=Ca/(Ca+Na) of plagioclase

@9 g dihbplqgilmliqH,0
- (32 g di hb pl gilm sph H,0
(33 g dihb plgilm mtlig H,0
@4 dihb plgilmmtH,0
@9 gdihbplqilmmtlig

(30 gdihbepgqruligH,0
@7gdihbepqrulig

1.9
= G9gdiepplqrulig
%\3 (399 diopx pl mtlig
B @0 g opx di hb pl cu ilm mt H,0
1.0 —
0.9 - '
g diopxpl
ilm mt liq
8 T
0.8
07 B
Cdihb [ di hb opx pl
ilm mt lig
0.6
650 800 900
T(°C)
gdihbepplqgrusphH,0 A1) gopxdihbplilmmtH,0 gdihbplqruH,0
gdihbplqgrusphH,0 (12 gdihbopxplilm mtliqH,0 gdihbepplqgilmH,0
gdihbplgsphH,0 (139 dihbopx plilm mtligH,0 gdihbepplqgilmsphH,0O
(@) gdihbepplqsphH,0 g di hb plilm mtlig H,O @4 gdihbplqruilmH,0
(5) gdihbplqilmrusphH,0 g dihbplilmmtH,0 dihbepplgilmH,0
(6) gopxdihbplcuilmmtliqH.,0 gdihbplqilmmtH,0 gdihbepplqruligH,0
(7) dihbplecuilmmtH,0 @9 gdihbplcuilmmtlig @7 gdihbplqilmruliqH,0
di hb opx cu plilm mt H,O (1® gopxdihbplcuilmmtliq @9 gdihbplgilmrulig
(® dihbopxplilmmtH,0 @9 dihbplilmmtH,0 @9 gdihbplimrulig
gdihbplcuilmmtH,0 @0 gdihbplgruliqH,0 @9 gdihbplimrulig
[ 14 i BT58-1 £ NCFMASHTO {£ & F P-T .3 i &

g R s di-BURIEEAT 5 hb-Sf TN s opx-RHT WEAT s PLARHR AT 5 -1 38 5 ilm-BRER D™ s m-REARD s ru- 2047
Fig. 14  P-T pseudosections for sample BT58-1-1 in the systems NCFMASHTO

g-garnet; di-clinopyroxene; hb-hornblende; opx-orthopyroxene; pl-plagioclase; q-quartz; ilm-ilmenite; mt-magnetite; ru-rutile
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X5 10 2% o

FEA T DAL= DF R R, AR IR RORL R b BTS58-1
AR x(g) =Fe’*/(Fe’* + Mg) 284k T 0.68 ~0.72
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2R EE 1R 22 3 524 0. 14GPa F1 26°C (20) . B, £54 LA
YA R B A BTS8-1 i s 14 e A 1o i bR AL 22 4 2 I £
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Fig. 15 P-T pseudosections for sample LH66-1 in the systems NCFMASHTO

g-garnet; di-clinopyroxene; hb-hornblende; opx-orthopyroxene; pl-plagioclase; q-quartz; ilm-ilmenite; mt-magnetite; sph-sphene

6.2 #5 LH66-1 Sl E
T FE bR B i LH66-1 7 NCFMASHTO 1A & T iy P-T
T B 15, %FE & R BT AN R KK B S
il BT58-1 2L (&l 14)  AH LR A B A7 5 IR 4 AT AN
[R5 e 22 5, BIUNZRE AR CaO & i, HoA A
PR ST L BT58-1 Hifsg 0. 15GPa 245 . A TN A BYFRE R B
FEXTH G o
FEANI T AL 2= 0 58 2 BR , A M 3L OB A i LHO6-
1 A x(g) 26T 0.61 ~0.70 Z i), FH A ca(pl)
0.39 ~0.43, B TH AR E LR T =760 ~860°C, P >
1. 23GPa ) g-di--hb-pl-q-ilm-sph-liq X1, 5 740 WL 3 Y
B MA G 8 RARMS A BN cal(pl) FHEMA
AR/ x (g) 5518 2R B 2 0 3 IR IR 2% 1, 15 20 i
LH66-1 JEU4 35 41y P =1.43GPa, T =800°C (& 15) .
1t g-di--hb-pl-g-ilm-sph-liq X35, THERMOCALC {17 ca

(ph) SE{ELAAI A x () LT /Y 1R iR 22 Al 2 %
243509 0. 14GPa F138°C (207) o PRI, £55 A AP M AT,
ot BTS8-1 0053 AR WA 30 o PR SRR S AT S A 1 P 2% 1
P =1.43 £0. 14GPa, T =800 +38C ,

7 % CL BURHHIE

¥ BT58-1
ARV RORL 5 B b BTS8-1 B 1 Z RO AL G, DR
B AR RSO B AT B A DRLSE s B Ae A T i 2
TESBMIAGG , AN R 55 41 K/ 50 ~ 150pm AR
W% E AP EAAE SO S IR ZOCER  SIRE SR
BURSEREAE, AR 73 g R R (181 16) o 55— 2K 50
KER Gy B AR R 508 78 CL B L, i % B #%-

L T B AT R 145 1 55 R R o i (R - TR
@) M F AT (VT 30pm) |, I BA 32011

7.1



X R P EER RN BAG R RS P-T £ B TRk A48 F M54 5 U-Pb € 50925 % 1967

BT58-1.7 BT58-1.76 s BT58-1.73 BT58-1.57

2516 253713 Ma

2523 14 Ma

2516+ 13 Ma

BT58-1.55

g~

K16 A RSEPEIRRLE (LHS8-1) 5541 B A G KI5 & LA-ICP-MS U-Pb g 4E4%

(a) 55 7 BB A0 ELAT 55 RGN 1028 AR RS & AN (K938 31, LA SR Ph/ 2% Ph AEIS 5 (b) 55 76 Rk 40 LA 55 KGR0 (9738 B A%
o S R AN 8BRS 1 , LA B A% Ph/ 2 P AR 5 (o) 55 73 Lk A7 HAT 55 KOG AR RS A1, LAY Ph/ 2 Ph 4R (d) 45 57 Rk 41
FUA 59 5 R GO S B A1, LAY P/ Ph AR 5 (e) 55 55 ik A1 BLAT 95 & 60N A8 SRA% A Hh 258 S Sk v 9 78 B 78 30, DA %
20T Ph/ 2 Ph AR 5 (£) 55 73 Rk A1 B P2 R CAIUN MR A AT, LASCY Ph/ 2 Ph 4R 5 () #5 50 Rk A7 HLAT v 25 A Sk (78 B s A1, LA
J27 Ph/ 2 Ph AR 5 (h) 55 22 Rk £1 BLAT Fr AR R RN 978 BRES A1, LS Ph/ 2% Ph AFS 5 J PP EL 1 R34 50 um

Fig. 16  cathodoluminescence (CL) images and LA-ICP-MS U-Pb ages of host zircons from the garnet mafic granulite ( LH58-1)

(a) zrcon grain BT58-1. 7 showing a low-luminescent metamorphic core and high-luminescent metamorphic rim, and a core 2" Ph/?* Ph age; (b)
zircon grain BT58-1. 76 showing a low-luminescent metamorphic core and middle-luminescent metamorphic rim, and a core 207 py, /206 p}, age; (c)
metamorphic zircon grain BT58-1. 73 showing a low-luminescent CL image, and a *” Ph/?®Ph age; (d) metamorphic zircon grain BT58-1. 57 showing
a low-luminescent CL image, and a *’Pb/?® Pb age; (e) zrcon grain BT58-1.55 showing a middle-luminescent metamorphic core and high-
luminescent metamorphic rim, and a core 2" Pb/?®Ph age; (f) metamorphic zircon grain BT58-1. 54 showing a middle-luminescent CL image, and a

27 ph/2% P age; (g) metamorphic zircon grain BT58-1. 50 showing a middle-luminescent CL image, and a " Ph/?*Ph age; (h) metamorphic zircon

grain BT58-1. 22 showing a middle-luminescent CL image, and a 2" Ph/?®Ph age; the scale bar is 50um in Fig. 16

SR (A E- KAL) o F130 AL BT WO 2 20 & W
I AR AR R AR AL O R i o RS
A HATE AR - BRSO AR SO 78 CL SR L, RFR 7
BT HA RO S i 4 2 8 OO (R E- KA 1) ,
AT B A7 R T VAL AR5 S5 A R I 23417 25 4 (4] 165
Vavra et al. , 1996) , 38 /RZRBATIRTE R PR BT P
BT AR AT o A P B SO B 2 23 M R W e 1
RIS S RHE AL T A A A A R KA
SEYI LA

7.2 #Eah LH66-1

A RREENE O, R i LHO6-1 85 41 Z RO A 40, b
RO AT R SRR BUR A A R 7 PRSE S A T, i 2
T 25 HH AN T, AR ] PR 26 AL A 4 47 R/ 30 ~ 150,
M2 A B AT B S AR A MR A S A e
PIELIRAEREAE, A8 DR A 23 PR SR (18] 17) o 35— 2K
B AT R FAT T [BRLAR-H R R 7 CL & B 0 &
LT ZE Y AL EAT B 2450 1) 55 I R A e (PR -
B R TG 1R AR X B A% (/N T 20pm) |, JF B A B
(BE-KAE) HANXII S0 KR F13 B 55 O
2 T R W O AR S AR A S IR AL BT M LA

5 T 2RE AT HAT T BRI R A8 CLEHER , 5r ¥% [3]
eSO RA R EZ S R BE-K A G) BARXE 2 R
I, AT R T VA2 AR i A A R B T s 4 (TR
17d;Vavra et al. , 1996) ,$8/RZRBEATIRAE R UL AT T
T RS A AR BT S BOEH 2 7 B R xR £
B A SR A B A A, U A D R A S
EEE S 2T/ KON NS

8 %M1 U-Pb ipgif

8.1 #E& BT58-1

R HEAE RS A BTS8-1 v 21 A8 57 £ A S X )
RATE R A 18a 53R 6 rn, ME 18a 53 6 W LI
21 A B A X E) Th 5 U & A8k B K, 433
AF 21 x107° ~469 x10 ° 549 x 10 ¢ ~615 x 10 " fa] , #
N Th/U HAEAEALTF 0.20 ~1.16 Z A (£ 6) . 21 Al
A7 P/ Pb AR #5325 AL T 2537 + 13Ma ~ 2498 + 12Ma 2
(6, AR IS B 0 AL ¥ 4F % O 2517 + 6Ma,, 7£™ Pb/* U-
2 Ph/PU XA i (1] 18a) r 28 A0 T AT A A5 B 102
TUERZE SRR, 45 A 3 CL EHRERAE , %417 Pb/** Pb 4
W4 1oy A A R R PR S5 R i BTS8-1 ST W30 vy i bRz 5 A



1968

F6 RIIBBEMRALE (BT58-1)$5H LA-ICP-MS EE£R
Table 6 LA-ICP-MS analyses of zircons from the Wuchuan garnet mafic granulites ( BT58-1)
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FrR(x107°%) [ % L fE A% (Ma)

3 =)

Wes o Ph 22TH 38U Th/U 220;? . 220;% o zz:]—llzi lo 22036813) lo 220375% lo EEZ%E lo
BT58-1.76 48 40 91 0.44 0.4732 0.0055 10.9554 0.1226 0.1679 0.0013 2498 29 2519 28 2537 13
BT58-1.55 28 26 52 0.50 0.4728 0.0055 10.9152 0.1407 0.1674 0.0018 2496 29 2516 32 2532 18
BT58-1.46 47 42 89 0.48 0.4747 0.0045 10.9568 0.1063 0.1674 0.0013 2504 24 2519 24 2532 13
BT58-1.64 69 42 135 0.31 0.4731 0.0042 10.9078 0.1070 0.1672 0.0014 2497 22 2515 25 2530 14
BT58-1.54 34 29 65 0.45 0.4692 0.0047 10.8004 0.1148 0.1670 0.0014 2480 25 2506 27 2527 14
BT58-1.29 79 61 152 0.40 0.4760 0.0065 10.9325 0.1482 0.1666 0.0014 2510 34 2517 34 2524 14
BT58-1.73 245 469 404 1.16 0.4745 0.0054 10.8958 0.1175 0.1665 0.0013 2503 29 2514 27 2523 14
BT58-1.61 151 102 296 0.35 0.4696 0.0044 10.7766 0.0925 0.1665 0.0011 2482 23 2504 21 2522 11
BT58-1. 66 201 178 386 0.46 0.4670 0.0051 10.6849 0.1070 0.1659 0.0012 2470 27 2496 25 2517 12
BT58-1.5 217 85 428 0.20 0.4792 0.0036 10.9640 0.0874 0.1659 0.0016 2524 19 2520 20 2517 16
BT58-1. 6 159 134 300 0.45 0.4763 0.0052 10.8976 0.1117 0.1659 0.0015 2511 28 2514 26 2517 15
BT58-1.57 114 70 224 0.31 0.4716 0.0055 10.7825 0.1178 0.1658 0.0013 2491 29 2505 27 2516 13
BT58-1.7 76 54 146  0.37 0.4764 0.0054 10.8903 0.1182 0.1658 0.0013 2512 29 2514 27 2516 13
BT58-1.50 35 32 67 0.49 0.4758 0.0048 10.8497 0.1173 0.1654 0.0015 2509 26 2510 27 2511 15
BT58-1.59 25 21 49  0.42 0.4652 0.0043 10.6044 0.1198 0.1653 0.0016 2463 23 2489 28 2511 16
BT58-1.70 115 144 210 0.68 0.4661 0.0052 10.6085 0.1027 0.1651 0.0015 2466 28 2489 24 2508 16
BT58-1.2 131 74 258 0.29 0.4733 0.0060 10.7714 0.1209 0.1651 0.0012 2498 32 2504 28 2508 12
BT58-1. 3 311 213 615 0.35 0.4648 0.0039 10.5455 0.0893 0.1646 0.0016 2461 21 2484 21 2503 16
BT58-1. 45 62 58 118  0.49 0.4720 0.0068 10.7044 0.1446 0.1645 0.0013 2492 36 2498 34 2502 13
BT58-1.22 51 45 99 0.45 0.4673 0.0086 10.5825 0.1568 0.1643 0.0014 2472 46 2487 37 2500 14
BT58-1.67 61 61 115 0.53 0.4653 0.0045 10.5276 0.0960 0.1641 0.0012 2463 24 2482 23 2498 12

A A SR TR R, 4550 X AR RV 3 2 TN I RS

8.2 15 LH66-1

A RR PR AL A A LHO6-1 Hr 42 472 Jig B i X
ROTHTEE RN 18b R T FaR. E18b 53R 7T A LFH
H 42 MEFE AR Th 5 U 5w 48618 B K, 4351
AF1x107° ~408 x 10955 x10™° ~ 1198 x 10 ~° = Ja], #H
N Th/U HAEAEALTF 0.18 ~0.72 Z A (F£ 7). 42 -k
9 Ph/ % Ph 4F I3 A5 4k F 2562 + 51Ma ~ 2442 + 51Ma 2
[, 4R B 0 A 2 4E I Ol 2512 + 16Ma, 7E™ Pb/* U-
P Ph/PPU SR E R (& 18b) h %A A A st e
TEFZE SR , 45 A4 3L CL B AFAE , %417 Pb/** Pb 4
5 7 AR A R M RRORL A RE i BTS8-1 3 U4 3 v . JRORE 5 A
AE AR o

O ikl

9.1 REMBERSERHRK
9. 1.1 REF MK

7 20 {20 80 AR, Hf A XA DXL ROBL 4 1) JU
AT T — S PR . Horp, SR BIFSE 32 2R
PE I A OG22 45 X FO L . 7R DI b, LR AR SCRIFSE
TEN I GAL B bR/ A BRI T IX N R N R A

TP T A0 FUABURE U-Ph 8 4R 25 51 (45 R /s HE B A2 mi AR e
N 2455 £5Ma) , i Hi AR DX R o A B P KA 19 A T T
TR AR A TA TR (8 26, 1987) .

SRS AT ARAE 2 15 A1 1 FE A JRRORL 5 A i 2 B
JEUATE UG BOR B S A O - DA R 5 8 T AR B
A ATRRE) o EUR PN O AR Rl R 2 T, AR SO
FEIAEEEE IR R AT N JROR s (BTS8-2) Z A,
PR, HECE T AN/ T3 25 PR 5 R e ) S TR
WA foill, XUER S (2016 , R B ) X A1 1 1 Rk
AR LA D 2 N B R R (BTS8-2) Hh s I 1 5 4F
T, A B 2550Ma., (R, 45 A A SO 5 1 1
PR R PR AR i 38 T SR T2 2520 ~2510Ma (928 5
AR AR SO L A AU 24 0 2550 ~2510Ma, B HER
14 J5UE T I AR AE 38 7 BT Bk — 0 PR AT 5

A SR A KR R BB  JE TR A QA 1 28 A
PR T PGBl b DX R ORS¢ i/ U5 ) 5 9K
5 B0 LEWFTE R BE— 20 S0 o JAF R, R 2 11 ) (07 2K 4F
PREFBIFERII (K 8) , oI AR R R WA A G S e
[ B AE b -2 A v i Rty U U M 5 A T B A
DR 341 945 55, 4l Dong et al. (2012) 41GH 175 5% 22 AR
BB A7 J5UA AU 2545 + 10Ma (18 = IR A
Zhang et al. (2014) {EVY & 22 A JREE—4fF 418 1 5UE AR
2511 = 12Ma I8 #E A ik AN (RS, 2007 5 X1 4 48
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Fig. 17  cathodoluminescence ( CL) images and LA-ICP-
MS U-Pb ages of host zircons from the garnet mafic granulite
(LH66-1)

(a) zircon grain LH66-1. 51 showing a low-luminescent metamorphic
core and high-luminescent metamorphic rim, and a core 2" Ph/?% Ph
age; (b) zircon grain LH66-1.52 showing a middle-luminescent
metamorphic core and high-luminescent metamorphic rim, and a core
207ph/2 Ph age; (c) zircon grain LH66-1.46 showing a low-
luminescent metamorphic core and high-luminescent metamorphic
rim, and a core 2Pbh/? Ph age; (d) metamorphic zircon grain
LH66-1. 08 showing a middle-luminescent CL image, and a
27 ph/2% Pl age; (e) metamorphic zircon grain LH66-1. 39 showing
a middle-luminescent CL image, and a >’ Pb/*®Pb age; (f) zircon
grain LH66-1. 42 showing a low-luminescent metamorphic core and

high-luminescent metamorphic rim, and a core 2 Ph/?*®Ph age; the
scale bar is 50pum in Fig. 17
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(a) BEhh BT58-1; (b) k4 LH66-1
Fig. 18 7 Pb/*® U Pb/*® U diagrams showing U-Pb
analyses for zircons from the Wuchuang garnet mafic

granulites in the Yinshan Block
(a) sample BT58-1; (b)sample LH66-1

KANA. A, Wan et al. (2013a) 5 Liu et al. (2014) 7£RH
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Zo BHELAXENHXECE G HG FHE a1 0 KA
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RSB R R, oI B8 B - BRI 28 0
Rl RAS U TE 5 B30 I T A Y DN JBE- 48 B 50 IR 26
EATEAS [F A B M0 5% T 24 2500Ma (19738 FRAENS (F28), W
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Table 7 LA-ICP-MS analyses of zircons from the Wuchuan garnet mafic granulites ( LH66-1)

A (<10 R L R (M)

N (=} 2 2

W5 Wipp 22 By /U 220:8? o 220375% lo ;ZZ%E lo 220;713) lo 220375% lo ;zz%i lo
LH66-1.25 21  6.07 20.75 0.29 0.48628 0.00722 0.17042 0.00528 11.42917 0.34455 2555 31 2559 28 2562 51
LH66-1.76 5 22.82 64.38 0.35 0.48674 0.00802 0.16984 0.00737 11.40156 0.48637 2557 35 2557 40 2556 71
LH66-1.03 20 44.63 128.7 0.35 0.48385 0.00598 0.16944 0.00422 11.30734 0.27494 2544 26 2549 23 2552 41
LH66-1.35 15 2.87 8.47 0.34 0.48367 0.00925 0.16877 0.007 11.25761 0.45257 2543 40 2545 37 2545 68
LH66-1.67 6 49.61 162.2 0.31 0.48371 0.00709 0.16855 0.00637 11.24455 0.41791 2543 31 2544 35 2543 62
LH66-1.17 20 12.87 36.99 0.35 0.48497 0.0068 0.16842 0.00482 11.26497 0.31444 2549 30 2545 26 2542 47
LH66-1.58 16 9.86 31.87 0.31 0.48351 0.00748 0.16841 0.00626 11.23045 0.40895 2543 32 2542 34 2542 61
LH66-1.55 18 49.39 112.0 0.44 0.48278 0.00675 0.16814 0.00569 11.19529 0.37194 2539 29 2540 31 2539 56
LH66-1.75 17  26.7 59.09 0.45 0.48228 0.00783 0.16763 0.00718 11.15032 0.46936 2537 34 2536 39 2534 70
LH66-1.65 9 19.76 45.45 0.43 0.48175 0.00744 0.16753 0.00652 11.13074 0.42522 2535 32 2534 36 2533 064
LH66-1.11 15 19.26 43.72 0.44 0.48151 0.00639 0.16745 0.00449 11.12035 0.2909 2534 28 2533 24 2532 44
LH66-1.13 23 32.14 82.57 0.39 0.48494 0.00618 0.1674 0.00429 11.19597 0.28026 2549 27 2540 23 2532 42
LH66-1.18 15 5.74 19.8 0.29 0.47839 0.00716 0.16655 0.00514 10.98874 0.32947 2520 31 2522 28 2523 51
LH66-1.45 14 40.68 114.4 0.36 0.47971 0.00641 0.16639 0.00508 11.00863 0.32964 2526 28 2524 28 2522 50
LH66-1.49 23 56.43 92.05 0.61 0.47849 0.00681 0.16645 0.00548 10.98388 0.35386 2521 30 2522 30 2522 54
LH66-1.71 11  7.85 29.39 0.27 0.47815 0.00781 0.16627 0.00701 10.96521 0.45353 2519 34 2520 38 2521 69
LH66-1.73 20 35.27 194.4 0.18 0.47717 0.00729 0.16622 0.00675 10.93936 0.43685 2515 32 2518 37 2520 67
LH66-1.41 21 50.69 102.7 0.49 0.47606 0.00633 0.16614 0.00495 10.9079 0.31832 2510 28 2515 27 2519 49
LH66-1.54 10 15.02 54.45 0.28 0.4869 0.00706 0.16569 0.00573 11.12634 0.37712 2557 31 2534 32 2515 57
LH66-1.07 10 77.9 108.6 0.72 0.47607 0.00596 0.16567 0.00417 10.87763 0.26736 2510 26 2513 23 2514 42
LH66-1.74 8 93.25 372.1 0.25 0.47714 0.00719 0.16557 0.00668 10.89583 0.43309 2515 31 2514 37 2513 66
LH66-1.43 12 70.63 158.1 0.45 0.48071 0.00638 0.16541 0.00495 10.96617 0.32212 2530 28 2520 27 2512 50
LH66-1.51 13 49.19 170.1 0.29 0.48478 0.00657 0.16534 0.00533 11.05451 0.34974 2548 29 2528 29 2511 53
LH66-1.34 28 4.10 14.49 0.28 0.4766 0.00796 0.16524 0.00598 10.86111 0.38191 2513 35 2511 33 2510 60
LH66-1.40 20 24.77 52.31 0.47 0.47413 0.0066 0.165 0.00511 10.78954 0.32696 2502 29 2505 28 2508 51
LH66-1.52 10 18.5 57.86 0.32 0.46663 0.00673 0.16509 0.00564 10.62435 0.35548 2469 30 2491 31 2508 56
LH66-1.56 28 66.79 367.2 0.18 0.47394 0.00649 0.16504 0.00552 10.78784 0.3542 2501 28 2505 31 2508 55
LH66-1.37 23 42.76 85.98 0.50 0.47571 0.00627 0.16466 0.00473 10.80271 0.30381 2509 27 2506 26 2504 48
LH66-1.38 20 8.30 31.54 0.26 0.47505 0.00693 0.16469 0.00526 10.78959 0.33633 2506 30 2505 29 2504 53
LH66-1.08 16 5.62 15.54 0.36 0.47403 0.0075 0.16434 0.00542 10.74436 0.34396 2501 33 2501 30 2501 55
LH66-1.44 19 24.73 94.16 0.26 0.47428 0.00636 0.16431 0.00499 10.74788 0.32018 2502 28 2502 28 2501 50
LH66-1.46 23 43.21 116.5 0.37 0.47491 0.00642 0.16435 0.00509 10.76469 0.32715 2505 28 2503 28 2501 51
LH66-1.39 26 4.62 16.18 0.29 0.4733 0.00791 0.16404 0.00603 10.70734 0.38313 2498 35 2498 33 2498 61
LH66-1.16 26 18.59 45.19 0.41 0.47553 0.00628 0.16364 0.0044 10.73197 0.28152 2508 27 2500 24 2494 45
LH66-1.48 8 15.35 60.42 0.25 0.47269 0.00659 0.1635 0.00526 10.65879 0.33608 2495 29 2494 29 2492 53
LH66-1.68 19 407.7 1198 0.34 0.47269 0.00683 0.16339 0.00615 10.65174 0.39431 2495 30 2493 34 2491 62
LH66-1.23 26 3.69 9.68 0.38 0.46975 0.0083 0.16306 0.00616 10.56415 0.3867 2483 36 2486 34 2488 62
LH66-1.06 37 1.46 4.85 0.30 0.47131 0.01102 0.16227 0.00825 10.5484 0.51789 2489 48 2484 46 2480 83
LH66-1.21 13 3.25 8.45 0.38 0.47344 0.00863 0.16234 0.00634 10.60013 0.40118 2499 38 2489 35 2480 64
LH66-1.29 28 15.63 32.97 0.47 0.46395 0.00659 0.15962 0.0048 10.21359 0.29992 2457 29 2454 27 2452 50
LH66-1.42 8 63.52 136.2 0.47 0.46236 0.00608 0.15949 0.00472 10.17029 0.29518 2450 27 2450 27 2450 49
LH66-1.47 21 45.98 254.8 0.18 0.46925 0.00621 0.15867 0.00485 10.26855 0.30822 2480 27 2459 28 2442 51
Dong et al. (2012) I8 T P4 5 22 AR — i BEPERRRL A 105 AHUAIREG T T2 2500Ma X8 i 90 2% /e o 4k,

12503 = 10Ma FYEFUAERY . AL LA-ICP-MS f5 47 & 4R 45 2R
P, 2 PR 0 AR SRR S R S TR A1 3 E SR T 2520 ~
2500Ma F9AZ AR , AT AT REARER T A0 B S M JRROR. o
ST e R BRORL S A A8 BT 33k 28307 0T A AR AR R 0 3
B, S Al s e Ry AL AR B, 1 R

8 PR, At vO R AR R R b L R A T AR
1L, AR [X 24 2500Ma X 348 Ji £ FH -5 DO L )™ 92 20 A (1 S -
HPE- BRI A AR A AR I TB] AR R . R L, AR
JBE 25 A A Rl T 252 L) 380 o 2 A T 194 252 2 £ e 1) 226 10
~50Myr, A7 i EL ZILT- RN K2R, X 88 Al RARAE S AR
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Table 8 Synthesis of zircon U-Pb ages for the different rocks from the Yinshan Block

i HHWAFR (Ma)  WRJES AR (Ma) 75 JE AR (Ma) A5k FORR I
KA Ak 2502 +6 SHRIMP Jian et al. , 2012
i d ik 2508 +17 SHRIMP Jian et al. , 2012
EqliE= 2510 =7 SHRIMP Jian et al. | 2012
Wede 2515 10 LA-ICP-MS 72,2007
Eyiw e 2516 10 LA-ICP-MS Wiz 2007
R 2533 5 SHRIMP Jian et al. , 2012
YRk v 2556 +6 SHRIMP Jian et al. | 2012
ZE 2562 + 14 Camerca X% 2012
e o 2520 +6 SHRIMP fAjF-4% ,2005
Rl 2523 +7 LA-ICP-MS Ma et al. , 2013a
R o 2520 +9 SHRIMP Jian et al. , 2012
TTG 2515 6 SHRIMP Jian et al. , 2012
TTG 2516 +7 SHRIMP Jian et al. , 2012
TTG 2534 +7 SHRIMP £ 4£,2010
R S P 2544 +5 2503 £ 12 SHRIMP Jian et al. 2012
FAIN RS 2516 + 16 2472 + 14 SHRIMP I ,2009
o R 2545 10 2503 10 SHRIMP A, 2009
EDNiAnE 2533 15 2490 =11 LA-ICP-MS Ma et al. , 2013b
LA TLN K A 2524 +£17 2498 +3 LA-ICP-MS Ma et al. , 2013b
LEH AL e 2535 +5 2506 +9 SHRIMP #2007
FINA R 2526 +5 SHRIMP Jian et al. , 2012
ALK N A 2525 +8 SHRIMP Jian et al. , 2012
5 S SR e 2483 +20 SHRIMP fE= 41,2010
T ERTE A K A 2509 =7 SHRIMP F2= 41,2010
AR AL R s 2480 + 15 LA-ICP-MS Ma et al. , 2013a
WA KRR 2479 8 SHRIMP TRfhITAE, 2011
AR KRR 2576 ~2732 2479 £21 Cameca Wang et al. , 2015
A6 14 T R TR 2697 +11 2561 +18, 2539 +34 SHRIMP Dong et al. , 2012
L A v 2692 17 2528 16 SHRIMP R BRA 2013
TR B RS 2581 +7 Cameca Wang et al. , 2015
RN A 2545 £ 10 2503 + 10 SHRIMP Dong et al. , 2012
2 F M SRR 2516 =15 2472 + 14 SHRIMP Dong et al. , 2012
EYiViAEE 2512 10 Cameca Zhang et al. , 2014
TR 2511 £12 Cameca Zhang et al. , 2014
3 P ANE Y e 2506 +9 2498 +22 SHRIMP Dong et al. , 2012
MINAE 2502 14 Cameca Wang et al. , 2015
FIN 2476 +8 LA-ICP-MS Ma et al. , 2016
AU OB A 2517+ 6 LALICP-MS e
FAREEERRLS 2512 +16

FEAEDLRA , A DB R A QI ] ~ 2500Ma 742 it £ T A1 2550 ~
2500Ma = A T [F)— Mg B PRI AN TR A

I RAEAS OB (4 A1 U-Pb AR G811 400, 25 5
DX A A PTG P 81 5 ZEACRRAIE 3580 0F 5 A D BH L il
BAE B U2 1) 1 PTHAE Il = (S, 2007 5 S i
AREE,2013) o b, 124 2500Ma Jysgtint & P-T B3k, 3 H.
ZHA IR (IBC) SIS 7, 1X — 728 oA A= 14 i ) I
RS P LR KIS TTC Fba IR AE R A U
SR 8 BT A5 A AT JRN A L B, 4 D — 9396
iR MU (S TVVESRE o ¥ RU L (S R P S St B K (B

KHEAE Y 2480Ma, Jf LU I £ P-T B30 Jhy AL (5209 1%
2007) , K AAERTA S AR ) 0, 7R AR DR o 4 R, &
AR 11, A X — I K B B (R4 A6 B o SR T
(EAFTERE A , 2 2480Ma FY 78 BUAFR I , 58 42 nl AE 2 0144
T S EUR 2 2500Ma 1728 BB A1 T I0 SR AR IS 2R
FL TR AR AR PR, 7E587 K AU, A X R A7 e
PIHAE iR, ] B i 2 5 2 A5 S A RN B 22 75 T 1
e TAE LA o

9.2 BERKEHEERIER

KIILIK , VF 2058 eIt v 3 B 1 Rl R o i
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HAEMERRRLS (Liu er al. , 1993) ;3-RIL5r T RHCA A (X8
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Fig. 19
condition of the Wuchuang garnet mafic granulites from the
Yinshan Block

1-Zhulagou garnet mafic granulite ( Jin e al , 1991 ); 2-

Metamorphic phase diagram showing the P-T

Daqingshan-Wulashan Late Archean mafic granulite ( Liu et al. ,
1993) ; 3-Dongwufenzi amphibolite ( Liu, 1996) ; The metamorphic
facies boundaries are after Vernon and Clarke (2008 ) ; The division
of the metamorphic facies series is after Miyashiro (1961 ); The
transition lines of Al,SiO5 were from Salje (1986)

HATIAR BRI T 1O SR TS R A (1987) R
S PR DX CBA LRl ) il s DX A O 41
FRAE AL BUTEAE A5 [l 6 R ARARE T 5, 1 U s B L B
He (St rp i o DX) AT — 25 3l 2 1 PR (6 2R B 1 3R
G0 1) AEB Sk a R A B CRAIIE ) 5 R A A
BN (A0 45, 1987 5 X135 L, 1996 ) 4 45 (8] BH AE i -4
Mot b CORR/ 5 1) R A IR TR T DR AT 18 SR 25 ) S 4 )
HAE 2 AR R, 32 2 DX A8 T 00 Oh 2 o A1 A
N AR, R A E A SR R e AR SR A N A AR T Y A2 4k
s BATWEE P-T Bl (1 19) , # SI% B ) G AL T
SN2 ) sl AR AL T« (1) A8 R 30— B RS A TN e
LS ST R 2k €0 38 A DA A DT PR £ sl — 3 3L A7
(2) FEdLFRIA AT T8, 7 AL S P BT &5 0 48 4 ALz
AT AL RO )2, A0 R Al AR DA 35 A 2 5 R i
Rofn B (e A N A AL s (3) fE AR ARHR M IN A 9,
AR PR ORE A 320 B R TG I R DN A1 8 B3 [ I 5 I
BRI AR Sl R AT RS AT 2313 e R 19 An =21
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AN An =8 JE I T WEING + S KA 1w A& (X &
1,1996) o AR, Fip AR 1 4 R s 1A (A i) B
PEIVRL H T BAT A28 5 S B 5 R R AL A R AL, R85 &
AR 3R T AR X S PR R A W& )i T Wi 5 i)
P-T Bk (151 19) , H OGS 57 S 0 45 A s My AR 28 T
(1) FE BR8] B 444 Ve b XA 1R R JRRORL S TP R AR A TR
PR AR €235 50 A A A ORI b 2B E AR S8 0 W A + 3
WEAT + BHCAA LR = iR AE O A G 5 (2) 16 A R R R
R PR B I ARL I A AR AT+ A D BT A U IR AR A AR
ATE RS T B FIRHC A Z ) (4 8855, 19915
X, 1996) .

SRITAEASHE 2 , A S B 1L Bl B Rty A Qe SR 78
MBI BICE TT W R & 2 E 5, IR TR 214>
HEWFFEIEE , i oAy AL A F R BT G- AT TR T 1Y
[ Gir R E R AR 0A T P N R BN S L T R f S D
FEbIR B Sy 2 R B At (% T 2 9 5 A 2 R R ST AR O T )
25 (Zhao et al. , 2001a, 2005) , {HiE, ki HF5E TAEHIAR
WA AT SR 1 i ke e HC 4 DX (R 1 - 25 4z 1 728 B st 1 )
B R AR R R B IRt B T T A ), 23R
B (1) BN R 9 R R H AR BR T rh A0 s A1 DA 25 A - JRROE
RS AR I Z A, Je 15 A7 78 DX g e JRRORE 5 A 728 o 1
s () AKX LLIRESHE " 2 h—ERRTF Ea G am T
WO EF Y P-T B3, H = B A2 5 B 2 A, HAZ gl
T SRR EAAE Z e o

BT, FEIRZN (2009,2012) X 1| -E 78 5 22 N TR Hl X 5
PR AE AT T B S R R A AE RIS . SR
FW] A XA MM RROR 2 FT RE T S T WA £ 1Y P-T 5,
BRTRE“AMRBIZW Z50, kT T HIRE S, A
AT E K T RN + FHCA G A i, RS S
Hb SR T, R S AR A B GETE P =1.0 ~ 1.2GPa, T =
800 ~850°C , JLIEHH n] REZ T T 1= FERRRLA AHAR BLVEH o

A S IR G265 1 — 17 58 1 0 R B 1 ok 78
A 5 R 2R AR AW A I 5 1 — 25 R B, FE T Rt 1R
Mt (2550 ~ 2500Ma ) , B 111 fili B ) 1] e 4 R R b 4 vT i
W 2R T — U FERRRL AR B PR o A, Bl mir A (1R
L5, 2011 Wang et al. , 2015) iR 721 iR 0 R A A
HIR R I T EHE S A R TR SRR . X SRR AR TCBE R
W, E A R A e G R M AR PTG 280 T X 35
P 1R He RO AR AR T o

SRl se i id oy oo A0 R A T ORI i R B Y
“ IR R ZE AL AN (R 1 5 AR P B AR SH R 8 AR ARz AR
(Appel et al. , 1998) R JF] . P4 58 Rudall Z% % ( Smithies
and Bagas, 1997) 5L PG VA4 (B 545 ,2001) KRR
S5 IX (Liu et al. , 2009) 53 4 H X ( Duan et al. , 2015) iy
FIREEEME RS AL, A SCHFTE n 1 R R R RO LA R B
FERRRLEAR WAL 0 RRAE  BRA R A + SARbEA + A A
+ NG + A% + %K LY (Greed and Ringwood,



X R P EER RN BAG R RS P-T £ B TRk A48 F M54 5 U-Pb € 50925 % 1973

1967) , 1 WAL= A5 P BRAUR U A HE SR 4] P-
T %AFH P=1.31 ~1.43GPa,T =770 ~840C ,

9.3 “LIREIZN TR NFTE

an LB /i AR R b SR R RRORL AR B Y
WFFEET , AT S RLE T 2 K AR AR, S R LT —Fh
H5EE " FIREZ” AR AR — A A
AR NI BRI R RERRE G, BISEHEA R RHA
SRR A S B RN T AR RO 4T IR A
7 o VFZWRTE B S5 X8 33X ol 5 g 45 A6 A8 T %8 g 1 0 ) A0 5T
(PRI L2009 e ) o Hor, X5 11 (1994) 58 3o X 4
At FEREE A SR 1 B R R 5 R -7 Ll AR 5
RIS, 454 HADII R E W3R 5 % = A8 425 W A Gt
FEGORE, YR BT R 8 2 A0 AR AR T S BT B R T MR
+RHA = ARA + BAEA + A ANA +BHKA =A
A+ BRDES + A5, B + RHH = A + e,
F8R T BEIR T R AR BT AL R, KRB T F it £ IBC
B P-T 8306 (48855 ,1991 ; Liu et al. , 19935 X#111,1994) ,
Zhao et al. (1999a, b) 45T 1999 4ERij4dbsafiii & k=
PIZIS AR SE M RRRLE (A TR RRRLS ) TR ST WOkt 1R 1
T A ARBIEEH” I A TR PR AT B8 A 4 1 2
B S5EEARMNIREERA R, SULRe, W MR
X PR R R TR e i A R SR OB R TR AT, 45 21
KW, Afa 5 aET YA R B, AR A E
TE RS 4 P Y 2T R B 2540 SUE B 7 C B B 2T HR
R R ARG SEETYZ R BIFAFEAR TR,
FHU R A A EENT WA A EGE B B Ak s 5 45 0
A TTEZETE AR A R T WAL I B T ) G B B
Tk ARA 5T Y Z I H AL OC R, 1 N
MIREAT A Y56 R B AT IR BBl 45 2 th T 4h f A K
AN R B AR A 2 [) Y PR JIT 380 (Rl ke, 19955 5 R JR A,
1996) .

SRIMMEARE AR g s St s pi il A e B 4
IR B 25 H 7 (738 TS M AR DGR (5 RIB SR, 1979 k2 =,
1989 ; % &5 /i 4% 1994 ; O Brien et al. , 2005 ; 3 B5 7%, 2009
Duan et al. , 2015) , & IRALIL SR A8 BT I IC i/ 2748 ik
PEAEMKB AT T LIRS, 5 Ek LR B S5 I &
ANFl. ESE, AT A R T Al R R R MR A, A
rhEl R R A LR K D — i ALK e R F I — i
ARG 3K A (O’ Brien et al. , 2005 ;% 75,2009 ) 5 H
Y b7 RN N BN VAl PR AN - Rl A i P = A A
FHRAHC A SRR A A K, R IR B 2547 AT g1t
F T AL DN 5 5 3K A G i) D B JRRASE A A5 JBT
W)t A ) A8 (B 15 S 451994 Wei et al. , 2014 ; Duan et
al. , 2015),

ZEARLHE, , A SC BT A9 B A A B BRI BT R B
“LLHRBEZEH T, IR ] Be AR A R B RRRL A 1Y IR - S

SOV TE BRI AR 1 S5 AN 28 D R 78 T VR FH 3K 1) 30 06 S0
o Hs JPRORE 5 AE A8 R T, O R i sl i 4 119 P-T AL i
HFZAEE R : (1) B MBS 5T OFE R, A SCR IS
A RRBEPE IR 0 U 1A SO S o DR IMR AV,
Be N R AR s B TR SO SR S5 M BT R BB BCIR 5 2R
JRFR M RHC A, I E 78 T 3 45 4% 78 78 T R R A
(2) W AR B R BRI A M A R RV LR R A1 5 R )
2 A RHS A B ALY A2 143, A 1L 07, B
BT58-1 o, gl e PRl 5 bR A A A 28 i T DR RS A, o
An =39 ~42 [T AR BR BRI RHS A IR An =38 ~42 1)
H A, 2 SR s e DX B S e 04 B R RR
REERR S T B B T I RHC A 1Y An {EAH i (Zhai et al.
1993 ; #E5:4%,2001 ;Guo et al. , 2002; Zhao et al. , 2001b;
Liu et al. , 2013 ;Duan et al. , 2015) , PaB N1 T A iE
AR T 25 5 (3) R AS DAy R P JRRORE 2 A R B 1R A
OS5 H e AR AR 55 X AT R B, B AT
IREAE AR A 40, ARE i LHSS-1 i, ER Btk sl AR A
AT, H MO FH-FIEN 5. T1% (n =9)  ABIE A HLPIR 5
AR S0 )P A 6 AR 0 ARG, 3 MO & T M
5.62% (n =15) ; (4) F A% G b 5 il He 75 40 P s 0, 35
PEHRBRAR AR A0 AR i g, 5 R B A A e
JCHIRL RO P TSR B (TR ) TR R ZEFE N, BT84
ST ALY WA e S JRRORL A A4 TR S 2, TCBE i — 25 R W]
EANTHR R AL AR 71 5 (5) — et , 22 A P AE U 14
B AR SR AN Z5 A T A RRAE AR B Py 4145 3k B ARk
75 (Bucher and Grapes, 2009; Wei et al. , 2014; Duan et al. ,
2015) . LAn, FE PGB /K Bz 7 Zermatt-Saas $g SRR A 1,
R 28 I T v FE R W R A8 B A 2, WA 5 )t Bl
S MR ORAT T 20, T A0 R A AR e B 5 SR AT ) 49
Ko 58 @A DA TE B Y LR B 4544 " ( Zhang
and Liou, 1997 ; Bucher and Grapes, 2009) ,

9.4 HIREX

KIALISE , AT TR At se i 5 L il e R AR 8 24
2500Ma FrF4 I B A B FHOPE AT T ORI R SRR
(Z=W) 50 45,1987 5 X1 52 111, 1996 ; Jian et al. , 2012; Wang et
al. , 2015; Ma et al. , 2016) , {H HHijX TAe At v £ i [ 11
Rl 2y 2500 Ma (44035 PR A4 (P BT 5 T2 WM 1 PR B8 A7 EAS
AT, e, X A0 A (2001) DA i BH &gy A8 B
KIETE T 2RI BE A A8 38 PR 5T ; R (2007 ) 5
TR [ R PR B R B B e - R R S S S
B 5 RO R A RIRITSE A AT LA 8 9IS fin i 4T
F1A) ) A R it R A L ol B [ I 5 ol AN T e o ) 6
BRI BUE A WA A R o SR I A i e e A 1)
MR AR BE R D3 s MBIl Vi Nb XA S5
By ALEA BT A, (H X MG AR ARy 1 i sk 6
G E PR 3 A S INTE — S, SRR AR 3 AR



1974

Fase  FESCBR P ARME B, Jian er al. (2012) 38 35 %6F B L il
Bl FR &g 5 a1 9 R A AR A 2 2 A i Rl 7 3%
R S BRAL A B 5T, 32 0 T MR BR VTR SR, IR B K
AR B 5 b A 56 14 AT B L 3 5 b S 0 4 T o
YERT, I PEBEPRUTAE T, J S 809 1l Bl B e =8 R AR T i &
o AR IZAE AR MERE R AR X1 2 A8 St s LA S A
PR b 25 R AIE [ B o AR R i R DX PN 0 A 1 v BE TN K
HTTG RS SR8 B & R 1 A

T, BT XA TR AE i A TR A S TR T B
PR BE R R BR AL 27 5 TR AR 2098 DO TR
FEFBE S, AR 2R F AR T =R S0 i A ek iR
Zhang et al. (2014 ) 42 AR5 w75 B e S A B8 94 FH 5 38k
N RS ML 1A 24 2510 Ma 3 B 2 5T A FH A AR TN
ERH-IRRLE HH AR 5 A LT ) B B AR A . Ma et
al. (2013a, 2014) 333 % = BEIANH A ARSI
BEIN AR R Ak 5 70 b i 82 19 S I A 65 0, T T LT
RSP EREE T o (RIS, S 9506 14 5 T BT PR IR vh A O
(BRSS9 2 A0 2L R 46 7% TR b 15 550 9 O o o 2o
Wang et al. (2015) 385X 3% )1 PG 1 2% R Sk 5 7K o — 75 28 i
BB T I AR AR 2 5 A A R W5, 4 TR A
F I RO FEUA R BT R M S A O bR S AR
FB (Chung et al. , 2005) , i85 AT LA ST b A 788 DX P 728 i
BB SO T AR TL 2 5 R AR AR AL
(1) P52 22 R — A AR A B MORB” Ml Bk Ak 27 41 i 5
FFAE 3 AT RE S A T A ST G A b AT 40 B i
A3 55 (2) iR T AR I T DU AR s s B R A
AR, R TP 2 AR A A A K (3) 5
A AR G AR 2SR, AR R S5 4GA v L 380X N B
IRt AR B B i T 1) O 5 A 2R3 ) (Chung et all.
2005; Wang et al. , 2015)

SR A58 H 2, D 56 B L i B A oty AR s
PR AR AR, R A X RS A AR 5 Bk
P2 IR T ), X AR DX 8 8RR e A g 78 T4 T 17
FEAREAE G AT, DT i 240 AT TR B L oy B 7 ol A%
SERE R AL ARG . BRI, 31 R RSP RROR 5 1 &
I ILAR SR FT , SRyt — A 29 R BA 1L i B K oy 1 e 30 A g
TR FR R AL TR M SR, R EE R R L
5, B i PR IRRORL S I B 2 & 1 T AT S LISk )1
TR IO S AR 7 SR R A DA, A 1 PR S 4 IR 2
B, AT 3 A AR X 25 S A G 2 0 T v -A HE A TN 5 A -
IR AR A T AR R AR S i A A P-T B, Hok, 5
Hh ARG A OB A7 7 B S AR [), AR SO 5 1) 1o P 32 1 R
BLEWEMIT WAL AR AT + BRRUE + RHA + AN
+ A1 9% + BRI AR R AL T SRR W, H e e )
Af3k 1.31 ~ 1. 43GPa, #1224 F 45 ~ 50km Hi 72 R, Q0 IR 11
LR, 7 Pl ] — ¢ b 58 DT e 5 B 40 48 L O fit R A 214 R
K , T AT RN 224 Hof 5 G S B — e 20T TG S ) 4 3 1
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JERLHD, TATTRT BB 3 2 5 LBl e i) ARF - BF DUt -l 48 3 1L ok
BAE, MR, X — RO 8RR AR 1Al
AR AR W5 15 52 56 5 A1 2 5 BB BT UE 5 ( England. and
Thompson, 1984 ; Thompson and England, 1984 ; Eillis, 1987;
Harley, 1989; Brown, 1993, 2006, 2007, 2008, 2014;
Carswell and O’ Brien, 1993; Zhao et al. , 1998, 1999a, b,
2000, 2005; O’ Brien and Rétzler, 2003; Jamieson and
Beaumont, 2011)

BN RRIETE AL S BT i 5 P-T 2% A48 JI0A2 ot 3t B
JE 7 18 ~22°C/km , AZE [T Miyashiro (1961 ) 2 H A9 & JEAH
F, HE BAE AR 58 2R [R) T d 2R 1 3 7 TH 08K 3 7 B iy
A ofrrly 64 v T - i T R A S R A (18] 195 Rehman et
al. , 2007 ; Liou et al. , 2009) , K, )1 & &R A BB
FE , IS BE fAT S 55 DR Ty RS el i S o RO R AR
HIFE IR B S A A A FHAE, BRI EN T R 2
Kty PR e B A L AREER o

W& 19 Frzs , s A 4R B PR RO 5 BT T s 1) b SR J32
J& T AR R, 5 A IR R B AR it 4t i P B
Hh A 8 S 2R AR — 2, o A= A S A R Ll o
J iz B - R e TRRRORL A 78 B S T 2 R AR
(Spear, 1993 ;Zhang et al. , 2015) . F, 381 A A4 L0 FRRL
O HTIC SR B 24 2500Ma 5 R JBRORL A AR A2 S5/ S AT RE- 8 9K
ik 5 RGP E] R & L AE A 9K (Miyashiro, 19615
Thompson, 1989; Loosveld and Etheridge, 1990; 2= it 4%,
1987 ;X135 111, 1996) - 28 HL 5 Sy K 400 1Y 742 Joie-H4g 3t 5 A ik
T2, FTRBIE 7 2 SE TR0 A 5 A I A, i 2 DU %
BERYIT RERIRITFE T AE

9.5 MITLEKRL

SR LA RIS, A SO IR LRI R

(1) BEAR TR 5 XS A A A B 2 B, k)1 i
Jr R A v AR R OB B AR TR S R DR SOAS
PN E G T 2R AF T 95 25 N B R A 508 i R 7
Rz, IOV ENE g A 1] Y DI R

(2) EARS WG - AR S S S0 A 5 R
AT REIEPE OB A DR B T 20 M B Y 3 He OB AR 4 -
A+ BRDE A + RHCA + AN+ A3 + BB AL
Wyo Horn RUBLATHE A7 3080 & B IS i JORA , R B
R 2 0 AR, B B AR A0 2 4 AN W2, AR L b R B AR 1 2
G ANKEIN 48 75 W5V 0 Rl A PR 088 A B0 7 A —
SO o AR AT EAT AR AL PR B 5 KDL S5 2 T A [] 114 2
BT RA AL B4, B0 An =35 ~ 45 [
KA.

(3) FI ] THERM OCA LC 3. 33 %4, % W 12 1 1 v fi
KA FE AT T AT B L, B A W A W 25 - A1 R
A1+ FREA + RHC A + M+ A3 + BB, 5
B EE 0 — 3 RAAM A PR x(g) (Fe’'/



| - 45

(Fe** +Mg)) H#H A S He/Is ca(pl) (Ca/(Ca + Na) ) %
EZR 5 A DX A R R e RO 25 W 0 w2 RO 25 A 1) YRR 2% 12
BRSEAE P=1.31 ~1.40GPa, T =770 ~840°C {1575 [l 4

(4)LA-ICP-MS #5f1 U-Pb g 4F 45 2B, P A A L 1
JRORL 5 JBRORL 2 Hh R R AR S A 4 BilE sk T 2517 + 6Ma
(BT58-1,MSWD = 0.66,n = 21) 5 2512 + 16Ma ( LH66-1,
MSWD =0.26,n =42) [ IABCE3 AR, 5 B 1L R E R
A AT SR 2 2500Ma AR AR iy — B0, Bl R R A A 3
PR R T 57 5 T R A AR AR

Bogt R E s SR e BT S T R D O 2 5 A
B AU R 2 5 s (B2 2 B L T PR S R
W52/ NAL I [ et 5 5 3t Bk BT S P AR 28
BIFIN | Hp [ M ST 27 B i S BIE 5 T 2 28 Uil v [ Jo
I R T R A o K 2 2 il S 36 0 e A
PR Bl 5 A A LR S L BR A 25 M o T 2 e i
o 5 e MR 2 B e I S T KB T A S i
R 6 T 5 Bl 5 SO A R R SN I T AR S, IR AR
TERMBREL.
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