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Abstract: The Yunzhongshan terrane is situated in the middle segment of the Trans-North China Orogen, a key position
connecting the Liiliang and Wutai-Hengshan terranes. Addressing its metamorphic evolution is of great importance in
understanding the tectonic process of the Liiliang-Yunzhongshan-Wutai-Hengshan areas. Detailed studies of petrology, phase
modelling and geochronology were carried out on garnet amphibolite from the Yunzhongshan terrane. Both samples exhibit
clockwise P-T-z paths, which are characterized by rutile-bearing peak stages with P-T conditions of 0.96+0.11 GPa/720+8.0 C
(L1903) and 1.26+0.08 GPa/756+14.0 °C (1.1906), respectively. The post-peak stages are dominated by decompression,
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accompanied by transition of rutile by ilmenite, growth of plagioclase (4-hornblende) coronae surrounding garnet and transition of
hornblende by cummingtonite. The late stages are dominated by cooling, with local metasomatism of garnet by chlorite. By
comparing petrographical features and chemical compositions of the two samples, it can be concluded that the partial melting of
garnet amphibolite is affected by the bulk-rock compositions. The rock is refractory when it is rich in Fe, Mg and Ti and poor in Si
and Na. Zircon U-Pb dating yields metamorphic ages of 1 928—1 806 Ma, interpreted to represent the cooling stage of
metamorphism. This is supported by high concentration of HREE in zircon grains and low crystallization temperatures of 520—
680 °C calculated by Ti-in-zircon thermometer. Comparison of the overall geological characteristics of the Liiliang-Yunzhongshan-

Wutai-Hengshan areas shows that the lithostratigraphic units and metamorphism evolution in the Yunzhongshan terrane are very

similar to those in the Wutai-Hengshan terranes, which record the Late Paleoproterozoic collision orogeny.

Key words: North China Craton; Yunzhongshan terrane; garnet amphibolite; P-T-# path; tectonic implication; petrology.
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Fig.1 Simplified tectonic map of the Trans-North China Orogen (a) and geological map of the Liiliang-Yunzhongshan area (b)
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Fig.2 Field photographs of garnet amphibolite samples in the Yunzhongshan terrane
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Table 1 Bulk-rock compositions and their normalized mole-proportions of garnet amphibolite samples from the Yunzhongshan

terrane
i A (we 26) Sio, TiO, ALO, Fe,0,) MnO MgO CaO NaO KO P00, LOI Xy
11903 48.31 2.27  14.06  17.41 0.23 589  9.61 0.81 0.40  0.38  0.30 0.40
11906, 60.60 0.68  17.24 732 0.12 2.32 581 4.43 0.60  0.13  0.52 0.39
11906, 61.96 0.67  16.98 6.60  0.10 2.09  6.13 4.22 0.40  0.12  0.35 0.39
BEIR L (25) H,0 Si0,  ALO,  CaO MgO  FeO  K,0O NaO  TiO, 0 Xy
11903 52.80 9.06  10.66  9.59  14.32 0.85 1.86  0.85  0.40 F 7a.7b
11906, 0.00  67.58  10.91 6.98  3.40 541 0.28 4.46 0.55 043  0.39 & 7c
11906, 5.00  64.20  10.37 6.63  3.23 514 0.26 4.24 0.52 040  0.39 I 7c
11906, 1.68  66.45  10.73 6.86  3.34 532 0.27 4.38 0.54 042  0.39 4 7d
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Fig.3 Photomicrographs of garnet amphibolite samples from the Yunzhongshan terrane
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Fig.4 Compositional zoning of garnet in the garnet amphibolite samples from the Yunzhongshan terrane
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blende (b) in garnet amphibolite samples from the Yunzhongshan terrane
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An(=Ca/(Ca+Na) ) {8 537 } 0.88~0.91.0.88~
0.91.0.91 (&l 5a). & 38 £ IN A 1Y Si=6.38~6.55,
Cay,=1.84~1.91, (Na+K),<<0.50, Mg/(Mg+
Fe’" ) =0.46~0.53, Ti=0.07~0.10, Al,=0.71~
0.90. #& & Leake ez al.(1997) By 43 25 , 40 & K 1Y £
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LR BE RS IN A R &, s AR 30 AL g T8k I A . kil
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X AL D AR e A A T
FL R (181 3d, 3e). A #4303 43 i T2 BURHE A1
(38 A DN A ) e R i, ey 0 AT L g 0 4 e A 28
OB 3d) . L a4 32 %8 i 3 38 A N A R A
BR AR AN A7 L 2 R (IR 30) . A M 0 A% B, B
MO SR (X,=0.15~0.09) MK , 4% 45 48 11 A
B 58 B A W B N (X,,.=0.03~0.05; X,=0.12~
0.14) , B A RN B, SR B A Y JR A
FEAE CIEL 4b) . A [6] 7= R 0 R A Bl 43 722 1k 38 W)
B, 3 i R R R ALK A An fH (=Ca/
(Ca+Na+K) ) 4r 4 K 0.27~0.37 fil 0.30~0.42
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( ¥l 5a). & i f N A B Si=6.50~6.16, Cay,—
1.76~1.83, (Na+K),<<0.50, Mg/(Mg+Fe*" ) =
0.48~0.51, Ti=0.06~0.08 , Al,,—0.65~0.89. %&£ JFi
RUMf N A8 T2 85 N A, e IR0 A )8 T 4 86 45
IR A7 FEE 5 TN 47 (18 5b) . & Y8 A1 Y X,,,=0.16.

HR I LA b 7 M 2 R A ™ 4 Ak 2 21, 1% R
- P A v R F (DB G, AR A+
WEMNA AR A HRRRT & aa+ A%
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W B ar e A . e Ah i 98 A A e IR A 2 Gk
Tt AR A 2 I AR 7 23 T8 N i A0 W) 21 6, 6 i E
£1 8 ARk S 2 A B B X (Korhonen er al.,
2012). ZWLEE, L1906 FF i Y S &0 W) 4 & A
A1+ 38 A N A R R A

3 M AL

A1 R K AR TN A 11903 B ff i A1 S 5 455 4L,
S F ] THERMOCALC 3.33 fi 4 #l ds55 $i 2 &
(Holland and Powell, 1998; 2009 4 10 H & 7 ) gt
1719, 3 #5195 XK R S5 NCFMASHTO (Na,O-
Ca0-FeO-MgO-ALO,-SiO,-H,0-Ti0,-0) . f7 3 %
Sy i i WA R Ak, 7R AR SR DR B i ok ad
# . MnO Fl K,O #£ &4 Fl & 879 b i % & 8K,
Z A1, O (Fe,O,) &tk i b 75 4% 2 81 i 2 75
3ok H 0T 05 A R AL FE - A A A (White er
al., 2007) , F R} RE A BE R IN A RN GE A N A
(Diener and Powell, 2012) , &} 77 # f1 (White et
al., 2002) , &P f1 .47 A (Holland and Powell,
1998) , #H K 47 (Holland and Powell, 2003 ) , %k %k #"
(White ez al., 2000) . 4 21 47 FlA7 90 4 it J0 A

L1906 ¥ i 1Y #H 7 fi £ £, J& A J§ THER-
MOCALC 3.45 Ji A Al ds62 % #& % (Holland and
Powell, 2011) #E47 (9, 2% % (9 18 K & 2 NCKF-
MASHTO (Na,0-CaO-K,0-FeO-MgO-Al0,-SiO,-
H,O-TiO,-O) . £ 9 & Ky i & , MnO Z B A i1, 7K
i il i T Xio BB 52 .ok T B9 B 4 75 B A A
AW A B A B s B (White e al.,
2014) , B R} A A N A B R (Green et
al., 2016) , # & 4 (Holland and Powell, 2003) ,
BB (White ez al., 2000) , 2k 75 A1 (Holland and
Powell, 2011 ). 4 21 1 Ml A7 9& hy &l 3t JC A .
31 L1903#mMP-THE HE

L1903 ¥ it ¥y P-T #0351 18 1€ 7€ 0.20~1.50 GPa/

500~800 C 2 1 & it 5 (Kl 6a) , f1 i A1 F2 & 78
0.50 GPa LA I, B A HBLAE 1.00 GPa LA T, 84k
N A Fa5E T 0.20~0.65 GPa/540~780 °C, 4 I f1 i
BT 610 CLAT , &40 A WAE0.74 GPall A H .
(B9 10 B8 A0 R IR O B AR K AR Z6 HE ~770 °C
AL, AT RE S A A R ) R BT BT RE AN B A
PAC BN/ W=t i QUS| TR R § g v S
G, = Y 78 S5 S A AR R AR AT KA
N T AR o A (E 2 (Pl A N A
B T & S (EH 2 THERMOCALC 3.45 il ds62
B ) e AP T B (B 6b) | g5 R R
B, M A W BE R A O RS AR A R
KA Anfl 58 AN A0 Tis &8s 5iRE
1E R 6 5 % 5 A I A M2 AR AL E AR & BEHK
A3 R R o6, E R A B TR T = R
JE 77 B A T R AR . A R A SRR A3 A a3 R
A 610 CLLF &k le A fa e 1, v fig 5 H oy 2
RV HA R (K 4a) . 7 M 2% U5 3 B 0 2 1K
HAEULRKA A LA NRAE, A2 kA
W5l A N A AL,,=0.90, Ti=0.10, # # 0] 7£ 4
21 A7 3k 3K 15 0 B9 R R 45 R 0.96+ 0.11 GPa/
7204+8.0 'C ( Bl 6b). Ut &b F& J7 A1 B A iR 2=
(1o) i 1 THERMOCALC 43 5l % 3% 3 £ (8 A7 #
Aly, F1 Ti A5 {E &1 B 0 . B 0 9 41 & (hb-
pl-g-ilm-q ) 4 % 1£ 0.53~0.93 GPa/580~800 °C , 4%
A BT AR A Y An B (=0.88~0.91) | 4 J5i Al
Wl N A B Al A ( =0.76~0.90) 1 Ti {H
( =0.08~0.09) , o # — & R & & & 8 B
0.55~0.77 GPa/635~688 °C. I i Ji /& 28 1k % 1
HOBEBMEEETHREER. AMal
Bl AR K&K A R, e o TR R o R
W AN A B SR R OBE BRI A W EE R B R BE
ANB T EBERRIN A . AR alAdKmeiR
AR ERBEAURE N E,BFERE
610 ‘C LA F #E A &% 8 £ 3k ( & 6b ) .
3.2 L1906 # & B T- X0 #1 P-T 73 T E
L1906 # it 19 T-Xio &1 (& 6¢) 7E 0.95 GPa %%
PR BEAT I % e (8 8 o AT P-T 1R (il A R
JE R ) B ARAS T X000 B FE 80 8 5 A P A s
K B, e O 58 F Y e A0 ) 40 A (hb-pl-g-
ilm-L-q ) 5 5 3 44 [ AH 46 1 AL BR, bt - A 5
T 4% 5 AR b T SF itk 2 (Korhonen ez al., 2012).
A S ORI [ A 2 B P, XG,0=0.335.
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Fig.6 The P-T and T-X,;,, pseudosection of garnet amphibolite samples from the Yunzhongshan terrane
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Fig.7 Cathodoluminescence images of zircon and concordia diagrams of U-Pb dating results of garnet amphibolite samples from
the Yunzhongshan terrane
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Table 3 Zircon U-Pb analytical results of garnet amphibolite samples from the Yunzhongshan terrane

[ % e fE 4% (Ma)
wae U TV Ty o e “ph/ “ph/
(10%) (10 U wp, o “Pb/*U 1o PH/U 16 wop, lo - lo
1.1903
1 0.22 32 0.007 0.113 5 0.004 6 5.144 0 0.2155 0.3279 0.004 6 1857 74 1828 22
2 2.01 158 0.013 0.1119 0.002 5 49177 0.1114 0.3170 0.003 0 1831 42 1775 15
3 0.95 144 0.007 0.110 4 0.002 9 4.9170 0.1311 0.320 3 0.003 4 1 806 44 1791 17
4 4.81 267 0.018 0.114 5 0.002 4 5.603 0 0.1190 0.352 5 0.003 6 1873 35 1947 17
L1906
5 2.57 101 0.025 0.118 7 0.003 3 5.7470 0.158 6 0.347 2 0.004 8 1936 50 1921 23
6 0.44 86 0.005 0.114 2 0.003 1 5.703 4 0.1758 0.357 1 0.005 5 1933 50 1968 26
7 1.09 69 0.016 0.123 8 0.003 8 5.9497 0.178 6 0.3459 0.004 7 2013 49 1915 22
8 2.43 195 0.012 0.122 5 0.003 2 5.598 9 0.144 0 0.328 3 0.003 5 1994 46 1830 17
9 0.12 82 0.001 0.1256 0.003 7 5.9758 0.168 1 0.342 4 0.003 9 2039 52 1898 19
10 0.08 41 0.002 0.116 7 0.004 0 5.6358 0.194 7 0.347 5 0.004 3 1907 62 1923 21
11 0.79 252 0.003 0.128 3 0.003 0 6.2107 0.153 8 0.3479 0.004 4 2076 41 1924 21
12 0.50 69 0.007 0.120 9 0.003 3 5.7154 0.149 9 0.340 9 0.003 2 1970 48 1891 15
b T LAYy 2 R R (PR Te) s TR A oo
A 9% , i 25 50~60 pwm, P15 45 H 55 11903 1000}
BE Sl B L RS IR R e 1
WM R RS AR R KR 2 1)
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S B 4 AT ) — R A 4R £ o)
1T BT IR B B A B A I Th U 0.01} Ligs
FAE AR AR AT A BRI 2 7 11903 BE & ool o oo

HAN SRS 4 S AT AR Y R B A 1Y A b R AL T
L B (B R A 0, RN Y PP /*Ph 3R 0
AEWS 43 0 1 806 Ma., 1 831 Ma .1 857 Ma, 1 873
Ma( & 7b, % 3).L1906 ¥ & iy T B A8 J 85 A1 7% 78
WAL b, 15 F)APh/ M Ph i AL 3 4E R 1
928460 Ma, Il # 5 A /9 Pb X K B &2, “"Pb/*"Pb
FMAER N 1 970~2 076 Ma( & 7d, 3£ 3).

PIASRE S S B B R m R LT R A
M LT R B E L B AN A BAOF
BN I O NN NI T s N e = S ok K (1
(T 8) . A b 1 7228 BT % A 1 Bk 2 2 #0 LU 3 IR
A3 5k 0.76X 10 °~3.32>10 ° (1.1903) . 0.49X
10 °~4.97 X 10 ° (L1906). ] i Ferry and Watson
(2007 & IF J5 W85 A Tif i (il T A S m 44
/BB B A AR, 1R SIO, BT TIO W E N 1),
P R MR e R RN R Sl W - 2|
551~652 °C (1.1903) fl 524~684 °C (L1906) , 5
A A B B — B (K 6).
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Fig.8 Chondrite-normalized REE patterns of zircon of garnet
amphibolite samples from the Yunzhongshan terrane
BRRE B B8R 5] [ Sun and McDonough (1989)
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1. A& A RAH A N A (Qian and Wei, 2016) ;2. 7 1H L A A RHE A TN A (Qian and Wei, 2016) ;3. 618 11 5 FBORL 2 (Zhang et al., 2013) 5
4. BREAR YR B A (T A, 2004) 55, B A BAHS M N4 (Zhao et al., 2010) ;6. B B2 3VEFRR 7 (Xiao ez al., 2017) 5 7. BV T A A
(Zhao et al., 2017) ;8. = "Il AT B RHR AR TN A L1903 (AR 3C) 59, 25 il B ARH £ TN 2 L1906 (A 30) . JE 2R ru(1.1903) 7R L1903 #: fify 4 21

£ B BZR S A R 43 5] H Wei and Duan (2018)

F N AR R T A A R0 A A IR AR
FEK S A0 R AR A A I U 0 45 R T B R
Y (Liao and Wei, 2019) . £ 22 {4 51 1 [N A7 1) Al
B AT T B 23 510 4 0.90 F110.10, 3545 16 3 3 1% 4% F
J90.96+0.11 GPa/720+8.0 °C. {H 15 1 & iy & , #E
PR E T WA G P ESRTAmMASHF P T
AR E, AT RE R IR WA A A e S o R 4
TH FE JIT 0. L1906 A b 1) A1 A8 A R JBE A X B 40 /)
A1 A A A R A 4 R R R
P AL IR A I, KRR A G 04 30 3 R
FH Qian and Wei(2016) # 57 (9 & K £ &/ An {H
(=0.27) F A K8 A fe KRB A1 (=0.15) 38 4%
BB e, 3RS 0 R R A& 4k 1.2640.08 GPa/
756+14.0 *C.L1906 ¥ i iy W 109 IR R 45 10 7 v T
L1903 B i, iX 5 1.1903 #¢ dh A & A= 3 5 15 b
11 L1906 £ &h (4 358 43 % il B8 %2 1R % & A1 — 2. 1k
A, T RASRE S B R A T — R R Y AR AR R
FH AT RLIA Ok 3078 35 A5 1 06 TR R 2% 1R AR SR A
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oLl b iR A AR AR AR GE (B 9) , =il iy
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512 ERBEME AMAHK AN ED S
AR AR DA R R AE AR 11903 K8 i b, 18 i A
JE A4 414 (hb-pl-g-ilm-q) () §a 5E 1 B - 45 4 3 7
IR A A AnfH (=0.88~0.91) 5 5t &£y [N 47 1
Al fl (=0.76~0.90) Fl Tif& (=0.08~0.09) , K 15
W 5 9 s B B 1 L 2% 7 2 0.55~0.77 GPa/635~
688 °C. %A A1 1Y % F& ok i f R 7 4 21 A 5 78 Bk
B (& 3a) 4 18 A1 4 2 i A A e iR
(An=0.91), HF& J /) a0 1 1% © 3 36 86 8k N A 2E
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(=0.73~0.89) F1 7 Ik i1 A FHE A B9 AnfE (0.30~
0.42) BR 5E , iR & 5 1+ 4 0.80~1.04 GPa/775~
825 ‘C, Al [E MY B H 72 Jit )2 i o gtrutL+q=
hb-+pl=ilm. 76 B 32 b 0K Fl #0 & 48 1L b A 09 28 5T
F MR N S R R R (R 9) R T
T LU i RS b e A D RS T (B 5, 2016) .
5.1.3 BREIAEIRMER A MR A N A Y R AR
JOVE Ak LA B R L AR R AR A R LA
Wk A 0 22 AR H8 R A A R IR AR T P-T #L3 ¥ 2)
27 AP RIR SR A7 B (1 6a) . I AM ,1.1906 B 5 Y
SR R N A B Al {H (=0.74) F1 Ti {8
(=0.08) L ic 5% 1 U B B A 0% 5 0 (181 6d) . AR SCHE
DU, 0 % G 004 0 3 A e A T AR B R I 2R
Rk 25 A iR B AR B T R AL G
Wale A AW DB AMANTEET, i 5T
/bR AR AR TS 3078 56 (Guiraud ez al., 2001).
52 £ERSMERIBSIBEEE NRHEME

= LA R AR DN A TR A B R R A A A
P bR B 25 5, Hod L1903 A fb A L3558 43 5
PR, 1 11906 i )R L A 5 BH I 4435 2 4 i (]
2). 3% —Jy W BR T & H A 29 60~100 C iy g 11 35 &2
247 (K 9), 55— 5 i n] BE A2 35 T W & 4 7 il
S (R D). — Bk UL, E R R AT AR
RHE A1 DA 5 18 1 R K [ AR 2662 T 650~700 “CR ik
(Qian and Wei, 2016; &%k .48, 2020; Qian et al.,
2021) , A 1 0 3913 B2 43 591 S ~700 “CHFI~800 CHY
FA AT LD R — o 0 A R 25 B R AR
(2017 )38 35 A5 40 1 A AR A TR 0 05 il o R, &
~T700 C(~6%, BEIREH 43 L) B = A I iR & it 5
800°C (~10% , EE /R E 43 L ) I I Ak 5 £ AH 25 3%~
496 (EEJRE 43 b ) AH SR, b3 3 43 e il 2 8 110 25 Ak
IREAN S 1EF A 4L R B W ) 22 5% N 2 LU
B BUAG AR SCPR AN i IR A A2k B X L 48 G, R
LA R ARG A TN 2 e 000 B8 W] E L B A AR ARG
£ IR 1R 100 “C LA {5 35 AN A S 350 405 4 3k i 7w
0% 5T bk M4 1t Y 22 5 (Qian and Wei, 2016) . 4% 3¢
B T A R ARHEC A TN AR i B T R [ Y Ak 2
ZH R, A LT L1906 FE i, 11903 FE i B 5 45 2k BE 4K
T 5% Fk R (3R 1), 33 SEARAE S LA ok 1 MERS 1 )&
PR EL A T A DL 25 R B o, L1903 B A Y AR
FK [ A 28 B AE >>1.00 GPa/770 CHy 518, &
TAZRE S0 0 IR B A% 0, L L1906 B A Y
B R 1 R 2R R B (=690 C)ER s A (B 9) , 3%

59 AN Mk B A R A E 2 PSR BB S A
MERT . LAMT ., ARRH AN G T4 s 8%k
PEER O i 5 A A AR A e ml Y o BE ROE [ T
R S )5 S e T B R L
53 THREKRSHERY
aPhilABMABARKMANAIEET 1928~
1 806 Ma Fy 28 Jot 4% /1 4F % (& 7). ZE 7 L C 43 v
PN FE AR A A R LR R A
T2 25 (&1 8). 3k 3 A R F 3% B A8 o 85 A WA
Hama g Wb amaEsE S EER L,
JIt LA 55 0 0 G A B B B R 92 AH N b d
i+ (RICRE B K &, 20045 REW, 2018; X
SRS 2020). R 4w AR I AR BT ES A H AT AR AR K
T A WA & A R AR T BY B (Zhang ez al.,
2018). ML Ah , WA RE A A8 R B A 35 O A AR T
Ok, B B A TR B RS 20 0 45 & I E (11903
551~652 °C;1.1906: 524~684 °C) B B K T i # 1y
e U 3 P T 2 50 T M B R (R 9) . Rk, =
Ll R AR A TN 2 1) 3 B8 A8 T B A A 1 1T A R
A IR AR AR 0 A BB AR R 1%
Gt R AN BRIl E -l IX A
AR A — AR E R, EE ST 197~
1.80 Ga, I 78 ~1.95 Ga il ~1.85 Ga W > 4F % %
{E (1 10). Horp 1,95 Ga &R A 53 X iy oo iy 1% 1 30
ilf 45 3 Ly S 1 e B AR A5 3R B 2 Y TE
SCHF AR R B A H R (Qian and Weid, 20165
Wu et al., 2017;Zhao et al., 2017; 8 F 5, 2018;
Xiao et al., 2019) ; (H B F 1.95 Ga B9 48 Jit 47 % K AE
8 45 1 VA Ry 18R A AR S Ve A o B A AR A LA
BLAEAT 43 M . AE 22 BRI A A 9 L A A
A 0 ~1.95 Ga iy 78 i 25 04, I 78 06301 A IS 42
I3 T P AR TR G2 A8 Ve A R S A ) aF 100 Ma,
WA S 2 v Ll R R S DN A AR BT R A A 3 ol
00 5 SR, 76— SE 5 AR I8 55 P Ay v (Can 48 1L 2R 5 B
FIEBT U1 ) LN R A A B T A AR R R e
SR AT REIE S T M — 1 (~1.85 Ga) SN TEA
KB BYYIAR A (B 5, 2018;Qian ez al., 2019).
HH G A b T b L R A X, =
Ll b A R AN, B2 R B H R TTG
R R e AR AR A PR AT A 220K HL R A b
MR TTG R bR AL A X, 5 B 3R — i 4 )
o B B2 58 (Zhao et al., 2008, 2010; Wang et
al., 2019; Xiao et al., 2019; Liu et al., 2020; Zhao
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Fig.10 Histogram of representative metamorphic ages from

the Liiliang-Yunzhongshan-Wutai-Hengshan areas
AES %R 5] H Kroner et al. (2006) ; Zhao et al.(2008) ; Qian et al.
(2013, 2015, 2017, 2019, 2021) ; Zhang er al.(2013, 2018) ; Qian
and Wei(2016) ; Xiao et al.(2017, 2019) ;Zhao et al.(2017) ;K38
% (2018) ; Liu ez al.(2020) Fi 2 34

etal., 2020). FiR%) 53 T 2R XF 2= v 1l H A 2 Y
— b A A b B H Al e 0L L 5 Ak T 2 Ll AR
G o T N TR (R NS PSP A =345 1 =]
FVBRRTE MR L, AR B REEE,
X F B B G-z b 1l T e L XY R A
Ak HL A AR SO A M 9 A R (1l P A b
JEH A Be , 2003, 1:25 J5 5 i, S DX 3 b 5 4 2 4172
)RR o3 2 OK ) 584, 20185 i M, 2019) %
W 2o v 1L A 1 78 3R e A R A R R AL P ER ), R
S IE S Ny S TN i A N I I S P = 4 e - % )
25 (2020) 75 AL 75 57300 1 3 8 Bt 1) LA L, X 2 Hl
iR B O R T B R TR P A AR R R T
A CJE U B ) afE — 25 X 43 Sy 7 R A Ay oely
AP A, b g Rl AR o 5 B A BT L T
oA (=2 40 ) 8 43 W55 5 % Hl A 1 BE XS B
ARARL . e Ak, 78 T 5 1 L w8 K S T TG
FORRA FE B R A W2 0 A T i ik (|
IR A B R R T WL, 2 P AR e
A7~ Hb 2 2 AR 5 AR L b A R I AR T L AR S
FE 2 ol A R A TN T R AR AR T P-T L
I e 3 T R 4% R 5 T T L AR Y s
AT A (L), i — 25 SR T W R A L
g A AR TR B AR S R B 0 T T B T A R

e T R 7 NS i = B NI B RN S i T S T
WA B ] ~1.95 Ga 1 filf 4 18 (L= 4, 0 109 A8 I e
KT O E M TR R T 2 e v ) (1,93~
1.81 Ga) . fH 5 AH 27 WL %€ F1 AR F i B 40 1 R AE =
o A R ORI A R R B T i
(~1.85 Ga) iy 5Y U) 42 J5iic 5% , 7] g 5 A SCH R A
A7 AT WP Bl A P A 6 (Qian ez al., 2021).

ERMARNATRAARYS = bl ARk
DN A 08 O RE AR L, (H B AT Y 0 0 R g
B IR X — R 4 T B R R = b Il
by A FE Rl A G L - M o R Gk AR i 38R (b e
FERORT B R, B #H BA R A3
B BE AH N K I A 1 ROBE 43 1, = v il i
B2 R DL e T - fE L AR R T A — A
Wiy # g (g Ay ), 38 b oA
GBS PR BE (Brown, 2007) , H i A5 W] BE 2
LR A OC TAE T — 8 B E AR T B 3 ik
f W ) g, K 7 B S A TR TR A R E

6 Z5ie

(1) = il 18 R A I o B A I &1 P-T-¢
B, AR 0 ) T 4 40 A B e, 06 3 IR R A& 1
J0.960.11 GPa/72048.0 °C (1.1903) Fl 1.264
0.08 GPa/756+14.0 ‘C(1.1906) , $% i T & —1H 1L #b
A1 328 3 7 BT AR A 5 W DU R AR B IE DL & AL B
S SR KR A AR A 1 e AR i A A A DN A A
KR IN A i1 8 FRAE IR R 45 0.55~0.77 GPa/
635~688 “C(1.1903) A1 0.80~1.04 GPa/775~825 C
(11906 ) ; B HA ¥ H1 By Bz LA Jmy 8 g e A1 38 R RRIE

(2) £ B R A TN 2 1 38 43 165 mil je ) 2 &
FORA R, R SR B R A A RE A AN T R Bk
BERR B, MEM s Rz, W G d

(3) = A AR A N A ey 28 BT g A U-
Pb 4E #% S 1 928~1 806 Ma, 1t % B 7% ¥ A1 i)
OB R-Z Pl -H G181 X% A
FEAE X I B, = P Ll b R B A 2 AR
G (A E R A= R R S I T % N | S SR
0 s Tl e A W Y Al L

Hift:MIEELFRAFRRATHZFT BT H
TAX,FRETZEFEXEEREL, 4R,
Bt i T A Ak 2 R IS AR P 6 A Bh R L A
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