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Two Eopaleozoic Metamorphic Events in North Qinling: Petrology and Zircon
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Abstract: Recognition of multiple metamorphic events can provide essential evidences to constrain the evolution history of a polycyclic
orogen. The basic rocks in the Songshugou area have recorded two metamorphic events in Eopaleozoic, which is an important “finger-
print” to study the evolution of North Qinling. The field work and petrology research show that the Songshugou garnet amphibolites
are distributed as lens, with increasing retrograde degree transiting to plagioclase amphibole schists towards the edge of the lens. Zoned
amphiboles are widely developed in plagioclase amphibole schists and those bearing garnet relics from the highly retrograded belt, with
compositions ranging from actinolite in cores to magnesiohornblende in rims, which suggests that metabasic rocks have initially retro-
graded from granulite to amphibolite to greenschist facies, and then been overprinted by later low amphibolite facies metamorphism.
According to petrologic study, zircon U-Pb geochronology reveals that the metabasic rocks record two Eopaleozoic events, too: 1. Af-
ter having been experienced granulite or amphibolite facies metamorphism at the age of 484 =4 Ma, metabasic rocks retrograded to
greenschist facies; 2. The growth of amphibole zoning resulted from a later thermal event at the age of 41845 Ma.
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T LA R T 9T HBR ) B 1 B Al Ay s 38 AL 1Y)
TG . BRIt 4 R R L i 1L TR U 1k
A AR A0 B, v REALHE T Z IR BF =
AR T AR ORAT 1 5 KBGTE B G 1) 2 Ay 1
FH {5 B (Aitken and Betts, 2009). i, 2 £
7R A 728 B AR A S 5% 1T shad Ly 2B Be
& T AR 78 (Basu Sarbadhikari and Bhowmik,
2008) s A Ly AL P 1 B AR, SR,
TR SR A AT 5% 2 2 T SR 4
FEPFARIE R G 1) B — 2L 22 T0 R L) P-T-¢ il
(Vernon, 1996; Basu Sarbadhikari and Bhowmik,
2008). JuH SR Bsf [R] [R] 4 /IN e P 30142 o S T 25 )
DA FE Ay [) — 9142 o 4 ) A (] B B A 1 ) A
T AR A A R R TR 2 T
HUR A A FE A iR X438 S B RS S B3R
()78 T AF % Kl e A5 (A L

Z2We — I — I &3k L A E AR R
o s — o e R oY s SR R 9 e e e 28 A
FH R 22 Bl [X (Coleman and Wang, 1995; Zheng et
al. , 2003; Liou et al. , 2004; ¥k &, 2008; Z=IT
P, 2009). A WIFEBURIE R W6 — Kl — T &
AR B Z B B R G I, & T R
A A A Bl T A o 8 AR R e R N SRS A I
NGEZENITE L DA KB G R ) = & 22 ot
A1 He — B e R 78 5 AR R RN A ko [ A5 4
19965 RITHR. 2009). BARIE 20 4FXf i Ll 2 i
117 REWWTIE AN AL Z 06k A Ay 22 ot 40
F AR — BAFE N (Xue ez al. , 1996b; 5K [E]
548, 1996; Ratschbacher er al., 2003, 2006;
Dong et al. , 2011). —J7 [, & 4 W A7 FAT A7 S £
FARMES GIX U-Pb 45 R Bon, L I8 218
b 2% 1 8 8 A8 T & AR TR 500 Ma 24y (M 4 2%
ZE, 2002; Yang et al., 2003). Z2UAFEES 2% i AP
T DX (1) R RRRL 5 AR DA S 72 Jo e 30 4 0% . 7
480~ 518 Ma 2z [a] (B J} #4555, 20045 75 A4 4,
20045 XIZEREFIFNER . 20055 P94, 2009; 5K
BAE, 2011, HAZ KGR A7 K W] I 9 55 2705 3
(BREdE. 1999; XIZE8, 20055 Flifs 445, 2006;
K 5. 2006). J5—J7 1T » Bl AL 455 (2009) Fl A

iS5 (2009) 73 Bl A 2% W A8 JRCA R AR A T
420. 8 MaAll 426 Ma 178 5T 48 %, 5 Al A1 b X 22 0%
FHECPOBRORL 2 1 A8 AR i — 8 (Zhai et al. , 1998; [i]
He5E, 2009). HeAh, FEAL R X Bk & A K i
420~450 Ma B & (RIE T2, 19995 5K 45

20065 E4 N4, 2007; FEWHEE, 2009). iX LeFR
Wl 7 RIGTERR TIER S AR T — )R S
ARAERN EER L —RELE AT T 75— A
LS E AR SR 2 Y78 A T 56 &R i A ]
Ty by LTS 2 1S 1) P a2 T A Kt AN [

FET T I P A0 25 58 AR SO IR I AR TN 2 S
BHE AN A AT T VR 09 7 Al 22 F S A U-Pb 4%
REESR. R R N A AL R T A AT
RS FRARAEFE , e 5% 1T H TR B 5T f5 32
BN Ty — ARG, Sy dE @0 ol A A A g AF 5T
BYE - 7 I N

1 M 55 R

CZ B TR PIEE G & A 16 — 281
W LAR » AL Z2 g o A8 38 BR. 5T 030 g T8 PFAE L R
BEZRIHE PR, FEFPRE & 2R A T AL %
bR FEE— Bk m A — A N E AR R
MU a bR s HUE O — B R X ala F e
A AR ol — DLRRAE &R (B RS, 2006). FHRL
TR RBPPRE Y A A8 K s A D i R
TUBVE . RA IS S AR S 470~490 Ma /2
A Ul B PR RURE A BB BB v 0 el s v R T
~480 Maft il . H. W] BEIE L T IR B8 (Xue e
al. s 1996a; Ratschbacher ez al. . 2003). ZZIAHE F
EHB RN AR B R IR A A S5 KA
AR IEFA ~1. 0 Ga ooy B T WA & = F
25 0. 8~0. 7 Ga [y 2 FF [ ~400 Ma 11y 55 505
(B R 2, 20063 Ratschbacher er al. s 2006).
TER AR BIGHE O NA— R B R R A (EW
S5, 2009) s KAE TSR INE AR — JBRORE AR A DX 2% o
VYEFH (Ratschbacher et al. s 2003, 2006).

PR V) b DX A5, i PR 5 4R DAL L D R e B ik
J A m R IR AR ISR I & K4
BAEBTHIE 55 ot A AR 2R 08 Y v T — ey [ %
Jas S AR BRI v A OGBS AL 2 IR TE i Ak
(T X (R PHR2 55, 20045 7R B25E, 20045 X%
FERIPATT, 20055 P, 2009). HEE BT K
S AC TS — P AR I R AT ()35 B AR AR 3t By 35l A
KL BERE SIS | HORDRLAERCE 7 VRIS S B s i
WA A5 a1 R AR (FR A4S, 2005). BRI
PRAME R RH A TN s P 52 s e 1) ] PR AR A e
FETEZRUE T b AR DN 5 2 35 B AR S A o Al 8 2 o
VR ) Z2 0 T R A1 T 2 . ) RS (1995)
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Fig. 1 Geological sketch map of the Songshugou area
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Fig. 2 Retrogression of garnet amphibolite
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TRHIRRIN & B R ARHS A I s o RS,
FEFRRLE AR TN 5 1Y 72 g 41 U-Pb 4F % 4 R 7
485~ 518 Ma 2 [i] (PR} ¥ 45, 2004; 75 AL 4%,
20045 XIZEHEEFIFNE . 20055 FPESe4E, 2009; 5K
BAE, 20110, MR W R A Ay o e R 2 A 4 i
SR P (2R BB A, 1991) , {H Bl 5 B AN WLEE 1Y
TR CE 3 A 2 X8 BT =) 9 HH oA
LBk A R i T ok (X R AF, 19955 BR
FHEEE, 2004). RHC AN GVE I REIA & 1R A2 B i 7
1 AN AY Ar /% Ar 288 420 + 30 Ma (Ratsch-
bacher er al. , 2003).
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Fig. 3 Amphiboles (Aml) and plagioclases (PI1) in corona of garnet porphyroblast (a), Amphiboles (Am3) and plagioclase
(PI13) in matrix of garnet amphibolite (b), Amphiboles (Am2) and plagioclases (PI2) in felsic lenses of garnet amphib-

olite (¢), the structure of plagioclase amphibole schists (d)
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Fig. 4 (a) Needle-like quartz exsolution in amphibole (plane polarized light) ; (b) Quartz exsolultion only existing in the core,

not being found in the mantle (plane polarized light) ; (¢) Needle-like quartz exsolution in amphibole (BSE); (d) Spot-

like quartz exsolution in amphibole (BSE)
Am. FINAT; Q. {185

] —3 HIE A R 12°~18"22 4 (K da,40) s 76547 IR AR (& 4D, DL_E 2 B s 3 D0 T v B
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Table 1 Representative minerals EMPA data for basic rocks in the Songshugou area
W44 B Gt Gt Aml Am2 Am3 Am3 Am3 Pl1 P12 P13
J=¥iA B HER WHFILTE HAAZER
H PR HAENA BEEMING BEfMINA BMAINA FH A A hRA ERA
SiO, 36. 87 36. 96 40.72 43.72 46. 79 44, 49 52. 48 57.61 58. 87 61. 56
Al O3 19. 91 20. 26 14. 62 12. 28 7.54 10. 89 2. 38 26.63 25.59 23.52
TiOz 0.17 0.13 1.03 0. 56 0.33 0.43 0. 05 0.02 0.05 0. 04
FeO 28.53 31.58 20. 17 17. 50 19. 47 18. 65 15.91 0.18 0.12 0.19
Cry 05 0. 00 0. 01 0. 00 0. 05 0. 01 0.01 0. 00 0. 00 0. 00 0. 00
MgO 1. 49 1. 47 7.10 9.21 10. 47 9.24 13. 97 0. 04 0.02 0. 02
MnO 3.91 1.08 0.19 0. 26 0. 24 0.25 0. 22 0. 00 0. 00 0. 00
CaO 8.51 8. 27 11. 79 12.52 12.12 12. 47 12. 84 9.22 8. 34 5. 83
Na, O 0. 00 0. 00 1. 83 1. 29 0. 99 1. 18 0. 26 6. 24 6. 84 8. 25
KO 0. 00 0. 00 0. 57 0.74 0.21 0.63 0. 06 0. 06 0. 06 0.09
Total 99. 40 99.75 98. 02 98.12 98. 15 98. 23 98. 16 99. 99 99. 89 99. 49
Cation
Si 2.98 2.98 6.13 6. 49 6. 90 6.61 7. 60 2.58 2.63 2.75
Al 1. 90 1.92 2.59 2.15 1. 31 1.91 0.41 1. 41 1. 35 1. 24
Ti 0.01 0.01 0.12 0. 06 0. 04 0. 05 0.01 0. 00 0. 00 0. 00
Fed™ 0.12 0.11 0. 49 0.35 0. 68 0. 45 0. 33 0. 00 0. 00 0. 00
Cr 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Mg 0.18 0.18 1.59 2.04 2. 30 2.05 3.02 0. 00 0. 00 0. 00
Fe?™ 1. 80 2.02 2.05 1. 83 1.72 1. 86 1. 60 0. 01 0. 00 0.01
Mn 0. 27 0. 07 0. 02 0.03 0.03 0.03 0.03 0. 00 0. 00 0. 00
Ca 0.74 0.71 1. 90 1. 99 1.92 1. 98 1. 99 0. 44 0. 40 0. 28
Na 0. 00 0. 00 0.53 0. 37 0. 28 0. 34 0.07 0. 54 0.59 0.71
K 0. 00 0. 00 0.11 0. 14 0. 04 0.12 0.01 0. 00 0. 00 0. 00
ALV 1. 87 1.51 1. 10 1.39 0. 40
Na? 0.43 0.31 0.18 0. 28 0. 05

H: HAK Aml,Am2, Am3.PI1. P12 J% PI3 (7= WS H B W14k 22380 4 43R,

AL R R T L R
(& 4b).

3 ik

W B FL TR0 B T v R R (i
DO BTt TR 5077 95 5 58 R S 3 = 58 8 i
104 A5 Oy JXA-8100, fm# WL s 15 kV, i
20 nA, B 2 pm.

BT BT ) O3 B AR T L AE JBR B DX B
VAT BT B R AT R AE A DR S L ZHE T OB B ER R
G S R R B R (RO b T R S
5 ] K o S R A H B AT N Pk 4l 45 15
T Py 5 A TS 22 B SRR A it e T i B A L ol
B A R e R B0 A B A G AE PG A6 R KR 3l
I G i S g E AT MR A RIS Ga-
tan CL3+% CL 3L Quanta 400 FEG Rz &
SHARREL TR 10 KV LR 240 pA.

BhiA1 U-Pb [R5 478 H 1 M R GRDO

b BT R S U K e = A A LA-ICP-
MS 3 #r 58 8. WOtF i R 58l GeolLas 2005, ICP-
MS 2}y Agilent 7500a. A [] 53 B 3 B B4 0. 45
K25 20~30 s B9 HIE SR 50 s IR E 5. X 73
BT ERCHE 11 5 2 b P O 5 XA b s 1A 5 I e 4%
10 R EBRIE TR & i & U-Th-Pb [ %
FeAB AR 1540 & A #f4 1ICP-MSDataCal ( Liu
etal., 2008; Liu et al., 2010) 58 1. TEANT{L Ak
YESME B AL B 7 15 /8 Liu et al. (2008, 2010).
BEAREAL ) U-Ph AF 155 125 i R AF I AR 734
&R A Tsoplot/Ex_ver3(Ludwing, 2003)5€ .

4 ks

X RN T — A B AR 1) 4 R 1 TR
A7 B FITE 43 Hr (6 1) s MAZFR B 58, BREE 18 4 A
60. 38207454k F) 69. 00 %0, FHER A A1 M\ 24. 6527481k
) 23. 4500 BERR A SRR AR O O AR, I TE
S04 A H BRI A 5 LR AR W ARHK A IR A TP v
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fAINA &AL R R4 Si Dl 6. 60~7. 52,
Na® 27 0. 04~0. 27, AV g 0. 48~1. 47, Fy k45 5E
AN A — BN A A0 IR A (Am3) (&
3b). Pt N A A% o BH AR A s 38 A e A TN A
MAZFRBNIER St JFEFEN 7. 60 BE(R R 6. 61, Al it
THON 0,41 K 1. 91, Na JETE 0. 07 Hahn
F] 0. 34, Ti JEFH 0. 01 HK ZF0. 05, Ca JfiF%K
FBEATAE(E 5,38 D). INE A FE R A INA
)8 3 26 LI 6.

5 fif1 U-Pb @E4F

5.1 1BRE(QU04-1) D HTEER
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Fig. 7 CL images of representative zircons in garnet am-
phibolite (Q0904-1) (a) and plagioclase amphibole
schists (Q0907) (b)
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Table 2 LA-ICP-MS zircon U-Pb isotope data for mafic rocks from Songshugou area

Wik ST Uy MR —_ __ __FIR (M) a—

(107%) (10-6) 207 Py /206 Phy 1o 207 P, /235 1o 206 pp /238 ) o WTPL/26PhY  1g 27Pb/25U lg 26Ph/25U g
Q0904-1 N A
Q0904-01 230 171 1. 34 0. 058 18 0. 00161 0. 620 32 0.018 07 0.077 33 0. 000 67 537 16 490 11 480 4
Q0904-02 197 159 1.24 0. 05572 0. 001 54 0.593 14 0.017 80 0.077 21 0. 000 75 441 46 473 11 479 5
Q0904-03 452 492 0.92 0.057 03 0. 000 90 0.597 92 0.010 16 0.076 04 0. 000 68 493 3 476 6 472 4
Q0904-04 238 206 1. 15 0. 055 70 0.001 41 0.599 08 0.015 16 0.078 01 0. 000 64 440 47 477 10 484 4
Q0904-05 252 409 0.62 0.057 15 0. 001 41 0.624 19 0.014 28 0.079 24 0. 000 69 497 26 492 9 492 4
Q0904-06 130 121 1. 07 0. 056 62 0. 001 46 0. 606 75 0.015 06 0.077 73 0. 000 72 477 35 482 10 483 4
Q0904-07 229 430 0.53 0. 056 39 0. 000 99 0. 602 66 0. 009 56 0.077 53 0. 000 59 468 5 479 6 481 4
Q0904-08 187 207 0. 90 0. 05551 0. 001 25 0. 597 89 0.013 27 0.078 12 0. 000 59 433 46 476 8 485 4
Q0904-09 335 660 0. 51 0. 054 36 0. 001 60 0.570 93 0.015 42 0.076 17 0. 000 89 386 12 459 10 473 5
Q0904-10 146 234 0. 62 0. 056 80 0. 001 60 0.630 83 0.017 24 0. 080 57 0. 000 76 484 51 497 11 500 5
Q0904-11 406 371 1. 09 0. 058 59 0. 002 04 0. 62569 0.021 44 0.077 48 0. 000 86 552 34 493 13 481 5
Q0904-12 145 163 0. 89 0. 057 06 0. 002 14 0.621 82 0.023 08 0.079 04 0.001 01 494 49 491 14 490 6
Q0904-13 1034 1222 0. 85 0.057 76 0. 001 06 0. 560 39 0. 009 82 0.070 37 0. 000 56 521 20 452 6 438 3
Q0904-14 231 287 0. 80 0. 059 31 0. 002 68 0.63873 0.028 68 0.078 11 0. 000 90 579 54 502 18 485 5
Q0904-15 129 531 0. 24 0. 06179 0.001 18 0.601 42 0.01212 0. 070 60 0. 000 60 667 14 478 8 440 4
Q0904-16 232 349 0. 67 0. 055 83 0.001 15 0. 603 31 0.012 58 0.078 38 0. 000 57 446 37 479 8 486 3
QUIOT RSN

QO0907-01 () 366 337 1. 09 0. 05542 0.001 11 0.517 21 0.010 85 0. 067 69 0. 000 54 429 9 423 7 422 3
Q0907-02C 1) 39 106 0. 37 0.078 91 0. 00192 1.334 98 0.033 10 0.122 70 0. 000 94 1170 45 861 14 746 5
QO0907-03C 1) 66 1311 0. 05 0.057 72 0.002 73 0. 608 07 0.025 61 0. 076 40 0. 001 65 519 37 482 16 475 10
Q0907-04(C ) 48 254 0.19 0.067 43 0. 00175 1.112 29 0.033 09 0.119 64 0. 001 22 851 38 759 16 729 7
QO0907-05C 1) 38 1167 0.03 0. 056 76 0. 00091 0. 595 96 0.012 54 0.076 13 0. 000 84 482 31 475 8 473 5
QO0907-06 (Il 194 544 0. 36 0. 055 69 0. 000 90 0.516 57 0. 009 03 0. 067 28 0. 000 52 440 19 423 6 420 3
Q0907-07C ) 21 70 0. 30 0. 064 87 0.003 94 1. 15501 0. 069 83 0.129 16 0. 001 95 770 115 780 33 783 11
QO0907-08C1I) 49 955 0. 05 0. 057 37 0.001 48 0.627 39 0.014 88 0.079 31 0. 000 82 506 40 494 9 492 5
Q0907-09C ) 61 258 0.23 0.062 23 0. 001 81 1.092 51 0. 03299 0.127 34 0. 001 45 682 42 750 16 773 8
QO0907-10C1) 311 262 1. 19 0. 054 56 0.001 15 0. 505 36 0.01073 0.067 18 0. 000 50 394 45 415 7 419 3
QO0907-11C1) 210 183 1. 15 0.05512 0.001 78 0.516 63 0.015 81 0. 067 98 0. 000 53 417 49 423 11 424 3
Q0907-12CIIM 810 1599 0.51 0. 05505 0.000 73 0.502 77 0. 006 92 0. 066 25 0. 000 56 414 13 414 5 414 3
Q0907-13C ) 26 71 0. 36 0. 067 56 0. 001 85 1. 22203 0.03141 0.13119 0. 001 28 855 19 811 14 795 7
Q0907-14C T ) 46 98 0. 47 0.067 77 0. 001 89 1. 22154 0.032 53 0.13076 0. 001 24 861 13 810 15 792 7
QO0907-15C1) 1132 1618 0.70 0. 05557 0. 000 63 0.498 62 0.006 07 0. 06507 0. 000 44 435 10 411 4 406 3
QO0907-16CIII ) 205 577 0. 35 0. 054 95 0.001 05 0.518 31 0.010 05 0. 068 40 0. 000 55 410 8 424 7 427 3
QO0907-17CII)H 143 331 0.43 0. 055 45 0.001 34 0.51891 0.012 74 0. 067 87 0. 000 69 431 27 424 9 423 4
QO0907-18C1II) 542 1080 0. 50 0.054 03 0. 000 69 0.492 54 0. 006 22 0. 066 12 0. 000 40 372 7 407 4 413 2
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Fig. 8 Concordia U-Pb diagrams of zircons in garnet amphibolite (Q0904-1) (a) and plagioclase amphibole schist (Q0907) (b)

FRIERT K030 2 i 55 1 Al A KR 2 B i iy
Wi— 08— 3 24545 45 2 gk 4y A R G o B 45
55 BRI — T A s MR AR i A A
55 1 R &l 7b  Q0907-02) K2 INFRERAZ =
FEAR A AT 1055 I A SN 20~60 pm
AN FIE 25 A A AR 35— S (BRI IR 7k
Ko 2004) ; 1S R — P PR B 2 5 1 O Bk 2 11 AR
JE A . DB A B R AR Uk B R
HEBCANE 7b H Q0907-05) % H % B K - B/ b e
AR EE R (AN 7 R Q0907-13). i T4 1 Fil
BEAZHR S ER T8 B A . R BE R R ki R AR
e RURLEA T3 M. Xt 18 il A 4T T 18 A~ a
(4T (& 2)  NIEL 8b 0] LU H 4 A B die i 458 o5 4
HLE 3 AN o AL T AR L AP ES A BRI 6 S
RS2 Ph/ 25U W AE 729~795 Ma (¥ 8b),
ZBRE T Pb X 28 W X0 0 25 18 RN 2R 9 7 A R A5
PP R 7874216 Ma(55 1 40D, A1 it T4
FIRVETER L LAT » B30 SR A s A 1 45 AR
W s 7 F 55 1 Bh gk A0 AR BRI A Ay 3 A I A
206 Ph /238 U AE & 4351 473 Ma, 475 Ma Fl 492 Ma
(& 8b) G T 4D - BG4 4EI S 482428 Ma, 48,
FEER— AR TSI AE Y s 7 T 26 2 Rk Ay 9 A
DR A2 Ph/*5 U AR R AR HHAE 406 ~424 MazZ [ii] (J&]
8b) 5 N 4 ¥4 96 71 Rk 1, BT 3 4 % 4
4185 Ma, AR — AR o = {1 ) A 1%

6 it

6.1 FMHTHRFGA—2HEHFMIER
WEPRE BT P ET PSR EE A A TS

T WA 5 g S 28 S T B R 48 I i R AT AR
w0 At A T HB 20 HAAE TR
J 3 R S L i i A T I s A R AR ) (Seth
et al. , 2008). XI| KL% (1995) Xof IR 25 1 11 #) 55 F
iR R =l MiDREY R ERwi X R W s o DS E AT ]
— FURDVE A B T S AR s Dy 828~887 C,
1. 40~1. 58 GPa. ARUBEFE o T UL A1 H A1 e AR A4 o
I A B A2 o 50 B AF (1995) HiRIE 1
FA AR A G TP i — B0 A A B U AR
HIE . AT B AR 72 B e v ) PR OC. BE A R
Ao E . Aml 28k Am2, Na® | Ti M AV & &0,
ST PIL A8 2 P12, VS A BT AR, A i A
AR A A RHS A 0 B0 S 44 1 22 AR AR
T — RS RR. Q0907 K Q0904-4 R A K HE
T if B S B A ny AR R AR A e AR AR AR i
SEAIY). A BT T R A DN A A% R B A
R BRI 08 0 3R 738 B 5 4 1) 7 40 (UL 5 A )
C Baksg a AR — B BT R 251

TE PRI R A TN A B0 2 —Fh e
SRS s Ay s i E ). B B AR e A N
A Y I 532 it A Yk B R s 7 %) 30738 T 4 A R o 1) A
fk (Raase, 19745 Spear, 1981; Spear, 1993; Ernst
and Liu, 1998) . {HRHZ LB E] . Jy &80 P A0 Z 18]
AN VA 1 B0 T S0 £ TR A A SR A 7 S LY
5wl = 2 B9 A K (Spear, 1993; Schumacher,
2007). AR A [6) J80 0 £ TR A i SR A7 RE I SR
Z AR o D TS A B S v AR AR T O (.
AP S T A R BT Am3 P13 K @I 2 )
HEZ T A #8701 N A HAT PR 3 A B A% N B
FE A T 20350 Ay £ TN A o DN A B 0 A Ak 2
WP T T4 U0 S8 i 454 (Spear, 1993) - 1 4%
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Table 3 Amphibole composition prior to exsolution being restored in mafic rocks

s TeHA N A T 1IN A0 R
2-2-2 VA I 2-5-3 A E 2-2-1 T 4-4-8 VAT
i L A 1.61% 6.63% 1.94% 5.50%
Si02 (%) 44,74 45.48 45. 24 48.28 45.66 16.53 52.48 54. 64
AL Os (%) 9.98 9. 84 9.35 8. 83 9.52 9. 36 2.38 2. 27
TiO2 (%) 0. 61 0. 60 0.55 0. 52 0. 54 0.53 0. 05 0. 05
FeO(%) 20. 25 19. 98 19. 93 18. 82 19. 12 18.81 15. 91 15.18
Cr205 (%) 0.03 0.03 0. 00 0. 00 0.02 0.01 0. 00 0. 00
MeO( %) 8. 89 8.77 9. 22 8.71 9.56 9.41 13.97 13. 34
MnO( %) 0. 26 0. 25 0.23 0. 22 0. 20 0. 20 0. 22 0.21
CaO(%) 11. 68 11.53 12. 04 11. 37 10. 58 10. 41 12. 84 12. 25
Na O(%) 1.43 1.41 1.19 1.13 1.16 1. 14 0. 26 0. 25
K, O(%) 0. 34 0.33 0.29 0. 27 0.36 0.35 0. 06 0.06
Total(%) 98. 21 98. 23 98. 04 98.15 96. 70 96. 76 98.16 98. 24
Caution
Si 6. 66 6.76 6.73 7.11 6.83 6.95 7.60 7.88
Al 1.75 1.73 1. 64 1.53 1. 68 1. 65 0. 41 0. 39
Ti 0. 07 0.07 0. 06 0. 06 0.06 0. 06 0.01 0.01
Fest 0.57 0.43 0.57 0. 23 0.48 0. 36 0. 33 0. 00
Cr 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Mg 1. 97 1. 94 2. 04 1.91 2.13 2.09 3.02 2. 87
Fe?t 1. 96 2. 06 1.91 2.09 1.91 1.99 1. 60 1.83
Mn 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Ca 1. 86 1.84 1.92 1. 80 1.70 1. 67 1. 99 1. 89
Na 0.41 0.41 0. 34 0. 32 0. 34 0. 33 0.07 0.07
K 0. 06 0. 06 0. 05 0. 05 0.07 0. 07 0.01 0.01

TE Wil AN AR 3. 1~3. 3 g/em?® s BINA — B RYEE N 3. 02~3. 44 g/em’ A FERIE LN 2. 65 g/cm’® GRRIWIFSE, 2004). HL
Tl A N B RN 3. 2 g/ em® UM A B EF I N 3. 28 g/ em® SEAT OIS 5.

J AR DA R B A 2 BB T 48 i 4y
S A8 TR ) ) T v o e R AR A AR A i Ak T
F S #1437 (Zenk and Schulz, 2004). —#&3k 154, M BH
A FREE AN A, EEJELLT 2 Moo X Z Y
Bl B = FVE  Na® ALY = [J-1SiV-1 (B [N A %
e, Oz 00 B AIV ALY = MgV ISiV -1 (32 /R
O5iEH) (Grapes and Graham, 1978). ix 2 ffr %
0 Bt & R 09 Tt 5 T & A5 (Ernst and Liu,
1998). i By AR EF 053 20 BT BCaIs » 1 £ TN 40 A%
TRE]FHE . Nat (AL K ALY (1) & s34 T . St 2 %
fRCEL 5,38 D BB HE ) B o A2 A U B 2 Rl
3 R T EEVEA. it Ti KR E T (Gerya et
al.  1997) , 347 M IN A7 MAZ BB Y 415 C 224k 33
BRI 681 C 4878 T &R Fr 5 AH 3 A TN A 1 TR
TR A% 55 AE (1994) 0 B8 H 3 Ao BB 1) i XA TN
H I BRI AR L TA Ry B 1) 3 A 2 R oot A
TR R AR S5 7 ). A R T e DX i Y A v AR ST
GONEEN T i FERRRL A AH . AR TN 52 8 BB
(3R AR P4 (X B 45, 1995) , PR I 6 DA 25 v 15 B8 AR
PR AR T B0 AT BB AN R AR B A A 1 e

A 5 S AR AR 7 W o T S A R A 1 2 n
FECT NI A SR T8 AR

FEAE A BE T JC I A N A S A DN A A
e & A0 . e b RS ST S e
BT Z 2% 5 T VAR ) B A2 i a3 (R R4
2009). F# 4 Photoshop Xt M N4 BSE K
HEFT AR P AR B A 0 A d o A TN A 1 L A
k1. 6120~6. 63 %6, F4¢ B H U 19 BB, X6 S 3 i A
N BB A TR S (32 3). 45 R I /1IN
1B B AT s S TR 0 BH AR A s TCERAT B EE AR TN
A AT AR A N A — A INAL A S . A
INA SR 8T ALY U TiFI Na 5 59
T R N A T RT RES AE AR AR A
XKy RTHR T =)
6.2 $5A U-PhERKRHRENX

FHE AN R 5 (QO90T) W () 5F T 4L AFE IS (787 +
16 Ma) {32 JiU 4 45 i A 0% AN 2 (QO904-1) v %
A1 U-Pb % (48444 Ma)  BHE AN A4 (Q0907)
T 11 414 (473 ~492 Ma) 517 TE & R R A
BN A TR AR A 4% 47 U-Pb 4E % (485~518 Ma)
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(BRPFEE A, 20045 JRALAE, 20045 XIZEEEFINT .
2005; APLSEAE, 20095 FRAHAE, 201 D FER2EE
Bl PN — 3, A0 32 T ~500 Ma 1 5 He JRRRE 2540 25 i 5
. BHE AN F 2 (QO907) w8 A7 1 & T 4L AL K-
PR (418 £ 5 Ma) 5 Ratschbacher et al. (2003)
DA I 5 v A TR A B9 Ar/* Ar AR % (420 =
30 Ma) 7E158 22 305 [l N — B0 AR 1 ROk 1R A28
ZJ5 T — ORI AR T TR A ) A 4 A
A RE S X A G,

ARG EREARET TEAME ISR, 2
DAEE P B — W2 AAE R G U B ey
WA (M 2245, 2002) e g A 14 1Y) e SRRk
(BT, 2004) AU AY 7E~500 Ma %A Y
A8 AR S ] i P B AR & A R TR 8 (BRI e
19995 XIZ45, 20055 FlifA4ESE, 20065 5KI3IESE,
2006) 3 73— WAL T A ¢ A2 A ~ 430 Ma, B Z= FHRL
REAL 2 58 FEAE A2 R B AR TN S AH — BRRORE 5 A
(Zhai et al. , 1998; Sun et al. , 2002; Ratschbach-
er et al. » 2003), [ABt R K EH 420~450 Ma H &3
Wl (B e, 19995 5KI2I 45, 20065 =4 N4,
2007; FE S, 2009).

JEZISALFR R 5 5 e R Y s R RRRL & 4 TE
BT ~500 Ma, 3t H b Asf 8 & AE Al e 2 18] 145 i ilf
$# (Ratschbacher et al. , 2003; FFEFF¥EE, 2004;
Cheng et al. , 2011; Wang et al. , 2011b; K&
S, 201D). FeiF ot R BT BOVEE R SR T RE 5
et AN 2208 Z (B Y RIETE P56 OC (2 255
2002; BEFIEFIXI K ,2011; Wang et al. , 2011b; 7k
HEBTAF > 2011 AR 1 3 KBl — 7 AL Z# e nl g &
BY G S DR (0 AR 25 5 i S 1) o s SRR
A BB [F]—F 3 R ) ) GREERT S . 2011).

A SCHTRIEFE I RHE A A R v i 6 T2 AR IR
ST — AR B Al — R e A Al i 8 B kS
PETEZR e Ml X b 28 U 14 3 B o0 3% 3 2 7 (Sun e
al., 2002; Ratschbacher ez al., 2003; I} &5,
2009) . [A] I} 38 % B A R/ — B2 A A (Ratsch-
bacher et al. , 2003; F ¥, 2009). tLAb, 7E A1
(AL Z2 U ) i BT b DX A & B I IR AR S HLAR
T4 531 D T 1S 2 0 A 2] 3 T PR AR5 A 2] £
NGB AR (Zhai ez al. o 1998) , [RIFEALAEA A
WAk B 20 — IR A 22 1Y 5 A Bl (Kroner et al.
1993; Xue et al., 1996a; Wang et al. , 2011a).
I AR X W AE M B AL — R A A & T
FE 0 b BT 1k R 20 — R A At ) AR o S AT

e — Mk A S 20i (Ratschbacher er al. ,
2003; Wang et al. , 2011b) , th 1 fig & ~500 Ma filf
PR F Y 4E 22 (Xue er al. , 1996a; Zhai et al. .
1998) . AL IR IE 14 £ IR A v AT 1) 48 A 2 1 e 5
TR0 455 A ST RS A1 AR I (418 25 Ma) Ky
NI N A B Ar-Ar (420 & 30 Ma) (Ratschbacher
etal. » 2003) 4R . WIAIA R ~420 Ma (19728 i 1F
JEAE~500 Ma Rl 8 42 J5 2 i, W& ] BB 40
JEAN 7] B9 4 35 e 8], ~ 420 Ma 0 55 4 9F JE AR 3R
~500 MaZi/F 1) 4 SE. 45 75 5 1Y 42 » LG B A A7
X AEZR IS TR & B R (Kroner ez al. , 1993),
AS AW 4 A AE 418 ~ 440 Ma Z [8] (Liu er al. ,
2011; Wang et al. , 2011a; Xiang et al. , 2011). J}f
KL AH Y722 TSV FH T8 48 75 IR v A 5 S /) b e 1
JE 1 FHE~500 Ma BFJbZ 06 & 5 30 ER YA A A= AfF
IR AR W B A — LR A R A R RE S
Ze U 3 1) A6 R o Al 3 T B (Wang ez al.
2011a, 2011b).

FAE AR DL s A AR R I L
B3 b DX PR A A Rt AR A S D T A AR o=
P B2 T 480~518 Ma [ -5 Hilf 18 AH 5¢ 1 48 i A8
FJG GBS 4 A AE 418+ 5 Ma X2 3| — 1
AR AR (S T 1 T R T BRI 3 2
X2 A T AT g 43 ) e AL 220 5 Al b i 2%
A P RIEJE LA B b Z2 0% 57 3] R SR 22 I PR IFF vk .
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