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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 4185 Ma.
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Fig. 3 Amphiboles (Aml) and plagioclases (Pl1) in corona of garnet porphyroblast (a), Amphiboles (Am3) and plagioclase
(P13) in matrix of garnet amphibolite (b), Amphiboles (Am2) and plagioclases (P12) in felsic lenses of garnet amphib-

olite (¢), the structure of plagioclase amphibole schists (d)

4 ( )(a); s ( )(b);
(BSE) (o) (001) (BSE) ()

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)
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Table 1 Representative minerals EMPA data for basic rocks in the Songshugou area
Gt Gt Aml Am2 Am3 Am3 Am3 Pl1 P12 P13
SiO, 36. 87 36. 96 40.72 43.72 46.79 44,49 52.48 57.61 58. 87 61.56
Al Oy 19.91 20. 26 14.62 12. 28 7.54 10. 89 2.38 26.63 25.59 23.52
TiO, 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 Oy 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
K,0O 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
Fedt 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?t 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
ALl 1. 87 1.51 1. 10 1. 39 0.40
Na? 0.43 0. 31 0.18 0.28 0.05
Aml.Am2.Am3.PI1.PI2 P13
, LA-ICP-
(  4b). MS . Geol.as 2005, ICP-
MS  Agilent 7500a.
3 20~30 s 50 s
( .
( R U-Th-Pb
) , ) ICP-MSDataCal (Liu
JXA-8100, 15 kV, etal., 2008; Liu et al., 2010)
20 nA. 2 ym Liu et al. (2008, 2010).
U-Pb
, Isoplot/Ex ver3(Ludwing, 2003)
s ( )
. 4
b .
’ Gﬂ_ ( 1) ’ ’
tan CL3+ CL Quanta 400 FEG 60. 38% 69. 00% . 24.65%
, 10kV, 240 pA. 23.45%, ;

U-Pb ( ) 5%
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Fig. 6 Classification of amphiboles of different attitudes
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Fig. 8 Concordia U-Pb diagrams of zircons in garnet amphibolite (Q0904-1) (a) and plagioclase amphibole schist (Q0907) (b)
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3

Table 3 Amphibole composition prior to exsolution being restored in mafic rocks

(AM3)

2-2-2 2-5-3 2-2-1 4-4-8
1.61% 1.94% 5.50%
SiO, (%) 44. 74 45, 48 45. 24 48. 28 45. 66 16. 53 52.48 54. 64
Al O3 (%) 9.98 9. 84 9. 35 8.83 9.52 9. 36 2.38 2.27
TiO, (%) 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
Cry O3 (%) 0.03 0.03 0.00 0.00 0.02 0.01 0.00 0. 00
MgO( %) 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
Fedt 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
3.1~3.3g/cm?, — 3.02~3.44 g/cm?, 2.65 g/cm? ( , 2004).
3.2g/cm?, 3.23 g/cm?®
’ ’
(Zenk and Schulz, 2004). ,
, 2 ,
:Na* A1V =[}1SiV-1¢ ( ,
[ ) AIVAIY =MgMM-1SiV-1 ( 2009). Photoshop BSE
) (Grapes and Graham, 1978). 2 ,
(Ernst and Liu, 1.61%~6. 63%. ,
1998). ) 3). )
,Na* Al AIY , Si R
C 5, D, 2 — R
Ti (Gerya et Si , Al | Ti Na
al., 1997), 415 C R
681 °C, ;
(1994) 6.2 U-Pb
, (Q0907) 1 (787+
16 Ma) (Q0904-1)
, U-Pb (48444 Ma) . (Q0907)
( , 1995), I (473~492 Ma)

U-Pb

(485~518 Ma)
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( , 2004; , 2004; s
20053 , 2009; , 201D
, ~500 Ma
(Q0907) I
(418 %5 Ma)  Ratschbacher ez al. (2003)
O Ar/? Ar (420 +
30 Ma) ,
( , 2002)
( , 2004) ,  ~500 Ma
) ( ,
1999; , 2005; , 2006; ,
2006) ; ~430 Ma,

b

(Zhai et al. , 1998; Sun et al. , 2002; Ratschbach-

eretal., 2003), 420~450 Ma
( , 1999; , 2006; s
2007 , 2009).
~500 Ma,
(Ratschbacher et al. , 2003; , 2004;
Cheng et al. , 2011; Wang et al. , 2011b;
, 2011). )
( ,
2002 ,2011; Wang et al., 2011b;
,2011),
( , 2011).
|
(Sun er
al., 2002; Ratschbacher et al., 2003; ,
2009) , (Ratsch-
bacher et al. ., 2003; , 2009). )

(Zhai et al. , 1998),
— (Kroner et al. ,
1993; Xue et al., 1996a; Wang er al. , 2011a).

’

(Ratschbacher et al. ,
2003; Wang et al. ,» 2011b), ~500 Ma
(Xue et al., 1996a; Zhai et al. ,

1998).
) (418=£5 Ma)

Ar-Ar (420 &+ 30 Ma) (Ratschbacher

etal., 2003) , ~420 Ma

~500 Ma )

, ~ 420 Ma

~500 Ma . ,
(Kroner et al. , 1993),
418 ~ 440 Ma (Liu et al. ,

2011; Wang et al. , 2011a; Xiang et al., 2011).

’ ~500 Ma

(Wang et al. ,
2011a, 2011b).

480~518 Ma
418 +5 Ma

’ H
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