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Paleoproterozoic metamorphic evolution of the Yangtze Craton:
Evidence from the Huangling Dome garnet-amphibolite
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Abstract: In order to explore the characteristics of metamorphism and the tectonic setting in the Yangtze Craton,
we carried out petrographic, geochemical and chronological studies on the garnet-amphibolite in the north of the
Huangling Dome. The results show that the main minerals in the garnet-amphibolite are garnet, plagioclase, amphi-
bole, cliniopyroxene, quartz and ilmenite, in which the mineral assemblages of 3 different metamorphic stages are
retained. The prograde metamorphic stage is characterized by the assemblage of amphibolite +plagiospar+quartz+
ilmenite and the peak metamorphic stage consists of garnet+amphibole+plagioclase+clinopyroxene+quartz+ilmenite,
while the retrograde assemblage contains garnet+amphibole +plagioclase +quartz+ilmenite. The garnet-amphibolite

protolith belongs to subalkaline tholeiite with low Mg”, indicating that its protolith has experienced a degree of
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differentiation. By means of conventional geological thermometer, the temperature and pressure conditions of differ-
ent metamorphic stages were calculated. We obtained the p-t conditions of 596 ~625°C and 0. 70~0. 82 GPa for the
prograde metamorphic stage, 760°C and 1.35 GPa for the peak metamorphic stage, and 692 ~738°C and 0. 68 ~
0.74 GPa for the retrograde metamorphic stage. Meanwhile, a clockwise p-t path was represented from these p-¢
conditions, showing the process of warming and pressurization to the peak and then a near isothermal decompres-
sion. This p-t path reflects the tectonic setting of subduction-collision at the convergent plate margin. U-Pb dating
of zircons in the garnet-amphibolite yields a harmonic age of 2 008+11 Ma. Together with the existing metamorphic
ages in the region, these ages reveal that the Yangtze Craton was involved in the splicing of microcontinental blocks
during the Paleozoic, which might be a response of the Columbia supercontinent assembly.
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Fig. 1

Geological map of Archean and Paleoproterozoic rocks in the Yangize Craton (a, modified from Zhang and Zheng, 2007

Han et al. , 2017a) and geological sketch of northern Huangling Dome (b, modified from Liu et al. , 2019)
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Fig. 2 Photos of garnet-amphibolite from Huangling Dome
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Fig. 3  Photomicrographs of garnet-amphibolite sample from Huangling Dome
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a—amphibole+plagioclase+quartz+ilmenite wrapped in garnet phenocrysts, plane-polarized light; b—the edge of garnet phenocryst is characterized by

“white eye ring” structure, and the post synthetic mineral amphibole+plagioclase+quartz+ilmenite, cross-polarized light; ¢, d—smaller garnet and its

marginal mineral assemblage, ¢ is plane-polarized light, d is cross-polarized light; e, f—typical minerals in the matrix; amphibole+clinopyroxene+pla-

gloclase+quariz+ilmenite, cross-polarized light; Gri—garnet; Amp—amphibole; Pl—plagioclase; Cpx—clinopyroxene; Qz—quartz; Ilm—ilmenite
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Table 1 Major element compositions of garnet in garnet-amphibolite
frE $u] # bUl
' 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Si0, 37.22 37.76 37.71 37.25 37.61 37.64 37.93 37.74 37.38 37.63 36.74 37.79 38.01 37.37 37.69 37.84
TiO, 0.01 0.05 0.04 0.04 0.05 0.06 0.00 0.02 0.06 0.01 005 0.08 0.07 001 0.09 0.00
ALO;  20.90 21.08 21.43 20.99 21.14 20.80 21.09 21.06 21.02 20.92 19.38 21.07 21.04 21.18 21.04 21.09
Cr, 04 0.03 0.01 0.00 0.01 0.06 0.001 0.02 0.02 0.00 0.00 000 0.03 0.02 001 0.03 0.02
FeO 29.79 28.59 28.40 28.74 28.60 28.60 28.27 28.22 28.86 28.62 28.61 29.10 28.46 28.49 28.32 29.12
MnO 0.62 0.57 0.54 0.54 0.48 0.53 0.67 0.64 0.53 0.63 0.62 0.60 0.67 0.50 0.65 0.70
MgO 2.64 280 2.77 2.78 2.68 2.72 2.69 2.73 2.8 2.80 2.8 2.95 3.00 298 2.99 3.07
Ca0 7.95 8.61 8.8 9.09 9.02 9.01 9.04 9.13 9.03 875 831 857 879 857 8.46 8.37
Na, O 0.00 0.02 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.02 0.01
K,0 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00
Total 99.17 99.52 99.81 99.44 99.64 99.37 99.74 99.56 99.69 99.37 96.64 100.21 100.13 99.11 99.34 100.26
0 12 NS
Si 2.98 3.01 2,99 2,97 299 3.00 3.0 300 297 300 302 299 301 298 300 299
Ti 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 0.00 0.01 0.00
Al 1.96 1.98 2.00 1.94 1.98 1.96 1.97 1.97 1.94 1.97 1.8 1.96 1.96 1.98 1.98 1.96
Cr 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 0.00 0.00 0.00
Fe* 0.05 0.00 0.01 0.09 0.03 0.03 0.00 0.02 0.08 0.03 007 0.05 0.02 004 0.00 0.05
Fe®* 1.94 1.90 1.87 1.83 1.87 1.88% 1.88 1.8 1.84 1.8 1.89 1.8 1.87 1.8 1.89 1.87
Mn 0.04 0.04 0.04 0.04 0.03 0.04 0.05 0.04 0.04 0.04 004 0.04 0.04 003 0.04 0.05
Mg 0.32 0.33 0.33 0.33 0.32 032 032 032 033 033 035 03 035 035 0.36 0.36
Ca 0.68 0.74 0.76 0.78 0.77 0.77 0.77 0.78 0.77 0.75 0.74 0.73 0.75 0.73 0.72 0.71
Alm 64.78 63.56 62.40 60.93 62.48 62.61 62.79 61.93 61.20 62.63 63.48 62.62 62.36 62.08 62.96 62.44
Gro 19.99 23.20 24.64 21.47 24.09 23.28 24.05 24.56 21.52 23.20 17.73 21.82 22.61 22.44 22.70 21.00
Pyr 10.50 11.09 10.93 11.01 10.60 10.79 10.64 10.80 11.12 11.10 11.74 11.60 11.82 11.81 11.88 12.05
Spe 1.40 1.29 1.21 1.21 1.08  1.20 1.51 1.45 1.19 1.42 1.44 1.35 1.49  1.13 1.47 1.57
+Alm = Gro Pyr Spe
_‘000900,.0000000
I m . = u "an® . " s BwE
L]
500 pm L < 3 > il

Kl 4 AR AR U R T EIR (a) R R 22418 (b)

Fig. 4 Backscattered electron image of garnet phenocryst (a) and profile composition change of garnet phenocryst (b)
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Table 2 Major element compositions of amphibole and clinopyroxene in garnet-amphibolite
VR AINAE R
Ay {3 2R A Fe A ATHET A1 07 F
Gty 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5
Si0, 39.33 38.60 38.81 42.84 42.74 41.87 42.68 43.10 43.42 42.85 50.40 50.68 49.40 49.33 49.72
TiO, 0.26 0.19 0.12 1.60 1.29 1.38 1.37 1.53 1.38 1.18 0.16 0.20 0.21 0.13  0.30
Al,O4 16.87 17.76 17.11 10.72 10.61 10.41 10.55 11.18 11.40 11.31 1.08 1.77 2.19 1.90 3.18
FeO 20.59 20.35 19.85 22.18 21.07 21.77 22.01 20.25 19.35 20.57 20.52 16.54 16.78 16.54 17.92
MnO 0.05 0.00 0.07 0.13 0.09 0.12 0.11 0.06 0.05 0.05 0.30 0.22 0.18 0.16 0.13
MgO 4.77 4.69 5.07 6.47 6.62 6.18 6.55 7.73 7.68 7.39 8.63 8.33 8.56 8.58 8.60
CaO 11.16 10.98 10.86 10.52 10.60 10.69 11.04 10.90 10.85 10.80 17.39 21.33 20.48 21.31 17.65
Na, O 1.68 1.65 1. 66 1.41 1.38 1.33 1.25 1.35 1.23 1.350.22 0.26 0.30 0.26 0.41
K,0 0.62 0.49 0.50 0.45 0.50 0.44 0.49 0.46 0.43 0.46 0.01 0.01 0.00 0.00 0.03
Total 95.32 94.75 94.16 96.37 94.92 94.29 96.15 96.61 95.80 96.00 99.72 99.34 99.12 98.27 99.00
0 23 AR PR 6 MEE I
Si 6.13  6.03 6.09 6.61 6.69 6.62  6.61 6.57 6.65 6.58 1.99 1.97 1.95 1.95 1.95
Ti 0.03 0.02 0.01 0.19 0.15 0.17 0. 16 0.18 0.16 0.14 0.00 0.01 0.01 0.00 0.01
Al 3.10 3.27 3.17 1.95 1.96 1.94 1.93 2.01 2.06 2.05 0.05 0.08 0.06 0.09 0.10
Fe* 0.09 0.20 0.19 0.21 0.09 0.18 0.23 0.24 0.11 0.27 0.00 0.00 0.02 0.05 0.00
Fe** 2.60 2.46 2.41 2.65  2.67 2.70  2.62 2.34 2,37 2.37 0.68 0.54 0.53 0.50 0.5
Mn 0.01 0.00  0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0. 00
Mg 1.11 1.09 1.19 1.49 1.54 1.46 1.51 1.76 1.75 1.69 0.51 0.48 0.50 0.50 0.50
Ca 1.86 1. 84 1.83 1.74 1.78 1.81 1.83 1.78 1.78 1.78 0.74 0.89 0.87 0.90 0.74
Na 0.51 0.50 0.50 0.42 0.42 0.41 0.38 0.40 0.37 0.40 0.02 0.02 0.02 0.02 0.03
K 0.12 0.10 0.10 0.09 0.10  0.09 0.10  0.09 0. 08 0.09 0.00 0.00 0.00 0.00 0.00
Sum 15.00 4.00
Wo 37.74 45.88 44.38 45.63 39.66
En 26.05 24.92 25.79 25.56 26.87
Fs 35.35 28.17 28.64 27.81 31.82
1
a %A
O R
08 | (OFey; R Epul: it
B BREA A BEEINA
£ 0.6 |
&
e
251) 04 |
02 _ﬁBHEF BN
0 .
8 75 7 65
K5 fMINA (a, i Leake et al. , 1997) MEHSA (b, Hi§ Deer et al. , 1997) 532X
Fig. 5 Classification diagram of amphibole (a, after Leake et al. , 1997) and plagioclase(b, after Deer et al. , 1997)
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Table 3 Major element compositions of plagioclase in garnet-amphibolite

AT AR TFATRETD B3] AT AT
s 1 2 3 4 5 6 7 8 9 10 11
Si0, 59.28 58.93 59.31 57.43 58.19 57.02 57.17 56. 60 55.52 55.61 49.22
Tio, 0. 00 0.00 0.00 0.00 0.03 0.00 0.00 0.05 0.00 0.00 0.04
AL, O, 25.68 26. 03 25.83 26. 83 26.37 27.00 26.71 27.68 27.86 27.97 32.22
Cr,0, 0. 00 0.00 0.00 0. 00 0. 00 0.03 0.04 0. 00 0. 00 0.00 0.00
MnO 0.01 0.01 0.01 0.01 0. 00 0.00 0.01 0.01 0.00 0.00 0.01
FeO 0.29 0.26 0.28 0. 00 0.03 0.06 0.03 0.10 0.16 0.14 0.12
MgO 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
CaO 7.67 7.70 7.85 9.37 8.73 9.21 8.98 9.92 10. 40 10. 44 15. 81
Na, O 7.36 7.56 7.49 6.36 6.92 6.01 6.21 6.10 5.56 5.47 2.31
K,0 0.12 0.15 0.11 0.03 0.07 0.03 0.03 0. 04 0.05 0.03 0.05
Total 100.47  100.64  100.88  100.17  100.44 99. 46 99. 30 100. 59 99. 67 99. 80 99. 81
0 FH 8 AR T
Si 2. 64 2.63 2.64 2.57 2.60 2.57 2.58 2.53 2.51 2.51 2.25
Al 1.35 1.37 1.35 1.42 1.39 1.43 1.42 1.46 1.49 1.49 1.74
Ca 0.37 0.37 0.37 0.45 0.42 0.44 0.43 0.48 0.50 0.51 0.78
Na 0. 64 0.65 0.65 0.55 0.60 0.53 0.54 0.53 0.49 0.48 0.21
K 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 00
Sum 5.0

3.3 ERUREFH

A1 RR A ) T 2% v B 28 G 1) % AR A BE A
K& 4b) |, 33k AT BE 2 T 78 06 1 78 I A 0 B 2% 4
T, A A NERITE IR R TP H TS R AR
Ve Y & e | sl M8 50 o A — e 22 Ak
KM, A 1A A o3 AT e AR R 7S B S B Be , 4
AR R I 5 IR TR B, 4G AR AR
A BT B B R 25 A AT AR A TN A = RHC A -
IR 7T (Holland and Blundy, 1994 ; Bhadra and Bhat-
tacharya, 2007) PEATAR B, 4 B e U SR e A N A
SR A AR A= B, TR IR R SRR
1=596~625°C. p=0.70~0. 82 GPa; W25 5 & H K
B IR B 25 1 AT DR A 1S 70 - B - RHC A

— AR R (Eckert et al. , 1991; Ravna, 2000) i
ATTHEE, Y WU R A A% BB L 53 DA B 356 Jo v B AR i
AT FTRHC A AR A3 AT eI 722 o 3 P 45
1=760°C. p=1.35 GPa; XI55 i Bomi s , vl
PLR A1 A — A TN A R A - 35 T 2 1 i
JE£ 71 (Holland and Blundy, 1994; Dale et al. , 2000)
AT AR S5 A Al B e U IR 1 A i B A KA A
T R R T AN A DA R RHE A 550k,
BT Ak A R I I AR T o B A IR R AR . 1= 1692
~738°C. p=0.68~0.74 GPa,
3.4 £EMIKUE

XA R RHE A DN AR S R T A £ R T
RIE , 45 R4 45 R BoR RSO, B = WAL,
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R4 AENKARNEER(w,/ %) JUE(w,/107°)

TLER S
Table 4 Major (wy/ %) and trace (w,/107*)

element compositions of garnet-amphibolite

S 1 2 3 || B 1 2 3

Si0, 42.63 48.08 44.58| Nb  2.10 9.62 9.93
TiO,  0.90 1.65 2.23 Cs 0.81 1.50 0.46
ALO, 15.86 18.05 15.67| Ba 174 128 139
TFe,0; 16.91 13.63 18.79| La  4.33 156 21.6
MnO  0.26 0.22 0.22 Ce 9.49 349 51.9
MgO  7.98 5.69 4.80 Pr 1.41  4.58 7.56
Ca0  10.84 8.38 10.18| Nd  6.45 19.0 33.7
Na,O  1.44 295 2.20 | Sm 1.95 4.44  8.40
K,0  1.45 0.49 0.42 Eu  0.74 1.60 2.42
P05 0.11 0.22 0.32 | Gd 2.36  4.43  8.01
LOI  1.42 0.30 0.45 Th 0.44 0.71 1.29
Total  99.80 99.66 99.86| Dy 3.04  4.30 7.88
Mg"  48.35 45.30 33.63| Ho  0.67 0.87 1.63
Li 18.2  7.41  6.69 Er 2.09 2.47 4.68
Be 0.36 0.83 0.93 | Tm  0.33 0.36 0.68
Se 45.4 350 47.5 Yb o 2.16 224 4.22
v 255 228 467 Lu 0.34 0.33 0.6l
Cr 164 170 25.6 Hf 1.27  3.03  4.30
Co 100 107 119 Ta 0.26 0.72  0.69
Ni 136 181 132 Pb 6.95 13.6  4.65
Cu 141 90.6 138 Th 0.49  1.11 0.96
Zn 111 114 197 U 0.26 0.29 0.19

Ga 15.8 21.8  27.0 || SREE 35.79 95.79 154.63

Ge 1.68  1.39  1.55 || LREE 24.36 80.08 125.63

Rb  56.3 11.3 13.9 || HREE 11.43 15.71 29.00
Sr 124282 260 |(Ia/Yb)y 1.44 4.98 3.67
Y 18.7 24.9 46.1 || 8Eu  1.06 1.09 0.99
Zr 48.0 120 165 8Ce  0.94 1.00 0.99

SO_a

6t o

721
iU AR

681 Ve TSINE S

64 |

60 |

w(Si0,)/%

56| i

PN

52L

......

481

44| L]
n

40

BREG HAE

0.01 0.1
w(Nb)/w(Y)

10

w(La)/w(Yb)

AT 42.63% ~48. 08%Z ], Al,0, &K 15. 67% ~
18.05%, #£ihh Ti0, "Fe,0, MgO ,CaO Y5 & A
XFaEEr 438 0. 90% ~ 2. 23% (13. 63% ~ 18. 79% .
4.80% ~7.98% .8.38% ~ 10. 84% ., Na,0 8RN T
1.44% ~2.95%, Mg"{HI9AZ 1L F 33. 63 ~48. 35
ZI] S5 42,43, 5 EAE K (Mg" =70) A8 LY
SR, VAT R R A DA i 1 e (R K
WA &5 T —EBEN 4 RAVEA., £ Si0,-Nb/Y
2 PN ESE A S R R S A T R e e L (L
6a) , FIH La/Yb-SREE Elf#it—L# 17 X 7, 7R
FE b B0 T2 B D, FE I KRl 3 X3 i3
FlN (I 6b) .

R B9 o0 K S (SREE) H 4 35.79%107°
~154.63x107°, Horh B £ 0% (LREE) B &N T
24.36x 107 ~ 125. 63 x 10°° Z [i], = # + ot &
(HREE) B4 T 11. 43x10™°~29. 00x 107 2 |f],
LREE/HREE {# Jy 2. 13 ~5. 10, (La/Yb), {H N
1.44~4. 98 BL4h SEu ME K 0. 89 ~ 1. 09, F1
1.01,5Ce fH M 0.94~1.00,FJ 0.98, — & /R
JCHH SR, AE e b R o £ 1) i T 2R kI [
(& 7a) , BE AL BE E E-MORB A4 1iF , 76 BR b7 B A7
PREARRR oo R /B (B 7b) h iR i LREE
&% HREE T 4FE, 55 E-MORB B,
3.5 $F U-PbERZE

AR A TN A E S s A A LG €837 PH 1Y
R B LR R 32, D BOC AR, SRR K, Kl
25 200 wm, KIEHLZEH 1:1~2:1, XA AR A

100 ¢

100 1000 10000

W(ZREE)/10™

&6 LB AMING Si0,~-Nb/Y (a) & La/Yb-3SREE(b) [#f# (#i Winchester and Floyd, 1977)
Fig. 6 Diagrams of Si0,—Nb/Y (a) and La/Yb—3REE (b) for the garnet-amphibolite (according to Winchester and
Floyd, 1977)
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Fig. 7 Primitive mantle-normalized trace element spider diagram (a) and chondrite-normalized of rare earth element distribution
pattern of the garnet-amphibolite (b) (standardized value according to Sun and McDonough, 1989; N-MORB, E-MORB data
according to Wang Jinrong et al. , 2017; OIB data according to Chen Wanfeng et al. , 2017)

J6(CL) B (& 8a) WAL T LIF W Bh A ROESRIER: 107°, FEBRAEIA A b A s o0 Zilid /A U k|
559, 2 8RB A, BN TCo TR 00 AR AE 00 Af DOWES B X Se 85 A 1P 78 HREE 55 5 & BYRHIE, X
B RBH BGOSR O R KA AJ A A2 T i Se A 2 AR BRI T B N TR LY,
AEHE A IN AR Y LA-ICP-MS £5 77 U-Pb  WESA LG T4 Z B HREE 43l & BE & 1R 1Y
FEFGERMME TR R ILE S fiE 6, N SH  FHETM I (Rubatto and Hermann, 2007) , Ef1E
PIAE W, H Th & B8 (B AE 26.96x107°~99. 03x A HAEAY Ce IESFH (8Ce=1.75~13. 66) Al Eu fi 5+
107, U & B AL 0 il 72 185. 80x 107 ~ 661. 42x  # (8Eu=0.11~0.68) (K1 9) .
107, Th/U (/T 0. 04 ~0. 17(<0. 4) , X —4FE K H U-Pb 4RI E AR 45 R (8] 8b 8¢) Wm T 2 008
A Y AR LS AT HURFAE (Wu and Zheng, 2004) , H: +11 Ma (MSWD = 0. 32, n =20) [ Fl14E i LA K&
T 1 s SREE 284G HN 108. 14x107° ~490. 78x 2 003+5 Ma BT B4R

a

b
199831 Ma

WEFIAERS: 200811 Ma " 2080
MSWD=0.32; n=20

BT HI4E#S 2 003+5 Ma

2060

2040 ‘ | ¢
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. 2000 (T
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033 - . — '
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Fig. 8 CL image of garnet-amphibolite zircon (a), U-Pb age concordia diagram (b) and weighted average age diagram (c)
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Fig. 9 Distribution pattern of standardized rare earth elements

of garnet plagioclase amphibolite zircon chondrite ( standardized

value according to Sun and McDonough, 1989)
4 Phig

4.1 THRAK

BT s il s e L o AR A R
WA T KA AR AT 9T ( Zhang et al. , 2006; Wu
et al. , 2009; Yin et al. , 2013) , 410 T4 L5 F
AERAEIEE . 0D, Zhang 25 (2006) X s U4 2 7+
AR R TS DA S N A AT U-Ph AR DL R HE
A0 A RS 2 v, Xl 7o b 4048 B A FH A B[]
T TEE KRS AT CL BIMGLL Se 254 55 A i o
RGN AR s A, IF3R15 T 1. 97+0. 03 Ga Y
AR TAENE . Wu 55 (2009 ) o328 LA 5 FA RRHS
FAINAHAT T U-Pb AEAR2% DL R HE [\ R 5T,
A% T 2 01013 Ma Y INECE- 41, If58 1 51T
NG AS TR (A7 B B b A7 6] B, 3k — 41 8 A B
R 7 I R FH st [R) , LI S 85 A T W T B
AR A AR B = A NS AH . Yin 55 (2013 ) XFEkEE
TR DA % 728 U8 B AR B A A AR AR 2% B2 Sm-Nd
[F W 5E AR 1S T K2 2.0 Ga 1728 Tl AT
1 I E R T F s hiil J& Columbia # Kk 1Y
—®Br . UTAE, ZEHE ST A X T s BnE T AR
FATN AR = RRORL A A8 B AR T AT T 00— 2 i 4
REFR) 255 R I HL AR B 2L R 7E 2. 03 ~
1.97 Ga( BRWl K4E | 2017; Han et al. , 2017b; Liu et
al. , 2019; Wei et al. , 2020; PR 2020, K%
A5 2020)

TG AR AR F & AR I i (B R AT T ARG R e, 5
FEAS SRS A o R R VR AE A A A, IR e X T 1%
AR R A AR R B 72 T S A A 1] ] I AN B 2R 47
Wik TEZ G B TAE 2 B2 85 A CL Bl # 4T
TINAH S AL FIRESE .
4.2 TRIEM p-t HUT
XFARRRHC AN ARG AT T p-t 5T,
PR3 3 AP B A8 T e A5 530 Oy < R8T B B
1=596~625C . p=0.70~0. 82 GPa; &I R EL,
t=760C ., p=~1.35 GPa; 5NN B, 1=692~
738°C. p=0.68~0. 74 GPa, If5 L T — FRHFET 1Y
p-t EALBE (B 10) o KX 3 By B4 Sk A4 T
et 72, B2 T el ah A0 Jo o 5 ) g O 72 Jo B B 4 A
FL R FHIR T 0 AL R AT IRBE S T 150°C A2
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Fig. 10 p-t trace of garnet-amphibolite in Huangling Dome
and some Paleoproterozoic rocks in the area (base map after
Winter, 2001)

a— A HAEHC A NS (Wu et al. , 2009) ; b—K: M JBRKL % (Liu et
al. , 2019) ; c—yERRBEFURRRLA (Yin et al. , 2013) ; d—A11%
RHCA TN (A0
a—garnet-amphibolite ( Wu et al. , 2009) ; b—mafic granulite ( Liu et
al. , 2019) ; c—high pressure mafic granulite ( Yin et al. , 2013) ;

d—garnet-amphibolite ( this study)
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& FELAE BT S, A Wu 55 (2009 ) X2 i X
(A0 AR ARH A TR HEAT T 28 AR A IR 5 F 5T, 3K
PRI AR BT 25y . MR BEZY 770°C (T3 1. 48 ~
1. 31 GPa, 38| T AL TR £ p-t B3 (K 10)
7E Liu 45 (2019) Xf vty go ity ARV RROR 5 28 B A F A1
Yin % (2013 ) %t oot 4 i He 2R BE BT R 5 i B 9
rf LA AR I AR T B 2 S s T 3 A IR
FERRFAE (K 10) .
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Table 7 Summary of research results on p-t condition and metamorphic age of Paleoproterozoic metamorphic

rocks by some predecessors in Huangling area

HAKH VAT A& DA e 25 1 A5 AR g1H

AR RIURE ARA+RT+H A+ A A 5 p=0.68~0.8 GPa,t=750~800C 200310 Ma Wu et al. (2009)
AREHE AN ARA+HARNA R A+ AT p=1.31~1.48 GPa, t=770C 201559 Ma  Wu et al. (2009)
BB HE RS OO+ B+ A K A+RHKA+ATE p=0.54~0.76 GPa,1=623~677°C  1990+16 Ma  4+£(2013)
BB TRRRLA ARA+ PR +RHCA +A T p>1.2 GPa, 1>870°C 2009+7 Ma  Yin et al. (2013)
BREE T PR ARA+FTEA AN A R p=~1.1GPa, 1=811~853C 1999+41Ma  Liu et al. (2019)

MR AR A+ A SRR A + 2R 5 B+ =1.92£0.25 GPa ~2. 18= .

et sioany 1991420 Ma SRS (202)

WA SC 5 AT ARG 45 ST Lo T LR B, ek S
Tt Tty AR AR A nT o Sy R 2R HAEG ik v e Y
A IR AR R 7Y s ] b B A PG b ga) 2R R 19 4 A
FHE , B (DR Jet AR U6 B T by ooy AR AR Bk
S E PG G AR AR R R AR A, 2020) , HLEERY
FE AR URAS 1) AR AR AR N A B I R T 2o
1.35 GPa, 5 Wu % (2009) 315 ()G A& A TN A
FYIEI ) 1. 48 GPa DL Rk R 7R %5 (2020) 3R A53 19
TV AR AR I8 A D R ) 2. 18 GPa #f i i
= R AR, LA AU £ p-r BT, PRI, 3
SERF ST 45 R 8 B S R T oo AR AR AR i -
B ER AL T4 1A e ds
4.3 5 Columbia B XFEHIEZ

E o IE SR PR g f A SUSI Y RA R A W AW
K ZH i 1 1L S AER T BB Columbia 8K i
WA K (Wu et al. , 2012; Weller and St-Onge,
2017; Xu et al. , 2018; Cawood, 2020; Zhao et al. ,
2020) , % 5 A0 A A I = R i AL X Co-
lumbia #8 A i 1 58 A4 MR 07 LA K JHE BT A8 437 T8 4 i R ik
LB T ETE, Wang Z8(2015, 2016) 48 778 2.3
~2.1 Ga WA LI 2.0 Ga 51E 1L s &
HIAER % 5 Liu %7 (2019) fRIE T 2.0 Ga WYFRALA R
JEAE T AL AE 1. 85 Ga K HL A BUAE R A S B 7 ik

(Peng et al. , 2008, 2012; Xiong et al. , 2009) , %
BASCHEFESE SRR, 1751 SO s i e b X AE T T
WA T — RSB INED), 5 2.3~2. 1 Ga il
Fili LI B IR e B B, AR B 5T B I 9K, 29 2.0
Ga ISR IS 1k, b 58 i JEE A AR TR 2 FH - RORE 5 AH
AR, ZJ5 kA T s BTk T 1. 85 Ga i
ANARREH B, JE R A BIAE A MR A K, bRt A
Tl 5% P B A5 [ lf 428 ot FR P58 1)

Wang %5 (2016) 75 %147+ V8 e 2 v R 0 BF 52
rhfEH , JE3€ Rae Il Laurentia 5§ 38 76 ooy AR Y
A B e B M Pehrsson 45 (2016) %} Columbia
KRB R A R AT T B, RN HAE 2.2~ 1. 95
Ga LC &I IR R ARG s HAEME R PGILARAY The-
lon 3 L3 K 7 4 2. 02~ 1. 96 Ga HIFRRLA H2E
J5iAEF ( Hoffman , 2014) , Xt IA A Thelon 1 177 /&
Rae Fil Slave sefil 4% 5, 45 A 1% 6 Bl R 1 P 2%
(2017) R T F s il € Columbia 8 KBt 7] BE
WAL, AT X — W s A T IR, B s 1
ARBHAINE ST T 29 2.0 Ga W FAE I 5
FFRARLAAE , 5 Thelon & LU (T8 80 18] 128 50 7
FEARMER , FBHAE Columbia # Kl 5K & 01 7 v fiL
WA HESY5 T Rae Ml Slave 5o 8 i fili He 2 [8] {4 Al
FEPF L, PO 2B HEN 47 1 e hodm AE =5 (/) L]
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W sehrid ool AR B Sk i AL R AL 10
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(1) kA AU, 3 F il i R S R A
WRHC AN AR A 3 WA B B iy 0 W 4 & 4%
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+A L WA AR T B B AL B A A i T+ I+
RHE A BRI AT + R + 47 95 RS BT B BL ™ ) 20
G NARET A+ +RH A R + A 0,

(2) WSS XA RHC A N T (R
R R B T ORI BE 2R, H s A
T—E R A, xRS B A EFT U-Pb 4E
NIRRT 2 0035 Ma I NIA T K 4E 1Y | 320 H
JEAZIT T 22,0 Ca IR £ DH A AH - ROk 5 A0 A9 IX
WA AEH R ZLIE A HAHS AN

(3) 38l o A A3 0 M T R 3, T R TR
R T B B Y il R AR A o 2R 7R BT B B ¢ = 596 ~ 625°C
p=0.70~0. 82 GPa, WA TR B ¢ = 760C, p =
1.35 GPa, B4l BB 1=692~738°C. p=0.68~0. 74
GPa, & T — B EF p-r B30, W 015 SR H
AT SRR R YRR S B T AR 1 1L P 1 A 3
T GEFE X Columbia #8 KBl A MR b

Bt wFHEAERAE EMETMNXGFET
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