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Geochemistry, chronological framework and tectonic implications of
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Abstract: The Dahongshan Group in Xinping County, Yunnan Province, is located in the southwestern Yangtze
Block. It mainly consists of volcanic-sedimentary rocks with lower greenschist-amphibolite facies. The lack of sys-
tematic research on the petrology, chronological framework and tectonic setting of the Dahongshan Group has ham-
pered a comprehensive understanding of the tectonic evolution history in the southwestern Yangize Block at <~1.75 Ga.
In this paper, meta-sedimentary rocks and intercalated meta-volcanic rocks from the Laochanghe Formation in the
bottom of the Dahongshan Group were selected for an integrated study including petrographic observation, whole-
rock geochemistry and zircon U-Pb dating. The geochemical data reveal that the meta-sedimentary rocks are chemi-

cally close to that of the upper crust sediments. The meta-sedimentary rocks are derived from mudstone/shale that
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was formed in the tectonic setting of the passive continental margins with high maturity and low degree of sedimenta-
ry recirculation. Chemical compositions of the meta-volcanic protolith equates to a calc-alkaline peraluminous
A-type rthyolite which formed in the post-orogenic continental rift environment. Zircon U-Pb age data show that the
detrital zircons from meta-sedimentary rocks of the Laochanghe Formation document two main age peaks of 2.3~2.2 Ga
and 1.9~1.75 Ga and a secondary age peak of 2. 7~2.6 Ga. Combined with the previous studies, we proposed
that the sources of the Dahongshan Group mainly from the Paleoproterozoic and Archean basement rocks in the
southwestern Yangtze Block. The zircon cores of the meta-volcanic rocks define the protolith formation age of the
Laochanghe Formation as 1 713 ~1 711 Ma. Zircon rims of the meta-volcanic rocks constrain the timing of peak
metamorphism at 843+5 Ma. Combined with the previous and studies, we conclude that the Dahongshan Group un-
derwent the Neoproterozoic metamorphic event of 849 ~837 Ma. In summary, the Dahongshan Group well preserved
an anorogenic magmatism is related to Columbia supercontinent Cracking event in the southwestern Yangtze Block.
The Neoproterozoic metamorphic event may be closely related to the assemblage and break-up of Rodinia superconti-
nent.

Key words: southwestern Yangtze Block; Dahongshan Group; metamorphic volcanic-sedimentary rocks; zircon

U-Pb dating; geochemistry

Fund support: National Natural Science Foundation of China (91855206)

4R A A i FE R 20 R i BT Ak o7 1 o b P
o [ P A BT A B OC T Y I I A AR ]
( Zhao and Cawood, 1999; Zhao et «l., 2002;
Pisarevsky and Natapov, 2003 ; Zhou et al. , 2006a; Li
et al. , 2008a, 2008b) . *EHg M h 47 T i P F A
PG AT, X 2 M e BT 247 F Rodinia Al Co-
lumbia # K [ifi 4 PR 8 | 71 2 5% 7h 5B ( Roger and San-
tosh, 2002; Cawood et al. , 2013, 2018, 2020; Mer-
dith et al. , 2017) , HIE s AN#H AL 32 Columbia 1 Ro-
dinia 8 K fili 8 6 A1 2L o AR 09 52 e (ORF K TR AR,
2007; AFHRAESE, 20125 EH5, 2019), bk
VU )z gt —rh ool s iR, A4 R AL
HE T EURE R DR AN 5t 2 20 55 B AT DB T R
Wi 22 A g S0 1 i A 84 A A ( A4, 20195 X
A, 2023) o HTABFFEIN 47 T Hh B R 2ty - v
et A o A K - i 44 5 Columbia 1
Rodinia #i K fili 58 & F1 2 S A [R] 20 & 4 (Zhao and
Cawood, 2012; F*48 4%, 2012; #5414, 2012,
2013; Chen and Zhou, 2013; Zhou et al., 2014;
Wang and Zhou, 2014, Wang et al. , 2016) , KZLI1I
BRI R S ool ST N R K
=PI (<~ 1.75 Ga) FTIC I E K -L BT 3k
A7 7 M e i 7€ 28I i 4k S HS - Colum-
bia F1 Rodinia 8 Rl 2L i P9 7E R SCIR B 4 1 ¢
S TTEE  F A R AT I B AR Al - DT RUA Y )
BLRAWE o kA7 DL Kb 3 & PR 25 T g 1 A4

TG (IS, 19815 ERERFISE, 1990; Hu et al.
1991; ML #ESE, 1993; 153 7=, 1998; Greentree
and Li, 2008; Zhao, 2010; Zhao and Zhou, 2011; 4%
2145, 2012, 2013, 2014; 4455, 2017; #4,
2023) , G RFR R IBEIE LT ool AR I, &2
T e AR R4 (Hu et al. , 1991; Greentree
and Li, 2008 ; Zhao and Zhou, 2011; #4145, 2012,
2013; 4 4E4R5E, 2017; B, 2023) , SR ET K
CLILHE B e A B A 3 7 5t AR AR AA% 28
EAATE 2 B Z IR ST TAE, §il 29 T Ho i
FATR AR AR F I %<~ 1. 75 Ga WM
AL S RS PR B AT LB KL - DR A Y R
B LIS AR 22 Joi s A 7 B R 2T L R 1 40 T ok T
DL R A 7R L L B B PR S A 1 7 5, % T IR
TR M e 74 Fig 5 1 i 9 1% 20 4 1 il b il e e
H 5 Columbia #1 Rodinia #8 il B8 & H1 24 fit 1 FE
WEBR R A EZR2EE L,

[l 58 bR B 27 [R) R, A SOk BOR 21 L B IS 3R &
J AT AR OB AR KA I 23 A ST 42, T R
FroacE Ik A AL AR SR AR, TR
SVEETTN GBI B R b RS A B e KDL ) i
AR KL =TT A T AR AR AR B4R Pk 42 AR U
R 1 U5 DX AR A ) B R U5, A S 5 fF 98 R 21l
FEAR Sl —TURR A TR H R Ak 27 T A R i 3
550, MR T M V4 e % 98 IR 20 0 i AL R
ML EARK



$2 TR B VR RZLIRAL K - TOBUA R A 2w P | AR 2R S 8 5

395

1 X Iadh oy 5

KABEEZTHEE T Pt 2, A1l -
LT v B ) Ak (18] la 1b) |, 2 © %60 B 1L i [X.
T ENHZRITZ —, R ELE T o

105°E 1H0°E

B ELR AL L - A - VD AR S FOT L B e B
Bl—a7 , BB 120 km®, KL 2 T
oo AR AR A (5K, 19975 Zhou et al.

101°35'E

2014) , EMRE—FEA UK IL-UIFUA R, HAZR A |
F s BE RS SN R I S 21 (R A
5, 1990) AR R Ik af A AR A TN A A

) N
.;:_,-‘{-5:{;';_@ A

1 yeiiil

25°N

F\ [ 1b

Lk § 3,

(e}

T ] Bz EKE

Emlansl

| I — — JoR W

AR

==ty

S

LS UE|

1 656416 Ma
[~ (& &S, 2017)

1 64319 Ma
= ~CEERFT, 2017)

AWITE:|

| _1665+13 Ma
(Hueral., 1991)
s 1673420 Ma
= ’t G I
M 67548 Ma
(Greentree and Li, 2008)

2017)

W 1681413 Ma
{Zhao and Zhou, 2011)

B el

21 168748 Ma
o (RL. 2008)

1 68644 Ma

a i
(FH21%:, 2012)

ANRUE]

1 71144 Ma
(Her%s, 2012)

1 659+16 Ma
(Zhao and Zhou, 2011)

okl etz

30N 100N

24°00'N

[ ki
D EAWITE
[ R
= e
| RN
Elﬂigg
KA

4°10'N

24°00'N

P A p AR R R A 5 TRT 1] (@) JECPY DI S 1T 141 B RAEASL B (b)) FIORZLILREMBZAEAR R (o) ( ERFRANSE, 1990;
Greentree and Li, 2008; 14 H Zhao, 2010; Zhao and Zhou, 2011; #4155, 2012)

101°35'E

Fig. 1 Tectonic framework of South China Block (a), simplified geological map of western Yunnan and the star represents the

sampling location (b) , stratigraphic column of the Dahongshan Group(c) (modified from Qian Jinhe et al. , 1990; Greentree and

Li, 2008; Zhao, 2010; Zhao and Zhou, 2011; Yang Hong et al. , 2012)
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Fig. 2 Representative photographs show the outcrops and hand specimen of meta-sedimentary and meta-volcanic rocks from the

Laochanghe Formation, Dahongshan Group
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B3 Renfee) AR TURE (AR s KEEROE A = B a) B iR
Fig. 3 Photomicrographs displaying characteristic features of meta-sedimentary rocks ( garnet-biotite marble and
garnet-muscovite schist) from the Laochanghe Formation, Dahongshan Group

a— A= KREUE T WAL U IRFRER S ) (Cb) + A5 (Qz) +HA B (Bt) +AME T (Grt) +4E R A (Chl) + BT (Cep) , BRE; b—A 1R
R RIAIE T WALA NBRIRERD W (Cb) +A T (Qz) HB B EE(BO) +E M (Cep) , Bl ; o d—AMWA BB A0 Y m 5], %

TR Z B (Ms) +413(Qz) + B ZBE (B +41 M T41 ( Grt) +BRERHT (m) | (188540 W00 BRI 6 35 TR 058 M3, ¢ it , d TE S 1R

s e TR 25T 2B M) 475 Qr) FIUSE 25 B (B SE PRI B e S0, 1 IE St
a—garnet-biotite marble with main assemblages of carbonate minerals (Ch) +quartz ( Qz) +biotite ( Bt) +garnet ( Grt) +chlorite ( Chl) +chalcopyrite
(Cep) , plane-polarized light; b—the matrix minerals of carbonate minerals (Ch) +quartz ( Qz) +biotite ( Bt) +chalcopyrite ( Cep) in garnet-biotite
marble, plane-polarized light; ¢, d—garnet-muscovite schist contains oriented minerals including muscovite ( Ms) +quartz ( Qz) +biotite ( Bt) +garnet
(Grt) +ilmenite (Ilm) and displays pressure shadow structure on both sides of garnets, plane-polarized light for ¢, crossed-polarized light for d; e, f—
garnet-muscovite schist contains oriented matrix minerals of muscovite(Ms) , quartz (Qz) and biotite( Bt) that define the main foliation, plane-polarized
light for e, crossed-polarized light for f

2.5 mm ; Vi 500 pm |
i v T BTN N s ——)
K4 RELINEE) AR KOs (AR ) R IR ()
Fig. 4 Photomicrographs showing petrographic characteristics of meta-volcanic rocks( garnet-feldspar-quartz schist) from the
Laochanghe Formation, Dahongshan Group ( plane-polarized light)
a—POIRAL R S5HE L BE SN AR AT R B A 9 KA AR SR b— AU A S R R RIS FOR AR T
P LT WUALE IR A (Fsp) +ATE(Qz) +HBE = BE(B) +IRFRELD 4 (Cb)

a—the garnet-feldspar-quartz schist contains porphyroblast of garnet and matrix minerals of quartz, feldspar and biotite with porphyroblastic texture ;
b—irregular assemblages and coarser subhedral garnet grains; c—the main matrix minerals of feldspar ( Fsp) +quartz ( Qz) +biotite ( Bt) +carbonate
mineral (Cb) in garnet-feldspar-quartz schist



552 1

TR B VR RZLIRAL K - TOBUA R A 2w P | AR 2R S 8 5

399

3.2.1 LA-ICP-MS U-Pb #5142
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Table 1 Major (w,/ %) and trace elements (w,/10™) compositions of meta-volcanic and meta-sedimentary

rocks from the Dahongshan Group

A A A R (TS ARKAAYE T (kL)
FEf 5 21DHS06-4 21DHS06-5 21DHS06-6 21DHS06-4a 21DHS06-5a 21DHS06-6a 21DHS02-3  21DHS06-3 21DHS06-3a

Sio, 66. 26 59. 10 59.20 60. 44 60. 72 59.83 75.92 76.37 77.02

Ti0, 0.58 0. 68 0.71 0.72 0.71 0.72 0.21 0.19 0.19
Al 0, 16.98 20.92 19. 60 20. 56 21.06 20. 53 11.21 11.18 11.11
Fe,0, 0.67 0.73 0.79 0.68 0.30 0. 40 0.18 0.22 0.33

FeO 6.21 7.16 8.95 5.43 5.16 7.12 3.04 3.07 2.64

MnO 0.14 0.08 0.08 0.04 0.04 0.07 0.07 0. 06 0. 06

MgO 1.31 1. 86 2.58 1.95 1.96 2.37 0. 81 0.83 0.79

Ca0 0.95 1. 11 0.74 0.62 0.64 0. 81 1.59 1. 60 1.51

Na, O 0.49 0.83 0. 60 0.78 0. 88 0.72 2.22 2.19 2.19

K,0 3.84 4.76 3.52 4.99 5.24 4.10 1.72 1.70 1.81

P,0; 0.10 0.13 0.14 0.14 0.13 0.14 0.01 0.01 0.01

LOI 2.04 2.42 2.10 2.79 2.80 2.37 2.08 2.19 2.27

t7/C - - - - - - 906 903 908
Fe,0," 7.57 8. 69 10.74 6.71 6.03 8.31 3.56 3.63 3.26
CIA 72.42 71.73 77.10 73.28 72.49 75.18 57.19 57.28 57.26

Icv 0. 65 0. 68 0.70 0.67 0.67 0. 68 2.97 2.99 2.88

log (Fe,0,"/K,0) 0.29 0.26 0. 48 0.13 0. 06 0.31 - - -

log (Si0,/A1,0,) 0.59 0.45 0. 48 0.47 0. 46 0.46 - - -
100xTi0,/Al, O, 3.42 3.25 3.62 3.50 3.37 3.51 1.87 1.70 1.71
Al,0,/TiO, 29.28 30.76 27.61 28.56 29. 66 28.51 53.38 58.84 58.47
100xFe,0,"/Al,0;  44.58 41.54 54. 80 32.64 28.63 40. 48 31.76 32.47 29.34
100xTi0,/Fe,0," 7. 66 7.83 6.6l 10.73 11.77 8. 66 5.90 5.23 5.83
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Continued Table 1
A ey HE PN @R b)) AfRAAYE R A (EXILR)
FEfbS 21DHS06-4 21DHS06-5 21DHS06-6 21DHS06-4a 21DHS06-5a 21DHS06-6a 21DHS02-3 21DHS06-3 21DHS06-3a
Fe,0,"/ (MgO+e,0,") - - - - - - 0.81 0.81 0. 80
A/CNK - - - - - - 1.33 1.34 1.33
Mg - - - - - - 32.37 32.69 34.96
Cr 110 130 130 140 140 130 <10 <10 <10
Co 23.7 22.1 27.1 16.7 20.2 26.0 6.3 6.6 7.6
Ni 37.0 48.6 50. 1 47.4 50. 1 51.7 3.0 2.3 2.3
Rb 164.5 215.0 170.0 224.0 244.0 189.5 88.5 87.4 90. 1
Sr 17.9 23.7 32.0 24.3 25.7 33.8 21.6 20. 1 18.8
Ba 592 764 523 796 839 628 246 233 248
Cs 2.34 3.72 2.49 3.41 4.03 2.70 1.23 1.19 1.07
s 162 150 136 159 162 137 <5 <5 <5
Ta 0.9 0.8 0.9 1.0 1.0 0.8 3.8 4:4 4.5
Nb 16. 1 12.6 12.7 13.6 13.1 12.2 67.3 66.7 69.7
Zr 133 115 137 121 120 121 394 381 398
Hf 3.7 3.2 3.7 3.7 3.8 3.3 12.3 12.2 12.8
Th 16.30 26. 60 23.40 17.85 20.70 20. 30 33.40 31.90 34.30
U 2.24 3.34 3.47 1.82 2.08 2.76 5.83 5.64 5.79
Y 37.7 35.0 47.0 22.6 19.8 32.5 96. 6 97.2 9.5
La 76.0 109.5 183.0 53.1 53.9 130.5 145.6 143.5 118.5
Ce 148.5 215.0 348.0 95.1 98.0 251.0 293.0 301.0 246.0
Pr 16.45 23.50 37.70 11.45 11.75 27.50 35.30 34.90 29. 00
Nd 60.0 85.7 136.5 41.3 41.7 99.0 135. 4 136.0 111.5
Sm 10.75 14.35 23.50 7.38 7.09 16. 90 26.90 27.10 23.10
Eu 1.79 2.33 3.67 1.36 1.38 2.79 3.58 3.65 3.11
Gd 8.30 9.74 16.25 5.72 5.40 11.30 21.80 22.10 20. 30
Th 1.19 1.27 2.11 0.79 0.73 1.49 3.22 3.15 3.03
Dy 6.57 6. 65 10. 40 4.26 3.78 7.02 18.36 18.25 17.60
Ho 1.27 1.23 1.79 0. 81 0.71 1.23 3.54 3.55 3.43
Er 3.41 3.40 4.66 2.23 1.95 3.31 9.77 9.86 9.87
Tm 0.50 0.49 0.65 0.34 0.28 0.43 1.46 1.43 1.39
Yb 3.16 2.96 3.98 1.89 1.63 2.53 8.97 8.95 8. 62
Lu 0. 46 0. 45 0.54 0.28 0.24 0.36 1.38 1.36 1.27
Ga 24.4 30.3 27.9 32.3 33.0 32.3 21.9 22.3 22.1
SREE 338.35 476.57 772.75 226.01 228.54 555.36 708.28 714.80 596.72
5Ce 0.97 0.97 0.96 0.89 0.90 0.96 0.96 0.99 0.98
5Eu 0.56 0.57 0.54 0.62 0. 66 0.58 0.44 0. 44 0.43
(La/Yb) y 16. 21 24.94 31.00 18. 94 22.29 34.78 10. 94 10. 81 9.27
(La/Sm) y 4.45 4.80 4.90 4.53 4.78 4.86 3.40 3.33 3.23
(Gd/Yb) 2.12 2.66 3.29 2.44 2.67 3.60 1.96 1.99 1.90
Nb/La 0.21 0.12 0.07 0.26 0.24 0.09 0. 46 0. 46 0.59
(al+fm) - (c+alk) 63. 64 62.33 73.32 62.70 60. 57 67.96 36. 08 36.59 35.23
LREE 313.49 450.38 732.37 209. 69 213.82 527.69 639.78 646. 15 531.21
HREE 24. 86 26. 19 40. 38 16.32 14.72 27.67 68. 50 68. 65 65.51
LREE/HREE 12.61 17.20 18. 14 12.85 14.53 19. 07 9.34 9.41 8. 11
Rb/Sr - - - - - - 4.10 4.35 4.79
Nb/Ta - - - - - 17.71 15.16 15.49
10000Ga/ Al - - - - - - 3.69 3.77 3.76
Zr+Ce+Nb+Y - - - - - - 850.9 845.9 806.2

. CIA= [AL,0;/(Al,05+ CaO ™ +Na, 0+K,0) 1x100 (x,/%) ,Ca0” = CaO-3.33%XP,05-CO,(x,/%) ( Nesbitt and Young, 1982); ICV =
(TiO,+Fe,05+MgO+Ca0 * +Na,0+K,0)/ Al,0;( Cox et al. , 1995); t, (°C) 15 J5 4 Watson and Harrison (1983); al= ( Al,0,/102x
1 000) x100/%, fm = (FeQ/72+Fe,0,/160x2+Mg0/40 +MnO/71) x1 000x100/3,, ¢=(Ca0/56x1 000) x100/3,, alk = (Na,0/62+K,0/94) x
1 000x100/3,, Si= (Si0,/60x1 000)x100/%,, 3 =(Al,0,/102 +Fe0/72+Fe, 0,/160x2+Mg0/40+Mn0/71+Ca0/56+Na, 0/62+K,0/94) x1 000,
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4.1.1 BUIRLE

UURE Si0, &M 59. 10% ~ 66. 26% , A
K B9 Na,O (0. 49% ~ 0. 88%) . CaO (0. 62% ~
1.11%) .Ti0, (0. 58% ~ 0. 72%) F 4 & B ALO,
(16.98%~21.06%) K,0(3.52% ~5.24%) .Fe,0,"
(6.03%~10.74%) MgO(1.31%~2.58%) &, 1F
(al+fm) - (c+alk) —Si Jf & % & E fi# 1 ( Simonen,
1953) , B AR 2 378 AR R UURUA FRD B TR
JEVE X 3 ([ 6a) , log (Fe,0,'/K,0) —log ( Si0,/

AL Oy) = A1 ] R S PURUE 58— T 18 DU DX (8]
6b) , RUVETIBUE B AL 22 1o B AR 5 TUA AL, 5
FRRUEA ST
4.1.2 Akl

A8 LA A o SR K LA AL, 5728
DURUE I 124 i o A L, 28 kLA B & 1Y Sio,
(75.92%~77. 02%) Na,0 (2.19% ~2.22%) ,Ca0
(1. 51% ~ 1. 60%) F1 5K (Y ALO, (11. 11% ~
11.21%) K,0(1.70% ~ 1. 81%) . Fe,0," (3. 26% ~
3.63%) . TiO, (0. 19% ~ 0. 21%) ., MgO (0. 79% ~
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Fig. 6 Geochemical diagrams of meta-sedimentary rocks (a, b) and meta-volcanic rocks (¢, d) from the Laochanghe

Formation, Dahongshan Group
a— (al+fm) = ( c+alk ) =Si [Kf# (3 Simonen, 1953) ; b—log( Fe,0,"/K,0) —log( Si0,/Al, 0, ) K (#i Herron, 1988) ; ¢—Si0,—Zr/Ti0, 33
&l fi# (#& Winchester and Floyd, 1977) ; d—K,0-Si0, [Elfi# (#i& Peccenllo and Taylor, 1976)

a—(al+fm) —(c+alk) versus Si diagram (after Simonen, 1953) ; b—log( F6203T/K20) versus log(Si0,/Al,05) diagrams ( after Herron, 1988) ;

¢—S10, versus Zr/TiO, diagram (after Winchester and Floyd, 1977) ; d—K,O versus SiO, diagram ( after Peccerillo and Taylor, 1976)
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T DI Hb D A o Ak fd et T 2R R I IR v (BT Ta)
PR B KB T A 0K (LIFEs; @1 Rb, Th,
U.Pb) , 5 #1538 L & (HFSEs; Nb, Ta Zr Hf Fl
Ti), &4 Pb fl75 1 Sr ouE n g5 i AARAME A 5%

(Becker et al. , 2000; Sadofsky and Bebout, 2003) ,
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TERRORL B A7 ¥ — b £ O % B 4 g (B
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~18. 14, FH(H 15. 73; (La/Yb)=16.21~34.78,
SEHIE 24. 69, (La/Sm) = 4. 45 ~4. 90, “FH¥I{H
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Fig. 7 Primitive mantle-normalized trace element (a, b) and chondrite-normalized REE diagrams (¢, d) of meta-sedimentary and

meta-volcanic rocks from the Laochanghe Formation, Dahongshan Group (normalized values of primitive mantle and chondrite are

from Sun and Mcdonough, 1989; the upper continental crust value is from Rudnick and Gao, 2003)
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Fig. 10 Detrital zircon chondrite-normalized REE pattern(a) , U-Pb concordia diagrams(b) and frequency distribution

histograms(¢) of meta-sedimentary rocks from the Laochanghe Formation, Dahongshan Group

FARFEBAR, {U Greentree A1 Li(2008) HRHE KT 11
£ (YT 2H R3S S 2H DR BE 1 SR AR O ARUR) 3 o 3 5
FEEI BPRERS AR DIRUA TR T R EREE; =
BT 2 R 3 Sk 2 B S B A0 AE IR 00 A R AR (2. 4 ~
2.1 Ga,1.9~1.8 Ga f13.0~2.6 Ga) BtHATEIF K
VRT47 7 M e 74 1 G i R R oty ool A4S s LR
(Greentree and Li, 2008) ,fH AR IR AR LT IEEAR
TURE I A 2 A DRI R SIE 75 5%, T Rer
W] I AR YIRS 281 AR T A A o dE 45 e
ARARER I DO G A FIAA 1 T i o DUAR 45 )
SR REIR A DO A B e, R AR SCER B AR
DUBUA A AISR-IE 220 ek b5l Fngh & U-Pb
SRR BIE AR DU 1 D P o A XA AIE
A MR 2 7 VAR SR AR A S 72 B T
FIFEEICER MR TR 255 2= A8 S R TE
AU (FBERESE, 2012) o )8 2 XALVE RIS 32
JGE K. Na Ca %5 H t1 875 R/ 1T ALLSi | Ti 45
KB T RERRE AR, T TR h oI sh AR
M REFEAICE, U1 Rb Ba U 5552 28 AAAE IR AR
Jr it RN Sy K A2 38 s NG Bh2H o3 e 3 e R, 4 Nb |
Ta Zr Hf SEAHXTRE SR BT A 1 A BT, PR
FIFHRSE 1Y 3 £ 0T FR A0 0 R K0 1) Rk S i D
PRI DX AR SRR T AT S
PRI DR Ak 3 ol B2 109 7 Bt 48 40 E 2k
PhARFEEL(CIA 5 Nesbitt and Young, 1982) Flal /748 5
BEL(ICV; Cox et al. , 1995), AZUIRUAT CIA {HA
T 71.73~77.10 Z[8] , FH(E R 73.70 (£ 1), mTKR
Fifi I Hb7E{E (UCC) (46; Sun and McDonough, 1989) ,
$2 38 T34 004 {H (70 ~ 75; Nesbitt and Young,

1982) R HIR X ¥ R 22 07 7 s i KB FE T (A
12a) , fHFIH CTA HIWr I8 D XA R B i 7 B HEBR
DORFBEI AT S S0 52 i, P B TGV A B o
TR 50 1 2 S T ) 1 43 e AR R B ( Cox et
al., 1995), 1CV {E>1, R XY 5% 26 07 8
b KA 52 A R 5 ICV B <1 AR ERIE X
SR B L0, v RS D B OB E k2 3 5
WAL ST BRI BRI, i35 A SC 6 1FA8 1T
BUAREM A ICV HYE A 0. 65~0. 70, 1 0. 68,
T JEA R AR B R R TR A3 A
FE 2 AR FASE . Th/U-Th FEIfi (1 12b) &
ANFESL ) Th/U KT B, 8 —E 59 KAk a3
(Taylor and McLennan, 1985), ¢ I, A8 TR A X
W G W B AR R ARSI
7E Ti0,/Fe,0,"-Ti0,/ AL O, [Ef# (&l 12¢) , 728
DURUEFE S B T T L 2 A i 5 T 2 {E S
FEIDY, S J 2 A 1R i 0 ot 2 R U 1 R R 1 25 K
3 7E La/Th-Hf EIffh (FE 13d) , AR TR A 75 A KDL
Jo/ SRR AR DX IR P 2 2R SR X, U B D U AR
W) R UR T R PE A K A 7R ALO, - (CaO ™ +
Na,0)-K,O( A-CN-K; Nesbitt and Young, 1989) [l fi#
(Pl 12e) , AETURUEBAE L 1L T8 5 DA o 14 3 8 1l
A3, R HE A IR X Y B LR ALO, AT K,0 4
Iy REHIE, RS 20T S M R A 5R 21 & 48, Se
B35 X VE BT ( McLennan, 1989) ,Zr/Sc A 4§ /5171
YT AR B A6 K BUA T B s r, Th
M Se 40 A HIZS o0 R AR TR W X & B4y
S TEUURE R, Th F1 Se I LARG IR 2H 20 i IE = &k
3B % I Th/ Se s H T 48 7R JRA 1L 25 43 5 il i



43 4%

410

0T 878 Cl 88 9°1 90¥1L°0 6°1 PIe1 S6°0 89 990 0 00 0 LT 6L - SE-€-90SHA 1T
6C 698 Sl 168 0°'C 1 1I¥1°0 T vIg1 or -1 00 890 "0 1L0°0 €9¢ Y4 SO0 €-€-90SHA1T
61 0¢€8 el 98 9°1 € 0v1 0 6°1 LOE T €60 SL 990 °0 L00 "0 6°S 668 S0 °0 €€-€-90SHA 1T
L1 128 cl LEY 91 98¢0 8’1 L8T 1 280 LY 990 0 900 0 V'L 99T 1 10°0 TE-€-90SHATT
Y4 Y4 1! LY8 91 ¥ Orl 0 0°C 86C 1 0’1 86990 0 ¥10°0 0°I1 208 S1°0 [€-€-90SHA 1T
(92°0=AMSIN) PIN SFEFS L TE I 54 €-90SHATT
14! YL 1 Y4 9¢L 1 9°1 6 80€°0 81 98S ¥ SLO 9¢ S01°0 78 °0 61¢ 16¢ 20°0 0€-€-90SHA 1T
L1 9IL T 9T SCL 1 L1 6CIC0 6°1 v v 160 60 SOT "0 LL0 61 LST 000 6C-€-90SHA 1T
1T YOL 1 LT L9L 1 L1 £SIe0 I°¢C 66S ¥ ol 'l I ¥01 "0 8¢°0 6 91 LO°0 8C-¢-90SHAIT
6l SIL1T LT PEL 1 L1 S 80¢€ 0 0°C 019 ¥ 011 €0 S0T°0 £€9°0 Orl 81 900 LT-€-90SHA 1T
Sl 0CcL 1 Y4 6CL 1 L'l 9 L0E0 81 9¢C v 18°0 0¢ S0T°0 €8°0 89¢C €ee 00 97-€-90SHAIT
81 00L T 9T 6SL 1 L1 L €1€°0 0°¢C L6S 'V 860 0T ¥01°0 0L°0 <1 9TC L0°0 SC-€-90SHATT
1T L1 LT ovL 1 L1 LT1le0 1°¢C 029 ¥ 01’1 0r S01 0 0L°0 ocl LLT 010 ¥C-€-90SHATT
0T 90L 1 LT ISL 1 L1 02CIc0 0°¢C L8S ¥ or°1 0S ¥01°0 9 °0 LTI 681 600 €C-€-90SHATT
0T SIL 1 9T €L 1 L1 °90€°0 0T 78S v 011 12 S01°0 7870 661 0S¢ 90 TC-€-90SHATT
L1 VIL T 9T SeL 1 L1 8 80¢ "0 6°1 6SS Vv 060 66 701 0 SL°0 €81 16¢C 000 12-€-90SHA1T
€l 0EL T Y4 YL 1 9°1 990¢°0 81 99¢ v €L°0 88 SO1 "0 £€8°0 (Y43 LOY 10°0 0C-€-90SHATT
4! L1 Y4 SIL1T L'l 8 ¥0¢€ "0 8l 0S¥ LLO <y SO01°0 08°0 €8¢ 99¢ 200 61-€-90SHA 1T
81 969 1 9T 9¢L 1 L1 0 60€ 0 6°1 LISV S6°0 S6 €01 °0 80 1vC 20¢ S1°0 81-¢-90SHATCT
Sl 90L T 9C ISL 1 L'l 12I€°0 61 98¢ v 280 S ¥01°0 18°0 6v¢C LIE 900 L1-€-90SHA 1T
0T 60L T LT L1 L1 °01¢€°0 0C L9S ¥ 011 0L ¥01 "0 7870 L1 1ce €r’o 91-€-90SHA1T
1T 669 1 LT OLL 1 L1 6 S1€°0 1C 434 011 01 +01 "0 S9°0 Cll 6L1 90 0 S1-€-90SHA 1T
Sl 6IL 1 9C 8L 1 L1 v 11€°0 6°1 L09 ¥ 80 ¥C SO01 "0 78 °0 €8¢ 0S¢ SO0 1-€-90SHA 1T
1T 969 1 LT 9¢L 1 L1 1 60€°0 1°C 819V 011 00 01 "0 L0 ovl 661 v1°0 €1-€-90SHA 1T
¢l TIL T Y4 0EL 1 91 8 L0E 0 31 6v< v 69 °0 €8 ¥01 °0 16°0 601 (3534 000 CI-€-90SHA1T
1T Lt LT YEL 1 L1 9 80€°0 1°¢C 9cS v 011 0¢ v01 "0 £€8°0 LLT €ve L0070 TT-€-90SHATT
SI 80L 1 Y4 1L 1 L1 090€°0 6°1 €0S ¥ 80 29 Y01 °0 680 S6¢C Ive 0 "0 01-€-90SHATT
T Lt 8T LLL T 8’1 v LIE0 (e 0S9 ¥ 0¢ 1 0¢ 01 "0 €8°0 IT1 6¢1 010 6-€-90SHA 1T
Sl SIL 1T 9T SeEL T L1 8 80¢ "0 6°1 214 80 20 SOT "0 880 76T we 600 8-€-90SHA 1T
81 9IL 1 9T 9TL 1 L1 [ LOE 0 0°C 89¢ v L6°0 60 SOT "0 I8°0 0L LIT - L-€-90SHA 1T
61 1L T 9T YeEL 1 L1 9 80€°0 0°C 4554 011 0r G010 08°0 6L1 (434 Lo 9-€-90SHA 1T
0T OIL T LT oL 1 L1 LvIe0 1°¢C 7€9 v 011 08 01 "0 89°0 1T1 €81 010 S-¢€-90SHATT
81 LOL T 9T oL 1 L1 [ 1I€°0 0°¢C VLS 'V 860 09 01 °0 I8°0 081 6CC 90 0 #-€-90SHA 1T
Sl PEL T Y4 L1 9°1 °90€°0 81 0LS ¥ 78 °0 1T 901 °0 LL"0 (454 9¢e 900 €-¢€-90SHATT
€l 80L T Y4 6IL 1 91 9 ¢0¢ 0 81 L6V ¥ €L’0 79 ¥01 "0 16°0 €LE (444 10°0 C"¢-90SHA 1T
91 I0L 1 Y4 CIL 1 9°1 I ¥0€ "0 81 SIS ¥ 78°0 9T ¥01 "0 2870 £€9C 0ge 10°0 [-€-90SHA 1T
(SE0=AMSIN) BN 9FEIL T i 55 €-90SHATT
O1F  Adgp/Ud e OTIF Ngez/Ud g5 o1 Ngez/Ud g5 o1F N gez/9d 1o o1F Ad g9z /9d 12 UL n *Gd g
N/4L B B fie
by E T[] HyHZ [y - 01/%m

dnoan) ueys3guoye( ay) woyy (¢-7OSHATTZ PU® €-90SHATZ) SYP04 dIuBd[0A-E1oW Jo Blep d1dojost qq-() uodnz JIN[IHS € dqBL
HEE I qd-0 JNTIHS 85t (€-C0SHATT ok €-90SHATT) MY FEMIEZY € 2%



411

=94

BUAHER 2w P | A A% 2 S i

it

PR RLL AR K i =

[H.

i

Ehins

Sl 60L 1 ST 6IL 1 L1 9 60€°0 81 667 v 18°0 IL ¥01°0 £€8°0 80¢ €8¢ L0070 P1-€-COSHATT
61 869 1 LT 09L 1 L1 6¢le’0 0°¢C S6S v 00°T 0l ¥01°0 SL0 961 71T I1°0 €1-¢-C0SHA 1T
Cl CILT Y4 CIL 1 9°1 Tvoe0 L1 L8V 'V £€9°0 L8 ¥01 "0 €Tl vIL 209 00 CI-€-T0SHATT
IC SOL T LT 8YL 1 L1 ¥ 11€°0 1T VLS ¥ or°1 0S ¥01°0 89°0 SI1 SLI €0°0 [1-€-COSHA 1T
81 LOL T 9T ISL 1 L1 121€°0 6°1 88C Vv 96 0 09 01 "0 8L°0 80¢C 9LT 010 0I-€-COSHATT
14! T1€L T 9T ovL 1 L1 6 60¢€ 0 81 S19°'¥ 9L°0 L6 SOT "0 78 °0 ele 98¢ - 6-€-COSHAIT
81 SIL 1T LT 8YL 1 L1 v 11€°0 0°¢C 86S ¥ 001 00 SOT "0 9L°0 €91 0cC 0 '0 8-¢-COSHATT
L1 LT LT 09L 1 L1 6 €1€°0 6°1 €09 ¥ €60 1€ 01 °0 6L°0 L6l 86¢C 10°0 L-€-COSHAIT
91 €0L 1 9T LYL 1 L1 c11e’0 6°1 99¢ ¥ 680 S¢€ Y01 °0 08°0 [4y4 SLT 00 9-€-C0SHA 1T
L1 80L 1 9T cSL T L1 48] 6°1 ¥ v 060 29 Y01 °0 LL0 {14 1LT 00 G-¢-C0SHATT
Sl €L 1 9T SvL 1 L'l 8 0I¢€ 0 6°1 019 ¥ 18°0 1S S01°0 7870 96T €Te S0 0 #-€-COSHA 1T
14! 8TL 1 9T L 1 L1 101€°0 81 119°'% 8L°0 08 SOT 0 80 S8¢C 8S¢ 900 €-€-C0SHA1T
91 YOL 1 9T €L 1 L1 ¥ 90¢°0 6°1 667 v 88°0 I #01 °0 18°0 LST 8¢ L0070 C-€-COSHAIT
Sl YOL 1 Y4 YeEL T 9°1 9 80¢ 0 81 X1 4 6L°0 ¥ +01 "0 £€8°0 LTE LOY S0°0 1-¢-COSHATT
(T7"0=AMSIN) ®IN 9FTIL T % 7 4% €-TOSHATT
w 808 Cl w8 L1 S 6£1°0 97T 96T 1 00°C 00 990 "0 €20°0 0°6 L6€E Se€0 LS-€-90SHA 1T
1T 19L €6 €v8 9°1 L 6£1°0 6°1 L8T 1 L6°0 8S ¥90 0 S00 0 9°8 L1 81°0 96-€-90SHATT
61 6¢8 Cl (433 91 8 LET 0 81 69C 1 16°0 70 L90 0 900 0 Y 76 000 SG-€-90SHA 1T
144 8¢€8 el [$3] 9°1 T8ElI0 0T LLT'T 011 66 990 0 900 0 [ 896 600 7S-€-90SHATT
84 8¢8 Il S8 91 [ 6€1°0 IS4 10€ "1 00°C 00 L90 0 900 0 09 960 T S 1] €6-¢-90SHA 1T
1T 92 el ceg 9°1 € 8¢1°0 61 [4:14! 00°1 €2 L90°0 9100 STl 978 010 TS-€-90SHATT
1C 8T8 Cl 6€8 9°1 06€1°0 6°1 €8T 1 00°T 0L 990 "0 800 0 9°¢ SeL 10°0 [S-€-90SHA 1T
81 8¢8 ! 6178 9°1 L Ov1'0 81 80¢€ 1 880 00 L90 0 900 0 [SY 16 - 0S-€-90SHA 1T
LT 658 el S8 91 v IvL 0 1°C PIe1 0¢ 1 89 L90 0 00 0 6°1 08 000 61-€-90SHA 1T
ST 8 €l 6€8 9°1 I 6€1°0 0°C 88T 1 0C'l S1L90°0 €60°0 8 '9¢ 61L 800 8¥7-¢-90SHA 1T
1€ 8¢€8 el 778 L1 6 6€1°0 (e coC’1 0S 1 10 L90 0 €10°0 9% 86¢ 600 Ly-€-90SHA 1T
8¢C 8 14! 878 L1 90¥1°0 (e PIE 1 or 1 0T L90 0 <00 0 L1 19¢ - 9%-€-90SHA 1T
IC 918 Cl €8 9°1 I 8¢1°0 6°1 €871 001 0€ 990 0 010°0 L9 0€L L0°0 SH-€-90SHA 1T
8¢ 98 el L8 9°1 ¥ Orl 0 1°¢C LOE T 0g 1 LT L90 0 L00 "0 8°C (Y44 SO0 P-€-90SHA 1T
1T 8¢8 €l 0S8 9°1 6 0v1°0 6°1 (441 001 20 L90 "0 600 0 09 899 900 €7-€-90SHA 1T
L1 S08 cl 178 91 € 6£1°0 81 6T 1 £€8°0 76 S90 0 L00 "0 L8 Ive 1 L0070 Tr-€-90SHAT1T
LT LES €l €8 L1 I 8¢1°0 1T €8T 1 0g’l 66 990 "0 €000 6°1 88¢ 00°0 I7-€-90SHA 1T
LT 9¢8 €l S8 9°1 L1¥1°0 1°¢C 8I¢°I 0g’l 6S L90 0 S10°0 88 029 81°0 0-€-90SHATT
6C 0¢8 cl S8 91 € Iv10 1°¢C 60¢ "1 or 1 ¥ 990 0 900 0 0°¢ 1599 (S 1] 6¢£-¢-90SHA 1T
81 (44} €l 878 9°1 9 0¥1 0 81 96T 1 880 8% 990 0 00 "0 Ve 916 00 8¢€-€-90SHA 1T
81 €18 cl 0r8 91 coelr0 81 16T°1 $8°0 22990 °0 ¥10°0 L'vl 1L0 T 00 LE-€-90SHATT
91 88L 11 8¢8 91 8 8¢1°0 81 68C 1 9L°0 ¥ €90 0 L00 "0 1711 Y43 20°0 9¢€-€-90SHA 1T
O1F  Adgpe/ e PTF N/ Ud gy o1F Ngee/Ud gz orF 0 gee/d 1 o1 Ad g0z /d 17 4L n "dd g
/4L A 5 fifk
by E T[] HyHZ [y - 01/%m

I-€ 9Iqe], panupuo)

I-€ %



f 43 5

412

134 88L el 978 L1 € ovl 0 8°C 76T 1 0¢°'C 0¥ 90 0 LT0°0 Y4 7S6 SO°1 €6-€-C0SHA 1T
< 118 el 0r8 L1 T6E1°0 0°C 16C°1 011 91 990 0 L00 "0 8 OLT T 800 CS-€-T0SHATT
< GL8 el 88 L1 90¥1°0 0°C LOE T 011 CC 890 °0 900 0 14 L69 - 16-€-C0SHATT
Y4 €78 Cl 9¢8 9°1 S 8€1 0 0°C €8C°1 0C’'1 S 990 0 L00 "0 9 w8 LT0 0S-€-C0SHATT
IC 0S8 €l 768 9°1 L 1¥1°0 6°1 LIE'T 001 0¥ L90 "0 600 0 L S6L 800 6¥7-¢-COSHA 1T
1C LI8 €l 0€8 9°1 € LET 0 6°1 69C 1 00T 7€ 990 0 1€0°0 143 Pyl 1 1°0 8¥-¢-COSHA 1T
144 ce8 €l LEY L1 98€1°0 LT 8LT'1 01 '¢C 06 990 "0 800 0 S 1€9 080 Ly-¢-CTOSHATT
T 8¢€8 el 678 L1 8 0v1 0 0T 60¢ "1 00°1 20 L90 0 S00 "0 14 SIL 000 9v-€-TOSHATT
9T LO8 14! 8¢8 L1 L8E1°0 1°¢C 16C°1 0C’'1 20990 0 910°0 8 LIS 000 Sy-€-COSHA 1T
6C 98L 11 178 91 £6€l°0 1°C 68C 1 or -1 LE S90°0 0200 81 €76 LT°0 P-€-COSHATT
(44 Sr8 €l LEY L1 98€1°0 0°¢C 68T 1 001 €2 L90°0 €00 0 € TeL 0 °0 €P-¢-TOSHATT
0T 708 Cl S8 9°1 00ov10 6°1 20¢ T L6°0 6 90 0 00 "0 14 S0 1 LO°0 Tr-€-C0SHA1T
8¢ TLL Cl 0S8 9°1 6 0v1 0 1°¢C e1e’l 0¢ 1 68 90 0 010°0 el oce 1 1€°0 T¥-€-COSHATT
(44 SI8 el LEY L'l 98¢0 0°C L8T 1 00°1 9¢€ 990 0 600 0 8 a0 1 LO°0 0v-€-COSHATT
(44 0¢8 el T8 91 [ 01 °0 6°1 10€ 1 001 S 990 °0 S00 0 14 SOL 000 6€-€-COSHA 1T
81 €6L Il 818 9°1 9 0v1°0 81 LOE T 980 65 S90 0 L00 "0 Il 765 1 600 8¢-¢-COSHATT
8¢ LY8 Cl 8¢8 9°1 8 8¢1 0 v"C L8T 1 081 0¢ L90 0 810°0 11 879 80 LE-€-COSHATT
(43 LS8 el LS8 L1 1Tr1°0 €°C STe’l 0S 1 09 L90 "0 060 0 S¢S S79 €€ 0 9¢-€-CO0SHATT
1T 88L 11 S8 9°1 € 1v1°0 6°1 60¢ 1 660 €7 S90 °0 800 0 6 LLT 1 Lo SE€-€-COSHATT
1C 6SL 0l 6€8 9°1 6 8¢l °0 6°1 €8T 1 00°T 7S 90 0 100 L1 Sov 1 81°0 €-€-COSHA 1T
9T €18 Cl or8 9°1 c6E1°0 0'¢c 16T°1 0C’l 7T 990 °0 200 (44 Se0 1 0€ 0 €€-¢-C0SHATT
T L8L €l 8 9°1 6 6€1°0 0°¢C €6C 1 or°1 6€ S90 0 800 0 S 00L 600 CEe-€-C0SHA1T
1T 6SL ol (3] 91 1 8¢€1°0 6°1 8LT1 00°1 €5 790 °0 600 0 €l 065 1 €20 1€-€-TOSHATT
(T€°0=AMSIN) PN SF¢H8 LTSt €-T0SHA 1T
91 6CL 1 9T 6CL 1T L1 9 L0E0 61 679 ¥ 980 €8 S0T°0 80 (V174 0¢ - 0€-€-CO0SHATT
1 YOL 1 9T €eL 1 L1 ¥ 80¢ 0 871 6lS v LLO €7 ¥01 °0 680 ove 96¢ S0°0 6C-¢-COSHA 1T
(44 OIL 1T 8T I9L 1 8l [ ¥1€°0 I'¢C 08¢ ¥ 0’1 SL¥01°0 0L°0 €Tl I81 v1°0 8C-¢€-COSHA 1T
61 VIL 1 LT YOL 1 L1 L¥1€°0 0°¢C 79 v 00T 00 SOT°0 L0 IS1 [ay4 S0°0 LT-¢-TOSHATT
Sl TIL T 9T 99L 1 9°1 161€°0 81 €9 ¥ 78 °0 78 ¥01 0 6 °0 we 9LE L0070 9C-€-T0SHATT
91 10L T 9T cSL T L1 €CIe0 6°1 LISV 88°0 ST ¥01°0 S8°0 0LT 6C¢ L0070 §C-€-COSHAIT
14! LT 9T LELT L1 c60€°0 81 LES YV SL0 e Y01 °0 860 10% 144 900 ¥C-€-COSHATT
L1 OIL T LT €CL 1 L1 ¥ CIe0 6°1 109 v 76 °0 YL ¥01 "0 780 0T 96T SO0 €C-€-C0SHA 1T
L1 0EL 1 9T SeL 1 LT 8 80¢€ 0 6°1 66S ¥ 60 26 S01°0 LLO 80C 8LT 900 TT-€-T0SHATT
61 €69 1 LT LYL 1 L1 Ccl1Ie0 0°C wsy 00°1 08 €01 °0 L0 0LT S 74 80°0 12-€-T0SHA1T
144 OIL T LT YL 1 81 990¢°0 [ 0cs v 0¢ 1 08 01 "0 6L°0 S 10T 16°1 0C-€-C0SHATT
6l 869 1 LT €9L 1 L'l Lv1IE0 0°C 109 v 00°1 0ol +01 "0 SL°0 SLI (0174 11°0 61-€-COSHA 1T
e 169 1 LT 6SL 1 L1 9¢€Ig0 (e LS Y 0g’l 0L €01°0 0L°0 Sel 661 010 81-€-COSHA 1T
L1 1L 1 LT €8L 1 L1 98I0 6°1 YLy €6°0 28 Y01 °0 6L°0 90T 0LT 600 LI-¢-COSHATCT
SI LIL T 9T 8CL 1 L1 S ere0 6°1 €€9 ¥ 080 1 SOT "0 £€8°0 LT ove 000 91-¢€-COSHATT
81 10L T LT LOL 1 L1 € SIe0 0T SoC ¥ 66°0 ¥C ¥01 °0 9L°0 191 61¢C 00°0 SI-€-C0SHATIT
O1F  Adgp/Udy;  OTF Nger/Ud oz o1 Mg/ qd o o1 Nge/9d O1F Ad g0z /d 1z 4L n "qd g
/4L 5 i
Wy T[] LIV E AN 001/

7-€ JIqBL panunuo)
TE X



2 G HIGR R SO - A HER A R e | AR A AR K A i 413
036 @ O 4 B 2 21DHS06-3 933 b R A Y 21 DHS06-3 01451 € AR5 21DHS06-3

Mean=1 713 +6 Ma
MSWD=0.35, n=30

0.16

0.12

Mean=843 £ 5 Ma
MSWD=0.26 n=27

)1 0.143

0.141

0.139

0.137]

0.135[810,% P A |

0.08
0.

0.133 819
1.22 124 126 128 130 1.32 134 136

0.147— S A
| flHC O 2 21DHS02-3

Mean=843 =5 Ma
MSWD=0.31 n=23

1.26

1.34 1.38

036} d fARHC AT 08¢ 21DHS02-3 T AT 21DHS02-3
Mean=1 711 6 Ma
0.32 0.32 MSWD=0.41 n=30
0.28
g 024 031
=
-5
A 020
- 1000 (e ot e
. A T 0.30
> [ O EmE
2
012 g
0.08 0.29
0.5 1.5 25 35 45 35 4.2 44 4.6 4.8
P T
Bl RELINAEEE) AR SOl AR (7 U-Ph 4R 1]
Fig. 11  Zircon U-Pb concordia diagrams of meta-volcanic rocks from the Laochanghe Formation, Dahongshan Group
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Fig. 12 Geochemical discrimination diagrams of meta-sedimentary rocks from the Laochanghe Formation, Dahongshan Group
a—ICV—CIA [Efi# ( Cox et al. , 1995; Nesbitt and Young, 1982) ; b—Th/U-Th Eff# ( McLennan et al. , 1993) ; chiOZ/FeZO3T—Ti02/A1203

[EIfi# ( Condie, 1993) ; d—La/Th-Hf [#fi# ( Floyd and Leveridge, 1987) ; e—AL 05— ( Ca0 * +Na,0) ~K, O [#fi# ( Nesbitt and Young, 1989) ;
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Table 4 Magmatic and metamorphic ages of the Dahongshan Group in the southwestern Yangtze Block
KA 2] HAAKA HUREWIRES AR/ Ma 275 30k
Eaiigl WL #5417 LA-ICP-MS U-Pb 1 659+16 Zhao and Zhou, 2011
EaniIcl AR B #5417 LA-ICP-MS U-Pb 1 67320 SRS 2017
EANIIE:) AR S #41 LA-ICP-MS U-Ph 164319 SRS, 2017
EANTIE:] AR KA ¥E47 LA-ICP-MS U-Pb 748.9+5.7 BIERISE, 2017
EaN Tz AR TS #44 TIMS U-Pb 1 665+13 Hu et al. , 1991
=X ORI TR E A BEfIN A A Sm-Nd %52k 1 657+82 Hu et al. , 1991
2 5 T2 A IR A #5417 SHRIMP U-Pb 1675+8 Greentree and Li, 2008
LA MO e AU £ 44 LA-ICP-MS U-Pb 1681+13 Zhao and Zhou, 2011
L=ISPOE| EyQlipes ¥4 LA-ICP-MS U-Pb 1 6878 ZFL3C, 2008
= IGCEE HYEA B U-Ph 1 900 SRARIES | 1990
ZH AR TR A #:47 LA-ICP-MS U-Pb 17114 Werss, 2012
oA RRTIE: | A S #5447 LA-ICP-MS U-Pb 1 6864 W%, 2012
ESARRTIE | AR S #: 47 LA-ICP-MS U-Pb 849+12 ML, 2012
AR A YURE TS KLl HzBE Ar-Ar 845~837 Wher 4, 2013
E A N sY iy =tk Ar-Ar 860~ 820 Greentree , 2007
EAIRGE ZothR A MUE A U-Th-Pb 845+6 ¥, 2023

W RELIAEE T A S J TR 2 RS B TTUAR
B 1 713~1 711 Ma,
6.3.2 RULBUEYIIR

DU TR AT S B A 2 o A DR B U R ATE 5 € s
FeiE AL B B EAN T (Cawood et al. , 2012) o K54 -
T AUE A TR T R R Y R 2 UL, R 2k
FATCR HAF IR 15 2 (Zhang e al. , 20065 AFK K
45,2007, Zhao et al. , 2010) , KRLLILEEE4 T Hb
vt v 2t R 4 e Al — oty FUHUZR 2 — (R
A, 1990; FAR4E, 2019) , W58 K LT 1L RS (U
EIWEIB AT U-Pb 4RI 70 AT RRAE XS T8 7847 1 b
PV v 2 i FE R 20 R it 7 T 15 T8 1 1 3 5 g s
ANIESEA7 5 M T REAE 7R Kl 1 b e L IE AT 2

BRI R 4% F b e vh e ol - rh oo il S0
PR (CORELILRE 0 FURE AR REFN JBUE 22 20 ) /Y
| YR Y N R PR AW O S ERS W TAZ
IXBEYUR I J2 (0 7 5 A AR IS AL, A 1.9~
1.8 Ga f12.4~2.1 Ga M4EIRIG(ELL S 3.7~2.7 Ga
B E 5 4 15 B ( Greentree et al. , 2006; Greentree
and Li, 2008; Zhao et al. , 2010; BkouA:%, 2012)
XSGR o3 A T4 1 MR PG B 2 0 - ooy
S M2 DU ORI AR AL, BEW1 47 7 b B Y g % ]
REAFTE R 7 =ty ooy A b 5 R i Ry AR IR TR
0K 7/R// 8

W 14 Jrzs  RECINEE R 82T WA 5 Fil=
i ) 2H I Sk 2H AR O e () R D8 A AR I8 23 A AR

AR AL, A % S AR Tl ST A A A B
(1.9~1.7 Ca M 2.4~2.1 Ga) , /DH R K i i 9
(3.0~2.6 Ga), HICLATAL, KL IR DR b 2 Ry
BT AR R A R 15 75 5%, W ORI T4 7 b H Ry
CIRTPIWE Lve-5i o

KELINBHAER J 3. 0~2. 6 Ga HOYJE £ 41 135
P MY B 2 T BEAEAE R i S T, Cui 45
(2019, 2020, 2021) 5 —E 1 8 T4 1 M3k 7y
I R R LA A (B iRk aes
HR ARG I A BB A U-Ph 4824 3. 10~2. 85 Ga,
UESE 47T M B VY 5 2% 0 B A7 A6 K iy i il e 445 o 3
Ko X —RIFTUEH T RL B AR TIRUA 1 Koy
A B A H 37 H RV i R i SRR R AL

REINAER T (2. 4~2. 1 Ga) BIREJE &
VAR ALY/NE T B b A=) S S N e S Ak
Mok LS ( Greentree and Li, 2008 ) , {H Wang %5
(2016) 7E47 FHbHPE B 4 & Bt oo A K
P, 85 A TR 280 AE IS B T B g G A8 B i A
JBRA 2. 28 ~ 2. 19 Ga A FKAEHS, HAh, Kou 55
(2017) 2153 25w R AL I IR [ A 28 KL A B A
U-Pb 4F#4 4 2 01247 Ma, Cui % (2019)4RIiE T = F
TCIL BB X — K AL B RS AR IRy 2 363 ~
2359 Ma, bFiRBF5E34 4%+ M e vh rg 2% 1) Bl oo
AR (2.5~2.3 Ga) HIIE SR MAA JrikdE . Pk, K
SLIBER TR (2. 4~2. 1 Ga) FHEJE 85 11 v K U5
T4 F bV S R T A A FAE A

KLIBEE T M (1.9~ 1. 75 Ga) IITEJH
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Fig. 14 Zircon U-Pb age histograms of meta-sedimentary rocks
from the Dahongshan Group (a, b data source Greentree and

Li, 2008, data c¢ from this study)

BRI 51 T U P i 245 A TR 146 14
EWKAZALAR (1. 94~1. 89 Ga) —F(, M4, MRt
FAIAE B IR IR A ARk i X R IR AE 1 7 4 1 B
T~1.95 Ga fil ~ 1. 85 Ga MJZE i &5 A1 4F I 15 B
(Wang et al. , 2016; Cui et al. , 2020; #H], 2023)
i, jcélmail 9~1.75 Ga E’JEW H5%FH
S UNEEEs L DT Aw e A A [T N G S0 o8 %) I
YRk A P R 20 ol oA s R TG B

25 F TR LT 1L R AR TR T B B A0 Y AF 0

S ATRHIE R A DU IR 32 2R I T4 1 M Ve B 2%
ot K R KA A, RELILgF
MBS A FREER A TN E %25
Columbia /K fili 5 4 FH 2L fiff 1 i Ly 5 2

6.3.3 ZEFHHME

KRLLIFEE T4 1 e v R 2 1) HT € At 45
IR, AAYCEEMRS R AR ANAEHAZR, f/i
NE XS REL I REAS Kl - PR 1Y 48 B4R S 517
=B Ar-Ar Al K-Ar JlUE A U-Ph FIAE B 45 A U-Pb
S5 2T 7 B AR RIS (B T e Y AF I B e A R B
JERSR (B414%, 2012, 2013; SEMEEE, 2017;
1, 2023) A KL IHEAR B A A AR ACAS 2R i =
FE AR5, o IR G T e 1 A8 Jo7 Aot G AR A8 Jo B A
1) JEEL R

ARG X K LT I ) T 4L AR L R AR
B A TSR Y O AR B A U-Pb AR I8 R R
NIAFE & BE Av-Ar 4RI FIA0UJE A U-Th-Pb 4F#%
ZEARTEG, PR AN [F) A2 ot B B B AR BB, 2 )T
AR JOL A RES AR A CL RUR B8R B h 454 (&
8) , BB WG T Y A K A SR B A TC - 55 0
H Th/U BB B AL TR E A (K 9) |, FRIAES A i
RS SR ARAS A AR B A U-Ph i FAE I8 A 843
+5 Ma,

ZAE S T I A AR UURA W Ik E A U-Ph
RS (845+6 Ma; 91, 2023) FIH = Ar/¥ Ar 4
W4 (844.2+4.2 Ma; #4105, 2013) %) T4 A8 %
PESA BB A7 U-Pb 4R 1% (849+ 12 Ma; #7415,
2012) ForAEE  FE T2 AR TR RE AN S
F}0 A/ Ar A5 (839. 6+4.2 Ma ~837. 7+4.2 Ma;
W45 ,2013) , EE?%E(%O"C)%M&EE(mm
750°C ) (19 U-Pb 1K Z B PR BE 8w, REERR 10 s A8
YEFH Y 06 B 4E # ( Corfu, 1988 ; Suzuki and Adachl,
1991; RIcff5%, 2004; Cocherie et al. , 2005) , %%
M F = B Ar-Ar [6] 7 R K & /9 3 IR 3R
(<450°C ; Hames and Bowring, 1994) ,*Ar-* Ar 4E (%
WA AR B ARG R, %%Jﬁ%#ﬂ’a
TR N T B P B, A" Ar AR AR AR
iy, ) WM AARTIRUA B H = A Ar @ﬁﬁ
(MLL5E, 2013) SRS M A W ES A U-Ph 4R i F1 AR
DUBUE M JE A U-Pb % (M 205, 20125 #53,
2023) AH—2k, B K LT LA W 1 A8 5T 4R 0% O 849
~843 Ma; &) T8 hRYES 1Y F = Bk 3 R E
AT REAIST 22 0 = A L BE, A A% A= Ar A1 1T
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RBAC AR 0T 5 I8 ENAE I, PR e AT 1 B i 04 )5 R
AR ARl 839~837 Ma,
6.4 KROWBTNL-MREREERIBELSS

BHTEREREHER
6.4.1 AR KIL-TIRUAE A TE B R 3 1 5

Y UG AR A T ~ 1. 7Ga JF i 1L 2@
(AT L, TR T — P I X Columbia 8 KB
FOL R 2> (FHREOEE | 2012) . EAHE%(2019) gk
= IC AR G R Sk B 22 G I - AR T - L
S — A 55 b i 24, B2 T T HLERFE Columbia
M A ERA B AN TR 2 7 Columbia #8 K ifi
BE(2.03~1.81 Ga) Ji, ~1.75 Ga 17 T Hi b P 5 2%
5 Columbia #8 KPiti [7] 25 I U5 L% I T2 i K Bt 2445
251.66~1.60 Ga T HiH PG EGZX Al Columbia Hi K
fili 4458

KEFE T8 F PR %%, Holy - ool 4R
OB -5 2% — 78 o - 0 Hb 5 = 0 40 5l Je i 5
Columbia #8 K Pl & FZLfR T e, TR A
A ) =B T 2 A2 AR ol A R 2 A 1 AR Y
A o B (ERFRAIAE, 19905 TRJE 4R, 1998) , A1 SR
ZLIAE A A 1 PR AR AE AR RN IR i AR
AT HUER L 27 1) T Wk 2 20 1L B IR B B A A 3 3R
B, R BUR LT LA A0 FM: 73 SR VA JE i P B & i
BB IRES A SRR T A 515 £ i
s (XNZEE S, 1995; TRIG 7R, 1998; M4L5, 2014;
WA, 2016) , AXRKRLAINEEL. 7~1.6 Ga Wi 7
A PT RWI Hl Jo a RR A AE Z R B . Green-
tree 1 Li( 2008 ) A A AR LT I BEAR TR A 0 e T % 41
FRIE DL RS TIRRVE A desd kIR R FN 2 B o Bk
()2 A 4G 3R B LT OB T 5 30 R i 140 % 5 3 i PR A6
B OFRIE T B B (B AR, 1998) . 5Kk
FHAE(2001) 42 4 TR o0 b ARy 8 AR AR
i, 5477 Ik AR R A AR A R TR AT
IR T Bt — o hr sk A 1 28 I
WA R LAA N RLT LB 0] 1R R 22 20 0 1R
Tt —h Tl B (<~ 1.75 Ga) UM )ZE 2 /D
1.75 Ga FFUfRE AR 75K #4278 , A Columbia
R K i [ B5F JF 4y 4 i, mT RE 2 4% 7 Hb B PG g 5 0 )3
Columbia H R fli R A FIZLAH (BHL55, 2014; T4
45 2019)

AR SCARYE R LT INEEE ] 20 A AR DR A e s
ATAEIS NS KL B A MR A 27 8 P AT R Bk 1k
SRR 28 A 0 LR 5 8 A BE . H% Barham 4%

(2022) , W8 45 AT IS BERY 28 10 AN 2 258 50
AR 228 (10™ ~ 50™ ) FI 5 20 BT i JE B 40 4F
W4T 25 R B BB DG 1R J7 43 A (Chi® ) PRAN R ARk X
DARCESIVAINE T EoIVE -\ €T SUE- SR a= B8 e s
T FBr, &t B8 RELIL B L 41 2 4
T 4 (10" ~50") /Chi® B 435~ 203.3 .83. 5
F1130.0(3R 5) , WA TR 8h/ B X B, Hrb &
TATEL A Sk 2 00 B T B A AR IR B ok H Greentree
I Li(2008) . 7E(10"~50™) —Chi® K (& 15)
RIS TIRUA 1Y 3 AR B 5 A0 275 76 2 5k

EI=N==N
H X3

RS RALBTRHREREER 10°-50" B
FIREEM Chi* ERHHIHTHEER
Table 5 Calculation results of 10" ~ 50" percentile of the
age population and Chi’ population distribution of meta-
sedimentary rocks from the Dahongshan Group

KEEHUZNT A AR 10" ~50"/Ma Chi® (10" ~50")/Chi®
Wkl ARERERA 462 2 203.3
PO AR A 331 4 83.5
EIMH AR RIS 410 3 130.0
1200
1000 e

P A S A R oy 2 S B

< 800 [ | b

£ = | 10100 Chi’

B o WidAl o BT o I WA
= o

400 O
o
200 |
\")( B
u 1 1 .I L
20 40 60 80 100
Chi
B 15 RE IR AR TR o Aa s 40 501 1 £ (9% Barham

et al. , 2022)
Fig. 15 Tectonic discrimination diagrams of meta-sedimentary
rocks from the Dahongshan Group (after Barham et al. , 2022)

TE Hi-Zr B (K 16a) o, A48 KOLCERE L 28R TR
FEMP R A I XN, R B & Ze FOHE B FE
k5 AL 0,-Si0, EIfif i m ke e T 5 R/ A L
Fa 3 155 (1 16b) 3 7E Nb-Y & f# (&l 16¢) Fl Rb—
Hf-Ta EIf# ([ 16d) 1 FE S 5 TEAR N R 48 Eby
(1992) ,Sc/Nb-Y/Nb Nb-Y-Ce 1 Nb-Y-3Ga [l fit
(&l 16e~16g) AR A BUALKIE X530 A, BUFT A, 7Y
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Fig. 16 Tectonic discrimination diagrams of meta-volcanic rocks from the Laochanghe Formation, Dahongshan Group
(a after Condie, 1986; b after Harris et al. , 1986; c, d after Pearce et al. , 1984; e, f, g after Eby, 1992)

PIJE, Horp A, BB R A U AR AL TR Rl 445 st Y
AAETE LLIAEE, A, BUAE i o T2 00T il — i Al 4 o
GG, ARSCIFERY S KIS EEA TR A, BX
JEREIT A, B, RIS KA T L 2R

AP

LR LR AR SCRELINRE & T W 4L AR TUR A 5
EIE T W3 KRl 2% i R 38 75 5%, 72 K T
TG YRR RIS IR A SCHFSE 9728 K1
HOER T 1 713~1 711 Ma B A, BURSCH , 58T

R P9 250 AL R B (£ F1ESE, 2013) FITE A
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B+ AH3T , LA Columbia #8 KL ~1.75 Ga 2@
SR A R 2 TG S e B T M B PG R % A R 2T 1L
[FIREAFAE, DL, KL IR A8 Kol - iR
AT N T4 T B PU 2% ~ 1. 75 Ga W% Columbia
FRE il S 1 B0 ) 2 305
6.4.2 HHEAR G AR M B K K 7 M H P R
G FER 20 18 T A L

KT IR A LAAE Kl - TUR A 3 AT
X )T A AR K - TR 9 AR S5 AR A Jo RN AR S5
HALTE R T A G 58 TAE (B 185K, 1997; # W,
2023) , dEAE0EE VAT ZH AR B e B e AN AR i B
T AR A W 4L R B ) 4 A 0 LA o D % A A
T BB YT, %5t Wi AR VR
QRIS T A FH 2R 90 A v F A R 00 X A8 T4
7 I AH SR AR 5 A AV A DR A 0B A R
500°C , . J1°8 0.5 GPa; & 7 W48 i/ FH DL How 5
AR R REAE, JE A SR R 2 AH B DX A L 20 7 78 i 1
M CE#E, 1997), &7 WA & T Fi Mo A
R A IET A AN Grt-Ky-Bt-Ms-P1-St-Tlm-
Rt-Q , WA AR i i 45 143 680°C 11 0. 82~0. 87 CPa,
g J5 1R A J5T I B A I A TR A PR G A R AR
B AR AR R A B 7R R AL p-T S0k R 3 55 IR
Ref s 8 T s 472 5 3 S 7 o o A i 7 Al I s
P iRk i A (A, 2023) , ERBFIE R KL
LLEIE S8 1 IR R =X p-T B, A8 R B m 3k
FATN AR, U6 A A8 o 3R R 454 680°C AT 0. 82 ~ 0. 87
GPa, Ut B R LT L AR o = & A T Rl e 1L 9 31 )

o
-+ H 5L I

SEEAT AR G KB R IBEL D T 850 ~
750 Ma B AR /R T (CE R, 1997 #4105,
2013; 4 4E4R5E, 2017; 441, 2023) . #7%1(2023)
WFFEIN A ~850 Ma LI LA A8 Y Jo A 19 30 25 R P4 R
JEEH 51 p-T Bk ic sk 17 4 F b B Pi 2% [7] Seychelles
PG B R AR 21 & A A op P R i AT R, AR
M4 T L VG % B TE M [X. 850 ~ 740 Ma 75 3% 1% s e
IR i B B B B R I, T R T U
O FRVE b PR ] AR AR % B A 5 9K, BV Bl 3
FERG L R 19 A 2R (P48, 20025 Zhou
et al. , 2002a, 2002b, 2006a, 2006b; Tk iH M %%,
2002a, 2002b, 2003; Bk o 4= %, 2007, 2008 );
@ 5 Rodinia #8 K Fifi 24 A ¢, 8 BT Mo A 5 | k2
IR N A ES ST (L Z X et al., 1995, 1999,
2003 ; ZERRAESE ) 2001, 2002; Li X H et al. , 2002,

2006) , L, %+ Hb B P8 B 2% K 40 L2 850 ~
750 Ma f4 DX 3828 J5 = 14 v i S Wk i R ORF ol F 1 1
R - bR A L R L R, T T
VY RS 2 KL AR B A A e B M S) 1 R
XHTC AR TG Sh 5] & 1Y 850 ~ 750 Ma 53K - A%
JEIFAE  TRATT R R G5 HAR Kl - TRV A AR
JEE AL p-T B35 FT Sk 46 715 47 7 M e 1y b S5 3 A g s
FH G A A0 Bh B 1 20 ) 231 S AR I B
TEHE S8

7 FELEL

(1) RerifE) AR TR A R
BB A/ U, DU 32 Bk IR F R A 2K
L, PRI B AR BE e, R DT DR AR 20,
(o i w5 T 3 I O £ ) 0 1 08

(2) RELINHERZT 2 AR KL JRUA A 24 B A
A TGO E LB T A TR ECA , il AR Te A
AT T AR IR A 45 R I8 BT 18 1L Y R
HBPIR IS,

(3) KL B %) WA AE Kl - ViR S8 A
U-Pb RS HARR A TE A 1 713~ 1 711 Ma,
ZEA AT FE R PR 8 AT 1L B O b J2 725 o
FR IS 72 AR g 849 ~ 843 Ma, I )5 1B 728 T AR 15 Ny
839~837 Ma,

(4) REINFEARYURL S T8 T8 B A1 10 A R 0
2.4~2.1Ga fl1.9~1.75 Ga, JAFE4% 1) — 4% 8 &5
AR BRE S B DT BR A ~ 1. 75 Ga, BUIRADL
FRUIIR BRI T4 T Mo Bk 4 1 % 110 A oy 7 A —
Tty e R4 L

(5) B FHB VORI S R0 IR K L - Ui RS
TRAET ~ 1.7 Ga dE 15 1L 247 19 55 2K 05 3, 849 ~
837 Ma HUFoC i RS Bt 35 F 7] 58 5 Rodinia # K fifi
KA MASHRE VIR,

B R AR U e gh B RN AW K
X, R M A ENERERL,
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