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Abstract: The Chongshan metamorphic complex belt in West Yunnan is located in the northern part of “peak waist” of Sanjiang
orogenic belt. The tectonic compression metamorphism in the belt is strong, and the main body is composed of a suite of medium-
deep grade metamorphic rocks (Chongshan Group) and late granite. Among them, Chongshan Group has always been regarded as
the crystalline basement of Proterozoic, but so far there is no accurate age basis, and its formation time and tectonic attributes are
controversial, which seriously restricts the understanding of regional tectonic evolution. In this paper, the detrital zircon U-Pb
geochronology and petrogeochemistry of the rock components in Chongshan Group in Caojian area, West Yunnan Province were
studied. The results show that the zircons in the parametamorphic rocks have obvious rounded features and large magmatic nuclei.
The smallest group of detrital zircon ages of the three samples are 366 —412 Ma (mean value 395 Ma), 435—508 Ma (mean value
473 Ma) and 673— 704 Ma (mean value 689 Ma), respectively, indicating that their original sedimentary age should be no earlier
than 395 Ma. Rock geochemistry shows that the meta-metamorphic rocks are a set of continental island arc clastic rocks related to
the tectonic setting of active continental margin or passive continental margin, and the metamorphic mafic rocks and metamorphic
intermediate rocks are homologous and heterogeneous and have the characteristics of arc volcanic rocks of active continental margin.
Retrogeochemistry shows that the meta-metamorphic rocks are a set of continental island arc clastic rocks related to the tectonic
setting of active continental margin or passive continental margin, and the metamorphic basic rocks and metamorphic intermediate
rock are homologous and heterogeneous and have the characteristics of arc volcanic rocks of active continental margin. The main
body of Chongshan Group is a set of volcanic-sedimentary stratigraphic units which were diagenetic in the Late Paleozoic (236—
395 Ma) and formed in the marginal arc environment. It is combined with Silurian arc volcanic rocks of Lancang River accretion
complex in the south east side to form the structural pattern of multi-island arcs in different times on the east side of the Proto-
Paleo-Tethys ocean basin. According to comprehensive research, the medium-deep grade metamorphic rocks(Chongshan Group) in
Chongshan metamorphic complex belt is not (all) a Proterozoic crystalline basement, but a volcanic-sedimentary stratigraphic system
formed by the subduction of the original-Paleo-Tethys ocean basin eastward on the western edge of LLanping-Simao block.Chongshan
Group is mainly composed of young (Late Paleozoic) stratigraphic rocks, which formed the medium-deep grade metamorphic rocks
with “old” rock features after being subjected to Mesozoic and Cenozoic metamorphism and deformation in the later period.

Key words: Chongshan Group; Late Paleozoic; continental marginal arc; volcanic-sedimentary formation; detrital zircon; West

Yunnan; petrology.
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Fig.1 Geological sketch and geotectonic location map of the study area
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3868 HBERBL2%  http://www.earth-science.net 46 %
06 02[ ()
DO110-1-5 DO110-1-5
1000
.51 2600 =
2200 2 800
04t
=] 1800 /
5 03¢ 7 0.1 600
E
140
4 400
9-21 000
0116097 | pasp 200
0.0 0.0
0 2 4 6 8 10 12 14 0 1 2
065 02g)
DO110-1-4 DO110-1-4 -
05f
800
04f
2
5 03 0.1 600
£
55 400
“[Too
0.11°0%" | —sd 200
0.0 0.0
0 2 4 6 8 10 12 0 1 2
0.6 o) 025
D7015-1-2 D7015-1-2 000 Z
05f
7 &
800
04f
2 37
5 03} 0.1 600
£
400
-2 %00
4
0116907 | psp 200
0.0 0.0
0 2 4 6 8 10 12 0 1 2
ZU7Pb/235U 207Pb/235U

PS5 2% 10 A E RS T A LA-TCP-MS B 47 45 % 18 Al 1A
Fig.5 LA-ICP-MS zircon U-Pb concordia diagrams for the parablastesis from the Chongshan Group

T4 B A0 AF W [H 1Y v AR I 2 B K B
(&l 5¢.5d), 4 %5 Bl 4 71~2 543 Ma, H i A 5
W B AR 71~81 Ma, Th/U L {6 4 0.01~
0.07(Mr£3), Hh e a kB A hdW
(&l 4b) , J& 28 7 #5 £ FF 1iF ( Whittington and Tre-
loar, 2002 ; & JC & A AR 7k &, 2004) ; 5 = m 44 Hb
I JH A BE (2011) | E FF P AE (2014) 3K 2 1 74~

85 Ma 72 it 4F #& #H Wy &, IF 5 Hi & D0110-1-5 19
AR 5B AR ) R Ay 69 TES A R AR I VS B R
435~2 543 Ma, Th/U . {H R 0.09~2.45.

B U-Pb 4R #% 43 A3 8 R (& 6b) , 78 i 45 A
A W LB T AR AR I 0 DL AD A 441, 4y Bk
435~508 Ma(n=7, 5 £ 10.2% ) .725~802 Ma(n=
14, 416 20.3%) .849~948 Ma(n=11, 5 £ 15.9%)
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1 050~1 110 Ma (n=8, /5t 11.6% ) , &% 4
BF XE R P ¥ AR 8% 1 {H S 473 Ma . 766 Ma .
899 Ma £1 1 081 Ma.
413 ABWEERFRE(D7015-1-2) ARAFFEXT
FE i 60 FURE S8 85 41 04T T 604434l i, Hevr 144~
A3 AT R RN T 90 %6 1 R S i S AR E Rl
46 JUES A1 B[R] 057 3% LU A B AF I 5 A0 445 2R DL 36 3.
46 B A7 AF W8 8 1 V& 18 3 R 2 BT (18 Se
5f) , 4F & Y8 [l o 522~2 396 Ma, Th/U N
0.08~2.15(Fff 3 3) ; #5 47 U-Pb 4F-#& 537 K] .= (&
6¢) , B 8 B A HL AR I8 U6 58 22 UM BE S K i A1 1Y) Ay
ARSI T E LM NS4, H KN 673~704 Ma
(n=4, &t 8.7%) | 752~816 Ma (n=6, /i It
14.6%) .901~959 Ma(n=8, /5 1 19.5%) .1 038~
1090 Ma(n=4, 5 8.7% )1 572~1 632 Ma(n=
6, 5 b 14.6%0) , 45 41t Xt Ry 9 S 25 4F S 0
689 Ma.792 Ma.927 Ma.1 059 Ma 11 601 Ma.
414 BEHAERBESERE Z463MFFEMMN
B AR SRR B B A U-Pb AR 225
4 20 B : 422~508 Ma ( W {8 4F % Ry 456 Ma) ,
725~816 Ma (U fH AE ¥4 R 772 Ma) , 849~959 Ma
(WEEFH A 911 Ma) , 1 038~1 100 Ma ( 1% fi
A R 1 074 Ma) (E 6a.6b.6¢) 5 LI M Uk BLAF i
HBEH 34 . 366~412 Ma(l§{f N 395 Ma) , 673~
704 Ma( W% {5 & 689 Ma) , 1 572~1 632 Ma
(U fH S 1 601 Ma), 38 B T 18 0 M IX 5% 1 5 B
WU DX A8 3 2 3R R i A AR
4.2 ERHERLFHFE
421 BITREE AR EIZFAENA
R R B =g ISRy S = N D B N Y Sl (P
FHE R A IR 2 R RCA (R D), 0%
TSl B R AR AR (B A R A

B ,2008,2011,2013). 7 f1 BY 3 5 00 3 45 L UL B %
1, Hod Si0, & 84 62.88 % ~78.33 % AAEfb 4% K Y
TS WoR TR XY iR — 5 1 2 2k

RIS BT M 100 2 S i (SREE) iy 156.29 X
10 °~273.80<10 (% 1) , % # £+ 7t £ (LREE)
AXF A -0 K (HREE) & 4 , W - 0 £ 0 i i
FERCR T H M TR 43 5 R E /D 5 0Eu o 0.39~
0.72, FE %K) Eu 5 #1786 £ 0 2 BROR B A b
HEAL B i b (18] 7a) o H— BP0 4 i
AT A S Eu T R S it 28

et T e b B oA AR T R 1 (181 7b) L BR T HI
JCE H 7 BAE E R LA oA e R R B R
— SR AN TR B B AR RS B e A R R TS iR R
P ZU A Sroc 7 Al A 5 U AR A G
(Becker et al.,2000; Sadofsky and Bebout, 2003).
422 ETRAEE WIS QRS A EES
2SR UG R R R R A RR Bk e 2 28 (B R
2), Hoh s i EE M R M N A (a2, A8 i
A S M I RHR AR R (R A 28 B iR I T

(DA BT R PE S A A rE s F e ou R & & LK
2,810, % &~ 48.89%~53.12% J& FL A IE 8k,
MgO 2 3.07%~8.33% , B {6 (Mg") ¢ = 1 4§ 13
(43.94~69.00,FH{H Ky 54.96) , R TR X H—&
Mg B AR B £ oG B & (SREE) R
76.41X10 ~244. 47X 10 "(Fff F 2) , BE S 52 (LR
+ 6 & (La/Yb) HAH M 1.25~1.60, B /R + 59
B HEM - (GAd/Yb)( HAE A 1.24~1.85, f§ /8 H
Fis + CH B 5 50Eu i 0.72~0.97, N5 HY Eu s
. AERR o0 R BRORL B A AR ME AL B (K 7e),
RN AW EE ER LT EMEus S
P — 2 i £, 5 5 90 ko i 4 e 43 A5 28 AH 4B (
Henderson, 1984 ; Wilson, 1989) . Ji 44 b v 4k %

56
~ (a) 12F (b) 7 (C)
L S DO0110-1-4 2
50 ~ DO0110-1-5 =74 or sz‘)és =
WA 4F 4 9454 Ma n=89 10f N n
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sk |
&l I
6 il L B
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Fig.6 LA-ICP-MS zircon U-Pb histograms for the parablastesis from the Chongshan Group
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a, c. M T FEOR B A AR AR 3R b, d. et T 2R 5 R b 0 A o £ i (RO 5 A 0 5 i M 9 {51 Sun and Mcdonough(1989))

T K R B (B 7d, B 2) K \Rb.Sr.Ba % K&
TR A ICER BN R B 0 = W& 4 8 %7 5 AR
FRAE R & A TR T8 & 5 ot £ TiP.
Nb.Zr MY %A W B0 =, HIM Ta B B 5
WRAERAE , 22 B 1 9% F M A R AE (Wilson, 1989;
McCulloch and Gamble, 1991; Condie, 2001).

(2) 78 gt Pk 5 . FE A SIO, & & A 54.08 %~
65.70% (Fff 3 2) K& J& v 1k 5 25, MgO i 1.30 %~
5.21% , B {6 (Mg") % f (39.21~60.54 , F ¥ {5 Ky
51.11) , & /n IR X 18 52 7 b2 4 I 6 5% e B £
JC E M i (SREE) & 161.55X10 °~334.10X 10
(MftR2), FefE EMETE(La/Yb)(HIE N
5.30~23.39, BRI 8w % EH L (Gd/
Yb) A A 1.43~3.01, #8/8 T H#i + H o % 4y
M ;0Eu M 0.48~0.94, H5 - 45/ Eu s #t . £
+ 7 Z BRORL B A b o A B ff B 7e) B A AR
AR L B B A R 59 T Y A A
REE Bt 43 5 28, K b H 90 38 4 7 AiF (Hender-

son, 1984 ; Wilson , 1989 ) . 7 {3 f: J5 46 M 12 47 v 1k
Bl fg - (B 7d) , Ba . Sr % KB F 2% A o0 2 A A ##
JFE 7 45, K \Rb 76 2 W oy AS [6] 2 BE 1) & 46 I 5 45
PL KBS 5 5 Nb . Zr VHE Y FI Ta %5 5 3% 38 oC
55 0A A FRAE M A (Wilson, 1989 ; Mc-
Culloch and Gamble, 1991; Condie, 2001) , H fr
Th.P . TiA# b Al &5 3 58 0C R 5 32 Wi AR T 8 %
Wi, B 4R T BB R 52 A A AR Tk R R e T K
(3) M ER AL 22 R AE 25 38 . 78 DL MgO A B A A )
Harker [ fi# 7 (1% 8a, 8b, 8c, 8d), EHFa & Y = 5%
Yt E Ta HI.Th Ml Zr S Z Bl b, A H BB 1Y
UM, ELRE 5 45 TP R ZR 1 G AR B O R L 1R
N IX BB R T 28 T T AR RIS ) A5 A o3 B A R R AH
o 74 3 Ak 3 (Winter, 2001 ; 3K 1 , 2012) . 1. 4h ,
S5 G P IS E AR B 0 BE M B W TR A il &
FEAR —FCE 7o) AR T i o0 R 5 57 PR
JECE 7d) , DL R = 38 B 40 3% am HAf 2R 6 R AR
AL R T 28 0E AR A L TRV S A 1 R A
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5 1Hie 15 AR AR F 2 (K 1b, [ 2a; = B A b o JE A

51 SWEBTAKR

SPFFE M R 5 A CLIFR BoR e A
H LR RN TC I W T A5k (] da, 4b, de) , U,
A7 A I R R (B 3) , S W] SR WA TR B A Y
U-Pb [f] 2 3R A4 5 O A7 B AT, oK 32 3 5 399728 5 = 1Y)
S, ] LA ok BR 2 AF 3 A A 1Y R LA IR AR (Har-
ley and Kelly, 2007; Hanchar and van Westrenen,
2007 ; Rubatto and Hermann, 2007 ; & W& 45, 2019).3
R R A 5T A BB RS 1Y R AR AR R 0 4 )
366~412 Ma(*F-¥J{H y 395 Ma) ,435~508 Ma(*F-
¥I{H A 473 Ma) Fil 673~704 Ma ( F ¥ {5 N
689 Ma) , B F T A BF 58 5% 1t o B 09 D 46 DT AL IS
RBLA T 395 Ma. e Ah , AR 46 5% 1072 i 2 o il I
SlE FER A A H o )z B =B 22 (233~236 Ma)

Bt ,2008,2011,2019; FFFH/F%,2014) , KL K —H A8
Jo i B B S 22 S I R AL S L R A AR R
236 Ma B H Bl £ iR 236~395 Ma R A I8 725 1 -
= B TS R B T AR 25
19744, 2= i 48 5T Jmy 56 B 12 20 7 2= 71 b 5t
W2 F S5 S BERR A RS WY AR A R
19794, 2 44 I Jm) 56 1 12 20 T3 7K P I B 3 2ot
Bty M 0 Ak AR S 1L AR B o oy A AR A
— % (1984) MR 9 == P 48 b T 7= S5y & BRI Bl oty
Wy Ak A R DX 32 6 % b I s SO T AR Hb
W77 30 =T b R 2 2 4 b TR P 4 TR 4H (1986) L RE K
5 (1989) 8 48 B v A 40 Ak A7 BB 8 L ol Ry
AR, = FE A H 7 SR (1990) X BB 2 K AR B e
PEAT 4 Fr 4k A 0 AT 343 T 922 Ma U-Pb4F i, B H
Horg Chpgon i AR, B 45 (1990) X B = RHE
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JiR A JF JE T Sm-Nd R 7 R W3, AR A5 TR U AR i
1 616~1 828 Ma, Jf I\ Ry H w2 B A% S Ay o0 oy
&, B B 2% (2000) 8 33 M N A K-Ar %A b 42
WA BT 727~938 Ma $232 T #4048 i A B 0L ik
AR T E R TR o AR AR = A
Jo A e (2008 ) T BT BR T 5% LA BE R TS L R
JL et AR AR R W Ak A TR R A R X
FEoR, I MR 5L AR AR B0 R DX A 6] K
Bl oo AL AT O S B A AR A R L
EAE R NG R NN & R N 2
Fi LIS A 1k 3 R R4S AT 5 By B B AR

BEAb 5% 1L AR T 2% A 04 A s Bh R AR AR
RS8R Z0 AR 5 s s = & 4l K 2 5 1 sk (&
1b; = B 45 Mo B 8 4 Bt L 2008, 2011, 2019 ; F #F 4+
4 ,2014) 8 BT ARIMN A =& 4 (= 4 b BT A
# Be , 2008, 2011, 2019) \71~85 Ma 1 ¥E 4 (= /M
A ML E A B, 20115 E PR PSS, 201454 ) 38~
55 Ma il i 42 (Zhang et al. , 2010; A 3 ) Al 18~
24 Ma i it 42 (Zhang et al. ,2010; == 7 44 Hb J& 4
A B, 2011,2019; £ FHPHAE, 2014) B0 5% , & AL 1
JC AR E = 20 B M SR Y ™ Rk Ok, F I 4
AN TS5 A E Y A AR AN 20

i 25 L S5 R A G 388 5 TR A, S 112 B ok
22 1) R I 55 O 728 J5T AR O (1 4 5 1l 2 RUE AR CE P
5, 20145k = KA, 2018) , i 5 42 1 A BE TR 4 % 44
1 R Bl T 25 A TR s BRI R L 349 Ma( B4
T4, 2015) , 456 B4 R TE 5% 11 i Hh B b & 9
Bl YRR AL N S I A R N R
Jo AR TV W A B e 22 A 2R T L O S ) 4 5 T
WA e gD R, & &I AR5
2511 TE I A B R 236~395 Ma 2 AT 15 1Y, )&
R At = B TR A R iy A AR R S R
EAE AR R BT TAE S, S 1A BEA KB 2 i
FEAE, FL7= o L B AR ELATS DA AR 6 b o Aoy 25
52 RUEHMNWEEM
521 BIEZTREER MRIEIEAIKE W La/Yb-
SREE Bl (W), BF 58 FF & 8@ D T # 24ib 4 25
i £ o0 R e 43 il 2o B A 7 22 K SR Eu b 4
SW M RRE (B 7a) 46 78 T 5% 10 2A B 0 DB A R
PL KBl | Hb57E A 28 o 3 (Rudnick and Gao, 2003) .
1£ Floyd and Leveridge (1987) iy Hf-La/Th VT X
T ) L e (L 9a) S, AR B A 1 4 R 32 2 L
HRMEAR AT, HAANFERE N Z0THYH

SR B, SE Ll R AR W T ORI
BN 73 =Rl = PN e

1£ Bhatia (1983) 9 La/Sc-Ti/Zr & f# ( & 9b)
ML BR T R RO R R I IR B Bl R G i 2%
Z () 3k DI LA A L DR ER A R N R R I I
[ ; 7¢ Bhatia and Crook (1986) i) Th-Sc-Zr/10.La-
Sc=Th il Th-Co-Zr/10 = £ FI 5| &l fi% (& 9¢, 9d,
9e) Hr, K ZHUH A FE T 7R S KB 5 9K NG 3 K
Bili 103 2% 1) b 35K AL 27 R A AUAS S5 w8 KRG i &
AR AETIH, BEN DAV S LSRR A2
it 2R T R B B N B, B 50 3 KB
RSN EUE R R i S SIS SRS (NN
S Ll R RS B R A O — B R O R
TIEAH & B (L HB M 5T 27 Be A A ZB0pE = kol & 4
1980; T4 — 45, 19845 AR Bl , 19895 == M 44 ML [t
W7 R, 1990 # W 45, 19905 = 48 4 5 R A
Bt , 2008, 20115 25 9 45 i 5T i £ )= , 2013) .
522 EEZREE (D) EFIEMS . ZilAR
78 BT B VR A g T T IN E AR AR B AE T, K
TR A kA W 4 25, i2 H Winchester and
Floyd (1977 ) % A i 8l ot # Nb/Y-Zr/ TiO, ¥ 3|
W i HE AT 4 26, FE D ST B E X A R
o M 2R A X (& 10a) .

AR A i A C 20 i A M S e s 1 5 e
F 3 E RS Eu T S RHE (8] 7e) , L & 5700
Z Ti.P.\Nb.Zr.Y A W W5 HL A HI Taf 867
PR AU CHE 7d) 5 A FE aloy B By 9I08Y G 11 25 R AR
(Pearce and Cann, 1973; Glassley, 1974; Pearce,
1983; Pearce et al., 1984; # 3E4E  2020). 7 Simon
and Bedard(2009) ) ANTE BT R Y -Zr Kl 25 A
i V& A EG B ME Z2 5 X 8 (18] 10b) , 7 Pearce and Cann
(1973) 9 3Y-Zr-Ti/100 K fi# (& 10¢) i i 7 o B 9K
5 B ME 2% 5 A R AE |, 7E Pearce (2003) ) La-La/Nb
P i (& 10d) 44 By g0 K A 26 5 5 T ot A BiF
Y AR T B M N Ry L By P B &R

(2) 78 B v s . IR RE 5% 1 s B Y 22 Jo
P # 78 Winchester and Floyd (1977 ) 9 Nb/Y-Zr /
TiO, H Bl B i 2547 40 26, FF o 24 T M &
g 22 s AT P 2 X, B A i) /Y I
ikt 2 A X (E 10a) , Bos T AFR A B — %
T e M S o O A P B

wARE SRR R R 55 T A
R REE B 20 858X (B 7¢) , W 5 #t Nb . Zr (HI,
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Y il Ta %5 @ 5k oo R (K 7d) , BB KA il
# R AE (Bailey , 1981 ; # %iE 25 | 2020) ; #i8 Gorton
and Schandl ( 2000 ) &) H' & ¥4 & Th/Yb-Ta/Yb &
file CIELIL) , B 5 3 2 AT 8 KBk & & b
wER MK TE S R AR AN,
AR R Mk A N — BB BT 3 KB &% B
FLBy o B 2 1l s e A
523 MEBMSZER NMHZTEZ L, A
%1 R AR A R — B 3 KB i % 89k 3 K
R NEZ SR b a S S NI i B R S S
g il S i B R E DS S AR |
KBl i 2 0y 90 kI S RRAE L 45 A % 3 K A
WA RS AN BB R T
Bt 2% 9K 20 B8 1 1l - 0 B M 2 BT
53 RLEHMERELM

SR A SRR Z TR EE A
(K 5,186, K% 3) HiZAFE BAUE R T HITR Y I

X A7 7E TT i AR 0 25 2R3 2 30 R X AT e AR 7R T
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HH T U DX G2 1) R L A TR DB B A A IR (B A R
fE, 7R T 52 1A BEY R 1 Z2 R M RN 5 2

RS DOLLIO-1-5 B A K E T —41m Bl
AR W R HAE W8 Ol 422~482 Ma (n=48, 5 It
55.8%0) (Bl 6a) , /n T HYE FERAEHL R
P 20 0 5 2R TG 3 . SEBR b FE S5 LI V8 M e e AR
4 TR 7 3G AR R o (T 1) H R B K o M o B (~
420 Ma) 3 - R o ks (B IR K 5F, 2012) it
B (42847 Ma) %% %5 (Lehmann ez al.,2013) ,
DA H PGS 7l a8 A h R E A B4 A K
A4, 2017 28 5%, 20185 = 1 44 1 5T 34
A BE , 2019) 5 T 5 1) P4 GE Y O) 1L b AL R B A
e J€ Gt — BB B 22 (510~453 Ma) ‘B 5 %A &
B0 A S S I (1 1a; 9 638 55, 20125 3K K
A 2013; R KA, 2014; = B4 M A B,
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U —AE B2 54, 5 w8 H S A )R (2013)
XPH B E XA G BT, BN S
FEAR R — & WA Tl A AR (236~395 Ma) il
B BT Bl 2% 90 30 58 /9 JC - 30 B M )2 B oG

GG S BTl B AR B T i 4 A RD
Jert— by AR i 0 T T T B O AR B R (L L B
A MBI A SR, 2013) , 5% L A R O ol R 4 O
T Z ) 2R R ik B A 22 PR M P O8 i —
£ H Bl 2 o i k- DU 2 R S8, 5 Ak
I v 3 AR AR AR B UK L A (] 1as B A,
2012; Lehmann ez al.,2013) ¥}y i F 2 7 v 4
AR AAS ] B AR 2 5 90 &R 48 b iy Ll - i AR R G
(Deng et al.,2014;Nie et al.,2014) , H¥ B T V5 75
C LT 22 I N ZE R 3 A Sy 1 A R 4y (1] Lag
BLE A, 1998 XA K 45, 20025 25 3C A 4§ 20105
oA T R A S L 2013 AR %, 2018).

[ B, BT B RE A 0 R BRPE 238 AN A 52
AR R A B R vl ge  (H R AT 2
JoT WA A, FL 7 o R BRI AT LA B2 b 5 1 Oy
Bt N (NSNS RN B it AR TR /i)
A1, S TS S Y Hb 5T A 3 02 3 R R R
s HOR (&) Zai O o AUEs BRI S A,
M 32 28l AR5 00 (I oty A A0 M 2 28 A e, D &t
[F] 32 3 7 v A= AR AR ARE B2 2 AR FH S (Yin and
Harrison, 2000; Metcalfe, 2013) , JE il 7 #14 Al
& A S TR AR TR AR R R
DX 3 A7 7 108 AT AT B ARG S5 3 5T, 5 R LATE 2 /i
B 5% W A AR E L A FRATR A TR B A BN T
THE AR TE ol 2 2 b 3R B A A i ) B, T
SRR T ORI T B A 2H 43 1 Ml e M

6 45t

(1) 5% 10 5 B F 1k — & BUA T W A4 AR
(236~395 Ma) FlJE B T Bili 2 9 BF 858 19 ok 1l -0
UM 2 HT .

(2) 5% 25 3 O JL— oty A B2 0 99 20 1) 7R 4 o ok
FRAE 2 B — T8 35 i L PG 2 0 Bl 1 — 22 L i 2% 9 I
B KL T AR B 2 R G, R AR 0 v B AR 2 A Y
A 20 NIl A A A R R T T AR AN TR
(R AEAT R AP Y=

(3) 55 A BEAS (4 211 ANl 1 Tl FG 25 &
SR A R R AERN (ol AR 1 )ZE S A
J, I AE AR AR AU AR AR AR AR S L R T B

B A A TSR TR AR TR

R B AR R A T B INA S A AT R AR,
Moty h &Aoo FA TR ELFTRIFLAST = HR
BEAAR P S 3R ER TR KPS e d R
AV B FARRSG ARG R L FHF, R
A PFEKEEHR TR ERAFRL R A 34
BLFRAGECH T nEHBFIB/RT XE
9 L F A5 4% AR, A2 3 — FF R R S 8 R

M & JLAF] B M (http://www.earth-science.net).

References

Bailey, J. C., 1981.Geochemical Criteria for a Refined Tec-
tonic Discrimination of Orogenic Andesites. Chemical
Geology, 32(1):139—154.

Becker, H., Jochum, K.P., Carlson, R.W., 2000.Trace Ele-
ment Fractionation during Dehydration of Eclogites from
High - Pressure Terranes and the Implications for Ele-
ment Fluxes in Subductions Zones. Chemical Geology,
163(1—4): 65—99.

Bhatia, M.R., 1983.Plate Tectonics and Geochemical Com-
position of Sandstones. The Journal of Geology, 91(6):
611—627.

Bhatia, M. R., Crook, K. A. W., 1986. Trace Element
Characteristics of Graywackes and Tectonic Setting Dis-
crimination of Sedimentary Basins. Contributions to Min-
eralogy and Petrology, 92(2): 181—193. https: //doi.
org/10.1007/BF 00375292

Bureau of Geological Survey of Yunnan Province, 2013. Re-
search Report on Metallogenic Geological Background in
Yunnan Rrovince ( in Chinese).

Bureau of Geology and Mineral Resources of Yunnan Prov-
ince,1990. Regional Geology of Yunnan Province. Geo-
logical Publishing House, Beijing (in Chinese).

Cai, Z.H., Xu, Z.Q., Duan, X.D., et al., 2013. Early Stage
of Early Paleozoic Orogenic Event in Western Yunnan
Province, Southeastern Margin of Tibet Plateau. Acta
Petrologica Sinica, 29(6):2123— 2140 ( in Chinese with
English abstract).

Cao, Y., Kang, Z.Q., Xu, J.F., et al., 2020. Geochronolo-
gy, Geochemistry and Geological Significance of Volca-
nic Rocks of the Dianzhong Formation, Shiquanhe Ar-
ea, Western Lhasa Block. Earth Science, 45(5): 1573 —
1592 (in Chinese with English abstract).

Compilation Group, Editorial Board of Sanjiang Geological

Map, Ministry of Geology and Mineral Resources,



3876 HBRBL 2

http://www.earth-science.net

46 %

1986. The Regional Geological Map of Nujiang, Lan-
cangjiang and Jinshajiang Area Instruction 1:1 000 000.
Geological Publishing House, Beijing (in Chinese).

Condie, K. C., 2001. Mantle Plume and Their Record in
Earth History. Cambridge University Press, London.

Deng, J., Wang, Q.F., Li, G.J., et al., 2014. Tethys Tec-
tonic Evolution and Its Bearing on the Distribution of Im-
portant Mineral Deposits in the Sanjiang Region, SW
China. Gondwana Research,26(2) : 419—437.

Dong, M.L., Dong, G.C., Mo, X.X., et al., 2012. Geo-
chronology and Geochemistry of the Early Palaeozoic
Granitoids in Baoshan Block, Western Yunnan and
Their Implications. Acta Petrologica Sinica, 28 (5) :
1453—1464 (in Chinese with English abstract).

Floyd, P. A., Leveridge, B.E., 1987. Tectonic Environment
of the Devonian Gramscatho Basin, South Cornwall:
Framework Mode and Geochemical Evidence from Tur-
biditic Sandstones. Journal of the Geological Society,
144(4):531—542.

Gao, F.,Pei, X.Z.,Li, R.B., etal., 2019. Detrital Zircon U-
Pb Ages and Geological Significance of Low -
Metamorphosed Liuling Sedimentary Assemblage in the
Shangdan Area, Eastern Qinling Orogenic Belt. Earth Sci-
ence, 44(7):2519— 2531 (in Chinese with English abstract).

Glassley, W. E., 1974. Geochemistry and Tectonics of the
Crescent Volcanic Rocks, Olympic Peninsula, Washing-
ton. Geological Society of America Bulletin, 85(5):
785—794.

Gorton, M. P., Schandl, E.S.,2000. From Continents to Is-
land Arcs: A Geochemical Index of Tectonic Setting for
Arc - Related and Within - Plate Felsic to Intermediate
Volcanic Rocks. The Canadian Mineralogist, 38(5) :
1065 —1073.

Hanchar, J. M., van Westrenen, W., 2007. Rare Earth Ele-
ment Behavior in Zircon-Melt Systems. Elements, 3(1):
37—42.

Harley, S. L., Kelly, N. M., 2007. Zircon: Tiny but Timely.
Elements, 3(1): 13— 18.

Henderson, P., 1984. Rare Earth Element Geochemistry.
Elsevier Science Publications, New York.

Huang, L., Li, B.Y., Wang, X.L., etal., 2021. Zircon U~
Pb Age, Geochemical Characteristics, Hf Isotopic Com-
position and Indications of Pan-African Movement from
the Two Types of Late Ordovician Superaluminum
Granites in the Caojian Area, Western Yunnan Prov-

ince. Geological Bulletin of China, in Press (in Chinese

with English abstract).

Huang, L., Wu, J.L., Wang, X.L., et al., 2020. The Dis-
covery of Pegmatite of the Chongshan Orogenic Belt in
the Caojian Area, Western Yunnan and Its Geological
Significance. Acta Mineralogica Sinica, 40(5): 584—
594 (in Chinese with English abstract).

Lehmann, B., Zhao, X., Zhou, M., et al.,2013. Mid-Si-
lurian Back-Arc Spreading at the Northeastern Margin of
Gondwana: The Dapingzhang Dacite - Hosted Massive
Sulfide Deposit, Lancangjiang Zone, Southwestern
Yunnan, China. Gondwana Research, 24(2):648—663.

Li, W.C., Pan, G.T., Hou, Z.Q., et al., 2010.
Archipelagic-Basin, Forming Collision Theory and Pros-
pecting Techniques along the Nujiang - Lancangjiang -
Jinshajiang Area in Southwestern China. Geological Pub-
lishing House, Beijing (in Chinese).

Liu, B.P., Feng, Q.L., Chonglakmani, C., et al., 2002.
Framework of Paleotethyan Archipelago Ocean of West-
ern Yunnan and Its Elongation towards North and
South. Earth Science Frontiers, 9(3): 161—171(in Chi-
nese with English abstract).

Liu, G.C., Sun, Z.B., Zeng, W.T., et al., 2017. The
Age of Wanhe Ophiolitic Mélange from Mengku Ar-
ea, Shuangjiang County, Western Yunnnan Prov-
ince, and Its Geological Significance. Acta Petrologi-
ca et Mineralogica, 36(2): 163—174 ( in Chinese
with English abstract).

Ludwig, K.R., 2003. ISOPLOT 3.00: A Geochronological
Toolkit for Microsoft Excel. Berkeley Geochronology
Center Special Publication, Berkeley.

Mao, X.C., Wang, L.Q., Li, B., et al., 2012. Discovery
of the Late Silurian Volcanic Rocks in the Dazhonghe
Area, Yunxian - Jinggu Volcanic Arc Belt, Western
Yunnan, China and Its Geological Significance. Acta
Petrologica Sinica, 28(5): 1517—1528 (in Chinese
with English abstract).

Mao, X.C., Yin, F.G., Tang, Y., etal., 2014. Early Paleo-
zoic Accretionary Orogenesis on Western Margin of
Baoshan Block. Earth Science, 39(8): 1129—1139 (in
Chinese with English abstract).

McCulloch, M. T., Gamble, J. A., 1991. Geochemical and
Geodynamical Constraints on Subduction Zone Magma-
tism. Earth and Planetary Science Letters, 102(3—4):
358—374.

Metcalfe, 1., 2013. Gondwana Dispersion and Asian Accre-

tion: Tectonic and Palaeogeography Evolution of East-



55 11 1) L

S0 PP Ml X 5 L AR T A rh S Ll A A A H i e 3877

ern Tetheys. Journal of Earth Sciences, 66: 1—33.

Mo, X. X., Shen, S.Y., Zhu, Q. W., et al., 1998.
Volcanics - Ophiolite and Mineralization of Middlesouth-
ern Part in Shanjiang Area of Southwestern China. Geo-
logical Publishing House, Beijing, 1—128 (in Chinese).

Nie, X.M., Feng, Q.L., Wang, Y.J., 2014. Magmatic Re-
cord of Prototethyan Evolution in SW Yunnan, China:
Geochemical, Zircon U-Pb Geochronological and Lu-Hf
Isotopic Evidence from the Huimin Metavolcanic Rocks
in the Southern Lancangjiang Zone. Gondwana Re-
search, 28:757—768.

Pearce, J.A., 1983. Role of the Sub-Continental Lithosphere
in Magma Genesis at Active Continental Margins. In:
Hawkesworth, C.J., Norry, M.J., eds., Continental
Basalts and Mantle Xenoliths. Shiva Publishing, Nant-
wich, Cheshire, 230—249.

Pearce, J.A., 2003. Supra-Subduction Zone Ophiolites: The
Search for Modern Analogues. In: Pearce, J. A., ed.,
Special Paper 373: Ophiolite Concept and the Evolution
of Geological Thought. Geological Society of America,
New York, 269—293.

Pearce, J.A., Cann, J.R., 1973. Tectonic Setting of Basic
Volcanic Rocks Determined Using Trace Element Anal-
yses. Earth and Planetary Science Letters, 19(2):
290—300.

Pearce, J. A., Harris, N. B. W., Tindle, A. G, 1984. Trace
Element Discrimination Diagrams for the Tectonic Inter-
pretation of Granitic Rocks. Journal of Petrology, 25(4):
956—983. https: //doi.org/10.1093/petrology/25.4.956

Peng, Z.M., Zhang, J., Guan, J.L., et al., 2018. The Dis-
covery of Early-Middle Ordovician Granitic Gneiss from
the Giant Lincang Batholith in Sanjiang of Western
Yunnan and Its Geological Implications. Earth Science,
43(8):2571— 2585 (in Chinese with English abstract).

Rubatto, D., Hermann, J., 2007. Zircon Behaviour in Deep-
ly Subducted Rocks. Elements, 3(1): 31— 35.

Rudnick, R.L., Gao, S., 2003. Composition of the Continen-
tal Crust. Elsevier-Pergamon, Oxford, 3:1—64.

Sadofsky, S.J., Bebout, G.E., 2003. Record of Forearc De-
volatilization in Low - T, High-P/T Metasedimentary
Suites: Significance for Models of Convergent Margin
Chemical Cycling. Geochemistry, Geophysics, Geosys-
tems, 4(4):9003.

Simon, R.P., Bedard, J. H., 2009. Magmatic Affinity of
Modern and Ancient Subalkaline Volcanic Rocks Deter-

mined Trace-Element Discriminant Diagrams. Canadi-

an Journal of Earth Science ,46(11): 823—839.

Sun, S.S., McDonough, W.F.,1989. Chemical and Isotopic
Systematics of Oceanic Basalts: Implications for Mantle
Composition and Processes.

London, Special Publications,42: 313— 345.

Geological Society,

Volcanic Rock Formation in Rock Teaching and Research
Section of Chengdu Institute of Geology, 1980. Discov-
ery and Metamorphism of Marine Volcanic Rocks of
Chongshan Group in Caojian Area, Western Yunnan.
Mineral Rock,1:32—41 (in Chinese).

Wang, B.D., Wang, L.Q., Wang, D.B., et al., 2018. Tec-
tonic Evolution of the Changning-Menglian Proto-Paleo
Tethys Ocean in the Sanjiang Area, Southwestern Chi-
na. Earth Science, 43(8): 2527— 2550 (in Chinese with
English abstract).

Wang, D.B., Yin, F.G., Luo, L., et al., 2015. U-Pb
Dating of Detrital Zircons from the Damenglong
Group in the Niujinshan Area of Changning-Menglian
Tectonicbelt and Its Geological Significance . Miner-
alogy and Petrology, 35(3): 72—80 (in Chinese
with English abstract).

Wang, D.D., Li, B.L., Ji, J.Q., et al., 2014. Zircon
SHRIMP U-Pb Geochronology and Its Tectonic Impli-
cation of the Metamorphic Rocks in Southern Lancang
River Tectonic Zone, West Yunnan Province. Acta Pet-
rologica Sinica, 30(9): 2725—2738 (in Chinese with
English abstract).

Wang, G.Z., Liu, D.Z., Zhu, L.D., et al., 2000. Analysis
of the Undating Metamorphics in West Yunnan and De-
termination of Its Age. Regional Geology of China, 19
(1): 32— 37 (in Chinese with English abstract)

Wei, G.Y., Feng, G.R., Luo, Z.W., et al., 1984. Strati-
graphic Sequences of the Lancang and Chongshan
Groups in Western Yunnan and Their Volcanism and
Metamorphism. Journal of Chengdu University of
Technology, (2):12— 20 (in Chinese).

Whittington, A.G., Treloar, P.J., 2002. Crustal Anatexis
and Its Relation to the Exhumation of Collisional Oro-
genic Belts, with Particular Reference to the Himalaya.
Mineralogical Magazine ,66(1): 53—91.

Wilson, M., 1989. Igneous Petrogenesis: A Global Tectonic
Approach. Unwin Hyman, London, 1—466.

Winchester, J.A., Floyd, P.A., 1977. Geological Discrimina-
tion of Different Magma Series and Their Differentiation
Products Using Immobile Elements. Chemical Geology,

20: 325—343.



3878 HIERRL2E  http://www.earth-science.net

46 %

Winter, J.D., 2001. An Introduction Igneous and Metamor-
phic Petrology. Printice Hall, New Jersey, 1—697.

Wu, Y.B., Zheng, Y.F., 2004. Genesis of Zircon and Its
Constraints on Interpretation of U-Pb Age. Chinese Sci-
ence Bulletin, 49(16): 1554— 1569 (in Chinese).

Xiong, J.Y.,1989. The Summary of Strata in Yunnan Prov-
ince. Yunnan Regional Geology,7: 10—31 (in Chinese
with English abstract).

Xu, Y.F., Liu, J.P., Cong, F., et al., 2018. LA-ICP-MS
Zircon U - Pb Dating of the Chongshan Group in the
Xiaowan Area along the Southern Section of the Lan-
cang River in Western Yunnan and Its Geological Signifi-
cance. Geological Bulletin of China, 37(6): 1006—1014
(in Chinese with English abstract).

Yin, A., Harrison, T.M., 2000. Geologic Evolution of the
Himalayan - Tibetan Orogen. Annual Reviews FEarth
Planet Science,28(1): 211— 280.

Yunnan Institute of Geological Survey, 2008. 1:250 000 Dali
Regional Geological Survey Report (in Chinese).

Yunnan Institute of Geological Survey, 2011. 1: 50 000 Re-
gional Geological and Mineral Survey Report of Baoshan,
Bangiao, Huayao, Shanyang, Jinji, Yongping, Changjie
and Longjie in Yunnan Province (in Chinese).

Yunnan Institute of Geological Survey, 2019. 1: 50 000 Re-
gional Geological Survey of Guizhou, Baofeng, Caojian
and Gongguo Street in Yunnan Province (in Chinese).

Zhai, M.G., Cong, B.L., Qiao, G.S., etal., 1990. Sm-Nd
and Rb-Sr Geochronology of Metamorphic Rocks from
SW Yunnan Orogenic Zones, China. Acta Petrologica
Sinica, 6(4) : 1—11(in Chinese with English abstract).

Zhang, B., Zhang, J.J., Zhong, D.1L., 2010. Structure, Ki-
nematics and Ages of Transpression during Strain-Par-
titioning in the Chongshan Shear Zone, Western Yun-
nan, China. Jowrnal of Structural Geology, 32(4):
445—463.

Zhang, Q., 2012. Commengt on Harke Diagram of the Gran-
ite. Acta Petrologica et Mineralogica, 31(3): 425—431
(in Chinese with English abstract).

Zhong, D.L., 1998. Paleotethyan Orogenic Belts in Yunnan

and Western Sichuan. Science Press, Beijing (in Chinese).

Mt H 3 5 2% Sk

= B ARy, 2013, 5 R A U M BT ST TR

= E BT R, 1990, = R R OB B L b et i
JiE R

BRSPS B AR, AR, 2013, e TR AR R 4R T

AR LA A AR L 29(6): 2123 — 2140,

HAE RGO, R ARG 2 2020, BB Hb B PG U0 R b X
e g L AR AR R Ak 2 R AT B HOAR 1 L b
BRFB}2£,45(5):1573—1592.

by 5T VT M R A S s Ml IR g IR 4, 1986. AT
TR 9 YL | A D VL IR B IR (12 100 7)) Ud BH AT L b s
b R AL

WO W R, SUE A, 4, 2012, T U AR 1L B R A AR
16 A JE AR AR A b ek R A A A, 28(5):
1453—1464.

R BB ARG AR, S, 2019, R ZE IS BT P M I 04 R R
A LR A R B 0 U-Pb 4F i K H b B 3 . Bk
B2, 44(7): 2519—2531.

WL, E e, bR, 45, 2021, VL Y T M X 2 g B
S5 B8 AE A B B A0 U-Pb AR Bk Ak 24 R AE  HIT 7]
2 2 B e 37 A2 B Y 46 % . B 4R 7

Wrn, R, TR, 4, 2020, PG I X 52 105 1A
5 A 1 & B 5 U5 38 . ), 40(5): 584— 594,

ACE R T, 25,2010, PR =0T 2 1 04l
858 1L e S B A BOR . b MR A

XA E: KA, Chonglakmani, C., %, 2002. JE P4 iy 45 42
Wr 2 5 10 25 0 S HoEg b SE L b SFRT 2, 9(3):
161—171.

XIRES, PhARDY, WSO, 45, 2017, JE P LT B B A H IX
T 0 2 TR 2% A TR RS AR 2 At Rk b 2 R A %
B HATYFIE, 36(2): 163—174.

ERK, T, 200k, 45, 2012, = 8548 Kkl kAl ko
B Ak BT L 2 1 A 30 8 HL T B A A, 28
(5): 1517—1528.

B, TG, FEIN, £, 2014, 4 11 e 7Y 2 L3k 2 4 3
A IR . M ER B2, 39(8): 1129—1139.

BE LU BB, R 30, %, 1998, =T R B kLl e g A
AR A6 H R MR, 1128,

S R, R LA, 2018, WP < VL L IX I 1 4E
A B BB AR R R I R B R S ek
Pl ,43(8):2571—2585.

I M I 2 B 2 A7 SO KLl A, 1980, YL T T ik Hh [X 4
L2 B IRE AR JC Ll A 00 2 B0 B AR TR AR . 0 A,
32—41.

FARH, Fard, AL, & 2018 =T B 7 #4 F—
FEER IR 3 AL b kR, 43(8): 2527 —2550.

FPPE L, S5, 2014, T8 I VT 1 A R B R
Fr RGBS U-Pb AR 2 KR 1 A A A, 3009):
2725—2738.

FARIE JHEOG, WAt 5 2015, B T o 3 A AR L
B T T 0 T 55 47 U-Ph 5 4F B Ho B 75 . 07



55 113 ki

S0 PP Ml X 5 L AR T A rh S Ll A A A H i e

3879

A1 ,35(3):72—80.

FEZ, XEE, RFZA, 2 2000. 5 PG EASAS W AR 5T &
A e A RSt AR R S b B X SR R, 19(1): 32— 37.

TR — MR S, B S0, 4 1984, VY T VAR A2 1L B R
J2 ¥ B A RS oA Rl I 2 B 2 4R (1A
IRBFE R, (2):12—20.

SITR FRIK TR, 2004, B A SR BT AF B 5 K G U-Ph 4
4 i T 1) i 24 B2 4R, 49(16): 1554 — 1569.

RERHE, 1989. = M HLZMEA . 2= g X3 i, 7: 10— 31.

B K, XU, I, S 2018, VE PG I 1 VTR BN HL X
SEIATE LA-ICP-MS 5 41 U-Pb 4 #% K Ho i & X .
Ho BT R, 37(6): 1006—1014.

7 A8 b TR A B L 200815 25 J7 R B X 38 M 5 3 A 4R

R MBI, 2011, M A 15T R 1L U VLA A2
B 438 GKCE T e T S R DX I B AT I A R

R MBI B, 2019. M A 1:5 7 HM 5 3 L3
SR i DX SR 5 A A 4

AR AR, TR A, 21990, HP R TR P T 3 1R R A
19 Sm-Nd Hl Rb-Sr [d] fii AR 5 A5 4R, 6(4):
1—11.

FRE, 2012, PP AL A G s R A AT AR 3103):
425—431.

PR FE 1998, I I PG S ot AE 4R 0 Al L db mt . B 2
R A



