H39%& HaM Eo R B Vol. 39, No. 4: 406 ~422
2020 47 H ACTA  PETROLOGICA ET MINERALOGICA July, 2020

FLAFBBGREER DN INEEER G
—— R B A A A AR 1R

ok, 148k
Crp E iR 2E B HURBTgTRT, dbag 100037)

OB RSN R AT R R S B A ST NI BRI A AR S s R T T A i
TEAL I3 S0 R DG, AR AT PRI A G R RO T BB B3 A7 78 5 R IR 40 80, 1240 T AATT ) 2t Xty A 2 SO 4 e Y58 4 1) B AR o
ACNF T 7 LI A VU R (A SR AR A R O AT T VRN 10 B A b SRR A A S R R A SE AT, IR A
TV MR 2 R R 22 B 25 R 256 0, B HIFE T 2 WS R R T IR 58, A9 30— 2D 0 32 1L e 6 i 1
AL B U-Pb R 508 WoR , 0 28 AR M DX A JE 0 KL P T — 8 11 (288 ~ 287 Ma), i K i
HURUHEEFA 0 X () AR N K s B R T — B (272 ~ 265 Ma) o HBRAL 22308 B 7, L0 s (.
B LI E G ERH(SREE =59.75 x 10 7% ~ 135.08 x 107°), W] i & %% /% 1 7t % ( LREE/HREE =2. 64 ~
3.32) KB 1341 6% (RbBaTh £5), B2 511 Nb.Ta Fl Ti 2Rt X, AU T B IUA 45, F i Ta/ Yb(0. 09
~0. 18D Fll Ce/Yb(6.59 ~9.03) {3 W I )& T- 2551tk R A1 s e SHSL VA O 3 ) AR Lot R B 2 (SREE
=28.77 x107° ~76.16 x 10 ™), B4 5 4L M 1 7Tt E (LREE/HREE = 1. 75 ~2.55), A%} F W KLk 4 58 hn &5 4E Rb.
Ba, 51 Nb.Ta Ti 25705, B ) Ta/Yh(0.05 ~0.09) Al Ce/Yh(3.58 ~5. 9L HE TR RS FRWIS
W], S L A VU0 A M AR AR SE M BLAT H AT Bk R 4 ) B B TR B A TR R A 5 A G Xk B R
ARy T 7 L Gl L B R A N A R L A S T e AR AR SRR I A DG I 2 AL I R R i, 5
A2 L S BN 7 b 1] 7Y R AR AR, ORI M 7K 5 S B A 3 4 A R, T e 7 L P L 3 T A A
DX T 22 B 307 B o I Bt Sl A 1 K SR A IR P AR i, 38 3 I8 AR Dk B 1) IS M, T 28 LT MORB A
TAT M- H R m A G

RHEIR: RV Wl AR R RREGOK IS ZEH

FESES: P588.1; P58I SCHERFRIZES: A X EHS: 1000 - 65242020104 — 0406 — 17

The Late Paleozoic arc-back arc system in western Ailaoshan: Evidence
from geochemistry and geochronology of basic rocks
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Abstract: The Ailaoshan suture ( ALSS) is one of the important Paleo-Tethyan sutures in Southeast Asia, and the
Late Paleozoic basic rocks in the ALSS are the key to reconstructing the Paleo-Tethyan evolution. However, the
petrogenesis and tectonic environments of these basic rocks are controversial, and this controversy constrains
researchers’ understanding of the Paleo-Tetyan evolution. Based on field investigation, the authors studied petrologi-
cal and geochemical characteristics and synthesized the geochronological and geochemical data of the Late Paleozoic

basic rocks in the western part of the ALSS, with the purpose of investigating their petrogenesis and tectonic setting
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and further providing insights into the ALSS evolution. Zircon U-Pb data suggest that the Wusu and Baliu basic
rocks were formed in Early-Permian (288 ~287 Ma), and Dalongkai and Yaxuangiao basic rocks were formed in
Mid-Permian (272 ~ 265 Ma). The products of Early-Permian magmatism are calc-alkaline in composition, and
they have island-arc basalt (IAB) -like geochemical features with high rare earth element ( REE) content (ZREE =
59.75 x107° ~135.08 x10~°), LREE/HREE ratios (2.64 ~3.32), Ta/Yb (0.09 ~0.18) and Ce/Yb (6.59 ~
9.03) ratios, and slight enrichment in large ion lithophile elements ( LILEs, e.g., Rb, Ba and Th) and depletion
in high field strength elements (HFSEs, e.g., Nb, Ta and Ti), whereas the basic rocks from Mid-Permian mag-
matism are tholeiite, and are characterized by low REE content (SREE =28.77 x10 ° ~76.16 x 10 °), LREE/
HREE ratios (1.75 ~2.55), Ta/Yb (0.05 ~0.09) and Ce/Yb (3.58 ~5.97) ratios, and strong enrichment in
LILEs and depletion in HFSEs. Combined with regional geological data, this paper proposes a two-pulse model
related to the Late Paleozoic subduction in the western part of ALSS. During the Early-Permian, the westward sub-
duction of the Ailaoshan branch ocean/back-arc basin beneath the east margin of Simao terrane induced partial
melting of mantle wedge to form the Andean-type continental margin arc along the western Ailaoshan: subsequently

(Mid-Permian) , the collapse of continental margin arc formed a back-arc basin, and further produced basic-ultra

basic rocks with the geochemical features of both MORB and volcanic arcs.
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Fig. 1 Tectonic sketch map of the “Sanjiang” region in Southwest China ( a, modified after Deng et al. , 2014 and Wang et al. ,
2017), regional geological map of Ailaoshan suture belt (b) and simplified geological map of Dalongkai-Wusu-Yaxuangiao (c)
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LTSS—Longmucuo-Shuanghu suture: NJS—Nujiang suture: NanS—Nan suture; SMS—Song Ma Suture; RRE—Red River fault: B—basalt:
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Fig. 2 Outcrop Ca, d, g, j), hand specimen (b, e, h, k) photographs and microphotographs (c, f, i, 1) of different types of

basic rocks in Wusu area
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(wy/107%) compositions of Wusu basic rocks

ik S o WELE Zuld
FERS 17HAI9-1 17HA23-2 17HA20-1 17HA22-1 17HA23-1
Si0, 49.29 48.17 46.36 49.51 45.82
TiO, 1.45 1.97 1.59 1.61 1.25
AlL,O, 16.76 16.11 15.38 15.54 16.56
FeO 5.33 6.14 6.88 5.15 5.08
FeO" 7.65 9.73 9.36 9.35 8.86
MnO 0.16 0.18 0.16 0.17 0.18
MgO 5.90 6.71 9.62 6.44 6.33
Ca0 10.40 9.20 8.45 8 .00 11.15
Na, 0 3.75 2.66 2.24 5.06 3.19
K,0 0. 66 1.30 0.69 0.04 0.78
P,0s 0.17 0.23 0.23 0.21 0.17
Cr, 05 0.04 0.04 0.05 0.02 0.02
St0 0.05 0.03 0.02 0.02 0.04
BaO 0.02 0.06 0.03 0.01 0.01
Na,0/K,0  §.63 311 4.93 192.20 6.21
Mg* 57.9 55.1 64.7 55.1 56.0
A/CNK 0.65 0.71 0.78 0.68 0.63
Joe K 2.62 2.04 4.51 2.67 4.25
gy 99.77 99.51 99.73 99. 69 99. 60
La 8.8 7.2 10.0 10.2 7.5
Ce 20.9 19.7 25.3 2.5 17.9
Pr 2.93 3.06 3.62 3.48 2.48
Nd 13.8 15.9 17.0 16.3 11.8
Sm 3.85 5.18 4.66 4.35 3.29
Eu 1.39 1.78 1.66 1.51 1.29
Gd 4.75 6.65 5.77 5.45 4.12
Th 0.80 1.12 0.97 0.87 0.67
Dy 5.00 7.37 5.95 5.50 4.23
Ho 1.09 1.59 1.30 1.13 0.94
Er 3.07 4.41 3.65 3.15 2.52
Tm 0.45 0. 66 0.53 0.45 0.36
Yb 2.84 4.25 3.41 2.92 2.31
Lu 0.43 0.64 0.53 0.45 0.34
Y 29.1 41.0 34.1 30.2 24.0
Rb 11.7 40.3 22.5 0.6 9.7
Ba 158.0 459.0 217.0 19.9 76.9
1.01 0.69 1.10 1.27 0.76
U 0.27 0.21 0.46 0.48 0.20
K 5 500 11 300 6 100 300 6 300
Ta 0.30 0.30 0.40 0.30 0.30
Nb 4.60 4.35 5.10 3.90 3.10
Pb 1.10 1.00 0.80 1.00 1.90
Sr 378.0 189.5 168.5 9.5 337.0
P 770 1130 1120 980 760
Zr 110 137 137 108 87
Hf 2.80 3.70 3.40 2.80 2.30
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Fig. 3 Zr/TiO, — Nb/Y diagram (a, after Winchester and Floyd, 1977) and Ce/Yb — Ta/Yb diagram (b, after Pearce et al. ,
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Fig. 4 Chondrite-normalized REE patterns (a, ¢) and primitive mantle normalized trace element patterns (b, d) for the

Wusu-Yaxuangiao hasic rocks
BRFEBRAT L JR A5 HE L OIBN-MORB. E-MORB %3 U5 - Sun 411 McDonough(1989) ; L 2 im0 2 s B kU Fan 2520100
data of chondrite, primitive mantle, OIB, N-MORB and E-MORB afier Sun and McDonough (1989); data of early and late basalts from Fan et al. , 2010
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B, 26 )\ R R K LA T RETE G T 2 W 2805 30

Lai %% (2014 b ) 45 & 4% 111w 75 () 40098 b X —
BRI KOG A B U-Ph 4F RS 288.5 +
3.3 Ma, 5 Fan (20100 3R 1 T8 L 105 (287 +5
Ma) FE WS 7E 1R Z2 Y0 Y — 20 (3R 2), R I 2 22 1l o
2\ ZE AL P A SR K s RO PR SE B T B
TR IR, A2 L . = &t (2 288
~287 Ma) K Llrg 558 e b va O g A et — L — S i
JE7E ) Truong Son B3 K 1115 3T T+ [F] B TE B ( £ 304
~272 Ma,Hoa et al. » 2008; Liu et al. » 2012), 3+ H.
H B Truong Son B 9K 08 % 75— 8UA 5 R A 1L
V08 ] S0 PR K % Joit K Ll g LA A B R A 2 A i, R
B e AT LA AL S 9IRS 211 ( Lai et al. , 2014b) o
Liu %5(2017b) M45 K Je gLz IR RHCOHE £ 2 AR K
FEEA U-Pb EHY 42908 272.1 1.7 Ma 1 266. 4 +
5.8 Ma, ZAFWE S A L 0 (265 £7 Ma, 266.2 +
2.2 Ma) IR JEA 30 ( 3K 2; Jian et al. , 2009b;
Fan et al. , 2010) . XIKIAE TR, FdERIEME A2
ANBRIH 2 L, $R s o At R A L e
AT — B KRB 2 A=A F 4 (Liv et al.
2017b) , 1Z 3 DL K 58 356 1 — 0 R PR A N8 Rt e 2

(BN HFAE o Jian Z5(2009b) 3B 1L SHIRMP 45 47 U-
Ph VESRAF R RHC A A TS Ol 245.6 £ 1.4 Ma,
L35 KOR S L A5E R DL 247 ~246 Ma (I SCH A
WEgks FAT — 8RR (3R 20, B W 6 Al Je e
R, 22 W L = 8 thE DU, 3= 77 11 P8 5 0 56 B Al 4
A R, N 3E s PR B BE (Jian et al.
2009b; XIZRZE, 2011; Lai et al. , 2014b).

IR A A RAE AR A UE 2 I, 3 7 L S R
TR BRI A g8 © RS
TE T 288 ~287 Ma. FHFA%E(1998) A Ky H — &ttt
I 39 0 4 L R L 3 Ll S AR A TR Y
FARRINET o AR B0 2 1Ly G 0 AT K 11 K
WA I BUA S e 22 40 % o a5 CJR 4 55,
1992; BiR3E, 1998), JEANH A B & 1 e =X Kk 1l
PRI, Z A R VB A A A SR K
L1 A B il 2825 2H A5 2K 8 ( Mecarron and Smell-
ie, 1998; ZAI P4, 1999) . Q) WaiiILv: A i T
272 ~265 Ma. %N CORILH M A 200 T
KM T3 TS MR A5 1, 25 o 2R 32 4 R K
A KA S PR L e L s, B
FEME-B AL o0 3, WY AN ) T R - e
A UG 3RO WG O 5 s S I o R, 7
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Table 2 Summary of geochronological data from magmatic rocks in western Ailaoshan
5 FES AR W/ Ma WEETT % (R A Hth R UR
1 MLISA R AT 272.1 1.7 LA-ICP-MS KIHl Liu et al. , 2017b
2 MLI9A MEKA 266.4 5.8 LA-ICP-MS KL Liu et al. , 2017b
3 20SM-97 REEE 287 +5 SHRIMP TE Fan et al. , 2010
4 20SM 47 Lz ls 265 +7 SHRIMP TEAF B Fan et al. , 2010
5 YXQ01 T 266.2 +2.2 SHRIMP HEFFA Jian et al. , 2009b
6 DLKO1 LA 245.6 £1.4 SHRIMP KAedl Jian et al. , 2009b
7 K10-56 B 288.5+3.3 LA-ICP-MS R Lai et al. , 2014b
8 K09-80 ML 246.1+3.7 LA-ICP-MS KA Lai et al. , 2014b
9 K09-25 KA 270.4 +8.5 LA-ICP-MS 1% Lai et al. , 2014b
10 K10-25 A 257.2+1.6 LA-ICP-MS P & Lai et al. , 2014b
11 K10-29 VA Ea 255.1+2.2 LA-ICP-MS Wz Lai et al. , 2014b
12 K09-83 WMECHE 246.2 +4.0 LA-ICP-MS P ES Lai et al. , 2014b
13 K09-87 MECH 246.0+6.0 LA-ICP-MS LS Lai et al. , 2014b
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KF o B, AR SCUNCH PR IRAE Fam 8 Vi & AT )
—LE, RAFE R B, B R A
A WS A R i A s B LR N
3.2 BERAHESERERX

AR SCHIF I 36 7 1L P8 50 35 P o 3 A e A R 5
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KB 264 6% (LILEs, 9] 41 Rb Ba. Sr %% ) % 5
5 5y 5% B Ja Wl AR 55 AR AR R ) oo, i o Y % T
FZ B V. Cr 58D 53 58 70 25 CHFSESs, 5] 41 Nd.
TaZr Hf\ Ti. Th %5 ) £ X L6 3 F oo A5 6 A2 2, {5 Sr
SETCEAL Sk P AR AR O R vl R R AR
(Pearce and Cann, 1973), IRl ™ SCAN A FH 3 L8 AH %
ANTE B (1) 70 2 ARV IX B KL 2 1025 0 1 R R 3
PRI o AN TS (1 3 ER A 2 B0 e P T AR 3¢
F Fan £5(2010) .

3.2.1 AR

AR UCRAE W FEPE S5 R Sl B AT 88 o P o) &
(LOI=2.04% ~4.51% ), {H5 M 245 AE 22 W H O
52 B J 07 T I AR T AR AR T U R Ay A ok
U5T 25 T o B, 2 B 3L AT e Dk e I X AR 5K
(41 ey R 2 5 23 4 Wil ¥ 7~ ) ( Hickey and Frey,
1982) o VAU FT K RESRAFRE i 1K) B85 47 U-Pb 4

W ABARSCRE S 5 Fan 25(2010) 3R 0 0 2 A
(287 Ma) B 1 H [/ — MU X ) — 8 R 2 )\ ZE 4l
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KO LAh, AR S s A R e R MR R S
FUHAIEME A (288 ~ 287 Ma) FLAT ML s f o0 £
ARG TR S R RFIECIE 4D, FH AL Ta/ Yhb.
Ce/Yb {H 3R W IXLEFE 5l 15 T L 1 2 T R R 1 1 [+
—I . FES 17THA23 2 CHE KA HR PR & 50
KAEILHX CE 1e), B AN A 2o, 3 1 442
ANBI IR 2R OB 2)), HERfE R 2%
W, FEA 5 31 LREEL (La/Sm)  =0.90 1, 5K 11
Ta/Yb.Ce/Yb 18 & 7= H H A7 5 W 1 Je V5 (272 ~
265 Ma) FHALFHRFAEC I 3b) o

(1) FIPHEME 7 (288 ~287 Ma)

HHFASE(1998) A A L A2 L P . — S i 5%
H BAT X 2K L IR R T 52 B3 58 49 5T 11 [R) 4k
TR, W RETE T KB R AR FREE . Fan 45 (2010)
W EEME A 5 P8 KF 7 Okinawa Trough S %
M A LA AL R fh 24 8 M, AT RETE TR E
EHIRES . ARSCWFRR L, B AR AW
Fii 1ot % & B (SREE =59. 75 x 107° ~ 135. 08 x
107, B2 & 45 0 % ( LREE/HREE =2. 64 ~
3.32), HAd BRI R o B A B LR AL T-E-MORB,
17 E-MORB 3@ & # I\ A T 152 OIB KL J 52
(0 TR OIS 7 Hh R 5% CIRESS, 2001) . 4R,
T A FLIA B 5 b ) D s U o 5 53 T, O HLB
WA Pb MK 5705, RWILE S OIB AR EH A
PR . BEAh, BIE 48 RbBa Th 25 K B 158 £ UG
#, U NbTa Ti 5t %, RHAE AR
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(Fan et al. , 2010) , 3% B 5 £ 52 Hb 52 ) O 4 1) 52
W4 /N Xu et al. , 2016), Kk, & Nb Ta Ti JG%H
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SRR B K R TR A B35 By, TR 2R A0 HR
Rb.SrBa.Cs % AN A 25 VE F1iE 5 P 55 5k, 4 45 0K U5
b B S 4 Rk 1) 5 B S 2 2 7 4 Nb
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1991; Class et al. , 2013) . HT3ERAMAEICE Zr 10
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PEXHEAE C Liu et al. , 2016) . 1938 Mk 25 48 = 1)
Ta/Yb(0.09 ~0. 18) 1 Ce/Ybh(6.59 ~9.03) {4 7R
B TS0 R 40 3b), DRI, 3 S0 405 gl 1 o %
PR AT AR T 5 AR RN oA DG 1) B I ER il 2 IR
1% ( Hawkesworth et al. » 1995; 2541 2%, 1999), X
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Fig. 5 La/Sm— Nb/La diagram (a) and Sm/Nd — Nb/La diagram (b) of Wusu basic rocks ( data after this study and Fan

et al.

Fan 55(2010) 5& T HuBR AL 2% R AR 22 UE A A
AT B ST, SR, Lin £5(2017b) £E
[ — A A7 B R LT[R ) R OME A1 8 R
WHEATNAZIE BT 0 G 2 R Bg . B4R 35, 1
RS BAT AR M U0 3 Vi (SREE =28.77 x
107° ~76.16 x 10 °°), ¥ 1 & 4 4% #5170 % ( LREE/
HREE =1.75 ~2.55), B {2 % 4% Rb 1 Ba, 774t Nb.
Ta FI Ti %% 537 3 76 %, Nb/La {5 La/Sm. Sm/Nd
8 L3047 A M CF 5a.5b) , [AIAE 28 W1 3 JE i
FE 0] B8 5 M H 0 b A € ( MeCulloch and Gamble,
1991; Class et al. , 2013) . %A% Ta/Yb(0. 05 ~
0.09) Fl Ce/Yh(3.58 ~5.97)MH( K 3b) BonH g T
PLE R Ao 1Ak, W R P A A R R
Ta/Ybh(0.05 ~0.09) F1 Th/Yb(0. 16 ~0. 41 ) {# (
6a), Won HIA K IEME . 76 Hf — Th — Ta K, H

, 2010

SRR 0 R R A B T T 5 L gIORE S6 ) Xk
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TiO, FIAFAZ TG 3 1) A ] LUB BT R B KL 9
Ji TR B O B T (SR RESE, 2012), H LY
5531 NbTa J0 %, K WKL 25 10 T e 5 00 e 1
RA K. W8 ARECR B, Wt AR AR, 2= 4210
VO A8 VL — 2 45 b X Jg T L5 M e 2R 2% ( Wang et
al. , 2014; Xia et al. , 2016), iZH X J& T 1% 5 K bk
SViEZ SRR N BUE. AW AIN] e T ST Wik
FAAEE K0 SR (G, 2010, AR 5z i v A
AICBR BRFAEAN [, DRIk AR SCHE D e S0 B vk 2 ] e T
TS AT

IR HBBRAY A I ST B, LR B O A 1
HA TR B A AL AR T, B AN [R] (1) 76
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Fig. 6 Tectonic discrimination diagrams for Wusu-Yaxuangiao basic rocks( legends as for Fig. 3)
a—Th/Yb — Ta/Yb FEf#(# Pearce, 1982); b—Zr/Y — Zr Efi#(#% Pearce and Norry, 1979); ¢—Ti—Zr—Y EfE(# Pearce and Cann, 1973);
d—Hf~Th = Ta EIf# (45 Wood, 19800 : ALK—HRIE X4 s CAB—#5kIE 2l s CPB— AR it Xl s IAB— Ry INK U s TAT— By 9
P2 ICA— Ry ISR 47 OIB—VE By Kl SHO— Ry I 202 AR5 TH—H B 2l s TR—FIE 2l WPAB—H N T
XA WPB—HA K A + B—45Hl Mk % 05 (CAB) ;s B + C— IR B BE 2 54 (LKT) s B—V )i X ilA (OFB) s D—HU A X il
(WPB) ; b RIF T A SCAN Fan 5720100
a—Th/Yb — Ta/Yb diagram ( after Pearce, 1982 ); b—Z71/Y — Zr diagram ( after Pearce and Norry, 1979 ); ¢—Ti—Zr—Y diagram Cafter Pearce
and Cann, 1973 ); d—Hf —Th —Ta diagram ( after Wood, 1980 ); ALK—alkali basalt; CAB—calc-alkaline basalt; CFB—continental flood basalt;
IAB—island arc basalt; IAT—island arc tholeiite; ICA—island arc calc-alkaline basalt; OIB—ocean island basalt; SHO—island arc olivine trachyba-
salt; TH—tholeiite; TR—transitional basalt; WPAB—within plate alkali basalt; WPB—within plate basalt; A + B—calc-alkali basalt CCAB); B +
C—low K tholeiite (LKT); B—ocean floor basalt ( OFB); D—within plate basalt ( WPB); data after this study and Fan et al. , 2010
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Fig. 7 Sm/Yb—La/Yb diagram Ca, after Zi et al. , 2010) and Rb/Sr— Rb diagram ( b, after Ellam and Hawkesworth, 1988)
MORB ¥4t KU T Pearce 55(1981) ; Fli K IF T AR Fan 55(20100 5 EFI15 14 3 I
MORB values after Pearce et al. , 1981; data after this study and Fan et al. , 2010; legends as for Fig. 3
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Fig. 8 Conceptual diagram illustrating the tectonic evolution
of western Ailaoshan in Late Paleozoic
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a—Early Permian, westward subduction of the Ailaoshan branch
ocean/back-arc basin formed the continental marginal arc in the east
margin of Simao terrane; b—Middle Permian, slab rollback led to the
continental marginal arc extension to a back-arc basin; ¢—Late Permian,

closure of the back-arc basin
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