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[Objetive] The Yidun island arc, as a key part of Sanjiang Tethys orogenic belt, has been hottly debated on granitic intrusions and the
related mineralization in recent years. But few studies are concerned with the rhyolites such as the Tumugou Formation. [Methods]
Based on detailed field mapping, this paper has conducted research on petrology, geochemistry and chronology of the Tumugou
Formation’ s rhyolite. [Results] LA—ICP—MS zircon U—Pb dating on one sample yield an age of 216.5 Ma, and proved that the
rhyolites were formed in the Late Triassic. The rhyolites have contents of SiO, from 73.24% to 74.72%, alkali (K,O+Na,O) of 5.26%
to 6.27% as calc—alkaline rock series. All the samples are enriched in large ion lithophile elements such as Rb, Th, U, K and light
rare earth elements, but depleted in the high strength filed elements such as Nb, Ta, Ti, P and heavy rare earth elements, indicative of
the characteristics of island— arc volcanic rocks. [Conclusions] According to the comprehensive study, it is concluded that the

rhyolites were formed by partial melting of the lower continental crust during the westward subduction of the Ganzi—Litang oceanic

crust in the Indo—Chinese epoch.

Key words: Tumugou Formation; rhyolites; geochemistry; geochronology; geological survey engineering; Yidun arc; Sichuan

Highlights: We study the rhyolites in Tumugou Formation through the perspective of petrology, geochemistry and isotope

chronology, and aim to provide evidences for the evolution of the Ganzi—Litang ocean basin.
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Fig.1 Tectonic position of the Yidun island arc (a, modified from Hou et al.,2007) and geological sketch map of research area (b)®
1— Triassic strata; 2— Paleozoic strata; 3— Triassic acidvolcanic rocks; 4— Triassic bimodal volcanics rocks; 5— Mesozoic granite; 6— Ophiolitic
complex;7—Researcharea; 8—Volcanic rock age; 9—Intrusive rock age; 10—Member 1 of Tumugou Formation; 11—Member 2 of Tumugou Formation;
12—Member 1 of Lamaya Formation; 13—Member 2 of Lamaya Formation; 14—Rhyolite; 15—Biotite monzonitic granite; 16—Diabase; 17—Hornfel

belt;18—Fault; 19—Sample location
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Fig.2 Macro—microscopic features of rhyolites of Tumugou Formation in the Yidun island arc
a—Vesicular structure of rhyolites; b—Photomicrographs of rhyolites
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Tablel Major (%) and trace element (10°) compositions
of rhyolites of Tumugou Formation in the Yidun island arc

e PM020 PM020 PMO020 PM020 PM020 PMO020
N -1FX1 -1FX2 -7FX1 -7FX2 -15FX1 -15FX2
A WECH WG WEUE WEUE WEUE  WEUH
Si0, 7344 7446 7324 7472 7410  73.29
TiO, 0.090 0.10  0.089 0.092 0.083 0.073
ALO; 1346 1356 13.66 1355 13.82 1299
Fe,O; 0.60 1.89 0.66 0.77 0.63 1.78
FeO 1.60 0.32 1.52 1.50 1.50 0.61
MnO 0.061  0.066 0.055 0.044 0.066 0.063
MgO 0.18 0.15 0.33 0.16 0.16 0.12
CaO 1.89 0.86 1.85 1.39 1.26 1.69
Na,O 3.38 3.10 3.77 3.42 3.76 3.60
K0 1.88 3.12 1.80 2.26 1.68 2.67
P,Os 0.023  0.022 0.039 0.028 0.036 0.023
LOI 2.77 1.89 2.69 2.38 2.34 2.49
Total 96.60 97.65 97.01 9793 97.10 9691
Na,0+K,O 5.26 6.22 5.57 5.68 5.44 6.27
K,O0/Na,0 0.56 1.01 0.48 0.66 0.45 0.74
A/CNK 1.22 1.35 1.19 1.28 1.34 1.09
Mg 37.28 1359 49.76  29.16  33.47  11.78
La 30.1 34.7 27.8 26.9 26.6 30.9
Ce 56.0 66.6 51.9 48.7 49.4 57.2
Pr 5.71 7.11 5.11 5.08 5.08 6.20
Nd 233 28.8 224 19.8 20.5 24.1
Sm 5.02 5.47 4.16 431 3.64 4.38
Eu 1.09 1.01 1.05 1.02 1.01 1.22
Gd 3.82 4.14 3.37 3.21 3.00 3.92
Tb 0.62 0.62 0.55 0.52 0.52 0.64
Dy 3.67 3.32 3.11 2.87 2.92 3.38
Ho 0.79 0.64 0.70 0.63 0.62 0.78
Er 2.12 1.79 1.83 1.71 1.62 1.95
Tm 0.35 0.28 0.30 0.27 0.29 0.38
Yb 2.38 2.05 2.19 2.09 1.97 2.82
Lu 0.37 0.34 0.35 0.32 0.32 0.45
Y 24.5 20.7 235 24.2 235 19.3
Li 21.2 11.9 21.7 24.5 22.0 23.9
Sc 3.28 5.44 2.88 3.08 3.12 2.82
\% 4.95 5.67 4.89 4.85 4.85 5.46
Cr 5.04 5.06 5.13 5.25 5.07 5.02
Co 1.02 1.02 1.12 1.02 1.02 1.02
Ni 1.01 2.64 1.02 1.01 1.02 1.74
Cu 3.05 28.9 2.07 1.06 3.67 1.28
Zn 40.0 77.4 37.6 33.7 43.2 44.6
Ga 19.7 18.9 18.6 19.8 19.8 16.6
Rb 85.0 135 74.8 92.9 71.1 100
Sr 104 130 117 97.0 91.7 208
Zr 212 219 203 200 206 206
Nb 10.5 8.70 9.91 8.95 9.97 6.82
Ba 303 728 307 560 293 676
Hf 5.98 6.31 5.66 5.09 5.06 6.19
Ta 0.69 0.65 0.62 0.62 0.66 0.94
Pb 17.56  22.76  14.19 12.81 2823 2233
Th 7.98 8.34 6.64 6.13 5.97 11.2
8] 1.77 1.96 1.50 1.49 1.41 2.01
Y REE 135.34 156.87 124.82 11743 117.49 138.32
LREE 121.22 143.69 11242 105.81 106.23 124.00
HREE 14.12  13.18 1240 11.62 1126 1432
LREE/HREE  8.58 10.90  9.07 9.11 9.43 8.66
(La/Yb)x 9.07 12.14  9.11 9.23 9.69 7.86
JoEu 0.73 0.62 0.83 0.80 0.91 0.88
oCe 0.98 0.98 0.99 0.95 0.97 0.96
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TCE 2R VE R 52 55 , 0T B DA Tl AR
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Hastie et al., 2007 ) .

6 PHRESR 1 Si0, &k 73.24%~74.72% , FH{H
73.88%, JB R MEF . ALO, & & h 12.99%~13.82%,
FHIME 13.51% KO %4 1.68%~3.12% , F-H#I{HE
2.24% ,Na,O %14 3.10%~3.77% , FH41H 3.51%, 4=
Bl 5 3K 5.26%~6.27% , H: K.O/N,O K 0.45~1.01,
SEHIE M 0.65, MgO &5 14 0.12%~0.33% , “F- (i
0.18% , Mg {8 }y 11.78~49.76. #+ £1 TiO, & &
0.073% ~0.10% , “F ¥J & & 0.088% , CaO & & N
0.86%~1.89% , F-HJ{H 1.49%. AJ WL, U4 41 /9 i
SUA BA T AL Na JR K K Ti (94 AE . 7E TAS [#
fift N, BT AR i Y TE T AR &R A R (]
3a) ., TEA 41432 Nb/Y-Zo/Tio, it I (K 3b) , #
i PIVE AR BCH Xk, 5840 S = NS WG
£ Si0,— KO g (K] 3¢) , RS A i A T 45
FRIVE R RO SRR EE ) A/CNK {H 1.09~
1.35, 3B 0 1.24, J&8 3L 5R 5 , 7650 2 1 A4 Z0A]
fifrb (B 3d) , FER TS AT S48 B el
4.2 WEITTERFE

SCE L P I8 4 S0 1 Cr(5.02 % 107~
5.25x107°) \Ni(1.02x10°~2.64x10°) .Co(1.01x10°~
1.12x10°°) . Sc(2.82x10 ~5.44x10°) & = B WAL T
JEAE AR AR A TR B i (Rock, 1990) o FE iR
TR E 1 (Kl 4a) , 6 145 SUE R 2 B0 AR
MREE i B KRB F2#AJCE RL. Th U K, 7
i1 Sr, BAEFIMICE Zr Hf, 5 Nb. Ta Ti . P, H
FEAE 5 87 19 5 9050 55 19 AL B A R AE AH 280
(Miiller et al.,1992; Luhr and Haldar, 2006; Kimura
and Yoshida,2006) .
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Fig.3 Classification and series of rhyolites of Tumugou Formation in the Yidun island arc
(a, after Middlemost, 1994; b, after Winchester and Floyd, 1997; ¢, after Rickwood, 1989; d, after Maniar and Piccoli, 1989)
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Fig.4 Primitive mantle—normalized trace element spider diagrams and chondrite—normalized REE patterns of rhyolites of Tumugou
Formation in the Yidun island arc
(primitive mantle—normalized and chondrite—normalized data from Sun and McDonough, 1989)
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Fig.5 U-Pb concordia diagram of rhyolites of Tumugou
Formation in the Yidun island arc

117.43x 10 °~157.87x10 ¢, SF- & 1 131.71x10°°,
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RHE AR R MERE 5 R FHAEE A 5% (Rollison, 1993)

5 #if U-Ph AR g tE

ARSI B i (PMO11-43DN1) #E 47
T LA-ICP-MS #5471 U-PbEH ., Arsertdhdh 4135
gy im B SEAE KA e A AR R, PR B
W P i R (T 5) o A R — e 71~213 pm,
B& 60~126 pm, K & AT 1.0~3.5. 854 Th & &N
F76x107°~3972x10°°, U & 54 F 238x 10 °~2522 %
10, Th/U=0.27~1.57, Z5&E5APRIEA , X
B BE 3 Sk LR ) A RS A (fRTOF 4 2001
Belousova et al., 2002) .

MATHTEE TR (F 2) KT, 194 U-Pb I A
BT, A T 238~191 Ma, £ U-Pbikfih <k

R2 NHBIMERDARIE LA-ICP-MS A U-Pb Bz HMIX &R
Table 2 Zircon U—Pb isotopic data analyzed by LA—ICP—MS of rhyolites of Tumugou Formation in the Yidun island arc

/10 [Flfr 3% LA 4E 4/ Ma
0T Th/U tho

Pb Th U YPbAPb 1o UPbAU 1o “PbAU o YPbAPb 1o PbAU 1o “PbA*U 1o
PMO020-IDN1-1 11 127 280 046 00510 0.0026 02393 0.0125 0.0340 0.0005 02770 243 117 218 10 216 3
PMO020-IDN1-2 18 124 456 027 0.0516 0.0019 02405 0.0091 0.0338 0.0004 0.3366 265 87 219 7 214 3
PMO020-IDN1-3 66 76 238 032 0.1007 0.0021 3.1888 0.0684 02293 0.0021 04360 1636 38 1454 17 1331 11
PMO020-1DN1-4 30 273 767 036 0.0534 0.0018 02507 0.0091 0.0340 0.0004 03593 346 50 227 7 215 3
PMO020-IDN1-5 12 198 276 0.72 0.0530 0.0030 02467 0.0141 0.0341 0.0007 03541 328 130 224 12 216 4
PM020-IDN1-6 29 433 692 0.3 0.0510 0.0018 02415 0.0088 0.0343 0.0005 03714 243 770220 7 217 3
PMO020-1DN1-7 27 587 600 098 0.0516 0.0024 02451 0.0122 0.0343 0.0005 0.2997 333 103 223 10 218 3
PMO020-IDN1-8 18 298 427 0.70 0.0517 0.0027 02475 0.0139 0.0347 0.0007 03354 272 119 225 11 220 4
PMO020-IDN1-9 38 381 854 045 00543 0.0026 02810 0.0129 0.0376 0.0005 03173 389 106 251 10 238 3
PMO020-1DN1-10 68 1087 1641 0.66 0.0531 0.0016 02498 0.0072 0.0341 0.0003 0.3401 345 67 226 6 216 2
PM020-1DN1-11 45 832 1259 0.66 0.0525 0.0031 02179 0.0134 0.0301 0.0008 04271 309 133 200 11 191 5
PMO020-1DN1-12 47 1829 1332 137 0.0559 0.0020 02361 0.0078 0.0310 0.0005 04730 450 78 215 6 197 3
PMO020-1DN1-13 15 247 357 0.69 0.0529 0.0034 02436 0.0145 0.0337 0.0006 0.3046 324 146 221 12 214 4
PM020-1DN1-14 27 523 674 0.78 0.0550 0.0025 02398 0.0107 0.0319 0.0005 03416 409 102 218 9 203 3
PMO020-1DN1-15 83 1538 2189 0.70  0.0550 0.0016 0.2383 0.0073 0.0313 0.0003 0.3586 413 65 217 6 199 2
PM020-1DN1-16 94 3972 2522 157 0.0546 0.0017 02299 0.0071 0.0306 0.0005 0.5710 398 69 210 6 194 3
PMO020-1DNI-17 19 169 500 034 0.0510 0.0023 023838 0.0105 0.0343 0.0006 0.3666 243 71 217 9 217 3
PMO020-1DN1-18 23 234 577 0.40 00530 0.0030 02463 0.0134 0.0338 0.0005 0.2462 328 130 224 11 215 3
PM020-1DN1-19 59 829 1370 0.61 0.0502 0.0015 02393 0.0074 0.0345 0.0003 03269 211 70 218 6 219 2
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Table 3 Zircon U—Pb age data of the Yidun island arc in Sanjiang region

T hi = ik % /Ma A s
1 A& i SHRIMP 22543 Weislogel, 2008
2 A ViaAsks SHRIMP 21742 Weislogel, 2008
3 DU 1 Ak A LA-ICP-MS 21243 Weislogel, 2008
4 DU L A Tebd LA-ICP-MS 2203 Weislogel, 2008
5 HHCE A T A LA-ICP-MS 21843 Reid et al., 2007
6 TEdlA 1A e N LA-ICP-MS 22543 Reid et al., 2007
7 BRER AR AR N LA-ICP-MS 21643 Peng et al., 2014
8 ELEAITE ST VEEANEIS o LA-ICP-MS 22448 Xiao et al., 2007
9 ThREVE A T N K LA-ICP-MS 216+1 Peng et al., 2014
10 [ P R R 2 RS LA-ICP-MS 220.1+1.4 #GE, 2017
11 el RN LA-ICP-MS 216+1 Peng et al., 2014
12 R EERUS SR LA-ICP-MS 217+1 Peng et al., 2014
13 FECE A TR LA-ICP-MS 215+3 Peng et al., 2014
14 FECE AR Kok LA-ICP-MS 22444 Peng et al., 2014
15 SO TR LA-ICP-MS 2196 Xiao et al., 2007
16 HREA AR ZREHE LA-ICP-MS 21843 Peng et al., 2014
17 VARERTE SRl RR KA LA-ICP-MS 215.2+1.4 4J%, 2018
18 ULk AR LA-ICP-MS 228+4 Xiao et al.,2007
19 el a1 MECH LA-ICP-MS 219.3+1.4 YAV, 2016
20 el A Zils LA-ICP-MS 222.1£1.7 X4, 2017

IR 2 AL, BB R AR R i 2k L ol LR
([ 5), o TR B A, 2 4 A e iU
HU—Pb [A 37 R R IEAEL ], ANAFAE U B Pb [ 47
FRERIINA

S — AR 12 B0 A, 2P/ U AT
AR (216.5+1.6)Ma, MSWD=0.36, & 4E 5 (1) — 5L
PEAR G AR RS A2, S AT o

AU SRLES A, HOPhAU IR Y AR iR
(197.8+4.4)Ma, MSWD=1.4 , 4E I AH X431, 7]
Al S e LR 2 v 32 380 T Al AR RS

6 1

6.1 RMUENTEERHREENX
SR A R =17 RO Y B R A

H A — R e B i 2 — (B 2

2,1995) 0 Xk I3 AT 228~213 Ma(fZHE i

85,1995) , A SCARAT I 098 21 1 8CH TE B Y LA—
ICP—MS %5 41 **Pb/ U 4F-i#% 4 220~214 Ma, AT
P R (216.5+1.6 ) Ma, X — 45 R 50158 X F i 4
|V — A S B BS A7 U—Pb 4E 12 (219 Maj 24
% ,2016) FEA—E, LWL T & TS0 T B
PR K 219~216 Ma; 73 41, i vh V5 A+ B3 ETE VA 21 F
TR 21 A AR AR T B 47 U—Pb AR IE 4 221.1 Ma (X1
i, 2017) , 57 L A 2L PN L 28 1 2 Ak 3
WA, 221~216 Ma li[H], J&: i = S ol ko 1L S50k
FEMIR TR AT 1 o DA DX S 3 s A A (&L 1),
5 X g AR A B PRI 2 1) SR A S SR B R AE
545 47 U—PbAEHE 1y 214.2 Ma®, 5 XA 1 P 76
RSB TR AL 7 45 R 215 Ma KEUHI] (2
J2,2018) , Ay [Rl I HA A 724 o H ip AR R} (3R
3) AT AL, 58U R D8 AR B, AR A
4 A 228~212 Ma, JE J8 00 i 3 D | it 458 3k 111 34
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(aJIE B4l Frost et al., 2001; b IE[&l4}: Zhang et al., 2010, Hif ABHEE“FA T, 2016; BUEEAF,2018; o d TSR FAT , 2016, B2EESF,2018)
Fig.6 Si0,—(Na,0+K,O0—CaO) diagram (a), Zr—Ba—Sr diagram (b) and diagram for discriminating partial melting and fractional

crystallization(c,d) of rhyolites of Tumugou Formation in the Yidun island arc

(a, after Frost et al.,2001; b, after Zhang et al., 2010, other composition of rhyolites from Yan, 2016; He et al., 2018; c,d, other composition of
rhyolites from Yan, 2016; He et al., 2018)

(237~206 Ma) (f&3 3%, 1995) .

AT LA W AR SO AR AR B IR a0 IR AR R X N
R 2500 S E], SRR A S R a2 2 )
HIE R, A8 R X e T A

MEUA R (197.8+4.4)Mafi A7 Po/ U 4R K A=
T BEZ )5, HA—HE A A I8 TR —Ff il
TR B (A, 1995 WhAE Y, 1999) , LAIRIfif i 44
B 10 & B R LU R s s, AR A S8 A 197
Ma BHEA7 A BT LA 2 AR S (CEARSE,2017)  HEDU AT
SEMBUAZ B TR LA AR 52
6.2 AR EXS5ERAKE

IR YT R R TR DX R R, SR R 2k

R BT A AR AR T R R
SFAE AT AT A R PR R R DX o (2 i 4
2012; PN 2R 45, 2017) o BT KA A H i A A
W S B 1) 7= ), L R PRURE 9 X5 DA TR R i b 56 K R AE
Mo o 2 HA 2R (LA ,2013)

TR K ILE S R RER R, Zid fH A
B A ST Y s ah i, PR K 8UCE BA B s
Si0, & & (K K4 ,2019) , 4 73.24%~74.72% , 58
T FIFE B A/CNKAE Z K T 1.1, P.0s ¥/ T 0.05%
7E Si0,—(Na,0+K.0+CaO) El fff (15l 6a) H , B i a5 4E
W SRS TRUAHAC X 38

HA—H E WA AR S & RS FHEA
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Harris et al.,1986)
Fig.7 Rb—Hf—Ta diagram of rhyolites of Tumugou Formation
in the Yidun island arc (after Harris et al.,1986)

JLZ (LILE)Rb.Th U .K, 5 Nb. Ta . Ti.P %537
oG E (HFSE) , & £HM oK Hig ER 05
B, FLAT AR Y S 9K O L A R E . HEMgO(0.12%
~0.33% ) A T IR IR A I (10%~12% ) , T4z T
75(0.10%) (Rudnick and Gao,2014)
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90x 10 °~670%107°,27x 10 ~80x 10 °, 15% 10 *~28 %
10°°) ; H:Rb/Sr -2 0.79 . Ti/Y F-5°4 23.36 . Ti/Zr
¥R 2,53, 4 FHE TR 53 (Rb/Sr > 0.5 . Ti/Y < 100,
Ti/Zr <20) 75 [ N (Pearce et al.,1984; Wilson and
Glasser, 1989) ; H: Nb/U 14 5.57, Ce/Pb 14 2.98,
57 (Nb/U=6.15, Ce/Pb=3.91) ¥ Jy 41t ,Nb/Ta fi
4 7.26~15.18,F-3 13.56, 1 HL 4 42 T b7 (Nb/Ta=
124),

1F Zr—Ba—Sr KIf# (€ 6b) I i 7 & Ba—Sr i 4L
FRHE, AR R R IR X W R N HLSE . 7E
Dy—Dy/Yb l La—La/Yb Elfi# (&l 6¢c .d) 1, i 80
R R R, A B 7 Eu S, RITE
KAHC AT & B 3%, Ti P A T M RE 5 44041 Bk
BRAD Tl R A AFRT e e 1 94 oA G (Ol sl 45
2018) 5 HH T i A1 v ZU s 4 HREE, f [N A AH AT &
4 MREE, ¥ /i " MREE 73 1ii 8¢ ¥ 2% , HREE %%
MREE W & 4 , W /n 7 IR X AT R A A /D M N A
ARG AT (Green, 1994 250745 1 2017) . HiZli
BUA RPN Eu 55 70535 (0EuF-2 4 0.80) Fl5R 21
St i, AN AT RE A t 3 AL A A 1 53
B TR, 1 R B T RHS A VR e AR A A
(SRR (ZERIF4E, 2017) o ZEEF9TIA N, TR IX 5% 54
Yk BH A AN A AR A

10000
(W]
1000 f
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100 k /%l]
10 k
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1 .
1 10 100 1000 10000
(Y+Nb)/10¢

&1 8 S I P V) 2 T S0 ) el PS5 ) 031 & e
(IE &1 Pearce et al., 1984; i A BORHE™ #2016, B 3455 ,2018)
VAG— K ILRAE R 715 Syn—COLG—[RIREE AL 54 #; WPG—AHR N AL X ; ORG—F ALK 4
Fig.8 Tectonic setting discrimination diagrams of rhyolites of Tumugou Formation in the Yidun island arc
(after Pearce et al., 1984; the data from Yan, 2016; He et al., 2018)
VAG—Volcanic arc granites; Syn—COLG—Syn—collision granites; WPG—Within plate granites; ORG—Ocean ridge granites
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H A AN P = Bt TR 1] PE AR o A
s BT S SRR T b b 5 e 2 A b g
HR A Rl BT & BT 7 HK (Pearce et al.,1990;
Aldanmaz et al., 2000; Ilbeyli et al., 2004) , JIRIZTE
BT ZRBTE K Gy AR T M7 52 $R R A R 4 g
Flt, 2 A6 <) 5 A % (Huppert and Sparks, 1988;
Chaolot— Prat, 1995; 4% 7k & % | 1995; Zhu et al.,
1996) , 73 T AR FFmE Hh M R AR X R 80 o
6.3 MLUETT B MHEEMERTT

Py ok (WL B: R RASH LY/ il a7 SR TS
T HBER (A RE) 1 A (eSS, 1995) .
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A B HESHESE,2005) 5 5 — R CH H #—BEIE
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5 W) 45 T B, JHARF o st ] Sy v = 75 i 06 40
(Bt 45, 1995,2004 ) .

IR0 20 — B S0A R i 7F Rb—Hf-Ta Kl fig
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PG AR (2001,2004) 45 H , ITAE B 25 245 9%
PFHFLE ] 238~206 Ma, (5 I8 7E 215 Ma 2247, If
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