5 4955 41 hOE R Vol.49, No.4
20224F 08 H GEOLOGY IN CHINA Aug. , 2022

doi: 10.12029/gc20220419

FURAYE , TR LA, XU B, 5K 5T, A . 2022, DU )1 Y b DAL i TR R AR B S A B IUE s S 0. T BT, 49(4): 1295-1308.
Yan Songtao, Wu Qingsong, Tan Changhai, Liu Longgiang, Zhang Yong, Li Yusheng. 2022. Characteristics of granodiorite in the Litang area of
Sichuan and its volcanic arc magmatism accretionary wedge[J]. Geology in China, 49(4): 1295—1308(in Chinese with English abstract).

0 J 1] 24 3 (X 2 i IR K = 4 ALE
R HEE RGN E R AT

S E 12 2= ) e 1 ] fk ,
FEE?, REN L CEGE A RERY,KE, L
(1. P ERRAE B E R ERSRFAE T, Wl RAE 610036; 2. RAFE T X F AN FARE, Wil R4 610059;
3.AREIKE SIH &S 330000; 4. AR T K FHRAFF R, wl KA 610059)

RE . (F3 B # ]5 id A I EE R LB AE R TN A A AR IR L2 AE BRI AL 5 N A TR B A IR B
RS e, IR H AP A i A A i Al R R . [ 52 77 3 [ IUCH i — B ke R 2 5 IR
AN AL R N A, RGTT R AHE LA-ICP-MS #5417 U-Pb AP L A R b0 5% [ R E R 11 X N
KASHRENANA B EERBET Y, R38R 0 TN BT AL AR LS iR . A RTE i T 1 = & i
((207.2+1.5)Ma) , & A1 J& TRSES M AR AR 1A 25, LR SR KB 2R A0 K Rb . Ba K. Th U, Z#i M 1738 0% Nb.,
Ta .P.Zr Ti, B + 54 MR+ 5B G MCE X, BAT Bu 6 a5, R i kLA A o [ 451t ]
254 DRI b 5 e B AR SCRI A SR L DAy W B bt DXy LG L A6 e DA 5 PR 5 1 G 0 oo 3504 o )
HIRGIG R R VIAHDE , B A A A A 2B R A 107
X EORLEIMEA RS B A U-Po AR  MhERAL S RRAE ; 3 A AR b T A TR ; )1 B
B T A DU EYE L CRFLIEE L AL B AT R T = B, LR % kL SR AR B 5 b ER T 25 R AR T BT H R
— PR VY o) 5 SO 18 2 B R, SRy A PR O b A A VAL BRI T R TR
FESE S P588.12'1 XEFRER A XE4HRS:1000-3657(2022)04-1295—-14

Characteristics of granodiorite in the Litang area of Sichuan and its volcanic
arc magmatism accretionary wedge

YAN Songtao *, WU Qingsong', TAN Changhai', LIU Longgiang *, ZHANG Yong®, LI Yusheng*

(1. Civil-military Integration Center of Geological Survey, China Geological Survey, Chengdu 610036, Sichuan, China, 2. Institute
of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, Sichuan, China; 3. East China University of
Technology, Nanchang 330000, Jiangxi, China; 4. School of Earth Sciences, Chengdu University of Technology, Chengdu 610059,
Sichuan, China)

Abstract: This paper is the result of geological survey engineering.

Wi BHET:2019-03-01; BB HH#F:2019-11-18

ELTE PRSI H (DD2016008014 . DD20211547) %2l

TEBTIN: AT, B, 19884, Az, TR, M 0 i BEml i BT )R 25 FT; E—mail: yansongtaowj@163.com,
BIES: AW, 5, 19784F, TAN, VR = VT EEAHL A A IS, E—mail: 296825497@qq.com,

http://geochina.cgs.gov.cn H1E LT, 2022, 49(4)



1296 i 5] b J 2022 4F

[Objective] By finding out the age and geochemical characteristics of granodiorites in Lazhagashan area, this paper discusses the
age, genesis and tectonic background of granodiorites, so as to provide a basis for the study of subduction—accretion processes in the
Ganzi—Litang Ocean Basin. [Methods] Our project carried out systematically study the petrography, LA—MC—ICP—MS zircon U—
Pb chronology and rock geochemistry from the granodiorites in subduction accretion complex of Ganzi— Litang ophiolite melange
belt. [Results] The granodiorites contain a large amount of femic mineral such as amphibole, biotite, and a large number of dioritic
enclaves and surrounding rock xenoliths. The intrusive rocks were formed in the Late Triassic ((207.2+1.5)Ma), and are [—type calc—
alkaline quasi—aluminous granites with enriched in large—ion—lithophile elements (LILE), such as Rb, Ba, K, Th and U, depleted in
high—field—strength elements (HFSE), such as Nb, Ta, P, Zr and Ti. It shows a right—leaning pattern of enrichment of light rare earth
and depletion of heavy rare earth. It is a typical volcanic arc granite showing strong enrichment of LREE and depletion of HREE,
with negative Eu anomaly. [Conclusions]Combined with the regional geological data and the research results of this paper, it is
considered that the Lazhagashan granodiorite in Litang area is closely related to the westward subduction of the Ganzi— Litang
Ocean resulted in the expansion of the accretionary complex in the eastern margin of the Zhongza block, which is the product of

melting accretionary complex into different types of magma mixing.

Key words: calc—alkaline magmatic rock; zircon U—Pb age; geochemistrical characteristics; accretionary wedge; geological survey
engineering; Litang County in Sichuan Province

Highlights: The Lazhagashan granite in Litang area was formed in Late Triassic with typical geochemical characteristics of volcanic
arc granite. It was formed in the melting of accretionary complex due to westward subduction of the Ganzi— Litang Ocean, which
provides new evidence for the subduction and accretionary tectonic evolution of the Ganzi—Litang Ocean.
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Fig.1 Simplified geological map of the Ganzi—Litang ophiolite mélange belt(a, modified from Hou et al., 2007) and simplified
regional geological map in Litang area(b)
1—Paleogene strata; 2— Late Triassic strata; 3—Permian ophiolite schist; 4— Triassic ophiolite schist; 5—Permian oceanic island schist; 6— Triassic

oceanic island schist; 7— Triassic flysch; 8— Triassic deep sea sedimentary schist; 9— Limestone block; 10— Monzogranite; 11— Granodiorite; 12— Diorite;

13—Fault; 14—Sampling location
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Fig.2 Field outcrop and microstruction photos of granodiorites in Lazhagashan area
a—Lazhaga mountain granodiorite; b—Medium—fine—grained granodiorite and medium—coarse—grained granodiorite show a surging contact

relationship; c—Dioritic inclusion; d—Sandstone traps in granodiorite; e—Roasting edge of surrounding rock; f—Microscopic photographs of

granodiorite
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F1 BRI R RS (PM011-43DN1) LA-ICP-MS $574 U-Pb Er ZMHX 45 R
Table 1 LA-ICP—MS Zircon U—Pb isotope data of granodiorites(PM011—-43DN1) from the Lazhagashan area

Fa/10° [RI 2% U AE i/ Ma
ST A Th/U *"Pb/ 2ph/ 5P/ 27ph/ 27ph/ 20phy/
Pb* Th U 20opy lo - lo .y lo rtho opr, lo iy lo - lo

PMO11-43DN1-1 14 125 372 0.34 0.0536 0.0035 0.2343 0.0144 0.0321 0.0006 0.3071 354 148 214 12 204
PMO11-43DN1-2 7 55 178 0.31 0.0500 0.0035 0.2246 0.0150 0.0331 0.0008 0.3804 195 158 206 12 210
PMO11-43DN1-3 14 114 349 0.33 0.0512 0.0034 0.2320 0.0161 0.0329 0.0006 0.2769 256 154 212 13 209
PMO11-43DN1-4 7 61 181 0.34 0.0593 0.0040 0.2599 0.0179 0.0324 0.0008 0.3656 576 142 235 14 205
PMO11-43DN1-5 6 51 165 0.31 0.0529 0.0040 0.2320 0.0165 0.0329 0.0008 0.3604 324 174 212 14 208
PMO11-43DN1-7 15 130 377 0.35 0.0484 0.0033 0.2172 0.0152 0.0326 0.0008 0.3403 117 156 200 13 207
PMO11-43DN1-8 17 204 419 0.49 0.0489 0.0025 0.2188 0.0109 0.0326 0.0005 0.3355 146 120 201 9 207
PMO11-43DN1-9 10 91 248 0.37 0.0476 0.0038 0.2142 0.0159 0.0335 0.0006 0.2298 80 178 197 13 212
PMOI11-43DN1-10 12 101 305 0.33 0.0554 0.0034 0.2492 0.0146 0.0330 0.0006 0.3179 432 137 226 12 209
PMOI11-43DN1-11 13 117 335 0.35 0.0545 0.0033 0.2379 0.0134 0.0324 0.0005 0.2999 391 135 217 11 205
PMOI11-43DN1-12 12 99 306 0.32 0.0484 0.0026 0.2207 0.0115 0.0333 0.0005 0.2986 120 122 203 10 211
PMO11-43DN1-14 11 107 304 0.35 0.0540 0.0033 0.2414 0.0152 0.0324 0.0005 0.2498 372 136 220 12 205
PMO11-43DN1-15 14 127 366 0.35 0.0504 0.0026 0.2237 0.0113 0.0326 0.0005 0.3178 213 114 205 9 207
PMO11-43DN1-16 7 54 199 0.27 0.0558 0.0051 0.2423 0.0195 0.0324 0.0007 0.2808 456 202 220 16 205
PMO11-43DN1-17 9 75 241 031 0.0538 0.0033 0.2368 0.0140 0.0324 0.0006 0.2967 365 137 216 11 205
PMO11-43DN1-19 8 74 223 0.33 0.0527 0.0033 0.2269 0.0132 0.0322 0.0006 0.3455 317 141 208 11 204
PMO11-43DN1-20 28 446 693 0.64 0.0546 0.0023 0.2418 0.0102 0.0322 0.0006 0.4668 394 94 220 8 204
PMO11-43DN1-21 10 80 282 0.28 0.0528 0.0034 0.2336 0.0151 0.0323 0.0007 0.3462 317 146 213 12 205
PMO11-43DN1-22 7 57 195 029 0.0571 0.0047 0.2473 0.0185 0.0323 0.0008 0.3409 494 180 224 15 205
PMO11-43DN1-23 9 79 249 0.32 0.0540 0.0036 0.2366 0.0149 0.0326 0.0006 0.2991 369 156 216 12 207
PMO11-43DN1-24 11 97 287 0.34 0.0509 0.0032 0.2369 0.0160 0.0332 0.0006 0.2844 235 144 216 13 210
PMO11-43DN1-25 13 116 356 0.32 0.0510 0.0032 0.2314 0.0155 0.0328 0.0008 0.3421 239 151 211 13 208
PMO11-43DN1-26 20 229 530 0.43 0.0508 0.0025 0.2301 0.0116 0.0328 0.0007 0.4175 232 111 210 10 208
PMO11-43DN1-27 9 86 254 0.34 0.0530 0.0039 0.2425 0.0195 0.0327 0.0008 0.2969 328 167 220 16 207
PMO11-43DN1-28 11 103 299 0.34 0.0564 0.0040 0.2498 0.0163 0.0329 0.0008 0.3520 478 159 226 13 208
PMO11-43DN1-29 8 72 230 0.31 0.0528 0.0046 0.2289 0.0173 0.0327 0.0007 0.2703 320 200 209 14 207
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Fig.3 Cathodeluminescence images of analyzed zircon from granodiorites of the Lazhagashan area
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JEFEMSIR AR, H b2 5> 22 F Hived 4y

PRI v, A S AR R A SR AR v e AR
)38 40 4 Bl mT DAl 500 P oA G Y R S AR T 4R
(Elburg et al., 2002; Guo et al.,2005) , 4 Th/Yb H.{H
AN LI, AR A S IREREE ; 24 Th/Yb KT 2
BF, RIALAER BV . Pl AL R N A 1)
Th/Yb FAEA T 2.65~3.95 (K14 3.36) , F W HIH X
AURRYIR STl . —BOR U, 182 U5 H %) Nb/Ta b
B0 17.5+2, 1 52 I 75 2% 19 Nb/Ta L E R 11~12
(Taylor and McLennan, 1985; McDonough and Sun,
1995; &3 4,2010) , 46 i N1 A Nb/Ta=10.5~40.9,
ASARTE FIAR K, 2 B A AR IX ) I 4 AN 35— , 1
SRR A SRR L B SRR A E T S, St
W PEFLIE L AR B A S Rl DL R P 5 €7k
AL WAESE T 25 R A o i i S A AR R
W G5ERA R Z AR ATER .
5.2 MIEIRE

A6 11 T IR B R BE A LR 3D T 1R A 45 e
B, I S 45 A0 N b o A R 0 B 2245 8 (Whalen,
1985,1987; Chappell and White, 2001; Clemens,
2003;Bonin, 2007) . #A A8 iE K HiEKk 5 7 2= i
FELE TG AN RIS B AL i 7 2 A i PR B . A7 3
HBER BN )2 FREE 0 i 24 (1 POWESE,2002) .

A BT DXL LU AR i DN Ry i

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(4)



1302 T 5| Hy [t 20224F
F2 FFHIBELERAKEEETE (%) MBETE(10°) T ER
Table 2 Major(%) and trace elements(10°°) contents of granodiorites from the Lazhagashan area
M EH  LZGA-42FX  LZGA-43FX  LZGA-44FX LZGA-45FX LZGA-46FX LZGA-47FX LZGA-48FX
SiO, 63.66 64.46 63.46 64.70 64.44 64.64 64.40
Na.O 2.29 2.37 2.35 2.21 2.45 2.34 2.54
CaO 6.01 5.81 6.20 6.00 6.09 5.84 5.94
FeO 4.43 4.21 4.32 4.12 4.26 3.98 4.11
Fe,O; 0.88 0.80 0.90 0.65 1.08 1.13 0.88
ALO; 15.76 15.48 15.59 15.49 16.03 15.46 15.64
MgO 2.14 2.37 2.45 1.97 2.28 2.26 1.96
K.O 2.16 2.30 2.19 2.34 2.37 2.30 2.37
P,Os 0.11 0.11 0.12 0.12 0.12 0.11 0.13
MnO, 0.12 0.12 0.13 0.13 0.12 0.13 0.13
TiO, 0.67 0.67 0.66 0.61 0.68 0.66 0.62
LOI 1.09 0.60 0.96 1.10 0.71 1.05 0.85
Total 98.24 98.71 98.37 98.34 99.93 98.85 98.71
La 39.8 31.3 30.2 343 36.4 35.2 37.4
Ce 67.8 54.6 51.5 63.5 59.6 57.5 66.5
Pr 6.70 5.45 5.66 6.15 7.04 6.30 6.84
Nd 26.3 239 24.1 25.3 26.9 24.9 28.3
Sm 4.34 4.11 4.32 5.08 5.04 4.67 543
Eu 1.11 1.06 1.13 1.13 8.50 1.14 1.26
Gd 4.23 4.22 4.30 4.39 5.13 4.89 4.90
Tb 0.78 0.74 0.83 0.80 0.94 0.87 0.96
Dy 4.90 4.96 5.14 5.31 5.87 532 6.17
Ho 0.96 0.97 1.08 1.10 1.23 1.18 1.26
Er 2.98 3.08 3.17 3.17 3.84 3.44 4.12
Tm 0.46 0.49 0.50 0.53 0.57 0.50 0.59
Yb 2.80 3.04 3.35 3.23 3.64 3.63 4.05
Lu 0.44 0.44 0.48 0.48 0.61 0.49 0.61
Y 32.1 31.6 36.0 33.1 34.0 31.4 37.4
Li 28.9 39.9 30.7 21.9 36.2 26.7 35.6
Sc 14.6 16.3 16.8 15.1 17.2 18.0 17.6
\% 49.8 533 48.1 45.4 54.3 53.4 46.2
Cr 37.2 41.0 41.9 38.1 38.9 39.6 39.6
Co 12.0 12.1 12.1 11.5 13.4 13.0 13.4
Ni 4.16 2.37 3.61 3.84 2.26 3.32 1.02
Cu 3.72 10.0 3.42 8.36 3.32 3.82 6.57
Zn 66.6 71.6 66.7 67.4 67.7 67.1 69.1
Ga 16.9 17.2 18.6 17.1 18.3 19.0 20.2
Rb 83.5 94.0 87.4 88.8 91.1 84.1 103
Sr 230 224 232 220 240 233 220
Zr 19.3 24.0 23.8 32.9 30.4 22.7 29.1
Nb 11.6 10.7 10.8 11.2 11.7 4.29 13.0
Ba 493 494 493 480 503 512 478
Hf 1.13 1.42 1.33 1.65 2.56 1.54 2.00
Ta 0.64 0.57 0.43 0.61 1.11 0.10 1.12
Pb 10.92 18.27 22.86 16.53 10.41 18.44 19.66
Th 11.1 9.73 8.87 11.1 12.6 12.6 13.7
U 0.86 0.89 1.01 1.54 1.65 1.47 1.49
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Fig.5 TAS diagramof granodiorites in Lazhagashan area
(after Middlemost, 1994)
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Fig.6 SiO,—K,O diagram(a, after Peccerillo and Taylor, 1976) and A/CNK—A/NKdiagram(b, after Maniar and Piccoli, 1989) of
granodiorites in Lazhagashan area
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Fig.7 Chondrite—normalized REE patterns(a) and primitive mantle—normalized trace pattrens(b) of granodiorites in Lazhagashan
area(Chondrite and primitive mantle values are from Sun and McDonough,1989)
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Fig.8 Tectonic discrimination diagrams of granodiorites in Lazhagashan area(diagram after Pearce et al.,1984)
VAG—Volcanic arc granite; ORG—Mid—ocean ridge granite; WPG—Intraplate granite; Syn—COLG—Collisional granite
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