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

[Objective] The formation mechanism of the Xiaowan granitic pluton, located in the magmatic belt of the Lincang terrane in the
Fengqing County, western Yunnan province, is very important for constraining the petrogenesis of the Lincang magmatic arc derived
from crust, subduction of the ocean basin, and the time of collision closure. [Methods] This paper reports for the first time the zircon
U— Pb chronology, petrography, and geochemical characteristics of major and trace elements in the Xiaowan granitic
pluton. [Results] The Xiaowan granite is mainly composed of biotite monzogranite. Zircon U—Pb LA—ICP—MS dating shows that
its formation age is (260.4+1.3) Ma (MSWD=0.32, n=18), suggesting that the Xiaowan granite was formed in the Late Mid—
Permian, rather than the Middle Proterozoic as previously considered. Whole—rock geochemical analysis shows that the A/CNK of
biotite monzogranite is greater than 1 (1.02—1.47), indicating that the Xiaowan granitic pluton is composed of weakly peraluminous
granite. These rocks are characterized by high silica (SiO, = 67.54%—78.66%), alkali rich (K,O+Na,O = 6.20%—8.52%), poor in the
elements of calcium (Ca0=0.25%— 3.20% ), magnesium (MgO content 0.11%— 1.95% ) and phosphorus (P,Os content 0.03%—
0.16%). Meanwhile, they are enriched in large ion lithophile elements (LILE) such as Rb, Th, Ce, relatively depleted in high field
strength elements (HFSE) such as Ta, Nb, Zr, Ti, Hf, Y. In the (Y+Nb) vs. Rb, Yb vs. Ta diagrams, they exhibit dual geochemical
characteristics of arc and collisional granite. [Conclusions] Based on regional geological data, we suggest that the Xiaowan granitic
pluton is the product of partial melting of the mudstone mixing with sandstone at the upper crustal level, under the setting of the
eastward subduction shifting to the convergence of the Changning—Menglian ocean (also called as “Three Rivers” ancient Tethys
ocean). This study provides important chronological and petrological evidences for the transition of the Changning—Menglian ocean

from arc—continental subduction to collision in the southwestern Qinghai—Tibet Plateau.

Key words: biotite monzogranite; zircon U— Pb geochronology; Proto— Tethys ocean; Late Mid— Permian; geological survey
engineering; Sanjiang area

Highlights: Determination of the chronology, petrology, geochemical characteristics, and tectonic background of the Xiaowan
granitic pluton in the Lincang terrane, western Yunnan province, providing new data to constrain the subduction and collision time
of the Changning—Menglian ocean.

About the first author: LIU Junping, male, born in 1983, master, senior engineer, engaged in regional geological and structural
geological investigation and research; E-mail:271090834(@qq.com.

About the corresponding author: YANG Aiping, male, born in 1963, bachelor, senior engineer, engaged in basic geological survey
and mineral resource survey and evaluation work; E—mail: 1542257684(@qq.com.

Fund support: Supported by the Project of 1:50000 Regional Geological Survey of Samaki, Yinmin, Guicheng and Shugu Sheets
in Yunnan Province by Land and Resources Department of Yunnan Province (No. D201905); the project of 1:50000 Regional
Geological Survey of Erjie, Yimen, Mingyihe and Shangpubei Sheets in Yunnan Province (No. DD20160017) ; Regional Geological
Survey Area Summary and Service Product Development in Yunnan Province by China Geological Survey (No.
121201102000150012— 02) and Joint Foundation Project between Yunnan Science and Technology Department and Yunnan
University (No.CY21624103), training Object of chnological innovation talents in Yunnan Province(No.202305AD160031).

B = 2 F NN VG RS =T B B X 5 B 5 T AL
H Wy BEAFAE A Bl 78 M B 5 P A AR Tl HE S 1 22 05

PURE“ VLM XA s A 8 R TR AT s )R (B E 225, 1993 XA 45,2002 ; AT FE

(Fl 1a) , Mo SA 18 Bl VR AR B 22 b X, 15 2 45,2003 ; 374255 ,2008,2013 5 455, 20135 4T

http://geochina.cgs.gov.cn FPE LT, 2023, 50(4)



1190 i [

b, J 2023 4F

KEE2017; TR, 2017 X424, 20175 F A
54E,2018; Liu et al., 2020,2021 ; 254 545, 2023) ,
I B T — . 7% Ty A P 3T 0 A 138 i b B LA 48 Ap
BRI B AT — VL3l DX 8 VA A 2 rh B T T A B2
[z —,

H A B 7 — i v e B 3 ) 3 AR AT Y A
B, 2807 Tt A A b e 0 — e A AR R
R o R L e — Bt — R = Bt SRR R i
B THE GG A 2 3 110 45 A BB 1) Yl Ak o R (XA B 4%
2002; 25 CE A, 20105 FL& 55, 2012 W R 4 4%
2013 4F KA, 2017; FHR OGS, 20175 X 451 4%,
2017; EAORSBAE,2018) o Mty A= AR B2 TR i v
W FRTTRR T LASRE — A5 W K R 32 e 2
— & RUIEFEAL (CPy) , DI ZLGOKRE iU (RET
Vb i RS KPR R RA N E AR R —
ZEFOLOH(CPg), KPR K L A K
F— S Z IR (CPL) BRI i T VR4 — V) —
Vi L1 — S i ot b A Sy 5 T AR A I v —
B, BT T 1 T 5 ) AR IR P 98, FE
Il v — S e I R T 5 2K G 3, B 4 U—Pb
AR A TPE 280~334 Ma, R 1L AR
G ML i 7 0 E A5 (BIE 45 %, 2008 5 Peng et
al.,2008; fLs G4, 2012 IR FEF 45, 2015, PR
45 2015 X ZEF-45,2017; TAR 54 ,2018) (HE T
— i 12 o RE B I I — Bl R v o AR VSR A Y
ELRI R B2 A A Al g B AT A HRGE .

EHREHRAENKE/NEMX kI —EH 5
TR 55 358 48 AR 5 A A A, BRI R A LA AR
FIFRIE . AYRs F4E 47 U-Pb LA—ICP—MS fE4F |
A HERTE 22 B S A 2 A TR AN Y, 4
VT HAAAA RO AR AT 5
PRI, HEMPHE 75 87— % R A ol B
AR o T BRI SR e ) OC R R KM T BT —
o R T A A T AR R A A S e k.

2 MBS SRR S ARRE

o S VA R = R = = 3Bl W A a8
— =LaE I & (VD) AL — B — T — & 7
— i XA (VD) , )2 & T AR R b2 R IX gL
— BRI X 2 PR b 2 3 DX )
HJZ/INX R 2 /N X @@ BT X R b 24

A ARIAR, AR AU S &Lk
M E, AR A (B o) s /METER =
ARG O R R R A MR, A ik
o R A BRI 5 ARG R =S A B s
TRAERS LR AR AE R AR AL 1:25T7
KUK R B/ N AL 5 5 A R AR & F e b A8, (A
A i BE b A A, R B R i S e AR A
) 28 (AP 2 o HL R B A A DL R A PR
ARABEIR ok B = KA A8 &, DB A L
R IRRIR AL AE B TN B R IRCHRAELRE — K A 1
A5 P BERR A, A 45 b Ak R AL, AR
A e s PR, HofE A e) 1 S A
TE S T] B 53 B 5 K AR Ak e B0 T A 1 SR 2 A
BALKR R U BN R— ARG -y . B
AP = A AR A U B, BN A oL R
WA RELARE AR SRy R AR 5 AR TR LA/ INTS 6 15 A AR
KGR G RAE T W E R HER bR
B HMEFAE WL 2a.,

JBE W Ak IVRTR AR BER: oy B 25 — K A8 B 3
o HAR R RIBERAE B 2540 , PR 25, R RRR Y
1o FEH W ARHC A (27%) BRI A (37%) .
AH(31%) R BE(5%) AL, B WA B KA B
1o WRARLZIE2~5 mm, BEAOEHE EA
TERAR , LR WL IR 45, EAS [ R B A )
A5 A AL B A R AIE 2 AT ACIR , LS XU
TURHE AT 32, F 8 AR 8K A, WL 34T 1)
RHC A AR KA S i ZE AL AR EE ), 3 2% DL
AL A ER RO, KA LBE A 5 A DA IE
AHEMPRLR SEAR, TR AT, B
FIE 2 ATERY IR, Ng— #7200 Np—IR BT (1, 2%
Jefitl. FArAs W 2b K N ARRIE LI 2¢.

BER AR IFRRARLAE B N B R A3
ARAE A G5, HRLEEHE , 25— I SO A A . B
YLy A K AT (15%~20%)  #HE A7 (50%~
55%) A (20%~25%) R HE(3%~4%) . H =t
(1%~2%) K (1%~7%) A, P BEf DIAEHS A
R A SR RO A A BB
AP FEA IR . BT NRRIE UL 2d.

J PR A AR 1 AR S B b o AR Ay
WIBERR 254 FURLEE A8, 43 S i 2R SRR A 3
TP F B RHEAT (25%) BIK AT (39%) A7 8

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



S0 AW XNZEPAE PG RPH /NS FE B AR M ER 250 S - REARF ol BEAEITR A 1191

QT -yl bk

SG - fA —H fh i B
LC - il i YL 1T ¢

TB- i - Burmali Jt
AJ-TE A -G T R

104°E |

S[24°43N (o) N 24°43N] 2
£ it : : 3
SN TN &
(OZNeFE I
[OZNEE
B
N B o
o 3km PLC ® P, _
=) (=3
=3 (=3
E 3
Sl24ca0N 24°40'N |

9

miml- & 1 Iiahc
[ DA
K, 10| Pee [ |G |12 [N (13 || e JeHub | 15 Dol |16 IS

PE 1 VGRS =TT X KR 7 B P (a b, 36 AR R4, 2018 ) b5 157 1A KR AR S5 (o, 4 2~ A 2 iU 2 e, 2016®)
15D 52— AR — T ARG R s 3— IR ey s 4— i U Bl s S—BEMSE AR R A AT s 6— R T— R —KAERE 83— — %
LAERINR A 9— B R 10— AL R A 5 122 IA R 12— W20 5 13— RA S 14—l 2 15— 304

To—IMAFE Rl 5 BORAEAL B 5 17—RIFSEIX
Fig.1 Geotectonic location map(a, b,after Wang Baodi et al., 2018) and simplified geological map (c, modifed fromYunnan Institute
of Geological Survey, 2016®) in Sanjiang area
1—Quaternary; 2—Paleozoic—Mesozoic caprock; 3—Low metamorphic zone; 4—High metamorphic zone; 5—Mylonitized granitic rock; 6—Granite;
7—Permian adamellite; 8— Permian granodiorite; 9— Triassic adamellite; 10—Cretaceous adamellite; 11—Chongshan group; 12—Fault zone;

13—Intrusion boundary; 14—Gradual transition boundary; 15—Toponym; 16—Dating sample number and location; 17—Research area

http:/geochina.cgs.gov.cn H1[EHBJFT, 2023, 50(4)



1192 Hh [

b 2023 4F

=

P2 g RURHLIX /NE AE b

(30%) JEAE(1%) A (<5%) 5 B YA BE K
A 50 . TR 2T 0.1~2 mm, BH AT
R AR R GRS 23 AS [0 R B i A B H e A B ARtk
FROE SR AT A I ALRRRAE ) | &850 B MR, PR B
BB IR BRAR EEBESME | P9 LI R, R 2
¥, BRI AN T A e A A IR S AR AR
fntR, DLEAS T 0 SORHE A o L 0 Ak ek
A TR RO, 4 B TR IR BROR S SR B A1
T, 3Gk 3k DI S Ay M AT B R . A D
SRS IR T A . BatR
Bl e otR T BE A T B A T SR LRI SR B 7 ), Ng—
ekt Np—IRE L, B A HIE AR,
TR 1) U A T B 1) 43 A, o e R A 1k
YERDE o

3 FEARIIR
BT T E T 5 A R B 2 AR 45 R

PREFANE F FE T BT AR
a—WFANEE Sk sb— B A T RAER A TARAS s c— B 2 AL R IESS D IR A s d—AE R A BRE S IE AR 7 5 Kfs— AT 5 Quz— A7 95 Pl—
AH A Bt—R b
Fig.2 Photographs and granite features for the Xiaowan granite in Fengqing area, Yunnan
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Table 1 LA-ICP—MS U-Pb data of zircons from the Xiaowan granite in Fengqing area, Yunnan

b EH/10° U [F) 7 2 LB F#/ Ma WA
5 Pb Th 6] Pb/Pb 1o Pb/PU 1o *Pb/PU 1o Pb/Pb lo Pb/*U lo ™Pb/*U lo /%
1 5623 237415 410675 0.6 0.0555 0.0014 0.3226 0.0089 0.0413 0.0006 432 556 284 6.8 261 3.6 91
2 4946 270261 332108 0.8 0.0560 0.0013 0.3221 0.0070 0.0411 0.0004 454 176 283 54 260 23 Ol
3 2356 113009 178526 0.6  0.0550 0.0020 0.3147 0.0126 0.0411 0.0006 409 86.1 278 9.7 260 35 93
4 3404 165119 254447 0.6 0.0544 0.0015 0.3153 0.0086 0.0411 0.0005 391 61.1 278 6.7 2060 33 93
5 4171 215854 291005 0.7 0.0540 0.0013 0.3084 0.0071 0.0411 0.0004 369 556 273 55 259 23 94
6 6187 234923 485188 0.5 0.0541 0.0013 0.3105 0.0072 0.0410 0.0004 376 51.8 275 56 259 23 94
7 7610 319522 578163 0.6 0.0484 0.0010 0.2805 0.0058 0.0414 0.0005 120 463 251 46 262 29 95
8 2990 145817 210920 0.7 0.0531 0.0015 0.3099 0.0080 0.0419 0.0004 332 648 274 62 265 25 96
9 20196 807168 1714081 0.5 0.0496 0.0009 0.2841 0.0058 0.0411 0.0005 176 426 254 46 259 34 97
10 3101 116568 246470 0.5 0.0520 0.0012 0.3002 0.0074 0.0414 0.0005 287 53.7 267 58 261 32 97
11 4343 158354 338354 0.5 0.0522 0.0012 0.2994 0.0066 0.0410 0.0004 295 51.8 266 51 259 25 97
122252 81497 189546 0.4  0.0522 0.0015 0.2984 0.0083 0.0413 0.0006 295 67.6 265 65 261 38 98
13 3493 168219 261240 0.6 0.0517 0.0013 0.2963 0.0073 0.0410 0.0004 272 555 263 58 259 27 98
14 5055 197448 410682 0.5 0.0518 0.0011 0.2963 0.0061 0.0411 0.0005 276 48.1 264 48 260 28 98
15 2393 120327 168469 0.7 0.0520 0.0016 0.2966 0.0086 0.0412 0.0005 283 704 264 6.7 261 29 98
16 2895 112815 222685 0.5 0.0499 0.0014 0.2862 0.0074 0.0412 0.0004 191 63.0 256 58 260 26 98
17 2465 130211 177389 0.7 0.0509 0.0014 0.2922 0.0082 0.0412 0.0005 235 648 260 64 2060 32 99
18 1867 77476 153162 0.5 0.0518 0.0018 0.2970 0.0105 0.0417 0.0008 276 778 264 82 263 47 99
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R2 AEAKBKNEEREESEHNEETE (%) MHETE(10° ) ARREXSH
Table 2 Analytical results of major elements (%) and trace elements (10~°) of the Xiaowan granite in Fengqing area, Yunnan
FE 5 DO-1 DO01-2 DO01-3 DO1-4 DO1-5 DO01-6 DO01-7 DO01-8 DO01-9 DO01-10

SiO, 78.66 76.53 76.23 76.02 76.22 75.99 71.04 72.68 71.93 67.54
TiO, 0.10 0.15 0.09 0.14 0.11 0.10 0.43 0.29 0.34 0.74
ALO; 11.34 13.11 11.95 11.83 12.29 11.92 14.30 13.94 14.20 15.07
Fe,0s 1.00 1.08 1.36 1.44 1.02 1.32 1.59 1.41 1.49 1.97
FeO 1.33 1.47 1.64 1.76 1.21 1.53 2.03 1.68 1.74 3.06
MnO 0.02 0.03 0.02 0.03 0.02 0.02 0.07 0.05 0.04 0.09
MgO 0.11 0.30 0.31 0.19 0.20 0.13 0.60 0.37 0.42 1.95
CaO 0.45 0.25 0.39 0.71 0.70 0.53 2.01 1.20 1.13 3.20
Na,O 4.96 1.71 4.46 335 3.42 3.22 3.68 3.65 4.35 3.29
K.O 1.87 5.20 3.40 4.40 4.68 5.08 3.99 4.54 4.17 291
P,Os 0.03 0.04 0.03 0.03 0.04 0.04 0.14 0.09 0.09 0.16
LOI 0.40 1.42 0.30 0.30 0.23 0.42 0.27 0.47 0.68 1.04
Total 99.87 99.87 99.89 99.88 99.92 99.88 99.89 99.90 99.91 99.99
Na,0+K,O 6.83 6.91 7.86 7.75 8.10 8.30 7.67 8.19 8.52 6.20
La 15.60 42.60 24.70 38.30 25.60 29.00 69.00 59.50 55.70 54.10
Ce 44.90 83.10 42.70 66.80 48.40 53.40 117.00 102.00 102.00 97.40
Pr 4.09 10.10 4.79 7.05 5.61 5.99 11.90 10.30 10.40 10.20
Nd 15.40 36.80 16.30 22.60 18.80 19.60 38.80 33.70 34.60 34.50
Sm 3.70 7.40 3.19 3.76 3.60 3.39 6.33 5.29 5.46 5.76
Eu 0.84 1.01 0.37 0.44 0.30 0.41 1.47 1.13 1.15 1.53
Gd 3.57 6.06 2.95 3.49 322 3.22 6.20 5.18 5.26 5.59
Tb 0.71 0.90 0.51 0.50 0.53 0.51 0.94 0.74 0.75 0.81
Dy 5.33 5.14 3.55 3.12 3.53 3.42 5.85 4.38 4.61 4.98
Ho 1.07 0.97 0.72 0.63 0.72 0.72 1.15 0.87 0.91 0.95
Er 2.99 2.64 2.13 1.92 2.18 2.25 3.36 2.55 2.76 2.64
Tm 0.45 0.39 0.35 0.31 0.37 0.37 0.49 0.38 0.43 0.36
Yb 2.73 2.47 2.28 2.11 2.37 2.55 3.09 2.53 2.80 234
Lu 0.38 0.35 0.35 0.34 0.38 0.40 0.47 0.40 0.45 0.36
Y 23.90 25.20 18.40 19.30 20.00 22.20 34.00 25.70 26.50 28.00
YREE 125.64 225.16 123.19 170.61 135.65 147.34 300.04 254.81 253.54 249.47
Zr 164 185 103 122 114 100 257 211 254 185
Zn 244.00 96.60 43.10 70.40 36.80 19.70 53.90 35.50 30.80 149.00
\Y 18.70 24.00 22.10 19.40 18.10 17.70 34.80 27.30 28.40 78.30
Th 16.50 19.40 39.60 36.80 41.20 41.30 18.00 21.60 20.90 14.70
Sc 3.11 6.38 3.16 2.45 2.53 1.91 6.38 438 5.39 11.60
Sr 85.50 46.40 35.50 67.90 62.70 75.10 235.00 176.00 131.00 363.00
Rb 46.70 195.00 99.40 204.00 213.00 184.00 132.00 152.00 111.00 117.00
Ni 6.44 3.31 7.81 6.22 3.66 5.40 3.73 437 4.41 7.61
Nb 27.40 31.60 21.10 13.90 18.00 17.60 20.70 20.40 23.50 20.00
Cu 26.50 13.80 12.70 16.70 6.74 13.40 8.39 9.04 8.89 11.50
Cr 56.10 20.80 56.20 46.10 36.00 45.70 42.90 44.00 49.40 69.70
Co 3.03 4.48 2.84 2.78 1.62 2.96 4.18 2.77 3.24 8.94
Ba 400 550 156 211 102 215 691 679 668 829
Hf 7.95 9.39 4.16 3.86 6.24 4.77 17.20 15.90 13.00 11.80
Ta 1.55 1.43 1.85 1.37 1.35 1.40 1.22 1.06 1.35 1.35
U 2.99 1.95 9.36 6.66 9.99 6.26 2.00 3.06 3.12 1.65
(La/Yb)x 3.86 11.63 7.30 12.23 7.27 7.65 15.06 15.84 13.40 15.61
DI 93.94 90.26 93.09 91.44 92.76 93.13 83.45 88.23 88.65 71.66
oEu 0.70 0.45 0.36 0.36 0.27 0.38 0.71 0.65 0.65 0.81
oCe 1.32 0.94 0.89 0.91 0.93 0.93 0.90 0.91 0.95 0.93

1H:D01-1~ D01 -8—M = — K ALK A s DO1—9— KA B JT AR f W) BER s DO1— 10—AE B N2
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