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Fig. 1 Tectonic sketch map of the western Yunnan and simplified geological map of the alkaline-rich porphyries in Weishan area
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Fig. 2 Outcrop and microscopic photographs of the Lianhuashan quartz monzonitic porphyries
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Table 1

x1

EHLAZEZKBIE ] LA-ICP-MS A U-Pb B ESNER

LA-ICP-MS zircon U-Pb isotope analytical results of the Lianhuashan quartz monzonitic porphyries

A 25 U/10°  Th/10®  Pb/10° ThU  *Pb/**Pb 26 2Tpb/AU 26 206pp/38Y 26 tCUPb/AUYMa 26
1 HIE 2280 613 1230 027 0.046 6 0.0034  0.0342  0.0024  0.0054  0.0001 34.6 0.5
2 1569 390 883 025 0.0505 0.0044  0.0382  0.0032  0.0055  0.0001 35.5 0.7
3 w2442 752 1390 031 0.0470 0.0021  0.0353  0.0016  0.0055  0.0001 35.1 0.5
4 2 800 870 1600 0.31 0.0470 0.0046  0.0353  0.0034  0.0054  0.0001 35.0 0.8

LR -t 572 104 599 0.8 0.0547 0.0032  0.0792  0.0055  0.0105  0.0004 67.1 2.4
6 2321 634 1420 027 0.0469 0.0023  0.0355  0.0018  0.0055  0.0001 35.3 0.4
7 R 2446 650 1500 027 0.0478 0.0028  0.0359  0.002 0.0054  0.0001 35.0 0.5
8 2152 644 1210 0.30 0.0475 0.0039  0.0359  0.0028  0.0055  0.0001 35.4 0.7
9 BB 1667 182 9.10  0.11 0.0475 0.0029  0.0354  0.0021  0.0055  0.0001 35.1 0.4
10 2476 858 1520 035 0.0478 0.0026  0.0360  0.0019  0.0054  0.0001 35.0 0.4
11 1842 531 1030 029 0.0470 0.0032  0.0354  0.0021  0.0055  0.0001 352 0.9
12 2698 630 1680 023 0.0473 0.0035  0.0356  0.0025  0.0055  0.0001 35.1 0.6
13 #5—-2% 2298 782 13.00 034 0.0486 0.0043  0.0357  0.0023  0.0055  0.0001 352 0.8
14 1655 408 9.12 025 0.0489 0.0059  0.0367  0.0043  0.0054  0.0001 35.0 0.9
15 1339 288 719 021 0.0455 0.0041  0.0355  0.0035  0.0055  0.0001 35.6 0.7
16* 2384 831 1670 0.35 0.0717 0.0042  0.0595  0.0039  0.0058  0.0001 37.3 0.4
17 $TE 1109 331 13.50  0.30 0.0721 0.0038  0.0913  0.0054  0.0102  0.0009 65.6 5.8
18 HF—F 1908 542 1050 0.8 0.0471 0.0072  0.0355  0.0053  0.0055  0.0001 35.1 0.8
19 HITH 1433 222 758 015 0.0464 0.0047  0.0354  0.0037  0.0055  0.0001 35.5 1.0
20 H—E 1598 345 877 022 0.0458 0.0029  0.0354  0.0024  0.0056  0.0001 35.8 0.6
21 BT 2540 871 1450  0.34 0.0468 0.0024  0.0356  0.0019  0.0055  0.0001 35.2 0.5
22 - 6136 2730 79.80  0.45 0.0471 0.0015  0.0358  0.0012  0.0054  0.0001 34.9 0.3
23 3403 1269 4890  0.37 0.0500 0.0020  0.0371  0.0014  0.0055  0.0001 35.0 0.4
24 BT 3243 1223 37.90 038 0.0485 0.0022  0.0364  0.0017  0.0054  0.0001 35.0 0.4
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Fig.3 Zircon cathodoluminescence (CL) images and U-Pb concordia diagrams of the Lianhuashan quartz monzonitic porphyries
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52 aARESEREX

SELE AR A Sr-Nd R ((7St/*Sr) =0.706 9~
0.707 3, eyy()=—4.0~—2.6""")) LI H 5 e WA
BB R TL A ((7Sr/%Sr) ;<<0.7040, gy (£)> 4.0, Wang et
al )WL P, WA AR 4 TR AE o ) Al
ARG IR, IR, T HERRIE AL 1L A 1Ak B T
R TEEOR Rt b A B9 PR - RV E . B, XS AE 1L
R R AEAE S I R B B AR UUVE T e 42

58 108 43 a1 R R I B MR T Hb AT A B 4
il 12 LR R R e AR TR A TR A L A T
B A B AR T I K B A B A

R4 La/Sm-La, Th/Nd-Th 1 FeO'-MgO A A5 &
(1] 9a, [ 9b), 34K LA AR 0 25 SR T8 Ak LS 3 il oy
F, La/Sm #l Th/Nd 5 La Fl Th 22 IEAIC . 977
TRCE AR EN, EATHTh mE TR E
BLZ AR A AR DN B, I Eu AN S R Se E A RHE
A, A, #d Dy/Yb., SEu I SiO, ] B AH XE X &,
AT A BB A R A A R R A LAY A O
FERE S0, BT, AL LA AR Dy/Yb Hil 8Bu B F-F
([l 9¢, & 9d), Jf A EBIE S A C R A% . FEMS 5T
FCIE 7) R, 3% 46 1L K 1) MgO, Na,0, Ca0, ALO,,
TiO,, FeO', P,0s, Eu Ml Yb, ¥£ 5 Si0, FH i B & Ay
LMERFR, W5 B4 T AR A AL R 2 R
TEAE 1A K B Nb/La=0.14~0.24, B 5 I T #5519 °F
Y, R AR AL R IR Z 2 2 IR Y i 52
Wi, 7E SiO-Mg' IS E (5] 9e) i, S A AR A LB
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Table 2 Major elements (in percentage) and trace elements (in [x107°]) analytical results for the Lianhuashan quartz monzonitic

porphyries

JLEKEA PSS PMIS-02HI PM15-03H1" PM15-06H1" PM15-07H1" PM15-01H1 PM15-02H2 PM15-03H2 PM15-04H2 PM15-05H1 PM15-05H3

Si0, 66.46 67.65 66.79 68.54 66.98 67.52 67.82 68.18 67.76 68.10

TiO, 0.32 0.33 0.34 0.32 0.36 0.39 0.37 0.37 0.36 0.37

ALO, 15.44 15.58 15.51 15.58 15.97 15.68 15.22 15.43 14.89 16.00

Fe,0, 0.79 1.07 1.08 0.61 1.32 1.20 1.21 1.41 1.42 1.44

FeO 1.54 1.24 1.36 1.36 1.18 120 1.24 0.99 1.26 0.99

;f MnO 0.05 0.06 0.06 0.06 0.04 0.04 0.05 0.05 0.05 0.05

= MgO 1.28 1.08 1.19 1.03 1.36 1.35 131 1.18 1.34 122

7%; CaO 227 1.81 227 1.36 1.87 1.99 2.13 1.67 1.90 1.73

Na,0 454 4.58 434 4.66 4.46 4.59 4.60 434 473 4.50

K,0 4.68 4.57 4.60 452 493 4.66 4.94 477 495 474

P,0, 0.15 0.15 0.15 0.14 0.17 0.16 0.16 0.17 0.17 0.16

LOI 2.15 1.60 1.93 1.54 1.12 0.90 0.74 1.24 0.76 1.08

Total 99.68 99.71 99.62 99.71 98.58 98.47 98.57 98.82 98.34 99.39

48 Na0KO 0.97 1.00 0.94 1.03 0.90 0.98 0.93 0.91 0.96 0.95

% ACNK 0.93 0.99 0.95 1.04 0.99 0.97 0.91 1.00 0.90 1.02

HEAE c 3.62 3.40 3.36 3.30 3.68 3.49 3.67 3.30 3.78 3.40

2% Mg 51.00 47.00 48.00 49.00 51.00 52.00 50.00 48.00 49.00 49.00

\% 43.30 38.80 41.90 17.90 4430 42.50 45.00 4270 44.10 42.10

Co 5.83 5.61 6.34 3.54 6.47 5.77 6.24 5.82 6.43 6.04

Ni 17.00 12.80 22.30 11.20 17.70 14.70 16.30 14.80 15.80 14.60

Cu 3.53 5.37 10.4 17.0 3.77 4.79 6.49 4.60 4.77 4.50

Zn 31.00 40.40 43.30 48.30 41.60 42.10 40.70 41.70 35.20 43.60

Ga 35.20 33.40 39.60 27.10 21.80 21.40 22.10 20.30 22.00 21.20

Rb 146.00 153.00 153.00 87.00 162.00 148.00 172.00 144.00 160.00 151.00

Sr 1553.00 1407.00 1528.00 1055.00 1310.00 1345.00 1384.00 1199.00 1307.00 1265.00

Y 15.90 14.20 16.70 7.510 21.00 14.40 15.80 15.80 15.70 14.50

Nb 10.80 10.10 10.70 2.49 10.70 10.90 10.90 10.10 10.20 9.99

Ba 1683.00 1501.00 2047.00 1198.00 1693.00 1475.00 1485.00 1523.00 1528.00 1460.00

Hf 6.05 5.32 5.89 4.84 5.65 5.98 5.68 5.75 5.80 6.01

Ta 0.79 0.69 0.81 0.12 0.51 0.57 1.05 0.54 0.63 0.50

o Pb 47.00 68.70 68.70 69.40 38.40 40.10 45.60 46.20 40.10 43.00

5 Th 19.30 19.00 19.60 8.17 18.10 17.20 16.70 18.60 19.10 18.20

JG U 5.52 5.81 6.14 5.87 5.53 5.09 5.34 470 4.87 458

ES La 46.80 44.90 45.80 16.80 62.00 46.40 45.00 73.80 45.10 4430

Ce 85.20 81.70 75.70 35.90 81.80 75.80 75.30 76.30 75.00 75.00

Pr 9.54 8.95 9.73 5.08 122 8.77 9.36 122 9.24 9.33

Nd 33.30 30.90 35.40 20.00 48.60 37.00 37.70 45.20 35.90 36.80

Sm 6.01 5.66 6.50 4.04 7.30 5.64 5.82 6.35 5.59 5.78

Eu 1.52 1.47 1.67 1.17 1.87 1.51 1.56 1.66 1.51 1.53

Gd 434 423 4.99 2.66 5.96 422 4.49 479 4.56 453

Tb 0.61 0.53 0.66 0.39 0.79 0.57 0.61 0.63 0.59 0.58

Dy 3.04 2.76 3.41 2.06 3.93 2.96 3.02 3.05 3.00 3.01

Ho 0.49 0.46 0.56 0.36 0.64 0.49 0.53 0.52 0.49 0.51

Er 1.45 1.35 1.67 1.09 1.92 1.49 1.54 1.51 1.51 1.44

Tm 0.21 0.19 0.24 0.16 0.28 0.24 0.23 0.23 0.22 0.21

Yb 1.44 1.36 1.71 1.03 1.73 1.41 1.43 139 1.41 1.43

Lu 0.21 0.21 0.26 0.16 0.26 0.26 0.25 0.25 0.24 0.25

SREE 194.00 185.00 188.00 90.90 229.00 187.00 187.00 228.00 184.00 185.00

PR 5y 0.87 0.88 0.86 1.03 0.84 0.91 0.9 0.88 0.89 0.88

FRES 5L
(La/Yb) 23.30 23.70 19.20 11.70 25.70 23.60 22.60 38.10 22.90 22.20

#: FeO'=Fe0+0.89*Fe,0,; SEu=2*Eu/(Sm+Gd); 0=(K,0+Na,0)*(Si0,~43); A/CNK=Al,0,/(CaO+Na,0+K,0)7FEE/Ri; “FEIFE M 10 E R IG R
BR12]s WKL PR E A T, AR 2014-09.
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Fig. 5 Chondrite-normalized REE patterns and primitive mantle-normalized trace element concentrations of the Lianhuashan quartz monzonitic

porphyries

a. BRRLBIA AR LOCR IS EL b. SRR HB AR T e T R ik 000 Pl BRRE A RIS H AR v AL B Sun and Medonough; i A& Fe AL 1L & BRBE

ARAEE SRk [2,16,17]
=3

ERUAR-KBEEFIEAE Hf B RER

Table 3 Zircon Hf isotopic compositions of the Lianhuashan quartz monzonitic porphyries

WS FEMa SYB/THE TSLu/THE HE'THE 26 CHEHE  g(t)  Tow/Ma  TpMa  frow
1 34.6 0.019016 0.000781 0282825  0.000023 0282825 2.62 602 943 -0.98
3 35.1 0.029100 0.001191 0.282831 0.000059 0.282831 2.84 599 929 -0.96
4 35.0 0.029245 0.001240 0282827  0.000028 0.282826 2.69 606 939 -0.96
6 353 0.031067 0.001340 0282820  0.000025 0.282819 243 618 955 -0.96
7 35.0 0.026 880 0.001130 0282827  0.000024 0.282826 2.68 605 939 -0.97
8 35.4 0.025121 0.001062 0282826  0.000025 0.282825 2.65 605 942 -0.97
9 35.1 0.024856 0.001017 0282852  0.000034 0.282851 3.56 568 884 -0.97
10 35.0 0.028656 0.001171 0.282823 0.000027 0.282822 2.53 611 949 -0.96
11 352 0.038287 0.001519 0282819  0.000028 0.282818 2.39 623 958 -0.95
12 35.1 0.026715 0.001143 0282838 0.000023 0.282838 3.09 588 913 -0.97
13 352 0.022287 0.000921 0282848  0.000026 0.282847 3.42 572 892 -0.97
14 35.0 0.012415 0.000538 0282869  0.000029 0.282869 4.19 536 844 -0.98
15 35.6 0.011551 0.000522 0282814  0.000017 0282814 225 613 967 -0.98
18 35.1 0.034511 0.001380 0282827  0.000037 0.282826 2.67 609 940 -0.96
19 355 0.012933 0.000537 0282862 0.000023 0.282861 3.93 547 860 -0.98

20 35.8 0.025418 0.001063 0282830  0.000088 0.282829 2.81 599 932 -0.97
21 352 0.021923 0.000907 0282825  0.000023 0282824 2.63 604 943 -0.97

W ey (1)=10000x { [("*Hf/'""HF)¢-("~1)x(""Lu/ ""Hf)g ]/ [(T°HE/ HE) o= 1)< (TLu/ "H) g 1-1} s Tpp=(1/A)xIn {1+ [(7°HE/ "H)—(7°HE/ "HS), 1/[(7°Lu/
177Hf)5{”°Lu/177HﬂD] }; TDMZ=(1/}L)XIH{1+[(176Hf/177Hf)87176Hf/177Ht)D7 [(176Lu/177Hﬂ37(e)\171)X(176Lu/]77HﬂCJ ]/[(17°Lu/”7Hf)cf(l7"Lu/'77Hi)D] }; fLu/Hf=(l7bLu/l77
Hf)o/(""*Lu/""H) o~ 15 ("*Hf/'""Hf),=0.282 772; ('"*Lu/'""Hf),=0.0332; (‘"*Hf/'""Hf),=0.28325; ('"°Lu/'""Hf),=0.0384; ('"°Lu/'""Hf).=0.015;
A=1.867x10"year s ARFRTE L. SAEH M, CORRIRKFRALI—EE, DATHME, CHRMMLE. MREAL. B2 QI B AR

WA RAF, WREE: 2024-08.

b SE TR Y RS B A R IR o R g (=225~
419 UL, A IR AR AR 0 3 7 v oK 32 3 b 7 TR L 1Y 5
U oS s A 8 R AW N AU R G B TR W iy At
AFC 5 FC i BTN Reff B A6 L AR 1) e AL o
FHAA IR R AR L 5 A 19 o PR [T AR Al ]
HeBde, BZIEEFLUF M ELh . B5E, EAL A
B e, dH)=2.25~4.19, H A, =1.94, T H I X K —,
H2E R B LR LR 5 A s A 1 () 1028463
FEIAR K, X B — A 5L 5, Ay AEIA 2] 10(Kemp et

al.); Fovk, EA S Sr AR Y FRAE 3% 35 58 5 W] 38 2
I Sr Al Y ik ok A 52U AR Mg R M A R
Sr AR Y Kok B g IR 1 iR Mg M A K IR A F
(Guo et al.) . SR, K& AEFEALLL A R BRI 1987 A AR
RS (S E R | LIRS ) i H & Sr=
401x10°~6345x10°, fH Y=15.0x10"°~63.1x10¢"1*1)
T 3 A6 1L AR 1 Y=7.51x10"°~ 21.00x 10 °( V- ¥ {H K
15.2x10°, 42 2) o PRI, FEPEA SRR A 3K TR & Ak
KON RE G B BEEAL LA R R Y R 1E . 5, X
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Fig. 7 The diagram of other oxides vs. w(SiO,) and related parameters of Lianhuashan quartz monzonite porphyry
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Fig. 8 Adakitic rocks discrimination diagrams for the Lianhuashan quartz monzonitic porphyries
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Fig. 9 Magmatic evolution discrimination diagrams for the Lianhuashan quartz monzonitic porphyries
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THE ORIGIN OF THE LIANHUASHAN EOCENE QUARTZ MONZONITIC
PORPHYRY IN WESTERN YUNNAN: CONSTRAINTS FROM
GEOCHRONOLOGY, ZIRCON U-Pb GEOCHRONOLOGY AND Lu-Hf
ISOTOPIC GEOCHEMISTRY

SU Guogian', LI Jinke’, ZHAO Fufeng', LIU Han’, ZHAO Han', GAO Rui'

1. College of Earth and Planetary Sciences, Chengdu University of Technology, Chengdu, Sichuan 610059, China,

2. Regional Geological Survey Team of the Sichuan Provincial Bureau of Geology and Mineral Exploration, Chengdu,
Sichuan 610213, China,

3. Chengdu Center of Geological Survey, CGS Chengdu, Chengdu, Sichuan 610081, China

Abstract:  The Jinshajiang-Ailaoshan-Honghe alkali-rich porphyry belt, a giant magmatic-metallogenic belt distributed
along the southeastern margin of the Tibetan Plateau and the Sanjiang region, has become a research focus in terms of its
tectonic dynamics and petrogenesis-mineralization mechanisms. Through petrological studies, zircon LA-ICP-MS U-Pb
dating, whole-rock geochemistry, and Hf isotopic analyses, this study systematically investigates the formation mechanism
of the Lianhuashan quartz monzonite porphyry at the eastern margin of the Lanping Basin. Zircon U-Pb dating yields an
age of 35.12 + 0.11 Ma, consistent with the emplacement age of regional alkali-rich porphyries. The Lianhuashan quartz
monzonite porphyry exhibits Na,0 + K,O contents of 8.94%—9.68%, Mg* values of 47-52, and A/CNK ratios of
0.90—1.04, classifying it as shoshonitic series metaluminous to weakly peraluminous rock. The pluton is enriched in large-
ion lithophile elements (LILEs; e.g., Rb, Ba, Th, and Sr) and light rare earth elements (LREEs), while depleted in high-
field-strength elements (HFSEs; e.g., Nb, Ta, Ti) and heavy rare earth elements (HREEs), with weakly negative Eu
anomalies (8Eu = 0.84—1.03). Additionally, the rocks display Sr = 1055 x 107°-1553 x 10, La/Yb = 16.3—53.1 (average
32.5), Sr/Y = 62.4-140.0 (average 91.8), Y = 7.51x107°-21.0x10%, Yb = 1.03x107°-1.73x10°%, Na,0/K,0 = 0.90-1.03,
and (La/Yb), = 11.7-38.1, demonstrating geochemical characteristics typical of C-type adakitic rocks. Zircon g,(f) values
range from 2.25 to 4.19, with two-stage Hf model ages of 844—967 Ma. The Lianhuashan pluton originated from 4%—15%
partial melting of Neoproterozoic mafic lower crust with 5%—10% garnet amphibolite residues at depths of ~50 km,
representing products of thickened crust. Its K,O enrichment and shoshonitic affinity resulted from the incorporation of
potassic-ultrapotassic melts. Integrated with existing data, we propose that the India-Eurasia collision caused crustal
thickening in the Tibetan Plateau and surrounding regions. Subsequent tectonic transformation triggered lithospheric mantle
delamination and asthenospheric upwelling beneath the western Yangtze Block margin. Partial melting of metasomatized
enriched lithospheric mantle generated potassic-ultrapotassic magmas, which during ascent induced partial melting of
Neoproterozoic lower crust (amphibolite facies) to produce adakitic magmas. Mixing of these two magma types formed
potassic-ultrapotassic adakitic magmas that eventually emplaced to form the Lianhuashan quartz monzonite porphyry.

Keywords: alkali-rich porphyry; C—type adakite; petrogenesis; Lianhuashan; western Yunnan
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