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Geochronology, geochemistry and tectonic evolution of the basaltic
trachyandesite in Huize, northeastern Yunnan Province
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Abstract: Several small-scale basalt trachyandesite rock masses were found in NNE direction in Emeishan basalts of Huize area,
northeastern Yunnan Province. Based on detailed field geological survey, microscopic petrographic analysis, zircon U-Pb dating and
rock geochemical test, the authors studied the formation age and geochemical characteristics of these basalt trachyandesites and their
tectonic evolution process. LA-ICP-MS zircon U-Pb dating yielded a weighted mean **Pb/**U age of (251.6+4.2) Ma (MSWD =
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0.20) for the basalt trachyandesite, and the alteration ages are (143.5 + 1.9)Ma and (150.5 + 2.4) Ma, respectively. The content of
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Si0; in basalt trachyandesite is between 52.09% —54.10%, implying that it belongs to the intermediate basic volcanic rock. The Mg#
values of basalt trachyandesite are from 19.88 to 40.86, and the TAS diagram generally shows that it belongs to alkali basalt
trachyandesite series. The characteristics of REE and trace elements show that the basalt trachyandesite of Huize was derived from
enriched mantle source. In the process of magmatic evolution, a part of clinopyroxene, plagioclase and magnetite experienced
fractional crystallization. It is considered that the basalt trachyandesite of Huize is a part of Emeishan basalts, and that it might have

been the product of the extinction of Emeishan mantle plume.

Key worlds: basaltic trachyandesite; Permian; mantle column; plate internal environment; geological survey engineering; Huize;
Yunnan Province
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Fig.1 Distribution of basalts in the Emeishan (a, after He Bin et al., 2006; Li Hongbo et al., 2012); geological schematic map of the study area (b);
section of rock mass (c)
Fig. la: 1—Basalt; 2—Fault and its serial number; 3—Place name.Fig. 1b, ¢, 1-Mesoproterozoic Etoushan Formation of Qunyang system;
2—Chengjiang Formation of Nanhua system; 3—Doushantuo Formation of Sinian; 4—Dengying Formation of Sinian; 5—Qiongzhusi Formation of
Sinian; 6— Zaige Formation of Devonian; 7— Carboniferous; 8— Liangshan Formation of Permian system; 9— Yangshan Formation of Permian;
10—Third member of Emeishan basalt; 11—Fourth member of Emeishan basalt; 12—Feixianguan Formation of Triassic; 13—Jialingjiang Formation of
Triassic; 14— Guanling Formation of Triassic; 15— Basalt trachyandesite; 16— Dolomitic limestone; 17— Basalt trachyandesite; 18— Sandstone;
19—Thrust fault line; 20— Fault line; 21— Contact line; 22— Angular unconformity boundary; 23—Sampling point. F1—Nujiang fault; F2—Kejie fault;
F3— Lancang River fault; F4— Jinshajiang— Ailaoshan fault; F5— Muli— Lijiang fault; F6— Midu— Huping fault; F7— Garze— Litang fault;
F8—Longmenshan— Qinghe fault; F9— Luhuo— Daofu fault; F10— Yalongjiang— Luzhi River fault; F11— Anlingjiang— Yimen fault; F12— Xiaojiang
fault; F13—Huashan fault; F14—Yadu—Ziyun fault; F15—Shizong—Maitreya fault
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Fig. 2 Petrographic characteristics of basaltic trachyandesite

a—Basaltic trachyandesite specimens; b—Basaltic trachyandesite with less plaque structure and intergranular structure (plainlight); c—Basaltic

trachyandesite matrix mineral (plainlight); d—Basaltic trachyandesite trapping crystal (crossed nicols). P1I—Plagioclase; Chl—Chlorite; Px—Pyroxene;
Mt—Magnetite; Kf—Kotassium feldspar
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Fig.3 CL image and zircon U—Pb age of basaltic trachyandesite in Huize
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Fig.4 Zircon U-Pb concordia age diagram of basaltic trachyandesite in Huize
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FK1EFRIELSFEXHEZE(D6211)#ER U-Ph EESINER
Table 1 U - Pb dating results of zircon U—Pb from the Huize basalt trachyandesite (D6211) in northeast Yunnan

FES Pb/10°° **Th/107° U710 LI KR M

Th/U *"Pb/*Pb 16 *Pb/"U 1o *Pb™U 1o *Pb/Pb lo *Pb/*"U lo *Pb/*U lo
D6211-1 29.04 12483 32832 038 0.052 0.0026 02762 0.012 0.0393 0.0006 287.1 112.9 247.7 9.6 2485 338
D6211-2 431 21139 35068 0.6 0.0476 0.0023 0259 0.0113 0.0399 0.0006 79.7 1074 2339 92 2521 35
D6211-3 468 278.51 5631 049 0.0511 0.0006 0.2839 0.0111 0.0402 0.0014 247.9 278 253.7 8.8 2543 49
D6211-4 341 3945 220 179 0.0539 0.0014 02975 0.0126 0.04 00014 367.5 443 2645 99 253 338
D6211-5 307 287 346  0.83 0.055 0.0017 0.2995 0.0151 0.0395 0.0015 4103 69.5 266 119 2499 4.6
D6211-6 315 211 251 0.84 0.0553 0.0021 0.3081 0.0179 0.0404 0.0015 424.1 873 2727 134 2554 3.9
D6211-7 237 119 2347 051 00541 0.0016 03028 0.0154 0.0406 0.0015 3769 67.8 268.6 12.1 2563 3.5
D6211-8 137 370 428 0.86 0.0576 0.0034 0321 0.025 0.0405 0.0018 512.6 136 2827 194 2557 49
D6211-9 8842 81221 829.64 098 0.0517 0.002 0.1589 0.0058 0.0225 0.0003 2723 889 1498 5.1 1435 1.9
D6211-10 67.8 52589  636.3 0.83 0.0614 0.0027 0.1988 0.0087 0.0236 0.0004 653.7 963 1841 74 1505 2.4
D6211 - 11 395.89 63126 648.83 0.97 0.0699 0.0023 1277 00412 0.1315 0.0012 9256 674 8355 184 7963 6.9
D6211 - 12 830.21 40827 1237.71 0.33 0.1666 0.004 10.9364 0.2336 0.4705 0.003 25238 39.8 2517.7 19.9 2486 13.1
D6211 - 13 1141.84 51112 1338.24 0.38 0.1697 0.0044 112797 0.2783 0.4756 0.0045 2554.6 438 2546.5 23.1 25082 19.7
D6211 - 14 1030.06 507.63  757.05 0.67 0.1369 0.0023 7.4266 0.1483 0.3904 0.0054 2188 29.9 21642 17.9 21245 25.1
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Fig. 6 Chondrite—normalized REE patterns(a)and primitive mantle—normalized trace element spider diagram (b) for the basaltic
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(150.5+2.4)Ma, N AT WL 73 i A1 5 BE , Al IS
JE IR B85 T R BB A TR X AT 014 4 i
TR Y o PRIt , e JHE 3 A5 i A ) DX el
ATIAEAS 21 P AR AT AR RIS B A s i) (e f
2. 2008; 25K [,2009; 2K F452010)

52 HBEERIEH

S ML 5 FE A B9 Cr NiE (Ni= 30.5%
10°~53.5x10;Cr=37x10"°~ 56x10°°) , K FJRAEZX
R (Ni=300x 10 °~400% 10 ¢ ;Cr=300x 10 °~
500x10°°), LA S AAR A Mg (0.20~0.41, #41{H 0.34),
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R2LOFXRHEREHBEERTE (%) MREBTE(10°) STER

Table 2 Major elements (%) and trace elements (10°) analytical results of Huize basaltic trachyandesite samples

B Sh o 5 1 2 3 4 5 6 7 8
Si0, 52.72 53.65 53.61 52.51 52.24 52.09 53.48 54.1
MgO 3.44 1.92 3.25 3.91 2.4 3.47 3.13 2.97
FeO 3.81 2.3 3.9 4.5 22 3.42 2.68 3.44
CaO 3.15 1.96 3 3.12 2.96 3.29 3.08 2.93
Fe,0, 5.91 10.8 5.16 5.79 9.63 6.37 75 6.87
ALO, 15.06 13.28 15.2 15.15 14.32 15.03 14.24 14.1
Na,O 5.73 527 55 5.55 5.94 5.63 5.75 5.42
K.O 1.18 2.05 1.79 0.97 1.25 1.57 0.77 1.22
MnO 0.11 0.1 0.14 0.16 0.11 0.12 0.11 0.11
P.0s 0.51 0.24 0.5 0.49 0.48 0.53 0.47 0.49
TiO, 2.7 1.89 2.52 2.72 2.69 2.81 2.67 2.52
LOL 2.57 1.51 248 2.78 1.98 2.46 2.54 224
Mg’ 38.72 19.88 39.28 40.86 25.65 38.51 34.74 33.66

Sc 322 21.9 30.1 32.1 32.1 33.8 32.0 29.9
Co 67.2 325 46.2 66.9 46.3 61.3 55.1 548
Cu 35.8 9.0 14.6 27.1 23.7 66.8 27.1 713
Zn 141 100 134 167 160 158 143 125
Rb 19.5 332 39.8 17.2 19.3 24.0 133 20.0
Zr 173.5 166.75 166.5 174.25 171.5 171.75 164.25 156.5
Nb 227 233 22.8 24.7 232 242 24.4 20.9
Hf 44 42 43 4.4 45 45 43 3.9
Ta 1.5 15 15 15 15 1.6 15 14
Pb 34 5.1 3.5 4.1 44 3.7 4.0 4.6
Th 3.25 3.40 3.19 3.24 3.37 3.23 3.11 2.93
U 0.66 1.69 0.92 0.75 0.61 0.63 0.41 0.59
Ba 597 614 983 731 490 769 394 613
Cr 52 37 51 52 48 54 56 48
Ni 60.2 30.5 33.9 53.5 47.0 53.1 50.3 48.9
Sr 223 1133 280 299 1553 233 219 224
\Y% 401.5 434 357.5 418.5 4155 375 374 3825
La 30.7 28.0 31.9 323 324 342 30.5 30.1
Ce 70.7 61.1 79.8 81.6 712 80.8 70.5 722
Pr 9.83 7.95 10.40 10.90 8.62 10.15 8.79 9.19
Nd 40.6 30.9 43.6 44.6 36.6 41.0 353 375
Sm 8.22 6.23 8.95 8.91 7.48 8.65 7.64 7.72
Eu 2.85 1.99 2.95 2.85 2.59 2.89 2.56 2.66
Gd 7.92 5.35 8.56 8.39 7.11 8.14 7.24 7.23
Tb 1.11 0.80 1.24 1.14 1.04 1.15 1.04 1.06
Dy 6.28 441 6.84 6.39 5.75 6.40 5.88 5.84
Ho 1.17 0.87 1.26 1.14 1.13 1.27 1.07 1.10
Er 3.07 2.31 3.31 2.94 2.88 3.17 2.85 2.77
Tm 0.46 0.33 0.46 0.42 0.40 0.43 0.40 0.38
Yb 2.56 1.98 2.65 2.49 2.33 2.54 2.39 222
Lu 0.40 0.29 0.37 0.35 0.33 0.36 0.34 0.31
Y 343 23.8 382 35.5 31.8 35.5 322 328
> REE 185.77 152.51 202.29 204.37 179.86 201.1 176.45 180.23
LREE 162.8 136.17 177.6 181.11 158.89 177.64 155.24 159.32
HREE 22.97 16.34 24.69 23.26 20.97 23.46 2121 2091
LREE/HREE 7.09 8.33 7.19 7.79 7.58 7.57 7.32 7.62
oEu 1.07 1.03 1.02 0.99 1.07 1.04 1.04 1.07
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Fig.7 Covariation relationship between MgO and other oxides and trace elements in Huize basaltic trachyandesite

WG /R T 7 K i B A A Y 4y i A A
(Frey et al., 1978; Morgan et al., 2013),

£ MgO 5 Al S04k P 2 0] iy 2% 56 2 1 i ( (]
7)1, Ni,Cr #l MgO I IEAH I IE &, Ni Cr 1] i 75 4
WA OV Wt B 2 D5 T O A RN R A Y
435 45 8 (Green, 1980) , CaO/ALO; 5 MgO 5 IE A
X, A R I AETE LRV A 19 9 B 45 (Green,
1980), IEHEM T ,MgO 5 Fe,0 0 % 5 IFAH 5,
TEAEAR DX A3 i 20 5 B B A DG | DA DX Bk
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— R E, L RBUA H o A P
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K e T KRG 24 1Y 7 ) (8l 9e) o 7E Th/Yb—Ta/
Yb EIfif R il F VR TR LA FE 3K
Rili il 2 Z aA Z 0], Fom ORI T 5 £ A g
CRERZE,2001) (K 9f) .

ZEA UL U B il S i e AR, R[] R
SR LR E FEIR M TR NP IR, 5 =5
20 MM A T B AH O
55 5IELZXKENXR

g IR LR K A EAR A 7E vt
BT TI—/ VBT R KB 2L, P e A4 v T — 22 1L
— 2T, 2R R AT S — R L 1) AR A 31 5t
BH DA 2 B — 58 = — A A A ZE I X o sk
ERE LA T RMZ ICE R R BRI 43
H A=A (DA, 2003) , A SCHTIIFST A 255 2 it
BRI KA W RS, B LA L4
HRIE T stk L2 R 1 —E )

AR R, B AR S (LR KA A
(A A A AT T R W R AR T AR, 455
7 HOP A IR AR AR IR K (251~263 Ma), Hi 325§
S W AR TP AE 257~259 Ma (15 NI, 2002; S5 %6
4, 2002; YR AE, 2004; 2251, 2012; XIFERAE,

lithosphere mantle; LC—Lower crust; CC—Whole crust; UC—Upper crust 2019 ) ° 7@),%%‘% ( 2004 ) ﬂ)ﬁ ELIP EI’:J ﬁ%ﬂ*ﬁ‘mﬁuﬁ

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



688 H [ i Jit 2020 4F:
A:N-MORB e
BIE-MORBAI i 1 5 9 % 102 e i
E-MORB and intraplate tho-leiite A2 B X R
CR AR X R R P BLBE % R4
Hf/3 Alkali basalts Nb32 I i e
Y o ntraplate tho-leiite and
D:klll'}/ﬂtklllﬁ intraplate alkal basalt
Volcanic arc basalt B:E-MORB

C:R AR X A
P v
Intraplate alkal basalt
D:N-MORBAI K 1li

MZ R
N-MORB and volcanic
arc basalt
D
Th Nb/16 Zr/4 Y
(a) (b)
. AR PE R A WPB:H 4 X R
Ti/100 Island arc tho-leiite e
2 re tho-leii Intraplate basalt
Bt A Xl 100 MORB: ¥ 4 % &
& 4 IE 2 g A Mid ocean ridge basalts
51 % ?

IAB: Bl X

Mid ocean ridge basalts, Island arc basalt

Island arc tho-leiite and
calc-alkaline basalt

C L 2 A
Calc-alkaline basalt
DA X s
Intraplate basalt

>
= 10 |
N
1 PP s SN |
Zr Y*3 10 100 1000
Ge) (d) Zr
[ :N-MORB
IR B X B
Oceanic island basalt 10
5 112 : il 5 5 96 K it % LAT: & JHL JE 7 51
- Kl Lk Island arc tho leiite
Continental margin arc TCA: & JIAS ot R 51
and continental margin Island arccalc alkaline
1k volcanic basalt basalt
TIT: KV AR P i 8 S g 1 SHO: & i %
o i WL R HLE R 5
Z RS ER Oc;an mlrapltaée b'c;S'd]l § Island arc shoshonite
S K B 32 and seamount basalt sl Th:Hi B X il
2 IV1: bl Py B2 Bl R AR & Tho-leiite
RERE TR X s
0.1f Continental and 0.1 Transitional basalt
continental marginrift ALK : B M % ﬂ:\‘ﬁ
ST e tholeiite Alkali basalt
b e it V2:kh N R AR R A IABa- ; pr;—lZ; o
N-MORB Continental rift S
alkali basalt Continental margin arc
$iGi V3 KB B g 2 R 0.01
® Continental extension 0.01 0.1 1 10
0.01 0.1 12 beltbasalt
Ta/Hf Th/Yb
(e) (f)

19 U P i
a—Th—Hf-Nb [Efi# (3 Pearce et al., 1973 ); b—Nb—Zr—Y [Klf# (#fi Meschede, 1986); c—Ti—Zr—Y [Klf# (4} Meschede, 1986) ;
d—Zr/Y-Zr Ff# (J Pearce et al., 1973 ); e—Ta/Hf—Th/Hf &l f§# (i Pearce et al., 1973 ) ; £—Th/Yb—Ta/Yb [KIf# (i Pearce, 1982)
Fig. 9 Diagenetic environment diagram
a—Th—Hf-Nb diagram (after Pearce et al., 1973); b—Nb—Zr—Y diagram (after Meschede, 1986); c—Ti—Zr—Y diagram (after Meschede, 1986); d—Zr
/ Y—Zr diagram (after Pearce et al., 1973); e—Ta / Hf=Th / Hf Graphic illustration (after Pearce et al., 1973); {—Thze / Yb—Ta / Yb graphic (after Pearce, 1982)

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(3)



AT H 3

KRAE : o LXK L ORL 2 A AR kA s 689

RIARRZHET OIB Mt R EFENFHEEREETERILE

Table 3 Basalt and OIB end elements and incompatible element ratios in major chemical reservoirs in the study area

e V% Zr/Nb La/Nb Ba/Nb Ba/Th Rb/Nb Th/Nb Th/La Ba/La

1 Ji s i g 14.8 0.94 9 77 0.91 0.117 0.125 9.6

2 N-MORB 30 1.07 43 60 0.36 0.071 0.067 4

3 KPifi 5% 16.2 2.2 54 124 4.7 0.44 0.204 25

4 GLOSS 14.54 32 86.8 112 6.4 0.77 0.24 26.9

5 HIMU-OIB 32~5  0.66~0.77  4.9~5.9 63~77  0.35~038 0.08~0.10  0.11~0.13  6.8~8.7

6 EM1-OIB 5~13.1  0.78~1.32  9.1~23.4 80~204  0.69~1.41  0.09~0.13  0.09~0.15  11.2~19.1

7 EM2-OIB  4.4~78 0.79~1.19  6.4~11.3 57~105  0.58~0.87  0.16~0.17  0.11~0.18  7.3~13.5

8 WAL XA 6.3~141  0.6~1.65 7.5~21 59.2~174  0.45~1.44  0.1~0.24 0.15~0.2 7.51~26

0 —— 6.7~7.6  120~1.44 162~432  127~309  0.54~1.74  0.12~0.15  0.09~0.12  12.9~30.8
(7.24) (1.35) (27.98) (202) (1.0D 0.14 0.10) (20.71)

W5 1~3 .5~7 Bidlé ok A SCHk (Baker et al., 1994) ;)75 4 4l >k A SCHik (Plank et al., 1998) ;)55 8 £idls >k A SCaik (H JE55,2003)

LW £4150Ma SE

AL P 1 1

P10 Z ORI A T b i 3R /s

Fig.10 Schematic diagram of basalt tectonic environment

KRR 253~256 Ma, 251~253 Ma 8 i iRk 5 A7
R TS I ) . AR
BOH % 7 85 A U—Pb 4FE 345 (251.7+4.2) Ma il 7+
RIS B T I A i B S
LT SO T R, i LM e 5 IR E L
ZRAEA AR AR (E 6) . HfdERITERR
a3 PR S5 0 3 Al ol R S X i R BT S
U JA 1L 2 AR A KRG 27 A% Jl i S kA L
LA ERUR TR R X ARAE LA S 2s S5 R % e

TN, 2 LR 2 A R A L L 1) —
53, S M AT T ST T I 1 R RO 7 — o R
SRR P (XS RS, 2019)
5.6 tiEE L

ZEA I E 1 Z B A BA R R S
TR, Hu A T 05 15 3, 4 F R PE St 52 K AR R
PSSR Y R S St = 3 1 4 D I L S VA (|
FJLAE S BOE BT IR AR 112 2
LM AT ST . BB XN FEE
P R R R 05 By, He— S JE 1L s 5
TR A i = S L S R A K
IR, BEBST B 25 R 06 gl T B i A , A (i L
REZE UL TP AR BE Y BT — 2P I s 4R . %
DX P A H e e R 0 g Oy 2 AR R B POk IR 8
(FHELRZT A, 2006 XIFEEEAF,2019)  H T g =&t
(W EN iz 5y, XN A I 8 S5 Z JiT Y Pk BB A8 4k
KRGS, I T B0 R PRI OC T , BT
v fE B BE . ML), 12200 X 52t RS PR bR R 1 5%
M), ety A28 T RS A i — 20 A e, O & e
WA b RAUESE(2001) I, U4
FE— LR 8 A v by 20 B T aE 1L T Sl iR
Wr 2L () PR TS A O o B LIRS A )1 [ DX P
T IS ) D JEE Al R RO Al e lf 43 , S BOH AR b b IX
— RV WZE KN — 0 BB R A%
WS4 35 3y, FEAS st 1 BUAE A0 M T3 (181 10) 6

6 zt i

(1) 23 X 2 M 28 5 LA-ICP-MS 85 47 U—
Pb J4F | i '8 2 i 28 A B AR I 0 (251.6+4.2)

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



690 i [

b, J 2020 4F

Ma(MSWD=0.20) , {H 8 4F #5351 24 (143.5+£1.9)Ma
F1(150.5+2.4 )Ma,,

(2) b IX 2B 2 8 TR Bk Ll 2 E &R
G5 SRk A 11 A 53, HAT BRI TIO. &%
i (£92.57%) , Ml AT I T (29 251.6 Ma) Hi i
S AR B AR P SRR A IR o B 4 R U o

(3) AR X AE e =B AV EN S 5E A T
T i e A B B3 1 i P 2 L Y AR B B P P 4, A i AR
il FH Tk IR A LR I #5471 T UR s
554 NE B NNE [1] , Ff7EHE L A g A

Reference

Baker M B, Stolper E M. 1994. Determining the composition of high—
pressure mantle melts using diamond aggregates[J]. Geochimica et
Cosmochimica Acta, 58(13):2811-2827.

Bi Shijian, Li Jianwei, Zhao Xinfu. 2008. Hydrothermal zircon U—Pb
dating and geochronology of quartz vein— type gold deposits: A
review[J]. Geological Science and Technology Information, 27(1):
69—76 (in Chinese with English abstract).

Fernando C, John M. Hanchar, Paul W O Hoskin, Peter K. 2003. Altas
of zircon textures[J]. Reviews in Mineralogy and Geochemistry,53:
469-500.

Frey F A,Green D H, Roy R D.1978. Intergrated models of basalt
petrogenesis:a study of quarti tholeiites to olivine melilities from
south eastern Austrslis utilizing geochemical and experimental
petrological data [J].Journal of Petrology, 19:463—513.

Gao Xuezhen. 2014. Study on metallogenic model of basalt copper
deposits in mount Emei[J]. Sichuan Nonferrous Metals, (2):26—29
(in Chinese with English abstract).

Green T H. 1980. Island arc and continent—building magmatism — A
review of petrogenic models based on experimental petrology and
geochemistry[J]. Tectonophysics, 63(1):367—385.

Hastie A R, Kerr A C, Pearce J A, Mitchell S F. 2007. Classification of
altered volcanic island arc rocks using immobile trace elements:
Development of the Th—Co discrimination diagram[J]. Journal of
Petrology, 48(12):2341-2357.

He Bin, Xu Yigang, Xiao Long, Wang Kangming, Sha Shaoli. 2003.
Generation and spatial distribution of the Emeishan large igneous
province: new evidence from stratigraphic records[J]. Acta
Geologica Sinica, 77(2):194—202(in Chinese with English abstract).

Hou Zenggqian, Lu Jiren, Li Hongyang, Wang Denghong, Lii Qingtian.
1996. Tectonic evolution or the tethys in Southwestern China: Is
controlled by plume tectonics[J]. Acta Geoscientia Sinica, 17(4):
439—-453 (in Chinese with English abstract).

Lai Shaocong, Qin Jiangfeng, Zang Wenjuan, Li Xuejun. 2009.
Geochemistry of the permian basalt and itsrelation ship with east

Palaco— Tethys evolution in Xiangyun area, Yunnan Province[J].

Journal of Northwest University (Natural Science Edition), 39(3):
444—452 (in Chinese with English abstract).

Lebas M J, Lemaltre R W, Streckeisen A, Zanettin B. 1986. A
chemical classification of volcanic rocks based on the total alkali—
silica diagram[J]. Journal of Petrology, 27(3):745-750.

Li

-

Changmin. 2009. A review on the minerageny and situ
microanalytical dating techniques of zircons[J]. Geological Survey
and Research, 33(3):161—174 (in Chinese with English abstract).

Li Changmin, Deng Jinfu, Su Shangguo, Li Huimin, Liu Xins. 2010.
Two stage zircon U— Pb ages of the potash altered rock in the
Dongping gold deposit, Hebei Province, and their geological
implications[J]. Acta Geoscientica Sinica, 31(6):843— 852 (in Chinese
with English abstract).

Li

—

Hongbo. 2012. Mantle Plume Geodynamic significances of the
Emeishan Large Igneous Province: Evidence from Mafic Dykes,
Geochemistry and Stratigraphic Records[D]. China University of
Geosciences (Beijing) (in Chinese with English abstract).

Li Wenbo, Huang Zhilong, Chen Jin, Han Runsheng, Guan Tao, Xu
Cheng, Gao Derong, Zhao Deshun. 2002. Sources of ore—forming
materials in Huize superlarge zinc—lead deposit, Yunnan province:
evidence from contents of ore— forming element in strata and
basalts from margin of ore district[J]. Mineral Deposits, (S1):413—
416 (in Chinese with English abstract).

Liu Demin, Guo Hongjie, Zhang Genyuan, Kong Linghao, Shao Junqi,
Zhang Jinqi. 2019. Petrogenesis and Tectonic setting of High—Mg
Volcanic Rock Xenoliths in Jianshui Area, South—eastern Yunnan,
China[J]. Earth Sciences, 44(5):1749— 1760 (in Chinese with
English abstract).

Liu Ying, Liu Haichen, Li Xianhua. 1996. Simultaneous and precise
determination of 40 trace elements in rock samples using ICP—
MSIJ]. Geochimica, (6):552—558(in Chinese with English abstract).

Liu Yongshen, Hu Zhaochu, Gao Shan. 2008. In situ analysis of major
and trace elements of anhydrous minerals by LA— ICP— MS
without applying an internal standard[J]. Chemical Geology, 257
(1-2):34-43.

Ludwig K R. 2003. Isoplot 3.0— A geochronological toolkit for
Microsoft Excel[J]. Berkeley Geochronology Center, Spec. Pub.,
(4): 1-70.

Mabhoney J J, Coffin M F. 1997. Plume/lithosphere interaction in the
generation of continental and oceanic flood basalts: Chemical and
isotopic constraints|M]//Large Igneous Provinces: Continental,
Oceanic, and Planetary Flood Volcanism. American Geophysical
Union, 335-355 (in Chinese with English abstract).

Meschede M. 1986. A method of discriminating between different
types of mid—ocean ridge basalts and continental tholeiites with the
Nb—Zr—Y diagram[J]. Chemical Geology, 56(3/4):207—218.

Morgan J P, Blackman D K, Sinton J M. 2013. Phase equilibria

constraints on the origin of ocean floor basaltsiM]//Mantle Flow

and Melt Generation at Mid—Ocean Ridges. American Geophysical

http://geochina.cgs.gov.cn 1 EHT, 2020, 47(3)



5478 3

KRAE : o LXK L ORL 2 A AR kA s 691

Union, 67—-102.

Nie Aiguo, Qin Dexian, Guan Daiyun, Huang Zhiyong, Zhang Zhuru.
2007. A research on regional metallogenic contribution to gushing
Emeishan basalt magma in western of Guizhou province[J].
Geology and Prospecting, 43(2):50— 54 (in Chinese with English
abstract).

Pearce J A, Cann J R.1973. Tectonic setting of basic volcanic rocks
determined using trace element analyses[J]. Earth & Planetary
Science Letters,19(2):290—-300.

Pearce J A. 1982. Trace element characteristics of lavas from
destructive plate boundaries[J]. Orogenic Andesites and Related
Rocks, 528—548.

Plank T, Langmuir C H. 1998. The chemical composition of
subducting sediment and its consequences for the crust and
mantle[J]. Chemical Geology, 145(3): 325-94.

Song Xieyan, Wang Yulan, Cao Zhimin, Jin Jingfu, Li Juchu, Wen
Chunqgi. 1998. Emeishan basalts, Emei tafrogeny and mantle
plume[J]. Geology Geochemistry, (1):47— 52(in Chinese with
English abstract).

Song Xieyan, Hou Zengqian, Cao Zhimin, Lu Jiren, Wang Yunliang,
Zhang Chengjiang, Li Youguo. 2001. Geochemical characteristics
and period of the Emeishan igneous province[J]. Acta Geologica
Sinica, 75(4): 498 — 505(in Chinese with English abstract).

Song Xieyan, Hou Zhenggian, Wang Yunliang, Zhang Chengjiang,
Cao Zhimin. 2002. The mantle plume features of Emeishan
basalts[J]. Journal of Mineralogy Petrology, 22(4):27— 32(in
Chinese with English abstract).

Wang Baolu, Lu Shikun, Hu Jugui. 2004. A tentative description of the
Chuan— Dian— Qian rhombic massif[J]. Yunnan Geology, 23 (2):
140—153 (in Chinese with English abstract).

Wang Denghong. 2001. Basic concept classification evolution of
mantle plume and large scale mineralization probe into
southwestern China[J]. Earth Science Frontiers, 8(3):67— 72(in
Chinese with English abstract).

Wang Fudong, Zhu Xiaoton, Han Tao, Wang Zhong— gang. 2011. An
experimental study on genesis of Emeishan basalt—related native
copper deposit in the Sichuan— Yunnan— Guizhou area[J]. Acta
Mineralogica Sinica, 31(3):322— 327 (in Chinese with English
abstract).

Wang Wei, Yang Ruidong, Bao Miao, Wei Huairui, Wang Qiang. 2006.
Discussion on the mineralization associated with the wearthering
crust on E’ meishan basalt in Guizhou Province, China[J]. Journal
of Guizhou University(Natural Science), 31(3):322— 327 (in
Chinese with English abstract).

Wang Yunfeng . 2013. Studies on Petrology and Geochemistry of the
Permian Basalts in Lijiang Area, Yunnan Province[D]. China
University of Geosciences (Beijing) (in Chinese with English

abstract).

Wang Yunliang, Hughes S S, Tong Chunhan, Xiong Shunhua, Li
Juchu, Zhou Rongsheng, Li Jianlin. 1987. Geochemistry of the late
permian Emeishan basalts and implication of subcotinental mantle
evolution[J]. Journal of Chengdu College of Geology, (3):62—77(in
Chinese with English abstract).

Winchester J A, Floyd P A. 1977. Geochemical discrimination of
different magma series and their differentiation products using
immobile elements[J]. Chemical Geology, 20:0—343.

Wu Genyao. 2001. Rejuvenation of fossil deep fractures and related
Yanshanian intracontinental orogenics: Examples from south
Sichuan east Yunnan and middle Yangtze areas[J]. Geotectonic et
Metallogenia, 25(3):246—253(in Chinese with English abstract).

Xu Yigang. 2002. Mantle plumes, large igneous provinces and their
geologic consequences[J]. Earth Science Frontiers (China
University of Geosciences, Beijing), (4):341—353(in Chinese with
English abstract).

Xiao Long, Xu Yigang, He Bin. 2003. Emei mantle plume —
subcontinental lithosphere interaction: Sr— Nd and O isotopic
evidences from low—Ti and high—Ti basalts[J]. Geological Journal
of China Universities, 9(2):207— 217(in Chinese with English
abstract).

Xiao Long, Xu Yigang, Mei Houjun, Sha Shaoli. 2003. Geochemistry
of Emeishan flood basalts at Binchuan area, SW China: Rock types
and temporal evolution[J]. Chinese Journal of Geology, 38(4):478—
494 (in Chinese with English abstract).

Xu Yigang, Zhong Sunlin. 2001. The Emeishan large igneous
province: Evidence for mantle plume activity conditions[J].
Geochimica, 30(1):1-9 (in Chinese with English abstract).

Yan Jihong, Shen Jishan. 2006. Characteristics of Dongwu Movement
in Southern China[J]. Land and Resources Guide, (S1):7— 9(in
Chinese with English abstract).

Yuan Honglin, Gao Shan, Liu Xiaoming, Li Huiming, Giinther Detlef,
Wu Fuyuan. 2004. Accurate U— Pb age and trace element
determinations of zircon by laser ablation— inductivelu coupled
plasma mass spectrometry[J]. Geostandards and Geoanalytical
Research, 28(3): 353—370.

Zhang Zhaochong, Wang Fusheng, Hao Yanli. 2004. Geochemistry of
the picrites and associated basal ts from the emeishan large igneous
basalt province and constraints on their source region[J]. Acta
Geologica Sinica, 78(2): 171— 180 (in Chinese with English
abstract).

Zhang Zhaochong, Wang Fusheng, Hao Yanli. 2005. Picrites from the
Emeishan Large Igneous Province: Evidence for the Mantle Plume
Activity[J]. Bulletin of Mineralogy, Petrology and Geochemistry,
24(1):17-22 (in Chinese with English abstract).

Zhou J X, Bai J H, Huang Z L. 2015. Geology, isotope geochemistry
and geochronology of the Jinshachang carbonate— hosted Pb—Zn
deposit, southwest China[J]. Journal of Asian Earth Sciences, 98(1):

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



692 h |

b, Ji 2020 4F

272-284.
Bt Hp 3252 Sk

Be ik, 22, BB . 2008, R4S A7 U—Pb 2455 41 S ik Al 4>
B RH I IR S R R, BRI R, 27(1):69-76.

VR, TR, 23KF, Bk, S04 . 2004, FE PG G 2B A X A
Ar—Ar F1 U—Pb F10 2% XMk i 11 2 3 2 i & B 2
FE[I]. B2 4%, 49: 1892—-1900.

A . 2014, WA 1L 2 aA - s AR S (0], 1A (4 ),
(2):26-29.

fapsak, 4 SCRI, 1 e, TR, Vh2840. 2003, JE LK JOsis 4 g
R B2 ) J A F OB 2 24 BB e IR (0], #2541, 77
(2):194-202.

BESETE, FCAT, L0, FEL, B . 1996, [ P4 g 4R i
T —— AR I T]. HBERFIR, 17(4):439—453.

HRZANE, ZEVTHE, JHOCHR, 252225 2009, B — B A XA L H SR
PRI AL A DGR [J]. VEAL R 2E 240 FARBLSEIR, 39(3):444—
452.

ZER R 2009, 454 BRI 2 A A X OB AR SRR ], H B
5%, 33(3):161-174.

AR, X AR, I [, 22 R, XUHTED. 2010, T db A AR R &40
Jo b A v R RS A AR AR 2R 5 AR [T). k2R, 31(6):
843-852.

g 2012, R FE LK K RUA S A Bl T2 S AR Bk
A KT 2SR (D). ol BTR 2 (L 3).

28 i, WO e, BRUE, SR, AR, VR, EAETE, XA 2002. =

SRR R P R M ——3k 07 X A1 L )22 S
LA TR A AR I]. 57 RHLT, (S1):413-416.

XIFERS, S SRR FLA 2 BRI, IR I L. 2019, AR K
i X B L A B R B B PR N 1 T S [D]. ML ER B 2% ,44(5):
1749-1760.

XU, X FL, 25k . 1996. ] ICP—MS Y 2 2 A R P i 40
ARV I [T). HiskAk2F, (6):552-558.

ek, e, E R, AT, I, 2007, WRJE LR A ST
R SN P X I ST RIS (7). T SR, 43(2):50—-54.

R, T 822, WAL £00m, 2E), RS . 1998, MhE 11X
A A S S e B[], s FRHEREE, (1):47-52.

AR, ER T, B AREL AT, IS, ST, 2R E L 2001 %

JE R KA B 15 A R AL AF AR AE BB BR[J]. M T2 412, 75(4):
498-506.

KA, G, TE 52, I, SRR, 25 . 2002, 1 E 10 L
ARG R [T, A, 22(4):27-32.

TRk, B, B 5. 2004, S8 EE S HRT]. = L,
23(2):140-153.

FEAR, KT, whiE, ErhN. 2011, JIEE X S5k E 1 Z e A
OCIY B SR PR R SE B FE [J]. 024, 31(3):322-327.

FELL. 2001 HuBEAT AUMEA: 432 AL S O U —— X
PRI AR, M2 AT, 8(3):67-72.

T A5, ME 2R, SR, BLAER, Tk, 2006. SN IRE % 2 A X R
FEE WA OCR[I]. SR A SRR, 23(4):366-370.
Tl 2013, = AT TTHLIX B0 LA 1A A 2 MR AL =4 B

5E[D]. IR A L ).

TEZ5E, Hughes S S, B4I5H, fESEAL, ZEELY), JH2584:, ZE @bk, 1987.
Uk 122 A Bk A2 A Al M T A [0, AT TR 22 4
(FRHIR), (3):62-77.

SR . 2001 1 URIST RS A6 5 e LL I 2 L0 S B —— LU TR —
T AR RT3 TR = o BT 28 D 810 0], B AE 3 5 2%, 25(3):
246-253.

¥ e, 1 NI, HEIREA, YRR . 2003, 2R B )1 Hl DX I FE 1112 50 A
BRAY 2 R AE 2 A7 2 8 T B b ) 35k Ak AL A (). BB 2%, 38(4):
478-494.

e, £ SCRIL A5k 2003, 08 M A — 25 A R 0 R VR TR IR
ORI Bk 2R Y Sr—Nd O [FA7 ZAEHE[I]. A R 24312, 9
(2):207-217.

% SCHI, BhPhFR . 2001, % JiE 1L A 48 - b A 1 2l (I K R
JE R & AR[I). hERTE2E, 30(1):1-9.

7 SCRAN. 2002, b MAT R AR A B HH 0N [J]. 32 i,

(4):341-353.
JHEYRLT, H4k111. 2006. I G 7 7R Sz S I ARIELT]. 1 R BRI,
(S1):7-9.

SRS, TR, ABHARE . 2004, MR 111K KOS Th o 5
AT R A2 R AE T X HIR X A 2 [0]. M2 412, 78(2):
171-180.

TRAHSL, TARAE, AHIAN . 2005, MR LK AR PR e g
FETG SIS (1] 790 A thER Ak 2 4, 24(1):17-22.

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(3)



