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Fig. 3 The CL images of zircons from the mafic—ultramafic rocks in Dianzhong area, Yunnan
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USSR 2 KT 91% , IRl 4a b AT LLE
L RES TG 17 A S T R R O B,
HA 10 At S, AR 3 i 2, Th/ U
1 0.2~2. 7 JERINAEAL, B0 s R B 41,10 4>
OIHTEARAF Ph/ 7P U A2 4E 8 R 260.2 + 1.6
Ma(MSWD = 0.4,n = 10) AUERMEA SR,
ULRA IR B T — St R o 7 AN B
AR BETPAE 298 ~ 438 Ma 2271 ~ 2439 Ma K&
2720 ~ 2773 Ma, HPrilgs A4 —E BE R, H g% 3
WA , B A& 254 | A] BRI A B A i Rl
R EEES A, R, o — 2k T A Rl
W—dr oo i AU 2 (R AP AR, 2011 JH I I 4
2012; F MR ZF, 2018 ; Cui Xiaozhuang et al. ,2018;
ZEHAE ,2018a, b XA AF, 2018, X 4514, 2018a,
2019,2020b,¢) .

TERHER A (D006 ) FF it 58 1 23 ST A 1 85 A
SRR AE (3R 1), IRISAREE 23 AN 30 734
R B0 ) 38 R0 BE 98 RN BE 38R F 92% , MAIA
de d AT LUE Y, 23 Dorbr sl B S BAR G
WA, Th/U (HER (1.2 ~ 4.2) B A SR B

R aAHAPHMREG—BEKENEE

£1,23 43 BF AR S Ph/ 28U I AL 24 45 1%
264.0 + 1.3 Ma(MSWD = 2.4,n = 23) fREIFK
WA TR,y & i,
3.2 BRI EHHE
3.2.1 ¥ExE

SR X BB — B B R P A R T s R a4 )
TEDLER 2; AR ] UL, fa) v K —EB B R A AR
Si0, = 42.74% ~ 45. 11% , Bk JE T3 ph—H 3Lk
w2, WA ERITERF, W RIS A
% MgO = 10.67% ~ 11.13% ,“F-21 59 10. 9% ; 3FeO
+ MgO 4 24. 11% ~ 25.68% , SZPrt ¥y h ki 4
i 90% , HiE B BE kA 285 Na,0 + K,0 =
2.02% ~ 2.06%;Ca0 = 18.15% ~ 19. 60% ;TiO, =
2.00% ~ 2.49%, MK A I MO = 8.93% ~
9.34% , V14 9. 07% R T ¥ A1 538 ;3FeO + MgO
H16.01% ~ 16.85% , SEPrir W) P S48 1 % &
80% ~ 90% , #iJm Bk E 25 Na, 0 + K,0 = 1.91%
~ 2.49%;Ca0 = 23.54% ~ 25.29%, = T ¥4
2#,Ti0,= 0.90% ~ 0.99% & T ¥ A2, W
AT Mg = 62 ~ 75,k 71,8 TR LG

TLER (%) MWETE (pg/g) HITERE

Table 2 Major and trace element compositions of the mafic—ultramafic rocks in Dianzhong area, Yunnan

FEM 45 | D005-1 | D005-2 | D006-1 | D006-2 | DO06-3 | DO06-4 || # 445 | D005-1 | D005-2 | D006-1 | D006-2 | DO06-3 | DO06-4
EAGTR | BAE | B | ERCE | EROE | MERCE | RS | A A AR | BEAE | EAE | RS | RS | R | R
Si0, 44.17 | 42.74 | 45.11 | 44.00 | 44.54 | 43.70 Dy 4.79 4.92 3.89 4.14 4.33 4.57
TiO, 2.00 2.49 0.97 0.90 0.99 0.92 Ho 0.92 0.94 0.73 0.78 0.83 0. 86
Al, 0,4 5.36 6.15 8.95 8.46 8.46 8.71 Er 2.54 2.59 2 2.11 2.25 2.32
Fe,0; 3.24 3.72 2.01 1.78 1.83 1.92 Tm 0.37 0.38 0.29 0.3 0.32 0.33
FeO 10.07 | 11.67 5.83 5.64 5.53 5.73 Yb 2.33 2.34 1.78 1.84 1.98 2.02
MnO 0.18 0.21 0.12 0.12 0.11 0.12 Lu 0.41 0.41 0.31 0.32 0.35 0.34
MgO 11.13 | 10.67 9.21 8.78 9.34 8.93 Y 26. 1 26.8 20.8 21.7 22.7 24
CaO 19.60 | 18.15 | 22.27 | 25.29 | 23.54 | 24.20 Zr 95.1 99.3 102 110 114 93
Na, O 1.68 1.42 2.32 1.66 1.95 2.16 Zn 84.8 131 162 165 129 192
K,0 0.34 0. 63 0.17 0.25 0.28 0.20 v 307 413 123 110 121 114
P,0; 1.71 1.45 2.74 2.81 3.12 3.12 Th 1.43 1.01 1.33 1.67 1.41 1.32
PS8ty 99.48 | 99.30 | 99.70 | 99.69 | 99.69 | 99.71 Sc 35.4 34.5 23.9 25.6 25.7 23.6
Na,0+K,0| 2.02 2.06 2.49 1.91 2.23 2.36 Sr 266 283 543 617 603 456
Mg* 67 62 74 74 75 74 Rb 7.9 18.8 9.8 10.5 12.9 7.1
La 13.7 13.6 14.4 15.7 15.3 16.7 Ni 125 113 50.7 50.1 51.3 49
Ce 30 30.6 30.8 33 32.7 36 Nb 7.9 7.79 4.81 5.92 4.55 4.73
Pr 4.4 4.57 4.31 4.63 4.69 5.04 Hf 3.2 3.24 3.35 3.72 3.96 3.19
Nd 19.3 20.2 18.3 19.7 19.9 21.6 Ta 1.34 1.57 1.11 1.25 1.09 1.01
Sm 4.22 4.39 3.75 4 4.09 4.39 >REE | 114.78 | 117.75 | 106.52 | 113.67 | 115.09 | 124.03
Eu 1.17 1.3 1.04 1.09 1.12 1.19 8Ce 0.93 0.93 0.93 0.92 0.92 0.94
Gd 3.87 4.02 3.5 3.75 3.81 4.08 o6Eu 0.87 0.93 0. 86 0.85 0. 86 0.85
Th 0.73 0.75 0.62 0. 66 0. 68 0.73 ||(La/Yb) x| 3.97 3.91 5.45 5.75 5.21 5.55

T FICRIFUR TR B 11 WAL TR AL SRR LR Sk AT e Bk
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KB RETET P EK A kAN A, B0
BR— BB A AR R A S R, SRR — Rk
Jhg e A AR | R B T S kA L X R A
PRI, A B JE He ARG sh iy =4, BB A A 02 Tk
PSR e R S A3 Rl %) 7 0, T v K A R TR A
AR BT A Rl ) 7 0 (A SCMIFI BP9 Ak, 2001 5 R
R 2, 2001 5 7 SCIIT, 20025 3K 478 22 45 20065 7K 47
55,2009) o AT UL 5K A e AR AT AR SR IR X
S3VE R RR B W) th B R — R Bk A AR N B T
i PAAEFEAN R B AN [R5 o s i 6 7
RIHE A7 25 28 CRE OGP o K ) A2 b e AT 7 R B AR
TR AT R ) DR 28 (AR BR ) S 7 AL
T PR B R AR Rl ) 7 ) X ARG I B T PR
AEEEITTRINZES ., Ao, LRI A5k 2
BEEH CaO, /R THERR MG RS B rh A2 &
B RV 2 S E R R Wi — 2P U T )
BERR—ER B ok T AP AR B DR I R M A R
Ren Zhongyuan (2019 ) 3t =5 X 1l VL b DX i e N 4
AL AR SE R I, IR JE 1L B TR A 0
AUAZE, AT WL ) B R — R R R B AR
g JE Ll 2o B A R AR DCRAE , 3 B R TR
%,
3.2.2 MEMBLIRTE

Mt R TR AT A R WL AR 2, fa) P B
BR— BT RS 1 B R I, SREE = 106. 52
~ 124.03 pg/g, V¥4 115.31 pg/g, (La/Yb) =
3.91 ~ 5.75; WNHii BT R FRE 54T, B gk — B gk

1001
(2)

HARRKBRE

1 1 1 1 1 1 1 1 ]
La Ce Pr Nd SmEu Gd Tb Dy Ho Er Tm Yb Lu Y

FUE R H TR o R AR (] 5a) g B
SEIBI R TR B IR, A R AN L, H
i HA SRR U 75 (8Ce = 0.92 ~ 0.94,°F
B4 0.93) K5 T 55 300 BT 0 10 400 3 3R B
(X445 2020b,d)

7£ MORB FrfEAb i 70 22 Wk I 151 ( 1] 5b) Hrm]
DI ot o0 2 SR AR AR K, i s () U 8 Ak R
Ik BN w4 Rb Ba Sr . Th 55 KB FR ALK,
AHXT 45 Nb Zr \Ti Hf 5= 358 0 % (Ta A5 W]
AESZ T HbACIRRL A A A TR T80 REM TR
Yb .Y ;A4 53 Nb, i Ta A5, Nb/Ta = 4.17 ~
5.90, .78 Nb—Ta A B @418, A A0 Zr—Hf
fH(28.79 ~ 30.65) 2t (E W& /NT) 5L I Ho 12
(36.27) ik TRK 7 (11) , F& A HARRE
SR BT ) A ki B T B A I DX )
TAMETTRE 7P FE T H LA (MORB) , R
I SR B SN iU N 3 R T o (T = S S
OIB FHALARAE , 5 0% JE 1L 20 3 b e A 445 Ak
BARRL, AIEShPEICE Sr.Ta AR & 54, 9
8 DO F S0 op VR A DG B SR Al B i 2 0 5 9
TG J UK LA R (XN 4555 ,2020¢,d)

4 HHE

4.1 EBBELXAREEHXE

AT E A EROCR AR, ) BBk —il
B Rt B, R % S IO i e v LR
BCH TR BCA R, 18R T S R B L b A

W (TR AR5 2006; K4 52,2009) , EATHY

1001

(®)

—_
o

4 A /MORB

—_

0.1 1 1 | | 1 1 1 1 1 1 | 1 | J

Sr K Rb Ba Th Ta Nb Ce P Zr Hf Sm Ti Y Yh

[ 5 2 B ) Hp i X B Ak — B B A BB A AR AR 2 T R e (a)
MORB FrufEAb i e Z B M & (b) (i Sun and McDonough , 1989)

Fig. 5 Chondrite-normalized rare earth elements patterns (a) and MORB-normalized trace elements

spidergrams (b) of mafic—ultramafic rocks in Dianzhong area, Yunnan (after Sun and McDonough, 1989)
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Fig. 6 Th/Hf—Ta/Hf diagram of mafic—ultramafic rock in

Dianzhong area

2001&)

Yunnan ( after Wang Yunliang et al. ,

Ta/Hf (E#E K T H 4T 0.3, 57 = 5545 (2001) BF
TE S AR R X A (Ta/HE > 0.3) 38— 3,
FE Th—Ta—Hf EIffH (B 7) BB —B B A A
FE A AR 47 T A Hb 8 AT 2 X 78 Ta/ Th—
Zr/Nb Fl Th/Yb—Th/Nb #4 1 B8 355% J1) 51 figt o ( &
8) , A 4 I8 AN LA (WPB) XY, 156
A P b X R T RN APk R, BT R
FIUABE A L5 2 o -9, 1 R Ak rh— B St R

10

¥ % R A (MORB)
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0.1+
0.01 |
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0.001 :
1 100 1000
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L A V5 S ) ) 7, T R 5 b A 3 B 2 DA O
(TKIBELEE 2006,2009 ; PME —%55,2019) .

F£ Zr—Nb [EIfi (& 8a) H, FE 5 R T3 R ih
1) 1 Y8 DCHRRAIE , ST T R A M e —3,
SR L R KB — B B A N R h— S
QLENRIE: RS2 A i 4207 N [ RS- N [ 3 3
SR, HIR XA RE A A2, SR ATIR R
K ) P B — i B PR E A R B
BRIC SRR P LI oy E R BE RS
Ni—Zr Ff#4E 75 10% ~ 15% 5B53 ¥ il A — 2 (&
8b) AR/ T 5 H i 1) M A i A (R S
4 2006 K485 ,2009) . H s A3 S ek S ok
KA A AR SER B8 s B Sl R SR T g
FESK B 205 A B (R AE R4S, 2019) |, i) v s R TR
DX A B R AT AR 5 ik i 1%
A EA ML RRAE , SO0 R 8 A (LR kA AR B T
BELH B A3, I ) Hh B i B R T R A P R
BORF , S A LR BUE A — AN BN 3 AR
ko

e i a I Zios " A A4 A Dt LA |
KEGHIBEZ A A 3, B M & R | 38538 Ay ik
ENIE A wapis:il i RE /M Ef IR warepal
HEWER TR FE, REFHHE I NEE L 2R
R SR A ALY i R R S IR R T
J& L M ARG S, S 3 s A,
WA L Z R A A A S BN S
(R4REE,2006; 7 5 304 ,2014) , TFSY X Y 8¢
BR—B B A A AR s A LR () b g A =
5z m ) b DX 1L i i S — I A
A T YT M A R AE A BN (R 1 RS, 2006 ; 5
LA, 20145 72 A, 2018) o AR E 2 AR A L

100 5
KHi 2 % J(CMA)

10
2 M Z K2 (WPB)
g1l

REEJE(OIA)

0.1}

e #*%?\ﬁ%‘(MqRB) .

0.01 0.1 1 10

Th/Nb

7 mpg b X Bk — B BE kA Ze/Nb—Ta/Th J% Th/Nb—Th/ Yb #3351 ] (48 Jl K = 45,2008 )
Fig. 7 Zt/Nb—Ta/Th and Th/Nb—Th/Yb tectonic formations discrimination diagrams of

mafic—ultramafic rocks in Dianzhong area, Yunnan (after Zhou Jiayun et al. , 2008&)
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Fig. 8 Zr—Nb (a,after Zhao Guochun et al. ,2003&) and Ni—Zr (b, after Hastie et al. ,2007)

diagrams of mafic—ultramafic rocks in Dianzhong area, Yunnan
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Constraints on genetic link between Emeishan large igneous province

Characteristics of the late Middle Permian mafic—ultramafic rocks
in Dianzhong area, central Yunnan, and their relationship
with the Emei Mantle Plume

——ZEvidence from zircon U-Pb age and petrogeochemistry

LIU Junping'” , WANG Xiaofeng" , WANG Xiaohu'"” , YANG Aiping"> , SONG Donghu"’,
TIAN Sumei" , XIA Caixiang ", ZHANG Kun" , YANG Shipan"

1) Yunnan Institute of Geological Survey, Kunming, 650216;
2) MLR Key Laboratory of Sanjiang Metallogeny and Resources Exploration and Utilization, Kunming, 650051

Objectives: After a regional geological survey of 1 : 50 000, new mafic—ultramafic alkaline rock bodies were
newly discovered in the Dianzhong area of Eshan County. The lithology is garnet-containing apatite rock and
syenite. Petrogeochemistry shows that the SiO, content of the rock is 42. 74% ~ 45.11% , which generally has high
MgO (8.78% ~ 11.13%) , iron-rich (full iron content) , low TiO,(0.88% ~ 2.45%) , and low Na,O (0.17%
~ 0.62%) , alkali-rich characteristics.

Results : Enrichment of large ion lithophilic elements ( LILE) such as Rb, Ba, Sr, and Th, relative loss of
high field strength elements ( HFSE) such as Nb, Zr, Ti, Hf and heavy rare earth elements Yb, Y, during the
magma formation process, it had a moderate degree of partial melting (about 10% to 15% ), and experienced
significant crystal differentiation in the later stage. Zircon U-Pb LA-ICP-MS dating of pyroxene and gabbro, 260. 2
+ 1.6 Ma (MSWD = 0.4, n = 10) and 264.0 + 1.3 Ma (MSWD = 2.4, n = 23).

Conclusions; Belongs to the late Middle Permian, and has similar geochemical characteristics and
emplacement age to the Emeishan basalt. Based on the regional data and the above characteristics, this paper
believes that the mafic—ultramafic alkaline rock in the Dianzhong area of Eshan County belongs to the product of
the Emeishan mantle plume. This discovery is of great significance for enriching the data of the Emeishan large
igneous province.

Keywords: Emeishan basalt; mafic—ultramafic rock; mantle plume; branch stigma; central Yunnan
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