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occurred during the Late Permian, including large-scale flood basalt and alkaline rocks that were closely associated in
both time and space. These alkaline rocks of the Emeishan large igneous province (ELIP) exhibits variable
compositions ranging from sodic type to ultrapotassic type, and their petrogeneses are controversial. Therefore,
through petrology and geochemistry analyses, this study focused on syenite, ranging from sodic type to ultrapotassic
type, in the Miyi region, Sichuan Province, to explore the role of crustal materials in the process of composition
transformation of Miyi syenites, and further constrain the plume-lithosphere interaction of the ELIP. The Miyi syenites
are composed of alkali feldspar, plagioclase, and aegirine-augite. The aegirine-augite exhibits characteristics of
enrichment in high-field-strength elements, depletion in large-ionic-lithophile elements, and negative anomalies in Ta,
Sr, and Eu. Zircon U-Pb dating reveals that the Miyi syenites have an age of (258.8 = 1.7) Ma (MSWD = 0.78),
corresponding to the late stage of Emeishan mantle plume activity. The Miyi syenites display moderate SiO, (58.91%
t0 66.19%), high AK (Na,O +K,0 =9.48% to 11.50%), A/CNK values of 1.20 to 1.34, and A.R values of 2.17 to 5.14.
The syenite is relatively enriched in light rare earth elements and depleted in heavy rare earth elements, with (La/Yb)y =
9.38 to 16.50. The rocks exhibit evolved Sr-Nd-Pb isotope compositions, with (87Sr/gf’Sr)t = 0.707 26, enq(t) = —1.87,
and (ZOGPb/MPb)‘ = 18.835. The thermodynamic modeling results indicate that the Miyi syenites could have been
produced by fractional crystallization of high-Ti basaltic magma. The fractionated mineral assemblage consists of
~35% plagioclase, ~ 17% clinopyroxene, ~ 11% olivine, and ~ 4% oxide. The results of the trace element and
isotopic modeling indicate that the Miyi syenites were derived from high-Ti basaltic magma that underwent 30% to
70% fractional crystallization with minor crustal assimilation (~ 10%). Therefore, this paper argues that in the
extensional settings of the late stage of the ELIP, fractional crystallization of mantle-plume-derived magma, and its
interaction with crustal material led to the widespread development of sodic-type to ultrapotassic-type syenites within
the inner zone of the ELIP.

Key words: Emeishan large igneous province; alkaline rocks; assimilation and fractional crystallization; plume-

lithosphere interaction
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Fig. 1 Geological map of the study area
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Fig. 2 Field and microscope photographs of Miyi syenites
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K 5 IF K 4 B 424 Sr-Nd-Pb [ {37 % 43 B 45
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*“pb),=18.835, C*'Pb/"'Pb) = 15.654, (***Pb/'Pb) =
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AT PRI N R AL E [ en(t) = +2.4~+2.5; Zhang
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B2 4 b (0 B A R AT RS R e A, A 1R M
ARG A 10 AR 8% 43 5] 2 (259.1 + 0.5) Ma il
(259.2 +0.3) Ma, ¥ # 7E 15 22 5 [l N 58 & — 34
XA gk B T ELIP 3 WE Ok Y A % Oy 259.2~
259.1 Ma, F £ B[] /N T 1 MaC s 42 Fl 7 LW
2017)

A SCWCE T ELIP YAl IR 1 25 A SR O
A7 )85 A7 U-Pb Al 42 7 Ar-Ar 4 I8 B8 CHF 22 5D,
HWHEMN EER LT 258 Ma 22 47 (51 9) . A
Hok B 1E KA B985 47 U-Pb 4E %l (258.8 £1.7) Ma,
5 ELIP By Wt & W Wy &, 403 1 ELIP J5 W1 (4 %5 5

3. B, K5 EK A5 ELIP 7 H A 1 X
R TE A B Bk BT — R B AR AR D) B I
AT 19 2K L 1) 2 () s 1 1Y, S ELIP (4 20 13 4 o
42 KX FEKAEHHREA

T A SR X IE A A B BL R B SR R, R A
FE UL R LR A5 COTF 5% 5 A 10 358 2 4 al
(Litvinovsky et al., 2000; Xu et al., 2022); (2) & £
A R b R A3 il ) R 2R R A )
5249 7= # ( Brown and Becker, 1986; Rios et al., 2007 ;
OFRPERE AR GEFEENEARKESE 50
7= %) (Riishuus et al., 2005) .
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JBd AR EACE R (OB RALIR J Fo o B 25 dh 4 7
B LELERER AR EE S BEXA
(e EEATRALRER S BLREREMLER, 47
AL EHE 7] B Sun and McDonough, 1989; 2 4k % &, & fe ik
KE R B HKIET] A Xiaoetal, 2004; L EH 2 HKIEF] A
Zhang et al., 2006; F 3 5 2 #% HK-21 5] & Gao etal., 1999,
PLA K B ; Cpx. 4142 & ; OLAK AL & ; Oxide. A AL 4D

W r R EA S 2T e, AR E
KB T %A 0K M5 855080 R W RE, B
A = Th/Nb H { (Th/Nb = 5.87) Fll i Nb/U L A
(Nb/U = 0.1)(Gao et al., 1999), L J & 4 () Nd [6]
£ ZHFAE [ eng(t) =—7.04 ~—3.99, T =260 Ma; Zhu

etal, 2017 ] o BN XF A B AR IERK A
4 F 5% 2 B 5L AT B 3% A9 Nb-Ta £ 5 % (Nb/La =
0.48~ 0.71), & () Nd [ 7 B H1FE [ en() =
=7.77~-6.09 1 , AR HRE T4 F b ool
PR 58 T 40 il (Xu et al, 2022) . K5 IF K 4 A
H A% ¥ Th/Nb B (Th/Nb = 0.23~ 1.28) Fl /5 (1)
Nb/U L B (Nb/U = 44.3~205), F1 55 & 4 i Nd [7)
L ZHRAE [ ena() =—1.87] , S4B 2 1E
K DL 1 BBy 2 R L 5E 0 BRI o0 R
FRAEIE R — 20, B IR ARk A i 3 7 il beh
6 iy AR Hb 5 T 43

XoF 5 U R R e R R M S SRR A T
14 1 A 50 H AR W) 4Ly AL ER fh 28 R AE L R
WP L P MARAE . KR 5 IE KA AR T IR R MR
F 0w SRR 4 o (I 2-D~F), [H]
B LA % (19 MgO( 0.14%~ 1.27%) Fl Fe,0,'( 5.80%~
8.50%) JTT i 7 4, AN ELAT ek IR A R .
F-Hb 5T ELA B A 1Y Sr-Nd-Pb [Rl {7 Z [ (¥St/*’sp), =
0.728 37, ('“Nd/"*Nd), = 0.510 63, &y,() = —36.01,
CPb/Pb), = 39.7 ] (Gao et al., 1999), ifii K 5 iF
KA 0 TR 7 38 25 R B 4 s IR A K, =R
HA % S PR AR (A 8D, NIk 5 IE KA A
SRR TooiR RS K SSRGS
Gy SRR

VF £ 2 F 0 ELIP 1 (9 1F K25 2 i 2 i R
FR AL R, o AR & —BUR A
2 20 R R A 28 J6 2 HE {E (Shellnutt et al., 20095
Zhang et al., 2019; Zhang et al., 2020) . ELIP A9 % &
HEA AR 2R KT, AR X R AW
La/Yb B A5 B & & FARER X oA R [ & 4k
(La/Yb)y = 8.10~ 16.56, 1k £k (La/Yb)y = 1.55~
8.59 ] o EEK LI A R I B w4 AT ) Sr-Nd
A £ % 4 F [ (¥St/™Sr), = 0.703 93~ 0.707 59,
C"PNI/™Nd), = 0.512 08~ 0.512 57, eya( 1) = —4.52~
+4.98 ], MARERZ 20 A AR X S w4 [ (VSe/*°so), =
0.704 62~0.706 74, "*Nd/"*Nd) =0.512 08~0.512 41,
eng(t) =—8.18~+1.79 ] (Xu et al., 2001, 2007; Xiao
et al., 2004; Zhang et al., 2006; Tian et al., 2017) , R
BRGERKABLA S EEM a0, (AHEAIT
H T KBk X R A La/Yb H fH (La/Yb = 13.1~
23.0) il LREE & &, & W] H AR TR X R
BER B B a . BEEER S BA 5 iE
Ll Bk K BT A K — 30 La/Yb(4.06~8.25), Fil
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(2023 )38 13 - i 52 K Al MELTS #4 g 2 4 40 2%
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