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The Petrological and Geochemical Characteristics of Emei Shan
Basalt in Leibo County, Sichuan Province
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Abstract: Based on profile survey and microscopic and geochemical study, the authors investigated the Emei
Shan basalt in Leibo County, Sichuan Province. Some conclusions have been reached: (DThe rock types mainly
include compact basalt, porphyritic basalt, and amygdaloidal basalt with columnar joints, formed probably by
typical terrestrial eruption; @The petrochemistry is classified as alkaline basalt with high titanium, resulting
from stretching in plate; ®The basalt originated from enriched mantle source, which was produced by mantle
plume and formed at large depth, and experienced similar activities of magmatic evolution and crystallization

differentiation; @The basalt has no eruptive breccia facies, and consists mainly of the spillway overflow facies.

It is the product of extensional action in Panxi rift and may belong to its marginal facies.
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I-Yangzi platform: I1-Lijiang fold belt at the margin of Yangzi platform; [2—Sichuan—Yunnan platform anticline; 13—fold belt of east Yunnan;
II-South China fold system: II1—southeast Yunnan fold belt; III-Songpan—Ganzi fold system: II11-Zhongdian fold belt;
IV-Tanggula—Changdu—Lanping—Simao fold belt: IV1-Lanping—Simao depression, IV2—Yunling fold belt; IV3—Mojiang—Liichun fold belt;
V-Gangdisi—Nyaingentanglha fold system: V1-Baishula—Gaoligong mountain fold belt; V2—Fugong—Zhenkang fold belt;
V3-Changning—Menglian fold belt.
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Fig. 1 Geotectonic location of the study area (after Yunnan Bureau of Geology and Mineral Resources, 1982)

o K00 05K <
P.x 72707 < 70/?7 <<<<<< <<<< < < H<<~)<<<
2 ,f’b.f?'<;%.§ﬂ<c'z<<<<§§§b R A A SERPLIINIOLN <§<’<<< TG
<721 99,90 1871517 T8 1007 8 pe o loom

[
¥R 2% = 4= s
%nsfx&nassw%basalt :%rj)o;{?fi shapﬁi basalt ﬁ;{&grﬁﬁsalt Elﬁy%ri%oundary EI ir{zﬂlz;l%nconfﬁ%mlty contact
P 4 4 H

Eé’élcaﬁﬁﬁggon contact E@yernumber L%a%l{gu Formation EEﬂcﬁmr:ldSJh?a:nEEasalﬁtFormatmnEYuan:;vei Formation

2 M)IEEREE R FMEREREEE LRSS wEE
Fig. 2 The sketch map of the Emei Shan basalt section in Xintan tunnel, Huilongchang Township,
Leibo County, Sichuan Province
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1.3 HERZRE

K&, RBEREEH, TSRS A, 2R
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A BERT . BRIRERAL AN . L DR ] fR g i,
BHAHCA . AR SO BT A 2 SR AR
KA SRR AL e L A3 A, TR) B S SR o A
€8 KLU BT o 38 L 0 o IR 3 4 e A L e A
ABERY A B FR SR, AN S eIHAHS A TR
BB (K 3d).
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2.1 EFETEHE

X FE R TR W E R AT ICP-MS, i+
F o g R S5 B T RS A (X -series), Wl & 1R2E
INT0.02%, A b X H BT A Ry B M BT
A PO, EEITCRERMILEREWGEE 1),
B b XU JE T XA R Y S10, i Y
47.94%~52.14%, HAF¥ 580 49.88%; ALO; I
HIEN 11.78%~14.20%, HFHEEN 13.17%;
Na,0+K,0 F8EJLHE N 2.75%~6.66%, FHI{E K

a— ZEA DRI b—BURHUR LR o—H ORI d—BER IR .
a—columnar joints in basalt; b—dense massive basalt; c—almond-shaped basalt; d—porphyritic basalt.
B3 FRSXEELZREABFIRAREMRETRA
Fig. 3 The typical field and microscopic photographs of Emei Shan basalt in Leibo area
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SRV 0.38%~0.48%, FIEH K 0.42%; MgO 1
RO N 2.95%~4.65%, FHIME K 4.16%, &
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FEWFSE T 94 843 B0 15 FR AR5 it T4 45 1A 1
PEZXRFEER, KW M6 E W &b e
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KT 500 Ak Xila; 2R LR A (Xu
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HOTIO, B & (3.63%~4.34%) ¥ K T 2.5%,
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500 Ab, HAIRT 500, BT LI RAE MR R Ak & a
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P BT TE LR X, DB A 7RI R
o ZRZIE . KRB R A X FES
BAEPRTE Tr-Irvine /- FHLRBMI, LIWAEYERE 2, 5
HihAs i f i K. Na JCRBCNIER, TAS #H17H6%
PR 53 AT R 27 A 25 0 (AR 4R, 1997)
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B4 Ni. Co Gyt AWM A1, V 5y ik ARG, Cr &5
HEARENA, Yo Gk AR A, Eu 5 ik ARHC A4S,
XEETER RN TR . AT L0 R 50RO
SOMH, WIBEFR A AFZSICE, W Nb, Rb. Zr, Ba,
Re. Th. U. Hf FIRJEH, 1984; 25 4E, 1992),
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Ir—Irvine 4} $1 48, EJ7 B, 7 A Mo
Pe—# ML R B—X i 01— X RE LA 02— 14,
03— R—IEUE; Si—HLI XA,

S,— X RTTHLIA 2 L1 Sy—HLTH % 1L
T—HIES . Bl S F—RlK A s U— X s . B8A;

UM B 2 A Us— B8 X BT 5 Ph—i 5
Ir-Irvine line, the top is alkaline and the bottom is sub-alkaline;
Pc—picrite basalt; B—basalt; 01-basaltic andesite; 02—andesite;
03—dacite; R—rhyolite; S,—coarse faced basalt; S,—basaltic
coarse-faced andesite; S;—coarse andesite; T-rrachyte,coarse faced
quartzite; F—deputy feldspar rock; U,—tephrite, basanite;
U,—phonolitic tephrite; Us—alkali baltic phonolitic;
Ph—phonolitic.

4 FTREBLZRE TAS EfE
(JK[E#E LeBas et al., 1986)
Fig. 4 The TAS diagram of Emei Shan basalt in Leibo
County (base map after LeBas et al., 1986)
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Fig. 6 The relationship diagram of Emei Shan basalt between MgO and compatible element in Leibo area
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) Zr/TiOo-Nb/Y EIf# (B 7), BT B2 A+
i RS AEE X R AN, X5 FEITE TAS Kff
HRHA, HEZ#EICK Zr, Nb 1 K, Na a8 E
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(JEE#E Winchester and Floyd, 1977)
Fig. 7 The relationship of Emei Shan basalt
between Zr/TiO; and Nb/Y in Leibo area
(base map after Winchester and Floyd, 1977)
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Table 3 The incompatible elements ratio characteristics of Emei Shan basalt in Leibo area
Pk N-MORB e GLOSS HIMU OIB EM-1 OIB EM-2 OIB BB LR HTEZR
b Hi e T HMH
Zr/Nb  14.80 30.00 16.20 14.54 3.20~5.00 5.00~13.10 4.40~7.80 7.62~9.93 8.58
La/Nb 0.94 1.07 2.20 3.20 0.66~0.77 0.78~1.32 0.79~1.19 0.86~1.83 1.26
Ba/Nb 9.00 4.30 54.00 86.80 4.90~5.90 9.10~23.40 6.40~11.30 1.85~13.59 791
Th/Nb 0.12 0.07 0.44 0.77 0.08~0.10 0.09~0.13 0.11~0.17 0.15~0.23 0.19
Rb/Nb 0.91 0.36 4.70 6.40 0.35~0.38 0.69~1.41 0.58~0.87 0.57~1.92 1.05
Ba/Th  77.0 60.0 124.0 112.0 63.0~77.0 80.0~204.0 57.0~105.0 8.7~70.3 43.0
Ba/La 9.60 4.00 25.00 26.90 6.80~8.70 11.20~19.10 7.30~13.50 1.63~10.08 6.26
Th/La 0.13 0.07 0.20 0.24 0.11~0.13 0.09~0.15 0.11~0.18 0.09~0.19 0.15

T IR
3% A Plank and Langmuir(1998).

KK 8 F 26 A 0 R A oo R H A A U b
BRAb2E e, HHE s e {5 BA B, ﬁm%ﬁm
RAEHNE L FE P R & AR SR B 4318, T BB SN AR Y
W5 LR A (OIB)Y R X {5 B0 FF €4, 2006).
WZR AT, La/Nb, Ba/Nb, Th/Nb & E.£ OIB 4F
fE(R 3), X SEAFAER W Bk A 1 X B CE Wil X
5 OIB J5 X AH[H] , 3 Ffr OIB HRAF Sz e T 75 Iz Hh X U
JE 1L X R A S AT Bl DI AR (5 TSR
1996; ARiFF4%, 2002; 3KIEHZE, 2004),

FU X R AR Nb/U JEFEN 21.19~31.50,
HRMi 72 (H Nb/U=8 H 228K, La/Nb JElH A
0.86~1.83, TMLAIF) Kl Hb5C La/Nb>12, Rb/Sr &
BAEHTE0.06~0.17, A FHISE(E( Fi#h5E 0.32; F
H15E 0.023), T Zr/Hf LN 28.61~38.13, HJsith
g Zr/Hf=36.25 #14F (Rudnick and Fountain,
1995; Bt H &%, 2010; 28156, 2013), H ML AT LA
VLRI L RA SIS A E VIR, HZ K
i Hb 75 40 52 M 5 55

M HE Ba/Yb-Ti/(Ybx10YE fi (K 8)nl LIE H T
W Z oA b AR P A A M YR DR, T
LR YL ,

ghia LR Ek AL UEYE, AT DAL I LR
SIS AL ATE S A MY C R, A IR 0 R AL
MR X IRYE, 1T TR Y555
23 B TESE

Wi LOUREIEM AR 5 OCR, HIMAIRE
FICE . ENTAEMPEYER . fh2gte i, kg
ﬁ%% PR AR B AL R I B 22, Ut

MR LA B AT LB I N A A 1 R
Enﬁtﬁﬁ(%&%h, 2013) X EWP LR A L ICR
HEATERBE B AT A v Al b B 22 i B 43 L (#] 9).

i £ 0 R Z (A A T A 22 5%, AR AL
U E RIS N ER LR 5RE TR,

N-MORB. X#s5¢ . HIMU OIB., EM-1 OIB. EM-2 OIB JG

KWK [ Weaver(1991); GLOSS(4 BRI #h T AR TC K 1L

FLrPEE AR - JU R AEH A A W R DX I 5 2 2
%ﬁﬁﬁﬁigﬁiof®9*,%%iﬁiﬁi
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Fig. 8 The relationship of Emei Shan basalt between
Ba/Yb and Ti/(YleO“) in Leibo area
(base map after Deniel, 1998)
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Fig. 9 Chondrite-normalized REE patterns of Emei Shan
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Table 4 The REE characteristics of Emei Shan basalt in Leibo area

FEd45  LB-1HX LB-2HX LB-3HX LB-4HX LB-5HX LB-6HX LB-7HX LB-8HX LB-9HX LB-10HX LB-11HX LB-12HX

Ce 107.00  103.00 101.00  110.00 93.60
Pr 16.60 15.70 15.60 17.30 14.40
Nd 66.70 63.70 62.50 70.30 60.20
Sm 13.10 12.70 12.50 14.10 12.60
Eu 3.57 3.46 3.42 2.72 3.66
Gd 11.00 10.50 10.30 11.30 10.50
Tb 1.89 1.81 1.78 1.95 1.88
Dy 9.69 9.26 9.14 9.81 9.74
Ho 1.98 1.88 1.86 1.98 1.98
Er 4.98 4.76 4.68 4.96 4.92
Tm 0.68 0.64 0.63 0.66 0.66
Yb 4.25 4.08 3.99 4.14 4.08
Lu 0.64 0.61 0.61 0.63 0.62
Y 46.00 44.00 43.50 45.30 46.00
YXREE 303.68  290.90 285.41 302.75 270.44
LREE 268.57 25736 25242 267.32  236.06
HREE 35.11 33.54 32.99 35.43 34.38
LREE/HREE 7.65 7.67 7.65 7.55 6.87
Lan/Yby 10.40 10.34 10.32 9.17 9.07
SEu 0.88 0.89 0.89 0.64 0.95
5Ce 0.80 0.81 0.81 0.89 0.83
Ce/YDb 25.18 25.25 25.31 26.57 22.94

93.80 101.00 124.00 98.10 97.80  107.00  103.00
14.40 15.70 18.00 15.20 12.50 16.30 15.80
60.60 64.40 70.30 63.00 53.80 67.10 64.90
12.60 12.90 13.00 13.20 12.10 13.60 13.10
3.66 3.72 3.72 3.79 3.08 3.90 3.74
10.70 10.70 11.20 11.00 10.10 11.40 11.00
1.89 1.84 1.86 1.96 1.84 2.01 1.91
9.90 9.41 9.31 10.20 9.61 10.40 9.94
2.01 1.90 1.84 2.06 1.91 2.11 2.04
4.99 4.70 4.56 5.06 4.69 5.24 5.04
0.66 0.62 0.60 0.66 0.61 0.70 0.67
4.15 3.95 3.73 4.14 3.82 4.38 4.25
0.63 0.60 0.56 0.62 0.57 0.66 0.63
46.40 44.10 42.10 47.60 44.10 49.60 47.50
269.49  290.44 338.98 283.39 250.53 304.60 293.42
234.56  256.72 30532 247.69 217.38 267.70  257.94
34.93 33.72 33.66 35.70 33.15 36.90 35.48
6.72 7.61 9.07 6.94 6.56 7.25 7.27
8.56 10.71 14.67 9.43 7.15 9.79 9.69
0.94 0.94 0.92 0.93 0.83 0.93 0.93
0.85 0.80 0.79 0.82 1.09 0.82 0.82
22.60 25.57 33.24 23.70 25.60 24.43 24.24

fic 2 i 2R LR BAR—2, wE R e AT RER IR TR —
PEIX, FEL DT R0 A K AL (3R, 2013;
Rollinson, 2014), # 0K ALK Ak, *
iz X L s B E TN X A (RS, 2013),

R 4 AT, B oo R 5SEM Lo R E
FlN 6.56~9.07, tHXTE S L5 M EM 1
SEu £ 0.64~0.95 Z[A], /RN 54 (3Eu>1.05 N
IESH, 8Bu<0.95 N sH), HAER 7 h ot
HEu W th 4 W BRI, Eu FEZK AT
el B AE R, Eu RIS, A fE
JE AR A o B 4 A R, X 5 AR DT 2R ek
(K 5y Sr BT A EDUE, AT AUERE & A TR
KAWL, Ce 5 Pb BERIF HML 1 5 3 1k 72
BfE R, FR XA Ce/Yb BIJELH N 22.60~33.24,
HER KR, H45E R 6d H Yb 5 MgO 2 IEAH,
A AR XA LA R A R AR B A, LA
TR LR, AIBE KT 80 km A 18 AT E X
(M 84, 2003a; FMBESE, 2013),
24 ZRAWFEIFE

TERG T ICR B3 B (B 9), #&HE b i & A
AR TR ELARXT R, SRR AE ST R & LA
ANl B B B A WX, # R M La %
Lu 8B/, X 58575k B RAAE A AF (3R 1
I, 2013; EVE%, 2013), B oKX E4E, &
s LA T, X FPRRAEHERR T X A
fif shiE5cH N-MORB W AT HE, DR R IR o v 5 o

N-MORB 9 #:# e R A X EH Lo K B B 8
TR T KA, 2008),

FE T i T 2 i s i o o A Ik I T (1 5)
A AR N R BT R A I R B il 2R AE (R -
KAE, 2008) . [H b n o & A OO R, A
2Nb-Zr/4-Y FIf#(E 10) )% Zr/Y-Zr FfE(FE 11) %3
JIG LA IR TN X s XN, 2
Ui BT T IR A L2 R TE AR LK AR i T S
I .

2Nb

Zr/4 Y

A—WRZRE; B—P-MORB; C—kIIE K K4 D—N-MORB,
A-intraplate basalt; B-P-MORB; C—volcanic arc balsalt; D-N-MORB.
E 10 ZKE 2Nb-Zr/4-Y FI5IE
(JKE3E Meschede, 1986)

Fig. 10 The 2Nb-Zr/4-Y discriminant diagram

of Emei Shan basalt in Leibo area
(base map after Meschede, 1986)
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Fig. 11 The Zr/Y-Zr discriminant diagram of Emei Shan
basalt in Leibo area (base map after Pearce, 1982)
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3 W54

o471 1 XF i R 7 e Ak 5 e T R A
WA G E VIR . CA IR, 4
BRI MIE RS R T 15 % 2 bEYor 54
L AE RS, TR T S — R,
FHFEARRN TG S B B (X TR SE, 1993) AN
SRR AER N X, PR & kT RS
AL —m FVL AR R AW, b EEh
B — LR S I 2y, P e &2
WS Rt L, EEORRE— AL, B
YR PEE R, DX Rz g, Jeg i, 5
g &, e R IS R EEA
R

WFFE R, R JE 1% A 2 e A A A Ry
P T LA A T 7 ) RO AR 3R (5K = M 4

1988; K455, 2002; %18, 2012), H THubEHT:
LAY ISR A U E T Z N R AT KRR
TE, G5 g A K A e — AR A B TR 2 ER R,
B b S TR T T A7 25 S R RN L R Y 25 5
Wk (2, 2012) D B e . BT
Hu DX, WEA R AR R L A AR AR R 22 IR, IF
5 JE 112 A A TN A ALK e AN A
fik, SRS AT BEFHE AR ZI R . X —rh | B
Tt R R R, W R B T R KA
i, YR E Y XM 22 kR THE 8, e
1931 4EZE PUSEATFR 2 0 7R S35 S (Tt 4%, 2005), fF
B 7R Sz ol, A SR PIsk Ak lms &, 5 F)
b2, 5l RHRETE TR A B E IR
KR, BET(1989)FRZ MIKIEZLZ 8], X —iz )
FERRE L XY I T 3 24 P AR (3K 2048, 1988),
A A MEM LR A m L, HmE R B KB
259 Ma(fEIGHESE, 2006), BEARTBRZIN 1 MaCA 5
RAF, 2002)  TEUN LR B B[] YT B4 e 2 9 2k
S IR - S AR A, R R R T R
(1) 1t A8 ARRE SR AL 70 A8 PR, SR A T U s
ANATRERY

B DX TR Rl A %, HX A RImR
SREEASEAEEVINCR CH IR RM,
JE LR ISE B R 430 A=A (F] 12),
PEERIN = F BN LA EEE R 5000 m DBy HhER/E
JEFE 1000 m DA b ZREB X AR B3 /T 1 000 m,
FE S 35 B —AF R HAT 200~500 m, BRI 45
TARRK, ERMARTBIE—F & —L UG LT
KIEE(H B4, 2003b; He et al., 2006; 25718, 2012).
FH X L EE 729.15 m, KEAA Tk E 1L
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Fig. 12 The distribution of Emei Shan igneous rock province (modified after LI, 2012)
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AR ARG . i AT SF IR

FA BRI RIE i — R AR & G, i X
B TR B DL R W 2 Ay s 1) VG 3 % G 2 T
W AL 2 pE A DX T A (= B T R,
1982), /MWL IS 1 X A EEETE 2 000 m, 1
ARV ARSI N P, & 700 m A4, FRAEZR
A2 B ER X, AR Y T AR B ) v 4 )RR A
344.6 m, TE/NLWrRIFAG 5 & A KL YA AR TE
FR A 4= 72 T A5 (2012) A 5%, BRETEL oy i LA P K B0y
AR B VT — P — 2 A 5 11 2 3 okt %) T 1T X
ZRAEEER, 7EE)EERTE S 000 m, /s
MR I 28, A HUs Ao XA 88, JF
DL AR Sk 2 A B BLHEAR 7 M A A7 1) B AL ik
SPIRABERE . WCS AN 2 oE oA il . S e
FHIE, B R sy, TRk, Humg A AT &
BN M TER Ty —oK A~ o T B I8l DX AN AT 5 -
ETAIm K, KBRS RHA BERBER Lk
o KR AL . A RERA L AR, IR b
B R, XA TE o A E R . AL LA o
LR RIR(E 5)FH, i Xk JE 112 o H ek
FRIE . Bk X el £ 20k B R Bl g ok 4
AT AR K A PR G4 (Xu et al., 2007). Hi L AT
UL, P AR, LA BT R 2 B A - R A, R
AR S B AR B T U e XLy S R e 1) L
o HUERR AR X RA B T R B - T A XA S
— RGN AR SEE TR RS L KR, F
A VI

()AEARB R RECFEYR LIRS . BRI R
R, REHRATEL, O SRR &
ZRA, O R FATRAA, R -l A

Q)W FEMHUE TR BRI, A Afberih
BPE X R, HEERRIE

) A Bk AL 2= AR F W, B I b X 1 X
RAAZ DT T AU A IR A, A2 i NPk X
#r, PR RR, RiIFET &g, g
YERIBI =8, FE7 T 45 oy AR

(4) B Bl DX T 12 R e AR QA 2
Lok kT 50 R B, SRR A A% D)
FIKRZR, NP 1Vals , H2A T | AR
et JCHER & BRA A, BEAR AU L RO M —
FORE S, W] BEJE BT A L G A o
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