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1 (a, He et al., 2003; Fan et al., 2008; Cai and Zhang, 2009; Zhang and Cai, 2009 );
(b, Fan et al., 2008 ); (c, 1 20
)

Fig.1 Schematic map of the Emeishan basalts (a), geological map of western Guangxi province showing the locations
of the Late Permian basalts in the western Guangxi (b), and the Napo county (c)

, 1985; , 2003; Cai
, and Zhang, 2009) (
: - - ) (
, 1985)( 1b), -
(
1 RS RAEME ) :
, (

, , 1985) Zhou et al. (2006)
( 1la), ( U-Pb
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258~260 Ma, , 0.5~2 mm,
( ) (20,
, ( )
( ) )
, 1985): (1993, 1997) , : ,
, ; 1~3 mm,
, Ce ( 2d)
( , 1995), ,
( , 1997; 2 AMERHE
, 1997)
818 ( 1c) (3 b)
( ?)
55%,
, , ' ) ) I -
( 2a), ' ' ' '
( 2b), , 10~50 cm
, 15~25 cm, '
40%, - -

(@ » (b) 1 (0) ;)

2
Fig.2 Field photos of the Napo mafic rocks
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(@ (b

3

;@ (d)

Fig.3 Microphotographs of the Napo mafic rocks

( ?)
5%
( 3c d )
, 30%
65%, (
?) , 5%
3 HuBRALZEZFRAE

3.1
14 ,
( 5mm) ,  Milli-Q

, 1.0 mol/L 2h,
Milli-Q , 200

ZSX Primus 11 X

(XRF) , 2%~5%
(Finnigan Element Il HR-ICP-
MSs) (2003),
5% 1
3.2
Xu et al. (2001) (2001)
,  Ti0,>2.8%, Ti/Y>500
Ti ; TiO,<2.8%, Ti/Y<500 Ti
) 10
(NP-12-23 24 25 26 28 31 32 33 34 35)
Ti (TiOy 2.48%~3.72%,
3.01%; TilY 471~1140, 772); 4
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Table 1 Major (%) and trace element (ng/g) concentrations of the Napo mafic rocks
NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12
-23 -25 -26 -28 -31 -32 -33 -34 -35 -24 -27 -29 -30 -47
Ti Ti
Si0,  49.90 50.63 50.10 5041 49.26  47.79  48.42 50.02 4921 57.33 5478 5382 52.36  51.99
TiO,  3.59 2.97 3.08 3.72 3.13 2.70 2.48 2.55 2.77 3.08 1.18 1.25 1.20 1.04
Al,0; 1356 1432 1394 1502 1398 1527 1412 1477 1521 1229 1427 1415 1420 13.63
Fe,0; 1535 14.16 13.71 1423 1387 13.30 1223 1155 1243 1352 1210 1279 1205 11.85
MnO  0.21 0.21 0.20 0.22 0.19 0.15 0.16 0.15 0.15 0.16 0.18 0.19 0.19 0.19
MgO  5.85 5.73 5.26 5.59 5.19 6.75 5.64 6.07 5.68 2.85 6.42 6.48 6.05 7.39
Ca0  7.55 8.77 7.94 2.97 8.78 7.76 1085 10.20  8.64 5.16 8.39 9.67 892  10.21
Na,0  3.12 3.12 3.02 3.35 3.21 2.87 2.33 2.45 3.26 3.25 3.17 2.16 2.88 2.58
K,0 158 1.09 1.30 1.79 0.71 0.64 0.75 0.94 0.70 2.15 0.80 0.57 0.67 0.60
P,Os  0.22 0.20 0.19 0.18 0.24 0.25 0.22 0.17 0.20 0.12 0.08 0.04 0.05 0.04
Lol 2.33 1.65 2.00 4.09 2.25 3.90 2.20 2.15 2.79 1.99 2.35 2.04 2.50 2.10
Total 103.25 102.83 100.73 101.55 100.79 101.37 99.38 101.01 101.05 101.91 103.70 103.16 101.06 101.62
FeO, 13.81 1274 1234 1280 1248 1197 1101 1039 11.19 1217  10.89 1150 10.84  10.66
Mg* 43 44 43 44 43 50 48 51 47 29 51 50 50 55
Li 882  10.26 963 2433 871 13.60 13.72  7.08 8.80 1157 2092 1828 19.64  13.45
Be 1.20 1.24 1.22 1.17 1.07 0.90 1.22 1.05 1.27 1.67 0.66 0.68 0.64 0.55
Sc 30.61 3095 3214 29.26 3266 3291 3035 3025 3378 37.28  47.86 4552 4547 5071
Ti 21131 17543 18217 19890 18631 15849 16848 14262 16609 17631 7081 7110 7075 6306
\% 386 335 348 391 348 363 344 327 373 322 351 334 347 352
Cr 133 113 111 69.73  97.68 152 85.24 146 162 26.16 7777  91.84  56.58 109
Mn 2787 2832 2778 3049 2603 2051 2480 1937 2034 2169 2449 2518 2631 2389
Co 43.4 40.5 39.5 35.7 34.0 42.7 325 375 40.1 29.0 40.6 43.7 39.8 44.5
Ni 84.8 76.4 68.3 59.2 69.0 113 447 87.4 93.5 8.38 38.5 108 32.9 49.9
Cu 80.3 91.4 93.1 91.3 98.9 126 80.7 132 133 20.6 57.0 288 58.0 63.6
Ga 22.7 21.9 21.8 20.1 223 22.4 21.3 19.7 22.4 20.3 17.2 16.8 17.5 16.0
Rb 26.3 25.3 29.0 33.3 15.0 10.4 15.7 17.8 11.6 65.2 18.9 17.2 19.9 22.3
Sr 453 405 392 162 297 230 334 448 375 116 377 228 219 131
Y 21.4 21.8 235 17.4 26.7 24.9 22.8 19.2 23.1 37.4 27.3 24.0 25.5 21.4
zr 215 186 195 165 195 176 180 162 182 233 100 96.03 9553  67.92
Nb 28.9 27.3 28.3 27.2 28.5 24.1 22.9 18.3 25.1 14.3 3.24 4.18 3.12 2.37
Mo 0.81 1.12 1.11 0.64 1.05 0.74 1.05 0.80 0.97 0.97 0.23 0.29 0.27 0.23
Sn 1.80 1.55 1.65 1.37 1.71 1.60 1.41 1.49 1.61 2.60 1.19 1.37 0.73 0.71
Cs 1.72 1.92 1.19 1.61 1.05 2.42 2.34 0.76 1.18 3.68 3.52 1.06 1.26 3.06
Ba 549 353 353 949 552 255 315 325 333 386 638 195 125 92
La 1863  17.38  19.09 1423 2249  21.06 1947 1478 2014  24.42 7.77 6.06 6.20 4.49
Ce 3592 3588 3697 33.98 43.17 4221 4426 3532 4048 4149  17.68 14 1479 10.56
Pr 4.95 4.60 4.75 4.35 6.10 5.80 5.22 4.27 5.42 5.39 2.24 1.77 1.86 1.39
Nd 21.69 2033 21.07 19.80 26.78 2563 2242 1910 2353 2230  10.34 8.37 8.87 6.79
Sm 4.85 4.50 4.70 4.34 5.89 5.63 4.90 4.30 5.24 5.14 2.97 2.45 2.67 2.10
Eu 2.37 2.16 2.19 2.28 2.24 1.93 2.08 1.73 2.04 1.70 1.25 1.04 1.09 0.84
Gd 3.99 3.76 3.81 3.50 4.77 4.34 4.37 3.68 4.21 4.58 2.48 1.93 2.08 1.72
Tb 0.72 0.69 0.72 0.62 0.88 0.82 0.77 0.66 0.78 0.92 0.60 0.51 0.55 0.46
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1:
NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12  NP-12 NP-12 NP-12 NP-12 NP-12 NP-12 NP-12
-23 -25 -26 -28 -31 -32 -33 -34 -35 -24 -27 -29 -30 -47
Ti Ti
Dy 4.57 4.57 4.82 3.93 5.58 5.25 4.88 4.15 4.90 6.82 5 4.30 4.64 3.85
Ho 0.88 0.89 0.94 0.75 1.09 1.01 0.95 0.79 0.94 1.44 1.07 0.93 1 0.84
Er 2.05 2.08 2.21 1.75 2.50 2.28 2.26 1.87 2.18 3.50 2.45 2.15 2.31 2.01
Tm 0.42 0.44 0.47 0.36 0.51 0.46 0.48 0.38 0.44 0.81 0.58 0.52 0.55 0.46
Yb 2.37 2.48 2.62 1.99 2.80 2.45 2.62 2.08 2.37 4.54 3.15 2.84 3 2.59
Lu 0.35 0.37 0.40 0.30 0.42 0.36 0.39 0.31 0.35 0.70 0.49 0.44 0.46 0.40
Hf 5.96 5.20 5.46 4.62 5.48 4.94 5.07 4.27 5.04 6.89 2.63 2.55 2.49 1.87
Ta 1.77 1.65 1.70 1.67 1.73 1.42 1.58 1.24 1.49 1.07 0.26 0.31 0.24 0.18
W 0.43 0.48 0.34 0.57 0.34 0.39 0.26 0.21 1.46 0.97 0.45 0.33 0.26 0.62
Pb 2.52 2.62 1.32 3.64 0.25 (0.31) 3.45 0.82 2.19 8.50 3.05 5.67 2.84 1.20
Bi 0.05 0.06 0.07 0.04 0.06 0.04 0.07 0.06 0.05 0.10 0.34 0.95 0.08 0.12
Th 3.28 3.16 3.65 2.79 3.45 2.92 3.31 2.32 2.86 10.03 2.69 2.45 2.20 1.62
U 0.90 0.92 1.01 0.77 1 0.82 0.90 0.73 0.84 2.28 0.64 0.59 0.55 0.44
TilY 990 804 775 1140 699 637 738 744 720 471 260 296 277 295
(NP-12-27 29 30 47) Ti (TiO, , Ti
1.04%~1.25%, 1.17%; TilY 260~ FeO/MgO-FeO, ( )
296, 282) NP-12-24  TiO, Ti
3.08%, TilY 471, 500, , Ti
Ti , Ti (SREE)  92.18~125.22 ug/g,
Ti ( NP-12-24 ) ( 5a), NP-12-24 |
Si0, 47.79%~50.63% MgO ,
5.19%-~6.75% Mg" 43~51, NP-12-24 (LREE) , (HREE) :
Ti Si0, (57.33%), (La/Yb)y 5.0~6.3, E-MORB, OIB ,
MgO(2.85%)  Mg"(29), , olB EMORB .
OIB, Ti : Eu
’ - KO+ (3Eu=1.15~1.73) NP-12-24  HREE
Na,O 3.08%~5.40%, K,O/Na,0 0.22~0.66, Al,0O;
(12.29%~15.27%), FeO, (10.39%~
13.81%), CaO (2.97%~10.85%), P,0s
0.12%~0.25%
Ti Sio, (51.99%~54.78%),
MgO (6.05%~7.39%) Mg*(50~55) Ti
, K0 Ti (0.57%~0.80%),
K,0/Na,0  0.23~0.27, Al,O, Ti
(13.63%~14.27%), FeO, Ti
(10.66%~11.50%), P,0s . 0.04%~0.08%
, Nb
Y , Nb/Y-Zr/TiO, _ .
4 Nb/Y-Zr/TiO, ( Winchester
(4 Ti and Floyd, 1977)
NP-12-24 , Fig.4 Nb/Y vs. Zr/TiO, diagram for the Napo mafic rocks
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OIB E-MORB N-MORB
2004; Xiao et al., 2004; Zhou et al., 2006;

Sun and McDonough, 1989; Ti
Tsvetkov, 1991; Gamble et al., 1993; Hochstaedter et al., 2000; Hochstaedter et al.,

Xu et al., 2001; Song et al.,

2001; Wade et al., 2005; Stern et al., 2006; Walker et al., 2007; Cooper et al., 2010; Kimura et al., 2010; Timm et al., 2011; Todd et al., 2011,

Woodhead et al., 2011; Todd et al., 2012

5

(a) (b)

Fig.5 Chondrite-normalized REE patterns (a), and primitive mantle-normalized trace element spider diagram (b) for

the Napo mafic rocks

, LREE Ti ,
((La/Yb)\=3.7), HREE ,
Ti
( 5b), Ti (LILE,
Rb Ba Th U) (HFSE, Nb Ta
Zr Hf Ti), OIB , Pb Sr
OB E-MORB ,
OIB, Ti
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LILE(Rb Th U), Ba, HFSE(Nb
Ta),
Ti YREE=38.50~58.07 pg/g,
Ti , REE , E-MORB
, ,(La/Yb)y 1.2~1.7,
Eu (8Eu=1.31~1.41) Ti
Ti ,
( 5b), Ti LILEC Rb Th U Sr),
HFSE(Nb Ta), Zr Hf , Pb
, Ti
Ti , i
, Ti NP-12-24
Ti

, NP-12-24

4

4.1
(LOI)  1.65%~4.09%, 2.45%,
3%, ; Th Zr
(La Ba U LILE LREE)
( 6)' 7
4.2
(Hawkesworth et al., 2000)
MgO , Ni Cr ( 7N
; SclY
(Naumann and Geist, 1999),
SclY ,
MgO  Sc/Y  CaO/Al,04
Ti
MgO  Al,O4 , Sr/La
: Ti
MgO  Al,O; Sr/La ,
4.3
Ti ,
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6 Th Zr
Fig.6 Variations of Th, Zr vs. other elements for the Napa mafic rocks

, , Nb Ta Th ,

, Nb Ta Th Ti 873r/%8Sr(0.706~0.707),
, , Th Na Ta  eng(-1.5~-0.6), Ti 87Sr/%8Sr(0.710~

(8, Ti 0.715) eng (9.6~ —4.0), , Ti

, oIB
Zr-Nb/Zr  Zr-Rb/Nb ( 9), , Ti Ti
, 87Sr/%°Sr(0.706~0.708)

Zhou et al. (2006) eng(=2.0~ =2.2)( ), end ,
Ti Ti , Ti ,

Ti olB Ti .
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7 MgO Harker
Fig.7 Harker diagrams for the Napo mafic rocks

Th (Plank and Langmuir,
1998), Th )
, (Hawkesworth et al., 1997), Th/Yb
(Condie, 2003) Th/Yb (Elliott et
Nb/Yb TiO,/Yb , al., 1997; Class et al., 2000; Singer et al., 2007) ,
Th

Th/Yb TiOy/Yb Nb i , Nb/Yb-Th/Yb

(Pearce and Peate, 1995; Pearce, 2008), Th/YDb ,
Th Nb Ti, Nb/Yb-TiOy/Yb
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8 Th-Nb (a) Th-Ta (b)
Fig.8 Thvs. Nb (a), and Th vs. Ta (b) diagrams for the Napo mafic rocks
9 Zr-Nb/Zr (a) Zr-Rb/Nb (b) Rudnick and Gao, 2003)
Fig.9 Zrvs. Nb/Zr (a), and Zr vs. Rb/Nb (b) diagrams for the Napo mafic rocks
: Ti :
Nb/Yb-Th/Yb ( 10a), Ti
(0]]=] , Ti , ,
Ti-V ( 11a), Ti oIiB
Ti MORB , Ti )
, Th/Yb Ti (VAB) MORB
, ; Zr-ZrlY ( 11b), Ti
, Ti , Ti ,
oIB Ti 1 ,
Nb/Yb-TiO,/Yb ( 10b), Ti , Ti
Ti Ti Zr-Ti-Y ( 12a), Ti
) , Ti
, Ti Ti ; Zr-Nb-Y ( 12b) ,
NP-12-24 Ti
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10 Nb/Yb-Th/Yb (a) Nb/Yb-TiO,/Yb (b) ( Pearce, 2008; Ti
5)
Fig.10 Nb/Yb vs. Th/Yb (a) and Nb/Yb vs. TiO,/Yb (b) diagrams for the Napo mafic rocks

a :VAB. : MORB. ; OIB. : b :IAB. : WPB.

11 Ti-V (a, Shervais, 1982)  Zr-Zr/Y (b, Pearce and Norry, 1979) ( Ti
5)
Fig.11 Tivs.V (a) and Zr vs. Zr/Y (b) diagrams for the Napo mafic rocks

: Ti -
( NP-12-14) , Ti
NP-12-24 ( , 2004; Zhou et al., 2006; Fan et al., 2008;
, Lai et al., 2012; , 2014),
, (Qinetal., 2012) Ti
, Ti olB ,
, Ti , Ti

; Ti 0]]=] , , Ti
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a A ; B. ; C. ; D. ; b AL
JAIL ; B. E-MORB; C. ;D. N-MORB
12 Zr-Ti/100-Yx3 (a, Pearce and Cann, 1973)  Zr/4-Nbx2-Y (b, Meschede, 1986)

Fig.12 Zr-Ti/100-Yx3 (a), and Zr/4-Nbx2-Y (b) diagrams for the Napo mafic rocks
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Geochemistry of Mafic Rocks in the Napo Area, Western Guangxi,
South China: Evidence for Interaction Between the Emeishan Mantle
Plume and Paleotethyan Subduction

CHEN Xuefeng®, LIU Xijun®", XU Jifeng" %, SHI Yu', LI Zhenglin!, LIANG Qiongdan®,
HUANG Wenlong®, LIAO Shuai' and WU Weinan!
(1. Collaborative Innovation Center for Exploration of Hidden Nonferrous Metal Deposits and Development of
New Materials in Guangxi & Guangxi Key Laboratory of Hidden Metallic Ore Deposits Exploration, Guilin

University of Technology, Guilin 541004, Guangxi, China; 2. State Key Laboratory of Isotope Geochemistry,
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, Guangdong, China)

Abstract: The Napo area in the western Guangxi province, South China, is located in the southwestern margin of the
South China Block, and to the north of the North Vietnam Block. The Upper Permian mafic rocks well crop out in the
west-southwest of Napo County, and are composed of layered, sub-volcanic diabases and orbiculite. Geochemically, the
Napo mafic rocks can be subdivided into two groups: high-Ti group (TiO,>2.8%, Ti/Y>500) and low-Ti group. The
high-Ti group is mainly composed of alkaline basalts, and the low-Ti group of tholeiite. The high-Ti rocks have lower
SiO,, MgO, higher FeOy, P,Os than the low-Ti ones. The high-Ti group shows an enrichment of LILE, HFSE, and
significant fractionation between LREE and HREE, akin to ocean island basalts (O1B), suggestive of an affinity with the
Emeishan high-Ti basalts. In contrast, the low-Ti rocks display relatively higher SiO,, MgO, lower FeO,, P,0s, enriched
LILE, depleted Nb, Ta, and relatively flat REE patterns, indicative of island-arc geochemical signatures. The trace
element ratios and the tectonic discrimination diagrams indicate that the Napo high-Ti mafic rocks were most likely
derived from the enriched OIB mantle source, while the low-Ti group showed the transitional features from OIB- to
island arc-like signatures. Integrating the geochemistry and regional geological background, we suggest that the Napo
high-Ti mafic rocks were probably related to the Emeishan mantle plume magmatism; however, the low-Ti mafic rocks
were possibly produced by interaction between the subducting Paleotethyan slab and the Emeishan mantle plume.
Keywords: mafic rock; Late Permian; Emeishan mantle plume; Paleotethyan subduction; interaction; Napo; western
Guangxi province



