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Abstract: This paper is the result of geological survey engineering.

[Objective] Indosinian basalt, exposed in the northern part of the Mashan Complex in southeast Guangxi province, is a key rock
probe for the study of Indosinian movement in South China. It has been seldom researched so far, which restricts the recognition of
evolution of tectonic setting in South China. [Methods] We carried out zircon U—Pb geochronology, geochemistry, Sr—Nd isotopic
geochemistry and petrogenesis of the Mashan basalt. [Results] The results show that the LA—ICPMS zircon U—Pb age of the
Mashan basalt is (246.7+1.5) Ma, (MSWD=0.16). The basalt belongs to potassium trachybasalt with high alkali (K,O+Na,0=5.21%—
8.02%), especially potassium (K,0=2.59%—4.96%), and is enriched in large ion lithophile elements (Rb, Th, U, K, Pb, LREE) but
depleted in high field strength elements (Nb, Ta, P, Ti, HREE). The Sr—Nd isotopes of the Mashan basalt have affinity with enriched
mantle (EM II). [Conclusions] The geochemical characteristics of the Mashan basalt exhibit shoshonitic features, and is mainly a
product through fractional crystallization without obvious crustal contamination. It was probably derived from partial melting of
phlogopite— and garnet—bearing lithospheric mantle (>80 km), which was metasomatized by subducted crustal materials. The basalt
is developed in an intraplate setting, likely to be shaped by magmatic eruption and intrusion upwards through favorable space

created by the extension in the later stage of the Indosinian thrust—nappe structure.

Key words: geochronology; geochemistry; petrogenesis; Mashan basalt; southeastern Guangxi province; geological survey
engineering

Highlights: The formation age of the Mashan basalt is (246.7+1.5) Ma. It is produced in an intraplate extensional setting, probably
related to the extension in the later stage of the Indosinian thrust—nappe structure.
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Fig.1 Geological map of the Mashan Complex (modified from the Guangxi Zhuang Autonomous Region Institute of Regional
Geological Survey, 2006®)
1—Holocene; 2—Maokou Formation; 3—Huanglong Formation; 4—Dapu Formation; 5—Liujiang Formation; 6—Donggangling Formation; 7—Yujiang
Formation; 8—Nagaoling Formation; 9—Lianhuashan Formation; 10—Huangdongkou Formation; 11—Granite porphyry; 12—Syenite; 13—Quartz
monzonite; 14—Diorite; 15—Pyroxenite; 16—Basalt; 17—Granodiorite; 18—Monzogranite; 19—Fault; 20—Geological boundary; 21—Angular

unconformity; 22—Hornfels, skarnization; 23—Sampling location
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Fig.2 Micrographs of the Mashan basalt
Pl-Plagioclase; Px—Pyroxene; Ol—Olivine; Mt—Magnetite

B AR 2 30 (Mszy—7) M3 4, 4
FREERE SR A rE T TR BB S b (B A B o 220
45'33"N, 109°35'22"E) , 5 A1 RF & Pk 2 vt [ £ 5 I8
BRI AS b ST AT S JER B S 5 5 e A, A B &
St (CL) B AHFE [ M 5T K 2% IXA—8100 HL F R %
I E5EM,. LA-ICPMS %5 41 U—Pb 4E 4 & 75 P4 b
K2F K ti 3 71 2 B 58 8 5 5L 50 % 1) Agilent7500 %Y
ICPMS E 47 Ao Br 20 B8 e o3 W 48 AR 4 d b
2 IR Sk (Yuan et al., 2003) .

LA A SRR, RIE R, Bk
KN4 50 pmx 100 pm, BEFAH R F . 7ECL
FEUZ - REB AT AR 2= T A B (1 3) o el
B 18 A 43 My a5 v Th 7 58 191 <107 °~838 %
10°°, U & 1 K 508 x 107 °~3348 x 10°°, Th/U M {8
0.16~1.19, BRI S S A ke . He 12 F115
SN G PP AE 4 43 il R 1070 Ma Fll
1650 Ma, 55 *Pb/*U 4 —34 , AT g A #43 Pb %
RPFEL ;3 5 AR R %, “Pb/ U 4E 1%y 464 Ma;
216,17 F119 5 5 A *Pb/**U 4E 2 25 4k T 262~288
Ma, Al fgfFR T IR K IE 5015 545 4001 °°Pb/ U
SRR IRAR , R 133 Ma, A i85 X PR S A9 725 o
YERIA DG Friiat i A4y 10 > 23 B o5 Pb/~ U 4F
AR, AR T 245~248 Ma, ¥4 1E U-Pbil
gk b LR (B 3) , 3R15 P/ U AR IE I
Y{E R (246.7+1.5)Ma,MSWD=0.16,{tE T Z XA
P RIS (6 1) IR Z AR AT HZ,
N L 185.2 Ma f4E R BEA R A (E
b, 2013 ) , SA A HIE B QR R S

4 IR RRE

2 1Y TR S AT AR B A R X
DU TR A D SE R (6 2) , 43 Mr T id by« Si Flbe sk
R E R, AU Fe R A ik Fe' \Ti f1P R
H43 66 B, K \Na, Ca . Mg 1 Mn 2% FH 5§10k
R s e T R AT A% Tk b st M Bt 7 B 43
BT 5 o0 58 5L, i 76 & R HR—-ICP-MS
(Element I)73 #7158 i (% 2) 5 St Nd [RI 2 43 # H v
b9 A ey U HE BT R A 0 MAT261 J% Triton
T TEA A3 AT 5 8 (3 3) , S I R LA B oA il
JE H% R Sm—Nd [F] 7 28 55 99 Jy ¥ 50 i (B4R 5 4%
1988)
41 FELE

2 B M (S10,=46.02%~51.56% ) , Bl 1
FERER (0=5.21~8.02) , A A1 A Bl (ALK=5.21%~
8.02%) . & # (K,0=2.59%~4.96% ) .K,O K T Na,O
(A BIRE S R A1) (K2O/Na,0=1.07~1.62) , #3548
f (ALO=12.01% ~14.88% ) , Mg" i &= (35.11~
56.09) , 5k & B E (TiO=1.24%~2.15%) , 2k & B8 5
((FeO +Fe,0:)=10.80%~12.66%) , 1EK1L1%# TAS/>
i b IR AT XA X D ERTE XL
F R A X (K 4a) , Si0,—~ KO [ 5150 2 5t %
GBI (E 4b) A TR ok 2 s
42 HLIE

254.89x10°, B f LU R & 4, M L In R ERRL B A bR
AL IC 7 ] LRI A ik 5 (] 5a) , 4% M 1

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



5550 % 4524

FEHEHAE AR I ZEUA AR a2 Sos A

263

Mszy-7

0.042

0 50  100pm

0.041F

0.040F

0.039F — —

05py, /3%y

0.038F

0.037f

P/ UM AL 35 4F

P/ UL /Ma

(246.7+1.5) Ma
MSWD=0.16, n=10

0.18 0.22 0.26 0.30 0.34

207py, /235y

256

252

248

244

240

236 —

232

B3 Sl Z w4 IR AOEE & Kl 41 U-Pb it A

Fig.3 CL images and U—Pb concordia diagram of zircons from the Mashan basalt
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%1 SILZXKE LA-ICPMS $#57A U-Pb B R S5 HTHIE
Table 1 LA-ICPMS zircon U—Pb isotopic data of the Mashan basalt
S PH/I0° TIO® U/10° OB (Al AT R IR I D : AR (YR IR 1)/ Ma

“Pb/Pb  +le  Y'Pb/U £le Pb/PU £le Pb/*Pb  £le Pb/PU £le Pb/U =£lo
1 52.28 269 1158  0.05505 0.00270 0.29455 0.01366 0.03906 0.00044 414 103 262 11 247 3
2 58.80 286 1195 0.07203 0.00539 0.43508 0.03372 0.04249 0.00085 987 157 367 24 271 5
3 106.50 195 1207 0.07316 0.00155 0.76268 0.01968 0.07465 0.00092 1018 47 576 11 464 6
4 76.30 838 1542  0.05134 0.00129 0.27752 0.00656 0.03918 0.00035 256 51 249 5 248 2
5 16.00 602 508  0.07487 0.00509 0.22180 0.01660 0.02084 0.00028 1065 153 203 14 133 2
6 37.92 227 809  0.05064 0.00182 0.27261 0.00956 0.03905 0.00038 224 80 245 8 247 2
7 55.77 320 1197  0.04923 0.00120 0.26632 0.00628 0.03908 0.00030 159 53 240 5 247 2
8 32.82 236 701 0.04746 0.00124 0.25741 0.00709 0.03912 0.00036 72 60 233 6 247 2
9 36.80 191 818  0.04087 0.00125 0.21971 0.00644 0.03895 0.00032 -240 67 202 5 246 2
10 64.60 327 1029  0.09785 0.06547 0.61612 0.40791 0.04567 0.00441 1584 1424 487 256 288 27
11 269.10 309 1157 0.05564 0.00441 0.31860 0.02509 0.04153 0.00036 438 182 281 19 262 2
12 57.70 304 1254 0.07506 0.00139 2.00108 0.05182 0.19211 0.00360 1070 37 1116 18 1133 19
13 150.10 285 1097 0.06398 0.00663 0.37667 0.03855 0.04270 0.00070 741 229 325 28 270 4
14 308.20 534 3348 0.05283 0.00113 0.28663 0.00629 0.03871 0.00039 322 45 256 5 245 2
15 54.84 335 699  0.10139 0.00174 4.85734 0.08746 0.34062 0.00458 1650 23 1795 15 1890 22
16 62.90 278 1180 0.05164 0.00148 0.28590 0.00933 0.03902 0.00073 269 63 255 7 247 5
17 55.82 384 1317  0.04119 0.00125 0.22694 0.00698 0.03899 0.00080 =222 54 208 6 247 5
18 52.28 300 1166 0.04043 0.00137 0.22465 0.00822 0.03914 0.00099 -265 62 206 7 248 6
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Table 2 Compositions and parameters of major elements(%), rare earth and trace element(10°) in the Mashan basalt

FEdh = Mszy-7-1  Mszy-7-4  Mszy-7-5 2803 2806 2809 2812 2818
SiO, 51.56 49.68 47.30 49.61 48.44 47.95 50.96 46.02
TiO, 1.59 1.55 2.15 1.24 1.63 2.05 1.83 2.03
AlLOs 14.82 12.58 13.21 12.53 12.01 14.75 14.88 13.26
Fe.O; 481 3.74 458 2.99 3.99 7.02 7.71 6.11
FeO 6.33 7.06 7.10 7.43 7.54 5.64 3.90 631
MnO 0.18 0.17 0.19 0.16 0.23 0.21 0.13 0.20
MgO 423 6.87 6.47 7.43 7.58 4.93 3.29 6.29
CaO 7.48 9.14 8.61 9.14 10.61 7.28 6.19 10.37
Na,0O 3.67 2.50 2.94 1.60 2.17 3.12 3.06 2.53
K,O 2.74 3.21 2.59 435 3.04 3.35 4.96 3.12
P.0s 0.58 0.51 0.61 0.54 0.53 0.63 0.59 0.64
H.O' 1.40 1.94 2.70
CO, 0.11 0.83 1.61

Rk 131 218 3.36 2.49 2.30 2.96 230 2.93
MR 99.30 99.19 99.11 99.51 100.07  99.89 99.80 99.81
ALK 6.41 5.71 5.53 5.95 5.21 6.47 8.02 5.65

6 4.80 4.88 7.11 5.36 4.99 8.46 8.08 10.57
K>O/Na,O 0.75 1.28 0.88 2.72 1.40 1.07 1.62 1.23
Mg 41.43 54.01 50.69 56.69 54.83 42.36 35.11 48.70
La 51.90 40.00 50.90 29.15 40.60 56.70 52.43 52.44
Ce 97.50 74.10 97.50 56.62 77.70 98.58 98.39 99.77
Pr 11.10 9.18 11.60 7.60 9.79 12.97 12.51 12.35
Nd 44.50 37.40 46.80 30.11 37.04 49.08 47.44 46.21
Sm 7.81 7.09 9.03 6.66 7.53 9.87 9.71 9.32
Eu 241 2.12 2.63 1.83 217 2.66 2.54 2.59
Gd 7.45 6.92 7.92 5.95 6.63 8.20 8.21 8.02
Tb 1.26 1.16 1.33 0.91 0.98 1.24 1.23 1.12
Dy 7.04 6.29 7.36 521 5.24 6.94 6.95 5.98
Ho 1.30 1.14 1.25 1.00 1.02 133 1.37 1.16
Er 3.95 3.40 3.72 2.69 2.62 3.44 3.56 2.94
Tm 0.57 0.47 0.56 0.39 0.37 0.47 0.49 0.40
Yb 3.79 3.04 3.49 2.48 233 2.96 3.11 2.55
Lu 0.60 0.47 0.55 0.38 0.35 0.45 0.47 0.38

S REE 241.18 192.78 244.64 150.98 19437  254.89 24841 24523
LREE 21522 169.89 218.46 131.97 17483 229.86  223.02  222.68

HREE 25.96 22.89 26.18 19.01 19.54 25.03 25.39 22.55

LREE/HREE 8.29 7.42 8.34 6.94 8.95 9.18 8.78 9.87
(La/Yb)y 9.82 9.44 10.46 8.43 12.50 13.74 12.09 14.75
SEu 0.95 0.91 0.93 0.87 0.92 0.88 0.85 0.89
Ba 747.00 766.00 715.00 1009.70  925.60 93826  934.74 103231
Rb 85.60 124.00 83.90 146.39 98.90 89.12 14129 16245
Sr 711.00 695.00 766.00 45285  640.87  666.64 559.78  812.23
Y 37.10 33.50 36.70 25.53 25.50 36.30 36.71 28.81
Zr 620.00 359.00 651.00 16123 18229 22377  257.02  213.71
Nb 50.70 31.90 52.50 20.09 35.87 46.11 43.59 51.72
Th 9.80 7.13 9.11 6.24 7.74 9.15 10.15 8.30
Pb 15.60 9.11 25.10 4.02 5.60 7.32 9.62 8.30
Ga 20.70 17.40 21.70 16.57 17.98 20.84 18.93 19.28
Ni 25.70 65.50 55.00 64.55 67.89 24.22 5.79 44.99
Cr 57.40 295.00 125.00 16120  171.82  36.07 7.47 60.34
Hf 14.10 8.72 14.50 430 485 5.87 6.57 5.71
Sc 19.80 33.70 34.20 41.18 39.47 29.78 22.32 37.62
Ta 2.84 1.72 3.01 1.29 2.30 2.96 2.82 3.34
Co 34.80 43.60 50.20 39.44 47.55 39.77 32.60 47.62
U 2.73 1.96 245 1.90 2.01 2.09 3.01 1.97

Rb/Sr 0.12 0.18 0.11 0.32 0.15 0.13 0.25 0.20
Rb/Ba 0.11 0.16 0.12 0.14 0.11 0.09 0.15 0.16
Nb/Ta 17.85 18.55 17.44 15.57 15.60 15.58 15.46 15.49
Zr/Hf 43.97 41.17 44.90 37.50 37.59 38.12 39.12 37.43
Th/U 3.59 3.64 3.72 3.28 3.85 4.38 3.37 421

T ZEAFE ] 2803 ,2806,2809,2812.,2818 5] [ SR FIZEEI 2 (2011) , 6=(K,O0+Na,0)*/(Si0,~43),
Mg'=100xMgO/(MgO + TFeO) (/K [t.) , TFeO=Fe0+0.8998%Fe;0:,
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3 DIWZHE Sr-NARIRAB S TER
Table 3 Sr—Nd isotopic data of the Mashan basalt

15 Sm/10° Nd/10° “1Sm/"Nd Nd/“Nd 20 end(f) #/Ma
Mszy-7-1 8.318 45.57 0.111095 0.512589 0.000005 1.74 246.7
Mszy-7-4 7.336 37.30 0.119703 0.512535 0.000004 0.42 246.7
Mszy-7-5 8.224 44.04 0.113655 0.512609 0.000006 2.05 246.7

FE5 Rb/10° Sr/10° “Rb/*Sr St/*Sr 26 ("Sr/*Sr); foa(Ga)
Mszy-7-1 91.45 757.80 0.34033 0.70603 0.00004 0.704834 0.88
Mszy-7-4 134.50 726.30 0.52224 0.70651 0.00004 0.704675 0.99
Mszy-7-5 84.39 786.50 0.30259 0.70566 0.00002 0.704597 0.86
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El 4 Sl Z i s 2050 Ef# (adi Le Bas et al., 1986;b4ji Peccerillo and Taylor, 1976)
Fig.4 Classifications diagrams of the Mashan basalt (a after Le Bas et al., 1986; b after Peccerillo and Taylor, 1976)
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Fig.5 Chondrite—normalized REE patterns and primitive mantle—normalized trace elements spider diagrams of the Mashan basalt
(normalized values are from Sun and McDonough, 1989)
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Nb 7E i IN A1 TR 4 = B P A4S (LaTourette et
al., 1995; Ionov et al., 1997) . A LAn] LIAR # 4 =1
A N A R T R B 22 S SR FIW s S A Rl
A A PR X A N A8 2 4 & B (Furman and
Graham, 1999; Yang et al., 2005; Xia and Xu,
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Fig.7 Ba/Rb—Rb/Sr and Nb/Th—Rb/Sr diagrams of the Mashan basalt (after Furman and Graham, 1999)
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