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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; South China

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
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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 RS HTHE
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 : RS (2RO 1))/ Ma
Pb/Pb 1o Y'Pb/U £le Pb/FU £le Pb/*Pb  £le Pb/PU £le Pb/U =£le
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 5577 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 5770 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 6290 278 1180 0.05164 0.00148 0.28590 0.00933 0.03902 0.00073 269 63 255 7 247 5
17 5582 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
S B A TR iR AL OO R R (N 663.05x107°) , 7 B KL 4% (1999) A1 # 4t )
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Table 2 Compositions and parameters of major elements(%), rare earth and trace element(10™) in the Mashan basalt

il 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 3.06 253
K,O 2.74 3.21 2.59 435 3.04 3.35 4.96 3.12
P.0; 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

k& 131 218 3.36 2.49 2.30 2.96 2.30 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 3.85 438 3.37 421

T ZEAFE ! 2803 ,2806,2809.2812.,2818 5| [ SHRIEFIZEEI 2 (2011) , 6=(K,0+Na,0)*/(Si0,~43),
Mg'=100xMgO/(MgO + TFeO) (/K [t.) , TFeO=Fe0+0.8998%Fe;0:,
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3 DIWZHE Sr-NARMIRAB S TER
Table 3 Sr—Nd isotopic data of the Mashan basalt

) Sm/10° Nd/10° YSm/*Nd Nd/"*Nd 20 en(?) t/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); towo(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

10 —— 8
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S 4 2
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G40 3 B 2 R 5
0 | | | 0 | | | | | 1
45 50 55 60 65 45 50 5 s) 60 65 70 75 80
Si0,/% Si0,/%

4 Sl Z a2 E # (a3 Le Bas et al., 1986 ;b4 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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Fig.6 Is—en(f) diagram of the Mashan basalt (after Zinder and
Hart, 1986)
DM-—Depleted mantle; HTUM—High U/Pb ratio mantle; EM [ —

Enriched mantle I; EM Il —Enriched mantle 11

FE A2 (Adam et al., 1993 ; LaTourette et al., 1995) ,
Nb 76 ff [N A1 H L AE 42 = BEH SR 25 (LaTourette et
al., 1995; Ionov et al., 1997) ., FrlAnl LI YE 4 =+
FUA NG Th iR T R 1Y 22 S SR FI WA SR A Rl
A R X OZ N A I8 52 4z B (Furman and
Graham, 1999; Yang et al., 2005; Xia and Xu,
2005) . Ba/Rb—Rb/Sr I Nb/Th—Rb/Sr &l .7 , &
WA A LT AR I AR 4 s B S (&

0.4
(a)
Vv
03|
Vv
%
5 02 W&
7
= V Ry
0.1l
N F
0.0 1 l
0 20 40 60

Ba/Rb

7) UL XA IR IX FEN & KT WA
B}, i JCER HREE .Y 7R A R E s 4 i £
IN A A & 5 1 JC %R (MREE) (Green, 1994) ,
2R i A1 55 2 = 51 REE 22 Y (Glaser et al., 1999) .
I, 511 Z 8 A 5 5 HREE , 26 B =I5 X 5% 54 AH 3
BORARA,FIM S 1L X A S RORIE T A A
AE R0 )5 s o A M A A AR B AR R
TR AR P AR BE 290 60~80 km , A 1A AR FR 2
EBR 70~80 km , # IN A1 AHAS E T FRZY 7 80 km
(Wendlant and Eggler, 1980; Olafsson and Eggler,
1983) , Rt By 111 X o B IR X 870 & & = B
TAARINE L DR DXIR BE R T 80 ke, X 75 48 5 BE Y
WY BB TS E PP AL S S I AR E T I
3000~3500 MPa, a8, # Ui % & 90~100 km (Olafsson
and Eggler, 1983; Wallace and Green, 1988; Lloyd et
al., 1991; Sato et al., 1997) . P it & 3% 03 5 9 1T g
IR T2 80~100 km.,
5.2 MiEEX

1 2 R RE B TE Ze—Zo/Y % 5 ) B R i
b FEEIE AN LR X (K] 8a) , 75 XK il A 2 Ta/
Hf—Th/HF iR 38 B0 158 340 5] P17 7 i P 2848 Bl
LA X (B 8b) , PRt AT LA By & 1l % sl = T
LIS

Py Rk E b RAE B e AR (29 820 Ma) B
Z I BN A A A AR AR R b DX SR Y
PEFCHTIT BB F 24 820 Ma itk A P s fiti Py T £k
by B (47 B B, 2006; Wang et al., 2010; Li et al.,

0.4
()
\Y
\%
2
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4
Gz Bl N A -
£ N A
0.0 '
0 10 20

Nb/Th

K7 il Z A Ba/Rb—Rb/Sr FlINb/Th—Rb/Sr [&lff# (i El4f& Furman and Graham, 1999)
Fig.7 Ba/Rb—Rb/Sr and Nb/Th—Rb/Sr diagrams of the Mashan basalt (after Furman and Graham, 1999)

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



582 h |

20
(a) v

10 -

Zr/Y

1 |
10 100
7Zr/10°

1000

Th/Hf

0.01
0.02 0.1 1 2.0

Ta/Hf

8 % m i s 5T 4 51 el i (RS ] a 31 Pearce and Norry, 1979 JiG18] b #5754 ,2001)

A—RA XA K B—RIRZ A G C—E B LA X | — UL HGAZ N-MORB X ; [ —RCR MG (1 —RIERINL A X
Il 25 82 SRR i XL 2R D) 5 I— PR N A & T LU R [X K T-MORB . E-MORB [X.; IV—K il P (IV (i A 2885 K fili 244
BHPE X I DK IV Bl A2 Il X I IV — KRBk (B 288 ) KalE ) s V—Hiie it XA X
Fig.8 Tectonic setting discrimination diagrams of the Mashan basalt (a after Pearce and Norry, 1979; b after Wang Yunliang et al.,
2001)

A—Within—plate basalt; B—Island arc basalt; C—Mid—ocean ridge basalt; I -N-MORB; Il —Plate convergence margin ( Il \—Oceanic island basalt;
I ,—Volcanic arc basalt); Il ~Oceanic intraplate island basalt, scamount basalt and T-MORB, E-MORB; IV —Intraplate basalt (IV,—Intracontinental
rift basalt and continental margin rift tholeiite; IV,—Alkali basalt; IV,—Incipient rift basalt); V —Mantle plume basalt

2010) , B 330938 L1 Ry bl o s i P 3 L, (H GRS LLATL
il B K 8h F1 38 FeE— 2 . ERSEIR H A
A T AR i ST b o L 8 TR AR+
TR M —RKEE WLl , 1A pg HoAth b X 85 19 B S
WG o HOe— S B T AE i A (A 1546, 2021) .
S AUt ER AL B 2 BN AN S R BT R R BT T 1
HuSE N REA 56, 2 J5 iR R A bR & . Guo
et al.(1997)IA A i1 g BN SCHAAE i 25 B BT g 5 X
PR B S A 5 2 T A R R M e L A T S
) b SE FAE A O, IR AR REREBY TR L. Wang
et al.(2002) A A i1 R BN S BR B AR B 5 TR iS5
ZR AR &, Wang et al.(2003) A A
F 1LY 242 Ma (581 A IE AT BT B 3 0 4
JEIEE . Sibumasu MR [a] EJ 37 — A Rg L) ) 10 2R
) E Rl ] oA 243~258 Ma( Carter et al., 2001) , T1l]
Z i A B LA-ICPMS £5 41 () U—Pb 4F % A (246.7+
1.5)Ma, HiH R 5 B S0 3a sh 25 o) i AR e A — 3
Hi R Al 22 REAE S s O B A, R B
HP=F M N LA A%, [A] B S8 25 Song ma filf 8 4%
Bt Koty IRV PE R 1) AR R = T IR s, i A
I BAIL 0 EP S AR Rl 8 K RS- A B i 4 o
YEHIPTRESC RA K . HEAR g X R 11 2 AR —

AR R ey B RN e ey SN TEA ]|
— U2 W 2455 ED S i v - EEE A E T K H
= R L ] 3 W B4 1 [ 57 28 U 4F 24 200~256 Ma
(3Z/D M55, 1995; Wang et al., 2007) ., [Hit, S1L%
AT AT BB 2R e b DXt v — A A 3 S
JEAEHA G, B TRER A Rz ), 88X
REUAHR FRIFwL e L Z .

6 4t i

(1) 2 A T iUAF I (246.7+1.5)Ma,
=B E S Xl

(2) 1l 2 il e A, O R
o Wi R ICERRFIE A 1w 4R, Bl U R AR
NEERETHEALRK, TWEIEIUR, WL
HERIEA . FEARAE L A o £, T
iR g . Sr—Nd [Ff R R BATEM I 5 &3
115 S5 T B R, LR DX O S S ORF iV TS A B
st A )5 2RSS U ERIE S &=
BEARR A 10 S e (>80 km) PIX

(3) Bl L B A AR AL, HOE il GE 5
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