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Ca isotope composition of Cenozoic basalts from Xinchang-Shengzhou, Zhejiang Province:
Implications for source compositions of the Cenozoic basalts in the South China
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Abstract: We report the first estimations of the Ca isotopic compositions of Cenozoic basalts from Xinchang-
Shengzhou, Zhejiang Province. The 6***°Ca values ((0.62 £ 0.07)—(0.71 + 0.05) %o) of these basalts, with averages
of (0.68 = 0.07)%o, are abnormal as they are much lower than those of bulk silicate earth ((0.94 = 0.05)%o), normal
mid-ocean ridge basalts, and ocean island basalts. The Sr (Nd) isotopic compositions of the Xinchang-Shengzhou
basalts are negatively (positively) correlated with whole rock Ce/Pb, Zr/Hf, and Ca/Al ratios and are positively
(negatively) correlated with Ti" (Ti"= 2 x Tiy/(Bux+ Gdy), where N represents the primitive mantle normalized
value). This observation suggests that the Xinchang-Shengzhou basalts are derived from heterogeneous mantle
sources and that their compositional variations can be explained by the mixing of two types of parental magma
with similar or lower §**°Ca values. We infer that the two mantle sources are carbonated lithospheric mantle and
focus zone-like mantle components similar to the mantle source of Hainan basalts. The abnormally low §***°Ca
values of the Xinchang-Shengzhou basalts may be an inheritance from two types of parental magma with similar
and lower 6**°Ca values.
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Table I Major element compositions(%) of Cenozoic basalts from the Xinchang-Shengzhou region

¥ 5  XCl17-1 XCl17-2 XCl17-6 XC17-7 XC17-8 XC17-9 SZ17-2 SZ17-3 SZ17-4 SZ17-5 XC17-3 XCl17-4 XC17-5
Si0, 47.53 46.63 47.81 47.75 46.6 4791 42.67 42.39 49.57 49.79 49.48 50.90 51.15
ALO; 12.23 12.08 12.36 12.48 12.06 12.46 11.12 10.92 12.80 12.84 13.22 13.40 13.38
Na,O 2.94 3.02 3.07 2.90 3.40 2.90 3.09 2.78 3.40 3.47 2.99 2.92 2.90
MgO 8.53 8.45 8.37 8.39 8.62 8.39 10.78 11.16 7.53 7.58 7.17 6.77 6.65
K,O 1.75 2.09 1.61 1.62 1.10 1.69 1.60 1.35 1.71 1.74 1.30 1.14 1.12
CaO 9.46 9.20 9.29 9.04 8.77 9.19 9.87 10.15 8.16 7.93 8.27 9.06 8.94
MnO 0.19 0.22 0.19 0.18 0.21 0.20 0.22 0.19 0.16 0.19 0.17 0.20 0.23
Fe,0; 13.63 13.89 13.01 13.07 13.06 12.89 14.30 14.12 12.00 12.45 12.8 12.88 13.07
TiO, 2.55 2.56 2.53 2.57 2.50 2.56 2.56 2.65 2.46 2.45 2.37 2.14 2.12
P,0s 0.60 0.62 0.62 0.64 0.62 0.64 0.77 0.82 0.54 0.55 0.56 0.33 0.34
LOI 0.59 1.23 1.12 1.33 3.04 1.16 2.97 3.43 1.62 1.01 1.72 0.27 0.11
Ca/Al 1.04 1.03 1.01 0.98 0.98 1.00 1.20 1.25 0.86 0.83 0.84 0.91 0.90
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Table 2 Trace element compositions (png/g) of Cenozoic basalts from the Xinchang-Shengzhou region
¥ % XC17-1 XCl17-2 XC17-6 XC17-7 XC17-8 XC17-9 SZ17-2  SZ17-3 SZ17-4 °SZ17-5 XC17-3 XCl17-4 XC17-5
Sc 19.7 19.1 19.0 18.8 19.4 19.3 19.6 22.6 17.2 16.9 19.3 20.6 20.4
Ti 15187 14979 14755 15067 14832 15262 15162 15785 13842 14420 14296 12292 12139
A% 182 171 184 186 182 186 208 207 159 164 176 170 169
Cr 267 254 211 213 229 207 345 319 182 190 142 203 204
Mn 1489 1747 1535 1458 1652 1567 1788 1578 1215 1509 1452 1501 1785
Co 52.9 50.6 48.1 48.6 47.8 473 557.0 58.9 42.4 45.0 46.5 44.9 44.9
Ni 259 236 157 157 156 150 273 283 150 161 120 109 111
Cu 99.0 97.2 55.2 62.5 61.7 62.8 83.4 86.8 70.1 76.0 68.3 76.0 76.0
Zn 136 133 122 126 121 128 123 127 114 117 126 116 113
Ga 22.0 20.6 20.8 21.3 20.6 21.0 19.9 19.8 20.3 21.5 21.1 20.2 20.2
Ge 3.48 3.36 3.25 3.23 3.23 3.26 3.45 3.51 2.76 3.02 3.22 3.00 3.04
Rb 43.1 69.8 41.7 41.6 25.7 41.5 47.8 38.0 39.9 42.5 333 25.8 27.0
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(8% 2)
¥ 5 XCl7-1 XCl7-2 XCl17-6 XC17-7 XC17-8 XC17-9 SZ17-2 SZ17-3 SZ17-4 °'SZ17-5 XC17-3 XC17-4 XC17-5
Sr 725 710 685 672 596 744 730 833 492 511 597 405 404
Y 25.5 25.0 243 25.7 25.1 25.7 25.0 25.5 22.3 23.6 24.7 21.3 21.2
Zr 225 222 193 199 192 199 181 191 160 170 178 131 131
Nb 59.27 58.27 52.52 54.54 52.73 54.6 69.62 74.77 39.96 41.75 48.03 24.95 25.07
Cs 0.53 0.55 0.45 0.43 0.81 0.31 0.67 0.78 0.23 0.30 0.20 0.31 0.33
Ba 550 542 473 492 483 499 660 704 440 443 438 281 281
La 32.3 32.2 30.3 32.0 30.8 31.2 38.1 40.1 24.0 24.4 27.2 18.7 19.0
Ce 67.0 66.9 62.3 65.3 62.9 63.5 73.1 78.6 48.8 50.0 55.7 37.8 38.4
Pr 8.12 8.13 7.50 7.89 7.53 7.70 8.60 8.96 5.90 6.03 6.70 4.64 4.70
Nd 36.0 36.1 32.6 34.1 33.0 334 35.8 38.0 25.9 26.4 29.3 20.8 21.2
Sm 8.25 8.21 7.51 7.84 7.56 7.58 7.80 8.30 6.40 6.61 6.94 5.26 5.27
Eu 2.73 2.74 2.48 2.56 2.51 2.53 2.59 2.74 2.13 2.15 2.35 1.76 1.75
Gd 7.79 7.66 7.05 7.30 7.17 7.14 7.24 7.78 6.14 6.35 6.60 5.23 5.32
Tb 1.11 1.12 1.05 1.09 1.06 1.05 1.08 1.13 0.94 0.96 1.00 0.84 0.83
Dy 5.84 5.74 5.43 5.63 5.37 5.54 5.54 5.75 4.88 4.97 5.22 4.52 4.51
Ho 1.00 0.99 0.94 1.00 0.97 0.98 0.97 1.01 0.88 0.89 0.95 0.83 0.83
Er 2.25 2.21 2.25 2.34 2.23 2.27 2.24 2.25 2.03 2.08 2.21 2.00 1.97
Tm 0.29 0.28 0.29 0.30 0.30 0.30 0.29 0.30 0.27 0.27 0.29 0.27 0.27
Yb 1.58 1.50 1.65 1.71 1.64 1.68 1.58 1.62 1.53 1.58 1.63 1.52 1.56
Lu 0.21 0.21 0.23 0.24 0.23 0.23 0.22 0.22 0.22 0.22 0.23 0.22 0.22
Hf 5.50 5.42 4.71 4.92 4.70 4.74 4.34 4.52 4.26 4.28 4.38 3.54 3.55
Ta 3.34 3.28 2.86 2.93 2.82 2.92 3.54 3.84 2.15 2.19 2.53 1.34 1.34
Pb 2.28 2.37 2.64 2.85 2.55 2.74 2.30 2.17 3.21 3.30 2.20 2.52 2.60
Th 4.56 4.46 4.73 5.01 4.71 4.89 5.62 6.01 4.24 4.32 4.10 2.77 2.82
U 1.01 1.09 1.12 1.17 1.12 1.16 1.31 1.39 0.93 0.73 0.93 0.61 0.61
Nb/U 58.7 53.7 47.1 46.7 47.3 47.0 53.1 539 43.1 57.0 51.8 41.0 414
Ce/Pb 294 28.3 23.6 22.9 24.7 23.2 31.8 36.2 15.2 15.2 254 15.0 14.8
Zr/Hf 40.9 40.9 41.0 40.5 40.9 42.0 41.7 42.3 37.6 39.6 40.6 37.1 36.8
Ti" 0.79 0.78 0.84 0.83 0.84 0.86 0.84 0.82 0.91 0.93 0.87 0.97 0.95

1 Ti"=2xTin/(Bun+Gdy), ¥ N X 5% JE #4018 45 L

42 HBEER. BoRKBMMERESERXEER
SEALHRIE

BB - ZaE R RR I F T | i
K MFE N RAVEE, JFHICR & &5 HEZ I,
W HICR SR R Z AR BH R AP OE S R (4,
Kl 8). 7 MgO FitfETLR KT (Kl 4), AT LML
FIEE MgO = MREAL, Sio, Ml ALO, i 7,
Ifif CaO % & Fil CaO/ALO; LLAEREAR . HiT AN Ay X Fh
AH 56 56 2 ] i AOE A7 RN B RN AT B 40 B 4G S|
RS2 O Ay B A A T BN SR AR, hi R
RUEAT B3 B 45 2l CaO & F CaO/ALOs L1
FEAK. BT La F1 Yb ZEMIONS A R RV A1 S a1k 2
(] 119 43 TC 2R BRI AL, T L RO A R B b £ 1 4 2
Zh ANl La M YD K508, TR -8 B LA
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Moo AT RS 2 R & AR A A
R RR R A T BRI A A R R A
a2 A La/Yb HE TR, X587 5 - X
#+La/Yb HAEFI MgO & IEM DGR M, Frlif
WA o0 B 45 S ABAS S B L SR AH S (8 A
TR A B — Y5 DX 43 R T R B - X
B A R WE 2 B B - 2 R B A A
TEMEEEMTH X, TR T AWM T A1E
SRR B R AR IR DX T B A T A R X
AR BE I RSN, La/Yb EL{EREAIS, MgO & AL,
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Fig.5 Rare earth element (REE) patterns (a, b) and trace element spider diagrams (c, d) for the Xinchang-Shengzhou basalts
B OB R 5 RIS IO B IR S G 51 11 SCHIR[39]; OIB FIBRRLRA A1 £di 51 [ SCRR[40]; IR 4n b Bcdi 51 11 SCRR[41]; KR8 51 A SCrk[42]
The data for magnesio-carbonatites and calico-carbonatites is from reference [39]; data sources of OIB and chondrite is from reference [40];
primitive mantle is from reference [41]; continental crust is from reference [42]

Rx3 FHEAEMFTERZEE Sr-Nd-Ca R EHK

Table 3 Sr-Nd-Ca isotopic compositions of Cenozoic basalts from the Xinchang-Shengzhou areas

5 878r/%6sr M3Nd/Nd end 6*4%Ca 2SE# - R
XCl17-1 0.703248 0.513001 7.09 0.71 0.04 3
XC17-2 0.703394 0.512991 6.89 / / /
XC17-6 0.703578 0.512961 6.30 / / /
XC17-7 0.703459 0.512971 6.50 0.66 0.05 4
XC17-8 0.703471 0.512951 6.10 / / /
XC17-9 0.703418 0.512948 6.04 / / /
SZ17-2 0.703238 0.512987 6.81 0.70 0.07 3
SZ17-3 0.70325 0.512994 6.95 0.70 0.05 4
SZ17-4 0.703802 0.512877 4.66 0.66 0.05 3
SZ17-5 0.703788 0.512871 4.54 / / /
XC17-3 0.703555 0.512947 6.02 0.62 0.07 4
XC17-4 0.704019 0.512847 4.08 / / /
XC17-5 0.703979 0.512863 438 0.71 0.05 3
NIST-SRM-915a / / / -0.02 0.02 42
IAPSO seawater / / / 1.78 0.02 46
BCR-2 / / / 0.73 / 1
BHVO-2 / / / 0.83 / 2

T #R R AT, </ AR TE I Bdis
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