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Abstract: Numerous Neoproterozoic volcanic— sedimentary rocks, e.g., Wanquan Group, Louqian and Xixi Formation, are
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outcropped along the Nanping—Ninghua tectonic belt, South China. This paper presents a systematic petrological, geochronological,
and geochemical study of metamorphic rocks from the Louqian Formation in Mingxi County of Fujian and Ruijin County of Jiangxi
Province. Zircons from meta—dacite in Mingxi County and meta— crystal tuff in Ruijin County yielded U—Pb weighted mean ages
of (729+4)Ma and (735+6.7) Ma (by LA—ICP—MS), respectively. The SiO, values of these meta— volcanic rocks range from
65.22% to 74.54%, and they have high Al,O; (11.05%—16.80%) and Na,O + K,O content (4.88%—10.19%) but low CaO, MgO, and
FeOr content. Their ANK values and A/CNK ratios are 1.23—1.78 and 0.98—1.57 with Nb/Ta being 12.44—17.28, Nd/Th being 2.07—
3.51, Ti/Zr being 6.08—10.37 and Ti/Y being 68.51—154.71, implying the S—type igneous rocks. All samples are enriched in
large—ion lithophile elements (LILE; e.g., Ba and Rb) and depleted in high—field—strength elements (HFSE; e.g., Nb, Ta, Ti, and P)
with Zr/Nb being 16.65—24.07 and Th/Ta being 12.94—16.93. Marked negative Eu anomalies 0.33—0.62 are similar to those in arc
igneous rocks. Based on regional geological data and previous studies, the authors hold that the Nanping—Ninghua tectonic belt had
been in an active continental margin setting until 713 Ma. The magmatism was caused by the subduction of oceanic crust and
formed an intermediate— acid volcanic belt along the Nanping— Ninghua— Ruijin continental margin, which indicates that the
collision between the North and South Wuyi blocks did not form a unified Wuyi Block before 713 Ma, and the Cathaysia Block had

not a unified pre—Nanhua crystalline basement.
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Fig. 1 Tectonic map of the study area (a, after Greentree et al., 2006) and distribution of the Procambrian metamorphic rocks in
South China (b, after Jiang et al., 2018)

1—Wanquan Group; 2—Mamianshan Group; 3—Jiaoxi Group; 4—Dikou Formation; 5—Mayuan Group; 6—Tianjingping Formation; 7—Nanhua—Sinian

volcanic sedimentary rock series; 8—Previous/this study
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Fig. 2 The photomicrographs of Lougian Formation meta-rhyolite and meta-crystal tuff
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Table 1 LA-ICP—MS U—-Th—Pb zircon geochronologic results for Louqian Formation meta—volcanic rocks
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3.90~5.31, (Gd/Lu)x N 0.86~1.65, (La/Yb)=7.89~
19.67, U W HFEH + 0 Sk AR 0 555 R
s - TCE o S B, AEEROR A PR EAL B9 TR
Be o R o A i A e AR AL (B 5b) o 45
FEih Eu 2 2 30 1Y 1 5% (6Eu=0.33~0.62) .

5 TF 1w

5.1 5AMESMERE
BRI 2H VR R KL e E ALO, (SR 20

14.35%) . & KO (CF- 34128 4.07% ) Fl Na,O (°F- 15
3.71% ) i fik FeO™ (°F- 344 2.75% ) . MgO (V- ¥4k
0.98%) ,FeO"/MgO(2.15~3.59) Fl Mg (36.9~48.5 )&
1) s ANK (B FI A/CNK (B X555 5, Jg i 40 i 2K
5B ) A TR T RUAE 5 5 25 SR . R e R T
1A, 7+ 41 FY) Nb/Ta F1 Nd/Th {54351 A 12.44~17.28 FlI
1.52~3.51, 4%3E 7 I8 #+41 (Nb/Ta=12,Nd/Th=3) [fij 5
i 5 2 47 (Nb/Ta=22, Nd/Th>15) A # K 2% 51| (Bea
et al.,2001) ; Ti /Zr F1Ti /Y {843 514 6.08~10.37 Fil
68.51~154.71, & HBy& TEsc I e A Ti/Zr M Ti/Y {H
J [l N ( Ti /Zr<30, Ti /Y< 200) ; /£ Rb—Th 1 Rb—Y
) P g b R VT S AR B T Ak R B R A (A
6) , M A BRI 4H 0 22 ot — i SU B K LA IR S
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PR ZH A8 o 1L A BAT SIS i b ek 4
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% H Zo/Nb (B 7E 16.65~23.33, 5 7E I K 111 4514 Zr/
Nb {H & il P9 (Zr/Nb=0~60), 7£ (Y +Nb)—Rb il Y-Nb
A it PR 3] LAt v, IR FEAS T K LLIRAE 5 2 X
B (& 7a.b) o BEHTLHERAS BT K 1L A 7 Th/Ta B R
12.94~16.93, 5 1% sl K Fifi i1 2% K 11 5 R AE— 2 (Th
Ta=6~20). 1E Ta/Yb—Th/Yb Fl Yb—Th/Ta ¥4 3 Fr 1%
50 B L, B AT 3l K Rl il 2 X B (1 7c
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5.2 ERLE BRSNS KRB

AR YR DA (0 V04 B 4 B I & R I E A
PR LS T 2 9 A8 I K L B B AR S5 i G
175K ((730.1+7)Ma) FHE 557 ((734.743.3)Ma)
A5 Ml )R8 T2 V8 A B L 2 B AR T R 2 S R
A= (R3), BREMF—T B ENFEED
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W% 2 TR b, 10 08 T 2H 928 Jo L Ay BIUARY  3 B R
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VB iV b DX A5 T 2L A T L R T P —
o TP A M T A ST BE (2016a) @ 45, B
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AT S 4 LA ) Th g TR T R AR AR R U T B 1017
R2EAAXRTRANLEEETE (%) B TEFMMETEFE(10°)
Table 2 Major (%) and trace element (10*) data of Lougian Formation metamorphic volcanic rocks
b 16CT7 16CT9 16CT10- 16CT10- 16CT10- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM-1-
-1 -1 2 3 4 1-1 1-2 1-3 1-4 1-5 1-7 1-8 10
KR YL VU I 4 T 2 e g I AT
SiO, 72.25 71.63 65.58 70.25 71.52 70.62 65.22 69.94 70.38 74.54 72.55 71.15 67.74
TiO, 0.42 0.40 0.42 0.47 0.36 0.35 0.59 0.28 0.39 0.29 0.31 0.31 0.48
ALO; 13.45  14.26 16.80 14.02 14.89 15.01 15.35 15.89 15.12 11.05 13.29 13.29 14.19
Fe,O; 1.18 2.26 2.42 1.72 2.19 1.4 2.97 0.98 1.41 1.48 1.08 1.29 0.57
FeO 2.34 0.83 1.29 1.8 0.54 0.86 1.92 0.75 0.97 1.29 0.75 0.93 2.62
MnO 0.05 0.05 0.05 0.09 0.04 0.06 0.11 0.05 0.07 0.1 0.05 0.09 0.1
MgO 1.04 1.03 1.22 1.06 0.85 0.95 1.72 0.76 0.96 1.09 0.48 0.68 0.88
CaO 0.40 0.50 0.30 1.12 0.33 0.91 1.64 1.09 1.51 2.27 1.57 1.95 1.42
Na,O 1.56 4.30 1.92 4.18 4.24 4.23 3.67 5.56 4.93 1.61 3.65 3.79 4.56
K.O 4.87 3.89 8.27 3.45 422 3.98 43 3.51 2.62 3.27 3.73 3.53 331
P,Os 0.06 0.09 0.1 0.11 0.06 0.07 0.11 0.06 0.09 0.09 0.08 0.07 0.12
LOI 2.35 1.1 1.78 2.04 1.37 1.33 1.74 1.04 1.26 241 2.34 3.01 3.07
ALK 6.43 8.19 10.19 7.63 8.46 8.21 7.97 9.07 7.55 4.88 7.38 7.32 7.87
FeO" 3.40 2.86 3.47 3.35 2.51 2.12 4.59 1.63 2.24 2.62 1.72 2.09 3.13
FeO'/MgO 3.27 2.78 2.84 3.16 2.95 2.23 2.67 2.15 2.33 2.40 3.59 3.07 3.56
Mg’ 39.1 43.0 425 39.9 41.5 48.5 44.0 49.4 47.4 46.6 36.9 40.6 37.1
ANK 1.71 1.26 1.38 1.32 1.29 1.33 1.43 1.23 1.38 1.78 1.32 1.32 1.28
ACNK 1.57 1.17 1.33 1.11 1.22 1.16 1.12 1.06 1.10 1.07 1.03 0.98 1.04
Li 71.9 22.7 28.6 39.2 19.4 232 459 18.8 70.5 27.2 17.6 13.7 76.5
Be 3.61 2.52 3.27 2.38 2.65 2.5 2.23 2.49 1.67 1.84 1.86 1.95 2.12
Cr 28.2 11.9 8.38 11.1 9.73 5.16 23.5 6.26 6.26 8.7 6.34 6.45 14.2
Co 7.95 5.32 5.14 7.04 3.2 3.83 11.3 3.15 4.53 4.79 1.67 2.59 6.76
Ni 15.9 4.84 5.37 4.6 33 5.09 11.6 4.96 6.06 8.14 3.52 4.39 8.45
Cs 14.3 3.04 7.06 6.22 4.28 4.29 5.16 2.55 2.57 6.78 6.7 8.28 6.04
\Y% 36.9 41.5 25 41.3 30 17.5 68.7 14 24.5 24.7 21 21.6 36.3
Rb 163 116 252 110 125 116 125 95.2 74.6 111 116 116 91.1
Ba 843 1043 1289 874 1094 741 956 660 813 963 655 709 963
Th 15.6 13.5 229 13.2 13.9 15.4 16.8 17.5 12.7 8.49 11.2 12.4 12
U 2.67 2.21 2.78 2.63 2.49 1.71 2.67 2 2.21 0.9 1.35 1.7 1.82
Pb 21.2 22.1 6.9 26.8 15.4 23.8 31.2 20.4 20.4 15.4 11.2 16.3 12.9
Nb 15.8 13.1 19.4 12.9 123 14.4 16.2 14.9 12.6 8.67 12.7 12.5 14
Ta 1.14 0.91 1.56 1.02 0.98 0.96 1.1 1.06 0.75 0.54 0.8 0.82 0.81
Sr 135 143 101 200 132 155 100 189 186 172 72.3 96.6 133
Zr 263 282 344 256 296 282 336 276 294 173 283 257 284
Hf 7.36 7.24 10.7 7.34 8.46 8.23 8.54 8.2 7.96 4.89 7.64 7.22 7.3
Ti 2562 2420 2326 2654 1995 2098 3537 1679 2338 1739 1858 1858 2878
Sc 7.73 7.09 8.97 8.27 6.79 5.86 9.39 5.83 6.2 5.73 5.83 6.16 6.7
28.4 223 26.7 19.9 16.7 24.4 249 24.5 223 21.2 18.3 23.1 18.6
P 262 393 437 480 262 306 480 262 393 393 349 306 524
40472 32328 68728 28671 35070 33076 35735 29170 21774 27175 30998 29336 27508
La 52.9 48.5 69 56.8 27.5 66.5 61.6 64.5 56.9 38.4 43.6 46.9 56.5
Ce 102 116 132 102 50.8 115 110 112 105 72.6 76.2 85 102
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iR 2
b 16CT7- 16CT9- 16CT10- 16CT10- 16CT10- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM- 158SM-1-
1 2 3 4 1-1 1-2 1-3 1-4 1-5 1-7 1-8 10
R AN Ry i e R R T
Pr 11.3 10 14.4 11.4 5.92 12.9 12 12.2 11.6 8.25 8.56 9.26 10.8
Nd 38.4 31.9 47.4 37.2 21.1 47.4 41.4 44.1 44.6 29.6 29.6 323 39.1
Sm 7.09 6.04 9.4 6.91 3.95 8.63 7.84 8.14 7.59 6.35 5.89 6.68 6.96
Eu 0.92 0.94 1.13 1.24 0.51 1 1.21 0.79 1.14 0.94 0.8 0.97 1.2
Gd 6.11 4.74 6.59 5.08 2.98 6.25 5.73 6.11 5.41 4.4 4.54 5.49 4.46
Tb 0.93 0.75 1.04 0.79 0.53 0.93 0.92 0.92 0.81 0.7 0.69 0.85 0.68
Dy 5.5 4.45 6.01 438 3.39 5.33 52 5.22 4.61 4.13 391 4.56 391
Ho 1.14 0.95 1.12 0.8 0.66 1 1.01 0.98 0.88 0.84 0.73 0.94 0.75
Er 3.1 2.64 3.57 243 222 3.02 3.16 3.05 2.81 2.62 2.36 3.01 235
Tm 0.52 0.42 0.49 0.32 0.33 0.41 0.45 0.44 0.4 0.37 0.33 0.42 0.32
Yb 3.04 2.46 3.48 2.31 2.5 2.63 2.86 2.95 2.68 231 2.3 2.77 2.06
Lu 0.51 0.4 0.58 0.38 0.43 0.48 0.47 0.53 0.46 0.39 0.39 0.48 0.34
LREE 212.61 21338 27333 21555 109.78 25143  234.05 241.73 226.83 156.14 164.65 181.11 216.56
HREE 20.85 16.81 22.88 16.49 13.04 20.05 19.80 20.20 18.06 15.76 15.25 18.52 14.87

>REE 23346 230.19 29621 232.04 122.82 27148 25385 261.93 24489 171.90 17990  199.63 231.43
LREE

Prr— 1020 12.69 11.95 13.07 8.42 12.54 11.82 11.97 12.56 9.91 10.80 9.78 14.56

JoEu 0.42 0.52 0.42 0.61 0.44 0.40 0.53 0.33 0.52 0.52 0.46 0.48 0.62
(Gd/Yb)x  1.66 1.59 1.57 1.82 0.99 1.97 1.66 1.71 1.67 1.58 1.63 1.64 1.79
(La/Sm)x  4.82 5.18 4.74 5.31 4.49 4.97 5.07 5.12 4.84 3.90 4.78 4.53 5.24
(Gd/Lu)x  1.48 1.46 1.40 1.65 0.86 1.61 1.51 1.42 1.45 1.39 1.44 1.41 1.62

(La/Yb)x 1248  14.14 14.22 17.64 7.89 18.14 15.45 15.68 15.23 11.92 13.60 12.14 19.67
Nb/Ta 13.86  14.40 12.44 12.65 12.55 15.00 14.73 14.06 16.80 16.06 15.88 15.24 17.28
Nd/Th  2.46 2.36 2.07 2.82 1.52 3.08 2.46 2.52 3.51 3.49 2.64 2.60 3.26
Ti/Zr 9.74 8.58 6.76 10.37 6.74 7.44 10.53 6.08 7.95 10.05 6.57 7.23 10.13
Ti/Y 90.21 108.52  87.12 133.37  119.46 85.99 142.05 68.51 104.85 82.01 101.55 80.45 154.71
Zr/Nb  16.65  21.53 17.73 19.84 24.07 19.58 20.74 18.52 23.33 19.95 22.28 20.56 20.29
Th/Ta  13.68  14.84 14.68 12.94 14.18 16.04 15.27 16.51 16.93 15.72 14.00 15.12 14.81

() [ ¢ cmwenns (b)

Huanglin village,Ruiijn,Jiangxi

A (éll;ﬁt)@)) ST g EEESE ¢
HEERE Lougian village,Mingxi,Fujian

(Q>20%)

X .
2 e
) X
& 5+
% 7 ON
e} [~
EN
&5 2 r

|
Low-K

L PR T SR TR S T PR SR SR SR S TR T TR S S 1 1 1 1 ]
41 45 49 53 5T 6l 65 6 73 77 50 55 60 65 10 15
$i0,/% $i0,/%
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Fig.4 TAS diagram (a, after Middlemost, 1994) and SiO,— K;O diagram (b, after Peccerillo and Taylor,1976) of the Lougqian
Formation meta—volcanic rocks
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Fig.5 Primitive—mantle—normalized trace element spider diagrams (a) and chondrite—normalized rare earth element (REE) patterns
(b) for meta—volcanic rocks from the Louqian Formation (normalization factors after Sun and McDonough,1989)
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Fig.6 Rb versus Th(a) and Rb versus Y(b) plots for meta— volcanic rocks from the Lougian Formation (after Allegre
and Minster, 1978)
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Formation
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2003;Li et al., 2005 ; BL/NEZE 2006 ; P TEYH L 2006 ;
Wan et al., 2007) . i 10 434 2% , 2Bk ik Rodinia
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R3HATEX T RN EFREL RS T

Table 3 Geochronological data for Louqian Formation metamorphic volcanic rocks

HIE KRR A MR 7% W45 R /Ma Wk
BIRIMECE WA FRURLES A U-Pb R 71347 % LA, 2002
BIRIMLCE KTkt #54 LA-ICP-MS U-Pb i 730.1+7 FR A 1R AR AU B, 2016bCR R R R ®
BT ES WAV B84 LA-ICP-MS U-Pb i 734.7+3.3 Jiang et al., 2018
RAR YA HISRMERT 54 LA-ICP-MS U-Pbik 729+4 AT
A B R A 4T B54 LA-ICP-MS U-Pbi%k 735+6.7 AT
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