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Fig. 1 Tectonic map of Mianxian—Liieyang tectonic zone and adjacent region(a)

and distribution map of magmatic rocks in Sanchazi—Hengxianhe area(b)
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directional arrangement in sericite—albite—quartz schist; Ch—chlorite ; Ep—epidote
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Table 1 LA-ICP-MS zircon U—Th—Pb isotopic analysis data of Heigouxia andesitic rocks( x10~°) (sample M092-2)

[ 28 i A2 i 4F% (Ma)
TRy (x1079) Th n(27Ph* ) n(2Ph* ) (2 Ph* ) n(Ph) | n(27Pb) n(2%Ph)
o] U n(Ph ) n(50) n(50) (™ Ph) n(0) 2 (Z50) WA
Pb Th U (% )
MiE +lo | VIMH xlo | A slo |JME|+lo| ME | +1o | JE | 1o

1 59 778 | 359 |2.17 | 0.0713 | 0.0024 | 1.3350 | 0.0274 | 0.1358 | 0.0021 | 965 | 20 | 861 12 821 12 105
2 23 174 154 | 1.13 | 0.1468 | 0.0050 | 2.8540 | 0.0573 | 0.1409 | 0.0022 {2309 | 16 | 1370 15 850 13 161
3 15 188 | 252 | 0.75 | 0.0705 | 0.0024 | 1.2630 | 0.0259 | 0.1298 | 0.0020 | 944 | 20 | 829 12 786 11 105
4 6 81 93 10.88 | 0.0681 | 0.0026 | 1.2530 | 0.0333 | 0.1334 | 0.0022 | 870 | 30 | 825 15 807 12 102
5 5 54 99 10.55]0.0696 | 0.0027 | 1.4100 | 0.0388 | 0.1469 | 0.0024 | 916 | 31 893 16 883 13 101
6 27 339 152 1 2.23 1 0.0704 | 0.0028 | 1.3100 | 0.0382 | 0.1349 | 0.0022 | 940 | 33 850 17 816 13 104
7 5 64 105 | 0.61 | 0.0710 | 0.0033 | 1.2390 | 0.0452 | 0.1266 | 0.0023 | 957 | 46 | 819 20 768 13 107
8 6 83 81 1.02 | 0.0940 | 0.0036 | 1.6950 | 0.0467 | 0.1307 | 0.0022 | 964 | 143 | 822 37 770 14 107
9 80 1811 | 1643 | 1.10 | 0.1567 | 0.0049 | 3.6280 | 0.0579 | 0.1679 | 0.0025 {2420 | 12 | 1556 13 1000 14 156
10 17 206 152 | 1.35 | 0.0703 | 0.0025 | 1.3060 | 0.0316 | 0.1346 | 0.0022 | 937 | 25 | 848 14 814 12 104
11 7 93 164 | 0.57 | 0.0691 | 0.0024 | 1.2680 | 0.0281 | 0.1330 | 0.0021 | 902 | 22 | 832 13 805 12 103
12 68 904 | 510 | 1.77 | 0.0728 | 0.0024 | 1.3190 | 0.0258 | 0.1313 | 0.0020 |1009 | 18 854 11 795 12 107
13 3 33 60 [0.55]0.0694 | 0.0029 | 1.4250 | 0.0449 | 0.1489 | 0.0026 | 910 | 37 899 19 895 14 100
14 10 72 100 | 0.72 | 0.0702 | 0.0032 | 1.4650 | 0.0539 | 0.1513 | 0.0028 | 935 | 46 | 916 22 908 15 101
15 24 274 | 255 | 1.07 | 0.0899 | 0.0029 | 1.6110 | 0.0311 | 0.1299 | 0.0020 |1106 | 108 | 865 29 774 13 112
16 11 146 121 | 1.21 | 0.0691 | 0.0028 | 1.2030 | 0.0358 | 0.1262 | 0.0021 | 903 | 34 | 802 16 766 12 105
17 26 323 | 361 |[0.89 | 0.0675 | 0.0023 | 1.2170 | 0.0258 | 0.1309 | 0.0021 | 852 | 21 808 12 793 12 102
18 21 253 | 216 | 1.17 | 0.0691 | 0.0024 | 1.2800 | 0.0282 | 0.1345 | 0.0021 | 900 | 22 | 837 13 813 12 103

19 28 367 | 311 | 1.18 | 0.0659 | 0.0021 | 1.2510 | 0.0235 | 0.1378 | 0.0021 | 803 | 18 824 11 832 12 99
20 15 170 | 232 [ 0.73 | 0.0748 | 0.0025 | 1.4480 | 0.0299 | 0. 1406 | 0.0022 |1062| 19 | 909 12 848 13 107
21 38 527 | 500 | 1.05 | 0.0935 | 0.0030 | 1.7440 | 0.0331 | 0. 1354 | 0.0021 |1061| 112 | 872 30 800 13 109
22 9 103 149 |1 0.69 | 0.0700 | 0.0024 | 1.3050 | 0.0293 | 0.1352 | 0.0022 | 929 | 22 | 848 13 818 12 104
23 44 623 | 433 | 1.44 | 0.0786 | 0.0025 | 1.2850 | 0.0231 | 0.1188 | 0.0019 |1161| 16 | 839 10 723 11 116
24 5 60 84 10.71 | 0.0686 | 0.0027 | 1.3150 | 0.0389 | 0.1390 | 0.0024 | 888 | 34 | 852 17 839 13 102
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dirgrams of Heigouxia metamorphic volcanic rocks
I —aliJe i 1 —gkBrie e ;s I—rhrE—mtk Jls s V—85 BT Bus s V—BMAb 2 TIRUR R BUa s IR A 27 TIBL; VI— i e vk
s I—R A s KB A = oA A s K—2PE K lE R TIBURBUA £1 s X —IRBRERTIRVA s XI—J R Rt BUA

| —mudstone; Il —ferruginous mudstone; Il —neutral—acidic volcanic rock; IV—calcareous mudstone; V-—colloid chemical deposition and

mudstone; VI—colloid chemical deposition; VI—ultrabasic rock; Vll—ultrabasic rock and partial dolomitic rock; IX—basic rock and partial

sedimentary calcareous rock; X —sedimentary carbonate rock ; XI—mud-calcareous sedimentary rock

IR AR IR A B e 1 X

YR XK E AR Si0, i (43.54% ~
54.51% ) Ak 8k, Bl 47.03% , TiO, & i
(1.17% ~2.02%) V4% 1.57% , Na,O & il
1.21% ~ 5.22%, K,0 % & # % (0.01% -~
0.78% ), Na,0/K,0 7 fk % Kk, ALO, & =&
(13.49% ~17.78% ) P40 14.93% , Fe,0,T & it
(10.57% ~ 14.33% ) E-4 % 12.58% , MgO & &t
(3.17% ~8.62% ) F-H % 6.56% , Mg Jg 32.87 ~
59.33(Mg" =100 x n(Mg) /[ n(Mg) +n(Fe,0,") 7],

AT AR, 2015) , SFH4 50. 39,

G AR SI0, F R 57.92% ~60.71% ,
TiO, (&4 0.62% ~0.84% ) F-35} 0. 76% , Na,O
SR 2.95% ~4.84% , K,0 &N 1.39% ~
3.04% , ALO, & (12.56% ~ 17.15% ) -3 K
15.29% , Fe,0,T &4 (5.68% ~ 8.88% ) -5 K
7.32% , MgO % f& (2.89% ~ 4.39% ) -3 K
3.43% , Mg">} 40. 40 ~60. 72, A/CNK {fifF 0. 58
~1.62, A/NK {4 F 1.33 ~2. 11, 7 AFM [& fi#
(K 6¢, Trvine and Baragar, 1971) 1 & A kE IR
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Table 2 Major elements analysis data of Heigouxia volcanic rocks( % )

Si0, 57.92 | 60.37 | 60.71 | 48.11 | 45.66 | 44.68 | 47.97 | 46.41 | 44.91 | 47.50 | 43.54 | 54.51
TiO, 0.82 0.62 0.84 1.47 1.90 1.67 1.17 1.66 2.02 1.30 1.39 1.52
ALO; | 17.15 | 12.56 | 16.17 | 13.74 | 13.88 | 13.49 | 15.39 | 13.67 | 14.73 17.4 17.78 | 14.25
Fe,0;T | 8.88 5.68 7.41 14.33 | 13.84 | 13.55 | 11.39 | 11.21 | 13.58 | 10.57 | 11.82 | 12.95
MnO 0.17 0.13 0.15 0.24 0.23 0.26 0.19 0.25 0.21 0.21 0.22 0.16
MgO 3.01 4.39 2.89 5.14 7.84 6.10 7.77 5.80 7.58 7.02 8.62 3.17
CaO 1.33 6.73 1.16 8.06 10.62 | 15.28 8.62 14.55 | 10.49 | 10.16 7.92 6.44
Na, O 2.95 4.84 3.52 2.72 2.51 1.21 3.57 1.85 2.72 3.49 2.96 5.22
K,0 3.04 1.39 2.65 0.78 0.10 0.01 0.30 <0.01 | 0.02 0.19 0.44 0.02
P, 05 0.23 0.11 0.20 0.33 0.17 0.16 0.09 0.15 0.20 0.15 0.15 0.18
ek 3.53 3.03 4.40 5.80 2.92 4.03 2.88 4.91 3.07 2.94 4.07 1.29
a8y 99.03 | 99.85 | 100.10 | 100.72 | 99.67 | 100.44 | 99.34 | 100.46 | 99.53 | 100.93 | 98.91 | 99.71
Mg" 40.40 | 60.72 | 43.82 | 41.77 | 53.12 | 47.38 | 57.71 | 50.85 | 52.75 | 57.05 | 59.33 | 32.87

TR PR 2 ROA LR g, T8 Ll AR 0
IR 5 B M Kl A T A B . 7E AR—SI0, &
(Kl 6e, Wright, 1969) Hr, 2 111 A 4F i A R 7 ALG
BPEDCH . R RV R AR iR BE RS, &
HE A ST 251
4.2 mimEMMETE

SRR KL A FR TR IR TR ST A AR
e 3. MWL A 5 (39.96 x 107° ~
72.49 x 10 ) Apfb ik, IR 57.63 x10°°, ¥
LREE/ Y HREE 4 1.23 ~2.30. BB A FRUEAL TR
TSR (B Ta) Wow, B B0 fl 2R R 2210,
BEM s U, (La/Yb)y 7 0.56 ~1.46,
(La/Sm)y 4 0.55 ~0.98, (Gd/Yb), H 1.16 ~
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PR e th 2 (18 7a) B, #i i Hh
BAKGW, BEMR LSRR, (La/Yb) 5 5.92
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1.59 ~1.85, 8Eu P30y 0. 79, #&{K F 30 55 1 46
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Fig. 7 Chondrite-normalized REE patterns and primitive mantle normalized spidergrams of

Heigouxia volcanic rocks ( Chondrite data and primitive mantle data for normalization from Sun and McDonough, 1989)



R3IBHEMNLEH L HETESWER(x107°)

Table 3 Rare earth and trance element analysis data of Heigouxia volcanic rocks( x10~°)

FESL S Li Be Se \% Cr Co Ni Ga Rb Sr Y Zr Nb Cd Cs Ba La Ce Pr Nd
MI25-1 |16.86|1.48 |13.40| 133.20 | 142.17 | 20.55 | 64.32 | 19.77 | 56.07 |228.68 | 19.24 |157.47 | 8.08 | 0.09 | 3.65 |648.09 | 22.08 43.08 5.53 | 22.39
MI1253 | 6.36 | 0.71 [ 5.09 | 150.07 | 423.45 | 15.67 | 29.24 | 14.11 | 8.59 |618.08 | 9.17 |132.98 | 5.63 | 0.09 | 1.01 |525.46 | 16.41 36.29 4.48 18.92
M1254 |8.10 |0.97 | 9.46 | 120.16 | 110.43 | 17.58 | 47.54 | 17.12 | 55.46 |110.82 | 13.90 | 164.93 | 8.11 | 0.10 | 2.78 |[715.14 | 20.29 39.92 4.99 | 20.03
MI126-1 |8.76 | 0.09 [26.20|395.57 | 9.54 | 29.49 | 27.26 | 17.26 | 11.36 [337.62 | 22.04 | 52.71 | 1.72 | 0.11 | 0.79 [203.52 | 5.76 15.45 2.35 12.57
MI26-2 | 5.34 | 0.25 |38.96|390.48 | 226.85 | 42.88 | 104.75 | 17.95 | 1.95 |340.89 | 36.12 | 78.66 | 2.59 | 0.07 | 0.10 | 44.86 | 3.70 10. 84 1.88 11.30
M126-3 | 2.07 | 0.40 {37.50(408.85 | 73.13 | 32.51 | 51.57 | 19.79 | 0.34 |501.03 | 32.33 | 77.21 | 2.80 | 0.11 | 0.01 | 14.69 | 4.11 11.66 1.95 11.19
M1264 | 5.66 | 0.26 |36.36|246.42 | 248.94 | 41.18 | 106.06 | 15.57 | 5.31 |223.01 | 25.06 | 57.33 | 1.73 | 0.10 | 0.30 |210.34 | 2.38 7.20 1.26 7.37
MI126-5 | 4.77 | 0.13 |38.06325.79 | 120.40 | 37.60 | 63.08 | 17.41 | 0.38 |406.02 | 32.03 | 86.27 | 3.11 | 0.05 | 0.02 | 11.73 | 4.28 12.25 2.02 11.44
MI126-7 |5.93 | 0.32(39.76|363.58 | 197.48 | 41.68 |100.53 | 19.1 | 0.42 |355.37 | 41.21 |108.85 | 3.53 | 0.17 | 0.03 | 15.69 | 4.89 14.61 2.45 13.93
M126-8 |5.23 | 0.33 30.17|258.12 | 247.34 | 37.18 | 158.93 | 15.38 | 3.22 [299.96 | 25.45 | 74.62 | 2.42 | 0.06 | 0.25 | 94.30 | 3.70 10.73 1.76 9.76
M1269 |11.31]0.10 |33.76|271.15 | 295.61 | 46.95 |203.78 | 16.09 | 7.35 |[215.76 | 26.18 | 76.57 | 2.44 | 0.05 | 0.58 |[191.54 | 3.66 10. 54 1.72 9.66
M126-10 | 2.40 | 0.29 |26.10]339.96 | 3.83 | 19.28 | 10.67 | 16.34 | 0.54 | 222.4 | 31.14 | 84.37 | 2.80 | 0.09 | 0.03 | 15.01 6.95 18.53 2.78 14.78
S | Sm | Fu | Gd Th Dy Ho Er Tm Yb Lu Hf Ta Pb Th U 8Eu | (La/Yb)y|(La/Sm)y|(Gd/Yb)y| ¥ REE
MI25-1 |4.58 [1.14 |4.52 | 0.72 | 3.99 | 0.88 | 2.41 | 0.35 | 2.29 | 0.36 | 4.47 | 0.54 | 11.64 | 5.60 | 1.27 | 0.76 6.50 3.03 1.59 | 114.32
MI1253 |3.96 | 1.11 |3.88 | 0.62 | 3.58 | 0.79 | 2.14 | 0.29 | 1.87 | 0.29 | 3.67 | 0.37 | 8.87 | 0.69 | 1.12 | 0.86 5.92 2.61 1.67 | 94.63
M1254 |3.97|0.97 [3.72 | 0.54 | 3.03 | 0.65 | 1.74 | 0.25 | 1.62 | 0.25 | 4.65 | 0.52 | 13.10 | 5.35 | 1.42 | 0.76 8.44 3.21 1.85 | 101.98
MI26-1 |3.73|1.36 |4.71 | 0.81 | 4.84 | 1.09 | 2.96 | 0.41 | 2.66 | 0.43 | 1.65 | 0.11 | 5.49 | 0.53 | 0.17 | 0.99 1.46 0.97 1.43 | 59.13
MI26-2 |4.13 [1.61 |6.05| 1.13 | 7.09 | 1.65 | 4.52 | 0.66 | 4.21 | 0.66 | 2.52 | 0.17 | 2.90 | 0.21 | 0.14 | 0.98 0.59 0.56 1.16 | 59.41
M126-3 |3.85|1.57 (5.54| 1.01 | 6.33 | 1.46 | 4.06 | 0.59 | 3.71 | 0.59 | 2.38 | 0.18 | 8.48 | 0.27 | 0.21 | 1.04 0.75 0.67 1.21 57.63
MI264 |2.74 | 1.11 [4.14 | 0.79 | 4.94 | 1.16 | 3.13 | 0.44 | 2.85 | 0.45 | 1.78 | 0.11 | 4.01 | 0.16 | 0.06 | 1.00 0.56 0.55 1.17 | 39.96
M126-5 |3.99 | 1.52 (5.58 | 1.03 | 6.37 | 1.48 | 4.03 | 0.58 | 3.74 | 0.59 | 2.60 | 0.21 | 3.31 | 0.27 | 0.12 | 0.98 0.77 0.67 1.20 | 58.90
MI126-7 |4.99 [1.73 |7.05| 1.31 | 8.15 | 1.89 | 5.16 | 0.73 | 4.74 | 0.75 | 3.28 | 0.24 | 5.47 | 0.30 | 0.18 | 0.89 0.70 0.62 1.20 | 72.37
M126-8 |3.29 |1.22 (4.56 | 0.83 | 5.17 | 1.18 | 3.26 | 0.46 | 2.94 | 0.46 | 2.17 | 0.16 | 3.01 | 0.29 | 0.11 | 0.96 0.85 0.71 1.25 | 49.32
MI1269 |3.41 |1.16 [4.58 | 0.84 | 5.31 | 1.22 | 3.29 | 0.48 | 3.06 | 0.48 | 2.25 | 0.17 | 2.05 | 0.29 | 0.10 | 0.90 0.81 0.67 1.21 | 49.41
MI126-10 | 4.48 | 1.57 |5.71 | 1.04 | 6.30 | 1.45 | 3.97 | 0.58 | 3.77 | 0.59 | 2.54 | 0.19 | 4.16 | 0.75 | 0.69 | 0.95 1.24 0.98 1.22 | 72.49
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Fig. 8 Assimilation hybrid discrimination diagrams of Heigouxia volcanic rocks

L RE S BITEZE N-MORB JH3E, (La/Sm),— (Th/
Yb) \ Ef# (B 9¢, Xu Yigang et al. , 2001 ) il La/
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HikZ BB HY Ce 17 57 K IIBA M2 TURY)
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(Pb) & & KA Ce/Th L {H ( =8) 1 Ba/Th [t {H
(=~111) JF P B 19 Ce £ %8 ( Hole et al.
1984 ; Plank et al. ,1998) ; %A Nb/U( Ce/ Pb) kb
{8 .8 = 1 Ba/Th FLA{H (20.01 ~ 1314. 63, 34
340.90) LA R A5 Ak 85 K Ba & (11.73 x107°° ~
210.31 x10°°, SE74 89. 08 x 10 ~°) W /R AP 1E— &
MITRAEYER] (Seghedi et al. , 2004) , Nb/Ta Nb/La
F AL 1) 176 B T 114 D 2 1 7 LR IX 32 31— R BE i
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Mianxian—Liieyang Area of South Qinling Orogen: Evidence for
Existence and Subduction of Neoproterozoic Mianxian—Liieyang Ocean
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Abstract; Heigouxia volcanic rocks, located in Liieyang area, Mianliie tectonic zone, South Qinling Orogen,
are a combination of tholeiite basalt and little calc-alkaline andesite, and their LA-ICP-MS zircon U-Pb
geochronological and petrogeochemical studies are determined in this paper. The results show that Zircon U-Pb age
determined using laser ablation-inductively coupled plasma-mass spectrometry from Heigouxia andesitic sample is
807 + 13Ma ( MSWD =3.6, n =14), indicating the crystallized-age of the Heigouxia volcanic rocks in Middle
Neoproterozoic. Heigouxia basaltic rocks possess the features of N-MORB on the whole, such as left-leaning REE
patterns, Na-rich, and P-poor. The region of basaltic magma was reformed by recycled material. Heigouxia
andesitic rocks have higher SiO, concentrations (43.54% ~54.51% ) and instable varieties of Na,O and K,0. On
account of the geochemical characteristics such as negative anomaly of Nb, Ta, P, Ti and La/Yb, Se¢/Ni, Th/Yb
ratios, Heigouxia andesitic rocks are deemed as the remnants of ancient continental marginal arc. Relatively high
Mg# and large varieties of Cr, Ni, and A/CNK (0.58 ~1.62) indicate the crust—mantle mixing model of the
andesitic rocks. Above all, Heigouxia volcanic rocks are considered as the product of Neoproterozoic Mianliie
Oecan and its subduction rather than Late Paleozoic bimodal volcanic rocks. Combined with regional geological
data, the authors consider that there existed Neoproterozoic arc—basin system in Mianliie area, and the north trend
subduction did not quit until about ~800Ma. This process was likely to be response to the amalgamation of Rodinia
supercontinent.

Keywords ; Mianliie tectonic zone; Heigouxia volcanic rocks; Neoproterozoic arc—basin system; Southern
margin of the South Qinling Orogen; Rodinia Supercontinent
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