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Fig.1 Sketch geological map of Hengxianhe area, Mian—Lue tectonic zone
1—Quaternary; 2—Minhe Formation; 3—Lueyang Formation; 4—Tapo Formation; 5—Tunzhai Formation; 6—Yangtangzhai Formation;
7—Dabu Formation; 8—Dengying Formation; 9—Linjiang Formation; 10—Doushantuo Formation; 11— Guanjiagou Formation;
12—Zhifanggou sliver; 13—Heigouxia sliver; 14—Zhangyangou sliver; 15—Yudongzi rock group; 16—Ophiolite; 17—Boundary faults of
Mianlue tectonic zone, secondary faults; 18—Angular unconformity; 19—Strike slip fault; 20—Ductile shear belt; 21—Measured profile;
22—Sampling location; F;—Zhuangyuanbei fault; F,—Jiamenzigou fault; F;—Shuigouyan fault; F,—Majiagou—Hengxianhe fault; Fs—
Sigoumen—Lueyang fault
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Fig.2 Measured geological section of Hengxianhe area, Mian—Lue tectonic zone
1—Medium—thick bedded limestone; 2—Medium bedded dolomitized limestone; 3—Medium bedded silicolite;
4—Carbonaceous—siliceous slate; 5—Sericite phyllite; 6—Sericite—quartz phyllite; 7—Chlorite—sericite phyllite; 8—Sericite—albite—quartz

schist; 9— Sericite—chlorite—quartz schist; 10—Allochite— chlorite—albite schist; 11—Talc—magnesite schist; 12—Serpentinite;

13—Fault (section); 14—Attitude of strata (section); 15—Left—lateral shear (section); 16—Location and serial number of sample;

17—Place name; 18—Layering boundary and serial number
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Fig.3 Photographs and microphotographs (crossed nicols) of Zhangyangou metamorphic volcanic rocks in Hengxianhe area
a—Meta—basalt; b—Meta—rhyolite; c—Mata—dacite; d—Crystallization and orientation of flake mineral; e—Mechanical twin of plagioclase;
f—Porphyroclastic extinction and wavy extinction of quartz
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Table 1 Major element concentrations of Zhangyangou metavolcanite in Hengxianhe area

Paxieil=| M039-2  MO039-3  M039-4  MO040-2  MO040-3  M040-4  MO040-5 MO040-7 MO040-8 MO040-9
SiO, 63.34 70.73 64.50 4530 46.78 51.99 44.75 45.34 63.48 63.76
TiO, 0.39 0.27 0.66 1.65 1.40 1.18 1.26 1.38 0.28 0.31
AlO3 14.98 14.61 1543 18.43 16.66 14.82 15.76 15.88 17.15 16.71

TFe203 3.50 2.26 4.98 14.69 12.34 10.35 11.75 12.84 341 3.03
MnO 0.19 0.04 0.07 0.10 0.13 0.10 0.16 0.15 0.04 0.04
MgO 1.51 1.24 0.59 6.74 5.96 3.74 5.62 6.22 1.31 0.90
CaO 3.07 1.31 2.17 2.24 4.77 5.20 7.07 6.00 2.83 3.92
NaO 6.38 3.81 6.29 4.86 4.85 5.13 4.68 4.02 6.09 4.82
K20 1.81 3.46 1.67 0.16 0.10 0.19 0.09 0.16 1.64 2.04
P,0s 0.09 0.10 0.18 0.37 0.33 0.44 0.32 0.32 0.13 0.12
LOI 524 2.84 3.29 5.78 7.25 6.51 9.12 8.25 293 4.49
Total 100.50 100.67 99.83 100.32 100.57 99.65 100.58 100.56 99.29 100.14
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Table 2 Trace element concentrations (10) of Zhangyangou metavolcanite in Hengxianhe area
SFTIH M039-2  M039-3  MO039-4  MO040-2  MO040-3  MO040-4  MO40-5  MO040-7  MO040-8  M040-9
Li 0.30 12.69 0.26 47.20 47.25 23.02 46.21 47.59 0.11 8.58
Be 0.59 0.96 0.46 0.35 0.28 0.53 0.31 0.39 0.82 0.38
Sc 3.46 2.36 222 21.38 26.67 14.07 26.05 28.91 1.79 1.41
\% 43.14 34.73 50.56 191.96 272.28 140.18 271.15 279.36 32.90 34.16
Cr 28.41 9.52 18.01 27.50 27.79 30.25 23.56 43.35 10.72 10.46
Co 5.18 2.29 9.47 37.15 3091 20.68 32.20 32.80 5.07 5.11
Ni 14.88 6.05 15.10 24.17 17.32 26.44 14.82 26.87 7.42 8.29
Cu 9.27 1391 24.03 20.94 11.55 63.35 80.45 47.80 8.40 9.59
Zn 50.28 30.05 62.01 297.01 181.19 184.76 172.62 183.60 55.75 36.58
Ga 12.90 15.23 14.16 26.36 20.43 24.61 19.75 21.07 14.83 17.52
Rb 4432 66.56 38.63 4.53 234 421 2.00 4.07 32.71 23.13
Sr 430.73 130.74 158.67 138.19 284.71 289.12 402.88 310.54 503.86 278.51
Y 10.99 4.10 8.39 20.96 18.66 32.18 18.36 19.91 5.71 3.60
Nb 5.87 4.19 9.41 8.60 7.48 10.28 7.63 747 3.16 2.46
Se 1.01 0.80 1.30 2.71 2.16 4.19 2.01 2.00 0.97 0.79
Cd 0.04 0.04 0.06 0.05 0.07 0.09 0.11 0.08 0.04 0.05
In 0.02 0.02 0.03 0.08 0.08 0.09 0.07 0.07 0.03 0.02
Cs 1.77 1.94 1.60 0.12 0.08 0.16 0.07 0.13 1.53 3.18
Ba 473.33 1205.00 506.21 56.84 63.91 84.03 66.02 78.70 409.22 296.42
La 25.24 25.37 35.94 45.40 27.31 46.19 22.26 23.35 11.65 13.25
Ce 51.10 47.36 72.18 96.26 54.51 114.90 48.55 50.02 38.83 29.19
Pr 5.39 5.33 794 11.38 6.99 16.19 6.48 6.71 3.18 3.45
Nd 19.00 18.87 28.25 45.56 29.18 68.55 27.90 29.32 13.39 13.42
Sm 2.98 2.85 4.29 7.95 5.67 12.63 5.48 5.68 2.62 2.26
Eu 0.76 0.58 091 1.89 1.63 234 1.54 1.54 0.64 0.57
Gd 2.64 2.03 3.39 6.68 525 10.75 5.02 5.20 2.19 1.75
Tb 0.38 0.23 0.41 0.88 0.73 1.48 0.72 0.75 0.28 0.20
Hf 6.33 3.11 4.01 3.95 3.36 5.16 3.26 325 3.06 1.75
Dy 2.06 1.01 1.94 4.34 3.84 721 3.83 4.11 1.31 0.95
Ho 0.46 0.20 0.39 0.88 0.83 1.43 0.84 091 0.25 0.18
Er 1.21 0.51 0.94 2.31 2.19 3.59 2.23 243 0.63 0.46
Tm 0.17 0.07 0.13 0.31 0.30 0.46 0.31 0.33 0.09 0.06
Yb 1.13 0.51 0.74 1.91 191 2.86 2.05 2.12 0.52 0.38
Lu 0.18 0.08 0.10 0.30 0.31 0.44 0.33 0.33 0.08 0.06
Ta 0.37 0.22 0.35 0.44 0.38 0.29 0.38 0.40 0.15 0.07
Pb 13.84 10.77 12.41 5.11 6.98 23.04 9.00 7.12 9.30 4.98
Bi 0.07 0.06 0.08 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Th 5.64 6.13 8.86 2.29 2.12 0.21 2.08 2.11 0.37 2.06
U 1.01 0.79 1.35 0.59 0.39 0.17 0.40 0.41 0.17 0.07
Zr 221.72 110.91 144.68 143.74 125.08 221.06 122.10 121.94 118.55 70.70
6 Eu 0.81 0.70 0.70 0.77 0.90 0.60 0.88 0.85 0.80 0.85
(La/Yb)n 15.06 3331 32.90 15.99 9.62 10.89 7.33 743 15.12 2347
(La/Sm)y 5.33 5.60 527 3.59 3.03 2.30 2.56 2.59 2.80 3.69
(Gd/Yb)y 1.88 3.19 3.72 2.82 221 3.03 1.98 1.98 3.40 3.71
>'REE 112.68 105.02 157.55 226.07 140.66 289.02 127.54 132.79 75.65 66.18
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Geochemical characteristics, LA-ICP-MS zircon U-Pb dating and tectonic
significance of Zhangyangou bimodal volcanic rocks in Hengxianhe area,
Mian-Lue tectonic zone

XU Tong', PEI Xian—zhi"?, LI Rui—bao'? LI Zuo—chen'’, PEI Lei’, LIU Cheng—jun',
CHEN You—xin', WANG Xiao—wei', YANG Jie', HU Nan'

(1. School of Earth Science and Land Resources, Chang’ an University, Xi’an 710054, Shaanxi, China; 2. Key Laboratory of Western Mineral
Resources and Geological Engineering of Ministry of Education, Xi’an 710054, Shaanxi , China; 3. School of Earth Science and Land Resources,
China University of Geosciences, Beijing 100083, China)

Abstract: Zhangyangou bimodal volcanic rocks are located in Hengxianhe area,Sanchazi —Lueyang segment of
Mian —Lue tectonic zone. The bimodal volcanic rocks consist of metamorphosed basic volcanic rocks and
metamorphosed acid—intermediate rocks in close association, and the protoliths are sub—alkaline basalt and sub—
alkaline rhyolitic —dacite. On account of the higher REE concentrations in basalt than in rhyolitic —dacite, the
authors hold that the origin of rhyolitic—dacite was partial melting of the crustal material rather than the fractional
crystallization of the basaltic magma. Basic volcanic rocks show the intraplate geochemical characteristics such as
high Zr concentrations and Zr/Y ratios, and their marks of arc result from the hybridism of the crustal material.
The result of U—Pb isotope dating by means of Laser Ablation Inductively Coupled Plasma Mass Spectrometry
makes it clear that the formation age of the rhyolite is (728+£10) Ma (n=4, MSWD=0.14). Combined with the
regional geological background, the authors consider that Zhangyangou bimodal volcanic rocks were formed in a
continental rift environment under the crust extensional mechanism. The formation of Zhangyangou bimodal
volcanic rocks heralded the opening of Neoproterozoic Ocean. This new achievement is of important significance
both for the further study of the evolution of Mian —Lue tectonic zone and the breakup of Rodinia
supercontinent and other continents on the north margin of the Yangtze block.

Key words: bimodal volcanic rocks; continental rift; Rodinia; Zhangyangou; Mian—Lue tectonic zone
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