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Fig.1 Geological sketch map of southern Hangzhou

1—Fault; 2—Section line;3—Attitude of rhyolite ;4—Conformity, disconformity and unconformity ; Qhy—Yinjiangqiao Formation;

Jsh—Huanghian Formation; € —Cambrian ; Nh,x—Xiuning Formation ; Pt;s’=Second Member of the Shangshu Formation ;

Ptys'—First Member of the Shangshu Formation ; Pt;h—Hongchicun Formation;Pt;]* —Second Member of the Luojiamen Formation;

Pt,z—Zhangcun Formation; & y P—K—feldspar granite of the second phase of the Jinningian Period; B 4 *’—Late Jinningian first—phase diabase
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Fig.2 Stratigraphic section of the Shangshi Formation in
southern Hangzhou
a—First Member of the Shangshu Formation at Zhiwu;
b—Second Member of the Shangshu Formation at Gaohongjian
(symbols of strata same as in Fig. 1);1—Andesitic basalt;
2—Amygdaloidal andesitic basalt;3—Basaltic tuffaceous breccia
containing agglomerates ; 4—Andesitic—basaltic tuffaceous breccia;
5—Rhyolite ; 6—Porphyritic rhyolite ; 7—Orbicular rhyolite;
8—Rhyolitic vitric ignimbrite containing brecciaj

9—Conglomerate ; 10—Lithic sandstone
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Fig. 3. Alkali—silica diagram of volcanic rocks of the
Shangshi Formation!”

1—Basic volcanic rocks;2—Acid volcanic rocks
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Fig.4 F—A—M diagram of volcanic rocks of the Shangshi

Formation!"!
CA—Calc—alkaline volcanic rocks; TH—Tholeiite rocks

1—Basic volcanic rocks;2—Acid volcanic rocks
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Table 1 Major element (10 and trace element (10~°) analyses of volcanic rocks in the
Shangshu Formation in the southern Hangzhou
5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SiO, 4518 47.61 50.65 49.8 50.03 4843 5211 55.75 56.78 76.29 76.17 7598 74.77 7729 77.59 7622
TiO, 1.85 2.75 149 170 160 083 102 106 146 0.17 032 028 027 018 025 0.29
AlLO; 1830 15.10 16.75 17.70 17.01 1894 19.19 17.42 1522 1091 10.71 11.07 12.63 11.64 9.63 10.75
FeO; 10.18 7.00 1096 8.84 10.54 395 6.00 7.05 938 316 3.63 3.84 413 242 333 4.04
FeO 3.23 1735 228 441 222 551 311 170 085 030 052 076 044 074 142 0.55
MnO 041 024 017 011 039 0.23 0 0.15 0.18 0.04 0.05 0 0.05 0 0.12 0.08
MgO 4.17 637 276 518 678 8.06 3.82 313 226 037 028 0.02 061 0.04 024 0.09
CaO 934 435 712 368 125 190 475 484 534 0.15 0.15 0.50 0.12 0.50 039 024
NaO 270 387 433 532 592 416 556 472 478 237 240 336 020 538 0.66 218
KO 0.08 0.05 0.05 0.09 023 136 058 072 0.09 5.63 5.00 393 422 133 539 5.66
P,Os 0.31 0.41 029 024 034 031 0.25 030 0.28 0.05 0.002 0.01 0 0.01 0.03 0.03
Bk 3.75 4.80 3.06 3.17 3.60 533 351 249 247 0.53 0.33 0.52 205 043 056 0.52
BV 99.86 100.72 100.16 100.73 100.46 99.62 100.26 99.52 99.18 100.00 99.62 100.35 99.54 100.04 99.77 100.71
La 2403 896 2250 9.02 11.60 14.30 41.50 48.18 74.58 47.00 4290 44.10
Ce 57.05 2322 58.00 23.11 27.00 39.00 64,00 208.92 172.48 100.00 82.00 71.00
Pr 7.44 3.19 830 249 432 587 9.40 21.32 20.66 16.80 8.60 16.00
Nd 4122 17.51 37.00 13.35 21.00 28.00 37.00 99.44 9335 76.00 33.00 64.00
Sm 9.62 4.80 590 3.16 5.60 7.40 5.60 2335 21.69 17.40 8.50 119
Eu 3.59 172 2.08 120 242 242 1.80 1.26 327 312 1.01 2.05
Gd 10.10 5.30 790 335 318 424 6.90 20.99 19.69 16.80 10.70 10.60
Tb 1.66 0.91 1.21 053 085 1.19 1.12 3.53 3.61 2.62 1.84 199
Dy 9.61 5.72 740 335 6.68 9.67 6.80 20.37 20.03 14.80 11.60 13.40
Ho 1.94 1.18 140 069 125 1.85 1.30 4.15 3.96 2.60 2.40 2.50
Er 5.42 339 380 195 252 370 3.50 12.68 11.31 6.90 720 6.40
Tm 0.79 0.50 0.53 0.30 0.50 0.70 0.50 2.04 1.76 091 1.11  0.79
Yb 4.97 319 340 187 259 354 3.10 14.02 11.62 5.70 7.40 490
Lu 0.75 0.47 053 029 040 0.51 0.51 2.23 1.86 0.87 1.19 0.70
>'REE 178.18 80.06 159.95 64.66 89.91 122.39 183.03 482.48 459.86 311.52 219.45 250.33
0Eu 1.10 1.04 094 113 161 1.21 0.89 0.17 048 0.55 0.28 0.55
Y 51.40 31.37 26.00 41.00 32.80 43.90 79.43 110.12 98.50 56.00 36.00 28.00
Sr 2293 130.0 228.0 222.0 547.0 81.0 19.4  64.0 33.0
Rb 15.0 3.2 12.0 5.0 3.2 61.0 84.6 147.0 56.0
Ba 170.8 111.0 149.0 148.0 141.0 264.0 864.5 1070 238.0
Ta 0.41 0.40 0.44 053 024 1.28 213 1.85 2.47
Th 5.75 1.82 260 290 1.52 970 990 6.60 6.30
18] 0.92 0.27 096 1.01 0.15 1.20 1.48 1.61 0.96
Zr 172 225 180 179 119 416 1342 952 1180
Hf 4.9 9.0 5.4 5.3 4.0 122 207 221 26.3
Nb 6.5 6.8 7.0 7.8 4.1 15.6 407 291 434
Zr/Nb 2646 33.08 2571 2295 29.02 26.67 20.69 32.71 27.19

paa

FEfL 1~9 R EBEAE — B 1~3— XA d4~o— M XA 7~8— X %1 9o— L KL 22111 510~16 2R
M SRS B 10~12—EUH 13~16—BRIRIMEUE . A A2 1 4~16 BABE S5 560 = FR AL 24 3500 22 | 2~3 1
r I S5 R A o R 4 Lt RS A 0 ST XIRE 7 KA S B £ S O UG R 1.6.8 .11 HIE B MR A A
FE T ICP—AES 75 3500 2, HoAh ehy v [ b 5 Bl 2% B 1 3k 42 1 b R Ak 27 38 A B9 5% BT 1ICP—MIS D7 T 52 B 44
MR 5 A A2 U T2 R

K, A 219.45x107~482.48x 10 (-1 R 344.73%x107°) , B 15 W R SR (6 Eu=0.17~0.55,F¥°8 0.37), I WLiR M kil
SIS ERRL B A 19 31.7 58 87.5 5, HIWK M S H I RK/NE 1 AR MR A I A IR N T R R L b 5 4 O TR R AR

1.13), Al A S

JOH 5 ORI i (6 Bu=0.89~1.61,F 1N O3 I BN IE -2 A A A § Bu (EI&/NT 0.3, AT REAZ
B I 48 B o S S B T R P ok s EL A Ak R RS A SR 2L R B R SR (H AT R
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Fig.5 REE distribution patterns of volcanic rocks of the

Shangshi Formation
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Fig.6 Trace element distribution spidergram of volcanic

rocks of the Shangshi Formation
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Fig.7 Zr—Zr /Ti tectonic setting discrimination plot of
basic volcanic rocks of the Shangshi Formation
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A—Volcanic arc basalt; B—MORDB ; C—Within—plate basalt;
D—MORB and volcanic arc basalt;

E—MORB and within—plate basalt
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Definition of Neoproterozoic bimodal volcanic rocks in the south of Hangzhou
and its tectonic significance

LU Cheng—zhong, GU Ming—guang

(Zhejiang Institute of Geological Survey, Hangzhou 311203, Zhejiang, China)

Abstract ; Volcanic rocks of the Neoproterozoic Qingbaikouan Shangshu Formation in southern Hangzhou are
composed of basic and acid rocks, while rocks of intermediate and intermediate —acid compositions with 57%—
68% Si02 are lacking. They form a bimodal volcanic rock association. There are evident differences in trace
elements and rare earth elements (REE) between the basic and acid volcanic rocks, which indicates that the acid
volcanic rocks were not produced by fractional crystallization of basic magma but formed by melting of different
sources. The basic volcanic rocks originated from the less—depleted mantle or from magma of the depleted mantle
contaminated with crustal material. The acid volcanic rocks mainly formed by different degrees of partial fusion of
upper crust in an intracontinental to continental—margin extensional environment. The formation of the bimodal
volcanic rocks in the Shangshu Formation is a petrological record of the breakup event of the supercontinent
Rodinia in South China, which reveals that the breakup of the supercontinent Rodinia in South China started in
the Qingbaikouan Period.

tectonic environment; R odinia

Key words:Neoproterozoic;bimodal volcanic rocks;Shangshu Formation;

supercontinent breakup ;southern Hangzhou
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