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Abstract: Neoproterozoic bimodal volcanic rocks from the Dingyuan Formation within the western Dabie terrain consist of
rhyolite, rhyolitic tuff and basalt. Elemental, whole-rock Sr-Nd and zircon Hf isotopic analyses were carried out in this study for
these volcanic rocks, in order to better understand their petrogenesis and geodynamic processes along the northern margin of
Yangtze block. The rhyolite is characterized by high concentrations of SiO, and Al,O,, belongs to the calc-alkaline series, and is
peraluminous. It is enriched in light rare earth elements (LREEs) and shows unapparent Eu anomaly. The basalt has SiO, of
48.26% to 51.71%, Mg" values of 0.32 to 0.59, and is weakly enriched in light rare earth elements. The rhyolite has initial
¥Sr/%Sr ratios ranging from 0.703 5 to 0.707 7, and negative ey,(z) values of —10.6 to —6.5, with calculated two-stage Nd model
ages of 1.69 to 2.00 Ga, while the basalt has (¥’Sr/*Sr); of 0.706 1 to 0.708 1, ex(?) of —6.6 to +3.4, and the Nd model ages
(Tou) values of 1.44 to 2.02 Ga. In situ zircon Hf isotopic analyses show that the ey(¢) values of zircons from the rhyolite vary from
—19.2 to —7.2, with calculated two-stage Hf model ages of 1.77 to 2.59 Ga. The geochemical and Sr-Nd-Hf isotopic signatures
suggest that the rhyolite has a close affinity to S-type granite, and is derived from partial melting of the ancient crust of the Yangtze
block. The basalt is most likely derived from an enriched lithospheric mantle, with fractional crystallization and assimilation of
crustal materials during the evolution of the magma. It is proposed that the Neoproterozoic bimodal volcanic suites from the
Dingyuan and the Qijiaoshan formations are erupted coevally, but have different sources and magmatic processes. The bimodal
volcanic rocks in this study provide evidences for an enriched lithospheric mantle beneath the Dabie terrain at ca.740 Ma, and a
rifting extensional setting for the north margin of the Yangtze block.

Key words: volcanic rock; geochemistry; petrogenesis; Sr-Nd-Hf isotope; lithospheric mantle; Dabie orogen.
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Fig.1 The tectonic setting (a,b) and geological sketch map(c) of the western Dabie area
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Fig.2 Field photo, hand specimens and photomicrographs of the bimodal volcanic rocks from the Dingyuan Formation
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Table 1 Major elements (%), trace elements (107°) and rare earth elements (10°°) of the bimodal volcanic rocks from the

Dingyuan Formation
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La 23.2 39.2 31.9 77.1 24.9 45.2 27.8 18.4 14.1 14.0 15.3 24.1 11.6 27.6 24.1
Ce 40.6 96.2 71.7  171.0 86.5  88.7 55.4 40.5 30.7 38.0 24.2 48.9 22.6 63.2 58.8
Pr 3.82 9.20 6.27 17.60  8.12 9.69 7.98 4.88 4.51 5.30 4.46 7.02 3.97 8.54 7.43
Nd 12.8 35.1 25.4 63.8 29.6 33.1 37.8 21.0 20.3 25.0 21.0 30.4 18.2 38.8 33.7
Sm 1.77 6.08 3.95 1040 542 5.13 9.20 4.36 4.56 6.65 4.87 6.31 4.11 9.64 8.48
Eu 0.48 1.20 0.99 2.16 1.28 1.30 2.94 1.64 1.75 2.20 2.12 2.03 1.62 3.15 2.26
Gd 1.64 5.22 344  8.38  4.67 4.50 8.74 3.56 3.77 6.18 4.17 5.24 3.21 8.81 7.57
Tb 0.20 0.80 0.46 1.08  0.77 0.59 1.58 0.54 0.60 1.12 0.68 0.81 0.51 1.53 1.33
Dy 1.07 4.98 2.48 5.62 4.99 3.26 9.73 2.98 3.54 6.91 3.85 4.64 2.86 9.34 7.99
Ho 0.22 1.06 0.51 1.10 1.09 0.66 1.92 0.57 0.69 1.37 0.74 0.90 0.55 1.83 1.56
Er 0.64 3.00 1.44  2.99 3.07 1.83 4.83 1.45 1.77 3.42 1.83 2.24 1.37 4.56 3.95
Tm 0.12 0.49 0.23 0.46 0.49 0.28 0.73 0.21 0.25 0.50 0.25 0.32 0.19 0.64 0.56
Yb 0.84 3.34 1.63 3.10 3.37 1.94 4.48 1.29 1.54 3.13 1.58 1.94 1.20 3.88 3.42
Lu 0.12 0.47 0.24 042 0.47 0.27 0.57 0.16 0.19 0.39 0.20 0.23 0.14 0.48 0.37
Y 6.2 28.5 13.8 27.8 27.1 18.7 45.9 15.0 18.1 33.7 20.0 23.6 14.0 46.0 39.5
Cr 21.70 5.46 7.50 7.67 2.96 8.23 24.80 134.00 109.00 57.20 109.00 58.60 145.00 9.13  29.10
Co 0.90 0.76 2.72 1.58  0.68 2.69 40.10  30.20  30.60 48.40 39.70 25.50 35.50 40.50  51.80
Ni 2.64 2.12 2.35 3.14 211 2.95 33.40  46.00 71.90 58.80 81.70 16.50 124.00 28.60  44.50
Ga 13.4 18.2 15.4 16.2 16.9 16.7 24.6 18.4 19.8 23.6 18.8 22 18.4 24.3 19.7
Rb 68.6 39.6 54.0 15.4 37.1 40.8 19.4 28.3 64.8 46.4 101.0 704 96.2 31.6 4.5

Sr 33.6 31.9 38.1 81.6 26.7 166.0 478.0 1020.0 754.0 608.0 84.2  848.0 751.0 590.0  378.0
Zr 133.0  185.0 252.0 414.0 390.0 219.0 264.0 101.0 8.9  211.0 78.6 143.0 773 282.0  269.0
Nb 10.60  21.00 13.40 23.00 22.90 13.60  16.40 4.75 4.18 15.00  3.08 6.84 2.96 20.20  19.90
Ba 1820 935 734 348 1160 862 952 590 1580 1320 1610 1250 1390 612 135

Li 2.56 3.68 9.75  4.32 3.23 7.87 7.62 20.40  25.20 15.10 35.30 2140 26.70 10.60  21.80
Hf 3.58 5.27 5.60  8.65 8.51 5.00 6.13 2.25 1.95 4.85 1.75 3.00 1.73 6.44 6.07

Ta 0.860  0.980 0.760 1.100 1.120 0.740 1.020  0.220 0.130 0.750  0.089  0.220 0.120 1.090  1.020
Pb 17.70 ~ 25.10  9.82  30.00 25.70 26.60 16.70  10.30  7.78 53.90 14.30 1490  9.53 10.90  49.10
Th 1.31 2.12 1.33 2.20 1.69 2.64 2.72 2.38 0.90 1.65 0.35 1.49 1.19 2.66 2.47
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#R1
B PMO027- 18DY- 18DY- 18DY- 18DY- 18DY- PMO027- 18DY- 18DY- 18DY- 18DY- 18DY- 18DY- 18DY- 18DY-
7 5 9 10 12 13 6 1 2 3 4 6 7 8 11
ke e e e =
U 0.85 0.85 0.65 1.36 0.62 1.75 1.10 0.55 0.20 0.40 0.21 0.31 0.29 0.64 0.48
Cs 0.78 0.43 1.00 0.32 0.74 1.24 9.92 0.44 0.91 1.19 1.44 0.79 1.08 8.70 0.89
\Y% 6.86 17.00  44.20 24.50 23.60 43.80 488.00 206.00 210.00 414.00 233.00 236.00 192.00 409.00 387.00
Sc 7.50 6.70 6.17  10.30  6.32 4.66 37.4 25.60  26.50 40.10 18.10 27.80 21.60 38.90  37.80
Be 1.69 2.55 2.54 1.68 2.09 2.38 1.25 0.74 1.37 1.55 1.15 1.48 1.12 2.05 1.36
F 226 233 315 212 214 326 602 933 526 409 646 846 647 567 607
Cl 24.60  31.30 28.30 33.00 26.40 34.20 67.20 60.70 64.80 143.00 60.30 65.50  69.80  84.20 253.00
SREE 88 206 151 365 175 196 174 102 88 114 85 135 72 182 162
(La/
Yhi 19.81 8.42 14.04 1784 530 16.71 4.45 10.23 6.57 3.21 6.95 8.91 6.93 5.10 5.05
o0Eu 0.86 0.65 0.82 0.71 0.78 0.83 1.00 1.27 1.29 1.05 1.44 1.08 1.36 1.04 0.86
oCe 1.06 1.24 1.24 1.14 1.49 1.04 0.91 1.05 0.94 1.08 0.72 0.92 0.82 1.01 1.08
®2 TIANERNLEELES-NIFBELEFHER
Table 2 Rb-Sr and Sm-Nd isotopic data of the bimodal volcanic rocks from the Dingyuan Formation
il Rb Sr SRb/ §Sr/ Sm Nd  'Sm/ 14N d/ ("*Nd/ Topm Tom
L VRS 2 B » i . B B enall
(Ma) (107% (107 8Sr Sy (1075 (107%) '™Nd 4Nd N, (Ga) (Ga)
18DY-1 Lk 740 22500 994.00 0.06524 0.707 36 0.706 7 3.842 18.96 0.1226 0.511943 0.511348 —6.6 2.02 2.02
18DY-3  Zik’ 740 43.830 585.30 0.21590 0.70841 0.7061 6.466 24.71 0.1583 0.512626 0.511 858 3.4 144 145
18DY-11 Zi 740  3.978 390.20 0.02940 0.70845 0.7081 7.959 32.00 0.1505 0.512554 0.511824 2.7 144 144
18DY-5 W8 740 44.890 80.96 1.60100 0.72044 0.7035 5.985 34.64 0.1045 0.511856 0.511349 —6.5 1.80 1.80
18DY-10 #8740 13.730 200.00 0.197 90 0.709 78 0.707 7 10.210 63.53 0.097 2 0.511615 0.511143 —10.6 2.00 2.01
18DY-13 W8 740 46.580 327.50 0.41010 0.71094 0.706 6  4.908 32.43 0.0916 0.511794 0.511350 —6.5 1.69 1.69

TR B S CYSm /N eor= 0.196 7; (Nd/*Nd)epur =0.512 638; (7Sm/*Nd)py=0.213 7; (**Nd/"*Nd)py=0.513 15.

33 #ALu-HfFEZE
XU BC FE GBS A 3EAT T X Lu-HI [F 47 3
W5, o0 A 45 30 F 2% 3 AR 5. a0 e R L B AR &
S AN Th/U LA REAE 2R B, DU T o B 5 40 25
R MA

Woar A R (PMO027-7) w14 B &% 41 B
5 VSHE/TTHE AL/ THE e 8 AR Ak Ve B A S ok
0.281 782~0.282 124 F11 0.000 996~0.007 678, 2 #ix
U-Pb4E B 85 1 e (O EHEH T —19.2~
—8.1, ¥l N —14.4. Wi B Be HE X 4E A T
1.98~2.59 Ga.

W8 A RE Y (PMO027-10) W 9 i 85 1 BU 453
B TOHE/THE A1 Lu/TTHE B E AR R TE B 4 Bk
0.281 846~0.282 140 F1 0.00 556~0.003 071, A& #i&
U-Pb 4F IR M8 A e (O EE T T —17.1~

—72, N —11.9. W Bt HE R X E R A T
1.77~1.96 Ga.

4 i
41 TERIERAXNEEBS M

JE G AR i E RS, PR T A Rl o Il A5 A A
LR ARR TR KL A RS W R, R
FEGE T YR A A B A B L AR T
VIR AR E Ry WA G N A+ E2 R
BE+ 5 R A+ 50T A 45 A B AN IR H KT,
T K s & T T ARER A A AR AR T L i
404 K/Na WAE 28 1R X (0.10~1.17) , 7E Si0, —
KO [l fif i 5 8 1 34> R A0, X BEARRAIE W 7 5 A b Bk
2 32 B 7 XU B AR T — € % e, K Na,
Ca Mg 35815 IR JC 3R 76 A8 ) 78 v A — 8 R Al
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*3 TFERARYLEMEER Lu-HfE X LA-MC-ICP-MS [R5 & R
Table 3 LA-MC-ICP-MS zircon Lu-Hf isotopic data of the rhyolite from the Dingyuan Formation
WO F o m evbrn g 1o wl®  lo e 1o P
(Ma) (Ga)
TBCEFE b PM027-7
PMO027-7@01 740 0.001 697 0.059 479 0.281 896 0.000019  —31.0 0.9 —15.5 0.9 2.38  —0.95
PMO027-7@02 740 0.001 863 0.063 458 0.281 872 0.000 020  —31.8 0.9 —16.5 0.9 243 —0.94
PMO027-7@03 740 0.002 255 0.078 416 0.281 838 0.000 021  —33.0 0.9 —17.8 0.9 251 —0.93
PMO027-7@04 740 0.000 996 0.044 576 0.281 782 0.000 026  —35.0 1.1 —19.2 1.1 2.59 —0.97
PMO027-7@05 740 0.007 678 0.307 686 0.282 105 0.000 034  —23.6 1.3 —11.1 14 214 —0.77
PMO027-7@06 740 0.001 477 0.050 172 0.281 795 0.000 024  —34.6 1.0 —19.0 1.1 2.57 —0.96
PMO027-7@07 740 0.002 467 0.085 258 0.281 847 0.000 023  —32.7 1.0 —17.6 1.0 2.50 —0.93
PMO027-7@08 740 0.002 535 0.106 847 0.281 913 0.000 034 —304 1.3 —15.3 14 2.37 —0.92
PMO027-7@09 740 0.002 089 0.072 915 0.281 902 0.000 020  —30.8 0.9 —15.5 0.9 2.38 —0.94
PMO027-7@10 740 0.003 175 0.112 580 0.281 975 0.000 020  —28.2 0.9 —13.4 0.9 2.27 —0.90
PMO027-7@11 740 0.002 449 0.083 438 0.282 007 0.000 019 —27.0 0.8 —11.9 0.9 2.19 —0.93
PMO027-7@12 740 0.001 769 0.061 157 0.282 023 0.000 018  —26.5 0.8 —11.0 0.9 214 —0.95
PMO027-7@13 740 0.001 700 0.059 541 0.282 070 0.000 019 —24.8 0.9 —9.4 0.9 2.05 —0.95
PMO027-7@14 740 0.003 138 0.109 431 0.282 124 0.000 021 —22.9 0.9 —8.1 1.0 1.98 —0.91
TLECHFE i PMO27-10
PMO027-10@01 739 0.000 556 0.022 472 0.281 980 0.000 020  —28.0 0.9 —12.0 0.9 2.19 —0.98
PMO027-10@02 739 0.001 322 0.043 633 0.282 020 0.000 021 —26.6 0.9 —10.9 0.9 2.13 —0.96
PMO027-10@03 739 0.002 397 0.085 486 0.282 140 0.000 020  —22.4 0.9 —7.2 0.9 1.93 —0.93
PMO027-10@04 739 0.003 071 0.107 312 0.282 100 0.000 025  —23.8 1.0 —9.0 1.0 2.03 —0.91
PMO027-10@05 739 0.002 876 0.104 603 0.282 051 0.000 025  —25.5 1.0 —10.6 1.1 2.12 —0.91
PMO027-10@06 739 0.001 205 0.053 666 0.281 846 0.000 036  —32.7 1.4 —17.1 1.4 247  —0.96
PMO027-10@07 739 0.002 497 0.084 565 0.281 994 0.000 022  —27.5 0.9 —12.4 1.0 2.22  —0.92
PMO027-10@08 739 0.002 664 0.097 001 0.281 947 0.000 022  —29.2 0.9 —14.2 1.0 2.31  —0.92
PMO027-10@09 739 0.002 321 0.082 449 0.281 963 0.000 023  —28.6 1.0 —13.5 1.0 2.27  —0.93
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Fig.5 Zircon g,(¢) vs. age diagram for the rhyolite from the Dingyuan Formation
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AT L IR RK 2 AR SE ST T R AR IR JC ROk H A A A

4.2 Mg A WS E
2R MR TR T b MRS A A S A e
(O’Hara 1965; Green, 1973). Jfltf 7 3% b TH i 4k
o bl REHE — 2 AR A R RARTR B A
a1 . #ﬁw\ﬁ W Mg X R s (MgO>
8% Mg fH AT 0.67~0.73) 1] LA 2 Hiu g 51 X 7= A=
1 2 35 B8R A 3% (McKenzie and Bickle, 1988). &
it 4 Z R MgO & 2 8 Ik (3.40%~6.51%) ,

Mg™{E H 0.32~0.59 , % 7~ H 0] e 28 i I W1 45 4 00
ol 58 W TR B . Kl 7 AT 7 48 N ik (Tay-

lor and Mclennan, 1985). i 5z T Fif; 7¢ 1R Y 1) % &K
HHGE R R E % Th M LREE. 5 # Nb. Ta %
JC F FFAE, HOND/Th i (<<8) Ik T J #h i 08 fE
(Glazner et al.,1991; Said and Kerrich, 2009). % it
LR Nb/Th L {EA T 8.82~60.00, I = T K
Hi5E Y Nb/ Th HAE , IF R B 5 451 Th Al Ta o R 4F
fiE | 33X BERFAE I A SR X a2 B 5
ZULR G s P BUIR . — % MORB #il OIB fy Nb/U {4
Bom B —(37£10) , i bfi 52 4 471 9 Nb/U (R Ak

AT 34~102, [FAE A SRRl e W) IR Je A . 6
EE%?'EJ‘ MgO X &R K7, 2 38 4 Z R A 19 MnO
TiO, . FeO"  Th ki MgO & & [ Ik, B AH KK R,
SiO, #1 CaO B MgO 28 4k FE A AN AS | 1% 7 H Al g i
BEA 45 oy S A8 B 76 oo R BC s ih 4k L,
A Z A F I LREE & S5 4E, I8 Al BE 5 45
3 SEAE A G Sr-Nd R R AR L, e md X
Fr WG S A (YSr/%Sr) A F 0.706 1~0.708 1, H
FR N RE S BB T eng (OME (3.4 F12.7) fH—FE
i exa (O R B (—6.6) , I 7% Hol A 1 72 b ] i
fEEM e IMA 28 b g im Al X R A RE T &
£ M ) I 1) 8 A3 Hs . LR A R e Ak o R DL A
45 fh R 3, T REAEAE /D e ki 5 W o TR G

FE I 2 B B R R S1O2(7O.06%~
75.46%) | B (Na,O+K,0=7.13%~7.89% )
ALO,(12.96%~14.84% ) & it . HH AR Mg ™l
(0.19~0.32) , 3100 #1465 % A/CNK {2l 1.05~1.27,
TP B AR T — R AR A A RRAE LR CIPW A
WA R T S B35 0.94 %0 ~3.23 %4 . ixX BB KR AF

2

AE
=]

H

m

(Hofmann ez al.,1986). % i 240 % i A Nb/Th WERHTZRSAES SHIERERNFEE. AHE
[ & i 4 i 504740 Ma)
ol MORB (=740 Ma) JANE S "m(740 Ma)
| O Bk H9635 Ma)
+ + MRl
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b S
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Fig.6  ex(0) vs. (YSr/*Sr), diagram for the bimodal volcanic rocks from the Dingyuan Formation
At B R Hu5E b HSE A% T b BT B SE S L] F] Zhao and Zhou(2009). K 5L A A AR 51 11 Ma ez al. (2000). 3% 4 4l X 04§
A KA BT A Zhu e al. (2014) , TR H I E R A B0 k64 (1995) 287357 (/=635 Ma)
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BB 7) A8 Ze—TiH 5 B i b 3% A BN FT MORB
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KA BN (D) 5 imaxt b, Eailiadd
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T, 2 B AR SRR AR (Zha ez al., 2019). HiAE
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Fig.10 Schematic model showing the extensional setting with magmatism during 740 to 635 Ma in the Dabie area, northern

margin of the Yangtze block
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