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Middle Devonian volcanism in eastern Heilongjiang Province and its tectonic
implications: constraints from petro-geochemistry, zircon U-Pb chronology
and Sr-Nd-Hf isotopes
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(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. College of Earth Sciences,
Jilin University, Changchun 130061, China)

Abstract: This paper has reported zircon U-Pb dating, Hf isotopes, major and trace elements, and Sr-Nd iso-

tope data of the volcanic rocks from the Laotudingzi Formation in the eastern margin of the Jiamusi Massif and

the upper segment of the Baoquan Formation in the Xiao Hinggan Mountains, with the aim of constraining the

regional tectonic evolution in eastern Heilongjiang Province. The former is composed mainly of rhyolite and
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subordinately of alkaline basalt, whereas the latter consists chiefly of rhyolite. Zircons from these volcanic rocks
display striped absorption or fine-scale oscillatory growth zoning as well as high Th/U ratios(0.28~1.64), im-
plying a magmatic origin. The dating results show that they were probably all formed in middle Devonian(a
weighted mean 2"Pb/?*®U age of 386 Ma). The mafic rocks from the Laotudingzi Formation in the eastern mar-
gin of the Jiamusi Massif have the data SiO, =50.40% ~55.66% , Mg” =0.39~0.50, Na,O/K,O=2.88~
4.99, ALO;=15.66% ~18.06% , (}Sr/%Sr); =0.705 99, eNd(z) = +2.04, and show the enrichment of
light rare earth elements (LREEs) and Cr, Co, Ni and Zr, and depletion of Nb, Ta, Ti, with high Zr/Y, Nb/
U, Ta/U and Ce/Pb ratios, whereas the felsic rocks have the data SiO, =77.59% ~78.75%, Na,O/K,0=
0.32~0.36, ALO;=11.62% ~11.76% , (¥ Sr/**Sr), =0.703 78 ~0.707 36, eNd(z)= —2.20~ —4.15,
eHf(t)=+1.8~+8.6, tp = 671 ~998 Ma, and display enrichment of Rb, Th, U, K and depletion of
Nb, Ta, U, P, Ti. These data are typical of bimodal volcanism and indicate that the former might have been
derived from the lithosphere mantle, contaminated by crustal material, whereas the latter probably originated
from partial melting of the newly accreted crust. The rhyolite from the upper Baoquan Formation in the Xiao
Hinggan Mountains is characterized by high SiO,(74.64% ~76.09% ), enrichment of K,O(Na,O/K,O0=0.42
~0.81), low ALO;(12.56% ~12.63% ), enrichment of high field strength elements(such as Zr and Hf)and
large ion lithophile elements( LILEs)such as Th, U and K, and strong depletion of Sr, Eu, P and Ti. These da-
ta are similar to features of A-type rhyolites. Besides, these volcanic rocks have eHf(#) = +2.5~+6.4, tpw
= 837~983 Ma, consistent with the data of Phanerozoic granitoids in the CAOB, suggesting that they might
have originated from partial melting of the newly accreted crust. Combined with the regional geological data, it
is inferred that there might have existed a passive continental-margin setting in the eastern margin of the Jiamusi
Massif in middle Devonian, where the bimodal volcanic rocks were probably formed. Furthermore, the coeval A-
type rhyolite of the upper Baoquan Formation in the Xiao Hinggan Mountains was probably formed in an intra-
continental extensional environment.

Key words: castern Heilongjiang Province; middle Devonian; volcanic rocks; geochemistry; Sr-Nd-Hf isotopes;

tectonic setting
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2 wi % wg 107¢  Sr-Nd
Table 2 Major elements wy %  trace elements wy 10~ ¢ and Sr-Nd isotopic data for middle Devonian
volcanic rocks in eastern Heilongjiang Province
HBQI17-1 HBQ26-2 HBQ27-1 HBQ28-1 HBQ35-1 HBQ35-3 HBQ35-7 HT7-1 HT7-3
SiO, 78.75 78.18 50.40 77.59 50.80 51.54 55.66 74.64  76.09
TiO, 0.37 0.33 1.56 0.34 1.64 1.95 0.87 0.14 0.26
ALO; 11.76 11.64 17.13 11.62 16.85 15.66 18.06 12.63 12.56
TFe,03* 3.91 2.23 10.57 2.49 10.96 11.77 9.03 2.74 2.57
MnO 0.09 0.07 0.17 0.06 0.17 0.17 0.18 0.03 0.03
MgO 0.50 0.72 5.33 0.54 5.50 4.90 2.96 0.52 0.36
CaO 0.13 1.21 8.57 1.08 6.59 6.72 4.85 0.58 0.41
Na,O 0.91 0.98 3.23 0.92 4.38 4.27 5.79 2.31 3.23
K,O 2.51 3.10 1.01 2.87 1.52 1.38 1.16 5.46 4.01
2,05 0.03 0.01 0.40 0.02 0.42 0.50 0.44 0.03 0.05
LOI® 1.00 1.19 1.10 1.26 1.20 1.20 1.31 0.45 0.63
TOTAL 99.95 99.66 99.48 98.79 100.03 100.05 100. 31 99.53 100.20
Mg ¢ 0.20 0.39 0.50 0.30 0.50 0.45 0.39 NG 0.27 0.22
Na,0O K,O 0.36 0.32 3.20 0.32 2.88 3.09 4.99 0.42 0.81
A CNK! 3.31 2.20 1.34 2.39 1.35 1.27 1.53 1.51 1.64
OEu® 0.62 0.65 0.96 0.65 0.95 0.88 0.89 0.05 0.06
Be 1.83 2.71 1.39 2.79 1.39 1.46 1.38 4.65 3.00
Sc 7.67 6.43 27.12 6.55 27.60 29.79 13.71 2.21 2.14
\% 46.1 22.0 208.4 2273 197.0 238.2 129.0 11.0 7.7
Cr 20.69 18.20 106. 10 18.87 96.75 70.82 72.38 7.30 7.20
Co 9.96 2.81 33.32 2.87 32.97 31.38 18.40 1.25 1.21
Ni 10.32 5.51 48.53 5.57 47.46 35.30 42.25 3.67 4.14
Cu 21.00 3.73 43.95 3.69 47.10 41.26 47.91 2.72 1.95
Zn 58.6 43.9 94.2 44.4 93.2 107.3 129.4 178.8 42.1
Ga 15.1 17.0 19.7 17.1 21.5 21.1 22.0 31.8 27.7
Rb 99.0 113.9 26.0 115.2 41.8 32.7 38.0 324.6  241.5
Sr 73.0 422.0 625.5 426.2 686.8 619.1 553.2 34.1 33.9
Y 18.7 22.4 29.3 22.5 32.5 38.0 32.3 102.7 97.1
Zr 146 164 196 166 216 266 263 452 599
Nb 8.5 10.3 11.9 10.4 12.8 16.5 21.8 26.2 26.2
Cs 7.64 5.44 5.28 5.48 2.71 4.25 1.71 10.05 7.55
Ba 730 908 383 915 562 656 434 124 122
La 38.0 17.8 23.4 18.1 26.6 33.5 38.8 85.8 91.4
Ce 80.3 6.4 51.9 37.3 57.7 72.0 75.3 174.6  183.2
Pr 9.19 3.88 6.59 3.97 7.21 8.83 8.83 19.99  21.69
Nd 33.5 15.3 28.0 15.5 31.6 38.4 36.6 78.7 81.8
Sm 5.91 3.15 6.08 3.17 6.84 8.14 7.07 16.68  16.60
Eu 1.07 0.66 1.90 0.66 2.09 2.29 1.99 0.27 0.34
Gd 4.44 2.95 5.90 2.98 6.43 7.64 6.42 15.66  14.88
Tb 0.61 0.50 0.89 0.52 0.99 1.16 0.94 2.70 2.62
Dy 3.38 3.27 5.34 3.28 5.85 6.83 5.53 16.94  16.56
Ho 0.70 0.76 1.10 0.77 1.22 1.41 1.15 3.73 3.66
Er 2.02 2.40 2.99 2.45 3.23 3.77 3.11 10.50  10.43
Tm 0.31 0.39 0.41 0.40 0.47 0.55 0.47 1.60 1.58
Yb 2.15 3.00 2.68 2.99 2.94 3.48 3.00 10.31 10.33
Lu 0.33 0.46 0.39 0.47 0.44 0.51 0.46 1.50 1.51
Hf 3.90 4.33 4.38 4.38 4.76 5.93 5.80 13.31  15.90
Ta 0.64 0.70 0.69 0.70 0.69 0.90 1.16 1.85 1.73
Pb 13.00 24.62 7.86 24.86 11.24 8.75 10.47 68.85 39.86
Th 8.2 7.2 2.5 7.2 2.9 4.4 5.2 32.9 34.0
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Continued Table 2
HBQ17-1 HBQ26-2 HBQ27-1 HBQ28-1 HBQ35-1 HBQ35-3 HBQ35-7 HT7-1 HI7-3
U 2.57 1.94 0.62 1.94 0.71 1.05 1.36 12.78 12.14
SREE 181.9 91.0 137.5 92.7 153.5 188.5 189.7 439.0  456.6
La Yb ' 11.93 4.00 5.87 4.10 6.10 6.49 8.73 5.61 5.97
87Rb %08y 3.92 0.78 0.12 1.18
87Sr 805y 0.72531 0.711 65 0.706 65 0.712 88
26 0.000 04 0.000 04 0.000 09 0.000 04
I, 0.703 78 0.707 36 0.705 99 0.706 37
error 0.000 01 0.000 01 0.000 01 0.000 03
47Sm *Nd 0.106 81 0.12423 0.13132 0.106 81
Nd Nd 0.51227 0.51224 0.512 58 0.512 30
26 0.000 01 0.000 01 0.000 01 0.000 01
t Ma 386 386 386 386
eNd 0 -7.13 -7.72 -1.18 -6.63
eNd ¢ -2.70 -4.15 2.05 -2.20
Ssm Nd —0.46 -0.37 -0.33 —0.46
Iy 1250 1543 1059 1214
Iowp 1385 1450 925 1344
a TFe,04 b LOI ¢ Mg® = Mg + Fe, 2" d ACNK= ALO; CaO+ NayO+K,O e SEu=
Eu0.0735 Sm 0.195 + Gd 0.259 2 { laYby N
~1 098 Ma 422 Ma n =6 453
Ma n=7 485 Ma n=3 16 Hf eHf ¢ 0 Hf
383 Ma
Hf 176 |f 177 Hf eHf ¢
0.282938—~0.283 089 ¢Hf ¢+ = +2.5~+6.4 6b
[DMl :818 \’981 1\/1?1 [DMZ :910N1 091 Ma €Hf t Yang et al . 2006
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Fig. 6 Correlations between Sr-Nd isotopic compositions a and Correlations between Hf isotopic compositions and ages of zircons

b from the volcanic rocks of the middle Devonian Laotudingzi Formation in eastern Heilongjiang Province
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2000 SiO,
4 Na,O K,0=2.88~4.99 Mg*® =39~50
Cr 70.8 X 107°°® ~106.1 X 10°°® Co
4.1 18.40 X 107 ¢~33.32x107° Ni 35.3x10 ¢~
48.5x10°° eNd ¢ +
2.05
Saunders et al. 1992 Xu et al. 2004
Zr 196 <10 °~266 %10 ° Zr Y
1993 6.63 ~8.16 Kelemen er al/. 2003
2007 LREE Rb Ba
Nb U 15.8~19.1 Ta U 0.7~
LA- 1.2 Ce Pb 5.1—8.2
ICP-MS U-Pb Nb Ta Ti
Taylor and McLennan 1985
Hofmann 1988 Saunders et a/. 1992 Jahn et
Th U ar. 1999 HFSE
0.28~1.64 lonov et al. 1999
Gill 1987 Kelemen er al.
LA-ICP-MS U-Pb 2003
392+ 3 Ma 388 +2 Ma 3833 Ma 3a
3b 3c Db
386 Ma  3d SiO, =77.59% ~78.75% Na,O K,O
Meng =0.32~0.36 ALO;=11.62% ~11.76%
2010 Rb Th U K Nb Ta Eu P Ti
— §7Sr 808y 0.703 78 ~0.707 36 eNd ¢
=-2.20~—-4.15 eHf t =+1.8~+8.6 tpwy =
484 Ma 413 Ma 671 ~998 Ma
6
Chen et al. 2000 Wu et al .
484~392 Ma  413~388 Ma 2002
Th U 4.2.2
0.28~0.96 422
453 485 Ma A Whalen
Meng et al. 2010 et al. 1987 2005 Sio, =
3 74.64% ~ 76.09% Na,O K,O = 0.42 ~
2008 Wang er al. 2011 0.81 Ba Th U Rb Nb
Ta P Sr Ti
4.2 Hf eHf ¢t =+2.5~+6.4 tpw
4.2.1 =837~983 Ma 6b

Chen et al. 2000 Wu

2002

et al .
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