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Zircon U-Pb chronology and geochemistry of Mesozoic bimodal volcanic rocks
from Nenjiang area in Da Hinggan Mountains and their tectonic implications
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(1. Geological Research Academy of Xinjiang, Urumgi 830000, China; 2. China University of Geosciences, Wuhan 430074, China)

Abstract: LA-ICP-MS zircon U-Pb ages and geochemical data of the Mesozoic bimodal volcanic rocks from Nen-
jiang in the Da Hinggan Mountains were studied in this paper. U-Pb ages of zircons show that the Mesozoic bi-
modal volcanic rocks were formed at the late stage of the Early Cretaceous (about 127.5 Ma). The Baiyingaolao
Formation acidic volcanic rocks are composed of rhyolites and rhyolitic crystal clastic tuffs. The Meletu Forma-
tion basaltic volcanic rocks are composed of trachybasalt, basaltic andesite and basaltic trachyte. Geochemical
studies suggest that the late Early Cretaceous volcanic rocks display a bimodal volcanic rock association. The
Meletu volcanic rocks belong to alkaline series, have low silicon and are rich in alkalis. The chondrite-normalized
REE patterns indicate that the volcanic rocks are enriched in light rare earth elements (LREE) with significant
fractionation between HREE and LREE and week Eu anomalies. The trace element geochemistry is character-
ized by enrichment of large ionic lithophile elements (K, Rb, Ba) and depletion of high field strength elements
(Nb, Ta). These characteristics indicate that the volcanic rocks originated from the remelting and fractionation

of metasomatized enriched subcontinental lithospheric mantle, probably mixed with a small amount of crustal
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materials. The alkaline basalt series was formed under the condition of an intraplate setting, most likely conti-
nental rift. The Baiyingaolao volcanic rocks are rich in silicon and alkalis, poor in calcium and magnesium and
have characteristic FeO'/MgO ratio. The chondrite-normalized REE patterns indicate that the volcanic rocks are
enriched in light rare earth elements (LREE) with significant fractionation between HREE and LREE and
strong negative Eu anomalies. The trace element geochemistry is characterized by enrichment of large ionic
lithophile elements (K, Rb) and LREE, and depletion of high field strength elements (Nb, Ta, P, Ti). The
trace element geochemistry characteristics of rhyolites show an affinity with the A-type granite, suggesting that
the volcanic rocks should have been formed in an extensional setting. These characteristics imply that the low-Sr
rhyolitic magma originated from enriched mantle plume that intruded into the lower crust, and made it partially
melted. The bimodal volcanic rocks were probably formed in an extensional setting. Combined with spatial and
temporal distribution of the Mesozoic volcanic rocks in Northeast China, it is suggested that the formation of the
late Early Cretaceous bimodal volcanic rocks might be attributed to subduction of the Paleo-Pacific plate beneath
the Eurasian continent.
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1 LA-ICP-MS U-Pb
Table 1 LA-ICP-MS zircon U-Pb dating results for Baiyingaolao volcanic rocks from Nenjiang area
wp 107° Ma
Th U
Th U 2(17Pb ZSSU 16 206Pb 238U 1o 2(]7Pb 235U 1o Zf)ﬁpb 238U 1o
N3-01 605 1157 0.52 0.169 8 0.008 0 0.0229 0.0010 159.3 7.0 145.7 6.5
N3-02 1058 1 809 0.58 0.1341  0.0056  0.0201  0.0002 127.8 5.0 128.4 1.6
N3-03 1136 1952 0.58 0.1347 0.0055 0.0200 0.000 3 128.3 4.9 127.5 1.8
N3-04 602 1665 0.36 0.1407 0.006 6 0.0199 0.000 2 133.7 5.8 127.1 1.6
N3-05 533 1245 0.43 0.1388  0.0059  0.0200  0.0003 132.0 5.3 127.4 1.7
N3-06 598 1424 0.42 0.146 6 0.006 2 0.020 1 0.000 2 138.9 5.5 128.5 1.5
N3-07 1244 2025 0.61 0.1426 0.0053 0.0194 0.000 2 135.3 4.7 124.0 1.4
N3-08 317 891 0.36 0.1442 0.008 0 0.0200 0.000 3 136.8 7.1 127.8 1.9
N3-09 956 1688 0.57 0.1575 0.0064  0.0200  0.0002 148.5 5.6 127.4 1.4
N3-10 1503 2322 0.65 0.1367 0.005 1 0.0200 0.000 2 130.1 4.5 127.4 1.6
N3-11 752 1558 0.48 0.149 1 0.006 5 0.020 1 0.000 3 141.1 5.7 128.4 1.7
N3-12 929 1776 0.52 0.1540 0.006 1 0.020 6 0.000 3 145.4 5.4 131.4 1.7
N3-13 502 1393 0.36 0.1400  0.0062  0.0200  0.0003 133.1 55 127.8 1.7
N3-14 2218 1915 1.16 0.146 2 0.005 2 0.0198 0.000 2 138.6 4.6 126.5 1.5
N3-15 376 986 0.38 0.1341 0.006 6 0.0199 0.000 3 127.8 5.9 127.2 1.6
K,O+NaO =5.28% ~6.44% MgO
=3.94% ~4.38% 4.09% Mg”
=45~57 30 TAS A Macdonald et al.
4a 2003 1987 Wilson 1989 Sr
2003
>REE
Si0, 128.22 %10 ©~192.23x 10 °
76.39% ~ 78.06% AlLO; 11.57% —~
12.65% Na,O+K,0=6.49% ~8.61% 5b
K,O Na,0=1.35~4.1 MgO = La Yb y=6.83~17.75
0.16% —0.39% Ca0=0.14% ~0.41% La Sm y=2.66~
TFeO MgO 2.19~8.77 4.87 Gd Yb y=1.75~
A 2.28 Eu oEu 0.84~0.98
Whalen er al. 1987 TAS
2003
2003 Sr 4a 3.2.3
AR - SiO,
4b
3.2.2 LILE K Rb LREE Ba Sr
>REE 77.13
X1076~262.75x10° Sr
5a Wilson 1989 2001
La Yb y=7.12~21.56 2003 6a Sr
13.04 La Sm y 3.09~10.31 P Ti
Gd Yb v 1.24~1.78
0Eu=0.05 Rb Sr 1.74~8.27
~0.47 4.07 A 3.52 Whalen
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2 we % wp 1076
Table 2 Major elements wyp % and rare earth elements wy 10™° of Mesozoic volcanic rocks in Nenjiang area
BY-1 BY-2 BY-3 BY-4 ML-1 ML-2 ML-3 ML-4
SiO, 78.06 76.67 76.39 76.77 49.95 53.8 55.93 52.76
TiO, 0.04 0.05 0.11 0.08 1.41 1.1 0.77 1.21
ALO; 12.01 11.84 12.65 11.57 19.43 16.95 16.91 17.65
TFe, 05 0.64 0.95 1.56 1.35 9.42 8.09 6.67 8.74
MnO 0.01 0.01 0.11 0.12 0.12 0.15 0.13 0.14
MgO 0.18 0.39 0.16 0.25 3.94 4.05 4.38 3.99
CaO 0.14 0.41 0.23 0.28 4.99 7.32 4.52 6.25
Na,O 1.44 2.11 3.67 3.24 5.29 3.58 5.22 4.62
K,O 5.9 4.38 4.94 4.8 1.15 1.7 0.97 1.21
P,0s 0.01 0.02 0.01 0.02 0.527 0.44 0.288 0.489
LOI 1.04 2.7 0.25 1.29 3.41 2.94 4.16 2.6l
Total 99.48 99.61 100.05 99.93 99.75 100 99.87 99.82
Na,O+ K,O 7.34 6.49 8.61 8.04 6.44 5.28 6.19 5.83
K,O Na,0O 4.1 2.08 1.35 1.48 0.22 0.47 0.19 0.26
TFeO MgO 3.2 2.19 8.77 4.86
AR 4.05 3.25 5.03 5.22
Mg” 45 50 57 47
La 15 26.9 52.2 45.73 23.8 53.7 33 26.8
Ce 32.6 49.2 16.5 72.84 49.3 70.1 64 55.95
Pr 4.02 6 12.5 .98 6.21 8.77 7.59 7.38
Nd 14 19.7 43.2 19.58 24.7 34.4 28.1 31.68
Sm 3.05 3.56 904 2.79 5.63 6.93 5.39 5.94
Eu 0.21 0.49 0.13 0.44 1.56 1.77 1.52 1.76
Gd 2.5 2.65 7.59 2.95 5.09 5.67 4.38 4.83
Tb 0.37 0.41 1.16 0.44 0.74 0.74 0.61 0.76
Dy 2.14 2.18 7.67 2.23 4.58 4.35 3.41 3.93
Ho 0.44 0.42 1.55 0.44 0.91 0.85 0.68 0.77
Er 1.15 1.16 4.79 1.21 2.63 2.29 1.71 2.13
Tm 0.19 0.17 0.7 0.21 0.35 0.31 0.25 0.31
Yb 1.27 1.2 4.94 1.43 2.35 2.04 1.55 1.87
Lu 0.19 0.17 0.78 0.24 0.37 0.31 0.24 0.29
SREE 77.13 114.21 262.75 156.51 128.22 192.23 152.43 144.4
La Yb y 7.96 15.11 7.12 21.56 6.83 17.75 14.35 9.66
La Sm 3.09 4.75 3.63 10.31 2.66 4.87 3.85 2.84
Gd Yb y 1.59 1.78 1.24 1.66 1.75 2.24 2.28 2.08
OEu 0.23 0.47 0.05 0.47 0.87 0.84 0.93 0.98
Sc 2 1 4 8 14 15 13 13
\% 7 5 2 13 178 206 116 138
Cr 4 3 10 9 120 120 70 80
Co <1 <1 <1 <1 28 23 18 22
Ni 1 1 1 1 65 33 29 30
Ga 19.2 17.1 20 18.7 20.8 21.5 21.1 21.3
Rb 190 107.5 147 177.8 32.5 34 40.9 61.23
Ba 234 175 44.3 89.3 335 836 228 943
Th 7.9 9.09 13.95 15.08 2.21 4.65 8.55 3.76
U 1.53 1.47 3.36 2.85 0.86 0.99 2.67 1.21
Nb 12.5 10.8 30.6 16.3 12.8 8.1 9.8 7.3
Ta 1.1 0.9 2.3 1.4 0.8 0.5 0.7 0.41
Sr 60.4 61.5 46.8 21.5 842 1105 652 1134
Zr 67 69 269 103 201 192 189 164
Hf 3.3 3 8.2 4.31 4.8 4.9 4.9 4.3
Y 11.4 11.4 42.5 14.4 26.1 22.8 17 23.6
TFe,O3 La Yb y Mg =Mg®>* Mg>* +Fe*"



464 33

et al. 1987 Whalen 1987 Nb -10 000

0.02
Ga Al Y 10000 Ga Al Zr 10000 Ga Al Ce -
10000 Ga Al 7
0.029
A
B 0.023 6b
“;E LILE
g o021 HREE Yb Lu
Nb Ta
voro MORB OIB
' BT =127 54 0.8 Ma CFB Sun and Mcdonough 1989
1o MSWD=0.99 N=14 2003
0.017
0.10 0.12 0.14 0.16 0.18 0.20
207Pb/235U 4
3 LA-ICP-MS U-Pb
4.1

Fig. 3 U-Pb concordia diagrams of LA-ICP-MS zircon

data for Baiyingaolao volcanic rocks in the study area

80

a
14 |

BHERFHE LR A
70

w(Na,O+K,0)/%
[e-]
T

4 50
9
0 1 I 1 I 1 1 1 1 1 1 I 1 i 1 1 Il 1 1 1 L 40
39 43 47 51 55 59 63 67 71 75 79 84 1 10
w(S10,)/% AR
4 TAS a Le et al. 1989 SO, - AR b Wright 1969

Fig. 4 TAS diagram a after Le ez al. 1989 and SiO, — AR diagram b afer Wright 1969 for Mesozoic volcanic rocks

in the study area

donald 1987 2000
Condie 1986 Wilson 1989 4.1.1
AFC
Geist et al. 1995 Garland ez al. SiO,
1995 MgO 4.38% Mg™ 45
~57 Co Ni 18x10°°

Davies and Mac- ~28%x107% 30x10 %~65x10"°



3 U-Pb 465
1000 . RV 1000 b
~ ——-BY-2 —a—ML-1
Seel Kﬁﬁﬁ%@ﬁ‘ﬁiﬁﬁ% —a—BY-3 KR K R R B —4—ML-2
@ 100 F g 100 |-
X B
ol og
# #*
10k 10
' X i s x. x. A 'l rl 'y 2 X ] a x. 1 1 L i I L 1 I L 1 1 L 1 1 L 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

5

Boynton 1984

Fig. 5 Chondrite-normalized REE patterns for Mesozoic volcanic rocks in the study area normalizing data after Boynton 1984

1000

1000

100

BH /AR

0.1

77

N

Kt

| I

—a—-ML-1
—A—~ML-2
——ML-3
BIRMRBIER R AR ——ML-4

6

RbBaThU K TaNbLaCeSr NdP Zr HfSmTi Y YbLu

RbBaTh U K TaNbLaCe Sr Nd P Zr HfSmTi Y YbLu

Sun and McDonough 1989

Fig. 6 Primitive mantle-normalized trace element spider diagrams for Mesozoic volcanic rocks in the study area

LILE Rb Ba
Nb Ta

La Sm 4.23~7.75

Arndt 1992

Nb

Molzahn et al .

1996

normalizing data after Sun and McDonough 1989

LREE HFSE
LREE La Nb<1.5
Nb Ta La Nb>1.5 Fitton et al. 1998

La Ta

<22 La Ta>

30 Leat

et al. 1988 La Nb=1.86~

6.63 >1.5 la Ta=29.75~107.4 62.4 >

30



466

33
1000 1000
a b
A A
100 AA 100k
P 9
= A =)
5 A g A
Z z
T T S Ny
1&S
1 1 1 1 ] 1 1 1 1 1 1 1 1
10000Ga/Al 10 1 10000Ga/Al 10
10000F 1000F
c d
A A
12 1000} 5
= oy
S A < 100} A
. A
100 F AA A
A
1&S 1&S A
10 10 . .
! 10000Ga/Al 10 1 10000Ga/Al 10
7

Nb Y Zr

4.1.2
TIOZ MgO P205 TF€203
TIOZ MgO P205 TF€203
Th U K
Sr P Ti U
Th SrP Ti
Zr Hf
Nb Ta Zr Nb 38.1—41.8 14~17.8 15.7
~23.7 20.3~23.8
32.5 11.6—13.3 5.4—8.8
SO, MgO
Eu

Whalen ez al. 1987
Fig. 7 Nb Y Zr and Ce—10 000 Ca Al diagrams for Baiyingaolao volcanic rocks in the study area after Whalen
et al .

Ce~10000 Ca Al

1987

LILE

LREE
Nb Ta Ti

Rb Sr=1.74~8.27 >0.5 Ti Y=15.52~33.33
<100 Ti Zr=2.45—4.66 <20

Pearce 1983 Tischendorf and Paelchen

1985 Nb Ta=11.36~13.30 12.07
11~12 Green 1994
A
A

Pation 1997
Sr



3 U-Pb 467
HFSE Nb Ta P Ti
4.2 Wilson 1989
Nb-Y-3Ga Nb-
Y - Ce Al A
Zr 164 X 10 6~ Al 8b Eby
201 x10°° /Zr Y 6.95~11.12 Zr Y - 7r 1992
8a
Ta Hf=0.10~0.17 >0.1 Th Ta=
2.76~12.21 >1.6
Zhang and Wang 1996 2000
2001 2011
2011
Eu LILE K Rb LREE 2008
Ba Sr - -
100
Fa WPB B AZ R
C MORB #HEZ &
i TAR BIILRE
Z
10 100 1000
w(Zr)/10°
Nb Nb
b c
Al Al
A2 A A2 4
Y 3Ga Y Ce
8 Zr Y~ 7Zr a Pearce 1982 Nb-Y-3Ga b Nb—-Y - Ce

¢ Eby 1992

Fig. 8 Zr Y- 7Zr diagram a after Pearce 1982 for Meiletu volcanic rocks and Nb-Y-3Ga b Nb-Y-Ce c diagrams

after Eby 1992 for Baiyingaolao volcanic rocks in the study area



468

33

2011
2011 -

1 127.5£0.8

Ma

2

3
References

Arndt N T and Christensen U. 1992. The role of lithospheric mantle in
thermal and geochemical constraints

J . Geophys Research 97 10967~10 981.

continental flood volcanism

Boynton W V. 1984. Geochemistry of the rare earth elements mete-

orite studies A . Henderson P. Rare Earth Element Geochemistry
C . Elsevier 63~114.

Condie K C. 1986. Geochemistry and tectonic setting of Early Protero-
zoic supercrustal rocks in the Southwestern United states J . Geol-
ogy 94 845~864.

Davies G R and Macdonald R. 1987. Crustal influences in the petrogene-
sis of the Naicasha basalt-comendite complex combined trace ele-

ment and Sr-Nd-Pb isotope constraints J . Petrol 28 6 1009~
1031.

Eby G N. 1992. Chemical subdivision of the A-type granitoids Petroge-
netic and tectonic implications J . Geology 20 641~644.

Fan WM GuoF Wang Y] etal. 2003. Late Mesozoic calc-alkaline
volcanism of post-orogenic extension in the northern Da Hinggan
Mountains northeastern China J . Journal of Volcanology and

115~135.
Fitton J G James D Kempton PD ez al.1998. The role of lithosphere

Geothermal Research 121

mantle in the generation of late Cenozoic basic magmas in the west-
ern United States ] . Journal Petrology 331~349.

Garland F E  Hawkesworth C J and Mantovani M S M. 1995. Descrip-
tion and petrogenesis of Parana rhyolites Southern Brazil J . Jour-
nal of Petrology 36 1193~1227.

Ge Wenchun Li Xianhua Lin Qiang et al. 2001. Geochemistry of

early Cretaceous alkaline rhyolites from Hulun Lake Da Xing' an

Ling and its tectonic implication ] . Chinese Journal of Geology

36 2

Ge Wenchun Lin Qiang Li Xianhua et a/.2000. Geochemical charac-

176~183 in Chinese with English abstract .

teristics of basalts of the Early Cretaceous Yilieckede Formation
North Da Hinggan Ling J . Journal of Mineral Petrology 20 3
14~18 in Chinese with English abstract .

Ge Wenchun Wu Fuyuan Zhou Changyong e/ al. 2005. Zircon U-Pb
ages and its significance of the Mesozoic granites in the Wulanhaote
Region central Great Xing' an Range J . Acta Petrologica Sinica
21 3 749 ~762 in Chinese with English abstract .

Geist D Howard K A and Larson P. 1995. The generation of oceanic
rhyolites by crystal fractionation the basalt-rhyolite association at

Volcan Alcedo
36 965~982.

Galdapagos Archipelago J . Journal of Petrology

Gou Jun Sun Deyou Zhao Zhonghua et al. 2010. Zircon LA-ICPMS
U-Pb dating and petrogenesis of rhyolites in Baiyingaolao Formation
from the southern Manzhouli Inner-Mongolia J . Acta Petrologica
Sinica 26 1 333~344 in Chinese with English abstract .

Grenn T H. 1994. Experimental studies of trace-element partitioning ap-
plicable to igneous petrogenesis-Sedona 16 years later ] . Chemical
Geology 117 1~36.

Griffin W L Belousova E A and Shee S. 2004. Crustal evolution in the
northern Yilarn Craton U-Pb and Hf isotope evidence from detrital
zircons J . Precambrian Research 131 231~—282.

Guo Feng Fan Weiming Wang Yuejun et a/. 2001. Petrogenesis of

the Late Mesozoic bimodal volcanic rocks in the southern Da Hing-

gan Mts China J . Acta Petrologica Sinica 17 1 161~168 in
Chinese with English abstract .

Hoskin P W O and Schaltegger U. 2003. The composition of zircon and
igneous and metamorphic petrogenesis ] . Reviews in Mineralogy
and Geochemistry 53 27~62.

Inner Mongolia Bureau of Geology and Mineral Resources. 1991. Re-
gional Geology of Inner Mongolia M . Beijing Geological Publish-
ing House in Chinese .

Jahn BM WuFY CapdevilaR eral. 2001. Highly evolved juvenile
granites with tetrad REE patterns The Woduhe and Baerzhe gran-

ites from the Great Xing’ an Mountain in NE China J . Lithos

59 171~198.



U-Pb 469

Kuzmin M L AbramovichGY Dril SL ez al. 1996. The Mongolian-
Okhotsk suture as the evidence of Late Paleozoic-Mesozoic collisional
processes in Central Asia C . Abstract of 30th IGC 1 261.

Le Maitre R W Bateman P Dudek A ez a/. 1989. A classification of
igneous rocks and glossary of terms A . Recommendation of the I-
UGS Subcommission on the Systematics of Igneous Rocks C . Ox-
ford Blackwell.

Leat PT Thompson R N Morrison M A et al. 1988. Composition-
ally-diverse Miocene-Recent rift-related magmatism in northwest
Colorado partial melting and mixing of mafic mafmas from 3 differ-
ent asthenospheric and lithospheric mantle sources J . Journal of
Petrology 351~377.

Li Wenguo Li Qingfu Jiang Wande er al. 1996. Lithostratigraphy of
Inner Mongolia M . Wuhan China University of Geoscience Press

in Chinese .

Lin Qiang Ge Wenchun Cao Lin ez al. 2003. Geochemistry of Meso-

zoic volcanic rocks in Da Hinggan Ling The bimodal volcanicrocks
J . Geochimical 32 3 208~222 in Chinese with English ab-
stract .

Lin Qiang. 1999. Some thoughts on Mesozoic volcanic rocks in North-
east Asia ] . World Geology 18 2 14 ~22 in Chinese with
English abstract .

Liu Ge Lii Xinbiao Zhang Lei ez al. 2012. Geochemical characteris-
tics of Early Carboniferous volcanic rocks in Hongyan area of north-
western Xiao Hinggan Mountains and their geological significance

J . Acta Petrologica et Mineralocica 31 5 641 ~651 in Chi-
nese with English abstract .

Lii Zhicheng Hao Libo Duan Guozheng et al. 2000. Magmatism and
its tectonic significance in the Manzhouli-Eerguna region J . Jour-
nal of Mineral Petrology 21 1~ 77~85 in Chinese with English
abstract .

Macdonald R Davies G R Bliss C M et al. 1987. Geochemistry of
high-silica peralkaline rhyolites Naivasha Kenya Rift Valley ] .
Journal of Petrology 29 6  979~1 008.

Meng En  Xu Wenliang Yang Debin et al. 2011. Zircon U-Pb

chronology geochemistry of Mesozoic volcanic rocks from the

Lingquan basin in Manzhouli area and its tectonic implications J .

Acta Petrologica Sinica 27 4 1209 ~ 1226 in Chinese with
English abstract .

Molzahn M Reisberg L and Worner G. 1996. Os Sr Nd Pb O iso-
tope and trace element data from the Ferrar flood basalts Antarcti-
ca evidence for an enriched subcontinental lithospheric source ] .
Earth and Planetary Science Letters 144 529~546.

Patino D A E. 1997. Generation of metaluminous A-type granites by

Geology 25

low-pressure melting of calc-alkaline granitoids J .

743~746.

Pearce ] A. 1982. Trace element characteristics of lavas from destructive
plate boundaries A . Thorps R S. Andesites C . New York John
Wiley and Sons 525~ 548.

Pearce J A. 1983. The role of sub-continental lithosphere in magma gen-
esis at destructive plate margins A . Hawkesworth C J and Norry
M J. Continental Basalts and Mantle Xenoliths C . Nantwich Shiv-
a Academic Press 230~249.

Sun Deyou Gou Jun Ren Yunsheng et al. 2011. Zircon U-Pb dating
and study on geochemistry of volcanic rocks in Manitu Formation
from southern Manchuria Inner Mongolia ] . Acta Petrologica

Sinica 27 10 3083~3094 in Chinese with English abstract .

Sun S S and McDonoungh W F. 1989. Chemical and isotopic systematic-
sof oceanic basalt implication for mantle composition and processes

A . Saunders A D and Norry M J. Magmatism in the Ocean
Basins C . Geol. Soc. London Spec. Pub. 42 313~345.

Tischendorf G and Paclchen W. 1985. Zur Klassifikation von Grani-
toiden Classification of granitoids ] . Zeitschrift fuer Geologische

Wissenschaften 13 5 615~627.

Wang F Zhou XH Zhang L C ez al. 2006. Late Mesozoic volcanism
in the Great Xing’ an Range NE China  Timing and implications
for the dynamic setting of NE Asia J . Earth and Planetary Science
Letters 251 179~198.

Wang Yan Qian Qing Liu Liang et a/. 2000. Major geochemical

characteristics of bimodal volcanic rocks in different geochemical en-

vironments J . Acta Petrologica Sinica 16 2 169~173 in Chi-
nese with English abstract .

Whalen ] B Currie K L and Chappell BW. 1987. A-type granites Geo-
chemical characteristics dirimination and petrogenesis ] . Contri-
butions to Mineralogy and Petrology 95 407~419.

Wilson M. 1989. Igneous Petrology A Global Tectonic Approach M .
London Unwin Hyman 1~466.

Wright ] B. 1969. A simple alkalinity ratio and its application to ques-
tions of non-orogenic granite genesis ] . Geological Magazine
106 370~384.

WuFY Lin] Q WildeSA etal. 2005. Nature and significance of
the Early Cretaceous giant igneous event in Eastern China ] .
Earth and Planetary Science Letters 233 103~119.

Xu Meijun  Xu Wenliang Meng En er al. 2011. LA-ICP-MS zircon
U-Pb chronology and geochemistry of Mesozoic volcanic rocks from
the Shanghulin-Xiangyang basin in Ergun area northeastern Inner
Mongolia J . Geological Bulletin of China 30 9 1321 ~1 338

in Chinese with English abstract .
Xu Wenliang Ge Wenchun Pei Fuping et al/. 2008. Geochronological

framework of the Mesozoic vocanism in NE china and its tectonic



470 33
implications J . Bulletin of Mineralogy Petrology and Geochem- . 2010.
istry 27 3 286~287 in Chinese . U-Pb J . 26 1 333~344.
Zhang C J and Wang Y L. 1996. The characteristics of Th Ta and Hf . 2001.
in an igneous rock series and the identification of tectonic setting of J. 17 1 161~168.
its source region A . Zhou Y Z. Contributions to Mineralogy . 1996. M .
Petrology and Geochemistry C . Beijing Petroleum Industry
Press 57~62. . 2003.
ZhangJH Ge W C WuF Y etal. 2008. Large-scale Early Creta- J . 32 3 208~222.
ceous volcanic events in the northern Great Xing' an Range North- . 1999. J.
eastern China J . Lithos 102 138~57. 182 14~22.
Zhang Xingzhou Yang Baojun Wu Fuyuan et a/. 2006. The litho- . 2012.
sphere structure in the Hingmong-Jihei Hinggan-Mongolia-Jilin- J .
Heilongjiang region northeastern China J . Geology in China 33 31 5 641—651.
4 816~823 in Chinese with English abstract . . 2000. X
Zhao X X and Coe R S. 1996. Paleomagnetic constraints on the paleo- ] . 20 4 406 ~—414.
geography of China Implications for Gondwanaland C . Abstract . 2011.
of 30th IGC 1 1 231. U-Pb ]
Zhao Zhonghua Sun Deyou Gou Jun et al. 2011. Chronology and 27 4 1209~1226.
geochemistry of volcanic rocks in Tamulangou Fromation from . 1991. M .
Southern Manchuria Inner-Mongolia ] . Journal of Jilin Universi-
ty Earth Science Edition 41 6 1865~ 1880 in Chinese with . 2011.
English abstract . U-Pb ] . 27 10 3083~
Zong KQ LiuYS CaoS etal. 2010. In situ U-Pb dating and trace 3094.
element analysis of zircons in thin sections of eclogite refining con- . 2000.
stants on the ultra high-pressure metamorphism of the Sulu terrane J. 16 2 169~173.
China J . Chemical Geology 269 237~251. . 2011.
- LA-ICP-MS U-Pb
7. 309 1321~1338.
. 2008.
. 2001. I 27 3
J. 36 2 176~183. 286~287.
. 2000. . 2006. -
] 20 3 14~18. ] 33 4 816~823.
. 2005. . 2011.
U-Pb J. 21 ] 41 6

3 749~762.

1865~1 880.





