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Abstract: The Longjiang Formation in Longjiang basin is composed of intermediate—acidic volcanic rocks, pyroclastic rocks and
tuffaceous sedimentary rocks. The petrochemical compositions of most volcanic rocks belong to the calc—alkaline island arc series.
These volcanic rocks are characterized by high SiO,, Na,O, ALLO; and Sr content, low MgO, Y and Yb content and clear depletion of
high field strength elements (Ta, Nb), similar to the characteristics of the classical adakite. These Sr values and Sr/Y ratios are also
similar or close to features of most subduction—type adakites. Geochemical characteristics indicate that the magma experienced crust

contamination and fractional crystallization of clinipyroxene, plagioclase, Ti— Fe— oxides and apatite during the early evolution
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process. The zircon LA—ICP—MS U—Pb age is 125.9+1.5Ma, consistent with the fossils data, representing volcanics formation age.

Combined with the spatial variation of ages of the Mesozoic volcanic rocks in Northeast China, the authors hold that the formation

of the volcanic rocks was related to the Circum—Pacific tectonic system as well as the Mongolia—Okhotsk structural belt.
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Fig. 1 Tectonic setting of the Northern Da Hinggan Mountains (after Ye Mao et al., 1994) and simplified geological map of

Longjiang basin (b)
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Fig.2 Microphotographs of volcanic rocks from the Longjiang Formation
a—Green gray andesite;b—Grayish purple tralhyandesite ; PI—Plagioclase ; Px—Pyroxene
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Fig.3 Cathodoluminescence images of analyzed zircon grains
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Table 2 Major (Wt%) and trace elements (10*) compositions of the volcanic rocks of Longjiang Formation

FERRS 312YQ4 312YQ7 312YQ20 3154 315YQ47  211YQ43 313YQ31 315YQ45 315YQ54 313YQ27

PeRd Flze s 2l YLy
Si0, 5743 5858  57.66 5895 6268 6048 6627 6418 6467 6774
ALO; 18.22 17.25 16.81 16.48 17.16 17.32 16.9 17.04 16.61 16.38
Fe, 05 547 532 6.17 4.69 4.07 3.18 2.67 33 3.04 2.19
FeO 332 3.1 4.09 202 2.83 031 2.66 139 2.29 0.94
TiO, 0.87 0.78 0.93 0.68 0.66 0.5 0.51 0.62 0.59 0.46
K0 2.13 2.65 3.05 161 2.69 0.94 233 224 243 2.95
Na,O 3.95 3.62 34 42 3.11 291 438 3.96 4.11 435
CaO 5.64 49 542 456 4.14 4.56 2.93 378 3.02 2.1
MgO 2.16 2.52 3.12 3.13 244 1.7 1.54 218 1.73 0.91
MnO 0.09 0.1 0.11 0.09 0.09 0.08 0.07 0.07 0.07 0.06
P,0s 0.34 0.26 0.29 031 03 0.24 0.23 025 0.25 02
LOI 237 2.69 1.72 3.88 126 6.68 0.77 097 2.08 125
Total 101.98  101.77 10276 100.61  101.42 98.9 10126 9998 10088  99.53
AJCNK 0.96 0.97 0.9 0.97 1.1 1.23 1.12 1.08 1.12 1.16
o 2.54 248 2.9 2.01 1.71 0.77 1.94 1.8 1.95 2.13
AR 1.68 1.79 1.82 176 1.75 143 2.02 185 2 231
La 238 222 252 19.1 24 19.1 24.1 237 248 249
Ce 459 43.0 50.2 39.4 46.5 40.0 482 48.0 517 50.1
Pr 5.9 56 7.6 53 6.0 53 6.3 6.4 6.7 6.6
Nd 258 23.6 28.0 220 2438 215 255 255 25.7 255
Sm 5.0 44 54 44 46 40 4.7 45 49 47
Eu 15 14 1.6 13 14 1.1 13 1.4 1.4 13
Gd 4.0 37 44 35 37 32 39 3.8 3.8 3.8
Tob 0.6 0.6 0.7 0.6 0.6 0.5 0.6 0.6 0.6 0.6
Dy 33 3.1 36 33 35 3.1 35 37 3.7 3.8
Ho 0.7 0.6 0.7 0.6 0.7 0.6 0.7 0.8 0.7 0.8
Er 1.6 1.6 1.8 1.6 2.0 1.6 1.9 2.0 1.8 2.0
Tm 03 03 0.4 0.3 0.4 03 0.4 0.4 0.4 0.5
Yb 1.8 18 2.1 2.1 24 2.1 24 25 24 2.7
Lu 03 03 0.3 03 03 03 0.3 0.3 03 0.4
Y 15.6 14.5 17.7 144 158 14.9 169 183 158 16.7
Sr 8873 8535 6754 673.6  600.0 5158 5246 5798 5660  410.1
Rb 38.7 61.5 59.8 38.1 60.8 28.6 60.5 52.1 68.9 779
Ba 1100.0 9627  909.4 6192 869.1 563.1 8962 8656 8879 10767
Th 4.1 3.6 49 53 6.6 4.1 4.6 8.0 6.4 6.1
Ta 0.5 05 0.5 0.4 0.5 0.4 0.5 0.6 0.5 0.9
Nb 6.3 6.0 75 6.2 79 6.2 9.0 9.1 83 10.0
Zr 138.0 134.8 190.2 153.1 191.0 170.9 2239 2295 2285 2563
Hf 3.8 38 5.0 10.1 6.8 78 49 10.0 146 7.1
Se 124 12.4 12.6 15.6 13.1 9.5 9.4 11.6 9.0 7.1
Cr 5.0 40 117 224 16.2 10.3 9.2 172 123 7.4
Ni 4.0 63 4.1 3.0 2.0 2.0 20 3.8 2.0 2.0
U 1.0 1.1 12 0.9 12 12 13 14 12 12
Cs 22 20 18 1.6 0.9 93 32 2.1 17 3.1
Cu 173 15.4 229 242 243 9.6 14.7 12.8 9.7 127
Zn 799 85.6 60.9 532 552 73.1 57.1 55.7 4738 478
Co 139 14.9 16.3 20.1 153 165 11.8 135 138 8.4
Pb 14.7 15.1 16.8 172 21.0 153 23 21.6 203 28.7
Ga 165 153 15.7 18.0 20.1 218 187 182 193 185
SREE 11941 11217 13185 1037 119.13 10261 12367  123.63 12877  127.73
LR/HR 8.49 8.42 845 748 78 7.77 8.11 7.75 8.4 7.77
SEu 1.02 1.01 0.98 094 0.99 0.92 0.93 1 0.94 0.91
5Ce 0.93 0.91 0.86 0.93 0.95 0.94 0.92 0.92 0.95 0.92
(La/Yb)y 838 8.24 8.2 6.28 6.31 6.14 6.83 632 7.06 6.23
(La/Sm)y 2.89 3.14 2.95 2.74 3.09 3.02 323 33 3.19 332
(Gd/Lu)y 201 1.84 191 161 147 141 1.82 144 1.53 1.8

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



SRR A VLA T TT 20 LR R HER 27 R AE S B A7 U=-Ph 4F% 463

55454 4531
154
i 27
; ML
ﬁ%i}ﬁ HL I 9 22 2
O\O
= 197 W44
o 5N i
¥) el iy \ .o
=] » A L /
< @%E 21N (@
¢ mEAAm Oq
5 %
7 e}
O s o R S e o)
i ZaE B
12
0 - . , :
40 50 60 70 80
Si0, /%

Fs Jpyrel kilig Si0,—(K.0+Na,0) &l fif
Fig.5 SiO,—(K,O+Na,O) diagrams of the volcanic rocks of
Longjiang Formation

Xl

RE
E
o

L BEF 5

FeOt/MgO
BN
!

5 Tk A R )

b e e o _________mE’ -

IR &) 1 NS

45 50 55 60 65 70 75 80
Si0, /%

E 6 JeiT4H k1l Si0,—(FeOt/MgO) [ fig
Fig.6 SiO,—(FeOt/MgO) diagrams of the volcanic rocks of
Longjiang Formation

T R T RR A T RS IR .
5.2 MIEINE

JeITAH KA FE R M e
B JE TSI RS i L or R B EmER TR
TP EERE T EATTE (Rb.Bads) iR E 7 i
Y5 ICZER Nb Ta Ti, EA MR pas K LA AU RHE (Gill,,
1981), MR ESECSICR X KA R, PIFh R

B K A ThyTa{l A3 W X, J5 4 ThyTa i
AR, T HZ>10(TE =485 ,2001) , 5T X A
7 Th/Ta FL M 6.53~14.62, F-Y{E Ky 10.41, BA M
o IX 4FAE . Salter and Hart(1991)3A NG sh K
Rl 2k X1 K L7 La/Nb FU(E S8 500 (>2) , BFE X
K UL A La/Nb H A M 2.48~3.68, 1fif Ba/La A
29.51~48.33, J& T SRR v /E AT OG0y & R 1L
#i1Ba/La LB (>30)7 [l o 76K AR5 500
EICEL9) Hr, RV T2H K LA AR AE T 5

eI kol Am B LR RRAE : Si0, > 57%
(57.43%~67.74%) , ALO; > 16%(16.38%~18.22% ) ,
MgO<3.13%(0.91%~3.13%) ,Na,0=2.91%(2.91%~
4.38%),Sr>410x10"°,Y<18.26x10°, Yb<2.7x10"°,
Eu JCHH B 5%, St/Y 1 Zr/Sr FL A 43910 39.7 Fl 41,
58 CR Ta Nb 7 it . 5 LAY IR 7 75 (Defant
and Drummond, 1990) L5 (36 3) , & HuER fb 245
TEAR RIS AR, 76 Sr—Yb [l f# (18] 10a) 1, T A7 BB
an AR T IRIN A X 7 St/ Y=Y i (151 10b)
SR S e = T N B S R S g SN e o)
JERIN, RV KOs R IR A
ER SIS I)E . BRIk v A BETA] Lk —20
43 R —TTG BBl T M€ 45 i 5l 4% 0 280
ol T 2 Fh R A v R R R A s Rl B
HSr A48 K 786.72x107°, St/Y F-2{H A 57.98 ;
J5 RN M ST A R AR IO E R L, 3L Se P2
B4 1309.43x10°°, St/Y “F-IIE N 179.92 (A5 5
2002) o JEVTAH K11 A Y Se Al St/Y S BIE 5 51k
628.6x 10 °F139.66, [ I IR VT.41 K 1124 0 & T i
IR o

F 0 AR RO A AR S A A B
ANI] REE [&/7%AH 53 Fic 24, JT LART DM o0&
Ko HL T2 1A BB R BR A U8 DX 4 el e B AR 8
(Henderson, 1984), AHXF M +I0E (Yb) , HHi
+ICE (La) Tit 5 M A R A AL,
RE T ICER Yo XA A R R EOR T e
& Sm, Ir LA s L e FARX TEG LT R0 E %
T B - 5R 40 il s 2 5 G A Ve sk R
Yk . 43 B 45 S AE F X Sm/Yb il La/Sm H 8 25 1k
ST/ o X WIS FUAE AT LT A R DX RS
Iy KEEERERE . AE Sm/Yb—La/Sm & fi# (1 11) v,
LA KL T AR A TS X, R IE e &R
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111~135 Ma ( & X % %, 2001 ; Wang et al., 2006;
Zhang et al.,2008) , 151 we 1521 K 1A TE LT 106~
148 Ma ()%, 2005; Wang et al., 2006; Zhang et
al.,2008) . FEL—iL PUih X LB ALK IETE T

120~126 Ma (55 & K %5 ,2008) , i 31 5o f5. 40 p &
BT A=A 5 R et v A= i
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AR 2 A L, S P A 0 DXl o i) B
e [RI, B SEa H A RUAE A )2 A
1 (Wu et al., 2002) 2% Jit #% 4% 7+ 19 7 {1} (Zheng et
al., 1991 ; Davis et al., 2002 ) LA K [R] 30330 FH 2 4 (1) T
A (Graham et al., 2001 ; 5K 5155, 2005) #+5 7~ T —Fi
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Table 3 A comparison of adakite with the volcanic rocks
from Longjiang Formation

A SUAIRIN e VL KL
Si0, >56% 57.43%~67.74%
ALO; >15% 16.38%~18.22%
MgO <3% T452.1% (0.91%~3.13%)
Na,0O 3.5%~7.5% 2.91%~4.38%(=)
Sr >400%107 >410x10 (P 649x10%)
Yb <1.9x10° <2.7x10°
Y <18x10° <18.26x10°
Eu 5737 " 0.91~1.02
St/Y >40 SEH 39.7
Z1/Sr >50 T F 41

8, 2005) LU B A 58 IX O AR A ko A b R
((122.4+1.7) Ma, 54, 2017) B & B, 88 T4
- 6 ) A 2 B2 0 il XX a7 i R B 5 A A7 A

1000

(a)

Sr/10°°

=3 e
S [ 7 1 1Y

Yb/10°

A At b SR R AR —R T — IV — 2k (B
%), R Ol A R BB A TSR AR AL
i K LG Bl DX ) S 2 A L 2 R L
KA LA FRAE AR X 23 [ AR fR R AE L T
TLAL K LA T S 5 8 AT s A 22 A 6 (ly
KRR IV ERD o (AR5 X IR — B AT
P ok FREE , H A R A R & I R VAL KL A
((125.9+1.5)Ma) , A —EF vp UK s 14 J5T 1 v i
YA, T BT rh AR R B s . ARG E AT Y
FFE R AT, Sty — SR R o e S 5 ) X F P )
RGN G IRRE , 28053 D AR i 2 G
[&] 7E F v 4k 2 i (Zorin, 1999; Tomurtogoo et al.,
2005 ; Kelty et al.,2008) , A7 NIA K 23 e 2 () 1]
A 4 Ry 22 (Metelkin et al.,2007) , 25 & b3k
FE2ERFAE ST 20 SO A I N 1% 5 52—
B DT PE R REE RE LLAHER 2R

eSS ST A B D QITE R LYV AR N e Sty
RERA G, NG5 —50E K st i i AR, A

=3
S
"

400

300

St/Y

200

100

Pl 10 JRVTL K LA Y Sr—Yb AT St/Y-Y [Elfi#
Fig. 10 Sr—Yb and Sr/Y-Y diagrams for the volcanic rocks of Longjiang Formation

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



466 i [

b, J 20184F

10

= 1
g [ MU p

La/Sm

| | |
0 0 1 2 3 4

Sm/Yb

P11 e T KA B Sm/Yb—La/Sm K fi
Fig. 11 Sm/Yb—La/Sm diagrams for the volcanic rocks of
Longjiang Formation

R 2z iy DX A AR L 8 225 () AT T LA
A7 TR L 24 LATY (9 e v 4H K s iR IS )5
FRHR 2 T

6 4% i

(1) Je VT s L A e VAL K L Bk e
FHES S MBRIA e n W& s T R £ s
SR TEA KA TE BT S 9%, S Y . Yb St/
Y (I 7R HOA IR PR3 IR v T BT IR Al e 1
AT L, A RAE LT R A I T Ay B A A
R BB BT g &R T BhSTiR L.

(2) Je VT2 B b 78 B 40 B & A A7 Bk s
TR T St B R . 85 41 LA-ICP-MS U—
Pb 4% (125.9£1.5)Ma, 5 5OR 24 —50 N
JeITAH K LA T SR A A4

Bk v I BEA T B 1055 KA IR 2 4GB
(IKRIESE , 20025 5K 3% B %, 2004) . ITAEREFHTE I
VLA e VA0 Ll v 2 B — 5 FUASE Y B 7R
BA (A LR ), v LAk G485 IR i 7= 3R
PRULHIINA R .

S

@ 22 IE VT I BA. 1:20 T3 FLAR R R DX I b J5 170 £ i 1t 20k
LA HLTTR. 1957

@K A 1:25 J7 ST L2 2 AR 1:25 7 DX i o i A
. VLB A . 2013

O Z 4TS, 15 TR e RT I (LR AL R BER K KR

DX AT 7 I A DL PSR A rocs. 2015

References

Bark J A. 1997. Petrogenesis of Quaternary intraplate volcanism,
Sana'a Yenmen: Implication and polybaric melt hybridization[J].
Journal of Petrology, 38(10): 1359—1390.

Boynton W V. 1984. Chapter 3— Cosmochemistry of the rare earth
elements: Meteorite studies[J]. Developments in Geochemistry, 2
(2): 63—114.

Davis G A, Darby B J, Zheng Y, Spell T L. 2002. Geometric and
temporal evolution of an extensional detachment fault, Hohhot
metamorphic core complex, Inner Mongolia, China[J]. Geology,
30: 1003—1006.

Defant M J, Drummond M S. 1990. Derivation of some modern are
magmas by melting of young subducted lithosphere[J]. Nature,
347: 662—665.

Ding Qiuhong, Chen Shuwang, Shang Ling, Li Yongfei, Wang Jie.
2014. New understanding of the Lower Cretaceous Longjiang
Formation in the eastern Daxinganling region[J]. Geology and
Resources, 23(3): 215—234( in Chinese with English abstract).

Fan W M, Guo F, Wang Y J, Lin G. 2003. Late Mesozoic calcalkaline
volcanism of post—orogenic extension in the northern Da Hinggan
Mountains, northeastern China[J]. Journal of Volcanology and
Geothermal Research, 121: 115—-135.

Ge Wenchun, Lin Qiang, Li Xianhua, Wu Fuyuan, Sun Deyou, Yun
Sungyo. 2000a. Geochemical characteristics of basalts of the Early
Cretaceous Yiliekede Formation, North Da Hinggan Ling[J].
Journal of Mineral Petrology, 20(3): 14— 18( in Chinese with
English abstract).

Ge Wenchun, Lin Qiang, Sun Deyou, Wu Fuyuan, Li Xianhua. 2000b.
Geochemical research into origins of two types of Mesozoic
rhyolites in Da Hinggan Ling[J]. Earth Science, 25(2): 172—178 (in
Chinese with English abstract).

Ge Wenchun, Li Xianhua, Lin Qiang, Sun Deyou, Wu Fuyuan, Yun
Sungyo. 2001. Geochemistry of Early Cretaceous alkaline rhyolites
from Hulun Lake, Daxinganling and its tectonic implications[J].
Scientia Geologica Sinica, 36(2): 176— 183(in Chinese with
English abstract).

Gill J B. 1981. Orogenic Andesites and Plate Tectonics[M]. Springer—
Verlag. New York. 1-390.

Graham S A, Hendrix M S, Johnson C L, Badamgarav D, Badarch G,
Amory J. 2001. Sedimentary record and tectonic implications of
Mesozoic rifting in southeast Mongolia[J]. Geological Society of
America Bulletin, 113: 1560—1579.

Henderson P. 1984. Rare Earth Element Geochemistry[M]. New York:
Elsevier Science Publications, 1-50.

Kelty T, Yin A, Dash B, Gehrels G E, Ribeiro A E. 2008. Detrital
zircon geochronology of Paleozoic sedimentary rocks in the

Hangay— Hentey basin, north— central Mongolia: Implications for

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



$45%: F 3

SRR A VLA T TT 20 LR R HER 27 R AE S B A7 U=-Ph 4F% 467

the tectonic evolution of the Mongol— Okhotsk Ocean in central
Asia[J]. Tectonophysics, 451(1/4): 290—311.

Koschek G. 1993. Origin and significance of the SEM
cathodoluminescence from zircon[J]. Journal of Microscopy, 171:
223-232.

Li Sitian, Yang Shigon, Wu Chonglong, Huang Jiafu, Cheng Shoutian,
Xia Wenchen, Zhao Genrong. 1987. The late Mesozoic rifting in
the northeastern China and the fault—rifting basins in East Asia[J].
Science in China(Series B), 21(2): 185— 195 (in Chinese with
English abstract) .

oy

i Yongfei, Bian Xiongfei, Gao Xiaoyong, Chen Shuwang, Ding
Qiuhong. 2013. Laser “Ar/”Ar chronology of the Mesozoic
volcanic rocks from Longjiang basin in northern Da Hinggan
Mountains[J]. Geological Bulletin of China, 32(8): 1212—1223( in
Chinese with English abstract).

Lin Qiang, Ge Wenchun, Cao Lin, Sun Deyou, Lin Jingguo. 2003.
Geochemistry of Mesozoic volcanic rocks in Da Hinggan Ling:
The bimodal volcanic Rocks[J]. Geochemica, 32(3): 208—222 ( in
Chinese with English abstract).

Lii Zhicheng, Duan Guozheng, Hao Libo, Li Dianchao, Pan Jun, Dong
Guanghua. 2000. Magmatism and its tectonic significance in the
Manzhouli— Eerguna region[J]. Journal of Mineral Petrology, 21
(1): 77—85( in Chinese with English abstract).

Mcdonough W F, Sun S S. 1995. The composition of the Earth[J].
Chemical Geology, 120(3/4): 223-253.

Mecdonald R. 2001. Plume— lithosphere interaction in the generation
of the Kenya Rift, East Africa[J]. Journal of Petrology, 42(5): 877—
900.

Metelkin D V, Gordienko I V, Klimunk V S. 2007. Paleomagnetism of
Upper Jurassic basalts from Transbaikalia: New data on the time of
closure of the Mongol— Okhotsk Ocean and Mesozoic intraplate
tectonics of Central Asia[J]. Russian Geology and Geophysics, 48
(10) : 825-834.

Ren Fenghe, Yang Xiaoping, Li Yangchun, Wang Yan, Zhou Xingfu.
2005. Chronostratigraphic division of the Jixi Group in eastern
Heilongjiang Province and its geological significance[J]. Geology
in China, 32(1): 48—54(in Chinese with English abstract).

Salter V' J M, Hart S R. 1991. The mantle sources of ocean ridges,
islands and arcs: The Hf isotope connection[J]. Earth Planet. Sci.
Lett., 104: 364—380.

Shao Jian, Zang Saoxian. 1994. Extensional tectonics and
asthenospheric upwelling in the orogenic belt: A case study from
Hinggan—Mongolia Orogenic belt[J]. Chinese Science Bulletin,39:
533-537( in Chinese with English abstract).

Tomurtogoo O, Windley B F, Kroner A, Badarch G, Liu D Y. 2005.

Zircon age and occurrence of the Adaatsag ophiolite and Muron

shear zone, central Mongolia: Constraints on the evolution of the

Mongol— Okhotsk Ocean, suture and orogen[J]. Journal of the

Geological Society, London, 162(1) : 125—134.

Wang F, Zhou X H, Zhang L C, Ying J F, Zhang Y T, Wu F Y. 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 P J, Chen F K, Shen S M, Siebel W, Satir M. 2006. Geochemical
and Nd—Sr—Pb isotopic composition of Mesozoic volcanic rocks in
the Songliao basin, NE China[J]. Geochemical Journal, 40: 149—
159.

Wang Yunliang, Zhang Chengjiang, Xiu Shuzhi. 2001. Th/Hf — Ta/Hf
identification of tectonic setting of basalts [J]. Acta Petrologica
Sinica, 17(3): 413—421(in Chinese with English abstract).

Wei Zhongliang, Zhang Hong, Guo Wenmin, Liu Xiaoming. 2008.
LA—-ICP-MS zircon U-Pb dating: Constraints on Late Mesozoic
regional unconformity timing in the northern Hebei— western
Liaoning Provinces[J]. Progress in Natural Science, 18(10): 1119—
1127(in Chinese with English abstract).

WuFY, Sun SY, Li HM, Jahn B M, Wilde S. 2002. A—type granites
in northeastern China: Age and geochemical constraints on their
petrogenesis[J]. Chemical Geology, 187: 143—173.

Wu Guang, Zhu Qun, Li Zhitong, Wang Xijin, Wang Hongbo, Li
Guangyuan. 2005. Geochemical feature and “Ar /*Ar dating of the
Mesozoic volcanic rocks in the northern Great Xing'an Range[C]//
National Meeting of the Petrology and Geodynamics in China,
127-130(in Chinese with English abstract).

Xu WL, Ji WQ, Pei F P, Meng E, Yu Y, Yang D B. 2009. Triassic
volcanism in eastern Heilongjiang and Jilin provinces, NE China:
Chronology, geochemistry and tectonic implications[J]. Journal of
Asian Earth Sciences, 34: 392—-402.

Ye Mao, Zhang Shihong. 1994. The classification of the Paleozoic
tectonic units in the area crossed by M— SGGT[J]. Journal of
Changchun University of Earth Sciences, 24(3): 241— 245( in
Chinese with English abstract).

Ying J F, Zhou X H, Zhang L C, Wang F, Zhang Y T. 2010.
Geochronological and geochemical investigation of the Late
Mesozoic volcanic rocks from the Northern Great Xing'an Range
and their tectonic implications[J]. International Journal of Earth
Sciences, 9(2): 357—378.

Zhang Chao, Wu Xinwei, Zhang YuJin, Guo Wei, Quan Jinyu. 2017.
LA—-ICP—MS zircon U—Pb dating and geochemical characteristics
of the pantellerite of Guanghua Formation from Longjiang basin in
northern Da Hinggan Mountains and their  geological
implications[J]. Geological Bulletin of China,36(9): 1531—-1541( in
Chinese with English abstract).

Zhang Jiheng. 2005. Geochronological Framework of the Mesozoic
Volcanic Rocks in the Great Xing’ an Range, NE China[D]. Master
Degree Thesis, Changchun: Jilin University(in Chinese with
English abstract).

Zhang J H, Ge W C, Wu F Y, Wilde S A, Yang J H, Liu X M. 2008a.

Large—scale Early Cretaceous volcanic events in the northern Great

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



468 i [

b, J 20184F

Xing'an Range,northeastern China[J]. Lithos, 102(1/2): 138—157.

Zhang Lianchang, Wan Bo, Jiao Xuejun, Zhang Rui. 2005.
Characteristics and geological significance of adakitic rocks in
copper —bearing porphyry in Baogutu, western Junggar [J]. Geology
in China, 33(3): 626—631 (in Chinese with English abstract).

Zhang Qi, Wang Yan. 2002. Adakite: Its characteristics and
implications [J]. Geological Bulletin of China, 21(7): 431-435(in
Chinese with English abstract).

Zhang Yu, Zhao Huanli, Li Yangchun, Han Yandong. 2005.
Characteristics of Early Cretaceous volcanic complexes in the
genhe area in the northern segment of the da hinggan mountains:
With a discussion of their genesis[J]. Geology in China, 32(3):
405-410(in Chinese with English abstract).

Zhang Yujin, Wu Xinwei, Yang Yajun, Zhang Chao, Guo Wei, Song
Weimin. 2016. Early Cretaceous plant fossils and their
paleoenvironment in Longjiang basin on the eastern slope of
middle Da Hinggan Mountains[J]. Ecological Bulletin of China, 35
(6):856—865( in Chinese with English abstract).

Zhang Yutao, Zhang Lianchang, Ying Jifeng, Zhou Xinhua, Wang Fei,
Hou Quanlin. 2007. Geochemistry and source characteristics of
Early Cretaceous volcanic rocks in Tahe, north Da Hinggan
Mountain[J]. Acta Petrologica Sinica, 23(11): 2811— 2822(in
Chinese with English abstract).

Zhao Guolong, Yang Guilin and Wang Zhong. 1989. Mesozoic
Volcanic Rocks in the Middle— south Daxinganling[M]. Beijing:
Beijing Science & Technology Press (in Chinese with English
abstract).

Zheng Y D, Wang S Z and Wang Y. 1991. An enormous thrust nappe
and extensional metamorphic complex newly discovered in Sino—
Mongolian boundary area[J]. Science in China (Series D), 34:
1145-1152.

Zhu Dicheng, Duan Liping, Liao Zhongli, Pan Guitang. 2002.
Discrimination for kinds of adakites[J]. Mineral. Petrol., 89(22): 5—
9(in Chinese with English abstract).

Zorin Y. 1999. Geodynamics of the western part of the Mongolia—
Okhotsk collisional belt, Trans— Baikal region (Russia) and
Mongolia[J]. Tectonophysics, 306(1): 33—-56.

Bt e 32 28 STk

TRKEL, BRREIE, R4, 25K K, EA. 2014, R4 R HIX T
L IRVTATHR[T]. #5580, 23(3): 215-234.

BT, PR, ZEIRAE, AT, IMEAT, FHALZE. 2000a. K24EIEILH
PE AR XA T HER L= RAE ] 004 A, 20(3): 14-18.
B3R, MR, IMEA, AR, ZERIE. 2000b. K428 AR BT

WU LN B HER AL 2 FE (0], HBERRLE, 25(2): 172-178.
FOCHR, AEEkAE, MO, PMEA, RARIT, FHRFE. 2001, PRAS IR H 2
THE B 7 480 2 B9 L B A 2 A A % G (D). b B2, 36(2):

176-183.

ZEIEH, S, SR, B, RESF L, BOCK, BORKE. 1987, th
AR AL g A AR P P RN AR G S W7 s 7t 2R 0], TP R 2
(BH#), 21(2): 185—-195.

ZEAE, HET, SRR DT, BRRTEE, TRKLL. 2013, K% JLB R IT
Z Ml TP A A KL O A AT A I AR [T]. HB B AR, 32(8):
1212-1223.

AR, B S, WK, PNV, AR L 2003, K24 EEUA A AR XU 5K
KL B HER AL AR (D). HBERTE2E, 32(3): 208-222.

EAR R, BUEIE, FRST ik, 2RO, WAL, ) 4R, 2002, RA4LE B
TR RO A BN 0 A 2 M R Ak A R AR B R
WL AR, 18(2): 212-222.

FERGR, AT, 224, TE, JEI%AR. 2005, B JE VLA A5 0 7 A
HiZ I o B B X []. A E R, 32(1): 48—54.

ARGT22, A 5. 1994, 3 LLVHF (Y JRAL) 1 55 200 Rl R e —— L) % 5%
1 LA R, BlaEi iR, 39(6): 533-537.

TE 5%, 5K AT, 1B, 2001, B 2598 B R Mk 15 B85 1Y) Th
Hf-Ta/Hf EIf#FIRI[I]. A48, 17(3): 413-421.

R, g%, FRSCHL, MIlZNIH. 2008. LA—ICP—MS 4547 U—Pb ll4E
Xof 0 PG —3 b b D5 A AR X I A R 3 A R A 2 (0],
HARFLFIERE, 18(10): 1119-1127.

R KRR, 220, T4, T2, 257758, 2005, K240 A0E
AR S L A B ER AL SRR AE K P Ar P A ARSI SE [Cl/ A
2 5 RN 2 SR SO, 127-130.

W, SKATEZT. 1994, vy L 7 23 TmT i S D T ek oy A1 R 2t
KA ], AR T2 BEsi AT, 24(3): 241-245.

R, B, Sl A, TR, BUR E. 2017, K4S LB I A
AR A LA—ICP—MS £ A1 U—Pb 4 S o 5 72 L [7]. Hh
JFEAR, 36(9): 1531-1541.

TR . 2005, KLU AR LA I AR ARAF RS JL D). -2 0r
I KA s

i B, T, AR JREE. 2005, P A IR AR BEA A RIA T
FRAE B MBS X [T]. T, 33(3): 62663 1.

TR, TAA. 2002, 3555 50 I RRAE SO ST, Hb JS i R, 21(7):
432-435.

KL BT, R, BEEE AR, 2005, K4ZAW L BRI i [X B 1 B
T IR FRAE SR T I]. H R, 32(3): 405—410.

i ar, SO, IR, TR, SR, ARUER. 2016, R4S BEAR Y
TRV . 1 AR AT RHT]. M BTiE R, 35(6): 856—865.

TR, TkiE 8, SR, FE, TR, LR 2007, K2 I0EE
BT DX P A L R A 2 S R DR D). 5 4R, 23
(11): 2811-2822.

AT, AR, T AL 1989. RG2S R A Ak A M. b
ot AU RFEROR .

R, B, BEEAL, W . 2002, BIZIRIE VA IS, B
YIH A, 89(22): 5-9.

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



