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Abstract: This paper summarizes recent achievements in basic geological studies in NE China, with the aim of understanding
the basement nature and the evolution and overprinting processes of multiple tectonic regimes within the Xing'an-Mongolian
Orogenic Belt (XMOB). In this paper, the XMOB only includes the northeastern China which influenced by the Paleozoic oro-
genic processes, where the overprinting and modification of the Mesozoic tectonic processes took place. The XMOB mainly con-
sists of microcontinental massifs and several orogenic belts between them. Although the so-called Precambrian basement has
been dated as Paleozoic and Mesozoic terranes, the new discoveries of the Neoarchean and Paleoproterozoic terranes, together
with the Paleoproterozoic mantle-derived xenoliths hosted in Cenozoic basalts, indicate that the microcontinental massifs in the

XMOB have the Precambrian basement, and the mantle-crust is coupling within the microcontinental massifs. The crustal ac-
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cretion within the microcontinental massifs mainly happened in the Neoproterozoic and Mesoproterozoic as well as Neoarchean
and Paleozoic by vertical accretion. In contrast, the crustal accretion within intercontinental orogenic belts or island arc terranes
mainly took place in the Neoproterozoic and Paleozoic by lateral accretion. The amalgamation of the Erguna and Xing’an massifs
happened in the Early stage of Early Paleozoic. The collision between the Xing’an and Songnen massifs took place in the late
Early Carboniferous. The amalgamation of the Songnen and Jiamusi massifs occurred in the late stage of Early Paleozoic, the
breakup and second amalgamation of these two massifs happened in the Early Mesozoic (the Middle Triassic to Early Jurassic).
The final collision between the accretionary belt of northern margin of the North China craton and northern massifs took place
during the Late Permian to Middle Triassic. The scissor type closure of the Paleo-Asian Ocean finally happened in the Middle
Triassic. The southward subduction of the Mongol-Okhotsk oceanic plate happened during the late stage of Late Paleozoic to
Early Jurassic, which controlled the magmatic activities in the Great Xing'an Range and northern Hebei-western Liaoning prov-
inces in this period. The closure of the Mongol-Okhotsk Ocean took place in the Middle Jurassic, and the post-closure exten-
sional environment occurred in the Late Jurassic to Early Cretaceous. The onset of subduction of the Paleo-Pacific plate beneath
the Eurasia continent took place in the Early Jurassic. The stike-slip tectonic nature in continental margin of northeastern Asia
occurred in the Late Jurassic to early Early Cretaceous, resulting in the tectonic emplacement of accretionary complexes in con-
tinental margin from low latitude to high latitude. The eastward shrinking of extents of magmatic activities from the late Early
Cretaceous to Paleogene reveals the subduction and subsequent roll-back processes of the Paleo-Pacific plate. The opening of the
Japan Sea in the Late Paleogene marks the transformation from active continental margin to trench-arc-basin system and the
formation of large mantle wedge in eastern Asia.

Key words: Xing'an-Mongolian Orogenic Belt; microcontinental massif; crustal accretion and reworking; the Paleo-Asian Oce-

anic tectonic regime; the Mongol-Okhotsk tectonic regime; the circum-Pacific tectonic regime; tectonics.

PO 3 1L SR A R A K B AR AL LA, B
TE 1855 3 Ak DL K5 0T A6 1 8 o 5 Ak ) s — R
b2 A S5 RF 5 4 A ) 2 — e L AR B
PR3 H BN 2452 LA ) SR Bk 2 A M iR R B
5 a4 i X, Sengor et al.(1993) F1 Sengor
and Natal'in(1996) ¥ 1% IX. %] 43 2 Bi] /K Z& 0 36 I 3
ARG 1 BEA A, I TA A 33X 2 i X 2 AN W ) AT
BN R GE A SCT 46 19 2% 58 3 1ol AL 46 A2 1)
A AR X 1 S ) A AR b M X 7R B T B AL AR
TGN B %2 B P B | A R T s B 2 L
b DA K Hb e 18] B R4 s 5 A A2 b v 738 b ki 2% 4
Al AR TR X — ML IX 7 T S — 5
B I i AR T R R R RO PR A 2 R R 1 i 5 ek i
(Wu et al., 2011).21 28 LAk , B & 45 A B A i X
SEAEF AR )2 N S 2% 58 1 1Al b G B R iR
Ja P | iR B AR B (W ez al. . 2011) R[] H4
TR R BT 5 Ak B HE s 45 (Ge et al. s
2005; Li, 2006; Meng et al., 2010; Xu et al.,
2013; FEAHMELE, 2014 Wang et al., 2014, 2017a;
%455 ,2014; Tang et al., 2015, 2016, 2018) Bf5¢
EL A T 28 gk L 490 4, Bk B AL 8 Bl o i
ATFE R 20 LI G AR M R 7= sy, 19885 IN 52 1 H
6 DXCH T 7 )R, 19915 R IRVEAR HU R0 77 Ry » 1993)
B A B EOR T A B AR S, F AR
AR AR A B A A AR AR B (Wilde e al.,

2000;Pei et al., 2006;Miao et al., 2007; Wang et
al., 2012;Wu et al., 2012;Xu et al., 2012 ;B 3CHH
45,2014 3 Zhao et al.. 2016) 5 1545 _F I\ ) ¥ 76 4]
AR ERIE T AR (Wu ez al., 2011) 5%
S 1 LAY A T M e B AR O S K 2R
% (Jahn et al., 2000, 2004; Wu et al., 2000;Chen
and Arakawa, 2005;Xiao et al., 2009) ¢ R, 2%
5 3 LA St e rh e 5 A A T FE IR 20 25 AR R 7 14
DXl e 4 A R A R AR AR AR T 7 A [ A A AR
3t i B G i 14 25 3 Rl g 2 3 2 ) B — LA
TR BT X 3K B8 R) R, AR SCR GE 45 1 I AR R X 2%
5 3 1LY Bl b ST BIF 5 TS A4 B T T 5 LR 5 T
U ARVY T 2452 1L T T B A N s A | e 4
Az I ) 55 07 3O HE i S L 2 R R &
A g B A T eI g LAl AR B 2 i A
Ftr A —h AR AL S B T s

1 XS Al i AU — A AU A
T TS S

MeSEE A A U RLARAE — K — HE 3 48
g et vl AR AL LA i AR ARG — SR e
B 5 UG v 1738 A 3% L 2R M0 Sk BR R SR B 1R
Z (B La) At e B A 3t iy 1) e 1 o DX P 32 04 i



1622 HERBLY:  http://www.earth-science.net

44 %

(b)

50°

40°

30°

Wil 25 184 £E Ay

He b v iz

L

e 1: B - b7 2
) 2: 3B AR AL 1 2
T pUOR L R

w

: 9% {6 b A A
KA
: 3% - P I
- I 2
: - 1L 7 2 .
7: BRI AL 7 2

AN L

50°

45°

0 200 km
S

115° 120°

125° 130° 135°E

Bl 1 2453 LAl 4 i 2T Rl 43
Fig.1 Simplified geological map of main tectonic subdivisions in the Xing'an-Mongolian Orogenic Belt
i Wu et al.(2007b) L

BT A - Sl B RN R A LA IS A A
SR Cn 225 1 S 90 1 A= SRS 48 2% A CAn BR g 1L 44
S FIR P 35 Hb A (Li, 20065 & 1b). kG e @ o4
Tia) AR A 955 0 I oy 400 Ml B | 2% 2 b B b BCHE e AR
i b R S B M B 5 i B () 1 1 L RS A T %
b He 5 0 b B 2 8] ) 22 520y AR AR Ry AR AR —
i AR A D) 1 I (Li, 2006) 04 Jb 7 F7 i b
SRy AR AR R SR A 2R A (W et al., 2007b) 3 H1
A AR HL AR S 57 T A A 307 b e A 0 A I R 0k b 4A
(5K 2LPNEE,20065 Zhou et al., 2014) ;5 FEHEA T
Y50 PEG Gk M A 2 0] R BRE 1L 2, B R &4
o3& St A7 1 38 A 244 A (Sun et al., 2015; Bi et al.,
2016, 2017) (&l 1b).2%58 38 WAl , 76 AR AR O H 2
AR — P A AR ) B A S — SRR Ok v R s 1A
FRIBCGE IR ey A A 0] e A B e 1 R o
YEF(Tang et al., 2014, 2016;Li et al., 2017a) \ K ¥
(R P4 (22 5245, 2015) LA S P A5 T 9 4 8 /6 T ( Tang
et al., 2015)XF 245255 1114 HEAT T 58 Z 00t W] B, 2%
S 1 1L e TP AR AR TRt 28 T ol RSP e U )
A A FH 18 2B 5 2 (X et al., 2013).

2 D4SIE L < W B A 2 20 AR
J& AR A AE?

452 LA 32 B R 22 A TRl Bl HR R ] A 3 L
B T B i e iy 98 20 JR RS BAEHE — AT
FEAP Ik LT U Y % 58 3t Ll R R R AR B AR
A B RS A% 8 A Sy 3k 6 T i e o 35 77 76 i 9E R
2 Ml BT AAS , JAJR oy 4 b B e i AR R A2
Y, 24 M B 11 KUK I8 TR A Bk e ) AR XU
BECSARE 5K A I B R — TR A R i B o
F14) PR L FE RN SR A B LA B 48 B Y Nakhimov-
ka 21 2B S G MR HL 07 77 R, 19885 N 524y
FIE X b B8 7= Js, 1991 BB e VT8 b R o 7= 5,
1993). H M 20 tHad 90 44X B LI L B A R AL B
DXE AR AR )2 B Xk B AL 42 1k Sk Y i 9
AL AR TEAT T R G AE, G5 R R X L E 1Y
TS 2 Hl A L B D BOE BT R A ERTE
BT iy A= AT A B A A A (TR #E B 45, 20145 Luan et
al., 2017b; Wang et al., 2017¢) , L. /K 17 40 Hb
Perp 5 i ool AR 26 A8 OV, B T



WFSCR A 4588

1 R G e A 5 4 i e R 1623

AR I A R i AU B AR (Miao ez al., 2007;
B FEE,2011; Zhou et al., 2011la; Wu et al.,
2012;Ge et al., 2015; ARAZEF,2015) 3 X4 Hh ke
L= F I AV DA SR B N S | A e R
=T A (Xu et al.s 2012) 5 K5 Wl B v 5t
Skt 6 o AR AR UL B S I 2 s G oy R M S AR A
FIE T A A (Wang et al., 2006, 2014), 1
JE A2 SR T AR 5K A I RE A RE L —TE SR
BT i AR — R AR (Wang et al., 201278
SCHR 25,2014 5 58 SCHR , 2018) 5 4 A iy e vp J5E 52 Hy
AR A B RR LR E BTt A= AR (Wilde ez al. . 20005
ZEARICAF,2001) 5 24 P HE e 7Y % J5 5 Sy oty ool AR
JER LU o 52 B JE BB 4G S Bl AR 4R (Zhou et al. s
2010). )\ LR B 5% 25 SR 0T LB L A% G2 A o 1 R

Zhao et al., 2016; A5 ,2016a, 2016b) ; 7E %%
Hb B g G 2 %0 R T T AR AR (Zhou et al.
2011b) 5 75 WA B R IR BB 04 /N 2422 e — 5K ) A Ui
FRk KBTI BT 726 ~929 Ma B8 G A8 6 B
JRAZ AR B 45, 20135 Wang et al., 2014;Lu-
an et al., 2017a, 2019) ; 7EAEA M e b AL % B
T ot AR AE 5 1R AR (Yang et al., 2017,
2018) , [m] B % 51 87 o o AR TR By U0 A i
(Luan et al., 2017a) s 7E 2%l SR [R] A 2 B0 T 4F %
2428 750 Ma M9 1€ 5 5T 47 A & (Khanchuk et al.,
2010) (& 2).2% 52 38 1l o AR AR DT AR AL 3 v i )
A1 U-Pb E 445 3, X 31X 265 70 iy 4R b 57 44 19 77 7
W& T 1 ARG A9 A UE . A0 AR A 37 1l e AL B b B 7R
Zrwgp ot A AR T AR A 3 v R A KR R T AR

FER L B IR BRI C AR IS4, 25858 10T X 8E FEJE RS A1 (Meng et al., 2010), 75 R 2% 208 b Br

Tl Pty e v 2 A5 7 7 G € A R IR 2

VLA K B B FE TR S TEAS [R) (8 1Bl e v 3
BRI oe il AR AR 3 S 4 AR R R ROIR
F 3, A8 JE SR A0 AR B vh 2 2 R IR 22 IR
JEHE AR AR 737~927 Ma) 4614 %5 Fl > 0 I
(2 790 Ma) (Wu et al., 2011, 2012; Zhou et
al., 2011b; Gou et al., 2013; Tang et al., 2013;

P 20 — e fa 20 UORR 2 vh R 8 4 A 109 8 AT 45 R R R
WEMY T R E T T ACE KA A M AEAE (Han et al.,
2011, 2017; FFIE,2015; Yang et al., 2018).

15 bR U0 AR 2 3 0 ) #5 A U-Pb AR AR 2= BF Y
o BR T AR AR T AR JE B A Ah I A A
St on il ACHE B 5 A (Meng et al., 20105 Han et
al., 2011, 2012;Wang et al., 2012,2014) , 3% 5t 4

1390+17 Ma
FNILHT A5, 20130

1391~1360 Ma
Hanetal.,2017

1K AE, 2018

T T T

183937 Ma
Wang et:‘nI.‘ 2006

K772 18

795~791 Mz B 795+13 Ma’ 929-927 Ma
84645 Mam 843+6Ma 89545 Ma :
[ BN BB, 2016a,2 Wuetal.,201T; Luaneral, 2019 50 o
_ 749417 Ma. : 183745Ma s oo
I:l JoH T 693+12 Ma 1854420 Ma - R S, 2005 z
- S Wuetal., 2011 AL 2%, 20130 L7911 Ma 75749Ma . &
Nt A K A 797411764 Ma 183948 M uanetal.,2017b W5 5, 20137 4
Zhaoetal.,2016 821415 Ma B PSS
ey = : - 841%5 Ma
Wi e . \ B . .
| e s ang etal-, 044 "/ Luatief al.. 2017b
N ~ a gy o/ o+ N B
LIS SU R Wueral., 2011 B
e " 27425 Ma, 1151425 Ma,
El AT o€ R 20 0 R L 351-737 M #29+7 Ma; Luan et al.,2017a
DiaU-po g | el 0 SR E S
LR 260617 MarT g/ L ‘
Lo i nin - L2015 'lﬁ’zggﬁs‘ﬁ
e o g ;
(o] st £ X ;
A LR :
;cL:’;.JE BRHE L A
0 100 km
2579415 Ma; 2699417 Ma IR ANAT R
A% 2018; Wu eral., 2018 b B "
1516+31 Ma :1808+14 Ma ~

843 Ma *
i 58 4, 2008
898~891 Ma *
777~751 Ma -
Yangetal.,2017,2018
~726+6Ma B
822+7Ma
R 4%, 2013
751~749 Ma
Wangetal., 2014
786+5 Ma
1859+11 Ma

Fig.2

7l 2

2% 53 LV Bl Bl v i 2 AL b A S A

Distribution map of Precambrian terranes within microcontinental massifs in the Xing’an-Mongolian Orogenic Belt

7 U i 1873~1808 Ma
oifL /5 i ¢ bRl S Peietal. 2007
115° 120° 125° 130°E



1624

HERBLY:  http://www.earth-science.net

A4 3

FRATER TR A [A) L, 7E 2% 583 LA X S TR
Herp B A A e oot R AR 7 A A AR T
FRAE B 3T A TP B A Y F [ o7 25 85 =X AF 08t S
2 XA AE o o i AR Ol 0 B SR R
(Tang et al., 2013; Wang et al., 2016, 2017c;
Luan et al., 2017b; Yang et al., 2017). B 8K Pei et
al.(2007) 38 T A5 10 4 M B 3 3 i 4 AL b A7 AE
1 873413 Ma Ml 1 808 +21 Ma B 728 Jii &5 (Hil1 T
LA B SR T AR b v P aE DY e X L R R A A T
g, BB R0 R A b B f 3 7 B 2ok [ R B
AU TP A HER ARl G AN BEAE b ) s
A7 AE vy 0 AR b TR 1Y) BB AR, Bl AE 9
AITR A s TEAS ) 04 Gl i Bl vh A 4 & LT 1 6% T Ml 3R
() iy oG b AR A AR BT A, an P 78 4 (201 3a,
2013b) i T #UR i g b B AL B A7 AE 1 8375 Ma
FI1 741£30 Maly 46K BT 7 JBRA, 5K 8 55 (2018) 4l
T T 24 AR 18 ACAFE R AE B A, B FEAE (2018)
[FIBEFE L M AR & BT 2 579+ 15 MaRy £
o AW ST AL TE RN WOk B AR G (Y Tk T AT I R Be i &
T 18 AZAE Ay b AR (Luan et al., 2019) , X 367
JC T ARRUE R T AR A Y e B, 5 AR AR RURT o0
REARIR A Sl e Wi P e e c e e iR
1 LA Rt AR AR o i AR AE B TP S A i T AR
AUE R AR HIE [F] 47 3 8 AR I — i, R % 5
LA 33 26 Gl iy e v A7 AR o Ol AROR BT R AR AR IR
SR TR T A — AR AR — i A AUE R AE
Z W iE B LA 1 25 T e B v i 22 1 P 3 L 3
H AT A B B5OR A7 A I 3 A A A L 2% 5 L
i B AR AR T oo A SR IR T A B T AR R
A BB e BT 5 IR SE , WD Zhang er al.(2011b) 3B
T 262 M R Ik B A AR K R TR AR AR T
R Re 75 151455 20 AR i 1) b 2 AN 5 476 135 14K, Wang e
al (20150 Fl Guo er al.(2017a) 53 BIRE T 2491 H e
BAERZRA P TTH A Re 7 #5088 CAF 3 1) Hh

e RHORSE 25 478 35 1A 30K 6 245 SRLHIS G 7S 7 3 6 T iy B 1) o
A V| b v A TE T S A P N ) 5L O L b SE R
A Pl A AR AR R S A TR ) 46 s 24 5 1
A X SE G B i 22 B AT R B e Ml B R A A
Pl b 2 49 J5 3K 6 7l 2 0 b e 5 2 A B b g ) BT L 48
(I aER L0k PR AN AW D R SR A B e o (S E
TR | ok A B BT 1 A 0 b B b 5E A T T R
(Guo et al., 2017a3Sun et al., 2017).

3 G A e B A S

HHIV 3 L A 4 3k e R 3 AR A Ll 2 — L X
—iINHE 215 8] T 1 (Sengor et al., 1993; Windley
et al., 2007;Xiao et al., 2009), I HIEFHPKEE
SR G R 25 B AEAE L AR 4 25 A %5 SmeNd [\ 7
R VORMF I, 3 Ll R R S A= i b S G A 1Y
FEEIZ P (Sengor et al., 1993; Jahn et al., 2000). |
RS T AR T T B I A 20 5 R0 H b Y 4B B BT
A1 Sm-Nd [R] 7 2 41 5% J7 1fif (Jahn ez al., 2000; Wu
et al., 2000; Hong et al., 2004) SRl , P 15 1L , L
HR P E I AR B — 2458 1Al AU &
SIRHb A4 20 G FIBE 5 185 A= A A B AFAE T8 O F B 1 02
HA A b Z2 AR e 2H 8 A 2D i B Rk A4 rh A B
JiA A Sm-Nd R 2R 240 A5 2 i A O A REAC R
AT LA 0 L 5 E 3G A D sl ol 106 DA BN I
HA AT rp T L S AR Y 7S B AR B (Kroner et
al., 2014, 2017;Sun et al., 2017).

T A R, X 2% 52 3k LT ity B b A T) AR AE
A AT T Tz e A HE R 7 28 41 4 A, DA
IR 0 B S ] e & ol AR R el
At AR b AR AR B B E A (BT 3D AN [] I
RAE R & i A HIE R R 0 B B 4R g g it
SRR ] R P rh 5S4 R AR Y 32 S IR

n=1106 205

480

3%

453

535

| 1860 |
1700 1800 1900 2000

79

300 400

500

600 700 800 900 1000 1100

% (Ma)

3

R Ty A H P v A B S 3 AR T B B

Fig.3 Probability plot of granitoid magmatic event ages within the Erguna massif
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R R A 8 B (Zhou e al., 2015) YJ0E 7R 5
R — A ] — S A R R 3 IR AR T A b R %
B e 2 18] R 3 AR A 2k (BT D).

4.1.2 PREMBERIE BRI M 5 2%
e i) BB B E] AT L HE R 5 0 78 IO I L 4% G
[Fi) il 458 3 9 VR ] A A R IFIR) A K 2 ARl e B 25 A
FH B B[] 5 1 0 45 T A 38 [l 25 () X Sk 38 AR i R
F B A U-Pb AR 20T 58 2B L 5 R 2 AH A8 AR
FH &A= B E] 2 510 ~490 Ma(Miao et al., 20153
Zhou et al., 2015) ; (2) ¥4 1] b X [ lf 15 54 48 1<) 5 19
TR R 500 Ma(Ge et al., 2005) 5 (3) /R 1 44
M 5242 Hh He 3 % B 480 Ma il 460 Ma [ 45 3¢

KAE
109° 112° 115° 118° 121° 124 127°E
T T T T T T T
485 Ma
Ge et al., 2007
480 Ma
X Ji i 2
S51°N| RS, 2012
.
I e a2
49°F
- RO ERBASE
[ o o] mumrmns
Liuetal., 2017
47°F |:| kR AR R
414 Ma
s 4, 2014
i F R
EPNIS
473 Ma
45°k Lietal.,2017b
LR
o
EE
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B ES, 2011 0 100 km
a  483%423Ma 490 Ma
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Fig.7 Locations of the suture zones between the Erguna and Xing’an massifs as well as the Xing’an and Songnen massifs

W Liet al.. 2017b; OFE/RAGT T Wi s @B AL B — 3 IR 4% 54 s ORI — BT — B 1l W 288 s (D JR 3 — BV 48 377
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YRR, I HL s U 3 U 20 A G s DXl fif o 2R
BB FEAE (Ge et al.s 2005;Zhao et al., 2014);(4)
TERG R ol 9 b e Jb BE DL AR T 113 R A %) JRRORE 2 A AR
JHEAE 29 & & #F 500 Ma (Zhou et al., 201la,
2011b) . ZR 4G FORRRAE , FRATAT A4S 400 7K vy 40 H B
K5 222 il B () P B ) R Rl A AR R

4.2 MR ENEMROBE

421 HEZNMGE 4L HHS b P > 8
BERLRMALE — HAFTES I, b B fE L
B R MNFL 22 T ) R U] A AT BE T2 2 b B b B R
AR 2 5 1L A A7 AE LA S M e g 0 B AR 1L e
ORI, 2B N R B — O — AR L T
i VR A 2% %8 Hb B 55 A ik B 0] 9 4% 5 2R (B 75 W
et al., 2011;Liu et al., 2017) 8K 48 4 45 (2014)
A Xu et al .(2015) AR 4 e Ay A AR I DA A s 2 &
RV S X 0 Ml B A Y S R o R — O —
2SR — BTSRRI RS R 2 A
Hela] i & 28, Li et al.(2017a) K8 0% 22 Ml e 7R %
FZR B 20ty A AR Rl 1 & B, 3 A 435 b 3
(1 22 52 LU 9K R0 R By LB A R A — BH R (Li,
2006;Ge et al., 2007 ;Zeng et al., 2014;Wu et al.,
2015, 2018) \FL % i g FR A ah A tth DX F oty 2 AR
KA (Guo et al., 2009;Li et al., 2017b) FI
I JE R 2 — B AR A DXL A AR R A
(Chen et al., 2000; f1 & # %%, 2005; Jian et al.,
2008) K 2 > Hh e [] i) 4% A e 0 AE iz ol AR ARk
B B AR A BT — O — 5 22 i R — BT
FERE — 2R M X 2Rt 2 A AR R A LR D
A E U (Tuvaell) s B e, WL FZ F 1,
BIUR T RV AP R it RN AR S BR AR I0 T A M (N 52l B
B DXL T R 19915 Bk A 55, 2014) . 6 Ab , 45 5 X
MR 1L S 1 BT R AE 45 R R OB AR 7R
350 Ma 747 (Zhang et al.. 2015) , 3% ZE WA BAR 111 V¢
FEFTFE B B [R) OS2 A i 20 L B SR il N B R —
ANVEZEZR LTI, AR SCIN O BB — WO — 5 =2 0
FF— B MRS R R — SR N R 2% B b R A B B 2 ]
EE AL (- D).

422 REHBIEEE 24 HHS P b H >
V) 11 90 45 R 1) LA 22 08 o5, 0 465 e i B8 — e
%8 (Sengor and Natal’in, 1996) I8 7% tH — B 47 5
AR 42,1991 s Hong er al., 1995) KL 47 % i 14
W2 %,2010) , & 20 Z H (Shi et al., 2004;
Sun et al., 2001 ;FEJLEE, 2010) fl =B 41 (Chen et
al., 2000;Miao ez al., 2004). Qi 2% # 4% —

HPHG B AT AR LD er al. (2013) 3 T2
T — UL 4 5 VA G Ay et L S R kR Y
KR I 25 /N 2% A 0 T AN I R A e i I A 0 AR
1) WA e Al AR T AR 1 B A8 R e VA8 M ST 7 Jeg
1993) o TA Sk 2422 M B 5 Fis I b B 22 () 1) BF & 2 AR 7
B A 0 (24 320 Ma) |, 3X 5 5T X 3% i 5k 2k B
o i 3] (Serpukhovian #1) — B A ¢ i B
(Bashkirian and Moscovian ) UTF 2 AW & ) (22
JEVLAR LB 7R )R, 19935 N 52 T [ A X M R B
PR, 1991).

4.3 Mt SERT RGPS

431 HAZHPEE HIHIWE, 5K
A3 10 BB T 2% 4 CRLFE B J) A AR 22 M dh 3 4 g
DX — 7 o 38 K I O SR A B, B 5 R A S b B ] 1)
BEAER, X O 4 Bl 4 K 2 50 T A AT (3K 24,
19925 JRIE VLA Hb BT A" 7 Ry, 1993 5 22 B 4k 45, 19995
X I R A5, 2012) AH X R 18 20 A R [FINIR , 28
2B NG R EE A AT B BB ) W A R L i
A (2013) ¥ iz 1) B 5 AR db s @ AL 2
DX 88 M 2055 A0 2 MO CR K A — 2B 3 4k B
R VAR DRSS G5 /I = e e A D - N = a2
(2013) I\ 7 PR vy FE 72 By 02 i T AA o B 5 4 K
HU 1t e 4 48 DA A SR AR Sy b B 5 4 b v 3 Y
il 45 PF5 T 30, LAl 1 DE G 00 B ) Dy i =t — R
PR A SCR AR i AR e s AL S K B —
HIET % A B AR BRI 1] (29 250 Mas Wu et al.,
2007b) B W BT BB g 9T 2% A 0 M B L 47 i )
(175~ 186 Ma; Wu et al., 2007a; Zhou et al.,
2009 ; Aouizerat et al., 2018;Dong et al., 2018),
[7i] B 285 5 A b s 738 b 2850 2R 74 1) g — 8 b ok
B AR 2 K A A AR AE (Xu et al., 2013;
Tang et al., 2018), A LK) s 4L 7 4 318 db &
Hp— B A s R AR T R PR R — KR —
ARG Y — &R, S U Y R A SR G
(Liu et al., 2017) . M 55 ¥ G B F0 A3 K 307 b e 14
PEA T Um0 — 4 PRV 300 A A SR R VT 2R
MR TiZgE G LM hE.

4.3.2 REEBBEERTE A IO 5 AR T b
] 1) PF G B 8] — B2 A ny B, B R 2
P, — RN N 2 ARl B 22 0] 84 BF & S 2B A Bl
A AR I, 3 o R T R B P AR % L AR AR
WA BT I (B8 45 , 1999 ; Wang ez al., 2012) LA
T R G PR R VT 2% A IS TR 240, 1992) 5 55 —Fh
WAy 2 A Bl R DF G & AR AR R OR 2 X b



1628 HERBLY:  http://www.earth-science.net

44 %

W A5 8 ) 32 R T X B R VLA AR TR AR A B
518 B (Wu et al., 2007a; Zhou et al., 2009;
Aouizerat et al., 2018;Dong et al., 2018). FiRIA
TR 22 5 22 T X R IR VL 2% 5 08 i A TR Y
TR CHL 4.3.3) 7 3C K45 (2012) 3 X6 - PHIT 7 24
P 25 3 R BRI 5% L 45 A HE AR T b B rp = &
LA B LR Kk B i Ea SR
P A R A8 Bk B 5 A K S8l B 22 ] ) Bk DF G
gk 2 W RIPES KA TE Rl AR AOR I (&
425 Ma) , BRI DF & K B 7E RLR 2l T )5 004 1
PR s 09007 B MR A2, 1T A b B P
ST A s ) T DA GE 2 2R VT A DR v T A
e L ) 25 PR RE L 24 235 ~ 180 Ma Ui BUAE H
KA U, 4.3.3).

433 HAIF—HERBHH—-INEGF
FEPHTPE 4R R I T 2 A Bl B i) ) 22 A0 2R e
T4 U RAR > M X BB R VT 44 %5 MORB B %
R A Us /i 8UR A E (W et al., 2007a;
Zhou et al., 2009) R, H T %5 BB e VL 2% 55 vh A
ORI B A TR — L 7T i 24 19 0 i oty A
PRI KB B AAAE 3 30T PRV TR i AR Y
2 P[RR — B0 s S oy A= AT ) L 4 PV
— ELAEAE I ELSLI] R b i B b e A R Byl B
Z T (Dong et al., 2017, 2018) , 55 — Fh W 5 TA g 4t

h-if = & A RLOR 2 R

FHIFTE BT 5 A A, R AE R ok © & DF 6 00 0 il
e 5 AR B B 2z b E R 2 OF R OF C R 4E,
2012) % iT . PR BH 45 (2018) RGBT By 4%
TR TR S B A A R, R B R T T A
A 3 Ab JRIRVT 2% T A TR B TT i AR R 1Y
T 8 #5 41 AR W8 N 235~180 Ma. i BB i1 4 4 v
=B Ar-Ar RIS VSR S b &40 A 1) U-Pb 4F
Wk 171~177 Ma(Aouizerat et al., 2018; Dong et
al., 2018) ,3X it B B& b VI 2% 5 v U0 B 19 T2 g i
RN R 235~177 Ma, BV FHL A 098 5B AR 0 2
=& — RS, ] LU AT 2 ARl
(] £ At PRV S — > B AR AR S A v (I 8.

4.4 AYMREEARETHRARE A X R

441 XEPMREEARFHMRYXERE FEHLE
L AR B AR 8 N A0 50 I b e | R A T el B A % L
i AR R — A B AR TR R A 81— A R Hr — 24 b
Je JF HOk o AT R A L i i& J& # (Zhou et
al., 2010;Sorokin et al., 2017).Zhou et al.(2010)
X % LM B VG bk 5 Sk Ml DX R A RORL A A AR T
WFFER W I X AFAEIZ AR WA A2 B AR A OF LA
LY Hh B 5 A AT e B LAY kL AR I, AR
A5 (2016) Al Xu et al.(2018) X H T A4 A 17 iy He Fn 2%
b Z W AR AERERER, SR E
4B B v 3t 3 R AR AR S R R e A U

B8 AEPHLVERIE B 5 M IR UL 4% 5 4 3 f A B =X
Fig.8 A model for the formation of the Mudanjiang Ocean and tectonic emplacement of the Heilongjiang complex
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SR AT T R ST b PR = s S I A O IR
2 A Bl B AT BB HL AT 26 oL Y 4 3 e A g SR L O HoA
R 24 L b B P b 2% R Sk b X H R B RO A A A
AT BEJE T A i b B - % RR LU A 7E Sk — %% Ll W
LEAT VA i R rp ) E e R AR AR i b B B (/T 9).
FRGRWARR] T 2 AR R R AR A AR
TURR 3 2H A 09 S RF G PRAS b BT BT 7 )Ry, 19885 8
TrE MR 5 AR, 1995).

4.42 AXYIMBREMBHRMXER EW 44175
ST o 24 L b e 5 4R R i i Bl 28 /D AE L A AR i
Fep AR AR I BA R A 3R AR g st AR
Az AR AR AR SR S R o L S B R B e 5 % L

Hu LA ZEA Y A AR DT s i R 3 EL A A AR
F P 5 Tk (T 95 A, 20165 Xu er al., 2018).
RN AR T 2 R B R E 2 750 Ma
AW F L AYIESE (Khanchuk ez al., 2010; Wang et
al., 2015b) . FHEE (2016) F 45 454 He 7 A4 B
He 55 208U Bty AR AR AR P AR RS R AE R A
fb—# WM E= D LA 2 WGEW FHM, —k k4t
Erp— S — R =S, S R R AR
T — R R i AR W R R R
T B AT RE B 4 A (B 9b).

5 YRR A R E] 5 07 5

WY e 2 P A A R R S T P R
e — KA — 4 35 48 G 2k AR 0l W A X
G BB ] — B AR S e, EEMAA (DETR
At b X e 7 40 A2 Bili 2% DT AR E 3 i T8 B, A Rl T
UHVE Y e 2 A 6 A L AR AR 0 2 28 58 L (R 45 55
20143 Xu et al., 2015) 5 (2) M ¥ — B 42 BE P74 LR
3 A1 A T BB AR AR R AR B D A A T I
VR B 2 G R AE vh — e &t G MR 4 L T
W77 )55 . 19883 Shi, 20063 Wu et al., 2007b; 255 ik
85,2009) 5 (3 AR E N 5t AR F R AL — 3 b il X
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Fig.10 Provenance variation of the Early Mesozoic strata in the northern margin of the North China craton and the final

closure process of the Paleo-Asian Ocean
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A4 3

ilf 5 T84 A8 2 B8 T S T 5 DA Sy ol S 9 9 £ i 26 A
AR . F i — T =& (Cao et al., 2013;
Wang et al., 2015d) s . — i = & it (AN FE A 55,
2004). FiRG it 2 fir LA TE , 38 H AR A 5 PR & AN
[F) 27 35 F 5 % 2 4 AN [) sl F 9 b X 1) S ) AR 40 7
PURLARAE — K35 — 1835 485 Ze e oy A AU — H o
A AR IR lE 8 R 4K 5 e B A 58 SR T, B PG ) AR [ A A
RUAE 0 5 T iU A B A 32 7 28 87 1Y 3 (Wang e
al., 2015d) , & 20 YU AR S 18 14 25 ) A2 f ) e 1
BERAFRIE— H PG ) R S 2 1A b 2 2 5
AR AR ) A G MR L 0T 7 SRy 5 1988) 5 ik e Bl Ay
PV B 28 AT B IF ) BV ) AR 02 R AR R 1Y
B IR A A R D = & i (Wang e
al., 2015d; Wang et al., 2018). FiRINIRWER T
Hedb vw hir i A Zx 5L A AR b 2 R W R A3 B 1Y 3K
R R AR AL 5 P38 b SR T b X R R =
JZ(Meng et al., 5 &) #6420 78 il 4 b 2
B = Bt )2 R AR =S ) R R R
[ b v b L i i = S R P B &R
A LA A A R K 15 A G = 2 30 ] ST
HELHRAM A (Wang et al., 2018).45 444057
P b G b AR A D 2 Y R 2 K LA i Ak R ) il
T AE B (0 25 )78 S, A SCIA R oy Ve e 4 T
(R B[] AR A v = &, JF BRI A VS 1) 2R 3
MG iy 59 71 XA G = 10).

6 Sl —TREXEMERRNENS
Tk « DR A e 1) g T A v -5 36 A g S

5 — SRR UK AR Gl 0 5l — SR IR S v ]
BIRW Y, EE S ARTEARZ 96°~130°, b4 46°~
58" UMK M A 52ty B D G RS 52ty b AR B b % L
Jik s 2R 2 SR R S T B S KT BRI R — Y
AT K2 3 000 km, SE29 9 300 km, L PYAH
FIY 5w Fr 38 e FEHG A i 2% L e A R — 52 AR R
S DAAR 3 Ly b5 i P B ik 4 381X, AR K
FERH (BRI, 2010 B R R AL — 4 B 5
< J5 Py s B 3 LAY O AR AR I K i s Ak 18 g
SRR A B B R (R R SE L, 2009) .52
T SRR R T A R TR R B RLT V
(Zonenshain et al., 1990; Gordienko, 1994; Tang
et al., 1995; Zorin, 1999; Parfenov er al., 2001;
Shi, 2006) , 7E M ity A= A8 — 5 o A= A0 8] 43 B 74 10

HE 5 Sz 3 A e 5 — 5 AR B, B R 52— SR
XL K EIE WA 18] ( Tomurtogoo et al., 20053
Donskaya et al., 2013) {ff o 8 1L 7 92 (Sengor et
al., 1993;Zorin, 1999;Parfenov et al., 2003 ;Buss-
ien et al., 2011;Donskaya et al., 2013) LI M K¢
P& B B[] (Zonenshain et al., 1990;Enkin et al.,
1992;Zorin, 1999;Parfenov et al., 2001 ih A iFH %
N EPSSVONE S T S AR RS R ER IR XS
T~ (Zorin, 1999) 1 A ¥4 [a] %R 87 JJ L M & J5 R
(Kravchinsky et al., 2002;Metelkin et al., 2007)
GEINE PN §: P SINCIIE St ¥ S/ F VN
VAR R IR A LR T ) 0 e 2 R AR B R T
A 13 S B G5 M 4 B 225 51 Rl G 2 3 2 ] R 28 4
AT BAR G 0 i e 38 T I, A SCRE T AR SR A FR
558 ALK DX SRR A A A B 5 AR, T B
Z A8 1 AR o0 3R AR L T F AR A6 R X X
ANERE Y RIS | EIRS s A S WS I B -
6.1 FEH—SPERTRFERREEFHIERME
45 B i8]

PATE B 0F 58 22 B00E vh AE 58l — S0 IR se RTE AR
et i o5 A AR L X R O 5l — SR R
TLAEG I AR TR S N S5 Z A,
XF T 5 i — SRR UK T RVE AR B R 1] A ook AR 1 F 5
b Zorin(1999) I\ 5t — SR8 2 v K ¥ A Bk A1
T et e A b b — S AR B R AR, B
A T A Ok 0 5ty L b B BE 9 R G A R X 3R A
(2010)TA 2 5ty [ Bl bk it 21 B 6 T 5 1) i
WAE RS — SR R s RIEARR T b =& il (4
229 Ma) [} H pe ) Bl O8F ofr 440 32 44 1 T b 5 i S AR
AR ThE g — s — =54
(260~235 Ma) Hangay &3 A 1 & M N A 46 X
N A8 3 (Jahn et al., 2004;Li et al., 2013),ff
TR W% A TE T e 5 0 AL K Bl 0 % K A B
(Tomurtogoo et al., 2005;Orolmaa et al., 2008).
T T R TR A 35 L T R o N b B 5 52l — SR R
BB AH AR L T4 5 AR B I I O i
PLICT i A AR AR 0o 3 P AR AR R AE
s (P 5ETH AR DX 7™ Sy » 199 1) . IR 22 T
St — SRR 2% vw 4 O 0 R AR b M DX 5 ) B
& DR TR AL 28 I 48 R 19 A e FORS B2 A 4 s, e
IR G kb B TS 2 R A AR L b DS ) R AR AU
WHM(Wu et al., 2011;Xu et al., 2013; Tang et
al., 2014, 2015, 2016) ,IA T F 5 — SR I v 4%
Bl X o AR AL b XA AR B SR, WK P 1 B
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Fig.11 The evolutionary model for the Mongol-Okhotsk and circum-Pacific tectonic regimes during the Early Jurassic-

Cenozoic

i Tang et al.(2018) & B s SC.VE AR I 5L HLiE s XMOB. 2% 52 3 1L ; SAOB. 8 88 4§ — Wl kit 1L 2y

RUHA AR RGN 2T T e = St 527 — SR %
S 1) JH R 00 A 2R Ty 2 3t AR e A Bl % I ER
B (BRa& )™ %, 20100 5 K 2422 06 1l X v A= ARAE B
A KA IS T 5 5l — 8 R v VR AR R AR o
H R TESKAE %A EE (Wu et al., 2011 3% 4
25,2012 F A%, 20125 Xu et al., 2013; Wang et
al., 2015¢c; Tang et al., 2016). FRWIFRE & F+
L 52ty — SR R e R PR AR A7 7E g 1) 4R o £ D AR
XK e b AR AR AR BT A
Sk A o) AR A D 00 A2 A BsF ) 7 50 2% Ty 40 b B 7 L A

EORAEER S (Lier al., 2017a).
62 FH—NERXRRAERREPER(T-),)#HF
S A

T ARk Bt 0 P 1 AR b X AR AR R AR
WEIEBITR A , o H R R e RS B B A1 U-Pb 4R AR 2%
FERHARAT (AL S8 N R AR X 32 A7 A 1 1
PG AR (G R4S B B 7 7= )=, 19885 IN 527l
16 XXCHL BT 7 )Ry 19915 JRIEVEAR ML BT A 7 )=y, 1993)
3 DMEIE L 23 b Hb XT3 A4 I VG 300 46 Ba A IR TE
TrAR(Wu et al., 2011). 7 52 b He F%0 R
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A4 3

g B bR R AR R =t — RAR P ) 45 6
P KL OS2 R B 45 i 1 2k 1L s 206 R
HABE A B R A & B0 DL S BT 2 e v — JE AR [ e
RIBAT RS 75 T 5270 — SR 5 vi R AR e e 1)
oV B9 & A4 (18 10 Al 11a; Tang et al., 2014,
20163 Wang ez al., 2015¢) ; %% Hi B 5 4 B rp A X
5 B LU Y R R E— 2 e s 5l — SR R R
TR A AR 1 FH R i ) 2 T 9 28 /0 Gk R I
ZEHL LA PE H X (Li et al., 2017¢).
6.3 EH—SERRKFASHEE: PETH

X5l — S R e T 8 1 X A O LT
3T 4R ZHFFH I AH R st R AW A/
i [B] 38 7 TE 38 22 438, Zorin (1999) il Parfenov ez
al (200N AR A B — R 2 1P & s i Al
b #58HE , Kravehinsky et al.(2002) fil Cogné et al.
(2005) I\ Ay 52l — SRR K e VF E 2R AER S 20 31 1)
G o 2R 00 04 A 6 B ] T A 252 3] e ok 27 — Ly
5 Zonenshain et al.(1990) fll Sengér and Natal’in
(1996)IN M5 h — SRE R FLPEPE I T =& L W4,
ARHB T e ok A M A i Enkin er al. (1992) F
Scotese(2001) i i f# A iy MO RE 2o . IA WS i — %
FE L PEAE MR 2 0T A T A e TR
M4 .Guo et al.(2017b) X T [E 55 P 5 7 235 3t A4
B W 5% 9 BT 5 IR Z b U B AR 1) B 2 AR SR SE L A
R 5 — SRR R T B B A A g & AR T R B
i M I — L S R A A 5 A AR K % 2 I8 b B
BT HAT S B b A Bk 1k 2 IR M G b Ok 2 i
(#5168 Ma) = B ZRKAE & 5 % X R AL 4 A B
A2 HUER b 27 8 1 L B %% A8 TR T Bl
FENE TS 5 GBI 4, 2005 2245, 2015) .45 4 e
THXEHHEAZ T ZEEHN - TREAES
(Epse Iz 3 A %5) DL & A b i 3 4 3 1E
(B4 ,2007 ; Zhang et al., 2011a) s A SCIN 52
T SRR R v KA R A AE TP AR P I (] 11b).
IR A B TR A R Sl — SRR R
F 225 5 0 3CHE B v ok 25 1 1l 2% DA XSO 3 5 1)
B SHAEZ A M )2 2 b, X — b B 7R 1%
AR VG T o 2 s ke L 9 HL A Sk B R R 2 L 1%
AT TE A, (D AF A 23 DX b L VT A2 T A AE 1R
R 2 — L P S BV AR OB (Sorokin, & & #).
64 FH—FERZTAEAEGEBRPERNEL
HE—RXEHmE

HEA B B R 2 — L R Y B 7R K%
B R BE AL — 10V i X 792 7= A — A A

P J5 B KL R P A B I LA R 2% 0 I
(38 A 22 4 AR (2 162 Mas i B%,2011) .
# LA 5 Sk BRI AL oA A0 R CF [ AE, 2013) , fE L
At — 307G b X 0] A2 52 1 41 R TR R AR 2R (165~
157 Ma; 84S, 20045 W4 & 55, 2007) 5 5 & LAR
LAV AL T AR WAL (2 142 Ma) FIRg &6 1 35 )2
M2 (24 142 Ma) BRPEIRS0A (R R 45 ,2013) KA K
FAL— 1LV HB X 15k K 4 A3 (2 135 Ma; 5k
FAE,2005) 3% 2 2 (AR 2 TR R 2 i R ok
LA 3 R 7 W b 2 H T 45 G R PE ol
B B EE R T X I IR 0 AL T S
M2 B A HEH B %#E 2 05 00 i R IR 45 A0 X . 5 X
2 01 I A U AR DG I B Y S 3R B R
K VR W R B (135 ~ 155 Ma; Ouyang et al.,
2013).HAh 3 2 WA SRS s i | B A b )
B WS T I #a e (Zhang et al., 2008, 2010), I 7~
X2 WA IR SR 08 N 5 5t — SRR K v A i A
F AL AT O, R B A I A Hh DL AR b X DA S L H
A AR X S 5 R A PR S A TR R S 52
T — SR PR v KA A R A O T R RO PR R
T (] 11c;Xu et al., 2013;Tang et al., 2018).

7 WK ERRNE IS .
A AR b 4 B ) 5 R — B AR AR
Ak s

7.1 HARFEFEWRBR P AR ER T K BT R E
taEtE Bk

oy IRV P A e A IV A Bty T R v 4 i B[] —
HAESE .0 —F 4 (Li and Li. 2007; Sun ez
al., 2015;Yang et al., 2015) . =& 4 (Zhou et al.,
2014) , B4k Bk (Wu er al., 2007a; Xu et al.,
2009, 2013) Fl 4 ¥ 24 (Chen et al., 2008) 4[] M
R T A W ) AR R AR A6 AT SR AE AE A I
M (AR w4 Can g Ak 52 B8 Jb 25 4 B Guo er
al., 2016; Wang et al., 2018), W{f £ 9 — S 4 #1
(] oy DR A e B P T B ol I U I R RO
H Fr I A7 15 B ok, Rt A SCHE Bl KPR
A BRI K fiti T A e 4 i 1) B 95 K A AR

KA Zx =& 42 KA FE e Rde s b
LG IR G — ) e 8 3 L py b e, A A 32
L B KR R R X A B O S IR R P
B RN X TR d S A W RS A7) R 25 5% 3 Z iR =
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A e i 20 355 A0 X6 R (Xu ez al., 20135 Tang et al.,
2018), J5 & Tl B PE A (WA 5B AR Yang e
al.s 2007) FIRCUEE S KA Chn i O] 25 1 ; 35 4
5,200 M B T AT TR E A AL AR —
VPG i R R A, B BN 5 95 6 1t B T R i
FRAEXT . b A1, 75 3 1 J8 AR 35 Rk 2 M 0 AR M
XM=tz E S gt EsEds
(Zhang et al., 2014) , EAf1 50 =& A A RIS
A Xu et al., 2009) FMAIEXF A H (Wang et al.,
2015a) —f2 IR 7R T = B 40 W 18] 45 AL 30 i % 2 —
ANk 2 ki % 1) A8 6 T PR R, HE N B BRI £
K 37 b e AR kR A A K L A B % B (Wang
et al., 2017b) LR R Z K g B i % ) i 9 2k
A AT B PE 2 A (Yu et al., 20125 Guo et al.,
20163 Wang et al., 2017a) AR UF b 7R Ty KSF-FE MR
B v/ R 4G (B 1), X A5 2] T A 6 R 2%
TR 38 A s (U H AR A S8 U b A FR RO YT
et S (Xu et al., 2013; Tang et al., 2018). 3%
F 5 ] K R — R R B I A 1 A A N 3R
MR A P R 240 U-Pb Ml =B Ar-Ar E4F
ZE ML (172~175 Ma; Dong et al., 2017; Aouizerat et
al., 2018) , AT LA 5 hy APV Ml B AE BRI K Bl 1Y
A b A AT B 22 2 rp Ok 2 i (Tang ez al., 2018).
72 BGFiH-—EAZHEH . KILTHEEERHN
& B S & KT iR

B PR 2 T — By S R AR b I i % 1 4 1
PE— BAFTE G e AL 58 LA Ny K7 5 AR AR o 45
SR T 2R AL il 2% 9 A 325 AL 1% X AT Ak T Bl
It %% W) 4 18 @ P (Maruyama et al., 1997; Seton et
al., 2012;Zhu et al., 2017) 3R + ¥ 4F K % AL T
rh A AR SR I BIF 5 5 SR R B B /D B E b (R
Canige Tl 24 5 A1 v B AR A6 Y 245 35 (R 20 23 b DL AR Ml
DO R Z Wi AL B AR ek E S R Sk 160 ~
135 Maly 53 AEH (Xu et al., 2013), X B F 54k
HRAS w1 5% Sl Bt 2% 15 S A P T . A1 5 DA B 2 1 A
A 1) A ) 2 T FIURE i 4 0 R A BT 45 SR 3 o
H A AR AU I i 25 1) 3 6 38 A 4 D 4 7 '
P TR B M X CRB 5% % LRG3 4R, 19955 Zhou ez
al., 2015), H A 92 ¥ b 1A 2] 31K g 75 1 i 8] 29 &
190 Ma, Hb 14 fie 2 #9 1 w0 BF [0 29 )& 175 Ma
(Isozaki, 1997),3X 5 F — v 4 B i 7y O ¥ dl e
AR b VE AR ) A I8 4 4 3 6 fili % 38 A 2% 25 J2 o] It
MAREE e Bl A X 7 th TR &
ek o R AR 4 ) M A DAAIC 4 B 3 o 2 R Y

VR A SR 43 A TE Bl % 1 T T 2 A R TR AR
L E T W AT 3 AR L 0% T 24 G B 5
W], 2y 160 Ma S 1% Wi 244 51 22 (14 5 1 B 1 (A I5e
545 ,20165Zhu et al., 2018) BRI 4b, Wi 2445 B
FA AL AR 2 139 Ma WY 3E i F {F (Zhang et
al., 2018). iR EW FIMEFEL RS H AP AR
Hb A BT A= 1 728 BT AR B B[] (160 Ma il 140 Ma;
Isozaki, 1997) B W& ). 45 A BT 35 A 2% 5 1 B
KNy & B AL B TR] (137 ~ 130 Maj; Zhou et al.,
2014) , A] LU E AR AL S Bl 5 A4 DAAIG 26 132 3] vy 26 2
) E W S R AR AE 160~ 140 Ma. X 5 K 46 ¥ Fi 4
38 i 2 B R B — L A S R A —
FLr BTk, AT LA 7R 0Ok 2 — L
6] s AR AE 0 Bl 2% 5 iy AP P Al B 2 ) b 7 — e
(R 5 T8 1 O 5 iy TV Al R DL/ # B ARk 1) A o
YERAHER R (F 110).
7.3 BREEHBE—HIEL & KFFERRAH—
ER R

HEAE R B (29 130 Ma) o 75 0 fifi 2%
FI I 3 (130~ 110 Ma) 3 AE R T 12 40 A o 1E
i G X B — 2 5 B 14 ok L2 2 A Can A b sy
IR ACTES 23 A ) B Ay - 2H RS A 2 LA B A R B b B
AR B R Tl D il R B S O A
CHIARS 0 23 3 v 60 785 30 7 20 R R % 22 0 43 A Y b
JITA R FEAR D, K CE A A 125 W2 S R T
RV VR B AR BRI K Bl A0 b VR 9 & A (A
11d) (Xu et al., 2013; Tang et al., 2018), X 15
B TR T I AR B 2% RN R R VAR AR T g A
e B T A 1 A7 ) 32 (Zyabrev and Mat-
suoka, 1999; Zhou et al., 2014; Wang et al.,
2017b). 5 FL Py B i w0 A B, R R i
(110~100 Ma) — M [ H& 1 5 5 A 1T % =5 8] 43 1 1
FEL 328 1 1) AR AR 5 O B ol 5 8 By — 22 5 1 K
2 A AR R CAn JE 3 1 DX 43 A A 43 ol H R 4k il
#rsXu et al., 2013), 10 fili N 32— E i PE X R
I BT AR X RCA L i R X A R AR K
PUEZ R Xu er al., 2013) 3 AR H T4, &b
G fiti 2 AR FEE BB fE — 25 1] AR W0 4 i 0 28 KA
FH 3250 A 7E o 1 2R AU 0 i AR 50 C = VT 480 Ml fn 3%
ALK TR ERAE,2016) AR L AR 1 AR B B A —
BT A 1 B I K I (44 ~40 Ma Liao et al., 2018). M\
L S R G e R [ i I T N | Y A 2 & =y
HAE 1 2 ] 5 B 3G 5 ) R U A (L 12 P,
2016) , iX HE 7R T VB Fr IR o £ R 2 AR BE L B AR
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Fig.12 Spatial-temporal variations of the Cretaceous-Paleocene magmatisms in NE China and Russian Far East
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