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Abstract This paper summarizes geochronology and association of Mesozoic volcanic rocks and their spatial and temporal
variations, with the aim of constraining evolutionary history, and ore-forming background of the circum Pacific and Mongol-Okhotsk
tectonic systems in NE China. Zircon U-Pb dating results indicate that Mesozoic volcanisms in NE China can be subdivided into six
stages, i.e. , Late Triassic (200 ~228Ma), Early-Middle Jurassic (173 ~ 190Ma), Middle-Late Jurassic ( 158 ~ 166Ma) , early
Early Cretaceous (138 ~145Ma) , late Early Cretaceous ( 106 ~ 133Ma) , and Late Cretaceous (88 ~97Ma). Late Triassic volcanic
rocks in NE China mainly distribute in the eastern Jilin-Heilongjiang provinces and the Lesser Xing’ an-Zhangguangcai Ranges. The
former consists of A-type rhyolite, the latter is composed of bimodal volcanic rocks, implying that they formed under an extensional
environment after the final closure of the Paleo-Asian Ocean. Early-Middle Jurassic volcanic rocks occur in the eastern Jilin-
Heilongjiang provinces, the Lesser Xing’ an-Zhangguangcai Ranges, and the Erguna district. Those in the eastern Jilin- Heilongjiang
provinces and the Erguna district are composed of calc-alkaline volcanic rocks, suggesting that they formed under the subductions of the
Paleo-Pacific plate beneath the Eurasian continent and of the Mongol-Okhotsk oceanic plate beneath the Erguna Massif, respectively.
However, those in the Lesser Xing’ an-Zhangguangcai Ranges are a set of himodal volcanic rocks, implying that they formed under an
extensional environment similar to a back-arc setting of double-direction subduction. Middle-Late Jurassic and early Early Cretaceous
volcanic rocks only distribute to the west of the Songliao basin, including the Great Xing’ an Range and northern Hebei-western
Liaoning provinces. Middle-Late Jurassic volcanic rocks consist of basaltic trachy-andesite, trachy-andesite, and trachyte, whereas
early Early Cretaceous volcanic rocks are composed of A-type rhyolite and alkali rhyolite, which formed under an extensional
environment related to the collapse or delamination of the thickened lower crust. The late Early Cretaceous volcanic rocks are
widespread in NE China, those in the eastern Jilin-Heilongjiang provinces belong chemically to a set of calc-alkaline series, whereas
those from the Songliao basin and the Great Xing’ an Range are a bimodal volcanic rocks. The former marks the subduction of the
Paleo-Pacific plate beneath the Eurasian continent, the latter could form under an extensional environment related to the delamination of
the thickened lower crust and/or a back-arc setting. Late Cretaceous volcanic rocks mainly occur in the eastern margin of the Eurasian
continent, and consist of calc-alkaline series in the continental margin and alkali basalts in intracontinent, suggesting that they formed
under the subduction of the Paleo-Pacific plate. Taken together, we conclude: 1) that the subduction of the circum Pacific tectonic
system beneath the Eurasian continent began in the Early Jurassic and took place in three times ( Early Jurassic, late Early Cretaceous,
and Late Cretaceous) during Mesozoic; the influencing spatial extent of the circum Pacific tectonic system mainly include the Songliao
basin and its to east; the active continental margin and Paleo-subduction zone are favorable sites in search of porphyry ore deposits,
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whereas an extensional regions within intracontinent are favorable for the formation of the epithermal hydrothermal ore deposits in the
eastern Jilin-Heilongjiang provinces; 2) that the Mongol-Okhotsk tectonic system experienced Early Mesozoic subduction beneath the
Erguna Massif, and Middle Jurassic and early Early Cretaceous thrusting events; the influencing spatial extent of the Mongol-Okhotsk
tectonic system include to west of the Songliao basin and northern margin of the North China Craton; the Early Mesozoic subduction of
the Mongol-Okhotsk oceanic plate beneath the Erguna Massif is favorable for the formation of porphyry deposits, whereas the extensional
environment related to the collapse or delamination of the thickened lower crust in Late Jurassic and Early Cretaceous are favorable for
formation of polymetallic deposits.
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SEPERN b 7 1) T 35, 22 80 3 DO R T Al e ) JE AR o
(Zorin, 1999) 2 & AFLE MR il — BEAFAER L (Wu et al.
2011) o JEAFR, BARMBUR h g b B rp B AR ACTE K 19
JUG PR RIS B PR 114 5 PR — 5 ) 32 A) e 27 ) 52 00 (2% 9 7
ZE 1999 FRE T 45,2010 Wu et al. , 20115 FAF%,2012; 4%
AR, 2012) B , X 5l - SR IR S 5 T I I AL T 5
SRS T L 5 A2 ) 1 B 253 RO ANV A . K% 220 R e
X P AR B B A A G S 2500 A1, 455 53 R AR
AR A K LS 21 A 5 I 2 0 A RRAE Y X L, 7T DX 52y -
SRR R L AE G P AR AR A D S g R E

52 ZB4:FH-BERRKFERREEHFAERNBE

TEC A BT, rb AR AR 52 3 -S0E 3% v v R T AL
FZER I [ LR T AR SR A S AN R [ 5 PR
e R b A AL R R R T AT, #8782 R PEAR
B A ACRIIAEAE 11 B R b B A 5 3 AL D s o e SRl [
WURBRE LT T B INIREL IR AZR A TE R R BY 5 4l -
FRETIR , AT A I 240Ma 224y (VTERLVE S5 ,2010) s 7EH
ST TE IR Hangayn 536 (255 ~230Ma) | J& 22 505 10 A0 K fili i1
2% N1 45% ( Tomurtogoo et al. , 2005 ; Orolmaa et al. , 2008) ; it
Ab TR E R UK b A e B IR P T RS B4R $H A RE
JLT R =& (B4 U-Pb 4R 202 £6Ma) , %07 IKIE WL T
SR R TETEAR R ) AR ol 4 b ER 2 TS AR e 435 3 Bl % DB
i (BRi)™55,2010) s Wu et al. (2011) X8R B db B
R A AR A BTSSRI, BATRTE R 5 58 - 50
PRI LA G, LRG BIRAFR R, T LUK @ b A
R, BN E 2323 1 50 SRR R r 48 5 0,
I R BERIA 5t - K 5 TR R 1) K oy 4y P o
ST TR E . AL TS BRI =&
H R BE adakitic 22 1L FTE UM &AL SRR IR 5o PR AR R ] 4
IRt - Sty b e 22T A o R A R AN, , B AE i BR
S5 FLABVOR b AR 4 A e Kt g ROHG S B L ) 45 R
(Liu et al. , 2012)

5.3 BRFH(180 ~185Ma) : R y-SPER T X F IRIRITER
IR AN ER TS B 4RF i 4

Zorin (1999) A FE A Ay PR 2 HHE 30 1] ¢ ol -5 2 K e
R 2R B [ AL B R b4 L B A R 2B DO
I AE YR L 28 K AR St -9 e T I M 4 (Metelkin et al.
2007) o A LI ARATAE S -5 8 K 00 KPR UK
A AR T B IR rp A 7 UKy g Bk A2 R AR
PR 25 T 1 115 B G AEBUR 4B b i BUR
2R3 X S T — B R IR A - 2 2 L A B
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JCLAL A (Zhang et al. , 2008a; Xu et al. , 2013) ,i%E Kk
WA A R T Sh ki G AR R T R FRUR, AR T U b X
5 Gt (LB R 4H 0 R % UIAE S AL s A LA B
ALYl AR AL 55 25 1 T SRk LA 22 1 (180 ~ 183Ma,
55,2012 T SR B AR Y Re-Os [FIA Z 4RI R 178Ma
(RERE,2012) . G4 FRFHIE, /T RAHE , 76 20K 5 1
V], 5R v 4 b PG % A 05 BT 2 A AR i T . G, )
B -5 ) A WA AEAE TR B AR A L 2k R, FR AT DL HE
BRAUR I gk & & 0 0K B85 Bt AL S A
TRV AR AR e VE 0 7= 40, T 2 5% oy - 8 2k T KPR AR
H A BUR o A BT AR e R 4 45

5.4 HEFH(165 ~170Ma) :RH-BERZFENASTSX
HpL S E

B PIRFFT CER rRa] i, AR AR ], 58k - SR e
RS B P9 AR BA 59 J1 5 & B RHE , AR E0 M & B (]
] GEHF L 2] M ok & -1 Y1 (Kravchinsky et al. , 2002;
Sorokin et al. , 2010) o X FHUR M BT =, H AL 5
SRR UKV 0 P A A R A FE AR B TR A 1) 7E
DF T2 MBS HA 7K ) A 08 MR ) FE 7] -0 5 dth Xk 3R
TEA“S” BRI IR 2= S 0 A B B s, TR
B R 168 +2Ma, FATTIN 1% H = BEAE B 5 TE W T Rl 52
JEHE R (EFARRRIRD , X 5AEZX KN = B8
HITE A ARAEY) G (Wu e al. , 2011) 52) 7222 6-10 P4 1l
X, T A — A I 2 R G RI7EM i 2
AR B I R A R FRE TG o0 R R B A AE
(%, 1994, 2004 ; Zhang et al. , 2008b) , F & 4 [ i) )
AT A Brim 22 b ) W T A A 52 11 4 K LA Y TR BGR
(155 ~ 158Ma) 15 SN FR4] ( Gao et al. , 2004; X4, 2006
Yang and Li, 2008 ) ;3) 7£ i Y1 B4 /K 7 4 o X E i T — &
BB Y SR M s A ISR Z WA X
BRI A - 22 - RLE A D 038, i 7E ZE 0 74 b DX 0 D) i
e FNEZ 8 (LA A SR BT TR LT 158 ~ 166Ma 22 [i] (U
B R 162Ma) (Wang et al. , 2006; Zhang et al. , 2008a;
woBEE 20114354 ,2013; Xuet al. , 2013) , |5 HE N T
155 ~158Ma Z [a], T AT THE TR T -5 0 B i 5 25 35 v B A X
LA R PR BE (Xu et al. , 2013) 54) 3% M kL5 (155 ~
166Ma) 437 7EAN T 23t L PG b X, S W LI B 5 5% oy -
SREE R AR A AL O, 5 B OO R A R TE R,
MZ K LA B A m e B QS8 B 3B e 3 ( Zhang et al. |
2008a,2010) FRUCHIE B B AT T TE BN /2 58 1l -5R 2 R w4
WAL =)

G FIRFHIE, AT LIS R 7E Ok 2 tE S [, K% 220
W -FEAC-TL PG H X AR — IR EE A R R, X — i
PR S-SR KA B A I BT R, T T2 K E -
W 25 K L) T 2 33 R B i 5 3PS sl 39 B B 1 7 4
(T2 2011;Xu et al. , 2013) .
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5.5 BRE#HEH(I38 ~145Ma)  KIBHREMHS A BiR

e =:0biA0

L S 00 s ) A A5 R - AR B T s 1 2y
AT —— FL A3 A0 FEAS T A LA VG 3 X (AR R 204 VG 3
FFEIC-LLPYHBIX) AR )2 A0 58 K% LW L Bty 75+ U
HAF B3 ek FEL-10 VY sk K A HE E T L
F 138 ~145Ma Z [a] (WEHHAE RS 142Ma, Wang et al. , 2006
Zhang et al. , 2008a; Ying et al. , 2010; # B4 2011 ;453365
45 2011 FatE4E, 2013) , )58 EEHE KT 135 ~ 136Ma 2
) (A5 5145, 2003 5 5K 2 55 ,2005) o A LT R, 30 Kl
TE I e BA A A B (Xu et al. , 2013) o fEHBERFL
JEYE L KLE B A BURSUE IYRHE , 78 R % 2216 T
Boz i kol (142Ma) 52 OR 85 8 o 78 W o Sk SR Tl 4
(162Ma) Z -, 30y 5 & SRR IN A1 B TR SCA (8 [ 4,
2013) . EFiRAEAHGHRIZIXTE R R R AL T i R R
o MBLAL-TPGIZ A SO E o A T AL, EATA RS 7 T
THFAZ bW TFHZ ERE N KIEEAEEGRET
75— B AL ) 4 5 1 ( Zhang et al. , 2008b) , 1% 'k
WA R AR X IR HEBT AR Z S TR U, 3x W2 k5 1
TE BN 55 33X R i e T J5E R [ ) 3% EC R 39E B BOAR X i
ROV AR 1 5 (5 B R AR, 2008)

506 BRZEHEEAA(110 ~ 131Ma) : Rigi R 5 Mg A WL

BB

L EE R O B TE AR AL DX T2 A0 A1, L HR R 2%
TSl X, AEILACER LA B R AL U FBR 91 i AR 4 X A
R AR, A H T BUE R A 2R CE AR
FLENVERCT 114 ~ 131Ma Z 0] (W 4R IE 0 125Ma; pras
251999 ; 5 K4 ,2001 ; Wang et al. , 2006; Zhang et al. ,
2008a, 2010; Ying et al. , 2010; 5 B4 2011 ; 14 3 2 4
2011) o FEFLAC-TLVG X, 2 09 g DL LR 0% T
BT 120 ~ 126Ma( 55 8 R 5, 2008) o 3 K LSRN
PRI LS A, 7 T DU (o R PR 5% ) A7 7
XA TR O R B R I A B
A AN L 245 ( Davis et al. , 20015 Wu et al. , 2002;
Wang et al. , 2011b) o ZH K L AERE T 5l AP A AR
TR Rl 22 N A SIS R PR AR I 22, SUT 5 5234
FER GRS A o IR RE S RO PR D0 FEARIR &, X T oR%
L2 by DXL P R LS A IR BN 5 5 B R R
FoRhEY(Xu et al. , 2013)

5.7 BE-DERRESFPERNBMERUSRKEBMT
T 558 P 9 R % 22 0 b B B A B A b-30 7Y 3l X
AACE SN T I 25 A% 2R DL A A B R AT U, 52
iy -SSR S AE A T A A 18] X 3 1] ) 52 ) iR B,
RECAT LIS 70 AR LA B B
1) A ep A £ (240 ~ 180Ma) 55y -5 o o R Al Bk )

R AR R B e B BE - A2 X A B o 18 e S AR
FIURE P S LA R AIE (28 5w 555, 1998 5 FRAS T 45,2010,
Wu et al. , 2011; F 45,2012 52 4%,2012) , KB LA
R4 L= R v g4 (245Ma £ (200Ma + fil 185Ma + ), 52
FEOS IS 04 FSC AT 5 282 B I sl ki 2% 75 5% 1 10 B Y
() AT B 2 2 RO R (P 4) o

2) AR (160 ~ 120Ma) 51 B 3 2R BN M UCRli
FEMJEE L FE (170Ma Z2 47 F 145Ma A2 47 ) F1-45 22 AR X 7 A il
FeJEIAGE (162Ma 142 ~ 120Ma) , i A" 11 F 32 223531
R T BRI G0 2 RO R R A L
SR RAE R (E 5) (F4%5F,2012; £ [H4F,2013)

6 ARG L S X0

ARACH X AL T o S 3 L7 A8 AR B, 3 DXl A AR ) 2
I Z ARl 2 0] B PR3 R A0 22 5 I SRR 5 i
2 (Sengor and Natalin,1996; Li, 2006) . 7& A= G-
AR R XA T Y I B A, e T I g
L AL i, 2 )5 1 A T S-SR R A i A R A
IR T 28 119 28 TN A B B, 3K S e 301 ) 4 35 £ 28 o)
YL AR I 0T JSU A ot D oty (48 G ) A AR 5 2
Xof DX Sl RV A AT 48 78 B8 57 3] AR G i IX 3 AR R R
[F)2E RUA PR R BRAT 3 Il 25

6.1 MAFFEMEERMNEHMAHE (HEET)

B

FETH BACHR A AL S BOBIT ST, T RIPR RSP s
TR R TR KR R b 2% b AR AU i AL 1 2R B = I
O e 2 < B R I (173 ~ 190Ma) | % 5 22 i B 10
(106 ~133Ma) FIHE 4 R 1t (88 ~97Ma) o i i T/ L X R
AR R T T AT AR 5K AU 5 AR T s B 2 )
AL ] A I LA 148 Sl (Wang et ol , 2012) M T4E
A AL S5 7R V4 11 JE& A 1) W vy A AQ4E & Al (Zhang et al.
2009; WAEAESF,2012) o 7ol AP FE AR b T RO K il
U PO - e Y AR U B R R R I T A I S R
SRS IET 5 DL MBS SRR, /N6 2 -5k
AWK A B2 BB PR (4R 3 TS0 6, 184 Ma, R 2%,
2012 MBS T AR A, 176Ma, 15 IR 45, 20125 2206 516,
178Ma, 15 R4 ,2012) I A AR Jb s B b 25 - O 20 1
KEA U PR (R BN BES BUEH A, 168Ma, UM ST, 2009 ; 4%
LAEBE AN, 167Ma, 2557 %55 ,2009) (T BRI 55 it R
SRR b A R B A S I AT R (B 4) o CH T
XL M DA AE R RO GE T AT AR H 88y 0 il L 1) 1l
A 2 2 O A A - AR T R R T 0T (106 ~
133Ma) FHE 4 21 (88 ~ 97Ma ) PIUCHF nfr 4 P 3 48F nfrafy 19
SRR/ R Rl i 9 — ) T2 22 B 2 LI 1 i JE 3R
S5 O XL P4 S 2 DR 4 TR TR A A AT i

T
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W4 hE(K 5) (Han et al. , 2013)

6.2 RE-BERRMEGRIIHMMT (HEAT) N
Me S5 RET

6.2. 1 PRI B

INHAE AR I L 2 8 2 [ Je A T DK , 5t -SR 8 2R 5
A3 AR 22 068 Xof 3 561 ) 53 W) = B2 AR A L A b AV b IX (4 5 3
JE-LPEHIX) o rp AR AR, 52l -0 IR v RV AR
FHURTT A2 T, Ho5E i 2 8] B AT LA G5 S48t e i
ek, AR Y [n] i A 1) SOk 20 A R R0 4 XU (A
2006 ) 7 Az 3K AR bR P 7™ AE 1) A AR IO, X 3 B 3R B A 6t
fedt A et AR ARG G U I . AL, fedb b db 2
ARV ) JR A R T LLEH Dy FE BSR4 T B (4N
BITHHE™,183Ma, 5K B5F,2009; 15 4 1, 187 Ma, 15 M
45,1996 s M ZAL T 4H, 18T Ma, BE ML ZE45 1996 ) AT AR 5
5 iy - SR IR BT TR R [ R v 2 b TS R e 1 Jos AR
FR(E4) A FRedbilibe 2z T mb el b i) &2 3 v fig
S B B A T IRIE ) E ) 1 A
6.2.2 B PAREE-IRE KL FGHSRIELS MM RENE

EHRRZ QB E A Z T W R IBUNE S ) fL O Tt
B (LI FAZ LA REAES) W R 0
(Zhang et al. , 2008b ) Xof vt {ffF ety B 5 0 32 B2 I [l e fin
JE R Y R IR Pl B BRI AR, TR R E R
adakitic X I AT ( Yang and Li, 2008) , J5 & F B R IAE
ettt Z b - Ok 2 I R B B IR T I (0 K
THD",170Ma, U465, 2008 ; P 10 0, 169Ma, J5 24K
8,2012) o T XIS VE FH 32 B R A AR N R B ¢ U1 s S AR
OB B 50T, RLAR SRR OB 8 07 R 3=, [ 7y
RF i RPEAR  FELE R TR, B A R0 L0 RINTE L, e
S (BB E ) A B SUE BT IR A A G
s LA T RITE, B B 48 R A A 28 - AR B A0 0 o O b R
VEARR , TE A R ERARE R &R 201 i i 7= ( £ 146 ,2013)

7 g

BT RAGH X AL E AR S A A A
A AL BRI 5T, A A N 2548

(1) ARt X rp AR AR LR R AT R 23 18075 30« e = 2 i
(200 ~228Ma) | .- f B 1 (173 ~ 190Ma) | Bk 2 1 (158
~166Ma) .1 AL (138 ~ 145Ma) 1 T AH 4 (106
~133Ma) FllH (5 F= 1t (88 ~97Ma) .

(2) PR TP A 3 1A 22 5 RGO K i T IRV L 4 1 7
PRB A, A A AR A AE =k (AR B 5 T i 0 g
F ) PR b s 4, Ll P P 322 3R 0 A 0 o B B A B
TR RN YA R 5T MR AR IR R IR, W) B AE LA
B ARF i B BE Sty ORF e ) i S T A R SR B
PRAY 322 X 3

£LFI| 2013, 29(2)
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(3) Sl - SR R e Myt A R A AL 2 I T P A
FREI (245 ~ 180Ma) 19 0FF it £ FH T v A A 93 79 2 ( ~
170Ma Fil ~ 145Ma ) FE 2L A fifi 76 5 A A5 2 A6 T 16
DL A il e 1R (5 3 L 4. ~ 142Ma FIRE S0 ~
125Ma) o FERUR 4N IR 22 o R Ay b B 54K S 00 o
IR ) S IR TR PR A 3 S X, i R AR AL s R b 2% DL KR
P2 I B TR A SR BORUR IR R R 2 6 TR
A7 PRI X

(4) BRIV 3 % 28 v A AR AR B AT R i % 1l 1) 25 ]S
| S BTN 2 % LAl X5 T 58 ol - O e R T AR R
LR 14 25 (B3 ) 2 AR L 2 LY (AT REAL A P 1L 2 3t 1
PURRARRE X)) DL A de s Bt 2

Bt AU S OGS R R S A SR
BHE IVFERA B NS IR AMEA B F AT
W, 3 i R, IV SRR A SCHEAT 185 b, e A
|13 NS B SN (VI N G T NE B i AN O U R 1 e S
JGZ 5 T BN AR A B BT T 23 20 O
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