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LA-ICP-MS ZIRCON U-Pb DATING AND GEOCHEMISTRY OF THE GRANITES IN
GANNAN AREA, DAXINGANLING MOUNTAINS: Geological Implication

LI Xiao-hai, ZHANG Hai-hua, LI Wen-bo, DING Qiu-hong, ZHANG Jian, CHEN Shu-wang
Shenyang Center of China Geological Survey, Shenyang 110034, China

Abstract: The formation age and petrogenesis of the two-mica monzogranite drilled from HGD-1 well in Gannan area of
central-northern Daxinganling Mountains are determined and the regional tectonic setting is revealed on the basis of
LA-ICP-MS zircon U-Pb chronology and petrogeochemistry studies. The zircons in granite are subidiomorphic-
idiomorphic, with obvious oscillatory growth zone. The dating results show that the two-mica monzogranite was formed at
161 Ma, which is the product of magmatic event in early Late Jurassic. Geochemical analysis results indicate that the
granite is characterized by high Si (Si0, 69.81%-74.3%), rich Al (Al,0; 13.5%-16.8% ), and poor Fe (Fe,0; 0.26%-
0.6% ), belonging to quasi aluminous-weak peraluminous series in terms of chemical composition, with enriched LILEs
(Rb, Ba and K) and HFSE (Hf), and depleted HFSEs (Nb, Ta and Ti), and relatively enriched LREEs and depleted
HREEs, which is of I-type granite. The magma originates from the partial melting of newly thickened continental crust
material. The study results reveal that the formation of the early Late Jurassic two-mica monzogranite is related to the

continent-continent collision environment during the closure progress of Mongol-Okhotsk suture zone, and its formation
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age restricts the closing time of Mongol-Okhotsk Ocean to the early Late Jurassic in Gannan area of central-northern

Daxinganling Mountains.

Key words: Late Jurassic; two-mica monzogranite; zircon U-Pb age; geochemistry; Mongol-Okhotsk Ocean;

Daxinganling Mountains

0 5§

ARACHB XA T LA 4R B, PG ] AR AR ]
Gy SRR TR R 4 e A R (RA L M) |
FEARMT b, % XAy vy e e 2 2%, d AR —R
ARRETT T W 1 A R Ak o) R AR L Ty
Tt ARG - SR v O 1 s R AR
K, XZRACHE X AL < T A AL AR 5 ek
TB2E ST, B TR ERT T I A R R S K
SRR 3R R S A Y ) e AR R R 5
TR UK e b 1 AR 2R T Ak B A R e AR X

2016 4, H [ 1 ST R A R F R L B X B2 &R
A IR A "I H ST, LIS 2 b S A R 2
ROAOKR—_ZRAFEIM, FXAR— BT
FEHLR R b2 R AT RRAE M2 AR AR A AR A
KA I B IS Bl O R R A )R, T Tl Uk
itk SR A LA

SEF IS RIS AL B H R X ) — s K
TR T AR S HIERAL2E RS, THE —m KAk
525 T A 5 i PR R TR J i) A s 1 o, DA
R 2R A1 DX A AR 3 U A R DR B AT LR | (]
it R e— B D DU A 28 v A AR s AR AT AR AE
PRALARAE.

1 g RR

5 XA T X R T RO VLA 55 5 M R T H e B
BRI, KM 15 67 B AL THA L 25 PE AR AR X X
NFEZ A A RERRERR PAEROER,
BAERENRE ). HRXIERA )2, KRR
NE [n] @i, 12 A RN FER L 88 a0 )2 24+, IE e
WA . XML NNE—NE [0 NW [i] B2 5.
HI AR 38 5 1A 5 L2 22 8] 4= A 06 FR R/ i i B A
U-Pb Je 4% K-Ar AR AFEB BRI B XN
T BUA A bR Rt AR S 22 B a2 ok, AR

JE T AR T2 B ) AR A,

SV T
"'-.‘__.I' __l gl UL

Bl 1 BFSE K s e ]
Fig. 1 Geological sketch map of the study area
1—3#r 4= - (Cenozoic) ; 2—F1 % & (Cretaceous ) ; 3—iki F % (Silurian);
4—7E A (Cambrian) ; 5—R% 22 {E 14 (Jurassic granite); 6— &2
AE i % (Permian granite); 7—f7 % 22 4E i i (Carboniferous granite);
8—RAE 1 (sampling site)

AT = AR AE K (yds) KA g 67 T H
MHEKE KSR 2.5 km &b, HFAEINR. FR
A5 v ] b S5 R A SR o FH M B A A 0 2018 AR5
Py b BT A A S SR b 1 A (B 1), IR T
%905 m, H LM FABRMZE: 0~57 m A WER,
57~365.4 m A 1 TR, 365.4~905 m(CR%F)
A m ZRKAE KA. R RER (MT) &)1
(2RI, R IEK AR, R
600~1 300 m, {70 A e— &40 )= .

2 HERBESSTAE
2.1 BRFEE

FHANRRL RN s KA A, ik

@ 2y T A R A I AL BE. M51C004003(FZEHEIR ) 1:250 000 X3 525 45 15, 2005.


http://www.fineprint.cn

el

ZEIPEHFEE . KOS H R M X AL K 45 LA-ICP-MS 4547 U-Pb 4F#% HiBR AL 220 AF K kb i 25 L 657

& TRCH SEF

- - - --!&Pﬂ-ﬂ.
!ﬁT#ﬁ‘.HHﬂhﬂ

"o T T BT R S |
B km

lgpifin - -
02 06 10 14 1.8 22 26 30

B2 SR 1 R
Fig. 2 Magnetotelluric sounding profile of HGD-1 well

A6 IS5, I A5, HeRA i (B 3a). 79l B &
KA KA A% A BB AH A
T 25%~45% , kiit 0.4~2.6 mm, > AIETEHCR, B A
X B AR 5% , W] DL IRt G54, 28 = BF B R oA, T o
28 & B IR Bl A R 209%0~35% , KidE
0.3~3.2 mm, fJE FEARAR | SR BUE5H s A1 98 : 5 B 25%~
40% , kit 0.1~2.0 mm, {IERCAR , BRI G, F 53/ IVRL
AYONEEAAERT, A RRH A 4G 5 M=
B E 2%~5% , K118 0.2~0.8 mm, TG, Ffk, s
M) R 2 =R T W Bt B 3%~8%, Fife 0.2~
1.0 mm B, AR, B4k k(18 3b)

22 MEFE

WP b 1) Al TR SE 4T B B EE R T B G0
B AR RS, RS 7o B e ot 2
A1 88 AR, SRS AT A1) CL BEAH & LA-ICP-MS
30T, B AR A AR S SHRIMP J7 ik AL, 4%
1 U=Pb MR AL #S M52 [ New Wave Research Inc.2y
A A PO R I ERE R 52 (UP 193SS) F15E [ Agilent
A BR 2 T A2 77 19 Agilent 7500a 5 Y 9% 4145 85 1
JET TSR B L OG5 B8 BTk R 48 (LA-ICP-MS ).
SEEG ] 36 wm AR BE AR 10 Hz MIOEHR,
HOCHRE SRR 5 s RO TIRI Dl ] L 20 s A vp ke
rn (R DA K 40 s B RBURERI]. SERSR A T 4&
RAERRER IR NISTO10 VEMAME ' | SiAE M NFRiEf T
JCERIE , R AR UESES A7 91500 1 Ky 4MnE4T U-Pb
[ 37 25 A0 8 R 0 B e AE T, RO I 4 A A AR
TEM "'l QH " A A Wi das B A W A DU 2 v AR
FEPEFBOE R B AR PR A IROKCFRIE. Glitter #04
(ver. 4.4, Macquarie University )5¢ B, 3518 48 1E 7 7%
[7] Andersen®’.

3 SR ER
3.1 FEEER

AHFFENTH FE X B Hb 1 - 388.5 m AE & A HFE
A (HG388.5TWS) #E 47 T % 41 LA-ICP-MS U-Pb [d] {7
RN, s 25 A4 BB R G (E 4)_Ba] WL B s

B3 BRARZ = m AR AR R A R AR B A

Fig. 3 Macroscopic and microscopic photographs of the Late Jurassic two-mica monzogranite


http://www.fineprint.cn

658 woom 5 %W 2023 4
fZ KB, RE80BA5KE GO NHIEE
B, Z AR, DR AR R AR AL T AE 90~ 038 L HGISS.STWS
200 pm I, KB H A S 21, FLAT T M 0 4 - 20
0034 PR E=210.011.5 Ma
AT, DI A A AN RIFR LR, Th/U 4T 0.09~ MSWD=3.3, n=T
1.29 [8], ~F-¥32 0.51. DL EAPERBIAE 85 A o a 9% 030 b
S = THRIER=161.42 1.2 M
SN B A g | rulmm-ll:u-llz.h.rnl- 15 —
=T [l
= -TXE |
| B2 Ma 307=3 Ma 16144 Ma 21541 Mo 1hd+? Ma I I
AE
e @ <o @ @ |
3+3 Ma 16347 Ms 14743 Ma 18442 Mo 2123 Ma 0014 o ¥
o1 .14 s 032 126
m @ gage 4 u b U
T3 M M8+ M lalzdMa 15958 Ma 314 Ma
m’ u n n ﬂ B 5 i U-Ph iR A4 47 % K]
FIRTEY, 32044 Ma S it R Fig. 5 Zircon U-Pb concordia diagram and weighted mean age
ED O @ w» @& 2 xEnz
BT e AR . ae R R R I BT AT (2,
| ! |,|_1'|'|

Kl 4 TERA B A CIE B4
Fig. 4 CL images and ages of the selected zircons

from granite samples

BEATRE LIRSS (1, 34 5 OSID - 4Eh%
AL SRR, 3 AN TR B (15 80017 S50RT 23 85 D
BRI, HAx 22 A SR S fE I Ak I R L
I, Hor 15 N3 A 2P INACE SRR Jy 161.4
+1.2 Ma (MSWD=2.8, n=15)( 5), 5—41 *Pb/*U
JIACERI4E#S Hy 210.042.5 Ma (MSWD=3.3, n=7), ¥
RSO, B85 FIR S HTRT RN, 161.4+1.2 Ma X
T HKRBITE AR, e R i ok 2 i H 2 A
e
3.2 HEK{LEAFAE

CRTRAEKARES I EEIUER . MEITE R
F I ZWME A 5T A R A BH b S5 2 0 S
MO SE R, o, REITERA X R uot
TSI A2, A XTARE I 22 R 2%~5% ; Tt e s £o0 &R
1 5R T v JoRE 6 5 8 AR B o £SO, R X s 7
25/NT 10%. 2855 T WS, SRR RAL Pl AR A i, e R
T 15 AMFEMPET T 8 L ST R . B
B BT i a2 e 55 B AR A ICP-MS (X Series 11)
b SERAY WA S A XA E R 22 /N T 5%.

T OSID —4EfSmT L) &R, Si0, ST 69.81%~
T430% 2 [0, HARERER S, AL, FTEAT
13.50%~16.80% , K.O }y 2.43%~4.45% ,Ca0 }y 0.88%
~2.13% ,MgO 4 0.04%~0.32% ,Fe,0; 4 0.26%~0.6%,
K;0/Na,O {8/ 0.41~1.11,Na,0+K,0=8.11%~8.81%, 4"
MAIFEEL AICNK A 1.01~1.07 (<1.1), MgO 54 0.04%
~0.32%,Ti0, } 0.09%~0.25%. 112 A TAS Elfi(E
6a) I, . T RKALK AR TR AL KA X, S
A B E—3L. 7E Si0,-K,0 Efit (& 6b) |, —
nRAERK A A2 BIE AR, TR S TEA
e PR BRE IX . SR RN B (1] 6¢) | FE i i
AMERR -5 1L 81 AL 4 A X . #E K,0-Na,0 El g (1A
6d) E¥EA T BIFE R A IX.
322 HIfnfgErxE

T RKERAMNR T ICE B (SREE) N 54.53
x10°~131.02x10° , 54 1 J0 K (LREE ) 28 {1k 3 [l 4
49.05x10°~124.20x10° , E & + 0 E (HREE) Z fbiu
FEl 4 5.49x10°~12.01x107°( £ 3, #9487 OSID 4
T, Won M oo R w5 M LR AR S i
(45 ; LREE/HREE {H°4 6.04~18.75; (La/Yb)y =5.82~
27.69, B AE AN, B - on R B A AR X B,
TR LB R Zim AKCE 31, FEREA T Eu
TSR, AEA Eu IE55 (8Eu =0.70~1.13, K14 0.92).


http://www.fineprint.cn

%56 1 ZEIPEHFEE . KOS H R M X AL K 45 LA-ICP-MS 4547 U-Pb 4F#% HiBR AL 220 AF K kb i 25 L 659

(a)

]

{MaO+ RO %

300
260

itk §a 1

Il -

14D .' f/

ANE

[RA]1]
i BE
-"FFF.-

1L.6lF
|-

@64l &N §.0H1 e || i.40 bl |.80
ASOME

fdl

LR ‘* -

LR
11 ; “
/ A BITE I

[REE s |
30

M0

3400 5 BE

.00 ; . " . " . . : "
244 .04 4.00 .00 fi.00 .00
B

K6 HRD = —RKAER & R R 5 K] i
(#a3ciikl6, 22-231)
Fig. 6 Classification discrimination diagrams of the Late Jurrasic two-mica monzogranite

(After References [ 6, 22-23])

R HM LR MR, TR L OuR MR
B, —n ZRAE R A LT R BB R A AR AL
S A R (151 7).

10000
s
= o0 r -
b - "":n_..._ "
F = =
gg e "‘-u:i_',_:;q_.." ——
H# e R S
1.0

La Ce Pr Md Sm Eu Gd Th By He Er Tm b Lu
il FDIIRR THX s [0 | O i H DRSO N, sslots I S 5 HN st A4 H X
i VS 1 8. SH X s H W55 TH, e DS TS X HIWGEH Y, 4 14H X

—m— 7T IRGEEDITY TEGR00T1X

K7 —m ZRAEK AT TR BRI bR iE AL 15 i
Fig. 7 Chondrite-normalized REE patterns of

HG BRI HGEI4HX

two-mica monzogranite

TR RAEKAMETTREME(E 8) kL&
K& T4 LK Rb.Ba K fIE 7500 K HE, 5
Nb.Ta.Ti %7580 % (£ 4, FH§ 7 0SID 2y
AL, WoRFi I i M RVRRAE

4 iFig
4.1 TERATRER . EER R E
MREBEAEEEE , DT RMSGI R A
b Be, A fERFIE X PR AP ILE. A AR
A, WIEPERIRRYE A IA HiEE, DL IR A
F. EAHRE A A 12 2 ] AR A G R A i
A1 U-Pb Je 4 K-Ar [ RAFER BRI, PR
P EAE i A A B P AR CRAR B OB K H 2


http://www.fineprint.cn

660 W 5 % W 2023 4
AN R F A AL TR BB 2 Eu S R

=, A
o b !
= I'f;.(‘\ ~
=, 5, o
e M o : W R
> #’f L
R - Lt e
= | ll\.. e
q.1
EbBaThUMbTaK LaCe Ph Pr3c PN Zr T SmEnTiGd Th Dy Y HoEr TmYble
el | PR S, oo PRI E | N s | 05 5001 i | [ D] 5 LN, it ] TR
=[5 B 5HX =SS THY =———D5T5HX D01 =——t==E T X
HGTATHX HGENGHX HGEIAHE HGEAOTTY BIGo00H X

K8 = R AEN AR TU R R R A
Fig. 8 Primitive mantle-normalized trace element spidergrams

of two-mica monzogranite

Ab, FRIE T AR (TR S A ) e e, B
Tt 1 07 TRFFEIX a0, e R 26 DU &R A (v B
FANL PG IR X . W B 1 s kK
e A B A CL MG (E 4) 0] LIE H s HoA sl
P ARG A PR, 456 G 1Y Th/U B (0.09~
1.29), VLB B AT 2 A K 25 A E R ™= 9, e 1
AERA AR T A IRIIE LA, B5 47 U-Pb SE4E45 R
BN, BB 1R s R AR A TR
BHCR 161.4£1.2 Ma, ABELRZ HHE R, AR 5 K%
G B ARAR K 2 RS A B e HEL L
KAE R A 2 B B — 2, 35 /R A9 X AR 2 T
MBI F AL

T T RAERK A B Rk AR S ORI LK
BYRRAE , 81 A 455 A/ICNK {54 1.01~1.07, /N T 1.1,
7E AICNK-A/NK EIf# (B 6¢ ) TR - 59 3 45 5
X3k ; e Eon R AL E (B 7) |, BB
FICRMEES T I B U E B IE S5 R
fiE, o R B M 2R 2 A7 Y. K,O/Na,0 {54 0.41~
L1, FME R 0.76, 0% & B 25650 PRI Si0,—
K,O i, 7 i BRSP4 i A R R, BRI 2

TJE T 1 IUAE R . B 1 AR i o i) Rk
RN T H5e a0 MR L 7 R TR AR

HILEERE T HRA TR AR LUK, 54 Nb.Ta,
Ti %9, HA S 89 Bu 0055 2 1E 54, W]

PEAA, R AR SRR B A7 1 e P T TR
Yy, TR IR A SR IR T SRR 729 5T 0935 431 il
TERIR L St/Y-Y HIBIEIfE(E 9) b, —n “ Kb s
KRS TEAEIRIE TR L 115 PN 2225 X i ABHFFEIA
FBIBFETE T R R 5 222 A I T R
X = TARAR R B AR R IR T A SR
S A3 J k.

1nan T

/00 |

son | HEIETIALY

Sr

Yh 10
B9 ZRKIKA S-Yb 432K
(k[ 6,23])

Fig. 9 The Sr-Yb classification diagram of monzogranite

(After References [ 6, 23])

42 TREEERHELSS

R AT PR A R 2 AR A AR LR
KPR o i T REAS SR K U P — 4
SR FAYE R BN it R U ALK, - HA
L R & AR i Sy N e e RG] [
B, WA X RO AR A 0 w7 FE i B A A
] 23 52 iy R PR AR B (1 B i A B 1 5 vl - SR AR IR
A AR ZR R M 11 245 (B PR B AR FATT 20 L P L K
el db g s =) A A T, —a S RALKE
F14) J5 ey 2 U i 18 A 104 o T i 5 90 5 ) 3 0 4
filt, R R AR e R N R B 5T ) S5 4 4
NS 7/ 1= VIS 7 e 17 21 = it s e ) || N1
fili —Fh Al PR, 5 R —R, B (] 10) 488 BIRE AR
4357 F IR Bl A A A il 2 R R X W A o7 T R %22y
A6 B R R R BR 10 L X (3 Je A7 L s ik (161 Ma) (7
B HL AR (158 Ma) Je K 242204 v B 2 4R A 1A
(161 Ma), B B FRE5e N 5, 55 -2 E K
ERE A iR S i

@ 2y T A R A I AL BE. M51C004003(FZEHEIR ) 1:250 000 X3 525 45 15, 2005.


http://www.fineprint.cn

%561 AR KL H R L IX A6 K LA-ICP-MS #5435 U-Pb 4E1% HBRALSARNE S i 2 ) 661

2500
5 FIHEE e 1
2001 R I il 46 14 3
1 5000
: iz &b i 4 il
==
jan T 8 s i)
A
1 L) ify | - 5
) &
i —
[
a s00 (1] | S0 i) 2EO0 R IT]

R

Bl 10 a2 RAENS R-R, K
(HE3cikl6,22,25])
Fig. 10 The R,-R, diagram of two-mica monzogranite

(After References [6, 22, 25])

LZiETd, —n CRAERA MBS S -
UCE T M A i B B Rl - L R PR R O, A A TE
BN (161 Ma) BRAE T R4 Z e Fp AL BESFSF R R H
T ML X 11 P45 IR I AR 25 T L4

5 #ig

(D FRMZWEHEEHX I = —RKAEXKAN
B U-Pb & 445 5L 18 s HOP il T e ok 27 54
(161 Ma).

(2 A A% MHERLFRHER ], — KBRS
Ja& WEAR - 55 1 4R T SRS B RAN A, B KRE T
FATLER, TH Nb.Ta . Ti & ITE, BalEhm
Eu iR BIES® B ER L TR TR E, 5 ER
Fis L J0ER . UG5 2R T G A= A R 5 ) 5t 1
R R, R T BUAE A REAE , S [ Al 43 3 B 52
JE R ).

(3) = ZR ALK A BTE BN 5 5t - SR IR e
TEPT A 2 A 0 B - Bl e R A O, BR A T 56t -5
FER SEEEAE R L LW rh L B H m L X A A5 B A Ry
PRZ L4,

S 3Lk ( References ) :
(1285, FE5, K%, % KAWLJLBbRMNIE R SE /M ] b
I T RRRE, 1999 1-137.

LiJ Y, Niu B G, Shong B, et al. Formation and evolution of the crust

in the northern Changbai Mountains [M]. Beijing: Geological
Publishing House, 1999: 1-137. (in Chinese)

[2LiY, Xu W L, Wang F, et al. Geochronology and geochemistry of
Late Paleozoic volcanic rocks on the western margin of the Songnen-
Zhangguangcai Range Massif, NE China: Implications for the
amalgamation history of the Xing’an and Songnen-Zhangguangcai
Range massifs[J]. Lithos, 2014, 205: 394-410.

[3]WuFY, SunDY, Ge W C, et al. Geochronology of the Phanerozoic
granitoids in northeastern China[J]. Journal of Asian Earth Sciences,
2011, 41(1): 1-30.

[4]Meng E, Xu W L, Pei F P, et al. Detrital-zircon geochronology of
Late Paleozoic sedimentary rocks in eastern Heilongjiang Province, NE
China: Implications for the tectonic evolution of the eastern segment of
the Central Asian Orogenic Belt[ ] ]. Tectonophysics, 2010, 485(1/4).
42-51.

[5]Cao H H, Xu W L, Pei F P, et al. Zircon U-Ph geochronology and
petrogenesis of the Late Paleozoic-Early Mesozoic intrusive rocks in the
eastern segment of the northern margin of the North China Block [J].
Lithos, 2013, 170-171: 191-207.

[6]5kigAe, KK, Sifl, 45, KLU Pl 22 W R X AE 5 & S

11 U-Pb 4R bR A2 4RAE R 3 38 LT ). BT, 2020, 34
(3): 483-493.
Zhang H H, Li Y F, Zhang J, et al. Zircon U-Pb age, geochemical
characteristics and tectonic implications of granites in the Wulanhaote
area, central Daxing’an Mountains [J]. Geoscience, 2020, 34 (3):
483-493.

(7R 2. IRt AR R R M B XD, KA
M2, 2011,

Zhao Z. Late Paleozoic magmatism and its tectonic significance in the
northern Great Xing an Range, northeastern China[D]. Changchun:
Jilin University, 2011.

[8IVF3CIR, EM, FEmmaf, . tEARIL P ARG AR 5 K

i ok AP AAUK LA A ARz B AL ). AR, 2013,
29(2): 339-353.
Xu W L, Wang F, Pei F P, et al. Mesozoic tectonic regimes and
regional ore-forming background in NE China: Constraints from spatial
and temporal variations of Mesozoic volcanic rock associations[ J |. Acta
Petrologica Sinica, 2013, 29(2): 339-353.

[9OJRIEH, HFICR, T, % /INCLE R R D AL 5 BUA £ 19
AR GRS R AR T LT ] A 4f, 2013, 29(2): 354-
368.

Xu M J, Xu W L, Wang F, et al. Geochronology and geochemistry of
the Early Jurassic granitoids in the Central Lesser Xing’an Range, NE
China and its tectonic implications[]]. Acta Petrologica Sinica, 2013,
29(2): 354-368.
[10]Tang J, Xu W L, Wang F, et al. Geochronology and geochemistry of
Early-Middle Triassic magmatism in the Erguna Massif, NE China:


http://www.fineprint.cn

662 Hh,

=

2023 4

Constraints on the tectonic evolution of the Mongol-Okhotsk Ocean[J].
Lithos, 2014, 184-187: 1-16.

(1] LR, XUFRmE, A2, S5 bl A b DX rp 2B AR 3 A 1) 5

A5 Sk H KA A A A A MR ], AAFR, 2014,
30(12): 3569-3586.
Meng F C, Liu J Q, Cui Y, et al. Mesozoic tectonic regimes
transition in the Northeast China: Constraints from temporal-spatial
distribution and associations of volcanic rocks [J]. Acta Petrologica
Sinica, 2014, 30(12): 3569-3586.

(12 1B SR, B, oK ORA, 45 & Tty ML UM AL i AL R A T L A
[J]. HuBR 5%, 2022, 31(3): 246-258,330.

Tang K D, Ju N, Zhang D Q, et al. Implication of the tectonic
evolution of Paleo-Asian Ocean [J]. Geology and Resources, 2022,
31(3): 246-258,330.

[13 5k A, RYERS, HRMRR, 5. 55t — 502 W S 4% 2 b SRR AE
Fotyis RAEEl) ] SRS BER, 2022, 31(3): 259-274,288.
Zhang Y P, Song W M, Na F C, et al. Geological characteristics and
tectonic attribute of Mongolia-Okhotsk fold system [J]. Geology and
Resources, 2022, 31(3): 259-274, 288.

[14DFCR, B3CE, i, 5. Rt X AR OD/E R

R R oA 3 7 LY ). P ek Ak 245@ 4, 2008, 27(S1):
286-287.
Xu W L, Ge W C, Pei F P, et al. The chronology framework of
Mesozoic volcanism in Northeast China and its tectonic significance
[J]. Bulletin of Mineralogy, Petrology and Geochemistry, 2008, 27
(S1): 286-287. (in Chinese)

[15]Meng E, Xu W L, Pei F P, et al. Permian bimodal volcanism in the
Zhangguangcai Range of eastern Heilongjiang Province, NE China:
Zircon U-Pb-Hf isotopes and geochemical evidence [J]. Journal of
Asian Earth Sciences, 2011, 41(2): 119-132.

[16 T80 AR AR, RSO, 45, R26EE 2253 1L X I ot AR AR AR K

AT U-Ph 4R X 24 o Bl d PF A e e g R [T ).
FEHT, 2022, 49(2): 586-600.
Jia X, Ren ] G, Xu W T, et al. Zircon U-Pb dating of Late Paleozoic
alkali-feldspar granite in Duobaoshan, Daxing’anling Mountains:
Constrains on collision and assembly time of Xing’an and Songnen
blocks[J]. Geology in China, 2022, 49(2): 586-600.

[171RBE, skFilg, T, 55 44 SHRIMP B SRS HIVE AR I8
KA RIEITE[T ] eI, 2002, 48(S1): 26-30.

Song B, Zhang Y H, Wan Y S, et al. Mount making and procedure
of the SHRIMP dating[J]. Geological Review, 2002, 48(S1): 26—
30.

[ 18 Pearce N J G, Perkins W T, Westgate J A, et al. A compilation of
new and published major and trace element data for NIST SRM 610
and NIST SRM 612 glass reference materials [J]. Geostandards
Newsletter, 1997, 21(1): 115-144.

[19]Black L. P, Kamo S L, Allen C M, et al. TEMORA 1: A new zircon

standard for Phanerozoic U-Pb geochronology[J]. Chemical Geology,
2003, 200(1/2): 155-170.

[20]2=ik4e, RERER, 3BIK, 5. Qinghu CGEWEA: —AHTH) U-Pb
AN O, HE IR IX BT TAERRREL) ). BhofiddiE, 2013, 58
(20): 1954-1961.

Li X H, Tang G Q, Guo B, et al. Qinghu zrcon: A working
reference for microbeam analysis of U-Pb age and Hf and O isotopes
[J]. Chinese Science Bulletin, 2013, 58(36): 4647-4654.

[21]Andersen T. Correction of common lead in U-Pb analyses that do not
report 2*Pb[ J ]. Chemical Geology, 2002, 192(1/2): 59-79.

[22#E4k T, RYER, BEdk, &5 ISR BAR R A k54 U-Pb

A L ERA 2 REAT S 1 R L) MBS 4R, 2020, 39(6):
919-928.
DuJ Y, Song W M, Yang ] L, et al. An analysis of zircon U-Pb
age, geochemistry and tectonic setting of Dongfu pluton in Tuquan,
middle Da Hinggan Mountains [J]. Geological Bulletin of China,
2020, 39(6): 919-928.

(23 6N, 28, 5300, 4. RSBl X RAR S I

B3k e BRI NI B R B AT FRE LT ). 07 e fr R fh 2
%, 2019, 38(1): 69-79.
Yin Z G, Li M, Li W L, et al. The origin and tectonic environment
of the Early Jurassic adakitic granodiorite in the Dajinshan area of the
central and northern Da Hinggan Range[]]. Bulletin of Mineralogy,
Petrology and Geochemistry, 2019, 38(1): 69-79.

[24 Wi, 2K, S, S AR R Rh0E B X 8 2 L0 AR

A RIELIR LA-ICP-MS §5£1 U-Ph MI4E Kb LT . A A4
2009, 25(12): 3197-3207.
Yang G X, Li Y J, Wu HE, et al. LA-ICP-MS zircon U-Pb dating of
the Huangyangshan pluton and its enclaves from Kalamaili area eastern
Junggar, Xinjiang, and geological implications[J]. Acta Petrologica
Sinica, 2009, 25(12): 3197-3207.

[25] FHERL, BIRR, KR, 5. ROCLUEIL B e 5L g ok 2

= KAE X 2 LA-ICP-MS 45 47 U-Pb 4F#% M Bk fb 24 REAE K I b
Bt X [J]. WA, 2018, 37(7): 1291-1301.
Yin Z G, Gong Z M, Zhang Y L, et al. LA-ICP-MS zircon U-Pb
dating and geochemical characteristics of the Late Jurassic monzonitic
granite from Yilehuli Mountain in northern Da Hinggan Mountains
and their geological implications [J]. Geological Bulletin of China,
2018, 37(7): 1291-1301.

(26 JBAKEIC, 24, fEl], 4. L IEYE A B i h i ik
A —— i R R ST I IERE [ ] A=, 2013, 29(12):
4404-4414.
HuPY, Li C, Xie CM, et al. Albite granites in Taoxinghu ophiolite
in central Qiangtang, Qinghai-Tibet Plateau, China: Evidences of
Paleo-Tethys oceanic crust subduction [J]. Acta Petrologica Sinica,
2013, 29(12): 4404-4414.

(27 JBHIEsE , SRERTE, SERUME, 5. s e e ik v B el — KAk


http://www.fineprint.cn

556 ZEIPEHFEE . KOS H R M X AL K 45 LA-ICP-MS 4547 U-Pb 4F#% HiBR AL 220 AF K kb i 25 L 663

AR S ER LA
(2/3): 239-250.
Jia X L, Guo R Q, Chai F M, et al. Geochemistry and geochronology

R R Ho M e i LT ). R AR, 2013, 32

of monzogranites in Kuruktag of Xinjiang and their tectonic
implications[J]. Geological Bulletin of China, 2013, 32(2/3): 239-
250.

(28 J5Kik, $E5F¥. IR TEAK AR IEH m———DFE W TSR
ALPERIRRE 2B ). AR, 2020, 36(6): 1675-1683.
Zhang Q, Jiao S T. Adakite comes from a high-pressure background:
A scientific, reliable, predictable scientific discovery [J]. Acta
Petrologica Sinica, 2020, 36(6): 1675-1683.

[20]ZFFF0E, FHER, A, & RG2IEJunmism i X Rt A Ugkik
SBUERHMIE R BRI ). B, 2007, 23(6): 1501-1511.
Qin X F, Yin Z G, Wang Y, et al. Early Paleozoic adakitic rocks in
Mohe area at the northern end of the Da Hinggan Mountains and their
geological significance[J]. Acta Petrologica Sinica, 2007, 23(6):
1501-1511.

[30]Liu Y S, Gao S, Hu Z C, et al. Continental and oceanic crust
recycling-induced melt-peridotite interactions in the Trans-North
China Orogen: U-Pb dating, Hf isotopes and trace elements in
zircons from mantle xenoliths[J]. Journal of Petrology, 2010, 51(1/
2): 537-571.

[31 Martin H. Adakitic magmas: Modern analogues of Archaean granitoids
[J). Lithos, 1999, 46(3): 411-429.

[32]BRET, SKEE, SAEE, 5. WEN KOV D B0 54
biﬁﬂé%%—l&mﬁiféxu 1. AR, 2010, 26(5): 1437-1449.
Chen Z G, Zhang L. C, Lu B Z, et al. Geochronology and geochemistry
of the Taipingchuan copper-molybdenum deposit in Inner Mongolia,
and its geological significances[J]. Acta Petrologica Sinica, 2010, 26
(5): 1437-1449.

[33IRES, TS, MGV, & Rl B a4 A U-Pb Il

RS XA R T &A%, 2012, 28(2): 571-
594.
She H Q, Li J W, Xiang A P, et al. U-Pb ages of the zircons from
primary rocks in middle-northern Daxinganling and its implications to
geotectonic evolution [J]. Acta Petrologica Sinica, 2012, 28 (2):
571-594.

[34 7R, VFCR, FEM, S5, b AT AR PR BRI KRG R 600 wh 3
B RICWREZ P AR 2 a8 Id kT ] hER: . HEkR
2%, 2018, 48(5): 549-583.
Tang J, Xu W L, Wang F, et al. Subduction history of the Paleo-
Pacific slab beneath Eurasian continent: Mesozoic-Paleogene
magmatic records in Northeast Asia [J]. Science China Farth
Sciences, 2018, 61(5): 527-559.

(350K, R, DhmRAE. ARV R i Ak e i) T2 4T [T ). iR}
%, 1994, 29(2): 105-119.
Zhao Y, Yang Z Y, Ma X H. Geotectonic transition from Paleoasian
system and Paleotethyan system to Paleopacific active continental
margin in eastern Asia[J]. Scientia Geologica Sinica, 1994, 29(2):
105-119.

[36 1255, T&#, FCR, 55 IhRHX PR % 1 2 BEE 1< 45 4R
P GHERAL S XS SRR R TR S I R RELT ). A2
i, 2015, 31(1): 56-66.
Li Y, Ding L L, Xu W L, et al. Geochronology and geochemistry of
muscovite granite in Sunwu area, NE China: Implications for the
timing of closure of the Mongol-Okhotsk Ocean[]]. Acta Petrologica
Sinica, 2015, 31(1): 56-66.

[37 ]k, RG22 LB R ZR IR BRI Hl X AR B 40 8 R AL e e
T ID ] BRI P EHBUR, 2012.
Li H. Jurassic magmatic evolution process and prospecting potential
evaluation in Dasuerzhugou region of the northern Great Xing’ an

Range[ D ]. Wuhan: China University of Geosciences, 2012.


http://www.fineprint.cn

