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Abstract: This paper is the result of geological survey engineering.

[Objective] The Wushijiazi pluton in Chifeng area, Inner Mongolia, is located in the southwestern part of the metallogenic belt of
the southern Great Xing’ an Range. A systematic geochronological and geochemical study can provide insights into understanding of
regional tectonic—magmatic evolution and metallogenic regularity. [Methods] Based on the petrological and geochemistry study,
this paper uses LA—ICP—MS zircon U—Pb dating, major and trace element analysis and Zircon Hf isotopic analysis methods to
analyze the genesis of the pluton. [Results] LA—ICP—MS zircon U—Pb dating results show that the porphyritic biotite —bearing
monzogranite, porphyritic biotite—bearing syenogranite and porphyritic biotite syenogranite in the Wushijiazi pluton were formed at
(150.3+1.3) Ma, (145.9+1.8)Ma and (137.1£2.2)Ma, respectively, which are the magmatic products during the Late Jurassic to Early
Cretaceous. The pluton is geochemically characterized by high contents of silica and alkalis, but low contents of aluminium and
calcium, belonging to alkaline and quasi aluminous—weakly peraluminous A—type granites. Zircon Hf isotopic analysis displays that
the porphyritic biotite—bearing syenogranite has positive €,(¢) values (+7.5—+14.3) and juvenile two—stage (fom.) Hf model ages
(tom:=285—718 Ma) , which was consistent with those of Late Mesozoic granites in the southern of Great Xingan Range. Therefore,
it is suggested that the contribution of the juvenile lower crust is dominant in the source region. The occurrence of mafic
microgranular enclaves in porphyritic biotite — bearing monzogranite indicates magma critical role of mantle— crust
interaction. [Conclusions] Combined with regional geological background, our study suggests that the asthenosphere upwelling
resulted in partial melting of the juvenile lower crust and formed the primitive magma mush under the late Mesozoic lithospheric
extension and thinning environment, and then the magma mush mixed with the mantle—derived magma. The highly fractionated
mixed magma was emplaced in the shallow level, and finally formed the Wushijiazi granitic pluton. Wushijiazi pluton is
characterized by the high degree of differentiation, as well as deep—source but shallow—emplacement, which is closely related to the

tin—polymetallic mineralization in this area.

Key words: Mesozoic; A—type granite; geochronology; geochemistry; geological survey engineering; Inner Mongolia

Highlights: The formation time of the three lithofacies of the Wujiazi pluton was obtained by LA—ICP—MS zircon U—Pb dating
method, and the genesis of the pluton was comprehensively deciphered according to the petrographic characteristics, diagenetic
time, geochemical characteristics, zircon Hf isotope characteristics and regional geological background.
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Fig.1 Geological map of the Wushijiazi area (a, modified after Liu et al., 2017; b, modified after 1:250000 geological map®)
1—Quaternary; 2—Lower Cretaceous Meiletu Formation; 3—Upper Jurassic Baiyingaolao Formation; 4—Upper Jurassic Manketouebo Formation; 5—
Upper Jurassic Tuchengzi Formation; 6—Middle Jurassic Xinmin Formation; 7—Lower Permian Dashizhai Formation; 8—Early Cretaceous porphyritic

biotite syenogranite; 9—Late Jurassic biotite—bearing syenogranite; 10—Granite porphyry; 11—Late Jurassic biotite—bearing monzogranite; 12—Late
Permian granodiorite; 13—Late Permian biotite monzogranite; 14—Fault; 15—Age sampling location; 16—Geochemical sampling location
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Fig.2 Field photographs of microgranular enclaves (a) and geological sketch map of contacting relationship (b) of the Wushijiazi

pluton
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Fig.3 QAP diagram of the Wushijiazi pluton
1— Quartzolite; 2— Quartz-rich granitoid; 3— Alkali feldspar granite;
4— Syenogranite; 5— Monzogranite; 6— Granodiorite; 7— Tonalite;
8— Quartz alkali feldspar syenite; 9— Quartz syenite; 10— Quartz
monzonite; 11— Quartz monzodiorite or quartz monzogabbro;
12— Quartz diorite, quartz gabbro or quartz anorthosite; 13— Alkali
feldspar syenite; 14— Syenite; 15— Monzonite; 16— Monzodiorite or

monzogabbro; 17—Diorite, gabbro or anorthosite
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Fig.4 Hand specimens and microscopic features of the Wushijiazi pluton
a, b— Hand specimen and microscopic feature of porphyritic biotite— bearing monzogranite; ¢, d— Hand specimen and microscopic feature of

porphyritic biotite—bearing syenogranite; e, f—Hand specimen and microscopic feature of porphyritic biotite syenogranite; b, d, f are crossed nicols;
Pl-PLagioclase; Qtz—Quartz; Pth—Perthite; Bt—Biotite
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Table 1 Major mineral composition (QAP) of the

Waushijiazi pluton
. 4 & /%
FES FaEicd — 7
Q A P
BTW1605-1a BEIREG BB —KEKE 31 38 31

BTWI1605-1b  BOIR S B A/ KAEHAE 32 37 31
CXWC62-1a  BRRGEABFIEKIER S 34 53 13
CXWC62-1b  BERGBABIEKIEK S 35 52 14
CXWC63-1  BERGHEABIEKIER A 35 53 12
CXWC65-1  BERFGEARFIERIER A 36 52 12
CXWG67-1a  BERGEABIEKIER S 36 54 10
CXWC67-1a  BERGEABEKERS 36 53 11
CXWC67-1b  BERGBABEKER S 37 52 11

CXWC69-1  BOIRSHEABHERERS 36 53 11
HTW1610-1a  BOIRE = BEEKIER A 38 5310
HTW1610-1b  BEIRE = BEEKIER A 39 51 10

T DASERRT 1 & i IR, QAP & i A 100% .

B4 U—Pb B ARAE A AR Tl K 2A W UR S5 2R5E T
FR2E e TR SE 00 S HE AT o SE IR IO 3 ok F J%
RO A58 1 s T (LA-ICP-MS)H AR . ICP-MS
3 Agilent 24 ) A 7 1Y Agilent7500a , ORI
Z 4t R 35 [E Coherent Inc. 23 /)4 72 ) GeoLasPro, i%
RS TAEWA A 193 nm, JWHE A2 K/NHR 4~160 pm
AL, 95 B Y B 1~45 T fem?, BA Gk s BE 5T 55
200 mJ, f% 25 B 2 % 20 Hz, R JH He 75 M i)
JE i, R F EIBR PR RS A1 91500 15 R AN A
FEISARFE , SR NIST SRM 610 3¢ BEARFEME J e %
HMRIEAT RN R MBS IE o SEB0 B A AR e AT
KO R BE A2 K 30 um , OEHI A N 8 Hz, BE
N6 Jem’, B[R R B0 SR A E
KA (B0 B & 1Y ICPMSDataCal (V10.7 i) %k
P EA T R AL BT 1A A5 38 4542 1F R - Andersen
(2002) [ 77 35 , A0 IASUAT % 1) 1153 B s ] 11 22
il % ] Ludwig(2003) ) ISOPLOT(Version 3.00) ik
11, LR iR 22 H 1o,

FEICR M O R TN 7E R Tk bt
Hi SIS B A T A 5 e SE R, BT R
b XTI A, A T S ORI
PW2404, £ i A J7 7 2% GB/T14506.28—93(hiE
FiREh A A2 AT vk XA R DG I =
WILE ). MEEITCER MR = o P B &
B O MR {154 Finnigan MAT ]

& , HR—ICP—MS(Element I), £ /it ] i & % Dz/
T0223-2001 HLIEHE 5 55 B TR Bk (ICP-MS) Jr
SIS

B 1 DB Lu—HF [R5 2 7 P b K 2%
KEfish Jy2¢ E K SR % 5 Lu-HE 1R H
14 #8 4 Nu Instrument 23 7] A= 72 1) 2 B2 W45 B T
%4 (Nu Plasma [l MC—ICP—-MS), #OE# 1 R 4t
K H 193 nm #fE 53+ PO R0k & 48 (RESOlutionM —
50, ASI), £ A HE [F]A0 22 P07 Jir A7 38 000 i B 3 i
17, M R o, BOGRE 2 R 6 Jem? 45N 5
Hz, B A2 R 44 pm, R = 265 He /R 20, LA
91500 1 Mudtank /£ >y W 2 4E if , HARASCES L & 1
SAHT R RS % Sk (Yuan et al., 2008), en(t) AYTT5E
WA BT B A7 U-Pb 4%, SR " Lu 228 5 80N
1.867x10 " a (Albaréde et al., 2006), 2% JH Bk i 41
(4 HEHE 7 0.282772 "L/ "HE 7 0.0332 (Blicherttoft
and Albarede, 1997), Hf [F){i Z& — i B AR 3 1 1
R IR A 5 5 0 ) YOHE/ THE AT Lu/ HE H A,
Horb HE/HE = 0.28325, "°Lu/" Hf = 0.0384 (Griffin
et al., 2000), B Hf [Al {7 Z A5 A AE % i 15 i
S FH 1% - ¥ 45 19 Lo/ 7HE B4 0.015 (Rudnick
and Gao, 2003).

5 Jrtraii

51 F£R=

R TR LA-ICP-MS £ 41 U-Pb IlI4ELS 5
L2, AR B S L 1, R P
REBAFRAEK AR A Z 2 KAR, 1 100~200
um, & 50~110 pm, fAJEIEATE L, B 6 R HA
THWIR S A 254 (B 5) o #5418 Th /U H(EAR L
T 0. 25~0.73, H: P> U JALF I 4E % 4 (150.3 +
1.3) Ma (n=9, MSWD = 2.8) ([&16) , J& I {k & i =
Y. BERE B ABERIER S8 A 2 2R, K
150~300 pm, 5 60~160 um, FEIEA S, B &
TR W IR RS (B 5) o #5478 Th /U
FE A A 0. 39~2.08, H: *Pb™ U Jiil £ - ¥4 4E i N
(145.9 + 1.8) Ma (n=16, MSWD = 4.1) (& 6) , J& i {k
P, BERBAEE RN AR A 2R KARIR,
£ 130~230 pm, 5 50~130 pm, SRS, B &G R
BIEA W5 250 (B15) . #5411 Th/U L
78 46 T 0.24~0.78, H: Pb™*U KL 25 4E % Hy
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Fig.5 Cathodoluminescence images of zircons of the Wushijiazi pluton
(The solid line is zircon U—Pb test point, and the dotted line is Hf isotope test point)
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Fig.6 LA-ICP-MS zircon U-Pb concordia and weighted average diagrams of the Wushijiazi pluton
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Table 2 LA-ICP—-MS zircon U—Pb analyses for the Wushijiazi pluton

i TEN0° U Al 2% A 1 i/ Ma
Th U *"Pb/**Pb lo *Pb/U lo *Pb/**U lo Pb/Pb 1o Pb/U 1o *Pb/*U o
GTW1605-1
1 381 1269 0.30 0.04994 0.00065 0.16139 0.00264 0.02338 0.00021 192 22 152 2 149 1
2 564 1303 0.43 0.05011 0.00072 0.16478 0.00267 0.02382 0.00017 200 24 155 2 152 1
3 265 676 039 0.04920 0.00080 0.15612 0.00275 0.02301 0.00018 157 27 147 2 147 1
4 178 580 0.31 0.04913 0.00094 0.16023 0.00335 0.02366 0.00021 154 32 151 3 151 1
5 215 435 049 0.04934 0.00112 0.16092 0.00364 0.02371 0.00018 164 39 152 3 151 1
6 220 597 037 0.05005 0.00098 0.16182 0.00334 0.02346 0.00021 197 32 152 3 149 1
7 675 921 0.73 0.04618 0.00074 0.15227 0.00265 0.02391 0.00020 7 23 144 2 152 1
8 285 1130 0.25 0.04989 0.00090 0.16276 0.00298 0.02367 0.00019 190 28 153 3 151 1
9 598 1625 0.37 0.05153 0.00079 0.16956 0.00294 0.02375 0.00018 265 26 159 3 151 1
CXWG67-1a
1 183 723  0.25 0.06623 0.00181 0.20491 0.00428 0.02243 0.00027 814 56 189 4 143 2
2 323 918 035 0.04986 0.00140 0.15284 0.00335 0.02222 0.00026 189 64 144 3 142 2
3 407 1103 0.37 0.05758 0.00151 0.18653 0.00364 0.02348 0.00027 513 57 174 3 150 2
4 491 1378 0.36 0.04911 0.00126 0.15648 0.00295 0.02310 0.00027 153 59 148 3 147 2
5 297 898 0.33 0.06426 0.00175 0.20121 0.00415 0.02270 0.00027 750 56 186 4 145 2
6 406 901 045 0.07016 0.00184 0.22731 0.00441 0.02349 0.00028 933 53 208 4 150 2
7 639 1631 0.39 0.06277 0.00155 0.19140 0.00333 0.02211 0.00025 700 52 178 3 141 2
8 271 874 031 0.07314 0.00194 0.23037 0.00451 0.02283 0.00027 1018 53 211 4 146 2
9 360 935 038 0.05025 0.00140 0.15633 0.00335 0.02255 0.00026 207 63 148 3 144 2
10 213 620 0.34 0.04780 0.00151 0.15381 0.00409 0.02334 0.00029 88 74 145 4 149 2
11 444 1232 036 0.04847 0.00126 0.15133 0.00298 0.02265 0.00027 122 60 143 3 144 2
12 421 1044 0.40 0.05368 0.00142 0.17596 0.00358 0.02377 0.00028 358 59 165 3 152 2
13 370 1068 0.35 0.04903 0.00132 0.15519 0.00325 0.02295 0.00027 149 62 147 3 146 2
14 290 921 032 0.04986 0.00141 0.15982 0.00359 0.02324 0.00028 188 64 151 3 148 2
15 331 960 034 0.05022 0.00136 0.15397 0.00323 0.02223 0.00026 205 62 145 3 142 2
16 202 759 027 0.05626 0.00154 0.18433 0.00392 0.02375 0.00028 462 60 172 3 151 2
GTW1610-1
1 168 425 0.40 0.04884 0.00162 0.14779 0.00463 0.02186 0.00032 140 46 140 4 139 2
2 336 868 0.39 0.05081 0.00264 0.14444 0.00723 0.02062 0.00029 232 121 137 6 132 2
3 285 1031 0.28 0.05204 0.00222 0.15105 0.00590 0.02105 0.00036 287 100 143 5 134 2
4 331 761 0.44 0.05165 0.00270 0.14876 0.00745 0.02089 0.00032 270 123 141 7 133 2
5 333 875 0.38 0.04686 0.00128 0.14035 0.00378 0.02159 0.00032 42 35 133 3 138 2
6 654 1866 0.35 0.05110 0.00102 0.16064 0.00335 0.02257 0.00028 246 26 151 3 144 2
7 290 829 0.35 0.04861 0.00207 0.14335 0.00577 0.02139 0.00029 129 97 136 5 136 2
8 81 309 0.26 0.05125 0.00193 0.15276 0.00560 0.02178 0.00042 252 50 144 5 139 3
9 264 653 0.40 0.04784 0.00138 0.14579 0.00404 0.02214 0.00034 91 37 138 4 141 2
10 259 1055 0.25 0.05150 0.00139 0.15657 0.00408 0.02206 0.00030 263 35 148 4 141 2
11 129 441 029 0.05074 0.00186 0.14818 0.00528 0.02132 0.00038 229 50 140 5 136 2
12 412 1301 0.32 0.04963 0.00102 0.15146 0.00293 0.02205 0.00028 178 23 143 3 141 2
13 125 409 031 0.05377 0.00175 0.15689 0.00453 0.02123 0.00031 362 39 148 4 135 2
14 200 401 0.50 0.05879 0.00203 0.16920 0.00594 0.02076 0.00034 559 48 159 5 132 2
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Fig.7 A/CNK—-A/NK (a, after Maniard and Piccoli, 1989) and AR—SiO; (b, after Wright, 1969) diagrams of the Wushijiazi pluton
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Fig.8 Chondrite—normalized REE distribution patterns (a) and primitive mantle—normalized trace elements spidergrams (b) of the
Waushijiazi pluton (chondrite and primitive mantle data after Sun and McDonough, 1989)
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Table 4 Zircon Hf isotopic composition of the Wushijiazi pluton

= Fif/Ma Y/ THE L/ THE SHE/ THE lo SH/ HE, e(f)  tow/Ma to/Ma  fiuue
CXWG67-1a—1 145.9 0.100090 0.002379 0.283091 0.000029 0.283084 143 236 285 —0.93
CXWG67-1a-2 1459 0.047273 0.001238 0.282897  0.000022 0.282894 75 506 718  —0.96
CXWG67-1a-3 1459 0.060477 0.001562 0.282969  0.000020 0.282965 100 407 557 —0.95
CXWG67-1a—4 1459 0.048304 0.001290 0.282966  0.000025 0.282962 9.9 409 563 —0.96
CXWG67-1a-5 1459 0.052258 0.001334 0.282957  0.000021 0.282954 9.6 421 582 —0.96
CXWG67-1a—6 1459 0.060731 0.001560 0.282987  0.000025 0.282982 106 381 517 —0.95
CXWG67-1a-7 1459 0.048434 0.001279 0.282996  0.000018 0.282992 1.0 366 495  —0.96
CXWG67-1a-8 1459 0.059733 0.001553 0.282902  0.000022 0.282897 7.6 504 710 —0.95
CXWG67-1a-9 1459 0.040391 0.001058 0.282901 0.000018 0.282898 7.7 499 709  -0.97

T 0.282897~0.283091, end ) {H K 7.5~14.3, — B Bk
PRI (town) M 236~506 Ma, B BEAE AT I8 (fome)
#1285~718 Ma.

6 1 &

6.1 B E SR X5

16 50 5 R 2 M 2 A 2 R AN T2 B UL, LA
5% TR T A 5 BT 3 Ao e 15 AR Ak il 72
X F A6 B 2 PR AR 8 Rl 4y, Bl i S kg 3 ik 4 37 1)
JETRL S A M RURT A BRI 43205 8, Hodh LT
RS RURN A TR R WAL <2 R 28, ik 32k
A6 < B, B AR DN A L A R I (™
AR AR W UE I A1, M BR AL 2 St
FH o SR, X 8 B o S AL A A, A
BRI B R ka3 TSR S5 A6 i, AT fififs |
W 3 AL 4 I S A3 IRDE(SR AR TS, 2007),
WHTE B L 7 s 25 A H5E

WEAESR XS T2 40 AT TR 242 08 b IX AR AR
16 A AT & B, 4 R 280 ABITE X 7, D EL
F TR (BG4, 2008), o+ FK Ak BoA &Rk
(Si0, F ¥ 74.89% ) . & B (KO +Na,0 F ¥
8.50%) B = i FeO/(MgO+FeO")(H (CF-H41H 0.92) |
10000Ga/AL{H (CF-311 3.27% ) LA B 384K i) MgO (F-
¥I{H 0.14% ) , CaO (“F- 41 0.64% ) Fl TiO, (V-3 {H
0.13%) &t (F£3) . il Ak + o0& DL 19 51 Bu
SEH WA R R OT R (W0 Ze HE) AR B F2E AT
Z(NRb) , Mi 74 Ba St oG E NAFIE . X EERAELY
5 A RIAE i< 5 FRIE— 30 (Whalen et al., 1987; Frost
and Frost, 2011). 5 SHEIAERAM L, L FZH Ak
DIAERR i —55 3 45 0 . A/CNK {1 1.05 1335 X

ST Rk S BUAE A A SR L R T A/CNK R T 1.1 1Y
FFE(Clemens et al., 2011). FF H. P05 SiO, /R H
B SRR DG (R 3) , 5 ik S B4R B LA B s
#(Wu et al., 2003). -5 HAT HHRA = RERFAE 1) 55 53
SIAER AL, R AR Ze e 2 S Er
HAL AR 5 540 S0 TRUAE B A AN TR (/&1 9b) .
E— ZRIVAI R, R T R ST 1
ARIIER A X IR (B 9a~d) . ZEA LA LA A 2E Rl
BRALARFEAENT, F TR TFA RN AR A
HARF AT E A bR B
FE R, TEAS B, B ASAHZS T E Rb i i 2 5 4 St
Eu.P.Ti %70 R WARIE , 5 K %% Bk A 7857
S5 AR RIS L | e A T R A5 A A
IJAIREES, 2010; B H H S, 2017; P&, 2017),
HA RS A M S REERT 89, F iz AR N
BB A SRR W RN WA A 2 O R
45, 2016), MMk B8 A TT R IR A IR 4™
Yo WA EPAMAT AR AR R A S RA
(AR A AR AR AR A8 B S
P, B Wiz A p 43 AR U ) e 4 R 935 0K
I &5 117 B (B G4 452, 2008; Dill, 2015), Sr.Eu.P LA
K Ti % e R 7 RS s ] B AR RHS A B A D
FARAA () R X 8% B B & A T 0 )y B
anVE R T N 9 AH X =5 15 000 AT B s 7R T LR X 4
WP S R S (E k%, 2012), Zr—Hf \Nb
—~Ta %5 0K i T H— B0 MR AL 2217 8 TR A 3L
MG ICER 75— M A J AR & b Ze/HE  Nb/Ta 9 ZUH
— R JC I 2% Ak (Bau, 1996), 1H 24 53¢ i T4 5 1ii
S AR ) W S AR R 5 B A 0K i AR N
(Linnen and Keppler, 2002; 5 4% 04, 2017), H1
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Fig.9 Chemical discrimination diagrams for the Wushijiazi pluton
a, b—1, S, M and A represent I—, S—, M— and A—type granites respectively; a, b, after Whalen et al., 1987; ¢ after Frost and Frost, 2011; the solid line
and dotted line field in figure b and d is from Wu et al.(2017); Huanggang data is after Zhou et al.(2010);Chaoyanggou data is attributed to the
monzogranite facies in this paper and is from Wan et al.(2016)

KA RS A AL 5 AR 2. S B
KAE M A — B IR KA R A —BRIR B =
BEIER AR <7 A0 ) 5 H A A7 Zo/HE Nb/Ta LU AE 2 ¥
FEARA A —E(E 9d) , X LRI 1+ R Tk 4
DI 3 o B 2 SR R ELIG B B AR A I RER B
AT IR AL R S RBER 2 2 B IE AL B A 45
ARRREE R, AL ERE EHE AN TR T
PTG R P 2T T AR o S Ak
A FR T HAK) Nb/Ta HH N 4.41~13.72, -1
B4 9.13, LK T 18 I 75 9% Nb/Ta=17.5+2 { LU 1HL,
1M 5 72 P55 2 %) Nb/Ta HAE (11~12) A1 3T (8 BLAE,

2010); Zr/HE HAE A T 14.25~38.20, “F-3241{H 4 22.04,
[ R 222 G T b 0 (1) Zo/HF HE A (34~60) , T 422 3T T3
FEF-HIME (35.5) (Wedepohl, 1994), & B4 [X 4 i vl
BERIE T M ST iR o afl, AR TFEER SRR
B IE KA 5 A RS AR Y eadt) 2 86 O IE A
(+7.5~+14.3), A F 57209 — B BEB XA (towe =
285~718 Ma), 7 eul®)—t I fift H (K1 10) , B i 1, 42350
T BRI A7 F1 5 45 s 22 [R] 9 2452 05 1L N, T
1 Zeng et al.(2016) 73 BT &l o H K+ KAk
B 1Y end £) 93 A T+6.3~+9.0, [RIREA AR 09 — B
B AR I (fome = 627~800 Ma), [A] i 7 Sr.Nd . Pb
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20 Dol AR B

Sm‘(t)
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30 L
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t/Ma

K10 TR FEOR S B A BRERAE A s A1 1 end )~
<1 it
(4SS LI AR B S LU SRR W B 51 A Yang
et al.,2006)
Fig.10 eud?)—t diagram of the Wushijiazi porphyritic biotite—
bearing syenogranite
(The eastern section of Mongol—Hinggan Orogenic Belt and
Yanshan Fold Belt data is from Yang et al.,2006)

W A L, TR AP ERR S R ABEK
WA ME Bt KA A EA LW e i
(+1.3~+2.1 FlI+1.1~+2.0, Ding et al., 2016) & ’Sr/*Sr
Lt {8 (0.70418~0.70952 F1 0.70293~0.71305, Ding et
al., 2016) Fl4F % (1) Nd 152 20 4F % (795~1020 Ma F11
866~1121 Ma, Ding et al., 2016), 5 K 24214 1 BL 14
L AR AR B Y Sr, Nd RIS Z AR, Rk 1 3
R DX rp AR B2 ) 0 Bk 32 S A (W et al,
2002; 2235 W4, 2014), X 5 1+ R T AR HE [F A
R R —3, L EF AN A+ R e
AR U5 X 0t R A AR T Hiu e 1 A3 s A
ATAIFFE A R X K A Se i aod 85 % 7 i) oty A AR,
AT AEMRIKEE S TS5 Ty i—E
SR TE BT Se IR AE A I (BB 42 4F, 2010), T
FEVE AL B A 1 2P/ Ph 3 K T 15.600, 721 TR
FETUAE 5 7 1) *Pb/™Pb 18 # K T 15.600(J& R 1655,
2010), L +F F AR BRR & B = REIE K AL B A
AR K AE R A B PP H A 4 B R
15.551~15.572 il 15.564~15.596 (Ding et al., 2016),
BRFEMIREIFIE. A TR FBRRTRaE K
AT R B K R R, v RER R IZ A ATE

BB IEY S 5 RS R A AR AT e
JEFHESRRA . BARRRIRIS BEIR B =B IE KA XA
(RIIRM 2 (R e 3 R 45 A b ER 2
TE AR R 23 A DG 2R | RIS 45 G IX el b o
S EE W T F R A A IR IX AR AT e 2 AR R
o 25 LR BT XA b R TR X ) o R ok
R TR T Hre i al , JTFrTREZE T 1 Sleis
KR A FIE R T e IR IR IR, e iR IR S5O
BUG N2 RS S AT TS S R A, e [
ST AR FAERA R

6.2 MIEES

A B <) e e OB K FEE & LY
A€ <1 5t A+ 1 (Loiselle and Wones, 1979), J5 W58 &
A BIRE <A ] DUE 18 LS 285 (Eby, 1992;
RHTCAE, 2007), HHE N A BIE R 2 AR R 2
55 i 2 4 3 1A ] A7 ¢ (Whalen et al., 1987; Eby,
1992; Wu et al., 2002; Li et al., 2007; B /J» # 25,
2009), 244 1 PR ) 1) 18 H B A 2E R R (R AR TT
&, 2007 ; BI/IMESE, 2009) LR ERIE ST
PR —FL A B A B s, RS I K
PEAE B A RRAE , 52 30 DX 3R 11025 A P ol e oA 5
(BB 2245, 1998, 2001a,b, 2002; 54545, 2001 ; Wu
et al., 2002; F 5UM %, 2002; AR5 %, 2003 ; Meng,
2003; Liu et al., 2005 ; Zhang et al., 2006; 5K & % 5%,
2006; Yang et al., 2007; Donskaya et al., 2008 ; Wang
et al., 2011; Zeng et al., 2015; Fu et al., 2016; Wan et
al., 2019) A X} 7 . 7 Rb—(Y+Nb) 44 i PR 458 H1) 51 [
fifr, o R AR K 2 05 A G R 18 <2 DX 5
(1D 1 i FBER R A B E R AL A LT T
wR o R A, R ZUE A TTE RO Y
FRIE, AT B S BOHVE AT 5 Rl 46 A X 3
4 S AL, A i PR S L et — 2D R T R 2
— I S R BF 5 XAk 3 1 30 o 1 R
Pt s,

KOG e B X AE TR AR AR A T 5 2L )
ARG s, RS & T R Kk (R PR R4S,
2010; BEEAF, 2012), SRT, X T X3 P A Qe
IR A B AT = A ) 32 T 55 32 0] 4 o )
2 A R BTNHE A LR = X A5 A i S
o KR BUR TR IR AR B 5 PE R
FINE AR B i 2 5% 5 i [B] g — & e — Rl = F i
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Fig.11 (Y+Nb)-Rb diagram indicating possible tectonic
settings for the Wushijiazi pluton (after Pearce, 1996)
ORG—Ocean Ridge Granites; WPG—Intraplate Granites; VAG—

Volcanic Arc Granites; Syn—COLG—Synchronous-Collision Granites

(Davis et al., 2004; Li et al., 2006; Xiao et al., 2009;
B [E 4, 2011; Xu et al., 2013; X845, 2016), Hii
L5 P e 20 e b A A TT BB /N A3 KA,
2014), =S —MED I, FEH—SPER T AT
) 4= 52 59 T Z03% Wi 1] 5 ((Zonenshain et al., 1990; %
1A, 2005), 117K %42 0 B B X AR A Bk
LA A S SR B Y [ AR 8 U R AR R Y
(Meng,2003; Wang et al., 2006), &4 W55 /R 5 iy
— SR IR AR T AR TR e Al R 5 e — LR AL
FI| B S L] (Tang et al., 2015; Li et al., 2017),
FEAE M AR AR SE BT RIS R B R e R AT
i) % 5t (Meng,, 2003) , PR L IR 25 56 2 07 T R 58l
— SRR IR R G AR R AT X ) s — K G B
BRERW ., HAN, RKENIE RN, o E 7R 5 g
AN S Iy N G 2 e ot R R
(Zhou et al., 2006; Li and Li, 2007; Sun et al., 2007;
Zhang et al., 2010; Shu et al., 2016; & H#£45,2019),
FLARE wh A FH 52 w5 B8 AT 3k 1300 km(Li and Li,
2007), I HHH Tl KE- PEAR PR oy ) e A2 | Al
75 DX S RE) 3 A% S S8 B T DN s ) 4 1) A 4 i
(Zhang et al., 2010). FAF A 0 AR S BT A

A1 B (R H T8 AN I P Y 10, RS 51 1 R >%
B0 1l X AR AR 2L e R B, A UE R T X
W BTz AR A B BG A (Wu et al., 2002; Zeng
etal., 2015;Wan et al., 2019; & 30), it L AL T X K
55 W AR AR B A e A I B B — MR R A
WA WFA W2 & R E & T E X
g Al (BRI XS HETAGE T A A
AR AR AE b A A A 2B T U™ 3 ) 2% 75 S AL
T A BT R AT LA K R RS B U 1 FH A5 4518 —
(B ILAF,2003,2005), B _LIRFHES, HTAXT
DX PN 4 B B 2 L A (PR A 45, 2001 5 AROE S5
2003; Zhang et al., 2006) . 48 it #% %% %+ (Liu et al.,
2005; Yang et al., 2007; Donskaya et al., 2008 ; Wang
et al., 2011 ; Fu et al., 2016) . [ i 4 R0 X 56 22k o A1l
KPR (AR Y 4645, 1998,2001a, b, 2002; 5K
W45 ,2006) S A J2 1 2 b (Meng, 2003) ) AH SC 5T
AR5 7 D e o AR AR S Rl e e sk
o 5 TR, TR A IR T RS i —RL
F A B JE T3k s e AR L PR EE Y S 4 B
B, SRR HAT 5k M AL 5 A DY RRAE , S T R
AR ARBIFE XA R T A R R T 5

XA BR AR T 5T BB SZ 5 — SR K
PR R A AR R R E R 2, 455
DX 3l o 5 SR AP ROR , B A T2
I BT A Rl A e Uk 2 2 i Pl Vi ) A T

EISN=R
HA o

6.3 HIRENX

H AR TR A I T A, X — i)
IR IX Ay 3 1L 3 A s 5%, HL XI844
WHARIER KR E W8 24w B 5 A I (955
WESE, 2015)  [RIET, AR A Q27500 A b3k fb 7 45405 43
AR RIZA R 25 A AR AL CARFEAN I, H b3k
R AR AR L, R 28 5 A i Al M R 2 i —
HEAEH 3N BR A NZEA R, e RAARIR
R IR Ay S AL R R A m IS I — A A BRI
W2 B A AT RERCAH B A AR R — 2 R A A (A
1L, 2003),

B 5 CAFE(2005) 5 R T, 140 Ma /247 K
DL B ML X 8 22 4 T L R A [T Gk —
ISR AR B i N ) v S, 28 8 O3 S Ak T T
TRARAR AL AL 5 T IR 5 2 X 8 S i
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FHEN R, D EARZ(2000) AR 1, PR AAE ]
G RMZWE FHW RN R Z S @ IR
P I b F 250~220 Ma & 150~130 Ma 5, Ho b
PL150~130 Ma X — I F i h i . K
T A WIE T B R 2 — 1t o s it S
XIS IR AR— 2, X 8k - SR8 TR A 4R
B b P —H BRIR I g A2 4R Sn—Cu 2 42 J&@ 145
(Ouyang et al., 2015),

16 53 0T 9% 1 R B 45 o o S 48 4 % P A A
NI TCE M5 %43 (41 Sn W Li,Be .Cs.F.B)
(Romer and Kroner, 2016), 58} £ 4 J& i FH & 1)
A6 543 2 38 5 BT = B A S AR R R AE (BT A AR,
2012; RAEICE, 2017), 3 AR Z B L & B0 IRE
B A5 i A 50 T Mo By 5 i 3 A ¢ (Kontak
and Clark, 2002), i FZH AR RRAAELE,
HAEAE SR ARKS RS ARKA AL
F AR A RS SRR SR T
R SRR AR R EA B S AL B B 5 A 2 U
(Bakker and Elburg, 2006; Dill, 2015), 25 & 1l 3 3 .
P T HT 25 5, AT T T A 2 A 2 R R
2 b3 R A s AR R o S AL R AR o AE Zo/HE
~Nb/Ta [l fif 1 R i RS SUL P20 T8
JE 4 S48 S DX (1 9d) , FLAFRGH LB BEBEIR 25 24
SRR AR, BRR S B B E K AR A RBER
BAMIERAR A M P REER ., L TXET
16 A R P TS 5t TR W A TR R A R T
TN T BEWR PR thE— L A s — 5 20 B
() iU (E 45, 2002), HUs A i HA Fe iR
AR B S A BRI VR AR N SRR, A T T
RWEH E RO T RAFSME IR S X
- MR 2 4 R U R DG A I AR (AN ZE R 4T
P12 T RN 88 B R M T ER T2 R R A 1 22
AL Z AL (R HRAE AR, 20105 BLHT A SE, 20165 BEA5F,
2017), &8 24 @ B A 1 i {4k

HARTARBRMN DB — AN EEWNE
WA BT A Z A0 IR () A iR 0
RN TG MRS RIS R S
B R BT R EVEAR T LA RN T R
FO, Akh kSR A RAE TR Rk EFE
ARV A B AR 5 B 20 )2 A9 32 B A7
(1), B e B . Ik, AR AT

RH B T R o 2 B ik 7 HAT Y 4R
RS

7 %5 B

(1) AR5 1F LA-ICP-MS %5 47 U—Pb [E] {17
RIMAE T AR LR AR R SR
KAb A FOR S B A ER AR S SRR
1ERKAE B A A 04 20 1) J2(150.3+1.3) Ma, (145.9+1.8)
Ma, (137.1£2.2) Ma, i] FHZ AR N IR P h—F
LAY

(2) AT M ERAL 2E A WP SR B R T+ AR I
FA SR AT SRR R RS TS VBE KL
Rb M %% 7 461 Sr.Eu P Ti % JC &K FUEHE , JEBE |
HEAR P55 1L B 0T A BUAE A 85 A HE R R ST
SRR, B R TR R AR X =2 AR T
5o, P ATREA IR A KNS5,

(3) AT H TR A I 8 T 1 5 1 e 1
IS RTE soh 2T ST RE 2 5 T — R
R R NS e iaf ex NPV H 4 8

(4)ZARRCA RS KRB 2 48 i i
P—F, I BA R A R 1 5 53 5 R AR 3 T
54 G IR S o3 A R R 25 G IF T i s HE
RIRE M) 2 4 Ja W () R SR

gt H AR TR AER T s R R
HRAEETA FRARETRIFN A LFRH
B ENAAR RS XBEE IR PGSR T my -
WA R A MR R B i § 2B T
FERETARI VY RFREERR I EFIIES
KER R AR FRER TR XRETERS
MERENL, FAXEmTEE, Eh—HZUEE
B R 34T

R
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