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Early Jurassic granitic magmatism in Xingcheng area, western Liaoning
Province: Magmatic response to the subduction of paleo-Pacific plate in
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Abstract: The large-scale tectono-magmatism and mineralization during Mesozoic in eastern North China Craton re-
sulted from the subduction of paleo-Pacific plate, although the starting time of subduction is still in dispute. In this

study, the granitoids from Yaowangmiao-Mopan Mountain pluton in Xingcheng area, western Liaoning Province, were
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taken for systematic researches, including petrology, zircon U-Pb dating, geochemistry and zircon Hf isotopic anal-
ysis. Magmatic zircons yielded weighted mean ages of 193 Ma and 186 Ma, so the Yaowangmiao-Mopan Mountain
pluton was emplaced during Early Jurassic. The granitic rocks are composed of quartz monzonite, granodiorite,
monzogranite and syenogranite. All of these rocks have high total alkalis content and quasi-aluminous to weakly per-
aluminous characteristics, belonging to the high-K calc-alkaline series with geochemical characteristics similar to
those of I-type granite. These rocks are enriched in LREE and K, Pb and depleted in Nb, Ta, Ti and P. The
magmatic zircons of the Early Jurassic granitoids have negative ¢Hf(¢) (=12.94~-7.39) and ancient ¢, values
(2.05~1.69 Ga) which indicates that the primary magma was derived from the partial melting of ancient continen-
tal crust probably with the mixture of mantle source materials. The Early Jurassic granitic rocks in Xingcheng area
of western Liaoning Province have rock assemblages and geochemical characteristics similar to the granitoids formed
under the active continental margin related to the subduction of paleo-Pacific plate. The results in this study and re-
gional geological data all indicate that the subduction of paleo-Pacific plate began during Late Triassic-Early Juras-
sic, and the Early Jurassic granitic magmatism resulted from the response to the subduction of paleo-Pacific plate in
eastern North China Craton.

Key words: granitoids; Early Jurassic; subduction of paleo-Pacific plate; eastern North China Craton; Xingcheng
area, western Liaoning Province
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Fig. 3 Cathodoluminescence (CL) images of zircon grains of Yaowangmiao-Mopan Mountain granitoids
STWH1050 b STTW.S Lot 2OPb/ U P e
0.032 | 0.032 1 19341 Ma, n=23
MSWD=3. 30
00 pb/ B UMBLT
1862 Ma, n=25
MSWD=0.12 0.031
2 0030} -
E £ 0030}
il WLy
| 0.029} A Ll et
i e AL
0.028 L
0.026 MEE— . P S
2
0.10 0.14 0.18 0.22 0.26 0.30 0.1 0.2 o T 04

W07y, /235

K4 25T RILAE R BUA A 847 U-Pb ARIE IR B A 470

Fig. 4 LA-ICP-MS magmatic zircon U-Pb concordia diagrams and dating results of the Yaowangmiao-Mopan Mountain granitoids
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Table 2 Major(w,/ %) and trace element(w,/107*) compositions for Yaowangmiao-Mopan Mountain granitoids in

Xingcheng area, western Liaoning Province

s WH1030 WHI1032 WH1033 WH1049 STWH1050 STTW. 5
ey BARfNAREZRKSA HRNKA TRRE  BaANCKERSE  RKIERE IERIERE
Si0, 61.55 68.09 66. 67 65.50 65. 44 67.52
Tio, 0.91 0. 46 0.42 0.53 0.53 0.39
Al 0, 16.73 14.96 14.72 16.13 16.99 15.91
Fe,0, 2.49 1.41 1.54 1.57 2.06 1.55
FeO 2.83 2.09 1.50 2.10 1.38 1.07
Ca0 3.34 2.34 2.41 1.89 2.12 2.45
MgO 1.73 1.16 0.79 1.08 1.01 0.70
MnO 0.15 0.09 0.08 0.15 0.11 0.05
K,0 3.71 4.04 3.66 4.89 4.36 3.41
Na, O 5.07 4.20 4.57 4.92 5.25 4.46
P,0; 0.39 0.20 0.17 0.21 0.20 0.14
LOI 0.95 1.05 3.95 1.05 0.70 2.14
Total 99. 85 100. 09 100. 48 100. 02 100. 15 99.79
FeO" 5.13 3.39 2.99 3.55 3.25 2.52
Na, 0+K,0 8.78 8.24 8.23 9.81 9.61 7.87
Mg* 37.82 38.11 32.80 35. 40 35.77 33. 60
AR 2.56 2.82 2.85 3.39 3.02 2.50
o 4.10 2.69 2.79 4.24 4.09 2.48
A/NK 1.35 1.33 1.28 1.20 1.27 1.44
A/CNK 0.91 0.96 0.93 0.96 0.99 1.03
DI 74.37 81.32 83.22 83.71 82.87 81.96
La 37.70 21.10 39. 40 17.30 25.70 46.23
Ce 88.70 48. 60 72.20 40.30 44.80 79.82
Pr 10. 00 4.76 7.04 4.89 6.07 8.30
Nd 38.20 17.10 23.10 19. 10 22.30 29.37
Sm 6.69 3.00 3.47 3.63 3.88 4.30
Eu 1.90 0.93 0.99 1.17 1.21 1.35
Gd 5.27 2.46 2.93 2.83 3.33 4.45
Th 0.82 0.38 0.43 0.46 0.51 0.50
Dy 4.58 2.22 2.41 2.78 2.76 2.39
Ho 0.89 0.44 0.46 0.54 0.56 0.45
Er 2.45 1.30 1.36 1.54 1.65 1.47
Tm 0.37 0.21 0.22 0.25 0.26 0.20
Yb 2.45 1. 60 1.56 1.77 1.81 1.37
Lu 0.39 0.26 0.26 0. 30 0.32 0.21
Y 22.20 12.20 12.20 13. 60 15. 00 12. 61
La/Yh 15.39 13.19 25.26 9.77 14.20 33.70
S REE 200. 41 104. 36 155.83 96. 86 115.16 180. 41
LREE 183.19 95.49 146. 20 86. 39 103. 96 169. 37
HREE 17.22 8.87 9.63 10. 47 11.20 11.04
LREE/HREE 10. 64 10.77 15.18 8.25 9.28 15.34
(La/Yb) y 10.37 8. 89 17. 03 6.59 9.57 22.72
(La/Sm) y 3.54 4.42 7.14 3.00 4.17 6.77
(Gd/Yb) y 1.74 1.24 1.52 1.29 1.48 2.62
SEu 0.98 1.05 0.95 1.12 1.03 0.95
Cu 11.70 5.78 10. 00 12.70 10. 60 3.70
Pb 24.60 10. 40 8.99 22.50 29.00 12.70
Zn 53.70 19.20 20. 60 40.30 77.10 28.20
Cr 8.09 6.08 8.01 5.47 6.28 5.70
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Continued Table 2
K5 WH1030 WH1032 WH1033 WH1049 STWH1050 STTW. 5
Fonis RBofiNAE KA ERNKSA TRAENKA BN RKERAE KNS ERAER A
Ni 3.96 4.82 5.95 4.01 2.38 -
Co 7.85 6.26 5.56 4.34 4.67 -
Rb 71.10 93.00 83.50 96. 50 89. 00 84.00
Cs 1.94 2.32 4.65 2.95 - -
Sr 565. 00 423.00 484. 00 396. 00 434. 00 563. 00
Ba 1 170. 00 787.00 758. 00 1 040. 00 1 180. 00 873.00
A\ 72.10 48.70 40.90 42.10 42.50 -
Se 9.50 7.40 7.20 3.20 10. 60 -
Nb 13.80 10. 60 9.11 14. 00 16. 20 10. 30
Ta 0.84 1.10 0.89 1.05 0.94 0.79
Ir 189. 00 161. 00 150. 00 243.00 296. 00 122.00
Hf 4.70 4. 60 4.32 6.39 7.18 1.90
Ga 18. 00 14. 60 14.90 16. 30 17.20 -
U 0.78 0. 80 0.88 0.80 0.99 1.21
Th 5.62 5.80 6.36 4.13 4. 44 5.05
St/Y 25.45 34. 67 39. 67 29. 12 28.93 44. 65
a R RO e o i o
O MHEFMCEA LY NERT, 2018; BIEET, 2020)
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w(Si0,)/ % Ww(Si0,)/%
F 5 BRIV X FAAR P AR A S TAS EIf# (a, #i Ivine and Baragar, 1971) H1 K,0 - Si0, FElf#E (b, ##i Peccerillo

and Taylor, 1976)

Fig. 5 TAS (a, modified after Irvine and Baragar, 1971) and K,0 —SiO,(b, modified after Peccerillo and Taylor, 1976)

diagrams of the intruded rocks in east Hebei Province and west Liaoning Province

¥ 5 3AH EAE ) (Bolhar et al. , 2008) , L Fi24 ¥ Jii
—JE B L LR S AR B e e R B A B
AEXS A — 19 1 [ R A [ eHf (1) = —12. 94 ~
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2a) IR RERR GV 50 R, o 8 i A
ik, [F Iy AT ARLES ShZh A8 (MBS HOA 25 ) R W
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(Vernon, 1984; BAf‘E, 2013) , X SLHR I AT 7
PR AL 5 A A0 A 2R R S A R v T B e
BYRM2S, B Ted s hm i 7e s Nb Ta, Ti
T EBAK(Gao, 1998) , A SCHAFE S 71 Nb Ta Ti
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Fig. 6 Chondrite-normalized REE diagram (a, chondrite-normalized values after Boynton, 1984) and primitive mantle-normalized
trace elements spider diagram (b, primitive mantle-normalized values after Sun and McDonough, 1989) of the intruded rocks in east

Hebei Province and west Liaoning Province (legends as for Fig. 5)

R3 UAMEMMRAGEIHE ER&LERRERER Hf ALENIKSHER

Table 3 Zircon Hf isotopic data for Yaowangmiao-Mopan Mountain granitoids in Xingcheng area, western Liaoning Province

S S AER/Ma TSYL/TTHE TOLw/'THE TOHE! 20 eHIf (1) 20 tomi Loz Srwne
STWH1050-1 186 0.051 175  0.001 503 0.282409  0.000 022 -8.92 0.78 1 206 1795 -0.95
STWH1050-2 186 0.052796  0.001 415  0.282374 0.000 023 -10.18 0.80 1254 1875 -0.96
STWH1050-3 186 0.038 892 ~ 0.001 050  0.282323  0.000024 -11.91 0.85 1313 1984 -0.97
STWH1050-4 186 0.065 690  0.001 679  0.282392  0.000 025 -9.56  0.88 1237 1 836 -0.95
STWH1050-6 186 0.042298  0.001 263  0.282416  0.000 026 -8.65 0.93 1189 1778 -0.96
STWH1050-7 186 0.054 174  0.001 668  0.282340  0.000 021 ~-11.41 0.75 1311 1952 -0.95
STWH1050-9 186 0.054 908  0.001 768  0.282382  0.000 022 -9.94  0.77 1255 1859 -0.95
STWH1050-13 186 0.049 710  0.001 533  0.282453  0.000 026 -7.39  0.93 1 146 1 698 -0.95
STWH1050-14 186 0.060 062  0.001 716  0.282342  0.000 022 -11.34 0.78 1310 1948 -0.95
STWH1050-16 186 0.047 526  0.001 480  0.282367  0.000 022 -10.41 0.79 1266 1 889 -0.96
STWH1050-17 186 0.049 198  0.001 350  0.282307  0.000 023 -12.51  0.82 1 346 2022 -0.96
STWH1050-18 186 0.052 057  0.001 420  0.282393  0.000022 -9.50 0.76 1228 1 832 -0.96
STWH1050-19 186 0.054 722  0.001 516  0.282341  0.000 024 -11.33 0.83 1 304 1 948 -0.95
STWH1050-21 186 0.040 902  0.001 085  0.282426  0.000 027 -8.28  0.95 1170 1 754 -0.97
STWH1050-22 186 0.051304 0.001269 0.282369  0.000027 -10.32 0.95 1 256 1 884 -0.96
STWH1050-23 186 0.043290  0.001 128  0.282333  0.000 027 ~-11.57 0.96 1302 1963 -0.97
STWH1050-24 186 0.046 071  0.001 127  0.282364  0.000 029 -10.48 1.03 1258 1 894 -0.97
STTW.5-2 193 0.042 908  0.001 187  0.282366  0.000 023 -10.28 0.81 1257 1 886 -0.96
STTW. 5-3 193 0.045737  0.001 261  0.282369  0.000 020 -10.19 0.72 1256 1 880 -0.96
STTW. 5-4 193 0.042 982  0.001 203  0.282347  0.000 023 -10.97 0.83 1285 1929 -0.96
STTW. 5-5 193 0.038359  0.001 029  0.282378  0.000 018 -9.85 0.65 1236 1 859 -0.97
STTW. 5-7 193 0.046 894  0.001 246  0.282291  0.000 021 -12.94 0.74 1365 2 054 -0.96
STTW. 5-8 193 0.043942  0.001 191  0.282335 0.000022 -11.40 0.76 1302 1 956 -0.96
STTW. 5-9 193 0.046 597  0.001 230  0.282432  0.000 023 -7.96 0.83 1166 1739 -0.96
STTW. 5-10 193 0.042 341  0.001 139  0.282387  0.000026 -9.52 0.93 1226 1 838 -0.97
STTW. 5-11 193 0.048 024  0.001 350  0.282434  0.000 022 -7.91 0.78 1167 1736 -0.96
STTW. 5-13 193 0.064 104  0.001 641  0.282339  0.000 024 -11.31 0.84 1312 1951 -0.95
STTW. 5-14 193 0.047 972  0.001 385  0.282334  0.000021 -11.45 0.73 1310 1 959 -0.96
STTW. 5-15 193 0.029 701  0.000 897  0.282355  0.000 023 -10.62 0.83 1263 1907 -0.97
STTW. 5-16 193 0.062 891  0.001 892  0.282421  0.000 024 -8.42  0.84 1202 1768 -0.94
STTW.5-17 193 0.045917  0.001 399  0.282391  0.000 020 -9.43 0.71 1229 1832 -0.96
STTW. 5-18 193 0.036 525  0.001 080  0.282 410 0.000023 -8.72 0.81 1192 1787 -0.97
STTW. 5-19 193 0.028 815  0.000917  0.282435 0.000024 -7.82 0.84 1152 1 730 -0.97
STTW. 5-21 193 0.042 524  0.001 273 0.282412  0.000 022 -8.67 0.79 1195 1784 -0.96
STTW. 5-22 193 0.048 952 0.001 458  0.282420  0.000 024 -8.40  0.86 1 190 1767 -0.96
STTW. 5-23 193 0.043 718  0.001 183  0.282396  0.000 024 -9.22  0.85 1215 1819 -0.96
STTW. 5-24 193 0.042518  0.001 172 0.282318  0.000 023 -11.98 0.81 1324 1993 -0.96
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Fig. 7 The discrimination diagrams of the intruded rocks in east Hebei Province and west Liaoning Province (after Whalen et al. ,

1987; legends as for Fig. 5)
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Fig. 8 The magma source discrimination diagrams of the intrusive rocks in east Hebei Province and west Liaoning Province (a after

Sheppard et al. , 2001; b after Wang et al. , 2007 ; legends as for Fig. 5)
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Fig. 9 Hf isotopic characteristics of the Yaowangmiao-Mopan Mountain granitoids (a and b modified after Yang et al. , 2006;
¢ and d modified after Wu et al. , 2007)

JEFITETT SR (IR 225, 2010) , RIS G 25 B =
B T LA vy S P ) 15 Y A AT14% - 5 P KB R AR
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i EE TR 67 3R R AR R AR AE AR ol 48 e B vh 52y b
U R e o 2R AR A RS B 5 R A S A
T 5 52 iy — SRR IR s PR i A G (FE A,
20165 Li et al. , 2017) , Hrp FARD K BUATE T
S TSI PR B N AR T A M A e T T
SNt AR TS 5, AR SR b DX i) il AR 3G v
M X FR B IS A B S8R i IR 8T ~ 185
Ma B A6 B A A (JEZAS,2016) BER ALY 5 A 44
(NKAE-RIERAE-ERKERSA), eHf (1) 1E
(1=193 Ma/186 Ma) 4 F-12. 94~ -7.39 Z [a] , Mi%i
IR A AR AL R BUA A eHE (¢) o +2. 8
~+11.6, =3 Hf [F 2 4 B B oA, If HAedL e
Pl I G RR P 5 K E B+ 155 ( Zhang et al.
2014) , AR WA MR ETS SIS A BUAE

b 2 B W S IR A A A X S R B AR b
P LR I [R5 AR G & 5 55 SR
R R A BTG

At P AR R R B SRR S s
AXTFAL AR AR 2 1 e L 30 7 Ml X AR 3 @R A /D
HERRP IS (P REE,2013) , Hor At o
WALG AR BUT R R 2 42 (180~ 156 Ma) 1 #IfE
b A IR AE B A, TR T ik S 5 B HOE it 72
o 88 Y BT AR PRI R A 3 35 5 R (W
et al. , 2005) . KA (2014) L5 WEFE LA YT G 4E
HEE SR PN S EE SIS N S T8-S/ ST E /M S
FEOY BT U R OT 4 A 1 B R AR B
(180~155 Ma) , 1L PU24Ik 2 T )i 3 L 4K <) o
R EB AR AT KA RNK A K AE
B B AR A, A A HLA AR 55 1 AR TR AE
FAAMERILEARAE S T BIAE G A 250, 8 T = 4
e R, Ho LA A M ER A 2 R AR 28 L 0



552

BEIFAREE  TL VY X ORI A e 5 3 B —— e S B AR oty TP ORF b A1 £ i o

283

SRR GAL R 7 A A R 5 Nb Ta Ti % 55
SRICE, B 7R HOE BT B8 5 0 i A5 ¢ (Kelemen et
al. , 1990; Stolz et al. , 1996) ; 7£(Sr/Y)—Y Fl(La+
Yb) — Yb, Elffrhig ARIA a5 4 IUE K S
AT X ([ 10) , 2B PR AL 5
T BN K A 15 5 5T B R S0 R DG 3 B
jd%iﬁ_%%o RS [lf; ZARAC A 9T /R 3V i X AR
M HBAE B A A TE T 190 ~ 150 Ma, 17 746 L 48 45 A7
?ﬁéﬁfz%mfﬂzfﬁﬁﬂaﬁifxu? 150 ~ 140 Ma( Da-

AR B vl ST W ) 36 A 28 A SG T e 1L 8] NNE [
PG AT 2 Ry ol ISP PEAR AR R AR T A 45 2R OB 0,
2012) ;i KRR s haE A< R A IR e 2 =
L P b X A L RO AR T B4R 5 5 T8 R Dt
(Liang et al. , 2015) ; 2 FJH-FEE ALK TS A B
A S CTE S R AL K E R & A H A
A A HLER L 22 R AL, B A AR (R 2 NE ) Jé A
(K 1e) , 5 FEAR s Jé A I 1) A — 2, DR R

A REIE Tty A PRIRF b A S B0 1 3l ki G 4 3
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Fig. 10 The petrogenesis diagrams of the intrusive rocks in east Hebei Province and west Liaoning Province (after Whalen et al. ,

1987; legends as for Fig. 5)
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