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Abstract: The West Liaoning Province is located in the eastern part of the Yanshan orogenic belt, with large-scale Mesozoic
volcanic-sedimentary basins. It is critical to study the transformation of the Yanshan movement tectonic regime, lithosphere
thinning and craton destruction during the Mesozoic. In this paper it conducts a comprehensive study of the Late Jurassic volcanic
rocks exposed in the Sierbao-Baita basin in West Liaoning from the aspects of the perspectives of petrography, zircon U-Pb
chronology, geochemistry and zircon Hf isotopic composition, so as to determine the age of their formation, petrogenesis and
tectonic setting, discusses the time of the subduction and rollback of the Paleo-Pacific plate to the eastern North China craton
during the Late Mesozoic, which provides a reliable geological basis for further understanding the geodynamic mechanism of the
Yanshan movement and Yanshanian magmatism. The formation age of the rhyolite exposed in the basin is 153.8—160.3 Ma,
spatially distributed in NE direction, with high Si0,, Al,O, and total-alkali contents, showing the characteristics of metaluminous-
peraluminous and high-K calc-alkaline. The samples are relatively enriched in large ion lithophile elements (LILEs: Rb, Ba, Pb,
K) and light rare earth elements (LREEs), depleted in high field strength elements (HFSEs: Nb, Ta, P, Ti) and heavy rare earth
elements (HREESs), with obvious Eu negative anomaly and low Cr, Co, Ni contents. Combined with the magmatic origin zircons
exhibit negative g;(¢7) value (—17.8 to —23.2) and old Hf isotopic two-stage model age (T,,=2 334—2 697 Ma), all suggest that
the primary magma may have originated from the partial melting of the Archaean or Proterozoic ancient lower crust. The Late
Jurassic magmatism and tectonic movement in the West Liaoning Province were controlled by the subduction and rollback of the
paleo-Pacific plate. The rhyolite in the Sierbao-Baita basin was formed in the NW direction compression tectonic setting caused by
the subduction of the paleo-Pacific plate. At the same time, there are also a large number of metamorphic core complexes and
extensional basins closely related to the rollback of the paleo-Pacific plate in the West Liaoning Province, suggesting the existence
of an extensional regime in this region. Therefore, it hold that the tectonic regime of the Yanshan-West Liaoning area gradually
changed from compression regime to extension regime in the Late Jurassic, which is a response to Yanshan movement.

Key words: Yanshan movement; zircon U-Pb age; North China craton; West Liaoning; paleo-Pacific plate; petrology; tectonics.
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Fig.1 Simplified map showing the tectonic subdivisions of the North China craton and the distribution of the basement rocks

(modified after Zhao et al., 2005)
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Table 1 Major (%) and trace (10 °) element compositions for Late Jurassic rhyolites in Sierbao-Baita basin, West

Liaoning Province

R S4013 S4017 S4038 S4047 S4049 S4073 S7038-1
e WU
Si0, 75.95 75.53 76.01 76.10 75.79 75.68 75.58
TiO, 0.14 0.14 0.14 0.14 0.14 0.14 0.14
ALO, 12.85 12.92 12.84 12.86 12.90 13.05 12.94
TFeO 0.97 1.45 1.02 1.20 1.15 1.08 0.98
MnO <20.02 0.03 0.04 0.02 0.03 0.03 0.01
MgO <20.20 <<0.20 <<0.20 <20.20 <20.20 0.17 0.17
CaO 0.52 0.51 0.55 0.41 0.58 0.36 0.33
Na,O 3.65 3.64 3.50 3.67 3.79 3.42 3.44
K,O 5.29 5.31 5.36 5.01 5.25 5.49 5.35
P,O; 0.02 0.02 0.02 0.02 0.02 0.03 0.02
LOI 0.67 0.72 0.56 0.71 0.30 0.72 0.96
Total 100.16 100.43 100.15 100.28 100.08 100.28 99.94
A/NK 1.10 1.10 1.11 1.12 1.08 1.13 1.13
A/CNK 1.01 1.02 1.02 1.05 0.99 1.07 1.07
X 8.94 8.95 8.86 8.68 9.04 8.91 8.79
K,0/Na,0 1.45 1.46 1.53 1.37 1.39 1.61 1.56
Cr 4.89 5.29 4.48 5.79 5.98 4.98 3.28
N1 1.76 3.33 2.61 1.23 1.61 1.10 0.81
Sc 1.69 1.44 1.63 1.50 1.46 1.27 1.81
Co 0.79 1.14 0.93 0.55 0.73 0.62
\Y 11.99 13.84 11.03 12.64 11.67 12.53
Ba 606.27 594.41 537.29 631.37 691.95 570.99 582.63
Rb 167.66 170.61 174.84 156.09 171.53 178.99 196.50
Th 12.69 11.82 12.94 13.57 12.48 13.10 14.82
U 1.26 1.68 1.54 1.38 2.45 1.55 1.72
Nb 14.32 14.38 14.54 13.78 13.91 14.63 15.19
Ta 1.19 1.16 1.31 1.16 1.37 1.19 1.32
Sr 94.32 95.12 95.09 153.05 107.18 118.85 178.30
Zr 97.45 99.51 98.31 94.96 98.54 98.08 95.56
Hf 4.25 4.77 6.25 5.24 4.41 5.75 5.44
Y 6.28 3.67 5.40 6.27 4.37 7.03 5.98
Pb 15.84 14.72 26.22 10.67 19.51 22.72 13.20
Ga 16.04 15.59 15.66 13.80 15.46 15.38 15.77
Cs 1.62 1.94 2.16 1.46 2.02 2.02 16.80
La 25.49 11.98 22.46 27.91 12.27 28.93 31.10
Ce 55.12 31.77 64.84 47.49 34.99 66.65 58.17
Pr 5.10 2.36 4.46 5.41 2.24 5.34 5.77
Nd 15.67 7.14 13.78 16.56 7.00 16.17 15.66
Sm 2.20 1.05 2.05 2.44 1.11 2.33 1.92
Eu 0.44 0.29 0.42 0.46 0.42 0.46 0.34
Gd 2.08 0.97 1.98 2.22 1.09 2.31 1.94
Tb 0.24 0.11 0.22 0.24 0.14 0.25 0.23
Dy 1.23 0.68 1.09 1.16 0.83 1.25 1.12
Ho 0.25 0.15 0.22 0.23 0.18 0.25 0.23

Er 0.81 0.54 0.73 0.75 0.64 0.82 0.72
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Ce/Pb 3.48 2.16 2.47 4.45 1.79 2.93 4.41
Nb/Ta 12.03 12.40 11.10 11.88 10.15 12.29 11.51
Sr/Y 15.03 25.88 17.61 24.40 24.53 16.91 29.82
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1 10 R OB & b 4 R K (X REE=
58.10X 10 °~126.10X10"°) , 78 Bk A7 Bt A1 b o A 7
e E B4 B (& 6b) i 4 o0 R e o B =R R
i, % & W - 43 i b % (X LREE/Y HREE =
14.26~20.84; (La/Yb)\=8.66~22.43) , % Hi + It

FEE,EMEIUE T8 B S4049 Bom B 51
EuiE 5 % 4h (OEu=1.15) , HAxHE 50 34 0 11 1 19 Eu
it 5 H (8Eu=0.53~0.86) . 7 fif & 70 & 41 a1 (&
6a) , Uit 8L AF il AR O AR R 2 1 LR (LILEs:
Rb.Ba.,Pb K %), ifii # %f 7 it Nb, Ta.Sr.P.Ti%
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F i8It K (HFSEs).
43 HfEfIEHEMK

A IO X W 5E X3 M U 8L A (S4047, S4049,
S4073) K dih th R A 8 A HEAT TR HIE R 2R A
S3AT, Dt SR DL 2.

31 I B0 RE BB AT Ph/U AR IS BOR 25 5
B3 HOW A7 2 5 A A LAY Hb 3R Ak 2% REAE . FE &
S4047 (1=159 Ma) H {8 3K 45 & 4F % /Y 10 90 &%
o HE/TTHE G R 0.282 055~0.282 176, L H: 45
M T B AR B e (O —22.3~—17.8, K
B SAE & (Tow) A T 2 334~2 610 Ma. ¥ i
S4049 H 14 FA F A A 45 AR IR (/=160 Ma) 14
IR OHE/THE FUAE R 0.282 008~0.282 131,
e (1) =—21.7~—19.4, T,,,—2 430~2 697 Ma. £
i S4073(1=154 Ma) " 10 iz 28 m R 4% " HI/ " THIT
F 1 A 0.282 030~0.282 148, LA H: 45 Fy 4R I8 3 15
# ey (1)=—23.2~—18.8, Tiyu=2 391~2 663 Ma.

5 it

51 XNLERBERHA

et S PLIE S I 2 B T U R B 5
T — TR P v VR A 3 Bl S KT VE A B B AH B
EH S FEAR AL b e 1 — L P X A F T K TH
B a e, 0F B 2 0 1 — 5 K05 3 & iy 4y
i (Gao et al., 2004; H 5% , 2013; Song et al.,
2021). i 88 B KHAR v A= AR Ll ar &) 43k 4 30
LR (% B I 41 B 08 ) (e Pk 2 i (O i
M E =LA e CCEIE sk K 1) A
E I (R % ) (Yang and Li, 2008; L5 ,
2013). Horp e AR 2t R M O AR A A S
DI 2 R DR 0 &2 Bl DL b i ok
Wi s 5 o ER T A 08 S — 3 Il A A s L
& — S

SFILEE — AR A RO R A, F
R R E M A Kl A (LT e
JRy, 1989) AR A Y ik 1 20 1) BT A1 b 5T 8 A5 RS A
U-Pb [A 47 2R AE A 00 M K B2 N B P E A A
B3 Y Ll RER A Ll 0 BT I R 2 i
AR5 225 L CRE T ) 20 K A T 1 S ok
LU AAE 7 b R 2 i 2 Ll — 2 e i X R L AR RO
F b N BT T S B Y 344 T SO R AT RS A
U-Pb AE AR 40 Br , B v B A BORC 1 522 OB — 2
H B ARLCIR SO IR & B A B0 5 K R O A

Th/U HAE (0.03~3.23) 5 &, B n 85 A 5 3K
I, 28 R U-Ph [a] 4 28 03K 20 B 45 21 19 4F i
BIAy 1L 25 1 445 A 1, P25 S B R 11 3 b DX 4L
AT T 153.8~160.3 Ma, BB 4k 2 {1 . e 4h , 75 BF
SAFT L ZE XA FE W THAD SRS BRA 3
BRI GEMOC R KL A& A Ok 2 Y
BE IR 2 S e A A B, A SCIA S 1% ok %
J AR il s S X E Bk B R k1l
RUIE B 5T 7 A 45 A AR I AR — B0 (D 5 RS
-, 2009; 48RS, 2020).
52 =AKERIERXSE

2 o e 2 B S A HLL R A7 2 4 B AR T
RO XM SR A T T B30V b X R 2 A R
KOl B B Y SIO, ALO, FILA Bl & B R Y
MgO(<<0.20%) .Cr.Co . Nif & (Cr,.Co NiF#
5 4.96X10 °.0.79X10 °,1.78X10 %), 45 5 1% Ce/
Pb A (1.79~4.45) , Ui W 55 3 62 U5 T M 52 ) o 1 356
S35 @k (Zhang ez al., 2018). "1 45 fi ¥ A9 Th U ., Sr
FTHRMK.PoIESH &P . Tifi 2%, BRE SR
EF I RE Az T B IR AE A (S
98, 2013). VB B T FRAS BME R A, BOR MESR
i — 2L AR T RRAE R B F 3 A1t R (LILEs: Rb . Ba,
Pb K %5 ) fle i + 0 £ (LREEs) X} & 4£ , i 54
JG % (HFSEs: Nb,Ta,Sr. P, Ti %) fl & # + o€ %
(HREEs) # X} =7t , 3 B4 Euft % . Sr 85 1E 5%
o TG 5 B R AL I R A RGR TR T IR R TR B AT
A el R b MR S IR SCH R E W
O b 4 ((La/Yb) (=8.66~22.43 ; X LREE/
> HREE=14.26~20.84) , # + o0 £ & & A &
(58.10X10 “7126.10>X 10 °) , BA t A% F* W] B 499 A1 v
Bk AL 7 Ml DX R 2 P Ll s
R RIR T A B GRS
i+ J0 S I8 = 1) MgO(>1.00%) . Sr( >
400X 10°°) & i, — M 2 B R B 8 (%) Eu £ 5% % 1§
H A EulE % % (Yang and Li, 2008; 5, 2013).
D5 U, e O 25 O S0 AN T RE R R R R B
S5 SR PR AR AWE G P BRAE A S4049 b, AR FE i
IR BN Euft 55, A K Sr & & TifiE
i+ J0 & 5 A4 5, Ex Al Dy 22 0] B4 W W il 28
PESE R (B 7a) , KL D7 T RH AR A N A1 45
B SR AR K1l Rb/Y —Nb/Y [ fig b (&
Tb) WS FLA T 4 R R R ) e A U B R
PRI RG 22 D7 BT Sk 9 0 ok R L S 0TI LR
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A SHINAED R B LS mAER Y &

WA A & % Rb Ba K% KB 7 ALK,
TH#INb. Ta . Ti. Th U &t s , W 219 Pb ik
S M PSR 45 A5 K Nb/Taff (10.2~12.4; 7
b 5e{H M 115 Sun and McDonough, 1989) , i 7
HVR X AT RE Aol & 0 T H A, X 7E 80U B A H TR
P E A R (E 8). B8R 3 1F i B0 B b i
AT AE WA WA AS ), (0 L HE R4 25 B A 1B A Bk
b 2F R AE 4% BT W B e (0 (—17.8~
—23.2) Al & 1 HIR A R B BB AR I (Thov=
2 334~2 699 Ma) , 5 X 3 I op iR o4 k111 25 A AE

JoT A R ARL , X 26 B S e AR I () 7 3% R A (5 i
HHEF, 2009; k4, 2013; IS, 20205 fE
HAEAE, 2020) . A YA 5E 45 R AE HI R A7 28 A G &
il 43 I E A 2.5 Ga b 72 T AL 26 AL R M52 IX 3 Y
(1 8) , F8 7~ Ho i 2 XN A Ky AR 3ot oy A% i oy
N A IR R 45 A A A P R Y S0, . Th U
FVEE A A 5 AR Se/Y L H8 7R A K AT RE & h T i
7o R T RRORE A B BRS04 R Y B, T
DRt A ANAET s RER, &5
Wt & b R IY LR B
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3 LU AT B0 9 M R

e db s hniE [ R AR DR SE T Z B T O
P St — SRR R TR RO E 2 R R
14 B TIN5 W), 2 AF 5% 6 11138 B A A P8 s A B
S IR ) M X 2 — (B ZE, 20045 Zhu et al.,
2018) . Pk % 40 J2 e L1 32 Bk 3 AR 1) 5 4ok 1) OC B T 10
CRAER S 2004) , 36 11 b [X 28 7 1 3 2 A4 4 3 A8
AR I RE T RMAILAR —dbdb & m ok
11— JC AR BT [ 23 i (Liang ez al., 2015a, 2015b). il
PG b XA T e L Ay 0 AR B R ER A K T ALY
W — R B s 5 IO A A AR ko R AE
B 0T 2 A S B — RO G AR ) R A T e R R
U BT 5T 8K Bl 2 8 0 A A Y s Rk 2
FFAE (Pitcher, 1997) , 7 w5 44 85 A 4 o 47 T —
AR BURE AL PLOS S AR (0.02%6~0.03%) , J& T 1
T 2044 (95 Pitcher, 1997). 78 FH 5 #9 # 1 1 51
PRI fige b RE o 31 9% A 5 94K i 5 (] 10a, 10b) AT
B R B 2 X B (& 10c, 10d) , 5 [ i 399 64 46 B 5
A A~ (Hu et al., 2019; 4% 2020),
L JR] BoR SR ZUM N Ta 5 1, K57 B AT BT A1
[Fi] F19 440 3 B35, B 500 ok O 19 1% 2 R Bl 30 % ) 1
W

H TR Z80% F A, #eL i XCR E hs 5
FOE T 5l KT AR AR vhoAE DG il R T ST
(Sun et al., 2007; £ J5 4 4% ) 2020; Fan et al.,
2021) , F % i 0k 0 5 5 A i) i DY) R HL A 3 Y
ATHAFAE B R A 1L . R 43 2 5 e 1L by DX 1 A 2 1 1)
RS B IR T 5l — SRR R VU AL Y I
FERON (T KRS, 2004 5 & 4, 2004) | 7 K
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5000

Zr

W ( D58 , 20135 Dong ez al., 2015). e #7 W) iy ik
ORLR I, A W pk 2 A2 AL v e 5 VA0 R 2
@] 49 ¥ 1 600 km (Ren et al., 2016; Wang et al.,
2018) , Jf .75 6 1l M X R % 1A R R AR 1Y R L 1)
FHRIE S R, S — SRR UK S I T ] S ]
FIE X G L1 b, IX W6 0 25 e %) 25 I T R B 4 30 1
{4 AN J2 5| RS 30V b DX A8 38 R0 Bl i a0 R A
FHE 1L Hb DX R 2 2 RS B AR TR 1, 25 )
b W R 2 e AR S kL s A T
e — 3L LAl 08 2R 00 R PG b ) AR R B ok
Ll 3% 2l B i) 1) B R AR ) db P A B9 #s 3 (Dong
etal., 2018). 3f ., 1L VG Hby X e Ok % it J il % T
I A8 B3 50 A A 1 R A ) 5l oK VE AR b Oy
] 3 T4, ¥ 8 NE [ (574845, 2020) , W78 IX
SR R R (i ) I s Il N R 2 178 2 R
WA & Hu er al. (2019) £ 15 74 24 38 Hh X 1 £ &
THAE B 5 I8 180T oy PV B B R o 1 5 R BR300
VG ¥ U5 K L 2H il 4 (166~153 Ma) B 5 HL b X i
PR %t ENE [ 48 5 57 B8 #5710 8 it 5 il KO
B BN v AR e (558, 20135 Liang er al.,
2015a, 2015b). Rz 70 Aii B9 5 K A oh AR AL b &
KB A K FLBL ) Wk 2 30 v 3, ) 40 R LUt o
PR (~170 Ma) , -+ =B i I/ 4 F) 5 (161~
141 Ma) BL K VY 45 4 395 of 4f B2 44 1 (148~143 Ma)
& (Davis et al., 2001; 5k K J& &, 2004 ; Dong
et al., 2018). 7 Ly b DX W) LA 7 1 53 ol I8y 22 Ok AR 36
(Dong et al., 2018) ,ix #6797 K H R EH R EIE
FE W 78 B DA T3ty 1 1 B A o | R Y %
FEFR 8 PR, G PG ST LB — B 2 b Y e R 2
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Genetic discrimination diagrams for the Late Jurassic acidic volcanic rocks (after Whalen ez al., 1987)
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T PRI 3O S ALV b DX PR T R M 1L
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B 1] BRI R i 9 A% 1) R v JB5E K 8 2 1 2l 1 3 IXC
A0 Bl 0 HC R O3 0 RlOE RSO0 IR SR 18 s
HIRAZ & T # 5 I AT M 7e , i T b 5e AN )
JE TR A3 s i, R 2k IR AR S BCT #ise b b
TR B JTRR AL e B R A AR O e R, TR 22 T R R
A SN ST Y05 B 45 R TE BUR 80U A 3K
HHTE A Y X5 R B R P A e A AR
TRORT S SOVE T 51 R #E 1L E B R R R R AR R
Tl AR ) 32 B DX 4, 20045 Mercier et al.,
2007 ; Zhu et al., 2012; Wang et al., 2018; Hu
etal., 2019) , EXF 5 38OV H 9 400 4 B A0 4K TH A7 6 A

[\ B9 TN, i) 40 ~145 Ma(Zheng et al., 2018; Zhu
and Xu, 2019) .~135 Ma(Mercier et al., 2007; Zhu
et al., 2012) LA & ~100 Ma %5 . 3 111 1 [X i 1k 2
Kl SI0, & AR A K, FE S — B PRk
EAOAEA K E IR A 2 AR B 2 2
b, B — 118 B B AR i B 3 AT R A F A 1L b
DX E % 235 KA AN 38— 3 3500, 5 DX I A e A o B AR
#Y)H X (Yang and Li, 2008; 55, 2013). AR K 7E
SEJLAE — H 8 2 U e AR A okl s O T
WEh RIS ES 5, 5 T RIBZ2MEAES
F2 A, AU AR 1) e A 5l R VE A AR b 1) GE
A, W 7 H AT B AL T vy PV B AR o Y 6 0 ) B
JE A8 3 PR . {H [R] B 0 4 04 < — S 1L A b S BR Y ok
Ly 5 DU Sy Bl P A R g R A DX R AR R
FEAE 3L PG B2 A 8] L b DX R A7 A I S ) e 0 25 i i



3702 HiERFL#  hitp://www.earth-science.net

o548 %

160 ~ 154 Ma

P11 At ve i b 2 e ok 2 TH st i Ak (98 Zh 3, 2013 18 10)
Fig. 11 Tectonic evolution of the northern North China craton during the Late Jurassic (modified after Ma, 2013)
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TLF. #6787 % PPO. i K F-#

JE G 1 T 30, AR IXAE AE L0 3k 1l 42 A (22 W1
2 2013 R BRE S, 2016) . [A] i, 4E i) A 1 20 F %
REFE S HE L M DX R LR A A R DY T T A
B 52 57 A2 45 T ol DRV Al R AR g | i DX e
(Lin et al., 2021). & 1L b X BR 732 20 A 19 2kl e
Hb I AFAE A R R W R 5 A o A% 2% e R R
i CRBESE, 20165 Lin ez al., 2021) , ) 40« 32 7
K LT W 4 7 b 5 k2 b (160~152 Ma; BF 3 %
45 2003) A K R AR 4 3 25 (160~153 Ma; Davis
et al., 2001; Lin et al., 2021). g 4 & tH (160~
150 Ma) J2: b v v il o AR AR AR A 2 R B I
I 2 —(Dong et al., 2018; Hu et al., 2019).iL V4
P A J8] L M pk % i R AR R L BLE)PE BT Ul DL K
FRRARAE 5 25 M v i 4 =22 i) B4 8 e EL A B
By o & BB A e R AR R (F SCR AE, 2004
Liang et al., 2015a, 2015b; B FE 5%, 2016). 25 I
JIT A, Ll — 307G Ml X R 0 T G O 2 i b R
PRI B i T A B oo 1 0% T R OT
i HLARE i 9 55 64 1 AR R AR T A s R A
R 5 OO ZE A2 DI A R R R AR W R B
W — A0 7Y #b XA & MR T e ok 2t (153.8~
160.3 Ma) & £E #5458 | iy B FE AR 5 32 7 3 U by ift e {4k
F, Rz Y Jey e v (1)

6 5

(D E A U-Pb AR 2R 45 R =5 L& —
38 2 B R S kA A, i R B A R R Y
M Ok 2 i il A B ARl 153.8~160.3 Ma, %5
] |- 5 NE [ J'é A .

(2) BR R % R 8UE B 5 16 3 KB 2 8 9%
FA LAY M Bk Ak 2 R AR A IR RN B R B
e (O (—17.8~—23.2) Fl i & 1Yy HI [\ 7 & B

BB U AR I8 (T,,,=2 334~2 697 Ma) , W 75 #) 4
Fok P T R AR T AR T 2 T M5 R R O 0
Bl T 18T ot oK A He R e 1 b PG 1] BF R A
GE %

(3) Wk 2 i 38 L — 300 74 3 X 32 7y KPP Al
ARF o I ROV P ) 52 i A 3 R ) ke A e AR 5 AR
FR TG W3k P A A ZR S e L3z Bl Y SR R )

Bt ERKRFE AT FH RN B RRF
BAEEEHF AL U-Phl R G @4 T e L4
ATRM BMERRFHEMZFRIELITL
WAL F A7 7 & 46 T 69 A5 Bh L R B R R G 34
ELFMEZAALRBGEFHAETL.

& AT B M (http://www .earth-science.net).
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