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ok —HEZ RGN HERILEWF5E . BLAh, BT AT
X358, A A T AR B4 7 SO EL A b 200 AT T R AR
FREERFGE (SBIEFTEE 2001 ; TV ANZE 2005 ; 3K 545 |
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IREB O TP A A 1 T AE AR 5T b X AR B, 9 )
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Wb 1 1L PF A o8 B K (Zhao Guochun et al.,
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Fig. 2 The section map of Liujiang Basin in Qinhuangdao, Hebei Province
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Fig. 3 Representative microphotograghs of volcanic rocks of the Lanqi Formation in Shimenzhai, Qinhuangdao
Cpx—H AT s Pl—RH AT s Hh—fA TN f7
Cpx—-clinopyroxene ; Pl—plagioclase; Hb—hornblende
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B, 5 A R TR A B AR & 6 B Fa 8 4 ZE v b R
KRB Eh )5 o S S % 5E L, LA-ICP-MS
A1 U-Ph JFA 8 AR 43 B 78 P b K2 Kt 8l 22 E R
S E AT, AT, Agilent 7500a 74 Y
T 1CP-MS, WOLRI M R 54 GeoLas 200M 193nm
ArF HE53F (excmer) FOGRIPE R G, BOLHER 5452
J& 30 wm, FOGRRIREE & 20~40 pum , 36K b
10Hz, REHEJE: 34 ~40 m), LLZSi 1E R AR, W5 136 K2
FrRifEss £ 91500 VE MR IE . [Fl &R HE B AL
IR GLITTER (4. 0 b ) #4478 3155 Al 515k
JH ISOPLOT (3. 23 b)) 3647 , TEAN Y 43 M 25 B LA
KB Ak B 7 % W2 2% SCHK ( Yuan Honglin et al.
2004) .
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R LA R 2R 0 & ARG
K, SI0, B YL FITE 43. 84% ~64. 50% 2 [f] | Al O,

i (12.64% ~ 17.19%) % ¥, CaO & 2 0 il 7E
2.59% ~10. 11%Z[d] , K53 A B m 1Y TFe, O,
(7.32%~16.57%) , A4 LQ-16 i TFe,0, % 1%
(3.52%) , K& oMM AT E 2R E B MgO
(3.87%~9.29%) , R4 1.Q-16 1) MgO 7 & & ik
(1.26%) ,Mg"(45. 4~63.5) % i, bE S AR | B A
B B BT 5 2, Na, O 77 8 2. 18% ~ 4. 67%, K, O
it 0.50% ~ 3. 78% , K 2 BURE i A B PR 4 1 Ry
fiE, 7E TAS Elfifrh (18] 4a) EEEAB LA X RM
B DI, A SV A LR A X, IR
(LQ21.1.Q22) Si0, % i 1E 43. 84% ~44. 56% , Al, O,
T (12.64% ~12. 84%) ¥ 1 , MgO 51 (9. 08% ~
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ML A (LQ17.LQ18) Si0, 7 2 15 B 7E 53. 90% ~
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Fig. 4 TAS (a) , Si0,-K,0 (b) and AFM (¢) diagrams

for volcanic rocks of the Lanqi Formation and the Sunjialiang

Formation in Shimenzhai, Qinhuangdao

O # 41 Lanqi Formation
[ #h % 22 41 Sunjialiang Formation
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Table 1 Major elements ( %) and trace elements ( x10™®) data for volcanic rocks of the Lanqi Formation and
the Sunjialiang Formation in Shimenzhai, Qinhuangdao
PSS | LO-16 | LO-17 | LO-18 | LQ-20 | LQ-21 | LQ-22 | SL-2 ‘ SL-3 ‘ SL-4 ‘ SL-5 ‘ SL-6 ‘ SL-7 ‘ SL-8 ‘ SL-9 ‘ SL-10
= A | XL s | XA ITeE=y MECH
Si0, 64.37 | 53.90 | 53.99 | 48.70 | 43.84 | 44.56 | 77.42 | 77.26 | 77.05 | 76.91 | 77.08 | 77.13 | 77.09 | 77.20 | 78.23
Ti0, 0.26 0.86 0.85 1.83 2.66 2.55 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.12 0.08
Al, O, 17.14 | 16.97 | 16.80 | 13.01 | 12.64 | 12.84 | 11.31 | 11.39 | 11.56 | 11.58 | 11.47 | 11.38 | 11.36 | 11.62 | 11.66
TFe, 05 3.52 7.47 7.32 | 16.57 | 13.16 | 12.44 | 1.83 1.92 1.90 1.88 1.90 1.84 1.91 1.85 1.60
MnO 0.08 0.11 0.12 0.25 0.17 0.16 0.04 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03
MgO 1.26 3.93 3.87 5.92 9.08 9.29 0.07 0.05 0.05 0.05 0.05 0.06 0.05 0.07 0.07
Ca0O 2.59 6.22 6.01 10.11 8.44 8.42 0.21 0.25 0.24 0.23 0.22 0.13 0.25 0.11 0.07
Na, O 4.63 4.12 4.17 2.18 2.18 2.20 3.87 4.07 4.15 4.17 4.18 4.00 4.16 3.79 4.25
K,0 3.78 3.23 3.33 0.50 3.18 3.26 4.58 4.44 4.51 4.52 4.48 4.56 4.38 4.67 3.93
P,04 0.17 0.39 0.39 0.15 0.93 0.90 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01 | <0.01
VN 1.82 2.88 3.01 0.66 3.42 3.20 0.38 0.45 0.29 0.39 0.44 0.48 0.48 0.44 0.37
S8 99.62 | 100.08 | 99.86 | 99.88 | 99.70 | 99.82 | 99.82 | 99.96 | 99.89 | 99.86 | 99.95 | 99.71 | 99.81 | 99.91 | 100.29
Mg* 45.5 55.1 55.2 45.4 61.7 63.5 8.18 5.72 5.78 5.84 5.78 7.06 5.75 8.10 9.25
A/CNK 1.04 0.79 0.79 0.58 0.56 0.57 0.97 0.95 0.95 0.95 0.95 0.97 0.94 1.01 1.03
Li 11.4 13.1 13.3 9.94 38.7 31.6 32.5 66.8 59.9 28.8 56.9 48.1 52.4 27.5 9.63
Be 1.86 1.39 1.34 0.56 2.99 2.85 6.69 8.60 8.29 7.73 7.61 7.07 7.92 5.38 3.77
Sc 2.59 17.8 17.2 43.9 18.1 17.2 0.88 0.82 0.82 0.82 0.86 0.96 0.89 0.99 0.81
v 22.5 165 156 463 231 221 0.31 0.29 0.29 0.30 0.36 0.50 0.55 0.63 0.93
Cr 7.93 90.1 93.7 102 248 236 1.30 0.94 0.70 1.26 0.87 2.16 1.07 1.13 2.16
Co 3.68 21.9 20.5 53.8 53.8 48.9 0.19 0.15 0.22 0.17 0.16 0.21 0.20 0.33 0.39
Ni 3.88 38.6 36.8 60.9 207 196 0.66 0.39 0.31 0.58 0.31 1.46 0.45 1.80 1.41
Cu 7.38 43.5 42.2 72.5 43.9 52.9 2.49 3.05 2.97 3.11 2.77 2.82 2.96 2.81 2.45
Zn 89.5 88.0 85.2 117 139 109 109 126 125 116 126 113 125 96.3 86.9
Ga 19.4 21.1 20.8 19.6 22.0 22.1 24.8 24.6 23.8 23.6 25.2 25.8 24.2 24.1 23.4
Ge 0.97 1.08 1.06 1.64 1.63 1.57 1.21 1.24 1.79 1.74 1.20 1.36 1.77 1.43 0.89
Rb 76.8 60.0 61.8 15.5 144 142 197 240 236 219 245 210 229 171 159
Sr 1120 | 1490 | 1455 169 1268 1319 7.01 5.60 4.55 5.05 7.32 5.35 7.19 9.63 11.4
Y 10.6 13.2 13.5 35.5 29.8 29.4 58.1 61.3 55.7 54.2 63.9 58.9 64.0 33.7 41.9
Zr 178 111 108 105 330 331 401 446 444 437 448 416 453 386 316
Nb 6.62 5.43 5.26 5.93 63.1 63.4 57.5 71.1 69.9 65.2 71.3 58.1 70.5 49.0 55.5
Cs 1.62 1.06 1.07 0.32 15.1 14.8 1.54 2.89 2.22 1.85 4.35 1.69 2.05 1.03 0.85
Ba 2380 1706 1675 81.3 1227 1128 23.5 10.6 11.2 15.3 15.7 37.6 15.1 53.2 44.7
Hf 4.38 2.94 2.89 2.91 7.12 7.07 12.5 14.9 14.6 14.0 14.7 13.0 14.8 11.2 11.1
Ta 0.39 0.29 0.28 0.38 3.62 3.66 3.80 4.90 4.77 4.38 4.81 3.99 4.78 3.11 3.86
Pb 11.5 11.9 11.1 1.12 6.87 7.72 32.1 40.2 38.0 34.2 38.1 33.1 38.7 25.0 22.2
Th 8.25 4.29 4.22 0.52 7.29 7.39 14.5 17.3 16.8 15.9 17.4 15.2 17.1 13.0 14.5
U 2.47 1.21 1.18 0.15 1.99 2.22 3.94 5.12 5.02 4.36 5.05 3.91 5.01 2.70 2.78
La 44.4 35.7 35.3 7.98 77.8 78.4 54.6 45.3 47.2 51.3 46.4 50.8 47.5 35.5 5.27
Ce 84.7 72.7 72.6 19.3 163 164 110 102 105 109 101 101 103 91.3 73.9
Pr 8.98 8.46 8.51 2.96 20.4 20.2 12.8 11.0 11.3 11.9 11.4 12.1 11.5 7.59 1.55
Nd 31.6 33.9 33.7 14.7 79.2 78.7 46.1 40.3 40.9 43.5 41.8 44.1 42.2 25.5 5.96
Sm 4.46 5.82 5.87 4.37 14.3 14.2 10.2 9.54 9.25 9.71 9.87 9.75 9.82 4.87 2.27
Eu 1.43 1.78 1.75 1.50 3.96 3.96 0.19 0.15 0.15 0.17 0.17 0.20 0.17 0.14 | 0.077
Gd 3.40 4.70 4.73 5.38 11.7 11.5 9.92 9.70 9.18 9.49 10.0 9.60 10.0 4.56 3.46
Th 0.39 0.56 0.56 0.96 1.42 1.39 1.69 1.71 1.59 1.60 1.78 1.67 1.77 0.82 0.86
Dy 2.10 2.94 2.94 6.34 6.98 6.88 10.4 10.9 10.0 10.0 11.4 10.6 11.4 5.65 6.61
Ho 0.38 0.51 0.52 1.33 1.12 1.10 2.09 2.24 2.04 1.99 2.34 2.18 2.32 1.23 1.51
Er 1.13 1.36 1.37 3.85 2.73 2.68 6.17 6.64 6.00 5.80 6.89 6.53 6.87 4.03 4.85
Tm 0.17 0.18 0.19 0.57 0.34 0.33 0.92 0.99 0.89 0.86 1.04 0.99 1.02 0.67 0.77
Yb 1.15 1.14 1.15 3.64 1.89 1.86 5.86 6.35 5.80 5.52 6.68 6.55 6.58 4.70 5.17
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FER 5 LQ-16 | LQ-17 | LQ-18 | 1LQ-20 | L.Q-21 | 1.Q-22 | SL-2 ‘ SL-3 ‘ SL-4 ‘ SL-5 ‘ SL-6 ‘ SL-7 ‘ SL-8 ‘ SL-9 ‘SL-IO
i Mg | xilMs | KikE A mMalsE
Lu 0.18 | 0.16 | 0.17 | 0.54 | 0.26 | 0.26 | 0.84 | 0.89 | 0.82 | 0.78 | 0.93 | 0.95 | 0.94 | 0.71 | 0.75
> REE 184.44 | 169.89 | 169.36 | 73.40 |385.51 | 385.55 | 271.94 | 248.18 | 250.53 [ 261.27 | 251.65 | 256.66 | 255.36 | 187.33 | 113.04
Eu/Eu # 112 | 1.04 | 1.02 | 0.94 | 0.94 | 0.95 | 0.06 | 0.05 | 0.05 | 0.05 | 0.05 | 0.06 | 0.05 | 0.09 | 0.08
(La/Yb)y | 27.66 | 22.54 | 21.95 | 1.57 | 29.58 | 30.16 | 6.69 | 5.11 | 584 | 6.67 | 498 | 556 | 517 | 5.42 | 0.73
Si/Y 105.33 | 113.10 | 108.07 | 4.77 | 42.47 | 44.87 | 0.12 | 0.09 | 0.08 | 0.09 | 0.11 | 0.09 | 0.11 | 0.29 | 0.27
Sm/Nd 0.14 | 0.17 | 0.17 | 030 | 0.18 | 0.18 | 0.22 | 024 | 0.23 | 0.22 | 0.24 | 022 | 0.23 | 0.19 | 0.38
Gd/Yb 296 | 4.13 | 410 | 1.48 | 621 | 6.18 | 1.69 | 1.53 | 1.58 | 1.72 | 1.50 | 1.47 | 1.53 | 0.97 | 0.67
U/Ph 022 | 0.10 | 0.11 | 0.14 | 029 | 0.29 | 0.12 | 0.13 | 0.13 | 0.13 | 0.13 | 0.12 | 0.13 | 0.11 | 0.12
Mg = n(Mg) ; A/CNK= n(A1;05) 3 Bw/Eu ™ SRR AR EL T, SmF;qu CEERS,2015) ¢

) A8 AL I B /D, Si0, 5 H Y L AE 76.91% ~
78.23% 22 [A] , AL, O, & & (11.31% ~ 11. 66% ) #
MgO % (0.05% ~0.07% ) 3%, Mg* 4% (5. 72 ~
9.25) ,TFe,0, %t (1. 44% ~ 1. 73% ) A%, Na, O 75
W (3.79% ~ 4.25%) ¥ &, K, 0 & & (3.93% ~
4.67%) ¥ o

1E Si0,—K, 0 Elf# b (1 4b) |, B HELH DU
(LQ-17.18.2122) #& AFI LA R G XS, —
(LQ-16) 75 A o B85 B Pk 2R 51 IX 3k, — SR b (LQ-
20) 75 AN E5 8 R A X, PR G Al AR TR A
e ERES B FR A DK

16 AFM Elff (Bl 4e) , HA LQ-20 KR A HE
MR ARLBE Z B R G0 K, Hoay 28R i TE A
BRPE 25 Xk, 454 Si0,—K,0 K (1 4b) , P
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Fig. 7 Concordia diagram of LA-ICP-MS zircon from rhyolite of the Sunjialiang Formation in Shimenzhai, Qinhuangdao
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Fig. 8 Chondrite-normalized REE distribution patterns for volcanic rocks of the Langi Formation(a)and

the Sunjialiang Formation(b)in Shimenzhai, Qinhuangdao
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the Sunjialiang Formation(b)in Shimenzhai, Qinhuangdao
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for volcanic rocks of the Lanqi Formation in Shimenzhai, Qinhuangdao
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Geochemical features and zircon LA-ICP-MS U-Pb ages of Mesozoic
volcanic rocks in Shimenzhai, Qinhuangdao, Hebei Province

ZHAO Ruipeng" > ¥, CHEN Liang" , LIU Daohong" , YANG Xiaoxiao"
1) State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’ an, 710069 ;
2) State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry ,
Chinese Academy of Sciences, Guangzhou, 510640;
3) University of Chinese Academy of Sciences, Beijing, 100049

Objectives: Mesozoic volcanic rocks are widespread in eastern China. In Shimenzhai, Qinhuangdao, northern
Hebei province, there occur a suite of Mesozoic volcanic rocks of the Lanqgi Formation and the Sunjialiang
Formation, unconformitly overlying on the Jurassic conglomerate of the Beipiao Formation. The Lanqgi Formation
consists of tephrites, trachyandesites and tephrites, and the Sunjialiang Formation mainly consists of dacites and
rhyolites. The petrogenesis and age of volcanic rocks of the Langi Formation and the Sunjialiang Formation in
Shimenzhai, Qinhuangdao, Hebei province is important for discussing mechanism and timing of thinning of North
China Craton in Mesozoic.

Methods: Whole rock geochemistry analysis and zircon U-Pb age dating are carried out on selective volcanic
rocks samples of the Lanqgi Formation and the Sunjialiang Formation.

Results: The volcanic rocks of the Langi Formation are mafic alkaline, with high K, Na and Al contents,
some of samples also have high Mg and Fe contents. Trachytes and trachyandesites are enriched in LILE and
LREE, depleted in HFSE and HREE. Tephrites are slightly depleted in HFSE, with significant fractionation
between LREE and HREE. Basalts have no HFSE anomaly, LREE enrichment and HREE depletion. The volcanic
rocks of the Sunjialiang Formation have high K, Na, Al, and low Mg and Fe contents. They have LREE enriched
patterns, with significant negative Eu anomalies. The Lanqi Formation is mainly shoshonite series, and the
Sunjialiang Formation is high K calc alkaline series.

Conclusions:; The geochemical characteristics of trachyte and basaltic trachy-andesite of the Langi Formation
are similar to those of island arc, which may be related to the subduction and dehydration metasomatism of the
upper crust. The geochemical characteristics of tephrite are similar to those of HIMU type OIB, and the source
region may be enriched asthenospheric mantle by metasomatism of the subducted oceanic crust. The geochemical
characteristics of basalt are similar to those of N-MORB, and the source area may be depleted asthenospheric
mantle. The rhyolites of the Sunjialiang Formation may be partial melting of lower crust by underplating of mantle
source magma by the Early Cretaceous extension of North China Craton or the partial melting of subducted oceanic
crustal rocks by subduction of the palaeo-Pacific plate. LA-ICP-MS U-Pb dating on zircons from a rhyolite of the
Sunjialiang Formation, yield a concordant age of 118.0+1.1Ma. This age indicate that the Sunjialiang Formation is
chronologically comparable with Yixian Formation in western Liaoning province.

Keywords: Lanqgi Formation; Sunjialiang Formation; Mesozoic volcanic rocks; Eastern China; zircon U-Pb
age
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