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Zircon and rutile geochemisiry of the Early Cretaceous basaltic porphyry from
Xingcheng in the North China Craton and its geodynamic implications
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Abstract: The Mesozoic large-scale lithosphere thinning of North China Craton ( NCC) was documented by coeval
volcanic rocks. Petrogenesis and magma source of the mafic volcanic rocks in the NCC is debated, which therefore
restricts the understanding of mechanism and termination time of the NCC Mesozoic lithosphere thinning. In this pa-
per, the Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry ( LA-ICP-MS) was used to analyze the trace
elements of zircons and rutiles in basaltic porphyry from the Xingcheng area, with the purpose of revealing the na-
ture and evolution of magma source and further providing insights into mechanism and termination time of the NCC
Mesozoic lithosphere thinning. &, thermometer of zircon shows that the zircons crystallized at 695 ~779°C, with an
average crystallization temperature at 730°C, indicative of an origin of mantle wedge metasomatic peridotite in the

subduction zone. Zircons of basaltic porphyry display geochemical characteristics of high HREE and HREE/LREE
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ratio, negative Nb-Ti anomalies, relative enrichment of Th, U and Hf, positive Ce anomaly, and negative Eu
anomaly. Rutile granules are characterized by high concentrations of Nb, Ti and Hf, and Pb, negative Sr anomaly,
without obvious Ce and Eu anomalies. Such characteristics indicate that the basaltic porphyry magmas originated
from partial melting of metasomatic lithospheric mantle peridotite, and the basaltic magma erupted after oxidation
and fractional crystallization. It is therefore proposed that the termination of the North China Craton Mesozoic litho-
sphere thinning can be restricted to ca. 105 Ma in the Early Cretaceous, and the Xingcheng basaltic magma shows
ancient island arc magma affinity. The slab rollback of the subducted Paleo-Pacific plate with high-angle was the
dominant geodynamic mechanism, and the overlying lithospheric mantle was heated, corroded, and delaminated,
which seems to have been the secondary mechanism.
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Fig. 1 Skeich geological map of the Xingcheng area on the north margin of the NCC ( modified after Zhou Shuai et al. , 2017;
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Fig. 2 Photographs showing characteristics of texture and lithology of the basaltic porphyry in Xingcheng
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Fig. 3

Photomicrographs of the basaltic porphyry in Xingcheng
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a, b—the amygdaloidal structure in the basaltic porphyry; c—olivine phenocryst and plagioclase matrix in the basaltic porphyry;
Ol—olivine; Pl—plagioclase
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Table 1 Zircon composition w,/10 " and ¢,, temperature

of basaltic porphyry from Xingcheng

Wi w-1 w-2 w-3 w-4 w-5 w-6
Mg 17.45  22.06 9.09 2.30 7.90 0.87
Al 51 165 32 88 169 65
Si 502 669 499 987 498 846 504 368 499 078 504 782
Ca 634 287 69 93 804 74
Ti 13.09 17.58 11.27 17.64 272.48 28.24
Fe 187.57 140.75 125.62 15.04 147.17 1.56
Co 0.39 0.88 0.04 4.82 - 0.03
Ni 2.24 1.09 1.83 2.44 2.96 1.60
Rb 0.50 0.29 0.29 0.94 1.27 0.52
Sr 4.65 8.14 2.78 0.59 1.37 0.81
Y 1420 1538 1190 3 668 9 320 3 648
Nb 4.16 3.42 3.08 4.33 23.67 7.30
La 5.71 7.41 8.03 3.28 58.57 1.03
Ce 76 80 54 17 321 15
Pr 4.32 5.51 2.46 1.00 20. 80 0.49
Nd 26.98  30.48 12.21 7.84 114.33  6.65
Sm 13.69 19.37 8.42 11.99  75.34 13.63
Eu 4.30 7.39 2.70 0.64 1.73 0.58
Gd 31 39 21 79 279 86
Th 7.69 9.43 5.40 27.94  76.14  29.37
Dy 95 103 73 322 858 326
Ho 40 42 31 104 286 103
Er 214 235 185 431 1213 422
Tm 55 60 52 85 236 82
Yb 564 668 596 693 1915 653
Lu 142 172 161 130.63 365.12 123.44
Hf 39056 41392 44704 37041 25038 36235
Pb 39.79  48.53  40.25 39.05 61.50 51.13
Th 630 623 419 142 3087 211
U 1316 1750 1 760 684 2 527 690

SREE 1280 1479 1211 1914 5819 1862

LREE 130 150 38 41 592 38

HREE 1149 1329 1124 1 873 5228 1825

LREE/HREE 0. 11 0.11 0.08 0.02 0.11 0.02

(La’Yb)y 0.01 0.01 0.01 - 0.02 -
d3Eu 0.64 0.83 0.63 0.06 0.04 0.05
3Ce 3.74 3.08 2.97 2.26 2.25 5.23
t,/C 765 793 751 793 1148 841
t,/C 707 734 695 734 1 069 779
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ik B 7R & 4 UL P HE, 5 35t Rb. Sr 25 K& 1
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SRS HCE 4b) o
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KOE Ja i 24 5K (20 o5 iR 45 ) 695 ~
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Fis + oG % M %t & 4, LREE/HREE {4 2. 71 ~
30.06, K43/ 10, BB 0 5= 5 A BB
5a, % 2) o Mooz BRRL A bR AE AL R SR 55 1
A, AT W Z 0 Eu SR Ce 5% (B Sa) .
FHEC S A7, G 40 A7 AT AR Thy U 3 501 5 /& 1
Nb &8, HoTh S84 0.02x10 °~2.06 x10 °, U
HHRAN0.14 x107° ~8.48 x 10™°, Nb i by 567 x
10 °~2778 x 10 *(% 2), T JC %K G IR IS bR
AL B 5275, NbHE 153758 00 28 SR [ R o 42,
h 5L S 1) L A% B L T-A%, RbSr 58 KBS T2 A
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B4 Th-U iR B 7~, Th/U H 32545 0.1 ~ 1¢
6a), T A A 3 A ( Belousova et al. , 2002;

BOESFEE, 2018) . A 4h i B EYEAE T oRAR
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VA O W E RN, Bt tERSEN

1211 x107° ~5 819 x 10 ™%, J A KB40 45 A # ot
EEENL 211 10 ° ~1 914 x 10 %, LU 2445 2k,
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Fig. 4 Chondrite-normalized REE patterns (a) and primitive-mantle-normalized patterns (b) Cafter Barnes et al. , 1988)

of zircon in basaltic porphyry of Xingcheng

x2 MEZRBESLAHMBKUER AR wy/107°
Table 2 The geochemical composition of rutile in basaltic porphyry from Xingcheng
W5 01 02 03 04 05 06 07 08 09 10
Mg 362 1158 671 140 158 1278 1 464 509 2 386 178
Al 430 716 378 258 69.3 973 1 081 517 1559 103
Si 1 001 2 258 1 065 1082 1287 2282 3171 1589 10 301 0
Ca 435 118 280 0 11 133 300 209 736 35
Fe 3771 4 803 3 990 3757 3643 5336 5252 3771 6 277 3120
Co 13.04 3.91 0.41 1.25 9.70 16.38 8.38 0.40 24.58 27.64
Ni 7.82 2.69 0.22 7.16 5.09 9.58 5.96 0.04 13.52 12.36
Rb 0.38 0.69 0.12 0.33 0.13 1.24 - 0.79 1.82 -
Sr 4.43 5.27 12.58 2.64 6.32 4.83 17.13 7.66 22.98 2.10
Y 0.45 0.40 2.57 1.48 0.26 0.96 3.30 1.42 5.23 0.20
Nb 2778 1797 1519 2 434 1 666 2 196 1 281 1 936 1 008 988
La 1.62 1.26 1.27 0.39 0.69 0.46 2.87 0.61 3.13 0.37
Ce 6.90 2.35 3.73 0.41 1.50 1.95 6.67 2.43 9.68 0.78
Pr 0.36 0.24 0.48 0.05 1.07 0.16 0.72 0.22 0.98 0.11
Nd 1.31 0.85 1.57 0.21 0.50 0.63 2.71 0.97 4.06 0.31
Sm 0.27 0.16 0.51 0.03 0.09 0.10 0.78 0.27 0.97 0.07
Eu 0.08 0.06 0.16 - 0.02 0.04 0.18 0.07 0.25 0.03
Gd 0.13 0.06 0.50 0.05 0.04 0.16 0.65 0.22 0.90 0.03
Th 0.03 0.01 0.11 - 0.01 0.11 0.13 0.05 0.18 0.01
Dy 0.15 0.07 0.85 0.11 0.06 0.22 0.91 0.30 1.17 0.04
Ho 0.02 0.02 0.15 0.01 0.01 0.04 0.15 0.05 0.23 -
Er 0.02 0.04 0.37 0.03 0.02 0.15 0.44 0.18 0.66 0.01
Tm 0.01 0.01 0.05 - - 0.01 0.05 0.03 0.08 -
Yb 0.05 0.03 0.33 0.03 - 0.12 0.35 0.18 0.60 0.01
Lu - 0.01 0.04 0.01 - 0.01 0.04 0.02 0.08 -
Hf 20.27 41.32 40.19 36.61 37.53 40. 80 32.12 40.43 39.11 45.56
Pb 2.39 2.97 6.67 1.08 5.91 2.26 11.59 5.10 13.86 1.03
Th 0.09 0.05 0.28 0.27 0.02 0.21 0.41 0.19 0.99 0.02
U 1.51 0.70 6.69 1.73 3.49 2.68 4.53 2.39 5.22 0.89
SREE 10.92 5.16 10.12 1.31 4.01 4.16 16. 66 5.61 22.98 1.78
LREE 10.52 4.92 7.71 1.08 3.86 3.33 13.93 4.57 19.09 1.66
HREE 0.40 0.24 2.40 0.23 0.15 0.83 2.73 1.03 3.89 0.12
LREE/HREE  26.36 20.12 3.21 4.71 26.27 4.03 5.09 4.42 4.90 14. 44
(La/Yb) 25.57 28.52 2.79 10.24 - 2.82 5.82 2.44 3.77 29.95
SEu 1.24 1.71 0.96 0.41 1.02 0.87 0.76 0.83 0.82 1.88
d3Ce 2.23 1.05 1.18 0.77 0.43 1.78 1.14 1.61 1.35 0.96
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Continued Table 2
W5 11 12 13 14 15 16 17 18 19
Mg 6 047 6 658 969 5794 4 867 2503 16 248 8 099 17 282
Al 66 289 71713 723 3515 4359 3 654 8 023 21 102 45 568
Si 42 383 36 939 14 303 9074 47 367 98 652 26 049 80 414 166 659
Ca 2076 2278 472 1 565 1719 1133 852 1526 3308
Fe 11178 19 029 4599 11 651 11 963 9111 24 462 13 543 27 699
Co 3.70 117.99 0.56 3.97 17.51 10.57 11.47 5.00 91.89
Ni 7.99 137.65 1.00 9.43 15.49 9.89 29.10 8.31 54.25
Rb 29.40 14.26 0.02 1.87 1.96 7.95 0.28 27.48 90.76
Sr 33.18 9.93 8.32 25.31 22.64 13.44 21.12 121.98 306.27
Y 6.59 1.23 0.62 10.32 7.61 3.11 1.28 4.19 4.19
Nb 1424 1582 2 465 567 1 380 2035 1202 949 1121
La 7.69 6.09 2.05 2.73 22.71 17.34 3.15 2.00 5.17
Ce 20.32 12.82 4.43 8.16 99.22 71.18 7.72 5.08 10.75
Pr 2.40 1.44 0.56 1.20 5.57 3.44 0.83 0.60 1.18
Nd 9.71 4.25 2.15 5.42 18.97 13.46 2.73 2.61 4.80
Sm 2.11 0.81 0.29 1.64 3.53 2.19 0.60 0.54 0.91
Eu 0.46 0.22 0.07 0.45 0.77 0.51 0.17 0.22 0.28
Gd 1.40 0.33 0.19 1.59 1.81 1.23 0.46 0.56 0.78
Tb 0.26 0.05 0.02 0.33 0.27 0.13 0.06 0.10 0.12
Dy 1.56 0.28 0.11 2.29 1.63 0.64 0.32 0.68 0.75
Ho 0.27 0.04 0.02 0.42 0.30 0.10 0.06 0.15 0.14
Er 0.76 0.10 0.06 1.17 0.83 0.27 0.16 0.38 0.36
Tm 0.10 0.02 - 0.18 0.11 0.05 0.02 0.05 0.03
Yb 0.68 0.03 0.04 112 0.93 0.31 0.08 0.33 0.29
Lu 0.08 0.01 0.01 0.13 0.13 0.04 0.01 0.05 0.04
Hf 31.61 33.59 47.25 40.12 34.22 36.08 21.13 33.16 23.78
Pb 7.99 9.22 2.35 18.45 10.51 5.69 22.89 3.26 4.36
Th 1.35 0.21 0.15 2.06 1.44 0.66 0.26 1.11 1.41
U 4.43 2.64 0.14 8.48 6.88 1.19 3.56 2.73 3.14
SREE 47.80 26.48 10.00 26.83 156.78 110. 89 16.38 13.35 25.60
LREE 42.68 25.63 9.55 19.60 150.77 108. 12 15.21 11.05 23.09
HREE 5.12 0.85 0.45 7.24 6.01 2.77 1.16 2.30 2.51
LREE/HREE 8.34 30.06 21.38 2.71 25.08 39.00 13.08 4.81 9.22
(La/Yb) g 8.07 129.05 38.65 1.74 17.58 40.46 27.00 4.37 12.87
SEu 0.82 1.32 0.93 0.86 0.93 0.94 1.00 1.22 1.00
5Ce 1.16 1.06 1.01 1.11 2.16 2.26 1.17 1.13 1.07
1000 g 10000 g
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive-mantle-normalized patterns (b) of rutile in basaltic porphyry of

Xingcheng (normalized values after Barnes et al. , 1988)
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of the zircon samples (b)
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M E. (La/Gd) —C(Th + UD B 5 7R 223 2 il By
FEEACTh + UD 5 (La/GdD B B 5 i 2 1 4 5
KRR =0.165; B 7hb), Ut S A Ak 2 i o v

75 R A A 07 200 10 F Y S48 = ( Whitehouse
and Kamber, 2002) . #AR/E H 285 41 LREE JC
ORI SR E 2T N (Fu et al. , 2008; Xia
et al. , 20100 . K 7a BoRiZEAKAE T HIRE A X
B, FLAZES A 45 SR JE 1 069°C , # T T R AR i 45 ¢
B FBRCE 6b), BRI Z s 4 & Thy/ U 8 R s # 1
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Fig. 7 REE composition diagram (a, after Zhao Zhidan et al. , 2018) to discriminate magmatic zircon and hydrothermal zircon,

and (La /Gd)y vs. (Th+U) diagram (b, after Whitehouse and Kamber, 2002) of zircon
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742 £141°C, A G BT 408 il A A8 AR A i
BT 4 IR T 339 £33°C . Fu 25:(2008) ) F % ik
FETE VI AF tH A D8 B A B A 4 IR BE O 653
+124°C , W] AR TBRBR IUE A vh R B A 4 i il S R
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111°C, 758 +98°C; Lei et al. , 2016) . Fu Z£(2010)
WA PR A 25 I BE Y /T 500°C , 1X 5 B SC Lei
F5(2016) R (1) IR ES AT IR B AT — 3. AN R
RS (2018 ) 38 b 8 A R B Ak A5 R B T s e
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(Grove et al., 2012): (D Jo T 445 filt, a0 3 o bel s
VR R B T X s @ NI L, A
152 BN SIS R L BT S AR 2R B E
RASERL, Qi LS BERRIUA K ) K Rk, A A
HH O K ASE [ AH 2 i 55 BRAIG, A 25 A R A 8 23 44 il
R R AR A AR O BRI S 7E 1 100 ~ 1 250°C
Pl 1) DY S 15 23 | A e | N2 Ve = S w2
FfATL AR 24 T B | 25 A 08 s i, L3 8k 5 3
R IEE A 0T P Rl 2 — 51 A 0 o s &5 5
AR TG B R AE LA S A R R AR SO R DI
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B AT, b L uUA R 2 O it 2ol b
OB, B G R o 2k BRI K o A
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