%56 % 5% 6 M B ode L BT Vol. 56 No. 6

2023 4F (2 232 8D NORTHWESTERN GEOLOGY 2023(Sum232)

DOI: 10.12401/j.nwg.2023162

HAILENAMAT L AR AR K SR,
IS IR N M i S

WAz EARD AR KREHEY AHE, @A, g HL, Sl

C1. Y b 48 X el b S5 3 2 e, Y0 b 48 b 2 i 3 0 28 o, 0 b JER S 0650005 2. H ] b o 9 A JR) K T S O A P,
KB 3001705 3. H [ b 5 I8 25 J) i 98 X 28 B 5T R0, R 3001705 4. ] M ST IR A R BR B H 4R
PWIRLE A A LG, WO JBEYF 0650005 5. b ML A SR A 7S SR BA, b A KE - 050000)

H OE. EBLSHRANALLAEMTRIEELRF A2 E 8RB SV LB Fe B L&
FHAEE, FRABRHRE AR —F LA LAT THEABTFALIRBLRELE, AERA LTS
MBI LA KA RIS, EE T AA T BAERETL G U-PORAEEMNFE S o E
B AL F o AT K S, 3R AF T (161.9+0.8) Ma #) *Pb/"U Am AL F 34 4 #4514 (LA-ICP-MS %), 4 B
BT, 2o FHERE, R RER zs%rJSl\nK%ﬁﬁﬂikéalﬁzé L E RS
BMAWEALEME, BHLBATE, ABRURFFTRAAE; EEXBTFLHEAZ(RLK.Th. U, F
RSB BAEZ(NG.TD., ELRFLFBELTEBRTHEALEYF. 26 HRAEE
e O A -33.79~-271, —HEFTREXF B () A 1179~3323Ma, K AKX ABRE LR 3
HEAER—FAERMEG TR EIERTE K. ZE2MHAA, SRR AE LA R T Pk
TRtk T TR HFERET R, AL RRATFRAAL LAY R E T RIRBLR
BT # A

KEEIF LA LA-ICP-MS 4 6 U-Pb & 4 Hf Rl 12 & ; S/ 24

B 5K S P58l XEKERE: A X EH S 1009-6248(2023)06-0314-15

Formation Age, Tectonic Setting and Geological Significance of The Jurassic

Jiulongshan Formation Tuff in Xuanhua Basin, Northwest Hebei

YANG Jiyuan', LI Jie" ", BAI Chundong', ZHANG Jiahui*’, HU Xinzhuo',
TIAN Ying', LIU Beibei', XU Fan', QI Pengchao’

(1. Hebei Institute of Regional Geological Survey, Geotourism Research Center of Hebei Province, Langfang 065000, Heibei, China;
2. Tianjin Center of China Geological Survey, Tianjin 300170, China; 3. Precambrian Geological Research Center, China
Geological Survey, Tianjin 300170, China; 4. Langfang Natural Resources Integrated Survey Center, China Geological
Survey, Langfang 065000, Heibei, China; 5. The Sixth Geological Brigade of Hebei Bureau of Geology and
Mineral Resources, Shijiazhuang 050000, Heibei, China)

Abstract: The continental sedimentary strata of the Jiulongshan Formation in the Xuanhua basin in Northwest
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Hebei are well developed, but the age of the strata is lacking in evidence from fossils and isotope dating data. In
the Yangjiaying—Xiangshuipu area of the study area, rhyolitic tuff interlayers develop in the middle and lower
parts of the Jiulongshan Formation. In order to accurately determine the age and formation environment of the
Jiulongshan Formation in the Xuanhua Basin, the author collected zircon U—Pb isotope dating samples from
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the rhyolitic tuff and rock geochemical analysis samples. The “"Pb/~"U weighted average age (LA—ICP-MS
method) of (161.9+0.8) Ma was obtained, which is the early Late Jurassic. The petrochemical characteristics
show that the rhyolitic tuff is a high—silicon, high—potassium calc—alkaline peraluminous rock; the distribution
pattern curve of rare earth elements is right—dipping, with strong enrichment of light rare earths and no obvious
negative Eu anomaly; the enrichment of large ions is lithophilic elements (Rb, K, Th, U), depleted Sr and high
field strength elements (Nb, Ti). The geochemical characteristics of the rocks show that it was formed in a com-
pressional tectonic setting. The zircon Hf isotope eHf(#) value is between —33.79~-2.71, and the second—stage
depletion model age (¢py,) is between 1 179~3 323 Ma, indicating that the rhyolitic tuff magma is mostly Paleo-
proterozoic—Mesoproterozoic thickened lower crust Melted to form. According to comprehensive analysis, the

Jiulongshan Formation in Xuanhua basin was formed in the late Middle Jurassic—early Late Jurassic compres-

sional structural setting. The research results provide new data for the study of the age attribution and formation
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environment of the Jiulongshan Formation.

Keywords: Jiulongshan formation; LA—ICP—MS zircon U-Pb dating; Hf isotope; Xuanhua basin
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Fig. 1 Simplified geological map of Xuanhua Basin in Northwest Hebei
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Fig.2 The measured profile of the Jiulongshan Formation in the Yangjiaying—Xiangshuipu area of the Xuanhua basin (PM15)
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Fig. 3 The measured profile of the Jiulongshan Formation in the Yangjiaying—Xiangshuipu area of the Xuanhua basin (PM42)
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Fig. 4 Microscopic characteristics of the Jiulongshan Formation tuff in Xuanhua area
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Tab. 1 Analysis results of major elements (%) and trace elements (10°°) of
rhyolite tuff in Jiulongshan Formation in the Xuanhua Basin
FES PM15-15YQ2 PMI15-16YQ2 PMI15-23YQ2 PM42-7GP1 WS PMI5-15YQ2 PMI15-16YQ2 PMI15-23YQ2 PM42-7GP1
Sio, 72.59 73.43 73.57 72.81 In 0.03 0.03 0.03 0.03
Tio, 0.25 0.29 0.24 0.15 w 0.90 1.01 0.70 0.65
ALO, 13.28 13.25 13.49 13.91 Bi 0.13 0.13 0.13 0.21
Fe,0; 1.26 1.87 1.66 1.01 Cs 1.26 1.29 1.71 1.23
FeO 0.75 0.30 0.27 1.05 Ba 672.04 762.17 732.98 1166.14
MnO 0.08 0.08 0.05 0.07 La 31.74 35.65 34.34 49.38
MgO 0.87 0.82 0.58 0.23 Ce 60.14 68.20 64.50 85.29
Ca0 1.58 0.97 0.68 0.55 Pr 6.57 7.53 7.00 8.09
Na,0 434 4.10 3.48 4.79 Nd 2227 25.82 22.94 27.74
K,0 2.69 3.04 421 4.42 Sm 3.60 4.02 3.52 3.67
P,0; 0.07 0.09 0.06 0.04 Eu 0.83 0.98 0.80 1.14
JOES s 1.99 1.55 1.51 0.68 Gd 3.32 3.73 3.12 3.39
Total 99.84 99.83 99.85 99.83 Tb 0.48 0.48 0.43 0.42
A/NK 1.32 1.32 131 1.10 Dy 2.53 2.64 224 2.12
A/CNK 1.04 1.15 1.19 1.02 Ho 0.46 0.48 0.42 0.41
Li 21.48 25.58 17.01 17.42 Er 1.45 1.42 1.36 125
Be 1.48 1.61 1.97 1.91 Tm 0.24 0.24 0.24 0.22
Sc 5.83 6.11 7.60 2.60 Yb 1.35 1.36 1.38 1.42
\% 27.04 29.43 25.94 18.54 Lu 0.28 0.26 0.27 0.23
Cr 10.11 13.12 7.24 5.15 Tl 0.36 0.41 0.56 0.93
Co 3.81 3.89 3.25 2.00 Pb 1478 12.42 12.33 2248
Ni 3.55 429 4.52 4.00 Th 6.52 6.49 7.18 11.59
Cu 6.54 7.86 7.11 8.51 U 1.46 1.47 1.97 2.40
Zn 4323 49.33 42.18 34.56 Zr 116.03 128.87 125.81 138.01
Ga 14.87 14.66 15.79 13.35 Hf 2.98 3.03 2.86 427
Rb 71.20 77.36 107.06 117.92 YREE 135.25 152.82 142.55 184.76
Sr 333.33 336.03 341.94 177.91 LREE 125.14 142.20 133.09 175.31
Y 116.03 128.87 125.81 138.01 HREE 10.10 10.62 9.46 9.45
Nb 16.99 17.02 15.85 11.80 LREE/HREE 12.39 13.39 14.07 18.54
Ta 15.73 16.19 18.47 13.58 La/Yb 16.85 18.77 17.80 25.01
Mo 0.88 0.81 0.94 1.16 8Eu 0.73 0.77 0.74 0.98
cd 0.40 0.55 0.62 0.51 3Ce 1.02 1.02 1.02 1.05
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Fig. 5 Petrology and petrogeochemistry diagrams of rhyolite tuff in Jiulongshan Formation in the Xuanhua basin
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Fig. 6 (a) The normalized trace element spider web diagram of the original mantle of the rhyolitic tuff in the Jiulongshan Formation in

the Xuanhua Basin and (b) the normalized rare earth element distribution map of the chondrites
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Tab.2 LA-ICP-MS zircon U-Th-Pb dating results of the rhyolite tuff in the Jiulongshan Formation in the Xuanhua basin
RV ] A i (Ma)

S Pb(109 UC109 Th(10% Thu  *"Pb/ U pb/U *"Pb/**Pb po/ U PbANU *"Pb/**Pb

Lt fE 20 Lt fE 20 L 1B 26 W 26 WHE 26 WHE 20
1 15.9 428.0 510.0 0.84 0.1740 0.0100 0.0257 0.0007 0.0505 0.0027 1634 42 1626 86 200.0 120.0
2 8.3 172.5 260.7 0.66 0.1720 0.0110 0.0255 0.0004 0.0485 0.0032 162 2.7 1602 9.6 110.0 140.0
3 8.6 126.8 280.0 045 0.1760 0.0130 0.0254 0.0005 0.0499 0.003 7 162 3.1 164.0 11.0 130.0 150.0
4 5.5 117.6 177.0 0.66 0.1810 0.0110 0.0255 0.0005 0.0515 0.0030 1623 3 169.5 9.7  220.0 120.0
5 10.0 167.9 336.2 0.50 0.1774 0.0082 0.0257 0.0004 0.0502 0.0024 1634 22 1651 7.0 162.0 100.0
6 34 71.7 107.8 0.72 0.1730 0.0140 0.0255 0.0005 0.0496 0.0041 1625 3 161.0 12.0 80.0 160.0
7 14.7 269.5 483.6 0.56 0.1702 0.0072 0.0252 0.0003 0.0487 0.0022 1603 2.1 1592 6.3 109.0 93.0
8 13.7 337.0 455.4 0.74 0.1719 0.0088 0.0252 0.0005 0.0506 0.0027 160.8 2.7 160.7 7.6 190.0 110.0
9 16.4 282.5 558.0 0.51 0.1769 0.0076 0.0253 0.0005 0.0510 0.0021 161.1 3.2 1648 6.5 210.0 89.0
10 16.8 319.7 542.7 0.59 0.1747 0.0060 0.0255 0.0003 0.0496 0.0018 1625 2.1 163.1 52 153.0 74.0
11 13.2 329.6 452.7 0.73 0.1671 0.0090 0.0252 0.0005 0.0495 0.0028 160.6 3.2 156.6 7.9 150.0 120.0
12 9.2 155.9 305.9 0.51 0.1830 0.0160 0.0256 0.0006 0.0517 0.0045 163.1 34 170.0 13.0 230.0 180.0
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Fig. 7 Zircon cathodoluminescence images of zircons from the rhyolite tuff of the Jiulongshan Formation in the Xuanhua Basin
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Fig. 8 Zircon U-Pb age harmony diagram of the rhyolite tuff in the Jiulongshan Formation in the Xuanhua basin
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Tab. 3 Zircon Hf isotope analysis results of the rhyolitic tuff in the Jiulongshan Formation in the Xuanhua Basin

WES  (Ma) "y 7HE Lw/Hf  °HE/'HE 2 gHF(1) 26 fow(Ma)  f,(Ma)  fLwHf
1 1634  0.037086  0.001460 0282453 0907103 -7.84 091 1143 1703 -0.96
2 1620  0.021016  0.000875 0282506 0871696 —594  0.87 1051 1582 -0.97
3 1620  0.027908  0.001202 0282496 0903081 —632  0.90 1074 1606 —0.96
4 1623 0041201  0.001614 0282494 09838113 —645  0.99 1090 1614 -0.95
5 1634 0041546  0.001632 0282529 0768552 —520  0.77 1041 1536 -0.95
6 1625  0.038554  0.001474 0281720 0962652 —33.79  0.96 2174 3323 -0.96
7 1603  0.021689  0.000839 0282494 0914987 —6.40  0.92 1067 1610 -0.97
8 160.8 0023269  0.000906  0.282437  0.952907 -840  0.95 1148 1736 -0.97
9 161.1  0.031761  0.001333 0282532 0848201 -5.11 085 1028 1529 -0.96
10 160.6  0.020550  0.000812 0282465 0770649 -7.41  0.77 1107 1674 -0.98
11 163.1  0.057856  0.002243 0282601 1.036609  —2.71 1.04 953 1379 -0.93
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Tab. 4 Middle and Late Jurassic Jiulongshan—Tiaojishan period isotopic age data in the area near the Xuanhua basin
75 =i SR A Hb a5 it % 42 AE i (Ma) oy ik BERE K

1 EZE2 4 CTHD e mt+ =B 2 A 161.1£1.9 Ar—Ar(plateau) Davis etal., 2001
2 Z2 A0 T =R BER & 1572412  U-Pb(LA-ICP-MS) TFifF K%, 2016
3 EZ8I0HURHD Je 5P L itk ) 156.6+3.1 U-Pb(SHRIMP) B HAE, 2004
4 5 JIEQS D) 7 A 2 b, Bt K 160.7+0.8 Ar—Ar (plateau) Davis et al., 2001
5 £ 104 R R BEIK # 160.7+0.8 Ar—Ar (plateau) Davis etal., 2001
6 ZE 1A UK TR 2 b EQIIES 159.7+1.3 Ar—Ar(plateau) Cope, 2003
7 JLIE 4L CT#BD RS 43 BEIR 163.4£1.1 U-Pb(LA-ICP-MS) [KIG#ES, 2014
8 JUlE 4 CF D ER LA HLTE A 167.0 U-Pb(LA-ICP-MS) FETHE%, 2017
9 Jude i 4l CF#D A BEIR 161.940.8 U-Pb(LA-ICP-MS) AL
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Fig. 9 Zircon Hf isotope characteristics of the rhyolite tuff in the Jiulongshan Formation in the Xuanhua Basin
52 MIEIMETE st A5 A 8 9 A L IR ] il 438 36 100 X8R, 44545 H ™
HER SCAF (2008, 201DBFFEINH, £E 175~136 Ma TARILHL &5 AR P9 1 38552, DI HOOR G B A B A
W] E R SR B R L, BRIV R REZEHEQIDIESE, 2004; Dong et al., 2013; Li
AT, XoF I FHE 1L X R SR B R AT I CE R IR etal, 2018000, RARB TR AR R 2 Z 1)
TR R AT 170~160 Ma SISk K D4R JURILARRA)Z . RE DA RICAEZ T A E B T
A HF 150~135 Ma, R R AT 3Rk v R 5 A R K
WF5E X LR L AR B Ay — BB AR E R (&1 10b) K& 170~ 140 Ma (14 35 b 4 78 449 2 () /0 e 45
IriRE A SRR S TURE 2, TTRER B T i B 20185, BN EF AR bR . WSS XL IR
BAREAR A TR, AR AR T . Elr Sk g IE R Y, Z ERESINATRAT
R TR A A e KE AR E R OUREY B BRI SRR R K s R HA R kT2
e, RBAKRE, AU, kb8 2, KoOhA— B RRE + 03 R8s AR g i), XN 2=k R
HESTCFy , iU B se 3, 5 AR B bel 2H 4 im0 PR e A, TRt e A S A R A R
AN, AR S 1L RS2 5 ZUET R B (AT B E ) TR R, DU b R B TR R B I, 5 XX R
B v R e AT R 102), R U IR Gk s ¥ 5 B R
G S AEH R FL . 7E Pearce %5 (1984) % LAY AL 4 & i L iR, SR A U A T B 3 B 2
P BREEHH (P 1a, T 1o, JRACBUEEICA R HUPREE, 5 BB OB R AN 7

10 E4EZMARLARDHRES EMTREZMENERE

Fig. 10 Macroscopic appearance of conglomerate at the bottom of Jiulongshan

Formation in Xuanhua Basin in contact with basalt at the upper part
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