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Late Mesozoic sedimentary—volcanic filling record in Yungang basin and its
tectonic implications
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(1. Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China ;2. Liaohe Oilfield Company of
Petrochina, Panjin124010, Liaoning, China)

Abstract: Based on regional stratigraphic correlation and using zircon dating method of tuff layer and andesite rocks in the Late
Mesozoic stratigraphic sequence, the authors defined the key time of the sedimentary—fill record. According to the formation contact
relationship and the geochemical characteristics of the andesite, the authors also analyzed the tectonic significance of the key
geological interface. Some conclusions have been reached: (1) During the Early—Middle Jurassic, the sedimentary sequence was
characterized by a suite of lake transgression sequence with the coal—bearing strata of Datong Formation, indicating the tectonic

setting of the regional extension; (2) These strata had no sedimentary record from Late Jurassic (160.4+1.1 Ma) to Early Cretaceous
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(130.1£0.7 Ma), which was dynamically associated with far field effects produced by synchronous convergences toward the east
Asia continent of different plates (Siberia, Paleo— Pacific, Tethys); (3) The andesite of Jiugaoshan was developed in the tectonic
setting of the continental rift during the Early Cretaceous, which might have been associated with the destruction of the North China
Craton. The andesite age of Jiugaoshan was defined in the study. It does not belong to the Tiaojiashan Formation, but corresponds to
the Zhangjiakou Formation in Yanshan area.
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Fig.1 Regional geological map of Yunggang basin
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Fig.2 Typical stratigraphic columnar section of late Mesozoic in the Yungang basin
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Fig.3 Typical field outcrop photos of late Mesozoic strata in the Yungang basin
a, b—Contact relationship between andesite of Jiugaoshan and Yungang Formation (Jiugaoshan, Datong); ¢, d—Vesicular structure of andesite

(Jiugaoshan, Datong); e—Purplish red sandstone of upper Jurassic Tianchihe Formation (Hongqiangcun, Datong); f—Tuffaceous carbonate of upper
Jurassic Tianchihe Formation (Honggiangcun, Datong); g, h—Conglomerate of the lower Cretaceous Zuoyun Formation (Yangeda, Zuoyun);
Jyg—Middle Jurassic Yungang Formation; Kizh—Lower Cretaceous Zhangjiakou Formation; J.r—Middle Jurassic Tianchihe Formation;
Kiz—Lower Cretaceous Zuoyun Formation
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Fig. 4 Typical photos of the tuffaceous carbonate of Honggiangcun and andesites of Jiugaoshan under the microscope
a,b— Tuffaceous carbonate of Hongqiangcun; ¢,d— Andesites of Jiugaoshan; P1— Plagioclase; Hb—Hornblende
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Tablel Analyses of major elements(%), trace elements and
REE(10°°) from the andesite of the Jiugaoshan in the
Yungang basin

SWIE  Yang9-1  Yang9-2  Yang9-3  Yang9-4  Yang9-5
NayO 3.5 32 3.23 3.24 34
MgO 1.8 1.3 1.6 1.4 1.5
AlLO; 154 15.56 14.27 13.17 14.54
SiO, 53.2 49.86 52.84 50.68 51.86
P,0s 0.73 0.73 0.77 0.71 0.79
K,O 4.6 433 4.68 432 4.46
CaO 4.4 4.48 5.28 92 6.58
TiO, 1.77 1.53 1.68 1.52 1.73
MnO 0.06 0.19 0.1 0.08 0.08
FeyOs 8.27 8.01 7.8 7.02 7.8
FeO 0.77 0.89 0.75 0.88 0.81
H,O 33 2.34 3.33 2.2 2.66
CO, 1.5 7.68 3.58 5.5 34
Total 99.3 100.1 99.91 99.92 99.61
La 69.6 62.5 67.5 64.3 69.2
Ce 150 130 148 130 150
Pr 16.5 14.5 15.3 14.9 16.2
Nd 61.6 52.5 58 55.8 62
Sm 10.1 8.43 9.47 8.87 9.79
Eu 2.35 2.07 2.25 2.13 2.35
Gd 6.88 6.38 6.41 6.45 7
Tb 0.92 0.82 0.88 0.81 0.88
Dy 43 3.82 4.13 3.78 4.25
Ho 0.73 0.66 0.73 0.66 0.71
Er 2.06 1.92 2.05 1.81 2.09
Tm 0.25 0.23 0.25 0.2 0.24
Yb 1.6 1.34 1.51 1.38 1.45
Lu 0.24 0.19 0.22 0.2 0.22
Y 21.1 18.8 20.1 18.1 20.1
A 142 120 123 115 122
Ni 22.6 20.3 23.8 20.9 21.1
Cu 13.9 12.9 154 15.8 14.8
Zn 100 100 100 100 102
Cr 303 34.4 30.7 30.7 32.5
Ba 4219 4288 4847 4847 4288
B 6.93 6.6 5.86 5.86 6.87
Pb 144 13.6 13.6 13.6 15.1
Sr 877 885 845 845 860
Li 12.5 10.2 11.2 11.2 12.6
Th 4.87 4.09 43 43 4.75
Sc 132 10.7 11.6 11.6 12.7
Zr 380 379 376 376 390
Co 16.6 15.2 14.5 14.5 16.2
Hf 6.18 5.97 6.36 6.36 6.08
Ta 1.19 1.01 1.14 1.14 1.19
Nb 24.7 21.3 21.9 21.9 23.6
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Fig.5 Normalized REE and trace element patterns for andesites from Jiugaoshan
a—Chondrite—normalized curves of REE; b—Primitive mantel—normalized curves of trace elements
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Fig. 6 Representative cathodoluminescence(CL )images of zircon grains for the andesites of Jiugaoshan (JX20) and tuffaceous
carbonate (JX24) of Hongqiangcun
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Table2 U—Pb isotope dating results for the tuffaceous carbonate zircons from the Middle Jurassic Yungang Formation in the
Yungang basin

T8N0 [ % HE RIEFERMa
W Th/U

U Th P/ %P 16 PPbAPU lo 206pp,/ B8y lo 2PYU 16 06pp/B8y 16
1 86 66 0.77 0.1333  0.0003  6.7132 0.0367 0.3649 0.00181 2074 5 2005 45
2 41 54 1.31 0.0461 0.0036 0.1611 0.0122 0.0253 0.00038 160 12 160 2
3 61 46 0.74 0.0492  0.0039  0.1706 0.0134 0.0252 0.00042 160 12 160 2
4 69 132 191 0.0587  0.0033  0.2051 0.0113 0.0254 0.00035 189 10 162 2
5 51 112 219 0.1552  0.0006  9.4108 0.0664 0.4391 0.00205 2378 7 2346 5
6 43 63 1.46 0.0688  0.0007  1.1931 0.0155 0.1257 0.00081 797 7 763 5
7 38 57 1.49 0.1029 0.0004 3.7945 0.0248 0.2673 0.00146 1591 5 1527 7
8 171 150  0.87 0.0526  0.0013  0.1831 0.0051 0.0252 0.00019 170 93 160 15
9 25 13 0.53 0.0621  0.0017  0.6083 0.0173 0.0713 0.00071 482 10 442 4
10 348 202 058 0.0504  0.0021  0.1756 0.0036 0.0252 0.00052 164 7.1 161 23
11 320 234 071 0.0512  0.0039  0.1784 0.0025 0.0252 0.00026 166 56 161 17
12 900 313 0.35 0.0601 0.0002 0.8077 0.0063 0.0975 0.00065 601 4 600 4
13 111 121 1.09 0.0546  0.0017  0.1897 0.0071 0.0252 0.00015 176 6.5 160 15
14 57 81 141 0.0506  0.0045  0.1767 0.0144 0.0253 0.00059 165 12 161 2.7
15 1000 338 034 0.0602  0.0001  0.8108 0.0064 0.0976 0.00071 602 4 600 4
16 71 65 0.91 0.0957  0.0011  3.0113 0.0424 0.2322 0.00164 1410 11 1346 8.6
17 316 110 0.34 0.0001 0.0005 0.8091 0.0089 0.0975 0.00101 601 5 600 6
18 353 470 132 0.0492  0.0025  0.1713 0.0015 0.0252 0.00036 160 9.7 160 15
19 225 282 125 0.0507  0.0025  0.1771 0.0079 0.0252 0.00035 165 6.8 160 25
20 600 221 037 0.0607  0.0006  0.8189 0.0126 0.0975 0.00128 607 7 600 7

SRR T, R = B LA o s R AL
S, B 2 B R B A BT R LT AR A IR
WA —E S ERK T IRTRER A o % B & BEIK T
TR R A A X3 LA I %o He: e Tk —F AR
Fith PR Z W A 3 A B FE T IR R AL
IR EEE K TR IRER A IR A (160.6£0.5) Ma,
AR RBITETE 2 B3 7 b 2T 55 A AR A O 4F % (160.4+
1.1)Ma B fbr i) —2bE . RS TR — R 2
Hb I 53 SR, 25 GRS o = AR = B e
T R G R i R A

2 B4 FE L TH = 1 22 L 2 B — B
HRULL GRS 4P e R % e R S Y3 R
IR OBV A L IH & e s 5 R i 52
S % A HAMRRE, IH & L2 A T8
R —ERE 5 RP 5 = AR5 Hzfol, %
RS LA LA A rEE a5 T

TEGL VYA SRR A AR S 8RN
N T S e s B i 5 R A 2 S T 5 | b = o
TR L A 2 S I3 A o PRLIEE , 7R R AR IS 24
YGOSR I R LU 22 L A e i B FIR E S 1
PR AR SR A A I I, TR L 4l
B L AW, 152 Ma, FigE L IX 25
22 L B I AR A — B AR BIESE , i id
BB A1 U—Pb [ 2 A R 1H w5 1122 1 g
S BRBRE 2 130 Ma, J& 5. 22 L 74
TE X85 FHE L 3 XA 7K 58 0 4 M 2 AR AR —
o P, IHm 22 s Mg IR i 2 2 10 4 22 10
AEHZ A EIFA—EL
4.2 MIEEX

e 111z Bt AR A R AT v A A )
10 R 3 A, R AR T2 (165+5) Ma, 453 T 83
Ma, EELT 3 EAAR B s EU T R —hRl N &

http://geochina.cgs.gov.cn H1E LT, 2016, 43(5)



1490 ol Hy [ 20164F
#3 ZHAMIAE LR UEET U-Pb EHBIRIN20)
Table3 U—Pb isotope dating results for the Andesite zircons from the Jiugaoshan in the Yungang basin
) HE10° Rt R AR IR F e Ma
AP Th/U
Th U P/ Pb 16 PoU L 1e e SR PoU 16 PHPU Lo
1 528.4 680.3 0.78 0.0494 0.0007 0.1371 0.0021 0.0201  0.0001 130 1.9 128 0.8
2 1092.1 240.5 4.54 0.0509 0.0009 0.1431 0.0029 0.0203  0.0001 136 2.5 130 0.7
3 240.1 1420.2 0.17 0.0513 0.0013 0.1456 0.0095 0.0208  0.0002 139 42 132 1.5
4 329 1000 0.30 0.0601 0.0001 0.8082 0.0053 0.0975  0.0006 601 35 600 3.6
5 301 900 0.33 0.0601 0.0001 0.8103 0.0058 0.0976  0.0006 600 35 600 4.1
6 1575.1 345.6 4.56 0.0509 0.0004 0.1444 0.0012 0.0205  0.0001 137 1.1 131 0.5
7 455.8 123.1 3.70 0.0492 0.0019 0.1367 0.0057 0.0201  0.0001 130 5.5 128 1.0
8 172 199 0.86 0.1126 0.0002 4.6934 0.0241 0.3021  0.0014 1766 42 1701 7.2
9 51 45 1.12 0.0887 0.0005 2.6323 0.0201 0.2151  0.0012 1309 5.6 1255 6.5
10 76 154 0.49 0.0839 0.0004 2.2563 0.0171 0.1949  0.0009 1198 5.5 1147 5.5
11 730.0 136.7 5.34 0.0495 0.0008 0.1393 0.0024 0.0204  0.0001 133 22 130 0.7
12 302.5 1667.5 0.18 0.0528 0.0014 0.1458 0.0089 0.0206  0.0002 142 32 132 1.2
13 86.37 166.9 0.52 0.0659 0.0043 0.1868 0.0104 0.0205  0.0004 174 8.5 131 23
14 198 304 0.65 0.0558 0.0003 0.2551 0.0019 0.0331  0.0001 230 1.6 210 0.9
15 57 51 1.12 0.0569 0.0008 0.4748 0.0076 0.0605  0.0004 394 5.2 378 2.8
16 931.25 172.6 5.39 0.0533 0.0011 0.1516 0.0044 0.0206  0.0004 143 39 131 2.4
17 302.94 97.7 3.10 0.0516 0.0016 0.1441 0.0043 0.0202  0.0001 136 3.8 129 0.5
18 227 149 1.51 0.1152 0.0003 5.3302 0.0231 0.3353  0.0012 1873 37 1864 5.8
19 38.65 369.87 0.12 0.0492 0.0018 0.1390 0.0058 0.0204  0.0002 132 5.2 130 0.9
20 169 267 0.63 0.1133 0.0002 4.7796 0.0226 0.3057  0.0012 1781 39 1719 6.5
0.024
a b
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Fig. 7 Concordia plots of U—Pb zircon dating results for the andesites of Jiugaoshan and tuffaceous carbonate of Honggiangcun

a—Tuffaceous carbonate of Honggiangcun; b— Andesites of Jiugaoshan

http://geochina.cgs.gov.cn H1E LT, 2016, 43(5)



H43%: s

BRE AT R AE G T AR AR O - KL SR 91 B HOAA) 3 7 1491

LB Bt (165~136 Ma) | == i Jie — 5 1 Pl ik i B B
(135~100 Ma) . 5555 R IE BT BL (100~83 Ma) o =
] 7 1l R A 8 T A AR A 200 160 Ma il 130
Y W 1 1 AN CA RN B 1 T g e = =
FLep R 20 A o 7 3 A4 i AR LA, AR
A AR EA T a5 AR . FE = b, Tt
FRURRAE 32 B3 80 R AR AR S IR B WA 0k 7 51) , A
TARIZ AL 10 A H AR I RSB AR,
FER AL TRk R RE R RAS . SRR 2T b
FMHFAGIERTZ LT ARG R T 2 B LR
FYZR TP A9 3 , 515K 75 ) R NS [1] 2 NNE—-SSW &,
Horp RS e g AE i sh vl e 5 =&
20 FI LR 2 T el 4 A FH S B8 A PN 1 ) R A
I, TN B B ) K A 365 i 1 P A 2 B S s Bl )
JER" s MR, PR A AR R 1) R U8 ROV AR
Hem vy B b A E R AR AT =
B R, 2 XSk IR T I S S
AN RS Ml )22 22 8] %) BN 5 ek ™ AR DT
HALT Y L iz A i 2 3l e I i i R B v AR
B 55 R 4 TR 2 )5 (160.4+1.1)Ma, b Teh7 a8
RS X S T R R 2 HEDORR, DR B PR T
AT AT S, DABRA R DTRCE £ . SRR Z
Wi M pa 2k, LISF 54 A3 R — 2 E R R ik
FUUR, LA EEA RS B T RS IR A e
FIHLZZ b IR T SRS 2 s Y, 16
IR mAb g A B4, LIRP Sk K 1L
2, NN — BRI R A DU, I LA RN A
METH NRP gz Lo, fE#H—IHIX, EOk
BRI R e BT B, T Bk
REEINA, UL N EY FBAON BT,
DIEEIK I AR JeBR DTN £ 2, 6 2 b 78,
X 7 A A TH T L2 1L 2 Y 10 Z2 KRR
L EE, 29 130 Ma, 52 H AR R0 KT AR
B o 9 5 ), A b S B3 AR kAR T IR,
A 2 T RAT L PE R 2 ) Z e, TH & L2 1
FORHERM R, HE L s R o A s
ON BB A - R e R B T
TR L0, AR R A B 2 AR R A K
A B G R AR 78 Ta/Hf— Th/HE, Y—Zr/4—Nbx
2. Ze—Zr/Y Bl B B 7% A K Bl bl 9 3443
WEE (K 8) . ANHA M Eustd, £ AR XA

ST

T 20

1000

Lol
1.0 20 Zv4 v

0.05 0.1 Ta/HE 0.5

Pl 8 J L R iR 1 0 1 1]
a—Ta/Hf-Th/HFHI & ;T —HRH& 814 N-MORB X ; I —#k
HUrEn (1 — RS I KA X 11— Rhgk B 0 K i kL

LA s M—IPER N PE S i1 2 A X % T-MORB \E—~
MORB;; IV—KREAR A (IV —ili ] 245 S Bl AP B Xl X
IV i U X B X5 IV — KB K A sip i s X A
X)) 5 V—H R 2 A X 5 b—2Zr—Zo/Y R ™ A—HR N Z i

B KIS Z R C— I LR
c—Y-Zr/A-Nbx2 F I : A T —A T —KBEAR A E X
AT —C-KBiR A RLEE X R ; B—P MORB ¥ XA D—N
MORB £ L il s C-D— I B IR X iU
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