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Fig. 1 Characters of dinosaur tracks in Laiyang Group of Early Cretaceous, Huanghua, Zhucheng, Shandong
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(a)—Location of study area; (b)-—sketch of structure and geology of Jiaolai basin, Shandong province, dot blue shows dinosaur track of
excavate site in Huanghua, Zhucheng city® (modified from Zhang Yueqiao et al. ,2008) ; (¢)—ripple mark of outcrop and excavate, camera lens
towards south, hammer is 23cm long. following the same; (d)—variety dinosaur tracks of Yangzhuang Formation in Laiyang Group, Lower
Cretaceous, visible tracks in dense and towards the same direction, Dashan village of Huanghua, Zhucheng; (e)—orinthopod tracks, the scale
is 10cm; (f)—small theropod tracks, the coin size is 1. 9cm; ZCD—Zhucheng depression; GMD—Gaomi depression; CGU—Chaigou uplift;
F1—Changyi-Dadian Fault; F2— Anqiu-Juxian Fault; F3—Tangwu-Gegou Fault; F4—Yishui-Tangtou Fault; F5—Wulian Fault; F6—Baichihe
Fault; F7—Jiaoxian Fault; F8—Pingdu Fault; F9—Wulonghe Fault; F10-—Maozhichang Fault; F11—East Doushan Fault; F12—Guocheng
Fault; F13—Zhuwu Fault; F14—Haiyang Fault; F15—Qingdao Fault
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Fig. 2 Undulate fold deformation styles of Yangzhuang Formation in Laiyang Group on
Lower Cretaceous, Huanghua, Zhucheng, Shandong
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(a)—Undulate folds, look like “egg-box”(or bowl) appearance, show synclines with diversity size connected with antiformal folds, siltstone
and mudstone ineterbedded in Lower Cretaceous, at northeastern of Huanghua excavation, camera lens towards north; (b)—sketch of
undulate folds deformation structural section, shows that trends are 10° and 310°, angles of dip are about 67° and 80°, underlying bedding
and overlying bedding are un-deformation layers consist of gray green sandstone and gray mudstone; (c), (d)—planar characteristic of

undulate fold deformation structure (diameter is 35~45cm and amplitude is about 5~17cm)
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Fig. 3 Liquefied sand vein and breccias of Yangzhuang Fm. in Laiyang Group on Early Cretaceous, Huanghua, Zhucheng,Shandong
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(a), (b)—Liquefied breccia and vertical liquefied sand vein, 0. 88km northeast of dinosaur tracks in Huanghua, Zhucheng, and camera lens is

towards east, the scale is 10cm; (c¢)—vertical liquefied sand vein and graded faults, illustration the vertical liquefied sand vein invaded mud

bedding, and the small graded faults (Seilacher, 1969, 1984) occurred concentratedly with small fault throw about 0. 5~ 3cm, cut through

laminated sand and mud bedding; (d)—liquefied breccia and bedding liquefied sand vein, shallow grey liquefied sand vein reticulated, tear the

mud bedding, and carried over mud breccias, 0. 68km northeast of dinosaur tracks in Huanghua, Zhucheng; @-—Iliquefied breccias; @—

liquefied sand vein; @ —graded fault
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Fig. 4 Convolution deformation and seismic unconformity of
Yangzhuang Formation in Laiyang Gr. on Early Cretaceous,
Huanghua, Zhucheng, Shandong
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(a)—Convolution deformation and seismic unconformity, laminated
sand and mud sediment during not consolidated and unlithified
occurred hydroplastic fold induced by compress stress, and then
covered by un-deformation beddings. this spot at 0. 7km northwest
dinosaur track quarry; (b)—sketch of convolution and seismic

unconformity, hydroplastic fold presents recumbently folded

(overturned ), and partly presented liquefied sand vein; (c)—
multiple deformation layers and undeformation layers interbedded,
convolution deformation, dome-trough deformation and liquefied
breccias have been seen in deformation layers, the geologist is 180cm

high in photo
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Fig. 5 Diapir of Yangzhuang Formation in Laiyang Gr. on Early Cretaceous, Huanghua, Zhucheng,Shandong
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(@D —Plastic intrusion of liquefied fine grained sediment broke up several laminated dark silty marls bedding, and closing upwards,

central of diapir formed, shown like tongue; @—top bedding changed to thinning by intrusion sand dykes; @—limb bedding

thicked; @—on lap deposited after diapir deformation
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Abstract

Unusual, abundant dinosaur tracks have been discovered in Huanglonggou of Huanghua County in Jiaodong
peninsula, eastern China. The tracks wee found to occur in the Yangzhuang Formation of Early Cretaceous
Laiyang Group in south of Zhucheng faulted depression in Jiaolai basin. In this study, several sets of paleo-
earthquake records were found in the Yangzhuang Formation immediately in underlying and overlying track-bearing
strata. Soft-sediment deformation structures include undulate fold, diapir, liquefied sand vein, liquefied breccias,
convolute deformation and seismite unconformity, and graded faults. Our analysis shows that initial sediments,
sedimentary facies and tectonism determined structural deformation styles of soft sediments produced by seismic
activities. During interim of sedimentation of early Cretaceous Laiyang Group, earthquakes were characterized by
multiple periods and frequent occurrences, with unilateral compressional dome-trough structure and bi-directional
compressional wavy deformation being predominant, and by increasing tectonic activities at late stage. Based on the
identified paleo-earthquake development records and their magnitude analysis, it can be assumed that seismogenic
fault was likely the Wulan fault, the southern segment of faulting in this period. Regional tectonic effect caused the
change of sedimentary environments gradually from lacustrine to fluvial facies, and after outbreak of paleo-
earthquakes, abundant tracks of dinosaur migration were left and preserved on lacustrine area. Paleo-seismic
records can help built the link between palec-earthquake events and deposition environment and tectonic evolution,
and constrain attributes, frequencies and time-limit of tectonism, thus providing the evidence for determination of
basin, surrounding structure and sedimentary development

Key words: Soft-sediment deformation structure; triggering of paleo-seism; dinosaur tracks; Early

Cretaceous; Zhucheng, Shandong



