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Fig. 1 Schematic map showing the study location and regional geology (also dinosaur fossil localities)
(modified from Zhang Yueqiao et al. , 2008)
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Fig. 2 Stratigraphic, sedimentary columns and dinosaur fossil horizons, Zhucheng and Laiyang, Eastern Shandong
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Microfacies; DF—mud flow; FP—flooding plain; DRC—branch channel; PS— pedocal soil. 1—dinosaur fossil horizons; 2—isolated bone
fossils; 3—sandy coarser conglomerates; 4—fine grained sandstones; 5—pebble coarser sandstones; 6—andesite; 7—sandy calcareous
mudstones; 8—sandy conglomerates; 9—medium sandstones; 10—calcareous fine sandstone; 11—shale sandstone; 12—mudstone; 13—
paleosoil; 14——conglomerate; 15—varied grained sandstone; 16— kaolin sandstone; 17—calcareous pebble sandstone; 18—pebble fine
sandstone; 19—pebble calcareous silt; 20—calcareous mud; 21—shale; 22—pebble silt; 23—calcareous silt; 24—silty conglomerates;
25—metamorphic rocks; 26-—calcareous pebble sandstones; 27—medium conglomerates; 28—silty calcareous mudstones; 29—{ine

sandstones; 30—sandy fine conglomerates; 31-—calcareous coarser sandstones; 32-—tuffaceous pebble; 33—pebble medium sandstone;

34—silt; 35-—silty mud; 36— pebbled calcareous fine sandstones; 37

level 2; main fossil horizons
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Fig. 3 Measured section columns, sedimentary facies and taphonomy in excavation sites

of dinosaur fossils at Zangjiazhuang and Kugou—Longgujian, Zhucheng
TN 267 . DF— Y 77 3% s FP— Ut R 51 s DRC— IRV 38 5 PS— % + 5 Ho e I il tn [ 2
Microfacies;: DF—mud flow; FP—{looding plain; DRC—branch channel; PS— pedocal soil; the remainder legends see Fig. 2
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Fig. 4 Rhythmic deposits (flooding plain microfacies ) of silts and fine grained sandstone and pedocal soil

of the upper Xingezhuang Fm. , Zhucheng., Eastern Shandong
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(a) A, C,E: pedocal soil (PS) with calcareous laminations; B,D: flooding calcareous silts (FP), horizontal bedding; (b) A—B—C—D.

microfacies sequence from FP to PS; B: grey green ribbons and mass reduction hal, C. pedocal soil (PS); (¢) A: flooding calcareous silts

(FP). B: braided channel mudy conglomerate(DRC), D: pedocal soil (PS) with calcareous nodulars; E—F. thinning—upward microfacies

sequence of channel, the bottom boundary is scouring surface(SS); (d) A—B and C—D: two aggradational sequences of microfacies PS;

grey green ribbons and mass reduction hal within microfacies a and ¢, a typical sedimentary indicator for pedocal soil (PS)
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Fig. 5 Sedimentary microfacies of the top Xingezhuang Fm. at Kugou—Longgujian, Zhucheng
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(a) 7th bed of the section, FP, consisting of light purple silty and muddy sandstone, parallel bedding, between the underlying and
overlying DF, column bone fossil presents; (b) an isolated long column bone fossil within FP; (¢) a scouring surface (SS) separates DF
and FP; (d) underlying and overlying DF, column bone fossil presents; (e) 5th bed of the section, grey green sandy conglomerate(DF) ,
with silica calcareous coater in a thickness of 2~ 3cm and occasionally well rounded bone pebbles; (f) 7th bed of the section and main fossil
horizon, grey green sandy conglomerate interbedded with lens of conglomerate(DRC) , from left bottom to right top are DF, with a number
of bone fossils on the surface, lenticular conglomerate of DRC, no fossil, DF, inclined giant bones on the bottom, isolated bones in the
middle and a mixed bones fossils with a variety of sizes, stacked each other within the top, and bone fossils occurrence from bottom to top
presents a pattern of “bigger upward”, suggesting a successive deposits of DF lobes; (g)—5th~ 6th beds of the section, A: DF and
overlying microfacies, inverse grading structure(B—C) of alluvial fan branch channel, rare fossil; (h) A—(FP) light purple pebble sandy
siltstone, parallel bedding, B—3 positive rhythmic aagradional sequence of brown fine—middle grained conglomerate of BRC, the bottom,

between A and B, is scouring surface(ss)
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Fig. 6 Sedimentary microfacies of the top Xingezhuang Fm. at Zangjiazhuang, Zhucheng
(a) FP YEBUV JFAHJE B & 6R 0 4 DF I & BRAED BT I8 & — 55 B YR b B iR 4, SORLIF 25 4 (TOUAR O levell A1 )2) 5 (b) & a 1 DF #H1Y
JATRRCK 5 () DF+ R JFHACR T E (BRC) + R BT+ (PS) IR & A AL A7 )2 level2, TRE A& F FP A A& H RBE F W GE M R4 (D T8
(A P2 JF(FP) R 0 R BR A 13 (B (BRO) K A ML BR 25 (o) F (A 2 PR (FP) , th— E38 (B Jé 41 3 UL (DF)
(a) FP:flooding plain deposits, muddy and pebble sandstone; DF: grey green pebble sandy mudstone—-calcareous sandy conglomerate,
inverse grained structure, the top is main fossil bed (level 1 in Fig. 2); (b) enlarged picture of DF in photo (a) (indicated by frame); (c)
DF(A, C)+BRC(D)+PS(E), in the top a giant coarser conglomerate of channel (E), and another main fossil bed, i. e. , level 2 in Fig.
2, is located at the bottom(A); (d) FP light purple sandy conglomerate(A) in the lower, BRC grey sandy coarser grained conglomerate

(B), SS—scouring surface; (e) the lower (A) is FP, the mid to top(B) is DF
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Fig. 7 Sedimentary microfacies of the lower Hongtuya Fm. at Kugou—Longgujian, Zhucheng
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C #RIR T3 BR & (BRO) , B 3t FLF JR (FP)
(a) A—pedocal soil (PS),B—brainded channel sandy conglomerate(BRC) , large scouring surface on the bottom; (b) A—pedocal soil (PS), B—

C—D is grey green pebble muddy sandstone—muddy and sandy fine conglomerate—grey purple sandy, muddy and calcareous conglomerate,

inverse structure, alluvial fan deposits; (¢) A,C—brainded channel coarse sandy conglomerate, alluvial fan deposits,interbeded with light purple

pebble muddy sandstone(FP) (B); (d) A and C brainded channel coarse sandy conglomerate, B muddy sandstone(FP)
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Fig. 8 Taphonomy of T-—DF at Kugou., Zhucheng
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(a) vertical occurrence of bone fossil within bed No. 5; (b) bone fossils lying on the surface and within the middle—lower

bed No. 5; (¢), (d)—on the surface of the bed No. 5,varied in bone size, arranged closely and stacked each other

PEL O T 3 I 8 5 S W e Ak v 2 GREAH
Fig. 9 Taphonomy of dinosaur bone fossils at Zangjiazhuang, Zhucheng
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(a) T—FP, chiefly vertebrate bone fossil, two layers of bone within 30 cm thickness. mainly on the surface; (b) T—FP, thin—long
column bone, parallelling with the sedimentary laminations; (¢) T-—FP, pebble siltstone, more than 1000 bone fossils on the surface,
stochastic arranged; (d),(e) disordered distribution and stacked of bones on the surface; (f) two layers of bone within 50 cm thickness;
(g) a giant channel sandstone within purple siltstone with calcareous nodulars, layers of T—FP, bottom boundary is scuring surface; (h)

T—DF. mainly muddy conglomerate, interbedded with T-—FP. long column bones.paralleling with the sedimentary laminations
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Fig. 10 A proposed model of sedimentary setting for taphonomy of the mass dinosaur death

in Late Cretaceous, Zhucheng
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Sedimentary Facies and Taphonomy of Late Cretaceous Deaths of Dinosaur,
Zhucheng, Eastern Shandong

LIU Yongqing” ,KUANG Hongwei"” ,PENG Nan" ,JI Shu’an” , WANG Xuri" ,
CHEN Shuqging®” . ZHANG Yanxia®” , XU Huan?
1) Institute of Geology» Chinese Academy of Geological Sciences Beijing,100037;
2) Zhucheng Tourism Administration s Zhucheng, Shandong 262200

Abstract: The Upper Cretaceous composed of, in ascender order, Linjiazhuang Formation,
Xingezhuang Formation and Hongtuya Formation., is developed in Zhucheng basin, eastern Shandong
Province. The Xingezhuang Formation is consisted of purple fine grained clastic rocks. The rhythmic
deposits of dark purple sandstone and conglomerate make up the Hongtuya Formation, in which a 73. 5Ma
age was attained by Ar-Ar from basalt in the upper horrizon. Lots of bone fossils of dinosaur were found
within the transition from the top Xingezhuang Formation to the lower Hongtuya Formation, which is
correlated with the horizon in which Tsintaosaurus and egg fossils were found in Laiyang, 200 km to the
south,

Based upon detailed studies on lithofacies and sedimentology, a fluvial fan and braided—channel
depositional model has been developed for the Late Cretaceous depositions in Zhucheng, eastern Shandong.
Using this model, major taphonomic modes of occurrence of vertebrate remains found within the study
sequences are readily explicable in terms of the sedimentary context of their host lithofacies. The sequences
studied are composed of three main sedimentary facies and corresponding taphonomic lithofacies: (1) mud
flow deposits: sandy and muddy conglomerate ( T—DF); (2) floodplain deposits including immature
paleosols, shalestone and mud with interclations of the braided pebblestone (T—FP); (3) sandy and
muddy conglomerate with inclined bedding (T—BRC); Within the detailed study areas vertebrate fossils
occur as articulated skeletons, bonebeds and isolated skeletal elements. All of these three major
taphonomic occurrence modes are dominantly associated with mud flow and floodplain deposits indicating
preferential preservation of vertebrate material at these microfacies. These three taphonomic occurrences
are believed to represent the end products of mass deaths of herding ceratopsians of dinosaurus, perhaps by

drowning as animals attempted to cross flooded rivers.

Key words: Shandong, Zhucheng; Late Cretaceous; Dinosauru fossil; sedimentary facies; taphonomy



