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Abstract

The Early Cretaceous terrestrial Zhidan Group of the Ordos Basin, Inner Mongolia produced ab-
undant fossil vertebrates including several dinosaur groups such as theropods, stegosaurs and
psittacosaurids. Recently, an incomplete ankylosaur skeleton has been found from the Luohan-
dong Formation at Laolonghuozi site, Hangjin Qi. Fortunately, a cluster of gastroliths and some
area of scale impressions are clearly preserved. At least 22 pebbles are presented at the position
just ahead of synsacrum. They are hard and rounded, with each pebble roughly 20 millimeters to
35 millimeters in long axis. These pebbles should be interpreted as gastroliths (stomach stones).
More than 40 square centimeters of scale impressions are exposed near the cervical vertebrae.
Each scale is generally trapezoid in outline, with the area varying from 6 square millimeters to 12
square millimeters. These scales are small and separate, compared with the relatively large and
various shaped osteoderms in ankylosaurs. This specimen represents not only the first finding of
ankylosaur dinosaurs among the Early Cretaceous vertebrate fauna in Ordos Basin, but also the
first example of the ankylosaur gastroliths and scale impressions in China.

Keywords

Ankylosaurs, Gastroliths, Scale Impressions, Early Cretaceous, Ordos

CERAER .

NESIH: W, I, KR, R RS SR 2R A R R E A S S BRI R BLD). HERE
£, 2016, 6(5): 355-360. http://dx.doi.org/10.12677/ag.2016.65037



http://www.hanspub.org/journal/ag
http://dx.doi.org/10.12677/ag.2016.65037
http://dx.doi.org/10.12677/ag.2016.65037
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

i 2%

NEGSREHNEREHBRZREASEHHE
RICAR A

‘HEY, F O, REXS, HEE

o R B TR AT, R R RRE AR E sk, b
IV A, TV M

ST B IR MU [ 5K AR X LR, S SRR

o [E TR R B A 0 ISR RN, IS R

Email: ‘jishu_an@sina.com

Weks H . 20164F10A5H: FHER: 20164F10H24H; & FHI: 20164F10427H

m =

W SR SR A AL R O R ST AV A R E KRS, R aSBHR. Sk
RMBREE RREB KA. A TBEMFRRGBERATHREZ AR TZRAS, e
A — BB A UK RHSE R AR, /0228 258 B B B BB fB A R R & RN A B a7,
BRAEKAEN20 mmE35 mm, 875% P RRKEEFARFK B ARFE. EIHNLENAERAN
40 c?f)BEF ER, BAMBR A ERIUGE . MEARMARE, HRLE6 mm2512 mm2Z &,
BIRAPMURR TR RS HEME GEEFERUARERRIN, BEREBIBREE BG 58
KR RRA, AR RRNESIETHERABNEENRZEME.

KA
R, BE, SR, REEH, BRI

][l

1. 7

WSR2 Wit X A — BB AR E R O RGO, oA R0 LSS RS W
(Psittacosaurus) WAR R IS HESH I BEL AT . 20 tHad 80 AEARG I “ R E—Ins KRR HE " DLLITFER—
SERIE TR, BN T X — BB B AR L AR . Bl O E R Ve Rt e fa
L BB T, e SRR [2] [3] [4]. Hh BB A B FEST Ui K2 Sinornithoides youngi [5] [6]-
$119%.2% Wuerhosaurus ordosensis [7]. #8515 %% Psittacosaurus neimongoliensis A1 P. ordosensis [8], {H
TeRBIARA G . 78 2012 SFH AR A H, FATET R Z W iibi i s N K I T — 1A 58 B 1) 1 e 2k
Wk, QIR IE. B BME. Ia . BCE SR, A TR L) 50 ToKMZ iR e
B PR AR BN A .

RN RATEM SR, @ AR KPrkE, HIGE. Sk bl R &
1112 78 75 TR A AN R 8 5 AR SRR [9] . A W T A6 S MBI R B, ARk AE TR ol . 52
WZRy phy 37 R WL, HONSEHBG SR I 7 — 28 1) e A [10], R UIFRE & R REh
HEM MY Z— ASCGRERF R A AE TSR 2 W@ 5 e B R A | ORI, 3 —



it 2%

PEE T IZEM R AR RSN A ERERE, ST RRE AT REE B A, K
3 T RO BUME BRI 5 PR A7 — BRI AR AN 188 )7 BRI W2 B A S 8 A ER A A AE R IE BB ORI,
NBATVORF R A S SR 7 HmE e, A EEREENME.

2. RERBEASHHENRER

GRS, CURFH IR, K 2 MinE . W& RFEONER, Sk
FRRFA MR : TE AT ROAGE S AT AR e, JE S BB L ANS i, 8 7 5 i i A
f (P 1) IXEERF R WIZ B SE NI FIEE, Hil T BB M AR e e 5e M, BRI R U5 fr
BB

1) BA

K¥) 22 MBATPREAEE A L, STz RSN E SE S 2 s a7 (4 1) XS E AR
BOVREWAA IR, RABEFNERE, LROKFARZ M/ dT B ada s ah
I P o S = A5 At R B U v R BEEAT, (B K2 RO A I K AR Z4E 20 mm % 35 mm 2 [H]
(¥ 2). XEFHAFUIRE, SMTEFAOAREE. KOKE. RAORNES, KO CaE5RF
B R R R R I A AR ZE IR K.

2) SR EIR

% ELJRAN 38 K20 40 om?, CRAFLE JUMORIB I STME PRI, 7T B I e 30 BRI (5 1y BT . B
PR 2 KRN IR 2 0, K280 AT 6 mm? 15 12 mm? Z i), 5 )7 R I HLRS
BN AN XA SO LR R HESUEE, FARBE A R AE S AE R B 218 118 BARRS
BOR, HHEEERZ )y 2 mm 2 3 mm (14 3).

3. tE®EiHe

FRAE IR & T HEAN B R IRAE LI+ 0570 R MEAT 1S MESEAH EL R BRI ORAFIRAS A B b HE DN 12 W R AE
N A A KRR RIS, Z/A — 0 BB AE VB A TROR AL B . 2% T e e 5 8 T i 7
TRAFA — P B LR BRR AT, BRI R AF B AL B R B 2 R I B 2 Ja s e, B B R

dr, FMi(dorsal rib); ga, B Afi(gastroliths); il, Ji%# (ilium)

Figure 1. The posterior dorsal ribs and left ilium of an incomplete
ankylosaur skeleton (scale bar: 8 cm)
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Figure 2. The gastroliths of the above ankylosaur specimen (scale
bar: 8 cm)
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Figure 3. The scale impressions of the above ankylosaur
specimen (scale bar: 8 cm)

3. BAEXMEFENR(ELHIR: 8cm)

PES AR B A PEXOIRA,  HAEACA BRI 3t 2 R SR A, DR T S SR A T S ML R
B A KRB A JRETH. B AR AL E R R T LA E, X8 B A N R 2R AR, ©
PIERIBIIEE 12 KB T RIS . RIS . REROME S RS fr MR AR [11] [12], B A R AL
B, TEAREIREEY. TN ABOVMSS, EHTREEMKZEY . FRENE A e )R
iH, XEICHREE AR RREAEREREXILS, NIRRT RSB ST R A 7B Bk
BALE R R e, SRR e S8R RE U BON AT R o BB A B A AP B R R TS, B
A RES A RO Bl I R I L M AR P B

SR EEE . B LEREMEL, B R REE AR IR e BTSRRI R U, B
PRECE BRI gk, e, Sty S, PESMATEILR, AR EZ M
K BMIZE. MR, SRS, MSRSENNAEAR[13] [14]. RJe BkEE 2 9 A BN 23477 8L



it 2%

[R5 o % IR AR B s X etk v v REpE FOE A A AR R, HORNRES 2B B tl, EE 1
R p, TEAFIN 2300 T8 0% F [R5 A 2 K

FOR IS G AR, LRI, AR 38 (4 T 5 0 T 368 78 26 Ay JEE T PR . I 8 AR AR R/
B SURSEARFTAE AR ZESR, A ICEEAEREIBORI9] [15], 1E% € B RIA H & F
B EES K. BIndb3Em A 211 Ankylosaurus magniventris [16]. 525 i (122 1) Saichania
chulsanensis [17]. [ 55 B 3 2 4 () Zhongyuansaurus luoyangensis [18]. 1 #iT (1 2 40 3 i
Dongyangopelta yangyanensis [19]5:5%, ¥R B A AFRIES AR K/NIHREE H . S5HREEZ 1
FARCR LG, RS A A R 00 Py 2N EE A 0% . 2013 4F, Arbour 25 AHRIE 7 55 RN K 2 1ERAFAT fi1
8% 1 1A R ZRBR AR [20] 31X et 1 BAT TR 1 FE AR 2 A1 805 AR A TR R 9 2 18 b, N 3RAT4 4 T IA R
H 0% v S SRS o AR SCIC IR (1 FRO 2 B BDYR, AMUAER T 3R 1 ORI LA R H HiTME— 1)
Fole 2% Fr B, Wk — D R R SRR T bR T KANEEAER RSN, (£ SR I FE LS 7 e e
FHXT LN 6% o

TR R e e ks ERAL A B AT E GBI 4 61, 250801 E oL T igEs, #E L
ANRF R PO E 5Tk 2 {1 (1) 81 838 Gigantspinosaurus sichuanensis [21] [22]. 112 Mamenchisaurus
youngi [23] LASOE T AL SR A s A 1 2t A B RE ME SR psittacosaurids [24] [25]. P95 A e 5 S
e 2% Fr ENIRAA RR I, K T R M R kB R A A 1) A AT XA DY I B 5T I T PE R R B T
SEMTUOHR, [FIET B0k CR A7 A % R R R E S NG 2, Wi os . BSREME Ry R, N
FATVARA [R5 2% e (¥ 2 e i v RpAIE S5 4 41 1 S 2L SEVIp el

4, &Eig

1) SRRZHhUR IR FORSR A, AURR 190K 2 W i L 3 S T HE S R SR i TROK
P, b DFEE TSR P ZE, X B G R L RS S b 5 S [ b X A S A 2 TR
KA T HAMEL

2) SRRZHHIF SR AT, ORAFA KRR B A7 LU B 20 8 7 BRI S T R 2R B
ASEBFEYR. B AR R ERE IU BOY BRI 88 A BRI 0w FR KRR 1 AE SR
P85 M PR IR AT B O M P A AR A, B AR T Y FLA B 0 IR B o AT RN o A BRI TR
KB AMEBER L EEEE, AARFRRAAEE I R SRS A A E .

E&WE

X HAR A S UH (95 41372026); Hf [F 35 i & % W00 H (4% %5 121201102000150010
12120114026801).

SE Wk (References)
[1] Dong, Z.M. (1996) Early Cretaceous Dinosaur Faunas in China: An Introduction. Canadian Journal of Earth Sciences,
33, 2096-2100.

[2] Tong, H.Y. and Brinkman, D.B. (2013) A New Species of Sinemys (Testudines: Cryptodira: Sinemydidae) from the
Early Cretaceous of Inner Mongolia, China. Palaeobiodiversity and Palaeoenvironments, 93, 355-366.
http://dx.doi.org/10.1007/s12549-012-0110-8

[B]1 &%l WA SAATHAAP]. TSIk, 1994, 32(4): 258-266

[4] Li, JJ., Li, ZH., Zhang, Y.G., Zhou, Z.H., Bai, Z.Q., Zhang, L.F. and Ba, T.Y. (2008) A New Species of Cathayornis
from the Lower Cretaceous of Inner Mongolia. Acta Geologica Sinica, 82, 1115-1123.

[5] Russell, D.A. and Dong, Z.M. (1993) A Nearly Complete Skeleton of a New Troodontid Dinosaur from the Early Cre-



http://dx.doi.org/10.1007/s12549-012-0110-8

i 2%

(6]
(7]
(8]
(9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]
[24]
[25]

taceous of the Ordos Basin, Inner Mongolia, People’s Republic of China. Canadian Journal of Earth Sciences, 30,
2163-2173. http://dx.doi.org/10.1139/e93-187

Currie, P.J. and Dong, Z.M. (2001) New Information on Cretaceous Troodontids (Dinosauria, Theropoda) from the
People’s Republic of China. Canadian Journal of Earth Sciences, 38, 1753-1766. http://dx.doi.org/10.1139/e01-065
Dong, Z.M. (1993) A New Species of Stegosaur (Dinosauria) from the Ordos Basin, Inner Mongolia, People’s Repub-
lic of China. Canadian Journal of Earth Sciences, 30, 2174-2176. http://dx.doi.org/10.1139/e93-188

Russell, D.A. and Zhao, X.J. (1996) New Psittacosaur Occurrences in Inner Mongolia. Canadian Journal of Earth
Sciences, 33, 637-648. http://dx.doi.org/10.1139/e96-047

Vickaryous, M.K., Maryanska, T. and Weishampel, D.B. (2004) Ankylosauria. In: Weishampel, D.B., Dodson, P. and
Osmolska, H., Eds., The Dinosauria, 2nd Edition, University of California Press, Berkeley, 363-392.
http://dx.doi.org/10.1525/california/9780520242098.003.0020

FHHH, LS, 2. PEMCEMESIME. B A NS, AT, Bk B BERARIM]. dba
B2 i hitt, 2015: 1-179.

Currie, P.J. (1997) Gastroliths. In: Currie, P.J. and Padian, K., Eds., Encyclopedia of Dinosaurs, Academic Press, San
Diego, 270.

Xu, X. (1997) A New Psittacosaur (Psittacosaurus mazongshanensis sp. nov.) from Mazongshan Area, Gansu Prov-
ince, China. In: Dong, Z.M., Ed., Sino-Japanese Silk Road Dinosaur Expedition, China Ocean Press, Beijing, 48-67.
Czerkas, S.A. (1997) Skin. In: Currie, P.J. and Padian, K., Eds., Encyclopedia of Dinosaurs, Academic Press, San Di-
ego, 669-675.

Paik, I.S., Kim, H.J. and Huh, M. (2010) Impressions of Dinosaur Skin from the Cretaceous Haman Formation in Ko-
rea. Journal of Asian Earth Sciences, 39, 270-274. http://dx.doi.org/10.1016/].jseaes.2010.02.015

Hayashi, S., Carpenter, K., Scheyer, T.M., Watabe, M. and Suzuki, D. (2010) Function and Evolution of Ankylosaur
Dermal Armor. Acta Palaeontologica Polonica, 55, 213-228. http://dx.doi.org/10.4202/app.2009.0103

Carpenter, K. (2004) Redescription of Ankylosaurus magniventris Brown 1908 (Ankylosauridae) from the Upper Cre-
taceous of the Western Interior of North America. Canadian Journal of Earth Sciences, 41, 961-986.
http://dx.doi.org/10.1139/e04-043

Carpenter, K., Hayashi, S., Kobayashi, Y., Maryanska, T., Barsbokd, R., Sato, K. and Obata, I. (2011) Saichania chul-
sanensis (Ornithischia, Ankylosauridae) from the Upper Cretaceous of Mongolia. Palaeontographica Abt. A, 294, 1-61.
http://dx.doi.org/10.1127/pala/294/2011/1

WF, BAE, KRMIL, PR, SRR, kA, RS, F. T A EL—E T R A A ).
HF 244, 2007, 81(4): 433-438.

Chen, R.J., Zheng, W.J., Azuma, Y., Shibata, M., Lou, T.L., Jin, Q. and Jin, X.S. (2013) A New Nodosaurid Ankylo-
saur from the Chaochuan Formation of Dongyang, Zhejiang Province, China. Acta Geologica Sinica, 87, 658-671.
http://dx.doi.org/10.1111/1755-6724.12077

Arbour, V.M., Lech-Hernes, N.L., Guldberg, T.E., Hurum, J.H. and Currie, P.J. (2013) An Ankylosaurid Dinosaur
from Mongolia with in Situ Armour and Keratinous Scale Impressions. Acta Palaeontologica Polonica, 58, 55-64.
RRBHIE. [ 5UR BRI S 5 A AT ], B Hi i 27 B 241, 1991, 18(3): 38-39.

TRALE, $2I6RE, #FaifE. U1 DT X g ok 2 91 28 je ik EIRAG AR 4R [J]. #bJsid@ R, 2008, 27(7): 1049-
1053.

BRPHOME, Bz2208, mhog. JRIE RN & G2 e e kAL A 9], 40 41, 1998, 18(HET1): 146-149.

WiAs 2z, R BRI e R ERA AT AL S X [J]. MR 1Y, 1998, 44(6): 603-606.

Wih2. 10 PR RE ME e R Bk EVJR AL A [D]. BT VF, 2004, 50(2): 170-174.



http://dx.doi.org/10.1139/e93-187
http://dx.doi.org/10.1139/e01-065
http://dx.doi.org/10.1139/e93-188
http://dx.doi.org/10.1139/e96-047
http://dx.doi.org/10.1525/california/9780520242098.003.0020
http://dx.doi.org/10.1016/j.jseaes.2010.02.015
http://dx.doi.org/10.4202/app.2009.0103
http://dx.doi.org/10.1139/e04-043
http://dx.doi.org/10.1127/pala/294/2011/1
http://dx.doi.org/10.1111/1755-6724.12077

L
Hans X
W BRE B EZ I TRSE:
BRaAT & RS (QQ- MiE. HiFE 1)
s U AC B &3 B A
24 /INEF DL PN SR A8 ) TG 55 1)
I AR S 45 h5 T
N EAT &
S0 A 2R
4= W 25 78 15 HET IR B BT 9T

hEE S http://www.hanspub.org/Submission.aspx
WITIMRAE : ag@hanspub.org

NogapwhpRE



http://www.hanspub.org/Submission.aspx
mailto:ag@hanspub.org

	Discovery of the Early Cretaceous Ankylosaur Gastroliths and Scale Impressions from the Ordos Basin, Inner Mongolia, China
	Abstract
	Keywords
	内蒙古鄂尔多斯早白垩世甲龙类胃石与鳞片印痕化石的发现
	摘  要
	关键词
	1. 前言
	2. 甲龙类胃石与鳞片印痕描述
	3. 比较与讨论
	4. 结论
	基金项目
	参考文献 (References)

