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MNERE W AEHEBRVTH XA — DB AT B 23, B 2006 4F LI & 8L T — A~ LLE R i 28228 0
RFEMZIE SN RE . A SCHR TR BT A T AR M Hrh g TR REERE R, ETLUTXE
TR WY A R B AE B o> BT X 88 SE B i T RL A A KB & Bl (Elongatoolithidae) ) K 1B & &
(Elongatoolithus) : 8 5¢ 4R T F A FUR SGOR B PR A0 80H 5 252 B AT A0 23 S A2 FOHDIRZ , — R Z WAy
TR A T s 4k A2 T RS B RO T B R AR AT AR K, X R BURR T KB &R A R 2

EH R E s gt —

AR T AR i s R S B A A .l LR BRI AR A DGR L i Sk AR SR T g 5 KR

A7 8 85 4 T 2R 0 X0 E % BH W (Luoyanggia liudianensis) % B4 6, 26 W v BH 25 b 7 B2 (0 St e 30 B & |

AT AT BT

KGR A T BRI R KIE &R

WP H 2006 4F RIOKR A T — 4~ LS AL
SRR AR BB A w2 e sh W (L
Junchang et al. ,2009), 7EZsIYREP. C WL HE
W2 4 B AR TR 32 Ao 1k e B IR dR R
B R e——k M ¥ W B B ( Huanghetitan
22007) , it 5 I fx
Ky Zz — B B i B (Ruyangosaurus
giganteus) (B B45,2009) , KB i 28 2 Jp——
W = & o (Yunmenglong ruyangensis ) ( Li
22013 LA Ko — Bl v 26 44 780 ) i )
KR Jo—8 KW W B ( Xianshanosaurus
22009) s fir £ 4
Hp R 55— N A R 45T e i B P R
(Zhongyuansaurus luoyangensis) (4 #] 55, 2007) 3
4 — P oi 8 22— X1 )5 3% BH 8 (Luoyanggia
»2009) . BEAh b
KRIA K4 WL 28 (Li Junchang et al
2009) . Ji £ 2 (Lii Junchang et al. ,2009%%&31@
25 (Lii Junchang et al. ,2016) . & J& 2% (5K 3% FH 4%,

ruyangensis) (Lii Junchang et al.

Junchang et al.

shijiagouensis) (Li Junchang et al.

liudianensis) (Li Junchang et al.

2013) LA S v BB Y 3t e 22 fk 1 (Lii Junchang et al. ,
2009) . Mg sh e 0 & AR A  HHRN Ry
L 0] R e R 25 S A A il
AVUESE L I AHE — 2D WA /s 2 L 0 0 (PR
85,2012; 184 .2013),
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DN o 255 SO T3 A Bl ) R A sl ) Ak A 5 5 I
A7 Z AR B A & b ER AL 2% 8 A 8 R S5 R
A A3 BT S AR 4 A T i BE 2 b b s — X0 b
DO B X S 14 T 2 D R = v 2 W 7 g i R ok 1
R GHHAER PR AL IS A EREARR
KX —EFARANEESRE D,

TRARHMY FIRBREWA”, FIrA%E
FHIFEAZ L FHUEaaE M akahE.h
AR SR 241 (iR Ak 3, Je A5 20 5 5 05k U8 6 1D
HORAGE B A RS LR 6K
QR SAR R iR R i AR R (LA
AR R AR Y TR I R R R,
AT TFTWMARMAZ BT RIRELL O E S
(U8 TR BD A B2, I K TE b R o g
IRETR A OBk 520 @R T A R D i e
HHE . REHROGABU S KA KSEIRE, I
WhNEa KO BE KO EBraSRa6
ek (4D Rb 5 B2 e K LB mb ks . AR
FSF WAL 138 A e a2z I, LIk
AN RTINS R X i 2l J D e o S A 1%,
WaE A5 LEA S EA AT AR S i,
(FRATE,2017)

TRATAE (2012) 7E MBI 21 T 3 Ik 8 €0 0 1D o U8 7
VAR I 2 e Ak A 2 A B 3T 1) 58 £ €0 0 I 8 A PR
BT R MIRIA RS — SN TR S fk R

TR Bl %
1= 1 Shangdonggou Fm. Quaternary
UG 2 e BA 7 3
1= Haoling Fm. Ruyang basin
THRA W=z
Xiahedong Fm. Fault |77
HERFE WHE R

Cretaceous Fossil site

112°30’

________________

WA, NI EBEMA . Ziziphocypris costata ,
Ziziphocypris sp. -Cypridea unicostata sCypridea
concina » Cypridea sp. s Candona shangshuiensis ,
Candona aurita , Candona sp. » Candoniella sp. ,
Darwinula leguminella s Darwinula Contracta ,
Eucypris infantilis s Eucypris debilis , 2T N
TP A w00 1 1 A R IR A RS AE Y 98 T
VL Hsuisporites . Cicatricosisporites . Densoisporites
HARFESF R F AL R LA Classopollis 5 PEH,
By 45 7Y 5 I AR B 1) T R rh e
W Wtk A Clypeator-Flabellochara-Mesochara-
Aclistochara 4 W T B[ 2 1A i 30 09 4 4E
(RLLTAE,2020) . 4562 e sh W e i) 4G FFAE 5
> £ 4 1 B AR A R BN R e S e 0
2 bRk

T FH 23 b R e 25 K BT 9% BH i 3 BH B X0 % o
KRR ARG 28 (K, ) (P 1h) , BF AUk 22 e 2
FC . AR R SE R B R e . e AN S T AU I O K
F103 WY CIEL 20 B Tl A 18325, 3% B Oh 30 Dt el 341 3G, ]
AE R 22t 5e J5 38 B YRR A e

SR IX B R ST R AT R R T VR L DR A
B S F BT ALY . e s i
EXAKT Technovit 7200 .24 4 # fig b, fif A
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Fig. 1 Fossil site and stratum distribution
Ca)— Tl BH 43 M 75 100 199 44 19 b B2 5 (b — Ve BH 40 3t v 98 3t S w181 200 €5 =y T /R JR e 7™ e o

(a)—geological position of the Ruyang basin in Henan Province; (b)—simplified geological map of the middle part of the Ruyang basin, the

red triangle indicates the eggshell site
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Fig. 2 SEM image of outer surface of the eggshells from the Lower Cretaceous of Ruyang basin
()~ (d)—E NG HS N2032105-15 (o)~ (D) —FE NS5 N2032105-2
(a) ~(d)—specimen No. N2032105-1; (e)~ (i)—specimen No. N2032105-2

400CS A2 3 JF J AL IC /5 /K PR b AR 220l 5 B T LA
9 JEE B8 J A o e P O D't S AR o A S i ) v
Jr HEAT LS AN IR AR L A F Image] 078 68 F b
PEATIN AR . A A A2 U R 0 o 4 ROUL SR 3 7 o R
S e A Bl 18 A 5 N R T B S A SR

3 ARG

KEZER Elongatoolithidae,Zhao,1975
KH#ZERE Elongatoolithus ,Zhao,1975

KEEREM

BRAHS ZEN%5 N N2032105-1 (B4
H RY210517-D Y 4 & 5e CGHirf 2 v XF R g 80
G5 N 210607-4.5) s N Hi 5 N2032105-2 (B 4b
EFEH S N RY210518-1D By 5 &5 (Hidh 3 5 %
NI F 45 o 210607-1.6.7) (K 3).,

FEH R B AL TR A I BT v BH B B
kLR A EGMBIS 4,

MR HoT R KB AA, SR E S HOR SR
(dispersituberculate; [ 2b.c.f.g.i) B4 B IR &

Elongatoolithus sp.

i (linearituberculate; K 2a.d.e h) . H5 8 E &
N B R B0 697 pm, Y B R 595 ~
782 pm, & BUM Y R BEF- 24 2 902 pm, YU L O 834
~965 pm, HFCH NIMTAMN R HER)Z FAR)Z, B
LAREIR . HEAR)Z th— )2 B % HE S 0 A R 21 1, 5
FEFHI 124 pm 5 113~136 pm., FEAR)Z 2
SR, RS AT AR K o, IR S AR TH
— 5,

4 e

R 5 43 IR DR S0 0 2 IR 0 i | A A 2
AR JZ 0 75 J2 2548 AT R AR A9 2R K B R E L 51X
sHEEMUHAKIEREE (BFKERB
MoE ™MK JE & OB
Macroelongatoolithidae) G %25 ,1975) , FERKIETE
Ferfr A 10 D8 AR RO IR K 28 2R 5 1 HE IR
EEHREALAER AR TEEER
(Macroolithus) (# %% 2=, 1975; Mikhailov, 1994) |
E WK HE B (Macroelongatoolithus) (£ 58 5%,

Elongatoolithidae
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Table 1 Thickness comparison of current elongatoolithid eggshells and dinosaur eggshells from the Lower Cretaceous of Ruyang basin
e BT R & 80 (mm) e (G 8L (mm) i A2 JE (mm) 2% R
AR IARA 0.595~0. 782 0. 834~0. 965 0.113~0.136 VNS'S

Elongatoolithus elongatus 0.67~0.83 .96~1.12 0.14~0.16 M L,1975
E. andrewsi ~1.10 ~1.49 ~0. 30 B YEZE,1975

E. magnus ~0. 68 ~0. 90 0.11~0.17 i A 2501979

E. frustrabilis 1.1~1.3 ~1.6 — Mikhailov, 1994

E. subtitectorius 0.7~0.8 ~1.2 — Mikhailov, 1994

E. sigillarius 0.4~0.8 ~1.2 — Mikhailov, 1994

E. excellens 0.4~0.7 — — Mikhailov, 1994
Macroolithus rugustus ~1. 44 ~1.70 ~0. 40 ML ,1975
M. yaotunensis 1.39~1.43 L77~1.93 0.29~0.51 M4 ,1975

M. mutabilis 1.5~1.8 ~2.3 — Mikhailov, 1994

Trachoolithus 0.3~0.5 ~0.9 — Mikhailov, 1994
Nanhsiungoolithus 0.60~1. 30 — - P45 .1975
Heishanoolithus 1.20~1. 30 . 48~1.57 ~0.15 A, 1999
Paraelongataoolithus 0.50~0. 60 .70~0. 85 0.15~0.18 F R4 ,2010a

Undulatoolithus ~0.78 ~1.46 ~0.15 Wang Qiang et al. ,2013

Ellipsoolithus ~1.20 ~1.64 — Mohabey,1998
Macroelongatoolithus 1.38~3. 20 — 0.30~0. 40 T iR4E,2010b
Mega fusoolithus 1.45~1. 60 .65~1.85 0.35~0. 40 E 5% ,2010b

2010b) HHER 2 5 IR 2 22 18] Y 809K Bt 2k SR 52 2L
iE B — .5 Trachoolithus ( Mikhailov, 1994 ) .
W e )8 (Undulatoolithus ) (Wang Qiang et al. ,
2013) gl B 38 K T 4 e TR I O 2 S0 1Y S i
mOEOR M, 5 R MR M E R
(Nanhsiungoolithus) (G ¥ 45 ,1975) i FH A F] ; #
REAEARIE M AAYY, 5R1LER
(Heishanoolithus) G 7 55, 1999) £& v T & 7¢ ik 4b
FN K BN R J5 Y 58 A R AL 3 O A
oo, BB A — Rl KB 2R
Elli psoolithus (Mohabey ,1998) [ £ Mfi 1, Jy 43 Hi 98
FUR B AR AR 5 A B 5 H A 2 4% 4 kLA
EARSCHRA M e st oSS i A B R, 5 08 B W)
ST 1 B M 2 B KB B (Paraelongatoolithus
reticulatus ) AN [A], J5 # W A0 3 800 5 MR 09 3%,
HE AR Sy T B A2 5 R 2 S A T I (i
4, 2010a), AT DL 5 Z X 435 BB 95 bR AR S
(Mega fusoolithus) & E KL ER I 7 —&E &, B
KRB 5ARSCRR AL e 450 (R A 5 KB &
JEARD HIEERR/NEEWER T 1,45 mm(CE
SRAEL2010b) AR SCHR A i 2. MR DL B XS
M, X A S KB R (Elongatoolithus) W 4F
TR W& G W25, 1975) B % B N, HiEFE 8
WHESKIERKIEE(E. eongatus) I RKKIEE(E.
magnus) A FEEIEATF S (R DHBFXMW
AN S Y 25 S AR BLAE SR A KN B AT R S Ay
fIE 2 TCVE DX 43 ) BB 25 45, 2015) , 78 ik /0 58 4% B 4K

AIE LT B AR A SCARAS A AAE — TP

T FH A BB 3 4L 4 58 B AS B9 PR A7 IR B0 AR
U ST AN R T A A B e B TR SR A2 S B A
JE bW A 22 5 b g5 0 210607-6..7 AR DT T
F (& 3o d) Y WL %E 3 1 HEAR S5 M 5l sE B . B
(€ mPETEAR [F AR Fe bR A b B Sl 22 S, e 1
BOTTERAE LR MAF, X — AR AEKIEEL D
BERH L s 43 HOIRE ROIR UM H S BRAE AR A g (] 2
PRz 7 o B O kTR IR G0 (Mikhailov,
1997) . SUHii AR & BE 60 A ) T R A 48 7€ 2 ' A1 D)
7 AN R T 32 B2, 2106074 (4 ) EY)
(1 3e) W WL 3 1 25 5 J5 8 JC 430 A J52 38 A X 5 e
11T 30 e B8 5K T R AR 3R G Sy i S s #48 o
AT T AR L8R 78 45 6 AN R BUii i RRAIE .
AR B S ok H T A A B RS R AL (& 4)

KA HE I A0 A 0T s S N A b 56 U 0 11 4
20 [t AH 3 2 R AR WL A A1 26 B (Wang Qiang
et al. ,2013; Simon et al. ,2019), EE & B F I H
A 2 b, R A P B LT A R IR R
(Heishanoolithus changii) (B 7% F1#X % 45,1999) ,
Fm o X BE ML X B Macroolithus
( Mikhailov, 1994 ) LA Kk % E St b M
Macroelontaoolithus carlylei ( Zelenitsky et al. ,
2000 e E - TR AEMHMZ D, KIEHER
(Elongatoolithus) TR M HZ bR &,
WM MA LA THESE T RAKIEER
(Elongatoolithus) W E5CHE R i J@ B IR B T %

mutabilis
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PETEERYENCE

Kl 3 WA T AL KIEE AR EM (Elongatoolithus sp. )12 Y 2 i 8
Fig. 3 Micrographs of radial thin section of Elongatoolithus sp. from the Lower Cretaceous of Ruyang basin
(a) (o) (D—ZENHEM ST N2032105-2; () — VI i i 5 210607-1, WLIE] 2f; (o) — VI J 45 2106076, WL 2h; (D) —V0 5 4 %5 210607-7, L&
2g; (b) () —FEWFEM YT N2032105-1; (b)—YI 45 210607-5, WLl 2a; (e)—U) 7 45 2106074, WL 2b
(a), (&), (d)—specimen No. N2032105-2; (a)—thin section No. 210607-1, see Fig. 2{; (¢)—thin section No. 210607-6, see Fig. 2h; (d)—
thin section No. 210607-7, see Fig. 2g; (b), (e)—specimen No. N2032105-1; (b)—thin section No. 210607-5, see Fig. 2a; (e)—thin section
No. 210607-4, see Fig. 2b

4 WA T ARG E I K ERE M A A5

Fig. 4 Position reconstruction of the eggshells from the Lower Cretaceous of Ruyang basin on a complete elongatoolithid egg
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ME A A k3, KIEEEMON 2w T
BIAE e RS H R % K R MR R T B
(Varricchio et al. ,2004; F£5#1%%,2010; Pu Hanyong et
al. ,2017), WA T H LRI 241 b & AT IR B3
H IO XN E W B (Luoyanggia liudianensis)
(Lii Junchang et al. , 2009), & X 6 5 o] E 11 7= &
Ho AR TR NG 40 4 VA B M Y R X i
FR I W A B R O BRAE Y

5 2518

(D AR AE M BA 75 v &R B 25 T 8 2 v IH A
KIEEE R EF (Elongatoolithus sp.) .

)izt R R T KIE & & (Elongatoolithus)
2T G P E W%,

() F & MR e B 5 R MRS R R A
S 0 30 v B 23 b 1% P B8 AN (G B A e 2 A 2 e
URSER SN 37 Rithe pi S|

Bt T ERE BB HES Y 5 NSRS
JU g & 5 XKLL B AN R AL T B AR, XK 2058 T
BT W S U0 A 5t A L AR SO 3 AR I —
It A .
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Abstract

The Ruyang basin is a Meso-Cenozoic graben basin in western Henan Province. A dinosaur fauna,
represented by giant sauropod dinosaurs was discovered in 2006. This paper describes several dinosaur
eggshells recently discovered from the Lower Cretaceous Haoling Formation in the Ruyang basin. Based
on analysis of the following macro and micro characteristics, these eggshells can be assigned to
Elongatoolithus (Elongatoolithidae): dispersituberculate or linearituberculate ornamentation; two-layer
eggshell structure that consists of a cone layer and a columnar layer from the bottom to top; cone layer
composed of closely arranged cones; undulating parallel accretion line in the columnar layer. This
discovery marks the first record of Elongatoolithus in the stratum of Early Cretaceous, which expands the
geohistorical and geographical distribution of this oogenus. According to the previously known fossil
connections, these eggshells may be related to the oviraptorrosaurs in the stratum such as Luoyanggia
liudianensis , indicating a suitable living and breed environment for these dinosaurs at the late stage of

Early Cretaceous in Ruyang basin.
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