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WP SR A BRb S BRI TR e 2-3 JREEK A 5 B RO R R AR AR
JeAb o AR AU ARIR L — Bl R 2 e R e . AT R KIE AL
A7 T ARSI A — BE AL S B D e b, BT R L B 0 20 I A 45 2R
S, HH SO B 1 2 ] ( Cenomanian—Turonian ) (FEANINAFZE K 75 30K R

2 RGHIA

K ZERl Elongatoolithidae Zhao, 1975
BIKZEE (#EE) Paraelongatoolithus oogen. nov.

W “para” , M, BRI AT “ elongatoolithus” 51 B KIE EIE 4, & &>
“HEKIEERBAIL”
BAE  WAME,

M BIKFEE (HERE FTEM) Paraelongatoolithus reticulatus oogen. et oosp. nov.
(K1,2)

WE  “reticulatus”™ , $ T3, B RRRAY ™, TR s m B MR &

ERRA EMGE A Ch ERFE B S S T AR R TR A G5 IVPP V
16514) (Bl 1A),

PSR WL KEGWCHN) TH, g R —B

B EAKIE, KELN 17 em, IKBERER 7.2 om, JEEFEEL N 425 EEIH
FETm B AR SO 3 A HTE, SRR 0,50 ~0. 60 mm; S5 HEARE SHIRE R, — %
JEREZ N 10 25 SSLIEAIN EL, fLA24 0.08 ~0.39 mm,

iR CPHGEA, PR AR B KR AR R 12.2 em, FKBEEN 7.2 em,
AR B A AP IR U IR S BR AR R 17 em, TEBFEELI N 2(E1A)

AN HE MRS, SR DS S R, 2 Y0 2 U JE MT, g0k 4B 7 i 7t
H(K 1B, 2A,B) .

AR (A8 ) M 0.50 ~0.60 mm, SUHHZEFE R 0.20 ~0.25 mm, e
TRJZ SR Z A, HEA)Z SHURZ B 8. ([ 2B) o HEIRJZEEEH 0,15 ~0. 18 mm, 2
H SR (RN &) 1 173, SERIIHEE , 255 95 4 0.08 ~0. 10 mm, ITHCR)ZHEARTE
0.15 ~0.20 mm,, HEAREIBIIT G, HEAR A IO A KUk &, LR 2R, AR A& B (H
2B) , HEMRIZPEREZ IR HE R D S DY , AR 297 0. 15 ~0. 20 mm, B HIFR N
HEAEICR N 44 ~50 A~/ mm® (B 2C) o FEARJZIEEE R 0.30 ~0.35 mm, HRZFAERECE
BRI, IE3SE FEE, Fe T R  7e T i B TR SRR AR, A
ARIZ L DN INES AR B, IEACRE T AR R AENIE | AR50

AL RO E LB A L, 5% V0L R BOE S BDE (B 2D) , A S fL
#40.08 ~0.39 mm,
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3 cm 1cm

K1 NSRRI E CrE)m B pl) IEARA (IVPP V 16514)
Fig. 1 Holotype of Paraelongatoolithus reticulatus oogen. et oosp. nov. (IVPP V 16514 )
A, RAEREMGEE A RIE S E R (BAELE) fossil egg showing restored complete egg shape; B. BIRAY
HFeHNRIMSU (A PHEZEXIK) reticulate ornamentation of eggshell (enlargement of black box in A)

A B o

N

L

2 MZRIIEE (Hr)E B dEfh) IERIRA B S 7C 4544 (IVPP V 16514)

Fig.2 Eggshell structure of the holotype of Paraelongatoolithus reticulatus oogen. et oosp. nov. (IVPP V 16514)
A. FESEHNRI, R PRSI outer surface of eggshell showing reticulate ornamentation; B. #5242V,
PR SCHAR DI U T T, B A Dy i1 sE3R0 (CRETT Sk TR ) | MBI 7 S B4R ol B S0 A 5 AR =
SHARZZ RIALH B (A as L) ; #ER R4 IE radial section of eggshell showing U-shaped pits
filled with secondary calcite (black arrows) , eroded ornamentation ( dotted line) , obvious boundary between
cone layer and columnar layer (white arrow) and conical cones; C. FEScHEMZ VI , 7 (R T ol 15 T2
FEAR K B 8 Y HE A [A] B tangential section through cone layer of eggshell showing cones and intervening
spaces; D. FERZHE 5L I , 7~ [BE A RE 09 <AL (57 3k 0T $8) tangential section through middle

part of columnar layer, showing round and elliptical pores (arrows)
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ARSGEAR PR AR A KB, S5/ 3R IR 80, B 5e A 2 SR )24
B, AR 2 PRRIE SRR A A RKIE &R,

B HECY Ik, W ATSEMIIARKIEER A A 8 &, BT & B T3 i 1 i
K IE 2 & ( Elongatoolithus Zhao, 1975) \FEIE & ( Macroolithus Zhao, 1975) | 1 5 )&
( Nanhsiungoolithus Zhao, 1975 ) F14. [ 2 i %) 22 11 25 J& ( Heishanoolithus Zhao & Zhao,
1999) , VAR &I F 52 7 Bt 1Y Trachoolithus Mikhailov, 1994 1D BE i [ A 1) EL-
lipsoolithus Mohabey, 1998 ; b4k, &M T IEKFEHB L FH2ESE Oldman 411 Continuoolithus
F1 Porituberoolithus ( Zelenitsky et al., 1996 ) EA ST KIEER A E7E DI HERE ,
AN WA ARKIEER (K1),

F1 KEEMSLXBETHE

Table 1 Characteristics of different elongatoolithid eggshells (mm)

Ornamentation of Thickness of Cone layer/

Taxa outer eggshell eggshell excluding Columnar layer Locality and horizon
surface ornamentation ) of thickness
Macroolithus dispersituberculate 1.39~1.93 1:3 Pingling Formation
FElongatoolithus linearituberculate 0.67 ~1.12 1:5 Upper Cretaceous
Nanhsiungoolithus smooth surface 0.60 ~1.30 — Nanxiong, Guangdong
Fuxin Formation
Heishanoolithus slender-nodes 1.20 ~1.30 1:7 Lower Cretaceous
Heishan, Liaoning
Dushi Ula Formation
Trachoolithus dispersituberculate 0.30 ~0.50 1:4~1:3 Lower Cretaceous
Ubur-Khangay, Mongolia
LametaFormation
Ellipsoolithus linearituberculate 1.20 ~1.64 1:4 Upper Cretaceous
Gujarat, India
Continuoolithus dispersituberculate 0.94 ~1.24 1:5~1:4 Oldman Formation
. . . . . Upper Cretaceous
Porituberoolithus dispersituberculate 0.50 ~0.65 1:2 southern Alberta, Canada
Paracl toolith Chichengshan Formation
ATAELONEALOONEILS reticulate 0.50 ~0.60 1:2 Upper Cretaceous

oogen. nov.

Tiantai, Zhejiang

Pl B KIS RE A F XN TE T Ese /MR AU e n SR, SR Z 5
HIREWEEZ A (£ 1), MBS, Porituberoolithus 578 S8R BUFR AN B R AHUT
{HZ Porituberoolithus F57¢ 7N AT L ANST. (1988 S R &0t , S AFLAE &5 A 3R 1 09 TF 1A T
FARGEGRZ b AR AR SR Z 6], 5ASChRA T B RS A R 25 1 X

KT I EFERKEZIM L HES Two Medicine 2H ( Hirsch and Quinn, 1990) F13 25 7§ &f
M _EARE Gt Morrison 41 ( Bray and Lucas, 1997 ) HA U R A2 45/ 2 e kAR
FRIEER, HEAE TRIPERN DT B ZE B 4,1999) . & 5AITEHIIRA
FEIE T BN EC R B /Mg R, Ere B8, 43514 1.20 ~ 1.28 mm (Hir-
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sch and Quinn, 1990) F10.9 ~1.0 mm (Bray and Lucas, 1997) ,

JrBEREAE (2000, 2003b) LAY A BT R G A AR B KIEE R 85 A K
KA, AR HA R A0 S b B A e s i i R B s BN B OB SR iR, K
TR 1Y SRR e A R B R E i, A2 HiRB AR K 8, R 2 51
RZALAY RS RGPS, 1975) o 02X 5 SCHERFSCh E O EE, R KIE RN E
FEANRIITEHT , Fe RITh AR, HES S (M7 HE /45,2000, FEIAR 7-8; 2003b, &R 1-
10) , AT A2 LAY 56 7 5 A R AIE | B I3 AR A TE B8 ( Prismatoolithidae ) . AR 1L
KIV A HA AHLINIE LB (5 Be S8 55,2003, IR 1-6-7) , BT X TRIE 2K,
ATREARER — B A A2 . A KB R ESSAN R IDEH , RN 0.3 mm (I
JrGe R 2003b, R 1-4-5) , i T SO iR g 50 RO, JCiE ot — 2B RX 1, 21
J& T RILERHB LB M ABE S & , T 2k — 058

LA ERIE XS H T, A SCOFE AR A DO THOIE RN C R Fl AR T RIE &
BB Esy

T, Grellet-Tinner Fl Makovicky (2006) Wil TR TEEZERKRERET FAHES Clo-
verly 2 )2 R R SE A A, IX BB HE 58 1Y W ARAS F RRAIE 5 A SR AR A 5 R AL, H 3k 2
Ere AR  RADEAE R B, WER RS 0 0, BT AR SR
SR SN TERE W] o T X e Fefl A 5RTUIE ( Deinonychus ) B B AL A IRAFAE—
L, A4k L A 0 3k Ao 28 Y ) 2 SE AR T BE Ay Bt T 25 10 YT e BORH T Je b Y 2 e i
( Grellet-Tinner and Makovicky, 2006) .

KICEISAEIRIE 341, Ao 1Y X R B A A F 2R BT et e 99 (B 2
BATEAS 1999 ) I 1 FEtH e ] (X W848, 19755 X WE s FHO0HL, 1974 WAL sk e %,
1979 B BXBEZE,1998) , WISCEIHIE A 0 3o I 2t OB BRI BT AL, B )
BRI i A S 5 2 e 1 R AFR AL TR AR R

4 5B

1) FRFIAr 44 T WK G %0 2 O SR — 3 i s SR . M SCRI O 3
( Paraelongatoolithus reticulatus oogen. et oosp. nov. ) .

2) REFMWELZRICHR KRG KIEE (E. tantaiensis) IR LK IEE (K. chicheng-
shanensis) I FEKIEHE (E. laijiaensis) A B T RIEERB T, Hd , KREKIEETL
AR ER ARl KB E AT RERR— B E A 280, MR KEE TR T K
HR AR E o

i RMR R RERA LGB S, AR, KB EDB R S M
MR A EFS TR R F A, Corwin S. Sullivan 1% 4 F 1 3& L3 4, F# 5%
FI,E LGS
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Summary

Dinosaur eggs are abundant in Tiantai, Zhejiang Province, southeastern China. Some egg
taxa have been reported, but most of them were not properly erected. Here, we describe a new
egg specimen from the Upper Cretaceous Chichengshan Formation of the Tiantai Basin.

1 Geological setting

The Upper Cretaceous strata of the Tiantai Basin consist of the Laijia Formation and the
overlying Chichengshan Formation. The Chichengshan Formation may be subdivided into two
members. The lower member, yielding a large number of dinosaur eggs and bones, is composed
of red conglomerates, sandstones, and silty mudstones with interbedded tuffs; the upper mem-
ber is composed of red conglomerates and sandstones interbedded with muddy siltstones. The
specimen described in this paper (IVPP V 16514 ) was collected from the lower member of the
Chichengshan Formation ( Cenomanian-Turonian).

2 Systematic paleontology

Elongatoolithidae Zhao, 1975
Paraelongatoolithus oogen. nov.

Etymology The prefix para-, Greek, is used to indicate similarity in eggshell micro-
structure to the existing oogenus Elongatoolithus.
Diagnosis See oospecific diagnosis below.

Paraelongatoolithus reticulatus oogen. et oosp. nov.

Etymology From Latin reticulatus, reticulated, in reference to the texture of the outer
surface of the eggshell.

Holotype A partial egg (IVPP V 16514) (Fig. 1A).

Locality and horizon Chengguan, Tiantai, Zhejiang Province; Chichengshan Forma-
tion, Upper Cretaceous.

Diagnosis Elongated egg with length about 17 e¢m, width 7.2 cm and shape index 42
outer surface of eggshell sculptured with reticular ornamentation; eggshell thickness 0. 50 ~
0. 60 mm; obvious boundary between cone layer and columnar layer; and thickness ratio 1 : 2;
pore canals fine and straight, with diameters ranging from 0. 08 to 0.39 mm.

Description The holotype is an elongated crushed egg with both ends missing. The pre-
served egg is 12.2 cm long and 7.2 cm wide, suggesting that the complete egg’ s length may be



2 FoORA LR A A EES S ILA KOE SRR 117

17 em (Fig. 1A). The egg shape index is about 42.

The outer surface of the eggshell is sculptured with reticular ornamentation ( Fig. 1B,
2A).

The thickness of the eggshell (excluding ornamentation) is 0. 50 ~ 0. 60 mm, and the
height of the ornamentation is 0. 20 ~0.25 mm. The eggshell is composed of a cone layer and a
columnar layer, which are separated by a clear boundary (Fig.2B).

The cone layer is 0. 15 ~0. 18 mm thick, representing about 1/3 of the thickness of the
eggshell. In radial section, the width of each cone is 0. 08 ~0. 10 mm at the base, and 0. 15 ~
0.20 mm near the columnar layer. Clear spaces exist between the cones. The curved growth
lines in the cone layer are clear, and the cunei of each cone seem to radiate from a central point
(Fig.2B). In a tangential section which is taken close to the columnar layer through the cone
layer, each cone’s diameter is 0. 15 ~0.20 mm. There are 44 ~50 cones per mm” ( Fig. 2C).

The thickness of the columnar layer is 0.30 ~0.35 mm. The growth lines in columnar lay-
er are very clear. Under polarized light, the eggshell unit has a fan-like or irregular form with
column extinction. A tangential section through the middle part of the columnar layer shows ir-
regular prisms, closely packed and separated by clear boundaries (Fig.2D).

The round and elliptical pore canals are sparse, with diameters ranging from 0. 08 to 0. 39
mm. Pore distribution is uneven, with some pores in close proximity (Fig.2D).

3 Comparison and discussion

Based on its characteristics of elongation, reticular ornamentation and thickness of the egg-
shell, and presence of a clear boundary between the cone layer and columnar layer, the speci-
men described in this paper belongs to the Elongatoolithidae, but differs from other known elon-
gatoolithid taxa. The characteristics of the specimen are similar to those of Porituberoolithus
from the Upper Cretaceous Oldman Formation of Canada. However, Porituberoolithus exhibits
dispersituberculate ornamentation, and pore openings that are situated on the nodes. Therefore,
the present specimen is considered to be a new oogenus and oospecies of the Elongatoolithidae.

None of the previously described species Elongatoolithus tiantaiensis, E. chichengshanensis
and E. laijiaensis from the Tiantai Basin can be legitimately referred to Elongatoolithus ( Elon-
catoolithidae). Among them, E. tiantaiensis can be referred to the Prismatoolithidae, whereas
E. chichengshanensis should be referred to a new taxa and E. lagjiaensis requires further study
to determine its taxonomic position.
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