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A parataxonomic revision of spheroolithid eggs from the
Upper Cretaceous Quantou Formation in Changtu, Liaoning
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Abstract We re-described the dinosaur eggs from the Upper Cretaceous Quantou Formation
in Changtu, Liaoning Province. Based on the macrostructure of eggs and the microstructure
of eggshells: spheroid or near-spheroid eggs, thick eggshell, bamboo-leaves-like or lanceolate
wedges in cone, clear inter-wedge spaces, columnar layer composed of more than 4 superimposed
eggshell units, these eggs are assigned to Spheroolithus spheroides (Young, 1954) Zhao, 1979,
and Spheroolithus megadermus (Young, 1959) Zhao, 1979, respectively. With the comparison of
dinosaur egg assemblages from Changtu in Liaoning Province and Laiyang in Shandong Province,
the Quantou Formation should be corresponding to the early-middle Late Cretaceous.
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Fig. 1 Geological map showing the localities of dinosaur
eggs in Changtu, Liaoning Province
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Fig. 2 Stratigraphic section and the horizon

bearing dinosaur eggs within the Quantou

Formation in the Jijialing, Changtu of Liaoning
(after Zhou et al., 2002, slightly modified)

RIF2ZEF| Spheroolithidae Zhao, 1979

RHEMZIT  WIBAEEIT.

B2 ZE 8 Spheroolithus Zhao, 1979

RBAEEIT RO EEDE, H5EEEHN2.40~5.20 mm; HERZ 2 & 878 1
1/3~1/2; FEONHEAS, HERIZHBEHE | TRAOIRA R, BRI & s ARR)Z
ZEHP B e orB M SALEEARARL

R [E 2 & Spheroolithus spheroides (Young, 1954) Zhao, 1979

(E13~5)
1954 Oolithes spheroides Young, p. 381
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1974 Oolithes chiangchiungtingensis #X9%Zs . Focdl, 65VL(IVPPV 730), EIMI, K 1~2
1979 Spheroolithus chiangchiungtingensis #X %545, 33271

PANGRA  SMUR R A A R A SR IR A S . D152, D153, D156).

WESERA LT E R IR L K EREE-PEMN km, A SRSkl B R

$REEIT B AIRFIE, &5JERE2.40~3.20 mm. HER)Z 2 SRR 1/2,
YA . ATRIER AL AL, BURRIBUE B, HOR)E th 2 2 HE5 B 8% 15 ot & i
B, ASFLEFERAHL

IR 3HUNBEIEE LA (D152, D153, D156), Hirf, D153 {5 fr ok, K187.4
cm, JRIE H4£6.7 cm, JEARFEEL90.5. DIS2HID156K:A45439.0H17.6 cm, 1T &4
— R, SR ETE(EIBA, C), I HARE AR SLPRE /N, 535 46.3F0
5.7 cm.

TR H2.80~3.10 mm, HEAKZ S5HAR)Z AL L, (Hrl ARG oT ) HES
T T (B4), HERZ IR J1.22~1.44 mm, 29 5 8E57S)EE1/2, HERZ 1R
BRI SR AT IR | SEEDR IR AL (K145 SA, B), BRARAE T 8o R 2 A0 AH B 2R
A, BRIE B % & (K48, C;
5D), HEFesE Yl o] WAL F =
AR A KL (ESC). (HE A
4RI AE W, A A
FVEH B R, K H AT 0 ) B2
TR 2L, B2 M 2 2R
EEEER 7N

KR E B M 1.46~1.85 mm,
AL EAIERER2, FRIZR4ZE
Pl ESE OB IMA N, &)J25% %
TGRS 0.28~0.77 mm ([&]
4A), Hr ik 272 oo K e
KB (4B, C), BINZRER K,
2 025 AN R AR 5T T (KI4A),
FE d5e M2 5% ) 1T AT L5 R T A
KA —MEIE(EISH). A7 LhrA
W T & A SRl sz 7 ok, il
AN BITHER 3 iR (B14B, C).
HEEYI Az el b, X
FUAFLNI (145 SE, F, G).

DEHE B E(1954) 10T
FEINARSE I b A S F IR &

STEREEAR A2 . .

Lo W3 SPOMPERRILERZPIEER g g, 00 IR
ig. 3 Three more or less completely preserved Spheroolithus ) . X .

spheroids i FEIE N EAA, LIV T301ER

A.DI152; B. D153; C. D156 “EAR” OBV 731, V 732, V 733,
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Fig. 4 Eggshell microstructures of Spheroolithus spheroids in radial section
A. D152, showing diagenetically changed cone layer, the columnar layer composed of more than 4 layers
of eggshell units, the eggshell units of the outer layer are slender column with clear boundary; B-C. D156,
showing eggshell unit (cone) composed of incomplete pattern of wedges, clear inter-wedge spaces, and badly
weathered outer layer of eggshell




K5 [BIERDIEEE &
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I MBURA: Kbty DL BFCHERZ PREL DI (D156), /R R A TE— IR FRLEER; E. ek
JESARIZ I R sX VTRN(D156), /8 B HRP I FE ST MR < fL s F (D156)-G (D152). et
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P B 5E HoT
Fig. 5 Eggshell microstructures of Spheroolithus spheroides
A. Tangential section near inner surface of eggshell (D156), showing the cores; B. Enlargement of a core in
A; C. Enlargement of wedges in A, showing the triangular growth center of wedge; D. Tangential section
through middle part of cone layers (D156), showing converged wedges and irregular space between wedges;
E. Tangential section near the boundary between cone and columnar layers (D156), showing tightly arranged
eggshell units and irregular pores; F (D156)-G (D152). Tangential section through middle part of columnar
layer, showing tightly arranged eggshell units and irregular pores; H. Tangential section near outer surface of
eggshell (D152), showing loosely arranged round eggshell units
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V 735, V 7361V 734K “UHARRAR”, #3571 Oolithes spheroids, FFIN il T4 B F
X ERMEA, T RENI/N JBR, R EINRmAUG5EE8 5 0. spheroidesdf
HAHRL, DA R 2R R . BT 2 . HoTdl(197H) R B ) B A M R R,
0. spheroides’sy N3ANZERL, HAPV 73081V 731 &5 K LRV 74002 (BF4M w5
G 55478t 44 M O. chiangchiungtingensis, LAV 733F1V 735 AR EM A2 H
O. irenensis, LAV 732, V 736 F1V737 HIXEH 44 HO. chinkangkouensis, FiJ5, #X7E4s
(1979 Hafh e iy “ZYlp b A2 k", RS REELA TR RS
LG BE 2, 1975), XFILARSE A & B BDE S 254 A S8 s i fan 44, ¥4 Oolithes
chiangchiungtingensisf& 1]} Spheroolithus chiangchiungtingensis, X107, 251 T))
NIRRT 35T T PPN, BT IE A Spheroolithus spheroids, 145 &
V 7300 X — S AIBARA . (HRAEEFELY T30FIRV 740028550 W A5 AR AERT
RINPEHEHEAR 2SR LA B AR, B 2 R M2, FE 2173, IR
MAR R Spheroolithusi) 55— R . RIATY R B Spheroolithus chiangchiungtingensisiX—
BFZFR, 48 ERV 740020 HAEAARA

AR RBHGE AT IERDE , SR HEIR)Z B AR S e IR AR A, A
HBAT, HAZLHERIERER1/2, B 5 X5 T HAERI &G, S ILASKEH L
H2EG08 ZET0AH K I [BUE [ JE 2 (Spheroolithus spheroides)AE ARl I, 7] DRRFL
T A e R Sk A R IR T LR A A U3 A Spheroolithus spheroides .

B R [ER.E Spheroolithus megadermus (Young, 1959) Zhao, 1979
(K16~8)
1959 Oolithes megadermus Young, p. 34~35
1974 Oolithes megadermus ¥ %25 . ¥ooHl, 66W, KTV, K8
1979 ? Spheroolithus megadermus A %4s, 33211

JANERAE  RAF—PRERA, ENETRE A MIRCKE B RS iR A
5. DI154),

WESEA U7 E R R K ERR-PEM km, b AR SR B B

KEHE NMIBEE, SaRE, BEEN48~5.2 mm, HieHHEEZMEREZE
WA, HERZMBEDE | ATRIRGEIRA L, BUAR T MR L, BAREIB R
B, HRZE N EFEEER3, HRRZE 22 H N S s o s, LA

iR AR F—E S A &), EbANHELEMESR . RKINAA—TTRA
il AR AL A TE A% -49.0 cm x 8.0 cm, TEARFEE 1889,

Hoe R, JBEHNS5.22 mm, ESTHEERZAFERZA N, HER)Z AR .72
mm, 2 5 EFERM /3. BUIE S, BRI A LRk L BEEDE BRIk
2R, FRAARBIBR A L B (K7), 5% 0T AT AR A= K ot S Z 850 = T2 (KI8A, B),
AR F T AR 2 TP SR ) SRS AN R T A R G E—iE, S ii VI BUAR SR E I
SIS ITIE(EI8C, D).

FEMRZE 1 8)Z L HEF S 2% 158 BT & AL (81 7), T iBse )25, mEsesh
R IT, e In =B, mINZHEER K, % )2EE A E70.30~0.75
mm. INZLY 5 I(E 7, 8F)I £ 582 (stalicoolithid) AR ZANZ L5 F AL (E
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SRS, 2012). HEACARYIHE A5E
YI wos, SEoe AL H (E
7; 8E, F).

b 5 it XA HE 1k
A (D154) 1) 72 WIE 75 F 5%
b A8 5 1 AR SEBH B 1 SR Sk
T K B JE R R B (S,
megadermus)[HARFIRL, A SCK

HIFARE B RP i 6 JELFLEDISS)
Fig. 6 Spheroolithus megadermus (D154)

3 T ARRAHRMRT S

KT R A RIS —EAFAESIL, PNEE . B/ (2000)HR 3 14 #iE e 2 A 4L AR AIE
TN RT3 SR S 2 AR N A 5 5 BARAS 3£(2000) K FE R Sk 4 Hh AL A ——
SRk A3 (Quantonenpollenites) Flik FE FEA AL A1 (Platenus), W7 S 4 UH F i SR, 22

T, e, e, W o i

8 i S R WA 1000um

d

7 R B EEAAYI(D154), WoRPTrHREB I RIBUR, BIREELE , HRRZHh8Z LI
(B =g) | 1
Fig. 7 Radial section of Spheroolithus megadermus (D154), showing bamboo-leaves-like or lanceolate
pattern wedges, developed inter-wedge spaces, the columnar layer composed of more than eight eggshell unit
layers



K8 R BIE E e X DI (D154
A-B. IEHEFENRTZUIE , 2~ AR AEA, =g AR s CL #ER)Z thiEfsx )
1], 7R A BRI RN O RRAR BB D, EFRRIZ5Z DN, 7~ B R A ALK, BLUREIBR &
Fs B ARWER AU, BN EEHS A e oA R <AL s F. el bhaRimsa VI, 7[5
T BN KLIMIE 47 BRI RIS KLU B <AL
Fig. 8 Tangential sections of Spheroolithus megadermus (D154)
A-B. Tangential section near inner surface of eggshell, showing irregular wedges and triangular or irregular
growing center of wedges; C. Tangential section through middle part of cone layer, showing gradually
converged wedges and inter-wedge spaces; D. Tangential section near columnar layer, showing clearly
converged wedges and developed inter-wedge spaces; E. Tangential section through middle part of columnar
layer, showing tightly arranged eggshell units and irregular pores; F. Tangential section near outer surface of
eggshell, showing round or irregular eggshell units and irregular pores
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SCAR (200138 12 R S A LA ORISR, AR R SR T ERIHRCA I 11 2t Cenomanianl
SRR AR A e 2t Turoniantl] o AR, ARAEANIT B HIAARH LA Py )2 A1
SERHZE I ZEA IR, Rk gl B2 A Y T E bR 2 3R i £AE B T (lower
Turonian)(Wan et al., 2012),

Pl b G A HESh WA A BRI, TTAE B B AR 1 ks A EIR R TR
X IR SR P AR A T — AR RS LA E, HRETCICRm A2 e
JE IR S I — /N B e (Changchunsaurus parvus)(& U535, 2005; Jin et al., 2010;
Richard et al., 2011), & J¥2(iguanodontian ornithopod dinosaur)(Chen et al., 2008), J7i5
e 25— Wi K FH /8 . (Helioceratops brachygnathus)(Jin et al., 2009); ZL 8IS A+
WE{P) 1653 FE. (Similifaveoloolithus gongzhulingensis)( L5855, 2006, 2013); A G E2EHH8)
Y. 5 MR ECE(Zhangolestes jilinensis)(Zan et al., 2006)5% . B B M FLAR T b X R Sk 2H b
KRR A ERZ . RAZH, AT BRI R E(Spheroolithus
spheroides) 5 [ [FJE 5. (S. megadermus), HETAXAE LLZR 3 FH AL T B EEX P HBLIX &
Mo FEPH, XA EFORTE T IR T2 A IR, HE R BT A Ry 6 A v 1B
(Wang et al., 2012). K, AT TN E KX &2 e 8 A0 A7 1) SR Sk 20 59 b S B4R
oL ASEA IR NG

Bt BRI T AR FIAEIRE R AT NS KB T R KRA B, FRA
RETERHBEREL, TERFEEIEIDE AL BB ENE RS,
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