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FEBRELEETELANSEITE"
e

(1 EBE R A HESN Y 5 NS S Y b R G2 S0 dbat 100044)
(2 EBERER AR JEa 100049)

HE RGN T s ARG 5 B R AR SR Fh T 85 2R ( Faveoloolithus ningxiaensis )
g [ HE Jm A BT B P B AR [N ( Youngoolithus xiaguanensis) , IF0H T 7™ H VLR & i
AR R BN — N 1 B B —— B e 55 8 (Parafaveoloolithus) , K 3 /1>t iy A
Parafaveoloolithus microporus, P. macroporus Fl P. tiansicunensis, FRYEEATTEE 1994 4FH H (1)L
AR o3 2 B S T LA RAE BT THE T IR s AR 4 S 07, 4R i A TGRS 1
%’I}Eﬁﬂ?ﬂ—?ﬁﬂﬁﬁ\*ﬁém,E’éﬁTE"T&%EﬂV\]Eﬁ*ﬂﬂﬁ%%ijﬁﬂﬁig'ﬁ%%%ﬁL‘l)&ﬂ%
EEAIEE T,

SRR WK (5 4, e 1 et s 2k p 2y

REGESES (915,21 @RI A XEHS:1000-3118(2010)03-0203-17

et EAL A I R A LT 5 L R BE A Ologoy-Ulan-Tsav = 15, Sochava (1969 ) X H: 2
I WA BT T 0F9E ¥ Hidn 44 0 2 FL A 5E (multicanaliculate ) , 315t I A4k B 1
TH— St 20t 70 4RI, 7R A 52 ol BT 20 (Y I AR T3 E R A
BIX) BRI B, X EeE AT T BE , 7E 85 h i HES O e, e
DI o3 A A TCE B R R ALIE . AR BB 4 (1975) 4 th 19288 e SR Ak A 43 S Fl i 44
T RS T A (1976) B Hofiy 4 Ol T H W55 1R ( Faveoloolithus ningxiaensis ) , I ST
T W% H R} ( Faveoloolithidae ) A1 5% 25 J& ( Faveoloolithus ) , H:HAR Ry o o S tH—H
e, 1979 48 7RI N & B AR 2 ORI —w i Ak, HAE S BiMail 5 T 2w i
TRARML (B SALIE R 2800 B A AT AR MRS TE , 72 805 b iy HES1) Oy U — o FLAE
X BE AN bR A I O e 55 AR 2K — W 0 EE s L SR w44 S B A% IR R ( Youngoolithus
xiaguanensis ) ,,\H—J"fjﬁﬁﬂiﬁ ﬁ%éﬁ'( ﬁ_ﬁﬁ‘? 1979a) .,

1979 4F 24 e FET R AL, PGk (SR T4 R TEERR, 1993 5 5K 06 (294, 1998 )
FIFE RN A4 A 2002 ) 55 20, Wi i) e K & (SR D6 25281998 ) Fl sk b
(A 2z 3055 ,2003 ) LUK HIALRE BT Je 1L IX (CREAE AR, 1997 ; B 5451998 ) 554
W BAARARGE . S48, 78551 ) Khermiyn-Tsav, Tkh-Shunkht (Mikhailov et al., 1994)

1) EZEARPAZESTH (45 :40772017) ¥EHl,
Yk H 4.2009-11-20
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Fnef FE R A T3 ( Huh and Zelenitsky, 2002 )t & B AL 8E PR A7 ) M55 B AL £, (B2, BR
P [ PO e 2 b 1) — SE B A A A 44 O V8 BEAS I B ( Youngoolithus xipingensis ) A1 (77 17 JEL
45,1998, 2007 ) , HAbAY R 45 4 Sy 4 8 AL O BB, R SE i, A7 28 Rl U S e s
PR,

ATLLVE ) R s A A A W LR B AR 2 PR B I A& A
V2 RBEA TR E . B TR0 4 55 (R A QAR B i 17 B e g R
SR I, T4 B BRI, AS R I A8 MW 22 5T 1 W s 1, LA EATT 2 i — 2
7 AT O B AT B (2 T, 19765 B BEEE ,1979a)  ELEHFH BB T
MIRERNERZ G, A & s H 2K 0 E 7o W e ih & 8 A K i 76 55T 20 W ( Zhao,
1994) . W44 SEAR S T 20 22 70 AR T E RIS | 8 FHIAE 138
3 2 I G R0 G S FRCBE P LA BT R b R % 3 e B B R AR ST S . IR, AR
SCHg X T B T A RN S AR A% QAR LA SR £ 4 A B T A R R AT TR BB 2 A
W58 S 2KITIE,

1 BFSERRE Tk

1.1 ##

1) T H¥ESE Faveoloolithus ningxiaensis Zhao & Ding, 1976, IVPP V 4709, —#5 3t 11
MU, BT 48 T M= (1976) FiR R IEBUBRAS ; — MO Y A, IVPP V 16856

2) BAE# R Youngoolithus xiaguanensis Zhao, 1979, IVPP V 5783, — &3 16 #(4,
B BEAE (1979) Fid A IEBIARA

3) 20 22 70 AEARHTLIX I BATE K &5 55 IR R RO 58 24 45 IVPP V 16857. 1
2.

4) 2007 FASAEH 5 R 4 FRSETEHLA K G B Z AL, Ir il A R & 2 b
A%, IVPP V 16858, H— %5 & LU IiEEET

5) 20 k4 90 AF AR, 8 AR FNEK 25 ZE W VLA K & B HH SR SR 4 31 (4 i 8552, TVPP
V 16859,

PLEFRA B ORAE T b W B2 Be it B MESh ) 5l AR5 RT, T 3Crh e L V7 575
TR,

1.2 A&

BRSO ETTE 6 IR % 57T R A U5 S IR AL (0 3R b AR
P45 (1975, 1979b, 1994) £ H R 8 7 S 44 7 i, FIWT b b Rk 85 1k A 722 W
A ET IS MRS A L 25 R LR e AT b,

ALY RTIE T MR ENES P HkE URCGE , MACE -2 BUETR A
B G W B 8 T Pk T LARCR , T MO TR d i F P 48 I — B e i i, ESR5h
V 16857. 1 WA B4 SREEFEREF . 76 V 16858 Fl V 16859 H1 4y i Bk ik 2 -3 HRE77
BAF RS R,
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BT e FI BB AL B b [EAL B —10 FE & TR R o B v AR Y i e U1 30
R sZ Y 7 U, RO AR RS AE 2B R b YT R HLUI R IR EE 258 100 wm (176
F, PR AR T A B K 30 ~40 pum B, M A £ H IG5 7E Leica DMRX AU )6 2 i34 5%
—nylbggo

2 Rk

AR SCHHE IR AR TR BT ZE (1994) R TEMA (1995 ) HE R ARIE T X,
# = ZE #l Faveoloolithidae Zhao & Ding, 1976

MEITHHE AL O BIE s BE  ShRmDEH . Eoeh—Z 5o, 8 2-3 M EEE
KMe o, MZ IS, BA S S s Raihy . <ALIE Z 8 H H A,

5 E 8§ Faveoloolithus Zhao & Ding, 1976
BITRAE WA ERD T E 5 B TTRAE

T E ¥ B E| Faveoloolithus ningxiaensis Zhao & Ding, 1976
(E11,2)

IERRA  —wdh 11 AR, BFAMbS S5 73032, AR5 IVPP V 4709,

PANFRE  — Mk A, B ML S R S202, ARAGR 5 IVPP V 16856,

HAEFEAL IS BT A EL R S LA TR R A T R R LTy
R (B84 T #1,1976) .

EITHAE  EAERIE, FEEE T B
Heg gy TR, 5t 2-3 MREA -1
FEHITEZ ML, FCHRITH K, BHIE, EK
SUEH ,TEIT N R T AN A BN 4

g IERARA N —e k11 MR, b |
PR DR 5™ T, 9 — MO ak
BT/, BB, EROEES T S
FIFS 5], B 2 IR BEAE 10 ~40 cm /7 (SRS
A A A A S8R 0 7 BN AR [R]—F 1
(1), EAEZRNEISHEEE T—/NE
EibA, E HESEAE S —EAA L U
XA JFOR B S AN 1k — 2, A EEAR Bl 1 T EEERE,V 4709
T HOETR Fig. 1 Faveoloolithus ningxiaensis, V 4709

A KA K 130. 8 ~143. 7 mm, F1
133.6 mm; I ARMEEHN 117.6 ~127.9 mm, F1J 120. 3 mm; EEIRE (R KT
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100) 4 90.0 ~95.0, F1792.7, LI EATEMBIRTE,

MEEBHESN ) EE  BRZBREE T —/ NI A A8 ACH 3 UMK K BUR TR
][] — 7 [, A AR A A (8 KBl 7 1) S BEALIY , R B B AT THE & i HES 7 XA — 2 1)
A,

FEAAINFR G, R A AE KA A FH 2 8 i v 0 R AS B TR [ Al | 2 52 B R
1.20 ~1.54 mm, 3 1.40 mm, NV L&, BB EH 2-3 MREA—NTHRITS
ik , i B ) S AE A 2 R S AR AT T AL AR, SR e ALt — AN Fe Tl i, 7R AN ST
JCI PR ES M LA A KU R g 1 e /PR IR IO, 5% E BHE N
SARMEAILIE, EfZ8E A, AP H M (E 24, A”),

K2 R s ST MAMAE Y, V 4709
Fig.2  Eggshell microstructure of Faveoloolithus ningxiaensis, V 4709
A, A BRI, FikoRBEA KN RIT, B PR A KRS ILIE N radial view, note su-
perimposed shell units (arrows) and pore canals (black curves in the photo), A. £ 4% line drawing,
A’. BB K photo; B. ¥T/MEIEALTZ VI tangential view near outer surface of eggshell; C. 5T HHRTZ Y]
[l tangential view in middle part of eggshell; D. T PRI AL 5% I TH tangential view near inner surface of
eggshell; LR scale bars = 300 wm

MEZONH L S5 SRS A S sk, AR Z RO L . ipshemiad AL B
(IE2B), FElE AN, AL EARIIE IR ISR E . Hoe a2 bl B <L E N 0.07 ~
0.40 mm, “F-370.20 mm, AL Ry 18 >/mm®, T hH H I DHOL B AR 19 <AL (]
2C) o [ NS [ A KU A LB 22 AR LT iR LA IR RS, =i R
AR Z BTSRRI (B A LIEREFEA SR BARG A e IR (18] 2D)

W BB TR (1976) S L T R B SRR e AR T g, DR R 264 e
B, A R B ST N B e DR T BEAT WL B 7 BIT A A, DA X S8 52 et — )2 2 —
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A7 AR T2 A, S A SCRORIT ST A B, T R e 88 SR A ST N Al B VR 2RSS B
AU B B A 52 500, EAT I ) B 5 /e — S, ZH e o IR A 4, e ] 7 B e g SR A5
A KT S — B UL A R R 2 AR Z LS S 7 58 AN ) T W) E ) 52 HoT
AR A R TR FE T, TR BOE B B S 7e 45

Bl = EE (FZEE) Parafaveoloolithus oogen. nov.

WiRE  Para-, I HA M para, BV, 5%, IF177 ; faveoloolithus, 3 H 7712 W55 5
)& 4 Faveoloolithus .

WIXEF  Parafaveoloolithus microporus oosp. nov. ,

BIE S FIEEMRIE, E5e% h— 252 ondll, DBERALH 2-3 Do
HEMM, FTHRICHIR JEEAR R ERKEAKRE  FELNR BT S8, 52HITH
AR Z [A] FL TG T

INFLEIMEE = (FFEF) Parafaveoloolithus microporus oosp. nov.
(3,4)

R M4 microporus BN “/NML” , RIZMEAAG LER/D,

IERIGRA — MR AR B AN S 4 %5 No. 45, R4 IVPP V 16857. 1,

PNRE I — A e B M R g5 No. 45, PrAsdi's IVPP V 16857.2,

MEMBES WA RGBTl BRAa @A, EAYES,

B A ERIE , 5Tl W H— 2 K AR B Ia AL R, B A7 i P~ B
Bl A, HEARRRRIANN, SFLE R LA,

iRV 16857. 1 AL, K2 K 141.06 mm, RN 129. 44 mm (KA ASE
SR/ ) B85 91. 85 V 16857.2 K AZ K 149. 12 mm (& 3) . &I/ R B
?%,EE?{] 2.20 ~2.35 mm,

E5Til H i — 2 K AR S o
YL AL, DHERA PS5 O S TE
—EA Y, AT IT T HEIRAR A
B, ISP IR AR AR R & s AR
Z AR, E R AR AR, EiT
Y _ERFLIE R ZECE A,
HAEHWHE(K 44, A7),

S YN AR ST AE M R, R
LR ZHGE Y, > FOE 254 B

(K4B,C), HEHehiLERL S
JE M 0.06 ~0.25 mm, FH{H K K3 /LA ECIREM) ,V 16857.1

0.15 mm, K FLEE K 35 ~/mm?, (72, IEBIBRAR) , V 16857.2(47)

e s , Fig.3  Parafaveoloolithus microporus oosp. nov.,
= y L bk i 2
MERTE kI b ’%‘%L W %%ﬁi e V 16857. 1(left, holotype) ; V 16857. 2 ( right)
SAMW AL Z  ALIE AR




Pl 4 /L g 2R OB SR ) 2R e W B4, V 16857. 1
Fig. 4 Eggshell microstructure of Parafaveoloolithus microporus oosp. nov., V 16857.1
A, A’ RYINE, # kR E T R A K H I HEAKR radial view, note cone developing within eggshell (ar-
row) , A. 2 25Kl line drawing, A’. A photo; B. JE AN AL 5% ) tangential view near outer surface
of eggshell; C. #5757 HPHB5% VI tangential view in middle part of eggshell; D. T NZREALFZ I tangential
view near inner surface of eggshell; {5/ scale bars = 300 wm

WA DK, TEIT PR A T A 0 AL R 3 3, L R 43 0l AN B0 52 H e 4
I HURAA (BT 4D) .

BeaEIHE A E A SINE I T R e e A (RS KL AR D) R B
YRS T E SRR UL, R RS ITN A AR, TR K8, AR AN
HS R KT et A KA 20 s 53 40 FEE R m Y sX Y 1, < FLE
BESNEN RS R, e nT W BARTESME R/ INRTE Fe 42 D 1) B AR RRAE 48 7
R Rz MR A7 AT SAHES 5 X5 7 B s B B AN TR, BT L E AT AR 1
I R I AARRZRH — A B R —R e s R

{EAS—420 )2 7256 JL R BE Ologoy-Ulan-Tsav 1=y M & PR B« ZFLE " MEMLA
B 4% Mikhailov 55 (1994 ) %78 o 7 B 8663 8, SR 1ML 26 50 S5 B R A% V1) T b Al 45 40 46y T 7
FRAE B R T A SCHE IR A B e 5 86 . JE H2: Sochava (1969) filiid (1) & AL A7 (No 2970/1)
AR ERIE 722 R 1.8 ~2.5 mm, H5eR YN 78 B0 b4 AR IR, 78 3T P 2 1 1Y)
SZ DDLU BE Y A B A KN R HORAA 5545 — 2o A A e IE 3SRt T TR AE AT I
KRR A 5E 8050 K H 41/ HER (Sochava, 1971) o HRHE DL B3 S04 ) 524 () X Se 2
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AT IR A RIS R . 3 oh, Jr eS8 A5 (1998 ) 48 34 1 7 [ 2 i 2 b —— 74 11
K3 ( Youngoolithus xipingensis) , LB N RIAIE , 768 1.7 ~2.0 mm, H5EHRUITH F 7%
BOTAER SALIE A3 E, WERRIE AW IH T RIS EE . Ak seE o vl
R IEA E TG (AR 170 mm, e KRS 143 mm  JESTE084. 1) A T REASR
— B

KABEZE (FZEF) Parafaveoloolithus macroporus oosp. nov.
(K'5,6)

RE  FP macroporus R« KALBRM™ , RIZM E A ILERRRHIR

ERGRA 13 PR, R A —55 K2 4 MUY 3 M, B AP i g5 T071201-D1,
FRA 45 IVPP V 16858,

MEMBEA WLE RS BHEAI T LA R aies b, La¥Es,

B SIEAHEIE , Bl s h— 2 K ARG ATl , A BERA H 472 FROC
BN, MR R IR, Bk, LB RO,

iR XL T A AR T I —
/N AT A A B EEAE S FLEE R
A4 M IRIBE , al LRI St At vy, (F R ity X
FIAKEE(E5) . WX JUEARE, BT
AL TR, HA Rl RS 2 W AL 1), 5
FAMENAT, RAFEEF P LA K AR5
S5 135 F1130 mm, FRKBAEH R 100 mm, B |

BTk 74 F1 76,

Ere/NREEN R R 1.85 ~1.90 mm, 12
YI EAfLE B DA, AR SLIE S AR R
FE A ) S0 AR A AL RE S R —
JERARIRFE BT K, B AL e A5 0 o B
JUEE M A, U AR Z M R i, T
FIAAL AT DR R T IRES IR E B (K 6A, A7),

MEZ YN L, A stk mAb R SALERIE , ERB/N (K 6B) , &
FERSALLIE S AN G £ % 12 4A/mm? ; SALEARW K, B FIEH N 0. 04 ~
0.64 mm, F340.27 mm (K 6C) , IR TFLR A B , S FLIEBE 7 B Lk
AR, B BB R G F4 0 RN 52 BT AL R (B 6D)

b 5itie MWEEH B LE, ZEa S P. microporus Feg A1) R AL
AR A B HAR D 434 52) S ol A AR LB AR R () R R M 53 ) S ARKE
SEHTTAEX AN R AR LL A UL, PR ORI AR AR T AR 5 &R . ARad, B2
5 — S X 50 - i3k B AR ) B A A B R IRDE | SR SC A HEAR AR AT LR R 3k
SALE AW R, I E BB/, LA EJUAN T HORE , BAR 1 0 20820,
(A EATITCEE 2 W AN B

g
-

K5 RALEIESS & OFrEM) |V 16858,
i Sk m — B T A
Fig. 5 Parafaveoloolithus macroporus oosp.

nov., V 16858, arrow indicates a weathered egg
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K6 LA H ) #5¢ RIS, V 16858
Fig. 6  Eggshell microstructure of Parafaveoloolithus macroporus oosp. nov., V 16858
A, A’ YN, #k R BT R AE K H BY4EIA radial view, note cone developing within eggshell (arrow) ,
A. 25 line drawing, A’. JH photo; B. JTAMEMIAL 5% VT tangential view near outer surface of
eggshell; C. FH7¢HHB5XVIIAN tangential view in middle part of eggshell; D. T P& A AL 5% 1A tangential
view near inner surface of eggshell; ] scale bars = 300 wm

HEBEREEEE (FEM) Parafaveoloolithus tiansicunensis oosp. nov.
(K7)

R A tiansicun LA P HBADUE DR

ERIFRA 11 SRR Ktk 78 — B A A b i — BE ER 52 BT A0 b 25 4 5 T080526 —
D13, #3445 IVPP V 16859,

WEFEM  WLAE RS EHER, FAES RN,

BE RS E 2RI TR, D BGRAL h 2-3 AN FE T E S A KA
HEMREHLR, iR, SALIE R AR K, FE i bR AL A AR A

R EIANREDGIE, RN 1.37 ~1.45 mm, SFLEE, LA WAL, F ek p
T R, B SR SR IEAR WA B AR fE R FEANR T B ACH RN IF T, AN
R AR LB — 25T, DEER A H 2-3 DM ROTESA KM, FRICHIE s EHEE,
MR Z A I35 . N AL HEIARRE IR RS R & (B TA, A,

FEESCI AN R 5% VI L, AL A/ N R AL, SR R — 2 AR HEALIE (& 7B) .
lia) PN 2R 18 7 i) S FL ARG B K, BE e g My S B sk, R B PR s Ul L, <AL
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Pl 7 S e g 2 OB Al ) 2R e W B A, V 16859
Fig.7 Eggshell microstructure of Parafaveoloolithus tiansicunensis oosp. nov., V 16859
A, A, I, &k RS E AL K AYSEHATT radial view, note superimposed shell units (arrows) , A. 2k
2% line drawing, A’. HRH photo; B. ITA/MRIEAL5Z VI tangential view near outer surface of eggshell;
C. FEFHT5L YN tangential view in middle part of eggshell; D. 3T PR 4L 5% I TH tangential view near
inner surface of eggshell; H.fI/X scale bars = 300 wm

HORRY st R (B 7C) , ARSI 0.10 ~0.42 mm, “F30.21 mm, BEH 17
A/mm? 3T P BTN S FLAH B, AL RE 53 FR b N R 5 T Ak B A (B
7D) o

EeBSIHe X HAIAR Y EE 5 H 2 AR ST B IT A B, AR AR ] S b, P
HIFARNE R &R, HHEE TN IILER AT P. microporus Fl P. macroporus
Z I8 HEAR AT, AT X 5T P. microporus ANEKWIHERFN P, macroporus HETE I HEMR ;
SEIEBE L P. microporus Fll P. macroporus #8385 T A HAL S FLAE B b A8 75 X — FRAE A
DL TR X R R e 8 BT LUB Y S — SR A

BIER(FHZEFR) Youngoolithidae oofam. nov.
BABME W IREE B ER I E B TTRAE
#IKEIE Youngoolithus Zhao, 1979

EATRAE  WBLCE M 7 R E R B TTRAE
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B IEMIIKE Youngoolithus xiaguanensis Zhao, 1979
(E18,9)

ERGRAR  —mdh 16 Mk, BFAMM A g5 75029, FRAgi'S IVPP V 5783,

MAMBERS BN S BEMEEFEILE 0.5 km AR KL @b B s e 2
KA ERPER ST, R (B ZE,1979a) .

EATHHE B AL A MY 1 A8 1) 6] — 7 [0 F 005 28 48 Mo L HEHES . 52 B
W REEH B R 2-4 ST EE AR, FCERIT BRI /NMIFER  EREAL T,
HEB Ty ARASKIN £ 3 R A AR B oy 55, RALIE 280 i B il

#ix  FA AT T PR, A
—Sun] DL A e (B 8) , BB A K
#£156.0 ~173.4 mm, ¥ 165.6 mm; i Kk
%£91.0 ~109.4 mm, F1J98.9 mm; JEAEFEEL
453.7~66.8, F1459.8,

FAATE S P KBS 78 R — -1 -, K
HoOrmAHRE L, WP EE, EATRERE S S
HE, BHE 3 -4 K, AHAB % 6 HE =22 18] /i 5 58 55 HE
H, MTES —uA MHCR SR EL A, P
PR JE— e (E8) .

EREE N 1.45~1.60 mm, “F3J1.56 mm,
ShFEARGHT . IRV L&, e s A
ETUHEAEFRAAILE, XS ALE S H
W% | IR — S LB M B A K, IF B A
ARG A AR 78 . AT E H 2-4 o

K8 HifkItE,V 5783 JUE B KA, T/ T AL H A B /N 5 R
i3k B Ak S — AN I ER JURUZER, WK B e st HEs ] 7 R
Fig.8 Youngoolithus xiaguanensis, V 5783 ASHp | , ﬁtﬁ%ﬁét)} |45 Ry 5 N2
Arrow indicates a dinosaur footprint ;]:H{uo %/I\E(J,ﬁﬁﬁz%glj\ E’JEW‘(,%&{ZISQEI/J\,T%
R A A LG i, o AE R BB 9A, A”) .

MEZ YN b, 5 SR GEM  ie sIk , SR ZHOR DY . S h iAol B AR r AR
SR 0.07 ~0.33 mm, FHE R 0. 17 mm, KFLBEEE H 26 ~/mm?( [ 9C) , 4 E
AT A S LA AR R 2 B Y A RS2 P R R /N (TR 9B) o Ti) YR T 7 1) N BRI A L34 i, A
R RALZ A BT T PN R T A AL R e ) B ST Y HOBR AR B A HOBR AR e
JUASEA AR S5 H4 R HOIR 58 BT 1 fil 5177 18 (11 9D)

b SiFie SiemER R, B ICER P EEN AR S, Bk A
SO P 2 2 W 5 R ER 8 5 4 1 A DX 531 . B AR LR Y | ZE 888 TR R il A 5747 HL R
Je SRS HED s W63 BRI R R 3 R S B | O BLDL T R s ORI R
HORTCHNHES . BT LARTIACh AR A% TG 5 W s SRR I B Ak A 2 B R 40 O0C R LG 1Y)
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Ko Rty REE RiME, vV 5783
Fig.9 Eggshell microstructure of Youngoolithus xiaguanensis, V 5783
A, A, Y0, &7k R & B A K A5 5T radial view, note superimposed shell units (arrows) ,
A. 28 ZK line drawing, A’. A photo; B. T Ah 28 4k 5% Y T tangential view near outer surface of
eggshell; C. FHFEHPHRIZ VI tangential view in middle part of eggshell; D. 3T P93 i 4L 5% YT tangential
view near inner surface of eggshell; L] scale bars = 300 wm

PIZERA L i, O, B IR A UALaE Bt 3 L2 208, e ool S AR K
R Z SN T AARA KU ; 5 ARG LB R H B A b, s ocki ik, & i
AR U HEDU AR AR R — 86 G DA B B0 PR, AT AR B S 4R [ B R A
SE—AHER—— IRERE, B4, i RERHFIE 55 ERMCR A BA sk E e 414
SERH R HEAT LA R TR — 2 23 2R T,

3 MER R ERFIE L T ik

TR A AR A IR AR W) A B IR AR I S W A AR R RS O X
T MR BCE TP AR SR b SR, FEHTTTR 6 07 A B = e 53 2R
TEZ WL S A EE 7 i b5 7 R e s 8 LUl , i 5 B A ER R 25 S ok, BT LIRS
BN T R R 2 N B — A DX, AR A TR T 7 R e Y 22 S DU AR I
B, R W AR A R WUE S AR S R A HES ) J5 ORI e S B A A 1Y
SRR T X 7B 200, IR — G 9 7 JE T, TR — i 73 S ot ] il i 5 LT I
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BRI, W7 e s 7 BT MR I BB KR AT 2
PRI 57 E LR 5 B Sl W i — 2 HRRSE o i 8 SR AR R B s, b
— Y X MR e SR E e ST B 2 b B 4071 28 S AL B0 AR S 3 B I LA
ik, Her L AR A T T BRI

N T BN SRR NI B — A A A B o s i RS E— Al
i N IR T AP SR AT S E

B, —ME A SR NS AR DT A ] RE e e S AT D20 ] A 52 D) T 2 R
IR AR R A S s IR A AL ZUA5 A, T HERR 2 RO 2R (4 T RE s 2 )5 P i A £ 22 0
P25 (RS U 25 R ) S AR R B A P e P A SR s B e AR LR R R
ol B0 S A A S L 20 8 5 O ) 02, 0 IO e L A R 3 R I 4 1) T R
PR HCE TS R AR A s DI T HEA TN R PR R S AR AL AR R R P AR AL E
FAXIAGAE , AL QAR LA T [ S M T ) 7 B R4 00 | o A
(i) ot £ A A7 AR =22 AT e T et AN, RS2 il SALTE S KA AL (4n
P. macroporus) , WS A} RELE PO ASARXT RN E  FFIH R 0 FAR

st SR, EZRAMAR RTEFAR FEAIBRPRRESMH T2, AR
TARSGERLIFRAFECHGRIEITL T AAB AT, £ EHEFY 73]
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Summary

The Faveoloolithidae, erected by Zhao and Ding (1976) , were first described from the Al-
bian-Cenomanian of the Gobi Desert, Mongolia ( Sochava, 1969, 1971), and were assigned
the name multicanaliculate. The group includes Faveoloolithus ningxiaensis Zhao & Ding, 1976
from the Cretaceous of Alxa, Nei Mongol and Youngoolithus xiaguanensis Zhao, 1979 from the
Cretaceous of Xiaguan Basin, Henan Province. So far, faveoloolithid eggs have been reported
from Xichuan, Xixia ( Zhou and Han, 1993; Zhang and Li, 1998 ) and Wulichuan basins
(Zhou and Feng, 2002) in Henan Province, Jinqu, Tiantai ( Zhang and Li, 1998) and Yong-
kang basins ( Yu et al., 2003) in Zhejiang Province, and Qinglong Mountain in Hubei Province
(Guan et al., 1997; Zhou et al., 1998). Clutches have also been found in Khermiyn-Tsav and
Ikh-Shunkht in Mongolia ( Mikhailov et al., 1994) | and Bosung in South Korea ( Huh and Ze-

lenitsky, 2002). However, except for F. ningxiaensis and Y. xiaguanensis, other specimens’
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parataxonomic position within Faveoloolithidae was uncertain.

In this paper, detailed redescriptions of the holotypes of F. ningxiaensis and Y.
xtaguanensis, and of some new material from Tiantai Basin, Zhejiang Province, are presented
along with comments on the parataxonomy of this group of eggs.

Faveoloolithidae Zhao & Ding, 1976

Revised diagnosis Eggs spheroidal or oval, with smooth outer surface and honeycomb-
like eggshell structure. Eggshell composed of one layer of shell units or 2-3 superimposed shell
units. Pore canals more or less straight.

Faveoloolithus Zhao & Ding, 1976

Revised diagnosis See the revised diagnosis of the type oospecies Faveoloolithus ningxiaensis.

Faveoloolithus ningxiaensis Zhao & Ding, 1976
(Figs.1,2)

Holotype A nest containing 11 eggs (IVPP V 4709; Field No. 73032).

Referred specimen A broken egg (IVPP V 16856; Field No. S202).

Locality and horizon Chahanaobao, Bayinwula Mountain, Alxa Left Banner, Nei Mon-
gol; red to purple conglomeratic grit on the banks of a gully, Cretaceous ( Zhao and Ding,
1976).

Revised diagnosis FEggs spheroidal, arranged irregularly in nest. Eggshell composed of
2-3 superimposed shell units. Shell units cone-shaped with well-developed growth lines, not
separated near inner surface of eggshell.

Description The eggs are arranged irregularly in the nest. The space between adjacent
eggs is about 10 ~40 c¢cm. One incomplete egg is directly superimposed on another egg, indica-
ting that there may have been more than one layer of eggs initially (Fig.1).

The eggs are 130. 8 ~ 143.7 mm long and 117.6 ~127.9 mm wide, the average length
and width being 133.6 mm and 120.3 mm respectively. The average shape index is 92.7, in-
dicating a spheroidal shape.

The outer surface of each egg is smooth. The eggshell is 1.20 ~ 1. 54 mm thick, with an
average of 1.40 mm. Radial views reveal that the eggshell usually consists of 2—3 superimposed
shell units. The radial texture and growth lines of each shell unit are well-developed. The pore
canals are more or less straight (Fig.2A, A’ ).

Tangential views show that most of the pores are round, with a smaller diameter near the
outer surface (Fig.2B). In the middle part of the eggshell, the pore diameter is 0. 07 ~0. 40
mm, with an average of 0.20 mm. The pore density is 18 per mm’. The number of irregular
pores increases towards the inner surface of the eggshell, where the pores are quite irregular in
shape but have complete walls (Fig.2C, D).

Discussion When Zhao and Ding (1976) studied this specimen, they were unable to ob-
serve the shell units because of the limited equipment available, and regarded the eggshell as a
uniform calcite layer. According to my observations, the eggshell of F. ningxiaensis is com-
posed of many superimposed shell units. New shell units are deposited on top of primary ones
and all the shell units fuse together transversely, forming a honeycomb-like structure. Thus, it
can be seen that the eggshell formation pattern of F. ningxiaensis is totally different from that
seen in dinosaur eggs with an avian-like eggshell structure.

Parafaveoloolithus oogen. nov.

Etymology Para-, from Greek para, means “beside, near” ; -faveoloolithus, from the

b
oogenus name of Faveoloolithus ningxiaensis.
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Type oospecies Parafaveoloolithus microporus oosp. nov.

Diagnosis Eggs spherical or oval. Eggshell composed of one layer of shell units, or two
superimposed shell units in some portions. Shell units incomplete and prismatic, separated from
each other near inner surface of eggshell. Growth lines undeveloped within shell units; bounda-
ries between prisms relatively clear.

Parafaveoloolithus microporus oosp. nov.
(Figs.3,4)

Etymology The oospecies name means small pore, referring to the narrowness of the
pore canals.

Holotype A crushed incomplete egg (IVPP V 16857.1; Field No. 45).

Referred specimen Another incomplete egg (IVPP V 16857.2; Field No. 45).

Locality and horizon Fangshan, Tiantai County, Zhejiang Province; Laijia Formation,
Upper Cretaceous.

Diagnosis Egg spherical. Eggshell usually composed of one layer of slender prismatic
shell units, or two superimposed shell units in some portions. Cones tiny. Pore canals narrow
and closely spaced.

Description V 16857.1 is 141.06 mm long and 129. 44 mm wide, with a shape index of
91.8; V 16857.2 is 149. 12 mm long (Fig.3). The eggshell thickness varies between 2. 20
and 2. 35 mm. Radial views show that the eggshells are usually composed of one layer of shell
units, or two superimposed shell units in some portions. The cones are tiny, with undeveloped
growth lines. The pore canals are straight and unbranching, extremely numerous, and closely
spaced (Fig.4A, A’ ). In tangential sections through the middle part of the eggshell, the pore
diameter varies between 0. 06 and 0.25 mm, with an average of 0. 15 mm. Pore density is 35
per mm”. Most of the pores are round, but some are irregular ( Fig. 4B, C). Near the inner
surface, all the pores connect to each other; the pore walls are separated into small blocks com-
posed of irregular shell units (Fig.4D).

Comparison and discussion The specimens described above are similar to F. ningxia-
ensis eggs in general external shape and pore canal morphology, but are slightly bigger. Accord-
ingly, both of them belong to Faveoloolithidae. However, based on the slender prismatic shell
units, the tiny cones, the rarity of superimposition among the shell units and the separation of
shell units near the inner surface of the eggshell, these eggs are referred to a new faveoloolithid
oogenus, Parafaveoloolithus.

In addition, the “multicanaliculate” eggs discovered in Ologoy-Ulan-Tsav in the northern
Gobi (Sochava 1969, 1971 ) and identified as F. ningxiaensis by Mikhailov et al. (1994 ),
and the oospecies Youngoolithus xipingensis described by Fang et al. (1998), should be as-
signed to this new oogenus based on their slender prismatic shell units and straight pore canals.

Parafaveoloolithus macroporus oosp. nov.
(Figs.5,6)

Etymology The oospecies name macroporus means “big pore” , indicating that the dia-
meter of the pores within the eggshell is large.

Holotype 13 eggshell fragments (IVPP V 16858 ; Field No. TO71201-D1), belonging
to three eggs in the same nest.

Locality and horizon Laijia Village, Tiantai County, Zhejiang Province; Laijia Forma-
tion, Upper Cretaceous.

Diagnosis Eggs oval, with unbranching large straight pore canals. Eggshell composed of
one layer of slender prismatic shell units, or occasionally two superimposed shorter shell units.
Cones clear, with well-developed radial texture.
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Description The eggs are oval and nearly symmetrical (Fig.5). The long axes of these
eggs are approximately in the same direction, but not parallel. The lengths of two well-pre-
served eggs are 135 mm and 130 mm; both eggs are 100 mm wide, and their respective shape
indices are 74 and 76.

Eggshell thickness is 1.85 ~1.90 mm. Radial views show that the pore canals are straight
and unbranching, and that some of them narrow gradually near the outer surface of the eggshell.
The pore canal walls are usually composed of one layer of slender prismatic shell units, or two
superimposed shorter shell units in some portions. The boundaries between prisms are clear.
The cones near the inner surface of the eggshell are cuspate, with a well-developed radial tex-
ture (Fig.6A, A’ ).

In tangential sections, the pores appear round and relatively small near the outer surface of
the eggshell (Fig. 6B). In the middle part of the eggshell, most of the pores are irregular.
Their diameters in this region range from 0.04 mm to 0. 64 mm, with the average being 0. 27
mm. Pore density is 12 per mm*(Fig. 6C). All the pores connect to each other, and the pore
walls become separated into small blocks, near the inner surface of the eggshell (Fig.6D).

Comparison and discussion The microstructure of the eggshell in this oospecies is simi-
lar to that seen in P. microporus: 1) pore canals are straight and unbranching; 2) shell units
are slender and prismatic, with clear boundaries between prisms; and 3) the cones are rare
within the substance of the eggshell. Considering these characters, these eggs are assigned to
the oogenus Parafaveoloolithus. Nevertheless, the differences between these specimens and P.
microporus eggs are remarkable. The eggs described here are more elongated than P. micro-
porus, and have slightly thinner shells. Furthermore, the pores of the specimens described here
are much bigger, and the pore density in the middle part of the eggshell is much lower. Accord-
ingly, these eggs are regarded as belonging to an oospecies distinct from P. microporus.

Parafaveoloolithus tiansicunensis 0osp. nov.
(Fig.7)

Etymology From “Tiansicun” ( Tiansi Village), the name of the locality where the
specimens were collected.

Holotype 11 eggshell fragments and some eggshells embedded in rock (IVPP V 16859
Field No. T080526-D13).

Locality and horizon Tiansi Village, Tiantai County, Zhejiang Province; Chichengshan
Formation, Upper Cretaceous.

Diagnosis Eggshells usually composed of one layer of prismatic shell units, or 2-3 su-
perimposed shell units in some portions. Cones large and columnar, showing well-developed ra-
dial texture near inner surface of eggshell. Unbranching straight pore canals expanded in inner
part of eggshell, narrowing sharply near outer surface.

Description  Eggshell thickness in this oospecies varies between 1.37 and 1.45 mm. The
pore canals are straight, and narrow sharply near the outer surface of the eggshell. The open-
ings on the outer surface are very small. Generally, the eggshell is composed of one layer of
prismatic shell units, but there are 2-3 relatively shorter shell units superimposed on each other
in some portions. The shell units are prismatic or cone-shaped. The boundaries between prisms
are very clear. There are swollen cones near the inner surface of the eggshell (Fig. 7A, A’).

In tangential sections taken near the outer surface of the eggshell, the pores appear round
or irregular (Fig. 7B). Pore diameter increases towards the inner surface of the eggshell. The
pores are round or oval in the middle part of the eggshell (Fig. 7C), with diameters ranging
from 0.1 mm to 0.42 mm and averaging 0.21 mm. Pore density is 17 per mm’. The pores con-
nect to each other near the inner surface of the eggshell, and the pore walls become separated
into small blocks formed from irregular shell units ( Fig. 7D).
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Comparison and discussion These specimens should be assigned to Parafaveoloolithus
on the basis of their prismatic shell units, the clear boundaries between prisms, and the rarity of
superimposed shell units. However, pore diameter and pore density are intermediate between
P. microporus and P. macroporus ; the cones are columnar, differing from both the undeveloped
cones of P. microporus and the cuspate cones of P. macroporus; the eggshell is thinner than in
the other specimens from Tiantai Basin; and the sharp narrowing of the pore canals near the
outer surface of the eggshell is unique. In sum, the specimens described here represent a new
oospecies.

Youngoolithidae oofam. nov.

Diagnosis  See the revised diagnosis of the type oospecies of Youngoolithus, Y.
xlaguanensis.

Youngoolithus Zhao, 1979

Revised diagnosis See the revised diagnosis of the type oospecies, Y. xiaguanensis.

Youngoolithus xiaguanensis Zhao, 1979
(Figs.8,9)

Holotype A nest of 16 eggs (IVPP V 5783 ; Field No. 75029).

Locality and horizon 0.5 km northeast of Houzhuang Village, Xiaguan Town, Neixiang
County, Henan Province; purplish red and brown sandy mudstone interbedded with thin layers
of gray sandy conglomerate, Cretaceous (Zhao, 1979a).

Revised diagnosis Eggs olive-shaped, arranged in rows. Eggshell typically composed of
2—-4 superimposed prismatic shell units. Growth lines undeveloped. Most pore canals curved
and branched. Pore walls separated into small blocks near inner surface of eggshell.

Description The eggs are olive-shaped and nearly symmetric. The eggs are 156. 0 ~
173.4 mm long and 91.0 ~109. 4 mm wide, with the length and width averaging 165. 6 mm
and 98.9 mm respectively. The shape index varies between 53.7 and 66. 8, with an average of
59.8. The eggs are arranged in five rows, with 3—4 eggs in each row. The long axes of these
eggs are in the same direction. Adjacent rows interlace with one another (Fig.8).

Eggshell thickness is 1.45 ~1.60 mm, with an average of 1.56 mm. The outer surface of
each eggshell is smooth. In radial section, the crooked pore canals can be seen to have many
branches and to be highly variable in diameter, narrowing slightly near the outer surface of the
eggshell. The eggshells are usually composed of 2 -4 superimposed prismatic shell units. In
some portions, very short shell units are arranged in a single layer beneath the outer surface of
the eggshell. Therefore, the eggshell structure is rather irregular in radial section, resembling
the reticular eggshell structure of dictyoolithid eggs. The shell units are characterized by tiny
cones, undeveloped growth lines and visible boundaries between prisms (Fig. 9A, A’ ).

Most of the pores are round in tangential section. In the middle part of the eggshell, pore
diameter ranges from 0. 07 mm to 0. 33 mm, with a mean value of 0. 17 mm. Pore density is 26
per mm” ( Fig. 9C). Near the outer surface, pore diameter and density are slightly smaller
(Fig.9B). The number of irregular pores increases towards the inner surface of the eggshell,
where all the pores connect to each other and the pore walls are separated into small blocks
(Fig.9D).

Comparison and discussion  Compared to the members of Faveoloolithidae, Y.
xtaguanensis has following differences. The most remarkable differences lie in the macromorpho-
logical characters of the eggs and the nest. As demonstrated by F. ningxiaensis, faveoloolithid
eggs are spherical and arranged irregularly in the nest. However, Y. xiaguanensis eggs are
olive-shaped and arranged in rows. Based on this comparison, it is reasonable to assume that
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Y. xiaguanensis and faveoloolithid eggs belong to dinosaurs that are only distantly related. Se-
cond, in contrast to the branching pore canals and the relatively shorter and irregularly arranged
shell units of Y. wxiaguanensis, the pore canals of faveoloolithid eggs are straight and their shell
units are more regularly arranged. Consequently, Y. wxiaguanensis should be assigned to a new
oofamily, Youngoolithidae. Furthermore, it is safe to say that dinosaur eggs with a honeycomb-
like eggshell structure form a taxon above the family level.
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