S = a2
B36E  HaW HHEENY E R pp.282~ 296
19984 10 A VERTEBRATA PALASIATICA figs.1~3, pls.I~1I

SAEHT IR E"

R E RIEZE

(PEMEREERSY S HARHRE JLR  100044)

BE ERTHENIZEL 0 M ARAKNBERLET 6. ART4 M6 MR, H
HEE LA FRR A, FR.FRIB A R BEIE (Placoolithus taohensis) AL ¥ B FE R TTS
B ERNMEERWHRSF: 57— FF W)W & (Dendroolithus xichuanensis) 5 ¥
b % B E JE WA E (D. wandianensis) YRR AL WERREEEMA Y, SBAREEND
FHATHBRERE FAMIMEENEWANAR —HEYE, Do ZiHt 200 SHE
PEMALE KEE ERENDIRHNAS. EHAR EOFRA, AL RSRE ZH
L.

X@iR WAk, ke T, BhE

PERESES Q1521

AL 2

1 HY

bl

Wil (BTBG) e TR A T g A, bk 7 ~ B A E 1, & 36km, 3 13km, H
420km’, A EEHAEKELE,BETE1600RK BRER. BER . PEZE
SRR, A TEEMKARAFIERRFER. 1974 4, AR+ A REEBTS
FUHDRAEFILRERT RERENDRELG, FEMER DR ZA A LR
BT ESNEE LAZERHEAEA, BURBAE A ENERA, BYERRKEH S
FRHAURUSDE AP ERREARMNFWARLEZRFWAN 8T, K TRBENE
BERERZR AH£%,1975; At 4, Hiit#, 1985).

1975 4, A S —EH YA A E, 7B (FH S 7530) REDFARTHELAKLE
AREBGEALA R 80 RBUE F ;51977 4, At S KRB ZAN AL, XIEHM 9 T
ARENETFESNA EEREAEFHILE 1), &K LR ZROHEHES KILRE, H
X H 7= i 2 B AR T LR . '

2 ARGk

ASCHIORARE R B R BEZE (1994) A& (1996) FTEM M EBEFRAENT R,

1) APEEH FENEREEYE S EAKEREMTRRS X ES L, RES. 970107,
YR HME: 1998-03-24



283

FH EHIEB R

24

4

(sL61 “7p 12 noyz woyy payIPopy)
Ayderdnensoyyyy pue sjjoysdds pue s335 [1ssoj ay) jo uonnginsip Yy Burmoys urseqg uenyory jo dew yoeyg 'S

(ItAEHsLel ‘BT MEAH HUIANYHERHIHEHEIR (B

TR e e e Ty oo
LI [=1 @2} [Wll* X+ (o] W=
_mliosss :_ s
unSefep) 3 ou)
P e 0 - & swm toqny,

d I
\ M%/. Buog ist &b “.,_/.,..-\s\....\.,.
f O N
, o S8 \é‘/

of¥, 3

)\ ______:_____:___ ’
N s : __




284 wOF O Y FE R _ 36 %

¥ EFl Dendroolithidae Zhao et Li, 1988

BITHHME FEHO B RIWETE, B/ REE U, 5T 80 i RN BRI d AR R
BOR B AR AR L, AER RSB, A RFFR, SUBLH A R SMBR A ARUB s AL TE R R T A L.

REIZER (37R) Placoolithus oogen. nov.

RE WER A 8 mEE M. =
B REE (FRFM) Placoolithus taohensis oogen. et oosp. nov.
(BT, 1~4)

WE  plac<(G) REZKERL; tache, b A F=HEM DUEBEF.

ERFREE —FHABEB. BEENDREHRMNES (VPP HiIC5: V11569.1;
B 405 7530).

BIBEE —EhE/ ZBEEAFNBREHARNYESR (V11569.2; B4 5.
7530) ;s BN K 84 H B K (V11569.3~ 55 BFS5M5. 7530).

FHHEL W)IBFASERN, EEERDRAAH T,

BT FEER, BEFHELSAAAN. EXHATRENERTAR, EEZMAE
REFTH T4 7 HoR a8, R iR, A EWBZ 4, X BT 6, HOoR &S5
HEZRBERE ZEHENEREEN 1/ 2REREBER 2/ 3 BARASALK
S EEREERFHRINAT, FAEREAKOESRLE.

R ERGFHNARBEEAR BEATERE. NTHEBHINELGRE (R
1), KRBT 120~ 134mm 2Z &, H KR 118~ 130mm Z [i; BEHEREHLFHIH
97.6, RAXLEAGERMEREA L HAK. BEALHEUFAER3~6cm. EAZTLE
A—KF. FHEESTRAER THREREEHEAYSEEHRERE. BIRFEA
HERBEEAR, HREEHKE, BB/ N T, BERXREOLLN, b, ERXR
1.70~1.90mm.

F1 BUREAEV11569.) FA/NMAR (AfI: mm)

Table 1 Measurements of Placoolithus taohensis

w5 kK& BAHE BRI B (%)
No. Longitudinal diameter Equatorial diameter Egg shape index
I 128 ' 125 97.7
2 124 120 96.8
3 120 120 100.0
4 132 130 98.5
5 124 118 95.2
6 134 100 74.6 (ZHE)
7 120 — —

BT BERXAAT BT ATHAR, b BRSAT hEEERNERE, BRE
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Z R LW ESF.

BTN EEETRR, BEXYN 0.35mm, HRABNMEREEN LS Z—,
RN L RN 2 RPN BTE, S50 B, AR T #E T #, B R MES, &
1 B RO AR T8, B R O B B AR SE R AT, o B AR A — L AP IE i 5 AE R IR

B2 BEREEEGRE. ) BYERRME(V11569.1)
Fig.2 Sketch diagram of the radial view of Placoolithus taohensis oogen. et 0osp. nov.

BREE 1.55mm. FERYIE L, a7 BB &R A AR 3% i 4 A o B8 1 51 2 A A
ERFEMERLIIER. SMEREBEER | ADAFEBR 1~2 XL A3RR, XA R
INFER, EEGEKEY 0.50mm 4, B iy i3 I AMERCRIRE R 1/ 3 &b, BAERIEF M
HEHEEZSRESREZ, B Imm. HBCREBREK S 5 %A REER, X% H &b Bmst
EHSR, HEF R EANSERIEEREE T MYERAES, Ke 26 FRAEM. JL
FEERENETETNERS(BK L2, 3, B 2). EEMEBET, 4T LUEHERE
FRASEKOEEUATAENEE B, B Ean, RIEEARE —FOREE.

B T AR A 43 B T 4R 52 M T8 LA B I L SR i 25 B, R T RS BRAE BB A2 AR AR B R
F@EEL2~4), BN 5#ERBHERIZANSAMEE AR —MEXOESESS
BEETAHEEERIEZENSILEL, THEFHFEXRRA 1I-3ANMEA, Bl EE
FhEE AN SAGE S KL BOF R B 3 55 FH 8 GX R 18 R 1E vT BLBCR OB
IEk it i &), A X LR FLIE 5B 2 N IKAE T5 i A R,

b Sitit MR+ XA BHX - KA BN mE RS
MEEE ,BRAERNT ¥4, BRZNINH - MBARTEA-FHNTREE
B, 8% A WEER (Placoolithus) , ¥ 2 “YB W (taohensis)”, (AR 48 T RAERE; 5K
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RHEZE (1990 HZLEITIAMBEER, MERE. ARBNTFULARAMRIFHZAYE
PL“Placoolithus taohensis” IER AT .

AP (1988) B IR E R, KRB W E B (Dendroolithus) , X Fh R £
JERBLE (D. wangdianensis) . ASXHRKIB REES IER B E P& F£ 0N T80,
7o B80T B B AL BRIE S AR S B R BRI A S FLE 2 400K, EE T P AR &
F,HEEREL, SABEHER D, BIEXBIFE TR B REERITAMSEER.

SR, 18 R B R AT RIS BT 2 97.6, R R A B — AR XERR, B R T RIMAL
S HEREEHESSBEREZNEEASEREZEEN 2/3, 5E/EWNEEMILE, £
SHEH BB EEMRERAIERIBECY 78.1, BRI T E 5T 3 18 4 B AH % 45 i & il
B RARGHREEERN 1/3. Bk, BAEARAMBNREEEINEERN -
BRI,

B8 E R Dendroolithus Zhao and Li, 1988

BATRAE EIFETE, RIS BB X AR, & RIKTE R B S R E AL E A E 45 al
BB AHETEEN 1/ 4 REZEERN 1/3,
B ARUEE.SBEEHEREBAEEARNMXITREER BEEBEEANK
H BB’ (FBE) Dendroolithus xichuanensis oosp. nov.
Ema, 1)

W xichuan— L AP HIDUE P .
#ME ER 21 F(V11570; B 45 7708).

FHRMEE WIAKGHEBEN, LAE
KEHA.

MIE AEBFATHAME, AR
HEELEEEN1/4 55— KGR ERS
i, KERX.

#i® FTE 1.50~1.70mm, RE k.

DM E. EXHBRATERNTHRIT
A, ARRIEYRE, @Ak EE—&E
0.30~0.40mm Z 8], Ak AR 43 B2 H: 1 S £E 4o
FEAINERE BERIRERE & HP—
AU BRI 1~2 KIE L 3~ 4 AL &
FEUEEN., BEEEREZMEREELI
REGEMABERE KEEALSEREREE
B3 W R B E R (vitszo) B9 17 35 AR KZ A ARK 89 AL B
Fig3 Sketch diagram of the radiai view of R, R EFREULIPRELIALBLEH T B,

Dendroolithus xichuanensis 0osp. nov. X Ff 45 ¥ ¥ 1E 5 Placoolithus taohensis
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Dendroolithus wangdianensis F 1.
, Pt MR BE AR R E W B E R, T E R AR B U 5T A AT
EERATMAMM, EXHEEL, FHES TR,

FHEBMAKREH=TF Barun Goyot EH BB E R ——75 3K M B S0 #9583
& (D. verrucarius) B 7% 3 1 A B 84 09 08 fL W & H (D. microporosus) (Mikhailov
1991,1994; Sabath 1991), EFEHI A G EHMRK & ZFEE K 2.6~ 3.3mm; JF&E A
2.0~27mm), K PHEEBLRFEEANMEES FAHE PERANMBEETRE
HiE., BT EHEFARE R B AR, RITH AR B RENH
MR ES PEMNFAREE (ZEREE. W) RRE) EROR G LM K.

Mikhailov (1995) ¥ L iR 3¢ 89 B M BB Fh g S RILE ~ K e .

B 7 E R Spheroolithidae Zhao, 1979
BIBIR.E® Paraspheroolithus Zhao, 1979

BITRIE @2, EALEHTE, B 2~4 MEARGE—E, BRI 8
PRI BRI, (B G AR 2 18] 7 e 91 B K B, AL R BRI,

=R B T (HH{LF) Paraspheroolithus cf. P. irenensis Zhao, 1979
(EmRa, 2)

¥ ®A 4 (V11571 B5h5 7702).

MBS WIERARDS: LAZRDENA.

R EFREE 1.8mm, ShEEE B RO,

SHEWHIE: BRSEREILERESF. BEBRE, SHETEEKRER, ¥ 3~
ANEERRE R, EEERED, YRR EREHRARE, WBBAERLET E

B BB, P EE AR R, B AHER 4 B W, MR R R AR,
RETRE, ERERBES, EXETUSTHARARTHIYE, TATEVEN
BRME., EREHAHRE, HE5EERETT.

SABEARNYE L ERARRMNER: XYEL0E, BRI AR RERFRE,
I8 R,

EE5E YETEA S ERIEEEERXM MM, REFTRITHIE N EE.

M EREFGER R, A XHRI ) A 5L R R EFI EQELE KRB XA
i 24 5 B (Maiasaura peeblesorum) BEFIFMALE AL, REEEA —E X5, —%R|
HE R ZEERE (1.8mm), B B EERKHE (1.0~ 1.2mm), BT A FE, B
BEEER.

EE A (MR —F) M peeblesorum X B F 4t % 5 K £ #) Willow Creek
Anticline Bt « 58 #4H (Two Medicine Formation)(Horner #1 Makela, 1979), B T 7 /4
ERHREAE ISACBALEEN PR ELG BN EMMESB RN EEXRE
¥, HE = W E T B Hirsch 71 Quinn(1990) R4 iR, (HEH H U MR R A ENLA
# Parataxonomy 7Kgk, B KA FEXWE.
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Mikhailov (1994) #%& T —F & W Spheroolithus maiasauroides W17 12 E , X FE =
HEGHFRH LOEH T E R EH (Djadokhta Formation), %% #H AR iZE XM 5L E
B RpERLETMHL, RRGUMB AN BENMEE/N EXEEA—FEH (1.2~
1.5mm), {8 Mikhailov £ X T S. maiasauroides“tt 8" WA+ IR BN _ZEREE (S
irenensis), EFRE B —NMEFRW LT, EC HIRIEE NBATEE (Spheroolithus) F 5 B H %,
BB — %R —B B ER (Paraspheroolithus) , A F H — % Bl B X (P.
irenensis) (Zhao,1979). Mikhailov (1994) BT #i R 8 S. maiasauroides R 5 & B E 7%
FRAEA T, B, BRINAE A NN S maiasauroides FTREM B T BB E.

HEFENEREEMBEEERMAMMYINE. AEERVENSTER. £4&F
R, EREEZEEHHAEL T, HEREENEERIR, EEO A BN RAN,. &
B AR BR GBE B 2, 1979; Zhao, 1993,1994) ; M B BB BRI A, k2, FHKTE,
AR - BE_EA R REE R, GRRBEERD, RREEBRZ AL E
WA R R BR, thoh, 4 A o A R R B

#EZEF} Ovaloolithidae Mikhailov, 1991
WREMR Ovaloolithus Zhao, 1979
SRIOMKE A E Ovaloolithus chinkangkouensis Zhao,1979
(EEO, 3~4)

wHE ESNS 7701 EER 7 H, 7706 HEER 3 A3 V11572, V11573,

MBS WIEBARSE. RYBNBN; FAZEHDRAH~ FWA.

#iR EFFE 1.65mm, FiEEFEASHN KRB,

TG WRE: SR BRE, YA 2R (BRI, 4); HREE, REHRE
HEF T K A8 HZo o o (BRI, 3, 4).

WA 0.64mm, & HCREERHED, 0 R R0, R B A KL,

SR 0.94mm, EREZ RIRLAHE, B W%ﬁ%%ﬁtﬁ&i%‘*ﬁm rEXEE
MET A FRFHETHEAMRAKZL (BRI, 3).

K ZEH Elongatoolithidae Zhao, 1975
KK ER Elongatoolithus Zhao, 1975

KEE (KREM) Elongatoolithus oosp.
(Bmo, 5

wHE EINS 7704 B H 4 K. 7705 R ER 7 AL, 7707 HEER 15 B,7709 #
BER2H:V11574.1~2,V11575.1~2,

MBS WEBEW. BRMERWL L. ERAE. BH S REURKEL: b
HERGRENH~FHA. .

Hid TH,EY lmm, XRERBERLGREE.

B WFRE. SR E 0.18mm, FEAE G R R, HAELEE, ARHANEIME
B, AR AERAHE D, RERRA— EREE 0.74mm, BRFEFHRER, B
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WH/DMIRRT RAREAR, AFAFHNBHEKRSEREEEABERESZTER
—BL BAEREREZ LY 1:4,

MNERERE, REBEZHAF SENHNRERKEE (E andrewensis) MK EKIEE
(E. elongars) A —EMEL, 1 FHRED, RFEFE, Tt —5 2t L.

B E R Nanhsiungoolithus Zhao, 1975

THMEEE Nanhsiungoolithus chuetienensis Zhao, 1975
(BRI, 6)

M EhR 8 R (V11576; ¥ 415 7703).

FHHEM WIERNBEEE; LAEKIRA4.

iR ERBRM, 4 0.6~0.8mm, RERHEE.

TGS HEE. k2 M, 4 0.15mm. #EFEAR, P800 T 8 IS 3 IE &b, B4k
EXHREBETR, K LA RS HA K IURAE KL

HARZEEY 0.65mm, FF L AT, EAR RO EWEE, ERAERRAKH
PR, EERBE P TR NP, LBEH.

SALBE2HBER.

3 WA EEmSR KM ERR

SEEWNEHMBDREESFUT.
FWA: KEECGRER) (Elongatoolithus oosp.);
ERIOWRALE (Ovaloolithus chinkangkouensis) ;

OERNH: KIEECGREM) (Elongatoolithus 00sp.)
FHBH®E (Nanhsiungoolithus chuetienensis);
W AWEEE (Ovaloolithus chinkangkouensis);
—ERRIEE (FLLFF) (Paraspheroolithus cf. P. irenensis);
B BEE BB, ) (Placoolithus taohensis oogen. et 0osp.
nov.); N

HWH: Wi EE FFF) (Dendroolithus xichuanensis oosp. nov.).

EPE, BB aTHIn R, WEERS FI T, B EE R RIS TER
BERTHIALHAZEATHE, RBTHO ZH B (BEES, 1988), T Wil #
B 5 WL R Rl A BB A AR, BT B R A AT AEAR 2, B AR Xl g
REAERMEENNFESF ARMNANSETREZEN IRNATHBESHT SN
N EE R HR AR — o BOYE, BV 3 BB, 22T RIC R ~ KRB H 58
BESTEMAEEHIBER BR AT EE -ENER.

HMRBHBRE, 0. AEAERELRTRE S, ERYELRR (EFEEHETE),
B S T ZtH 2 (Zhao, 1994); EXRHTREH B TN F B BER4A, B
HTREE~KWEW, £ H oA - Hapd, B8 S TRERE (L ZE5E
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REMLM EES5TL"). HEPERELREM TR LR, Elahr sl %
HHFEREARE R THEEEUGTR R TR, Bl EAA NS ERE
BRMZ FHDRANAS. EER LW AR A% 0 Ei b, %,

B AAIHRIRTAERAENRGFHELBIRLA KR, RLT, KAZHA X
B, XL FRHE, T A,

8 £ x ®

R, 1995. SNEMEMBWEE. SHWFR, 4103): 243~252

WEEHARERE+ ZAEKFH, 1974, BEGTKEABREALE. WHHHEMEBR, (7): 67~70

Ftt4, sE®, Wik, 1975, WEW/IEASPHFEROE BE. PRBENBEHR, (3): 65~71

Fiftt4, FCE, 1985. WEWIRAMKAZHBEAHHE. WEBE, 3(2): 35~37

BEE, 1975. NHAMEBRREAENEREN (—)—HRRRBEALENAXAE. HHRIPEHEAL
13(2): 105~117

RIE, 1979, REBEBEADHIER. EW b FEARCE— T KR EWARE~ AR =LABZAH S
WS, dER: BEdRE. 330~340

BPE, #udl, 1974, WRXEHBEELAHEMERTR. FEBE, 1. 63~72

RPE, REB, 1988, PAEMFHNBREREHRARREN. HHEsIYFR. 26(2): 107~115

RAPE, of B, FEE%, 191 SEANERBAZR~BRXABRAKAE. THEHWFER, 129(D):
1~20 ” . )

Hirsch K F, Quinn B, 1990. Eggs and eggshell fragments from the Upper Cretaceous Two Medicine Formation
of Montana. J Vertebr Paleontol, 10(4): 491~ 511 ; .
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DINOSAUR EGGS FROM XICHUAN BASIN, HENAN PROVINCE

ZHAO Hong ZHAO Zikui

(Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044)

Key words Xichuan Basin, Late Cretaceous, dinosaur egg
Summary

Xichuan Basin, located in the southwest of Henan Province, is an elongated basin
with its longitudinal axis oriented in the northwest~ southeast direction. The “red—
beds ” unconformably deposited on the Precambrian or Cambrian rocks are widely
distributed in the basin, with a maximum thickness of over 1600m. In 1974, Upper
Cretaceous dinosaur eggs were first discovered in these beds by the Twelfth
Geological Brigade, Bureau of Geology and Mineral Resources of Henan, and the
egg—bearing beds were divided into three formations: Gaogou, Majiacun, and Sigou
formations.

After this discovery, the latter author surveyed the area, and collected two
clutches of eggs and many eggshell fragments in 1975. Two years later, the Twelfth
Geological Brigade collected many eggshell fragments from 9 localities (Fig.1). In this
paper, we characterize the dinosaur eggshell assemblages from 10 localities in the
Xichuan Basin and discuss the ages of the egg—bearing beds.

Systematic Paleontology

Dendroolithidae Zhao et Li, 1988

Revised diagnosis Eggs, spherical or oval. Outer surface smooth. Basic structural
units consisting of nearly spherical cones and branch-like column. Column branching

asymmetrically and interlocking. Pore canals very large and irregular.
Placoolithus oogen. nov.
Diagnosis See the diagnosis of Placoolithus taohensis oogen. et oosp. nov.

Placoolithus taohensis oogen. et oosp. nov.
(Plate 1, 1~4)

Etymology plac—(Greek), meaning plate; taohe, in reference to the locality where
the specimens were collected.



292 " OH K 3 W ¥ M 36 #

Holotype A nest with § eggs (IVPP V11569.1; Field No. 7530).

Referred material A nest with 5 eggs more or less compressed (V11569.2;
Held No. 7530); Two eggs and 84 eggshell fragments (V11569.3~ 5;Field No. 7530).

Locality and horizon Majiacun, Taohe, Xichuan; Upper Cretaceous, Majiacun
-Formation.

Diagnosis Eggs nearly spherical and disposed at random in the nest. Eggshells
consisting of incomplete basic structure units. No obvious mark between cone layer
and columnar layer. Columns branching asymmetrically. Outer parts of the columns
connect;ng or interlocking, forming a continuous layer taking up 1/ 2 eggshell
thickness or 2/ 3 columnar height. Few pores on their outer surface. Pore canals very
developed, causing a big complex pore system. ’

Description The measurements of the holotype specimen are listed in Table 1.
The eggs are 120~ 134mm long and 118~ 130mm wide. Their average shape index is
97.6, suggesting the nearly circular contour. The eggs within the nest are separated
from each other at a distance of 3~ 6 cm. Each egg is at the same horizon with
some undulation. The nest of referred material consists of 5 eggs, all of which are
incomplete, with more than half preserved, but their contour is still observable. The
eggshell is smooth on the outer surface, and its thickness is 1.70~1.90mm.

The eggshell of this oospecies is composed of incomplete basic structural units.
The transition between the cone layer and the columnar layer is gradual. The cone
layer is 0.35mm thick, one-fifth or less of the eggshell thickness. The cone is
irregularly spherical in shape, with its base protruding inward. The columnar layer is
1.55mm thick. Each column has a main branch and 1~ 2 asymmetrical secondary
branches that tend to interlock at their lateral boundaries at the level of 1/ 3 of the
column height from the inner side, forming a continuous layer in the other 2/ 3
columnar height (Plate 1, 2, 3; Fig.2). The growth lines are well preserved, and nearly
parallel to egg surface (Plate I, 2, 3). The pore canals are very developed (Plate I, 2~
4). They are originated in the inter—cone spaces, expanding in diameter and branching
at their middle part to form a labyrinth. However, only a small number of them (1~
3 per sq. mm) perforate the outer surface. The pore canals are entirely choked with
calcite due to the secondary mineralization.

Comparison and discussion Although a preliminary description of these eggs
from the Xichuan Basin was provided by the Twelfth Geological Brigade of Henan in
1974, formal Latin nomenclature has not yet been established. Zhao (1979) made
observations on the microstructure of these eggshells and believed that they represent a
new form to which he assigned the name Placoolithus taohensis. However, he did not
give any description at that time. Afterwards, Zhao (1994) assigned them to
Dendroolithidae, but he did not suggest the oogenus and oospecies. We now therefore
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provide the above descripion and make both the oogenus and oospecies names formal.

The above eggs and eggshells can be referred to the family Dendroolithidae that
was erected on the basis of eggs Dendroolithus wangdianensis from the Upper
Cretaceous Gong’ anzhai Formation, Hubei Province (Zhao and Li, 1988). The eggs
from. the Xichuan Basin differ from D. wangdianensis in the shape of eggs, and
characters of columnar layer. For the latter species, eggs are oval, 145~ 162mm wide
and 170~210mm long; the shape index is 70~ 84; the columns in the columnar layer
tend to interlock at their lateral boundaries at the level of near 2/ 3 of the column
height from the inner side, forming a continuous layer in the other 1/ 3 columnar
height. These differences strongly suggest that the above described eggs and eggshells
from Xichuan Basin represent a new oogenus.

Dendroolithus Zhao and Li, 1988

Revised diagnosis Eggs oval. Column branching symmetrically. Columns
interlocking near the outer surface of the eggshell, forming a continuous layer. The
layer taking up 1/4 eggshell thickness or 1/ 3 columnar height.

Comparison This genus differs from Placoolithus taohensis in shape, branching
style and height of interlocking columnar layer. In addition, the latter has much bigger
pore canals than the former.

Dendroolithus xichuanensis oosp. nov.
(Plate 11, 1)

Etymology xichuan— in reference to the locality where the fossil eggs were
collected.

Holotype 21 eggshell fragments (V11570;Field No. 7708)

Locality and horizon Zhaojiagou, Dashiqiao, Xichuan; Upper Cretaceous, Gaogou
Formation. ,

Diagnosis Incomplete shell units loosely arranged. Continuous interlocking layer
of the column taking up 1/ 4 eggshell thickness. The point of the first split of the
columnar layer closely near its cone. Pore canal largely expanded.

Description The eggshell is 1.50~ 1.70mm thick. The outer surface is smooth.
The incomplete shell units are loosely arranged, and tend to interlock at their lateral
boundaries at the level of about 2/ 3 of the shell unit height from the inner side. The
inter—cone spaces are well-developed. The intervals among the cones are 0.30~0.40mm.
Closely near its cone does each shell unit first split up into two branches, and one of
the two branches repeats split one to two times more toward outer surface like a tree.
The pore canals are largely expanded and branched at their middle part.

Comparison and discussion This oospecies is very close to D. wangdianensis in
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the characters of columnar layer. The difference between these two mainly lies in the
first branching position of the shell unit. In D. xichuanensis, the shell unit first
branches closely near its cone, whereas D. wangdianensis has its first branch near its
middle position.

D. verrucarius and D. microporosus (Mikhailov 1991, 1994; Sabath 1991) in
southern and southeastern Mongolia differ from the Chinese elements of Dendroolithus
—D. xichuanensis and D. wandianesnis —in variations of shell thickness and other
measurable data. Due to few micrographs being clearly discernible, we think it is
better for us not to tell their ultra—structure difference so far.

Spheroolithidae Zhao, 1979
Paraspheroolithus Zhao, 1979

Revised oogenus diagnosis Cone nearly complete. Two or more cones gathering

into groups. Interstices between cones extremely small. Gaps between two cone groups

noticeable. Pore canals irregular to some extent.

Paraspherootithus cf. P. irenensis Zhao 1979
(Plate T, 2)

Holotype 4 eggshell fragments (V11571; Field No. 7702)

Locality and horizon Zhoujiawan, Laocheng, Xichuan; Upper Cretaceous,
Gaogou Formation. '

Description The eggshell is 1.8mm thick in average. The outer surface bears
weak sagenotuberculate ornament. Each shell unit has no pronounced boundaries with
the adjacent units. The cone layer is very thin. Generally, 3~4 cones gather together.
The interstices between cones are small. Most mammilla of the described specimen are
not preserved. Cunei of the cones radiate obviously and extend into column. The pore
canals are irregular, often changing their routes. ‘ ’

Comparison and discussion This oospecies is quite similar to the eggs of
Maiasaura peeblesorum (Hirsch and Quinn, 1990) in shell structure. However, they
have different eggshell thickness. The eggshell of P. cf. P. irenensis is significantly
thicker than that of M. peeblesorum (1.0~ 1.2mm). M. peeblesorum was described by
Homer and Makela (1979) as hadrosaurid based on fifteen identifiable hatchlings
found in the Two Medicine Formation of Montana. Their eggs and eggshells were
described but not parataxonomically assigned by Hirsch and Quinn (1990). We suggest
that the two oospecies should belong in the same oogenus, namely Paraspheroolithus.

Mikhailov (1994) reported some eggshells of an oospecies, Spheroolithus
maiasauroides, which were collected from the Upper Cretaceous Djadokhta Formation,
eastern Gobi of Mongolia. He described that the ornament of the outer surface of S.
maiasauroides is similar to that of eggshells of Maiasaura, but it differs from the
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latter in “‘fine’ sagenotuberculate ornament, size of eggs, and, probably, their shorter
form”. In consideration of some similar characters between S. maiasauroides and
eggshell of M. peeblesorum, it seems advisable that S. maiasauroides belong in the
oogenus of Paraspheroolithus. Mikhailov also compared S. maiasauroides with 8.
irenensis, however, it should be noticed that S. irenensis had been moved out from
Spheroolithus - into  Paraspheroolithus  irenensis (Zhao, 1979). The two genera,
Paraspheroolithus and  Spheroolithus can be distinguished from each other in
microstructure and ultra—structure of the eggshell units. In Spheroolithus, the cone is
apparently irregular in shape, and fairly isolated at its origin, so noticeable spaces
remain between the cones. The cunei of each cone are not compressed together, and
inter—cuneate spaces occur between the cunei (Zhao, 1979; Zhao, 1993, 1994). The
eggshell of Paraspheroolithus is composed of complete shell units. The cones are
often gathered at two to four. The cunei of each cone are compressed together
without inter—cuneate space.

Ovaloolithidae Mikhailov, 1991
Ovaloolithus Zhao, 1979
Ovaloolithus chinkangkouensis Zhao, 1979
(Plate 11, 3~4)

Holotype 7 eggshell fragments in Locality 7701, 3 eggshell fragments in Locality
7706; V11572, V11573,

Locality and horizon Shijiawan, Laocheng, and Baligang, Jianfanggou, Xichuan,
Upper Cretaceous, Majiacun Formation~ Sigou Formation.

Description The eggshell thickness is 1.65mm. Irregular worm-like nods are
present on the outer surface. The cone layer is exceedingly thin and evidently erosive.
The columnar layer is thicker. The inner zone and outer one can be recognized on
the basis of the arrangement of column (Plate II, 3, 4). The inner zone is 0.64mm
thick. The columns clearly separated each other are arranged in columnar pattern with
apparent growth lines. The outer zone is 0.94mm thick. The columns Lnterlock
radiantly. The boundaries between columns are unclear. Under the polarized light,
columnar striates of the outer zone have different shades (Plate II,3).

Elongatoolithidae Zhao, 1975
Elongatoolithus Zhao, 1975

Elongatoolithus oosp.
(Plate T, 5)

Holotype 4 eggshell fragments in Locality 7704, 7 eggshell fragments in Locality
7705, 15 eggshell fragments in Locality 7707, 2 eggshell fragments in Locality 7709;



296 w B B 3 Y ¥ R 36 #

V11574.1~2, V11575.1~2.

Locality and horizon Wanggou, Laocheng, Xichuan; Shangyegou, Qianjiashan,
Laocheng, Xichuan; Dagou Laocheng, Xichuan;, Fenghuangtou, Chujiashan, Taohe,
Xichuan; Upper Cretaceous, Majiacun~ Sigou Formation.

Description The cone layer is 0.18mm thick.

The columnar layer shows an undulating sublayer, roughly parallel to the outer
surface of the eggshell. The ratio of the cone to column is 1:4.

Nanhsiungoolithus Zhao, 1975

Nanhsiungoolithus chuetienensis Zhao, 1975
(Plate I, 6)

Material 8 eggshell fragments (V11576; Field No. 7703). .

Locality and horizon Eastern Silugou, Laochen, Xichuan, Majiacun Formation.

Description  Eggshells are very thin and smooth on the outer surface. The
thickness of the eggshell is between 0.6~ 0.8mm. The cone layer is 0.15mm. The
cone is broadly conical. The cunei of each cone present symmetrical radiation with
arched growth lines. The colummnar layer is about 0.65mm. Its margins are distinct or
otherwise in different position. The growth lines are undulated, scanty at the middle
level upward but thick below. The pore canals are slit-like.

From the present study it is clear that there are 6 oospecies belonging to 6
oogenera of 4 oofamilies from Xichuan Basin. Based on the étmtigraphical levels of
these oospecies, two assemblages can be recognized: the lower one, including
Dendroolithus xichuanensis oosp. nov. and Placoolithus taohensis oogen. et oosp. nov.
from the Gaogou Formation and the lower part of Majiacun Fomation, and the upper
one, composed of Paraspheroolithus cf. P. irenensis, Ovaloolithus chinkangkouensis,
Nanhsiungoolithus chuetienensis and Elongatoolithus oosp. from the middle and upper
part of Majiacun Formation and Sigou Formation.

HAS AR (Explanations of plates)
-  EERI(Pate 1) |

1~4 TBAHBEE @R, FF) (Placoolithus taohensis oogen. et oosp. nov.), IVPP V11569.1

LHIBE PR ELL —F A nest with 9 eggs; 2. EABRYE radial view, SEM, No. 75030; 3. ERE
Y17 (W) radial view, not polarized; 4. BFL B KB LR BEAHZWE (AWML T) tangential section through
the columnar layer, cutting across near the cone layer, not polarized '

ERE TI(Plate II)

1. Wil E (Br#h) (Dendroolithus xichuanensis oosp. nov.) Y] radial view, SEM, IVPP V11570

2. ZHBIEEE VLR (Paraspheroolithus cf. P. irenensis) #2Y)H (BAMRX) radial view, not polarized, V11571

3~4 SRIDKEBEE (Ovaloolithus chinkangkouensis), V11572

3. %Y)HE (ERXMI) radial view, polarized; 4. )M radial view, SEM; 5. K& GREF) (Elongatoolithus
oosp.) Y1 (M) radial view, not polarized, V11574; 6. X H#§ M (Nanhsiungoolithus chuetienensis) & Y1
(¥4 ) radial view, not polarized, V11576
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