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gheto] AASHEH FEElAE FEH L2 IS AlALste] ot FELEL AH7 AAEA
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gty obrJot §HS W Qo theket FolA Tt SRE 2 IRty 38 e TR @A A=
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ABSTRACT: Abundant dinosaur eggs and clutches have been found from the Cretaceous non-marine deposits
of Korea. They occur in several stratigraphic formations including the Hasandong Formation at Hadong, the Seonso
Conglomerate at Boseong, the Shiwha Formation at Hwaseong, the Goseong Formation at Goseong, the Haman
Formation at Shinsudo of Sacheon, the Dadaepo Formation at Busan and the Geumnaeri Formation at Gurye.
Most of the egg-bearing formations are the Late Cretaceous except the Early Cretaceous Hasandong and Shiwha
formations. The dinosaur eggs usually occur as clutches in purple sandy mudstone of floodplain deposits associated
with fluvial plain and alluvial fan deposits. The preservation of these dinosaur eggs in calcic and vertic paleosols
suggests that the palacoclimate of the nested areas were semi-arid with alternation of wetting and drying periods.
Mostly, the eggs are top-broken and filled with surrounding sediments, while some eggs at Boseong site show
geoid-fill. In South Korea, a total of 52 clutches containing 390 dinosaur eggs were found and excavated until
now. The clutches contain from 3 to 16 eggs. The eggs have spherical to subspherical and ellipsoidal shapes showing
range from 69-180 mm in diameter. The thickness of eggshells ranges from 0.58 mm to 4.90 mm. The surface of
eggshell varies from linearituberculate to dispersituberculate ornaments. Five taxonomic families (Faveoloolithidae,
Spheroolithidae, Dendrooolithidae, Ovalootithidae and Elongatoolithidae) are identified from the Korean dino-
saur eggs. The eggs appear to have closest ootaxonomic affinities with those from the Xixia Basin of Henan
Province, and Hunan, Hubei, Shandong areas in China and the Nemegt Basin in Gobi Desert of Mongolia. More
ootaxonomic comparison with Central Asian dinosaur eggs is needed. On the basis of previous discoveries else-
where in Asia, it is suggested that the eggs described herein belong to sauropods, ornithopods, and theropods.
The occurrences of Korean dinosaur eggs in diverse stratigraphic formations and sedimentological setting and
in diverse morphotypes provide an opportunity to study the palacoecologic and palacoenvironmental conditions
of nesting sites of the Late Cretaceous dinosaurs.

Key words: South Korea, dinosaur eggs, clutch, paleosol, egg morphotype, eggshell morphotype, condition of
nesting site
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FAY 5252
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1997; Yun & Yang, 2001) g3to] Wolr] 38314
Act
o= 1990 ] SHHEE 2A4H o2 A2k it
o2 o S8 Ta Ao
A2t It & gk ol 5 S QR shE

2], 2000, 2006; &2t F5-B, 1997, &2 5= 2], 2004;
o]- g 9], 2000, 2004; & | 2, 1999, 2000, 2006;
Chang et al. 1982; Dong et al. 2001; Kim, 1983; Kim
et al., 2000; Huh et al. 1996, 1997, 2000, 2001a,b,
2003a,b, 2004a,b, 2006a,b; Huh & Zelenitsky, 2002;
Hwang, 2001, Hwang et al. 2002a,b, 2004, 2006;
Lim, 1991; Lim et al., 2002; Lim et al. 1989, 1994; Lee
et al. 2000, 2001, 2003; Lee & Huh, 2002; Lockley et
al., 1992a,b, 1995, 1997; Paik et al., 2001a,b, 2004,
2006a,b(in press); Park et al., 2000; Yang et al., 1995,

2 7}2]= 7¥s] Al A1 o] ol A F- g Aol A= 314
o] At k= ut ol 2t Al A S =3t
At 383, 17155 s skt vl F8d Ao
02 QA= gk dEEofl= A7) A FE Qof &
T EHEAS0| EEH] o], derr: B2 ¥
ISl HHE Ao s HAYEt o5 IR I
A 9ol ZFU EEALEEHNE T EAI 2
g 3Hs-ol| A A A 274 Z(Bukyongosaurus milleniumi
Dong et al., 2001)0] W== 1, Ad A 35 3}
AR oA FHRZ =R AF FFEZ0| =g
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A oA oA = et Bl FEEHS B
= QA H ATH(E 71 2, 2006). 37] 9] oA4= 2| H oA
L SRR S8R e] WA obAlo}
2 wWjots] 257]9) FEIAA 2 ATE o] (Kim ef
al., 2002; Paik et al., in press), 'g3te] T7|de}7] 514
A7t 3 57 A E 35 Aol vl 52
A Qo2 F5EFol AAE =L e A4t 7t
oA H -

ghd, e 38 A= 19729 A sk
TEH Pl FHoA= Aoz 38Y 3
Ao] AR, 19969 FY A A the] ¥
Y S| THEJANEErY F5F, 1997).
o|% A HAT S HlE-g] Aot drfollA
2 S gete o] dha A= ATHE T 9, 1999,
2000, 2006; Huh & Zelenitsky, 2002; Paik et al.,
2004). o5 Y34 WHAA| = AT BFS AE F
FYTAZ AR UAE S 2Z9 ol B
3 Bl EE BT A o o]0 F7]= AgtT &S Tt
AN e it FFYE R LA TAH AT
(°]8 &, 2000, 2004; Kim et al., 2000; Lee et al.,
2003). o] ¥ e gL oA FELE] T4
HRI(F5F 2, 2000), Z o] L 471 A G A
38Y 4 AEYo] TIHUKFSF @, 20006).
2003l e AFA] Aol FE ol A
HRoH(FHT €, 2004), °]F AY o] FAF o
iz, A A HoA FFLo] FAR Ay
37 IcH(Huh et al., 2006b).

a9 A9 AF7HA AEE 9] 3EEI
A 770 A HE& e r FFEEY Al Bt
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ofA|ote] F=at Fare] TAE VI WA RE Y
32 7] Al&FsEITE 19239 v AAAEFE T 20]
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SHAd Aoz g A o]% Jepsen(1931)¢] 23]
] Zefol| A F5datA ol HAEUL, S, F
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33Y I sk 7|13l e, Oolitheszh
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mgolet Al S-S R BA 3 = T AHS
AlE 3l 3k 19904 o] ol = F=¢ AbF, FH|
o], A, AA¢t & FF A Y FolA FFLE0]
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2002; Paik et al., 2004; Huh et al., 2005). o] & B4
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Fig 1. Distrbution of Cretaceous basins and the main dinosaur egg sites in South Korea. A: Hwaseong, B: Boseong,
C: Gurye, D: Hadong, E: Sinsudo, F: Goseong, G: Dadaepo dinosaur egg site. 1. Gyeongsang Basin, 2. Cheolwon
Basin (undefined), 3. Misiryeong Basin (undefined), 4. Pungam Basin, 5. Eumseong Basin, 6. Gongju Basin, 7. Puyeo
Basin, 8. Cheonsuman Basin, 9. Kyokpo Basin, 10. Tongni Basin (undefined), 11. Jungsori Basin (undefined), 12.
Yongdong Basin, 13. Muju Basin, 14. Chinan Basin, 15. Hampyeong Basin (undefined), 16. Haenam Basin, 17.
Neungju Basin.
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Fig. 2. Stratigraphic occurrence of the Cretaceous dinosaur egg-bearing deposits in South Korea.
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Table 1. The summarized stratigraphic and depositional occurrence of the dinosaur egg-bearing deposits from the

Cretaceous of South Korea.

Locality Formation Age Lithology Deppsmonal Palqullmatlc
environment condition
Floodplain
Hadong Hasandong Lower Sand_y mudstone associated with ~ Semi-arid
Cretaceous (calcic paleosols) . .
meandering river
Boseon Seonso Upper Tuffaceous sandy mudstone Floodplain Semi-arid
g Conglomerate Cretaceous (calcic paleosols) on alluvial fan
. Channel
9
Hwaseong  Shiwha Lower(?) Gravelly siltstone Floodplain Semi-arid
Cretaceous Conglomerate .
on alluvial fan
Tuffz}ceous sandy mudstone Floodplain
Upper (calcic paleosols) ; . .
Goseong Goseong : associated with  Semi-arid
Cretaceous Tuffaceous medium- to fine- . .
. meandering river
grained sandstone
Tuffaceous sandy mudstone
. Upper (calcic paleosols) Floodplain .
Shinsudo  Haman Cretaceous : . . Semi-arid
. Tuffaceous medium- to fine- on alluvial plain
(Cenomanian) .
grained sandstone
e o sy SO gy
Dadaepo Dadaepo : . associated with ~ Semi-arid
Cretaceous Tuffaceous medium fine-grained - .
braided river
sandstone
Gurye Geumnacri Upper Tuffa}ceous sandy mudstone Floodpla}n Semi-arid
Cretaceous (calcic paleosols) on alluvial fan

2H(egg)& BleHembryo)©} Hole & 4= glk. o] 3
Aot WAt RE AL Aok 3

fuj
<
N
Y
ox [

2](food), & (water), A48t F-7](At4)(fresh air:
oxygen), LH37HE, AT 2%, ALY
of Bagt s, 23 27| AP Solth &
97 (eggshell)= o] = A7]l= Hor T2 4
3] & (calcareous) T} 7] & (organic matter)2 -4
o 3, SAE FAISHL on| Y] FAE XY
T U= A== dsfof gt v E o] Y50l 3}
Alzro] Aol whet F3tstr] A 23 eFsfiA] 7] vt
Ho|Auh FEEES HE HeFY g N F
A Tekgt Al AMoloh T3 452 959 vl
gof} 7| SRR Hols K35y 3 ¢4

71925 7HA AL Qe 43 SR e &
ol Aes7] A% bRt 2, 7= " 7154
(pore system)E 7}FA]| 2L Qitt. FE5L 9] B2 R
FollA A7) ceksin, 271 22k 87
1 % 27°] 100 mm °f| A 200 mm = 74| o]
5, 574521 A9 2170] o400 mm 2 ekt
- SAF 2 FHUTZ| YA TFLES OE
wEatel EEY s FEEY SEEuY]
(eggshell)= Th2 ofofut 7] w3 Wl =Tk
HE 338U 71=1.5-25 mm H=2 FAE 714
o, EUS LEEST 57 Yo AT Aok
dg719 g2 Y 5oz FEE=
WS- (inner layer)2 749 &7171 o 435
(mammillary layer)o]2t 2w, 2]Z(outer layer)
2 HF E= F5(spongy layer or prismatic
layer)olet e v 2es} Tate oz 7
BEo Yot BE dAH7|Y] 252 WS 24

o
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Hotel SEYRM ME HE

Fig. 3. The overall views of dinosaur egg sites in Korea. A: Boseong, B: Hwaseong, C: Gurye, D: Hadong, E: Sinsudo,
F: Goseong, G: Dadaepo.
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532 3 ol w FoE7

olge] FAE 71 o]F5(double-layer) o= 4
Eof it} ¢Ru719] 72 Fxo) wt FFLES
8747, 228, $7RE FRald /e ny=
ARG EOJA] AL Qlth. TR FEUT 719 VRt 2
AL, &of, | 5 T2 TEET Aol & HoliL §itt.
344719 JE2 tiFE CaCO5(97%)0] L,
)= MgCO;, FerOs, FeO Fo] &F 3= 0]
I G782 0.3% otk

589 Tl w2t g2 ERSI7H - o /7]
ol SRS G334 AHA 9] EA o wE 534
A BERAAE =0 FUHIE 4). Lol o
gh ol 23t &5 WS dojot o HlE, Y719
FA, &9, EUZA] Fol ZAT 49 &
£ AubEel A8 BReh T 95t Wit
(oofamily), F<5(oogenus), HF(oospecies) 52 &
2 Agstn, Yol B2 B Woleht o)z
“oolithus'2H= A ALgsHA Hth. @RI7iA) St
I, 18\, 18] 31 4071 o)/e] tgo] U= A ok
71 a1 7heket B A1 E ] oo Fejof e
(spheroidal) T} %} (elongated) 02 FES= A
o] x|gt, @AY skal=ell &l 7Ht d ] A E L =
WS 7] S o wlA| pEAxe] 2= Ao
o} @u|7S Sl S o THe WEe) =
Al AR 741 9] FeE WA = e, vlE F 5
F9] dof| A= A (spherulitic), ZF5+8(prismatic),
ZZF9(ornithoid) 9] Al 7}A] Fej7} LAE 21
4). B (spherulitic)= 2A YAt =32 A}
& EHRS Sk Yl FHIRA iR 845 22
7o dRgu7|olA EAE 7)1 =7e] Feof weh
faveoloolithidae, dendroolithidae, megaloolothidae,
spheroolithidae, ovaloolithidae®] t}Al 71#] Fe|=
MEHTH2H 4). 258 (Prismatic)2 ¥ & 13
2 =750 W8 € -5 (mammillary lay-
er) 22 7|5 Y-S Ad FAS(prismatic lay-
er) Sl BN TR AAtEARS PUREE
7 53 22 22159 2yu)7|o) 4 BaE, 27}
#(omithoid)& §459) E7150] F2H02 )
Qo] 9, AHFO 2 A4S A 2R S| AT
of Shte] Yol ole: Y WehzA, Zi7}e)
2 50] WolAE THE F Wejeke Sals) T
gt} 57k FBolu 2572] Y] olA] o] &
ghe B 4 9k

o
3

P
62

T317] AsliAE Lol st s =
At 7147 f-Ek ofeof A Y] I Y2 ¢
7| W57 EHER FX Hof IAY g e 2 b
Eo] glo] FeLUIZIE waldl S4sk=T o
2ol W= 4= Utk S8 7| Af= oF2jet Aol A
FAlof o] Fo Xtk 21 o] o] & 7 9+= ok
oA &l =, 7], dAH 7] FA, 2HA4A] 5
W2 E AR g A 74L& shaL, ofeel
A LA T B A RS2 Aol A
22} (preparation)& A HYUH FEUES
Aoz SAHEE A= oflojFZ AR} oo
Adgto|H 55 o] 85to] @7l 7]7He] 2HdE A
A FEPHTY o5 Aol o] FFLEol A14138]
SolbwA gol At 27) 59 2Ho] e
o EUUL ATE SRS ALt B,
FARA AN, SR 52 olgsiol 1)
AN 2A&5& ISk, X-ray, CAT(computerized
axial tomography)5-<& ©]-83t d7gtct 35
o} 52 7175H7] fI8iA= CT Scan #£4]7] 50l
Fddt

wn
oc
ro
10
0K

B AEX]

2k

g

e

HI

otk FPF YL 2E B ste 2 HE
2] sjete 2 Woy) shikESof st wafti
Sl AT o] A G2 sit7HE et sHibES A
ol ks EA o] EHHCR EH X He
ZA(11 3D), °] 3 HAS2 =AY, EAISH
FEAS, HHUEES 2 TAEHFOR FAH
o o, YHHAFHI o= HAUEYFT HE
S Ego] LI, 1998). T-FLZH 7]
=2 SMARO|YL R o]RofX MIANESYF
WollM AEEw, 33EE0] &% FH= AEH
A ot A71E FA | ok ot e
LU AtE TR S 3EY2 Ht A
74°] 69-89 mm =] A71E 71 6-771¢] Bt Y
TBLE FAHHAHEE TS F5F, 1997). °] T
201%] 37l T8 FHE 25 e, YA

FES B3 gt ez ASEHY 3394
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BASIC TYPES ESTABLISHED TAXONOMIC
OF EGGSHELL MORPHOTYPES TAXONOMIC GROUPS
ORGANIZATION FAMILIES
Geckonold gﬁﬁﬂ
Crocodiloid
= 7N 2
__________ M ciconeritc | Faveoloolitidae
BG ” DI (Zhao and Ding.  Sauropoda?
f (Multispherulitic)
- e Sl S ieve)_
Dendroolithidae
ﬁm Dendrospherulitic (Zhao and gau.rﬁpudg? i
e Zuocong,1988) _ _ OrMhopecdar
Dinosauroid- Megaloolithidae Sauropoda?
spherulitic (Zhao, 1979) Ornithischia?
Spheroolithidae Ornithopoda
{Zhao, 1979) (some hadrosaur)
Ovalgolithidae s
(Mikhailov,1991)  ©Ornithopoda?
S W
- G5 . {protoceratopsids,
i ) Angustiprismatic i i
i ossaiat ggﬁﬁg e Prismatoolithidae  NYPSilophodontids)
prismatic . (Hirsch, 1994)
EE?&E@ Obliquiprismatic Ornithopoda?
Ratit Elongatoolithidae ~ Theropoda?
1 s (Zhao, 1975) (Troodon ?)
_______ Laevisoolithidae =~~~
Ornithold (Mikhailov, 1991) Theropoda?,
Subtilioolithidae avian?

Neognathe

—— = mm— =

Fig. 4. Schematic view of basic groups with their structural morphotype and corresponding taxonomic egg families

(After K. Hirsch, 1994).
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Fig. 5. The clutches containing dinosaur eggs in outcrop (A, B ,C, D, F), the empty dinosaur egg in inside (E) and

the clutches recovering by preparation (G, H, I) from the Boseong site.
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719] FUAAL @ EEE] FE|o} o7t Zo] e
Fefolct. &7 H7] FA1= 0.58-1.09 mm<] H (&
Apet k5, 1997)0]4 B2 A 234o] a7
Het. o] G H e A Z3 FHo] EVFse ZHst
(99914 2], 1998)7} o] wHsLA (Park et al., 2000)0]
AFEE STt

52 2N

HA vlgy FEEIAA e BT Aehd
T BT 599 vlag] Aavks gt ddi(ad
3A)° st o] A2 FAY wielr] &7] da
quFo AQ A AFomRe oF 81 Sulg
4 ol B4E Ao ATE I k(S B 9, 2006).
o] |92 A1-oIgHET} olgkEo] WEH o2 Le}
U AR SR FeR uEge,
FRUEE Woldo] FRe DEQUA0) 3
= Aol oA HFHom WaEokPaik et
al., 2004). 1999 K5 2005\ 71X & 3%} <] W=
A5 B3l o] AFoA &= 21712 F5LFA A
1957]9] FEo] AL, o] F 11719 8%
TATHASA LR I g BHEI U=E 38 Y
TAE AR UE Al HIRE| JA FEE7] 41
S ES o= st ERoA T2 Ea A
oA EUE FFLTA o= 5004 1671714 9] 3%
d=o| o] ATHE 1l £, 2006)(1H 5G-I). &
ore] =7)(87)% o 75 mmol A 180 mm7Hx| 2]
Hololy, & k2 B (ellipsoidal), HXHS
(discoidal) == 5% WA] o}4-%(spherical to sub-
spherical)-& 0|21 gl o), SbAE]7] FA=15-25
mm7HA| A 28] Z}olF Holil it} o #HS FE
2 &7|(linearituberculate ornamentation)ol 4 <
B E53% =7](dispersituberculate ornamentation)
2 Ro|T SIeH1Y 5F). YHBE ukL 7] F(pore
canal)& $--311 &2 F=E(25-30% porosity)=
Ho|1 9t} 7|52 &A=& (diagenesis)of 2J3)
2= o] 7| stk 3-8 ARE] 7R A| g2 A
Rt m ko] KlsR] ok2(unhatched) AE) 9] &
FY s BEH o AR A7) 7}t st
& &of =] Yerdt(2® 5B, O). FE4 o=
M7 358 FHEe U2 357 SHE
o] AEAIE] o] QIrH(3| Rl €], 1999, 2000, 2006; Huh &
Zelenitsky, 2002). 24 3-89 EA F9] sht=

St AME g 535

BE Q5] 43 FA7} Hlsiths AolchE 1
9], 2006). A0 2 H3HE GHAL of = 3 Zol
gFotx)7] migle] o] Ao} 412 FEAALLE A

B8 Q) FA7k |tk olef BARL o
284, % ot 7154 Axe) A2 4=
sle] o] Hope] e AT 7= SIrk(3]
9], 2006). E3 & R W02 F7] So] Lpeh
W= SeH(E 5D). B E FEUEA ke o
300 mm 7HA 0.2 AFRS s1EF0] AREe] Lt
W s o} $249] 271 27e] % 15m
2 AAR 2710) FEAFAR H7hE n ek
% 5A). 0|3t FATo] ghuis) HUsY FA o of
300)70] BFUASo] 45T Ao J|herh Et
Eo] A4 he ] St Shte] FEA Hef 11
Mol FEL D] Flayer)& ol WA Lehd 2
o[t 5B). T o] Aol g mapol
YUETERS A2e Fo2 SHEE TEBA
100} 742] AR wsHAjo] W BUw T gIrk(Ew
<], 2006).

53 A

314 X|o Ao HEshs Wolr| 50l X3S
A7% S9A Atio] wrekat A|sH ()RR (719
A 21, 2006)2k 31 Mol AR kst BEs
X of] 3£ F o] Ith(Kim, 2003; Kim et al., 2006). o]
5 299 A AAThE ol7tx] BEHSY, AH
o2 A7uely|o] SgEs Ao A A}
2o ZRAANBANA ALY, FARYoR
o] ol ElAEAT SEWH STt FHAHE
S o 7 A E o] Q1o m(Kim, 2003; Kim
et al,, 2006), BEATL Z2 AT FHH
Yol el Hao] 2 S 2P AlrET 2
3} gulerl B A52 TAE HaZ3oA A
ZHT Yt TELS 22 AJISN A2HT
(719 3B).

SR FRUL 19990 WAE A7) 344
A Ak 148 Arjold S REstm Qrha
2 3B). o] Aol BA7EA A Yol =2 H 97
o] HET 1% B o 2HE 207 ol 5AE
Fsto] 1397H2] ZE o] Bl el ATH(ol- g4, 2004).
TEIEA] S BE TRAESL A2 71
o] 9x| 9L Th Wol A 9low] § 5| 3 oA 6
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el
=)
1=
o
0z
s
MM
ofor
-
r
=]
0
e
02
0l
08

NollAl 9719 FELol EF2lsHA +xEo ot
(2" 6A-D). 22t} ojH FR|o A= WA §lo]
ZolA IAY Aoz wjEE = St} e
TTYES A7) =] AN Fden(a
g 6A, B) 7] 2ZF50] & Wil AAE o gl
(39 6C-D; Lee, 2003), Wj2&= 3F5Y UFo Aot
& JEo| FE7|= SHH(Kim et al, 2000). SHAJA|
o FEEE2 Aul719 FA} U2 93 =
Al Al F5 FEi7 1= =Tl (o] §, 2004), HAA
o7 B MR ofA HA" FEEES A=A
9] Zoli= 95-135 mmo] L, ©5(F) ] dol=78-115
mm7}A] 9] W& ZH=th Y2 o E WA B
H mges yepdth dAH79 £ Hel=
0.85-1.23 mm7} E&o|u}, - =74 3.4-4.9 mm
2 e = it} 43 o] 21748 0.34-0.45 mm
2 Hud 3u 9F E= ey gHs 2t
(18, 2004).

54 1M

T Aol A F 4719] L Sl 30997K
o) FE Lo EHAH TSP 2, 2006). 5-FL°]
AEEe A9 45 99, A ek At
A AR Aol o] 5 A H 9 FFLE2 T2
Setrtell EEE o vpakgolut s A v
of flo] A7k Holt(2H 3F). o] AY FFL¢=
< F2 SIAEAYY G FE 14T
o FEH, SHAH A G2 F2 AL H AR
A, =34 9] 53 dAYT QU= FH Q)
ok 35U 2 o] 7h2H| o9 B S-S AAMSl
e s ) MR HAHEA O 3 HASA T
g2Eo] Utk ol¢holle FEA R IR E g7t
A iR 38EE2 T4 FHIE o] FoA
a1, FH| AAE dH 719 A HerE |A
oot o] &S2 ol FHA FL FAINA HAHUE
= &5 oAk 28U REHeR IS AuE
o] Z2loll HAlH o= FPsHA A= = 3=,
ol Lol A F ol 3 A H S AARRE
ok 3, e A2 E ol HIANEFS
2 O|FoA 52 3FY B0 B o] 52 43
AAEFT F83 JTL IS AATHY
59 9, 2006).

2005975 200674 JPE GRS FFL

e
Ot
il
o
02
i)
0z
=
El
=
o
FA
iz
=
o
Mo
~
e

22 37 Aol == ek 485 dE e A
Holl= F 379 F5LFA LA, 1 F 14
FTEYTA (L™ 6G)et 170 ASLESA7L = E
QL AT A TEE|et A oA = ZH2t 1
N L] FEETAZE AZEAHFF 2, 2006)
(29 6H). o] 3 5L¢E2 U= B 99 ¥
TYY A47E 7 ATHE 6G, H). tiAA o=
S A F4710lA 10719 FFURE o]Fo|A Utk
o] = etAFUHA] BhE FEIE FHol AR
H 338d7| shEE e =lof QISITH T 6F).
TEYE2 H435 &40l oaf oFt Mg E o]
UE A E2H FEEY FH SH AT
= A 2](preparation) & ¥z FEH2 E- H Aol
A E3HEt o] XY FELFAE= B 59 X4
Aol ol Fgol U 1L, 2 Foll &3 M4 A
A= o] FBLTAE Bl A3 o=k

FEI3BEE2 457 A B A= i &
7] A=0] 88-105 mm 7}A] 0|1, L 65-90 mm
7HA] W2 vepdth dAH7] e FA= 1.0-13
mm 7}2| 2] 9| E KHo]iL g}

55 Mz

ASEE Ay APA] 21550 43hn] ALY
o4 ¢F3 km A= Wol Ml AISE 4 glef 1%
STHH 3E). AT AT FetEe] A
AEZT AAZ o121 gk o] AFEL B
olgrolut Ajet, A=l SA AU 22 FA
Q3L 48] ARASo] Z3kE hardeto] WA
7% Sk FEUEL B Aokl olghE el
Z2 WA o] Aol TEY 9o THW, T
FUA2, BASA S ASETHRES 2, 2004)
BELo] FetEolA WAH AL Aol THY
£ 37 27H9) MHolA AEE, 2-3709) FHUAES
o] A\ ol2m Aol YTHIH 7A, B). 53
T3l Afotel s 579 FE o] e Elof gl
gl ol AlgkE AR FEUHY S5l o) ofzt
o5 Elo] EH 5 RO Y2 AN &
A7 107] ele] BELSo] WA k. B
29} 37)= 274 80 mm A 150 mm A=} St
w], EL0) FE 51 Tl el Bl
o= Uehht, 30 Fes 3398 B Fe
2ol ofs) Qo] Beww ek o 4 gch
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Fig. 6. The clutches containing dinosaur eggs from the Hwaseong site (A, B, C, D)(C, D; after Lee, 2003), and the
clutch (G) and fragmented eggshells (F) in outcrop and the clutches after preparation (G, H) from the Goseong site.
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Fig. 7. The dinosaur clutches and eggs from Shinsudo (A, B), Dadaepo (C, D) and Gurye sites (E, F).
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TEY Y719 FAE 25 1.0 oA 1.3 mm7t
Z9] WMo}, 2.0 mmof| o|2= s FAL: Y
= 4EH Ao g RUEQTHEES 9, 2004). &
FH Yeht= 519 Bt 272 0.099014 0.12
mmo|H, G771 9] FHAFA-S ESFL7} Holx] ¢k
I BEF2(smooth) Ho|tH-Z 2], 2004).

5.6 CICHZE
A O SgdeR = FARFHA] A
sl X7 TR st Aol BEsh= ot

l'—_
S ST RSO AFEH, o] AFTEZ T
AR A FHH Y o|2= TP EZHFS
2 FAE ] JHKim ef al., 2004). FEL=S =
2418w AFEARYE B Aot 2 o] ol
H 7Y EFZSollA 2 2AEY, o] ¢3S
o= AATE I So] &3] $RbE ] Qi) 35S
= o] X199 et A oA HojZl A4Sl A WA
HER S A AE2 AR gror, g7
Ao M= g 7] FEE0] of7] A7] AHAjE o
Uepdt(2 9 7C, D). thfi 32 X ol A ER1E 35
o] Z7]+= F7 80 mmoflA| 110 mmA=o|H, F
FU9| = 2 THA v E FE 2 YephdT
AdZAY 719 F7= 1.0 mmoA 1.3 mm ¥ S 2+
=t}

5.7 T

FHAGY FFY 3 A= At = FE
AU P B2k v w A 27k 2k W
of7] &4 EAEA A TAE. $E5(2004)=
o] stLte] SYE EFRAE FHEAR A st
31, A o)t AEQre 2 A E FuE|EolA T
FYo| AEE Ao g Bustglon, 39 K-Ar
A At =4 A3} 106.67+3.12MaZ Albiano] 3
FE TR stk

TFHEA S FEY 22 S48 AT A
Al Zsoll A A S ATHH 3C). 38Le] A==
£ AR Wt 2-4 mme] A3 Zo| Wdshe &}
A 2] o] ¢ B AEQFFolr SHEM S AHAY 2] 45
A F(cone)& E3sh= o] W AEGA ol IL, AR
=4 0] S3 WO HEEE, 2004). 4 A
Hioll =58 A HA g3t A oll= E4d7] 2

dR o
o ffo

St AME g 539

HoY So] AhEEH, 7 HA A GolM= & At
2o} AA =] AR 272 BEUSAT The) o
Ad vHse #2343 ™ 7E F), Al HA
oM s 1719 3852 dgH)7] sHHEol v
HAF A 7 AR oA dFASHA T 7P B
2 Q7] so) g, o HHzo] o] R o] 2|
ot et o] ke ¢ = QAR oA B
of o) Gejs 73 UX) HUgom AztE &
S YRR EeA Yol AR Beke s
= ofgith 7RO APge 2ol W AL oF 90
mmeo|t}. FFLAE 7| FH2 F& HF] 7]
of3f o BBt ozke] Fo| L} gk BEU
g7] A= 1.0-13 mm FE=o] 1 ¢+ Q) 7=
T T BAY 5 Yk 713 PO AA
Sick

ol 739 FFUS AN HEhE TEY At
E4FE) (occurrence) @} AHEF Elj (morphology)= 3
20] g.oFElof itk

=)

. BEYsY AHI| 2N B

oA AR Qe 3892 ¢ &
4] A3} 37| Faveoloolithidae (Zhao & Ding, 1976),
Spheroolithidae (Zhao, 1979), Dendroolithidae
(Zhao & Zuocong, 1988), Ovaloolithidae (Mikhailov,
1991), Elongatoolithidae (Zhao, 1975)¢] 574¢] Tt
(Parataxonomic Families) 2 £-F5| 1 ¢Jch(Huh &
Zelenitsky, 2002; Paik et al., 2005; Huh ef al., 2006a;
S F5Y, 1997, o] 8 9, 2000; +H4
2], 2004; 371 2], 2006; ¥+ <, 2006). ©] S
Faveoloolithidae+= 'F35t2] F-E43H 7120 Al
FHSHA AFEET o] 5ol Wit A= 3 30 He
=of Qick

Faveoloolithidae= 825 2502 HE T o]
A G718 HLE A H e 2 R =T} Shell
unit= 1f9- Z3(long), GRS} (slender), pore
canalol] 93 £-eE 23 W S B
AHA JA2H 4: T 8A, B, C). Faveoloolithid-
type 3EYL2 multicanaliculate pore system 22
A= o] YJtH(Zhao and Ding, 1976). &4 42
o (radial view)of|A] B ulj-$- S35} porlato-
canaliculate pore system (Mikhilov, 1997)o]| A 2+
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Table 2. Distribution of dinosaur egg occurrence morphology and nesting communities from the dinosaur egg sites
in South Korea.

. Number of . Associated
Sites Clutches cags Egg length Egg shape Eggshell thickness egashells
Hadong 2 6 -7 69 - 89 mm ellipsoidal 0.58 - 1.09 mm
ellipsoidal

Boseong 21 195 75 - 180 mm subspherical 1.5 - 2.5 mm Turtle
spherical

Hwaseong 20 139 95 - 135 mm spherical 0.85 - 490 mm
subspherical

Goseong 4 30 88 - 105 mm elhpsmdz_il 1.0 - 1.3 mm Turtle
subspherical

Shinsudo 2 10 (7) 80 - 150 mm  Cllipsoidal 1.0 - 2.0 mm
subspherical

Dadaepo 1(?) 3 -407) 80 - 110 mm subspherical 1.0 - 1.3 mm

Gurye 2 8 (7 80 - 110 mm subspherical 1.0 - 1.3 mm

Table 3. Comparisons of eggshell morphotypes, taxonomic families, taxonomic groups and related dinosaur egg
sites in South Korea.

Basic types of'

!stabllshed taxonomic B o it

fESshell families

organization

Morphotypes Taxonomic groups

Boseong
e " Hwaseong
F111s.pheruht.1c. Faveoloolithidae Sauropoda ? Goseong
(Multispherulitic) Shinsudo
Gurye
Dinosauroid-

spherulitic " 8d Sauropoda ? Boseong
Dendrospherulitic Dendroolithidae O {liepaia 7 e m—
. s Ornithopoda ? Boseong
Prolatospherulitic Spheroolithidae (some hadrosaur) Goseong
Angustispherulitic Ovaloolithidae Ornithopoda ? ]I; 2
oseong

. . Theropoda ?
Dm(?saur(?ld- Ratite Elongatoolithidae (Troodon ?) LEbessy
prismatic Dadaepo

(Oviraptoid ?)

* References: Faveoloolithidae (Zhao & Ding, 1976), Dendroolithidae (Zhao & Zuocong, 1988),
Spheroolithidae (Zhao, 1979), Ovaloolithidae (Mikhailov, 1991), Elongatoolithidae (Zhao, 1975)
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Fig. 8. Radial thin-section of eggshells from Cretaceous dinosaur egg sites in South Korea. (A),(B),(C): Faveloothidae,
(D): Dendroolithidae, (E),(F),(G): Spheroolithidae, (H),(I): Ovaloolithidae, (J),(K): Elongatoolithidae. (A),(D),(F),
(G),(H),(I) from Boseong, (B) from Gurye, (C) from Hwaseong, (E) from Goseong, (J),(K) from Dadaepo.
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= AAY ol £ A TH(lacunae) S
7H]71% sttt Colummnar layer®} mammillary
layerAto] o] HAl= Ewrgsict. ol={gt ¢AH7] +
Z+= F=(Zhao and Ding, 1976), -5-&(Mikhilov,
1994)0f| A HAH IetollA= B, 34, 114,
N4, 78 BBAAANA o] Fejrt Bt
(2T 9, 2004; F5F <, 2006; 371 2], 2006;
Huh & Zelenitsky, 2002). 243552 Faveoloolithus
sp.2 B5E| It Huh & Zelenitsky, 2002).

Spheroolithidae-2 shell unit= 7]5(columnar)
oA WA E Y (fan-shaped) &2 ufj-¢- whulsic)
(tightly). §452] 54 E7](mamillae)7} ¥z
w5 ok BFAH o BolA vpelEo] Tk
g 49} I 8E, F, G). &2 FA415 0] nf2nE]
7o) EYH o YakEn 1 ke Yajrew
%20 50| k. Coned] Fejic Yekis} 52 7
WO Wrh oFhe] 2K HES Holw A Epe
4% (mammillary layer)o| A AJ&}sto] FA435
(prismatic layer) 2.2 AZA TR F3lal 1 4= E3F oj
% A3, columne] Fefrt A Uehix e
Prolatocanaliculate 7]3 A]2®E& ZH= spher-
oolithidaeEg o 24 A ZHF o 277 &4=Z TPy
th. £3] SIERARP-RARTE of 7] o £3ih HAof
A At o] FEje A T|7] -2+ radiating cal-
cite crystal 9] single ultrastructural layer2 -4 &
o] Q. BAZFLL2 Spheroolithus sp.2 B35tk
(Huh & Zelenitsky, 2002). 0] ¢=-2 53 (Mikhailov,
1994) ¢} Z-=3(Zhao and Jiang, 1974)o| A At=H &
Sat 229} Werk fALI BATH DR oA
o] FE|7} AEHtHuh & Zelenitsky, 2002; %5
< ], 2006).

Dendroolithidae-& ta|d oz o I
prolatocanaliculate pore system®] Fo=
o}, 7] 2e] ol glo} SmjahALtel A HjAL
2 olojA|L} 1 Fejel 2o 9ol wjS BT
0|3 AIEjo] o] BATIHL 49 12 8D)
Cone?] ez B0l vl W2 e H71Foln &
o) G5 B717F BREA 9, Ea 1 v
AFNZA} D BEFSITE, 7| R RS fAIEOIA] A
Fo2 P48 Zo| FobAn o] Eit #As 4L
2 94 gtk ol 82T 247 8 Yol S}

= Ao =2 AZrEH. Dendroolithus= Spheroolithus 2
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o} HstE P2 AT 2T 3 R 9ofA
YeRdTh(o]-5d ¢, 2004; 3171 £, 2006).

Ovaloolithidae:= &7Zd]7] WZ(inner later)2]
74 &7|(mammillae) o] F31gt Fef7t HtE
o cone?] Fej Ak o B YrlR e 7| mofe
2 Uehta 93 W] wiEglo] MlEel glct
(T 9 49 1% 8H I). 45 (prismatic layer)oj|A|
£ pore?] E&o] & WHE|A] a1 9) 21} column
I mammillae ] eje} BiE=Z Eo} angusticana-
liculate 7] A|AEE ZF= ovaloolithidae 3o &
k= ez sjAErh ol A =/ ¢ +
2 % ratite structural morphotypes& Xd laevi-
soolithidae®+ AFSH} SHET BAR LolA] T
AEITh( @42} 935, 1997; 3 7l 2], 2006).

Elongatoolithidae= &3] 3-5% JE|7} ti+
2 27k} 874Re) 24138 g, o Fejs
ER = Troodontid)o |1} 2 B]HE 2 F oviraptoid)
22 A3l e d 49 19 8], K). 1
2|31 o] FEE2 FS(prismatic layer) 3 44
(mammilliary layer) 2] F-&0] &3t} (two histo-
structural layer). Tt ZX| g oA & 7| =] &L
G2 A9 w4 glot YubA S 2 angustica-
naliculate pore system< zt= Fejo|t} o]
ornithoid -type &7 d]|7] FEZ ratite morpho-
type FEjo|th HEtAE A71% H(elsE &,
2004) 7 FAF T £X] Hof| A AbEE Th(Paik et al.,
2005; Huh et al., 2006).

1. wrstol 223k wely] 54% 7hed) A 5k
2 8 A9 SRS, A BATe) Aa
A, A7\ BN AlBks, B 1AEe) B
33, e APA SRS B3, 24N o

B3, Ay T FHeE 7 Aot A
59 SACIN FELY FRLTANMo] TR
S A& E 9L, 1 % 77 Aoje] & A7 E 9
3 AEj =l gic.

2. ko] FRUSHE 27]ulets] o 4 F7]uje}]
S RELEERRE L FEPEEREEE 2
wot7] Al7)e] gLt ofSo] AHEElT Qi
AR FAAA ALY FHH Lo o
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=& ohpd @olth FELS F2 A ol¢t
Folq LEA G ST, iR Al 1
Apelold B o] shaskel Ao SHHT B
FUEL 72 4213 nEe] BEH] Y|
ol WAle] 17157k 719k 9717k B WA
23 AN RIS o 4 qlek ek
o2 FFABHZ DEF 7199 BES
Subelo] gl MBAS i FEYC BEo|
Qe w HalAmEre) weo] Fash
L G2 AARGT,
EEEEREEEDLREEREREEED
of2 F3o| AR YEAI MEAO 2 HETE
P AT AR G2 T 2 ARG wE
4oz o g3 49] “ARH ) WEA AS
£4"0] wjot] Shekzol AASAE FFE
= BEHOR 58S AAstel Zrk
7HAARAG AR A %

HRE FEYEL A
5 97 Yoot 74 HZEs

s 3T

A=Y, ol ¢

FRE o] gtk a2y BA SAAE & R

7h A ez YA AY AHF(geoid) FFo=

gol Hl Y io FEAZ F3 H HFLE ok

O RolA FEEE @A 527 A=Y FEY
FA) 390 o7]e] FEEEe] wH D A=HSA
31, o5 e AEHR EE2A] os A
Eold Aoltt shte] TR HE 37004 16
M7HR 9] FFLE FAEH ok Jet 3L
37]= 69 mm oA FE] 180 mmeo]| o]|27]7}4]

chpstel, FRLC) L U, U, uT
g, 799 FH= Ueidth. FgLEE7] A

£ 0.58 mmofA5E 4.90 mm7HA] &) B2 H 9

£ Ho|x Qit}. 53] 2.0 mm7} H= v FAE

G717 A v S Aotk 38Y &
He HEge E79A E5EFT =71, =0]
e =717 vheFsie

O A AR Sl 3 ¢ IE 24
Faveoloolithidae, Spheroolithidae, Dendroolithidae,
Ovaloolithidae, Elongatoolithidae®] 57§ ¢] &%
TH(Parataxonomic Families)2 EF 511, o] 5
Faveoloolithidae= H3te] FEU3}H4 7124
A Y FHsHA ArEHoh IREEoA A= L §)
= TEUIALE T AFEREEY o], S

8, ARG, FE A 9 E& AHAE} RS 5o
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H A8 2R} W27} 5o, oL Eat

Ho] g5 g¥erE Oldman Formation 2

Red deer Formation S|4 A& FEAED

w7 273 9ok

TE5L9] B3} 7 (clutch pattern)2 jHE 4=

o2 Hyshhorizontal plane) FE|E o|F 1

Aol Folut FaoA AEE= E3t A &

S EDEEAERE BEEPE

TR oA Tkt TRE We EEY TEY
AME2 FFUT A AFEE tE X ET I
uioly) ThA] B8 Ak 2ol 18k W 3l
S a4 F 83 AGYUS AAFRITE

PrIAN
’I'")»I]\’C

AF Ab

Zgoleke Avie ZadE
o} ZAE X\ Yate] FAIL,

A, 22| ARE Y A
s ARR| BARCA AR HALE YU, of
S9] ol gl Aol ofaf 194 Fk wistrt 24
o] BAY FEAFAH =EHGlom, 1 QB
A7 AT B YT A see o
Kok B3 oA E Wt S Tl el Folst
of & Advietm A THAILE L HRTEAT
R SAVE, AR Thotmet STt sty
= We mokee Eokn YA okge tha
B3s Eol) Hopl X A7 dBRA B4 0
ol ) 218 A3 223 41 A ket o]
F% By ARwAgetn AAE maEA o
A ERUT B8 2 =82 AAsk] 240 48
dheta 284 patet oo AASIUA A =
YUtk o] =EL A 14749 20039 = et
ApdmeeTn] A gl o3 AFEgon], 21
4oz g E47]2 %74 (KOSEF RO1-
2005-000-10060-0) 2] 2] o] o} 5= =] AFUTh

ot
rak

Iz
719041, 71, ol 86, 2006, Mok ] dpEA| o] E|23

3} 722 218h thakx| Aete] ], 42, 329-352.
$EE,2004, A T WPy PR 34 2 54
37, AR TSI AAFEES] =, 49p.
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