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Koo Geun Hwang, Min Huh and In Sung Paik, 2006, A unique trackway of small theropod from Seoyu-ri,
Hwasun-gun, Jeollanam province. Journal of the Geological Society of Korea. v. 42, no. 1, p. 69-78

ABSTRACT: 7 small theropod trackways including a unique short trackway composed of 10 theropod footprints
were discovered with a large theropod trackway from the Cretaceous lacustrine deposits at Seoyuri, Hwasun,
Jeollanam-do. The unique trackway, in front of a large theropod track, consists of slipped footprints and incomplete
footprints. Most of the small theropod trackways were left by dinosaurs with less than 1m in height at the hip and
these dinosaurs were moving by running gait or trotting gait which are known as characteristic one commonly
used when animal shows mental abstraction from carnivores. The best-preserved large theropod footprint has a
maximum length 0f 0.63 m and calculated speed is 8.36 km/s. Ichnological and sedimentological evidences includ-
ing superimposed footprints and sinuous trackways show that track-makers might be walking on the margin of
lake concurrently, and appearance of a large carnivore might affect walking gaits of small theropods, although
analysis of speeds and gaits suggests that a large theropod was walking such as that of Lark Quarry tracksite studied
by Thulborn and Wade in 1979. On the basis of this suggestion, the unique small theropod trackway might be left
by attacking of the large carnivores, and continuous studies on Seoyuri tracksite would provide useful information
about the large carnivore's chasing habit for prey.

Key words: Seoyuri, unique theropod trackway, slipped footprints, trotting gait, running gait, large carnivore track
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1. Mo

FHREE O] UAF=3HAE Fafigtel] Exst= A
o W] TapFolA F2 WHE] g=t o] F
gt o<, Sl mHE 1A T2 ER=m 3R o] o
4= AEE e O 58 S5 IR Bet oy
2} oF, M, AAEE T Te A= EH 0] ol
R oA AFEE o] SHEEE AAH oz Fa3t gt
Ap=3he A2 A7 H AT 9, 2002, Hwang,
2001; Lee, et al., 2000; Huh et al., 2003, 2006; Paik,
et al., 2006).

Ad ket FFIAAE= 19999 54 A2 A
Aol A= H Level 1520 tieh E==
A7 WA o|2oih O F 27h WBEA} 43
&0 & 57 S=(Level 1-5)0f|A] 737} H3yHx} of
14003 9] Tttt -3 eA=°] W=HaL Ag7t

(A)

ofr
-+
rd
ql

A 449 477} AAA] o] FoiA) 3 9lek(Fig,
1). 2 23570 =l et 35dA= 71 &
Aol BREIYT HHF-E 54 o] o] U]
AP T Aol A 2 o] TA oA EHEH A=
S EJTHE T 2], 1999, 2001, 2003; Huh et 4.,
2006).

2 AT WY BHPEE T8 TREE S
7V 3HE 52l Level 1 35 of] Z3k=| o] $ick(Fig.
2). ©] Level 1350]+= 140 mm ©f|A] 63 mm H$ 9]
WA ZolE 2 ke $2HR 2R 13870}
|45 WA= o707 o 2 s ) ArEE T
Thulborn (1990)2 4715 WA= Zo] 250 mm
£ 7|202 FE3| IRhEolE AKXkt ol

2 Level 19] 5218 S 258 o3 S2-Re]
SR o] 17h0]3 e Al e 48 S:2k5 o] sehs
¥Fzl2-Eo|thTable 1, Fig. 3). 0] 2j3t $=Z-rba=t

Fig. 1. Drawing map showing the trackways of Level 1 tracksite (modified after Huh et al., 2001). (A) Drawing
map of Level 1 tracksite. (B) Detailed map of Carnivorous (H) and prey dinosaur(G) trackway in Level 1 (Two bold

Arrows indicate superimposed footprints).
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Table 1. Estimated values of trackways from Level 1 calculated by Alenxander method (1976).

* relative stride lengths (stride length/hip height)

Trackways Foot lengths  Foot depths  Stride lengths Hip heights Relative Velocities
Y (m) (cm) (m) (m) stride lengths (km/h)
A 0.21 0.8 2.11 0.84 2.51 12.02
B 0.22 1.1 291 0.88 3.30 19.45
C 0.20 1.0 1.83 0.80 2.29 10.03
D 0.19 0.7 2.06 0.76 2.71 11.95
E 0.19 0.9 2.03 0.74 2.75 13.11
F 0.23 0.8 1.89 0.90 2.11 9.27
H 0.63 2.5 3.67 2.52 1.45 8.36
i
,\ 50cm
== \
|
| =
! \ \ \
Interbedded i -
E r:'l“e.;ilum-gralned E knl:-“gar:::?:ged m hlﬂaeeouemded 5 ﬂ I:lgli‘naarte?ﬁcr::;?ained Lmﬂ;::lg:ot:g B .
sandstone and dstoneto siltst dstone sandstone to siltstone and mudstone  cport bl
mudstone and mudstone conglomerate

Fig. 2. Stratigraphic sections of the study area.
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722 -5

el AR o] 53t T80l @l AL R ALtE
o] Al S AT AEA QN A7 8= AL ok
(3191 21, 2001).

SHH, Z2of o] Level 1 SFollA =& H3YE
o AE =T o] Hade o= thiel T
A=E52 vEAY E5d= FHY AEE Bt
73t HaPof ofgt ASoltk(Fig. 1, 4). o2 EY¥E
= A F7HA] HarE o] gl Aoz o] dtoA=
o] H3HZ 7 7|AskaL o] HaYHo| FAXA &
S B, Level 19] HPES 7] &3+
ZFR ] &1 ANES A XSk} gt

2. A7 XA

SHAI7F AT Bk HEA G2 AT2A L
2 SIS e A2 Add) o
BERATE ke A H o R FF-9F dETe d
R -l Al o] SRl sttt A
SR HAHSE TFEA Wl HHdE S48
ol Wo7] Al o) AE-sedoR U Wi
o= FES Holil k(e - ¥, 1966). A
T A Y 9] &} G A= N30-40E, 20-30SWolal &
MES SBdo] A Al FEE o2 AR 5
AL HA-E Aol S-Asi . Sh4 x| £
she HASole 589 QAo 2 AlEA Ul
A HEXES o] 99| 25 YA SHS el A4
SHA| EEE o 9le, o] E|&S-ofl=10 HA] 50 cm
W) FAIS] =3 WA AlArete] A o= HA)
8k, i SEME GUSol yerdti(Fig. 2).

(A)

r
ol
|'El

1=
o
0z

TF ASTHS2 HiFE AR e A
AL WA HELED o] 55 o= 2F
ol Rt AN ST AR FHE Bt
(B2 9, 2002, 2004). o] Folx= A=, 5
W ANLE, TR Fo] WEE= ok T
E|Z g7 o] A2 TrAMRo] oA Ho|FSS
A A3 Ek 2 ARl Solgt Baydo]
WAHE Level 1] & the 38 TA=5EL 2
2 A9 deTx 5 e HETFET HEEA
=tk

K-Ar Ay 7300 o8 24 5F s <t
ARlE 814+1.6MaZ SAHUCH, F5-3TUL
FATCE Q3 e T4t 2 76.741.7Ma
2 ZAEH(EIN 9, 2001). o] A1H-2] 2+ =] 9
E|Z]So] Bjelr] 27) Y& A Alsto] k. 3 Al
2] A9 thp] SN FTFEAT T EC]
AEE2 ol A7l ] T8-S0 o7 ARt 2
A Al B Rl A4 8kEEE AAlste] E

3. B3

3.1 Level 15& SEWAIT HHE Y

Level 1 ol -&2+7 B3 1749t 770] 2+
BaPFgo] WAL HFig. 1). o] & 2P H= 3}
A7) 9] BAZo] EAsH o Al= Zo)7t 0.63
m 2 FY FFNA 7HE 2 UiE $4589 Aol
ok 24 23E F 409 BYPF A, B, C D= 9]
HE 257 BPDoA FAVIE EolAle I
2 ujgEo] Q3 HYE B9 F= HAZKA B

®)
Fig. 3. Photographs of small theropod footprints from Seoyuri tracksite. (A) trackway C, (B) a footprint of trackway B.
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Zo 2 JHAE A=A 2 AYHT GP FLR
7} BEZmoz Agehe] U] B HE 674 ot
302 T4 B e HYP 2] BT
Bz oz A3ekS 15°u2tHFig. 1b). Alexander
(1976)7} A|F3E A& BEZZ o](stride length/ hip
height)o] W2 Level 19] H3H Z B3P HE
ARt BE HPEO gho] 2 B} A e} &1
(trott) L} ZEl= AN 2 AKF=E I} Thulborn (1990)
o] Agto] W= Tl 2kgo] <) WA Ae
B BEZ 7o) Btgte] 3.3¢1 B3P B sht
o| gt H3F Do} EO| dFFE A= 2901449 gk
& Bojzo] o] 29 $71R7 Sm o} FelE A S
T2 HFPS-S Hof Eri(Fig. 5, Table 1). uf-$- &
2 HES 7= BE G= UE $4559 23
g grof| A CeF wxlstth(Figure 1).

3.2 B8 HO| J|Xl(Fig. 1B)
HE He 3R] 9 718 BA4E 78RR o Q)
o BrlEE UESAS 2= oY Y=o =

271

0H

0| 28z 73

dm

=
=TT

o] glo] $AFF AT BIL WolETh
TA AR 19 WL AR BE 5
BA7} WA hoka Wohet AL A ARt
HePE o] Aaiafo] F WA WA= oA 55 4
L2 15° Agsiglen Al fingel v Ha al= o
of Hagd G} EARTE 74 WA= 5 181 EA=
o] 744 & waEE|o] Yt o] WA=e] Lol 063
mo]il & B E(stride)2 Ht 3.67 mZ Alexander
(1976)2] ZHA) wrek FAAR 9| ol S Atst
B oF 2.52 mo|ch. webA o] B AdA B2
o|(stride length/hip height)’ &= 20]3}2 A= A}A|
2 o] 53} AAE A0 AR T WA 29
Z9] o]5& L Alexander (1976)7F 43t HhY
o] @29 8.36 km/h £ AAtE] gl

33 B33 G| J|Xi(Fig. 4)

| &d &3 o] QAU dFTE BEE = WA=10
N2 A= off- Z2 BES B3It B3P
Zol=225m=E FY S e 47 HYPEE

A o

Fig. 4. Detailed map (A) and photographs (B) of trackway G made by a puzzled small dinosaur. Photo C shows
that a footprint of the trackway G superimposed on one of the trackway C.
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2= 192 2709) DriEgto] A ok 1M
W7leto] 4A A|al L EE Wtk RERS
u] S| A 23] A Fo wAl= 28 3HL2 o9 2
203 mé] HEO R Yrt2 g WFo] nEH &
7Fre) shis SAMH7HA] ARy EAl= 4, 519
= o uEYHA G7tEL UEo] A AE 11T
W g7teto] LA BEEIT: o] F 4] I
7R IRl F A 2A4 AR & 2R=
HF w7kt ARt 7] R dAl= 692 o
% d7ieto] Ao Hro.= n|mA| i @ 5 W7t
22 Zo|A] ghgtet 79 WA= W 1T ol
s s R ke VA o P o = o i
Ak 8¥15H 109 Lrb=-2 Whgko] it = X&)
=l 899 7B$+= SolstA ¥ Erehe] WFo] &
A= FEo 2 AYsA A 47 EZSE R
olzth o TR 2 8F W7ol A3]7] gt
ou Y A] 279 Wyt & BEF o] gtk 101
2 2719 @rteo] ERERE A Q). o] 8, 9,
109 IR=-2 A3 FA = §A1o & glo] 22
o] A= e glon AR otk A4 At
T2 FHeH wiEo] EtAst] A= &, £
Tl E7hsstct

dhzl=t 13- 793} 8101 2] A guako] A2 &
2} o] 5 WAl=o] A= thE 3ol g AL A
o= B 5 QlR|eHFig. 4) HE FHof dE==
oju gt iAl= T Qi1 mEr B P Got 5 A4k

ol
il

rg

1=
o
0z

wlet Aol
FAYJAAY IF AT HEE= 5 23 G
ohe WA 4] fA19) 9 Folge Aow
CREES

weE Col o) Was oAl A Ao
11 m HolA $Iska Bad Go} = A wat
I 23E COf thAl A IA}=0] HA HF T
4. E 9|

AF7H] 389 2715 Ueidle B2 A9
A ZR7ER] 8] 0l 5 Alitshs W 02 Alexander
(1976)%} Thulborn (1990)0] Rkt 27447} STk
o] 7 7HA ¥H& H3E A, B, G, D, E, Fof 283
2 Thulborn®] AAMYHE AMHEES o tha
A e} o] F 7|22 AHE BE Zo|(relative
stride length: stride/hip height)E s} H3E
Fo] Bagto] 2 olsl2 Aolrke 42 Ak
(Fig. 5). 2} o] HaAE L7 w2 RRo)A
£ AA BEQo]7h 2 oo Sl g
S 2o Level 19] 423 4257 2P L BT w
£ EE & o5 st 350l o8l dAX A= 4
A,

It EEe gEel 9l RY¥EE EEA Y
A% ¥+=d|(Thulborn, 1990), A S7HA] AEH &=
= ®B3PEL2 Queensland®] Lark Quarry (Thulborn
and Wade, 1979)¢} Texas®] ¥§e}7] &4 2] (Farlow,

3.5 .
- 3.0 o
5 L 3
S 25 qg
820 o®
o = o
@ 15 F -
2 o
= 1.0
g; & Alexander method (1976)
0.5
o Thulbom method (1990)
OO | | |
0 20 40 60 80

Foot length (m)

Fig. 5. Scatter diagram showing the relationship between relative stride lengths (stride length/hip hight) and foot
length. The values of relative stride length calculated by Alexander method (1976) are higher than ones of Thulborn

method (1990).
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1981) & 3to|c}. 28yt Thulborn (1990)2 o8 3}
A2 9] BARAS Foto] B AAME dAA=
HYPPrn o Aty oz das= A Ay 2
27001729 3ajo] ol SR 05T 1) YARE B
gYho]|a I =7} uf-f- FEE HoFQioh 2o
= BTk A ge] 34979 Level 114 A ¥
2 H|EE GHo| §gst= Bado| B AL
of-9- of] 22 Q1 Z-g-olt}. Tt A Q] HAYAA|
297 % gl Bad G/ g $4380) ma
g Qof|A] 712 HAg o 24 AT Y Level 19]
HYPF TS0 et SHE e750] U= Tl
.

Thulborn (1990)2 o] & ZA|E EZ2|2}12] g
& e S5 e AR 720 sk ARH
AARAL st RA=T ol E F4= Level 10 &
got, R Hel 919 0 SAFES Level
1o] ByES d7 23 ¢4R7ES A8 1
7h B3 mE G 47 o] 44280 2AL W
< 4o Hrt. a2 of2|jt ZHdof A B 7]
e Aol gl

HA FAk= S350 @7 H3¥E HY &=
7 7t SEeke Holt Y 47RE sRstEe
2% gay) olele 722 7411 9lo] wolr}
e &)%) X8 Aoz d#A =t (Hutchinson
and Garcia, 2002), ©|33t dl& RoF= A2
+ Lark Quarry 9] 3}4 2] 7} -2 31t} (Thulborn and
Wade, 1979). o] S49x]9} vl e = Aale] 2
PE H7 2% o472 AFsPo 8T &=
Y= & 4= ok Lark Quarry |4 TAHE 52455
o] ukx}2 Zo|sh 2 BEL 2k2} 0,64 m, 366 m O]
3 HePEo A ALHE o5& %= 817 km/h itk
webA o] Rejeo] Aja HEAo} 14302 2
= =92 BoFA% Thulbornat Wade (1979)+=
o] HajHo| 27 {5 FH5h= 845 Fl 9
ol HARAL o] whe} o] £} HolE 45| ¢
8 SR SEeka B usklr). ojgh ulmE Alg
2] W3 H 922 2017} 0.63 m2 Lark Quarry
o] o] SAF-BT} 1 27|17} Ae] uldt @ ope}
o154 94| 836 km/h Tl¢- A3l mabA]
Thulborn®} Wade (1979)¢] 42 wh2chH, Af-
2] Level 19] H3§d H Ix}= F2219] FLo] 2%
FARES AP IolE 22T Ao oA,

AT=
=TT

0H

=9 £0| 2l 75

% oh2 12 AR Level 19] Baj@50] 54
of o] Fsh= F-F=0l Yol EAF =Y sh= Aol
A NS B3R ke o4t mEe] BAAHS
HataA W] W5 Aolth. 2, HEEe
2 ol3o] WAHO| de 4 9l AT B Ao
2 4 A 9l (Lockley, 1986) tj20] A2 34
AA Y 2719 FE7F AR SRSl vt 4
o|7 FY T AAE H+= L ARt 7HF 0]
o1& FolAIT(Table 1). Tl al7]o] o] Bkt ®
PHS 4hEthe AFFol LESS ok Y=
HHE 1612 Level 19] 0|95 TEFS 431
WA gt o= A2 B 59 =EAIke] 55
5} o Fehs 2 AAlsl] F A0, Leve
of RPESS I +AFEY ol FA 1HF
W= AlAkste] ok 28y HaE HE &
R N GEES ERETERRER
= T HY¥E G= I 345 Wit A9si]
SfalAlE Tt e 27bHel ZA7h o Washt,

Thulborn®} Wade (1979)+= Lark Quarry 3+ %]
oA HEPHo] A2 HA|= WA=m2 TARE °o]=0]
Sl ol E Tt ST A SR =T
Ab=+2] W7} wol Lark Quarry 9] F$AE A=
AAE RS 4 sk RS BohsSAT
7 2ol A ol gt IRp=o] WAE T o] IR=E
< B 2yEu D B3F o] HX|= HA=(Fig. 1B;
3] 9], 2001)7} B HY G} C2] HA & A} (Fig.
1B, <18 A3 WAE ) ol ARtk o]
£ 5 BHYES Ul 421550 B4 ol FRAG
2 ol A7k 70| oS EAES ofujeic). e
A2+ B3E Fo} Usts] X3ste E HagHo]
£502 WS Cof L ot A A=A 2
7} g Bz o2 uiglo] N2 RS Fol Wt
= HoF= A (Fig. 1A), ol2|et WUk e 7+
golFollA A & o Sl LR FA| o059
E2 Aot o]yt g2 Currie (1983)= F]A|
of o) F 5 4TI AR G Fol o5 WAL
HFLI T3 Canada$] Peace River Canyonof A&
3 v} Qlow), $74Re] Ralo|5o] Bug =z
SR A . o3t HeF A & 4 ATH (3
= 9|, 2004). kA XY ek A2 FFE =
B Cof B SA0] ol55tel 52500 ojs) ¢
AZ RAo g Holu, 7t B3P E Fe 7HAS o
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Fo] o] 55t FE =0l ol5= FAl °lF 7t
570] k. o]e} 2 FAEL TN 4F =77
BPY F Hag 5719 ByPHo] Ao FAF
£ AL gaj 71, ol wet o5 £ FLFE0I
4 HE F3t o] 9= A9 A0 E oA B
A9 Zpat o] 9} 2 27HAR] FATE Yo B
PE A QA v =5 YAE= SEE o] Fdt=
2% $7179 Bydo| GAZ WA= Fol= o
£ B} FARIER FUg A7 GAFE 7t
/30l Aot

T U2 A= Fo 4EE Zo] 2.3 mo] F2
B3P GO gy of Bt Ao|chFig. 4). uf$- ot
T8 Al Hsll 4 =477 97 ®2¥E G=
43 SAlF80] =4 ERBE F Rojs=
FL& SHolgtal A B G= H&e viet
Zo] B Ce B3yE G FA HE Jleuz o
3 §4389 292 BYPY GE I 38= 3
FE FUS AR BRItk wEhA o]t ByYH G
o] YA = F 7HA 7FsAde] A& = Tk S,
A% 75717 BYEE G AU EE A8
T BE2EQS 7HeAT 4 AR Y
T HAE 7HsA0lth AA, BEe] YdRET R
Zxjo] g2 Folaty Hao| B2y HEo]
o vlgl| Eo] 1Lo] FpEgo] FUdTAY, O E FE
2 E|HE9] sEgFo] Ho WAl=o] AL A3|A|
AAY F5HA| B & WAl=ro] Al Fof f4=2] 2HE-
of o3 A AR = F--Y Aoltt. BpA|RE A 9] B
P& CU B7F /o] A & HEE O BE G
Tro] dRqk B2E 7haAd-L glo B3l E3L vt
Z9] &3 Level 12 11 o] Af-g9 th2
S SEY EE] O 2o AGE HAE R oF= o
i1 HHO R F3% Zo] Ml Frg
HILE HojFe EFtzrt =R gett w2t
A BE Ge 28 32 PR 47 =477t
A Eahs & 3ol A7) AleRzl e R Bl
t}. o= B3 G7} viE QollA IAE HPE H
o] 212 Y =27 A WOl W7t AL
ou)gl= AL & uj$- Fu| 2L 7| Fo|t}. o] H3t 7}
TS =ol7] Y8iA AR S458Y 2% F4F
of thet FAYS THE I e L B E
H3 SA 71 o BasA|T FA2A = BPE G
FAREES AP HE FAE= ¢lok

Holg FASH RyUR T Ao AL GAa
9] Dinosaur State Parko]| A 2AE = HaHo|c}t
(Farlow et al., 1989). o] 3t 16719 HA}=o.2 F
45 8715 BT 12]e) WAl 2 A 4
7} Hejdo] UststA AEE SR =, o] HyE
9 wES F31 =2Fo] A Ath(Lockley, 1991; Farlow
et al., 1989). o] 3H4 2| o] -247oF =2 70] H3d
<= BEo &= Heh) 7} gl & ofyzt B3
WE A= o] 7o HPHo] 827 HyE
= AUA Y A2 yehdth oA o] 745
= 84FE A UL A2 HPES 7 A
Zto] &k Ao 2 A E Yt (Lockley, 1991). T
& 3R 2= Aagl vie) o] e AEF Yo}
9] Lark Quarry7} itk (Thulborn and Wade, 1979).
o] 3t 2= Wio7] B o|YF o= o] TR oA
33007112 H3Fo] WAL= thiEe EA=
o] WMol 1 mE HA| b2 22 w479 WA=
o|RaL o] F 1 7§<] EaYArto] FHE 0] 2.56 m 2]
1709 g S35 &gt Aot Thulbornz}
Wade (1979)= o] tj& 4]5-350] 817 km/he] &
£ Fag] e e 4750 Rejxo] £
3 Ak gAR WRZO 2 SHsIow, o]o] wet
o] BRI EA A} 7] lzfe] WE o5 Hoj
L s 2 AR §LsHA B Folc o]
s}447) Elze] QPG 74 AR 27),
T o 24EBe) 5 58 A8 Level 1
o] 4t fFAkstet. 22yt Lark Quarry o] 2% 4=
Z}= tiFE metapodiumo] glar At 2] HEZo|
7} 29} 3Atol 2 gl AAIE RHH, 4152 Level
1 0] A9 o] FEA BEH Fe7t B B
Y BE A3t At A BEZo]7}29 o]st= T F
£ £H9| FHE Hof Zpo]7} YUrk(Fig. 3, Table 1).
o = Aol 4 TR Rol 47 525 S
of Aol BATH: U S43F Aol 3
o7} 9J7] Wl B o2 Hlt} Lark Quarry?] H$+=
o8 $AB R B 4R} 2L o
22310} o] Ho| © WME SET EYlol YA,
A5 Level 19] A9+ g 41552 92
ao] 4% 841380} 213 Wk oA ek,
wet] Agele] o $428L Lark Quarrysh
9o 23 4782 T LU W2o] YAE AL

2 oA
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Aol A A E 23E Gof 22 FEj= Lark
Quarryol| = FHEX] gfo} o] &2 HPHL &
AR M) SR 7E LSt il 2P G7t
"] 2 2}e] HagF ol Lark Quarry 9] tE 5415
B2 Holrhgol Avfstal A#2le) 4382 A
F3 R0 Hck. Lark Quarry®) $41 3% HAdE
eEZom WA YA e 5 B o] 1
5] HolAhde AEHE Aol 25T+ = 9
o1} 7 0):9) Ejx o] 45l BT 4 Gt
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