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Choi, Yong-Un Chae and In Sung Paik, 2019, Dinosaur track-bearing deposits in Sagok Formation
(Cretaceous) at Sinseong-ri, Cheonsong-gun, Korea: Occurrences and paleoenvironments. Journal of
the Geological Society of Korea. v. 55, no. 5, p. 495-511

ABSTRACT: Abundant saurpod, theropod and ornithopod dinosaur trackways and several footprint fossils occur
in the Sagok Formation (Cretaceous) at Sinseong-ri, Cheongsong-gun, Korea. Based on Ortho Mosaic Image
calibrated by UAV (Unmanned Aerial Vehicle), and 3D image map obtained by LiDAR (Light Detection and
Ranging) and digital geometry, distribution of the trackways was identified. Occurrences of dinosaur tracks and
sedimentary facies of the track-bearing deposits were described and the paleoenvironments were interpreted. The
sauropod and ornithopod trackways represent their gregarious behavior. The theropod trackways show the
characteristic of solitary behavior, whereas small theropod trackways discovered newly in this study show their
gregarious behavior. The sedimentary facies of the track-bearing deposits are divided as follows: Interlaminated
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to thinly interbedded fine-grained sandstone to siltstone and mudstone; Bluish gray to light green calcareous sandy
to silty mudstone; Light greenish gray muddy sandstone to sandy mudstone; Planar- to cross-laminated fine-grained
sandstone to siltstone; Thin- to medium-bedded and graded medium- to fine-grained sandstone. They are interpreted
as unconfined flow deposits formed on lake margin to shallow lake under paleoclimatic conditions with alternating
wetting and drying intervals, and to have been intermittently influenced by pedogenesis. Mudcracks, wave ripples,
small invertebrate trace fossils, weak pedogenesis and evaporite mineral casts are observed in the track-bearing
deposits, suggesting that the paleoenvironments of the Sagok Formation at Sinseong-ri were lake margin (mudflat
to sandflat) to shallow lake under seasonal climate in which arid climate prevailed and the lake was sometimes
brackish during drying periods. It is interpreted that the Cretaceous lake and lake margin at Sinseong-ri provided
a ecosite for diverse dinosaurs during arid condition.

Key words: Cretaceous, Sagok Formation, dinosaur trackways, lake margin to shallow lake, Cheonsong-gun
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Fig. 1. Geological map (Kwon and Lee, 1973; Lee and Hong, 1973; Chang et al., 1977, 1978) and location of the

study area.
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Fig. 2. (a) Ortho Mosaic Image calibrated by UAV(Unmanned Aerial Vehicle). (b) 3D image map obtained by

LiDAR(Light Detection and Ranging) and digital geometry. (c) Distribution of the dinosaur trackways based on

aandb.
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Fig. 3. Occurrences of sauropod and ornithopod trackways at Sinseong-ri Dinosaur tracksite. (a), (b), (¢) Sauropod
trackways. (d) Ornithopod trackways. (e¢) Mudcracks. (f) Ripple marks.

)

Fig. 4. Occurrences of the theropod trackways (a, b, ¢) and representative theropod tracks (d - 1). Scale bars are 10 cm.
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Fig. 5. Occurrences of the small theropod trackways. (a) Distribution of small theropod trackways. (b) Close view

-

of the trackways. Wave ripples are associated with the trackways. (c) - (f) Representative tracks of the trackways.
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Table 1. Measurements of the dinosaur trackways at Sinseong-ri, Cheongsong-gun (S: Sauropod, T: Theropod, m:
Manus, p: Pes, FL: Foot length, SL: Stride length, h: Hip height).

Hip height

SL/h

Trackway Size (cm) (m) (based on pes) Speed (m/s) Remark
S1 pFL: 61 m: 1.2 0.73 0.72 partially preserved
pSL: 173 p: 2.4 manus
mFL: 30
mSL: 186 very slow walk
S2 pFL: 61 m: 1.7 1.01 1.13 very indistinct
pSL: 233 p:2.4 manus
mFL: 18
very slow walk
S3 pFL: 78 m: 1.2 0.68 0.72 well-preserved
pSL: 205 p:3.1 trackway
mFL: 30
mSL: 210 very slow walk
T1 FL: 55 2.48 0.99 1.21 very slow walk
T2 FL: 24 1.08 1.40 1.42 slow walk
T3 FL: 25 1.23 1.53 1.76 slow walk
T4 FL: 28 1.35 1.91 2.69 walk
T5 FL: 18 0.81 1.89 2.04 walk
T6 FL: 18 0.77 1.86 1.92 walk
T7 FL: 18 1.55 1.91 2.08 walk
T8 FL: 21 0.92 1.34 1.22 slow walk
T9 FL: 15 0.68 24 2.77 trot
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Table 2. Sedimentary facies, features, and depositional environments of the track-bearing deposits at Sinseong-ri,
Cheongsong-gun.

Depositional

Sedimentary facies Sedimentary features Fossils A
environments

Interlaminated to thinly  planar-laminated to thin-bedded, mi- Dinosaur

interbedded fine-grained  crograding, mudcrack, wave ripple, trackways, Lake margin

sandstone to siltstone evaporite mineral cast, microfault invertebrate S;ﬁiﬂ.?;etg g:) L;ngt)osi ts
and mudstone (soft-sediment deformation structure)  trace fossil p
Bluish gray to light irregular and weak lamination, irregu- shallow lake -
. L Ostracod carapace .

green calcareous sandy  lar cracking, brecciation, calcrete nod- f lake margin

. ragments .
to silty mudstone ules (several mm ~ several cm) weak pedogenesis
Light greenish gray Thick-bedded, calcrete nodules (several Lake margin
muddy sandstone to mm ~ 2 cm), partially irregular lami- - weak pedogenesis
sandy mudstone nation, irregular cracking
Planar- to cross-laminated  thin bedded, planar-laminated to Lake margin (sandflat)
fine-grained sandstone  cross-laminated, ripple, akorsic - unconfined flow deposits
to siltstone sandstone, subangular sand grain
Thin- to medium-bedded  thin-bedded to medium-bedded, mud- Lake margin (sandflat)
and graded medium- to  stone chip in erosive base, grading - unconfined flow deposits

fine-grained sandstone
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Fig. 6. Occurrences of interlaminated to thinly interbedded fine-grained sandstone to siltstone and mudstone. (a),
(b) Sectional views. (¢) Thin section photomicrograph showing micrograding. (d) Polished slab showing lamination
and evaporite mineral casts (arrows). (¢) Thin section photomicrograph of evaporite mineral casts. (f) Polished slab
showing mudcracks and brecciation. (g) Polished slab showing microfault (arrow). (h) Mudcracks. (i) Wave ripples.
(j) Invertebrate trace fossils (c, e: plane polarized light).
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Fig. 7. Occurrences of bluish gray to light green calcareous sandy to silty mudstone (a-g) and light greenish gray
muddy sandstone to sandy mudstone (h-k). (a) Sectional view. (b) Surface plane view showing irregular cracks.
(c), (d) Polished slab. Mottled structure presumed as calcrete nodules (c), irregular cracks and brecciation (d) are
observed. (e), (), (g) Thin section photomicrographs. Peloids (f, g) and ostracod carapace fragments (arrow in g)
are observed. (h) Sectional view. (i) Polished slab. (j), (k) Thin section photomicrographs (e, f, g, j: plane polarized

light, k: polarized light).
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Fig. 8. Sectional views of planar- to cross-laminated fine-grained sandstone to siltstone (a, b) and thin- to me-
dium-bedded and graded medium- to fine-grained sandstone (c, d).



506 LstF - 472 HEH - 0158 - 2

& o] BT AlHARE oA AL o]
o, AP ofZt3 o] Yvt=E Hlt). o] Bl &S
ATA S EJH S| R A 02 Aol A
A S, 4% WA sheso= dast Al
AR WA A EAET o|¢he] WS ot T
B4: FolFeE o|F1L WFEZTE WA A
27H R o] ElFAo] f9 ol X7t A 2
2EHA FAE AU Ynigith AHE 9 &k
ol WA A ol AS ol AE =27} s,
IR FAY R EHF 95 WAl ¢F
3oz et Al A WA AEXAED oY
AT G} REE = AL o] EFA o] WA gt
7304 ElAE EAFUS YR mebA o] ElF
e TR AP E Y 2 oA 7] A] At
H| w2 735k 7iifaeo] oa FA4E A= siAE
tHHubert and Hyde, 1982; Fisher et al., 2007).

415 R3S WA 3039 FAE 7RI Holg<

o2 Z=] Y] Al=ARHThin- to medium-bedded

and graded medium- to fine-grained sandstone)

Z1A: o] HAE2 AFAY HAF AFlA
&3] AbEdE: s FEEAL AAH BAE
o3 FER 7HHA ol ]l WghE o FH o] e
ASold G5 WA gFSo= It AlAbe i
A HELET} o|ohe] WE ko 2 wlEHT(1d &,
8d). F2 AT A eF25o= W3 A AR Y
A AEAET} o|9he] A3 S HoflAf 2~3 em U]
A 15 em Wi 2le] FAE 7AW FAE. Uil
S2lo] TE2 Holx] 3al oS wh Wt of
€ Y53 old AN = A Dol AL & dt

B}A: S UiA eF25o= Wt Ayaker W
A AELET} o] S| BT Yol A GF23 A
TS FAR GASIL, HolFelE olFH AR
€ Y53 o|dFESolM Aol wET H2 0] H
2ol TR B A Rl s
FAE S SR 3 o] FAdE g3t
= AFEel 9 WA Aol 2 FA A
o2 FAth= HollA] Blwg 73t 7ol TSt
o] 22 A mEbA o] HAte
TR AR E Y 2ol A 73t -7 of AR A
Yol ofsl F9E Ao siAErh(Hubert and
Hyde, 1982; Fisher et al., 2007).

2Bl - ST - 22 - ol

42 E|Fao| A WHEY

AR T8 A=Y FAS2 Ak o= A
A YA AEAY ot} G5 WA F2Sol T
S A-HARY WA AEXET o] 9Fo] B eto] -4
SHA| Wi, SHEOlA AR 7HEA AujE
E2Fe] et yehdth(2™ 9). shit= AR W
A AEA olgfo] IS E ol F A AHjz ez
TR 7k A4S WAl eF2Sol TR A-EA
WA HELEST o] oo FAL T2
AR A AR WA AEA o]¢o] SAT}
Al @i, 4T WA eF2Sol HEd AlEARE YA
HELET o] AT S0l PAISH Tt
A B WA AFESEI7E e Al A Aol
2RI AMFS0] F2S A S35 FAE HolH
HAete P vehdot shiet vjwd o AR
€ dA= 2yl AlgtS-o] RINIsHA AHEHt

43 Elxfar

A4 TBUARY HAZ 0] Hag B
e Ao HHFo] A7)0k 9717} ke e
SFAE BUCILBAALEY) WA e 54
S Rl s FAE HAZUL A
dhth S4EuR o AR HFo R dE 4%
YA greFom WuH AEAe WX AssE)
olghe] BN 115 FUH B Eo| AEE T, ¢
& B4 X S4Fu SelA nloket Eoet 2t
802 YA AP Ux) A= olghe] EAj
w2 77} 420l 98- AAIatket. ke
FA ARE HHFe) HHBAL A% WA ok
28 7)37h A Fhe o] 719k 717} v
L EpFun B g L 54 R A
.

s, A7A S AFRE HAF SRt
£ B4 YAl B4EER 0|25 7|9l
o2 FAEN, AL AR S5 ol B
3} AR 7199 HAoR FAE ol
saape] 229l Bk 7| S Q15 40
Fjo] w2 B34 Wl Syt

ot it

N
B
o me

34 A9 THUA SIS T A



03
Hr
02
o

| AEEe)

L= EXE: e H Ed 507

=)

Bluish gray to light green calcareous
sandy to silty mudstone

-
=
=
=

Light greenish gray
muddy to sandy

Interlaminated to thinly interbedded
fine-grained sandstone
to siltstone and mudstone

Planar-to cross-laminated
fine-grained sandstone to siltstone

Bluish gray to light green calcareous

sandy to silty mudstone

IInterlaminated to thinly interbedded
fine-grained sandstone to siltstone and mudstone

Thin-to medium-bedded and graded
medium- to fine-grained sandstone

b

===
e, Calcrete nodule and lense

~ . Dinosaur footprint

50cm 50cm

Fig. 9. Stratigraphic sections of the dinosaur track-bearing deposits at Sinseong-ri, Cheongsong-gun. (a) Lower

part. (b) Upper part.
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Cheongsong-gun.
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