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ABSTRACT: Unique irregular burrows were newly observed in the middle part of the Hasandong Formation,
Galsaman Bay, Hadong County, Gyeongsangnam-do, Korea. In this study the occurrences of the burrows and
burrow-bearing deposits are described and the origin of the burrows and their paleoecological and
paleoenvironmental implications are discussed. The burrow-bearing deposits are floodplain deposits with calcic
and vertic paleosols formed on a fluvial plain with meandering rivers. The burrows are mostly more than a few
cm in diameter, and branching in L, T, and X shapes, chambers, cuspate or grooved walls, and spiraled burrows
are observed, indicating that the burrows were formed by small-sized fossorial vertebrates. It is interpreted that
semiarid climate with alternation of wetting and drying periods was prevailing during the formation of the burrow
deposits, suggesting that the burrows were exploited for the adaptation to extreme climatic condition. The
preservation of the burrows by fossorial vertebrates in the Hasandong Formation suggests that mammals and reptiles
together with dinosaurs influenced the vertebrate ecosystem on the Cretaceous alluvial plain in Korean Peninsula.
The study on small-sized vertebrates in paleontology, paleoecology, and paleoenvironment should be further
needed to understand the Cretaceous terrestrial ecosystem in Korea.
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Fig. 1. Location and geological map of study area (Chang et al., 1989).
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Fig. 2. Overview and stratigraphic section (modified from Paik et al., 2011b) of site 1.
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Fig. 5. Occurrences of the burrows at site 1 (surface views). a. Surface view of the burrows showing tubular,
subcircular, and irregular shapes. b. L-shaped and subcircular burrows. c. L- and X-shaped burrows and subcircular
burrows.
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Fig. 6. Occurrences of the burrows at site 1 (sectional views). a. Downward expansion of the burrow. b. Spiraled
burrow (arrow). c. Subparallel grooves in burrow wall. d. Cuspate burrow wall (arrow).
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Fig. 7. Occurrences of the burrows at site 2. a. Overall views of the sandstone-filled burrow bed below fine-grained
sandstone (hammer-laid). b. L-shaped burow (upper arrow) and subcircular chamber (lower arrow). c¢. Oblique view
of a horizontal tube (arrow) filled with fine-grained sandstone and distinct wall contact. Irregurar mottles in the
surrounding mudstone are calcretes. d. Cross-sectional view of the burrow in ¢, showing hemispherical shape with
bilobate bottom. e. Planar view of a vertical tube (arrow) filled with fine-graind sandstone, showing subcircular
cross section. f. Sectional view of the burrow (arrow) in e. g. Opposite view of f, showing an inclining of the burrow
in the lower part. Cuspate burrow wall (arrow) is distinct. Irregular mottles in the surrounding mudstone are calcretes.
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20 A4 71o] wielrof £/ &0l A5k e
2% FEO Yt AT T2 7HeA0] 2= Al
ARl =t 54 EZSolA AEEe AT RS
< AAEE, AAsE 455 3% ZaF o W
T oheFst =0 8l thFet FElE wEoiAIH,
ARANE Eat o5 A 729 14 72 £
oroFslA| Weldth(Hasiotis, 2002). $jo|lA 71&H
AT A Mt F2A Y FHFY A9 ESS
Yol B E= EF Ao E A 7222 FA 5=
TEL N, AEFY 2% AR 2% 3SR,
A 2|57 5o]th(Hasiotis, 2002).

AT Ao A 2] B9 3D QAL

N
o

7He) weke Hof glou, 4 om 27]9] W ]
A Bego) HEo] e B2 B ddw
EAS 7K+ 7lu] 9] A3 F-=(Hasiotis, 2002)<}
£ 0 54 Rt o1& 4 om U] 10 om
oJAfo) gl A7 5 Fm| Ao] EF 4R TF
o 9J3t A L2 (Hasiotis, 2002) = ThE FA}O|
o}, R 42520 Aol 28l sl 47 Ao A
B 29k G4 S 7HIE A 727t 5
&0 2 HE B % (Melchor et al., 2010) v} 1S
L, At A9 A nEgstE HEH EH
el ZQlo g Uukz| o 2 e ¥ FZo dhds)
£ Aol ot A 29 7S W Ao R b
AEr)

webd A7 Aefe] AT PEE L T, XA
ce] 1), uhe] wre, elujie) by Bl a3
U, 228 U, 4AE 0 S0 S4(E 1)
s oz T o), Go] FYL T AT
(fossorial) 27 3FEof 3t Al T2 U Al
Absll ZtH(Voorhies, 1975; Groenewald et al., 2001;
Miller et al., 2001; Hasiotis, 2002; Hasiotis et al.,
2004; Gobetz and Martin, 2006; Hembree and
Hasiotis, 2008). ol 792 dh= §4-5E00 93t
AT FEE HE7] 27|19 ASo 2R HiEo
AtH(Hasiotis, 1993). o|¢} A ZZoll= 2% 3%
O M3 7L Woly] &4 E|HF o2 RE HuE
v} Qltk(Varrichio et al., 2007; Martin, 2009). A&
g ujo} 2o] A Ao Ak Fxo] o] T2 B2
g SEQ A4 o] Hol 3R] g2 EE, HHd
9] E¢f3oll AASHH 4% HFFE9 AlgH o] &
gro] woty] Bl Fof| A= oFR|7hA] Bard vhrt gl
of At A A Fx9 7|9 FES ARHAL
2 FAsl7|ol= ol#fgo] AUt

SHHES BA] ZAlo] EgE 225e] AERH
4% }2FET0) Fuole TN MR Qo
5, olg} 27l A1) ARIAo] B ERRE S
ek FZof| A X Aol HEdH= sHEES
EFZogBE Z0o] 200 cm, & 15 cm F = I7]
2% ¢4 T o] RuEgloy, A
A M A2 FRe= 2pol7t et wEhA A
Aol B g7} ZHFo0 o3 AT 72
o] EAES AEsto A A AT F=29 EA
I v WSt o (3 1), I HnEYLS A7 A9

Ir o o ofr
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Table 1. Summarized features of the burrows described in this study and vertebrate burrows in the literatures.

Summary of

Site 1 Site 2 Reptile Mammal Ver t?brates
(reptiles and
mammals )
Diameter 1 cmto a few cm to 4-25+ cm afew cm to S0+ cm sut')ci'rcular to
10+ cm 10+ cm elliptical cross
subcircular subcircular; in  circular to subcircular; Sf?CtiOIl with
Cross-sectional places subcircular; elliptical diameters from
hemispherical flattened 2-20+ cm;
shape biconvex or shallow to deep
bilobate burrow
vertical and vertical and vertically vertical and systems

composed of

horizontal tubes; horizontal oriented; spiral horizontal tubes;
complex network, tubes; tube; inclined  shallow to steeply  Shafts, tunnels,
in places complex entry and dipping shafts; spiral ramps,
Architecture polygonal; spiral ~ network; in terminal spiral tubes; and chambers;
tube and chamber  places chambers; terminal depth from
present chamber complex chambers; 0.1-24 m;
present network irregular scratches,
orientation; bulbous,
complex network pustulose, to
: : : : - smooth burrow
Branching multiple multiple multiple multiple walls
Depth 20+ cm 50 to 60 cm 50-75 cm 50-150+ cm
Wall scratched in places  scratched in scratched in scratched in
places places places
floodplain (calcic  floodplain floodplain floodplain; levee  alluvial plain to
Depositional and vertic (calcic and lake margin
environment paleosol) vertic
paleosol)
Early Cretaceous  Early Upper Jurassic; Devonian to
Geological age Cretaceous Permian; Cretaceous; Recent
Triassic Miocene
this study this study Smith, 1987; Martin, 2001; Voorhies, 1975;
Groenewald et Hasiotis et al., Hasiotis, 2002;
al.,2001; 2004; Gobetz, Hasiotis et al.,
References Miller et al., 2006; Gobetz and 2007
2001; Hasiotis  Martin, 2006;
etal., 2004 Hembree and
Hasiotis, 2008

NI 27} A HE2EE| o3t 7PsAo] oo
XAV ok 28Ut o] A Lo 7)Y SES
Aoz dohf7] oA ko g oatate] w
91-7] 517—‘4%—01]*1 ETJ— E]—ooh:b‘_]_- %_ﬁ_g‘ _/J\_-gg Zﬂu%
Az o] @ o] o] Foil Fof| T A= Tk
et

53 TMENE <9|nO|
Ak 200] Wzko] o]0l WEEE AT 72
o that ATE F3) HEFE) DA ol ¢

3t opekst YR 7F AA = Ak (Schult and Farlow,
1992; Hasiotis et al., 1993, 2004, 1999; Meyer,
1999; Hembree et al., 2004; Buatois and Mangano,
2011; Knaust and Bromley, 2012). dyt¥o=z &
A AREES0 B So AT FEE s AL A
= W0 N 0] T el 7, AR 5o o
o aazre] YU ualy] g3 Aos
(Butler, 1995; Groenewald et al., 2001; Hasiotis et
al., 2004), A+ X GO A3 L2 4hE EAJ2 T
= Woly] 2719] e &4 AHEES Hot 9
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1=
)
0z

A& o2 ofsfish= ol F7H4 2l FE7FE o= Qick

AT A9 AT 2= B YIS U
gt Ao, HEY EFFo] dEdsts A 39
T2 =2 ARATE I3t FHFTE AL G
AF e Z45 25 5ol g AFsE IR
=, 181 FFFEEY AT & Fo|th(Buatois
and Mangano, 2011; Knaust and Bromley, 2012).
o]} 3 EFStE M B A Folle vt FH
o] X3}lEl A5 (rhizolith)7} 8t o] 3l&o]
EAJo]tiHembree and Hasiotis, 2008; Knaust
and Bromley, 2012). gt Kim et al. (2002)2 3}AF
55 4 A3 Hd EA 32 25 Beaconites,
Palaeophycus, Skolithos, Thalasinoides 52| 2%
8 AT OoF o|F X Palaeophycus BT SHA4F
= 7148k

A A AT =2 EHFY Hf Flo] 21X
e FASTEY AEY A3 ERe sl
7] 22 Hatt EYStE HEd Ey S g
Sk S SO YRRl EATE Aol & Hel
t}. Hembree and Hasiotis (2008)= tto] @A 9] 11
= U RS0 =Y T el 435
£ AT PR0} RHREE AT sh, HslaEp
2] Sol T SukEl AE SRS TR, W
A HHzolxe] AT Sy 54 Wk wee
Eop o] £ Apolof w2 Ao 2 S|AEHIT

AT Ao} AT T2 EHAZo] Holalgwa)r)
ul$ S vk AT Ee) dae] Avkel Ae
o) Ao} W £ vhe] o] ArjHom Bx
31928 XAl ZtHHembree and Hasiotis, 2008).
o|2jet EoF 2ol wek = o) £HE) A4lol
Agdo] HUg Aolr, ol FAFER| AE
8}4j0] =27 B ueo] © A0 sh4E ol
7o vnd AxE H43A0) BFRAL AR
o] £ oll Al F2E FAISHL, T 3ol AAlsk=
gloll slet 2710 2 283} (Hembree and Hasiotis,
2008), A+ A B & Fof| Ao A7 HEH AL
= sj4g

AT Ao HER AT fL2E0] FAFHLRE
ofd EAo g AREHAEAE B3] dotlr]=
ojg% Yoltt. YutHo® SA4fof A4lst= &7
AFFESY AT 2= ASHU AFU AEF
AT FHoz o]&HH, 53| AT 72 9F9

N
o

7] HSHY W3 E= A HIHEHE Y 1dA
716 Stk (Groenewald ef al., 2001). whehA] |4
HAEFEY AT 2 32 7|3 HEo ARE
AZAAY, & #HE7] T-Egfo|ofrr| %, ufo] 24
w-Zeto] oA, Bepo ARA| So| HAZ oz
o] B 1 E It Groenewald et al., 2001; Hembree
and Hasiotis, 2008). A 2| 92| 7% o] & R A]
tof| sgatA]= ot Aedt uhe o] A+t A
A A T2 HHFE 1719 27|71 F3lo] ¥t
= oz 9 7% 270l R Bl F S0t} wat
Al AT A G A e olfdt 7] 27dA
O] 3L A3 HH o= AR E NS 7Fsol =1k

A&t v o] A 299 sHitES EAS
M= FHIASFEA 4 S Z3ste] T7
n)/de 355 SHT o] o B} Fo] AT
Utk ob& g R LA F20] TEjmof= o2 F
% 520 o3t A4 24 EHo] UAN Aoz
R 5] QtH(Paik et al., 2011b). WehA o] Aol A]
Bk AT PR voly] 2 BHbEo] $4H Y
o B 4 AN AT T8 ofo], A% 5
o £ ololo] & T HASH: 49 H3EE
T A Bo5h3l S Al &t

6. 4 E
1) A she ZANE 229 sHtEE S5
=y g

2) o] Mz 720 WE B4, S LT, XA 5
chake B4, o] e, omRo| uy m g
HAbu, DRE wE, Y e 5o By
2 BgHoE N 1), o AT FRE o
T T QS A% W25 o
Aoz S,

AT A9 A TEEHFo] A7 9717
Eglo] Wk obA=A 0] 71 FEANA B3
HAZUS TP ), o] AT FEL ojg e
FFH 715 2ANNY A Sl BHo=
AEH L THs o] B Ao A HT
SHEES Yol ol TS el AR &
@ 23520 O AT 7 HEH] 91
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5) whebd gho.z T ujebr] $4 AEAAT
Aol 4R} NER 5 A9 HEFEW
AT TAE, I, 187 SO AT} 3
Ao} ol o] Ao} & 0.2 Wt

AN ofrt i

AL A

o] =EE BAYSHL A2 LIsHe AT (2014
W)el jsto] ATEg 0w, olo] AL, o =
o) gt el o] e 913 Al At Rl
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ol§d uhAbd el WA, el m WY
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