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Hyun Joo Kim, In Sung Paik and Min Huh, 2011, Bird footprint-bearing deposits from the Cretaceous Haman
Formation in the southern Gyeongsang Basin: occurrences, taphonomy and paleoenvironments.
Journal of the Geological Society of Korea. v. 47, no. 2, p. 97-122

ABSTRACT: The bird footprint-bearing deposits from the Cretaceous Haman Formation in the southern
Gyeongsang Basin were studied at three sites (Gajinri, Gainri, and Yongsanri) and depositional environments,
taphonomy, paleoecological and paleoenvironmental implications of the bird footprint-bearing deposits were
interpreted. The Gajinri site, Gainri site, and Yongsanri site are the lower middle part, the upper middle part, and
the uppermost part of the Haman Formation, respectively. The bird footprints of the Gajinri site occur in alternation
of medium- to fine-grained sandstone and mudstone lithofacies deposited on an alluvial plain. The bird footprints
of the Gainri site occur in alternation of fine-grained sandstone to siltstone and mudstone lithofacies, which were
deposited on an alluvial plain to lake margin (sandflat to mudflat). The bird footprints of the Yongsanri site are
preserved in interlaminated to thinly interbedded fine-grained sandstone to siltstone and mudstone lithofacies

' Corresponding author: +82-51-629-6625, E-mail: paikis@pknu.ac.kr
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deposited on a lake margin (mudflat). The bird footprint-bearing deposits of the Haman Formation were formed
by sheetflooding on alluvial plain to lake margin (sandflat to mudflat) under seasonal climates with alternation
of wetting and drying periods. Various mudcracks, asymmetrical and symmetrical ripple marks, diverse small
invertebrate trace fossils and dinosaur footprints are commonly observed, and evaporite mineral pseudomorphs
and petrified wood fragments are occasionally present in these sheetflooding deposits. The bird footprints showing
deep and distinctive impression and raised rim by trampling are associated with asymmetrical and symmetrical
ripple marks and small invertebrate trace fossils on occasion and are rarely associated with mudcracks. It suggests
that the footprints were formed on wet substrate or in subaqueous condition after a sheetflooding event and suffered
short evaporation caused by subsequent drying prior to rapid burial. The footprints made by shorebirds or waterbirds
are commonly dense and bill probe marks are present in places. It is implied that birds were gregarious and had
high activities such as trampling and catching foods on a shore. It resulted in abundant occurrence and high
preservation of the bird footprints. The abundant occurrence of the bird footprints in several stratigraphical horizons
and sheetfloodig deposits formed on alluvial plain to lake margin (sandflat to mudflat) of the Haman Formation
at various sites suggests that the depositional environments of the Cretaceous Haman Formation provided good
habitats for birds under the favorable environmental conditions as well as the high preservational potentials.

Key words: Cretaceous, Haman Formation, bird footprint-bearing deposits, taphonomy, paleoecology, paleoenvironments
(Hyun Joo Kim and In Sung Paik, Department of Earth Environmental Sciences, Pukyong National University,

Busan 608-737, Korea; Hyun Joo Kim and Min Huh, Faculty of Earth Systems and Environmental Sciences &
Korea Dinosaur Research Center, Chonnam National University, Gwangju 500-757, Korea)
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Fig. 1. Distribution and stratigraphy of the Cretaceous Haman Formation and location of the study sites.
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Fig. 3. Occurrences of the bird footprints at the Gajinri site. A. A large number of bird footprints occur in a relatively
small area. B. Bird footprints preserved in dinosaur footprints. C. Webbed bird trackway associated with feeding
trace (bill probe mark) and asymmetric ripple mark. D. Webbed bird trackway showing nearly perpendicular turn.
E. Invertebrate trails (arrow) are associated with bird footprints on occasion. F. Deformed bird track.
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Fig. 4. Occurrences and types of the bird footprints at the Gainri site. A. Overall view of the bird footprint-bearing
bed. B. Close view of A. Mudcracks and ripple marks are associated. C. Dense occurrence of bird footprints. D.
Webbed bird footprint. E. Superimposed webbed bird footprints showing raised rim. F, G. Underprints preserved
in fine-grained sandstone.
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Fig. 5. Occurrences of the bird footprints at the Yongsanri site. A. Overall view of the bird footprint-bearing bed.
B. Dense occurrence of bird footprints. Symmetrical ripple marks are associated. C. Feeding trace (peck mark)
associated with bird footprints. D. Incomplete mudcracks. E. Invertebrate trace fossils.
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. Directign of
Longitudinal ripple "'PPJQ crestline

Fig. 7. Occurrences of the bird footprint-bearing deposits at the Gajinri site. A. Overall view of study area. Diverse
ripple marks and dinosaur trackways are formed in alternation of sandstone and mudstone lithofacies. B, C.
Longitudinal ripple. Current ripple and wave ripple occur in a same horizon and the direction of the wave ripple
crestline is parallel to current direction. D-F. Mudcracks commonly developed in alternation of sandstone and

mudstone lithofacies. G. Raindrop impression preserved in reddish mudstone laminae. H. Bioturbation. I.
Intraformational mudstone chips in graded sandstone.
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Z(Hardie et al., 1978; Calvo et al., 1989; Smoot
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7] B4sR HAZo aE AEET o44x
o §AST HAZAATS ek, 2001; WA
9], 2009; Paik and Kim, 2006)1}% -S-AFsH AMAFS
Bl o)t o] hifo] ELFURTANA S4H
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fine-grained sandstone)
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Fig. 8. Lithofacies of the bird footprint-bearing deposits at the Gainri site. A. Overall view of the bird footprint-bearing

“_

deposits. B. Sectional view of the bird footprint-bearing bed. Bird footprint fossils occur in alternation of fine-grained
sandstone and mudstone lithofaceis. C. Planar- to cross-laminated medium- to fine-grained sandstone lithofacies.
D. Graded sandstone lithofacies. Intraformational mudchips are present in the lower part. D. Calcareous silty
mudstone lithofacies. E. Close view of calcareous silty mudstone. Tubular and irregular cavities filled with calcite

and pelloids are observed.

HHE= H o2 njRo] o] 2 FAFY WA=
ST AU A FAEEl s
EAE Aoz A HET) o] ¢ GA| THFHE
EHZ o2 idd IS WES, 1L o3
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2009) 3+ YT AFEEAS YR

423 HolH Y =1 WA SR

(Graded coarse- to medium-grained sandstone)
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2Rt o] wh o] F2 ol FY3IA Y v L53HA) H
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BEsie] MAIEC 2 HolH HejE melt
o] AL A YA AFIE 7} wEE £9 YR
Al Aot 5] St

34 : o] I oA TIET AP Y] S48
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A AT R 3 GRS w523 ool A =
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Aot T2y 2 WA AdsErE EEE 3
WA AlARetel] vl =-do]a FA7F & e
2 FAA dedre JoR Hot o] S B4
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124 5589 A ol

(Calcareous silty mudstone)

714 : o] YA 4= cm WA 4] cm R E
g3, ek om MEeste] Bxo] ehts A

www.dbpia.co.kr



110 255

Fig. 9. Occurrences of the bird footprint-bearing deposits at the Gainri site. A. Mudcracks. B. Symmetrical ripple
marks. Mudcracks and ripple marks are common in alternation of fine-grained sandstone and mudstone. C. Petrified
wood fragments scattered in a fine-grained sandstone. D. Dinosaur trackway. E, F. Diverse invertebrate trace fossils.
Cochlichnus occurs in alternation of fine-grained sandstone and mudstone lithofacies (F). G. Evaporite mineral
(halite) pseudomorphs in a mudstone lamina of alternation of fine-grained sandstone and mudstone lithofacies. H.
Tool marks observed in a abandoned rock. 1. Raindrop impression on mudstone lamiae.
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8F). ATAGT QM ASE A9 YHFlA
olo} BT QAN Avfetol=z ST Sy
ENAETE R E vl Qe Aa-2 9], 2007).
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AR A AEAET o]%u WA B3] 4

e}, ol o eyl Az 715 Slol A wd} E
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£ 9 git}(Paik and Kim, 2003).
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o] A|gL FerEo| Ao sgsis Lo, A
o R FoMs e 4% WA 2 So= T
G Ao WA AEAET} o]gto] WBBH= QAfol
sk 0 2 wherElo] lck( 13 10A).
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(Interlaminated to thinly interbedded fine-grained
sandstone to siltstone and mudstone)
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Fig. 10. Occurrences of the bird footprint-bearing deposits at the Yongsanri site. A. Sectional view of the bird
footprint-bearing deposits. B. Close view of A. C. Mudcracks. D. Invertebrate trace fossils. E. Bird footprints on
aripple bed. F. Dinosaur trackway. G. Polished slab of interlaminated to thinly interbedded fine-grained sandstone

to siltstone and mudstone lithofacies.

o E9 A WA A o] AlAReE WA dEAET
FoM o|gfo] viEZ 0 2 ok ddEo] glck
(1% 10B). iz o= =2 AlARY WA A
EXE A3 A o|HESLE 7= A
€ HolA < vha, o] ASolA AlAret A A
ELE A2 7l e 7T e Bole
ulA| FolSE 7 eEErH(1d 106). AlEAR W
A ELE M B B AESE 5ol 2EH

o a1, M2 52 Tl 4 WA v
= Hols 3= EEn o4 AN E a2y
=49l Ade] &3] TEEm(1™ 100), &3 A
(33 10D)7HAEEnh E3 o] oAM= 8&
o] £3] Yeht=d], oI5 tiiEe] HEdEe=
& AL AR WAl oMFE olFH(H
10E) olS9] /4> 18 113} o] yehdt. o
WA= A A= 244 (Kim, 1969) 3 3-8 LA}
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Fig. 11. Rose diagrams showing the orientation of ripple crestlines of the bird footprint-bearing deposits from the

Cretaceous Haman Formation at study sites.
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AHEEL A Mol e BEER] gethe
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e 52 A= 9 i 7R =0th
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P &2 BV 3T oA BHEYo &
t}H(Cohen et al., 1991; Genise ef al., 2009). o|2gt
SHof| A F/iEo] WA o] % SR A B
Qe ol w9 FEi7E & BEE A IR =
9] M4 F7Het A HGenise et al., 2009). A+
A9l L SHHYolA TpFHE o=
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Ak 3C, 5B). ol o] Wr=o] Hal7] of
Aol F45 AL A ISRz Zolet. ojeiet Al
£& A7 Fekaol BRI B ol ¥ 2
2% 9 YETE 227 A SAE Hade] nEY
S ol oJErg HES HurR

wAo] B Lolx] B4E A9, AfHoR 3
I =53 FEjE 2ol |9k (Lockley et al., 2009), 2
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Fig. 12. Schematic diagram of taphonomy and preservation of the bird footprints from the Cretaceous Haman

Formation at study sites.
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Ahg A3t g Bago] Uehdth o= ¢ &
oA BH3PstHA & &Ko Sl HolE A7
P& 3 AoZA, dAF Y F FEAL
2 FAFA Y 22 E3F o7 EASH RS St
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Koreanaornis hamanensis2] 7 @] EMAY
(plover) 9] ¥A}=r3t §-AFSEIL (Kim, 1969; Lockley
et al, 1992), 7HX18] 2|99 EREA &2 =4
A A she Snethe B avocet) )
A} FAFSHEH(Lim et al., 2000). gHb3-9] A L=}
= shajmt ot Saluetol A WA A 8
2 BYES 22 B2 B S0} BrjolH A4}
= EA|H(shorebird = waterbird)e] 2]t A o]
tH(Lockley et al., 1992; Yang et al., 1995). o]&3t
WEo] AN EE AdH oz HAska 4gal]
S U Bl G, 29| o], Ho| T E4)
B S} e B, e 2elo] Fasit). 1
5 2ol 9 9 70| 52 7|%ohE Blo] ot 2
717} A& Eo] 59 G%7t wobx|aL Eof wEet
HE|AY, 710 971 oA &9 §=7F %
OFZ| L E9 Zlo]7} ZlofZIThH &2 A A5Hd 3
& mydth(Cheneval, 1989). E3t BAEL B9 Z)
o7} WHgo] k= oA Blo] Ahgo|ut B
SHH A EE3tcH(Genise et al., 2009). weEkA EA)
ol AAls7|ols vHlad &2 & Kol E71 1
2|1 G @R} 7|43 (brackish water) 7} 23]
SR fo] AT B0l A0 2 of AL

71%E Bl ja) GR7E ERak] o F 43
SR BRRED 0L FYUEo| HA5] S,
E3t o8 B2 ke BHFEE0] A4S0 F
o WAL ATFOZN FARERE Yo o
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Table 1. Summary of the sedimentology of the bird footprint-bearing deposits from the Cretaceous Haman Formation.

911

Site Lithofacies Sedimentary features Depositional environments Ichnospecies
Yongsanri  Interlaminated to thinly micrograding, symmetrical ripple, wavy bedding, lake margin (mudflat) Koreanaornis hamanensis
interbedded fine-grained  cross lamination, mudcrack, raindrop imprint, tool sheet flooding deposits (Kim, 1969)
sandstone to siltstone and  mark, invertebrate trace fossil, dinosaur footprint, Jindongornipes kimi
mudstone peck mark, bird footprint (National Research Institute
of Cultural Heritage, 2007)
Gainri Alternation of medium- to  micrograding, symmetrical and asymmetrical ripple, alluvial plain to lake margin Ignotornis yangi
fine-grained sandstone to  mudcrack, cross lamination, raindrop imprint, tool (sandflat to mudflat) (Kim et al., 2006)
siltstone and mudstone mark, petrified wood fragment, invertebrate trace  sheet flooding deposits unclassified bird footprints
fossil (Cochlichnus), evaporite mineral (halite) cast,
dinosaur footprint, bird footprint l]\_lJ
ret
Planar- to cross-laminated  grading, mudstone film with mudcrack, alluvial plain to lake margin '!H
medium- to fine-grained intraformational clast (mudchip), invertebrate trace (sandflat) [
sandstone fossil sheet flooding deposits Fg
Graded coarse- to grading, mudstone film with mudcrack, alluvial plain to lake margin _O:E
medium-grained sandstone intraformational clast (mudchip), invertebrate trace (sandflat) ro
fossil sheet flooding deposits -
Calcareous silty mudstone nodular, lenticular, bedded, pedogenic features lake margin
(rootlet, fenestrae, peloids, circum-granular crack, palustrine carbonate
etc)
Gajinri Alternation of medium- to  grading, asymmetrical and symmetrical ripple mark, alluvial plain Koreanaornis hamanensis

fine-grained sandstone
mudstone

cross lamination, mudcrack, raindrop imprint,
invertebrate trace fossil, dinosaur footprint, bird

footprint

sheet flooding deposits

Jindongornipes kimi
Uhangrichnus chuni
(Back and Yang, 1998)
unclassified webbed bird
footprint (Lim et al., 2000)
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R0 BESKE wob| BioHSO| WS M URIE SiAfE: Aha, SiMalIY Y DY
.| Anepisodic sheetflooding occurred in a lake margin (mudflat).
Yongsan” Birds visited in a lake for food and inhabitation during a drying period.

Gainri

B S
i

An episodic sheetflooding occurred in an alluvial plain and a lake margin (sandflat to mudflat).
Birds visited in an alluvial plain and a lake for food and inhabitation during a drying period.

abiley,

<

Gajinri

Ephemeral and small ponds were formed on an alluvial plain after an episodic sheetflooding.
Diverse birds visited in these ponds for food and inhabitation during a drying period.

Ephemeral pond

Alluvial plain

Formation.

Fig. 13. Summarized diagram of the paleoenvironmental changes of the bird footprint-bearing deposits in the Haman
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