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In Sung Paik, Hyun Joo Kim and Jung Gyu Park, 2018, Bidirectional paleocurrent records in the Jindong
Formation of the Gyeongsang Supergroup, Korea: Occurrences and paleoenvironmental implications.
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ABSTRACT: The occurrences of the bidirectional paleocurrent records from the Late Cretaceous Jindong
Formation of the Gyeongsang Supergroup, Deokho-ri and Deokmyeong-ri, Goseong County, are described, and
their origin and paleoenvironmental implications are interpreted. The bidirectional paleocurrent records are
observed in the cross sections and bedding surface of planar- to cross-laminated fine-grained sandstone to siltstone
beds (about 10 cm thick) intermittently intercalated with lake margin deposits (interlaminated to thinly interbedded
fine-grained sandstone to siltstone and mudstone beds). In the cross-sections of current ripples, bidirectional
paleocurrent records including herring-bone cross-laminations are observed. On the bedding surface dip directions
of'the lee-sides are laterally opposed along the crest-lines. Flaser, wavy, and lenticular bedding are also observed
with the bidirectional paleocurrent records. In general, they are deemed diagnostic indicators of marine tidal activity.
Considering the saline lake development in the Gyeongsang Basin during the Late Cretaceous and the absence
of marine fossils and the repetition of lake margin deposits in the Jindong Formation, however, they are interpreted
to have been attributed to changes in wind direction and velocity and discharge variations as in the Lake Eyre Basin
in Australia.
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wol7] Z(Haurerivian ) o) e H g2l o]z}
yrjsmoe] fEie] Al o] f B Weke s 4
YUoHHA e G A Folli= of2] 7|9 Q12 F
A EA S R S |4 EREAEC] BAEEA
o, o] FH7} 7P 2 EAEA 7L F A otk
(Lee, 1999). AR 2] E]& 22 Gottsche (1886)
of oJsf FHRtE 2% 0) XA R A oA ZRIETH
°]% Koto (1909)f| o3 73+ S417F 23
o] &]lem, Chang (1975)°l &l /w32 &
A7 R EEA Sl g 34, B4, L
ABE, AFE T TR 2ok A7} o] FolA gitt
o] & Bl AATTY EHSTS UE B4
) =257 Yo $AARA, 51, WY, B4 5o
3 B0IN FAE Aoz SRl m(Um et dl,
1983; Choi, 1985, 1986; Lee and Lee, 2000; Jo and
Chough, 2001; Jo, 2003; Lim and Lee, 2005), Chough and
Sohn (2010)2 vl &EX] 2] E|&F0 2 |45} T}
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]9} -2 o] 2L Qe YRkl 54
7199 EAQIE g, 4R SR BESA
£ g4t ohd BEA 02 @4 740 B2 8 24
2 E40) Buwsirh B4 540 A% W, 2
52, $227 HA% Sl thret S4o) U
£ INAEZH R 429 7]50] Yehe(Paik and
Kim, 1998, 2006; Paik et al., 2007; Kim et al., 2011,
2018), A& 7159 A 2AFFoNA s 7199
o} 73 o] Bare Hl Qlth(Yabumoto et al., 2006;
Kim et al., 2014). €% 7]122] 39, AZ3% 7|59
g 34 Yol JAE i Jd 9 &89 vt
2y A2 A= QO (Paik et al., 2007), )43
719 o] 73}HA 9] AhEo] tisfiAl= EERE sA o] o]
FOJ 2| 2] G2 Aefjolrt. HH T TARE
AFo =7 o]FolX FFolA= gRtyeg 23t
o A Foll A Ytk 952 (flaser bedding)2} ©]
£ I5ke frdsl] TN FERY 1R
71Z0] 2115 v} Ii(Kim and Paik, 2001).
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Fig. 1. Loaction and geological map (after Chi ez al., 1983) of the study area. A. Deokhori site. B. Silbawi site. C.

Jejeonmaeul site.
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2 Qe BRke g ojfold o, Bl Fol= A2
up B WRke] R 7150] S5 gEfsh U
R =d, O 339 -2} Yojw(herring-
bone) AREg]o]th(Collinson et al., 2006). o]} 2
FHFALY 147 7152 DEL A E] Yo A=
Hhe] kS 7HA] = 57 sk 27 29 9
&S0 &3] 2l (Reineck and Singh, 1980;
Nio and Yang, 1989; Flemming and Bartholoma,
1995; Dalrymple, 2010). o2} &7 wjuj = vlghe] vt
o] v = 98742 EXZ(Galloway and Hobday,
1996) 3} 514 B A5 (Alam ef al., 1985), T E &S
(Fraser and Hester, 1977; Ainsworth et al., 2012)
S 2] HYRAAE AR 8w b ok
oloh ZHe FURPA T4FE NS HH7E
ol A 2T stolH gz ejet g x| oo &
k= AES EAF et AA oA TEE
(T™ ). W2bA o] =Rollie YRt ez 5o 5
FEFZ A= TEs] o8 ol FYFL L
5 7159 FAAQL AV 71sstaL, o]59 719
I 2 AR1 &fn|E A5ttt o] AFETH= 7
AEA Y 1A A B4 AAF L= o]t b
o =& WaFE AN 4= U A= 7| Hr)

(<]

2] FHF 2| S-o|th(Chang, 1975). 2155-] 2Rt
2191 %= 2,000 mof| o] 2w, Wof7] whof 3H4d
ol o3t IAAFO B Ex B2 g3 =
o)A EB A3} o] Jrh(Um et al., 1983). D55
S AFA = AdiSA Azt 344, A2 Ak=
Soll &3l £7] We}7] €] 27191 Cenomanianoj| 4| Z-
7131 Campanian®]] o]2= Aoz A2 rKang
and Paik, 2012).

AEF2 FoAHez F24 239 uHgt
FA7E LREA Q1 A4 A 7] 40 FHeS Aol T
93lH, 31 FASo] dego] duka]l ST
E2|3-9] st9]ofl WEdtrH(Chang, 1975). 0]¢} A
A HolM WE5 4548 o= tH = 7
SRR B 2R Y 2SS A S Hopd
Zo|thChang, 1975; Um et al., 1983).
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AtA o2 AF32 A3 WA e = g
7 IR MY, AEAE, AFEARE GoE
el 2 Zpola] AR o dE Y WA A
Yol ol2= AN FAEE Aoz sfA =S
o, o] & EZ3o] vHEE o] Yk Zo] EAo|t
(Um et al., 1983; Kim and Paik, 2001; Paik et al., 2001;
Chough and Sohn, 2010). o]} &7 2 FFoA=
2git Aal 5 S 7Y FEY NAESC] EEA]
A =] o] 3lof, A FA] AAFEA] Yol &4
02 37 IERHS-S A AJ3] SrhPaik et al., 2001).

3HH 2552 = FJAHY A5 5 3L
A= 3Ha o] 714 Wol AFZE 2|52 2 (Yang, 1982;
Lim et al., 1989; Paik et al., 2001; Huh et al., 2003;
Lockley et al., 2006), 352 35 EALS ol3ls}
£ dloll - 783 FEE EAgt | Folot o9
S AsZolME AetRl=s14 (Lockley et al., 1992;
Kim ef al,, 2008)7} R332 AE50] Leftht,
A3} o] Ab&-o- =3| A|gH2] o™ (Chi ef al., 1983),
A B34 0] 4bE EF v S = Erh(Kimura, 2000).

FEH 157 EF7|E0] ERlE AFA ol
£ SAACE A3 s (HEg A L F
s E ] A9 sfdshs ElZFo] E25 9l
TH(Chi et al., 1983).

31 TMZ 50|18 =52l A

o] 99| AFF HAFNHE BETA B
A2 NS AN PPPY 45 7]
So] BAESIT

3.1.1 ¢4 A

o] X Hef fiLEo] Ql= XET EHFTE 253
o] shitofl sfigshH (1 1), B2 = ot
iAoz EHA0) Hof Qlrk o] EAFE2 Ayt
Aow TAHT A B L o]dFY F)ol
A BAH g3 WA oFe So= et AlgA i
A HEAET o] 53, WA WA AFgEE7H

s



324

Yk AlARE X AEAE, olglEoR mRY
Ao 2 wEE S WA ARAY, Yol 3elE
olFE B WA AYAL, HolFeE ol Rt 3
W) ARAREE olek B3] mE Y, $314e) 4
A 5] A HE 7199) 431ae) AE o]t

e

L 2 o]FojA glom(1Y 2), o] T 7P AR §
AS52 o|dBEY 7199 A5 WA g2 So=E
2t AIARE WA AEAET} 0]9ke] SFo|tHKim
and Paik, 2001). 3t Y5 E| &S A= LESF 7]
do] gAY Ty, A= T So] YERATH 1™ 2).
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thinly interbedded
fine-grained sandstone
to siltstone and mudstone

Planar-to cross-laminated
fine-grained sandstone

Planar-to cross-laminated
fine-grained sandstone to
siltstone/Interlaminated to
thinly interbedded
fine-grained sandstone to
siltstone and mudstone

<5 5 Calcrete nodules

Fig. 2. Representative stratigraphic sections of Deokhori site.



o|F ElZZNMe AT, AEY T3, g+
2, 9, AWTR, 02719 HAT2(Microbially
induced sedimentary structures: MISS) 5 t}Fst
£90) HATFEE(T7 dac)o] BT o] Ao
ASoA ATt ] A2 RIER] ko, 38
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Fig. 3. Sedimentary structures observed in the Jindong Formation at Deokhori site. a. Interference ripples. b. Vertical
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Diplocraterion ichnosp. 5-2] A &3}4] o] T2HEt.

31.2 FLF 347 71

S WA gk S22 wEske Al-ARE YA
AELED o|¢e] HAS3} i Ho| WedH 10 cm
el =72 AR WA AEAE E252] 5

stratification in infilling sediments in mudcracks (arrow) by the repetition of shrinkage and infilling. c. Raindrops.
d. Groove casts. e. Wrinkle marks (one of MISS). f. Cochlichnus ichnosp.
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ZAAZEE 20 WA 30 Wel, frds w2 5
WA 10 cm W 9] E H LIt}

AESE7E HEE A ofgol HAZ|AH
< 7H = WS E8350] HolAl #AE 7t
Ao dhgE kil kA o & veht, o] F9- 3
A7) A H 9ol W AFE S Q] FArE A
2ol 2 AFE S 9 BAPTFE A= vl ks
RRITHIH 4a). o]2jgt EA4o] WEEo] Q= 3%,
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2)¢] EAo] Uehdth 29 4d). ¥HE Al & wg
fraEo] 2 7] 33] A E o] el 9o
Z}zko] AR JAZIAEE 7HE WS
e glo] frdEol SHEH o, o] AL &
$AE Y AIEE] 0] AAPpge ST e s
kel g welh, Avkd o2 AdEe] HF
=9 FAE=1 WA 2 em e, BAASE] B2
FAE 5 mme| 72 E Hlck

g o] A o] EFZolME A&t S ALY

Fig. 4. Bidirectional paleocurrent records (a-d) and flaser, wavy to lenticular bedding (e, f) observed in the in the

Jindong Formation at Deokhori site. a-c. The paleocurrent (arrows) in the current ripples are in opposed direction.
d. Herring-bone cross-lamination (dotted box) e. Flaser bedding. f. Flaser, wavy to lenticular bedding.



of B25 3t ubso] Gl AYAS A AEAE
w4 Z ol 4 EEA 7 BATTHLY e, 41).

32 147 olo|H HEHa| X[

o] Z|Yofl= A= 25529 Tkl sgsh=
(2™ 1) H2&S0] sietS weh dEA o2 g F o]
Pom, YR 2 o] Bt JFS oA
WY A 7| 50| wEE-

3.2.1 ¢+ A

o] AHoll= Hst g2 A9 255 vt
72 HkA o 2 Sl oA HTof o]2= 2
739 & 3ol viEE o] WdEo] Qi o] & 7
AR EAF2 4 o] AH Y 71He A U
A gFe So= IRt A-AR WA HAEAES o]
Ao T3oln, ZFEH o= B WA AESETHE
23 A EARE WA HEAEC] FAE ] St o] A]
9] E&Z t4-2 Kim and Paik (2001) 3} Paik et al.
(2001) 9] =2l “AI5] AlAI= o] $Uet gHH Houck
and Lockley (2006)+= ©] 2|92 X153 E]& 3] 3t
AR E 2 E] ShrE dEEA Q] e s Hustge
™, A7 7] L] HH4 By} A EAHY
T2 Tl A7 A9 AF5 F Aol A e
o] 2|H 4] AF5 AT 428 557 34
IR F B ol Wi EEA AREdhe A2 A9
shals A2k 9] A& o] v~ A|gHa] o]y, Skolithos
Y FAFTE S0l 7 HHFNA HF
Aoz jhEHrh 3 o] A9 5T EAFolA
< 245, 4% o4F Y 0T 35 =
SHo] i3 0 & AHE o](Yang, 1982; Lim, 1990;
Lim et al., 1994), ©] X9 <] i3t dj+= 19994 of
A7 = Al 41152 A4 Bl low, A=
SPAE B o 2 AzgltKLocKley ef al., 1992). Paik
et al. (2001)& o] X Atz FFEAFHAE9 3t
Aoty A B9l 3 E AR 9 vheAQl
AHE0] 7he Al71el 35S0l =5 97 H8l &2
EWHEZ o2 BEg Al Ao = AT
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g2 A-eRE: o] A ekl leEH o] =
A LHIFEARRT WA AE2ET} o]9ke] W FS) U]
A Lol H(LH 5a)°fl K=o 9= 10 cm W2
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FAL AP WA HEAE EJFSY] BT
A AP EAE TR e 45, B33,
233 Fo] WHEHH 5b, 5c). o] FEol= &
FAEo] HHEE o YEhuH, o]F fdE el
A 4F0| wako] Wa S whEh A2 v
£ 7150 YePdt 2™ 5d, Se). A7 fr=dE9] 7]
Aol W] o] FHE(FA 1 mm =Tk Zo] 1em
W ejol| A 4= mm)o] thA| = F2]ol| BPstA A=
o i A o] UEhm, U7 o] HES |zt
2l Hulj & (imbrication)2 B ITHIH 5e).

FrdEs dAz 5 3] FHEH Uehv, &
FAEo] A U= HAS oFfole IA7IA
S 7= B ESE "S5l HolAd BAE
7= g o] gnbAolt f4AE ol
2] = AFESE 2 BARRE tiAI= 205 e,
sl 2 4= cmoflA] 10 em Wi 9lE 22l
o Ak oz AgSE HEFe FA= 1 om Y
QoA = mmE Holn|, g3 EHZ T
& mmf| FEE Btk AL FH HYS
WellA AHdS-2] 9] BAPgaFe] gash vt
A2 Uehuhe o] Uehum, AR = Aojm
AFESE Y] =S Ui 1E Se). BHH o] A|H &
TAR EJFFo A o]¢} T2 EAS Hol= EF
39 -2 o9 A o]},

grga] Ak 32t o] Ao leEHol Y Al
ALY U] HEAE FH 30 Sl dEEo]
V= frrdEolA FEFEY i TS AA
3 = 540 BEETHH 5f). o] A& oFA
WA obgAdg el A& (crest line)S Hojw,
S/ 9 o] &4 F(bifurcation)o] AFHA 2 1}
ettt o] A& a2 15 cm W&, il 4= cm
WS BRItk o] fAEe] 7154 oFddrde] 1
T 54 459 Y zFH(lee side
oA TEHE & FUT HFH
SO Y2 &5 AApLRRo] dEgAle
uhe} B 2 Wsleke Aol
o 22 HA7S2 T
fFrrdEdAE Uetd ¢

=20
ol =

(]

AL AL X A8 Ee.
FIEAE olot 2L 5 HAwA 0] g4

S URIEEH Y AR 9 4ol 9] st
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Fig. 5. Bidirectional paleocurrent records observed in the lake margin deposits of the Jindong Formation at
Jejeonmaeul site (a-e) and Silbawi site (f) in Deokmyeongri. a. Panoramic view of Deokmyeongri site in which
lake margin deposits with dinosaur footprints are well exposed. b. Sectional view of lake margin deposits consisting
of interlaminated to thinly interbedded fine-grained sandstone to siltstone and mudstone beds with intermittently
intercalated planar- to cross-laminated fine-grained sandstone to siltstone beds. The bidirectional paleocurrent re-
cord-bearing fine-grained sandstone to siltstone bed is indicated by arrow. c. Flaser bedding. d. The paleocurrent
(upper arrow) of a superposed current ripple is in opposed direction to that (lower arrow) of underlying current
ripple. e. In the left the paleocurrent (upper arrow) of a superposed current ripple is in opposed direction to that
(lower arrow) of underlying current ripple, and in the right herring-bone cross-lamination (dotted ellipse) is observed.
f. Laterally opposed dip directions (arrows) of the lee-sides along the crest-lines are observed on the bedding surface.
g. Opposed dip directions (arrows) of the lee-sides normal to the shoreline are observed on the modern tidal flat.
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o] Applo] wregt ol X AE S Bol A BHEA
tH1d 5g). o] BAFS ME o] Fo] et Ao,
§59E0) 84 & AARRNE oot Zow S m
Holzt 27X A el s8] AApao] st
202 FNsiT7} o) F URl B AARYao] &
x| Zow AdElo] Yri(Y 5g). oo} e WAL
Yo 52| Tt 8% AARI} WEHT)
£ Mo of 4TS T uhe Aulw a4 Erh

4. E 9

oA 71&3t 153 EAS HollA E1E
PO 147 7155, TP AR WA AEAE
o|¢te] wF ol WEH 4, 9y, A=F S
< A 59| Hsto] et FURE S|4 ARk
slof| wheh A2 i =)= ko] 77 e 2
) Ao EJ@ 3o EAAQ] BlFA2g dEA gt
(Reineck and Singh, 1980; Visser, 1980; de Mowbray
and Visser, 1984; Nio and Yang, 1989). AA|2 &
A d AZAAY o] 27| E|HF oY o|ef 2
549 Rz} dikd o s HaEo] glom(Van
Straaten, 1953; Evans, 1965; Flemming and Bartholoma,
1995; Dalrymple, 2010), 9-2]utete] 2 @ =H|A7]
27 B33 ST wEFolA HowAt
22 (Park, 1992)9} 974 WA A= 529} 3k
7 7|15 (Paik, 1987)0] 242t Ba1E Hf Qlct.
b o5 BT ARSTS 4T A, WES
of Sao] Wgat 2o o] YglH Ao o
2 4 glom), At 9w spulo]d BaE g4l
2ol e 5EY Ao JHAY Edt ]S
w3l gk, Tt 1550 Eldo] o] Rolx A4
A= WSS EFEA R gEA 2 (Um et al., 1983;
Choi, 1985; Chough and Sohn, 2010) #5354
ST E AN 2 e Sho] WHE Ho| glo
5] AR ARSI B g BAZSAS o
B 94798 ZAJBRe F1S0|tHLee ef al., 2004).
1A Yabumoto ef al. (2006)-2 X153-0]A] elopiform
4 albuiform o|F(EAY Q] -9 T2 virhol| A A4])
sheo] AFETS TA R, AFF9] EF Aol Xg
2 o = virtel 717k A Fold A e = A%t uf
o, Kim et al. (2014)& AFZA A+&H ich-
thyodectiform®] ¢] 73} 0] Hu ef al. (2012)°] A|
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AIgE A7 o7 AejgeF Aol A9 st A
ol o= 7 = AR HE Yk T2y o] 5 o]
2 3PS LSk AT WFZA A2
£ EHESHL BT 247)98 2AeTH(Lee o
al., 2004).

S0 ohd $48742 A4S, SRS
SREHFA P 5ol ofet F27h way
St Alam et al. (1985)2 T3 FA|H-o] S 514
E| &S0l A Fa ol oF i #AR1 Y
ofWAIEE)E BTSN, o] HolwaE2)} skl
ube} A7 e Aol B4 Aol 4 Bl 2ol
Az ote] PpRolH A7 o2 dAlFo R AR5t
o Uehd 239]8 ggit) 81 Fraser and Hester
(1977 =t ulAZkE ) Sekel HAE AFAEAS
oZRE 71§39 U ASE R

%, T $F TS et SEL cdokR o W
o] nhE o)L, E e §3L Foto] was)
£ 2Eoio] o3t Rol ZE FR o YA 4
o W Ao 2 Ao R sj4}girh(Fraser and
Hester, 1977).

2 Etok(playa) ¢ &5 Eyre%9] &
A BAHHZNE ditH o2 ZHRFY o
o 22 WIE 5o ofF AT YA U A
2] 9] AHZ(foreset) 5ol WEE Huuhmud drape),
ASE AHS 729 94 7 ws) o= i
H "Hulu}, A4S} H (reactivation surface), Ao}
W AlS2], 35, B35, A=233E F(Nio and
Yang, 1989)¢| B 1=} th Ainsworth et al., 2012).
Eyre2 9] o]& E|AF2E52 v Wk QA &
T W3}, f9lege] W Sofl ot A2 sfjAE
Sch(Ainsworth et al., 2012). $HH Ainsworth et al.
(2012)& E3f | ¢] Egtolofir] Fefofsa
A Zof| M & 0|9} 7o 27t 7| o] B& g wrgt
< glsk4t

27 W97} 1145 km?o] o] 2= A AA A 7+
& WEEA F9Y kel EyreZ A& &4
Q1 AZA (A Bt 79 125004 750 mm) £
2, 4 E59 92 v 19 19=04 24 7]
91 9] 391 0] A wrekEo] gIc(Habeck-Fardy
and Nanson, 2014). ZHE& 0 2 2| FAR} o9 &
© Eyres BAlol= 314, 54, B4 S| HE3A
o] FAJ=]o] gl.om, HR|holl= 4= 2] 423 k<]

o)
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371E 7= A8 79 AZ(salt playa)So| EE
%o 9dtk(Habeck-Fardy and Nanson, 2014).

Astt e el dggt A2 7%, Eyre
3 EZFolA Yehhs AR AHSE] dEE
Hujuta} o g Way oo, ARSE JAHS
=9 37 £ W3} Fol & U= ey, &
TAE A A O AT HAPYEF G, A ojmAt
28, AZHAA Y frAE HeEZFH FAPRF
o] 9, 443, B35, A=F3d Y I
2 X535 BA Ao 7Y o] dHE=E
o] A5t A A8l &t

AR R 347|990 EHF o2 o]Foxl 7l
E3Y AL, i Adsoly At st Foll Y
A ER7F A H o= viThe)l A E o] 249 G
g o] et PR LR V1S sk
< 4 Stk 2y AES FEFY 1eF 7180]
Uehhs B339 -9, AutE o2 Haj7|d 344
O] AFEEA] GF1l AR 8 9 E|F o] HEE
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itk webd A5Fo] wee e 18R
7128 Wat N2 vAZkE EE 579 Eyre
5 EA 0] weH I 1R 7183 SA
o2 NG 4 gtk Tt A5FY P
4§ D45 7 80] WEke B 20 THIHYZE
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S TR 7=

o] 71o] At E B A5 FHFA 7 7159
7 g A4S ok

Aol HaE AARAE w0l 918 3
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A W) F]ol Aokasel] 93t AR 7159
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