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ABSTRACT: Lacustrine deposits of the Miryang Sub-basin in the southern Gyeongsang Basin, Korea, were
synthetically analyzed based on the sedimentary facies, fossil occurrences, paleosols, and stratigraphy. It is deemed
that lake basin in the Miryang Sub-basin was initially formed by the depression due to transtensional movements
in the early stage of the Gyeongsang Basin development. Subsequently, diverse lake types were formed in the
Miryang Sub-basin by the temporal changes of climatic condition and fluvial processes, together with the tectonic
movements: floodplain lakes (Nakdong, Hasandong, and Haman formations), ox-bow lakes (Hasandong Formation),
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fresh water lakes (Jinju Formation), saline lakes (Haman and Jindong formations, and Yucheon Group), perennial
lakes (Hasandong and Jinju formations), ephemeral lakes (Haman and Jindong formations), balance-filled lake
(Hasandong and Jinju formations), and underfilled lake (Jindong Formation and Yucheon Group). The stratigraphic
changes of lake types in the Miryang Sub-basin reflect the tempo-spatial changes of paleoclimatic condition during
the sedimentation: in stratigraphically ascending order, humid (Nakdong Formation) — arid (Hasandong
Formation) — humid to arid (Jinju Formation) — arid (Haman and Jindong formations, and Yucheon Group). It
is interpreted that these climatic changes resulted from a progressive increase in orographic effect. Common
occurrence of the evaporite minerals in the Haman and Jindong formations suggest the development of saline lakes
under arid climatic conditions, and it is expected that significant amounts of evaporites were accumulated in the
depocenter of the lake. This suggests that the depocenter of the Gyeongsang Basin could have been below sea level.
The frequent occurrences of vertebrate tracks in the lacustrine deposits of the upper part of the Jinju Formation
and Haman and Jindong formations might have been attributed to that lake exploitation by vertebrates became
more active and preservation potential of the tracks increased during drying periods. Overall stratigraphic changes
of the Miryang Sub-basin lakes in the sedimentary records and paleoenvironments are correspondent with the

paleoclimate changes and the tectonic movements in eastern Asia region during the Cretaceous.

Key words: Gyeongsang Basin, Miryang Sub-basin, lacustrine deposits, lake types, stratigraphic changes
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BEEE Yo Exsks A WY A
Aol eixl= AS7HA] S419 E 2 g
A eHE] SHOA o] ARl o7t AP}
Peigiet. I A} ARSI ARt 23 SA%
27 Chang, 1975) E= 8] tst sj20] o]2o]
Hom(Um et al., 1983; Choi, 1986a), 8] S04
= mrh 7AH D8] g ol HEHT
ItH(Paik and Lee, 1998; Jo and Chough, 2001;
Paik et al., 2001a, 2001b, 2004, 2007, 2019, 2021;
Jo, 2003; Lee and Kim, 2005; Paik and Kim, 2006;
Nehza et al., 2009; Chough and Sohn, 2010; Hong
etal., 2012,2020; Kim et al., 2022; etc.).

A= agbgol digh si4S EF o] dAR
o8 ot A7 S v e R 12 9 1A
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Aol E8E AARAY ArAl 1A
2 A2 SRl FHEA G AR LA QL
o, A Yell= 7Hg At o deE SAA4AE
H|Z5}o] sHdofel T4 59 2ol B3t Ao
2 )4 = QtHChoi, H.I., 1985; Chough and Sohn,
2010). 327|159 A Akl e
AlE 9 FESH T e Y &4 9 g4t
FEHEY B4 5& EUE BTS2 EHHTA
9] 7|15 2702 A¥kd o 2 243t koo, xet
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1987, 1989; Paik and Lee, 1998; Paik et al., 2001a,
2007; Paik and Kim, 2003, 2006; Hong et al., 2012,
2020). o]} oA LAY e $HE o 9 4SS4Tt of
Aopakgol gt A5 B ez, FAHEA $44
B A AF o] gt FEA QL 34 o] o]Fo|R] L gtk
(Paik et al., 2019).
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I AFEojoF & 2S5} A A7 S5 thE A2k
=9 e =Ho] dasiH, o]} A okt
ATEATES TEH R A5k Zo] D asitt
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S 583 71ZA FA, A6 % BB g
A G o= E I a-87HX7F 2] wet, 20
A7) F3ke] Eof SAEHZ] that Bl ole
w2 EZXYsH AT B Z715 gk A4
S Z(Anadon et al., 1991; Gierlowski-Kordesch and
Kelts, 1994, 2000; Renaut and Last, 1994; Bohacs
et al., 2000; White and Riggs, 2001; Tiercelin, 2002;
Cohen, 2003; De Batist and Chapron, 2008; Giralt
et al., 2010), We}7] AR o] FHEHZS Et
787 0] B4t Wk 3ol e ols) @ A4
A 5ol $-85P B8E 4 G Th st
A HHSo0| 53] A =] )t
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o] At
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o=, B, A AEFY, S4 5ol HiRt

3 &
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A B40] 137 B4l Tt ek PRI o3
o WHE BE, AAEA Askaby Foto) 1o
wiske TYH O ofdshe ol vie AEe &
89 5 92 Rolck
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-

22850 540 Ml tisiM= A7t
A rgeRRt AAP7E EE 0] AR 2 (Choi, 1986a;
Lee, 1999; Okada, 1999; Chough and Sohn, 2010),
7201 o]of2 AR TEEA] J3), o]
e etz et B84 Wapome) Yyomn
B 7]21% v & X g o A 9] 31 A transtensional)
SEoRRE YRR ko] AZH FOR A
A=A THCheon et al., 2020). ©] %] Q]3] HBAF
EAY] AZ AR A= BEEA-EEE H
JEIEo] GAEON, o] F AWE HUL] roll-
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backe] Ja) £79] F7bol FHo2 B
X 20] JEl 77w BAISTe] Wito] Yolk
AR2) BARA RE F700] BHE AL2 S5}
STHChoi, 1986b; Lee, 1999; Okada, 1999; Chough
and Sohn, 2010; Cheon et al., 2020). 38, Al5=
o B33 TR A 7199 ZE3HP A0 digt
A& BAS AR FAEA HY 27 oll= 24
A& sHitazE dagiso] 2ol o]FoZl Lee
and Lim (2022)2] Aol A AA = ATt 0] ¢} 3HA
BEEA AE 719A0A 9 2H7IAHY] EA7F
Lim et al. (2019)7} Paik et al. (2020b)0] a4 =
A= et

7R A Zoll gk Z-41= Koto (1903)0]] 23]
Aoz BAEo =2 Hd o Tateiwa (1929)9]]
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o FA FEE AFAS 437 £ B A2
2, AR AS(F TS ol tigt AAAQ o
ZAFEE-S- Chang (1975, 1977)1} Chang et al. (2003)
of o) FF =it 3HH, Um ef al. (1983)3} Choi,
HI (1985)= 43+ X549 EAEAQY &
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et al.,2018b, 2020D).
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Fig. 1. Geological map of the Gyeongsang Basin (modified after Kee et al., 2019). Localities of the studied lacustrine

deposits are marked on the map.
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Fig. 2. Occurrence of the pond deposits in the Nakdong Formation. a. Pond deposit consisting of dark gray shaly
mudstone (arrow) intervened between fluvial sandy deposits, showing concave lower contact and planar upper
contact. b, c. Pedogenic slickensides (b) and pseudoanticlines (c) observed in the shaly deposits.
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Fig. 3. Occurrence of the pond deposits in the lower part of the Hasandong Formation. a,b. Pond deposits (P in the
photos) consisting of grayish shaly and calcareous mudstone intervened between fluvial deposits. c. Sectional view
of the gastropod shell-bearing calcareous mudstone. d. Articulated (lower dotted circle) and fragmentary (upper
dotted circle) fossils of bivalve shells observed in the calcareous mudstone. e. Pedogenic slickensides (dotted circle)
observed in the mudstone.
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SHE] g oltoll A= F 50 em Zo]9] & o]
5 SHAo] AREE (T 4h), AR Al g E ol el
A NBS3H o] o g AREEr 3HE o] A
A E|Z oA AEE GBI Mg o]gt A Ao
X Azt SR3k40] BelE|gl 0 5i(7F 4i)(Choi
et al., 2023), 25 3-89 WA= 3H4o] T
At

9ot 2§25 THHAZ| HASHE
559 52 Wlol ANH 549 et Favt
o= AARITE & 2ttt o] SAHEHZY 5
A2 AFEA SR R0, o] HHFLE thait &
Sk S A2 Ao FANFEL AT F7)
o o8l 47} o] E|HA|, T4 FH AS
H| 23 22 A 34 - A3 ESGSo] F4E
A2 AT 717 =5 - oA /" 3o 35
S - T fao] et 34 $E. 3HE HEES
TEFO S 34 FA4 FA9 7|E270] 7]
o £717}F F=3lo] Ak AP 7|5 S-S Al
AlgFcHMack and James, 1994; Demko ef al., 2004).

3.13 A%

AFF-2 BAEA7E BAH o|Fo Aoz
Efb= FHFA7E 1,800 mof] Dot it 34
E|HZ(Um ef al., 1983)0|t}. o} AFZ2LS 7
e AS F AT, ASFEHS, 2E
Z2ulEgto|E 5 54 39 EA4o] 71 F3IsHA
et B33 o g, BRELY AlF7HA Q] Wt
- theFstA Uehbe AS-olt(Um er al., 1983;



Paik et al., 2019). AFZL AT EFZT} 43
MREHZoR o2olq st 342 4%
st 2 RE 7| U3 AZSE RS o]of Rk
SEYHAET AREAE So| Bkl 9]
on, Q3 S0 w2 e 55 4k
9] H3E HQItUm et al., 1983; Sohn, 1989; Choi,
1999; Paik et al., 2019). 0|9} ZH2 AF= EFE
23] ARl AT A E7HA ABHE L Paik er
al. (2019)%] =4 B =it ole} A Paik
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et al. (2019) X739 B2, 4345, 534
H42, DA% SUCRIEE, A28, 1R
~EZHIEEo|E, TAN7|S Sl we B4 S
Bz, 55 Id gAY Akl BAEA &
o] Bohacs et al. (2000)°] AJA|St T4ER] g
T Ee 713 A2 719 SN FA AFFH &
$=E | (balanced-fill lake basin)o] | Fsh= A o=
AR 7HE, AFS et W frled ¢
2FHYE B AR e R, A3 HukAel 1

98 fish (Lepidotes)

twig fragments + conifer twigs

Y

twig fragments

bark fragments

conifer twigs + cones

-, angiosperm-like fossils

lenticular-bedded

T medium- to

T fine-grained
sandstone

LEGEND

., cakareous
.| fine-grained
~~ sandstane
planar- to cross-
S= laminated fine-
ained sandstone
1o siltstone/mudstone

calcareous

Dl sandy to

silty mudstone

dark gray,

shaly mudstone dark gray, calcareous
silty mudstone

grayish brown

! fine-grained E grayish brown shale
sandstone

dogenic carbonate

56T, calerete nodules

caudal fin

Fig. 4. Occurrence of the plant fossil-bearing lacustrine deposits in the upper part of the Hasandong Formation.
a, b. Sectional (a) and oblique (b) views of the outcrop of the plant fossil-bearing deposits. c. Distribution map of
the fossils on the plant fossil bed. d, e. Overall (d) and detailed (e) stratigraphic sections of the plant fossil deposits.
f. Bundles of conifer leaves with cones. g. Angiosperm-like fossils showing the pentamerous organization (upper
arrow) and the axes terminated by a cup-shaped organ (lower arrow). h. A fish fossil of Lepidotes sp. i. Partial clutch

of the turtle eggs.
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7% BA4E oIz} ol g 7157} LT Ao
=2 3[4 = AcHHong et al., 2020).

3.2 5lY=Et

2750 54 o]0 AARA= T2 F
AR gt sHikE 9] 71, 7St 55 4
o, 59 AFF+Y ASHE= HE F <
Hol= X F50] #A] el BA= AT BFAEA]
of| X 9] B}k B A Y AR Hatt dit e 34
E| A3 AT Al dEE s E Y 5A5<
ARF o =R A AFF2 sHikES 0]
o] A |g H2M B339 vl A7 veht
= HASo R, AHALY St A Fo] A|Hl A ¢l 5}
A3l s BAdetH e Ue 5 vlwd AR A
A9 sHgEollA ARl EAF o= A=t Um
et al., 1983; Chough and Sohn, 2010). o]&} Z+2
EHEAG R Qs ARFolA Y TAHEHS T
of gt Bl glom, 500 m oo S35 713l
o= Etstar, A1 Q1 EjA T A7 A e
2 o|Ro|A QA &2 Aejoltt. AR Aflol T
9 A £33 FHAA) EHF R T4
o dirgro] RAgtct. =y A=t et Adlol I
H 1S AR A5l ek AESollA= o
Ala BAE RS dgo] e, o] 59 AM2

cheat 2t

(¢

3210

A SHtESH A BT AS F
F2M B 430 vHRA Q] YRR EA == HEH
Ql X|Zo &, £%7} 2,600 moj 3K Um ef al.,
1983; Chough and Sohn, 2010). A&3t sAHES
T= gy, kol sher]9e) At e
7| A2 E Q] Wigo] A|gHE o]t} o] = §et59
g 2jo] 7i<F(unconfined flow)7} $-Agt 524
B S0l olFoiFe2 XISl F=H(Chang, 1978;
Um et al., 1983; Choi, 1986a; Chough and Sohn,
2010), B|ZSE EF ] H WFeL A A,

oloh e UM 0T el FeIE HHEA
He g, A AT FA d¥ol 22k #et
3 ARAAL B HHFo] WA e 5
m WA 4 m ol FA Y EAS dgo] By

v} QItHUm et al., 1983). 0]2} 3] A Z2H &

N

Ze]9] Pk Aol TS %95 oY)
AZo) o] MWshi, TEGET FUYFEE

o] &3] TgE Ao T ol2s 9

g8 0] UePdth(Kim, H.J. et al., 2018). o]} 7+
< HHEALS A dolie 7Rl ek AR

E A Zo A= & JEFGTHKim ef al., 2011). TS
A AP Alemof g kS A Bl Sl
A F2AM E|ESo] AR TR 7)€ §
o] oF 40 m FAZ e, o]2f3t EZHEA
< Y A9 XS AETH FARE EA4F
=)°IthSo et al., 2007). o|2} Z2 TS Aol
Mo kB YA B4 HHEe] B Um er
al. (1983)9] B0 &= A|A| = it

SHH, e et 84t d¥(Kim er al., 2011)
I HE BAIA] RE(Park et al., 2017)9] FeH5- 2
AR HAFANE H1Z BeA H2Fel A, 54
Fuise] A A ol HA3Y SHo|
URERGIEE, AR B RIS o) 4
A Zo]| A= Tot 7|99 Skolithos HE3FAA I} A
3 A719 ] Mermia AE3}+4/39] ddo] B3]
th(Park et al., 2017)(18 5a, 5b). o]} L 34
A5 YEEALS A sHAA 2 2 o7l
A 7H 8 9] et S5 EASoA = vehd
thKim et al., 2011). T3 $oHET} A Ao 2
== 24 2199 75(Kim ef al., 2014)3}
A 2] &(Paik et al., 2020a)| A= TAEZHZ2]
TgEA o] ettt o|F EAZA= 3-8 LA
= 3} o] &3] fHtE o] gl5o] EAo|tt.

7112 9] §etS E - FolA= 4= om F=2 uf
T &2 FHoA FHEZ o FAE AAFY
EdEo| Hlu A wE f&of o8 FAHE A
< ol SHE HH7Fo] FHo| yeh=tdl(2
d Sc, 5d), ol= TAF Ao HHo| dojd 5, A7
2 A Gof| &t TaFo] ARz I
2= AAE E o]9F 22 FH2A EjFFO R o]
Fol7l et o] BHEAZoM= ELTE T
9] n|yE7|Y EFFZ(Microbially induced sedi-
mentary structures, MISS)7} & YERATtHPaik and
Kim, 2014)(Z1¥ 5e, 51).

olfol At A2 AetE W SAHEHF WIS
42 e HA o] SAH Y oA =31 2R

5 59| AT A E7F TS wetet dA
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A3t W73 WA S} 2400 m oAl D5t
£ AAE 2 HEA SHHEZO|HUn «
al,, 1983). W8] 1) HEZ A9 ofe] A
ol A] o|Rol7l B2 Weky Aot AT AT
A% B FHHOR tha Aol gouk, HANHO
2 B4RUE RS9 AP WA A=

o F

Fig. 5. Occurrence of the lacustrine deposits in the Haman Formation. a. Skolithos ichnosp. b. Mermia ichnofacies.
c. Sub-linear wave ripples on sub-sinuous current ripples. d. Closer viw of c. e, f. Microbially induced sedimentary
structures. e is wrinkle structure (dotted ellipse) on the bedding surface, and f'is roll-up clast (dotted ellipse) associated

with desiccation cracks.
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Fig. 6. Schematic diagram of the paleoenvironmental shifts associated with ichnofacies changes on the Haman flood-

plain due to alternation of wetting and drying periods.

AEo] 9% EE G302 WIFH: Aol A
w02 wreren, =o]9le] BN ESTY
2 ehatedeho] £5] Lt 548 HeltkKim
and Paik, 2001; Paik et al., 2001; Paik and Kim,
2003, 2006). T, A2 AL} FrEAEo|
RIS Ve, kg AFg5-2](Paik and Kim,
2018a), $-&, &1} A1 50 S35 5 (Paik et
al., 2007), B|RE7] 2] E]ZFLZ(MISS, Microbially
induced sedimentary structures) (ZL3 7a, 7b), E
2™ Te, 7d), AX7]He] AHAEAHFY L2
(SSDS) 5 o8 49 1184 7| Zo| Yehdt,
3 53 7Y "zt et o W
H B3] HA5S met AEyos geHES
-2 57 = em W 9] S4 E= A=A BHAS
o] Yeht=t. o] g48¥d FE2 ferro-axinite R
SRAIFJATHIH Te, 70). °] HHFY 1M F=
Hpoz nzol, o] HAZe FUTBAY WA
e S E Tt Warren, 2010). 0|2} g7 H1=2]
Aol glont AEFo S8 B Tt
e (Houck and Lockley, 2006), 2355 3t
A=34(FF, M, o8)o] &3] AEEE S48
HO|L(Paik et al., 2001; Kim et al., 2008; Kim
and Huh, 2018) FA4|3}4 o] Abk&-2 vl =&t}
et 22 AIEAL, WF3 HHo| Ayky
oz A2 7|57 AufAQl 7he-Elof 779t 971
7h HHEE= AEA 71504 o] RS A AIsH
o, o3t 7|ex o2 Qe STk B 9E
%9 71E0] YePATHUm et al., 1983; Paik and Kim,
2006). wEbA 53 LD FAIS ANHA Q] &5
A EAJ-2 Bohacs ef al. (2000)0] A|A| 3t T4EX]

g F Ax 719321 v|gd T4E A (underfilled
lake)o] Bl Ao 2 | Hct sk, AF=e
LS buee B e s P K N R e R A o
25} A Klo] sk 2539 B Ao 3k v
Re AO R A Er

SHH, X532 EHEA T A= QlojA E
FA a1 BRA S 7] 2jo]7} vpehdt). §RA| S
< ERA Ao v|af AFS(ATE A, B W
A ARSI AR 5)9 o] HIdst
I, SAFE WA TeFiait BRSO 8
ZZ)o] AujAd oz YePdTtHPaik and Kim, 2006;
Paik et al., 2018a). 0|} 37 SHUFES0] =5
ASEY, SRR ST FAFEEY e
Ko 53] AT AL BolckPaik ef al., 2001).
ERAGE FRAIG| vlsf §3EAS0] BV
SHA FAIsHH, N B4 59 dEo] Algta o]
3, ATAEH 9 HHF(AHE o HEH o|dD)
o] &3] grdstti(Paik and Kim, 2006). E3F, S5
FEEL T3] YeUARE, 384T 4ol EE
eI FASFES AESHAE BAsAY
© = EtH(Paik et al., 2007).
ole e 21529 B W Syoz n)
of, WA|oe AR YA ool WA o
Yo s4En AR B4 ol 4
sjzo|glon], Bl v Ao Qws}
22 T80 3%, A, 9%, FEFEE 59 A
Ao Zg& FUL F o2 A Fh b, B8
2 FREAFo vl&f i 5252 AgHE <l
i, 3029 2 95, Mo I T2
2 Q8 AEo] AAlsh7|ole Aid oz ot gt

2 X
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Fig. 7. Occurrence of the diverse paleoenvironmental features observed in the Jindong Formation. a, b. Microbially
induced sedimentary structures. a is kinneyia structure and b is reticulated surface. ¢, d. Sectional views of teepee
structures (dotted ellipses) in the beds of interaminated fine-grained sandstone to siltstone and mudstone. Buckling
and subsequent brecciation are well observed. e. Ferro-axinite deposit associated with the teepee structure bed, pol-
ished rock slab. f. XRD analysis for the ferro-axinite deposit.
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oA M TR o] WP U0 AT FHo=
HEE T, 540 A A Foll ARE A
ek

3.2.3 vloll=

Hrope S-S YA EA] ER(FT-HE A )l
N FpAgoR At AEae) shitd] oulshe
2] Zo]tKChang, 1975, 1977). dhopg E3l 2%
23} gAlep) Ak 0 2 Tzl A A 719
o] 34 vjx] tslAle] B HEHZ 02 o)2olA 9]
O1KLee et al., 1991; Park et al., 2017), E|ZAF T
A3} S B4 SolH WESTE Bpgos
the 542 molt HRye] 39, BERe} 94
A shajo] AHEEE A5 719e] 45 ojto] &
3] WEE, AF2OME RAYT 2= 2okl
E(Lee et al., 1991; Nehza et al., 2009)7} eI
o} HlopdZo e ART)EE X|ASK= Frenelopsis
Q18X (Escapa and Leslie, 2017)©] AF&=]™(Tateiwa,
1929)(1¥ 8a), 38t 7] ¥Q] Skolithos AYESHx AT}
L A7] 42 Mermia S84 Fo] UeRdth(Park
et al., 2017). 3HH, HopdZo A= 1B 7| F
34 AAE9] Wdo] YElm(Paik and Chun,
1993), o]t 5/ Htopd 3} thu| &= <9 Al
o 9] SHikZ(Paik and Chun, 1993)3} ZAEX| g 9] =}
SN = vehdtt 0|9} 3 SdESe] FE4
S = yehhsd], 3] FAR S RlopdZolx ERlE
B2 B ENA Y FAAFTEFEEY T
2 8b)ell thafjA= A Al T A7} L a5ttt

N

X
ox
=l
oN
02
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324 A-EE

BAFA AR ddjol £25t= AA ST S
A At dropd3o] Al wole AFLE,
AE532 2ol thu]== A]F-o|th Chang, 1975,
1977). AH2 S £ ANHH o2 S4FoA A
3 7199 3A 2] LMo SAHEHF O R o]
o] A QJ O (Paik ef al., 2000), E|ZAF LA T} 314
A B4 SoA Asste B eE tE 4
= Holoh 34| AL, AT 719 vrgIAte
2 0gE AEAET o|¢he] T33} A3 ool
&3] Ugte 2o e thE EAolH(Paik
et al., 2000), FHFEE T3 THE ] gglet. 3}
A 429 B, AESel &3] Uehue 382t
= 3} 9] B 17t gl= vhd, BEERet BERF, g4
N, NBZ, 257 5 ozt 34 4h&o] -
of| A B EItH(Suzuki, 1940; Yang, 1978; Chun
et al., 1988). o|¢} 3HA| AZ7|FF A A|oh= S
¥} ZAEM o] AP S22 e H1E gl om(Choi,
DK., 1985), A=3H4 Y F7129 gasds
S HE LR AHSY Al 17)% E4
2 obx WA ok58Ad 9 7152 SiA = tH(Hong
et al., 2012). 3HH, AHEFol| A= Hropd3of T
2 1EY 7199 434 A2 ETF Yehdth
(Paik et al., 2000).

ShFE 2 SRS BAS 7 S 43
£ ANk 0.2 BHAkero] A|ujH 0% ke 7}

Fig. 8. Fossils of Frenelopsis sp. (a) and cluster of rosette-shaped sulfate mineral casts (b) observed in the Banyaweol

Formation.
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2ol 2 SIFEHF o2 o]Fo EHF
o] SHAIFA| Atolo] EALZH o2 4hAfjste] F3Egh
t}. W2bA olE EFFEC delixle 2 2R
A 5YZAQA SAE 7N, o8 AF5om A
of itk o]  TAHAZ 02| BAo] 2 e}
the 34F A|e] o E2 ) ohsa S E Y E e
(4 AL A ode] ulga) A15%) @ o)Wl v
SRR £ AL b} Pk

2h0] Aol AtEA 2793 Ma-97 Ma (Cenoma-
nian ~ Turonian)2] X|Z0 2 SRR1¥|(Chae ef al., 2022)
HERe YRENES AAR SrogEs
I Ao zZo 2 JLEETHChough and Sohn,
2010). Chough and Sohn (2010)2 sHcidj 21}
AR 239 EHeS 22 shd 9] gl &
ARt S AR e TAEHZOZ o2 4
STt oF7ER] thef 23l thgt A1 A Q1 B & st
A AF7F AR = Fhon, ST 25 A
+ AR EST HEELEG] HEd HEd
&S HollA 27t 3HEZRSFY Ido] By
Pom, ok o] EFZo= 109 m FA L A
FYEEGZH B2 Wdo] HuErhPaik
et al., 1997; Paik and Kim, 2003). 3t ArEcio)| iz
FONE aFARIE L U HlEd 2L 44
9] | Zo] H 1%t Chough and Sohn, 2010).

FA B A X Hof| AlgtA o2 FazE Mg
S|4 E| 2| (Chang et al., 1983)2 T2 S &
Elo] bR o2 HE FAH 1209 m FAS TAE
=0 2 0|20z QJtHPaik and Kim, 1998). o]
252 Avtd oz FIES w= AR o]k
AIZE o|FoA §lou, oI UYFT HEFo| FE
o g Uehdtt o|dE Y 7|99 EHF = &
T4 T FHEE 7YY HEET HAEQ S
m(Paik and Kim, 1998), Alg2e)7} &= HEZ
of| K= Skolithos 2] AZWE} A Palaeophycus
A &3l 0] B 1 QITtHKim and Paik, 1997b).

A 71 Al ] ietel] HEE SAEHSS
XA TS| RbE = m T TR 7
A EHFLoE o|FojA glon, o] FAFL 54
7199 2FHA(FUT E AS) A EHSH w

=
o

=

F =)o} YePdtHKim er al., 2022). 0|9} S 24
A dg ES HE O R o] SAER S st
3 E|ZA|(Nichols and Fisher, 2007)0]| 4 2] &4t

=0
o

ARARI} A1 15} 9 1817 ofn| 145
22 4 IrhKim ef al., 2022). FHH, o] TH=

#12 E 2ol A
SE7F U, o9t 3 S8 EA= 3H4, Al
A 31, B0 34, A2 TN ASelE T
A& SH(Frenelopsis sp.), AR 719 AZAE
AAFPTE 5, = FFANE AAH 2= o3
SRz Hol $-83 A3 TS50 FHH
2 4550 Yehdol SAoIt(Kim er al., 2022).
ole} g o] A H9| sHYE AT A= T3 F
olxie] Ao zre 7198 S g Aol
E o] YePdtHKim et al., 2022).
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AT B EASHE B4 £3S B4 714
3} B50) $2lAA 9 sfeka B4, 414 712k o

wt o] FPor FLEREHE 1), BAEA
Yo $x o] SAk Ao 2TREE
of &gt Mo 2RY FAHE AL AAN A
&3t Hie} o] AR 9 B2 sl a2 X Fo A 9
H 3ol (transtensional) 25 ZHE A|ZE A
62 AAE K Chough and Sohn, 2010; Cheon
et al., 2020). WFAaEA] ol WE IAHEHSF
=9 T AMEE 7R 9] E g of| o]et 2
= 722 29 o9, 715} 5hd W 5 oY
f2lo oJaf) thFet FF Y Tp7F EAFSS A4
3.

AA7HA] G R AR AP 37| 5
13y EA4e 1T o, AAEAY Tee # 1
of AHE Aol W T4+ 7 T FE M 71
o AE= sk ole} A it 7199 24,
A A Gof| A Q] A B SUFEEE Y
Z1 Hof oJ5f FAH S, FAARANANY I+ E
3t 7EA o) TS 7He A2 e, AF7HA|

oot Ze B4 BHHAZS BlsA] Yokt

EX

sl S A A% Bksbe B4, 2|4 717k Fof e
B4 599 A9, g A4 55, FEF A v
4 34, @550 7148 % 45, thd 59} 71
B So] BARA ) A FHA oz Walsin] Wt
A0 AT 18 99} 10& AET AAFS T
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Table 1. Classification of lake types (after Cohen, 2003).
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Glacial: glacial and periglacial lakes

Tectonic: rift lakes, foreland basin lakes, back-arc basin lakes, transtensional and transpres-

sional lakes, cratonic lakes

Fluvial: floodplain lakes, abandoned chanel lakes, delta plain lakes

Mechanism plunge pools

Coastal: back-barrier lakes

Volcanic: crater lakes, lava-dammed lakes

Eolian: deflation basin lakes, dune ficld-dammed lakes

Solution: sinkholes, karst

Landslide Damming

Meteorite impact

Drainage open and closed lakes

Discharge

overfilled, balanced-fill, and underfilled lake basins (Bohacs et al., 2000)

Salinity fresh, brackish, and saline lakes

Temporal duration perennial and ephemeral lakes

Ao 7kers| elst Aoz, TS ofof T
o 99l sdolet.

Y53 A Hel A BATE 55 HHZel A
£ QATTE oo 7 WIS e S
F9] wrere kA gron], g2 47 1%
A BAE 51 7190) 784 AR B4 7|80
o] Uehiitt. olfst AlgHE 7120] YEEe| He
A)710] AR o 420] dreo] GGk A|AI3H
£ AL o} &, ARe] 1EE UES HAZE
15A) AAR Ssks BN 7|50l o
Fol, N3je] Wake FEEe] FHoze Sy A
AR sAEAZo| EA Aolth A, 45
Zo Warsl SaEHZo] Y2 HUS BL BA
A9} 7157 B Fde] ofi A AAge] Al
3 HeT 715 2HIGULS A3, ol
SE3o] 428H40] SJs|HE SETHPhilippe
etal.,2009; Oh et al., 2011, 2015).

AFE: FAEEL FE3o] uls) 24 %A
ol AriEo® | A9, 5 sk el §
2 Zoltt. et b5 EE AUk oR 12T 5
Ho| B2 SHYH AN A H28 HHZo]
B0z e shedel, sk 7199 W
SHEAE] ST HAZo] 42 SR AR 5
Azl BAEYTE FRGo] WIE S4E wd
72 2@ o chase) 44< Uk 3h, olS

E|ZSolA AE 5] 22 wj$ AjHAQl vt
B, A3k o] 7] 23 AE ulEeo]E S| A3
4 HHzo] W] v, ojeh 2L wAsy
o sl B7 Al7]0) o] 22 7|72 0] ik
Yoz Aze Ao WL, olo] ne} B
£ ol A% LU MYLS AN olet
e Az 120 YL iEEe) UUE
231287} HE|SAES] oA AR Hrh(Paik
and Kim, 1995; Paik, 1998; Paik and Lee, 1998).
SHH SHAES 2ol WEE ot 4E 31
o] Uet= SAEASE sHbs39 E3A7]
ol I = o) FAEO| BTl s
Ue T 7T 0] B2 717 EAFS A
st, o] o] A7) 9 STt wWE £A| T4
F o0 o] FHA| dojd Ao = A Fr
AT AFFE FAEA g 27)0 2%
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