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ABSTRACT: Sedimentary features and paleoenvironments of the fossil-bearing deposits in the lower part
(Jiphyeon site) and the upper part (Jeongchon site) of the Jinju Formation at Jinju area are examined, and their
stratigraphic implications are interpreted in relation with the sedimentary and paleontological occurrences of the
Jinju Formation. Gastropod shell and plant fossil deposits occur at Jiphyeon site, and they are interpreted to have
been formed on a mudflat to shallow lake associated with channels. The occurrence of the Jiphyeon fossil deposits
implies that humid climatic condition inducing lake expansion was initiated in the beginning stage of the Jinju
Formation after the deposition of the underlying Hasandong Formation to have been formed under arid condition.
At Jeongchon site insect fossil deposits are common and estherid and ostracod fossil deposits occur intermittently.
It is interpreted that turbidity flows influenced to the formation of these fossil deposits under persistence of lake
environment with development of arid condition during the depositon. Considering the paleoenvironments of the
fossil deposits at Jiphyeon and Jeongchon sites and overall stratigraphic occurrences of the Jinju Formation, the
Jinju Formation is deemed to have been deposited under balanced-fill lake type basin. The lake expansion and
subsequent retreat recorded during the development of the Hasadong-Jinju-Chilgok Formations might have been
related to the paleoclimatic changes of warming-cooling-warming and the expansion of arid condition in eastern
Asia during the early Albian.
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(In Sung Paik, Hyun Joo Kim, Jeong Fun Lee and Yoon Hwan So, Department of Earth and Environmental
Sciences, Pukyong National University, Busan 48153, Republic of Korea; Seongyeong Kim, School of Earth
Environmental Sciences, Seoul National University, Seoul 08826, Republic of Korea, Hoil Lee, Korea Institute
of Geoscience and Mineral Resources, Daejeon 34132, Republic of Korea)

1. MdA

AR 22 Koto (1903)0] oJ3) AAtZo =
HE o]af Tateiwa (1929), Chang (1975), Choi (1985)
5ol st ASE 9] LAdo] o] FejF o, Um
et al. (1983)°l] &3l B+o= ASE HHEA
7} ¥ H3t7o] LA o2 Hel=lo], o] A=2Zo|
A7HA o) Fol A T Y= A ST o ole] T
A7) SAA wirgo] H it 2=y Aol
sl 2ol o] FolX 2] HAR AT ATES
oA 7120 AYrET ASE SH L EH B
A= OhE 7| 2E0] A2 o] A|AF o) w2k (Paik et
al,, 2018) AAFET 7k A Z9] AuistE S4] B4
o] gkt ofof Tt A& 4 o] Yasiet.

A= Mg S5z &3l sHiks5] B4
712k kol ZH9apo] B o7 Zrkske A
02 S8 7157 4R IR EE st SAH At
o &7t o] T47} A &A 0 2 Wit 7| F(Paik e
al., 2011)2 352 Y (Member) T¢I =2 9] A
o] BRghe AARI. olet 3 AtS-e] AR E
Ao A5 LubAQl HAEA Y= g T
2739 YL AAeH SHET NS 4
Zo] HIHEH Yeh)= 71(So et al., 2007; Kim, H.J.
et al., 2018) E3F 3ot UYjof A 2] oA AlEo] H

a3k AT

72 AAE T A% 5 54 B0 54
o 714 Este] AEd HdEoR, HHE0 A
71421 WSk} o e thekelA ek x)Zolth
(Um et al,, 1983). 0|2} 7 HF5- AAHEEE A
2 % 514 150| tepyo] vl B2 AE0 2 (Yang,
1996), &l 501 o8 T7 =Y 2L Bt
oo} X| L Qi A Zo]ch. meta) ol et
ol 2o MY BYL NRR0 ZHE BE, 7
AppA o] Aol T8-S wek R|H o ol
Sl dlof w88 AR S ATE 4 Ak

ole} T2 WA o] AolAE WA WA
o) A3 SHREHZT} A2 2o 0] W5 A
R H42(33 1ol Azo] SlE TS
o BHENT DAL BAsIom, oS H}
Hoz nng A5e) HASYT S 5
) 53} Al o] AZ0] ARE 2AH ofn]
= s)stant.

AFEAS v Ik wely] HHER e g
Wzl 7] 9o] PalAA) gre st 540 HA
71850] A Qob, o] 5 7180 Tt ojsizh
AA o o]2ojd v Sk Wel]o] 18 B4
9 242 ek QAo ol 4 911, oj2R
B e Aeo] A detel FEdgo] o] 2ol
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Fig. 1. Location and geological maps of study area. a. Jiphyeon site (Kim ef al., 1969). b. Jeongchon site (Choi

and Yoo, 1969).
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NF2L PBHH LR 2T SR 32Y
N5 0] HAR 2% 02 (Chang, 1975), 94l
EA ot AFai Ao ASH A= BEEF-Ee
A RS 7HAY Yo g £ Eo] Qith XS
2 T LE=Z oA Tateiwa (1929)¢] o3 HH= QO
], 2 mEZo A= 2] 5(Kim and Kang, 1965),
T =Z(Chang, 1968)3} A =Z(Kim and Lee,
1969) o= F8%02 Pslo] Qlk. W75 A
HAHE Lee, Y.I et al. (2010), Kang and Paik (2013),
Lee, T-H. et al. (2018) S]] 2J5pd #7|¥u]¢KAlbian)
of st

1559 SHEHe sHAHE S| e ofgro] it
I SA = BN O] Bl F Fo] AFo s YEhh=
Fzolm, Joe ARF(AFLEA) = UYF
(VAER) O] H2M o]ghZo] A0 ZHSN
ST IR 31919 A iz FEA o] FEoltt
(Um et al., 1983). 1 53-2] F-5= AFA HojlA] 7}
A F4A YeRH (1,200 m)(Um et al., 1983), @
o A 2] JHLEAR 4T HR b
L A% BAlhaY 1).

A3 Avty oz F2A 730 FA §lo|
349) At MDY WE7H Ml 7heE|(Um
et al., 1983), YF A A3} FFo|4 LAEZRRET} O]
E6} 90|z, 310]= 50| gAldo] LehdeiUm
et al., 1983; Sohn, 1989; Chun, 1992; Lee and Woo,
1996; Lee, 1997; Lee and Kong, 2004; Paik, 2005).
0|9} 3 AEzuETO|E Yo HEdt SHE=E
o] 2% Hf Qltk(Lee, 1997).

W59 T G A3t Sz uteh W)
=, dAZ EE5os 245 AYSY dE vl
7t S7Vohe B Holn, YFLEA A= 4
2 248 AYA HH430] 78k AL Balt
(Choi ef al., 1982; Um et al., 1983; Sohn, 1989; Chun,
1992). A Ao A= 7 SFo A&l F2
4= cm A] 20 em FA Y] #AY SIAFTETH S
AAeFEo] UebdthUm et al., 1983). HH 23232
o] Z30)X A)217]909) A EAFYTZ (Lee et al,
2010)2} 44 (Ahn and Paik, 2004) 5o] 211

e 1eE 8 EMA Q0] 515

— O o

5900, Ha et al. 015)] o3 W73 Z5}o
A 718u)Ate] Hefa]u] 2 (calcite beef structure)
7 BaET AEEe] ANFEel HEIAS 54
70 2 QS H(Um et al., 1983; Choi, 1985),
A& 0 2 A7F(9)A2E A, Sohn, 1989) 8} A=
FH(FAHAE, Chun, 1992)0] $=1Fste] L3t
Aoz a4 =t

AFF2 B AT T AT 9 AH&0]
MBS ASOE, O FRY FARFEE
(h8s, AN, 25, 54+, AvlF, olHfulF, &
£33 5)(Yun and Yang, 2004; Park et al., 2012, 2013,
2019; Selden et al., 2012; Choi and Huh, 2016; Nam
and Kim, 2016; Choi et al., 2018)7} H3=EE5}4(o]
0} 38) 9] AF&(Sohn, 1989; Lim et al., 2002; Yun
and Yang, 2001; Kim et al., 2014)0] B =gl o,
Holl= 38 o5, 557 A7 ZiF s o
oFt 235 E9}=HKim and Lockley, 2016; Kim
et al., 2017, 2018a, 2018b, 2019a, 2019b) F+23=F=
AEFA(Kim et al., 2000, 2005; Paik, 2005; Kim
and Kim, 2008; Lee, 2018) 5-0] R1E| 3]} o|<} &
Al o2 72 BRAE d3H o] AFFolA 4=
3ttH(Yang, 1996).

2(29 1a), ] Y HHZ) N ARTFESH,
MAFEH, 23014, GAABYSH, FHEEE
o A8k Fo Uehdth. o] H23-L oF 50 m
AN, AH 02 5)49) okt o] Weke] WE
%02 o]Rojxl 7hed] ARAIYBISHE AL 1
QITHLH 2). ARFE BAP RGN SIS
3 AFAe] 0|27 chapgh 2802 Ueht
o, o] 2eke AlY, 434 AEAE YA ol 43
ATNEF FOR o] Ro]A YOor], EBA HAAY
o] Uehitt.

AFZAE AguEet 9 APAYSH Lt
Un), BERo R gakrsetE et gl =
YARTS] 1Al B4R AT} Esto] ek,
2% WA FUAIES DRNE R Zejo]
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3.11 %rnﬂzhﬂ"" 3

ESFu 2} S sl A 20, Aol A] 20f
ealg o0, o shi el A #aso)
A2 o5& Brotiopsis kobayashi®|tt. Brotiopsis <5
& AAPGE A7 A0 A H A5
A dE 2l H3A}=(Kobayashi and Suzuki, 1936;
Suzuki, 1943)¢]| J5lo] R E RO, o]Z Lee et
al. (1990)°]| &J8t] Brotiopsis 48] A& Q1 AH=2F
gt 7k F9] FAo| AZEIL 11 Ho|go] A H
Sitk: Brotiopsis 450lR= Brotiopsis wakinoensis2} Brotiopsis

i

l:l sandstone

% alternation of
sandstone and mudstone
(mudstone-dominated)
alternation of
E sandstone and mudstone
(sandstone-dominated)

= :
== calcareoussilty mudstone
=

[{19 - mudstone

shaly mudstone
- shale

- coaly shale
- pedogenic calcrete

=-

.‘-:: intraformational clasts

@ee Calcretenodules

& gastropod shalls

astr
shell §88  bioturbation
085 deposits I

Fig. 2. Stratigraphic sections of the examined deposits at Jiphyeon site. Inset is the detailed section of the gastropod

shell deposits I in the lower part.



kobayashi, 27)&-2] §loH, o] F ALA|H 9| 4
o) x| A& == Brotiopsis kobayashi= Suzuki (1943)
9} Lee et al. (1990)0]] oJsf e XIFA] FAk2 o &
Zohs AT SHEEAFIA BaE L, o] XY
Jqr= & 2 EZF3IHIQ Thiara sp.== 3 Ak
S5 = 02 BuEglt SAkollk B Brotiopsis
kobayashi 7§ X &= ¥ 22 11 mm WA] 15 mm
wielo] zkare} 3 2] 8 mmo| o Z474& 2= A
o 2 B ETHLee et al., 1990).

AFA Gol| A A& H Brotiopsis kobayashi 7| AS
E3F AubzoZ 10 W#] 15 mm W9 Ztue} 3
WA 5 mm W& o 24742 B3t o]¢} A A
TR F 9 3} o] A= Brotiopsis kobayashi®} E7|
Thiara sp.7} EEA| AF&Hth o]& A7AF9] 3}
43 S4ke) 2|ofo] S Fo] AEAHOR Nz

e 1E 3 EMA Q0] 517

g 4 G AT e 1E A9 B
So2}et% 0] AHEE Aol

SER R REEE

315 H23o)4 BolE BEFWATAZE A
S3) 2017 WekE QAR W, 4 mm ]
o2 cme) £71E BAIth(1Y 2). G7E =5 F
7449l RE7} ATH BAR o] BEFZEH
2o WA 744 BEE AT St glont,
w2 ool L A=A B S ekt of
BEFAAFe HolAAAI olote) 5PF
E 430195 9lo] 4= mm ] 1 om 9] 7]
29] PAAAE A= werslo] YK 3a, 3b).
o BHHZ-E FYMIOE o|RolA glow, BEg

T 2h2 ARk o 2 sltef g a1, Aol o

Fig. 3. Occurrences of the gastropod shell deposits I (a-¢) and II (f) at Jiphyeon site. a-c. Sectional views showing
erosive bases of the shell deposits (a,b), subhorizontal stratification of the shell fragmaents (a,b,c), and a flat mudstone
intraformational clast (c). d,e. Planar views showing a preferred orientation of the shell fragments. f. Shell deposit
on planar-laminated fine-grained sandstone with erosive contact, sectional view.
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Zpo] =27 Uehhs S B o] 3 A
Fole Soldg S0l A=l AeH(ZH 3¢). °]
EZR4S e SHAYSS R 7HEA
ol L E HolH= S Holm, o] o] el
= HAl 1 em We] 5719 E5F7oj43H4 ol T
o] gk,

299 BERAE S-S skl S5 F
Aot 2R} R =2 o|F o] Qth HAEtFH o=z E
Z=uj7to] A=L Z=aof HaPdl HIeFo 2 =of Q)
o, FHA LA o] WES HAth(2
d 3d, 3e). ESF2E 24 E H%H*dii a7
stEof Qlom, Yie HigEAE SHAES R
RAAA Ak o] F B S Atojofl= FHA L
2 sjZ-3t 4 e TR g ARt olgke] 59 %
o] FRj=lo] glid], o] HlBtFel AL A7 1 em
ele] Azt argEo] glow, o4 Yo
1 cm U9 Z7|9 Az g E 37} wrdE o] 9Jch
ol2} 27 o] 3H4 %ol BAE o] AFol 1 mm
Wele) Ad7zr}deEol ik

A% BERRARAS

AR B AZoA IRIE BERAZSAE ot
slRo] BxpaZiel ST} ol 2 AalA 2
o7} e e §ASi, WERHel gloiA At
ol Wtk AREAIZ 3 oldle AL HAAS
27} wrere AlARRre] AH9lol B=AHEA 3 em,
o] 1m vhel).oz REHo] glom(Td 3, 42
o] JEolgro R ool ct. of ZoflA] 4t
ZEE BEguze spte) Haguzisia 2} v}
WA 2 URE JH 2 B B2 3
24 EG AH 02 F2o] Bashl ol glo
o, JZHA ol A o8 Hps o] BEA o @ e}
1‘,]‘-1:]-. y_zﬁ?r_lﬁﬂ-o ﬁz%xlu)——éﬁ/u oz xHﬁ;(—]g]_E]
slem, sizte] Wt HHER AN olny
Zgo2el 2T 22 Yot Aedes Bx
o ge] W Aoz HAA et A7 2z
Yol A St ol AE A B, A welA 2
Ao 2 AR AW & (geopetal fabric)7} T
eIk, o] WAk SAIFe] 9ol Ao of
Aol ol izt o olehE Yol BEF s
o] HFEFA glo] ARRJE|o] A EH, YR a}elo)
w2k} oA 2 e A o= YA ol

<

3.1.2 AESE

AT HASoIAE gk AEHE0] =5
A A BEH o] F AE3HH o] FdoR A
He 3452 2 ERIE A A= S 5 sy

= GTFAIH Y FH Hol WEE AT Abolof oF
1m Z=o] FAZ UFE SN UFEEA, o] E

45 HollAes AeE71HEc] gz =g
(1‘%1 4a). 2} o] 5 SHASo] tF-E Aol £
SHAY, ©3} B= F3RE ols 4E Aoz 4o}
El°1 °‘°1 HEL 27T Aol WA A=
T2 ATFA S 259 Aol EEEo = oF
20 cm —.—7/1194 A3 Hddo|gFos, HEFt=
7HEEE o] Y= EASoltH(2d 4b). o] H&S W
NA = FRF2] LE2l Ruffordia SHeo] Jdo =
AEEnh o] AEIS Ao Wl o
SOl BEE dEEH, AtE o s S]of FY
st Fo Sk

o|F I FoA A= AEIS TIbE U
ST Z7)314, AstE £7131H4, A3k Sold,
P22 gk 2ol 1 mm FE9| Hzpajo] 42T

ik 240] 7Rs Q3HAe) A2, AkEE skl
RE2 FXF2] LE21 Ruffordia sp.o|H(1H 4b,
4c, 4d), "~ =& A Cladophlebis sp.2}; Sphenopteris
sp.7} AF&E . Schizacea Ftol £3M= Ruffordia=
717} 4 em A 9] v & ZHe oFX|F 2 A, ot
712719 EFSoA 5] AEERs AlESH otk Deng,
2002; Mohr et al., 2015). 7R E| & 2|4 A&
Sk o] Ruffordia®] J3HHE2 A= d5o] ot
2 Eo] Q= A2 AkE3o] ;go]]q—(_‘_‘/_%] 4b, 4c,
4d). °|& Ruffordia QA2H42 3-8l 23) A2t
o 97} Aubmolm, A Ei WA Sof o
o A2 A9E HEA 2 PREHIY do).

Ruffordia®} Cladophlebisi= Al g52] B &S0l A
AZEL Ao BiEo] 9o (Yang, 199), 15
A e] wely] B2 AE 1 v} glcHKenrick
et al., 2000).

3.1.3 7]E} A4 314
A&T S o]of AFA G| EFF M=
olF 7|19 ofuljsfF S} (Plicatuonio sp.) 15 °] At
%J_EW*OM =R, 3 A Y oA 2
EH7E BT AP ST o] A H) ATEH



2FRIel FB0 wes

dlkst BISIAME: AARL TS 2 EMA 9|0 s19

502 o|0jA] SIh. olef B HAF FAL o
HHZo] 3h% 7|99 BHEFE 2 YLD T
=5 (unconfined flow) = EE|YEFS

ollof ARA Y EHZFoN= FASEY HPE F
Q1 Diplichnites isp.2} &8F5E) 23t Coclichnus =
isp. (19 4f), 27 1 cm W] A2 YA 7l

&34 o] EEA UEhdt (T WA A=Age] T8 WA A=A 9 Al
sl ZthBridge, 2006). 0|9} §7 ALFZ} 5=
314 11873 ulE A= AR uEgkRe 4 uqu_,] o]

At e} 2 AU AFoR S, 43de]
Wt Hol3el WEHH 1 m o] FAE ANE  HE0 shEIchPaik and Kim, 2006), T ol
FHRYARS, 4 om FAY B A A=A HHSel A A HolFE AN A
o) 9 WA YIS, AT HEAE W REHZo] WHs A S HA T T
A BE5F, Aedolors, AYS, AHATESF o5 Pto] A5 Ao AAE £

T

Fig. 4. Occurrences of plant fossil deposits and trace fossils at Jiphyeon site. a. Coaly shale stacked with carbonized
stem fragments. b,c,d. Fossil leaves of Ruffordia sp. preserved in bunches. e. Pyritized leaves of Ruffordia sp. f. Trace
foosil Coclichnus isp.
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ARG 9] B - Fol| A FHHA 42 Ruffordia
&Y FAF= FRe 7)FoA AAsle FREY
HA o, T BER X H 9] wielr| 27| -5
A AZEE]R= Ruffordia geoppertii= TR AekEo)| A
AH=EEItHDeng, 2002). FA-FA G0l AREER= Ruffordia
49| FAF T2 AR EH ] A oL, 4
FEE JE0] R Eo = A= 4kEsty,
o2 7Y AE3AE AY RtER] e A4S
‘4S Wt o]¢} FA o1& Ruffordia AE3H 0] A
EH &= HHET2 F2 oo A B Aol
ol g A1LAH 9] Ruffordia AF2E/JL o] FAIF
3 E0] 4= Alof| HajA] 24tE]o] 2 Ao] ofg},
FH A oA Aeh Al B0 93-S X A8t Fot
ol o] AE A& GAlo ARG Y 7|1E = S5
SRS AlAREITE o9 T2 583 7|59 WY
2 AFA G FAR dEE gEA LS sfA
= SekEch

SHH Ruffordia7} AbEshe Alg o3l AE
TR7F IR 32 HE FA|, T4 FH A9
o] F=oll &)t Jigo] ot Fofl A7) 7=
o] AN AAgtT}. o]g} A AFAY EAHS
O] FRof| A It AN E ST o] A
SRR PRl o= B 2 I BV R 1= kg s L I R S]
AL A o]9p T ARV F o 7| &
2 AFA Y sHRo EFFoNE 7 H o2 e
. o]et 22 AFA Y EHAHS YEEAY 3
Q1 HSIEAL EHGA| Y 7|37} AXE 7199
L= e R e R o e I R S
W3S A 952 AlARRT

AA Y ESFA3H5-9] 18 olsfioll= o]
3ol HFA o= ARSI w2 F72 Brotiopsis
&3 FATA ol Q= FAY Brotia £-2] e /0]
2317} € 4= QIth. Brotia 42 AbR|of| BFd3t Hol
TRZE S, A%, T4 59 ohFg B 00 A
2]5}(Kohler and Glaubrecht, 2001), @238t 514
oAM= A F o2 B4R oS o E T
O] 2= e Q1 AElA B4 A dth(Davis,
1982). wehA] AR BEFuljzks}4Z0l| Brotiopsis
;9] sfjzkqto] =] o] Ueth= E/J- Brotiopsis
4:9] XA EA o] 7]Q1%t A0 R o AXITh

st o] ESFjzista Fof 7| A A 5

o st Ho|S2|e} wjzhS2] HAg v B4

o] Uekde olS9] shistabyel Hstal aqlo|
FFS nHL-S A (Kidwell, 1991; Anderson
and Mcbride, 1996), o] $}Zof ALGo] 41t o]
942 o5 59 FFo] B4n oA o] o]

& AN o]e} 2 WFEHO R m|Fo], o]
B2gojzt5e) stslge ot 2ol saE
T = e 34 UE Ek o)1 B gl A
AJ5he BEFSo| 718 Al7]o]| S5Ho] SaE
A BTt Sag] wt g7 Fofl L/ AR =F
ol SA | F, o]ojZ 7)o T e W]
ol HA F-2 EZFEY digEo] o] AL Y
A AHEFEPoZ AYFEo] EHE A= ATt
(Paik et al., 2011).

32 & XA ZEIAMSE

3.21 & EA

o] Z]¥2 1:50,000 A& x(AFA)(Choi and Yoo,
1969)0l| A ZXF3-9] AR dFsh= A He=(T1d
2b). o] A Q9] XFZ-2 T2 I AR, HlY, A4
21 2] 248 Al Alle) 557 okl ol sjek 9
ola}d Bulel QIESIRAE i) YRl
A= Ao 2 7)Ao K Choi and Yoo, 1969).

thge] 238 o] 4k2d o] AY 59 EH
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Fig. 5. Stratigraphic sections of the examined deposits at Jeongchon site.
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Fig. 6. L1th010gy of the fossil- bearlng deposits at Jeongchon site. a. Dark gray shales. b. Laminated fine-grained
sandy to silty mudstones. c. Sole marks including groove casts in the shale. d. Tuffaceous medium-grained sandstone
(arrow). e. Arkosic sandstone alternated with mudstone. f,g. Outctop view (f) and thin-section photomicrograph
(g) of pelloidal grainstone to packstone (arrow) interbedded in shales. Scale bar is 0.5 mm. h. Repetition of turbidite
deposits forming fining-upward profile. Load structures are seen in the base of lower turbidite. i. Soft sediment
deformation structures observed in the floating stone of the alternated beds of shale and fine-grained silty mudstone.
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low low

estherids ostracods
some plant fragments | some plant fragments

Fig. 7. Summary of the fossil occurrences at Jeongchon site. a. Subparallelly orientated fossils of dragonfly larvae.
b. Carbonized plant debris. c. Clustered occurrence of mosquito larvae fossils associated with some fossils of
Coptoclavalarvae. d. A fossil of Coptoclava larva. e. A nonaquatic insect fossil (bee ?). f. Fossils of wing fragments
of nonaquatic insect. g. Exclusive occurrence of fossils estherids. h. Exclusive occurrence of fossil ostracods. Scale

bars are 1 cm.
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Fig. 8. Summary of the stratigraphic changes of the Jinju Formation in lithology, sedimentary features, fossil occur-
rences, paleoclimate, and volcanic activity.
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Fig. 9. Schematic diagram of the overall paleoenvironmental reconstruction of the Jinju Formation.
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