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ABSTRACT: Pebbles derived from shallow-marine carbonate rocks have not previously been reported from the Nakdong Formation, the
lowermost unit of the Gyeongsang Supergroup. This study reports, for the first time, chertified carbonate pebbles formed in shallow-marine
environments from conglomerates and pebbly sandstones in the middle part of the Nakdong Formation in the Waegwan area, southeastern
Korea. These chert pebbles consist mainly of skeletal packstone to grainstone and ooid grainstone. Petrographic observations reveal abundant
skeletal grains, including bryozoans, benthic foraminifera, coral fragments, and fusulinids, indicating deposition in a shallow-marine carbonate
environment associated with reefal settings. When considered together with previous studies, including paleocurrent data, the occurrence
of these chertified shallow-marine carbonate pebbles suggests that a pre-Cretaceous accretionary complex was present in the western source
area during the early development of the Gyeongsang Basin.

Key words: Nakdong Formation, chertified carbonate pebbles, shallow-marine carbonates, Gyeongsang Basin, accretionary complex
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T AR olafo] ke FRT FUH 2
7} B AAFE A= Koto (1903)2} Tateiwa (1929)9]] 23]
AlS7HA AA|7F &R1E 1AL, ©]F Chang (1975, 1977))
o3l ASA7F AASE o], AF2et 18 ol et
oA SHA ] A7} AYEHA, FAEA] o et =
ARl ofsfiof] W& o] o]Ro|A gt} AAEAE F
AR A2 59 S wskgel i @A7IA|
st AAE T ER =GR Choi, 1986; Lee, 1999;
Okada, 1999; Chough and Sohn, 2010), Z|2o]] o]Fo{A
g 7ol TLREA | o5} T FYT(Izanagi Plate)2] &
ZhAJobto]| et BS54 Hgko = o] HQlomRE 7]QlH
B & x] S of| 4| o] HEQ1 A (transtensional) 5O ZHE 7
FEA 9 Wrgo] AlZHE AL = A A= YtH(Cheon e al.,
2020).

SHH T AAAEA Y 71 9R&} A 72 2 Foll gt
N2 Atd o] EEHA FAEA] B4 o]H9] F
2}7]o| A 7] Wo}7] Atololli= ZAdEA] A o] AF2A]
O 2 A%(forearc) A|Ho|}20] A=K Lim ef al., 2019;
Lee et al., 2023). 019} &7 ABAEX]|(Pre-Gyeongsang
Basin) A|7]o] AR 9] MGl LHANE Tt &
wolmgAe) 2EAel 24 7Rsgo] AX|HolPaik er
al., 2020), AZAEA] X719 FHRE=E G5 24 E49
el Al= 22 Azl A 9] A7t Hoh Hhd A o g2 o]
o4 Wao) glck

A e 2719] 719A = BAARA 59 FEH
Yo} 5459 LA Z 4] = $Ich(Chang and Kim,
1968; Choi, 1986; Koh, 1986; Lee et al., 2015). o]2} 37|
HHA A2 AdSE ARE 7|Eo = AR W
Z2719] BAARA M50 719 T3 YS9 SHHA
o] ehajo] A Ql Ao &2 M= AThLee et al., 2018;
Choi et al., 2020). o] 3t 7}F&-H| 9] Lim et al. (2019)-& 1]
T S RO R 455 EF BA] ASHe W
Sa)7]9) 72ioto] AT REHS AT AU,
FHH Lee et al. (2023)2 7/ F5t M9 7|9 A+
A58 FUH02 HaAjslol, AR K710l AR
Koz e F50 0] )8 A2 v sk
A QPAZF EARE 71542 AN B

o] A Y AF7IA| Y] A 719 A+ di =2 71RE
A} g eboll gt o] 5 o|F o, AAFEA] Al
7] 7R X152 A-EA ol tigh o)) A3 o1
AIRHA QL AdEfolth AAEA7E EE ZAlel o] A|¥9] 7]
Hhe flolli= Aa- AP o] AlgbA] Bgl AR Al

71E 7= B USel 4 F2 EARE Aol A=
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7HA] o) & F A7 A= o] T AA] et
oj2igt WiEtollA o] A+ e A A5
SES 2R AFEA G A71ol X577 4Rl bt
= Atex 7| o) A EHASo] FdRA Sl 2A
Fa2 AAIShz Ao E(chert) O] AVdES #5022 B
I

I 2o,

O

S, o] wigo = AANEA A7)9 ButE 4D
of thel wet HeshE F4 AT 7242 E AT
btk o] @TolA Hg BusE AR ARE By
22 A8k S PR o olafet] g HE2zS
wFE dof =801 2 Aol

ox K

S

2. XIZH

ATl A Ui FE o] £35He Hgelo}
Al 2o Huto] 7|HekE o] F= ol oF 7]
Bloh Aol BAHEA Y] HakR A5 dEFe] RAgte
2 Bxsiey), o] X|oo) HEEL e SR st
(29 1a). 3HH Cheong and Paik (1992)+= o] x| Atjjo|
RS B SHRNE GAN ole A
FO2 ojolxl FRAS, delnt AN, A 5oz
THE S W AR} olghe] BFo] £8 ]2t 2
sej302 ARSI St o|5 HaFe Ao
5 T d5 HFY BAE HolAT 2R|F o &
A Z3Fo] Uehi7|E gk,

SESO AW HES o) A3 wIEe A
thedB(138.622.1 Ma)T} TRYESHA 2L22 123} 125
~130 Maol| &3h= X522 AAE v} gltiKang and
Paik, 2013). 2| Lee ef al. (2014)= A EX] Q) Y5
ZolA 23t Ao|Z o2 R E SHRIMP U-Pb A&7
2 ANstol 53 HrhE2A71S Hepy) 1]
(Barremian)o]| 3f@d8}= 127.7+1.3 MaZ A A|3} ).

A7A o Arjlo] UgEe Wit o s BAlslat o
Aok, 4RI RN, Yol Fol WE
™, o]¢F Woll= A3d B HESE Y A Ego] Hi
2| o2 Uit Paik ef al. (2014)2 o] & EASof gt
HAY BAL B8 A7A ] ArjY] HESol A2 FoH
(FAstA) 9 sh=et Ak, T']a 1 o] HEd 3
Y HAA "N BAE Aoz sjMstGTh o] 5 A
ALY HAFe AFIHAYYAN S B A}
T 7199 A=A SYE o) JEAxYANYTL S W
A AlFAReto] A a2 344 AFd(lenticular-bed-
ded, fining-upwardly stacked pebbly coarse-grained sand-
stone to medium- to fine-grained sandstone) E)&51} 1 9]
of el Het e 7199 MYEF oz A H T o3t F
A 4L AFAS L Aol AA WHEE o] Z]ufZ]
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Fig. 1. (a) Geological map of the study area. (b) Simplified stratigraphic section of the study area. (c) Occurrence of intraformational
clasts (mudstone chips) in channel conglomerate. (d-f) Occurrences of the chert pebbles (dotted circles) in the planar- to cross-lami-

nated sandstones.
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3. HOHE ¢

3.1. HOIE HO agt

AFHIRA HAE S o] A FolA o] FoiX Hup]
SAHAZ] Bl Y ol e EF GHEolA T E
k. weba] Aol B o] ZatE A o] A Al B A A
& BN BEE = /USRI o] dEol B
HER HHT 7447 o] A|Q HHAS2| sl
HAYSY = AR S22 2 H A7 A9 HES
AP 7 109 2o 5, Al Dol foll A&7 1A=
<= 7HH e G WA QEARESe] FolaL, 11 ol
W WA Azke] AtgS ez e 27 WA SA
Sol HEH| Jlom, 11 Aol JdAe|dSol Fol= A
Hha o 2 FPA-EE Bol= B So= 7Ad

Shiol EE Aok WA A B HE9 74

2 YAl B i o212 F%(intraformational
clasts)o] 8 ol H(1 lo), 2 G5 A9 Holet
3 B, Fo 5] WAl B o] 459 =7
% cmelA] 4 mm wolm, Yub A GFEg Hol
U EFe B U HolE 45 JANI EL B
A WA AZke) AgFEst we 21 WA FYAREE
Yol Aol ehtn, A= S Wrk1d 1, le,
10). HolE 95e] 7] 1 em WelollA] 4= emo] L, T
FB A= BTk HolE GES TP AdS
© gAIZ GEAARFOR o|Fol4 glou], IS U
uhE L o1 U] of2bS Wtk

3.2. /881 ES

o] Aol BRlE HolE HE2 HolEShd =4 ¥

Fig. 2. Thin-section photomicrographs of the chertified skeletal packstone to grainstone pebbles. Scale bars are 300 pm. Various
skeletal grains including bryozoans (B), benthic foraminifera (F), and tabulate corals (C) are observed. (a,c-f) are in plane-polarized

light. (b) is in cross-polarized light of (a) showing chertification.
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3} oA} R (00id grainstone, 17 4) L FHZ(spiculite)
Ao E(Y 5) Folth HolESHE 4 et E= AR
< AHEE JAEY o] A2 HEE|o] 3lon, &

2 B Holt}. AAEE dA=olM= dA=Z oay
£ Ho}= BAIEE(bryozoan)o] SAEHA LRI 2a,
2b). HEA o Z AAA -3(uniserial, biserial, triserial)
o] YA 2 &g oz A&l (1F 2¢, 2d), AL AFS Ho]
UEeERdTH Y 2e, 2f). Q& AR A+= 95Z(fusulina)
o A1 3) S8 £33 sfzHo) BT B
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Hgom U g ARYsAct oy giee
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A9, L, AN, HGHeE SO BIH g om(Un

Fig. 3. Thin-section photomicrographs of chertified fusulinid packstone to grainstone pebbles under plane-polarized light. Other

skeletal grains are also present. Scale bars are 300 .

Fig. 4. Thin-section photomicrographs of the oolitic chertified grainstone pebble. Concentric textures are preserved in some ooids
(a, ¢, d) are in plane-polarized light. (b) is in cross-polarized light of a showing chertification. Scale bars are 300 .
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et al., 1983), A57HA] HO|E Ho 1k&2 Harg v} gich
T FAEA 5550 £ 7SS, FEAS,
5 SollA AY71LY ibs sHe TR AHE 9
So] Harg vl glom, o] 59 7| ¥R]= HA 42z &
X I Chang et al., 1990; Kamata et al., 2000; Mitsugi
et al., 2001). HZo|= AR FERo] kel o)z
S 2SO A = WA AHOlE o] Ao HuE YL
ThHKim et al., 2022; Chae et al., 2023).

o] AFtollA ElE HE52 HoE HolHE Ao
2 AP HE Ho] A== ARE, g2 HolEskE
3l 7] ¥ 2] A 35|¢(skeletal packstone WX| grainstone™} ooid
grainstone) 50|t} o] H3f| 7|H A3 oAM= o
T AXY 35 BT E, AFZH o] UEhAL o5
o] HeF 2] JAHAQL A, AL oA ARl 9
A Yettes EA42 o5 Aol Az FH| Hsjo
A Al H3gde AT B AHEE ARElA
W3S WPAETH ST o & A2ge] 1Y 71
A2 AA

I Rl wEE 1YY A 71 HIde2
S RS SR AISollA vEhdTh o] S
F5ol AbEEe AU B sHE A1S0lH: Kim
(1968)7} Chang (1988)2 A2 9 9] Y53l et a4~
7 Q7S o A R W] Be-5-gT U

ol AL o= AFAH HE5Y HoE §
S0| BARA ASLe=2RE 7Yt Ak Ao]
o} webd A7z Qo2 HE 100 km o4 BEEZo] B
o BUARFE S AL AT A Hol= 459 74
oAl A o= qlok 2 EE YE3olA A &<l
8 HolEst MG do) AEE AR B
Z710| BA] XSl Yt Hafehg oA FA4E eAka
Zol FEA o2 EAFZE HHS] AA|Sh= Aot
A7 o] Fo|7] A5t 71|l tiet =
o) Y52 Flgoto 2t AR HEo| o d-gTle}
BAZo) LAt o] W Ae} ekl A
ItH(Chang and Kim, 1968; Choi, 1986; Koh, 1986; Lee
et al,, 2015). °]&} 7] 4/ #o}E2] U-Pb AHSH
ARE 7|20 R Y5F 719 AEA Y E40] 4 E
ATH(Lee et al., 2018; Choi et al., 2020). Lee et al. (2018)
2 AAEA 5RO U455 7I9YeE 94, A7)
A H Edfolopi7]-FH27| 9] Aol AIGE Aoz A
A5tk 3, Choi et al. (2020)2 HAMER] B2 2|4
Y559 719l F19 A el AR AL
24314} Lim et al. (2019)2 njZ4d 244 vigro
2 A3 EHE FA A5l mEH 719 Aol a4t
we BEYPS AR 2Rt SAw A o
Tol T o] WsgHtete] S 7] Uero R Al

Fig. 5. Thin-section photomicrographs of chertified sponge-spiculite pebbles. (a, ¢) are in plane-polarized light. (b, d) are in
cross-polarized light of a and c respectively showing chertification. Scale bars are 300 (.
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