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ABSTRACT: The Cretaceous Gyeongsang Basin has been interpreted to have differential structural evolution depending on stratum and/or
subbasins. Although the structures that controlled the growth and development of the basin likely varied across time and space, there is a
lack of studies addressing how these structures evolved. This study aims to reconstruct the structural evolution using dip analysis in the northern
Uiseong Subbeasin, an area relatively undisturbed by magmatism and mostly bordered by faults with basement rocks along its northern boundary.
The Sindong Group was deposited in a NNW-trending asymmetric graben formed by ENE-WSW crustal extension (D). As the focus of
subsidence migrated eastward, the extension direction changed to WNW-ESE or NW-SE, resulting in the formation of NNE- to NE-trending
graben-and-horst systems and the deposition of the Hayang Group (D,). After deposition and consolidation of basin fills, regional thrusting

along the Andong Fault System occurred at the northern boundary of the Uiseong Subbasin (Ds), leading to the destruction of the basin interior
and a southward shift of the northern boundary of the subbasin.
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A& A2He] J7Fe g BA $ke AlFshe HA
A= A2 &, S, AEAY X3k A #eE Y
W3} 5o AEE 7|55, 24| oket #E g9 X
Zh g Fadd o digt 718e HEShes A
o]t Busby and Ingersoll, 1995). £X]2] L% ZsK}E &
7] A3l AR ez FE9 AAE B4k FA
AR (dip analysis)> 53] A5 250l 3t F71EA]
(rift basin) = FF0)THF 250 AT FTAEHEA
(pull-apart basin)@} 22 243 24| 34 of ul-9- 783
THLucchitta and Suneson, 1993; Schlische, 1993; Son and
Kim, 1994; Copper, 1995; Son et al., 2000, 2005; Grimaldi
and Dorobek, 2011; Cheon et al., 2012; Seong et al., 2013).
hEZ S Z Scott ef al. (1992, 1994)= EX] S F=
o eE 3020 HA} Aol Flsety BAE B4
o 39 B HA o] T WA A2) BARS ¥
D

BA FHEY A &, 2S5 BA ST 27]= 1A
£ PR AADS9] 71819} 252 dotdi=d 5
2 3}cH(Schlische, 1993; Moustafa, 1996, 2002; Faulds and
Varga, 1998; Son ef al., 2000, 2005, 2013; Schlische and
Withjack, 2009; Cho et al., 2016; Muravchik et al., 2018;
Song et al., 2022). ZA} W&kt 27)9] WIS B2
ZFY(structural domain)S U= 2L A|-Z7H8 o2
H3lshe £A] 714 9] A5 (tilting) = oISt (Faill,
1973; Wise, 1992) '8 A3 AF2} &2 HA| 9] 2|2+
WS S4B Yo7t AXA A2 REE -t
o] &-8Hh E3F 2A7F QS 71X 7 e e B
stelSol Aol vsl #£219 &S et 359 9
Fe LHE 7] 2o sHS LS BAe] ARl=
A3 K Qth(Scott ef al., 1994; Gawthorpe et al., 1997,
Cheon et al., 2012; Son et al., 2013, 2015; Lewis et al.,
2015; Cho et al., 2016; Muravchik et al., 2018). wz}A]
AZrel B A%2) A4} F79] Wake HAEA T
S BHL HASHe o 483t

S Y 24 WolA BAT 585 0] SAll
AT o, 7]1A 9 AS= HEsh= nld EESolA
&2ro] I AE 4= Uth(Coleman et al., 2019). TZ2] H Y
7+ FA g wet g5l Adshe AdsS2 BESY +
Z(architecture)Q} A B3Zof| GRS u|X]=(Jackson and
Leeder, 1994; Maurin and Niviere, 1999; Corfield and Sharp,
2000; Sharp et al., 2000; Corfield et al., 2001; Ford et al.,
2007; Lewis et al., 2015, 2017), 5= S/ & o|F= X&9Y
BAZH T 0 R A5 Aol EAS HItHGawthorpe

et al., 1997; Lewis et al., 2015). E1ZFAIA 43529
Tte} PR 22 717 Fekso| sletel L5557
123 o)8 TRl vj2 HH2e) S 5 e
Hth(Horsfield, 1977; Withjack ef al., 1990; Withjack and
Callaway, 2000; Miller and Mitra, 2011; Coleman e al., 2019).
%] Coleman et al. (2019)2 AAE5=r0] ZAl= 4 cm
of k= AFE A= $A(10~64) kme] 32 714
™, o] 50| EAEA] oA E5HA e = e Al
sl

Hio}7] gt YA A2 S HARA Y] R
92 SiRbEe| wet 2jolE Hol Ak, thiE BAHEAIE &
e BX) 2 A5} It Choi, 1986; Rhee ef al., 1998;
Lee, 1999; Choi et al., 2002; Ryu ef al., 2006; Chough and
Sohn, 2010; Lee, T.-H. et al., 2018a; Cheon et al., 2020;
Lee, Y.I et al., 2023). AR = 27]| Al5=o] H
A ETECE AFste] 51Fto] B = et E
Zo 2 EAF4]0] o Fsla wE TS Ajen, ol
SHHEFo] Es] A3 H o] fATol ARl Aoz U
Z] )tH(Chang, 1975, 1977, 1988; Choi, 1985, 1986; Lee,
1999; Ryu et al., 2006; Chough and Sohn, 2010; Lee et
al., 2023). Tt AAER) o] B ATEL HAF
At 7)ato] o2, A B0 R A 4 A
3 ol that ofali oby WeksiA AYEA ek
(Choi, 1986; Rhee et al., 1998; Jo and Chough, 2001; Jo,
2003a, 2003b; Chough and Sohn, 2010). FHAAHTI A ZE
B8 98 DS AT 24 TS aEAUR TR
ER] ¢ke A7} wolHwang, 1994; Choi ef al., 2002;
Choi, 2013; Cheon et al., 2020), A&7t W2 z}o|&
HHR X1 9] B/} 71ste] #Et a4 o] P asit

A @ Bt ohekst Ropel A7t HEH Sl E &
Faka 57] A% 7%, SA B 5 ]2 4
A ) B FER BEe) AxHel W7 o]
FoJX|X] E3}HTHChang ef al., 1977; Cheon ef al., 2020).
A BHE A 7| A Re] 25 7HHH R dohT]
FEHQ W02, AR} 2L A (mature)E] T T
7|(ancient)of] A 2|0 53] -8 = ek oW1 A
TE A SHENA BEE = 47 EHHTAAE AES
A=} 7 S99 AL BAS Tl Wetr] AR 9
AaRA BR A H9 2 AIAE siMste o 53
o] ot AFAHLE AT+ s1dF+Y HAYFIH
d&H o Farstal, tioE AAALA Y Folu ZdH=t
o -2 SHitgHEl o3t A5 wEhS v A A 2 A
Holth(2d 1). EZ AFAH 9] £A] =2 7
FESY AzrEeor HAAYF 222 F2pr] bR
EZA iiE G2 AL 3lo] BAREAS Sl



BAo) sl AYAE B0 felet 0L 23T
olet. Wb ol AT O ARA), Lol AAEA) A
A9 gt olF WFALE A U Fast 4ag
Age Aoz 7wt

2. TI&eHY HiE

wok7] 5t fakAloba ofa 2 ojxhiz|zo] AAI
S AU 304 B Aoz gl AAEAY
A7 7L Sk ote] Ajael 91x\o] uke} thEAe.
2 A 742 mEE FEE Lee ef al. (2023)2 Hao] 2
slople] A2l ejs) A1zko] §715k0] A (forearc) A
ool @7Nrif7h WASI GO, o)) HEA-FHE W
of Sapol o) 27] AARATE BAE Aoz Al
o} BH, /HEAIE vl 25 R (backarc basin) @] ¥ ol 4]
ST ATFEE FARALE o|ALrITo] frahalof of
P2 AEelehs ot B ot Age wEe] B4
H % WA e 2 oA B = 2™ (Chouch and
Sohn, 2010), o|Rp}7|#e) AtwAd el o8 B55 e
9] 30| FF FFOl T SFAL oo FHEE ] 2
Aoz FAE ABA ] eks o] AARAS
SN ALL AoFSFATH Cheon ef al., 2020). Lee (1999)
= BAEAE T W (intra-arc) SHFlA HPAPHFE
(thomboid) -2 ¢FsAk(en-echelon) .2 v EH o7 7}
o] 555 U3} ey FFolsE3ol Yol FAE +A
So wgtElo} YAH sltke] 2 RAI2 sjalalc,

BAEA = 55 o2 A& FEH o Yol
A AF Qe A= dEA =, @A 95 5E 54
E2 XY AZolA 7Rkt i RE FEE] HAE ol
£thChang, 1975). T2tk AAHA) A8 ZAR] 27
Z A4 (alluvial fan) E|ZEo] ZE o]2m

M
-

X M= Bt 13

HI
HI

(Choi, 1986), Cheon et al. (2020)2 Y552 EX.o 3
Fole 29 TR Y &R AF BA A dEF =H
20| BE5 54 WUk S-Sl osf 7|vkekat AH
Aokl o Haskqit. Aty o 2 SRR = 2
5ol ol FAE FBAAF Bo] Zlow, AR
33 7|Hrdo] ©F S5t FHO=E v|Fo] Hol 3
AEA Y] B 270l W Aol A o] ofd
F5o 2 7 AS 7hsAo] wrh Yol
Azo] HAH ol EA7 $&FoE FAEH AEAQ
A EELE BAEAE 3N 28R, & W 94, B
4B R 2 o] H K Chang, 1975, 1977). Woka} o)A
A8 2% Z-2AREE(Chang, 1977; Chang and Park, 1997)
2|31 A3} FFaEA] = e A(Won et al., 1978)
32 A4 (Chang, 1975; Kang and Lee, 2008) 2.2 7|
HtHZHE 1a).

AEA S =AY o wet s 2R
AT, SHFTT, FHTTLE FEEY, o2 B
ARl 2 HAE AT Chang, 1975; Choi, 1986;
Chang ef al., 2003), AE2TL Moy} o4 AH 7] o] A
& AR Y5 TS wet B U R] o= 4t
SEA Gt SIS Al ARA| o BF EESHY, &
BAEE ] o)zt Qo] A7 th=nk AR
A BRol= 453wy Y53, sHtes, X533} 81
7Y YAF, THET, AT FEIITHTH 1b). 4l
Eo 12 ARG A Fo]| BiEst FEOE 7HHA A
20| =AHH 0 & o X AL, stFST2 ATA Y T
I} FRo| BESIY FHOE THHA A AFE0] v
E£dst= S-S it

AAEA 9] T o] AT TEH 3= FHA
HE AnE27Y SYHUAE o83l EH= 31t Hwang
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Fig. 1. (a) Location map of the study area and (b) geological map with stratal attitudes in the northern part of the Uiseong Subbasin
(modified from Lee and Kim, 1968; Won and Kim, 1969; Kim and Lee, 1970; Kim, B.G. etal., 1977a; Kim, Y.G. et al., 1977b;
Chang et al., 1978; Kim, B.K. ef al., 1988; Yun et al., 1988). (a) MS=Miryang Subbasin, US=Uiseong Subbasin, YS=Yeongyang
Subbasin, PF=Palgongsan Fault, AFS=Andong Fault System, CR=Cheongsong Ridge. (b) AUC=Andong Ultramafic Complex.
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(1994)& 4539 E4 52t =AY A4 -
5o -sE 1Al o] Fofl= T4 WRFY QS
ol 255t e= Aetstal o, Choi (2013)2 44
A9] Aol EAE = et 5-A B gE Z2 e
5 R QI3 o] Aufetgla= Harstgirt o], Cheon
et al. (2020)2 AEA HFo 2 BjEdH YFL2EX] A5
Sol|lA TEE HAFAY A L8R Y
oA BEE AESE 7|5k 2AR BEs-ddA W
O] IS =&t o, 5EEE WY Y5
3} o] FThS(transfer fault) 22 4 FHZA Y 7]
315 vigto 2 - 38AS B35t A5(Choi ef al., 2002;
Ryu et al., 2006)= Z/3EA17F 270 5-A WFe=z &
FH Ao = A5k

)RR oA 3 HHA AolE U-Pb AT A+
£ AP0 YES, MR, 1530 217t of 127 Ma,
1184+2.6 Ma, 112.4£1.3 Ma (Lee, Y.I. et al., 2010; Lee,
T-H. et al., 2018a, 2018b) 121 3}FZ9] HTZo]
103.240.3 Ma (Chae et al., 2021)2] HhEHA7|=Z 7}
£ A0E Husiglrh. RS ollA= Welr] Aojo] W
A=A geren $HF5FoNAE A5 W EZ A7
Hrp 28 AolE A7t =E5 o, ol A= ARt
E X 25} tHChoi and Gwon, 2019; Chae et al., 2021).
SHH, YAJLRA] AR E AeFTL 2 55 32
FEHOE A, L EA BERY 43T, $EHE
%, AS3Y 1eie A S AEA Ukl HuEgl
THChang, 1988; Koh ef al., 1996; Lee et al., 2000; Chough
and Sohn, 2010). o] o]t dA- At} 3 A HAd A
o] 29| 7194 E4% B8, FAEY 719A7F X% &
of| whet At W3k} Ql3kaol AjFE| ek Choi and Gwon,
2019; Chae et al., 2021). T3} Chang et al. (1978)2 2]A
27A] BERolA HHAY AT 54, 55, ASY
A= Pt s1FS 74 Y A U A &=
7} gkt o, 3] FATSH(FBES) B B3 oA
Apx) BERe] Azto] Fuluc wE AR W4L
AYstad o= sasteck

O ai Ao BE AA A= FHEC] sHSA
o] 7|Htetat HEsks AL 2 A2 A 9l H(Choi et al.,
2002), o] FAF o2 uEEo] §lo ePFS A
A T = A GTHIE 1b). dsTSAE ARk
22 F-AZ gy, gl wet B4 WA B Wk
Hel ol A AF(trace)7t HB}RIT} £R] HA R4 ¢F
FESAY A FPgt EHFA AkFol Hard v=
ot RE9] 71E Ae e ET AV £A 84 =
7)ol AHS S o|FHFTOoE 5T olF It T2

3J=A h(transpressional fault) 22 2|3t A S 2 3

AR THKim, 1975; Chang, 1977; Choi et al., 2002; Kang
and Lee, 2008; Cheon et al., 2017). Choi et al. (2002)+=
FEHSA LY 25HZ QA A7IE EAl T+
3= s EHAAESTA|(Andong Ultramafic Complex;
AUC)9| Q] 0]%5(98.2+3.2 Ma)= AFSHHAIE, o] % 4=
B ATES FFETAUPBIA BANIE Fe
7] &2 EgtololAr] &7|2 H gt vf QIth(Whattam et
al.,2011; Jeong et al., 2014). 3+, Egawa et al. (2006)
SJYARR BAR AEST) At AT S Fol 54
& ol 23 Gt FE0] AT = 7|6kt
Al 718t Qlof, Alsgwto] BAEe Bt YEawd
FEESATE obd ARAG o] &3k T &
350 =2 34517 = sH3ich

i

z

‘?lrl‘
1o

o I
o8 r

o Aolx= A5 AL RF B A77F A=A
(2 20)004 5] Wskohe £ K02 BEe 9
A TR Uiro] T WEHE BAskTh X159
T2 WSt 528 AASHe A4 520 715hE BA
stgow, theos 2 7279 U 3918 et A%
50| Bt Aot BERAE 7ol A7) T2 A4 wist
sashih ko 2 a5 A TS5 Zlskte o
So1d 54 BASHE £ A2 PREAS St
HEA A B4 99 24 308 5 27 B4
(initial dip)7} 2 2 QHAL AelalT E)H PAl2) 3
SBHE AASKE o FokE el ojgkrt AlE~EY Al
2 oo 2elo ANE SHetant ma A= B
2 2442 Fo17] 9131 500 m x 500 me] 22 4}
I AR Yol 24 7 A ol ellA X352 AMIE 5755
Sk o]} A A AR ATHE] 1:50,000 A EE(Lee
and Kim, 1968; Won and Kim, 1969; Kim and Lee, 1970;
Kim, B.G. et al., 1977a; Kim, Y.G. et al., 1977b; Chang
etal., 1978; Kim, BK. ef al., 1988; Yun et al., 1988)°] 4]
ST AFAFY 40670 S AAE ZHT F 1,52470
O A= E FA o ARSI T

Mo mju

3.

1. 77 2
FETGS AwAe] FASAY AR T2 5L
AL @9 9 ojulshe, Ty B8 WS
AAHOZ BAsP) AeAle BAE A5 7279
O WPt o] Basih A3 FAL B HAkzre]
MotE wefs) ATA AL F 57 FRTGOR TR
TR 20). WA FETY AL BA9 B2 FAGIA 7
A} WL ARz e WakE Kol 7oz Bl

=]
=
A



£591 3749 2702 LheolA At} oF 3 km Fo=
DEZA) RS whe A LT olF AFE %
B3} gEO 2 AR ABE Wrolxty, BH02 3
AP 5] SAISEHLY 2b). A5 AAZRE B 51°
2 53] 77k ARE 223 A7 G WS B
ok ARGl =AY PR AcA ZHE HA A

7

M

X £H=9 BAHES

HI
HI

2 Al BAR A0) $39| 1-5E 7
) BEs R,

TRT A0 Y& B YRE Azl Ea Wt
2 1o]x) 97| ujEol, AZe] AA} Ao v wpow
HslEls 25 Adslo] 279 B, C, D) A4S A
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Fig. 2. Results of dip analysis in the northern part of the Uiseong Subbasin. (a) Structural map showing the colored iso-dip contours
and dip directions of strata. The smaller black arrow and bigger white arrow indicate the stratal dip direction at each location
and the dip direction that represents the stratal attitudes of the surrounding area, respectively. Five structural domains are divided
based on the abrupt changes in dip direction and/or dip angle. (b-f) Rose and contoured n-diagrams (lower hemisphere, equal-area
projection) showing the distribution of stratal attitudes with mean dip direction and dip angle for each domain.
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€ 7279 Bole A2 sl s H
FTS7HA] A 2 BE 2EATHIE 1). o X A2 B
12°9] 243 7HAH BE5 0 2 AR AR, A& 453
T2 AAH LR 55 WA $5F YFeE FARE vt
B, ST $HOR 44 EREM sEELE
7Aoo 2 HTH 1™ 2a9} 2c).

ATFAY FHl AR 274 Cof Doll= stde
A|SE0] LE3IH F 79 GA FHof| 7Rl kg H
o] ATHIH 2a). °|F F=74 Cof EXFHE2 Ht
13°9] BAZFE 7M1 E5A o2 duEA PAR
tH2d 2d). 3HH, 279 D9 Afolle ASE0l ¥
of 7|k E ] of Hupeat F2h] 3Pdeh d2ellA
S5 WA $ELE FARAE 55 7Nk FHz=] o
Zeh FHoME il 2 FEe 2 FARR] L glof, Ui
EA-EE BEe] A9 28T S5 e A EE E
(trough) ] 7]3+5 HEFATH(TLH 2e). o] 27 X329
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o
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BE RS 10°9) Ao m BERom AN Fe)7t £
Aste

32 21 2AM
Y 4TI — s Py |
3.2.1. X ANl 2EoH= &5

< EESA AHE wet o BgS ol
o 59| 274 B} Coe) A NA 252 A
T 277 AT HIkE Rt ™ 3). ol FH A
o] AF BEe] AL S s dHEE &
e GEESAY AR AAH LR F-A FolA
T E-A ok oA SRS AEAR S WSkt A 7Y
A S ARE AR E F-A I F3(1H 20)3 ¢
SESAL BEAS Hoh AAI3] dotr] Hsf 2 A
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Fig. 3. n-diagrams (lower hemisphere, equal-area projection) showing fold axes and best-fit circles in each segmented small sectors

of Domain A.
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Fig. 5. Three groups of the folds in Domain A reclassified according to the trace directions of Andong Fault System showing

a tendency of fold axis parallel to adjacent fault trace.
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BASAI7I1AQ A B5< BTt A5 B+ 7
AHS] BZh= A7l whE &A] 714 X1 8] HFARE ol
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A W Fx27 B, C, DS O A58 AN B
Ao] AA =T TE 8).
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Fig. 6. Newly observed outcrop photograph of isolated Cretaceous sedimentary rocks north of inferred Andong Fault System
in the northeastern part of the study area and its sketch, which shows faults parallel to high-angle beddings and forms a NW-trending
fold (inset in the lower right) together with adjacent outcrop to the south. WC = white-matrix conglomerate, PC = purple-matrix
conglomerate, GCS = grey coarse sandstone, PFS = purple fine sandstone.
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Fig. 7. Analysis results of the folds developed in Domains B, C, and D. (a) Bedding traces (black dashed lines) on a magnetic
anomaly color map (from Park et al., 2019). The bedding traces show relatively small NW-trending folds adjacent to Domain
A and relatively large NE-trending folds almost parallel to the magnetic anomalies. (b) Geological map with the bedding attitudes
and representative dip directions of the basin fills. Note the Jeomgok and Iljik formations distributed along the boundaries of
Domains B-C and C-D, respectively, and stratigraphic repetition pattern. (c-d) n-diagrams (lower hemisphere, equal-area projec-
tion) showing the m-axes and great circles of folds in Domain B (c¢) and along the domain boundaries (d).
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Fig. 8. Mean stratal dip angles and their standard deviations of each domains using all data (a) and selected data (b). In the selected
data, the stratal attitudes that were locally deformed by faults and small-scale folds and that have dip angles greater than 40° were
excluded. The mean stratal dip angles calculated from the selected data show a gradual decrease upward. JG=Jeomgok Formation,
HPD=Hupyeongdong Formation, J=Iljik Formation, JJ=Jinju Formation, HSD=Hasandong Formation, ND=Nakdong Formation.



ro
I
i
il
Of
i
I
1
~
1o
0x
b
AT
b
A
i
AL

Xl EHS0| BAt 2N 21

HI

FolsAde Z+z} 60°¢9) 50°2] AFZH(rake)S 7= TS EUSHH, AEA-TEE I HAFSHEH(03)0] &F
2Ao] ERIFUTHE 9¢). ©]& Delvaux and Sperner  HTHLH 10b). G524 9] 7t Ho] B9 11-38%
(2003)<] Wintensor S/W (v.5.9.0)& ARgste] 1383 9 Alg|e= Wt & 4= glov &5-9] FHy 7|5HE B3l

«=i Bedding
(N88:W/34°NE)

Fig. 9. (a) Outcrop photograph showing the normal faults observed in the Hupyeongdong Formation in Gyepyeong-ri, Pungsan-eup,
Andong city. (b) Close-up view of tilted conjugate normal faults cutting thin purple sandstone layers, which show the features
of syndepositional growth faulting. Note yellow arrows and purple bars indicating upward decrease of fault displacement and
thicker layers in hanging wall compared to adjacent footwall, respectively. (c) Slickenlines with a high-angle rake on the fault
surface.

@ Before tilt correction After tilt correction ® After tilt correction

N=2

Fig. 10. Paleostress reconstruction (lower hemisphere, equal-area projection) using (a) the geometry of the syndepositional con-
jugate normal faults and (b) their slip data shown in Fig. 9. Divergent arrow heads represent horizontal stretching directions (Ogmin)-
N: number of data.
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Fig. 11. A simplified model of fault-related growth folds in an extensional setting (modified from Coleman et al., 2019). Normal
faulting and deposition occur simultaneously, resulting in the development of growth folds (anticlines and synclines) over the
horst-graben structures. The dip of the tilted strata above the fault progressively decreases upward.
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Fig. 12. Schematic block diagram showing the geometry and structure of the basin floor and fills in the northern part of the Uiseong
Subbasin. Note the Sindong Group deposited in an asymmetrical graben, while the Hayang Group over a repeated graben and
horst structure in the eastern part of the study area. The white and black arrows represent the extension directions during the deposi-
tion of the Sindong and Hayang groups, respectively. See the text for a detailed explanation. ND=Nakdong Formation,
HSD=Hasandong Formation, JJ=Jinju Formation, IJ=Iljik Formation, HPD=Hupyeongdong Formation, JG=Jeomgok Formation.
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