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ABSTRACT: We discuss the geometry and evolution of the age-unknown Pyeonghae Basin, which is located at
the boundary of the Gyeongsang Basin and Yeongnam Massif, based on the detailed geological mapping,
characteristics of the basin fills, and analysis of stratal attitudes and geological structures in and around the basin.
The Pyeonghae Basin has the shape of a tension gash elongated in the NNE direction with a length of about 4 km
and a width of up to 1 km. The basin is bordered by NNE- or NE-striking normal and WNW-striking transfer faults
in the western margin, while by NNE-striking reverse dextral strike-slip fault in the eastern margin, which
corresponds to the northern Yangsan Fault. The basin fills, mostly composed of conglomerates, are divided into
three stratigraphic units based on the sedimentary facies assemblages, and the upper units are distributed toward
the east of the basin. Their vertical changes are recognized as the grain size decreases and the sorting and roundness
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as well as the contents of the matrix and sandy layer increase upwards. The overall strata of the basin fill dip toward
SE and form a gentle fold in the southern part of the basin. The dip angles of basin fill generally decrease upwards.
The intra-basinal syndepositional conjugate normal faults are arranged almost parallel to the marginal normal faults,
and the paleostress fields reconstructed using their geometries show a WNW-ESE trending horizontal stretching.
These features indicate that the eastern border fault dominantly led the basin extension, forming an immature rift
basin characterized by the geometry of an asymmetrical graben tilted eastwards with an NNE-trending axis, under
a WNW-ESE-trending tensional stress regime during the middle Miocene. The Yangsan Fault forming the eastern
border fault of the basin was reactivated as a reverse dextral strike-slip fault by the Quaternary tectonic inversion.

Key words: Pyeonghae Basin, facies assemblage, syndepositional structure, rift-basin, Yangsan Fault
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Fig. 1. (a) Regional geological map of the southeastern Korea Peninsula showing the major faults including the
Yangsan Fault System, Yeonil Tectonic Line, and the border faults of the Miocene sedimentary basins. (modified
from Chang et al., 1990; Hwang, J.H. et al., 1996; Kim et al., 1998; Hwang, B.H. et al., 2007a, 2007b; Son et al.,
2015; Song, 2015; Kang et al., 2018; Cheon et al., 2020; Ha et al., 2022). (b) Geological map in the vicinity of the
northern part of the Yangsan Fault. Note that the Yangsan Fault is interpreted to be extended northward to
Pyeonghae-eup, Uljin-gun. (C) Regional structural map of the Miocene basin province in SE Korea with the stress
regime during the East Sea opening. The thick black arrows indicate the mean declination directions of ChRMs

(modified from Son et al., 2013).
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Fig. 2. (a) Detailed geological map of the Pyeonghae Basin, Pyeonghae-eup, Uljin-gun with type localities marked
by yellow squares. (b) Representative cross-sectional views of the basin.
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Table 1. Description of sedimentary facies in the representative columnar sections of the Pyeonghae Basin fills.

Code Lithofacies

Description

a few tens of centimeters to 10 m in thickness; cobble to boulder clast; inclusion

clast-supported

of brecciated clasts; clast-supported; very coarse- to very fine-grained sandstone

Ce conglomerate matrix; disorganized but common normal grading; often transitional to the upper
stratified conglomerate (Cs)
. 1.5 to 12 m thick; pebble to cobble (rarely boulder); sub-angular to sub-rounded
matrix-supported ) . : . . o
Cm clast; matrix-supported; medium to very coarse-grained sandstone matrix; common
conglomerate ; ; > X )
medium to very coarse-grained sandstone matrix; disorganized clast fabric
. 0.5 to 3 m thick; clast- or matrix-supported; granule to cobble clasts; rounded clast;
stratified SR . >
Cs common clast imbrication; crudely stratified or low angle cross stratified; often tran-
conglomerate

sitional to the massive sandstone (Sm) or stratified sandstones (Sh, St)

0.5 to 2 m thick; Massive; common dispersed granules or pebbles; poorly sorted,

Sm massive sandstone

dispersed sand lends; vertically and laterally transitional to the stratified conglom-

erate (Cs) and trough cross- stratified sandstone (St)

Sh horizontally stratified

0.2 to 1.5 m thick; rare occurrence; horizontal stratification; fine to medium-grained
sandstone; commonly intercalated within the conglomerate (Cc, Cs, Cm); resting

sandstone above a scour hollow
2 to 4 m thick; resting above a nested scour hollow; trough cross-bedding contained
St trough cross-stratified within planar stratified interval; commonly alternations with stratified conglom-
sandstone erate (Cs) or clast-supported conglomerate (Cc); common dispersed granules and

pebbles
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Fig. 3. Outcrop photographs showing the major features of the Pyeonghae Basin fills. Unit A (a and b) is characterized
by the massive, angular to sub-angular, boulder and clast-supported conglomerates observed along () the western
and (b) eastern border faults. Unit B (¢ and d) is mainly composed of massive to crudely imbricated, sub-angular
to sub-rounded, cobble to boulder size clast-dominated conglomerate beds intercalated with lens-shaped (gravelly)
sandstones. Unit C (e and f) consists of crudely to moderately imbricated, sub-rounded to well-rounded, moderately
sorted, pebble- to cobble-size conglomerate beds intercalated with relatively well-extended to lens-shaped
(gravelly) sandstone units.
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Cc : clast-supported conglomerate
Cm : matrix-supported conglomerate
Cs : stratified conglomerate

Sm : massive sandstone

Sh : horizontally stratified sandstone
St : trough cross-stratified sandstone
2 : fining upward
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Fig. 4. Representative outcrop columnar sections of the Unit A, B, and C in the Pyeonghae Basin. (a, b) Unit A
and Unit B in Section 1 and 2 adjacent to the western border fault, characterized by brecciated boulders and clast-
and matrix-supported conglomerates. (c) Unit A in Section 3 distributed adjacent to the eastern border faults, showing
arepeated fining upward sequence. (d) Unit C in Section 4 showing imbricated clasts and channelized sandstone.
See Table 1 for the detailed characteristics of the basin fill units.
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Fig. 5. Structural map showing the geometry and kinematics of the major faults, stratal attitudes of the basin fill
and basement rocks, and geometry of folds in the Pyeonghae Basin. The m-axis of a fold (rollover anticline) adjacent
to the western border fault is almost parallel to the fault. The yellowish circle indicates the location of the Quaternary

fault outcrop reported previously as the ‘Pyeonghae Fault’.
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gst7lolis @A ofEtao] et o2t B84l
& Hasel) A8 7kt AU HASE
S 2 JA| Aute] AA 12 g2 X359 AAE
Z45taA}L ek & 15709 A7 SR E R
o, A% &3 (bedding trace)S =3I FHEY
o A ERE SO ASAAY Al 37 gt
= B3t ch18 5,6, 7).

FafEA] AA FAE AAE AW o= 24
A AT AR =S 7 Tt B
Yz g0z AANNHIY 6). FF AT
Pt A 42 ST0°ES} 12,990t} 2Lt
TAY SR Fo-HA HFeE dEske A
HHEE FHUOR A9 R dFo| 252 A
Hrgfof A At 2pol & HRITh 1Y 5). Hi-E= A
RE Q) A SAA S} AFSHA| Bt S48°EQ] ZgARY
Fo2 L EEHOE FARAE B, Ei=
BAPE O] Bat NISER BA9 Be&os 2t
=0} BARE FoIth(1d 6). o, Al 59} 7 B
T S FARs ofF washt ARE deE
HRH o2 fadhe e BAHITH D).

42 22| MH 3ALS

HhEA| o] A AR EFEAI} FARSHA|(Song,
2015) 55 43| S oI5 A4 (stepping)
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Fig. 8. Stereographic plot of the western basin-bound-
ing faults, including NNE- to NE-trending normal
faults and WNW- to NW-trending transfer faults.
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BA] Yio| Wdsts ARTRE oA At
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o= SHES Aol a9tk Aud=o| T
o} Ao} AT L2 ol Bal oA @5t
H5 rJgko] FolX} Ark=E(conjugate normal faults)
of oJa 7]Htete] A £} 1 oFHe| RASHER 5
AE AFE FAUTHIE 10a). A7} A 7= &
ZNEA|(rift-basin) & HIZR A EJREA| oA I
Dot dEA Q] ATzt THH, Hoflg o3
o= EASHES Addte &R AdS=0l
O3} grEol A Fe} A 7F TRETH LY 10b).
o] AT 555 WA EEAY AA A viE
= Ze Y &3 718HE o] FH, 9F 20 cm9)
o5/ AE7] A 9 (separation) 2} HTHF &
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53] o|5 39 Aol $IX|gt Z|Fo] o] tf
H &= 3R] A 3o H|s TR JRE 454sE
WP} sl Bl AN A5 (syndepositional
growth fault) 9] EA& W ol &},
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ZA(slickenline)o]| Q1A =R Y=t} wiaha] o]H & A2 E9] 7312 o] &38| AEA-ZYSE ke F
FodE A AT tiitel dEstes AT A4 E-EH (Ommn) 0l EEEHATHIH 1la). B3 2
350 T} B2 71818 ol gale] SRS . AFUEL ATl TG AVRES o8 7
Aotgict. 71 A3, 24 S8 BAC R 7k folle AR S-A WA AEA-EEE
el &5 9 D5 Ads AR 5 ¥F HaeE-s o] FATHLE 11b).

bas'm-_ﬁ_ﬁ' -
(conglomerate)

Fig. 9. Outcrop photograph (a) and (b) its sketch showing the features of NE-striking listric- and domino-type normal
faults observed in the western margin of the Pyeonghae Basin. Outcrop photographs showing the NW-striking trans-
fer faults dipping toward (c) NE and (d) SW.
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45273 SH FATHE HBRR) 2 B8l Al2o] BAE FeoheA FH AATS
BeliA\o) FUS 7o) Ao Mojgle Y 2 BEA 2 65° o] AR ¥ B
YA BEE U] o5y 94 FPIEUE 2w DU MAARE BAFABR op

of o8] EA) AAE] YT 5). o] §=2 Choi = B 31 HZHEL A2 SAAZ] Alol st
et al. (2012)9] S ZALA] HalhS(X3)  SOITHLH 12a, 12b). o] &5t 6 m W) &
o= yyH vl Qo AARE ofaldEe B& o TEd(fault core)d} 4 1 m o)A Fo| P&
Aoz A47) ghF oz A&H Aotk o AJtl(fault damage zone)2 =M, TS UF

Fig. 10. Outcrop photographs showing the major features of the intrabasinal faults in the Pyeonghae Basin. (a) A
horst-graben structure produced by the NS- and NE-striking conjugate normal faulting adjacent to the western border
fault. (b) Syn-depositional conjugate normal faults making a typical graben in the basin fill.

a

N=10

Fig. 11. Paleostress-field reconstructions from (a) the basin bounding faults and (b) the intrabasinal syn-depositional
faults, using their conjugate fault geometries. Divergent arrow heads represent the direction of horizontal stress
(Ommin)- The principal stress axes o; (filled circle), o5 (filled triangle), o5 (filled squares) are also projected. Thick
great circles indicate the mean attitude of each conjugate fault pairs.
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Be FL 2= viAE 552 ATTHE 5).
olggt H2 o] FFo| B W FAETY A
3 25l gsf At 9soiAl= F-5Hi Krollover
anticline)d 7Fs/d& AlARetTh g B2 YR2
445 olgkrt =2 oldd WA 939 95
353t AH o] Wdstar glo, AW AT
EX | 23 gt HHTAY G522 34
Hr} ¥HH, BX] FHY ¢ FAdS 55 A%l
st @A dolsd L FFO|THTLE
AHEE 545 HRAtd 12). Hal&A] SHES
ARE 2R ot Ak duteet Bgo] &F
ZajAH 95 W 714 vl&o| 7kl AFEE9
S S Aol TR = YA BB E B
et o]t AL |z EX] FA A LAYe
T3 2528 AGEHA AL 94 g - Eo]

Fig. 12. Outcrop photographs show the major features of the eastern border fault of the Pyeonghae Basin. (a, b)
Basement-derived fault core in the hanging wall and the basin fill in the footwall are bordered by a NNW-striking
dextral reverse fault (the northern extension of the Yangsan Fault). (c) Slickenline on the fault surface indicates
the dextral reverse oblique-slip movement. Black arrow and dashed line indicate the movement direction of missing
block and a horizontal line, respectively. (d) Tectonic fish (clast) indicate the dextral shear sense of the eastern border

fault.



fFra=Een, o] Hap EX7F SEIL Z oA
shie7t /38 ol what Edgt f2bgol| oa vt
ot Ego] FEsta T S A5 £2
AHESol SAISHA EAE= Ao EXdaay
= A AT 2y Bl A o= A F 4
¢ T T T B3] EER goug
B9 AL (maturity)+= Fom, 71 2o &
A2o] B NH AAS w22 2¥ain 5y
29) Q7 5H0 2 S Fastn glof HalE
e BHOR W48 BA) A7} ol A ulrH
% AFdj(asymmetrical graben)E ©|& Z o2 3
A ETH(ZH 2b).

BaEA] SHEY FH= AvE o g FE WA
FTHELE FARAH, &4 die a4kt 559
713kE ol &tk THEY AR E d4E HrlF e
A ol A" 7). M B A7HE B
50| &Y EASHE 529 BAHFS
A 7179 B e Wk aea 2R 2t
AollA 7 M7 & S AXE AXTY
(Wise, 1992; Lucchitta and Suneson, 1993; Scott et
al., 1994; Son et al., 2000a, 2005; Kogyigit, 2005;
Changbo et al., 2007; Serck and Braathen, 2019).
B A 9] FH BATSE A= vl At
AgAol gdsith(ad 5). dutroz &30 A
Qo] A= Ao AHBAE Helvk=7]&
A3 (Marrett and Allemendinger, 1991; Cartwright
et al., 1995; Dawers and Anders, 1995; Cartwright
and Mansfield, 1998; Cowie ef al., 2000)5 Za15}
9, FeEAY] FH FAGS0| vlE 14=9] o
o|FA ¢ Tl THToZ A AEE ] QL
gk 24 B Feolls AH BAGSE T A
A7F o AX EA S FEHES 7HsE0l =
o} J2y FAESS FAEA B AEE EA
St @Folung I QA HerEs BA 55 3
Ao HYFS FAFH o2 ZA517] ofHrk=
A= HEo] Zetsfior & Aot}

= FEFolA Hud A £A52 R
2 Fole T dHE, &2 ol BEEA WY
FHANRE 0|5 Y= 55 WA EE5F HIFY A
ol ofs) S SALYEA R A E T ek
(Son et al., 2013, 2015). F|Zoj= Z3HEX] 9] Yot
o) REARA tat F2AAL F3 o] EA7}
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AYF2A 9| Bt 9X3 BE&5-5 W A7
o oJsf) =g QTS UTE A (transtensional
fault-termination basin; Umhoefer et al., 2007; Song
et al., 2022)2 Xt 1Y FHEA = &
B o s A& o] B E Holn o]
T AN EASHA] ek B3 24 R
oA EHFAE & WA BEEF WY et
AT F2(IY 10)7F TEE I A EA -5 43F
9] HapggEE Ak L] BHEHIA
tH2E 11). ol= BaEA7ZF FH FAAE olF+=
A5l A9 A% AEA-FEF WFY A%
Hof| oJsff e shte] HMF A FINEA(rift
basin) ¥-& A A3t} $HA, FafEA| S| FH A
A EE S5 A4S F2E SotAo 4 Al
7] A2 AR ot B e o] eSS il =R o)A
WEEE Al47] T HolgA T FHolF
@3 59 Az e

5.2 39| HZAI7|2H et
S5 ST BEEROR AgHe

Choi et al., 2012; Kee et al., 2019; Ko et al., 2022).
weha PAITEE-S BalEA) o] BT} o] W T}
HollA) 22 JUL S19S Ao BerHh ¥
AHE-L wlo}] o] Tortt £E AT th
MY HYOR, B3] 940 TPl B PAEE
9] S AtlA 7H IRt 7152 2 TH Chang et
al., 1990; Kim, 1992; Chang and Chang, 1998; Chang,
2002; Hwang et al., 2004, 2007a, 2007b, 2008, 2012;
Cho et al., 2007, 2016; Choi et al., 2009; Kang and
Ryoo, 2009; Ha et al., 2016; Kim ef al., 2016; Cheon
et al., 2017, 2019). Z&A] 7| AW AFA] vl
Aol A Folgt e g AEE = oF 50 Mad] A
o QU PR BEE B PAS o
21.3 km $3F =2 H 7} By LIt Hwang ef
al., 2004, 2007a). =3t FAFZA || o= UG
D=3 ¥7|gEo] 23 51~44 Ma2] YAr/PAr &
Be Hol= df WA EEF WY 9714 o
Z(dike swarm)o| 980 2 HAhEo] HUE Q]
tSon et al., 2003; Ha et al., 2016). $+H, SHIE=
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2 4#A 21o](Son and Kim, 1994; Son, 1998; Son
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et al., 2011, 2015; Cheon et al., 2012; Jung et al.,
2012; Seong et al., 2013; Kim, 2018; Song et al.,
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o} mEbs] FAES O S Tl T TS B R
WA EE55 ke |71 ko] #el(9F 44 Ma)
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F|:>

gt o] o] mfo] @A 2] E7](¢F 24 Ma) oA
of] HHAYgt A o 2 34 F i Cheon ef al., 2019).
FHEE FER oho] oA EAE9 S ol A
FAESO] A2 v v|n|stHH AR ABA
9)tHSon et al., 2013, 2015; Song et al., 2022). Al
A ZEEA| 2} 1 FE9] uto] 94| EX S FAr
S Hotarl A gom, Adt2AT 2|2
FH 2 QA== ZFEA] AH BADS o F
AETH Y la). 22t ZFEA] AW FADGZ0]
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£.9] FolEA| Q] FH FATE FAGS O R 0] Fo

Fig. 13. Schematic block diagrams showing the evolution of the Pyeonghae Basin, which consists of the four stages
of pre-rift, initial syn-rift, climax syn-rift, and post-rift (inversion).
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EHACE AFEReH, ol 25d9 e
dofA s AR EAY O] Rle] Har Qick
(Kyung et al., 1999; Kyung and Chang, 2001; Kim
and Jin, 2006; Kang and Ryoo, 2009; Yang and Lee,
2014; Kim, C.-M. et al., 2016; Lee et al., 2017; Kim,
T. et al., 2020; Song et al., 2020; Kim, N. et al., 2021,
2023).
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of o|2 A= FART ol FEET-AEA WY
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