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ABSTRACT: The upper part of the Haman Formation, Sopo-ri, Gunbuk-myeon, gyeongsangnam-do, was studied
in the aspects of sedimentary facies and paleoenvironments, and its lithostratigraphic implication was discussed.
The sedimentary facies of the examined deposits are divided into eleven facies. They are interpreted as unconfined
flow deposits to have been formed on floodplain to lake margin (sandflat to mudflat) under paleoclimatic conditions
with alternating wetting and drying intervals, and to have been intermittently influenced by pedogenesis. It is
interpreted that dry mudflats were intermittently formed around a lake and volcanic activity was sometimes
associated. Reddish deposits are commonly alternated with greenish gray deposits in study area. Sedimentary facies
and occurrences of paleosols, evaporite mineral casts, thick-bedded dark gray deposits, and tuffaceous sandstone
lenses are varying throughout the examined deposits. The stratigraphically upward increase of the thick-bedded
dark gray deposits suggests that the lake might have expanded during the deposition of the upper part. The difference
between the general lithology of the Haman Formation and the sedimentary facies of the upper part of the Haman
Formation in the southern Gyeongsang Basin including study area suggests that new lithostratigraphic definition
and subdivision of the Haman Formation are needed.
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AAEAjo] REe wepy] HHEE] S4E
Koto (1903)9]] ]38} 7450 2 HHH o) Tateiwa
(1929), Chang (1975), Choi (1985) S-¢il ¢]a}e] 2]
FT20] o|Fo it @A BAAEA EHSE o
8 R0 2 AR ET 9lE F4E Chang (1975)
o] 93| AXE FZEAE, Chang (1975) 35
W AT BRAst] ZAEA Y WS A
ks B37), SHE SAIE A7), 3 %
7] W 3o B7I= FEste], Zbztol| g
= ASHHES A3 st 452
BT BYPTR PRI

Choi (1985, 1986)%= Chang (1975)] 23] L5
H 7t 532 W AFE0l BRI TE &
Be 22T, 71 FRE E SHgEel &gt X
HiE Ao = A5, 7+ A F5 7HY| 2ol EF
2 o] Aol & vl o = o] R0l 4= Ql3-& A¢tst
@t 8k Chough and Sohn (2010)2 AAF5
2 "3 & X](back-arc basin) 7| ¥2 2 3|43t 7}
tlofl, viZEA] EHFH T 7Y dFE0°l T
Altoll BAQl WsHE o] dFA Aoz IdH
ARYIE AT S T EA] HAFH(A5ST
I} 51FS) I S S E (RS ol @A) A
HHANM = AT T4 AT BAE 7HRAAT, B
29 23ty of i T EA] B &S SHEE oF
S0l A= W= AlAIStAT

Chang (1975)°]] +&49 A+ 2 ASEY
ARk Rl SA H EF £ disiA= Um et al.
(1983)°] &Jafi & FE| = o, o] o o] FojZl 7
ool et 35 Ao v Alw = B0l §
2 Qiok 283 7heuof gkl it B8]
AeHA o4& Aol 2+ ERFAb] o ot A
FH2EE 2o et = AT B3S
S HHEANEL 7 R BAATTE A NS =
O] SAEAT A EAo] FEAoE o4 B B
Eojof & F g Aol 3= Al &t

BlFFY] Aol stk AR AEAIA e
2, 51900l = AlTgde =28 WA Fd 94 A
o] Bl H249 o]t gh2 F9f WA Akt
WA AEAES] ety AlZtske S55E A9
o Sl= 2532 A3 A Z4 o]¢to] Ueht

7] AFeR= S5 7HA] A= o] ItHUm et al., 1983).
eSS T8k AHiA Q] 2 F24 oldT
HEAEY] WEeTH5 o]guko 2 7B Algt
4 S3 A o= IEA Jrh(Um et al, 1983).

T Ao AP A HAEAL] H24 F
4%0) YA glo] BLFUNEZ 02 o] 2ol 5
HEAo| A AR 0] Agro] B Tt
ARRL0) E|&ZakSo et al,, 2007) A T 7HelE
A 9] At S HASolA BHR1E ATHKim et
al., 2011). o]k opje} APA] o}FA o] FHel g
HSoM= F2 M YA S48 9] S8R
2 43 2P A YD ARFOR o] Rojal 3
AU AHQ 4777 5 H25 AIF L
SHHEE RSl AHjd o ddsia, A ES
T4 FHA WPAH G| A Wkl
2olH H} Qlek(Paik et al., 2012a). Um et al. (1983)
<= 73 A3 wA Eoiof EE3he FESlA Hl
28 o|ggo] WM WS Z1Aa vt glol,
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S SR E S| BEShs e AT 2
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o] o2} o]l Aj 20| LERtow, o|2RE 7] Hatd
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SRAAY O B =g ot @A B & SoA
5= ERIE = AARIT whebA o] =2ellMe A Tt
T FHW £Te) Y PE HHF HHEA
of digt ARt 7le& v R A7AY et H
239 DAL ko0, oot @A ATA
kg EFF0| 7L GEAA Yuie nasec
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st B Fol A Aol 2H WA Ex3ith
(Choi and Kim, 1963)(71% 1). A7x| o) HLZ3}
= W& A o WA Y of| &bz Ao =
A, 1:50,000 A A= ThAFEZE(Kim and Kim, 1963),
A% %2 (Park and Chi, 1963), 2|3 EZ(Choi and
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Fig. 1. a. Distribution map of the Haman Formation and location of study area. b. Geological map of study area

(Choi and Kim, 1963).

Kim, 1963) Sl A= e, Zd AbdoA o
Tof| o|27|71A] FBE-dA WEFe R \A Eaxdith
HE FRESO] RS Aot AT o2 T
4HE 33 Yo] A= o] itk (Chang, 1975). gt
O] AN = 31T oF] T4l Al 552 Al
A7} Lee et al. (2010)¢]| 2J3}] Late Aptian-Late
Albian & 2 A|A|H A 2} 91QHE-9] 45} of <1
A Z9] Ad|&A AIHKim et al., 2005; Jwa et al.,
2009; Kim ef al., 2013) 5-& 723 o, welr] 7]
Q1 &ulRt(Albian) (19| AF)of| sfFdh= A5
2 AR tHKang and Paik, 2013).

TIFS HEA et olgh EE AU B
28 Pt S 4302 YFUHAZO=
d#== AFoIth(Um et al., 1983). 3++3ol
atE #2221 sHd 7199 E85-2 sk, &
I3 4 S0l o] F sHiEFole sh=r]d
O] AT eS| AA EVL &3] WEE
o Y& A= g, WSl sty A
I VEG 7Y A EQ o] ufe- A o[t}
o= $oFE9 EZ o] =R (unconfined flow)
7} AR F A B A o] Fo|H 2= A A3
1 (Chang, 1978; Um et al., 1983; Choi, 1986), &l
Ao w3 v LA W3k S A ok

e, FHE EAFe) ko] ARE A Al
EoX= BAFUY AR, AESEY dE 50l
U, H249] o|¢hoflA= dE D AgF 5ol
&3] B, L&, FAFFEY As1E, o

gt AR 3H 9 3R BH ol AkeE
tHChang, 1967, 1978; Kim, 1969; Um et al., 1983;
Choi, 1986; Baek and Yang, 1998; Lim et al., 2000;
Kim et al., 2006, 2011, 2012). o]} &A A AR
A AEe} obRA, R F1lelo] BEsls 3
oFZol| A ¢]F WA= 4 (Kim et al., 2006, 2012)
o] WE Qe AFHA] AGE A oA o) WA}
= 314 9ol TE AL 4T} B 314
o] YA O H(Yun et al.,, 2004), o] €AH|7] &
259 173 SA ok WY o= Fi4
=tk (Paik et al., 2012b). EZF Al 2| H o gt
oA TR BAFY] &3 EA2go] B
EQlaL, ol= 7719 9719 AE 2}l sk} o]
w2 SR AU Wst 9 &) WA A1
7)1 H3te] Aito] o3t Aoz A ETkSo et
al., 2007). o] Joj| &= AP X Hof| &3Esh= el
A= F8TF Qg3 o] HuE v la(Kim et
al., 2010; Paik et al., 2010), 21522 H 2] FHetZo)| 4]
= U ASL2 EY(roll-up)F+27F RAEG S
o, o]= u|AlE 7| 4] B F2(MISS: Microbially
Induced Sedimentary Structure) 2 4= $AcHPaik
and Kim, 2014).
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Table 1. Sedimenatary facies, sedimentary features and depositional environments of the Haman Formation in the
study area.

Sedimentary facies

Sedimentary features

Depositional environment

F1: Reddish interlaminated to  planar lamination, wavy lamination, unconfined flow
thinly interbedded irregular lamination, cross lamination, alluvial plain to lake margin
fine-grained sandstone to micrograding, mudcrack, ripple mark (dry mudflat)
siltstone and mudstone (symmetrical or asymmetrical), calcareous
nodule, invertebrate trace, evaporite mineral
cast, dinosaur footprint, bird footprint
F2: Greenish gray irregular lamination, micrograding, unconfined flow
interlaminated fine-grained mudcrack, brecciation, mud flake, lake margin (mudflat)
sandstone to siltstone and  calcareous nodule, dinosaur footprint, weak pedogenesis
mudstone dinosaur eggshell fragment
F3: Dark gray interlaminated mudstone-dominated, planar lamination, unconfined flow
fine-grained sandstone to micrograding, mudcrack lake margin (mudflat)
siltstone and mudstone
F4: Planar- to cross-laminated  thin- to medium-bedded, planar unconfined flow
meduim- to fine-grained lamination, cross lamination, grading, alluvial plain (sandflat)
sandstone to siltstone ripple mark, mud film, mudcrack
F5: Dunoid and planar- to thick-bedded, dunoid, erosive base, intensive unconfined flow
cross-laminated medium-  grading, planar to cross lamination alluvial plain (sandflat)
to fine-grained sandstone
Fé6: Greenish gray calcareous calcareous, massive, irregular lamination, post-depositional pedogenesis
silty mudstone calcareous nodule (calcrete), pedogenic  alluvial plain to lake margin
slickenside, pseudoanticline
F7: Reddish calcareous silty calcareous, massive, calcareous nodule  post-depositional pedogenesis
mudstone (calcrete), pedogenic slickenside, alluvial plain
pseudoanticline, carbonized wood fragment
F8: Graded medium-grained thin- to medium-bedded, bedded to unconfined flow
sandstone lenticular, erosive base, normal grading  alluvial plain (sandflat)
FO: Pedogenic carbonates thin-bedded to lenticular, alternation with  pedogenesis
dark gray interlaminated fine-grained lake margin to shallow lake
sandstone to siltstone and mudstone
F10: Thin- to medium-bedded tuffaceous, thin- to medium-bedded, intensive unconfined flow
tuffaceous coarse- to erosive base, normal grading, planar to after volcanic activity
medium-grained sandstone  cross lamination alluvial plain (sandflat)
F11:  Alternation of greenish gray  tuffaceous, lamination to thin-bedding, unconfined flow after volcanic

tuffaceous fine-grained
sandstone and mudstone

scattered sand grain, erosive base,
micrograding

activity
alluvial plain (sandflat)
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31 F2ME9 HE WX 2522 uEs=
MIZIAI LHX] MEAEDL O|2H(F1: Reddish
interlaminated to thinly interbedded fine-grained
sandstone to siltstone and mudstone)
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Fig. 2. Occurrences and sedimentary features of reddish interlaminated to thinly interbedded fine-grained sandstone
to siltstone and mudstone. a. Sectional view. b. Polished slab showing lamination and mudcracks. c. Thin section
photomicrograph showing micrograding. d. Sandstone lenses (arrows). e. Ripple-bedding. f. Wave ripples. g.
Mudcracks. h. Aggregates of evaporite mineral casts (arrows). i, j. Thin section photomicrographs of evaporite min-
eral casts (i: plane polarized light, j: polarized light).
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Diplocraterion isp. &)°| =8t=| (13 3f, 3g, 3h),
wpHos M3 BaSo] Abaitt. of Haao|
e BeEolA Eo) AkEEh BHUAT ST
TR0 TR, A 822
7} gl $3:& E3Ho] SRIFH 051 3a - 30),
AR A oM TR0 et
thH(Paik et al., 2017). o]&} A WajHoz FAH
FEEE(A L) 2AATA Y ddo] ERIESI=
ol(2E 2h - 2)), o|HE EAL ARG W F55
of =EH EHdH, & A7A Y EHF9] AR
Al &3] AFEE 3, o] ElAAGE 5389 g
FLo 2 WFsh= APA WA HEAET oY, F
A7 0] A3]Z o] AEH o]t =RtE T

O] EJA AR ol 7 &5 AEEe o
Aoz, 7719 718 vHEo R FH FAEH

B Zo 2 HrHUm et al., 1983; Abdul Aziz
et al., 2003; Hinds et al., 2004; Melchor et al., 2006;

Fig. 3. Dinosaur footprints (a, b, ¢), bird footprints (d, ¢)

. 21Mod . 0|52

and invertebrate trace fossils (e, f, g) observed in reddish

"o =

Fisher et al., 2008; Kim et al., 2011). ZY8Z o2 Ak
S FEYFEES o HIAAY B A =
3t 71& 2743} 7| 7143 (brackish water) B F=
(saline water)7} £A31-S{Gierlowski-Kordesch and
Rust, 1994; Paik et al., 2007)& ¢FA] S} whahkA] o]
B2 A HY WA 257 Axgt oA
A(dry mudflat) 7oA B/4E A= sjAHrt
(Smoot and Lowenstein, 1991; Gierlowski-Kordesch
and Rust, 1994; El-Tabakh et al., 1997).

32 =3|ME0| olzo= mBsHs MEAIR LIX]
AIEAED} O[24(F2: Greenish gray interlaminated
fine-grained sandstone to siltstone and mudstone)

o] ElZA dEo 2 st 34 x| K34

AIRARE U7 AEAET} 2514 o|gto] wHE o

2 @5ste] PAE QAo =A(TY 4), HRFo

2 H3)A ARG 3195hT, o]WZo| thRkEo]

interlaminated to thinly interbedded fine-grained sandstone to siltstone and mudstone. a. Ornithopod trackway. b.
Ornithopod footprint. c¢. Theropod footprint. d. Unwebbed bird footprints. e. Webbed bird footprint. f, g.

Diplocraterion isp. h. Cochlichnus isp. (arrows).
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ZH|7] 3Hao] ARZE QT E 4d).

2 458y dg, FoldsEe HE+E
o e, F2AZ 9] HF WA SRS E u3st
= AIFART WA AEAET o]date] 4k 52
o] EjZ4fo] SpFH R ojdF YA SAHE
of &Jaf FHE EHFUS AAIRTHADbUl Aziz
et al., 2003; Fisher et al., 2008). ©]<} 7 o] EZ
9] Zteglel A3]d o] W2 EF o|% 7]
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x
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7H AR vloret Eoela 8-S A%eE A
3ht}(Gierlowski-Kordesch and Rust, 1994).

33 YsMEol gEoz masis MEAl LK
AEAED} 0|2/(F3: Dark gray interlaminated
fine-grained sandstone to siltstone and mudstone)

o] HASE @FOR W AT YA A

E2E} olgfo] Ao E mEste] YHH A

=AY 5), dHEeR =HAY AFA W

) AEAE BThs AlYASl olgo] Mol o]

E9 @3t BYOR A&HQ WIS Hojm,

AFARE WA AEAENA ooz AA= 3

o2 o|th(LH 5b). AlHANY WA HEAEL wiu)

2 A=A @Fo WEs|E Btk o HaA

£ AET27h wstel(1 Sa, 5b), 717to] B

719 eardeto] FAIECh E3k o] BHAARe k3l

AMH SO 8 WTFh= - A HEXE

Fig. 4. Occurrences of greenish gray interlaminated fine-grained sandstone to siltstone and mudstone. a. Sectional
view. b. Close view of a. Planar lamination and mudcrack. c. Polished slab showing irregular lamination, cracking
and calcareous nodules. d. Dinosaur eggshell fragments (arrows).
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Fig. 5. Occurrences of dark gray interlaminated fine-
grained sandstone to siltstone and mudstone. a. Sectional
view. b. Thin section photomicrograph showing micro-
grading and mudcracks.

¥} o]} 10 cm W] A= HEEA o2 wF st
| Wgslr) & gt

A3 AT JfH o2 APAR] o] AujA
A ARE, Hol9SE Y HY, HEFE, 53M4Z 9

Fo 2 WEsH= AEAN WA HEAEST o]¢F
o] 4t 52 o EaAo] ToFHR B (0]
B oA 7719k $719] Wkl ela) BT 24F
He §35US R|AJRtcHGierlowski-Kordesch and
Rust, 1994; Paik and Kim, 2006; So et al., 2007;
Paik et al., 2009; Kim et al., 2011).

34 EA WX AIESEI7 LEE SE-MEAY
LHX] AlEAE(F4: Planar- to cross-laminated
medium- to fine-grained sandstone to siltstone)

o] FAFE H2MAY A% A grego= W

Sak= AGARY A AEAETL o]t Yol A] gk

3 WA S5 FAE 7Y 34 B AL
2 WEIITHIE 6a, 6b). SH= Thas F3IEE 34
2R AAE Holi FH=E 7HHA A A He=H
Al dEqtzxrt &3] UEsta, ol oo b
EETH® 6b). W&EH oA AGy} 74
FEEY o] Wddith 3h, o] R4 A =2
2 7]199) A o AAEo] ARt o] EFA
2 SABARHE B L) olA S/ =R 3 BAEE
EFZo 2 e Turnbrigde, 1984; Gierlowski-
Kordesch and Rust, 1994; Melchor et al., 2006; Paik
and Kim, 2006; So et al., 2007; Paik et al., 2009;
Kim et al., 2011).

3.5 T WX AMRSE0F gEst AlFAle SE
LHX| MIZIAIKFS: Dunoid and planar- to cross-
laminated medium- to fine-grained sandstone)

o BAARE Ao R Wresh fuY EE g

=L FY A ABAGFORA, TS 5

o2 WY 60, 6d). S15= WA ol A

Rl 2 g o|2n] wa £ Holw, Y7

o2 330 Ws} Uehdth gl o R Bead

o] 4S5 = WE5h= AHAY WA HELET o]

oF Well WA 3] AAL Fatstn P4

ojm W= o] TR, A= 7HEA A

2 A- St E A =3 WA AFE S| 7 EE e (2

& 6d). o] HAFS SAF AR F )0l A A

e S sl BAEE HASoE siAET

(Hubert and Hyde, 1982; Gierlowski-Kordesch and

Rust, 1994).

3.6 SS|AHEIo| MS|AEIo| AMIEA 0|2H(F6: Greenish
gray calcareous silty mudstone)

o] EAAF2 S Z71AEE B AR =3AE o] g
SoE WEsh= AlEAN WA AEXEL 0]¢Fe]
54 F skl E7+21E 45871 v]orstA 2hEE]
of glout, a3 Aio] Frsty, A3
k37t 23] BARHHY 7a, 7b). EFF 2T
el 051, B NIBYU(TY 703 9
WA wEEo] ik o] HAAe Azt 7]
59 FHHY WA E5585 o] UL A b]
WA A7 EFLEL o] FHE A0 A
= (Gierlowski-Kordesch, 1998), E%47|¢ u|&
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Fig. 6. Planar- to cross-laminated medium- to fine-grained sandstone to siltstone (a, b) and dunoid and planar- to
cross-laminated medium- to fine-grained sandstone (c, d). a. Sectional view of planar- to cross-laminated medium-
to fine-grained sandstone to siltstone. b. Polished slab of planar- to cross-laminated medium- to fine-grained sand-
stone to siltstone showing erosional base, grading and planar- to cross-lamination. c. Sectional view of dunoid
sandstone. d. Cross-lamination in dunoid sandstone.

Fig. 7. Occurrences of greenish gray calcareous silty mudstone and reddish calcareous silty mudstone. a. Sectional
view of greenish gray and reddish calcareous silty mudstone. Boundary between both sedimentary facies is gradual
in color. b, ¢. Greenish gray calcareous silty mudstone. Calcrete nodules (b) and pedogenic slickensides (c) are
observed. d, e, f. Reddish calcareous silty mudstone. Pseudoanticline (arrows in d), pedogenic slickensides (e) and
calcrete nodules (f) are present.

Lo LR NS

HHY QUi RO DR n|Ro] A FA A¥E o 977 REEE = AEA 7|57 dEd Ao
Moz Azg 7|TxA0| ARl 7tedo)] A7) sAEcHRetallack, 1990).
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3.7 f2ME9 A3|Ho| MEZH 0|2(F7: Reddish
calcareous silty mudstone)

o] A oA 71Aat =31 Helae A
=4 olgn FAT B4 430 BlY) 4, &
S PEECEERE ACE SRR TR
Fo] trehiuh, el 4 TEETHAY 7d, 7e, 76,
F2AA 0 g3 WA gFeSo = n3sh= AlgAL
o WA AEAET o]t &3] e, AT
WS E o|FH Wt o] FALS 1UET 7
% 5o FA P AL oA Hlw A 7|7 =gkt
€S 3ol FHE A= N EY, EY7IY vlE
T AR 5 HESLESG S T
d 7e, 702 EA A AvtAo® HxI 7|Ex
Zo] el 7keHloll 7719t £717t v o =
2R AYS A AJstHRetallack, 1990; Gierlowski-
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Fig. 8. a. Graded medium-grained sandstone (arrows). b. Pedogenic carbonates. ¢. Thin- to medium-bedded tuffa-
ceous coarse- to medium-grained sandstone. d. Sectional view of alternation of greenish gray tuffaceous fine-grained
sandstone and mudstone. e. Thin section photomicrograph in plane polarized light of alternation of greenish gray
tuffaceous fine-grained sandstone and mudstone.
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Fig. 9. Stratigraphic sections of the Haman Formation in study area. Section 1 to 8 is in stratigraphically ascending order.
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Fig. 11. Summarized diagram showing paleoenvironments of the Haman Formation in study area.
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