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Kim, 2013, Depositional environment and basin development of the Cretaceous Tando Basin, mid-west
Korea. Journal of the Geological Society of Korea. v. 49, no. 1, p. 47-71

ABSTRACT: This paper presents the results of the study of the depositional environment and basin development
of the Cretaceous Tando Basin in the southwestern part of the Gyeonggi Massif. On the basis of the foliation form
line and displacement of the basement rocks, the basin is interpreted as a rhomboidal pull-apart basin. The basinfill
consists of 22 sedimentary facies that can be grouped into six facies associations (FA) based on constituent facies
and bed geometry: (1) floodplain deposit (FA I), (2) alluvial-fan margin deposit (FA II), (3) mouth-bar deposit
(FA1II), (4) andesitic tuff breccia (FA IV), (5) rhyolitic lapilli tuff (FA V) and (6) lacustrine deposit (FA VI) in
ascending order. Changes of depositional environments from subaerial (FA I & II) to subaqueous (FA III), followed
by thick accumulation of volcaniclastic deposits (FATV & V), suggest accelerating basin extension and subsidence
together with huge volcanic eruptions. Offset stacking of the basinfill strata from the west to the east or northeast
is indicative of migration of the depocenter into that direction, and suggests that the faults in the eastern part of
the basin acted as a master fault for the basin development. This study of the Tando Basin can provide basic
information of the previously unstudied sedimentary basins in the Gyeonggi Massit and can be used for a future
study of the other Cretaceous sedimentary basins to the south of the Okcheon fold belt and the regional tectonic
and crustal evolution of the Korean peninsula and NE Asia.
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A7k )k Aole B eEuzl o
HEA7F FAE AL a2 HolETH(Kee et al,,
20063). ol A714e} STy ol Aeje] x|
So] 2 ThE EE EYH 272LE oo B
E L A AT, H71%31e] 47 R
of ogt a4 wjely] THhE 9 SRoAjote] 4
shot A7 5 54 o) U2 Ao et

oty &= B X|(Park et al., 2000)= 2554
dA T3] FA &S oAl Y5 (™ 1), &
AeAEE G Y RES A= o, EX
9 Z 2Ro A4 Eof Yehdt) Park et al. (2000)&
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Fig. 1. Distribution of Cretaceous sedimentary basins
and major fault systems in the southern part of the
Korean peninsula. Sedimentary basins below the Okcheon
Belt developed along NE-SW-trending strike-slip faults,
Kongju fault system (KFS) and Gwangju fault system
(GFS), whereas others in the mid-west of the peninsula are
closely associated with NNE-SSW-trending faults sys-
tems (modified after Chwae et al., 1996; Kee et al., 2006b,
2009; Chough and Sohn, 2010). AF, Andong fault; SF,
Seosan fault; DF, Dangjin fault; MF, Musymcheon
fault; GF, Gyeonggang fault; SGF, Singal fault; WF,
Wangsukcheon fault; DCF, Dongducheon fault.
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Fig. 2. Regional geologic map around the Tando Basin (modified after Lee et al., 1999; Kim e al., 2009). The basement
rocks of the basin are composed of Precambrian to Jurassic rocks. Note the different trends of the basin-bounding
fault system between Tando and Namyang Basins. See Figure 1 for locality.
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Fig. 3. Basin-bounding fault system and basin geometry based on the foliation form lines of the basement rocks
and abrupt lithological changes. The Tando Basin is interpreted as a rhomboidal pull-apart basin, surrounded by
sinistral strike-slip and normal faults.
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Table 1. Description and interpretation of sedimentary facies in the Tando Basin.

Facies

Facies code Description Interpretation
Clast- to matrix-supported pebble-boulder conglomerate with muddy sand matrix; inter-
Disorganiz calation within the topmost part of purple siltstone; about 5 m in maximum thickness and Landslide or surface rup-
ed con- Cd  tens of meters in width; sharp to shallow erosive lower boundary with several groove marks P
NN . . : . ture
glomerate and indistinct upper boundary; clasts are composed of granite gneiss, andesite, quartzite,
and purple siltstone to (gravelly) sandstone
Openwork, Resting above a scour hollow (decimeters to meters in width and decimeters in depth); one
lenticular Clo '© several-clast-thick; mainly pebble to cobble-graded clasts with occasional boulders; Channel lag or gully-fill
conglom- tightly interlocked with open framework; coarse pebble (cobble) core and fine pebble fringe;  deposit
erate purple colored
Trough Resting above a scour hollow (decimeters to meters in width and decimeters in depth), gen-
cross-strati Cix erally conforming topographic of the basal scour hollow; alternations of pebble-cobble con- Infill of channel
fied con- glomerate (one- to several-clast-thick) layer and overlain by massive or cross-stratified
glomerate coarse sandstone layer; purple colored
Crudely Several decimeters thick; laterally continuous (>5 m); generally abruptly normally graded
stratified with lower conglomerate and upper sandstone divisions; purple colored
conglom- CSs Conglomerate division: laterally discontinuous; a few-clast thick; sharp planar, slightly ero- Sheetflood
erate/sand- sive base; tightly interlocked clasts
. . stone cou- Sandstone division: moderately sorted, coarse-grained sandstone, massive to crudely strati-
Subaerial
- let fied
deposits
(FAT & 1I) Gravel A few clast to decimeters thick, laterally discontinuous (>5 m); tabular or wedge with flat Bedload deposition as
Csh  or shallowly concave-up base and planar or undulatory upper boundary; clast- to ma-  gravel sheets or splay by
sheet
trix-supported pebble-cobble clasts (rarely boulder) with sand matrix; purple colored flood flows
Gravel One to a few clast thick; less than a few meters wide; lenticular or pocket-shaped; clast- Bedload deposition as
Cpo . . . - L gravel streams by weak
pocket to matrix-supported; interlayered with facies Zpu units; purple colored flood flow
Massive A few decameters thick; massive to crudely stratified; moderately sorted coarse-grained
(gravelly) Sm-A sandstone with sparse granule to pebble clasts; flat or shallowly erosive base and planar ~ Sheetflood
sandstone or convex upper boundary; purple colored
Horizontal A few decimeters thick, horizontal to low-angle inclined cross-stratified; a few meters to ..
. S . . . Bedload deposition by
ly stratified decameters wide; alternating layers of pebbly coarse-grained sandstone and medium- to .
Ss-A . | . ¢ X unconfined, waning
(gravelly) fine-grained sandstone; each layer is (sub-) parallel to slightly undulatory; commonly lateral floodflow
sandstone layer splitting or convergence; occasional outsized cobble to boulder clasts; purple colored
Purple-bro
wn homo- A few decimeter to several meters thick; laterally continuous more than decameters; purple Suspension settling from
geneous Zpu  to brown color; occasional including outsized pebble and cobble clasts; common calcareous weal;( floodflow &
fine-graine nodules and vertical burrow
d deposit
0.2 — 0.8 m-thick and good lateral continuity (> 10 m); normal- to inverse- to normal-graded;
Graded gradual transition from lower conglomerate and upper sandstone divisions; milky colored Bipartite lower high-con-
conglom- Conglomerate division: clast- to matrix-supported, pebble-sized clasts set in coarse sandy cer]?trate 4 turbidi gcunent
erate/sand- CSg  matrix; poorly sorted; flat or slightly erosive lower boundary; laterally discontinuous pass- ty
L . and upper lower con-
stone cou- ing into sandstone layer; centrated turbulent flow
plet Sandstone division: poorly to moderately sorted; massive to crudely stratified gravelly sand-
stone;
Massive . . . .
<0.3 m-thick; matrix- to clast-supported, pebble-sized clasts (rarely cobble) set in poorly .
conglom- Cm . T Debris flow
erate sorted sandy matrix; flat and sharp lower boundary; milky colored
<1 m-thick; laterally continuous (>10 m); massive to crudely stratified; moderately sorted
Subaqueous Massive Sm-B medium- to coarse-grained sandstone with sparse granule- to pebble-sized clasts; flat to  High-concentrated tur-
deposits  sandstone slightly erosive lower boundary; commonly milky colored with rarely intercalation of red- ~ bidity current
(FATII & dish layer
v Stratified Ss-B <0.3 m-thick; moderately to well sorted medium- to coarse-grained sandstone; low-angle =~ Low-concentrated tur-
sandstone inclined to planar-stratified; flat to erosive lower boundary; milky colored bidity current
Normall Suspension sed-
raded Y Sn <0.3 m-thick; moderately to well sorted; gradual transition from lower coarse-grained sand- ~ imentation of low-con-
fan dstone stone to medium-grained sandstone; flat to shallowly erosive lower boundary; milky colored ~ centrated turbidity cur-
rent
A few mm to cm thick in each layer (about 0.2 m in total thickness); well lateral continuity ~ Precipitation of sus-
Chert CH  without serious thickness variation; massive; flat to sharp lower boundary but slightly irreg-  pended silica in lake wa-
ular to undulatory upper boundary ter
Massive Mm  <0.3 m-thick; structureless; gray to dark gray colored Rapid suspension fallout

mudstone
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Table 1. continued.

. Facies L .
Facies code Description Interpretation
A few meters thick (up to 10 m in maximum thickness); clast- to matrix-supported pebble
Disorganize to boulder-sized clasts or blocks (up to 4 m in maximum diameter) set in poorly sorted

tuffbreccia mTB  lapilli-ash matrix; clasts (blocks) are composed of lapilli tuff, purple sandstone to grav-

Landslide of volcanic high-
land

to breccia elly sandstone, calcite, granite gneiss and andesite; local development of shear zone (less
than 0.1 m-thick) at the base
A few decimeters to decameters thick (about 100 m in total thickness); massive; ma- Ra%‘d p ro%resm}\l/; ]ig'
Massi iX- d d- to pebble-sized pumice and lithic set in a vitrix ash matrix; ~ 2radation from high-con-
assive mLT Urix-supported, coarse sand- to pebble-sized pumice and lithic set ina vitrix ash matrix; 20 e S 0 2SS
lapilli tuff poorly sorted; elongated or stretched clasts are parallel to subparallel to bedding plane; P

partly welded

minated flow-boundary
zone of PDC

A few decimeters to meters thick (up to 4 m in maximum thickness); clast- to ma-
trix-supported, coarse sand- to pebble-sized pumice and lithic set in a vitrix ash matrix;
tic deposits atified lap- dsLT stratification defined by alternation of lower lapilli-rich and upper lapilli-poor layers
with variable change of their thickness; laterally well continuity of each layer (several

Volcaniclas Diffuse-str

(FAIV & V) illi tuff
meters in width)

Rapid progressive ag-
gradation from intermediate
flow boundary zone be-
tween fluid-escape to trac-
tion-flow dominated flow
boundary zones of PDC

A few cm-thick and well lateral continuity (several meters in width); internally massive;

Rapid and selected settling

Massive mL framework-supported, pumice and lithic lapilli; moderate to well sorted; irregular and of lapilli-sized clasts under
lapillistone undulatory lower and upper boundaries due to loading and uptruding clasts, respectively; wa terr’

elongate clasts are parallel to subparallel to bedding plane
Stratified oT <0.1 m-thick, commonly intercalated between dsLT units; good lateral continuity with (E:\]/Eiiczrgzr&g}é ((i)lrhrl;zrpl?ai
tuff slight thickness variation; well sorted, fine tuff P P

of dense PDC

Reddish <0.1 m-thick; moderate to well sorted, fine to coarse tuff; internally massive with weak ~ Rapid suspension sed-
tuff rT  normal grading; commonly overlying irregular surfaces of the upper surface of the under-  imentation of ash material

lying lapillistone (mL)

under water

C; conglomerate, CS; conglomerate/sandstone couplet, S; sandstone, M; mudstone, Br; breccia, LT; lapilli tuff, L; lapillistone, T; tuff, lo; lenticular,
open-work, tx; trough cross-stratified, sh; sheet, po; pocket, pu; purple, r; reddish, d; disorganized, m; massive, s; (low-angle inclined) (crudely) stratified,

g; graded, n; normally graded, ds; diffuse stratified.

ERATH(2E 4, 6C). o] AMFE] sH BA7F EA
I BHE 9 333 gEH FAgstA &
AL FH A o]tk FHA S 11
B & m oo FAE 7= AL g 4%
H| 224 H9H(Cd)& | F7] 5 mE Holu X
oz FAZF A A = A m S 7R &
LIt 4). G sHE BAol= o= 7HY A
=H{(groove mark)o] @ds}, o] 52 N82°E, N§O'W
2231 EW e Rtk 1d 4, 6C). o] @oke
olztgelq ohggel IAZeIN A(EHY 4 m
%) A2719] J50] Ego] BT o|FAL 7]Hof 9
3 ARRRIA] E= 71H A A] EHo Jrh. 52 T2
SPFHEvRe), QHAbel, ek e A ofok 9(4
) Aoz A= Qe 53] A =719 A
ojet W AR} HELE T el ASE o Uit
TH(2 6D).

4% A439] o]0 At B oleHZpu) & -2 S4F
o A7 Yo Hae A2 4 Eo] hrkRhee
and Chough, 1993; Khan et al., 1997; McCarthy

o by

ks

o=

et al., 1997; Jo, 2003b; Kim et al., 2009). o]t A
e B EE2 S L AT TRl FF
JH 2 E& ol whEA HA I HHH o 7439
HAAE A REA0R el ek o
Hgo] PAE A% el wLe TALgo] o
o B 48 Aoz AT A4 olgf ol FpA
oz nEY ABTEE BEH 77 5 AES
o] &Fo] Y= AT 4 D= H
A A9 7157 Ax WA okl x 7|5 HE
o] &dahA] g2 7|7k Ft 7] Foll BEHE =E
Ho| EF 82 WSS AAR. ol yiol
AR GRS T Y H71AF AIRGmA & S-A) 1
o3 A A(Cpo)e AT FAHE =
¥4 Zewol o HAE Aoz sHm
(Bromley, 1991; Rhee and Chough, 1993; Ryang
and Chough, 1999; Ryang, 2003). 525 & &3
R D) Wel SR o HASEe
el AT S Aok a)e mels) 2 o,
olet ol FAE 2HEF(Sm-A, Ss-A & Cpo)
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229 7PgA ] of| Wt SAAAYA Y A [E0
57100 B2 W= Aste] HAH Aoz a4
Hth(e.g., Nichols and Fisher, 2007). S5 A4 o]
$& 591 U] HE] AIRHSM-B & S5-B)& 57
Bl T T WA 5T HEdolA F2d
Zo 2 | HcH(Miall, 1977; Jo, 2003a). F74-2 H]
224 &j9HCd) el HAYBE BRI FHE] A
3 =S AAsHH, ol £4]9) e 7]1%
G525l Y&l EAFAEC] B ol JUE F
At AL 2 g = ck(Badger and Watters, 2004).

42 AZXF I SHHAX| LR EHS

7\A: o] BlAFE AdE7 19 AA o|gk Yol §
AE 2HAFTOZ A 204 7H3 & B EY, F
St BAE FAT Y] HIH A o| ol A ¢F
22 Aoz FA3 Aol) T JAUEY 715
oF3 m)ofl &J3f) QIA|HTHTH 4, 5B, 7A). o] E|HF
= A FA S mzE SY(E-FHHLE2 A m
ol A A Ut HAAA o FA=
A qasto] AZTHE) A4 oloHZpu) 2.2 Aol
e} Ao Fo| sPioA] ARR Z4E )
N 9159 FALt 99 o] AAE| Hadhe=
AFgF vh53-A| 83} 4 3K (thinning- and fining-up-
ward trend)& HHITHIY 7A). o] A2 F
2 3|njgt 34 U/ AR 3(CSs), 34 92 At
(Ss-A) 12|31 HAF FA AR (Sm-A) 2.2 LA
o] glom], S| T4 ek(Csh), B A=) 2l
2F 99HClo), BAREE S9HCHx) B A4 o]t
(Zpu)& ERURIHAH 5B). 2 AR S0
2o A s A, A7) sk A ook
of @Al oJ8 7Hsstch e/ Al BH(CS9)E
WAL 3] @50] ol Baret A 7]
Hof| A=A WA] 71E AR = o] Jlew, 0|59 4
=GR ARAS(FA <0.1 m)ofl 9J3f &= o] gl
7)% FHIE 7B). o] QY2 FA oF 0.5 m |t
o] T} YA H7|e 2 S FAl= HE3 YA
OFZE FAlE o] Jlow s HE YA Y= &2
5o olsl) o7t E+F2]stt). of 2] mo] Aot/ Abt
& 5(CSs)o] F-31gt i 2| glo] 543} = of
AL S(FA ¢ 1 m)S Hol7| = gheh A A%
Csh)Z 57 ©F 0.5 m m|gto]ny Z9 FA77} 71
AL ST T2 - 27] 95(¢

A

4n

5 A9 23 o] YAAIA| Hol glon, 5o F4
oA HAALE Fo FA|, YR 27] R o]
adh= AFE BAtH 2 E 5B, 70). TAZ-FAL
3719 452 A" F71EF2Y Y (Clo)
oF 1 m&} Z10] 0.3 m H|Rhe] f=/4k-e Helth
7D). H9F sH-] M AT vk N24° ~ 40°E o]tk
(29 4). AR FH(Cix)2 A Z2-4x42 327]
S0l = A cm o] JAAHE FHstaL U
g=cm ~ 4= 4 em F7A19] S ARHSm-A & Ss-A)
< FAZI APESo] F3E 33t AA glo] nf
= vehue, 34, (393 S8, 22 A2k Ab
SE7HEEs Avi(I™ 7E). 223 A9 49
A Azof whet gt B 7S Btk 29
AZ Ato] &) AA o] (Zpu)Z FA °F 0.3 m H|Fk
ol 9] Ao M4 B=of wheh Wt © 714

(NN 7

ot

Yellow Sea

[ ] Abandoned tidal flat

[ ] Lacustrine deposit (FAVI)
[] Rnyolitic lapilli tuff (FA V)
[[] Andesitic tuff breccia (FA 1V)
[[] Mouth-bar deposit (FAIII)
=]
[

IL

Floodplain to
distal alluvial fan deposit (FA1 & I1)
Schist (Basement)

Fault —> Paleoflow
G: groove mark

“ Bedattitude C: chanel axis

z

Section 6

Fig. 4. Geologic map of the Tando Basin with the meas-
ured sections and paleoflow directions. The basinfill is
composed of six stratal units (FA I to VI in ascending
order) based on constituent sedimentary facies and bed
geometry. See Figure 2 for location.
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< Ho|1 Qi1 5B, 7B).

a4l SHHY o] (Zpu) Hell FAHE dA #
(94) A2 294 EHE9] 24to] 7Hs3et A
guoz 2 Fme] Fhro o8 HaE How
3l 4 " th(Bromley, 1991; Rhee and Chough, 1993;
Kim et al., 1997, 2009; Ryang and Chough, 1999).
o 50| sl e Hrhe F2 W] 2L Hols
A 323 5 Woll ohefet A 25 Hol= He &
S57h 7] 91X FS P2 w2 HHE )
22 AAJgHcH(Blair, 1999a, b, 2000). o|&gt g<=
F ARIEY) LRl o] WO Syt 29
A EECR e
TEEo] E27hed, Rt oFsliRlE T oA
Ex0 20 Bejrl, Yol ofF Az
Z o] HHEE|HA] 3/39] Aot/ Al T3(CSs) 2 B4
3t Ao 2 g EtiHogg, 1982; Blair, 1999b). 18|11
o|eIT F457E LB A% A5 U AW
ol o7 mj ] Aot/ At 3ol S E ol Y
% Qe WY GHCoh)S R BHOR
He Y49 950] £59 Aol Y8 HE0l
o] dduz HaE e w s, S of
oo FHRe i oR 2Y4 AL of Fol
Fogol fo0] 1 W FHZI9EL thehi
ot 2PASH A HESY EFRt a @SS =
ol o AIFE(SMA & Ss-A}E A2 A

HE G2 A E TR Yi 350] d&H0]
2] AU 552] 25 (flow fluctuation)ef| 7] 213t
Aoz 4 EchRhee and Chough, 1993). 94 A}
eholl Ueh= 24, gmet S 181 22 Ak
2] F2OmA & Ss-A)= S SRl Egsi= A
®Z(traction carpet) 9] =3 Y& (suspended-load
fallout rate)2] Hof o3 ciokdt EHZRE §
Ae Ao A chTodd, 1989; Sohn, 1997).
24 99(Clo) " AT IU(C) 7HEH L
2 dhg%t A9 m o] sl A (distributary chan-
nel)of] &J3f) E|AHH A o= s €t

4.3 MZE II: sITAE EIXS

A o] HANE FHHY HAFAEY N
A w2t gon], 4% sehE uret -5
FOo.2 Qe T 10 m)S 7HAH ek
Y 4). FBA o] F2 Sh5 AT 1] A4 o]}
(Zpu)h BH13) TEEH o] B2 AAL FeHo]
o). o] EHF IR AUFEmB)S REAO
2 AL wALt X hE] & mm 7] 4 em
A9 244 oldFo] BAHe] Y= Gk
5A). o] HAARE A1 1o]4 A2 b 2 54
TEE F BEY 5 UHIY 4, 54, 8A). 22 7
ol AL/ ARF E3(CSg), TV (S) AHSm-B),

34 AYEsB) S0 FAE0 Qov], BrEo

Fig. 5. Columnar logs of the Tando Basin. See Figure 4 for the locations of the logs and Table 1 for brief description
and interpretation of sedimentary facies.




=)

) 34 BHHe $-219HmLT)o] EFHETHIY 5A).
7 PHEE FT S AAE KD YHoz
%Al m o4 b Elo] Lhehin] ofe o] w2
B5o] FAsjo] P02 sta girkY 8B).

Hole] <ot/ ARE 53(CSg)2 A 202~ 08
m EREO 2 Sh5 0] GUFI A AAFOR T
BEle G7o] 7 BE £0] F7t] A3
5 ool FelS Helzrhay 5A). 9
23 AZY AAE GolFelth. JAFe T2
AAZ 2719} eigo] Bigo] Earet A 7] el
93 71 AAA) E QAR Folgor, Bgol A
Suje 322 HelEeh GAZY S AAL ©
HalAL Ao, Feualeld 4= m o4
S ol 2o 2 AUEAL SSo] gt
o AHRF0 2 HolHrh AAFL T A T2
YAk s} qlon), el st Felg

=
Z

f
ey

= 34 AeH(Cm), FolFe ARkH(Sn), Aol E(CH)

finat

i

Fig. 6. Depositional features of FA 1. (A) Purple siltstone (Zpu) with calcareous nodules (black arrow). (B) Gravel

Helrk 4 4H(Cm)& F7 oF 03 m mRte =
Az 2719 5] Ego] EFe AH 7
ofaf 719X14) Hlo} ITHH 54, 8B). 5 A
Eoistn wgAHolt 3k A Selat 24 A
9HSm-B & Ss-B) T7] oF 1 m mgto2 =gt
-8 AAE 23 SO 4 m o] ARFE o]
Yehh =2 351 agste] A=A T 8714
= HRITH(1H 5A, 8B). T2 A|HAto| A XAz =2
719 952 F4H] Jon E52 BE A &
ot Holof. FEZF o2 T (outsized clast)S
Z3H7) & gtk £ 2F 0.3 m u|9ke] o2 A
H(Sn) FEgt E59 THAIA 2HAE 74
Hof Qlow, ol FAk Mt ok Fal Kol
o}, = mm ofl4] 4= 4] cm FAe] Aol E(CH):
TSI A 20 YR 5 4l m oA A
4 A st QT 2d 54, 8B). o] EZ3F9
25 FAE 24 3§31 (mLT)S FA

pockets (Cpo) and stratified sandstone (Ss-A) overlying purple siltstone (Zpu). A gravel pocket shows a small hol-
low-fill or gutter cast at the base. (C & D) Bedded sandstone (Sm-B & Ss-B) and chaotic conglomerate (Cd) in Buldo

area.



soby| Sl=ER|o| EREAT 2Rl 57

oF 1 m H|THOR ofdf Aeke] A4 Fmo ek 2 FwEo] MY Bhure] /|ho] A Hefglom £
W WAt BAITKIY 5A). F2 2Pl e B
Az 3719 Y, FREA oIk T A A ok A FHBY HHF(= DT

Fig. 7. Depositional features of FA II. (A) Overview of FAII deposit, overall thinning and fining upwards. (B) Crudely
stratified conglomerate/sandstone couplets (CSc) with wedge-shaped purple siltstone (Zpu). (C) Gravel sheets (Csh)
are thicker and coarse-grained in the center of the beds. (D) Small channel-fill conglomerate with tightly clast-sup-
ported texture (Clo) and an overall fining-upward trend (E) Massive (Sm-A) to low-angle cross-stratified (Ss-A)
sandstones with bi-directional cross-stratification (white arrows).
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FAT A (FEAY) WSS Hol= o] B3 A
2 oE FREstlA HAEH S-S UEH,
sao] gL B B8-S ek Qi BB B
7\9he] Zo] ol 4474 AbskE7] ghe S5l
HHESS AR Az NE AR 2
2rEZo| 47} YL o EHZo| A7kl Al
A ARl shEAREOl A B E e AIAIRTE
(Dunne and Hempton, 1984; Wood and Ethridge,
1988). RA1AQ) 51 AAZ Roli Hol2 gt
A9t EH(CSg) e F2 are 1w Aeke

o5 AR Tz Fulof WFsh= Aek AEF
T REoR Ad B3Rl o E8d Hes
3l Eth(Postma et al., 1988; Sohn et al., 2002). HF
B HR4H B3 AAE 2 T A Cm)E
s 7o) oo E2e Ao sj4gickeg, Johnson,

Fig. 8. (A) Abrupt lithological changes from mouth-bar deposit (FA IIT) through volcanic landslide deposit (FATV)

1984). Thokgt ¥ 171 2.9] Alot2(Sm-B, Ss-B & Sn)
o AR HEsE B =7 datge] Wil
71%1%t Aoz sfHHLowe, 1982; Kim ef al.,
1995). ARFZo] WAIE o E(CH): B5Ee] %
T 74 5 T2 pHE| Sl A3 2500 =
ORI A7t A&l A= EHE A= 34
Hri(Chough et al., 1996). wehA o] A]7]9] EX]
FHFol= A E S0 o] Yot A
7H &S AA 35 5 AL, IR SMEE
o] frd= o] sHite F-3H(mLT)S EHAR AL
Z ®ojch

44 MZ8HIV: OhMohEl 23|2t2igt
714 o] EH32 FA oF 8 m (X[ 10 m)&] H]
224 S4EY(mTB) o2 448 T g2

to pyroclastic deposit (FA V) at section 1. (B) The FA III deposit is composed of several stacked lobes with distinct

lower and upper boundaries.
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2, ofel] SEALE E A (2 ) 2|t
LA (-5 ) B Ao veptar Qlck(a ™
4,8A). AR AIE(AZ 1, 3, 4)ollAl g3)zteet
o] ofe AF2E I ARF-S of4= ) (2F 30° ~ 40%) %]
222)(2F 80°) WFgko 2 TSt 9 A (trough; & < 10
me} Zo] <3 m)PEE Ho|7| = Fth1H 4, 9A,
B). $3|ztEeke ZHgollA] olzbg ol Shmal-Ag
(Hd 274 4m) 2719 249, 249 181 IA

Fig. 9. Depositional featu

res of FATV. (A, B) A tuff breccia (FAIV) is cutting into the und

—Oo

=°| Al 2] shitke] 7)ol YAFAA] E= 71 -hA]A]
gojglen, 2542 %0t 48T T A
o2 AEd dAREE T E SollA A4 A%
H FAuSo] FEHEH(H 9C D). H2 2P
Hopgh, bk, A= 71k A4 olek, (93)
AR BhATE B, R A o) 7 A qhkebd
@EHte) S, ARHE AP, S8 T2
EFEFER FAE Ak AY A719) HHdH

e

erlying mouth-bar deposit

(FATII) with a partly subvertical contact. (C,D) Close-up view of relatively fine-grained part of the tuff breccia,
consisting of granule- to fine pebble-sized clasts with partly stretched pumice (greenish color). (E) Highly distorted
siltstone blocks within the tuff breccia. (F) Thin shear zone (about 0.1 m thick) at the base of the tuff breccia (FATV).
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O YR o= @t B HPEO o, o]l
34 d S A oA WA 2 WRke g 7t
22 Yehtr] = FtHE 9E). 332Uy
SHE BAl= tiAl = F3lekar B A A T A A
© g2 o) up} theFsiA vehd, st AAE
we} 4= em(Z] ] 10 cm) FA4|€] Add(shear zone)
7hdrdsl ek E 9F).

ahd: chapet SR (SISt ElHeh @ 2]
UL EFIIL i oFF FAL v 2] 5]
792 M AET BASHEC] F4o &4t
Hi FHAEHUSS AN, o= &4 &4
THE SHHEET 122502 Q8| S HER
T/3E B AL BRI FHEO] FAlof B E o] §
2E Aoz sjAEcicf. A% diamictite; Chough
and Sohn, 2010). ZH-2] 0 2 o} E&FS F4&3}
B Uehhs S48 B4EA4 B o8] A7)
=2 Sojzteiglo] 24T AT S|4 g,

Iz
o 1

4.5 MXE V: RFELE 3 33

71A: AT A=Y hRES AAsh= o] A
= EA AA o LA (B, EX 123 A4
Uehe, 2|50 Bz et FAARES 1) & of oF
140 m o}3te] £78 A Aoz FHHIY
4). o g 9P 2 E2AF Ao wet 27 37}
of HATS(E, F3, AR FRIH, 0|59
S22 W} AR A 3ol 2 PR
5C, 10A).

A2V 332 edE 9 &5k Q= shid
= FA 25 0.7 m2 24 3H4kE F(mL) 2 FAY
S S (sT)o| Tkt FAR o shHA UE
JeH1g 108). T4 SHIESmL)E =7 01 m
ujgho 2 gpmel- Atz 2719 A, g 1)
I AR HS| AlH Y SHAik3] o ARAA] WA F7]
A F2E HojFa glon, E52 HE WA ¥
SHoH( 19 10B). -2 2% st wutetat #Hel, 2
BAHE AP Pes AR Utk 24 52
T A m £ LR A FRF FA S §lo] P4
oz & AFE yehuy, 47 shR A= shit
g =279 ¢4H E= FAH ) FE7t o=
2 B35} #ojH s5tZ (loading structure) 7} &
G517 = St a9 100). 54 53 (sT)2 4~ mm
oA o= em FA| ] B0l R AHE-=HE S

3lgto = FAEo] glom, o] F Mol 3% A
AE 7H] 1 B 2 JHEEAY Ho|FH o g Qxta
717} Fadhe FRSEE BYEtH(E 10B,
Q). o] S| ot S F(mT) Y] E4F2g 4
B3l glon, F3gt FAME glo] %
A= o] Yehdtt.

el A kI mE F2 3|u|g 54 3Hit
SIM(dsLT) L2 FA=o] glon, BEA O
4 3E%(sT)ol FA=o] vepdth( 2 10D).
A o] SR AR Q] ST} of]of
A FA FEEH, o] F 92 FAE HolFo|tt.
SHibe 23] 9H(dsLT)2 FAE 34 S U (Tl
9J3f] = A cmof| 4] Z|of 4 m FA| 9] obkS](subunit)
o2 FEEA(IY 10D). 3HiH -3 (dsLT)
shikelo] FHgt 2 ASI SIB|E AdHE AlFE
ASo] gFe FAR 35Z o|FL o F 5
7] AAl= 29t 19 10E). 298452 %
AR 3719 AFH(AH G, ZA4), SRE
Hulel, Heh) 1|1 FHEC] AF e HitE 7]
Aof| ARFRIA] WA 718 A7 Hoglow, g2
EFsith QA FE Y HES SE| Wl oFF 3
WA BaYsiA v g =] o] k. S -SH AT F
7 0.1 m m|gko 2 fgo] gt Agd s3]
TAE ] 9lon, F3ig st FAE 7HA AL 8
2o & A%Elo] Yehdtt.

o] M| HHE-S Aok AREA(FA <&F
>100 m)+= T/ 3H4FE S5 H(mLT) 2 2 A = o]
Rom, opf) SA4F 3hikE] -3 H(dsLT) 2] F A=
HolFolti 19 10A). I 34 -3¢ (mLT)
2 2PARZAZ 3719 B9, (SR,
Heh) 283 AAH(A G, A =0l AlE 9 3H4itE]
7140f| 2|2 =] 9l o, B3 BIFsItH( 1 10F).

34 sHE] ] A -S3H(mT) Y] ohat 2
2 54, 1) Fsst a9 AgE 34, 2) Molsg]

Z,3) 92 59 T et A A, 4) B
TR 3 S(mL) o] ARE v &= B4, 52
o] -Z3|¢to] Eol| A 351 A2 Hits| 7} w
27 3h-HA = o] BEA = a2 At 339t
(mL) Ato]9] BHHAZ (ML) E40 2 F5% Thdst
2719 dHEo] #8ed E592 -8 (hydrological
sorting) & AX|HA YA AHEUS AFEFo=Z
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Fig. 10. Depositional features of FA V. (A) Pyroclastic deposit (FA V) at section 3 is divided into three depositional
units (LU, MU & UU) by lithofacies change. White arrow represents a logging section. (B) Lower unit (LU) consists
of lapillistone (mL) and reddish tuff (rT). The thin reddish tuff with good lateral continuity is draping an irregular
upper surface of the lapillistone. (C) Downward loading of pebble-sized clast in the lower lapillistone (mL) caused
deformation of the underlying layers (rT). (D) Middle unit (MU) is mostly composed of diffuse-stratified lapilli
tuff (dsLT) with minor stratified tuff (sT). (E) Close-up of diffuse-stratified lapilli tuff (dsLT) of MU, consisting
of lapilli-rich and lapilli-poor couplets with indistinct contacts between them. (F) Thin-section photomicrograph
of massive lapilli tuff (mLT) of upper unit (UU) under open nicols, composed of crystals [quartz (Qz), plagioclase
(P1), biotite (Bi)], pumice (P) and lithic fragments [granite gneiss (GN)] in a fine vitric ash matrix.
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O] 41 ofF U E (g m m|Th) Aoz FA
o2 FAY 3HtE S 33 dF Y REEAQl wE
£ 22 2 v & £E dAs 24E 3
AEAY RT3 915 AUTFEA Sk
B2 Taer 2n= sjAdoh

CheFeh 5 B8t 20] WSkE VA= e R
9] 3 SEH(dsLT & mLT)2 =2 x|&3 o
A= YFolls a2 BAE 280 Sl sk 1
=50] HHA”1 2=&(progressive aggradation)©]] 2]
FA == A S 2 4 Frt(Branney and Kokelaar,
1992, 1997, 2002; Bursik and Woods, 1996; Dade
and Huppert, 1996). o|& SPikf A W=Fof o3|
AJEl= oAy EER= E3 Yske(suspended-load
fallout rate) 2] ¥zl ¥]% A% (flow-boundary
zone) 9| £/d0f| 93 2 == A2 dHA ok
(Druitt, 1998; Branney and Kokelaar, 2002). 2
AZ3} NP AZo0] nEsH= 3|08t 2AF sk 2
3|QH(dsLT)> =7 Wol Tdsh= el 9 ¢
AE9] HEE-E Tt ey o5 YR= A=
o] B olFo] mloFste] FEl= 2 WESHA| X3l
2-& A AJgtt}h(Branney and Kokelaar, 2002). S4F
3 S3Y(dsLT) ol yehte 23233 AlY
2359 ookt FAMSE deRTE ERAR UR
o] B Y& Wl 7I0% Ao At
(Branney and Kokelaar, 2002). 3} -§-3]9H(dsLT)
Ato] 9] 4 3 (sT)2 7hh B& A A7 7
2o o3} SHHEAY WERY AH Ex Fuo

%2/% - 7|

Y

REIEE:

et A9 sHisisol B4 deleh Wilel5e
o3| ElH AL 2 34 HrKBranney and Kokelaar,
2002; Sohn et al., 2005). 3]u]gt A SHAHS S35
(dsLT)oll A 2/ BHite] 33 (mLT) 29| H3k=
S EY =R B AASY EATG E- Y
k&0 ¥3kE AAsh=t], FAL A4 34 &
3H(mLT) S EF o2 2HtEd skl ol w2
Al Hsh-3Aste] B4 E Ao = a4 Erh(Branney
and Kokelaar, 2002).
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)ll |-0||
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T 0|)||

4.6 AZXE VI: E|F

714 o] ElAZ2 SRR 4 e R
B 9] FHo| #EhaL glon, 73] FEHo '
ZA AT SF T 70 m)of) & vt IR 7;
a9 4, 11A). @A 249 T8 27 EZ &=l
HEEo] Jeit EXE & 5 AN SAFCR
T mo FFAE T AR FFEY. 2 9
2 Aol F2 A WAl vl 529 (932)
ASHSM-B & Ss-B)} 0|9H(Mm) .2 4o} 9]
T 5D, 11B). 015 Ajek @ ofet el 4 278
&A= o] B arg vt gltk(Choe et al., 2001).

34 A Aol T2 AFHSm-B & Ss-B)
As= Aol sl E3E Aoz siAErhLowe,
1982; Kim et al., 1995). T4} o]H(Mm)2 A5= A
g Wl FR3td Add g8 ES0] M2 Yst
AR EHE Aoz FMdct HAZ Yo

TR 2 589 o5/l Solet E2= 4

Fig. 11. Depositional features of FA VI. (A) Contact between pyroclastic deposit (FA V) and lacustrine deposit (FA

VI) at section 7. (B) The FA VI deposit is mostly composed of massive to stratified sandstones (Sm-B & Ss-B) with

good lateral continuity.
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O 349 AL R S|4t
5. 51 M

20019 =82 W S=RH (2 VE 18
2)oll A 4= W] 2747 SRS ol YA
2} o5 gt At mH|R Aol FA ¢t
AbA A o] B Zo]th(Choe et al., 2001). 2008 5
A 30 A =AY g AN 35 =4
Sheo] WALHRIL(ZE 12A), 3HAE] 27 th4
o] w7} A {1 HEEYUE FF st =4
o] JTH1E 12B; Kee et al., 2010). A+E =] w e}
717l A 0] Fej= Hol A4 A 35 AHkal
T HEE QS 7FsAol I A AlSt
3.9] 7dat §7A 19949 S =9 7] 2ol U A
APIEAL S0 BEE FREEIGREA] ohr ThE
Hado] o] ojrlo] B33 BARA Tl
a2 gl

A 55842 YRS F{basal neoceratopsian)
of| &3 Y28 41F 0= YA AejoHAlzkEA o
A A A (Koreaceratops hwaseongensis)2 HT
| ith(Lee et al., 2011). Z+5-F 5-F(ceratopsians)
2 3HEEoA AZo g WHE AR 7|E 2t
ghofl A WA pES FFIAFLEE O EX7F
SRIE Ho| Y= F-Folch ZeotAlRE e e
9] ZA|(centrum) .t} 58yt 71 A7 ul&E7] (neural

E

Fig. 12. (A) Nneoceratopsian dinosaur bones found in FA I sandstone block at the rock-filled Tando embankment

spine)7} WelH, £33 A0 2 FREE AF
(astragalus)> 7 (tibia)2] medial malleolus®}
lateral malleolus7} 11514 AZE ¢ Q== &=
Mo & F3to] Ws ok A4 =g 4=
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dam in 2008. (B) A ventral view of the specimen (KIGAM VP 200801) after preparation. The proximal tibiae and

fibulae were sharply cut off at the edge of the block.
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Fig. 13. Strict consensus of four most parsimonious trees resulting from analysis of the 136 characters, 21 taxa matrix
(T1=241, CI=0.672, RC=0.527, RC=0.785) to show a phylogenetic position of Koreaceratops.



soby| Sl=ER|o| EREAT 2Rl 65

A 2go] =2 ZA) dAZ TEstal JNE A
& 287 Btk o) BARA 27] 3 BE (@
Fol5HS) Afolo] WEshs B4 HA% TS
o] 22-850] nlokalALt A o) BEaIA) Yot 2
Ao EFAsgo] B WRE FYuE B2 oY
S 39 AoR FNHrhe.g, Gawthorpe and
Leeder, 2000). ¥, £ FA1Z (X5 5) A HolA
FAPY IHF AR Aol ekt 54 =
2 Z(Sm-B & Ss-B)& EA|7HAIE] 9] AR & wh
o 54 o 49 URAS BT e A
she, o]k AR P A BAE F &3
FRolEHEY G50l 719% Aoz 4
ok 223 54 HH%(6mB & Ss-B) 491e] £
& HRAA SHCm)E F BE] AupdAe] 4
W BR 512 A Ei= A &5 of 71918 A
oz a4 E

2499 HAZHET Dol e 94%
A= ) o2 9] EASA 3= RAFAGS =
o] 7oz Qs #A] nieto] WA ZlojA T4
PO S RoETh 4 g4 2719
EAHlEo] (R)E&oR ZolAE A 121 4%
3 1 Ej52o0] Bxjo] Hzo] LA REsl
A& A E| XY AZA 3FH Aoz HAl
o AZ 0] SR A7k A Ea o)
UERHA] o= A 283 A9 Ee AHEE
Hopy 2 32 FAMSE glo] A%H 02 veht
£ e o A 99) 27 vhero] gt Azke] A
A IS BASIT, ol B4 AR Fgol
Ser33} o]0 Sube HSo) FELEE vloks
of ERF AP 7|2e FHe TR Ao
a4 gic,

A EHd Aol £28t= FAL kA
HAFER IV & V)©] FAL BA9) g4t olof
SRk ko] Azt Fto] 71Q1% AatE
3= thBahk and Chough, 1996; Mueller and
Corcoran, 2001; Aranda-Gomez et al., 2003; Son
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Fig. 14. Cartoon for the depositional environment of the Tando Basin. The main depositional systems and volcanoes,
supplying sediments into the basin, are presumed to have been located beyond the southwestern part of the basin.
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