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ABSTRACT: The Chungnam Basin, consisting mainly of the Nampo Group, is an important area to investigate
the relationship between Mesozoic basin evolution and its tectonics. This study reports a new fault preserved in
the Mt. Oseo area, western Chungnam Basin. The fault, named here as Jangsan fault, runs NNE-SSW to NE-SW
subparallel to basin boundary, and is divided into Jangsan fault 1 and 2. The Jangsan fault 1 is interpreted to be
a shortcut fault displaced Paleoproterozoic basement northwesterly upon pyroclastic rocks. The Jangsan fault 2
carried the upper Nampo Group sequence (Jogyeri, Baegunsa, Seongjuri formations) northwestward over
pyroclastic rocks and associated tuffaceous sedimentary rocks as well as Neoproterozoic to Paleozoic basement.
The Jangsan fault 2 might be initially developed as a detachment fault along an interface between basement and
Jogyeri Formation, considering continuous occurrence of competent conglomerate or pebbly sandstone layer and
symmetric fault-related fold above the fault. A model for formation of the Jangsan fault suggests that this fault
formed in the process of structural inversion of the Chungnam Basin, possibly subsided under extensional regime.
The pyroclastic rocks and associated tuffaceous sedimentary rocks occupying the footwall of the Jangsan fault
have been formerly interpreted to be correlated to the lower Nampo Group sequence. However, the existence of
the Jangsan fault with reverse sense of movement raises the possibility that the pyroclastic rocks and tuffaceous
sedimentary rocks might be redefined as a lithostratigraphic unit younger than the Nampo Group in age.
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Fig. 1. General tectonic setting of the Mesozoic Daedong Supergroup in South Korea ,modified from Cluzel (1992),
Han et al. (2006), Choi et al. (2012), and Park et al. (2014b). It is notable that the Daedong Supergroup in the southwest-
ern Korean peninsula is located in the southwesterly extension of the Chugaryeong fault zone which is a crustal
scale strike-slip fault cutting through three different tectonic domains (viz. Gyeonggi massif, Imjingang belt, and
Nangrim massif). A black dashed box is the area of Figure 2. Abbreviation, TFZ: Tan-Lu fault zone, YFZ:

Yeseonggang fault zone, CFZ: Chugaryeong fault zone.
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sedimentary rock, b: Nampo Group) |
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@ - arc-related plutons and volcano-
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Fig. 2. Simplified tectonostratigraphic map around the

Chungnam Basin, modified from Shimamura (1931), Lee

etal. (1996), Lim and Cho (2012) and Kim e? al. (2014). The basement is divided into three domains, Paleoproterozoic
domain ,Neoproterozoic to Paleozoic domain, and Late Paleozoic domain, all of which are bounded by major faults.
The Chungnam Basin-fill is composed of isolated sediment packages as those in the Ocheon, Oseo Mountain, and

Seongju areas. It is noteworthy that pyroclastic rock an

d tuffaceous sedimentary rock are widely distributed in the

Oseo Mountain area. A black solid box is the area of Figure 3. Abbreviation, J.F.: Jangsan fault, C.F.: Cheongla fault.
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Fig. 3. (a) New geologic map of the Jangsan Sheet. Red dots are the locations of following figures. (b) Detailed geologic map around the Cheongcheon reservoir
where the Jangsan fault 1 and 2 are developed. Abbreviation, J.F.1: Jangsan fault 1, J.F.2: Jangsan fault 2. C.F.: Cheongla fault.
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FHEE B ddje] dddts FHEAY 79t
A2 AEA, At 2V, B R EAdof 2AsE
o] IA Al gz FRECHIY 2; Kim et al.,, 2014
and references therein). 7} &0 3= IS
12 TAH Helre = 22 S Em, A1t ©
DA O] |71 B sl oal YIS WSkt Al
Aol TAT IR HAFATIAAY el olE=
ALo| EAY g 2g-0] 7|55 o JITHOh et al., 2005;
Kim et al., 2006; Kwon et al., 2009, 2013; Park et al.,
2014b). ¥4 2= T2 ALY & &7 SHdSEF T
T4 543 o) HkEA A4S vlSat
(Kim et al., 2008, 2013; Park et al., 2014a). 0|5 ¥4
SHL-EHel s SYHo s WYt Y

Jangsan fault 1
A Jangsan fault 2

Cheongla fault

Meters
0 125 250 500

Jangsan fault 2

Fig. 4. Cross sections of the Jangsan Sheet. The sections
were drawn perpendicular to fold axis, based on
down-plunge projection using surface bedding data.
The projection axis for the sections A-B and C-D is
025°/17° and 036°/25°, respectively, that are selected
from m-pole to fold (refer Figure 8). Black stick on the
sections indicates projected bed attitude, and white
dashed line means inferred bed trace. Lithologic sym-
bols are adopted from Figure 3.
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= 5719 B 52 HAAER A EHEo] f
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1999; Cho, 2007; So et al., 2013; Choi et al., 2014).
o] Y == =MHA ) SiFRTHNa, 1992;
Cho et al., 2010). Z} F G2 o] o)) A= HE3
o 99 13} 2= AHed5(Egawa and Lee, 2006),
J o 29} 3. FATHE(Kihm ef al., 2010) 0.2 2}7]
K 2).

FHEAl= AT, 244 2  A9eg 34 &
RETHIE 2). o] X FY £A =247 =
HE oA (subbasin)]] EJZ % A o2 A% 7|=
3} 2 e.g., Egawa and Lee, 2009; Egawa, 2013),
HEZZFOE FYHA BYE o] grk(Choi et al.,
1987; Lim and Cho, 2012; Egawa and Lee, 2006,
2008, 2009; Egawa, 2013). HEZZF-2 SHEZHE
123, ollAlE, 2AUS, WeAS, AFIF0
2 AlREn], shH-A12i5 54 Sold B Ao
2 Y E(Choi et al., 1987; Egawa and Lee, 2009).
olF F ot2F, 2AYS, AFYSE = ¢
ARt g2 A Em, ofu|4hgat WA ALYE E
ML= o]FoA QItKChoi et al., 1987; Egawa and
Lee, 2006). YE272] FHA7]= TS, 77
A7|H ARSS TAR 7] Eo|orAr|-H7]| 77
27|12 A= o] 21} (e.g., Min et al., 1992; Chun
et al.,, 1990), & £A]9] 55 AWF | EiEsk= 3
Akt A] F 172 Ma®] #{o]= SHRIMP U-Pb
= (Koh, 2006)0] Hirgof met H7]-F7| FF27]
2 A= irHe.g., Egawa and Lee, 2009; Lim
and Cho, 2012). 3HA|qF 2] 52| G| A FolE
FZZT el Sk dashR] = AE 1L
39S wj(Kim, 1976; Choi et al., 1987), 3l &+
Ahf Qo] AA|2 STt 3 E = AR o
g oji 9l 7 Z42 9127} obF] EYERE A o] A
dojtt.
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A GAd S AEAY 9 S UE EH Yol |
A REZst, I A2 AFA S RG2S (S
5 2A9S, BARS, 45830l tHlE= XS
5ol £xsk= Aoz A 2™ 2 Choi et
al., 1987; Egawa and Lee, 2006, 2008, 2009; Kim et
al., 2014). 37| Shimamura (1931)= 3}Ak) A4
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Fig. 5. Outcrop photographs of main lithologies in the
Jangsan Sheet. (a) Conglomerate of the Jogyeri Formation.
(b) Dark gray shale of the Baegunsa Formation. (c)
Load structure in the Baegunsa Formation. Upper dark
gray shale is injected into lower sandstone indicating
overturned sequence.
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e HEA T mere] AL Mol
st T STl ks F3eA B
of e,

G350 BAS G Bxdl= T2 JHoR
Z AolE Helrh @39 FAFoll= s

SR| FREe| B 457

3 $319Ka B2gte] Bt Hste] WA Hast
AW 2, 3). SHREcke Bolul sl Holi
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Fig. 6. Outcrop photograph of cohesive fault breccia, per-
vasively developed in the Paleoproterozoic basement
sliver which is cut and carried by the Jangsan fault 1.

Fig. 7. Outcrop photographs of main lithologies in the footwall of the Jangsan fault. (a) Massive rhyolitic to dacitic
tuff. (b) Dark gray tuffaceous shale. (c) Tuffaceous shale layer disrupted by chaotic fold and normal fault possibly
as slump structures. (d) Boulder conglomerate showing angular to subangular clasts composed dominantly of gneiss

and granite.
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o] & ®2ltk(Hong, P.S. and Chun, H.Y., personal
communication).
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¢to] 5 o] ZH(Kim et al., 2014).
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Fig. 8. Equal area stereographic projection of pole to bedding within the Jangsan Sheet. Four domains are divided
based on spatial variation of bedding attitude. Fold hinge inferred from m-pole plunges toward NNE in the domains
1-1 and 2-1, while southward in the domains 1-2 and 2-2. Abbreviation, J.F.1: Jangsan fault 1, J.F.2: Jangsan fault

2. C.F.: Cheongla fault.
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F 4 (down-plunge projection) &2 ZHJH
E(O9 4)E B8l AXE 5= o], FAES 1
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Fig. 9. Outcrop photographs showing a bedding-cleavage
relationship (The locations are marked in Figure 3).
Soild line is bedding trace and dashed line is cleavage
trace (a) Bedding is higher than cleavage in dip angle.
The cleavage is interpreted to be formed in association
with F, fold. (b) A gently dipping F, fold with NE-plung-
ing hinge and related axial plane cleavage. Note that the
fold is developed on a low-angle fault.
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(uniform extinction) -2 0|efFst mhgA3(weak
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A} o] AW E (plastic deformation)& X A5}
= sAES F HEEHA gtk A dH Wi

W gmge] Hapalo] ofa) elE)y, olof of
3l T2 Alwsl -8kl (pressure solution seam)
o] &A o g WaAgitH 1Y 10c). Al T4t
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Ho] Jlen EXFHE Wiole TEEA 7] o
2o, 7193 o= b3 19 e o] Ao o]n] 3
A% Ar&LZ (inherited structure)of] SjEE = QL
o} 2 S 10] 71E0] FAElo] A Fluiet
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W

Fig. 10. (a) Outcrop photograph of the Jangsan fault 1 (The location is marked in Figure 3). The Jangsan fault 1
is defined by high-angle contact between gneiss southeasterly and tuff northwesterly. The fault zone is composed
of cohesive fault breccia and foliated cataclasite. The fault breccia is similar to that shown in Figure 6 in
characteristics. The foliated cataclasite has a width beneath approximately 1 meter, and changes gradually into mas-
sive tuff. (b) Photomicrograph of the cohesive fault breccia (open-polarized light), (c) Photomicrograph of the fo-
liated cataclasite (cross-polarized light). Sericite-bearing foliation is cut by pressure solution seams which partly
accommodate slip (white triangles). (d) Photomicrograph of massive tuff as a protolith of the foliated cataclasite

(cross-polarized light).
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zone) ufe} Websjol B50] YRHUE 7154
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Hof| e o] W E7] wf&of Xo‘&‘%lv 1JJr 714
Moz AT BAYE ARk A R A4
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Z-8-(cataclasis) H F-Ao] &3 FXI == F4iHaH-E-
(fluid-assisted diffusion) o] $-A|8HA| 2H-&31H-2-S
A A gt (Passchier and Trouw, 2005). 72
4% A A U2 fA|of o8l £X1 == St
Z1-gof ofaf Aloj =1 TtFo] ASFAE(softening)
L o7|E 715410 ErHEvans and Chester, 1995;
Jefferies et al., 2006). TFA| T o 2 HZ} o] Ql= ‘E
24 et Z-3]et ol I E o] IS &
eFo] &4 oF 4 km o)A Zlo|7HA] viEE %
u] gl Twiss and Moores, 2007).
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ek a9 1194 Kol upe} Zo] Atk 2
2Rl &/t (damage zone) o] G sh= HEP
g o] AETTHIE 304 =5 A F=x).
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Fig. 11. Outcrop photographs of damage zone of the Jangsan fault 2 (the locatlons are marked in Figure 3). Thrusts
with top to the NW to NNW sense of movement are frequently developed in the damage zones. (a) and (b) show
thrusts developed in competent conglomerate and sandstone layers, while (c) in incompetent shale and intercalated
sandstone layers. Gray dashed line means bedding trace.
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F2 7, uaHEe gL A%

E I3SES
o] ¢l TEk(incohesive fault rock) .2 ¢
A 9o, A&t At M St E ok v
E2 ol g4 & 4= i} 314
s 347.‘37—‘4_& J&%ﬁw S5k Aol A %
APt 27F AR 13} Zo] iﬂfﬂl” v 7]
2 ZolollA FAE TdFAA T2 ASHE ¢
Zolo| A FAH TEEAR = PE3HA] gt u}u}
et AL At S 2= 2AESS %m 2
718k AR SAAA EAY AS X FAES
7V 3A) A|ofg @Folak= Roltt,
4. ofid: &M 2H
41 55 & 24

FATHS 29] Aol Wdsls 59 7|9S o

undeformed state

detachment fold

detachment

fault- bend fold E

fault bend

fault-propagation fold
|

fault tip

Fig. 12. Schematic diagram showing geometry and
mechanism of representative fault-related folds
(detachment fold, fault-bend fold, and fault-prop-
agation fold), adopted from Brandes and Tanner (2014).

T
0
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9 e dus) AwiE, Fadl 4 VMS‘J
Byl Eﬂs‘}(’q AArEE 29 w’%v:%"ﬂ 8

| Aes gdd. S HHstod ’%"‘é%‘
T = FH FF o S5F(fault-related fold) 2]
FTHEE &5 Au} 53 (fault-propagation fold),
g4E 9 5 (fault-bend fold), 2181 E&5F

(detachment fold)©| It 1™ 12: Brandes and Tanner,
2014, and references therein). F.= 1) & @5-9]
E249 Boli AT 29| HAHRe] Wela, 2)
S3) et Aol ke, 3) RHo] T
23} 117k 0|2 o nlRo] WOl 4) £
HRo A e 710 2 Ff4 Hc}(Jamison, 1987;
Mitra and Namson, 1989; Poblet and Hardy, 1995;
Hardy and Finch, 2005). 5| &0] B85 52 55
el £ FHj2 TeeRe o, 2 4 U oo}
A FADSLE 71E dFAE Y8l AXE F
FEA oA o A AR ASHF 29| 4HE(Cluzel,
1992; Kim, 1996; Lim and Cho, 2012)9]| tH| ¥t}
WA Fp -°r U A& HF o] ©tF| WIF
3} 0ZE o2 AL ke w AFo] AL
(cross fold)__i 52 ok FEESel Mot
2 o §7]8 7 22 AolE FR3es
o]—ﬂ 75—1 o= _u_;(]._l_o] ‘dk]g_ —,—E 01;(]1:1]-
(Yonkee et al., 2013), AFAGAE TF=9] 42
wje} sl S30] ¥ A4H om weE T gl
AL CI2T 715 49 94 dlrlos o
83l7] ofRirh. thak RARkRolt Hekael A
o Fool o8l ek W) b (T 3)& 53] @
Aol oI 5] HEI FA7I(GHEE 42 %
oJu|gt 4 gict. ojfat
7\73_ ?_P°ﬂ/\1 dnrls G—T.—J P 2d2E=1) £4
FA 7} T=sIe] A2l (transtension) ol 2J3) gt
2H 53(e.g., Fossen, 2013; Venkat-Ramani and
Tikoff, 2002), 2) AFeh3o] Zako|Erkzo 2o
Ao =9HE S53(e.g., Lim and Cho, 2012) 5
o] Qltt. sA|RE AR ol A B 53 TP E A=
£ SA= B B4 Qe BEstA etst]
ojFch 3 o] FH2 7|E A=l o F W
A AEHFAEY AR AAE F-A Y &
Tih= & ZolE Helth o] 27t viA oA Fy S5
o) Al wre A7 2 e 712k st ] el
A 53 AFA G e4X ol Bt 9235




4.2 HME=E SM D

Aprege] 94 REE 29 e ¢4
@39 EA gt 2 7HA] oA ol thsf arish
sofok 7t} 1) AHAYEHE 10] Abh(AHAbES 2] o)
Hhof| E3xsh= Ay HuA| 22k (sliver) 9] 7
$ olmg 7|zto.z ArkElo] ol Fsigerl? ) o
wHoz Belggol AY, ¢4, 41 53t 2L o
37 g met Rt 48 T Yieg,
Davis and Engelder, 1985; Echavarria et al., 2003;

cut up section

detachment

cut down section

detachment

Fig. 13. Schematic diagram showing possible mecha-
nisms of basement-involved thrust(or reverse fault) in
sedimentary basin. Dark gray domain is basement
while light gray sedimentary cover. (a) Thin-skinned
basement thrust on a detachment fault. (b) Thick-skin-
ned reverse fault inverted from a high-angle normal
fault. (c) Shortcut fault cutting through basement ramp
during inversion of a high-angle normal fault in
thick-skinned style. (d) Shortcut fault cutting through
a high-angle basement ramp during thin-skinned
deformation.
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Nilfouroushan et al., 2013), E2|& 02 A ZFA
@3 271 o BA G et i os w2 9
oF W ARE Ao WEd = =71 3) A
29] E5& AAS w2 sHkE A5k rEol
SHibA A 9 339 B2 ool A 4l A Th-2 Y
o HolekRE kst o] 1tolA d2 EA
¢ro] 22 7Rk A= Stk A2 %A
AR 5 U=

A A o2l BRste] 4GS S g
Zoll &Jafl 7Rtete] HPEE & = tHEA QA H¢
£ ugshd tha 2o 3™ 13). 1) B g3ol 7]
HheF Uiioll WaEl= (28 13a: e.g, Lacombe
and Mouthereau, 2002; Butler et al., 2006), 2) 112}
o] AtZo] g0 & AH(inversion) = HA] 7|5k
oF AA7F g7 == (2™ 13b: e.g., McClay and
Buchanan, 1992; Coward, 1994), 3) 11.2}9] k&
o] gF0 = HX(inversion) = HA] 7]HHere] LR
7} A=) o) 5 == -3 13c: e.g., McClay and
Buchanan, 1992; Coward, 1994), 4) 7|¥H-E/ &<t
AAwo) 37to 2 Wsle) o) 5 Hal U3 Axe)
o Tl 7]Hieke] BAj)} AekEs A (1
g 13d: e.g., Mitra, 1997) 50|tk 17+e] 50|
S o2 QA= o] 7Rkt AA|7L g7 HAY &
3ol ZIRkeh WHe Wggtid, T3ol o5
o|FE 7|We £ FHo] YA S REHoR
Rxsjof shu] BAY FATZOIL SniZo] et
Zck(cut up section) 2] Y-S watof gt 3RX| Tk
zae] A FRA o 2 e sk
H(cut down section) 9] EAS Hol= A o2 Ho}
AR oA 7]Htero] AgtE o] o] FH o=
A AL = A 739 H o= Al ARy ] HA A
S5 1Esh= Ao] e Holrtk whef vl WA B¢
Z}0) 7|RR-El A AAHS Ade i 22 71EY
A4 Alo] &322 sjAgittd, A= A=A 7]
QM= AP 19] o) (thick-skinned de-
formation) -2 v}u]¥HE(thin-skinned deformation)
ol A 2A] Alo] T2 sHite] B H S-S ©
alabch, 7] 84 A B4E 17ke) Bgo] B %
A% 38 o2 AR Bhe Ao sflol
S Eo] kel B2 gL 2ii|(eg, Coward,
1994), Acjofgt 24kl (e.g., Mora et al., 2006; Carrera
and Munoz, 2008), =1t A (e.g., Saura and

e =0




464 HE

Teixell, 2006) FA|A] BIEHS}A QIX| =], o]=2jgt &
AL Bole TS5 W TS (shortcut fault: Hayward
and Graham, 1989; McClay and Buchanan, 1992;
Bonini et al., 2012) 02 FAHECE GAGZS dut
2o 2 3R] BX](extensional basin)e] 2
(structural inversion) || gt F-Q 3+ SAZ A gto}
E9%tiHayward and Graham, 1989). o]&{gt &
HollAl A=A Hupl A W itof HIHstA st
432N (™ 6, 10b)> £ A Al A &
&5 BRIsto] A EHUS 7HsAd o] v &k

SHH 2)ZHo] g2 812l o H/d (anisotropy)
4 o] 2/ (heterogeneity)ol] A #-¢-Ht}. E3| H]
nA FAg 7|5k el ool 2 Ext A
B &S0 WA CIZAH BAe A FH A5
H|3| Z&=rh 2o ool & F2 WEol A%
= Ako] gltk(Teixell and Koyi, 2003). 42|k
B2 o) st otz Lefsl] o] WRo)
4% o2 di2E 4 Qs Fol v s]uket}
w22 0] AAolT). AR S Fe A e
ol A vtee] Btk (basal detachment fault)
T2 7|9 B2 30 A o dEilitHe.g, Mitra,
1997; Pfiffner, 2006; Collittini, 2011). ¢4 AIAISHF+
HA) S22 ulR o2zt @4l LA At
Z ZPARES 2+= Ehu] ¥ (thin-skinned deformation)
ol A 7Rkt 2L 39l Bl & EH 2412832 A
£ 2 2YTSo=A FAH AT Ak

oA g e 2 Al fiR oFH2 A siAE g
of o3 ArAAYA sfdHet. & 7|EY £A Ao
G52 mEt TS0l I EE B 2R AA
Al F2 EZeo] e 7Rk AR S
A2 52 glo] Wolso{ Xt

ARH OB FAGS 13} 2k I A9 9
AN BAE AL Z =Y, FEEX ] FA
= Alofgt B ©Fo] T7) YEHBEE Al
Z28ES Ao RES Uetli= o=zt & 4= Aot 5t
Ak A 10] bk 29} Zho] whu] Wy i}
FollA FAAE AMA 2 =4 o E ST S
ol FAE F AT 237 Ad = o] @A 7|5}
A EAS Hol= ARMA = A=A A A
B 5 glok A4S Al-37HA1 Rgte] gt
< o Augt 2ds =Fsh] fslixs A4 AA
TR FHA QI B4 o] S P& ook gt

5. E 9

51 SHEXQ o

WA 71T AT Y Y e o] ©Fo]
B2 9] Lz H A (structural inversion) I oA &
HEIREE AR ol FRA F4o] %
oA Aol o Ao = = XIS A
ojth. ot o]fgt QI o] T W H o] FHAQl
AP 2 S sk ARJA] 2 FFolsda ol
o] I HA L2 opy|He MEFRAS Yr|st=A|
= A=A = WE5HA olopr|d 4= gl & 7HA]
0] ZA Au Hotok g AR AATHS-S v =S
SHEA Y 4 F5S(Lee et al., 1996)0] 3=
oA 7H 57t & FFolsESH F el =
718 @5t (Chwae, 1998; Choi ef al., 2012; Song
et al., 2014) 2] A%}t # o] AX|3tch= FHolth(1H
1). o= SEEA Y N3P} ol ©FH Y 5
DA A= 7HeAd= AXRTE AA 7
ATAES SHEAE HIRT = ARA Y F
A B2 EA] 9] FAdo] F7He S Het A8 &
FHE 23T F719 &FA 19 5ol REE S
< A3} Qltk(e.g., Cluzel ef al.,, 1992; Choi et
al., 2012). sFARE 0|23t 7Fe A & O WESHA
F37] AL FF AAR F2A YA, 5
22 A3HH, A2 Wskal Ho] Ba sttt

P} Ageold BRI Az
el SRR A A E R EA B =D = 3¢
o]& H2lt}. Egawa and Lee (2009), Egawa (2013)
= SHEAIE £33 A 99 H7 | dHFEA] (wedge-top
basin) &2 ELEX|(piggyback basin)Z 3J4]s}k
Aok ol A2 1) TEEA| oA Harg 9F 172
Ma$] #oj& U-Pb Adj(Koh, 2006)7} £2] 2] &4
AI71E didshy 17t dHARY o E 24 E
A &7|7tol| Favitts A7 2) SHEA EHS
o £ E Alofgt =8 S4TFY olF Wl 7+
217 e el A W AR 54 W
olgh= ZAF Axtof| 7IHkE Et. SHAIRE o] 23t &
o] 22|=7] Yafix= AP Eofof st B 7HA|
AlFEo] Stk AR 2= H7PHERA] S EEE
A7} A& EX(foreland basin) 5 3h+2] EA )
(depozone)e]| e 123152 wj(DeCelles and
Giles, 1996), A& £X] 9] t}E & A tj(foredeep,




forebulge, back-bulge depozones)E thH3}= A
Z=0| 9 YA = AYUA, ERE FHEA
o] FAAIZIZ AAXE #7]-F7] Fh7]ol &4 5
o] t]& & (continental arc)o] X3} JF-SS
&g wfj(Sagong et al.,, 2005 Park et al., 2009;
Kim et al., 2015), TS (hinterland)o]| SFsh= &
Wiol A AE £A71 ol2A 82 = U= A
Q1A apAeto . At)E Ao EHHES a3
TS WA dFETUE ot EAsH=A7t
HIZ2 JAo|th AEFo7 B =RO 2By}
RGN A AT o] eRkEo] FAAE IS
= Ak, G oA BE SARAM 54
Zolzhs g7 e gt Ajart B adhE |45t
T} e,

52 QMM X9 BLER] BN A MZ2 X
ST Moo HeH

LA 2| FERA ol AFA Folu 2HA]
Aol A BILE|R] o2 ShAk Ao 9l 339 B H
o] QA REITHH 2, 3). MY H 53
I FAgke 7)E AFA S o8 SR HES 2
(3422, ofulaks, skt 2A|2)2)3} ke Ao
2 7F=] o] gith(e.g., Choi et al., 1987; Egawa and
Lee, 2006, 2008, 2009; Egawa, 2013). o]t 34
< MY 9 S3E ERA o] I el &
s AR GEST (R 2AES, BEAN, A
T3 FARH R BA ) T rh= 7P olA
v 23} c}. 31X 7k Egawa and Lee (2008)= At:
oA &3+ deto|E A= (illite crystallinity) 7}
T &9 Atolof| A §A5HA WSRetth= AME KAl
8L, ©]% Egawa (2013)+= o|2|3t A2 & 49
7] $lal % w7k vel ool WEEo] e
A S Fo Al vt oleh. 2ol &
Tt o5 AT FA| 7]E FA AA offol A &
Y AAE AAISHA] Z3FATh

2 dAFoM e A4t Ao EZdh= it
A 9 S3YE A AR F2F3 Y A
SISO 2 A AT F st AARS &
Aol Wt AL A H FHRAE o] F= e AF
o] Zefjo] FAA BAE FAISL YUth= 7ML
o o4} F-astA] gt ol= A& 34 AHr 0| o5
A= AR A A g3 -S54 - dollA] 4k
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EF+= A& F Coniopteris concinna’= 5=, Al
H|g]o} FAoA 571 Fet7]-A7] Wef7)of W gt
Aoz AdHA lom(Chen et al., 1990; Hong, P.S.
and Chun, H.Y., personal communication), ©]&
LT A ETE FEFTOA 7|80 Had £
Eglolotrr)- A7) 21719 Dictyophyllum-Clathropteris
AETEThE WA A7 H d2 Aeg WolE
o3 5= Utk TPETH e &Y sHt
HZ3H= A3 FAAZI7L AR X159 FA4A7
Hot gtk 2 st 2 F22d5H 2l 54
7 23}ETE A2E2FHOZ AR ZAREO] FhHb
of WA &= St D o]9F BAH §3
o2 B4 FEZ A AAAF 5H EH
ARl AL 2A AEA AT Bart Y=
A|gFere}. o] gt Aol A Koh (2006)¢] of3f A
A& ¢F 172 Ma$9] A o]&2 SHRIMP U-Pb HFo]
B FEZSTY BF A7E th¥sh=A] A5
AyZksl) Hotof gt HAH A Hdo] FHE
A 5 AWRo] Eixste F/FH(Koh, 2006)
o] A7 A £A FH=E 5 SAHLE A9l
AR ofulsh At 2|2 Sk HET tiH]
2 7 Q= 7HsAS 22 WA & glok ol=gh
7FsdE AR Sl & A=A 24
A o]l Exst= SHiba A bl tigt gt A A
B57o] dasich

FHEEAY A AA AAETL F83F olf=
olf gt AR} Ax SHEAE ALHAIX] HPAH
o] A7) s At WHsHA wRE | 7] wjiZoltt.
FHEA Y HEE o713 24T A7 B4
= AgsHA otslr] YaiAe M2 AST 8
St Aol 2 Al 4, el AEE AP E 5

o] wheA] Aayojof gk,

&

4=

£ AT LA A9 SR Bt
A B2 Bughch AArtgolet ¥3E o] &
3o Y4B AR 9EFH(EANS, NeAS,
Fe)3)3 $A 250 Sk L S35
Aole] BARZO 2 FOHh FATFL Ak
Ape] 7S | EOR FARS 131
% 02 Ltk A4S 12 ZINere et B

oX ©

2 i o2
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M2 23)oF Aol o]E A7l 112+o] tho|n, ¢t
AAEY AAE 7T FAE 2= 98 AFGe
2 32 34" 2A S 9XT Az Rejd
o] A, At E Z& o|Ro|z WML Ed)
Hzo Fej= Adubd FgESolt DS 2=
Aoz edd 7| Aol de dE2ESEE S
A 7= EFL Holth o]d EAL Kol A}
X

P

Kb 2 SRS 0) BAS Holk AMS 13
WA FEA FRAHL) FARA WobEeld 5
SIt. & AT AT FHEAT G Bk
QFBHNA ATE Aof Alojxlo] FAHHUS
2 gk, Thak ojefat QAR o] T R B
A9 MYRAL hASH: U] FL Fagol
T30l s} FRAOE opy|Ht WPEAL on)
SHeAE % o olslof & Albolc. Shel & 7
sljel wh2l B shile] HEshs Sk Ee 2
ook HAYS dES TR Fe A2 A%
o2 ARisor & Warol gk ol 3
A 24 AAL A Yol DA olulatt.

Ab A}

o] =i UIAAALATLY FARI
b= FARY FAATFE 7 2 FHAEA
HAAE 23(15-3111) o) 28] AQ= Sk 42
3 FA4T} Hste] folg ARE T4 T
AAA AT A3 vhabd o S WA A A
o, =79 A4 FE A8l AlAdsta A4A
QA HBE Al A DAL AT L A5 At
|, o AARIEE, T3 AL EA 22 A
°|E ®3lh
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