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Determination of Flow Direction from Flow Indicators in the Muposan Tuff,
Southern and Eastern Cheongsong, Korea

Ung San Ahn and Sang Koo Hwang*
Department of Earth and Environmental Sciences, Andong National University, Andong 760-749, Korea

The Muposan Tuff is a stratigraphic unit which is distinguished as a cooling unit in the volcanic rocks of the
northeastern Kyeongsang Basin. The Muposan Tuff commonly belongs to tuff field according to the granulometric
classification and to vitric tuffs according to the constituent classification. The tuffs are mostly densely to partially
welded to include very flattened and sometimes stretched pumices and shards, and involve several flow indicator
and lateral gradings in maximum diameter and content of their constituents. Movement pattern from flow lineation,
lithic and pumice imbrications, asymmetric flow folds, and lateral gradings in maximum diameter and content of
their constituents indicate that the Muposan Tuff had a source from the southeastern part.

Key words : Flow indicator, Flow lineation, Movement pattern, Asymmetric flow fold, Lateral grading

AE FEVIAGL AAEA BT FAAFOA shtel WaAdAR PEEe SAESCIH o] 39S 2§
ol ostd -2 B3] &sla 7L At Held S So dFE R4 A=rt dAsHA wie
HI As WBsiHo $HGEE AT o2 7R EEAANAE BAFET. FEALI Gl 7 FdaRE
of ¢ FATRENE olF HE, GHs BN i, £AHeY B FdEF Fo EF AR, ¢
I w4 HgA 8ol 2l 39 Tk Foldl ek o] 3¢ JHAY sRE FERA
A FREHNE ez sjddrt.

F20{ 1 ZFAANA, FITE, o)F Ad, i fdES, S8l

1. M bl uZa AR Bole $39e AHAZ R
FTEAE THshs G T EEAAE 083

AAEA E¥se RFE giFE FERNE o A= k. Rhodes and Smith(1972), Suzuki
gejsles o3 SIYERE AU o] IUE and Ui(1982) 5= $3¢ We] A& A4 5e] ek
L APE T fE shiRel 3 HE, Y, B & BAFCE Aysle 2 FHIAIe =Pl 3k
Y 59 o8 AHEd 3l FEFAE @ F g 7Y H3Hflow direction)s AT BN FTIAE F
L7t Beon, oy sptEAAzE BEEe] o) 35 2319}, Potter and Oberthal(1987)2 &2 <3}
Ao FAHREA FEANE £ Qe A9 2k o HYSA] g2 AZg FAo) weksS 233l
ey KRR EER1E dollle AL o8 gt skl f3ks =43iith. Froggatt ef al(1981)
Aoz A3z BExst shxgdiA skt A FURE 58 AARZ A8l ZFAE doplrh
AL 3=t Fad ATl A4 AGoME FEASEIe] dRor] B A
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Hwang et al, 1999).
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Fig. 1. Geological map of the study area.
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7ol dunigte s A vl Ark(Hatae, 1936). S
oM FMe AFshHE, WAk 3Y, F483
o7 PRI, FRAN UFETF, FINSIY
Fokakgslgto 8 st (Hwang, 1998).

o}% 7heH Ml S3UFLS HrY sRSAA A
AU, olFolN TSI L TRt A2
A FAEgSe] ol WEHH(Hwang et al., 2002).
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A F1 ATl 8 HAAAHRSE Dt

o] FEaEE UL e, FrEa s A Gl
A RE Y7EERS B U 2 g3 UERYA
2AT FAE A2 ¥ 500melde] Ae® Helth
o] $3YL H4 FER Aol AreIYg 44
o Folx, xjdl e} YuekIt F& U
ZH QetkFig D). B o] 3ok {29 22
slyet ool Qs BYH X, FEF A GoIA
B2 9] ARYEES AR 2
dutl £100m FEHe] Ut

i
T
)

3.2. Salete BR

FEASE| R BlakAel Bl osid HgZEA
duje] Z=-gzeAgd) sPshe f-EuolA|EA
WA fEga $3Yel &eth(Hwang and Kim,
2006). o] FEFEAL3|QFe ofelollA YAj A7) w
g Bgald, gt B2 A0)9 JIREE 4% X
el Oi¥Eo| 2mm °l5te} sk Ar]e] YAR
o]FolA 23loke] &l GEF dRolM HFHS
3)obol| sF3ITHFig. 2).

o] 3¢t ¥ fejE Akt g SRS
WA AGo] s Fom FuFos gyl
AL Holr}, &3 Afar &3] 2%, ¢ 2
S AY Ao wet seld $3 L (vitric

F - B RNl B8 AREvE 43 24 321
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o
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Fig. 2. Granulometric classification of the Muposan Tuff
by the volume proportions of ash, lapilli, and biocks and
bombs (Fisher, 1966). Circles, Muposan area; squares,
Gamebong area; normal triangles, Dusuram area; reverse
triangles, Tachaengsan area.

Glass

crystal tuff Iithic tuff

Crystals Lithics

Fig. 3. Constituent classification of the Muposan Tuff by
the volume proportions of glass, crystal and lithic frag-
ments. Symbols are the same as those in Fig. 4.

tuff), 234 L3 Ucrystal tuff) 2 FHA I
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FE 33 =34 Yx) F3jae] $Ege XY
Uix] ¥4 3Fesiges T, 4F9 714
= B} 3 Ao viad ulA] 7587 YR
Ho} U FHe} oA oF& Ao XU &
3 Yeilie 538 BRlth T3 7149 fE
oM RE 24E FRHAIEAR AaAaFe
Z HolHE 9kke Helti(Hwang and Kim, 2006).

o] &3¢S e S3UdE TR £l B
Fala o AEEn ofdlA o] 32 o
2 A Z34e aAT 7E @3l FaE
mE AT gt} o] 332 ofolx] HslE FA
o o8l Yehtle Selgd A2 (eutaxitic fabric)=F-
B A4 Fhlo) FFEVIE Sh(Fig. 4A). ©)

S3|gk=e] &7 BejolMe A A2 (lithophysal
fabric)7} #&=]7|% FtHFig. 4B).

71"8-e Aol “‘:’6}1 24 243} oho] 3
o] gty ARSE blro] AR ARl A
7 49 250 {¢or 47 AL Aol
A1 ARl Bjsl o gol vehdt). @rAsieae 2k
E Zowy) AT S}, 7VAR ot B4 )
AXE 3] AN T A AR el B

oflolM FALe T 7X o gL & 7}

A BFSIYM &3] BEHEe FHoE e}
o o] YA FiRgAdeA ZZS ey FuE
vehtn, 8ol 34 BEslEo] g
Halg YAAZIHFig. 4A) E}g AL o) nEs

ek ool 15 U Zss ddsde)
20cm ©)4+2] 37]~ 7}7\15 orale wolt) HulAst
oA RAEL tiRE 2 sFo] A TaEA AL

EEAT &40 -JOM U5E U2 BEEe A4S

Fig. 4. Photographs and photomicrographs showing some fabrics, showing (A) eutaxitic fabric by flattened pumices, (B)
lithophysal fabric, (C) eutaxitic fabric by flattened shards, and (D) axiolitic crystallization in shards deflected around
crystals, in a densely welded zone of the Muposan Tuff.
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Fig. 5. (A) flow lineation of elongate pumice clasts, and (B) flow lineation of stretched pumice clasts on a welding foliation

of the Muposan Tuff.
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Fig. 6. Structural map of the Muposan Tuff from the welding foliations.
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Fig. 7. Flow direction map of the Muposan Tuff from the flow lineations.
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Fig. 8. Rose diagrams showing orientation from flow lineation in (A) southern Muposan area, (B) northern Muposan area,
(C) Gamebong area, (D) Dusuram area, (E) Tachaengsan area, and (F) Total area.

Fig. 9. Imbrication of lithic clasts indicating that the flow
azimuth is from right to left.
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Table 1. Average maximum diameter of lithic and pumice clasts in 4 individual areas.

Clasts Range and average  Muposan area Gamebong area Dusuram area Taehaengsan area
Lithics Range 8.5~2.5¢cm 4.1~2.0cm 3.0~2.0cm 2.4~1.5cm
ithi
5 Average 43cm 2.8cm 2.6cm 2.1cm
. Range 10.0~2.8cm 6.5~4.0cm 5.0~3.8cm 3.6~2.5cm
Pumices
Average 6.2cm 5.0cm 4.3cm 3.1cm
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Fig. 10. Lateral grading of average maximum diameter of
lithic clasts(solid symbols) and pumice clasts(open symbols).
Symbols are the same as those in Fig. 2.
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WA ZAshe 4= JtH(Yokoyama, 1974).
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Valentine, 1995)¢h= @2 A7} HJXHA =717}
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£ FJAANZ AT BT AV A& Aoz A
ZHech & o] Zv|¢) 2, sk 7)1de) HAs)
Y=o @S Zolvh(Cas and Wright, 1987).
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A7) 7ldEthes 7 957t 27 gEY ez A
7t 28 B OE e rhe e SR &
2z o) o "y olEshe B & ¥ Ec] FEF
aparslEA] 1 B4 Z7)7) Fold A = Uk

=)
g
L

@
a
!

=
=3
i

Gpogs B @ T
e (S P

) S 1 i 1 I

B 12 16 20 24
Distance (Km)

S
=3
i

N
=3
£

Constituent content (vol.%)

o
=3
S

Fig. 11. Lateral grading of total content of crystals and
lithic clasts (solid symbols), and vitric ash and pumice
clasts (open symbols). Symbols are the same as those in
Fig. 2.

(Walker, 1981; Yokoyama, 1974).
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(Fig. 11).

o213 Mshs Yt & AT Y] IR RE
e o)FshA Rofal gA BASE HlFe] @ F
2 Bdol o 47 de olgdlx Haelr] ojEE
& WdEke Aow Az, a8eg Azl wE
T84 ] Sl IFA EEE vk

6. E 9|

SR olE7Te o AAS) s Eo=HA
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WA B WAL B2o] olEAjolabd ol El
4] AT RI vERE & Tk & SR AES
A ohekst agddd HERY 9 fedTE
(parting lineation), &334 (groove), &Y & &
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(Branney and Kokelaar, 2002; Hughes and Druitt,
1998; Pittari and Cas, 2004). £312 FFol o3
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S F= 7E9) SIHEEEY EFERAM ISR
UERE AEE uet it ofF 7HASHA sl R
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A3 olFAE EYPFoR Fe AdE EHT
(Fisher, 1990; Druitt, 1992). {1} AAAlA H2 s
= AL o] T A FelA ol el F dX|se
A& Fopf7igt ofgrt. ofnis o] F A9 FIHE
o] o] AL /H AEol o EdA YERdT
(Palladino and Valentine, 1995).
FEZAGH YN 5L ANsHE AE3E FAoyt
He] Hauda) o, FAe] A 52 o] }
LAESIUE AAAT SR KR oflet &
o] JElg FE3M gt
22 T 93 AHEEL 40w Fifo)
o] v}, e st & ot BAH
o] BHF Wl FFoz} a0 T Holdds
Helt= Zlo] o8] AgeA ZAME At (Palladino
and Valentine, 1995; Sparks, 1975; Wilson, 1985;
Freundt and Schmincke, 1986). ol <13 Hls}
7o) Y] Zwupdolol gk 7| At wEH
PAEL SRTE Ayt HolRo) wet H 9A
o] &3] FAoRl= A Hole v B4He 3
ZRE A7t "ol wet Hul 7ol AAEA
ol FolREA] ofH ofud 54T AWEE vt
BA ¢ A$E tkPalladino and Valentine,
1995).
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70kmE °] 53 Z(Yokoyama, 1974), EF$-Z(Taupo)
SAFEe 2 £2 wAe] 20000km?el gath
(Wilson, 1985; Wilson and Walker, 1985). 434t 4
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7y a8 HA] 8 AL F5H
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