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FagH e @&, FFFEY, TFTE W, 58, L2y HEFEH = T ©E
At Aoz AAHFry L Ao H53 & s ; 8
gt AFe WHEd 7]dste wASE AMH, AT, HE EFAAL, HE 5 @HTEEY &
A4 EAALE 983 aie Fotol W o|xEEe] FAM wAAG. GA Y mAxZ ®ste
THAE S AAsE TEAJA WU SFS M FHEY AE, &, T, vAdEy 22
TE 5 #2e 94 5434 U3 AP oA FIHAMY B¢ ZEY EHA, o
e A R o5 43 ERted A 54| #HAdd dF HEV €N

AR g FHdl vt 2 857} AgHA o, Tochigi 8¢ Utsunomiya A] oA Oyaish
e 23U AR 23 Ak o] 3 Y-S FE]xd ZElo]E(clinoptilolite) 9t Z 2 dliLo]lE
(mordenite)2 TR FE 215 AA L 207U, JAHRZE 1R, B4, AR F=2
A s o, 194 7]d] EAME =79 Teikokuz @ 7Zo| ALEd vl Aok FUdME 34k
3¢ e AAAAEA GA Y F84 EAO # AT +8E v derk(o]l A<, 1982 FF 4
o FH%, 1997, ;A 9, 2004), A Fo =EFHAY, A& ARBHAA 3L g5 54
Jd 2 4%< "Xt F3EALTY BHd AT = 9H3 EE Ao € AdFME AR
=29 20F $3U¢E AR T3 wWE X5egH, FEIH EHS B3I, o 5o g
gtz EAdwistete] #HAdd B 7| EAHQA ZAAEE ATz

H

N

2. s 2 2384

HZo A3 EAA H2E VAT 3G A ANF A =FFH] FIFES F2 Ue
S3¢e ddez AAAT. T B 9 AGelAM AFAERZ AHEE A 70d0] B A
8o s|Fst=d, AAHA FAALE F1 A FHoE B £ Qi Lof $IAFAEE 7=,
MZ Z} 45 cm 2719 AKAAR AHsta, 2t 4o gt F4 lem2 A9 F4548
A 351 cH(Figure 1).
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(a) Fresh tuff (b) Weathered tuff

Figure 1. Slab of tuffs with faces of 4.5cm-length.
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31. Av|33 =454

2 $3de F= Mg, AAZY, AF4, ALPolE To=2 FAHY, 2% FA A (barite)°]
ic}ﬁ‘:} 714 (groundmass) %9 A% dujFdoze MY 4R FEo] ofH ¢ dFEE
154 WAHo ok WAAAL F2 ol (subangular)e] F& o]Fed A9 FHL dF
WAL o] gAY 7HFAe] FEoA €24 ZF (corroded texture)S e THFigure 2). o] ® A
L AR R AEF FEZ A AEEH oA 7P’2§"¥l—% FAS7 = ok & 33 Lol A
dHe EAE A9 Fle] ¢ HH, FARJA 7|AFESY Fo] 7HE B FHER A
wpgoze fed 239 vitric tuffol o T,

l

o>

(a) Phenocrysts of plagioclase (b) Intensively altered pheno-
(P) and quartz(Q) cryst and groundmass

Figure 2. Photomicrographs of weathered tuff(sample 1-1).

32. XRD &A A3} o% FExA

D3| A &4 A7, QoA AEFYOE FEU SZHYEHRANEE 49 F Xds 9
o Mo, AN, 2dEolE RO HUolE Fo| #RtEH(Figure 3). WetA 2okg3 2 A &g
) &3] ¢ (zeolitic tuff) 22 & 4 Utk AAE 3o B¢ 44, A9 FFo 7H%
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Figure 3. X-ray diffraction patterns of tuffs. c: clinoptilolite, p: plagioclase, q: quartz, s:

dioctahedral smectite.
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A Zadte 42 53 22 F 719 Moz A9gd = o AA, F3343 5 23
S g} FHo] FdiF oz EAS Y HAR o5 FHo] #a2F AY F+ I =
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(montmorillonite), | o] @ 2}o] E(beidellite) 2 =E 21}9] E(nontronite) 5°] Yt & A5 A
TZd o|EHAY 2UEolE: ERIYIZYUCEY 7H5Ao] ¥t ERYRYo|ES ALTgolE
T 74z gz o AdZdE B HAE} Aoz LA oy pHY F71H WEo] wa
o]go] EAFIIE Frh(=F 3} mAE, 2004). AHEo)EE F3H2S Fio FegolER
HdolH7|= 3w, &ze] 70|y Na dFo] ¥ SddAY FHNAE M2 &34 ehdo
ALl ED S35 gellA SAFEA AR F3599 BEzrdE ERd2YyolEr A4S
W, s de] Zhe, BARES FAoWAM A getolEr FAHHH(Noh and Boles, 1989). 1¥
o, 39 ok e wAY FAFEL TIFELEEL 2dEolES Yy REHoE AL
FolE7t #AHER AutH o FAHHE FAHF wdl9 FFS Yz ot

dARFEES T8 vAxFe 5F

Skt d 29 AH(Back Scattered Electron Image, BSE)e.2 Z3ld &3¢ (1-1 A]|8)2 &
g A, AZHolE, T8N (barite), 4Y, FHF7I AX L ﬁ}’ch-rr"f]%—-lﬂ 714L 4AT 43
oz wEgHol Hd5(amina)ZH S Heoln, A7 FAmE 27 E=HAQ FEL AR}
$IEA §24" #2ld shard2 FA M (Figure 4). oA 24 ~#E ¥ (Energy Dispersive
Spectrum EDS) #4723 w23 sife]de] e FRAME Aste 3o wx, w4

oA It A derdd. 22y gEC A E Na, Ca, 2 Alo] Aoz @A Yeh o
%§°] AN YAE & F Ao 22AT APFA L Y5 dEE BEdd x4 e A,
A4 7HARE B3 ol T3HA, =5 3% FAFIE FA WA 2 FFo WA
ZA8S UAES XA e ot spFE A FES AE olfex Al Na, Ca2 FAH=Z
35]'?2}_715"6' 2 A &golEd a|Fert mEtA S3UdU AR ELS @nFH ZAJAME QA H
gj\—)‘%o] A} T,‘i_o] }]IS_E}O]EQ 3} /’\]—EHO]C}-
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Figure 4. BSE image and EDS patterns of tuff(sample 1-1). Layered glassy part(number 1)
with O 35.08, Na 1.80, K 3.21, Ca 1.73, Mg 0.57, Al 801, Si 49.60 wt.% and
phenocryst(number 2) with O 37.16, Na 3.04, K 2.29, Ca 2.07, Al 830, Si 47.14 wt.%.
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34. FAAAAN A S BT MAxF 9 54

FAEAEARE #Fd BE2w Sy A HFL o FEE FAHH, 9IY =A<
vetdn. $3ge 49, A, R, ALolE FEQY S2YUREEHCIESG FodolE
2¥C-T, 29 Eo|ERZ FHHY. 53 AZHL FAYo SAIERA K Al Si2 FA4HeM,
ol Sl ¥RE FACl AFE Holth 2™ EE 7)Aoy FHo] MAd FEAA
Rz 2% yedo

AdE &3] 3+ (Figure 5), %ﬂ%%ia}ﬂz% 249¥e] FRE = FIUAA

2450 U AFPA REE J2YTEE Ho|AY AA YA WPoz WA= gy
2 A0 AholAw FRHozE S48 REE QT 2BC-TE AF 20mielY FHo2A
ARl ARAe N BEHoz g8 zHo| uAHY. o= FxdudolEy FAfd

FEAAM A Z vdedh.

Figure 5. SEM images of fresh tuff. (a) Well-crystallized clinoptilolite formed in vug and
volcanic glass. (b) Volcanic glass shows laminations. (¢) Clinoptilolite(c) and volcanic glass.

Note altered opal C-T spherule which is indicated as an arrow.

Figure 6. SEM images of weathered tuff(sample 1-1). (a) Quartz phenocryst shows irregular
grain boundary, whereas plagioclase phenocryst has dissolution cavities along cleavage. (b)
Volcanic glass shows etch pit. (¢) Etch pit in volcanic glass and well-crystallized zeolites. (d)
Mordenite fibers formed in etch pits developed in volcanic glass. M: mordenite, P: plagioclase,

Q: quartz.
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F3d S E AEd we GFF 9d, gxHe] Yehdth Aol EE Y WA
T4, Bv A3 2HEe HoleH, ¥ WA FEIEL 2esdRgolE, a8 I4PLE B
LdyolEcltt 1-1A189] Z¢ M4 AL AA &A= /g FELS AT 23 H
o, AFY WA A HAE wHEA &FFol ALEn, 2A Hee AsA MAHY
Att(Figure 6). S22 7|1AREL T4 m HF 9 35Tl 53 w2aed AHsist
gad FE AT dF A FFT Urols EouYolEr FAHE Ik S
B4 FA ooz AHE AAHL ZA Y] ARAZA Fho g WAEAHo A
B @om, HuA AAE FHE BAth

35. ¥354

A8 e FIHAEE 1-1 A8E -3 A88Y & F37F Agso] vz Mg on,
2-1 AN 89 3-1 AN 8Y B4E 747 2-3 A8 3-3 A|59 HIgt Thx AMF g ERES
Ut o]2L dAdL FAAAEN AR #FFE Ao 08 WA 7R . F 1-3,
2-3,3-3 N5 A5 3G FZFE] ALHES o, 1-1, 2-1, £ 3-1 Al8dA &
32 dgket FMFo] FHI $IL AHE FAHZ AolA ALFHOE FE9 FFuH|=
Aoz HA vepdg. mEtA T332 g 218" I gdME destet FAe 712ER
2 g3EEo] ASYolERZ W 5L BAG. FH, SN uAe B$ T Ay
FERAA 2o xdeo]Ert E3] A= Ut

AZeolEx F3HEE T AL fEldd FAFY o2 RE AAsEHEH FYg
AT g T/H7E FukgE. o] 28 F 9 AN d& F38d, Az 37
dqre KM 3 gz ALgolErt FAHE A, 2HEo|EE Fule7|= Foh(Walker et
al,, 1978; Velde, 1985). Zexd2do|E9} RoHUolE 2L 4 AL ALYdolEE 33
o Azt gL Ldre] EFE7F Eotol FAHY A9H, ALY EF} 43 F ES F
#3822 H09 333 TalAdE Folof Arh(Hess, 1966). 3342 Si, Ale] FH3n=z A
Ao ES FAAA 7L e, ¢Z ol FFud wHfy qIFd F39 ALHolE F

Eo] ALY K7 F5F RAAE BEA ALY FHol AR A2AS o|F 1 Aok I4F
o] Z2HYo]Ex Na-Ca AIE9 Al&eo|ERZ YEldTh BF9 A &eo]Ex= Ca-Na AE9 A
SOl ER YEd

4. AE

39 SaYGNM NGY FFu: AR uwAH Fou}, FNe) FFyast Fouz 3
AgeAn FYozRy sl dFuE L G ALst FFH ALl ES FHW RO
2 % 4 Atk AHE 2okSEge AL, olvl YIYEL 4IF F(30750%)0] ALt E8
& Aoz 2 oo, Bolu &7le) o] FHo] =AY W% 4/ Fah, WA AolH, WA o
e FEE FA43 2T Aoz d3€n a2y HHont sy ARSW FIE
HEES WEE olg FH LSS ojemBol} FHN oste] o $HY] YFREo| F
A7 8 F 02 A0 waAth AN $ANY FSHE A F A AeTo|=9] A
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HASE ¢3S A2 BT Aoz 4540
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