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for .L"'.., -t· __ t;. --c- .. .,-,,.._,,..:.. .. .....,o 
- - _._"' -'L- c:. ...- l.r '-.:...-. - of 

to echi;ve p~rticle size distributio~ ~~th ~aY-i::~.:-: ~srti-

cles ~c~l!~r t~an 0,1 

3asic is vi t~e ·:>us reel: ~-::: ·~~,, -- ··---· _., 

sho~·:s else lo\-: e~s0~ption 1::a?aci-ty c_~d ion e:~:c::~~e 

ci:y. It c~~ b~ si~ile.:!'ly ~~ed ~s fl·x~~~~ a~~~~ e~C :0r 
-f.,-:;p:oYe::-ner.t of i:;ro;:~!"t.:.es of cl~:,·ey soils. :'his -:-·.cf is 

no"!: expa?:dable. Disinteg::-r.tion of it by nge.ns of c.r-.!shi!lg 

e.!ld gri.nd~ng tog~th~r with screeni..~g is ~~cessary before 
L}>.:g .,....,. . ., -o-'-r....,-fnl io i• ... od -"o,.. .1..,,;., ... ~.,.,.{el ..., .. .,.."),..s.oa 
lr.-..L. -~ .. ...... ~"'°V--c;;. _..., 4,,;>- ..:... - .L---·--~~Lr ...... -w !"'....l-...-'"' --· 

d) Pur:-~ize is ~ pcrou2, vitreous ~ock c~e~iz~lly simil~ to 

C. c. i"''- -i t"r -s .... v- .,. 

h~:!d: 

1) :::an~z±'ec-:~e of filt~~rtivn baffle pl~: es for ·::ater treat~· 

2) 
rr:ent 0 .,.. -r' OOA oL,.f'f ~ ~ndll t! J. --· .. - .. ..,"....... ~. ..,·.,-; 

p:od~ction of poro~e 
or cle.y "tio!1'i 
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~j -:For_ furlher: complex econoiilic -~xplot_ta:ti~ vt -Ethiop~~ mine~· 
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to work out outl~es of :p=e~~~ion ~t"'_'ben,to~it• an~ 4o~. 
lomite to-: egr_icultural pUrpe>!·ss 

_2) _to -evalllate possibilities ~.io: t'ConO!JiC ~e,;pjo~t,ii_~ ot 
n-on-metallic Jr.ilier~ls _With~, Eth,iopi. a 1ndu_st:r1,.- · 
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3) to enhance geological pi-ospeqt.ion :for non-:T1Jet&llic_ t!_'f 
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materials -
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cd t~e . -µDd~era.i~' ;<wa, anal;y~~~ '·)t meenaf. t>f tb' sedimen"titipn 
-proQ!_4\µ"~s o~:oe~iir~P~ ·5000'(~~): equipment.· .. > , 

.X ;,. ra7 Wltai~ ,Of i{il •ample~. Was ·carried. out OD the 
- ri.1 goniometer'(CH~G ·,4 Jj Zeiss,· GDR). ' · 

Oriente4prep&1'.at10?!•-heve:aliso b@,?lJ?184e tor roentgeno .. 
graphic estima~ion>ot smektites. 
. - ·, ,, ~ 

On the basis ot gath~red experimantal date the,approximat:f..­
·. ··ve ~i~eralogical compositions ot all samples have been calcula .. 
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!::.s.-;e "t-=en est :L~a-

b~en ~n-

v~stigeted by r.1ee.na of' microsccpe ~"'l.d electron sce...'!Jnirtg ::r:icrosco­

pg (JS1'iT - 20, Japan). 

5.2• Rl?sults of L"lvesti.?atioi:s 

i.".acrosco-..i' d€-:scription 

430. 85 ':iu.ff 

Th~ sample contai.~s mainly ce~en~&d.frae;r.i~nts of light 
grey colour.· !Uo.;t of sa!!lple is f'or:n'?d by volcS.!'ti~ rock co:;:­
}·rising ec:_r:ecially -.-olca.~ic gless. Incl-;,.isions, corita-!!"!ed in 

it, hs.ve f:~~·arent g:ro:)ved features. 

Small quar.tities of' hydroxidic iron, effusive reeks snd cry­

stalline qu~: '.~ ere elso pr~s~nt. The content of cl~s~ic 
m~te=ial does not exceed i0%. Therefore the se..;;ple i~ tuff' 
from the petroloeical point ot view. 

431,85 ~esic tutf' 

The semple is.of' e dark colour and form~d nearly ex­
clusively by volcanic glP-ss, Most of gl~ssy particles have 
scorious texture with numercue pores. So~e part1~les show 
splinter type shape with arched fracture surfaces. The f :eg­
me~ts of effusive rocks are ~~esent only scarcely. 

43~, 85 ?..unice 

The sazple is mainly cornrosed of porous particles of 
white to grey colour the dim~nsion of wnich are in tne ran­
ge from several milimeters to severBl centimeters. So~e 10% 
~f th9 =!L~ple ere formed by the fraer,:en~s of dark e~~y ef!u-

1 

eiYe roeks. 
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textu=e a!'.ld ~tructure it rai~~t be inferred th~t the rock 
has arisen thrc>tt-gi,. the transf orr.iation of interm~diate 

434.e5 Dolomff~ 

This dolo~ite is white to grey rock \ti.th local gre~­
nish s~ades. It is compact, ~edium grained, crystalli4e 
materiel. It contains also local cords of hydrozyeic iron. 

grey or dF..rk grey. 

Grain size distribution 

The results of the par!icle size invesi"igations in case 
of tut'f a.'ld pu.'l!li.ce samples are given in table 1. 

1. Tbe tuff sa.uple 430.85 i~ relativ-ely fL"le grained. It ccr . .1.­

tei!ls nearly 80% of particles w~th .the disrueter below 0,5 
=zm. There is no oversize on tha sieve 8,0.!!l!!l. 
Basic tuf'f 431.85 has coar2er gra~s, shewing slightly ov~r 
10% particles with the size below 0,5 mm, but nearly 60% 
particles having the' size over 8,0 mm. Grain size di~tri­
butions of thase three samples are well characterized by 

f' ol l CWi.."lg stRtistice.l parameters. 

tJ0.85 431 .85 432.85 

" ... 50 (mm) o, 1 J 1,25 9, 10 

d75 (m.'U) 0,42 2,75 12,05 

d25 (mm) 0,04 o,68 4,50 
475/ c!25 10,5 4,0 2,7 
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The erein size distribution is ~vre un5f or= in ~asic tuff 
431. 85. 

G:rsi:i size distr:Lbution of bentonite 433.85 is giv:m in 

table 2. This semple contains only 2;5% of particles ~it2 tr.e 
size abov~ 63 pm. It is a -ery f'ine powder, contei..'1L'1g 62:, 5% 
o:f pt:trticles ~the size of which is belo•"l 2 Ft..· 
The dolo~ite sample 434.85 coEp=~sed very coarse fr~,s=en!s, con-' 

+l - • • • L • L • ,_ "L. .!!I' d sequen. y no grain size J.n~estige~ions Have u~en per.om~. 

Ch~.~IC.AL .CO!~POSI'l'ION 

The r~sults of che~ical analvses of' volcanic ~las~es end - . -
bentonite are given in table 3. 

Tuff 430.85 contains ~igh portion 
Al2o3, only 2% of alkali ear~h oxides, 
oxides (~early 9%) and high co~te~t of 

of Si02 , low ~-;;~tity of·. 

high content of alksli 
~ 

F '° 0 ,.. '"· 1 .. ,c-_ ... -2 3 ~!.te~r y ,;:iJ. 

This tui"f resembles the acidic 
cacite type. 

effusive rocks of rhyolite or 

Tuff 431.85 contains less then 47% of s102, approxi~ately 

15% of Al2o3 , high conce11tration o-£ Fe203 (slightly c;-....~r 11f;} · 

and alkali earth ~xides (nearly 22%) ~4d ~~~er portion of al­
kali oxides (about J,5%)~ This sample is ther ·fore eY.in to b~­
sic effusive rooks of besalt type. 

Pumice 432 .85 he.e chemic~l cornp\'sition rese:nbling th~t o! 

acidic tuff' 430.85, high Si02 content, lo·N eont&nt· of ctlke.li 

earth oxides (especially K20 r~presents· iJnportant co~pcnsnt). 
It can be seid t:1et the cor.isosition of this sample rei::err:bles 

that o! volc&nic gle,ss of rhyolite type. 

T~e s~m~lez 430.85 and 432.85 show sliectly incree~ed 1.0.r. 
value, which do~e 
volcanic glasse~. 
ration produc~ in 

not c'r=espond to the F.30 + co~:~nt 1~ ~ha 
It may be explained by the pre~~r.ze of ~l~~-

' 
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-~·-·::·:·:i in te.'hle 4. T:!::e s:::.r:.:;>le co!!ts :.ns !:i~h po~t ic,n of !.o':.:;O ai."1d 

C sC:, incree~ i::d co.!lte:it of the resid~e, ;~solul:l~ ir~ ~:c1 (:?.bout 

7;:) a:."ld slie1-~t ~'~~:iti-!::ic:~ of other cxides (appro.zi::--,a:tzly 0,6%). 

X-"?.AY ).2-!AL~SIS 

y_ ....... c.y a.·~-; .... ~'l .. "=.C+ion ~~~.i..=:. ... ,"'lr. OI"' 
-- -- ..L.-- - - tJ- ~ -t.. "---- tuff 430.55 inte:ns:~:ve 

tion products r~se:rnbli"1g t~e illit-.:-.c·ntr:~c-rillon:!.te stru.ct~es. 

D~es~ ...... _ -

o! crystalline p~esea - alterated feldspar an~ quartz. 
Eoentgenogre.m of tuft 431.85 contaL~s within the range from 

20° to 40° 2 6 the whole diffr~ction spectru...~ of plegioclese 

(le~=a1orite type: d2o1=0,404 :-:~ c!i1·1=0,390 n::i, d111 =0,;,75 nm, 

d131=0,JOO nm, do41=0,294 n~ a~d d.i12=0,252 run). In the ra_~ge 
o! low 2 G an,ele Yalues weak ~117.&nsity diffraction o! !!".""=-~~-;:·)'.JS 
mi~~ral ls discernible. 

P:evi?.lent. lebra.dvr:!..te and accessory rr.ics.ceous mineral ere the 

cnly cry~talline ~bases of the sa.:n,le. 
Y.-l"S.Y d1..ffrac·~::..:n p3tte~n ., · ::.i.~e 432 .. 85 zh1y.~·s ~ze.in r·re-

ve.l~::t E.."!IO!'p!'lous hy=tlineo'...:.S p:"lase. -=~·,1artz, plagicclese ( oliso­
cle.se type), emall portio!ls of al·tsr~tion :feldspar product, illi­
;.;-:1r ... ~t:rnorillonite 71ith p::-edo:1inant illi'te co:-::p:ment (e~:,'r:istric 

di:':.:':raction at d = 1,2 r~"l'l.) c.~d calcite (d=0,.303 n."!l) h~·:9 '.llzo 
C..e:e:. ide!lti!ied as the ro-,P1·ez'!:ntant of crystalline p1~~::e. 

r 
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tities of c-::is~.::"::~lite {d101 =Ci,402 :r_,~) ~d c~lcite (~"i(·q=O,JO) 
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~ion o! dolomi~e ~ineral • "":lust be 

sftribtite~ to celcit.e. Dif~r~ctions ~=0,C43 n.m and ~=0 1 )12 n~ 
e.::::-e those of 2 ~"':'"_e e..rr_fi'hole type mine-r~l. Dt:"fusi¥E: dii'i"r~~t ~::::1 

of s!'.',ektite: a,~ ::::i ,5 nm is n~t too ci3tinct. :r.:2s.:;:nce of ·::·:.;&!'!z 
1'Pg ~1<:!Q '\..c,.a::.y. •;r::..-.+;.r;t:.d (r. :r. f..';6 ";""" "'nd .2 --:0 ?.~,: ~-l""l~ ,,,, __ --- J---· -~"' .... --~'-..&.-- ,.;,.(100 .... ,.'- .1.u .. a c::..:._ t..,;1v1 t•".,,,,. · 1 ···• 
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alteration silic~~= stuf"fs (chlorite type) are conteinsd {..n 

only smell q~~ntit:es. X-ray date are given in table 7. 

l:.P?RGXE~ATIVE C!-F"7.f::CAL C')!C?OSITION 

or~ tte 'tes ~_; o~ c:-:.:::JT".ical P..!ld ri:inare:o~ic9.l &.!ialyses the 

er;:rozi."'.'la.t !ve ~:.~J. ~rslo5i cal C•.):'rtposi ti on of the SS.~pl~s •r.as 

r!ete:rmir.ed. 
Glassy ph~se ~~e~o~inates over cryetsllir:e ones in both 

tuf! se~plee e~d in pumice, but tt~re are dif!e~ent tyres of 
f ~ld$pa.res in ~r.em a.~d also qua~tz is not cont~ir.ed in ell 

cases. 
Oligoete~e Abg5 J.n15 , free q~~rtz a.~d a~~rpho~s so~s po-

~~~~~ C'~~~1n1~- 1 -c-~~eod ~IP (i "-~~p~~ -#--~-~ .. ... ·"--- '.•.1.vQ- J ••.5- .L.;.,,. .._ _ .. ~.>.,, -2-3 . .,.J,.!.·~ • .:.., -

t:1ff t,30.2;. !~icro;ihotoeraph of r~·acti·:n 11i~h 'th~ 
I 

... ~.rt icle 
• 

1.:1 ~~~ ~~:;~e 0,5 1,0 n~ i9 ~iv~n, in ?i~. J • 



( :.~:·JO ._ ., ·r) ' ""· ·::: '.: ;::. .-.:._:; ,: -..·\ 
~,-1~~-.'·"'-.~.:1 ~·---:,::-;:~. 

:.:. ~9.ll 

A.1120>' quartz 

JJ 

. -: .-. 

Scfu~ning electron microscope pho!cg:rap!ls (Fig.1-J) sho-.., 
foar:::y ?".:icrostructu..re of pl:l:lice p2.~tieles. r.:icrop!lotcg:t?.:ph of 
frsction with particle size fro$ 1 1 0 to 2,0 ~..mis give~ in Pig 6. 

1.pproxb:a.tive :minerelogicel c•:;;'.'lpositicn. of turfs a!id p-..;r.:i-
- ce is ss f'ollo"Ns: 

430.31 4J1 ,85 432.35 
tuf"f tu:f:f :pi..L""1ice 
(~) , "') \ii: (%) 

glass 87,5 05 'l 
~ 'c. 91 ,5 

f eldspsr 7,, 3,~ 4,7 
~uartz 5,4 J,8 

nicac~ous nineral 0,6 

~.:: :-~t;:norillonite prevails in bentonite 433. 85. Diocte.edric mica­

ceous min~ral (illite type) is also present the=e. rro~cl~y por­
tion of this sample is form~d by both a7.orp~o~s (inte!'L':.e~i~te 

tuft) end crystalline phe~9. Beside tr.is it contaiLs t~o s10
2 

of ps.!"ent :-ock (dacite) • .Appro:;::!_:~.~tive n:!.ne=e.loei~e.l co;::-:pcsit!.­
on of bentonite is es follc~s: 

rr,ontnori 11on1 t e 
illite 

vitreous phece 
quartz 
~ ".' ~. s "t ,.,.; ~ ,_:.. t e 

433.85 
centon'!.te 
(~) 

75 
; 
5 

10 

5 
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~ -. . . , •' 

' - , . 

-- ~ ". ~ .:: 11_ ' 

:: - : ~ !~. 

- - ~ -• n 
.. - - -. 

dolc::ite 
calcite 

P...:-:?fi.b(.\le 

quartz 
Pe ccnte.minetions 

14 

....-,.. .. ,_ 
• -· ·.: '..r 

~ .. ~ ·- . -_., i ... - ~ 
- l_ .. ·--

.: '! ... ,_ ...... -. 

dolomite 
{~) 

77,9 
14,6 
3,9 
3,3 
o,J 

.-; ,-_ .- _-:·. 1_ 

m_:·-~ .. P .~~-.. _~_,,_.o_= -~~e ~1"-ir+e:~~+~d c~~rLt•c1c a4~o bo1~- ~ 00 -~) - ..->_ - ••-- - .;;:J'-.&.~" c-t....,,.~ ~::;1. ·.L. -- a..;;_LJ_ --Vlf \..:,,.,..,; .. .-. ... 

ter aAso-~~•~n ~Ri•·es '""' - !:'"" ~ ..,, " • -:;._w 

"31 "C: ·~ . ~ ~ 
4J2 .83 

43.3.B5 

434 .85 

R
2
o adsorption 

at 75% rel. hu.~idity 
(C!,) .. ,. -------

1, 16 

o, t>.G 
1,05 

, 8,21 

C,36 

to 

It !s ::/·~. io; .. ::: ·_ ·-, '?.t beth v·ol car.ic gla~3es e.."ld c olc·:~·i t 'hav~ 

"1ery lo·.1 -.·:~ ... ~r edsorr·tivn cap~city. In ce.se of acidic volcanic 

gl~cses ( tuff a."ld p'.ll:::ce) the values are slightly higher because · 

I II 

I 
~ . 



.. - ,,.. - .• "l 7'. , .. . l 

.. . -- - -... .-.. : . 

• ...,,... r .. 5 
~..Jv.c 

431.85 

43.3. 35 

~n tnis r~spect. 

.. ·.-,. - ... 
- ... -,,. ·-- ,--, 

.-

ro:r EXCE:Ji.:rGE CJ..?ACITf 

1.5 

·: a '. ~, l." .-. ~.' \ 

. ' . . .. '· . ·_ !J. 

·' 

methyle~~ blue a0sjrptic~ 
(201/~g - 1 , 

0. 025 

0,013 

0,001 

0 780 f • 

0,006 

._.,. •r.-:. "'! .;-,-•• -.~'l-• .. .; - ___ .. __ ..... _:,:> 

l 

is 

.. • 

·:.oes 

t~lo-;v 0,2 r.:n and reix~d v:ith t:r:e a:::::c·n.i'.J..i! c':-1lorid~ solution. 

(0,"i5 r;;ol/l). !o::i ~zchenge .---2a;:;ti::•!! ::~:-.·.~-=!~ ne.hlrally e'.!sorb=d 

Io:1 ex-.::-:~=-~c;e ca::Eicity !:a.'7 "ce~n est:L:-,;!t~d ir.. tr.e .;o'!..-~tiona by 

rr.e~;s of e.l'.;::ali.-ne't:::'i~ titration. Co:rt==-~ts of :!.nd!.Y~c·~sl catior,g 
·,·.s::-e ~1.:::~ r::r:ni!led w:t th the aid of etomic abzcrntio:i .s ~-=ctro~~ .. oto-. . . 
-::.r;tr1. ':n~ obtair.·:-d ::-esul ts are sl-.cW'.'l in follo•.vi.ng t.~"ole: 



.. -
: .: • 9 ·J 

.. 

~ '- l . ? 
. -' 

( .. ·.1. ,-1 
~ , .:. --._, 

. - .... • ! •• ,'"\ . .-.-r ,-., ~ . - . ~ ' ·- --~ 
- , .; • .. t I -· ! 'J ? -· -· 

. . 
' :. J _, -

"'.' .L 
.. .. 'r.-.1 -.,.-l) f) r.:-.'- (\ .;~? """' .... ~ n i 1 ;?, 

. _ .. _ . 
---u \. ... ~·-·- • r .. t:, - t - .· r ._ . - :- -- ._., _., . - ' Ca2+ _,} 

0,047 o G~4 ( c~4 '..-n1 "!'-u C\331 \",.·-•=-o ~. ·~ '..1 ... 
-- 1+ ' -1 {Gol • .r:g ) 0,012 0,010 ti ........ ) 0,053 1.:a ..,! • .._.c_ 

... 1+ (-01 "-g-1) o,oaa r .. - -·l'- 0,005 0 ,.. .. r 
.vi~ o,c.:;o 

Cc'!:'relates '..vith the5~ r.:.ys.l~'ll.'?OUS st:.-,rnt":lre. Ee.sic tuff 431 .25 
Co..-;+a.;-r.- .... ;i:;-r."-"" n·•o:-.n+{.£.~i=-s o~ t:.c".-,c':-. .,..,.,-~.,,-... ,,e ~-~+ end v+ ;,..,...,,.. ••. ~ -·-0 .i...J.-..;--i;;;:~ '-',.Ui;.... •• v-C,..:...- • - -• •---=--g,-c;..:-..:.. -•- ..__. •'"- _ _.,,__t:> 

tI'-a~ acidic v21~z. Ion e-xc~ar:,ge ce;;sei"t;," ·jf r·~~ice is e:_o2~~ot:.s­
..i..'> 

ly I'-i3h &~~ ~o exc~2.!1g~ble ca·- cc~tent. :nis f~ct is ~lso 

st!'ucture. Icn axc!::::.~ge cc.p~city of b'?nto!iite is co::::sid.era.bly 

tioned abc~a because .:..~o ·-·-
~..-:-;c·.nium chloride solution. 

DISCL:"SS!C~rs OF ?.?.ACTIC.~L .APPLICA?I0~~s 

svaluated :t:thionien rsv: =-~terie.ls ~ave the r.ror~rti~s ... . . . 
e~s.~ling th~m !o~ ~any i.~1ustri~l ~nd agricultux~l ~ppl~cat~-

o.:.:.= • 

f luz e~py,~ w--" Op -:.~ c~,~···~-~) . - .,,, -· -·' -- .,,.. 

0f cara.:::ic i.n1i.1stry. Eoth t~!'s h~:;e 10·.1 e..:!3orption ability·, 

co:.s~~u&ntly tl:i.'==Y ar9 :-;o~ suite.bl'3 for t:ia f::.;ro·ri:::~nt o! ti:e 
s~il q~~l~ty in g~ne~al. Eut t~sy co~ld be utili=ed ~or t~e 
t::ea"!;oent o! hee.vy clayay soils with so call9d ::sr.:;s-~ st:·~ct~;~~. 

I. 
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c5.n 'te ·.lsed in sc:-~•e ~:::r!;:._iiC te~'!-nolo6ic~. In agricnltt;.re they 

?:il 1 cer-tai.nly find the 2pplicet:i on in t:--cat.D-:nt of p'h.y13i.cal 

:pr·')pcr.t ies of heav-.r cl~yey .soil~. . 

is si~.:ilar to of beth ~uffs ~~n-
~-f ,,.. => ::: -.,-•• !=: ,... ; 1 C1 ) '..1--'lt.J .. _ _.,_, ___ ....... 

-'-.1- ~- ~- r· r,- -. ,_ - -:.1~.f. -- ~ .. / .......... .:'\,,."~• :..._,,,,' 

-.... ~. _ •. _ ..... , of' - ,., - ?.-tr .... oi, I:! ···':·.on c ;'\"i:: ~ ,.: ':.""'P- i-, e. I'}-!' ..... ~..,g '-· n 7.n.i:._ i•· s+rnc-- ..:;:_f ___ ... " .., --....i.~.,, ., .... ._. --------· _ .. ,..:..·- ...... _ ... .:..lo- ...... ... .., -

~-:"!,:~ r~d;-_~~~r!::r i:::ol~":Jle 1~ 3ciCs ~: .. !1 a cc!lsij::-.!9s.b:~ cc·=-~ ... 

"'; :.-~-t o'! ?~2 o3 ca:~_:rn -t!:e 1.cilr.;:i~:;: :;ot to b~ suitable '? .g. fer 
~·.: .. ~ :·.-?-!::;.~~~': .. ;~e of el~.zes -:.~~d sy~-:r .. (:-ti" ~es~_r. fi!.le:-3. It cen 
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T~-:.::;~:-; 1. ;;~-~i:i .;i.,._-.:? Di~t:i:;•Jti . .)n ~)~ ~ .... ')l·:_ 1ic : _:t. s 
c:.nd ?ur.0 i.:-e 

T~ble 2. Grain Size Distribution of 2entonite 

Table 3. Cheoical Co~position of Volc3nic Tuffs. 

Tc:ble 

Table 

Table 

T2ble 

f icure _, 

Pu~icc c~d Ben~onite 

4. Chc;r.-.ical Cor::position of Dolomite 

s. x - ray D3t 0 of ~/olcanic -r~u r f s 

6. " - ray Data cf S~ntonite A 

7. x - ray Data of Dolo:ni te 

1. Scsnnina Electron MicroJr~ph of 
(~32.SS), x 150 

,.. . 
·~oice 

Figure 2. Scanning Electron Micrograph of P~oice 
(432.85), x 1000 

Fi;;ure 3. 

Figure 4. Micro;:,ho: .'.).J;s::h of Acid Tuff {42·J.85), . - . 
Fif;ure 5. ~·1ic ropho t 'JG rcph of Sa sic Tuff (.-:: 1 c . 

"'-'-•'"'- . . 
Ficure _, o. f·iic ro;Jhot 09 r aph of Pumice (432 .85), x20 

x20 

x20 
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